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1
STEM CELL-BASED THERAPY:
A DOUBLE-EDGED SWORD?

Z.Y. Abd Elmageed, Y. Yang, R. Thomas,
M. Ranjan, D. Mondal, K. Moroz, B. Rezk,
K. Moparty and A.B. Abdel-Mageed

Tulane University School of Medicine, New Olreans, LA,
USA

Background: Emerging evidence established a link between
adiposity (BMI >25 kg/cm2) and risk for prostate cancer (PC)
progression and poor clinical outcome. Adipose tissue derived
mesenchymal stem cells (ASCs), which dwell in perivascular
niche of fat tissues, are often recruited to and promote tumor
growth by unknown mechanisms. The objective of the study
was to unravel the underlying mechanisms by which ASCs
promote PC growth. Materials and Methods: ASCs were
isolated from fat depot of PC patients (pASCs) undergoing
radical prostatectomy. Tumor-tropic ASCs were enriched by a
transwell system and FACS. The ability of PC cell-derived
conditioned media (CM) or exosomes to induce neoplastic
reprogramming of pASC was investigated in vivo. The
mechanistic role of tumor-derived exosome ‘cargo” in
oncogenic reprogramming of pASCs was examined in vitro
and in vivo. Results: Unlike normal ASCs, the pASCs primed
with PC cell CM formed prostate-like neoplastic lesions in
vivo and reproduced aggressive tumors in secondary recipients.
The pASC tumors acquired cytogenetic aberrations and
mesenchymal-to-epithelial transition and expressed epithelial,
neoplastic and vasculogenic markers reminiscent of molecular
features of PC tumor xenografts. Our mechanistic studies
revealed that PC cell-derived exosomes are sufficient to
recapitulate formation of prostate tumorigenic mimicry
generated by CM-primed pASCs in vivo. This was associated
with down-regulation of tumor suppressors and trafficking of
oncogenic factors into pASCs by exosomes, including H-ras
and K-ras transcripts, oncomiRNAs and the Ras superfamily
of GTPases. Conclusion: Our data suggest that PC cell
microenvironment subverts PC patient-derived stem cells to
undergo neoplastic transformation. Together, our findings
propose new concepts for tumor phenotypic variations in
epithelial and mesenchymal states and provide novel
therapeutic insights for tumor-derived MV-ASC axis in
neoplastic outgrowth and metastasis in cancer patients.
2
QATAR BIOBANK, A COMPREHENSIVE DATA
AND SAMPLE RESOURCE TO SUPPORT
FUTURE HEALTHCARE INITIATIVES
H. Abderrahim

Qatar Biobank, Qatar Foundation, Doha, Qatar

Qatar Biobank has been established in order to enable medical
research on health issues prevailing in Qatar. It is set as a joint
initiative by Qatar foundation, Hamad Medical Corporation
and the Supreme Council of Health, with the expert support
of scientists from the Imperial College London. The pilot has
a phase focused on the establishment of procedures and
quality systems allowing to collect a very thorough set of
samples, as well as lifestyle and dietary information from the
participants. This effort is set to increase over the next 5 years
to reach 60,000 participants from the Qatari adult population.
In addition to providing a collection of valuable samples for
research, this resource will constitute a reference for an
epidemiological evaluation, as well as a longitudinal followup of the participants.
3
ANTI-INFLAMMATORY LIFE STYLE FOR
PREVENTION AND TREATMENT OF CANCER:
LET FOOD BE THY MEDICINE AND
MEDICINE BE THY FOOD
Bharat B. Aggarwal and Amit K. Tyagi,
Lokesh Deb and Sahdeo Prasad

Cytokine Research Laboratory, Department of Experimental
Therapeutics,
The University of Texas M.D. Anderson Cancer Center,
Houston, Texas 77030, USA

Chronic infections, obesity, alcohol, tobacco, radiation,
environmental pollutants, and high-calorie diet have been
recognized as major risk factors for the most chronic diseases
including cancer. All these risk factors are linked to chronic
diseases through inflammation. While acute inflammation that
persists for short-term mediates host defense against infections,
chronic inflammation that lasts for long-term can predispose the
host to various chronic illnesses, including cancer. Linkage
between cancer and inflammation is indicated by numerous
lines of evidence; first, transcription factors NF-κB and STAT3,
two major pathways for inflammation, are activated by most
cancer risk factors; second, an inflammatory condition precedes
most cancers; third, NF-κB and STAT3 are constitutively active
in most cancers; fourth, hypoxia and acidic conditions found in
solid tumors activate NF-κB; fifth, chemotherapeutic agents and
gamma-irradiation activate NF-κB and lead to chemoresistance
and radioresistance; sixth, most gene products linked to
inflammation, survival, proliferation, invasion, angiogenesis,
and metastasis are regulated by NF-κB and STAT3; seventh,
suppression of NF-κB and STAT3 inhibits the proliferation and
invasion of tumors; and eighth, most chemopreventive agents
mediate their effects through inhibition of NF-κB and STAT3
activation pathways (Figure). Thus suppression of these
proinflammatory pathways may provide opportunities for both
prevention and treatment of cancer. We will discuss the potential
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Figure, Abstract No. 3
of various dietary agents, also called nutraceuticals derived from
spices, lentils, nuts, fruits, and vegetables; and agents from
traditional Ayurvedic medicine in suppression of inflammatory
pathways and their role in prevention and therapy of cancer and
other chronic diseases.

1 Aggarwal BB, Yuan W, Li S, Gupta SC. Curcumin-free
turmeric exhibits anti-inflammatory and anticancer activities:
Identification of novel components of turmeric. Mol Nutr
Food Res. 2013 Sep;57(9):1529-42.
2 Aggarwal BB. Targeting Proteasomal Pathways by Dietary
Curcumin for Cancer Prevention and Treatment. Curr Med
Chem. 2013 Jun 25. [Epub ahead of print]
3 Gupta SC, Patchva S, Aggarwal BB. Therapeutic roles of
curcumin: lessons learned from clinical trials. AAPS J. 2013
Jan;15(1):195-218.
4 Gupta SC, Sung B, Kim JH, Prasad S, Li S, Aggarwal BB.
Multitargeting by turmeric, the golden spice: From kitchen to
clinic. Mol Nutr Food Res. 2013 Sep;57(9):1510-28.
5 Gupta SC, Sung B, Prasad S, Webb LJ, Aggarwal BB. Cancer
drug discovery by repurposing: teaching new tricks to old
dogs. Trends Pharmacol Sci. 2013 Sep;34(9):508-17.
6 Aggarwal BB, Gupta SC, Sung B. Curcumin: an orally
bioavailable blocker of TNF and other pro-inflammatory
biomarkers. Br J Pharmacol. 2013 Aug;169(8):1672-92.
7 Hasima N, Aggarwal BB. Cancer-linked targets modulated by
curcumin. Int J Biochem Mol Biol. 2012;3(4):328-51.
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8 Sinha D, Biswas J, Sung B, Aggarwal BB, Bishayee A.
Chemopreventive and chemotherapeutic potential of curcumin
in breast cancer. Curr Drug Targets. 2012 Dec;13(14):1799819.
9 Yadav VR, Aggarwal BB. Curcumin: a component of the
golden spice, targets multiple angiogenic pathways. Cancer
Biol Ther. 2011 Jan 15;11(2):236-41.
10 Aggarwal BB, Sung B. NF-κB in cancer: a matter of life and
death. Cancer Discov. 2011 Nov;1(6):469-71.
11 Gupta SC, Kannappan R, Reuter S, Kim JH, Aggarwal BB.
Chemosensitization of tumors by resveratrol. Ann NY Acad
Sci. 2011 Jan;1215(1):150-60.
12 Prasad S, Aggarwal BB. Turmeric, the Golden Spice: From
Traditional Medicine to Modern Medicine. In: Benzie IFF,
Wachtel-Galor S, editors. Herbal Medicine: Biomolecular
and Clinical Aspects. 2nd edition. Boca Raton (FL): CRC
Press; 2011. Chapter 13.
13 Yadav VR, Prasad S, Sung B, Aggarwal BB. The role of
chalcones in suppression of NF-κB-mediated inflammation
and cancer. Int Immunopharmacol. 2010 Dec 22.
14 Aggarwal BB, Sundaram C, Prasad S, Kannappan R.
Tocotrienols, the vitamin E of the 21st century: its potential
against cancer and other chronic diseases. Biochem
Pharmacol. 2010 Dec 1;80(11):1613-31.
15 Aggarwal BB. Targeting inflammation-induced obesity and
metabolic diseases by curcumin and other nutraceuticals.
Annu Rev Nutr. 2010 Aug 21;30:173-99.

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

16 Chaturvedi MM, Sung B, Yadav VR, Kannappan R,
Aggarwal BB. NF-κB addiction and its role in cancer: ‘one
size does not fit all’. Oncogene. 2010 Dec 20.
17 Goel A, Aggarwal BB. Curcumin, the golden spice from
Indian saffron, is a chemosensitizer and radiosensitizer for
tumors and chemoprotector and radioprotector for normal
organs. Nutr Cancer. 2010 Oct;62(7):919-30.
18 Gullett NP, Ruhul Amin AR, Bayraktar S, Pezzuto JM, Shin
DM, Khuri FR, Aggarwal BB, Surh YJ, Kucuk O. Cancer
prevention with natural compounds. Semin Oncol. 2010
Jun;37(3):258-81.
19 Gupta SC, Kim JH, Prasad S, Aggarwal BB. Regulation of
survival, proliferation, invasion, angiogenesis, and metastasis
of tumor cells through modulation of inflammatory pathways
by nutraceuticals. Cancer Metastasis Rev.2010
Sep;29(3):405-34.
20 Gupta SC, Sundaram C, Reuter S, Aggarwal BB. Inhibiting
NF-κB activation by small molecules as a therapeutic
strategy. Biochim Biophys Acta. 2010 Oct-Dec;1799(1012):775-87.
21 Nair HB, Sung B, Yadav VR, Kannappan R, Chaturvedi
MM, Aggarwal BB. Delivery of antiinflammatory
nutraceuticals by nanoparticles for the prevention and
treatment of cancer. Biochem Pharmacol. 2010 Dec
15;80(12):1833-43.
22 Prasad S, Phromnoi K, Yadav VR, Chaturvedi MM,
Aggarwal BB. Targeting inflammatory pathways by
flavonoids for prevention and treatment of cancer. Planta
Med. 2010 Aug;76(11):1044-63.
23 Prasad S, Ravindran J, Aggarwal BB. NF-kappaB and
cancer: how intimate is this relationship. Mol Cell Biochem.
2010 Mar;336(1-2):25-37.
24 Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB.
Oxidative stress, inflammation, and cancer: how are they
linked? Free Radic Biol Med. 2010 Dec 1;49(11):1603-16.
25 Ralhan R, Pandey MK, Aggarwal BB. Nuclear factor-kappa
B links carcinogenic and chemopreventive agents. Front
Biosci (Schol Ed). 2009 Jun 1;1:45-60.
26 Ravindran J, Prasad S, Aggarwal BB. Curcumin and cancer
cells: how many ways can curry kill tumor cells selectively?
AAPS J. 2009 Sep;11(3):495-510.
27 Sethi G, Sung B, Aggarwal BB. TNF: a master switch for
inflammation to cancer. Front Biosci. 2008 May 1;13:5094107.
28 Shakibaei M, Harikumar KB, Aggarwal BB. Resveratrol
addiction: to die or not to die. Mol Nutr Food Res. 2009
Jan;53(1):115-28.
29 Aggarwal BB, Danda D, Gupta S, Gehlot P. Models for
prevention and treatment of cancer: problems vs promises.
Biochem Pharmacol. 2009 Nov 1;78(9):1083-94.
30 Aggarwal BB, Gehlot P. Inflammation and cancer: how
friendly is the relationship for cancer patients? Curr Opin
Pharmacol. 2009 Aug;9(4):351-69.

31 Aggarwal BB, Harikumar KB. Potential therapeutic effects
of curcumin, the anti-inflammatory agent, against
neurodegenerative, cardiovascular, pulmonary, metabolic,
autoimmune and neoplastic diseases. Int J Biochem Cell
Biol. 2009 Jan;41(1):40-59.
32 Aggarwal BB, Kunnumakkara AB, Harikumar KB, Gupta
SR, Tharakan ST, Koca C, Dey S, Sung B. Signal transducer
and activator of transcription-3, inflammation, and cancer:
how intimate is the relationship?. Ann N Y Acad Sci. 2009
Aug;1171:59-76.
33 Aggarwal BB, Van Kuiken ME, Iyer LH, Harikumar KB,
Sung B. Molecular targets of nutraceuticals derived from
dietary spices: potential role in suppression of inflammation
and tumorigenesis. Exp Biol Med (Maywood). 2009
Aug;234(8):825-49.
34 Aggarwal BB, Vijayalekshmi RV, Sung B. Targeting
inflammatory pathways for prevention and therapy of cancer:
short-term friend, long-term foe. Clin Cancer Res. 2009 Jan
15;15(2):425-30.
35 Aggarwal BB. Inflammation, a silent killer in cancer is
not so silent! Curr Opin Pharmacol. 2009 Aug;9(4):34750.
36 Aggarwal BB, Sung B. Pharmacological basis for the role of
curcumin in chronic diseases: an age-old spice with modern
targets. Trends Pharmacol Sci. 2009 Feb;30(2):85-94.
37 Anand P, Sundaram C, Jhurani S, Kunnumakkara AB,
Aggarwal BB. Curcumin and cancer: An "old-age" disease
with an "age-old" solution. Cancer Lett. 2008 Aug
18;267(1):133-64.
38 Goel A, Jhurani S, Aggarwal BB. Multi-targeted therapy by
curcumin: how spicy is it? Mol Nutr Food Res. 2008
Sep;52(9):1010-30.
39 Goel A, Kunnumakkara AB, Aggarwal BB. Curcumin as
"Curecumin": From kitchen to clinic. Biochem Pharmacol.
2008 Feb 15;75(4):787-809.
40 Harikumar KB, Aggarwal BB. Resveratrol: a multitargeted
agent for age-associated chronic diseases. Cell Cycle. 2008
Apr;7(8):1020-35.
41 Kunnumakkara AB, Anand P, Aggarwal BB. Curcumin
inhibits proliferation, invasion, angiogenesis and metastasis
of different cancers through interaction with multiple cell
signaling proteins. Cancer Lett. 2008 Oct 8;269(2):199-225.
42 Shishodia S, Harikumar KB, Dass S, Ramawat KG,
Aggarwal BB. The guggul for chronic diseases: ancient
medicine, modern targets. Anticancer Res. 2008 NovDec;28(6A):3647-64.
43 Aggarwal BB, Kunnumakkara AB, Harikumar KB,
Tharakan ST, Sung B, Anand P. Potential of Spice-Derived
Phytochemicals for Cancer Prevention. Planta Med. 2008
Oct;74(13):1560-9.
44 Aggarwal BB. The past, present and future of multi-targeted
cancer treatment "Naturally": Food for thought. Cancer Lett.
2008 Oct 8;269(2):187-8.
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45 Garodia P, Ichikawa H, Malani N, Sethi G, Aggarwal BB.
From ancient medicine to modern medicine: ayurvedic
concepts of health and their role in inflammation and cancer.
J Soc Integr Oncol. 2007 Winter;5(1):25-37.
46 Jagetia GC, Aggarwal BB. "Spicing up" of the immune
system by curcumin. J Clin Immunol. 2007 Jan;27(1):19-35.
47 Aggarwal BB, Sundaram C, Malani N and H. Ichikawa,
“Curcumin: The Indian solid gold”, in The Molecular
Targets and Therapeutic Uses of Curcumin in Health and
Disease (ed by B.B. Aggarwal, Y-J. Surh, S. Shishodia),
Springer Publishing Company, New York, 2007, p. 1-76.
48 Aggarwal BB. Nuclear factor-kappa B: a transcription factor
for all seasons. Expert Opin Ther Targets. 2007
Feb;11(2):109-10.
49 Aggarwal, B.B. and Shishodia S., Surh Y-J (eds.) The
Molecular Targets and Therapeutic Uses of Curcumin in
Health and Disease Springer Publishers, New York, 2007
50 Aggarwal BB, Ichikawa H, Garodia P, Weerasinghe P, Sethi
G, Bhatt ID, Pandey MK, Shishodia S, Nair MG. From
traditional Ayurvedic medicine to modern medicine:
identification of therapeutic targets for suppression of
inflammation and cancer. Expert Opin Ther Targets. 2006
Feb;10 (1):87-118.
51 Aggarwal BB, Sethi G, Ahn KS, Sandur SK, Pandey MK,
Kunnumakkara AB, Sung B, Ichikawa H. Targeting signaltransducer-and-activator-of-transcription-3 for prevention and
therapy of cancer: modern target but ancient solution. Ann
N Y Acad Sci. 2006 Dec;1091:151-69.
52 Aggarwal BB, Shishodia S, Sandur SK, Pandey MK, Sethi
G. Inflammation and cancer: how hot is the link? Biochem
Pharmacol. 2006 Nov 30;72(11):1605-21.
53 Aggarwal BB, Shishodia S, Takada Y, Jackson-Bernitsas D,
Ahn KS, Sethi G, Ichikawa H. TNF blockade: an
inflammatory issue. Ernst Schering Res Found Workshop.
2006;(56):161-86.
54 Aggarwal BB, Shishodia S. Molecular targets of dietary
agents for prevention and therapy of cancer. Biochem
Pharmacol. 2006 71(10):1397-421.
55 Aggarwal, B.B. and Shishodia S., (eds.) Resveratrol in
Health and Disease. Taylor and Francis Books, Inc., Boston,
pp. 1-679, 2006
56 Ahn KS, Aggarwal BB. Transcription Factor NF-{kappa}B:
A Sensor for Smoke and Stress Signals. Ann N Y Acad Sci.
2005 Nov;1056:218-33.
57 Shishodia S, Sethi G, Aggarwal BB Curcumin: getting back
to the roots. Ann N Y Acad Sci. 2005 Nov;1056:206-17.
58 Garg AK, Buchholz TA, Aggarwal BB. Chemosensitization
and radiosensitization of tumors by plant polyphenols.
Antioxid Redox Signal. 2005 7(11-12):1630-47.
59 Dorai T, Aggarwal BB. Role of chemopreventive agents in
cancer therapy. Cancer Lett. 2004 Nov 25;215(2):129-40.
60 Aggarwal BB. Nuclear factor-kappaB: the enemy within.
Cancer Cell. 2004 Sep;6(3):203-8.
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61 Aggarwal BB, Bhardwaj A, Aggarwal RS, Seeram NP,
Shishodia S, Takada Y. Role of resveratrol in prevention and
therapy of cancer: preclinical and clinical studies. Anticancer
Res. 2004 Sep-Oct;24(5A):2783-840.
62 Aggarwal BB, Shishodia S. Suppression of the nuclear
factor-kappaB activation pathway by spice-derived
phytochemicals: reasoning for seasoning. Ann N Y Acad Sci.
2004 ;1030:434-41.
63 Aggarwal BB, Takada Y, Oommen OV. From
chemoprevention to chemotherapy: common targets and
common goals. Expert Opin Investig Drugs. 2004
Oct;13(10):1327-38.
64 Aggarwal BB, Kumar A, Bharti AC. Anticancer potential of
curcumin: preclinical and clinical studies. Anticancer Res.
2003 Jan-Feb;23(1A):363-98.
65 Aggarwal BB. Signalling pathways of the TNF superfamily:
a double-edged sword. Nat Rev Immunol. 2003
Sep;3(9):745-56.
4
EXPRESSION LEVELS OF WNT GENES IN
CERVICAL CANCER-DERIVED CELL LINES:
WNT7A IS DOWN-REGULATED AND
ITS OVEREXPRESSION INHIBITS
CELL PROLIFERATION
A. Aguilar-Lemarroy1, M. Ramos-Solano1,2,
I.D. Meza-Canales1, L.A. Torres-Reyes1,2,
L. Alvarado-Ruíz1,2, M. Alvarez-Zavala1,2,
P. Gariglio3 and L.F. Jave-Suarez1
1División

de Inmunología, Centro de Investigación
Biomédica de Occidente (CIBO)-Instituto Mexicano del
Seguro Social (IMSS), Guadalajara, Jalisco, Mexico;
2Programa de Doctorado en Ciencias Biomédica,
CUCS, Universidad de Guadalajara;
3Centro de Investigación y de Estudios Avanzados del
Instituto Politécnico Nacional (CINVESTAV-IPN), Mexico
City, Mexico

Cervical cancer is one of the most common malignant
tumors in women worldwide. Clinical, molecular, and
epidemiological data have identified infection with Highrisk Human papillomavirus (HR-HPV) as a necessary cause
for the development of this tumor; however, HR-HPV
infection per se is not sufficient to generate a tumor.
Recently, it has been proposed that the WNT pathway
might be implicated in the malignant progression of
keratinocytes immortalized with HR-HPV oncogenes. The
WNT signaling pathway is a complex network of proteins
involved in cell differentiation, proliferation, migration, and
cell polarity and plays an important role during embryonic
development, tissue regeneration, stem cell maintenance,
and homeostasis.
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In this study, we have investigated by microarray analysis
and qPCR assays the expression of key components of WNT
pathways to determine expression profile changes between
non-tumorigenic keratinocytes and tumorigenic derivedcervical cancer cells. It could be demonstrated by qPCR that
WNT7a is significantly reduced in cervical cancer-derived cell
lines and in tissue biopsies from patients with cervical cancer
when compared with HaCaT cells or normal cervical epithelial
cells, respectively. Taking advantage of an inducible
expression system and by using the xCELLigence platform to
measure cell proliferation in real-time, it could be shown that
WNT7a restoration in HeLa cells inhibit cell proliferation.
Moreover, when WNT7a was silenced in non-tumorigenic
HaCaT cells, cell proliferation accelerated strongly.
Our results indicate that the expression of WNT7a plays a
major role in the regulation of normal keratinocytes
proliferation; thus, the inhibition of WNT7a expression
appears to be an important step during cervical carcinogenesis.
These findings could be important for generating further
prognosis/diagnosis tools, or even anti-cancer therapies. At
present, there is no report to our knowledge on the relation
between WNT7a activity and cervical cancer.

5
STUDIES ON HUMAN CELLS IRRADIATED
WITH TWO RADIATION MODALITIES (IMRT OR
CONVENTIONAL RT) SHOW DIFFERENT
MOLECULAR & CELLUAR RESPONSES:
PUBLIC HEALTH IMPLICATIONS

Farid E. Ahmed1, Paul W. Vos2, Ron R. Allison3 and Clark
Jeffries4
1GEM

Tox Labs, 2East Carolina Univ, 3Carolina Radiation
Medicine, Greenville, NC, USA & Univ of North Carolina at
Chapel Hill, NC, USA

We carried out this in vitro study to investigate the effect of
two clinical X-irradiation modalities [a two-dimensional
conventional external beam (RT) and a three dimensional
conformal intensity-modulated radiation therapy (IMRT)] on
a human epithelia cell line (colon adenocarcinoma HT-29)
sensitive to ionizing radiation. Cells were synchronized by
serum deprivation 48 h before irradiation so that >90% of
them were in the G0/G1 phase of the cell cycle. Cells were
allowed to recover 3 h after irradiation before total RNA
extraction. Two types of arrays, namely Affymetrix Human
HG U133A 2.0 oligonucleotide microarrays and Ambion
mirVana bioarrays, were employed to study mRNA &
microRNA expressions, respectively. Three flasks were used
per irradiation dose, and an additional three unirradiated flasks
served as control. Microarray data were validated by RTqPCR, and proteins of expressed genes were determined by

Western blots. Results showed the existence of differences in
expression profiles between the two irradiation modalities.
IMRT appeared to influence expression of some DNA repair
genes, whereas in conventional RT some DNA repair and cell
cycle-related genes that initially seemed to be preferentially
expressed dwindled to normal levels. In vitro experiments
using cell survival to study sublethal damage repair support
our conclusions. Bioinformatic investigation revealed a
correlation of gene expression with derepression effects of
microRNA molecules. We propose opinions on how
microRNAs influence gene expression during radiationinduced stress, and suggest a public health implication for this
research.
6
RT-qPCR AND ITS APPLICATION TO
MEDICINE & MOLECULAR BIOLOGY
Farid E. Ahmed and Nancy C. Ahmed

GEM Tox Labs, Greenville, NC, USA

Reverse transcription, quantitative real-time PCR has
simplified & enhanced quantification of gene expression by
combining amplification and detection using advanced
instrumentation, fluorescent chemistries & novel
bioinformatics. Development of fluorescent-kinetic procedures
in the early 1990s for analysis of nucleic acids enabled the
rapid quantification of the PCR products during the
exponential phase of the PCR reaction, requiring no post-PCR
manipulations. There are two steps to this method: reverse
transcription of messenger RNA or microRNA, and real-time
PCR by a thermostable polymerase using a pair of synthetic
oligonucleotide primers, each hybridizes to one of the opposite
strand of a double strand nucleic acid target. PCR consists of
3 steps: denaturation at ~95˚C, primer annealing to a ssDNA
at ~60˚C and primer extension at ~72˚C. A typical
amplification cycle include 4 steps: baseline (or linear ground
phase) that encompasses the first 15-20 cycles, early
exponential phase where fluorescence reaches a threshold that
is usually 10 times the SD of the base line (the cycle at which
this occurs is the threshold cycle (Ct) or crossing point (CP),
long-linear exponential phase, and the plateau phase that is
reached when reaction components become limited due to
their depletion, decline of polymerase activity or competition
among PCR products. Different chemistries for detecting
purified products exist, which are either nonspecific and uses
intercalating dyes, or specific using various probes and hairpin
structures. Two methods for product quantification exist:
‘absolute’ that uses serially diluted standards to generate a
standard curve, or ‘relative’ to estimate the mean normalized
gene expression from relative expression data and is used to
correct for variation in material employed. Confounders and
quality control procedures that could contribute to variable
5795
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results will be discussed, as well as modifications that allow
for quantification of difficult to measure molecules such as
microRNAs in stool obtained from normal and individuals
with colon cancer.

7
MAGNETIC-GUIDED CANCER SURGERY
Μ. Ahmed, Β. Anninga and Μ. Douek

Department of Research Oncology, King’s College London,
London, UK

Background: Sentinel lymph node biopsy (SLNB) provides
prognostic information in the management of solid tumors.
Currently, the ‘combined technique’ using radioisotope and
blue dye is considered the ‘gold standard’. This technique has
drawbacks due to radioisotope dependence and adverse
reactions to blue dye. Novel alternatives have been developed
but the established ‘gold standard’ method for SLNB has not
changed. Materials and Methods: We share our extensive
clinical experience with the magnetic technique, which we
developed as an alternative to radioisotope dependence for
SLNB in breast cancer. We also discuss its application to other
cancers and assess the published literature for current and
potential future work. Results: The magnetic technique has
been proven to be non-inferior to the combined technique for
SLNB in breast cancer and consequently extended to
concurrent breast lesion localization and SLNB in melanoma.
Superparamagnetic iron oxide (SPIO) enhanced MRI has
proven applications in axillary staging of breast cancer and
could prove a viable, non-invasive alternative to SLNB.
Conclusion: The magnetic technique has demonstrated
promising results when applied to cancer surgery. Further
assessment within well-constructed randomized controlled
trials is now necessary to bring this innovative application into
clinical practice.
8
A PHYSIOLOGICAL IN VIVO MODEL FOR
NEUROECTODERMAL CHILD CANCER
Isabell Hultman and Lars Ährlund-Richter

Karolinska Institutet. Department of Women’s and
Children’s Health, Division of Paediatric Oncology,
Stockholm, Sweden
(lars.ahrlund@ki.se)

Congruent with biological differences between childhood and
adult cancers there is a need for new models, better employed,
for studying tumors developing early in life. Considering the
impact of microenvironment on tumor progression and aiming
for a developmental match, we have tested pluripotent stem
cell-induced teratoma (PSCT) as a homologous experimental
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in vivo niche for neuroectodermal child cancer. Mature benign
PSCT, induced under standardized conditions from stem cells
with normal karyotype, can be described as a failed embryonic
process (1, 2) with a rich blend of tissues including early
organoid development, as well as immature neural
components. The immature components exhibit strong
morphological resemblance with tumors of embryonic
neuroectodermal origin and similar histology found in a nondevelopmental context would be considered potentially
malignant. However, in the embryonic model such findings are
part of early development (2). We have recently shown that
this
experimental
situation
provides
matching
microenvironment for the colonization and outgrowth of
embryonic tumors transplanted directly from patients (3). The
histology
revealed
a
specific
advantage
over
xenotransplantation showing a strict tropism with non-random
integration of tumor growth into morphologically identifiable
tissues and recuperating the patient tumor histology (4).
1 Gertow et al., Stem Cells Dev 13: 421-35, 2004.
2 PLoS ONE 6: e2774, 2011.
3 Jamil/Cedervall et al., Int J Oncol 43(3): 831-838, 2013.
4 Jamil et al., Int J Cancer 134: 1630-1637, 2014.
9
CONSERVATIVE TREATMENT FOR PATIENTS
WITH OSTEOID OSTEOMA: A CASE SERIES

Hisaki Aiba1,2, Katsuhiro Hayashi1,3, Hiroyuki Inatani1,3,
Yamada Satoshi1, Nobuyuki Watanabe2, Kiminari Sakurai2,
Hiroyuki Tsuchiya3 and Takanobu Otsuka1

1Department

of Orthopaedic Surgery, Nagoya City
University, Nagoya-city, Japan;
2Department of Orthopaedic Surgery, Tosei General
Hospital, Seto-city, Japan;
3Department of Orthopaedic Surgery, Kanazawa University,
Kanazawa-city, Japan

Background: Osteoid osteoma is one type of benign bone
tumor that can respond to conservative treatment. Patients and
Methods: A retrospective study of 11 patients with osteoid
osteoma was performed. Initially, patients were treated with
non-steroidal anti-inflammatories (NSAIDs), unless they
continued to have intolerable pain or if the patient requested
surgical resection and radiofrequency ablation (RFA). Results:
Conservative therapy was successful for five patients. Three
patients were treated with NSAIDs and the mean duration of
pain was 22 months. The other two patients went into
remission without medication by 9 and 24 months,
respectively. Four patients underwent surgery after an average
of 12 months. Two patients were treated with RFA after 47
and 11 months, respectively. Conclusion: Osteoid osteoma can
be treated conservatively. Surgical resection and
radiofrequency ablation should also be taken into
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consideration as an option when the results of conservative
treatment are poor.
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PROTEIN AND POLYMERIC NANOPARTICLES
FOR CANCER THERAPY: SYNTHESIS,
CHARACTERIZATION, DRUG RELEASE
AND INTERACTION WITH A BREAST
CANCER CELL LINE (MCF-7)
Öznur Akbal1,2, Ebru Erdal2, Tayfun Vural3,
Doğa Kavaz4 and Emir Baki Denkbaş3

1Gazi

University, Polatlı Art and Science Faculty, Biology
Department, Polatlı, Ankara, Turkey;
2Hacettepe University, Nanotechnology and Nanomedicine
Division, Beytepe, Ankara, Turkey;
3Hacettepe University, Chemistry Department, Biochemistry
Division, Beytepe, Ankara, Turkey;
4Cyprus International University, Department of
Bioengineering, Haspolat, Nicosia, North Cyprus

Nanoparticles have the potential to improve the therapeutic
index of drugs by increasing drug efficiency and lowering
drug toxicity. Based on these reasons, the aim of the presented
study was to prepare and characterize HSA (human serum
albumin) and PHB-CMCh (polyhydroxy butyratecarboxymethyl chitosan) nanoparticles to be used in receptormediated cancer therapy and to compare their in vitro
efficiency. HSA nanoparticles were prepared by the
desolvation method and PHB-CMCh nanoparticles were
prepared by a solvent evaporation method. Etoposide, a
neoplastic agent, was loaded into nanoparticles and the
nanoparticles’ surfaces were modified with a targeting ligand,
concanavalin-A (Con-A). Size and morphological properties
of nanoparticles were characterized by atomic force
microscopy (AFM) and zeta sizer. Physicochemical properties
were evaluated by Fourier transform infrared spectroscopy
(FT-IR). Etoposide release profiles were obtained by UVvisible spectroscopy. The cytotoxicity of the HSA and PHBCMCh nanoparticles on the MCF-7 cell line were determined
by using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide) assay. As a result of all
experiments, the size of HSA nanoparticles was determined as
102 nm and the size of PHB-CMCh nanoparticles was
determined as 152 nm. For HSA nanoparticles, the etoposide
loading ratio was between 52.6% and 80% depending on the
amount of etoposide. For PHB-CMCh nanoparticles, the
loading ratio was between 17.3% and 30.6%. The
concentration of Con-A binding on the surface of
nanoparticles was obtained as 73% for HSA nanoparticles and
65% for PHB-CMCh nanoparticles, respectively. Etoposide
loaded and Con-A conjugated HSA nanoparticles had highly
toxic effects on the MCF-7 cells and it was observed that

cytotoxicity depended on the increased concentrations of
nanoparticles as it was 7.8% for 1 μg/ml and 61.1% for 100
μg/ml. On the other hand, etoposide loaded and Con-A
conjugated PHB-CMCh nanoparticles had toxic effects on the
MCF-7 cell line. The cytotoxicity was 78.4% for 1 μg/mL and
68.26% for 100 μg/ml.
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SOME ASPECTS OF THE MECHANISM
OF CELL DEATH INDUCTION BY THE
LIPIDS OF N-ACYL DOPAMINE FAMILY
IN THE PC12 CANCER CELL LINE

M.G. Akimov, A.M. Ashba, N.M. Gretskaya and
V.V. Bezuglov

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry,
Russian Academy of Sciences, Moscow, Russia

The cytotoxicity mechanism of dopamine amides of
arachidonic, docosahexaenoic, oleic and stearic fatty acids, as
well as of arachidonic acid amides of tyramine, norepinephrine
and 3-O-methyl dopamine was studied in PC12 cells. The
substances were cytotoxic with LD50 in the range of 4-5 μM
for N-acyl dopamines, 34±4 for N-arachidonoyl tyramine and
55±4 μM for N-arachidonoyl 3-O-methyl dopamine. The target
of these substances was found to be the redox system.
Introduction: N-Acyl dopamines (NADA) are biogenic
conjugates of dopamine with long chain fatty acids. NADA
were found in two species of the Hydra genus (1), in the
nervous system of Rattus norvegicus and Bos taurus (2, 3) and
in human plasma (4). The residues of fatty acids of the
naturally occurring NADA encompass arachidonic,
docosahexaenoic, oleic, palmitic and stearic acids (cf. (5) for a
review). The antiproliferative and cytotoxic activity via an
almost unknown molecular mechanism of N-acyl dopamines
was found in several cell lines: MCF-7 (6), C6 (7), RAW264.7,
WI-38, RBL-2H3, HeLa, HTB-126 (8), IMR-32, HOS,
Namalwa, K-562 (9). The ability of short-chain NADA to
induce cell death in SH-SY5Y neuroblastoma was also
reported (10). The aim of this work was the elucidation of Nacyl dopamines cytotoxicity mechanism in the PC12 cell line.
Materials and Methods: The rat pheochromocytoma PC12 cell
line was from the Russian Collection of Cell Cultures (Institute
of Cytology, Russian Academy of Sciences, Saint-Petersburg,
Russia). All test compounds were synthesized as previously
described (11). Cells were maintained at 37˚C under 5% CO2
in RPMI 1640 medium supplemented with 2 mM L-glutamine,
1 mM sodium pyruvate, 3.5 mg/ml D-glucose, 7% fetal bovine
serum, 100 U/ml penicillin, 0.1 mg/ml streptomycin and 0.25
μg/ml amphotericin B. Attached cells were detached with
0.25% trypsin in 0.53 mM EDTA in Hanks’ salts. For analysis
of toxicity of NADA and related compounds, the day before
experiment cells were plated in 96 well plates at the density of
5797
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3×105 cells per well. Serial dilutions of test compounds
prepared in DMSO and dissolved in the culture medium with
or without the receptor blockers were added to cells in
triplicate for each concentration and incubated for 20 h. Final
DMSO concentration was 0.5%. Control cells were treated
either with 0.5% DMSO (negative control) or 1% Triton X-100
(positive control). Separate controls were without DMSO (no
difference with the control 0.5% DMSO were found). The
effect of test substances on cell viability was evaluated using
the MTT test (based on the MTT dye reduction by
mitochondria of living cells) (12) with the removal of the
compound-containig medium. Each experiment was repeated
three times. Curves for calculating LD50 were generated using
GraphPad Prism. Data are presented as mean±standard error.
Data were compared using one-way ANOVA; p-values of 0.05
were considered significant. Results: To check, whether the
toxic action of N-acyl dopamines and metabolically related
molecules has some molecular targets, we used the rat
pheochromocytoma PC12 cell line. PC12 possesses the key
vanilloid receptor VR1, the second cannabinoid receptor CB2
and has enzymatic machinery to metabolize dopamine.
Dopamine (DA) amides of arachidonic (AA), docosahexaenoic
(DHA), oleic (Ol) and stearic (St) fatty acids, as well as of
arachidonic acid amides of tyramine (TA), norepinephrine
(NOR) and 3-O-methyl dopamine (3MDA) were studied. All
N-acyl dopamines tested were toxic for PC12 cells with LD50
4±2 μM for Ol-DA, DHA-DA and AA-DA and 5±1 μM for StDA (difference was not statistically significant with p>0.9999;
Figure 1). The modification of dopamine moiety to tyramine
or 3-O-methyl dopamine led to a diminished toxicity (LD50
34±4 and 55±4 μM, respectively). The difference between the
LD50 values of non-modified N-acyl dopamines and of the
modified ones, as well as between the modified ones was
statistically significant (p<0.0001). Simultaneous addition of
specific blockers of VR1, CB1, CB2, DR2, DR3 and PPARgamma receptors, as well as of the catecholamine transporter
inhibitor had no effect on N-acyl dopamine toxicity (Figure 2).
However, antioxidant N-acetyl cysteine and ECTO-NOX
stimulator ascorbic acid potently reduced the toxicity of these
substances. Discussion: In PC12, the fatty acid residue of the
N-acyl dopamine molecule does not play a significant role in
cytotoxicity. This behavior resembles IMR-32 and HOS cell
lines and is different from Namalwa, K-562 and MCF-7 (9).
As far as fatty acid residue structure is crucial for surface
receptor binding, this fact points to the different ways of action
of N-acyl dopamines in different cell lines with little surface
receptor involvement in PC12. In agreement with this are the
data on the inhibitor and anti-oxidant influence: receptor
antagonists had almost no effect on N-acyl dopamine
cytotoxicity, while N-acetyl cysteine and ascorbic acid
prevented it. The modification of the catechol group of the
dopamine moiety of the molecule significantly decreased the
cytotoxicity of the latter. Taken together with the data on
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antioxidant influence, this fact points out to the interaction of
N-acyl dopamines with the redox machinery of a cell, a
mechanism partially demonstrated for the short-chain of N-acyl
dopamines (10). Tyramine amide was more active than 3-Omethyl dopamine amide, probably due to the conversion to
dopamine amide of the former. The highly probable interaction
of N-acyl dopamines with the redox system of a cell and the
ability of a cell to enhance the expression of antioxidant
systems makes the existence of cells resistant to such
molecules highly probable and provide an interesting research
area. In conclusion, we found that the core mechanism of long
chain N-acyl dopamine cytotoxicity is their interaction with the
redox system of a cell. Further work is required, however, to
elucidate the exact molecular targets of these substances.
This work was partially supported by the Russian Foundation
for Basic Research grants # 12-04-00608a and 13-04-40085-N.
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Figure 1. PC12 survival after N-acyl dopamine treatment for a 20-h incubation time. Data from MTT test (mean±standard
error).

Figure 2. PC12 survival after N-acyl dopamine treatment (2 μM) with inhibitors and antioxidants (simultaneous addition; SR
141716A 0.5 μM, SR 144528 0.5 μM, capsazepine 2 μM, haloperidol 10 μM, N-acetyl cysteine 50 mM, ascorbic acid 500 μM,
(2S,3S)-hydroxybupropion hydrochloride 2 μM, T0070907 1 μM). The incubation time was 20 h and data are from MTT test
(mean±standard error).
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CLINICAL CANCER PROTEOMICS: MODELS FOR
PERSONALIZED MEDICINE
Ayodele A. Alaiya

Proteomics Unit, Stem Cell Therapy Program, King Faisal
Specialist Hospital and Research Centre, Riyadh, Saudi
Arabia
(AAlaiya@kfshrc.edu.sa)

Despite recent advancements in cancer research, there is an
unmet need for efficient objective markers for selection of
available therapeutic agents and accurate prediction of
patient’s response. Clinical cancer proteomics can potentially
be complementary to currently existing tools to monitor
therapy response towards achieving personalized medicine for
most cancer patients. Towards the quest to translate basic
discoveries into patient care, we have identified some potential
biomarkers using proteomics approach on a number of solid
and hematological malignancies. Bone marrow and serum
samples from patients with newly diagnosed chronic–phase
CML were subjected to expression proteome analysis with the
aim to identify disease-specific/disease-associated protein
biomarkers. Quantitative protein fingerprints using combined
gel-based-2-DE and label-free in-solution liquidchromatography-tandem mass spectrometry (LC-MS/MS)
accurately predicts individuals that achieved major molecular
response at 6-12 months from subjects without major
molecular response using unsupervised principal component
analysis of sixty three (63) identified differentially expressed
proteins (p<0.05). The panel of proteins also discriminates
accurately patients that stay on TKI after 1 year of imatinib
treatment from patients ultimately requiring alternative
treatment (2nd generation TKI/others). This presentation will
highlight proof of concept studies of the power of proteomics
as a molecular scanner for objective stratification of patients
for treatment options and the use of identified protein
5800

signatures capable of prediction of molecular response and
choice of therapy for cancer patients. Our expression
proteomics strategy is very promising for the identification of
clinically useful biomarkers. These proteins, once validated,
might be valuable to complement the currently existing
parameters for reliable and objective prediction of disease
progression, monitoring treatment response and clinical
outcome of cancer patients as a model of personalized
medicine. Promises and limitations of clinical proteomics, as
well as data covering the molecular classification of lupusnephritis, ovarian, colorectal and breast cancers, as well as
hematological malignancies, will be presented.
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GENOME-WIDE ANALYSIS TARGETING FOCAL
ADHESION SIGNALING IN METASTATIC
BREAST CANCER AND EARLY TRANSLATION
FOR THERAPEUTIC APPLICATIONS
M. Alaoui-Jamali

Segal Cancer Center of the Jewish General Hospital, and
Departments of Medicine and Oncology, Faculty of
Medicine, McGill University, Montreal, Canada

At present, advanced metastatic breast cancer lacks “gold
standard” therapeutics. Systemic chemotherapy combined in
specific situations with targeted agents remains the cornerstone
of clinical management. In most cases, this has yielded only a
substantial improvement in the overall survival but with
frequent relapses. Search for alternative therapeutics is at the
forefront of cancer research and relies on deep understanding
of the biology of metastasis. Our ability to interrogate the
human genome at the molecular level has defined breast
cancer as a highly heterogeneous disease that encompasses
diverse histological and molecular subtypes with distinct
biological and clinical implications, in particular in relation to
metastasis incidence. Building on genomic profiling studies
conducted on independent cohorts of human breast cancer
tissues and cell lines from progressive breast cancer (nonmetastatic versus metastatic) identified members of the focal
adhesion signaling network to play a critical role in the
regulation of metastasis development. These include the focal
adhesion kinase, many of its cell cytoskeleton-associated
partners, and trafficking proteins involved in the regulation of
focal adhesion turnover such as Rab-GTPases.
Immunohistochemical analysis on progression tissue
microarray established from patients with progressive disease
confirmed a correlation between overexpression of the
biomarkers we identified and cancer progression to metastasis.
In preclinical metastatic breast cancer models, inhibition of
these biomarkers using RNA interference approach or small
molecule inhibitors prevented metastasis development and this
was associated with a significant inhibition of focal adhesion
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signaling, in particular in relation to focal adhesion turnover
at leading edges of invasive cells. The significance of these
results for discovery of alternative therapeutics for advanced
breast cancer will be discussed.
Supported by the Quebec Breast Cancer Foundation and the
Canadian Institutes for Health Research.
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THE PROGRESSION OF BREAST CANCER IS
ASSOCIATED WITH DECREASE OF LEVEL OF NEW
ARP2/3 INHIBITOR ARPIN
M.E. Lomakina1, R. Gorelik2, I. Dang2, V.D. Ermilova1,
A. Gautreau2 and A.Y. Alexandrova1
1N.N.Blokhin

Russian Cancer Research Center of the Russian
Academy of Medical Sciences, Moscow, Russia;
2Laboratoire d’Enzymologie et Biochimie Structurales, CNRS,
Gif-sur-Yvette, France

The alteration of character of cell motility during progression
of cancer leads to development of invasive tumors and
metastasis. Migration and invasion require the Arp2/3 complex
which is a cytoskeletal machinery that generates branched actin
networks. Changes of gene expression in Arp2/3 regulatory
system have been associated with tumor invasion and poor
prognosis. Recently we identified and characterized a new
protein as inhibitor of Arp2/3 activity and called it Arpin (Arp
Inhibitor). In experiments in vitro with different cell lines Arpin
inhibits the protrusion of lamellipodia. Depletion of Arpin
facilitates the rate of protrusions and thus leads to increase in
speed and directionality of cell migration (Dang et al., 2013).
Since it was shown that Arpin regulates motility of cells in
culture we next analyzed the Arpin distribution in breast tumors
obtained after mastectomy in N.N. Blokhin Cancer Research
Center (Moscow) using immunocytochemistry staining of thin
frozen biopsy sections with Arpin antibodies. Sections of
healthy breast tissue taken from neighboring to tumor regions
were used as control. Both myoepithelium and luminal
epithelium in normal mammary gland ducts and lobules were
positive for Arpin. Benign cases (fibrocysts, benign
fibroadenomas) did not show significant alteration of Arpin
level. Development of cancer followed with considerable
decrease of Arpin level. In carcinomas in situ Arpin level was
significantly reduced in tumor cells, while in borderline
myoepithelial cells the reduction of Arpin level was not so
strong. The dramatic decrease of Arpin staining was shown
both in invasive cancers of luminal type and in distant
metastasis to the lymph nodes. These data indicate that the
malignant stages of tumor development are associated with
decrease of Arpin level and future investigation need to
establish the potential role of Arpin as a tumor suppressor.
The work was partially supported by RFBR (# 14-04-91056).
Dang et al, Nature, 503(7475): 281-284, 2013.
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miRNA EXPRESSION PROFILING OF LOCALLY
ADVANCED BREAST CANCER DURING
NEO-ADJUVANT CHEMOTHERAPY

Manal Al-Khanbashi1, Stefano Caramuta2, Adil Al-Ajmi1,
Ibrahim Al-Haddabi1, Lui Weng-Onn2 and
Mansour Al-Moundhri1
1Sultan

Qaboos University, Sultanate of Oman;
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2Karolinska

Introduction: Breast cancer is the most common cancer in
females worldwide and represents a significant global health
burden. The administration of neo-adjuvant chemotherapy
(NAC) is the standard of care in most locally advanced breast
cancers (LABC). MicroRNAs (miRNAs) are gene expression
regulators and their expression profiles may impart predictive
and/or prognostic information. Our aim was to study the
dynamic changes of miRNAs expression in LABC patients
during NAC and their ability to predict response and
survival, which may assist the tailoring of individualized
treatment regimen. Patients and Methods: Tissue and serum
samples were collected at four time points from LABC
patients
undergoing
NAC
(4
cycles
of
adriamycin/cyclophosphamide (A/C) followed by 4 cycles of
docetaxel (D)±trastuzumab (T). These time points included:
time of diagnosis (base line), after 1st and 4th cycle of A/C
and after 4th cycle of D±T. MicroRNA-microarray was used
for tissue samples to profile global miRNA expression. The
tissue miRNAs with significant correlation with
clinicopathological features were then studied in serum using
real time polymerase chain reaction (PCR). The tumor and
lymph node response was studied using the residual cancer
burden index (RCB). The statistical analysis was performed
using significant analysis of microarray (SAM), Spearman’s
correlation and Friedman tests. Results: Tissue miRNA
expression profiling (n=14) revealed 58 miRNAs
differentially expressed (FDR <15%) between tumor and
adjacent tissue. The tissue miR-21 was associated with
disease recurrence and miR-451 was associated with the
stage at the time of diagnosis. We validated the serum levels
of miRNAs -21, -3200, -451 and -205 and found no
significant alterations in their levels during NAC. MiR-21 at
point A was associated with post-chemotherapy pathological
T, lymph node, overall stage, RBC, relapse status. At point
B, there was correlation between miRNA-21 and clinical
lymph node status and miR-205 and miR-3200 with HER2/neu status. At point C, there was correlation between
clinical grade and miR-451 and miR-3200, ER status and
miR-3200 and miR-21. Similarly miR-451 was associated
with ER and PR status at point C. At point D, there was an
association between miR-3200 and skin involvement and PR.
Conclusion: This study identifies specific miRNAs that were
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differentially expressed during NAC in LABC patients, some
of which may have a predictive value in terms of response.
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INVESTIGATING THE ROLE OF
HOMEOBOX GENES IN BREAST
CANCER STEM CELL FUNCTION

M. Shah1, R. Emes1, A. Grabowska2 and C. Allegrucci1,3
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Sutton Bonington Campus,
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2School of Medicine, Queens Medical Centre,
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3Centre for Genetics and Genomics, Queens
Medical Centre, University of Nottingham,
Nottingham, UK

Cancer stem cells (CSC) are believed to be the cell of origin
of breast cancer and to be at the basis of the disease
heterogeneity and complexity. They are also responsible for
cancer metastasis and resistance to chemo- and radiotherapy. CSC retain cellular plasticity, being able to selfrenew and differentiate into the different cell types that
comprise the heterogeneous tumour mass. Developmental
genes regulating such plasticity could therefore contribute to
the molecular origin of breast CSC. Homeobox genes,
important for regulating cell fate and specification during
embryonic patterning and development are hypothesised to
be involved in stem cell transformation, CSC self-renewal
and differentiation. In this study we isolated breast CSC from
normal mammary epithelial cells and breast cancer cell lines
of different subtypes (MCF10A, MCF-7, HCC1428, MDAMB-468, HCC1954, MDA-MB-231, BT549 and Hs578t) by
flow cytometry based on expression of cell surface markers
(CD44+/CD24–/low). A homeobox gene-array revealed
differences in expression between normal mammary stem
cells and breast CSC. Significant differences were observed
in ALX, DLX, HOX, LMX, and SIX gene clusters. Of these,
HOXC8 was found to be markedly reduced in CSC isolated
from basal cell lines (MDA-MB-231, MDA-MB-468,
BT549) compared to normal stem cells or whole cell lines.
This was due to epigenetic silencing rather than gene loss.
Over-expression of HOXC8 in these cell lines significantly
decreased CSC self-renewal and survival to chemotherapy.
MBD-Seq analysis of CSC enriched in mammospheres
revealed that methylation of homeobox gene promoters is a
frequent event in breast cancer and it occurs at early stages
of cancer cell transformation. Importantly, altered epigenetic
regulation and expression of homeobox genes can be
reprogrammed using a model of breast tumour reversion.
These findings suggest that homeobox genes represent novel
candidates for CSC detection and targeting across breast
tumour types.
5802
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WHAT CAN GO WRONG AND HOW TO
AVOID IT – THE EXPERIENCE OF THE IBBL
Dominic Allen

IBBL (Integrated BioBank of Luxembourg) For Next
Generation Healthcare, Luxembourg

The presentation will focus on potential pitfalls when setting
up a new cancer Biobank from scratch. Political, strategic,
technical, scientific, informatics-related examples will be used
to illustrate the most error-prone aspects in cancer Biobanking.
The infrastructure of the Integrated Biobank of Luxembourg
(IBBL) will also be presented.
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EXPRESSION OF THE UROKINASE RECEPTOR
(UPAR) IN GASTRIC ADENOCARCINOMAS AND
NON-NEOPLASTIC GASTRIC MUCOSA
Warner Alpízar-Alpízar1,2, Martin Illemann2,
Mette E. Skindersø3, Lone Rasmussen4,5,
Ib J. Christensen2, Arne Skarstein6, Kjell Ovrebo6,
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Michael Ploug2 and Ole Didrik Laerum2
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University of Costa Rica, San José, Costa Rica;
2The Finsen Laboratory, Copenhagen University Hospital,
Denmark;
3Department of Microbiology and Infection Control, Statens
Serum Institute, Copenhagen, Denmark;
4Department of Infection Control, Copenhagen University
Hospital, Denmar;
5Department of Clinical Microbiology, Copenhagen
University Hospital, Denmark;
6Department of Surgical Sciences, University of Bergen and
Department of Surgery, Haukeland University Hospital,
Bergen, Norway

Gastric cancer is the second cancer causing death worldwide,
and Helicobacter pylori infection is the most recognized risk
factor. The receptor for urokinase plasminogen activator
(uPAR), which mediates cell surface associated plasminogen
activation, is upregulated in areas of inflammation and in
association with cancer invasion. The presence of uPAR in
bone marrow-disseminated gastric cancer cells is linked to
poor prognosis.
We examined the expression and localization of uPAR in
gastric cancer by immunohistochemistry, and compared its
expression between countries with high- and low-risk of this
malignancy (Costa Rica and Norway, respectively). In
neoplastic tissue, uPAR was expressed by macrophages and
tumor cells located at the invasive front of the malignant growth.
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uPAR-positive cancer cells were found in 54% and 56% of the
Costa Rican and Norwegian cases, respectively. We also
evaluated the prognostic significance of uPAR in gastric cancer.
Multivariate analysis revealed uPAR-immunoreactivity in
invasive tumor cells as an independent prognostic factor for
overall survival in gastric cancer (HR=2.39; 95%CI: 1.22-4.69;
p=0.011). In non-neoplastic gastric mucosa, uPAR was more
frequently seen in mucus-producing epithelial cells in H. pyloriinfected than in non-infected cases (p=0.033; χ2=4.54). We also
investigated the induction of uPAR in response to H. pylori
infection in a mouse model. In H. pylori-infected mice, intense
uPAR immunoreactivity was observed in mucus-producing
epithelial cells of the gastric corpus and this was absent in noninfected animals. H. pylori-dependent uPAR induction increased
progressively during all 30 weeks of the experiment (p=0.006;
rs=0.57).
In conclusion, the expression of uPAR in gastric cancer
cells does not contribute to explain the difference in mortality
between Costa Rica and Norway; however it is of prognostic
relevance in gastric cancer. The upregulation of uPAR in
epithelial cells in connection to H. pylori infection represents
a novel finding in the pathogenesis of this infection.
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COMBINATIONS OF PLATINUMS AND
PHYTOCHEMICALS ADMINISTERED
TO OVARIAN TUMOUR MODELS
Safiah Althurwi1, Jun Q Yu1, Philip Beale2,
Charles Chan3 and Fazlul Huq1
1Discipline

of Biomedical Science, Sydney Medical School,
University of Sydney, Cumberland Campus C42, Lidcombe,
NSW, Australia;
2Sydney Cancer Centre, Concord Hospital, Concord, NSW,
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3Department of Pathology, Concord Hospital, Concord,
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Acquired drug resistance is a major impediment in
chemotherapy against ovarian and many other cancers.
Combination therapy using drugs with different mechanisms
of action can offer a means of overcoming drug resistance
when the drugs act synergistically in combination. In this
study, sequenced combinations of cisplatin (CS), carboplatin
(CB) and oxaliplatin (OX) with phytochemicals artemisinin
(ART), oleanolic acid (OA), thymoquinone (TQ), curcumin
(Cu), lupeol (LP) and ursolic acid (UA) were applied to
A2780, A2780CisR, and A2780ZD0473R ovarian cancer cell lines.
Cytotoxicity alone and in combination was determined using
MTT reduction assay. Combined drug actions from sequenced
combinations of platinums and phytochemicals were found to
vary from being highly synergistic to antagonistic. Cellular
accumulation of platinum and Pt−DNA binding levels were

found to be dependent on sequence of administration. If
confirmed in vivo, the results of the present study may have a
profound implication in combination chemotherapy and in
devising new strategies to circumvent drug resistance.
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CANINE TRANSMISSIBLE VENEREAL TUMOR IN
RELATION WITH BREED, AGE, SEX, ANATOMIC
LOCATION AND YEAR OF PRESENTATION
A. Agüero1, B. Álvarez1, A. Amaya1 and A. Alvarado1,2
1Decanato

de Ciencias Veterinarias Universidad
Centroccidental “Lisandro Alvarado”, Lara-Venezuela;
2Center for the Research and Technology of AgroEnvironmental and Biological Sciences (CITAB), University
of Trás-os-Montes and Alto Douro, Vila Real, Portugal

The present research was conducted to determine the occurrence
of Transmissible Venereal Tumor (TVT) through cytological
diagnosis in dogs during the period 2007-2011 in relation with
the breed, sex, age, anatomic localization and year of
presentation. A total of 125 protocols of cytology were reviewed
in the Anatomic Pathology Area of the Veterinary Hospital "Dr.
Humberto Ramirez Daza", Núcleo Dr. Hector Ochoa Zuleta in
Universidad Centroccidental "Lisandro Alvarado” (UCLA)Venezuela. The results obtained in relation to the cases of TVT
found a proportion of 57% in mongrel dogs. In relation with sex
the highest proportion was in females (66%), while the highest
age group affected was >2 ≤4 (range years) with a proportion of
31%, regardless of sex. The highest prevalent localization of
tumor was the genital presentation with a proportion of 79% in
vulva or vagina and penis. The highest number of positive cases
of TVT was found in the year 2008 with a proportion of 32%. It
is concluded that the TVT can affect dogs of any breed; the most
frequency was for bitches and young dogs and the localization of
presentation was associated with the transmission. It is suggested
to perform a thorough monitoring of the disease for keeping
detailed records of all positive data with full details of the dogs
and the area where the cases are presented. Such an approach
will maintain a constant monitoring of the tumor for prevention
purposes and assist further future research.
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CHARACTERIZATION OF CANINE LYMPHOMA
BY CYTOLOGICAL STUDY ACCORDING TO
HUMAN CLASSIFICATION OF KIEL AND ITS
ASSOCIATION WITH AGE, SEX AND BREED
A. Alvarado1,2, V. Balza1, V. Colmenarez1,
Y. Salas1 and A. Corro1
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de Patología, Decanato de Ciencias Veterinarias,
Universidad Centroccidental Lisandro Alvarado. LaraVenezuela;
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for the Research and Technology of AgroEnvironmental and Biological Sciences (CITAB),
University of Trás-os-Montes and Alto Douro,
Vila Real, Portugal

The aim of this work was to undertake a study of
morphologic classification by cytological diagnosis of
canine lymphoma according to human classification of Kiel
in the Anatomic Pathology Service of Veterinary Hospital in
Universidad Centroccidental “Lisandro Alvarado”(UCLA)Venezuela and its relation with age, sex and breed. For this,
we used the archive samples from 2007 to 2010 and
analyzed a total of 74 cases of which, 26 were reclassified
as definite diagnostic of lymphoma. To characterize and
classify the types of lymphoma according to Kiel
classification, in the group of low grade malignancy the
lymphoma with the highest proportion was the centrocyticcentroblastic type with 26.92% followed by the
lymphoplasmacytoid with 19.23% and the centrocytic with
7.69%; the lymphocytic type was not observed. In the group
of high grade malignancy, the centroblastic type was the
highest with 26.92% followed by unclassified types with
11.56% and the immunoblastic type with 7.69%; the
lymphoblastic type was not observed. The lymphomas of
low grade malignancy had the highest percentage with a
proportion of 53.84% when compared with all the cases
under observation in this study. The χ2 test, applied to
determine the relation of age and sex with the grades of
malignancy, showed no significant differences. Concerning
the relationship between breed and malignancy, OR
measured showed no association. It was concluded that the
canine lymphoma can be characterized by morphology and
classified by cytological studies according to the human
model classification of Kiel, which provides a prognostic
value of survival rate for the patient. Age, sex and breed did
not have any significant differences or association with the
grades of malignancy.
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SIMILAR RESPONSES OF MDR CANCER AND
BACTERIA TO THE SAME INHIBITOR
OF EFFLUX PUMPS IN GENERAL
Leonard Amaral1 and Joseph Molnar2

1Travel

Medicine of the Center for Malaria and Tropical
Diseases (CMDT), Institute of Hygiene and Tropical
Medicine, Universidade Nova de Lisboa, Lisbon, Portugal;
2Institute of Medical Microbiology and Immunobiology,
University of Szeged, Szeged, Hungary

Bacteria and cancer cells develop resistance to more than
one agent as a consequence of being exposed to ineffective
levels of the agent for a prolonged period of time. The
5804

resistance of these cells is mediated by over-expressed
efflux pumps that have the ability to extrude a large variety
of unrelated chemicals. This review discusses the main types
of multidrug resistant (MDR) efflux systems of bacteria and
cancer cells, and shows the similarity of specific efflux
systems between them with respect to given agents that
inhibit efflux, thus rendering these cells once more
susceptible to agents to which they had developed MDR.
Among the compounds that have similar activity against the
main efflux pump systems of MDR cancer and bacteria are
a large number of phenothiazines, tripertenes, SILA
compounds, etc and data obtained from these studies will be
reviewed.
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ABERRANT MIR-182 EXPRESSION ENHANCES
THE METASTATIC POTENTIAL OF
PROSTATE CANCER AND IS ASSOCIATED
WITH CLINICAL RECURRENCE
Aida Gordanpour1, Yutaka Amemiya4, Robert Nam2,
Jessica Bendavid2, Linda Sugar3 and Arun Seth1,3,4
1Department

of Laboratory Medicine and Pathobiology,
University of Toronto;
2Division of Urology, 3Department of Pathology,
Sunnybrook Health Sciences Centre, 4Biological Sciences,
Sunnybrook Research Institute, Toronto, Ontario, Canada

Despite great advancements in prostate cancer management,
finding new biomarkers to accurately evaluate the
aggressiveness of the disease and to determine which
prostate cancers are likely to recur following radical
prostatectomy remains a major challenge. Using a large
cohort of primary prostate carcinomas, we determined here
that microRNA-182 (miR-182), which has been previously
linked to increased metastatic potential in other cancer
subtypes, is highly expressed in prostate tumor samples
compared to normal prostate tissue, and is its elevation is
associated with higher Gleason grade, seminal vesicle
invasion, and biochemical recurrence. Ectopic expression of
miR-182 in prostate cell line LNCaP enhanced their motility
and invasiveness, demonstrating its direct involvement in
metastatic progression. The effects of miR-182 are likely
mediated, at least in part, through downregulation of a
tumor suppressor Forkhead box O1 (FOXO1), which has
been previously reported to be a direct target of miR-182.
Herein, we show that miR-182 negatively regulates FOXO1
in LNCaP cells, and FOXO1 is inversely correlated with
miR-182 expression in primary prostate cancer specimens.
Our findings suggest a mechanism for increased
aggressiveness and recurrence in prostate cancer by miR182 which may be valuable in future therapeutic
interventions.
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IDENTIFICATION AND TARGETING
PATHWAYS INVOLVED IN
THE DEVELOPMENT OF
MERLIN-DEFICIENT TUMOURS

S. Ammoun, L. Provenzano, L. Zhou,
M.C. Schmid and C.O. Hanemann

Plymouth University, Peninsula Schools of
Medicine and Dentistry, The Institute of Translational
and Stratified Medicine, The John Bull Building,
Tamar Science Park, Research Way,
Plymouth, PL6 8BU, UK

Neurofibromatosis Type 2 (NF2) is a genetic disorder
caused by loss of the tumour suppressor Merlin leading to
the development of multiple tumours of the nervous system
such as schwannomas (100%), meningiomas (40-60%) and
ependymomas (6%). Merlin-deficient tumours may also
occur sporadically including all schwannomas, meningiomas
(50-60%) and ependymomas (29-38%). Loss of functional
Merlin have been also observed in other tumours e.g.
mesothelioma (40%), melanoma (5%), and portions of
glioma, prostate and breast cancers. Current therapies for
NF2-related tumours, surgery and radiosurgery, are invasive
and only partly effective therefore new drug treatments are
urgently needed. Merlin localises to the membrane and
nucleus and is involved in the regulation of the signalling
towards cell-matrix adhesion, proliferation and survival. As
schwannoma is the most common Merlin-deficient tumour
and the hallmark tumour for NF2, we have explored how
Merlin-deficiency leads to tumour development using a
human in vitro model comprising human primary Schwann
and schwannoma cells. Using our model, we found that
Merlindeficiency
results
in
strong
overexpression/activation of receptors such as plateletderived growth factor receptor, insulin-like growth factor I
receptor, ErbB2/3, Axl and integrins, leading to increased
proliferation, cell-matrix adhesion and survival via ERK1/2,
AKT1/2, JNK, focal adhesion kinase (FAK), Src, NFkB and
Wnt pathways. We also demonstrate decreased levels of the
tumour suppressor/transcription factor p53 in schwannoma,
further contributing to increased proliferation and survival.
We tested drugs such as Sorafenib, Nilotinib, Imatinib,
Lapatinib, BEZ-NVP235, R1507 and Nutlin-3, in our
human in vitro model, and selected the most promising
drugs for clinical trials on NF2 patients. We have recently
found a novel potential regulatory mechanism linked to
schwannoma pathobiology involving cellular prion protein
PrPC. We demonstrate that gene coding for PrPC, PRNP,
and PrPC protein are strongly overexpressed in schwannoma
contributing to tumour growth and survival via ERK, FAK
and cyclinD1.
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EPIDEMIOLOGICAL ASPECTS OF GASTRIC
ADENOCARCINOMA IN MOROCCO

H. Amrani Hassani Joutei1,2, N. Marchoudi3, W. Mahfoud5,
I. Sadaoui4, F. Haddad6, T. Fechtali2 and H. Benomar1
1Laboratoire
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2Laboratoire de Neurosciences Pathologies
Intégrées et Substances Naturelles, Faculté
des Sciences et Techniques,
Mohammedia, Maroc;
3Laboratoire de Physiopathologie et Génétique
moléculaire, Faculté des sciences
Ben M’sik, Casablanca, Maroc;
4Laboratoire de Biologie moléculaire,
Faculté de Médecine et de Pharmacie,
Casablanca, Maroc;
5Laboratoire biologie et santé, URAC 34, Faculté des
Sciences Ben M’sik, Casablanca, Maroc;
6Laboratoire de Gastro-entérologie, CHU-Ibn Rochd,
Casablanca, Maroc

Gastric cancer is a serious global public health problem
because of its frequency and severity. The global incidence
has declined significantly during the second half of the 20th
century; it concerns the cancer of the distal stomach,
antrum and body. However, the incidence of cardia cancer
remains controversial. In Morocco, gastric cancer is at the
forefront of all digestive cancers. However, Africa remains
a low risk area. The symptoms of gastric adenocarcinoma
are polymorphic starting from simple epigastric discomfort
that sometimes simulates the pain of ulcerative type or
epigastric tumor mass in patients with advanced disease,
which is also apparent in Moroccan series in which over
50% patient were in a metastatic stage. As for the risk
factors, several environmental factors, genetic and a number
of conditions have been implicated as etiologic factors in
the development of gastric cancer. Gastric adenocarcinoma,
specifically the histological type, is the most common
gastric cancer; its prognosis remains severe in our region,
affecting the young population, thus minimizing the
chances of any curative treatment. These findings lead us
to ask several questions about the incidence of gastric
cancer in our country with a great diversity of food habits
and a very high prevalence of Helicobacter pylori. The
screening of gastric adenocarcinoma should be valued since
the Japanese experience remains the best example. Indeed,
an annual screening of gastric cancer is performed
systematically to individuals over the age of 50.
Consequently, 40% of tumors are diagnosed at a superficial
stage and, thus, the specific mortality of gastric cancer is
reduced.
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Ki67 PROLIFERATIVE INDEX IN GASTRIC
CANCER: A USEFUL PROGNOSTIC MARKER?

H. Amrani Hassani Joutei1,2, N. Marchoudi3, I. Sadaoui4,
W. Mahfoud5, F. Haddad6, T. Fechtali2 and H. Benomar1

1Laboratoire

d’Anatomo-cyto-pathologie, Institut Pasteur du
Maroc, Casablanca, Maroc;
2Laboratoire de Neurosciences Pathologies Intégrées et
Substances Naturelles, Faculté des Sciences et Techniques,
Mohammedia, Maroc;
Laboratoires de 3Physiopathologie et Génétique moléculaire
and 5Biologie et Santé, URAC 34, Faculté des sciences Ben
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Background: The characteristics of cellular kinetics reflect the
aggressiveness of the tumors and even their prognosis as many
studies have proven the correlation between increased
proliferation activity and poor prognosis in a variety of
neoplasms. Aim: The analysis of immunohistochemical Ki-67
expression in 55 patients with gastric cancer, the correlation
with clinicopathological factors and patients prognosis.
Patients and Methods: The study was conducted at the
Laboratory of Anatomy – Pathology in Pasteur Institute of
Morocco. It included 55 cases of gastric adenocarcinomas. We
analyzed the immunohistochemical expression of the marking
index Ki-67 using the MIB1 monoclonal antibody and studied
its correlation with various clinicopathological factors (gender
and age of patients, location, macroscopic type, histological
type, degree of tumor differentiation and TNM staging). For a
proper grouping of the results, we classified gastric
carcinomas into two categories: adenocarcinomas with high
Ki-67 score (≥20%) and adenocarcinomas with low Ki-67
score (<20%). Results: We observed a close correlation
between the TNM stage and the Ki-67 score. The results of
our study do not reveal any correlation between the Lauren’s
classification of gastric adenocarcinomas, degree of
differentiation, lymphonodular invasion, depth of tumor
invasion and Ki-67 score (p>0.05). Conclusion: In our study,
high scores of Ki-67 are found in advanced TNM stages.
Consequently, Ki-67 may be useful in identifying a group of
patients with aggressive tumors.
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GASTRIC CANCER IN MOROCCO:
NOVEL THERAPEUTIC TARGETS
Joutei1,2,

N.
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Introduction: H1047R PIK3CA and V600E BRAF mutations
are respectively involved in the Pi3K-Akt and RAS/MAP
signaling pathways in gastric cancer. We are the first to report
the prevalence of each of these factors in Morocco. A
correlation with clinicopathological parameters of gastric
cancer was established. The aim of this study was to address
the potential applicability of Pi3K and BRAF inhibitors in
Moroccan patients with gastric cancer. Materials and
Methods: We analyzed 98 paraffin embedded tissue specimens
from Moroccan patients with gastric adenocarcinoma. DNA
was extracted using magnetic bead technology and H1047R
PI3KCA mutation in exon 20 and V600E BRAF mutation in
exon 15 were analyzed by Cast-PCR and end-point
genotyping, respectively, in the Department of Molecular
Biology at ANOUAL Specialized Center, Casablanca,
accredited by COFRAC (ISO 15189). Results: The PI3KCA
mutation was present in 14.54% of cases. It was high in T3/T4
stages and significantly correlated with age. However, the
BRAF mutation was present in 7.27% of cases showing no
correlation with clinicopathological characteristics. 37.5% of
patients with a PI3KCA mutation also carried a BRAF
mutation. Conclusion: PI3KCA mutations appear to be a late
event in gastric carcinogenesis leading to tumor progression
and PI3KCA-mutated patients might therefore be appropriate
for targeted therapies directed against the Pi3K pathway.
37.5% of patients with a PI3KCA mutation also carried a
BRAF mutation suggesting that these mutations commonly
co-exist. However, co-existence of the BRAF mutation might
be responsible of resistance to inhibitors of the Pi3K-Akt
pathway.
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PROTEIN FOLDING AND CANCER
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Figure 1. FT-IR spectra of (a) cancerous breast metastatic bone and (b) healthy bone.

Figure 2. SEM morphology of metastatic bone breast cancer (A) scale 500 μm (×100). The arrow show the proteins,(B) scale
100 μm (×400). The arrows show the aggregates.
2Anticancer

Hospital “Agios Savvas”, Orthopaedic
Department, Athens, Greece

There is a lot of research on protein folding in native and
denaturalized form. The pathway of folding and
conformational structure of proteins and the influence of
micro-environment in native configuration is not yet well
understood (1). Using infrared spectroscopy, a non-destructive
physicochemical technique, it was found that the proteins

changed their secondary structure due to cancer (1, 2). Figure
1 shows the Fourier Transform InfraRed (FT-IR) spectra of
cancerous metastatic breast bone cancer (a) and healthy bone
(b).
Comparison between the spectra of healthy and cancer
bones revealed in the “marker region” 3000-2850 cm–1 that
the intensity of the stretching vibrations of vCH methyl and
methylene groups absorption bands increased, suggesting that
in cancerous bones the permeability and the fluidity of the
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Figure 3. (A) FT-IR spectra of (a) metastatic breast cancer bone grade II, (b) sample from initial breast cancer grade II. (B)
deconvoluted spectra in Amide I and II the region 1700-1500 cm–1.
membranes of cancerous cells changed (3, 4). These changes
seem to play significant role on the folding of proteins. The
band at about 1744 cm–1 suggested that oxidative stress is one
of the pathways of cancer development. This particular band
increases in the case of the patients under radiation therapy.
The shift of the absorption bands of Amide I and Amide II
from 1655 cm–1 and 1555 cm–1, respectively, to lower
frequencies suggested that proteins changed their secondary
molecular structure from α-helix to β-turn and random coil
(3-6). The new bands near 1695 cm–1 (β-antiparallel sheet)
and 1016 cm–1 (sugars) indicated the presence of amyloidlike proteins. From these data, it was suggested that free
radicals should be involved in the pathway of cancer
development, in agreement with the aldehyde band at 1744
cm–1. These results were in agreement with those of SEM
analysis, which showed aggregates, protein misfolding and
fibril formation. Figure 2 shows the morphology of the
cancerous bone. In Figure 2A, the misfolded proteins and the
demineralized area is observed at the formation of proteins
(arrow). The picture was taken at a scale 500 μm and
magnitude of ×100. In higher magnitude (×400) (Figure 2B)
the aggregates of proteins are shown clearly, which
characterize the amyloid-like proteins. It is known that
amyloid proteins (amyloid is Greek word from amylo=starch
and oid=like) are characterized from the non-specific
sequence and formation of aggregates. They are formed in
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many neurological diseases such as Alzheimer and
Parkinson.
In the spectral region 700-400 cm–1, where the bend
absorption bands of the phosphate (v4PO43–) group of
hydroxyapatite are located in the case of cancerous bone, these
bands almost disappeared, while the disulfide bands (-S-S-)
are dominating. These findings are in accord with the
hypothesis that free radical reactions take place in the pathway
of cancer development and that the proteins are very sensitive
to these reactions.
Furthermore, the spectra of bones with metastatic cancer
from breast were compared with those from initial breast
cancerous tissues with the same grade II. In Figure 3, the
spectrum of cancerous bone (a) and the spectrum of initial
breast cancer (b) are shown.
The comparison between the (a) and (b) spectra showed
similarities in almost all spectral regions (Figure 3A). The
intensities inversion, which were observed in deconvoluted
spectra of Amide I and Amide II (Figure 3B) showed that in
metastatic cancerous bone there is increase of the formation
of amyloid proteins, while in initial breast cancer the proteins
have random coil conformation (4-6). It is known that the
bones contain glycans and through the oxidative stress and
inflammation finally produce amyloids. Conclusion: FT-IR
spectroscopy showed that cancer increases the membrane
fluidity and permeability. In addition, it was found that the
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proteins change their secondary structure from α-helix to
random coil. The formation of amyloid like proteins was
suggested as a result of polymerization between proteins and
sugar fragments due to oxidative stress and free radical
reactions.
1 Anastassopoulou J, Boukaki E, Conti C, Ferraris P, Giorgini
E, Rubini C, Sabbatini S, Theophanides T and Tosi G:
Microimaging FT-IR spectroscopy on pathological breast
tissues. Vibrat Spectrosc 51: 270-275, 2009.
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2005.
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SENSITIVITY AND SPECIFICITY OF THE
EMPIRICAL LYMPHOCYTE GENOME
SENSITIVITY (LGS) ASSAY: IMPLICATIONS
FOR IMPROVING CANCER DIAGNOSTICS
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Background: This study examined differences in the
sensitivity to genomic damage of lymphocytes derived from
cancer patients, pre/suspect cancer patients and normal

healthy volunteers. Methods: We investigated responses
from 208 individuals: 20 melanoma, 34 colon cancer, 4
lung cancer patients (58); 18 suspect melanoma, 28
polyposis, 10 COPD patients (56) and 94 healthy
volunteers. The natural logarithm of the Olive tail moment
was plotted for exposure to UVA through 5 different agar
depths (100 cell measurements/depth) and analysed using
a repeated measures regression model. Findings: Genomic
damage in lymphocytes from cancer patient samples
plateaued and did not decrease as UVA intensity decreased.
In comparison, lymphocyte response patterns for healthy
individuals returned towards control values as UVA
intensity decreased. The responses for samples from
pre/suspected cancers patients were intermediate. All
cancers tested exhibited comparable responses. Results
indicated that lymphocyte sensitivity was cancer status
dependant, thus an analyses of Receiver Operating
Characteristic curves was undertaken on 208 individuals.
The mean log Olive tail moments, for all cancers plus
pre/suspected-cancer versus controls gave a value for the
area under the curve of 0·87 (95% CI: 0.82, 0.92); for
cancer versus pre/suspected-cancer plus controls the value
was 0·89 (95% CI: 0.83, 0.95); and for cancer alone versus
controls alone (excluding pre/suspected-cancer), the value
was 0·93 (95%CI: 0.88, 0.98). For all 3 values p<0.001.
Interpretation: Results indicated that characterisation of
differences in lymphocyte sensitivity to UVA enabled
discrimination between cancer patients, pre/suspect cancer
patients and healthy volunteers. This relationship could be
used in an assay that functions as a stand-alone test or as a
possible adjunct to other tests as part of a detection
programme for cancer.
The study was supported by Research and Knowledge
Transfer Support at the University of Bradford, Yorkshire
Concept, and the Yorkshire Forward Yorkshire Enterprise
Fellowship.
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STIMULATION OF FATTY ACID SYNTHESIS
BY THYROID HORMONE RESPONSE
PROTEIN/SPOT14 ENHANCES TUMOR
CELL PROLIFERATION IN VIVO

Elizabeth A. Wellberg, Michael C. Rudolph, Andrew Lewis,
and Steven M. Anderson

Department of Pathology, MS8104, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

We have recently observed that Spot14 (S14), also known
as Thyroid Hormone Responsive Protein, stimulates de
novo fatty acid biosynthesis in mammary epithelial cells
by increasing Vmax, decreasing Km, and stimulating the
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synthesis of medium fatty acids. Numerous studies have
suggested that high expression of fatty acid synthase
(FASN) is associated with higher tumor grade and poor
clinical outcome, and likewise elevated expression of S14
has been linked to a poor clinical outcome for patients
with invasive breast cancer. In contrast, our analysis of S14
expression in databases of human breast tumors
representing a variety of stages, grades, and subtypes
suggests that high S14 expression is associated with ERpositive status, the luminal intrinsic subtype, and a
favorable patient outcome. To determine the effect of S14
on mammary tumorigenesis in vivo, we crossed S14 null
mice to MMTV-PyMT mice. Tumor latency was not
decreased in mice lacking S14; however, tumor cell
proliferation was significantly decreased and the
concentration of medium chain fatty acids in the tumor
was decreased. Approximately half of the tumors arising
in MMTV-PyMT mice lacking S14 had a cystic
morphology and often appeared to have luminal structures.
There was a decrease in the phosphorylation of Src at
tyrosine416 and Akt at serine473, suggesting that
activation of both signaling molecules was decreased in
tumors lacking S14. There was also a decrease in the
amount of PyMT protein suggesting that modulation of
medium chain fatty acids can alter the stability of PyMT
and signaling complexes activated by that oncogene. We
also crossed MMTV-S14 transgenic mice expressing S14
in the mammary epithelium, to MMTV-Neu line 202 mice
and observed that elevated expression of S14 significantly
shortened tumor latency in the bitransgneic mice, increased
tumor cell proliferation and increased the concentration of
fatty acids in tumor cells. Despite the increased
proliferative index observed in the MMTV-Neu tumors
expressing S14, there was a decrease in metastatic lesions
detected in the lungs compared to that observed in MMTVNeu mice. Gene expression profiling of mouse tumors
revealed that tumors overexpressing S14 displayed features
of lobular differentiation including expression of Elf5, a
proposed master regulator of mammary differentiation, and
expression of milk protein genes. Elevated fatty acid
synthesis is a distinguishing feature of many solid tumors
compared to adjacent normal tissue and this activity is
thought to be acquired during tumor progression, as
rapidly proliferating cancer cells have a heightened
requirement for membrane phospholipid precursors. Our
studies suggest that increased de novo fatty acid
biosynthesis is sufficient to stimulate tumor cell
proliferation; however this is not correlated with increased
metastasis and in fact tumors that expressed high levels of
S14 appeared to have a more differentiated phenotype that
may correlate with improved clinical outcome.
Furthermore, alterations in medium chain fatty acids
within a tumor can alter signaling through Src and Akt.
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PANCREATIC CANCER – NOVEL DIAGNOSTICS
AND TARGETED THERAPY
Roland Andersson

Department of Surgery, Clinical Sciences Lund, Skåne
University Hospital and Lund University, Lund, Sweden

Pancreatic cancer represents the fourth cause of death in
cancer and the prognosis is that, without any major
breakthrough, pancreatic cancer will represent the second
cause of death within a decade. Improvements during the last
decades have been marginal. The addition of adjuvant
postoperative chemotherapy has improved survival. Various
additions to gemcitabine (golden standard) have not
substantially improved the outcome of chemotherapy. Some
novel attempts with new combinations have rendered marginal
improvements in sub-groups, though these more successful
regimes have only been applicable on a sub-fraction of
patients. Vague symptoms occurring late during the course of
disease, a profound stromal reaction providing cancer cell
proliferation, pro-inflammatory response and chemotherapy
resistance have all contributed to late diagnosis and poor
treatment outcome. Furthermore, only a small percentage of
patients have hereditary forms of pancreatic cancer and risk
groups like new onset diabetes mellitus type 2 have been
without tools to diagnose the disease prior to being
symptomatic. Novel biomarker findings are on the way,
providing possibilities to identify patients with pancreatic
cancer based on either proteomic panels or individual
biomarkers in blood and, correspondingly, biomarkers and
receptors both in cancer tissue and in the tumor
microenvironment, i.e. the stroma. These novel findings
provide possibilities to both early and improved diagnosis and
also tumor targeted specific treatment, including targeted
nano-immunoliposomes and radioimmunotherapy. Tumorspecific receptors/biomarkers on both cancer cells and stromal
compartments are used as targets where fragmented antibodies
are linked to either liposomes filled with chemotherapy or
radioimmunotherapy treatment; in both cases being tumorspecific and where expression is more or less lacking in
normal tissue. Novel diagnostic therapeutic, tumor-specific
therapy may render an improvement in results, to be used for
improving adjuvant palliative regimes. Whether these
signatures are detectable also in asymptomatic patients and
useful for screening purposes is to be proven.
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CLINICAL EFFICIENCY OF 18F-FDG-PET IN
PATIENTS WITH HEPATOCELLULAR
CARCINOMA: EXPLORATIVE ANALYSIS OF
RETROSPECTIVE DATA OF 80 PATIENTS
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18F-FDG positron emission tomography (FDG-PET) has been
confirmed as being valuable in detecting a variety of cancer
types; however, publications suggest that the sensitivity of
FDG-PET in patients with hepatocellular carcinoma (HCC) is
low. The aim of this study was to look critically at this unique
imaging technique at its diagnostic value concerning patients
with HCC. We analysed retrospectively 80 patients with HCC
who underwent a PET-scan examination at our department.
Patients with histologically verified HCC (gold standard)
having FDG-PET, CT, MRT examinations, as well as AFP
measurement (normal range: 0-5.8 kU/l) in a time span of 3
months, were included in the present study for further
analyses. Sensitivities for the above-mentioned examinations
were calculated. The results (positive/negative) of the methods
were correlated with the optimal sensitivity for HCC detection
by the combination of two the methods. Twenty (female: 4,
male: 16, aged: 21-83 yrs, median, 64 years) out of 80 patients
fulfilled our criteria. All of them have undergone a histology,
FDG-PET, CT, MRT (dynamic scans) plus AFP. The size of
HCC lesions was in 19 cases available and ranged from
1.2cm-8.5 cm. In comparison to histology (gold standard) 9/20
were positive in FDG-PET, 17/20 in CT, 19/20 in MRT, 16/20
with increased AFP values (>5.8kU/l). The calculated
sensitivities for HCC were 45% for the PET, 85% for CT, 95%
for MRT and 80% for AFP, respectively. Using these two
examinations a sensitivity of 100% could be achieved for
MRT/CT and CT/AFP. A correlation between elevated AFP
levels and positive PET scans was found. According to our
results, the FDG-PET is not recommendable for primary
diagnosis in patients with HCC. In contrast, MRT (dynamic
scan) has a very high sensitivity for HCC and, using the twoexamination approach, a sensitivity of 100% could be
achieved for MRT/CT and CT/AFP.
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DNA DAMAGE AND REPAIR CASCADE
AFTER CHEMOTHERAPEUTIC DRUGS
IN GLIOBLASTOMA CELL LINES

L. Annovazzi, M. Mellai, V. Caldera and D. Schiffer
Neuro-Bio-Oncology Center, Policlinico di Monza
Foundation (Vercelli)/Consorzio di Neuroscienze,
University of Pavia, Vercelli, Italy

The failure of the local control of malignant gliomas is due to
the presence of blood-brain barrier, tumor diffusion modalities

and cell resistance to radio- and chemotherapy. Glioma stem
cells (GSCs) are suggested as the main responsible cells of
glioblastoma (GBM) recurrence and resistance to treatments.
We studied the cytotoxicity of three chemotherapeutics,
temozolomide (TMZ), doxorubicin (DOX) and paclitaxel (PTX)
and the cascade of DNA repair on GBM cell lines. Sixteen cell
lines were obtained from GBM samples and cultured in
DMEM/F12 supplemented with growth factors or serum.
Neurospheres (NS) and adherent cells (AC) developed,
respectively. TMZ, DOX and PTX were administered and the
cascade of DNA damage and repair was studied with a series
of relevant antibodies (γ-H2AX, p-ATM, 53BP1, p-Chk2,
Ku70/80, DNA-PKcs, RAD51) by immunohistochemistry and
immunofluorescence. Comet assay and cell counts were
performed after treatments. Apoptosis was also evaluated. The
three drugs inhibited dose- and time-dependently cell
proliferation and clonogenic growth; more evidently on AC than
on NS. As regard TMZ, the susceptibility of cells depended on
the status of MGMT and p53. Only a small percentage of cells
underwent apoptosis, whereas most cells survived in a quiescent
state and could resume proliferation after drug removal. The
comet assay showed that the drugs caused DNA damage, both
in NS and in AC. The first cellular response to DNA damage
was the activation of sensors molecules (p-ATM, γ-H2AX and
53BP1) followed by effectors (p-Chk2, Ku70/80, DNA-PK,
RAD51). The non homologous repair pathway (NHEJ)
appeared more activated than the homologous one (HR). Lower
doses and shorter times were required for DOX and PTX. NS
lines appeared to be more resistant to the treatments than AC
lines that are more differentiated. The resistance to genotoxic
therapies of malignant glioma cells could, therefore, be
explained on one the hand, by their ability to stop proliferation
and survive in a non-proliferating state and, on the other hand,
by the involvement of an enhanced DNA damage response of
these cells.

34
A MISSENSE MUTATION c.440G>A (Arg147His) IN
STK11 GENE FOUND IN BULGARIAN PATIENTS
WITH SPORADIC BREAST CANCER
Georgi G. Antov1, Petra Kleiblová2, Maria E. Krasteva1,
Svetla G. Angelova1 and Draga I. Toncheva3
1Institute
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Academy of Sciences, Sofia, Bulgaria;
2Institute of Biochemistry and Experimental Oncology, 1st
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Republic;
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Although being one of the high penetrant genes with elevated
risk of occurrence of hereditary breast cancer, the involvement
5811

ANTICANCER RESEARCH 34: 5761-6258 (2014)

of STK11 gene in the sporadic form of the disease still remains
incomplete. With respect to this, high resolution melting
(HRM) analysis, as a tool providing rapid, low cost and
effective screening of unknown STK11 mutations, was applied.
The mutational status and spectrum of the STK11 gene was
examined in 73 Bulgarian patients diagnosed with sporadic
breast cancer and 22 healthy negative controls. Selected tumor
samples with altered HRM profiles were bidirectionally
sequenced. In addition to a previously reported nonsense
mutation in exon 2 (c.322A>T, Lys108Stop), here we report
the presence of a misssense mutation in exon 3B of the STK11
gene. The mutation represents a base substitution (c.440G>A)
localized in codon 147 (CGT→CAT) leading to а substitution
of Arg to His. The patient carrying the here-found mutation
was at the age of 41, at G2 stage of malignancy, with T1
tumor, ductal type of breast carcinoma and negative nodal
status. The patient was negative with respect to p53, ATM,
HER2 and ER status and positive with respect to PIK3CA and
PR. Currently, the mutational screening for the whole coding
sequence of the gene has not yet completed. Further HRM
analysis and sequencing are envisaged. Revealing the
molecular alterations in STK11 underlying breast cancer and
their potential relation to clinicopathological parameters may
contribute to improvement of patients prophylaxis and
prognosis.
This work was supported by the grant №BG051PO001-3.3.060025, financed by the European Social Fund and Operational
Programme Human Resources Development (2007-2013) and
co-financed by Bulgarian Ministry of Education and Science.
Also a special gratitude for the financial contribution to the
laboratory of Petr Pohlreich, MD, PhD and Zdeněk Kleibl,
M.D., Ph.D., Group of Molecular Biology, Institute of
Biochemistry and Experimental Oncology, 1st Faculty of
Medicine, Charles University in Prague.
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Various types of chemotherapies have been extensively
investigated in advanced non-small cell lung cancer (NSCLC).
Although median survival times have been getting long, the
outcomes remain poor. We reported that feasible continuous
first-line treatment might have encouraging effects within a
certain subset of advanced NSCLC patients, suggesting
diverse treatment efficacies. This study aimed to analyze those
with complete remission among advanced NSCLC patients.
Stage III or IV NSCLC patients, whose treatment began
between September 2004 and April 2011, were retrospectively
evaluated. We defined complete remission as a continuous
complete response observed at present in spite of the treatment
initiation over three years ago, regardless of treatment
continuation. Eight patients were observed. Two patients were
at stage IIIA, three at stage IIIB and three at stage IV. The
treatment modalities included cytotoxic chemotherapy only
(one patient), epidermal growth factor receptor tyrosine kinase
inhibitor (EGFR-TKI) followed by surgery (one patient),
radiosurgery for brain metastasis followed by surgery and
chemotherapy (one patient) and chemoradiation (five patients).
Four patients had adenocarcinoma, three squamous cell
carcinoma and one large-cell carcinoma. The numbers
according to survival time since the date of treatment initiation
were three (between three and four years), three (between four
and five years) and two (over five years). These results suggest
that complete remission can be achieved for several types of
advanced NSCLC by employing combinations of treatment
modalities.
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COMBINED TREATMENT OF CISPLATIN AND εVINIFERIN INDUCES C6 (RAT GLIOMA) CELL
APOPTOSIS IN TIME-DEPENDENT MANNER

Elif Apaydin1, Aysun Ayrim2, Nur İpek Önder Mert3,
Zerrin İncesu4 and Filiz Özdemir4

Departments of 1Biotechnology and 3Biology, Anadolu
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Department of Biosecurity and Biotechnology, Eskişehir,
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ε-viniferin is a resveratrol dimer and well-known for having
antiproliferative and apoptotic effects on cancer cells (1, 2). It
was reported that both resveratrol plus fludarabine/cladribine
caused a higher rate of apoptosis in comparison to the rate
caused by a single drug (3). Cisplatin is a member of class of
platinum-containing anti-cancer drugs. In this study we aimed
to investigate the anti-proliferative and apoptotic effects of
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using cisplatin and ε-viniferin alone or in combination on C6
cells. C6 cell proliferation was indicated after using cisplatin
(5-35 μM) and ε-viniferin (95-130 μM) alone or combination
13.25 μM/16.25 μM cisplatin with 95 μM/127.5 μM εviniferin for 12, 24 and 48 h incubation time by using the
water soluble tetrazolium salt (WST) method. Similarly, DNA
fragmentation, which is a hallmark of late apoptosis was
detected by using the terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) method and apoptotic
alterations were imaged by transmission electron microscopy
(TEM). In consequence of the WST-1 tests, it was detected
that the most effective incubation time was 48 h and cell
proliferation significantly decreased for the combined
treatment (20.30%) compared to treatment of cisplatin
(73.75%) and ε-viniferin (70.87%) alone. Similarly, the
apoptotic index, which was counted by using the TUNEL
method, was at its highest level after 48 h of incubation. After
using cisplatin and ε-viniferin alone, the apoptotic index
increased 42.2% and 47.6%, respectively; however, the
combined treatment yielded an index of 91.6%. These results
were supported by TEM images. Chromatin condensation was
greatly observed after combined treatment for 48 h when
condensed cristae and apoptotic blebs on cells were detected.
It was indicated that the combination of cisplatin with εviniferin had anti-proliferative and apoptotic effects.
This study is supported by in vivo studies for using combined
cisplatin and ε-viniferin in clinical practice.
1 Piver B, Berthou F, Dreano Y and Lucas D: Differential
inhibition of human cytochrome P450 enzymes by epsilonviniferin, the dimer of resveratrol: comparison with
resveratrol and polyphenols from alcoholized beverages,
Life Sci 73: 1199-1213, 2003.
2 Billard C, Izard JC, Roman V, Kern C, Mathiot C, Mentz F
and Kolb JP: Comparative antiproliferative and apoptotic
effects of resveratrol, epsilon-viniferin and vineshots derived
polyphenols (vineatrols) on chronic B lymphocytic leukemia
cells and normal human lymphocytes, Leuk Lymphoma 43:
1991-2002, 2002.
3 Podhorecka M, Halicka D, Klimek P, Kowal M, Chocholska
S and Dmoszynska A: Resveratrol increases rate of
apoptosis caused by purine analogues in malignant
lymphocytes of chronic lymphocytic leukemia Ann Hematol
90: 173-183, 2011.
This study was supported by Anadolu University Scientific
Research Projects (Project No: 1207S137).
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SNPS 72ARG/PRO OF p53 AND 344 T/A OF MDM2
ARE NOT ASSOCIATED WITH CHEMORESISTANCE
OF BREAST CANCER IN TUNISIA
A. Arfaoui, H. Douik, G. Kablouti, N. Handiri, Z. Zid,
N. Ouni, F. Zouiouiche, F. Ayari, T. Mamoghli,

A. Ben Chaabene, J. Bouassida, H. Abazza,
L. Harzallah and F. Guemira

Service de Biologie Clinique, Institut Salah Azaiz, Tunis,
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Breast cancer is the most frequent cancer of the women
worldwide and in Tunisia. Its incidence is increasing but the
mortality has decreased in a considerable way thanks to the
progress of various anticancer treatments. The protocols of
anticancer chemotherapy containing anthracyclines are in
indisputable progress in oncology. The resistance to
anthracyclines represents the major factor limiting their use.
Thus, our aim was to study the impact of p53 and MDM2
polymorphisms on the response to chemotherapy in breast
cancer. We were interested particularly in SNP72 Arg/Pro
affecting exon 4 of the p53 gene and SNP344T/A of the P2
promoter region of MDM2 gene. To document the role of p53
and MDM2 polymorphisms, a study was realized in 400
patients with invasive ductal carcinoma (IDC) treated with
anthracyclines. Genotyping was done by real time PCR with
the «TaqMan method». Data were statistically analyzed using
the Chi2 test (5%). Our results revealed that, among 400
patients, the quarter (n=95) were resistant to chemotherapy
treatment and this resistance seems to be correlated to the
tumor size, node involvement and number of metastatic sites
(p<1%), while the polymorphisms SNP72Arg/Pro of p53 and
SNP344T/A of MDM2 were not correlated.
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IDENTIFICATION AND DESIGN OF NEW
C5-DNA METHYLTRANSFERASE INHIBITORS
AND THEIR BIOLOGICAL ACTIVITY
Paola B. Arimondo
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DNA methylation is involved in the regulation of gene
expression and plays an important role in normal developmental
processes and disease. In particular, the epigenetic landscape is
altered in cancers where abnormal hypermethylation leads to
silencing of certain genes such as tumor suppressor genes. In
mammals, DNA methyltransferases are the enzymes responsible
for DNA methylation on the position 5 of cytidine in a CpG
context. Few direct enzyme inhibitors are known and those have
several drawbacks. In order to identify novel inhibitors, we
developed three chemical strategies. First a fluorescent HighThroughput Screening for the inhibition of the murine catalytic
Dnmt3a/3L complex on the chemical library of the Muséum
Naturelle d’Histoire Naturelle and found twelve hits with low
micromolar activities. Interestingly, they showed little
cytotoxicity. Dichlone, a small halogenated naphthoquinone,
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classically used as pesticide and fungicide, showed the lowest
EC50 at 460 nM. Two molecules including Dichlone, efficiently
reactivated YFP gene expression in a stable HEK293 cell line by
promoter demethylation. Their efficacy was comparable to the
DNMT inhibitor of reference 5-azacytidine. Second, based on
molecular modeling studies of quinoline inhibitor SGI1027 in
the crystal structure of M.Hha I C5 DNA methyltransferase,
suggesting that the quinoline and the aminopyridimine are
important for the interaction with the substrates and the protein,
we synthesized twenty five new derivatives. Among them, four
compounds showed an activity comparable to parent compound
SGI-1027. The compounds were more potent against human
catalytic DNMT3A than against human DNMT1 and induced
the reexpression of a reporter gene, controlled by a methylated
CMV promoter, in leukemia KG-1 cells. We carried out structure
activity relationship studies to point out the substituents
important for inhibition. Third, we carried out a modulation
study of the nonnucleoside inhibitor N-Phthaloyl-L-tryptophan
or RG108. The indole, carboxylate and phthalimide moieties
were modified. Homologated and conformationally constrained
analogs were prepared. Among them, two constrained
compounds and two NPys derivatives were found at least 10-fold
more potent than the reference compound. The cytotoxicity on
the tumor DU145 cell line of the most potent inhibitors was
correlated to their inhibitory potency. Finally, docking studies
were conducted in order to understand their binding mode.
Altogether, these studies provide insights for the design of the
next-generation of DNMT inhibitors.
Ceccaldi A, Rajavelu A, Ragozin S, Sénamaud-Beaufort C,
Bashtrykov P, Testa N, Dali-Ali H, Maulay-Bailly C, Amand
S, Guianvarc’h D, Jeltsch A, Arimondo PB. Identification of
Novel Inhibitors of DNAMethylation by Screening of a
Chemical Library. ACS Chem Biol 8(3): 543-548, 2013.
Rilova E, Erdmann A, Gros C, Masson V, Aussagues Y,
Poughon-Cassabois V, Rajavelu A, Jeltsch A, Menon Y, Novosad
N, Gregoire JM, Vispé S, Schambel P, Ausseil A, Sautel F,
Arimondo PB and Cantagrel F: Design, synthesis and biological
evaluation of 4-amino-N-(4-aminophenyl)-benzamides analogues
of quinoline-based SGI-1027 as inhibitors of DNA methylation.
Chem Med Chem 9: 590-601, 2014.
Valente S, Yiwei L, Schnekenburger M, Zwergel C, Cosconati
S, Gros C, Tardugno M, Labella D, Florean C, Minden S,
Hashimoto H, Chang Y, Zhang X, Kirsch G, Novellino E,
Arimondo PB, Miele E, Ferretti E, Gulino A, Diederich M,
Cheng X and Mai A: Selective Non-Nucleoside Inhibitors of
Human DNA Methyltransferases Active in Cancer Including
Cancer Stem Cells. J Med Chem 57: 701-713, 2014.
Asgatay S, Champion C, Marloie G, Drujon T, SenamaudBeaufort C, Ceccaldi A, Erdmann A, Rajavelu A, Schambel P,
Jeltsch A, Lequin O, Karoyan P, Arimondo PB, Guianvarc’h:
Synthesis and Evaluation of Analogues of N-Phthaloyl-ltryptophan (RG108) as Inhibitors of DNA Methyltransferase
1. J Med Chem 57(2): 421-434, 2014.
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Most of the magnetic nanoparticles systems, reported by many
research groups, have been shown to be useful as MRI contrast
agents and magnetic fluid hyperthermia (MFH) mediators,
displaying high nuclear relaxivity and Specific Absorption Rate
(SAR). For these compounds, the possibility to collect images
of the regions where the MNP are delivered through MRI and
eventually Optical Imaging (if functionalized with a
luminescent molecule), is associated with their use under radiofrequency fields of the order of 100 KHz, which causes a local
release of heat directed to tumour cells (the MFH effect),
possibly inducing their death. With such materials, theranostic
agents can be obtained. On the other hand, in the field of drug
delivery and molecular targeting, few examples of reproducible
experiments using superparamagnetic nanoparticles are actually
present in the literature. In the last two decades, much attention
was devoted to novel multifunctional nanostructures based on
magnetic nanoparticles (MNP) useful as agents for Magnetic
Resonance Imaging, Optical Imaging and Magnetic Fluid
Hyperthermia, carriers for drugs and molecular targeting
vectors. Thus, the application of MNP to nanomedicine is
currently of growing interest. Our main objective in the last
decade was to contribute to the knowledge of physical
mechanisms on the basis of MNP use in biomedicine
(especially MRI) and to propose some novel systems in
collaboration with research groups of chemists and biologists.
We will present various novel systems able to contrast MRI
images, to act as good Magnetic Fluid Hyperthermia agent and
to carry antitumoral drugs like Paclitaxel. Other examples of
novel MNP, concerning the possibility to perform multiple
imaging through MRI, optical imaging and PET/SPECT, and
MFH, will also be described.
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A role of acetylcholine (ACh) and muscarinic ACh receptors
(mAChRs) beside neurotransmission have been demonstrated
in several organs, strengthened by the discover of non
neuronal ACh synthesis pathway in many types of cells. Here,
we summarize the role of ACh as a growth factor in human
urinary bladder, based on our published results and a review
of literature. We demonstrated that human urothelium-derived
UROtsa cells express the machinery for ACh synthesis and
functionally active mAChRs. Exposure to the non-selective
agonist carbachol (CCh) concentration-dependently increased
UROtsa cell proliferation and this effect was inhibited by M3selective antagonists and by PI-3-K and ERK inhibitors.
These results suggested an important role of locally
synthesized and released ACh in the pathophysiology of
benign and malignant disease in human urinary urothelium.
We then studied the role of ACh in primary cultures of human
detrusor cells (HDSMCs) and demonstrated the presence of
functionally active mAChRs, that respond to cholinergic
stimulus by promoting HDSMC proliferation, that seems to
be mainly mediated by M3R and in minor part by M2R. As
observed in UROtsa cells, this effect occured via PI-3-K and
ERK pathways. Based on these results, ACh has a role in the
development of bladder hypertrophy, being involved in the
urinary bladder remodeling that occurs in patients with
bladder dysfunctions. Introduction: The crucial effects
mediated by nicotinic ACh receptors (nAChRs) signalling,
proliferation and differentiation of cells (including stem cells)
have been investigated (1). The nAChRs can stimulate several
signaling pathways with tumorigenic effects, raising the
possibility that they may be targeted for cancer therapy or
prevention (2). In recent years, a role of ACh and muscarinic
ACh receptors (mAChRs) beside neurotransmission has been
demonstrated in several organs (3-6). This finding has been
strengthened by discovering of non-neuronal ACh synthesis
in many types of cells, such as lung or colon cells. Among
the five mAChR subtypes, the M1R, M3R and M5R are
conditional oncogenes when expressed in proliferating cells
(7); in particular, the M3R subtype promotes intestinal
epithelial cell proliferation and tumorigenesis (8). Concerning
the urinary bladder, ACh has been for long time mainly been
seen as the main neurotransmitter involved in voiding;
however, the ACh synthesis machinery has been demonstrated
in the urothelium of different species (9-13). Here, we review
the role of ACh as a growth factor in human urinary bladder

specimens, based on our published results and a review of
literature.

ACh as growth factor in human urothelium. The urothelium of
various mammalian species contain the necessary transporters
and enzymes for ACh synthesis, including the vesicular
acetylcholine
transporter
(VAChT)
and
choline
acetyltransferase (ChAT) (11). Moreover, carnitine
acetyltransferase (CarAT), which could also synthesize ACh,
has been found in mouse and human urothelium (13). We
demonstrated that the non-selective ACh agonist carbachol
(CCh) (1-100 μM) concentration-dependently enhanced [3H]thymidine incorporation in human urothelium-derived UROtsa
cells (Figure), a widely used in vitro experimental model to
study human urothelium, with a pEC50 of 7.54±0.24. This
effect is strongly reduced by increasing concentration of the
non-selective muscarinic receptor antagonist atropine (1nM-1
μM) (12), indicating mediation by mAChRsWhile the M2R
and M3R appear to be the most expressed, we could detect the
mRNA expression of each subtype, although their contribution
to the ACh-mediated stimulation of cell proliferation needs to
be established. A detailed pharmacological characterization
indicated that mainly M3R mediate ACh-induced UROtsa cell
proliferation. We would like to underline that the presence of
ChAT and CarAT in UROtsa cells and the lack of VAChT
indicate that the non-neuronal release of ACh does not occur
via exocytotic mechanism; however, stimuli inducing the ACh
release from urothelium are still under investigation, (reviewed
in 11). Consistent effects of several chemically distinct
inhibitors suggest that both the ERK and the PI-3 kinase
pathways are involved in this growth response in UROtsa
cells. Taken together, these results suggested an important role
of locally synthesized and released ACh in the
pathophysiology of benign and malignant disease development
in human urinary urothelium.

ACh as growth factor in human detrusor muscle. We
established primary cultures of human detrusor smooth
muscle cells (HDSMCs) and demonstrated them to be a
good in vitro model for human detrusor (14). Indeed, we
found a rank order of mAChR mRNA abundance of M2 ≥
M3 > M1 > M4 > M5 in both HDSMCs and detrusor
biopsies. These findings are also in line with expression at
the protein level, which is M2 > M3, whereas the other
subtype proteins have not been detected (15). CCh (1-100
μM) concentration-dependently enhanced [3H]-thymidine
incorporation in HDSMCs (Figure), with a pEC50 of 7.46.
This proliferation effect is mediated by mAChRs, as
demonstrated by the pharmacological characterization, that
confirmed the role of M2R and M3R. In particular, despite
a greater abundance of M2R than M3R at the mRNA level
in the present study and at the protein level in previous
studies (16), our data with atropine and M3-preferring
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antagonists indicate a dominant role for M3R, although a
role for M2R cannot be excluded. The CCh-induced cell
proliferation was blocked by selective PI-3K and ERK
inhibitors, strongly suggesting that these intracellular
pathways mediated, at least in part, the mAChR-induced cell
proliferation. Thus, through its binding to mAChRs ACh
may have an additional role in the development of bladder
hypertrophy, being involved in the remodeling that occurs
in patients with bladder outlet obstruction and/or overactive
bladder. It could be speculated that, as it occurs in the
bronchial tree, where overactivity of neuronal and nonneuronal ACh may play a fundamental regulatory role
mechanisms that drive the airway remodeling in asthma or
chronic obstructive pulmonary disease (19), also in urinary
bladder, the ACh overactivity, through mAChR, could
induce cell proliferation and remodeling. Supporting this
hypothesis, treatment of bladder dysfunctions with mAChR
antagonists in women reduced the bladder wall thickness
(20).

Figure
Conclusion: A role of ACh and mAChRs in promoting cell
growth has been demonstrated in urothelium and detrusor
muscle in urinary bladder. It is tempting to speculate that a
cross talk between these two bladder layers is present, to
control bladder function and in micturition; moreover, it is
possiblethat this mechanism could be involved in cancer
development, progression and/or recurrence; acting, for
instance, as a paracrine factor. It could thus be proposed
that the density of CarAT-ChAT in urothelial malignant
cells could be studied as a prognostic factor, quantifying
the ACh production, to detect the cell proliferation input or
the ability to escape conservative treatments (e.g.
endocavitary BCG) used in bladder cancer. Finally,
autocrine/paracrine release of ACh could justify urinary
tract symptoms (in particular urgency and frequency) that
are also related to presence on non-muscle-invasive bladder
cancer.
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SILVER NANOPARTICLES INCREASE THE
IONIC PERMEABILITY OF THE PLEURA
AND PARTIALLY INHIBIT THE MIGRATION
OF PLEURAL MESOTHELIAL CELLS

V. Arsenopoulou1, P.A. Molyvdas1,
K. Gourgoulianis2, C. Hatzoglou1 and S.G. Zarogiannis1
1Laboratory

of Physiology, Department of Medicine, School
of Health Sciences, University of Thessaly, Larissa, Greece;
2Clinic of Respiratory Medicine, Department of Medicine,
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Objective: The extensive use of engineered nanoparticles
(NPs) has already been associated with pathological conditions
of the lung and pleura, such as inflammation, fibrosis and
cancer. Silver (Ag) NPs have many applications in consumer
products and medical devices because of their antimicrobial
properties increasing, therefore, the possibility of user
exposure. The aim of this study was to investigate the effects
of engineered AgNPs on the permeability of the pleura and on
the migration of pleural mesothelial cells. Materials and
Methods: In the present study the short circuit current (ISC)
and the transmesothelial resistance (RTM) of sheep parietal
pleura was monitored in Ussing chambers after the
preincubation of the tissue with spherical AgNPs of 20 nm and
60 nm in size for 30 min. In these electrophysiology
experiments the inhibition of epithelial sodium channel
(ENaC) was investigated by the addition of amiloride (10–5)
in the apical membrane as an index of ionic permeability. The
effects of AgNPs on cell migration were assessed in benign
human mesothelial cells (Met5-A) by the wound healing
assay. Results: AgNPs (20 nm; 2 μg/ml) increased the ISC
passing through ENaC, thus increasing the transcellular
transport of sodium, while they did not affect the RTM of
sheep parietal pleura. AgNPs of 60nm had no significant
effects in any of the parameters. Cell migration was assessed
after 8 hours of exposure to AgNPs of 20 nm in two different
concentrations. The small concentration of AgNPs (0.2 μg/ml)
caused no significant change in cell migration index (p>0.05),
while the high concentration of AgNPs (2 μg/ml) partially
inhibited cell migration (p<0.001). Conclusion: AgNPs of 20
nm in diameter affect the ionic permeability of sheep pleura
by increasing the ENaC activity and partially inhibit the
migration of human mesothelial cells. These data suggest that
AgNPs are pathogenic and may be involved in early
carcinogenic processes.
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ARE THE CENTRIOLES SENSORY CENTRES IN
LIVING CELLS? IMPACT TO MECHANISM OF
CANCER (A HYPOTHESIS)

Atanas Todorov Atanasov

Medical Faculty, Department of Physics and Biophysics,
Trakia University, Stara Zagora, Bulgaria
(atanastod@abv.bg)

Abstract. In this manuscript the hypothesis that the main
function of centrioles is due of sensor centres is developed.
The centrioles receive sensor information from microtubules
as ‘intracellular’ sensor antennas and from primary cilia as
‘extracellular’ sensor antennas, initiating cellular effector
activities and reactions - regulation of cell proliferation,
differentiation, migration, cell polarity and tissue morphology.
It is possible the centrioles play a role of epigenetic centre and
switch genes’ program(s) in cells as effector reaction.
The function of centrosome, centrioles, cilia and
microtubules. The two major properties of the centrosome are
its capacity to reproduce by duplication and its ability to
nucleate microtubules (1). Centrioles are the cylindrical
structures found within the centrosomes of animal cells (a pair
of centrioles form the core of centrosome) and at the core of
the mitotic spindle pole. The absence of centrioles in the
centrosome from other eukaryotic organisms leads to the
domination view that the centriole’s pair is not relevant to
centrosome activity (2). This raises the question: what is the
real function of centrioles? One of the main centriole functions
is to form the cilia and flagella. The cilia can exist in two main
structural forms with different functions: motile cilia and nonmotile (primary) cilia. The primary cilium is a generally nonmotile cilium that occurs singly on most cells in the vertebrate
body. Recent findings reveal that the primary cilium is an
antenna displaying specific receptor relaying signals to the cell
body (3). Microtubules are the main constituents of the
cellular cytoskeleton together with microtubule associated
proteins, intermediary and actin filaments. Microtubules are
dynamical instability structures because they lead to
reorganization of the cytoskeleton and, therefore, cellular
morphology and functions. However, in highly differentiated
cells like neurons there is a stable population of cytoskeletal
microtubules. In most cells the majority of microtubules
emanates from a microtubule-organizing center (centrioles)
and radiates to the membrane and other structures of the cells
(4).
The presence of centrioles is obviously useful for all
cellular sensory functions. If we regard the sensor functions
of eukaryotic cells in an evolutionary way, we will observe
that the appearance of microtubules, centrioles and cilia in
cells is accompanied by increasing of the metabolic and sensor
activity of cells, as well as complexity of sensing functions.
The presence of centrioles correlates strictly with the presence
of cilia throughout the eukaryotic phylogeny. The absence of
cilia in higher land plants, fungi and red algae is accompanied
by lack of centrioles or basal bodies. The presence of cilia in
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lower plants (moss and ferns), green algae, animals, ciliates,
Euglena and Giardia is accompanied by the presence of
centrioles (5). It is observed that in all sensor mechanisms, in
which the cells act as photo-, chemo-, mechano-receptors
(including neurons and neuronal processes), microtubules,
centrioles and cilia always participate (6).
A hypothesis: Are the centrioles sensor centres in cells? The
function of the centrioles could be summarized as follows:
Firstly, the centrioles are the main cell organelles organizing
the synthesis, appearance and orientation of microtubules,
sensor and motile flagellum. Secondly, the centrioles are the
first organelles that can accept the mechanical (tension),
photo-, chemo- and other- sensor signals from microtubules,
sensor cilia and flagellum. Consequently, the presence of
centrioles is mutually connected to the necessity to receive
information from the extracellular and intracellular
environment of the cells. Keeping in mind these facts, we
formulated the hypothesis that the centrioles can play the role
of a sensor center in cells. The cilia and microtubules can be
regarded as extracellular and intracellular sensor ‘antennas’ of
centrioles. The centrioles receive the sensor signals from cilia
and microtubules and produce the ‘effector’ reactions at the
cellular level. According to this hypothesis, the cells could
have two main informational centers: nucleus (genes center)
and centrioles (sensor center) for detecting external and
internal sensor signals.

Figure. A scheme of living cell with nucleus (genes center) and
centrioles (sensor center). Legend: Cm- mother centriole, Cddaughter centriole.
According to the hypothesis: (i) The microtubules act as
‘intracellular sensor antennas’. Microtubules can locate some
5818

biochemical molecules (RNA) (7, 8), some cell structures (like
chromosomes during cell mitosis), as well as the mitochondria
during the full cell cycle. Thus, the microtubules work as
‘intracellular sensor antennas’ similarly to primary and sensor
cilia that work as ‘extracellular sensor antennas’. The
microtubules can also sense some extracellular chemical
attractants leading to polarization of cells and oriented-growth
of cells to the chemo-attractant stimuli (9). (ii) The cilia act as
‘extracellular sensor antennas’. Cilia can interpret the
environmental sensing of many stimuli, such as nutrients, oxygen
concentration, calcium level, kinetic flow signaling, pressure,
touch, vibration, morphogenetic, olfactory, hormonal (chemical)
(10). (iii) Microtubules and cilia send signals to the centrioles,
which work as acceptors of signals. Under the influence of
sensor signals the centrioles initiated effector activities and
reactions of the cell. For example, the centrioles can regulate cell
proliferation, cell differentiation, cell transcription, cell
migration, cell polarity, tissue morphology (11) etc. (12, 13).
Concurrent mechanisms between nucleus genome
information and centrioles sensory information- impact to
cancer mechanisms. Between centrioles and nucleus there
always exist a structure and function connection. Тhe nucleus
and centrioles are places near the cytoplasmic area or are
connected by ‘nucleus-basal body connector’. The activity of
the nucleus and centrioles changes recurrently. During growth
of the cells (during G1, G2 and S phase) the activity of
nucleus dominate, while during М and G0 phases of cell cycle
the centrioles’ activity dominate. Consequently, during G1, G2
and S phases the genome information dominated comes from
the nucleus to the cytoplasm, while during M and G0 phases
the information coming from the centrioles to the cytoplasm of
the cells dominates. Carcinogenesis, in given tissues and
organs of the body, can be due to the imbalance between the
pathways of growth and differentiation (14). While normal
cells respond to growth and differentiation factors by
terminally differentiating, in preneoplastic and neoplastic cells
a selective clonal expansion advantage can occur. One kind of
imbalance can be due to defective control of cellular growth
and differentiation resulting in concurrent signals coming from
the nucleus and centrioles. However, all growth and
differentiation processes occur in the cytoplasm of the cells
and all processes can be under centrioles’ ‘considerations’.
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The present study was designed to investigate whether
electroporation can facilitate the delivery of drugs inside
tumors using quantum dot (QD)-loaded polymersomes as a
model. The main goal was to increase the local concentration
of anticancer drugs avoiding side-effects. The experiments
were performed on colon cancer-grafted mice (Balb/c) using
the Maestro EX Imaging System. Electroporation facilitated
the delivery of nanoparticles inside the tumor. A significant
difference in the fluorescence intensity between
electroporated and non-electroporated mice was observed in
the cancer area even 24 hours after treatment with
nanoparticles. The data suggest that electro-assisted delivery
of size-controlled long-circulating polymersomes in cancer is
a promising therapeutic strategy, especially for treatment of
solid tumors. Introduction: Since cancer is one of the leading
causes of mortality, logically, the main goal of the biological
and medical science is to increase the effectiveness of cancer
treatment. Target-specific nanoparticle-based drug delivery
systems (nano-DDSs) can be used to deliver higher local
concentrations to the region-of-interest and magnify
therapeutic effects. In the last years, the main efforts are
directed to development of nano-DDSs for target-specific
image-guided drug delivery in cancer using different imaging
techniques (1-3). Selective disposition of nanocarriers into the
target tissue is an essential issue in drug delivery. For targetselective drug delivery and delivery of imaging probes in the
last several years, polyion complex hollow vesicles

(polymersomes) are being used as a rule (1, 4). The most
preferred target in cancer is to develop highly specific
therapeutic
strategies
with
minimal
side-effects.
Polymersomes are usually labeled by different contrast agents
and their pharmacodynamics has been verified in vivo by
optical imaging, magnetic resonance imaging, positronemission tomography, and multimodal imaging (5). One of
the most appropriate fluorescent markers for deep-tissue
optical imaging of the pharmacodynamics of polymersomes
in living organisms and their ability to penetrate into the
tumors are the semiconductor quantum dots (QDs) because
of their unique spectral properties and many advantages over
traditional organic fluorophores (6, 7). In the last ten years,
there has been an increasing numbers of publications about
the application of different techniques for facilitating and
accelerating the delivery of nanoparticles in solid tumors in
vivo (e.g., sonication, irradiation, local enhancement of the
temperature, etc.). Electro-assisted techniques appear also as
promising options. Electrochemotherapy, using nano-DDs,
has a potential to be a powerful method for the treatment of
malignant tumors. The procedure is based on electroporation
(electropermeabilisation) of the cell membrane that is
associated with the creation of aqueous pathways in the cell
membrane; result of applied short intensive electric fields (810). This phenomenon speeds up the simultaneous
administration of cytotoxic drugs offering a technique that
can be applied in the clinical practice (9). The combination
of electroporation and nano-DDSs is a promising approach to
increase effectiveness of anticancer therapy. It has also the
potential to interfere with the problems of gene therapy of
cancer. The present study was designed to investigate whether
electroporation can facilitated the delivery and release of
drugs inside tumors in vivo, using polymersome-embedded
quantum dots (QDs) as a model of nano-DDs. Materials and
Methods: Water-soluble polymersomes were prepared from
chemically modified chitosan and labeled with QD705 via
carbodiimide chemistry. The nanoparticles were characterized
by transmission electron microscopy, dynamic light scattering
and fluorescent spectroscopy. All experiments on animals
were conducted in accordance with the guidelines of the
Physiological Society of Japan and approved by the Animal
Care and Use Committee of the National Institute of
Radiological Sciences, Chiba, Japan. Balb/c nude mice (21±2
g) were used. Conol26 cells (1×105 in 10 μl phosphatebuffered saline (PBS), pH 7.4) were inoculated subdermally
in the left or right hindpaw. All measurements were
performed ~9-10 days after inoculation when the tumor size
was approximately 100 mm3. A mouse was anesthetized with
1.5% isoflurane. The tail veil was catheterized for
administration of nanoparticles and the animal was fixed in
the camera of the Maestro EX Imaging System. Nanoparticles
were injected intravenously (i.v.) via the tail vain (single dose
– 80 nmol; 100 μl volume). An electroporator Chemopulse IV,
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Figure 1. Images of colon cancer-grafted mice obtained: 2 min (A), 3 hours (B) and 24 hours (C) after i.v. injection of QD705lablelled polymersomes with electroporation (upper panel) and without electroporation (lower panel); type of electrode (D).
generating bipolar pulses, was used in the experiments. The
instrument was equipped with a large voltage control in the
limits of 100-2200 V, simplified operations, locking against
illegal manipulations and enhanced protection against electrical
hazards. The electro-treatment was done by 16 biphasic pulses,
each of them of 50+50 μs duration with 20 μs pause between
both phases and pause between bipolar pulses of 880 μs. In
each experiment parallel stainless steel electrodes were used.
The intra-electrode distance was adjusted in the range of 1-30
mm. In this study, an electric pulse with intensity of 1200 V/cm
was applied. The body’s autofluorescence and QD fluorescence
was registered at an excitation filter of 435-480 nm and
emission filter of 700 nm longpass. The data were analyzed by
the Living Image In Vivo Imaging software (Maestro version
2.10.0). Results and Discussion: The first step of the study was
to select the appropriate concentration of QD705 for in vivo
application, which gives a high signal-to-background ratio
without saturation of the fluorescent signal and existence of
artifacts. The second step was to investigate the possibility to
deliver QDs in tumor using polymersomes as nanocarriers in
combination with electroporation (Figure 1). The images were
obtained on colon cancer-grafted mouse, injected intravenously
with QD705-labelled polymersomes in the concentration
selected in step one (80 nmol, single i.v. injection). Figure 1A
shows the images obtained 2 min after injection of the
nanoparticles. In this short period after injection the tumor was
visualized in both cases – with electroporation (upper panel)
5820

and without electroporation, on the basis of angiogenesis.
Three hours after treatment, the fluorescent intensity decreased
but was still visible (Figure 1B). The level of fluorescent
intensity was higher after electroporation due to the trapping
of the nanoparticles into the tumor area. A significant
difference in the fluorescence intensity (in the tumor area)
between electroporated and non-electroporated mice was
observed even 24 hours after treatment (Figure 1C). The
nanoparticles with weak fluorescence were still accumulated
into the tumor due to enhanced permeability. The present study
suggests that size-controlled long-circulating polymersomes are
very promising carriers for drug delivery in cancer. The electroassisted delivery of polymersomes into the cancer is based on
the enhanced permeability of the cell walls. The combination
of these two techniques increases the possibility for
development of new successful chemotherapeutic strategies in
cancer.
The study was partially supported by the Ministry of
Education, Science and Technology of Japan (Grant-in-Aid
“Kakenhi” to R.B. and JSPS Grant to B.N.), by the European
Social Fund and Ministry of Education and Science of
Republic of Bulgaria (Project BG051PO001-3.3.05-0001
“Science and Business”, granted to S.A.) and Project
BG051PO0001-3.3.06-0040, implemented with financial
support of the operative program "Human Resources
Development", financed by the European Social Fund of the
European Union".
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HEMOGLOBIN IMMUNOCHEMICAL TEST IN A
COLORECTAL CANCER SCREENING PROGRAM
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(On behalf of PROCOLON group investigators)

Biochemistry and Molecular Genetics Department, Hospital
Clínic, Barcelona, Spain

The fecal hemoglobin immunochemical test (FIT) represents
an outstanding important improvement in the screening of
colorectal cancer (CRC); mostly for its specificity to detect
and quantify human hemoglobin. Compared to the outdated

guaiac tests, FITs are handier for the user and represent an
important reduction of the analytical time, thus, consequently,
increasing laboratory capabilities. The quantitative FIT has the
capability to stratify individuals of different groups in relation
to fecal hemoglobin. For example, the risk to detect high-risk
adenoma or invasive CRC in men 60- to 69-years-old with a
result above 177 μg/g is 11.5-fold higher when compared with
women 50-to 59-years-old with a FIT result between 20 and
32 μg/g. The diagnostic yield of the FIT for the detection of
CRC in a screening program is comparable with colonoscopy.
Nevertheless, for the detection of advanced adenoma,
colonoscopy is 2.3-fold more effective when compared with
the FIT, an advantage that may widely be reduced if the
compliance of uptake and periodicity of the test are analyzed
because the FIT is preferred twice over colonoscopy. Thus, the
population at risk is biennially invited in a screening program
and, in this way, the diagnostic yield of the FIT followed by
colonoscopy may be higher than the use of colonoscopy alone.
One practical example is the Barcelona’s CRC screening
program that was addressed to 197,839 asymptomatic men and
women aged 50 to 69 years. The first round began in
December 2009 and the participation rate was 43.5% from the
eligible population with a positive test rate (≥20 μg/g) of
6.2%. During the first round 1,639 high-risk adenomas and
245 invasive cancers were detected. The introduction of FIT
is a significant and essential advance in CRC screening
programs and recent studies show a diagnostic yield
comparable with colonoscopy and demonstrate the possibility
to stratify individuals with a positive test in different risk
groups for detecting CRC or high risk adenomas. Presently,
FIT is the test of choice for the screening of CRC.
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MECHANISMS UNDERLYING THE PROTUMORIGENIC EFFECT OF CXCL14-EXPRESSING
CANCER-ASSOCIATED FIBROBLASTS
Martin Augsten, Elin Sjöberg, Oliver Frings,
Jeroen Frijhoff, and Arne Östman

Department of Oncology-Pathology, CCK, Karolinska
Institutet, Stockholm, Sweden

Cancer-associated fibroblasts (CAFs) comprise a prominent
cell type of the tumor stroma of most solid tumors. CAFs are
recognized to play a key role in cancer by promoting tumor
growth, progression and metastasis, and can confer resistance
to therapy. Targeting this cell type interferes with tumor
growth and progression and, thus, appears as a promising
novel strategy to fight cancer. Our previous work identified the
chemokine CXCL14 as a novel CAF-derived factor that
stimulated prostate cancer growth in vitro and in vivo.
CXCL14-tumors were characterized by an increased number
of macrophages and blood vessels. However, the molecules
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mediating the pro-tumorigenic effect of CXCL14-fibroblasts
have not yet been identified. Gene expression profiling of
fibroblasts with and without over-expression of CXCL14 led
to the identification of NOS1, nitric oxide synthase 1, as one
factor highly up-regulated in CXCL14-expressing fibroblasts.
Up-regulation of NOS1 appears to be a response to oxidative
stress, characterized by activation of Nrf2- and Hif1αsignaling. NOS1-targeting by siRNA and Nos/NO inhibitors
demonstrated the importance of NOS1 for the growth and
migration of CXCL14-fibroblasts. Furthermore, shRNAmediated down-regulation of NOS1 in CXCL14-fibroblasts
significantly reduced their tumor-promoting effects following
co-injections with prostate cancer or breast cancer cells.
Analysis of the tumor material suggested that NOS1
contributes to the tumor-promoting effect of fibroblast-derived
CXCL14 by stimulating tumor initiation and the recruitment
of macrophages into the tumor. These data identify oxidative
stress-induced NOS1 and nitric oxide as novel components of
the tumor-stimulatory signaling network of CXCL14expressing fibroblasts and suggest NOS1 as a candidate point
of interference for CXCL14-directed cancer therapies.

Figure 1. Extensive aorto-caval lymphadenectomy (origin of
the inferior mesenteric artery with positive adenopathy;
lombo-ovarian pedicle ligated at its caval implantation).
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Ovarian cancer is one of the most aggressive gynecologic
malignancies with the majority of the women being diagnosed
with advanced-stage disease. It has been proven that the most
efficient way to control the disease in these cases is through
performing a complete cytoreduction. In cases presenting
tumoral disseminations in the upper abdomen, the rates of
complete cytoreduction are significantly decreased and
associated with a higher morbidity rate. In selected cases, in
which extensive upper abdominal resections can be safely
performed, the maximal cytoreductive effort seems to be
associated with improved survival. We present the case of a
66-year-old patient diagnosed with advanced ovarian cancer
in whom we performed a complete cytoreduction involving a
total hysterectomy en bloc with bilateral adnexectomy, total
parietal peritonectomy, resection of the nodules of peritoneal
carcinomatosis located on the mesentery, pelvic and paraaortic lymph node dissection. In order to remove all the
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Figure 2. Lymphadenectomy of the common hepatic artery,
hepatic pedicle (proper hepatic artery, common bile duct,
portal vein, gastro-duodenal artery).

adenopathies, the lymph node dissection was conducted to the
level of the celiac trunk and also its branches and retroduodenopancreatic (Figures 1, 2). The patient was released 10
days after surgery; the histopathological exams revealed a
moderate differentiated epithelial ovarian cancer and, thus, the
patient underwent 6 cycles of platinum salts - taxanes regimen
chemotherapy. Three years after surgery she is free of any
recurrent disease.

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

47
URETERAL REIMPLANTATION AFTER
RESECTION OF A LOCALLY INVASIVE IN THE
URETERAL OSTIUM CERVICAL TUMOR A CASE REPORT
Nicolae Bacalbasa1, Simona Olimpia Dima2
and Irina Balescu3

1“Carol

Davila” University of Medicine and Pharmacy,
Bucharest, Romania;
2Center of Digestive Diseases and Liver Transplantation,
Center of General Surgery and Liver Transplantation „ Dan
Setlacec”, of Fundeni Clinical Institute, Bucharest, Romania;
3“Ponderas” Hospital, Bucharest, Romania

Figure 1. Area of invasion (3 cm) of the right ureter closed to
its implantation in the urinary bladder.

Figure 2. Postresectional aspect: Partial cystectomy at
trigonal level and distal right ureterectomy (Foley catheter
present in the operative field).

Although screening tests for early diagnosis of cervical cancer
have been largely implemented, many women are still
diagnosed in an advanced stage of the disease when the tumor
has already destroyed the biological barriers and invaded the
surrounding tissues. In these cases more extensive surgery is
needed in order to obtain a good control of the tumor. We
present the case of a 53-year-old patient diagnosed with
locally advanced cervical cancer invading the right ureteral
ostium in which we performed a total radical hysterectomy
with bilateral adnexectomy en bloc with the invaded zone of
the urinary bladder trigone involving the right ureteral ostium.
The ureter was then mobilized on its whole length and it was
re-implanted in the urinary bladder. The anastomosis was
protected by placing a double J Cook catheter, which was

Figure 3. Implantation of the right ureter in the urinary
bladder.

Figure 4. Final aspect of the urinary reconstruction; the
uretero-vesical anastomosis is protected by urinary bladder
flap.
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removed through cystoscopy three weeks later. The cervical
tumor also invaded the sigmoidian loop and, therefore, a
segmentary colectomy was also associated. Bilateral pelvic
and para-aortic lymph node dissection was also performed
(Figures 1-4). The histopathological exam showed a poor
differentiated squamous cell carcinoma. The postoperative
course was uneventful with the patient being confined to the
oncology service where she underwent adjuvant treatment. At
a two-year follow-up there are no signs of local or distant
recurrence.
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A METAL-EXPOSED COHORT STUDY IN THE
LARGEST METALWORKERS
POPULATION IN THE WORLD
Yana Bai

Centre for Cancer Prevention and Treatment, Lanzhou
University, P.R. China

Background: Nickel is one of the most widely distributed and
used metal in the world and exposure to its compounds can
result in a variety of adverse effects on human health. In order
to evaluate the human health effects associated with joint
occupational exposure to nickel and other metals, a cohort
study of workers in a large nickel plant in China, which
produces over 90% of the nickel compounds in China, is in
progress. Patients and Methods: Since 2011, all staff and
workers of the Jinchuan Group Co., Ltd. (JNMC) have been
eligible for a medical examination every two years. All staff
and workers who participate in the medical examination are
able to enter the China Nickel Workers Cohort (Jinchang
Cohort). It is estimated that more than 50,000 current or
retired workers will be included in the Jinchang Cohort. The
medical examination includes a comprehensive physical
examination, biochemical examination, epidemiologic survey
and collection of biological samples. Results: The Jinchang
cohort is an ongoing cohort study. From June 22, 2011 to Nov
28, 2013, a total of 47,795 subjects had the medical
examination and 40,724 blood samples were collected. The
lifestyle investigation has shown that the overall prevalence of
smoking, alcohol drinking and tea drinking were 39.1%,
19.7% and 55.2%, respectively, among the occupational
workers of the JNMC. The top ten diseases in terms of
incidence were: hypertension (11.7%), allergic rhinitis
(11.0%), cholecystitis (8.9%), gallstone (7.9%), faucitis
(7.0%), fatty liver (6.6%), hyperlipidemia (6.1%), gastritis
(4.2%), diabetes mellitus (3.0%) and prostate disease (2.6%).
Conclusion: The large data set from the Jinchang cohort will
permit extensive evaluation of the relationship between metal
exposure, gene, epigenetics and risk of human diseases. The
repository of blood samples will provide a population-based
platform to examine biological indicators that closely correlate
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with metal exposure and illness by using molecular
epidemiologic methods.
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GENETIC FACTORS INVOLVED IN HUMAN
COLORECTAL CANCER METASTASIS
O. Bajenova1.2 and S.J. O’Brien1
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Experimental and clinical studies have shown that one of the
most accurate clinical markers of metastasis in epithelial
cancers is the increasing level of carcinoembryonic antigen
(CEA, CEACAM-5, CD66e) in the patient’s serum. However,
the signaling mechanism determining the ability of cells to
produce CEA and to stimulate metastasis has been
insufficiently studied. We first cloned a gene of the receptor
protein on the surface of liver macrophages - Kupffer cells,
which interacts with CEA. This receptor protein has been
named CEAR. The CEA/CEAR interaction on the surface of
Kupffer cells enhances survival of metastatic cancer cells in
the liver through stimulation of cytokine production and
influences cell adhesion molecules in the liver. To elucidate
CEAR function, its expression was inhibited by short
interfering RNAs (siRNA) in MIP-101, a colorectal cancer cell
line. Comparative analysis of cell lines with different levels of
CEAR and CEA production showed that the inhibition of
CEAR expression decreases the expression level of CEA, Ecadherin and integrin alpha 3, and also affects the ability of
colorectal cancer cells to adhesion and invasiveness. In vivo
experiments showed the catalytic role of CEAR in the
formation of tumors in immunodeficient mice. These data
revealed the CEAR as a potential new target molecule to
prevent the development of CEA-dependent malignancies in
humans. The comparative analysis of transcriptomes of four
genetically-related colorectal cancer cell lines with different
expression levels of CEA and CEAR was carried out using
RNA sequencing technology. We discovered 3 genes that are
down-regulated in colorectal cancer cells as a result of the
CEA production. These genes are major protein-coding cell
regulators, including transcription factors that are involved in
the response to the DNA-damage, stress, cell cycle and
apoptosis. Also we discovered 5 genes that are up-regulated in
response to CEA production. These genes are all proteincoding genes for the cell surface complexes and signaling
proteins that interact with the cytoskeleton and regulate
intracellular junctions, cell proliferation and signaling
pathways. The analysis of RNAseq data, obtained by Trinity
and Tophat pipelines, was performed using the KEGG
pathway and GO enrichment analysis.
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The aim of this study was to clarify the real cytotoxic effect
of anticancer substances by using a highly standardized
analytical approach and precise data processing. Over twenty
anticancer drugs (new generation) were tested on cultured cell
lines. Cell viability and proliferation were analysed and
different data processing was applied. Based on the
conventional approach for calculation of cell viability as a
percentage from the respective control all drugs could be
characterized as cytotoxic. Based on the effect of the drugs
on the number of viable cells in each treated sample
(compared to the initial value) they could be divided in three
groups: (i) cytotoxic drugs; (ii) strongly cytostatic drugs, but
not cytotoxic; (iii) drugs without effect on cell viability and
with comparatively weak cytostatic effect. The study shows
the crucial importance of the analytical approach and the data
processing. It is obligatory to control the effect of the drug
on the number of viable cancer cells during the treatment,
comparing to the initial value. In most cases, the cancer cells
stay alive in the presence of the drug (depending on the
selecting dose) and it is a matter of time these cells to start
proliferating again after termination of the treatment.
Introduction: The literature is full of data about “highly
effective anticancer substances”. There are many excellent
reviews summarizing the progress in this field (1, 2).
However, cancer is still an incurable disease. What is the
reason? Are anticancer drugs indeed cytotoxic or just
cytostatic and why is this so important? In this systematic
study we try to answer this question by using a wide range
of anticancer drugs (conventional and new generation) and
different analytical tests and data processing approaches.
Materials and Methods: The experiments were performed on

cancer cell lines (Jurkat and K562, derived from patients with
acute lymphoblastic or chronic myeloid leukemia,
respectively). The cells were cultured in RPMI-1640 medium,
supplemented with 10% heat-inactivated fetal bovine serum
(FSB) and 1% penicillin/streptomycin, in a humidified
atmosphere at 37˚C with 5% CO2. All cells were sedimented
by centrifugation (1,000 rpm, 10 min) and replated in fresh
medium without antibiotics before treatment with anticancer
drugs. The drugs were dissolved in dimethyl sulfoxide
(DMSO; suitable for cell culture) or phosphate-buffered
saline (PBS; 0.1 mM, pH 7.4). The final concentration of
DMSO in the cell suspension did not exceed 1%. In this
concentration, DMSO did not influence cell viability. The
drugs were applied to the cells (1×106 cell/ml) in
concentrations 0.25-25 μM (single dose) and incubated at
different time-intervals (24, 48, and 72 hours) in an incubator.
At each time-interval, aliquots of cell suspensions were used
for cell viability assays. Cell viability was analyzed using: (i)
trypan blue staining and Countess™ Automated Cell Counter
(Invitrogen) at very precise standardization of the
measurements; (ii) MTS Cell Viability Assay (Promega).
Three independent experiments (with two repetitive
measurements for each experiment) were done for each drug
and cell line. Non-treated cells were used as controls. The
data were processed using two approaches: (i) based on the
number of live cells in each sample at each time-interval,
starting from 1×106 cells/ml in all samples; and (ii) using a
conventional approach; cell viability was calculated as a
percentage from the respective control, which was different
at each time-interval. Results and Discussion: Most of the
investigated drugs were strongly hydrophobic and were
dissolved initially in DMSO. In preliminary experiments we
established that 0.5-1% DMSO does not influence the
viability of Jurkat and K562 cells. However, in concentrations
over 2%, DMSO decreases significantly cell viability (>3060%). We point out this fact because it is a very important
and crucial factor for precise analysis and interpretation of
the experimental data obtained with hydrophobic anticancer
substances. In our study, the final concentration of DMSO in
the cell suspensions did not exceed 1%. Depending on the
data processing approach we observed several tendencies.
Based on the counting of the number of viable cells in each
sample it was found that the drugs could be divided in three
groups (Figure 1): (i) cytotoxic drugs (MLN-2238 type),
which decrease continuously the number of viable cells in
comparison to the initial level (1×106 viable cells/ml) within
72 hours of incubation; (ii) cytostatic drugs (BEZ-235 type),
which have no negative effect on cell viability but stop their
proliferation; in this case, the number of viable cells in the
treated samples within 72 hours of incubation was almost the
same as the initial level (1×106 viable cells/ml); (iii) drugs
(PI-103 type) without effect on cell viability and with
comparatively weak effect on cell proliferation (even at high
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Figure 1. Effect of 0.5 μM (A) and 5 μM (B) of MLN-2238,
PI-103 and BEZ-235 on the number of viable cells in the cell
suspensions at different time-intervals. Experimental
conditions: Cells (Jurkat; 1×106 viable cells/ml) were
incubated with anticancer drug (5 μM) in cell culture medium
without antibiotics, in humidified atmosphere (37˚C, 5% CO2).
At each time-interval, aliquots of the cell suspensions were
subjected to cell viability assay using trypan blue staining and
Countess™ Automated Cell Counter (Invitrogen). Data are
mean±SD from six measurements.
concentration – up to 25 μM); in this case, the number of
viable cells in the treated samples was increased within 72
hours of incubation in the same way as in control (nontreated) cells. Based on the conventional approach for the
calculation of cell viability as a percentage from the
respective control, all drugs could be characterized as
cytotoxic (Figure 2). Some of them are strongly cytotoxic as
MLN-2238 and BEZ-235 (over 50% decrease of cell viability,
even at low concentration: <1 μM). Other drugs (as PI-103)
possess a weak cytotoxicity at low concentrations but could
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Figure 2. Effect of 0.5 μM (A) and 5 μM (B) of MLN-2238,
PI-103 and BEZ-235 on the cell viability at different timeintervals, calculated as a percentage from the respective
control (the total number of non-treated cells, analyzed at 24,
48 and 72 hours). Experimental conditions are as in Figure
1. Data are mean±SD from six measurements.
be characterized as strongly cytotoxic at comparatively high
concentrations (over 5 μM). The comparison between Figure
1 and Figure 2 shows that the analytical approach and the
data processing are of crucial importance for the precise
estimation of the real anticancer effect of the drugs. Based on
the widely used methodology for calculation of the
experimental data in this field (as in Figure 2), all investigated
drugs in this study have to be considered as highly cytotoxic
and with strong anticancer effect. However, based on the
change of the number of viable cancer cells over time, in
comparison with the initial level, the picture is quite different
(Figure 1). Most anticancer substances are characterized by a
cytostatic effect (strong or weak) but they are not cytotoxic, at
least at the selected concentration (e.g., up to 5 μM). The
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cancer cells stay alive during the treatment and it is a matter
of time these cells to start proliferating again after termination
of the treatment. Only few anticancer substances, investigated
in this study, possessed a real cytotoxic effect. Moreover, this
data processing approach clearly shows that the therapeutic
scheme in cancer might be a crucial factor for the
development of multidrug resistance, especially in the case of
drugs that do not affect the viability of cancer cells, despite of
their strong cytostatic effect. Our study suggests that it is very
important to control the effect of the drug on the number of
viable cancer cells at the time of treatment, compared to the
initial level. In this context, the first data processing approach
(described in this study) has to be considered as more
valuable for the precise estimation of the real cytotoxic effect
of anticancer drugs, as well as for comparison of their
anticancer efficiency.
The study was supported by the Ministry of Education,
Science and Technology of Japan (Grant-in-Aid “Kakenhi”),
the European Social Fund and Ministry of Education and
Science of Republic of Bulgaria (project BG051PO0013.3.05-0001 “Science & Business”) and the Scientific Fund of
Trakia University, Bulgaria.
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The USF Center for Drug Discovery and Innovation has
embarked on a program to screen natural product libraries
across diverse disease areas. Among our screening programs,
mammalian cytotoxicity is a reference point since low levels
are important for infectious, neurodegenerative and similar

screens; however, high levels can indicate potential anticancer
compounds. In that regard, we have developed considerable
screening data in both phenotypic and macromoleculartargeted mammalian bioassays. A fungal endophyte collection
derived from Floridian marine-margin flora, primarily
mangroves, has been cultivated under conditions designed to
elicit latent secondary metabolite pathways, an effect we see in
approximately 10% of our isolates in phenotypic screening in
a mammalian cell line (1, 2). Further, additional phenotypic
screening has been conducted using a novel 3D polymeric
scaffold. Cancer cells grown on this scaffold form tight
aggregates of cells, or tumoroids, that behave similar to in vivo
tumors, including more robust resistance to drugs than
exhibited in the same cells grown as monolayers (3). Diverse
macromolecular targets have been screened and we have
identified small molecule natural product inhibitors of HSP90
(4), Jak2/STAT5 (5), palmitoyl-PAT (6) and vATPase (7).
Screening has been conducted in a tissue culture model to
examine effects of the heat shock stress response and we
assayed for general toxicity and effects on metabolic rate.
These screening results will be discussed in the context of our
efforts to advance anticancer compounds out of the laboratory
and into development.
1 Beau J, Mahid N, Burda W, Harrington L, Shaw LN, Mutka
T, Kyle DE, Barisic B, van Olphen A and Baker BJ:
Epigenetic tailoring for the production of anti-infective
cytosporones from the mangrove endophyte Leucostoma
persoonii. Mar Drugs 10: 762-774, 2012.
2 Calcul L, Waterman C, Ma WS, Lebar M, Harter C, Mutka
T, Morton L, Maignan P, van Olphen A, Kyle DE, Vrijmoed
L, Pang K-L, Pearce C and Baker BJ: Screening mangrove
endophytic fungi for antimalarial natural products. Mar.
Drugs 11: 5036-5050, 2013.
3 Girard YK, Wang C, Ravi S, Howell MC, Mallela J,
Alibrahim M, Green R, Hellermann G, Mohapatra SS and
Mohapatra S: A 3D fibrous scaffold inducing tumoroids: a
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that enhances stress-induced cell death. J Biol Chem
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Introduction: Glioblastoma multiforme (GBM) is the most
aggressive form of malignant human brain cancer and carries a
poor prognosis. For adults treated with concurrent
temozolamide and radiation therapy, median survival is about
14.6 months and two-year survival is 30%. Recurrence after
conventional therapy is very common. Due to these reasons the
quest of a solution to this menace has spurred an increasing
interest in complementary and alternative medicine (CAM)
strategies. Methods: In the clinics of our research foundation,
the PBH Research Foundation (PBHRF) in Kolkata, India, we
have treated hundreds of GBM patients using the Banerji
Protocols (BP) with ultradilute preparations of Ruta graveolens
and calcium phosphate. Both of these substances, in the dosage
pattern used in our clinics, have been shown to possess
antitumor properties against gliomas. Results: We report here
treatment outcomes of GBM cases we have treated with the BP
over a 10-year period. Of those (n=37) treated exclusively with
our protocol, who returned for follow-up at least six months
after initiation of treatment, we found a mean survival time of
48 months. Those who used the BP along with conventional
therapy and returned for at least one month of follow-up (n=93)
had a mean survival of 30 months. Conclusion: The survival
rates in this study were comparable to, or better than, those
reported in SEER 1973-2004. The BP have the important
advantages of being free of toxicity or side effects, inexpensive,
while are able to be utilized in an outpatient clinic setting.
Clinical trials in respectable research institutes are welcome.
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Background: Colorectal cancer is the second leading cause of
cancer-related death in the Western world. Approximately 60%
of drugs currently in use for cancer treatment have been
isolated from natural products and many of them are derived
from plants. In the present study we examined the beneficial
effects of an extract derived from the leaves of the medical
herb, Inula viscosa (IV) on colon cancer cells in vitro and in
vivo. Materials and Methods: The in vitro model included two
human colon cancer cell lines (HCT116 and Colo320) and
murine colon adenocarcinoma cells (MC -38). The effect of
IV on cell viability was measured by XTT. Cell cycle was
examined using FACS. Apoptotic cells were quantified by
Annexin V-FITC/PI and TUNEL assays. Activation of
caspases was examined by Western blotting and
Immunofluorescence staining of cytochrome C. In vivo model;
MC38 cells were injected subcutaneously into the flank of
C57BL/6 mice. When tumors appeared, mice were treated
with either PBS or IV (150 or 300 mg/kg). At the end, blood
samples and tumors were taken, paraffin tumor sections were
prepared and histological staining assays (Ki67 and TUNEL)
were preformed. Results: Treatment with IV demonstrated a
profound reduction in cell viability. This reduction was
accompanied with cell cycle arrest at the G2/M phase and
induction of apoptosis through both intrinsic and extrinsic
pathways. The in vivo results indicated that IV has a significant
inhibitory effect, which is shown by a deceleration in tumor
growth and small final tumor weights and volume.
Histological examination clearly revealed apoptotic cells
inside the tumor and a decrease in tumor cells’ proliferation.
No side effects, such as weight loss, behavioral changes or
changes in kidney and liver functions, were observed.
Conclusion: The importance of this research stems from the
profound inhibitory effects of IV on colon cancer cells
demonstrated in vitro and in vivo. Therefore, the IV extract is
worthy of further investigation.
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Introduction: Cutaneous malignant melanoma (CMM) patients
(pts) have a poor survival in spite of new drug developments.
Uveal melanoma (UM) sends metastasis mainly to the liver.
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Therefore, it is essential to detect early liver metastasis
formation and improve survival. Biomarkers assessing
patients’ response to new therapies in CMM and pts’ prognosis
are very important. Aims: To evaluate a panel of biomarkers:
osteopontin (OPN), S-100b, melanoma-inhibitory activity
(MIA), tissue polypeptide-specific antigen (TPS), TK and
VEGF, in metastatic CMM and UM vs. disease-free (DF)
patients aiming to study which biomarker will best predict and
detect earlier liver metastasis, thus enabling effective treatment
with impact on pts’ survival. Patients and Methods: Levels of
serum biomarkers were analyzed for 125 DF and 89 metastatic
UM, as well as 67 CMM, as compared to 100 healthy
controls. A matched-pairs analysis was used to compare preand post-metastasis, as well as post-treatment marker levels.
Differences in biomarker levels were analyzed for each
treatment group and correlated to survival and metastasis-free
status. Results: UM pts underwent brachytherapy and some of
them were enucleated. A significant decrease in S-100b levels
in the enucleated pts (0.09 to 0.06 μg/l, p=0.0492) after
1month and in the brachytherapy treated pts (0.11 to 0.08 μg
/l, p=0.0251) after 10 months, were demonstrated. Significant
increasing levels (5-25 fold) (p=0.002) in the biomarkers
OPN, MIA, VEGF, TK, TPS and S -100b were predictive of
liver metastases, as shown later by computed tomography
(CT). In the CMM pts, increases in all markers indicated
unresponsiveness to treatment and recurrence, while
significant decreases were correlated to PR to the new
biological therapies. Conclusion: Treatments of UM resulted
in significant decreases in biomarker (S-100b, OPN, MIA, TK,
VEGF, TPS) levels. Significant increases in all markers
detected earlier than CT and liver enzymes the development
of liver metastases. We introduced S-100b as a routine
biomarker for CMM and UM pts for their follow-up in order
to verify responses to new biological therapies and reduce the
number of CT tests.
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Introduction: Hematological malignancies account for about
10% of all cancers, which can be divided into slow growing
low grade or rapidly growing high grade diseases, differing
in prognosis and therapies. Study Aims: To assess the clinical
potential of a new thymidine kinase (TK) assay, in
comparison to sIL2R or b2M in hematological neoplasms,
examining correlations with baseline parameters, overall

survival and ability to discriminate the transformation from
low to high grade lymphomas. Patients and Methods: We
analyzed a total of 200 patients (pts) using DiaSorin TK1
ELISAs tested during treatment initiation at diagnosis or
relapse. Sixty pts had diffuse large B-cell lymphoma
(DLBCL) including transformation, 47- had low grade non
Hodgkin lymphoma (NHL), in addition there were pts with
Hodgkin lymphoma (HL), multiple myeloma (MM) and
chronic lymphocytic leukemia (CLL), as well as with very
aggressive tumors such as Burkitt’s Lymphoma/Leukemia,
acute leukocytic leukemia (ALL) and acute myeloid leukemia
(AML). We compared pts with transformation of low to high
grade lymphoma and pts with low grade lymphoma with
suspected transformation, with other diagnoses (i.e.
infections, low grade-related symptoms, large low graderelated masses, etc.). Results: We first evaluated TK in 40
normal adults. The mean TK level was 4.05U/l ±1.83, but we
set up the upper limits of normal to 7.7 U/l (mean±SD). Low
grade lymphomas had significantly (p<0.03) lower levels
(12.8±21.5) as compared with high grade diseases
(32.8±36.6). In high grade diseases TK levels correlated with
a significantly better long term survival (p=0.04) but not in
low grade diseases. Of note, there were 6 pts with
transformations who had a TK level of 48.8 U/l (±29.73). We
further analyzed another cohort of 60 pts with a base line low
grade lymphoma and suspected transformation. Of these, 36
pts had a suspicion, proving to be low grade disease or
infection-related and 24 with biopsy proven transformations.
The TK differences were significant (p<0.01) between the 2
groups. However, after censoring for 3 CLL pts with very
high white blood cell (WBC) count in the low grade group
and 5 pts with stage 1 in situ transformations, these
differences became striking (p<0.0001) with a median level
of 7.6 versus 48.6 U/l, respectively. A TK level of >14 U/l
had a sensitivity of 95% and a specificity of 76% for a low
to a high grade lymphoma transformation with a negative
predictive value of 96% and a positive predictive value of
69%, respectively. Conclusion: TK levels are useful in
assessing prognosis, especially in high grade lymphomas,
better than other markers as b2M or LDH. TK levels were
able to discriminate low grade pts suspected of a high grade
transformation from those having none to pts with proven
transformations.
56
PROGNOSTIC SIGNIFICANCE OF TUMOR
MARKERS IN BREAST CANCER
V. Barak, B. Uziely, A. Hubert, I. Kalichman,
R. Einarsson and T. Peretz

Immunology Laboratory for Tumor Diagnosis, Oncology
Department, Hadassah- Hebrew University Medical Center,
Jerusalem, Israel
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Introduction: Tumor markers are used routinely to assess
response to treatments of breast cancer patients (pts) and
correlated to clinical parameters. In addition, early detection
of recurrence and metastatic spread are also determined by
increases in tumor marker levels. Study Aims: To evaluate the
prognostic potential of cytokeratin tumor markers compared
to CA15-3, CA125, CEA and clinical status of breast cancer
pts. Patients and Methods: The preliminary study consisted of
456 advanced breast cancer pts, followed-up for 8 years by
tumor markers and correlated to their clinical parameters. A
meta-analysis of publications on this subject was performed. It
included descriptive/graphical methods as (L’Abbe plot, Forest
plot, Funnel plot), basic statistical methods as estimation of a
common effect and between-studies heterogeneity, or
regression-based methods as fixed effects or random models.
Results: A significant correlation of cytokeratin markers
(TPS/TPA) with response to therapy, early detection - (lead
time) of remissions or recurrences, as well as survival
(DFS/OS), were demonstrated. Univariate analysis of
pretreatment marker levels (accepted cut-off levels) showed
significance for TPA, TPS, CEA, CA125 and CA15-3. The
median survival time of pts with low levels of CA 125, TPS,
TPA, CA15-3 and CEA were 24.5, 19.6, 16,5, 14 and 9,9
months, respectively, differed significantly from those pts with
high marker levels (7.8, 9.2, 8.5, 7.7 and 9.7 months,
respectively). Survival was best correlated to low TPA and
TPS initial levels. TPS retained significance also in the
multivariate Cox’s regression analysis. Conclusion: We
conclude that the cytokeratin markers, TPS / TPA, provide the
most important information for prognosis in advanced breast
cancer pts.
57
PATHOGENESIS OF MAMMARY
MICROCALCIFICATIONS
Anna Batistatou

Department of Pathology, Ioannina University Medical
School, Ioannina, Greece

Mammary microcalcifications are deposits of calcium within
the breast tissue. In radiology they are significant features for
suspicion and localization of malignancy and are also
detected in various non-neoplastic breast lesions. For imaging
differential diagnosis, the morphological appearance of
mammographic microcalcifications is the key element.
Progress in this field is associated with the understanding of
the underlying pathogenetic mechanisms and molecular
structures of the plethora of calcium deposits, collectively
named “microcalcifications”. An interest has grown in recent
years, since studies have shown that the chemical nature of
microcalcifications correlate with the grade of the
pathological breast disease and even with patients’ prognosis.
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Furthermore, it is speculated that microcalcifications are
associated with cancer progression. Two types of mammary
microcalcifications have been identified: type I, composed of
calcium oxalate (CaC2O4·2H2O) and type II, composed of
carbonated
calcium
hydroxyapatite
(CHAP,
Ca10(PO4)·6H2O). Type I microcalcifications are amber in
colour and crystalline on scanning electron microscopy with
one calcium peak on microprobe analysis. They are partially
transparent on light microscopy, birefringent under polarized
light and do not stain with haematoxylin. On transmission
electron microscopy they present a homogeneous structure
with well-defined limits. They are mostly associated with
benign breast lesions. Type II microcalcifications are greywhite, non-birefringent under polarized light with two peaks
on microprobe analysis; one calcium and one phosphorus.
They are composed of calcium phosphate, with
hyrdoxyapatite being the most characteristic form. They are
opaque on light microscopy and stain purple with
haematoxylin. On scanning electron microscopy they have
irregular surfaces and, occasionally, appear to be composed
of tiny spheres or oolites, while they appear as needles
arranged in rosettes on transmission electron microscopy.
They are more frequent than type I and are associated with
benign and malignant breast lesions. Since they are often
associated with malignancy, their identification leads to
further investigations. Interestingly, studies have shown that
the carbonate content of hydroxyapatite is reduced
significantly when progressing from benign to malignant
breast disease. It has been postulated that increased
concentration of carbonate might result in a less stable CHAP
structure, which in turn inhibits the activation of enzymes
(such as matrix metalloproteases) that are associated with
cancer progression. Besides higher amounts of calcium
carbonate, calcifications formed in benign ducts also contain
smaller amounts of protein, compared to those formed in
malignant ducts. Despite the obvious importance of
microcalcifications for early breast cancer detection, there is
limited information on their pathogenesis. Traditionally, it has
been thought that they are formed by cellular degeneration as
a result of mineralization of cellular debris and degenerate
tumour cells. However, as early as four decades ago, it has
been hypothesized that luminal calcifications are probably the
product of an active secretory cellular process of neoplastic
and non-neoplastic breast epithelial cells. This is actually not
surprising since mammary epithelium is capable of
concentrating calcium ions, an essential component of milk.
Recent studies, based on the knowledge of physiological
formation of hydroxyapatite in bone have hypothesized that
the deposition of hydroxyapatite in the breast matrix may
occur in a similar manner to the mineralization of normal
bone. There is evidence that the bone matrix proteins involved
in osteoblast mineralization are also expressed in mammary
cells. Specifically, the proteins involved are: collagen type 1,

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

which forms the network for mineralization; osteopontin,
which in its phosphorylated form prevents further crystal
growth; bone sialoprotein, which mediates attachment of
osteoblasts to bone matrix; dentin matrix protein 1, which
promotes mineral formation and suppresses the motility of
tumour cells; dentin sialophosphoprotein, which promotes the
initial formation of apatite and later inhibits or slows crystal
growth; matrix extracellular phosphoglycoprotein, which is a
negative regulator of physiological mineralization; alkaline
phosphatase, which enhances mineralization; inorganic
pyrophosphate, which inhibits osteoblast mineralization,
fetuin-A, which also inhibits mineralization; matrix gla
protein, another inhibitor of mineralization; osteocalcin,
which is up-regulated during bone formation and osteonectin,
which is incorporated into the mineralized matrix. Based on
this hypothesis, type II mammary microcalcification is an
active cell-specific regulated process based on the formation
of an osteomimetic niche. After formation, it impacts on the
tumour microenvironment, possibly by affecting cell growth
and by increasing cell motility (e.g. by up-regulating a variety
of metalloproteinases). In conclusion, the identification of
microcalcifications in the breast indicates the presence of a
breast lesion. Today we know that the composition of
microcalcifications is important and that it might represent a
biologically significant feature of selected tumours. The most
recent advances in the field focus on the ability of breast
epithelial cells to generate minerals, a process reflecting their
biological state. Furthermore, it appears that, once generated,
microcalcifications
interact
with
the
tumour
microenvironment with prognostic implications.
Cox RF and Morgan MP: Microcalcifications in breast cancer:
Lessons from physiological mineralization. Bone 53: 437-450,
2013.
Cox RF, Hernandez-Santana A, Ramdass S, McMahon G,
Harmey JH and Morgan MP: Microcalcifications in breast
cancer: novel insights into the molecular mechanism and
functional consequence of mammary mineralisation. Br J
Cancer 106: 525-537, 2012.
Baker R, Rogers KD, Shepherd N and Stone N: New
relationships between breast microcalcifications and cancer.
Br J Cancer 103: 1034-1039, 2010.
Morgan MP, Cooke MM and McCarthy GM:
Microcalcifications associated with breast cancer: an
epiphenomenon or biologically significant feature of selected
tumors? Journal of Mammary Gland Biology and Neoplasia
10: 181-187, 2005.
Frappart L, Boudelle M, Boumendil J, Lin HC, Martinon I,
Palayer C, Mallet-Guy Y, Raudrant D, Bremond A, Rochet Y,
et al: Structure and composition of microcalcifications in
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TRANSLATIONAL NETWORK FOR
PREDICTIVE, PREVENTIVE, PERSONALIZED
AND PARTICIPATORY CANCER STUDY
Da-Tian Bau1,2, Chia-Wen Tsai1,
Wen-Shin Chang1,2 and Chin-Mu Hsu1
1Terry

Fox Cancer Research Laboratory,
China Medical University Hospital,
Taichung, Taiwan, R.O.C;
2Graduate Institute of Clinical Medical Science, China
Medical University, Taichung, Taiwan, R.O.C.

The war against cancer all over the world has not been
won. Translational network together with system biology,
bioinformatics and digital revolution are teaming up to
make personalized medicine and therapy more and more
perfect to a predictive, preventive, personalized and
participatory health caring system. Taiwan, where cancer is
a serious social concern and related researches are
encouraged, is highly conserved in genetic background and
the country is convenient in collecting all the related tissue
samples and questionnaires. Terry Fox Cancer Research
Lab in China Medical University located in central Taiwan
has been devoted to translational studies in anti-cancer
researche for years. The unique and common features of
head and neck (oral and nasopharyngeal carcinoma), lung,
breast, gastrointestinal (gastric, hepatocellular carcinoma,
colorectal), urological (kidney, ureter, bladder and prostate)
cancers, in addition to leukemia, pterygium, myoma and
endometriosis are of our interest. (i) The biomarkers found
from genomic and proteomic angles may play as predictive
markers for diagnostic and prognostic characteristics in
Taiwan population; (ii) The system biology from cell
models may provide deep insights in carcinogenesis; (iii)
Screening platforms using cells from tumor- and nontumor- tissues of each cancer patient together with animal
cancer models are established for personalized medicine
and therapy examinations and, potentially, Traditional
Chinese Medicine could be found in both the preventive
and therapeutic designed modules; (iv) All the above
methodologies are connected to each other for stratifying
the cancer population into their distinct subtypes (for
instance, triple negative breast cancer from breast cancer
can still be divided into high-metastatic and low-metastatic
subtypes) for a impedance match against proper drugs. In
this way, researchers will back-up the doctors to provide
the patients and their relatives with personalized anti-cancer
approaches assessing the best wellness and quality of life.
Thus, every member in the network is the key person to
participate in the anti-cancer war. We sincerely look
forward to your precious comment, discussion and
cooperation.
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PHYSICAL - CHEMICAL ANALYSIS OF lIppIa
alba AND MelIssa OffIcINalIs AND
CLASTOGENICITY EVALUATION OF ITS AQUEOUS
EXTRACTS IN HUMAN LEUKOCYTES

Thais Bernardes de Queiroz1,2,
Jéssica Cristina Dos Santos1,
Fernando Tozze Alves Neves2 and
Marilanda Ferreira Bellini1
1Molecular

Biology and Cytogenetic Laboratory, USC,
Universidade do Sagrado Coração, Bauru, SP, Brazil;
2Physical-Chemical Control of Medicines Laboratory, USC,
Universidade do Sagrado Coração, Bauru, SP, Brazil

The medicinal plant use has been increasing as the population
searches for alternatives for diseases’ treatment and better life
quality. Lippia alba (Mill.) N. E. Brown and Melissa officinalis
L. are the most commonly lemon balm types used in Brazilian
popular medicine. This study aimed to analyze the
physicochemical properties of Lippia alba and Melissa
officinalis and evaluate the cell viability and clastogenic
potential of their aqueous extracts (100 μg/ml) in human
leukocyte culture (Institutional Ethics Committee approval)
through chromosome aberration (AC) assay. Percentage of
moisture, total ash and ash insoluble in acid were evaluated.
For M. officinalis no impurity was found but for L. alba
reference values have not been established in Pharmacopoeia.
Aqueous extracts were prepared by ground dried leaves of L.
alba and ground aerial parts of M. officinalis and macerated at
30˚C/4 hours. The extracts were filtered and the final products
were dried in hood. The extracts were diluted in
dimetilsulfoxide (DMSO). For the AC assays, 0.5 ml of
peripheral blood of 6 healthy volunteers were added on 5 ml
of RPMI 1640 plus HEPES, 20% fetal bovine serum, 2%
phytohemagglutinin A and 1% penicillin-streptomycin, at 37
˚C for 6 hours, followed by the treatments: negative control
(DMSO); aqueous extract of L. alba; aqueous extract of M.
officinalis and re-incubated for 42 hours. Colchicine (0.016%)
was added 2 hours before the treatment ending. Cell suspension
(10μl) was reserved for the Trypan Blue exclusion method,
indicating inexistence of cytotoxic activity in human leukocyte
(cell viability >97%). The chromosome number and integrity
were kept in 100% of analyzed metaphases, being possible to
infer that aqueous extract of Lippia alba and Melissa officinalis
are not clastogenic for human leukocytes; however, recent
studies show a selective cytotoxic activity of lemon balm
extracts on cancer cell lineages, a next step of the present study.
Financial Support: FAPERP.
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A PRELIMINARY MUTAGENESIS STUDY OF
CAMPHOR IN HUMAN LEUKOCYTES CULTURE
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Jéssica Cristina Dos Santos and Marilanda Ferreira Bellini
Molecular Biology and Cytogenetic Laboratory, USC,
Universidade do Sagrado Coração, Bauru, SP, Brazil

Camphor is a terpenoid ketone from Cinnamomum camphora,
prescribed for inflammation disease treatment and has been
used in cosmetics also. The Brazilian Health Surveillance
Agency (ANVISA) and Food and Drug Administration (FDA)
established 2.5% as maximum concentration of camphor in
products for external use due to its toxicity. Then, the present
study aimed to verify the cytotoxic and mutagenic potential of
camphor in solutions of essential fatty acid (CC-AGE, (olive
oil)) and propyleneglycol (CC-PG) in human leukocyte culture
(Institutional Ethics Committee approval) by Trypan Blue
exclusion method (TB), binucleated cell micronucleus assay
(BCMN) and chromosome aberrations (CA). Peripheral blood
from six healthy volunteers (0.5 ml) were added on 5 ml of
RPMI 1640 + HEPES, 20% fetal bovine serum, 2%
phytohemagglutinin A and 1% penicillin-streptomycin, 37˚C,
6 hours, followed by the treatments: negative control (PBS),
positive control (methyl methane sulfonate - 4×10–2M (MMS)),
1% CC-PG, 1% CC-AGE; re-incubated for 42 hours and then
colchicine (0.016%) was added 2 hours before the treatment
ending (for CA); or for 72 hours and after 44 hours exposure to
treatment, cytochalasin B (6 μg/ml) was added to the culture
(for BCMN). The cell suspension was reserved for the TB
method. The cytotoxicity assay was statistically significant
(t=0.04037) for CC-PG (76.49%±14,282) compared to the PBS
(99.23%±1.022) and it was similar to MMS (70.63%±17.911),
indicating CC-PG cytotoxic activity; however, CC-AGE
showed no cytotoxicity (98.08%±0.983). BCMN data indicate
CC-AGE (11.86%±6.378; t=0.00962) mutagenic activity but
not for CC-PG (7.01±6.142). Confirming the mutagenicity
data, CA results suggest clastogenic activity only for CC-AGE
(statistical analysis not available). Thus, a worrying situation is
found in the Brazilian cosmetic and pharmaceutical markets,
where products do not comply with the maximum
concentration suggested by ANVISA and FDA. The present
data suggest that lower concentrations, already present, have
cytotoxic (1% CC-PG) or mutagenic (1% CC-AGE) activities.
Financial Support: cnpQ, FAPERP.
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baMbusa TexTIlIs: COMPARISON BETWEEN
METHANOLIC AND ETHYL
ACETATE EXTRACTS OVER THE
EHRLICH ASCITES TUMOR GROWTH
AND PRODUCTION OF NITRIC OXIDE (NO)

Ana Caroline Catarin Trizolio1,
Fernando Alves Tozze Neves2,
Marilanda Ferreira Bellini3 and Dulce Helena Constantino1
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The vegetable kingdom is a potential font of chemical
compounds with antitumoral action and active cytotoxics.
There is a growing interest in extracts obtained from bamboo
species used for centuries in the Chinese medicine. The
inflammatory antitumoral response is accompanied by
production of inflammatory mediators, such as nitric oxide
(NO), a mediator with dubious role contributing to the growth
or suppression of the growing tumor inducing apoptosis with
cytotoxic activities. We attempted to elucidate the effect of
treatment with methanol extract or ethyl acetate obtained from
the leaves of the vegetable Bambusa textilis and investigated
its effect on the production of nitric oxide over the development
of Ehrlich ascites tumor. Forty Swiss male mice were
inoculated with Ehrlich tumor (106 cells, intraperitoneally)
divided into four groups and treated with: 5% ethanol in saline
solution (0.1 ml, i.p., 1x/day); saline (0.1 ml, i.p., 1x/day);
methanol extract of the plant in 5% ethanol (20 mg/kg animal
weight, 0.1 ml, i.p., 1x/day); plant extract in ethyl acetate in
saline (20 mg/kg animal weight, 0.1 ml, i.p., 1x/day) solution.
After 15 days, the peritoneal lavage was collected for
quantification of tumoral cells and NO. The treatment with
methanol extract of B. textilis favored the growth of Ehrlich
ascites tumor (control: 41.75±21.24, test: 60.37±26.2 tumor
cells/ml) and did not affect the production of NO (control:
0.63±0.51 μg/ml, test: 0.67±0.36 μg/ml) though the extracts
obtained from the ethyl acetate reduced the tumor growth
control (48.75±15.6, test: 13.1±2.6) and also did not affect NO
production (control: 0.09±0.001 μg/ml, test: 0.03±0.02 μg/ml).
In conclusion the treatment with methanol extract produces a
facilitatory effect of tumor growth, while the vegetable extract
in ethyl acetate significantly reduced the growth of the tumor.
This antagonistic effect did not include nitric oxide
participation.
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HEPARIN ATTENUATES MELANOMA METASTASIS
BY INTERFERENCE WITH BINDING AND
SIGNALING FUNCTION OF THE INTEGRIN VLA-4
Martin Schlesinger1, Ursula Gerber1, Patrick Schmitz1,
Lubor Borsig2 and Gerd Bendas1
1Pharmaceutical

Institute, University Bonn, Bonn, Germany;
of Physiology, University of Zürich, Zürich,
Switzerland
2Institute

The metastatic spread of solid tumors is the major cause of
mortality of cancer patients. Commonly described as
metastatic cascade, tumors cells undertake a series of

consecutive steps ranging from detachment, dissemination and
settlement. Cellular adhesion receptors are crucially involved
in metastasis to mediate tumor cell contacts with cellular or
soluble blood components. Cancer patients were routinely
treated with heparin in terms of an antithrombotic prophylaxis.
A series of prospective clinical trials refer to increased
patients’ outcome under low molecular weight heparin
(LMWH) treatment. Beside antithrombotic activities, other
modes of action of LMWH have been addressed or are
currently under investigation. Amongst them, the blockade of
selectins attracted most attention. However, integrin
involvement in metastasis is less investigated. Here we provide
evidence that the integrin VLA-4 is a vital target for LMWH
in attenuating metastatic spread of melanoma. Using shRNA
knockdown we confirm that VLA-4 has a dominant
contribution to experimental metastatic spread of B16F10
melanoma cells in mice. LMWH attenuates cell binding to the
endothelial ligand VCAM-1 in vitro under dynamic conditions
(1). VLA-4 binding has further been correlated with heparin
structures using semi-synthetic heparin derivatives in
biosensor approaches and confirm commercial LMWH as
optimal VLA-4 inhibitor (2). The tremendous efficiency of
LMWH Tinzaparin to reduce B16F10 metastasis has clearly
been related to VLA-4 blockade in vivo (1). The functional
interference of heparin with VLA-4 is partly attributed to an
inhibitory effect on the matricellular ligand CCN-1 and its
impact on integrin signaling and binding activation (3). Thus,
the integrin VLA-4 is a hitherto underestimated target for
heparin to explain the antimetastatic activities of this clinically
accepted and frequently used drug.
1 Schlesinger et al: Thromb Res 133: 855, 2014.
2 Schlesinger et al: Thromb Res 129: 603, 2012.
3 Schmitz et al: Thromb Haemost 110: 1046, 2013.
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TARGETED DRUG DELIVERY TO PEDIATRIC
SARCOMAS THROUGH PROPROTEIN
CONVERTASES BINDING PEPTIDES
P. Jaaks1, M. Roveri1,2, V. D’Alessandro1,
B.W. Schäfer1, P. Luciani2 and M. Bernasconi1
1Department

of Oncology, University Children’s Hospital
Zurich, Switzerland;
2Drug Formulation and Delivery, Department of Chemistry
and Applied Biosciences, ETH Zurich, Switzerland

One of the biggest challenges of treating children with cancer
is achieving complete remission, while ensuring that they will
be able to lead normal, productive life in adulthood. To
improve therapies for embryonal pediatric tumors, such as
rhabdomyosarcoma (RMS), the most common soft tissue
sarcoma in children, we have selected by in vivo phage display
for peptides that bind to RMS with high specificity. We have
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shown that coupling of doxorubicin to RMS-P3, a RMS
targeting peptide, considerably increases its therapeutic impact
in a mouse model for RMS. We have identified proprotein
convertases (PC), a family of ten serine proteases that convert
inactive proprotein into their active form, as target RMS
binding peptides. Next, we elucidated the contribution to RMS
growth in vivo of the two proprotein convertases, furin and
PC7, which are highly expressed in RMS tumors. To this end,
we have generated a panel of RMS cell lines over-expressing
furin, over-expressing a specific intrinsic PC inhibitor called
α1-PDX, as well as cell lines where expression of furin or
PC7 has been stably blocked by shRNA. These cells have
been tested for their growth, migration and invasion potential
in vitro, as well as for their growth in vivo as subcutaneous
xenografts. Histological analysis of tumor sections, in
particular of microvessel, density and angiogenesis revealed
that PC activity correlates with RMS progression. Our results
confirm a strong correlation between PCs activity and RMS
growth in vivo and suggest furin as viable target for
therapeutic intervention. Further studies in the development of
novel therapeutic approaches based on specific targeted drug
delivery by liposomes decorated by PCs targeting peptides will
be discussed.

verify this, we investigated the mRNA expression in
monocytes, macrophages and T lymphocytes by qPCR. We
isolated these populations stained with CD115 and GR-1
(monocytes), F4/80 (macrophages) and CD3 (T lymphocytes)
by FACS. As expected, we observed less XRCC1 expression
in monocytes compared to macrophages and T lymphocytes.
Furthermore, we assessed the sensitivity of mouse monocytes
compared to macrophages after TMZ treatment or radiation
with 2 Gy. Following TMZ injection in C57BL/6 mice or
whole body irradiation, apoptosis of monocytes, isolated from
BM, and macrophages, which were collected from the
peritoneum, was measured by annexin V staining and flow
cytometry. The data revealed that monocytes were more
sensitive than macrophages to TMZ and IR. Additionally,
peripheral blood was analyzed after TMZ treatment of
C57BL/6 mice and a depletion of different cell populations,
including monocytes was observed. In summary, we show that
murine monocytes are more sensitive than macrophages to
TMZ and IR, which is likely the result of downregulation of
base excision and DNA double-strand repair. Work is
supported by DFG-Ka724 and MAIFOR.
1 Bauer et al: PNAS 108: 21105-21110, 2011).
2 Bauer et al: PloS One 7(6): e39956, 2012).
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RESPONSE OF MONOCYTES AND MACROPHAGES
TO TEMOZOLOMIDE IN MICE
1Department
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Mainz, Germany
2Pediatric Neuro-Oncology, University Hospitals Leuven,
Belgium

Acute hematotoxicity and subsequent immunodeficiency is a
severe and therapy limiting side effect of DNA damaging
anticancer therapy. In previous studies we analyzed human
monocytes and compared them with macrophages, which were
derived from them, as to DNA repair and sensitivity to the
anticancer drug temozolomide (TMZ) as well as ionizing
radiation (IR). We observed that monocytes were more
sensitive than macrophages to the killing effect of TMZ and
IR. We also showed that the expression of the base excision
repair (BER) proteins XRCC1, LigIII3, PARP-1 and DNA-PK
is lacking in monocytes, but increased during their
differentiation into macrophages [1, 2]. Here, we translated
this study to mouse where we investigated monocytes in vivo.
We compared mouse monocytes isolated from bone marrow
(BM) of C57BL/6 mice with T lymphocytes collected from
spleen by Western blot analysis. As shown previously for
human cells, mouse monocytes lack the expression of
XRCC1, LigIII, PARP-1 and DNA-PK on protein level. To
5834
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INHIBITION OF HOMOLOGOUS RECOMBINATION
AMELIORATES ANTICANCER
DRUG-INDUCED CELL DEATH
Department of Toxicology, University Medical Center
Mainz, Germany

Chloroethylnitrosoureas (CNUs) are powerful DNA-reactive
alkylating agents used in cancer therapy. Because of their high
potency to induce cytotoxic DNA damage and their
lipophilicity permitting to pass the blood-brain barrier, these
drugs are applied as second-line therapeutics for malignant
brain tumors. It was shown that lomustine (CCNU) and other
CNUs give rise to cell death by the formation of DNA
interstrand cross-links (ICLs). These ICLs block replication
fork movement, which results during the S-phase in the
formation of DNA double-strand breaks (DSBs). Here, we
analyzed the role of homologous recombination (HR) by
inhibition of Rad51 and MRE11-Rad50-Nbs-complex, key
players of this repair pathway. We observed that the human
glioblastoma cell line LN-229 was more sensitive to the killing
effect of CCNU after inhibition of HR. The viability was
measured via colony formation assays, the cell death by
Annexin V/ PI staining and flow cytometry. Furthermore, we
investigated the formation of γH2AX foci, a well-established
marker for DSBs, under the same conditions. As expected, we
showed a significant increase in DSBs after CCNU treatment
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and HRi. Additionally, we assessed the activation of the DNA
damage response (DDR), investigating the cell signaling
kinases ATM, ChK1 and ChK2 by western blot and
demonstrated that these kinases become more intensively
phosphorylated upon inhibition of HR. In summary, we show
that CCNU-induced cell death is ameliorated by inhibition of
HR, indicating that this repair pathway is most important for
survival. Targeted inhibition of HR might be a reasonable
therapeutic strategy.
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BIOBANK STANDARDIZATION AND THE ISBER
CONTRIBUTIONS
Fay Betsou

Chief of Biospecimen Science
ISBER Past President
IBBL (Integrated BioBank of Luxembourg), For Next
Generation Healthcare, 6, rue Nicolas Ernest Barblé, L-1210,
Luxembourg

The presentation will focus on definition of a “professional
Biobank” and its attributes, essentially in terms of education
and quality assurance schemes. We will review currently
existing tools and missing ones. We will describe examples of
failed academic and industrial research due to nonprofessional Biobanking, and we will explain the important
role of a global Biobanking professional Society in the
fulfilment of the above mentioned goals.
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MITOTIC BOOKMARKING OF GENESA NOVEL DIMENSION OF EPIGENETIC
MEMORY IN CANCER
Shiladitya Sengupta, Larry Bellot,
Somsubhra Nath and Kishor K. Bhakat

Department of Genetics, Cell Biology and Anatomy,
University of Nebraska Medical Center, Omaha, Nebraska68198 USA

The sustained proliferation of cancer cells following mitotic
exit relies on reestablishing gene expression patterns in progeny
cells. To maintain phenotypes of cell lineages, cancer cells
must remember the specific genes that are active or repressed
before mitotic entry and then transmit this information to their
daughter cells. Selective mitotic retention of regulatory
proteins, phenomenon called mitotic gene bookmarking, has
emerged as a novel epigenetic mechanism to control cell fate
and lineage commitment during development, and normal
physiological conditions. However, it remains largely unknown
if a similar bookmarking mechanism operates during
progression and maintenance of cancer phenotype.

Human apurinic/apryrimidinic (AP)-endonuclease (APE1),
was originally discovered as a DNA repair enzyme, plays a
central role in the repair of spontaneously generated AP sites
and drug-induced oxidative and alkylated DNA damage to the
cell genome. In addition to serving as a DNA repair enzyme,
APE1 has a second function in transcriptional regulation via
functioning as a transcriptional co-activator or co-repressor.
APE1 overexpression often found in cancer tissues of diverse
origins has been linked to drug resistance in tumors, cancer
progression, and poor prognosis after chemotherapy. Although
both overexpression of APE1 in diverse cancer tissues and the
association of APE1 with tumor growth and drug resistance
are documented, the underlying mechanisms remain unclear.
We discovered earlier that APE1 can be acetylated (AcAPE1)
at Lys 6 and 7 by the histone acetyltransferase p300 and
AcAPE1 are involved in cell proliferation and tumor cells drug
resistant via modulating multiple genes. Our current study
shows that cancer cells utilize a novel post-translational
modification mechanism for APE1 to generate a unique
epigenetic marker for bookmarking genes during mitosis. This
may facilitate inheritance of gene expression profile in tumor
cells. Thus, our study is expected to allow for novel
therapeutic strategies to selectively target APE1 to destroy
epigenetic memory of cancer cells.
This work is supported by NIH grants and UNMC funds.
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REGULATORY MECHANISMS OF
TRANSCRIPTION-COUPLED DNA REPAIR
Shivani Malik+, Priyasri Chaurasia+, Rwik Sen,
Shweta Lahudkar, Geetha Durairaj,
Bhawana Uprety and Sukesh R. Bhaumik

Department of Biochemistry and Molecular Biology,
Southern Illinois University School of Medicine,
Carbondale, IL-62901, USA
+Equal contribution

Genomic DNA is continuously challenged by a number of
damaging agents. Nucleotide excision repair (NER) removes a
wide variety of DNA lesions from active and inactive genes.
NER has been classified into two types, namely global
genomic (GG) and transcription-coupled (TC) NER. The
lesions in transcriptionally inactive or silent areas of the
genome are repaired by GG-NER, while TC-NER removes
lesions from the coding sequence of active gene. Both
subpathways of NER are fundamentally identical except their
mechanisms of damage recognition. The damage recognition
step has been implicated in differential kinetics of these two
repair processes. TC-NER functions at a much faster rate than
GG-NER, as damage is quickly recognized in TC-NER.
However, how the DNA lesion is promptly recognized in TCNER is not clearly understood in vivo. To address this
5835

ANTICANCER RESEARCH 34: 5761-6258 (2014)

important question, we performed a series of experiments in
yeast using 4-nitroquinoline-1-oxide as a DNA damaging
agent. We find that the DNA lesion recognition factor in TCNER, Rad26p (homologue of human CSB), is recruited to the
coding sequences of active genes in response to DNA damage
with the help of elongating RNA polymerase II. However,
Rad26p does not recognize DNA lesions in the absence of
elongating RNA polymerase II or active transcription.
Subsequent to the recruitment of Rad26p to the site of DNA
lesion, elongating RNA polymerase II is disassembled through
the degradation of its largest subunit, thus facilitating other
DNA repair factors to access the lesion through Rad26p for
repair. Further, Rad26p plays an important role to alter the
chromatin structure to facilitate transcription as well as repair.
Together, these results provide an important insight as to how
Rad26p is delivered to the damage sites at active, but not
inactive, genes to stimulate repair in vivo, thus shedding much
light on the damage recognition and repair at active genes to
maintain normal transcription in living eukaryotic cells. Next,
we analyzed whether like NER, the repair of very toxic DNA
double-strand break (DSB) is also coupled to transcription.
Intriguingly, our data revealed a preferential DNA DSB repair
at the active gene, thus supporting the existence of
transcription-coupled DSB repair. We also find that active
genome repair is regulated by optimal level of histone H2B
ubiquitylation.
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OPPORTUNITIES AND CHALLENGES TO DEVELOP
DRUGS FOR TREATING GLIOBLASTOMA:
A MECHANISTIC PROSPECTIVE
Alok Bhushan1, Aditi Jain2 and James C.K. Lai3
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of Pharmaceutical Sciences, Jefferson School of
Pharmacy, Thomas Jefferson University, Philadelphia, PA
19107 USA;
2Department of Pharmacology and Nutrition Sciences,
University of Kentucky, Lexington, KY 40506 USA;
3Department of Pharmaceutical Sciences, College of
Pharmacy, Idaho State University, Pocatello, ID 83207 USA

Glioblastoma multiforme is an aggressive brain tumor and
patients with this disease have poor prognosis. Current
treatments include surgery, radiation therapy and
chemotherapy with Temozolamide. Despite these treatments,
the patients rarely survive over 1-2 years. Thus, there is an
urgent, unmet need to identify and develop agents to treat this
disease. We previously showed that genistein inhibited the
growth and invasion of glioblastoma into normal brain tissue
due to inhibition of EGFR and PLC 1. Our recent and
ongoing studies focus on biochanin A, which is an isoflavone
found in red clover, chick peas and several other plant sources.
It is related to genistein, a soy-based compound. We and
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others have demonstrated genistein as an anticancer agent in
different cancer types. We have found biochanin A is less toxic
than genistein and blocks invasion in human U87 glioma and
rat C6 glioma cells through inhibition of MT-MMP, MMP2
and MMP9. Using the Dual Chamber model and scratch
wound assay, we confirm biochanin A blocks invasion.
Biochanin A also inhibits the mTOR pathway thereby
inhibiting glioma growth and invasion. Additionally biochanin
A inhibits vascular endothelial growth factor (VEGF) and
VEGF receptor activation. Employing the chick embryo model
for angiogenesis, we observe that biochanin A blocks blood
vessel formation in brain endothelial bEnd.3 cells. These
revealing mechanistic studies provide the rationale for our
considering if biochanin A can indeed be used in combination
with carmustine or temozolamide for treating gliblastoma.
Other approaches being considered include developing analogs
of biochanin A as novel agents to treat glioblastoma. Indeed,
opportunities to develop novel agents for this disease exist:
however, the major challenges include how to cross or by-pass
the blood-brain barrier and the lack of an established
orthotopic animal model.
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TYROSINE PHOSPHORYLATION:
ROLE IN ANTI-FOLATE RESISTANCE

Alok Bhushan1, Tuoen Liu2, Peter Sheridan3
and James C.K. Lai4
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3Department of Biology, Idaho State University, Pocatello,
ID 83207, USA;
4Department of Pharmaceutical Sciences, College of
Pharmacy, Idaho State University, Pocatello, ID 83207, USA

Chemotherapeutic agents used to treat cancers often develop
resistance and cross-resistance to other anticancer drugs.
Methotrexate and cisplatin have been used for several decades
to treat many cancers. While investigating mechanisms of
resistance to cisplatin in a cisplatin-selected murine leukemia
L1210 cell line, we observed their cross-resistance to
methotrexate. Methotrexate inhibits DNA synthesis by binding
to dihydrofolate reductase whereas cisplatin is an alkylating
agent that binds DNA. This cross- resistance was found to be
due to impaired uptake of methotrexate: however, there was
no amplification and increase in enzyme level of dihdrofolate
reductase (DHFR). Folypolyglutamate synthase (FPGS) and
drug efflux was similar in sensitive and resistant cell lines. We
identified a 66-68kD membrane bound protein which
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transported methotrexate into the cells when it was
phosphorylated. This protein was unphosphorylated in the
resistant cells. The protein was purified and digested with
trypsin. Two peptides were sequenced. Using TBLASTIN, this
protein was identified to be a heat shock cognate protein
(HSC). The HSC protein is coded by the HSCa8 gene. A
methotrexate binding assay was developed and results using
this assay indicated that the HSC protein was indeed a
methotrexate- binding protein. The protein from the cloned
gene from L1210 cells for HSCa8 was expressed in E. coli
using a polyhistidine-tag purification system. The protein
showed methotrexate binding characteristics. The protein was
found not to be phosphorylated in cisplatin-selected ovarian
cancer cell line. In view of these findings, we propose that
heat shock proteins may play important role(s) in tumors’
sensitivity to methotrexate and to other drugs and as such may
have important and clinically relevant implications in cancer
treatment.

71
ANTIDEPRESSANT DRUGS MODIFY THE
CYTOTOXIC EFFECT OF TEMOZOLOMIDE
ON HUMAN GLIOBLASTOMA CELLS:
IN VITRO STUDIES
Anna Maria Bielecka and Ewa Obuchowicz

Department of Pharmacology, Medical University of Silesia,
Katowice, Poland
(amb2@vp.pl)

Introduction: Chemoresistance of glioblastoma cells and side
effects of standard treatment result in the need for the use of
adjuvant drugs and therapies. However, literature data
demonstrate that adjuvant drugs can affect efficacy of
chemotherapy, which was confirmed in breast and colon
cancer patients. Antidepressant drugs constitute a significant
group of commonly-used adjuvant drugs due to their
analgesic, antidepressant, anxiolytic and hypnotic properties.
However, there are no detailed data on whether and how these
drugs influence glioblastoma basic metabolic processes and
efficacy of therapy with temozolomide, the first choice drug
in patients diagnosed with glioblastoma multiforme (1, 2).
Materials and Methods: Previous studies have shown that
hypoxia of inner compartments of the tumor is a dynamic
process (the level of pO2 inside the tumor ranges from 0% to
5%) (3, 4). In order to reproduce in vivo conditions, for the
first time we conducted studies in 6 experimental oxygen
models. The experiments were conducted on the T98G cell
line of glioblastoma multiforme and we investigated the effect
of temozolomide (1000 μM), antidepressant drugs
(imipramine, fluoxetine, tranylcypromine; concentrations of 1,
10,100 μM) and the interaction of temozolomide with
antidepressant drugs on: cell viability, cell division and early

and late cell apoptosis of glioblastoma cells. Results: Our
study showed that glioblastoma cells cultured in conditions of
chronic hypoxia were almost completely resistant to the effect
of the temozolomide and antidepressant drugs. Moreover, we
observed that the higher oxygen availability to glioblastoma
cells was the greater statistical significance of imipramine and
tranylcypromine reducing effect on temozolomide cytotoxicity
was obtained. Fluoxetine did not influence the action of the
chemotherapeutic drug. Discussion: Through these studies, we
hope that oncologists and researchers will focus on the role of
antidepressant drugs in patients treated with temozolomide.
Knowledge of the interaction between these drugs may
contribute to enhancement of anticancer effect.
1 Cotterchio M, Kreiger N, Darlington G and Steingart A:
Antidepressant medication use and breast cancer risk. Am J
Epidemiol 15: 951-957, 2000.
2 Lee HK, Eom CS, Kwon YM, Ahn JS, Kim S and Park SM:
Meta-analysis: selective serotonin reuptake inhibitors and
colon cancer. Eur J Gastroenterol Hepatol 24(10): 11531157, 2012.
3 Saggar J, Yu M, Tan Q and Tannock I: The tumor
microenvironment and strategies to improve drug
distribution. Front Oncol 3: 1-5, 2013.
4 Isa AY, Ward TH, West CML, Slevin NJ and Homer JJ:
Hypoxia in head and neck cancer. Br J Radiol 79: 791-798,
2006.
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EFFECTS OF HESPERIDIN ON NON-SMALL
CELL LUNG CANCER CELLS

Elif Sinem Bireller1, Zeynep Birsu Cincin1, Miray Unlu2,
Bayram Kıran3, Yusuf Baran2 and Bedia Cakmakoglu1
1Istanbul

University, Institute of Experimental Medical
Research, Department of Molecular Medicine, Capa,
Istanbul, Turkey;
2Izmir Institute of Technology, Department of Molecular
Biology and Genetics, Urla, Izmir, Turkey;
3Kastamonu University, Department of Biology, Kastamonu,
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Background: Hesperidin, a glycoside flavonoid that is found
in citrus fruits, and the mechanisms of hesperidin-induced
apoptosis are not well understood. In this study, we aimed to
investigate the cytotoxic and apoptotic aspect of hesperidin
induction in lung cancer. Materials and Methods: The relation
of hesperidin and non-small cell lung cancer (NSCLC) was
determined by WST-1, LDH cytotoxicity, cell death detection
and AnnexinV-FITC assays in a time- and dose-dependent
manner. Then, changes in whole genome gene expression
levels were examined using Illumina Human HT-12v4
beadchip microarrays. Results: The findings showed an
increasing apoptotic cell population by hesperidin. Fibroblast
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growth factor (FGF) signal transduction and the NF-kB
pathway were the most statistically significant pathways in
NCI-H358 and A549 cells in GO analysis. Conclusion: Our
results show that hesperidin has a positive impact by
modulating the immune response through a role played on the
apoptotic process. After confirming its effects in vivo,
hesperidin could be proposed as a novel anticancer agent
against NSCLC.
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ADAPTIVE MECHANISMS TO
ANTI-VASCULAR THERAPY
Rolf Bjerkvig

NorLux Neuro-Oncology, Department of Biomedicine,
University of Bergen, Norway and Centre de Recherche
Public de la Santé, Luxembourg

Glioblastomas (GBMs) are highly vascular tumours and antivascular therapy is regarded as a promising yet controversial
treatment. In theory, VEGF inhibition by using the monoclonal
antibody, bevacizumab, should cause reduced tumour growth
with a prolongation of patient survival. Current clinical
evidence shows a dramatic reduction in tumour contrast
enhancement leading to reduced vascular leakage and blood
vessel normalization. This leads to an increased progression
free survival but there is little evidence for increased overall
survival. Thus, the tumours develop mechanisms of therapy
resistance. To address mechanisms of resistance, we assessed
the tumour response to bevacizumab at the phenotypic,
physiological, and molecular level in clinically relevant
intracranial human GBM xenograft models. We show by
magnetic resonance imaging (MRI) that treatment caused a
strong decrease in contrast enhancement but with only marginal
effects on tumour growth. Histological observations revealed a
strong reduction of large blood vessels indicating blood vessel
normalization. Yet, dynamic contrast-enhanced MRI revealed
a significant reduction in intra-tumoural blood flow indicating
that the treatment did not lead to increased perfusion of the
tumours. Interestingly we observed a significant increase in
tumour cell invasion in the treated tumours.
At the molecular level bevacizumab treatment led to an
increase in HIF1α with a subsequent increase in lactate and
alanine metabolites indicating that the treatment induced
vascular remodelling leading to a more hypoxic tumour
microenvironment. This indicates that bevacizumab causes a
metabolomic change in the tumours toward glycolysis.
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TUMOR SUPPRESSOR ACTIVITY OF PROTEIN
KINASE C α IN EPITHELIAL CANCERS
J.D. Black
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Protein kinase C α (PKCα), a member of the conventional
(classical) class of PKC isozymes, has been linked to both
negative and positive regulation of cell proliferation,
survival, and motility in normal cells, and downstream
effects of PKCα can be tumor promoting or tumor
suppressive depending on cell type and context. Extensive
evidence from our laboratory and other supports a tumor
suppressor role for PKCα signaling in the intestine/colon,
endometrium, lung, and prostate, among others. Our studies
have shown that expression of the enzyme is broadly lost by
transcriptional repression in intestinal and endometrial
neoplasia, and PKCα deficiency is associated with more
aggressive/invasive tumors and reduced survival. These
effects likely reflect the ability of PKCα to induce cell cycle
withdrawal in non-transformed epithelial cells and to
potently suppress anchorage-independent growth in
epithelial cancer cells. PKCα acts on multiple signaling
pathways to elicit these tumor suppressive effects. The
enzyme inhibits PI3K-AKT signaling at multiple levels to
restrain protein synthesis and cell growth. PKCα signaling
also promotes sustained activation of the ERK/MAPK
pathway to elicit cell cycle withdrawal. Mechanistic analysis
points to inhibition of mitogenic molecules such as cyclin
D1 and inhibitor of DNA binding 1 (Id1) and induction of
cell cycle inhibitory proteins such as the cyclin-dependent
kinase inhibitor p21Waf1/Cip1 in mediating the tumor
suppressive effects of PKCα. In contrast to PKCα, other
PKC isozymes (e.g., PKCε, PKCι) are tumor promoting in
epithelial tissues and the interplay between their opposing
activities dictates cellular responses. Based on these
findings, we are also exploring the potential of these
signaling pathways as prognostic indicators and therapeutic
targets in epithelial cancers.
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NEW ASPECTS CONCERNING THE
RADIATION OF BREAST CANCER

Edwin Bölke, Christiane Matuschek and Wilfried Budach

Department of Radiation Oncology, Heinrich Heine
University, Düsseldorf, Germany

Background/Aims: Radiotherapy (RT) improves overall
survival (OS) of breast cancer patients after breast
conserving surgery and after mastectomy in patients with
involved lymph nodes (LN). The contribution of RT to the
regional LN to this survival benefit was poorly understood.
Recently, the results of three large randomized trials
addressing this question have become available. Patients and
Methods: The published abstracts (full publication pending)

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

of the MA.20 (n=1,832) and the EORTC 22922-10925
(EORTC) (n=4,004) trial and the full publication of the
French trial (n=1,334) were the basis of a meta-analysis.
Main eligibility criteria were positive axillary LN (all trials),
LN negative disease with high risk for recurrence (MA.20)
and medial/central tumor location (French, EORTC). The
MA.20 and the EORTC trial tested the effect of additional
regional RT to the internal mammary (IM) LN and medial
supraclavicular (MS) LN, whereas in the French trial all
patients received RT to the MS-LN and solely RT to the IMLN was randomized. OS was the primary endpoint.
Secondary endpoints were disease-free survival (DFS) and
distant metastasis-free survival (DMFS). Results: Regional
RT of the MS-LN and the IM-LN (MA.20 and EORTC)
resulted in a significant improvement of OS (Hazard Ratio
(HR) 0.85 (95% CI 0.75-0.96)). Adding the results of the
French trial and using the random effects model to respect
the different design of the French trial, the effect on OS of
regional radiotherapy was still significant (HR 0.88 (95% CI
0.80-0.97)). The absolute benefits in OS were 1.6% in the
MA.20 trial at 5 years, 1.6% in the EORTC trial at 10 years
and 3.3% in the French trial at 10 years (not significant in
single trials). Regional radiotherapy of the MS-LN and the
IM-LN (MA.20 and EORTC) was associated with a
significant improvement of DFS (HR 0.85 (95% CI 0.770.94)) and DMFS (HR 0.82 (95% CI 0.73-0.92)). The effect
sizes were not significantly different between trials for any
endpoint. Conclusion: Additional regional radiotherapy to
the internal mammary and medial supraclavicular lymph
nodes statistically significantly improves DFS, DMFS and
OS in stage I-III breast cancer.
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NEW METHODS IN EVALUATION
OF THE VHl GENE

Enrico Bollito, Simona Vatrano and Susanna Cappia
Pathological Anatomy, San Luigi Gonzaga Hospital,
University of Turin, Orbassano, Turin, Italy

Introduction: Recent updates of the classification of renal
tumors (WHO 2004, ISUP 2013) showed a marked
heterogeneity of these tumors. Among the tumors with
morphological appearance of clear cells, some variants have
been recognized, sometimes with a dignity of a true histotype,
such as papillary clear cell carcinoma. The clear cell renal cell
carcinoma (CC-RCC), also called "conventional renal cell
carcinoma" is characterized by deletion of the VHL gene as
detected by fluorescent in situ hybridization (FISH) in 85% of
cases (previous study, unpublished data). However, there are
few data regarding the molecular alterations of remaining CCRCC. In addition, a few data on the heterogeneity of the VHLdeletion are still available with the classical methods, and
these data could provide information on the
histomorphological heterogeneity of these tumors Patients and
Methods: A total of four patients with CC-RCC were
examined and genomic DNA was obtained from tumor tissues
of both frozen and formalin-fixed, paraffin embedded (FFPE)
sections using the QIAamp DNA Mini Kit (Qiagen, German).
Copy number variations (CNV) of the VHL tumour suppressor
gene located in chromosome region 3p25.3 were evaluated by
multiplex ligation-dependent probe amplification (MLPA)
analysis using SALSA MLPA probemix P016-C2 VHL (MRC

Figure. Electropherograms of both reference (top) and tumor (bottom) sample of patient with altered CNV. Probes with a relative
decrease in ratio are indicated with arrows.
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Holland, Amsterdam, The Netherlands), following the
manufacturer’s instructions. This probemix contains 9 probes
for the VHL gene, as well as 6 probes for genes located close
to VHL and 2 probes on 3p, which are further telomeric or
centromeric from VHL. Capillary electrophoresis was
performed using ABI-Prism 3100 (LifeTechnologies, Foster
City, CA). Reference DNA samples were obtained from
normal areas of corresponding samples tested. Results:
Comparison of CNV data obtained from corresponding FFPE
and frozen tissues of examined patients showed a significant
concordance between them, underlining the possibility to
perform MLPA analyses on archival specimens. Furthermore,
preliminary results obtained showed in one case (25%)
alterations in the analyzed chromosome region with
heterozygous loss of the VHL and BRK1 gene, located close
to VHL (Figure, indicated by arrow). These data have to be
confirmed by sequencing and/or FISH analyses. Conclusion:
The MPLA-based described technique may be applied on
FFPE specimens and so may be applied on retrospective
studies on material from pathological archives. Although
further investigations are needed, our preliminary data showed
a possible heterogeneity in the alterations usually considered
as “VHL-deletion” suggesting the interest in studies on larger
series
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INTEGRATIVE ONCOLOGY: USE OF NATURAL
SUBSTANCE IN ONCOLOGY TREATMENT:
USEFUL, POSSIBLE, VALID
Massimo Bonucci

Surgical Pathology Department- Outpatient Laboratory of
Oncology, San Feliciano Hospital, Rome, Italy

Background: The search for new anticancer drugs in the last
years has shown its limits: no new molecule has been
approved in recent years. Indeed, the last time we have seen
the birth of only drugs "targeted therapy", which, as we know,
are monoclonal antibodies. They are able to modify or block,
starting from membrane receptors, intracellular signals, signal
transduction pathways, without producing a persistent positive
reaction towards neoplasia. But there have many question
marks: time to use, side effects, interaction with
chemotherapy. In this situation, all natural medications with
their active ingredients come as rescue. Studies in Basic
Searching the observations with traditional methods and the
presentation of the first results of phase I and phase II are
attracting a lot of attention. The discovery of the positive
interaction with chemotherapy and radiotherapy of substances
such as polydatin, lactoferrin, Boswellia serrata or curcumin
and dozens of other natural substances has opened a new
treatment scenario: the Integrative Oncology. The study of the
possible synergistic interaction between chemotherapeutic
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drugs and natural substances has given rise to new researches.
The Italian Group of Oncologists which belongs to the
Association A.R.T.O.I. (Association of Integrative Oncology
Therapies Research) had the strength and the courage to try
these drugs integration. Observational studies have yielded
first results of studies with Polydatin and AHCC. Both have
had as a result an increase of the activity of the immune
system and in particular of lymphocytes Th4 and NK
lymphocytes. The benefit is visible through our treated cases.
The Integrative Oncology is the new reality for patients.
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Thomas Borén
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Helicobacter pylori is recognized as an onco-pathogen and the
causative agent for a million cases of gastric cancer annually.
Adherence of H. pylori to the gastric epithelium results in
chronic mucosal inflammation and is a risk factor for cancer
development. In turbulent systems, such as the gastrointestinal tract, adaptation to local niches requires microbial
adherence properties to match host receptors and thereby
stabilize microbial colonization and/or infection. H. pylori
achieves this goal by the use of adhesins for adherence to the
gastric mucosa; the BabA adhesin (1) binds to fucosylated
blood group antigens in gastric mucosa (2) and, in addition,
the SabA adhesin that binds to sialylated antigens (3). The
BabA adhesin is most useful for H. pylori since human gastric
mucosa is rich in fucosylated antigens though, H. pylori
infection induces expression of inflammation-associated
sialylated antigens in gastric mucosa. H. pylori makes use of
the remodeled receptor architecture by a “selectin-mimicry”
type of binding mode and expresses the cognate sialic acid
binding adhesin, SabA (3). Thus, H. pylori infection and
associated gastritis induce expression of mucosal sialylated
receptors that attract peripheral neutrophils (3, 4). The H.
pylori adhesins are of utmost importance to pathogenicity
since BabA-positive strains are found in almost all patients
with peptic ulceration or gastric cancer (5). Both BabA and
SabA adhesins are polymorphic and fluently adapt to changes
in local environment. By investigation of the binding
properties of clinical H. pylori strains from different parts of
the world, we found that H. pylori binds to the ABO blood
group antigens that are most prevalent in the local population;
in the European and US populations where all of the blood
group ABO phenotypes are common, H. pylori strains bind to
the A, B, and O blood group antigens. In contrast, H. pylori
strains only bind the blood group O antigens in South
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American native (Amerindian) populations, which are of
blood group O phenotype only. Thus, H. pylori strains have
developed distinct tissue (stomach) tropism, host (humans/
primates) tropism and ethnic (population) tropism for optimal
adaptation (6). In addition, our most recent results demonstrate
that H. pylori has also adapted to the acidity of the stomach
and to changes in acid levels, such as hyper secretion, and the
differences in pH in the more acidic corpus domain vs. the
slightly more buffered antrum (lower) part of the stomach. We
propose that one of H. pylori’s major challenges is to balance
benefits of tight adherence vs. costs of binding to epithelial
cells and mucins, which are shed into the acidic gastric lumen.
We also suggest that BabA’s acid sensitivity contributes
importantly to H. pylori’s resistance to local innate immunity
and protection against infectious disease conferred by the
strong stomach acidity (7). The successful resistance to our
innate immunity has made H. pylori one of our most prevalent
bacterial infections worldwide, which warrants development
of vaccines against H. pylori and gastric cancer. Our recent
results suggest that such a vaccine is feasible and has the
potential to reduce disease development (8).
1 Ilver D et al: Science 1998: 279, 373
2 Borén T et al: Science 1993: 262, 1892
3 Mahdavi J et al: Science 2002: 297, 573
4 Unemo M et al: JBC 2005: 280, 15390
5 Gerhard M et al: PNAS 1999: 22, 12778
6 Aspholm M et al: Science 2004: 305, 519
7 Bugaytsova J et al: submitted
8 www.Helicure.se
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TREATMENT PLANNING COMPARISON BETWEEN
HIGH DOSE RATE (HDR) AND INTENSITY
MODULATED RADIATION THERAPY (IMRT) FOR
EARLY STAGE BREAST CANCER USING STRUT
ADJUSTED VOLUME IMPLANT (SAVI) TECHNIQUE
Satya R. Bose and Nam P. Nguyen

Department of Radiation Oncology, Howard University,
Washington DC, USA

Purpose: To compare dosimetric characteristics between High
Dose Rate (HDR) brachytherapy with intensity modulated
radiotherapy (IMRT) in patients undergoing partial breast
irradiation (PBI) for early stage breast carcinoma. Methods:
10 patients were treated with HDR using the Strut Adjusted
Volume Implant (SAVI). Structures on PTV-eval, PTV, Skin,
Chest-wall and lung were contoured for treatment planning
using Varian BrachyVision software. Optimized IMRT plans
were generated using a prescription dose of 3.4 Gy per
fraction as used in HDR. HDR plans were evaluated per
SAVI/RTOG B-39 protocols consisting of dose constraint for
PTV-eval, V90, V150, V200, organs at risk (OAR) for

radiation damage such as the skin, chest-wall and lung. The
same protocol was used to evaluate IMRT plans. Results: Both
plans provided adequate coverage of the PTV-eval. The dose
distribution in HDR plans was non-uniform and conformed
inside the treatment volume. A small volume of the PTV-eval
received a very high dose from HDR. The DVH curves for
PTV-eval, and OAR in HDR plans showed a long exponential
tail and delivered a very high dose to a small volume. In
contrast, the dose distribution in IMRT plans was very
uniform, and the DVH curves for PTV-eval including critical
structures dropped sharply to a zero volume. The IMRT plans
also minimized radiation dose to the OAR. Conclusion: Both
HDR and IMRT plans covered PTV-eval adequately with
different pattern of dosimetric distribution. Respiratory motion
is not an issue for the HDR. IMRT plans will require motion
tracking to insure accurate radiation delivery.
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BREAST CARCINOMA: A STEP
TOWARD PERSONALIZED MEDICINE
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Paris Diderot, Sorbonne Paris Cité, Laboratoire
de Pathologie, UMR-S 1165, Paris, France;
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Introduction: The occurrence of metastases heavily affects
prognosis for women with triple negative breast carcinoma
(TNBC) with a median survival of under 15 months (1). In
addition, when progression occurs after first-line
chemotherapy there is no standard care.
In this study, we sought to assess the contribution of individual
xenografts as a personalized treatment resort for women with
metastatic TNBC. Materials and Methods: A 44-year-old
woman was diagnosed with localized left breast ductal invasive
TNBC. After surgery, she was treated with chemotherapy and
radiation therapy according to national guidelines. At the end of
treatment she had local and metastatic relapse with multiple
sub-diaphragmatic lymph nodes. With her written consent,
imagery-guided biopsies of a metastatic lymph node were
performed, one sample being used for genomic analyses and
another for immediate subcutaneous xenograft in nude mice
(2). In compliance with the French Bioethics-law (2004-800,
06/08/2004), the patient had been informed of the research use
of the part of her biopsy samples remaining after diagnosis had
been established, and did not oppose to it. The Clinical
Research Board Ethics Committee (in French “Comité de
Protection des Personnes”) approved this study (CPP Ile-deFrance N˚13218). The University Institute Board Ethics
5841
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Committee for experimental animal studies approved this study
(N˚2012-15/728-0115). Because of the early metastases after
docetaxel and epirubicin-cyclophosphamide, she received
cisplatin but the disease progressed after 3 months. Meanwhile,
the transcriptomic analysis of the metastatic sample enabled a
molecular sub-classification as basal-like 2 with EGFR mRNA
over-expression (3, 4). We did not find any EGFR or K-RAS
mutation. Results: After successful engraftment of the
metastastic samples, when tumors reached a volume of 300
mm3 (n=5 mice per treatment-group), after 2 to 4 weeks, we
tested eight different chemotherapies over one month on the
xenograft model. The combination of paclitaxel and cetuximab
was the most efficient. After it was discussed and approved in
a multidisciplinary meeting, this combination of paclitaxel and
cetuximab was then offered to the patient as a resort. After
three months of this second-line treatment, the metabolic
response was almost complete. Discussion: Primary tumors are
heterogeneous at the cellular and molecular level (5) and
metastases derive from aggressive clones that have usually
acquired resistance to first-line treatments. These tumor cells,
which may be a minority in the primary tumor, are precisely
those on which drug efficiency needs to be tested for
individualized treatments of metastatic patients. Recently, a
molecular sub-classification of TNBC was established, a new
step toward innovative personalized treatments of TNBC
patients (3, 4). However, molecular analyses still have
limitations, since molecular biomarkers are integrated into
complex pathways and can rarely be directly used in daily
oncologic practice. These limitations make it necessary to
implement a different, complementary method. Individual
xenografts from metastatic samples of TNBC are an additional,
innovative tool, more physiological than genomic analysis, as
the tumor is in a mammalian environment and can be followed
up over time. In pancreatic cancer, which shares poor prognosis
and high metastatic potential with TNBC, individual xenografts
have been proposed in a pilot study for personalized treatments
(6). Individual xenografts could also be proposed as a
personalized therapeutic resort for women with metastatic triple
negative breast carcinoma (7).
This work was supported by Région Île-de-France, Institut
National du Cancer (INCa). We thank Mrs A.Swaine for the
English language review.
1 Kassam F, Enright K, Dent R, Dranitsaris G, Myers J, Flynn
C, Fralick M, Kumar R and Clemons M: Survival outcomes
for patients with metastatic triple-negative breast cancer:
implications for clinical practice and trial design. Clin Breast
Cancer 9: 29-33, 2009.
2 Varna M, Bousquet G, Ferreira I, Goulard M, El-Bouchtaoui
M, Artus PM, Verine J, de Kerviler E, Hernandez L, Leboeuf
C, Escudier B, Legres L, Setterblad N, Soliman H, Feugeas
JP, Janin A and Bertheau P: Stability of preclinical models
of aggressive renal cell carcinomas. Int J Clin Exp Pathol 7:
2950-2962, 2014.
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Chakravarthy AB, Shyr Y and Pietenpol JA: Identification
of human triple-negative breast cancer subtypes and
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Invest 121: 2750-2767, 2011.
4 Masuda H, Baggerly KA, Wang Y, Zhang Y, GonzalezAngulo AM, Meric-Bernstam F, Valero V, Lehmann BD,
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Cancer Res 19(19): 5533-5540, 2013.
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D, Gronroos E, Martinez P, Matthews N, Stewart A, Tarpey
P, Varela I, Phillimore B, Begum S, McDonald NQ, Butler
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366: 883-892, 2012.
6 Hidalgo M, Bruckheimer E, Rajeshkumar NV, GarridoLaguna I, De Oliveira E, Rubio-Viqueira B, Strawn S, Wick
MJ, Martell J and Sidransky D: A pilot clinical study of
treatment guided by personalized tumorgrafts in patients
with advanced cancer. Mol Cancer Ther 10: 1311-1316,
2011.
7 Bousquet G, Feugeas JP, Ferreira I, Vercellino L, Jourdan N,
Bertheau P, de Bazelaire C, Barranger E and Janin A:
Individual xenograft as a personalized therapeutic resort for
women with metastatic triple-negative breast carcinoma.
Breast Cancer Res 16: 401, 2014.
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Introduction/Aim: Clear cell renal cell carcinoma (ccRCC)
is the most frequent subtype of renal cancer. Tumor stage
and grade are still considered as the only widely accepted
prognostic markers of RCC. The Fuhrman classification is
based on the parameters of the morphology of cell nuclei.
Insulin-like growth factors I and II (IGFs) have strong
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promitotic and antiapoptotic effect. The action of both is
mediated through the IGF-I receptor and their activity is
regulated by binding proteins (IGFBP) – especially
IGFBP-3. IGFs can promote growth of many cancers. We
here demonstrate the correlation between the expression of
IGFs family genes and Fuhrman grade. Patients and
Methods: Patients qualified to radical nephrectomy were
included to the study. All patients have been conducted
according to the protocol approved by the institutional
committee on ethics in human investigation. Patients were
operated and tissues were collected for histopathology and
RNA extraction. Only materials from tumors qualified as
ccRCC (n=52) were included to examination. For all
patients nuclear grading was determined. The expression
of genes was evaluated by quantitative RT-PCR. Cramer’s
V was used to evaluate the association between Fuhrman
grade and gene expression. Results: Distribution of
Fuhrman grade: Fuhrman 1-13, Fuhrman 2-29, Fuhrman 38 and Fuhrman 4-2. IGF-1 gene: No expression in 3 and
4. Expression in stage 2 is more likely to be ascertained
(31%) than in 1. V Cramer (VC) 0.34, force of dependence
low. IGF-1 gene: Expression is most frequent in stage 3-4
(40%), then in 2 (17.2%) and in 1 (15.4%). VC 0.23.
Dependence low. IGFR-1: Expression in stages 3 and 4
observed in 60% in 2-65.5%, in 1-38.5%. VC 0.23.
Dependence low. IGFR-2 gene: Expression found in 1 case
of stage 3-4, in 2 of stage 2. No expression in stage 1. No
IGFBP-3 expression.
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VITAMIN D DEFICIENCY IN PATIENTS
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Introduction/Aim: For more than 2 decades a number of
studies point to many other than the regulation of calciumphosphate economy features of vitamin D. Apperly in 1941
was the first to indicate the correlation of low solar radiation
and cancer mortality (1). Since then many studies have shown
that law vitamin D level in humans is related to an increase of
cancer and higher mortality in breast, pancreatic and colorectal
cancers (2-4). Controversies appear in the case of prostate
cancer, especially in benign prostate hyperplasia (BPH) where
decreased levels of that vitamin has been demonstrated (5).
The aim of our study was to investigate vitamin D
concentration in the blood of patients suffering from prostate
cancer and compare them with the group of patients with
BPH. Patients and Methods: The study enrolled patients aged
35-70 years admitted to E. Michalowski Memorial Hospital in
Katowice in 2011-2012 to implement prostate electroresection
or biopsy. After receiving the results of histogical examination,
the patients were divided into 2 groups: A - patients diagnosed
with cancer and B - diagnosed with benign prostate
hyperplasia. Both groups consisted of 30 patients. The
concentration of 25(OH)D3 (the best surrogate measure for
body vitamin D) in serum was determined by ELISA. Since
the assumption of normally distributed random variable
analyzed was not proved (verified by the Shapiro-Wilk test),
the nonparametric Mann Whitney U-test has been used to
assess the difference between the study populations analyzed.
Permission of the Local Ethics Committee was obtained for
the study, as well as the written consent of the individuals
tested. Results (Table) and Discussion: Patients with prostate
cancer have vitamin D deficiency. The concentration in this
group is lower than in group of patients with BPH. The
concentration was also law in patients with BPH; insufficient
level. It is difficult to answer whether the reduced
concentration of vitamin D increases the risk of developing
prostate cancer. Perhaps the lifestyle and dietary habits that
affect the low levels o vitamin D affect as well the risk to
developing prostate cancer. It cannot be excluded that in case
of significantly reduced vitamin D concentration, the signaling
pathways leading to cell proliferation are different than in
cases it is only slightly reduced. At present, when so much is
said about an individual approach to the incidence of cancer

Table. Serum Vitamin D in patients with prostate cancer and BPH.
Group

Prostate cancer
BPH

Number of
cases (N)
30
30

Average±SD

Minimum

Lower quartile

Median±SD

Upper quartile

Maximum

27.76±10.52
35.82±13.68

13.40
17.90

19.30
24.50

25.26
34.80

33.40
44.30

70.10
51.20
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and especially about individualized therapy, we could suspect
that the protective effect of vitamin D on the prostate cancer
development is also individual. It may for example result from
the polymorphism of the receptor of this vitamin and activity
of vitamin D-metabolizing enzymes. Conclusion: The
concentration of vitamin D in blood of patients with prostate
cancer is lower than in the blood of patients with benign
prostate hyperplasia.
1 Apperly FL: The relation of solar radiation to cancer
mortality in North America. Cancer Res 194 1:19119-5
2 Bulathsinghala P, Syrigos KN and Saif MW: Role of vitamin
d in the prevention of pancreatic cancer. J Nutr Metab.
2010;2010:721365. doi: 10.1155/2010/721365. Epub 2011
Jan 9.
3 Kang W, Lee S, Jeon E, Yun YR, Kim KH and Jang JH:
Emerging role of vitamin D in colorectal cancer World J
Gastrointest Oncol 3: 123-127, 2011.
4 Rollison DE, Cole AL, Tung KH, Slattery ML, Baumgartner
KB, Byers T et al: Vitamin D intake, vitamin D receptor
polymorphisms, and breast cancer risk among women living
in the southwestern U.S. Breast Cancer Res Treat 132: 683691, 2012.
5 Haghsheno MA, Mellström D, Behre CJ, Damber JE,
Johansson H and Karlsson M: Low 25-OH vitamin D is
associated with benign prostatic hyperplasia. J Urol 190:
608-614, 2013.
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VIRUS FOR CANCER THERAPY
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The HSV-1 mutant HSV1716 has deletions in both copies of
the gene encoding the neurovirulence factor ICP34.5.
HSV1716 effectively kills tumor cell lines in vitro and
oncolysis has induced tumor regression and increased survival
times in a wide range of solid tumor xenograft models
including glioma, hepatocellular carcinoma, melanoma,
medulloblastoma, mesothelioma, ovarian carcinoma and
teratocarcinoma supporting translation into clinical studies. In
completed safety studies, direct intratumoral injection of
HSV1716 has been used to treat patients with recurrent
glioma, metastatic melanoma and squamous cell carcinoma of
the head and neck.
Phase I dose escalation studies of HSV1716 in
pediatric/young adult patients with non-central nervous system
solid tumors ( http://clinicaltrials.gov/ NCT00931931) and in
pediatric patients with refractory or recurrent high grade
gliomas (NCI Protocol #: PBTC-037) and a phase 1/2a study
in malignant pleural mesothelioma (http://clinicaltrials.gov/
5844

NCT01721018) are currently on-going. Regulatory approval
has recently been obtained for a phase I/2a study in
hepatocellular carcinoma. In total 88 patients have received
HSV1716 and the virus is well-tolerated with no spread to
surrounding normal tissue or no shedding in patients. The
selectivity of HSV1716 for replication only in tumour cells
and intimations of efficacy have been demonstrated.
The oncolytic biopotency of HSV1716 can be enhanced via
the incorporation of exogenous genes that generate novel
functionalities or via combination with drugs that target
specific pathways. For example, expression of the Inhibitor of
New Growth 4 protein generates a more efficacious HSV1716
variant with improved replication kinetics and data
demonstrated that HSV1716 and mTOR inhibitors frequently
combined to enhance cancer cell killing.. Therefore, HSV1716
provides a platform with the potential to generate diverse
therapeutic options.
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Glycosylated oleic acid/vitamin D-binding protein, also known
as oleic acid/Gc protein-derived macrophage activating factor
(OA-GcMAF), has proven effective in the immunotherapy of
solid neoplasms and haematological malignancies. The limited
permeability of the blood brain barrier (BBB), however, is an
obstacle to its widespread use in primary brain tumours, as
well as in brain metastases. In order to overcome this
limitation, we developed a procedure involving the use of
focussed ultrasounds that allow selective permeabilisation of
the BBB and targeted delivery of OA-GcMAF. One day before
the procedure, OA-GcMAF is injected in the proximity of
inguinal nodes; it is administered orally as a fermented milk
product and with suppositories or enemas. The following day,
OA-GcMAF is administered by nebulisation. Measurement of
blood pressure variations and assessment of splenic blood flow
after nebulisation are used to determine the individual
response (1). Five minutes after nebulisation, transcranial
ultrasounds are applied through the temporal acoustic window
on the same side where the lesion is located. With proper
setting, the cerebral cortex can be visualised, thus indicating
that the ultrasound waves reach the gray matter (2). The
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ultrasound could then be directed toward the anatomical
regions where the lesion is located. Most regions of the brain
can be accessed through the temporal acoustic window, with
the exception of distal areas of the frontal and occipital lobes.
Focussed ultrasounds are known to transiently increase the
permeability of the BBB (3) and, therefore, allow passage of
OA-GcMAF that is a relatively lipophilic molecule thanks to
the presence of oleic acid. The procedure lasts 5-15 min,
causes no discomfort or side effects and can be repeated
continuously or in cycles. The procedure can be safely
performed before, during or after other anti-neoplastic
treatments.
1 Ruggiero M et al: Oleic Acid, deglycosylated vitamin dbinding protein, nitric oxide: a molecular triad made lethal
to cancer. Anticancer Res 34(7): 3569-3578, 2014.
2 Bradstreet JJ et al: A new methodology of viewing extraaxial fluid and cortical abnormalities in children with autism
via transcranial ultrasonography. Front Hum Neurosci 7:
934, 2014.
3 Burgess A et al: Drug delivery across the blood-brain barrier
using focused ultrasound. Expert Opin Drug Deliv1 1(5):
711-721, 2014.

85
GLYCOSYLATED OLEIC ACID/VITAMIN DBINDING PROTEIN SUPPRESSES HER2 ONCOGENE
EXPRESSION IN HUMAN BREAST CANCER
Marco Ruggiero1,3, Jacopo J.V. Branca2, David Noakes3,
Massimo Gulisano2, Gabriele Morucci2,
Lynda Thyer3 and Stefania Pacini2
Departments of 1Experimental and Clinical Biomedical
Sciences and 2Experimental and Clinical Medicine
University of Firenze, Firenze, Italy;
3Immuno Biotech Ltd; Guernsey, Channel Islands, UK

A woman was diagnosed with mammary adenocarcinoma in
the right breast in 1985 at the age of 37, followed by
quadrantectomy, lymphadenectomy and irradiation. In 1999, an
adenocarcinoma was diagnosed in the left breast, followed by
ample resection and anti-oestrogen receptor treatment for 6
years. In April 2014, an infiltrating adenocarcinoma was
diagnosed in the right breast that had been operated in 1985.
Pre-operative biopsy showed weak positivity for progesterone
receptor (PgR, <1%) and high positivity for the oncogene
HER2 (>10%, score 2+). With the goal of boosting her
immune system during the 3 weeks preceding surgery,
glycosylated oleic acid/vitamin D-binding protein (OAGcMAF) was administered by subcutaneous injections,
nebulisation and with a fermented milk product rich in OAGcMAF. No drug was administered in the 3 weeks preceding
surgery, nor had the patient received any treatment for the
previous 8 years. Following right mastectomy, analysis of the

surgical specimen showed no positivity for HER2 expression
(negative, score 0) and significant increase in positivity of PgR,
from <1% to 20%. These results indicate that OA-GcMAF
treatment suppressed oncogene expression and induced
differentiation of cancer cells. Introduction: The healthy
properties of oleic acid (OA) in breast cancer have been known
for centuries (1) and recent evidences suggest that these
properties are amplified by association of OA with proteins
such as α-lactalbumin and lactoferrins. These proteins form
OA-protein complexes that exhibit highly selective anti-tumour
activity in vitro and in vivo (2). We recently demonstrated that
also a serum protein with the capability to bind OA shows
anticancer effects; this is the glycosylated vitamin D-binding
protein also known as Gc-protein-derived macrophage
activating factor or GcMAF (3). This protein binds both OA
and vitamin D and exerts its immune-stimulating and
anticancer effects through cross-talk with the vitamin D
receptor (4). Here we report a clinical observation suggesting
that OA-GcMAF, that is GcMAF-complexed with OA,
suppresses the expression of a major oncogene involved in
human breast cancer that is the human epidermal growth factor
receptor 2 (HER2). Patients and Methods: A woman was
diagnosed with mammary adenocarcinoma in the right breast in
1985 at the age of 37, followed by quadrantectomy,
lymphadenectomy and irradiation. In 1999, an adenocarcinoma
was diagnosed in the left breast, followed by ample resection
and anti-oestrogen receptor treatment for 6 years. In April
2014, an infiltrating adenocarcinoma was diagnosed in the right
breast that had been operated in 1985. With the goal of
boosting her immune system during the 3 weeks elapsing
between biopsy and programmed surgery, OA-GcMAF
(Goleic®, Immuno Biotech Ltd.) was administered by
subcutaneous injections (880 ng) and nebulisation (880 ng) as
indicated in (3). The patient followed a nutritional regime based
on a low carbohydrate, high protein diet (5). To this end, the
patient was provided with food containing only 2%
carbohydrates (Le Gamberi Foods, Forlì, Italy), and with
essential aminoacids (Master Aminoacid Pattern®, dr. reinwald
healthcare gmbh, Schwarzenbruck, Germany) (6). The patient
was also provided with a fermented milk product containing
colostrum and microorganisms known to produce OA-GcMAF
from the Gc-protein present in milk (Bravo Probiotic®, Les
Alpes, Wellington, NZ). No drug was administered or was
programmed in the 3 weeks preceding surgery, nor had the
patient received any treatment for the previous 8 years. The
analyses on HER2 and other gene expression on the biopsy and
surgical specimens were performed by the laboratory of the
University Hospital of Careggi of the Italian Public Health
Service, in Firenze, Italy. Analyses were performed according
to the European standards of quality (UNI EN ISO 9001:2008)
and were examined and countersigned by four different
professionals. The original documents are conserved in the
archives of the Department of Biomedicine of the Careggi
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Hospital (Molecular Diagnostic and Pathologic Histology). The
patient gave the informed consent to the treatment as well as
to this description of her results. Surgery was performed at the
Division of General Surgery n. 2 of the University Hospital of
Careggi. Results: Amplification or overexpression of HER2
plays an important role in the development and progression of
breast cancer and has become an important biomarker and
target of therapy (7) since it is strongly associated with
increased disease recurrence and a poor prognosis (8).
Consistent with the aggressive nature of the cancer in this
patient, pre-operative biopsy on four specimens collected under
ultrasound guidance showed significant positivity for HER2
assessed by the polyclonal antibody A 0485 with >10% of
positivity and a score of 2+ (Figure 1). After 3 weeks of OAGcMAF treatment and subsequent mastectomy, analysis of the
surgical specimen showed no positivity for HER2 expression
(negative, score 0; Figure 1), thus indicating complete
suppression of oncogene expression. Study of the expression
of progesterone receptor (PgR, clone 1E2) was consistent with
such a reversal of the neoplastic phenotype. PgR expression in
the biopsy was low (<1%), a finding consistent with poor
differentiation and aggressiveness. However, in the surgical
specimen taken after the 3 weeks of treatment with OAGcMAF, PgR expression was significantly increased to 20%
(Figure). The selectivity of these effects was confirmed by a
study of the expression of Ki67 and estrogen receptor (30%
and 90%, respectively) that did not show any change following
OA-GcMAF treatment (Figure). Discussion: These results
demonstrate that OA-GcMAF, administered by subcutaneous
injections, aerosol or in a functional food product, suppressed
the expression of HER2, an oncogene which plays a key role in
the aetiology, invasive progression and metastasis in breast
cancer. This effect was paralleled by increase of PgR
expression, thus indicating that OA-GcMAF treatment induced
healthy differentiation of cancer cells. We hypothesize that
these multifaceted effects on the regulation of gene expression
in human breast cancer are due to the peculiar association of
OA with GcMAF that is an association between two molecules
endowed with anticancer properties. In fact, OA has been
shown to down-regulate HER2 expression in cancer cell lines
(9) and we demonstrated that GcMAF inhibits human breast
cancer cell proliferation and reverts their malignant phenotype
(10). We hypothesize that OA-GcMAF, but not OA or GcMAF
taken singularly, interacts with the HER2 protein through
hydrophobic interaction between the amino-terminal of
GcMAF and the extracellular region of HER2, and between the
OA-binding region of GcMAF and the plasma membrane (4).
In fact, in the stretch of aminoacids between position 17-46 of
GcMAF, and position 243-273 of HER2, there is a high density
of hydrophobic aminoacids that may favour selective binding.
Whatever the case, these results indicate that the effects of OAGcMAF in cancer are due to a multiplicity of actions that
involve suppression of oncogene expression.
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Figure. Level of expression of HER2, progesterone receptor
(PgR), Ki67 protein and estrogen receptor (ER).
“Before”, indicates level of expression observed on the biopsy
samples obtained 3 weeks before surgery and before any
treatment. “After”, indicates level of expression observed on
surgical specimens after OA-GcMAF treatment. Level of
expression is expressed as percentages as in the original
reports. The axis on the left (0-50%) refers to HER2, PgR and
Ki67. The axis on the right (0-100%) refers only to ER. The
actual levels were: HER2, before: >10%, score 2. HER2, after:
negative, score 0. PgR, before: <1%. PgR, after: 20%. Ki67
before and after: 30%. ER, before and after: 90%.
1 Colomer R et al: Giacomo Castelvetro’s salads. Anti-HER2
oncogene nutraceuticals since the 17th century? Clin Transl
Oncol 10(1): 30-34, 2008.
2 Fang B et al: Bovine lactoferrin binds oleic acid to form an
anti-tumor complex similar to HAMLET. Biochim Biophys
Acta 1841(4): 535-543, 2014.
3 Ward E et al: Clinical experience of cancer immunotherapy
integrated with oleic acid complexed with de-glycosylated
vitamin d binding protein. Am J Immunol 10(1): 23-32,
2014.
4 Thyer L et al: A novel role for a major component of the
vitamin D axis: vitamin D binding protein-derived
macrophage activating factor induces human breast cancer
cell apoptosis through stimulation of macrophages. Nutrients
5(7): 2577-2589, 2013.
5 Ho VW et al: A low carbohydrate, high protein diet slows
tumor growth and prevents cancer initiation. Cancer Res
71(13): 4484-4493, 2011.
6 Lucà-Moretti M et al: Master Amino acid Pattern as
substitute for dietary proteins during a weight-loss diet to
achieve the body’s nitrogen balance equilibrium with
essentially no calories. Adv Ther 20(5): 282-291, 2003.
7 Mitri Z et al: The HER2 Receptor in Breast Cancer:
Pathophysiology, Clinical Use, and New Advances in
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Therapy. Chemother Res Pract 2012: 743193, 2012.
8 Tan M et al: Molecular mechanisms of erbB2-mediated
breast cancer chemoresistance. Adv Exp Med Biol 608: 119129, 2007.
9 Carrillo C et al: Antitumor effect of oleic acid; mechanisms
of action: a review. Nutr Hosp 27(6): 1860-1865, 2012.
10 Pacini S et al: Effects of vitamin D-binding protein-derived
macrophage-activating factor on human breast cancer cells.
Anticancer Res 32(1): 45-52, 2012.
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Adenocarcinoma of the pancreas still carries a dramatically
poor prognosis and the survival rate for this disease has not
improved substantially in the past 40 years. Therefore, new
treatment options are urgently needed and this need motivates
oncologists to search for novel approaches such as
immunotherapy. Here we report two clinical cases successfully
treated with an integrative immunotherapeutic approach based
on oleic acid bound to glycosylated vitamin D-binding protein
(OA-GcMAF). Considering that immune suppression induced
by pancreatic cancer is one of the main causes for resistance
to chemotherapy and targeted therapy, this novel
immunotherapeutic approach has the potential for
revolutionising the field of pancreatic adenocarcinoma
treatment. Introduction: Adenocarcinoma of the pancreas is,
after colorectal cancer, the second most common digestive
cancer in the USA where it represents the fourth leading cause
of cancer-related death in both genders. In Europe,
adenocarcinoma of the pancreas is the sixth most frequent
cancer and is predicted to become the fourth cause of cancer
death in both sexes in due course in the European Union (1, 2).
Patients with pancreatic adenocarcinoma have an especially
poor prognosis with a 5-year survival rate of <1% and a
median survival of 4-6 months. Patients with a metastatic
disease are usually treated with chemotherapy that is minimally
effective (3). It has been demonstrated that pancreatic cancerinduced immune suppression is the main cause for this
dramatically poor prognosis and, therefore, it has been
proposed that immunotherapies may be particularly effective
in this type of cancer (4). We recently demonstrated that

immunotherapy based on oleic acid (OA) bound to
glycosylated vitamin D-binding protein (OA-GcMAF) is
effective in a variety of cancers (5); here we describe two
clinical cases demonstrating that OA-GcMAF has therapeutic
efficacy also in pancreatic adenocarcinomas. Patients and
Methods: Patients with adenocarcinoma of the pancreas were
treated with OA-GcMAF-based integrative immunotherapy
according to the “Good practice in prescribing and managing
medicines and devices” effective February 2013. The
approaches described below, aimed at strengthening the
immune system and reducing tumour growth, are considered
complementary to other anti-neoplastic therapeutic procedures.
OA-GcMAF complexes (GOleic) were prepared in-house at
Immuno Biotech Ltd as previously described (5). The protocol
for pancreatic adenocarcinoma was the following: OA-GcMAF
(880 ng/day) was administered by subcutaneous injections in
proximity of the inguinal lymphnodes (440 ng in each side)
under ultrasound guidance. OA-GcMAF (880 ng) was also
administered daily by nebulisation (880 ng dissolved in 5 ml
saline). Suppositories containing 200 ng OA-GcMAF were
administered daily. The total amount of daily OA-GcMAF was
1960 ng, an amount consistent with the procedure described by
Nonaka et al. (6). Patients were provided with supplementation
of vitamin D3, 20.000 IU per day, and they were taught to
drink at least 2 litres of water per day. Patients followed a
nutritional regime based on a diet very low in carbohydrates,
and high in proteins (7). This regimen included
supplementation with essential aminoacids (Master Aminoacid
Pattern, dr. reinwald healthcare gmbh, Schwarzenbruck,
Germany). Considering that probiotics are efficient
immunopotentiators and have a role in cancer prevention (8),
patients were provided with a probiotic fermented milk product
containing colostrum and microorganisms known to produce
natural OA-GcMAF during the fermentation process (Bravo
Probiotic, Les Alpes, Wellington, NZ). Finally, considering the
role of low-dose acetylsalicylic acid in cancer prevention (9),
patients were provided with 100 mg of such a principle per
day. Results: Clinical case #1. A 58-year-old lady was
diagnosed with pancreatic adenocarcinoma localised in the
body of the pancreas. The lesion could be detected by
ultrasonography and it appeared as a roundish mass of 0.924
ml of calculated volume (Figure 1A). After two weeks of
treatment as described above, the calculated volume of the
mass was reduced to 0.517 ml that is about 39% (Figure 1B).
The patient did not report any side effect: her body weight and
lean mass increased during the two weeks of treatment.
Clinical case #2. A 73-year-old man was diagnosed with
metastatic pancreatic adenocarcinoma. Previous CT scans had
evidenced peritoneal metastases. The patient was overweight
and presented with an insulin-dependent diabetes. Due to the
morphological constitution of the patient, the primary
pancreatic lesion could not be evidenced by ultrasonography.
However, a hypo-echoic roundish mass in the abdomen,
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Figure 1. Ultrasonography of adenocarcinoma of the body of
the pancreas before and after OA-GcMAF-based immunotherapy. These images refer to clinical case #1 and were taken
before treatment (panel A), and after two weeks (panel B).
interpreted as one of the metastases, was taken as reference.
This mass was irregularly hypo-echoic with a relatively hyperechoic central area and a calculated volume of 52.8 ml (Figure
2A). After two weeks of treatment, the calculated volume of
this lesion was reduced by 30% (Figure 2B). In addition,
thanks to the regimen described above, the patient was able to
discontinue insulin administration and did not require oral antidiabetic drugs. Discussion: Unlike other neoplasms,
adenocarcinoma of pancreas is highly resistant to
chemotherapy and targeted therapy (4). Therefore, new
treatment options are urgently needed to improve the survival
of patients with pancreas adenocarcinoma. Since the main
reason for the resilience of pancreatic adenocarcinoma towards
intensive treatment is the cancer-induced immune suppression,
immunotherapy is probably the best candidate among new
treatment strategies (10). In this study we demonstrate that
immunotherapy based on OA bound to GcMAF is effective in
patients with localised or metastatic pancreatic
adenocarcinomas. These results are consistent with clinical
observation accumulated in the past six years demonstrating
that immunotherapy based on GcMAF is highly effective in a
variety of cancers (5, 11-16). The approach described in this
study targets immune suppression that is the main cause of
5848

Figure 2. Ultrasonography of a peritoneal lesion associated
with metastatic adenocarcinoma of the pancreas before and
after OA-GcMAF-based immunotherapy. These images refer
to clinical case #2 and were taken before treatment (panel A),
and after two weeks (panel B).
pancreatic cancer poor prognosis; therefore, it has the potential
for revolutionising the field of pancreatic adenocarcinoma
treatment as it appears highly effective and devoid of harmful
side effects.
1 Bardou M et al: Treatment of pancreatic cancer: A narrative
review of cost-effectiveness studies. Best Pract Res Clin
Gastroenterol 27(6): 881-892, 2013.
2 Seufferlein T et al: Pancreatic adenocarcinoma: ESMOESDO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol 23(Suppl. 7): vii33-40, 2012.
3 Michl P et al: Current concepts and novel targets in
advanced pancreatic cancer. Gut 62(2): 317-26, 2013.
4 Bazhin AV et al: Two immune faces of pancreatic
adenocarcinoma: possible implication for immunotherapy.
Cancer Immunol Immunother 63(1): 59-65, 2014.
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5 Ruggiero M et al: Oleic Acid, deglycosylated vitamin dbinding protein, nitric oxide: a molecular triad made lethal
to cancer. Anticancer Res 34(7): 3569-78, 2014.
6 Nonaka K, et al. Vitamin D binding protein-macrophage
activating factor inhibits HCC in SCID mice. J Surg Res
172(1): 116-22, 2012.
7 Ho VW et al: A low carbohydrate, high protein diet slows
tumor growth and prevents cancer initiation. Cancer Res
71(13): 4484-93, 2011.
8 Shida K et al: Probiotics as efficient immunopotentiators:
translational role in cancer prevention. Indian J Med Res
138(5): 808-14, 2013.
9 Thorat MA et al: Role of aspirin in cancer prevention. Curr
Oncol Rep 15(6): 533-40, 2013.
10 Sideras K et al: Role of the immune system in pancreatic
cancer progression and immune modulating treatment
strategies. Cancer Treat Rev 40(4): 513-22, 2014.
11 Yamamoto N et al: Immunotherapy of metastatic
colorectal cancer with vitamin D-binding protein-derived
macrophage-activating factor, GcMAF. Cancer Immunol
Immunother 57(7): 1007-16, 2008.
12 Yamamoto N et al: Immunotherapy for Prostate Cancer
with Gc Protein-Derived Macrophage-Activating Factor,
GcMAF. Transl Oncol 1(2): 65-72, 2008.
13 Inui T et al: Clinical experience of integrative cancer
immunotherapy with GcMAF. Anticancer Res 33(7):
2917-9, 2013.
14 Thyer L et al: GC protein-derived macrophage-activating
factor decreases α-N-acetylgalactosaminidase levels in
advanced cancer patients. Oncoimmunology 2(8): e25769,
2013.
15 Thyer L et al: Therapeutic effects of highly purified deglycosylated GcMAF in the immunotherapy of patients
with chronic diseases. Am J Immunol 9(3): 78-84, 2013.
16 Ward E et al: Clinical experience of cancer
immunotherapy integrated with oleic acid complexed with
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THREE DIMENSIONAL IN VITRO MODELS FOR
STUDYING CANCER ANGIOGENESIS

Marcus
Uwe
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Dietmar W. Hutmacher2 and Carsten Werner1
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Introduction: Hydrogels prepared from star-shaped
poly(ethylene glycol) (PEG) and maleimide-functionalized

heparin provide a potential matrix for use in developing three
dimensional (3D) models. We have previously demonstrated
that these hydrogels support the cultivation of human
umbilical vein endothelial cells (HUVECs). We extend this
body of work to study the ability to create an extracellular
matrix (ECM)-like model to study breast and prostate cancer
cell growth in 3D. Also, we investigate the ability to produce
a tri-culture mimicking tumour angiogenesis with cancer
spheroids, HUVECs and mesenchymal stem cells (MSCs).
Materials and Methods: The breast cancer cell lines MCF-7
and MDA-MB-231, and prostate cancer cell lines LNCaP and
PC3, were seeded into starPEG-heparin hydrogels and grown
for 14 days to analyze the effects of varying hydrogel stiffness
on spheroid development. Resulting hydrogel constructs were
analyzed via proliferation assays, light microscopy and
immunostaining. Cancer cell lines were then seeded into
starPEG-heparin hydrogels functionalized with growth factors
as spheroids with HUVECs and MSCs and grown as a triculture. Cultures were analyzed via immunostaining and
observed using confocal microscopy. Results: Cultures
prepared in MMP-cleavable starPEG-heparin hydrogels
display spheroid formation in contrast to adherent growth on
tissue culture plastic. Small differences were visualized in
cancer spheroid growth between different gel stiffness across
the range of cell lines. Cancer cell lines were able to be cocultivated with HUVECs and MSC. Interaction was visualized
between tumours and HUVECs via confocal microscopy.
Further studies intend to further optimize and mimic the ECM
environment of in situ tumour angiogenesis. Discussion: Our
results confirm the suitability of hydrogels constructed from
starPEG-heparin for HUVEC and MSC co-cultivation with
cancer cell lines to study cell-cell and cell-matrix interactions
in a 3D environment. This represents a step forward in the
development of 3D culture models to study the
pathomechanisms of breast and prostate cancer.
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ANTIBODY-BASED TARGETING OF
TNF-LIGANDS FOR CANCER THERAPY
Edwin Bremer

Translational Surgical Oncology, Dept. of Surgery,
University Medical Center Groningen, University of
Groningen, Groningen, the Netherlands

The tumor necrosis factor (TNF) ligand and cognate TNF
receptor
superfamily
constitute
an
important
immunoregulatory axis pivotal for the correct execution of
immune responses. Members of these families among others
are involved in induction of cell death in malignant cells as
well as in providing co-stimulatory signals that help mount
effective anti-cancer immune responses. This diverse and
important regulatory role in immunity has sparked great
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interest in the development of TNFL/TNFR-targeted cancer
immunotherapeutics. Here, I will discuss selected examples of
immunotherapeutic targeting of the TNF-ligand superfamily.
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BONE METASTASES IN RENAL CELL
CARCINOMA ARE PROMOTED BY
CALCIUM VIa CALCIUM SENSING
RECEPTOR SIGNALLING
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Walburgis
Frederik C. Roos1,4, Dirk Prawitt2, Kerstin Junker3,4,
Christian Hampel1 and Joachim W. Thüroff1

Departments of 1Urology and 2Pediatrics, Johannes
Gutenberg University Medical Center, Mainz, Germany;
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4The German Renal Cell Tumor Network, Germany

Background: Although a number of molecules have been
implicated in the process of formation of cancer metastases,
the organ-selective nature of cancer cells is still poorly
understood. Renal cell carcinoma (RCC) often metastasize
into bones, a calcium enriched tissue. We analyzed the
influence of the calcium sensing receptor (CaSR) in RCC
and an enhanced extracellular calcium concentration in
processes of metastatic spread. Patients and Methods: In 33
(11/category) matched specimens of normal and tumor tissue
and 9 (3/category) primary cells derived from RCC patients
of the 3 categories: non-metastasized, metastasized into the
lung and metastasized into bones during a five-year period
after nephrectomy. Expression of CaSR was determined by
RT-PCR, Western blot analyses and flow cytometry,
respectively. Cells were treated by calcium and the CaSR
inhibitor NPS 2143. Cell migration was measured in a
Boyden chamber with calcium (10 μM) as chemotaxin and
proliferation by BrdU incorporation. The activity of
intracellular signaling mediators was quantified by a
phospho-kinase array and Western blot. Results: The
expression of CaSR was highest in specimens and cells of
patients with bone metastases. Calcium treatment induced an
increased migration (19-fold) and proliferation (2.3-fold)
exclusively in RCC cells from patients with bone metastases.
The CaSR inhibitor NPS 2143 elucidated the role of CaSR
on the calcium-dependent effects. After treatment with
calcium, the activity of AKT, PLCγ-1, p38α and JNK was
clearly enhanced and PTEN expression was almost
completely abolished in bone metastasizing RCC cells.
Conclusion: Our results indicate a promoting effect of
extracellular calcium on cell migration and proliferation of
bone metastasizing RCC cells via highly expressed CaSR
and its downstream signaling pathways. Consequently, CaSR
may be regarded as a new prognostic marker predicting RCC
bone metastasis.
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ESTABLISHING A QUALITY-ORIENTED
ACADEMIC CANCER BIOBANK:
AN INTERDISCIPLINARY INITIATIVE OF
THE UNIVERSITY OF IOANNINA, GREECE
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I. Sainis1, Y.C. Stamatiou1,3 and M. Fatouros1,4
1Cancer

Biobank Center, University of Ioannina 45110,
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2Department of Haematology, University of Ioannina,
Ioannina, Greece;
3Department of Business Administration, University of
Patras and Computer Technology Institute & Press –
“DIOPHANTUS”, 26504, Rio, Patras, Greece.
4Department of Surgery, University of Ioannina, Ioannina,
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The University of Ioannina Cancer Biobank Center (UICBC) is
an interdisciplinary academic project of the University of
Ioannina, Greece, active since 2008. This pioneer Greek
Biobank aims to store high quality biospecimen material and
demographic and clinical data from consented patients
diagnosed with cancer. The UICBC project developed as a
joined collaborative initiative of the Ioannina School of
Medicine in partnership with the Departments of Chemistry,
Computer Science and Mathematics. A core of academic staff
interested in the advancement of translational cancer research
in the prospect of continuously evolving novel biotechnologies,
focused on establishing a quality Biobank in terms of
acquisition, security and privacy, processing and storage of
quality biospecimens, recording of clinical information of
consented patients updated on a regular basis, and on
developing Biobank-specific database. Samples are collected at
diagnosis and where applicable at different clinically significant
time points such as disease remission or relapse. Moreover
additional mechanisms have been implemented in order to keep
only clinically meaningful quality biospecimens and clinical
data to ensure they fit-for-all purpose future research.
Understanding the significance of networking, UICBC has been
linked from its very beginning to the European Commission
funded pan-European infrastructure European biobanks for the
Biobanking and Biomolecular Resources Research
Infrastructure (BBMRI) in the category of disease-oriented
Biobanks. Currently the UICBC is developing a cryptographic
information platform for the protection of the identity of donors
of biological material in a network environment and to keep
private genetic and clinical information protected for life. One
of the scientific projects based on specimens acquired by the
UICBC was recently published related to the impact of breast
cancer surgery on angiogenesis circulating biomarkers while
currently we are conducting research on predictive and
prognostic biomarkers in acute myeloid leukaemia.
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A CLINICAL PHASE I STUDY ON
ADMINISTRATION OF HIGH DOSE SODIUM
SELENITE AS A TREATMENT OF CANCER THE SECAR STUDY
Ola Brodin1, Marita Wallenberg3,
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This is to our knowledge the first study to define a maximal
tolerated dose (MTD) of sodium selenite given as i.v. infusions
in humans. Higher doses than 10.2 mg/m2 selenium gave
intolerable toxicity and, therefore, this dose is considered as
the MTD. Fatigue, nausea and vomiting were the most
common side-effects. The median half-life was 16 hours.
Except for one patient, who is still free from cancer and has
received no more anti-tumor treatment, the clinical effect of
only selenite was limited. Administration of chemotherapy
following selenite treatment had a slightly better result and
there are indications of a reduced chemoresistance after the
selenite treatment. Introduction: The association between
selenite and human cancer has mainly been about preventing
cancer in tracer doses upon induction of important
selenoproteins (e.g., thioredoxin reductase, glutathione
peroxidase etc.), implicated in maintenance of genomic
stability from oxidative insults. Though significantly lower
selenium levels in serum have been found in cancer patients,
supplementation of selenium has not proved to prevent
carcinoma. The pro-survival effects of selenium are also
beneficial for tumor cells, many of which have an increased
capacity to concentrate selenium. However, in vitro studies of
the effect on human cancer cells have demonstrated that most
cancer cells are sensitive to selenite at pharmacological doses
(>4 μM) with sufficient exposure time. Normal cells are
generally more resistant to selenite than tumor cells. The
cytotoxic effects of selenite are accomplished by multiple
mechanisms in comparison to the single molecule or pathway
targets by the majority of chemotherapeutic drugs. Of note, few
studies have demonstrated that chemoresistant tumor cells seem
to be more sensitive to selenite than the chemosensitive ones.
Another important feature of selenite is its ability to reverse
chemoresistance as reported in multiple tumor models and
combined treatment of selenite and chemotherapy in vitro may
have an additive or synergistic effect. There were a few clinical
studies presented almost 100 years ago in which colloidal
selenium was given as a treatment against cancer. These studies
reported improvement of symptoms and tumor regression. But
later, very few studies of selenium as a treatment of patients

with cancer have been presented in spite of the promising in
vivo and in vitro data. In view of that, we have now performed
a clinical study to understand the efficacy of selenite as a
treatment for advanced carcinoma. The first goal was to define
a maximal tolerated dose (MTD) in a phase I study. After that
we plan to test its antitumor effect in a phase II study. A first
part of the phase I study has now been completed. Materials
and Methods: Inclusion criteria comprised histopathologically
confirmed carcinoma (of any kind) and treatment with
established drugs for the respective tumor. A fairly good
performance status was needed (WHO, 0-2). Treatment
consisted of daily infusions of sodium selenite (Introselen,
Pharmanord) 5 times a week. The first 13 patients received 20
treatments during 4 weeks (one week of rest following infusion
for 2 weeks). Upon measurement of selenium levels in plasma,
we found that selenite infusion for the last two weeks resulted
in no increase of the plasma selenium level. After that the
treatment period was reduced to 2 weeks. The treatment started
with 0.5 mg selenium/m2/day. For a median size patient, this
corresponds to approximately 0.9 mg selenium/day (1.97 mg
as sodium selenite). A fixed dose escalation schedule was
applied with standard 3+3 design. Results: There were hardly
any symptoms of toxicity below the 3.0 mg/m2 dose. At 3
mg/m2 selenium and above, the most common toxicities were
nausea, vomiting and fatigue. Cramps in fingers and legs of
short duration, less than a minute up to a few minutes, were
also common. Of the 34 patients included, 4 had dose-limiting
toxicity including severe vomiting and fatigue, confusion and
hallucinations, anxiousness and signs of anoxia of the heart,
unconsciousness and impaired breathing. The confusion and
hallucinations might have been the result from an interaction
with an anti-depression SIR drug, while the unconsciousness
and impaired breathing might have resulted from seleniteinduced swelling of a 2 cm brain-metastasis near the breathing
center in the pons region. The patient with heart symptoms had
fits of anxiousness and pressure in the thorax for a few minutes
alternating with moderate fatigue for 2-3 hours starting 2 hours
after his fourth infusion, whereas signs of heart anoxia were
seen on ECG the next day. However, ECG was normalized at a
check up 4 days later. In all patients, the toxicity was of short
duration, up to 10 hours, and there were no sequelae. MTD for
this treatment schedule was defined to be 10.2 mg/m2, since at
a dose level of 15.3 mg/m2 and 12.8 mg/m2 resulted in doselimiting toxicity in 2 patients in respective cohorts. The aim of
this study was to define the MTD and study the toxicity and
safety of selenite treatment. However, the effects of selenite
treatment alone and the combined effects of selenite and
chemotherapy were registered with CAT scan and PET-CT (in
6 patients). In one patient with lung cancer, classified as stable
disease at the end of treatment check-up, the tumor gradually
decreased and had disappeared after 6 months. A PET-CT scan
one year later did not demonstrate any traceable tumor. She is
still alive after 6 years without cancer and she has not received
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any more treatment. In summary, selenite treatment resulted in
stable disease in 13/21 patients and after the combined
treatment, stable disease in 16/20 patients. One patient with a
carcinoma from sinus maxillaries grown behind his left eye
experienced severe exophthalmia following tumor swelling a
few hours after the first treatment. He stopped his treatment
after 3 infusions at his own discretion. A PET-CT scan one
week later demonstrated 25% decrease of the tumor’s SUV
value. Also the patient with brain metastasis, mentioned above,
had symptoms indicating tumor swelling; perhaps indicating
incipient necrosis caused by the selenite treatment. In one of
our patients it was possible to make short-term cultures of lung
cancer cells from pleuritis, which were used for ex vivo
treatment with the chemotherapy used, before and after the
selenite treatment, demonstrating an increased chemosensitivity
afterwards. Discussion: Our study demonstrates that 10.2 mg
selenium/m2, equal to approximately 22.34 mg sodium
selenite/m2, can be administered daily in 10 days. This dose
resulted in a peak selenium level of approximately 20 μM. In
vitro studies have demonstrated that a human lung cancer cell
line exposed to 2 μM during 51 hours had a 50% survival,
whilst 30 μM during 2 hours had no impact at all on survival.
It is possible that the plasma selenium concentration was not
high enough of sufficient duration for effective anti-tumor
effect due its short half-life. In view of this, we plan to carry
out a continuous infusion for 48 hours to define MTD, toxicity
and safety profile. We also plan to explore the effects of
selenite and subsequent chemotherapy treatment in tumor
biopsies ex vivo before and after the selenite treatment.
Conclusion: Our data demonstrate that i.v. administration of 10
mg/m2/day selenite is well-tolerated and defined as MTD. With
the adopted protocol, the clinical effect of sodium selenite was
too limited to be clinically useful. There were indications of a
reduced chemoresistance after selenite treatment. We believe
that our data motivate further studies of selenite as an antitumor drug.
We sincerely thank Cancerfonden (The Swedish Cancer
Society), Cancer-och Allergifonden, Stockholm County
Council (ALF), Stichting AF Jochnick Foundation and
Radiumhemmets Forskningsfonder for grant support financing
the study. We also thank Pharma Nord ApS, Denmark for
generously providing the pharmaceutical specialty Intro-Selen
i.v. which was originally developed for other purposes than
intended use for this study.
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The sphere of scientific interests of our team lies in the studies
of the opportunities to apply adult stem cells (SC) in neurooncology, as well as the development of proteome-based
personalized anti-tumor cell preparations with pre-set
properties for the complex therapy of brain glial tumors and
brain metastases of lung and breast cancer. For 7 years we
have been studying the cell and molecular mechanisms of
migration, homing, cell adhesion and pathotropism of adult
SCs to cancer cells in vitro and in vivo. We performed
comparative proteome mapping of the proteins (PMP) and
complete transcriptome profiling of gene expression (CTPGE)
of neural SC isolated from olfactory sheath of a cancer patient,
mobilized autologous hematopoietic SC (CD34+) and cancer
SC (CD133+) isolated from the brain glial tumor of humans
(U87 and U251 glioblastoma lines) and animals (C6 rat
glioblastoma line). The obtained data were processed and
mathematically modeled. We detected global structural
proteome and transcriptome differences in the studied adult
SC. We obtained evidence that permitted development of a
novel technology of personalized cyto-regulatory action on
reproductive and proliferative functions of cancer SCs that
were achieved through pre-set secretomes of autologous SCs
with modified CTPGE. 1: We showed in experiments that SC,
forwarded to the tumor in brain, “always” find cancer cells
and cancer stem cells and provide weak regulatory action on
them due to bystander effect. 2: Low efficiency of anti-tumor
regulatory and controlling action of SC on cancer cells and
cancer SC is conditioned by systemic mechanisms of
speciation in carcinogenesis that can be overcome through
specific modification of effector properties of these SCs based
on the results of PMP and CTPGE. 3: We showed that in the
cancer SC proteome a certain amount of specific proteins
(from 30 to 60% by bioinformation analysis) that detects
intracellular pathways of signal transduction (ICPST) remains
unaffected by carcinogenetic neoplastic transformation and is
susceptible for targeted regulatory action. 4: Control and
management of proliferative and reproductive functions of
cancer SCs can be achieved by affecting the identified
membrane protein targets of ICPST. 5: Available databases of
protein-protein interactions help detect main protein-ligands
that are able to interact with membrane target proteins of the
ICPST to activate them in cancer SCs and control effector
functions of these cancerous SCs. 6: Methods of chemical
induction permit modification of transcriptome profiles of the
patients’ SCs for specific purposes without gene engineering
and/or development of cell preparation of autologous SCs
expressing requisite regulatory proteins-ligands. 7: We worked
out special software to search Affimetrix databases of
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transcriptome data for perturbagens (chemical agents and
microRNA) able to modify CTPGE of SCs as required and
detect the conditions and time necessary for modification.
Experiments on rats demonstrated efficiency of the proposed
cyto-regulatory therapy with modified CTPGE in suppressing
reproductive and proliferative properties of cancer cells and
cancer stem cells. We showed the role and place of the
proposed cytoregulatory method of anti-tumor therapy in the
complex conventional immune therapy of brain tumors. We
proposed a new paradigm of the proteome-based anti-tumor
therapy aiming to transfer lethal, fatal malignant processes into
chronic non-lethal diseases and not at complete elimination of
cancer cells and cancer stem cells by means of control of
cancer cells and regulation of cancer stem cells. Currently, the
application to patent the technology in the Russian Federation
has been filed and the Scientific Boards and Ethical
Committees of the Blokhin Russian Cancer Research Center
and Federal Medical-Biological Agency of Russia have
approved clinical trials of the method. The project is registered
at www.clinicaltrail.gov. (NCT01782287 for Proteome-based
Immunotherapy of Lung Cancer Brain Metastases
http://clinicaltrials.gov/ct2/show/NCT01782287?term=NCT01
782287&rank=1, NCT01782274 for Proteome - based
Immunotherapy of Brain Metastases from Breast Cancer
http://clinicaltrials.gov/ct2/ results?term =NCT01782274+&
Search=Search
NCT01759810
for
Proteome-based
Personalized Immunotherapy of Glioblastoma, http:// clinical
trials.gov/ct2/results?term=NCT01759810+&Search=Search).
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NEW PHARMACOLOGICAL TOOLS AGAINST
CHEMORESISTANT OSTEOSARCOMA

subtract DOX to the efflux of surface Pgp: mitDOX (1), with
tropism for mitochondria; ERDOX, with tropism for ER;
ERmitDOX (2), with tropism for both mitochondria and ER.
We used human chemosensitive U2OS osteosarcoma cells and
three clones with increased DOX resistance and increased Pgp
levels.
As expected, higher was the DOX-resistance, lower was the
intracellular accumulation of DOX and the DOX-induced
cytotoxicity, higher was the IC50. By contrast, all the modified
DOXs were retained within resistant cells and produced
cytotoxicity. Interestingly, with the increase of DOXresistance, cells had a higher aerobic mitochondrial
metabolism, as revealed by the higher mitochondrial electron
flux and by the higher synthesis of ATP. mitDOX and
ERmitDOX lowered the electron flux and the ATP levels, an
event that may reduce Pgp activity. The semisynthetic DOXs
also reduced the amount of surface Pgp.
Our future purpose is to investigate the effects of the
synthetic DOXs on ER and mitochondria metabolism and
composition, in order to clarify how perturbations of
mitochondrial and ER environment overcame the Pgpmediated chemoresistance in osteosarcoma.
1 Chamberlain GR et al: ACS Chem Biol 8: 1389-1395, 2013.
2 Riganti C et al: Mol Pharm 10: 161-174, 2013.
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NOVEL, SELECTIVE MNK INHIBITORS AS
IMPROVED TOOLS FOR ONCOLOGY
TARGET VALIDATION
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A. Kamal1, S. Lewis1, J. Osborne1, J. Brownlees1,
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The standard therapy for osteosarcoma is based on
chemotherapy (doxorubicin DOX, cisplatin, methotrexate,
alkylating agents) and surgery. Even if chemotherapy has
initially a good efficacy, relapses are frequent, due to the onset
of multidrug resistance (MDR), a multiple cross-resistance
towards different anticancer drugs. One of the main
mechanisms of MDR is the overexpression of ATP-binding
cassette (ABC) transporters, such as P-glycoprotein (Pgp).
Pgp, which is synthesized in endoplasmic reticulum (ER) and
requires ATP for its catalytic cycle, is present in 50% of
osteosarcoma patients and limits the efficacy of DOX.
Aim of this work is to design synthetic DOXs effective
against Pgp-positive osteosarcoma cells. We tested three
classes of chemically modified DOXs in order to obtain
subcellular localization different from parental DOX, and to

MAPK-interacting kinases 1 and 2 (MNKs) are the kinases
that specifically phosphorylate the eukaryotic translation
initiation factor eIF4E and, as such, are important in regulating
mRNA translation and, therefore, synthesis of new proteins.
MNK1 has low activity under steady state conditions but
activation by MAP kinases in conditions of stress dramatically
increases MNK1 phosphorylation and expression. In contrast,
MNK2 is constitutively active and less sensitive to further
activation by MAPKs (1). MNK1 expression has been shown
to be up-regulated in haematological malignancies and in a
range of solid tumours, while increased eIF4e phosphorylation
or expression has been observed in a variety of solid tumours
and lymphomas and linked to disease progression and poor
prognosis. These phenotypes have been recapitulated in vitro
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and in vivo as over-expression of eIF4E drives tumorigenesis,
while MNKs or eIF4E knockdown in cell lines and genetic
mouse models retards tumour growth. Furthermore, increased
eIF4E function has been shown to enhance translation of
mRNAs with long, highly-structured 5’ untranslated regions
(UTR), such as cyclin D1, c-myc, VEGF or MMP9, all of
which play a critical role in cancer development (2). MNK
knockout or kinase dead knock-in mice are viable and show
no overt defects under standard lab conditions; however, cells
from these mice are resistant to oncogenic transformation (3).
Thus, pharmacological inhibition of MNKs is not expected to
result in undesired adverse effects. Literature reports on MNK
target validation have used the tool inhibitor compounds
CGP57380 and cercosporamide, which lack the potency and
selectivity to provide unequivocal evidence that activity is due
solely to MNK (4). We have identified potent and highly
selective MNK inhibitors and illustrate how exemplar
compounds can be used in xenograft- and cell-based assays to
provide more robust data on the role of MNK in cancer.
1 Parra JL et al: J Biol Chem 280(45): 37623-37633, 2005.
2 De Benedetti A and Graff JR: Oncogene 23: 3189-3199,
2004.
3 Hay N: PNAS 107(32): 13975-13976, 2010.
4 Ramalingam S et al: Oncotarget 5(2): 530-543, 2014.
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COMMON DNA EXCISION REPAIR GENE
VARIANTS MAY INFLUENCE THE OUTCOME
IN NON-SMALL CELL LUNG CANCER TREATED
WITH DEFINITIVE RADIOTHERAPY
Dorota Butkiewicz1, Małgorzata Krześniak1,
Monika Giglok2, Anna Drosik2,3, Barbara Masłyk4,
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Nucleotide excision repair (NER), base excision repair (BER)
and double-strand break repair (DSBR) are main mechanisms
that remove DNA lesions generated by ionizing radiation and
platinum drugs. Individual capacity of DNA repair systems
plays an important role in carcinogenesis and in modulation
of sensitivity to DNA damage-inducing anticancer therapies.
Polymorphisms in NER, BER and DSBR genes may influence
DNA repair efficiency and, thereby, contribute to therapy
outcome in many malignancies. Therefore, we aimed to
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investigate the association between seven DNA repair
polymorphisms and overall survival (OS) and progression-free
survival (PFS) in 165 patients with inoperable non-small cell
lung cancer (NSCLC) treated with definitive radiotherapy with
(88%) or without platinum-based chemotherapy. Some of the
selected polymorphisms have not yet been studied or have
been poorly examined as prognostic markers in lung cancer,
especially in the Caucasian population. The genotypes were
identified using standard PCR-RFLP. Kaplan-Meier survival
curves were compared by log-rank test. HRs and ORs (95%
CI) were estimated using the Cox proportional hazards model.
In all patients, the APEX1 148 variant homozygous genotype
was significantly associated with unfavorable prognosis in uniand multivariate analyses (p=0.034 and 0.022 for OS;
p=0.022 and 0.011 for PFS). Similarly, in patients treated with
induction chemotherapy and radiation, the variant
homozygotes had shorter OS and PFS in both models
(p=0.027 and 0.030 for OS; p=0.026 and 0.024 for PFS).
Moreover, the XPD 312 variant allele showed a protective
effect on OS in this subgroup in multivariate analysis
(p=0.018). These preliminary results suggest that selected
polymorphisms in NER and BER genes may be potential
prognostic factors in patients with inoperable NSCLC
receiving definitive radio- or chemoradiotherapy.
This work was supported by grant no. 2012/05/B/NZ5/01905
from the Polish National Science Centre (NCN).
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MICRO RNA AS BIOMARKERS
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Micro RNAs (miRNAs) are single stranded non-coding RNAs
of about 15-23 nt in length that regulate gene expression at the
post-transcriptional level by a direct binding to complementary
sequence of RNA messengers causing a down-regulation or
the complete inhibition of RNA messenger translation. These
molecules are transcribed from intergenic and intronic
sequences and are released in the extracellular compartment
carried by proteins, lipids and by exosomes spreading in this
way, molecular signals in biological fluids. A lot of studies
confirmed the effects of different miRNAs in many
physiological processes, like proliferation, apoptosis and
development. Many of the miRNAs identified to date are
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aberrantly expressed in a broad range of different cancer types,
indicating that they can function as conventional tumour
suppressors and/or oncogenes. Some miRNAs exert their roles
at different stages of tumour development. For instance, miR10b regulates metastasis: inhibition of miR-10b prevents the
metastatic dissemination of cancer cells but does not inhibit
the growth of existing metastases. Similarly, expression of
miR-335 inhibits tumor cell metastasis but fails to alter the
proliferation and apoptotic rates of cancer cells. Some
miRNAs are related to tumor type as for example miR-128
that is strongly reduced in glioblastoma. Studies on glioma
cells showed that miR-128 targets the BMI-1 oncogene
interacting with BMI-1 mRNA 3’-untranslated region causing
a significantly reduction of glioma cell proliferation in vitro
and of glioma xenograft growth in vivo. miRNAs that regulate
stem cell proliferation can be used to control self-renewal of
cancer stem cells. The strong oncogenic or tumour suppressive
effects of miRNAs are explained by the fact that each of these
molecules can regulate multiple cancer genes that function in
separate oncogenic pathways. The ability to repress many
oncogenes at once and across different oncogenic pathways
provides a strong rationale for developing miRNA-based
cancer therapeutics.
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IMAGING OF HER2-EXPRESSION IN BREAST
CANCER METASTASES (REVIEW)
Jörgen Carlsson

Unit of Biomedical Radiation Sciences, Dept of Radiology,
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Rudbeck Laboratory, SE-751 85 Uppsala, Sweden
(jorgen.carlsson@bms.uu.se)

Background: The human epidermal growth factor receptor
type 2, HER2, is an important target for therapy of
disseminated breast cancer. A whole-body oriented, noninvasive method for discrimination between HER2-positive
and HER2-negative metastases can improve patient-adapted
therapy. Results applying HER2-imaging agents are presented.
Patients and Methods: Several patients with metastatic breast
cancer and HER2-positive or negative primary tumors have
received intravenous injections with radiolabeled antibodies or
affibody molecules. Gamma- or PET-camera imaging was
performed various times after injection. The studied affibody
molecule ABY-025 is targeting a unique epitope, different
from that targeted by trastuzumab and/or pertuzumab for
therapy which is important. Blood levels of radioactivity and
toxicity markers were evaluated in many cases and biopsies
were taken for immunohistochemical HER2-staining in some
cases to verify the observed HER2-status in the imaging
analyses. Results: Injection of radiolabeled antibodies gave
rather good contrast HER2-images within 4-6 days when

labeled with 89Zr for PET or 111In for SPECT and radiolabeled
affibody molecules gave high contrast HER2-images already
within 4 hours when labeled with 68Ga for PET and within 424 hours when labeled with 111In for SPECT. The rapid blood
clearance of the affibody molecules allowed for fast and good
contrast. The affibody molecules are approximately 25 times
smaller than intact antibodies and have superior
pharmacokinetics as imaging agents. The highest normaltissue uptakes were in most cases in kidneys and liver but
were in the same range as for many other diagnostic nuclear
medicine methods. Conclusion: Radiolabeled antibodies
allowed imaging within 4-6 days and affibody molecules
within 4-24 hours. The nuclear medicine methods are
promising non-invasive tools for discriminating HER2-positive
versus HER2-negative breast cancer metastases. For affibody
molecules, this was regardless of ongoing HER2-targeted
antibody treatment.
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THE INTERPLAY BETWEEN CD3+ TLYMPHOCYTES AND CONCURRENT
COX-2/EGFR EXPRESSION IN CANINE
MALIGNANT MAMMARY TUMOURS
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The ability of tumours to evade the immune system has been
suggested as a hallmark of cancer. Despite the evidence that
tumour specific antigens are able to produce an anti-tumour
immune response involving cytotoxic T cells, these responses
appear to be frequently ineffective and tumours can develop
several strategies to escape tumour-specific immunity. In the
light of the actual knowledge about the ability of COX-2 to
modulate multiple aspects of the immune system in human
breast cancer and to upregulate the EGFR in human and dog
mammary tumours, this additional cancer hallmark may
therefore be influenced by inappropriate concurrent expression
of COX-2/EGFR that occurs commonly in mammary tumours.
To better understand this subject in canine mammary tumours
(CMT) the potential relationship between concurrent COX2/EGFR expression and CD3+ T-lymphocytes was
investigated, since the better understanding of these molecular
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interplays may be useful in developing clinically effective
immunotherapeutic approaches. Formalin-fixed paraffinembedded malignant CMT samples (n=63) were submitted to
immunohistochemical staining to detect CD3, COX-2 and
EGFR. Tumoural CD3+ T-lymphocytes were significantly
associated with tubular differentiation grade (p=0.006),
presence of tumour necrosis (p=0.025), high histological
grade of malignancy (p=0.027) and presence of lymph node
metastasis (p=0.009). A statistically significant correlation
between COX-2 and EGFR was observed (r=0.741,
p<0.0001). The COX-2+/EGFR+ group was statistically
significantly associated with tumour size (p=0.002), mitotic
index (p=0.019), histological grade of malignancy (p=0.035)
and presence of lymph node metastasis (p=0.002). A
significant association (p=0.025) and a statistically significant
correlation (r=0.399; p=0.003) between CD3+ T-lymphocytes
and COX-2/EGFR groups was observed. The results of our
study suggest that COX-2/EGFR over-expression may
represent a strategy adopted by tumours that contributes to the
evasion of tumour-specific immune responses.
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LIPOPHILIC CATION-DERIVED POLIHIDROXYBENZOATES AS NEW CYTOTOXIC MOLECULES
IN HUMAN BREAST CANCER CELLS
M. Catalán1, S. Fuentes-Retamal1, J.A. Jara2,
V. Castro-Castillo3, M. Madrid-Rojas3,
M. Pavani1 and J. Ferreira1
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2Pharmacology and Pharmacogenetic Program, IICO,
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Cancer cells features include, resistance to cell death, high
invasiveness and metastasis, induction of angiogenesis and
metabolic reprograming. Some characteristics are especially
relevant in the search of new treatments: i) higher
transmembrane potential due to an inner membrane modified
composition, highly glycolytic activity and ii) reduced
mitochondrial mass. These properties make the mitochondria
a convincing pharmacology target in the search and design of
new molecules targeting cancer cells in a bioenergetic fashion.
Data exist about the utilization of triphenilphosphonium
driving pharmacophore moieties to mitochondria. Previously,
2,3,4
trihydroxyphenol
derivatives
linked
to
triphenylphosphonium group, as a mitochondriotrophic
cytotoxic agent, was used with successful results regarding
their cytotoxic activity and selectivity. It was also established
that these molecules exercised uncoupling effects. In this
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work, monohydroxy and dihydroxy benzoates linked by an
aliphatic chain of 10 carbon atoms to a triphenylphosphonium
group were evaluated, to thereby establish the cytotoxic
activity in relation to the number and position of hydroxyl
groups in the benzoic acid ring. The 10-((2hydroxybenzoyl)oxy)decyl)triphenylphosphonium bromide
and 10-((2,3-dihydroxybenzoyl)oxy)decyl)triphenylphosphonium bromide molecules were also tested for their antiproliferative effects through the MTT assay in MCF-7 and
MDA-MB-231 cells. The mitochondrial uncoupling effect by
oxygraphy in mitochondria and cells was evaluated. The ATP
content and transmembrane potential was evaluated. Thus,
falling NADH by autofluorescence, the production of ROS
through mitosox, reduced colony formation and induction of
apoptotic death through flow cytometry were determined. The
results indicated that both compounds exhibited increased
cytotoxicity in the MCF-7 cells with IC50 lower than that
observed in the MDA-MB-231 cellular population. The
uncoupling effect of both compounds was more potent in
MCF-7 cells with decreased NADH, decreased transmembrane
potential, falling ATP levels, inhibition of colonies formation
and induction of apoptosis. None of the compounds tested
produced an increase of the output of mitochondrial ROS.
Fondecyt N° 1130772 (JF), Proyecto inserción en la academia
(M.C; J. A. J) N°791220004.
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ENDOTHELIAL CELL PROLIFERATION
AND VASCULAR ENDOTHELIAL GROWTH
FACTOR EXPRESSION IN PRIMARY
COLORECTAL CANCER COMPARED WITH
CORRESPONDING LIVER METASTASES
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Data from the literature indicate the differences between the
proliferation rates of endothelial cells are possibly due to the
origin of specimens (autopsy material, recently fragments) or
quantification methods. Vascular endothelial growth factor
(VEGF) is a factor that stimulates proliferation of endothelial
cells. The aim of this study was to evaluate endothelial cell
proliferation and VEGF mRNA expression in primary tumors
and corresponding liver metastases of colon carcinoma. Our
study included 24 recent biopsies of primary tumors of colon
and corresponding liver metastases. Double immunostaining
with CD34/ Ki67 and RNA scope assay for VEGF were
performed. Analysis of VEGF mRNA expression in the
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primary tumors indicated no significant correlation between
VEGF mRNA expression and pathological type, proliferative
and non-proliferative vessels in the intratumoral and
peritumoral area. VEGF mRNA expression was significantly
correlated with the total number of non-proliferative vessels
in the corresponding liver metastasis. The cases with poorlydifferentiated carcinoma indicated a high number of
proliferating endothelial cells in the peritumoral area and a low
number in the intratumoral area for the primary tumor. In the
moderately-differentiated carcinomas of colon we have shown
the absence of proliferating endothelial cells in the
intratumoral area for both primary tumor and liver metastasis.
For well-differentiated colon carcinoma, in primary tumor, a
high proliferation rate of proliferative endothelial cells in the
intratumoral area and a lower proliferation rate in the
peritumoral area were recorded. In the corresponding liver
metastases, a low value was found. The absence of
proliferative endothelial cells in primary tumor and liver
metastasis of moderately-differentiated carcinoma may suggest
a possible resistance to bevacizumab. The mismatch between
the total number of vessels and endothelial proliferation in the
primary tumor suggests a preexistent vascular network or the
effects induced by other angiogenic factors.
Supported
by
research
grant
no.
345/2011,
Lymphangiogenesis in molecular subtype of breast cancer: a
prerequisite for targeted therapy of lymph node metastasis
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Head and neck squamous cell carcinoma (HNSCC) molecular
studies recognize high expression of epidermal growth factor
receptor (EGFR) as a single marker for lower overall survival,
as well as a predictor of multiple locoregional relapse, and
accepted it as a target for therapy. No data are available about
D2-40 expression discordances between basal cells of normal
epithelium from different regions of head and neck and D240 differential expression in different subtypes of HNSCCs.
Less studied in HNSCCs, E-cadherins are involved in the

tumour cell detachment from the primary tumour and
basement membrane invasion. The aim of this work was to
study EGFR, D2-40 and E-cadherin expression in tumor cells
of HNSCCs with different localization. We included in the
study 32 biopsies from patients diagnosed with squamous cell
carcinoma (well-, moderate- and poorly-differentiated) from
the larynx (14), pharynx (11), tongue base (2), lower lip (2),
hard palate (1), gingival sulcus (1) and nasal fossa (1). The
immunoreaction for EGFR, D2-40 and E-cadherin in the
tumor cells was evaluated according with the following score:
0 (0% positive cells), 1 (<10% positive cells), 2 (10-30%), 3
(>30%). A score of 3 for EGFR expression was noticed in half
of the cases included in the study. A heterogeneous
distribution, more intense in the cells from the periphery of
the tumor areas, was noticed in the cases from larynx, lip and
nasal fossa. We found no D2-40 expression in tumor cells of
poorly differentiated HNSCC. The alternation of areas without
and/or reduced expression of E-cadherin was noticed in poorly
differentiated carcinomas. EGFR/D2-40/E-cadherin triple
association may be a potential phenotype for aggressiveness
in head and neck squamous cell carcinoma.
Supported by research grant no. P III-C1-PCFI/2014-2015 and
no. 15250/19.12.2012 from the “Victor Babes” University of
Medicine and Pharmacy, Timisoara, Romania. Supported by
research grant no. 345/2011, Lymphangiogenesis in molecular
subtype of breast cancer: a prerequisite for targeted therapy of
lymph node metastasis.
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DETERMINATION OF IMPORTANT BIOMARKERS
USING MODERN UHPLC TECHNOLOGY
B. Červinková1,2, L. Kujovská Krčmová1,2,
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8-hydroxy-2’-deoxyguanosine (8OH2dG) is one of the
common products of DNA damage caused by reactive oxygen
species. It was reported that significantly increased levels of
8OH2dG are connected with different diseases, including
numerous types of malignancies like acute leukaemia,
hepatocellular, colorectal, breast and lung cancer (1, 2). An
accurate, robust and environmentally friendly hydrophilic
interaction chromatography (HILIC) stationary phase was
used for the determination of the very small and polar
structure of 8OH2dG and also for creatinine in human urine.
For this, analyses of the new ultra high performance liquid
chromatography method (UHPLC) with UV and tandem mass
spectrometry detection (MS/MS) were developed. Analysis
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was performed on the UHPLC system Nexera with UV and
the mass spectrometry detector LC-MS 8030 (Shimadzu,
Japan). As a sample preparation procedure, solid phase
extraction was selected. Vitamin D is part of fat-soluble
prohormones, includes two major forms vitamin D2
(ergocalciferol) and vitamin D3 (cholecalciferol). The
relationship between vitamin D and civilization diseases has
been lately increasingly studied. It has been proven that
deficiency of vitamin D may contribute to beginning of
different serious diseases, including diabetes mellitus,
osteoporosis, hypertension and chronic pain. Results also
showed that people with a variety of cancers had low levels of
vitamin D (3, 4). Due to the high efficiencies, good resolution
and improved peak capacities, the porous-shell technology was
chosen for analysis of vitamin D metabolites (25-OH D3, 25OH D2) in human serum. A new method was developed and
all analyses have been carried out by using the UHPLC-ESIMS/MS system. For sample preparation, fast and simple
protein precipitation followed by centrifugation and filtration
was chosen. Using the new chromatographic phases (porousshell, HILIC) in modern analytical system (UHPLC) for the
determination of important biomarkers in human fluids may
lead to improvement of diagnostic possibilities, prognosis and
individual treatment approach to patients with serious diseases.
The authors thank for financial support to the project SVV 260
063, the European Social Fund and the state budget of the
Czech Republic, TEAB, project no. CZ.1.07/2.3.00/20.0235
and project IGA MH CR NT 14265-3/2013.
1 Zhang S-W, Xing J, Cai L-S et al: Anal Bioanal Chem 395:
479-487, 2009.
2 Hsu W, Chen W, Lin W et al: Clin Chim Acta 402: 31-37,
2009.
3 Saenger AK, Laha TJ, Bremner DE et al: Am J Clin Pathol
125: 914-920, 2006.
4 Holick MF: Am J Clin Nutr 79: 362-371, 2004.
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REGULATION OF MITOTIC DEATH
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Microtubule targeting agents (MTAs) including the vinca
alkaloids and taxanes are important anticancer agents. These
drugs typically induce mitotic arrest leading to apoptotic cell
death. However, despite their widespread use, the mechanisms
of cell death following mitotic arrest are incompletely
understood. Bcl-2 proteins play a key role in the regulation of
apoptosis, and a prominent effect of MTAs is the
phosphorylation of the major anti-apoptotic proteins Bcl-2,
Bcl-xL and Mcl-1. We have undertaken studies to identify the
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kinase(s) responsible and the functional effects of
phosphorylation. Using a variety of cellular and molecular
approaches, including a novel peptide substrate, derived from
the major phosphorylation site in Bcl-xL, and specific kinase
inhibitors, we have conclusively identified cyclin-dependent
kinase 1(Cdk1)/cyclin B1 as the key kinase responsible.
Phosphorylation of Bcl-2 and Bcl-xL acts to disable their antiapoptotic activity, whereas phosphorylation of Mcl-1 leads to
its degradation. 2D-PAGE analysis indicated unexpected and
unprecedented complexity in mitotic arrest-induced Mcl-1
phosphorylation, with nine or more sites identified.
Phosphorylation appears to be coordinated and coupled for all
three proteins because of their functional redundancy.
Additional studies showed that the strength and duration of
Cdk1 signaling to anti-apoptotic Bcl-2 proteins dictates
whether cells die in mitosis or undergo mitotic slippage.
Furthermore, all three proteins undergo a low level of transient
Cdk1-mediated phosphorylation during normal mitosis. These
studies suggest the following: i) under conditions of prolonged
activation, Cdk1 exhibits pro-apoptotic properties; ii) antiapoptotic Bcl-2 proteins act as sensors for Cdk1 signal
duration; iii) sustained Cdk1 activity mediates two coupled
processes, namely mitotic arrest and mitotic death; and iv) a
major mechanism of mitotic death is elimination of antiapoptotic Bcl-2 protein function by Cdk1-mediated
phosphorylation. The results provide novel insight into the
regulation of mitotic death and advance our understanding of
the mechanisms of action of MTAs.
Supported by NIH CA109821.
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Geminin, a DNA replication inhibitor, is essential for the
control of DNA replication in vertebrates. Its dysregulation
can induce genomic instability and predispose cells for
malignant transformation. Geminin also regulates cellular
differentiation by interacting with transcription factors and
chromatin remodeling complexes. In order to provide in vivo
evidence for the role of geminin in promoting tumorigenesis,
we conditionally inactivated Geminin in the lung using
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adenoviruses expressing Cre recombinase. These mice were
injected weekly intraperitoneally with urethane in order to
promote cancer development. To better understand geminin’s
role in cancer and cellular differentiation, we used a BAC
construct harboring the complete mouse geminin gene, fused
to GFP. The construct was then modified using
recombineering and introduced into mouse embryonic stem
(ES) cells (ESGemGFP) by transposition. Proteomics analysis
will be performed in extracts derived from the modified ES
cells (ESGemGFP) in order to identify protein complexes in
which geminin participates in order to regulate cell cycle and
differentiation.
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ROLES OF CAVEOLIN-1 AND CYCLOOXYGENASE 2
IN KIDNEY, URETER, BLADDER
AND PROSTATE CANCERS
Wen-Shin Chang1,2, Chia-Wen Tsai1,
Chin-Mu Hsu1 and Da-Tian Bau1,2
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High expression of cyclooxygenase 2 (Cox-2) and caveolin-1
(Cav-1), which play a regulatory role in hormonal metabolism
and signaling pathways respectively, are positively correlated
with higher risk, cell metastasis capacity and poor prognosis;
however, the contribution of Cav-1 genetic variants during
carcinogenesis is still largely unrevealed. In this report, we
will summarize the updated findings of Terry Fox Cancer
research laboratory in Taiwan focusing on the genomic
contribution of polymorphisms on COX-2 [G-1195A
(rs689466), G-765C (rs20417), T+8473C (rs5275), intron 1
(rs2745557), intron 5 (rs16825748) and intron 6 (rs2066826)]
and CAV-1 [C521A (rs1997623), G14713A (rs3807987),
G21985A (12672038), T28608A (rs3757733), T29107A
(rs7804372) and G32124A (rs3807992)] to urological cancers
in Taiwan. The overall investigations in four cancers, including
renal cell carcinoma (kidney cancer), ureter, bladder and
prostate cancers will be summarized and discussed. Novel
biomarkers are useful for further studies in other populations
and the mechanism behind their targeting are needed in
personalized pharmacogenomics.
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One of the most promising modalities for non-invasive
imaging of small animals is bioluminescence imaging.
Bioluminescence imaging is based on the sensitive detection
of visible light produced during luciferase-mediated oxidation
of a molecular substrate (D-Luciferin) when luciferase is
expressed in vivo as a molecular reporter. Photons are detected
by specialized charge-coupled device cameras that convert
photons into electrons. Bioluminescence at the emission
wavelength of firefly luciferase (560 nm) can be imaged as
deep as several centimeters within tissue, which allows at least
organ-level resolution. Bioluminescence imaging is
remarkably sensitive, enabling detection of, as few as, 10 cells
in vitro and 100-1,000 cells in vivo. Light producing transgenic
animals (LPTA®) are an excellent source of luciferaseexpressing cells in cell transfer experiments. The β-actin
promoter provides strong constitutive expression of luciferase
in most tissues of the mouse, including lymphocytes. β-actinluc mice can be used as lymphocyte donors in studies of the
antitumor effect in lymphocyte-deficient tumor-bearing
recipients. Whole-body images revealing location of
lymphocytes can be obtained at different time points after
lymphocyte transfer. This approach allows to define the time
points and sites of lymphocyte infiltration. In addition,
proliferation of transferred lymphocytes can be estimated by
quantitation of photon emission. In our experiments, β-actinluc mice were challenged with SL2 tumor in order to generate
luciferase-expressing T lymphocytes sensitized against the
SL2 tumor antigens. Adoptive transfer of these lymphocytes
cured lymphocyte-deficient SL2 tumor-bearing Rag2 mice.
The results of bioluminescence imaging suggest that
adoptively transferred T lymphocytes proliferate within
secondary lymphoid organs of the recipient mouse and
infiltrate the tumor. After rejection of the tumor, memory T
lymphocytes reside in the spleen and other secondary
lymphoid organs for prolonged periods of time (months).
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Thyroid malignancies are the most common type of endocrine
tumors. Of the various histologic subtypes, anaplastic thyroid
carcinoma (ATC) represents a small subset (less than 5%) of
all cases but is responsible for a significant proportion of
thyroid cancer-related mortality. Indeed, ATC is regarded as
one of the most aggressive and hard to treat forms of cancer in
human. To date, there is a paucity of relevant model systems to
critically evaluate how the signature genetic abnormalities
detected in human ATC contribute to disease pathogenesis.
Mutational activation of the BRAF proto-oncogene is
detected in approximately 40% of papillary thyroid
carcinomas (PTC) and in 25% of ATC. Moreover, in ATC,
mutated BRAF is frequently found in combination with gainof-function mutations in the p110 catalytic subunit of PI3kinase (PIK3CA) or loss-of-function alterations in either the
p53 (TP53) or PTEN tumor suppressors. Using mice with
conditional, thyrocyte-specific expression of BRAFV600E, we
previously developed a model of PTC (Charles et al., Cancer
Res 2011). However, as in humans, BRAFV600E-induced
mouse PTC is indolent and does not lead to rapid development
of end-stage disease.
Consequently, we use mice carrying a conditional allele of
mutant PIK3CA to demonstrate that, although mutationally
activated PIK3CAH1047R is unable to drive transformation on
its own, when combined with BRAFV600E in thyrocytes, this
leads to development of lethal ATC in mice that shows striking
similarities to the human disease. This was also obtained when
BRAFV600E was associated with the deletion of PTEN in the
thyrocytes.
In conclusion, these data demonstrate that BRAFV600E
cooperates with PIK3CAH1074R or silences the tumorsuppressor PTEN, to promote development of anaplastic
thyroid carcinoma in mice, that is highly relevant in the
context of pre-clinical studies of thyroid malignancies.
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MICRORNAs IN CEREBROSPINAL
FLUID – POTENTIAL DIAGNOSTIC
TOOLS FOR CNS LYMPHOMAS
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Katarzyna Błachnio2, Zbigniew Bystydzienski2,
Krzysztof Goryca3, Agnieszka Druzd-Sitek4,
Maria Sromek1, Jan Walewski4 and Jan Konrad Siwicki1
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(chech@coi.waw.pl)

Introduction: Early, fast and precise differential diagnosis of
primary and secondary lymphomas and non-cancerous lesions
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in the central nervous system (CNS) is a prerequisite for
effective and safe treatment. Differentiation of CNS lesions is
still a challenge, in spite of numerous diagnostic possibilities,
comprising imaging techniques, cytological and flow
cytometry examination of cerebrospinal fluid (CSF) and
histological examination of stereotactic biopsy material. In
addition, brain biopsy carries risks of neurological
complications and sometimes cannot be performed, e.g. due
to lesion’s location. Aim: We aimed to examine the value of
miR-21, miR-19b-1 and miR-92a-2 assessment in CSF for the
differential diagnosis of primary lymphomas vs. neurological
lesions in the CNS and for the early diagnosis of secondary
CNS changes in the progression of peripheral lymphomas.
Materials and Methods: We examined suspected CSF leftover
samples for primary or secondary brain lymphomas or
neurological lesions in the CNS that were collected for routine
diagnostic purposes from patients consulted at the Cancer
Centre and Institute of Oncology in Warsaw. The expression
levels of miR-21, miR-19b-1 and miR-92a were assessed by
RT-qPCR, setting miR-24 expression as reference level.
Results and Conclusion: (i) Significantly higher levels of miR21, miR-19b-1 and miR-92a-2 in CSF differentiate patients
with primary CNS lymphomas from patients with
noncancerous neurological lesions. (ii) In patients with
peripheral lymphomas, the assessed miR levels in CSF may
suggest secondary CNS lesions. (iii) Examination of miRs in
the CSF emerges as a promising diagnostic tool for earlier
treatment decisions and improved outcomes of patients with
primary CNS lymphomas and peripheral lymphomas often
invading CNS.
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THE IMPORTANCE OF THE
IMMUNOMODULATORY PROTEIN,
PROGESTERONE-INDUCED BLOCKING
FACTOR, IN ALLOWING CANCER CELLS
TO ESCAPE IMMUNE SURVEILLANCE
AND THERAPEUTIC CONSIDERATIONS
Jerome H. Check

Cooper Medical School of Rowan
University, Camden, NJ, USA

Introduction: One of the ways that the fetal semi-allograft
escapes immune surveillance by the natural host is by upregulating the secretion of a unique protein (showing no
significant amino acid homology with any known protein),
which suppresses natural killer (NK) cell cytolytic activity by
inhibiting degranulation of perforin granules in the NK cell.
The protein that circulates in the serum measures 34 kDa and
is responsible for causing a shift from the thymic helper (TH)
1 cytokine dominance to TH2 dominance (possibly by
activating STAT-6 by binding to a novel interleukin (IL)-4
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receptor), thus inhibiting cellular immune activity. The full
length protein known as the progesterone induced blocking
factor (PIBF) has been synthesized by recombinant DNA
technology and it consists of 757 amino acid residues and is
encoded by PIBF/cDNA. The 48 kDa N terminal part of PIBF
is biologically active. Using a newly developed experimental
ELISA assay, PIBF has been detected in the serum of women
during the follicular phase and even men. However, increasing
the serum progesterone level causes a precipitous rise in PIBF
(even in men injected with i.m. P). The source for serum PIBF
comes from circulating γ/δ T cells. There are at least two forms
of PIBF. One is a 90 kDa molecule that has a nuclear location
in the centrosome. The 90 kDa nuclear protein is the dominant
form that is present in most rapidly growing cells as evidenced
by Western blot analysis using PIBF specific antibodies. This
centrosomal 90 kDa nuclear protein is over-expressed in
rapidly proliferating cells irrespective of whether these cells are
progesterone receptor-positive or not. The 90 kDa parent form
can be cleaved to a 35 kDa intracytoplasmic form similar in
size to the PIBF protein found in serum. The 35 kDa isoform
contains the N-terminal 223 and the C terminal 75 amino acids.
Interestingly, the PIBF gene has been identified on
chromosome 13 in the vicinity of BRAC1 and BRCA2.
Specific objectives of study: (i) Evaluation of human leukemia
cell lines. Determine if any human leukemia cell lines express
PIBF mRNA. Determine if any leukemia cell lines can be
demonstrated to express the PIBF protein. If any leukemia cell
lines express the PIBF protein, to determine if supplementing
the media with P will cause an increased expression of PIBF. If
any leukemia cell lines are found to express PIBF protein, to
determine if adding the P receptor antagonist mifepristone can
result in decreased PIBF expression; (ii) If PIBF mRNA
expression is detected in human leukemia cells, whether there
was any PIBF protein expression detected or not, to take mice
with spontaneous leukemia/lymphoma and determine if the
treatment with the P receptor antagonist mifepristone can
improve life span and body condition score; (iii) To determine
if mifepristone treatment can prolong survival and improve
body condition scores with solid murine cancers; (iv) To
determine if mifepristone treatment can improve length or
quality of life in end stage patients with a wide variety of
cancers not known to be positive for P receptors; (v) Determine
if higher levels of the serum form of PIBF are detected in
gynecologic cancers vs. benign tumors vs. benign disease. (vi)
Determine if higher levels of PIBF could be detected in the
serum of women with P receptor-positive breast cancer vs. P
receptor-negative breast cancer; (vii) Determine if any woman
can be detected with a high serum level of PIBF throughout the
menstrual cycle and if so to determine if she may have a
BRCA1 or BRCA2 receptor mutation and (viii) If such a
patient, as in 7, is detected and is positive for a BRCA
mutation, to then determine in a larger series if BRCA1 or
BRCA2 is associated with increased serum levels of PIBF.

Materials and Methods: (i) mRNA for PIBF and detection of
PIBF protein evaluated in 29 human leukemia cell lines. (ii)
Effect of adding P vs. adding mifepristone in 4 human
leukemia cell lines on PIBF protein expression determined. (iii)
Effect of gavaging mice with mifepristone vs. placebo having
spontaneous lymphoma/leukemia, breast cancer (P receptornegative), lung cancer, prostate and testicular cancers
determined (longevity and quality of life by BCS). (iv) Clinical
effect of treating patients with advanced stage chemo- and
radio-resistant cancers including thymic epithelial cell cancer,
colon cancer, transitional cell cancer of the renal pelvis,
leiomyosarcoma, pancreatic cancer, kidney cancer and
malignant fibrous histocytoma, lung cancer and glioblastoma
multiforme with mifepristone 200 mg orally per day
determined. (v) Measuring serum PIBF in women with
gynecologic cancer and breast cancer vs. controls. (vi)
Screening 100 women to see if any one will show high levels
of serum PIBF irrespective of exposure to P. If so, to evaluate
for BRCA mutations. Results: All 29 leukemia cell lines were
found to express mRNA for PIBF. More mRNA for PIBF was
found than any other mRNA for any other proteins known to
be expressed by these 29 human leukemia cell lines. Four cell
lines were found to express the PIBF protein. Adding P to the
culture medium caused an up-regulation of PIBF expression.
Adding mifepristone to the culture medium of human leukemia
cell lines expressing the PIBF protein resulted in downregulation of PIBF expression. All types of spontaneous murine
cancers responded to mifepristone in either extending survival
compared to controls and/or improving quality of life as
evidenced by BCS scores. All advanced cancer patients had
some positive response to mifepristone therapy. Some had very
dramatic improvements despite end-stage disease. Though our
experience is limited to date, not one patient complained of any
side effects from mifepristone. The tumor response has either
been complete disappearance or shrinkage of metastatic lesions
or stabilization, where pre-existing lesions stop growing and no
new lesions appear. Neither gynecologic cancers nor breast
cancer even if P receptor-positive was associated with increased
PIBF. After evaluating over 100 women for serum PIBF, one
woman was found to have very high serum PIBF levels
constantly. She demonstrated a BRCA2 wild type mutation that
fortunately to date has not been associated with an increased
risk of malignancy. Studies are ongoing measuring serum PIBF
levels using the new non-commercial research ELISA assay in
women known to be positive for the BRCA1 and BRCA2
mutation. Conclusion: These data suggest that one mechanism
that malignant tumors use to escape immune surveillance is to
increase the intracellular concentration of the 34-36 kDa split
variant PIBF protein to inhibit NK cell rejection or inhibit other
aspects of cellular immunity. This hypothesis has not been
proven by definitive studies but is suggested by failure to
demonstrate a significant rise in serum PIBF coupled with the
very good regression of cancer disease found in mice and
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humans following treatment with the progesterone receptor
mifepristone. There is the possibility that mifepristone works
through some other mechanism than the immune system. Some
evidence exists that the progesterone receptor may be involved
in breast cancer growth through an epigenetic extra nuclear
action especially with rapid activation of protein. These kinases
may influence cell growth of the cancer. If this mechanism,
rather than the hypothesized immune mechanism, turns out to
be the explanation for benefit of mifepristone, then one should
still be open-minded to still use it for cancers not known to be
associated with the P receptor. Progesterone receptors are
significantly post-translationally modified by phosphorylation
acetylation, sumoylation and ubiquitination. The normal
BRCA1 gene counteracts progesterone action by ubiquitination
leading to degradation of the progesterone receptor. Mutations
of the BRCA1 gene may inhibit proper ubiquitination of the
progesterone receptor leading to increased PIBF expression
resulting in immune suppression. It remains to be determined
by studies that are presently ongoing to see if the very high risk
of cancers, e.g., breast, ovaries and pancreas with BRCA
mutation may involve, even raising, serum PIBF providing
similar immunoprotection as seen in the pregnancy state. Most
of the studies mentioned were performed in one center.
Mifepristone has been tried in women with advanced
metastatic breast cancer who had tamoxifen resistance. Most
studies have shown some improvement but no better though
than the tumors found to be progesterone receptor-negative.
One study using another P receptor antagonist, onapristone,
found that 2/3 of women treated showed evidence of tumor
regression, 56% showed potential response and 11% had stable
disease. Some cancers have been shown to affect the diurnal
cortisol pattern leading to increased cortisol exposure, which
may also inhibit NK cell activity. Mifepristone also has antiglucocorticoid receptor activity. If a positive effect of
mifepristone is found in larger controlled studies it will be
important to see, by comparison with more pure P receptor
antagonists, if the anti-glucocorticoid effects add to the
beneficial effect of P receptor antagonist action.
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CANCER PREVENTION BY CONTROL
INFECTIOUS AGENTS THROUGH
IMMUNIZATION AND THERAPY

OF

Chien-Jen Chen

Academia Sinica and Graduate Institute of Epidemiology
and Preventive Medicine, National Taiwan University,
Taipei, Taiwan

The International Agency for Research on Cancer (IARC) has
comprehensively assessed the human carcinogenicity of
biological agents. Epstein-Barr virus (EBV), hepatitis B virus
(HBV), hepatitis C virus (HCV), Kaposi’s sarcoma herpes
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virus (KSHV), human immunodeficiency virus, type-1 (HIV1), human T-cell lymphotrophic virus, type-1 (HTLV-1), human
papillomavirus (HPV), Helicobacter pylori (HP), Clonorchis
sinensis (CS), Opisthorchis viverrini (OV) and Schistosoma
haematobium (SH) have been classified as the Group 1 human
carcinogens. The classifications are based on the findings of
epidemiological and mechanistic studies. EBV, HPV, HTLV-1
and KSHV are direct carcinogens; HBV, HCV, HP, CS, OV
and SH are indirect carcinogens through chronic inflammation;
HIV-1 is an indirect carcinogen through immune suppression.
Some infectious agents may cause more than one cancer, while
some cancers may be caused by more than one infectious
agents. However, only a proportion of persons infected by these
oncogenic infectious agents will develop specific cancers. A
series of studies have been carried out to assess the host and
environmental cofactors of EBV-caused nasopharyngeal
carcinoma, HBV/HCV-caused hepatocellular carcinoma, HPVcaused cervical carcinoma and HP-caused gastric carcinoma.
Persistent infection and high viral load are important risk
predictors of these cancers caused by infectious agents. Risk
calculators incorporating infectious agents, host and
environmental factors have been developed for the prediction
of long-term risk of specific cancers. These risk calculators are
useful for the triage and clinical management of infected
patients. The strategy for primary prevention of cancers caused
by infectious agents should focus on the prevention of infection
through immunization and interruption of transmission routes,
the treatment of chronic infection and the prevention of
exposure to host and environmental cofactors. The strategy for
secondary prevention of cancers caused by infectious agents is
the promotion of screening and early detection of cancers at
early stages among those who were chronically infected with
oncogenic infectious agents. Both clinical trials and national
programs of immunization or anti-viral/antibiotic therapy have
demonstrated a significant reduction in the incidence of cancers
caused by HBV, HCV, HPV and HP.
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GALECTIN-1 PLAYS A PIVOTAL ROLE IN THE
REGULATION OF TUMOR VASCULATURE
Yuh-Ling Chen, Ming-Heng Wu,
Nien-Wen Ying and Tse-Ming Hong

Institute of Oral Medicine, College of Medicine, National
Cheng Kung University, Tainan, Taiwan

Galectin-1 (Gal-1), a β-galactoside-binding lectin, regulates
several important biological processes during tumor
progression. High expression of Gal-1 correlates with the
aggressiveness of several tumors and the acquisition of
metastatic phenotype. However, the effect of Gal-1 on vascular
permeability and the underlying mechanisms are unclear. We
found that high Gal-1 expression was associated with elevated
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tumor vascular permeability in oral squamous cell carcinoma
(OSCC). Gal-1 increased vascular permeability through its
carbohydrate recognition domain. Mechanism dissection
revealed that the neuropilin (NRP)-1/vascular endothelial
growth factor receptor- (VEGFR)-1 complex was required for
Gal-1-regulated vascular permeability. Activation of VEGFR1 triggered activation of Akt, which led to a reduction in
vascular endothelial (VE)-cadherin at cell-cell junctions and
resulted in cytoskeletal rearrangement. Both inhibition of Gal1 secreted from cancer cells and administration of an anti-Gal1 antibody in the tumor microenvironment suppressed tumor
growth and vascular permeability in xenograft models. In
conclusion, our results demonstrate a novel function of Gal-1
of increasing vascular permeability through the NRP1/VEGFR1 and Akt signaling pathway and indicate that
targeting Gal-1 by an anti-Gal-1 antibody is a feasible therapy
for vascular hyperpermeability and cancer.
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DUAL PI3K/MTOR INHIBITOR NVP-BEZ235 HAS
POTENT ANTICANCER EFFECTS ON NSCLC
HARBORING WILD-TYPE EGFR
Yuh-Ling Chen, Sz-Shiuan Chen and Tse-Ming Hong

Institute of Oral Medicine, National Chen Kung University
Medicine College, Tainan, Taiwan

Non-small cell lung cancer (NSCLC) represents about 80% of
all lung cancers and more than 60% of NSCLC over-express
epidermal growth factor receptor (EGFR). EGFR activates the
phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target
of rapamycin (mTOR) pathway in NSCLC and is a potential
candidate for therapeutic targeting. Recently, great advances
in understanding the role of EGFR mutation in NSCLC, but
not NSCLC with EGFR-wild type, remain poorly effective
under conventional chemotherapies. Therefore, we investigated
NVP-BEZ235 (BEZ-235), a novel dual inhibitor of
PI3K/mTOR that gave a lower IC50 in the proliferation of
EGFR-wild type NSCLC cells compared to Iressa or
rapamycin in preliminary data. In this work, we found that
BEZ-235 could inhibit the activation of the PI3K downstream
effectors and down-regulate cyclinD1/D3 without, however,
influencing the expression of ERK and Stat3. BEZ-235 could
suppress cell proliferation in NSCLC that was associated with
G1 arrest but did not promote cell apoptosis and autophagy.
In this study, we speculated that BEZ-235 might act through
the glycogen synthase kinase-3 (GSK-3β) activity affecting
the expression of cyclinD1. Furthermore, we also showed that
BEZ-235 could repress colony formation in NSCLC with
EGFR-wild type. In the future, we will investigate whether
BEZ-235 inhibits the growth of NSCLC in vivo and represents
a potential new candidate for targeted therapy in lung cancers
harboring wild type EGFR.
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METAL-BASED ANTICANCER AGENTS
BASED ON TCM ACTIVE INGREDIENT
OXOISOAPORPHINE ALKALOID
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Traditional Chinese medicines (TCM) have recently been
recognized as a new source of anticancer drugs and new
chemotherapy adjuvants for enhancing the efficacy of
chemotherapy and to diminish side effects and resistance of
cancer chemotherapies. In order to overcome the serious
side effects and resistance of the platinum anticancer drugs,
new strategies have been applied in the design of anticancer
coordination compounds as drugs, such as synthesizing new
ligands or metal complexes with different reaction
mechanism. Among them, new coordination compounds
based on traditional Chinese medicines (TCMs) provide a
novel approach to potential (pro-)drugs. Oxoisoaporphine
alkaloids have antitumor activity. G-quadruplex is a special
DNA secondary structure occurring in many important
regulatory regions in the human genome, such as the
telomeric end and the promoter of some oncogenes. In
particular, different forms of G-quadruplexes in telomeric
DNA and in c-myc and bcl-2 promoters play important
roles in cell proliferation, senescence and apoptosis. The
effects of G-quadruplex ligands for either telomeric, c-myc
or bcl-2 G-quadruplex in vitro have been widely studied but
the specificity of these effects in vivo is still unknown. We
synthesized a series of oxoisoaporphine alkaloids metal
complexes, evaluated their in vitro antitumor activity and
investigated their interactions with potential molecular
target G4-DNA at the molecular and cellular level. The
platinum complexes exerted their antitumor mechanism
mainly via the inhibition of telomerase activity and
interaction with telomeric, c-myc and bcl-2 Gquadruplexes. The results of growth inhibition of HCT-8
and NCI-H460 xenografts indicated that both complexes,
Pt1 and Pt2, exhibited higher safety in vivo and more
effective inhibitory effects on tumor growth in the HCT-8
and NCI-H460 xenograft mouse model, compared with
cisplatin. These compounds exhibited multi-target and
multi-mechanism behavior and hoped to overcome drug
resistance. Our research proposes a new strategy to design
new type metal-based anticancer agents with multi-target
and multi-mechanism potential.
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IN DOSE ESCALATION FOR LOCALLY
ADVANCED NON-SMALL CELL LUNG CANCER
Alexander Chi1 and Nam P. Nguyen2
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Aim: To illustrate the potential role of image-guided
radiotherapy (IGRT) in dose escalation for the treatment of
patients with locally advanced non-small cell lung cancer.
Methods: A literature review on the limitations of dose
escalation in the thorax, and the potential role of IGRT to
safely escalate the radiation dose to the primary tumor in
locally advanced non-small cell lung cancer. Results: Image
guided, intensity modulated radiotherapy may reduce
radiation dose to normal thoracic structures, such as the
normal lungs, the esophagus, the spinal cord, and the heart,
which enables the safe escalation of radiation dose to the
primary tumor in the treatment of locally advanced non-small
cell lung cancer. This may ultimately lead to improved patient
survival. Conclusion: There is a role for IGRT in dose
escalation for the treatment of locally advanced non-small cell
lung cancer, which warrants further exploration in future
clinical studies.
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MAPK15 MEDIATES BCR-ABL-INDUCED
AUTOPHAGY AND CELLULAR TRANSFORMATION
David Colecchia and Mario Chiariello

Istituto di Fisiologia Clinica, Sede di Siena, Consiglio
Nazionale delle Ricerche (CNR) and Core Research
Laboratory, Istituto Toscano Tumori (ITT), AOU Senese,
Siena, Italy

MAPK15 (ERK8) is the last identified member of the MAP
kinase family of proteins. Its activity is modulated by
nutrient deprivation and important human oncogenes. We
have previously shown that BCR-ABL stimulated MAPK15
activity and that the ABL1 proto-oncogene interacted with
this MAP kinase and mediated its activation by upstream
stimuli. Also, we have recently described a role for MAPK15
in the regulation of the autophagic process and demonstrated
the feasibility of pharmacologically interfering with
autophagy by modulating the activity of this MAP kinase.
Autophagy has been demonstrated as necessary for BCRABL-induced leukemogenesis, as well as to protect cancer
cells from apoptosis induced by antineoplastic drugs, such
as imatimib. Based on this evidence, an inhibitor of
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autophagy is being tested for its ability to potentiate tyrosine
kinase inhibitors (TKI)-induced cell death in chronic myeloid
leukemia (CML) patients. The objective of our research was
to investigate a role for MAPK15 in BCR-ABL-dependent
autophagy. Indeed, while the use of imatinib and of related
2nd generation TKIs has clearly revolutionized the therapy
of CML, these treatments face important problems of
insurgence of primary and secondary resistance.
Consequently, there is still need for alternative options to
“integrate” current pharmacological approaches. We
demonstrate that BCR-ABL stimulated autophagy in our
cellular model system and that MAPK15 was able to mediate
this effect. Interestingly, MAPK15 was able to physically
recruit the oncogene to autophagosomal vesicles. Moreover,
we did not only show that artificial depletion of the
endogenous MAP kinase inhibited BCR/ABL-dependent
autophagy, but we also showed that it was possible to
pharmacologically interfere with this process. Ultimately,
based on the role of autophagy in BCR-ABL-dependent
transformation, we show that MAPK15 is required for cell
proliferation and transformation induced by this oncogene,
therefore establishing this MAP kinase as a novel feasible
therapeutic target for human CML.
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THE COMBINATIVE EFFECTS OF DNA APEX1
GENOTYPE AND SMOKING HABITS
ON TAIWAN LUNG CANCER RISK
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To evaluate the association and interaction of genotypic
polymorphism, the gene for DNA-apurinic/apyrimidinic
endonuclease (APEX1) with personal smoking habit and
lung cancer risk in Taiwan, the polymorphic variants of
APEX1, Asp148Glu (rs1130409), was analyzed in
association with lung cancer risk, and its joint effect with
personal smoking habits on lung cancer susceptibility is
discussed. In this hospital-based case-control study, 358
patients with lung cancer and 716 cancer-free controls,
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frequency-matched by age and sex, were recruited and
genotyped by polymerase chain reaction and restriction
fragment length polymorphism (PCR-RFLP). The results
showed that the percentages of TT, TG and GG APEX1
Asp148Glu genotypes were not significantly different at
43.0%, 41.1% and 15.9% in the lung cancer patient group
and 39.9%, 46.1% and 14.0% in non-cancer control group,
respectively. We further analyzed the genetic lifestyle effects
on lung cancer risk and found the contribution of APEX1
Asp148Glu genotypes to lung cancer susceptibility was
neither enhanced in the cigarette smokers nor in the nonsmokers (p=0.3550 and 0.8019, respectively). Our results
provide evidence that the non-synonymous polymorphism of
APEX1 Asp148Glu may not be directly associated with lung
cancer risk, nor enhance the effects of smoking habit on lung
cancer development.
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TCP-1 AS A NOVEL PHAGE-DISPLAY PEPTIDE
TARGETING COLON CANCER
C.H. Cho and L. Lu
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TCP-1 is a novel vasculature-targeting peptide. It was
discovered through the in vivo phage library selection. It
was demonstrated that the TCP-1 peptide exhibited a
homing ability to the tumor neovasculature and was capable
of
efficiently
delivering
imaging
agents
and
chemotherapeutic drugs to this target site. The current study
is to further investigate the targeting ability and the anticancer mechanisms of TCP-1 in order to strengthen the
potential clinical applications of this peptide in the
treatment of colon cancer. In this study, we showed that the
TCP-1 peptide could deliver a fluorescein protein, GFP,
only to the tumor blood vessels other than normal organs
after TCP-1/GFP injection. This was not observed after
GFP injection. With this protein-carrying property of TCP1, we further biologically conjugated TCP-1 with a proinflammatory immunomodulator, TNF-α, as a potential
therapeutic agent for colon cancer. Results showed that a
high dose of TCP-1/TNF-α displayed stronger anti-cancer
effects than TNF-α alone in the induction of apoptosis and
reduction in number of microvessels in tumors without
observable systemic toxicity. In the combined therapy with
5-FU, a standard drug for colon cancer, pretreatment with a
low dose of TNF-α or TCP-1/TNF-α significantly
potentiated the anti-cancer action of 5-FU on tumor size
and weight. The new conjugate could normalize the tumor
blood vessels and increased the concentrations of TNF-α
and 5-FU in tumor tissues. This drug combination also

promoted the immunotherapeutic reaction in tumors. Taken
together, TCP-1 appears to be a promising agent in
molecular imaging and drug delivery for colorectal cancer
treatment.
The work was supported in part by the General Research
Fund, Research Grants Council and the Innovation &
Technology Fund, Innovation & Technology Commission,
Hong Kong.
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G. Maira2, P. De Bonis2, C. Anile2,
A. Mangiola2 and S.A. Ciafré1
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Glioblastoma multiforme (GBM) is the most common and
most malignant primary brain tumour. Despite multimodal
aggressive treatment, the prognosis of GBM patients is poor
and the median survival time after diagnosis is still in the
range of just 12 months with the interesting exception of a
small fraction (less than 10%) of patients, referred to as
long-term survivors (LTS), who survive longer than 36
months. In general, GBM recurrence occurs in peritumoral
tissue in about 90% of patients, making this area a crucial
one for studies about the molecular pathways perturbed early
in GBM malignant evolution. By SAGE analysis, we studied
the transcriptome and miRNome of GBM tissues from 13
patients classified as either short-term survivors (STS) or
LTS. For each patient, we analysed one sample representing
the center of the tumour (C) and another excised from the
tumour-free peritumoral area (P). We describe a group of
RNAs (coding and noncoding) found to be commonly
modulated in P as well as in C samples compared to healthy
white matter, that we think may represent early markers of
GBM pathogenesis; we also present RNAs that differentiate
ST from LT tumors. Among up-regulated RNAs in both
comparisons, we found a remarkable enrichment of
mesenchymal stem-like markers. For these comparisons, we
also show the relevant pathways affected by the modulated
RNAs. Our data show that some genes and molecular
pathways known to be perturbed in glioblastoma are already
disrupted in the apparently tumor-free peritumoral area,
where it is conceivable that early tumor development occurs,
predisposing cells to recurrence. Moreover, our results,
differentiating STS from LTS, may help unravel the basis of
this still elusive distinction.
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Intracellularly acting chemotherapeutics such as cisplatin and
oxaliplatin must first cross the plasma membrane to exert their
cellular action. For hydrophilic drugs, this process is mediated
by specific transporters, which are important mediators of drug
effects but also of their side effects. The use of cisplatin and
oxaliplatin is hampered by serious toxicities such as nephroand ototoxicity (cisplatin) and peripheral neurotoxicity
(cisplatin and oxaliplatin). Here the results of our studies
concerning the role of organic cation transporters (OCT) for
development of cisplatin and oxaliplatin toxicities are
summarized. Observations of nephro- and ototoxicity of
cisplatin and peripheral neurotoxicity of oxaliplatin in wildtype (WT) mice and in mice with genetic deletion of OCT
(KO) are compared. Acute treatment of WT mice with 15
mg/kg cisplatin i.p. caused significant nephro- (increased renal
glucose, water, and protein excretion and apoptosis) and
ototoxicity (reduced auditory brainstem response). In KO mice,
no signs of ototoxicity and only mild nephrotoxicity was
observed after cisplatin treatment. WT mice, following a single
dose of oxaliplatin (5 or 40 mg/kg, i.p.), experienced
hypersensitivity to cold or mechanical-induced allodynia,
which are established tests to assess oxaliplatin-induced
neurotoxicity. KO mice exposed to oxaliplatin did not
experience neurotoxicity. In WT mice, we confirmed a high
expression of OCT in the proximal tubules of the kidneys and
found that these transporters are also expressed in the cochlea
and dorsal root ganglia cells. Co-medication of WT mice with
cisplatin or oxaliplatin and the organic cation cimetidine
protected from ototoxicity, peripheral neurotoxicities and partly
from nephrotoxicity. OCT seem not to be expressed in cell
lines from pediatric tumors that are target of chemotherapy.
These findings are very important to establish
chemotherapeutical protocols aimed to maximize the
antineoplastic effect of cisplatin and oxaliplatin, while reducing
the risk of toxicities. Supported by the IZKF Münster, grant
Cia2/013/13.
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Molecular classification of breast cancer represents the “gold
standard” for breast cancer diagnosis and therapy in this
moment. Several molecular types and subtypes of breast
cancer have been defined and the present classification
continues to be improved. For several years, molecular
classification has been applied for the primary tumor
exclusively. Relatively recent data showed that lymph node
metastasis may have a different phenotype compared with
primary tumor and this could be a pertinent explanation for
therapeutic failure that still persists despite the use of
molecular stratification for breast cancer. Heterogeneity of the
phenotype of lymph node metastases seems to be a more
complex concept including other promoting mechanisms
facilitating metastatic process and favoring tumor cells
phenotype changes. A broad spectrum of factors were assessed
in the last years concerning metastatic behavior of breast
cancer including growth factors and their corresponding
receptors, oncogenes, tumor suppressor genes or apoptosis
markers in order to find more specific therapeutic targets
personalized for each molecular type of breast cancer.
However, as a paradox, cellular and molecular components of
the metastatic route from the primary tumor to lymph nodes
are somehow neglected and, thus, molecular mechanisms of
tumor spread are far from being fully elucidated. Both,
vascular and lymphatic pathways are accepted to be
responsible for tumor cells metastasis but the development and
peculiarities of angiogenesis and lymphangiogenesis need to
be extensively studied. Lymphangiogenesis is associated with
an increased incidence of regional lymph node metastasis and
it is possible that this step is essential to the metastatic
process; however, the full role of lymphangiogenesis in breast
cancer remains uncertain. For the assessement of
lymphangiogenesis most of the studies were performed for
conventional types of breast cancer as ductal or lobular
invasive carcinoma, neglecting lymph node metastasis. Only
seven papers in the literature have described the involvement
of lymphangiogenic growth factors and lymphatic microvessel
density (LMVD) into the development of lymph node
metastasis with emphasis to different molecular types of breast
cancer. Based on these evidences, we proposed to study the
lymphatic endothelial cell proliferation and LMVD in both
primary breast tumors and their corresponding lymph node
metastases by using current molecular classification of breast
cancer. We found a differential expression of VEGFC/VEGFR-3 and D2-40 in different molecular types of breast
cancer, with the highest level of expression for these markers
being found in HER2 and luminal B types and the lowest in
basal-like type. It has been proved a clinically relevant
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association between HER2/neu and VEGF-C expression in
human breast cancer. These data supported our findings
regarding a positive correlation between VEGF-C, VEGFR-3
and LMVD only in the HER2 type, as well as a positive
correlation in HER2 and normal-like types with VEGFR-3
expression in tumor cells. In addition, there was a correlation
between HER2 type, VEGF-C and VEGFR-3 expression in
tumor cells and lymphatic endothelium, respectively, and
LMVD. Lymphatic endothelial cell (LEC) proliferation seems
to be dependent not only on the molecular profile of the
primary tumor but also the lymph node metastatic phenotype.
While no LEC proliferative activity has been registered for
lymph node metastases from triple negative, basal-like or
HER2 type, primary tumors had a low but present lymphatic
endothelial cell proliferation in about 20% of the total cases,
restricted to the peritumoral area. A particular aspect of
LMVD and LEC proliferation status has been observed for
luminal A type of breast cancer and corresponding lymph
node metastasis. Luminal A breast cancer cases switched to a
different phenotype in LN metastasis (LA/Switch), had a
higher LMVD values for both peritumor and intratumor areas
of primary tumor and metastatic sites compared with the same
parameters assessed for luminal A cases, which also keep their
phenotype in LN metastases (LA/LA). But, the LEC
proliferation rate was lower for the LA/Switch. LEC
proliferation lacked to be proved inside LN metastasis of the
LA/Switch group but it was present for cases from the LA/LA
group. LEC from luminal B cases had a lower LEC
proliferation rate for the primary tumor compared with luminal
A type and no LEC proliferation has been observed for the
metastatic site. The present findings suggest the heterogeneity
of LEC proliferation depending on the microenvironment and
molecular profile of breast cancer. Also, a different LEC
proliferation rate and LMVD observed between breast cancer
molecular subtypes for primary tumor and LN metastases
sustain a specific and “personalized” lymphangiogenic process
responsible for different metastatic mechanisms even inside a
group with a similar molecular profile. Correlations between
the present findings, other molecular and clinical parameters
should be done for a more accurate characterization of
lymphangiogenesis involvement in breast cancer patogenesis
and prognosis and to elucidate the role of lympahtic vessels
as potential therapeutic targets in accordance with the current
classification of breast malignancies.
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Background: Previously described as vascular permeability
factor with a well-defined role in the morphology and function
of pituitary fenestrated capillaries, the vascular endothelial
growth factor (VEGF A) has extensively studied regarding its
role in the development and progression of the vascular network
and less as a potential therapeutic target for the adjuvant therapy
in pituitary adenomas. Aim: To validate the presence, expression
and distribution of VEGF A in pituitary adenomas according to
their hormonal profile and to identify its potential therapeutic
impact defining subgroups of pituitary tumors. Materials and
Methods: The present study was performed on 68 cases of
human pituitary adenomas with a previously well-defined
immunohistochemical hormonal profile. VEGF A was assessed
by immunohistochemistry and then validated by RNAscope, an
in situ hybridization method for VEGF mRNA assessment on
paraffin sections. Results: By immunohistochemistry, 45% out
of the total number of cases were positive for VEGF A with a
diffuse or focal expression depending on the pituitary adenoma
type. Growth hormone (GH) and prolactin (PRL) secreting
adenomas had a diffuse VEGF distribution, while corticotroph
(ACTH) and gonadotroph (LH) adenomas showed a focal
VEGF expression. A total significant correlation was found for
VEGF expression in GH secreting adenomas (p= 0.024) and a
partial one for PRL secreting adenomas (p=0.049). 77.4% out
of the total positive cases had a moderate and strong
immunohistochemical reaction for VEGF. We obtained VEGF
mRNA amplification for more than 86% of these cases, with
53.33% having high amplification for VEGF mRNA in tumor
cells. A strong concordance between immunohistochemistry and
in situ hybridization was observed (p=0.008) but a significant
correlation (p=0.004) was obtained only for GH secreting
adenomas. Conclusion: Our results validate VEGF as a
therapeutic target for GH secreting adenomas and to a lesser
extent for PRL secreting adenomas and suggest a potential role
of bevacizumab treatment as adjuvant therapy for pituitary
adenomas.
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Introduction: Night-time activity decreases serum levels of
melatonin, which may stimulate oncogenesis. The blood
level of melatonin is inversely correlated with tumor
proliferation index in patients with endometrial cancer.
Melatonin plays a major role in lipid metabolism, while fat
tissue growth is associated with an increased risk of
endometrial cancer. This study presents the evaluation of the
relationship between night shift work and the risk of
endometrial cancer by increasing plasma levels of adipokines
(leptin, adiponectin) secondary to the growth of visceral fat.
Materials and Methods: The present study is a representative
sample type analysis, which includes a group of 88 patients
diagnosed with endometrial cancer. The diagnosis of
endometrial cancer was established after histopathological
tissular examination of material obtained by endometrial
biopsy. For each patient studied, the nocturnal activity was
evaluated, expressed by the number of years that the patient
worked in night shifts. In addition, the intraperitoneal fat
through ultrasonography (US) for all of them was
determined. For each subject included in the study leptin and
adiponectin levels were analyzed. Results: Intraperitoneal fat,
assessed by US, was significantly higher (p<0.004) in
patients with nocturnal schedule compared to patients who
did not work in night shifts. The serum adiponectin was not
significantly higher (p<0.06), while plasma levels of leptin
was significantly higher (p <0.02) in patients with nocturnal
schedule compared with patients who did not have activity
at night. Conclusion: Night-time activity is positively
correlated with visceral fat and plasma levels of leptin that
may interfere in the increased incidence of endometrial
cancer.
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COLO-RECTAL CANCER AND LIVER METASTASIS
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"Carol Davila" University of Medicine and Pharmacy,
Surgery Department No. 1, Oncologic Institute Bucharest,
Bucharest, Romania

Background: Radiofrequency ablation (RFA) represents a
therapeutic option for primary colorectal cancer and liver
metastasis is performed by open surgery, laparoscopic
approach or percutaneously and ensures a reasonable local
tumor control with a low risk rate compared to resection
surgery. Objectives: Based on 6 years of experience, we debate
this procedure as a classic approach in hepatic metastatic
tumors, low rectal tumors and pelvic recurrences after rectal
surgery and underline perioperative complications, recurrence
rates and long distant evolution. Patients and Methods:
Between December 2008 and May 2014, 131 patients
5868

underwent RFA; 119 cases had metastatic lesions from
colorectal cancer and 12 cases had low rectal cancer or pelvic
recurrence. RFA was performed in 121 patients via open
surgery and laparoscopic approach (10 patients). The
postoperative course was followed with CT scan at 1 month
and then at a 3-month interval in correlation with the tumor
marker levels of CEA and CA19.9., and also endoscopic
control. Results: Perioperative complications occurred in 16
cases (12.21%) consisting of prolonged fever, severe hepatic
cytolysis, hepatic abscess, urinary fistulas but without other
serious complications such as biliary tract injury, hemorrhage
or peritonitis; no mortality caused by the RFA procedure was
recorded. Twenty-three3 cases (17.55%) had local recurrence
between 6 and 36 months after post RFA procedure.
Conclusion: Our 6 years of experience show that RFA is a safe
procedure for treatment of primary colorectal cancer and liver
metastasis with low rate of morbidity and local recurrence and
is indicated for patients with unresectable lesions or high risk
for surgical resection.
This work is supported by the Sectoral Operational
Programme Human Resources Development (SOP HRD)
2007-2013, financed from the European Social Fund under the
contract number POSDRU/159/1.5/S/138907 - Excelență în
cercetarea științifică, interdisciplinară, doctorală și
postdoctorală, în domeniile Economic, Social și Medical EXCELIS.
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Almost 50% of all estrogen receptor-alpha (ER) positive
breast cancers will eventually fail to respond to an endocrine
therapy. Since approximately 70% of all newly diagnosed
breast cancers are ER+, more patients die from this molecular
subtype than from any other subtype. Autophagy is a cellular
process whereby ageing or damaged subcellular organelles
are digested within the cell, and the products of this digestion
are recycled to support the cell’s intermediate metabolism. We
and others have previously implicated induction of a
prosurvival autophagy as a key component of the acquired
resistance phenotype. To determine if the inhibition of
autophagy might offer a potentially useful clinical
intervention, we performed a series of preclinical and
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mechanistic studies in mice using the antimalarial drug
hydroxychloroquine (HCQ) alone and in combination with
the selective estrogen receptor modulator (SERM) Tamoxifen
(TAM) and the selective estrogen receptor downregulator
(SERD) Fulvestrant (ICI; Faslodex). HCQ has a long history
of safe use in humans (for malaria treatment), is low cost and
widely available, and has previously been shown to inhibit
autophagy through its ability to block lysosomal function and
inhibit autophagic flux.
We used two models of antiestrogen resistance TAM
resistant MCF-7RR cells and TAM/ICI crossresistant LCC9
cells, each grow as xenografts in athymic nude mice. TAM
was administered orally in the diet to achieve a dose of
approximately 32 mg/kg/day; ICI was given by
subcutaneous injection at 0.5 mg/mouse/week; HCQ was
administered in drinking water to give an approximate does
of 1-2 mg/mouse/day. We measured change in tumor size
over time as the primary endpoint for assessing efficacy. To
explore mechanism we stained tumors for expression of
CD31, pVEGFR, p62, LC3, and CD68, and measured
plasma cytokine levels of eotaxin, IL1β, IL2, IL4, IL5, IL6,
IL12p70, IL17, IFNγ, KC, MCP1, MDC, TARC, TCA3 and
TNFα. We studied macrophage differentiation using U937
human monocyes; their cytotoxic activity was measured
against MDA-MB-231 cells (ER- human breast cancer
cells).
HCQ increases antiestrogen sensitivity in both models but
the HCQ-TAM combination was more effective than that of
HCQ-ICI. These effects occurred despite the apparently
paradoxical ability of antiestrogens to increase both the
secretion of angiogenic growth factors and tumor
angiogenesis. The importance of cell mediated immune
effectors in the tumor microenvironment was also evident.
HCQ-TAM increased tumor infiltration and activation of
CD68(+) cells, whereas HCQ-ICI reduced peripheral
macrophages. These data emphasize the importance of cell
mediated immune effector cells in the tumor
microenvironment, and of autophagy, as functional rivers of
endocrine responsiveness in vivo. Moreover, the outcomes
have significant implications for an ongoing trial in ER+ DCIS
but also for potentially new interventions for some recurrent
ER+ breast cancers.
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The rationale for the combination of platinum (Pt), gallium
(Ga) and rhenium (Re) compounds was reported in a
previous issue of Anticancer Research (1) in which different
schedules of treatment were studied. The main conclusion
was that the optimal dose of rhenium diseleno-ether (Re
diseleno-ether) was 10 mg/kg/24h as an oral daily
administration for three weeks. It was also proposed to use a
soluble salt of Ga instead of an insoluble one. Finally, Pt had
bo be administered as a single injection of cisplatinum
(CDDP) at a moderate dose, only after the administration of
the Re and Ga compounds. We performed a new study in
breast cancer MDA-MB231 Luc + tumor-bearing mice (four
groups of 10 mice). Cells were orthotopically implanted into
the mammary gland (fat pad) in athymic nu/nu nude mice
(1.0x106 cells per mouse). In group 1, CDDP was
administered as a single IP injection at the dose of 6 mg/kg
on day 41 (after the inoculation of the tumor cells). In group
2, the mice received an oral administration of Re diselenoether daily, for four weeks, at the dose of 10 mg/kg from day
9 to day 36. In group 3, the mice received a combination of
Re diseleno-ether, as in group 2 and of CDDP, as in group
1. In group 4, an oral administration of soluble Ga
tetrachlorobetaine (molecular weight: 329.69), at the dose of
100 mg/kg/24h was added to the Re diseleno-ether treatment
(as in group 2), the same days, with a CDDP injection at day
41 (as in group 1). The efficacy was determined by
measuring the tumour volume twice a week. An imaging by
bioluminescens was also performed in 2 mice of each group.
CDDP alone had no effect on the tumor growth. There was
no synergistic effect between CDDP and the Ga and Re
compounds. In contrast, Re diseleno-ether was highly
effective when administered alone at this dose of 10
mg/kg/24h, without obvious toxicity. In conclusion, Re
diseleno-ether appears to be very active as a single
continuous daily oral treatment in this experimental model.
1 Philippe Collery, Ahmed Mohsen, Anthony Kermagoret,
Jean D’Angelo, Georges Morgant, Didier Desmaele, Alain
Tomas, Thomas Collery, Ming Wei, and Abdelfattah
Badawi: Combination of Three Metals for the Treatment of
Cancer: Gallium, Rhenium and Platinum. 1- Determination
of the Optimal Schedule of Treatment. Anticancer Research
32: 2769-2782, 2012.
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Together, uterine and ovarian cancers cover most of the
gynaecological malignancies. Whereas uterine cancer is often
detected at early stage, diagnosis of ovarian cancer is at the
advanced stage. If a uterine cancer relapses or in the case of a
uterine sarcoma, as well as in 80% of ovarian cancers, patients
will likely die of the tumor because of limited or short-lasting
treatment options. The search for new therapies is urgent.
Dendritic cell (DC) immunotherapy holds much promise,
though has been poorly explored, especially in uterine cancer.
We will give an insight in existing DC immunotherapy studies
and summarize the possibilities and the importance of the
loading of tumor antigens onto DC and their subsequent
maturation. However, the sole application of DC
immunotherapy to target gynaecological malignancies will be
insufficient because of tumor-induced immunosuppression,
which will hamper the establishment of an effective anti-tumor
immune response. We will give an overview on the existing
immunosuppressive data and propose our novel approaches on
DC immunotherapy in both uterine and ovarian cancer.
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SIGNALLING IN TUMOUR CELLS
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The concept of reactive oxygen species (ROS) being produced
via the activation of specific oncogenes provides a basis for
generating genomic instability and pro-survival signaling in
tumour cells. The main thrust of this study was to investigate
the molecular mechanisms by which the oncogenes flt-3 and
bcr-abl stimulate the production of ROS and how this
contributes to tumour cell survival in both acute and chronic
leukaemias. Using the K562 chronic myelocytic leukaemia
(CML) cell line we demonstrate that in a tet-regulated
expression system the induction of bcr-abl expression leads to
the activation of Nox4 and the production of ROS. This in turn
increases the activation of the Pi3k/Akt pathway by inhibition
of negative regulating phosphatases. Incubating cells with the
5870

Bcr-Abl kinase inhibitors imatinib/nilotinib reversed these
effects as did siRNA to Nox4. The mechanism by which
imatinib/nilotinib mediates their effects are by the induction
of ubiquitination of p22phox, a critical component of several
Nox enzymes, including Nox4. It appears that the
phosphorylation of p22phox via Bcr-Abl is necessary to
prevent its ubiquitination and subsequent proteasomal
degradation. The flt3 oncogene, which is central to acute
myeloid leukaemia (AML), also stimulates the production of
ROS in a similar manner to bcr-abl and contributes directly to
the genomic instability seen in this cancer. The ROS are
generated via Nox4 activation with a perinuclear localization
in MV4.11 cells and when this is blocked by siRNA the
amount of DNA double strand breaks are significantly
reduced. Similar results were seen when the Nox inhibitors
were used. Using boronate probes specifically sensitive to
hydrogen peroxide and confocal microscopy we show that this
ROS is likely to be the main signaling molecule mediating the
redox effects seen. Taken together, these results demonstrate
a key role for specific ROS in the genesis and survival of these
turmours.
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Background: Multidrug resistance (MDR) is a major factor in
the failure of anticancer chemotherapy. The prostate cancer is
an androgen-dependent disease, therefore the primary
treatment for metastatic prostate cancer is androgen
deprivation therapy. Materials and Methods: Butyl-oxycarbonyl-substituted pregnadiens and amino-androstenes were
investigated for anticancer effect, reversal of multidrug
resistance and interaction with doxorubicin on multidrug
resistant human ABCB1 gene-transfected mouse T-lymphoma
cell line, human PC3 and LNCaP prostate cancer cell lines.
Results: The parent steroid compounds and their substituted
derivatives presented remarkable cytotoxic activity on the
three different cancer cell lines. The most effective compounds
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for cytotoxic activity on chemotherapy sensitive mouse Tlymphoma cell were: 4, 9, 10, 11 and 12. On the prostate
cancer cells the majority of the compounds had moderate
cytotoxic activities and some of them are promising as
inhibitors of multidrug resistance. The aminosteroids acylated
with tert-butyl-oxy-carbonyls and even simple N-acethyl
derivatives presented remarkable activity on the reversal of
MDR of mouse T-lymphoma cells. The interaction between
the steroid compounds and doxorubicin varies from the
ineffective to strong synergy on the human PC3 cell line.
Conclusion: The anticancer effect, reversal of multidrug
resistance and interaction with doxorubicin depend on the
various substituents on the investigated steroidal structures.
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Avocado contains phytochemicals with potential anticancer
activity, including aliphatic acetogenins that are structurally
related to fatty acids. We and others have shown that extracts
and phytochemicals isolated from Avocado exhibit anticancer
activity by inhibiting proliferation and/or inducing apoptosis
in human cancer cell lines. We isolated a chloroform extract
(D003) and two aliphatic acetogenins of avocado that inhibit
the EGRK/RAF/MEK/ERK1/2 oncogenic pathways. Reactive
oxygen species (ROS) generated by normal cellular
metabolism are important in signaling transduction regulating
cell proliferation. Excessive ROS damages cellular DNA
leading to apoptosis, a mechanism by which some anticancer
agents act on cancer cells. D003 induces apoptosis in human
oral premalignant and malignant epithelial cells, but not
normal primary cells, via an ROS-mediated mechanism. We
used the initiation/promotion DMBA-hamster cheek pouch
(HCP) model to investigate mechanisms of ROS in avocado
extract cancer prevention. Following application of D003 to
the initiated cheek pouch, tumor lesions were counted and
evaluated histologically, epithelial proliferation was
investigated using MTT assays, and ROS levels measured ex
vivo in the pouch using two photon microscopy. Using
fluorescence imaging we observed that ROS levels increase in
the mucosa of DMBA treated pouches compared to the
untreated and D003 controls. ROS levels markedly increase in
DMBA treated pouches that were post incubated with D003.
In concert with increased ROS, D003 significantly reduced

proliferation of cells in DMBA-initiated mucosa and inhibited
tumorigenesis (tumor number and volume) compared to
DMBA alone. However, D003 did not reversed the
premalignant changes induced by DMBA. This suggests that
the cancer preventive effect of avocado extract is through ROS
inhibition of tumor progression, rather than reversing existing
premalignant changes induced by carcinogen. Together with
our human cell culture data, the anticancer activity of avocado
phytochemicals acts selectively to increase ROS levels in
cancer cells inhibiting their proliferation, progression and
inducing apoptosis.
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Methotrexate (MTX) is an antiproliferative drug used in
cancer therapy. It exerts its action via tight-binding inhibition
of dihydrofolate reductase (DHFR), an enzyme participating
in the synthesis of DNA precursors, certain amino acids and
tetrahydrobiopterine (BH4). MTX has been demonstrated to
induce growth arrest of the premature senescence type in
human colon cancer C85 cells. System analysis of the
transcriptome of C85 cells exposed to MTX indicated
nitrosative/oxidative stress to constitute the main determinant
of signaling pathways responsible for maintenance of the
senescence stage. In the present study we pursuit the issue of
the molecular mechanism of DHFR inhibition by MTX and
its influence on nitric oxide synthase (NOS) activity. Although
at both, senescence initiation and maintenance phases, DHFR
protein levels remain unchanged vs. untreated cells, the
enzyme specific activity diminishes by 2.2-fold indicating
irreversible drug binding. DHFR protein turnover was studied
with the use of cycloheximide. In the population of untreated
cells DHFR T1/2 was determined at 55 h (±1.7), whereas in
cells progressing into senescence DHFR protein level
remained unchanged for 96 h after cycloheximide addition,
pointing to the enzyme stabilization due to MTX binding.
Untreated C85 cells and cells being at the phase of senescence
initiation were found to express endothelial NOS (eNOS) but
only control cells were found to secrete NO to the culture
media. The cells at the senescence maintenance phase were
found to express inducible NOS (iNOS) without NO secretion.
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Concomitantly, superoxide anion (O2–•) production was found
to rise during C85 cell progression into MTX-induced
senescence, reaching by 16-fold higher levels in the senescent
than untreated population. These data may indicate that NOS
uncoupling, i.e. O2–• generation instead of NO, underlies
oxidative stress generation in MTX-treated C85 cells. Such a
phenomenon is known to proceed in MTX-treated endothelial
cells due to BH4 synthesis inhibition.
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Heat shock proteins have recently become one of the research
topics in the area of bioinformatics (1) and systems biology
(2) in relation to all living organisms, understanding various
diseases, particularly cancer, and developing therapeutic anticancer drugs (6). Heath shock proteins have been categorised
into six main sub-types, namely, sHsp (HSP20), Hsp40 (JProteins), Hsp70 (DnaK/Ssa), Hsp60 (Chaperonin), Hsp90
(HtpG) and Hsp100 (Clp) (3). However, experimental
identification of subtype(s) of such proteins is costly and
laborious. In order to address this bottleneck in experimental
biology and help narrow down the search space for large
number of proteins, a bioinformatics approach has been
developed that attempts to predict a subtype of proteins by
utilising sequence information of the proteins. In order to
achieve this aim, the following four main resources have been
used. (i) Recently-released heat shock protein database (3) that
consists of about 10K proteins that haven been divided into
six main subtypes, (ii) PROFEAT webserver (4) that has been
used to drive sequence-based features (e.g., amino acid
composition, pseudo-amino acid composition) that includes
1,497 features, (iii) Feature selection methods (5) that have
been used to identify small sub-set of the features that are
more capable of distinguishing the classes yielding the highest
possible predictive accuracy and (iv) Support Vector Machine
classifier (5) that has been utilised to develop a robust
predictive models to decide to which one of the six sub-types
of heat shock protein families a protein under study belongs.
The initial results obtained through comprehensive analysis of
the developed predictive models over 2K proteins yielded as
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high as a predictive accuracy of 86% using only 89 sequencedriven features that are being equivalent to about 6% of the
features used. Given the promising result, further research is
now being carried out to improve the predictive models and
identify further subtypes.
1 Feng PM, Chen W, Lin H and Chou KC: iHSP-PseRAAAC:
Identifying the heat shock protein families using pseudo
reduced amino acid alphabet composition. Analytical
Biochemistry 442(1): 118-125, 2013.
2 Richard and Morimoto: The Heat Shock Response: Systems
Biology of Proteotoxic Stress in Aging and Disease, Cold
Spring Harbor Symposia on Quantitative Biology, Volume
LXXVI, 2012 [http://groups.molbiosci.northwestern.edu/
morimoto/research/Publications/morimoto-cshsqb-2012.pdf].
3 Ratheesh Kumar R et al: HSPIR: a manually annotated heat
shock protein information resource. Bioinformatics 28(21),
2853-2855.
4 http://jing.cz3.nus.edu.sg/cgi-bin/prof/prof.cgi
5 http://www.csie.ntu.edu.tw/~cjlin/libsvm/
6 Xu F, Yang T, Fang D, Xu Q and Chen Y: “An investigation
of heat shock protein 27 and P-glycoprotein mediated multidrug resistance in breast cancer using liquid
chromatography-tandem mass spectrometry-based targeted
proteomics”, J Proteomics 29: 188-197, 2014.
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The incidence of oropharyngeal squamous cell carcinoma
(OPSCC) has increased due to a rise of HPV-positive OPSCC,
while the head and neck squamous cell carcinoma (HNSCC)
incidence in general is declining due to reduced smoking in
Sweden. Furthermore, with conventional radiotherapy (RT)
patients with HPV-positive OPSCC have a better 5-year
disease specific survival than those with HPV-negative
OPSCC and other HNSCC (roughly 80% vs. 40%). HNSCC
therapy has gradually become more intensified with induction,
as well as concomitant chemotherapy and intensified RT, with
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more side effects. Aggressive treatment may not be needed for
most patients with HPV+ OPSCC but since some patients do
not respond to conventional RT, to safely de-escalate
treatment, HPV status should be combined with other
biomarkers to better predict therapy response. Presence of
HPV DNA was analyzed by a multiplex Luminex assay and
HLA-A2 by PCR. Staining of different biomarkers e.g. p16,
HLA class I and II, CD44, LRIG1, LMP10, etc. and CD8+ and
CD4+ tumor infiltrating lymphocytes (TILs) in the tumors
were evaluated by immunohistochemistry. The obtained data
were correlated with the clinical outcome. Patients with HPVpositive OPSCC with absent HLA-A2, absent/low HLA class
I or CD44, or nuclear LMP10, or high LRIG expression, or
high numbers of CD8+ TILs had a much better clinical
outcome (95-100%, 3-year disease-free survival) than those
with HPV-positive OPSCC with HLA-A2, high HLA class I
(ABC), high intensity CD44 staining, high nuclear LMP10
staining, or low LRIG1 expression or low numbers of CD8+
TILs. However, each marker identified only a fraction (2040%) of the patients with HPV-positive OPSCC. Thus, the
above and additional new markers need to be combined to
identify as many patients as possible with HPV-positive
OPSCC applicable for de-escalated therapy.
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Aim: This review focuses on nuclear receptors expressed in
pancreatic cancer. Materials and Methods: An extensive
search of articles published up to March 2013 was conducted
using the MEDLINE database. The key words used were
“pancreatic cancer”, “molecular receptors” and “growth
factors”. A total of 112 articles referred to pancreatic cancer,
molecular receptors and/or growth factors were included.
Results: Receptors of growth factors, such as the epithelial
growth factor receptor, insulin-like growth factor-1 receptor,
vascular endothelial growth factor receptor and others, such as
integrin α5β1, somatostatin receptors, the death receptor 5,
claudin, notch receptors, mesothelin receptors, follicle
stimulating hormone receptors, MUC1 receptor, the
adrenomedullin receptor, the farnesoid X receptor, the
transferrin receptor, sigma-2 receptors, the chemokine receptor
CXCR4, the urokinase plasminogen activator receptor, the
ephrine A2 receptor, the GRIA3 receptor, the RON receptor

and the angiotensin II receptor AT-1 are expressed in
pancreatic tumor cells. They are implicated in tumor growth,
apoptosis, angiogenesis, metastasis, etc. Conclusion: After
identifying the molecular receptors associated with pancreatic
cancer, a lot more target molecules playing important role in
tumor pathophysiology and senescence-associated signal
transduction in cancer cells will be identified. This may have
a significant influence on diagnosis, therapy and prognosis of
pancreatic cancer.
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Aim: Long term cardiopulmonary complications in photon
therapy may worsen the quality of life of radiotherapy patients
and therefore reduce the positive contribution of radiation
treatment in improving long-term control of local and regional
disease, as well as for long-term survival for these patients. The
finite range of protons is advertised as a practical means to
limit the irradiation of dose to the normal tissue situated in the
distal part of the beam. From this perspective the present study
aimed to investigate the feasibility of pencil beam proton
scanning as adjuvant radiotherapy for regional and locoregional
breast cancer (BC). Patients and Methods: Ten patients with
stage I-III BC were identified from a larger group where dose
heterogeneity in the target and/or hotpots in the normal tissues
outside the PTV qualified them for advanced photon planning.
The patients were also planned with scanned proton beams
using single field uniform dose (SFUD) and intensitymodulated proton therapy (IMPT) techniques. The patients
were prescribed 50 Gy (RBE) in 25 fractions. Dosimetric
parameters from proton plans were compared with those from
advanced photon plans. Statistical comparisons were carried
out using a paired, two-tailed Student’s t-test. Results: The
proton plans showed comparable or better CTV-T and PTV
coverage than the original photon plans. The main findings
were 4 to 6-fold reductions in mean doses to the heart and the
left anterior descending artery. Significant reductions of the
radiation burden to the ipsilateral lung were also achievable
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with protons. Large differences were found in terms of integral
dose to the normal tissues outside the PTV with protons versus
photons. These reductions are important from the point of view
of the quality of life of the patients after radiation therapy.
However, there were some tendencies to increasing the
radiation burden of the contralateral breast and the low dose
component of the ipsilateral lung, although not statistically
significant. Conclusion: Proton therapy with scanned beams
has the potential to improve target coverage and reduce the
radiation burden to organs at risk in breast radiotherapy beyond
what could be achieved with advanced photon techniques.
Protons could also reduce doses to normal tissues, which in
turn may translate into improved quality of life of the patients
after radiation therapy.
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Aim: The project aimed to investigate the clinical implications
of using the analytical anisotropic algorithm (AAA) for dose
calculation from the perspective of Swedish Breast Cancer
Group recommendations. These come from the era of pencil
beam convolution (PBC) calculations based on relatively
simple assumptions of energy transport in media. AAA is,
however, the preferred algorithm for dose calculations in
breast cancer radiotherapy as it gives more realistic dose
distributions. Patients and Methods: Forty patients with leftsided breast cancer receiving 3D conformal radiation therapy
were planned with PBC with the standard protocol of 50 Gy in
25 fractions; the plans were evaluated according to the criteria
of the Swedish Breast Cancer Group. The plans were
subsequently recalculated with AAA and physical dose
parameters were determined and compared to the national
recommendations. Results: The majority of the AAAcalculated plans had significantly worse coverage of the PTV
and also higher maximum dose in hotspots near sensitive
structures. Furthermore, AAA predicts higher volumes of the
ipsilateral lung that receive doses below 25 Gy and smaller
volumes with doses above 25 Gy. These results indicate that
target homogeneity requirements and lung tolerance criteria
might have to be relaxed for AAA planning to maintain the
current levels of local control and normal tissue toxicity. AAA
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also predicts lower doses to the heart, thus indicating that this
organ might be more sensitive to radiation than previously
thought. Conclusion: Recommendations for plan acceptance
might have to be re-evaluated to account for the differences in
dose predictions from AAA to maintain the current levels of
control and complication rates. Accurate dose calculations also
suggest an increased radiosensitivity of the heart, suggesting
that a revision of the current models for cardiovascular
complications would also be needed.
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Background: Aberrant DNA methylation significantly
contributes to gastric cancer development and progression.
Recently, a set of studies addressed the question of the
prevalence of aberrant methylation in surrogate tissues, such
as peripheral blood leukocytes, and indicated a potential
source of non-invasive cancer biomarkers. Toward this aim,
we conducted a case-control pilot study to investigate aberrant
methylation in peripheral blood leukocytes as predictive
marker for the detection of gastric cancer. Materials and
Methods: The SNuPE combined with ion pair reverse phase
HPLC (SIRPH method) was used to examine site-specific
methylation status at selected CpG sites of the promoter
regions of APC, ACIN1, BCL2, CD44, DAPK1, CDKN2A,
RARB, TNFRSF10C HS3ST2 and of LINE-1, Alu repeats in
the DNA of peripheral blood leukocytes of 24 gastric cancer
patients and in 49 controls. Results: We observed that in the
patients, tumor suppressor genes were slightly but significantly
higher methylated at several CpG sites, while DNA repetitive
elements were slightly less methylated compared to controls.
This was found to be significantly associated with higher
prevalence for gastric cancer. High methylation level of
DAPK1 was significantly associated with higher cancer pT
category and higher disease stage. High methylation level of
RARB was significantly associated with cancer cell low grade
of differentiation. In addition, unsupervised hierarchical
clustering and principle component analysis allow us to
distinguish both groups of samples with little overlap.
Conclusion: These results suggest that methylation changes in
peripheral blood leukocyte could provide early tests for gastric
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cancer detection and prognosis. However, larger studies must
be carried out to explore the biological significance and
clinical usefulness of peripheral blood leukocyte DNA as noninvasive detection tool for gastric cancer.
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THE INCIDENCE OF CANCER MORTALITY IN THE
CARIBBEAN REGION FROM 2006 TO 2012
Bruce Davidson
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The Caribbean is a highly diverse region with climates ranging
from semi-arid to rainforest, land masses from 215.000 km2
in Guyana to 91 km2 in Anguilla, populations/densities from
10.3 million/372 per km2 in Haiti to 11,600/127 per km2 in
Anguilla. The region also exhibits a wide variety of ethnic
origins, including indigenous peoples, West African,
European, Indian and Asian, as well as a mix of languages,
cultures and religions. This has led to a significant diversity
between states within the region, even between islands only a
few kilometers apart. Thus, the incidence of carcinoma, as
well as specific carcinomas, could vary between different
states within the region. The Pan-American Health
Organization coordinates intergovernmental liaison and has
routinely collected data on all aspects of health affecting
populations within the region. They have published these
synopses on an annual basis and data from 2006 to 2012 have
been analyzed to produce an overview of the trends in
carcinoma mortality within the region, both in total and for
specific carcinomas. The commonest carcinoma-related
mortalities were breast, prostate and lung but a wide variety
of other carcinoma mortalities were also recorded. For the
larger states with better health infrastructure the data were
probably a reflection of the true situation but in the case of
smaller states under-diagnosis or reportage may have been a
problem, hence the true incidence of carcinoma may have
been different. This may also have been true for certain large
states, particularly those with poor health infrastructure.
However, overall, the data may give a reasonable guide as to
the prevalence and spectrum of carcinomas in the Caribbean
region.
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Introduction: Radiotherapy (RT) is a standard therapeutic
option for prostate cancer (PC) (1-3). In the last two decades
several innovations have been routinely introduced: 3dimensional conformal RT (3D-CRT) is the minimal standard
of care for all radiation oncology departments but, thereafter,
intensity modulated RT (IMRT) gained large diffusion and it is
now suggested as gold standard in many cancer treatments (1,
4, 5). More recently, robotic or volumetric/rotational IMRT
techniques, usually associated with image-guided RT (IGRT),
are becoming largely diffused (4, 6-10). The clinical impact
of these advances seems promising (11, 12). Concomitantly, a
better knowledge of radiobiological features of PC supports a
reduction of the duration of radical RT treatment with no
detrimental impact on efficacy and safety (13-15). Finally,
available technological improvements and the quite wellestablished
radiobiology
data
support
extreme
hypofractionation for PC and stereotactic body radiotherapy
(SBRT) is a potential treatment option (1).
SBRT: The Technology Revolution. In the last 30 years,
several crucial steps have built the bases of the improvements
in RT delivery. The introduction of computer tomography
(CT) has allowed the rapid implementation of 3D-CRT in
clinical practice. IMRT is a further evolution, allowing better
dose gradients and rapid fall-off between prostate and nearest
healthy organs (e.g. rectal wall, bowel), thus decreasing both
acute and late toxicities (10). Thus, IMRT is currently
recommended over 3D-CRT for the treatment of PC, in
particular when a dose escalation and/or pelvic irradiation is
indicated (16, 17). Up until a few years ago, the term SBRT
was usually adopted to indicate the use of spatial coordinates
to define the position of the target. Nowadays, SBRT describes
a “philosophy” of cancer treatment, essentially consisting in
prescribing high precise doses in one or few fractions. Modern
SBRT adopts static, dynamic or volumetric IMRT techniques
to provide sharper dose fall-offs and better dose conformity,
and IGRT to identify the target position before and/or during
the treatment. Several IGRT techniques have been adopted:
intraprostatic coils, kV or MV cone Beam CT, ultrasounds,
electromagnetic online verification with microprobes placed
in the target. SBRT strongly needs these verification tools as
they allow a reduction of the uncertainty of target position of
the setup-error margins and finally of the treatment volumes
(18). Even if these tools seem difficult to be accepted from a
cost-effectiveness point of view, many studies concluded that
SBRT is cost effective as it allows a better organ sparing and
a dose escalation on the target volume (19-21). Moreover,
radiotherapy course is shortened with an obvious impact in
improving the quality of life of the patients and health costs.
Although SBRT in PC could not be considered yet a standard
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option, due to the relatively small number of patients treated
worldwide and the relatively short follow-up of most of the
published experiences, its preliminary results are very
encouraging justifying its rapidly increasing adoption in the
radiotherapy departments (1, 18, 22).
SBRT: A Radiobiology Based Approach. The α/β ratio is the
radiobiologic parameter explaining the response of normal
tissues and cancers to radiation schedules. Recent
investigations showed that PC has a low α/β value (between 1
and 3Gy), suggesting that it could be highly responsive to high
dose/fraction, also compared to surrounding organs at risk as
rectal wall or bladder (23-27). High level evidences based on
randomized trials comparing standard RT schedules with
moderate hypofractionation for PC cancer have been published
(28-33). Despite some differences in the hypofractionation
schedules (experimental arms), all these reports showed that
the outcomes of hypofractionation were comparable to those
observed for standard RT, confirming the radiobiological
assumption regarding the low α/β value of PC. This clinical
and radiobiological background also supports a further
reduction of the number of fractions and overall treatment
time, the so-called “extreme hypofractionation”, typical of
SBRT. This approach could potentially drive up the biological
effective dose for tumor control and decrease the equivalent
dose for late tissue response. Moreover, SBRT adds a novel
radiobiological mechanism of radiation-induced damage based
not only on direct radiation-induced cytotoxicity but also on a
microvascular damage (obliteration of tumor vasculature),
which could substantially increase tumor cell killing and be
beneficial for tumor control (34-36).
Published Data. A correctly delivered SBRT requires
highly-focused irradiation techniques, allowing full doses to
the target volume with a rapid fall-off, thus minimizing the
dose to the surrounding critical normal structures. Techniques
allowing a daily verification of the inter- and intra-fraction
patient setup and organ movements are also necessary (37,
38). Most of the experiences reporting data about prostate
SBRT have been performed with CyberKnife© (38-45). One
of the earliest SBRT studies reported data of 44 PC patients
treated with 32-36Gy in 4 fractions (39). Overall toxicity was
mild and the 3-year actuarial biochemical relapse-free survival
freedom from failure (BFF) rate was only 78%; however, this
low rate was explained by the large proportion of
intermediate-and high-risk patients enrolled in the study.
Friedland et al. (40) reported the results on 112 early stage PC
patients treated with 35-36Gy in 5 consecutive fractions. After
a median follow-up of 24 months, 2 patients developed a
biopsy-proven local recurrence and one patient developed
distant metastases. The authors report only one case of grade
3 rectal toxicity. Moreover, sexual function was maintained in
82% of patients. Bolzicco et al. reported data on 100 low- and
intermediate-risk PC patients treated with 5 fraction of 7Gy
(41). Biochemical relapse-free survival was 96%. No acute
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Grade 3 or higher toxicities were reported. Late Grade 3
genitourinary (GU) toxicities occurred in 1% of the patients
and no late G3-4 gastrointestinal (GI) toxicities were observed.
Katz et al. reported 6-year results of 304 patients, most of
them treated with 36.25Gy (5 fractions) (42). The actuarial 5year BFF was 97% for low-risk, 90.7% for intermediate-risk
and 74.1% for high-risk patients. Late Grade 3 GU toxicities
occurred in 2% of patients. Bowel and urinary quality of life
(QOL) scores came back to baseline values after few months
from SBRT and 75% of the patients maintained their sexual
potency. Freeman et al. (43) reported results about 41 low-risk
PC patients receiving SBRT (35-36.25Gy in 5 fractions). After
a median follow-up of 5 years, the BFF was 93%, no late
severe rectal toxicity occurred and only one patient
experienced late Grade 3 GU toxicity. Another analysis on 211
PC patients treated with SBRT (35-36.25Gy in 5 fractions)
reported outcomes comparable to conventionally fractionated
RT or brachytherapy (44). Recently, Oliai et al. conducted a
SBRT dose-escalation study on 70 patients (37,5Gy vs. 3536.25Gy in 5 fractions) with favourable efficacy and
acceptable toxicity: Grade 3 acute and late GU toxicities rates
were 4% and 3%, respectively (for the high dose group) (45).
A pooled analysis on SBRT using the CyberKnife© (median
dose of 36.25Gy in 4-5 fractions) was published by King et
al. (22) Authors report outcomes of 1,100 patients with
clinically localized PC enrolled in different multicentric
prospective phase II clinical trials (8 institutions, treatment
period: 2003-2011). With a median follow-up of 36 months,
49 patients experienced a PSA decrease (4.5%), 9 of which
have been lately classified as benign PSA bounces. The 5-year
BFF rate was 93% for all patients but for 135 patients, with a
minimum of 5 years follow-up, the 5-year BFF rate for lowand intermediate-risk patients was 99% and 93%, respectively.
Despite the large use of the CyberKnife© in delivering SBRT
for PC patients, several reports on the use of linear
accelerators (LINAC) have been published (46-48). Globally,
results do not differ from the CyberkKnife© series and none
of these techniques of irradiation could be considered superior
over the other: the choice could be made in the single
radiotherapy department, taking into account local constraints
and expertise. Madsen et al. reported data of 40 PC patients
treated with 33.5Gy in 5 fractions (46). With a median followup of 41 months, the 4-year BFF was 90%. Acute Grade 3 GU
toxicity was registered in 5% of patients, with no Grade 3 late
toxicity. Boike et al. enrolled 45 patients in a multiinstitutional prospective dose-escalation study to evaluate the
maximum-tolerated dose (MTD) of five-fraction SBRT: 3
groups of 15 patients received 45Gy, 47.5Gy, and 50Gy in five
fractions (47). The overall incidence of G3+ GI and GU
toxicities were 2% and 4%, respectively. The authors
concluded that dose escalation to 50Gy was feasible and the
MTD was not reached. Alongi et al. (48) reported a
prospective phase I-II study evaluating the feasibility and early
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side effects of a short course hypo-fractionated SBRT
delivered with volumetric modulated arc therapy (VMAT) and
flattening filter-free (FFF) beams. After a median follow-up of
11 months, 40 patients were enrolled: no acute G3 (or higher)
toxicity was recorded. Conclusion: Modern radiotherapy
technology and an improved knowledge of the radiobiological
models are opening a new scenario in the treatment of wellselected PC patients, supporting highly focused SBRT in one
or few fractions, with robust dose conformality and
modulation, and precise setup definition and verification.
Ongoing randomized clinical trials will add important clinical
comparative data and allow a more precise definition of the
better fractionation the efficacy and the safety of SBRT for PC
patients.
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NATURAL PRODUCT PSYMBERIN
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IDENTIFICATION OF Mll-pRRc1, A NOVEL
FUSION GENE, IN A CASE OF THERAPY-RELATED
ACUTE LYMPHOBLASTIC LEUKEMIA

Jef K. De Brabander

N. Douet-Guilbert1, C. Meyer2, J.R. Eveillard1,
V. Ugo1, M.J. Le Bris1, A. Basinko1, F. Morel1,
R. Marschalek2 and M. De Braekeleer1

Research in De Brabander laboratory focuses on the
synthesis of complex molecular architectures. To facilitate
the development of efficient and practical syntheses, we
develop methodology for the construction of functionality
found in complex natural products and small molecules of
interest to drug discovery programs. Taking advantage of the
research environment at UT Southwestern Medical Center,
we integrate molecular pharmacology and biochemical
studies to understand and create biologically active small
molecules.
Our group targets natural products with activity against
various cancer cell lines. As an outgrowth of our synthetic
efforts, we prepare and evaluate analogs to address issues
of potency, selectivity, metabolic liability, etc. In this
presentation, we will detail our synthetic, medicinal
chemistry, and biological studies related to the marinederived natural product psymberin, a member of the larger
pederin/mycalamide family of natural products. Psymberin
is the only member that contains a dihydroisocoumarin side
chain and also lacks the stereotypical pederate acetal
fragment present in all other members of the family.
Through total synthesis and the synthesis of analogs and
probe reagents, we collected structure-activity relationships
that suggest that the cytotoxic activity of psymberin and
other pederin family members is only partially related to
the observed pharmacological inhibition of protein
translation, suggesting that psymberin has more than one
bioactivity. In connection with our synthetic program, we
performed a forward genetic C. elegans mutant screen that
identified a dominant drug resistant worm for which the
mutation was mapped to a ribosomal protein, and
demonstrated that this psymberin-resistant worm is not
cross-resistant to mycalamide, a structurally related natural
product. Finally, we also demonstrate that the blistering
activity associated with pederin and other members of the
family is not due to their protein synthesis inhibiting
activity. Unlike pederin and mycalamide, psymberin does
not display blistering activity, an observation for which we
provide a structural hypothesis.

At present, over 80 partners of the MLL gene have been
described. We report here a novel partner that was identified
by cytogenetic and molecular studies.
A 72-year-old female patient was referred to the CHRU
Brest in October 2013 after she was diagnosed with acute
lymphoblastic leukemia in another hospital. Previously, in
December 2012, she was diagnosed with diffuse large B cell
lymphoma characterized by nodal and skin localizations.
She received six cycles of Rituximab+PMitCEBO followed
by consolidation therapy with Rituximab. Complete
remission was documented after the third cycle. At
admission, she complained of fatigue and general weakness.
Physical examination was unremarkable. Her blood count
showed hyperleukocytosis with 96% circulating blasts. Bone
marrow was massively infiltrated by 83% of blasts of
lymphoblastic appearance, which immunophenotyping
revealed to be pre-B.
Cytogenetic analysis performed on bone marrow cells
showed a 46,XX,t(5;11)(q31;q23). FISH analysis using LSI
MLL dual color probe (Abbott, Rungis, France) confirmed the
disruption of the MLL gene. Long Distance Inverse-PCR
(LDI-PCR) was then used to identify the MLL fusion partner.
Sequence analysis revealed that the 5’ region of MLL (break in
intron 9) was fused in frame with the 3’ region of PRRC1
(break in intron 4). RT-PCR confirmed the presence of both
fusion mRNAs. The fusion was investigated using BAC
(Bacterial Artificial Chromosome) clones: RP11-91A14 and
RP11-770J1 (labeled in FITC) covering the MLL gene, RP11242C14 and RP11-1133L19 (labeled in Spectrum Orange)
spanning the PRRC1 gene. Two yellow fusion signals were
observed.
PRRC1 (proline-rich coiled-coil 1), located in band 5q23.2,
spans 37.5 kb of genomic DNA and contains 10 exons. The
PRRC1 protein, composed of 445 amino-acids, is a Golgiassociated protein of unknown function although it was
suggested that it could be part of the Wnt signaling cascade.
The functional consequences of the fusion remain to be
elucidated.
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BAC ANALYSIS OF CHROMOSOMAL
TRANSLOCATION AND INSERTION
BREAKPOINTS: AN EFFICIENT STRATEGY
FOR IDENTIFYING NEW CANDIDATE
GENES IN MYELOID HEMOPATHIES

N. Douet-Guilbert, E. De Braekeleer, C. Tous, N. Guéganic,
M.J. Le Bris, A. Basinko, F. Morel and M. De Braekeleer

Faculté de Médecine et des Sciences de la Santé & CHRU
Brest, Brest cedex 3, France

Bacterial artificial chromosomes (BACs) are a valuable tool in
cancer genetics. They can be used for identifying candidate
genes located at the breakpoints in chromosomal
translocations and insertions in malignant hemopathies. We
analyzed 15 patients with a myeloid hemopathy associated
with a chromosomal translocation or insertion involving
unknown genes and identify genes potentially involved in
leukemogenesis. Introduction: Since banding techniques have
been applied to the analysis of chromosomal abnormalities in
malignant hemopathies, several dozens of recurrent
breakpoints have been identified. This led to the localization
and identification of a large number of genes involved in the
genesis and/or progression of malignant hemopathies.
However, the level of resolution in cancer cytogenetics is not
fine enough to be used for positional cloning of genes at
chromosomal breakpoints. Therefore, the availability of largeinsert genomic librairies such as bacterial artificial
chromosomes (BACs) is a valuable tool for identifying cancer
genes (1). Materials and Methods: During the last 14 years,
15 patients with a myeloid hemopathy associated with a
chromosomal translocation or insertion, either isolated or in
addition to numerical abnormalities, were analyzed at the
cytogenetics laboratory of the CHRU Brest. All the patients
had a structural abnormality involving at least one unknown
gene. A three-step methodology consisting in conventional
cytogenetics followed by fluorescent in situ hybridization
(FISH) with commercial probes, then BAC clones, was used
(1). In a first step, cytogenetic analysis was performed on bone
marrow cells of patients at the time of diagnosis or relapse.
Bone marrow cultures were synchronized for 17 hours by
fluorodeoxyuridin (FudR 10−7 M), before being released by
thymidine (10−5 M) for 6 hours. They were then exposed to
colcemid and standard harvested. The chromosomes were Rbanded and the karyotypes described according to the
International System for Cytogenetic Nomenclature (ISCN
2013). In a second step, if one of the breakpoints was located
in a band known to contain a gene that is frequently
rearranged in malignant hemopathies, a FISH study using a
commercially available probe targeting that gene was
performed on the same fixed material as the conventional
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cytogenetic analyses (for example: band 11q23 and MLL,
12p13 and ETV6, 21q22 and RUNX1). Finally, in the other
situations, BAC clones of interest were identified through the
human genome browser database of the genome
bioinformatics group at the University of California at Santa
Cruz (http://genome.ucsc.edu/) and ordered by Internet on the
site of the Children’s Hospital Oakland Research Institute in
Oakland, California (http://bacpac.chori.org/). In first
intention, we used an appropriate set of BAC clones located
every 1.5 to 2Mb around the breakpoint spanning a 15 Mb
region. Contig BACs were then used in a second round of
experiments to precisely determine the breakpoint. Results:
Among the 15 patients, 14 were found to carry a reciprocal
translocation and one an insertion (Table). One translocation,
t(10;17)(p15;q21), was identified in two patients with acute
myeloblastic with minimal differentiation. The ETV6 and
RUNX1 genes were rearranged in three translocations each,
involving bands 5p13, 17q21 and 22q12 for ETV6 and bands
2q34, 4p11 and 20q13.2 for RUNX1. The MLL gene was
rearranged in one translocation, t(11;14)(q23;q32), and in one
insertion, ins(11;X)(q23;q28q12). No recurrent breakpoint was
identified in the seven remaining translocations. Breakpoints
were successfully assigned to specific BACs in all 15 patients
(Table). Using overlapping BACs, the breakpoint region could
be refined to a single gene, except in t(6;13)(q12;q13). In this
translocation, the break on chromosome 6 took place in a BAC
that is not known to contain genes. On chromosome 13, the
minimum region in which breakage happened contains several
genes, including NUDT15 and MED4. NUDT15 could have a
role in DNA synthesis and cell cycle progression whereas
MED4 encodes a component of the Mediator complex that
interacts with DNA-binding gene-specific transcription factors
to modulate transcription by RNA polymerase II. Furthermore,
a 360kb region distal to the breakpoint was found to be
deleted on chromosome 13. This region includes RB1, a tumor
suppressor gene, and RCBTB2, which may act as a guanine
nucleotide exchange factor. Three candidate genes were found
to be rearranged with RUNX1 (Table). These are ZFP64,
ATP8A1 and MAP2. However, following the translocation, the
transcription of these two latter genes would be in opposite
direction of that of RUNX1, preventing a fusion gene (FG) to
be produced. Three candidate genes were found to be
rearranged with ETV6 (Table). These are NIPBL1, EMID1 and
RARA. Again, it is unlikely that the two latter genes created a
fusion gene with ETV6 (transcription in opposite direction).
Two genes were found to be rearranged with MLL (Table).
These are CEP170B and FLNA. In both cases, a fusion gene
was identified by RT-PCR. In the remaining five
translocations, including the recurrent t(10;17)(p15;q21),
breakage occurred in genes that are likely to generate a fusion
gene (Table). Nine of these ten genes have not been reported
yet in translocations while the remaining gene, NSD1, has
been reported in a different translocation, t(5;11)(q35;p15.5).
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Table. Demographic data and candidate genes involved in the chromosomal rearrangements.
Gender Age (y)
F
F
M
M
F
M
F
M
M
F
F
M
F
M
M

63
53
77
75
71
81
78
37
59
91
5
13
40
45
5mths

Diagnosis

AML-M1
AML-M5b
CMML
AML-M2
MDS
AML
AML
AML-M5
RARS
CMML
AML-M7
AML-M1
AML-M1
AML-M1
AML-M4

Rearrangement

t(4;21)(p11;q22)
t(11;22)(q1?3;q13)
t(6;13)(q12;q13)
t(12;22)(p13;q12)
t(11;14)(p15;q12-21)
t(12;17)(p13;q21)
t(6;20)(q1?3;q12)
t(5;11)(q35;q13)
t(2;21)(q3?4;q22)
t(20;21)(q13.2;q22)
t(5;12)(p13;p13)
t(10;17)(p15;q21)
t(10;17)(p15;q21)
t(11;14)(q23;q32)
ins(11;X)(q23;q28q12)

Most of the candidate genes are involved in basic cellular
processes. The CHD6, MBTD1 and PHF21B regulate
transcription through chromatin remodeling. ZFP64, NSD1
and ZMYND11 are involved in transcription regulation
whereas CEP170B and FLNA are involved in cytoskeleton
organization and signaling. Other genes are involved in DNA
repair (FEN1), sister chromatid cohesion (NIPBL1) or play a
role in cell growth and differentiation regulation (HRASLS5)
or in hematopoietic stem cell function regulation (AP2A2).
Discussion: FISH analyses using BAC clones has proven
efficacy in identifying new candidate genes that are relevant
to leukemogenesis. One limitation to the system is that BAC
clones can only accommodate inserts of up to 300 kb. As a
consequence, refining the breakpoint region to the smallest
interval requires a large amount of material. Furthermore, the
density of BAC coverage varies between the chromosomal
segments, which sometimes could leave a wide gap. Finally,
the smallest region of breakage could contain more than one
gene. In four translocations, no fusion gene is expected, unless
a cryptic inversion has occurred prior or concomitantly to the
translocation. Still, these translocations involve RUNX1 or
ETV6, two genes for which hemizygosity has been shown to
be associated with leukemia (2, 3). In the remaining
translocations, RT-PCR has to be performed to validate the
candidate genes and confirm that fusion genes were generated.
1 De Braekeleer E, Douet-Guilbert N, Basinko A, Morel F, Le
Bris MJ, Ferec C and De Braekeleer M: Using bacterial
artificial chromosomes in leukemia research: the experience
at the university cytogenetics laboratory in Brest, France. J
Biomed Biotechnol 2011: 329471, 2011.

Gene 1

Gene 2

ATP8A1
RUNX1
HRASLS5
PHF21B
No gene
NUDT15?MED4?
ETV6
EMID1
AP2A2
NID2
ETV6
RARA
LMBRD1
CHD6
NSD1
FEN1
MAP2
RUNX1
ZFP64
RUNX1
NIPBL1
ETV6
ZMYND11
MBTD1
ZMYND11
MBTD1
MLL
CEP170B
MLL
FLNA

Consequences

No FG
FG
Del RB1 & RCBTB2
No FG
FG
No FG
FG
FG
No FG
FG
FG
FG
FG
FG
FG

Ref

(2)
(4)
(5)
(5)
(6)
(7)

2 De Braekeleer E, Douet-Guilbert N, Morel F, Le Bris MJ,
Ferec C and De Braekeleer M: RUNX1 translocations and
fusion genes in malignant hemopathies. Future Oncol 7: 7791, 2011.
3 De Braekeleer E, Douet-Guilbert N, Morel F, Le Bris MJ,
Basinko A and De Braekeleer M: ETV6 fusion genes in
hematological malignancies: A review. Leuk Res 36: 945961, 2012.
4 De Braekeleer E, Auffret R, Garcia JR, Padilla JM, Fletes
CC, Morel F, Douet-Guilbert N, and De Braekeleer M:
Identification of NIPBL, a new ETV6 partner gene in t(5;12)
(p13;p13)-associated acute megakaryoblastic leukemia. Leuk
Lymphoma 54: 423-424, 2012.
5 De Braekeleer E, Auffret R, Douet-Guilbert N, Basinko A,
Le Bris MJ, Morel F and De Braekeleer M: Recurrent
translocation (10;17)(p15;q21) in acute poorly differentiated
myeloid leukemia likely results in ZMYND11-MBTD1
fusion. Leuk Lymphoma 2013 Aug 5. [Epub ahead of
print].
6 De Braekeleer E, Ianotto JC, Douet-Guilbert N, Meyer C,
Morel F, Le Bris MJ, Marschalek R, Berthou C, Férec C and
De Braekeleer M: A second case of secondary acute
myeloblastic leukemia associated with the MLL-KIAA0284
fusion gene. Blood Cells, Molecules, and Diseases 42: 292293, 2009.
7 De Braekeleer E, Douet-Guilbert N, Morel F, Le Bris MJ,
Meyer C, Marschalek R, Férec C and De Braekeleer M:
FLNA, a new partner gene fused to MLL in a patient with
acute myelomonoblastic leukaemia. Br J Haematol 146:
693-695, 2009.
5881

ANTICANCER RESEARCH 34: 5761-6258 (2014)

142
PROGRESS IN THE CARE FOR
HEREDITARY BREAST CANCER:
A TWENTY YEAR ANNIVERSARY
Jacques De Grève

Familial Cancer Clinic and Medical Oncology, Oncologisch
Centrum UZ Brussel, Brussels, Belgium

For just twenty years we have been able to determine the
genetic cause of familial cases of breast cancer, beginning with
the discovery of the BRCA1/2 genes. This has had great
impact in these families.
Since then many more breast cancer predisposition genes
have been uncovered. They have varying frequencies and a
varying penetrance which has not always been accurately
assessed yet. The current progressive implementation of
broader genomic screening for germline mutations, either by
exome analysis or targeted gene panels will make it easier to
assess all these possible predisposition genes in families
seeking counseling and, in a second stage, also in a broader
cancer population, independent of the family history.
In contrast to the opportunities offered by science, the
clinical application has lagged behind and is insufficient today.
One of the causes is the lack of involvement and motivation
of oncologists in the whole process. The terrible consequence
is that many families and individuals are denied the fruit of
science and access to life saving prevention and treatments,
while already today we can do much better. We will discuss
the ways to bridge and repair several of these gaps. We should
routinely test broader panels of predisposition genes, not just
BRCA1/2. The criteria for eligibility for germline testing
should be loosened drastically as single cases with “de novo”
mutations occur regularly. Individuals in families that are too
small to assess a familial risk are also discriminated against.
With regard to familial counseling we need to be much more
active in families in which a predisposing mutation is found.
We have previously established that proband-mediated
information of family members about the possibility for
predictive testing and counseling reached less than half of all
eligible family members, leaving all the others ignorant and
thus denying them the “right to know” and access to lifesaving
prevention. We have now completed a prospective study in
which family members are actively contacted and informed.
That study shows that this strategy is safe and effectively
amplifies the number of family members tested and
subsequently counseled.
With regards to therapy, mutation carriers have become
eligible for PARP inhibitor treatment (Olaparib), in particular
ovarian cancer patients with a BRCA1/2 germline mutation,
but with a too limited label. The hope is that this can be
rapidly expanded to the same cohort without restrictions on
the line of treatment and to other cancers occurring in
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BRCA1/2 mutation carriers. PARP inhibitors should also be
explored in all other breast cancer predisposing gene
mutations, at least in those that also entail a defect in
homologous recombination.
Further scientific progress is needed: solutions for defining
the functionality of uncharacterized variants (UV’s); finetuning the penetrance of the more rare predisposition genes;
the discovery of even more predisposing genes and multigene
etiology; discovery of modifier genes; improved methods for
information dissemination in families; improved prevention
strategies and improving the therapeutic exploitation and
discovery of resistance mechanisms to PARP inhibitors.
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MUTATIONAL ANALYSIS OF THE APC GENE IN
FAP-ASSOCIATED DESMOID TUMORS

Maria Laura De Marchis1, Raffaele Palmirotta2,3,
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IRCCS San Raffaele Pisana, Rome, Italy;
3Telematic University San Raffaele Roma, Italy;
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6Department of Systems Medicine, Medical Oncology Unit,
Tor Vergata Clinical Center, University of Rome “Tor
Vergata”, Rome, Italy;
7Department of Surgery and Translational Medicine,
University of Florence, Florence, Italy

Desmoids are defined as locally aggressive tumors which arise
from fibroblasts and tend to recur after surgical excision. They
are generally rare in the population, but occur with a
significantly high frequency in the colorectal cancer
predisposition syndrome Familial Adenomatous Polyposis
(FAP), un uncommon autosomal dominant disease. FAP
predisposition is caused by germ-line mutations, inactivating
one allele of the Adenomatous Polyposis Coli (APC) gene.
According with the Knudson’s “two-hit” theory, inactivation
of the residual allele of the APC gene is a critical step in the
molecular pathways involved in pathogenesis of colorectal
adenomas. Molecular evidences suggest that inactivation of
both alleles of the APC gene could also play a role in the
development of FAP-associated desmoids. We analyzed the
structure of the APC gene in the germline DNA samples
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(whole blood) and in fresh biopsy specimen of desmoid tissue
from 22 unrelated Italian FAP patients.
To date, we identified 16 patients with pathogenic germline
mutations, 8 of which showing a concomitant somatic
pathogenic variant on desmoid tumors. All the identified
variants were previously described in WEB databases and
literature. Our preliminary data confirmed the hypothesis
according to which if the germline mutations induce a loss of
the functional domains responsible for regulating beta-catenin
cellular levels, the resulting somatic mutation identified in
desmoids will fall into a downstream region of the APC gene.
On the contrary, if the germline mutation does not affect this
region, the resulting somatic mutation will tend to occur on
the portion encoding for the beta-catenin binding site or on an
upstream region. Actually we are evaluating the association
between the genotypic and phenotypic features of desmoid
tumors. Elucidating the molecular pathway of neoplastic
progression of colorectal neoplasia in FAP is an important
research issue, whose results could have a beneficial impact
in the socio-sanitary field.
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Introduction: Alpha-N-acetyl galactosaminidase (Nagalase)
was first isolated from seminal plasma and thereafter reported
to accumulate in serum of cancer patients and be responsible
for deglycosylation of Gc protein (known as vitamin D(3)binding protein), which is a precursor of the Gc-MAFmediated macrophage activation cascade, leading to innate
immunity suppression in advanced cancer patients. It is
proposed that patients could be treated with substitution
therapy with Gc-MAF. Materials and Methods: The activity
of α-N-acetylgalactosaminidase in serum or plasma is
determined through a proprietary two-step immunocapture
assay, standardized against a large serum pool of carefully
selected healthy persons at 0.70 nMol/ml/min Nagalase
activity. Results: Research revealed that the current Nagalase
activity testing does not reflect the total Nagalase activity in
serum because the amount of natural substrates present in the
serum/plasma, competing for the fluorogenic substrate
conversion, is not taken into account. The main natural
competitor we can measure in blood is the Gc-gloubulin. Its
concentration may affect the Gc-MAF level in two ways: (i)
as being the precursor of Gc-MaF affecting the build-up of

Gc-MaF through synergistic activating enzymes on B and T
lymphocytes and (ii) as a major substrate competitor for
Nagalase saving Gc-MAF from breakdown. The corrected
effective Nagalase activity takes into account the level of its
major natural substrate competitor Gc-globulin. Using this
approach, we evaluated 67 prostate cancer patients and 45
prostate patients that had prostatectomy. Comparison of the
Nagalase activity levels in both groups demonstrate the impact
of the prostate on circulating Nagalase since the effective
Nagalase show an increase of 10% in the prostate cancer
patients as well in concentration as in frequency. Conclusion:
The new method, to determine the effective Nagalase activity,
is more accurate with respect to the real enzyme activity in
patient sera.
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HYPOXIA UP-REGULATES
GALECTIN-3 IN MAMMARY TUMOR
PROGRESSION AND METASTASIS

Joana T. de Oliveira1,2,3, Cláudia Ribeiro1,
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In the tumor microenvironment different cellular stressful
conditions are found, such as hypoxia, oxidative stress and pH
alterations. Galectin-3 is a well-studied member of the betagalactoside-binding animal family of lectins implicated in
multiple cellular functions, such as cell-cell and cell-ECM
adhesion, angiogenesis promotion, cell proliferation and
apoptosis resistance. The expression of galectin-3 has been
frequently associated with several cancers. However, the
mechanisms that regulate galectin-3 in the tumor
microenvironment are not clear. In order to evaluate the
putative role of hypoxia in regulating galectin-3 in mammary
tumors, in vitro and in vivo studies were performed to evaluate
the galectin-3 expression under hypoxic conditions. Hypoxia
induces an increase in galectin-3 protein levels in malignant
CMT cells. When cells are treated with catalase, this almost
prevents hypoxia-dependent up-regulation of galectin-3. Under
hypoxic conditions the nuclear location of galectin-3
disappears and its location is mainly cytoplasmic and
membranous. Galectin-3-increased transcription is found after
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ANTICANCER RESEARCH 34: 5761-6258 (2014)

24 hours of hypoxia exposure. In in vivo studies, galectin-3 is
over-expressed in hypoxic areas of primary tumor and wellestablished metastases. Therefore, hypoxic cells up-regulate
galectin-3, which may be associated to tumor aggressiveness.

146
INTRAGASTRIC SILS FOR GIST, A NEW
CHALLENGE IN ONCOLOGIC SURGERY:
FIRST EXPERIENCES
Kristel De Vogelaere, Nele Van De Winkel,
Christian Simoens and Georges Delvaux
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Belgium
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Background: Surgical removal is the only curative therapy for
gastrointestinal stromal tumor (GIST). Traditionally, this has
been achieved by open surgery. Since the last decade,
laparoscopic resection of gastric GISTs is a widely accepted
technique for these lesions with proven feasibility and safety
with advantages of faster recovery, less postoperative pain,
better cosmesis and shorter hospital stay. Despite these
advantages, the laparoscopic wedge resection has limitations:
GISTs, especially located at the posterior wall or near the
esophagogastric junction or near the pyloric ring, are more
difficult. Intragastric wedge resection, which offers a direct
visualization of the tumor during resection, may be beneficial
in these cases. We present our experience where a singleincision transgastric resection of gastric GIST was performed
with the single incision laparoscopic surgery (SILS) port
placed through the anterior wall of the stomach. This
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technique opens a new field for development of transgastric
SILS device. Introduction: For treatment of GISTs located at
unreachable areas, such as esophagogastric junction or pyloric
ring, laparoscopic resection cannot be applied easily. We used
SILS for intragastric resection of GISTs. Materials and
Methods: We report three cases of SILS for GIST of the
stomach with the SILS port placed intragastric through the
anterior wall of the stomach. A skin incision of only 2.5 cm
was made to perform this intervention (Figure). Results: Mean
age was 68.1 years (range, 53-86). Mean operative time was
74.6 minutes (range, 67-82). No intra-operative complications
occurred. No conversion was needed. All patients healed
without any complication. Re-alimentation was started on the
third postoperative day. Mean postoperative stay was 5 days
(range, 4-6). Mean size was 3.8 cm (range, 2.7-6.8).
Discussion: Single-incision laparoscopic intragastric resection
for treatment of GISTs located at unreachable areas, such as
esophagogastric junction or pyloric ring, is a safe and feasible
procedure allowing direct visualization of the lesion and better
control of the surgical margin. This intragastric SILS
technique offers a new field for development of SILS and
further research progress in oncologic surgery.
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HEAD AND NECK CANCER CELL LINES ADAPTED
TO HIGH NITRIC OXIDE (HNO) LEVELS
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Hypothesis: Human Head and Neck cancer cell lines adapted
to nitric oxide (NO) exhibit up-regulation of a key gene.
Objectives: Patients with tumors that express high levels of
NO portend a worse outcome over patients with low
expressing tumors. To mimic the behavior of cancers seen in
the clinic, we have adapted five human Head and Neck cancer
cell lines to comparatively high levels of NO (HNO). Genome
wide expression studies were conducted in the parent and
HNO-adapted cell lines to determine if there are any
commonly expressed genes between adapted cell lines. These
genes could provide clues to the process of adaptation to NO.
Materials and Methods: Five human Head and Neck cell lines
(SSC-016, SSC-040, SSC-056, SSC-114 and SSC-116; parent
cell lines) have been adapted to grow in comparatively high
levels of HNO. mRNA from the parent and HNO cells were
isolated and labeled with either green or red fluorescent

markers and used in a competitive fashion to determine the
relative amounts of gene expression using genome wide gene
chips. Gene expression was then assessed to see if any genes
were common in the adaptation of these cell lines to HNO.
Results: We found that LCN2 was consistently up-regulated
in all five HNO adapted cell lines. In addition, the HNOadapted cell lines show greater tolerance when exposed to
different concentrations of iron. Conclusion: LCN2 plays an
important role in the regulation and trafficking of iron. Since
many macromolecules contain iron, when they are processed
within the cell, iron is released in the lysosomes. Free iron can
induce ferroptosis, which could be blocked by the upregulation of LCN2.
Funding Source: VA Merit Review.
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WAP-T MICE: A PRECLINICAL MOUSE MODEL
TO STUDY MAMMARY CARCINOGENESIS,
PROGRESSION, AND METASTASIS
Florian Wegwitz1,2, Eva Lenfert1, Claudia Mänz1,
Genrich Tolstonog1,3 and Wolfgang Deppert1
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We developed and characterized a mouse model in which
mammary carcinogenesis is initiated by whey acidic protein
promoter-driven expression of SV40 early proteins. Initiated
WAP-T mice develop multiple intraepithelial lesions in
virtually all terminal endbuds of the mammary gland, but
develop only few invasive mammary carcinomas at about 6-8
months after induction. Two tumor phenotypes, “basal
epithelial” (low grade) and “EMT – MET” (high grade), are
found, which both arise from putative Elf5-expressing luminal
progenitor cells located at alveolar or ductal side-branching
positions, respectively. The most striking molecular
discriminator of high grade WAP-T tumors is overexpression
of the c-Met receptor tyrosine kinase and amplification of cMet gene locus. Both tumor types could be cross-species
validated with corresponding human tumors.
High-grade WAP-T tumors metastasize with low frequency
(~10%) to the lungs, but frequency of metastasis can be
enhanced up to 4-fold by co-expression of mutant p53 in
WAP-T/WAP-mutp53 bi-transgenic mice. Mutp53 coexpression is associated with the presence of an ‘EMT-gene
signature’ in bi-transgenic tumors, which confers epithelialmesenchymal plasticity to the tumor cells.
From high grade WAP-T tumors we developed cell lines
5885

ANTICANCER RESEARCH 34: 5761-6258 (2014)

(G-2 cells) with stem cell properties, which form selfreproducing homeostatic cancer cell systems both in vitro and
in vivo after orthotopic transplantation of as low as 10 cells.
These cells allowed us to study the role of c-Met in EMTMET processes, which are central for the establishment of a
functional cancer cell system, in which epigenetic plasticity
allows tumor cells to switch between “quasi-epithelial”
(Metpos) and “quasi-mesenchymal” (Metneg) phenotypes. While
ectopic expression of mutp53 in G-2 cells in vitro sufficed to
induce a strong EMT phenotype, mono-transgenic and bitransgenic tumors were phenotypically similar, indicating that
in vivo the tumor cell phenotype is under control of the tumor
microenvironment.
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eIF3e-REGULATED EPITHELIALTO-MESENCHYMAL TRANSITION
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The eIF3e protein is a component of the multi-subunit eIF3
complex, which binds directly to the 40S ribosome to facilitate
ribosome recruitment to mRNA and thus protein synthesis. A
decrease in eIF3e expression is found in up to 37% of breast
cancers and 31% of non-small cell lung carcinomas (NSCLC).
To understand the role of eIF3e in cancer progression, we
created stable clones of breast (MCF-10A) and lung (A549)
epithelial cells expressing an eIF3e targeting shRNA and
found that cells that have reduced eIF3e expression are
undergoing Epithelial-to-mesenchymal transition (EMT). EMT
is an important process during cancer metastasis as it allows
cells to adopt migratory and invasive properties that lead to
the dissemination of tumor cells throughout the body. Our data
shows that eIF3e-mediated EMT is at least partially achieved
through the overproduction of TGF-β, a cytokine that is
known to induce EMT. More specifically, we show that MCF10A and A549 cells that have reduced eIF3e levels, produce
and secrete more TGF-β. We also found that the TGF-β
signaling pathway is activated in these cells while treatment
of the cells with a specific inhibitor of the TGF-β signaling,
reverses EMT.
We were also interested in the molecular mechanism
involved in eIF3e-induced EMT. Using polysome
fractionation, we found that while general protein translation is
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reduced in eIF3e- cells, the translation of a set of mRNA
encoding important proteins involved in EMT progression is
increased. Using a bicistronic reporter assay, we found that
these mRNA involved in EMT progression harbor internalribosome-entry-sites (IRES). Due to the role of eIF3e in
bridging the cap-binding complex (eIF4F) to the 40S
ribosomal subunit, we believe that the translation of these
IRES-harboring mRNA may be favored when eIF3e levels are
reduced and that this may play an important role during the
initial stage of EMT and cancer metastasis.
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TRICK OR TREAT: IMPACT OF THE
MICROENVIRONMENT ON THE INFILTRATION
OF T-CELLS IN LOWER-GRADE GLIOMA
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Cancer immunotherapy is a rapidly growing and promising
field but is limited by diverse mechanisms used by tumours to
prevent sustained anti-tumour responses. Especially, tumour
infiltrating T cells are shown to play an important role for the
overall survival of various cancer patients. With regards to the
blood-brain barrier (BBB), the brain is shielded from the
immune system, which actually limits the transmigration of
immune cells. This, amongst others, might impair
effectiveness of immunotherapy for brain tumours. Analysis
of high-grade gliomas revealed a substantial T cell infiltration
with functional relevance, while for lower-grade gliomas
(LGG) an in depth analysis of T cell infiltration is still
missing. Here, the actual numbers of T cells and T cell
subpopulations, their relative frequency, as well as functional
capabilities
were
investigated
by
multicolour
immunofluorescence staining in LGG samples (n=78).
Scanning and analysis of complete tissue sections was
performed in an automated TissueFAXS (Tissue Gnostic)
working set up. Quantitative analysis resulted in a
heterogeneous infiltrations ranging from 0 to 48.9 T cells per
mm2. We identified differences among the mean infiltration
of total T cells while comparing WHO grade II (34.7 T cells)
and III (51.3 T cells), as well as tumour subpopulations:
astrocytoma, oligoastrocytoma and oligodendroglioma.
Infiltrating T cells face a number of inhibitory soluble and
cell-surface molecules expressed by the tumour. T-cell killing,
cytokine secretion and patient survival are thereby negatively
affected by the microenvironment. A subset of 23 LGG
samples (8 high/16 low T cell infiltrated) was further analysed
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by RNA microarray analyses to investigate molecular
mechanisms, such as T cell activation or differentiation
signalling pathways. In 6 out of 8 patients with a higher T cell
infiltration we found increased expression levels of
characteristic T cell activation genes. The results suggest
heterogeneous levels of T cell infiltration in LGG, comprising
activated and also inactivated T cells, and distinct differences
between WHO grade II and III tumours.
151
SIGNIFICANCE OF ERK SUBCELLULAR
LOCALIZATION IN CISPLATIN
RESISTANCE OF OVARIAN CANCER CELLS
Shahana Dilruba1, M. Michaelis2, J. Cinatl Jr.3,
N.T. Ueno4, A.C. Schiedel5 and Ganna V. Kalayda1
1Institute

of Pharmacy, Clinical Pharmacy, University of
Bonn, Bonn, Germany;
2University of Kent, Canterbury, UK;
3Institute of Medical Virology, Clinics of the Goethe
University, Frankfurt/Main, Germany;
4Department of Breast Medical Oncology, The University of
Texas, MD Anderson Cancer Center, Houston, TX, USA;
5Institute of Pharmacy, Pharmaceutical Chemistry, University
of Bonn, Bonn, Germany
(s.dilruba@uni-bonn.de)

Background: The clinical use of the anti-cancer drug cisplatin
is limited due to the rapid development of resistance against
this drug. However, the mechanisms of resistance are not
completely understood yet. Extracellular signal-regulated
kinase1/2 (ERK1/2) is activated in response to cisplatin
treatment in ovarian cancer cells. Activated ERK1/2 induces
the expression of survival genes upon translocation to nucleus
(1), which may confer resistance to this drug. Objectives: This
project aims at investigating the importance of ERK1/2
nuclear translocation for cisplatin resistance in ovarian cancer
cells. Cells and Methods: EFO27 and A2780 ovarian
carcinoma cells and their corresponding cisplatin-resistant
variants (EFO27/CDDP and A2780cis) were investigated. The
cytotoxicity of cisplatin was estimated using the MTT assay.
Phosphorylated ERK1/2 translocation to the nucleus was
studied by immunofluorescence staining. Selected proteins
were over-expressed by lipofectamine-mediated transfection.
Phosphorylation of ERK1 (T202/Y204) and ERK2
(T185/Y187) and transfected protein expression were detected
by Western blot. Results: The cytotoxicity of cisplatin was
assessed with and without inhibition of ERK1/2 by U0126.
Whereas U0126 increased cisplatin sensitivity of EFO27 and
EFO27/CDDP cells, the opposite effect was found in A2780
and A2780cis cells. Translocation of ERK1/2 to the nucleus
in response to cisplatin was detected in both EFO27 cells but
not in A2780 cells. Further, PEA-15, a small protein, which

inhibits ERK1/2 translocation to the nucleus, was used to
investigate the relevance of ERK1/2 cytoplasmic sequestration
for cisplatin resistance. PEA-15 was over-expressed in
A2780cis cells and the cytotoxicity of cisplatin in transfected
cells was measured. The pEC50 values obtained were
5.15±0.21, 5.04±0.15, 5.00±0.09 in A2780cis, A2780cis-HA
(empty vector) and A2780cis-PEA-15wt (mean±SD, n=4-6),
respectively. Conclusion: ERK1/2 nuclear translocation differs
between the ovarian cancer cell lines. Further studies will
reveal the most suitable cell line pair to study the association
between ERK1/2 nuclear translocation and cisplatin resistance.
1 Chen RH, Sarnecki C and Blenis J: Nuclear localization and
regulation of erk- and rsk encoded protein kinases. Mol Cell
Biol 12: 915-927, 1992.
This PhD work is funded by the Bonn International Graduate
School (BIGS) and the German Ministry of Education and
Research (BMBF).
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Background/Aim: The aim of the present study is to analyze a
single-institution experience for surgically treated pancreatic
neuroendocrine tumors (PNET). Patients and Methods: From
2002 to 2012, 98 patients with PNETs underwent surgery at
the Center of Digestive Diseases and Liver Transplantation of
Fundeni Clinical Institute, Bucharest, Romania. Overall
survival rates were calculated using the Kaplan-Meier method.
Results: There were 59 (60%) patients with functional PTEN
and 39 (40%) with non-functional tumors. Surgical resection
of the primary PNET tumor was performed in 88 patients.
Twenty five patients (24.5%) presented with synchronous liver
metastases; they underwent liver directed therapy: resection
(5), transarterial chemoembolization (1), radiofrequency
ablation (1). Univariate analysis showed that synchronous liver
metastases (p<0.001), lymph node metastases (p=0.047), Ki67
(p<0.001), ENET grading (p<0.001) were prognostic factors
of survival. Conclusion: Locoregional lymph node metastasis
is predictive of poor outcomes in patients with PNETs. Thus,
routinely sampling of locoregional lymph nodes might
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potentially be used for better assessment of prognosis in these
patients.
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The goal of this study was to identify treatment induced
biomarkers of platin activity that may predict response to this
important class of chemotherapeutic agents. We employed
RNAseq transcriptome analysis comparing two parental
NSCLC cell lines Calu6 and H23 to their resistant sub-lines,
Calu6cisR1 and H23cisR1, derived following exposure to high
dose cisplatin. To this end, we identified a stress pathway
consisting of GADD45α, ATF3 and DDIT3/CHOP that was
induced specifically in cisplatin treated parental but not their
resistant sub-lines. Furthermore, ATF3 in particular was not
expressed in untreated parental or resistant clones but was
robustly induced only in the parental sensitive cell lines
following cisplatin treatment. Cisplatin-induced MAPKinase
activation, particularly the JNK pathway was abrogated in
Calu6cisR1 cells that regulates ATF3 induction in Calu6 cells.
In ex vivo NSCLC tumours, ATF3 was induced in 2/4 tumours
evaluated but not in their corresponding normal adjacent lung
tissue (0/4) following cisplatin treatment. Thus, the lack of
significant expression in untreated NSCLC cells and normal
lung tissue but a robust induction following cisplatin treatment
in sensitive parental NSCLC cell lines and a cohort of ex vivo
tumour samples suggest potential utility as a predictive
biomarker of platin response that requires further study.
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Introduction: Convincing scientific data support that adiposity
is a risk factor for breast cancer and that adult weight gain is
a probable important factor, particularly among
postmenopausal women. Breast density, expressed as the
proportion or the absolute area of fibroglandular tissue in the
breast, is strongly associated with breast cancer risk and has
been proposed as an intermediate marker in studies of
potential approaches for the prevention of breast cancer.
However, exactly how weight gain influences breast density is
not established. We aimed at evaluating the association
between adult weight gain and breast density among 1,460
women (746 pre- and 714 postmenopausal) recruited at
screening mammography. Patients and Methods: Breast
density (percent and absolute dense area) was assessed blindly
with a computer-assisted method. Weight change between 18
years old (self-reported weight) and time of mammography
(measured weight) was calculated. The assocations between
adult weight gain and breast density were evaluated using
generalized linear models adjusted for several potential
confounders including anthropometric variables (body mass
index and waist to hip ratio), age at mammography and
menopausal status. Results: For increasing weight change in
adulhood expressed in kg (loss of ≥5.0, loss of 4.9 to gain of
5.0, gain of 5.1 to 15.0, 15.1 to 25.0, 25.1 to 35.0 and >35.0)
the adjusted mean percent breast density was 21, 27, 27, 27,
33 and 42%, respectively (ptrend<0.001), and the adjusted mean
absolute dense area was 28, 32, 33, 34, 39 and 39 cm2,
respectively (ptrend<0.05). Conclusion: Our results suggest that
weight gain in adulthood could be positively associated with
the risk of breast cancer through an increase in the proportion
and the absolute area of fibroglandular tissue in the breast.
Such relationship may reflect the stimulatory effect of weight
gain on the growth of fibroglandular breast tissue.
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Nasopharyngeal cancer (NPC) remains enigmatic for
researchers with the tightly imbrications of environmental,
viral and genetic factors. NPC, related to high level of EBV
in serum, could be considered as an infectious disease where
immunological factors, particularly HLA molecules, could
play a crucial role. The non-classical molecule HLA-E binds
derived peptides from HLA-I molecules or from human
viruses, particularly EBV, to induce T cell responses.
Furthermore, HLA-E modulates NK cell responses through
interaction with CD94-NKG2A/C heterodimers, mediating
inhibition or activation of NK cells. As now, two functional
alleles, HLA-E*0101 and HLA-E*0103, with a differential
cellular expression were described. The aim of this study was
to analyze the allelic distribution of HLA-E in two Tunisian
population groups: 130 patients with undifferentiated
carcinoma of nasopharyngeal type (UCNT) and 180 healthy
controls. Statistical analysis consisted of χ2 test with SPSS
(14.0). Our results showed a significant association between
the E*01031 allele and patients, when the E*01033 allele
characterized the controls (χ2=21.264, p< 0.001) suggesting a
susceptibility effect for HLA-E*1031 (OR=1.613 [95%
confidence interval (CI) 1.10-2.36]) and a protective role for
HLA-E*1033 variant (OR=0.254 [95% CI 0.12-055]).
Because these variants differ only by a silent mutation, our
data seem to be in favor of a linkage disequilibrium with a yet
to be defined locus or, due to the presence of another DNA
change, elsewhere in the HLA-E gene. In conclusion, our
results indicate a potential implication of the HLA-E molecule
in the advent of nasopharyngeal cancer in Tunisia.
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Introduction: Glioblastomas (GBMs) infiltrate the brain and
render complete surgical resection impossible. The remaining
mixture of neoplastic and non-neoplastic cells contains the
molecular and cellular basis for adjuvant therapy and
recurrence. Understanding the cellular composition and unique

expression signatures from diverse cells at the infiltrative
margins of GBM is therefore of important prognostic and
therapeutic significance. Methods: RNA-Seq and histological
analyses of tumor samples were performed from MRI-guided
biopsies collected from either the contrast enhancing (CE) or
the non-enhancing (NE) infiltrative edges of GBM patients. A
computational deconvolution algorithm was subsequently
employed to assign gene expression profiles to distinct cell
types (neurons, oligodendrocytes, oligodendrocyte precursor
cells, astrocytes and microglia) from the resulting RNA-Seq
data. Comparisons were performed with The Cancer Genome
Atlas (TCGA) dataset and with expression data derived from
biopsies of non-neoplastic brain. Results: Our analysis
revealed that the expression signatures of the CE regions
resembled those of the Proneural, Classical and Mesenchymal
subtypes, whereas those of the NE regions resembled the
Neural subtype, as assigned by TCGA. Crucially, the cell type
– specific contributions to differentially expressed genes were
distinct among the various subtypes. For example, the NE
regions of Proneural tumors were enriched in oligodendrocyte
precursor genes, while those of the Mesenchymal tumors
expressed high levels of microglial and astrocytic genes. In
addition, the cell type – restricted expression of a number of
selected genes were validated by immunohistochemistry. For
instance, genes that were associated with the Neural subtype,
showed a neuronal restricted expression further highlighting
the contribution of non-neoplastic cells to the NE gene
signatures. Conclusion: The present study deconvolves the
inherent intratumoral heterogeneity of GBM by assigning
distinct gene expression signatures to multiple cell types. In
the infiltrative margins of GBM, non-neoplastic cells
contribute profoundly to the molecular signature and may
uncover novel paracrine interactions and influence therapeutic
decisions.
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NETROPSIN ANALOGUES WITH
ALKYLATING MOIETIES - NEW
POTENTIAL ANTICANER AGENTS

Danuta Drozdowska, Przemysław Samczuk,
Monika Bajda and Paweł Michalak

Department of Organic Chemistry, Medical University,
Białystok, Poland
(danuta.drozdowska@umb.edu.pl)

The polyamide antibiotics, netropsin and distamycin,
synthesized by Streptomyces are the most studied
representatives of a series of natural products possessing
antitumor and antiviral properties. These compounds are also
well-known for their strong affinity for DNA. They bind
within the minor groove of B-DNA at sites consisting of four
or five consecutive AT base pairs, respectively. Netropsin is
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not in clinical use because of its toxicity but it is a good model
for the design of new medicines. In the course of our
investigation, of minor-groove-binding drugs, some of
netropsin analogues were synthesized and tested for DNAbinding and anticancer properties. It was previously shown
that these compounds inhibited the proliferation of the
standard cell line of mammalian tumor MCF-7 and were
reversible minor-groove binders with selectivity for AT
regions. Dibenzene netropsin analogues did not inhibit DNA
topoisomerases but, instead, demonstrated higher DNA
binding affinity in comparison to tribenzene distamycin
analogues. In the present work a combinatorial synthesis of
12-membered library of new netropsin analogues with
alkylating
moieties
(4-chlorobutanamido-,
3bromoacrylamido- and chlorambucil) are reported. The
antiproliferative activity of compounds in MCF-7 breast
cancer cells has also been investigated. Ethidium bromide
assay was used to show that these compounds bind to plasmid
pBR322. The effect on restriction enzymes activity was also
investigated. The studied compounds did not block GC-rich
sequence but could inhibit catalytic action of endonucleases
recognizing sequence of GA, AA and TT. All of the tested
compounds showed concentration-dependent activity, although
none of the compounds were more active than netropsin.
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1,4-DIHYDROPYRIDINES AND
RELATED COMPOUNDS AS
POTENTIAL ANTICANCER DRUGS

G. Duburs1, A. Krauze1, E. Bisenieks1, B. Vigante1,
A. Plotniece1, I. Bruvere1, S. Grinberga1, I. Shestakova1,
I. Domracheva1, E. Jaschenko1, N. Zarkovic2 and J. Molnar3
1Latvian

Institute of Organic Synthesis, Riga, Latvia
Boskovic Institute, Zagreb, Croatia
3University of Szeged, Szeged, Hungary
2Rudjer

Laboratory of Membrane active compounds and Group of
Chemotherapy of the Latvian Institute of Organic Synthesis
together with other specialists are involved in design, synthesis
and studies of potential anticancer drugs and transport
regulators: novel selective cytotoxic compounds, enhancers
(potentiators) of drugs, multidrug resistance (MDR) inhibitors
and amphiphilic nanoparticles forming compounds for drug
and gene delivery.
1,4-Dihydropyridine derivatives (1,4-DHPs) and relative
compounds possess pleiotropic biological activities including
for
anticancer
properties.
1,4-DHPs
comprising
carboxymethoxycarbonyl substituents in positions 3 and 5
possess synergistic cytotoxic effect in combination with 5fluorouracil
(1)
(Figure).
Carbatone
(1,
R=H,
R1=CH2COONa, n=1) possesses antimetastatic activity, it was
proved to decrease the cyclophosphane toxicity in mice and to
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Figure, Abstract No. 158
potentiate the cytostatic activity of cyclophosphane, 5-FU and
arabinosyl cytosine against leukemia P388, murine sarcoma
37 and Walker’s carcinosarcoma. Compounds 1 (R=Me, Et)
synergistically potentiate the cytotoxic effect of 5-FU in
MDA-MB-435s (Human breast cancer) cells.
1,4-DHP pyridinium salts possess cytotoxic properties
against tumor cells HT-1080 and MG22A. Amphiphilic
cationic DHP derivatives form nanoparticles capable to
anticancer drug transfer also may reverse MDR (2).
MDR in tumor cells appears as one of the major obstacles
in the modern cancer treatment. 6-Alkylsulfanyl-1,4dihydropyridines 2 (Figure) containing arylpiperazine moiety,
and thieno[2,3-b]pyridines 3 (Figure) are new series of MDR
modulators exceeding the activity of Verapamil, MK-571,
Reversan and Glivec. C6H4OMe groups in positions 2 and 4
of compounds 2 and 3 have a significant impact on their
biological activity as inhibitors of Pgp, MRP1 and BCRP1
transport proteins.
Research was supported by the programme ESF
1DP/1.1.1.2.0/13/APIA/VIAA/011 and InnovaBalt.
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1 Duburs G et al: Patent US 8492413; 23.07.2013.
2 Cindric M et al: Anticancer Res 30: 4063-4070, 2010.
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TRANSCRIPTION FACTOR FOXM1 AND TUMOR
SUPPRESSOR ARF EFFECT ON MELANOMA
TUMOR ANGIOGENESIS AND METASTASES
Arkadiusz Z. Dudek and Kaoru Terai

Department of Medicine, Cancer Center, University of
Illinois at Chicago, Chicago, IL, 60612, USA

Background: Transcription factor Forkhead box M1 (FoxM1)
has been reported to be overexpressed in multiple cancer types,
where is involved in enhancement of cell survival, proliferation,
and metastasis. In addition, FoxM1 has been shown to
stimulate invasion and angiogenesis in hepatocellular
carcinoma (HCC) and pancreas cancer. It is regulated by tumor
suppressor genes such as ADB Ribosylation Factor (ARF) and
p53. The purpose of this study was to investigate the effect of
FoxM1 on proliferation, invasion and angiogenesis in
melanoma and presence of FoxM1 regulatory mechanisms in
this malignancy. Methods: Gene and protein expressions of
FoxM1 and p14ARF (ARF) in melanoma cell lines were
evaluated by qPCR and western blotting. Cell migration and
motility effect were determined by comparing ARF transfected
and FoxM1 knocked down melanoma cells. FoxM1 wild type
and knocked down melanoma cells were inoculated to flank of
athymic mice and tumor inoculation and growth was measured.
The effect of melanoma tumor angiogenesis and presence of
distant metastases will be evaluated by appropriate
immunohistochemical staining in primary and metastatic
tumors. Results: FoxM1 mRNA expression normalized to
GAPDH was high in most of melanoma cell lines, especially
WM1552C, WM793 and 1205Lu. Low protein expression of
FoxM1 was seen in WM35 and WM793. An inverse to FoxM1
levels of gene expression of p14ARF were detected in
WM1552C and 1205Lu (none detected), WM35 and A375
(low; with ratio to GAPDH less than 0.05) cell lines.
Conclusion: FoxM1 is overexpressed in melanoma cell lines
with corresponding no or low expression of its suppressor ARF.
Further work defining the role of FoxM1 in melanoma
invasiveness, motility, tumor growth, metastases, and tumor
angiogenesis will be presented.
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TUMOUR REGRESSION AFTER INTRAVENOUS
ADMINISTRATION OF NOVEL TUMOURTARGETED NANOMEDICINES
Christine Dufès

Strathclyde Institute of Pharmacy and Biomedical Sciences,
University of Strathclyde, Glasgow G4 0RE, UK

The possibility of using genes as medicines to treat cancer is
limited by the lack of safe and efficacious delivery systems
able to deliver therapeutic genes selectively to tumours by
intravenous administration, without secondary effects to
healthy tissues.
In order to remediate to this problem, we investigated if the
conjugation of the polypropylenimine dendrimer to transferrin,
whose receptors are overexpressed on numerous cancers,
could result in a selective gene delivery to tumours after
intravenous administration, leading to an increased therapeutic
efficacy. The objectives of this study are to evaluate the
targeting and therapeutic efficacies of a novel transferrinbearing polypropylenimine dendrimer.
The intravenous administration of transferrin-bearing
polypropylenimine polyplex resulted in gene expression
mainly in the tumours. Consequently, the intravenous
administration of the delivery system complexed to a
therapeutic DNA encoding TNFα led to a rapid and sustained
tumour regression over one month (90% complete response,
10% partial response on A431 human epidermoid tumours). It
also resulted in tumour suppression for 60% of PC-3 and 50%
of DU145 prostate tumours.
The treatment was well tolerated by the animals, with no
apparent
signs
of
toxicity.
Transferrin-bearing
polypropylenimine is therefore a highly promising delivery
system for cancer therapy.

161
PROGNOSTIC FACTORS FOR LONG-TERM
SURVIVAL AFTER DISTAL PANCREATECTOMY
FOR PANCREATIC ADENOCARCINOMA.
A SINGLE-CENTRE EXPERIENCE

Traian Dumitrascu1, Simona Dima1, Cezar Stroescu1,
Vladislav Brasoveanu1, Leonard David1, Oana Stanciulea1,
Andra Scarlat1, Vlad Herlea2, Mihnea Ionescu1
and Irinel Popescu1

1Center

of General Surgery and Liver Transplant, Fundeni
Clinical Institute, Bucharest, Romania;
2Department of Pathology, Fundeni Clinical Institute,
Bucharest, Romania
(traian.dumitrascu@srchirurgie.ro)

Background/Aim: Prognostic factors after resection of
pancreatic adenocarcinoma (PDAC) have been largely
explored but most of the studies included patients with both
pancreatic head and body/tail cancers. However, it appears that
there are some differences of survival between the pancreatic
head and body/tail cancers. The aim of the present study is to
identify prognostic factors after distal pancreatectomy (DP)
for PDAC of the body and tail. Patients and Methods:
Between 2002 and 2013, 73 patients underwent DP for PDAC.
Pre-, intra- and postoperative parameters were explored as
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potential prognostic factors for the overall survival time using
the Kaplan-Meier and Cox proportional hazards models.
Results: The median overall survival time for the entire cohort
was 15 months. In multivariate analysis, upper digestive
stenosis at diagnosis (HR=9.719; 95% confidence interval
(CI), 2.044-46.131; p=0.004), presence of distant metastases
(HR=2.044; 95%CI, 1.073-3.893; p=0.030) and positive
resection margins (HR=2.171; 95%CI, 1.126-4.188; p=0.021)
were found to be independent risk factors for poor survival.
Weight loss, arterial resections, increased blood loss and
lymph node metastases were associated with poor survival
only in univariate analysis. Conclusion: Upper digestive
stenosis, distant metastases and negative resection margins
represent the most important risk factors for poor survival after
DP for PDAC. Celiac trunk/ hepatic artery resection has a
negative impact on the long-term outcome, albeit it does not
emerge as an independent prognostic factor.

162
ROLE OF CIVIL SOCIETY ORGANISATIONS
IN CANCER CONTROL
A.O. Jeff Dunn

Cancer Council Queensland, Fortitude Valley, Australia

The escalating burden of cancer around the world continues
to be well-described in the literature. As a consequence,
governments, health institutions and lead global organizations
are searching for new and creative ways to address the issue,
particularly given that up to 30% of cancers can be prevented
and mortality reduced by 40% if current knowledge could be
translated into practice. Important to any debate about how to
control cancer is the notion that cancer is a community
problem, not just one for health professionals and institutions,
and that when faced with seemingly intractable problems,
communities tend to serve as their own unit of solution, in the
case of cancer, through the mobilization of Civil Society
Organizations (CSOs), often operating as community based,
charitable non-government organizations. Historically, CSOs
have played many and varied roles in cancer control but this
contribution has been under-reported in the literature; often
goes unrecognized and it appears has been undervalued by
Governments and policy makers. With ongoing increases in
cancer incidence and the associated demand for action, the
role of CSOs in cancer control has never been more important
and is gaining greater recognition. This presentation will
examine the development of cancer related CSOs and the
unique abilities, skills and resources that they can bring to bear
to complement the efforts of other sectors. The critical
importance of partnerships will be explored, specifically in the
context of collective global action as a necessary ingredient in
any meaningful solution to addressing the problem. Finally, a
set of roles and responsibilities for CSOs engaged in cancer
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control will be offered for consideration, primarily as a
starting point when considering how best to engage
communities, as active and powerful agents of change, in the
business of controlling cancer.
163
CANCER BURDEN IN THE ASIA PACIFIC REGION –
TRENDS AND FUTURE CHALLENGES
A.O. Jeff Dunn

Cancer Council Queensland, Fortitude Valley, Australia

The Asia Pacific region can be defined as East Asia, South Asia,
South-East Asia and Oceania, including Pacific island nations.
More than 4.2 billion people inhabit the region, representing
60% of the world’s population. The Asia Pacific includes China
and India, the only two countries in the world with populations
of more than one billion people. The region has the highest ratio
of males to females in the world and more than 300 million
people in the Asia Pacific are aged 65 years or older,
representing about 7% of the region’s total population. Growth
in the number of elderly people in the region is projected to
increase significantly into the future, in part due to significant
gains in life-expectancy achieved over the past decade. The Asia
Pacific is the second-least urbanized region in the world but the
proportion of the urban population increased from 33% in 1990
to 43% in 2011. Over the same period, the number of people
living in extreme poverty in the region declined from about 1.7
billion to 0.8 billion, with the region relatively less effected by
the ongoing global financial crisis, maintaining positive growth
of gross domestic product. The Asia Pacific is also one of the
most connected regions in the world, accounting for more than
half of the world’s mobile phone users and over 1.1 billion
internet users, estimated to be about half of the world’s total
internet population. Despite these rapid advancements,
attainment of high standards of health and wellbeing remains a
significant challenge in the Asia Pacific. About 6,000 people die
prematurely from tobacco-related diseases every day, amounting
to 2.3 million deaths per year, and about one-third of the world’s
smokers live in China. In 2012, nearly seven million people in
the region were diagnosed with cancer and more than four
million died of the disease. The Asia Pacific represents about
49% of the worldwide total incidence burden, with the vast
majority of the burden borne by Asia (6,763,030 cases,
equivalent to about 48% of the total global incidence). In terms
of global mortality figures, the Asia Pacific represents about
56% of the total worldwide burden. Again, Asia bears the
biggest burden, with 4,499,546 deaths. More than 13 million
people in the Asia Pacific have been diagnosed with cancer in
the past five years, a number that grows at an increasing rate
each year due to population ageing. The challenges faced by
anticancer researchers are complex and unprecedented,
influenced by the complex and evolving relationship between
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the social, political and scientific determinants of health. The
effectiveness of applied research can best be underpinned by the
establishment of stronger connections between researchers,
public health agencies, community-based health organizations
and the region’s people. This connectivity will be one of the
critical keys to controlling cancer in the Asia Pacific, to improve
global health in the future.
United Nations Statistical Yearbook for Asia and the Pacific
2012:
http://www.unescap.org/stat/data/syb2012/did-you-know.asp
The World Bank Data on GDP growth (annual %):
http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG/co
untries/TH-4E-Z4?display=graph
Organisation for Economic Cooperation and Development:
Health at a Glance – Asia Pacific.
www.oecd.org/els/health-systems/HealthAtAGlanceAsia
Pacific2012.pdf
International Agency for Research on Cancer: Globocan.
http://globocan.iarc.fr/Default.aspx
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PROTEOMICS APPROACHES TO IDENTIFYING
PROTEINS INVOLVED IN ADENOMA-TOCOLORECTAL CARCINOMA PROGRESSION

Kamila Duś-Szachniewicz1, Paweł Ostasiewicz1,
Piotr Ziółkowski1, Marta Woźniak1, Barbara Ziółkowska1,
Matthias Mann2 and Jacek R. Wiśniewski2
1Department

of Pathology, Wrocław Medical University,
Wroclaw, Poland;
2Max-Planck Institute of Biochemistry, Martinsried,
Germany

Colorectal cancer (CRC) is one of the most common
malignancies worldwide. Clinical data has showed that the
early diagnosis and treatment of CRC significantly reduces
mortality rates, therefore it is critical to identify effective
methods for non-invasive diagnosis and monitoring of CRC.
Nowadays, the clinical proteomics platform can be used for
comprehensive comparisons between samples representing
different stages of diseases with high reliability and
repeatability. The recent study has focused on the
identification of differentially-expressed proteins in
adenomatous polyps versus colorectal carcinoma in formalin
fixed and paraffin embedded archival tissues. The MEDFASP-SAX protocol was used to prepare sample for LCMS/MS on a bench top quadrupole Orbitrap mass
spectrometer. To assess the similarities of the analyzed
proteomes in a global manner, we performed unsupervised
clustering, in which samples are grouped on the basis of their
expression patterns. The knowledge about proteins that are
involved in adenoma-to-carcinoma progression undoubtedly
has an impact on novel drug development studies and,

additionally, leads to a new understanding of cancer biology.
Proteins that are significantly up-regulated in cancer samples
can also be considered as potential biomarkers.
This work was supported by the Polish National Center of
Science (DEC 2011/01/N/NZ5/04253).
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IMMUNOHISTOCHEMICAL STUDIES ON
MELANOMA-ASSOCIATED ANTIGEN D2 (MAGED2)
EXPRESSION PROFILE IN COLORECTAL CANCER
Kamila Duś-Szachniewicz1, Paweł Ostasiewicz1,
Marta Woźniak1, Paweł Kołodziej2,
Barbara Ziółkowska1 and Piotr Ziółkowski1
1Department

of Pathology, Wrocław Medical University,
Wroclaw, Poland;
2Division of Pathology, Sokołowski Regional Hospital,
Wałbrzych, Poland

Colorectal cancer (CRC) usually develops from colonic
adenoma that is benign tumor of glandular epithelial tissue.
The adenoma has a tendency to become malignant and about
5% of all adenomas can progress into a cancer; this process
takes approximately 10-20 years. For this reason the
knowledge about proteins that are involved in adenoma-tocarcinoma progression is essential for understanding the
molecular basics of cancerogenesis and may help to develop
personalized therapy strategies. In this study, we examined one
of the candidate protein biomarkers (expression of melanomaassociated
antigen
D2
(MAGED2))
using
immunohistochemical staining on tissue microarray in
colorectal adenoma, cancerous and corresponding normal
colorectal tissues and analyzed their potential clinical
application. We found that MAGED2 may play an important
role in the development and progression of colorectal cancer.
Additionally, the putative diagnostic utility of a chosen marker
was evaluated using ELISA and Western blot on 10 colon
cancer patients’ serum samples. To the authors’ knowledge, no
study has focused on the correlation of expression of
MAGED2 and clinicopathological features to date.
This work was supported by the Polish National Center of
Science (DEC 2011/01/N/NZ5/04253).
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INHIBITION OF P-GLYCOPROTEIN IN
CANCER CELLS BY SYNTHETIC
AND NATURAL COMPOUNDS

Thomas Efferth1, Maen Zeino1 and Manfred Volm2
1Department

of Pharmaceutical Biology, Johannes Gutenberg
University Mainz, Mainz, Germany;
2German Cancer Research Center, Heidelberg, Germany
efferth@uni-mainz.de
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Multidrug resistance of malignant tumors severely hampers
their successful treatment frequently leading to fatal
consequences for affected patients. During the past three
decades, many efforts have been spent to develop strategies to
overcome multidrug resistance. Many chemical compounds
have been shown to inhibit the drug efflux of multidrugresistance-mediating P-glycoprotein. Chemical P-glycoprotein
inhibitors are from the classes of calcium channel antagonists,
calmodulin inhibitors, cyclosporins, antiarrhythmics,
hormones, antimalarials, antibiotics, detergents, beta-blockers,
antidepressants, blood pressure lowering indol alkaloids,
aerobic glycolysis inhibitors, HIV-protease inhibitors,
antimycotics and others. More recently, chemical compounds
from medicinal plants or food were also identified as potent
P-glycoprotein
inhibitors.
P-glycoprotein-inhibiting
phytochemicals are from diverse classes, such as flavonoids,
non-flavonoid polyphenols, alkaloids, steroids, stilbenes,
monoterpenoids, dipterpenoids, triterpenoids, triterpene
saponines, lignans, flavolignans, polyketides, carotenoids and
others. In addition to chemical synthetic or natural small
molecules, several other therapeutic strategies have been
devised, e.g. monoclonal antibodies blocking drug efflux,
immunotoxins specifically targeting and killing multidrugresistant cells and therapeutic nucleic acids down-regulating
the P-glycoprotein encoding MDR1 gene and re-sensitizing
tumor cells to anticancer drugs. We give an overview of our
own research with in vitro and in vivo tumor models in the
context of the worldwide efforts to overcome multidrug
resistance.

167
FATAL BILATERAL RADIATION PNEUMONITIS
Sherif El Sharouni

University Medical Center Utrecht, The Netherlands

Introduction: Radiation pneumonitis is a known complication
after thoracic radiotherapy, which usually starts after
treatment. It is mostly confined to the irradiated parts of the
lung and resolves spontaneously. We describe a case of fatal
bilateral pneumonitis, also affecting the non-irradiated volume
of the lungs. Case: A 68-year-old man, with a heart- and
kidney transplant, for which an immunosuppressant
(Tacrolimus) was used, was diagnosed with a cT1N2M0 (stage
IIIA) adenocarcinoma of the upper lobe of his left lung. He
was treated with sequential chemoradiation, consisting of three
courses Pemetrexed/Carboplatin, followed by 70 Gray (Gy) in
35 daily fractions. Carboplatin was used instead of Cisplatin
because of his renal failure. Excluding planning target volume
(PTV), 15.5% of both lungs received 20 Gy, 41.1% received 5
Gy and the mean lung dose was 10.3 Gy. These values meet
the internationally accepted lung constraints. During the fourth
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week of radiotherapy, he developed dyspnea, coughing up
mucus and chest pain. Further investigations (X-ray, CT-scan,
laboratory investigations) showed bilateral interstitial
pneumonia. Bronchoalveolar lavage and sputum cultures
showed no infectious cause. Despite antibiotics and steroids,
the patient died twelve days after onset of complaints, due to
respiratory failure. Autopsy showed in all pulmonary lobes
extensive diffuse alveolar damage. This had probably led to
respiratory insufficiency and death. A small rest of the
adenocarcinoma was found in the left upper lobe and hilar
lymph node. The fulminant bilateral pneumonitis was
probably caused by the radiotherapy in combination with his
immunosuppressant. Discussion: In a sporadic pneumonitis,
or lymphocytic alveolitis, complaints are out of proportion to
the irradiated volume of the lung. The etiology has largely
been unexplained, but might be an immunologically mediated
response against tissue damage (1, 2). A significant increase
in lymphocytes, mainly CD4 and CD8 subtypes (3), and a
decrease in macrophages in both lungs (4) have been
described. Fatal bilateral radiation pneumonitis after
chemoradiation has not been reported in literature, since
symptoms of sporadic pneumonitis recover in the majority of
patients without long-term effects (1, 2). Tacrolimus, the
immunosuppressant the patient used, inhibits activation and
proliferation of T- and B-cells, specifically regulatory T-cells
(Treg; CD4, CD25, FoxP3) (5). Since in radiation pneumonitis
an increase in T-cells, particularly CD4 cells, is described (3,
4), the suppression of these cells by his immunosuppressant
might have exaggerated the pulmonary toxicity.
168
THE HALIFAX PROJECT – AN ATTEMPT TO
ASSESS THE CARCINOGENIC POTENTIAL OF
LOW DOSE EXPOSURES TO CHEMICAL
MIXTURES IN THE ENVIRONMENT
Wilhelm Engström1, Tove Hultman1 and Leroy Lowe2

1Department

of Biomedical Sciences and Veterinary Public
Health, Faculty of Veterinary Medicine, SLU, Uppsala,
Sweden;
2Getting to know cancer, Truro, NS, Canada

Lifestyle factors are known to account for a large part of
cancer incidence worldwide but current estimates suggest that
the fraction of cancers that can be attributed to toxic
environmental exposures is between 7% and 19%. The Halifax
project was launched to assess the hypothesis that low dose
exposures to commonly encountered mixtures of chemicals in
the environment may be combining to cause cancer. In this
project several hundreds of international researchers were
asked to review eleven hallmark phenotypes of cancer,
multiple priority target sites for disruption in each area and
prototypical chemical disruptors for all targets. Cross-hallmark

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

effects for all targets and chemicals were also documented.
The analysis suggests that the cumulative effects of (noncarcinogenic) individual chemicals acting on different
pathways that are relevant to cancer and on a variety of
cancer-relevant systems, organs, tissues and cells could
plausibly conspire to produce carcinogenic synergies. Basic
research on carcinogenesis and empirical research focused on
low dose combinatorial effects of chemical mixtures (on
carcinogenesis and on the hallmarks of cancer) needs to be
rigorously pursued. Current risk assessment methods are,
therefore, unnecessarily restrictive and may overlook these
carcinogenic synergies. Regulatory agencies need to revisit
policies and consider near-term strategies that will allow them
to better assess these risks.
The findings and conclusions of the Halifax Project will be
reviewed and discussed.
169
EPIGENETIC REGULATION OF
THE IGF2/H19 LOCUS

Wilhelm Engström, Matilda Nordin, Daniel Bergman,
Matilda Halje, Caroline Laestander, Erika Andersson,
Michelle Alexius Lindgren and Ingrid Lindstedt

Department of Biomedical Sciences and Veterinary Public
Health. Faculty of Veterinary Medicine, SLU, Uppsala,
Sweden

The IGF2 (insulin-like growth factor 2) and H19 genes are
imprinted in mammals; they are expressed unevenly from the
two parental alleles. IGF2 is a growth factor expressed in most
normal tissues solely from the paternal allele. The H19 gene is
expressed (but not translated to a protein) from the maternal
allele. The IGF2 protein is a growth factor particularly
important during gestation, where it promotes both fetal and
placental growth and also nutrient transfer from mother to
offspring via the placenta. The epigenetic regulation of the
IGF2/H19 gene-cluster that leads to parent-specific expression
is currently explained by parental allele-specific DNA
methylation and chromatin modifications, DNA-binding of
insulator-proteins (CTCFs) and the three-dimensional
partitioning of DNA in the nucleus. Key genomic features are
conserved among mammals and have been functionally tested
in the mouse. ‘The enhancer competition model’, ‘the
boundary model’ and ‘the chromatin-loop model’ are three
models based on differential methylation as the epigenetic
mark responsible for the imprinted expression pattern.
Pathways are discussed that can account for the allelic
methylation differences, as there is a recent study that
contradicts the previously accepted fact that biallelic expression
is accompanied with loss of the differential methylationpattern. Moreover, the importance for epigenetic changes in
this region for tumor development will be discussed.

170
EpCAM OVEREXPRESSION IN NEUROENDOCRINE
GASTROINTESTINAL TUMORS
Christian Ensinger1, Susanne Reinold1,
Daniela Galler1 and Rupert Prommegger2
1Medical

University of Innsbruck, Innsbruck, Austria;
Kettenbrucke, Innsbruck, Austria

2Sanatorium

The epithelial cell adhesion molecule (EpCAM) is expressed
by a broad variety of carcinoma cells. It is recognized by the
monoclonal antibody 17-1 A, which has already been applied
for immunotherapy of several carcinoma types in preclinical
and small clinical studies, especially in patients with breast
and colorectal carcinomas. In the present study we tried to
estimate the occurrence of EpCAM in human gastrointestinal
neuroendocrine tumors (NETs) derived from foregut, midgut
and hindgut tissues by immunohistochemistry on paraffmeembedded tumors with the 17-1A monoclonal antibody.
Therefore, we evaluated 82 tumor samples, comprising 19
NETs arising in the stomach (foregut), 20 in the ileum and 26
in the appendix (midgut), as well as 17 in the colon (hindgut).
In addition metastases of five tumors were investigated. Overexpression of EpCAM, as recently defined with a distinct
membranous staining pattern, was found in 73.68% of
stomach, 88.46% of appendix, 85% of ileum and 94.12% of
colon NETs. Metastasizing tumor parts showed a highly
significant correlation of EpCAM expression with their
primary tumors. Normal gastric, ileum and colon tissues
presented with weak to moderate and partly heterogeneous
EpCAM staining, mainly in surface epithelial cells. This study
demonstrates EpCAM over-expression as a common finding
in neuroendocrine gastrointestinal tumors, thus these tumors
are possible novel targets for EpCAM-directed
immunotherapy. Our findings suggest that patients with
recurrent or advanced tumor disease, as well as after
metastatic spread, could benefit from this modem therapeutic
regime, especially after insufficient classical chemotherapy or
therapy with radioactive or non radioactive somatostatin
analogs.
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THE ABROGATION OF THE HOXB7/PBX2
COMPLEX INDUCES APOPTOSIS IN MELANOMA
THROUGH THE MIR-221&222-c-FOS PATHWAY
M.C. Errico1, F. Felicetti1, L. Bottero1, G. Mattia1,
N. Felli1, M. Petrini1, M. Bellenghi1,
H.S. Pandha2, R. Morgan2 and A. Carè1
1Department

of Hematology, Oncology, and Molecular
Medicine, Istituto Superiore Sanità, Rome, Italy;
2Faculty of Health and Medical Sciences, University of
Surrey, Guildford, UK
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Melanoma is an aggressive malignancy whose incidence is
increasing very rapidly worldwide. Although it is highly
curable in its early stages, advanced disease lacks effective
treatments. The family of homeobox (HOX) transcription
factors has been reported to be deregulated in a number of
cancers, including melanoma. We previously reported a
functional link between HOXB7 constitutive expression and
melanoma progression, as well as data substantiating the
requirement of PBX cofactors for HOXB7-dependent
tumorigenesis. In addition, the recently discovered family of
small regulatory RNAs, called microRNAs (miRs), has been
shown to be potentially oncogenic. Specifically, we
demonstrated the tumorigenic role of miR-221&222 during
melanoma progression and the HOXB7/PBX2-dependent
activation of their transcription. Also, validating c-FOS as a
direct target of miR-221&222, we identified a
HOXB7/PBX2→miR-221&222→c-FOS regulatory link,
whereby the abrogation of functional HOXB7/PBX2 dimers
led to reduced miR-221&222 transcription and elevated c-FOS
expression with consequent cell death. In this regard we
showed that the treatment with the new drug HXR9, an
antagonist of HOX/PBX dimerization, induced a downregulation of both miR-221 and 222 inhibiting the
induction/progression of the malignant phenotype.
Specifically, in response to HXR9 treatment HOXB7/PBX2
dimers are disrupted giving rise to miR-221/-222 inhibition,
c-FOS enhancement and consequent apoptosis induction
whilst sparing normal human. Our findings, besides suggesting
the potential therapeutic of HXR9 or its derivatives in
malignant melanoma, suggest the disruption of the
HOXB7/PBX2 complexes, miR-221&222 inhibition or, even
better, their combination as innovative therapeutic approaches.
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POLYMER-DRUG CONJUGATES FOR
TARGETED TUMOR THERAPHY
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Described micellar and star polymer-drug conjugates are highmolecular-weight (HMW) drug conjugates designed for
enhanced passive tumor accumulation and release of drug in
the acidic milieu of a tumor. The therapeutic efficacy of the
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conjugates is based on two mechanisms of selectivity toward
solid tumors: (i) drug accumulation in tumors driven by
enhanced permeability and retention (EPR) effect, which
results in almost 100 times higher concentration of drug in the
solid tumor than in normal tissue, (ii) pH-dependent release
of drug from polymer-drug conjugate, which releases free
drug more efficiently at a lower pH in tumors. Moreover, we
observed that the pH-sensitive polymer-drug conjugates have
the potential to induce excellent antitumor effect without
apparent adverse effects. Introduction: Apart from the
development of novel low-molecular-weight anti-cancer
agents, new formulations of "classic" cytostatic drugs, so
called drug delivery systems (DDS), including their
encapsulation into nanoparticles or covalent binding to watersoluble polymers, appear to be a very promising strategy. In
contrast to novel agents, the mechanism of antitumor activity
of drugs in DDS is not fundamentally different from the parent
cytostatics but is based on improved pharmacokinetic
properties and significantly lower toxic profiles. Many
polymer drug carrier systems are based on water-soluble
polymer carriers bearing low-molecular-weight (LMW) drugs,
e.g., cytostatic agents covalently bound by biodegradable
spacers enabling a controlled release of the active drug in
tumor tissues or cells (1). The conjugation of conventional
cytostatics to polymer drug carriers is associated with
prolonged circulation time, improved tumor uptake and
reduction of toxic side-effects and immunogenicity. Moreover,
the new formulations enable solubilization of otherwise waterinsoluble (or poorly soluble) drugs. Synthetic polymer
carriers based on N-(2-hydroxypropyl)methacrylamide
(HPMA) copolymers have been intensively studied for many
years (2). HPMA copolymers fully meet the criteria for DDS
mentioned above. Moreover, they enable synthesis of various
tailored-made structures including the introduction of
additional functional groups. To further increase anti-tumor
efficacy and minimalize toxic side-effects of DDS, much
effort has been concentrated on the development of targeted
DDS either by the introduction of targeting moieties, e.g.,
monoclonal antibody (MAb), fragments of MAb or
oligopeptides, or by the enhancement of their “passive”
targeting by using HMW carriers, e.g., graft and star
copolymers or self-assembling micellar structures (3, 4). Due
to their higher molecular weight, polymer carriers
“passively” accumulate in tumor masses as a result of EPR
effect, i.e. the morphological differences between the healthy
(normal) and malignant vasculature (5). Besides EPR effect,
more specific targeting can be achieved by using monoclonal
antibodies or their fragments, which can guide DDS to cell
surface antigens (over)expressed on malignant cells (6).
Materials and Methods: Synthesis. A random or
semitelechelic linear copolymers (Mw=27,000 g/mol) of
HPMA with monomer containing reactive hydrazide groups
were prepared by free radical copolymerization in methanol
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using AIBN as initiator. Random amphiphilic terpolymers
bearing cholesterol-derived moieties were prepared by
reaction of the hydrazide groups of polymer precursor with
cholest-4-en-3-one, 5 α –cholestanone or levulic acidcholesterol derivative. Polymer micelles (apparent
Mwa=200,000 g/mol) were formed in an aqueous solution by
self-assembly of amphiphilic HPMA copolymers bearing
hydrophobic cholesterol-derived moieties, which are bound
to the polymer chain by pH-sensitive hydrazone bonds. All
the star polymer precursors/conjugates (Mw=250,000 g/mol)
were prepared by grafting the reactive semitelechelic HPMA
copolymer precursors onto the 2nd generation G2 PAMAM
dendrimers containing terminal amino- or carboxyl-groups.
Drugs (doxorubicin, pirarubicin, docetaxel) were attached to
the polymer carrier directly or after derivatization via pHsensitive hydrazone bond. Methods. The rate of drug release
from polymer-drug conjugates was investigated in phosphate
buffers at pH 5.0 or 7.4 at 37 ˚C using GPC in an aqueous
methanol solution. Determination of molecular weight and
polydispersity of the conjugates were carried out with a
HPLC system equipped with RI, UV and multi-angle light
scattering detectors using the aqueous methanol solution on
the TSKgel G3000SWxl column. The dynamic light
scattering of aqueous conjugate solutions was measured at the
scattering angle 173˚ on a Nano-ZS, Model ZEN3600
(Malvern, UK) zetasizer. In vivo study. Biodistribution studies
were done using C57BL/6 (B/6) male mice subcutaneously
inoculated with 1×105 EL4 lymphoma cells. Blood, urine,
muscle and tumor tissue samples were taken and urine was
collected at the predetermined times. The samples were tested
for the total content of drug. Fluorescence imaging was
carried out in the Maestro™ in vivo imaging system from CRi
(Cambridge Research & Instrumentation, United States). Tento 12-week old C57BL/6 (H-2b) female mice weighing 250300 g were kept with water and food ad libitum. Cancer cells
(1×105) in exponential phase of the growth were injected into
the shaved back of C57BL/6 mice in 100 μl of PBS. Tested
conjugates were administered i.v. when tumor size reached 58 mm, i.e. usually on day 10th after cancer cell
transplantation. Those surviving for at least 60 days without
any signs of a tumor were considered as long-term survivors
(LTS). Results and Discussion: In this study we have focused
on the design, synthesis and evaluation of the biological
characteristics of new linear, micellar and star HPMA
copolymer-drug conjugates with well-defined architecture,
proper control of molecular weight and controlled
biodegradation. The results of the pH-dependent chemical
hydrolysis showed that the hydrazone bond used for drug
attachment in all the studied polymer-drug conjugates is
stable in buffer solutions that model the blood environment
(pH 7.4 and 37˚C). On the contrary, more than 90% of the
drug was released from the conjugates within 24 h of
incubation in a buffer that simulates conditions in the

endosomes of target cells (pH 5 at 37˚C). All polymer
conjugates showed approximately the same release profile,
independently of their molecular weight and the detailed
structure of the polymer carrier. To sum up, these novel
polymer-drug conjugates complied with basic requirements
for acceptable anticancer prodrugs. They exhibit fair stability
under conditions modelling blood circulation and release an
active drug in an environment mimicking conditions in
tumour cells or tissues. The structure of the high-molecular
weight conjugates, micelles and star polymers, is designed to
enable degradation in the mildly acidic environment of tumor
cells or in the lysosomes of tumor cells due to the activity of
lysosomal enzymes. We have observed that the micellar and
star polymer carriers are biodegraded to polymer degradation
products eliminable via urine within 1 to 3 days depending on
the types of the spacer used for the synthesis.

Figure 1. Tumor-to-blood ratio in mice bearing EL4 T-cell
lymphoma, i.v. injection; (n –––) Dox·HCl, (l - - -) linear
conjugate; (s –––) star conjugate; (l –––) micellar
conjugate.
By the in vivo noninvasive multispectral optical imaging of
fluorescently labeled HPMA copolymers, we have proven that
the longer circulation times of star-like copolymers in blood
led to higher accumulation in tumors. The same phenomenon
has been observed in biodistribution studies of selected drugs.
The tumor-to-blood and tumor-to-muscle ratio for star and
micellar polymer-doxorubucin conjugates increased with time,
demonstrating that the conjugates passively accumulate within
a tumor mass due to the EPR effect (Figure 1). In the case of
free Dox.HCl, we have observed a tumor-to-blood ratio close
to 1 within the whole period of time, which shows the random
distribution of free Dox in the body and the significance of the
absence of specific tumor accumulation. The highest ratios
obtained for star polymers were nearly 35 times higher than
the ratio obtained for the free drug, which clearly demonstrates
the efficacy of passive tumor targeting using these HMW
polymer drug carriers and their potential as efficient carriers
for solid tumor drug delivery.
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of tumor uptake, lowering of systemic toxicity, and distinct
tumor imaging in vivo. Adv Drug Deliver Rev 65: 71-79,
2013.
6 Kamaly N, Xiao ZY, Valencia PM, Radovic-Moreno AF and
Farokhzad OC: Targeted polymeric therapeutic
nanoparticles: design, development and clinical translation.
Chem Soc Rev 41: 2971-3010, 2012.
The work was supported by the Grant Agency of the Czech
Republic (grant No.P301/11/0325 and P207/12/J030) and by
the Ministry of Education, Youth and Sports of the Czech
Republic (grant No. EE2.3.30.0029).

Figure 2. The anti-tumor efficacy, overall survival, of micellar
and star polymer conjugates-treated EL4 T-cell lymphomabearing mice. Treated with (l - - -) Dox.HCl, (u –––) linear
polymer-Dox conjugate, (n - - -) star polymer-Dox conjugate,
(s - - -) micellar polymer-Dox conjugate. Control mice (–––)
were left untreated.
The anti-tumor activities of linear, micellar and star
copolymers containing Dox were compared using a welldefined model of experimental malignant tumor, mouse EL4 T
cell lymphoma, inoculated in conventional mice. The highest
efficacy, highest percentage of LTS, was achieved during the
treatment with micellar and star conjugates (65%) when the
dose of the injected polymer-drug conjugate was 10 mg Dox
eq./kg (Figure 2). These data clearly document the
contribution of the EPR effect in the increased efficiency of
treatment with micellar and star conjugates. The treatment
with the linear conjugate (Mw=27,000 g/mol) produced only
10% LTS. The treatment with free Dox.HCl resulted in very
short prolongation of survival of treated mice. The obtained
results show high potential of HPMA copolymer-drug
conjugates for specific delivery of drugs and their
combinations to solid tumors and for their efficient treatment.
1 Vicent MJ, Ringsdorf H and Duncan R: Polymer
therapeutics: Clinical applications and challenges for
development Preface. Adv Drug Deliver Rev 61: 1117-1120,
2009.
2 Kopecek J and Kopeckova P: HPMA copolymers: Origins,
early developments, present, and future. Adv Drug Deliver
Rev 62: 122-149, 2010.
3 Danhier F, Feron O and Preat V: To exploit the tumor
microenvironment: Passive and active tumor targeting of
nanocarriers for anti-cancer drug delivery. J Control Release
148: 135-146, 2010.
4 Kopecek J: Polymer-drug conjugates: Origins, progress to
date and future directions. Adv Drug Deliver Rev 65: 49-59,
2013.
5 Maeda H, Nakamura H and Fang J: The EPR effect for
macromolecular drug delivery to solid tumors: Improvement
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THERAPEUTIC POTENTIAL OF TARGETING
SPHINGOSINE KINASES IN T-CELL
ACUTE LYMPHOBLASTIC LEUKEMIA
Cecilia Evangelisti
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Via Irnerio 48, 40126 Bologna BO, Italy
The bioactive lipid sphingosine 1-phosphate (S1P) is involved
in many physiological and pathological processes such as cell
survival, growth and migration in both health and disease. S1P
is formed by the phosphorylation of sphingosine by
sphingosine kinase 1 (SK1) or sphingosine kinase 2 (SK2).
The crucial role of SK1 in cancer is well established (1), while
recent findings have highlighted the importance of SK2 in
cancer (2). Therefore, SKs represent a promising target for
cancer therapy and increasing efforts are being made to
develop isoform-selective inhibitors of SKs. T-cell acute
lymphoblastic leukemia (T-ALL) represents a malignant
disorder arising from the neoplastic transformation of T-cell
progenitors. Although many improvements have been made in
the treatment of T-ALL, novel and less toxic therapies are still
needed, especially for relapsing and chemo-resistant patients.
We have analyzed the therapeutic effects of 2-(pHydroxyanilino)-4-(p-chlorophenyl)thiazole (SKi), an SK1/2
inhibitor, and (R)-FTY720 methyl ether (ROMe), a SK2selective inhibitor in T-ALL cell lines and primary cells.
Interestingly SKi induces apoptosis of T-ALL cells, but a subpopulation of cells become resistant via an ER stress/UPR
response that results in a pro-survival autophagy (involving
mTOR dephosphorylation). In contrast, T-ALL cells respond
uniformly to ROMe without development of an ER stress/UPR
response or chemo-resistance and instead undergo an
autophagic death response. Therefore, SK1 or SK2 are linked
with a complex network of cell survival and death responses in
T-ALL cells. Our findings also suggest a more compelling
therapeutic utility for SK2 selective inhibition over and above
combined SK1 and SK2 inhibition in T-ALL cells. This
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provides impetus for designing novel SK2 inhibitors aimed at
eradicating T-ALL cells and thereby enabling a better
management of this type of cancer.
1 Pyne NJ and Pyne S: Sphingosine 1-phosphate and cancer.
Nat Rev Cancer 10: 489-503, 2010.
2 Gao P and Smith CD: Ablation of sphingosine kinase-2
inhibits tumor cell proliferation and migration. Mol Cancer
Res 9: 1509-1519, 2011.

tumor biopsies. Conclusion: The detection of ALKchromosomal rearrangements in mNSCLC-CTCs by GILUPI
DC01 is feasible and informative. Although further studies are
needed to validate these data, our results pave the way to
CTC-based chromosomal rearrangement diagnosis and therapy
personalization.
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CTCS USING AN IN VIVO PROCEDURE
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Background: EML4-ALK chromosomal rearrangement is a
fundamental marker of sensitivity in metastatic non small cell
lung cancer (mNSCLC). Sadly, conventional primary tissue
based ALK scrutiny is not always possible. A circulating
tumor cell (CTC)-based ALK evaluation may be an easy and
not invasive method for demonstrating the presence of
rearrangements and identifying patients eligible for specific
treatments. Methods: To overcome the limitations of small
blood sample volumes due to ex vivo CTC isolation, we
investigated ALK-chromosomal rearrangements in mNSCLCpatient CTCs by the GILUPI Detektor CANCER01 (DC01),
a tool for screening a large volume of blood in vivo. DC01 is
a steel wire coated with antibodies against EpCAM and
inserted through a standard venous cannula into the cubital
vein of cancer patients for 30 minutes. Two DC01 devices per
mNSCLC patients were consecutively utilized. After removal,
on the first wire, CTCs were identified by nuclei, EpCAM and
cytokeratins staining. On the second wire, CTCs were
analyzed for the presence of ALK alterations by FISH.
Formalin fixed paraffin embedded (FFPE) primary tumor
tissues from the same patients were analyzed for comparison.
Immortalized cell lines attached to standard DC01 devices
were exploited as positive controls. Results: Preliminary data
showed that DC01 easily detected and isolated cancer cells.
ALK rearrangements were detectable directly on the wire and
rearrangement patterns were comparable with those present in
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Glioblastoma (GBM) represent the most frequent primary
malignant tumours of the brain with a median survival that
is generally less than 1 year from the time of diagnosis.
These diffusely infiltrative tumours are highly resistant to
conventional
radiotherapy,
chemotherapy
and
immuntherapy, and often infiltrate the cerebral hemispheres
despite maximal surgical resection. This, compared to the
advances in the treatment of other types of tumours,
underscores the limited understanding of the biology of the
disease and of the mechanisms governing therapy resistance.
The recent identification within GBM of a subpopulation of
putative glioma stem cells (GSCs) possibly responsible for
generating the entire mass of cancer cells has raised new
paradigms in GBM biology and in the mechanisms
underlying GBM invasion, resistance and recurrence
providing a promising framework for new investigations.
Because the elimination of all the stem cells is required for
effective tumor control, the sensitivity of these cells to the
currently available treatments is of paramount importance.
Data collected so far on the biological features of GSCs
confirmed the hypothesis that these cells are characterized
by intrinsic mechanisms that are able to confer resistance to
conventional chemo-radiotherapy. Carbon ion and proton
radiotherapy, also known as hadrontherapy, produces
favourable dose distributions, as compared with photon
irradiation, but carbon ion irradiation has also significant
biological advantages over photon or proton irradiation due
to the peculiar distribution of energy released by these
particles in the traversed matter. This review will focus on
the emerging findings in the biological properties of GSCs
in view of the radiobiological properties of carbon ions
highlighting whether and how the damages created by
carbon ion radiation would be able overcome the
“increased” mechanisms of defence/resistance described for
GSCs so far.
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SILAC-BASED ANALYSIS REVEALS
A UNIQUE PHOSPHOPROTEOMICSIGNATURE OF HER2-RESISTANT
BREAST CANCER CELLS

Joao Farinha Garcao Nunes, Hua Zhang, Justin Stebbing,
Nicos Angelopoulos and Georgios Giamas
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Department of Surgery and Cancer, London, UK

Approximately 25-30% of breast cancers exhibit overexpression of the human epidermal growth factor receptor 2
(HER2) and are associated with a poor prognosis.
Trastuzumab, an anti-HER2 monoclonal antibody (mAb), has
been shown to improve overall survival and reduce the risk of
recurrence for patients with HER2-over-expressing breast
cancer. However, a significant number of patients fail to
respond to trastuzumab as a result of either de novo or
acquired resistance. Therefore, a better understanding of the
mechanisms underlying resistance to trastuzumab is essential
for the improvement of trastuzumab efficacy, as well as for the
development of new therapeutic strategies.
Using ‘stable isotope labeling by amino acids in cell
culture’ (SILAC)-based quantitative proteomics we have
identified various alterations in total and phospho-protein
levels in trastuzumab-resistant cells. Different known
trastuzumab-resistant proteins were identified, which served
as a positive control and validated our approach. Moreover,
several new phosphorylation sites in previously known
regulators of HER2 signaling such as EGFR, ITGB4 and
GRB7 were discovered. Finally we identified a group of novel
targets that could play a key role in trastuzumab sensitivity in
resistant cells. Various molecular and cellular biology
techniques were performed to further elucidate the mechanism
of action of certain newly identified targets.
Taken together, we believe that deciphering the mechanisms
of trastuzumab resistance in breast cancer will reveal
fundamental insights and derive new druggable targets. Our
data will be presented.
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As with many drugs, peroral chemotherapeutic treatments in
particular often show a difficult bioavailability and may
interact with food, herbal medicines and dietary supplements.
Besides the known problem “children" such as St. John’s Wort
and grapefruit juice, other high-dose dietary supplements may
raise clinically sensitive issues. Furthermore, certain
phytochemicals appear to modulate significantly human drug
metabolizing enzymes and transporters (1). Besides genetic
differences in the activation of phase-I enzymes (CYP2C19,
CYP2D6, CYP1A2, CYP2B6, as well as CYP3A4), phase-II
enzymes (UGT1A1) can also be genetically independently
induced or inhibited (2). Oral anti-cancer treatments are
subject to several prejudices. This form of application is often
classified as “harmless” compared to parenteral administration.
There are some doubts and uncertainty about the strong effect
that consequently leads to loss of compliance and adherence
problems (3). However, the fear of chemotherapy-induced side
effects results in an increased purchase of high-dose dietary
supplements by patients. In addition, such products are being
more and more frequently promoted in Europe, as well as in
the US, due to diminishing profits from pharmacies and
drugstores. Thus, this was the undoing of a 51-year-old patient
who was given a well-meaning advice while undergoing
chemotherapy with capecitabine as an outpatient regimen (4).
Fearing a drug-induced mucosa, she took a high-dose folic
acid supplement without informing her oncologist. The patient
developed severe diarrhea accompanied by vomiting and a
grade
III
hand-foot
syndrome
(palmar-plantar
erythrodysesthesia). Finally the patient died from septic shock.
It is obvious that the intake of folic acid had strengthened the
capecitabine-induced
myelosuppression
superadditive.
Furthermore, a 2009 publication refers to the fact that there
are significantly more capecitabine-induced toxicity cases
reported in US studies than in European studies (5). The
authors speculate that the reason for this observed interregional geographic variation in capecitabine toxicity may be
due to the aggressive politics of folic acid food fortification.
On the other hand, there is evidence in publications that
additive antioxidants, as well as the iron chelator dexrazoxane,
can reduce the side effects of cytostatic agents (e.g. epirubicin)
(6). This is understandable since many cytotoxic agents
develop their effects through the formation of free radicals (7).
This fits in this context but also raises the legitimate question
of whether the effect of certain cytostatic drugs (e.g.
mitomycin) is reduced by the use of antioxidants. What
consequences arise out of this information for the future
chemotherapeutic treatments of patients? This presentation
will provide a comprehensive description of current clinically
relevant PK/PD interactions between cytostatic drugs, dietary
supplements and herbal products.
1 Budzinski JW, Trudeau VL, Drouin CE, Panahi M, Arnason
JT and Foster BC: Modulation of human cytochrome P450
3A4 (CYP3A4) and P-glycoprotein (P-gp) in Caco-2 cell
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Introduction: Breast cancer is one of the leading causes of
death among women. Mast cells play an important role on
mammary carcinogenesis by the release of products with
angiogenic function. This work aimed to study, by
ultrasonography, the effects of a mast cell stabilizer drug on
the vascularization of mammary tumors. Materials and
Methods: The procedures were made in accordance with
Decree-Law n˚113/2013. Four-week-old Sprague-Dawley
female rats were used. After quarantine, animals were
randomly divided into two experimental groups with ten
animals in each. At seven weeks of age, animals received an
intraperitoneal injection of the carcinogen agent N-methyl-Nnitrosourea (50 mg/kg). Animals from group II received

ketotifen (1 mg/kg) in drinking water 7days/week for 18
weeks. At 25 weeks of age, mammary tumors vascularization
was evaluated in vivo by ultrasonography using Power Doppler
and B Flow. For this procedure, animals were anesthetized.
Ultrasonographic images were analyzed using Adobe
Photoshop. Color pixels density (CPD) (%) of each tumor was
determined according to the next formula: (number of colored
pixels in the tumor/number of total pixels of the tumor)×100.
Results: Over the experimental protocol died one animal from
group II. In the ultrasonographic exam, 18 mammary tumors
in group I and 15 tumors in group II were evaluated. Total
CPD detected by Power Doppler (2.91±0.52%) and B Flow
was similar (2.92±0.37%) (p>0.05). In both ultrasonographic
modes, CPD of tumors from the group that received ketotifen
was higher than CPD of tumors from animals that did not
receive the drug (2.15±0.64% vs. 3.82±0.82% in Power
Doppler and 2.24±0.48% vs. 3.75±0.51% in B Flow);
however, only B Flow reached the level of statistical
significance in (p<0.05). Conclusion: Either modes of
ultrasonography can be used to evaluate the mammary tumor
vascularization in vivo. Contrary to what was expected, tumor
vascularization was higher in animals that received the mast
cell stabilizer drug. It seems that the inhibition of mast cells
degranulation influences tumor vascularization.
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ON T24 AND 5637 CELLS INDUCED BY
CARBOPLATIN AND PIROXICAM
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Introduction: Cancer is one of the most important public
health issues and the most feared disease by man. Urinary
bladder cancer is a common disease that ranks ninth in
worldwide cancer incidence. The purpose of this study was to
assess piroxicam’s in vitro ability to enhance carboplatin
cytotoxicity on two human urinary bladder cancer cell lines.
Materials and Methods: T24 and 5637 cells were treated with
carboplatin (0.05 μM) and piroxicam (333 μM), in isolation
or combined, over three consecutive days. Autophagy induced
by carboplatin and piroxicam was investigated after one hour
of incubation with 25 μM monodansylcadaverine (MDC), an
autofluorescent substance that moves freely to cross-biological
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membranes and accumulates in autophagic vacuoles.
Apoptotic cells were detected by means of the fluorescein in
situ cell-death detection kit in accordance with the
manufacturer’s instructions. Results: The results showed that
in untreated cells, autophagic vacuoles were inexistent. MDC
labeled vacuoles were observed with carboplatin and
piroxicam, in isolation, in the two urinary bladder-cancer cell
lines. However, in the simultaneous treatment an increased
number of MDC-labeled vesicles were detected in cytoplasm
and perinuclear regions. Concerning the terminal
deoxynucleotidyl transferase-mediated dUTP nick-end
labeling assay (TUNEL) assay on T24 and 5637 untreated
cells most of the nuclei were undamaged. Carboplatin in
isolation induced 12% of apoptosis on T24 cells and 6% on
5637 cells. Cells treated with piroxicam presented lower
values of apoptosis, 10% on T24 and 9% on 5637 cells.
Conclusion: Cells treated with both drugs simultaneously
showed an increased number of apoptotic cells when
compared with each drug alone. This study hints at the
possibility of a new combined therapeutic regimen, which
could lead to improvements in the treatment of patients with
urinary bladder cancer.
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EFFECTS OF KETOTIFEN ON MAMMRY
TUMORS VOLUME AND WEIGHT
Ana I. Faustino-Rocha1, Carla Pinto2,
Adelina Gama3 and Paula A. Oliveira1
1Centre

for the Research and Technology of AgroEnvironmental and Biological Sciences (CITAB), University
of Trás-os-Montes and Alto Douro, Vila Real, Portugal;
2Department of Veterinary Sciences, University of Trás-osMontes and Alto Douro, Vila Real, Portugal;
3Animal and Veterinary Research Centre (CECAV),
Department of Veterinary Sciences, University of Trás-osMontes and Alto Douro, Vila Real, Portugal

Introduction: Breast cancer is one of the most frequent cancers
around the world. Mast cells have emerged as responsible for
mediating tumor promotion by the release of several
substances, namely histamine, heparin, proteinases and growth
factors. Ketotifen is a stabilizer of mast cells membranes that
inhibit their degranulation. This work intended to evaluate the
effects of ketotifen on chemically-induced mammary tumors.
Materials and Methods: All procedures were made in
accordance with Decree-Law n˚113/2013. Twenty four-weekold Sprague-Dawley female rats were acquired from Harlan.
Animals were randomly divided into two groups: I (n=10) and
II (n=10). At 7 weeks of age, all animals received an
intraperitoneal injection of the carcinogen agent N-methyl-Nnitrosourea (MNU) (50 mg/kg). Animals from group II
received ketotifen in drinking water 7days/week during 18
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weeks at a concentration of 1 mg/kg. At 25 weeks of age,
animals were sacrificed using ketamine and xylazine followed
by exsanguination by cardiac puncture. Animals were scalped
and the skin was observed under a light. Mammary tumors
were collected and weighed. Then, the tumors’ volume was
measured by the immersion of each tumor in a beaker with
saline. Results: During the experimental protocol one animal
died from group II. In each group were identified 22
mammary tumors. Tumor weight was higher in group II
(5.40±5.59g) than in group I (3.24±2.49g); however, they did
not reach the level of statistical significance (p>0.05). Similar
to the observed tumor weight, tumor volume was also higher
in group II (6.21±5.65 cm3) than in group I (3.81±2.45 cm3)
(p>0.05). Conclusion: Inversely to what was expected, tumor
weight and volume from animals that received ketotifen was
higher than tumors from animals that did not receive the mast
cell stabilizer. So, it seems that the inhibition of mast cell
degranulation positively influenced the tumor growth.
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CARBOPLATIN AND PIROXICAM EFFECTS ON
HUMAN URINARY BLADDER
CANCER CELL LINES
Jessica Silva1, Rosário Pinto-Leite2,
Ana I. Faustino-Rocha1, Aura Colaço3,
Regina Arantes-Rodrigues1 and Paula A. Oliveira1
1Centre

for the Research and Technology of AgroEnvironmental and Biological Sciences (CITAB), University
of Trás-os-Montes and Alto Douro, Vila Real, Portugal;
2Genetic Service, Cytogenetic Laboratory, Hospital Centre of
Trás-os-Montes and Alto Douro, Vila Real, Portugal;
3Department of Veterinary Sciences, CECAV, University of
Trás-os-Montes and Alto Douro, Vila Real, Portugal

Introduction: Urinary bladder cancer is the second most
common malignancy of the genitourinary tract with a high
morbidity and mortality. Carboplatin is a DNA synthesis
inhibitor and piroxicam is a non-steroidal anti-inflammatory
drug (NSAID). Data compiled thus far suggests that the
efficacy of conventional anticancer drugs can be enhanced by
their use in combination with NSAIDs. Thus, the aim of this
investigation was to evaluate the effects of each drug alone and
the effects of the combination of both drugs on two human
urinary bladder cancer cell lines. Materials and Methods:
Over the course of 72 hours, T24 and 5637 cells were treated
with carboplatin (0.05, 0.5 and 1 μM) and piroxicam (167,
333 and 500 μM), either alone or combined, to assess cell
proliferation by the 3-[4,5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium bromide assay. Immunocytochemistry
was performed using cells treated with 0.5 μM carboplatin and
333 μM piroxicam. Statistical analysis was carried out using
the SPSS 17.0 statistical software. Results: Both drugs alone
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were able to significantly (p<0.05) suppress the cell
proliferation of the two cell lines in a concentration-dependent
manner. The simultaneous treatment with both drugs led to a
greater inhibition of T24 and 5637 cell proliferation (p<0.05).
Concerning the immunocytochemistry study, control cells
significantly expressed Ki-67 levels, while cells treated with
carboplatin and piroxicam exhibited a moderate expression.
The combined schedule of both drugs not only reduced the
density of cells per microscope field but also reduced Ki-67
expression in those cell lines. Conclusion: Our results suggest,
for the first time, the beneficial effects of the carboplatin and
piroxicam combination on urinary bladder cancer cell lines.
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MODELING AND PREDICTING CONSEQUENCES
OF THERAPEUTIC ONCOGENE INACTIVATION
Dean W. Felsher

Department of Medicine-Oncology and Pathology, Stanford
University, Stanford, CA, USA

The targeted inactivation of oncogenes in some cancers can
elicit robust cell death suggesting that tumors can be
“addicted” to a mutated proto-oncogene. Understanding when
and why tumors are addicted to oncogenes would have protean
implications for the development of therapies of cancer. It
would enable a rationale basis for choosing molecular targets,
a method for screening for potential therapeutic agents that
would induce death of tumor cells and a means of choosing
patients most likely to benefit to a targeted therapeutic
approach. To understand how oncogenes maintain
tumorigenesis, we have used the Tet system to develop
conditional transgenic mouse models of oncogene-induced
tumorigenesis. Our models have unique advantages over other
genetically engineered mouse models that have been employed
to regulate gene expression in vivo. First, they allow the
temporal, reversible and titratable control of the expression of
a specific transgenic oncogene. Second, they modulate the
expression of the “transgene”, not the “endogenous” gene,
hence allowing the interrogation of the consequence of
restoring oncogene expression to physiological regulation.
Third, they permit the coordinated regulation of multiple genes
in a specific tissue. Using these unique models, we have
developed computational approaches and novel molecular
imaging methods that we have shown we can use both to
model and predict oncogene addiction.
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DEFINING A NEW PROTEIN TARGET FOR THE
SELECTIVE TREATMENT OF MELANOMA
William Fenical1, Lynnie Trzoss1, James J. La Clair1,
Letícia V. Costa-Lotufo2 and Paula Jimenez2

1University

of California at San Diego, La Jolla, CA 92093,
USA;
2Universidade Federal do Ceará, Fortaleza, CE, Brazil

The recent synergy between natural product chemistry and
chemical biology has resulted in an expanse of small molecule
therapeutics and probes. These efforts can rapidly be
streamlined by integrating a program that combining the
microbiology, natural products chemistry, synthetic organic
chemistry, and biological science under “one roof”. Here, we
describe the discovery of a small molecule, seriniquinone,
from culture broths of a marine bacterium of the genus
Serinicoccus. Seriniquinone is a potent regulator of tumor cell
progression and shows selective efficacy in melanoma cell
lines with an average GI50 of 910 nM over NCI-60 cell line
panel. Cells were marked by arrest at S to G2 phase and rapid
induction into autophagocytosis resulting in caspase-9
associated apoptosis. Using a combination of confocal
microscopy and target identification tools enabled via an
immunoaffinity fluorescent (IAF) probe approach, we
determined that seriniquinone, and an IAF probe derived
therefrom, rapidly entered tumor cells and localizing in the
endoplasmic reticulum (ER). Over the next 8 h, the cells
exposed to seriniquinone underwent autophagy marked by the
translocation of 1 into the forming autophagocytes. Using
affinity methods, we determined that this process was marked
by a modification of proteins within the autophagocytes by
formation of disulfide linkages with peptides from the skinderived protein dermcidin. We suggest an intriguing function
for dermcidin and provide a unique small molecule with an
enchanting mode of action. This, combined with the fact that
numerous analogs of seriniquinone could be prepared with
consistent selectivities toward melanoma suggests potential
clinical translation.
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MISTAKES IN PROSTATIC CARCINOMA
ASSESSMENT ON MULTIPARAMETRIC 3T MRI:
NON-PIRADS AND PIRADS EVALUATION VeRsus
WHOLE-MOUNT SECTION HISTOLOGY
J. Ferda, J. Kastner, E. Ferdová, J. Baxa,
R. Fuchsová, M. Hora, O. Hes and O. Topolčan

Clinic of The Imaging Methods, University Hospital, Plzen,
Czech Republic

Aim: To assess the impact of PIRADS scoring system on the
evaluation of prostatic cancer (CAP) according to the detection
and T-size staging. Materials and Methods: A retrospective
analysis of prospectively evaluated multi-parametric 3T MRI
was performed in 90 men (mean age, 65.01 years) who
underwent radical prostatectomy and whole-mount section
histopathology. MRI protocol contained T2, DWI,
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spectroscopy and dynamic contrast-enhanced T1 imaging after
intravenous application of gadobenate dimeglumine
(Multihance, Bracco, Milan, Italy) in the dose of 0.1 mmol/kg
of body weight. The evaluation of the images was performed
by two experienced radiologist using the PIRADs scoring
system and without it. The agreement between PIRADS and
non-PIRADS was tested using Cohen kappa, then the analysis
of mistakes versus histology was done according the detection
of carcinoma and T3 or higher stage. Results: 89 of the total
90 carcinomas were detected using the PIRADS system; 81
using non-PIRADS evaluation respectively; the agreement
between both systems was slight (kappa=0.18). In the
detection of T3 and higher CAP both approaches reached
substantial agreement (kappa=0.66) with histopathology. NonPIRADS evaluation created mistakes in underestimation of the
findings in adenomyomatous hyperplasia (4 cases),
misinterpretation o DWI (2 cases) and DE-T1 (3 cases); the
mistake in PIRADS reached a score of 11. Conclusion: The
PIRADS system produces fewer mistakes in the prostatic
carcinoma detection but it is not improving CAP detection of
size T3 and higher.
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PREDICTION OF THE FAST TUMORICIDE
EFFECT OF TRANSARTERIAL APPLICATION
OF 90-YTTRIUM GLASS-MICROSPHERES,
A POTENTIAL ROLE OF
DUAL-ENERGY CT (A REVIEW)

L. Ferda, P. Duras, V. Třeška, T. Skalický, J. Fínek and O.
Topolčan

Clinic of The Imaging Methods, University Hospital, Plzen,
Czech Republic

The aim of this presentation is to present the role of a novel
technique of liver imaging with dual-energy CT and
experience with prediction of fast tumoricide effect after
transarterial application of 90-yttrium glass-microspheres. In
the treatment of hepatocellular carcinoma (HCC) and liver
colorectal metastases (CRC) with the application of glassmicrospheres TheraSphere® there exists an important issue in
predictions of the tumoricide effect according to the level of
neovascularization and liver perfusion distribution. The
perfusion of the liver lesions is reflected in the arterial to
portal iodine uptake evaluated using dual-energy CT. this
could be also assessed using evaluation of accumulation of the
human albumin macroagregate labeled with 99m-technecium
on SPECT/CT performed during simulation of the treatments,
respectively. In lesions, the changes of size and structure could
be assessed after three months at first. Prediction of the
therapy effect could be set in relation to increased preprocedural iodine uptake during the portal phase; in those
lesions the evidence of response to radioembolisation is
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achieved. Mild to moderate uptake is found in non-responding
lesions; the prediction is independent to the histology. The
high level of MAA accumulation predicts all responding
lesions. In conclusion, the investigation of the vascularization
in liver tumors using dual energy CT shows a great potential
in the estimation of radioembolisation in individual liver
lesions within the liver.
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PLANT-DERIVED COMPOUNDS FOR MODULATING
PGP-MEDIATED MDR IN CANCER CELLS
Maria-José U. Ferreira

Research Institute for Medicines (iMed.ULisboa), Faculty of
Pharmacy, University of Lisbon, Lisbon, Portugal

Multidrug resistance (MDR) is a limiting step on the success
of cancer chemotherapy. MDR is a complex and multifactorial
phenomenon resulting from several mechanisms. One of the
most important mechanisms of MDR involves the overexpression of transmembrane proteins of the superfamily of
ATP-binding cassette (ABC) transporters. Among the known
ABC transporters in humans, P-glycoprotein (P-gp), multidrug
resistance-associated protein (MRP1) and breast cancer
resistance protein (BCRP) have been considered of major
importance in the MDR phenomenon. A striking feature of Pgp, the best studied ABC transporter that is characterized by a
large drug-binding pocket, is its ability to act as an efflux
pump for a large variety of anticancer drugs, structurally and
functionally unrelated, preventing them from reaching their
cellular targets. The role of this transporter in MDR has made
it a therapeutic target. One of the strategies for overcoming Pgp-mediated MDR is the development of P-gp modulators able
to restore the cytotoxicity of the available anticancer drugs.
Another promising approach is the development of
compounds that are selectively cytotoxic to MDR cancer cells
(1). Aiming to discover anticancer compounds from plant
sources, with emphasis on targeting multidrug-resistant cancer
cells, we have been studying Euphorbia species. These plants
are used in traditional medicine to treat cancer, tumors and
warts and are characterized by an unusual diversity of
chemical constituents, which include a wide range of
structurally unique macrocyclic diterpene polyesters.
Macrocyclic diterpenes and some hemisynthetic derivatives
were identified as being potent P-gp-mediated MDR
modulators, exhibiting as well synergistic interactions with
cytotoxic drugs. Based on macrocyclic diterpenes, we have
proposed a 4-point pharmacophore model comprising three
hydrophobic and one hydrogen bond acceptor points as
important features for recognition of different molecules by
the P-gp drug-binding sites. Some of these compounds also
exhibited significant collateral sensitivity effect towards MDR
cancer cells (2-5).
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NEW PREDICTORS OF VENOUS
THROMBOEMBOLISM IN
AMBULATORY CANCER PATIENTS
Patrizia Ferroni

Telematic University Ran Raffaele, Biomarker Discovery
and Advanced Biotechnology (BioDAT) Laboratory, IRCCS
San Raffaele Pisana – Research Center, Rome, Italy

Cancer patients have a 4- to 6-fold higher risk of venous
thromboembolism (VTE) compared to the general population,
the factors being patient-, cancer- or treatment-related.
However, according to the latest guidelines issued by all the
major societies, the use of thromboprophylaxis in ambulatory
patients receiving chemotherapy is still not recommended with
the only exception of very selected high-risk patients with
solid tumors receiving chemotherapy, mainly because these
patients, despite being attributable to a high risk class, are
often unnecessarily exposed to a significant risk of bleeding
complications,
which
accompanies
anti-thrombotic
prophylaxis. Hence, many authors highlighted the need for the
development of stratification techniques to identify patients atrisk who might benefit from thromboprophylaxis. Despite the
development and validation of risk assessment models, clinical
decision making for thromboprophylaxis in ambulatory cancer
patients undergoing chemotherapy remains challenging,
especially in particular clusters of patients. In this light, efforts

have been devoted to identify candidate biomarkers for VTE
risk assessment, although none has been recognized so far as
a predictor for VTE in ambulatory cancer patients. Some of
them are appealing but poorly feasible in a general practice
setting, requiring second-level test performing laboratories
and/or skilled personnel. Others have a low accuracy and
positive predictive value, allowing just a limited prediction for
an individual patient. Not less important is the need to
establish age-adjusted cut-offs as elderly patients are
characterized by several co-morbidities that might interfere
with the predictive value of a given biomarker. In conclusion,
VTE risk prediction in ambulatory cancer patients receiving
chemotherapy is still an open challenge. Existing models have
a field of application but require to be implemented by means
of specific biomarker determination in order to identify groups
of patients at higher risk who may benefit from a
antithrombotic prophylaxis without incurring in unnecessary
bleeding complications.
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PREDICTIVE ROLE OF SERUM TUMOR
MARKERS IN PATIENTS WITH ADVANCEDSTAGE NSCLC TREATED WITH EGFR-TKI
Ondrej Fiala1, Milos Pesek2, Jindrich Finek1,
Lucie Benesova4, Marek Minarik4,
Zbynek Bortlicek5 and Ondrej Topolcan3

Departments of 1Oncology and Radiotherapy,
2Pneumology and 3Nuclear Medicine, Medical School and
Teaching Hospital in Pilsen, Charles University in Prague,
Czech Republic; 4Center for Applied Genomics of Solid
Tumours (CEGES), Genomac Research Institute, Prague,
Czech Republic;
5Institute of Biostatistics and Analyses, Masaryk University,
Brno, Czech Republic
fiala.o@centrum.cz

Background: Targeted treatment based on tyrosine kinase
inhibitors (TKI) directed at the epidermal growth factor
receptor (EGFR) represents a novel effective tool in the
management of advanced-stage non-small cell lung cancer
(NSCLC). Although, activated EGFR gene mutations represent
currently the strongest predictor of EGFR-TKIs efficacy, the
majority of NSCLC patients harbor the wild-type EGFR gene
and, moreover, there is still a large proportion of patients in
whom it is not feasible to acquire an adequate tissue for EGFR
mutation analysis. We summarized our single-institution
experience with the potential use of the serum tumor markers
carcinoembryonic antigen (CEA), cytokeratin-19 fragments
(CYFRA 21-1), neuron-specific enolase (NSE) and thymidine
kinase (TK) in patients with advanced-stage NSCLC treated
with EGFR-TKIs. Patients and Methods: Pretreatment serum
levels of CEA, CYFRA 21-1, NSE and TK were measured.
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Patients with advanced-stage (IIIB, IV) NSCLC were treated
with erlotinib or gefitinib. CEA and CYFRA 21-1 were
measured in 144 patients and NSE and TK were measured in
163 patients. Serum levels of CEA were measured using a
chemiluminescent method, serum levels of CYFRA 21-1 and
NSE were measured using the immunoradiometric titration
method (IRMA), whereas serum levels of TK were measured
using the radioenzymatic assay (REA). The measurement was
performed using the following cut-off values: CEA: 3 μg/l,
CYFRA 21-1: 2.5 μg/l, NSE: 12.5 μg/l and TK: 8 IU/l.
Comparison of patients’ survival (PFS and OS), according to
the level of the assessed tumor markers, was performed using
the log-rank test. Results: For patients with high CEA, the
median PFS and OS were 1.9 and 8.6 compared to 2.9 and
16.1 months for patients with low CEA (p=0.046 and
p=0.116), respectively. For patients with high CYFRA 21-1,
the median PFS and OS values were 1.9 and 6.1 compared to
3.4 and 23.8 months for patients with low CYFRA 21-1
(p<0.001 and p<0.001). For patients with high NSE, the
median PFS and OS were 1.1 and 3.7 compared to 2.6 and
11.6 months for patients with low NSE (p=0.002 and
p=0.003). For patients with high TK, the median PFS and OS
values were 2.1 and 8.5 compared to 2.9 and 17.4 months for
patients with low TK (p=0.026 and p=0.020), respectively.
The multivariate Cox proportional hazards model revealed that
levels of CEA (HR=1.72, p=0.007), CYFRA 21-1 (HR=2.17,
p<0.001) and NSE (HR=2.36; CI: 1.34-4.17; p=0.003) were
significant independent predictive factors for PFS, whereas the
levels of CYFRA 21-1 (HR=2.74, p<0.001) were significant
independent predictive factors for OS. Conclusion: The study
proved that high pretreatment levels of CEA, CYFRA 21-1
and NSE predict low efficacy of EGFR-TKI treatment in
patients with advanced-stage NSCLC. Assessment of these
tumor markers is a feasible predictive tool for EGFR-TKI
treatment efficacy, especially for patients with unknown EGFR
mutation status.
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EMT RATIO AS CTC AGGRESSIVENESS INDEX
P. Fici1, G. Gallerani2, M. Rigaud1 and F. Fabbri1
1Biosciences
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Meldola, Italy;
2Department of Medical and Surgical Sciences (DIMEC),
and Pathology Unit, Felice Addari Institute, University of
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Circulating tumor cells (CTCs) are considered the main
vehicles of tumor metastasization and therefore one of the
principal keys to fully understand and counteract metastasis
development. However, CTC populations are extremely rare
and heterogeneous. According to the cancer stem cell theory,
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a cancer cells subset of the primary tumor possess the
properties of normal adult stem cells, with self-renewal,
multipotent and tumor initiating capabilities.
Epithelial-mesenchymal transition (EMT) is a latent and
reversible process able to convert polarized epithelial cells to
mesenchymal cells with stemness features, normally
implicated in embryogenesis. In tumor tissue, EMT is one of
the most important phenomenon associated to the primary
tumor metastasis.
These aspects reveal the huge need for a new CTCdetection approach based on the simultaneous finding of
multiple characteristics of CTCs, first of all epithelial-,
mesenchymal- and stem-like features.
Studying two different cell models of EMT, we analyzed
the gene expression changes of major epithelial, mesenchymal
and stemness markers, and of phenotype-specific splicing
variants of hMENA, FGFR2 and CD44 genes. Moreover, we
evaluated the expression levels of ESRP1, ESRP2 and
RBFOX2 genes, involved into phenotype-specific splicing
systems. These markers were analyzed in normal and tumor
mammary cell lines, representative of intrinsic molecular
subtypes with different clonogenic ability, and in primary
tumor tissues of a cohort of breast cancer patients with
different disease stages.
Results showed a significant change in gene expression
levels of epithelial, mesenchymal and stemness features during
the transition. In particular, the ratios between splicing variants
and between splicing systems-related genes were linked to cell
shape modifications testifying the occurring EMT and the
tumor aggressiveness levels.
We propose this approach to discriminate the
subpopulations of CTCs and to establish a standardized
threshold to appreciate their EMT degree and metastasization
capability.
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PROTEIN KINASE Cι SIGNALING MECHANISMS IN
LUNG CANCER INITIATION AND MAINTENANCE
Verline Justilien, Michael P. Walsh, Syed A. Ali,
E. Aubrey Thompson, Nicole R. Murray and Alan P. Fields

Department of Cancer Biology, Mayo Clinic Cancer Center,
Jacksonville, Florida, USA

Our previous studies identified PKCι as an oncogene in two
major forms of non-small cell lung cancer (NSCLC) lung
squamous cell carcinoma (LSCC) and lung adenocarcinoma
(LADC). PKCι is frequently overexpressed in LSCC as a
result of tumor specific amplification of the PKCι gene
(PRKCI) as part of a chromosome 3q26 amplicon. More
recently, we demonstrated that genetic disruption of the mouse
PKCι gene, Prkci, in the LSL-KrasG12D LADC mouse
model, blocked formation of lung tumors by inhibiting the
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expansion of tumor-initiating cells (TICs) in the lung. Our
current studies show that in LSCC, two oncogenes residing at
chromosome 3q26, PRKCI and SOX2, are co-amplified and
cooperate to regulate a stem-like phenotype of LSCC TICs.
Mechanistically, PKCι transcriptionally regulates multiple
component of the Hh signaling pathway, including the rate
limiting step in Hh ligand production, Hedgehog Acyl
Transfersase (HHAT). PKCι directly phosphorylates SOX2 to
regulate SOX2 occupancy on the HHAT promoter and HHAT
expression. HHAT establishes a cell autonomous Hh signaling
axis that is required for maintenance of the LSCC TIC
phenotype. Interestingly, PKCι is also required for
maintenance of a LADC TIC phenotype. Surprisingly
however, PKCι acts through a distinct signaling pathway,
activating a PKCι-ELF3-NOTCH3 signaling axis that drives
LADC TIC behavior. Thus, the PKCι oncogene drives LSCC
and LADC through distinct signaling pathways that maintain
a TIC phenotype in these tumors. These results have
widespread implications for the therapeutic targeting of PKCι
for treatment of these two major tumor types. Our current
clinical experience with the first-in-class PKCι inhibitor will
be described.
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THE PERIVASCULAR GLIOMA NICHE AND ITS
ROLE IN THERAPEUTIC RESISTANCE:
SAFE HARBOUR OR ACTIVE PARTICIPANT?
Helen L. Fillmore

Cellular and Molecular Neuro-oncology Research Group,
University of Portsmouth, UK

While great strides are being made in other cancers, survival
for patients diagnosed with glioblastoma multiforme (GBM)
is dismal with little improvement seen in the past 40 years. A
major reason is probably due to adaptations of tumour cells to
therapies, and the fact that aggressiveness, stemness,
invasiveness and therapeutic resistance of tumours are
essentially influenced by the tumour microenvironment. There
is strong evidence in other cancer types that targeting the
microenviornment improves efficacy of radio- and
chemotherapy. We believe that we need to increase our
knowledge in the area of identifying crucial molecular players
that respond to microenvironmental changes and drive
adaptations. This highly dynamic host/tumour process will be
influenced by treatment type and will be represented at
different stages by specific signalling pathways depending on
the ‘omic’ profile of tumour. GBM aggressiveness and
therapeutic resistance are strongly influenced by multiple
interactions with stromal, immune, and adjacent endothelial
cells as well as surrounding extracellular matrix, creating a
distinct anatomical and dynamic site called the
microenvironment (niche). In this study, using an in vitro

perivascular glioma niche model, we aim to examine
mechanisms of how the perivascular niche adapts to therapies,
identify key molecular players and address mechanisms of
how the perivascular niche contributes to host/tumour
microenvironment adaptations. Human cell types included in
this model are pericytes, endothelial cells, glioma cell lines
and glioma ‘stem-like’ cells. Using this model under normoxic
and hypoxic conditions, we are currently investigating a
potential signalling pathway that may be activated during antiangiogenic therapies. This pathway involves matrix
metalloproteinase 1 and 3, Protease Activated Receptor-1
(PAR-1), SDF-1, CXCR4, and CXCR7. We will present
evidence that MMP-1 activation leads to an increase in
endothelial tube formation via activation of PAR1 on brain
endothelial cells. We are currently testing the hypothesis that
downstream of PAR1 activation results in the release of SDF1 and recruits glioma and glioma ‘stem-like’ cells to
endothelial cells that have formed tubes. Data demonstrating
expression of CXCR4 and CXCR7 in glioma cells under
normoxic and hypoxic conditions will be shown. Hepatocyte
growth factor (HGF) has been suggested to increase in
gliomas following Avastin treatment and we will show data
demonstrating the induction of MMP-1 in glioma cell lines
following HGF treatment. In summary, we hope to
demonstrate that this dynamic model will be useful to identify
and understand adaptive escape mechanisms following
treatments such as radiation and other therapies. These studies
could serve an important role prior to pre-clinical experiments
in our goal to test clinically relevant and druggable
tumour/host interactions responsible for driving tumour/host
adaptation.
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REGULATION OF BRCA1 EXPRESSION BY
MIRNAS IN BREAST CANCER CELL LINES
Insaf Fkih M’hamed1,2,3, Maud Privat1,2,
Frédérique Penault-Llorca2,
Abderraouf Kenani3 and Yves-Jean Bignon1,2
1Département
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Clermont-Ferrand, France;
2EA4677 ERTICA, Université d’Auvergne, ClermontFerrand, France;
3Laboratory of Biochemistry Research unit UR 12ES08
"Cell Signaling and Disease", Faculty of Medicine of
Monastir, Monastir, Tunisia
(fkihinsaf@yahoo.com)

Breast cancer is by far the most common cancer diagnosed in
women worldwide. At the molecular level, the classification
of breast cancers identified five main intrinsic molecular
subtypes depending in particular on the expression of hormone
receptors: the luminal subtypes A and B the HER2-enriched
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subtype, the basal-like subtype and the normal like subtype.
This classification correlates well with the prognosis for
healing; from very good for luminal A tumors to very bad for
the basal-like tumors. These basal-like tumors are often linked
to BRCA1 tumor suppressor gene. In sporadic breast cancers,
BRCA1 is frequently inactivated at the transcriptional level. It
has been shown that extinction of BRCA1 could be related to
methylation of its promoter, to the action of repressor ID4 and,
more recently, to a post-transcriptional regulation by
microRNAs. In this study, we explored the profile expression
of miRNAs in human breast cancer cells and the regulation of
BRCA1. The profiling of miRNAs was performed in 10
human breast cancer cell lines by computational search, qRTPCR and PCR Array. Moreover, real-time PCR and
transfection assays of MDA-MB-231 and MCF7 with selected
miRNAs (miRNA mimics) and anti-miRNAs (miRNA
inhibitors) were applied to investigate the interaction between
these miRNAs and BRCA1 expression. Among the eleven
selected miRNAs, four miRNAs (miR-146a, miR-153, miR10b and miR-26a) showed a significant difference between the
basal-like cell line type and luminal or benign cell lines.
Transfection assays revealed that miR-146a did not regulate
the expression of BRCA1. However, the BRCA1 gene is
down-regulated by miR-153 in MCF7 cells, by miR-10b and
miR-26a in MDA-MB-231 and MCF7 cells. This work
provides further evidence for the involvement of miRNAs in
breast cancer cell lines through down-regulation of BRCA1.
MiR 153, miR 10b and miR-26a might serve as potential
biomarkers for predicting breast cancer progression.
193
PROTEIN AND mRNA EXPRESSION OF NOTCH
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There is substantial evidence that laryngeal cancer
represents a unique entity among squamous head and neck
cancers. Hence, research data focused on laryngeal cancer
biology are in need. Tumors from 289 squamous cell
laryngeal cancer patients were assessed for protein
(immunohistochemistry) and mRNA (qRT-PCR) expression
of Notch pathway components (Notch1 to 4 receptors and
Jagged1 ligand) on tissue microarrays. Notch1-3 protein
expression was common (nuclear Notch1 88%, cytoplasmic
Notch1 94%, Notch2 94% and Notch3 96%), contrary to
Jagged1 (nuclear Jagged1 36%, cytoplasmic Jagged1 15%
and membranous Jagged1 3%) in the examined cases. In
univariate analysis, enhanced nuclear Jagged1 expression
conferred a longer disease-free survival (DFS) (p=0.013)
and overall survival (OS) (p=0.004) in contrast to the
unfavorable prognostic value of Notch3 for both DFS
(p=0.009) and OS (p=0.024). In multivariate analysis, overexpression of either Notch3 or cytoplasmic Jagged1
conferred an unfavorable effect on DFS (HR=1.88, 95% CI
1.03-3.43, p=0.04). Similarly, the simultaneous Notch2 and
cytoplasmic Jagged1 protein over-expression led to a
detrimental effect on OS (HR=2.24, 95% CI 0.93-5.44,
p=0.074). On the contrary, when enhanced Notch2
immunohistochemical expression was coupled with low
cytoplasmic Jagged1, a favorable independent effect
emerged for both DFS (HR=0.48, 95% CI 0.29-0.81,
p=0.0057) and OS (HR=0.47, 95% CI 0.27-0.81, p=0.007).
The most significant findings of our study were: (i) a
constant unfavorable effect of Notch3 and cytoplasmic
Jagged1 protein expression, (ii) a favorable impact of
Jagged1 nuclear localization and (iii) a differential
prognostic value of Notch2 expression according to the
presence of cytoplasmic Jagged1.
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BREAST CANCER RISK PREDICTION:
A JOURNEY FROM ACCURATE
INFORMATION ON BREAST CANCER
DIAGNOSIS, TO EPIDEMIOLOGY
AND BIOMARKERS
Evangelia-Ourania Fourkala
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Breast cancer (BC) remains one of the leading causes of
cancer death among women. To better understand the
disease, well-characterised cohort or case control studies are
needed that focus on (i) epidemiology, (ii) aetiology and (iii)

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

risk prediction. Accurate information of cancer diagnosis is
key in research. We carried out a study by looking at women
who have developed BC in the UK Collaborative Trial of
Ovarian Cancer Screening (UKCTOCS) and we compared
cancer registration in England/Wales and self-reporting with
independent confirmation from the treating physician. The
study confirmed the reliability of BC registration and
highlighted the fact that 1 in 10 women self-reporting BC
might only have in situ breast carcinoma. High quality data
collected through UKCTOCS has given us the opportunity
to perform epidemiological analyses. Among the most wellknown to be associated with increased BC risk in
postmenopausal women are overall and central obesity.
However, there are no studies investigating changes of
central obesity and breast cancer. We reported on the
association of BC risk with self-reported skirt size (waistcircumference proxy) changes between twenties and
postmenopausal age. Our data suggested that change of skirt
size is associated with BC risk independent of body mass
index. A unit increase in UK skirt size (e.g. 12 to 14) every
10 years between 25 and postmenopausal age increases
postmenopausal BC risk by 33%. Validation of these results
could provide women with a simple and easy way to
understand the cancer-risk message. Additionally, the
UKCTOCS biobank enabled us to carry out biomarker
analysis. Since many of the risk factors for postmenopausal
BC are suggested to mediate their effect through a hormonal
mechanism, serum sex steroids and bioactivity of their
receptor analysis was possible. Previous studies have shown
that postmenopausal women with elevated serum sex
steroids have an increased risk of breast cancer. For the first
time, we investigate the association of oestrogen receptor
(ER) and androgen receptor (AR) serum bioactivity (SB) in
addition to hormone levels in samples from women with BC
collected before diagnosis. Our study provides further
evidence on the association of androgens and oestrogens
with breast cancer. In addition, it reports that high ER but
not AR SB is associated with increased breast risk >2 years
before diagnosis. Finally, both UKCTOCS and MRC
National Survey of Health and Development cohort
biobanks have given us the opportunity to test whether a
DNA methylation (DNAme) signature could predict the
presence of breast cancer in BRCA1 mutation carriers and
non-hereditary cases. We have found a DNAme signature
derived from BRCA1 carriers that is able to predict BC risk
and death years in advance of diagnosis. Further studies are
needed to focus on DNAme profiles in epithelial cells in
order to have a highly specific signature that is required for
preventative measures or early detection strategies. In
conclusion, in future it may be possible to develop BC risk
prediction models with high sensitivity and specificity that
combine epidemiologic, genetic/epigenetic, hormonal/
proteomic data.
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RADIATION RECALL DERMATITIS: NEW CASE
REPORT WITH TARGETED THERAPY
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Radiation recall dermatitis (RRD) represents an acute
inflammatory reaction in a previously irradiated anatomic area,
which has been incited by a pharmacologic agent. This
phenomenon is rare and often discarded by oncologists. A
multiple anti-cancer cytotoxic drug treatment and thyrosine
kinase-inhibitors were associated with this reaction but, to our
knowledge, no case has been reported with pazopanib
treatment. Our patient is a 64-year-old man with stage IV clear
cell kidney adenocarcinoma presenting a multiple bone
metastasis. In February 2014 the patient received a 20 Gy
palliative radiotherapy on the right humerus as primary
oncological treatment without any skin reaction. In March
2014, three weeks after starting the first-line treatment by
pazopanib at a dosage of 400 mg twice daily, the patient
developed an erythematous patch and edema that strictly
corresponded with the previously irradiated area. A one-week
pazopanib interruption and per os corticosteroids were
sufficient to obtain a complete regression of symptoms. This
reaction is a non-severe skin toxicity, very rare and
unpredictable. It is, obviously, underreported in literature.
196
MITOCHONDRIAL-TARGETING NITROOXYDOXORUBICIN: EFFECTS ON P-GLYCOPROTEIN
AND ASSESSMENT OF THEIR VASCULAR EFFECTS
Frosini Maria1, Maestrini Vanessa1, Neri Annalisa1,
Santulli Chiara1, Brizi Claudia1, Chegaev Konstantin2,
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ATP binding cassette (ABC) transporters can increase efflux
of clinical chemotherapeutic agents and lead to multi-drug
resistance (MDR) in cancer cells. Synthetic doxorubicins,
modified with moieties containing NO-releasing groups
(NitDOX), overcome drug resistance by nitrating critical
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tyrosine residues of ABC transporters. The introduction of a
NO-releasing group made NitDOX also a functionally distinct
anthracycline with pharmacologic properties widely different
from the parent drug. NitDOX, in fact, accumulates
preferentially in the mitochondria, where it affects critical
steps of mitochondrial metabolism. The development of
clinically useful MDR inhibitors remains a promising strategy
for addressing and potentially overcoming MDR. Drug safety,
however, is one of the main causes of discontinuation or
withdrawal of novel drugs and many reports indicate that
cardiovascular toxicity is a significant driver, being more
frequent, for example, than hepatotoxicity. In order to develop
novel and safe MDR inhibitors and considering the potential
use of NitDOX as innovative drugs, the aim of this study was
to characterize the mechanism of action and vascular effects
of the novel P-gp inhibitors, especially when considering the
role of NO in the regulation of vascular tone. Their effects
were compared to those of doxorubicin (DOXO) and
tariquidar, one of the most potent P-gp inhibitors. The results
demonstrated that NitDOX was less toxic than DOXO in
human endothelial cells at concentrations comparable to those
effective to exert antitumor activities and to accumulate in
drug-resistant cells. Both NitDOX and DOXO, however,
promoted similar cytotoxic and apoptotic effects in vascular
smooth muscle cells, while tariquidar was mostly inactive. In
conclusion, NitDOX is a functionally distinct anthracycline
with a more favorable toxicity profile and a better efficacy
against drug-resistant cells. In the context of earlier attempts to
use NO delivery strategies in cancer therapy, NitDOX is
worthy of further investigations in preclinical and clinical
settings.
This work was supported by MIUR (Futuro In Ricerca 2012,
RBFR12SOQ1).
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TRYPTOPHAN METABOLISM, NEOPTERIN
AND CANCER
Johanna M. Gostner1, Kathrin Becker2,
Florian Ueberall1 and Dietmar Fuchs2
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Degradation of the essential amino acid tryptophan via
enzyme indoleamine 2,3-dioxygenase (IDO) represents an
important strategy during immune response to control growth
of invading pathogens and tumor cells. IDO is activated upon
stimulation with major T helper (Th) type 1 cytokine
interferon gamma (IFN-γ) in human monocytes/macrophages,
dendritic cells but also other cell types such as fibroblasts,
endothelial and epithelial cells. In parallel, formation of the
oxidative stress and inflammation marker neopterin is induced
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upon IFN-γ-dependent mechanism in human monocytederived macrophages and dendritic cells. IDO activity can be
estimated by determining the kynurenine to tryptophan
(Kyn/Trp) ratio in body fluids such as urine, serum/plasma or
ascites (7).
Increased Kyn/Trp and elevated neopterin concentration
were shown to parallel the course of disease and to be of
predictive and prognostic value in patients suffering from
gynaecological cancer, adult T cell leukemia, colon carcinoma,
colorectal cancer and haematological neoplasias (5).
Tryptophan deprivation also controls T cell response, thus
IDO activity provides a negative feedback loop to control
immune activation. However, suppression of T cell responses
in cancer can promote immunoescape and favor tumor cell
growth. Several immunosuppressive mechanism involving
primarily regulatory T-cell (Treg) (2) were reported to be
associated with IDO activation such as expression of the T cell
inhibitory and tolerance inducing signal cytotoxic T
lymphocyte associated antigen-4 immunoglobulin fusion
proteins (CTLA4-Ig) on activated T cells, which interferes
with dendritic cell (DC)/T cell interaction (4). Development
of immunodeficiency in cancer patients may emerge as a longterm side effect of antiproliferative mechanisms during T
helper (Th) type 1 immune response.
Furthermore, decreased tryptophan availability interferes
with neurotransmitter synthesis, in particular with formation
of serotonin. Increased tryptophan breakdown during
inflammatory disease is associated with the development of
fatigue, depression and diminished quality of life (1, 3, 6).
Accelerated breakdown of tryptophan and increased
production of neopterin were also associated with the
development of anemia and weight loss during the course of
malignant diseases.
Thus, monitoring of neopterin concentrations and Kyn/Trp
in cancer does not only provide predictive and prognostic
information, but also helps to unravel the processes which are
involved in the development of immunodeficiency, anemia and
mood disorders in this group of patients.
1 Dantzer R, Heijnen CJ, Kavelaars A, Laye S and Capuron
L: The neuroimmune basis of fatigue. Trends Neurosci
37(1): 39-46, 2014.
2 Fallarino F and Grohmann U: Using an ancient tool for
igniting and propagating immune tolerance: IDO as an
inducer and amplifier of regulatory T cell functions. Curr
Med Chem 18(15): 2215-2221, 2011.
3 Kurz K, Fiegl M, Holzner B, Giesinger J, Pircher M, Weiss
G, Denz HA and Fuchs D: Fatigue in patients with lung
cancer is related with accelerated tryptophan breakdown.
PLoS One 7(5): e36956, 2012.
4 Mayer E, Hölzl M, Ahmadi S, Dillinger B, Pilat N, Fuchs
D, Wekerle T and Heitger A: CTLA4-Ig immunosuppressive
activity at the level of dendritic cell/T cell crosstalk. Int
Immunopharmacol 15(3): 638-645, 2013.
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5 Schröcksnadel K, Wirleitner B, Winkler C and Fuchs D:
Monitoring tryptophan metabolism in chronic immune
activation. Monitoring tryptophan metabolism in chronic
immune activation. Clin Chim Acta 364(1-2): 82-90, 2006.
6 Sperner-Unterweger B, Neurauter G, Klieber M, Kurz K,
Meraner V, Zeimet A and Fuchs D: Enhanced tryptophan
degradation in patients with ovarian carcinoma correlates
with several serum soluble immune activation markers.
Immunobiology 216(3): 296-301, 2011.
7 Sucher R, Schroecksnadel K, Weiss G, Margreiter R, Fuchs
D and Brandacher G: Neopterin, a prognostic marker in
human malignancies. Cancer Lett 287(1): 13-22, 2010.
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Aim: A multiplex panel for the measurement of serum levels,
including osteoprotegerin, osteopontin, osteocalcin,
parathormon and leptin, was tested in a group of cancer
patients with metastatic disease and also in healthy controls.
Materials and Methods: Cancer cases were divided into one
group with an occurrence of bone metastases and into one
group without bone metastases. Serum levels of markers of
biologic activity were measured using human bone panel for
multiplex xMAP technology. Additionally, routine serum
bone markers (PINP, PIIINP, ostase, ICTP and 25hydroxyvitamin D) were assessed with routine immunoassays
in cancer groups. Results: In comparison to controls, both
cancer groups were observed to have higher levels of
osteoprotegerin and lower levels of osteocalcin. The bone
metastatic group had higher levels of PIIINP and ostase than
the non-bone metastatic group. Three of 4 patients with
multiple bone metastases had values above the set normal
value for both osteoprotegerin and osteopontin in comparison
to all other cancer patients. Conclusion: Multiplex bone
metastasis detection by serum test in future could help with
creating of multiparametric scoring system with sufficient
sensitivity and specificity for clinical practise.Multiplex is a
powerful tool for multiparametric studies but we are still in
the era of looking for the right marker combination for cancer
diagnostics and monitoring. The panel will be tested on a
larger cancer cohort and in patients with non-cancerous
diseases.

This study was supported by the research project of Ministry
of Health of The Czech Republic IGA NT 13655-4 and
conceptual development of research organization 00669806Faculty Hospital in Pilsen.
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SERUM LEVELS OF MARKERS IN EARLY
DETECTION OF PROSTATE CANCER
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Objectives: Monitoring changes in the levels of biomarkers
PSA, %freePSA, [-2]proPSA and calculation of prostate
health index (PHI) in the diagnostic algorithm of early prostate
cancer. Patients and Methods: The Immunoanalytical
Laboratory of University Hospital in Pilsen examined sera of
263 patients from the Urology department of the University
Hospital with suspected prostate cancer who have undergone
TRUS biopsy. We assessed the levels of PSA and, if the
interval of PSA was between 0-20 ng/ml, we also assessed the
levels of freePSA, [-2]proPSA and calculated the %freePSA
and PHI. The monitored biomarkers were measured using the
chemiluminescent DxI 800 instrument (Beckman Coulter,
USA). Peripheral blood was drawn by VACUETTE® (Greiner
Bio-One, Austria) and all specimens were immediately
aliquoted, frozen and stored at –80˚C. Samples were thawed
only just before processing. The SAS 9.3 software was used
for all statistical analyses. Results: We found highly
statistically significant increased levels of [-2]proPSA, PHI
and %freePSA in patients diagnosed with prostate cancer by
prostate biopsy vs. patients with benign prostate hypertrophy
([-2]proPSA: median, 16 vs. 21 pg/ml; PHI: median, 35 vs. 62
and %freePSA: 16,7 vs. 11.7%). According to receiver
operating characteristic (ROC) curves, PHI is the best
parameter for distinguishing benign and malignant prostate
tumor. Conclusion: The assessment of [-2]proPSA and the
calculation of PHI appear to be of great benefit for a more
accurate differential diagnosis of benign hyperplasia. PHI
calculation leads to a biopsy reduction and it is expected that
the verification in a larger cofort of patients will have a
significant impact for the assessment of tumor aggressiveness.
Supported by Ministry of Health, Czech Republic - conceptual
development of research organization (Faculty Hospital in
Pilsen - FNPl, 00669806) and project the Ministry of
Education CZ1.07./2.3.00/20.0040 and SVV 260 054.
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INTERACTION WITH GEMCITABINE IN
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Introduction/Background: The current therapy for pancreatic
ductal adenocarcinoma (PDAC) is surgery followed by
adjuvant radiotherapy and chemotherapy for early-stage, and
palliative chemotherapy for advanced disease. Gemcitabine is
the standard drug in both adjuvant and palliative treatment but
yields a marginal impact on disease outcome. Several attempts
to improve the efficacy of gemcitabine by addition of a second
cytotoxic or targeted agent have not shown any significant
survival advantage. Ukrain, a compound with alkaloids from
Chelidonium majus, most importantly sanguinarine, berberine
and chelidonine (ALK-014) showed a greater median survival
in combination with gemcitabine compared to gemcitabine
alone (10.4 months vs. 5.2 months; p<0.001) in the palliative
treatment of unresectable PDAC. However, the authors did not
study the interactions between alkaloids and the molecular
determinant expressions involved in the metabolism of
gemcitabine. There is compelling evidence that gene
transcripts of determinants of gemcitabine activity, such as
hENT1, could be used to tailor chemotherapy in PDAC.
Therefore, the aim of the present study was to evaluate the
modulation of the expression of two pivotal genes (hENT1
and dCK) involved in gemcitabine activity. Indeed, there is no
data available about the composition of alkaloids present in
the mixture to better understand the molecular basis of
synergistic effects of alkaloids and gemcitabine in PDAC in
vitro models. Materials and Methods: In vitro studies were
performed in 2 ATCC cell lines (PL45 and Mia PaCa-2) and 2
primary cell cultures obtained from PDAC patients who
underwent surgical resections (LPc-006 and LPc-028). Cells
were treated with Ukrain at IC50 concentration levels for 48h.
The total RNA extraction was performed with the Trizol
protocol. All the amplifications were carried out with
normalization of gene expression against the glyceraldehyde
3-phosphate dehydrogenase (GAPDH) housekeeping control
gene, while the quantitation of gene expression was performed
using the direct ratio, the standard curve method and the
ΔΔCT calculation in which the amount of target, normalized
to the endogenous control and relative to the calibrator
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(untreated control cells), was calculated as 2(-ΔΔCt). In
addition, different preparations (12 samples) of alkaloids
mixtures (ALK-014) were compared using high performance
chromatography
(HPLC)
and
subsequent
liquid
mass/spectroscopy (MS) analyses. We used Ukrain preparation
as reference. Results: This analysis shows that Ukrain
increases the mRNA levels of hENT1 gene in all PDAC cell
cultures after IC50 Ukrain exposure. This data is confirmed by
the Ct ratio 2^(-ΔCt) and 2^(-ΔΔCt) comparison with
housekeeping gene (GAPDH). In particular, the 2^(-ΔΔCt)
analysis shows that treated cells express higher level of
hENT1 with respect to non treated cells. The 2^(-ΔΔCt) mean
value is around 285.93%. These differences are statistically
significant (p<0.001). Furthermore, this analysis has shown
that LPc cell cultures increased their mRNA levels after
Ukrain treatment more than the ATCC cell cultures did.
Indeed, Ukrain increases mRNA levels of the dCK gene in
ATCC cell cultures after IC50 Ukrain exposure, while Ukrain
reduces mRNA of dCK in LPc cell cultures. Statistically
significant differences of dCK gene expression were observed
in: 3/4 cell cultures (PL45, MiaPaCa-2 and LPc-006) for Ct
parameter (p<0.001); in only one LPc (-006) for 2^(-ΔCt)
parameter (p<0.001); in both ATCC cell cultures for 2^(ΔΔCt) parameter (p<0.001). In particular, the mean value of
2^(-ΔΔCt) in treated cells was higher than in non-treated cells.
Mean over-expressed dCK value mRNA is valuable around
52.05%. Furthermore, as the “in toto” analysis is concerned,
we can positively evaluate the Ukrain effect in PDAC cell
cultures. The drug induces higher levels of mRNA of the dCK
gene in ATCC cell cultures and the effect in LPcs is not so
negative because the down-regulation of LPc-028) is not
significant. The worst result involves the LPc-006 cell culture
but the 2^(-ΔΔCt) value shows that differences were not
significant (p>0.05). On the other hand, the HPLC-MS
analyses are coherent among the different samples of ALK014, indicating a similar composition of the natural extracts,
which probably contain the same molecules. In all
preparations six most important compounds (all alkaloids)
were identified. In particular, the masses 333.1, 337.4 and
354.4 gave a clearly defined peak, thus indicating a probable
matching with the target alkaloid molecule (sanguinarine,
berberine and chelidonine, respectively). The remaining three
targets could be tentatively assigned (with a lower probability)
to the peaks at 21.9 min (Chelerythrine: mass 349.4) or 9.9
min (Magnoflorine: mass 343.3) and 13.0 (Coptisine, mass
321.3). This group of molecules could represent the “fingerprint” of alkaloids’ mixture used to modulate the gene
expression. Conclusion: To date a few options based on
gemcitabine are available for the treatment of PDAC. Most
gemcitabine-based chemotherapy regimens resulted in a very
limited disease control and studies attempting to widen the
therapeutic armamentarium against this disease are warranted.
No data have been reported concerning which type of
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alkaloids and their formulations are involved in gemcitabine’s
metabolism. However, the connection between the alkaloids
transporters (ABC gene family) and nucleosides transporter
(i.e. hENT1) was reported in literature. Indeed, no data about
the alkaloid formulation have been used previously. Based on
the previous clinical data, the ALK-014-gemcitabine
combination appears to be a promising regimen and the results
of the present study provide the experimental basis for further
clinical testing of the ALK-014-gemcitabine schedule in
PDAC patients.
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Biochemists would miss intriguing insights into an emerging
dimension of molecular functionality, if they do not take note
that glycosylation means much more than just modifying a
protein’s structure. In fact, glycans are the chemical platform
of the sugar code (1). These chains of cellular glycoconjugates
(glycoproteins, glycolipids) are not only known to be
phenotypic markers. As product of a fine-tuned synthetic
machinery, distinct determinants can serve as molecular
messages decoded into physiological effects by endogenous
sugar receptors (lectins) (1, 2). Underscoring the versatility of
sugar coding, at least 14 different protein folds have developed
in animals and man with the capacity to bind glycans, among
them the β-sandwich (1, 2). Members of a lectin family with
this folding pattern, sharing binding of β-galactosides and a
sequence signature with an essential Trp residue (as contact
partner for the galactose unit via C-H/π-interactions), hereby
serve, among a panel of tasks, in glycoprotein delivery and
growth regulation (2, 3). Despite the abundant presence of βgalactosides on cell surfaces only few types of
glycoconjugates are destined to become functional
counterreceptors (e.g. ganglioside GM1 or the α5β1-integrin).
This recognition process starts the cascade of post-binding
events toward effector mechanisms (e.g. caspase-8 activation
or Ca2+-influx) (3). The case of the tumor suppressor p16INK4a
teaches us the lesson how orchestrated regulation of
glycoenzymes (glycosyltransferases, enzymes of sugar
synthesis), cell surface glycosylation and galectin expression
leads to anoikis induction in pancreas carcinoma cells in vitro,
a potential functional link between suppressor integrity and
tumor incidence (4). A key open question is to identify the
molecular mechanisms how tissue lectins find their matching
binding partner(s), amidst the complexity of the glycome.
Analysis of lectin specificity using cell systems is a salient

step toward this aim (5). Experimental data guide to a system
on six levels to explain the exquisitely specific selection
process, turning a certain glycoconjugate into the binding
partner (2). Evidently, structure and topology matter, on both
sides, to translate sugar-encoded information into cell-typespecific responses.
1 The Sugar Code. Fundamentals of glycosciences (Ed.: H.-J.
Gabius), Wiley-VCH, Weinheim, 2009.
2 Gabius et al: From lectin structure to functional glycomics:
principles of the sugar code. Trends Biochem Sci 36: 298313, 2011.
3 Solís et al: A guide into glycosciences: how chemistry,
biochemistry and biology cooperate to crack the sugar code.
Biochim Biophys Acta, in press.
4 Ledeen et al: Beyond glycoproteins as galectin
counterreceptors: tumor/effector T cell growth control via
ganglioside GM1. Ann NY Acad Sci 1253: 206-221, 2012.
5 Amano et al: Tumour suppressor p16INK4a: anoikis-favouring
decrease in N/O-glycan/cell surface sialylation by downregulation of enzymes in sialic acid biosynthesis in tandem
in a pancreatic carcinoma model. FEBS J 279: 4062-4080,
2012
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THE SUGAR CODE IN TUMOR
BIOLOGY/PATHOLOGY:
PRINCIPLES AND EXAMPLES

Hans-J. Gabius1, Klaus Kayser2,
Jürgen Kopitz3 and Karel Smetana Jr.4
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A new dimension for our understanding of molecular aspects
of cell sociology has been opened by realizing the unique
capacity of glycans (the third alphabet of life) to code
bioinformation (1). Our educational workshop will introduce
participants first to the structural features that make sugars
special, then provide primers to cellular glycoconjugates and
to human lectins. Considering the emerging physiological
implications of recognition of glycan determinants by tissue
lectins as predicted nearly three decades ago (2), graphic
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examples will be presented on how human lectins translate the
sugar-encoded information, explicitly in growth control of
pancreatic carcinoma (orchestrated by tumor suppressor
p16INK4a) and of neuroblastoma cells as well as in
effector/regulatory T cell communication (3). Moreover, tissue
lectins are involved in shaping the tumor microenvironment,
e.g. by inducing conversion of fibroblasts to myofibroblasts,
an emerging target of therapeutic intervention (4). These
functional data will prompt us to outline the potential of
monitoring lectin presence and testing human lectins as probes
in pathology, e.g. galectin-3 (5). The resulting staining profiles
do not only provide valuable information on presence/absence
and localization but also on morphometric features of cell
populations, e.g. structural entropy. How to obtain such
information from routinely processed sections will be
explained in detail, with examples from lectin staining in
tumors and embryological specimens. Here, the feasibility of
an exchange of files by telepathology can stimulate
cooperations, such technical aspects dealt with in the final
part. Giving ample opportunity to discuss the presented
concept and its perspectives as well as suggestions for joint
research activity will be an integral part of our workshop.

1 Gabius H-J (Ed): The Sugar Code. Fundamentals of
glycosciences. Wiley-VCH, Weinheim, Germany, 2009.
2 Gabius et al: Endogenous tumor lectins: overview and
perspectives. Anticancer Res 6: 573-578, 1986.
3 Smetana et al: Context-dependent multifunctionality of
galectin-1: a challenge for defining the lectin as therapeutic
target. Expert Opin Ther Targets 17: 379-392, 2013.
4 Mifková et al: Synthetic polyamine BPA-C8 inhibits TGFβ1-mediated conversion of human dermal fibroblasts to
myofibroblasts and establishment of galectin-1-rich
extracellular matrix in vitro. ChemBi˚Chem 15: 1465-1470,
2014.
5 Dawson et al: The growing galectin network in colon cancer
and clinical relevance of cytoplasmic galectin-3 reactivity.
Anticancer Res 33: 3053-3059, 2013.
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EVALUATION OF TWO KINASE INHIBITORS ON
MELANOMA CELL LINES IN CAM ASSAY
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Melanoma is the most aggressive form of malignant skin
cancer that arises from unregulated growth of melanocytes.
Kinase inhibitors (KI) are a class of small molecule
compounds used as therapy in several types of melanoma,
though still confronted with a very low overall survival rate.
We investigated two novel KI: PP1 (Src-family tyrosine kinase
inhibitor) and Y273632 (ROCK1 serine-threonine kinase
inhibitor), on melanoma cell lines: B16F10GFP, A375 and
A2058, on the in vivo chick embryo chorioallantoic membrane
(CAM) assay. Stereomicroscopic and histologic evaluation
was performed. Generally, PP1 had minimal effect on tumor
growth, especially for B16F10GFP and A2058 cells, but
reduced the number of blood vessels for all the specimens.
Y273632 inhibited the invasiveness of tumor cells in the
chorioallantoic membrane, affecting the viability of
B16F10GFP tumor cells and to a lesser extent for A375 and
A2058 cell lines, having a lower influence on the tumor
angiogenesis for all the investigated melanoma cell lines.
These results indicate that the two KI affect in different
manner the progression of melanoma, with potential
complementary effects in association, on tumor cells and on
the angiogenesis process.
Research was supported by an Internal grant at UMFT Victor
Babes, PII-C2-TC-2014, CAMMelRasNa, obtained by Avram
Stefana.
Supported by research grant no. 345/2011, Lymphangiogenesis in molecular subtype of breast cancer: a prerequisite
for targeted therapy of limph node metastasis
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LEVELS OF MICROVESICLES ISOLATED FROM
BLOOD OF BREAST CANCER PATIENTS IS
HIGHER THAN IN HEALTHY WOMEN

Octavio Galindo Hernández1,
María Cristina González Vázquez1,
Claudia Vanessa Arellano Gutierrez2,
Octavio Daniel Reyes Hernández2,
Mónica Sierra Martínez2 and Eduardo Pérez Salazar1
1Departamento

de Biología Celular, CINVESTAV-IPN,
México D.F., México;
2Laboratorio de Genética y Diagnóstico Molecular, Unidad
de Investigación, Hospital Juárez de México, México D.F.,
México

Background and Aims: Microvesicles (MVs) are fragments of
the plasma membrane secreted from cytoplasmic membrane
compartments by normal and malignant cells. An increase in
MV number has been found in peripheral blood of patients
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with several diseases, including cancer. We hypothesized that
MV number and the relative amount of FAK and EGFR
proteins in plasma fractions enriched in MVs and deprived of
platelet-derived MVs are related to the presence of breast
cancer. Materials and Methods: Plasma fractions enriched in
MVs and deprived of platelet-derived MVs were obtained by
differential centrifugation of blood samples. MV number was
evaluated by BD TruCOUNT Tubes. FAK and EGFR proteins
were analyzed by Western blot. Results: MV number in
plasma fractions enriched with MVs and deprived of plateletderived MVs is higher in breast cancer patients with stages IIV, as well as with T2-T4 tumors, in comparison to control
group. In addition, FAK and EGFR were present in MVs and
their amount is increased in some stages of breast cancer in
comparison to control group. Conclusion: Our findings
strongly suggest that MV number and the amount of FAK and
EGFR in plasma fractions enriched in MVs are associated
with some stages of breast cancer.
Research was supported by CONACYT (83802) and SECITI
(ICYTDF 224/2012).
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NEXT GENERATION EXPRESSION PROFILING OF
PRIMARY AND RECURRENT OVARIAN TUMORS
Mahrukh K. Ganapathi, Wendell Jones, Jalid Sehouli,
Chad M. Michener, Ioana E. Braicu, Charles Biscotti,
Susan A.J. Vaziri and Ram N. Ganapathi

Levine Cancer Institute, Carolinas HealthCare System,
Charlotte, North Carolina 28204, USA;
Expression Analysis-Quintiles, Durham, North Carolina,
USA;
Charite Medical University of Berlin, Berlin, Germany,
Cleveland Clinic, Cleveland, Ohio, USA

Background (Purpose): Disease recurrence is a major problem
following surgery and adjuvant chemotherapy in women with
serous ovarian cancer. In this study RNA-Seq analysis of
primary and recurrent tumors was carried out to determine
expression of specific genes associated with time to first
recurrence (TTFR) of the cancer. Methods (Experimental
Design): RNA-Seq analysis was carried out on a discovery set
of 45 tumors comprising of both primary (21) and recurrent
(11 first and 13 second recurrence) tumors using total RNA.
A focus set of 22 target genes/isoforms was selected for qPCR
analysis in a larger cohort of 111 paired and unpaired serous
ovarian tumors (72 primary and 39 recurrent). Results:
Principal component analysis (PCA) of the RNA-Seq results
revealed a sub-set of primary tumors that exhibited a
homogeneous expression profile distinct from other primary
or recurrent tumors which displayed greater heterogeneity.
Expression profiles of first and second recurrent tumors
matched by subject were frequently similar. TaqMan qPCR

assay using a focus set of 22 differentially expressed target
genes/isoforms from RNA-Seq data identified that increased
expression of an RNA coding for an extracellular matrix
protein and decreased expression of a non-coding RNA was
associated with TTFR (p=.0007). Conclusion: Recurrence of
primary tumors in patients with high expression of the RNA
coding for the extracellular matrix protein and low expression
of the non-coding RNA is significantly delayed (mean
TTFR=39 months compared to mean TTFR=12 months for
other tumors). In contrast, the expression pattern of the two
genes associated with delayed TTFR in primary tumors was
infrequently observed in recurrent tumors.
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GENE EXPRESSION PROFILING OF OVARIAN
CANCER: ARE WE MAKING PROGRESS?
Ram Ganapathi, Jalid Sehouli,
Ioana E. Braicu and Mahrukh Ganapathi

Levine Cancer Institute, Carolinas HealthCare System,
Charlotte, NC 28204, USA;
Charité/Medical University of Berlin, Augustenburger Platz 1,
13353 Berlin, Germany

Gene profiling has had an impact in the therapy and
management decisions for several different solid tumors.
However, little progress has been made in therapeutic options
or management of recurrent high grade serous ovarian cancer.
We previously reported that the chemokine CCL2 and the 11gene MDR-linked gene signature were associated with
progression-free survival and/or overall survival in primary
ovarian serous carcinoma. Further, our preliminary data also
indicated that LUC7L3 an SR-related protein involved in
formation of splicesome was associated with progression-free
survival in primary serous ovarian cancer. RNA-Seq analysis
in a pair of primary-recurrent and 7 pairs of first recurrentsecond recurrent serous ovarian cancer samples matched by
subject demonstrated that expression of CCL2 was not
correlated with tumor recurrence while higher expression of
LUC7L3 was observed in the second recurrent sample
compared to the first recurrent sample from the same patient.
Among genes in the MDR-linked panel, antigen peptide
transporter 2 (TAP1) was overexpressed in the first recurrent
compared to the second recurrent tumor. In contrast
glutathione peroxidase 3 (GPX3) and integrin alpha e
(ITGAE) that are associated with cisplatin sensitivity were
found to be overexpressed in second recurrent tumors
compared to the first recurrent tumor. Interestingly, a review
of results in the cBioPortal for Cancer Genomics of the TCGA
database for ovarian serous cystadenocarcinoma indicated that
alterations in both LUC7L3 and TAP1 were associated with
progression-free survival and/or overall survival. In summary,
association of GPX3, ITGAE, LUC7L3 and TAP1 with
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cisplatin sensitivity and tumor recurrence may be useful in the
development of novel therapeutic strategies for recurrent
serous ovarian cancer to improve clinical outcome.

207
SIALYLATION DYNAMICS IN THE
MICROENVIRONMENT OF MAMMARY
TUMOURS – SIALIDASE UNCLOAKING

leading to in vitro and in vivo increased mammary tumor
aggressiveness.
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NITRIC OXIDE DONOR-DOXORUBICINS
AS MDR REVERSING AGENTS

Joana T. de Oliveira1,2,3 and Fátima Gärtner1,2

E. Gazzano1, K. Chegaev2, I. Pedrini2, J. Kopecka1,
B. Rolando2, R. Fruttero2, S. Arpicco2,
D. Ghigo1 and C. Riganti1

Increased sialylation is a common feature of malignancy.
SLe(x) over-expression was consistently demonstrated in cases
of canine mammary carcinomas (CMC) and associated with
the presence of lymph node metastases. Removal of sialic acid
by exogenously added sialidases from both CMC and CMTU27 xenograft samples exposes galectin-3-ligands throughout
the tumor tissue, whereas these ligands are only present in
galectin-3-positive invading cells in untreated samples. Loss
of galectin-3 and sialylation-related masking of its ligands, in
conjunction with their over-expression in specific tumor cell
subpopulations within the microenvironment, was shown.
Endogenous mammalian sialidases are differentially expressed
in several types of cancer, specifically in highly metastatic
cells. Although sialidases have been implicated in the
progression of various types of cancers, the mechanisms by
which and whether all of them influence metastasis remain
unclear. In order to elucidate the role of sialidases in the
complex multistage process of cancer metastasis, we examined
these enzymes’ expression in a series of CMC, CMC cell lines
and nude mice xenografts. CMC and metastases exhibit
dramatically decreased Neu1. Interestingly, CMC and their
metastases express Neu4 in a heterogeneous subpopulation
related manner. CMT-U27 xenografts display a pattern of
sialidases expression similar to the one found in spontaneous
CMC. Oseltamivir phosphate impairs sialidase activity in a
dose-dependent manner leading to increased sialylation in
CMA07 and CMT-U27 canine mammary cancer cells.
Oseltamivir phosphate stimulates, in a dose-dependent
manner, CMT-U27 cell migration and invasion capacity in
vitro. CMT-U27 xenograft tumors of oseltamivir phosphatetreated nude mice show increased sialylation, namely α2,6
terminal structures and SLe(x) expression. A trend towards
increased lung metastases is observed in oseltamivir
phosphate-treated nude mice. Taken together, our findings
reveal that oseltamivir impairs canine mammary cancer cell
sialidase activity, altering the sialylation pattern of CMC and

Doxorubicin (Dox) is one of the most effective antineoplastic
drug, but its use in cancer therapy is limited because the
development of resistance and cardiotoxicity. Resistance to
Dox is often part of a cross-resistance toward several
anticancer drugs (multidrug resistance, MDR) and can occur
through different mechanisms (i.e. the overexpression of ATPbinding cassette ABC transporters, which actively extrude the
drug from tumor cells).
In previous studies we have shown that nitric oxide (NO)
donors reverse MDR in human cancer cells: these compounds
decreased the activity of ABC transporters by nitrating critical
tyrosines, thus allowing the increase of intracellular Dox
accumulation and toxicity. We therefore designed a panel of
synthetic Doxs conjugated with NO-releasing groups.
Through a screening on human drug-sensitive and drugresistant cancer cells, we identified two molecules - nitrooxyDox (NitDox) and 3-phenylsulfonylfuroxan-Dox (FurDox) that were more cytotoxic than Dox against drug-resistant cells.
Interestingly, NitDox exhibited a faster uptake and an
extranuclear distribution, being preferentially localized in the
mitochondria, where it nitrated and inhibited ABC transporters
and modified mitochondrial metabolism.
We next developed a second series of synthetic Doxs with
an extranuclear localization, i.e. accumulating within
endoplasmic reticulum: these drugs were particularly effective
against MDR cells without any increased cytotoxicity and are
under further investigations in our group.
Finally, since increasing evidences demonstrated that
chemotherapeutic drugs encapsulated in liposomes are more
effective than free drugs in resistant tumors, we prepared two
liposomal formulations of NitDox, with similar size and zeta
potential values, and the same intracellular distribution of free
NitDox. In resistant cancer cells, liposomal NitDox exhibited
a more favourable kinetics of drug uptake and NO release, and
a stronger cytotoxicity than Dox and free NitDox.
We propose these multitarget Doxs, which act through
different mechanisms from parental Dox, as promising new
tools to overcome drug resistance.
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OF NORMAL AND TUMOR CELLS USING
NITROXIDE RADICALS AND ELECTRON
PARAMAGNETIC RESONANCE SPECTROSCOPY
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In the present study we describe in vitro imaging analysis of
cellular redox status in cancer and non-cancer cells using two
redox-sensitive nitroxide derivatives (methoxy-TEMPO and
mito-TEMPO) and electron paramagnetic resonance (EPR)
spectroscopy. The nitroxide radical (which is characterized by
EPR contrast) participates in electron-transfer reactions with
a variety of intracellular oxidative and reducing equivalents.
The rate constants of these reactions determine the EPR signal
dynamics in cell suspension. In non-cancer cells, EPR signal
intensity of nitroxides decreased significantly during
incubation. In cancer cells, EPR signal intensity was almost
constant within two hours of incubation and did not decrease
significantly. The data suggest that non-cancer cells are
characterized by a higher reducing activity to the nitroxide
radical, while cancer cells are characterized by a higher
oxidative activity. The described methodology is an
appropriate sensing platform for differentiation of cancer from
non-cancer cells based on their redox status. Introduction:
Redox signaling plays a crucial role in carcinogenesis. The
cells of healthy mammals are characterized by low levels of
reactive oxygen species (ROS) and some constant (reference)
level of reducing equivalents (1-5). Increasing of ROS above a
critical level triggers genomic instability, which causes normal
cells to become malignant (1-5). ROS are involved in hypoxic
signaling pathways and have important implications for the
adaptation of cells to oxidative stress, the induction of
uncontrolled proliferation and immortalization (6). Cancer
cells are also characterized by an abnormal production of
reducing equivalents as a result of accelerated glycolysis
(Warburg effect) and pentose phosphate cycle and by a rapid
consumption of these reducers to maintain accelerated
anabolism, which is necessary for cell proliferation and
immortalization (1, 2). Cancer cells also require high amounts
of antioxidants to maintain a ROS level that is below the
threshold for the induction of apoptosis and cell death, but is
sufficiently high to ensure genomic instability (1, 2, 4). All of

these processes provoke redox imbalance in cancer, which is a
hallmark of carcinogenesis. The redox status of cancer cells
could be a diagnostic marker, a therapeutic target and a marker
for the evaluation and planning of a therapeutic strategy in real
time. Currently, it is widely accepted that cancer cells are
characterized simultaneously by higher levels of ROS and
reducing equivalents than normal cells. However, it is
disputable whether the oxidizers dominate over the reducers
or vice versa because there is no universal methodology for
direct imaging of cellular redox status, which allows
differentiation of cancer development from normal conditions.
In the present study we describe a new in vitro imaging
analysis of the balance between oxidizers and reducers
(cellular redox status) in living cancer and non-cancer cells
based on the redox cycle of nitroxide derivatives and their
electron paramagnetic resonance (EPR) contrast properties.
Materials and Methods: The experiments were performed on
two cell lines: HaCaT (non-cancer) and Jurkat (cancer), using
two cell-penetrating nitroxide derivatives: methoxy-TEMPO
and mito-TEMPO (also mitochondria-penetrating) (TEMPO:
2,2,6,6-Tetramethylpiperidine 1-oxyl). The nitroxide radical
(0.1 mM) was added to the cell suspension (1×106 cells/ml)
and the EPR spectrum was detected at various time-intervals
(within 2 hours at room temperature) under the following
conditions: microwave frequency=9.4 GHz, magnetic field
strength=336 mT, microwave power=2.0 mW, field
modulation frequency=100 kHz, field modulation
amplitude=0.063 mT, time constant=0.01 s, sweep width=10
mT, scan time (sweep time)=1 min. The EPR spectra were
integrated and the data were calculated as percentage from
control (same concentration of nitroxide derivative dissolved
in 10 mM phosphate-buffered saline, pH 7.4). The data are
presented as mean+SD from six independent experiments.
Results and Discussion: The nitroxide radical (which is
characterized by EPR contrast) participates in electron-transfer
reactions with a variety of intracellular oxidative and reducing
equivalents and subsequent formation of contrast or noncontrast intermediate products (Figure 1) (5, 7). The rate
constants of these cyclic reactions determine the intensity of
EPR signal in living cells, which could provide accurate
information about cellular redox status (5, 7). In non-cancer
cells (HaCaT), the EPR signal intensity of methoxy-TEMPO
and mito-TEMPO decreased significantly within the
incubation (up to 80% from the initial level) (Figure 2). In
cancer cells (Jurkat), the EPR signal intensity of both
nitroxides was almost constant within 2 hours of incubation
and did not decreased significantly (Figure 2). The data
suggests that non-cancer cells are characterized by a higher
reducing activity to the nitroxide radical, while cancer cells
are characterized by a higher oxidative activity. Discussion:
The study shows that cancer cells are characterized by redox
disbalance and it seems that oxidizers dominate over reducers.
It is widely accepted that the main endogenous triggers of
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Figure 1. Nitroxide redox cycle as a sensing platform for EPR
imaging of cellular redox status: principle of the method.
redox disbalance in cancer are defective mitochondria and
NADPH-oxidase
complexes.
They
are
involved
simultaneously in two processes affecting cellular redox status:
(i) an excessive generation of ROS (in particular, superoxide
and/or hydrogen peroxide) and (ii) an increased consumption
of two of the main cellular reducers: NADH and NADPH (15). Usually, the oxidizing and/or reducing capacity of living
cells is determined by the levels of many parameters (e.g.,
ROS of different type and origin, products of free radical
oxidation of biomacromolecules, status of natural nonenzymatic and enzymatic antioxidant systems, status of
various endogenous redox pairs, etc.). For example, the total
level of ROS is determined by the levels of superoxide
radicals, hydrogen peroxide, nitric oxide, end-products of lipid
peroxidation, natural antioxidants, activity of enzymatic
antioxidant systems, etc. The total level of reducing
equivalents is determined by the status of the endogenous
redox pairs: NAD.H/NAD+, NADP.H/NADP+, reduced/
oxidized glutathione, ascorbate/dehydroascorbate, etc. Each
parameter is analyzed separately by different methodologies.
The estimation of redox status of cancer and non-cancer cells
is based on comparative analysis of one or several of these
parameters and the conclusions are usually controversial (15). We demonstrate that the redox cycle of cell-penetrating
EPR contrast nitroxide derivatives (mito-TEMPO and
methoxy-TEMPO) is an appropriate sensing platform for
direct measurement of cellular redox status in vitro because it
is based on the influence of a variety of intracellular redox
processes. The data show that non-cancer cells convert
irreversibly the contrast nitroxide radical in non-contrast
intermediate products (hydroxylamine and/or oxoammonium).
In cancer cells, this process is reversible and the contrast
nitroxide radical could be restored, most likely, by the
abnormal amounts of superoxide. This approach allows a
differentiation of cancer from non-cancer cells based on their
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Figure 2. Kinetic curves of the integrated EPR signal intensity
of mito-TEMPO (A) and methoxy-TEMPO (B) in PBS
(control), non-cancer cells (HaCaT) and cancer cells (Jurkat).
Data are mean±SD from six independent experiments.
redox balance. The method is also applicable on isolated tissue
specimens.
The study was partially supported by the Ministry of
Education, Science and Technology of Japan (Grant-in-Aid
“Kakenhi”) and by the European Social Fund and Ministry of
Education and Science of Republic of Bulgaria (project
BG051PO001-3.3.05-0001 “Science & Business”).
1 Trachootham D, Alexandre J and Huang P: Targeting cancer
cells by ROS-mediated mechanisms: a radical therapeutic
approach? Nat Rev Drug Discovery 8: 579-591, 2009.
2 Gius D and Spitz DR: Redox signaling in cancer biology.
Antioxid Redox Signal 8: 1249-1252, 2006.
3 Diaz B and Courtneidge SA: Redox signaling at invasive
microdomains in cancer cells. Free Radic Biol Med 52: 247256, 2012.
4 Bakalova R, Zhelev Z, Aoki I and Saga T: Tissue redox
activity as a hallmark ofcarcinogenesis: from early to
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Marine cyanobacteria have been revealed over the past few
decades to be one of the richest producers of biologically
active and structurally unique natural products. In particular,
filamentous forms that occur as mats and tufts on the sea
floor are especially prolific, and have yielded such notable
compounds as dolastatin 10, curacin A, and largazole.
Indeed, from our more than 20 years of investigation of
these life forms, many unique secondary metabolites with
potent biological activities of relevance to cancer have been
revealed. For example, a Curacao collection of a tuftforming cyanobacterium, Symploca sp., possessed an extract
that was highly cytotoxic to several different cancer cell
lines. A combination of a bioassay and NMR guided
isolation process yielded two compounds, named
carmaphycin A and B, which were responsible for the potent
activity. The structures were deduced by NMR and
confirmed by chemical synthesis, and revealed these to be
the first discovered epoxy-ketone type proteasome inhibitors
from the marine environment. Development of a synthetic
route to the carmaphycins allowed production of a suite of
related analog molecules that provided new insights of
structure-activity relationships in this drug class.
Subsequently, we have studied in detail the nature of the
interaction of these carmaphycin natural products and
analogs in terms of their cytotoxicity as well as their ability
to bind and inhibit the yeast 20S proteasome. These results
along with more recent investigations of the carmaphycins
will be discussed in this presentation.
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OVERVIEW ON ELECTRON EMISSION
FROM HORMONES AND SUBSEQUENT
BIOLOGICAL CONSEQUENCES
Nikola Getoff
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Although hormones are generated in extremely low
concentrations they regulate the harmonic course of most
biological functions in the organism. In the present brief
survey, the most important highlights of recently reported
results are discussed (1-4). Taking 17β-estradiol (E2), as
hormone representative, it is shown that the many-sided
biological properties of hormones are based on their ability
to eject as well as to consume and transfer solvated
electrons (e–aq) to other hormones or biological systems (2,
5). It has been further demonstrated that all studied
hormones at a concentration ≥10 –7 mol/l form associates
(unstable complexes), which consume a part of the emitted
(e –aq) (reaction rate constant, k≥1,010 l/mol/s) (2).
Therefore, with increasing hormone concentration the
(e –aq) yield is decreasing (see Figure 1: Eqs. 1, 2).
Furthermore, it was found that OH-group in a hormone
molecule acts as main centre of (e–aq) emission. Since ring
A of E2 has a phenolic character, the phenoxyl free radical
resulting by (e –aq) emission can appear in 4 mesomere
forms, as indicated by Eq. 3, Figure 1. Each one of the free
radicals, originating according to Eqs. 1-3, are leading to
formation of metabolites. Their biological properties
depend on the components in the actual medium as
indicated by Eqs.4 and 5, Figure 1. Under certain
conditions, e.g. having as reaction partner pyrene or related
compounds, the resulting metabolites can initiate cancer.
The unique ability of hormones to emit and react with
(e –aq) as well as to transfer them to other biological
systems with a higher reaction rate constant (k), classifies
them also as “electron mediators”. Hence, based on this
fact the hormones are in the position to communicate via
brain receiving centres with other hormones or/and
biological systems by electron transfer process. The
mechanism of this ability is founded on the supposition
that each emitted (e –aq) preserve the specific vibration
frequency of the “mother molecule” during the electron
transfer process up to the receiver cells in the brain.
Hence, the brain can precisely distinguish the origin of the
hormone message and act accordingly (6). It is to be
mentioned that electron emission-consumption and transfer
proceeds also within the DNA-constituents and
consequently inside the DNA (7). Based on the electron
transfer process of hormones, it has been experimentally
observed that (e–aq) emitted from a potent electron donor,
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Figure 1. 17β-Estradiol (E2) (e–aq) emission and consumption; free radicals, metabolites (media: water/ethanol=40/60; 37˚C;
UV-light: λ=254 nm).
e.g. vitamin C (vit. C) can be transferred to hormone free
radicals, so far they are still in status nascendi state (3).
This effect is demonstrated by studying the hormone
degradation (%) as a function of absorbed UV-dose (hν/l),
using progesterone (PRG) and estrone (E1) individually and
in mixture with vit. C (Figure 2). Obviously, the hormone
degradation in both cases is essentially suppressed by (e–aq)
transfer from vit. C to PRG and E1, respectively. Finally, it
might be mentioned that hormone receptors can also emit
(e–aq) when excited into singlet state. Thereby, it was found
that, within the hormone-receptor complex, electrons are
transferred from receptor to the corresponding hormone
free radicals (8). This process results into partly hormone
regeneration and, consequently, prolongation of the
hormone “life time” and, hence, of its action.
1 Getoff N: Hormones: Emission and regeneration (in
German). Nachricht Chem 59: 1050-1053, 2011.
2 Getoff N: Hormones: Electron emission, communication,
mutual
interaction,
regeneration,
metabolites,
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carcinogenesis and receptor action. A review. Horm Molec
Biol Clin Invest 12: 363-375, 2012.
Getoff N, Hartmann J, Schittl H, Gerschpacher M and
Quint RM: Photo-induced regeneration of hormones by
electron transfer process. Potential biological and medical
consequences. Radiat Phys Chem 80: 890-894, 2011.
Brenn E, Mitulovic G, Quint RM and Getoff N:
Corticosterone metabolites originating as consequence of
solvated electrons (e–aq). In Vivo, in press.
Getoff N, Schittl H, Gerschpacher M, Hartmann J,
Danielova I and Quint RM: The effect of progesterone on
the electron emission and degradation of testosterone. J
Gynecol Endocrinol 27: 1077-1083, 2011.
Getoff N: UV-radiation induced electron emission by
hormones. Hypothesis for specific communication
mechanisms. Radiat Phys Chem 78: 945-950, 2009.
Getoff N: Fundamental biological importance of solvated
electrons in humans. Horm Mol Biol Clin Invest 16: 125128, 2013.
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Figure 2. Electron transfer from vit. C to PRG (A/B) and from vit. C to E1 (C/D) studied by HPLC-analysis (degradation %) as
function of absorbed UV-quanta (hv/l). (A) 10–4 mol/l PRG; (B) mix of 10–4 mol/l vit. C. Inserts: e–aq emission of different PRGand E1- concentrations as well as formulas of the hormones.
8 Getoff N and Steinbrecher M: New findings concerning the
mutual action of hormones and receptors. In Vivo 26: 819822, 2012.
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HISTONE MODIFICATIONS IN CIRCULATING
NUCLEOSOMES AS POTENTIAL NEW
BIOMARKERS IN CANCER
Ugur Gezer1, Ebru E. Yörüker1, Metin Keskin2,
Stefan Holdenrieder3 and Nejat Dalay1
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University of Bonn, Bonn, Germany

It becomes increasingly evident that altered epigenetic control
of gene expression plays an important role in carcinogenesis.

In addition to DNA methylation and non-coding RNAs, posttranslational histone modifications are fundamental
components of eukaryotic gene regulation. It is, therefore, not
surprising that aberrant patterns of histone marks are found in
cancer. Circulating cell-free DNA in plasma/serum carries not
only tumor-specific changes in its sequence but also distinctive
epigenetic marks. The methylation pattern of circulating DNA
is well-established. In addition to this, histone alterations, such
as methylation and acetylation, can be detected in circulating
nucleosomes in blood of patients with cancer, showing
considerable potential as biomarker. Our current research
focus on cancer-specific alterations of two heterochromatic
histone marks, trimethylations of lysine 9 at Histone 3
(H3K9me3) and lysine 20 at histone 4 (H4K20me3) in blood
circulation in colorectal cancer (CRC). Although many
potential biomarkers have been detected in CRC, rarely have
they usage in clinical practice. New biomarkers are needed to
detect CRC in an early phase. In a first study, we found
H3K9me3 and H4K20me3 to be lower at the pericentromeric
satellite II repeat in patients with CRC when compared with
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healthy controls or patients with multiple myeloma. In a
further study including patients with CRC, breast, lung and
benign gastrointestinal disease, similar results were obtained
in CRC. Recently, through next-generation sequencing of
immunoprecipitated plasma DNA, we confirmed reduced
levels of H3K9me3 and H4K20me3-related repetitive
sequences in the circulation of patients with CRC. All these
data suggest the biomarker potential of H3K9me3 and
H4K20me3-related nucleosomes in CRC. Future studies with
larger sample sizes are needed to confirm these findings and to
evaluate the clinical utility of these markers.
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ASSESSMENT OF SHOULDER AND NECK
DYSFUNCTION AND FUNCTIONAL STATUS POST
RADIOTHERAPY/CHEMOTHERAPY IN HEAD AND
NECK CANCER PATIENTS: A PILOT STUDY

Paramjot Kaur Ghotra, Sandeep Saini and Aashima Malhotra

College of Physiotherapy, Christian Medical College and
Hospital, Ludhiana, Punjab, India

This study aims to assess shoulder and neck disability,
impaired neck movements and difficulty with breathing, eating
or swallowing in post radiotherapy/chemotherapy head and
neck cancer patients. The data were collected on post
radiotherapy/chemotherapy
patients
using
Gugging
Swallowing Screen (GUSS), neck disability index (NDI),
disabilities of arm, shoulder and hand (DASH), lung
expansion and Cervical ROM. The descriptive analysis
showed significant differences in neck function, swallowing
and breathing. However, shoulder function was found to be
not significant. Introduction: Head and neck cancers usually
begin in the squamous cells, the moist, mucosal surfaces
inside the head and neck. Head and neck cancer patients
experience treatment-related complications that may interfere
with health-related quality of life (Cella and Tulsky, 1993).
Cancers of head and neck include malignant tumors of the
buccal cavity, larynx, pharynx, thyroid, salivary glands and
nose/nasal passages. Shoulder and neck disability, impaired
neck function and difficulty with breathing, eating, or speaking
contribute to decrements in health-related quality of life
(HRQOL). Treatment intensification uses multimodality
approaches, such as accelerated radiotherapy (RT),
concomitant chemotherapy and surgery with adjuvant
radiotherapy with or without chemotherapy (Russi et al.,
2013). Patients and Methods: The Purpose of this descriptive
study was to explore the disabilities of neck and shoulder and
to check for the functional status for 20 outpatients (who met
inclusion and exclusion criteria) after a course of RT/chemoradiotherapy (CXRT) for cancers of head and neck. For this a
sampling method was used. The time period of the study was
from March 2014-April 2014. Data were collected in follow5922

up cases from 1 month to 30 months from the Christian
Medical College and Hospital, Ludhiana, Punjab from post
RT/CXRT patients using GUSS, NDI, DASH, lung expansion
and cervical ROM by a goniometer. Results: Patient
characteristics. A total of 22 patients were approached out of
which 20 patients (17 males (85%), 3 females (15%)) matched
the criteria of the study. The mean age of the participants at
the time of recruitment was 58.7 (range, 34-75) years. There
were 13 (65%) patients who underwent both chemo and
radiotherapy and 7 (35%) patients who underwent only
radiotherapy. Objective 1: Twenty patients completed NDI at
post radio-chemotherapy. In the NDI, 7/8 (75%) concerns
were identified to have “Mild” to “Moderate” disability,
whereas 8/2 (50%) concerns had “Moderate” to “Severe”
disability and 3/7 (50%) concerns had “No” to “Mild”
disability. Objective 2: Twenty patients completed GUSS at
post radio-chemotherapy. In the GUSS, 16/4 (100%) concerns
were identified to have “Slight” to "Moderate" difficulty,
whereas 4/0 (20%) concerns had "Moderate" to "Severe"
difficulty and 0/16 (80%) concerns had “No” to “Slight”
difficult. Objective 3: Twenty patients completed DASH at
post radio-chemotherapy. In the DASH, 4/14 (95%) concerns
were identified to have "No” to “Slight” disability, whereas
14/1 (75%) concerns had “Slight” to "Moderate" disability, 1/1
(10%) concerns had “Moderate” to “Severe” disability and 1/0
(5%) concerns had “Severe” to “Unable to perform” disability.
Objective 4: Twenty patients were assessed for the lung
expansion at post radio/chemotherapy. In this, 15% concerns
were identified to have “Normal” lung expansion, whereas
85% had decreased. Objective 5: Twenty patients were
assessed for physical measures, i.e. range of motion of neck
movements. After radiotherapy/radio-chemotherapy, the
indirect swallowing test scores were correlated significantly
with NDI total scores showing a moderate positive correlation
of 0.405 (p<0.05), while the correlation of direct swallowing
test and NDI had a moderate negative correlation of 0.433
(p<0.05). The GUSS (indirect + direct) total scores had a
weak negative correlation of 0.325 (p<0.05) with NDI total
scores. There was no significant correlation between GUSS
and DASH. The correlation was positive between NDI and
DASH total scores (0.522 (p<0.05)). There was a significant
correlation between NDI and ROM (flexion and cervical
rotation). Discussion: The purpose of this descriptive study
was to explore the disabilities of neck and shoulder and to
check for the functional status for 20 outpatients after a course
of radiotherapy/chemo-RT for cancers of head and neck. The
NDI indicated that 10 of 20 patients had moderate to severe
function loss; the average score of 14. However, a similar
study conducted by Mannion et al. found that the NDI from 825 patients had moderate to severe function loss; the average
score was 11. In our study the mean total score of DASH was
7.497 for 20 patients, which was not significant as to the
moderate correlation of 0.522 with NDI, whereas a study by
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Goldstein showed that the mean DASH total score was 12.0
for 91 samples with a correlation of 0.91 as to NDI. Doss
(2013) showed that "Shoulder" was one of the top concerns
and reiterated that shoulder dysfunction does cause concerns
for the HNC patient population. In recent years, research by
McNeely et al. has been undertaken in order to examine the
effect of physiotherapy on shoulder morbidity. They found that
physiotherapy and exercise have reduced pain and mobility
issues and improved the overall functional ability of the
shoulder and quality of life of the patients. Shoulder morbidity
is often present after non-surgical treatment of the neck;
however, to a lesser extent compared to surgical treatment. In
the post-test assessment of the swallowing performance, using
GUSS score, it is indicated that 80% of the subjects had mild
dysphagia and 20% of the subjects had moderate dysphagia.
Recent research by Fingeret et al. suggests that patients with
eating and speech concerns were found to have significantly
higher levels of appearance concerns. A similar study
conducted by Barata et al. showed that swallowing was found
difficult in patients who underwent oropharyngeal resection
and primary closure. Objective data from cervical range of
motion indicated impaired neck range of motion in all
directions, which was statistically significant for flexion, as
well as left and right neck rotation. However, a study by
Mannion et al. showed significant changes in neck range of
motion only for left and right neck rotation. The limitation of
the study was its small sample size and short duration.
The authors would like to thank Dr. Jeewan Prakash, Principal
College of Physiotherapy and Dr. Jaineet Sachdev Dept. of
Radiotherapy, Christian Medical College and Hospital,
Ludhiana, for immense support.
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POSITIONING LMTK3 ON THE MAP OF
ONCOGENIC SIGNALING CASCADES AND
ELUCIDATING ITS ROLE IN INVASION AND
METASTASIS IN BREAST CANCER
Yichen Xu1, Hua Zhang1, Constantinos Vorgias2,
Justin Stebbing1 and Georgios Giamas1
1Imperial

College London, Hammersmith Campus,
Department of Surgery and Cancer, London, UK;
2Department of Biochemistry and Molecular Biology,
Faculty of Biology, National and Kapodistrian University of
Athens, Athens, Greece

LMTK3 has been previously implicated in cancer progression
and shown to be associated with poor breast cancer patient
survival. LMTK3 is highly pleiotropic and involved in
multiple biological processes, including promotion of tumor
growth by regulating estrogen receptor alpha (ERα)
transcription and stability, and also conferring endocrine
resistance by protecting cells from tamoxifen-induced
autophagy. In this study, we define the involvement of
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LMTK3 in breast cancer cell motility, invasion and migration
through the transcriptional activation of integrins. For the first
time, we show that elevated LMTK3 expression enhances
breast cancer cell growth, motility and invasiveness as
demonstrated by increased cell adhesion to ECM ligands and
cytoskeleton re-organization, while inhibition of LMTK3 in
highly invasive breast cancer cell lines has the opposite effects.
Following a SILAC-based proteomics analysis, we found that
LMTK3 abundance stimulates the transcription of both
integrin α5 and β1 subunits. We present evidence that LMTK3
interacts with GRB2 and promotes GRB2-SOS1 interaction.
This result in Cdc42 GTPase activation, which leads to
increased SRF binding to integrin enhancer element. In
addition, we demonstrate a positive correlation of LMTK3
with integrin β1 expression in breast cancer cell lines and
patient tumour samples. Finally, the LMTK3-GRB2
interaction promotes the Ras-ERK/MAPK pathway, leading to
breast cancer growth in vitro and in vivo. In aggregate, our
results position LMTK3, for the first time, on the map of wellknown oncogenic signaling cascades and propose a model of
the mechanisms of LMTK3 action in breast cancer cell growth
and invasion. It also links kinase and integrin activity in
tumorigenesis.
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SPECTRUM OF KRas AND bRaf MUTATIONS IN
POLISH COLORECTAL CANCER PATIENTS
J. Gil1, P. Palowski1, P. Karpinski1,
M. Bebenek2 and M.M. Sasiadek1
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In Poland, colorectal cancer (CRC) is the second most
common cancer in woman and third in men. According to
the National Cancer Registry, mortality caused by CRC
reaches approximately 10,400 cases per year and the 5-year
survival rate is approximately 25%-30%. The RAS pathway
is usually affected in CRC tumorigenesis. KRAS (a
member of the RAS protein family) is essential in normal
development. It is a downstream element of the epidermal
growth factor receptor (EGFR) signaling pathway. KRAS
mutation is an early step in colorectal carcinogenesis,
therefore, in heterogenic tumor mass the majority of cells
bring this type of mutation. Anti-EGFR therapy is widely
used in patients with CRC; however, mutations in KRAS
and BRAF lead to therapy resistance. In our study we have
investigated a spectrum of KRAS and BRAF mutations in
103 Polish patients with sporadic colorectal cancer. We
used the commercially available kit Devyser KRAS-BRAF.
The presence of KRAS mutations were observed in the
5924

studied group as follow: in 27 patients (26%) mutations in
codon 12 were revealed, in 10 patients (10%) a mutation in
codon 13 was found, while a mutation in codon 61 was
present in only 3 (3%) of the patients. The BRAF mutation
was found in 3 (3%) patients. While analyzing the
frequency of given mutations in the KRAS gene, we found
that the common mutation in codon 12 was G12D
(observed in 10 patients), following by G12V, which was
observed in 7 patients. Other mutations such as G12C,
G12S, G12R and G12A were observed sporadically. In
codon 13 and 61 G13D and Q61H were observed,
respectively. In the BRAF gene a V600E mutation was
present. The presence of KRAS/BRAF mutations is widely
used for predicting the efficacy of anti-EGFR therapy,
which is based on monoclonal antibodies. However, recent
publications showed that this relationship is much more
complicated and, therefore, the impact of KRAS/BRAF
mutations and their influence on the CRC clinical course
still remains under research.
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TISSUE FACTOR, VCAM-1 AND VAP-1
ORCHESTRATE THE RECRUITMENT OF
MONOCYTES/MACROPHAGES TO TUMOUR
CELLS IN PULMONARY METASTASIS
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Coagulation is required for spontaneous and experimental
metastases. Tissue factor (TF) is a key molecule in the
coagulation cascade. TF expression by tumour cells
correlates with metastasis in clinical and experimental
settings. We show that clot formation by TF enhances
tumour cell survival after arrest, during experimental lung
metastasis, by recruiting macrophages (CD11b+, CD68+,
F4/80+ and CX3CR1+, but CD11c–). Genetic (expression of
TFPI) or pharmacological (hirudin) inhibition of coagulation
abrogated macrophage recruitment and tumour cell survival.
Furthermore, impairment of macrophage function (Mac1
KO and CD11b-DTR mice) decreased tumour cell survival
without altering clot formation, demonstrating that the
recruitment of functional macrophages was essential for
tumour cell survival. Moreover, a similar population of
macrophages was also recruited to the lung during the
formation of a premetastatic niche. Anticoagulation
inhibited their accumulation and prevented the enhanced
metastasis associated with the formation of the niche.
Leukocyte homing during inflammation is mediated by
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endothelial activation. We examined the role of endothelial
activation in myeloid cell recruitment during early
pulmonary metastasis. VCAM-1 and VAP-1 were upregulated after tumour cell arrest and associated with tumour
cell-clot formation and myeloid cell recruitment. VCAM-1
expression
was
independent
of
functional
monocytes/macrophages but decreased if coagulation was
inhibited. Inhibition of VCAM-1 (blocking antibody), VAP1 (small molecule inhibitor) or both reduced myeloid cell
recruitment and subsequent tumour cell survival without
altering clot formation. Thus, TF-expressing tumour cells
form platelet clots on their surface soon after arrest in the
pulmonary vasculature. Endothelial activation is induced
after tumour cell arrest and enhanced by tumour cell-clot
formation, resulting in the recruitment and retention of
monocytes/macrophages that are essential for tumour cell
survival.
Interference
with
clot
formation,
monocyte/macrophage function or endothelial activation
leads to reduced metastasis. These results suggest a means
for therapeutic intervention to combat early metastasis, for
example in relapse after treatment.

217
DROZITUMAB, A FULLY HUMANISED
AGONISTIC ANTIBODY AGAINST APO2L/TRAIL
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ANTI-TUMOUR ACTIVITY IN A PC-3
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Drozitumab is a fully humanised agonistic monoclonal
antibody that binds to Apo2L/TRAIL death receptor 5 (DR5)
on the surface of cancer cells, thereby initiating apoptosis. It is
advantageous over other pro-apoptotic receptor agonists, such
as recombinant soluble Apo2L/TRAIL, due to an enhanced
specificity to DR5 and longer half-life. A number of in vivo
studies have demonstrated potent anti-cancer activity in
colorectal, lung, pancreatic and breast xenograft models;
however, drozitumab’s efficacy is yet to be evaluated in
prostate cancer. The aim of the current study was, therefore,
to investigate the therapeutic potential of drozitumab in a
prostate cancer xenograft model. Luciferase-expressing human
prostate cancer PC-3 cells were injected subcutaneously into
the flank of five-week-old male athymic nude mice. Three
days after tumour inoculation, mice were treated with 3 mg/kg

drozitumab or vehicle control, once weekly for four weeks, by
intraperitoneal injection. Tumour growth was assessed weekly
by non-invasive bioluminescent imaging (BLI) using the IVIS
100 Imaging System. Tumours were removed at completion
and analysed by immunohistochemistry for cell proliferation
marker Ki67. Mice treated with drozitumab demonstrated a
significant decrease in tumour burden, as determined by BLI
(p<0.01). This correlated with an average 46% (±24%)
reduction in wet tumour weight at completion.
Immunohistochemistry for Ki67 demonstrated an average 44%
(±17%) reduction in the number of cancer cells actively
proliferating in the drozitumab-treated tumours (p<0.001).
These results indicate that drozitumab may be a potential
therapy for prostate cancer and warrant further investigation
into the efficacy of drozitumab in castrate resistant models of
disease.
218
CELL-CELL INTERACTIONS BETWEEN
TRANSFORMED AND NON-TRANSFORMED
EPITHELIAL CELLS: THE ROLE OF E-CADHERIN
N.A. Gloushankova, S.N. Rubtsova and I.Y. Zhitnyak

N.N. Blokhin Russian Cancer Research Center of the
Russian Academy of Medical Sciences, Moscow, Russia

The weakening of cell-cell adhesion and promotion of cell
migration are key steps in epithelial tumor progression.
Studying IAR epithelial cell lines transformed with the Ras
oncogene or dimethylnitrosamine, we demonstrated essential
differences in dynamics and stability of adherens junctions
in non-transformed and transformed cells. Neoplastic cells
were able to assemble E-cadherin-based adherens junctions
that had unstable and transitory nature. E-cadherin-based
adherens junctions had an important role in effective
collective migration of neoplastic IAR cells. Using laser
scanning confocal microscopy, we studied the behavior of
transformed IAR-6-1 cells that retained E-cadherin
expression at the monolayer of non-transformed IAR-2
epithelial cells. For live-cell imaging, we used GFPtransfected IAR-6-1 cells and mKate2-transfected IAR-2
cells. Transformed IAR-6-1 cells migrated across the top of
monolayer of non-transformed IAR-2 cells. More often,
however, transformed cells invaded the continuous
monolayer of non-transformed IAR-2 epithelial cells and
migrated across the glass substrate underneath IAR-2 cells.
We found that transformed IAR-6-1 cells always invaded a
monolayer of IAR-2 cells expressing GFP-E-cadherin at the
borders between IAR-2 cells and locally induced the
dissolution of adherens junctions in normal cells. We found
that transformed IAR-6-1 cells were able to form dynamic
E-cadherin-mediated adherens junctions with nontransformed IAR-2 cells. E-cadherin is a key mediator of
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adhesion between neoplastic and normal epithelial cells.
IAR-6-1 cells stably transfected with a construct of dNEcadherin were significantly less successful in the adhesion
and penetration of epithelial monolayer. These observations
suggest that retention of expression of E-cadherin in
carcinomas may have key roles in dissemination of
neoplastic cells in epithelial structures.
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Introduction: The role of oncogenic or high-risk HPV in
cervical carcinogenesis is inevitable, yet not fully
understood. Detailed analysis of miRNA alterations
occurring during high-risk HPV transformation will increase
our current understanding of cervical carcinogenesis. The
two main aims were: 1. finding association between HPV
infection type, socio-demographic and diseases related
variables, 2. finding predictors of clinical outcome. Methods:
The expression levels of different microRNAs (miR-21, miR27a, miR-34a, miR-155, miR-196a, miR-203) were
determined in FFPE human HPV positive cervical tissue
samples (dysplasia: LSIL and HSIL, squamous cell
carcinoma) using quantitative real-time PCR. Factors taken
into consideration were: mono-multiplex high-risk HPV
infection, HPV types, smoking status, number of births, oral
contraceptive use, menarcheal age, abortions. Results: The
expression of miR-27a was significantly higher HSIL than
in LSIL (p=0.023) and in SCC than in HSIL (p=0.033).
Moreover significantly lower levels of miR-34a were
detected in HSIL than in LSIL (p=0.041) and in SCC than
in HSIL (p=0.021). In conjunction with previous findings
smoking, HPV type and high parity were found to be risk
factors of progression of HPV-mediated disease. Conclusion:
HPV alone is insufficient, other genetic and epigenetic events
are required for the propagation of the multistep
carcinogenesis. The demand for additional, alternative
molecular biomarkers with prognostic potential is strong.
Evaluation of miRNA expression might be helpful to
distinguish different cervical lesions and might be able to
predict HPV infection outcome.
This research was supported by the European Union and the
State of Hungary, co-financed by the European Social Fund in
the framework of TÁMOP 4.2.4.A/2-11-1-2012-0001
‘National Excellence Program’.
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Background: Patients with glioblastoma multiforme (GBM)
have an overall median survival of 15 months. This
catastrophic survival rate is the consequence of systematic
relapses that could arise from remaining glioblastoma stem
cells (GSC) left behind after surgery. We previously
demonstrated that GSC are able to escape the tumor mass and
specifically colonize the adult sub-ventricular zones (SVZ)
after transplantation. This specific localization, away from the
initial injection site, therefore represents a high-quality model
of clinical obstacle to therapy and relapses since GSC notably
retain the ability to form secondary tumors. Materials and
Methods: In this work, we questioned the role of the
CXCL12/CXCR4 signaling in the GSC specific invasion of
the SVZ. Results: We demonstrated that both receptor and
ligand are respectively expressed by different GBM cell
populations and by the SVZ itself. In vitro migration bioassays highlighted that human U87MG GSC isolated from the
SVZ (U87MG-SVZ) display stronger migratory abilities in
response to recombinant CXCL12 and/or SVZ conditioned
medium (SVZ-CM) compared to cancer cells isolated from the
tumor mass (U87MG-TM). Moreover, in vitro inhibition of the
CXCR4 signaling significantly decreased the U87MG-SVZ
cells migration in response to the SVZ-CM. Interestingly
enough, treating U87MG xenografted mice with daily doses
of AMD3100, a specific CXCR4 antagonist, prevented the
specific invasion of the SVZ. Another in vivo experiment,
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using this time CXCR4-invalidated GBM cells, displayed
similar results. Conclusion: Taken together, these data
demonstrate the significant role of the CXCL12/CXCR4
signaling in this original model of brain cancer invasion.

221
THE ROLE OF miRNA EXPRESSION PROFILES
IN HEAD AND NECK CANCER TISSUE
ORGANIZATION FIELD DETECTION
Katalin Gombos1, Éva Orosz2, Róbert Horváth3,
István Szanyi2, Károly Somlai4 and Lajos Olasz3
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Background: The role of microRNAs (miRNAs) in
carcinogenesis is related to cell proliferation control and
maintenance of cellular function through their interference
with mRNA molecules. Specific miRNA regulatory patterns
have already been associated to several human neoplasms
including head and neck cancer. Our aim was to identify and
compare squamous cell carcinoma miRNA expression
signatures from standardized mapping biopsy series of cancers
from different sites: the oral cavity, meso- and hypopharynx.
Patients and Methods: Samples of 20 oral cavity, 12
mesopharynx and 5 hypopharynx from III-IV TNM stage
primary human tumors were evaluated for miR-21, -27a, -34a,
-143, -146a, -148a, -155, -203, -205 and -221 expressions.
Real-time quantification was carried out in a LightCycler 480
PCR system. Statistical evaluation of tumors and autologous
normal mucosal tissues were analysed by two-sided paired
sample t-test and ROC curve. Results: Tumors and peritumoral
samples showed differences in miRNA regulatory patterns
according to location and proximity to tumor site. Statistically
significant expression alterations (p<0.05) were found for
miR-21, -34a, -155 and -205 in oral cavity cancers, for miR27a and -221 in mesopharynx and miR-21, -143 and 155 in
hypopharynx cancers. miRNA expression levels also
correlated with the histopathological grade of malignity.
Discussion: miRNAs, which were found to be significantly
changed in our investigations, are key regulators of mRNA
products of p53 and NFkB signal transduction pathways.
Moreover, they interfere with desmosomal E-cadherin
expression and influence neoangiogenesis. Detection of their
quantitative distribution can be used to map and model the
different tissue organization fields of head and neck squamous
cell carcinomas. Their practical application might open new
possibilities in clinical follow-up and in prevention of local
recurrence.
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HOST POLYMORPHISMS AND
VIRULENCE GENOTYPES OF
HelIcObacTeR pYlORI AS RISK
FACTORS FOR GASTRIC CANCER
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Helicobacter pylori infection and polymorphisms in
cytokine genes are well recognized as gastric cancer (GC)
risk factors. The aim of the present study was to assess the
role of both factors on GC susceptibility in Chile, a country
with one of the highest GC mortality rates worldwide. We
genotyped 12 polymorphisms in 8 cytokine genes (IL1B,
IL8, IL17A, IL17F, IL32, TNF, IL1RN, IL10) in a casecontrol study of 188 gastric adenocarcinoma patients and
184 controls. In addition, we analysed virulence genotypes
of H. pylori (signal (s) and middle (m) regions of vacA, and
the presence of cagA) in DNA samples from gastric mucosa.
vacA s1m1 (OR=2.85 [1.54-5.27]) and the presence of cagA
gene (2.86 [1.56-5.22]) was associated with high-grade
adenocarcinoma. Single-gene analysis showed association
of IL10-592C>A with low-grade adenocarcinoma (OR=2.67
[1.03-6.85]). We finally performed a multifactor
dimensionality reduction (MDR) analysis to assess potential
gene-gene and gene-H. pylori interactions. Among lowgrade patients, a three-way interaction (IL1B -31T>C/IL8 251T>A/IL32 rs28372698) showed the higher testing
accuracy (59.6%), with a cross-validation consistency
(CVC) of 7 out of 10. For high-grade adenocarcinoma, the
best model was vacA s1m1/IL8 -781C>T (testing
accuracy=59.6%; CVC 10 out of 10). The last result was
independently confirmed with the logistic regression model
(vacA s1m1/IL8 -781 CC OR=6.72 [2.81-16.1], interaction
p-value=0.002). These findings suggest that both gene-gene
and gene-H. pilory interactions increase the odds for
developing GC according to the tumour grading.
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EXTRACTS FROM TaNaceTuM VulGaRe L.
AND cOTINus cOGGYGRIa SCOP.
EXERT A LOWER IN VITRO INHIBITORY
EFFECT ON NORMAL MAMMARY
EPITHELIAL CELL VIABILITY THAN
ON BREAST CANCER

224
TRYPTOPHAN METABOLISM,
NEOPTERIN AND CANCER

Department of Molecular Genetics, Institute of Plant
Physiology and Genetics, Bulgarian Academy of Sciences,
Sofia, Bulgaria

Degradation of the essential amino acid tryptophan via the
enzyme indoleamine 2,3-dioxygenase (IDO) represents an
important strategy during immune response to limit growth of
invading pathogens and tumor cells. IDO is activated upon
stimulation with central T helper (Th) type 1 cytokine
interferon gamma (IFN-γ) in human monocytes/macrophages,
dendritic cells (DCs) but also other cell types, such as
fibroblasts, endothelial and epithelial cells. In parallel,
formation of the oxidative stress and inflammation marker
neopterin is induced upon IFN-γ-dependent mechanisms in
human monocyte-derived macrophages and dendritic cells.
IDO activity can be estimated by determining the kynurenine
to tryptophan (Kyn/Trp) ratio in body fluids, such as
serum/plasma, cerebrospinal fluid or ascites. Increased
Kyn/Trp and elevated neopterin concentrations were shown to
parallel the course of disease and to be of prognostic value in
patients suffering from gynecological cancer, adult T cell
leukemia, colorectal cancer and hematological neoplasias.
Tryptophan deprivation also diminishes T cell response. Thus,
IDO activity provides a negative feedback loop to control
immune activation. Suppression of T cell responses in cancer
can promote immunoescape and favor tumor growth. Several
immunosuppressive mechanism were reported to be associated
with IDO activation, such as the induction of regulatory T
cells (Tregs) and of a regulatory DC phenotype in the presence
of T cells expressing cytotoxic T-lymphocyte-associated
antigen 4 (CTLA4). Development of immunodeficiency in
cancer patients may emerge as a long-term side effect of antiproliferative mechanisms during Th1 immune response.
Furthermore, decreased tryptophan availability interferes with
neurotransmitter synthesis, in particular with formation of
serotonin. Accordingly, increased tryptophan breakdown
during inflammatory disease is associated with the
development of fatigue, depression and diminished quality of
life. Accelerated breakdown of tryptophan and increased
production of neopterin were also associated with the
development of anemia and weight loss during the course of
malignant diseases.

Zlatina Gospodinova, Georgi Antov,
Ralitsa Christova and Maria Krasteva

The growing need for oncotherapeutics with high efficiency
toward cancer cells and low toxicity to healthy tissues has
led to more intensive studies of putative antineoplastic agents
with natural origin. Among natural sources of active
compounds with pharmacological potential, medicinal plants
represent a substantial part. Our previous investigations
showed that crude extracts from the Bulgarian Tanacetum
vulgare L. and Cotinus coggygria Scop. exhibit considerable
in vitro antitumor activity on the human breast cancer cell
line MCF7. The objective of the present study was to
examine the influence of the extracts on the human normal
mammary epithelial cell line MCF10A in comparison to the
tumor cell line. The effect on normal cell viability after
treatment was assessed in a wide range of concentrations by
МТТ assay, whereas changes in cell morphology were
studied by light microscopy. The results showed that after
extract exposure in various concentration ranges, including
the IC50 value of the cancer cell line, normal cell viability is
100%. For the Tanacetum vulgare L. extract, the viability
reached a minimum value of 74.51% after treatment with the
highest concentration of 600 μg/ml. The Cotinus coggygria
Scop. extract had a minor effect on normal cell viability
(decreasing it to 84.49%) at a middle range concentration of
130 μg/ml. In higher concentrations the extract slightly
increased viability of MCF10A cells (88.38% at 400 μg/ml).
After treatment with the Cotinus coggygria Scop. extract,
neither morphological alterations in MCF10A cells nor
increase in the number of detached cells was observed.
Rounding of cells was detected only at the highest
Tanacetum vulgare L. extract concentration. In summary, the
results showed that crude extracts of both herbs are less toxic
in vitro to normal mammary epithelial cells compared to
breast cancer cells.
This work was supported by the grant №BG051PO001-3.3.060025, financed by the European Social Fund and Operational
Programme Human Resources Development (2007–2013) and
co-financed by Bulgarian Ministry of Education and Science.
The authors are grateful to Vemo 99 Ltd. for providing the
plant extracts.
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METABOLIC REPROGRAMING DURING STROMAL
AGING AND CANCER PROGRESSION
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The average life expectancy has increased approximately 50%
in the last 100 years. It is estimated that 20% of the
population will be 65 years and older by 2050. Unfortunately,
the increase in life expectancy is also a significant risk factor
for various health issues including cancer. The mechanisms
of age-associated increase in cancer incidence are not
completely understood. Fibroblasts are the major noncancerous cell type in the cancer stroma. Our results showed
aging of fibroblasts significantly promote the proliferation of
epithelial cancer cells. We and others have discovered a new
mode of cellular aging, chronological lifespan. Chronological
lifespan is defined as the duration in which quiescent cells
retain their proliferative capacity. This mode of aging is
independent of telomere attrition and number of mitotic
divisions. Fibroblasts nearing the end of their chronological
lifespan exhibit a significant increase in ROS and loss of
mitochondrial structure and functions, suggesting a shift in
metabolism. Results from Seahorse XF96 Analyzer revealed
metabolic-reprograming during aging of quiescent fibroblasts:
decreased extracellular acidification rate and increased
oxygen consumption rate in fibroblasts taken from a 61-year
old compared to fibroblasts taken from a 3-day young normal
healthy individual. Results obtained from Human Glucose
Metabolism PCR Arrays and RT-PCR assays showed
significant decrease in mRNA levels of genes involved in
glycolysis (glut1, glut4, hk2, pfk1), pentose phosphate
pathway (g6pd), mitochondrial respiration (sod2, sdhc, sdhd,
aco2), and lipid metabolism (gpx4, gos2) in old compared to
young fibroblasts. Results from in vitro co-cultures of
fibroblasts and cancer cells (breast cancer: MB231, MCF7;
pancreatic cancer: MIA PaCa-2, PANC-1) and mouse
xenograft experiments showed a significant increase in the
proliferation of cancer cells co-cultured with old compared to
young fibroblasts. These results suggest that an ageassociated metabolic reprogramming in fibroblasts promotes
the proliferation of epithelial cancer cells in a stromal
environment.

226
REDOX REGULATION OF THE CELL CYCLE IN
HEALTH AND DISEASE
Prabhat C. Goswami

Free Radical and Radiation Biology Division, Department of
Radiation Oncology, The University of Iowa, Iowa City, IA,
USA

Periodic oscillations in the cellular redox environment, a redox
cycle, regulate cell cycle progression from quiescence to
proliferation and back to quiescence. Cellular oxidation and
reduction (redox) environment is influenced by the production
and removal of reactive oxygen species (ROS). In recent years,
several reports support the hypothesis that cellular ROS-levels
could function as “second messengers” regulating numerous
cellular processes, including proliferation. The redox-state
shifts towards a more oxidizing environment as cells progress
through the cell cycle. The redox state of the mitotic cells is 3to-4-fold more oxidized compared to cells in the G1-phase. A
prooxidant event is required for cells to enter S-phase.
Manganese superoxide dismutase (MnSOD) is a nuclear
encoded and mitochondrial matrix localized redox enzyme
that regulates the cellular redox status. MnSOD activity is
higher in G0-G1 cells compared to cells in S, G2 and M phases.
Following cell division, MnSOD activity increases in the G1phase of the daughter generation. The periodic fluctuation in
MnSOD activity during the cell cycle inversely correlates with
cellular ROS levels as well as glucose and oxygen
consumption. MnSOD regulates a “metabolic switch” during
the cell cycle: superoxide signaling that promotes proliferation
and signaling by hydrogen peroxide that supports quiescence.
A loss in the redox control of the cell cycle could lead to
aberrant proliferation, a hallmark of various human
pathologies. This presentation will review the literature which
supports the concept of a redox cycle controlling the
mammalian cell cycle with an emphasis on how this control
relates to human health and disease including aging and
cancer. We hypothesize that re-establishing the redox control
of the cell cycle by manipulating the cellular redox
environment could assuage many aspects of age-related health
issues.
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COLUMNAR CELL LESIONS OF THE BREAST
Anna C. Goussia

Department of Pathology, Medical School, University of
Ioannina, Ioannina, Greece

Columnar cell lesions (CCLs) of the breast encompass a
spectrum of processes characterized by variably dilated acini
lined by one to several layers of tightly packed, columnar
shaped epithelial cells. With the widespread adoption of
screening mammography, CCLs have become a frequent
finding in breast biopsies. These lesions have been reported to
be present in nearly half of biopsies performed for
mammographic microcalcifications that usually have a round
or pleomorphic appearance. Classification and histological
features. Within the group of CCLs, a more focused spectrum
of lesions has been delineated, namely columnar cell change
(CCC), columnar cell hyperplasia (CCH), CCC with atypia
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and CCH with atypia. The morphology of the lesions with
atypia, cytonuclear and/or architectural features, corresponds
to flat epithelial atypia (FEA), as described in the WHO
classification. Other terms used to describe FEA include:
ductal intraepithelial neoplasia (DIN), clinging carcinoma in
situ flat type, columnar cell alteration with prominent apical
snouts, secretions and atypia, blunt duct adenosis with atypical
columnar cell metaplasia and atypical cystic lobules or ducts.
Histologically, CCCs are composed of lobular acini lined by
one to two layers of tall columnar and snouted epithelial cells
with uniform ovoid nuclei, which are oriented perpendicular
to the basement membrane. CCCs are frequently associated
with luminal secretions and/or microcalcifications. In CCHs, a
stratification of more than two layers of columnar cells is
observed, sometimes forming mounds or tufts with
exaggerated apical snouts. Luminal secretions and
microcalcifications tend to be abundant. FEA is typically
consisted of one or more layers of columnar or cuboidal
epithelial cells. The nuclei are not oriented perpendicular to
the basement membrane and there are variably prominent
nucleoli, occasionally mitotic figures and an increase of
nuclear to cytoplasmic ratio. Complex architectural features
due to the presence of cribriform spaces or micropapillae
preclude, by definition, a diagnosis of CCLs and lead to the
diagnosis of atypical ductal hyperplasia (ADH) or ductal
carcinoma in situ (DCIS), depending on the extent. However,
CCLs frequently coexist with these latter lesions, showing the
same genetic and immunohistochemical alterations.
Immunohistochemical and molecular features. CCLs show
immunopositivity for ER, PR, Bcl2, luminal cytoketarin 19
and cyclin D1. The lesions are negative for p53, HER2/neu
and basal cytokeratins 5/6 and 14. Ki67 positivity is generally
low. The genetic/molecular profile of CCIs, particularly these
with atypia, resembles that seen in ADH and low-grade DCIS
or even in some low-grade invasive carcinomas: loss on 9q,
10q, 16q and 17p, gain on 15q, 16p and 19, as well as LOH at
11q, 16q and 3p. Biological and clinical significance. CCLs
seem to be biologically significant lesions since the
coexistence with more advanced entities may suggest that
CCLs probably represent a very early form of malignant
changes. There have been several reports describing the
association of CCLs with low grade DCIS or lobular
carcinoma in situ (LCIS) and invasive tubular carcinoma (this
coexistent triad has been proposed as the “Rosen triad”).
Moreover, the concept of a family of “low-grade nuclear
breast neoplasia” has been recently reported, based on the
significant coexistence of precursor (ADH), in situ (DCIS,
LCIS) and invasive neoplastic lesions (tubular, tubulolobular
and lobular carcinoma) along with CCLs. The findings of
these studies support the hypothesis that some CCLs,
especially FEA, might be a non-obligate intermediate step in
the development of some forms of low grade in situ or
invasive carcinomas. The true precursor risk appears to be very
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low. When FEA is identified in breast core biopsy specimens,
it is recommended that diagnostic surgical excision should be
undertaken to search for more established adjacent malignant
disease. Conclusion: In conclusion, CCLs are being identified
with increasing frequency in breast biopsies undertaken for
mammographic microcalcifications. Although there are still
limited data, the atypical CCLs lesions may be the earliest
non-obligate precursor of low grade carcinomas. Further
follow-up studies and detailed molecular analyses are likely
to provide more definite answers regarding this challenging
group of breast lesions.
Agnantis NJ and Goussia AC: Biopathological aspects of
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research. Ioannidou-Mouzaka L, Agnantis NJ, Lopez DM
(eds.). Moduzzi Editore, International Proceedings Division,
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MODIFIED ADIPOSE MESENCHYMAL
PROGENITORS TARGET EWING’S SARCOMA
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Ewing’s sarcoma (ES) is the second most common bone tumor
in children and young adults. The real ontogeny of ES is
debated and evidences suggest it may derive from a
transformation of precursors identified within mesenchymal
stromal/stem cells (MSC). Recent studies on ES
microenvironment additionally indicated that MSC take active
part in the generation of a supportive stroma (1). ES initially
responds to chemotherapy, however, 30% of patients relapse
and up to 80% of patients with metastases die within 5 years
from diagnosis (2, 3). Based on this knowledge, we conceived
to use modified adipose MSC as “trojan horse” to deliver an
anticancer molecule against ES. We have previously
demonstrated that a pro-apoptotic agent named TRAIL may
be delivered by MSC into cancers. For the first time, we
investigated the impact of gene modified MSC expressing
TRAIL against ES. In 24 hours, MSC-TRAIL induced
apoptosis in more than 80% of ES cell lines (p<0.001). Cell
death was specifically associated with caspase-8 activation in
ES cells after only 8 hours of co-culture with MSC TRAIL
(p<0.001). An in vivo model further challenged the approach
and, when injected into ES burden, MSC TRAIL persisted
within its stroma causing massive apoptosis by the TUNEL
assay combined with a size reduction (p<0.03). Conclusively,
our data indicate that MSC, as cellular vehicle for TRAIL,
could open novel therapeutic opportunities for mesenchymal
tumors still characterized by very poor prognosis.
1 Burns JS et al. Cancer Lett, 2012.
2 Grier HE et al. N Engl J Med, 2003.
3 Helman LJ, Meltzer PNat Rev Cancer, 2003.
The work was supported by AIRC, Ministero Salute-Giovani
Ricercatori 2008 & ASEOP.
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MECHANISMS OF ACTION OF SOME NEW
COMPLEXES OF RUTHENIUM WITH QUINOLONES
AS POTENTIAL ANTITUMOR AGENTS

Maria Iuliana Gruia1, Valentina Negoita1, Monica Vasilescu1,
Marieta Panait1, Ion Gruia2 and Valentina Uivarosi3

1Institute

of Oncology, Bucharest, Romania;
of Bucharest, Faculty of Physics, Bucharest,

2University

Romania;
of Pharmacy, Carol Davila University of Medicine
and Pharmacy, Bucharest, Romania

3Faculty

The aim of this paper was to identify if the free radicals of
oxygen play a role in the signaling pathway for the apoptotic
transformations that we use as an antitumor treatment with
new complexes of ruthenium. In vivo studies were performed
in Walker 256 carcinoma-bearing Wistar rats treated with two
ruthenium (III) complexes: fluoroquinolones norfloxacin and
ofloxacin. The treatment started 7 days after the tumor graft
and the dynamics of apoptosis by flow-cytometry, as well as
the biochemical oxidative status parameters were assayed. The
biological samples are represented by serum and whole tumor
tissues and the results were compared with the untreated
control group. The results show an increase of apoptosis from
14.79% to 59.72% in the tumor cells treated with the most
active combination; the ruthenium complex with norfloxacin.
We also registered an increase of the oxidative status and the
free radicals of oxygen production during the treatment. Most
importantly, we found that our new synthesized complexes are
less toxic, with their activity being based on the induction of
oxidative stress.
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AN ITALIAN EXPERIENCE IN BIOBANKING
RESEARCH: THE INVOLVEMENT OF BIOBIM IN
INTER-REGIONAL RESEARCH PROJECTS
Fiorella Guadagni
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Pisana – Research Center, Rome, Italy

The remarkable development of biotechnology has led to a
parallel advancement of knowledge in the field of biomedical
research, particularly in the translation from basic research to
clinical applications. Thus, special attention is now focused on
"BioBanks" that, thanks to the prompt availability of large
amounts of biological samples, have secured the success of
various studies. However, many of the existing local
conditions (usually designed to answer specific research
questions) lack of dedicated staff and sufficient funds to adapt
systems to current standards of quality. The adjustment to
levels of excellence of these realities of small business is
unlikely and certainly not economically sustainable by the
National Health Systems. This translates into the need to
develop centralized BioBanks, in which small decentralized
health facilities participate with collection, storage and
delivery to a large central facility. Therefore, the establishment
of BioBank networks represents the natural evolution of the
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modern managerial organization of BioBanks and signify a
growth opportunity for all participating institutions, since it
allows the expansion of a given BioBank scientific potential
in much shorter time, while determining a multidisciplinary
nature of the collection. The InterInstitutional
Multidisciplinary Biobank (BioBIM) of the IRCCS San
Raffaele Pisana is actively involved in projects creating a
multi-institutional biobanking network of reference within the
southern Italy aimed at defining common preanalytical
procedures to standardize biospecimen collection and
preservation, identifying a set of “key biomarkers” to be used
in assessing sample quality and structuring new computing
platforms, which, by means of ICT tools, could enable the
"traceability" of the sample life. These processes, along with
the development of data integration processes may, ultimately,
result in a strengthening of the scientific value of biological
collections within the southern Regions of Italy.
Partially supported by Grants: MERIT RBNE08NKH7; PO
FESR 2007/2013 Linea di Intervento 4.1.1.1 and
PON03PE_00146_1/10
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Deregulation of protein kinase activity has emerged as one of
the major factors influencing cancer initiation promotion and
progression. Hence, it is not surprising that major focus has
been given to the identification of potent and selective small
molecule inhibitors of these enzymes, in recent years.
Protein kinase CK2 is a constitutively active
serine/threonine kinase overexpressed in all solid tumour types
and rapidly proliferating tissues so far investigated. It plays an
important role in the early DNA damage response and
regulates signalling pathways involved in drug resistance such
as the PI3K/AKT/mTOR-, hypoxia-related and epidermal
growth factor receptor signalling cascades. Because of its
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important role in cancer cells proliferation and survival, CK2
has recently emerged as a promising therapeutic target for
combination therapy.
A novel selective small molecule inhibitor of CK2, i.e. E9,
has been recently identified following the screening of a small
compound library provided by the National Institute of Health
and National Cancer Institute under the Developmental
Therapeutic Program. Experiments performed in vitro with a
panel of cancer cell lines revealed that E9 induces apoptotic
cell death, inhibits endogenous CK2, prevents the degradation
of p53 tumour suppressor and suppresses the
PI3K/AKT/mTOR signalling pathway. A closer look on the
effects induced by this compound revealed that E9 suppresses
the expression of the hypoxia inducible factor HIF-1α
suggesting that it disrupts important adaptive processes
required for tumour progression.
Finally, in vivo administration of the inhibitor showed that
E9 has strong anti-tumour activity by inducing necrosis in
tumour xenograft tissue and it is well tolerated as indicated by
the minimal body weight loss of the mice.
Overall, results obtained so far indicate that E9 is a
promising small molecule inhibitor of CK2 with the potential
to be investigated in more advanced studies towards human
clinical trials.
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2Biochemistry, Medical Faculty, Trakia University, Stara
Zagora, Bulgaria

Background/Aim: The major function of p53 is to respond to
DNA damage, as well as to protect from accumulation of
oncogene mutations. It is known that p53-derived MHC class
I presented peptides are recognized by CD8+ T lymphocytes
or by antigen-presenting cells (APCs), such as dendritic cells
(DCs) recognized by CD4+ T helper cells through the HLADR antigen. The aim of the present study is to correlate p53
over-expression in colorectal cancer tumors (CRCs) with the
number of dendritic cell markers S-100 protein, CD1a and
with their activation marker HLA-DR. Materials and
Methods: The study involved 141 patients with colorectal
cancer. The immunohistochemical expression of p53, CD1a,
S-100 protein and HLA-DR was evaluated in tissue samples.
Results: Forty six (33%) of the tumors had high p53 nuclear
expression, while the rest of 95 (67%) of the tumors were
negative or weakly positive. Tumors with high expression of
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p53 had also significantly higher number of S-100+ cells in
tumor stroma (p=0.004) and of HLA-DR+ cells in invasive
margin (p=0.044) than those without or with weak immune
reaction. Similar tendency was also found between p53
positivity and HLA-DR+ (p=0.075) and CD1a+ cells in tumor
stroma (p=0.195). Conclusion: Probably, higher numbers of
DCs over-expressing HLA-DR antigen support the immune
surveillance, presenting p53 peptides to cytotoxic T
lymphocytes directly or indirectly through T helper CD4+ cells
in the immune response and orchestrate antitumor immunity.
Introduction: The major function of p53 is to respond to DNA
damage as well as to protect from accumulation of oncogene
mutations, thus preventing the occurrence of a state of
genomic instability (Ananiev et al., 2011). It is a negative
predictor in terms of survival and prognosis (Pancione et al.,
2010). Mutations in the gene encoding the tumor suppressor
protein p53 are found in ~50% of all human malignancies
(Zwaveling et al., 2002). Many studies identify p53-derived
MHC class I presented peptides, which are recognized by
CD8+ CTLs (Zwaveling et al., 2002). Alternatively, T helper
CD4+ cells, that orchestrate the immune response against
tumors, followed specific recognition of antigen presented on
antigen-presenting cells (APCs) in the context of MHC class
II, involve the induction of CTL responses by activating the
APC through CD40-CD40L interaction (Ridge et al., 1998).
APCs (dendritic cells, B-cells, macrophages) overexpress
HLADR antigen in response to stimulation (by tumor
antigens) and is a marker of immune stimulation. APCs use
HLADR AG on their surface to contact with CD4+ Thelper
cells. DCs are the most powerful APCs with unique ability to
activate and induce clonal expansion of naïve and memory T
cells (Hart, 1997). The used immunohistochemistry markers
of DCs were mainly S-100 (Suzuki et al., 2002) and HLA-DR
(Dadabayev et al., 2004). It is note worthy that both S-100 and
HLA class II are not exclusive DCs markers since S-100 also
stains for macrophages and intestinal neural tissue, while HLA
class II is also present to a lesser extent on other APCs such as
macrophages/monocytes and B Ly, and on activated T Ly
(Dadabayev et al., 2004). Nevertheless, S-100 protein is
valuable marker to show DC infiltration in CRC. Patients and
Methods: This study involved 141 patients who had undergone
operation from primary adenocarcinoma of the colon (n=80)
and rectum (n=61), between 1997 and 2010 year at the
University Hospital, Medical Faculty, Trakia University, Stara
Zagora. Patients were followed-up until 01.08.2012. All
demographic and clinical parameters of patients are given in
Table. The immunohistochemical expression of mouse antihuman p53 (N1581), monoclonal mouse anti-human CD1a
antibody (M3571) in a dilution 1:50, monoclonal mouse antiHLA DR (α chain) antibody (М0746) in a dilution 1:50; and
rabbit anti-human S100 protein antibody (N1573) all from
DAKO A/S Denmark was evaluated in tissue samples. The
detection system immunostaining kit used was DAKO

Table. The main clinical and histological parameters of the
patients with colorectal cancers (n=141).
Parameter

Clinical data

Gender
Male
Female
Age (years)
median
(range)
Localization of the tumor
colon
rectum
pT category
pT1-2
pT3-4
pN category
pN0
pN1-3
Metastases
No
Yes
Clinical stage
I
II
III
IV
Follow-up after surgery
median (months)
(range)
Outcome after follow-up period
Alive
Dead
Histological data
Differentiation grade of tumor
low
moderate
high
Histological type
I-II
III-IV

Number (%)
n=141

92 (65)
49 (35)

64
(37-96)
80 (57)
61 (43)

21 (15)
120 (85)
91 (64)
50 (36)

104 (74)
37 (26)

16 (11)
64 (46)
24 (17)
37 (26)
(n=138)
41.24
(0,43-174,84)
(n=138)
50 (36)
88 (64)
32 (23)
98 (69)
11 (8)

51 (36)
90 (64)

LSAB®2 System, HRP (K0675, DAKO) and DAKO®DAB
Chromogen tablets (S3000, DAKO). Clinical, histological and
survival data were compared between patients according to
p53 expression. Statistical analyses were performed applying
the statistical software SPSS 16.0.0 for Windows (SPSS, Inc.,
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Figure 1. Numbers of S-100+, HLA-DR+ and CD1a+ cells in tumor stroma and of HLA-DR+ cells in invasive margin of tumors
according to the p53 expression on nuclei of tumor cells in biopsies of patients with primary colorectal cancer. Data are
presented as mean±SD and were analyzed with Independent sample t-test.
Chicago, IL, USA). Results: Forty six (33%) of the tumors
had high p53 expression in the nuclei, while the rest of 95
(67%) of the tumors were completely negative or only weakly
positive. The numbers of S-100+, HLA-DR and CD1a+ cells
in tumor stroma varied between 0.14-38.10 cells/mm2 (mean
of 16.00±19.66 cells/mm2) for S-100, 3.00-554.90 cells/mm2
(mean of 71.42±70.30 cells/mm2) for HLA-DR, and 0.1043.50 cells/mm2 (mean of 3.56±6.38 cells/mm2) for CD1a. The
HLA-DR+ cells in invasive tumor margin ranged from 6.50 to
648.40 cells/mm2 (mean of 130.17±114.86 cells/mm2).
Tumors with high expression of p53 in tumor nuclei had also
significantly higher number of S-100+ cells in tumor stroma
(p=0.004) and of HLA-DR+ cells in invasive margin
(p=0.044) than those without or with weak immune reaction
(Figure 1). Similar tendency was also found between p53
positivity and HLA-DR+ (p=0.075) and CD1a+ cells in tumor
stroma (p=0.195) (Figure 1). The expression of p53 did not
associate significantly with any histological or clinical tumor
characteristics, except with the survival of the patients
determined after surgical treatment: patients with high p53
expression had significantly longer survival (median of 94.94
months) than those negative or weakly positive for p53
(median of 32.56 months, p=0.048, Log Rank test) (Figure 2).
The lack/weak expression of p53 expression determined 2.11fold higher risk of death into 3 years after surgery (RR=2.11;
95% CI of 1.12-4.36, p=0.045) and 1.98-fold higher risk for
death into 5 years (RR=1.98, 95% CI of 0.97-4.07, p=0.61).
Discussion and Conclusion: The present work demonstrates
5934

Figure 2. Kaplan-Mayer survival curves of the patients with
colorectal cancer after the surgical treatment according to the
p53 expression in tumor nuclei. Survival difference was
analyzed with Log Rank test.

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

that tumors with high expression of p53 in tumor nuclei had
also significantly higher number of S-100+ cells in tumor
stroma and of HLA-DR+ cells in invasive margin than those
without or with weak immune reaction. Similar tendency was
also found between p53 positivity and HLA-DR+ and CD1a+
cells in tumor stroma. There were no literary data about such
correlation up till now. DCs play a key role in antigen
presentation and in T cell activation, and are thereby of critical
importance to induce tolerogenic or effective immune response
(Rutella and Lemoli, 2004). Theoretically, in response to the
antigens, the differentiation and maturation of DCs will be
accelerated and they will present antigens to naive T cell in
the nearest lymph nodes (Yuan et al., 2008). Therefore,
activated and mature DCs are essential for the recruitment and
survival of activated tumor specific lymphocytes during
carcinogenesis (Iwamoto et al., 2003). Highest number of
HLA-DR-positive cells was found in the groups with the
lowest clinical stage by Sikorsка et al. (1999). Here for the
first time, it was shown that patients with high p53 expression
in tumor nuclei have significantly longer survival. Conclusion:
Probably higher numbers of DCs overexpressing HLA-DR
antigen support the immune surveillance, presenting p53
peptides to cytotoxic T lymphocytes directly or indirectly
through T helper CD4+ cells in the immune response.
Therefore, it could be suggested that the immune cellular
infiltrate around p53 positive tumor cells participating in Th1
and Th2 immune responses balanced between the effective and
tolerogenic immune responses and influenced the existence of
tumor cells.
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THE INFLUENCE OF HER2 CODON 655 SNP
AND c-Erb-2 PROTEIN EXPRESSION IN p53
POSITIVE GASTRIC CANCER PATIENTS
Julian Ananiev, Elina Aleksandrova, Koni Ivanova,
Erkan Onal, Valentin Velev and Maya Gulubova

Department of General and Clinical Pathology, Medical
Faculty, Trakia University, Stara Zagora, Bulgaria

The significance of c-Erb-2 (HER2) and Ile/Val single
nucleotide polymorphism (SNP) of HER2 in gastric cancer
can be useful for predicting progression of this neoplasm.
Materials and Methods: We investigate immunohistochemicaly the expression of HER2 in 24 patients and single
nucleotide polymorphism (SNP) in HER2 codon 655 we used
RFLP – PCR analysis in 20 cases, all of them positive for p53
protein. We evaluated the correlation between the collected
data and clinical and pathological parameters of investigated
patients. Results: After analysis of the results we found that
that 50% of HER2 positive cases had metastases vs. 20% of
HER2 negative without metastases (χ2=3.84; p=0.05).
Seventy-five percent of HER2 positive tumors were poorlydifferentiated and 25% were moderately-differentiated.
(χ2=6.719; p=0.035). HER2 RFLP - PCR analysis showed the
AG genotype in five patients (25%) and the rest 15 cases
(75%) had the АА (Ile/Ile) genotype. The analysis of SNP and
the presence of lymph node metastasis showed tendency.
Among the 20 patients with metastasis 80% had genotype АА
(Ile/Ile) and 20% genotype AG (Ile/Val) (χ2=3.578; p=0.088).
Conclusion: Our results indicate that SNP in HER2 655 codon
and investigation of HER2 expression could be helpful to
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Figure 2. Representative image of SNP analysis in codon 655
of HER2 in gastric cancer.

Figure 1. HER2 positive gastric cancer (score 3, ×100).
outline the prognosis for gastric cancer. Introduction: Gastric
cancer is still one of the most commonly diagnosed
malignancies and causes of mortality worldwide. The
prognosis for patients with this type of cancer is poor because
of locoregionally advanced disease and distant metastases
already present at the time of initial clinical manifestation (1).
A good understanding of the molecular basis of cancer has
contributed to the development of rationally designed
molecular targeted therapies, which interfere with the
signaling cascades involved in cell differentiation,
proliferation, survival etc. (2). The HER2/neu protein is a 185kDa transmembrane tyrosine kinase receptor and a member of
the EGFR family (3). Under normal conditions, the function of
HER2/neu and EGFR is tightly regulated in a cell-cycledependent manner. Over-expression or mutation of the
HER2/neu receptor, which commonly occurs in cancer cells,
may disrupt this regulation and keep tyrosine kinases highly
active through the cell cycle (4). Indeed, several studies
indicate a role of HER2/neu in the development of numerous
types of human cancer. Some observations imply that the
tested HER-2 SNP may participate in the development and
progression of gastric cancer (5). Also, mutations of tumor
protein p53 and TP53 genes occur early in the development
of gastric cancer and contribute to gastric carcinogenesis (6).
We investigated immunohistochemicaly the expression of
HER2 in 24 patients and single nucleotide polymorphism
(SNP) in HER2 codon 655 using RFLP – PCR analysis in 20
cases, all of them positive for the p53 protein. Materials and
Methods: We investigated biopsy specimens collected from 24
patients who underwent stomach resection in the University
Hospital in Stara Zagora from 2000 to 2009. Eight of the
patients were male and 16 female, with ages from 22 to 64
years (mean, 56.4 years). Retrospective data of some clinical
and histological findings was performed. DNA extraction and
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genotype analysis: Genomic DNA was extracted from
paraffin-embedded tissues of patients’ tumor biopsies using a
genomic DNA purification kit (GeneJet Genomic DNA
Purification Kit, Thermo Scientific). Genotyping for the single
nucleotide polymorphism at codon 655 in the HER2 gene was
performed by the restriction fragment length polymorphism
RFLP–PCR assay as previously described. The PCR primers
for amplification were as follows: 5’-AGA GCG CCA GCC
CTC TGA CGT CCA T-3’ (forward) and 5’-TCC GTT TCC
TGC AGC AGT TCT CGC A-3’ (reverse). Sample DNA
(approx. 100 ng) was amplified in 30μl of a reaction mixture,
containing 1xPCR buffer, 0.4 μmol/l of each primer, 0.2
mmol/l dNTPs, 1.5 mmol/l MgCl2 and 1 unit of Taq
polymerase (Thermo Scientific). The PCR cycle conditions
consisted of initial denaturation at 94˚C for 5 minutes,
followed by 35 cycles of denaturation at 94˚C for 30 seconds,
annealing at 62˚C for 1 minute and extension at 72˚C for 1
minute. Final elongation was performed for 7 minutes at 72˚C.
The gene specific primers amplify a 148 bp region of the gene.
Immunohistochemistry: Gastric cancer tissues from all
previously
investigated
cases
for
p53
were
immunohistochemicaly analyzed (DAKO protocol). The
following antibodies were used for the immunohistochemistry:
antibodies for the c-erbB-2 oncoprotein (A0485, DAKO), as
well as the detection system EnVision™ FLEX+, Mouse,
High pH, (Link) (K8002, DAKO). The analysis was
performed according to the manufacturer’s protocols.
Statistical analysis: The data was statistically analyzed by
SPSS, Version 16. The accepted level of significance was set
at р<0.05. Results: All cases were positive for p53 protein
expression (23 cases, weak positive; 1 case, strong positive).
The analysis of HER2 expression showed that 16.8% of the
cases expressed the marker and 83.2% were negative (Figure
1). The clinical and histological data were correlated with
HER2 expression and we found that 50% of HER2 positive
cases had metastases vs. 20% of HER2 negative without
metastases (χ2=3.84; p=0.05). Seventy-five percent of HER2
positive tumors were poorly-differentiated and 25% were
moderately-differentiated. (χ2=6.719; p=0.035). HER2
polymorphism correlations. HER2 RFLP - PCR analysis of 20
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cases of gastric carcinoma showed presence of SNP in HER2
gene codon 655 (Figure 2). Five (25%) of the cases had AG
genotype (Ile/Val) and 15 cases (75%) had АА (Ile/Ile)
genotype. The analysis of SNP and the presence of metastasis
showed tendency. Among the 20 patients with metastasis 80%
had genotype АА (Ile/Ile) and 20% genotype AG (Ile/Val)
(χ2=3.578; p=0.088). No other statistically significant
correlations were recorded. Discussion: Observations shown
that IHC-based detection of altered expression of p53 protein
in gastric carcinomas may play an important role for
diagnosing the progression of gastric carcinoma (7). Structural
and functional alterations of HER2, also known as c-ErbB2/neu proto-oncogene, have been reported in different steps of
carcinogenesis including initiation, promotion and progression
(8). Expression of HER2/neu has been shown to correlate with
invasive and poor prognostic features of breast, ovarian and
other common human cancers, including shorter survival,
early relapse and an increased number of metastases (9).
Nowadays, there is mounting evidence concerning the role of
HER2/neu expression in patients with gastric cancer and it has
been solidly correlated to poor outcomes and a more
aggressive disease. The biological significance of HER2
polymorphism is still not clear. The reports are rare and they
are predominantly about codon 655 polymorphism in breast
cancer. It is thought that alteration of codon 655 nucleotide
A→G leads to substitution Ile→ Val and this is the cause for
structural and functional changes in HER2 protein (10).
Despite the lack of statistical significance, our results show
that the patients with lymph node metastasis more often have
the AA genotype. Wang et al. researched the same type of
polymorphism among patients with bladder carcinoma and
reported that patients with the AA genotype are in more
advanced stage in comparison to the size of the tumor but his
results showed no connection with the tumor’s grade (11). In
resume, we state that in p53 positive patients with gastric
cancer our results indicate that SNP in HER2 655 codon and
investigation of HER2 expression could be helpful to outline
the prognosis.
1 Farrow DC and Vaughan TL: Determinants of survival
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(United States). Cancer Causes Control 7(3): 322-327, 1996.
2 Gravalos G and Jimeno A: HER2 in gastric cancer: a new
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HER-2/neu proto-oncogene in human breast and ovarian
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cdc2-mediated phosphorylation in the cell cycle-dependent
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Identifiable molecular changes for early and late stage of skin
tumorigenesis can suggest better targets for its control.
Epigenetics and non-coding RNAs are the upcoming events
and we explored them during tumor development from start
to finish in the mouse model. DMBA exposure caused the
deregulation of miR-203 involving methylation of miR-203
possibly by up-regulating HDAC1, DNMT1 and modulating
the regulators of miRNA biogenesis DICER1 and Ago2. These
DMBA effects were accompanied by the up-regulation of
proto-oncogenes c-Myc and Bmi1 and down-regulation of
tumor suppressor gene p16 as a function of time. In addition
to this, other tumor suppressors, let-7a and miR-211, were
down-regulated but oncogenic miR-21 and miR-20a were upregulated by DMBA. Reduced let-7a and miR-211 correspond
to the over-expression of K-Ras and MMP-9 respectively.
Similarly, over-expression of miR-21 and miR-20a correspond
to the down-regulation of PTEN and over-expression of Cyclin
D1, respectively. The alterations of these genes were prevented
more effectively by the combination of compounds than
individual treatments. These results suggest newer approaches
by targeting these molecules and indicate regulatory miRNA
for exploring effectively cancer control.
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INHIBITION OF SPONTANEOUS AND
INDUCED MUTAGENESIS BY NATURAL
COMPOUNDS AND MIXTURES
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Numerous studies have reported effects of natural compounds
and their mixtures on carcinogenesis in various experimental
systems but these studies have generally been unsuccessful in
leading to prevention of cancer in humans; and
epidemiological studies have failed to convincingly establish
a protective role for nutraceuticals. Perhaps one reason for
this discrepancy is that the effects of the most potential
individual anti-carcinogenesis agents in humans are below
detection. Levels generally present in foods, beverages or
supplements may be too low to exert noticeable protective
effects and combinations of potential chemopreventives may
be necessary for effective cancer prevention. We investigated
combinations of non-toxic nutraceutical agents at
physiological levels for their abilities to inhibit mutagenesis
induced by the proximate rat mammary carcinogen, 7,12dimethylbenzanthracene-dihydrodiol (DMBAD) in lacI rat
mammary epithelial cells (kindly provided by P.D. Josephy,
University of Guelph, Canada). The agents and their
concentrations were: resveratrol (Res), 2.4 μM; sulforaphane
(Sul), 0.015 μM; antioxidant mix (α-, γ-tocopherol, 30 μM,
vitamin C, 68 μM (VCE); α-lipoic acid (LA), 2 μM;
epigallocatechingallate, (EGCG) 0.7 μM; and Nacetylcysteine (NAC), 12 μM). All of the single agents were
non-toxic at these concentrations. All combinations of the
binary agents were also non-toxic. In mutagenesis
experiments none of the individual agents resulted in
statistically significant inhibition of mutagenesis but some led
to minor inhibition (ca. 10-20%). Among the binary
combinations of agents only the combination of Sul + Res led
to a statistically significant inhibition of mutagenesis (ca.
30% inhibition). This combination was then tested against
DMBA in lacI mice to determine whether it would inhibit
mutagenesis in mammary tissue. At relatively high levels both
individual agents exhibited small, non-significant effects but
the combination of both agents exerted a statistically
significant inhibition of about 25%. Taken together, the
results of this study show that at physiological levels the
individual agents above are relatively ineffective inhibitors of
mutagenesis in the in vitro mammary epithelial cell system
but the combination of Res and Sul was modestly effective in
vitro and in vivo. In conclusion, at least in the systems
described above, it is difficult to inhibit mutagenesis at
physiological levels of nutraceuticals and this observation is
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consistent with the fact that many in vitro studies at nonphysiological levels of nutraceuticals suggest they can protect
against cancer, yet the effects of these agents in humans have
been largely negative. However, selected combinations of
certain agents may lead to protection. A second reason for the
lack of correspondence between studies in cultured cells
and/or experimental animals and in humans might be that the
individual carcinogenic initiators of human cancer are
generally uncertain and, hence, certain studies on inhibition
of carcinogenesis or surrogate endpoints in studies using
model carcinogens may employ inappropriate carcinogens. As
about half of human cancer has no documented origin, it is
likely that spontaneous processes can lead to cancer. With
respect to this possibility, we have endeavored to inhibit
spontaneous mutagenesis (SM) in mice as a surrogate for
spontaneous carcinogenesis. Such an approach requires no
assumptions about the identity of the carcinogens.
Operationally, we attempted to modulate the spontaneous agerelated increase in mutagenesis in lacZ mice. We and others
have observed that in untreated mice the mutant fraction (MF)
in many organs increases with age. We attempted to block
this increase with dietary inhibitors of putative processes
leading to spontaneous mutagens. As oxidative stress is often
implicated as source of aging, we also measured the effects
of the inhibitors on one marker of oxidative stress, lipid
peroxidation. The effects of a nine-month administration of
dietary: (i) 3H-1,2-dithiole-3-thione (D3T), (ii) Nacetylcysteine (NAC), (iii) antioxidant vitamin mix, (vitamin
C+E), (iv) the free radical scavenger, amifostine and (v)
calorie restriction, (CR), on mutagenesis and lipid
peroxidation in lung, kidney, spleen and liver of lacZ
transgenic mice were then examined. The agents were added
to a high-fat, reduced antioxidant AIN-76 diet, to better
approximate a Western style diet than the conventional AIN76 diet. As the lacZ gene is not expressed, mutations in that
gene are neutral and simply accumulate over time. The
mutant fractions in control mice increased about 50-100%.
Most of the agents/diets inhibited, to various extents, the agerelated increase in mutagenesis in lung, kidney and/or spleen
but no inhibition was observed in liver. There was no
significant effect of age on lipid peroxidation levels in
controls, possibly reflecting steady state turnover of lipid
peroxidation products. Almost all of the treatments except
dietary D3T inhibited lipid peroxidation in most organs to
different degrees. The vitamin C+E mix was the most
effective at inhibiting lipid peroxidation but a single most
effective inhibitor of mutagenesis could not be discerned.
Some associations were observed between the reduction in
lipid peroxidation and the inhibition of mutagenesis. The
results are consistent with a partial role for oxidative stress in
the age-related increase in mutagenesis.
Supported by the Susan Komen Foundation Grant #
KG080836 and NIH Grant number CA 099146.
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The growth differentiation factor-15 (GDF-15) protein
belongs to a transforming growth factor-β family that
determines the growth and differentiation of cells. In cancers,
GDF-15 influences the proliferation, differentiation, viability,
migration and invasiveness of cancer cells. The aim of our
study was to evaluate the expression of GDF-15 in the tissue
and its levels in sera of patients with colorectal cancer. The
level of GDF-15 in the sera of 55 patients diagnosed with
colorectal cancer was determined using the ELISA method,
whereas expression of this protein was performed
immunohistochemically. The mean value of GDF-15 levels in
the sera of patients with colorectal cancer was significantly
higher than in the healthy control group (p<0.001). The
expression of GDF-15 in the tissue was weak, moderate and
strong in 23.6%, 15.7% and 60.7% cases, respectively.
Statistical analysis showed that the expression of GDF-15
correlated with patients’ age (p<0.005) and non-mucinous
type of cancer (p<0.001). The high GDF-15 levels in the
serum were associated with tumor size (p<0.01) and distant
metastases (p<0.05). According to our results, we postulate
that the level of GDF-15 in serum can be used to assess the
metastatic behavior of colorectal cancer.
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INVASIVE MICROPAPILLARY CARCINOMA
AS A NEW HISTOLOGICAL TYPE OF
ADENOCARCINOMAS IN THE
COLORECTAL CANCER
Katarzyna Guzinska-Ustymowicz,
Katarzyna Niewiarowska and Anna Pryczynicz

Department of General Pathomorphology, Medical
University of Bialystok, Bialystok, Poland
(kasia.guzinska@gmail.com)

Background/Aim: Invasive micropapillary carcinoma (IMPC)
is a rare histological type of tumor described in malignant
neoplasms in various organs such as breast, lungs, urinary
bladder, ovaries or salivary glands. The micropapillary
components are clusters of neoplastic, small, round cells
without a fibrous-vascular core, located in distinct empty
spaces resembling lymphovascular vessels. The IMPC
components show reverse polarity resulting in typical “insideout” structures that disturb adhesion, determine secretary and
malignant properties. Micropapilla are usually present on the
invasive edges of the tumor and may constitute one of the
morphological tumor components. All characteristic features
of IMPC are detectable in metastases to the lymphatic vessels,
lymph nodes and distant organs. Recent literature data
demonstrated that this histological lesion has also been found
in cancers of the gastrointestinal system but it is still a great
diagnostic challenge in pathomophology. The aim of our study
was to select cases of IMPC in colorectal cancer. Material and
Methods: The IMPC group was selected from 55 patients
diagnosed with colorectal adenocarcinoma and consisted of 5
subjects (9%). The morphological features of IMPC cells are
determined on the basis on H&E slides. To exclude cancer
cells invading the lymphatic vessels, the immunohistochemical
staining of podoplanin (D2-40) was performed. Results: The
study group involved 3 female and 2 male aged 67-77 (mean
age=72). IMPC tumors develop throughout various sites of
colon and rectum. IMPC accompanies neoplastic lesions with
adenocarcinoma type in 3 cases and mucinous type in 2 cases.
IMPC coexisted with moderately differentiated tumors (G2)
that infiltrated through the muscle to the subserous layer (pT3)
in all cases. In 4/5 cases cancer cells showed local lymph node
involvement without distant metastases. Conclusion: We
postulate that IMPC of colon and rectum is characterized by
high aggressiveness due to frequent metastases to local lymph
nodes and is a great diagnostic challenge. We think that this
kind of histological lesion in the digestive tract requires
careful analysis in future.
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THE TENSIN INTRACELLULAR PROTEIN
FAMILY – FUNCTIONAL ROLES OF THE
INDIVIDUAL PROTEIN DOMAINS
Sassan Hafizi

Institute of Biomedical and Biomolecular Science,
University of Portsmouth, Portsmouth, UK

The tensins are a family of large intracellular proteins
consisting of tensins -1 to -4, which play roles in cell motility
and migration due to their ability to link transmembrane
receptors to the actin cytoskeleton. However, the precise
molecular mechanisms behind this function remain to be
determined. Therefore, understanding the molecular and
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structural basis to tensin function will help to determine the
potential of these molecules as therapeutic targets and/or
diagnostic markers in cancer. Studies so far indicate opposing
functions amongst tensins; tensin-2 and -3 inhibit cell motility,
whereas tensin4 promotes it through competing with the other
tensins for binding to integrins, whilst simultaneously failing
to bind the cytoskeleton due to lacking a suitable interaction
domain. These opposing effects on cell motility may play
significant roles in regulating the metastatic behaviour of
cancer cells. We are investigating these differences in a
systematic way by testing individual tensin domains separately
and in combination for their role in mediating cell motility.
Each tensin is composed of multiple homologous domains,
including PTEN-like phosphatase (PTPase), SH2 and PTB
domains, which mediate distinct protein-protein interactions.
We are over-expressing myc-tagged constructs of each domain
of the tensins in HEK293 cells and studying their effects on
cell motility and migration through cell tracking and scratch
wound assays, respectively, combined with live cell imaging
microscopy. We have so far observed that the PTB domain of
tensin-2 is most significant in promoting cell migration as
compared to the other domains and we are extending these
experiments to the domains of tensins -1, -3 and -4. The
results of this study should elucidate the role of the multimodular nature of tensins in regulating cell migration, which
can present a novel therapeutic target in cancer.
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REPAIR GENE POLYMORPHISMS

E. Halasova1, P. Slovakova2, T. Matákova2, M. Halasa3,
T. Dzian4, S. Javorkova5, K. Javorka6 and L. Musak7

Departments of 1Medical Biology and 2Medical
Biochemistry, Comenius University in Bratislava, Jessenius
Faculty of Medicine, Martin, Slovak Republic;
Clinics of 3Surgery and Transplantation Centre and
4Thoracic Surgery, University Hospital Martin, Martin,
Slovak Republic;
5Central Military Hospital Ružomberok, Clinic of
Paediatrics, Ružomberok, Slovak Republic;
6The Catholic University in Ružomberok, Faculty of Health
Care, The Department of Midwifery, Ružomberok, Slovak
Republic;
7Comenius University in Bratislava, Jessenius Faculty of
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Objective: hMLH1 and hMSH2 are two of the main members
of the mismatch repair gene family. Some polymorphisms of
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mismatch repair genes are associated with the risk of
developing sporadic and hereditary tumours. In the present
case-control study, we investigated promoter polymorphisms
of selected mismatch repair genes: hMLH1 (rs1800734),
hMSH2 (rs2303425) and the risk they present with regards to
lung cancer development in Slovak population. Materials and
Methods: The study includes 422 lung cancer cases, 511
controls for hMLH1 gene and 486 controls for hMSH2 gene.
Polymorphisms were investigated by the PCR-RFLP method.
The development risk was evaluated in additive, as well as in
dominant and recessive genetic model. Statistical analysis was
carried out using the SNP & Variation Suite v7.6.11 software.
Results: The evaluation of the relation between
polymorphisms rs1800734 and lung cancer risk in dominant
model study showed a statistically significant increase of risk
of dominant genotype among lung cancer cases (OR=1,4; 95%
CI=1,08-1,82; p=0.012). These findings were further
highlighted in the group of women (OR=1,99; 95% CI=1, 233,25; p=0.006). Our results for polymorphism rs2303425
study revealed also significant correlation of variant genotype
CC (OR=2,27; 95%CI=1, 12-4, 63; p=0,024) in recessive
model. Conclusion: We conclude that the genotype of
mismatch repair genes underscores the risk of lung cancer
development.
This work was supported by the Ministry of Health of Slovak
Republic Grant No. 2012/25-UKMA-2 and by Grant APVV0412-11.
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LUNG CANCER INCIDENCE AND SURVIVAL
IN ASSOCIATION TO EXPRESSION OF ANTIAND PRO-APOPTOTIC PROTEINS IN
CHROMIUM EXPOSED INDIVIDUALS

E. Halasova1, T. Matakova2, T. Dzian4,
S. Javorkova5, K. Javorka6 and D. Dobrota2

Departments of 1Medical Biology and 2Medical
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Republic

Objective: Workers chronically exposed to hexavalent
chromium have elevated risk of lung cancer. Our study
investigates the incidence of lung cancer types, age at onset of
the disease and survival time among chromium exposed
workers with respect to the expression of anti-apoptotic p53
and pro-apoptotic survivin proteins. Materials and Methods:
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67 chromium exposed workers and 104 male controls
diagnosed with lung cancer were analyzed. The mean
exposure time among workers was 16.7 ±10.0 years (range,
1- 41 years). To investigate the possible regulation of survivin
by p53 we examined the expression of both proteins using
immohistochemical visualization. Results: Chromium
exposure significantly decreases the age of onset of the
disease by 3.5 years (62.2±9.1 in the exposed group vs.
65.7±10.5 years in controls; p=0.018). Small cell lung
carcinoma (SCLC) amounted for 25.4% of all cases in
chromium exposed workers and for 16.3% in non-exposed
individuals. The mean survival time in the exposed group was
9.0±12.7 vs. 12.1±21.9 months in controls but this difference
was not significant. Survivin was predominantly expressed in
both cell nucleus and cytoplasm, whereas p53 was expressed
in the nucleus. There was a negative correlation between
survivin and p53 expression. A decreased intensity of
expression and fewer cells positive for survivin were detected
in SCLC compared with other types of lung cancer. p53 was
expressed in 94.1% and survivin in 79.6% of the samples
analyzed. Conclusion: The study calls attention to decreased
expression of survivin, as opposed to p53, in small cell lung
carcinoma.
This work was supported by the Ministry of Health of Slovak
Republic Grant No. 2012/25-UKMA-2 and by Grant APVV0412-11.
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KARLOTOXINS EXHIBIT A UNIQUE MECHANISM
FOR THE CONTROL OF CANCER CELLS
Mark T. Hamann

Department of Pharmacognosy, Pharmacology, Chemistry
and Biochemistry & The National Center for Natural
Products Research, UMMC Cancer Center, University of
Mississippi, University, MS 38677, USA
(mthamann@olemiss.edu)

The karlotoxins represent a newly characterized group of
polyketide fish killing, harmful algal bloom (HAB) toxins.
They are unique among harmful algal blooms in that despite
the recent structure determination studies they actually have a
long history of research dating back to the 1940’s. These
HABs are cryptic and the toxins highly selective for certain
cell types leading to mass fish-kills when the toxins become
highly concentrated in the ocean or estuaries. The karlotoxins
offer a unique model for selective cytotoxicity from both a
MoA and a targeted drug delivery point of view. The structure
determination was a tremendous challenge and we will discuss
recent computational approaches that further validate our
assignment of relative and absolute configuration. Progress
toward a modular synthesis which would allow us to further
optimize the activity of these molecules will be presented. The

karlotoxins form a hairpin around cholesterol in the membrane
which is supported by extensive NMR investigations. Strong
evidence in support of our hypothesis for the formation of a
polyketide aquaporin, or ion channel yielding impressive
selectivity for leukemia and NSCLC over other cell lines will
be presented. This group of HAB toxins may yield a
promising lead without the potential dose limiting toxicity to
nerve cells often associated with many anticancer cytotoxic
agents.
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BRK/PTK6 AS A NOVEL THERAPEUTIC
TARGET IN BREAST CANCER

Rajpal S. Burmi1, Gary A. Box2, Caroline J. Pennington3,
Julie A. Davies1, William J. Court2, Suzanne A. Eccles2,
Dylan R. Edwards3 and Amanda J. Harvey1
1Biosciences,
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3The School of Biological Sciences, University of East
Anglia, UK
2The

The development of distal metastases and the acquisition of
resistance to chemotherapeutic agents are one of the leading
causes of cancer related death in breast cancer patients. There
is both a scientific and clinical need to understand the
alterations in cellular signalling pathways that could contribute
to chemotherapeutic resistance in breast cancer, thereby
identifying novel targets for therapy. ErbB receptor signalling
has been implicated in breast cancer development; signalling
from ErbB receptors is also augmented by expression of the
tyrosine kinase Brk/PTK6 which enhances coupling of
signalling to PI3K/Akt and the Ras-Raf-MAPK pathways.
Brk/PTK6 tyrosine kinase is expressed in up to 86%of
human breast carcinomas, including lymph node metastases,
but is not found in normal mammary tissue nor benign lesions,
thus making it an ideal potential therapeutic target.
We hypothesise that Brk plays a role in the central
processes underlying tumour development and that it might
also protect cells from chemotherapeutic drugs. To support this
hypothesis we will present our findings linking Brk expression
to regulation of cell death and production of enzymes and
growth factors necessary for regulation of some of the
processes involved in metastasis (proteolytic activity and neoangiogenesis). We will also present our novel data supporting
a role for Brk expression in regulating tumour development
(through xenograft formation), as well as modulating cellular
responses to chemotherapeutic agents.
Taken together these data propose key functions for Brk in
breast tumour development and progression and
therapeutically targeting Brk may be of benefit in
combinatorial therapy for breast cancer patients.
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THE JAK/STAT PATHWAY IS ACTIVATED IN
GALLBLADDER CARCINOMA

E. Lederer1, J. Petzold1, R. Reihs1, C. Ernst1,
K. Bettermann1, R. Moriggl2, M. Schlederer2, L. Kenner2,
S. Lax3, P. Obrist4, Y.N. Park5, Kyung Sik Kim6,
S. Flechsig7, J. Hoffmann7 and J. Haybaeck1
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of Pathology, Medical University
of Graz, Graz, Austria;
2Ludwig Boltzmann Institute for Cancer
Research (LBI-CR), Vienna, Austria;
3Department of Pathology, Hospital
Graz West, Graz, Austria;
4Laboratory of Pathology, Zams, Austria;
Departments of 5Pathology and 6Surgery, Yonsei University,
College of Medicine, Seoul, South Korea;
7EPO-Berlin GmbH, Berlin, Germany

Introduction: Carcinoma of the gallbladder (GBC) is rare due
to its poor outcome of high clinical relevance. Since
cholelithiasis and cholecystitis are main risk factors for GBC,
inflammation-driven pathways such as the Janus kinase (JAK)
and signal transducer and activator of transcription (STAT)
pathways are of main interest for elucidating the pathogenesis
of GBC. These pathways are involved in important cellular
processes like proliferation, cell survival, angiogenesis and
tissue repair and might, therefore, play a pivotal role in the
development of GBC. Materials and Methods: Several
proteins of the STAT pathway were analyzed by
immunohistochemistry on tissue micro-arrays (TMAs)
containing 396 gallbladder carcinomas and 137 nonneoplastic tissue samples. In addition, the STAT pathway was
analyzed by Western blot using eight different gallbladder
cancer cell lines. Furthermore in vivo experiments with
xenograft mouse models were performed. Results: Our data
show that there might be a significant link to an IL-6/IL-6Rand STAT3-mediated signaling cascade because the nuclear
expression of STAT3 revealed staining of high intensity in
more than 40% of all cases. Interestingly, pSTAT3 showed a
high cytoplasmic and nuclear staining intensity, respectively.
Mostly all of our indicated GBC samples showed a high
positive cytoplasmic staining for IL-6R (99%). STAT1 was
up-regulated in a small part of the cohort but no staining for
pSTAT1 was detectable. Conclusion: An IL-6/IL-6-R- and
STAT3-driven signaling cascade seems to be involved in the
development of GBC. Therefore, STAT3 could be a reliable
predictive marker for an IL-6-or STAT3-targeted therapy of
GBC patients. A small subset of patients with up-regulated
STAT1 may potentially respond to an interferon-based
therapy. Phosphorylated STAT3 may serve as a predictive
marker for IL-6-or STAT3-targeted therapy of GBC patients
in future.
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PTEN INACTIVATION AND ALTERATION
OF THE PI3K/AKT/mTOR PATHWAY
IN BILIARY TRACT CANCER
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Introduction: Carcinoma of the gallbladder is the most frequent
malignancy within the biliary tract. Due to its very poor
outcome, alternative therapeutic strategies, in particular based
on the modulation of molecular pathways, are urgently required.
The proto-oncogenic PI3K/Akt/mTOR pathway plays an
important role in many human cancers but, especially, the roles
of PI3K and its counterpart PTEN have hardly been investigated
in carcinomas of the biliary tract. Materials and Methods: Eight
biliary tract cancer cell lines, frozen material from eight
gallbladder carcinomas and nine non-neoplastic gallbladder
specimens were investigated by qRT-PCR and Western blot.
Furthermore, immunohistochemistry was performed on 396
gallbladder carcinoma samples and 104 tumor-free gallbladder
specimens including cases of cholecystitis. Results: PTEN was
down-regulated in two gallbladder carcinoma cell lines and upregulated and simultaneously inactivated by phosphorylation
(Ser380) in one gallbladder carcinoma and in five
cholangiocarcinoma cell lines. The inactivation of PTEN led to
mTOR activation in an Akt independent manner. The transition
from Tis to an invasive gallbladder carcinoma and the loss of
differentiation from G1 to G2 were associated with decreasing
expressions of phospho-mTOR (Ser2448) and nuclear phosphop70S6K (Ser411) (each p<0.05). M1 and L1 staged gallbladder
carcinomas had lower phospho-mTOR and nuclear phosphop70S6K expression levels than patients staged with M0 and L0,
respectively (each p<0.05). Accordingly, decreasing levels of
phospho-mTOR and nuclear phospho-p70S6K significantly
correlated with a reduced overall survival. Conclusion: These
results emphasize the differences between gallbladder cancer
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and the other biliary tract cancer entities. The inactivation of
PTEN due to phosphorylation might be a promising objective
for targeted therapies in the future. Interestingly, decreasing
expression levels of activated mTOR and p70S6K were
associated with tumor progression. Therefore, the
PI3K/Akt/mTOR pathway obviously plays a more complex role
in biliary tract carcinogenesis than previously known.
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A RARE CASE OF AN EXTRANEURAL
EPENDYMOMA IN THE PELVIC CAVITY.
A CASE REPORT
E. Smolle1, M. Smolle1, F. Ronaghi2,
H. Rogatsch3, F. Moinfar1 and J. Haybaeck1
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Objective: Ependymomas are glial neoplasms that normally
originate at the ependymal surface of the ventricular system.
Cases of extraneural ependymomas have been reported
previously, e.g. in the lung, liver, ovary or – as in our case –
adipose tissue of the pelvic cavity. Materials and Methods: A
macroscopic, histological and immunohistochemical
examination of the tumor was performed. Case Report: A 35year-old woman was diagnosed with a tumor mass in the
rectovaginal space, infiltrating the perirectal connective tissue
and the vagina. The patient later experienced liver and
peritoneal metastases. Histologically, the tumor was anaplastic
and comprised mesenchymal, as well as epithelial features.
There were ependymoma-like rosettes and pseudorosettes.
Immunohistochemically, the stain for glial fibrillary acidic
protein was positive. Based on the histological and
immunohistochemical results, the diagnosis of a "grade 3
ependymoma or ependymoblastoma" was made. Conclusion:
Extraneural ependymomas represent a diagnostic challenge
since they mimic other tumor types. The key diagnostic
features for ependymomas are rosette and pseudorosette
formation. We point out that ependymomas should be
considered as differential diagnosis for anaplastic tumors of
the pelvic cavity.
246
GENOMIC CHARACTERIZATION OF
ENDOMETRIAL STROMAL
SARCOMAS USING ARRAY CGH
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Introduction: Endometrial stromal sarcomas (ESS) are rare
neoplasms of the uterus, accounting for 10% of uterine sarcomas
and 2% of all uterine malignancies. Endometrial stromal tumors
can be subdivided into three categories: endometrial stromal
nodule (ESN), low-grade ESS and undifferentiated or high-grade
ESS. Aim: Our aim was to investigate genetic aberrations in
endometrial stromal tumors. We have determined specific
regions with copy number changes (CNCs) in ESN and ESS. In
particular, we wanted to compare the genetic changes between
ESN, low- and high-grade ESS to find out whether there is a
linear progression from ESN to ESS or if each of the lesions
originates de novo. Materials and Methods: DNA extraction was
performed in formalin fixed paraffin embedded ESN and ESS
tumor samples, using an FFPE DNA isolation kit after manual
needle-microdissection. Array-CGH analysis was performed.
Results: Our ESN cases did not show many CNSs. All ESN
samples featured certain alterations but they did not share many
common copy number variations. In low-grade ESS, the
aberrations were very heterogeneous. Eighteen out of 22 samples
displayed many and different gains and losses, involving almost
every chromosome. High-grade ESS samples showed a high
number of copy number changes, and every chromosome was
involved. Discussion and Conclusion: The genetic alterations in
ESN, low- and high-grade ESS were different from each other.
Therefore, a linear progression from ESN to low-grade ESS is
not likely. However, according to our data it is probable that lowgrade ESS is a precursor lesion of high-grade ESS. Since we
only investigated a small number of cases, we suggest further
examinations to confirm our results. Referring to our data, we
propose that there is no linear progression from ESN to ESS and
that low- or high-grade ESS originate de novo in normal
endometrial tissue.
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Aim: Endometrial stromal sarcoma (ESS) is a rare
gynecological mesenchymal malignancy with only few
therapeutic options. This work aimed to elucidate the efficacy
the
histone
deacetylase
(HDAC)
inhibitor
of
suberanilohydroxamic acid (SAHA) combined with inhibitors
of the phosphoinositid-3-Kinase (PI3K) pathway in treating
ESS. Materials and Methods: The effects of SAHA combined
with the inhibitor of PI3K (LY294002, LY), mammalian target
of rapamycin mTOR (rapamycin) and both on cell growth and
the PI3K pathway in two ESS cell lines (ESS-1 and MES-SA)
and one non-neoplastic cell line (HESC) were analyzed.
Results: SAHA reduced growth of the three cell lines by
inhibiting protein kinase B AKT and mTOR/p70S6K cascade
activation. SAHA combined with LY or rapamycin, or both,
synergistically reduced p-p70S6K and p4E-BP1 levels. SAHA
combined with LY and rapamycin led to the strongest growth
inhibition and slowest growth recovery among the
combination treatments. Conclusion: SAHA in combination
with inhibition of PI3K and mTOR provides a potentially
efficient therapeutic strategy for patients with ESS.

248
OXIDATIVE GENOME DAMAGE REPAIR
DEFICIENCY IN A HUMAN DNA GLYCOSYLASE
NEIL2 VARIANT: POTENTIAL LINKAGE
TO LUNG CANCER SUSCEPTIBILITY
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Lung cancer is a leading cause of cancer-related mortality in
both men and women. The National Cancer Institute
estimated there to be ~224,000 new cases and ~159,000
deaths in 2014 in the United States alone. Lung cancer is
primarily an environmental disease, with cigarette smoke
being the primary cause. However, only a modest proportion
of smokers develop lung cancer. It has been estimated that
~25% of lung cancer cases worldwide are not attributable to
tobacco use, suggesting a genetic predisposition and/or
susceptibility to environmental risk factors in those
individuals. Generation of reactive oxygen species (ROS) due
to exposure to these environmental factors is one of the very
early steps in carcinogenesis. Various cellular processes can
also generate ROS, which then induce a variety of oxidized
lesions (often mutagenic and/or toxic) in the human genome.
Mammalian cells have developed a proficient DNA base
excision repair (BER) mechanism for the repair of oxidized
bases. BER is initiated with the excision of the damaged base
by a DNA glycosylase. NEIL2 (Nei-like 2), primarily
characterized in our lab, is one of five such oxidized base5944

specific DNA glycosylases in mammalian cells. We have
recently shown that NEIL2 preferentially repairs oxidized
bases in transcribed genes via transcription-coupled BER, and
forms a repair-proficient complex that includes
polynucleotide kinase 3’-phosphatase (PNKP), RNA
polymerase II, and other BER proteins. We found that
depletion of NEIL2 increased the mutation frequency in the
hprt gene of the Chinese hamster V79 lung cell line. We have
further extended this work to investigate the status of NEIL2
in lung cancer. Several polymorphic variants of NEIL2 were
identified in lung cancer patients after analysis of their
genomic DNA; two such variants (R103Q and R257L) were
most common in this population. However, only the R257L
variant showed a modest decrease in DNA glycosylase
activity compared to the wild type (WT). Reconstituted repair
assays using WT or the R257L variant along with other BER
proteins (PNKP, Polβ and Lig IIIα) or NEIL2-FLAG
immunocomplexes showed a 3- to 4-fold decrease in total
DNA repair with the R257L variant. We will discuss how this
decreased DNA BER capacity may be a risk factor for
developing lung cancer.
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PITFALLS OF MOUSE CANCER MODELS (KNOW
YOUR MOUSE)
K.L. Helke
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South Carolina, Charleston, SC 29425, USA

Many cancer researchers use animal models in their
research. The most common model is the mouse. Similarly
to humans, the mouse genome has been sequenced allowing
specific genes to be removed, inserted or mutated in order to
work out cancer biology pathways. Many commercially
available gene-knockout or mutant mice are used as cancer
models to better understand pathogenesis, molecular
mechanisms and to help elucidate therapeutics. What is not
as well publicized is how both background of the model and
techniques used in mouse modeling can confound or
obfuscate results. There are numerous examples in the
literature of false reports of tumor genes because
investigators did not know the normal anatomy of a mouse
and how it differs from the human. Background lesions are
also abundant since many of the mouse models are inbred
allowing some disease susceptibilities and lesions to become
fixed in their genome. Common background lesions and few
anatomical differences will be covered along with common
misconceptions regarding tumor growth and identification
in mice. While there are numerous online resources
available to help with studies, it is always best to have a
mouse pathology expert or veterinary pathologist as a
member of your research team.
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Ionizing radiation (IR) is an efficacious therapeutic modality
for cancer, generally used for its capacity to kill tumor cells.
However, IR may also elicit important changes in the tumor
microenvironment and such changes have been shown to
influence the immune-regulatory status of growing tumors.
Moreover, in the context of lung cancers, high-dose
radiotherapy (or stereotactic ablative radiation therapy
(SART)) is a relatively new therapeutic alternative, which is
giving remarkable outcomes in the clinics. In this work we
have examined the potential effects of high-dose IR on the
immuno-modulating properties of cancer-associated fibroblasts
(CAFs). Primary CAFs cultures were established from lung
tumor specimens from operated patients. Peripheral blood
mononuclear cells were prepared from whole blood samples
randomly supplied from the local blood bank. Functional
assays included assessment of lymphocyte proliferation and
cytokine production. Additionally, CAF-secreted regulatory
factors were studied in multiplex protein arrays, ELISAs,
Western blots and by LC-MS/MS proteomics. In functional
assays we observed a powerful immuno-suppressive effect
exerted by CAF-conditioned medium on activated T-cells and
this effect was sustained after a single radiation dose of 18 Gy.
Protein profiling of CAF supernatants revealed no major
changes in the release of crucial immune-regulatory molecules
after irradiation. Additionally, immunogenic cell death
responses were studied by exploring the release of high
motility group box-1 (HMGB-1) and ATP from CAFs showing
no changes before and after irradiation. We conclude that
CAFs play a powerful immunosuppressive effect over
activated T-cells; that this effect is mediated by released
soluble factor/s; and that high-dose ionizing radiation does not
alter the CAF-driven immune-regulatory effects.
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NATURAL KILLER CELL EXPRESSION
OF NATURAL CYTOTOXICITY RECEPTORS
DETERMINES RELAPSE RISK IN ELDERLY
PATIENTS WITH ACUTE MYELOID LEUKEMIA
UNDERGOING IMMUNOTHERAPY WITH
HISTAMINE DIHYDROCHLORIDE
AND INTERLEUKIN-2
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Background: Relapse after achieving complete remission (CR)
remains a significant therapeutic challenge in acute myeloid
leukemia (AML), in particular in elderly patients. The
insufficiency of natural killer (NK) cells in AML and the
purported role of NK cells for prognosis have inspired the
design of NK cell-based immunotherapies for relapse
prevention. A previous phase III trial using immunotherapy with
histamine dihydrochloride and low-dose interleukin-2 (HDC/IL2) was shown to significantly prevent relapse in AML patients
in CR who had completed the phase of consolidation
chemotherapy (Brune et al., Blood 108:88). Details regarding
the mechanisms of relapse prevention are only partly
understood. Trial Design and Methods: In a single-armed
multicenter phase IV study (Re:Mission Trial, NCT01347996)
we aimed at assessing the immunomodulatory effects of
HDC/IL-2 with a focus on NK cell biology and to correlate NK
cell markers with relapse risk. Eighty-four patients (age 18-79,
median 61.2) in first CR who were not candidates for allogeneic
transplantation received post-consolidation immunotherapy with
HDC/IL-2 for 18 months in ten 3-week cycles with 3-6 week
intervals between cycles. NK cell counts in blood and natural
cytotoxicity receptor (NCR) expression on subsets of NK cells
were assessed by flow cytometry before and after treatment
cycles 1 and 3. The trial protocol specified separate analyses in
younger (<60 years old, n=37) and elderly (>60 years old,
n=47) patients. Results: During cycle 1, CD56bright
(CD3–/16–/56bright phenotype) and CD16+ (CD3–/16+/56+) NK
cell counts increased in the blood (p=3×10–8 and p=2×10–5,
respectively; paired t-test, n=47, all evaluable patients) along
with increased expression intensity of the NCRs NKp30 and
NKp46 in the CD16+ NK cell subset (p=2×10–7 and p=6×10–8).
NK cell counts declined between the end of cycle 1 and the start
of cycle 3. CD56brightNK cell counts typically returned to pretreatment levels whereas CD16+ NK cell counts remained
modestly elevated at the onset of cycle 3 (p=0.003; n=46). A
renewed accumulation of CD56bright and CD16+ NK cells was
observed during treatment cycle 3 (p=2×10–6 and p=0.007,
respectively; n=40). Younger and elderly patients showed
similar fluctuations of CD56bright and CD16+ NK cell counts and
NCR expression within and between treatment cycles. Among
elderly patients, above-median expression of NKp46 in CD16+
NK cells after a treatment cycle was associated with lower
relapse risk (RFS for CD16+ NK cells: p=0.002, HR=4.1, CI:
1.7-10.0; log rank test, Figure).
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Figure. NKp46 (MFI) on CD16+ NK cells, >60 years old,
cycle 1, day21.
Similarly, elderly patients with high NK cell expression of
NKp30 showed lower relapse risk. The expression intensity of
NKp30 and NKp46 did not predict relapse in younger patients.
Conclusion: These results highlight the role of NK cells and
NCRs in AML and suggest that NK cell expression of NCRs
may determine the efficacy of immunotherapy for remission
maintenance in elderly patients.
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ORAL FORMULATION OF A LIPOSOME
BREAKDOWN PRODUCT MITIGATES
INTRAVENOUS MOXIFLOXACIN INDUCED
QTC PROLONGATION IN VIVO
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Background: Structurally diverse anticancer drugs block the
cardiac delayed rectifier K+ channel (IKr) encoded by the ethera-go-go gene (hERG) resulting in acquired Long QT
syndrome (LQTS). The probability of severe cardiac
arrhythmia and sudden death is increased in patients
medicated with LQTS-inducing anticancer drugs. This risk is
a drug development hurdle and drugs have been withdrawn
from the market or assigned black box warnings. During
development of curcumin as an anticancer drug we confirmed
it blocked the hERG channel in a concentration dependent
manner with an IC50 of 4.9 μM, This effect was abrogated by
a solubilizing liposomal formulation consisting of 1,2dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and 1,25946

dimyristoyl-sn-Glycero-3-[phosphoric-1-glycerol)]-sodium salt
(DMPG). This effect was seen with other LQTS-inducing
drugs such as crizotinib, nilotinib and E4031 a
methanesulfonamide anti-arrhythmic–inducing drug. In a
subsequent study we noted the individual liposome
components DMPC and DMPG and their breakdown
products) given intravenously in rabbits and rats abrogated the
effects of nilotinib on the hERG channel in vitro. In the
present study we tested the effects of an oral formulation of
one of the breakdown products on the LQTS induced by
moxifloxacin. Methods: We formulated the product in a
complex mixture as an oral application in order to facilitate
drug delivery in cancer patients being treated with oral LQTS
inducing drugs. Preclinical evaluation of the oral application
was done by instrumented Sprague Dawley male (250-300 g)
rats. Cutaneous ECG leads were used to maximize T wave
detection. The animals in groups of 3 rats were briefly
anesthetized with a light dose of isoflurane, and a pretreatment ECG was obtained to establish well-defined T
waves, and to rule out existing arrhythmic predispositions.
Pre-treatment ECG profiles were normal. A single dose of the
oral complex in the ratio of 9:1 Moxifloxicin was vortexed
continuously for 5 minutes to obtain an emulsion and
immediately administered by gavage. Moxifloxacin, a broad
spectrum antibiotic with documented LQTS activity was
formulated in DMSO and 2 hours afterwards infused
intravenously(femoral canula) over 20 minutes at a starting
dose of 2.8 mg/kg. ECGs were recorded from 5 minutes prior
to and during the 20 minute infusion. Then the animals were
dosed at 6,1 mg/kg over 20 minutes; then 20 mg/kg over 20
minutes. In a positive control group moxifloxacin was infused
alone. In a second group of rats the complex was given orally
2 hours prior to the the first dose of moxifloxacin. In a third
group of rats the complex was given intravenously 5 minutes
before each dose level of moxifloxicin. Results: Moxifloxacin,
at 6.1 mg/kg and 20 mg/kg caused QTc prolongation of 30
and 48 ms respectively. (the threshold for acceptability at the
FDA is 30 ms, at which point a drug gets a black box QT
prolongation label. 20 mg/kg of Moxifloxacin causes a lifethreatening QT prolongation of 55 ms (the threshold for
acceptability at the FDA is 30 ms, at which point a drug gets
a black QT label). Pre-treatment with the oral complex caused
the QT prolongation to fall significantly to less than 11 ms for
the 20 mg/kg moxifloxacin dose. Conclusion: Our findings
suggest that combining the oral complex with LQTS-inducing
drugs may remove the clinical threat and the black box label
of moxifloxicin and other LQTS prolonging drugs used in
cancer patients.
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A BIOHYBRID MICROFLUIDIC SYSTEM FOR
AN IN VITRO ANALYSIS OF TUMOR
METASTASES THROUGH BLOOD VESSELS
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Tumor metastasis is the main cause of patient deaths in cancer.
However, the mechanism of tumor cell extravasation, transport
and homing to distant organs, which are essential during the
metastasis, are currently still poorly understood. For successful
metastasis, tumor cells have to migrate from the primary tumor
site, where they enter into the blood vessels and are passively
transported. In the last step, tumor cells extravasate by binding
to the endothelial cells and leave the vessels through the
endothelial monolayer into the surrounding tissue (1-2).
Standard experiments mimicking this process involve the
injection of tumor cells into the tail vein of rats, which allows
merely an indirect observation of the mechanisms involved.
The first microfluidic approaches toward in vitro analysis of
tumor cell extravasation included the use of Boyden chamber.
However, this reservoir system does not represent the
physiological in vivo condition in a blood vessel. In this work,
we present a microfluidic system that includes the effects of
continuous shear stress on tumor cells, capillary wall contact
of the cells, flow pulsation to mimic heart beats, while a
gradient-oriented tumor extravasation into a cell trap towards
a homing factor like CXCL12 can be directly observed. The
blood capillary model system consists of an upper and a
bottom microfluidic channel, which are separated by a porous
membrane. The upper channel enclosed by the membrane
functions as a 3D model of a blood vessel. The walls are
layered with endothelial cells and extracellular matrix. The
system exhibits a reversible buildup, which allows a separate
colonization, surface treatments and analysis of each part. The
first cell biological experiments included the determination of
optimal endothelial cell (EC) numbers to achieve a confluent
monolayer within two to three days, as well as identification
of the most suitable/biocompatible materials for the model
system. Implementing the biological, as well as the technical
requirements, the resulting materials are polycarbonate (PC,
Makrolon®, Bayer MaterialScience GmbH, Deutschland) for
the microfluidic chip and polyethylenterephtalat (PET,
ipCELLCULTURE™, it4ip s.a., Belgien) for the porous
membrane. Invasion of tumor cells into an EC-lined cell trap
system was determined by Boyden chamber assays with a 5
μm pore size to prohibit the transmigration of ECs through the
membrane. To allow optimal visibility of tumor cells in the
microfluidic system, a successful transfection with GFP (green
fluorescent protein) using the pTracer CMV2 vector and the

selection of the transfectants were performed using the H838
and SK-Mel 28 cell lines. The selection was based on the
results of Boyden chamber assay and gene expression analysis
for CXCR4 and CXCL12. Subsequently, microspheroids of the
tumor cells were established to introduce them into the
microfluidic chambers.
1 Fidler IJ and Radinsky R: Genetic Control of Cancer
Metastasis. J Natl Cancer Inst 82(3): 166-168, 1990.
2 Li S, Sun YY and Gao D: Role of the nervous system in
cancer metastasis. Oncol Lett 5(4): 1101-1111, 2013.
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CONTRIBUTION OF THE IMMUNOLOGICAL
MICROENVIRONMENT ON GBM SURVIVAL
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Immunotherapies are regarded as promising future treatment
options. However, especially in glioblastoma (GBM), the most
malignant type of brain tumour, effectiveness might be impaired
by the tumour micromillieu. Therefore, there is an urgent need
for a better understanding of the composition and the impact of
the tumour microenvironment. By using the TissueFAXS
method we quantified different T cell subpopulations in primary
and recurrent GBM. Memory T cell responses were measured
by the ELISPOT assay, immune-relevant cytokines quantified
by Luminex analyses and microarray analyses performed to
assess immune-associated gene signatures. Increased numbers
of T effector cells, as well as the occurrence of spontaneous
anti-tumour immune responses in primary GBM, were
associated with an improved survival. Luminex analysis
revealed a 2.5-fold over-expression of CXCL10 to be associated
with significant memory T cell responses. Interestingly, in
recurrent tumours, T cell infiltration followed a bimodal pattern
and was either strongly up- or down-regulated indicating a
different biology of these tumours. Finally, independent of the
number of microglia, infiltrates a M2 polarization-specific
expression signature was associated with short-term survival of
GBM patients. Altogether, we identified a number of immunerelevant adaptations in the tumour microenvironment of GBM
patients related to their outcome.
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ALTERED EPIGENETIC SIGNATURE OF
CIRCULATING CELL-FREE NUCLEOSOMES
IN COLON AND PROSTATE CANCER
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Background: Immunohistological and other studies have
shown that chromatin and nucleosome composition, as well as
DNA modification patterns, are altered in cancer tissues. In
addition, circulating cell-free nucleosome-bound DNA
fragments contain the same mutations as cancer tissue samples
taken from the same patients suggesting a tumor chromatin
origin for at least some circulating nucleosomes. To improve
prognosis of patients with colorectal or prostate cancer,
powerful blood-based biomarkers enabling early detection are
needed. We have developed serum and plasma ELISA tests for
circulating nucleosomes (NuQ®) that contain specific
epigenetic structures and used them to investigate global
epigenetic profiles in colorectal (CRC) and prostate (PCA)
cancer patients. Patients and Methods: Serum and plasma
samples taken from 39 subjects referred for colonoscopy, 10
male subjects newly diagnosed with PCA and 10 male control
subjects were assayed for nucleosomes containing methylated
DNA and a variety of histone modifications including
H3K9(Me)3 and H3K4(Me)1 using the NuQ® ELISA kits.
Results: Significantly reduced levels of circulating
nucleosomes containing methylated DNA were observed in
both CRC and PCA when compared to healthy subjects.
Circulating nucleosomes containing methylated DNA detected
at least 70% of colorectal cancer cases and 80% of PCA cases.
A similar NuQ® test for circulating histone modification
H3K4(Me)1 allowed detection of approximately 70% of PCA
cases with up to 90% specificity. Multiple NuQ® biomarkers
improved the sensitivity/specificity of the assay. A panel of
two assays: circulating nucleosomes containing methylated
DNA or a histone variant, expressed as a ratio, increased the
detection of CRC cases above 80% compared to healthy
subjects and subjects with other colon diseases and facilitated
detection of polyps. Moreover, as well as being distinct from
the profile of healthy subjects, the profiles of epigenetically
altered circulating nucleosomes in the two cancers were also
different from each other. For example, levels of circulating
nucleosomes containing H3K9(Me)3 were elevated in CRC
but suppressed in PCA. Conclusion: Serum and plasma
profiles of epigenetically altered circulating nucleosomes
measured by ELISA can detect both CRC and PCA, and
differentiate between the two.
256
SOCIAL ISOLATION STRESS INDUCES
OBESITY AND UNFOLDED PROTEIN
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MAMMARY GLAND, AND INCREASES
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Background: Social isolation is an equally powerful predictor
of early all-cause mortality as smoking, obesity, elevated blood
pressure or high cholesterol. It also consistently increases
breast cancer risk and mortality in women and animal models.
Social isolation is common, for example, among those
suffering from depression and post traumatic stress disorder
(PTSD). Approximately one quarter of breast cancer patients
exhibit symptoms of PTSD. Since social isolation stress
induces weight gain and obesity and metabolic changes in the
mammary gland adipocytes, we investigated whether the
effects of social isolation on breast cancer are comparable to
those caused by obesity. In addition, the possibility that social
isolation may induce endoplasmic reticulum stress, upregulate
unfolded protein response (UPR) and induce cell survival
through autophagy was investigated, because earlier studies
indicate that obesity upregulates UPR. Methods: Female
C57BL/6 mice were either (i) group-housed and fed control
diet (G-C), (ii) group-housed and fed obesity-inducing diet (GOID), (iii) isolated and fed control diet (I-C) or (iv) isolated
and fed OID (I-OID) from weaning onwards. Some mice were
euthanized four weeks later and UPR and autophagy were
assessed in their mammary glands. The remaining mice were
exposed to the carcinogen DMBA to study mammary
tumorigenesis. Changes in insulin sensitivity we also studied.
Results: Social isolation in mice that were fed a control diet
increased body weight gain almost as much as OID did in
group housed mice; isolated OID mice were the most obese.
These mice and G-OID mice also exhibited insulin and glucose
resistance, but I-C mice only showed glucose resistance. In all
groups, changes in serum leptin and adiponectin levels and
PPARγ mRNA expression were consistent with the changes in
insulin resistance. Mammary tumorigenesis was significantly
higher in the socially-isolated obese mice than in the other
three groups, but also higher in G-OID and I-C groups than in
G-C controls. UPR signaling was significantly activated by
both OID and social isolation stress, especially IRE1α and
ATG6. Social isolation, and less so OID, also increased the
expression of genes inducing autophagy: protein levels of
Beclin1, Atg7 and LC3II were significantly increased by social
isolation and OID. p62 levels were down-regulated, indicative
that autophagy was completed. Finally, an autophagy marker
LC3A/B was significantly elevated in the mammary glands of
socially isolated mice, but not group-housed mice fed OID.
Apoptosis was not increased, but cell proliferation, determined
by Ki67 staining and increased cyclin D1 mRNA expression,
was increased by social isolation stress. We also determined the
expression of p53, since earlier studies indicate that social
isolation upregulates it in the prefrontal cortex and since
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nuclear p53 can induce autophagy. Social isolation stress, but
not OID, significantly increased mRNA expression of p53 and
nuclear p53 expression in the mammary adipocytes. p53regulated autophagy-inducer DRAM1 also was significantly
upregulated by social isolation stress. Conclusion: Our study
suggests that social isolation stress increases breast cancer risk
and mortality by inducing obesity. This, in turn, leads to
elevated UPR and autophagy. However, social isolation, but not
obesity, increased nuclear p53 expression and activated p53regulated autophagy via upregulation of DRAM1, indicating
that social isolation stress directly induces prosurvival
autophagy. If applicable to women, our data suggest that the
increase in breast cancer risk and mortality in socially isolated
individuals can be reduced by taking autophagy inhibitors that
are already FDA approved for preventing and treating other
diseases, e.g., hydroxychloroquine.
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ACTIVITY Vs. OXALIPLATIN-RESISTANT
COLORECTAL CANCER
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Kiteplatin, [PtCl2(cis-1,4-DACH)], is a novel cisplatin-analog
in which the cis-1,4-DACH (DACH=DiAminoCycloHexane)
group is chelated to a Pt(II) center in a unique locked-boat
conformation (I; Figure 1) creating a 7-membered ring. Its
preparation and purification have been fully optimized and its
characterization by spectroscopic (1H, 13C, & 195Pt NMR) and
single-crystal X-ray structural analyses is complete (1). The
initial synthesis of kiteplatin was in response to a need for Pt
antitumor complexes that are capable of overcoming cisplatin
(II; Figure) resistance in vivo (2). Extensive research has been
carried out to elucidate its mechanism of action and determine
its unique chemical, biochemical and pharmacological
properties (3-5). This talk will focus on the following topics
briefly addressed below. Antitumor Testing. Initial tests (2)
proved that kiteplatin exhibited equivalent or better activity than
cisplatin, both in vitro and in vivo, in most cisplatin-resistant cell
lines except for some [PtCl2(1R,2R-DACH)]-resistant murine
L1210 leukemias. The greater in vitro effectiveness of
[PtCl2(cis-l,4-DACH)] vs. [PtCl2(lR,2R-DACH)]-resistant L1210
leukemia suggested that kiteplatin is neither a close cisplatin nor
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a close [PtC12(lR,2R-DACH)] (III; Figure) analog but rather a
system that incorporates properties of both compounds with
structural differences playing an important role in the eliciting
of antitumor activity. The more recent and most significant
pharmacological evaluations (3) of the cytotoxic activity of
kiteplatin were carried out using a panel of human tumor cell
lines, including cervical (A431), breast (MCF-7) and colon
(HCT-15) cancers along with a melanoma (A375) and
comparing its activity to that of cisplatin, oxaliplatin (a 3rd
generation cisplatin analog and a principal component of the
routinely used FOLFOX, FOLFOXIRI and CapeOX
chemotherapeutic treatment regimens) and [PtCl2(lR,2RDACH)] (a complex which incorporates the same diamine as in
oxaliplatin, IV; Figure 1). Kiteplatin was found, on average, to
be slightly more effective than oxaliplatin (on the basis of ID50
values), much more effective than cisplatin (especially vs. colon
cancer) in two out of the four cell lines (HCT-15 and MCF-7)
and, on average, 2-4 times more active than [PtCl2(lR,2RDACH)]. Kiteplatin was also found to be more soluble and
better tolerated than cisplatin and could be administered at a
higher dose (3 mg/kg). Kiteplatin was tested in vitro on LoVo,
colon cancer cell lines (oxaliplatin-sensitive) and was found to
be as effective as oxaliplatin. Moreover, kiteplatin was also
found active toward cisplatin-resistant cell lines (C13*) and
oxaliplatin-resistant cell lines (LoVo –OXP) showing no crossresistance to cisplatin (RF=0.9) nor to oxaliplatin (RF=1.2),
respectively. The results of studies of in vivo anticancer activity
of kiteplatin against human LoVo and LoVo OXP colorectal
adenocarcinoma xenografts LoVo and LoVo-OXP xenograft
models demonstrated the superiority of kiteplatin over
oxaliplatin in reducing tumor volumes, particularly vs. the
oxaliplatin-resistant LoVo-OXP xenograft.

Chemical, Pharmacological, and Biochemical Studies.
1. Lack of cross-resistance between kiteplatin and oxaliplatin.
Cellular uptake of oxaliplatin is remarkably decreased in

5949

ANTICANCER RESEARCH 34: 5761-6258 (2014)

oxaliplatin-resistant colon cancer cells (LoVo –OXP)
compared to the sensitive cells (LoVo) but this is not the case
for kiteplatin which is internalized with the same efficiency in
both (LoVo) and LoVo –OXP cells explaining, in part, the lack
of cross-resistance and providing insight into the mechanism
of resistance for oxaliplatin. Interestingly, the cytotoxicity of
kiteplatin in the cisplatin-resistant line A2780cisR is
characterized by lower value of resistance. Also, it has been
found that kiteplatin is not a P-gp substrate, being active
against colon MDR (multi-drug resistant) cells.
2. Interaction with DNA. Using an electrochemical biosensor,
(3) the rate of binding of kiteplatin, [PtCl2(lR,2R-DACH)], and
cisplatin to DNA was shown to be very similar, but revealed a
lower rate of interaction of kiteplatin and [PtCl2(lR,2RDACH)] with DNA. The lower rate of interaction likely
reflects dependence on the greater steric bulk of the carrier
DACH ligands. Cell-free studies of the binding of kiteplatin
to ds-DNA indicate that binding is complete in 24h and is
irreversible.
3. Modeling of the 1,2-GG cross-link. Structural differences
between 1,2-GG intrastrand cross-links of ds-DNA formed by
kiteplatin and [PtCl2(lR,2R-DACH)] were examined using the
QM/MM geometry optimization technique and showed no
significant binding energy differences between DNA adducts
of kiteplatin and [PtCl2(lR,2R-DACH)] (the latter mimicking
oxaliplatin) (3).
4. Replication mapping of platinum–DNA adducts. In vitro
DNA synthesis on DNA templates containing the adducts of
kiteplatin generated a population of DNA fragments indicating
that the adducts of this complex effectively terminate DNA
synthesis (4). These replication mapping experiments also
demonstrated that kiteplatin binds to DNA at the same sites as
cisplatin, which preferentially forms 1,2-intrastrand cross-links
between adjacent guanine residues.
5. Interstrand cross-linking. The DNA interstrand cross-linking
efficiency of the kiteplatin was determined to be 6 ±1%,
implying that interstrand cross-links represent only a minor
portion of the adducts formed in DNA by kiteplatin.

1. Trans-lesion DNA synthesis catalyzed by Y-family DNA
polymerase. Studies of how the Y-family trans-lesion DNA
polymerase η (Polη) processes the 1,2-intrastrand G-G crosslink lesions induced by kiteplatin suggest that the catalytic
efficiency of Polη for the insertion of correct dCTP nucleotide
is markedly reduced by the DACH carrier ligand (5). The
reduced efficiency of Polη to incorporate the correct dCTP
could be due to a more extensive DNA unstacking and
deformation of the minor groove induced in the DNA by the
cross-link of kiteplatin with its bulky cis-1,4-DACH ligand.
2. The reaction of kiteplatin with glutathione (reduced).
Kiteplatin reacts with glutathione (GSH) in water (pH 7) at a
rate comparable to or slightly higher than cisplatin (4). A dimer
and a macrochelate species having a kiteplatin:glutathione ratio
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of 2:2 and 2:1, respectively, formed (6). Both adducts were
isolated by HPLC and characterized by NMR and ESI-MS
techniques. Of significant note is that the binding of GSH (to
form the adducts) does not prevent further reaction with 5’GMP suggesting the possibility that, perhaps, in the tumor cell,
the adduct(s) may effectively act as drug reservoir(s) in
allowing further reaction with DNA. This reaction serves as a
model for the reaction of kiteplatin with DNA and may indicate
that reaction with glutathione does not completely preclude a
reaction with DNA in eliciting antitumor activity.
1 Ranaldo R, Margiotta N, Intini FP, Pacifico C and Natile G:
Inorg Chem 47: 2820-2830, 2008.
2 Hoeschele JD, Hollis Showalter HD, Kraker AJ, Elliott WL,
Roberts BJ and Kampf JW: J Med Chem 37: 2630-2636,
1994.
3 N Margiotta, C Marzano, V Gandin, D Osella, M Ravera, E
Gabano, JS Platts, E Petruzzella, JD Hoeschele and
Giovanni Natile: J Med Chem 55: 7182-7192, 2012.
4 Kasparkova J, Suchankova T, Halamikova A, Zerzankova L,
Vrana O, Margiotta N, Natile G and Brabec V: Biochemical
Pharmacology 79: 552-564, 2010.
5 Brabec V, Malina J, Margiotta N, Natile G and Kasparkova
J: Chemistry Chem Eur J 18: 15439-15448, 2012.
6 Petruzzella E, Margiotta N, Natile G and Hoeschele JD:
Dalton Transactions, in press. DOI: 10.1039/c4dt01474j.
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A major problem with cancer treatment is that quiescent
cancer cells are resistant to cytotoxic agents which target only
proliferating cells and that the vast majority of cancer cells in
a mature tumor are quiescent. In preliminary experiments,
time-lapse imaging demonstrated that tumor-targeting
Salmonella typhimurium A1-R (A1-R), previously developed
in our laboratory, decoyed cancer cells in monolayer culture
and in tumor spheres to cycle from G0/G1 to S/G2. The cellcycle decoy was demonstrated by fluorescence ubiquitinationbased cell cycle indicator (FUCCI) imaging which color-codes
the phases of the cell cycle. After A1-R decoyed quiescent

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

cancer cells in tumor spheres to cycle from G0/G1 to S/G2,
they became chemosensitive. A1-R infection of FUCCIexpressing subcutaneous tumors growing in nude mice also
decoyed the quiescent cancer cells, which were the majority
of the cells in the tumors, to cycle from G0/G1 to S/G2, thereby
making them sensitive to cytotoxic agents. Thus, the
combination of A1-R and cisplatinum or paclitaxel reduced
tumor size compared with A1-R monotherapy, or cisplatinum
or paclitaxel alone. These results suggest a new paradigm of
cancer and chemotherapy which decoys quiescent cancer cells
in tumors to cycle and become chemosensitive.
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MODULATION OF COLON CANCER
CELL LIPIDOME AND KINETICS BY
DIETARY FATTY ACIDS

J. Hofmanová1,2, N. Straková1, J. Slavík3,
B. Skender1,2, Z. Tylichová1,2, A. Hyršlová Vaculová1,2,
M. Ciganek3, A. Kozubík1,2 and M. Machala3
1Department

of Cytokinetics, Institute of Biophysics,
Academy of Sciences of the Czech Republic, Brno, Czech
Republic;
2Department of Animal Physiology and Immunology,
Institute of Experimental Biology, Faculty of Science,
Masaryk University, Brno, Czech Republic;
3Department of Toxicology, Pharmacology and
Immunotherapy, Veterinary Research Institute, Brno, Czech
Republic

Dietary essential polyunsaturated fatty acids, obtained from
plant and fish oils, and short-chain fatty acid butyrate
produced from fibre in the colon are considered as important
modulators of colon carcinogenesis. These compounds may
alter cell metabolism and intracellular signalling, thus
affecting cell behaviour and response to other stimuli. Then
again, diverse composition and metabolism of cellular lipids
(lipidome) may predetermine the cell response to dietary fatty
acids. Comparing differentiating and non-differentiating
human colon cancer cell lines, our research was focused to (i)
the mechanisms of the effects of n-3 docosahexaenoic acid
(DHA, 22:6), sodium butyrate (NaBt) and their combination
on cell growth, differentiation and death, (ii) the ability of
DHA to enhance apoptosis induced by the therapeutically
important cytokine TRAIL (TNF-related apoptosis-inducing
ligand) and (iii) the role of altered lipid composition and
metabolism in fatty acid effects. Differentiation and/or
apoptotic response of colon cells induced by DHA, NaBt or
their combination was characterized by modulation of
mitochondria, expression of specific apoptosis-regulating
proteins, participation of autophagy, different expression and
activation of nuclear receptor PPAR gamma and certain
signalling pathways (AMPK, PI3K/Akt, mTOR). Fatty acids

and, mainly, their combination increased membrane lipid
unpacking, cytoplasmic lipid droplet accumulation, fatty acid
transporter FAT/CD36 and caveolin-1 expression, production
of reactive oxygen species and decreased expression of fatty
acid synthase. Chemical analyses showed that the effects of
exogenous fatty acids were associated with significant changes
in cellular fatty acid spectrum and content (GC/MS), as well
as phospholipid composition (LC/MS/MS) including
cardiolipins. Importantly, we evidenced the outstanding ability
of DHA to sensitize colon cancer cells to the pro-apoptotic
effects of the TRAIL cytokine associated with engagement of
mitochondria and specific alterations in sphingolipid
metabolism. Our results highlight the significance of dietary
lipids and changes of cellular lipidome in regulation of colon
cancer cell growth and death.
Supported by grants No. 13-097665 of the Czech Science
Foundation and MUNI/A/0927/2013.
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LIQUID BIOPSY – NEW PERSPECTIVES FOR
PREDICTION AND MONITORING OF THERAPY
RESPONSE IN CANCER PATIENTS
Stefan Holdenrieder

Institute of Clinical Chemistry and Clinical Pharmacology,
University Hospital Bonn, Bonn, Germany
(Stefan.Holdenrieder@uni-bonn.de)

The concept of “companion diagnostics” in the treatment of
cancer patients with “targeted therapies” implies the pretherapeutic therapy stratification on the basis of tissue mutation
status, such as EGFR mutations for TKI therapies in lung
cancer and absence of K-RAS mutations for cetuximab therapy
in colorectal cancer. However, therapy response rates and
duration are still limited due to primary or secondary
resistances. Recently genetic heterogeneity, including spatial
and temporal variability within a tumor or between primary
tumor, lymph node and distant metastases, was uncovered
explaining the difficulties of one-time molecular examinations
in tissue biopsy material. Therefore, the need for continuous
monitoring of the overall mutation status in the patient body as
stratification tool for therapy modification became evident.
Nowadays, sensitive blood-based diagnostics identifying
mutations in circulating tumor cells (CTC) and in circulating
cell-free plasma DNA (cfDNA) are available. They could
overcome the genetic heterogeneity as circulating cfDNA
reflects the cancerous DNA changes in the whole body. As this
concept of “liquid biopsy” is only minimally invasive it can be
used to complement tissue biopsy for patient stratification and
for the serial monitoring of successfully-treated and newlyoccurring resistant cell clones at an individual level. BEAMing
(beads, emulsion, amplification and magnetics) technology
allows the sensitive quantification of specific mutations and has
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recently shown great potential for therapy monitoring, early
recurrence detection and resistance monitoring in colorectal
and lung cancer. Here we show the highly sensitive detection
and quantification of K-RAS mutations in plasma DNA of 32
patients with pancreatic cancer receiving chemotherapy. Most
remarkably, the K-RAS mutation status in plasma was highly
predictive for response to chemotherapy and for prognosis of
progression-free and overall survival, while K-RAS tissue
status was not. During the course of therapy, the amount of
mutated plasma DNA correlated with therapy response and
tumor recurrence. Our findings underline the high clinical
relevance of this “liquid biopsy” approach for the
individualized guidance of cancer patients.

261
NUTRIENT REGULATION COORDINATES
ADAPTIVE CANCER CELL METABOLISM
Jeff Holst

Centenary Institute and Sydney Medical School, University
of Sydney, Camperdown, NSW Australia

Solid tumors activate angiogenic signals to ensure an adequate
blood supply. In parallel, amino acid transporters on the cell
surface are also increased so as to provide nutrients for the
higher metabolic and growth demands of cancers. We are
studying a number of amino acid transporters, including Ltype amino acid transporters (LAT1 and LAT3) and alanineserine-cysteine transporter 2 (ASCT2) that mediate uptake of
essential amino acids including leucine and glutamine.
Leucine and glutamine are critical for the activity of
mTORC1, which regulates protein translation and cell growth,
as well as contributing to cellular energy and as carbon and
nitrogen donors. Therefore, increased amino acid transport in
cancer permits mTORC1 signaling and promotes unrestrained
cellular proliferation.
Our results have demonstrated that prostate cancer cells
coordinate the expression of LAT1 and LAT3 during disease
progression, thereby maintaining sufficient leucine to promote
mTORC1 signaling and cell growth (1). We have shown that
inhibition of LAT function leads to decreased cell growth and
mTORC1 signaling in prostate cancer cells. These cells
maintain amino acid influx via androgen receptor regulation
of LAT3 expression, and stress-mediated ATF4 transcription
of LAT1 expression after amino acid deprivation. These
responses are intact in primary prostate cancer, as indicated by
high levels of LAT3 in primary disease, and an increase in
LAT1 following hormone ablation and in metastatic lesions (1,
2). This dynamic regulation of transporter expression is also
seen in LNCaP tumor xenograft models, whereby castration
decreases LAT3 expression and increases LAT1 expression
(1). Furthermore, shRNA knockdown of either LAT1 or LAT3
significantly decreased tumor growth in vivo (2).
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Similarly, we have shown that both LAT1, and the
glutamine transporter ASCT2, are highly upregulated in
melanoma (3). Unlike prostate cancer cells, melanoma cells
are tolerant to leucine deprivation, while exhibiting sensitivity
to glutamine deprivation through ASCT2 chemical or shRNA
mediated inhibition (3). Interestingly, our unpublished data
show that prostate cancer cells are sensitive to both leucine
and glutamine deprivation.
These data show that prostate cancer cells respond to the
demand for increased amino acids through an integrated
pathway, leading to increased amino acid transporter
expression and cell growth. Furthermore, ASCT2, LAT3 and
LAT1 may provide novel therapeutic targets in early and late
stage prostate cancer as well as other solid tumours such as
melanoma.
1 Wang Q, Bailey CG, Ng C, Tiffen J, Thoeng A, Minhas V,
Lehman ML, Hendy SC, Buchanan G, Nelson CC, Rasko
JEJ and Holst J: Androgen receptor and nutrient signaling
pathways coordinate the demand for increased amino acid
transport in prostate cancer progression. Cancer Res 71(24):
7525-7536, 2011.
2 Wang Q, Tiffen J, Bailey CG, Lehman ML, Ritchie W, Fazli
L, Metierre C, Feng Y, Li E, Gleave M, Buchanan G, Nelson
CC, Rasko JEJ and Holst J: Targeting amino acid transport
in metastatic castration-resistant prostate cancer: Effects on
cell cycle, cell growth and tumor development. J Nat Cancer
Inst 105(19): 1463-1473, 2013.
3 Wang Q, Beaumont KA, Otte NJ, Font J, Bailey CG, van
Geldermalsen M, Sharp DM, Tiffen JC, Ryan RM,
Jormakka M, Haass NK, Rasko JEJ and Holst J: Targeting
glutamine transport to suppress melanoma cell growth. Int J
Cancer 135(5): 1060-1071, 2014.
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MICRORNA-320 IS AN ANTI-ANGIOGENIC FACTOR
BY TARGETING NEUROPILIN 1
Tse-Ming Hong, Yi-Ying Wu,
Yun-Chia Jao and Yuh-Ling Chen

Graduate Institute of Clinical Medicine, College of
Medicine, National Cheng Kung University, Tainan, Taiwan

Tumor angiogenesis is a critical process during cancer
progression that modulates tumor growth and metastasis.
MicroRNAs are endogenous, small, non-coding, singlestranded RNAs that are approximately 22 nucleotides in
length. They post-transcriptionally repress the expression of
multiple target genes via the RNA interference machinery,
resulting in translation inhibition and/or mRNA degradation.
Here, we identified an anti-angiogenic microRNA, miR-320,
which is decreased in oral squamous cell carcinoma (OSCC)
cell lines and tumor tissues from OSCC patients, downregulated in blood vessels and inversely correlated with
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vascularity in OSCC tissues. We found that miR-320
expression was regulated by hypoxia in growth factor deficient
conditions by the hypoxia-inducible factor 1-alpha. Neuropilin
1 (NRP1), an important regulator of angiogenesis, was found
to be a target of miR-320. The 3’-untranslated region of NRP1
mRNA contains multiple miR-320 binding sites and its
expression was regulated by miR-320. By administering either
miR-320 precursor or antagonist, we found that miR-320
suppressed the migration, adhesion and tube formation of
vascular endothelial cells. Knockdown of NRP1 abolished
antagomiR-320-induced cell migration. Furthermore, lentivirus
carrying the miR-320 precursor suppressed the tumorigenicity
of OSCC cells and tumor angiogenesis in vivo. Taken together,
our data suggest that miR-320 regulates the function of
vascular endothelial cells by targeting NRP1 and has the
potential to be developed as an anti-angiogenic or anti-cancer
drug.
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TAXOL®, TUBULIN AND TUMORS

Susan Band Horwitz

Department of Molecular Pharmacology, Albert Einstein
College of Medicine, Bronx, NY 10461, USA
(susan.horwitz@einstein.yu.edu)

Microtubules, a major component of the eukaryotic
cytoskeleton, comprise an effective, validated target for cancer
chemotherapeutic drugs, essentially all of which are of natural
product origin. One class of drugs, known as microtubule
stabilizing agents, bind to microtubule polymers and stabilize
them against depolymerization. The prototype of this class of
drugs is Taxol®, but other natural products such as the
epothilones, discodermolide, laulimalide and peloruside also
stabilize microtubules. Although all of these molecules bind
to β-tubulin, the binding sites are not identical. These small
molecules suppress the normal dynamic behavior of
microtubules that is required for normal cell division, thereby
leading to inhibition of cell division, which is the basis of their
antitumor activity. This presentation will highlight the
fascinating history of the development of Taxol®, from the
bark of the tree to the bedside. Microtubules, a family of
complex proteins, are composed of α- and β- tubulin dimers.
There are eight α-tubulin isotypes and seven β-tubulin
isotypes, products of distinct genes that display extensive
molecular heterogeneity at their C-terminal ends. There is
evidence that differences in expressed tubulin isotypes are
related to the development of Taxol® resistance. Our
laboratory has developed proteomic methods, including highresolution isoelectrofocusing, and mass spectrometry that
allow us to determine the isotype content of tubulin in cells
and tissues. Although electron crystallography and
photoaffinity labeling experiments revealed that the binding

site for Taxol® was in a hydrophobic pocket in β-tubulin, little
was known about the effects of this drug on the conformation
of the entire microtubule system. Research from our
laboratory, utilizing hydrogen-deuterium exchange (HDX) in
concert with various mass spectrometry (MS) techniques, has
provided new information on the structure of microtubules
upon Taxol® binding.
264
THE GENOTYPE/PHENOTYPE STUDY FOR THE
ROLE OF CAVEOLIN-1 IN GASTROINTESTINAL
TRACT CANCERS
Chin-Mu Hsu1, Wen-Shin Chang1,2, Hong-Xue Ji1,2,
Chia-Wen Tsai1 and Da-Tian Bau1,2
1Terry

Fox Cancer Research Laboratory, China Medical
University Hospital, Taichung, Taiwan, R.O.C;
2Graduate Institute of Clinical Medical Science, China
Medical University, Taichung, Taiwan, R.O.C.

High expression of caveolin-1 (Cav-1), which plays a
regulatory role in signaling pathways and tumorigenesis, is
positively correlated with higher cell invasion capacity and
poor prognosis but the contribution of Cav-1 genetic variants
during carcinogenesis is still largely unknown. In this report,
we summarized the results of our investigation of the
contribution of Cav-1 variant to the risk of gastrointestinal
cancers from the multi-angles at DNA, RNA and protein
levels. Take hepatocellular carcinoma (HCC) for instance, we
have collected 298 HCC patients and 298 cancer-free controls
frequency-matched by age and gender in this case-control
study in Taiwan and the associations of six single nucleotide
polymorphisms (SNPs) on the CAV-1 gene at C521A
(rs1997623), G14713A (rs3807987), G21985A (12672038),
T28608A (rs3757733), T29107A (rs7804372) and G32124A
(rs3807992) with HCC risk in the representative Taiwanese
population were evaluated. In addition, thirty HCC tissue
samples with variant genotypes were tested to estimate the
CAV-1 mRNA expression by real-time quantitative reverse
transcription. Last, the HCC tissue samples of variant
genotypes were examined by Western blotting to estimate
their CAV-1 protein expression patterns. The results showed
that there were significant differences between the HCC and
control groups in the distributions of the Cav-1 G14713A
genotypes (p=0.0124) and people carrying AG and AA
genotypes have higher risk for HCC compared with those of
GG genotype (OR=1.51 and 1.94, respectively). The patients
with Cav-1 G14713A, AG or AA genotype had higher levels
of mRNA (p=0.0001) and protein (p=0.0019) than those with
GG genotype. Our multi-approach findings at DNA, RNA
and protein levels suggested that Cav-1 may play a critical
role in the hepatocellular carcinoma, gastric cancer and
colorectal cancer in Taiwan and serve as a potential target for
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the gastrointestinal tract cancer therapy mentioned in this
report.
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EVALUATION OF THE CONTRIBUTION OF
METHYLENETETRAHYDROFOLATE REDUCTASE
GENOTYPES TO TAIWAN BREAST CANCER
Chung-Yu Huang1,2,3, Wen-Shin Chang2,4,
Chia-Wen Tsai2, Chin-Mu Hsu2,
Chieh-Lun Hsiao2 and Da-Tian Bau2,4
1Taichung

Armed Forces General Hospital, Taichung,
Taiwan, R.O.C;
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University Hospital, Taichung, Taiwan, R.O.C;
3Graduate Institute of Medical Sciences, National Defense
Medical Center, Taipei, Taiwan, R.O.C;
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Medical University, Taichung, Taiwan, R.O.C.

To evaluate the effects of the genotypic polymorphisms in
methylenetetrahydrofolate reductase (MTHFR) and its
interaction with early onset on breast cancer risk in Taiwan.
Two well-known polymorphic variants of MTHFR, C677T
(rs1801133) and A1298C (rs1801131), were analyzed and
discussed about their joint effects with individual age- and
estrogen-related factors on breast cancer risk. In total, 1,232
breast cancer patients and 1,232 healthy controls were
genotyped by PCR-RFLP. The MTHFR C677T genotype, but
not the A1298C, was differently distributed between the
cancer and control groups. The T allele of MTHFR C677T
was significantly more frequently found in controls than in
cancer patients. In addition, those females carrying MTHFR
C677T CT or TT genotypes conferred a higher odds ratio of
1.21 (95% confidence interval (CI)=1.03-1.42, p=1.85x10–5)
for breast cancer, especially before the age of 45.4 (odds
ratio=1.51 and 95% CI=1.20-1.90). Our results indicate that
the MTHFR C677T T allele was associated with increased risk
of breast cancer in Taiwan, especially in who were younger
than or equal to 45.4 years of age and earlier menarche age
(<12.2 years).

(chenzfubc@yahoo.com; Z.–F. Chen),
(hliang@gxnu.edu.cn; H. Liang)

In addition to the Ru(II) complexes, Cu(II) complexes are
regarded as the best alternatives to replace cisplatin as anticancer
agents (1-3). In this work, three new copper(II) complexes of (1),
[Cu(MPDQ)(H2O)(SO4)] (Figure 1) (2) and [Cu2(MPDQ)2
(C2O4)(ClO4)2] (3) were synthesized and characterized. They
exhibit enhanced cytotoxicity against the tested human tumor
cell lines BEL-7404, SK-OV-3, HepG-2, A549, A375, MGC-803
and NCI-H460 with IC50 values of 1.41~34.54 μM in
comparison to ligand MPDQ and corresponding copper(II) salts.
Complex 1 can induce BEL-7404’s apoptotic death by S cell
cycle arrest (Figure 2), while complex 1 induced apoptosis,
which was involved in an intrinsic pathway by up-regulating
P53, down-regulating Bcl-2 and mitochondrial membrane
potential, leading to sequential activation of caspase-9, caspase3. ICP-MS testing implied that copper(II) complexes could enter
cells and DNA was one important target. DNA binding studies
revealed that the intercalation might be the most possible binding
mode of new Cu(II) complexes with ct-DNA.
1 M. E Bravo-Gomez, L. Ruiz-Azuara, Edited by M. D. C.
Mejia Vazquez, S. Navarro, New approaches in the treatment
of cancer, 2010,139.
2 Primik MF, Goschl S, Jakupec MA, Roller A, Keppler BK
and Arion VB: Inorg Chem 49: 11084, 2010.
3 Thomadaki H, Karaliota A, Litos C and Scorilas A: J Med
Chem 51: 3713, 2008.

Figure 1. ORTEP drawing of complex 1.
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COPPER(II) COMPLEXES OF 5-(PYRIDIN-2-YL)NORHYDRASTININE: CRYSTAL STRUCTURE,
CYTOTOXICITY AND INTERACTION WITH DNA
Ke-Bin Huang, Zhen-Feng Chen,
Yan-Cheng Liu, Hong Liang

Guangxi Key Laboratory for the Chemistry and Molecular
Engineering of Medicinal Resources, School of Chemistry
and Pharmacy of Guangxi Normal University, Guilin, P. R.
China
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Figure 2. DAPI/DiD assay of BEL-7404 cells treated by
complex 1 (at IC50 concentration) measured by confocal
microscopy.
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HOX GENES IN HEAD AND NECK
SQUAMOUS CELL CARCINOMA (HNSCC)
Keith D. Hunter

Unit of Oral and Maxillofacial Pathology, School of Clinical
Dentistry, University of Sheffield, Claremont Crescent,
Sheffield, S10 2TA, UK

As many molecular changes in head and neck squamous cell
carcinoma (HNSCC) are variable and correlate with site and
stage, the development of diagnostics and therapeutics has
proven difficult and this remains a cancer with poor outcomes.
Previous transcriptomic studies have demonstrated up-regulation
of many Homeobox (HOX) genes in HNSCC and HOX loci
also contain coding sequences for microRNAs (miRs). We
assessed global miR expression and expression of all 39 HOX
genes in normal oral keratinocytes (NOKs), premalignant
(OPM) and HNSCC. High expression of miR196a and most
HOX genes in HNSCC was seen, but particularly HOXA4,
A10, B9 and D10. We have further investigated the functions of
miR196a, HOXB9 and HOXD10 in HNSCC. Up-regulation of
miR-196a and HOXB9 in HNSCC was validated by miR-196a
qPCR from laser-microdissected biopsies and HOXB9 immunohistochemistry. Anti-miR-196a decreased migration, invasion
and adhesion to fibronectin and HOXB9 siRNA decreased
migration, invasion and proliferation. Using expression
microarrays in anti-miR196a and pre-miR196a transfected cells,
we identified MAMDC2, RFC3 and HOXC8 as novel miR196a
targets. We confirmed that MAMDC2 is a novel miR-196a target
using a luciferase reporter assay combined with mutation of the
miR-196a binding site. We have also shown that HOXD10
expression levels are low in normal oral mucosa, high in
primary tumours and very low in metastases, both in vitro and
in tissues. High HOXD10 expression promotes proliferation and
migration of HNSCC cells, but inhibits invasion. Using
expression microarrays, we identified several genes directly
regulated by HOXD10, including AMOTp80 and miR146a.
AMOTp80 overexpression in HNSCC elicited a similar
phenotype to that HOXD10 overexpression and rescued the
phenotype of HOXD10 knockdown. In conclusion, HOXB9 and
HOXD10 exert a pro-tumourigenic phenotype in HNSCC,
although this is stage dependent. This raises the possibility of
therapeutic interventions to HOX gene targets at each stage,
such as AMOT in primary tumours.
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SEMI- AND TOTAL-SYNTHETIC
PROTOFLAVONE DERIVATIVES AS MDR
SELECTIVE ANTICANCER AGENTS

B. Dankó1, A. Martins2,3, L. Amaral4, J. Molnár2,
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de Higiene e Medicina Tropical, Universidade Nova de
Lisboa, Lisboa, Portugal;
4Center for Malaria and Other Tropical Diseases (CMDT),
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Efflux mediated multi-drug resistance (MDR) remains a major
challenge for chemotherapy, as, despite the development of
several generations of efflux-pump inhibitors, no drugs with
such indication have become available until today. On the
other hand, over-expressed efflux pumps also confer cancer
cells a so-called collateral sensitivity, allowing the
development of compounds that can selectively eradicate
MDR cells. Protoflavones are oxidated flavonoid derivatives
with an unusual non-aromatic B-ring. These flavonoids are
potent anticancer agents both in vitro and in vivo: they were
shown to promote oxidative stress and exert apoptosis in
various cancer cell lines and tumor xenografts. We have
previously found 6-methyl protoflavones to exert selective
cytotoxicity against a murine cancer cell line transfected with
the pHa MDR1/A retrovirus, and also expressing the human
ABCB1 transporter. Here we present the synthesis and
bioactivity testing of 29 new protoflavone derivatives against a
set of parental/MDR cancer cell line pairs some of which
MDR cells acquired ABCB1-mediated resistance by
transfection and others by adaptation to different
chemotherapeutics. Significant collateral sensitivity for nearly
all derivatives was observed in adapted MDR cell lines, which
appears to be connected to the ability of these compounds to
induce oxidative stress. On the other hand, the transfected cell
lines were either not or, as in the cases of certain 6-alkyl or
alkoxy-substituted derivatives, only slightly more sensitive to
the tested compounds. Relevant structure-activity relationships
and possible future of these compounds are going to be
discussed in the presentation.
Support from the European Union co-funded by the European
Social Fund (TÁMOP 4.2.2.A-11/1/KONV-2012-0035), the
Fundação para a Ciência e a Tecnologia (FCT), Portugal
(PEsT-OE/SAU/UI0074/2011, PEst-OE/SAU/UI0074/2014)
and The Foundation for Cancer Research Szeged is
acknowledged. A. Martins was supported by the grant
SFRH/BPD/81118/2011, FCT, Portugal. The presented work
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was performed within the framework of COST Action
CM1106, Chemical Approaches to Targeting Drug Resistance
in Cancer Stem Cells.
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DEGARELIX ACTIVITY ON CELL
GROWTH AND CELL MIGRATION
OF THREE HUMAN PROSTATE
CANCER CELL LINES
F. Iacopino, S. Sorrentino and G. Sica
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The direct effects of Degarelix (10–11-10–5M), a third
generation GnRH antagonist, on prolif-eration and cell
migration of three human prostate cancer lines (LNCaP,
androgen-sensitive; DU145 and PC3, androgen-independent)
have been explored. Moreover, the capability of De-garelix
of counteracting the mitogenic activity and the cell
migration due to EGF has been evaluated in DU145 cells.
Cell counts were performed with a hemocytometer and the
“scratch test assay” was used to evaluate cell migration.
Statistical significance of the data was assessed by Student’s
t-test.
In both LNCaP and PC3 cells, the antagonist reduced the
growth (~15%, p<0.05) starting from the concentration of
2×10–8M. The inhibitory effect gradually increased reaching
the maximum at the highest concentration used (10–5M,
>60%, p<0.0001). In LNCaP cells cultured in the presence of
steroid-depleted serum, only 10–6 and 10–5M Degarelix
reduced cell proliferation. In DU145 cells, Degarelix inhibited
DU145 cell growth (~25%, p<0.01) starting from the
concentration of 10–10M. This effect was seen up to the
concentration of 10–7M, in-creased slightly at 10–6M (~35%,
p<0.01) and was maximum at 10–5M (>60%, p<0.0001). EGF
increased DU145 cell proliferation (~45%, p<0.01) and the
addition of Degarelix re-duced the stimulatory effect of the
growth factor. Moreover, 50 ng/ml EGF increased (p<0.05),
while 10–11M Degarelix inhibited (p<0.05) cell migration of
DU145 cells. Finally, 10–11M Degarelix reduced (p<0.01) the
cell migration induced by EGF.
Our results clearly show that Degarelix has an inhibitory
activity on proliferation of prostate cancer cell lines with
different characteristics in terms of androgen sensitivity,
differentiation and aggressiveness. This effect is observed at
therapeutic concentrations of the GnRH antagonist. In the
androgen-independent DU145 cells, the lowest concentration
of Degarelix (10–11M), which is ineffective on cell
proliferation, reduces cell migration both in standard culture
condition and in the presence of EGF. This phenomenon might
be relevant in metastatic events.
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EVALUATION OF MULTIPLE STEMNESS
MARKERS IN NORMAL THYROID AND IN
THYROID CARCINOMA (TC) SPECIMENS
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A subset of cells termed cancer stem cells (CSCs) has
tumorigenic capacity, also in TC. Identification of a specific
antigen to distinguish thyroid CSCs from normal stem cells
(SCs) represents a crucial step to develop targeted therapies.
In this study, the expression of stemness markers was
investigated and putative SCs from both normal thyroid and
TC have been isolated.
Normal and neoplastic tissue samples were harvested from 19
patients who underwent thyroidectomy. Fresh specimens were
enzymatically digested. Cell suspensions were characterized by
flow cytometry using anti-CD133, -CD45, -CD31, -CD44 and CD105 antibodies. A portion of cells was suspended in SC
medium (SCM) in order to obtain thyroid spheres.
CD133+ and CD105+ cell rates were significantly higher
in TC than in normal thyroid tissue (2.5% vs. 0.1% and 3.9%
vs. 0.5% respectively, p<0.02). No difference was found
regarding CD44+. In TC both CD45+ and CD31+ cell rates
were 1.3%, but 1.45% of CD133+ cells were also positive for
CD45 and 0.8% for CD31. In normal tissues, CD45+ and
CD31+ cell rates were 0.5% and 0.03%, respectively, but none
of CD133+ cells were positive for CD45 and CD31.
Isolated putative SCs grew as both free-floating spheres and
adherent cells. The re-evaluation of markers in putative SC
isolated from 2 cases of normal tissue showed that cells
expressed higher levels of CD133, CD105 and CD44 with
respect to those obtained after tissue digestion.
These preliminary findings suggest the presence of a higher
fraction of CD133+ and CD105+ cells in TC samples
compared to normal tissues. The higher expression of the
stemness markers in TC may be related to the better survival
of cells obtained from the TC samples in the SCM. Further
investigation is required to draw any conclusion, but our
approach seems to be promising.
Funded by a D.1 grant 2013
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EXPRESSION OF CHEMORESISTANCE
MARKERS IN GLIOBLASTOMA (GBM)
AND IN PERITUMORAL TISSUE
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The mechanisms responsible for resistance to damage in
normal cells might determine chemoresistance in both tumor
cells and cancer stem cells (CSC). An increasing body of
evidence indicates that both tumor area (TT) and tissue
surrounding the tumor border (pTT) of GBM contain tumor
cells and CSC. Therefore, the need to have a deeper insight in
pTT through identification of the characteristics that confer
tumor resistance to conventional therapies.
In this study, the expression of O6-methylguanine-DNA
methyltransferase (MGMT), a suicidal DNA repair protein,
Breast Cancer Resistance Protein (BCRP1), a drug efflux
transporter, and A2B5 (c-series gangliosides expressed in
CSC) has been determined by immunohisto-chemistry in
samples derived from TT and from pTT at <1 cm from the
tumor border, in 40 patients with GBM.
The percentage of MGMT positive cells was higher
(p<0.0001, paired Student’s t-test) in pTT (median: 53.5,
range: 0.6-92.4) with respect to TT (median: 3.3, range: 0.070.7). The same trend was observed in BCRP1 expression
(p<0.02; pTT, median: 27.6, range: 1.0-95.6; TT, median:
10.1, range: 0.2-72.1). No difference was found between pTT
and TT in A2B5 expression (p=0.69, pTT, median: 29.8,
range: 0.0-98.4; TT, median: 26.0, range: 0.0-96.8). Patients
were then divided into two groups according to presence (A)
or absence (B) of tumor cells in pTT. The trend previously
observed in MGMT expression was maintained in both
groups, while only in group A a statistically significant
difference in BCRP1 expression was observed.
Our results confirm that the tissue surrounding GBM
represents a frontline of tumor invasion, particularly for the
presence (higher expression with respect to the tumor) of some
molecules involved in GBM resistance to the conventional
treatments. Experiments about the expression of above
mentioned molecules in CSC derived from both pTT and TT
are in progress.
Supported by FIRB, Accordi di Programma 2010
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A COMPARATIVE IN VITRO STUDY OF
CYTOTOXICITY OF OCIMUM SANCTUM AND
NEPETA CATARIA VOLATILE OILS
F.M. Ibrahim, M.E. Ibrahim and S.F. El Habbasha

Medicinal and Aromatic Plants Department, Pharmaceutical
and Drug Industries Division, National Research Centre,
Cairo, Egypt

Background/Aim: Tulsi and catnip are medicinal plants that
have been successfully adapted, propagated and cultivated
under Egyptian conditions. Herb samples of tulsi and catnip
were collected in July at the flowering stage. Aromatic plants
of the Lamiaceae family are known for their use in traditional
medicine. The plants are promoted in relieving sore throats,
toothaches, colds, coughs, laryngitis, bronchitis, nasal
congestion and inflammation of the mouth and throat. They
have many biological activities such as antipyretic, antiinflammatory and antifungal activities. This study aimed to
evaluate the cytotoxic effect of Ocimum sanctum (tulsi) and
Nepeta cataria (lamiacae) volatile oils on different human cell
lines. Materials and Methods: Volatile oils of tulsi (herb,
leaves and flowers) and catnip (herb) extracted by
hydrodistillation were tested for their cytotoxic activities on
human hepatocellular carcinoma and lung carcinoma cell
lines. Cell viability was assessed by the mitochondrial
dependent reduction of yellow MTT (3-(4, 5-dimethylthiazol2-yl)-2, 5-diphenyl tetrazolium bromide) to purple formazan.
Results: The volatile oil of tulsi leaves is the most potent
evaluated volatile oil compared to volatile oil of Nepeta
cataria herb against human hepatocellular carcinoma cell lineHepG2. When compared to the volatile oil of tulsi organs
(herb, leaves and flowers) and Nepeta cataria-treated human
carcinoma H460 cells, little or no cytotoxicity at all was
observed, except from the volatile oil of flower of tulsi, which
presented an IC50=8.06 μg/ml against H460 cells. Conclusion:
The findings of the present investigation demonstrated that the
volatile oils of tulsi organs and Nepeta cataria significantly
suppress growth and induce apoptosis in HepG2 cell lines.
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QUANTITATIVE PROTEOMIC PROFILING OF
FROMALIN-FIXED PARAFFIN-EMBEDDED
(FFPE) PROSTATE CANCER TISSUES
Diego Iglesias-Gato

NNF-Center for Protein Research, Faculty of Health
Sciences, University of Copenhagen, Copenhagen, Denmark

Human tissue specimens are commonly archived in the form
of formalin-fixed paraffin-embedded (FFPE) for convenience.
In prostate cancer, the natural long history of the disease
makes these archives of great value for retrospective studies.
Unfortunately, this kind of preservation has been traditionally
incompatible with in-depth proteomic techniques, hampering
our knowledge about protein expression patterns during tumor
progression. Later developments in sample preparation have
allowed us to isolate quality protein extracts from FFPE
tissues, suitable for mass spectrometry. In order to obtain
quantitative measurements, we generated a protein mix from
isotopically-labeled prostatic cell lines (SILAC) that was used
as spike-in standard for all the samples. We analyzed 28 FFPE
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prostate cancer tumors and 8 benign prostate tissues using this
methodology and “state of the art” Q-exactive mass
spectrometer. Protein identification, quantification and
statistical analysis were performed using the MaxQuant
software suit. Over 6,000 proteins were identified and
quantified from every radical prostatectomy analyzed for a
combined sum of more than 9,000 proteins. Comparison of
the expression profiles retrieved 260 proteins up-regulated and
225 down-regulated more than 1.5-fold (p<0.05) in the tumor
samples. Among the highly up-regulated proteins we detected
well-characterized prostate cancer markers such as AMACR
and PSMA, therefore supporting our approach. Functional
annotation enrichment analysis of proteins differentially
expressed between tumor and control samples revealed an upregulation of mitochondrial proteins and protein involved in
ribosomal biogenesis and vesicular transport. Our results
suggest these processes as key players in prostate tumor
development. In summary, LC-MS/MS-based quantitative
proteomic profiling of FFPE samples is a powerful method for
the identification of biomarkers and novel mechanisms driving
prostate cancer progression.
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ANTI-CANCER EFFECT OF A NOVEL PALLADIUM
(II) COMPLEX BY INDUCING APOPTOSIS ON
EHRLICH ASCITES CARCINOMA IN BALB/c MICE
Ikitimur-Armutak1,

Sonmez2,

Kivilcim
Elif Ilkay
Kadriye Akgun-Dar3, Gulbin Sennazli2,
Aysegul Kapucu2, Funda Yigit1 and Engin Ulukaya5

Departments of 1Histology and Embryology and
2Pathology, Istanbul University, Faculty of Veterinary
Medicine, Istanbul, Turkey;
3Department of Biology, Zoology Section, Istanbul
University, Faculty of Science, Istanbul, Turkey;
4Department of Biology, Botany Section, Istanbul University,
Faculty of Sciences, Istanbul, Turkey;
5Department of Biochemistry, Uludag University, Faculty of
Medicine, Bursa, Turkey

Background/Aim: [Pd(sac)(terpy)](sac)·4H2O (sac=saccharinate and terpy=2,2’:6’,2’’-terpyridine) is a newly-synthesized
palladium(II) complex. The anti-cancer effect of the complex
has been reported in in vitro studies. In this study, we aim to
investigate the anti-proliferative and apoptotic effects of the
complex in Ehrlich ascites carcinoma (EAC); a solid breast
tumor model of mice. For this purpose, the expression of active
caspase-3, p53 and proliferating cell nuclear antigen (PCNA)
was investigated with immunohistochemistry and apoptosis
was evaluated by the terminal deoxynucleotidyltransferase
(TdT)-mediated nick end-labeling (TUNEL) technique.
Materials and Methods: Thirty-three Balb/c female mice were
subcutaneously injected with 2.5×106 EAC cells to induce a
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solid carcinoma (1st day) and then they were randomly divided
into 4 groups: the control group (n=4) and 3 experimental
groups (n=9-10). On the 7th and 12th day, the control group
animals received 0.5 ml 0.9% NaCl, the 2nd group received 4
mg/kg cisplatin, i.p., the 3rd group received 2 mg/kg of the
complex, i.p. and the 4th group received 12.5 mg/kg paclitaxel,
i.p. At the 14th day, the animals were sacrificed with cervical
dislocation. The excised tumor tissues were embedded in
paraffin as routinely performed. Results: When compared with
the control group, the expressions of p53 and PCNA were
found to be decreased (p<0.0001) and the expressions of active
caspase-3 and TUNEL were found to be increased (p<0.0001)
in the cisplatin, complex and paclitaxel groups. Conclusion:
Similarly to cisplatin and paclitaxel, the currently studied
complex has a strong anti-cancer activity on EAC by inducing
apoptosis via both suppression of proliferation and activation
of apoptosis in vivo.

275
THE EFFECTIVENESS OF CYCLOOXYGENASE-2
INHIBITORS AND EVALUATION
OF ANGIOGENESIS IN RAT
COLORECTAL CANCER MODEL
Hilal Gungor, Nevin Ilhan and Necip Ilhan

Department of Medical Biochemistry, Fırat University,
Medical Faculty, Elazig, Turkey

Colorectal carcinoma (CRC) is a secondary leading cause of
cancer-related mortality in the developed countries. COX-2 is
elevated in many human cancers, including colon cancer. COX2 expression is induced in response to several different stimuli
including cytokines, growth factors and oncogenes. Vascular
endothelial growth factor (VEGF) is regarded as the major
angiogenic factor during carcinogenesis and tumor metastasis.
MMP-9 and, to a lesser extent, MMP-2 sequester VEGF,
required for the initiation of tumor angiogenesis. In the present
study, the chemopreventive effect of COX-2 inhibitors
(diclofenac and celecoxib) and evaluation of the efficacy of
angiogenesis on the 1,2-dimethylhydrazine (DMH)-induced
colon carcinogenesis was studied in male Sprague Dawley rats.
The DMH group received s.c. injections of DMH (25 mg kg–1
body weight) once a week for 12 weeks, DMSO daily p.o.
Throughout an experiment (25 weeks), the control group
received the vehicle of DMSO and the treatment groups
received 8 mg/kg b.w diclofenac and 6 mg/kg b.w. celecoxib
in DMSO (p.o., daily) simultaneously with DMH and termed
DMH+ Diclofenac and DMH+ Celecoxib groups, respectively.
Significant increases in plasma VEGF, ICAM-1, MMP-2 and
MMP-9 levels and MMP-2/TIMP-2 ratio were found in the
DMH group compared to controls. These increases were
reduced in the treatment groups. A significant increase was
detected in TIMP-2 levels in the treatment groups when
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compared to the DMH group. In conclusion, treatment with
COX-2 inhibitors reduced the occurrence of angiogenesis and
invasion in the model of DMH-induced rat colon cancer.
Introduction: CRC is the third most frequently diagnosed
cancer and one of the most lethal malignancies worldwide. The
incidence of this increase in colorectal cancer worldwide has
become a major health problem. Early diagnosis and treatment
of CRCs are of importance for improving survival. The
therapeutic options for CRC patients with metastatic cancers
are limited and the 5-year survival rate is <5%. Tumorigenesis
is a multistep progression and is characterized by a stepwise
accumulation of genetic mutations in key signaling pathways.
The manner of aggressiveness depends on the deepness of
invasion, as well as on the ability to migrate to other organs.
However, the potential risk factors for CRC metastasis are not
well understood. Among chemically-induced animal models,
the 1,2-dimethylhydrazine (DMH) model is the most widely
used. Experimental colon cancer induced by DMH in rats
mimics the histopathological and molecular characteristics of
the human colon cancer model and is, therefore, an ideal model
for chemoprevention studies. It has become increasingly clear
that inflammation is a key component in cancer insurgence that
can promote tumor progression, angiogenesis and metastasis.
In the inflammation-cancer axis, prostaglandin E2 (PGE2) is
one of the major players. PGE2 synthases (PGES) are the
enzymes downstream of the cyclooxygenases (COXs) in the
PGE2 biosynthesis pathway. Cyclooxgenase-2 (COX-2), the
inducible isoform of cyclooxygenase, a key enzyme in
prostanoid synthesis is found over-expressed in the majority of
colorectal cancers. COX-2 is usually undetectable in most
normal tissues but can be induced rapidly by a variety of
agents, including LPS, cytokines, growth factors and tumor
promoters. Over-production of COX-2 and its major metabolite
prostaglandin E2 (PGE2) play an important role in
tumorigenesis from the development to invasion and metastasis
of carcinoma through various mechanisms. However, the
mechanism leading to aberrant COX2 expression in colon
tumors is unclear. Vascular COX-2-dependent prostacyclin
(PGI2) may affect angiogenesis by preventing endothelial
activation and platelet release of angiogenic factors present in
platelet α-granules. Thus, a profound inhibition of COX-2dependent PGI2 might be associated with changes in
circulating markers of angiogenesis. The transcription factor
nuclear factor kappaB (NF-κB) regulates several genes that
induce cell proliferation, invasion, angiogenesis, metastasis,
suppression of apoptosis and treatment resistance in a wide
range of tumors. NF-κB plays a crucial role in regulation of
proinflammatory cytokines such as cyclooxygenase 2 (COX2), chemokines, antiapoptotic proteins and growth factors. NFκB promotes tumor growth via inhibition of apoptosis and
induces proteins, such as cyclin D1 and COX-2 that are
implicated in colorectal carcinogenesis. As NF-κB activation
contributes to antiapoptotic effects, cell growth, metastasis and

chemokine secretion, the inhibition of NF-κB activation may
be useful in antitumor therapy. COX-2 induces angiogenesis
with VEGF and bFGF expression facilitating a metastatic
potential by up-regulation of uPA, matrix metalloproteinase
(MMP)-2 and -9, and hypoxia inducible factor-1α (HIF-1α)mediated growth regulation in a complex interaction with
chemokines, such as monocyte chemoattractant protein-1
(MCP-1). VEGF is a major regulator of angiogenesis and
metastasis, thus leading to the development of malignant
tumors. VEGF expression is up-regulated in response to microenvironmental cues related to poor blood supply, such as
hypoxia. Several other factors have been shown to induce
VEGF, such as reactive oxygen species, growth factors,
cytokines and lipid mediators. Lipid mediators, in particular
arachidonic acid-derived PGE2, are regulators of VEGF
expression and angiogenesis in colon cancer. However,
regulation of VEGF expression in cancer cells is not limited to
the stress response due to increased volume of the tumor mass.
Both MMP-2 and MMP-9 have been found to be overexpressed in colon carcinomas. Immunostaining assay showed
that MMP-9 expression is more frequently present in advanced
tumor stages and in invasive tumor regions wherein cancer cells
are in close proximity of inflammatory cells, suggesting that
localized proteolytic and collagenlytic activities contribute to
the property of invasion in colorectal cancers. Activation of
MMPs is regulated by physiological inhibitors, TIMPs. TIMPs
not only directly inhibit MMPs but also form complexes with
MMPs to control activation and stability of MMPs.
Theoretically, nonsteroidal anti-inflammatory drugs (NSAIDs)
may be a candidate for chemopreventive agents against
tumorigenesis by inhibiting COX-2. In fact, two large-scale
randomized, double blind trials demonstrated that aspirin, a
representative of NSAIDs, could prevent colorectal adenoma.
NSAIDs are a class of promising antineoplastic agents for the
suppression of tumor progression induced by the inflammatory
response. They may exert their effects by down-regulating proinflammatory cytokines and/or growth factors and transcription
factors, the mechanism of which is not well understood.
Celecoxib, a specific COX-2 inhibitor, and diclofenac, a
selective COX-2 inhibitor, decrease colon adenoma
development in individuals with familial adenomatous
polyposis. In individuals with non-familial sporadic colon
adenomas, celecoxib reduces by 33%-45% the risk of
developing future adenomas and by 57%-64% the risk of
developing adenomas with advanced histology. In the present
study, it was aimed to investigate the chemopreventive effects
of two NSAIDs (diclofenac and celecoxib), COX-2 inhibitors,
on the expression of transcription factors, angiogenesis and
circulating markers of angiogenesis in Sprague Dawley rats in
which an experimental model of CRC was created. For this
study, an in vivo model of inflammatory colorectal cancer was
generated in Sprague-Dawley rats after the administration of
1,2-dimethylhydrazine dihydrochloride (DMH), which is a
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colon-specific carcinogen. Materials and Methods: Male
Sprague-Dawley rats with a body weight between 200 and 250
g (8-weeks-old) were obtained from the Fırat University
Experimental Research Unit. Rats were acclimatized to the
control diet (standart rat chow) and water ad libitum for at least
1 week. They were maintained according to the principles and
guidelines of the Ethics Committee of Animal Care of Firat
University. Rats were housed three-four per cage in
polypropylene cages with a wire mesh top and a hygienic bed
of husk (regularly changed) in a well-ventilated animal room
until the end of the experimental period. The animals were also
maintained at ambient temperature and humidity and under a
12 h light/dark period. The animals were randomly divided into
four groups. Control group (n=8) received 1 mM EDTA saline
subcutaneously (s.c.) via weekly injection for 12 weeks and
DMSO daily per oral (p.o.) throughout the experiment (25
weeks). For the induction of colon cancer, another group of rats
(n=16) received a dosage of 25 mg/ kg body weight DMH,
dissolved freshly in 1 mM EDTA-saline, adjusted to pH 7.0
with 1mM NaOH, s.c. once weekly for 12 weeks, DMSO
(p.o., daily) for 25 weeks and termed the DMH group. The
remaining two groups received NSAIDs and termed treatments
groups. Diclofenac and celecoxib were given daily p.o. within
the therapeutic anti-inflammatory dose (ED50 for rats) to the
animals. The groups that received 8 mg/kg b.w diclofenac and
6 mg/kg b.w. celecoxib in DMSO (p.o., daily) simultaneously
with DMH throughout the experiment were identified as
treatment groups and termed the DMH+ Diclofenac (n=12)
and DMH+ Celecoxib (n=12) groups, respectively.
Therapeutic agents’ administration began simultaneously,
starting with DMH injection. Rats were killed 25weeks after
the first DMH injection. At the end of the experimental period
of twenty-six weeks (including 1 week of acclimatization) the
animals fasted overnight with drinking water available ad
libitum and all rats were killed by decapitation the next day.
Body weight of the animals in all of the groups was recorded
every week until the termination of the experiment. Blood was
collected in EDTA-containing test tubes and plasma was
separated. Angiogenesis parameters were studied in plasma
samples. Statistical analyses. The data were expressed as the
mean±SD of four independent observations for each group. A
one-way analysis of variance (ANOVA) was used to compare
the means between the different treatments with the least
significant difference (LSD) post-hoc comparison. The
statistical software package SPSS forWindows was used for
this purpose. A value of p<0.05 was considered significant in
the present study. Results: There were no significant
differences in the body weight of the animals among all 4 of
the groups during the 25-week treatment schedule. The levels
of the VEGF, ICAM-1, MMP-2, and MMP-9 levels and
MMP-2/TIMP-2 ratio were higher in the DMH-treated group
as compared with the control group. The DMH + Sulindac and
DMH + Celecoxib groups showed lower expression of VEGF,
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ICAM-1 MMP-2, MMP-9, MCP-1levels and MMP-2/TIMP-2
ratio as compared to the DMH alone group. When compared
to the DMH-treated group, a significant increase was detected
in TIMP-2 levels in the DMH + Sulindac and DMH +
Celecoxib groups. The increase in the celecoxib group was
more prominent. Conclusion: This study confirms the in vitro
results in vivo using the DMH rat model. Treatment with
celecoxib additively inhibits the growth of CRC and reduces
the occurrence of angiogenesis more than does diclofenac. In
conclusion, it was comfirmed by biochemical evaluation results
that NSAI drugs, particularly COX-2 inhibitors, decrease the
levels of angiogenic molecules and slow down the progression
of existing disease in CRCs.
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Colorectal carcinoma (CRC) is one of the most prevalent
cancers worldwide. Cyclooxgenase-2 (COX2) is overexpressed in a variety of tumors. In colorectal cancer, COX-2
expression is induced early in stromal cells and subsequently
at high levels in epithelial cells, where it correlates with
advanced tumor invasion and poor clinical outcomes. The
inhibition of COX-2 can also suppress the COX-2/PGE-2
pathway that is involved in the proinflammatory signaling of
cytokines. In the present study, it was aimed to investigate the
chemopreventive effects of two COX-2 inhibitors (diclofenac
and celecoxib) on tumor development incidence by inhibiting
matrix metalloproteinase (MMP) -2, MMP-9 and NFκ-B in
DMH-induced CRC in rats. Rats were divided into 4 groups.
The control group received 1 mM EDTA saline (s.c., weekly)
for 12 weeks and DMSO (p.o., daily) throughout the
experiment (25 weeks). The DMH group received 25 mg/kg
DMH in 1 mM EDTA-saline (s.c., weekly) for 12 weeks and
DMSO (p.o., daily) for 25 weeks. The groups that received 8
mg/kg diclofenac and 6 mg/kg celecoxib in DMSO (p.o., daily)
simultaneously with DMH throughout the experiment were
identified as treatment groups. The rats were killed at the end
of the experiment. Histopathological and immunohistochemical
evaluations were performed in colorectal tissue samples. In
histopathological evaluations, no pathological change was
observed in control rats, while adenocarcinoma (62.5%),
dysplasia (31.25%) and inflammation (6.25%) were detected
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in the DMH group. In the treatment groups, a marked decrease
was observed in adenocarcinoma rate. In immunohistochemical
studies, there was an increase in intensity and extent of staining
of MMP-2, MMP-9 and NFκ-B in the DMH group when
compared to controls, while a decrease was seen in treatment
groups when compared to DMH group. In conclusion, it was
confirmed by immunohistochemical and histopathological
results that COX-2 inhibitors decrease the rate of disease and
slow down progression of existing disease in CRCs.
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PERICELLULAR PROTEOLYSIS GENERATED
BY TUMOUR-ASSOCIATED MACROPHAGES
AND FIBROBLASTS IS A HALLMARK OF
INVASIVE COLORECTAL CANCER
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Degradation of proteins in the extracellular matrix is crucial
for colorectal cancer invasion into the surrounding tissue and
eventually to reach vascular and lymphatic vessels from where
the cancer cells can spread to distant organs. Plasmin is a
broad spectrum serine proteinase that can digest extracellular
matrix substrates including fibrin, fibronectin and laminin. In
addition, plasmin can activate other matrix-degrading
proteinases including matrix metalloproteinases (MMPs) that
can break down collagens and a variety of other matrix
proteins.
Plasminogen bound to the cell surface is activated by the
urokinase-type plasminogen activator (uPA), when bound to its
cell surface receptor, uPAR. The activity of uPA is also
regulated by the inhibitor, plasminogen activator inhibitor 1
(PAI-1). Plasminogen activation in pericellular proteolysis is
therefore associated to the localisation of uPAR in tissue. In
order to explore the invasive mechanism of colorectal cancer,
we have localised the proteins involved in pericellular
proteolysis. uPA and uPAR are primarily expressed at the
invasive front by activated tumour-associated myofibroblasts
and macrophages, respectively (1, 2). The inhibitor, PAI-1, is
primarily expressed by myofibroblasts as well as by endothelial
cells (1, 3). Interestingly, uPA and uPAR also co-localise in
budding cancer cells, endowing these cells with a high
proteolytic activity. This sub-population of invasive cancer cells
does moreover express the γ2-chain of laminin5, a marker of
migrating cancer cells. MMP-9 and MMP-2 are highly
expressed at the invasive front of colorectal cancer, MMP-9 in
macrophages and MMP-2 in myofibroblasts (4, 5). These
MMPs degrade type IV collagen, an important component of
basement membranes. Type IV collagen is found in vast

amounts at the invasive front and needs to be degraded for the
cancer to invade. The degraded type IV collagen is internalised
by the endocytosis receptor, uPARAP, located on myofibroblasts
at the invasive front. uPAR and MMP-9 are both expressed by
macrophages, but not co-expressed indicating that they are
expressed by two different sub-populations of tumour-associated
macrophages. The MMP-inhibitor, TIMP-1, is highly expressed
by myofibroblasts located at the invasive front (5, 6). TIMP-1
is also found in pericytes and PAI-1 in endothelial cells of the
vascular structure, supporting their roles in angiogenesis.
Collectively, these results show that the degradation of proteins
in the extracellular matrix primarily is performed by stromal
cells. These cells are both myeloid cells, which are involved in
inflammation, and mesenchymal cells, which can be involved
in angiogenesis.
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Developments in next-generation sequencing (NGS)
technology have allowed the high resolution interrogation of
the genomes of large numbers of colorectal cancers (CRCs).
Most potential driver genes have been identified in CRCs and
the challenge now is to derive clinical utility from molecular
data. In addition, the functional interactions and downstream
targets of the driver genes must be investigated to identify new
therapeutic avenues. We have used targeted NGS (for a panel
of 26 known cancer driver genes) to investigate the utility of
diagnostic biopsies for predictive testing. Our data suggest that
even though the biopsies represent a tiny portion of the
tumour, they are sufficiently representative for evaluation of
genes mutated early in the adenoma-carcinoma sequence. We
have recently shown that a significant proportion of tumours
thought to have chromosomal instability are, actually,
chromosomally stable and form a third genetic pathway called
microsatellite and chromosomal stable (MACS). CRCs with
chromosomal instability (CIN) were compared with MACS
CRCs using the same gene panel; however, a specific
difference did not emerge. Comparison of primary tumours
with their corresponding metastases similarly did not identify
a specific metastasis-associated mutation. We have
investigated the functional interaction of Wnt signalling, Kras
and STAT3 signalling. We found that, counterintuitively, Wnt
signalling was a negative regulator of Kras signalling but both
pathways worked synergistically to promote cell proliferation
and cell motility. In contrast, STAT3 was a positive regulator
of Wnt signalling (and, through this, a negative regulator of
Kras signalling). However, despite up-regulating Wnt
signalling, the STAT3 functioned to inhibit the proliferative
activity of Wnt signalling. We conclude that, in the post NGS
world, data need to be managed to optimise patient
management and that functional testing of the driver mutations
identified by NGS shows interesting and unexpected
interactions.
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THE EFFECTS OF RAPAMYCINE ON LUNG
CANCER CELL LINE THROUGH FOXO AND PTEN
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Lung cancer or pulmonary carcinoma is the most common
cause of cancer-related death in men and women. As an
inhibitor of mTORC1, rapamycin, is a macrolide produced by
the bacteria Streptomyces hygroscopicus and has potent
immunosuppressive and antiproliferative properties. FOX
(Forkhead box) proteins are a family of transcription factors
that play important roles in regulating the expression of genes
involved in cell growth, proliferation and differentiation.
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Phosphatase and tensin homolog (PTEN) is an important
protein and mutations of the gene encoding it are important in
the development of many cancers. In this study, we have
investigated the effects of rapamycine on the distribution of
FOXO-1, FOXO-3a and PTEN in the A427 human lung
cancer cell line by using an indirect immunohistochemical
method. A427 human lung cancer cells were grown in MEM
medium with 10% fetal bovine serum, 2% L-Glutamine, 2%
antibiotic, 5% CO2 at 37˚C in a humid incubator. The study
was carried out under 2 groups; control group (A427 human
lung cancer cells) and rapamycine group. The effects of
rapamycine at 24 hours were evaluated. After fixating the cells
with paraformaldehyde, the avidin-biotin-peroxidase method
was employed by using anti-FOXO-1, anti-FOXO-3a and antiPTEN primary antibodies. The immunohistochemical
distribution intensities of primary antibodies were scored as
mild, moderate or strong and analysed comparatively by using
the ANOVA statistical test. It was observed that rapamycine
had antiproliferative effects on the A427 human lung cancer
cell line as assessed by immunohistochemical evaluation under
a light microscope. Immunoreactivities of FOXO-1, FOXO-3a
and PTEN were observed as moderate/strong/strong in the
control group (A427); mild/moderate/mild in the rapamycine
group, respectively. In the rapamycine group, the
immunoreactivity of FOXO-1, FOXO-3a and PTEN
statistically decreased compared to the control group (p<0.05).
Rapamycine, in addition to anti-chemotherapeutic therapy,
might be effective on the antiproliferative pathways. Inhibition
of mTORC1 might be an effective target for prevention of
tumor invasion and metastasis in lung cancer patients.
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In Iceland a rare founder mutation has been detected in
BRCA1 and a frequent one in BRCA2. An extensive analysis
on somatic changes and gene expression in tumours of the
BRCA2 999del5 founder-mutation carriers has been made.
Population-based studies have been performed on a large
number of available carriers, regarding penetrance, cancer risk,
phenotype, clinicopathology, genetic modifiers and influence
from the environment. Introduction: Genetic background is of
importance for breast-cancer development and gene variants
are many with both high and low penetrance. Genomic
instability has a role in breast cancer pathogenesis, particularly
in hereditary breast cancer, and affects sensitivity and
resistance to therapy. Somatic events in tumours of individuals
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with germline mutation in breast cancer-predisposing genes
are fundamental for breast tumour pathogenesis. In carriers of
BRCA1 and BRCA2 mutations there is an elevated risk
increase of breast cancer and some other cancer types. Most
of the mutations involved are of relatively high penetrance.
Founder mutations in breast cancer genes such as BRCA1 or
BRCA2 permit analysis of a large number of cases that have
the same mutation. When founder mutations have been
identified it is possible to examine the prevalence of mutations
in different populations and mutation-specific effects on
penetrance and disease phenotype. This information can be
useful in understanding the role played by these genes in the
incidence of breast cancer in order to target genetic testing,
provide individual risk assessment and design better
therapeutic strategies. This review will focus on BRCA1 and
BRCA2 mutation carriers, mainly the Icelandic BRCA2
999del5 founder mutation. Icelandic founder mutations in
BRCA1 and BRCA2. The Icelandic population originated
about 1,100 years ago, comprising Nordic and Celtic settlers.
The number of primary settlers was small and the population
fluctuated over the centuries between 40,000 and 60,000 until
the mid-19th century. Several times the population has been
adversely affected by cold winters, epidemics and tephra from
volcanic eruptions. Due to improved living standards the
population has since risen rapidly, especially in the past 100
years, and the population today is 326,000. This background is
conducive to an enhanced probability of founder mutations.
To date only one mutation in each of the BRCA1 and BRCA2
genes has been identified in the Icelandic population. In the
case of the BRCA1 gene this is a rare mutation and in the
BRCA2 gene a common one; both are deemed to be of
founder origin (1, 2). Due to relatively high frequency, the
Icelandic BRCA2 999del5 founder mutation has received the
most attention, and has been analysed by several approaches.
The most important findings are listed in Figure. Populationbased studies, cancer risk and patient survival in relation to
BRCA2 999del5 carriers. Iceland keeps detailed health and
genealogy records on its genetically isolated population and,
in more recent times, also on lifestyle and risk factors (8).
Sample collection and genome analysis on Icelanders has
proven to be an important research tool as it is drawn from
population-based series of cancer cases. The original
estimation of cancer risk of BRCA1 and BRCA2 mutation
carriers was based on families with a high predisposition to
breast cancer. Hence, mutation penetrance was relatively high.
Also, in these studies different mutations in one of the genes
were pooled. Today more precise data are available on
penetrance, including the BRCA2 999del5 Icelandic founder
mutation. This mutation is present in 8% of unselected breast
cancer patients in Iceland and in 24% of women diagnosed
before the age of 40 years (6). The estimated breast cancer risk
in BRCA2 999del carriers at the age of 70 years is about 40%
(7). More recent data show that the breast cancer risk has

increased in recent generations (8). The cumulative incidence
of breast cancer before the age of 70 years in BRCA999del5
carriers was detected as 19% in 1920 and 72% in 2002 (8).
These observations imply that non-genetic factors may modify
the inherited risk through changes in lifestyle. Breast cancer
patients who carry the Icelandic BRCA2 999del5 mutation
have poorer long-term survival than non-carriers but the
adverse prognosis is restricted to mutation carriers with
diploid, slowly-proliferating tumours (13). These data suggest
that ER-status, S-phase and diploidy define two distinct
subclasses of breast cancers among BRCA2 999del5 mutation
carriers and that women with ER-positive, diploid cancers of
low proliferation are at a high risk of recurrence and death. In
addition, the Icelandic BRCA2 founder mutation is associated
with a highly aggressive and rapidly-progressing form of
lethal prostate cancer (12). Pathology, gene expression and
somatic events in BRCA2 999del5 tumours. In general,
BRCA1 and BRCA2 tumours have more aggressive
phenotype than sporadic tumours, as indicated by S-phase,
mitosis, aneuploidy, genomic instability and pathological
appearance. Accordingly, the breast cancers associated with
the BRCA2 999del5 mutation are high-grade tumors with a
rapid proliferation rate (18). Also characteristic of BRCA1
tumours is the appearance of medullary phenotype since most
of them have been classed as triple-negative because of the
lack of expression of ER, PR an HER2. These tumours also
show a hight expression of basal-cell markers and loss of
expression of luminal cytokeratins. The biomarker pattern of
BRCA2-mutated cancers is more heterogeneous, showing a
trend to positivity for hormone receptors. Most BRCA2
999del5 tumours express luminal markers, of which the
majority subcategorize as luminal B and show low expression
of HER2 (22). The gross genomic instability detected in
BRCA1 and BRCA2 tumours fits well with their documented
function in DNA repair (15, 16, 21). The chromosome
aberration profiles of BRCA1 and BRCA2 tumours differ
from each other and from other breast cancers, suggesting that
specific genetic pathways operate in the progression of
genomic instability in these inherited tumours. Functional
support for discrimination between BRCA1, BRCA2 and
sporadic breast tumours is also evident from genome-wide
gene expression profiles. Furthermore, by subgrouping the
BRCA2 999del5 tumours to luminal A, luminal B and
basal/triple-negative phenotype, the pattern of chromosome
aberration is different in luminal vs. basal/triple-negative
phenotype tumours (22). In BRCA2 999del 5 carriers,
tetraploidy is associated with luminal characteristics (23).
Somatic events and changes in expression of oncogenes and
tumour-suppressor genes have been analysed in breast tumours
of BRCA2 999del5 carriers. AURKA amplification is found
in 22% of noncarriers and is more frequent in BRCA2
999del5 carriers, or 70% (20). The TP53 and CHK2 pathways
are altered in BRCA1 and BRCA2 mutation carriers and
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Figure. Chronological line of the characterization of BRCA2 999del familial breast cancer – Icelandic founder mutation.
The most important publications are referenced.
BRCA1 carcinomas frequently carry TP53 and CHK2
mutations. This is probably due to selection during the
malignant progression in the context of insufficient DNA
repair, in the form of control of cell turnover, preliminary
crisis phase and apoptosis. While TP53 mutations are not as
frequent in BRCA2- as in BRCA1-associated tumours, overexpression of p53 is detected, suggesting that in BRCA2
999del5 mutation-carriers the p53 pathway is deregulated (17).
Similarly, up-regulation of p16 and down-regulation of pRb is
detected in the triple-negative phenotype of BRCA2 999del5
carriers and cyclinD1 is up-regulated in the luminal subtypes
(22). Also, the FHIT gene, located at the most common fragile
site in the human genome, is frequently altered and downregulated in BRCA2 999del5 breast cancer (19). Lowpenetrance genes and BRCA2 999del5 mutation carriers.
Several rare and common variants, some but not all within
known genes, have been described in the Icelandic population
in relation to breast cancer risk. Most of them are low- or
moderate-penetrance variants and are beyond the scope of this
review. Nonetheless, some attention will be paid to genetic
variants of breast cancer susceptibility genes that have been
analysed in BRCA2 999del5 carriers, particulartly those that
seem to modify the BRCA2 mutation phenotype. A
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population-based cohort of Icelandic breast-cancer patients
suggests that there is a minor elevation in risk of breast cancer
in BARD1 C557S carriers, which is further elevated in
BRCA2 999del5 carriers (10). This is the opposite of the low
penetrance alleles of CHK2 and AURKA, T59K and F31I
respectively (24, 25). In both these cases there is an increased
risk of breast cancer in carriers but not in the BRCA2 999del5
context (24, 25). When looking for low-penetrance cancersusceptibility genes it is important to acknowledge the
influence of BRCA1 and BRCA2. Likewise, it is important to
know the status of low-penetrance genes when estimating the
penetrance of BRCA1 and BRCA2. A possible explanation
could be that certain gene variants entail less growth
advantage of breast tumours in BRCA2 carriers, while others
confer increased growth advantage, influencing cancer
progression. Conclusion: Information on new breast-cancer
genes is expected in the near future and genetic association
studies, which survey the entire genome, are being developed
in oreder to uncover the genetic basis of breast cancer. Such
studies have identified several novel loci, including common
variants on different chromosomes, some of which may
modify the BRCA1 and BRCA2 mutation phenotype. Massive
databases are now available of Icelandic genomes, tracking
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millions of variants across thousands of individuals. Further
work should be done to link these variants to clinical histories.
It will be of interest to analyse breast tumours on the level of
whole genomes. Molecular pathways need to be clarified
further. New information is currently under consideration for
developing therapy strategies in hereditary breast cancer. This
information also includes the somatic events in hereditary
breast cancer. It will be important to compare the findings on
the Icelandic BRCA2 founder mutation with other populations
and to study the impacts of various treatments on carriers.
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Introduction: Ovarian cancer (OC) constitutes 25% of genital
cancers in women and is referred as the second most common
gynecological cancer in developed countries. ERCC2 (excision
repair cross-complementation group 2) or XPD is a protein
involved in transcription-coupled nucleotide excision repair.
The ERCC2 gene encodes for a 2.3-kb mRNA containing 22
exons and 21 introns. The XPD protein is a 760 amino acid
polypeptide with a size of 87 kDa. The aim of this study was
to evaluate the role of polymorphism of ERCC2 in ovarian
cancer susceptibility in a Turkish population. Materials and
Methods: Genotypes of 72 patients with ovarian cancer and
70 healthy control subjects were determined using real-time
PCR for evaluation of the ERCC2 gene rs13181
polymorphism. Results: The OC group consisted of 72 female
participants (mean age, 46.65±12.857) and the control group
consisted of 70 female participants (mean age, 40.48±14.014).
The genotype frequencies of the ERCC2 gene polymorphism
among study group are 9.5% TT, 43.2% GG, 47.3% TG in the
patient group and 18.4% TT, 40.8% GG, 40.8% TC in the
control group, respectively. The frequency of the wild type T
allele absence was found 59.5%, presence 40.5% in patient
group and T allele absence was found 59.2% and presence
40.8% in control group. The frequency of the mutant G allele
absence was found to be 90.5%, presence 9.5% in the patient
group and G allele presence was found 81.6%, presence
18.4% in the control group. There were no significant
differences between ERCC2 genotypes and alleles in the study
groups. Discussion: In this study, we examined the ERCC2
gene rs13181 polymorphism and our findings showed that
there was no association with ovarian cancer outcome. We
consider that determination of ERCC2 gene polymorphism in
ovarian cancer may have predictive importance in terms of
both diagnosis and prognosis.
282
RRM1 AND RRM2 GENE POLYMORPHISMS IN
PATIENTS WITH PRIMARY OVARIAN CANCER

Rukset Attar1, Gazi Yildirim1, Cem Fiçicioglu1,
Seda Gulec-Yilmaz2, Ozlem Timirci-Kahraman3,
Hande Atasoy2, Ozge Kizilkale Yildirim1, Cem Iyibozkurt4,
Ahmet Buyukoren4, Altay Burak Dalan5,
Ilhan Yaylim3, Uzay Görmüş6 and Turgay Isbir2
1Yeditepe

University Hospital, Department of Obstetrics &
Gynecology, Istanbul, Turkey;
2Yeditepe University, Faculty of Medicine, Department of
Medical Biology, Istanbul, Turkey;
3Istanbul University, The Institute of Experimental Medicine,
Department of Molecular Medicine, Istanbul, Turkey;

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece
4Istanbul

University, Faculty of Medicine, Department of
Obstetrics & Gynecology, Istanbul, Turkey;
5Yeditepe University Hospital, Istanbul, Turkey;
6Bilim University, Faculty of Medicine, Department of
Clinical Biochemistry, İstanbul, Turkey

Introduction: Ovarian cancer (OC) is the leading cause of death
due to gynecological malignancies among women. The RRM1
(ribonucleoside-diphosphate reductase subunit M1) gene
encodes one of two non-identical subunits, which constitute
ribonucleoside-diphosphate reductase, an enzyme essential for
the production of deoxyribonucleotides prior to DNA synthesis
in S phase of dividing cells. RRM2 (ribonucleosidediphosphate reductase subunit M2), also known as
ribonucleotide reductase small subunit, is an enzyme that in
humans is encoded by the RRM2 gene. Synthesis of the
encoded protein (M2) is regulated in a cell-cycle dependent
fashion. The expression of the ribonucleotide reductase
regulatory subunits M1 (RRM1) and M2 (RRM2) play an
important role. The aim of our study was to investigate RRM1
and RRM2 gene polymorphisms in patients with primary
ovarian cancer. Materials and Methods: The genotypes of 72
patients with ovarian cancer and 70 healthy control subjects
were determined using real-time PCR for evaluation of RRM1
(rs12806698) and RRM2 (rs6758190) gene polymorphisms.
Results: The genotype frequencies of RRM1 gene rs12806698
polymorphism among the study groups are 12.5% CC, 47.2%
AA, 40.3% CA in the patient group and 11.4% CC, 40.9% AA,
47.7% CA in the control group, respectively. There were no
significant differences between RRM1 genotypes and alleles in
OC and HC groups. Additionally, we evaluated the association
between the RRM2 gene rs6758190 polymorphism and study
groups. The genotype frequencies of the RRM2 gene
polymorphism among the study groups are 47.2% AA, 13.9%
GG, 38.9% AG in the patient group and 50% AA, 8.6% GG,
41.4% AG in the control group, respectively. There were no
significant differences between RRM2 genotypes and alleles in
OC and HC groups. Discussion: The RRM1 and RRM2 allele
frequencies and genotype distributions were found to be similar
in both cases and controls. Despite the limited number of
patients of this study, we consider that determining RRM1 and
RRM2 polymorphisms in ovarian cancer may have predictive
importance in terms of both diagnosis and prognosis.
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Macrophages play important roles not only in innate immunity
but also in antitumor immunity. Immunotherapy with the
group specific component protein-derived macrophage
activating factor (GcMAF) has been reported to be effective
in patients with various cancers. However, the mechanisms
underlying the biological function of GcMAF, including how
GcMAF activates macrophages, are poorly understood.
Recently, we established a novel assay system for the activity
of the macrophage activating factor (MAF) using the human
leukemic monocyte lymphoma cell line, U937. It was very
sensitive for the activation by GcMAF but it required a
sensitization step, which was the treatment with serum-free
RPMI-1640 medium for 120 min before GcMAF treatment.
In this study, we established another assay system for the
MAF activity, using the human-monocytic leukemia cell line,
THP-1. It was similar to the U937-MAF assay protocol but it
did not depend on the sensitization step. Thus, we are now
trying to reveal the differences in activation pathways between
U937 and THP-1. We analyzed the dose dependency of
GcMAF, the inhibitory effect of sugars, the cell-cell
communication between macrophages, among others. The
understanding of these differences will be important for
elucidating the complex mechanism of macrophage activation
by GcMAF and for developing more efficient immunotherapy
using GcMAF.
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Abstract. The prognostic value of mast cells in the malignant
thyroid tumors has not been yet demonstrated even though
their hyperplasia was reported mainly at the periphery of
neoplastic areas. We investigated immunohistochemically
tryptase (MCT)- and chymase (MCC)-positive mast cells in
31 papillary (PTC), 7 follicular (FTC), 7 anaplastic (ATC) and
8 oncocytic thyroid cancers (OTC). CD31+ microvessels
(MVD) were also identified. We demonstrated that MCT
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Figure 1. Chymase positive mast cell in PTC (×200
magnification).

Figure 2. Tryptase positive mast cell PTC (×200
magnification).

density was higher in the stroma of ATC as compared to PTC
and FTC. Conversely, in tumor stroma of FTC the MCC
number was elevated, followed by ATC, PTC and OTC (FTC
vs. PTC, p=0.023). In PTC, the MCT and MCC numbers were
significantly higher as compared to the surrounding normal
thyroid structure (p<0.001). The role of mast cells in VEGF
expression and tumor development was discussed. We may
state that mast cells in thyroid cancer prevailed in those
originating from follicular epithelium and that their lower
numbers may serve as a marker of worse prognosis.
Introduction: Thyroid cancer is the most frequently diagnosed
endocrine malignancy. This tumor is usually slow in growth
and fatal cases are rare, except for anaplastic carcinomas that
have a rapid progression and dissemination. The origin of the
mast cells (MCs) is not well known. The MC enzymes are
numerous and some of them are specific markers, such as
mast cell tryptase (MCT), mast cell chymase (MCC) and
naphtol-AS-D-chloroacetate esterase (1). The rate of
development and growth of tumors is regulated by a delicate
balance between pro-and anti-tumorigenic effects, stimulated
by the tumor cells themselves, as well as the surrounding
microenvironment. There is a growing acceptance that tumorinfiltrating myeloid cells play an active role in tumor growth
and MCs are one of the earliest cell types to infiltrate
developing tumors (2). MCs in the process of angiogenesis
release proangiogenic factors, such as vascular endothelial
factor (VEGF), thymidine phosphorylase, tryptase and
chymase, stored in their secretory granules. The role of MCs
has been broadly studied in benign lesions, in animal and
human tumors, like keloids, mast cells, head and neck,
colorectal, lung tumors, where MC density is highly correlated
with the extent of tumor angiogenesis (3). It is welldemonstrated that MCT, one of the most powerful angiogenic
mediators released by human MCs, is involved in tissue

remodeling and it may also act indirectly on tissue
neovascularization by releasing latent angiogenic factors that
bind to the extracellular matrix. Tryptase is an antagonist of
the proteinase-activated receptor-2(PAR-2) (4). Materials and
Methods: Patients: Specimens were obtained from 53 patients
who underwent resection of thyroid cancer at the Department
of Surgery, University Hospital “Prof. St. Kirkovich”, Medical
Faculty, Trakia University, Stara Zagora, between 1998 and
2012. The patients comprised 10 males and 43 females, aged
22 to 79 years (mean, 55.8 years). No patient received anticancer treatment prior to surgery. Tumor staging was defined
as 60% (n=21) for the Ist stage, 11.4% (n=4) for the IInd
stage, 25.7% (n=9) for the IIIrd stage and 2.9% (n=1) for the
IVth stage. Tumor grading and staging was performed
according to the TNM Classification of Malignant Tumors 7th
Edition, by UICC 2009. Thirty-one patients (59.6%) had the
papillary histologic type tumor (PTC), 8 patients (12.5%) had
oncocytic type (OTC), 7patients (13.5%) had follicular type
(FTC) and the other 7 (13.5%) had anaplastic type (ATC).
Tumor specimens were fixed in 10% buffered formalin and
embedded in paraffin. Histological grading was performed on
hematoxylin and eosin-stained sections according to standard
protocols. Immunohistochemistry. For immunohistochemical
staining, the paraffin blocks were prepared using tumor tissues
from the periphery of the tumor adjacent to the normal tissues.
Paraffin sections 5 μm thick were dewaxed in two xylene
rounds (for 30 min each at 56˚) and were rehydrated in
ethanol. Then, the sections were soaked in 10% sucrose in
distilled water, overnight. Later, they were washed in 0.1 M
phosphate-buffered saline (PBS), pH 7.4, incubated in 1.2%
hydrogen peroxide in methanol for 30 min and rinsed in 0.1
M PBS, pH 7.4 for 15 min. Then the slides were incubated in
a humid chamber until night, at room temperature with the
monoclonal mouse anti-human mast cell tryptase clone: AA1,
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M 7052 (DAKO, Denmark) antibody and the monoclonal
mouse anti-human mast cell protein chymase MCA1930
(Seroteck). After washing three times in PBS, the slides were
incubated with the DAKO-REALTM En-Vision™ detection
system (DAKO) for 60 min, visualized with diaminobenzidine
and counterstained with Mayer’s hematoxylin. For negative
controls, the primary antibody was replaced with PBS.
Statistics. The SPSS 16.0 program for Windows was used for
statistical analysis. The Chi-squared test and Fisher’s exact test
were used to compare the immunohistochemical staining and
the clinicopathological parameters. Correlations were tested
by Spearmen and Person tests. The accepted level of
significance was set at p<0.05. Cell counting on
immunohistochemistry. MCT and MCC positive cells were
counted in the tumor stroma, the tumor border and in the
surrounding normal thyroid tissue on 5 fields of vision in the
areas with most intensive cell recruitment (hot spots) at a ×320
magnification (0.74 mm2 area). The number of the positive
cells was calculated at a 1 mm2 area. Results: The mean
number of MCT in tumor stroma of different types of cancers
is as follows: 4.04 cells/mm2, 4.96 cells/mm2, 2.49 cells/mm2
and 6.80 cells/mm2 for PTC, FTC, OTC and ATC,
respectively. Moreover, the mean number of MCC in tumor
stroma of different types of cancers is as follows: 2.16
cells/mm2, 6.71 cells/mm2, 2.12 cells/mm2 and 4.05 cells/mm2
for PTC, FTC, OTC and ATC, respectively. In our study we
demonstrated that mast cell (MCT) density was higher in the
stroma of ATC as compared to PTC and FTC. Conversely, in
the tumor stroma of FTC, the MCC number was elevated,
followed by ATC, PTC and OTC (FTC vs. PTC, p=0.023).
The MCC number in the stroma of PTC showed a tendency
for inverse correlation with CD31+ MVD (R=–0.309,
p=0.091). In PTC, the MCT and MCC numbers were
significantly higher as compared to the surrounding normal
thyroid structure (p<0.001) (Figures 1 and 2). Discussion:
Histopathological studies on the human basal cell and
squamous cell carcinomas have shown that MCs were
increased in their aggressive forms (5). Our results have shown
that MC density was higher in the stroma of ATC as compared
to PTC and FTC. Conversely, in tumor stroma of FTC, the
MCC number was elevated, followed by ATC, PTC and ITC.
Other authors showed that tryptase plays a role as a strong
proangiogenic factor in pancreatic cancer. They have reported
a correlation between numbers of tryptase-positive cells and
immunostained microvessels and suggest that MCC and MCT
may stimulate neoangiogenesis in tumor stroma and indirectly
contribute to tumor progression. After analysis of the results
we found that in PTC, the MCT and MCC numbers were
significantly higher as compared to the surrounding normal
thyroid structure. Patients with lower numbers of MCT in
tumor stroma and in tumor border tended to have worse
survival. Increased MC density was also observed in the
stroma of other tumors (6). Although the role of MCs was well

defined in hypersensitivity reactions, their participation in the
innate and adaptive immunity in tumor microenvironment has
allowed us to understand their complex interplay between
inflammatory and tumor cells. In fact, much evidence obtained
from in vitro and in vivo studies has demonstrated that
common MCs phenotypes, if adequately stimulated by various
factors (histamine, heparin, tryptase, chymase, VEGF, FGF-2,
PDGF-β, EGF), are able to interfere with tumor cells and the
tumor microenvironment for inducing tumor angiogenesis and
progression (6). In conclusion, we may state that mast cells in
thyroid cancer prevailed in those tumors originating from
follicular epithelium.
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OVERCOMING DRUG RESISTANCE USING A
NANOPARTICULATE FORM OF A POLYMERIC PGLYCOPROTEIN INHIBITOR WITH ULTRASOUND
John Jackson, Kevin Letchford, Donna Leung,
Leon Wan and Helen Burt

University of British Columbia. 2045 Wesbrook Mall,
Vancouver, Canada

Background: Our group has developed polymeric, taxaneloaded nanoparticles that may be endocytosed into cells.
Recently we have demonstrated that a novel polymeric pglycoprotein (pgp) inhibitor may also be incorporated into
these nanoparticles. The objective of these studies was to
investigate the effect of ultrasound (4MHz, 30 watts/cm2, 10
seconds) on the uptake and cytotoxic effect of these
nanoparticles. Methods: MDCK-MDR cells are 100 fold
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resistant to taxanes (docetaxel-dtx or paclitaxel-ptx ) over
the sensitive MDCK cells. MDCK-MDR cells were
incubated in culture with nanoparticles (containing either
ptx or dtx) containing a polymeric inhibitor (PCL5) of pgp.
The uptake of radiolabelled nanoparticles was measured
following 90 minute incubations with or without ultrasound.
The cytotoxic effect of the formulation incubations was also
tested under various incubation conditions. Results: The
controlled release nanoparticles containing the pgp inhibitor
were found to increase the cytotoxic effect of both ptx and
dtx in MDR cells but have no effect in sensitive MDCK
cells. Ultrasound increased the uptake of the PCL5
containing nanoparticles by close to 100%. MDCK-MDR
cells were sensitive to low concentrations of taxanes when
incubated with drug formulations for 2 hours followed by
incubation for 3 days in PCL5 containing nanoparticles
(nodrug). Furthermore, cytotoxicity was increased following
ultrasound exposure in a manner proportional to the number
of exposures. Conclusion: The intratumoral injection of
taxane loaded nanoparticles in association with external
focused ultrasound may allow for the improved cytotoxicity
of taxanes in drug resistant tumors by increasing the
intracellular uptake of the drug and providing a controlled
release intracellular depot of both the drug and the pgp
inhibitor.
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A NOVEL ANTICANCER ALKALOID
TILIACORININE INDUCES SUSTAINED
ACTIVATION OF THE EXTRACELLULAR
SIGNAL-REGULATED KINASE AND
SYNERGIZES WITH CISPLATIN IN
CHOLANGIOCARCINOMA CELLS
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Cholangiocarcinoma (CCA) is a fatal cancer with poor
prognosis and less than 10% of CCA patients can be offered
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surgical cure. Conventional chemotherapy results in
unfavorable outcomes. At present, plant-derived compounds
are gaining interest as potential cancer therapeutics,
particularly for treatment-refractory cancers. In this study,
tiliacorinine, an alkaloid isolated from a medicinal plant,
Tiliacora triandra (Colebr.) Diels, was investigated for
anticancer activity against human CCA cells. Tiliacorinine
significantly inhibited proliferation of CCA cells with an
IC50 of 6-7 μM as demonstrated using the SRB assay. Flow
cytometry analysis showed sub-G1 phase accumulation in a
time-dependent fashion. Tiliacorinine induced sustained
phosphorylation of ERK1/2. In order to achieve a synergistic
therapeutic effect, reduce toxicity and minimize the drug’s
resistance, combined treatment between tiliacorinine and
four conventional chemotherapeutic drugs was determined
using isobologram and combination index (CI) method.
Combined treatment between tiliacorinine and cisplatin
resulted in synergistic growth inhibition with the lowest
CI=0.3-0.7. In summary, tiliacorinine suppressed growth of
CCA cells by inducing apoptosis, sustaining ERK activation
and synergizing cytotoxicity of cisplatin. These results
indicate the anticancer potential of tiliacorinine against
human CCA.
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IDENTIFICATION OF ALDH1A1 POSITIVE
CANCER STEM-LIKE CELLS IN DRUG
RESISTANCE OVARIAN CANCER CELL LINES
R. Januchowski1, K. Wojtowicz1,
T. Wysocka2 and M. Zabel1,2
1Department

of Histology and Embryology, Poznan
University of Medical Sciences, Poznan, Poland;
2Department of Histology and Embryology, Wroclaw
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Ovarian cancer is the fifth most frequent cause of cancer
deaths among women. Chemotherapy in these cancers is still
not satisfactory because of drug resistance development
during treatment. Results from last year indicate that
aldehyde dehydrogenase-1A1 (ALDH1A1) positive cancer
stem cells (CSCs) with high expression level of drug
transporters, glycoprotein P (P-gp) or breast cancer
resistance protein (BCRP), can be responsible for drug
resistance development in many cancers. In this study we
used primary ovarian cancer cell lines resistant to paclitaxel
(Pac) and topotecan (Top). Western blot analyses were
performed to determine protein expression of genes involved
in chemo-resistance. Microscope fluorescence was used to
determine expression of investigated proteins at the cellular
level. FBS-free medium and anchorage independent
conditions were used to determine CSCs-like properties of
investigated cell lines. Western blot analysis showed very
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high expression of ALDH1A1 in primary ovarian cancer cell
lines resistant to Pac and Top. We also observed very high
levels of P-gp and BCRP expression in cell lines resistant to
Pac and Top, respectively. Fluorescence microscopy showed
that all cells resistant to Pac expressed ALDH1A1 and P-gp.
In contrast, although expression of BCRP was observed in
all cell resistant to Top, only about twenty percent of Top
resistant cells expressed ALDH1A1. Opposed to parental
drug sensitive cells, Pac and Top resistant cells were able to
form spheres under anchorage independent conditions. Our
preliminary results indicate that ALDH1A1-positive cells
have CSCs-like properties and can be indeed responsible for
drug resistance development in ovarian cancer cell lines.
However, the open question is why we observed expression
of ALDH1A1 in all Pac resistant cells but only in twenty
percent of the Top resistant cells.

288
CD15 AND E-SELECTIN MEDIATE ADHESION
OF NON-SMALL CELL LUNG CANCER
CELLS TO BRAIN ENDOTHELIUM
Samah A. Jassam, Zaynah Maherally,
James Smith, Keyoumars Ashkan,
Helen L. Fillmore and Geoffrey J. Pilkington

Cellular and Molecular Neuro-oncology Group,
University of Portsmouth, Portsmouth PO1 2DT UK

Metastasis is a multi-step process, whereby cancer cells from
a primary tumour disseminate to distant organs to form
secondary lesions. 20-30% of cancers metastasise to the brain
at some stage affecting the prognosis of the patient. Brain
metastasis most commonly occurs in 50-60% of lung cancer
patients. CD15 is known to be up-regulated in highly
metastatic cancer cells but its role in the metastasis process
is yet to be elucidated. Here we investigate the role of CD15
and E-selectin (CD62E) in Non-Small Cell Lung Cancer
(NSCLC) cell adhesion to brain endothelium. In this study,
extracellular expression of CD15 and E-selectin (CD62E) was
demonstrated in range of primary and metastatic lung
carcinoma cell lines and brain endothelial cells (hDMEC/D3)
with varying levels, using single cell analysis with flow
cytometry, validated by cell fractionation Western blot and
localised using immunocytochemistry. Evaluation of tumour
cell adhesion to brain endothelial cells determined that the
lung to brain cells were more adhesive compared with
primary lung cancer cell lines. Blocking of CD15 with
monoclonal antibodies and down regulation of E-Selectin
expression resulted in a noticeable decrease in tumour cell
adhesion to monolayer of brain endothelial cells. However,
lung metastatic cells adhered most efficiently to Tumour
Necrosis Factor alpha activated E-selectin brain endothelial
cells compared to the adhesion potency of primary lung

cancer cells. Live cell imaging analysis/microfluidics under
static and shear stress conditions have validated the
correlation of reduced tumour cell adhesion with CD15
immunoblocking. This study demonstrates that by targeting
and interfering with CD15 function, adhesion of lung cancer
metastatic cells to brain endothelial cells is severely reduced,
thus providing the foundation for further experiments
examining the ability of these cells to cross the blood brain
barrier.
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SOLUBLE PRO-APOPTOTIC CD95L IN
NORMAL SERA AND IN SERA
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The CD95 ligand (CD95L) is found in several forms, as a
cell membrane associated form, a soluble metalloprotease
cleaved form, and a soluble but membrane-bound CD95L
released on exosomes. In this study, we used a cell-based
assay to evaluate the activity of CD95L in sera from healthy
individuals and breast cancer patients. Our results indicated
a pro-apoptotic potential of normal serum that involved
CD95L. Sera from breast cancer patients exhibited
significantly decreased apoptosis induction, due to increased
soluble CD95 receptor levels. Apoptotic potential tended to
decrease as the Breast Imaging Reporting and Data System
grade increased and is restored after tumor removal in breast
cancer patients. Introduction: One of the most important
apoptotic pathways used by immune cells to avoid cancer
development is the CD95 pathway. CD95 ligand (CD95L),
can be found bound to the cell membrane (mCD95L) or
released by metalloprotease cleavage (clCD95L). CD95L has
been also found attached to the membrane of exosomes
released from cells (meCD95L) (1, 2). The evidence suggests
that mCD95L or meCD95L preferentially induces apoptosis,
while the clCD95L form is related with the induction of cell
migration (2). It has been largely assumed that soluble
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Figure 1. Percentage of induced apoptosis in Jurkat cells and
Jurkat subclones by normal sera and sera from breast cancer
and BIRADs patients. The graphs display median (dark lines),
25–75th percentile (boxes), interquartile ranges (whiskers),
and outliers (small empty circles).

Figure 2. Measurement of CD95L (A) and CD95 (B) by ELISA
in the sera of healthy women or women with breast cancer.
Jurkat cells treated with meCD95L (C lower panel) and with
a previous 30-min incubation of meCD95L with the sera of
patients with breast cancer (PS1 or PS2) (D).

CD95L is not present in the serum of healthy individuals and
that an increased expression of this ligand is related to some
pathologies (3). In this work, we used a cell-based assay to
evaluate the presence of pro-apoptotic CD95L in sera and
how is activity modulated in breast cancer and in patients
with different Breast Imaging Reporting and Data System
(BI-RADS) grades. Materials and Methods: Ethics
statement. This protocol was approved by the Ethical and
National Health Research Committee of the Instituto
Mexicano del Seguro Social, with registration number 2009785-082. Written informed consent in compliance with the
Helsinki Declaration was required and obtained prior to
blood sample collection. Patient recruitment, and sample
collection. Patients were recruited at the Western National
Medical Center, Mexico, as follows: breast cancer patients
(N=47, 25 without surgery and 22 with surgery) (range, 3570 years), healthy controls (N=25), women diagnosed as BIRADS 2 (N=22), women diagnosed as BIRADS 4-5 (N=35,
15 were categorized with benign tumors and 20 with
malignant tumors), university students (27 female subjects

and 17 male subjects, aged 20-30 years, without a family
history of cancer). Peripheral blood samples were collected
in sterile Vacutainer® red top tubes and centrifuged at 2,500
rpm for 15 min. Serum was aliquoted and stored at −80˚C
until use. Apoptosis induction, cell lines, cell culture and
apoptosis detection. To induce apoptosis we used
commercial meCD95L (CD95L, membrane-bound) (Upstate,
Merck Millipore) or 500 μl of serum. Jurkat cells and their
apoptosis-resistant subclones, including JurkatR (CD95
resistant) JurkatFADDdef (FADD-mutant), and Jurkatcasp8def
(caspase-8 mutant) were employed as the apoptosis-sensitive
model. Cells were cultured and apoptosis was detected as
described previously (4). Detection of CD95L and CD95.
Protein levels of CD95L and CD95 were determined in 50
μL of each serum sample using the Human Fas
Ligand/TNFSF6 Quantikine ELISA kit and the Human
Fas/TNFRSF6/CD95 Quantikine ELISA Kit (R&D
Systems), respectively, as described by the manufacturers.
Statistical methods. The data obtained are shown as
mean±standard deviation. Significance was tested using the
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unpaired Student t-test. Differences with a p<0.05 were
considered statistically significant. Statistical analysis was
performed with Predictive Analytic Software Statistics ver.
18.0 (SPSS, Inc.). Results: Serum of healthy individuals
induces apoptosis in Jurkat cells by the CD95 pathway. To
evaluate the presence of CD95L and its biological activity in
the sera of healthy women, we used Jurkat cells, a cell line
that is highly sensitive to the presence of pro-apoptotic
CD95L (5), and its derivative apoptosis-resistant subclones.
As observed in Figure 1A, sera of healthy women induced a
high rate of apoptosis only in parental Jurkat cells, but not
in the subclones indicating the involvement of the CD95
pathway. Next, we determined whether the apoptotic
potential of the sera differed with respect to age and/or sex.
A population of women and men aged 20-30 years was
analyzed and a nearly similar behavior to that induced by
sera from older women was observed (Figure 1B). Apoptotic
induction by serum in Jurkat cells is reduced in breast
cancer patients and decreases according to a more
advanced BI-RADS grade. We analyzed whether the proapoptotic potential in Jurkat cells changes upon exposure to
sera of breast cancer patients. Sera from the group with
breast cancer exhibited decreased apoptosis induction
(p≤0.001) and the apoptotic potential increased in sera from
women in whom breast cancer was detected, but in whom
the tumor had been recently removed (Figure 1C).
Additionally, as depicted in Figure 1D and 1E, the
percentage of induced apoptosis tended to decrease as the
BI-RADS score increased and patients classified as
BIRADS 4 and 5 with benign tumors induce higher levels
of apoptosis than patients with malignant tumors (p≤0.01).
Evaluation of soluble CD95L and CD95 in sera. We next
evaluate by ELISA assays whether the levels of soluble
CD95L in the serum of breast cancer patients were reduced
compared with levels in healthy women’s sera. We found
similar levels of CD95L in both groups (range 50-150
pg/mL), indicating that the reduced apoptotic potential was
not due to changes in soluble CD95L levels, Figure 2A.
Soluble CD95 levels were also evaluated. Sera from breast
cancer patients exhibited increased amounts of CD95
receptor compared with healthy women (Figure 2B). To
analyze whether the soluble CD95 receptor modulates the
pro-apoptotic potential, we treated Jurkat cells with
commercially available meCD95L in the absence and
presence of sera from breast cancer patients. As illustrated
in Figure 2C and 2D, when meCD95L was pre-incubated
with sera from patients with breast cancer prior to exposure
to Jurkat cells, the CD95L-induced apoptosis in Jurkat cells
was significantly decreased. Discussion: The presence of
soluble CD95L in serum has been reported in different
pathologies but not as a normal condition (3). Soluble
CD95L can induce two different outcomes, either induction
of apoptosis or increased metastasis (6). The results from

our cell-based assay showed that sera from healthy women
possess a pro-apoptotic potential that is mediated by soluble
CD95L. Tumor cells possess strategies to block the action
of pro-apoptotic molecules (7), we observed that apoptosis
induced in Jurkat cells by a commercially available
meCD95L was blocked by pre-incubating meCD95L with
sera from breast cancer patients. High levels of soluble
CD95 receptor were previously reported in breast cancer
(8). In conclusion, our results indicate that the sera of
healthy individuals contain a pro-apoptotic environment
maintained by CD95L. In patients with breast cancer, the
pro-apoptotic potential of sera diminished significantly and
also tended to decrease as the BI-RADS grade increased.
Moreover, there was an evident apoptotic potential increase
in the sera from breast cancer patients after surgery.
Additionally, sera from breast cancer patients inhibited
CD95L-induced apoptosis. These results indicate that the
measurement of the CD95L-mediated apoptosis induction by
sera could be a useful parameter that needs to be evaluated
during cancer development and therapeutic response.
This work was supported by FIS-IMSS (grants FIS/IMSS/
PROT/G10/874 to AAL and FIS/IMSS/PROT/G09/ 744 to
LFJS).
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FACTOR RECEPTOR (EGFR), c-Met AND c-Src AND
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CLINICAL TYROSINE KINASE INHIBITORS
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Stromal tissues have been shown to drive the growth of solid
tumour cells predominantly through secretion of growth factors.
These growth factors activate receptors, such as the epidermal
growth factor receptor (EGFR) and c-Met whose expressions
are disordered in many solid tumours. Their interactions with
the non-receptor tyrosine kinase c-Src have been shown to
promote growth and invasion. Recently, with the purpose of
analyzing the relationship between signalling mediated by
activated EGFR, c-Met and c-Src and prostate cancer cell
responses to tyrosine kinase inhibitors (TKIs), we analyzed the
phosphorylation status of the latter TKs in DU145 and PC3
cells under EGF and/or HGF stimulatory conditions. The results
showed that: (i) in DU145 cells, following stimulation with
EGF, EGFR phosphorylation remained constantly high over 24h
and (ii) by contrast, following HGF-stimulation, c-Met
phosphorylation decreased with time but started to rise 12-24h
later, concomitantly with an increase in c-Src and EGFR
phosphorylation. Furthermore, stimulation of cells with EGF +
HGF with the purpose of inducing concomitant activation of the
two receptors led to: (i) constant activation of EGFR and
transient activation of c-Met in DU145 cells, (ii) sustained
activation of both receptors in the highly metastatic PC3 cells,
(iii) early activation of c-Src (30 min-2h) and reactivation at the
later time points (6-24h) in both cells lines. Tandem blockade
of the two receptors using an equi-effective dose combination
of gefitinib + crizotinib under EGF + HGF stimulatory
conditions led to down-regulation of EGFR, c-Met and c-Src
phosphorylation for up to 24h without any reactivation of c-Src.
However, blockade of c-Src, using dasatinib alone or in
combination, led to unique phosphorylation kinetics: upon
addition of dasatinib to the crizotinib + gefitinib combination, cSrc phosphorylation was reactivated at the later time point (624h) in DU145 cells and, under basal growth, EGFR and stat3
phosphorylation was observed. The results suggest that,
although c-Src is significantly involved in signalling pathways
associated with invasion, its blockade may lead to compensatory
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signalling, which must be shut down in order to achieve, in
addition to strong anti-invasive activities, potent growth
inhibition and apoptosis.
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JOINT EFFECTS OF GENES, BODY
CONSTITUTION, AND LIFESTYLE:
EXPLORING NOVEL PATHWAYS TO
PREDICT PROGNOSIS AND RESPONSE
TO THERAPY IN BREAST CANCER
Helena Jernström

Division of Oncology and Pathology, Department of Clinical
Sciences, Lund University, Cancer Center/Kamprad, Lund,
Sweden

Breast cancer is the most common cancer among women in
the Western world. In Sweden, 1 in 9 women will be
diagnosed during their lifetime, amounting to >8,000 new
breast cancers per year. Each year around 1,400 patients die
from their disease. A comprehensive report entitled
"highlighted several areas in need of more research", including
how weight, alcohol consumption, smoking, host metabolism
and inflammatory and immunological factors’ impact on
cancer progression (1). Our group has assembled a populationbased cohort of primary breast cancer patients in Lund,
Sweden since 2002. Our analyses have shown significantly
shorter disease-free survival (DFS) for breast cancer patients
with ER-positive tumors and large total breast volume (≥850
ml) regardless of age, WHR and BMI (2). Preoperative BMI
was not significantly associated with DFS after postoperative
weight change was taken into account. The response to
endocrine therapy was associated with germline genotypes of
the androgen receptor (3) and COX2 (4), while tamoxifen
response was not associated with CYP2D6 genotypes (5).
Instead, coffee intake was associated with significantly better
response to tamoxifen treatment with less than half the risk of
early breast cancer events in patients who consumed 2+
cups/day compared to 0-1 cups/day (6). This was not observed
in patients treated with aromatase inhibitors. Further, a low to
moderate alcohol intake was associated with significantly
longer DFS but only in patients with node-positive disease (7).
This may, in part, be mediated by the fact that patients with
two out of the three clinical markers “low alcohol intake,
current smoking and normal BMI” were significantly less
likely to adhere to their endocrine treatment (8).Taken
together, our data suggest that body constitution, lifestyle and
genetic factors jointly impact on the prognosis and treatment
response in breast cancer, stressing the importance of taking
host factors into consideration.
1 Eccles SA, Aboagye EO, Ali S et al: Critical research gaps
and translational priorities for the successful prevention and
treatment of breast cancer. Breast Cancer Res 15: R92, 2013.
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2 Markkula A, Bromée A, Henningson M et al: Given breast
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breast cancer cohort. Cancer Causes and Control 23: 13071316, 2012.
3 Lundin KB, Henningson M, Hietala M, Ingvar C, Rose C
and Jernström H: Androgen receptor genotypes predict
response to endocrine treatment in breast cancer patients. Br
J Cancer 105: 1676-1683, 2011.
4 Markkula A, Simonsson M, Rosendahl AH et al: Impact of
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patients. Int J Cancer. Mar 6. doi: 10.1002/ijc.28831. (Epub
ahead of print), 2014.
5 Markkula A, Hjertberg M, Rose C, Ingvar C and Jernström
H: No association found between CYP2D6 genotype and
early breast cancer events in tamoxifen-treated patients. Acta
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and Jernström H: Pre- and postoperative alcohol
consumption in breast cancer patients: Impact on early
events. SpringerPlus 3: 261, 2014.
8 Markkula A, Hietala M, Henningson M, Ingvar C, Rose C,
Jernström H: Clinical profiles predict non-adherence to
adjuvant treatment in a prospective breast cancer cohort.
Cancer Prevention Res 5: 735-745, 2012.
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POTENTIATION OF CETUXIMAB BY INHIBITION
OF Tregs IN METASTATIC SQUAMOUS
CELL CANCERS OF HEAD AND NECK
Gautam Jha and Jeffrey Miller

Division of Hematology and Oncology, University of
Minnesota, Minneapolis, MN, USA

Introduction: Clinical outcomes for patients with recurrent
and metastatic squamous cell cancers of the head and neck
(HNSCC) have remained relatively unchanged over the past
3 decades with the median survival time continuing to be
<10 months (1-3). No established treatment options exist for
patients progressing on platinum-based chemotherapy (4).
Cetuximab is a chimeric anti-human monoclonal antibody to
the human epidermal growth factor receptor (EGFR) (5).
EGFR is universally over-expressed in HNSCC (6) and,
although cetuximab has a high specificity for EGFR,
cetuximab as single-agent has resulted in response rates of
only 13% and disease control rates of only 46% in patients
with platinum-refractory disease (7). Other clinical trials
have also shown only modest improvement in outcomes with

cetuximab (4, 7-9). The reasons for this poor performance
are unclear but recent evidence suggests that cetuximab may
induce tumor cell killing through an immune-mediated
mechanism and not through blockade of EGFR signaling.
Cetuximab binds EGFR on tumor cells making them targets
for natural killer (NK) cell-mediated lysis (10, 11).
Cetuximab’s dependence on this antibody-dependent cellular
cytotoxicity (ADCC) is evident from the fact that tumor cell
death is not seen without addition of lymphocytes to the cell
culture system (12). Moreover, EGFR expression levels in
HNSCC do not correlate with the activity of cetuximab,
which is consistent with a NK cell-mediated killing
mechanism (13-15). On the basis of these observations, it is
possible that cetuximab’s poor performance in clinical trials
is related to the fact that HNSCC is one of most
immunosuppressive of all tumor types (16-20). This local
and possibly generalized immune suppression is primarily
mediated by regulatory T cells (Tregs), which inhibit NK
cells and other CD8+ effector lymphocytes. HNSCC tumors
are characterized by marked and persistent elevation of
inhibitory Tregs (16-20). Tregs are at a much higher
concentration (5-15%) in the tumor microenvironment,
where NK cells are relatively absent (21-23). Indeed,
increased Tregs and decreased CD8+ T cells at the tumor site
is an independent adverse prognostic indicator in patients
with oral squamous cell cancer (24). Tregs are known to
reduce the number and suppress the activity of NK cells (25).
The goal of this study is to potentiate the activity of
cetuximab by selectively targeting the inhibitory immune
milieu created by HNSCC. Because Tregs are critical
mediators of immune-suppression we hypothesized that, by
selectively inhibiting Tregs, immune effector cells will be
able to more effectively respond to cetuximab, leading to
pronounced tumor infiltration by these cells and improved
clinical responses as illustrated in Figure. A) Cetuximab
binding to EGFR does not trigger ADCC at the tumor site
because of immune inhibition mediated by Tregs, leading to
a paucity of NK and other effector cells at the tumor site. B)
Diminished Tregs at the tumor site will lead to increased
killing of cetuximab-coated tumor cells by NK cells and
improve clinical responses to cetuximab. The
myelosuppression and immunosuppression caused by
cyclophosphamide is dose dependent and at lower doses
cyclophosphamide can abrogate immunosuppression by
selectively targeting Tregs and paradoxically induce autoimmunity (26). Cyclophosphamide at a low daily dose
(metronomic dose) is very well tolerated, inexpensive and
has been shown to “selectively” deplete Tregs and restore
NK cell activity (27-29). The objectives of this study are the
following: Primary objective: Assess the potentiation of
clinical response to cetuximab when administered
concurrently with oral daily cyclophosphamide. We will
evaluate clinical responses by tracking time to progression
5975

ANTICANCER RESEARCH 34: 5761-6258 (2014)

Figure, Abstract No. 292
(TTP), overall survival (OS) and health-related quality of
life. Secondary objective: Assess immune augmentation by
determining the number of immune cells (CD8+ T cell, NK
cells, monocytes, Tregs and MDSCs) at the tumor site and
the number of circulating immune cells (Tregs, NK cells,
CD4+ and CD8+ T cells and activity of NK cells) in the
peripheral blood. Experimental Plan and Methods. Patients
were treated with daily cyclophosphamide and weekly
cetuximab by IV. Eligible patients included those with
metastatic HNSCC who have progressed on initial
chemotherapy or chemotherapies. Previous use of cetuximab
was permitted if it had been more than 24 weeks prior to
enrollment. Restaging scans were performed at 6 and 12
weeks from start of therapy. Patients self-administered oral
cyclophosphamide 50 mg twice daily starting the first day of
therapy, maintained a drug diary and were concurrently
treated with weekly cetuximab with cyclophosphamide for 12
weeks or until disease progression. Patients had blood
collected for immune monitoring at specified time points and
biopsies prior to starting therapy and after 6 weeks of
treatment. Immune monitoring. T, NK, and Treg cell counts
were measured by immunophenotyping in the peripheral
blood. Intra-tumoral response will be assessed by IHC
staining of tumor tissue for effector CD8+ T cells, NK cells
and inhibitory Tregs. Results: Eight patients have been treated
on this protocol so far. This combination of oral
cyclophosphamide with cetuximab was very well tolerated.
There were no grade III or IV adverse events. Only one of
the eight patients had disease progression at the first
evaluation in 6 weeks. Two patients remained on therapy for
over a year. One of the patients who had previously
progressed on cetuximab did have an objective response at 6
weeks of therapy with this combination. However, a selective
suppression of Tregs was not noted in the peripheral blood of
these patients. Most of the patients had very low T cell counts
at the start of the study and these were lowered with therapy
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in a non-selective fashion. Conclusion: Cyclophosphamide,
at the dose and schedule used, does not appear to selectively
inhibit Tregs based on this study. However, the clinical results
still do appear promising as compared to previous studies
with single agent cetuximab; however, this could be the result
of patient self-selection given the small sample size. Alternate
strategies for inhibition of Treg activation (by inhibiting IDO
with 1-MT or an alternative checkpoint inhibitor, such as
ipilimumab), targeting of MDSC with known inhibitors or
using IL-15 should be tested to enhance ADCC-dependent
cetuximab activity.
1 Forastiere AA et al: Randomized comparison of cisplatin
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methotrexate in advanced squamous-cell carcinoma of the
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Oncol 10(8): 1245-1251, 1992.
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GENOMIC HETEROGENEITY IN
GLIOBLASTOMA: AN OVERVIEW OF ITS
CLINICAL AND THERAPEUTIC IMPLICATIONS
Suresh C. Jhanwar
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Glioblastoma (GBM) is one of the most malignant and
aggressive diffuse gliomas and represents the most prevalent
class of primary brain tumor. Its combined annual incidence
is approximately 15,000 cases. The GBM as a group is
consistent of primary and secondary GBMs; primary GBMs
constitute about 90% of the cases and develop rapidly in
elderly patients without any evidence of clinical, histologic or
precursor lesion prior to clinical diagnosis, secondary GBMs
on the other hand arise from low grade diffuse astrocytoma
and mainly occur in younger patients. Histologically, however,
these two types with a distinct clinical course and outcome are
indistinguishable, but exhibit different genetic and epigenetic
abnormalities.
Recent efforts by the Cancer Genome Atlas Research
Network (TCGA) resulted in a wealth of information relating
to genomic alterations in GBMs, which has contributed
significantly to our understanding of somatic genomic profiling
of GBMs. Results of such studies have clearly demonstrated
the complexity and the heterogeneity seen in these tumor types,
which in turn determine their clinical course and therapeutic
response to standard chemotherapy and radiation and
ultimately resistance. Genetic alterations commonly detected
in primary GBMs include PTEN mutation, loss of chromosome
10 and EGFR amplification, but the secondary GBM are
characterized by TP53 mutations and chromosome 19q loss.
More recently, it is shown that isocitrate dehydrogenase
enzyme (IDH1 and IDH2) mutations are frequently detected in
significant proportion of secondary GBM and confer better
prognosis; such mutations are rare in primary GBM. Recent
studies on expression profiling of these tumors demonstrated
that various histologic subtypes of GBM are distinguishable
based on their characteristic gene expression signature, which
predicts the biologic and prognostic features of these sub-types.
More importantly, it is now well established that several
receptor tyrosine kinase genes (RTK) are amplified in GBM,
which are the potential targets of therapy, but serve as the
fundamental basis of intra tumor heterogeneity as well as
resistance to single agent targeted therapy. The commonly
amplified genes include PDGFRA, EGFR and MET, which are
frequently co-amplified in GBM. Furthermore, in recent years,
given the fact that secondary GBM are presumed to arise from
diffuse astrocytoma, investigators have studied genomic
abnormalities, expression and immunohistochemical profiling
to reveal heterogeneity in precursor cell and its developmental
origin, with the expectation to exploit such abnormalities to
develop innovative novel therapies targeted to the cell of origin.
Thus, the overall focus of this overview will be to briefly
summarize the results of above studies, pathways being
deregulated by such genomic abnormalities, and potential
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therapeutic approaches currently applied to overcome genomic
heterogeneity using single as well as dual target RTK
inhibitors to successfully treat patients with GBM.
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Renal cell carcinoma (RCC) is among the 10 most common
cancers in the western countries resulting in an average of
approximately 11,000 deaths per year. Genetic predisposition
to RCC is well recognized due to mutation in a gene located at
3p25 in a familial multiple cancer syndrome the Von HippelLindau disease. Several genetic and molecular studies have
shown that functional inactivation of the gene located at 3p25
is one of the most frequent alterations in both familial as well
as sporadic clear cell nonpapillary RCC, papillary and
oncocytic tumors, on the other hand are characterized by
abnormalities of chromosome 7 (MET-gene amplification) and
cyclin-D1 gene deregulation respectively. Recently, some
studies have shown that a subset of renal cancers may also
arise in individuals with germ-line mutations of BAP1, a
nuclear deubiquitinating enzyme and a tumor suppressor
protein that interacts with BRCA1 and is located at 3p21.3. In
addition, yet another gene TFE3, a member of the helix-loophelix family of transcription factors located at Xp11.2 is
known to rearrange with other fusion partners in a subset of
RCC across various histologic subtypes of RCCs.
Recent studies on expression profiling of these tumors
demonstrated that various histologic sub-types of RCC are
distinguishable based on their characteristic gene expression
signature, which predicts the biologic and clinical features
of these sub-types. Surgery is the mainstay of therapy, and
the survival of the patients with RCC depends on the stage of
tumors at diagnosis, particularly as 30% of the patients are
metastatic at presentation. In addition, the survival rate of
patients with metastasis is 5%, as metastatic cancer is
resistant to radiotherapy and other standard therapies. Based
on the fact that PI3K/Akt pathway is altered in RCC,
attempts to employ inhibitors of this pathway as the potential
targeted therapy may be successful. In this connection it is
interesting to note that Everolimus (RAD001), an oral
inhibitor of mTOR has resulted in progression-free survival
benefits in patients with advanced stage kidney cancer.
However, durable response to such targeted therapies and
resistance across the various histologic types still remain a
challenge. The major focus of the seminar, therefore, will be
to review various potential therapeutic approaches based on
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genetic alterations and signaling pathways known to be
deregulated in RCCs.
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GLIOBLASTOMA MULTIFORME:
FINDING NOVEL INHIBITORS FOR
EFFECTIVE AND SELECTIVE TARGETING
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Valhalla, NY, USA

Glioblastoma multiforme (GBM), grade IV astrocytoma, is
the most common primary brain tumor in humans that
remains uniformly incurable. Patients with GBM typically
relapse within a year of initial diagnosis. Despite current
treatment modalities, including neurosurgical resection,
radiation and chemotherapy, the prognosis remains dismal.
Recently, the Cancer Genome Atlas Research Network
(2008) of GBM has identified deregulation of pathways
involving the tumor suppressors p53 (87%), RB (78%) and
receptor-tyrosine kinase (RTK)/RAS/PI3K (88%). Activation
of aberrant PI3K pathway has been shown in tumorigenesis
of GBM, implying that inhibition of this pathway may have
significant
therapeutic
advantages.
Furthermore,
tumorigenicity of GBM is profoundly associated with
mutations in the tumor suppressor gene PTEN, conferring a
poor prognosis. Biochemically, PTEN dephosphorylates the
lipid second messenger PIP3 to PIP2, a function which
antagonizes the function of PI3K. The canonical PI3K
pathway involves oncogenic activation of AKT and
mechanistic target of rapamycin (mTOR); which is
deregulated in many tumors, including GBM. mTOR
functions via two multiprotein complexes, namely mTORC1
and mTORC2, characterized by different binding partners,
conferring diverse functions. Efforts have been made to find
suitable inhibitors to target mTORC1 and 2; however, the use
of rapamycin and its derivatives, termed rapalogues, failed
in a clinical trial in GBM patients. It was found to cause
activation of AKT via the negative feedback loop and
prolong activated mTORC2. Furthermore, major
disadvantages of rapamycin and other related compounds are
that it suppresses mTORC1-mediated S6K activation,
thereby blocking a negative feedback loop, leading to
activation of PI3K/AKT and Ras/MEK/ERK signaling
pathways, thus promoting cell survival and growth.
Therefore, there is increasing interest in novel ATPcompetitive binding inhibitors, which can target combined
PI3K/mTOR or mTORC1/2. Pharmacological assessment of
these inhibitors was determined by the degree of inhibition
of phosphorylation of downstream substrate of mTORC1 (S
70 S6K1thr389), eukaryotic translation initiation factor 4Ebinding protein 1 (4E-BP1thr 37/46) and S6 ribosomal protein

(S6RPser 235/236) and mTORC2 substrate AKTSer473.
Combined mTORC1/2 inhibitors were more effective in
dephosphorylating the substrate of these pathways, than
rapamycin. In addition, the parallel pathway downstream
from AKT, involving PRAS40 that regulates mTORC1, is
also altered by mTORC1/2 inhibitors. Pharmacological
treatments with inhibitors of mTORC1, mTORC1/2 or
PI3K/mTOR rendered suppression in proliferation, S-phase
entry, as well as motility of GBM cells, with best results with
the combined mTORC1/2 inhibitor. We provide evidence that
novel mTORC1/2 inhibitors suppress GBM growth and
dissemination, which underscores the potential of a
combined treatment strategy in GBM.
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Wen G. Jiang
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CF14 4XN, UK

Angiogenesis is key to the rapid growth of solid tumour and
is central to the metastatic spread of cancer cells in the body.
Recent years have witnessed the success in anti-angiogenesis
therapies in patients with solid tumours, in that new and
more powerful anti-angiogenic means are available.
However, there remain significant challenges in the antiangiogenic therapies from the costs, efficacy, occurrence of
resistance to choice of combinational therapies. Here, we
present our recent work on new and alternative approaches
in targeting the angiogenic process associated with cancer.
We have been focused on targeting the vascular endothelial
cells and the molecular signalling events associated with the
angiogenesis. We have demonstrated that by manipulating
the expression and the function of cadherin-5 (also known as
VE-cadherin), by way of antibodies and recombinant
proteins, it was possible to disrupt the formation of
vasculature from human vascular endothelial cells. We have
also demonstrated that traditional medicine, including the
Chinese medicine also has values in targeting angiogenesis.
It was demonstrated that a traditional herbal formula,
YangZhengXiaoJi, formed from 16 herbal medicine, was able
to markedly reduced the formation of vascular tubules from
human vascular endothelial cells, by inhibiting the focal
adhesion kinase pathway. We have further shown that extract
of YangZhengXiaoJi was able to markely inhibit the growth
of tumours in vivo, an effect independent of the cytotoxicity
but likely to be linked to the inhibition of angiogenesis. The
medicine worked synergistically, in vitro and in vivo with
inhibitors to focal adhesion kinase, thus providing a new
option in anti-angiogenesis management. It is concluded that
there are new ways in managing the anti-angiogenesis
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therapies, both from new targeted therapies and from the
traditional medicines. These options may aid future
development of novel ways in anti-angiogenic treatments in
cancer.
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CHLOROQUINE TO INDUCE SELECTIVE
CELL DEATH IN mTORC1-DRIVEN CELLS
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Inappropriate activation of mammalian/mechanistic target of
rapamycin complex 1 (mTORC1) is common in cancer and
has many cellular consequences including elevated
endoplasmic reticulum (ER) stress. This study utilised druginduced ER stress through nelfinavir in order to examine ER
stress tolerance in multiple mTORC1-driven cell lines.
Cells with hyper-active mTORC1 displayed basally
elevated levels of ER stress which was greatly exaggerated
following nelfinavir treatment, seen through increased CHOP
mRNA, XBP1 splicing, and GADD34 protein levels.
Nelfinavir selectively reduced mTORC1 signalling in wildtype cells but not mTORC1-driven cells, as shown by
reduced levels of phosphorylated rpS6 and S6K1.
Additionally, nelfinavir increased lipidated LC3-II, an
indicator of autophagy flux.
To further enhance the effects of nelfinavir, we introduced
chloroquine as an autophagy inhibitor. Combination of
nelfinavir and chloroquine significantly increased ER stress
and caused dramatic cell death in cell lines with hyper-active
mTORC1, as assessed by flow cytometry and DNA
fragmentation ELISA. Importantly, wild-type control cells
tolerated treatment. Unlike chloroquine, combination of
nelfinavir with the autophagy inhibitors bafilomycin-A1 or 3methyladenine both failed to induce cell death. In comparison
to chloroquine, the chloroquine analogue mefloquine was
found to have increased efficacy at induction of cell death
when combined with nelfinavir. Further investigation into the
precise mechanism of drug action is ongoing with regards to
selective cytotoxicity to mTORC1-driven cell lines.
Our research indicates that combination of nelfinavir and
chloroquine, both clinically relevant and easily repositionable
drugs, has therapeutic potential for treatment of mTORC1driven tumours and cancers.
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SARCOMA (STS)
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The introduction of imatinib for gastrointestinal stromal
tumour more than a decade ago, marked a breakthrough in
the molecularly targeted treatment of solid tumours. In spite
of this, the development of targeted therapies for other STS
has been slow. In the majority of STS with a molecularly
defined mechanism of action chromosomal translocations are
responsible for driving the disease, as in synovial sarcoma
and Ewing, rather than gain or loss of function mutations, as
in GIST and PEComa. Other novel mechanisms that may
lead to potential therapy include interference with
transcription factor binding – e.g. PARP inhibitors in Ewing
sarcoma, and inhibition of molecularly amplified targets–
CDK4, MDM2, in de-differentiated liposarcoma. Inhibition
of angiogenesis has been demonstrably effective across a
range of subtypes other than liposarcoma with pazopanib
now approved for the treatment of advanced disease
following the PALETTE trial. Some diseases that are
generally refractory to chemotherapy, such as low grade
fibromyxoid sarcoma and solitary fibrous tumour, may
respond to pazopanib. Although regarded as an inhibitor of
angiogenesis, the action of this multitargeted tyrosine kinase
inhibitor is not restricted to VEGFR and PDGFR and the
precise mechanisms of action in STS remain unclear. In
addition to molecularly targeted therapy, there is burgeoning
interest in the immune system and while the potential for
such therapy against STS is currently unknown, there is no
doubt that this will be an area of intense research activity in
the next few years.
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CANCEROUS HUMAN COLON
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Background/Aim: Numerous investigations have reported an
increased risk for colorectal cancer in individuals with
25OHD3 blood levels below 12 ng/ml. It has been suggested
that the anti-tumor action of 1,25(OH)2D3 in colorectal cancer
relies on several mechanisms at the cellular level, such as
induction of epithelial differentiation, sensitivity to apoptosis,
inhibition of angiogenesis and cell-cell adhesion. This
prompted us to evaluate vitamin D blood levels, as well as
expression of beta catenin and p53 in colorectal polyps as well
as in malignant tumors, in relation to histological type and
grading. Materials and Methods: We evaluated expression of
two marker proteins, beta catenin and p53 by
immunohistochemistry in tissue slides from paraffin blocks of
colorectal carcinomas/adenomas and adjacent normal tissue,
as well as 25OHD3 blood levels in these patients by electrochemiluminescence immunoassay. Results: Average 25OHD3
blood levels in a healthy population was 20.53 ng/ml, while
in patients with colorectal cancer average 25OHD3 level was
5.99 ng/ml. Average vitamin D blood levels in tumor patients
with positive nuclear beta catenin was 4.53 ng/ml, which was
much lower than that of patients with negative nuclear beta
catenin expression (6.93 ng/ml). Patients with positive nuclear
p53 had significantly lower vitamin D blood levels, compared
with patients without nuclear p53 expression. Accumulation
of these proteins in the nucleus revealed correlation with
advanced stages. Conclusion: Considering the importance of
an adequate 25OHD3 supply for synthesis of the active
metabolite 1,25(OH)2D3 in colon mucosal cells and the
relevance of the latter for regulation of the Wnt/beta catenin
pathway and of apoptosis, we suggest that 25OHD3 blood
levels could be considered as an indicator of Wnt/beta catenin
activity and cell differentiation. Our results support the
important concept of adequate vitamin D blood levels in the
defense against colorectal tumorigenesis.
300
BIOLUMINESCENCE ANALYSIS OF ADOPTIVELY
TRANSFERRED T LYMPHOCYTES DURING
ALLOGENEIC TUMOR REJECTION
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Adoptive transfer of tumor-specific T lymphocytes is both an
experimental approach to study the antitumor immunity and a
promising treatment of cancer. The aim of this study was to
use bioluminescence imaging to analyze migration and
proliferation of adoptively transferred allogeneic T
lymphocytes during tumor rejection in immunodeficient hosts.
To generate luciferase-expressing T lymphocytes sensitized
against tumor antigens, β-actin-luc mice were challenged by
subcutaneous injection of 107 SL2 tumor cells. Sensitized

lymphocytes were isolated from the spleen of tumor-bearing
β-actin-luc mice 2 weeks after tumor challenge. SL2 tumorbearing immunodeficient Rag2–/– mice were used as recipients
for adoptive lymphocyte transfer. Tumors in these mice were
induced by subcutaneous injection of 105 SL2 cells on the
right side of the chest. Adoptive transfer of sensitized
lymphocytes cured lymphocyte-deficient SL2 tumor-bearing
Rag2–/– mice. Whole-body bioluminescence images, revealing
the in vivo location of lymphocytes, were obtained at different
time points after lymphocyte transfer using the IVIS®
Spectrum equipment (PerkinElmer, USA). Proliferation of
transferred lymphocytes was estimated by quantitation of
photon emission. Our results show, that SL2 tumor-bearing
Rag2–/– mice are effectively cured by adoptively transferred
allogeneic T lymphocytes sensitized against the SL2 tumor
antigens. The results of bioluminescence imaging suggest that
adoptively transferred T lymphocytes proliferate within
secondary lymphoid organs of the recipient mouse and
infiltrate the tumor. After rejection of the tumor, memory T
lymphocytes reside in the spleen and lymph nodes of the
recipients for prolonged periods of time. In conclusion,
rejection of SL2 tumors in immunodeficient Rag2–/– mice after
adoptive transfer of allogeneic sensitized T lymphocytes is
associated with lymphocyte proliferation and migration into
the tumor.
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DIRECT PARTICIPATION OF THE METASTASIS
SUPPRESSOR NME1 IN DNA REPAIR PATHWAYS

Gemma Cook, Stuart Jarrett, Mary K. Leonard,
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NME1 is a well-documented metastasis suppressor gene
whose mechanism(s) of action have yet to be fully defined. It
suppresses cell motility and metastatic potential in human
melanoma and breast carcinoma cell lines, possibly via
functional interactions with motility-driving signaling
pathways. Perhaps best known for its nucleoside diphosphate
(NDPK) activity, we showed NME1 also exhibits a 3’-5’
exonuclease function in vitro, suggesting an additional role in
DNA proofreading and/or repair. We observe NME1
expression promotes repair of UVR-induced DNA damage in
the yeast, S. cerevisiae (1), as well as in human and mouse
embryo fibroblast cell lines (2). Our results suggest NME1
interacts with the nucleotide excision repair pathway (NER)
pathway, the predominant mechanism for repair of UVRinduced lesions. We have also probed the potential
contributions of NME1 to repair of double strand DNA breaks
(DSBR), using the tamoxifen-inducible system for DSB
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generation with the homing endonuclease, I-PpoI. These
DSBs are repaired more rapidly in the human melanoma cell
line WM793 following forced expression of NME1.
Importantly, chromatin immunoprecipitation (ChIP) revealed
rapid recruitment (30 min) of NME1 to I-PpoI-induced DSBs.
Interestingly, NME1 recruitment was as rapid as that of the
DNA damage sensor ATM1, consistent with a key role in
initiation and/or assembly of the DSBR complex. Our study
represents the first demonstration of NME1 recruitment to a
DNA lesion of any kind, and of its potential involvement in
DSBR. Current studies are focusing on the topology of NME1
recruitment around the DSB site, relative contributions of its
NDPK and 3’-5’ exo functions to DSBR, and its specific
contributions to the HR and NHEJ pathways of DSBR. Taken
together, our studies suggest a fundamental role for NME1 in
multiple pathways of DNA repair, and suggest loss of NME1
expression may contribute to genomic instability and tumor
progression.
1 Yang M, Jarrett S, Craven R and Kaetzel DM: Ynk1, the
yeast homologue of human NM23-H1, is required for repair
of UV- and etoposide-damaged DNA. Mutation Res 660:
74-78. PMCID: 18983998, 2009.
2 Jarrett SG, Novak M, Harris N, Mellon I, Zhang Q, ArnaudDabernat S, Daniel J-Y, Ciesielski MJ, Fenstermaker RA
and Kaetzel DM: The metastasis suppressor NM23-H1
promotes repair of UV-induced DNA damage and
suppresses UV-induced melanomagenesis. Cancer Res 72:
133-143. PMCID: 22080566, 2012.
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DNA REPAIR AND RADIATION AND
DRUG SENSITIVITY OF HUMAN
BLOOD CELL POPULATIONS

Bernd Kaina, Martina Bauer, Daniel Heylmann,
Viviane Ponath, Markus Eich
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Zahlbacher Str. 67, 55131 Mainz, Germany
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Monocytes, macrophages (Mphs) and dendritic cells (DCs) are
key players in the immune system. We studied the sensitivity
of human monocytes and monocyte derived Mphs and DCs to
various genotoxic agents and found monocytes to be
hypersensitive compared to Mphs and DCs regarding overall
cell kill and apoptosis following exposure to methylating
agents (N-methyl-N’-nitro-N-nitrosoguanidine, temozolomide,
methyl methanesulfonate), oxidating chemicals such as BOOH
and ionising radiation. The hypersensitivity of monocytes was
found to be related to increased DNA breakage, as determined
in the alkaline and neutral comet assay, which was indicative
of a defect in base excision repair (BER) and DNA doublestrand break repair. Also, the DNA damage response was
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activated at lower dose levels compared to Mphs and DCs.
Expression studies on RNA and protein level revealed that
monocytes lack the repair proteins XRCC1, ligase IIIα, PARP1 and DNA-PKCS, whereas Mphs and DCs express these
repair factors. We conclude that during maturation of
monocytes into Mphs and DCs, which is provoked by the
cytokines GM-CSF and IL-4, these repair genes become
upregulated, resulting in protection against ROS and some
chemotherapeutics. Overall, the data revealed that human
monocytes exhibit a BER defect that makes them vulnerable
to ROS and methylating genotoxicants, including anticancer
drugs. The biological significance of the severe DNA repair
defect in human monocytes will briefly be discussed.
Briegert and Kaina, Cancer Res 67: 26, 2007.
Bauer et al: PNAS 108: 21105, 2011.
Bauer et al: PLoS One 7: 339956, 2012. Supported By DFG,
Ka724.
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TRIGGERED BY TEMOZOLOMIDE
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A critical DNA adduct induced by methylating anticancer
agents such as temozolomide, procarbazine and dacarbazine
is O6-methylguanine (O6MeG). This damage is not only a
potent inducer of mutations but also apoptosis, autophagy and
cellular senescence. O6MeG is repaired by MGMT, which is
the 1st line defense against mutations and cancer. MGMT also
causes a threshold for cell death, strongly indicating that
O6MeG is a killing lesion. We have studied in detail how
O6MeG is processed. We also studied how the DNA damage
response (DDR) is triggered and cell death, autophagy and
senescence pathways become activated following O6MeG in
different cell systems, notably malignant glioma and
melanoma cells. We show that O6MeG triggered apoptosis and
autophagy involves DNA double-strand breaks (DSB) that
were induced in the 2nd replication cycle following damage
induction. The major pathway for repairing O6MeG derived
DSB is homologous recombination (HR); non-homologous
end-joining is only marginally involved. These secondary
derived DSB or replication block intermediates trigger
activation of ATR, ATM, CHK1 and CHK1 as well as p53
downstream targets playing key roles in DNA repair and cell
death. Therefore, players involved in DSB recognition and HR
represent potential therapeutic targets, which was
demonstrated for NBS-1, ATM, ATR, Rad51, XRCC2 and
XRCC3. Strategies will be discussed aimed at targeting DDR
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and HR for enhancing the effect of O6MeG in cancer cells.
Supported by DFG KA724 and German Cancer Foundation.
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TRANSCRIPTION FACTOR EB (TFEB)
SUSTAINS THE MIGRATORY PHENOTYPE
OF LUNG CANCER CELL LINES

Dimitra Kalamida1, Alexandra Giatromanolaki2 and
Michael I. Koukourakis1
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Democritus University of Thrace, Alexandroupolis, Greece

The transcription factor EB (TFEB) is a major regulator of
autophagy
and
lysosomal
biogenesis.
In
pilot
clinicopathological studies we noticed a significant association
of TFEB expression with poor post-operative outcome of
patients with non-small cell lung cancer undergoing curative
surgery. We postulated that TFEB was involved in the tumor’s
invasive and metastatic behavior. This hypothesis was
investigated in in vitro experiments using A549 and H1299 lung
cancer cell lines. Initially, the expression of TFEB was downregulated by using specific siRNAs. In accordance with its
function, as master transcription factor of lysosome biogenesis,
siRNAs also down-regulated the lysosomal LAMP2a and
cathepsin D protein expression. Cancer cell proliferation was
reduced by mitomycin C but remained affected by TFEB
silencing, as assessed with ki67 immunofluorescence by
confocal microscopy and quantification. In migration studies of
untreated A549 and H1299 cells, in comparison with siTFEBtreated cells, using a “silicone cell insert” format and time lapse microscopy, a significant reduction of the migration rate
for the siRNA-treated cells was noted. Mitomycin C-treated
cells sustained their migratory ability despite the drug’s effect
on cell proliferation. We concluded that TFEB expression is
important for lung cancer cells to sustain a migratory
phenotype, which supports its ominous prognostic role noted in
translational studies. Whether this effect is a result of TFEBinduced over-expression of lysosomal enzymes or whether there
are unknown, as yet, functions of TFEB linked with metastasis,
demand further investigation.
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EPIGENETIC REGULATIONS AND THE
VITAMIN D SYSTEM
Enikö Kallay

Department of Pathophysiology and Allergy Research,
Medical University of Vienna, Vienna, Austria

There is emerging evidence that epigenetics play a crucial role
in regulating gene expression. The main mechanisms involve

methylation of DNA and covalent modifications of histone
proteins like methylation, acetylation and phosphorylation.
The complex interplay of the different epigenetic mechanisms
and how this leads to gene expression or silencing is still far
from being completely understood. The vitamin D system is
both regulated by epigenetic mechanisms and is deeply
involved in regulating epigenetic events. It is known that the
genes coding for vitamin D receptor (VDR), 25-hydroxylase
(CYP2R1), 1α-hydroxylase (CYP27B1) and 24-hydroxylase
(CYP24A1) have large CpG islands in their promoter region
and can be silenced by DNA methylation. On the other hand,
VDR protein physically interacts with co-activator and corepressor proteins, which are in contact with chromatin
modifiers, such as histone acetyl transferases (HATs), histone
deacetylases (HDACs) and histone methyl transferases
(HMTs) or have chromatin modifying activities. Thirdly, a
number of genes encoding for chromatin modifiers and
remodelers, such as the histone demethylases of the Jumonji C
(JmjC) domain and lysine-specific demethylase (LSD)
families are primary targets of VDR and its ligands. Moreover,
there is evidence showing that 1,25-D3 has DNA
demethylating effects. In cancer, the epigenetic regulatory
system is often disturbed; therefore, understanding how
vitamin D would affect the epigenome might open new
perspectives for the use of vitamin D.
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EGFR MUTATIONS IN GREEK PATIENTS
WITH LUNG ADENOCARCINOMA: A MULTICENTER STUDY (PRELIMINARY RESULTS)

Anastasios Kallianos1, Haralampos Kerasiotis1,
Pavlos Zarogoulidis6, Konstantinos Marosis3,
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Background: Integration of mutational EGFR profiling to
identify driver alterations in a clinical setting is necessary to
facilitate personalized lung cancer medicine. A tumor
genotyping EGFR panel was developed and the Greek
Mutation Study was initiated as a prospective tumor
genotyping study. This study reports the frequency of driver
genetic alterations in Greek lung adenocarcinoma patients and
epidemiology correlations with EGFR genotype. Patients and
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Methods: Between November 2012 and June 2014, 211 lung
adenocarcinoma patients were included in this study. EGFR
mutations were tested in lung cancer tissues and histologic
specimens. All patients completed informed consent. The
method was high resolution melting analysis (HRMA) about
mutations 18-21 and further analysis with the sequencing-ABI
prism 3130 sequencer(DNA) method. Eighteen surgically
resected tissues (8.5%), 174 tumor biopsies (82%) and 19
(9%) body cavity fluids were collected and tested for EGFR
mutations. We describe the clinical and epidemiological profile
of EGFR positive adenocarcinoma patients. Results: Genetic
EGFR positive mutations were detected in 10.8% (24 of 221)
of patients; 15 women and 9 men. All women were
nonsmokers (100%) and 7 of 9 (78%) men were smokers. The
mean age of this group was 64.3 years. Eighteen patients were
with stage IV and the rest of them IIIa. None of them was
operable. Conclusion: This is a report on tumor EGFR positive
Greek patients with adenocarcinoma. These data suggest that
patients’ profiling data, using a mutational testing platform,
would be valuable for observation for each group of patients
helping clinical doctors for further molecular-targeted
therapeutics in lung cancer.
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EXPLORING THE ROLE OF
DEHYDROEPIANDROSTERONE
SULPHATE (DHEAS) IN THE MAMMARY
GLAND BY LIQUID CHROMATOGRAPHY–
MASS SPECTROMETRY
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31st Department of Surgery, General Oncological Hospital of
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Background/Aim: Breast cancer encompasses a heterogeneous
group of neoplasms with great variety observed between and
within lesions. Lobular neoplasia (LN) is a distinct type of
breast lesion. It is considered a potential precursor of invasive
breast cancer and a marker of increased risk. Breast tumor
evolution is considerably influenced by the hormone
environment consisting of androgens and estrogens.
Dehydroepiandrosterone sulfate (DHEAS) is the most
abundant androgen in human plasma and the precursor of 75100% of estrogens in women. The aim of the present study is
to investigate the role of DHEAS as a biomarker of breast
disease in postmenopausal women through the application of
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liquid chromatography-mass spectrometry (LC-MS). Patients
and Methods: The study included 40 women with a histologic
diagnosis of LN and 49 women with benign breast disease
(BBD). Plasma levels of DHEAS were measured by an inhouse developed and validated LC-MS method on a LCMS2010EV system (Shimadzu, Kyoto, Japan). Results: The mean
age of LN and BBD patients was 57.23±8.13 and 60.77±8.77
years, respectively. The median plasma DHEAS concentration
was 0.80 μg/ml for the LN group and 0.50 μg/ml for the BBD
group. Significantly higher levels were observed in patients
with LN compared to those with BBD (p<0.05). Conclusion:
Elevated levels of endogenous androgens are associated with
an increased risk of breast cancer in postmenopausal women,
representing the majority of breast cancer patients. It is
noteworthy that postmenopausal women normally have low
circulating levels of androgens. Our LC-MS method has the
required sensitivity and specificity for analysis of endogenous
concentrations of DHEAS in both patient groups. The
presented findings indicate that DHEAS may be an effective
biomarker of breast disease diagnosis. Strong evidence is also
provided that DHEAS’ quantitative analysis by LC-MS could
become a precious tool for the discrimination of breast disease
patients.
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IN VITRO AND pH SENSITIVE PROPERTIES
OF CALCIUM CARBONATE NANOCRYSTALS
AS NOVEL DELIVERY CARRIER FOR
TAMOXIFEN IN ESTROGEN RECEPTOR
BREAST CANCER CELL LINE MCF-7
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Zuki Abu Bakar Zakaria1,3
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The present study investigated the talent of calcium carbonate
nanocrystal (CaCO3) as pH sensitive delivery carrier for
tamoxifen citrate (TAMOX) in treatment of the estrogen
receptor breast cancer cell line MCF-7. The study suggested
that the molecular mechanism of tamoxifen-loaded calcium
carbonate nanocrystals (CaCO3/TAMOX) induced apoptosis
in MCF-7 with a higher selectivity and specificity in achieving
breast cancer cell death. Up-regulation of molecular level of
apoptotic related protein (Bax, p53 and caspases) and downregulation of antiapoptotic protein Bcl-2 were observed. The
obtained results indicated higher release of LDH and ROS
with an increase DNA fragmentation in a concentration- and
time-dependent manner. In vitro release of CaCO3/TAMOX
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nanocrystals showed pH-sensitive and controlled release
properties with slow and faster release at pH 7.4 and 5.4,
respectively. The present results indicated that CaCO3
nanocrystals were highly potential, efficient and non toxic as
a delivery carrier in reducing side effect and dose problems of
tamoxifen in the MCF-7 human breast cancer cell line.
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BIOMARKERS OF AGGRESSIVE DISEASE
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Expression of estrogen receptor (ER), progesterone receptor
(PR), and the HER2 receptor tyrosine kinase can subdivide
breast cancers into clinically meaningful classes. Cancers
lacking expression of all three of these receptors (triple
negative breast cancers, or TNBC) are of particular interest for
molecular research, because these tumors currently have no
effective targets for therapy. Furthermore, TNBCs are
relatively more prevalent among African American women and
can account for some of the health disparities associated with
breast cancer. We approached a biochemical understanding of
how TNBC differs from positive ER (ER+) breast cancers

through a comprehensive GC/MS and LC/MS/MS based and
unbiased metabolomic analysis of a series of breast cancer
tumors from African American patients. Remarkably, global
metabolomic profiling of tumor tissues identified a total of 418
distinct metabolites, of which 133 (31.8%) were shown to
differ between the ER+ and TNBC tumors with statistical
probability of p<0.05. Specific biochemical pathways affected
included those reflecting general increases in energy
metabolism and transmethylation in the TNBC tumors when
compared to ER+ tumors. Additionally, coordinate elevations
of biochemicals associated with increased proliferation, redox
balance and the recently proposed oncometabolites, sarcosine
and 2-hydroxyglutarate, were also detected at higher levels in
the TNBC tumors versus ER+ tumors. These studies
demonstrate that TNBC tumors have metabolic signatures that
distinguish them from ER+ tumors and suggest that distinctive
metabolic characteristics of these tumors might offer new
targets for treatment.
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THERAPEUTIC STRATEGY OF HEPATOCELLULAR
CARCINOMA BY LAPAROSCOPIC HEPATECTOMY
Hironori Kaneko and Yuichiro Otsuka
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The continuing evolution of laparoscopic surgery, which has
been rapidly adopted as minimally invasive surgery, has been
applied to the laparoscopic liver resection. Laparoscopic liver
resection is a highly specialized field, however, important
technological developments and improved endoscopic
procedures are being established. Thus, laparoscopic
hepatectomy has been more actively performed recently and
has been pursued as a means of surgical therapy for
hepatocellular carcinoma (HCC). The aim of this study is to
outline the indications, evaluate the degree of invasiveness and
analyze the outcomes of laparoscopic hepatectomy. We have
accumulated laparoscopic hepatectomy cases, and the
operative time has been shortened with less bleeding in recent
cases. Laparoscopic hepatectomy was found to be less invasive
than conventional hepatectomy. The patients showed more
rapid recoveries, that consequently allowed shorter
hospitalizations. Both the five-year survival rate and the
survival rate without recurrences for HCC were nearly
identical to those of open conventional hepatectomy, although
further analysis will be necessary to reach a definitive
conclusion. Recently, we have successfully performed
laparoscopic hemihepatectomy, anatomical resection,
hepatectomy of giant HCC, hepatectomy of tumor located at
the upper segment or recurrent tumor. Laparoscopic
hepatectomy avoids the disadvantages of standard open
hepatectomy for HCC in properly selected cirrhotic patients
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and is beneficial for patient quality of life as a minimally
invasive procedure. This procedure is expected to develop
further in the future as a means to confront HCC.
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Lung cancer is known as the most mortal cancer type in all
over the world. Surgical treatment of lung cancer may not be
sufficiently effective due to the distribution and the size of the
tumors in body. On the other hand, chemotherapy is the most
frequently used treatment strategy for lung cancer therapy (1,
2). However, development of drug resistance in cancer cells
during the treatment and therefore administration of higher
doses of anticancer agents resulting in severe harmful side
effects on healthy tissues/organs are the major problems in
lung cancer chemotherapy (3). For these reasons in lung
cancer overcoming the resistance becomes a novel therapy
option to enhance the therapeutic efficacy and avoid the side
effects. Resistance to chemotherapeutical agents in cancer
cells is induced by several mechanisms. One of the most
known mechanism enables to pump the agents out of the
tumor cells by ABC (ATP-binding cassette) transporter
proteins (2). The other mechanism, called nonpump, is caused
by the activation of antiapoptotic proteins in cancer cells
resulting in resistance to apoptosis (4). ABCE1 (ATP-binding
cassette E1) known as RNAse L inhibitor is a member of ABC
transporter family (5). It regulates protein synthesis translation
process, cell proliferation and has antiapaptotic effect. Due to
its functions in cell, it was reported that this protein might be
associated with cancer tumor progress, prognosis, metastasis
and drug resistance (5, 6). Small interfering RNAs (siRNAs)
are effective gene silencing molecules in RNA interference
(RNAi) process. The downregulation of specific genes by
siRNA holds great promise to be used this powerful
methodology in targeted cancer therapy (7). The aim of this
study was to investigate the alterations of chemotherapeutic
drugs (5-Flurouracil,5-FU and irinotecan) sensitivity of A549
cells transfected with ABCE1 silencing siRNA. The cells were
treated with drugs solely and also their combinations of
ABCE1 siRNA. Reverse transcriptase polymerase chain
reaction (RT-PCR) was used to confirm the downregulation of
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target gene as well as to analyse mTOR (cell proliferation
gene) and bcl-2 (antiapoptotic gene) gene levels after the
treatments. RT-PCR analysis and previous MTT, RTCA (Real
Time Cell Analyzer) and double staining assays indicated that
downregulation of ABCE1 enhanced the effects of 5-FU in
mediating growth inhibition and apoptosis by decreasing the
mTOR and bcl-2 expressions whereas reduced the effects of
irinotecan by increasing the mTOR and bcl-2 levels. In
conclusion, ABCE1 may serve as a potential therapeutic target
to be included into conventional 5-FU chemotherapy for nonsmall cell lung cancer treatment.
1 Taratula O, Kuzmov A, Shah M, Garbuzenko OB and Minko
T: Journal of Controlled Release 171: 349-357, 2013.
2 Ganesh S, Iyer AK, Weiler J, Morrissey DV and Amiji MM:
Molecular Therapy-Nucleic Acids 2: 1-11, 2013.
3 Saad M, Garbuzenko OB and Minko T: Nanomedicine 3:
761-776, 2008.
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IN VITRO CHARACTERIZATION OF
AUTOPHAGY FLUX AFTER EXPOSURE TO
IONIZING RADIATION IN LUNG CANCER

Ilias V. Karagounis, Dimitra Kalamida,
Achileas G. Mitrakas, Maria V. Liousia,
Alexandra Giatromanolaki and Michael I. Koukourakis

Radiobiology and Radiopathology Unit, Department of
Radiotherapy/Oncology, School of Medicine, Democritus
University of Thrace, Alexandroupolis, Greece

Autophagy is an important intracellular phenomenon that
includes the degradation and recycling of dysfunctional cellular
components (e.g. proteins, organelles) through a fusion process
of the autophagosomes with the lysosomes. Thus, the
autophagic machinery may constitute a significant reason for
cancer cell resistance to radiotherapy. In this study, we focused
on the characterization of autophagy biomarkers (LC3A,
LC3B, P62/SQSTM1) and their differential expression in two
lung cancer cell lines, A549 and H1299, after exposure to
ionizing radiation (IRT). The autophagic flux, an indicator of
autophagy activation, has been monitored using confocal
microscopy by visualizing LC3A/LAMP2A co-localisation.
Our results suggested that the autophagic flux is differentially
affected by RT in the two cell lines. IRT seems to induce an
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increased autophagic flux at 2 days after irradiation in the A549
cell line, as shown by the reduction of the LC3A-II and LC3BII proteins in parallel with the reduction of the p62 protein. On
the contrary, p62 accumulation in the H1299 on a background
of unchanged LC3II protein levels indicates an early autophagy
flux blockage that returns to normal on the 8th day. Confocal
microscopy confirmed an increased autophagic flux as an early
(2days) response of A549 cells in contrary to late response
(8days) of H1299.
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EVALUATION OF 18F-FLUORODIHYDROXYPHENYLALANINE POSITRON EMISSION TOMOGRAPHY/
COMPUTED TOMOGRAPHY (18F-DOPA
PET/CT) IN DETECTION OF SUSPECTED
EXTRAADRENAL PARAGANGLIOMA
Georgios Karanikas, Karem El-Rabadi, Ashkan Khameneh,
Michael Weber, Marius Mayerhoefer and Marcus Hacker

Department of Biomedical Imaging and Image-guided
Therapy, Division of Nuclear Medicine
Medical University of Vienna, Vienna, Austria

Aim: In our study we aimed the clinical value of 18F-DOPA
PET/CT in patients with suspected extraadrenal
paragangliomas (ePARA). Materials and Methods: Twenty
eight consecutive patients (15 women, 13 men; mean age, 46.4
years; age range, 19-73 years) without consideration of any
genetic predisposition for the development of these tumor
entities and their hormonally status were included in our study.
The included patients with suspected ePARA were examined
at our PET/CT center. Their final diagnosis was confirmed by
histological reports of surgically-/biopsy-proven lesions and/or
clinical follow-up (including laboratory results, PET/CT
follow-up). Final diagnosis was positive if a detected lesion
was confirmed histologically as an ePARA, a lesion increasing
its size, activity or was a new onset in follow-up imaging.
Results: On a per-patient basis analysis, the sensitivity,
specificity and accuracy for PET/CT was 100%, for PET 75%,
100%, 86% and for CT 88%, 85%, 86%, respectively. On a
per-lesion basis (46 lesions) analysis a sensitivity of 100% for
PET/CT, 72.1% for PET and 65.1% for CT was found. A PPV
of 100% for PET/CT, 96.9% for PET and 93.3% for CT could
be observed. Divided the body in regions, such as head/neck
and remaining region, the sensitivity for head/neck was 100%
for PET/CT, 60% for PET, 90% for CT for the remaining
region, 100% for PET/CT, 75.8% for PET, 57.6% for CT, the
PPV for head/neck 100% for PET/CT, 85.7% for PET, 100%
for CT, for the remaining region 100% for PET/CT, 100% for
PET, 90.5% for CT. Conclusion: Our study demonstrated that
18F-DOPA PET/CT is an excellent “one-stop diagnostic
modality” in the assessment of patients with suspected
ePARA.

314
ELDERLY, CANCER CARE, IGRG AND IGRT
Ulf Karlsson

International Geriatric Radiotherapy Group (IGRG ) and
Marshfield Clinic, Marshfield, WI, USA

Aim: Introduction of IGRG and to outline its motivation,
intention, plans and mission. Founded in 2012, we are now
represented by 34 members from 25 institutions in 3 countries.
The mission is aimed to improve radiotherapy for the elderly.
Our website is www.igrg.org. Methods: Literature and chart
search for interviews, evaluations and techniques. Relevant to
our mission were cancer prevalence, age, life expectancy,
cell/tissue renewal versus tolerance to radiotherapy, screening
eligibility, co-morbidities, socioeconomic issue, as well as
decades worth of personal and storied experience from
colleagues and conferences. Results: Literature data and
clinical experience indicate that cancer prevalence in elderly
dwarfs that of all other age groups, age and life expectancy at
evaluation stages are mere group statistics, screening
ineligibility is age-dependent, tissue tolerance is based on ageprejudice and co-morbidities are often unrelated to treatment
intent. Lack of insurance and/or poverty have negatively
influenced treatment recommendations. Most informed patient
consent forms lack her/his intent and wishes. Conclusion:
Supportive literature data is emerging but an abyss of clinical,
social and scientific data is still needed to bridge the void for
our mission and constituency. IGRG has so far provided
literature supporting the hypothesis that elderly exhibit
adequate tolerance to contemporary, curative radiotherapy and
that improved beam precision and regimens offer predicted
hope for both normal tissue protection and more efficient
cancer elimination. We plan to provide data on co-morbidities
that influence treatment recommendations, technical
improvements to mitigate side effects/complications,
implications of age on side effects, life expectancy, screening
discrimination, etc. Our international mix is designed to
provide bridges of collaboration and improvement of cancer
care across borders of age and cultures.
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THE ROLE OF SURGEON IN
MICROCALCIFICATIONS OF THE BREAST
Irini Karydas

"HYGEIA" Hospital, Athens, Greece

In a recent study it is stated that 230,480 and 39,520 women
are diagnosed and die, respectively, each year from breast
cancer in the USA. Having that in mind we can understand
the importance of multidisciplinary care among breast
imagers, breast and reconstructive surgeons, radiation and
5987
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medical oncologists and pathologists. In recent years, the
annual mortality rates have decreased with a pace of 1.8
percent per year from 1998 through 2007. This is attributed,
primarily, to the significance of screening mammography
permitting an earlier detection of the disease. The majority of
breast cancers have mammographic irregularities and the
Breast Cancer Detection Demonstration Project showed that
over 90 percent of the cases were identified by a
mammography. The presence of microcalcifications is one of
the major features sought in screening mammography as a
potential indicator of early breast carcinoma. Approximately
60% of mammographically detected cancers and 80% of
ductal in situ carcinomas display microcalcifications.
Furthermore, the incidence of malignancy in women with
mammographic calcifications who underwent pathological
diagnosis at assessment ranges between 20 and 48%.
Histologically, in most cases, microcalcifications represent
intraductal calcifications in areas of necrotic tumor. In
contrast, less than 10 percent were diagnosed by physical
examination alone. In an era of continuous improving of the
toys that radiologists are using, in terms of both software and
hardware, the number of patients with suspicious
microcalcifications of the breast that we, as breast surgeons,
are called upon to handle raises. They are seen in
approximately 60 percent of mammographically detected
cancers and, on the other hand, 90 percent of the patients
presenting with a sole finding of microcalcifications will have
no malignancy. The role of the surgeon, primarily in
cooperation with radiologists, is to minimize the number of
unnecessary biopsies and operate with the best achieved result.
To evaluate the possibility of malignancy in a patient with
mammographically detected breast calcifications, the surgeon
should consider their morphology and distribution or, more
specifically, their BI-RADS category. The egg shell, popcorn,
lucent-centered, dermal and vascular calcifications are
considered benign and can be categorized as BI-RADS 2. In
these cases biopsy is not required and the patient should
receive normal interval follow-up. Microcalcifications of
intermediate concern can be categorized into BI-RADS 3 and
should be closely monitored. For pleomorphic and castingtype calcifications categorized as BI-RADS 4 or 5, biopsy is
recommended and surgical excision may be warranted. The
limits of the existing technology in pinpointing the area with
various types of hook define, along with the surgeon skills, the
ability of complete removal of the microcalcifications with the
less amount of breast tissue loss (cosmetically-accepted
procedure).
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TREATMENT OF REFRACTORY CANCER PAIN:
WHAT CAN WE EXPECT FROM IMAGE-GUIDED
INTERVENTIONAL TECHNIQUES?
5988

Bruno Kastler, Hussein Alnassan, Xia Wang and
Adrian Kastler

Interventional Pain Therapy Unit, University Hospital CHU
Jean Minjoz, Innovation, Intervention, Imaging, Engineering
Health Laboratory (I4S EA 4268), University of FrancheComté, Besançon, France

Cancer pain is still difficult to treat using conventional
therapeutic means particularly in advanced malignancies. The
impact of pain in cancer is extremely negative because in the
minds of patients and families there is often an association
between the severity of their illness, fear of recurrence and
pain, which is not always the case. Pain remains a major
disabling symptom present in almost half of patients at some
point in evolution, sometimes indicative of the disease. In two
thirds of cases the pain becomes very intense, very
debilitating, unbearable and difficult to treat. At one stage or
the other, pain thus becomes intolerable and quality of life is
markedly disturbed despite specific management. Quick pain
relief remains a priority in these patients with short-lived
expectancy suffering from refractory pain. The Anglo-Saxon
school opened the era of interventional pain relief techniques
(infiltrations, blocks, and neurolysis) (1). New imaging
techniques (ultrasound, CT, MRI, PET-CT) have emerged in
recent decades and are continuously improving. High
precision images of the human body are obtained in routine
practice playing a key role in both diagnosis and treatment
follow-up. The excellent spatial and contrast resolution of the
images obtained, in particular by CT-scanners, can efficiently
also serve for guiding purposes opening new perspectives of
interventional minimally invasive therapeutic options (2). The
interventional scanner facility is operated as a surgical suite.
Targets are identified on an initial planning CT and
interventions are performed under strict aseptic conditions
after skin sterilization and standard surgical draping
techniques. Small diameter needles are inserted through the
skin under step by step CT-control and the needle tip is
advanced to the target area with a precision in the mm range.
Procedures depending on their complexity last from 20 min
up to 3 h. They are performed under local anesthesia and light
conscious sedation using nitrous oxide inhalation. These
treatments are effective at short delays (usually on the exam
table) and at a modest cost on mostly an outpatient basis (or
short 24h hospital stay). Various percutaneous procedures have
been elaborated and can be proposed: Infiltrations and
neurolysis. Very thin needles (22 G spinal type) are placed
percutaneously directly into the tumor or on the nerves that
conduct pain; a pain killer cocktail (lidocaine 1/3 and
ropivacaine 2/3 and /or long lasting steroids) is injected that
acts immediately and for several days or weeks. For a more
lasting effect of several months, an injection of absolute
alcohol may also be proposed. Infiltrations or alcohol
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Figure 1. Infiltration of the left stellate ganglion under CT control at T1 level. Left apex tumor with cervical invasion. A:
Visualization of the programmed safe needle pathway. B: Needle almost on target at neck of the first left rib. C: Cup CT scan
after injection of contrast medium and anesthetics showing a satisfactory diffusion in contact with the stellate ganglion. Alcohol
injection can proceed. “Pain relief was obtained immediately after the procedure”.
neurolysis can be also be performed throughout the
sympathetic chain: Stellate ganglion infiltrations and
neurolysis (Figure 1), and thoracic brachial plexus infiltrations
neurolysis (in cervical or apex tumor or thoracic wall invasion)
(1, 2), celiac plexus and splanchnic nerve neurolysis (in
pancreas tumors) (1-5) (Figure 2), hypogastric plexus and
impar ganglion infiltrations and neurolysis (in pelvic invasion
by tumors, radiation recto-sigmoiditis) (1, 2).
Bones and soft tissue tumor cementoplasty and thermal
ablation techniques. Bone metastases are the most frequent
malignant bone tumors occurring in up to 70% of all cancer
patients. Skeletal metastases represent the most frequent cause
of pain in patients with neoplasms and up to 90% of cancer
patients will develop cancer-related pain. Conventional
management mainly includes analgesics, chemotherapy,
hormonal therapy, radiopharmaceutical therapy, radiotherapy

and surgery. The last two decades, image-guided interventional
techniques have emerged with satisfactory results in the
management of osseous neoplasm, such as cementoplasty,
radiofrequency ablation, combined radiofrequency and
cementoplasty, cryotherapy and more recently microwave
ablation.
Bone tumor vertebroplasty and cementoplasty. Vertebroplasty
was introduced in 1987 for a consolidation effect and to
prevent fracture risk in painful aggressive vertebral angiomas
(6, 7). Indications were legitimately extended to vertebral
metastasis (2, 8) even in advanced lesions with epidural
involvement (9) and extraspinal malignant locations (10)
responsible for intractable pain (Figure 3). It is performed via
a biopsy needle (12 to 14G) introduced percutaneously.
Cementoplasty is performed via a biopsy needle (12 to 14G)
introduced percutaneously. It can be combined efficiently
5989

ANTICANCER RESEARCH 34: 5761-6258 (2014)

Figure 2. Celiac neurolysis transaortic posterior approach. Pancreas head cancer intractable pain not controlled by high doses
of opioids. A: Needle tip at target after transaortice passage. B: Injection of lidocaine (1/3) - naropin (2.3) mixture and contrast
(hyperdensity). C: Control after injection of 5 cc of absolute alcohol (hypodensity). D: Control at end of procedure. Excellent
diffusion of the 15 cc of alcohol (injected). “Immediate pain release lasting for 14 months (death of patient)”.

Figure 3. RF combined with vertebroplasty. Spinal metastasis (L1) of lung cancer with painful compression fracture. A: MR
sagittal T1-weighted displaying the compressed L1 vertebra. B: Introduction of a bipolar needle into the vertebral body of L1,
coaxially through the biopsy needle 11 G. RF power application duration: 10 minutes. Radiofrequency needle is removed. C:
Acrylic cement injection under CT guidance. D Coronal reconstructions (D). “Pain palliation lasted for 8 months”.
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Figure 4. Microwave thermal ablation combined with cementoplasty. Sacral and iliac and metastasis in a patient suffering from
prostate cancer. Patient suffered from invalidating intractable pain (forced supine position). A: Biopsy trocar and microwave
antenna in place at both targets. MW power application duration 2 and 3 minutes. B: CT-control after acrylic glue injection. C
and D: 3D and 2D reconstruction visualizing the injected cement. “Patient was able to recover walking ability the next morning”.
during the same procedure with RF (2, 11-14) and MW (1517) ablations techniques.
Thermal ablation techniques. They are performed with a
needle (14 to 17G) introduced percutaneously into a
reachable tumor and connected to a power generator (RF or
MW). By inducing RF or MW energy at the needle tip and,
thus, heating the surrounding tissues over 80˚C, tissue
denervation or destruction is obtained. For large tumors the
aim is palliative long-term pain relief. If the tumors are small
(less than 3-4 cm in practice), it is sometimes possible to
completely ablate the tumor with a 1 cm "safety" margin as
does surgical removal, which is not always feasible and
remains more invasive. In our experience, in 95% of patients
and contrary to radiation therapy, the thermal ablation
techniques are immediately efficient on pain palliation (12,
14, 16, 17). MW is a new emerging technique that is faster
and can ablate larger tumors (15-17) (Figure 4) than RF.
Depending on team habits, bone tumors may also be
destroyed (at very low temperature) using cryotherapy (18).
The effect on pain reduction is immediate as compared to
several weeks with radiotherapy. Combination with
cementoplasty during the same procedure is, however, not

possible. With thermal ablation techniques (12-18) the effect
on pain reduction is immediate as compared to that of several
weeks with radiotherapy.
Interventional radiology techniques. They are extremely
effective in the management of cancer pain allowing
immediate satisfactory safe pain alleviation. They are
complementary to conventional treatments, particularly in
patients becoming refractory to conventional therapeutics.
They improve patient end of life quality and autonomy,
especially in the field of cancer pain. The indications must
be decided in a multi-disciplinary context. Some of these
new techniques are, however, at present underused and
should legitimately be available to a larger number of
patients.
1 Bonica J and Buckley F: Regional analgesia with local
anesthetics in the management of pain, Lea & Febiger ed.
Philadelphia, London 1990.
2 Kastler B: Interventional Radiology in the treatment of Pain.
Springer Verlag 2006.
3 Eisenberg E, Carr DB and Chalmers TC: Neurolytic celiac
plexus block for treatment of cancer pain: a meta-analysis.
Anesth Analg 80(2): 290-295, 1995.
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LIVING DONOR LIVER TRANSPLANTATION
(LDLT) FOR HEPATOCELLULAR CARCINOMA
Seiji Kawasaki

Department of Hepatobiliary Pancreatic Surgery, Juntendo
University, Hongo 2-1-1, Bunkyo-Ku, Tokyo, Japan

Abstract. In our series of LDLTs, there were 32 adult
recipients with hepatocellular carcinoma (HCC). Ten patients
(31%) were beyond Milan criteria and twenty-four patients
(75%) had a previous history of treatment for HCC. There was
no early mortality within 3 months after LDLT in these 32
patients, and survival rate was 94% at 1 year and 87% at 5
years, respectively. The outcome was not much different from
that in 118 non-HCC adult recipients in our series, which was
91% at 1 year and 88% at 5 years. Patients with HCC beyond
Milan criteria should not be excluded from LDLT although no
well-defined criteria for LDLT exist for those patients.
Introduction: The Milan criteria proposed in 1996 have been
widely applied around the world in the selection of patients
with hepatocellular carcinoma (HCC) for transplantation (1).
In 2003, Milan group showed an 82% 5-year survival after
cadaveric liver transplantation for patients with HCC meeting
the Milan criteria in a larger number of subjects. Other studies
have confirmed the fact that excellent results can be achieved
with liver transplantation for HCC when the Milan criteria are
applied. In the setting of cadaveric liver transplantation, in
order to make the best use of the scarce donor organs, which
can yield about 75% 5-year survival in patients with nonmalignant disease, the criteria used to select HCC patients for
transplantation are typically designed to equal these survival
rates and minimize recurrence. Acceptable recurrence rate is
not absolute but rather depends on organ availability. In
contrast, LDLT could theoretically be offered if the donor and
recipient are informed, willing, and appropriate candidates.
However, recipient benefit, such as likelihood of disease-free
survival must be weighed against the small but significant
mortality and morbidity risk for healthy donor. In our series,
32 patients with HCC underwent LDLT, the outcome of which
is presented in this article. Materials and Methods: My
personal experience with LDLT included 250 cases, 182 at
Shinshu University and 68 at Juntendo University. Among
these 250 LDLT recipients, 100 were pediatric patients. The
remaining 150 adult recipients (age ≥18 years) included 32
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HCC patients. The median age of these 32 HCC recipients
was 61 years (range, 43-69 years) and 15 of them were
women. Tumor number ranged from 1 to 16, and the
maximum tumor size was in the range of 9 to 45 mm. Ten
patients, 31%, were beyond Milan criteria. Twenty-four
patients, 75%, had a previous history of treatment for HCC.
And 4 patients were the second recipients in domino liver
transplantation from living donor. All but 2 second recipients
in domino LDLT received left liver graft including middle
hepatic vein. Results: In our series of LDLT for 32 HCC
patients, there was no early mortality within 3 months after
transplantation, and survival rate was 94% at 1 year and 87%
at 5 years, respectively, as shown in Figure.

Figure. Survival of the patients with HCC after LDLT:
Personal series of 32 patients. Survival at 1-, 3- and 5-year
was 94%, 87%, and 87%, respectively.
The outcome was not much different from that in 118 nonHCC recipients in our series, which was 91% at 1 year and
88% at 5 years. Discussion: The Kyoto University group
reported the outcome of LDLT in 93 patients with HCC
according to the Milan criteria, showing no significant
difference in the overall survival between patients meeting
Milan criteria, 68% at 4 years, and those exceeding the
criteria, 59% at 4 years (2). However, this result may be
explained by the higher early mortality rate for the patients
meeting Milan criteria. Essen University group also
documented the results of LDLT for 34 HCC patients (3).
About a half of the patients did not meet Milan criteria, and
3-year survival rate was 62%. This figure is explained
mainly by early mortality within 3 months after LDLT, 26%,
rather than by HCC recurrence. According to the nationwide survey on 316 LDLTs for HCC in Japan in 2004, early
mortality rate within 3 months after LDLT was 11% (4).
This figure, early mortality rate seems much higher than that
after hepatic resection. Operative mortality rate after hepatic

resection for HCC in Japan nation-wide survey has been
decreasing, and the rate was lowered to 0.7% in the recent
survey. Todo analyzed the outcome of 653 adult HCC
patients who underwent LDLT by the end of 2005 in 49
centers in Japan (5). Of these 653, 48% were those beyond
Milan criteria, and 71% of the patients had a previous
history of treatment for HCC before transplantation. The
patient survival was 69% at 5 years. When the Milan criteria
were applied, patient survival at 5 years was 78% in patients
who met the criteria, and 60% in those who did not meet the
criteria. Who should undergo hepatic resection and who
should be transplanted is another problem. At least in Japan,
indication for hepatic resection or liver transplantation is not
so controversial. Child C patients with HCC, for whom no
other treatment could be applied or effective, and whose age
was less than 65 years, are indicated for living donor liver
transplantation. In western countries, there is a debate on
the treatment selection; which treatment should be
performed for cirrhotic patients with HCC, that is both
resectable and transplantable, such as Child A HCC patients
meeting Milan criteria, transplantation or liver resection?
Memorial Sloan-Kettering cancer center group reported the
5-year survival of 69% after hepatic resection for patients
with HCC meeting Milan criteria, most of whom were
cirrhotic and in Child class A. On the other hand, the
survival after liver resection for the patients beyond Milan
criteria was not satisfactory, 31% at 5 years (6). In HCC
patients beyond Milan criteria, worse outcome was thus
obviously observed both after LDLT and after liver
resection, as compared to that in patients meeting Milan
criteria. However, the survival curve leveled off for patients
after LDLT, even for those beyond Milan criteria, since
recurrence rarely occurred beyond 3 years after LDLT,
which was also substantiated by our results. These data
suggested that, in at least some of the HCC patients beyond
Milan criteria, better long-term outcome could be expected
after LDLT as compared to liver resection. In addition, if the
operative technique and postoperative care are further
refined, early mortality rate after LDLT could be
significantly decreased, as in the field of liver resection,
leading to better long-term outcome. Patients with HCC
beyond Milan criteria should not be excluded from LDLT,
which is at least “a potentially beneficial treatment option”.
However, there are no well-defined criteria for LDLT in the
setting of HCC exceeding Milan criteria and decisions
should be made on a center-by-center and case-by-case basis
at the moment.
1 Mazzaferro V et al: N Engl J Med 334: 693-699, 1996.
2 Takada Y et al: Liver Transpl 12: 912-919, 2006.
3 Malago M et al: Liver Transpl 12: 934-940, 2006.
4 Todo S et al: Ann Surg 240: 451-461, 2004.
5 Todo S et al: Liver Transpl 13: S48-S54, 2007.
6 Cha CH et al: Ann Surg 238: 315-321, 2003
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STRUCTURAL ENTROPY AND LECTINS:
PARTNERS IN ANALYZING BIOLOGICAL
INFORMATION AT THE CELLULAR LEVEL
Klaus Kayser
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Biological information includes the knowledge of the
present stage of tissue/organ function (diagnosis) as well as
derived actions and predictions (treatment, prognosis). It is
usually visual information, or, if not, commonly
transformed into images (letters). The stage of a biological
system can be derived in analyzing its structure and
function, as both are mandatory to maintain life. Entropy is
a descriptor of the present stage of a closed or open
thermodynamic system, its flow a distance measure of an
(open) system from its environment (1). Structural (MST)
entropy is an extension of the classic (Shannon’s) entropy
taking into account structure and function of distinct
biological meaningful units (nuclei, cells, vessels, etc.) It
is a similarity measure of these units that usually form a
biological sociology (i.e., intermingled units of different
structure and function). The MST entropy concept can be
extended to estimate an entropy flow either from these units
into or out from their environment, and between different
sociologies (tissue areas) (1). The computational handling
of this approach requires a definition of the “biological
unit” or at least the basic image unit (pixel), a
neighbourhood (usual Voronoi’s) condition, and a suitable
mathematical theory (graph theory) (1, 2). These tools have
been matured and applied in the context with different
clinical investigations. In association with quantitative
visual analysis of lectin expression and binding capacities
our results indicate promising data of prognosis prediction
of various cancer as well as the analysis of foetal organ
development in cows (2, 3). The principal approach can, in
addition, serve for image content analysis, i.e. to extract
image information, which is solely based upon different
entropy “levels”, and independent from any image
interpretation.
1 Kayser K, Kayser G and Metze K: The concept of structural
entropy in tissue-based diagnosis. Anal Quant Cytol Histol
29(5): 296-308, 2007.
2 Kayser K and Gabius HJ: The application of thermodynamic
principles to histochemical and morphometric tissue
research: principles and practical outline with focus on the
glycosciences. Cell Tissue Res 296(3): 443-455, 1999.
3 Kayser K et al: Glyco- and immunohistochemical
refinement of the differential diagnosis between
mesothelioma and metastatic carcinoma and survival
analysis of patients. J Pathol 193(2): 175-180, 2001.
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MITOCHONDRIAL DNA MUTATIONS AND
BRAIN TUMOUR HETEROGENEITY:
INSIGHTS FROM THREE-DIMENSIONAL
PROTEIN STRUCTURE ANALYSIS
Kathleen Keatley, Rhiannon E. Lloyd, Qian An,
Helen L. Fillmore, Geoffrey J. Pilkington and
John E. McGeehan

Cellular and Molecular Neuro-oncology Research Group,
University of Portsmouth, UK

Cells undergoing aerobic respiration produce ATP through
oxidative phosphorylation, which is carried out by the
mitochondrial respiratory chain (MRC). Mitochondrial DNA
(mtDNA) encodes crucial proteins that form the catalytic core
of several MRC complexes. Mutations within these proteins
have been identified in many cancers, including glioblastoma
multiforme (GBM), an aggressive primary brain tumour. GBM
is highly heterogeneous and displays differential molecular,
morphological and behavioural traits between individual
patients but also between individual cells within the same
tumour. MtDNA mutations have been proposed to contribute
to the underlying biology of GBM, including therapeutic
response, however not all are considered functional. Both
somatic and inherited mtDNA mutations have been identified
in GBM but studies on their functional effects are currently
limited. The aim of this study was to use 3D structural
analysis to investigate mutations present in mitochondrial
proteins and predict their function on a patient specific basis.
Next generation sequencing of 10 GBM cell line
mitochondrial genomes, combined with those of 32 GBM
samples previously sequenced, allowed us to compile the first
global structural map illustrating the positions of 25 mutations
within Complex III and IV. 3D structural analysis revealed
nine mitochondrial mutations that are significantly more
prevalent in GBM patients compared to healthy subjects and
have clear functional associations with MRC activity and/or
sensitivity to drugs. A further novel finding includes the
identification of three functional point mutations that were not
only present in the germ-line but also in over 30% of the
GBM samples tested, revealing a potential genetic basis for a
small number of gliomas that are not associated with known
tumour syndromes. This technique allows mtDNA mutations
to be studied in a patient specific manner, highlighting the
distinct genetic differences between tumours and their
potential contribution to disease.
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INDUCTION OF ANTI METASTATIC IMMUNE
RESPONSE BY ALPHA RADIATION OR
ELECTROCHEMICAL TUMOUR ABLATION
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Ablation strategies are non-surgical debulking procedures that
can eradicate small tumors. Tumor ablation can be achieved
by cryo, radio-frequency, laser, microwave, ultrasound,
electro-hyperthermia, radiation, electric currents, or
photodynamic based treatments.
Ablative techniques provide in situ potential tumor antigens
and damage associated molecular pattern molecules (DAMPs)
for the induction of anti-tumor immunity, which will destroy
residual malignant cells in primary tumors and distant
metastases. In this way, the tumor can serve as its own
antigenic vaccine after ablation.
Our team developed unique potent tumor ablation
techniques, Pulsed Electric Current-Ablation (PECTA) and
Diffusing alpha-emitters Radiation Therapy (DaRT), which
can destroy the primary tumors.
The first treatment, Pulsed Electric Current Tumor Ablation
(PECTA) is applied through electrodes, which are inserted into
the tumor and deliver unipolar-pulsed electric currents. As a
result, toxic low and high pH areas are formed around the anode
and cathode, respectively, and kill the tumor cells. The extent
of tumor destruction is in a direct correlation with the coulomb
amount delivered to the tumor, and treatment with 100 coulomb
per cm3 tumor, was found to eliminate the primary tumor in
100% of the mice with breast or colon derived tumors.
The second treatment, Diffusing Alpha-emitters Radiation
Therapy (DaRT), is based on insertion of 224Ra–loaded wire(s)
(5-10 mm long; 40 KBq/50 mm3 tissue) into the tumor. The
224Ra (3.6 days half life) does not leak from the wire but its
daughter atoms penetrate into the tumor by recoil. These shortlived alpha-emitting atoms (with a half life of about 12 h)
spread in the tumor and release lethal alpha particles, which
cause damage to the malignant cells mainly by DNA double
strand breaks.
In this study, we explored new approaches to achieve a
better local control of tumors by our ablation treatments and
facilitate systemic control by combining tumor ablation with
immunostimulation and neutralization of immunosuppressive
cells. These treatments effectively destroyed malignant
experimental animal and human solid tumors such as
melanoma, breast, colon, prostate, pancreas, lung, and
squamous cell carcinomas.

Ablation of primary antigenic tumors by either PECTA or
DaRT, released tumor derived antigenic material that provoked
T cell dependent anti-tumor immunological reactions. These
immune reactions conferred protection against a secondary
tumor challenge, and destroyed remaining malignant cells in
the primary tumor as well as in distant metastases. Such antitumor immune responses could be further amplified by the use
of microbial derived immune adjuvants such as CpG.
Inhibition of regulatory T cells with low dose
cyclophosphamide or of myeloid derived suppressor cells
using sildenafil also augmented the anti-tumor response.
PECTA or DaRT together with chemotherapy and immunostimulatory agents, can serve as treatment protocols for solid
metastatic tumors, and can be applied instead of or in
combination with surgery.
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MODELING FOR A COMPREHENSIVE
TISSUE-BASED REPOSITORY
SUPPORTING TRANSLATIONAL
DISCOVERIES IN OVARIAN CANCER

D. Bassiouny, M. Naeim, S. Nofech-Mozes,
N. Ismiil, V. Dubé, G. Han, M. Cesari, E. Slodkowska,
F-I. Lu, S. Salama, H.F. Chiu and M.A. Khalifa

Anatomic Pathology, Sunnybrook Health Sciences Centre,
Toronto, ON M4N 3M5, Canada

Introduction: There is an increasing need for a
comprehensive tissue-based repository with robust quality
control measures to support the ongoing search for
innovative targeted therapies in the era of personalized
medicine. The aim of this communication is to summarize
our experience in creating a model for centrally-annotated
data and tissue repository, with complete pathologic
assessment, easy-access tissue microarrays (TMAs) and its
clinical-pathologic databases for epithelial ovarian carcinoma
(EOC) that can be adopted for other disease sites. Materials
and Methods: After obtaining the ethics review board’s
approval, archival specimens in the Anatomic Pathology
database were searched for cases between 2000-3013 with at
least a cystectomy procedure and diagnosis of EOC. All
slides were reviewed by one of the authors (DB) who rotated
with other gynecologic pathologist to verify diagnoses and
completeness of data according to the College of American
Pathologists checklist. Clinical data were collected from the
electronic patient records. Cases with controversial tumor
type/origin were excluded. Data were recorded in an
institutional Clinical Data Repository as discrete data fields
to enable real-time data mining in a pathology review form.
Blocks with carcinoma and benign tissue including
endometriosis when present were selected. Cases were
arrayed into 2 sets of TMA as 1 millimeter cores in
5995
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duplicates arranged by histologic type. Cases were identified
for any of the already defined subprojects. Results: After 8
months into this 2 years’ project, we reviewed 640 cases: 494
were primary, 5 recurrences, 19 completions and 122
metastatic. Clinical histories included 18 cases with
metachronous breast cancer, 8 with colorectal cancer and 10
with BRCA1/2 mutation. Among primary cancers: 328 were
serous, 56 endometrioid, and 42 clear cell carcinomas.
Conclusion: We present a model for a single institutional
comprehensive data base with its associated formalin-fixed,
paraffin-embedded tissue collection that can effectively
support biomarkers discovery studies.
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ANTITUMOR POTENTIAL OF THE LOWMOLECULAR FUCOIDAN PROVEN
ON SEVERAL IN VIVO MODELS
Maksim Khotimchenko1, Elena Zueva3,
Rodion Khotimchenko2,
Tatyana Razina3 and Valeri Kovalev2
1School

of Biomedicine, Far Eastern Federal University,
Vladivostok, Russia;
2A.V.Zhirmunsky Institute of Marine Biology, FEBRAS,
Vladivostok, Russia;
3Institute of Pharmacology, SBRAMS, Tomsk, Russia

Fucoidan, belonging to a group of substances generally
termed non-starch polysaccharides extracted from marine
brown algae, is known to have some antitumor activity. The
present study was goaled to estimate antitumor effects of
chemically degraded fucoidan with molecular weight less
than 5,000 Da. It is suggested that low molecular
polysaccharide can be absorbed in intestine and, thus,
influence various organs and tissues. Tumor cells of Ehrlich
adenocarcinoma, Lewis lung carcinosarcoma, B 16
melanoma and Walker carcinosarcoma 256 were implanted
to С57ВL/6 mice. Fucoidan was administered daily via
gastric gavage for 2 weeks with two doses: 50 and 100
mg/kg. Cyclophosphamide in injections (150 mg/kg, i.m.)
was used as a reference drug. The results showed that daily
administration of low molecular fucoidan led to reduced
volume of tumor cells of Ehrlich adenocarcinoma in a dosedependent manner. Administration of the polysaccharide to
mice with Lewis lung carcinosarcoma resulted in
significant reduction of the tumor weight, number and
square of metastases. In experiments with the B 16
melanoma, only a significantly lowered number of
metastases were noted in mice given both doses of
fucoidan. Also, fucoidan influenced the growth of Walker
carcinosarcoma 256 and reduced the number of metastases.
In all tumor models, except the Walker carcinosarcoma 256,
the reference pharmaceutical cyclophosphamide was more
5996

effective than fucoidan. Taking, however, into account the
numerous adverse effects caused by the administration of
cytostatics like cyclophosphamide, we can conclude that
fucoidan may be used as a promising compound for
creating new methods of antitumor therapy with low risk of
side effects.
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MODIFIED PECTIN COMPOUNDS EXERT
DIFFERENT EFFECTS ON EHRLICH
ASCITES TUMOR CELLS AND
LEWIS LUNG CARCINOMA IN MICE

Yuri Khotimchenko1,2, Natalya Shilova3, Ksenia Lopatina3,
Maksim Khotimchenko1,2 and Elena Zueva3
1School

of Biomedicine, Far Eastern Federal University,
Vladivostok, Russia;
2A.V.Zhirmunsky Institute of Marine Biology, FEBRAS,
Vladivostok, Russia;
3Institute of Pharmacology, SBRAMS, Tomsk, Russia

Pectins, belonging to a group of substances termed dietary
fibers, were shown to have some anticancer properties. The
main goal of this work was to estimate the effects of high
and low molecular pectins with the low degree of
esterification and high molecular calcium pectate on the
Ehrlich ascites adenocarcinoma and Lewis lung carcinoma.
Also, the influence of polysaccharides on the efficiency of
the cyctostatic drug cyclophosphamide was assessed.
Experiments were carried out in mice transplanted with
tumor cells. The experimental mice were administered pectin
preparations through gastric gavage for 7 days in the
experiments with Ehrlich ascites adenocarcinoma and for 9
days in those with the Lewis lung carcinoma. Half of the
mice were also intramuscularly injected with 150 mg kg–1 of
cyclophospha-mide. At the end of the experiments, animals
were killed and the parameters of the tumor growth and
metastasis were assessed. The results showed that calcium
pectate suppressed the growth of Ehrlich ascites tumor cells
in a dose-dependent manner but did not affect the growth and
metastasis of Lewis lung carcinoma. High molecular pectin
did not alter the growth of both tumors. A pectin fraction
with molecular weight less than 10 kDa did not affect growth
of both tumors but significantly reduced the number of
metastasis of Lewis lung carcinoma by 15%. At the same
time, simultaneous administration of all pectin compounds
and cyclophosphamide resulted in lowered growth rate of the
tumors. The findings suggest that pectin compounds possess
antitumor activity, although polysaccharides exert various
effects on different types of tumor cells. On the base of the
results, we can conclude that pectins may be used as safe
supplementary agents enhancing the efficiency of
cyclophosphamide.
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HORIZON 2020
Judita Kinkorová
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Charles University in Plzen, Plzen, Czech Republic

Horizon 2020 is the biggest EU Research and Innovation
program ever with a budget of almost €80 billion of funding
for the next 7 years (2014 to 2020). Horizon 2020 follows
achievements of the previous program, 7th Framework
program for Research and Technological Development (2007
to 2013). Horizon 2020 differs in structure from FP7 by
coupling research and innovation, aiming to achieve this with
its emphasis on excellent science, industrial leadership and
tackling societal challenges. The goal is to ensure that Europe
produces world-class science, removes barriers to innovation
and makes it easier for the public and private sectors to work
together in delivering innovation. Horizon 2020 consists of
three priorities: Excellent Science. This will raise the level of
excellence in Europe’s science base and ensure a steady
stream of world-class research to secure Europe’s long-term
competitiveness. It will support the best ideas, develop talent
within Europe, provide researchers with access to priority
research infrastructure and make Europe an attractive location
for the world’s best researchers. Industrial Leadership. This
will aim at making Europe a more attractive location to invest
in research and innovation (including eco-innovation) by
promoting activities where businesses set the agenda. It will
provide major investment in key industrial technologies,
maximize the growth potential of European companies by
providing them with adequate levels of finance and help
innovative SMEs to grow into world-leading companies.
Societal Challenges. This reflects the policy priorities of the
Europe 2020 strategy and addresses major concerns shared by
citizens in Europe and elsewhere. A challenge-based approach
will bring together resources and knowledge across different
fields, technologies and disciplines, including social sciences
and the humanities. Health, demographic change and
wellbeing are the first and financially significantly supported
societal challenges. Europe will be for this period facing many
“heatlh” challenges; chronic diseases, such as cardiovascular
disease (CVD), cancer, diabetes, neurological and mental
health disorders, overweight and obesity and various
functional limitations are major health and societal problems
for the future. In Europe, CVD annually accounts for more
than 2 million deaths and costs the economy more than EUR
192 billion, while cancer accounts for a quarter of all deaths
and is the number one cause of death in people aged 45-64.
Over 27 million people in the EU suffer from diabetes and the
total cost of brain disorders (including, but not limited to,
those affecting mental health) has been estimated at EUR 800
billion.
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RELATIONSHIP OF GENETIC POLYMORPHISM
OF TRANSFORMING GROWTH FACTOR-BETA1
(TGf-Β1) WITH URINARY BLADDER CANCERA CASES-CONTROL STUDY ON
NORTH INDIAN POPULATION
Kirti1, S.N. Sankhwar1, R. Singh2, P.L. Sankhwar3,
A. Goel1 and D. Dalela1

Departments of 1Urology and 3Obstetrics and Gynaecology,
King George’s Medical University, Lucknow, India;
2Division of Endocrinology, Central Drug Research Institute,
Lucknow, India

Background: TGF-β1 is a pleiotropic cytokine which plays a
dual role in tumor development. In early stages it inhibits the
growth of tumor, while on late stage of carcinoma it promotes
tumor growth. The purpose of this study was to observe the
genotype distribution pattern of three SNPs of TGF-β1
between cases and controls and the role of the polymorphism
in the risk of developing urinary bladder cancer in North
Indian population. Patients and Methods: This study included
237 cases and 261 controls. Three polymorphisms of the TGFβ1 gene including c.29C>T (rs-1800740), c.74G>C (rs1800741) and +140A>G (rs-13447341) were analyzed by
using direct DNA sequencing. Results: There were no
significant differences in demographical data leaving the habit
of tobacco chewing (p=0.0001) and non vegetarian diet
(p=0.01) between cases and controls. We observed one
polymorphism in TGF-β1 that was significantly associated
with urinary bladder cancer. The genotype distribution of
c.29C>T SNP was significantly higher in cases as compared to
controls (p=0.0047; OR=1.84 95% CI 1.22-2.77). TGF-β1
29T was found significantly higher in 57.54% in cases as
compared to 46.20% of controls (p=0.00049). The frequency
of CT+TT allele was associated with risk of bladder cancer.
We did not find any relationship between c.74G>C, +140A>G
SNPs and risk of urinary bladder cancer. Conclusion: TGF-β1
c.29C>T polymorphism could be responsible for the formation
and progression of cancer and also a significant predictor for
the prognosis of urinary bladder cancer.
326
ROLE OF ALLELIC POLYMORPHISMS
IN THE SUSCEPTIBILITY TO COLORECTAL
AND HEAD AND NECK CANCERS
I. Kiss1, Zs. Orsós1, J. Cseh2, A. Csejtei3,
I. Szanyi4, G. Pajkos5 and Á. Németh1
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Besides genes responsible for hereditary tumors or cancer
syndromes, low-penetrance genetic factors may also affect the
risk of cancer development in humans. These factors are
typically allelic polymorphisms of genes with direct or
indirect relevance to the malignant transformation and the
process of cancer formation. While the absolute risk increase
caused by such genetic factors is low, because of their high
occurrence, they may lead to a significantly increased
population attributable risk. During the last 20 years we
studied several allelic polymorphisms in the Hungarian
population in order to investigate their effect on colorectal
and head and neck carcinogenesis. We used the candidate
gene approach in these case-control studies and we identified
several alleles, which statistically significantly increased the
risk of colorectal and/or head and neck tumors. Besides
certain metabolizing enzymes (e.g. cytochrome P450 2E1,
glutathione-S-transefrase M1, T1, uridin-diphosphateglucuronyltransferase 1A1, N-acetyl-transferase 1), allelic
polymorphisms of the X-ray cross complementing 1 DNA
repair gene, the p53 tumor suppressor gene and other genes
proved to affect the risk of cancer. We also identified genegene interactions and described that several such allelic
polymorphisms together can lead to a substantially elevated
risk. In the near future simultaneous genotyping of numerous
low-penetrance genes may even bring us closer to the
individual cancer risk assessment. After the summary of our
main results and the recent advances in this area, the
limitations and difficulties concerning the research on genetic
polymorphisms will also be discussed, with a particular
attention to the discrepancies of results in different
populations (such as Asians and Caucasians). Finally, a
comparison will be made between the candidate gene and
genome wide association approaches.
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TO TREAT TUMORS AS WELL AS
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About 30% of cancer patients die because of excessive weight
loss (cachexia) associated with the loss of muscle proteins and
strength (muscle wasting). Such patients cannot tolerate the
required dose of therapy. In fact, some cancer therapies trigger
even more muscle wasting, in addition to causing bone
marrow and other toxicities. To date, no effective drugs are
available to reverse the course of cancer cachexia and muscle
wasting. Preclinical studies were performed with various
cachectic tumor models and suitable cellular models to
examine the potential of placental alkaline phosphatase
(PLAP) as a future anti-cachectic and tissue protecting cancer
drug capable of enhancing antitumor treatments. In fibroblasts
and skeletal muscle cell cultures, both native and recombinant
PLAP increased protein synthesis, as well as enhanced
proliferation and survival of these cells. In contrast, in several
types of cancer cells, including drug resistant ones, PLAP
inhibited mitogenesis. In cachectic tumor models, PLAP
greatly reduced the loss of body weight and muscle proteins,
while it enhanced the antitumor effects of cisplatin and other
drugs. PLAP also reduced bone marrow toxicity of
cyclophosphamide and radiation therapy. Finally, PLAP
reduced the growth of various experimental tumors, including
melanoma. Based on these results, PLAP is being developed
for the treatment of cancer cachexia and muscle wasting with
its additional benefits of enhancing the efficacy of
chemotherapy and radiation therapy, as well as reducing their
various toxicities.
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COMPARISON OF 3 DIFFERENT
IMMUNOASSAYS FOR THE DETERMINATION
OF CA 19-9 IN PANCREATIC CANCER
PATIENTS - A NEW ASPECT OF
POTENTIALLY CLINICAL RELEVANCE
R. Klapdor and M. Bahlo

Internal Unit, ZeTDT GmbH, Hamburg, Germany
(Prof.Klapdor@t-online.de)

CA 19-9 represents the most important serum tumor marker
for serological follow-up of exocrine pancreatic cancer since
about 30 years. Furthermore, several publications stress the
prognostic relevance of preoperative elevation of CA 19-9, of
the degree of decrease after resective surgery, of the initial
decrease in kinetics of serum CA 19-9 after beginning of
palliative therapy, or they stress e.g. the prognostic relevance
of complete responses of serum CA 19-9 (decrease below the
generally accepted cut-off level of 35-37 U/ml). For the
determination of CA 19-9, analytical assays of different
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manufacturers are offered. It is generally accepted that the
absolute CA 19-9 serum levels measured by the various assays
may not be transferred from one assay to another. We now
would like to focus the interest to another aspect of potentially
clinical relevance. Methods: During the past 6 months we
measured the CA 19-9 concentrations in 110 sera of
pancreatic cancer patients, range between 1 and 10,000 U/ml,
using the following analytical systems: KRYPTOR
(BRAHMS), ADVIA Centaur (Bayer Diagnostics) and miniVidas-System (Biomerieux). We also analyzed the measured
data for various correlations. Results and Discussion: The
results demonstrate that the ADVIA Centaur and the miniVidas-System resulted in higher serum levels compared to the
KRYPTOR in the case of CA 19-9 concentrations; higher than
100 U/ml, up to 10,000 U/ml. Below 80-100 U/ml, there is a
trend to lower levels compared to the KRYPTOR, with in
most cases lower levels below the cut-off of 35-40 U/ml. In
contrast, CA 19-9 determinations at two different times with
the KRYPTOR revealed a very strict correlation over the
whole range of CA 19-9 levels (1-10,000 U/ml). Our results
suggest that even nowadays different methods for
determination of serum CA 19-9 offered at the market not
only cannot be used interchangeably with respect to the
absolute serum levels measured but probably the kinetic data
or response analyses, as potentially prognostic parameters,
may not be transferred from one assay to another. As long as
no generally accepted reference material is available, further
studies should also stress this topic in order to increase the
acceptance of CA 19-9 as a relevant tumor marker by the
clinicians.

tumor markers CA 19-9 (Kryptor, BRAHMS, Henningsdorf)
and CEA at least every 4 weeks. Our concept of efficacyorientated sequential poly-chemotherapy (EOSPC) included
gemcitabine, Gem + erlotinib, Gem + oxaliplatin, 5FU/FA
alone or in combination with oxaliplatin or irinotecan, Gem +
mitomycin C and FOLFIRINOX, in single cases also taxanes.
Main Results: In 2012-2013 our EOSPC-concept resulted
again -compared e.g. with the recently published new studies
Gem/FOLFIRINOX and Gem/Gem+nab-paclitaxel- in (i) a
higher rate of 2nd-, 3rd-, 4th- and 5th-line therapies (2nd-line
78% vs. 50%/47% (Gem/FOLFIRINOX) and 42%/38%
(Gem/Gem+nab-paclitaxel), 3rd-line 45%, 4th- and 5th-line
25% and 11%, respectively, vs. no data in the FOLFIRINOX
and nab-paclitaxel study; (ii) a prolongation of 1- and 2-year
survival (1-year: 56% vs. 21%/48% (Gem/FOLFIRINOX) and
22%/35% (Gem/ Gem+nab-paclitaxel); (iii) a prolongation of
overall survival (OS) (14 months vs. 6.8 months/11 months
(Gem/FOLFIRINOX) and 6.7/8.5 months (Gem/Gem+nabpaclitaxel). Our 2012-2013 data again confirm an increase of
OS in relation to the number of effective treatment sequences
(median OS 6, 9.5 and 15 months vs. 0, 1 and >1 sequences).
Conclusion: Our data confirm that the actual available
drugs/drug combinations involved in an EOSPC-concept seem
to result in a significantly longer overall survival of paca
patients compared to previously and also recently published
international prospective randomized treatment studies. Our
studies therefore emphasize the necessity to think about new
concepts of such prospective randomized studies, especially
with respect to the Gemcitabine-control-arms.

R. Klapdor

J. Klein, A. Prokopová, J. Srovnal, J. Chudáček,
I. Grygárková, J. Škarda, J. Anděl, J. Duša and M. Hajdúch
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16 YEARS EXPERIENCE WITH AN EFFICACYORIENTATED SEQUENTIAL
POLYCHEMOTHERAPY OF
EXOCRINE PANCREATIC CANCER
Internal Unit, ZeTDT GmbH, Hamburg, Germany

Background: In 2003 we reported on 129 paca patients treated
during 1998-2002 suggesting prolongation of survival in
relation to the number of effective treatment sequences
(Anticancer Res 23: 841-944, 2003). The following
publications supported our concept (Anticancer Res 25: 16871692, 2005; 27: 1789-1794, 2007). We now report on our
results in patients treated from 2012 to 2013 in comparison to
the recently published international prospective randomized
studies with FOLFIRINOX and Gem+nab-paclitaxel.
Methods: In 2012-2013 we treated 36 patients with proven
pancreatic cancer. Follow-up was based –as previously
described– on clinical investigations, imaging methods
CT/MRT at least every 2 months and determinations of the
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CEA mRNA-POSITIVE CIRCULATING/
DISSEMINATED TUMOR CELLS IN THE
PERIPHERAL BLOOD/BONE MARROW PREDICT
POOR PROGNOSIS IN SURGICALLY TREATED
NON-SMALL CELL LUNG CANCER PATIENTS
University Hospital, Olomouc, Czech Republic

Objectives: Biomarker measurements of minimal systemic
disease (MSD) have the potential to monitor the molecular
status of lung carcinomas without invasive tumor biopsy at the
time of treatment selection. The real-time reverse transcription
polymerase chain reaction (qRT-PCR) is a valuable analytical
tool for the detection of circulating/disseminated tumor cells
(CTCs/DTCs) in body fluids and bone marrow. The aim of
this study was to investigate whether the detection of mRNApositive circulating/disseminated tumor cells (CTCs/DCTs) in
different compartments could be useful for predicting disease
recurrence, disease-free survival (DFS) and cancer-specific
survival (CSS) in NSCLC patients undergoing surgery.
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Materials and Methods: We used the real-time RT-PCR
method for absolute gene expression quantification of
carcinoembryonic antigen (CEA, CEACAM5, NM004363),
epidermal growth factor receptor 1 (EGFR1, NM 005228),
lung specific X-protein (LUNX, PLUNC, NM016583) and
hepatocyte growth factor receptor (c-met, MET, NM 000245)
in peripheral blood, blood from pulmonary veins and samples
of bone marrow in the group of 129 patients with surgically
treated non-small cell lung cancers. Results: The detection of
CEA (CEACAM5) mRNA-positive CTCs/DTCs in peripheral
blood and in bone marrow was associated with a higher
relapse rate and a shorter disease-free survival (DFS) and
cancer specific survival (CSS). DFS: bone marrow: p<0.044;
HR=2.26 [95% CI: 1-5.08]; peripheral blood: p<0.009;
HR=2.64 [95% CI: 1.24-5.62]). CSS: bone marrow: p<0.035;
HR=2.34 [95% CI: 1.04-5.26]; peripheral blood: p<0.007;
HR=2.73 [95% CI: 1.28-5.81]. On the other hand,
CTCs/DTCs status measured using EGFR, LUNX and c-met
mRNA individually did not show any significant clinical
relevance. Conclusion: The role of CTCs/DTCs in
prognostication in NSCLC patients is controversial but may
be better defined with advancing technologies of detection of
such cells with higher precision and improved
clinicopathological correlations. Detection of CEA mRNApositive CTCs/DTCs after surgery in patients with stage I-IIIA
NSCLC is highly predictive for DFS and CSS. This technique
may be useful for identifying high-risk patients among
surgically resected NSCLC cases.
This study was supported by grant IGA MZCR NT
14406/2013
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A TRITERPENE-CONTAINING MISTLETOE
EXTRACT (VIscuM albuM L.) INDUCE
APOPTOSIS INDUCTION VIA EXTRINSIC
AND INTRINSIC PATHWAY IN HL-60 CELLS
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Monika Twardziok1, Florian Hoff2, Sebastian Jäger3,4,
Jana Rolff5, Angelika Eggert1 and Georg Seifert1
1Department
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2University of Marburg, Marburg, Germany;
3Betulin-Institute, Darmstadt, Germany;
4Birken AG Niefern-Öschelbronn, Germany;
5EPO Berlin-Buch GmbH, Berlin, Germany
(georg.seifert@charite.de)

Purpose: Aqueous Viscum album L. extracts (VAE) are widely
used in complementary cancer therapies. Due to their low
solubility, triterpene acids, which are known to possess
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anticancer properties, do not occur in aqueous extracts in
significant amounts. Using cyclodextrins it was possible to
solubilize mistletoe triterpene acids and to determine the anticancer properties in HL60 cells (AML). Materials and
Methods: The experimental extracts contain either mistletoe
lectin-I and viscotoxins (viscum) or solubilized oleanolic and
betulinic acids (TT) and, more interestingly, a combination
thereof (viscumTT). The cytotoxicity of increasing
concentrations of VAE preparations was tested in HL-60 cells
in vitro. Apoptosis was determined using mitochondrial
membrane potential measurement, Annexin/PI, Western blot
analyses and caspase inhibitor and activity assays. Results: TT,
as well as viscum, inhibited cell proliferation and displayed
impressing cytotoxic properties in vitro. The Annexin/PI and
mitochondrial potential measurements indicated a dosedependent induction of apoptosis. Furthermore, the
combination of both extracts (viscumTT) acted significantly
synergistic compared to the single agent treatment in HL-60
cells. The results revealed a caspase-8 and -9 mitochondrial
dependent pathways for viscum, TT and viscumTT with a
down-regulation of the IAP family members XIAP, cIAP and
survivin. Conclusion: Taken together, we could demonstrate
that this new formulation “viscumTT” of aqueous mistletoe
extracts and triterpene acids can induce apoptosis in leukemia
cells via the intrinsic and extrinsic signaling pathways. Based
on these data we assume that Viscum album L. extracts
containing triterpene acids may possess impressive therapeutic
potential.
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GIVING BIRTH TO BLOOD STEM CELLS, IN
VITRO: HOXB4 PROMOTES HEMATOPOIESIS
DURING PLURIPOTENT STEM CELL
DIFFERENTIATION BY INCREASING THE
POOL OF HEMOGENIC ENDOTHELIUM CELLS
Nadine Teichweyde, Lara Kasperidus,
Susanne Skibbe, Peter Horn and Hannes Klump

Institute for Transfusion Medicine, University Hospital
Essen, Essen, Germany
(hannes.klump@uk-essen.de)

Homeotic selector (HOX) genes are master regulators of
development, which control self-renewal and differentiation of
stem cells during embryogenesis and in many, if not all, adult
tissues. Thus, mutations of these genes are commonly
associated with stem cell dysregulation in tumorigenesis.
Because of their obvious importance for maintaining the
integrity of an organism, one would assume very well-defined
and tightly-regulated activities of the encoded transcription
factors. However, surprisingly, little is still known about how
they modulate cells, presumably because their activities are
highly tissue-, context- and dosage-dependent. Their key role
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in stem cell self-renewal and differentiation renders HOX
proteins attractive for medical application, especially in view
of future, patient-tailored cell- and gene therapy-based on
induced pluripotent stem cell (iPSC-) technology. As a
concrete example, ectopic expression of HOXB4 mediates a
“benign” expansion of adult hematopoietic stem cells (HSCs)
of mice and humans, in vitro and in vivo, and promotes their
development during mouse pluripotent stem cell differentiation
(1-3). However, the primary "target" cell of HOXB4 during
hematopoietic development, in vitro, is not yet known. Its
identification is a prerequisite for unambiguously identifying
the molecular circuits driving HSC development. To pin down
this cell, we retrovirally expressed HOXB4 or a tamoxifeninducible HOXB4-ERT2 fusion protein in different reporter
and knock-out mouse embryonic stem cell (ESC) lines and
differentiated them as "embryoid bodies" with subsequent
coculture on OP9 stroma cells, in vitro. Most notably, the use
of a Runx1(–/–) ESC-line containing a doxycycline-inducible
Runx1 coding sequence (“iRunx1”; kindly provided by G.
Lacaud, Manchester) uncovered that HOXB4 acts during
formation of the hemogenic endothelium (HE) from which the
earliest HSCs arise. When hematopoietic development was
arrested at the HE-stage due to the absence of Runx1, ectopic
HOXB4 expression mediated a strong increase in the number
of hemogenic endothelium structures suggesting an expansion
of its precursors. Determination of the precursor frequency
within the Flk1+VE-Cadherin+ population revealed a
significant gain from 1:360 cells (control) up to 1:15 cells
(HOXB4). Our results strongly suggest that HOXB4 first and
foremost promotes hematopoiesis by substantially increasing
the number of hemogenic endothelium precursors during
pluripotent stem cell differentiation. In-depth molecular
profiling of the purified target population will likely contribute
to a better understanding of the role of homeotic selector
proteins for cell fate decisions during hematopoietic
development.
1 Kyba et al: Cell 109(1): 29-37, 2002.
2 Pilat et al: Proc Natl Acad Sci USA 102(34): 12101-12106,
2005.
3 Lesinski et al: Stem Cells Transl Med 1(8): 581-591, 2012.
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VACCINES FOR PRIMARY PREVENTION
OF BREAST CANCER
K.L. Knutson

VGTI, Florida, USA

Breast cancer (BCa) engenders a high burden globally
(~500,000 deaths). 0.5%-1% of the 2012 US GDP is applied
to the management of BCa in the US. Rather than continue
adding to the mounting costs, we believe in advancing
promising safe approaches for prevention. One approach is

modification of associated risk factors. However, BCa risk
factors are complex and not easily managed as they are for
other cancers. Although effective, pharmacologic
administration of drug over years (e.g. SERMs) suffers from
serious safety drawbacks that limit use. Another approach,
vaccination, has been highly effective in infectious diseases.
Conceptualizing a preventive vaccine is challenging as BCa is
not a single disease and has no viral etiology, eliminating antiviral vaccines. Further, a lack of common mutations prevents
use of mutanome vaccines. A feasible approach is to target
overexpressed self-antigens, an approach on which our
laboratory focuses. While targeting self-antigens implies
causing autoimmunity, this is rarely observed in murine
models or people treated with cancer vaccines. The reasons
are not clear, but according to our hypothesis, immune
responses are generated against subdominant epitopes
expressed only in the tumor; in contrast, limited or no immune
response is generated against immunodominant epitopes of
healthy tissues, resulting in protection without autoimmunity.
To produce such a vaccine, we’re aiming to achieve key
milestones, the first of which is to select vaccine antigens that
are safe, effective, and provide broad coverage. This milestone
is being achieved selection of subdominant epitopes through
algorithms and HLA binding studies. Our second milestone
involves developing innovative vector systems capable of
sustained homing of vaccine-induced T cells into regions of
cancer initiation, specifically the terminal ductal lobular units.
Finally, we are intersecting these two milestones with newer
immune regulatory principles that are leading to the
development of optimal vaccines for preclinical and clinical
prevention studies.
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CORRELATION OF PKM2 EXPRESSION
WITH CLINICOPATHOLOGICAL DATA
IN OVARIAN CANCER

Christopher Kobierzycki1, Karolina Jablonska1,
Teresa Wysocka1, Maciej Zabel1,2,
Ewa Nowak-Markwitz3, Marek Spaczynski3,
Marzenna Podhorska-Okolow1 and Piotr Dziegiel1,4
1Department
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Medical University, Wroclaw, Poland;
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Poznan, Poland;
4Department of Physiotherapy, University School of Physical
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Background: It was shown that expression of pyruvate kinase
M2 (PKM2) plays an important role during carcinogenesis and
it was suggested that cancer lesions exclusively express the
M2 isoform. The role of PKM2 expression in ovarian cancer is
6001
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still unclear. Materials and Methods: The study aimed at
investigating the expression of PKM2 in cancer cells and
cancer-associated fibroblasts (CAF) in 89 ovarian cancer
cases; mostly serous histological type. Moreover, we examined
the relationships between expression of PKM2 and Ki-67, ER,
PgR, MCM-3, MCM-7, MT-I/II, MT-III, as well with
clinicopathological data. Results: Statistical analysis revealed
no association between PKM2 in both tested localizations with
clinicopathological features and all mentioned markers. For
verification of the study group, analysis of Ki-67 expression
in relation to histological malignancy G was performed. The
Mann-Whitney test showed statistically significant differences
between G1 vs. G2 and G1 vs. G3 (p=0.022 and p=0.004,
respectively). Conclusion: Due to achieved results concerning
expression of PKM2, there is a lack of evidence for its usage
as a proliferation and prognostic marker in ovarian cancer.
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THE SR/CR MOUSE MODEL OF CANCER
RESISTANCE
J. Koch

University of Copenhagen, Division of Health Sciences,
Department of Experimental Medicine, Copenhagen,
Denmark

Hypothesis: The aim of this study was to investigate if innate
immune cells from SR/CR mice were able to induce
regression of established tumors in wild type mice and if
SR/CR mice could resist challenges with other malignant
cancer cell lines than the tested S180 cancer cell line.
Materials and Methods: It was tested if SR/CR mice could
resist cancer development after injections with other malignant
cancer cells; groups of 6 wild type and 6 SR/CR mice were
used for each tested cancer cell line. In adoptive transfer
settings we investigated if total leukocytes and leukocytes
depleted of CD4+, CD8+ and B- cells could make established
tumors in wild type mice regress. The experiments were
performed on groups of 6 mice receiving adoptive transfer of
leukocytes from wild type mice and another group of 6 mice
receiving adoptive transfer of leukocytes from SR/CR mice;
the same set-up was used when testing the effect of transferred
innate immune cells on tumor growth in wild type mice.
Results: In contrast to previous observations, cancer resistance
was limited to S180 sarcoma cancer cells. We were unable to
confirm previous observations of resistance to EL-4
lymphoma cells and J774A.1 monocyte-macrophage cancer
cells. The cancer resistance against S180 sarcoma cells could
be transferred to susceptible non-resistant BALB/c mice, as
well as C57BL/6 mice after depletion of both CD4+/CD8+
leukocytes and B-cells from SR/CR mice. In the responding
recipient mice the cancer disappeared gradually following
infiltration of a large number of polymorphonuclear
6002

granulocytes and remarkably few lymphocytes in the
remaining tumor tissues. Conclusion: This study confirmed
that the in vivo growth and spread of cancer cells depend on a
complex interplay between the cancer cells and the host
organism. Here, hereditary components of the immune system,
most likely the innate part, played a crucial role in this
interplay and lead to resistance to a single experimental cancer
type. The fact that leukocytes depleted of both CD4+/CD8+
and B cells from the cancer resistant donor mice could be
transferred to inhibit S180 cancer cell growth in susceptible
recipient mice support the vision of an efficient and adverse
event-free immunotherapy in future selected cancer types.
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PLATINUM(IV)NITROXYL COMPLEXES
AS POSSIBLE CANDIDATES TO
CIRCUMVENT CISPLATIN RESISTANCE
IN BLADDER CANCER CELLS

Maria Cetraz1, Vasily Sen’2,
Andrea Hartwig1 and Beate Köberle1

1Karlsruhe
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A limiting factor for therapeutic efficacy of the anticancer drug
cisplatin is the development of resistance. Reduced uptake,
platinum accumulation and DNA platination are among the
mechanisms involved in cisplatin resistance. Much effort has
been made to develop new, improved platinum-containing
drugs, which might be able to overcome this problem. We
investigated 11 platinum-nitroxyl complexes (PNCs) with
carboxy residues of increasing length and, therefore, increased
lipophilicity for their potential to circumvent cisplatin
resistance. As a model system the parental RT112 bladder
cancer cell line and cisplatin resistant subline RT112-CP were
used. Earlier investigations revealed that the resistance
phenotype of this model system is, at least in part, due to
reduced cisplatin accumulation and DNA platination. We
studied intracellular accumulation and DNA platination upon
treatment with PNCs in comparison to cisplatin treatment.
Among the individual PNCs we observed a correlation
between the length of the carboxy residue and cellular
platinum accumulation. Importantly, we found that, for the
individual PNCs, accumulation was similar in RT112 and
RT112-CP cells in contrast to cisplatin for which intracellular
accumulation in RT112-CP cells was 30% of that seen in the
parental RT112 cells. The various PNCs were found to
platinate DNA in relation to the length of the axial ligands,
again independently of the cell line used. Furthermore, the
PNCs were increasingly toxic in relation to the elongation of
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their axial ligands and the toxicity of the individual PNCs was
similar in the two cell lines. Taken together, an increase in
lipophilicity of the PNCs due to elongation of the axial ligands
resulted in higher cellular platinum accumulation, DNA
platination and cell toxicity. Furthermore, PNCs were able to
sensitize RT112-CP cells and, therefore, could at least partially
circumvent cisplatin resistance. PNCs may therefore provide
a more effective treatment for tumors, which have developed
resistance towards cisplatin.
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IDENTIFICATION OF A NEW MOLECULAR
PATHWAY FOR BETA-CATENIN
REGULATION IN COLON CANCER CELLS
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Introduction: Mutated in Colorectal Cancer (MCC) is a
multifunctional tumour suppressor gene showing loss of
expression or mutations in colorectal and liver cancers. MCC is
known to regulate several cellular pathways, such as betacatenin signalling, which is hyperactivated in 90% of colon
cancers. We aim to identify the mechanism by which MCC
represses beta-catenin, which is independent of APC-mediated
degradation of beta-catenin. Methods: We used a yeast twohybrid approach to identify new MCC-interacting partners and
the TOPFlash reporter assay to monitor changes in beta-catenin
transcriptional activity when MCC or its interacting partners
are manipulated in colon cancer cell lines. Subcellular
localization of proteins was determined with confocal
microscopy. Results: We identified Deleted in Breast Cancer-1
(DBC1) as a new MCC-interacting partner. DBC1 has either
oncogenic or tumour suppressor activity in different types of
cancer. Re-expression of MCC or knockdown of DBC1
repressed beta-catenin signalling in colon cancer cells. The
tumour-derived MCC-R506Q mutation impaired the ability of
MCC to bind DBC1 and to repress beta-catenin hyperactivity.
RNA interference experiments further showed that the presence
of DBC1 is required for MCC-mediated beta-catenin
repression. DBC1 is the main inhibitor of Silent information
regulator 2 homolog 1 (SIRT1), which is a known epigenetic
repressor of beta-catenin signalling. Therefore, we next tested
whether MCC re-expression can regulate acetylation of betacatenin-K49, a SIRT1 target. Re-expression of MCC-WT, but
not the MCC-R506Q mutant, reduced beta-catenin-K49

acetylation and caused DBC1 cytoplasmic relocalisation in
RKO cells. Treatment of cells with the SIRT1 inhibitor
nicotinamide reversed MCC-induced K49 deacetylation.
Conclusion: Taken together, these data suggest that cytoplasmic
MCC-DBC1 interaction sequesters DBC1 away from the
nucleus, thereby removing a brake on DBC1 nuclear targets,
such as SIRT1, which can lead to deacetylation of beta-catenin.
This study has discovered a new beta-catenin inhibitory
pathway with potential therapeutic applications in cancer.
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CAN Cu(II) SCHIFF BASES BE POTENCIAL
ANTICANCER DRUGS?

Katarína Koňariková1, Georgios A. Perdikaris1,
Helena Gbelcová2,3, Martin Švéda3, Tomáš Ruml3,
Lucia Laubertová1,4 and Ingrid Žitňanová1
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Biochemistry and Microbiology, Faculty of Food and
Biochemical Technology, Prague, Czech Republic;
4Institute of Medical Biochemistry, Jessenius Faculty of
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Introduction: Metal-based drugs with extensive clinical
applications hold great promise for the development of cancer
chemotherapeutic agents. In the last few decades, Schiff bases
and their complexes have become well known for their
extensive biological potential. The aim of our study was to
estimate the effect of five copper(II) Schiff base complexes on
two different human carcinoma cells and one noncancerous
cell line. Materials and Methods: Compositions of tested
complexes are as follows: [Cu(N-sal-L-glu)(H2O)2].H2O (Cu1), [Cu2(N-sal-D,L-glu)2(isoquinoline)2].2C2H5OH (Cu-2),
[Cu(N-sal-5-met-L-glu)(H2O)].H2O (Cu-3), [Cu(imidazole)
4(ethanol)2][Cu2(N-sal-D,L-glu)2(imidazole)2]
(Cu-4),
[Cu(N-sal-D,L-glu)(2-methylimidazole)] (Cu-5). Human colon
carcinoma cell line HT-29, human breast carcinoma cells
MCF-7 and human healthy embryonal kidney cells HEK-293T
were used as the experimental models. Cytotoxic effects were
evaluated by direct counting of viable cells and MTT assay.
Molecular mechanisms of cell death were monitored by
electrophoresis, Western blot analysis and measurement of
caspase 3, 8, 9 activities. Results: The inhibitory effects of our
complexes on cell growth were proportional to the tested
concentrations and the time of their influence (72 hours). IC50
values decreased with time of influence in case of HT-29 but
increased in case of MCF-7. Noncancerous human embryonal
kidney cells HEK-293T were less sensitive to the tested
complexes than human carcinoma cells. We observed
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apoptotic cell death in HT-29 and autophagy in MCF-7. We
found that complexes Cu-1, Cu-3, Cu-4 and Cu-5 induced
mitochondrial pathway of apoptosis and complex Cu-2 caused
apoptotic death through cell death receptors. Conclusion: Our
results, and results from other studies, strongly suggest that
the Schiff base copper complexes have great potential to
become novel anticancer drugs.
This project was supported by VEGA grants 1/0752/13 and
1/0407/13 and by the Mind and Health Civil Association.
339
L-ASPARAGINASES AS THERAPEUTIC ENZYMES
FOR THE TREATMENT OF LEUKEMIA
Christos S. Karamitros and Manfred Konrad
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L-asparaginases (L-ASNases) catalyze the deamidation of the
amino acid L-asparagine (L-Asn) to L-aspartate (L-Asp) and
ammonia. Bacterial L-ASNases are approved therapeutic
enzymes for use in the treatment of various blood cancers to
deplete serum L-Asn levels. Their efficiency, as protein drugs,
is based on the fact that several hematological malignancies,
such as acute lymphoblastic leukemia (ALL) in particular,
depend for growth on the extracellular supply of L-Asn. To
avoid the immune response and other side reactions inherent
to the bacterial enzymes, it would be beneficial to substitute
them with human L-ASNases. One human isoform, hASNase3, belongs to the N-terminal nucleophile (Ntn) hydrolase
superfamily, where the protein is synthesized as a single
polypeptide chain that is devoid of catalytic activity.
Autoproteolytic cleavage of this protein into two tightly
associated subunits, alpha and beta, releases the catalytically
critical amino group of Thr168 at the N-terminus of the betasubunit. Recombinant hASNase-3 purifies as the uncleaved,
ASNase-inactive form and undergoes very slow self-cleavage.
We found that the free amino acid glycine very selectively acts
to accelerate intramolecular processing of hASNase-3 both in
vitro and in human cells. Increased expression of hASNase-3
was observed in several tumors; thus, the dependence of
hASNase-3 activation on glycine may be related to the altered
metabolic profile of cancer cells. To increase the serum halflife of the enzyme, L-ASNase has been protected through e.g.
polyethylene glycol modification or packaging into
nanocapsules. Encapsulation enhances stability and potentially
prevents exposure of the enzyme to the immune system. We
applied the layer-by-layer (LbL) strategy of biocompatible
microcapsule formation, using calcium carbonate particles as
core templates for protein adsorption, which subsequently
were coated with poly-L-arginine and dextran sulfate
polymers. Our work suggests that efficient encapsulation in
6004

combination with successful enzyme engineering will set the
basis for novel ways to treat blood cancers.
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TUMOR MICROENVIRONMENT OF METASTASIS
IN HEAD AND NECK CANCER
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Metastasis is still a principle cause for mortality of patients
with head and neck cancer. The development of head and neck
metastasis is dependent on interactions between cancer cells
and their microenvironment. Head and neck cancer cells are
the seeds and their microenvironment is like the soil that
provides physical support and essential nutrients for seeding
of cancer cells. Recent studies provide the molecular basis of
how cancer cells interact with stromal cells and with the
molecules in the tumor microenvironment and also how these
processes promote tumor growth and metastasis. Stromal cells
and their products can enhance the progression of cancer cells
through transient signaling that lead to the disruption of
homeostatic regulation, including control of tissue
architecture, adhesion, cell death, angiogenesis and
proliferation. It is also well-established that head and neck
cancer progression required a continually evolving network of
interaction between cancer cells and extracellular matrix
(ECM). Relevant steps of these processes are the remodeling
of microenvironment processes leading to the release of ECMassociated growth factors, which can then stimulate cancer
and/or stromal cells. Matrix metalloproteinases (MMPs)
represent the most prominent family of proteinases associated
with tumor progression. Tumor-stroma interactions in
microenvironment of head and neck cancer lead to an increase
in the production of MMPs, especially MMP-2 and MMP-9;
and certain cytokines, including TNF-α, IL-α, IL-β, and TGFβ. MMPs regulate signaling pathways that enhance ECM
degradation. In addition, MMPs may work in non-proteolytic
manners involved in cell growth, inflammation and
angiogenesis. Up-regulation of certain cytokines in tumor
microenvironment enhances tumor progression and metastasis.
For these reasons, understanding how the tumor
microenvironment contributes to tumor growth is important
for the treatment of head and neck cancer.
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Over 50% of all proteins and lipids expressed on the cell
surface of eucaryotes are glycosylated. Cell surface glycans
are involved in numerous essential biological functions
including cell proliferation, differentiation and migration,
cell–cell integrity and recognition, cell–matrix and
host–pathogen interactions, immune modulation and signal
transduction (1). Initially viewed as phenomenological
aberration, glycosylation is altered in cancer in distinct aspects
with potential to become functional biomarkers. In particular,
changes in sialylation, fucosylation, degree of branching and
truncation of both protein- and lipid-bound glycans appear to
be a common theme. As will be illustrated for colon cancer
and neuroblastoma, the glycan signature critically depends on
suppressors and can be translated into effects by tissue lectins.
Further striking examples how structural changes in the glycan
part of cell surface glycoproteins alter their functionality have
been found, including activity changes of growth factor
receptors and integrins. Likewise, altered lipid glycosylation
can contribute to tumor specific cell function, like altered
transmembrane signal transduction, lectin function and
extracellular matrix interactions. The presentation will
introduce the structural themes, key examples of cancerassociated changes and their functional implication, guiding
to perspectives.
1 Gabius, HJ (ed) The Sugar Code. Fundamentals of
glycosciences. Wiley-VCH, Weinheim, 2009.
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INVENTORY (BDI) IN HEALTHY INDIVIDUALS
AND IN PATIENTS WITH BENIGN BREAST
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Background: The relation between hopelessness and
helplessness versus the Beck Depression Inventory (BDI) in
healthy study subjects (HSS) and in patients with benign
breast disease (BBD) and breast cancer (BC) has not been

compared in a prospective study. We, therefore, investigated
hopelessness and helplessness versus the BDI in 115 patients.
Patients and Methods: In an extension of the Kuopio breast
cancer study, 115 women with breast symptoms were
evaluated for hopelessness and helplessness versus the BDI
before any diagnostic procedures were carried out. Results:
The hopelessness and helplessness versus the BDI were highly
significantly positively correlated in the self-rating score
(SRS) in the HSS, BBD and BC groups. The weighted kappa
values for hopelessness and helplessness versus the BDI in the
SRS in the HSS, BBD and BC groups were also statistically
significant. There was also a significant positive correlation
between the hopelessness versus the BDI in the examinerrating score (ERS) in the BBD and BC groups and between
the helplessness versus the BDI in the ERS in the HSS and
BBD groups. The unweighted kappa values for the
hopelessness versus the BDI in the ERS in the HSS and BBD
groups were statistically highly significant and the unweighted
kappa values for helplessness versus the BDI in the ERS in
the BBD and BC groups were statistically significant.
Conclusion: The results of this study support a powerful link
between hopelessness and helplessness versus BDI in the selfrating and examiner-rating. This finding is of clinical
importance since, in the breast cancer diagnostic unit, the
patients with hopelessness/helplessness and high BDI score
might be associated with a difficulty and delay in reaching BC
diagnosis.
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LC3A Vs. LC3B: TWO DISTINCT
AUTOPHAGOSOME MARKERS TO CONSIDER FOR
EXPERIMENTAL AND TRANSLATIONAL STUDIES
Michael I. Koukourakis
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The microtubule-associated protein light chain 3 (LC3), the
atg8 yeast homolog, is the major protein to monitor autophagy.
Although LC3 exists in three forms encoded by different
genes, most studies claim to focus on LC3B as it has been
postulated that this better correlates with the amount of
autophagosomes. Our studies suggest that both LC3A and
LC3B can be used as markers of the “autophagic flux”
depending upon the biological system studied. The expression
of these proteins in tumors is not identical and exhibits celland tissue-specificity. LC3A and LC3B autophagosomes are
distinct, have different subcellular localization and stressrelated characteristics, suggesting that these proteins might
have different biological role in the autophagic pathway.
LC3A localizes around the nuclei but also exhibits a varying
extent of nuclear localization. LC3B is rather equally
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distributed throughout the cytoplasm. Their expression largely
varies among tumors, some of them exhibiting preferential
over-expression of one of the LC3 proteins. LC3A protein is
the only one forming the so-call ‘stone-like structures’, a
tumor hallmark of clinical aggressiveness. Studying both
isoforms in parallel using specific antibodies is highly
recommended. Characterization of the antibodies used, as for
their specificity for the A or B LC3 type, is imperative before
experimentation since only a small fraction of the
commercially
available
antibodies
are
specific.
Clinicopathological studies in the field of autophagy should
carefully assess both LC3A and LC3B autophagosome
markers to provide reliable prognostic and predictive
information and guide more accurately the development of
autophagy targeting therapies.
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Introduction: Endometrial stromal tumors (EST) are currently
classified into benign endometrial stromal nodules (ESN),
low-grade endometrial stromal sarcomas (LGESS), high-grade
endometrial stromal sarcomas (HGESS) and undifferentiated
stromal sarcomas (UES). The histological distinction between
EST subtypes has important prognostic implications. ESN and
LGESS are composed of cells resembling the endometrial
stroma in proliferative phase. Conversely, the most aggressive
UES present no histological resemblance to endometrial
stroma. HGESS tumors are characterized by aggressive course
of disease and histology features intermediate between LGESS
and UES. In the present study, we applied a broad
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experimental approach to advance existing knowledge about
EST biology and to identify novel potential therapeutic targets
in this disease. Materials and Methods: Twenty three patients
treated for EST (11 LGESS, four HGESS and eight UES
cases) at the Maria Sklodowska-Curie Memorial Cancer
Center and the Institute of Oncology in Warsaw, Poland and
the KU Leuven and University Hospitals, Belgium were
enrolled. The studied material included 18 primary and five
recurrent tumor samples as well as fragments of normal
uterine tissue used as control specimens. We performed the
genomic analyses using array comparative genomic
hybridization (aCGH) and gene expression profiling using
microarray, RNA-Seq and qRT-PCR techniques on EST
specimens. Results and Conclusion: We demonstrated that
EST subtypes are characterized by different molecular
aberrations which presumably contribute to their distinct
clinical behaviors. Specifically, we provide the first
comprehensive molecular characteristic of UES, suggesting
immune system involvement in the pathogenesis of these
tumors and pointing to CTLA-4 blockade as potential
therapeutic approach in UES patients. We also propose novel
potential therapeutic targets in LGESS. Moreover, our results
support the new WHO [WHO 2014] classification of EST
which introduces HGESS as a distinct subtype. Finally, we
propose new directions in EST research to validate novel
therapeutic targets and further clarify the biology of these
tumors.
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NEW STRATEGIES TO OVERCOME ENDOCRINE
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Abstract. De novo or acquired resistance to endocrine therapy
is a significant clinical problem. De novo resistance is
evidenced by the low response rate of 20-30% achieved by
endocrine therapy agents in large randomized trials of firstline treatment of metastatic breast cancer. Acquired resistance
is seen in the majority of ER-expressing breast cancers, which
initially respond to endocrine therapy. The goal of overcoming
resistance has been the impetus for studies to better understand
cell signaling and thereby, to develop strategies to overcome
resistance. This manuscript summarizes the strategies and
clinical trials targeting the ER signaling pathway and cross
talk with other key signal transduction molecules, which are
in the focus of translational and clinical research at the Breast
Center of the University of Cologne. Introduction: Endocrine
therapy of breast cancer is perhaps the oldest form of effective
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Figure. Signal transduction pathway and new inhibitors for cotargeting ER and signal transduction components – the Cologne
strategy for overcoming endocrine resistance in ER+ metastatic breast cancer.
and well-tolerated targeted cancer systemic treatment, in both
the adjuvant and metastatic disease settings. The most
commonly used endocrine therapy agents are selective
estradiol receptor modulators (SERMs), aromatase inhibitors
(AIs) and selective estradiol receptor down-regulators
(SERDs). Preclinical and clinical investigations to understand
primary (de novo) or secondary (acquired) resistance have
yielded significant understanding cell signaling and the
possible mechanisms of resistance. These mechanisms of
resistance are as diverse as the biology of breast cancer and
can arise from alterations in any of the cell signaling pathway
components. A growing understanding of these mechanisms
of resistance involves adaptive up-regulation of alternate
signaling pathways, such as growth factor signaling and cross
talk between estradiol receptor and growth factor signaling
(Figure). Clinical trials are focusing on cotargeting these
alternate pathways along with estradiol receptor signaling.
Mechanisms of resistance to current endocrine therapy agents
can be modeled based on current understanding of ER and
other cellular signaling pathways. The most extensively
studied mechanisms of resistance involve pathway cross talk
between ER and growth factor receptor signaling. Clinical

evidence of the importance of this cross talk has been welldescribed in the setting of HER-2 over-expressing breast
cancer (1). Blockade of HER-2 can result in increasing ER
expression – overcoming endocrine resistance. Similar
observations have been made regarding ER expression and
activity of the PI3k pathway (2). A growing list of other
signaling molecules and pathways that cross talk with ER
signaling is now emerging, including mammalian target of
rapamycin (mTOR), insulin-like growth factor I receptor (IGF1R), cyclin-dependent kinases (CDKs), and histone
deacetylases (HDACs). This manuscript summarizes the
strategies and the ongoing clinical trials to overcome
resistance in estrogen-sensitive metastatic breast cancer at the
Breast Center of the University of Cologne, Germany.
Materials and Methods: Patients with ER+ metastatic breast
cancer were treated according to national and international
guidelines. After confirmation of the ER-positive tumor
biology using interventional biopsy of metastasis first-line
endocrine treatment was indicated. In premenopausal patients
GnRH analogs in combination with tamoxifen was indicated,
while non-steroidal aromatase inhibitors were used in
postmenopausal patients. Endocrine therapy was indicated in
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non-life threatening metastatic disease without high tumor
proliferation and low response pressure. Since 2011 patients
were enrolled in clinical trials focusing on strategies to
overcome acquired resistance to endocrine treatment. These
clinical trials were based on translational research projects of
the Breast Center of the University of Cologne focusing on
PI3k/AKT/mTOR signaling pathway alterations, the insulinlike growth factor I receptor (IGF-1R), cyclin-dependent
kinases (CDK 4/6) and epigenetic alterations of the estradiol
receptor in ER+ breast cancer. Results: Translational research
at the breast center of the University of Cologne focused on
the role of IGF-1, insulin and IGF-binding proteins (IGFBP)
in growth regulation of hormone-sensitive breast cancer. We
were able to demonstrate IGF1R-mediated growth stimulation
of breast cancer cell lines in a dose-depending manner. These
results were in concordance with clinical results about the role
of body mass index (BMI), body weight and glucose tolerance
as a prognostic and risk factor for breast cancer. Furthermore,
we were able to demonstrate epigenetic silencing by
hypermethylation of the ER gene promoter in gynecological
malignancies using methylation-specific pCR. Therapeutical
demethylation or treatment with HDACs (histone
deacetylases) can be future treatment strategies to restore
endocrine treatment sensitivity focusing on epigenetic
alterations of ER expression. Between 1/2011 and 1/2014, 46
patients with metastatic breast cancer were enrolled in clinical
trials focused on overcoming endocrine resistance. In this trial
program five strategies for overcoming endocrine resistance
were evaluated. Cotargeting ER and PI3k. Of the growth
factor signaling pathways, the PI3k pathway has been focused
to be the most frequently altered in breast cancer and the PI3k
pathway activation is associated with endocrine therapy
resistance in experimental models (3). Several inhibitors of
PI3k and its signaling intermediaries have been under
development. Included among these agents are pan-PI3k
inhibitors, which target all isoforms of this protein. Buparlisib
(BKM120) is a pan-PI3k inhibitor, which is evaluated in the
randomized BELLE-3 trial (NCT01633060) co-administered
to fulvestrant to overcome mTOR resistance. Cotargeting ER
and mTOR. mTOR inhibitors evaluated in clinical trials
include everolimus. This agent inhibits mTOR by binding to
mTOR-complex 1 (mTORC1). The BOLERO-2 trial was a
phase III multicenter randomized trial, which evaluated the
combination of the steroidal AI exemestane and everolimus in
patients with advanced HER-2 negative, ER+ breast cancer
who were refractory to treatment with nonsteroidal AIs. In
patients with cotargeting, progression-free survival was
significantly longer (HR 0.43; 95% CI, 0.35-0.54; p<0.001)
(4). Patients are treated routinely with everolimus after FDA
approval according to national guidelines. Patients who
progressed under or after mTOR inhibitor everolimus were
enrolled in the ongoing BELLE-3 trial described above.
Cotargeting ER and CDK 4/6. Palbociclib (PD 0332991) is a
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selective CDK4/6 inhibitor. It causes cell cycle arrest in the
G1 phase. Analysis of in vitro sensitivity of several breast
cancer cell lines to palbociclib demonstrated that ER+ luminal
subtypes of breast cancer were sensitive, while basal-like
cancers were resistant (5). PALOMA-3 (NCT01942135) is a
phase III trial comparing fulvestrant plus palbociclib to
fulvestrant alone for the treatment of patients with ER+, HER2 negative metastatic breast cancer, which progressed after
prior endocrine therapy. Cotargeting ER and HDAC. Gene
expression (e.g. ER) can be modified by epigenetic
mechanisms. One of these mechanisms is histone acetylation,
silencing gene transcription. Entinostat is a novel HDAC. In
preclinical models reversal of endocrine therapy resistance by
treatment with entinostat is associated with ER expression in
initially ER-negative cells, increasing aromatase activity and
down-regulation of growth factor pathways, which otherwise
were contributing to ER-independent proliferation (6). A phase
III randomized trial is under construction evaluating the effect
of entinostat in combination with AIs to overcome endocrine
resistance in metastatic breast cancer. Cotargeting ER and
IGF-1R. Endocrine resistance can be induced by elevated IGF1R signaling, which activates PI3k/AKT/mTOR and
RAS/RAF/MEK/MAP signaling pathways. Preclinical data
suggest that inhibiting ER and IGF-1R signaling in ER+ breast
cancer may lead to greater suppression of cell proliferation
than is achieved by blocking either pathway alone (7).
Ganitumab (AMG479) is a monoclonal antibody that blocks
binding of IGF-1 and IGF-2 to IGF-1R. In a phase II
randomized trial (NCT00626106) the combination therapy
(fulvestrant or exemestane in combination with ganitumab)
was no better than the endocrine therapy alone in
postmenopausal patients with hormone receptor-positive
LABC or MBC. There is preclinical evidence that blocking
IGF-1-mediated signal transduction might be a strategy to
overcome mTOR-resistance. Discussion: It is becoming clear
that improving endocrine therapy by the addition of targeted
therapy is not that simple. Undoubtedly, the significant
efficacy for the combination of the mTOR anatagonist
everolimus and exemestane in those patients refractory to prior
AI therapy is a major advance in providing greater clinical
benefit compared with the use of just further endocrine
therapy alone for these patients, which may spare the use of
palliative chemotherapy for a period of time. However, the
challenge in daily clinical practice is to identify the relevant
pathways that are operative in individual patients with ER+
MBC, which may or may not benefit from a given targeted
therapy combination. In the future, all clinical studies should
make a greater effort to enrich their trial population with the
most appropriate patients, with a tumor molecular profile
likely to benefit from targeting the given pathway. Selection
of this subgroup for future combination strategies may yield
answers faster than treating a more heterogeneous unselected
group of patients with ER+ breast cancer. Molecular
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signatures for biomarker screening and next-generation
sequencing (NGS) may be future instruments to further
individualize endocrine therapy in breast cancer.
1 Mehta A and Tripathy D: Co-targeting estrogen receptor and
HER2 pathways in breast cancer. Breast 23: 2-9, 2014.
2 Creighton CJ, Fu X, Hennessy BT, Caa AJ, Zhang,
Gonzalez-Angulo AM et al: Proteomic and transcrptomic
profiling reveals a link between the PI3k pathway and lower
estrogen-receptor (ER) levels and activity in ER+ breast
cancer. Breast Cancer Res 12: R40, 2010.
3 Miller TW, Balko JM and Artega CL: Phosphatidylinositol
3-kinase and antiestrogen resistance in breast cancer. J Clin
Oncol 29: 4452-4461, 2011.
4 Baselga J, Campone M, Piccart M, Burris HA, Rugo H,
Sahmoud T et al: Everolimus in postmenopausal hormonereceptor-positive advanced breast cancer. NEJM 366: 520529, 2012.
5 Finn R, Dering J, Conklin D, Kalous O, Cohen DJ, Desai
AJ et al: PD 0332991, a selective cy lin D kinase 4/6
inhibitor, preferentially inhibits proliferation of luminal
estrogen receptor-positive human breast cancer cell lines in
vitro. Breast Cancer Res 11: R77, 2009.
6 Yardley DA, Ismail-Khan RR, Melichar R, Lichinitser M,
Munster PN, Klein PM et al: Randomized phase II, doubleblind, placebo-controlled study of exemestane with or
without entinostat in postmenopausal women with locally
recurrent or metastatic estrogen receptor-positive breast
cancer progressing on treatment with a nonsteroidal
aromatase inhibitor. J Clin Oncol 31: 2128-2135, 2013.
7 Kaufman PA, Ferrero JM, Bourgeois H et al: A randomized,
double-blind, placebo-controlled, phase 2-study of AMG
479 with exemestane (E) or fulvestrant (F) in
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Abstract. Intraoperative radiotherapy (IORT) improves local
recurrence risk and diminishes toxicity since there is less
irradiation of healthy tissue. IORT can be delivered in two
settings: an IORT boost followed by a conventional regimen
of external beam radiotherapy or a single IORT dose. The data
from TARGIT-A and ELIOT reinforce the conviction that
intraoperative radiotherapy alone during breast-conserving

surgery is a reliable alternative to conventional postoperative
fractionated irradiation but only in a carefully selected
population at low risk of local recurrence. We describe our
experiences with IORT boost (50 kV energy x-rays; 20 Gy) in
combination with targeted oncoplastic breast surgery and the
role for intraoperative assessment of macroscopic
instantaneous sections to prevent re-excision after IORT in a
routine clinical setting. Our experiences demonstrate the
applicability and reliability of combining IORT boost with
targeted oncoplastic breast surgery and macroscopic
instantaneous sections by the pathologists to achieve
optimized local outcome in breast-conserving therapy of early
breast cancer. Introduction: In IORT, a single radiation dose
is delivered under direct, visual inspection of the tumor bed. It,
thus, improves local recurrence risk and diminishes toxicity
since there is less irradiation of healthy tissue, IORT can be
delivered in two settings: an IORT boost followed by a
conventional regimen of external beam radiotherapy or a
single IORT dose (1, 2). In The Lancet, Jayant Vaidya et al.
present results of the TARGIT-A trial (3), while in The Lancet
Oncology, Umberto Veronesi and colleagues present results of
the ELIOT trial. Each trial compared a different type of single
intraoperative radiotherapy with external whole-breast
irradiation. The TARGIT-A findings add to the first report.
This non-inferiority study compared one intraoperative dose
of 20 Gy using a spherical applicator (point source of 50 kV
energy x-rays) with whole-breast irradiation. Breastconserving surgery was performed using lumpectomy. In
Germany, a tumor-free resection margin of at least 10 mm was
recommended to avoid whole-breast irradiation; with a special
need for targeted oncoplastic breast-conserving surgery
techniques to avoid worse cosmetic outcomes for these
patients. Overall, the 5-year risk for local recurrence in the
conserved breast for intraoperative radiotherapy versus wholebreast irradiation were 3.3 (95% CI 2.1-5.1) versus 1.3 (95%
CI 0.7 -2.5; p=0.042). These results were acceptable in terms
of the threshold of the predefined non-inferiority margin of
2.5%. To date, there have been only a few publications of
studies with short-term follow-up in which IORT, provided as
a boost, demonstrated the potential to prevent local
recurrences in early breast cancer (2.6% at 5 years) with good
to excellent cosmetic results (4). Additional open questions are
the lack of the final histopathologic report when IORT is
applied, the uncertainty regarding the definition of the
resection margins intraoperatively and the resected irradiated
volume after repeat resection. Materials and Methods: To
date, in the breast centre of the University-Hospital, Cologne,
according to national guidelines, IORT is used outside clinical
trials only as a boost radiation followed by whole-breast
irradiation. A mobile IORT device generating low-energy xrays (50 kV) is used since 2010 for intraoperative radiation in
non-lobular breast cancer without DCIS component. This
IORT system is applicable to all predefined targeted
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Figure. Combination of IORT boost irradiation with target oncoplastic breast-conserving surgery (dermoglandular rotation).
oncoplastic breast-conserving surgery principles (5) (Figure).
After oncoplastic wide local excision (segmentectomy) of the
tumor, the applicator of the mobile device Intrabeam® (Carl
Zeiss Surgical, Oberkochen, Germany) is placed into the
tumor bed. Using purse-string sutures the segmentally-oriented
resection margins of the tumor bed are narrowed to the
spherical applicator (6). To prevent skin toxicity, skin margins
were averted before starting IORT. Thereafter, a single dose
of 20 Gy was provided at the applicator surface. After
complete wound healing and/or chemotherapy whole-breast
radiotherapy was initiated. The median treatment time of the
boost intraoperatively was 24 minutes. Outpatient treatment is
shortened by 1-2 weeks as a result of the omission of the
external-beam boost. The resected specimens during breast
surgery were analyzed by an experienced pathologist with
macroscopically analysis to reveal tumor-free resection
margins or close margin situations with targeted reresectioning before IORT. Tumor-free margins were evaluated
in all directions in millimeter and reported to the surgeon.
Macroscopically, analysis results were combined with the
results after histological examination of formalin-fixed,
paraffin-embedded tissue for tumor-free margin width.
Results: Between 2010 and 2013 in 149 patients (pts.)
intraoperative boost irradiation was performed. In 13% a reexcision (after IORT-boost) was performed to achieve tumorfree resection margins. In 39 patients the final tumor-free
margins were larger than they were expected during
macroscopically section assessment. Therefore, in 127 pts.
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(85%) the intraoperative margin-assessment of the pathologist
revealed correctly tumor-free resection margins during
macroscopically analysis of the resected specimens. The
macroscopic instantaneous section analysis of resection
margins during breast-conserving surgery is a reliable and
precise method to estimate tumor-free margins before IORT
(boost) irradiation. An experienced breast pathologist is able
to do these margin examinations fast and economically-based.
This systematic intraoperative surgical-pathological and
radiation therapy approach was applicable in routine IORT use
and reduced the re-excision rate to achieve tumor-free
margins. The re-excision rate was acceptable and lower than
reported in the literature. Discussion: The data from TARGITA and ELIOT reinforce the conviction that intraoperative
radiotherapy during breast-conserving surgery is a reliable
alternative to conventional postoperative fractionated irradiation
but only in a carefully selected population at low risk of local
recurrence. Since recurrence can occur after a considerable
time delay, final assessment of IORT will only be valid after
sufficient follow-up from the prospective randomized trials.
Until then, a single IORT dose should be considered
experimental. According to national guidelines in our
institution, only IORT boost followed by whole-breast
irradiation is performed routinely outside a clinical trial. To
overcome early and late side effects and to achieve an
optimized aesthetic outcome, the IORT boost is performed after
segmental resection in a concept of targeted oncoplastic breast
surgery on a routine basis in our institution. The macroscopic
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instantaneous section analysis of resection margins during
breast-conserving surgery is a reliable and precise method to
estimate tumor-free margins before IORT (boost) irradiation.
W. Malter and S. Kraemer thank the team of radiation
oncologists of the Department of Radiation Oncology and the
pathologists of the Institute of Pathology at the UniversityHospital of Cologne, Germany for their outstanding
collaboration in introducing intraoperative radiation into our
concept of targeted oncoplastic breast cancer surgery and their
scientific support.
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Abstract. Oncoplastic surgery was introduced into breastconserving surgery 15 years ago to allow oncologically safe

breast conservation, by performing a wide excision for larger
tumors, while limiting the risk of postoperative deformities. A
new concept of targeted oncoplastic breast surgery was
developed to standardize published surgical methods and to
optimize oncological and aesthetic outcomes during breastconserving therapy in an academic breast center. We analyzed
the results of more than 900 patients undergone targeted
oncoplastic breast-conserving surgery. Even after the new
SSO-ASTRO-consensus guideline on margins for breastconserving surgery with whole breast irradiation in stage I and
II invasive breast cancer, we were able to demonstrate a
practice-relevant rational and indication for targeted
oncoplastic breast surgery. Introduction: Breast-conserving
therapy (BCT), consisting of surgical removal of the primary
tumor followed by whole breast irradiation, is an alternative
to mastectomy that results in equivalent long-term survival (1).
Although the rates of BCT have increased over time
worldwide, there remains remarkably little consensus about
what amount of normal breast tissue should be removed as a
margin to minimize the risk of local recurrence. The
conclusion of the SSO (Society of Surgical Oncology) ASTRO (American Society of Radiation Oncology)
Consensus Panel reinforced the importance of obtaining
negative margins defined as no ink on tumor (invasive cancer
or DCIS), to optimize local control (2). The most important
and potentially practice-changing conclusion was based on the
finding in the meta-analysis of Houssami et al. that margins
of 1, 2, or 5 mm were not associated with significantly
different risks of local recurrences (3). This meta-analysis
could not be used to demonstrate whether a margin of no ink
on tumor is adequate for patients with invasive lobular cancer,
an EIC in association with invasive cancer, tumors of
unfavorable biologic subtype (i.e., triple negative breast
cancer) and in young patients. Oncoplastic principles were
introduced into breast-conserving surgery 15 years ago to
allow oncologically safe breast conservation by performing a
wide excision for larger or poorly located tumors, while
limiting the risk of postoperative deformities (4). Numerous
surgical techniques with tissue displacement and tissue
replacement have been published with different indications,
incision lines and suggested rotation techniques, missing a
systematic and structured approach for oncoplastic breast
surgery (5). During the last years we have defined five
reconstruction principles introducing a new concept of breastconserving surgery, termed "targeted oncoplastic breastconserving surgery" (6). We analyzed the oncological and
aesthetic outcome of targeted oncoplastic breast-conserving
surgery in the era of multimodal therapy of early breast cancer.
Materials and Methods: We prospectively defined five major
principles in oncoplastic breast surgery (4, 5) based on the
localization, size of the segmental resection defect, size of the
breast and the necessity for skin resection during breastconserving therapy. These major principles were: BCT6011
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Figure. Targeted oncoplastic breast-conserving surgery.
glandular rotation, BCT-dermoglandular rotation, BCT-tumoradapted reduction mammoplasty, BCT-thoracoepigastric flap,
BCT-latissimus dorsi flap (Figure). We analyzed the clinical
practicability, the oncological outcome and the cosmetic
results. All patients received adjuvant postoperative
radiotherapy. Systemic adjuvant treatment was applied
according to international guidelines. 35% of the treated
patients received neoadjuvant chemotherapy. Results: Between
November 2009 and November 2012 we performed 952
breast-conserving operations in 913 patients. For
reconstruction of the partial resection defect, during segmental
resection, the defined five oncoplastic principles were used as
follows: glandular rotation (n=549; 58%), dermoglandular
rotation (n=149; 16%), tumor-adapted reduction mammoplasty
(n=135; 14%), thoracoepigastric flap (n=27; 3%) and
latissimus dorsi flap (n=92; 9%). Partial mastectomy defects
could be reconstructed during BCT with these five oncoplastic
principles in 97%. The cosmetic results were good or excellent
in 95%. A tumor-free resection margin of 1 mm was
mandatory (according to German guidelines) and achieved in
91% during the first surgery, while in 5% of the cases a
secondary mastectomy was required. Local-recurrences were
diagnosed in 1.9% with a median follow-up of 4.2 years.
Discussion: Our understanding of breast cancer biology has
6012

advanced considerably since the initial trials comparing BCT
and mastectomy more than 30 years ago. It is apparent that
factors such as tumor biology and the availability of effective
systemic treatment are at least as important as microscopic
residual disease burden in determining local control of breast
cancer. Adoption of no ink on tumor, as the standard negative
margin definition, has clear potential to decrease the use of reexcision and large quadrantectomy-type resections. Adoption
of a minimal margin definition removes the rational for the
"old" concept of oncoplastic breast surgery that was
introduced 15 years ago. The meta-analysis of Houssami et al.
(3) could not be used to demonstrate whether a margin of no
ink on tumor is adequate for patients with invasive lobular
cancer, an EIC in association with invasive cancer, tumors of
unfavorable biologic subtype (i.e., triple negative breast
cancer) and in young patients. Further development of the
traditional concept of oncoplastic breast surgery to a concept
of "targeted oncoplastic breast-conserving surgery" with five
defined oncoplastic principles allows the reconstruction of
segmental resection defects during breast-conserving therapy
with highest clinical applicability and results in favorable
oncological and aesthetic outcomes. This approach might be
useful in extending the indications for breast-conserving
therapy. The adoption of a minimal margin definition does not
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remove the rational for a "new" concept of targeted
oncoplastic breast surgery. Targeted oncoplastic breast surgery
depends on the anatomical, pathological and reconstructive
aspects of breast cancer to achieve favorable local outcomes
for the patients – combining oncological and aesthetic
prerequisites.
S. Kraemer and W. Malter thank their teachers Prof. W.
Audretsch, Duesseldorf (Germany) and Dr. M. Rezai,
Duesseldorf (Germany) for surgical training in oncoplastic
breast surgery and their scientific input and support to develop
the presented concept of targeted oncoplastic breast surgery.
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Despite the extensive research, breast cancer remains a
populationally significant issue. Its basal-like subtype is
regarded as the most aggressive one. Its particular invasiveness
may result from various conditions. Among others, the
metastatic process requires a series of molecular and cellular
changes resulting in the gain of the mesenchymal phenotype
by epithelial cells (EMT). One of its regulators, EGFRvIII, is
associated with tumorigenicity, invasiveness and metastasis.
Thus, it seems to be a promising target for anticancer
therapies, since it is not expressed in normal tissues. For these
reasons, the triple negative (basal A type) EGFR over-

expressing cell line, MDA-MB-468, which is also capable of
spontaneous EMT, was our model of choice. This
heterogeneous cell line consists of a vast epithelial phenotype
population and a minor mesenchymal one. To analyze
connections between EGFRvIII and EMT we generated
EGFRvIII-expressing cells, all of which presented the
mesenchymal phenotype. Both RT-PCR and Western blot
analyses showed that the clones expressing EGFRvIII had a
lower level of wild type EGFR. The MLPA analysis showed
the 3- to 4-fold decrease of MET level in EGFRvIII-positive
clones in comparison to the parental cells. The control
transduction with an empty virus with GFP tag led to the
survival and selection of clones both with mesenchymal and
with epithelial phenotype. Next, we analyzed the influence of
EGF on MDA-MB-468 cells and observed that it generated
cells with mesenchymal phenotype. Moreover, EGF induced
and inhibited the proliferation of the cells with mesenchymal
and epithelial phenotype, respectively. Finally, the experiment
was repeated with a selected clone of epithelial cells, which
resulted in generation of mesenchymal cells, thus conferring
the observation that EGF is able to induce phenotype changes
of MDA-MB-468 cells. The obtained data implicate that
EGFRvIII shifts MDA-MB-468 cells towards the
mesenchymal phenotype, thus potentially increasing their
tumorigenicity; however, further studies are needed.
This study was supported by European Funds for Innovative
Economy UDA-POIG.01.04.00-10-012/11-00.
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PROLINE-RICH TYROSINE KINASE 2 AND
ITS PHOSPHORYLATED FORM pY881 ARE
NOVEL PROGNOSTIC MARKERS FOR NON-SMALL
CELL LUNG CANCER PROGRESSION AND
PATIENTS’ OVERALL SURVIVAL
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Wei-feng Zhao5, Yong Du1,4 and Xing Zhang1
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Background: Our previous study revealed that proline-rich
tyrosine kinase 2 (Pyk2) is implicated in both anchorageindependent growth and anoikis resistance in lung cancer cells.
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This study aims to explore the expression and clinical
significance of Pyk2 and its phosphorylated forms in nonsmall cell lung cancer (NSCLC). Materials and Methods: The
mRNA and protein levels of Pyk2 or cancer stem cell (CSC)
markers were either examined by RT-PCR or Western blotting.
An immunohistochemistry (IHC) assay was conducted to
analyze the expression of Pyk2 and its phosphorylated forms
in 128 NSCLC cases. Results: The levels of PYK2 mRNA,
total protein and its phosphorylated forms (pY402 and pY881)
were higher in lung cancer lesions than in the paired
noncancerous tissues. The IHC analysis showed the levels of
the Pyk2 and Pyk2 [pY881] proteins were highly expressed in
70 (54.7%) and 77 (60.2%) cases, respectively. Both Pyk2 and
Pyk2 [pY881] were independent prognostic factors for
NSCLC patients and had a potentially predictive role in
NSCLC drug treatment. The gain and loss study of Pyk2
function revealed that Pyk2 could up-regulate CSC marker
expression and enhance the transforming ability of NSCLC
cells. Conclusion: Pyk2 and phosphorylated Pyk2 [pY881] are
potential prognostic factors and therapeutic targets for
NSCLC.
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HIGH THROUGHPUT FEW AND SINGLE
CELL EXPRESSION PROFILING AND THE
CHARACTERIZATION OF CIRCULATING
TUMOR CELLS

Mikael Kubista1,2, Robert Sjöback1, Marie Jindrichova2,
Eva Rohlova1, Vendula Rusnakova1,2, Siegfrid Hauch3,
Bahriye Aktas4, Mitra Tewes4, Maren Bredemeier5 and
Sabine Kasimir-Bauer5
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Biological samples are composed of large number of cells of
different types. When studying traditional samples containing
many cells only the collective response of all the cells present
is measured. However, the cells may respond differently and a
small subpopulation may be critical. Today, samples can be
enriched for a particular minority of cell type based on surface
antigens and characterized phenotypically by the expression
of key mRNA, microRNA or protein markers. Since its
development in 2005, single cell profiling is rapidly becoming
one of the most promising platforms for biological
characterization of minority cell types offering great promise
to stratify cancer patients based on the presence of minority
6014

clones that confer resistance to certain treatments. In my talk
I will present the highly robust and powerful experimental and
analytical workflows for few and single cells that have been
developed and a pick-and-chose panel of highly optimized
real-time PCR assays for cancer and treatment responserelated markers that are suitable for the characterization of
circulating tumor cells. I will also show early results from an
on-going study on patients’ response to therapy by means of
CTC profiling, suggesting some non-responders may be
identified from their CTC profiles.
Bengtsson M, Ståhlberg A, Rorsman P and Kubista M: Gene
expression profiling in single cells from the pancreatic islets
of Langerhans reveals lognormal distribution of mRNA levels.
Genome Res 15: 1388, 2005.
Ståhlberg A, Rusnakova V, Forootan A, Anderova M and
Kubista M: RT-qPCR work-flow for single-cell data analysis.
Methods 59: 80-88, 2013).
Ståhlberg A and Kubista M: The workflow of single cell
profiling using qPCR. Exp Rev Mol Diagn 14, 2014.
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ANATOMICAL LIVER RESECTION FOR
HEPATOCELLULAR CARCINOMA
Keiichi Kubota and Takatsugu Matsumoto
Second Department of Surgery, Dokkyo
Medical University, Tochigi, Japan

Introduction: Hepatocellular carcinoma (HCC) is frequently
complicated with portal venous invasion (PVI), which is
associated with intrahepatic metastasis contributing to poor
prognosis. Therefore, it is theoretically better to extirpate the
lobe, Healey’s segment or Couinaud’s segment that is fed by
a portal branch containing a HCC and possibly includes
intrahepatic metastatic lesions. This type of hepatectomy is
termed anatomical liver resection (ALR). Since ALR requires
wide range of liver resection, ALR is clinically indicated to
patients with good liver function, while non-ALR with 1-2cm margin is indicated to patients with a poor liver function.
However, the clinical benefit of ALR has not been fully
investigated. Thus, this study is aimed at investigating the
benefit of ALR for HCC complicated with PVI, including
invasion of distal to or second order branches of the portal
vein (Vp1 or Vp2). Patients and Methods: Ninety-seven
consecutive patients who had undergone initial curative ALR
for single nodule HCC accompanied by PVI were enrolled
in this study. ALR includes trisectionectomy,
hemihepatectomy,
sectionectomy
and
systematic
subsegmentectomy. Patients were divided into 2 groups;
Group A (n=74) with patients who received ALR and Group
B (n=23) with patients who received non-ALR. Clinical and
pathological factors were compared between Group A and
Group B. Data were expressed as a mean±standard deviation
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(SD) (Group A vs. Group B). Statistical analyses were
performed by the Mann-Whitney U-test, Cox regression test
and log rank test. Surgical techniques. 1) Trisectionectomy
and hemihepatectomy: For hemihepatectomy, right or left
hepatic artery and portal branch are ligated and divided. In
addition, for the left trisectionectomy, anterior branches of
the right hepatic artery and right portal vein are divided and
for the right trisectionectomy, all vessels to the segment 4
are divided. The liver parenchyma is divided along the
demarcation line. 2) Sectionectomy: The anterior or posterior
branches of the right hepatic artery and portal branch are
exposed, ligated and divided. Along the demarcation line, the
liver parenchyma is divided. 3) Resection of Couinaud’s
segment or systematic subsegmentectomy: This surgical
procedure was developed by Professor Makuuchi and is
termed systematic subsegmentectomy. Under the guidance of
intra-operative ultrasound, a portal branch containing a HCC
is punctured and 5 ml of indigocarmine is slowly injected so
as not to cause regurgitation. The stained area is marked with
electrocautery and subsequently is resected under the Pringle
maneuver. Results: In group A, ALR included 8
trisectionectomies,
21
hemihepatectomies,
21
sectionectomies and 24 systematic subsegmentectomies.
There were no significant differences in age (year) (65.6±9.7
vs. 64.4±9.6; p=0.825), gender, alpha-fetoprotein (AFP) level
(ng/dl) (14629.5±80754.3 vs. 2249.3±4848.8; p=0.955),
protein induced by vitamin K absence or antagonist-II
(PIVKA-II) level (mAU/ml) (10280.4±28587.5 vs.
1542.8±3073.9; p=0.674), intraoperative bleeding amount
(ml) (802.6±873.4 vs. 1395.7±2510.0; p=0.052) (ml),
operation time (min) (303.6±105.2 vs. 307.6±105.4;
p=0.593), total Pringle time (min) (57.0±22.9 vs. 47.9±25.9;
p=0.207) and tumor size (cm) (7.0±5.3 vs. 4.2±1.7; p=0.207)
between the two groups. Whereas, there were significant
differences in prothrombin time (%) (86.4±11.3 vs.
78.7±11.0; p=0.001), total bilirubin level (mg/ml) (0.7±0.4
vs. 0.9±0.3; p=0.021), platelet count (×104/μl) (18.0±8.4 vs.
11.9±5.9; p=0.001) and ICG R15 (%) (13.7±6.2 vs.
24.5±13.2; p=0.96) between the two groups. Both the 5-year
survival rate and disease-free survival rate of Group A were
significantly higher than those of Group B (46.1% vs. 14.3%;
p=0.002 and 33.8% vs. 0%; p=0.001), respectively (Figures
1 and 2). Multivariate analysis using four clinical
characteristics selected from univariate analyses revealed that
liver damage degree (B/ A) (HR: 1.582, 95% confidence
interval (CI): 1.156-2.169, p=0.004), surgical procedure(nonALR/ ALR) (HR: 2.075, 95% CI: 1.107-3.891, p=0.023),
intra-operative blood loss (>300/≤300) (HR: 2.283, 95%
CI:1.249-4.173, p=0.007) and alpha-fetoprotein level (AFP)
(<20/>20) (ng/ml) (HR:2.283, 95% CI: 1.209-4.310,
p=0.004) were significantly associated with postoperative
survival. Discussion: This study clearly demonstrates the
clinical benefit of ALR for a single HCC complicated with

Figure 1. Overall survival rates of ALR and non-ALR groups.

Figure 2. Relapse-free survival rates of ALR and non-ALR
groups.
microscopic portal vein invasion. ALR is considered to
extirpate intrahepatic metastatic lesions, which consequently
contributes to improving prognosis. In this study, ALR was
indicated to patients with better liver function and therefore
further study is required to give a conclusive remark of ALR.
Conclusion: ALR is considered improving prognosis of HCC
patients with PVI.
Makuuchi M, Hasegawa H and Yamazaki S: Ultrasonically
guided subsegmentectomy. Surg Gynecol Obstet 161: 346350, 1985.
Hasegawa K, Kokudo N, Imamura H et al: Prognostic impact
of anatomic resection for hepatocellular carcinoma. Ann Surg
242: 252-259, 2005.
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MELANOMA AND HEALTHY SUBJECTS
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Background: The first aim of the study was to evaluate the
usefulness of IGF1 for melanoma detection. The second aim
was to correlate the changes of serum levels of IGF1 with the
Breslow score and sentinel nodes metastasis positivity.
Patients and Methods: We examined a group of 111 persons,
77 patients with melanomas and 139 healthy probands. We
determined IGF1 in each serum sample. IGF1 serum levels
were measured using an IRMA radioisotope IGF1 assay kit
(Immunotech, France). Serum samples were collected prior to
surgery or any other form of treatment. All melanoma
diagnoses were histologically verified. Results and Discussion:
Based on the statistical evaluation between melanoma and
healthy group we observed statistically significant differences
in IGF1 serum levels. The median of IGF1 in the melanoma
group was 154.1 ng/ml compared to 111.2 ng/ml in the group
of healthy persons with p=0.0038. The changes of the IGF1
levels related to the Breslow score categories were statistically
significant (p=0.0027). In the last step, we compared the
results between the positive and negative metastatic
involvement of the sentinel nodes. The median of IGF1 levels
in the negative group was 173.5 ng/ml compared to 205.8
ng/ml in the positive group. The difference was statistically
significant (p=0.0407). Conclusion: Serum levels of IGF1
were significantly higher in the patients diagnosed with
melanoma compared with the healthy control group. The
changes of the IGF1 levels related to the Breslow score
categories were statistically significant. Serum levels of IGF1
were significantly higher in the group with the positive
metastatic presence of the sentinel nodes than in the negative
patients.
Supported by the Ministry of Health, CR, FNPl00669806,
IGA grant NT11017-5/2010.
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AND MODULATOR OF UBIQUINONE
BIOSYNTHESIS AND UBIQUINONE-10 IN
COMBINATION WITH DOXORUBICIN ON RAT
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MAMMARY CARCINOMA GROWTH RATE
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Doxorubicin is an anthracycline antibiotic widely used in
chemotherapy of a variety of solid human tumors. Its use has
been hampered by adverse effects that include reliable
decrease in ubiquinone (CoQ) content. CoQ is an important
electron and proton carrier, as well as antioxidant. Deficiency
of CoQ leads to disruption of bioenergetic balance. Its
biosynthesis may be inhibited under stressful conditions and
a number of pathologies. The aim of the present work is to
study the effect of complex preparation of precursors and
modulator of CoQ biosynthesis (α-tocopherol acetate, 4hydroxybenzoic acid, methionine (EPM complex)) and CoQ10
medical participation in combination with doxorubicin on rat
Guerin’s carcinoma and Walker-256 mammary carcinoma
growth rate. Tumor transplantation was performed by
subcutaneous injection of 20% Guerin’s carcinoma cell
suspension and 30% Walker’s-256 mammary carcinoma cell
suspension in the thigh area of non-bred male and female rats
(weighting 180-220 g), respectively. Chemotherapy of
experimental animals was carried out with doxorubicin in the
dose of 1.5 mg/kg. Chemotherapy treatment started from the
third day after tumor transplantation and was performed every
two days for 10 days. Experimental rats, in addition to
doxorubicin, received per os the EPM complex and CoQ10
daily, starting from the third day after the tumor
transplantation and for 10 days.The results of the study
suggest that supplementation of the complex EPM and CoQ10
with doxorubicin did not decrease the effectiveness of
doxorubicin. Treatment of animals with Guerin’s carcinoma
with the complex EPM and CoQ10 with doxorubicin results in
increase of antitumor activity of doxorubicin. As in the case
of Guerin’s carcinoma and Walker’s-256 mammary carcinoma,
with the combined use of doxorubicin and CoQ10 the quality
of life of the animals was better than other animals. The
expiremental data obtained may be used to substantiate the
application of these biologically active substances within
frameworks of complex treatment of oncological pathologies.
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Abstract. The novel high performance liquid chromatography
(HPLC) methods combined with modern sample preparation
procedures for determination of neopterin, kynurenine,
tryptophan and creatinine were developed and validated. The
methods can be used for determination of target analytes in
various human fluids as urine, serum, amniotic fluid, exudate
and wound liquids to monitor immune response, progression
of the disease and therapy response. Introduction: Neopterin,
unconjugated pteridine derivate, is produced in significant
quantities by human monocyte-macrophages after stimulation
with interferon gamma. It represents a useful and important
parameter to monitor the activation of the immune system that
accompanies many diseases. Elevated levels of neopterin in
serum and urine were found in different pathological
situations: nephrotic syndrome, autoimmune diseases, insulin
resistance, pancreatic cancer, colorectal cancer, acute
myocardial infarction and many other diseases (1). Recently,
some authors combine neopterin with intracellular oxidative
stress and it is described as a possible link to apoptosis (2).
Kynurenine is one of the main metabolites of amino acid
tryptophan. Activated catabolism of tryptophan was observed
in diseases associated with activation of the immune system,
such as infection, autoimmune and malignant diseases. Studies
show that increased tryptophan catabolism contributes to the
modulation of oxidative stress in tissues and changes in the
stimulation of glutamate receptors. This phenomenon occurs
especially in neurodegenerative diseases such as Parkinson’s
and Alzheimer’s disease, during attacks of epilepsy and
sclerosis multiplex. The serum kynurenine levels significantly
increased in patients treated with hemodialysis. The
kynurenine/tryptophan ratio correlates with disease
progression in lung cancer (3), while high kynurenine levels
were observed in multiple trauma patients (4) etc. Kynurenine
also affects thermoregulation and sleep and significantly
increases during pregnancy. The kynurenine /tryptophan ratio
always correlates with neopterin levels (4-6).
Development of the new methods for determination of these
biomarkers can lead to better diagnostic capabilities and also
can improve treatment of serious diseases and care of
individual patients. One of the suitable techniques for analysis
is HPLC, routinely used in all types of analytical laboratories.
The main advantages are its ability to separation, identification
and quantification of substances of different structure in a

Figure. Correlation between tryptophan degradation as
expressed by the kynurenine to tryptophan ratio and immune
activation marker neopterin in the sera of 111 patients with
coronary heart disease.
wide concentration range during a single analysis with high
sensitivity and automation possibilities. Also, another
important part of analysis is sample preparation procedure,
which is fundamental for the analysis of biological material.
Its implementation depends on the overall success of the
analytical determination - both in qualitative as well as
quantitative terms. Combination of new HPLC trends with
modern sample preparation techniques is one of the main
principles of the method development in the Research
Laboratory of the 3rd Internal Gerontometabolic Clinic,
University Hospital Hradec Králové. Results: Three novel
HPLC methods for determination of neopterin, kynurenine,
tryptophan and creatinine in various biological fluids were
developed and validated. Separation was achieved by modern
stationary phases as: hybrid particular stationary phase,
monolith of 2nd generation – High Resolution and connection
of two monoliths. Fast sample preparation procedure was
provided by microtitration plates. Target analytes (Figure)
were determined in urine, serum, amniotic fluid and in
wounds. Determination of neopterin, kynurenine and
tryptophan in different biological liquids can provide deeper
knowledge about: (i) prognosis of various diseases and
efficiency of the treatment (urine), (ii) rejection after kidney
transplantation, as well as progression of kidney diseases and
effectiveness of their treatment (serum), (iii) maturation of
pteridine metabolism in the fetus (amniotic fluid), (iv)
prognosis of tuberculosis (pleural fluid) and (v) immune
system activity and response to therapy directly in affected
place, which allows to predict exactly the progress of the
disease at early stagesd (exudates, ascites, wound).
Discussion: The results could contribute to increased
knowledge about the immune system activation in serious
diseases. This fact will help to increase the effectiveness of
6017
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existing schemes in therapy. In addition, the newly developed
methods can be used to get closer knowledge in clinical
practice to identify the optimal therapeutic strategy for the
treatment of high-risk patients (elderly, diabetics, cancer
patients, etc.).
Authors gratefully acknowledge the financial support of IGA
MH CR projects NT14265-3, NT/13566, NT/13564 to the
project SVV 260 063, the European Social Fund and the state
budget of the Czech Republic, TEAB, project no.
CZ.1.07/2.3.00/20.0235.
1 Wachter H, Fuchs D, Hausen A, Reibnegger G, Weiss G and
Werner ER: Werner-Felmayer G, Walter De Gruyter Inc
New York 1992.
2 Suzuki Y, Suda T, Furuhashi K, Suzuki M, Fujie M,
Hahimoto D, Nakamura Y, Inui N, Nakamura H and Chida
K: Lung Cancer 67: 361-365, 2010.
3 Polder M, Splitter A, Schroecksnadel K, Neurauter G, Linda
E, Pelinka LE, Roth E and Fuchs D: Clinical Science 116:
593-598, 2009.
4 Widner B, Leblhuber F and Fuchs DJ: Neural Transm 109:
181-189, 2002.
5 Schrocksnadel K, Wirleitner B, Winkler Ch and Fuchs D:
Clinica Chimica Acta, pp. 82-90, 2006.
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Most treatments for cancer are designed to eliminate cancer
cells directly. Four decades ago Judah Folkman proposed antiangiogenesis as a potential target in the control of cancer. This
concept has been extensively exploited by various investigators
and has included the use of CD105 antibody. CD105 is a cell
surface receptor of TGF-β receptor complex and is
preferentially expressed in endothelial cells (EC) of human
tumours and its plasma levels correlate with metastasis in
cancer patients. In EC, TGF-β signals through 2 pathways,
ALK1 and ALK5. TGF-β/ALK1 signalling induces smad1/5
phosphorylation and stimulates cell proliferation and migration
whereas TGF-β/ALK5 signalling mediates smad2/3
phosphorylation and inhibits these responses. The down
regulation of CD105 on EC inhibits their growth, migration,
and sprout formation; its over-expression antagonises TGFβ/ALK5 signalling and cellular responses to TGF-β1.
Immunoscintographs following perfusion of 99Tc labelled
anti-CD105 Mab into surgically excised renal cell carcinoma
from patients showed well defined radioactive hot spots which
matched the position of the tumour mass identified by pre6018

surgery MRI scans and subsequent histopathological
examination. Analysis of the initial phase I trial of CD105
antibody injection into 50 cancer patients demonstrated good
tolerability and efficacy in these patients. Common adverse
events including anaemia, telangiectasias, and infusion
reactions reflected the mechanism of action of the drug.
Antibodies to CD105 were not detected in treated patients.
Stable disease or a better outcome was achieved in 21 of 45
evaluable patients (47%). With regard to what next, firstly,
ongoing clinical trials are testing CD105 in combination with
chemotherapy and VEGF inhibitors and as a single agent in
prostate, ovarian, bladder, breast, and hepatocellular cancer.
Secondly, it was found that PAX3 promotes tumour
progression via CD105 signalling. PAX3 is a developmentally
expressed transcription factor that is important for
tumourigenesis. It is re-expressed in tumours which arise from
tissues requiring PAX3 regulation during embryogenesis such
as neuroblastoma, rhabdomyosarcoma and melanoma. Tumors
derived from IGF-II plus PAX3 transfected myoblasts had
high microvessel density, implying PAX3 synergised with
IGF-II and thus could contribute to angiogenesis during
tumour progression. Investigation of angiogenic target genes
of PAX3 by microarray analysis revealed that CD105
expression was down-regulated in malignant tumour cells by
PAX3 silencing. Whether a combination of PAX3 silencing
and use of CD105 antibody would have a synergistic effect,
has not been examined.
1 Fang WH et al: Microvasc Res 86: 42, 2013.
2 Fang WH et al: J Cell Mol Med 18: 38, 2014.
3 Rosen LS et al. Clin Cancer Res 18: 4820, 2012.
Many thanks to Charles P Theuer for sharing his data.
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he tyrosine kinase inhibitor sunitinib malate is nowadays a
standard first-line treatment option in patients with clear-cell
renal cell carcinoma. Although generally well-tolerated and
associated with low incidence of toxicities grade 3 or 4,
sunitinib exhibits a distinct pattern of side-effects that require
monitoring and management. To assess the potential predictive
value of hypothyroidism in patients treated with sunitinib, we
analyzed the medical records of all patients treated in our
institution between November 2008 and October 2013; 41
patients were included. The rate of hypothyroidism was
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significant. During treatment, 29.3% of patients developed
hypothyroidism with a median of peak TSH values of 34.4
mIU/l. Patients who had both TSH >4 mIU/l and were taking
substitution therapy with levothyroxine had prolonged PFS
compared to all other patients (25.3 months vs. 9.0 months;
p=0.042). Although rarely described in the literature,
thyrotoxicosis can also be a side-effect of sunitnib. In a
subsequent study, all patients treated between November 2008
and March 2014 were included. The results showed that out
of 62 included patients, in 12 (19%) hypothyroidism
developed during therapy with sunitinib and in 2 (3.2%)
hypothyroidism was preceded by thyrotoxicosis. In other 50
patients no thyroid dysfunction was observed. In conclusion,
according to our and experience of some similar studies,
sunitinib-induced thyrotoxicosis (SIT) is not a so rare entity
and is followed by hypothyroidism. The role of
hypothyroidism as a predictive marker of better treatment
response to sunitnib is evaluated and the possible significance
of SIT as a predictive marker needs to be further validated.
Therefore, following-up this subgroup of patients on a regular
basis is important.
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Protein tyrosine phosphatases that act in different cellular
pathways are described most commonly as tumor suppressors,
but also as oncogenes. Their role has previously been
described in colorectal cancer, as well as in many other
cancers. As genetic-environmental interrelations play an
important role in the susceptibility to sporadic forms of CRCs,
many studies are focused on genetic alterations in such
tumors.
In our study we have investigated the methylation status and
chromosomal unbalances within regions covering four protein
tyrosine phosphatase genes PTPRs: PTPRM, PTPRT, PTPRR
and PTPRZ1, which were pre-selected using an Illumina 27K
microarray as being hypermethylated in sporadic CRC.
Were carried out on 102 surgical specimens obtained from
sporadic colorectal cancer patients. All cases were molecularly

characterized, including analysis of the following: the BRAF
V600E and K-ras (codons 12 and 13) mutations, methylator
phenotype (CIMP), microsatellite instability (MIN) and
chromosomal instability.
Methylation specific PCR analysis confirmed that frequency
of promoter methylation was significantly higher in tumor
cells as compared to matched normal tissue for each of the
analyzed genes.
We have also observed amplification of three regions
containing genes coding for PTPs, such as PTPRM (7q31.2,
amplification in 21%), PTPRQ (12q21.2, amplification in
5.5%), PTPRT (20q12, amplification in 27.5%), along with
deletions in the region of PTPRZ1 (18p11.2, deletion in 20%).
These data may suggest that in sporadic colorectal cancer
PTPRM, PTPRT, PTPRQ probably act as oncogenes, while
PTPRZ1 acts as a tumor suppressor gene. Our study also
revealed that gains on chromosome 20q12 and losses on
chromosome 18p11.2 are connected with the absence of the
BRAF mutation and the conventional adenocarcinoma
pathway.
The results of our study support the hypothesis that the
PTPR family plays an important role in the etiology of
colorectal cancer.
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IMPORTANCE OF PLASMINOGEN ACTIVATOR
RECEPTOR (UPAR) FOR THE SPREAD OF
ESOPHAGEAL ADENOCARCINOMAS AS
COMPARED TO OTHER CARCINOMAS
OF THE GI TRACT
Ole Didrik Laerum

The Finsen Laboratory/Biotech Research and Innovation
Centre (BRIC), University of Copenhagen, DK 2200
Copenhagen, Denmark, and Institute of Clinical Research
(The Gade laboratory), Haukeland University
Hospital, N-5021 Bergen, Norway

Adenocarcinomas in the gastrointestinal (GI) tract have similar
morphologies, but highly differing prognoses. While less than
10% of patients with esophageal carcinomas survive, the
corresponding figures for gastric cancer are about 25% and
colorectal carcinomas about 60%. Since the plasminogen
activating system leads to proteolytic activity in the
microenvironment, the goal was to estimate the expression as
well as the involvement of the system in cell types related to
invasion.
A comparative analysis has been made by use of
immunohistochemistry, immunofluorescence and in situ
hybridisation. By semiquantitative analysis scores of uPAR
positivity were estimated in cancer cells, tumour associated
macrophages and myofibroblasts. Both the invasion zone and
the central parts of the tumour (tumour core) were evaluated in
6019
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a material of 60 cases of adenocarcinomas of the lower
esophagus and at the gastroesophageal junction. The data were
compared to parallel analyses on gastric and colorectal
carcinomas.
uPAR positivity both in cancer cells in tumour core and
macrophages in the invasion zone in esophageal
adenocarcinoma implied a significantly lower survival.
In gastric cancer only positive cancer cells in the invasion
zone and in CRC macrophages in the tumour core core
implied a worse prognosis. uPAR positivity in both cancer
cells, macrophages and myofibroblasts were characteristic in
all 3 cancer sites, but only in esophageal cancers both cancer
cells and macrophages were associated with higher hazard
ratios. uPAR positivity appears to be an important determinant
of invasive growth in GI tract adenocarcinomas, and foremost
in the esophagus.
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CISPLATIN-ASSOCIATED PROTEIN
CONTRIBUTES TO CISPLATIN RESISTANCE
AND MALIGNANCY IN THYROID CARCINOMA
Alaa Derwiysh, Ruza Arsenic and Hermann Lage

Charité Campus Mitte, Institute of Pathology, Berlin, Germany
(hermann.lage@charite.de)

Carcinoma of the thyroid gland is the most common cancer of
the endocrine system. Thyroid follicular cells give rise to welldifferentiated papillary and follicular carcinomas as well as to
poorly differentiated and anaplastic cancers. Papillary and
follicular cancers have the lowest degree of malignancy.
Although thyroid carcinoma is relatively resistant against
chemotherapy, cisplatin is commonly used for treatment of
advanced cancers. Cisplatin-associated protein (CAP) is a
novel protein with unclear biological function.
Five human thyroid cancer cell lines were used: B-CPAP
(papillary carcinoma), FTC-133 and ML-1 (follicular
carcinoma), HTH-74 and C-643 (anaplastic carcinoma).
Paraffin-embedded tissue of 166 cases were used: 10 normal
thyroid tissues, 17 thyroiditis, 25 hyperplastic lesions, 25
follicular adenomas, 45 papillary carcinomas, 18 follicular
carcinomas, 9 anaplastic carcinomas and 17 medullary
carcinomas.
QRT-PCR and Western blot demonstrated a correlation
between CAP expression level and degree of malignancy, i.e.
lowest expression in normal thyroid tissues, highest in
anaplastic carcinomas. The majority of CAP is phosphorylated
and strongly coexpressed with Akt. Down regulation of CAP
by RNAi was associated with a decrease of proliferation rate
and increasing resistance to cisplatin treatment. Accordingly,
down regulation of CAP resulted in a dramatic reduction in
triggering apoptosis following cisplatin treatment.
Immunohistochemistry of tissue samples demonstrated an
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increased localization and phosphorylation of CAP in the
cytoplasm with considerable reduction of nuclear localization,
i.e. nuclear expression of CAP is reduced in 40% of
adenomas, 55% of conventional papillary carcinomas, 65% of
follicular variant of papillary carcinomas, 61% of follicular
carcinomas, 67% of anaplastic carcinoma and 100% of
medullary carcinomas.
In conclusion, CAP has pro-apoptotic features in thyroid
gland and is abolished by phosphorylation that mediates its
cytoplasmic sequestration. Furthermore, CAP plays an
important role in resistance of thyroid cancer against cisplatin
but not against other drugs.
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DO CANCER CELLS IMPOSE EPIGENETIC
CHANGES ON NORMAL FIBROBLASTS?
A COLON-ORIENTED PRELIMINARY INQUIRY
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A number of studies indicate that at early stages of the
neoplastic process normal stromal fibroblasts provide a tumorrestrictive environment. During cancer progression, however,
stromal fibroblasts are reprogrammed into the role of cancerassociated fibroblasts (CAFs) and become partners in crime.
An important question pertains to the molecular mechanisms
underpinning the phenotypic transformation of normal
fibroblasts into CAFs. While much evidence is available
showing that clonal somatic genetic alterations are rare in
CAFs, an attractive possibility is that opportunistic signals
originating from cancer cells impose changes on the
epigenomic landscape of fibroblasts, thus contributing to their
stable cancer-promoting phenotype. Mechanistically,
malignant cells may subvert the epigenetic landscape of
stromal fibroblasts by interfering with the multi-tiered process
of genomic DNA methylation and histones posttranslational
modifications.
In an attempt to assess our working hypothesis, we have
used a Transwell-based co-culture system that prevents direct
contact but allows cell-to-cell paracrine communication.
Human colonic fibroblasts (CCD-18Co cell line) and human
colonic adenocarcinoma cells (HT-29 cell line) were cocultured for 0, 24, 48 and 72 hr. At the end of each culture
period, genomic DNA was extracted from CCD-18Co cells
and levels of 5-methyl-cytosine (5-mCT) were determined
using a microplate-based assay. Concurrently, nuclear 5-mCT
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immunostaining of colonic CCD-18Co cells co-cultured with
HT-29 cells was performed. CCD-Co-18 cells not exposed to
HT-29 cells served as the appropriate controls.
Our preliminary findings indicate global DNA hypomethylation in normal colonic fibroblasts co-cultured for 72
hr with cancer cells. Tenable mechanisms that underlie altered
DNA methylation in CAFs and putative consequences of
cancer-directed phenotypic changes enabling CAFs prooncogenic program will be discussed.
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THE ATOMIC FORCE MICROSCOPY
(AFM) IN NANOMEDICINE. AN OVERVIEW
D.A. Lamprou
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Nanomedicines display diverse pharmacokinetic profiles
dependent on size, shape, chemical composition and surface
characteristics. Significant variations in profile are observed
with the nanomedicines intended for all routes of
administration. Nanomedicines can prolong the release of
drug during their circulation in blood and/or can exclusively
release the drug specifically at a target site. Unlike the
conventional peroral formulations such as tablets and
capsules, nanosystems such as carbon nanotubes and lipid or
polymeric nanoparticles are capable of delivering drugs of
different physicochemical and biopharmaceutical properties.
Nanosystems in general result in increased area under the
curve (AUC) for the majority of bioactives suggesting longer
residence and slower release compared to conventional
delivery devices. As a general rule, lower concentrations in
the serum represent lower toxicity potential for the drug but
nanosystems have been shown to be safe even at higher drug
concentrations, which cannot be readily explained by the
serum pharmacokinetics. There remain many unknown details
about the interaction of nanocarriers with biological systems
and more information on the response of living organisms to
the presence of nanocarriers is needed to understand and
categorize the possible toxicity of these carriers in the body.
A significant body of literature suggests that the
stiffness/rigidity of red blood cells plays a major role in
whole blood viscosity that is correlated to several
cardiovascular diseases. It is increasingly believed that
changes in the cell stiffness of cancer cells affects the way
they are able to spread. Very recently, atomic force
microscopy (AFM) has been used to study the stiffness of
breast cancer tissues from patients. AFM can be a
multifunctional molecular toolbox in the nano-bio-interface
that can facilitate better understanding of pathology, as well
as toxicology, and could be used to quantify many risks in the

body. In this paper we will present data from our research lab
but also from the recent literature concerning the use of AFM
in cancer research.

362
EXPLOITING THE POTENTIAL OF LIPIDS
AND FROGS FOAMS TO TREAT CANCER
D. A. Lamprou

Strathclyde Institute of Pharmacy and Biomedical Sciences
(SIPBS) University of Strathclyde, Glasgow, Scotland, UK
(dimitrios.lamprou@strath.ac.uk)

Cancer targeting via the use of drug delivery systems is a
major area of research interest. Drug delivery systems offer
an opportunity of enhanced therapeutic effect of anticancer
agents by either increasing drug concentration to tumour sites
and/or reducing exposure to normal tissues. Among the
variety of delivery systems that have been developed, there
are still deficits with respect to achieving a smart delivery
system with the desirable characteristics of containing a
hydrophobic molecule with a “perfect” release of the
molecule. There is a variety of drug formulations for the
treatment of cancer on the market; however, there are stability
issues associated with these systems and drug uptake by
cancer cells is limited. In this research we have prepared
vesicles using lipids and frogs foams. The experimental
program includes: formulation and physicochemical
characterization of the nano-vesicles, and in vivo studies, as
well as simulation studies.
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RENAL BIOPSY, MININVASIVE
TECHNIQUES AND ACTIVE SURVEILLANCE
IN SMALL RENAL TUMORS
Alberto Lapini

Department of Urology, University of Florence,
Florence, Italy

Small renal masses (SRMs; ≤ 4 cm in diameter) have rapidly
risen in incidence in recent decades. SRMs are biologically
heterogeneous: 20% to 30% of SRMs are benign entities and
of the lesions that are RCC, 70% to 80% are low-grade, earlystage lesions believed to have low malignant potential.
A wide variety of treatments exists with favorable oncologic
outcomes: nephron sparing surgery (NSS): open, laparoscopic
and robotic assisted; ablative procedures: cryotherapy,
radiofrequency. The standard treatment is represented by NSS.
However, some patients could benefit from minimally
invasive, kidney-sparing treatment, such as those with high
surgical risk, underlying illnesses, multiple recurrent tumors,
borderline kidney function or only one kidney. For these
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patients, percutaneous cryotherapy or radiofrequency can
really represent an alternative to surgery. In patients who are
not ideal candidates for treatment, considering the biological
behaviour of SRMs, active surveillance (AS) has emerged as a
viable option with<2% of patients progressing to metastatic
disease in retrospective and prospective studies.
Ablative procedures and active surveillance require a
preliminary tumor biopsy. Percutaneous renal biopsy (PRB)
can determine SRM pathology and impact the decision for AS
or intervention. A recent meta-analysis reviewed 49
publications regarding the use of PRB in the diagnosis and
management of renal tumors shows a low rate of
complications with sensitivity ranging from 70% to 100%,
specificity at 100% and a cumulative accuracy>90% for
needle core biopsies.
We report the current data regarding tumor biopsy, ablative
procedures and active surveillance for SRMs.
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CANCER THERAPY WITH RADIONUCLIDES FROM
THE NATURAL RADIOACTIVE SERIES
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Radionuclides from the natural radioactive series have
played a significant role in cancer treatment during the last
centennium. There are four series starting from the
following mother radionuclides: 235U, 232Th, 238U and
237Np. The 237Np is no longer found in nature because of
a, in geological perspective, short half-life of 2.3 million
years. With the exception of radon, all the elements
generated by the decaying series are metals. Radium-226
from the 238U series represents a unique chapter in the
history of medical radiation science. Previously, 226Ra (with
its decaying daughter radionclides) was used as teletherapy
and later as brachytherapy, i.e., in the form of needles with
encapsulated 226Ra placed in or at the vicinity of various
cancers. In this method, the gamma and X-rays produced
by the decaying radionuclides were used, while the alpha
particles also generated were absorbed in the needle. There
is a renewed interest in radionuclides from the natural
radioactive series. Instead of using sealed sources as in the
brachytherapy with 226Ra, the recent development is related
to targeted therapy with injectable radiopharmaceuticals.
Thus, the energetic but short ranging alpha particles can
come into use. When alpha particle emitters are targeted to
tumors it allows a highly localized irradiation affecting only
small volumes of adjacent normal tissues, thereby has the
potential to minimizing side effects. Recently, a new class
of cancer therapeutics based on this principle was approved
with the alpha pharmaceutical 223Ra (Xofigo®). The pivotal
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clinical trials documented survival benefit and symptom
control in patients with castrate resistant prostate cancer
and skeletal metastases. Radium-223 is a member of the
235U series and a powerful bone-seeker due to calcium
mimetic properties when delivered as divalent cationic
injectate. Other radionuclides from the natural radioactive
series under evaluation for targeted cancer therapy are
212Pb, 225Ac and 227Th. These probably need to be
conjugated to peptides or antibodies via chelators to be
clinically useful.
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CD44 EXPRESSING HUMAN MELANOMA CELLS
UP-REGULATE TRANSFERRIN RECEPTOR
1 UPON EXPOSURE TO HYALURONAN
Friedemann Laube

Institute of Physiological Chemistry, Martin-LutherUniversity Halle-Wittenberg, Halle (Saale), Germany

Abstract: The cell surface receptor protein CD44 and its
isoforms are described to bind hyaluronan (HA) and this
interaction may trigger tumorigenic signals. The presence of
high levels of CD44 variant isoforms has been shown to be
an important metastatic tumour marker in a number of
cancers. Previously, CD44(v5) was detected on the human
melanoma cell line IGR-1 (1). Melanoma cells exposed to
HA showed an increased expression of the transferrin
receptor 1 (TFR1). On the basis of this result melanoma cells
were analyzed to uncover the mechanism and components for
this regulation. In addition to CD44(v5) and TFR1, the
receptor tyrosine kinase ErbB2 was identified on melanoma
cells. ErbB2 was shown to be activated upon HA-CD44
interaction via N-WASP. In ovarian tumour cells this interplay
led to the activation of β-catenin, which became trans-located
into the nucleus, where it induced transcriptional upregulation and cell migration (2). c-Myc, one of the β-catenin
target genes (3) controls TFR1 gene expression (4). The
participation of β-catenin in this signal transduction pathway
was shown by ionomycin treatment of IGR-1 cells. At
relatively low concentrations, ionomycin inhibited β-catenin
signalling efficiency, resulting in reduced TFR1 expression.
In contrast to this inhibitory effect at low concentrations, a 5fold higher ionomycin concentration resulted in a strong
increase of TFR1 expression. This result is due to the release
of Ca2+ from intracellular stores by ionomycin and suggests
an alternative signal transduction mechanism for TFR1
increase. Introduction: CD44 has been linked to numerous
signalling pathways (5). Among them, only the CD44-HA
signalling in association with ErbB2 results in β-catenin
activation. β-catenin will be recruited and activated in various
cancers and its function to up-regulate gene transcription is
linked with LEF/TCF interaction. Extensive investigations
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have shown that CD44 is the principal receptor of HA and
their interaction induces melanoma cell proliferation. The
increase of the proliferative capacity of melanoma cells after
HA binding is partly due to a stimulation of TGF-β1 and
bFGF secretion and their autocrine effects (6). Besides the
growth factor release, an increase of TFR1 expression is a
decisive prerequisite for cell proliferation. The missing link
between HA exposure of CD44(v5) positive melanoma cells
and a subsequent increase of TFR1 protein level is the c-Myc
proto-oncogene. The transcription factor c-Myc, one of many
β-catenin’s targets, is known to up-regulate TFR1 gene
expression. Another well-known signal transduction
mechanism with transcriptional up-regulation by β-catenin is
the Wnt-frizzled-LRP signalling but it functions completely
without HA. Thus, the experimental result described here
suggests that CD44 positive melanoma cells make use of βcatenin signalling for enhanced Fe uptake via TFR1 increase.
Materials and Methods: Cell surface receptor proteins and
their modification were detected by immunoluminescence
described previously (1). To differentiate which molecular
isoform of CD44 is expressed on IGR-1 melanoma cells
various epitope specific antibodies were used. CD44(v5) was
found to be expressed on IGR-1 melanoma cells (1). TFR1
was detected with the mAbs 3B8 2A1 and DF 1513 and
ErbB2 with mouse mAb 9G6 and rabbit pAb H-200.
Increased TFR1 protein expression was induced with
hyaluronic acid (H5388, Sigma). Ionomycin (Biozol) was
used for experiments to modify TFR1 expression. Ca2+ release
by ionomycin from intracellular stores was evaluated by laser
scanning microscopy using Ca2+ sensitive fluorescent dyes.
Results: TFR1 expression was up-regulated by HA in a
concentration dependent manner. It was shown that HA
treatment of melanoma cells for 1 h at 37˚C induced an
exponential increase of TFR1 concentration. It was further
shown that 10 μM ionomycin had an inhibitory effect on
TFR1 up-regulation. On the basis of these results we
examined if β-catenin is involved in the signal transduction
mechanism leading to TFR1 up-regulation induced by HA.
Treatment of the melanoma cells with 10 μM ionomycin
resulted in a 45% reduction of TFR1 concentration. However,
treatment with 50 μM ionomycin induced a 7-fold increase
of TFR1 concentration. Ionomycin is described to be a Ca2+
ionophore. Therefore, we wanted to measure ionomycin
induced intracellular Ca2+ release in IGR-1 melanoma cells
using laser scanning microscopy. Melanoma cells were preincubated with fluorescent dyes in order to accumulate the
dyes intracellularly. Then the cells were exposed to
ionomycin and fluorescent emission was measured. 10 μM
ionomycin induced only a short Ca2+ increase followed by a
rapid decrease. Contrary to this, 50 μM ionomycin induced a
strong Ca2+ increase with a much more sustained effect.
Discussion: TFR1 is expressed on malignant cells at levels
many times higher than those on normal cells and its

expression can be correlated with tumour stage or cancer
progression. Considering the crucial role of Fe in many
metabolic pathways, including ATP and DNA synthesis, it is
important to understand the function of TFR1. So far it is not
clear how tumour cells regulate their increased need of Fe for
proliferation. CD44 positive melanoma cells are able to use
extracellular HA for the induction of a signal transduction
mechanism that elevates the TFR1 level. Results obtained
suggest that the signal transduction of HA-CD44 might be
linked with the TFR1 up-regulation according to the
sequence: HA – CD44 – ErbB2 – N-WASP – β-catenin – cMyc – TFR1. Obviously, at a low concentration (up to 10
μM) ionomycin inhibits the transcriptional activity of βcatenin by disrupting β-catenin/TCF association (7). The
small increase of Ca2+ by 10 μM ionomycin did not
efficiently induce an alternative signalling pathway. However,
ionomycin at a concentration of 50 μM evidently acts as a
potent Ca2+ ionophore by releasing Ca2+ from intracellular
stores. Elevated and sustained Ca2+ level may activate the
PKC (8) and the following Raf – MEK – ERK – signalling
cascade results in tanscriptional activation and subsequent
TFR1 up-regulation.
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COINCIDENT EXPRESSION OF
MELANOTRANSFERRIN AND TRANSFERRIN
RECEPTOR 1 AND THEIR MODULATION ON
HUMAN MELANOMA CELLS: MANNOSE-6PHOSPHATE UP-REGULATES MTF AND
HYALURONAN UP-REGULATES TFR1
Friedemann Laube

Institute of Physiological Chemistry, Martin-LutherUniversity Halle-Wittenberg, Halle (Saale), Germany

Abstract: Melanotransferrin (MTf) and transferrin receptor 1
(TFR1) were detected on human melanoma cells and their cell
surface expression was modulated by different biologically
active substances: mannose-6-phosphate (M6P) stimulated
MTf up-regulation and hyaluronic acid (HA) resulted in TFR1
up-regulation. MTf increase by M6P is attributed to the
M6P/IGF-II receptor recently detected on melanoma cells (1).
TFR1 increase by HA is associated with the initial interaction
of HA with CD44 (2) and a signalling pathway including
ErbB2 and β-catenin activation (3). β-catenin as a co-activator
of TCF/LEF stimulates the transcriptional activation of c-Myc
and TFR1 is one of the multiple c-Myc target genes.
Introduction: MTf (p97), a member of the transferrin family,
is highly expressed on melanoma cells compared to normal
melanocytes. This so-called melanoma tumour antigen is
found to be bound at the plasma membrane via a glycosylphosphatidylinositol (GPI) anchor. The MTf molecule can
bind iron through a single high-affinity iron(III)-binding site.
Despite its high sequence homology of 37-39% with human
serum transferrin, the soluble MTf (sMTf) cannot be bound
by the TFR1 nor transferrin receptor 2 (TFR2). While the
function of the TFR1 in iron transport is well documented,
the functional importance of MTf is not yet fully understood.
However, there are some recent insights into MTf function
concerning tumorigenesis in melanoma, cell migration,
proliferation and angiogenesis (4). TFR1 is a type II
transmembrane glycoprotein that is found on all nucleated
cells. Many malignant cell lines show increased expression
of TFR1 compared to cells of benign lesions or differentiated
cell lines. The TFR1 has a pivotal role in Fe uptake by Fe3+loaded transferrin. Thus, this ligand-receptor interaction
ensures the Fe acquisition for the cell metabolism and
especially for highly-proliferating cells. The important role
of TFR1 for proliferating cells results from the need of Fe
for DNA synthesis, cell metabolism and respiratory chain.
Therefore, the overexpressed TFR1 may constitute a typical
biomarker on tumour cells. Materials and Methods: Both cell
surface proteins were detected by the immunoluminescent
technique using three different polyclonal antibodies (pAb:
H-70, P-20, C-20) for MTf and two monoclonal antibodies
(mAb: 3B8 2A1, DF1513) for the TFR1. In addition, ErbB2
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(HER2/Neu) was identified with two different Abs (mouse
mAb: 9G6 and rabbit pAb: H-200). The quantity of each
membrane protein was detected using HRP-coupled
secondary Abs that recognized the corresponding first Ab.
Luminescent measurements based on the HRP-catalyzed
reaction with luminol, H2O2 and p-iodophenol as enhancer
(5). Results: As an unexpected result MTf was found to be
resistant to phosphatidylinositol-specific phospholipase C
(PI-PLC). However, MTf as well as TFR1 were sensitive to
proteolytic degradation by pronase E and trypsin. As already
shown for the up-regulation of M6P/IGF-II receptor (1) and
alkaline phosphatase (6) by M6P, this agent also stimulated
the MTf up-regulation. Obviously, M6P or its derivatives
may cause signalling processes via the M6P/IGF-II receptor
stimulating the activation of different genes. The TFR1 was
up-regulated by HA in a concentration dependent manner.
Recombinant human IGF-II (rh IGF-II) failed to stimulate
the up-regulation of MTf and TFR1 but increased the
M6P/IGF-II receptor expression. Discussion: The failure in
releasing MTf from the cell membrane by PI-PLC could be
due to the chemical modification of the GPI anchor or the
inaccessibility of the anchoring site (e.g. glycocalyx,
caveolae). Alternatively, the careful limited proteolytic
degradation of both MTf and TFR1 showed a clear reduction
in the signal intensities of both proteins compared to
inhibition controls. The up-regulation of MTf by M6P is a
remarkable result because it suggests that MTf may be
classified to those proteins which are positively affected by
M6P or its derivatives via the M6P/IGF-II receptor. The
observation that HA up-regulates the TFR1 expression
obviously reflects a signalling pathway that involves CD44,
one of the main HA receptors, ErbB2 and β-catenin. The βcatenin activation and translocation into the nucleus leads to
the interaction with TCF/LEF and following transcriptional
activation of different genes. One of these genes is c-Myc
and the c-Myc protein is known to activate the TFR1 gene.
Thus, this result suggests the essential role of TFR1 for cell
proliferation, a process that is induced by HA via membrane
bound CD44. Previously, CD44 was detected as the main
receptor for HA on IGR-1 melanoma cells (2). Additionally,
ErbB2 was identified on IGR-1 melanoma cells. These
results may link the signalling of HA-CD44 via ErbB2
phosphorylation with the following activation of β-catenin.
Further experiments are described for the evaluation of this
signal transduction mechanism. This approach provides some
insights into the complex interplay of different cell surface
receptors (e.g. CD44, ErbB2 and TFR1) on melanoma cells.
Certain components of this network may represent possible
targets for the tumour suppression. However, in contrast to
MTf the TFR1 seems not to be a specific target molecule for
cancer therapy due to its widespread occurrence and high
expression on rapidly growing normal cells and
erythropoietic progenitors.
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THE ROLE OF SPLICING FACTOR EXPRESSION
ON THE LATENT/LYTIC SWITCH DURING
REPLICATION OF ONCOGENIC KAPOSI SARCOMA
HERPESVIRUS
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Eglė Strainienė and Kęstutis Sužiedėlis
Laboratory of Molecular Oncology, National Institute of
Cancer, Vilnius, Lithuania

Kaposi’s sarcoma herpesvirus (KSHV) is an oncogenic virus
and acts as the causative agent of Kaposi’s sarcoma (KS) and
primary effusion lymphoma (PEL). Like other γherpesviruses, KSHV has latent and lytic phases of
replication. Most of the cells infected with KSHV in KS and
PEL are in latent phase; only a fraction of cells are in lytic
phase. Transition from latent to lytic phase is called KSHV
reactivation and this process can be induced by naturally
occurring factors such as hypoxia, oxidative stress, reactive
oxygen species and HIV infection. Although it is clear that
such level of reactivation is sufficient for the maintenance of
KS and PEL tumors, it is not currently understood why and

how only a sub-population of KSHV infected cells is
undergoing reactivation. As the action of HDAC inhibitors
regulate splicing and induce KSHV reactivation, one of the
suggestions to explain this is the ongoing alternative RNA
splicing within the cells of the same population. We
investigated the role of pre-mRNA splicing for KSHV
reactivation induced by a variety of chemical inducers
(phorbol ester TPA, sodium butyrate) and naturally occurring
factors, by identifying the differences in splicing patterns
between cells undergoing lytic replication and those in latent
phase. To this end, we are studying the expression levels of
splicing factors during the KSHV reactivation by qRT-PCR.
Our preliminary results indicate that the expression of several
splicing-associated factors interacting with the splicing factor
U2AF65 is affected upon induction of KSHV lytic
replication by TPA, sodium butyrate and hypoxia-mimicking
conditions. The role of these splicing-associated factors is
under investigation by using siRNA techniques. In order to
obtain a larger view on the processes behind KSHV
reactivation at the exon expression level, we are preparing to
compare cells in the latent and lytic phases by an exon-array
analysis.
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LONG TERM FOLLOW-UP OF BORDERLINE
OVARIAN TUMORS

Anastasia Lazarou1, Christina Fotopoulou2,
Alexandra Coumbos3, Jalid Sehouli2, Jekaterina Vasiljeva4,
Ioana Braicu2, Heinz Burger5 and Wolfgang Kuehn3
1Department
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2European Competence Center for Ovarian Cancer,
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Oncology, Berlin, Germany;
4 Department of Gynecology, Charité, Mitte
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University, Berlin, Germany

Introduction: Borderline ovarian tumors (BOTs) present a
special group of ovarian neoplasms with a much more
favorable prognosis than their malignant counterparts. The
aim of our study was to evaluate the clinical characteristics,
prognostic factors and outcome of BOTs. Materials and
Methods: Data of 151 patients with BOTs, operated
between 1973 and 2008 at the Charité University-Hospital
Berlin, Germany were gathered. The log-rank test was used
to determine statistical significance. Multivariate survival
analysis was performed with the Cox proportional hazard
model. Results: One hundred and fifty-one patients were
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diagnosed with BOTs (mean age: 51.1 years, range: 16-85
years). Histopathology revealed 125 patients (82.8%) with
serous, 16 patients (10.6%) with mucinous and 8 patients
(5.3%) with mixed BOTs. The FIGO-classification was:
102 patients (67.5%) had a FIGO-stage I, 16 patients
(10.6%) a FIGO-stage II, 22 patients (14.6%) a FIGO-stage
III and 6 patients (4%) a FIGO-stage IV. Peritoneal
implants were found in 33 (21.9%) patients; of those, 4
(2.7%) were invasive, 26 (17.2%) non-invasive and 3 (2%)
both invasive and non-invasive. Micropapillary pattern was
observed in 19 (12.6%) cases and microinvasion in 8
(5.3%) cases. Second neoplasms (mostly breast and
colorectal cancer) were seen in 19 patients (12.6%). The
median follow-up period was 86 months (range: 0.1-432).
Nineteen patients (16.8%) relapsed; of those 10 (52.6%)
with invasive implants, while 7 (6.2%) patients died of
disease; of those 2 (28.5%) with invasive implants. Median
time to progression was 48 months (range: 8-120).
Conclusion: Despite the excellent prognosis of BOTs,
patients need to be followed-up on a long term basis, since
late recurrence in terms of malignant transformation may
occur.
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PKCS IN VIVO FUNCTION ANALYZED
BY GENE TARGETING IN MICE
Michael Leitges

Biotechnology Centre of Oslo, Oslo, Norway

The focus of the group is a functional genomics approach to
analysis of protein kinase C (PKC) in vivo functions. PKC
comprises a protein family of at least 12 independent members
generated from 9 different genes, which behave quite similar
in vitro when using biochemical approaches. Thus, the
identification and analysis of isoform specific in vivo functions
have been a challenge since the first PKC isoforms were
identified. We use the gene targeting approach in mice to
generate individual PKC deficient mouse lines, which can
serve as a tool to investigate isoform-specific PKC functions in
vivo.
The basic strategy involves an in-depth expression
analysis of individual PKC isoforms within the organism
(mice). Therefore, we make use of specific tools we have
generated in the lab like specific RNA in situ probes,
isoform-specific antibodies and reporter alleles in mice in
order to establish PKC expression profiles on a very precise
level.
A recent focus of our analysis is to unravel PKCs role
during tumorigenesis and progression using established cancer
mouse models in combination with our PKC knockouts we
have established over the last decade. Exemplary results of this
approach, using the APCMin model, will be discussed.
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NEW ACHILLES HEELS IN MELANOMA?
Ferdy J. Lejeune

Lausanne University, Faculty of Biology and Medicine,
Lausanne, Switzerland

Despite the efficacy of the new melanoma therapies, such as
BRAF inhibition, immunological check-points inhibition,
melanoma remains a cancer endowed with many salvage
pathways rendering it resistant or able to escape. Recently, new
molecular signaling pathway targets have been detected: (i) New
in MAPKinase pathway: GNAQ and GNA11 tyrosine kinase
receptors, (ii) MDM4, a p53 transport inhibitor, (iii) EGFR
family member HER4 receptor expressed in melanoma and (iv)
Receptor NOTCH expressed in uveal melanoma. To summarize:
GNAQ and GNA11 are new members of the MAPKinase
pathway, especially expressed in uveal melanoma but also in
cutaneous melanoma. GNAQ encodes the alpha subunit of
heterodimeric G proteins. GNAQ and its paralogue GNA11,
with somatic mutation in exon 5 is expressed in 83% uveal
melanoma and mutually exclusive. GNAQ activates MAPK and
induces metastases (1). Selumetinib (AZD6244), downsteam to
BRAF, is an inhibitor of ERK1/2. In addition, it is a GNAQ
inhibitor with IC50 <0.1 μM/l in mutated GNAQ and >1μM in
the wild type. A randomized phase II clinical trial (2) was
performed in naive uveal melanoma. Selumetinib 75 mg BID
(n=49) was compared with temozolomide (n=47) 150 mg Q1D.
Cross over was permitted. Mutations in exon 5 were found:
GNAQ in 37%, GNA11 in 47%. Adverse events consisted of
rhabdomyolysis with CPK 13% grade 3; edema 38% grade ½,
2% grade 3. The objective response by RECIST was 15% vs.
0%. SD with selumetinib 76%. In skin melanoma (3) the
combination of selumetinib with dacarbazine vs. dacarbazine
showed an improved PFS: 5.6 months vs. 3 months
(significant), while a trend for survival was OS: 13.9 months vs.
10.5 months (not significant). Side effects included dermatitis,
diarrhea, vomiting, peripheral edema and visual disturbance.
PKC isoforms are up-regulated in uveal cells harboring GNAQ
mutations. The drug enzastaurin (4), which had been initially
developed as antiangiogenic, was shown to inhibit PKCθ in
GNAQ mutated melanoma cells. Consequently, phosphoERK1
and 2 were down-regulated. This finding suggests that
enzastaurin might be used to target MAPK pathway in GNAQ
mutated uveal melanoma. MDM4 is a p53 transport inhibitor
and is over-expressed in 83% of cutaneous melanoma. It is
especially over-expressed in melanomas harboring mutations in
BRAF and NRAS alike. MDM4-p53 inhibition equally affects
the growth of NRAS- and BRAF-mutant melanoma cells. The
agent SAH-p53-8 peptide disrupts the p53-MDM4 complex (5).
MDM4-p53 inhibition is equally effective at inhibiting growth
of BRAF-mutant cells before or after they acquire resistance to
BRAF inhibitors. Combined treatment with MDM4-p53
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inhibitors and BRAF inhibitors synergizes to kill melanoma
cells that are sensitive to BRAF inhibition. The expression of
HER4, a member of the EGFR family worsens the prognosis of
melanoma (6). Dacomitinib (PF-00299804) is an irreversible
Pan-HER inhibitor and deserves to be tried in selected
melanoma cases. The NOTCH receptor, a well-established
pathway in other cancers, has been found to promote growth
and invasion of uveal melanoma. The therapeutic efficacy by
correcting NOTCH-1 induced aberrants in uveal tumors (7).
siNOTCH-1 inhibited UM cell growth, xenograft growth and
increased survival. Combination with oncolytic adenovirus was
synergistic both in vitro and in vivo. In addition, cell growth
inhibition correlated with NOTCH expression (down-regulation
of pSTAT3 & pERK ½). NOTCH blockade was obtained with
the gamma secretase inhibitor MRK003, which inhibited eye
xenograft and lung metastases (8). This short review suggests
that there are already some available inhibitors of these new
melanoma targets with variable specificity, such as selumetinib
for GNAQ, enzastaurin for PKC, gamma secretase inhibitors for
NOTCH, the SAH peptide for disrupting the p53-MDM4
complex, dacomitib, as a pan-HER inhibitor for inhibiting
HER4. Already available early clinical data suggest that these
new targets could be added to the future anti-melanoma strategy.
It remains to be found if these new targets play a role in
melanoma resistance to therapy.
1 Van Raamsdonk C.D., Ph.D., Klaus G. Griewank, M.D.,
Michelle B. Crosby, M.D., et al. Mutations in GNA11 in
Uveal Melanoma. N Engl J Med 2010;363:2191-9.
2 Carvajal RD, Sosman JA, Quevedo F et al. Phase II study
of selumetinib versus temozolomide in gnaq/Gna11 mutant
uveal melanoma. J Clin Oncol 2013 ; suppl, abstr CRA9003.
3 Middleton MR, Dummer R, Gutzmer R et al. Phase II
double-blind randomized study of selumetinib plus
dacarbazine versus placebo plus dacarbazine as first-line
treatment for advanced BRAF-mutant cutaneous melanoma
or unknown primary melanoma. J Clin Oncol 2013 : 31;
suppl, abstr 9004.
4 Wu X, Zhu M, Fletcher JA, Giobbie-Hurder A, Hodi FS.
The Protein Kinase C inhibitor enzastaurin exhibits
antitumor activity against uveal melanoma. PLoS ONE
2012; 7(1): 1-10.
5 Gembarska A, Luciani F, Fedele C, Russell EA, Dewaele M,
Villar S, Zwolinska A, Haupt S, de Lange J, Yip D, Goydos
J, Haigh JJ, Haupt Y, Larue L, Jochemsen A, Shi H,
Moriceau G, Lo RS, Ghanem G, Shackleton M, Bernal F,
Marine JC.MDM4 is a key therapeutic target in cutaneous
melanoma. Nat Med. 2012 18(8):1239-47.
6 Nielsen TO, Poulsen SS, Journe F, Ghanem G, Sorensen BS.
HER4 and its cytoplasmic isoforms are associated with short
progression-free survival of malinant melanoma. Melanoma
Res 2014 ; 24(1) :88-91.
7 Huang X, Wang L, Zhang H, Wang H, Zhao X, Qian G, Hu
J, Ge S, Fan X. Therapeutic efficacy by targeting correction

of Notch1-induced aberrants in uveal tumors. PLoS One.
2012;7(8):1-10.
8 Asnaghi L, Katayoon B. Ebrahimi, Karisa C. Schreck, et al.
Notch Signaling Promotes Growth and Invasion in Uveal
Melanoma. Clin Cancer Res 2012;18:654-665.
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ELUCIDATING THE EFFECT OF PHOTODYNAMIC
TREATMENT IN COMBINATION WITH 3,
3’–DIINDOLYLMETHANE ON THE GROWTH OF
HUMAN EPITHELIAL CANCER CELLS
E. Leman1,2 and F. Fares3
1Departments

of Human Biology, Faculty of Natural
Sciences, University of Haifa, Mount Carmel, Haifa, Israel;
2Departments of Evolutionary and Environmental Biology
and Institute of Evolution, Faculty of Natural Sciences,
University of Haifa, Mount Carmel, Haifa, Israel;
3N.G. Kholodny Institute of Botany, National Academy of
Sciences of Ukraine, Kiev, Ukraine

In the current study we elucidate the effect of photodynamic
treatment (PDT) mediated by a promising photosensitizer,
mTHPC (Foscan), in combination with the well-known
phytochemical 3,3’- Diindolylmethane (DIM) on the growth
of human head and neck squamous cell carcinoma (HNSCC)
FaDu cell line. PDT is a regulatory-approved modality used
for the treatment of various oncologic lesions. The most
important aspects of PDT are the processes of light absorption
and energy transfer. It involves a tumor localizing
photosensitizer (PS) that induces cytotoxicity when activated
by light of an appropriate wavelength. mTHPC is approved in
Europe for the palliative treatment of head and neck cancers
and is a second generation PS that concerns the porphyrin
derivative class. Indole-3-carbinol (I3C), a common
phytochemical in man’s diet, is present in all members of the
cruciferous vegetable family. DIM is a major acid-catalyzed
condensation product of I3C, which is produced in the
stomach after consumption of cruciferous vegetables. DIM
inhibits invasion and metastasis of nasopharyngeal carcinoma
cells by regulation of epithelial mesenchymal transition
(EMT). Key players of endotheliod characteristics of HNSCC
that enable angiogenesis and invasion are Ve-cadherin
(CDH5), vimentin (VIM) and E-cadherin (CDH1). In the
present study, under applied conditions, mTHPC-mediated
PDT in combination with DIM was found significantly more
cytotoxic in comparison with either single treatment.
Enhanced apoptotic cell death after the combined treatment in
comparison with either single treatment was detected by
Annexin-V/PI staining. Gene expression patterns were
analyzed at 24h post-treatment by qRT-PCR. Significant
down-regulation of CDH5 and subsequent up-regulation of
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CDH1 were detected following DIM treatment alone and
mTHPC-combined treatment, while VIM has shown no
expression changes.
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CAROTENOIDS AND THEIR DERIVATIVES
PREVENT CANCER BY AFFECTING THE ACTIVITY
OF DIVERSE TRANSCRIPTION SYSTEMS
Joseph Levy

Department of Clinical Biochemistry, Faculty of Health
Sciences, Ben -Gurion University of the Negev, Beer-Sheva,
Israel

The basis for the vivid color of carotenoids and their
antioxidant activity is the multiple conjugated double bonds,
which are characteristic for these plant-derived
micronutrients. Moreover, the cleavage of these oxidationprone double bonds leads to the formation of apocarotenoids.
An amazingly large number of different carbonyl-containing
oxidation products are expected to be produced as a result of
carotenoid oxidation and these can be further metabolized to
the corresponding acids and alcohols. Indeed, many, but not
all, of these potential products have been detected and
identified in edible plants, as well as in human and animal
plasma and tissues. Some of these compounds were found to
be biologically active as anticancer agents. In addition to the
inhibition of cancer cell proliferation, several carotenoid
metabolites were shown to modulate the activity of various
transcription systems. These include the ligand-activated
nuclear receptor family, such as the retinoic acid receptor,
retinoid X receptor, peroxisome proliferator-activated receptor
and estrogen receptor, as well as other transcription systems,
which have an important role in cancer, such as the
electrophile/antioxidant response element pathway and
nuclear factor-κB. Therefore, carotenoid oxidation products
can be considered as natural compounds with multifunctional,
rather than monofunctional, activity and, thus, can be useful
in the prevention of cancer and other degenerative diseases.
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CANCER DRUG DISCOVERY FROM FRAGMENTS
TO MARINE NATURAL PRODUCTS
Rongshi Li

Center for Drug Discovery and Department of
Pharmaceutical Sciences, College of Pharmacy Cancer
Genes and Molecular Regulation Program, Fred and Pamela
Buffett Cancer Center University of Nebraska Medical
Center, Omaha, NE 68198-6805, USA

Part A. Fragment-based and Structure-guided Discovery of
Chemokine CXCL12 Inhibitors toward the Therapy of
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Metastatic Cancer. The C-X-C motif chemokine ligand 12
(CXCL12, also known as stromal cell-derived factor-1, SDF1) and its cognate G protein-coupled receptors (GPCRs)
CXCR4 and CXCR7 are high-priority clinical targets because
of their involvement in metastatic cancer, autoimmune and
cardiovascular diseases (1-4). The GPCRs have been one of
the most important drug targets for pharmaceutical and biotech
industry. More than 30% of all US marketed therapeutics has
been from GPCRs. While virtually all drug discovery efforts
have focused on the GPCRs at the axis of CXCL12/CXCR4
and CXCL12/CXCR7, almost all CXCR4 receptor antagonists
have failed in clinical trials due to unmanageable toxicities.
Our studies to interfere with CXCL12/CXCR4-guided
metastatic homing demonstrated alternative strategies by
designing small-molecule fragments, optimizing and
developing them as CXCL12 inhibitors(5). Our fragmentbased and structure-guided approaches have been focused on
the crucial sulfotyrosine (sY) binding sites of the chemokine
CXCL12. There are three sY binding sites: sY7, sY12 and
sY21. Based on the initial hit 1 (Figure 1) on sY21 site(6), we
designed and synthesized a small fragment library (nine
members) employing a bioisostere approach along with
fragment-based and structure-guided design, and screened the
compounds using 2D NMR chemical shift perturbations and
functional chemotaxis assays. Our newly discovered fragment
2 not only improved the potency of chemotaxis by 3-fold from
1, but also increased the ligand efficiency from 0.23 to 0.30
(ligand efficiency=LE: defined as the free energy of binding
divided by the number of non-hydrogen atoms), whereas the
LE for protein-protein interaction disruptors rarely exceeds
0.24 due to the limited number of chemical and physical
cavities necessary for high affinity interactions (7).

Figure 1. Fragment-based Optimization.
We have designed a series of follow-up and iterative compound
libraries based on a proposed co-complex structure of
CXCL12:2 using NMR and molecular docking model. Our
continuing efforts of SAR optimization have yielded more
potent compounds. In this talk, our novel approaches to tackling
the chemokine CXCL12 as potential drug target will be
presented. Part B. Marinopyrrole Derivatives as Potential
Anticancer. Agents. Marinopyrroles, isolated from actinomycete
strain CNQ-418 that was retrieved from a deep ocean sediment
sample off the coast of La Jolla, California, were first reported
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to show antibiotic activity against methicillin-resistant
Staphylococcus aureus (MRSA) by the Fenical group in 2008
(8). We reported the first total synthesis of marinopyrrole 3 less
than two years later (9). After discovered that marinopyrrole 3
possessed anti- Mcl-1 (myeloid leukemia cell-1) activity (10),
we designed and synthesized a series of novel marinopyrrole
derivatives (I–VI) as shown in Figure 2. These derivatives
include symmetrical marinopyrroles I where R groups are the
same (11), cyclic marinopyrroles II (12), non-symmetrical
marinopyrroles III (13), IV (14), V (15) and VI (15). So far, we
have designed and synthesized over 60 novel analogs of
marinopyrrole 3 via a series of synthetic routes that we have
developed (9, 11, 15). Their activity as potential anticancer
agents and Structure-Activity-Relationship (SAR) have been
extensively investigated by us.

Figure 2. A Series of Novel Marinopyrrole Derivatives.
This talk will present the design, synthesis, structural,
biological studies, SAR, and the results of induced
programmed cell death (apoptosis) and inhibited cell
proliferation by these marine natural product derivatives–marinopyrroles. These projects were partially supported by the
National Cancer Institute of the National Institutes of Health
under Award Number R01CA173056 to R.L., and partially
supported by the start-up fund provided by University of
Nebraska Medical Center.
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Oncolytic viruses are able to infect tumor cells directly and
kill them while replicating and producing progeny for
infection of additional, neighbouring tumor cells. While
these viruses may not be able to find and infect every
malignant cell in a host, there is growing evidence that they
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are able to induce an anti-tumor immune response that
contributes to therapeutic impact. We have been developing
rhabdoviruses as oncolytics and recently identified Maraba
virus as a superior clinical candidate that we have further
engineered to enhance tumor-specificity and potency. This
virus is highly active against a broad array of human tumor
cell lines and is able to significantly impact various murine
tumor models.
To further enhance the ability of these viruses, to induce
anti-tumoral immunity, we have engineered them to express
tumor antigens, effectively turning them into oncolytic
vaccines that retain their ability to directly infect and debulk
tumors while reducing local immunosuppression and directly
engaging the immune system to induce tumor antigen-specific
T cells. This strategy is able to induce very large and potent
CD8+ T cell responses against tumor antigen in tumor-bearing
hosts leading to durable, curative outcomes. The Maraba virus
is a particularly effective booster of tumor-specific immunity
and an oncolytic Maraba virus expressing MAGE A3 has been
tested in non-human primates demonstrating an excellent
safety profile and induction of very impressive anti-MAGE
immunity. This vector is entering a “first-in-man” phase I/IIa
clinical trial this year.

375
PREVALENCE OF METALLO-BETA-LACTAMASE
PRODUCING PSEUDOMONAS AERUGINOSA IN
SURGICAL ONCOLOGY PATIENTS

I. Lintzeris, G. Kaklamani, M. Dimitriou, X. Agrogianni, I.
Spiliotis, I. Nomikos and V. Papaemanouil

Surgery Oncology Department and Microbiology Laboratory
of Anticancer Hospital of Piraeus “Metaxa”, Greece

Introduction: Pseudomonas aeruginosa is a major pathogen
causing severe invasive infections in critically ill and
immunocompromised patients, such as oncological patients.
Lately, increasing resistance to carbapenems mediated by
metallo-beta-lactamase (MBL) and other mechanisms
preoccupies clinicians. The aim of this study was to
determine the incidence of P. aeruginosa strains producing
MBLs from clinical isolates in a surgical unit of an anticancer
hospital. Materials and Methods: The material was consisted
of 48 isolates of Pseudomonas aeruginosa collected from
samples, such as sputum, blood and wound in a three-year
period of patients undergone a major oncological operation.
The isolates were characterized using a combination of
colonial morphology, gram stain characteristics, and oxidase
tests. The identification at the level of species was done with
the use of extended profile of API20NE. Imipenem- and
meropenem-resistant isolates were selected for the detection
of MBL production by the modified Hodge test and the
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double disc synergy test using imipenem and EDTA discs or
ceftazidim and EDTA discs. The antibiotic susceptibility test
of the Pseudomonas aeruginosa isolates was determined by
the disc diffusion method in Muller Hinten agar in accordance
with clinical laboratory standard institute guidelines. MIC
detection was determined by E-test strip by an agar dilution
method for all isolated pseudomonas strains. Results: 15
strains were found to be resistant to carbapenems (31.25%)
and MBL producers. Among the MBL producers, the
sensitive ones to antibiotics, according the MIC test, were as
follows : to collistin 90%, to polymyxine B 26.6%, to
amikacin 20% and to piperacillin tazobactam 61.1%.
Discussion: The infection of surgical oncology patients by P.
aeruginosa species, resistant to carbapenems, complicates
dramatically their clinical condition and prognosis. Therefore,
it poses a problem of clinical significance that requires an
immediate solution.
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SKIN CANCER INCIDENCE: A SIX-YEAR
RETROSPECTIVE ANALYSIS

I. Lintzeris, X. Agrogianni, A. Lintzeri, G. Chatzoulis,
G. Vourliotakis, V. Ponirakos and A. Varatsos

Surgery and Pathology Department, General Hospital of
Tripolis, Arcadia, Greece

Introduction: Skin cancer is estimated to be the commonest
type of malignant neoplasms in individuals. The aim of this
study was to examine the incidence and subtypes of nonbenign skin tumors among the individuals of a
Mediterranean-Hellenic population. Materials and Methods:
A six-year retrospective analysis was conducted involving all
the cases of skin tumors and lesions that were treated at a
surgery department of a second-level hospital in a semiurban and agricultural South Hellenic region of 50,000
inhabitants. Epidemiological data according to sex and age
were registered, as well as pathology examination results,
treatment and medical records. Results: From a total of 1,519
patients who underwent a surgical excision of dermal
neoplasms, 327 cases were histologically identified
concerning malignant skin tumors. In detail, 138 patients
were diagnosed with basal cell carcinoma. Head and neck
consisted of the most frequent site of the disease.
Furthermore, 98 cases involved squamous cell carcinoma. It
is noticeable that 9 patients were diagnosed with melanoma.
Discussion: Among the morphological categories of skin
cancer, the most frequently encountered was that of basal
cell carcinoma reflecting an incidence of 46 new cases per
100,000 per person per year, while, according to literature,
the incidence worldwide is estimated that varies from 70 to
800 new cases per 100,000 persons per year.
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PEPTIDE RECEPTOR RADIONUCLIDE THERAPY
(PRRT) IN PATIENTS WITH METASTATIC
NEUROENDOCRINE TUMORS: THE UNIVERSITY
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T. Liotsou, A.P. Stefanoyiannis and S.N. Chatziioannou

Department of Radiology, Nuclear Medicine Section,
National and Kapodistrian University of Athens, Medical
School, Athens, Greece
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Purpose: Metastatic or unresectable neuroendocrine tumors
(NETs) are untreatable tumors with intense symptoms, such
as vomiting, diarrhea and flushing due to the overproduction
of peptides and hormones produced by these tumors. The
purpose of this retrospective study was to assess the clinical
improvement, the radiological response and safety of
peptide receptor radionuclide therapy (PRRT). Patients and
Methods: Nineteen (19) patients were enrolled in this study
with histologically confirmed metastatic or unresectable
NETs, at a median follow-up time of 3-29 months. Fourteen
patients had gastroenteropangreatic tumors (GEP-NETs), 3
patients lung carcinoid, whereas 2 patients medullary
thyroid carcinoma. All the patients had a positive
somatostatin receptor scintigraphy before treatment and
measurable disease in CT or MRI. Thirteen patients were
treated with 90Y-DOTATOC (maximum total dose of 13.3
GBq) and 6 patients were treated with 177Lu-DOTATATE
(maximum total dose of 29.6GBq). Administration of amino
acid solution, 0.5-1 hour prior to and during treatment, was
performed to avoid nephrotoxicity. The radiological
response was evaluated using the RECIST criteria, the
biochemical response was classified using WHO criteria and
the clinical response was estimated subjectively (reduction
of the symptoms’ frequency). Toxicity was based on
Common Toxicity Criteria version 4.0. Results: The
radiological response was achieved in 42%. Biochemical
response was observed in 37%. Clinical response occurred
in 47%. Regarding toxicities, 1 patient (5%) presented
transient liver toxicity grade II and 3 patients (16%) had
renal toxicity of grade I. Three patients died due to
progression of disease. Finally, most patients experienced,
during therapy, adverse events (nausea, vomiting and
headache) that had, however, complete remission few hours
after the administration of treatment performed in coadministration of amino acids. Conclusion: This study
shows that PRRT is an effective and well-tolerated treatment
for metastatic or inoperable NETs. It results in quality of
life improvement by reducing symptoms due to NETs
hormonal overproduction and contributes to disease
shrinkage.
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MONOCLONAL ANTIBODY AGAINST
TRANSFORMING GROWTH FACTOR-Β1
AS POTENTIAL BIOLOGICAL THERAPY
DOES NOT INFLUENCE LIVER
REGENERATION IN TOXIC LIVER INJURY EXPERIMENT ON LARGE ANIMAL

V. Liska1, V. Treska1, O. Vycital1, J. Bruha1 and H. Mirka2
1Department

of Surgery, University Hospital, School of
Medicine in Pilsen, Pilsen, Czech Republic;
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Introduction: Steatohepatitis is a histopathological liver injury
caused by, among others, chemotherapy - chemotherapy
associated steatohepatitis (CASH). It could progress to liver
fibrosis or cirrhosis and breaks liver functions and liver
regeneration. Impaired liver regeneration reduces the number
of patients that could undergo liver resection and decrease the
opportunity of curative therapy. Transforming growth factor
beta (TGF-β), a potent mitotic inhibitor, participates during
the last phase of liver regeneration and is implemented in liver
fibrosis. TGF-β is studied like a potential solution against liver
fibrosis or hepatocellular carcinoma development. Aim of
Study: The aim of our study was to establish a model of toxic
liver injury on a large animal model and prove the influence of
a monoclonal antibody against TGF-β (MAB-TGF-β) on the
increase of liver regeneration capacity and augmentation of
liver growth after liver resection. Materials and Methods:
Liver toxic injury was developed by alcohol consumption and
regular intraperitoneal administration of carbon tetrachloride
to piglets for ten weeks. After ten weeks, piglets underwent
liver resection of left lateral and left medial liver lobes.
Twenty-four hours after liver resection we administered MABTGF-β (40μg/kg of body weight) to the experimental group
(10 piglets) or physiological solution to the control group (10
piglets) through implemented port-a-cath. Observation and
follow-up was performed during the experiment. Ultrasound
and biochemical tests (albumin, cholinesterase, aspartate
aminotransferase, alanine aminotransferase, gamma glutamyl
transferase, alkaline phosphatase, bilirubin, urea, creatinine
and ammonia) were performed on the 1st, 3rd, 7th, 10th and 14th
postoperative day. Histopathological examination was
performed after sacrificing of animals on the 14th
postoperative day. Results: Histopathological examinations
confirmed impact of toxic liver injury. The administration of
MAB-TGF-β was without any side effects. All compared
serum levels of studied biochemical and histopathological
parameters were without statistical significant differences. The
volumes of regenerating liver parenchyma after resection were
without statistical significant differences, although with higher
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median values in the experimental group. Conclusion: We
established a toxic model of liver injury in large animal that
is comparable with CASH. The achieved toxic injury that was
induced without redress between administrations was probably
excessively larger and it was not possible to influence liver
regeneration by the administration of MAB-TGF-β. We did
not observe any side effects after administration of MABTGF-β. This monoclonal antibody could be a promising
solution for oncologic-targeted treatment because of no side
effects.
This study was supported by grants IGA MZ CR 13326 and
14329.
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EARLY PREOPERATIVE ADMINISTRATION
OF MONOCLONAL ANTIBODY AGAINST
TRANSFORMING GROWTH FACTOR-Β1 DOES NOT
INFLUENCE THE REGENERATION OF
LIVER REMNANT VOLUME AFTER RESECTION –
EXPERIMENT IN SWINE
V. Liska1, V. Treska1, O. Vycital1, J. Bruha1 and H. Mirka2
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Introduction: Patients who undergo extended liver resection
for malignancy are threatened with acute liver failure after the
postoperative period because of small liver remnant volume.
The regeneration capacity of liver parenchyma could be
afflicted with preoperative oncological treatment.
Transforming growth factor-β1 (TGF-β1) is a potential target
for biological therapy of hepatocellular carcinoma and also
plays an important role in the final part of liver regeneration –
inhibition of hepatocyte proliferation. Thus, its blockage was
supposed to extend the proliferation phase. Aims: The aim of
the authors was to evaluate the influence of early preoperative
administration of monoclonal antibody against TGF-β1 on
hepatic parenchyma regeneration after liver resection in a
swine experimental model. Materials and Methods: Sixteen
piglets were included in the study (6 in the experimental group
and 10 in the control group). TGF-β1 monoclonal antibody or
saline solution was administered 12 and 4 days before
resection of the right liver lobes. In the two-week
postoperative period authors assessed biochemical,
morphological and histological parameters. Results:
Ultrasound volumetry did not prove significant differences
between groups in the regenerating volume of liver. The only
significant differences in the development of biochemical
parameters were higher serum levels of creatinine and gamma
glutamyl transferase in the experimental group. Histologically,
the cross-sectional area of hepatic lobules and the proliferation
6032

index did not differ between animals that received the antiTGB-β1 monoclonal antibody or the control physiological
solution. The cross-sectional area of hepatocytes was larger in
animals treated with the physiological solution when
compared to animals treated with the anti-TGB-β1
monoclonal antibody on the 14th day but both groups were
comparable on the 28th day. Conclusion: Early preoperative
administration of monoclonal antibody against TGF-β1 does
not influence the regeneration of liver after resection in a
swine experimental model.
This study was supported by grants IGA MZ CR 13326 and
14329.
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CLASP1 GENE EXPRESSION IN OVARIAN CANCER
IS RELATED WITH SURVIVAL
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Ovarian cancer is usually diagnosed at an advanced stage and
thus the results of treatment are poor. Scientific efforts are
aimed at better understanding of biology of this cancer and at
a search for diagnostic, prognostic and predictive biomarkers.
We examined gene expression in 97 ovarian cancer samples
and performed a number of systematic analyses of expression
patterns in relation to several defined clinical and molecular
features. Analysis of survival resulted in 93 probe sets related
with overall survival (OS) and 18 probe sets related with
disease free survival (DFS). Fifteen genes related with OS,
two of them (ATRX and CLASP1) showing also correlation
with DFS, were chosen for validation with quantitative RTPCR. Only four genes were confirmed to be significantly
correlated with OS. This were CLASP1 (p=0.005), MBNL1
(p=0.038), SPPL2B (p=0.027) and VAV2 oncogene
(p=0.013). None of the genes was validated according to DFS.
We also did other comparisons based on the above RT-PCR
measurements. Interestingly, CLASP1 showed also strong
correlation with CHT response (p=0.0005) as well as with
BRCA1 mutation status (p=0.035). We performed also an
external validation in the independent set of 33 ovarian cancer
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samples. CLASP1 appeared again to be significantly related
both with OS (p=0.049) and DFS (p=0.004). CLASP1
(cytoplasmic linker associated protein 1) is relatively poorly
characterized protein that is thought to play a role in regulation
of tubule dynamics in interphase and during cell division.
Thus, this protein may be important in tumor cell response to
Taxanes. Possibly, it may also be engaged in differential
response to CHT in patients with hereditary, BRCA1
mutation-linked ovarian cancer. We think that CLASP1 may
be worth further investigation as a potential prognostic and
predictive marker.

381
MORPHINE, MELATONIN, MARIJUANA,
MAGNOLIA AND MYRRH AS THE “FIVE M”
SCHEDULE IN THE TREATMENT OF CANCER PAIN
AND THE POSSIBLE DOSE-DEPENDENCY OF THE
ANTITUMOR AND ANALGESIC EFFECTS OF
THE PINEAL HORMONE MELATONIN
P. Lissoni, G. Porro, G. Messina, E. Porta, F. Rovelli,
M.G. Roselli and F. Brivio

Italian Association of Integrate Medicine, Milan, Italy

Introduction: With the discovery of psychoneuroendocrinoimmunology (PNEI) showing that the mu-opioid agonists and
corticosteroids may selectively suppress the anticancer
immunity by stimulating T regulatory lymphocytes (T reg) (1,
2), which may inhibit the production of the major anticancer
cytokines, IL-2 and IL-12, the treatment of cancer pain may
be planned without negatively affecting host anticancer
immunity. In particular, it is important to obtain the control of
pain by using low doses of morphine or morphine-like agents
because of their immunosuppressive effect on IL-2 and IL-12dependent anticancer immunity. It is known that pain
perception is the result of a complex balance between pain
transmission starting from the spinal dorsal horn and the
inhibitory influence played by fibbers descending from several
brain areas, namely peri-acqueductal gray, raphe and locus
coeruleus. Of note, pain transmission is under a psychoemotional modulation exerted by the limbic system and brain
cortex. The inhibitory control of pain is namely exhibited by
three brain major systems consisting of the opioid system (3),
cannabinergic system (4, 5) and pineal gland through several
hormones; the most known of them is the pineal indole
melatonin (MLT) (6). Each of these systems may play a direct
analgesic effect by acting on specific opioid, cannabinoid and
MLT receptors and interact with the other two systems by
amplifying their anti-nociceptive activity. Moreover, both
cannabinoid agonists and MLT have appeared to inhibit the
NMDA (N-methyl-D-aspartate) glutamate receptor subtype,
which is responsible for both pain induction and opioid
tolerance; however, there is a constant need to increase the

opioid dose to maintain pain control. Finally, MLT has been
proven to counteract the opioid-induced immunesuppression
of the anticancer immunity. In addition, within plants
potentially effective in the supportive care of cancer,
Magnolia, whose main active principle is honokiol, as well as
Myrrh, would be the most active ones to improve the efficacy
of cancer pain therapy because of the stimulatory effect of
Magnolia on brain’s cannabinergic system and the analgesic
action of Myrrh. Thus, the present study was carried out to
evaluate the possibility to achieve a control of pain in
advanced cancer patients under chronic therapy with the muopioid agonists, MLT, Magnolia and Myrrh by associating a
cannabinoid treatment or by increasing the dose of MLT itself,
instead of constantly increasing opioid dosage. Patients and
Methods: The study was performed in a group of untreatable
metastatic solid tumor patients for whom no other effective
standard therapy was available because of progression under
previous anticancer treatments or poor clinical conditions
unable to tolerate the conventional therapies. According to
previous studies on cancer supportive therapy, the patients
were treated with MLT at 20 mg/day orally in the dark period
of the day because of its anti-cachectic, antiproliferative and
immunostimulating activities; Myrrh tincture at 2 ml
twice/daily because of its anti-inflammatory analgesic effects;
and Magnolia cortex at 500 mg twice/daily because of its antidepressant and oncostatic properties. All patients were
chronically treated by morphine or morphine-like substances
at different doses; the most commonly used was oxycodone.
In the presence of an inadequate control of pain, instead of
increasing opioid dosage, 12 patients received an association
of cannabinoid therapy consisting of Marijuana as Cannabis
flos 19% tetra-hydro-cannabinol (THC) as an infusion of 500
mg/1,000 ml of water at a dose of 100 ml thrice/daily, by
comparing the results on pain control with those observed in
another group of 14 patients who were treated by increasing
MLT dosage from 20 to 100 mg. In the absence of an
adequate pain control within few days, patients were
commonly treated by increasing opioid dosage. Pain was
evaluated by the visual analogue scale (VAS). Results: A
control of pain was achieved in 5/12 (42%) patients by an
association of Cannabis infusion without no increase in opioid
dosage and in only 2/14 (14%) patients treated with high-dose
MLT. However, 6/14 (43%) obtained a disease stabilization
(SD), which, in contrast, was seen in only 2/12 (16%) patients
treated by the Cannabis infusion. None of these differences,
however, was statistically significant because of the low
number of cases. Both Cannabis infusion and high-dose MLT
were well-tolerated and no undesirable biological side effect
occurred. Discussion: This preliminary study would suggest
that pain control in cancer patients may be obtained not only
by constantly increasing opioid dosage but also through other
psycho-pharmacological approaches, consisting of the
association of cannabinoid agents. A small improvement in
6033

ANTICANCER RESEARCH 34: 5761-6258 (2014)

pain control was also achieved by high-dose MLT, which,
however, contributed also to counteract cancer progression
suggesting that the antitumor effect of the pineal hormone
MLT may be a dose-dependent phenomenon. Therefore, a
concomitant association of cannabinoid therapy and high-dose
MLT could contribute to improve the efficacy of the natural
supportive treatments of human tumors in terms of control of
both pain and cancer dissemination. Further studies with larger
number of patients and by randomized clinical investigations
will be required to confirm these preliminary data and to
establish the optimal clinical schedule of cannabinergic agents
plus high-dose MLT in association with chronic opioid therapy
to control pain in cancer patients without affecting their
anticancer immune response.
1 Sacerdote P. Pall Med 20, s9, 2006.
2 Hassan ATM et al. Int J Immunopharmacol 9, 1381, 2009.
3 Schafer M et al. Adv Pall Med 8, 53, 2009.
4 Grotenhermen F. Neuroendocrinol Lett 25, 14, 2004.
5 Viganò D et al. Pharmacol Biochem Behav 81, 360, 2004.
6 Srinivasan V et al. In. Melatonin and melatoninergic drugs.
Springer India, p 211, 2014.
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DEVELOPMENT OF ERIBULIN, A MACROCYCLIC
KETONE ANALOG OF HALICHONDRIN B,
FOR ADVANCED BREAST CANCER
Bruce A. Littlefield
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Natural products from the sea represent rich sources of novel
compounds for drug discovery. Owing to their roles in
chemical defense, marine natural products often show
remarkable biological potencies in order to overcome highly
diluting ocean environments. Halichondrin B (HB), originally
isolated from the sponge Halichondria okadai, is one such
compound. Early reports of HB’s remarkable antitumor
activity led to significant interest in developing it as a new

anticancer drug, but limited supply from natural sources
ultimately prevented such efforts. Fortunately, the total
synthesis of HB plus the discovery that its anticancer activity
resided in its macrolactone right half provided an opportunity
to develop structurally simplified, fully synthetic analogs.
Eribulin, a synthetic macrocyclic ketone analog of HB’s
macrolactone right half, retains HB’s high potency and shows
low- to sub-nM activity against cancer cells in vitro.
Mechanistically, eribulin is a novel tubulin-targeted
microtubule dynamics inhibitor that disrupts normal mitotic
spindle formation, leading to apoptosis after 10-12 hours of
irreversible mitotic blockade. In vivo, eribulin induces rapid
tumor regression and long-term survival of nude mice bearing
human tumor xenografts. Eribulin (as Halaven®) is currently
approved for clinical use in the United States, European
Union, Japan and many other countries for treatment of certain
patients with advanced breast cancer.
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SYNTHESIS AND ANTITUMOR MECHANISM
OF A NEW ANTHRACENE IMIDAZOLE
HYDRAZONE DERIVATIVE
Yan-Cheng Liu, Hai-Lu Wang, Shang-Feng Tang,
Zhen-Feng Chen and Hong Liang

State Key Laboratory Cultivation Base for the Chemistry and
Molecular Engineering of Medicinal Resources, School of
Chemistry & Pharmaceutical Sciences, Guangxi Normal
University, Guilin, P. R. China
(ycliugxnu@aliyun.com)

A new anthracene imidazole hydrazone derivative, (Z)-(10-((2(4,5-dihydro-1H-imidazol2-yl)-hydrazono)
methyl)
anthracen-9-yl) methanol (HIAH), was synthesized from
anthracene-9,10-dialdehyde and 2-hydrozine-2-imidazolin as
starting materials, and was achieved by the reduction of
anthracene-9-aldehyde to anthracene-9-hydroxymethyl by
NaBH4. The structure of HIAH was characterized by IR, UV,
1H-NMR, ESI-MS and elemental analysis. At the molecular

Figure. (Left) IC50 values of HIAH against five human tumor cell lines; (Middle) S phase cell cycle arrest on HepG2 cells by
HIAH; (Right) Molecular simulation indicating the Topoisomerase II inhibition of HIAH mediated by its DNA intercalative
binding.
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level, the DNA binding property of HIAH was studied by
spectroscopic analyses (including UV-vis, fluorescence, CD
spectroscopy) and agarose gel electrophoresis assay. It can be
concluded that the interaction between HIAH and DNA is the
classic intercalative binding mode. Furthermore, HIAH
exhibited significant topoisomerase (type II) inhibition activity
mediated by DNA intercalation, which had also been
confirmed by computer molecular simulation using the
SYBYL X2.0 program. The in vitro antitumor activity of
HIAH was screened against five typical tumor cell lines
(HepG2, MDA-MB-231, K562, MG-63 and A549) by the
MTT assay. It was found that HIAH exhibited different
cytotoxicities against these tumor cell lines, with IC50 values
in the range from 0.71±0.53 to 19.86±1.14 μM, in which
HIAH showed the most sensitivity against the HepG2
hepatoma cells (Figure). However, HIAH did not show
considerable cytotoxicity on MG-63, with IC50 values higher
than 50 μM. It suggests the cytotoxic selectivity of HIAH for
various human tumor cell lines. Due to the significantly
intercalative binding property of HIAH with DNA, it was also
found that HIAH induced significant S phase cell cycle arrest
on HepG2 hepatoma cells. Comparing with the control, the
population of S phase increased from 21.7% to 45.4%, while
the population of G2 phase decreased from 10.5% to 0. Based
on these results, the potential of HIAH as a new anthracene
hydrozone derivative and as a new promising antitumor agent
is suggested, ascribed to its significant S phase cell cycle arrest
on the tumor cells by the intensive DNA intercalation.
The authors thank the National Natural Science Foundation of
China (21271051) and the Natural Science Foundation of
Guangxi Province (2012GXNSFDA053005, 2013GXNSF
AA019044).
1 Murdock K C, Child R G. J. Med. Chem., 1982, 25, 505-518.
2 Trisciuoglio D, Uranchimeg B, Cardellina J H, et al. J. Natl
Cancer I, 2008, 100, 1233-1246.
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Conventional chemotherapy requires high doses of drugs
causing severe toxic side effects and exhibiting limited
efficacy due to frequent emergence of multidrug resistance
(MDR), i.e. efflux of drugs by ATP driven transporters of the

ABC superfamily, such as P-glycoprotein. Another challenge
posed by cancer is the diagnostic localization of tumors and
their metastases.
In the current research we are developing a novel
nanomedical
platform
we
termed
“quadrugnostic
nanoparticles” (QNPs), that is envisioned to be the next
generation platform for simultaneous cancer diagnostics and
therapeutics (theranostics): These QNPs harbor in the same
vehicle, four synergistic components, including a selective
targeting moiety, a cytotoxic drug, a chemosensitizer for
overcoming a well-defined mechanism of MDR, and a
diagnostic element for the localization of the tumor and its
metastases. The prototype QNPs comprise self-assembling
Maillard reaction based conjugates of two natural body
components, one hydrophilic and the other partly hydrophobic:
hyaluronic acid (HA) and bovine serum albumin (BSA),
respectively. HA is a natural anionic polysaccharide and a chief
component of the extracellular matrix in the human body. It
contributes significantly to cell proliferation and migration,
hence is sought by certain cancer types for tumor development
and metastasis. Therefore, such tumor cells overexpress the
CD44 receptor to take up HA from the circulation. HA thus
serves as the active-targeting moiety for homing into cancer
cells overexpressing CD44 (e.g. ovarian cancer). Results thus
far reveal that the HA-BSA conjugates formed self-assembled
NPs, and entrapped hydrophobic cytotoxic drugs (Paclitaxel,
C-1375 Imidazoacridinone). The NPs were selectively taken up
by cells overexpressing CD44 receptor but not by cells lacking
CD44 and were more cytotoxic to those cells compared to free
cytotoxic drugs because of active uptake by CD44. We are
currently developing labeled, drug & chemosensitizer loaded
nanoparticles for both in vitro and in vivo imaging & treatment
studies.
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Background: Circulating tumor cells (CTCs) are discussed as
a promising biomarker for disease progression and response
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to therapy. These cells are important prerequisites for
metastasis formation and their detection and characterization
could allow early disease diagnosis, as well as disease
monitoring. The GILUPI CellCollector™ is a unique
approach to enrich CTCs in vivo at any point-of-care. Here
we present results of CTC isolation using this in vivo medical
device in comparison with the CELLSEARCH® method in
non-small cell lung cancer (NSCLC), breast cancer (BC),
colorectal cancer (CRC) and prostate cancer (PC) patients.
Methods: The GILUPI CellCollector™ Detektor CANCER01
(DC01), a medical wire coated with antibodies against
epithelial cell adhesion molecule (EpCAM), was inserted into
a cubital vein for 30 minutes. Captured CTCs were identified
using immunofluorescence microscopy and counting
Hoechst+/ Keratin+/ EpCAM+/ CD45- cells. 186 applications
in NSCLC, BC, CRC and PC patients (first visits) were
evaluated and compared to the CELLSEARCH® method.
Furthermore, some samples were analyzed at the molecular
level. Results: The device was well-tolerated in all
applications without side effects. We obtained in vivo
isolation of EpCAM-positive CTCs in the peripheral blood of
NSCLC, BC, CRC and PC patients. A direct comparison of
the DC01 and CELLSEARCH® resulted in detection rates of
64.5% and 28.5%, respectively. The in vivo approach using
DC01 yields a higher CTC detection rate compared to the
CELLSEARCH® method regardless of disease stage.
Molecular analysis of selected samples for therapy relevant
characteristics, such as KRAS and EGFR mutation status or
HER2 over-expression, resulted in detection down to a single
cell level. Conclusion: The GILUPI CellCollector™
technology overcomes present limitations in CTC enrichment
with an increased detection rate of more than 64%. Future
implementation into clinical practice may improve early
detection, prognosis and therapy monitoring of cancer
patients. Besides enumeration, captured CTCs can be
characterized at the molecular level, which will help to
establish more personalized treatment regiments since
knowledge of the molecular composition of cancer cells is
vital for an efficient use of targeted therapies.
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WILL WE EVER FIND A BETTER
ANTHRACYCLINE?
Małgorzata Łukawska

Department of Modified Antibiotics, Institute of
Biotechnology and Antibiotics, Warsaw, Poland

In the era of targeted therapy in oncology and fifty years after
the discovery of the anticancer activity of daunorubicin,
anthracyclines are still active cytotoxic drugs. However, their
clinical use is limited by the development of dose-dependent
cardiotoxicity.
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Attempts to minimize the cardiotoxicity of anthracyclines
include dose limitation, schedule modification, new drug
delivery systems, such as nanoparticles, use of less cardiotoxic
analogs and use of cardioprotective agents. The liposomal
formulation of anthracyclines remains the best known
alternative for improving the index and spectrum of activity
with less cardiotoxicity in clinical use.
More than 2,000 new analogs have been synthesized to
throw some light on the structure-activity and structurecardiotoxicity relationship. The influence of modifications to
the anthracycline structure on anthracycline properties are
extensively reported in literature. On the basis of reported
observations, specific interaction of the sugar moiety is
essential for the activity of the drug. The majority of presented
analogs are compounds with modified sugar moiety at the 3’
or 4’ positions. Despite the vast number of papers concerning
the mechanism of action for anthracyclines, a rational
modification in the sugar is still limited by the lack of accurate
information on sugar interactions with DNA and
topoisomerases.
This presentation brings up some of the most promising
developments in the chemical modifications of anthracyclines,
particularly including our own experience in the sugar
modification of their structure.
The intensity of studies on anthracyclines was completed
with the hope that it would be possible to reduce or eliminate
their main side effect that is cardiotoxicity. Scientists,
including our team, believe that by actually testing
anthracyclines a real "better anthracycline" can be found.
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Malignancy-related hypercalcemia (MRH) is the second cause
of hypercalcemia and the most common metabolic disorder in
patients with advance cancer. In patients with MRH, the
disruption of the balance between osteoblast and osteoclast
activity in the bone marrow results in osteolysis and calcium
loss. Local osteolytic hypercalcemia is induced directly by
cancer cells invading the bone, leading to the degradation of
mineral matrix, involving various cytokines, including
interleukin (IL)-1β, IL-3, IL-6, tumor necrosis factor (TNF)-α,
TNF-β, macrophage inflammatory protein, prostaglandins and
chemokines, locally produced by the tumor cells. Both normal
and malignant bone marrow cells interact together with this
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network of cytokines increasing receptor-activated nuclear
factor-κ ligand (RANKL) and other mediators, ultimately
leading to osteoclast activation adjacent to the cancer cells.
Humoral hypercalcemia is the main cause of MRH. It is
usually triggered by the secretion of parathyroid hormonerelated protein (PTHrP) by the malignant cells and elevated
PTHrP serum levels are usually observed in patients with
advanced solid cancer, thus predicting short survival. PTHrP is
a polypeptide exhibiting PTH-like activity that stimulates
RANKL expression in bone marrow stromal cells and
osteoblasts, resulting in osteoclast formation in the bone
microenvironment and hypercalcemia. The drugs capable of
inhibiting osteoclast activity, such as bisphosphonates, may
lead to a reduction in progressive bone resorption and to the
correction of hypercalcemia. The monoclonal antibody
denosumab, mimicking the effects of osteoprotegerin that
inhibits RANKL-RANK interactions by binding to RANKL,
significantly decreases osteoclast-related bone resorption and
subsequent hypercalcemia in most patients with MRH.
Calcium Metabolism and Hypercalcemia. Calcium is essential
for several physiological processes and plays a role in the
control of growth and proliferation of cancer cells (1). The
kidney, gut and bone together contribute to maintain normal
calcium balance. Parathyroid hormone (PTH), 1,25(OH)2D3
(or calcitriol, the active form of vitamin D), calcitonin and
other factors, such as fibroblast growth factor-23 (FGF-23),
the transient receptor potential vanilloid type 5 (TRPV5) and
a transmembrane protein named mKlotho regulate the levels
of ionized calcium (Ca2+) in the bloodstream (2, 3). FGF-23
is a protein produced by bone cells that binds in the presence
of its co-receptor Klotho to FGF receptor-1 (FGFR1) and
inhibits 1α-hydroxylase activities in the proximal tubule,
leading to hyperphosphaturia, thus reducing the synthesis of
1,25(OH)2D3 (4, 5). Both FGF-23 and mKlotho regulate
transcellular epithelial calcium uptake that is essential for bone
formation (6). PTH and 1,25(OH)2D3 regulate the mechanism
of calcium absorption in the gut, which occurs via either
TRPV5-mediated active transcellular or passive paracellular
pathways (6, 7). The production of 1,25(OH)2D3 is inhibited
by FGF-23 and hypercalcemia in favor of 24,25(OH)2D3 and
stimulated by hypocalcemia, PTH and insulin-like growth
factor-1 (7). The response of parathyroid cells to changes in
serum Ca2+ is sensed by the calcium-sensing receptor (CaSR),
localized on the cells surface, which plays a crucial role in the
regulation of Ca2+ reabsorption in the kidney and modulates
the effect of 1,25(OH)2D3 on PTH release. PTH and the CaSR
should be considered the key regulators of calcium
homeostasis, as CaSRs are also in both osteoblasts and renal
cells (7). The main biological actions of PTH include
stimulation of (i) osteoclasts, bone resorption and release of
calcium and phosphate from bone, mediated by the receptoractivated nuclear factor-κ (RANK)-RANK ligand (RANKL)
system; (ii) renal production of 1,25(OH)2D3, which increases

the intestinal absorption of calcium and phosphate and (iii)
calcium reabsorption from the renal tubules (8, 9). Circulating
total calcium is maintained within a range between 2.25 and
2.50 mmol/l and hypercalcemia can be defined as a serum
calcium concentration that is 2 or more standard deviations
above the average value of the reference interval of the
population (10). In adults, the upper limit of the normal range
for total calcium and serum Ca2+ is usually set at 2.65 and
1.32 mmol/l, respectively (11). Once a true hypercalcemia is
confirmed, the intact PTH and 25(OH)D3 assay is required for
further investigation. A suggested diagnostic algorithm for
evaluating hypercalcemia is shown in Figure 1. Sporadic
primary hyperparathyroidism (PHPT) is the main cause of
hypercalcemia in outpatients and a relatively common disease,
with an incidence ranging from 5 to 20 cases per 100,000 (9,
12). Currently, 80-90% of patients with confirmed PHPT are
asymptomatic and the disease is usually an incidental finding
during routine hematologic screening or is discovered among
patients who undergo bone densitometry studies for the
diagnosis of possible bone alterations (i.e., osteopenia,
osteoporosis) and fracture risk (11). In patients with PHPT,
over the years, the prolonged catabolic and anabolic effects of
PTH on cortical and cancellous bone may lead to several
deleterious effects on the skeleton but these are now extremely
rare at the time of diagnosis. Moreover, elevated PTH levels
and chronic uncontrolled hypercalcemia also increase tubular
calcium reabsorption but the increased filtered load causes
final hypercalciuria that may lead, over time, to a risk of
nephrolithiasis, progressive loss of renal function and
cardiovascular damages. Surgery should be the treatment of
choice for all patients with confirmed PHPT because
parathyroidectomy always results in improvements in body
mineral density and cognitive functions, and in a decreased
incidence of fracture risk and kidney stones (13, 14).
Hypercalcemia in Cancer Patients. Malignancy-related
hypercalcemia (MRH) is the second cause of hypercalcemia
and the most common metabolic disorder in malignancy,
exhibiting an estimated incidence of 15 cases per 100,000
persons per year (15). MRH is a serious complication that is
observed in 10-15% of cancer patients, especially in those
with advanced or metastatic cancer (16). In patients with
MRH, osteoblastic activity is suppressed, with the subsequent
tendency towards metabolic alkalosis, whereas those with
PHPT typically experience hyperchloremic acidosis, with low
serum levels of vitamin D (17). In patients with MRH,
osteolysis and calcium loss is the result of a disruption of the
balance between osteoblast and osteoclast activity in the bone
marrow (18). Tumor cells may activate osteoclasts through
several pathways and all three processes regulating calcemia,
such as the mobilization of Ca2+ from the bone, its renal
tubular resorption and intestinal absorption, can be involved
in the pathogenesis of hypercalcemia (19). Two different
mechanisms may lead to MRH (Figure 2).
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Figure 1. Suggested diagnostic algorithm in patients with hypercalcemia. PTH, parathyroid hormone; FBHH, familial benign
hypocalciuric hypercalcemia; PTHrP, parathyroid hormone-related protein.

Figure 2. There are two different mechanisms leading to
malignancy-related
hypercalcemia:
local
osteolytic
hypercalcemia and the so-called humoral hypercalcemia. IL,
intinterleukin; MIP-1α, macrophage inflammatory protein-1α;
TNF, tumour necrosis factor; PTHrP, parathyroid hormonerelated protein; 1,25(OH)2D3, ectopically activated vitamin D;
PTH, parathyroid hormone.
Local osteolytic hypercalcemia is induced directly by cancer
cells invading the bone, leading to the degradation of mineral
matrix (20). The bone marrow represents an ideal site for the
growth of cancer cells and the complex network of paracrine
and autocrine pathways (vicious cycle) between osteoclasts,
osteoblasts and cancer cells ultimately stimulates tumor cell
growth itself (19). Tumor-driven osteoclastic bone resorption
is activated by various cytokines, including interleukin (IL)1β, IL-3, IL-6, tumor necrosis factor (TNF)-α, TNF-β,
macrophage inflammatory protein (MIP)-1α, prostaglandins
and chemokines, locally produced by the tumor cells (16, 21).
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Both normal and malignant bone marrow cells interact
together with this network of cytokines increasing RANKL
and other mediators, ultimately leading to osteoclast activation
adjacent to the cancer cells (22). Humoral hypercalcemia is
the main cause of MRH. It is usually triggered by the
secretion of parathyroid hormone-related protein (PTHrP) by
the malignant cells or, much more rarely, ectopically produced
1,25(OH)2D3 (in 10-15% of patients with lymphomas or
leukaemia) or PTH (15). PTHrP is a circulating polypeptide
produced by several cancers, with the amino-terminal
fragment (1-34) exhibiting PTH-like activity. These cancers
include squamous cells or small cell lung carcinomas and
breast carcinomas in approximately 80% of the cases; more
rarely, head and neck or renal and urinary tract malignancy,
multiple myelomas or lymphomas (15). The expression of
PTHrP is under the control of growth factors, such as tumor
growth factor (TGF)-β and platelet-derived growth factor and
angiogenic factors, such as vascular endothelial growth factor
(21). Up to 80% of patients with MRH exhibit elevated PTHrP
serum levels, which is usually observed in those with
advanced solid cancer, thus predicting short survival (15, 22).
In these patients, PTHrP has a multifunctional role, regulating
the progression of osteolytic bone metastases, cancer cell
differentiation and growth and the interference between cancer
cell survival factors and apoptosis signaling pathways (21).
Macrophage colony-stimulating factor (M-CSF)-dependent
macrophages differentiate into osteoclasts in the presence of
the RANKL receptor, which binds to RANK, a TNF receptor
superfamily type I transmembrane receptor that is expressed
in mature osteoclasts (23). Osteoprotegerin (OPG), another
TNF superfamily member, acts as a competitive receptor of
RANKL and inhibits RANKL-RANK interactions by binding
to RANKL, ultimately suppressing osteoclast differentiation
(19). PTHrP and cytokines (i.e., TNF-α, IL-1) stimulate
RANKL expression in bone marrow stromal cells and
osteoblasts, resulting in osteoclast formation in the bone
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microenvironment, whereas RANK signaling also stimulates
the epithelial-mesenchymal transition of cancer cells (23, 24).
Thus, RANKL-RANK-related osteoclastogenesis activates
downstream signaling pathways, leading to further osteoclastic
bone destruction and Ca2+ mobilization (25). Approximately
75% of patients with advanced breast cancer will develop
osteolytic bone metastases, whereas 90% of those dying of
advanced prostate cancer develop blastic or mixed blastic and
lytic metastases (26). Conclusion: Hypercalcemia is a
relatively common disorder, largely related to PHPT and
MRH that requires early diagnosis to prevent the
development of serious mid- and long-term complications.
MRH can be observed especially in cancer patients with
cancer-related skeletal events. The drugs capable of
inhibiting osteoclast activity, such as bisphosphonates (i.e.,
zoledronic acid), may lead to a reduction in progressive bone
resorption and to the correction of hypercalcemia (20, 27).
Because RANKL is a potent stimulator of osteoclastogenesis
by interacting with its receptor RANK, the monoclonal
antibody denosumab, mimicking the effects of OPG,
significantly decreases osteoclast-related bone resorption and
subsequent hypercalcemia in most patients with MRH (28).
Other drugs are under study and will be developed in the near
future.
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Using array-CGH we aimed at exploring genome-wide
profiles of chromosomal aberrations in samples of oral cancer
(OC), oral submucous fibrosis (OSF) and their corresponding
normal oral mucosa from Indian (n=18) and OC from Sri
Lankan (n=12) patients with history of BQ use, and correlate
the findings to other clinicopathological parameters.
A second aim was to verify the results from the array-CGH
by selecting a candidate gene, S100A14, and examine its
expression and genetic polymorphisms by immunohisto6040

chemistry (IHC) and restriction fragment length polymorphism
(RFLP) using samples from both populations and from multinational archival DNA and paraffin-embedded samples of OC.
In OC and OSF samples, 80 chromosomal regions
(harboring 349 genes) were found as deleted or amplified. Out
of the 349 genes, 34 (including several S100 gene family
members) were found to be deleted and 30 (containing
NOTCH4, TP53 and ERBB2) were found as amplified in OSF
and OC cases. 285 genes (including TP53, ERBB2 and
BRCA1) were found either as deleted in one population or
amplified in the other. Few chromosomal alterations were
found to be exclusive to either OC or OSF samples alone. IHC
demonstrated down-regulation and transfer of S100A14
protein expression from membrane to cytoplasmic. RFLP
showed differential distribution between Asian samples
compared to African and Western samples at 461G>A SNP.
The present study provides findings on chromosomal
aberrations likely to be involved in the pathogenesis of OC
and OSF. Findings of chromosomal changes harboring genes
previously OC examined from Western, African and Asian
populations demonstrate the importance of these changes in
the development of OC and also the existence of common
gene-specific amplifications/deletions, regardless of source of
samples or attributed risk factors. We report a down-regulation
of S100A14 expression to be a significant marker in
association with loss of 1q21 in 70% of OC samples.
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STRUCTURAL SPECIFICITY OF GENIN
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Abstract: Among natural products, flavonoids play a
prominent role in studies related to the discovery and
development of novel anticancer agents. In the present
investigation, two of the known genin flavonoids, namely
apigenin and naringenin, were taken up to evaluate their
specificity and effect on aromatase and cathepsin D,
imperative targets for breast cancer. Results from our in vitro
experimental data and in silico molecular docking studies
suggest that apigenin suppresses the activity of the enzymes
in a dose-dependent manner, while naringenin only affects
aromatase action. Our study provides evidence for structural
specificity of genin flavonoids in suppressing the commotion
of aromatase and cathepsin D. Introduction: Breast cancer

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

Figure 1. Structure differences in genin flavonoids (A)
apigenin and (B) naringenin.

Figure 2. Molecular docking interaction of apigenin
(CID_5280443) with human cathepsin D (1LYW).

remains and continues to be the most invasive form of cancer
among females in both developed and developing countries.
Besides, chemotherapy, surgery and radiation techniques, most
of the treatment stratagies focus towards estrogen responsive
invasive growth using selective estrogen receptor modulators
having a taciturn effect in ER-negative neoplasm. Thus, there
is a strong urge of finding new biomarkers that can be targeted
in breast cancer. Aromatases have been experimentally shown
as a pivotal target for ER-positive breast cancer, whereas
cathepsin D in both ER-positive and ER-negative
malignancies. In this study, we assess the efficacy of genin
flavonoids, namely apigenin and naringenin (Figure 1), for
their cancer chemopreventive potential by monitoring the
commotion of aromatase and cathepsin D, vital targets for
breast cancer. Apart from their activity, we were ardently
interested to study the molecular docking interaction of
receptor-ligand complex and evaluate their inhibition constant
to understand the structural specificity of selected natural
products. Materials and Methods: In target-based
investigations, the in vitro activity of human cathepsin D was
evaluated spectrophotometrically using hemoglobin as a
substrate (1), while aromatase action was studied using human
CYP19 in a fluorescent dye-based assay procedure (2). The
cytotoxicity assay was performed with cell lines (MCF-7,
MDA-MB, WRL-68, HEK-293) following the procedure
described by Mosmann (1983) (3). The molecular docking
interaction of receptor-ligand complex and inhibition constant
(Ki) was analyzed and interpreted by using the AutoDock1.5.4
software following an in silico approach (4). Results: Our in
vitro results revealed that apigenin significantly inhibit
cathepsin D activity with an IC50 of 5.09±1.9 μM, while
naringenin displayed a non-eloquent effect. Interestingly, both
genin flavonoids restrain the activity of aromatase with an IC50
of 0.006±0.002 μM and 12.6±4.6 μM for apigenin and
naringenin, respectively. The observed results for both targets
are in concomitance with in silico molecular docking
interaction studies. The binding energy, in terms of docking
score (Ds) and Ki of apigenin with cathepsin D, was found to
be -5.57Kcal/mol and 82.12 μM, while naringenin displayed a
pitiable Ds of 1.19Kcal/mol (Figure 2). Apigenin showed a

privileged Ds (-7.53Kcal/mol) and Ki (3.05 μM) with
aromatase compared to naringenin, which displayed a Ds and
Ki of -6.8Kcal/mol and 31.16 μM, respectively. No cytotoxic
effect was observed for both genin flavonoids in the HEK-293
cell line; however, both apigenin and naringenin exhibit a
diminutive cytotoxic effect (<40%) on the tested cancer cell
lines (MCF-7, MDA-MB231, HeLa, WRL-68). Discussion:
Natural products derived from plants have shown tremendous
potential in cancer drug discovery and development.
Flavonoids, wrapped up with ample biological effects, play a
prominent role in cancer prevention due to their pleiotropic
mode of action through a hierarchical cascading effect.
Cathepsin D and other aspartic acid proteases are recognized
to augment the estrogen level amid an enhanced aromatase
activity (5). The data from our results infer that a minor
structural difference in genin flavonoids play a decisive role
in suppressing the commotion of both aromatase and cathepsin
D. These target enzymes are believed to play a major role in
cellular proliferation, angiogenesis, metastasis and hormonal
signaling. A structural difference is apparent in genin
flavonoids; a double bond is present in apigenin between 9C
and 11C in the C ring together with a normal bond that lies in
the plane of paper between 9C and 13C, while naringenin has
a dashed bond that extends backward between 9C and 13C
and lacks a double bond between 9C and 11C. Therefore, our
study pinpoints the role of double bond in escalating the
activity of apigenin over naringenin and further exploration
may help to explain the structural specificity of flavonoids in
cell signalling involving aromatase and cathepsin D turmoil.
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NS are grateful to Council of Scientific and Industrial
Research, New Delhi for Senior Research Fellowships. SL
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Government of India for financial support (SR/FT/LS71/2012) at CSIR-CIMAP, Lucknow, India under Fast Track
Young Scientist Scheme.
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Angiogenesis is the process by which blood vessels are
formed. It is also a key feature in pathological conditions, such
as cancer. Angiogenic activators and inhibitors regulate this
process of neovessel formation. Previous studies have
identified vascular endothelial factor (VEGF) as a key
regulator of angiogenesis. This discovery led to the
development of therapies against VEGF. While antiangiogenic
VEGF-targeted therapy has resulted in increased patient
survival, the development of resistance has necessitated the
discovery of complimentary therapeutic strategies. Our studies
have focused on the role of the mammalian target of
rapamycin (mTOR)/ phosphoinositide 3-kinase (PI3k)
signaling pathway as a potential therapeutic target. This
pathway is involved in the regulation of numerous cellular
activities and has also been implicated in the development of
various tumors. Our findings revealed that vascular tumor
growth is associated with the over-expression of the S6
ribosomal protein and S6 kinase, which are activated
downstream of the mTOR complex-1, as well as increased Akt
activity. In vitro, suppression of PI3k with the small molecular
inhibitor LY294,002 is associated with decreased endothelial
cell growth, migration and invasion, as well as endothelial cell
tube formation. Similarly, rapamycin, an inhibitor of mTOR,
leads to decreased cell migration, invasion and angiogenesis.
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As such, it is plausible that the mTOR/PI3k/Akt pathway may
be a target for the therapeutic inhibition of angiogenesis.
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TREG AND IMMATURE DC IN THE BLOOD,
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Introduction: Colorectal cancer accounts for about 10.9% of
neoplasms in females and 11.3% in males, according to 2009
National Cancer Registry. After lung cancer, it is the second
most common cancer in the Polish population. The
pathogenesis of colorectal cancer has not been fully explained
with genetic background and comorbidities, which are
supposed to be key factors. Neoplastic cells present multiple
mechanisms of protection against the immune system reaction.
Intracellular location of neoplastic antigens and their release
after cell lysis, as well as their poor antigenic potential
combined with lack of major histocompatibility complex
(MHC) antigens, make neoplastic cells “invisible” for the
immune system. Aim: The study aimed to evaluate the changes
in Th17, Treg and BDCA1/BDCA2 populations in peripheral
blood samples, drained lymph nodes, neoplastic and nonneoplastic tissues collected from colorectal cancer patients.
Materials and Methods: The study group included 36 patients
operated due to grade II and III adenocarcinoma, not treated
with pre-operative chemotherapy. Whole blood samples and
mononuclear cells (1×106cells/ml) from node, neoplastic and
non-neoplastic tissues were stained with fluorochromeconjugated antibodies anti cell-surface markers. Cells were
stained according to manufacturer’s recommendations.
Negative control: fluorescence-minus-one method or unstained
cells were used. Cells were analyzed by a flow cytometry BD
FACSCanto™ II cell analyzer (Becton-Dickinson, San Jose,
CA, USA). For each analysis 20,000 or more events were
acquired and analyzed using the BD FACSDiva™ software
(Becton-Dickinson). Results: The percentage of each
investigated population was significantly different between
groups and specific results will be presented during the Poster
Session of the Conference. Conclusion: Th17 and/ or Treg
cells may play a pathogenic role in colorectal cancer.
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EFFECT AND PITFALLS
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Tumor selective targeting at vascular level. EPR effect of
macromolecul drugs. Cancer chemotherapy with more than 60
years of history is not as comparably successful to that of
microbial chemotherapy. One progress we accomplished about
28 years ago was a finding of the phenomenon of the
enhanced permeability and retention (EPR) effect of solid
tumor in general. By utilizing this principle, more tumor
selective delivery became possible. This is observed with
biocompatible macromolecular drugs with apparent size above
50KDa (1-3). The EPR effect consists of three factors in the
tumor pathophysiology of the host (2-4). The first one is
anatomical defects of tumor blood vasculature and the second
one is over-production of various vascular mediators such as
bradykinin, nitric oxide (NO), CO and prostaglandins at or
near tumor tissues, which affect blood vessels of the tumor
tissues, as well as neighboring normal tissues in vivo. The
third factor is impaired drainage function of macromolecules
and lipid particles from the tumor interstitium via the
lymphatic system. This means, if nano-particles are once
delivered to the tumor tissue, they will remain there without
clearance via the drainage system for a long period, e.g., more
than a week.
Augmentation of tumor delivery of nanomedicine. Knowing
these facts, we have developed the strategy to increase the

EPR effect further, and thus the drug delivery to tumor can be
increased as follows: (i) Elevating the blood pressure by
infusing angiotensin II intravenously during the arterial or
intravenous drug infusion (2, 3). This facilitates pushing the
macromolecular drugs from the leaky blood vessel into the
interstitium of tumor tissue. (ii) Use of nitroglycerin (NG) or
other NO releasing agents such as ISDN (isosorbitedinitrate).
NG (or ISDN) liberates NO2- and NO2- is converted to NO in
hypoxic tumor tissues, then, NO causes increase of blood flow
and vascular permeability (EPR effect), thus drug delivery and
therapeutic effect will be improved (2-5). (iii) The angiotensinconverting enzyme (ACE) degrades angiotensin I and also
bradykinin (BK) because both have a similar amino acid
sequence. Therefore, inhibitors of ACE will block the
degradation of BK (as well as AT-I) where BK is one of the
most potent EPR inducer and, consequently, the BK
concentration will remain high probably leading to
enhancement of the EPR effect at tumor tissue. (iv)
Hemeoxygenase-1 (HO-1) can produce another effector of
EPR effect that is CO; therefore, induction of HO-1 by hemin
can induce production of CO in tumor tissue, thus augmenting
the EPR effect. (v) TNF-α, VEGF, PGs and other
proinflammatory cytokines may be also responsible.
Designing smarter nanomedicine for cancer and pitfall. Many
varieties of nanomedicines have been reported. However, to
design an ideal nanomedicine still needs intelligence and
wisdom. The problems are diverse as follows. (a) The stability
of many nanoparticles are not optimum; they are frequently
either too stable or too labile. If the stability is too high, it can

Figure. ZnPP conjugated HPMA polymer (MW 70KD) and EPR effect. (A) The conjugate (70KDa) was injected i.v. in a tumorbearing mouse. After 48h, the mouse was examined by in vivo fluorescence image detector. Only the tumor is brightly fluorescent
(arrow) with polymeric fluorescent probe (left). Upon irradiation of blue fluorescent light, the tumor regressed to almost null and
disappeared in 30 to 50 days. Drug (20 mg/kg) was given i.v. only once and light irradiation twice. (B) Low MW ZnPP did not show
any fluorescent tumor image (in IVIS). (A’) Normal light. (From reference. 4).
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of course accumulate effectively in the tumor by EPR but if the
active principle is not released in the desired time and the
encapsulated active principle cannot react with the molecular
target in the cancerous cell, then, a poor therapeutic effect will
result. On the contrary, if it is too labile and the drug release is
too rapid at a significant extent (e.g. 50%), similar to the i.v.
injection of free low MW drugs, then, there will be no EPR
effect and the systemic toxicity may appear. (b) If the particle
surface is not biocompatible, reticuloendothelial uptake of
foreign particulates will proceed rapidly and they will be
cleared from the blood circulation too quickly before achieving
the EPR effect, as experienced in the 1960s to 70s. Thus, good
biocompatibility is needed to circumvent phagocytic uptake. To
avoid cell-uptake, PEGylattion is one approach. (c) The surface
charge of nanomedicines is also important. If nanoparticles are
positively charged, they will be quickly adsorbed onto the
negatively changed luminal surface of the blood vessels and
there will be no time to exert the EPR effect. It requires several
hours, or longer, to remain at high levels in the circulation for
EPR effect to attain high tumor accumulation. (d) Release rate:
The EPR effect is only the first step among other barriers to
achieve the access of drugs to the target in tumor cells. Among
the various steps that need to be taken or existing experimental
barriers, the most important step is the need of proper drug
release from the macromoleculer complexes or carrier
conjugates in order to reach the target molecules in the tumor
cells. In this regard, esterases/proteases/cathepsins that are rich
in the tumor milieu or tumor tissues with low pH can be
utilized. Low MW drugs, thus, released from micelles or
conjugates can diffuse at a much longer distance and reach the
cell membrane. Then one can utilize the transporter system,
which could be highly up-regulated, such as the nucleotide
transporter system in many tumor cell membranes (6-8).
New dimension in photodynamic therapy and theranostics
based on the EPR effect using fluorescent nano-probes. We
prepared a number of candidate drugs including HPMA
(hydroxypropylmetaacrylamide)-polymer and styrene-comaleic acid (SMA)-polymer conjugates (MW>50KD) both
with pirarubicin (THP) and Zn-protoporphyrin (ZnPP),
respectively. They both exhibit fluorescence and long plasma
half-life and, thus, remarkable tumor accumulation of ZnPP
can be seen by fluorescence imaging, which is generating
singlet oxygen upon light irradiation. Consequently, a notable
therapeutic effect was observed with much reduced toxicity in
vivo. A preliminary compassionate clinical trial of polyHPMATHP revealed good responses in stage IV advanced prostate
cancer with extensive lung and bone metastases (6-8). ZnPP
polymer-conjugates would innovate photodynamic therapy
since this fluorescent photosensitizer will concentrate in the
tumor by the EPR effect but not in the normal tissues (Figure
(A) vs. (B)). Conventionally used low MW photosensitizers
do not show a clear EPR effect. Thus the ZnPP-polymer
conjugate is the least toxic to normal skin in vivo.
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Concluding remarks. Based on the experiences and knowledge
accumulated, tumor-selective drug delivery now becomes
possible by the use of nanomedicine and more meticulous
control of drug release at, or near, the tumor cells will be
possible. A new dimension in PDT will be opened along this
line if one can concentrate the photosensitizer specifically on
tumor tissues. Further enhancement of EPR will also facilitate
diffusion of nanoprobes and oxygen, which are required for
singlet oxygen generation with a proper excitation light
wavelength of Soret band; not using He/Ne laser but a xenon
or LED light source.
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Introduction: Malignant melanoma skin cancer has been
remarquably increasing in the last 10 years and, as there is no
effective treatment for the advanced stages of the disease,
early detection has become an important public health goal.
The objective of this study was to define the epidemiology of
melanoma. Materials and Methods: 522 skin samples were
collected, between 2005 and 2013, from the Laboratory of
Pathology at Pasteur Institute of Morocco. The reason of
patient consultation was often atypical nevi (66.7%) and the
diagnosis was established by histology. Epidemiological and
clinical parameters were analyzed by the Chi2 test. A p-value
≤ 0.05 was considered statistically significant. No adjustments
were made. Results: During the study period 201 cases of skin
cancer were found. They involved 109 men (54.2%) and 92
women (45.8%); extremes ranging from 6 years to 91 years.
30 cases of melanoma (including 8 women and 22 men)
represented the 11th highest frequency of all cancers and
14.9% of skin cancers. The average age was 73.5 years with
head and the neck as a preferential localization. Nodular
melanoma was the most dominant histological form (70%)
followed by Dubreuilh melanoma (15%). Conclusion: Our
study confirms epidemiological features of cutaneous
melanomas; mortality and worsening of prognosis are due to
the delay in diagnosis, which plays an important role in the
description of an adequate therapy, hence the interest of an
early diagnosis.
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ANTIHER2 TARGETED THERAPY
IN ADVANCED GASTRIC CANCER

W. Mahfoud1,2, H. Amrani Hassani Joutei3, I. Saadaoui4,
N. Elgnaoui2, H. Lebrazi1 and H. Benomar2
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2Departement of Anatomy Pathology, Pasteur Insitute,
Casablanca, Morocco;
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Introduction: Stomach cancer is the second leading cause of
cancer mortality worldwide. A better understanding of the
molecular basis of gastric carcinogenesis has to individualize
new biological parameters involved in the prognosis of breast

cancer such as family protein tyrosine kinases represented
mainly by Her-2. Objective: This study was realised to address
the potential applicability of trastuzumab in Moroccan patients
with gastric cancer. Materials and Methods: The study was
conducted in the Department of Anatomy Pathlogy at Pasteur
Institute, Casablanca, it comprised 32 cases of gastrectomy
specimens. The Her2/neu status was determined by
Herceptest, and the scoring was assessed according to GC
scoring system by one pathologist. Data was analyzed by
Fisher’s exact test. Results: Our results showed a positivity of
25% (score 3 +) against 75% of negative cases (score 0, 1 +).
Overexpression of HER2 was strongly associated with
moderately differentiated histologic type according to the
classification of the world Health Organization and stage IV
by TNM classification. Conclusion: This data may represent
an argument for a possible therapeutic utility of trastuzumab in
HER-2– amplified gastric adenocarcinomas.
395
A NOVEL HYPOTHESIS FOR TUMOR
INVASION AND METASTASIS

Yan-gao Man, Itzhak Avital and Alexander Stojadinovic

Bon Secours Cancer Institute, Bon Secours Health System,
Richmond, VA, USA

Our previous studies of multiple types of human cancer have
led to the development of a novel hypothesis that cancer
invasion is triggered by focal tumor capsule degenerationinduced lymphocyte infiltration. Aberrantly infiltrated
lymphocytes cause focal capsule disruptions, which selectively
favor proliferation of the overlying tumor stem cells that form
finger-like cell clusters invading the adjacent stroma. Our
recent studies on these tumors have further shown that
infiltrating lymphocytes also facilitate cancer metastasis
through two-correlated pathways: (i) disrupting intercellular
junctions and cell surface adhesion molecules of proliferating
cell clusters overlying focally disrupted tumor capsules
causing dissociation of proliferating cells from the tumor core
and (ii) conjoining with dissociated cells to form tumorlymphocyte chimeras (TLCs) through membrane fusion
allowing lymphocytes to physically drag associated tumor
stem cells to different tissue sites. Our hypothesis has been
recognized as more compatible with existing experimental
evidence than the traditional “proteolytic enzyme” theory.
Among seven existing hypotheses for cancer metastasis, our
hypothesis possesses the following unique features: (i) it can
reasonably explain all major events involved in metastasis,
which include dissociation from the primary site, intravasation,
extravasation, migration and colonization at distant sites, (ii) it
is applicable to all epithelium-derived tumors and (iii) it
provides, for the first time, a morphologically defined
precursor of metastatic cancer. Collectively, there are three
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central tenants of our novel hypothesis. The first is that tumor
stem cells are co-localized with normal, benign and malignant
cells within capsules. The second is that tumor invasion or
metastasis may occur at any stage of carcinogenesis if a focal
capsule disruption occurs at a site where the overlying
epithelium contains tumor stem cells. The third is that the
interaction of lymphocytes with tumor stem cells can lead to
stable adhesions between the two creating a TLC that
facilitates dissemination of tumor stem cells.

396
A CHOELSTEROL-LOWERING DRUG PREVENTS
OSTEOLYITC BONE METASTASIS BY TARGETING
OSTEOCLASTOGENIC FACTORS IN BONE
MICROENVIRONMENT
Chandi C. Mandal

Department of Biochemistry, School of Life Sciences,
Central University of Rajasthan, India
(chandicmandal@gmail.com and ccmandal@curaj.ac.in)

Background: Bone metastasis of breast cancer is not only
extremely painful to patients but it is the leading cause of
mortality. We had for first time documented that simvastatin
(SIM), a member of the statin group and a cholesterollowering drug, blocks osteolytic metastasis of breast cancer by
targeting the cancer stem cell marker CD44 when human
breast cancer cell (MDA-MB-231) were directly placed into
the bloodstream by intracardiac administration in immunecompromised mice. Expressions of osteoclastogenic factor,
colony stimulating factor 1 (CSF-1) and dickkopf-1 (DKK-1),
a known Wnt inhibitor, have been linked with cancer
metastasis. Moreover, excessive osteoclast activity has a major
contribution to osteolytic activity. Aim: SIM-mediated
inhibition of osteolytic bone metastasis could be, at least in
part, due to inhibition of osteoclast activity in metastatic bone
microenvironment. Materials and Methods: q-RTPCR, ELISA
and immunoblotting were performed to determine expression
of CSF-1 mRNA, CSF-1 protein and DKK-1 protein,
respectively. Osteoclast formation was done by a coculture
assay using osteoblast and osteoclast cells. Luciferase assays
were carried out to test promoter activity. Results: It was
observed that bone specific metastatic breast cancer cells
showed significant increased expressions of CSF-1 and DKK1 compared to the parental cell (MDA-MB-231) with
concomitant decrease of miR-200c. SIM treatment
significantly decreased the expressions of CSF-1 and DKK-1
in MDA-MB-231 cells and expression of miR-200c was
increased. SIM dramatically blocked osteoblast-induced
formation of TRAP positive multinucleated (MNC) osteoclasts
as judged by the aforementioned coculture assay. To
understand the molecular mechanism underlying the SIMmediated inhibition of osteoclast activity, the involvement of
6046

DKK-1 in CSF-1 expression was tested. It was found that SIM
treatment was unable to inhibit DKK-1-induced CSF-1
expression in osteoblast cells. Conclusion: This observation,
for the first time, unravels that simvastatin targets miR-200c
and DKK-1 to block the osteoclastogenic factor CSF-1, the
expression of which is essential for osteolytic activity in the
metastatic bone microenvironment.
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NEW STRATEGIES IN THE STUDY OF
GLIOBLASTOMA: A NEUROSURGICAL
POINT OF VIEW
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G. Maira1, C. Anile1 and G. Sica4
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The prognosis for patients with glioblastomas (GBMs) remains
dismal and poor information is available about the tissue
neighboring the tumor. This area represents the site of
recurrence in about 90% of cases. Our experience is based on
125 GBM selected patients treated with an over total surgical
tumor removal with wide tumor-free resection margins of 1-3
cm. In all the cases the tumor localization was far from eloquent
areas. Thanks to this surgical strategy we obtained
representative samples from the tumor and the peritumor tissue.
Each tissue specimen was further divided in three parts which
were used for immunohistochemistry, gene microrarry and
cancer stem cells establishment. The extracellular signalregulated kinases (ERK1/2) activation was observed in GBM as
well as in peritumor tissue. In particular, in the peritumor tissue
pERK1/2 was present independently of neoplastic cells not only
in reactive astrocytes, but also in apparently normal glial cells.
The c-Jun NH(2)-terminal kinases (JNKs) and Nestin was
detected both in tumor and its neighboring tissue and they seem
to have some prognostic implications. Patients who had an
absence of tumor cells in the neighboring, apparently normal
white matter, had better survival than patients whose peritumor
tissue presented infiltrating tumor cells. Two subsets of cancer
stem-like cells (CSCs) with a very different biological behavior
were established from the tumor and peritumor tissue. The
genome-wide expression profiles of samples isolated from
GBM tumor mass, white matter adjacent to tumor (apparently
free of tumor cells), and white matter controls allowed us to
detect 57 dysregulated genes in peritumoral white matter,
compared to white matter controls. A similar expression profile
was detected in GBM cells. Our studies suggest that in the
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peritumor tissue several tumor-like alterations are detectable on
which new and appropriate therapeutic strategies could be
defined to control tumor recurrences.
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PRODUCTION OF UROCORTIN 1 IN
HUMAN MALIGNANT CELL LINES

Y. Manome1, K. Fujioka1, T. Tachibana1, K. Tojo2 and K.
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Corticotropin-releasing factor (CRF) and its related peptides
urocortin (UCN) 1, 2 and 3 are expressed in many tissues and
organs and play pivotal roles for mitigation of cellular stress via
CRF type 1 and type 2 receptors. While UCNs are expressed in
normal cells and have been investigated as to their function,
recent studies demonstrated that malignant cells also express
these peptides. We noticed the expressions of transcripts of
UCNs and their receptors in malignant glioma cells when
performing a comprehensive transcription gene analysis.
Transcriptions of both UCN 1 and 2 were confirmed in all five
human malignant glioma cell lines examined. Four cell lines
transcribed UCN 3 and CRFR 1, while three lines transcribed
CRFR 2. We next addressed the issue of the transcriptions of
UCNs and their receptors in malignant cells other than those of
the central nervous system. We chose the STKM-1 gastric
carcinoma cell line and demonstrated that UCN 1, 2 and CRFR
2 receptor were also transcribed. To further understand the
function of such peptides, we investigated the histological
profiles of UCN 1 in two human malignant glioma cell lines.
By immunostaining, UCN 1 was expressed in both cell lines.
Transmission electron microscopy demonstrated the UCN 1
immunoreactivity was observed in vesicle-shaped areas of the
cell surface. Inhibition of protein synthesis by cycloheximide
decreased UCN 1 staining of the cells. However, secretion of
the peptide was not affected by the procedure. These results
indicate that UCN 1 might be secreted by constitutive secretory
vesicles from human malignant glioma cells.
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Isothiocyanates are compounds characterized by the
substitution of oxygen in the sulfur atom of the isocyanate
group and can be isolated from cruciferous vegetables, such
as cauliflower, cress, cabbage, broccoli, etc. These compounds
have been shown to inhibit cell growth and induce cell death
in various in vitro and in vivo cancer models, properties that
have formed the basis of their utilization in drug development
(primarily by replacing the sulfur bonds with selenium) in
order to maximize therapeutic efficiency. In regards to
melanoma development, many reports indicate the
involvement of deregulated cell death pathway(s), an
observation which undoubtedly contributes to why the disease
does not respond to current therapeutic strategies. Thus, the
objective of the present study was the determination of the
therapeutic effectiveness of specific isothiocyanate compounds
(R, S-Sulforaphane; SFN, Phenethyl; PEITC and Benzyl;
BITC) against an in vitro model of human skin cancer
consisting of (i) immortalized keratinocytes (HaCaT; nonmalignant), (ii) malignant melanoma (A375) and (iii)
epidermoid carcinoma (A431; non-melanoma) cells. To this
end, all cells were treated with SFN, PEITC and BITC at
predetermined concentrations based on detailed dose-response
and time-course kinetic analyses. Our results showed that SFN
and PEITC potentiated cell death in A375 cells but not in
A431 and HaCaT cells. On the other hand, BITC induced cell
death in all cells involved (A375, A431 and HaCaT) but with
a variable degree and dependent on cell type, thus,
demonstrating its highly cytotoxic profile. Ongoing efforts are
addressing the underlying molecular mechanisms by which
these compounds induce cell death in order to enhance our
understanding of their therapeutic potential in treating
malignant melanoma.
400
HYPERTHERMIA-INDUCED CELL DEATH
IN HUMAN MALIGNANT MELANOMA
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Malignant melanoma is a type of skin cancer whose incidence
rates are steadily increasing globally over the past few
decades. Whereas early detection and additional surveillance
have undoubtedly increased survival rates, it remains the
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deadliest type of the disease (75% of deaths related to skin
cancer) as it does not respond to current therapeutic strategies.
To this end, hyperthermia uses exogenous heat induction to
either directly kill and/or sensitize tumor cells to other
therapeutic means (i.e. radiation, chemotherapy, etc.). More
specifically, recent studies have shown that elevated
temperature(s) are capable of triggering the activation of cell
death pathways in various skin cancer cell lines. Thus, in the
present study, we have aimed to establish a hyperthermiainduced experimental platform in order to assess its
therapeutic efficacy in an in vitro human skin cancer model
consisting of (i) immortalized keratinocytes (HaCaT; nonmalignant), (ii) malignant melanoma (A375) and (iii)
epidermoid carcinoma (A431; non-melanoma) cells. Detailed
kinetic analyses have determined our optimal hyperthermic
experimental conditions to range between 43˚C-45˚C, for 2
hours, during which we observed considerable cell death in
A375 cells. Furthermore, our results showed that hyperthermia
induces cell death in both malignant cell lines (A375 and
A431), while non-malignant cells (HaCaT) appear to be more
resistant. Finally, we utilized a real-time PCR (RT-PCR)microarray-based gene expression profiling system in order to
identify critical gene targets involved at various stages of the
apoptotic pathway(s). According to our data, a number of proand anti-apoptotic genes were differentially regulated in a
manner consistent with our previous observations. The results
of this study can enhance our understanding of hyperthermia’s
therapeutic effectiveness in treating malignant melanoma by
identifying underlying molecular mechanisms and critical
apoptotic gene targets.
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Background: Numerous clinical studies have shown that antiEGFR therapies are effective only in a subset of patients with
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colorectal cancer. Mutations in the KRAS/MAP pathway have
been considered as negative predictors of the response to
EGFR-targeted therapy. To our knowledge, we are the first to
report the distribution of KRAS and BRAF mutations in
Moroccan patients with advanced colorectal cancer (CRC) in
order to introduce targeted therapy in the arsenal of
therapeutic modalities for the management of colorectal
cancer in Morocco. Patient and Methods: In this study, 92
CRC tissues were obtained from the anatomic pathology
archives. DNA was extracted using the Magnetic bead
Technology, samples were tested for the presence of the nine
most common mutations in the KRAS gene and BRAF gene
by LCD array and end point genotyping, respectively, in the
Department of Molecular Biology at ANOUAL Specialized
Center, Casablanca, accredited by COFRAC (ISO 15189).
Results: Among the tested patients, 76.09% of patients had
wt-KRAS genotype and 23.91% were KRAS mutants and the
majority of mutations would result in an amino acid
substitution of glycine by aspartic acid (68.2%) The
predominant mutations are G>A transitions and G>T
transversions. Around 5% (5.43%) of the tested patients bore
the V600E mutation in BRAF gene. Only one patient
showing to have the V600E mutation in BRAF was also
mutated-KRAS. Conclusion: Summing up the results about
the KRAS and the BRAF mutation carriers from our study,
the portion of potentially non responsive patients for the antiEGFR treatment is 28.26%.
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TOWARD A NEW HISTOPATHOLOGICAL
CLASSIFICATION OF RENAL TUMOURS
G. Martignoni and D. Segala

Department of Pathology, University of Verona, Verona, Italy

The classification of renal tumors, particularly of renal cell
neoplasms, has encountered numerous changes during the last
thirty years thanks to a deeper understanding of their
morphological, immunohistochemical, genetic and molecular
characteristics.
Two important consensus conferences held in Heidelberg
and Rochester in 1996 and 1997, respectively, have set the
foundations for the subsequent WHO classification that was
drawn up in 2002 in Lyon and edited in 2004. In this
classification, every entity was described taking into account
not only the pathological features like macroscopic and
microscopic characteristics but also the genetic ones.
Moreover, some tumors have been defined as benign (tubulopapillary adenoma, oncocytoma and metanephric adenoma),
while sarcomatoid carcinoma has been recognized as a
separate entity rather than an extreme degree of
dedifferentiation common to all other histotypes.
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During the last decade new neoplasms have been identified
and described; therefore, the International Society of
Urological Pathology (ISUP) decided to organize a new
consensus conference that was held in March 2012 in
Vancouver, Canada, with the aim to delineate the
recommendations regarding new renal cell neoplasms and
emerging entities, as well as new concepts and clarifications
on the renal tumors already described in the current WHO
classification. The methodology consisted of a thorough
revision of the literature, a survey to be completed before the
consensus and a plenary discussion during which the
participants were asked to vote after every specific question.
The new renal cell tumors proposed by the ISUP in
Vancouver were tubulocystic renal cell carcinoma, renal cell
carcinoma associated with acquired cystic kidney disease,
clear cell (tubulo)papillary renal cell carcinoma, t(6;11)
translocation renal cell carcinoma with consequent redenomination of the entire group of tumors with translocation
as “MiT Family Translocation Renal Cell Carcinoma” and,
finally, renal cell carcinoma associated with leiomyomatosis
and renal cell cancer.
Tubulocystic renal cell carcinoma appears on imaging as a
complex cyst type 3-4, according to Bosniak criteria, in males
with a mean age of 60 years. Grossly, it is well-circumscribed
with a translucent cut surface and composed by multiple cysts.
Microscopically, it is composed by tubules of variable size
lines by a single layer of cells with eosinophilic cytoplasm and
round nuclei with nucleoli. Such cells are usually positive for
AMACR immunostain and present trisomy of chromosomes
7 and 17 like papillary renal cell carcinoma. Renal cell
carcinoma associated with acquired cystic kidney disease
represents the histotypes most frequently occurring in endstage kidneys. It is composed by voluminous eosinophilic cells
that may show a cribriform pattern with oxalate crystals.
Neoplastic cells stain positive for AMACR and are
characterized by numeric chromosomal alterations. Clear cell
(tubulo)papillary renal cell carcinoma is a neoplasm originally
described in the setting of end-stage kidneys and subsequently
recognized also in otherwise normal renal parenchyma and
represents 4% of all renal tumors. It is composed by clear cells
forming papillae and tubules that are characterized by a typical
nuclear arrangement away from the basal membrane, similar
to secretive endometrium. These tumors express cytokeratin 7
and are negative for AMACR; moreover, they lack any genetic
alteration of chromosomes 3, 7 and 17. Renal cell carcinoma
with t(6;11) translocation, similarly to other renal carcinomas
with translocation, had been initially described in younger
individuals but later also in older patients. They show a
peculiar morphology with pseudorosette-like structures and are
consistently positive for HMB45 and cathepsin K. All these
entities show an indolent behavior in the majority of cases;
specifically, none of the clear cell (tubule)papillary renal cell
carcinomas described so far has recurred. Renal cell

carcinoma associated with hereditary leiomyomatosis and
renal cancer syndrome is a neoplasm made of cells with
abundant eosinophilic cytoplasm with nuclei surrounded by a
perinuclear halo with prominent nucleoli, arranged in papillary
structures. This neoplasm occurs in the aforementioned
syndrome and is characterized by germline mutations in the
gene coding for the enzyme fumarate hydratase, located on
chromosome 1q42. These tumors show aggressive behavior.
During the consensus conference, the following neoplasms
were included in the group of emerging entities: thyroid-like
follicular renal cell carcinoma, renal cell carcinoma associated
with succinate dehydrogenase B mutation and renal cell
carcinoma with ALK translocation. Moreover, new concepts
regarding clear cell renal cell carcinoma have been proposed,
specifically about the multicystic variant of renal cell
carcinoma, papillary renal cell carcinoma, chromophobe renal
cell carcinoma and hybrid oncocytic tumors, collecting duct
carcinoma, medullary renal cell carcinoma, mucinous and
spindle cell renal cell carcinoma, angiomyolipoma and the
epithelioid variant, cystic nephroma, mixed epithelial and
stromal tumor and primary synovial sarcoma of the kidney.
Finally, during the consensus conference recommendations
were outlined about grossing and staging, grading, prognostic
parameters and potential biomarkers for diagnosis and
prognosis of renal cell carcinoma.
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Classification of Renal Neoplasia. Am J Surg Pathol 37(10):
1469-1489, 2013.
2 Delahunt B, Cheville JC, Martignoni G, et al. The
International Society of Urological Pathology (ISUP)
Grading System for Renal Cell Carcinoma and Other
Prognostic Parameters. Am J Surg Pathol 37(10): 14901504, 2013.
3 Trpkov K, Grignon DJ, Bonsib SM, et al. Handling and
Staging of Renal Cell Carcinoma: The International Society
of Urological Pathology Consensus (ISUP) Conference
Recommendations. Am J Surg Pathol 37(10): 1505-1517,
2013.
4 Tan PH, Cheng L, Rioux-Leclercq N, et al. Renal Tumors:
Diagnostic and Prognostic Biomarkers. Am J Surg Pathol
37(10): 1518-1531, 2013.
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CIRCULATING BREAST TUMOR
CELLS TO REDUCE METASTASIS
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Comparatively little is known about therapeutic targets in
circulating tumor cells (CTCs) or the effects of existing
chemotherapies on CTCs. Our lab discovered that detached
and circulating breast tumor cells generate dynamic membrane
microtentacles (McTNs), that arise due to an imbalance
between microtubule extension and contraction of the actin
cortex specifically in detached epithelial cells. The cytoskeletal
mechanism supporting McTNs matches the mechanism by
which CTCs bind to blood vessel walls in vivo. Current studies
now show that McTNs are an independent marker of tumor
stem cell characteristics. Mechanistically, α-tubulin that is
stabilized through acetylation of Lysine-40 promotes McTNs
and tumor cell reattachment. Analysis of over 500 breast
cancer patient samples revealed increased α-tubulin
acetylation in metastatic and basal-like breast tumors.
Since large epithelial tumor cells are crushed when pushed
through narrow capillaries by blood flow, we are targeting
McTNs to reduce tumor cell reattachment and increase the
fragmentation of CTCs. Conversely, we have found that the
common cytoskeletal drugs, such as the tubulin-stabilizing
drug, Taxol, actually enhance McTNs and tumor cell
reattachment. Surgery and neoadjuvant chemotherapy can
increase CTCs up to 1000-fold, so understanding the CTC
cytoskeleton is essential to ensure that cancer drugs do not
inadvertently increase metastasis while targeting cell division.
Together with engineering collaborators, we have recently
developed a novel microfluidic medical device for imaging
cytoskeletal dynamics in free-floating patient tumor cells.
Using live-cell confocal microscopy, we have now
demonstrated that McTNs are detectable within hours of when
tumor cells are recovered from patients. This technology
enables immediate testing of patient cells for responses to
cytoskeletal drug treatments that could influence CTC
reattachment during metastasis.
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Cancer-associated fibroblasts (CAFs) play central roles in the
regulation of cancer establishment and progression.
Acknowledged mechanisms of CAF-mediated tumor
regulation includes stimulation of tumor cell proliferation,
activation of angiogenesis, induction of pro-inflammatory
responses, promotion of epithelial-mesenchymal transdifferentiation and extracellular matrix deposition. However,
the role of CAFs in regulating tumor-associated immune
responses remains unclear. In this work we have examined
CAF-lymphocyte interactions in functional assays in vitro.
Primary CAF cultures were established from lung tumor
specimens deriving from patients with non-small cell lung
cancer. Peripheral blood mononuclear cells (PBMCs) were
prepared from buffy coats from randomly selected donors
obtained from the local blood bank. Functional assays to
quantify/determine lymphocyte proliferation, migration and
cytokine production were performed. Additionally, CAFsecreted regulatory factors were studied in multiplex protein
arrays and ELISAs. Our results show a strong
donor–independent down-regulation of lymphocyte activation
during co-cultures with CAFs, including blockade of
proliferative activity and down-regulation of T-cell-derived
INFγ and TNFα. The effect seems to be mediated via soluble
signals since the same outcomes were reproduced by the use
of CAF-derived conditioned medium. Additionally, the
immune-suppressive effects are independent of Treg function
as same results were obtained in Treg-depleted PBMCs
preparations. Moreover, we have identified potential immunesuppressive molecules in CAF supernatants including IL-6,
PGE2, IL-4, IL-10 and TGFβ. In conclusion, we observe a
strong and reproducible immunosuppressive effect exerted by
CAFs over lymphocytes, mediated by soluble signals but
independent of Tregs. The identification of the putative soluble
factor(s) implicated in this effect is under investigation.
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Combination therapy using compounds that replace the
activity of existing drugs to which resistance was acquired is
one of the most important approaches to overcome multi-drug
resistance (MDR). While inhibition of efflux pumps revealed
to be a non-successful target, pursuing other possibilities to
assist the chemotherapeutics to successfully act in cancer cells,
potentiating their action, are of main interest. Ecdysteroids are
plant-derived hydroxysteroids expressing a 7-en-6-one moiety
in their B-ring that show some structural similarities to
calcitriol, one of the active forms of vitamin D, by means of
their side-chain, typically trans C/D ring junction and partly
to their hydroxylation pattern. The most abundant phytoecdysteroid is 20-hydroxyecdysone (20E). Due to their structural
differences from vertebrate steroid hormones they do not
interact with the vertebrate steroid-hormone system. Over 100
natural and semi-synthetic ecdysteroids were studied for their
capacity to potentiate the effect of doxorubicin on mouse
lymphoma and breast cancer cell lines and their MDR
counterparts. Less polar ecdysteroids revealed to be a
prospective novel group of resistance modulators. They exhibit
mild to very strong synergism with doxorubicin against a
MDR mouse lymphoma cell line without strong direct
inhibition on the ABCB1 pump. Moreover, a similar
potentiation effect of doxorubicin was observed by the lead
compound 20E 2,3;20,22-diacetonide (20ED) on MCF7 cells
that do not over-express the ABCB1 efflux pump. Our
structure activity relationship (SAR) studies revealed that the
2,3-dioxolane moiety is far more important for a strong
activity, than the one at positions 20,22; in fact, a compound
mono-substituted at position 2,3 was the only ecdysteroid
derivative in the present investigation that was able to exert a
stronger synergistic activity than our original lead compound
20ED. The presentation will review what is known about
ecdysteroids, possible mechanism(s) of action and the
observed SAR.
The authors acknowledge the Szeged Foundation for Cancer
Research; the support from the European Union co-funded by
the European Social Fund (TAMOP 4.2.2.A-11/1/KONV2012-0035); and the Fundafao para a Ciencia e a Tecnologia:
PEst-OE/SAU/U 10074/2011, PEst-OE/SAU/U 10074/2014.
AM was supported by SFRH/BPD/81118/2011 from FCT,
Portugal.
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OF DENDRITIC CELLS AND REDUCES
TUMOR GROWTH BY TARGETING THE
MYELOID NADPH OXIDASE
Anna Martner, Brianna Lenox, Hanna Grauers Wiktorin,
Johan Aurelius, Frida Ewald, Ebru Aydin,
Fredrik Bergh Thorén, Svante Hermodsson and
Kristoffer Hellstrand

Sahlgrenska Cancer Center, University of Gothenburg,
Gothenburg, Sweden

Background/Aims: Immune responses against malignant cells
rely on the efficiency of dendritic cells (DCs) and other
antigen-presenting cells to present tumor-derived antigens and
provide co-stimulatory signals to T cells. Strategies to boost
DC function in cancer immunotherapy are, however, hampered
by immunosuppressive signals in the malignant
microenvironment, including myeloid cell-derived NADPH
oxidase-derived reactive oxygen species (ROS). Histamine, an
inhibitor of the myeloid NADPH oxidase (NADPH
oxidase/NOX2), has been ascribed anti-tumor properties in
several in vivo models of malignant tumor growth but the
mechanisms involved are only partly understood. This study
aimed to (i) define the effects of histamine on the maturation
of human monocytes into DCs in vitro; (ii) determine the role
of NADPH oxidase/NOX2 for pro-differentiating properties of
histamine; and (iii) determine the effects of histamine on
intratumoral DC accumulation and tumor growth in wild-type
and NOX2-deficient mice in vivo using the murine EL-4
lymphoma model. Materials and Methods: CD14+ monocytes,
recovered from human PBMCs, were differentiated into DCs
by culture with IL-4 and GM-CSF in the presence or absence
of histamine (100 μM). The generated DCs were co-cultured
with allogeneic CD3+ T cells followed by assessment of T cell
proliferation using flow cytometry. To determine the Th
polarity of the expanding T cells, supernatants were collected
for measurements of IFN-γ, IL-13, IL-17 and IL-10. In further
experiments, the human myelomonoblastic cell line PLB-985
and its NADPH oxidase/NOX2-deficient variant were cultured
with GM-CSF with or without histamine. In in vivo
experiments, wild-type and NADPH oxidase/NOX2 knockout
Black6 mice were inoculated subcutaneously with EL-4
lymphoma cells and treated with histamine (1,500 μg/mouse)
three times a week. Tumor size was measured every second
day for 14 days, when tumors were sonicated and single cell
suspensions of tumors and spleens were stained with DC and
T cell markers for analysis using flow cytometry. Results:
Histamine, specifically acting via H2-type histamine receptors
(H2Rs), was found to significantly promote the maturation of
DCs from human monocyte precursors by increasing the
expression of HLA-DR and co-stimulatory molecules. By this
mechanism, histamine enhanced the capacity of DCs to
stimulate T cell proliferation with Th0 polarity. Experiments
using the human myelomonoblasticPLB-985 cell line and its
NADPH oxidase/NOX2-deficient variant implied that
histamine exerted pro-differentiating effects only in cells
expressing a functional NADPH oxidase. Treatment of mice
with histamine markedly reduced the growth of murine EL-4
lymphomas in vivo along with a significant increment of
tumor-infiltrating DCs. Histamine did not affect tumor growth
or content of intratumoral DCs in NADPH oxidase/NOX2
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knockout mice. Conclusion: Histamine promotes the
development of DCs from monocytes and reduces tumor
growth in a NADPH oxidase/NOX2-dependent fashion.
Strategies to target the myeloid NADPH oxidase may improve
the effectiveness of DC-based cancer immunotherapies.
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Renal cell carcinoma (RCC) currently accounts for 3-4% of
all malignant tumors in developed countries. There are about
209,000 new cases annually diagnosed worldwide and
102,000 deaths per year resulting from RCC. Over the last few
years, several studies demonstrated that the incidence of RCC
has progressively increased. The factors that influence the
rising numbers of RCC cases diagnosed are not fully
elucidated but changes in the prevalence of potential risk
factors, such as hypertension, obesity, smoking behavior and
dietary factors, as well as a more widespread use of imaging
techniques, could reasonably explain such increase in newly
diagnosed RCCs worldwide.
Currently, the vast majority of the new diagnosis is achieved
in asymptomatic patients during imaging procedures, such as
abdominal ultrasound (US) or computed tomography (CT),
performed for other medical reasons. It is noteworthy that
most of these renal tumors are classified in clinical stage T1a
(small renal masses, SRMs) and in several cases are diagnosed
in elderly and co-morbid patients. Because of this increasing
number of incidentally discovered renal masses, renal cell
carcinoma (RCC) has been going through a downward stage
and size migration. Indeed, the increase in RCC incidence is
unequally distributed for different tumor stages, as
demonstrated in a recent study, which showed that the
majority of increases in RCC cases in the last two decades
were arranged in organ-confined tumor stages. In the context
of such paradigm shift, partial nephrectomy, historically
reserved for a tumor in a solitary kidney, bilateral renal tumors
or renal function impairment, emerged as a viable alternative
to radical nephrectomy (RN).
However, it must be underlined that, even if the newly
diagnosed RCCs are more commonly found in early, localized
(cT1a-cT1b) clinical stage, the overall amount of locally
advanced and/or metastatic disease has remained stable over
time. In this context, radical nephrectomy remains the
fundamental mainstay of treatment for RCC and, especially in
more complex and advanced cases, is often a quite challenging
6052

procedure that should be performed by experienced surgeon
in high-volume Centers.
Traditionally, RN was the most common surgical treatment
for renal cancer, regardless of the tumor size. More recently,
partial nephrectomy (PN), performed by traditional open or
minimally invasive approaches, has been considered the
current standard of care for clinically localized RCC. This
recommendation was made after the emergence of numerous
studies that showed improved functional and oncological
outcomes relative to RN. Benefits of nephron sparing include
better renal function outcomes, lower rates of cardiovascularrelated deaths and better overall survival. Indeed, several
prospective, multi-institutional reports demonstrated that PN
offers equivalent oncologic outcomes and lower renal function
impairment in comparison with RN in cT1a RCC, with proven
excellent and comparable overall survival results, even in the
most challenging and complex procedures.
More recently, international guidelines recommend
performing nephron sparing surgery even in larger RCCs, up
to 7 cm in maximum diameter (cT1b). Specifically, the
American Urological Association (AUA) guidelines consider
PN as an alternative to radical nephrectomy in T1b cancers,
especially when a preservation of renal function is needed.
Similarly, the European Association of Urology (EAU)
guidelines recommend PN as the standard procedure for
solitary masses >4 cm, whenever technically feasible and safe.
Results coming from retrospective studies, after adjusting for
comorbidities and other-cause mortality, showed comparable
cancer-specific and overall survival results between PN and
RN. However, the current utilization rate of PN over RN for
the surgical management of cT1b-cT2 renal tumors remains
quite low, mainly because the fear of poor oncological control
and the risk of postoperative morbidity as a result of the
technical complexity that represents a strong argument against
a nephron-sparing approach for many urologists. Furthermore,
level I evidences from randomized trials are still lacking and
only few non-randomized studies support the indications for
PN in larger RCC to date.
The traditional open approach is currently the most used
technique to perform PN for clinically localized tumors.
Laparoscopic PN (LPN) and, more recently, robot-assisted PN
(RAPN) were proposed as less invasive alternatives. LPN is a
quite challenging and complex procedure, requiring the
achievement of advanced surgical skills, also in the hands of
experienced surgeons. RAPN has been developed and
proposed as the natural evolution and simplification of LPN.
Indeed, the advantages offered by the Da Vinci platform
(three-dimensional vision and patented Endo Wrist™
technology) can help surgeons to perform a very precise tumor
excision with an adequate margin of resection, simplifying the
reconstruction steps of the procedure, above all in the
treatment of more complex or large renal tumors. These
important benefits could determine a reduction of the hilar
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clamping time allowing, thus, to minimize the renal function
impairment, since the warm ischemia time demonstrated to be
one of the most important parameter able to significantly
influence the loss of renal function after surgery.
In the hands of experienced surgeons, partial nephrectomy
has demonstrated to be an effective, safe and feasible option
even for the treatment of large (> 4 cm) or more challenging
renal tumors. However, the functional benefits obtained by the
maximization of parenchyma preservation in larger and
complex RCCs during PN should be always balanced with the
risks of postoperative complications and higher incidence of
positive surgical margins, which could negatively overweight
the advantages offered by a conservative surgical treatment.
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During the transformation process single nucleotide
polymorphisms (SNPs) of key genes, such as p53 Arg72Pro
or EGF A61G, may mediate various cellular processes. These
variants may be associated with colorectal cancer risk (CRC)
but conflicting findings have been reported. The purpose of
this study was to determine the association of the SNPs in
5’UTR of EGF A61G and p53 Arg72Pro and CRC in the
Slovak population. The present case-control study was carried
out in 173 confirmed CRC patients and 303 healthy subjects.
Genotyping was performed by PCR-RFLP methods. A
significant association was observed between age and CRC
risk (p=0.001). Decreased CRC risk was seen in younger
patients carrying the p53 Arg72Pro genotype (0.14; 95% CI
0.02-0.99, p=0.049). Gender-stratified analysis showed a
significant inverse association of the EGF G61G
polymorphism with CRC risk (0.48; 95% CI 0.2-0.9, p=0.04)
only in male patients. Tumor site genotype distribution
revealed that female patients with localized colon cancer were
significantly associated with the p53 Pro72Pro genotype (4.0;
95% CI 1.27-12.7, p=0.04), whereas the cancer of
rectosigmoid junction was associated with the EGF G61G

genotype (4.5; 95% CI 1.2-16.97, p=0.02). The combination
of p53 Arg72Pro or EGF A61G polymorphisms was not
associated with CRC risk by using logistic regression.
This work was supported by the Ministry of Health of Slovak
Republic Grant No. 2012/25-UKMA-2, and by „Competence
centre for research and development in diagnosis and therapy“
code: 26220220153 co-financed from EU sources and
European Regional Development Fund.
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Medulloblastoma is the most common malignant paediatric
brain tumour. Patients that survive are often left with a low
quality of life due to the aggressive nature of treatment. Recent
advances have led to the realisation of at least four molecular
medulloblastoma subgroups resulting in stratification of
patients allowing for less aggressive treatment for two of these
subgroups. GD3, a ganglioside, has physiological roles in brain
development. Post-partum GD3 accumulates within supernumerary progenitor cells causing mitochondrially-mediated
apoptosis. In the developed brain GD3 expression is
significantly reduced. The GD3 pathway is known to function
abnormally in some cancers where it becomes acetylated. In its
acetylated form, GD3A, the ganglioside is unable to induce
apoptosis, and cell survival and invasion are promoted. As
GD3A expression is associated with invasion it is thought that
manipulation of this pathway, shifting it in favour of GD3, may
be of most benefit to group 3 patients who often present with
leptomeningial spread. In support of this theory, earlier
microarray data examining the genomic expression of sialateO-acetylesterase (SIAE), the enzyme responsible for GD3A
deacetylation, demonstrated that SIAE is significantly
downregulated in medulloblastoma tissue (p<0.02). GD3 and
GD3A expression in MB cell lines were examined by flow
cytometry and immunocytochemistry. A metastatic melanoma
cell line (MeWo) was used as a positive control for GD3A. In
MeWo cells, GD3A expression was significantly higher when
compared with GD3 (p>0.02), however in the MB cell lines;
there was no significant difference in levels of GD3 and GD3A.
The effect of transient transfections with SIAE constructs on
the ratio of GD3A to GD3 was inconclusive possibly due to low
transfection efficiency. Inducible stable SIAE MB cell lines are
currently being generated to determine if overexpression of
SIAE will result in an increase in GD3 levels leading to
mitochondrially-mediated apoptosis.
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As compared with normal cells, tumor cell membranes show
changes in their components, while anionic lipids in the outer
plasma membrane of tumor cells increase. In addition,
gangliosides are negatively charged sialic acid-containing
glycolsphingolipids involved in inflammation, oncogenesis
and expression in colon carcinoma. The noteworthy
characteristics of tumor cell membranes are as follows: (i)
anionic cell membranes, (ii) high fluidity and (iii) expression
of glucose receptors. To aim at selective chemotherapy against
carcinoma, novel liposomes containing cationic lipids (CL) or
glucose surfactants were produced and investigated as to their
inhibitory effects on the growth of tumor cells along with
apoptosis in vitro and in vivo. The inhibitory effects of CL on
the growth of tumor cells and induction of apoptosis were
examined. The notable aspects are as follows: (a) high
inhibitory effects of CL on the growth of renal cell carcinoma
(OS-RC-2) and colon cancer (HCT116) cells were observed
without toxicity for normal cells, (b) CL induced apoptosis in
OS-RC-2 and HCT116 cells and the apoptotic signals by CL
appear to pass through caspase-3, 8- and -9, as well as
mitochondria and (c) prolonged survival rates (130%) was
attained in a mouse model of renal carcinoma after CL
treatment. Inhibitory effects of CL without any drug on the
growth of renal cell carcinoma in vitro and in vivo along with
apoptosis were observed. Furthermore, liposomes composed
of trehalose surfactants were produced and specific fusion into
hepatocarcinoma cells was observed. Using these liposomes,
the obtained inhibition against the growth of carcinoma cells
led to apoptosis through the activation of caspase-8, 9 and 3
plus the release of cytochrome c from mitochondria via BAX.
Thus, empty liposomes could provide a novel therapy for
tumors by targeting cell membranes and explaining the
biophysical and biological characteristics of tumor cells
without inducing toxicity in normal cells.
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Background: Neoadjuvant radiochemotherapy (NRT-CHX) in
locally advanced non-inflammatory breast cancer (LABC) is
an innovative method in treating patients. Proliferation
markers make up the majority of genes included in RNAbased prognostic gene signatures applied for breast cancer
patients. In this subgroup analysis, long-term clinical outcome
data and predictive factors were analyzed. Patients and
Methods: During 1991-1998, a total of 315 LABC patients
(cT1-cT4/cN0-N1) were treated with NRT-CHX. Preoperative
radiotherapy (RT) consisted of external beam radiation
therapy (EBRT) of 50 Gy (5 x 2 Gy/week) to the breast and
the supra-/infraclavicular lymph nodes combined with an
electron boost in 214 cases afterwards or, in the case of breast
conservation, a 10-Gy interstitial boost with (192)Ir after
loading before EBRT. Chemotherapy was administered prior
to RT in 192 patients and concomitantly in 113; 10 patients
received no chemotherapy. The impact of age, tumor grade,
nodal status, hormone and growth factor receptor status (ER,
PR, EGFR), p53, ki-67, HER2/neu and bcl-2 on pathological
complete response pCR and disease-free survival were
examined in uni- and multivariate terms. Results: Hormone
receptor status, proliferative activity, bcl-2, EGFR-status and
clinical tumor size had a significant impact on predicting
neoadjuvant therapy success. Age, cN, grading, p53, and
HER2/neu status failed to reach a significant correlation to
complete remission. All examined immunohistochemical
factors, with the exception of EGFR, and all clinical factors
displayed a univariately significant impact on DSF.
Particularly, while HER-2/neu had no predictive value for
pCR it displayed the highest impact on DSF after complete
response (n=92), even in a multivariate setting with clinical
tumor size and nodal status. Complementary, p53 was the
most superior immunhistochemical factor for prognosis after
neoadjuvant incomplete remission (n=223). Conclusion:
Her2/neu is a predictive marker for overall survival
independent from the pCR. It has no predictive value for the
pCR. P53 is a prognostic marker for patients with incomplete
remission.
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In this work, we present the synthesis, structural
characterization, evaluation of DNA interactions and
biological assessment of novel Pt(II), Pd(II) and Cu(II)
complexes with 2-(4’-aminophenyl) benzothiazole derivatives
(Figure).

Figure, Abstract No. 412
The 2-(4’-aminophenyl)benzothiazole pharmacophore, known
for its anticancer properties (1-4) is combined with the
anticancer activity of the metals (bifunctional approach).
Furthermore, the formed complexes are anticipated to retain
the selectivity profile of the benzothiazole moiety and also
exhibit a synergistic cytotoxicity pattern due to the DNA
targeting properties of both the metal core and the
benzothiazole pharmacophore. The metallic cations are linked
through the pyridine and amine nitrogens and the formed
complexes were structurally characterized by detailed NMR
assignments, IR, UV-Vis, as well as EPR analysis. The DNA
binding interaction studies were conducted using methods of
circular dichroism, viscosimetry, thermal melting denaturation,
UV-Vis, as well as fluorescence analysis. The biological and
cell cytotoxicity assay in human breast carcinoma cell line
(MCF-7 and MDA-MB-231), as well as in normal human skin
fibroblasts (DSF), indicate that the complexes, similar to
cisplatin, have a potent anticancer activity against human
cancer; however, they are more efficient in the MCF-7 than
MDA-MB-231 cell line.
The authors thank the S.A.R.G. of the University of Athens
for the financial support.
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Oxazaphosphorines are a class of anticancer alkylating drugs
widely used in chemotherapy. Cyclophosphamide, ifosfamide
and trofosfamide represent an important group of therapeutic
agents because of their anticancer activity against a variety of
solid tumors and hematological malignancies. Nonetheless, the
clinical use of these oxazaphosphorine drugs is limited due to
their toxicity to normal cells and cancer cell resistance against
their action. A potential approach to obtain more effective
therapy is the design of novel analogs of alkylating agents.
Mafosfamide and glufosfamide belong to a new generation of
the oxazaphosphorine agents. Mafosfamide is a 4-thioethane
sulfonic acid salt of 4-hydroxy-cyclophosphamide.
Glufosfamide is a glucose conjugate of ifosfamide in which
isophosphoramide mustard is glycosidically linked to the β-Dglucose molecule. The effects of these oxazaphosphorines on
various types of normal and pathological cells were assessed
during preclinical investigations and clinical trials. However, the
mechanisms of their action have not been yet fully understood.
The positive results from in vitro and in vivo anticancer studies
promoted mafosfamide and glufosfamide to good candidates for
clinical studies. The effects of mafosfamide were determined
during several phase I clinical trials. Clinical experience with
intrathecal mafosfamide, used for patients with neoplastic
meningitis due to leukemia, lymphoma and solid tumors,
indicated good tolerability and efficacy. Mafosfamide is a
candidate for regional administration. The recommended phase
II doses of mafosfamide were determined. The efficacy and side
effects of glufosfamide were evaluated during several phase I
and II clinical studies. Glufosfamide was mainly used for the
treatment of pancreatic adenocarcinoma, non-small cell lung
cancer, head and neck squamous cell carcinoma and
glioblastoma multiforme. A phase III clinical trials of
glufosfamide, with a focus on pancreatic cancer, are now
underway. A better understanding of the action of new
oxazaphophorine derivatives on cancer and normal cells is
important for their optional use in chemotherapy.

414
A TRUNCATED ACTIVE FORM OF VDAC1 IS
ASSOCIATED WITH HYPOXIC CELL SURVIVAL
AND CORRELATES WITH TUMOR PROGRESSION
IN LUNG CANCER PATIENTS
M. Christiane Brahimi-Horn and Nathalie M. Mazure

Institute of Developmental Biology and Cancer Research,
University of Nice, CNRS-UMR 6543, Centre Antoine
Lacassagne, Nice, France
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Resistance to chemotherapy-induced apoptosis of tumor cells
represents a major hurdle to efficient cancer therapy.
Resistance is a characteristic of tumor cells that evolve in a
low oxygen environment (hypoxia) but the mechanisms
involved remain elusive. We observed that mitochondria of
certain hypoxic cells take on an enlarged appearance with
reorganized cristae. In these cells, we found that a major
mitochondrial protein regulating metabolism and apoptosis,
the voltage-dependent anion channel 1 (VDAC1), was linked
to chemoresistance when in a truncated (VDAC1-ΔC), but
active form. VDAC1-ΔC had a similar channel activity and
voltage-dependency as VDAC1 when reconstituted into a
planar lipid bilayer and bound the anti-apoptotic protein BclXL, as did VDAC1. The formation of the truncated VDAC1
was hypoxia-inducible factor-1 (HIF-1)-dependent, inhibited
in the presence of the tetracycline antibiotics doxycycline and
minocycline, known inhibitors of metallo-proteases, reversible
when cells were reoxygenated and associated with cell
survival through binding to the anti-apoptotic protein
hexokinase. Hypoxic cells containing VDAC1-ΔC were less
sensitive to staurosporine- and etoposide-induced cell death
and silencing of VDAC1-ΔC, or treatment with the
tetracycline antibiotics, restored sensitivity. VDAC1-ΔC was
detected in tumor tissues of patients with lung
adenocarcinomas and found more frequently in large and latestage tumors. Thus, HIF-1, by inducing formation of VDAC1ΔC, confers selective protection from apoptosis that allows
maintenance of ATP and cell survival in hypoxia. VDAC1-ΔC
may also hold promise as a biomarker for tumor progression
in chemotherapy resistant patients.
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ULTRASOUND-RESPONSIVE SYSTEMS
FOR TARGETED CANCER THERAPY

Anthony P. McHale, Kim Curtis, Nikolitsa Nomikou,
Bridgeen Callan and John F. Callan

School of Pharmacy and Pharmaceutical Sciences,
University of Ulster, Coleraine, Co. Derry, BT2 1SA,
Northern Ireland;
1Research Dept. of General Surgery, Division of Surgery &
Interventional Science, University College London, London
W1W 7EJ, UK

It has been suggested that ultrasound may provide an ideal
means of targeting therapeutic effects to solid tumours
because of its ability to penetrate deeply into tissues. In
addition to its use in site specific tumour ablation at higher
intensities, it has also been shown that, at lower intensities, it
can be used to enhance the action of cancer chemotherapeutic
drugs,
enable
site-specific
delivery
of
cancer
chemotherapeutic drugs/nucleic acids using microbubblebased ultrasound contrast agents and provide a stimulus for
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the activation of sonodynamic sensitisers. With most drug
targeting systems described to date, particularly when used
with toxic payloads such as cancer chemotherapeutic drugs,
off-target sequestration by organs such as the liver can have
serious consequences. Therefore any strategy that can exploit
a relatively harmless payload together with an activating
stimulus would be expected to provide therapeutic advantage.
Sonodynamic therapy (SDT) provides such an advantage in
that it exploits a non-toxic drug (the sensitiser) which is
activated using ultrasound (the stimulus) resulting in the
production of cytotoxic reactive oxygen species (ROS). In
addition to reviewing the use of ultrasound as a stimulus for
site-directed drug /gene delivery and the potential offered by
these approaches in the treatment of cancer, this presentation
will describe some of our more recent work in the area of
sonodynamic therapy. In particular, the effects of a
nanoparticulate sensitiser on cancer cells and tissues
following exposure to ultrasound and the potential offered by
such a system in the treatment of solid tumours will be
described.
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DECONSTRUCTING INFLAMMATORY
SIGNALING PATHWAY THAT PROMOTES
DRUG RESISTACNE AND METASTATIC
COMPETENCE IN CANCER CELLS
Kapil Mehta

Department of Experimental Therapeutics, The University of
Texas M.D. Anderson Cancer Center, Houston TX 77030,
USA (kapilmeh@gmail.com)

Chronic inflammation is an important hallmark of carcinogenesis process. Understanding the molecular mechanisms that
play fundamental roles in conferring drug resistance and
metastasis can offer not only novel interventional strategies
but also promising biomarkers for early stratification of lethal
tumors.
Many recent studies have documented aberrant expression
of the stress-response protein (TG2) in multiple tumors and
tumor cell lines when selected for resistance to
chemotherapy or isolated from metastatic sites. Using
multiple cell line models we observed that stable expression
of TG2 initiates comprehensive program of inflammatory
signaling that play fundamental role in promoting cell
survival and metastatic competence. Thus, TG2 expression
induced the reactivation of developmental program of
epithelial to mesenchymal transition (EMT) and conferred
stem cell traits in epithelial cancer cells. At molecular level,
TG2 expression induced constitutive activation of nuclear
transcription factor NF-κB via conventional but noncanonical pathway. TG2 formed stable complex with NF-κB
inhibitory protein (IκBα) and resulted in its rapid
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degradation via a non-proteasomal pathway. Hypoxiainduced factor-alpha (HIF-1α) was identified as one of the
direct downstream targets of TG2 regulated NF-κB.
TG2/NFκB-induced HIF-1 (even under normoxic conditions)
up regulated the expression of key metabolic enzymes and
shifted glucose metabolism from oxidative to aerobic
glycolysis. Importantly, our studies demonstrated that TG2
only in ‘compact’ conformation could promote oncogenic
functions while in ‘extended’ form it is completely inactive
in this regard. TG2 expression rendered epithelial cancer
cells resistant to chemo- and radiation-therapies and
increased their ability to metastasize. Conversely, inhibition
of TG2 in orthotopically growing pancreatic and ovarian
tumors rendered them sensitive to chemotherapy and
inhibited their dissemination. Moreover, high TG2
expression in tumor samples is associated with poor disease
outcome in cancer patients.
Molecular alterations induced in response to TG2
expression and therapeutic implications of targeting TG2 to
reverse chemoresistance and metastasis will be discussed.
1 Eckert RL, Kaartinen MT, Nurminskaya M, Belkin AM,
Colak G, Johnson GV, Mehta K.Transglutaminase regulation
of cell function. Physiol Rev. 2014; 94(2): 383-417
2 Kumar S, Donti TR, Agnihotri N, Mehta K.
Transglutaminase 2 reprogramming of glucose metabolism
in mammary epithelial cells via activation of inflammatory
signaling pathways. Int J Cancer. 2014; 134(12): 2798-807.
3 Han AL, Kumar S, Fok JY, Tyagi AK, Mehta K. Tissue
transglutaminase expression promotes castration-resistant
phenotype and transcriptional repression of androgen
receptor. Eur J Cancer. 2014; 50(9): 1685-96.
4 Kumar S, Mehta K. Tissue transglutaminase constitutively
activates HIF-1α promoter and nuclear factor-κB via a noncanonical pathway. PLoS One 2012; 7: e49321.
5 Agnihotri N, Kumar S, Mehta K. Tissue transglutaminase as
a central mediator in inflammation-induced progression of
breast cancer. Breast Cancer Res, 15:202, 2013.
6 Kumar A, Xu J, Sung B, Kumar S, Yu DY, and Mehta K.
GTP-binding function of TG2 is essential or prompting the
mesenchymal transition and stem cellness in epithelial cells.
Breast Cancer Research 14:R4. e-Pub 2012.
7 Kumar A, Xu J, Gao H, Yu D, Reuben J, Mehta K. Aberrant
expression of tissue transglutaminase promotes stem cell like
characteristics in mammary epithelial cells. PLoS One 6:
e20701, 2011.
8 Kumar A, Xu J, Gao H, Yu D, Reuben J, Mehta K. Tissue
Transglutaminase Promotes Drug Resistance and Invasion
by Inducing Mesenchymal Transition in Mammary
Epithelial Cells. PLoS One, 5(10): e13390, 2010.
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PROMOTER HYPERMETHYLATION OF THE EMP3
GENE IN A SERIES OF 229 HUMAN GLIOMAS

M. Mellai, A. Piazzi, L. Annovazzi and D. Schiffer

Neuro-Bio-Oncology Center, Policlinico di Monza
Foundation (Vercelli)/Consorzio di Neuroscienze, University
of Pavia, Vercelli, Italy

The epithelial membrane protein 3 (EMP3) has been proposed
as a candidate tumor suppressor gene in the critical region
19q13.3 for several solid tumors, including human brain
tumors. The aim of this study was to investigate the EMP3
promoter hypermethylation status in a series of 229 astrocytic
and oligodedroglial tumors and in 16 gliobalstoma cell lines.
The analysis was performed by quantitative methylationspecific PCR and capillary electrophoresis. Furthermore, the
EMP3 expression at protein level was evaluated by
immunohistochemistry and Western blotting analysis.
Associations of EMP3 hypermethylation with total 1p/19q codeletion, MGMT promoter hypermethylation, IDH1/2 and
TP53 mutations and also EGFR amplification were studied, as
well as its prognostic significance. The EMP3 promoter
hypermethylation has been found in 39.5% of gliomas. It
prevailed in low-grade tumors, especially in gliomas with an
oligodendroglial component and in sGBMs upon pGBMs. In
oligodendroglial tumors, it was strongly associated with both
IDH1/2 mutations and total 1p/19q co-deletion, while
inversely correlated with EGFR gene amplification. No
association was found with either MGMT hypermethylation or
TP53 mutations. In the whole series, the EMP3
hypermethylation status correlated with 19q13.3 loss and lack
of EMP3 expression at the protein level. A favourable
prognostic significance of the EMP3 promoter
hypermethylation on overall survival was found in patients
affected by oligodendroglial neoplasia.
418
A PSYCHOBIOLOGICAL APPROACH IN THE
TREATMENT OF ADVANCED CANCER-RELATED
PLEASURE DEFICIENCY
Giuseppina Messina, Paolo Lissoni and Paolo Marchiori
Italian Association of Integrate Medicine, Milan, Italy
(giusy.messina@libero.it)

It is a common opinion that the most dramatic cancer-related
symptom is pain. On the contrary, the most frequent and
generally not considered symptom of cancer is the anhedonia,
consisting of a progressive deficiency in the perception of
pleasure, with consequent anorexia and sexual indifference.
Psychoimmunological investigations have shown that the
diminished perception of pleasure and spirituality occurring in
advanced cancer patients is not only simply due to
psychological factors but they would also depend, at least in
part, on an objective neurochemical functional deficiency
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involving the main structures responsible for both pleasure
perception and spiritual expansion of mind, namely pineal
gland and brain cannabinoid system. On these bases, we have
elaborated a psychobiological strategy (including an
association between a psychotherapeutic approach carried out
to rediscover the value of pleasure not only as a material
experience but also as a possible spiritual feeling) and an
immunobiological therapy (consisting of a pharmacological
correction of the major neuroendocrine and immune
deficiencies responsible for both tumor growth and inhibition
of pleasure and spiritual sensitivity with cancer dissemination
through a substitutive treatment with the most investigated
anticancer pineal hormone, melatonin, at a dose of at least 20
mg/day orally in the dark period and Cannabis flos at 100 ml
3-5 times/daily of an infusion of 500 mg/1,000 ml of water).
The biological strategy also included Magnolia cortex, with a
percent greater than 50% of its main principle, honokiol,
because of its apparent efficacy in the treatment of cancerrelated asthenia and its modulating effect on brain cannabinoid
system, at an oral dose of 500 mg twice/daily. Finally, the
psychotherapeutic strategy was associated with a bioenergetic
flower therapeutic approach, consisting of administration of
flowers with stimulating properties on sexual sensibility. The
study included advanced cancer patients only for whom no
other standard effective therapy was available because of lack
of response to previous therapies or poor clinical status and
with a life expectancy less than 6 months to 1 year. The study
included 14 untreatable cancer patients. Results showed an
improvement in life quality in most patients, consisting of a
relief of anorexia and asthenia and no occurrence of cachexia,
as well as a progressive increase in the sexual interest, but in
a new consciousness status. In addition, the clinical
improvement was associated with a concomitant
chronicization of the neoplastic disease in most cases.

419
ONE THOUSAND-PATIENT STUDY OF DETECTION
OF COLORECTAL CANCER AND COLORECTAL
POLYPS BY SERUM ELISA OF ALTERED
EPIGENETIC SIGNATURES IN CIRCULATING
CELL-FREE NUCLEOSOMES

M. Herzog1, L. Rasmussen2, I.J. Christensen2, H.J. Nielsen2,
M. Chapelier1, G. Cuvelier1, K. Scoubeau1, E. Josseaux1,
D. Pamart1, M. Eccleston1 and J. Micallef1
1Belgian

Volition SA, Namur, Belgium;
of Surgical Gastroenterology, Hvidovre
University Hospital, Hvidovre, Denmark

2Department

Background: Colorectal cancer (CRC) has a high incidence
and mortality. Early detection of CRC leading to early
treatment is associated with improved prognosis and reduced
mortality. While screening programs, such as fecal occult
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blood testing or colonoscopy, have led to improvements in
early tumor detection, these methods have limitations in terms
of patient compliance, invasiveness and cost. There remains a
clinical need for sensitive and specific blood-based biomarkers
for better and earlier detection of colorectal neoplasia, as well
as for therapy stratification and monitoring. We now report the
results of a 1000-patient study investigating the use of serum
NuQ® ELISA tests for epigenetically altered circulating
nucleosomes to detect CRC and polyps. Patients and Methods:
Well annotated serum samples were taken from 1000 subjects
referred for colonoscopy due to symptoms of CRC. The cohort
included 36 subjects who were shown to have colon cancer,
26 subjects to have rectal cancer and 198 subjects to have
colorectal polyps. Subjects were assayed blind for
nucleosomes containing methylated DNA and the histone
modification H3K9(Me)3 using NuQ® ELISA kits. Results:
The results were used to generate ROC curves, which showed
sensitive and specific detection of both CRC and precancerous
adenomas. In brief, the sensitivity for CRC detection was 74%
or 82% using a cut-off giving a specificity of 87% or 78%,
respectively. The sensitivity for the detection of colorectal
polyps was 54% or 64% at the same respective specificities.
Conclusion: Serum ELISA of epigenetically altered
circulating nucleosomes may be used for the early detection
of CRC and colorectal polyps
420
HOX GENE EXPRESSION IN OVARIAN CANCER
Agnieszka Michael, Zoë L Kelly, Carla S Moller-Levet,
Hardev Pandha and Richard Morgan

Faculty of Health and Medical, University of Surrey, GU2
7WG, UK

Ovarian cancer is the leading cause of cancer death among all
gynaecological cancers. The aggressive nature of ovarian
cancer is partly due to its heterogeneity and lack of effective
treatment strategies. Further work to understand the molecular
changes and design more effective drugs is essential. We have
studied the expression of HOX genes-a family of
homeodomain-containing transcription factors that determine
cell and tissue identity in the early embryo which are found
to be dysregulated in cancer. Here, we conducted the first
comprehensive analysis of HOX gene expression in primary
ovarian tumours of different histotypes. QPCR was used to
show the expression of all 39 HOX genes in 89 tumour
samples from epithelial ovarian cancer patients and 10 normal
ovary samples. Results were compared to clinico-pathological
data for each patient.
Dysregulated HOX expression was found in cancerous
samples, with little to no expression being found in normal
ovary tissue. 33 HOX genes were overexpressed in serous
tumours from all HOX groups A-D, the most significant being
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HOXA3, HOXB7, HOXA10, HOXA11 and HOXA9. Significant
differences in HOX genes were also found between
histological subtypes. High expression of HOXA13, C12, C13,
D1 and D13 correlated with poor overall survival. Patients
who had progressed within 6 months had significantly higher
expression of 25 HOX genes, acting as predictors for poor
prognosis. HOXD11 was expressed significantly higher in
patients over the age of 75 and the expression of HOXA1 and
HOXA6 were expressed higher in those who had received
chemotherapy. Earlier stage cancers had higher HOX
expression suggesting a role in the early events in
tumourgenesis. Our results show that HOX genes have a role
in ovarian oncogenesis and are a target for treatment design.
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PROGNOSTIC VALUE OF PERIOPERATIVE
ASSESSMENT OF CIRCULATING MELANOMA
CELLS IN HYPERTHERMIC-ISOLATED LIMB
PERFUSION: INTERIM RESULTS
Dimosthenis Michelakis1, Ippokratis Messaritakis2,
Konstantinos Lasithiotakis3, Hristos Ioannou4,
Ioannis Souglakos5, Dimitris Stamatiou1 and
Odysseas Zoras1
1Dpt
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Background: The locally recurrent skin melanoma at the
limbs, because of lymphatic dissemination, constitutes a
therapeutic challenge because of the great extent of lesions
and disease resistance to chemotherapy and radiation.
Hyperthermic-isolated limb perfusion (HILP) is a recognized
method of regional chemotherapy as a palliative procedure
whose principal purpose is the avoidance of amputation (1).
As it is a very complicated and costly surgical procedure, it
would be of great usefulness to be able to consistently predict
which patients are going to benefit mostly of it. For this reason
the identification of predictive markers for treatment outcome
would be of utmost importance. Circulating tumor cells
(CMCs) would be a reasonable candidate predictive marker
because they have been identified in several malignant
diseases, including malignant melanoma and have been
associated with oncological outcomes (2-4). Aim: During
HILP high doses of melphalan and TNF-α are delivered in the
affected limb via canulation of its main vessels following
surgical isolation of the limb from the systemic circulation.
The influence of these chemotherapeutic factors in the tumor

may cause changes in the concentration of circulating
melanoma cells (CMCs) postoperatively with unknown effects
on systemic disease progression. Thus, the aim of this study
is to investigate any correlation between HILP, locoregional
response rate and the outcome of systemic disease
(progression/distant metastases, survival) through alteration in
melanoma circulating cell number. Materials and Methods: In
the years 2006-2014, twenty two patients with recurrent
melanoma were submitted to HILP with melphalan and TNFα. Twelve of these patients were submitted for analysis of
CMCs after HILP. Peripheral (venous) blood was collected the
day before surgery, at surgery and the 1st and 7th
postoperative day. Four biomarkers were used to detect CMCs:
Microphthalmia-associated transcription factor (MITF),
tyrosinase mRNA, Melan-A and S100b. The samples were
elaborated with reverse transcription real time PCR (RTqPCR). Results: Two patients had no detectable cells at any
time of blood sampling. In these patients the locoregional
response rate was very poor. None of the patients had positive
cells to Melan-A or tyrosinase. According to the MITF marker
analysis, in 6 patients there was a five-fold increase in the
number of melanoma circulating cells. According to the S100b
marker analysis, only 1 patient had a significant increase in
the number of melanoma circulating cells. Clinically, all 6
patients had a complete locoregional response rate. Four out
of 6 patients with elevated circulating melanoma cells had
relapsed within two years from the time performing HILP.
One out of six patients died within a year with lung
metastases. Discussion. A possible biological explanation of
the results could be that the MITF is not affected by
chemotherapy since it constitutes the basic genetic alteration
in melanoma, while the expression of S100b, being a surface
marker, could be decreased by chemotherapy. The fact that
melanoma circulating cells expressing MITF are increased
after HILP must be correlated with the patients’ clinical data
and also the possibility of development of distant metastases in
these patients. The number of circulating melanoma cells
preoperatively and postoperatively should be correlated with
the locoregional response rate using a larger sample of
patients. A larger number of patients is needed to confirm
whether there is faster progression of systemic disease in
melanoma after HILP and how this affects overall survival.
The evaluation of changes in the concentration of melanoma
cells into the patient after HILP can contribute to a predictive
model of response to treatment and disease progression. Such
advancement will improve treatment by better selection of
patients who are going to benefit most from this surgical
procedure.
1 Lasithiotakis K, Economou G, Gogas H, Ioannou C,
Perisynakis K, Filis D, Kastana O, Bafaloukos D, Decatris
M, Catodritis N, Frangia K, Papadakis G, Magarakis M,
Tsoutsos D, Chrysos E, Chalkiadakis G, Zoras O.
Hyperthermic isolated limb perfusion for recurrent
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melanomas and soft tissue sarcomas: feasibility and
reproducibility in a multi-institutional Hellenic collaborative
study. Oncol Rep. 2010 Apr;23(4):1077-83.
2 Kiyohara E, Hata K, Lam S, Hoon DS. Circulating tumor
cells as prognostic biomarkers in cutaneous melanoma
patients. Methods Mol Biol. 2014;1102:513-22. doi:
10.1007/978-1-62703-727-3_27.
3 Medic S, Pearce RL, Heenan PJ, Ziman M. Molecular
markers of circulating melanoma cells. Pigment Cell Res.
2007 Apr;20(2):80-91. Review.
4 Nezos A1, Lembessis P, Sourla A, Pissimissis N, Gogas H,
Koutsilieris M. Molecular markers detecting circulating
melanoma cells by reverse transcription polymerase chain
reaction: methodological pitfalls and clinical relevance. Clin
Chem Lab Med. 2009;47(1):1-11. doi: 10.1515/
CCLM.2009.009.
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NEW ANALOG OF SULFORAPHANE – ITC 2OXOHEPTYL REDUCE THE MDR PHENOMENON STUDY ON NORMAL AND COLON CANCER CELLS
K. Lubelska1,2, K. Wiktorska1, M. Milczarek1,3, L. Śliwka1,2
and Z. Chilmonczyk1
1National

Medicines Institute (NIL), Warszawa, Poland;
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Isothiocyanates (ITCs) are compounds with proved chemopreventive properties. One of the factors responsible for the
chemopreventive effect of ITC is induction of transport
proteins, such as multidrug resistance-associated proteins
(MRPs) that contribute in the efficient disposal of carcinogenic
substances. MRPs are also one of the factors responsible for
multidrug resistance (MDR) in tumor cells. Therefore, their
induction in these cells is undesirable. For this reason, the
compounds that will selectively strengthen the protective
processes in normal cells and weaken them in cancer cells are
sought. In this study we investigated whether the employed
ITCs exhibit selectivity between normal CRL1790 and cancer
Caco2 human colon cells. We examined the effect of ITC SFN, which is already the subject of clinical trials, and the
new analog ITC 2 - oxoheptyl (HPT). We searched for
changes in MRP1 and MRP2 gene expression, protein levels
and total MRP transport activity. We examined the expression
of genes encoding MRP1 and MRP2 using qPCR. The protein
level was examined by immunocytochemistry using confocal
microscopy. We employed the test with calcein (Calcein AM)
to study total MRP transport activity. We have shown that in
normal CRL170 cells both compounds, SFN and HPT,
increased total MRP transport activity. We have found that this
increase in normal cells is associated with increased
expression of the MRP1gene and subsequent increase in the
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level of MRP1 protein. In cancer Caco2 cells only HPT
showed selectivity and decreased total MRP transport activity.
Both compounds increased expression of the gene encoding
MRP2 but, in the case of HPT, a decrease in MRP2 protein
level was observed. This may explain the differences observed
in the effect on total MRP transport activity and greater
selectivity of HTP in these cells.
This research has been co-financed by the European Union
funds and the European Social Fund.
423
THE MECHANISM OF SYNERGISM
BETWEEN 5-FLUOROURACIL AND 2-OXOHEXYL
ISOTHIOCYANATE IN
THE COLON CANCER CELL LINE HT-29
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2National Medicines Institute, Department of Cell Biology,
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2-oxohexyl isothiocyanate is a synthetic analogue of
sulforaphane. Research indicated that the antiproliferative
activity of sulforaphane in cancer cell lines is connected with
induction of apoptosis and the cell cycle arrest. In vitro studies
proved sulforaphane potentiates cytotoxicity of doxorubicin
and oxaliplatin. 5-fluorouracil is used in polytherapy of
gastrointestinal, ovarian and breast cancers. It blocks the cell
cycle and is a proapoptotic agent.
The aim of the study was to investigate interactions between
5-fluorouracil and 2-oxohexyl isothiocyanate and their
mechanism of synergism.
The antiproliferative effect of sequential and single
treatments was tested by MTT. The type of interaction at the
cell proliferation levels: 0.25, 0.5 and 0.75 was established by
the Chou-Talalay method. The mechanism of interaction was
investigated for the strongest antiproliferative effect (cell
proliferation: 0.25). The cytotoxic and cytostatic abilities of
combined and single treatments were explored to describe the
antiproliferative effect. The cytotoxic effects were examined
with the flow cytometry assay using fluorescein
diacetate/propidium iodide staining; the type of cell death was
assessed by a confocal microscopy with AnnexinVFITC/propidium iodide staining. The cycle progression was
tested with flow cytometry - propidium iodide staining. For
the cell proliferation 0.5 and 0.25, the antiproliferative effects
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of the combined compounds were stronger than in single
treatments; they acted synergically.
For the cell proliferation 0.75, an antagonistic reaction was
observed. Cytotoxicity for the combined treatments was about
20% higher than for each treatment alone; apoptotic cells were
detected in microscopic images. 90% cells in S-phase of the
cell cycle were observed after 5-fluorouracil and combined
treatments (15% for the untreated control).
The synergistic effect of the combined treatment with 5fluorouracil and 2-oxohexyl isothiocyanate was observed at
the lower levels of cell proliferation and is related to increased
cytotoxic effects of the compounds employed.
The project was supported by the National Science Centre,
Poland N/NZ5/02634.
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Increasing attention is being devoted to delineate the
contribution(s) of structural cells to establishing a pro-tumoral
microenvironment. Of note, a potent effector, i.e. galectin-1
(1), is up-regulated in tumor stroma and granulation tissue of
healing wounds. Hence, the objective of our study was to
define the effect of extracellular matrix (ECM) produced by
normal dermal or cancer-associated fibroblasts exposed to the
adhesion/growth-regulatory glycoprotein on human umbilical
vein endothelial cells (HUVECs) and human dermal
keratinocytes (HDK). Fibroblasts had been cultured for 10
days with the lectin, followed by an osmotic shock to remove
cells. Freshly isolated HUVECs and HDKs were placed on the
ECM. Endothelial cells were kept in contact to the substratum
for two days, keratinocytes for ten days and then processed for
immunocytochemistry. HUVECs seeded on fibroblast-

generated ECM presented a comparatively high degree of
proliferation. Furthermore, contact to substratum produced by
tumor-associated fibroblasts led to the generation of a
meshwork, especially rich in fibronectin. HDKs cultured on
the ECM acquired a poorly differentiated phenotype with
keratin-19 expression. In conclusion, the lectin present in the
tumor microenvironment appears to be capable to trigger ECM
production favorable for growth of HUVECs and HDKs.
This study was supported by the Slovak Research and
Development Agency under the contract no. APVV-0408-12
and by the Grant Agency of Ministry of Education, Science,
Research and Sport of the Slovak Republic (VEGA
1/0299/13).
1 K. Smetana Jr. et al: Context-dependent multifunctionality
of galectin-1: a challenge for defining the lectin as
therapeutic target. Exp Opin Ther Targ 17: 379-392, 2013.
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EFFECT OF BLOOD LEUKOCYTES AND
PBMCS ISOLATED FROM TUMOR-BEARING
AND HEALTHY RATS ON D6 RAT SARCOMA
CELLS IN VITRO
R. Mishra1,2, V. Horak1, J. Janda1 and R. Rajmon2
1Institute

of Animal Physiology and Genetics, AS CR,
Libechov, Czech Republic;
2Czech University of Life Sciences Prague, Faculty of
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Leukocytes affect tumor growth via various protein molecules
like cytokines and angiogenic factors. These proteins are
secreted either by immune cells present in the tumor
microenvironment or by cancer cells themselves and they may
have tumor promoting or tumor suppressing effects. In
addition, immunosuppressive regulatory leukocytes can
suppress immune functions, leading to tumor escape.
A rat sarcoma model has been established in our laboratory
in which tumour progression is associated with distinct
immunological changes. The aim of this study was to (i)
compare the effect of leukocytes and PBMCs from tumorbearing and healthy rats on D6 sarcoma cells progression in
vitro and (ii) measure changes in the cytokine production by
D6 cells, PBMCs and leukocyte due to co-culturing.
Proportions of different immune cells were monitored in
peripheral blood during tumor progression after subcutaneous
inoculation of D6 sarcoma cells. Blood leukocytes and
PBMCs were isolated from D6 sarcoma-bearing and healthy
rats and co-cultured with D6 sarcoma cells in vitro. Temporal
changes in the cell index (that correspond to cell number and
proliferation) of D6 cells were studied by the xCELLigence.
The concentration of TGF-β, IL-10, IL-4, IL-2 and IFN-γ was
measured in supernatants.
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With growing tumor size, proportions of CD4+, CD8+ and
RT1B+ cells decreased, whereas the granulocyte proportion
increased in peripheral blood. In the in vitro system, the cell
index of D6 cells was decreasing after being co-cultured with
leukocytes but not with PBMCs from tumor-bearing rats.
Surprisingly, the cell index of D6 cells increased in co-cultures
with PBMCs of healthy rats.
We conclude that leukocytes from tumor-bearing rats had
suppressive effect on D6 sarcoma cells, whereas PBMCs from
healthy rats supported D6 sarcoma cell proliferation. The fact
that the tumor suppressive effect is mediated by total
leukocytes, but not PMBCs alone, indicates that granulocytes
play a key role in tumor cell suppression in our model.
This work was supported by MEYS CR (CZ.1.05/
2.1.00/03.0124) and CIGA 20132032, (21230/1313/3126).
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EXPLORING DNA REPAIR AS A TARGET
IN CANCER THERAPY

Sanjay Adhikari, Muralidhar Hegde and Sankar Mitra

Radiation Oncology and Cancer Center, Houston Methodist
Research Institute, Houston, TX 77030, U.S.A.

Radiation and drugs in cancer therapy cause cytotoxic genome
damage whose repair would reduce therapeutic efficacy. Thus,
repair inhibitors should function as adjuvants in chemo/
radiation treatment. Unfortunately, except for the PARP1
inhibitors, efforts in therapeutic use of a variety of repair
inhibitors have so far been disappointing, and the likely reasons
are: (1) The inhibitors do not discriminate between healthy vs.
cancer cells and thus enhance systemic toxicity. (2) The
complex damage caused by drugs, in particular, alkylating
agents are repaired via several repair pathways which have to
be individually targeted. (3) Cancer cells could survive by overactivating DNA repair pathways. (4) Back-up repair pathways,
often activated after initial treatment could also enhance tumor
cell survival. Potential strategies to counter these phenomena
include: (1) tumor-targeted delivery, (2) targeting of proteins
with tumor-specific overexpression and (3) targeting of the
back-up pathways activated in the recurrent tumor.
Following up on this rationale, we have focused on two key
repair proteins whose deficiency contribute to drug/radiosensitization of tumor cells, and which are overexpressed in
specific tumors.
DNA double-strand breaks (DSBs) and oxidized bases and
single-strand breaks (SSBs) at higher levels are induced by
radiation and radiomimetic drugs. While the most lethal DSBs
are repaired via nonhomologous end-joining (NHEJ), and
BRCA-dependent homologous recombination (HR) pathways,
alternative end-joining (Alt-EJ) pathways co-opting the base
excision repair (BER) proteins, specific for base lesion/SSB
repair (SSBR), also contribute to DSB repair in tumor cells.
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DNA topoisomerase (Top) inhibitors widely used as a
component in chemotherapy regimens induce lethal DNAprotein crosslinks involving Tyr-phosphate bonds, which are
repaired via DSB repair (DSBR) or SSBR. In SSBR, the 3’Tyrphosphate induced by TopI is cleaved by TDP1. 5’Tyr
phosphodiesterase (TDP2) is involved in repair of DNA-protein
crosslinks induced by TopII inhibitors such as doxorubicin and
etoposide via primarily via TDP2 dependent NHEJ.
Our lab has been investigating TDP2 and NEIL1, a key
DNA glycosylase initiating BER of oxidized base lesions, as
potential targets for radio/chemosensitization of tumors.
NEIL1, uniquely activated in the S-phase, was co-discovered
in our lab. SiRNA-mediated depletion of NEIL1, which is
often overexpressed in lung cancers, enhances radio-sensitivity
in tumor cells. Its non-conserved C-terminal domain (CTD) of
100 residues, dispensable for enzymatic activity, interacts with
downstream repair and other accessary proteins; these
interactions are essential for efficient in-cell repair and
survival of oxidatively stressed cells. The recombinant CTD
acts as a dominant negative repair inhibitor. Thus, specific
NEIL1 inhibitors blocking its activity or interaction could be
explored as a radio-sensitizer. We have established a high
throughput screening (HTS) assay to identify small molecule
inhibitors of NEIL1.
We also used HTS for the screening of inhibitors of TDP2 and
characterized NSC111041 and several other small molecules
as selective inhibitors of TDP2. NSC111041 synergistically
enhances etoposide cytotoxicity in cells expressing TDP2, but
not in TDP2 depleted cells.
The therapeutic efficacy of drug formulations is dependent
on pharmacokinetics, bioavailability and clearance of the
active formulation. Synergistic effect of repair inhibitor(s) and
Top2-poisons can be best obtained when they have similar biodistribution. We are collaborating with HMRI nanotechnology
group for developing/improving nano-delivery system that
provides similar bioavailability to different drugs and increase
tumor-targeting, thus limiting side effects.
Research supported by NIH R01 grants and HMRI.
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SILENCING OF LC3 AUTOPHAGY
PROTEINS SENSITIZES GLIOBLASTOMA
CELL LINES TO RADIATION

Achilleas G. Mitrakas, Dimitra Kalamida, Ilias V.
Karagounis, Stamatia Pouliliou,
Alexandra Giatromanolaki and Michael I. Koukourakis

Radiobiology and Radiopathology Unit, Department of
Radiotherapy/Oncology, School of Medicine, Democritus
University of Thrace, Alexandroupolis, Greece

Autophagy is a significant intracellular pathway that
contributes to the recycling of damaged proteins and
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organelles via a process of engulfing them in autophagosomes
and fusing with lysosomes. Moreover, autophagy could play
a key role on cancer cell resistance to radiotherapy. In this
study, we investigated the expression pattern of two of the
most significant autophagic proteins, LC3A and LC3B, in two
glioblastoma cell lines, T98G and U87MG, compared with
normal brain cells. Furthermore, since the expression of these
proteins was suppressed using siRNA, the cells’ radioresistance was studied. It was shown that normal brain cells
expressed proLC3A and LC3A-I but not LC3A-II. This later
form was intensively present in the U87MG cells and to a
lesser extent in T98G. In contrast, none of the LC3B forms
was expressed in normal brain and T98G cells, whilst an
intense expression was evident in U87MG. Furthermore, after
suppression of these proteins with specific LC3A and LC3B
siRNA interference a radiosensitizing effect was noticed,
following establishment of dose-response curves using the
AlamarBlue® cell viability assay.
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TRANSLATIONAL REGULATION OF HB-EGF
MRNA VIa A TRANSLATIONAL REGULATOR,
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Kohei Miyata1,2, Fusanori Yotsumoto2,3,
Song Ouk Nam1,2, Satoshi Fukagawa1,2,
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2Central Research Institute of Advanced Molecular
Medicine, Fukuoka University, Fukuoka, Japan;
3Deptertment of Biochemistry, Faculty of Medicine,
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The ErbB family consists of 4 members: ErbB-1, also named
HER1 or epidermal growth factor receptor (EGFR); ErbB-2,
(HER2); ErbB-3, (HER3); and ErbB-4, (HER4). ErbB familytargeted cancer therapy has been reported to be effective for
some patients with malignant solid tumors. Heparin binding
EGF-like growth factor (HB-EGF) is a ligand of EGFR and
HER4 and plays a key role in cancer growth. In previous
studies, we have reported that the HB-EGF expression of
cancer cells has increased significantly in mouse xenograft
models, as well as in three-dimensional culture models when
compared to that of cancer cells in two-dimension culture, and
that HB-EGF-targeted therapy is also an effective strategy for
ovarian, breast and gastric cancer. To detect the novel factors
that regulate HB-EGF expression, we have undertaken several
microarray analyses for screening. Comparing the cells by
CGH array between two-dimension culture as control and
xenograft as high HB-EGF expression model, RNA-binding
motif 8A (RBM8A) was cloned as one of the most amplified
genes. RBM8A has been known as one component of exon

junction complex (EJC), which plays a key role in mRNA
splicing or export. The transfection of siRNAs for four EJC
component genes significantly reduced HB-EGF expression,
respectively, whereas those of amphiregulin and transforming
growth factor-α, which are also ligands for EGFR, did not
decrease. Using full-length amplification of HB-EGF mRNA
by RT-PCR and sequencing, increases of several short length
mRNAs of HB-EGF were found in cases where the RBM8A
expression was suppressed with siRNA. Analysis using mouse
xenograft models of breast cancer cells showed that the
introduction of RBM8A and its shRNA into MDA-MB-231
cells (high-HB-EGF model), as well as into BT20 cells (lowHB-EGF model) blocked tumor progression. These results
suggest that RBM8A involved in EJC contributes to the
promotion of HB-EGF expression via translational regulation.
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VALIDATION OF ANTITUMOR EFFECT BY
INTRAVENOUS ADMINISTRATION OF CRM197
IN TRIPLE NEGATIVE BREAST CANCER
Satoshi Fukagawa1,2, Sung Ouk Nam1,2, Fusanori
Yotsumoto2,3, Kohei Miyata1,2,
Masahide Kuroki2.3 and Shingo Miyamoto1,2
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Heparin binding EGF-like growth factor (HB-EGF) is a
rational target for therapy of triple negative breast cancer
(TNBC). We have already reported that intraperitoneal
injection of an HB-EGF specific inhibitor (CRM197) had
antitumor effect in TNBC mouse model. However, the
antitumor effect of CRM197 by intravenous administration
(CRM197 IV) has remained unclear. To evaluate the efficacy
of CRM197 IV for TNBC, we examined the tumor growth rate
in the mice and effect on body weights of mice every week.
When the tumor reached an estimated volume>100 mm3 after
the inoculation of MDA-MBA-231, we started intravenous
injection of CRM197 at five different dose (0, 1, 5, 10 and 50
mg/kg) once daily for 12 days (10 times) or at a different
administration schedule (5 times, once daily for 5 days at 5 or
50 mg/kg; and 10 times, once daily for 12 days including
interval 2 days at 5 or 50 mg/kg). As a result, CRM197 IV
showed a significant antitumor effect in a dose-dependent
manner, whereas there was no significant difference in the body
weights of mice among these groups. The continuous
administration of CRM197 for 12 days (10 times) induced the
most significant reduction of tumors, compared to those for 5
days (5 times). These results indicated that CRM197 IV was
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also effective for TNBC, suggesting that CRM197 is a
promising anti-tumor agent for therapy of TNBC.

430
ANNATTO (BIXA ORELLANA)-DERIVED δTOCOTRIENOL SUPPLEMENTATION SUPPRESSES
PIK3CA ONCOGENE EXPRESSION IN 2- AND 4CELL EMBRYOS OF NICOTINE-INDUCED MICE

Siti Syairah Mohd Mutalip1,2, Mohd Hamim Rajikin1,
Sharaniza Ab Rahim1, Nor Ashikin Mohamed Noor Khan3,4,
Anne Trias5 and Barrie Tan5
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Pharmacy, Universiti Teknologi MARA (UiTM) Puncak
Alam Campus, Selangor, Malaysia;
3Institute of Medical Molecular Biotechnology (IMMB),
Faculty of Medicine, Universiti Teknologi MARA (UiTM)
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4Drug Discovery and Health Community of Research,
Universiti Teknologi MARA (UiTM) Shah Alam, Selangor,
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The phosphatidylinositol 3-kinase (PI3K) signaling pathway
is known to possess an essential role in mammalian preimplantation embryo development. The formation of class I
PI3K results from the heterodimerization of p85 regulatory
and p110 catalytic subunits. p110α, a p110 isoform is an
oncogene encoded as Pik3ca. Meanwhile, tocotrienol (TCT), a
component of vitamin E, is known to have antioxidant and
antiproliferative properties. However, research on the effects
of TCT supplementation on embryo cleavage during preimplantation development is limited. The present study
investigates the effects of δ-TCT supplementation on the
expression level of Pik3ca in pre-implantation embryos from
nicotine-treated mice. Pure δ-TCT (>98% purity), δ-TCT
mixture (90% delta:10% gamma) derived from the annatto
plant (Bixa orellana) and α-tocopherol (α-TOC) from soy
(American River Nutrition Inc., USA), were used as the
supplements. A total of 48 female BALB/c mice were divided
into eight groups of six each (G1-G8). G1 (control) was
gavaged with corn oil, G2 was injected s.c. with nicotine (3
mg/kg/day), G3 (3mg/kg/day nicotine + 60 mg/kg/day δ-TCT
mixture), G4 (3mg/kg/day nicotine + 60 mg/kg/day pure δTCT), G5 (3mg/kg/day nicotine + 60 mg/kg/day α-TOC), G6
(60mg/kg/day δ-TCT mixture alone), G7 (60 mg/kg/day pure
δ-TCT alone) and G8 (60 mg/kg/day α-TOC alone) for 7
consecutive days. On Day 8, all females were superovulated
by s.c. injection of pregnant mare’s serum gonadotropin
(PMSG) followed by human chorionic gonadotropin (hCG),
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48 hours apart. Each female was cohabited with one male for
mating. Once copulation was confirmed by the presence of
vaginal plug, females were euthanized by cervical dislocation.
Embryos were flushed from the oviducts using M2 medium
(Sigma, USA) and cultured in a humidified CO2 incubator
(37˚C, 5% CO2). 2- and 4-cell stage embryos were collected
and processed for gene expression analysis using the
QuantiGene Plex 2.0 (Affymetrix, USA). Data were analyzed
(t-test) using SPSS 20.0. The present results indicate a
complete inhibition (no expression) of the Pik3ca gene in 2cell embryos from all treatment groups, except in G1, G7 and
G8. Meanwhile, the Pik3ca expression level in 4-cell embryos
were at 3.7-fold increase in G2, while others remained not
expressed, except in G1. This data explains that δ-TCT and αTOC supplementation, given in conjunction with nicotine,
inhibited the expression of the oncogene Pik3ca, whereas the
group receiving nicotine alone showed highly expressed
Pik3ca. The study suggests that δ-TCT and α-TOC play a
protective role against the Pik3ca oncogene expression in preimplantation embryo in nicotine-induced mice. Funding for
this study was received by Prof. Dr. Mohd Hamim Rajikin
from the Ministry of Education (MOE), Malaysia through the
Fundamental Research Grant Scheme (600-RMI/FRGS 5/3/
(60/2012) and also supported by Research Management
Institute (RMI), UiTM Shah Alam, Selangor, Malaysia
through the Excellence Fund Grant (600-RMI/DANA 5/3/PSI
(174/2013)). Our sincere thanks to MOE, Research
Management Institute (RMI), UiTM Shah Alam, Selangor and
members of Faculty of Medicine, UiTM Sg. Buloh, Selangor,
Malaysia for all the support and assistance. Special thanks to
Dr Thuan Bui, Mr Teo Ching Yee and Ms. Ting Ping Ya from
i-DNA Biotechnology (M) Sdn. Bhd., Malaysia for their
assistance in performing QuantiGene Plex 2.0 array.
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Indole phytoalexins are structurally unique, sulfur-containing
natural products isolated from plants of the family Cruciferae
(syn. Brassicaceae). Besides their antimicrobial properties,
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several indole phytoalexins also exhibit antiproliferative/
anticancer activity. This study was designed to examine the in
vitro antiproliferative effect of brassinin and its six derivatives
on human cancer cell lines. Among seven tested compounds,
homobrassinin (K1) exhibited the most potent activity with
IC50=8.0 μM in colorectal Caco2 cells and was selected for
further studies. Flow cytometry analysis revealed a K1induced increase in the G2/M phase associated with
dysregulation of α-tubulin, α1-tubulin and β5-tubulin
expression. These findings suggest that the inhibitory effect of
K1 can be mediated via inhibition of microtubule formation.
Furthermore, K1 also increased a population of cells with subG1 DNA content, which is considered to be a marker of
apoptotic cell death. Apoptosis was also confirmed by annexin
V/PI double staining, DNA fragmentation assay and chromatin
condensation assay. The apoptosis was associated with loss of
mitochondrial membrane potential (MMP), caspase-3
activation, as well as intracellular reactive oxygen species
(ROS) production. Moreover, the antioxidant Trolox blocked
ROS production, changes in MMP and decreased K1
cytotoxicity, which confirmed the important role of ROS in
cell apoptosis. Taken together, our data demonstrate that K1
induces ROS-dependent apoptosis in Caco2 cells and provide
the rationale for further in vivo anticancer investigation.
This study was supported by the Slovak Grant Agency for
Science (Grant No. 1/0322/14).
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Due to the success of cisplatin, various metals are under
development for use in cancer chemotherapy. Our work
allowed studying antiproliferative, proapoptotic and
antiangiogenic effects of some ferrocenyl chalcones, Q603,
Q616/1 and Q820, in in vitro conditions. The antiproliferative
effect of Q603, Q616/1 and Q820 was studied in the human
cancer cell lines Jurkat, HeLa, A-549 MCF-7 and MDA-MB231. Cell proliferation was evaluated by the MTT assay and
anchorage-independent growth by colony formation (CFA).
Apoptosis was analyzed by DNA fragmentation. To study an
antiangiogenic activity of the compounds used, their ability to
inhibit endothelial cell migration (ECM) of human umbilical
vein endothelial cells (HUVEC) was examined. Moreover, the

effect of Q603, Q616/1 and Q820 on matrix metalloproteinase
(MMP) activity was also studied. Incubation of Jurkat, HeLa,
MCF7, A549 and MDA cancer cells with Q603 at a
concentration of 10-6 mol.l-1 for 72h caused 59.89, 77.66,
67.30, 92.20 and 91.50 reduction in cell survival, respectively;
whereas Q616/1 at a concentration of 10-5 mol.l-1 for 72h
caused 65.96, 34.53, 57.70, 55.71 and 95,90% reduction in
cell survival, respectively. The effect of Q820 is similar to that
of Q616/1. CFA also confirmed growth-inhibitory effects for
the compound Q603, Q616/1 and Q820. Pretreatment of HeLa
cells with Q603 resulted in marked apoptosis as detected by
DNA fragmentation. The same compound at a concentration
of 10-7mol.l–1 inhibited ECM in vitro. The results from the
antiproliferative effects of Q603, Q616/1 and Q820 and
antiangiogenic and antiapoptotic effects of Q 603 demonstrate
that the tested ferrocenyl chalcones may be useful agents for
cancer chemoprevention and treatment.
This work was supported by the grant VEGA 1/0751/12,
VEGA 1/1236/12 and partially supported by the Agency of the
Slovak Ministry of Education for the Structural Funds of the
EU, under project ITMS: 26220220104 (15%), ITMS:
26220120058 (15%) and ITMS: 26220220152 (15%).
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INHIBITION OF MTOR STIMULATES WNT
ACTIVITY AND MUC1 EXPRESSION IN MAMMARY
CARCINOMA CELL LINES
Jan A. Mol, Elpetra Timmermans-Sprang and Ana Gracanin
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Cancer stem cells (CSCs) are mainly involved in regrowth of
tumors after surgery or metastasis of cancer cells. Stem cells
may reside in hypoxic niches and are regulated by oxygen
availability but also governed by activation of the Wnt
pathway, which is clearly stimulated by progesterone within
the mammary gland. Epithelial mesenchymal transition (EMT)
facilitates migration and metastasis of mammary cancer cells.
Both active canonical Wnt signaling and enhanced MUC1
expression are associated with hypoxia-induced EMT. We
therefore studied basal canonical Wnt signaling and Muc1
expression in canine mammary carcinoma cell lines.
Basal Wnt activity was measured by transfection of a T-cell
factor-reporter construct (TOPflash) into the cells. The
majority of cell lines had absent or low ligand-mediated Wnt
activity. However, in 3 out of 12 cell lines tested we found
high basal, ligand-independent canonical Wnt activity
associated with aberrant Lef1 mRNA expression, a gene also
known to be induced by hypoxia. Furthermore these cell lines
showed a rounded morphology, in line with enhanced EMT,
in contrast to the spindle cell appearances of the other cell
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lines. Muc1 expression was not associated with high Wnt
activity and only elevated in an osteosarcoma or myoepithelial
cell line.
Expression analysis by qRT-PCR revealed an association of
Wnt-activation with overexpression of Egfr, Her2 and Her3
and absence of Pten mRNA, suggestive of activation of the
PI3K/mTOR pathway. Incubation with the mTOR inhibitor
everolimus or a dual PI3K/mTOR inhibitor BEZ235 resulted
in decreased proliferation, but totally unexpected further
induced the canonical Wnt signaling. Inhibition of mTOR
stimulated also the expression of Muc1 mRNA. The
combination of elevated Wnt and Muc1 activity may
contribute to enhanced survival and metastatic potential.
Our results suggest a close relation between the EGFR/HER
regulated and Wnt pathways. The role of focal adhesion kinase
(FAK), cSRC and β-catenin in the HER-regulated activation
will be discussed.
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J.M. Escudero, N. Viñolas, N. Reguart, J. Ramirez,
X. Filella, L. Molins and A. Agusti

Laboratory of Biochemistry (Oncobiology Unit), Thorax
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Background: Lung cancer (LC) is the most frequent and fatal
human cancer. Its prognosis is directly related to early
diagnosis. In this study, we hypothesized that a combined
panel of six serum tumor markers (TM) is useful in the
diagnosis of patients with clinical suspicion of LC and
evaluated the possible utility in early diagnosis. Patients and
Methods: We investigated the diagnostic utility of a combined
panel of six serum TM (CEA, CA125, SCC, CYFRA 21-1,
NSE and ProGRP) in 3,644 consecutive individuals referred
to our institution because of clinical suspicion of LC. Results:
Using standard clinical procedures, LC was confirmed in
2,259 patients (1,876 with NSCLC (83%) and 383 with SCLC
(17%)) and excluded in 1,429 individuals (38%)). The
sensitivity of the TM panel investigated here for the diagnosis
of LC was 90.0%, its specificity 81%, its NPV 85% and its
PPV 89%. In patients with early stages of LC these figures
were, respectively, 73%, 81%, 91% and 69% for NSLC stage
I/II and 96%, 81%, 99% and 36% for intra-thoracic SCLC.
Finally, two TM (NSE and ProGRP) significantly differentiate
NSCLC from SCLC (AUC 0.903 and 0.856, respectively).
Conclusion: This study is the first to show that a panel of six
serum TM can be useful in the clinical management of LC. It
may do so either as a first step in the screening of high risk
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populations (its high sensitivity and NPV can help to exclude
LC) and/or through the diagnostic assessment of patients with
a clinical suspicion of LC (high specificity, high PPV), even in
early stages of the disease. In addition, the six serum TM show
a significant capacity to differentiate NSCLC and SCLS,
which may require different therapeutic strategies.
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Cancer therapy was first developed on the basis of the model
of antimicrobial chemotherapy in which specific targets were
taken into consideration. The ratio between beneficial and
adverse effects was continuously improved but the specificity
of anticancer therapy certainly still needs further investments.
Scientists are working on new approaches to find differences
between normal and cancer cells as possible targets for
treatments without denying previous results.
In this study, the interactions between healthy and normal
cells were analyzed by laboratory methods and
thermodynamic approaches to find new opportunities through
which to intervene in host-tumor relationships. The border
between tumor and healthy tissue was defined as the subject of
entropy changes in the interaction between tumor tissue and
the surrounding normal tissue in a retrospective model in vivo.
A particular interaction was found between the co-existing
healthy and cancer cells. The disorder induced in the healthy
tissues by the cancer cells showed some correlation with the
second principle of thermodynamics, where the directions of
the processes were defined. Cancer grows on negative entropy
and the process is accompanied by high entropy production.
This paper focuses on the importance of 5 different entropy
currents in the interactions between healthy and cancer cells
and tissues, e.g. thermal fluxes driven by temperature
differences, diffusion currents driven by chemical potential
gradients, chemical reactions driven by Gibbs energy, velocity
gradients driven by viscous stress and dissipation due to the
work performed by the external field. In co-culturing
experiments, labeled cancer and normal cells were mixed and
cultured, and cytophagy was observed by flow cytometry. The
normal cells could feed the cancer cells in the lack of serum as
nutrient.
When the co-existence between normal and cancer cells
was analyzed in mixed cultures, i.e. normal human fibroblast
(MRC-5) cells in the presence of human breast cancer (MCF7) cells, the co-cultivation was defined as a parasitic
interaction. Cancer and surrounding normal tissues live
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together in a parasite-host relationship, with cancer behaving
as an alien invader. We suppose that the second law of
thermodynamics does not exclude the opportunity to change
the direction of some particular components of entropy flow
from a tumor to the normal tissues through the use of external
forces. The entropy differences between normal and cancer
tissues can be exploited by modification of tumor growth. In
this study, the extent and direction of entropy production and
dissipation in normal and cancer cells were compared as
potential targets for tumor demarcation since entropy currents,
from tumor to normal cells, carry the information relating to
cancer and normal cells.
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Abstract: The taccalonolides are microtubule stabilizers
isolated from plants of the genus Tacca (1,2). They are
highly acetylated hexacyclic steroid lactones and differ
chemically from other microtubule stabilizers. Clinically, a
number of microtubule stabilizers, including the taxanes and
the epothilone ixabepilone, have significant but not
completely overlapping indications and efficacies. These
differences might be related to different binding modes and
orientations within the taxane binding site of tubulin and/or
to subtly different cellular mechanisms of action. A major
limitation of cancer therapy is innate and acquired drug
resistance. The taccalonolides have advantages in this regard
since they can overcome drug resistance mediated by the
expression of P-glycoprotein or by the βIII isotype of tubulin
(3). Recent studies indicate the taccalonolides bind
covalently to the 212-230 peptide of β-tubulin. The
identification of the exact site and orientation of
taccalonolide binding is ongoing (4). One of our goals is to
explore the structure-activity relationships among the natural
and semi-synthetic taccalonolides to identify the specific
chemical moieties responsible for optimal microtubule
stabilizing actions, in vitro potency and in vivo antitumor
efficacy. Additionally, we are investigating the molecular
mechanisms of action of the taccalonolides, specifically their
ability to inhibit interphase signal transduction events that
contribute to their potent antitumor effects. The long-term
goal is to identify a taccalonolide with optimal properties as
a potential clinical candidate and to understand the molecular
characteristics of tumors that would predict drug sensitivity
or resistance to these agents.

Introduction: Taccalonolide A (Figure) is the most abundant
taccalonolide isolated from Tacca spp. While A has low
potency, a natural analog with high potency, designated
taccalonolide AF (Figure), has been identified (5). AF differs
from A in that it has an epoxide bridging C22-C23. This minor
difference leads to an over 200-fold increase in potency.
Taccalonolide AF has excellent antitumor effects in murine
models of cancer, albeit with a narrow therapeutic window.
The closely related compound taccalonolide AJ, which is
generated by semi-synthesis from taccalonolide B has
excellent potency, yet displays toxicity with no associated
antitumor effects (4). AF and AJ differ only at the C15
position, with an acetoxy group in AF and a hydroxyl group in
AJ (Figure). Preliminary chemical stability evaluations and
pharmacokinetic studies in mice showed that AF is relatively
unstable in aqueous solutions and is rapidly cleared in mice
with a short half-life. Semi-synthetic reactions were employed
to improve on the chemical stability of AF by preventing the
hydrolysis of the C15 acetoxy group. The results of these
studies will be described. Evidence is accumulating that the
ability of microtubule stabilizers to interrupt microtubuledependent signaling processes in interphase cells contributes
to their anticancer actions (6, 7). In many in vitro models,
drug-induced disruption of interphase microtubules inhibits
cellular trafficking and downstream signaling, leading to cell
death. We tested the hypothesis that taccalonolide AJ inhibits
epidermal growth factor receptor (EGFR) signaling. EGFR is
over-expressed in many cancers, including 40% of breast
cancers, and activation of this receptor leads to cell
proliferation, angiogenesis, invasion and metastasis. Following
ligand binding, activated EGFR is internalized and transported
to the endosome, events that are dependent on microtubules.
The ability of microtubule stabilizers to inhibit this oncogenic
EGFR signaling might have significant influence for their
cellular and antitumor effects. The specific signaling events
interrupted by AJ in comparison with paclitaxel were
investigated.
Materials and Methods: Taccalonolide A was isolated from
Tacca sp. and hydrolyzed to taccalonolide B (4). Semisynthetic taccalonolides were generated from taccalonolide B
using a variety of assay conditions and reagents. The products
were purified by HPLC and structures determined using 1D
and 2D NMR, as well as HR-ESI-MS. These semi-synthetic
taccalonolides were subject to C22-C23 epoxidation using
previously described methods (5, 8). The microtubule
stabilizing and cytotoxic activities of the epoxy-taccalonolides
were evaluated using immunofluorescence microscopy and the
SRB assay respectively, as previously described (4). The
signaling effects were evaluated by immunofluorescence and
Western blotting (9).
Results: Semi-synthetic analogs: A new approach to modify
AF with the addition of a bulky substituent on C15 was
hypothesized to alleviate its rapid in vivo clearance and may
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Figure. Chemical structures of the taccalonolides A, B, AF
and AJ and their respective IC50 values for inhibition of
proliferation of HeLa cells.
improve the therapeutic window of AF. Using taccalonolide B
as the starting material, various substituents were reacted in
an attempt to selectively modify C15 as a mechanism to
stabilize AF derivatives. Several analogs were generated with
substituents on C7, C15 and/or C25. Although each of these
semi-synthetic taccalonolides had low potency, their C22-C23
epoxidation resulted in new taccalonolides with potencies
ranging from 8.1 nM – 40.3 μM. Taccalonolides with monosubstituents on either C15 or C7 had the highest potency while
those containing di-substituents had lower potencies. This
provides an initial indication that modification of the labile
C15 is possible and that resulting analogs with excellent
potency can be generated. Whether they will retain chemical
and metabolic stability, as well as in vivo potency and efficacy
is being addressed.
Mechanism of Action: The effects of AJ and paclitaxel on
microtubule-dependent EGFR trafficking were evaluated in
BT549 breast cancer cells. Our results show that both AJ and
paclitaxel inhibit EGFR trafficking with slightly different
kinetics. While EGFR was still internalized after treatment with
either drug, instead of a directed movement of EGFR to the
interior of the cell, as was seen in vehicle-treated cells, these
drugs caused an aberrant localization of EGFR throughout the
cytoplasm. This effect was not unexpected because it has been
shown that normal microtubule-dependent transport can be
inhibited by microtubule bundling. AJ caused premature sorting
of EGFR to the lysosome, which would enhance receptor
degradation. Similar results were seen with paclitaxel but it
caused slightly faster sorting of EGFR to the lysosome. These
effects on EGFR trafficking would be expected to inhibit
activation and recycling of the receptor and therefore inhibit
signaling downstream of EGFR. Next, the effects of AJ or
paclitaxel on signaling events downstream of receptor
activation were evaluated. Both microtubule stabilizers resulted
in higher levels of Tyr1045 phosphorylation on EGFR, which is
a marker that initiates receptor degradation and defective
signaling. Consistent with these results, both AJ and paclitaxel
6068

inhibited downstream EGFR signaling as was measured by
lower levels of ERK1/2 and AKT phosphorylation. Paclitaxel
was much more effective at inhibiting this phosphorylation than
AJ. These data suggest that microtubule stabilizers can
modulate EGFR pathways in distinct ways. Our study
evaluating differences among microtubule stabilizers begins to
shed some light into the complex and subtly different
mechanisms of action of these drugs.
Discussion: Our studies show that semi-synthetic
modifications of the taccalonolides can be made specifically
to C15 and C7 and, after C22-C23 epoxidation, analogs with
potent activities can be generated. These have the potential to
provide taccalonolides with chemical and metabolic stability
for optimal antitumor effects. The taccalonolide AJ and
paclitaxel inhibit microtubule dependent EGFR trafficking,
leading to inhibition of downstream signaling but do so with
different kinetics and efficacy demonstrating that there are
differences between microtubule stabilizers that might
contribute to their distinct antitumor efficacies.
These studies were made possible with support from the NCI
(CA121138) and a CTSA grant from the Cancer Therapy &
Research Center.
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The Asian-Pacific, with its population of over four billion,
accounts for over one half of the cancer burden of the world.
Commensurate with its geographical extent, there are a
number of organizations involved in cancer control within its
frontiers, including four regional offices of the World Health
Organization (WHO). Other interested parties are the
International Agency for Research on Cancer (IARC) and the
International Association of Cancer Registries (IACR), both
based in Lyon, France, with regional hubs for cancer
registration in Mumbai, India and Izmir, Turkey. The Asian
Pacific Organization for Cancer Prevention (APOCP) and the
Asian Pacific Federation of Organizations for Cancer Control
(APFOCC) organize meetings in alternate years, working
together with the International Union against Cancer Asian
Regional Office (UICC-ARO) to advance cancer control
research and implementation across the region. The possibility
of an Asian Network of Cancer Registries is also now being
mooted (ANCR), which might also join the APOCP and
UICC-ARO in having the Asian Pacific Journal of Cancer
Prevention (APJCP) as its official publication to disseminate
research findings in the international arena.
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Studies using animal models have demonstrated that ingestion
of bovine lactoferrin (bLF) is able to induce cytokine
expression in the intestine and inhibit carcinogenesis in the
colon and other organs of experimental animals. As a result of
these studies, a blinded, randomized, controlled clinical trial
was conducted in the National Cancer Center Hospital, Tokyo,
Japan to determine whether ingestion of bLF had an effect on
the growth of colorectal polyps in humans. Patients with
colorectal polyps ≤5 mm diameter, and likely to be adenomas,
were ingested with 0, 1.5 or 3.0 g bLF daily for 1 year.
Overall, trial participants with regressing polyps had increased
NK cell activity, increased serum hLF levels (indicating
increased neutrophil activity) and increased numbers of CD4+
cells in the polyps. These findings are consistent with a
correlation between suppression of colorectal polyps and
higher immune activity. In addition, participants with

regressing polyps had lower numbers of PMNs and increased
numbers of S100A8+ cells in the polyps, consistent with a
correlation between suppression of colorectal polyps and
lower inflammatory potential in the colon. Ingestion of 1.5 g
bLF had no significant effect on any of the immune
parameters measured or on the growth of the colorectal
polyps. In trial participants ingesting 3.0 g bLF, however,
several immune parameters were affected and the growth of
colorectal polyps was inhibited in participants 63 years old or
younger. Analysis of RNA collected from normal colon
mucosa revealed that ingestion of 3.0 g bLF promoted the
expression of interferon alpha (IFNA) in the colon. In
addition, participants ingesting 3.0 g bLF had increased
numbers of CD4+ and CD161+ cells in the polyps, a possible
increase in systemic NK cell activity and the level of hLF in
the serum was increased in trial participants 63 years old or
younger: As noted above, the increased levels of hLF in the
serum reflect elevated neutrophil activity. In contrast to these
stimulatory effects on the immune system, ingestion of bLF
appeared to have little or no effect on the inflammatory
potential of the colon mucosa. Taken together, our findings
suggest that bLF suppressed colorectal polyp growth by
enhancing immune responsiveness.
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Abstract. The HOX genes are a family of homeodomaincontaining transcription factors that determine cellular identity
during development and which are dysregulated in some
cancers. In this study we examined the expression and
oncogenic function of HOX genes in mesothelioma, a cancer
that is associated with exposure to asbestos and which arises
from the pleura or peritoneum. We show that HOX genes are
significantly dysregulated in malignant mesothelioma.
Targeting HOX genes with the HXR9 inhibitor caused
apoptotic cell death in each of the mesothelioma-derived cell
lines tested. The analysis of HOX expression in primary
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Figure 1. HOXB4 expression is associated with overall
survival. Kaplan-Meier survival curves for patients with high
(solid line) and low (dashed line) HOXB4 expressing tumors
(p=0.041).
mesothelioma tumors indicated that these cells could also be
sensitive to the disruption of HOX activity by HXR9 and that
the expression of HOXB4 is strongly associated with overall
survival. Our findings suggest that HOX genes are a potential
therapeutic target in mesothelioma.
Introduction: The dysregulation of HOX genes has been
demonstrated in a range of cancers and, in some, has been
shown to be a potential therapeutic target through the use of a
peptide, HXR9. HXR9 prevents binding of the PBX cofactor
to HOX proteins and triggers apoptosis in malignant cells,
whilst sparing normal adult cells (1-5). Although these studies
include non-small cell lung cancer (4), they do not encompass
mesothelioma, a malignancy of mesothelium cells, which is
most frequently found in the lung and associated with longterm exposure to asbestos (6). Mesothelioma has limited
treatment options and generally a very poor prognosis (6) and,
therefore, finding novel therapeutic approaches in this disease
is an important goal. In this study we show that HOX
dysregulation is present in cell lines derived from
mesothelioma, as well as in primary tumors, and that
antagonism of the HOX/PBX interaction in these cell lines
triggers apoptosis.
Materials and Methods: Primary mesothelioma samples were
obtained from 16 male and 5 female patients. Median patient
age at diagnosis was 63.9 years (range, 38.2-79.53 years) and
median survival was 9.04 months (range, 0.23-81.85 months).
Patients underwent tumour resection at the Department of
Thoracic Surgery, Guy’s & St Thomas’ NHS Foundation
Trust. Tissues and data were released for study from the KHP
Cancer Biobank in accordance with NHS REC approval
number 07/H0804/91.
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Figure 2. Example of HOXB4 IHC staining in a primary
mesothelioma (a) and normal mesothelium tissue (b) (scale
bar: 40 μm).
Results: In order to assess the expression of HOX genes in
mesothelioma we used QPCR to measure RNA levels in four
cell lines derived from this malignancy: NCI-H28, NCIH2052, NCI-H226 and MSTO-211H, together with Met-5A,
which is derived from non-malignant mesothelium cells. HOX
gene expression was also studied in primary mesothelioma
tumors. Analysis of HOX genes that are known to have
oncogenic or tumor suppressive functions revealed that Met5A had a higher expression of the potential tumor suppressor
HOX genes HOXA4 and HOXA5 compared to the malignant
cell lines. Furthermore, primary tumors on average expressed
very high levels of HOXB4. Given the high level of HOX
expression in the mesothelioma cell lines, we treated cells with
the HOX/PBX inhibitor HXR9 that has previously been shown
to block HOX/PBX interactions and trigger apoptosis in a
number of other cancers (1-5). The non-malignant line Met5A was amongst the least sensitive with an IC50 of 98 μM,
whilst the NCI-H28 cell line is the most sensitive with an IC50
of 18 μM. Previous studies have suggested that the mechanism
of cell death when HOX function is blocked by HXR9 is
primarily through apoptosis (1-5). Likewise, we also found
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that all the mesothelioma cell lines underwent apoptosis when
treated with HXR9 at the relevant IC50, with the nonmalignant cell line Met-5A showing the lowest level of
apoptosis and NCI-H2052 the highest. The apparent antiapoptotic role of HOX genes in mesothelioma cells prompted
us to look for associations between the expression levels of
the different HOX genes in primary tumors and patient
survival. The tumors of patients surviving less than 6 months
had a significantly higher expression of HOXB4 (p=0.0166)
and, likewise, a Kaplan-Meier analysis of overall survival (OS)
showed that high HOXB4 tumor expression was associated
with a significantly shorter OS (p=0.041; Figure 1). In order
to confirm expression of HOXB4 at the protein level, we also
performed immunohistochemistry on a commercially available
tissue array containing 58 cores from primary malignant
mesotheliomas and 20 samples of normal mesothelium.
Amongst the former, 38/58 cores (66%) stained positive for
HOXB4, whilst 6/20 (30%) of the normal mesothelioma tissue
samples also stained positive for HOXB4. The patterns of
HOXB4 expression were different in the malignant and
normal samples however, with HOXB4 being predominantly
cytoplasmic in the former and confined to the nucleus in the
latter (Figure 2).
Discussion: In this study, we show that both mesotheliomaderived cell lines and primary mesothelioma cell lines have
dysregulated HOX expression. Furthermore, mesothelioma cell
lines are sensitive to inhibition of HOX function. One of the
most significantly over-expressed genes in primary
mesothelioma was HOXB4, and high HOXB4 expression
levels were associated with shorter OS, suggesting that
HOXB4 expression is a potential prognostic factor in this
malignancy. Given the functional redundancy amongst HOX
proteins, this finding that HOXB4 was the only HOX gene
among the 39-strong family to have any prognostic
significance seems unexpected. However, there are a number
of other cancers for which a single HOX gene alone acts as a
prognostic marker, and the identity of the HOX gene in each
case varies from one malignancy to another. Examples include
HOXC6 in gastric cancer (7), HOXB8 in ovarian cancer (8)
and HOXD3 in breast cancer (9). This might reflect the
embryonic origins of different cancer types, as HOX gene
expression in adult cells tends to reflect their developmental
origin (10). From a practical view point, there are currently no
reliable markers of OS in mesothelioma (11) and the use of
HOXB4 as a prognostic marker in this context, therefore,
justifies further evaluation.
1 Daniels, T.R., et al., Disruption of HOX activity leads to
cell death that can be enhanced by the interference of iron
uptake in malignant B cells. Leukemia, 2010. 24(9): p.
1555-65.
2 Morgan, R., et al., Antagonism of HOX/PBX dimer
formation blocks the in vivo proliferation of melanoma.
Cancer Res, 2007. 67(12): p. 5806-13.

3 Morgan, R., et al., Targeting HOX and PBX transcription
factors in ovarian cancer. BMC Cancer, 2010. 10: p. 89.
4 Plowright, L., et al., HOX transcription factors are potential
therapeutic targets in non-small-cell lung cancer (targeting
HOX genes in lung cancer). Br J Cancer, 2009. 100(3): p.
470-5.
5 Shears, L., et al., Disrupting the interaction between HOX
and PBX causes necrotic and apoptotic cell death in the
renal cancer lines CaKi-2 and 769-P. J Urol, 2008. 180(5):
p. 2196-201.
6 van Meerbeeck, J.P., et al., Malignant pleural
mesothelioma: the standard of care and challenges for
future management. Crit Rev Oncol Hematol, 2011. 78(2):
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7 Zhang, Q., et al., Upregulated Hoxc6 expression is
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8 Stavnes, H.T., et al., HOXB8 expression in ovarian serous
carcinoma effusions is associated with shorter survival.
Gynecol Oncol, 2013. 129(2): p. 358-63.
9 Shaoqiang, C., et al., Expression of HOXD3 correlates with
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Exp Metastasis, 2013. 30(2): p. 155-63.
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Malignant tumours attract mesenchymal stem cells (MSC) that
reach the tumour mass via blood circulation, as demonstrated
in vivo for several tumours including glioblastoma (GBM).
Within the tumour microenvironment, the GBM cell
interactions with MSC are still understudied, despite their
relevance for understanding the mechanisms of GBM
progression and therapy development. Both indirect-paracrine
signalling and direct cell-cell signalling are involved in glioma
progression. Encouraged by results of our previous in vitro
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studies on indirect interactions of bone marrow derived MSC
and GBM cells (Motaln et al., 2010), we explored here
alterations of gene expression patterns in MSC and GBM cells
in direct co-cultures. BM-MSC4 and U87-MG GBM cells
were used to study the effect that their direct cell-contact has
on their gene expression in co-cultures as compared to
monocultures. The impact on cell proliferation and invasion in
Matrigel was quantified using standard assays. To get the
insight into the cellular cross-talk activity in direct co-cultures,
the whole genome transcriptomic analyses refined by data
deconvolution employing adapted algorithms for mixed
cellular samples were performed. When MSC and GBM cells
directly interact, the functional syncytium is formed (Schichor
et al., 2012), which results in both decreased GBM cell
proliferation and increased GBM cell invasion that contrast the
effect of the indirect co-cultures. Likewise, we identified genes
associated with the cell membrane functions, signalling and
migration, which are altered in direct co-cultures. The function
of the kinin-B1 receptor (BDKR1) and a cohort of other
migration-associated genes were further investigated to reveal
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paradoxical effects of MSC, which directly increase GBM cell
migration, whereas in the indirect co-cultures their paracrine
signals (cytokines) impair GBM cell invasion to keep tumour
cells in their vicinity and steady to reach.
1 Motaln et al., Cell Transplantation, 2012, 21(7): 1529-45.
2 Schichor et al., Exp. Neurology, 2012, 234(1): 208-19.
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THE IMPACT OF RADIATION ONCOLOGY
EVOLUTION ON THE INCIDENCE OF RADIATION
INDUCED CRANIAL NERVES PALSY IN PATIENTS
WITH HEAD AND NECK CANCER
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Objectives: Radiation induced cranial nerve palsy (RICNP) is
a serious complication of radiotherapy (RT) in head and neck
cancer (HNC). RICNP impairs quality of life (QOL) and
functional capacity and can even be life-threatening. The
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current study utilizes the state of the art RT technology in
computing RT doses to cranial nerves aiming to improve the
QOL of HNC patients. Materials and Methods: Using
anatomic texts, sophisticated imaging modalities, base of skull
surgeons, neuroradiologists expertise, we developed step-bystep instructions for delineating cranial nerves (CNs) IX–XII
on computed tomography (CT) imaging. These structures were
then contoured on 5 HNC patients who underwent definitive
RT +/- chemotherapy. RT doses delivered to the lower CNs
were calculated. Results: We successfully developed a
contouring atlas for CNs IX–XII. With daily image guided
intensity modulated radiation therapy (IG-IMRT) the median
dose to planning target volume (PTV) was 70 Gy (66–70). The
median maximal dose to the CN (IX–XI) and (XII) were 72
Gy (66–77) and 71 Gy (64–78), respectively. The median V50,
V60, V66 and V70 of the CN (IX–XI) and (XII) volumes were
85, 77, 71, 65 and 88, 80, 74, 64, respectively. The median CN
(IX–XI) and (XII) volumes were 10 c.c (8–12 c.c) and 8 c.c
(7–10 c.c), respectively (Table). Conclusion: We present a
countering atlas for lower CNs on RT planning imaging for
daily IG-IMRT. We recommend applying the current atlas on
HNC patients to explore the relationship between CN dosing
and the risk of RICNP to establish limiting doses for these
organs at risks.
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The last two decades have been marked by essential progress
in our understanding of the role of tumor-supporting
inflammatory reactions that play a key role in tumor growth
and progression. Our lab has previously shown that tumor
progression in the HaCaT model of human skin carcinogenesis
is dependent upon the persistent recruitment of neutrophils and
macrophages into the tumor microenvironment. The tumor
cells activate inflammatory, as well as fibroblastic cells, via
the secretion of specific growth factors like IL-6, G-CSF, GMCSF and PDGF and induce the expression of progression
promoting cytokines like HGF, MCP-1, VEGF and proteases
(e.g. MMP-9 and MMP-13). While much is known about the
role of the inflammatory infiltrate promoting tumor growth
and progression, as well as its influence on tumor-associated

fibroblast activity, little is known about the dynamic
interaction of these cell types and their reciprocal influence on
each other and on the tumor cells. We, therefore, extended our
3D organotypic in vitro model for squamous cell carcinoma
(SCC) of the skin to analyze the interaction of macrophages,
neutrophils and fibroblasts in the tumor microenvironment of
epithelial tumors. In the original model, skin SCC cells are airexposed grown on a collagen type 1 gel containing fibroblasts.
In order to better mimic the complex interaction in the tumor
microenvironment, the new model now includes macrophages
and neutrophils. We show, that the cytokine driven interaction
between macrophages and fibroblasts markedly influences
invasion and enhances M2 differentiation of macrophages in
the presence of tumor cells. Furthermore, addition of
neutrophils to the system leads to a strikingly enhanced tumor
invasion associated with an increased expression of MMP-9
and a differentiation of the neutrophils to an N2 phenotype.
Thus, our new model provides an in vitro tissue-like context
to analyze tumor stroma interactions and represents an
excellent possibility for a targeted interference in the
respective interaction processes. Accordingly, selective
blockade of cytokine interactions in the model has resulted in
a reversion of the pro-tumor differentiation of macrophages
and neutrophils and a subsequent inhibition of tumor cell
invasion. To further optimize the model for therapeutic testing
we have replaced the animal-derived collagen type 1 matrix
that bears the risk of significant batch-to-batch variability by a
bioinert hydrogel system based on dextran and polyethylene
glycol. The first results indicate that tumor and stromal cells
survive in this new highly standardized system. Comparisons
will now be made to the collagen model with respect to
phenotype and cytokine expression profiles.
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PROGESTERONE AND RAPAMYCIN IN RELATION
WITH AUTOPHAGY ON AN ENDOMETRIAL
CANCER CELL LINE
S. Muftuoglu, N.D. Zeybek and T. Demirci
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Histology and Embryology, Ankara, Turkey

PTEN is a tumor suppressor protein necessary for appropriate
regulation of PI3-Akt. Mutations of the PTEN gene cause
hyperactivation of the PI3K-Akt-mTOR pathway in
endometrial cancer. Rapamycin is a prototypical drug in the
class of mTOR and potentiates the effects of treatments on
endometrial cancer cells in an aspect of inhibition on cell
proliferation. Exposure to mTOR inhibitor increases
progesterone (PR) mRNA expression in endometrial cancer
cells (ECC). Autophagy has been shown to be important in
pathogenesis of cancer. PI3Ks play important roles in
suppression of autophagy by induction of the mTOR
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signaling. The mTOR inhibitor, rapamycin, exerts its
antitumor effect on tissues by inducing autophagy. The
purpose of this study is to determine the effect of rapamycin
and PR combination treatment on cell proliferation and cell
death via autophagy induced by rapamycin. The ECC line was
treated with different concentrations of rapamycin, PR alone
and together at different durations. After treatments, WST-1,
caspase-3, beclin-1 and LC3B immune labeling, ELISA,
TUNEL analysis and electron microscopy were performed.
This study is granted by the Hacettepe University Research
Fund 010 D03 101 002. Decreased cell viability was detected
with both rapamycin and PR treatments. Apoptosis was not
detected in all groups. We observed positive immune reactivity
of beclin-1 as an early autophagy marker on ECC treated with
rapamycin alone and together with PR. The immune reactivity
of LC3B, as a later autophagy marker, was decreased in
rapamycin- and PR-treated ECC. The ultra-structure of
autophagy on ECC has been examined with electron
microscopy. The PI3K-AKT-mTOR pathway plays a crucial
role in breast and endometrial carcinoma since activation of
this pathway inhibits PR expression. Rapamycin exerts its
cytotoxic effect on ECCs by inducing autophagy. The effects
of rapamycin and PR combination on cell proliferation and
cell death suggested that combination therapy of hormonal
treatment and mTOR inhibitors might permit high success
rates in the prognosis of endometrium cancer.
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ENDOMETRIAL CANCER: BUILDING THE
SYSTEMIC THERAPY BACKBONE
Franco Muggia

Perlmutter Cancer Center at NYU Langone Medical Center,
New York, NY 10016, USA

‘Building the systemic therapy backbone’ is the current
priority in the treatment of this most common of gynecologic
cancers: we are moving from the prognostic indicators being
learned in early diagnosis, minimal invasive surgery, and
staging to a delineation of molecular features and
identification of adverse biological features. Chemotherapy is
already part of treatment strategies for stages III and IV, and
recurrent disease. In earlier stages, a number of institutional
reports suggest favorable outcomes when chemotherapy is
given, either by itself or in combination with radiation.
However, beyond the three major drug classes in widespread
use (anthracyclines, platinums, and taxanes) many questions
remain: 1) the treatment regimens to be used, 2) actual drug
doses, 3) duration of treatment and number of cycles, and 4)
treatment tolerance in relation to co-morbidities. Facing these
uncertainties will render difficult the integration of ‘targeted
therapies’ without defining the ‘systemic therapy backbone’–
in the instance of endometrial cancer, it is currently confined
to chemotherapy. Building on our increasing knowledge of
molecular pathways, immunology, and angiogenesis will prove
challenging without a systemic therapy backbone, – a task that
has proven difficult since endometrial cancer (EC) appears to
be a neglected area of therapeutic research. Review of
treatment regimens based on data from Gynecologic Oncology
Group (GOG) trials provides a useful frame of reference.
During the foreseeable future, systemic therapies for EC will
continue to rely on the application of regimens derived from
ovarian cancer. But how confident are we about their true
applicability in a generally older population, often receiving
anti-diabetic and antihypertensive drugs, and likely to differ in
treatment tolerance and efficacy? Moreover, can we really
estimate the impact of such therapies, particularly in adjuvant
setting, without clinical trials specific to EC? The sequential
studies of the GOG shown below describe the evolution of

Table I. Gynecologic Oncology Group trials in advanced or recurrent EC.*
Trial

GOG 48, Thigpen et al.

GOG 107, Thigpen et al.

GOG 139, Gallion et al.

GOG 163, Fleming et al.

GOG 177, Fleming et al.

GOG 209, Miller et al.
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Year

1994

2004

2003

2004

2004

2012

Regimen

Doxorubicin
Doxorubicin/cyclophosphamide
Doxorubicin
Doxorubicin/cisplatin
Doxorubicin/cisplatin
Doxorubicin/circadian cisplatin
Doxorubicin/cisplatin
Doxorubicin/paclitaxel/G-CSF
Doxorubicin/cisplatin
Doxorubicin/cisplatin/paclitaxel/G-CSF
Carboplatin/paclitaxel
Doxorubicin/cisplatin/paclitaxel/G-CSF

N

132
144
150
131
173
169
157
160
129
134
663
642

RR (%)
22
30
25
42
49
46
40
43
34
57
---

Median OS (mo)
6.7
7.3
9.2
9.0
13.2
11.2
12.6
13.6
12.3
15.3* HR=0.75
32.0
38.0
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initial doxorubicin-chemotherapy to the current platinumtaxane era.
Given the results of the last GOG study,
carboplatin/paclitaxel appears to be a suitable regimen for
adjuvant treatment for the so-called ‘high risk’ stage I that
include serous and clear cell histologies, poorly-differentiated
endometrioid, and other types with deep myometrial invasion.
Integration of ‘targeted therapies’ should take place
concomitantly with clarifying the following issues: 1)
Carboplatin single agent versus doublet in adjuvant and
recurrence, 2) 3 cycles versus more than 3 in adjuvant therapy,
3) divided dose (dose-dense) paclitaxel versus every 3 week,
4) pegylated liposomal doxorubicin added to the doublet, and
5) bevacizumab and other targeted drugs (Table). Hopefully,
clinical trials will address some of these issues as we continue
to learn more about EC biology.
1 Goldfinger M, Diaz I and Muggia F: Systemic treatment of
endometrial cancer: what is doxorubicin’s role?
(Correspondence) J Clin Oncol 2014, volume 32.
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SEVERE GASTROINTESTINAL BLEEDING IN
PATIENTS WITH LOCALLY ADVANCED HEAD
AND NECK SQUAMOUS CELL CARCINOMA
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Koji Inaba1, Madoka Morota1, Minako Sumi1,
Yutaka Saito4 and Jun Itami1
1Department

of Radiation Oncology, National Cancer Center
Hospital, Tokyo, Japan;
2Department of Head and Neck Surgery, National Cancer
Center Hospital, Tokyo, Japan;
3Department of Oral Health and Diagnostic Sciences,
National Cancer Center Hospital, Tokyo, Japan;
4Endoscopy Division, National Cancer Center Hospital,
Tokyo, Japan
(namuraka@ncc.go.jp)

Background and Purpose: Bioradiation (BRT) has been
accepted as an alternative option for locally advanced head
and neck squamous cell carcinoma (HNSCC). The purpose
of this study was to retrospectively compare complications of
BRT with that of concurrent chemoradiation (cCRT) with a
special concern on gastrointestinal (GI) hemorrhage
associated with BRT. Materials and Methods: Indication of
BRT/cCRT for locally advanced HNSCC was either primary
or postoperative. Our first choice for patients with advanced

HNSCC was cCRT; however, if patients did not have enough
organ function, but had a favorable performance status, BRT
was applied. Results: From April 2013 to July 2013 22
patients were identified who were treated with BRT or cCRT;
each cohort consisted of 11 patients. Patients in the BRT
cohort suffered from a statistically higher rate of G3/4
dermatitis compared with cCRT cohort (81.8% vs. 18.2%,
respectively, p=0.003). More patients required unexpected
hospitalization due to deterioration of their general condition
and total parenteral nutrition in the BRT cohort (p=0.01 and
p=0.024,
respectively). While
none
experienced
gastrointestinal (GI) bleeding in the cCRT cohort, three
patients experienced GI bleeding, including two grade 4
bleedings from rectum and stomach, respectively. Conclusion:
It is possible that there exist a group of patients who are
susceptible for BRT not only in terms of well-known
dermatitis and mucositis but also of gastrointestinal
complications.
446
TARGETING ATYPICAL PROTEIN
KINASE CS FOR PANCREATIC
CANCER THERAPY
Nicole R. Murray

Department of Cancer Biology, Mayo Clinic Cancer Center,
Jacksonville, Florida, USA

Pancreatic cancer is the fourth leading cause of cancer deaths
in the United States, with an overall 5-year survival rate of
<5%. Pancreatic ductal adenocarcinoma (PDAC) is the most
common form of pancreatic cancer, representing 85% of all
pancreatic cancers. PDAC is highly resistant to conventional
chemotherapies; therefore, there is a dire need to identify
new molecular targets for pancreatic cancer chemotherapy.
Our long-term goal is to reduce the mortality of pancreatic
cancer by identifying and characterizing new targets for
cancer therapy. Mutational activation of the Kras protooncogene occurs in >90% in PDAC, and mutant Kras is
thought to play a critical role in both the initiation of
pancreatic cancer, and maintenance of the transformed
phenotype of pancreatic cancer. Therapeutic inhibition of
oncogenic Kras has not been successful. Therefore, much
interest is focused on therapeutic targeting of downstream
mediators of mutant Kras oncogenic signaling. Our lab and
others have identified a requisite role of atypical protein
kinase C (aPKC) isozymes PKC iota and PKC zeta, in
oncogenic K-ras signaling in vitro and in vivo in various
cancers. Inhibition of expression of atypical PKCs blocks the
transformed phenotype of multiple oncogenic Krasexpressing pancreatic cancer cell lines. Similarly, inhibition
of aPKCs in a preclinical orthotopic mouse model of PDAC
reduces tumor growth and metastasis. Our studies reveal that
6075
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oncogenic K-ras-mediated, pro-proliferative signaling
pathways are regulated by aPKCs in PDAC cell lines. We are
now investigating the potential therapeutic effects of targeted
inhibitors of aPKC signaling in pancreatic cancer cells in
vitro and in vivo. These studies suggest that FDA-approved
inhibitors of aPKCs may be novel therapeutics for the
treatment of pancreatic cancer.

448
EFFECTS OF INFLAMMATORY
STIMULATION ON PROGRAMMED
CELL DEATH 4 EXPRESSION
AND INVASIVE ACTIVITY IN
HUMAN COLORECTAL
CARCINOMA CELLS

Rafael Nagler

1Department
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SALIVARY TUMOR MARKERS FOR ORAL
AND OROPHARYNGEAL CANCER

Department of Oral and Maxillofacial Surgery and Oral
Biochemistry Laboratory, Rambam Medical Center and
Rappaport Faculty of Medicine, Israel Institute of
Technology-Technion, Haifa, Israel

Introduction: Follow-up of patients who have undergone
treatment for oral cancer (oral squamous cell carcinoma
(OSCC)) is done routinely and often in order to detect
recurrences soon after they occur. The development of
salivary diagnostic tools for these patients is of paramount
importance, especially for high-risk populations (patients with
pre-malignant lesions, "cured" patients, patients with previous
history of cancer in general, tobacco and alcohol consumers
and others). Home testing kits would further facilitate salivary
testing as a diagnostic aid, enabling patients, especially those
who live far from their treatment centers, to monitor their
own health at home. Results: In various studies performed
during the passing 15 years we found that salivary ‘tools’ are
those focused on measuring changes of specific salivary
macromolecules, such as proteins or nucleic acids (as fatty
acids are rather scarce in saliva), i.e. examining genomic or
proteomic targets, such as enzymes, cytokines, growth
factors, metalloproteinases, endothelin, telomerase, cytokeratines, mRNA’s, DNA aberrations, etc. Hence, saliva
testing, a non-invasive alternative to serum testing, may be an
effective modality for diagnosis and for prognosis prediction
of oral cancer, as well as for monitoring post therapy status,
by measuring specific salivary macromolecules. Salivary
analysis has been shown to be a useful diagnostic tool also
for distant malignancies, such as breast cancer. In recent
years, significant alterations have been demonstrated in the
saliva of oral cancer patients in the epithelial tumor markers
- Cyfra 21-1, TPS and CA12, various oxidative stress-related
salivary parameters as ROS and RNS, biochemical and
immunological parameters as IGF and MMP’s and various
other RNA transcripts. Discussion: Salivary analysis is
predicted to alter the field of oral cancer diagnosis by
employing highly sensitive new tools enabling both medical
professionals and the patients themselves to monitor their
saliva for diagnosis and prognosis prediction.
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Introduction: Programmed cell death 4 (PDCD4) is a novel
tumor suppressor gene. It has been reported that PDCD4
expression is decreased in colorectal cancer and PDCD4
may be an independent prognostic factor for the transition
between normal, adenoma and cancer tissues. On the other
hand, inflammatory conditions contribute to the generation
of the cancer-promoting microenvironment. In this study,
we examined the effect of inflammatory stimulation on
PDCD4 expression and invasion activity in human
colorectal
carcinoma
cells
using
12-Otetradecanoylphorbol 13-acetate (TPA) and lipopoly saccharide (LPS). Materials and Methods: The human
colorectal carcinoma cell lines LoVo and HCT-116 were
purchased from the Riken cell bank (Tsukuba, Japan) and
ATCC (Manassas, VA, USA), respectively. The PDCD4
expression levels in cells were detected by Western
blotting. The invasive abilities of cells were determined
using the chemo-invasion assay. Matrix metalloproteinase
(MMP)-2 secreted from LoVo cells was detected by
Western blotting. Results: The PDCD4 expression levels in
LoVo cells in the presence of 1,000 nM LPS for 48 hours
was significantly decreased by 66% compared with the
control, while no difference was observed in the HCT-116
cells. PDCD4 expression levels in LoVo and HCT-116
cells in the presence of 1 nM TPA for 24 hours were
significantly reduced by 84 and 63% compared with each
control, respectively. The invasive ability of LoVo and
HCT-116 cells in the presence of 1 nM TPA for 24 hours
significantly increased by 225 and 311% compared with
each control, respectively. The amount of MMP-2 protein
secreted by LoVo cells in the presence of 1 nM TPA for 24
hours was increased by 135% compared with the control.
Discussion: Our data suggest that TPA regulates PDCD4
negatively and increases the invasive ability of colorectal
carcinoma cells via accelerating the secretion of MMP-2
from cells.
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LIFECYCLE OF SPECIMENS AND DATA
INTELLIGENCE IN A BIOBANK:
SOME MODELS AND CASE STUDIES
WITH BIOBIM
Umberto Nanni

Department of Computer, Control, and Management
Engineering, Sapienza University, Rome, Italy

The lifecycle of biosamples may have a relevant impact on
research activity. In particular, specific features of a biosample
affect the quality and usability of a specimen, making it
suitable or unsuitable for a given test. Besides the problems
related to the “quality” of the samples, the “preanalytical
variations”, i.e., the lack of uniformity of a cohort of samples
may introduce perturbations in the experimental results,
possibly affecting the outcome of a research activity. Newer
laboratory tests can be carried out by using “old” specimens:
in this case when samples are prepared and stored we simply
can’t know what will be the future requirements on the
preanalytical procedures.
In all these situations, tracing rigorously the preanalytic
phases, i.e., the events, the management and the processing
conditions of each specimen (i.e., its lifecycle) preceding the
actual test, creates the best premises for the best exploitation
of a collection of specimens for a long period of time.
Information technologies can support in various ways: 1.
identification (based on RFId or visual coding) and tracking
devices, possibly equipped by sensors, can reduce dramatically
the burden of collecting the required information while, at the
same time, reducing the errors; 2. Business Intelligence can
help in collecting data and creating those “evidences” leading
to improvements in biospecimen science and in the related
translational research; specific tools and models for this task
are Data Warehousing, Data Mining and Affinity Networks;
3. Service Oriented Architectures can match demand and offer
of specimens among networks of biological resources centers;
these systems, tied with web technologies and/or mobile
devices equipped with sensors, reading capabilities and apps,
can deliver information and services wherever and whenever
one may need them. We will describe various solutions which
have been studied and adopted at the Inter-Institutional
Multidisciplinary BioBank (BioBIM).
Partially supported by MERIT-RBNE08NKH7
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IN T98G GLIOMA CELLS
D. Cappelletti1, F.E. Buroni2, L. Lodola2,
M.G. Persico2 and R. Nano

1Department

of Biology and Biotecnology “Lazzaro
Spallanzani”, University of Pavia, Pavia, Italy, Molecular
Cardiology Laboratory, IRCCS San Matteo Hospital
Foundation, Pavia, Italy;
2Department of Oncohaematology, Nuclear Medicine Unit,
IRCCS San Matteo Hospital Foundation, Pavia, Italy

Primary brain tumors, particularly gliomas, are the most
difficult neoplasms to characterize. Choline is a component of
cell membrane and it is involved in proliferation, apoptosis
and chemoresistance. It is poorly accumulated in normal brain
tissues, while its uptake is much higher in high-grade brain
tumors. So [18F]fluorocholine (FCH), analog of choline, is
consided as an optimal positron emission tomography (PET)
radiotracer. However, [18F]fluorodeoxyglucose (FDG) is
widely used in diagnosis of brain tumors, while FDG-PET
imaging has found a lower sensitivity and specificity in
assessment of some types of cancer. FCH may offer a
potential advantage in imaging of gliomas, due to the absence
of confounding normal cortical metabolic and inflammatory
uptake and can be used to determine whether differences
between benign and malignant brain lesions can be depicted.
Glioma cells (T98G) were incubated with FCH or FDG (at
different concentrations to evaluate Kd and Bmax) under
normoxic and hypoxic (5% CO2) conditions at 37˚C in EMEM
10% FBS and analyzed for viability with Tripan-Blue assay:
about 100% viability achieved under hypoxic conditions. Cell
kinetic studies have shown that the FCH/FDG uptake gradually
increased and reached a plateau over a 90 min incubation
period. We found an increased uptake of FCH (ten-timesgreater per 200,000 cells) in the T98G cells compared to FDG.
In our early results, we found that FCH is superior to FDG
in aiding identification of areas of brain tumors. Additional
studies, as the comparison of FCH uptake by glioma cells
(T98G) versus fibroblast cells (ECV304), are required to
validate these findings and to determine their clinical
relevance, therefore to verify if FCH has the potential to
enable differentiation between low-grade and high-grade
gliomas. Ultimate goal will be a more accurate
characterization of cerebral tumor/neoplasms, validation and
application of a diagnostic procedure for selected patients,
steps and follow-up of clinical treatments.
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The recurrence phenomena is a typical problem in many
tumor types and particularly in brain tumors. Glioblastoma
(GBL), the most malignant primary glioma tumor is
characterized by high invasiveness and subsequently no
complete removal by surgical operation. The individualizized
new strategies in oncology suggest the application of
nanomaterials. Nanoparticles are generally defined as
materials containing one or more dimensions less than 100
nanometers in size and actually, they are used for accurate
early diagnosis of cancer, gene therapy and development of
new treatments. One of these consist in the use of magnetic
nanoparticles to induce a magnetic fluid hyperthermia. At the
nano-scale the properties of a material change and
consequently the toxicological properties of these materials
may also change. Changes in size, shape, surface chemistry,
chemical composition, porosity and solubility all contribute to
the overall biological toxicity profile of a nano-scale material.
The purpose of this study is to evaluate the ability of a
particular superparamagnetic maghemite nanoparticle, covered
by rhamnose sugar, to interact with glioblastoma and
endothelial cells. We tested the cytotoxicity effects of these
nanoparticles, at concentrations between 1 to 100 μg/ml, using
MTT, LDH, NBT assay. The data suggest that the rhamnose
cover allows a good uptake efficiency of the nanoparticles
especially by tumor cells. The nanoparticles are located in
cytoplasmic vesicles and the cytotoxic data suggest a general
low toxicity with a 10% of cell death at maximum
concentration. These data show a higher uptake of this
nanoparticle by the glioblastoma cells than endothelial cells.
This behavior, joint to a low toxicity, could facilitate the
destruction of the tumor cells by hyperthermia treatment,
thanks to the release of heat by the nanoparticles when they
interact with an alternating magnetic field.
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SURVIVAL AND DANGER SIGNALS EXPRESSION IN
GLIOBLASTOMA CELL LINES: TUMOUR
IMMUNOGENICITY AFTER RADIATION AND
CHEMOTHERAPY
F. Pasi1, A. Paolini1,2, R. Di Liberto2, R. Nano1
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University of Pavia, Via Ferrata 9, 27100 Pavia, Italy;
2Department of Medical Physics, IRCCS Policlinico
S.Matteo Foundation, Viale Golgi 19, Pavia, Italy

Tumour immunogenicity is the ability of a tumour to induce
an immune response that can prevent its growth. The tumour
cell microenvironment, the stroma and immunity have a major
role in cancer. When cells die as a result of
6078

chemoradiotherapy, the innate immune system not only alerts
the adaptive immune system to potential danger, but also
induces an inflammatory response. Defined proteins that
appear at the surface of stressed and dying cells and are
released from the cells can stimulate this immune response.
The molecular mechanism accounting for the expression of
immunogenic signals, in particular, in glioblastoma
multiforme, the most common and aggressive primary brain
tumour, is presently under investigation. In this tumour it is
necessary not only to develop a strategy to kill cancer cells
efficiently, but also to attempt to stimulate an immune
response to keep residual tumour under control.
In our studies we investigated cell death and survival after
single treatments or combination of X rays and temozolomide
in glioblastoma cell lines (T98G, U87 and U251MG) and we
attempted to identify danger signals, HMGB1 and HSP70, that
are released by dying cells and could activate anti-tumour
immunity that might contribute to the therapeutic efficacy of
treatments.
Our results confirmed recent data showing a resistance to
ionizing radiation of these cell lines. Under our experimental
conditions, after a dose of 2 Gy and 10 Gy we observed a
drastic increase of cell death. Our data suggested that HSP70
and HMGB1 were expressed and released in response to
single or combined treatments of radiation and temozolomide,
confirming a role of these proteins as signals released after
radiation-induced damage in glioblastoma cells. We also could
state that temozolomide had limited effectiveness in activating
HMGB1 and HSP70 signalling and, instead, an adjuvant effect
in their expression and release was observed in some
combined treatments, but this depended on schedule, cell line
and timing.
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THE MECHANISM OF TUMOR CELL
TRAFFICKING
David Naor

The Lautenberg Center for Immunology and Cancer
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University of Jerusalem, Jerusalem, Israel

Cell motility is an essential element of tumor dissemination
allowing organ infiltration by cancer cells. The mechanism of
tumor cell migration is complicated and based first on local
tumor growth and then penetration of tumor cells into the
blood circulation, cell flowing in the blood vessels, loose
attachment of some selected tumor cells to the inner side of
the endothelium, cell rolling on the endothelium resulting with
firm cell attachment to endothelium, trans-endothelial cell
migration and finally generation of a metastatic colony in the
extra vascular tissue. To verify some aspects of this
complicated trafficking cascade we used a model of aggressive
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murine LB lymphoma injected subcutaneously into BALB/c
mice. The LB lymphoma cells were transfected with either
standard CD44 (CD44s) cDNA (LB-TRs cells) or with the
alternatively spliced CD44 variant CD44v4-v10 (CD44v)
cDNA (LB-TRv cells). LB-TRv cells, but not LB-TRs or
parental LB cells, bound soluble hyaluronic acid (HA) and
other glycosaminoglycans (GAGs) and exclusively formed,
under physiological shear force, rolling attachments on the HA
substrate. Furthermore, LB-TRv cells, but not LB-TRs cells
or their parental LB cells, displayed accelerated local tumor
formation and enhanced accumulation in the peripheral lymph
nodes after s.c. inoculation. The aggressive metastatic behavior
of i.v.-injected LB-TRv cells, when compared with that of
other LB-transfectants, is attributed to more efficient migration
to the lymph nodes, rather than to local growth in the lymph
node. Injection of anti-CD44 monoclonal antibody or of the
enzyme hyaluronidase prevented local tumor growth and
dissemination into lymph nodes of BALB/c mice inoculated
with LB-TRv cells. The enhanced in vitro rolling and
enhanced in vivo local tumor growth and lymph node invasion
disappeared in LB cells transfected with the CD44v cDNA
bearing a point mutation at the HA binding site, located at the
distal end of the molecule constant region. These findings
show that the interaction of cell surface CD44v with HA
promotes cell migration both in vitro and in vivo and they
contribute to our understanding of the mechanism of cell
trafficking, including tumor spread.
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DEMYSTIFYING THE DARK MATTER OF THE
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BIOMARKERS AND DRUG TARGETS.
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The human genome project is an attractive starting point for
discovering genes for diverse diseases. Currently, over half of
the predicted proteins in the human genome are of unknown
nature and their relevance remains a mystery. These novel
proteins together with the noncoding RNAs constitute the’dark
matter’ of the genome. Realizing the importance of this vast
untapped potential, recently the US National Cancer Institute
announced a new initiative called "Illuminating the Dark
Matter of the Genome for Druggability". This area of novel
targets discovery albeit exciting, remains a challenge due to
the lack of adequate information about the uncharacterized
genes. We have developed a streamlined approach to mine the
dark matter of the human proteome (1). A database of
unknown open reading frames (ORFs) was established. The
biomarker and drug target potential for two ORFs from this

database was developed. The C1ORF87, an EF-Hand
containing calcium binding protein was identified as a
carcinoma related protein (1). Another ORF, CXorf66, which
is X-chromosome specific, was also identified an Xchromosome specific secreted cancer biomarker (2). Using
genome wide association studies, Phenotype-Genotype
Integrator (PheGenI) and expression quantitative trait locus
(GTEx eQTL) analyses, traits amongst these ORFs associated
with diverse diseases and disorders were identified. Numerous
ORFS associated with diverse solid tumors, leukemia and
other diseases were also identified in the dark matter proteome
(3, 4). Novel druggable targets and secreted biomarkers
emerged from these studies. The approaches we have
undertaken to demystify the power behind the dark matter of
the human proteome will be discussed. Our approaches should
aid in lighting the dark matter of the human proteome for the
discovery of novel druggable genes and biomarkers for
numerous diseases.
1 Delgado A.P, Brandao P, Hamid S, Narayanan R: Mining the
dark matter of the cancer proteome for novel biomarkers.
Current Cancer Therapy Review 9, 1-13 1W, 2013.
2 Delgado A.P, Hamid S, Brandao P and Narayanan R: A
novel transmembrane glycoprotein cancer biomarker present
in the X chromosome. Cancer Genomics and Proteomics
11(2): 81-92, 2014a.
3 Delgado AP, Brandao P, Chapado M, Hamid S and
Narayanan R: Open reading frame associated with the dark
matter of the human genome. Cancer Genomics and
Proteomics 11(4): 201-214, 2014b.
4 Delgado AP, Brandao P and Narayanan R: Diabetes
associated genes from the dark matter of the human
proteome. MOJ Proteomics Bioinform 1(4): 00020, 2014c.
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BACTERIAL ANTIGENIC PROTEINS AS
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The human gastric pathogen Helicobacter pylori is
implicated as the major cause of peptic ulcer and second
leading cause of gastric cancer globally. An evolving
approach, reverse vaccinology, has been successfully
employed in antigen discovery for potential vaccine
candidates. Microbial genomics have revolutionized vaccine
development and catalyzed a shift from conventional culture6079
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based approaches to genome-based vaccinology. The
availability of complete bacterial genomes has led to the
development and application of high-throughput analyses
that enable rapid targeted identification. A novel manifold
antigen selection approach is developed to prioritize vaccine
targets against the H. pylori genome (Figure). A total of 204
exoproteomes have been screened out of which 44 essential
proteins were ascertained and 6 were characterized as
virulence factors. Using the designed computational
approach, 5 identified proteins: vacA, babA, sabA, fecA and
omp16 were subjected to discover novel antigenic peptides.
Epitope mapping revealed highly antigenic epitopes capable
of inducing both B-cell and T-cell mediated immune
responses. Functional annotation, domain enrichment and
protein–protein interactions supported the idea of their use
as potential peptides for vaccine development against
Helicobacter pylori. Host-pathogens interactions and
pathway analysis confirmed their direct or indirect
interactions in infection pathways in the host. Our
preliminary validation suggested that these targeted peptides
could be highly effective against H. pylori infections.

456
STAT3 AND SPHINGOSINE-1-PHOSPHATE
SIGNALING IN INFLAMMATION ASSOCIATED
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Activated transducer and activator of transcription 3 (STAT3)
is found in many tumors. Multiple studies have indicated that
persistently activated STAT3 is maintained in part by
inteuleukin-6 (IL-6). Increase serum level of IL-6 in patients
with inflammatory bowel diseases (IBD) correlates with poor
prognosis as many of these patients have a predisposition for
the development of colorectal cancer (CRC). Using a mouse
model in which the stat3 gene is deleted in the immune cells
(Stat3-IKO mice), we previously demonstrated that these mice
developed an uncontrollable immune response to enteric
microbes and consequently exhibited severe inflammation in
the colons with spontaneous colon cancer development at a
rate similar to human IBD. We have recently demonstrated
that epithelial STAT3 promotes the activation of sphingosine
kinases (sphK1 and sphK2) leading to the production of
sphingosine 1 phosphate (S1P). Reciprocally, S1P encourages
the activation of STAT3 through a positive autocrine-loop
signaling. Knock out epithelial stat3 gene in STAT3-IKO did
not inhibit tumor proliferation but blocked tumor progression.
The loss of epithelial STAT3 affected CD8+ T cell and T reg
populations in the inflamed colons suggesting that epithelial
STAT3 regulates different immune cell recruitment to the
inflamed site. The crosstalk between IL-6, STAT3 and
sphingolipid regulated pathways may play an essential role in
tumorigenesis and tumor progression in inflamed intestines.
457
THE POTENTIAL OF IMAGE-GUIDED
RADIOTHERAPY FOR NORMAL ORGANS
SPARING IN PATIENTS WITH LOCALLY
ADVANCED HEAD AND NECK CANCER

Nam P. Nguyen1, Alexander Chi2, Vincent Vinh-Hung3,
Olena Gorobets4, Satya Bose1 and Ulf Karlsson5
1Department

Figure. Methodology followed in screening antigenic
peptides.
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Aim: To investigate the potential of image-guided radiotherapy
(IGRT) to spare normal organs in patients with locally
advanced head and neck cancer. Methods: A literature review
on the effect of IGRT to decrease radiation dose to normal
organs in patients with head and neck cancer. Results: IGRT
may reduce excessive radiation dose to the parotid glands,
cochlea, larynx, pharyngeal muscles, mandible, and cervical
spinal cord because of its ability to generate steep radiation
dose gradients with intensity-modulated radiotherapy (IMRT),
and to maintain the target volume receiving high dose while
the surrounding critical organs will receive very low dose with
daily image guidance. Complications such as laryngeal edema
or aspiration risk may be reduced following head and neck
cancer cancer IGRT. Conclusion: IGRT may improve patients’
quality of life by sparing normal organs in the head and neck
region. Future clinical studies should integrate IGRT with
chemotherapy and molecular targeting agents for the
management of locally advanced head and neck cancer.
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FEASIBILITY OF IMAGE-GUIDED
RADIOTHERAPY AND CONCURRENT
CHEMOTHERAPY FOR LOCALLY ADVANCED
NON-SMALL CELL LUNG CANCER
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Vincent Vinh-Hung7, Lars Ewell8, Siyoung Jang8,
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Aim: The study aims to assess the tolerance of patients with
locally advanced non-small cell lung cancer (NSCLC)
undergoing chemoradiation with image-guided radiotherapy
(IGRT). Methods: A retrospective review of 32 patients with
stage IIIA (n=17) and IIIB (n=15) NSCLC who underwent
chemoradiation with IGRT. Grade 3-4 toxicities, weight loss,
and treatment breaks were recorded. Results: Acute grade 3-4
hematologic and esophageal toxicities developed in six and 13
patients respectively. One patient had recurrent pleural
effusion and another one had grade 3 skin reaction. Two
patients did not complete treatment because of acute psychosis
(n=1) and pseudomembranous colitis (n=1). Median weight
loss was 5 pounds (range: 0-20 pounds). Five patients had
treatment breaks ranging from 4 to 7 days. At a median
follow-up of 14.5 months (range: 1-50 months), only one
patient developed grade 3 pneumonitis. The median survival
was estimated to be 17 months. Five patients (15%) developed
loco-regional recurrences, and 17 patients (53%) distant
metastases. Conclusion: Grade 3-4 toxicities remained
significant during chemoradiation with IGRT. However, the
reduced rate of severe pneumonitis is encouraging and needs
to be investigated in future prospective studies.
459
DETERMINATION OF PROTEIN-PROTEIN
INTERACTION FOR CANCER CONTROL VIa
MASS SPECTROMETRY AND CONDUCTIMETRY
OF NAPPA-SNAP MICRORRAYS
Claudio Nicolini and Eugenia Pechkova

Laboratories of Biophysics and Nanobiotechnology,
Department Experimental Medicine, University of Genova,
Genova, Italy and Nanoworld Institute Fondazione EL.B.A.
Nicolini, Pradalunga, Bergamo, Italy

Conductometric monitoring of drug-gene and drug-protein
interactions is of fundamental importance in the field of clinical
pharmacology. Here, we present our main findings and
characterizations of two important antiblastics (temozolomide
and cytarabine) interacting with selected genes and proteins
including, among others, MLH1 that represents a biomarker of
the rate of survival of the patients suffering from brain tumors
and of the outcome of chemotherapy and resistance to drug
itself. We use our previously introduced and described nucleic
acid programmable protein arrays (NAPPA)-based
nanoconductometric sensor-realized coupling the cell-free
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protein array with the quartz crystal microbalance with
dissipation monitoring (QCM_D), showing that we are able to
perform both pharmacogenomics and pharmacoproteomics
tasks, discriminating each drug by its unique conductance
curve, as well as its interactions with genes and proteins. This
is feasible also when multiple genes are spotted on the same
well and multiple proteins are expressed. Moreover, we discuss
and envisage clinical implications of our experiments. We
present the analysis of an innovative kind of self-assembling
protein microarray, the “Nucleic Acid Programmable Protein
Array” (NAPPA), expressed with the SNAP tag E.coli-coupled
self-free expression system. The goal is to develop a
standardized procedure to identify biomarkers in the clinical
setting and to analyze the protein-protein interaction occurred
on NAPPA array using matrix assisted laser desorption
ionization time-of-flight (MALDI-TOF) Bruker Ultraflex. We
employ in the process the “Protein synthesis Using
Recombinant Elements” (PURE) system which, due to its high
complexity, needs ad hoc bioinformatics tool to be analysed.
The PURE system represents a step towards a totally defined in
vitro transcription/translation system, thus avoiding the “black
box” nature of the cell extract. The immediate advantage is the
significantly reduced level of all contaminating activities and
the E. coli IVTT in respect to the RRL or human lysate, which
is totally characterized and thereby represents an advantage for
the subsequent MS analysis of the results. The presence of
“background” molecules, in fact, represents the main obstacle
to these MS data interpretation. For this latter reason, SpADS,
an R Script for Mass Spectrometry Data Preprocessing, before
Data Mining, an ad hoc script, was implemented. SpADS
provides useful pre-processing functions such binning, peak
extractions, spectra background subtraction and dataset
managing. Moreover, in its final version, it is able to perform
peak recognition and amplitude independent subtraction
functions. The MS samples are obtained from SNAP-NAPPA
spots printed on gold coated glass slides in higher density in
order to obtain an amount of protein appropriate for MS
analysis. Spots of 300 microns were printed in 12 boxes, each
box with 100 identical spots. The sample genes immobilized
used as test cases were p53_Human (cellular tumor antigen
p53); CDK2_Human (cyclin-dependent kinase), 2;Src_HumanSH2 (the SH2 domain of proto-oncogene tyrosine-protein
kinase), PTPN11 (Human-SH2, the SH2 domain of tyrosineprotein phosphatase non-receptor type 11).
1 Luca Belmonte, Rosanna Spera and Claudio Nicolini:
SpADS: An R Script for Mass Spectrometry Data
Preprocessing before Data Mining. J Computer Science &
System Biol 6(5): 298-304, 2013.
2 Claudio Nicolini, Rosanna Spera, Fernanda Festa, Luca
Belmonte, Shaorong Chong, Joshua Labaer and Eugenia
Pechkova: Mass spectrometry and florescence analysis of
snap arrays. Journal Nanomedicine and Nanotechnology,
2013.
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5 R. Spera, F. Festa, N. Bragazzi, E. Pechkova, J. LaBaer and
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protein-protein. Journal Proteome Research, 2013.
6 Nicolini Claudio et al Journal Nanomedicine and
Nanotechnology 2013
7 R. Spera, Bezerra Correia Terencio T. and C. Nicolini:
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UNIQUE ACTIVATED STATE OF
U937-DERIVED MACROPHAGES
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Macrophages exhibit two entirely different functional activation
states, referred to as classical (M1) and alternative (M2)
activation, which are induced by Th1 and Th2 cytokines,
respectively. Recently, we established a novel assay system for
the activity of the macrophage-activating factor (MAF) using
the human leukemic monocyte lymphoma cell line, U937. In
this protocol, lipopolysaccharide (LPS) or interferon-gamma
(IFN-γ) alone could not activate the cells; however,
simultaneous treatment of both could activate the U937-derived
macrophages. In this study, we have characterized U937-derived
macrophages using DNA microarrays. Some M1 marker genes
including IL-1B, CCL3 and CCL4 and, at the same time, some
M2 marker genes, including IL1RN, TGFB1 and CCL2 were
highly expressed. Moreover, several good markers for M1
(IL2RA, IL6, IL12, CD40) and M2 (IL10) showed very low
level of expression. All MHC genes, including both class I and
class II, were less expressed. In addition, when U937-derived
macrophages were treated with GcMAF, the gene expression
profile did not show any remarkable change. The high engulfing
activity of U937-derived macrophages might be regulated at the
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post-transcriptional level. According to these results, U937derived macrophages were in a unique activated state. Such
unique characters would provide a good experimental system
for understanding the molecular mechanisms of macrophage
activation.

461
VACUUM-ASSISTED BIOPSY (VAB) AND
PATHOLOGY
Aphrodite Nonni

Department of Pathology, Medical School, University of
Athens, Greece

Screening mammography is, nowadays, a widely accepted
recommendation, that reduces breast cancer mortality. In that
way, more and more women undergo mammography, leading
to the detection of numerous abnormalities. Many of them,
including certainly mammographic microcalcifications and
small parenchymal deformities, require stereotactic guidance
and histologic evaluation.
Vacuum-assisted breast biopsy (VAB) has been introduced
in the middle of 90’s, and the first VAB device was from
Mammotome. Today, a variety of VAB devices are available,
with different strengths and weaknesses. It is a percutaneous
procedure that relies on stereotactic mammography, is
minimally invasive with a single insertion and allows the
removal of multiple tissue specimens.
As a continuum to the well established VAB technology, a
safe and efficacious alternative method, the minimally invasive
Breast Lesion Excision System (BLES), has been introduced,
in the last years. This system operates using RF energy and is
uniquely able to deliver a sample with intact architecture and
clear margins around the area of interest, enabling accurate
histologic diagnosis.
Before presenting our experience, it makes sense to be
mentioned, that a Pathologist reporting such specimens should
keep in mind three points. Firstly, not only the usual lesions,
but a really rare breast lesion, as well, may be expected.
Additionally, the lesion in this biopsy may be underestimated,
and finally, the lesion may have been completely excised with
the procedure.
Relative to our experience, the Breast Unit of the 1st
Department of Propedeutical Surgery, at the Hippokration
General Hospital of Athens, was established in 2000, by Prof.
G. Zografos, who is the Clinical Director, until nowadays.
About 4500 patients are examined in this Unit yearly, and
VAB with the Mammotome Biopsy System (Johnson and
Johnson Ethicon Endo-Surgery) was performed in cases, that
stereotactic approach was required. The system was used in
the Unit for non-palpable breast lesions with
microcalcifications and for non-palpable solid lesions or
architectural disorders, until almost the middle of 2010.

The last four years, the Mammotome system has been
replaced by the Breast Lesion Excision System (BLES). In
approximately 8 year-duration, a total number of 2557 breast
specimens (from the Breast Unit) have been examined in the
1st Department of Pathology, Medical School, University of
Athens. The vast majority of them (1415 specimens) were
received with the Mammotome system, 953 were BLES
specimens, 148 were needle core biopsies and 23 were
minimal surgical procedures.
The stereotactic biopsies were 2386 in total number; and
1961 of them were performed due to microcalcifications,
while 425 biopsies were corresponded to non-palpable
nodules, solid lesions or architectural disorders. Out of the
1961 cases of microcalcifications, 1306 biopsies were
performed using the Mammotome system and 646 using
BLES; concerning the solid lesions, 109 were Mammotome
system specimens and 307 were BLES specimens.
In summary, from the total number of 2386 biopsies, 1739
(72.88%) were histologically benign, 188 (7.87%) were
corresponded to lesions with atypia, 441 (18.48%) were in situ
or invasive carcinomas, and only 18 (0.75%) specimens were
unacceptable for diagnosis.
Using B classification, as it is specified in the European
guidelines for quality assurance in breast cancer screening and
diagnosis, 99 cases (4.18%) were B1 category (normal), 1402
(59.23%) were B2 (benign), 425 (17.95%) were B3 (lesions
of uncertain malignant potential), and 441 (18.63%) were B5
(malignant).
According to a recent meta-analysis, VAB is a highly
accurate diagnostic method, with sensitivity rate 98% and
specificity rate nearly 100%. The risk of underestimating the
lesion present, especially for B3 cases, can be minimized if
the volume of sampled tissue is maximized using VAB.
Underestimating risk has been referred about 20% for B4
cases (ADH to DCIS), while 10-11% of DCIS cases on VAB
have been proven to be invasive breast cancer at surgery.
In our Unit, we examined vacuum-assisted breast biopsies
in 107 women with non-palpable solid tumors BI-RADS 3 and
4, using two protocols, the standard one (24 cores) and an
“extended” (96 cores). There was no evidence of
underestimation in either protocol. Actually, in the standard
protocol, the preoperative and postoperative diagnosis was
identical, while in the extended one, the postoperative
diagnosis was less severe in 55.5% of the cases. Also, in ADH
cases, whole the lesion was preoperatively excised.
Both protocols have also been applied in 266 women with
BI-RADS 3 and 4 microcalcifications. With the standard
protocol, the underestimation rate was 16.7% for ADH, 50% for
LN and 14.3% for DCIS. However, in the extended protocol,
there was no underestimation for ADH and LN, and the rate for
DCIS was 6.3%. In addition, employing this protocol, there was
no evidence of lesion postoperatively in 87.5% of LN cases, in
73.3% of DCIS and in 50% of invasive carcinomas.
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Finally, we compared the expression status of several
molecular markers in vacuum-assisted biopsies and surgical
specimens with carcinoma. The “clinical relevant concordance
rate” was 77.8% for ER, 77.8% for PR and 89% for c-erb B2, showing that the biopsy specimens provide an accurate
immunohistochemical assessment of these markers.
1 Zografos GC, Zagouri F, Sergentanis TN, Koulocheri D,
Nonni A, Oikonomou V, Domeyer P, Kotsani M, Fotiadis C,
Bramis J. Is zero underestimation feasible? Extended
vacuum-assisted breast biopsy in solid lesions – a blind
study. World J Surg Oncol 2007, 14; 5:53.
2 Zografos GC, Zagouri F, Sergentanis TN, Nonni A,
Koulocheri D, Fotou M, Panopoulou E, Pararas N, Fotiadis
C, Bramis J. Minimizing underestimation rate of
microcalcifications excised via vacuum-assisted breast
biopsy: a blind study. Breast Cancer Res Treat 2008,
109(2):397-402.
3 Zografos G, Zagouri F, Sergentanis TN, Nonni A,
Koulocheri D, Dardamanis D, Oikonomou V, Giannopoulos
P, Kouerinis I, Tsigris C, Bramis J. Vacuum-assisted breast
biopsy in nonpalpable solid breast lesions without
microcalcifications: the Greek experience. Diagn Interv
Radiol 2008, 14(3):127-130.
4 Zagouri F, Sergentanis TN, Nonni A, Papadimitriou CA,
Michalopoulos NV, Giannakopoulou G, Bletsa G, Patsouris
E, Zografos GC. Comparison of molecular markers
expression in vacuum-assisted biopsies and surgical
specimens of human breast carcinomas. Pathol Res Pract
2010, 206(1):30-33.
5 Ying-Hua Yu, Chi Liang, Xi-Zi Yuam. Diagnostic value of
vacuum-assisted breast biopsy for breast carcinoma: a metaanalysis and systematic review. Breast Cancer Res Treat
2010, 120:469-479.
6 Ames V, Britton PD. Stereotactically guided breast biopsy: a
review. Insights Imaging 2011, 2:171-176.
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Betanin belongs to betalains, which constitute a class of natural
antioxidant pigments highly bioavailable. To date, betalains are
only commercialized as a food colorant. However, these
molecules can offer other interesting properties suggesting a
possibility of valorization in the health area as well. In addition
to their powerful antioxidant properties 1, recent studies have
pointed out their preventive role against cancers 2.
Nevertheless, these studies were based on animal diet with
beetroot extracts and not with purified betalains. Indeed, a
precise identification of molecules responsible for this tumorinhibitory effect is required. Thus we decided to (i) assess the
highly purified betanin (the major betalain of red beetroots)
cytotoxicity on cancer cells and (ii) identify its mode of action.
Betanin and isobetanin (a betanin stereoisomer) were
isolated from fresh beetroots. Their purity was guaranteed by
several purification steps ended by a preparative high
performance liquid chromatography. First, we characterized
betanin cytotoxicity on breast cancer (MCF-7 and MDAMB231) and healthy cells and then we highlighted the death
signaling pathways involved, using cell labeling and molecular
methods (phosphatidylserine externalization, proteome array,
specific DNA fragmentation).
Betanin (15 μg/ml) significantly decreased breast cancer
cell proliferation and viability, whereas no cytotoxicity effect
was observed on healthy cells. In MCF-7-treated cells, the
expressions of apoptosis-related proteins (Bad, TRAILR4,
FAS, p53, etc.) were strongly increased and the mitochondrial
membrane potential was altered, demonstrating the
involvement of both intrinsic and extrinsic apoptotic pathways.
Autophagosome vesicules in MCF-7-treated cells were
observed, suggesting also autophagic cell death upon betanin
treatment.
The present work shows that betanin: i) is cytotoxic in
breast cancer cells but not in healthy cells, ii) induces breast
cancer cell apoptosis by both intrinsic and extrinsic pathways
and iii) induces an autophagic activity increase. Betanin
exhibits a set of very promising properties for a potential
therapeutic application.
1 Kanner, J.; Harel, S.; Granit, R., Betalains-a new class of
dietary cationized antioxidants. J Agric Food Chem 2001,
49, 5178-85.
2 Kapadia, G.; Rao, G. S., Anticancer Effects of Red Beet
Pigments. In Red Beet Biotechnology, Neelwarne, B., Ed.
Springer US: 2012; pp 125-154.
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Cholangiocarcinoma (CCA), a malignancy of epithelial bile
duct, is a fatal cancer with poor clinical outcome. Most
patients are diagnosed at advanced stage rendering them
unable for surgery treatment and are, thus, subjected to
chemotherapeutic treatment. Unfortunately, low response rate
is obtained due to acquired anti-cancer drugs. In a previous
study we reported the over-expression of deleted isoform p53,
Δ133p53 in CCA with poor clinical outcome. In the present
study, we aimed to investigate the Δ133p53 role for impaired
chemo-responsiveness. Two 5- fluorouracil (5-FU) resistant
CCA cell lines, KKU-M139R and KKU M214R, were
subjected to transient knocked down of Δ133p53 protein using
siRNAs. The silenced CCA cell lines were used to investigate
for drug sensitivity using IC50 determination and for
proliferation rate by SRB and colony formation assay. Two
pro-apoptotic proteins and two cell cycle control proteins,
BAX, BCL-2, P21 and P27, were determined by using
Western blotting. The decreased Δ133p53 obtained in knocked
down 5FU-resistant CCA cell lines resulted to an increased
drug sensitivity and reduction of proliferation compared to the
controls. Moreover, protein expression of BAX, BCL-2, P21
and P27 were rescued in KKU-M139R and KKU-M214R
compared to controls. Our study showed that the downregulation of the Δ133p53, associated with cell cycle control
and apoptosis, is of great value in predicting 5-FU
chemosensitivity. We concluded that Δ133p53 might be used
as a predictive marker for chemo-responsiveness in CCA.

464
CHEMOTHERAPY-INDUCED PERIPHERAL
NEUROPATHY
Tsuyoshi Ohno

Nagasaki Prefecture Shimabara Hospital, Nagasaki, Japan

Chemotherapy-induced peripheral neuropathy (CIPN) has
become a substantial problem because of specific cytotoxic
agents such as taxanes, oxaliplatin and eribulin. To address the
side effects caused by nab-PTX in breast cancer treatment, we
have applied a “3S” approach to prevent and treat CIPN. The
“3S” approach is based on two concepts: compression therapy
using stockings and sleeves for 24 hours from the beginning of
nab-PTX administration and medication therapy using selected

prophylactic medications including goshajinkigan (a Japanese
herbal medicine), lafutidine and mecobalamin over the course
of treatment. In the results of our pilot study, we previously
reported better CTCAE v4.0 grades and notably superior nabPTX dose maintenance in a 3S group compared to a control
group with no prophylactic treatment. While investigating the
mechanism why compression therapy alleviates CIPN, we
demonstrated that the skin blood perfusion of a patient’s lower
limbs decreases following nab-PTX chemotherapy and also
that the skin perfusion is improved by compression therapy
such as wearing stockings. Moreover, we have described that
the levels of skin blood perfusion tend to decrease with higher
severity of CIPN grade and also that compression therapy can
successfully restore healthier skin perfusion levels in nab-PTX
patients across every grade of CIPN. This apparent restoration
in skin perfusion may increase the drug clearance, which
could potentially alleviate peripheral neuropathy. It is
necessary to further investigate why blood perfusion decreases
in patients of CIPN and whether or how compression therapy
using stockings and sleeves influences better drug clearance
in peripheral tissues. In this presentation, we would like to
introduce in detail the 3S prophylactic approach for patients
of CIPN.
465
PROGNOSTIC IMPACT OF EGFR DRIVER
MUTATIONS ON POSTOPERATIVE RECURRENCE
IN NON-SMALL CELL LUNG CANCER

Tatsuro Okamoto, Hirokazu Kitahara, Shinichiro
Shimamatsu, Masakazu Katsura, Kazutoshi Takada,
Takatoshi Fujishita, Yuzo Suzuki, Yosuke Morodomi, Tetsuzo
Tagawa and Yoshihiko Maehara
Department of Surgery and Science, Graduate School of
Medicine, Kyushu University, Japan

Objectives: The purpose of this study was to investigate the
prognostic significance of epidermal growth factor receptor
(EGFR) mutations in non-small cell lung cancer (NSCLC)
patients who underwent complete surgical resection.
Materials and Methods: We retrospectively reviewed the
clinical records of 489 consecutive lung cancer patients who
underwent surgery from April 2003 to December 2010 at the
Department of Surgery and Science, Kyushu University
Hospital (Fukuoka, Japan). Data sets of 236 NSCLC patients
who underwent complete resection through segmentectomy,
lobectomy or pneumonectomy were available, which consisted
of 167 adenocarcinoma (Ad), 54 squamous cell carcinoma, 10
large cell carcinoma and 5 adeno-squamous cell carcinoma.
Ad patients included 75 tumors harboring EGFR mutations
(Ad-Em); 2 patients with exon 18 mutation, 28 with exon 19,
45 with exon 21 mutation. EGFR mutation tests used the
peptide nucleic acid–locked nucleic acid (PNA-LNA;
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Mitsubishi Chemical Medience, Tokyo, Japan) polymerase
chain reaction (PCR) clamp method with formalin fixed
paraffin-embedded sections of surgical specimens. Results:
There were more female patients and more never/light
smokers in the Ad-Em patients than in the adenocarcinoma
with wild type EGFR (Ad-Ew) or in the non-Ad patients.
There were more advanced stages in non-Ad patients than in
the Ad-Ew or Ad-Em patients. Ad-Em patients had a
significantly better recurrence free survival (RFS) than nonAd patients (5-year RFS: Ad-Em, 71.8%; non-Ad, 32.1%,
p<0.0001) and had a trend of better RFS than Ad-Ew patients
(5-year RFS: Ad-Ew, 59.3%, p=0.084). Ad-Em patients had a
significantly better overall survival (OS) than Ad-Ew patients
(5-year OS: Ad-Em,89.1%; Ad-Ew, 72.7%, p=0.035) or nonAd patients (5-year OS: non-Ad, 49.4%; p<0.0001). The
multivariate analysis for RFS showed that Stage I and Ad-Em
were related to a better prognosis (Stage I: HR=0.204,
p<0.0001; Ad-Em: HR=0.412, p=0.018). Among Ad-Em
patients, patients with exon 21 point mutation had a
significantly better RFS than patients with exon 19 deletion
mutation
(HR=0.33,
p<0.021).
Conclusion:
The
adenocarcinoma harboring EGFR exon 21 mutation had a less
malignant behavior than any other types of non-small cell lung
cancer in the postoperative course. The EGFR with exon 19
mutation may induce a stronger proliferation signal than the
EGFR with exon 21 mutation.
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ANTI-MELANOMA ACTIVITY OF WP760 IN
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Background: Identification of efficient treatment for metastatic
melanoma remains an urgent goal. Novel potential antimelanoma drugs include WP760, a bis-anthracycline shown to
be specifically active towards melanoma cells. However, no
data exist concerning its activity in various
microenvironmental conditions to which melanoma cells could
be exposed. Aim: Investigation of WP760 activity in
melanoma cells maintained in two-dimensional (conventional
2D) or three-dimensional (spheroids) cell culture systems, as
well as in cultures under hypoxia. Materials and Methods:
Using a panel of human melanoma cell lines we assessed the
anti-melanoma activity of WP760 in 2D and 3D cultures, as
well as under hypoxic conditions. Various parameters were
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monitored: cell viability (MTS assay), apoptosis (TUNEL
test), clonogenicity (clonogenic test), cell cycle (flow
cytometry) and spheroid viability (growth kinetics). Results:
We confirmed strong anti-melanoma activity of WP760 in a
2D model with average IC50 approximately 30 nM. Under
hypoxic conditions, WP760 was less active towards those cell
types for which the proliferation rate does decrease under
hypoxia. Similarly, lower activity of WP760 was observed in
three-dimensional models. Growth inhibition of melanoma
spheroid cultures required higher WP760 concentrations than
those needed in 2D culturing systems and it was dependent on
initial spheroid size. WP760 significantly reduced
clonogenicity of melanoma cells, triggered their apoptosis and
influenced cell cycle in a 2D model. Conclusion: Our results
have confirmed significant anti-melanoma activity of WP760
in a 2D in vitro system and revealed attenuation of such
activity in spheroids, as well as, to some extent, under hypoxic
conditions. Further investigation is required to describe more
thoroughly the potency and mechanism of WP760 action.
Finally, due to the drug hydrophobicity, liposomal
formulations are relevant in testing activity of this compound
in vivo.
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THE IMPORTANCE OF PACAP RECEPTORS IN THE
RAPAMYCIN-TREATED LUNG CANCER CELL LINE
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S. Inan and K. Ozbilgin
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Lung cancer is a malignant lung tumor characterized by
uncontrolled cell growth. Rapamycin is a macrocyclic lactone
with antifungal and antibiotic properties and inhibits
mTORC1. PAC-1 (first procaspase activating compound)
selectively induces apoptosis or cell suicide in cancer cells.
Vasoactive intestinal polypeptide receptor 1 (VIPR1), also
known as VPAC1, is expressed in the brain, lung and prostate.
In this study, we have investigated the effects of rapamycin on
the distribution of PAC-1 and VIPR1 in the A427 human lung
cancer cell line, by using indirect immunohistochemical
methods. A427 human lung cancer cells were grown in MEM
medium with 10% fetal bovine serum, 2% L-Glutamine, 2%
antibiotic, including 5% CO2 in 37˚C humid incubator. The
study was carried out under 2 groups: control group and
rapamycin group. The effects of rapamycin at 24 hours were
evaluated. Once the cells were fixed with paraformaldehyde,
the avidin-biotin-peroxidase method was employed by using
anti-PAC-1 and anti-VIPR1 primary antibodies. Immunohistochemical intensities were scored as mild, moderate or strong
and were analysed comparatively by using ANOVA statistical
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test. It was observed that rapamycin had apoptotic effects on
the A427 human lung cancer cell line. While immunoreactivity
of PAC-1 was moderate in the control group, the
immunoreactivity of VIPR1 was strong in this group. In the
rapamycin group the immunoreactivities of PAC-1 and VIPR1
were detected as mild and moderate, respectively. In the
rapamycin group, the immunoreactivities of PAC-1 and VIPR1
statistically decreased compared to the control group (p<0.05).
It is concluded that rapamycin treatment, in addition to antichemotherapeutic treatment, is effective for the prevention of
tumor progression through PAC-1 and VIPR1. mTOR is a
central regulator of cell growth and proliferation in response to
environmental stimuli, such as growth factors or nutrients.
PAC-1 and VIPR1 might be effective on apoptotic pathways
and might inhibit tumor invasion and metastasis by affecting
different mechanisms.
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EFFECTS ON CASPASES ACTIVATION BY USING A
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Resveratrol is a naturally occurring phenolic compound with
powerful anticancer activity (1). Resveratrol-induced apoptosis
is generally associated with the intrinsic pathway, followed by
activation of caspase-9 which, in turn, activates caspase-3 (26). Besides this, it is known that resveratrol induced apoptosis
via extrinsic pathway-dependent caspase-8 activation (7, 8). εviniferin, which displays pro-apoptotic effect depending on
doses, is a dimeric resveratrol (8). This study aims to
investigate caspase dependent/independent apoptosis in C6 (rat
glioma) cells after using cis-platin or ε-viniferin alone and cisplatin in combination with ε-viniferin. Activation of caspase8,-9, -3 in C6 cells after incubation with cis-platin and/or εviniferin in different incubation periods was measured by flow
cytometry. Caspase-8 activation in C6 cells increased
maximally (12.5%) after 6 h by using combined cis-platin
(13.25 μM) and ε-viniferin (95 μM) treatment. In the same
incubation time, caspase-8 activation measured 4.9% after
using 5 μM cis-platin and 9.6% after using 95 μM ε-viniferin.
Caspase-9 was activated at 44.5% after combined treatment in
24 h. This rate is higher than using cis-platin (14.2%) or εviniferin (43.3%) alone and it was found that ε-viniferin was

effective in increasing caspase-9 activation. The use of
combined 13.25 μM cis-platin and 95 μM ε-viniferin caused a
maximum caspase-3 activation in C6 cells (15.5%) at the end
of the 72-h incubation period. After 72 h and using cis-platin
(5 μM) alone a 14.6% activation was detected, while using εviniferin (95 μM) alone a 15.4% caspase-3 activation was
recorded. In conclusion, it was observed that caspase-8, -9, -3
activation, which was determined in vitro, triggered an
apoptotic mechanism via both intrinsic and extrinsic pathways
by using low concentrations of combined cis-platin and εviniferin in C6 cells.
This study was supported by Anadolu University Scientific
Research Projects (Project No: 1207S137).
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EUROPEAN REGIONAL DEVELOPMENT FUND
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Marialaura Ontario
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The Ontario enterprise participated with relevant international
partners through the European Regional Development Fund
(ERDF) to a project, Siasops BioBank, which has allowed the
strengthening and enhancement of the chain of research and
cooperation networks and businesses, contributing to
competitiveness and economic growth by supporting the
widest possible dissemination of new technologies and
services by raising the level of scientific and technical
knowledge in the production systems and in the institutions.
Siasops Biobank, a system for the harmonization of
procedures and the management of biobanks, had as its
objective the creation of an organizational model that had
ensured a complete and accurate traceability of the sample and
clinical information. Siasops has evaluated National and
International standards of biobanks by contributing to the
achievement of the criteria for accreditation and certification
of it and analyzing the most significant experiences of Italian
aggregations.
Siasops analyzed expertise of guidelines and regulations
concerning the ethical and legal use of human biological
materials for research and care applications editing these
processes, organized a system of preservation, storage and
processing of the samples and drawing optimization
procedures classifying biomaterials in relation to the quality.
The pre-analytical procedures have been defined according
to the standardization of the collection and preservation of
samples by identifying set of biomarkers to be used in
defining the criteria of "Quality", and have also created a
prototype software, shaped on the model domain-clinical and
genomic, which allows "tracking" of the life of the sample,
defining objective characteristics.
SIASOPs BioBank has provided technology tools of
government databases that regulate and coordinate the
experimental material in different ways, with the aim of
supporting inter-institutional biobanks conducted and managed
according to qualitative and quantitative standards and
modelling an industrial system for the development of tools
for the creation of physical infrastructures, technologies and
services.
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R&D stands for innovation, new technologies, original ideas.
But investment and time required to achieve it are not
negligible. As other European countries, Italy is facing a major
economic crisis, which is partly contained by the investments
on research and technological research of large entrepreneurs.
Nonetheless, the negative international economic cycle has
strongly influenced the performance of the Italian economy in
past years. Of the total number of SMEs in our country, 14%
achieved process innovations, 11.7% product innovation and
20.7% non-technological innovation. In Germany, corresponding
figures are 17.8%, 23.8% and 68.1%, respectively.
R&D intensity in Italy increased around 2.3% annually over
the 2000-2009 period, going from 1.05% of GDP in 2000 to
1.27% in 2009. Considering the 2020 R&D target, Italy set the
value of 1.53%. Given the trend scenario presented below, this
target is achievable but is not ambitious.
Italy is well integrated in the European research and
innovation system. Indeed, in the context of the EU
Framework Programs Italy has built a solid position,
representing one of the central links of the networking.
Together with Germany, France and the United Kingdom,
Italy is among the highest producers of overall publications
and of cross-border co-publications. The preferred partners for
scientific collaboration with Italy are among these three
countries plus Spain and Switzerland.
The choice made by many Italian companies to reduce the
resources has been closely related to the government’s
unwillingness to support research, except for business
innovation. In order to become more competitive in the
international markets and maintain advantages on certain
sectors of the “Made in Italy”, the enterprises of our country
need to innovate and develop attractive new products in an
increasingly demanding market. Although timing is critical,
the Italian figures indicate that this is the right time to invest
primarily in biomedical innovation.
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FLUORODEOXYGLUCOSE UPTAKE IN
ADVANCED NON-SMALL CELL LUNG
CANCER WITH AND WITHOUT PULMONARY
LYMPHANGITIC CARCINOMATOSIS
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Aim: To assess the correlation between advanced non-small
cell lung cancer (NSCLC) with or without pulmonary
lymphangitic carcinomatosis (PLC) and fluorodeoxyglucose
(FDG) uptake, and also to evaluate its effect on survival
outcomes. Patients and Methods: We retrospectively reviewed
157 NSCLC patients and grouped them according to presence
or absence of PLC (PLC and non-PLC groups, respectively).
We collected and analyzed patient characteristics and positron
emission tomography measurements, including mean and
maximum standardized uptake values (SUVm and SUVmax,
respectively), metabolic tumor volume (MTV) and total lesion
glycolysis (TLG), and evaluated their effect on patient overall
survival (OS) and progression-free survival (PFS). Results:
The PLC group included 55 patients and the non-PLC group
included 102 patients. The SUVm, SUVmax, MTV and TLG
values were lower in the non-PLC group and survival was also
better in the non-PLC group. No clinical factors were
significantly associated with OS or PFS in the non-PLC group;
only whole-body TLG was a significant predictor of OS (HR:
2.21, 95% CI: 1.35–12.75; p=0.04) and PFS (HR: 4.13, 95%
CI: 2.12–14.23) among these patients. In the PLC group,
primary lung tumor TLG was the only significant predictor of
OS (HR: 3.24, 95% CI: 1.63–6.69; p=0.03) and PFS (HR:
4.18, 95% CI: 2.05–6.74; p=0.00). Conclusion: Advanced
NSCLC patients without PLC had reduced FDG uptake values
compared to patients with PLC. Lung tumor TLG may be
more useful for predicting PFS and OS among patients with
PLC compared to those without PLC. However, whole-body
TLG is the preferred variable indicative of prognosis in
patients without PLC.
Introduction: Pulmonary lymphangitic carcinomatosis (PLC)
refers to dissemination of carcinoma through the pulmonary
lymphatics. PLC is usually caused by tumor microemboli
spreading to the pulmonary arterioles and capillaries with
subsequent malignant invasion through the vessel wall into
the pulmonary interstitium and peribronchiovascular

lymphatics (1, 2). To date, most studies using
fluorodeoxyglucose-positron emission tomography (FDGPET) in lung cancer patients have evaluated tumors and
metastases based on the extent of FDG uptake. FDG uptake
in tumors is proportional to the metabolic rate of viable tumor
cells and, therefore, may help predict the biologic
aggressiveness of a tumor. Studies have shown that the degree
of FDG uptake in tumors during PET, which is determined
by the mean standardized uptake value (SUVm), maximum
standardized uptake value (SUVmax), metabolic tumor
volume (MTV) and total lesion glycolysis (TLG), is useful
for predicting overall survival (OS) and progression-free
survival (PFS) of lung cancer patients (3-6). However, the
interpretation of FDG uptake parameters (TLG, MTV,
SUVm, SUVmax) in PLC has not been well described. To
our knowledge, there have been only 3 small case series
investigating the use of PET/CT for the detection of PLC (79), while there have been no previous reports describing
differences in TLG uptake between PLC-positive and PLCnegative cases. The purpose of this study was to assess the
correlation between advanced NSCLC with or without PLC
and fluorodeoxuglucose (FDG) uptake and to evaluate its
effect on survival outcomes. Patients and Methods: We
retrospectively reviewed the medical records of all patients
with histopathologically confirmed NSCLC who underwent
FDG-PET/CT before receiving any therapy at our cancer
center between January 2007 and December 2012.
Semiquantitative and volumetric analyses of the primary
tumors were performed using the volume viewer software on
a GE Advantage Workstation 4.4 (GE Healthcare, Milwaukee,
WI, USA), which provides a convenient and automatic means
of delineating the volume of interest using an isocontour
threshold method based on the SUV. We placed the
automatically delineated volume of interest over the primary
lung lesion and then the computer calculated the SUVmax,
SUVm and MTV within the entire primary tumor.
Results: Patients’ characteristics. A total of 157 patients met
the inclusion criteria and underwent FDG-PET/CT before
receiving any therapy. Ninety-four patients were men and
63 were women; the average age was 63.12±11.23 years.
The mean PFS was 7.52±3.34 months and the mean OS was
16.23±12.54 months. FDG-PET uptake in patients with and
without PLC. No clinical factors were significantly different
between PLC and non-PLC groups. FDG uptake values
were lower in the non-PLC group compared to the PLC
group. There was a significant difference in primary lung
TLG (p=0.04) and whole-body TLG (p=0.01) between the
PLC and non-PLC groups. The survival analysis showed
that the non-PLC group had a longer median PFS and OS
than the PLC group (OS: 12.90 vs. 10.42 months, p=0.05;
PFS: 7.58 vs. 3.55 months, p=0.03). Prognostic value of
clinical factors and FDG uptake. Clinical factors, such as
age (> 65 vs.<65 years) and treatment modality
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Figure 1. Kaplan–Meier estimates of the survival functions OS
and PFS for the PLC group.

Figure 2. Kaplan–Meier estimates of the survival functions OS
and PFS for the non-PLC group.

(chemotherapy vs. radiation/ chemoradiation), were
significantly associated with OS or PFS in the PLC and nonPLC groups. Kaplan-Meier estimates of PFS and OS are
shown in Figures 1 and 2. FDG uptake of TLG in primary
lung tumors was significantly associated with PFS in the
PLC group; however, whole-body TLG uptake was
significantly associated with PFS or OS only in the nonPLC group.
Discussion. Various neoplasms can cause PLC, though the
most common cause is lung cancer (10, 11). Our study
demonstrated diffusely increased FDG uptake in the lungs,
which correlated with the CT pattern of PLC. Previously,
Prakash et al. reported that SUVm in patients with PLC
(1.37±0.64) was significantly greater than the SUVm in
patients without PLC (0.51±0.29, p<0.0001) (12-14).
However, the authors only analyzed SUVm and did not
include SUVmax, MTV and TLG. Recent studies have
demonstrated that MTV, TLG or SUVmax are significantly
better predictors than SUVm. To our knowledge, there have

been no prior publications reporting MTV, TLG or SUVmax
uptakes in advanced NSCLC with and without PLC. We found
that FDG uptake values (SUVm, SUVmax, MTV and TLG)
were lower in patients without PLC. There was a significant
difference in primary lung TLG (p=0.04) and whole-body
TLG (p=0.001) between the PLC and non-PLC groups. In
conclusion, we observed lower FDG uptake values in
advanced NSCLC patients without PLC compared with
advanced NSCLC patients with PLC. In addition, primary
tumor TLG may be a more useful predictor of PFS and OS
among patients with PLC compared with non-PLCs, while
whole-body TLG was a more useful predictor of survival in
patients without PLC.
This study was performed at the Taichung branch of Tzu Chi
Hospital, Taiwan, ROC. This work was in part supported by
grant NSC100-2314-B-016-036-MY3, ROC.
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The average life expectancy of the Roma minority in Hungary
is more than a decade less than that of the majority population.
While there are no population-wide data across the whole
country, several studies found that cancer mortality and/or
incidence was higher among Romas than in non Roma
Hungarians. Among other lifestyle factors, nutrition plays an
important role in cancer development and, in accordance with
this, serious problems have been described concerning the
nutrition or dietary habits of different Hungarian Roma
communities. Besides the scientific aspects of nutrition and
cancer, it is equally important to apply the principles of
healthy nutrition into practice. This could contribute to the
reduction of cancer mortality, particularly in groups belonging
to lower socioeconomic classes, such as the Hungarian Romas.
We developed a health promotion program for young Romas
and, based on our previous experience with Roma
communities, nutrition became an important element of the
project. The poster shows our own data on the lifestyle of the
target Roma community including health behavior, knowledge
and attitudes. The structure and preliminary results of the
health promotion program will be discussed.
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THE SIGNIFICANCE OF HISTOPATHOLOGICAL
EVALUATION OF PANCREATIC FIBROSIS TO
ESTIMATE PANCREAS CANCER PROGRESSION
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Objective: To estimate the importance of the role of pancreatic
stellate cells (PSCs) in pancreas cancer progression, their
properties were evaluated in relation to clinical details and
patient prognosis. Patients and Methods: Among patients who
underwent surgical treatment from 2004 to 2013, the texture of
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the pancreatic specimens was evaluated by histopathological
measurement length (HML) of fibrosis, fibrosis grade (FG)
and the intensity of PSC activity. Results: (i) The HML of
inter- and intralobular fibrosis increased significantly with
progression of FG from grade 0 to 3 (22.0±4.5 vs. 23.7±1.9
vs. 53.5±6.0 vs. 203.7±18.6 and 2.0±0.4 vs. 2.7±0.3 vs.
8.2±1.0 vs. 21.7±3.1, respectively). (ii) The HML of inter- and
intralobular fibrosis was also significantly longer with the
increase in PSC activity score from 0 to 3 (29.7±5.9 vs.
37.4±7.2 vs. 68.4±9.5 vs. 204.7±20.5 and 3.1±0.5 vs. 5.1±1.1
vs. 9.7±1.1 vs. 21.6±3.4, respectively). (iii) The HML of both
inter- and intralobular fibrosis correlated with the preoperative
level of HbA1c but not with pathological invasion of cancer
in lymphatic vessels and the nervous system. (iv) FG and PSC
activity did not correlate with pancreas function and clinical
factors. (v) Significantly higher rates of positive lymph node
metastases were detected in the patients with high FG grade
or PSC activity. (vi)There were no significant differences in
either FG or PSC activity in whole pancreas cancer cases; only
in T3 patients the 2-year survival rate and median survival
term (MST) were similar among the different FGs. However,
PSC activity in T3 patients had a significantly different effect
on patient prognosis. (vii) Specifically for stage II/III patients,
the survival rates were similar for different FGs but clearly
different depending on the severity of PSC activity. When
limiting the cancer site to the pancreas head, the survival rate
and MST in T3 patients were clearly poorer as PSC activity
increased but not as FG increased. Conclusion: Fibrotic
change, as measured by the amount of fibrotic tissue present,
favours prediction of pancreatic function, whereas PSC
activity favours prediction of cancer progression.

474
STRATEGY FOR SYNCHRONOUS AND
MULTIPLE LIVER METASTASIS
Shinji Osada, Hisashi Imai,
Yoshiyuki Sasaki and Kazuhiro Yoshida

Surgical Oncology, Gifu University School of Medicine,
Gifu, Japan

Background: Surgical indications for resection of synchronous
metastasis from colorectal cancer (CRC) and the optimal
timing of hepatectomy are still controversial. Patients and
Methods: Synchronous and multiple metastatic liver tumors
were detected in 57 patients. Our treatment policy has been to
perform hepatectomy first, if the resection can be done, with
no limit on size and number of tumors. However, if curative
resection fails, chemotherapy is begun first and timing for the
possibility of a radical operation is planned immediately.
Results: 1) In 37 patients, whose tumors were located only in
the liver, primary tumor resection was performed first in 16
patients and once tumor decreased by chemotherapy, operation
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was performed in 7 patients. In 20 patients, in whom
chemotherapy was performed first, after controlling the distant
metastasis, hepatectomy was performed in 3 patients and
staged hepatectomy was performed in 10 patients. 2)
Recurrence was detected after hepatectomy in 75.0% of
simultaneous resection cases and in 70.0% of staged cases. In
the recurrence cases, early detection (within 6 months) after
tumor resection occurred in 58.3% of the simultaneous and
14.2% of the staged cases. 3) No differences in results of preand postoperative liver function tests were found between
these groups and the duration of hepatectomy and blood loss
were also similar. No deaths occurred; however, one incidence
of bile leakage was detected in each group. 4) Median survival
time (MST) and 2-year survival rate were significantly better
in the hepatic resection cases than in the non-operated cases.
There was no significant difference in MST or 2-year survival
rate between simultaneous and staged cases. 5) In 10 staged
cases, length of chemotherapy had no effect on pre- or
postoperative liver function test results and survival curves. 6)
Repeat operation was performed for recurrence in 75% of the
simultaneous and 14.3% of the staged cases. The average time
between first and second operation was 13.1+7.7 months and
the 2-year survival was 100%. Conclusion: Neoadjuvant
chemotherapy does not increase the risk of postoperative
complications or the surgical difficulties of hepatectomy for
colorectal metastases. Treatment strategies for these clinical
conditions should include consideration of responsible
administration of chemotherapy and surgery.
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The genus Verbascum L. (Scrophulariaceae) is represented by
more than 360 species, distributed throughout the temperate
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areas of the northern hemisphere. Verbascum species have been
used in folk medicine as pesticide, antiseptic, astringent,
demulcent, expectorant, diuretic, antimalarial and as a
treatment for tumors, inflammations, migraine, asthma and
spasmodic coughs. Verbascum inulifolium Hub.-Mor. is an
endemic plant, which is spread in South Anatolia. The
methanolic extract from aerial part of V. inulifolium was
investigated for anti-cancer effects on MCF-7 and MDA-MB231 human breast cancer cell lines. In a parallel assay, HUVEC
cells were used as control. According to the instructions of the
supplier, xCELLigence cell index (CI) impedance
measurements were performed. Different concentrations of
extract (0,0(DMSO), 1, 5, 25 and 125 μg/ml) were added to
the cell lines and monitored by thexCELLigence system every
15 min during 48h of exposure. Effect concentrations (EC50)
of the MCF-7 and MDA-MB-231 cell lines were found to be
1.8954x103 g/ml and 1.3375x10–5 g/ml, respectively. In
addition, the proliferation and viability of MCF7 cells were
also determined by using the MTT test. Tenty-five and 125
μg/ml doses were effected negatively the proliferation of cancer
cell. Annexin V/PI double staining assay using FACS was
evaluate on MCF-7 cells exposed to V. inulifolium extract
during 24 and 48 hours. After 24 h, when compared to control,
the amount of necrotic cell increased, whereas the apoptotic
cell was poorly changed. However, a reducing amount of both
apoptotic and necrotic cells were determined. These results
suggest that only high doses of V. inulifolium extract may have
an effect on breast cancer cell lines.
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THE IMPORTANCE OF IMMUNOHISTOCHEMICAL
DISTRIBUTIONS OF IGF, TGF-Β, PDGF AND PCNA
ON UTERINE SMOOTH MUSCLE TUMORS
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Uterine leiomyomas (LYM) are the most common cause of
solid pelvic tumors found in 20–40% of women during their
reproductive years. Cellular leiomyomas (CLYM) are defined
as leiomyomas that are significantly more cellular than the
adjacent myometrium, which is less than 5% of leiomyomas.
Leiomyosarcomas (LMS) are rare aggressive malignant
uterine smooth muscle tumors occurring mainly in postmenopausal women. Insulin-like growth factor (IGF),
transforming growth factor- β (TGF-β) and platelet-derived
growth factor (PDGF) are playing crucial roles in the

regulation of a wide range of biological processes, including
cell proliferation, survival, migration, angiogenesis, tissue
remodeling and organogenesis. Proliferating cell nuclear
antigen (PCNA) is a molecule confined to the nucleus of
proliferating cells. The determination of PCNA is useful in the
analysis of cell proliferation for tumor tissues. The aim of this
study was to analyze the immunohistochemical distribution of
IGF, TGF-β, PDGF and PCNA immunoreactivities on the
samples of LYM, CLYM and LMS and compare differences
between them. Samples from 30 patients with LYM, CLYM
and LMS were fixed in 10% formalin and processed using
routine paraffin protocols. All formalin-fixed, paraffinembedded tissue sections were stained with hematoxylin-eosin
and anti-IGF, anti-TGF-β, anti-PDGF and anti-PCNA primary
antibodies using the avidin-biotin peroxidase method.
Immunostaining intensities of antibodies were evaluated as
mild (+), moderate (++), strong (+++) and very strong (++++).
ANOVA statistical test were used. A p<0.05 value was
considered as statistically significant. IGF immunoreactivity
was seen as moderate/moderate/strong, while TGF-β
immunoreactivity was observed as moderate/strong/ moderatestrong in the LMY/CLYM/LMS groups, respectively. PDGF
immunoreactivity was detected as mild/strong/very strong in
these groups. Increased numbers of PCNA-positive stained
cells were detected in malignant and mitotic cells. Growth
factors have important role for cancer proliferation and
progression. It was seen that growth factors in multicellular
mitotic giant cells were positively stained. We, thus, consider
that the inhibition of these factors might be a strategy for short
and long term treatments.
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cOlcHIcuM baYTOpIRuM EXTRACT
INDUCES GENE EXPRESSION RELATED WITH
APOPTOTIC AND AUTOPHAGIC CELL
DEATHS IN HELA CELLS
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Introduction: Natural products play an important role in the
investigation of novel anti-cancer agents and the development
of more effective drugs. New and effective treatment models
for the elimination of cancer cells have suggested that both
apoptotic and autophagic cell death types are stimulated
together by using different agents (1). We studied Colchicum
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Figure. Cytotoxic activity (MTT) of the Cb extract during a
48-hour addition on HeLa cell cultures compared to control
group (A). Analysis of distribution of t-Bid (B) and active
caspase-3 (C) immunopositivity in HeLa cells. (C: Control
group, Cb: Colchicum baytopiorum group).

baytopiorum CD Brickell (Cb), which is an endemic species
of the Colchicacea family in Antalya-Turkey (2). The
Colchicacea family contains colchicine and its derivatives that
include
demecolcine,
2-demethyldemecolcine,
3demetylcolcine and cornigerin. The aim was to determine their
role in both apoptotic and autophagic cell death pathways of
the Cb extract on the HeLa cell line. Materials and Methods:
The cytotoxic effect of the extract from the Cb bulb (0.1
mg/ml) on HeLa cell lines was determined by using the MTT
assay and compared with paclitaxel, a chemotherapy agent
with known cytotoxic effect. The expression of genes, which
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are involved in apoptosis and/or autophagic cell death (e.g.
BCL-XL, BAD, BID, PUMA, NOXA, AKT, FAS, TNFR1 and
CASP-3,-8,-9 (for caspases) genes for the apoptotic cell death;
BIF and BNIP3 for both apoptotic and autophagic cell death;
ATG12, ATG5 and DAPK for autophagic cell death) were
analyzed using by quantitative real time polymerase chain
reaction (qRT-PCR). Immunocytochemistry was performed by
using active caspase-3 and t-Bid antibodies, then evaluated
semiquantitatively. Results: The results showed that there was
a significant difference by means of cell cytotoxicity values
between the control and the Cb extract treatment groups after
48 hours (p<0.001) (Figure A). Gene expression analysis
indicates that the expression levels of ATG12 (5.7), ATG5
(14.4), BECN1 (31), DAPK (2.3), BNIP3 (5.5), BIF (2.5),
BID (3.9), BAD (2.2), PUMA (2.5), NOXA (4.2), AKT (2.6),
TNFR1 (25.1), FAS (2.4), BCL-XL (3.1), CASP-3 (5.7),
CASP-8 (2.1), CASP-9 (2.3) genes were significantly
increased (as fold) after the Cb extract treatment. Also active
caspase-3 and t-Bid immunopositive cells were detected in
higher number (p<0.001) in the Cb extract treated group
compare to the untreated control group (Figure B, C).
Conclusion: This study shows that the Cb extract induces
crosstalk mechanisms between apoptotic and autophagic cell
death in HeLa cells, as well as up-regulates some of the genes
in both cell death modes. The Colchicum baytopiorum CD
Brickell extract might be evaluated with a new perspective as
a therapeutic agent in cancer. This study was supported by the
Istanbul University Research Fund Project:17492.
1 Zhou J, et al. Vitexin 6, a novel lignan, induces autophagy
and apoptosis by activating the Jun N-terminal kinase
pathway. Anticancer Drugs (2013) 24(9): 928-936
2 Akan H, Eker I. Check-list of the genus Colchicum in the
flora of Turkey. Turk J Bot (2005) 29: 327-331.
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Background: The NFkB signal transduction pathway is an
important link between inflammation and cancer and serves as

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

a promising target for molecular cancer therapy in head and
neck squamous cell carcinoma (HNSCC). HNSCCs are
characterized by elevated constitutive activity or aberrant
regulation of NFkB that acts as a survival factor for malignant
cells by its predominantly anti apoptotic function. While the
post-translation regulation of the NFκB signaling is deep and
detailed, its post-transcriptional regulation is still unclear and
there is sparse of data about the expression of the potential
miRNA regulators of the NFκB-related genes in primary
human HNSCC. Materials and Methods: Total RNA isolated
from fresh frozen primary tumor tissues (n=10) and formalin
fixed paraffin embedded (FFPE) primary tumor tissues (n=35),
fresh frozen non diseased head and neck epithelial tissues
(n=6) and FFPE normal epithelial tissues (n=8) were analyzed
by quantitative real-time PCR for the expression of NFΚB
P65, REL A, IKK1, PPARγ, PTEN, GADD45Α, JNK1 and
miR146 a/b, miR-21 and let-7. Results: Significant expression
alterations of the investigated genes were found in 92% of the
tumor samples. We also found consequent converse and
inverse correlation between mRNA and miRNA expressions,
especially regarding the REL A, PPARγ and the miR-21.
Expressions of the fresh frozen samples did not differ
significantly from those found in the FFPE samples.
Conclusion: Our data confirm parallel disregulation of
miR146 a/b, miR21 and let-7 and their potential mRNA
targets in primary human HNSCCs, that could be useful for
molecular diagnosis and therapy.
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NANO POLYMER-CISPLATIN COMPLEXES FOR
CHEMOTHERAPY OF OVARIAN CANCER
Srinath Palakurthi and Venkata K Yellepeddi

Irma Lerma Rangel College of Pharmacy, Texas A&M
Health Science Center, Kingsville, Texas, USA

Ovarian cancer is a chemosensitive malignancy and Cisplatin
is widely used as a first-line agent in chemotherapy of ovarian
cancer. Cisplatin accumulates in the cell by passive diffusion
or facilitated transport and many of the cisplatin-resistant cells
show a decreased platinum accumulation most likely due to
decreased uptake rather than enhanced efflux. To enhance the
cellular uptake and minimize the drug efflux, cisplatin was
complexed with poly(amido)amine (PAMAM) dendrimers
with terminal -NH2 and -COOH groups. Size, zeta potential
and state of the drug in the complexes and the drug loading
efficiency of the complexes were characterized using zeta
sizer, differential scanning calorimetry (DSC) and inductively
coupled plasma-mass spectrometry (ICP-MS). Higher loading
efficiency (~11% w/w) was achieved using water as the
reaction medium as compared to that 0.9% sodium chloride
solution (2% w/w). In vivo efficacy of dendrimer-cisplatin
complexes was performed on SKOV xenografted BALB/c

athymic nude mice. Cisplatin complexes prepared with
PAMAMG4-NH2 dendrimers were about 3.0 fold higher
cytotoxic than the carboxylate surface dendrimers. Results
suggest that PAMAMG4-NH2 dendrimers exhibit superior
efficacy through enhanced cellular uptake and improved DNA
adduct formation. Treatment with dendrimer-cisplatin
complexes resulted in increased expression of apoptotic genes
(Bcl2, Bax, p53) and activity of caspases 3, 8, and 9 (p<0.05).
Life span of tumor bearing mice increased by 41.9% after
treatment with PAMAM NH2 dendrimer-cisplatin complexes
as compared to cisplatin alone. Furthermore, a strong
correlation was seen between the survival data and the cellular
uptake of platinum (R2=0.912), survival data and DNA adduct
formation in SKOV-3 cells (R2=0.904). Results suggest that
dendrimer-cisplatin complexes have a great potential for
chemotherapy of resistant ovarian cancer.
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BIOBANKING STANDARD OPERATIVE
PROCEDURES (SOPS) FOR MOLECULAR
BIOLOGY APPLICATIONS
Raffaele Palmirotta

Interinstitutional Multidisciplinary Biobank (BioBIM) Biomarker Discovery and Advanced Technologies (BioDAT)
SR Research Center, IRCCS San Raffaele Pisana - Telematic
University San Raffaele Roma, Via di Val Cannuta, 247
00166 Rome, Italy

Defining Standard operating procedures (SOPs) for molecular
studies in a Biobank project is extremely important, given the
large number of the biological samples which are daily
collected and processed. Preanalytical variables affecting the
integrity and quality of extracted nucleic acids must be
considered. Moreover all samples need to be traced, avoiding
any source of contamination, in order to guarantee their
identification and uniqueness.
With the aim of optimizing the SOPs for handling whole
blood samples relating to the Interinstitutional
Multidisciplinary BioBank (BioBIM) and potentially
applicable to molecular studies, we sought to determine
whether several combination of anticoagulants, storage
temperature and time intervals elapsing between sample
collection and nucleic acid extraction, could affect the
quality and quantity of the extracted DNA. Moreover, the
efficiency of three different extraction methods was tested.
Based on our results, we recommend sodium citrate and
EDTA as anticoagulants of choice. Furthermore, whole blood
samples should be stored preferably at 4˚C up to one week.
The commercial automated extraction procedure provided
the best performance. A similar experimental design was
adopted to define SOPs for whole blood preservation prior
to lymphocytes isolation and RNA extraction. Both the
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effects of the extraction method and of time delays before
performing lymphocyte separation were evaluated. We
concluded that RNA integrity was maintained until 10 hours
of blood storage. The automated extraction procedure should
be adopted in order to work with large number of samples
and minimize the chance of sample swapping. Finally, we
developed a fast and simple DNA fingerprinting method,
based on an ALU insertion/deletion genotyping panel and
two markers for gender validation. Our data suggest that this
protocol could be a reliable tool to ensure the molecular
identification and traceability in a biorepository. Partially
supported by Grants: MERIT RBNE08NKH7; PO FESR
2007/2013
Linea
di
Intervento
4.1.1.1
and
PON03PE_00146_1/10)
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Malignant melanoma is considered one of the most lethal
types of human cancers and accounts for 75% of all
mortalities associated with skin cancer. At an early stage the
disease can be cured by surgical resection, however, when
the disease has progressed to the metastatic stage, many
patients do not respond to current systemic therapies.
Consequently, there is a great need for strategies that can
improve existing therapeutic regimens. To this end, several
studies have been focused on either conventional (42-45˚C)
and/or ablation hyperthermia (>70˚C) by utilizing different
methodologies. In addition, several clinical trials have shown
a beneficial effect of hyperthermia, thus leading to further
development of the existing technology. Various in vitro and
in vivo studies have shown a therapeutic effect of
hyperthermia in treating malignant melanoma; however, only
by means of measuring tumor shrinkage and without
exploring any underlying molecular mechanisms. Finally,
other studies have provided a rationale for a combination of
chemotherapeutic drugs with regional hyperthermia, based
on evidence that heat induces tumor cell death and
consequently potentiates the efficacy of chemotherapy. Our
group is utilizing an in vitro model of human skin cancer
consisting of (i) immortalized keratinocytes (HaCaT; nonmalignant), (ii) malignant melanoma (A375) and (iii)
epidermoid carcinoma (A431; non-melanoma) cells exposed
to an experimental hyperthermia platform. Our data indicates
that 43˚C-45˚C of hyperthermia induces significant cell death
in human malignant A375 and A431 cells (less extent) but
6096

not in non-malignant HaCaT cells, thus supporting a role of
hyperthermia as a monotherapy. Furthermore, we have
documented that hyperthermia can enhance the
chemotherapeutic effectiveness of dacarbazine (DTIC) and,
thus, can also act as an adjuvant therapy. Finally, we have
profiled the therapeutic effect of hyperthermia (in A375
cells), where we have identified a number of critical
apoptotic genes acting as key targets in mediating such
differential response.
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The telomeric ends of all eukaryotic chromosomes are capped
with nucleoprotein complexes that prevent chromosome
degradation or the formation of chromosome end-to-end
fusions. Capping by the multi-protein, shelterin complex,
through binding to telomere specific DNA sequences also
prevents aberrant recognition of the free DNA ends as a DNA
double-strand break (DSB), which typically activates the DNA
damage response. Three protein subunits (TRF1, TRF2, and
POT1) of the shelterin complex are involved in direct
recognition of TTAGGG repeats found in telomeres. Three
additional components (TIN2, TPP1 and Rap1) of shelterin
function in tandem to distinguish telomeres from interstitial
DNA double-strand breaks. Both TPP1 and POT1 have also
been implicated in the regulation of telomerase recruitment to
telomeres.
Proliferating mammalian stem and cancer cells express
telomerase in order to extend chromosomal G-overhangs to
partially or fully maintain the telomere ends. Telomeraseexpressing cells have higher levels of single-stranded DNA
binding 1 (SSB1) protein, a component that also has a critical
role in DNA double-strand break (DSB) repair. Here, we
report that SSB1 binds specifically to G-strand telomeric DNA
in vitro and associates with telomeres in vivo. Moreover, SSB1
interacts with the catalytic component of telomerase (TERT)
and regulates its interaction with telomeres. Deletion of SSB1
reduces TERT interaction with telomeres and leads to the loss
of G-overhangs. We demonstrate that while SSB1 is also
recruited to DSB sites, there is no corresponding change in the
levels of TERT at these sites, suggesting that SSB1 interaction
with and recruitment of TERT is also dependent on overall
chromatin structure or context. In summary, SSB1 is required
for telomerase recruitment to telomeres to facilitate G-strand
DNA extension.
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The chromatin complex, a dynamic DNA and protein
structure, is known to change as required for ongoing DNA
metabolism including transcription, replication and DNA
damage repair. During DNA damage sensing and repair
processes, chromatin structure needs to undergo several
changes in order to facilitate access by the repair machinery.
Recent studies have enhanced the understanding of how
chromatin structure impact DNA repair mechanisms
specifically in the selection of the appropriate DNA double
strand break (DSB) repair pathway. This choice is facilitated
by chromatin modifying factors acting through posttranslational protein modification that enhance DNA
detachment from histones and other bound proteins blocking
access to DNA damage sites. Post-translational covalent
modifications of histones have, therefore, emerged as key
regulatory events in the DNA damage response (DDR).
Histones are the major protein components of chromatin
and are subject to many types of posttranslational
modifications, especially on their flexible N-terminal tails.
Based on the presence of specific interactions between
histone modifications and proteins involved in cellular
metabolism, these modifications may constitute a ‘’histone
code’’ that manages the epigenetic information regulating
the DDR especially DSB repair pathway choice. The preexisting, or pre-damage, histone modifications may be a
critical determinant of the subsequent damage identification
signal and as such would have implications for the
recruitment of repairosome factors specific to particular
pathways. The role of preexisting histone modifications and
their impact on sensing of ionizing radiation induced DNA
damage, therefore, will form the first part of this
presentation.
Hierarchical signaling network that orchestrate chromatin
structural changes also facilitate the DNA DSB repair
response. These networks coordinate cell-cycle checkpoints
involving multiple enzymatic activities to repair broken DNA
ends. In the second part of this presentation, we will discuss
the role of DSB induced ATM-dependent MOF (a histone H4
acetyl-transferase) phosphorylation (p-T392-MOF) and the
significance of p-T392-MOF in DNA DSB pathway choice.
As with other areas of basic research, a detailed mechanistic
understanding of chromatin modifications that regulate gene
expression and the DDR should advance development of
effective patient specific radiotherapies based on their own
tumor epigenetic phenotype.
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Abstract: Kallikrein-related-peptidase-4 (KLK4), a serine
protease originally discovered in developing tooth with broad
target sequence specificity, serves vital functions in dental
enamel formation. KLK4 is involved in degradation of
extracellular matrix proteins, and it is thought that its
proteolytic activity could also promote tumor invasion and
metastasis. Recent studies have associated KLK4 expression
with tumor progression and clinical outcome, particularly in
prostate and ovarian cancers. Very little is known in regard
with KLK4 involvement in oral squamous cell carcinomas
(OSCC). Our objective was to investigate KLK4 expression in
OSCC pathogenesis and disease progression. KLK4
expression was evaluated by immunohistochemistry, western
blots, and zymograms in OSCC lines. Invasion assays using
high versus low/undetectable KLK4-expressing OSCC cell
lines were performed jointly with KLK4 siRNA inhibition. In
addition, a large collection of OSCC specimens was evaluated
for KLK4 expression, and correlations with patients’
characteristics and outcome were determined. Our data
indicates that KLK4 is differentially expressed in oral
carcinomas. OSCC cell lines with high invasive and metastatic
potential show the highest levels of KLK4 expression. KLK4
RNA and protein expression is correlated with enzyme activity
detected by zymograms. Inhibition of KLK4 expression results
in diminished invasive potential in OSCC cell lines.
Consistently, KLK4 expression is stronger in primary tumors
that later either recurred or developed metastases, suggesting
that its preferential expression in OSCC might contribute to
the individual tumor biology. Therefore, this study provides
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supportive evidence in favor of a prognostic value for KLK4
in OSCC, suggesting that KLK4 could serve as a potential
therapeutic target in oral cancer patients. Introduction: Oral
squamous cell carcinomas (OSCC) continues to be a
disfiguring and deadly disease, which displays a wide range
of metastatic behavior that cannot be predicted by tumor size,
standard histology, or even individual gene or protein
expression/activity (1). Advanced stage OSCC represent one
of the most difficult challenges in head and neck oncology.
Despite advances in treatment, the survival of patients with
advanced OSCC has not improved significantly over the last
30 years and remains one of the lowest among the major
cancer types (2). Metastatic behavior is a critical for survival
being responsible for over 90% of cancer-associated mortality
in these patients (3). Younger (<40 years) patients with oral
cancer have higher rate of distant failure (4). Accurate
prediction of metastasis in OSCC would have an immediate
clinical impact through individualized strategies. Therapeutic
options for metastatic OSCC are limited and unsuccessful and
new treatment approaches are needed (5).Human tissue
kallikrein (KLK)-related peptidase family of serine proteases
have been reported to play important roles in physiological
processes from development to tissue remodeling (6-8). More
recently KLKs appear to also play important roles in
neoplastic growth and metastatic spread. Over-expression of
KLK4 was associated with poor prognosis particularly in
prostate and ovarian cancers (7, 9-12). It is suggested that
KLK4 promote invasion by assisting degradation of basement
membranes and of the extracellular matrix of connective
tissues. In addition, KLK4 can activate many tumorigenic and
metastatic pathways including the protease activated receptors
(PARs) (13). KLK4 knockdown results in a significant decline
in prostate cancer cell proliferation in vitro and in vivo,
decreases anchorage-independent growth, induces apoptosis,
and dramatically sensitizes prostate cancer cells to apoptosisinducing agents. Furthermore, in vivo nanoliposomal KLK4
siRNA delivery in mice bearing prostate tumors results in
profound remission (14). Mutations in the human KLK4 gene
lead to the autosomal recessive disease called amelogenesis
imperfecta characterized by dysregulation of dental epithelium
that causes tooth enamel alterations due to lack of KLK4
proteolytic activity (15). KLK4 is also reported to be
expressed in oral epithelium and its expression was found to
be dysregulated in a recent study of OSCC. However, the
precise roles of KLK4 in OSCC and its potential use as anticancer target in oral cancer patients remain unclear. Our
objective was to investigate KLK4 expression in OSCC cell
lines and tumor specimens from patients afflicted with oral
carcinomas to assess its potential use as a molecular biomarker
for clinical outcome. We also evaluated the potential clinical
significance of targeting KLK4 expression in OSCC.
Methods and Results: In vitro characterization of KLK4
expression in oral cancer. Our analysis included American
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Type Culture Collection (Manassas, VA) SCC4 (CRL-1624:
tongue, non-metastatic early TNM stage, II) and Cal 27 (CRL2095: tongue, metastatic advanced TNM stage, IV). Human
normal oral keratinocytes (NOK, ScienCell Research
Laboratories; Carlsbad, CA) served as control. Relative
quantification of KLK4 mRNA by real time-PCR normalized
to the housekeeping gene was performed using the TaqMan
PCR kit (Applied Biosystems; Foster City, CA) as reported
(16). Data was analyzed with Sequence Detector v1.6.3
software (Applied Biosystems). KLK4 protein levels and
enzymatic activity was evaluated by Western-blot in
supernatants of OSCC cell lines comparatively to NOK (17).
KLK4 RNA and protein expression was correlated with
enzyme activity detected by zymograms (Figure 1A-C).
Invasion assay using Matrigel chambers (BD BioSciences;
Bedford, MA) were performed as described (18); we assessed
the effects of KLK4 loss-of-function with specific small
interfering RNA inhibition on OSCC invasion.
Our data indicates that KLK4 is differentially expressed in
OSCC cell lines; KLK4 protein and RNA were highest in the
advanced OSCC line (Cal27), while in SCC4 and NOK was
undetectable/low (Figures 1-2). KLK4 expression was linked
to OSCC propensity for invasion, whereas inhibition of KLK4
expression resulted in diminished invasive potential in OSCC
(Figure 1D). Correlations of KLK4 expression with OSCC
clinicopathologic parameters. From pathology records we
have identified consecutive cases (N=78) of previously
untreated primary carcinomas. Median follow-up was 3 years.
Serial sections immunostained for KLK4 (Abcam) using our
protocol (17) were analyzed for intensity and localization of
KLK4 protein (Figure 2A). Survival time was defined from
diagnosis to death or last follow-up. Statistical analyses were
done in SAS version 9.2 (SAS Institute, Carey, NC). A twotailed p≤0.05 was considered statistically significant. KLK4
expression was stronger in OSCC primary tumors with a poor
clinical outcome, particularly those that developed metastases.
There was a trend towards worse patient survival of KLK4
high-expressing cases (p=N.S., Figure 2B). Univariate
analysis indicated that OSCC tumors with a multifocal pattern
of growth, and with relapses or metastases in the clinical
history were characterized by a higher KLK4
immunohistochemical expression (p 0.020; 0.05, respectively).
Discussion: Tissue-specific proteases are critical to the
invasive and metastatic abilities of cancer cells, by assisting
degradation of basement membranes and of extracellular
matrix of connective tissues (19-21). KLK4 is a serine
protease first identified in developing tooth, with vital
functions in dental enamel formation (15, 22-24). The
digestion of enamel proteins in vivo demonstrates that KLK4
is capable of aggressively cleaving peptide bonds in a broad
range of amino-acid contexts (25), a feature also proven
critical for tumor cells to locally invade and spread (7, 26).
Accumulating evidence suggests that KLK4 is part of
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enzymatic cascades critically activated in some cancers that
are contributing to tumor progression and metastatic spread;
its expression was associated with aggressive outcomes and
poor survival, particularly in prostate and ovarian cancers (812, 27). KLK4 is thought to be involved in bone metastasis of
prostate cancer by mediating cross-talk between cancer and
bone cells (28). There is also evidence that KLK4 expression
is associated with loss of E-cadherin and an epithelialmesenchymal transition-like effect in prostate cancer cells,
making the tumor cells increasingly undifferentiated and more
aggressive (29); E-cadherin involvement in oral carcinogenesis
is critical (30). Recombinant KLK4 has the ability to degrade
insulin-like growth factor binding proteins and activate various
genes with roles in tumor cell proliferation and differentiation,
angiogenesis and metastasis (6, 8, 31, 32). Despite its critical
role in cancer progression at primary site and metastatic
spread, KLK4 implications in head and neck cancer have not
been extensively studied (33, 34). Here, we provide evidence
that KLK4 expression may contribute to an aggressive
progression of oral carcinomas, particularly in regard with
their propensity for invasion and metastasis. KLK4 inhibition
resulted in diminished invasive potential of the OSCC cells
suggesting that targeting of KLK4 might have useful clinical
applications in oral cancer patients. KLK4 was also detected in
seminal plasma in prostate cancer patients (35), whereas our
study detected it in OSCC supernatants, suggesting that
detection of secreted KLK4 could be used for cancer
monitoring. Our analysis indicated preferential KLK4
expression in OSCC with multifocal growth in patients
diagnosed with multiple primaries, a clinical situation difficult
to treat. Furthermore, cases that developed either recurrences
or metastases during follow-up, expressed higher KLK4
levels; these correlations proven statistically significant.
However, only a trend for worse survival was noted in our
cohort (79 cases); these results are in alignment with the
findings of the only other OSCC analysis on a similar size
cohort (80 cases, 34) whose patients with KLK4 intense
staining had significantly shorter overall survival, but no
significant correlations with relapse or metastasis were found.
Overall, our data provides novel evidence in support of KLK4
prognostic value in oral cancer patients. Better understanding
KLK4 functions will provide opportunities to therapeutically
target metastatic spread and improve outcome.
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Figure 1. KLK4 detection in oral squamous cell carcinomas lines (SCC4 and Cal 27 comparatively) at RNA (A; quantitative real
time PCR) and protein (B; immunofluorescence) levels. KLK4 RNA and protein expression was correlated with enzyme activity
detected by zymograms (C; dental enamel was used as control). Inhibition of in vitro invasiveness of Cal27 cells with KLK4
specific small interfering RNA (siRNA, D). Quantification of the cell invasion indicated that KLK4 expression was linked to
OSCC propensity for invasion, whereas inhibition of KLK4 expression resulted in diminished invasive potential in OSCC cell
lines. Transfections with control siRNA (Ambion) or KLK4 siRNA (SantaCruz Biotechnology) was carried out in triplicate with
Lipofectamine RNAi Max (InVitrogen) according to the manufacturer’s instructions. 24 hours post-transfection with the siRNA,
invasion assay was carried out for another 24 hours using medium with 10% fetal bovine serum and epithelial growth factor
(Lonza) as chemo-attractants. Invading cells were fixed and stained with Diff-Quick stain. Representative phase micrograph of
Cal27 cells invading the Matrigel matrix. Scale bar=100 μm.
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Figure 2. KLK4 expression in primary OSCC metastatic (A)
versus non-metastatic (B) specimens – representative
illustrations of the immunohistochemical staining. KLK4 is
highly expressed in the metastatic tumor specimen with a
cytoplasmic pattern of various intensities within the tumor and
stromal cells (A). In contrast, in the non-metastatic tumor
specimen, only few areas of tumor cells are positive for KLK4
with a cytoplasmic but less intense distribution (B).
Magnification: 40 μm (A), 20 μm (B). The Kaplan-Meyer
curve has identified two prognostic subgroups: patients with
KLK4high-expressing tumors versus those with KLK4 lowexpressing tumors. There was a trend towards worse patient
survival among the KLK4 high-expressing tumors (p=N.S).
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The Runx family members (Runx-1, -2, -3) are important
transcription factors that have been linked to cell
transformation and tumor progression in various human
malignancies. Their possible involvement in head and neck
squamous carcinoma (HNSCC), particularly in oral cancer has
not been previously examined. To investigate the expression
patterns of Runx genes in HNSCC, we conducted a
retrospective correlative study of 101 patients with primary
HNSCC and determined their immunohistochemical
expression in tissue micro-arrays created from pre-treatment
tumor specimens from these patients at the University of
Michigan. Correlations with patients’ characteristics and
outcome were determined. Runx gene expression correlated
with metastasis-related clinical parameters that are indicative
of poor outcome (e.g. lymph node metastasis (N stage),
perineural, perivascular and lymphatic invasion), particularly
in patients with oral and oropharyngeal carcinomas. Also the
activated, phosphorylated form of Runx-2 was preferentially
associated with advanced clinical stage, smoking, drinking and
gender. In addition, trends for correlations with perineural
invasion and extracapsular spread were noted for P-Runx-2,
particularly in patients with oropharyngeal carcinomas.
HNSCCs differentially express Runx transcription factors and
preferential expression might contribute to the individual
tumor biology. The mechanism of Runx involvement in
HNSCC progression and metastasis is an active area of
investigation.
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THE ROLE OF TRANSANAL ENDOSCOPIC
MICROSURGERY IN RECTAL TUMOURS: ORGAN
SPARING MULTI-MODALITY TREATMENT
Savvas Papagrigoriadis

Department of Colorectal Surgery, King’s College Hospital,
London, UK

For the last 100 years the mainstream treatment of rectal
adenocarcinomas has been radical surgery with excision of the
rectum with wide margins and concurrent excision en block
of the lymph nodes (Total Mesorectal Excision). The downside
of radical surgery is mortality of around 4% which is much
higher in the elderly and unwell patients. Also there is an
incidence of major complications up to 20% and a permanent
colostomy rate up to 30%. Our presentation examines the
alternative option of multimodality treatment with
combination of minimally invasive endoscopic resection of the
tumour in selected cases, in combination with radiotherapy. A
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number of studies agree that for T1 cancers endoscopic
excision with or without radiotherapy can achieve cure rates
of 90%. Selected application in less aggressive T2 tumours
can give cure rates of around 80%. The first key to success is
meticulous pre-operative staging with endoscopy, endorectal
3D ultrasound, MRI pelvis and CT scan abdomen chest.
Accurate pre-operative TNM staging allows selection of
suitable tumours for TEMS combination with adjuvant or neoadjuvant radiotherapy. The second key to success is intensive
post-treatment surveillance with frequent radiological and
endoscopical investigations which allow early intervention in
the event of local recurrence. At King’s College Hospital we
hold a specialist “Early Rectal Cancer Multi-Disciplinary
meeting” which selects patients for organ sparing multimodality treatment and applies post-operative surveillance. We
report our results which show recurrence rate per stage
identical with major surgery for early T1 and T2 cancers and
overall survival similar to radical surgery with minimal
mortality and morbidity. Further research in our institution
focuses on identification of biomarkers which predict local
recurrence and can distinguish tumours which are more
suitable for organ sparing treatment.
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PRECISION MEDICINE IN RENAL CANCER?
BIOMARKER AND GENOMIC PROFILE STUDIES
Giovanni Luigi Pappagallo

Department of Medical Oncology, Mirano VE, Italy

The availability of multiple new agents for the therapy of
advanced renal cell carcinoma (RCC) poses new challenges in
terms of optimal selection of patients for the appropriate drug.
Prognostic stratification based on routine histopathologic,
clinical and laboratory factors have been utilized to broadly
select individuals, i.e. high-dose interleukin(IL)-2 or vascular
endothelial growth factor (VEGF) inhibitors for good and
intermediate risk patients and temsirolimus for poor risk
patients. While multiple candidate predictive molecular
biomarkers suggest that rational selection of patients for highdose IL-2, as well as VEGF and mammalian target of
rapamycin (mTOR) inhibitors may be possible, none have
been validated for use in the clinic. Tumor heterogeneity and
standardization of tissue collection and analysis are massive
challenges that need to be addressed. Predictive molecules
derived from tumor tissue, plasma and host tissue may all be
predictive for therapeutic benefit. Moreover, gene expression
may be modulated by multiple factors including epigenetics,
transcription factors and post-transcriptional and/or posttranslational modifications. Indeed, study of the interaction of
molecular factors from all of these sources with environmental
and clinical factors may be necessary to develop a unified
profile composed of a panel of factors predictive of benefit

from specific agents (i.e. sustained response, limited toxicity
and, overall, a positive benefit/risk ratio). Conducting clinical
trials with prospective incorporation of promising candidate
predictive molecular biomarkers, novel biomarkers endpoints
and mandatory biopsies of metastatic sites at different time
points on therapy, are potential important steps in developing
the concept of “the right medication for the right patient”.
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PATHOBIOLOGICAL PATHWAYS WITH
CLINICAL SIGNIFICANCE INVOLVED IN
HEPATIC METASTASES FROM COLORECTAL
CANCER –RECENT ADVANCES

Konstantinos A. Paschos, Ali W. Majeed and Nigel C. Bird

Liver Research Group, Department of Oncology, School of
Medicine, Royal Hallamshire Hospital, The University of
Sheffield, Sheffield, UK

Introduction: The development of hepatic metastases from
colorectal cancer (CRC) may be a lethal stage of a common
cancer with high-increasing clinical interest and, therefore,
exceptional status in anticancer research. The last decade
multiple experimental data have provided new important
information on the disease, a progress that was accompanied
by their rapid translation to the oncological treatment (1, 2).
Aim: This overview attempts to present recent advances that
provide insights into cell-biological events of hepatic
colorectal metastases with clinical interest, emphasizing to
those that may be amenable to therapeutic targeting. Materials
and Methods: A comprehensive critical review was conducted
in international online databases such as Medline, PubMed,
Embase, Google Scholar and Scopus. The key words used for
this review were as follows: colorectal cancer, liver
metastasis/metastases,
hepatic
metastasis/metastases,
sinusoids, angiogenesis, extracellular matrix, hepatic/liver
sinusoids, Kupffer cells, stellate cells, pit cells, sinusoidal
endothelial cells, hepatic/liver invasion, hepatic/liver
colonization. Results: The progression of colorectal hepatic
metastases represents a multi-step biological process that starts
with a series of successive mutations for colonic epithelial
cells, including alterations in tumor suppressor genes such as
p53 and APC, DNA repair genes such as hMSLH1 and
hMSH2 and/or oncogenes such as K-ras and c-Myc (3, 4). It
continues with colonic cell detachment from the large
intestine, dissemination through the blood and or lymphatic
circulation, attachment to the hepatic sinusoids and
interactions with the sinusoidal cells. The latter step is
considered very important because it signals the onset of liver
invasion by cancer cells. This is a complicated and partly
investigated metastatic stage, where colonic cancer cells
mediate numerous molecular pathways and trigger and
promote a cellular crosstalk with resident sinusoidal cells, such
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as Kupffer cells, stellate cells, pit cells and sinusoidal
endothelial cells (Figure 1) (5, 6). The metastatic process of
colorectal hepatic metastasis may terminate with CRC cell
invasion, adaptation and colonization of liver parenchyma.
Colonization signals the development of micrometastases or
macrometastases, which may provoke clinical findings.
Whether the metastatic process terminates or not, depends on
multiple factors, several of which have been studied recently
(2, 7). It is noteworthy that these successive metastatic events
are termed the CRC invasion-metastasis cascade and include
multiple molecular pathways, intercellular interactions and
expression of a plethora of chemokines, growth factors,
adhesion molecules and enzymes that attract great interest by
some of the most eminent research groups worldwide.
Discussion: Recent research has elucidated various aspects of
the process of CRC hepatic metastasis, such as the role of
epithelial-mesenchymal transition (EMT) and stromal
microenvironment cellular crosstalk, the importance of
adhesion molecules including cadherins, integrins and
selectins, the significance of proteases including
metalloproteinases (MMPs), as well as the role of vascular
endothelial growth factor (VEGF) members in angio- and
lymphangiogenesis (2). Moreover, technological advances
have revolutionized the study of metastasis, since imaging
techniques have achieved real-time visualization of metastatic
cells in the ECM and the circulation8. Additionally, new
genetic, molecular and biochemical techniques may
substantially contribute to the investigation of tumor cell
heterogeneity at the initial and their metastatic sites and may
explain its functional significance. The rapid translation of
experimental data to the oncological treatment was another
progress concerning the basic research over the last decade.
The anti-VEGF monoclonal antibody, named bevacizumab,
has been introduced in CRC therapy and prolonged patient
survival (9). Concurrently, clinical trials are in progress for
MMP inhibitors (10), antibodies against integrins or molecules
that reinforce immunosurveillance (11). Interestingly,
comprehension of CRC liver metastasis has substantially
evolved; however, the invasion-metastasis cascade remains
partially understood and future basic and clinical research has
still multiple queries to clarify.
1 Garborg K, Holme O, Loberg M, Kalager M, Adami HO,
Bretthauer M. Current status of screening for colorectal
cancer. Ann Oncol 2013 Aug; 24(8): 1963-1972.
2 Slesser AA, Georgiou P, Brown G, Mudan S, Goldin R,
Tekkis P. The tumour biology of synchronous and metachronous colorectal liver metastases: a systematic review. Clinical
& Experimental Metastasis 2013 Apr; 30(4): 457-470
3 Ballinger AB, Anggiansah C. Colorectal cancer. BMJ
(Clinical research ed 2007 Oct 6; 335(7622): 715-718.
4 Janne PA, Mayer RJ. Chemoprevention of colorectal cancer.
The New England J Medicine 2000 Jun 29; 342(26): 19601968.
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11(33): 5095-5102.
7 Zhang YY, Chen B, Ding YQ. Metastasis-associated factors
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Cancer Prev 2012; 13(6): 2437-2444.
8 Kuiper T, van den Broek FJ, van Eeden S, Fockens P,
Dekker E. Feasibility and accuracy of confocal
endomicroscopy in comparison with narrow-band imaging
and chromoendoscopy for the differentiation of colorectal
lesions. The American J Gastroenterol 2012 Apr; 107(4):
543-550.
9 Dai F, Shu L, Bian Y, Wang Z, Yang Z, Chu W, Gao S.
Safety of Bevacizumab in Treating Metastatic Colorectal
Cancer: A Systematic Review and Meta-analysis of All
Randomized Clinical Trials. Clinical Drug Investig 2013
Aug 27.
10 Ganea E, Trifan M, Laslo AC, Putina G, Cristescu C.
Matrix metalloproteinases: useful and deleterious. Biochem
Soc Trans 2007 Aug; 35(Pt 4): 689-691.
11 Le Tourneau C, Faivre S, Raymond E. The role of integrins
in colorectal cancer. Oncology (Williston Park) 2007 Aug;
21(9 Suppl 3): 21-24.
Kupffer cells are activated through CEA, release multiple
chemokines (TNFα, IL-1β, IL-6 and IL-10) and stimulate
sinusoidal endothelial cells to express adhesion molecules
(VCAM-1, ICAM-1, E-selectin, etc.), inducing colorectal
cancer cell arrest. The next step may be cancer cell invasion of
the hepatic parenchyma and the development of
macrometastases. CEA, carcinoembryonic antigen; CEA-R,
CEA receptor; ICAM-1, intercellular adhesion molecule 1; IL1b, -6, -10, interleukin 1 beta, -6, -10; sLE, sialyl Lewis
antigen; TNF-a, tumour necrosis factor alpha; VCAM-1,
vascular cell adhesion molecule 1.
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IN VITRO MODELLING OF COLORECTAL CANCER
CELL ARREST IN THE HEPATIC SINUSOIDS:
CANCER CELL INTERACTIONS WITH KUPFFER
CELLS AND SINUSOIDAL ENDOTHELIAL CELLS
IN COLORECTAL CANCER LIVER METASTASIS
Konstantinos A. Paschos, Ali W. Majeed and Nigel C. Bird

Liver Research Group, Department of Oncology, School of
Medicine, Royal Hallamshire Hospital, The University of
Sheffield, Sheffield, UK

Introduction: Colorectal cancer (CRC) is the 3rd most
common malignancy worldwide. CRC is capable of
metastasizing to various organs, with the lymph nodes
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Figure. Colorectal cell adhesion-arrest within the sinusoids during haematogenous liver metastases. The role of Kupffer cells and
sinusoidal endothelial cells.
being the most frequent, followed by the liver and lungs.
Colorectal cancer (CRC) liver metastasis starts in the
sinusoids, where CRC cells interact with resident cells,
including Kupffer cells (KCs) and sinusoidal endothelial
cells (SECs). Carcinoembryonic antigen (CEA), cytokines
released by activated KCs and adhesion molecules
expressed by SECs may mediate CRC cell arrest. Aims: To
investigate CRC cell arrest in the hepatic sinusoids and
their interaction with sinusoidal cells through in vitro
modeling. Materials and Methods: Two CRC cell lines
(metastatic HT-29 and non-metastatic Colo741) interacted
with rat KCs and SECs and human umbilical vein- and
human dermis-endothelial cells (HUVECs and HuDMECs),
through cell cultures. KC-released cytokines, interleukin 1
beta (IL-1β) and tumor necrosis factor alpha (TNF-α) were
measured through enzyme-linked immunosorbent assay
(ELISA). Adhesion assays explored CRC cell attachment to
endothelial cells stimulated by CEA, activated KC
conditioned media (CM) or CRC cell CM. Flow cytometry
measured E-selectin and vascular cell adhesion molecule 1
(VCAM-1) on endothelial cells. Results: High KC
production of TNF-α (p<0.001) and IL-1β (p<0.01) was
triggered by CEA, 144.6 and 102.7 pg/ml, HT CM, 104.8
and 67.8 pg/ml and Colo CM, 106.3 and 65.9 pg/ml,
respectively. CEA-stimulated- and HT-29 CM-stimulated-

KC CM caused high HT-29 cell attachment to endothelial
cells. Flow cytometry revealed 46.7%-66.8% VCAM-1
expression on HUVECs, 35.8% E-selectin on HuDMECs
and 80.7% VCAM-1 expression and 65% E-selectin on rat
SECs, under the influence of CEA-stimulated KC CM.
Discussion: CRC cells do not induce directly the expression
of adhesion molecules on endothelial cells but through the
mediation of the KC-produced cytokines. CEA, and to a
lesser extent HT-29 CM, triggered through KC stimulation
high HT-29 attachment to endothelial cells; the latter
expressed E-selectin and VCAM-1 (Figure).
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WORTMANNIN POTENTIATES THE
COMBINED EFFECT OF ETOPOSIDE AND
CISPLATIN IN HUMAN GLIOMA CELLS
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The combination of etoposide and cisplatin represents a
common modality for treating glioma patients. These drugs
directly and indirectly produce the most lethal DNA doublestrand breaks (DSB), which are mainly repaired by nonhomologous DNA end joining (NHEJ). These small molecule
inhibitors of NHEJ can effectively enhance the efficacy of
current cancer treatments that generate DNA damage. In this
study, we investigated the effect of DNA-PKcs inhibitor,
wortmannin, on the cytotoxic mechanism of etoposide and
cisplatin in MO59K and MO59J human glioblastoma cell
lines. These cell lines are proficient and deficient in DNAPKcs, respectively. Wortmannin synergistically increased the
cytotoxicity of cisplatin and etoposide, when combined, in
NHEJ-proficient MO59K cells. Surprisingly, a wortmannin
sensitizing effect was also observed in DNA-PKcs-deficient
MO59J cells. These data suggest that wortmannin sensitization
to etoposide and cisplatin in human glioma cells is mediated
by inhibition of not only DNA-PKcs activity but other
enzymes from the PI3-K family, e.g. ATM and ATR. A
concentration-dependent increase in etoposide and cisplatininduced DSB levels was potentiated by inhibitor in both cell
lines. Moreover, drug-induced accumulation in the G2/M
checkpoint and S-phase was increased by wortmannin.
Wortmannin significantly inhibited drug-induced DSB repair
in MO59 cells and this effect was more pronounced in MO59J
cells. We conclude that the mechanism of wortmannin
potentiation of etoposide and cisplatin cytotoxicity involves
DSBs induction, DSBs repair inhibition, G2/M checkpoint
arrest and inhibition of not only DNA-PKcs activity.
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VIROTHERAPY WITH VSV-IFNΒ FOR
NON-SMALL CELL LUNG CANCER

Manish R. Patel, Blake A. Jacobson, Kerry Xiong,
Shaogeng Tang, Hengbing Wang, Yan Ji, Andrea Kratzke,
Stephen J. Russell and Robert A. Kratzke

University of Minnesota, Department of Medicine, Division
of Hematology, Oncology and Transplantation, University of
Minnesota Medical School, Minneapolis, MN, USA

Introduction: Vesicular stomatitis virus (VSV) is a promising
new agent to treat a variety of cancers. We hypothesized that
VSV expressing IFNβ might be a promising agent for
treatment of NSCLC. Materials and Methods: VSV-GFP and
VSV-IFNβ (Indiana strain) were tested against human and
murine NSCLC and non-malignant bronchial epithelial cells in
vitro. Cell viability was assayed by Trypan blue exclusion 72
hours after treatment. In vivo, intratumoral injections were
given either weekly x 3 or every other day x 3 to nude mice
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bearing human xenografts. LM2 tumors were induced in
syngeneic A/J mice and treated with intratumoral VSV-IFNβ
every other day x 3. Blood outgrowth endothelial cells (BOEC)
were infected with VSV-GFP and VSV-IFNβ. Infected BOECs
were cultured with H2009 cells in the presence and absence of
VSV antiserum. BOECs were also tested in vivo in the LM2
model. Results: VSV-GFP and VSV-IFNβ were oncolytic for
NSCLC. VSV-GFP killed non-malignant Beas2-B at all MOI,
however, VSV-IFNβ was attenuated for Beas2-B. VSV-GFP
and VSV-mIFNβ were equally effective against NSCLC human
xenografts. There was no appreciable toxicity to the mice. In
the immune competent model, 30% of VSV-IFNβ treated mice
were cured. Survival of VSV-mIFNβ was significantly better
than untreated mice (p<0.001). Cured mice were resistant to
rechallenge with LM2 cells. BOEC cells mediated virotherapy
in the presence of anti-VSV antibodies while naked VSV was
neutralized. BOECs were retained in lung tumors for 72 hours,
while mice without tumors did not have appreciable BOECs in
the lungs after 48 hours. VSV-IFNβ infected BOECs were
given to mice bearing lung tumors and viral titer was assessed
in the lung. Conclusion: VSV-IFNβ intratumoral injections
result in tumor regression and immunologic memory in the
immunocompetent lung cancer model. Using BOECs, as a cell
carrier, is a promising strategy for delivery of VSV-IFNβ to
metastatic NSCLC.
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COMPLIMENTARY AND ALTERNATIVE MEDICINE
AND INTEGRATIVE ONCOLOGY
Sen Pathak
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Many modalities of cancer treatment, including the gold
standard surgery, chemotherapy, radiotherapy and
immunotherapy are all directed towards killing cancer cells or
preventing their cell proliferation. Although, conventional
chemotherapies have traditionally been used to treat cancer
patients, their side-effects and damage to normal cells have
been of monumental concern. Hematopoietic cells in the bone
marrow are the first to be adversely affected by chemotherapy
leading to decline in their count. Some chemotherapeutic
agents kill the tumor cells but may cause initiation of an
entirely different type of cancer. In addition, side-effects of
chemotherapy are unbearable for many patients. It is therefore,
highly desirable to search for alternative chemical agents that
can effectively kill only cancer cells but have minimal or no
side effects on normal cells. Some of the Homoeopathic and
Ayurvedic compounds that we studied in our laboratory
including Ruta-6, Ashwagandha and others have demonstrated
selective killing of cancer cells but stimulating division of
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normal peripheral blood cells. In this Session of
Complimentary & Alternative Medicine and Integrative
Oncology- I have invited five speakers of International fame
who will present their research and discussion on the
discovery of natural products, food spices and other modalities
including pranayama and Yoga for the treatment and
prevention of different types of cancer. The time has come to
incorporate the practice and culture of holistic cancer
treatment which not only treat the symptoms but also
influences mind, body and system.
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LB-BASED NANOCRYSTALLOGRAPHY AT THE
FRONTIERS OF CANCER PROTEOMICS
Eugenia Pechkova and Claudio Nicolini

Laboratories of Biophysics and Nanobiotechnology,
Department Experimental Medicine, University of Genova,
Genova, Italy and Nanoworld Institute Fondazione EL.B.A.
Nicolini, Pradalunga, Bergamo, Italy

Laser-induced microfragmentation of LB nanotemplateinduced protein crystals in glycerol solution results in distinct,
coherently diffracting domains. Only crystals produced
according to the Langmuir-Blodgett (LB) nanotemplate
technique reveal in all four proteins being tested (lysozyme,
insulin, thaumatin and ribonuclease) domains that are highly
radiation resistant, while the crystals produced by the standard
hanging drop crystallization method do not. Actually the very
same laser exposure causes the disappearance of these
“classical” protein crystals during the same time-frame of 40
minutes needed for the laser cutting in all four proteins tested.
The microdiffraction of microcrystals prepared by the
combination of Langmuir-Blodgett and Laser technologies
proves that not only the lysozyme survives the process, as
shown recently by nanodifraction, but also all three other
model proteins appear to behave similarly well, namely
insulin, thaumatin and ribonuclease. This result confirms the
emerging need of a new biophysical technique uniquely useful
for synchrotron radiation studies based on small protein,
exclusively radiation resistant, microcrystals when prepared
by LB nanotemplate and subsequently fragmented by Laser.
1 Pechkova, E., Belmonte, L., C. Riekel, D. Popovd, C.
Koenige and C. Nicolini: Laser-microdissection of protein
crystals down to submicron dimensions, Journal
Nanomedicine and Nanotechnology, 2013 in press
2 Pechkova, E., and C. Nicolini: Domain organization and
properties of LB lysozyme crystals down to submicron size.
Anticancer Res 30:2745-2748, 2010.
3 Pechkova, E.,S. Tripathi, R.B.G. Ravelli, S. McSweeney,
and C. Nicolini: Radiation stability of proteinase K crystals
grown by LB nanotemplate method. Journal of Structural
Biology 168: 409-418, 2009.

4 Belmonte, L., E. Pechkova, S. Tripathi, D. Scudieri, and C.
Nicolini: Langmuir-Blodgett Nanotemplate and Radiation
Resistance in Protein Crystals: State of the Art. Critical
Reviews in Eukaryotic Expression 22: 211-224, 2012.
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Claudio Nicolini “Unique water distribution of LangmuirBlodgett versus classical crystals” Journal of Structural
Biology 180: 57-64, 2012.
6 Pechkova, E., G. Zanotti, and C. Nicolini: Threedimensional atomic structure of a catalytic subunit mutant
of human protein kinase CK2. Acta Cryst D 59: 2133-2139,
2003.
7 Eugenia Pechkova, Dora Scudieri, Luca Belmonte and
Claudio Nicolini, Oxygen-Bound Hell’s Gate Globin I By
Classical Versus LB Nanotemplate Method, Journal Cellular
Biochemistry 113: 2543-2548, 2012.
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microGISAXS: I. Experimental setup for submicron study
of protein nucleation and growth, Biophysical Journal 99:
1256, 2010.

494
TARGETING THE HOX TRANSCRIPTION FACTORS
AND CD71 IN MULTIPLE MYELOMA
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Hardev S. Pandha3, Richard Morgan3, and
Manuel L. Penichet1,2,4,5
1Division

of Surgical Oncology, Department of Surgery,
University of California, Los Angeles, CA, USA;
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The HOX proteins are a family of homeobox domaincontaining transcription factors that are dysregulated and play
a key role in the survival of cancer cells. The disruption of
HOX function using the membrane permeable peptide HXR9
results in anti-tumor activity against lung cancer, renal cancer,
and melanoma. HXR9 blocks the interaction between HOX
proteins and their PBX co-factor, resulting in a reduction in
HOX DNA-binding affinity and ultimately HOX
transcriptional activity. In order to address the relevance of the
HOX proteins in the survival of malignant B cells, we
examined the expression of all 39 HOX genes in a panel of
six malignant B- cell lines including four multiple myeloma
cell lines (IM-9, ARH-77, MM.1S, RPMI-8226, KMS-11, and
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U266). Multiple myeloma is an incurable B-cell proliferative
disorder of malignant plasma cells. We found different
expression levels of HOX genes in these representative cell
lines suggesting that HOX transcription factors play a role in
myeloma cell survival. Importantly, disrupting HOX function
using HXR9 resulted in significant cytotoxicity in the entire
panel of cells, including U266 myeloma cells that are resistant
to apoptosis due to the high expression level of the survival
protein Bcl-XL. We also found that the cytotoxic effect
triggered by HXR9 is enhanced by combining it with an
antibody-avidin fusion protein (ch128.1Av) specific for human
CD71 (transferrin receptor 1) that induces CD71 degradation
and lethal iron starvation in malignant B cells. This enhanced
cytotoxicity is due, at least in part, to the induction of a
caspase-independent pathway mediated by iron deprivation.
Our results suggest that HOX proteins are needed for the
survival of malignant B cells and suggest that the use of
HXR9 alone or combined with ch128.1Av may be an effective
therapeutic approach against incurable B-cell malignancies
such as multiple myeloma.
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TARGETING MALIGNANT MESOTHELIOMA:
MULTIPLE APPROACHES ARE REQUIRED

F. Pentimalli1, L. Esposito1, I.M. Forte1, D. Di Marzo1, C.A.
Iannuzzi2, P. Indovina3 and A. Giordano1,2,3
1Oncology

Research Center of Mercogliano (CROM),
Istituto Nazionale Per Lo Studio E La Cura Dei Tumori
“Fondazione Giovanni Pascale”; IRCCS; Naples, Italy;
2Department of Medicine, Surgery and Neuroscience,
University of Siena and Istituto Toscana Tumori (ITT),
Siena, Italy;
3Sbarro Institute for Cancer Research and Molecular
Medicine, Center for Biotechnology, College of Science and
Technology, Temple University, Philadelphia, PA, USA
(francesca.pentimalli@gmail.com and
francesca.pentimalli@cro-m.eu)

Malignant mesothelioma is an aggressive cancer correlated to
asbestos exposure. At present no molecular biomarker for
early diagnosis and no curative modalities exist against this
deadly tumor, whose prognosis remains very poor with a
median survival below two years from diagnosis. Thus,
considering that several studies predict an increase in
mesothelioma incidence in the next years, it is urgent to find
strategies to identify the disease in its early stages and to
develop new therapeutic strategies that might be more quickly
translated to the clinic. Here we identified a 54 microRNA
signature and a pharmacological strategy able to reactivate the
RB2/p130 tumor suppressor potential, which might be helpful
to fulfill these pressing needs.
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Introduction: Malignant mesothelioma is a very aggressive
cancer arising from the mesothelium, a thin layer of cells
lining serous body cavities. The most common form is pleural
mesothelioma, which is associated to asbestos exposure (1).
Mesothelioma is characterized by a very long latency between
exposure to asbestos and clinical onset and it is usually
diagnosed when the tumor is already at an advanced stage.
Moreover, mesothelioma is very resistant to the current
therapeutic strategies and, therefore, despite limited
improvement with multi modality treatments, its prognosis
remains dismal with a median survival of 9-17 months from
diagnosis (2). Considering that the incidence of mesothelioma
is predicted to increase in the next decade (3) and with no
curative modalities at present, two pressing needs exist in
mesothelioma research: the first consists in the identification
of the molecular mechanisms underlying mesothelioma
development, which are still poorly defined, to discover new
biomarkers for an earlier diagnosis, as well as possible targets
for preventive or therapeutic strategies and the second equally
important need consists in the identification of new effective
therapeutic approaches. In our laboratory we are pursuing in
parallel two different approaches to meet these priorities. In
order to study the molecular mechanisms underlying
mesothelioma, we focused on miRNAs, which have been
overlooked for many years and in the past decades have been
shown to be useful diagnostic and prognostic markers for
many human cancers. Therefore, we set out to perform a highthroughput microRNA screening to identify new possible
diagnostic/prognostic/ predictive markers and potentially new
therapeutic targets for mesothelioma. We are also
investigating, at the preclinical level, new therapeutic strategies
for mesothelioma with the potential for a rapid translation to
the clinic for an immediate improvement of the clinical
management and outcome of patients with this deadly disease.
In particular, we evaluated so far a SRC inhibitor-based
approach (4), a p53 reactivating molecule-based approach (5)
and other new rational combination therapies (schematically
shown in Figure) (6). Our previous studies have shown that
cell cycle regulatory proteins, such as the cell cycle inhibitors
p21 and p27 have a crucial role in determining the apoptotic
response following different antitumoral treatments in
mesothelioma cells (4, 5). Here, we studied whether a small
molecule, able to act as a specific inhibitor of the CDK2-CycA
complex (mimicking the spacer region of the tumor suppressor
RBL2/p130 protein), can be a successful strategy to tackle
mesothelioma. RBL2/p130 belongs to the retinoblastoma (Rb)
family, including also RB1/p105 and RBL1/p107 (7, 8).
Although Rb inactivation is a hallmark of most cancers, in
mesothelioma Rb is mainly affected by alterations in its
pathway. We investigated whether the pharmacological
reactivation of RBL2/p130 tumor suppressive function is a
feasible strategy against mesothelioma. Materials and
Methods: We analyzed the expression profile of over a
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thousand miRNAs by microarray in a series of 14 paraffinembedded mesothelioma samples representative of the 3 main
histological types (6 epithelioid, 4 biphasic and 4 sarcomatoid)
in comparison with samples deriving from normal pleura. The
samples were analyzed upon careful macrodissection and the
array results were validated through real time qRT-PCR on a
larger panel of tumors. We analyzed by MTS assay the
cytotoxic effect of our RBL2/p130-reactivating compound on
a panel of lung cancer and pleural mesothelioma cell lines and
determined its IC50 values. We evaluated its effects on cell
cycle and apoptosis by FACS and dissected its molecular
mechanism of action by Western blot. Results: We identified
significant differences in the expression of several miRNAs
between normal and neoplastic samples, identifying a
"signature" of 54 miRNAs. Principal component analysis
showed that this 54-miRNA signature is indeed able to
discriminate normal and tumor samples. Among these
microRNAs 30 were up-regulated, whereas 24 were downregulated in tumors compared with normal samples. The array
results were confirmed by real-time qRT-PCR for
approximately 10% of the miRNAs differentially expressed
and the analysis was extended on 22 further tumors (18
epithelioid, 5 biphasic and 9 sarcomatoid, respectively). We
then focused in particular on two miRNAs, which were both
down-regulated in mesothelioma compared with normal
pleura: miR-145 and miR-320a. These two miRNAs proved
highly specific tumor biomarkers, in fact they both were
shown able to discriminate the patients from healthy
individuals. Our ROC curves showed highly reliable values of
sensitivity and specificity (over 80%). Our analysis showed
that, whereas miR-145 expression was correlated to a more
aggressive tumor behaviour consistent with similar recently
published data (9), loss of mir-320 appeared to be an earlier
marker during mesothelioma transformation. In fact the downregulation of its levels of expression seemed to mirror tumor
aggressiveness and, interestingly, showed intermediate levels
(between normal and tumor samples) in few pleural lesions
that could represent ‘precancer’ stages in mesothelioma
transformation. As for the preclinical assessment of a new
possible strategy based on RBL2/p130-reactivation, we found
that our compound effectively inhibited proliferation of lung
cancer and mesothelioma cell lines by specifically inhibiting
CDK2-CycA activity towards RBL2/p130. The decrease in
RBL2/p130 phosphorylation led to stabilization of its complex
with the E2F4 transcriptional factor and consequent repression
of their targets necessary for cell cycle progression, including
CDK2 itself. Consistently, our compound arrested cell cycle
and triggered apoptosis. Interestingly, apoptosis seemed to be
mediated by RBL2/p130 itself because it was repressed in
RBL2/p130-silenced cells. Discussion: So far few studies
addressed the role of microRNAs in mesothelioma. Here we
identified a 54-miR signature that includes various
microRNAs whose role has been already identified in other

cancer types or in mesothelioma itself, such as miR-145,
indicating that our screening was reliable. Among these
microRNAs we identified miR-320 as a possible biomarker for
earlier diagnosis, although these finding need further
investigation. We also showed that the pharmacological
reactivation of RBL2/p130 induces its cell-cycle restraining
and pro-apoptotic functions, the latter being still largely
unexplored, and identifies a new possible therapeutic strategy
for mesothelioma treatment.

Figure. Preclinical studies targeting cell cycle regulatory
proteins that show effectiveness against mesothelioma.
This study was supported by the Sbarro Health Research
Organization (http://www.shro.org) and the Human Health
Foundation (http://www.hhfonlus.org). We also wish to thank
all the colleagues who collaborated to the initial phases of the
microRNA screening.
1 William D. Travis, Elisabeth Brambilla, H. Konrad MüllerHermelink, Curtis C. Harris, eds. Pathology and Genetics of
Tumours of the Lung, Pleura, Thymus and Heart. Lyon,
France: IARCPress International Agency for Research on
Cancer (IARC) 2004.
2 Tsao AS, Wistuba I, Roth JA, Kindler HL. Malignant pleural
mesothelioma. J Clin Oncol 2009; 27:2081 – 90.
3 Stayner L, Welch LS, Lemen R. The worldwide pandemic
of asbestos-related diseases. Annu Rev Public Health 2013;
34:205 – 16.
4 Indovina P, Giorgi F, Rizzo V, Khadang B, Schenone S, Di
Marzo D, Forte IM, Tomei V, Mattioli E, D’Urso V, Grilli
B, Botta M, Giordano A, Pentimalli F. New pyrazolo[3,4d]pyrimidine SRC inhibitors induce apoptosis in
mesothelioma cell lines through p27 nuclear stabilization.
Oncogene. 2012 Feb 16;31(7):929 – 38.
5 Di Marzo D, Forte IM, Indovina P, Di Gennaro E, Rizzo V,
Giorgi F, Mattioli E, Iannuzzi CA, Budillon A, Giordano A,
Pentimalli F. Pharmacological targeting of p53 through
RITA is an effective antitumoral strategy for malignant
pleural mesothelioma. Cell Cycle. 2014 Feb 15;13(4):652 –
65.
6109

ANTICANCER RESEARCH 34: 5761-6258 (2014)

6 Indovina P, Marcelli E, Di Marzo D, Casini N, Forte IM,
Giorgi F, Alfano L, Pentimalli F, Giordano A. Abrogating
G2/M checkpoint through WEE1 inhibition in combination
with chemotherapy as a promising therapeutic approach for
mesothelioma. Cancer Biol Ther. 2014 Apr;15(4):380 – 8.
7 Pentimalli F, Cito L, Giordano A. Dysfunction of the RB
Retinoblastoma Gene in Cancer in Checkpoint Controls and
Targets in Cancer Therapy; edited by Siddik ZH, Cancer
Drug Discovery and Development 2009, pp 109-122.
8 Claudio PP, Caputi M, Giordano A. The RB2/p130 gene: the
latest weapon in the war against lung cancer? Clin Cancer
Res. 2000 Mar;6(3):754– 64
9 Cioce M, Ganci F, Canu V, Sacconi A, Mori F, Canino C,
Korita E, Casini B, Alessandrini G, Cambria A, Carosi MA,
Blandino R, Panebianco V, Facciolo F, Visca P, Volinia S,
Muti P, Strano S, Croce CM, Pass HI, Blandino G.
Protumorigenic effects of mir-145 loss in malignant pleural
mesothelioma. Oncogene. 2013 Nov 18.
496
OSMOTIC STRESS ALTERS THE PERMEABILITY
OF THE PLEURA AND THE MIGRATION
PROPERTIES OF MESOTHELIAL CELLS
V. Peppa1, E. Solenov2,3, I. Tsilioni4, I. Kalomenidis5,
P.A. Molyvdas1, K. Gourgoulianis4,
C. Hatzoglou1,4 and S.G. Zarogiannis1,4
1Laboratory

of Physiology, Department of Medicine, School
of Health Sciences, University of Thessaly, Larissa, Greece;
2Institute of Cytology and Genetics of the Siberian Branch
of the Russian Academy of Sciences, Novosibirsk, Russia;
3Novosibirsk State University, Novosibirsk, Russia;
4Clinic of Respiratory Medicine, Department of Medicine,
School of Health Sciences, University of Thessaly, Larissa,
Greece;
5A’ Clinic of Intensive Care, Medical School, National
Kapodistrian University of Athens, Athens, Greece

Background: Cells adjust to osmotic stress through regulatory
volume decrease and increase mechanisms. These
mechanisms involve influx or efflux of osmolytes and water.
During pleural effusions mesothelial cells are exposed to fluid
of varying biochemistry and, therefore, potentially varying
osmolality. Aim: The aim of this study was to identify the
range of osmolality values in inflammatory and malignant
conditions and investigate the effects of clinically relevant
hyposmotic and hyperosmotic stress in electrophysiology
parameters (short circuit current (ISC) and transmesothelial
resistance (RTM)) of sheep parietal pleura and on the
migration rate of benign pleural mesothelial cells. Materials
and Methods: Measurements of pleural fluid osmolality from
patients with malignant and inflammatory effusion were
measured by an osmometer. ISC and RTM were measured in
6110

Ussing chambers after exposure of the apical side in
hyperosmotic or hyposmotic solutions using the ENaC
inhibitor, amiloride (10-5M), as an index of ionic
permeability. The effect of osmotic gradients in cell migration
was studied with a wound healing assay in Met5-A human
benign pleural mesothelial cell line. Results: Mean pleural
fluid osmolality values were found to be 293.7±28.9 mOsm
(n=60). Hyposmotic stress (255±2 mOsm) resulted in a
significant change of ISC (p<0.01) and RTM (p<0.01) in
comparison to isomotic conditions (295±5 mOsm), while
ENaC do not contribute to this effect. In the presence of
hyperosmotic solution (340±3 mOsm) no significant effects
were measured in ISC and RTM (p>0.05). The migration of
the Met5-A cell line was partially inhibited under
hyperosmotic conditions, while it was not affected by
hyposmolality. Discussion: The results of our study indicate
that osmolality gradients (mainly those occuring in malignant
and infectious effusion) affect mesothelial cell functions that
participate in pleural effusion formation (permeability, cell
migration). In particular the increase of transmesothelial
resistance under hyposmotic stress conditions indicates a
decrease in paracellular permeability, while increased
osmolality decreases the migration rate of Met5-A cell line.
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It has been reported that esters of gallic acid have cytotoxic
effects on cancer cells. In this work we analyzed acute
mitochondrial toxicity and cell death type induced by
lipophilic cationic gallic acid derivates: triphenylphosphonium
octyl gallate, triphenylphosphonium decyl gallate,
triphenylphosphonium undecyl gallate, triphenylphosphonium
dodecyl gallate (TPP+C8, TPP+C10, TPP+C11 and TPP+C12) on
mouse mammary adenocarcinoma TA3/Ha and human acute
lymphocytic leukemia CCRF/CEM cell lines and their
multiresistant variants TA3-MTX-R and CEM/C2. These cell
lines were treated with increasing concentrations (0.5, 15, 30
and 50 μM) of the lipophilic compounds in different time
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periods (2 and 4 h) and screened for viability. The viability of
TPP+C10 and TPP+C12 treated cells was decreased, whereas
TPP+C8 and TPP+C11treated cells were not affected. Hence,
we investigated the acute mitochondrial toxicity of the
lipophilic cations using transmission electron microscopy. Our
results indicated changes in the mitochondrial ultra-structure
that were provoked by the TPP+C12 treatment in TA3/Ha cells.
Additionally, we analyzed acidic vacuole formation induced
by these novel compounds through acridine orange
fluorescence. The results indicated that the acute treatment
with gallic acid derivatives induced acidic vacuole formation.
Finally, real time RT-PCR analysis for cell death-related genes
(Gabarap, Bax and Gadd45α) expression, revealed that
TPP+C10 and TPP+C12 up-regulated the pro-apoptotic gene
Gadd45α in all cell lines and in almost all assay conditions.
The Bax gene expression was not affected. Gabarap was upregulated but not in all cell lines and only in a few assay
conditions. Taking these results altogether, we conclude that
TPP+C10 and TPP+C12 are the most powerful cytotoxic
compounds and that the principal mechanism of cell death is
through the induction of the intrinsic route of apoptosis,
although there is a percentage of autophagy occurring.
FONDECYT Project 1130772, CONICYT Scholarship
21110084.
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Chalcone is a generic term given to compounds bearing the
1,3-diphenylprop-2-en-1-one framework. Chalcone-containing
plants, such as the Angelica, Glycyrrhiza, Piper and Ruscus
species, have long been used as medical treatments in Asia,
Africa and South America. Chalcones are readily synthesized
in the laboratory and the literature is reach in references to
structural modifications of the chalcone template. Chalcone is
a unique template that is associated with a diverse range of
pharmacological activities, among which cytotoxicity,
antitumor
(chemopreventive),
antiinflammatory,
antiplasmodial and antioxidant properties are widely cited. The
lecture highlights the recent developments of research focused
on cell cytotoxic and chemopreventive actions of natural and
synthetic chalcones. Several lines of evidence indicate that the
anticancer effect of chalcones may be the result of disruption
of the cell cycle, inhibition of angiogenesis, interference with
p53-MDM2 interaction, mitochondrial uncoupling or
induction of apoptosis. On the other hand, chemoprevention
by chalcones may be a consequence of their antioxidant
properties, mediated via inhibition or induction of metabolic

enzymes, by anti-invasive effect or a reduction of nitric oxide
production. The lecture provides an overview of the
mechanisms of cancer cell cytotoxic and chemopreventive
actions of chalcones including those results the author
obtained while investigating such activities of chalcones and
cyclic chalcone analogues with different ring sizes. These
latter investigations indicated that selection of proper ring size
and aromatic substitution could generate chalcone analogues
with a dual-acting, cytotoxic and chemopreventive, anticancer
effect. Such compounds can serve as prototypes for
subsequent molecular modifications in searching for effective
antitumor agents.
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MOLECULAR BACKGROUNDS OF
CHEMOPREVENTION: SELENITE,
PHENOLICS, CHALCONES
Pál Perjési

Institute of Pharmaceutical Chemistry, University of Pécs,
Pécs, Hungary

The prevention of cancer is one of the most important public
health and medical practices of the 21st century. Cancer
chemoprevention encompasses the concepts of inhibition,
reversal and retardation of the cancer process. This process,
called carcinogenesis, requires 20-40 years to reach the
endpoint called invasive cancer. Since the average
therapeutic efficacy of cancer treatments is over 50%, it is
reasonable to intervene preventive actions during the
frequently several decade lasting period without noticeable
signs or symptoms of carcinogenesis to decrease morbidity
and mortality of cancer cases. Mechanisms of cancer
chemoprevention can be classified into two major types:
antimutagenic and antiproliferative. Antimutagenic agents,
for example, can inhibit activation of carcinogens, detoxify
activated carcinogens and inhibit free radical DNA damage.
Antiproliferative compounds, among others, can induce
apoptosis, inhibit angiogenesis, inhibit oncogene activity,
inhibit DNA synthesis and modulate growth hormone
activity. The presentation provides an overview of the most
important
classes
of
chemopreventive
agents
(micronutrients, polyphenols, sulfur and selenium
compounds, retinoids, omega-3 fatty acids, inhibitors of
arachidonic acid cascade, enzyme inhibitors and enzyme
inducers) demonstrating their chemical nature and known
biochemical mechanisms of action. The lecture presents
results obtained through the author’s investigations of
sodium selenite, selected phenolic compounds (e.g. estrone),
the flavonoid precursor chalcones and synthetic chalcone
analogues concentrating on experimental observations
relating to their different chemopreventive mechanisms of
action.
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CHEMOSENSITIZING EFFECTS OF LOW
MOLECULAR WEIGHT HEPARIN ON CISPLATINRESISTANT OVARIAN CANCER CELLS
Daniel Pfankuchen, Daniel P. Stölting and Gerd Bendas

Pharmaceutical Department, University of Bonn, Bonn,
Germany
(danielpfankuchen@uni-bonn.de)

Background: Low molecular weight heparin (LMWH) is
frequently used for the treatment or prevention of venous
thromboembolic complications in cancer patients, which are
often associated to malignant diseases. A number of clinical
trials confirm beneficial effects of a heparin treatment for
prolonged progression-free survival of those patients with
initial better prognosis. This has been associated to
antimetastatic or antiangiogenic next to antithrombotic
activities. In that turn, heparin interference with integrin
functionality has been reported (1). Chemoresistance of
tumors is the major obstacle in clinical treatment of cancer
patients. Among the multiple mechanisms of chemoresistance,
cell adhesion mediated resistance (CAM-DR) mediated by
integrins has been reported. However, an interference of
heparin with this type of resistance has not been described yet.
Aim/objectives: The aim of this study was (i) to obtain an
insight whether and how LMWH can affect cisplatin
resistance in ovarian cancer cells via interaction with integrins
and (ii) whether LMWH can influence adhesion independent
chemoresistance phenomena (e.g. cisplatin uptake, influx/efflux-transporter expression). Materials and Methods: The
effect of LMWH (tinzaparin) on overall cytotoxicity in A2780
or A2780cis ovarian cancer cell lines was studied by the MTT
assay. Integrin and proteoglycan status were obtained by flow
cytometry and the expression of the cisplatin uptake
transporter CTR-1 was screened by SDS-PAGE/Western
blotting. Cells were partly pretreated with heparitinase-1, to
enzymatically deplete proteoglycans, to determine the impact
on chemoresistance and heparin activity. Results: The preincubation of cisplatin resistant A2780cis cells with the
LMWH tinzaparin resulted in a significant sensitization for
cisplatin cytotoxicity in dependence on tinzaparin
concentration and incubation time. However, this seems not to
be related to interference with CAM-DR since A2780 and
A2780cis cells neither differ in the integrin expression pattern
nor display increased resistance when cultivated on fibronectin
as integrin ligands. This makes CAM-DR phenomena unlikely.
To further evaluate the sensitizing effects of tinzaparin, cellular
proteoglycans were examined. A higher syndecan-1 level is
found in A2780cis cells compared to A2780 cells.
Interestingly, heparin lost activity when cells had been
pretreated with heparitinase-1. Obviously, proteoglycans are
involved in complex signaling pathways of chemoresistance,
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e.g. the deregulation of transporter proteins and heparin
interference at this level. Conclusion: Although the molecular
mechanisms of this heparin effect remain unclear, cellular
proteoglycans appear important in directing cellular resistance
phenomena. It will be a matter of future and ongoing studies
to find a link between heparin effects and a dramatic
consequence in the intracellular signaling with consequences
for reduced cisplatin chemoresistance.
1 Bendas G and Borsig L: Cancer Cell Adhesion and
Metastasis: Selectins, Integrins, and the Inhibitory Potential
of Heparins, Int J Cell Biol 2012:676731
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CONJUGATION OF ANTI-CANCER DRUG
TO PHAGE CARRYING ANTI-MICA FOR
TARGETING CHEMOTHERAPY
A. Phumyen1,2,3,4, S. Jantasorn1,2,3,
A. Jumnainsong3 and C. Leelayuwat2,3,4,5
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Introduction: The conjugation of drug or antibodies (Abs) to
nanoparticles is an attractive platform of drug delivery for
targeting cancer therapy. It can improve bio-distribution,
specificity, decrease side effect to normal cells and reduce the
dose of the chemotherapeutic drugs. Direct drug conjugation
to antibodies is less efficient because of limitation(s) of the
conjugated drug. In this study, conjugation of doxorubicin to
filamentous phages carrying improved binding anti-MICA
antibodies was developed for targeting the delivery of the
anticancer drug and tested on MICA-expressing cell lines.
Materials and Methods: The EDC chemistry was employed to
perform conjugation of the major coat protein of
bacteriophage (PVIII) and doxorubicin with a 40:1 ratio of
EDC and doxorubicin in a mildly acid condition (pH 5). The
drug-conjugated phages were analyzed for double fluorescent
particles by M13-FITC staining and drug auto-fluorescence
(PerCP) by flow cytomerty. ELISA was performed to evaluate
the binding activity to MICA of DOX-conjugated phages and
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cytotoxicity was performed to test targeting activities against
MICA-expressing cell lines. Results: Most of the phages
(82%) were double positively stained by flow cytometry
indicating the phages with DOX conjugation. The DOXcarrying phages display that anti-MICA retained the binding
activities against MICA antigens. The cytotoxicity of DOXcarrying phages displaying anti-MICA was evaluated on 293T,
cervical and cholangiocarcinoma cell lines expressing MICA.
We found that DOX-phages were more efficient than free drug
in killing all the cells. The IC50 values of DOX- phages was
lower than free drug at approximately 1.6-6 times on cervical
and cholangiocarcinoma cell lines, respectively. Conclusion:
These results imply that the application of EDC chemistry is
effective to conjugate doxorubicin and major coat protein of
bacteriophages and also maintain binding activity of MICA
antibodies. DOX-conjugated bacteriophages targeting MICA
have been developed and may enable an applications in cancer
targeting chemotherapy.
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URBAN AND RURAL COMMUNITIES,
TRANSPORT MODALITIES, DIFFERING CULTURES
AND CLIMATE CHANGE – THE ADMIXTURE
WHICH DEFINES THE BRAIN TUMOUR MICROENVIRONMENT.
Geoffrey J. Pilkington

Cellular and Molecular Neuro-oncology Research Group,
University of Portsmouth, UK

The development of civilization, with all its complexity and
the advent of new tools and skills may be used as a paradigm
for the development and progression of tumours within the
brain. The main heterogeneous neoplastic cellular mass of a
primary brain tumour such as a highly malignant glioblastoma
multiforme may be seen as an active, bustling, highly
congested and self- populating urban region of phenotypically
different individuals. The result of such a highly populous
region, with limited space for expansion, is to massively
migrate into less populated surrounding regions. In some cases
the movement towards an adjacent spacious rural area where
‘the grass is greener and the air fresher’ may be seen as an
‘invasion’ whereby the inward moving population confers
damage on the existing population and its infrastructure. Such
emigration of individuals or groups involves the development
of complex and sophisticated means of transportation where
the modulation of the environment provides for roads, rails or
other travel innovations. Having entered the new land with
additional space the component players - the malignant cells,
or the people in our paradigm - fulfil their individual roles to
help maintain the population and insure its growth and
development. The mixture of different peoples through
merging of the new invaders with existing inhabitants brings

with it major challenges and conflicts for both populations.
With the modified use of the existing infrastructure the host
region itself undergoes physical change and this change also
demands adaptation of the newcomers to secure their own
survival, often at the expense of the host peoples. Hence
oxygen availability and metabolic changes may relate to
features such as climate change in our model. In this
symposium we will explore each of these facets and examine
how this new “micro-environment” brings with it challenges
which may exploit the very nature of its players as potential
targets for therapy for those most difficult of neoplasms to
treat; those which, whether primary or secondary in nature,
affect the central nervous system to such devastating effect.
The talks in the symposium will cover a wide range of topics
including: The adaptation of the micro-environment following
anti-angiogenesis treatment (Bjerkvig), the role of the perivascular niche in glioma tumour progression and therapy
(Fillmore), the T-cell response, their associated cytokine
profiles and putative therapeutic targets in high and low grade
glioma (Herolde-Mende, Dettling and Rapp), cross-talk
between mesenchymal stem cells and glioma cells
(Motaln/Lah), the potential of mitochondrial mutations and
their functional significance (Keatley), cell adhesion molecules
and brain tumour metastasis (Jassam) and therapeutic targeting
of pro-apoptotic and invasion pathways in medulloblastoma
(Mather) .
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THE MAIN PRINCIPLES OF TREATMENT FOR THE
EARLY STAGE BORDERLINE OVARIAN TUMORS
IN WOMEN OF REPRODUCTIVE AGE
I.N. Pinchuk and M.A. Liushnenko

Surgut District Hospital, Surgut, Tiumen region, Russia

Ovarian tumors account for about 20% of all tumors of the
female reproductive system. Among them, borderline forms
range from 10 to 15%. In recent years, the incidence of
borderline ovarian tumors among younger women without
history of delivery rises determining the necessity of
reproductive function preservation. Ovarian epithelial tumors
of borderline malignancy are now a well-established group,
which should be fully accepted in both histological and
clinical terms. The mainstay of treatment for borderline
ovarian tumors is surgery. The question of the extent of
operation and the management of chemotherapy still remains
debatable. In the Surgut District Hospital, methods of
preserving surgery for young women with borderline ovarian
tumors at an early stage were developed. The effectiveness of
the treatment was estimated by the amount of tumor
recurrence. We analyzed the development of recurrent disease
in 46 women with stage IA disease at the age from 22 to 40
years during a period from 2 to 10 years. We marked two
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groups: group 1 (19 patients); women who underwent
preserving surgery (one-sided adnexectomy, biopsy of the
contralateral ovary, omentectomy) without adjuvant
chemotherapy and group 2; preserving surgery followed by
adjuvant chemotherapy. Disease recurrence was observed in 3
(6.5%) women. Two of them belonged to the first group and
one to the second group. In all cases, recurrence of the disease
was localized in the contralateral ovary; these women have
been operated and followed by chemotherapy. Thus, due to the
low frequency of recurrent ovarian borderline tumors,
preserving surgery should be performed at the initial stage of
the disease in all women who want to realize their
reproductive function as this approach will certainly improve
medical and social rehabilitation of women after the treatment.

504
CYTOMEGALOVIRUS INFECTION IN
HEMATOLOGICAL PATIENTS FOLLOWING
AUTOLOGOUS PERIPHERAL STEM CELL
TRANSPLANTATION

K. Piukovics1, G. Terhes2, J. Deák2 and Z. Borbényi1
1University

of Szeged, Second Department of Medicine and
Cardiology Centre, Szeged, Hungary;
2Institute of Clinical Microbiology, Szeged, Hungary

Human cytomegalovirus (CMV) infection is a major cause of
morbidity and mortality among patients with immunocompromised condition. It may arise as primary infection or
due to reactivation. It can occur with lower incidence
following autologous stem cell transplantation, than in the
allogeneic setting. Following this procedure, a CMV serologic
assay is important to determine the patient’s risk for CMV
infection but not for diagnosis of disease. Real-time
quantitative PCR is a primary and most reliable method for
surveillance of active CMV infection in this patient group. Our
aims were to evaluate occurrence of CMV infection and
epidemiological characteristics in patients following
autologous peripheral blood stem cell transplantation (auto
PBSCT). Between May 2009 and December 2013, 115
patients underwent auto PBSCT in our haematological
department (56 male, 59 female with median 54 year of age
at transplantation). The majority of patients (n=68) were
diagnosed with multiple myeloma (MM), 13/35 with Hodgkin
lymphoma (HL)/ non-Hodgkin lymphoma (NHL). The
conditioning regimens for NHL and HL patients were,
according to BEAM protocol, melphalan 200 mg/m2 for the
MM cases. CMV seropositivity was observed in 52 cases
(42%) pre-transplant. All patients received antiviral
prophylaxis (acyclovir 200 mg orally four times per day) for 3
months. During the transplantation procedure and posttransplant, 100-day period, 876 plasma samples were collected
from 115 patients to detect CMV DNA viral load. Out of 876
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samples, 61 (6.9%) were positive from 41 patients (with a
median of 1,540 copies/ml). Six of them were treated with
gancyclovir. The most common manifestations of CMV
reactivation were fever, pancytopenia, prolonged platelet and
neutrophil engraftments and diarrhoea. Severe pneumonia with
fatal outcome was observed in only one case. The use of
quantitative CMV PCR assays is essential for earlier
recognition of CMV reactivation, to restrict the use of
gancyclovir, prevent selection of gancyclovir resistant strain
and reduce the toxicity of this drug.
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MT1/MT2 RECEPTORS INDEPENDENT OF
MELATONIN AGAINST HUMAN LUNG
ADENOCARCINOMA CELLS
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Introduction: The anti-cancer effect of melatonin involves
various mechanisms, such as anti-proliferative, pro-apoptotic,
anti-angiogenesis and anti-metastasis effects. Inhibition of the
growth of human breast cancer and endometrial cancer cells
was previously reported to occur via melatonin receptors and
an increase in reactive oxygen species (ROS) in leukemic and
hepatocellular carcinoma cells. However, these have not been
adequately reported in human non-small cell lung cancer
(NSCLC) cells, which have a poor prognosis and low response
to cancer treatment. Objective: This study determined the
involvement of melatonin receptors and ROS generation in the
cytotoxic effect of melatonin in SK-LU-1 human lung
adenocarcinoma cells. Materials and Methods: The
cytotoxicity of melatonin (1-5 mM) was investigated by using
the MTT assay. Luzindole, a melatonin membrane receptor
(MT1/MT2) antagonist, was used to investigate the
involvement of melatonin receptors of SK-LU-1 cell inhibition
by melatonin. Intracellular hydrogen peroxide levels were
measured by using 2’,7’-dichloro-fluorescein labeling assay.
Results: Concentration-dependent cytotoxicity effects of 1-5
mM melatonin on SK-LU-1 cells were observed. The toxicity
effect of 1 mM melatonin on SK-LU-1, pre-treated with
luzindole, showed no significant difference to melatonin
treatment alone. Interestingly, a higher concentration of
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melatonin (5 mM) significantly increased intracellular
hydrogen peroxide levels in SK-LU-1 cells compared to
untreated cells. Conclusion: Melatonin exerts a cytotoxic effect
on the SK-LU-1 cell line by increased ROS formation without
melatonin membrane receptor involvement. The oxidative
stress pathway should be further investigated.
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ANTI-CANCER ACTIVITY OF A
MELATONIN DERIVATIVE ON A
HUMAN LEUKEMIC CELL LINE
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N.P. Johns1 and S. Barusrux1,3
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Thailand
(sahapat@kku.ac.th)

Introduction: The anti-cancer properties of melatonin have been
extensively studied using many experimental approaches.
However, the use of melatonin as an anti-cancer agent is
limited due to its low bioavailability and short half-life.
Objective: To overcome the pharmacokinetic limitations of
melatonin, this study investigated the anti-cancer effect of an
N-indole acetyl substituted derivative through cytotoxicity and
apoptosis on the U937 human leukemic cell line. Materials and
Methods: The cytotoxicity effect was determined by using the
neutral red assay and apoptosis induction was detected by
annexin V/PI staining with flow analysis. Caspase-3/7 activity
was determined using a colorimetric method. Results: The
acetyl melatonin derivative at 2 mM showed more cytotoxicity
to U937 cells line than 2 mM melatonin (55.7±7.1% and
9.6±3.6%, respectively) at 24 h of incubation. Apoptotic cells
and caspase-3/7 activity significantly increased with acetyl
melatonin treatment by 1.5±0.1- and 3.1±0.3-fold compared to
the untreated group, whereas melatonin increased apoptotic
cells by 1.3±0.1-fold and did not increased caspase-3/7 activity.
Conclusion: The acetyl-melatonin derivative has a potential
anti-cancer activity, which should be further investigated for
the apoptosis induction mechanism. Studies on the details of
the mitochondrial oxidative pathway are in progress.
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REGULATION OF ANGIOGENESIS
BY WNT SIGNALING IN NON-SMALL
CELL LUNG CANCERS
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Background: Lung cancer (LC) is one of the deadliest medical
conditions. About 80% of LCs belongs to the NSCLC type
with two main sub-types, namely adenocarcinoma (AC) that
arises mostly in the peripheral airways or the bronchioalveolar region of the parenchyma and squamous cell
carcinoma (SCC) that develops mainly in the proximal
airways. To make the overall picture bleaker, there are an
emerging number of combined NSCLCs where malignant
tumors are representing themselves as mixed type LCs. Not
surprisingly, effective therapy is rare and the overall lung
cancer five-year survival rate (16.6%) is lower than many
other leading cancers, such as the colon (64.2%), breast
(89.2%) and prostate (99.2%) (1). As specific therapies for
lung cancers are scarce and the existing ones are only effective
in a fraction of lung cancer cases, a more general approach is
taken including surgery and adjuvant therapy in treatment
attempts. Based on the theory that all growing tissues
including tumors require vasculature, inhibition of new blood
vessel formation has recently become a possible part of the
treatment protocol. Anti-angiogenic therapies that block VEGF
or VEGF receptor (VEGFR) signaling are, unfortunately,
contraindicated for SCC patients. For poorly characterized
reasons, uncontrollable bleeding and tumor necrosis are more
frequent in SCC than in AC patients. As the anti-angiogenic
treatment has potentially serious side effects, it would be
extremely beneficial to identify predictive markers to preselect VEGF inhibitor responsive patients for therapy. To
identify such markers, our laboratory has investigated
molecular differences in AC and SCC and identified
characteristic variances at Wnt signaling level. As angiogenic
factors like vascular endothelial growth factors (VEGF) are
amongst well known target genes of Wnt signaling, our
investigation has focused on the role of Wnt dependent
regulatory mechanisms of angiogenesis. Results: Wnt
signaling plays a crucial role during embryogenesis, normal
tissue maintenance and regeneration of tissue injuries during
adulthood, and also controls all major cellular processes
including cellular proliferation, polarization, migration and
differentiation that are also important during carcinogenesis
(2). Surprisingly, genetic mutations of Wnt signaling
molecules are rare in lung cancer. Aberrant Wnt signaling,
however, has been identified as a contributing factor to
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pulmonary carcinogenesis. To investigate, a commercially
available Wnt Taqman array system was used and differences
between canonical and non-canonical Wnt pathway activities
were studied in specific lung carcinoma samples. Sample pairs
included pooled cDNA of primary AC or SCC samples and
their respective tissue autologous, non-cancerous controls. The
read-outs were matched to four housekeeping genes of the
array. Increased transcription of the canonical Wnt-7b ligand
was detected in pulmonary AC-s, while, in contrast, activation
of the non-canonical Wnt5a was measured in SCC samples
(Figure) (3).

Figure, Abstract No. 507

As elevated Wnt5a levels were characteristic to SCC further
studies were designed to identify the role of Wnt5a in
angiogenesis. A three-dimensional human lung tissue model
was developed for the molecular studies. The model was
comprised of primary human small airway epithelial cells
(SAEC), primary human lung fibroblasts (NHLF) and primary
human vascular endothelial cells (HMVEC). As prolonged
VEGF inhibition causes local hypoxia, that can induce
systemic secretion of other angiogenic cytokines, such as
FGF-2 and SDF-la, as well as angiogenesis regulating
inflammatory cytokines including ILlbeta (4), the 3D human
lung tissue model was treated with recombinant Wnt5a to test
how the increased level of Wnt5a can affect angiogenic factor
expression measured by quantitative real-time PCR and a
cytokine protein array. Additionally, as hypoxia-inducible
factor- lalpha (HIF-lalpha) plays a crucial role in linking
inflammatory and oncogenic pathways, and as IL-lbeta
regulates HIF-lalpha expression (5), HIF-lalpha, as well as
VEGF levels, were also measured and were found elevated
upon Wnt5a exposure. Although Wnt5a has been identified as
a regulator of cellular migration, Wnt5a induced only SAEC
and NHLF migration, while endothelial cells remained within
the tissue indicating a direction of angiogenesis from the
surrounding tissue towards the tumour. Conclusion: The
regulation of NSCLC vascularization is complex. Based on the
literature and our research data, Wnt signaling appears as an
important controller of the process. Under stress conditions,
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such as inflammation, aging or cancer that leads to elevated
Wnt5a levels, transcription factors like HIF-lalpha, NFkappaB, c-jun can become differentially activated and the
cancer tissue can direct angiogenesis towards the tumor. If this
process is blocked by anti-angiogenic therapy, then, severe
hypoxia can ensue followed by necrosis. As a result,
aberrantly increased non-canonical Wnt levels can determine
how an NSCLC responds to anti-angiogenic therapy and,
based on such data, Wnt levels might become markers of
clinical importance in the future.
Funding: JEP was supported by the European Union and the
State of Hungary, co-financed by the European Social Fund in
the framework of TAMOP-4.2.4A/2-11/1-2012-0001 "National
Excellence Program".
1 U.S. National Institutes of Health. National Cancer Institute.
SEER Cancer Statistics Review, 1975-2010.
2 Pongracz JE and Stockley RA (2006) Respiratory Res 7:15:
Wnt signaling in lung development and diseases.
3 Bartis D et al (2013) PlosOne: Down-regulation of canonical
and up-regulation of non-canonical Wnt signalling in the
carcinogenic process of squamous cell lung carcinoma.
4 Lee, JG and Heur Μ (2014) Mol Cell Biol, 34:3535: ILlbeta
induced Wnt5a enhances human corneal endothelial cell
migration through regulation of Cdc42 and RhoA.
5 Sharma V et al (2011) J Mol Med: Ras regulates ILlbeta
induced HIF-lalpha transcriptional activity in glioblastoma.
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Many current chemotherapies function by introducing various
types of DNA lesions into cancer cells and in consequence
damaging their genomic DNA. However, although these
treatments are initially effective in arresting tumor growth,
resistance and disease progression may occur. A major
mechanism underlying this resistance is increased levels of
DNA repair. That is why inhibition of DNA repair pathways
using target specific molecule inhibitors may overcome
resistance to DNA damaging chemotherapies. In this study we
determined the modulations of DNA repair induced by DNA
damaging agents used in cancer therapy in human lung
adenocarcinoma A549 cells by CARB pharmacophores that
have geno- and cytotoxic properties as we showed previously.
They were strategically classified and bearing thio-, anhydro-
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and sulfamido-sugar motif. We used three known anticancer
drugs: cisplatin, blemycin and etoposide. Their anticancer
actions are connected with introducing DNA lesions. Cisplatin
induced intrastrand and interstrand DNA cross-links.
Etoposide and bleomycin introduced double strand breaks into
DNA but the specific mechanism of their actions is different.
Etoposide binds to and inhibits topoisomerase II resulting in
the accumulation of single- or double strand DNA breaks.
Bleomycin is a radiomimetic chemical and forms complexes
with iron that reduce molecular oxygen to superoxide and
hydroxyl radicals which cause single- and double-stranded
breaks in DNA. We analyzed also the modulations of oxidative
DNA lesions repair because oxidative stress is the mechanism
of action of some anticancer drugs, including bleomycin and
ionizing radiation. DNA repair was analyzed by alkaline and
neutral comet assay. We showed that thiosugars, as well as
sulfamidosugar modulate the repair kinetics of DNA lesions
induced by oxidative stress. Thiosugars have also delayed
DNA repair of double strand breaks induced by etoposide but
not bleomycin. In conclusion functionalized carbohydrates are
promising therapeutic agents but the mechanisms of their
action remains unknown and still need to be elucidated.
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Renal cell carcinoma (RCC) is a highly vascularized tumour in
which proangiogenic mechanisms are triggered by the
inactivation of the von Hippel Lindau (VHL) tumor suppressor
gene, the key genetic alteration observed in this malignancy.
This leads to a defective VHL protein and activation of hypoxia
inducible factors, which translocate to the nucleus and activate
the transcription of many proangiogenic factors, including
VEGF, PDGF and others. VEGF (and, to a lesser extent, also
PDGF), plays a key role in the development of tumor-related
angiogenesis; indeed, binding of VEGF to its receptors
(especially VEGFR2) activates the up-regulation of molecules
involved in mediating proliferation, migration and survival of
endothelial cells and promoting vascular permeability. mTOR,
a serine-threonine kinase within the more complex
PI3K/Akt/mTOR pathway, is a key intracellular hub that
integrates a number of signals coming from different sources
mainly, but not exclusively, related to cell metabolism; the
mTOR pathway appears to be deregulated in a number of
human malignancies including RCC. Furthermore, it is also

linked to HIF-mediated angiogenesis. VEGF/VEGFRs and
mTOR are, thus, the two main signaling pathways that have
been exploited for therapeutic purposes in RCC to date. A
number of randomized controlled phase III trials of novel
agents targeting these two pathways have been, thus, performed
over the past eight years leading to the registration of the
following agents for the first-line treatment of advanced, clearcell, RCC: the two VEGF tyrosine kinase inhibitors sunitinib
and pazopanib, the anti-VEGF monoclonal antibody
bevacizumab (given in combination with interferon-alpha) and
the mTOR inhibitor temsirolimus. Sunitinib and the
combination of bevacizumab plus interferon-alpha have each
been associated with longer PFS than interferon-alpha alone
(the standard of care for metastatic RCC in the cytokines era)
within randomized controlled trials. Sunitinib, as first-line
systemic therapy, was associated with a median progressionfree survival (PFS) of 11 months compared with 5 months for
interferon-alpha, thus reducing the risk of progression by 68%.
The PFS advantage in favor of sunitinib was evident
irrespective of the prognostic characteristics of the patients
treated. In the pivotal AVOREN trial, bevacizumab plus
interferon-alpha (as compared to interferon-alpha plus placebo)
yielded similar results as sunitinib in terms of PFS but, in this
case, the benefit was limited to patients with good and
intermediate risk features according to the MSKCC
classification. A similar, but not identical, phase III trial
conducted only in North America confirmed the superiority of
bevacizumab plus interferon-alpha over interferon-alpha alone
but yielded lower absolute PFS rates due to several
(hypothetical) reasons. Pazopanib was first evaluated in a
randomized, placebo-controlled, trial that enrolled patients with
clear cell or predominantly clear-cell RCC who were either
treatment-naive or pre-treated with cytokines. Also in this case,
PFS was significantly prolonged in the pazopanib arm at 9.2
months compared with 4.2 months in the placebo arm, with the
reduction of the risk of progression being 64% (95%
confidence interval (CI), 0.34–0.62; p<.0001). More recently,
pazopanib was also compared with sunitinib within a noninferiority, randomized controlled trial, the COMPARZ study.
The median PFS time was 8.4 months for those patients treated
with pazopanib and 9.5 months for those treated with sunitinib
(HR, 1.05; CI, 0.9–1.22), a difference that was not statistically
significant and confirmed the non-inferiority of pazopanib as
compared to sunitinib, according to the statistical design of the
study. Even though methodological issues have been raised
against the results of this study, it is now widely accepted that
the two options (i.e. sunitinib and pazopanib) are equieffective
but endowed by a different safety profile. Notably, the results
of the PISCES study, an innovative study that examined
patients’ preference to sunitinib or pazopanib according to their
experience with both drugs, confirmed the good safety profile
of pazopanib, which lead to a huge preference (70% of
patients) for this drug as compared to sunitinib. Temsirolimus
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resulted in prolonged OS compared with interferon-alpha in a
phase III randomized controlled trial that enrolled advanced
RCC patients with poor prognostic features (even though, at a
subsequent analysis, the presence of about one third of patients
from the intermediate risk group was evidenced). The trial
enrolled patients with a variety of histological subtypes of
RCC, being not restricted to classical clear cell tumors. With
an HR for death of 0.73 (95% CI, 0.58–0.92, p=.008), and a
consequent reduction in the risk of dying from RCC of 37%,
temsirolimus proved to be the only agent really able to improve
OS according to the primary statistical analysis of the study.
Beyond these three treatment options, endowed by the highest
level of evidence and grade of recommendation according to
evidence-based medicine, many of the presently available
guidelines (from ESMO, EAU, NCCN and other organizations)
allow also the use, in the first-line setting, of other agents (e.g.
sorafenib and high-dose IL-2), at least in selected patients;
indeed, the evidence supporting the use of these drugs is of
definitely of lower quality. For patients with non clear cell
histologies, no prospective phase III data are presently available
(with the exception of the subgroup analysis of the
temsirolimus study); thus, patients with non clear cell RCC
should first be considered for clinical trials, whenever available.
Otherwise, from small phase II studies and retrospective
analyses, we know that sunitinib, sorafenib, temsirolimus and
possibly also pazopanib may be used in these patients;
however, the results achieved in terms of antitumor activity and
survival are inferior as compared to those observed in patients
with the classic clear cell histology. Notably, a recent
randomized phase II study of everolimus vs. sunitinib (the
ESPN trial) in patients with non clear cell histotypes suggested
the superiority of sunitinib in terms of PFS and OS.
1 Escudier B, Eisen T, Porta C, Patard JJ, Khoo V, Algaba F,
Mulders P, Kataja V; ESMO Guidelines Working Group.
Renal cell carcinoma: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up. Ann Oncol 23(Suppl.
7): vii65-71, 2012.
2 Escudier B, Szczylik C, Porta C, Gore M. Treatment
selection in metastatic renal cell carcinoma: expert
consensus. Nat Rev Clin Oncol 9:327-37, 2012.
3 Ismail S, Meskawi M, Hansen J, Bianchi M, Tian Z, Latour
M, Graefen M, Montorsi F, Trinh QD, Perrotte P,
Karakiewicz PI, Sun M. A critical appraisal of systemic
treatment options for metastatic non-clear cell renal cell
carcinoma. Crit Rev Oncol Hematol 90:49-57, 2014.

510
A NEUROENDOCRINE APPROACH IN THE
TREATMENT OF BRAIN GLIOBLASTOMA.
E. Porta, G. Messina, G. Porro and P. Lissoni
AIMI Association, Milan, Italy
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It is known that age, performance status (PS) and histology
are the main prognostic factors for brain tumors, and within
glioblastoma (GBL) group, the age would constitute the
main prognostic factor because of the evidence of a lower
survival time in patients older than 50 years. Then, brain
GBL would represent the only tumor, whose prognosis has
received no benefit from the recent advances in the medical
Oncology. In fact, no chemotherapeutic strategy has been
proven to be superior to temozolomide (TZM). However,
according to Psychoneuroendocrinoimmunology (PNEI)
discoveries, an improvement in GBL therapy could arise
from the investigation of the neurochemical mechanisms
responsible for the stimulation or the inhibition of GBL
growth. GBL cells have appeared to express opioid receptors,
and the activation of mu-opioid receptor has been proven to
stimulate GBL proliferation. Then, the opioid antagonist
naltrexone (NTX) could play an inhibitory role on brain
tumor growth. On the contrary, cannabinoid agonists and the
pineal hormones melatonin (MLT) and 5-methoxytryptamine
(5-MTT) have been shown to inhibit GBL cell proliferation.
In addition, within the group of plants containing principles
potentially able to inhibit tumor growth, the most active and
investigated plants are represented by Aloe, Myrrh,
Boswelia, Cannabis Indica and Magnolia. On these bases, we
elaborated a therapeutic strategy of complementary
Medicine, consisting of a psychoneuroendocrine and
phytotherapeutic approach to be associated with the
conventional treatments, including brain radiotherapy (RT)
and chemothetapy with TZM. According to their circadian
secretion, MLT and 5-MTT were given orally at 100 mg in
the night and at 5 mg in the early afternoon, respectively. In
the case of progressive disease (PD), MLT dosage was
constantly enhanced until 600 mg or more. NTX was given
orally at escalating doses until the maximal dosage of 50
mg/day in the morning. Aloe and Myrrh mixture was given
at 10 ml 2-3 times/day. Finally, Magnolia cortex and
Boswelia were given at 1500 and at 1000 mg/day,
respectively. Finally, Cannabis flos (THC 19%) was given
orally at 100 ml of an infusion of 500 mg/ 1000 ml of water
3-5 times/day. The study included 14 patients with
histologically proven GBL (M/F:10/4). All patients were 50
year older (median age: 63 years, range 51-75). They were
treated by palliative neurosurgery followed by the classical
schedule of RT plus TZM. The clinical response consisted of
partial response in 2, stable disease in 9 and PD in the last 3
cases. The median survival time was 13+months(range 526+). This preliminary study shows that a neuroendocrine and
phytotherapeutic strategy in association with the conventional
therapy may improve the survival time in GBL patients.
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A GLIMPSE INTO NATURAL PRODUCT
DRUG DISCOVERY AT EISAI
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Maarten H.D. Postema

Oncology PCU (US), EISAI Andover Site 4 Corporate
Drive, Andover, MA 01810, USA

EISAI has a long history of natural product-based drug
development, best exemplified by the successful development
of the halichondrin B analog eribulin (Halaven®) for advanced
breast cancer. This lecture will begin with an overview of
several past natural product-based drug discovery programs in
order to illustrate how natural products are evaluated and
advanced through the Eisai discovery pipeline. The second
part of the lecture will focus on recent progress in the
synthesis of a novel and efficacious protein drug conjugate
(PDC). In this program, the targeting protein is a naturally
derived compound that is coupled via novel linker
methodology to a unique and highly potent cytotoxic natural
product resulting in in vivo tumor targeting and antitumor
efficacy.
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NBTXR3 NANOSIZED RADIOENHANCER:
EFFECTIVE CELL KILLING IN THE CLINIC

Julie Marill, Sonia Vivet, Ping Zhang, Agnès Pottier,
Patricia Said and Mikaela Dimitriu
Nanobiotix, Paris, France

The mode of action of radiation therapy is based on physical
effects. Despite of its widespread use, radiotherapy still
exhibits strong limitations due to damages to healthy tissues,
when radiations cross the anatomical structures. New concepts
in anticancer therapy are compulsory. NBTXR3 are functionalized high electron density hafnium oxide nanoparticles with
negative surface for smooth interactions with biological
systems. The high electron density of the nanoconstructs
combined with their specific physicochemical attributes have
rendered feasible the absorption/deposition of high energy
dose from within the cancer cells, when nanoparticles are
exposed to ionizing radiations (on/off activation). In vitro, in a
panel of human cancer cell lines, differential NBTXR3
nanoparticle cell uptake was observed between epithelial,
mesenchymal and glioblastoma cell lines. The clonogenic
survival curves showed an increase of the α parameter with
increasing NBTXR3 nanoparticle concentration, which
support the notion that a higher dose deposition of energy
within the cancer cell increases the probability of cell killing
in all these models. In the clinic, a Phase I study of NBTXR3
in patients with locally advanced soft tissue sarcoma of
different types was completed early this year. Four increasing
volumes at fixed concentration were tested in a population of
21 patients (tumor volume from 55.06ml to 3682.56ml). The
efficacy endpoint pathological response (percentage of cell

killing) was evaluated across all tested levels to analyze the
tumor destruction with the most rigorous biological evaluation
in clinical oncology. The number of residual viable sarcoma
cells was decreased according to the increasing quantity of
NBTXR3. Moreover, no leakage to the surrounding healthy
tissues and persistence of NBTXR3 during all sessions of
radiotherapy were demonstrated. Importantly, very good
tolerance and local safety were observed. In overall, this trial
showed strong translation of the non-clinical features in this
cancer population. A phase II/III trial is planned to start in the
Q4 2014.
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A γΗ2αΧ STUDY IN MOUSE LIVER NCTC
CELLS FOLLOWING IRRADIATION
(WITH AND WITHOUT AMIFOSTINE)
Stamatia Pouliliou, Dimitra Kalamida and
Michael I. Koukourakis

Radiobiology and Radiopathology Unit, Department of
Radiotherapy/Oncology, School of Medicine, Democritus
University of Thrace, Alexandroupolis, Greece

The H2AX protein is a member of H2A histones and
contributes to the transformation of eukaryotic DNA in the
chromatin. γΗ2AX constitutes the phosphorylated form of
H2Ax on serine-139. The radiation causes DNA doublestrand breaks (DSB) and these breaks induce the
phosphorylation of H2Ax around the region of damage. ATM,
a member of the P13 kinase family, is responsible for this
phosphorylation. A specific antibody for γH2AX could show
the level of the DNA damage. Cells with increased level of
H2AX present a higher level of genomic instability and
higher sensitivity to genotoxic factors. In previous studies it
has been shown that H2AX is really important for DNA
repair. Moreover, there is a small amount of γΗ2ΑΧ due to
DNA damage, which is caused by cell senescence and
endogenous ROS. Furthermore, amifostine is a broad
spectrum cytoprotective, which is used to reduce the toxicity
caused by radiation during radiotherapy. It significantly
protects from the adverse effects of radiation and preserves
the quality of life of patients undergoing radiation therapy. In
the current study, we investigated the levels of H2AX in the
normal liver murine cell line NCTC in the absence or
presence of amifostine in combination with 2Gy radiation.
The experimental procedures used in this study were
measurement of the cell line’s radiosensitivity using the
AlamarBlue® assay and detection of γΗ2AX levels as
assessed by Western blot analysis and confocal microscopy.
Taking our data into consideration, we conclude that
amifostine protects from radiation-induced death and also that
the level of γH2AX induced 30 min, 4 h and 24h after
radiation is comparable to non amifostine-treated cells.
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COULD HE4 HELP IN DECISION-MAKING IN
RELATION TO THE INDIVIDUALIZATION OF THE
EXTENT OF SURGICAL STAGING IN PATIENTS
WITH ENDOMETRIAL CANCER?

515
ALTERATIONS IN DNA TOPOISOMERASES
ACTIVITY IN CANCER STEM CELLS
AND IN BACTERIAL INFECTED TUMOR
CELLS INFLUENCE THE EFFICACY OF ANTICANCER AGENTS
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in Pilsen, Pilsen-Lochotin, Czech Republic;
²Department of Nuclear Medicine, Laboratory of
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The Shraga Segal Dept. of Microbiology, Immunology &
Genetics, Faculty of Health Sciences, Ben-Gurion
University, Beer-Sheva, Israel

Jiri Presl¹, Zdenek Novotny¹, Ondrej Topolcan²,
Pavel Vlasak¹, Radek Kucera², Radka Fuchsova²,
Jindra Vrzalova² and Lucie Betincova¹

Endometrial cancer represents the most frequent gynecological
malignancy in the Czech Republic. According to the latest data
from the National Oncology Register from 2010, the incidence
rate is around 34.9/100,000 females and mortality is around
5.5/100,000 females. The most frequent incidence appears in
the fifth and sixth decade of the life. The majority of patients
are diagnosed and treated in the early stages due to early clinical
symptoms, namely bleeding. Oncogynecology teams must
stratify patients by low or high risk cancer based on the
histological diagnosis to allow a proper operative and
postoperative management. This stratification is based at present
only on clinical symptoms, gynecological examination and
imaging techniques, particularly ultrasound examination. No
ideal serum biomarker is currently used for the management of
endometrial cancer. Myometrial invasion (less than one half vs.
more than one half of uterine wall), including tumor grading,
represents the most important decision factor within clinical
stage I disease for the extent of surgery for pelvic and paraaortic lymphadenectomy. When considering other very frequent
co-morbidities and factors, such as arterial hypertension,
diabetes mellitus, age, overweight to obesity, such extensive
surgery may be very risky and this theme has often been
discussed among the experts at international meetings. In our
study, the group of patients with endometrial cancer included
sixty-seven patients. Thirty-seven with clinical stage IA, fifteen
patients with clinical stage IB, nine patients with clinical stage
II and six patients with clinical stage IIIA disease. For the above
reasons, we have focused on stage I. Patients in stage IA had
an average value of HE4 marker 72 pmol/l, in stage IB 116
pmol/l. The difference was statistically significant. In our
ongoing study we have found that the assessment of biomarker
HE4 may improve pre-biopsy verification of ultrasound findings
of endometrial abnormalities. In specific cases, this marker
could help in precise preoperative staging of endometrial cancer
as added value to the borderline results from obligatory routine
examinations and it could help in decision-making in relation
to the individualization of the extent of surgical staging in
patients with endometrial cancer.
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Esther Priel, Refael Peleg, Reuven Afriat,
Yaffa Mizrachi-Nebentzahl, Shulamith Horowitz

DNA topoisomerases are essential nuclear enzymes that
participate in most of the DNA processes and are the targets of
various anti-cancer drugs. Therefore environmental or intrinsic
factors that altered these enzymes activity may affect the anticancer efficacy of the topoisomerase inhibitors. This notion
was examined in two different systems: in cancer stem cells
and in bacterial infected tumor cells.
We isolated cancer stem cells (CSCs) as spheres
(mammospheres or prostaspheres) from human breast cancer
and prostate cancer cell lines and from mouse mammary
carcinoma cells. Topoisomerase I (topo I) and topoisomerase
II (topo II) activities and expression were examined in the
isolated CSCs and compared to those present in the adherent
tumor cells. Consistently, topo I activity was reduced in all
the examined CSCs relatively to the enzyme activity in the
parental adherent cells. However, in CSCs derived from
human breast cancer cells topo II activity increased
relatively to the enzyme activity in the adherent cells. No
differences in the level of the enzymes proteins were
observed suggesting post translational modifications of the
enzyme proteins which we demonstrated that it is partially
due to ADP-ribosylation. The sensitivity/resistance of the
mammospheres derived cells to various topoisomerase
inhibitors directly correlated with the enzymes activity in
the mammospheres.
Bacterial infection/interaction with human tumor cells may
influence signal transduction pathways in the cells and
therefore affect the activity and expression of nuclear enzymes
such as topoisomerases. Recently we showed that infection of
human tumor cells with Mycoplasma fermentans decreased the
activity of topo I by activating the ERK pathway and ADPribosylation of topo I protein. Here we demonstrate that this
effect is also observed in tumor cells infected with
Streptococcus pneumoniae. The infection of tumor cells by
either of these pathogens significantly altered the response of
the infected cells to topo I inhibitors.
All together these data suggest that topoisomerase activities
are modified in bacterial infected tumor cells or in CSCs
which significantly affect the response of tumor cells to
topoisomerase inhibitors and altered their anti-cancer efficacy.
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This should be taken into consideration when designing
effective anti-cancer therapy.
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NOVEL TELOMERASE ACTIVATORS IN
AGING AND AGE RELATED DISEASES
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Telomeres are long stretches of repeated sequences that cap
the ends of chromosomes and decline at each successive round
of DNA replication. Multiple cell divisions cause significant
shortening of telomere length which signals for "replicative
senescence" and cell death (apoptosis). The relationship
between telomere loss, aging, aged-related diseases, and stress
conditions was reported in several studies. Telomerase, a
ribonucleoprotein enzyme, maintains the length of telomeres
and thus enables cell proliferation and controls cell lifespan.
Recent studies show that telomerase possesses additional roles
as a pro-survival enzyme which protects cells from oxidative
stress and apoptosis. Increasing telomerase expression by gene
manipulation demonstrated a remarkable increase in the
lifespan of cells and animals and significant improvement in
age-related phenomena. However, increasing telomerase by
genetic manipulations has several limitations in vivo, thus
pharmaceutically-controlled enhancement of telomerase is
considered to be a preferable strategy. We have synthesized
small chemical non-toxic compounds (AGS) which transiently
increased telomerase activity and expression in various human
and mouse cells. Injections of these compounds to mice
transiently increased telomerase activity and expression in
various organs including different regions of the brain. The
compounds increased the telomere length in adult human
mesenchymal stem cells and protected them and other human
and mouse cell types from oxidative stress induced by
hydrogen peroxide. Treatment of transgenic SOD1 mice (that
develop a motor neuron degenerative disease – Amyotrophic
Lateral Sclerosis, ALS) with daily injection of the compounds
significantly enhanced the lifespan of the mice and delayed
the onset and progression of the disease. Preliminary studies
demonstrated that injection of AGS increased telomerase in
hair follicles and enhanced hair growth in nude mice. The
present study suggests that controlled transient increase of
telomerase by compounds demonstrate beneficial effects in
neurodegenerative disease and in age-related phenomena, both
in vitro and in vivo in animal models.
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CRITICAL ROLE OF TOLL-LIKE RECEPTORS AND
REGULATORY T-CELLS DURING HELICOBACTER
PYLORI-INDUCED IMMUNITY AND GASTRIC
CARCINOGENESIS
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Markus Gerhard2
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Helicobacter pylori (H. pylori) is a gram-negative bacillus that
selectively colonizes the human gastric mucosa. Helicobacter
pylori infection induces chronic gastric inflammation that can
progress to cancer (1). In this process, the virulence factor
cytotoxin-associated gene A (cagA) plays a central role since
only cagA positive strains lead to cancer development. During
acute infection, a strong gastric mucosal inflammation caused
by acute neutrophilic infiltration is accompanied by H. pylorispecific IgM and IgA immune response, as well as an
infiltration of CD4+ and CD8+ to the stomach (2). However,
despite the development of an acquired immune response, H.
pylori can persistently colonize the stomach for decades (3).
During chronic colonization of the human stomach, H.
pylori has evolved multiple pathways to evade the innate and
adaptive host defenses, enabling chronic persistence.
Cytotoxin-associated gene A (cagA) plays a central role herein
by directly altering epithelial cell signaling and inducing a
strong Th1 immune response and, possibly, by up-regulating
regulatory T cells that attenuate the human immune response.
Therefore, our group has focused on the human immune
response towards this bacterium, investigating the role of
dendritic cells and regulatory T cells in response to co culture
with CagA+ bacteria (4).
A number of dendritic cells (DCs) have been detected in the
human gastric mucosa in infected individuals. DCs play a
major role in the innate immune response since they recognize
a broad repertoire of PAMPs mainly via Toll-like receptors
(TLRs). During Helicobacter pylori (H. pylori) infection,
TLRs have been shown to be important to control cytokine
response particularly in murine DCs (5). Therefore, we first
analyzed the effect of blocking TLRs on human DCs,
especially in co-culture with allogeneic CD4+ T cells and
foxp3+ regulatory T cells.
Co-incubation of human DCs with H. pylori resulted in the
release of the pro-inflammatory cytokines IL-12p70, IL-6 and
IL-10. Release of IL-12p70 and IL-10 was predominantly
influenced when TLR4 signaling was blocked by adding
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specific antibodies, suggesting a strong influence on
subsequent T cell responses through TLR4 activation on DCs.
Co-incubation of H. pylori-primed DCs with allogeneic CD4+
T cells resulted in the production of IFN-γ and IL-17A, as
well as the expression of Foxp3, validating a mixed Th1/Th17
and Treg response in vitro. Neutralization of TLR4 during H.
pylori infection resulted in significantly decreased amounts of
IL-17A and IFN-γ and reduced levels of Foxp3-expressing
and IL-10-secreting T cells.
Moreover, the signaling cascades engaged in human DC
tolerization upon H. pylori infection were investigasted recently
(6). In the current study, we analyzed the effect of H. pylori
infection on human DC maturation and function, focusing on
the virulence factors implicated and signaling pathways
involved. Our results revealed that cagA was crucial for DC
tolerization by modulating IL-10 secretion and, in turn, STAT3
phosphorylation, favoring a regulatory T cell immune response.
Our findings suggest that DC cytokine secretion following
infection with cagA positive H. pylori leads to a TLR4mediated inflammatory and regulatory T cell responses, which
might facilitate the chronic bacterial persistence. Our findings
also might help to unravel the paradox why cagA -positive
strains, although eliciting a stronger inflammatory response,
have overcome evolutionary pressure and persisted in their
human host.
Currently, micro array analysis is being performed using the
Illumina complete sequencing device in order to compare the
response of dendritic cells after infection with cagA positive
and cagA mutant strains. A number of different sequences
were detected; however, due to the complexicities
encountered, further evaluations are being performed to
underline the predictive value of the microRNA for chronic
gastric inflammation and, possibly, as predictor of the
development of cancer. A crucial role herein will determine
the role of regulatory T cells and the transduction signaling
STAT3 (7).
1 Caruso ML, Fucci L (1990) Histological identification of
Helicobacter pylori in early and advanced gastric cancer. J
Clin Gastroenterol. 12(5): 601-2.
2 Dixon MF (1994) Pathophysiology of Helicobacter pylori
infection. Scand J Gastroenterol Suppl. 201: 7-10.
3 Lundgren A, Strömberg E, Sjöling A, Lindholm C, Enarsson
K, et al. (2005) Mucosal FOXP3-expressing CD4+
CD25high regulatory T cells in Helicobacter pylori-infected
patients. Infect Immun. 73(1): 523-31.
4 Rad R, Ballhorn W, Voland P, Schmid RM, Prinz C (2009)
Extracellular and intracellular pattern recognition receptors
cooperate in the recognition of Helicobacter pylori.
Gastroenterology 136(7): 2247-57.
5 Rad R, Brenner L, Krug A, Voland P, Mages J, et al. (2007)
Toll-like receptor-dependent activation of antigen-presenting
cells affects adaptive immunity to Helicobacter pylori.
Gastroenterology 133(1): 150-163.
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Background: Inflammation is considered an important
mechanism underlying tumor growth and development in
several cancer types. Benign and malignant thyroid diseases
have been associated with inflammatory processes, even
thought their relationship remains largely unclear. It has been
suggested that thyroid cancer progression is mediated by
oncogene activation resulting in the induction of a
proinflammatory transcriptional program. The secreted
inflammatory factors exert a complex role on cancer cells,
sustaining features of the malignant phenotype and enhancing
tumor progression. The aim of this study is to investigate the
role of inflammation in thyroid diseases by assessing serum
cytokine levels in patients with malignant and benign thyroid
nodules. Patients and Methods: The study included 20 patients
with papillary thyroid cancer, 38 patients with benign thyroid
disease (hyperplastic nodules, thyroid adenomas or thyroiditis)
and 50 healthy controls. Serum levels of ten interleukins (IL1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 and IL-13)
were simultaneously quantitatively determined by multiplex
technology. Results: Significantly higher serum levels of IL6, IL-7, IL-10 and IL-13 were detected in patients with benign
and malignant thyroid disease compared to controls
(p<0.001), while serum levels of IL-8 were significantly lower
in patients than in controls (p<0.0001). According to ROC
curve analysis, serum IL-13 exhibited the best performance
characteristics (AUC: 0.82). The combination of IL-13 and IL8 in a two-marker panel was highly efficient in discriminating
patients with thyroid disease (AUC: 0.90). A positive
correlation between serum IL-13 and T3 was observed
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(p<0.001). Conclusion: Our observations of significantly
altered expression levels of interleukins in patients with
malignant and benign thyroid conditions support the
association between the pathogenesis of thyroid diseases and
underlying inflammatory processes. Our data reinforce novel
approaches investigating the application of inflammatory
molecules as potential diagnostic and therapeutic targets in
thyroid malignancy.
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SCHWANNOMA AND OTHER MERLIN-DEFICIENT
TUMOURS
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Loss of the tumour suppressor protein Merlin, spontaneously
or as part of the hereditary condition Neurofibromatosis Type
2 (NF2), causes the development of various tumours of the
nervous system, such as schwannomas, meningiomas and
ependymomas. Merlin-deficiency is also seen in a range of
other cancers such as breast cancer, melanoma and
glioblastoma. Schwannoma is the most common Merlindeficient tumour and hallmark of NF2. Current treatment
options, surgery or radiosurgery, are invasive and only partially
effective. Therefore, new therapies are urgently required.
Cellular prion protein (PrPC), encoded by PRNP, is involved in
tumour development by altering proliferation, adhesion, and
survival in cancer cells via focal adhesion kinase (FAK) /Src/
NFκB, cyclin D1 and p53, proteins known to be involved in
schwannoma development. Our group previously showed a
strong elevation of PRNP activity in schwannoma. We
hypothesise that PrPC may contribute to schwannoma
development. To study the role of PrPC in Merlin-deficient
tumours we have used a well-established in vitro model for
schwannoma comprising human primary schwannoma and
Schwann cells. Immunostaining and Western blotting were
used to investigate cellular localisation and expression of PrPC
and activation of its downstream signalling pathways, before
and after PrPC levels were reduced using TCS prion inhibitor
and PRNP shRNA. Proliferation, survival and adhesion assays
were used as functional read-outs. We have shown that PrPC is
overexpressed in a Merlin-dependent manner in human
primary schwannoma compared to Schwann cells. The nonintegrin laminin receptor 37 kDa/67 kDa LRP/LR, known to
act as receptor for PrPC, is expressed in schwannoma and colocalises with PrPC. Reduction of PrPC levels leads to
decreased pERK1/2, total/autophosphorylated FAK, cyclin D1
and Ki67 and increased p53 and caspase 3 levels. Strong
decreases in proliferation, cell-matrix adhesion and survival of

schwannoma cells were also observed. We conclude that PrPC
contributes to schwannoma pathogenesis.
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Introduction: The PRL-3 protein belongs to a family of
tyrosine phosphatases and is involved in remodeling of the
cytoskeleton, regulation of the cell cycle and adhesion of
tumor cells. Because of the similar role of PRL-3 protein and
proteins belonging to epidermal growth factor family in
processes related to growth, survival, metabolism,
proliferation and migration of cells, the aim of this study was
to investigate the relationship between PRL-3 and EGF and
EGFR proteins, as well as an to assess their impact on the
advancement of gastric cancer. Materials and Methods: The
study included 87 patients with gastric cancer. Expression of
EGF, EGFR and PRL-3 was determined by
immunohistochemistry. Results: It has been shown that the
positive expression of PRL-3 and EGFR proteins correlated
with mucinous type of adenocarcinoma of the stomach.
Furthermore, the increase of EGFR protein in the tumor cells
was associated with poorly differentiated type of cancer and
higher degree of tumor in Goseki’s classification. Detailed
analysis of the parameters associated with metastasis showed
that the EGFR protein is involved in tumor cell invasion into
the lymphatic vessels and the decreased expression of the
EGF protein is involved in the infiltration of cancer cells to
the blood vessels. In addition, the positive expressions of
PRL-3 and EGFR proteins and negative expression of EGF
protein were associated with the presence of metastases to
regional lymph nodes. The PRL-3 protein expression was
negatively correlated with the expression of EGF protein and
positively correlated with the EGFR protein. Conclusion: It
has been shown that important relationships exist between the
PRL-3 protein and EGF, EGFR proteins in gastric cancer.
These proteins are also responsible for the invasiveness of
tumor cells, mainly by the participation of tumor metastasis to
the regional lymph nodes.
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Melanocytic tumors are common in all domestic animals and,
compared with other tumor types, is a tumor with high
metastatic capacity and reduced spontaneous apoptosis.
Despite the recognized scientific progress, it is still necessary
to discover therapeutic modalities more targeted and effective.
So, being that the dog has been considered a good model
organism for the study of human melanoma, our goal was to
study the expression of Epidermal Growth Factor Receptor
(EGFR), in order to verify its potential in comparative
pathology and in the discovery of molecular markers that can
function as therapeutic targets in these tumors.
The specific objectives of this study were to evaluate the
expression of EGFR, by immunocytochemistry, in melanocytic
tumors of the dog; evaluate the relationship of EGFR
expression with the clinical and histopathological features and
infer about the potential of EGFR as a possible therapeutic
target in melanocytic tumors of the dog. So 37 canine
melanocytic tumors were analyzed (9 melanocytomas and 28
melanomas), of which 11 oral and 26 skin tumors, respectively.
The immunoreactivity of EGFR was assessed taking into
account the addition of the two variables in study, scope and
intensity, and can be classified as absent, low, or high.
Our results showed a statistically significant association
between the histological type of tumor diagnosed (ρ=0.006),
anatomic location - cutaneous and oral - (ρ=0.014), nuclear
atypia (ρ=0.025), presence of giant cells (ρ=0.029), ulceration
(ρ=0.047) and intravascular tumor cells (ρ=0.039). However,
no correlation was observed with the other clinicopathological
variants in study. These results suggest an association between
the expression EGFR and a more aggressive histology.
Thus, this study opens the door to developing therapies that
target this receptor, including inhibitors of tyrosine kinase for
possible use in this type of tumors.
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The canine mast cell tumor is one of the most common skin
tumors in dogs, with a highly variable biological behavior. Its
etiology is unknown but, as with most cancers, is thought to be
multifactorial. Despite obvious progress in the areas of
Medicine and Science, it becomes increasingly clear the need
for discovery of new therapeutic modalities.
Therefore, the discovery of molecular markers as potential
therapeutic targets has been a key subject of study in recent
years. In this context, and in line with other studies
conducted both in Human and Veterinary Medicine, our
study focuses on the evaluation of EGFR expression in 42
canine mast cell tumors by immunohistochemical method,
the relationship of its expression with clinicopathological
features of the animal involved and, in the near future, in its
use as a therapeutic target in cancer. Among these, 14
(33.3%) were grade I mast cell tumors, 12 (28.6%) of grade
II and 16 (38.1) grade III.
Our results showed a statistically significant association with
histological grade (ρ=0.031), infiltrative growth (ρ=0.011) and
the presence of cellular aberrations (ρ=0.023), characteristics
that relate EGFR expression with more aggressive tumor
phenotypes, as observed in several other studies involving this
receptor. The clinicopathological variables that showed no
statistically significant association with EGFR expression were
sex of the animal (ρ=0.153), race (ρ=0.195), ulceration
(ρ=0.653) and amount of stroma (ρ=0.677).
These results offer prospects for the development of
targeted therapies, targeting EGFR, leading to inhibition of
this receptor, not only canine mast cell tumors, but in a wide
range of cancers.
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Veterinary oncology has evolved tremendously and cancer
constitutes a major cause of mortality in older pets.
Conventional chemotherapy, radiotherapy, cancer vaccines and
specific inhibitors are now commonly used in the treatment of
dogs and cats with cancer. End-stage cancers constitute a
therapeutic challenge to clinicians, where effective medical
and surgical therapeutics are scarce. Owners of animals are
also more susceptible to quality of life (QOL) issues and any
new therapy must not compromise this issue. Angiogenesis
constitutes a key driver of cancer progression. Metronomic
chemotherapy consists of the administration of continuous
(daily), low dosage cytostatic agent (usually an alkylating
agent) without drug-free intervals combined with a
nonsteroidal anti-inflammatory drug (NSAID), usually a
COX2 inhibitor known for its anti-angiogenic properties. In
human medicine, most clinical trials have been conducted in
advanced breast cancer with several metronomic protocols
achieving an average response rate of 39% with minimal side
effects reported. Due to spontaneous occurrence, increased
lifespan and availability of modalities of treatment similar to
human disease, several dog cancers have been proposed as a
model for the human disease. In veterinary medicine, studies
showed efficacy when using cyclophosphamide or
chlorambucil alone or combined with a NSAID in several
malignancies. Side effects were uncommon with increase of
QOL recorded and positive response rates were detected in
several malignancies proposed as a model for human disease:
mammary cancer, melanoma, bladder cancer and
osteosarcoma. Due to ease of use and low side effects,
metronomic chemotherapy is a promising therapy in veterinary
patients that could be modelled for the human corresponding
disease. In this work different protocols will be revised
regarding the utilization of different NSAIDS- firocoxib,
piroxicam- and different alkylating agents, as well as
combination with tyrosine kinase inhibitors and the
implications in side effects and QOL.
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In the last decade the number of studies about Cox-2
expression in cancer has been increasing drastically. It seems
of substantial scientific evidence the positive interference of
Cox-2 in cancer promotion and malignancy, in distinct types
of tumours in dogs and humans. In the human field, one of the
first interactions investigated was the link between Cox-2
expression and angiogenesis. However, others including
positive interaction with proliferation, increasing
metastatization and inflammation and reduced apoptosis were
also appointed. In canine cancer, Cox-2 overexpression has
been documented in several tumors: mammary carcinomas
including the aggressive type inflammatory mammary
carcinoma, transitional cell carcinomas, oral and skin
melanomas, squamous cell carcinomas, nasal carcinomas,
prostate carcinomas, osteosarcomas and, more recently,
meningiomas and mast cell tumors. One of the major
difficulties in comparing results among studies is related to the
distinct Cox-2 positivity evaluation methods used by
researchers. Another limitation is related to the reduced
number of papers by each tumor type, which prevents relevant
conclusions of systematic reviews. However, it is noteworthy
to mention that, despite these limitations, the results are
consistent and the majority of them indicate a link between
Cox-2 over-expression and malignancy. Logically, it is
possible that the mechanistic pathways that underlie Cox-2
action may differ between distinct tumour types. The
challenge is to understand the main way in each tumor in
order to better potentiate the therapeutic gap offered by the
anti-Cox-2 specific inhibitors.
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Background: There is debate in the cancer literature as to
whether or not the tumor stem cell theory is correct. This, in
part, is due to a lack of an accepted definition for a tumor stem
cell, what molecular markers and what cellular characteristics
they express. Aims: This study is directed at assessing the
available data that supports the contentious idea that tumors
are made from both tumor cells and tumor stem cells.
Materials and Methods: The high nitric oxide (HNO)-adapted
cell line model (A549 and A549-HNO) was used to assess
tumor stem cell markers like CD antigen expression using
immunostaining. Drug library screening (via the MTT assay)
was used to determine if there were molecules selective for
either tumor cells and/or tumor stem cells. Scratch and
adhesion tests were conducted to assess the metastatic
potential of these cells. ALDH levels of expression (via gene
chip analysis and immunostaining) were also studied. ALDH
activity was also assessed (via an enzymatic assay). FACS
analysis and FACS sorting were also used. Results: The
immunohistochemical analysis indicated cells positive for CD
antigen expression. As reported in the literature, other
researchers have used drug libraries to screen for compounds
that selectively kill tumor stem cells, as did our drug library
screen. Scratch test showed that HNO cells migrate faster than
the parent cells, while adhesion cell assays showed that the
HNO cells were less adherent to each other when compared
to the parent cells. ALDH expression was up-regulated in gene
chip experiments and up-regulated in HNO cells when
compared to the parent cell line, using immunohistochemical
staining or by enzymatic activity. NO was found to induce
“stemness” in sorted tumor cells. Conclusion: There is a
growing body of data to support the idea that tumor stem cells
can be derived from tumor cells, which is contrary to the
tumor stem cell theory.

526
PRIMARY BREAST CANCER AND
CORRESPONDING AXILARY LYMPH
NODE METASTASES: DO THEY HAVE
THE SAME MOLECULAR PROFILE?
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Breast cancer is still the most frequent malignancy in women
and remains a leading cause of death. Drug resistance and
escape from therapy are well documented and associated to
low overall survival, findings reported not only in the case of
chemotherapy and hormone therapy but also for humanized
monoclonal antibodies, like trastuzumab. The introduction of
6126

molecular classification of breast cancer that recognizes many
subtypes seems to be an important step toward personalized
therapy. Although characterized by gene analysis, the
molecular subtypes can be detected by immunohistochemistry
that has been shown to be an acceptable surrogate. Currently,
in breast cancer, estrogen/progesterone receptors (ER, PR),
HER2 expression and Ki67 are evaluated. In order to further
refine the classification, the expression of cytokeratin 5, p53,
epidermal growth factor receptor (EGFR) and Bcl-2 are
necessary to define the five major subtypes. These surrogate
markers are conventionally evaluated in the primary tumor,
usually removed by surgery, and not in lymph node metastases
(LNM). Virtually, there is a lack of data (if any) concerning a
comparison between the primary tumor and corresponding
LNM. Discrepancies could explain, at least in part, drug
resistance or hormone therapy “escape”. In a previous study
we have shown that LNM does not reproduce completely the
molecular profile of the primary tumor in 19.7% from 66
cases. In the present work we extended the investigation using
the panel of antibodies mentioned above. Stratification of both
primary tumors and LNM was based on the expression of ER,
PR, HER2, Ki67, CK5, EGFR, p53 and Bcl-2, as luminal A
and B, HER2, basal-like and normal-like or unclassified. We
found HER2 as the most stable subtype, without significant
conversion. The most unstable was the luminal A subtype,
associated with luminal B or even basal-like molecular
subtype in the LMN. Overall, cross-match between primary
tumor and corresponding LNM was found in 76% of the
cases. Our results support the evaluation of both primary
tumor and LNM in terms of molecular markers, in order to
improve the response to specific therapy.
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Recombinant human Epo is widely used in therapy related
anemia in patients with malignant diseases, although clinical
trials suggested that its use may be associated with earlier
tumor recurrence/progression and decreased survival.
Currently the role of EpoR and the effect of the EPO in breast
cancer biology is still unclear. In the recent study we
investigated the EpoR expression in invasive carcinoma of
breast and breast cancer cells. Using QRT-PCR we measured
the expression levels of all eight exons of the EpoR gene in
breast cancer cell lines and found that mRNA regions coding
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for the extracellular portion of the receptor are expressed at
significantly lower levels compared to the C-terminal region.
In contrast, no such difference was seen in EpoR mRNA
expressed in UT-7 cells known to express functional, wild type
EpoR. Furthermore, out of 180 microdissected invasive breast
carcinomas 118 tumor showed >2 fold differences, more than
10 fold change differences was observed in 52 breast cancers
between the C and N-terminal region of EpoR. Applying
SMART RACE PCR assay we identified a common ~900 bp
length sequence lacking the N-terminal, ligand binding
domain in the samples. Overexpression of either wild type or
the identified isotype form of EpoR in MDA-MB436 breast
cell lines had no significant effect on the proliferation.
However exogenous Epo increased the proliferation of the
wild- and isotype EpoR overexpressed MDA cells.
Furthermore, in vitro 3D invasion assay demonstrated
increased tumor mass formation of the wild- and isotype EpoR
overexpressed cells which was consistent with their
established in vivo behavior as well. We showed that different
variant forms of EpoR present not only in vitro but also in the
individual breast tumor samples. These altered forms of EpoR
may be responsible for the observed differences in the Epo
responsiveness of breast cancers.
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World health organization’s data shows that cancer is the
leading cause of death worldwide. In 2012, 8.2 million people
died due to cancer. More than 60% of the annual new cases
occur in the underdeveloped and developing countries located
in Africa, Asia and South America. These countries bear more
than 70% of the world’s annual cancer deaths. Diagnosis of
cancer at an early stage can prevent many cancer deaths. These
data suggest that the people belong to the underdeveloped and
developing nations, who did not have proper awareness and
medical care are the worst hit by cancer. As the current cancer
diagnostic procedures were laborious and expensive, many
people around the world could not afford these procedures.
Hence, it is very important to device a new diagnosis method,
which is affordable, non-invasive, quick and highly specific.
We profiled and compared the metabolome of primary and
metastatic melanoma cells from the same patient (WM-115
and WM 266). We compared two types of metabolome; they
are volatile metabolome and intact cell surface metabolome.
In this study we checked the specificity of these two
metabolom in diagnosing specific stages of cancer. Our results
show more than ten volatile organic compounds that

differentiate the primary and metastatic melanoma cells
obtained from the same patient. The NMR profiles of the 2
dimensionally grown intact cells show that these cells differ
in both quantitative and qualitative aspects. We found the
chemical shifts 1.15ppm, 2.37ppm and 8.34ppm as the
biomarker for the primary melanoma cells and 3.65ppm,
4.21ppm and 4.28ppm for the metastatic cells. As these cells
are very closely related the differences are feeble but
detectable. The volatile metabolite analysis also shows feeble
but detectable differences between these closely related cells.
We suggest that increase in the cell concentration could
potentially increase the strength of the differences. We
conclude that both the intact cell NMR profiling and volatile
profiling strategies have high specificities and can be
employed in framing novel cancer diagnosing methodologies.
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Background/Aims: MicroRNAs (miRNAs) are promising
biomarkers with diagnostic and prognostic implications.
These molecules are a group of small non-coding RNAs that
modulate gene expression. MiRNA are deregulated in
different tumors including gastric cancer (GC). The data on
deregulated microRNA profile in GC tissues mandates
further research. Aims & Methods: The aim of our study was
to evaluate and compare the miRNA profile in GC tissue
and normal gastric mucosa from healthy individuals.
MiRNAs from fresh frozen tissues were profiled using the
Applied Biosystems® ViiA™ 7 RT-PCR system with
TaqMan® Array Micro Fluidic A Cards in 15 tissue samples
of primary GC and 11 normal gastric tissues from healthy
controls. Log2-fold change (log2FC) calculations were
performed using the GenEx software. Results: The results
of microRNA profiling revealed 3 down-regulated miRNAs
in GC tissue samples compared to normal gastric tissue:
hsa-miR-135a (log2FC= -7.96199, p=1.73E-06), hsa-miR26b
(log2FC=-2.2343,
p=1.2E-05),
hsa-miR-148a
(log2FC=-6.73728, p=2.13E-05). The analysis also revealed
15 significantly up-regulated miRNAs in GC tissues
compared to normal gastric mucosa:
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hsa-miR-214 3 (log2FC=7.6098, p=2.32E-06),
hsa-miR-155 (log2FC=5.53734, p=2.17E-05),
hsa-miR-146b (log2FC=4.59012, p=3.17E-05),
hsa-miR-345 (log2FC=2.21088, p=3.56E-05),
hsa-miR-223 (log2FC=6.21766, p=5.53E-05),
hsa-miR-126 (log2FC=2.36791, p=8.32E-05),
hsa-miR-345 (log2FC=2.21088, p=3.56E-05),
hsa-miR-223 (log2FC=6.21766, p=5.53E-05),
hsa-miR-126 (log2FC=2.36791, p=8.32E-05),
hsa-miR-484 (log2FC=3.02072, p=0.000116),
hsa-miR-140-3p (log2FC=2.55172, p=0.000123),
hsa-miR-10a (log2FC=2.11934, p=0.000194),
hsa-miR-16 (log2FC=2.1092, p=0.0002),
hsa-miR-24 (log2FC=2.48963, p=0.000221),
hsa-miR-331 (log2FC=2.58057, p=0.000224).
Conclusion: MicroRNA profiling analysis revealed 3
differentially down-regulated and 15 up-regulated miRNAs in
GC tissue compared to normal gastric mucosa. This profile
may serve as potential biomarker for GC and needs validation
in further studies.
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Several metallodrugs have being used as anticancer agents;
however, many of them are non-selective and have side effects
to patients. In this perspective, the development of alternative
cancer therapies less harmful has emerged including
Photodynamic therapy (PDT). Essentially PDT involves
production of reactive oxygen species (ROS) that induces
cytotoxicity1. Based on this, the aim of this work is to describe
the fully physical-chemical characterization as well as the
cytotoxicity properties of nitrosyl ruthenium-phthalocyanines
complexes – [RuNO(Pc-R)Cl] (I)- as singlet oxygen and nitric
oxide producers.
All the ruthenium-phthalocyanines complexes were
synthesized with either one or four carboxyl groups using
microwave techniques. They were characterized by UV6128

visible, infrared, nuclear magnetic resonance, fluorescence and
mass spectroscopy. The cellular viability of the compounds
was evaluated using the MTT assays with B16F10 as a model
of tumor cell and L929 as a model of healthy cell. The protein
expression was evaluated by Western Blot tests.
The electronic spectrum of all studied rutheniumphthalocyanine compounds in DMSO solution presents intense
absorption in 660 nm region attributed as band-Q. FTIR of the
nitrosyl species shows νNO stretching in 1887 cm–1.
Cytotoxicity results showed the phthalocyanines were not
cytotoxic in L929 cells and cytotoxic in metastatic cells (25%)
in low light intensity irradiation. Western Blotting assay has
been used to investigate the expression of different proteins
which will direct our future tests to understand the cellular
proliferation and death mechanism. Fluorescent microscopy
images showed the complexes penetrated in B16F10 cell line
(10 μM, 30 minutes of incubation).
FAPESP, CNPq, CAPES, NAP-Photochem
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Background: Clinical outcome is better for patients with HPVpositive TSCC and BOTSCC compared to HPV-negative
tumors with 80% vs. 40% 5-year disease-free survival using
conventional radiotherapy/surgery. Current treatment is more
intensified often resulting in harmful side effects; thus,
biomarkers for use together with HPV are needed to predict
treatment response and avoid overtreatment. Earlier studies
have shown a HPV-dependent correlation between HLA class
I expression and clinical outcome. To further investigate the
relationships between components of the antigen processing
machinery (APM), HLA class I, HPV and clinical outcome,
the expression of LMP2, LMP7, LMP10, TAP1 and TAP2 was
analyzed in these tumors. Materials and Methods: Between
135 and 278 TSCC and BOTSCC biopsies with known HPV
DNA status from patients diagnosed from 2000 to 2007 at the
Karolinska University Hospital were analyzed for nuclear and
cytoplasmic expression of LMP2, LMP7, LMP10, TAP1 and
TAP2. Expression of these APM components was correlated
to each other as well as to HPV status and clinical outcome.
Results: The expression of LMP2, LMP7, LMP10 and TAP2
was found to be absent/low in 42-88% of TSCC and
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BOTSCC. The expression TAP2 was correlated with TAP1
and LMP7, while LMP2 was correlated with LMP7. In
addition, for HPV-positive tumors the expression of LMP2 and
LMP7 was correlated to HLA class I expression. Furthermore,
for HPV-positive TSCC and BOTSCC a low nuclear
expression of LMP7 or LMP10 was correlated to a successful
treatment response. However, for HPV-negative tumors the
correlation between expression and treatment response
diverged for LMP7 and LMP10. Conclusion: Absent or low
expression of several APM components is a common feature
of both TSCC and BOTSCC. Nuclear expression of LMP7
and LMP10 in the HPV-positive group correlated to better
clinical outcome. Consequently, these markers may potentially
be used together with tumor HPV status to predict clinical
outcome.
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Glioblastoma is the most aggressive brain tumor with a
median survival of about 15 months after diagnosis. It remains
incurable despite extensive treatment options. One reason for
that is the protection against immune responses, especially in
the recurrent tumor situation due to immune escape
mechanisms. Therefore, new therapeutic approaches are
necessary to target the primary, as well as the recurrent tumor.
We established a method to identify immunogenic tumorassociated antigens using a combination of the twodimensional protein fractionation system (PF2D) and the IFNγ ELISpot assays in an autologous setting. Proteins were
identified by LC-ESI-MS/MS. By the help of this approach, a
study sample consisting of different primary (pGBM) and
corresponding recurrent glioblastomas (rGBM) was analyzed.
Expression of candidate genes was further investigated by
microarray analyses in 30 pairs of patient-matched primary
and recurrent tumors. Altogether, peptides corresponding to
1,581 putative immunogenic proteins were identified. After a
thorough filter process including intensive literature research
and publically available data repositories, 44 proteins have
been chosen for further analyses. 16 were identified in all
samples, independent of primary or recurrent tumor tissue.

Using microarray analyses, 15 of these selected proteins
showed a significantly different expression comparing primary
and corresponding recurrent GBM tumors. Among these 6/15
presented with an up-regulated expression in rGBM. The
immunogenicity of the synthesized peptides of selected
potential tumor-associated antigens was further tested in the
patients of origin, a cohort of healthy donors, as well as a
larger cohort of GBM patients. In summary, promising
immunogenic proteins were identified, which frequently
induce T cell immune responses in GBM patients but not in
healthy donors and are still highly expressed in recurrent
tumors.
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THERAPEUTIC STRATEGIES IN
THE 1ST-LINE TREATMENT OF PATIENTS WITH
NSCLC HARBORING EGFR MUTATIONS
Angeliki Rapti

Pulmonologist Director of 2nd Pulmonary Department
‘Sotiria” Hospital- Athens, Greece

Non-small-cell lung cancer (NSCLC) accounts for
approximately 80% of lung cancers and is one of the leading
causes of cancer death in the west world. Approximately 85%
of all primary lung cancers are NSCLCs, which are classified
into three major histologic types: adenocarcinoma, squamous
cell carcinoma and large-cell carcinoma. Adenocarcinoma is
the most frequent histologic type of NSCLC in both genders
in many parts of the world. In recent years, attention has
focused to the role that the EGF receptor gene (EGFR) plays
in tumor genesis and its utility as a target for therapy.
Biomarkers that can reliably predict which patients may
benefit from anti-EGFR therapy are urgently needed.
Activation mutations, identified within the kinase domain of
the EGFR gene, led researchers to propose and develop
therapeutic strategies targeting EGFR TK. EGFR alterations
have prompted the development of two classes of anti-EGFR
agents: monoclonal anti-EGFR antibodies (e.g., cetuximaband
panitumumab) and small-molecule TKIs of EGFR (e.g.,
gefitinib and erlotinib, among others). The most widely used
EGFR TKIs are gefitinib and erlotinib. The data from 222
publications indicate that EGFR mutations are predictive of
patient response to single-agent EGFR TKI treatment in
advanced NSCLC. According to large-cohort Phase III clinical
trials the response rates range from 15 to 37.5%.. The results
of other clinical trials indicated that many of the tumors
harboring mutant EGFR are highly sensitive to EGFR TKIs,
with 10–30% demonstrating a significant clinical response.
The EGFR mutations responsible for the constitutive
activation of receptor TK are also most frequently associated
with sensitivity to EGFR TKIs. These mutations are associated
with response rates of >70% in patients treated with either
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erlotinib or gefitinib. Patients with an EGFR mutation, who
were treated with TKIs, had much higher response rates and
longer progression-free survival than patients without EGFR
mutations who had the same treatment. Recent randomized
trials have also shown that patients with EGFR mutations
treated with TKIs, had longer progression-free survival and
overall survival than those who were treated with
chemotherapy. Conclusion: The EGFR is an effective
therapeutic target in treating NSCLC. EGFR mutations have
been used as a selection criterion for EGFR TKIs and are also
used as a predictive marker for responsiveness to EGFRtargeted therapy. . Therapies targeting EGFR or its key
downstream pathway effectors are standard therapies in
subsets of NSCLC patients with EGFR mutations. With the
extensive studies performed on the mechanism of EGFR
pathway alteration and carcinogenesis of NSCLC, we are
about to bridge the gap between genetic findings and clinical
pathological parameters, leading to personalized management.
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ROLE OF CHLOROGENIC ACID IN SUPPRESSING
5-FLUOROURACIL INDUCED RENAL OXIDATIVE
STRESS, APOPTOSIS AND INFLAMMATION IN
WISTAR RATS
Summya Rashid and Sarwat Sultana
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5-Fluorouracil (5-FU) is an effective anticancer drug
commonly used for the treatment of various types of cancer.
But it has distinct undesirable effects, such as nephrotoxicity,
cardiotoxicity, hepatotoxicity etc. limiting its broad and
widespread clinical practice. Chlorogenic acid (CGA), an
esterified product of caffeic and quinic acids, is one of the
most abundant polyphenols in human diet. It is extensively
found in fruits like plums, apples, cherries and coffee drinks.
It acquires an array of biological properties like anti-oxidant,
anti-inflammatory and anti-carcinogenic reported from in vivo
and in vitro studies. In the present study, we investigated the
protective effect of CGA against 5-FU-induced nephrotoxicity
in Wistar rats. The possible mechanism of 5-FU-induced
nephrotoxicity may be due to ROS-induced apoptosis and
inflammation via up-regulating p53, p21, Bax, caspase-3, Cox2, iNOS and down-regulating Bcl-2. CGA was administered
to Wistar rats once daily for 20 consecutive days at 60 and 120
mg/kg body weight orally in distilled water. On day 19, a
single intra-peritoneal injection of 150 mg/kg body weight 5FU was given and rats were sacrificed after 48 hrs. CGA
ameliorated 5-FU-induced LPO, deficit in antioxidant armory
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(CAT, GSH, GR, GPx and SOD) and increase in serum
toxicity markers (BUN, Creatinine, LDH and Kim-1). CGA
also down-regulated apoptotic and inflammatory tissue
damage induced by 5-FU. Histological findings supported
earlier results. Therefore, the results suggest that CGA may be
used in combinational therapy to improve the therapeutic
index of 5-FU after further preclinical and clinical testing.
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EPIGENETIC AND DNA-CONFORMATION
MEDIATED REGULATION OF GENE
EXPRESSION IN BREAST CANCER
Alpana Ray and Bimal K. Ray
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Metastasis, by which cancer cells spread from their primary
location to distant sites in the body is considered as the
greatest barrier to cancer cure. This process is highly complex
and involves implementation of a number of wellorchestrated, sequentially held events that include, first, the
breach of tumor membrane that would release the cancer cells
from the enclosed primary tumor location, migration of
cancer cells, successful attachment and proliferation of the
escaped cancer cells at the secondary locations. Because so
many coordinated steps are involved in metastasis, the
concept of multi-tasking multifunctional proteins regulating
some of the steps of metastasis has started to shape. ADAM12 is a multifunctional protein which can perform proteolysis,
regulate growth factor availability cell-cell and cell-matrix
adhesion and cell-signaling. ADAM-12 expression is seen to
be highly elevated in many human cancers including breast
cancer. In breast cancer patients, high level of ADAM-12
protein was detected in the urine. Most importantly, increased
urinary level of ADAM-12 seems to correlate with breast
cancer progression. Arrest of increase of ADAM-12 protein
level is therefore a prudent therapeutic choice. As no
discrepancy between ADAM-12 mRNA and protein level is
seen, it is presumed that the regulation is manifested at the
transcriptional level. At the proximal upstream region of
ADAM-12, a Z-DNA forming negative regulatory element
(NRE) is present that functions as a transcriptional suppressor
and aids in the maintenance of low-level expression of this
protein under normal condition. The Z-DNA-mediated control
of ADAM-12 expression is regulated by Cross-talk and a
novel interplay between Z-DNA forming NRE, epigenetic
protein MeCP2 and NF1 transcription factor appear to
regulate ADAM-12 expression. In breast cancer cells and
tissues, a marked reduction of the Z-DNA-mediated silencer
function leads to transcriptional up-regulation of ADAM-12.
The results implicate a novel epigenetic regulatory
mechanism in cancer development.
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A NEW TARGET OF RAS-SIGNALING
PATHWAY THAT PROMOTES ANGIOGENESIS
IN AGGRESSIVE BREAST CANCER
Bimal K. Ray and Alpana Ray

Department of Veterinary Pathobiology, University of
Missouri, Columbia, MO, U.S.A.

Recently, we reported a novel mechanism of angiogenesis
promoted by aggressive breast cancer cells. It involves an
inflammation responsive transcription factor, serum amyloid
A activating factor 1 (SAF-1). SAF-1 and its human homolog,
MAZ is overexpressed in several types of human cancer
including breast cancer. Marked increase of MAZ mRNA,
observed at the terminal phase of human chronic myelogenous
leukemia (CML), has been linked to the malignant phenotype
of CML. Previous reports have indicated that in response to
various
inflammatory
stimuli,
DNA-binding
and
transcriptional function of SAF-1/MAZ are increased via its
phosphorylation by various protein kinases, including MAPK,
PKC, PKA and CK2. These studies however did not address
whether oncogenic-signaling, which plays a crucial role in
tumor growth, could activate SAF-1/MAZ. We now show that
oncogenic ras increases DNA-binding and transcriptional
activities of SAF-1/MAZ in breast cancer cells. Human Ras
contains three genes (H-, N-, and K-Ras), which encode
highly homologous Ras proteins of ~21 kDa size. These
proteins are involved in relaying various extracellular signals
to cytoplasm via GTP/GDP on-off switching. Ras mediates its
effect through more than 20 functionally distinct downstream
effector pathways of which the Raf/MEK/MAPK and
PI3K/AKT kinase cascades are prominent. Ras signaling
mediated by Raf/MEK/MAPK is identified as a major
signaling pathway of SAF-1/MAZ activation in breast cancer
cells. In contrast to the understanding on the activation of Ras
proteins and the role of downstream interconnecting pathways,
the mechanisms regulating how overexpression of Ras occurs
are quite scant. During our studies on Ras-mediated SAF-1
induction, we have surprisingly observed that activated SAF1 acts as a transcriptional inducer of H-Ras and K-Ras These
findings reveal a novel regulatory loop in which oncogenic
Ras increases DNA-binding and transcriptional activities of
SAF-1 and activated SAF-1 increases transcription of Ras.
Thus, SAF-1 could be a target for Ras/MAPK-directed
therapeutics.
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Background: Estradiol (E2) mediates two important functions
of premenopausal patients with breast cancer (BC): the
induction of vascular endothelial growth factor (VEGF) and the
expansion of T-regulatory cells (T-regs). Both these functions
are fundamental for breast cancer development. We
hypothesized that by decreasing plasma E2 we could reduce
VEGF and T-regs and, therefore, we could decrease the
recurrence rate in premenopausal patients with high risk early
breast cancer. The primary endpoint of this study was the
evaluation of VEGF and T-regs; secondary end points were the
5- and 15-year disease-free survival (DFS) and overall survival
(OS) rates. Methods: Between June 1997 and June 2007, 200
premenopausal high risk early BC patients were entered into
the study. After surgery, and before starting the chemotherapy,
an LH-RH analogue was administered to all patients.
Chemotherapy was tailored to the biological characteristics of
each patient followed by radiation therapy and by an aromatase
inhibitor in ER+ patients. Results: The median patients’ age
was 43 years (range, 26-45). The mean number of positive
axillary nodes was 3.2 (range, 1-25). Seventy-one percent of
patients were ER+, 29% were ER- and the median Ki-67 was
30% (range, 15% -100%). After a median follow-up of 104
months (range, 63-180), E2 was suppressed to values <40
ng/ml. A statistically significant decrease of VEGF (p<0.0001)
and T-regs (p<0.0001) were observed. Five-year DFS and OS
rates were 89% and 96%, respectively, while the 15-year DFS
and OS rate were 62% and 73%, respectively. ER+ patients had
a better DFS (p<0.05) with respect to ER- patients, while no
difference was observed in OS. No recurrence after 5 years was
observed in ER- patients who had late new primaries. ER+
patients had recurrences even after 15 years. The standard
pattern of toxicity of chemotherapy was observed, while hot
flashes and G1 osteopenia occurred after LH-RH analogue
administration. Conclusion: E2 deprivation with an LH-RH
analogue is able to decrease T-regs and VEGF and to improve
the expected DFS and OS rates in premenopausal high risk
ER+ and ER- BC patients, at the price of a moderate toxicity.
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CANINE MAMMARY TUMOUR: A SPONTANEOUS
ANIMAL MODEL FOR HUMAN BREAST CANCER
B. Restucci
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Introduction: During the last few years, the dog has emerged
as an attractive model for cancer research and as an alternative
to the mouse model, especially along with the sequencing of
the dog genome and the evidence of its similarity with the
human genome. Apart from this, more general considerations
are in support of using the dog as animal model for human
carcinogenesis: first of all, dogs share a common environment
with humans and are exposed to the same oncogenic risks and,
in addition, dogs have a shorter life span and this facilitates
the study of neoplastic progression. In this context canine
mammary tumours (CMT) represent a very reliable model
sharing with human breast cancer (HBC) several important
epidemiological, clinicopathological and biochemical features.
The hormonal etiologic component is well defined for both
CMT and HBC; diet and obesity represent risk factors and the
biological behavior, characterized by a progression from
dysplasia to benign and to malignant tumours and metastasis
pattern to regional lymph nodes and lungs are the same. In
addition CMT and HBC have also many histological features
in common. Nevertheless, some differences exist: in contrast
to HBC, mixed mammary tumours are frequent in dogs. In
fact, CMT can originate from different cell types in the
mammary gland: glandular epithelium, fibrous tissue and the
myoepithelial compartment. Besides glandular cells,
morphologically different types of myoepithelial cells are
observed in CMT, and several authors favour the hypothesis
of involvement of the myoepithelial cell in the histogenesis of
this tumour type. In contrast, HBC, as determined
morphologically, up to now was thought to arise exclusively
from the inner, luminal epithelial cell compartment of the
terminal-duct lobular unit. Despite of this traditionally
assumed histogenesis of breast carcinoma, it has now become
increasingly clear that also in women a proportion of
mammary cancers (18%) exhibit a partial or a complete
basal/myoepithelial phenotype; that is, they express cellular
markers otherwise seen only in the basal/myoepithelial
compartment of normal breast tissue. This new concept of
“basal/myoepithelial” differentiation in HBC has given rise to
specific attention, because those tumours invariably exhibit
high grade of malignancy and a poor prognosis. In the canine
species, spontaneous mammary tumours constitute the second
most frequent neoplasia, surpassed only by skin tumours.
When considering female dogs, mammary tumours represent
the most common neoplasia, with malignant tumours
accounting for up to 50% of cases. These facts have raised
increased interest in the search for reliable prognostic factors
in CMT. Not unlike in human medicine, the veterinary
pathologist assumes a fundamental role by providing both
histological diagnosis as well as additional information
regarding the prognosis. Classical clinicopathological features
are not always sufficient to predict the biological behaviour of
canine mammary tumours and the availability and application
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of new methodologies have allowed the identification of new
prognostic factors, some potentially relevant as therapeutic
targets; among these, angiogenesis, autophagy and cell-cell
interactions are features common to CMT and HBC. We
hereby report results of some of our studies evaluating these
cellular features in canine mammary tumours. Material and
Methods: The 50 mammary neoplastic samples used in these
studies during the last 10 years were all collected from the
archive of the Diagnostic Service of Veterinary Anatomical
Pathology of the Federico II University of Naples, Italy. The
10 normal samples used as control were sampled during
necropsies from animals died of unrelated causes. Neoplastic
samples, in part fixed in 10% buffered formalin and in part
cooled in isopentane in liquid nitrogen, were classified
according to WHO criteria and graded by two blinded
observers. Applying Elston Ellis parameters, samples were
divided into grades I to III tumours, according to their degree
of differentiation. Immunohistochemistry, double color
immunofluorescence and western blot were performed. For
evaluating the angiogenic potential we used monoclonal
antibodies against VEGF, FLK-1 receptor, Endothelin-1 and
Endothelin receptor A. Cell-cell interactions were investigated
by evaluating E-cadherin and β-catenin expression, while
Beclin1 and LC3 were used to examine the autophagy process.
Immunoreactivity was evaluated by counting immunostained
cells. Data obtained were expressed as mean numbers of
positively stained cells in each group according to their
histological grading and compared to normal tissues. To
determine whether positive cell numbers differed between
normal mammary gland tissue and benign tumours, between
benign and malignant tumours and among the differentiation
grades of malignant tumours, a Mann-Withney test was
performed, considering statistically significant a p-value of
less than 0,05. Results: Angiogenic factors: A progressive
increase of angiogenic factors VEGF and Endothelin-1 and
their receptors FLK-1 and ETaR was observed in benign and
in various grades of malignant tumours. A striking feature was
the detection of FLK-1 in neoplastic cells. Cell-cell adhesion:
A decrease of E cadherin and β-catenin expression was
detected in malignant tumours. The most significant feature
was the loss of membranous staining of both E cadherin and
β-catenin observed in poorly differentiated carcinomas in
which a shift to predominantly cytoplasmic expression was
detected. Autophagy: A decrease of Beclin-1 and LC3
expression was observed in malignant epithelial cells. Strong
expression of these proteins was preserved in myoepithelial
cells and in stromal cells. Discussion: Angiogenesis has been
related to malignancy in CMT and HBC, and the angiogenic
potential of neoplasia is considered a very useful prognostic
feature. In fact, the “angiogenic switch”, by which neoplastic
cells become able to provide for their own oxygen and nutrient
requirements, is a key event in malignant transformation and
in the progression of neoplasia. Increase in VEGF synthesis
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and the induction of endothelial cell proliferation, which are
considered the first expression of the switch, are important in
the acquisition of a malignant and metastasizing phenotype by
neoplastic cells. The expression of Flk-1 by neoplastic cells
suggests an autocrine function for VEGF, by means of which
malignant neoplastic cells can act simultaneously as VEGF
producers and VEGF target cells, thus contributing to
neoplastic growth independently of any angiogenic effect on
normal endothelial cells. It may be suggested that similar
mechanisms are applicable also for Endothelin-1. The
increased ET-1/ETAR expression levels, positively correlated
with VEGF and with angiogenesis, can stimulate endothelial
cell proliferation and can induce the production of VEGF,
which in turn stimulates angiogenesis and tumor growth,
respectively, and this, likely through paracrine and autocrine
mechanisms. The impairing of cell-cell adhesion has also been
related to a high grade of malignancy and poor prognosis in
HBC and CMT. In CMT, in particular, the decrease or loss of
E-cadherin, together with alterations in catenin expression,
found mainly in the cytoplasmic and sometimes nuclear
localization of β-catenin from malignant, less differentiated
tumours, is involved in the loss of cell differentiation and in the
development of an invasive tumor phenotype. The progressive
loss of E-cadherin causes a dissociation of epithelial cells
which can detach from the primary tumour mass and infiltrate
both the surrounding tissues and the vascular structures. In
addition, disruption of β-catenin interferes with E-cadherin
metabolism, compromising its correct location and orientation
on the cell membrane, which is indispensable for intercellular
adhesion. The cytoplasmic β-catenin can transgress into the
nucleus and activate a transcription factor (TCF4) which is
involved in the first transformation of epithelial cells. Hence,
the alteration of β-catenin can play a crucial role both in
neoplastic transformation, by activating TCF-4, and in
neoplastic progression, preventing the linking with the Ecadherin cytoplasmic tail on which the correct orientation of
E-cadherin on the cell membrane depends. More recently,
autophagy has also been involved in canine mammary gland
carcinogenesis and the impairing of Beclin 1 and LC3
expression in malignant tumours has been opening new doors
in the knowledge on CMT. In particular, the loss of Beclin 1 in
high grade malignancy tumours suggests the implication of
autophagy in mammary carcinogenesis and tumour
progression; the existence of a network is emerging in which
angiogenesis and autophagy and other mechanisms are strictly
interrelated in determining the phenotype of malignancy. The
numerous similarities between HMT and HBC, demonstrated
here, reinforce the concept of the dog as a resource for studies
on cancer of the human breast with synergetic effects for both.
For veterinary medicine, which generally follows research
carried out in human medicine, it is fundamental to use the
results of these studies for identifying new therapeutic
strategies and to improve the prognosis for our canine patients.
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NATIVE TYPE IV COLLAGEN INDUCES
MIGRATION THROUGH A PI3K/AKT-DEPENDENT
PATHWAY IN MDA-MB-231 BREAST CANCER
CELLS
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The discoidin domain receptors (DDR’s) are receptors with
activity of tyrosine kinase (RTK’s) that have the ability to
recognize collagen in its native triple helicoidal conformation.
Particularly DDR1 is activated by type IV and this collagen is
found mainly in basement membranes that surround epithelial
cells including epithelial mammary cells. During cancer
progression, the basement membrane is degraded and then
cancer cells are able to migrate, invade and colonize other
tissues (metastasis). However, the signal transduction
pathways mediated by native type IV collagen have been
poorly studied. In this work the aim was to determine whether
native type IV collagen induces activation of the PI3K/Akt
pathway and cell migration through a DDR-dependent
pathway in MDA-MB-231 breast cancer cells. Our findings
demonstrate that native type IV collagen induces an increase
of NFκB DNA binding activity and migration through a
DDR1 and PI3K/Akt-dependent pathway in MDA-MB231breast cancer cells. These results strongly suggest that
DDR1 plays an important role in breast cancer progression.
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PROTEIN KINASE C DELTA REGULATES
CELL PROLIFERATION AND CELL DEATH

Mary E. Reyland, Jennifer M. Symonds and Angela Ohm
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PKCδ plays an essential role in apoptosis in many tissues. Our
pre-clinical studies suggest that inhibition of PKCδ may be an
effective strategy for protection of non-tumor tissue in cancer
patients undergoing irradiation or chemotherapy. Before such
strategies can be used in the clinic it will be essential to better
understand the contribution of PKCδ to tumorigenesis. We
have explored this question using non-small cell lung cancer
(NSCLC) as a model. We have previously shown that PKCδ is
required for the growth of NSCLC cells that are dependent on
K-ras, and for growth of K-ras driven lung tumors in vivo.
Analysis of 14 mutant KRAS NSCLC cell lines that are K-ras
“independent” for survival, or K-ras “dependent” reveals that
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the pro-tumorigenic and pro-apoptotic functions of PKCδ
segregate with the K-ras dependency status, and reflect
differential regulation of survival signaling by PKCδ. K-rasindependent NSCLC cells are sensitive to DNA-damageinduced apoptosis, and shRNA mediated depletion of PKCδ
in these cells results in suppression of apoptosis and increased
activation of the MEK/ERK pathway. In contrast, K-ras
dependent NSCLC cells are resistance to DNA-damageinduced apoptosis and depletion of PKCδ enhances apoptosis
and suppresses MEK/ERK activation, anchorage-independent
growth, and invasion/migration. These studies define two
distinct subsets of NSCLC cell lines in the context of mutant
KRAS. NSCLC cells that are “independent” of K-ras
preferentially utilize PKCδ for apoptosis, while cells
“dependent” on oncogenic K- ras preferentially use PKCδ for
proliferation and survival. Thus the function of PKCδ in a
given cancer subtype may be dependent at least in part upon
the "oncogenic context of the cancer."
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THE HIF-1 TARGET LYSYL OXIDASE PROMOTES
SURVIVAL AND OUTGROWTH OF COLON CANCER
CELLS IN THE BONE MARROW ENABLING BONE
METASTASIS FORMATION
Caroline Reynaud, Laura Ferreras and Philippe Clézardin
INSERM, UMR1033, Lyon, France

Adaptation to hypoxia is a driving force for tumor progression
that leads to therapy resistance and poor clinical outcome.
Hypoxic responses are mainly mediated by the hypoxiainducible factor-1 (HIF-1). One critical HIF-1 target,
mediating tumor progression, is lysyl oxidase (LOX). LOX
catalyzes the cross-linking of collagens and elastin in the
extracellular matrix, thereby regulating the tensile strength of
many tissues, such as in the bone. In cancer, HIF-1 and LOX
act in synergy and play critical roles in facilitating tumor
growth and metastasis formation in soft tissues. However, their
role in bone metastasis formation is unknown. In this study,
we first showed by immunohistochemistry using the patients’
tumor specimens that the HIF-1 target, LOX, was expressed
in the desmoplastic tumor stroma of pairs of colorectal
carcinomas and their matching bone metastases. Preclinical
experiments showed that LOX over-expression in different
colon carcinoma cell lines enhanced the formation of
osteolytic lesions in animals by promoting both skeletal tumor
burden and osteoclast-mediated bone resorption. Additionally,
LOX treatment of animals enhanced bone metastasis
formation caused by parental colorectal carcinoma cells.
Conversely, the pretreatment of animals with the LOX
inhibitor β-aminopropionitrile or the silencing of LOX in
colorectal carcinoma cells drastically reduced the formation of
osteolytic lesions. In vitro, tumor-derived LOX indirectly
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promoted osteoclast differentiation by enhancing the secretion
of osteolytic factors from colon cancer cells. LOX also
directly enhanced the attachment of colon cancer cells to
collagen (but not to fibronectin) and promoted cancer cell
survival by activating interleukin-6 autocrine signaling
pathways in an HIF-1-dependent manner. In conclusion, our
findings provide novel evidence that the HIF-1 target LOX
endows colon cancer cells with the ability to thrive in the bone
marrow microenvironment and stimulate osteoclast-mediated
bone destruction.
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Alterations in the balance between two bioactive sphingoids
ceramide and sphingosine-1-phosphate S1P exerts a powerful
influence over cancer cell fate. Increasing evidence
demonstrates that this unbalance is associated with a poor
survival outcome, and is implicated in promoting the
aggressiveness of glioblastoma multiforme (GBM), the most
common and lethal primary brain cancer in humans. GBM
cells, and particularly GBM stem cells, are equipped with the
abilities of manipulating ceramide and sphingosine-1phosphate. Indeed, GBMs are organized to maintain low their
level of the proapoptotic ceramide, which in turn leads to both
a loss of growth control and a gain of death resistance. To the
opposite, these tumors are extremely efficient in the
maintenance of high extracellular levels of the proproliferative and pro-survival sphingosine-1-phosphate, which
pressures cells to exhibit abnormal proliferation, invasivity,
stemness, angiogenesis and death resistance. Through
differential interactions, this sphingoid unbalance regulates
different signaling pathways, and integrates GBM function and
mass, finally providing molecular cues for GBM properties
and aggressiveness. It is a future challenge unrevealing how
manipulation of bioactive sphingolipids could be effective as
strategy to optimize the efficacy and selectivity of future
anticancer therapies for GBM.
543
INTER-LABORATORY PRE-VALIDATION OF THE
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Background: Molecular characterisation of tumours is
increasing personalisation of cancer therapy, tailored to an
individual and their cancer. FOCUS4 is a molecularly
stratified, multi-site randomised trial programme for patients
with advanced colorectal cancer, which opened in the UK
earlier this year. During an initial 16-week period of standard
first-line chemotherapy, tumour tissue from consenting
patients is tested for a variety of molecular assays, with the
results being used for cohort allocation followed by
randomisation. Laboratories in Leeds and Cardiff are
performing the molecular testing. Rigorous pre-trial interlaboratory validation was undertaken, the results of which are
presented here. Patients and Methods: FFPE tumour blocks
from 97 patients with mCRC who had given consent for use in
further research were retrieved from the Wales Cancer Bank.
Both laboratories processed each sample according to an
agreed definitive FOCUS4 laboratory protocol, and then
reported the results to the MRC Trial Management Group for
independent cross-referencing. Results: Pyrosequencing
analysis of the mutation status at KRAS codons12/13/61/146,
NRAS codons12/13/61, BRAF codon600 and PIK3CA
codons542/545/546/1047, generated highly concordant results.
Two samples gave discrepant results; in one a PIK3CA
mutation was detected only in Leeds, and in the other, a
PIK3CA mutation was only detected in Cardiff. Expression of
pTEN and four mismatch repair (MMR) proteins was assessed
by immunohistochemistry (IHC) and resulted in 6/97
discordant results for pTEN and 6/388 for MMR, which were
resolved upon joint review. Tumour heterogeneity was most
likely responsible for pyrosequencing discrepancies. Factors
influencing discordances in IHC scoring included the presence

of signet-ring cells, necrosis, mucin, edge-effects and overcounterstaining. Conclusion: Pre-trial validation of assays is
essential to ensure appropriate selection of patients for targeted
therapies. This is feasible for both mutation testing and
immunocytochemical assays and needs to be built into the
workup of such trials.
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AND CLINICAL OUTCOMES

Silvia Riondino1,2, Patrizia Ferroni1,3, Raffaele Palmirotta1,3,
Mario Roselli2 and Fiorella Guadagni1,3
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Metabolic disorders (especially type 2 diabetes or obesity)
have high social implications and a significant impact on
public health, mainly due to their high prevalence and
complication rate. To further complicate the picture are the
epidemiological findings of a close relationship between
metabolic disorders and cancer, which regards not only the
dysmetabolic condition, but also its underlying risk factors and
therapeutic interventions, as highlighted in recent consensus
documents. Several mechanisms have been proposed to
explain the association between metabolic disorders and
cancer, including chronic inflammation and an altered glucose
metabolism (either hyperglycaemia or hyperinsulinaemia).
Both would be responsible for activation of intracellular
signalling pathways involved in response to cellular metabolic
stress [i.e. increased concentrations of insulin-like growth
factor (IGF-1), or adipocytokines] and both may be associated
with advanced stages, possible resistance to therapy,
recurrence of neoplastic disease and higher mortality. As
regards the altered glucose metabolism, hyperinsulinaemia,
both endogenous due to insulin-resistance, and drug-induced,
appears to promote tumour cell growth directly via insulin
receptors and indirectly via the IGF-1 receptor. In addition,
many cancer cell lines express insulin and IGF-1 receptors,
which are capable of stimulating cancer cell proliferation and
metastasis. On the other hand, several evidences suggest that
the dysmetabolic-related inflammatory state critically
contributes to cancer initiation and progression, through
involvement of innate immune activation, platelet activation,
oxidant stress, exposure to pro-tumorigenic and proangiogenic cytokines, as well as increased substrate
availability to neoplastic cells. In this context, understanding
the relationship between metabolic disorders and cancer is
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becoming imperative, especially in an aging world in which
individuals are more vulnerable to non-communicable diseases
(typically diabetes and cancer). An accurate analysis of these
associations could be used to identify biomarkers able to
predict disease risk and/or prognosis and to help in the choice
of proper evidence-based diagnostic and therapeutic protocols.
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ANTICANCER ACTIVITY OF NOVEL VITAMIN D
ANALOGS: STRUCTURAL AND FUNCTIONAL
INSIGHTS
Natacha Rochel

IGBMC, Illkirch, France

Vitamin D nuclear receptor (VDR) exerts pleiotropic effects
through binding to its cognate ligand calcitriol, the active form
of Vitamin D (VD). Besides its role in vitamin D physiology,
VDR is a sensor for secondary bile acids and serves as a
means of protection from their harmful effects in the intestine.
As calcitriol-induced therapeutical benefits are restricted by
its hypercalcemic activity, a large number of VD analogs were
synthesized but their residual calcemic activity limits their use.
Detailed information on the molecular mechanism of action
of calcitriol and synthetic agonist ligands has been obtained
by the elucidation of the crystal structures of its complexes
with the VDR ligand binding domain. We have characterized
novel synthetic secosteriodal and non-secosteroidal VD
analogs and also secosteroidal hybrid molecules combining
VDR agonism with HDACi activities. Structural and
functional characterization provided novel insights into the
molecular mechanism of VDR regulation and anticancer
activity.
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MECHANISM OF THYMIDYLATE SYNTHASECATALYZED REACTION INHIBITION BY N4-OHDCMP IN VIEW OF CRYSTALLOGRAPHIC STUDIES
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In order to understand the mechanism of thymidylate synthase
(TS) inhibition by N4-hydroxy-dCMP (N4-OH-dCMP),
structures were solved, based on crystals formed by mouse TS
(mTS) protein, in the presence of N5,10-methylenetetrahydro6136

folate (meTHF) and either 5-fluoro-dUMP (crystal A,
belonging to the space group P 1 21 1, with two monomers in
asymmetric unit (ASU), measured to 1.55Å resolution) or N4OH-dCMP (crystals B and C, both belonging to the space
group C 2 2 21, each with a single monomer in ASU,
measured to resolution of 1.35Å and 1.17Å, respectively).
While crystal A-based structure revealed the enzyme-FdUMPmeTHF ternary complex, as expected covalently bound,
crystals B- and C- based structures showed the enzyme’s
ternary complex with N4-OH-dCMP (the "anti"-imino isomer)
and non-covalently bound DHF, instead of expected meTHF.
Moreover, both C(5) and C(6) inhibitor atoms showed the sp3
hybridization, suggesting C(5) reduction, with no indication
of the C(5) proton release. Thus, the inhibitor appears to
participate as a suicide substrate in an abortive enzymecatalyzed reaction, involving one-carbon group transfer to a
hitherto unknown site, accompanied by THF oxidation to
DHF. Introduction: Thymidylate synthase (TS; EC 2.1.1.45), a
target in chemotherapy, catalyzes deoxyuridylate (dUMP)
reductive methylation to deoxythymidylate (dTMP) and
concomitant conversion of N5,10-methylenetetrahydrofolate
(meTHF) to dihydrofolate (DHF), with meTHF serving as
both one-carbon group donor and reducing agent (1). A
substrate analogue, N4-OH-dCMP, has been found to inhibit
TS of bacterial, helminthic, avian and mammalian origin. The
inhibition was competitive with respect to dUMP, time- and
mTHF-dependent with apparently differing interactions
between the low molecular weight components and each of
the two enzyme subunits (2-5). Similar to 5-fluoro-dUMP
(FdUMP), also N4-OH-dCMP, incubated with the cofactor and
the enzyme formed a ternary complex. However, when N4OH-(5-3H)dCMP replaced dUMP in the reaction mixture, 3H
abstraction from the uracil ring C(5) was not apparent,
suggesting the reaction to be inhibited at an earlier stage than
with FdUMP whose C(5)-F bond is too strong to dissociate.
Surprisingly, only the anti-imino isomer, present in the free
form in solution to the extent of only 5%, appeared to be the
active inhibitor form (4). In order to learn more about the
inhibition mechanism, comparative structural studies of TSN4-OH-dCMP-meTHF and TS-FdUMP-meTHF ternary
complexes were undertaken. Materials and Methods: Protein
preparation and crystallization: Mouse TS recombinant
protein, obtained as previously described (6), was dialyzed
against 5 mM Tris HCl buffer, pH 7.5, containing 5 mM DTT
and then concentrated using Amicon Centricon centrifugal
filter. Crystals were grown by the vapor diffusion method in
the hanging drops at about 4˚C (crystal A)/7˚C (crystals B and
C) at the following conditions: with crystal A, equal volumes
of mTS solution (25 mg/ml) and well solution (0.1 M Tris
HCl, pH 8.5, 0.1 M MgCl2 and 19.5% (w/v) PEG 4000) were
mixed and allowed to equilibrate with 0.5 ml of well solution;
with crystals B and C, equal volumes of protein solution (16.3
mg/ml) and well solution (0.1 M Mes, pH 6.5/crystal B or pH

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

6.7/crystal C; 0.06 M MgAcetate and 16% (w/v) PEG 8000)
were mixed and allowed to equilibrate with 0.5 ml of well
solution.
X-ray data collection and structure determination: X-ray
diffraction data collection, data processing and structure
determination by molecular replacement were as previously
described (6). With crystal A data were collected using
SuperNova/Agilent diffractometer and processed using
CrysAlisPro/Agilent and Scala from CCP4 packages. Crystal
A-based structure was solved using the search model of mTSN4-hydroxy-dCMP-DHF (PDB ID: 4EZ8). Crystal B-based
structure was determined using the search model of mTS-N4hydroxy-dCMP (PDB ID: 4EIN) and later refined with respect
to new data, in order to determine crystal C-based structure
(PDB ID: 4EZ8). Results and Discussion. Structures of mouse
TS (mTS) complexes with each of the two inhibitors were
solved, based on crystals (Table) formed by the enzyme
protein in the presence of meTHF and either FdUMP (Crystal
A) or N4-OH-dCMP and (crystals B and C). As expected,
structure A revealed the mTS-FdUMP-meTHF ternary
complex with covalent bonds between Cys189 γ-S and
pyrimidine C(6) and between pyrimidine C(5) and meTHF
C(11). The protein in the active conformation, with the
catalytic Cys189 located in the active site and extended toward
the ligand. The distances between the FdUMP pyrimidine ring
C(6) and Cys189 sulfur atoms are 1.93 and 1.90 Å in subunits
A and B, respectively, indicating covalent bonding between
the enzyme and ligand (Figure).
Surprisingly, structures B and C showed the enzyme to be
involved in a ternary complex with N4-OH-dCMP and non-

Figure. Upper panel: positioning of ligands in enzyme active
center in mTS ternary complexes with FdUMP and meTHF
(cyan) and N4-OH-dCMP and DHF (green); the inhibitor
molecule position (pink) in the binary mTS γ N4-OH-dCMP
complex (PDB ID: 4EIN) is also shown (prepared using Open
Source PyMOL). Lower panel: DHF and meTHF structures;
C(11) in meTHF shown as potentially bound to FdUMP C(5).

Table. Data collection and refinement statistics for mTS-FdUMP-meTHF (crystal A) and mTS-N4-OH-dCMP-DHF (crystals
B and C) structures.

Lattice type
Space group
Unit cell parameters
Resolution range (Å)
No. of unique reflections
Multiplicity
<I/s(I)>
No. of reflections
used in refinement
Rfactor (%)
Rfree factor (%)
RMSD bond (Å)
RMSD angle (°)

mTS-FdUMP-meTHF
(crystal A)

mTS-N4-OH-dCMP-DHF
(crystal B)

mTS-N4-OH-dCMP-DHF
(crystal C)

81162
12.3
18.0
0.020
1.861

73587
10.4
13.1
0.023
2.066

117324
10.7
13.0
0.023
2.013

monoclinic
P 1 21 1
a=54.224Å b=83.302Å
c=68.850Å
α=90.00° β=105.43 γ=90.00°
26.14-1.55
85439
5.9 (4.0)
14.0 (2.4)

orthorhombic
C 2 2 21
a=71.297Å b=111.931Å
c=88.237Å
α=β=γ=90.00°
28.46-1.35
77525
7.1
11.9

orthorhombic
C 2 2 21
a=71.121Å b=112.045Å
c=88.297Å
α=β=γ=90.00°
21.35-1.17
117370
5.4
9.8
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covalently bound DHF, instead of expected meTHF (Figure),
suggesting the inhibition to result from an abortive enzymecatalyzed reaction, involving a transfer of the one-carbon
group to a hitherto unknown site and oxidation of THF to
DHF. Moreover, both C(5) and C(6) inhibitor atoms presented
the sp3 hybridization, suggesting C(5) reduction, with no
apparent proton release from C(5). As these two structures are
virtually identical, only structure C will be discussed. The
active site in the mTS-N4-OH-dCMP-DHF structure is closed,
the catalytic Cys189 being covalently bound to the C(6) atom
of N4-OH-dCMP, reflected by the continuous electron density
and distance of 1.87 Å between the C(6) and Cys189 sulfur. In
accord, N4-OH-dCMP remained bound to the enzyme under
the SDS electrophoresis condition set. In agreement with our
previous results (4) and molecular dynamics simulations
results (Jarmuła et al., unpublished), the inhibitor molecule
imino tautomer adopts the anti-rotameric form in the mTS-N4OH-dCMP-DHF structure. It is worthwhile to mention that
molecules of both inhibitors preserve the hydrogen bonds,
formed by the pyrimidine N(3)-H and either C(4)=O (in
FdUMP) or C(4)=N- (in N4-OH-dCMP) with the highly
conservative Asn220, complying with the mechanism of
substrate orientation and recognition by TS (1).Thus N4-OHdCMP, in contrast to FdUMP, participates in an abortive
enzyme-catalyzed reaction that involves one-carbon group
transfer to a hitherto unknown site and accompanying THF
oxidation to DHF with associated pyrimidine C(5) reduction.
Supported by the National Science Centre Grant No.
2011/01/B/NZ6/01781 and the Ministry of Science and Higher
Education Grant No. We thank the Biopolymers Laboratory,
Division of Biophysics, Institute of Experimental Physics,
Faculty of Physics, University of Warsaw, for the use of
SuperNova A, co-financed by the European Union within the
ERDF Project POIG.02.01.00-14-122/09.
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2 Lorenson MY, Maley GF, Maley F. The purification and
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extracts. J Biol Chem 1967; 242: 3332-3344.
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Chronic Fatigue Syndrome/Myalgic Encephalomyelitis
(CFS/ME) is a difficult to diagnose, ubiquitous disorder
characterized by extreme fatigue associated with dysregulation
of both humoral and cellular immunity including mitogen
response, reactivation of viruses, abnormal cytokine production,
diminished killer cell- and peripheral mononuclear cell function.
In our study in 97% of a population of 395 ME/CFS patients,
serum nagalase values were found to be significantly increased
and negatively correlated with the Karnofsky Performance
Score (KPS) of the patients under study. Compassionate
treatment of 108 CFS/ME sufferers, by weekly injection of 100
ng GcMAF (I.V. or S.C.) over a 5-40 week period (average 15
weeks) led to a significant reduction of serum nagalase and
concurrent improvement of KPS in 68 (63%) of patients of this
group. The role of Vitamin D receptor (VDR) polymorphism,
lipopolysaccharides (LPS) and specific risks (Immune
Reconstitution Inflammatory Syndrome (IRIS)) determining the
final success rate and rational of use of GcMAF in CFS/ME
will be discussed during our poster presentation.
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Natural products are designed and optimized to interact with
their protein targets and not surprisingly form the basis of
~60% of 877 drugs introduced during 1981-2002.
Furthermore, natural product-derived cellular probes continue
to be instrumental in the elucidation of complex cellular
signaling pathways and protein receptors serving as ‘chemical
knockouts.’ One case study in this regard studied in our
laboratory involves the marine natural product, pateamine A
(PatA), a potent inhibitor of eukaryotic protein synthesis, that
mediates its effects through interaction with the elongation
initiation factor 4A (eIF4A). Targeted therapies that act by
specifically inhibiting a single oncogenic lesion characteristic
of a particular cancer are useful but are relatively easy for
cancer cells to evade. Since mRNAs encoding proteins with
oncogenic properties have an increased need for protein
translation compared to housekeeping mRNAs, the ability to
regulate translation of mRNAs is a promising new avenue to
explore for specific cancer therapy. This seminar will describe
our previous and ongoing studies of PatA and congeners,
including recent preclinical studies, investigating their
suitability for development as anticancer therapies.
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Introduction: Bremachlorin is a photosensitizing formulation
consisting of chlorine e6 (~80%), purpurin 5 (~15%) and
chlorine p6 (~5%). Studies in small laboratory animals have
shown that, 24 hours after administration, the concentration of
bremachlorin in the tumor exceeds that of normal tissue.
Moreover, the photosensitizer concentration in the tumor was
sufficient to cause cell death upon illumination. The aim of
this study was to determine the efficacy and feasibility of
photodynamic therapy in canine and feline cancer patients
using the photosensitizer bremachlorin. Materials and
Methods: Fourteen dogs (10x transitional cell carcinoma of the
bladder (TCC), 1x suspect TCC, 2x nasal carcinoma, 1x
Bowen’s disease and three cats (2x oral squamous cell
carcinoma, 1x Bowen’s disease) were treated. Bremachlorin
was administered intravenously in a dose of 60 mg/m2 and
after 16-24h a 660nm light source was used to locally irradiate
bremachlorin. The effect of therapy was evaluated using
ultrasound examinations (TCC), CT (nasal carcinoma) or
clinical measurement (skin and oral tumors). Five dogs

received multiple treatments. Results: All tumors responded to
the photodynamic therapy. In dogs with TCC improvement in
urination was noticed; however, the objective measurement of
the tumor shrinkage was difficult using ultrasound
examination. Skin and oral lesions were measured and it was
here observed that necrosis was limited to the tumor tissue,
the surrounding tissue showed hyperaemia but was not
affected. No side effects were seen from the administration of
bremachlorin. Conclusion: Bremachlorin was found to be a
safe, minimal invasive treatment with a 100% response rate.
The anti-tumor effect was very specific and the surrounding
healthy tissue was not affected. Bremachlorin seems to be a
promising treatment option; more studies will have to be
designed to optimize the treatment protocol and to determine
how bremachlorin therapy can be implemented in a
multimodal cancer therapy.
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Given the dramatic demographic changes we are witnessing
at present, the medical oncology community is becoming more
involved in the growing problem of cancer patient
management. In this context, the establishment of biobanks is
an essential and effective tool for evidence-based clinical
studies. Indeed, the availability of biological samples has
assumed a crucial role in the field of oncology research. Risk
assessment, identification and validation of new diagnostic
biomarkers, drug targets or improvement of tailored treatment
strategies, in fact, critically depend upon the availability of a
large number of standardized biological samples at the point
that many research activities are seriously invalidated by the
heterogeneous quality of the human specimens used. At
present, the heterogeneity in the quality of stored biomaterials
is often significant even within a given biobank, but certainly
can be more important between different biobanks, resulting
the main obstacles to the experimental activities The latter is a
multidimensional concept, since the scientific value and
exchangeability of a collected sample for oncology research
is not only dependent on its physical quality, but is determined
through the combination with clinical information. These
objectives are feasible in the PTV Bio.Ca.Re. project
(Policlinico Tor Vergata Biospecimen Cancer Repository), in
which data integration of clinical, pre-analytical and laboratory
data could make biospecimen applications discipline
independent,
allowing
more
challenging
studies.
Harmonization of the information available, along with the
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development of data-integration processes, allowing optimized
and secure exchange of data, could promptly facilitate
oncology research, from bench to bedside, in order to assess
predisposition to disease, identification and validation of new
diagnostic biomarkers to be used in translational clinical trials.
All this, will ultimately convert on the National Health System
and the Industry, leading to an improvement of pharmacological/physical treatment of cancer patients.
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Introduction: Prostate cancer (PCa) is the most common
neoplasm in the male gender. The main tools to diagnose PCa
include digital-rectal-examination (DRE), serum concentration
of prostatic-specific-antigen (PSA) and transrectal ultrasound
(TRUS)-guided biopsy (1). TRUS-guided biopsy is indicated
for diagnosis with a false negative rate around 39-52% (2).
Multiparametric magnetic resonance imaging (mpMRI)
combining T2 weighted, diffusion weighted, dynamic contrastenhanced and spectroscopic imaging offers greatly improved
imaging of PCa and represents the most accurate tool available
in targeted biopsies for patients with high PSA levels
suggestive of PCa and previously negative biopsies (3,4). Aim:
Our aim is to assess the role of 3.0 T mpMRI by pelvic phasedarray in detection and in management of intraprostatic foci
suspected for PCa. Patients and Methods: From November
2012 to June 2014, 35 patients (range, 56-82 years; mean, 67.2
years) with high PSA levels suspected for PCa (range, 4.15
ng/ml to 17.7 ng/dl; mean, 6.5 ng/ml) underwent mp-MRI at
3.0 T of the prostate using pelvic phased-array coil. The study
protocol included T2 weighed axial, sagittal and coronal
imaging, DWI with b=0, 750, 1,000 and 2,000 mm2/sec with
apparent diffusion coefficient (ADC) map and DCE imaging.
All patients in whom PCa was suspected by mp-MRI had
TRUS-guided biopsy. Results: Histopathologic diagnosis of
benign prostatic hypertrophy (BPH) (n=5), BPH/ chronic
6140

prostatitis (CP) (n=9) and PCa (n=21) was obtained from 35
patients. In the detection of PCa, the mp-MRI showed a
sensitivity of 95%-100%, specificity of 65%-70%, positive and
negative predictive values of 78% and 95%, respectively.
Qualitative analysis of the lesions showed hyper- and
hypointensity signal on DWI with high values and in ADC map
in all cases (100%). Quantitative analysis of the lesions on
ADC map demonstrated the following mean values:
BPH=1,192x10−6 mm2/s ((SD) + 218), BPH/Cp =950x10−6
mm2/s (+ 200) and PCa= 628x10−6 mm2/s ( + 127). On DCE,
the mean values of enhancement percentage were: BPH=271%
(+ 29,46%), BPH/Cp=232% (+ 65,02), PCa=154.94% (+
55.31); the mean values of the time to peak were: BPH=120
sec (+ 23.03 sec), BPH/CP=142.63 sec (+ 48,39) and PCa=
80.16 sec (+ 61.22); mean values of wash-in and wash-out:
BHP wash-in=49,9 (SD +/- 19,5) 1/s and wash-out=5,57 (SD
+/- 2,25) 1/s, BPH/CP= wash-in 38.4 (+ 18,36)1/s and washout=4,001 (+ 18.3) and PCa wash-in=73.4 (+ 33) 1/s and washout=11.78 (+ 5.24) 1/s. A statistical significant difference
(p<0.05) on both DWI and ADC map and on DCE imaging
was found among the lesions (BPH, BPH/CP and PCa).
Discussion: 3.0 Tmp-MRI of the prostate by pelvic phasedarray coil allows an accurate detection, location, size, local
extent and management of intraprostatic foci suspected for
PCa. In particular DWI in addition to morphological imaging
increases the sensitivity of MRI in the detection PCa. It can
significantly increase the results of TRUS-guided prostate
biopsy (5), thereby reducing the false negatives to allow a more
accurate risk stratification. Conclusion: mpMRI at 3.0 T can be
used not only for patients with high PSA levels suggestive of
PCa and previously negative biopsies to undergo prostate
biopsy. It should be included in guidelines as first approach for
tumor detection prior to biopsy and management of PCa (4, 69).
1 Heidenreich A, Bastian PJ, Bellmunt J et al. EAU
Guidelines on Prostate Cancer. Part 1: Screening, Diagnosis,
and Local Treatment with Curative Intent—Update 2013
European Urology 2014; 65: 1-16.
2 J.J. Fütterer, S. Verma, T. Hambrock, D. Yakar and J.O.
Barentsz. High-risk prostate cancer: value of multi-modality
3T MRI-guided biopsies after previous negative biopsies,
Abdominal Imaging 2012;37:892-896.
3 Sonn GA, Margolis DJ, Marks LS.Target detection:
Magnetic resonance imaging-ultrasound fusion-guided
prostate biopsy.UrolOncol. 2013 Nov 13.
4 Sciarra A, Barentsz J, Bjartell A et al. Advances inmagnetic
resonance imaging: how they are changing the management
of prostate cancer. EurUrol 2011;59:962–77.
5 Scialpi M, Piscioli I, Malaspina S, D’Andrea A.
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Introduction: Integrated positron emission tomography/
multidetector-row computed tomography (PET/MDCT),
providing metabolic/functional and anatomical/morphologic
data, represents the main diagnostic tool in diagnosis and
follow-up of oncologic patients, as reported in several studies
(1, 2). However, the optimal PET/MDCT scanning protocol is
still a point of debate: MDCT can be used exclusively as a fast
transmission source for attenuation correction and anatomical
mapping or for both attenuation correction and diagnostic
purposes, being performed with intravenous contrast medium,
according to various scan protocols: monophasic portalvenous-phase (PVP); biphasic hepatic arterial-phase (HAP)
and PVP and triphasic HAP, PVP and delayed-phase (DP)
acquisition protocols (3, 4). We propose an innovative
application, as a part of the integrated 18FDG-PET/MDCT, of
a MDCT protocol, currently validated exclusively in the study

of vascular system, urinary tract, liver, and pancreas (5-8) that,
by splitting intravenous contrast medium into two boluses,
combines phase images (HAP/PVP) in a single pass. Aim: Our
aim is to assess the diagnostic accuracy of the split-bolus
multidetector-row computed tomography (MDCT) technique
combined with fluorine-18-2-fluoro-2-deoxy-D-glucose
positron emission tomography (18FDG PET) in follow-up of
oncologic patients. Patients and Methods: A retrospective
blinded study of 38 oncologic patients who underwent 18FDG
PET/MDCT and split-bolus MDCT for restaging was initiated.
Cancer was histologically confirmed in all patients: lung
cancer (n=9), breast cancer (n=7), gastric cancer (n=4), rectal
cancer (n=2), colon cancer (n=2), sigmoid cancer (n=2),
inguinal sarcoma (n=2), renal cancer (n=1), prostate cancer
(n=1), ovarian cancer (n=1), endometrial cancer (n=1),
tracheal cancer (n=1), thyroid cancer (n=1), gallbladder cancer
(n=1), choroid melanoma (n=1), chronic lymphocytic
leukemia (n=1) and breast Burkitt lymphoma (n=1). The splitbolus MDCT protocol, by splitting intravenous contrast
material in two boluses, combines hepatic arterial phase
(HAP) and portal venous phase (PVP) in a single scan.
Software fusion of the independently acquired 18FDG PET
and split-bolus MDCT (OsiriX Advanced Picture Archiving
and Communication System (PACS) Workstation DICOM
Viewer) was performed and fused datasets were compared to
18FDG
PET/MDCT per lesion regarding detection,
characterization and delineation. Sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV) and accuracy (Confidence Interval of 95%) of both
imaging procedures in lesion detection, characterization and
delineation were calculated and differences were tested for
significance by the McNemar test with a significance level of
0.05. The results were validated either by histopathology
and/or by clinical-radiological follow-up (≥ 6 months).
Results: The 18FDG PET/MDCT split-bolus technique (fusion
imaging) proved significantly accurate (p<0.05) in lesion
detection, characterization and delineation and in TNM
assessment compared to 18FDG PET/MDCT. With respect to T
parameter, no significant differences were revealed
(p=0.1336). Sensitivity, specificity and accuracy of 97%, 91%
and 96% vs. 69%, 69% and 69%, respectively, for the 18FDG
PET/MDCT split-bolus technique and 18FDG PET/MDCT in
lesion detection; 94%, 91% and 94% vs. 56%, 69% and 58%
in lesion characterization; 97%, 96% and 97% vs. 12%, 8%
and 12% in lesion delineation. The differences in lesion
detection, characterization and delineation differed
significantly among the two modalities (p<0.0001).
Discussion: The 18FDG PET/MDCT split-bolus technique
(fusion imaging) demonstrated significant accuracy in
detection, characterization and delineation of primary tumor
(T factor), regional lymph nodes (N factor) and distant
metastasis (M factor), allowing a more accurate assessment of
the tumor-node-metastasis (TNM). Based on literature data
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and our Institutional experience, the modality of
administration and acquisition of the split-bolus protocol we
propose that, by splitting intravenous contrast material into
two boli followed by a single acquisition, allows images in a
combined phase in which the simultaneous enhancement of
the arterial and venous system is obtained. Split-bolus offers
two main advantages compared to currently used TC scanning
protocols in oncology: (i) a significant reduction of patient
exposure to ionizing radiation, due to the single scan versus
the two or three acquisitions of CT conventional protocols.
This data plays a role of considerable importance both
relatively to the single examination and even more in the long
term, on the assumption that cancer patient is subjected to
repeated examinations over time during the follow-up, usually
lasting several years (9); (ii) a significantly better quality of
alignment and, therefore, of image co-registration, which
allows a higher image quality with obvious implications for
diagnostic accuracy (10). Conclusion: split-bolus MDCT
combined 18FDG-PET improves the value of integrated
18FDG-PET/MDCT in lesion detection, characterization and
delineation for T, N and M factors and can be proposed in
follow-up of oncologic patients.
1 Orlacchio A, Schillaci O, Gaspari E et al: Role of [18F]FDG-PET/MDCT in evaluating early response in patients
with Hodgkin’s lymphoma. Radiol med. 2012;117:12501263.
2 Pfannenberg AC, Aschoff P, Brechtel K et al: Low dose
non-enhanced CT versus standard dose contrast-enhanced
CT in combined PET/CT protocols for staging and therapy
planning in non-small cell lung cancer. Eur J Nucl Med
Mol Imaging. 2007;34:36-44.
3 Antoch G, Freudenberg LS, Beyer T, Bockisch A, Debatin
JF. To enhance or not to enhance? 18F-FDG and CT
contrast agents in dual-modality 18F-FDG PET/CT. J Nucl
Med 2004;45(suppl):56S-65S.
4 Henninger B, Putzer D, Kendler D et al: Diagnostic value
of software-based image fusion of computed tomography
and F18-FDG PET scans in patients with malignant
lymphoma. The Scientific World Journal. 2012;2012:1-9.
5 Kerl JM, Ravenel JG, Nguyen SA et al: Right heart: splitbolus injection of diluted contrast medium for visualization
at coronary CT angiography. Radiology. 2008;247:356-64
6 Hermosilla K, Cabrera R, Horwitz B et al: Multislice
computed tomography urography (MSCTU): a descriptive
study using the “Split-bolus” technique. Rev Chil Radiol.
2009;15:65-59.
7 Brook OR, Gourtsoyianni S, Brook A et al: Split-bolus
spectral multidetector CT of the pancreas: assessment of
radiation dose and tumor conspicuity. Radiology.
2013;269:139-148.
8 Bae KT. Intravenous Contrast Medium Administration and
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Curcumin is one of the main substances found in the rhizome
of Curcuma longa and other Curcuma spp. Curcumin has very
interesting and promising antioxidant, anti-inflammatory,
anticancer and other biological properties (1, 2). Because of
the poor stability of curcumin in water at acidic and neutral
pH synthesized derivatives in which the dicetone moiety of
curcumin was replaced by isoxazole and pyrazole groups (3).
We present herein the structural characterization of the
curcumin’s derivative (Figure), the synthesis, structural
characterization of the formed complex with Cu(II) and
evaluation of DNA interactions with the ligand and the
complex.

Figure. Structure of ligand.
Specifically, the ligand was characterized by NMR (1H, 13C
and 2D), fluorescence, IR, UV and CD spectroscopies. The

Abstracts of the 9th International Conference of Anticancer Research, 6-10 October 2014, Porto Carras, Sithonia, Greece

metallic ion (Cu(II)) is linked through the nitrogens of the
pyridine and pyrazole group forming a very stable five
member chelate ring. The stoichiometry of this complex is 1:1.
Moreover, we studied the interactions between calf thymus
DNA and ligand as well as complex. This purpose succeeded
using the following methods: Circular dichroism, UV-Vis
spectroscopic, viscosimetry, fluorescence and thermal
denaturation. The results of these studies indicate a very strong
interaction between DNA and complex as well as the ligand.
We also investigated the cytotoxic activity of the complex and
the ligand against the MDA-MB 231 (human breast cancer)
cell line. The results of our study are very promising regarding
the anticancer activity of this complex and ligand.
This work was financially supported by the State Scholarships
Foundation of Greece and the S.A.R.G. of the University of
Athens
1 Naksuriya O. et al, Biomaterials, 2014, 35, 3365-3383.
2 Duvoix A. et al., Cancer Letters, 2005, 223, 181–190.
3 Chakraborti S. et al., Biochem., 2013, 52, 7449−7460.
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The repair of DNA damage occurs via multiple types of
cellular repair pathways, one of which is the base excision
repair (BER) pathway. PARP1, a BER protein, is a major
target of combination therapeutic strategies for cancer, which
often involve an alkylating drug and a PARP inhibitor
(PARPi). While the efficacy of combination therapy
demonstrated in some metastatic melanoma patients is
promising, clinical benefit was not observed in the other
cancer types tested, including colorectal, pancreatic, prostate,
and lung cancers, as well as a portion of the melanoma
patients. The mixed results of these trials suggest that some
resistance mechanisms for this combination therapy exist in
many cancer types. These mechanisms need to be thoroughly
investigated in order to discover new targets for the

improvement of patient outcomes and reduction of doselimiting toxicities in this combination therapy. We demonstrate
that a RecQ family helicase, RECQ1, protects cells from
cytotoxicity induced by alkylation therapy in combination with
a PARPi. Overall, our mechanism studies demonstrate that
RECQ1 in cooperation with XPF/ERCC1 and replication
protein A (RPA) protects cells from PARPi/alkylating druginduced cytotoxicity by mediating a previously unknown
mechanism of rapid repair of alkylation damage via its
helicase activity, but the catalytic function of PARP1 is
unnecessary. In fact, RECQ1 itself inhibits the catalytic
activity of PARP and prevents a slower RECQ1-independent
mechanism of alkylation adduct repair. RECQ1-deficiency
dramatically sensitizes human cancer cells to a sublethal
combination treatment of temozolomide with a PARP
inhibitor, suggesting a potential RECQ1 inhibition-based
strategy for the chemosensitization of tumors that are resistant
to alkylating drug and PARP inhibitor combination therapy.
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In search of new boron-containing nucleoside analogues,
potential BNCT boron delivery agents, a novel synthetic
approach was tested, involving boron attachment via a single
bond to an aliphatic carbon of sp3 hybridization. This allowed
to modify the deoxycytidine amino group with 2(iodomethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane. One of
the resulting compunds, N(4)-[B-(4,4,5,5-tetramethyl-1,3,2dioxaborolan)methyl]-2’-deoxycytidine (1), was studied with
regard to its cytotoxicity potential to undergo intracellular
phosphorylation and substrate activity in the deoxycytidine
kinase-catalyzed reaction. Introduction: Boron analogues and
derivatives of biologically active compounds are gaining rising
attention. Being often isosteric and isoelectronic to carbonbased, natural compounds they show unique properties, for
example a capability to form tetrahedral sp3 hybridized
boronate-complexes. The latter results from the nucleophilic
attack of a biomolecule electron pair onto the boron. The
“ate”-complexes formation results in effective inhibition of the
target enzyme (1, 2). A particularly important application of
boron-containing compounds is in boron-neutron capture
therapy (BNCT; Reference 3) based on the phenomenon
involving the nuclear capture and fission reactions with the
participation of boron-10 (10B), being a non-radioactive
constituent of natural elemental boron. Irradiation of 10B with
6143
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Figure 1. Synthesis of 1 (A) and N-B coordinated (1)/solvated (1·D2O) species equilibrium in deuterium oxide (B).
Table I. HRMS data for tumor cell extract analyzed on
Compound

1-monophosphate

1-diphosphate

1-triphosphate

1∆m/z

Ion formula

109AgNPET

[C16H25BN3O9PNaK2+EtOH]+
[C16H27BN3O9P109Ag+H2O]+
[C16H27BN3O12P2Na2+H2O]+
[C16H25BN3O12P2NaK3+MeOH]+
[C16H27BN3O15P3K2109Ag+H2O]+
[C16H28BN3O15P3Na2]+
[C16H28BN3O15P3109AgNa]+
[C16H26BN3O15P3Na4]+
[C16H25BN3O15P3Na4K]+

m/zcalc.

592.1015
574.0734
590.1067
696.0081
809.9178
652.0625
737.9775
696.0264
733.9822

= m/zcalc. - m/zexp.; m/zcalc – m/z calculated; m/zexp. – m/z found (experimental).

low energy (0.025 eV) thermal neutrons results in a nuclear
reaction 10B(n,α)7Li producing high linear energy transfer
(LET) alpha particles (4He; E150keV mm–1) and lithium-7
(7Li ion; E175keV mm-1) nuclei. As these particles show
rather short range penetrability (4–10 μm), limited to a single
cell diameter, a possibility appears of selective irradiation of
cancer cells, provided they accumulate sufficient amount of
10B (~20 μg/g weight or ~109 atoms/cell). Boron-containing
nucleosides form a major class of compounds considered
potential tumor-targeting agents (3-5) in view of the increased
requirement of cancer cells for nucleic acid precursors due to
higher proliferation of malignant, compared to the
corresponding normal cells, and of activity of salvage
pathways in such cells. However, of obvious importance is
whether boronated nucleoside analogues may be synthesized
that would be taken up and metabolized by cancer cells. Of
particular significance is the intracellular nucleotide formation
that may result in enhanced cellular retention and thus uptake
of nucleoside (4, 6). Experimental section: 1H NMR spectra
6144

(10).

m/zexp.

592.1070
574.0754
590.1066
696.0118
809.9145
652.0637
737.9758
696.0252
733.9800

∆m/z1

0.0055
0.0020
0.0001
0.0037
0.0033
0.0012
0.0017
0.0012
0.0022

were collected (7) and LDI time-of-flight (TOF) mass
spectrometry experiments performed (8) as previously
described. Cytotoxicity was tested against human colorectal
adenocarcinoma C85 cells, cultured as previously described
(9), using the MTT-based in vitro toxicology assay kit (SigmaAldrich). Metabolites of 1 were detected in cell extracts with
the use of high-resolution laser desorption/ionization mass
spectrometry on 109AgNPET plate (8). Substrate activity of 1
in the deoxycytidine kinase-catalyzed reaction was tested
using the PRECICE® dCK screening assay kit from NovoCIB
SAS. Results and discussion: Synthesis and NMR properties
of 1: The product of condensation of dCyd and PinBCH2I N(4)-[B-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan)methyl]-2’deoxycytidine was found to form ionic form (1·D2O) during
dissolution in deuterium oxide (Figure 1). Similarly processed
were observed for simple boronate structures and are
mentioned in literature (10, 11). The 11B NMR chemical shift
of condensation product in deuterium oxide was in 7-8 ppm
range, strongly suggesting a relatively high electron density
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on boron atom that most probably is negatively charged. This
form has a negatively charged boron moiety due to OD- ion
attached to boron due to the solvolysis process. The pinacol
moiety methyl groups in 1·D2O are in the form of two
resonances of 6H+6H pattern as shown in 1H NMR spectrum.
The latter pattern is due to lack of up/down symmetry of
tetrahedral boron surroundings, considering hypothetical
O,O,B plane based on PinB moiety. It may be assumed that in
water the solvated compound 1·D2O forms two tautomers,
characterized by either C(4)-N single bond (amino form) or
C(4)=N double bond (imino form). The estimation of
amino/imino equilibrium made with the aid of DFT
calculations suggests that the imino form is strongly
dominating (12). The titration of 1 with N,C-protected cysteine
- N-acetylacysteine methyl ester - was performed, as cysteine
derivative may be considered a model of thymidylate synthase
active centre catalytic Cys (e.g. Cys198 in human thymidylate
synthase). Based on the NMR data, addition of protected
cysteine resulted in hydrolysis of the pinacol moiety. The
observed cysteine side chain hydrolytic activity results
apparently from a relatively high SH group acidity, reflected
by the pKa value of ca. 6.0-6.5 and very high nucleophilicity
of thiolate anion (13). Of note are potential very significant
consequences of the latter hydrolytic activity. In particular, the
hydrolytic cleavage of pinacol, catalyzed by the amino acid
side chain, results in formation of a boronic acid derivative
characterized by a considerably lower steric hindrance caused
by boron atom surroundings, thus probably facilitating the
formation of a protein-boronic acid ate-complex. Moreover,
the pinacol moiety may be considered a hydrophobic anchor,
causing enhancement of cell wall transport of the nucleoside
derivative, removable by the target enzyme. Biological activity
studies: Cytotoxic activity of 1, reflected by its potential to
inhibit human colorectal adenocarcinoma C85 cell growth,
was rather low (EC50 of 6.2±2.3 mM (a mean result±%
difference between the mean and each of the two results), in
agreement with the requirement for a BNCT agent not to be
toxic (14). Furthermore, the compound was taken up and
phosphorylated by C85 cells, as indicated by its nucleotide
forms found by MS (Table I) in cell extracts prepared
following 48 h incubation of cells with 1. The results obtained
in reflectron-mode positive ionization LDI MS experiments
demonstrate the presence of 1 and its mono-, di- and
triphosphates. In order to learn more about cellular
metabolism of 1, its substrate activity was tested in the
reaction catalyzed by human recombinant deoxycytidine
kinase. The compound was found to be phosphorylated by the
enzyme, as reflected by its competition with 2.4 mM
deoxyinosine used as a substrate. The latter caused apparent
inhibition of the reaction, characterized by an I50 value of 69
μM.
This work was supported by the Ministry of Education and
Science, Poland, Grant No. N N204 226940.
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Most solid tumors, including breast carcinomas, have areas
where oxygen availability is limited. Newly formed,
dysfunctional tumor vessels cause heterogeneous perfusion and
hypoxia. When tumor cells adapt to low oxygen levels they
acquire an angiogenic, migratory phenotype that favors invasion
and metastasis. The two principal mediators of hypoxia
response HIF-1 and HIF-2 are known to be stabilized at
different oxygen levels and to have different temporal responses
to hypoxia. Severe hypoxia with high levels of HIF-1 is linked
to poor differentiation and prognosis in breast cancer. Recently,
stromal HIF-1 and HIF-2 and their target genes have been
suggested to have opposing roles in breast cancer progression.
However, stromal cell responses to hypoxia in the tumor and at
the metastatic site are currently topics of intense investigation.
For example, macrophages of the tumor stroma contribute to
growth and spreading in breast cancer models by regulating
tumor angiogenesis through secretion of the angiogenic HIF
target VEGF. Deletion of VEGF in myeloid cells reduced the
number of circulating cells after subcutaneous tumor
inoculation, and also reduced the number of pulmonary
metastasis after intravenous injection of a low number of tumor
cells. Ultrastructural analysis by electron microscopy, as well as
Evans blue permeability indicate that the VEGF derived from
myeloid cells induces a discontinued endothelium of the
vascular bed of the lung arguing that hypoxia-induced myeloid
cell-derived VEGF is an important regulator of tumor metastasis
by facilitating intra- and extravasation of tumor cells.
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MOLECULAR, BIOLOGICAL AND GENETIC
INVESTIGATIONS OF CANCERS IN COMPANION
ANIMALS CAN PROVIDE IMPORTANT INSIGHT IN
(RARE) CANCERS IN THE HUMAN
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The Netherlands

Background: Pathogenesis and clinicopathological features of
spontaneous cancers in the dog and cat are often very similar to
their counterparts in the human, while the course of the disease
is much more rapid, enabling quicker collection of prognostic
6146

data. Moreover, proper collection of data and tissues enables
studies on the influence of several external and internal factors
upon tumorigenesis itself. Advantages of such studies, as
compared to those in experimental rodents, are that these two
companion animals share much of the environment with the
human. While selection has led to inbreeding and has narrowed
genetic variation within specific breeds, this has also caused
predisposition to some types of cancer, with odds sometimes
rising to more than 100-fold as compared to the average dog
or cat (1, 2). Furthermore, the problematic yet characteristic
feature of cancer, namely inter- and intra-tumor heterogeneity,
weighs as much in companion animals as it does in the human,
making it part of a complete evaluation. Still, the execution of
(patho)genetic studies is less complex in dogs (and cats) than in
the human in view of the more rapid evolution in these animals
and the reduced complexity of genome-based assays. Materials
and Methods: There are many examples of studies by
veterinary and comparative oncologists in the world that are
based upon high quality collection of data and tumor tissues
(formalin-fixed or stored deep-frozen). As an addition to some
such studies, normal tissues and DNA from blood/normal
tissues from (often old) control animals as adjusted to the type
of study can be collected either as part of health checks (blood)
or at autopsy in animals euthanized conditions that are not
related to cancer or metabolic disease. The unraveling of the
genome of dogs and cats has led to innovative assays as related
to disease-related conditions (3). In addition, with a much more
rapid course of the disease as compared to the human, clinical
trials in companion animals can be used as support for human
studies (4, 5). In this overview, I will share the experiences in
veterinary comparative research I had in collaborations with
many colleagues in many countries over the past 35 years.
Results: The carcinogenic involvement of some papilloma
virusses in cooperation with toxins from bracken fern in the
genesis of esophageal/gastric carcinomas was first established
in ruminants by Scottish virologists (6). Several studies have
evidenced that smoking not only increases cancer risk in the
human but also – by passive exposure – in their companion
animals (7). Tumorigenesis in the bladder is increased by
ingestion/inhalation of specific herbicides in the human, calling
for attention of their use in the environment for humans as well
(8). A promoting role for progestins upon mammary
tumorigenesis has, for more than 3 decades, been established
in the dog, somewhat later also in the cat, and was long denied
in the human. However, 15 years ago, a similar role has been
acknowledged to exist - under certain circumstances - in the
human (reviewed by 9). A peculiar finding of studies in
companion animals was that progestins could induce
production of growth hormone in mammary tissue, which was
followed by similar findings in the human (10). How this could
influence mammary tumour formation is still under
investigation. Very recently, a progestin-induced in duction of
GH was found to stimulate proliferation of stem cells in human
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breast epithelium (11). Osteosarcoma (OSA) in the dog is a
highly metastatic disease, affecting in particular some large
breeds. Already 30 years ago, the first proof that derivates from
the vaccine BCG could potentiate immunity were obtained in
dogs with OSA (12), which later has led to their addition to the
treatment options for OSA in the human. With conservation of
cytogenetic structure between canine and human genome,
despite the variation in chromosome number, comparative
assays are fruitful (13). With the use of microarrays,
comparative genomic hybridization assays of osteosarcoma
studies of dogs and humans, have revealed several shared
micro-aberrations (14). In other recent genetic studies,
microarray-based genome-wide association studies of
constitutional (blood-derived) DNA have revealed that several
interesting genetic loci (close to Cdkn2a) have been identified
that appear to explain the high predisposition for OSA in
breeds like the Rottweiler and Irish Wolfhound (15). The
detection of one other locus – Mtap/Cdkn2a – related to the
high risk for histiocytic sarcoma in another breed, the Bernese
mountain dog, may help in the search for causative genes in
this - in the human - very rare cancer (16). Sometimes, analysis
of genes involved in tumorigenesis of specific cancer in the
human lead to absence of proof of such involvement in the dog,
as recently demonstrated for thyroid carcinoma (17). With
creative thinking, this may lead to a search for critical keys at
other sites of pathways probably involved. Earlier studies have
pointed to another intriguing interspecies difference: analysis
of DNA-ploidy by flow-cytometry of several types of cancers
- including carcinomas and sarcomas - in the dog showed a
more frequent absolute loss of DNA (hypoploidy), whereas in
cases that were hyperploid a lower level of increase of DNAcontent, than in similar cancers in the human (18), was shown.
These findings can be seen as evidence that the threshold of
protection against carcinogenesis (aneuploidy evolution) is
lower in this animal than in the dog (19). By analyzing gene
expression with micro-arrays and confirmation with qPCR,
several important aberrations in genomic pathways have been
evidenced. Thus, pathways involved in inflammation and
angiogenesis were found to be over-expressed in
hemangiosarcomas in the dog (20). In another study, several
pathways were differentially expressed in histiocytic sarcoma
in one predisposed dog (Flatcoated Retriever), most of which
were involved in the DNA repair and replication process (21).
The importance of the dynamical interaction between tumor
and stroma has been made visible by examining the changes
in the expression of galectins and mucins in canine mammary
tissue and cancers (22-24). As stated above, the rapid course
of cancers in companion animals -as compared to the humanmake it worthwhile to perform clinical trials in companion
animals with value in veterinary medicine but also as support
for human studies (4, 5). This is particularly true for cancers
that are (very) rare in the human and more common in dogs or
cats, such as osteosarcoma (12). Recently, we performed

another trial examining the toxicity of high doses of
artesunate that took 7 years from its first design to publication
describing, in in vitro experiments, both toxicity and
pharmacokinetics in dogs with highly therapy-resistant
cancers (25).
1 Shearin AL, Ostrander EA: Leading the way: canine models
of genomics and disease. Disease Models & Mechanisms
2010; 3: 27-34.
2 Dobson JM: Breed-predispositions to cancer in pedigree
dogs. ISRN Vet Science 2013, 94: 1275.
3 Lindblad-Toh K, Wade CM, Mikkelsen TS, et al: Genome
sequence, comparative analysis and haplotype structure of
the domestic dog. Nature 2005; 438, 803-819.
4 Khanna C, Lindblad-Toh K, Vail D, et al.: The dog as a
cancer model. Nature Biotech 2006; 24: 1065-1066.
5 Paoloni M, Khanna C: Translation of new cancer treatments
from pet dogs to humans. Nature Rev.Cancer 2008; 8: 147156.
6 Campo MS, Moar MH, Jarrett WFH, Laird HM: A new
papillomavirus associated with alimentary cancer in cattle.
Nature 1980; 286: 180-182
7 Reif JS: The epidemiology and incidence of cancer. SJ
Withrow & DM Vail (eds): Withrow and MacEwen’s Small
Animal Clinical Oncology (4th ed) Saunders 2007 St Louis,
US. Pp 68-76.
8 Glickman LT, Raghavan M, Knapp DW, et al : Herbicide
exposure and the risk of transitional cell carcinoma of the
urinary bladder in Scottish terrier dogs. J Am Vet Med Assoc
2004; 224: 1290-1297
9 Rutteman GR: Contraceptive steroids and the mammary
gland: is there a hazard? - Insight from animal studies.
Breast Cancer Res Treat 1992; 23: 29-41.
10 Mol JA, Van Garderen E, Rutteman GR, Rijnberk A: New
insights in the molecular mechanism of progestin-induced
proliferation of mammary epithelium: induction of the local
biosynthesis of growth hormone (GH) in the mammary
glands of dogs, cats and humans. J Steroid Biochem Mol
Biol 1996; 57: 67-71.
11 Lombardi S, Honeth G, Ginestier C, et al: Growth Hormone
Is Secreted by Normal Breast Epithelium upon Progesterone
Stimulation and Increases Proliferation of Stem/Progenitor
Cells. Stem Cell Rep 2014, 2: 780-793
12 MacEwen EG, Kurzman ID, Rosenthal RC, et al: Therapy
for osteosarcoma in dogs with intravenous injection of
liposome encapsulated muramyl tripeptide. J Natl Cancer
Inst 1989; 81: 935-938.
13 Breen M, Modiano JF, 2008. Evolutionarily conserved
cytogenetic changes in hematological malignancies of dogs
and humans--man and his best friend share more than
companionship. Chromosome Res 2008; 16: 145-154.
14 Angstadt AY, Thayanithy V, Subramanian S et al: A
genome-wide approach to comparative oncology: highresolution oligonucleotide aCGH of canine and human
6147

ANTICANCER RESEARCH 34: 5761-6258 (2014)

osteosarcoma pinpoints shared microaberrations. Cancer
Genet 2012; 205: 572-587.
15 Karlsson EK, Sigurdsson S, Ivansson E et al:
Genome wide analyses implicate 33 loci in heritable dog
osteosarcoma, including regulatory variants near
CDKN2A/B. Genome Biol 2013; 14: R132
16 Shearin AL, Hedan B, Cadieu E, et al: The MTAPCDKN2A locus confers susceptibility to a naturally
occurring canine cancer. Cancer Epidemiol Biomarkers &
Prev. 2012; 21: 1019-1027.
17 Campos M, Kool M, Daminet S et al: Upregulation of the
PI3K/Akt pathway in the tumorigenesis of canine thyroid
carcinoma. J Vet Intern Med (in press).
18 Boerkamp KM, Rutteman GR, Kik MJ, et al: Nuclear
DNA-Content in Mesenchymal Lesions in Dogs: Its Value
as Marker of Malignancy and Extent of Genomic Instability.
Cancers (Basel) 2012; 4: 1300-1317.
19 Cornelisse CJ, Rutteman GR, Kuipers-Dijkshoorn NJ,
Hellmen E: The difference in DNA ploidy pattern between
some canine and human neoplasms appears to be genuine
and a reflection of dissimilarities in DNA aneuploidy
evolution. Anticancer Res 1994; 14, 1599-1601.
20 Tamburini BA, Phang TL, Fosmire SP, et al: Gene
expression profiling identifies inflammation and
angiogenesis as distinguishing features of canine
hemangiosarcoma. BMC Cancer 2010; 10: 619.
21 Boerkamp KM, Van Der Kooij M, Van Steenbeek F, et al:
Gene Expression Profiling of Histiocytic Sarcomas in a
Canine Model: The Predisposed Flatcoated Retriever Dog.
Plos One 2013; 8: e71094
22 De Oliveira JT, De Matos AJ, Barros R et al: Differential
Expression of Galectin-1 and Galectin-3 in Canine
Nonmalignant and Malignant Mammary Tissues, and in
Progression to Metastases in Mammary Tumours.
Anticancer Res 2014; 34: 2211-2221
23 De Oliveira JT, Pinho SS, de Matos AJ, et al: MUC1
expression in canine malignant mammary tumours and
relationship to clinicopathological features Vet J 2009; 182:
491-493
24 Tavares C, de Oliveira JT, Lopes C et al: Mucin 6 and Tn
antigen expression in canine mammary tumours: correlation
with pathological features. J Comparat Pathol 2012; 147:
410-418
25 Rutteman GR, Erich SA, Mol JA et al: Safety and efficacy
field study of artesunate for dogs with non-resectable
tumours. Anticancer Res 2013; 33: 1819-1827.

558
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ITS PROGNOSTIC VALUE IN
MOROCCAN PATIENTS WITH
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Introduction: Several studies suggest that total overexpression of p65, the best characterized NF-kB protein,
was an independent predictor of poor prognosis in prostate
cancer patients and specifically linked with disease relapse.
In the present study, we are the first to report NF-κB p65
expression in Moroccan hormono-refractory patients with
prostate adenocarcinoma. Materials and Methods: The study
was conducted in the CHUM Research Center and Montreal
Cancer Institute, Montreal. It included 58 hormonorefractory patients with prostate cancer. P65 antibody
specificity was confirmed by Western blot after cell culture
and all cases were analyzed in a tissue microarray (TMA)
format for NF-kB p65 immunohistochemistry-based protein
expression. Correlation between clinicopathological
parameters and the NF-kB p65 status was tested using the
Chi2 test. Results: The mean age of the patients is 31 years
(range, 50–90 years) and the mean preoperative PSA level is
12.4 ng/ml (range, 1.6–87.8 ng/ml). The NF-κB nuclear
intensity had approximately the same distribution as nuclear
frequency, consequently, we chose to only report data using
the nuclear frequency. Positive nuclear NF-κB p65 staining
was observed in 67.24% of the analyzed malignant cores.
The scored intensities of nuclear immunoreactivity was 1+
in 13 (22.41%) specimens, 2+ in 28 (48.27%) and 3+ in 11
(18.96%).We observed a significant association between an
increase in the nuclear frequency of NF-kB p65 and Gleason
score, advanced TNM stages and the presence of distant
metastases. No correlation was observed with the other
clinicopathological parameters. Conclusion: The high
expression of NF-κB p65 staining in hormono-refractory
patients in our study may indicate a relationship between
NF-kB expression and the risk of biochemical relapse. In
our study, over-expressed p65 is correlated to high Gleason
scores, advanced TNM stages and distant metastases,
Therefore, therapy directed against the transcription factor
NF-kB is a prime target and may have the potential to
improve the prognosis of prostate cancer patients; attempts
to assess the utility of targeting and/or blocking NF-kB
signaling in prostate cancers appear to be justified.
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Seddiki3, H. Benomar2 and S. Nadifi1
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Benign prostatic hyperplasia (BPH) is the most common
benign disease of the prostate gland and has a great prevalence
in aged men; however, the effect of BPH on PSA level is less
well-understood. In order to improve the ability of PSA to
distinguish cancer from BPH, it is necessary to understand the
characteristics of PSA in a population of men without prostate
cancer. Because of the increase in the aging male population
in Morocco, the role of PSA in the assessment of patients with
BPH and lower urinary tract symptoms (LUTS) should be
examined. We examined whether there was a relationship
among serum PSA levels, weight of resection, prostate
inflammation and patient’s age in order to estimate the clinical
implication of the PSA on diagnosis and treatment of BPH.
Our results indicated that PSA level is statistically correlated
with age and weight of resection; subclinical prostatic
inflammation could be the etiology of an elevated serum PSA
in men with benign prostatic hyperplasia.
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NEOADJUVANT CHEMORADIOTHERAPY
FOLLOWED BY SURGERY AND SALVAGE
SURGERY FOR THE PATIENTS WITH CLINICAL
T3/NEARLY T4 ESOPHAGEAL CANCER

Hiroshi Saeki, Satoshi Tsutsumi, Takafumi Yukaya, Hirotada
Tajiri, Yasuo Tsuda, Yuta Kasagi, Yoko Zaitsu, Koji Ando,
Yuichiro Nakashima, Yu Imamura,
Kippei Ohgaki, Eiji Oki and Yoshihiko Maehara
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Background: The standard of care for patients with potentially
resectable, locally advanced esophageal cancer is still
controversial. While esophagectomy remains the cornerstone
of treatment for localized esophageal cancer, the systemic
nature of the disease means that surgery alone often fails.
Purpose: Our aim was to create a multimodal treatment

strategy for patients with locally advanced esophageal cancer.
Methods: A retrospective review identified a total of 193
patients with clinical T3 or nearly T4 thoracic esophageal
cancer were categorized into 3 groups: 81 who had surgery
only (Group I); 102 who had planned neoadjuvant
chemoradiotherapy (Group II); and 10 who had salvage
esophagectomy after definitive chemoradiotherapy (Group III).
Results: Postoperative complications developed in 27%, 45%,
and 80% of patients in Group I, Group II, and Group III,
respectively. Neoadjuvant chemoradiotherapy and definitive
chemoradiotherapy were independent risk factors associated
with postoperative complications; the odds ratios for Group II
and Group III, compared with group I, were 2.1 and 8.8,
respectively. The respective mortality rates were 4%, 2%, and
20% (Group I vs. Group III, p<0.05; Group II vs. Group III,
p<0.01). The 5-year survival rate was 25.2% in Group I and
41.6% in Group II. The 5-year survival rate in Group II
patients
with
markedly
effective
neoadjuvant
chemoradiotherapy (89.2%) was significantly better than in
patients with ineffective/slightly effective (11.8%; p<0.0001)
and moderately effective treatment (51.0%; p<0.05). Four
patients who had noncurative surgery died within 4 months
after salvage esophagectomy, while 4 out of 6 patients were
still alive after curative surgery. Conclusion: A pathological
complete response to neoadjuvant chemoradiotherapy is
critical for improving survival in patients with clinical T3 or
nearly T4 thoracic esophageal cancer. Salvage surgery should
be considered only in carefully selected patients with locally
advanced esophageal cancer.
561
COMBINATION OF CHEMORADIOTHERAPY
FOR HYPOPHARYNGEAL CANCER WITH
USAGE OF FTORAFUR AND CISPLATIN
Dina Sakaeva1 and Alexander Sultanbaev2
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Background/Aim: Radiotherapy remains one of the main
methods of radical treatment of squamous cell carcinoma of
the head. It is known that administration of chemotherapy in
combination with radiation therapy increases the effectiveness
of malignancies’ treatment. The purpose of this study was to
investigate the effectiveness of ftorafur in combination with
radiotherapy for patients with locally advanced
hypopharyngeal cancer. Patients and Methods: The study was
randomized and included 30 patients with stage III
hypopharyngeal cancer. The average age of the patients was
59±8.7 years and all participants had measurable tumor lesions
according to RECIST- 2. Cisplatin and ftorafur were used as
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radiomodifiers. Cisplatin was administered intravenously on
day 1 and day 22 at the rate of 50 mg/m2. Ftorafur was
administered per os for the whole duration of radiation therapy
at the rate of 500 mg/m2. A remote radiotherapy was carried
out on a SL-75 apparatus with a total tumor dose of 64 Gy.
The radiation dose to the primary lesion was 42 Gy, with the
total tumor dose of 24 Gy along the lymph flow. Results: In
the group of patients without lymph node lesions recurrence
was observed in 3 patients within 1 year. The average time of
relapse was 7±2.08 months. One-year mortality reached
16.6%. In the group of patients with lesions of the lymph
nodes, recurrence was observed among 9 patients within 1
year. The first recurrence was observed in 3 months after the
completion of chemoradiotherapy. The average time of relapse
in this group was 6.2±3.36 months. One-year mortality rate
was 42%. In the total group of patients (T3N0-3M0) the nonrecurrence period within 1 year was 61.3%. Overall, one-year
mortality was 32%. Conclusion: The results analysis indicates
the need for research of the effectiveness of usage of ftorafur
with different modes of radiotherapy.
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P-GLYCOPROTEIN EXPRESSION IS
DOWNREGULATED BY TEMOZOLOMIDE
IN GLIOBLASTOMA STEM CELLS

I.C. Salaroglio1, V. Caldera2, I. Campia1, J. Kopecka1,
M. Mellai2, L. Annovazzi2, A. Bosia1, D. Ghigo1,
D. Schiffer2 and C. Riganti1
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Center, Policlinico di Monza
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Background: Glioblastoma multiforme stem cells display a
highly chemoresistant phenotype, whose molecular basis is
poorly known. We aim to clarify this issue and to investigate
the effects of temozolomide on chemoresistant stem cells.
Methods: A panel of human glioblastoma cultures, grown as
stem cells (neurospheres) and adherent cells, was used.
Results: Neurospheres had a multidrug resistant phenotype
compared with adherent cells. Such chemoresistance was
overcome by apparently noncytotoxic doses of temozolomide,
which chemosensitized glioblastoma cells to doxorubicin,
vinblastine, and etoposide. This effect was selective for Pglycoprotein (Pgp) substrates and for stem cells, leading to an
investigation of whether there was a correlation between the
expression of Pgp and the activity of typical stemness
pathways. We found that Wnt3a and ABCB1, which encodes
for Pgp, were both highly expressed in glioblastoma stem cells
and reduced by temozolomide. Temozolomide-treated cells
had increased methylation of the cytosine-phosphate-guanine
islands in the Wnt3a gene promoter, decreased expression of
Wnt3a, disrupted glycogen synthase-3 kinase/β-catenin axis,
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reduced transcriptional activation of ABCB1, and a lower
amount and activity of Pgp. Wnt3a overexpression was
sufficient to transform adherent cells into neurospheres and to
simultaneously increase proliferation and ABCB1 expression.
On the contrary, glioblastoma stem cells silenced for Wnt3a
lost the ability to form neurospheres and reduced at the same
time the proliferation rate and ABCB1 levels. Conclusion: Our
work suggests that Wnt3a is an autocrine mediator of
stemness, proliferation, and chemoresistance in human
glioblastoma and that temozolomide may chemosensitize the
stem cell population by downregulating Wnt3a signaling.
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EPIDEMIOLOGY OF SCHISTOSOMIASIS
AND URINARY BLADDER CANCER IN
EGYPT AFTER THE NATIONAL
SCHISTOSOMIASIS CONTROL PROGRAMS
Elsayed I. Salim
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The correlation between Schistosomiasis particularly
Schistosoma hematobium infection and urinary bladder cancer
is well evidenced. An age-standardized mortality rate for
bladder cancer of 10.8 in males placed Egypt at the top of the
list of the 54 countries that provided data for the 1987 WHO
database, and supported the hypothesis that S. hematobium
infection predisposes to malignant bladder neoplasms.
Schistosomiasis control has a long history in Egypt, and the
government has over ninety years of Schistosomiasis control
efforts. In 1922, the government of Egypt began a major effort
for Schistosomiasis control, soon after the discovery that snails
played an essential role in disease transmission. The many
years of efforts in Egypt have had an impact on
Schistosomiasis prevalence. According to a World Bank
report, prevalence of Schistosomiasis was reduced in Middle
Egypt from 29.4% of 2.7 million persons examined in the late
1970s to about 8.6% in the late 1980s. In Upper Egypt, the
figures dropped from 21.7% positive samples in 1980 (in
775,000 persons examined). The Ministry of Health reported
that from 1982 to 1992 the prevalence of S. hematobium
declined from about 15% to 1% in the Nile Delta and from
13% to 3% in Upper Egypt. As a whole, Egypt succeeded in
lowering the prevalence of Schistosomiasis in the whole
country from 35% to 1.7% in 2003, with complete eradication
in certain districts. By the end of 2010, till present, only 20
villages has prevalence of >3% where mass treatment, snail
control, and clean water and sanitation are stressed. Two main
histological types of bladder cancer are identified: the
transitional cell carcinomas (TCCs), related to cigarette
smoking and most prevalent in Western and industrial
countries, and the squamous cell carcinomas (SCCs), which
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are more related to urinary Schistosomiasis. The recent data
on urinary bladder epidemiology in Egypt (Globocan 2012)
shows that the urinary bladder cancer has declined in men
from the 1st (with predominance of SCCs) in 1987 to become
the 7th among all types of cancer with predominance of TCCs
over the SCCs, with age-standardized incidence of
8.9/100,000 and mortality of 3.3/100,000. In conclusion,
although there is an evidence of a decreased rate of
Schistosomiasis and urinary bladder cancer incidence recently
in Egypt, efforts such as environmental sanitation
improvements by providing pure water supply to villages,
screening, diagnosis, treatment, snail control and health
education must continue until complete eradication of the
disease.
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THE ROLE OF SURGERY IN LOCALLY
ADVANCED OR METASTATIC RENAL
CELL CARCINOMA (RCC)
Roberto Salvioni

SC Urology Foundation IRCCS, National Cancer Institute of
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The renal cell carcinoma (RCC) is rare but aggressive with
more than 20% of patients with stage III or IV disease or with
contemporary presence of single or multiple metastases, cases
in which the prognosis is poor. Surgery is the only potential
chance of cure for patients with locally advanced RCC. We
have included in this category of locally advanced RCC
patients with implication of the inferior vena cava (IVC), with
extension to adjacent organs (stage T4), with retroperitoneal
lymph node involvement and local recurrence after radical
surgery. However, the contribution of targeted therapies (TKI)
has recently had a significant impact on disease-free survival
in patients with metastatic disease challenging, in some cases,
the real interest of cytoreductive nephrectomy. We are eagerly
awaiting the results of the studies CARMENA and SURTIME
about cytoreductive nephrectomy. The treatment of patients
with metastatic disease remains a therapeutic challenge for the
physician. Patients with metastatic RCC usually have a poor
prognosis. However, with the introduction of the TKI
perspective this issue has changed dramatically. Favorable
subgroups are those with solitary metastases, metastases with
DFI> 1 year. Complete resection of isolated metastases was
associated with 5-year survival rates between 35 and 60%.
Metastasectomy in patients with RCC has never been studied
in randomized clinical trials. The base of evidence for each
treatment recommendation is therefore low. However, it seems
that there are adequate clinical situations in which surgery of
metastasis is indicated. These include patients with solitary or
limited metastases or, when complete resection of the disease
can be achieved, patients with recurrent metastases and those

with response to systemic therapy. In these selected patients,
complete resection of metastatic lesions of small entities may
result in an improvement in survival at 5 years and a good
control of the disease in the long term. In patients treated with
systemic therapy, metastasectomy should be considered when
complete resection of all lesions seems possible, including
patients who responded to targeted therapy, making excision
achievable. Conclusion: A multimodal approach is the current
standard of treatment for selected patients with metastatic
RCC: oligometastatic disease, long interval from radical
nephrectomy to the spread of metastases and good
performance status are the most important factors that impact
on survival. Even if the cure is not possible, an improvement
of survival and quality of life can be achieved using a
combination therapy with cytoreductive nephrectomy and
systemic therapy. Ablative methods, such as cryosurgery,
radiofrequency ablation and other ablative therapies, are
increasingly taken into account for these patients. Currently,
the upfront cytoreductive nephrectomy followed by systemic
therapy is the standard approach. However, in the days to
come, it is hoped that planned and well-controlled clinical
trials with TKI in the neoadjuvant setting may change this
paradigm and provide better survival and quality of life.
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CYTOTOXIC EFFECT OF GENTISIC
ACID AND PROTOCATECHUIC ACID
TRIPHENYLPHOSPHONIUM DERIVATIVES
IN HUMAN BREAST CANCER CELLS:
POSSIBLE MECHANISM AND
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Mitochondria have been recently acknowledged as a potential
molecular target in the treatment of cancer, especially
considering that this organelle exhibits a significantly higher
transmembrane potential (MTP) in cancer cells and is, thus,
more susceptible to be targeted with lipophilic delocalized
cations such as triphenylphosphonium (TPP+) derivatives.
Previous work conducted by our laboratory has shown that
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TPP+ derivatives of gallic acid were effective in uncoupling
oxidative phosphorylation in TA3/Ha mouse breast cancer
cells, inducing a loss of MTP and a drop in ATP levels.
Therefore, aiming to further expand our knowledge on the
possible mechanisms underlying the cytotoxic effect of TPP+
derivatives, gentisic acid (GA) and protocatechuic acid (PCA),
both linked to the TPP+ moiety, were evaluated as potential
cytotoxic agents in several human breast cancer cell lines
(which differ primarily in their expression of estrogen and
epidermal growth factor receptors and in their metabolic
profile). The results obtained show that, compared to gallic
acid-TPP+, GA-TPP+ and PCA-TPP+ are more cytotoxic to
all cell lines tested. Aiming to understand the potential
mechanism underlying such cytotoxicity, GA-TPP+ and PCATPP+ were shown to be more effective than gallic acid-TPP+
in uncoupling oxidative phosphorylation, both in highly
oxidative and highly glycolytic human breast cancer cells.
Additionally, both derivatives induced a drop in ATP without
increasing mitochondrial ROS production or altering cellular
redox status. Finally, it was determined that both GA-TPP+
and PCA-TPP+ are able to activate the intrinsic apoptotic
pathway, as evidenced by an increment in annexin V staining
and in caspases 3 and 8 cleavage. Based on our results, we
postulate that the GA-TPP+ and PCA-TPP+ derivatives
uncouple the oxidative phosphorylation and decrease MTP and
that such observed effects might underlie their cytotoxicity
towards breast cancer cells regardless of the expression of
receptors for growth signals or the metabolic profile of the cell
lines.
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CANCER COMMUNICATION: RESEARCHERS,
DOCTORS, PATIENTS AND THE WORRIED WELL
Clare Sansom
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We, as oncologists and as basic cancer researchers, are
privileged. Although more people in rich countries die of
cardiovascular diseases, cancer is perhaps uniquely feared.
And, as a result, pharmaceutical companies’ cancer pipelines
remain full and in many countries cancer researchers can draw
on generously funded charitable support. Yet with cancer
always in the public eye, people in general want – or need – to
know a great deal about our subject: what causes it, who is
most at risk, what treatments are available, why some people
with “apparently” the same cancer type do much better than
others… We have come a long way from the days when
“breast cancer”, for example, was treated as a homogeneous
disease but, even now, we are not fully aware of the genetic
complexity of most tumor types. The definition of ten different
molecular genetic profiles for breast cancer (1), each with a
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different molecular genetic profile, treatment options and
prognosis, at least partly explains why this disease can be a
death sentence, little more than a nuisance, or anything in
between. Cancer patients and their relatives and friends need
increasing amounts of information in order to navigate the
options available to them, and this needs to be presented
accurately and accessibly, without hype (2). Similar issues
apply when communicating with the general public. There are
risks, as well as benefits, in most of the available screening
programs for common cancers (3) and people need
information that helps them decide what is right for them. And
people in general are very bad at evaluating risks and taking
appropriate action: specialists may be surprised to learn that
about 10% of US cancer patients and survivors still smoke
(4).This presentation will end with a discussion of effective
communication strategies between cancer experts, patients and
the public.
1 Curtis C, Shah SP, Chin S-F, et al. The genomic and
transcriptomic architecture of 2,000 breast tumours reveals
novel subgroups. Nature 2012; 486: 346–52
2 http://ecancerpatient.org/
3 Gøtzsche, P.C. and Jorgensen, K.J. (2013) Screening for
breast cancer with mammography. Cochrane Database Syst
Rev 6: CD001877.
4 Westmaas JL, Alcaraz KI, Berg CJ and Stein KD (2014).
Prevalence and correlates of smoking and cessation-related
behavior among survivors of ten cancers: findings from a
nationwide survey nine years after diagnosis. Cancer
Epidemiology, Biomarkers and Prediction, published online
ahead of print August 2014.
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THE DIGITAL CANCER PATIENT

Clare Sansom1 and Vanessa Diaz-Zuccarini2
1Department

of Biological Sciences, Birkbeck, University of
London, London, UK;
2Department of Mechanical Engineering, University College
London, London, UK

In the dozen or so years since the publication of the first
human genome sequence, the benefits of the “genomics
revolution” have begun to be seen throughout clinical practice,
not least in oncology. Yet the idea of enumerating a human, or
any other organism, in terms of molecular and genetic parts
alone is profoundly simplistic. All physiological processes are
built up from interactions at all levels, from the molecular
through the cellular to the organism-wide. The new discipline
of systems biology aims to create a complete understanding
of a biological system by combining experimental and
modeling data obtained at different levels of complexity (1).
This data may be generic but, when applied to biomedicine, it
is increasingly derived from individuals, either healthy or
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suffering from a particular disease. This approach is, therefore,
perhaps uniquely able to contribute to the development of socalled “4P’s medicine”: Predictive, Preventive, Personalized
and Participatory (2). Between 2007 and 2013, the EU’s
Framework 7 program invested some €207 million in its
“Virtual Physiological Human” (VPH) initiative (3), funding
over 50 multi-disciplinary biomedical research projects and
support actions including ten in oncology. Crucially, each
project team was required to include clinicians. The VPH
Digital Patient initiative (4) was set up to develop a “roadmap”
towards the ultimate exemplar of this approach: a computer
model of an individual patient that is complex and precise
enough to be used for prognosis prediction and clinical
decision making. In this talk I will describe how these
principles are being applied to oncology (5, 6) using examples
from VPH projects in breast cancer, paediatric oncology and
treatment planning, and illustrating the potential value of the
“digital cancer patient” to oncologists.
1 Kohl P, Noble, D. Systems Biology and the virtual
physiological human. Molecular Systems Biology 2009; 5:
292
2 Hood L, Friend SH. Predictive, personalized, preventive,
participatory (P4) cancer medicine. Nat Rev Clin Oncol
2011; 8(3): 184-7
3 Viceconti M, Clapworthy G, Van Sint Jan S et al: The virtual
physiological human - a European initiative for in silico
human modeling. J. Physiol. Sci. 2008; 58(7): 441-6.
4 http://www.digital-patient.net/
5 Marias K, Dionysiou D, Sakkalis V et al: Clinically driven
design of multi-scale cancer models: the ContraCancrum
project paradigm. Interface Focus 2011; 1(3): 450–61.
6 Stamatakos GS, Georgiadi EC, Graf N et al: Exploiting
clinical trial data drastically narrows the window of possible
solutions to the problem of clinical adaptation of a
multiscale cancer model. PLoS One 2011; 6(3): e17594.
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SCREENING FOR POTENTIAL HAZARD EFFECTS
FROM MULTITARGET ANTHRACYCLINE ON THE
CARDIOVASCULAR SYSTEM
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M. Valoti1, K. Chegaev2, G. Sgaragli1 and F. Fusi1
1Department
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Italy;
2Department of Medicine Science and Technology,
University of Turin, Turin, Italy

Conjugation of doxorubicin (DOX) with NO-releasing groups
gives rise to novel multitarget anthracyclines, such as
nitrooxy-DOX (NitDOX), capable to overcome drug resistance
by decreasing the activity of ABC transporters via nitration of
critical tyrosine residues on the pumps (1). In addition,

NitDOX preferentially accumulates in mitochondria and
affects their function, thus representing a prototype of novel
multifunctional anthracyclines, which have cellular targets
different from, and greater efficacy against, drug-resistant
tumor cells than the parent compound (2). The widely
described anthracycline toxicity, however, might limit their
use. Therefore, the aim of this study was to investigate the
NitDOX-induced cardiovascular effects, as potential hazard,
by studying its functional and electrophysiological actions in
rat aorta rings (3), Langendorff perfused rat heart (4) and A7r5
cells (5). DOX was used as reference compound. At
concentrations ≥1 μM, NitDOX partially antagonized
phenylephrine-induced contraction in freshly endotheliumdenuded rings, while DOX was ineffective. Both drugs did not
significantly affect the concentration-response curve to high
KCl. In arteries cultured with both drugs for 7 days, NitDOX
blocked both phenylephrine- and high KCl-induced
contractions at concentrations 10-fold higher than that of
DOX. Moreover, NitDOX exhibited L-type Ca2+ channel
blocking activity in A7r5 cells. Preliminary results suggest that
NitDOX did not affect the cardiac mechanical function and
ECG in Langendorff perfused rat heart. In conclusion,
NitDOX is a novel NO-releasing anthracycline devoid of
significant acute cardiovascular properties, although endowed,
at high concentrations of long-term effect on vasculature.
1 Chegaev et al. (2011) ACS Med Chem Lett 2: 494–497
2 Riganti et al. (2013) Mol Pharm 10: 161-74
3 Fusi et al. (2000) Eur J Pharmacol 394: 109–115
4 Saponara et al. (2007) Eur J Pharmacol 563: 160-63
5 Saponara et al .(2012) Buochem Pharmacol 84: 1055-1061
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EPIGENETIC CHANGES IN CANCER AND
DEVELOPMENT OF COMBINATION THERPAY
Sibaji Sarkar

Cancer Center, Department of Medicine, Boston University
School of Medicine, Boston, MA 02118, USA

Multiple causes may result in uncontrolled growth, including
inherited and somatic mutations, activation of oncogenes,
silencing of tumor suppressor genes, environmental factors,
and epigenetics. Transcriptional regulation by histone
acetylation/
deacetylation
and
histone
methylation/demethylation is a novel epigenetic mechanism of
how gene expression is regulated. CpG residue methylation,
hydroxymethylation in the upstream promoter and other
regions of genes generate specific mechanisms of gene
silencing in many types of cells, including stem cells and
cancer cells. The prerequisite of the re-expression of silenced
tumor suppressor genes should be the demethylation of these
regions. We observed that histone deacetylase inhibitors
(HDACi), down regulated DNA methyl transferase 1
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(DNMT1), the enzyme which maintains methylation in
somatic cells. Demethylation of several tumor suppressor
genes resulted in their re-expression. We hypothesize that
cancer cells are sensitized by the re-expression of tumor
suppressor genes. Utilization of HDACi in combination with a
protease calpain inhibitor, calpeptin, and other drugs produced
enhanced growth inhibition in different types of cancer cells,
including breast cancer, ovarian cancer, prostate cancer and
leukemia. The drug treatment caused cell cycle arrest, and
induced apoptosis and autophagy. Because this is not a
molecule-targeted therapy, we believe that this combination
treatment may prove more effective against a wider array of
cancers than already known treatments, including cancers that
are resistant and refractory to other drugs. In addition, we
believe that combination therapy including epigenetic drugs
could reduce cancer relapse because they can kill cancer
progenitor cells which are usually resistant to conventional
chemotherapy. We previously proposed that epigenetics play
role in the early process of initiating carcinogenesis to produce
cancer progenitor cells and in further cancer progression.
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POSSIBLE CONTRIBUTION OF BRAFV600E
MUTATION TO TGF- Β1/ NFIC DEPENDENT
ABERRANT METHYLATION PATTERN IN
COLORECTAL CANCER

Pawel Karpinski, Nikolaus Blin and Maria M. Sasiadek
Department of Genetics; Wroclaw Medical University,
Wroclaw, Poland

Most recent studies on CpG island methylation in colorectal
cancer (CRC) indicated an association between BRAFV600E
oncogenic mutation and high-methylation epigenotype
(HME). However, the relation between the BRAFV600E
mutation and a specific pattern of aberrant methylation in
colorectal cancer remains uncertain. We performed
comprehensive genome-scale DNA methylation profiling in 84
pooled
CRC
samples
by
Illumina
Infinium
HumanMethylation27. Our results revealed ~180 HME/
BRAFV600E associated CpG sites that were subsequently
analyzed by gene functional enrichment, positional gene
enrichment and DNA motif scan. Our results demonstrate that
HME tumors harbouring BRAFV600E mutation display
unique methylation signature when compared to HME
BRAFWT, IME and LME epigenotypes. Transforming
Growth Factor- β -mediated transcription regulation might be
involved in the BRAFV600E -induced gene silencing in
colorectal cancer. Introduction: In recent years, an increasing
amount of data concerning epigenetic changes in colorectal
cancer (CRC) as one of major contributing factors have been
published. During colorectal carcinogenesis tumour genomes,
undergo global loss of methylation (hypomethylation) along
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with focal hypomethylation of tumour suppressor genes
promoters. Perturbations of methylation are accompanied by
dynamic changes in histone modification which subsequently
leads to changes in gene expression pattern. In normal cells
me5C is generally absent apart from short stretches of CpGrich sequences known as CpG islands (CGIs). Meanwhile,
focal hypermethylation of CGIs leading to silencing of tumour
suppressors is a common key to the tumourigenic process. In
1999 it was demonstrated that a subset of CRCs appears to
possess an excessive number of methylated genes and
consequently termed this phenomenon the CpG island
methylator phenotype (CIMP). CIMP is characteristic for a
unique subgroup of ~ 15% CRCs presenting with a distinct
molecular aetiology. Unique molecular signature and clinical
characteristics of CIMP CRCs include: extensive methylation
of CIMP-related CpG islands (CIMP-high), extensive
methylation of the 3p22 region, high prevalence of
microsattelite instability and BRAFV600E mutation, serrated
polyps, proximal localization and older age. However, the
underlying molecular mechanism for CIMP in humans have
not been identified. A recent study by Rad and co-workers on
engineered mouse CRC model have demonstrated that
BRAFV600E is sufficient to establish the CRC phenotype
higly correlated with microsatellite instability. However, the
relation between the BRAFV600E mutation and a specific
pattern of aberrant methylation in colorectal cancer remains
uncertain. Materials and methods: Utilizing 21 DNA pools
that represent 84 sporadic CRCs divided according to their
high-, intermediate-, and low-methylation epigenotypes
(CIMP-H, CIMP-L, and CIMP-0, respectively) and
BRAFV600E status we performed comprehensive genome-scale
DNA methylation profiling by Illumina Infinium
HumanMethylation27. Our results revealed ~180 CIMPH/BRAFV600E associated CpG sites that were subsequently
analyzed by gene functional enrichment, positional gene
enrichment and DNA motif scan. We further assessed
methylation status of 4 selected CpG islands (MAF, KCNMB4,
INSM2 and GNAL) by performing pyrosequencing on 37
independent CRC samples. Results: We confirmed the
methylation status of 4 selected genes revealed on Illumina
Infinium microarray by performing pyrosequencing on 37
independent samples. Overall, when analyzing CIMP-H
BRAFV600E CRCs we found neither significant enrichment
of cancer-related pathways nor positional gene enrichment.
Among the known transcription factors, 180 HME
BRAFV600E-specific gene promoters were specifically
enriched with the binding sites for Nuclear Factor I-C.
Discussion: In this study, we examined the relation between
BRAFV600E mutation and specific pattern of aberrant
methylation in colorectal cancer. Although BRAFV600E has
been connected with aberrations of gene methylation pattern in
CRC, little is known about a direct functional relationship of
BRAF mutation and high-methylation epigenotype in
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colorectal cancer. Our methylation profiling analysis of CIMPH BRAFV600E subgroup versus other CRC epigenotypes led to
the identification of ~180 markers that were specific for
BRAFV600E tumors. Functional gene enrichment as well as
positional gene enrichment of BRAFV600E specific
methylation markers selected in this study did not disclose any
significant correlation. Whereas, subsequent analysis of
enrichment of consensus binding motifs using MotifLab
revealed significant enrichment of Nuclear Factor I-C (NFIC)
binding sites in CIMP-H BRAFV600E methylated promoters
when compared to other epigenotypes. NFIC belongs to
family of mammalian transcription factors that display activity
of regulating various cellular targets. A recent study (Pjanic et
al.) found NFIC to be a more effective gene activator than
repressor. This finding suggests that BRAFV600E may
contribute to abberant silencing of genes specifically activated
by NFIC or that silencing of NFIC targets may a create
favorable setting for acquisition of a BRAF mutation. Several
reports have provided evidence for interaction between NFIC,
transforming growth factor-β (TGF-β1) signaling and
BRAFV600. Interestingly, it has recently been shown that TGFβ1 induces the degradation of NFIC via Smad pathway and
the NFIC degradation increases in response to stimulation with
TGF-β1. These data are strongly supported by the notion that
BRAFV600E mutation induces secretion of functional TGF- β1
in thyroid cancer cell lines and correlates with high TGF- β1
expression in thyroid cancer samples. On the base of our
results we hypothetize that BRAFV600E induces NFIC
degradation via enhanced TGF- β1 expression. Subsequently,
NFIC dependent promoters become methylated as a result of
the loss of a trans-activating protein which causes the
enrichment of BRAFV600E tumors for silenced NFIC dependent
genes. Given the resistance of BRAFV600E CRC patients to
EGFR-targeted therapies, anti-TGFB1 therapy might be an
hypothetical alternative for patients in whom the BRAF
pathway is oncogenically activated. This study was supported
by a internal funding from the Wroclaw Medical University
No. ST-647/2012-2014
1 Hou P, Liu D, Dong J, Xing M. The BRAF(V600E) causes
widespread alterations in gene methylation in the genome
of melanoma cells. Cell Cycle. 2012;11(2):286-295.
2 Weisenberger DJ, Siegmund KD, Campan M et al. CpG
island methylator phenotype underlies sporadic
microsatellite instability and is tightly associated with
BRAF mutation in colorectal cancer. Nat Genet.
2006;38(7):787-793.
3 Nosho K, Irahara N, Shima K, Kure S et al. Comprehensive
biostatistical analysis of CpG island methylator phenotype
in colorectal cancer using a large population-based sample.
PLoS One. 2008;3(11):e3698.
4 Hinoue T, Weisenberger DJ, Lange CP et al. Genome-scale
analysis of aberrant DNA methylation in colorectal cancer.
Genome Res. 2012;22(2):271-282.

5 Hinoue T, Weisenberger DJ, Pan F et al. Analysis of the
association between CIMP and BRAF in colorectal cancer
by DNA methylation profiling. PLoS One. 2009;4(12):e8357.
6 Karpinski P, Walter M, Szmida E et al. Intermediate- and
low-methylation epigenotypes do not correspond to CpG
island methylator phenotype (low and -zero) in colorectal
cancer.
Cancer
Epidemiol
Biomarkers
Prev.
2013;22(2):201-208.
7 Huang dW, Sherman BT, Lempicki RA. Systematic and
integrative analysis of large gene lists using DAVID
bioinformatics resources. Nat Protoc. 2009;4(1):44-57.
8 De Preter K, Barriot R, Speleman F, Vandesompele J,
Moreau Y. Positional gene enrichment analysis of gene sets
for high-resolution identification of overrepresented
chromosomal regions. Nucleic Acids Res. 2008;36(7):e43.
9 Klepper K, Drabløs F. MotifLab: a tools and data
integration workbench for motif discovery and regulatory
sequence analysis. BMC Bioinformatics. 2013;14:9.
10 Pjanic M, Pjanic P, Schmid C, Ambrosini G, Gaussin A,
Plasari G, Mazza C, Bucher P, Mermod N. Nuclear factor
I revealed as family of promoter binding transcription
activators. BMC Genomics. 2011;12:181.
11 Lee DS, Yoon WJ, Cho ES, Kim HJ, Gronostajski RM,
Cho MI, Park JC. Crosstalk between nuclear factor I-C and
transforming growth factor-β1 signaling regulates
odontoblast differentiation and homeostasis. PLoS One.
2011;6(12):e29160.
12 Riesco-Eizaguirre G, Rodríguez I, De la Vieja A,
Costamagna E, Carrasco N, Nistal M, Santisteban P. The
BRAFV600E oncogene induces transforming growth factor
beta secretion leading to sodium iodide symporter
repression and increased malignancy in thyroid cancer.
Cancer Res. 2009;69(21):8317-8325.
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SILVER-BASED NANOPARTICLES INDUCE
APOPTOSIS IN HUMAN COLON CANCER
CELLS MEDIATED THROUGH p53

Shakti Ranjan Satapathy1, Purusottam Mohapatra1,
Ranjan Preet1, Dipon Das1, Anmada Nayak1, Sarita Das1,
Tathagata Choudhuri2, Michael D. Wyatt3 and
Chanakya Nath Kundu1
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2Visva Bharati University, Santiniketan, West Bengal, India;
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The authors have systematically investigated the anticancer
potentiality of silver-based nanoparticles (AgNPs) and the
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mechanism underlying their biological activity in human colon
cancer cells. Starch-capped AgNPs were synthesized,
characterized and their biological activity evaluated through
multiple biochemical assays. AgNPs decreased the growth and
viability of HCT116 colon cancer cells. AgNP exposure
increased apoptosis, as demonstrated by an increase in 4’,6diamidino-2-phenylindole-stained
apoptotic
nuclei,
BAX/BCL-XL ratio, cleaved poly(ADP-ribose) polymerase,
p53, p21 and CASPASES 3, 8 and 9, and by a decrease in the
levels of AKT and NF-κB. The cell population in the G1 phase
decreased, and the S-phase population increased after AgNP
treatment. AgNPs caused DNA damage and reduced the
interaction between p53 and NF-κB. Interestingly, no
significant alteration was noted in the levels of p21, BAX/
BCL-XL and NF-κB after AgNP treatment in a p53-knockout
HCT116 cell line. AgNPs are bona fide anticancer agents that
act in a p53-dependent manner.
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PRIMARY TUMORS OF THE DUODENUM:
EXPERIENCE OF A SINGLE CENTER
Andra Scarlat, C. Stroescu, O. Bouaru, V. Herlea,
C. Pechianu, M. Ionescu and I. Popescu

Fundeni Clinical Institute, Centre of General Surgery and
Liver Transplantation, Bucharest, Romania

Objective: The diagnosis and treatment of primary duodenal
tumors in a single center. Patients and Method: The data of 39
cases of primary duodenal tumors over 11 years from 2002 to
2013 was analyzed retrospectively. Results: Clinical
manifestations were: epigastric pain, upper GI stenosis,
bleeding and jaundice. Correct diagnosis was achieved by
upper GI endoscopy with biopsy and CT/MRI scanning. The
group was divided according to histopathology findings as:
epithelial tumors, mesenchymal tumors, lymphoproliferative
tumors and neuroendocrine tumors. Depending on
intraoperative findings, the following procedures were
performed: 22 Whipple procedures, 6 segmental resections, 8
local excisions and 3 palliative upper GI diversions. Inhospital morbidity and mortality were evaluated per subgroup,
with as much as 50% pancreatic fistula rate and 5% mortality
rate in the adenocarcinoma of the duodenum group. Median
survival was 42 months in the radical resection epithelial
tumor group. All patients with malignant tumors were
addressed to an oncologist for palliative or adjuvant therapy;
no standardized protocol. Significant survival differences were
noted between radical and palliative procedures groups and
also between the different types of histology. Improved quality
of life was noted in the resection group because of the
resolution of symptoms: pain, bleeding, jaundice. Conclusion:
Pancreaticoduodenectomy and radical segmental duodenal
resection should be performed for primary malignant duodenal
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tumor. Bypass procedures can prolong survival and improve
quality of life. Local excision is appropriate in case of
documented benign lesions. Postoperative adjuvant treatment
is advocated.
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MESENCHYMAL STROMAL/STEM
CELLS (MSCS) AND CANCER STEM CELLS
(CSCS), A TANGLED INTERRELATIONSHIP
WITH INTRIGUING PATHOPHYSIOLOGICAL
AND CLINICAL IMPLICATIONS

Roberto Scatena1, Patrizia Bottoni1, Fortunata Iacopino2 and
Gigliola Sica2
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MSCs, a not yet well-defined cell subpopulation, are
extensively studied as a valuable tool for developing novel
therapeutic cell-based approaches representing a typical
application of the so-called regenerative medicine. The most
important therapeutic properties of MSCs are linked to their
peculiar biological activities as they (i) promote tissue
regeneration, (ii) regulate immune system and (iii) at last, but
not least, present a debated capability to inhibit tumor growth.
For this last property, in fact, there are conflicting and
intriguing results, where in vitro studies are showing
anticancer activities and in vivo studies demonstrating a clear
tumor-promoting effect. These tangled data must be urgently
clarified considering, above all, the enormous therapeutic
potential of regenerative medicine Another cell population
intensively studied, at present, are the so-called CSCs or, as
defined by other authors, tumor-maintaining cells, which are a
subpopulation of cancer cells that acquired some of the
characteristics of stem cells to survive and adapt to everchanging environments. These cells also represent a not yet
well-defined subpopulation of cancer cells. At present, data
emerge to indicate that cancer cells that resemble stem cells
need not to be part of the original tumor but rather may
emerge during later stages of tumor development. Thereby, the
observed tumor heterogeneity is probably a combination of
growing genomic instability and epigenetic instability
associated with the acquisition of a stem cell-like phenotype.
This instability promotes a new fundamental peculiarity of
CSCs, i.e., genetic plasticity. CSCs represent the ideal
justification for a lot of intriguing and obscure aspects of
cancer pathogenesis (i.e., cancer cell dormancy,
chemoresistance, local and distant relapses). Emerging data
seems to show that MSCs could cause an inhibition of cancer
cell proliferation inducing a dormant/stem-like state of cancer
cell. This effect could represent a dangerous drawback of
regenerative medicine that must not be neglected.
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MOLECULAR MECHANISMS FOR LOCAL
INVASION AND METASTASES OF GASTRIC
CANCER. DO TYROSINE RECEPTORS
PLAY A ROLE?
Matthias Schauer

Klinik für Allgemein-, Viszeral- und Kinnderchirurgie,
University Klinik Düsseldorf, Düsseldorf, Germany

Introduction: Gastric cancer shows a very heterogeneous
behaviour in terms of neoadjuvant chemotherapy and progress.
In order to understand the crucial reason for this, molecular
analysis for tyrosine kinase receptors and their target
proteins/genes were evaluated. Ephrin tyrosine kinase receptor
(Eph) and their ligands, the ephrines (EPN), are known from
their impact on angiogenesis and cell migration in colon and
esophageal cancer. Materials and Methods: Tissue microarrays
of 160 pathological specimens of gastric cancer were
established. Immunohistology against Ephrin receptors and
their target proteins was performed. The results were proven
with a representative subset of specimens on RNA levels.
Besides, immunohistology of normal mucosa was prepared.
The results were correlated with the postoperative
histopathological staging, the postoperative course, survival and
response after neoadjuvant chemotherapy, as far as it was
applied. Results: The Ephrin B3 receptors were located in the
crypts in normal mucosa and in invasive gastric carcinomas.
We could find a significant difference in the expression
between gastric carcinomas with lymphogenous or
hematogenous metastases and carcinomas with only local
invasion of the gastric wall. Furthermore, the expression of the
Ephrin B3 receptor correlated with the intracellular distribution
of E cadherin as a target molecule. Discussion: The
identification of Ephrin B3 as a new biomarker in gastric
carcinoma is the first evidence that the different behaviour with
regard to local invasion and early metastases is probably based
on an appropriate formation of carcinoma stem cells. The
association between Ephrin B3 expression and tumor invasion
may be triggered by its influence on E cadherin equally to the
colon carcinoma. For this conclusion, further investigations
with gastric carcinoma cell lines will be initiated.
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GLIOBLASTOMA: MICROENVIRONMENT AND
PERIVASCULAR AND PERINECROTIC NICHES

D. Schiffer, L. Annovazzi, C. Casalone, P. Cassoni and M.
Mellai

Neuro-bio-oncology Center, Policlinico di Monza
Foundation/Consorzio di Neuroscienze, University of Pavia,
Vercelli, Italy

In the last years, a new concept developed in the
understanding of tumor biology, the microenvironment. It
includes everything that is not strictly tumor cells, i.e. soluble
factors, signaling molecules, extracellular matrix and
mechanical cues that can promote neoplastic transformation,
support tumor growth and invasion, protect the tumor from
host immunity and foster therapeutic resistance. Cancer stem
cells (CSCs) are regulated by the microenvironment and, in
the tumor, it strongly believed that they reside in perivascular
and perinecrotic niches. The former are similar to that of the
normal sub-ventricular zone (SVZ) where the crucial
interrelationship is that between stem cells/progenitors and
endothelial cells. In perinecrotic niches, everything is
accomplished through hypoxia and its hypoxia-inducible
factor (HIF)-1/2. In both sites an intense inter-signaling among
different molecular pathways takes place. Of both niches, that
are considered instrument of invasion and growth,
comprehensive schemes are provided in the literature but few
demonstrations are available of their distribution in the tumor.
In a series of 20 glioblastomas we wanted to ascertain, by
means
of
histological,
immunohistochemical,
immunofluorescence and molecular biology procedures, the
real aspects of the niches at the microscope. There is no
unique picture of them but the cell composition varies from
one another and mainly according to the tumor areas in which
they occur. The niches are more a theoretical concept
summarizing the morpho-functional features of tumor cells
occurring in crucial areas, such as invasion or highly
malignant ones, than a precise description of microscopic
tissue realities.
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HSPA2 CHAPERONE PROTEIN MODULATES
SENSITIVITY OF NON-SMALL CELL LUNG
CARCINOMA CELLS TO CISPLATIN

Dorota Scieglinska, Anna Habryka, Piotr Filipczak,
Agnieszka Gogler-Piglowska, Damian Sojka,
Urszula Bojko and Zdzislaw Krawczyk

Center for Translational Research and Molecular Biology of
Cancer, M. Sklodowska-Curie Memorial Cancer Center and
Institute of Oncology, Gliwice Branch, Gliwice, Poland

HSPA2 is a member of the heat shock protein HSPA (HSP70)
family initially identified as a testis-specific protein crucial for
spermatozoa development and men fertility. Recently, we have
shown that HSPA2 is expressed in certain human somatic
tissues in a cell-type specific manner. HSPA2 over-expression
was also detected in various cancer cell lines and primary
tumors. The current state of knowledge indicates that this
protein supports growth of breast, bladder and cervical cancer
cells. Previously, we found that HSPA2 is frequently expressed
in non-small cell lung carcinoma (NSCLC) cell lines and
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primary tumors. In our recent work, we have shown that high
HSPA2 expression in tumor is associated with poor prognosis
of NSCLC patients. The aim of the present work was to
investigate the role of HSPA2 in NSCLC cells. We found that
down-regulation of HSPA2 by retroviral delivery of shRNA did
not affect viability, proliferation and clonogenic potential of
two NSCLC cell lines. A significant observation was that
silencing of the HSPA2 expression influenced sensitivity of
cells to cisplatin but had no effect on cell response to
vinblastine and etoposide. Interestingly, cytotoxicity of cisplatin
to NCI-H358 cells, evaluated by short- and long-term survival
assays, was significantly higher in HSPA2-depleted cells. Our
results suggest that higher sensitivity of HSPA2-depleted cells
is related to an increase in cisplatin-induced apoptosis. We also
found that expression of HSPA2 is highly induced by cisplatin
in NSCLC cells. Thus it seems that HSPA2 can be considered
as an important factor in the development of cisplatin resistance
in NSCLC. In summary, in this study we showed, for the first
time, that HSPA2 over-expression in NSCLC can be linked to
cisplatin resistance. However, understanding whether HSPA2
could become a biomarker of response to cisplatin requires
further investigation.
This work was supported by the Polish National Science
Centre, grant DEC-2013/09/B/NZ5/01815.
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A 15-YEAR-OLD GIRL WITH COMBINATION
OF JUVENILE PAPILLOMATOSIS,
JUVENILE FIBROADENOMA AND INTRADUCTAL
CARCINOMA OF THE BREAST
T. Sedloev1, A. Bassarova2, K. Angelov3, M. Vasileva3, Y.
Asenov1 and K. Velikova4
1Department

of Surgery, University Hospital “Queen
Joanna”, Sofia, Bulgaria;
2Department of Pathology, Akerhus University Hospital,
Oslo, Norway;
3Department of Surgery, University Hospital
“Aleksandrovska”, Sofia, Bulgaria;
4Department of Pathology, University Hospital
“Aleksandrovska”, Sofia, Bulgaria

Introduction: The association of juvenile papillomatosis with
carcinoma is proven but is very rare as there are several
reported cases. Case presentation: This is a case of a 15-yearold girl with no family history of breast cancer, who presents
with two masses in the upper quadrants of the left breast. The
excisional biopsy on both lumps revealed the first one to be
juvenile fibroadenoma (JF), 3cm in diameter, and the second
juvenile papillomatosis (JP), 5cm on its highest dimension. In
some channels of the JP epithelial proliferation, cytological
features of intraductal carcinoma of micropapillary and
"klinging type" were observed. Immunohistochemical
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examination showed a non-invasive ductal carcinoma with low
proliferative activity, Bcl-2, C-erb-2, CD 44 positive and
ER/PR negative. The Van Nuys prognostic index (VNPI) score
was 5. The patient refused any further surgical or adjuvant
treatment. There are no signs of recurrence in the 14 years of
follow-up. Discussion: JP is occurring in young women less
than 30 years old. They also often have a family history of
breast carcinoma. It is thought that rarely carcinoma may
coexist with the lesion at the time of diagnosis but
approximately 10% of patients will develop breast cancer later
in life. This case is a diagnostic and therapeutic challenge
taking into account the patient’s age and the controversial
treatment recommendations. The patient’s choice is crucial in
the decision making process. The good collaboration between
surgeons and pathologists is essential for the accurate
diagnostic process and aims to avoid under- or over-treatment.
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ACETYLCARNITINE POTENTIATES
THE ANTICARCINOGENIC
EFFECTS OF BUTYRATE

I. Elimrani, S. Dionne, D. Saragosti, I. Qureshi, L. Levy,
E. Delvin and Ernest G. Seidman
Division of Gastroenterology, Research Institute, McGill
University Health Center, Faculty of Medicine, McGill
University, Montreal, QC, Canada

Objective: Butyrate is a potent anti-carcinogenic compound
against colon cancer cells in vitro. However, its rapid
metabolism is hypothesized to limit its anticancer benefits in
colonic epithelial cells. Carnitine is essential to fatty acid
oxidation and is a potent antioxidant. The aims of this study
were to first identify a colon cancer cell line capable of
transporting carnitine. We evaluated the effect of carnitine and
acetylcarnitine (ALCAR) on the response of colon carcinoma
cells to butyrate. We then explored the mechanisms underlying
the anti-carcinogenic benefit. Materials and Methods: SW480
cells were incubated with butyrate +/- carnitine or ALCAR.
Carnitine uptake was assessed using [3H]-carnitine. Apoptosis
and cell viability were assessed using an ELISA kit and flow
cytometry, respectively. Modulation of proteins implicated in
carnitine transport and in cell death and proliferation was
assessed by Western blot. Results: SW480 cells were found to
transport carnitine primarily via the OCTN2 transporter.
Butyrate induced SW480 cell death at concentrations of 2mM
and higher. Cells treated with the combination of butyrate
(3mM) with ALCAR exhibited increased mortality. The
addition of carnitine or ALCAR also increased butyrateinduced apoptosis. Butyrate increased the levels of cyclin D1,
p21 and PARPp86 but decreased Bcl-XL and survivin levels.
Butyrate also down-regulated β-catenin and increased
acetylated histone H4 levels. Butyrate and carnitine decreased
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survivin levels by at least 25%. ALCAR independently
induced a 20% decrease in p21. Conclusion: These results
demonstrate that butyrate and ALCAR are potentially
beneficial anti-carcinogenic nutrients that inhibit colon cancer
cell survival in vitro. The combination of both agents may
have superior anti-carcinogenic properties than butyrate alone.
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A ROLE FOR NEDD9 IN TUMOR CELL INVASION
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Local invasion of tumor cells or their metastasis to distant
regions is frequently the cause of death in cancer patients.
Migration, invadopodia formation, invasion and adhesion all
contribute to tumor cell metastasis. The role of the metastatic
signature protein, neural precursor cell expressed
developmentally downregulated 9 (NEDD9), was examined
using shRNA knockdown, overexpression and tyrosine
mutation, based on recent work showing that NEDD9 tyrosine
phosphorylation is required for invasive cell behavior. We now
report that NEDD9 and the product of the myosin heavy chain
9 gene (Myh9), nonmuscle myosin IIA (NMIIA) interact,
based on co-immunoprecipitation (co-IP) analyses. The
binding of NMIIA to NEDD9 was identified by LC-MS/MS
and confirmed by immunoblot analysis with specific NMIIA
antibodies; NMIIA was also phosphorylated at Ser-1943 based
on LC-MS/MS. Cellular localization was determined by
confocal microscopy where NMIIA was detected in the
cytoplasm associated with actin filaments, as well as in the
nucleus. NMIIA was expressed in all cell lines tested: HNSCC
(SCC9, SCC22A, SCC25, FaDu) breast (MDA-MB-231, BC
624 and 624-28), and melanoma (SK-Mel). Different NEDD9
mutants were tested for NMIIA co-IP and found to retain the
ability to bind NMIIA. Cells expressing NEDD9 tyrosine
mutants exhibited significantly decreased migration.
Knockdown of NEDD9, with lentiviral shNEDD9 reduced cell
migration as did transfection of cells with NEDD9 lacking its
N-terminal SH3 domain or transfection of Y12FNEDD9.
Overexpression of NEDD9 resulted in a significant increase
in migration and invasion. Preliminary studies on the
metabolic effects of NEDD9 indicate that silencing NEDD9
reduced cellular oxygen consumption and glycolysis compared
to overexpressing NEDD9. Silencing MICAL1 (Molecule
interacting with CasL1) caused a significant decrease in
metabolic activity. These results indicate that NEDD9 and its

binding partners play an important role in invasion and cell
metabolism. (Funded by NIH CA134845).
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ROLE OF LOXS AND COX-2 IN FAK ACTIVATION
AND CELL MIGRATION INDUCED BY LINOLEIC
ACID IN MDA-MB-231 CANCER CELLS

Nathalia Serna Márquez1, Sócrates Villegas Comonfort1,
Octavio Galindo Hernández1, Napoleón Navarro Tito2 and
Eduardo Pérez Salazar1
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Diverse epidemiological studies and animal models have
suggested a close relationship between high level of fat intake
in occidental diet and an increase in the risk of developing
breast cancer. Linoleic acid (LA) is an n-6 polyunsaturated
essential fatty acid that is obtained through diet. It has been
reported that LA induces cell proliferation and invasion in
breast cancer cells and also an epithelial-mesenchymaltransition (EMT)-like process in the mammary epithelial cells
MCF10A. The objective of the present study was to study
whether LA induces FAK activation and cell migration in
MDA-MB-231 cells. We also studied the role of
lipooxygenases (LOXs) and cyclooxygenase-2 (COX-2) on
these cell processes. Our findings demonstrated that LA
promotes FAK and Src kinase activation, as well as cell
migration in the breast cancer cells MDA-MB-231. FAK
activation and cell migration require Gi/0-proteins, LOXs and
COX-2 activity. In addition, cell migration induced by LA
requires FAK activity, whereas FAK activation is dependent
on Src activity. These findings suggest a reciprocal catalytic
activation mechanism between FAK and Src.
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TUMOR SUPPRESSOR PROTEIN IGFBP7
BLOCKS PHOSPHATIDYLINOSITOL-3KINASE-AKT SIGNALING BY BINDING TO
THE IGF-1 RECEPTOR
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We have previously shown that insulin-like growth factor
binding protein 7 (IGFBP7) is a tumor suppressor in breast
cancer. IGFBP7 treatment resulted in breast cancer cell growth
inhibition via induction of senescence and apoptotic pathways.
Xenografted tumors overexpressing IGFBP7 were significantly
growth-impaired as were the xenografted tumors treated
systemically with purified IGFBP7. Given its low toxicity and
high selectivity towards cancerous tissues, IGFBP7 is
considered to be a promising anticancer agent. Pre-treatment
of normal and breast cancer cells with IGFBP7 interfered with
activation and internalization of insulin-like growth factor 1
receptor (IGF1R) in response to insulin-like growth factors 1
and 2 (IGF-1/-2), resulting in the accumulation of inactive
IGF1R on the cell surface and blockade of downstream
phosphatidylinositol-3-kinase-AKT (PI3K-AKT) signaling.
Binding of IGFBP7 and IGF-1 to IGF1R was mutually
exclusive and the N-terminal 97 amino acids of IGFBP7 were
important for binding to the extracellular portion of IGF1R and
for preventing its activation. Treatment with IGFBP7 was
associated with enhanced sensitivity to apoptosis in IGF1Rpositive cells. To further identify parameters that could predict
IGFBP7-responsiveness in breast tumors, a variety of breast
cancer cell lines were examined for growth responses and
signaling pathways in response to IGFBP7 treatment. In this
study, we found that treatment of some aggressive breast cancer
cell lines, with IGFBP7 resulted in its proteolytic cleavage
between Lys-97 and Ala-98 thus creating N-terminal and Cterminal specific peptides. While both the N- and C-terminal
peptides were capable of growth inhibition, only the C-terminal
fragment was efficient at inducing cellular senescence. The
IGFBP7-responsiveness of breast cancer cell lines was a direct
consequence of their ability to process IGFBP7. These results
support a model whereby IGFBP7 acts as an IGF-1 antagonist
that binds to unoccupied IGF1R and suppresses downstream
signaling, thereby inhibiting cell growth and survival.
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ANALYSIS OF BREAST AND OVARIAN CANCER
RELATED GENE MUTATIONS IN CANADIAN AND
SAUDI ARABIAN BREAST CANCER PATIENTS
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Breast tumours originating from distinct geographical
locations often have distinct genetic profiles. Groups such as
Icelanders, American Mormons, Newfoundlanders, and
6160

Ashkenazi Jews share a higher breast cancer incidence
relative to the wider populations and each group has separate
and distinct mutations. The incidence of breast cancer in the
Eastern Saudi Arabia strongly suggests potential founder
mutations. Previous reports have indicated that gene
expression profiles of Saudi Arabian breast cancer patients
differ from age-matched North American populations. Here
we have used Ion Personal Genome Machine (PGM) to
identify breast and ovarian cancer related gene mutations in
different population groups. Breast cancer samples from
Canadian and Saudi Arabian women were analyzed for SNPs
(single nucleotide polymorphisms) and INDEL (insertion or
the deletion of bases) variants, using the Breast and Ovarian
Cancer Predisposing panel, which targets 23 genes in DNA
repair pathways and cell cycle checkpoints linked with breast
and ovarian cancer susceptibility. Only one Saudi patient had
no mutations in any of the 23 genes examined while all
Canadian patients had at least one mutation. 13 mutations in
ten genes were unique to the Canadian population and 16
mutations in eleven genes were unique to the Saudi Arabian
population. 23/29 unique mutations in seventeen genes were
not previously reported in the NCBI database. Six mutations
in six genes were common to both populations. Two of those
mutations were not previously reported in the NCBI
database. The most frequently mutated gene in both breast
cancer patient populations was FAM175A, followed by
BRCA1 and the ATM gene. In a global breast cancer context,
new genetic mutations offer greater insights into disease
mechanisms and potential areas for drug discovery. Ion PGM
sequencing allows us to rapidly screen women for known
mutations that have biological functions as well as discover
new potentially deleterious mutations that could be useful in
diagnosis and therapy.
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ATP-BINDING CASSETTE (ABC) TRANSPORTERS
ARE STILL IMPORTANT DRUG TARGETS
FOR COMBATING MULTIDRUG-RESISTANT
CANCER CELLS
Giampietro Sgaragli

Department of Life Sciences, University of Siena, Italy

Drug efflux by ABC transporters contributes significantly to
the development of multidrug resistance (MDR) in patients
suffering cancer and this represents a great clinical challenge.
Classical MDR is due to a lowering of intracellular
concentration of cytotoxic drugs associated with accelerated
efflux of the chemotherapeutic agent as a consequence of the
overexpression of transporter proteins such as P-glycoprotein
(Pgp), encoded by ABCB1, multidrug resistance protein 1
(MRP1), encoded by ABCC1 and breast cancer resistance
protein (BCRP), encoded by ABCG2. These belong to the
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ABC superfamily of transporters that use ATP as energy
source and act as extrusion pumps. Pgp expression is well
characterized in haematological malignancies, sarcomas,
breast cancer, and other solid cancers and is frequently
correlated with poor clinical response to chemotherapy
(Amiri-Kordestani L. et al., 2012 Drug Resist.Updates 15, 50).
MRP1 expression is frequently linked to unfavourable
prognosis in ovarian, lung, breast, renal, prostate, leukaemia
and colorectal cancers (Roy S. et al., 2007 Anticancer Res. 27,
1325; Stykzynski J. et al., 2007 J.Cancer Res.Clin.Oncol. 133,
875; Abaan O.D. et al., 2009 Cancer Invest. 27, 201; ElSharnouby J.A. et al., 2010 J.Oncol.Pharm.Pract. 16, 179;
Juszczynski P. et al., 2002 Leuk.Lymphoma 43, 153). The
association of MRP1 expression with poor clinical outcome
has been convincibly demonstrated in a prospective trial on a
large primary neuroblastoma patient group (Haber M. et al.,
2006 J.Clin.Oncol. 24, 1546). ABCG2 expression is
prognostic in adult and paediatric acute myeloid leukaemia
(Natarajan K. et al., 2012 Biochen.Pharmacol. 83, 1084; Van
den Heuvel-Eibrink M.M. et al., 2002 Leukemia 16, 833;
Benderra Z. et al., 2005 Clin. Cancer Res. 11, 7764); however,
trying to correlate ABCG2 expression in cancer cells with its
effects on clinical outcome gave ambiguous results (Robey
R.W. et al., 2007 Cancer Metastasis Rev. 26, 39). It is

expressed in many types of solid tumors and is generally
highly expressed in tumors of the digestive tract,
endometrium, and melanoma (Diestra J.E. et al., 2002
J.Pathol. 198, 213). Knowledge of the role of drug efflux
pumps in MDR of cancer cells has promoted the use of
antineoplastic agents which are not substrates for MDR
proteins such as cyclophosphamide, cysplatin and epothylones
(evade strategy). The hypothesis that ABC transporters protect
MDR cells by keeping the concentration of cytotoxic drugs
below a cell-killing threshold, has promoted efforts to
overcome transporter-mediated MDR by administering
concomitantly inhibitors to block the function of Pgp, MRP1
and sister proteins, thus preventing the efflux of cytotoxic
compounds (engage strategy); novel pump inhibitors are
intensely investigated in many laboratories. On the
experimental ground, overexpression of Pgp has been found
in drug-resistant cell lines generated through exposure to
increasing concentrations of cytotoxic drugs (e.g., the highly
indifferentiated human erythroleukemia K562 cell line) or
through transfection with a recombinant MDR1/A retroviral
vector (e.g., the L5178Y mouse T-lymphoma cell line). These
cell lines, among many others, represent good experimental
models where to perform pump function inhibition in
conjunction with anticancer agents cytotoxicity assays.

Figure.
6161

ANTICANCER RESEARCH 34: 5761-6258 (2014)

In our laboratory, Pgp inhibition by three sets of four
isomers of N,N-bis(cyclohexanol) amine aryl esters (see
figure) was assessed on rhodamine 123 (R123) efflux in
human MDR1-gene transfected mouse T-lymphoma L5178
cells and on Sf9 ATPase activity. The most active compounds
inhibited Pgp with IC50 values much lower than those of
cyclosporine A (CSA) and GF120918 (elacridar). As to R123
efflux inhibition, the role of the bond present in the second
aryl mojety appeared important since the triple bond
derivatives (3a-d) were the most powerful as compared to the
double bond (2a-d) and the single bond (1a-d) counterparts.
Concentration-inhibition curves of 2c and 3d exhibited a
biphasic behaviour suggesting the existence of two binding
sites in the recognition domain of Pgp. Persistence of
inhibition by these compounds resulted to be intermediate
between that caused by CSA and GF120918. R123 exhibited
positive interaction with CSA, 1d, 1c, 2d, 2c and 3c, the
concentration-inhibition curve being shifted leftward when
R123 was increased, while it exhibited negative interaction
with 3d, and no effect with GF120918. Sf9 ATPase activity
was stimulated in an increasing order of potency by 2c, 3c, 2d,
CSA, epirubicin and 3d. In a decreasing order of potency 3d,
2c, GF120918, CSA, 2d and 3c inhibited at subnanomolar
concentrations epirubicin-stimulated ATPase activity. In
conclusion, isomeric geometry and restriction of molecular
flexibility of N,N-bis(cyclohexanol) amine aryl esters were
crucial for their presentation to and inhibition of Pgp as
transport substrates, R123 and epirubicin cooperating with
them to this inhibition (Neri A. et al., 2011 Biochem.
Pharmacol. 82, 1822). Subsequently, compounds 2c, 2d, 3c
and 3d turned out to be the most potent when tested on
doxorubicin –resistant K562 cells (K562/DOX) in the
pirarubicin uptake assay. When evaluated for their doxorubicin
cytotoxicity potentiation on K562/DOX cells, the same
compounds resulted to be the most powerful to enhance
doxorubicin cytotoxicity (Orlandi F. et al., 2013
Bioorg.Med.Chem. 21, 456).
Although efflux pumps are widely recognized as an
important target for combating multidrug-resistant cancer and
given the ability of Pgp to protect cells in culture, it was
generally expected that this same effect would also occur in
vivo. Clinical trials conducted with Pgp inhibitors, however,
have so far produced negative results (Cripe L.D. et al., 2010
Blood 116, 4077; Tamaki A. et al., 2011 Essays Biochem. 50,
209). The observation that nitric oxide (NO) donors reverse
MDR in human cancer cells through the inhibition of efflux
pumps via nitration of critical tyrosines (Riganti C. et al.,2005
Cancer Res. 65, 516; De Boo S. et al., 2009 Mol.Cancer 8,
e108), has elicited great interest toward novel agents with
multiple activity, able to deliver intracellularly NO while
maintaining antineoplastic or Pgp inhibiting activity
(Rothweiler F. et al., 2012 Carcinogenesis 12, 1023; Riganti
C. et al., 2013 Mol.Pharmaceutics 10, 161).
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Therapeutic opportunities tied to extrusion pumps are not
limited to the few examples mentioned above. In fact, the
discovery of MDR-selective compounds (exploit strategy)
made possible by investigations on the so called “collateral
sensitivity” phenomenon deserves a cautious optimism
(Szakàcs G. et al., 2014 Chem.Rev., 114, 5753). Finally, the
progress of our knowledge on the physiological role of efflux
pumps in bacteria will open new vistas in the management of
MDR in cancer. (This study was performed with the financial
support of Istituto Toscano Tumori and Fondazione Monte dei
Paschi di Siena).
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RECENT ADVANCES IN MANAGEMENT OF CML
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Chronic myeloid leukaemia (CML) is a clonal
myeloproliferative disorder comprising 15% of adult
leukemias. CML is characterized by Philadelphia chromosome, which is a product of translocation between the long
arms of chromosomes 9 and 22, t(9;22)(q34;q11). The
discovery of imatinib and second generation tyrosine kinase
inhibitors (TKIs) has revolutionized the treatment of CML.
However, upto one third of patients treated with imatinib do
not achieve complete cytogenetic response. This has led to
development of newer generation tyrosine kinase inhibitors
like dasatinib, nilotinib, bosutinib and ponatinib. Newer
molecules like ponatinib and omacetaxine have activity in
patients with CML with T315I mutations. Newer advances in
CML will be discussed during this lecture.
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INHIBITION OF VITAMIN D DEGRADATION
ENHANCES ITS ACTIVITY AGAINST HUMAN LUNG
CANCER CELL GROWTH
S. Shany and V. Gavrilov
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Faculty of Health Sciences, Ben-Gurion University of the
Negev, Beer Sheva, Israel

Background: The unrestrained growth of cancer cells, including
human non-small cell lung cancer (NSCLC) cells, is impeded
by 1,25-dihydroxyvitamin D3 [1,25(OH)2D3]. However, the
effectiveness of 1,25(OH)2D3 is limited because of its
catabolism by 24-hydroxylase (CYP24). This enzyme is
inhibited by ketoconazole (Keto). In addition, the 1,25(OH)2D3
receptor activity is restricted by transcriptional co-repressor
complexes, which include histone deacetylases (HDAC).
Sodium valproate (VPA), a well-known HDAC inhibitor,
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decreases the co-repressors’ activity. Aim: To enhance the
inhibitory action of 1,25(OH)2D3 and its synthetic analog
calcipotriol (Cp) on lung cancer cells growth by combinations
with Keto, VPA and cisplatin (Cis). Materials and Methods:
The NSCLC cell line A549 was grown in RPMI-1640 medium
containing 10% FCS at 37˚C with 5% CO2 in air. Cell
proliferation and cell-cycle distribution were assessed using
crystal violet and flow cytometry assays, respectively. Dose
response incubations of cells with 1,25(OH)2D3, Cp, Keto,
VPA or Cis were carried out for 72 hours. Varying drug
combinations ˚were also tested. The rates of 1,25(OH)2D3
degradation were measured following incubation with Keto.
Statistical analysis was performed using the Student’s t-test and
p<0.05 was considered statistically significant. Results:
1,25(OH)2D3 or the analog Cp, and the drugs Keto, VPA and
Cis tested singly, exerted a dose-dependent inhibitory effect on
NSCLC cell proliferation. Combinations of a sub-effective
concentration of 1,25(OH)2D3 and Cp with Keto, VPA or with
Cis synergistically suppressed cancer cell growth. Cell-cycle
studies also indicated that the combined treatments were more
effective. Addition of Keto to A549 cells culture media
markedly inhibited 1,25(OH)2D3 catabolism. Conclusion: The
prevention of 1,25(OH)2D3 catabolism by ketoconazole,
combined with the inhibition exerted by VAP on HDAC
activity, enhanced the anti growth action of 1,25(OH)2D3 and
its analog (Cp) on the human NSCLC cell line. The present
results emphasize the importance of combined drug
administration in the treatment of NSCLC, using low
concentrations of each agent. Such a therapeutic approach may
attenuate side effects of conventional therapy.
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PLANT-DERIVED MICRONUTRIENTS INHIBIT IGF1 AND ESTROGENIC ACTIVITY IN BREAST
CANCER CELLS BUT NOT IN BONE CELLS
Yoav Sharoni, Othaila Waked, Karin Linnewiel-Hermoni,
Marina Khanin and Joseph Levy
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In hormone-dependent malignancies estrogens and androgens
are important risk factors. In addition, tumor cell growth is
regulated by growth factors, which are crucial for the
uncontrolled, rapid cell proliferation of cancer cells. Among
myriads of growth factors, the IGF system has received special
attention as down-regulation of growth factor levels and
activity by phytonutrients have been previously demonstrated
by us and others. In addition, we have found that dietary
compounds inhibit estrogen signaling in breast and endometrial
cancer. Although the effect of estrogens and IGF-1 in cancer is
harmful, it is beneficial for bone formation. Thus, we
investigated the effect of various phytonutrients (polyphenols,

carotenoids and their metabolites) on estrogenic- and IGFinduced activities in osteoblasts, which are bone forming cells.
To our surprise, we found that the dietary compounds (the
carotenoid lycopene and its derivatives and the polyphenols
curcumin and carnosic acid), which inhibit estrogenic activity
in cancer cells, did not inhibit but even stimulated the
expression of estrogen-induced genes in the bone cells. In
addition, we analyzed the effect of these phytonutrients on
IGF-1 activity on the osteoblast-like cells. The IGF-1 activity
was assessed by measuring the proliferation of these cells and
the phosphorylation of AKT and AKT substrates. As expected,
the phytonutrients inhibited IGF-1-stimulated proliferation and
AKT phosphorylation in breast cancer cells. In contrast, in the
osteoblast cells these phytonutrients did not inhibit and even
enhanced IGF-1 activity. In order to examine the mechanism
of the opposite effects of the phytonutrients in the two cell
types, we examined the involvement of the Nrf2 transcription
system, which is activated by the phytonutrients. Our results
suggest that Nrf2 is involved in these effects as its overexpression reduced the phosphorylation of AKT in cancer cells
and increased it in bone cells in a dose-dependent manner.
Moreover, results with siNrf2 demonstrated that reduced
expression of Nrf2 attenuated the inhibitory effect of
phytonutrients on IGF-1 activity in cancer cells. Bone health is
achieved by the balance between the osteoblasts bone forming
cells and the osteoclasts, bone resorbing cells. Thus, we
analyzed the role of the phytonutrients in osteoclast
differentiation and found that it was inhibited by the various
phytonutrients. Moreover, this inhibition resulted from
attenuation of the activity of the NFkB transcription system. In
conclusion, we suggest that carotenoids and their derivatives,
as well as dietary polyphenols, contribute to cancer prevention
and bone health maintenance by inhibiting signaling
mechanism of estrogens and IGF-1 in breast cancer cells. They
activate these pathways in bone cells, while the inhibition of
osteoclast formation is mediated by the NF-kB pathway.
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Pancreatic cancer is one of the deadliest of all solid
malignancies. It has the worst prognosis of all, with a 6%
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5-year survival rate. The majority of pancreatic cancer
patients die within the first year of diagnosis. The current
chemotherapy treatment has been proven to improve
progression-free and overall survival by less than a year.
Natural products represent the most important source of
drugs and drug leads in history. Mushrooms comprise a
vast and yet largely unexploited source for powerful new
compounds; including a variety of secondary metabolites
with antitumor properties. The mushroom Cyathus striatus
(CS) is a rich source of bioactive chemical compounds.
This work is the first to demonstrate the anticancer effect
through the induction of apoptosis of the CS culture liquid
extract. The results indicate that treatment of HPAF-II and
PL45 human pancreatic cancer cells with CS extract
significantly decreased cell viability due to induction of
apoptosis. Accumulation of treated cells in the sub-G1
phase of the cells cycle, as well as Annexin-V/PI staining
and TUNEL positive cells exemplify this effect.
Furthermore, distinct activation of caspase -8 and -9 was
observed by FLICA labeling, which was further
corroborated via Western blotting that also demonstrated
the cleavage and activation of caspase -3 and PARP.
Immunofluorescence staining determined the release of
cytochrome C from the mitochondria and its appearance in
the cytosol. The CS extract efficacy on athymic nude mice
transplanted with PL45 human pancreatic cancer cells
demonstrated a profound inhibition of growth (2.5 mg/kg)
in comparison to the control group. In addition, body
weight, liver and kidney functions did not change
significantly in comparison to those of the control group.
This study demonstrates a safe and effective value of the
CS extract in inhibition of pancreatic cancer tumors
progression. Identification of the active molecule(s) in this
extract is currently accomplished.
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ENZYMATIC REMODELING OF THE TUMOR
MICROENVIRONEMT ENHANCES SUBSTANTIAL
CHANGES IN MALIGNANT CELL PHENOTYPE
AND INCREASED EFFICACY IN COMBINATION
WITH CHEMOTHERAPY
H. Michael Shepard, Curt Thompson and John Huang
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Advanced pancreatic ductal adenocarcinoma (PDA) is
difficult to treat and has one of the lowest survival rates
among all cancer types. Metastatic PDA is a lethal disease
with a median survival of approximately six months, despite
three FDA-approved therapies (Gemzar, Abraxane, Tarceva).
Many drugs have failed to make an impact of this disease,
although they are effective in multiple other malignancies.
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Understanding the unusual resistance of PDA to current
therapy and finding ways to treat it at all stages of disease
are clear challenges in medicine. PDAs are characterized by
an abnormally intense desmoplastic microenvironment
composed of fibroblasts, immune cells, and endothelial cells
embedded within a dense and complex extracellular matrix
(ECM). One ECM component, hyaluronic acid (HA), or
hyaluronan, is inordinately abundant in PDA, inviting
speculation on its role in disease biology and resistance. HA
is a large linear glycosaminoglycan (GAG), composed of
repeating N-acetyl glucosamine and glucuronic acid units,
and figures prominently in the architecture, integrity, and
malleability of tissues, particularly in dynamic processes
such as oncogenesis. Thus, HA may be implicated in a
variety of remarkable characteristics of PDA. PEGPH20 is a
first-in-class and first-in-mechanism biologic which
enzymatically remodels the tumor stroma by depleting
hyaluronan (HA) that accumulates in a portion of most solid
tumors. The post-synthesis volume expansion of HA within
the tumor stroma contributes to high tumor interstitial fluid
pressure (IFP) and results in tumor vascular collapse,
hypoxia, and decreased perfusion of cancer therapeutics.
Pancreatic ductal adenocarcinoma is an attractive target for
PEGPH20 treatment because PDA has one of the highest
(87%) reported levels of HA compared with other tumor
types. In addition, HA accumulation is associated with poor
prognosis in patients with PDA. Utilizing KPC
autochthonous GEMM tumor models of PDA, as well as
human xenografts, we have shown 83% increased survival
times (PEGPH20 plus gemcitabine [GEM]) and 125%
(PEGPH20 plus GEM and nab-paclitaxel [NAB]) in mouse
models of pancreatic cancer. There are multiple mechanisms
contributing to this high level of efficacy. PEGPH20
depolymerizes HA, which is associated with partial reversal
of the malignant phenotype as well as decreased tumor IFP,
expansion of tumor blood vessels, and reduction of hypoxia,
resulting in increased delivery of a range of cancer
therapeutics. This stromal remodeling has multiple effects on
the tumor microenvironment and results in tumor growth
inhibition (TGI) and reversal of EMT. The clinical data
developed to date also provide evidence of PEGPH20
antitumor activity in PDA patients.
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In glioblastoma multiforme (GBM), cancer stem cells
(CSCs) are thought to be responsible for gliomagenesis,
resistance to treatment and recurrence. Despite increasing
knowledge of the GBM biomolecular characterization and
breakthrough in treatment, the prognosis in the great
majority of patients is poor as almost all tumors recur in
peritumor tissue. This site of alterations seems to harbor
CSCs that show some differences when compared to CSCs
derived from GBM. By means of immunocytochemistry,
Western blotting and RT-PCR, we have compared CSCs
derived from GBM (GCSCs) to those isolated from
peritumor tissue (PCSCs) as to the expression of molecules
linked to stemness (Nestin, Musashi-1, SOX2), proliferation
and apoptosis (pERK1/2 and pJNKs), migration/invasion,
angiogenesis, and hypoxia (reelin, GD3, NG2, VEGF,
VEGFR1/2, HIF1α, and HIF2α). Furthermore, comparison
of growth rate, frequency of tumor initiating cells (TICs),
tumorigenicity in Scid/bg mice, and ultrastructure between
the two CSC populations was performed. Finally, we
analyzed the effect of different chemotherapeutic agents
(temozolomide, etoposide, irinotecan and carboplatin) on
proliferation of both GCSCs and PCSCs.
All the molecules analyzed were expressed in the two
populations of CSCs. Among the investigated markers, nestin,
pJNKs, Musashi-1, NG2 and VEGFR1 were found to be
significantly increased in GCSCs if compared with PCSCs.
Moreover, GCSCs grew at a higher rate and showed a greater
frequency of TICs.
Animal survival time revealed that mice receiving GCSCs
died significantly earlier than mice inoculated with PCSCs.
Only PCSCs ultrastructure showed fully organized desmosomes
and gap junctions. All the chemotherapeutic agents used
inhibited proliferation of both GCSCs and PCSCs, although
with different efficiency. Moreover, each drug had similar effect
on the GCSCs and PCSCs derived from the same patient. These
findings support the need for a complete characterization of
GCSCs and PCSCs to optimize treatment of GBM.
Supported by FIRB Accordi di Programma 2010
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BREAST CANCER-ASSOCIATED FIBROBLASTS
PROMOTE TUMOR CELL MIGRATION:
CRUCIAL ROLE OF STEAROYL-COA
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Background: Despite the recognized contribution of the stroma
to breast cancer development and progression, the effective
therapeutic targeting of the tumor microenvironment remains a
challenge to be addressed. We previously reported that normal
fibroblasts (NFs) and, notably, breast cancer-associated
fibroblasts (CAFs) induced epithelial-mesenchymal transition
and increase in cell membrane fluidity and migration in both
well- (MCF-7) and poorly-differentiated (MDA-MB-231)
breast cancer cells. This study was designed to better define the
role played, especially by CAFs, in promoting breast tumor cell
migration. Materials and Methods: Fibroblast/breast cancer cell
co-cultures were set up to investigate the influence of NFs and
CAFs on gene and protein expression of Stearoyl-CoA
desaturase 1 (SCD1), the main enzyme regulating membrane
fluidity, as well as on the protein level and activity of its
transcription factor, the sterol regulatory element-binding
protein 1 (SREBP1), in MCF-7 and MDA-MB-231 cells.
Migration was evaluated by wound healing assay in SCD1inhibited (by small interfering RNA, siRNA, or
pharmacologically) tumor cells. To assess the role of stromalderived signals in cancer cell migration speed, cell tracking
analysis was performed in the presence of neutralizing
antibodies to hepatocyte growth factor, transforming growth
factor-β or basic fibroblast growth factor. Results: A 2-3 fold
increase in SCD1 mRNA and protein expression as well as an
induction of SREBP1 DNA binding activity has been induced,
particularly by CAFs, in the two cancer cell lines. Both siRNAmediated and pharmacological inhibition of SCD1 impaired
tumor cells migration. Fibroblast-triggered increase in cancer
cell migration speed was markedly reduced or abolished by
neutralizing the above growth factors. Conclusion: These
results provide further insights in understanding the role of
CAFs in promoting tumor cell migration, which may help to
design new stroma-based therapeutic strategies.
Supported by the Susan G. Komen Italian Affiliate (Rome,
Italy).
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Intensive research over the last decades determined significant
advances in molecular biology and clinical medicine.
Nevertheless, cancer remains a major public health issue.
Standard treatments are often ineffective and the contribution
of the newly developed therapies on patient survival is limited.
Traditionally, cancer treatment approach has been based on
stochastic or clonal evolution models supporting the idea that
a single or a few cells in a tissue undergo transformation and
determine uncontrolled growth with an evolutionary
accumulation of different mutations. This results in the
presence, within the tumor, of heterogeneous groups of
malignant cells that have more or less equal ability for tumor
regeneration and repopulation, may develop resistance and
cause recurrence. Hence, all cells are targets for treatment. The
cancer stem cell (CSC) hypothesis challenges the stochastic
or clonal evolution model. It posits that the single mutated
cells that gain unlimited proliferative potential and give rise to
a tumor possess stem cell qualities. CSCs operate in a
hierarchical fashion and represent a small dedicated
subpopulation with both self-renewal and multi-lineage
differentiation capabilities responsible for tumor initiation,
growth, local recurrence and metastatic spread. Their offspring
progenitor cells and differentiated cancer cells lose the ability
to self-renew and proliferate extensively and consequently
their tumorigenic potential. CSCs possess specific intracellular
molecular characteristics supporting resistance to conventional
therapies, thus a cancer patient can generally not be considered
cured even if his or her initial response to radiation or
chemotherapy is robust. Definitely, the CSC hypothesis
promises the development of new therapeutic approaches
targeting the roots of cancer. Nevertheless, many aspects of
CSC biology need to be clarified, including the difficulty with
CSC definition and markers, the stability of CSC phenotype,
the identification of the niche and the complete definition of
signaling pathways supporting CSC resistance to treatments,
the basis of a selective targeting.
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Glioblastoma (GBM) is characterized by extensive
angiogenesis, mostly triggered by tumor hypoxia. We
previously reported that in GBM and peritumor tissue
microvessels show a similar morphology and endothelial cells
express CD105, the best marker for newly-formed tumor
vessels. In this study, to better understand the role played by
angiogenesis in GBM progression, the expression of HIF-1α
and -2α, VEGF and its receptors (VEGFR-1 and -2) in GBM
and in peritumor tissue was investigated. Tissue samples were
obtained from fifty patients. In paraffin-embedded specimens,
derived from enhanced lesions (first area) of GBM and white
matter at a distance ≤1 mm from the tumor edge (second area),
the expression of HIF-1α and -2α, VEGF, VEGFR-1 and -2
was evaluated by immunohistochemistry. Immunoreactivity for
all markers was detected not only in the tumor, but also in the
peritumor tissue and it was present in neoplastic cells, in
endothelium and in apparently normal glial cells. HIF-1α and
-2α expression was mainly confined in the nuclei. VEGF,
localized in the cytoplasm, showed diffused expression with
intense staining in the first area. VEGFR-1 and -2
immunopositivity was dominantly observed at the membrane
level. A significant difference in the expression of VEGF and
VEGFR-2 between GBM and peritumor tissue was observed.
The high heterogeneity in the expression of the other molecules
might explain the absence of significant differences between
the first and second area. No correlation was observed between
the analyzed molecules and survival time. Our study
demonstrates that HIF-1α, HIF-2α, VEGF and its receptors are
present in peritumor areas, probably reflecting the reduced
oxygen availability. Since the response to anti-VEGF therapy is
transient and the majority of patients relapse, our findings may
lead to consider the molecules expressed in the peritumor tissue
as a target for new treatments counteracting angiogenesis.
Supported by FIRB Accordi di Programma 2010
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It is widely accepted that glioblastoma (GBM) develops from
cancer stem cells (CSCs), a subset of stem-like cells
displaying high resistance to treatment. Our recent findings
showed the existence of a CSC type, residing in GBM
peritumor tissue (PCSCs), that bears distinct characteristics
from CSCs of the tumor mass (GCSCs) and that, after surgical
resection, might represent a reservoir of cells able to
recapitulate the tumor. In this setting, characterization of
PCSCs appears to be crucial in order to identify novel
effective therapeutic targets. Thus, our aim was to investigate
GCSCs and PCSCs role in angiogenesis, a key event in both
GBM and peritumor tissue, whose vasculature shows features
similar to those found in the tumor mass. In particular, we
analyzed, by immunocytochemistry (ICC), Western blotting or
real-time PCR, the expression of molecules involved in
hypoxia and angiogenesis, such as HIF1α, HIF2α, and VEGF
along with its receptors (VEGFR1, VEGFR2). ICC has
highlighted the presence and the specific localization of these
molecules in both GCSCs and PCSCs. The two cell
populations showed comparable levels of VEGF. The
transcript of VEGFR1 was in general expressed at higher
levels in GCSCs than in PCSCs, while VEGFR2 mRNA and
protein did not show a unique trend of expression. The
presence of VEGF and its receptors in both GCSCs and
PCSCs suggests that, besides well-known paracrine loops,
autocrine signalings are also involved in tumor angiogenesis.
Moreover, the expression of angiogenesis markers in PCSCs
suggests these cells to have a direct role in peritumor tissue
new vessel formation. In this regard, PCSCs should be
considered a promising therapeutic target to counteract the
angiogenesis-supported tumor progression.
Supported by FIRB Accordi di Programma 2010.
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RIGHT-SIDED TUMOURS AND RELATED
UNEXPLAINED IRON-DEFICIENCY ANAEMIA (IDA)
ARE ASSOCIATED WITH BRAF V600E MUTATION
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Background: BRAF gene encodes a serine-threonine kinase
that inhibits the RAS/MAPK intracellular pathway. BRAF
mutations occur at an early stage of colorectal carcinoma
(CRC), and their presence, 10-20% of CRC, is usually
associated with inferior prognosis. Methods: From 41
consecutive CRC confirmed referrals (age 43-93, mean
age=70.2, SD=12.97, Male=21, Female=20) from the 2 week
wait cancer pathway (2009-2013), we retrospectively collected
data from the symptoms at presentation, haemoglobin, ferritin
and investigations’ outcome including TNM stage. Gene
profile analysis data (KRAS, Microsatellite Instability - MSI,
BRAF) were retrospectively collected and associated with the
presentation profile above. Statistical analysis of the data was
performed using SPSS software based on X2Fischer’s Exact
Test. Results: BRAF V600E is significantly associated with
right-sided CRC (p=0.015). Also there is an association
between unexplained IDA at the stage of presentation and
BRAF V600E mutation (p=0.007). There was no statistical
significant difference between KRAS and BRAF status
(p=0.529), BRAF and TNM stage (p=0.515 for T stage,
p=1.000 for N stage and p=1.000 for M stage). MSI-High
tumours tend to be associated with BRAF V600E mutation
(p=0.05 spearman’s rho with correlation coefficient -0.531
N=1) Conclusion: BRAF V600E mutation could be associated
with right-sided tumours and subsequently related unexplained
IDA at the stage of presentation. Further research should be
conducted in order to dichotomize the impact of tumour
location and IDA on BRAF gene status separately.
1 Corso, G., Pascale, V., Flauti, G., Ferrara, F., Marrelli, D.
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instability phenotype predict specific anatomical subsite in
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MUC1, a type I transmembrane protein, is significantly
overexpressed and aberrantly glycosylated in pancreatic cancer.
Signaling through MUC1 cytoplasmic tail facilitates
tumorigenic properties in cancer cells. Our studies have
identified novel interactions between MUC1 cytoplamic tail and
hypoxia-inducible factor-1 alpha (HIF-1α), a master regulator
of glycolytic gene expression in solid tumors. Furthermore,
MUC1 induced stabilization and activation of HIF-1α in
pancreatic cancer cells. We also observed increased glucose
uptake and lactate production under conditions of MUC1
expression and hypoxia and such effects were significantly
diminished by knockdown of HIF-1α. To evaluate the entire
spectrum of metabolite flux regulated by MUC1 under
normoxic and hypoxic conditions, we performed NMR-based
metabolomic studies. Our 1D NMR studies indicated significant
differences in the spectrum of metabolites present under
conditions of MUC1 expression in pancreatic cancer cells. We
then labeled MUC1 expressing or control S2-013 pancreatic
cancer cells with 13C6-glucose and performed 2D 1H-13C
HSQC NMR experiment to identify the 13C-labeled metabolites
in the cell extracts. These studies identified MUC1-regulated
metabolites involved in multiple metabolic pathways in
pancreatic cancer. Overall, metabolites involved in glucose
metabolism, amino acid metabolism and TCA cycle were
regulated by overexpression of MUC1, suggesting their role in
MUC1-mediated induction of cell growth and proliferation in
pancreatic adenocarcinoma. Flux through pentose phosphate
pathway, which contributes to nucleotide biosynthesis, is
enhanced by MUC1 overexpression. Also, we observed
increased levels of several amino acids, including glutamine, in
MUC1 overexpressing S2-013 cells. Furthermore, these changes
were even more pronounced under hypoxic conditions. Hence,
MUC1 may provide distinct survival advantage to cancer cells
under certain nutrient-limiting and hypoxic conditions.
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leading to an invitation from the National Science Foundation
of the USA to survey populations of seals, whales and birds
in Antarctica during two Antarctic expeditions. After joining
the Minneapolis Veterans Affairs Medical Center, the PI also
began investigating the adenocarcinoma of the prostate (PCa).
Background of the present. Abstract: In 1971, President
Richard Nixon declared War on Cancer. The NCI (National
Cancer Institute or National Institute of Health) of the U.S.A.
became the primary agency tasked with winning this war.
Every year since 1971, the U. S. Congress poured millions to
billions of dollars into conquering cancer, with billions more
spent each year in the care of patients. Cancer is a big business
with a large constituency in academia, hospitals and drug
manufacturers to support the status quo. Between 1971 and
2014, the US population increased by 1.6%, diagnosis by
2.6% and death by 1.7%. In situ breast (62, 570), in situ
melanoma (63,770), basal and squamous cell cancers were
excluded from cancer statistics. Using PCa as a case study, our
objective is to describe how we have effectively lost the War
on Cancer and to suggest new strategies for success. Beyond
the scope of this abstract, a similar case can be made for
cancers of breast, colon, lung, brain, and pancreas. Results:
Androgen ablation therapy has been historically rooted as the
classic treatment for PCa. Dr. JW White first introduced
androgen ablation by castration in 1895 (Ann. Surg. 22: 1-80,
1895). During 1941 to 1945, Nobel Laureate Charles Huggins
introduced diethylstilbestrol (DES) as a chemical castration,
as an alternative to castration (Physiol. Rev., 25:281-295,
1945). He stated that DES and/or estrogen worked via
pituitary to reduce LHRH (luteinizing hormone and releasing
hormone) which in turn reduced testosterone produced in
testes. The resultant chemical castration atrophied both normal
prostate and PCa. During 1970s and 1980s, the discovery of
androgen, estrogen, and progesterone receptors in normal and
PCa rendered androgen ablation therapy only partially
effective and thus, obsolete. Effective treatment requires
concurrent ablation of androgen, estrogen and progesterone
receptors. The current therapies do not address the
complexities of PCa due to the heterogeneity, multifocal origin
of cancer, and hormone receptors and hormonedependency/independency. Androgen ablation therapy alone is
not expected to eradicate hormone-insensitive (and/or
refractory PCa cells). Furthermore, chemotherapies,
immunotherapies, external beam radiation, and/or seed
implants are not specific and require high doses to kill all
cancer cells in the primary organ and at the metastatic sites.
Studies to support our claim: We had shown that estrogen
and/or DES binds to cancer cells without involving the
hypothalamic and pituitary pathway (Cancer, 31: 682-688,
1973. Pub Med ID: 4693598). We showed that 3H estrodiol
localized on nuclear membranes of PCa cells. This was the
first study to show direct binding of estradiol to PCa cells.
Subsequently, we studied prostate biopsy pieces from estrogen

or untreated patients. Tissues embedded in Epon were thick
sectioned and stained with methylene blue. Sections showed
light and dark cells which were basal in cancerous acini. The
relative number of light-staining cells decreased after estrogen
therapy indicating them to be hormone-sensitive whereas the
number of dark cells increased suggesting them to be
hormone-insensitive. Thus, we suggested that estrogen therapy
reduces the number of hormone-sensitive cells, but hormoneinsensitive cells will continue to grow. Dark cells usually
produced refractory tumor (now called castration-resistant
PCa) (Sinha AA et al., Cancer 40:2836-2850, 1977, Pub Med
ID: 201356.). The nature of hormone-insensitive cells is
unknown. We are investigating light and dark cells using
primary antibody IgG against CD-133 followed by
development of reaction products using secondary antibody
conjugated to 15 to 25 nm gold particles which were enhanced
by silver particles. Our preliminary data indicates that at least
two populations of stem cells or stem cell-like cells exist from
the beginning of PCa formation. The genetic make-up of these
cells is unknown. Earlier, we had postulated that malignant
transformation of genes was more complete in dark cells
whereas light cells had partial transformation and thus,
remained under hormonal influence. Columnar/cuboidal
cancer cells were positive for PSA (prostate specific antigen).
Having developed some understanding of hormone-sensitive
and-insensitive cells, we developed a strategy to reduce tumor
burden due to hormone-sensitive cells. We conjugated a
chemotherapeutic drug (5 fluoro-2’-deoxyuridine) to antibody
IgG against PSA which is produced by nearly 90% of
hormone-dependent cancerous prostate cells. This
immunoconjugate (anti-PSA-IgG-5 fluoro-2’-deoxyuridine)
was delivered to hormone-sensitive cells (Sinha AA et al.,
Anat. Rec. 245:652-661, 1996). We further tested
immunoconjugate on PSA-producing LNCaP and non-PSA
producing Du145 prostate tumors in nude mice. We found that
the immunoconjugate had cytotoxic effects on LNCaP cell
tumors, but not on DU145 tumors (Sinha AA, et al.:
Anticancer Res., 19: 893-902, 1999. Pub Med ID: 10368631.).
A U. S. Patent 6,379,669 was granted to Sinha in 2002. Any
number of chemotherapeutic drugs can be conjugated to
antibody IgGs and facilitate delivery of chemotherapeutic drug
to the primary and metastatic sites in PC. This approach can
be used for many solid organ cancers. Since none of these
studies received funding from the NCI/NIH, I asked some
American colleagues as to what I was doing wrong. A
colleague told me that in the “US you will need to play the
game as the game is set up or you do not play”. This is
probably true throughout the world. We changed our approach
and easily received funding to study laminin, type IV collagen
and heparan sulphate proteoglycan in the basement
membranes and cathepsin B, and stefin A in normal prostate
and PCa. None of these studies lead to a PCa cure, but rather
yielded ‘bits and pieces’ of data as have numerous studies by
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other investigators in the past 40 years. Cancer cure is not on
the horizon: 1. The NCI/NIH committees in the USA decide
which areas of cancer research are important according to their
handpicked ‘experts’. Public and private funding agencies
offer pots of money for these selected areas. Notices go out
and researchers apply for funds to conduct research. If I ask
for funds to investigate areas not considered important by the
Agency’s experts, I get a pink slip and no funding. I have
accumulated many of these pink slips, as have numerous other
investigators. 2. The NCI requires that each grant application
demonstrate elements of innovation and impact towards cancer
cure. The Agency does not, however, ask if the study is
relevant, or for a time line in which the study might be deemed
relevant to cure cancer. 3. The peer-review system is essentially
a revolving door system. A reviewer leaves the Review Board
and she/he puts his/her friend on the Board. The outgoing
investigator often gets funded. The system does not allow
funding for new ideas since they did not start with the ‘experts’.
4. Innovative research ideas coming out of a committee are
usually highly compromised. Committees are not known to
innovate anything, l et al one cancer cure as illustrated below:
5. Innovation is always directed by an individual rather than
any committee. Imagine a committee directing individuals to
create Microsoft, Google, Apple, Facebook and the likes.
Innovation always comes from an individual not from any
committee usually creates highly compromised ideas. 6. The
Agency has learned that ‘hype and slogans’ can motivate
Congress to provide funding. This tactic works particularly
well for cancer research, but when the deadline for a cure
arrives, the Agency simply moves the deadline forward. Must
we continue this model? Discussion: In the last 40+ years, lots
of “bit and pieces” of data have been accumulated, but they are
not relevant to curing cancer. The current trend of studying
genes and proteins and nanotechnology continue to produce
fragmented data. In addition, all these studies are primarily
based on technology that is inadequately supported by
appropriate science. Furthermore, the NCI/NIH often sets a
deadline for their ‘cancer cure’, but when the date arrives, the
Agency moves the date forward. Conclusion: Prostate cancer
treatment must also address the complexities due to the
sensitivity or insensitivity, tumor heterogeneity and multifocal
origin of cancer. Treatment of PCa must include concurrent
targeting of androgen, estrogen and progesterone receptors.
Furthermore, the hormone-insensitive (or castration resistant)
cells are beyond androgen ablation therapy and require
additional research before they can be targeted effectively.
The author volunteered his time for this research and abstract.
The author is grateful for editing services of Ms. Colleen
Smith, B.A. in English and student of Neuroscience for a B.S.
degree. Her contact is: smit3694@umn.edu or
www.linkedin.com/pub/colleen-smith/9/1b6/b06/.
Disclaimer: The authors view is not that of the Minneapolis
VAMC, Federal Government or the University of Minnesota.
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CLINICAL VALUE OF SCINTIMAMMOGRAPHY
IN DIAGNOSIS, TREATMENT MONITORING
AND FOLLOW- UP
Mai R. El-Zahry, Margarida Rodrigues-Radischat,
Peter Berghammer and Helmut Sinzinger

ISOTOPIX, Institute of Nuclear Medicine, Vienna, Austria

Mammography is the screening standard of choice for breast
cancer diagnosis; however, more than 10% of the patients
reveal equivocal results. 0.3% of all patients undergoing
mammography suffer from breast cancer. False positive results
lead to a high number of unnecessary ads on investigations,
biopsies, etc. Although already initiated in 1976,
scintimammography is rarely performed; we evaluated the role
of scintigraphy as specific add-on investigation. In-vitro
uptake studies (Tc-99m-MIBI, Tc-99m-tetrofosmin, Tc-99mfurifosmin, Tc-99m-(V)-DMSA, Tc-99m-MDP, Tl-201chloride) by various breast cancer cell lines (differentiated
adenocarcinoma-SUBR3, MCF7, ZR-75-1 vs. non-tumor cell
line HBL 100) under various conditions (22 - 37˚C, incubation
up to 180 minutes, 1 x 106 cells/ml) have been done. The
findings revealed that Tc-99m-MIBI is the best tracer for
discrimination between malignant and non-malignant lesions.
The sensitivity of scintimammography versus tumor size, a
head-to-head comparison between MIBI and tetrofosmin, the
value in the discovery of distant recurrences, sensitivity vs.
tumor size and the follow-up monitoring of chemotherapy in a
total number of 649 patients (aged 25 - 77 years) are
presented. SPECT does not change positive predictive value
but increases negative predictive value by 14%. While in
intrahepatic recurrences the detection rate ranges below 30%,
the extrahepatic one was 96%. In equivocal mammography,
scintimammography alters the clinical management in almost
50%, while due to the high specificity of above 90%, cancer
could be excluded in almost 30%. If an interval of at least 1
week to biopsy is considered, scintimammography in patients
with equivocal mammography, in particular in patients with
dense breast, is for the monitoring of response to
chemotherapy in breast implants, scars, after breast surgery
and in male patients, as an easy, fast and cheap method the
diagnostic procedure of choice.
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ANALYSIS OF THE T CELL RECEPTOR
REPERTOIRE IN BREAST CANCER USING
EMUSION SINGLE CELL RT-PCR

D.J. Munson, T.C. Bruno, B.L. Moore, V.F. Borges,
J.W. Kappler and J.E. Slansky

University of Colorado School of Medicine, Members of
Peter P Lee’s Laboratory at the Beckman Research Institute
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and Paul T Spellman’s Laboratory at Oregon Health &
Science University, Denver, CO, USA

Identification of T cells in breast cancer correlates with
improved prognosis. To optimally activate these pre-existing
anti-tumor T cells in patients, their cognate antigens must be
determined. The T cell receptor (TCR) is a heterodimeric
surface protein that interacts with a peptide presented by MHC
(or HLA) molecules. Detection of increased representation of
certain TCRs suggests tumor-reactive expansion. A bottleneck
in attaining the goal of antigen discovery is identification of
dominant paired TCR α and β chains of tumor infiltrating T
cells. Current TCR sequencing techniques are limited by either
analyzing the two chains separately, which does not reveal α/β
pairing, or by using single cell sequencing, which is relatively
low throughput. We have developed a TCR sequencing
method that is high-throughput, sensitive, and provides paired
TCR data from single cells. The technique is based on
emulsion PCR. The reaction components required for cDNA
synthesis and overlap PCR are combined with T cells in a 50
μl volume and vortexed with the emulsion phase to trap cells
within one of ~1 billion compartments. Thus, when
analyzing<250,000 T cells, there is <1 T cell per reaction
compartment. The first PCR reaction has a mix of α and β Vregion primers, which have complementary tails allowing for
overlap PCR extension, resulting in linked α and β chains.
When the emulsion is broken, a nested PCR reaction is
performed, followed by a final PCR reaction, which adds the
linkers and unique barcodes for analysis on an Illumina
MiSeq. Once the TCRs are identified and synthesized they can
be used to screen peptide libraries and determine the
recognized antigens.
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ANTICANCER EFFECT OF PROSTACAID:
A RESEARCH OVERVIEW FROM
LABORATORY TO CLINICAL RESPONSE

demonstrated that some natural/dietary compounds can
prevent or treat prostate cancer in a variety of animal
models. These natural agents can be employed for the
alternative and complementary treatment of prostate cancer.
Indeed, natural herbal and phytochemical agents are being
recognized as an alternative and complementary therapy of
prostate cancer patients. ProstaCaid® (PC) is a polybotanical
dietary supplement which inhibits aberrant cell proliferation,
induces apoptosis and inhibits invasiveness of a variety of
prostate cancer cells. PC contains mycelium from Asian
medicinal mushrooms (Ganoderma lucidum, Coriolus
versicolor, and Phellinus linteus), which separately
demonstrated anticancer activities against prostate cancer
cells in vitro and in animal experiments. In addition, some
of the natural agents in PC demonstrated a variety of
activities against prostate cancer cells. For example,
curcumin from turmeric (Curcuma longa) induced apoptosis
of prostate cancer cells and chemo- and radio-sensitized
prostate tumors. Curcumin, quercetin, resveratrol, baicalein
(from Scutellaria baicalensis) and epigallocatechin-3-gallate
(EGCG) inhibit prostate cancer cell growth and their
combinations prevent prostate tumorigenesis. β-sitosterol
and vitamin C suppressed tumor growth and metastasis in
hormone refractory prostate cancer and 3,3’diinodlylmethane (DIM) and lycopene inhibit prostate
carcinogenesis. Dietary supplementation with zinc or
selenium protected against prostate carcinogenesis and
increased mice survival in a mouse prostate cancer model.
Recent studies demonstrated that PC suppresses
proliferation of a variety of prostate cancer cells and this
effect is associated with cycle arrest at G2/M phase and
induction of apoptosis. In addition, PC also inhibits growth

Daniel Sliva1 and Isaac Eliaz2
1Cancer

Research Laboratory, Methodist Research Institute,
Indiana University Health, Indianapolis, IN, USA;
2Amitabha Medical Clinic and Healing Center, Santa Rosa,
CA, USA

Prostate cancer is the most frequently diagnosed cancer
among males in economically developed countries (1) and
one of the leading causes of cancer-related death in
American men due to its unpredictable hormonal
independence and highly metastatic nature. Therefore, the
metastasis of prostate cancer remains the primary issue and
hormone ablation therapy and chemotherapy for advanced
stage prostate cancer do not seem to offer more benefit in
improving patient survival rate. Experimental studies

Figure. Suppression of metastatic behavior of prostate cancer
cells by ProstaCaid.
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of highly invasive androgen independent PC-3 prostate
cancer cells. Moreover, PC treatment (20-80 μg/ml) resulted
in the inhibition of cell proliferation of the highly invasive
human hormone refractory (independent) prostate cancer
cells PC-3 in the dose- and time-dependent manner, which
was associated with the modulation of expression of
CCND1, CDK4, CDKN1A, E2F1, MAPK6, and PCNA
genes. PC also suppresses metastatic behavior of PC-3 by
the inhibition of cell adhesion, cell migration and cell
invasion (Figure), which was associated with the downregulation of expression of CAV1, IGF2, NR2F1, and PLAU
genes and suppressed secretion of the urokinase
plasminogen activator (uPA) from PC-3 cells.
Interestingly, the combination of PC with PectaSol-C®
modified citrus pectin (MCP) synergistically inhibited
adhesion and migration and suppressed secretion of uPA
from prostate cancer cells. In the next study we have
evaluated toxicity and whether PC suppresses growth of
prostate cancer in a xenograft model of human prostate
cancer cells implanted in mice. Thus, an oral administration
of PC (100, 200 and 400 mg/kg) did not affect body weight
or activity of liver enzymes (ALT, AST) and did not show
any sign of toxicity in liver, spleen, kidney, lung and heart
tissues in mice. Importantly, PC treatment (400 mg/kg/bw)
resulted in the inhibition of tumor volumes (1024.6±378.6
vs. 749.3±234.3, p<0.001) in a xenograft model of prostate
cancer with human hormone refractory (independent)
prostate cancer cells PC-3. In an agreement with our
previous in vitro study with PC-3 cells, PC treatment
resulted in the significant up-regulation of expression of
CDKN1A (p21), and inhibition of expression of IGF2,
NR2F2, and PLAU (uPA) genes in human prostate cancer
xenografts in mice. The first clinical study with
ProstaCaid® was recently conducted to evaluate the
response of men with lower urinary tract symptoms
(LUTS). Seventy five men between the ages of 39 and 81
were evaluated. The diverse group consisted of men with a
diagnosis of prostate cancer (n=25), benign prostatic
hyperplasia (BPH, n=13), prostatitis (n=1), multiple
diagnoses (n=24), as well as men who had no formal
diagnosis but chose to take the formula (2-6 capsules, 514
mg/capsule, twice a day for two months) either for
symptomatic relief or for prostate specific antigen (PSA)
control (n=12). The men were asked to complete the
American Urological Association’s standard lower urinary
tract symptoms (LUTS) questionnaire. Subjects were asked
to evaluate their symptoms prior to starting the
polybotanical formula, and after a minimum of two months
of use. The data was statistically analyzed by using the
Student’s t-test with paired one tail distribution to
determine p-value from pre and post total intervention
scores. Overall PC treatment demonstrated a clinically
relevant and statistically significant improvement in the full
6172

range of common symptoms experience by men with LUTS
(Table I).

Table I. Total symptom scores by diagnosis category from
pre- and post-treatment with ProstaCaid.
Diagnosis category

All (n=75)
All with Prostate Cancer (n=44)
All with BPH (n=32)
No Diagnosis (n=12)

p-Value

0.000000006
0.00006
0.0003
0.02

Specifically, there is a very strong clinical and significant (pvalues <0.0001) improvement in total scores pre- and postintervention, as well as extremely significant improvements in
individual symptom scores. The average % improvement in
the individual symptoms evaluated ranged from 26.5% to
59.4% (Table II) with an overall score of a 35.2%
improvement. No side effects were reported with use of the
formula. The results showed the polybotanical formula could
be considered as an effective clinical intervention for men with
LUTS. The beneficial effects were seen in groups of men with
diagnosed prostate cancer, BPH, prostatitis, as well as those
without a medical diagnosis related to LUTS.
Table II. Symptom category and % improvement from preand post-treatment with ProstaCaid (n=75).
Symptom category

Incomplete emptying
Frequency
Intermittency
Urgency
Weak Stream
Straining
Nocturia

p-Value

0.000002
0.0004
0.000002
0.000003
0.00000009
0.00007
0.0000003

% Improvement
in LUTS
40.0%
26.5%
43.1%
29.0%
42.8%
59.4%
27.5%

These results clearly demonstrate that the polybotanical
formula ProstaCaid could be considered as an effective clinical
intervention for men with LUTS. The beneficial effects were
seen in groups of men with diagnosed prostate cancer, BPH,
prostatitis, as well as those without a medical diagnosis related
to LUTS.
In summary, nutritional dietary supplement ProstaCaid®: 1)
demonstrated significant anticancer effects in in vitro studies
with a variety of prostate cancer cells; 2) suppressed growth
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of human prostate cancer xenografts in mice in the preclinical
study; and 3) improved outcome in men with lower urinary
tract symptoms in the clinical study.
1 Yan J and Katz AE: ProstaCaid induces G2/M cell cycle
arrest and apoptosis in human and mouse androgendependent and-independent prostate cancer cells. Integr
Cancer Ther. 9: 186-96, 2010.
2 Jiang J, Eliaz I, Sliva D. Suppression of growth and invasive
behavior of human prostate cancer cells by ProstaCaid™:
mechanism of activity. Int J Oncol. 38: 1675-82, 2011.
3 Jiang J, Eliaz I, Sliva D. Synergistic and additive effects of
modified citrus pectin with two novel poly botanical
compounds, in the suppression of invasive behavior of
human breast and prostate cancer cells. Integr Cancer Ther
12: 145-52, 2013.
4 Jiang J, Loganathan J, Eliaz I, Terry C, Sandusky GE, Sliva
D. ProstaCaid inhibits tumor growth in a xenograft model
of human prostate cancer. Int J Oncol. 40: 1339-44, 2012.
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PERSONALIZED SYNTHETIC LETHALITY
INDUCED BY TARGETING RAD52
AND PARP1 IN MELANOMAS

Monika Toma1, Anna Gajos-Michniewicz2, Kinga
Majchrzak2, Łukasz Wieteska3, Janusz Szemraj3,
Małgorzata Czyż2, Tomasz Skorski4 and Tomasz Śliwiński1
1Department

of Molecular Genetics, University of Lodz,
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2Department of Molecular Biology of Cancer, Medical
University of Lodz, Poland;
3Department of Medical Biochemistry, University of Lodz,
Poland;
4Department of Microbiology and Immunology, and Fels
Institute for Cancer Research, Temple University, School of
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Cancer cells, including melanomas, may be “addicted” to
double strand break (DSB) repair mechanism and targeting
these pathways could sensitize them to the lethal effect of
DNA damage. Homologous recombination repair (HRR) is the
major one. HRR usually depends on BRCA1/2-RAD51 and
RAD52-RAD51 serves as back-up, while targeting RAD52 in
cancer cells defected in the main pathway should kill them by
inducing synthetic lethality (SL). Also, PARP1 exerts an
important impact on the DSB repair rate because this is a
protein that binds to both single- and double-strand DNA
breaks and later on modifies proteins involved in their repair.
Because of SL, PARP1 inhibitors may be highly effective
drugs in patients whose tumors have germline or somatic
defects in DNA damage and repair genes. We hypothesized
that RAD52 and/or PARP1-dependent SL could be induced
not only in cells harboring BRCA1/2 mutations but also in

those in which the BRCA-RAD51 pathway is disrupted by
epigenetic modifications associated with malignant phenotype.
In this work we applied SL to target DSB repair in melanomas
and we investigated the changes in expression profile of DSB
repair genes in melanoma cells derived from patients, as well
as in normal melanocytes. Additionally, we correlated these
changes with SL induced by targeting RAD52 and PARP1. We
used the olaparib inhibitor for targeting PARP1 and F79
aptamer for RAD52 in the presence or absence of decarbazine,
a main drug of antimelanoma therapy. We observed that
olaparib sensitized melanomas and enhanced the SL effect as
a single agent, while in the presence of decarbazine the level
of this effect was dependent on expression profile pattern;
normal melanocytes remained intact. In addition, one
melanoma cell line demonstrated partial response to F79.This
work may initiate a personalized therapeutic approach in
patients with melanomas displaying disruption of the BRCARAD51 pathway by epigenetic modifications.
This work was supported by grant from the Polish National
Science Centre (DEC- 2012/07/B/NZ7/04245).
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THE SYNERGIC AND ADDITIVE INTERACTION
BETWEEN SELOL AND SULFORAPHANE
ISOTHIOCYANATE IN BREAST AND COLON
CANCER CELL LINES

L. Śliwka1,2, M. Milczarek2,3, S. Mielczarek4, K. Lubelska2,
P. Suchocki1 and K. Wiktorska2
1Medical

University, Faculty of Pharmacy with the
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and Analysis of Drugs, Warsaw, Poland;
2National Medicines Institute, Department of Cell Biology,
Confocal Microscopy Laboratory, Warsaw, Poland;
3Medical University, Faculty of Pharmacy with the
Laboratory Medicine Division, Department of Synthesis and
Chemical Technology of Pharmaceutical Substances, Lublin,
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4Medical University, Faculty of Medicine, Warsaw, Poland

Selol is the original Polish patented discovery. It is an organic
selenium compound in which selenium has an oxidation state
of +4. Currently Selol is a subject of intensive research that
suggests the possibility of its use in the therapy of cancer.
Isothiocyanates (ITCs) are low-molecular compounds present
in significant quantity in the vegetables of the Brassicaceae
family. They are known for their chemopreventive activity.
Sulforaphane is a compound well-documented in the literature.
Numerous studies also showed that ITCs potentiate the
cytotoxic effect of compounds used in antitumor therapy. The
aim of this study was to investigate the type of interactions
between Selol and sulfraphane in two breast and two colon
cancer cell lines. Studies on co-administration of Selol and ITC
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were performed on breast (MCF-7 and MDA-MB231) and
colon (Caco-2 and HT-29) cell lines. The effect of Selol and
sulforaphane toxicity was assessed after administration
separately and in combination. Cell lines were incubated for 72h
either with Selol and sulforaphane or with separate compounds.
Next, crystal violet cytotoxicity assay was performed to evaluate
their antiproliferative activity. The calculations used in the
interaction studies were made according to Chou – Talalay’s
method. The study allowed to emerge new beneficial
combinations of the compounds. A synergistic effect was
observed on the MCF-7 cell line. The combined administration
of Selol and sulforaphane resulted in a stronger cytotoxic effect
than monotherapy. Additive effects were observed on another
breast cell line, MDA-MB231, and both colon adenocarcinoma
cell lines, Caco-2 and HT-29. The strongest synergic interaction
was observed after combined administration of Selol and
sulforaphane in the MCF-7 cell line.
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GALECTIN-1 IN CROSSTALK BETWEEN CANCER
CELLS AND CANCER-ASSOCIATED FIBROBLASTS
Karel Smetana Jr.1, Barbora Dvořánková1, Rosana Mateu1,
Jan Kučera1, Alžběta Mifková1, Zdeněk Fík1,
Jean-Marie Lehn2 and Hans-Joachim Gabius3
1Charles
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Anatomy, U nemocnice 3, 128 00 Prague 2, Czech Republic;
2University of Strasbourg, Institut de Sciences et
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Monge, 67000 Strasbourg, France;
3Ludwig-Maximilians University, Faculty of Veterinary
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Tumor stroma represents microenvironment forming a niche
for cancer stem cells that supports local tumor growth of
tumor and spreading. Presence of the endogenous lectin
galectin-1 (Gal-1) in tumor stroma is connected with a high
incidence of cancer-associated fibroblasts (CAF) and
expression of genes in cancer cells favoring tumor growth and
progression. Gal-1 is able to stimulate the conversion of
fibroblasts to myofibroblasts (MFB) similar to CAF positive
for smooth muscle actin (SMA). This mechanism is
independent of but with additive effect to TGF-β1. These
MFB produce 3-D networks of extracellular matrix rich in
fibronectin and Gal-1 itself. In order to block MFB occurrence
we tested the polyamine BPA-C8 demonstrated inhibition of
formation of MFB by a mechanism that is fatal for affected
cells. Myoblasts expressing SMA are insensitive. CAF and
their crosstalk represent a potential target for anticancer
therapy. Moreover, therapeutic manipulation of these cells
could also be bénéficial in fibrosis and kelloid scarification.
This study has been supported by the Charles University
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project PRVOUK-27-1, by the by the European Regional
Development Fund BIOCEV (No. CZ.1.05/1.1.00/02.0109)
and by the EC FP7 program (grant agreement no.
317297(GLYCOPHARM)).
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Galectins are tissue lectins that participate in control of
proliferation, apoptosis, splicing of pre-mRNA, intercellular
interactions including immune repsonse and in the adhesion
of cells to extracellular matrix or synthetic surfaces (1,2).
Building a network in tumors, we will illustrate the effect of
representatives of proto-type subfamily of galectins (galectins1 and -7), of chimera type of galectin, galectin-3, and tandemrepeat-type, galectin-9 on biology of squamous cell carcinoma.
Expression of galectin-1 in extracellular matrix of carcinoma
is associated with formation of cancer-associated fibroblasts
that support tumor cell propagation. Galectin-7 is specific for
squamous epithelia and loss of its expression is associated
with formation of tumors from this epithelium. Galectin-3 as
well as counterreceptors are expressed in squamous epithelium
suprabasally, where postmitotic cells reside. Its lokalization is
suggestive for formation of intercellular contacts between
epithelial cells. Loss of expression of binding sites for this
galectin in squamous cell carcinoma is associated with an
unfavorable prognosis of patients suffering from this type of
tumor. Galectin-9 is expressed in basal cells of squamous
epithelium of normal epithelium of oral cavity, not présent in
carcinoms. The presented data from one type of carcinoma
demonstrate that detection of galectins has potential to refine
tumor diagnosis, with implications on understanding aspects
of tumor biology.
This study has been supported by the Charles University
project PRVOUK-27-1, by the by the European Regional
Development Fund BIOCEV (No. CZ.1.05/1.1.00/02.0109)
and by the EC FP7 program (grant agreement no.
317297(GLYCOPHARM)).
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1 Smetana et al. Exp. Opin. Ther Targ. 17, 379-392, 2013.
2 Gabius and Kayser, Diagn. Pathol. 9, 4, 2014.
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Abstract: Deglycosylated vitamin D-binding protein-derived
macrophage-activating factor (GcMAF) is known to be a strong
immune stimulatory natural molecule. Data in literature
demonstrate that GcMAF has a direct role in decreasing cell
proliferation of different cancer cell lines. In this study we
evaluate the direct effect of GcMAF complexed with oleic acid
(OA-GcMAF) on human multiple myeloma cells (KMS-12BM), as well as the effect on the same cell line of human
macrophages (CRL9853) previously activated by OA-GcMAF.
Cell viability and living cell number were evaluated
respectively by tetrazolium dye cell viability assay and by
Trypan blue staining. Interactions between activated
macrophages and myeloma cells were studied by time lapse
photography. Our results show that OA-GcMAF decreases the
cell viability of KMS-12-BM with a dose-dependent pathway.
Furthermore OA-GcMAF activates human macrophages, which
in turn phagocytise myeloma cancer cells. OA-GcMAF
confirms its double effect on cancer cells: a direct inhibition of

their viability and, at the same time, an efficient macrophage
activation leading to a significant depletion of cancer cell
population. Introduction: In recent years the interest of vitamin
D-binding protein-derived macrophage-activating factor
(GcMAF) as a potent immunotherapeutic agent has increased.
The GcMAF has been shown to be effective in stimulating
murine macrophages in vitro to phagocytose human breast
carcinoma cultures (1, 2), as well as inhibiting the growth of
prostate cancer cells (3). It has also been the agent that has
been referenced as reducing tumour burden in several clinical
approaches (4, 5). In previous studies GcMAF has been used to
stimulate Raw 264.7 cells (murine macrophage cell line) that
were observed in vitro to phagacytose MCF-7 cells (human
breast carcinoma). In this study we demonstrate the effect of
GcMAF stabilized with oleic acid (OA-GcMAF) directly on
KMS-12-BM multiple myeloma cells and on co-culture of
stimulated human macrophages (CRL9853) and KMS-12-BM.
Materials and Methods: Cell lines: KMS-12-BM: human
multiple myeloma cell line was purchased from DSMZ
(German Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany) and cultured in RPMI 1640
supplemented with 10% FBS and 2mM L-Glutamine (Life
Technologies, Paisley, UK). Cultures were passaged every 3-4
days. CRL9853: human spleen macrophage was purchased
from ATCC (American Type Culture Collection, Teddington,
UK) and routinely cultured in IMDM supplemented with 10%
FBS and 2mM L-Glutamine (Life Technologies). Cultures
were passaged every 3-4 days. Prior to assay, CRL9853 cells
were activated culturing them for 72h in the presence of OAGcMAF at a concentration 100ng/ml in complete medium.
Stimuli: OA-GcMAF, commercially available, was prepared at
Immuno Biotech Ltd. (Guernsey, Channel Island) with a
proprietary procedure previously described (6). Cell viability

Figure 1. KMS-12-BM cell viability assay and Trypan Blue viable cell counts. (A) Results for (8 pM) demonstrate a slight
decrease on cell proliferation which becomes significantly greater at (800 pM) indicating a direct effect on cell viability. (B) The
decrease in viable cell number as the OA-GcMAF concentration increases corroborating the observed cell viability assay data.
Results are expressed as mean value±S.E.M. for five replicates. (*p<0.01).
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Figure 2. Selected frame shots over time of KMS-12-BM cells in the presence of OA-GCMAF-stimulated CRL9853 human
macrophages. (A) KMS-12-BM suspension culture typical growth pattern. (B) KMS-12-BM cells 24h post addition of OA-GcMAF
activated human macrophages. CRL9853 cultures as large masses of suspension cells and the dense collection of cells can be
observed sitting on the KMS-12-BM suspension cells. The OA-GcMAF-activated macrophages are extremely motile under
observation and move around clearing the KMS-12-BM cells. During the phagocytosis smaller dense “clusters” of cells break
off and scavenge the KMS-12-BM cells quite rapidly. (C) KMS-12-BM cells 48h post addition of OA-GcMAF-activated human
macrophages. CRL9853 cells now have a few large cell mass “clusters” and many smaller “clusters” as can be observed (red
arrows). The number of KMS-12-BM cells has been decreased and the clearance of cells can be easily observed. (D) KMS-12BM cells 72h post addition of OA-GcMAF-activated human macrophages CRL9853. OA-GcMAF-activated CRL9853 cells are
still extremely active with the phagocytotic activity and are clearing the KMS-12-BM cells from the culture. This image shows
the smaller clusters of cells as indicated by the red arrows. The clusters have become smaller and rapid moving seeking out and
destroying the remaining KMS-12-BM cells.
assay: Cell viability was evaluated by the reduction of a
tetrazolium salt (WST-8) as an index of cell dehydrogenases’
activity. KMS-12-BM cells were seeded into a 96-well plate at
a density of 3x104 cells/well in their appropriate starvation
medium (without FBS). After incubation for 24h the cell line
was treated for 24h with the following different concentrations
of OA-GcMAF ([8-80-800 pM). At the end of the treatment,
the medium was replaced with 100μl of fresh starvation
medium plus 10μl of WST-8. The 96-well plate was incubated
for 3h at 37˚C and the optical density (O.D.) was directly
measured at A450nm by Multiscan FC photometer
(ThermoScientific, Milano, Italy). Cell counting – Trypan blue
assay: To corroborate the results obtained by cell viability
assay, a viable cell count was performed. Briefly, KMS-12-BM
cells were plated into a 6-well plate at a density of 2x105
cells/well in starvation medium. After 24h incubation, human
multiple myeloma cells were treated with OA-GcMAF at the
increasing concentrations (8-80-800 pM) for 24h. At the end
of the treatment, a volume of cell suspension was collected and
the viable cell number was counted by Trypan Blue staining.
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Video-time lapse photography: KMS-12-BM cells were seeded
into a 24-well plate at a density of 1x106 cells/well with a 1ml
volume. The cells were allowed to settle for a minimum of 2h
prior to the addition of the OA-GcMAF-activated CRL9853
macrophages. The staging mat was set at a temperature of 37˚C
and allowed to equilibrate prior to placement of the 24-well
plate. The OA-GcMAF-activated CRL9853 macrophages were
added to a final concentration of 5x105 cells per well in 1ml.
HEPES (Fisher Scientific, Loughborough, UK) was added to
each well to provide a final concentration of 25mM to stabilize
the culture pH. Once activated macrophages and the HEPES
were added, the 24-well plate was observed microscopically
and an image selected. An initial frame was taken and a timelapse film initiated. A frame was taken every 3 minutes until
filming was stopped. Results: Cell viability assay: Cell viability
(Figure 1), evaluated both by tetrazolium dye cell assay (A)
and by Trypan blue staining (B), decreased when KMS-12-BM
cells were treated with increasing concentrations of OAGcMAF. In particular, when cells were treated with OAGcMAF (800 pM) a significant reduction (p<0.01) in cell
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viability was observed in comparison to the untreated control
cells. Discussion: It has been shown that Gc-MAF activates
Raw 264.7 murine macrophages to phagocytose and destroy
MCF-7 human breast carcinoma cells (1). An identical effect
has been recorded for the first time with the stimulation of
human macrophages CRL9853 on KMS-12-BM cell line . The
OA-GcMAF-stimulated human macrophages seek out surround
and phagocytose the myeloma cell lines destroying them. This
demonstrates that the CRL9853 behave as postulated against
KMS-12- BM cell line. In addition the effect of increased cell
death in the presence of OA-GcMAF alone as indicated by
direct evaluation of viable cell counts and viability assay also
provides supports to the previous data generated (1). This
study provides some inferred evidence to support the in vivo
clinical data that has recently been published (6) providing
some insight into the method of potential tumour removal by
stimulated macrophages. In conclusion OA-GcMAF has
demonstrated two major effects: a direct decrease of KMS-12BM cell viability and an efficient activation of human
macrophages, which become able to phagocytose and destroy
the myeloma cells. The studies will be expanded further to
encompass additional cancer cell lines.
1 Pacini S et al: Effects of vitamin D-binding protein-derived
macrophage-activating factor on human breast cancer cells.
Anticancer Res, 2012; 32(1):45-52.
2 Thyer L et al: A novel role for a major component of the
vitamin D axis: vitamin D binding protein-derived
macrophage activating factor induces human breast cancer
cell apoptosis through stimulation of macrophages. Nutrients
2013; 5(7):2577-2589.
3 Gregory KJ et al: Vitamin D binding protein-macrophage
activating factor directly inhibits proliferation, migration,
and uPAR expression of prostate cancer cells. PLoS One
2010; 5(10):e13428.
4 Thyer L et al: Therapeutic effects of highly purified deglycosylated GcMAF in the immunotherapy of patients with
chronic diseases. Am J Immunol 2013; 9(3):78-84.
5 Yamamoto Net al: Immunotherapy for prostate cancer with
gc protein derived macrophage-activating factor OAGcMAF. Trans Oncol 2008; 1:65-72
6 Ruggerio M et al: Oleic acid, deglycosylated vitamin Dbinding protein, nitric oxide: a molecular triad made lethal
to cancer. Anticancer Res 2014; 34: 3569-3578.
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SENESCENCE LINKED INFLAMMATION,
REPLICATION STRESS, FRAGILE SITES AND DNA
METHYLATION CHANGES IN SPORADIC
BREAST AND PROSTATE CANCER.
Steven Smith

City of Hope, Duarte, CA USA

Hypermethylation tends to occur near fragile sites in cancer
(1). Persistent daughter strand gaps near fragile sites appear to
play a key role in this process in human breast and prostate
cancer. Like reactive oxygen species, 5-Azacytidine and its
primary breakdown product deoxyriboguanylurea produce
replication stress that induces fragile sites (2). The recently
elucidated repair processes invoked by replication stress at
fragile sites involving Mus81-EME and ERRC1 (3) coupled
with the enzymology of DNA methytransferases provide a
clear model for methylation change at these sites during
carcinogenesis. Evidence obtained with nanotechnology
strongly suggests that an M1 inflammation is present at the
invasive edges of human prostate tumors and that it produces
persistent replication stress at this interface through the
production of reactive oxygen species. Persistent daughter
strand gaps at a hot spot for DNA methylation near Fragile
site 11J in human breast and prostate tumor specimens provide
additional evidence for inflammation’s role in epigenetic
changes seen in human tumors. The data will be discussed in
terms the possible link between the Senescence Associated
Secretory Phenotype (SASP) (4), the Senescence Messaging
Secretome (SMS) (5) and Proliferative Inflammatory Atrophy
(6) seen in prostate cancer.
1 Smith SS. 2013. Clin Epigenetics 5: 17
2 Lamparska K, Clark J, Babilonia G, Bedell V, Yip W, Smith
SS. 2012. Nucleic Acids Res 40: 9788-801
3 Naim V, Wilhelm T, Debatisse M, Rosselli F. 2013. Nat Cell
Biol 15: 1008-15
4 Campisi J. 2005. Cell 120: 513-22
5 Kuilman T, Peeper DS. 2009. Nat Rev Cancer 9: 81-94
6 De Marzo AM, Marchi VL, Epstein JI, Nelson WG. 1999.
Am J Pathol 155: 1985-92
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VACCINATION WITH WT1 MRNAELECTROPORATED DENDRITIC CELLS
TO PREVENT RELAPSE IN 30 ACUTE
MYELOID LEUKEMIA PATIENTS

E.L. Smits1,2,3, A. Van de Velde4, S.Anguille1,2, Y. Willemen1,
W.A. Schroyens4, A.P. Gadisseur4, A. Verlinden4, I. Vrelust4,
M. Lammens5, G. Nijs2, B. Stein2, N. Cools1, R. Malfait6,
M.B. Maes6, K. Vermeulen6, V.F. Van Tendeloo1 and
Z.N. Berneman1,2,4
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In order to control malignant disease and prevent relapse, we
performed phase I/II dendritic cell (DC) vaccination studies in
an adjuvant setting in 30 patients with acute myeloid leukemia
(AML). Following chemotherapy, the patients underwent
leukapheresis; CD14+ monocytes were isolated, cultured into
clinical-grade mature DC, electroporated with mRNA encoding
the Wilms’ tumor protein WT1 and injected intradermally. DC
vaccination was evaluated in 30 AML patients following
chemotherapy; 27 patients were in complete remission (CR)
but at very high risk of relapse and 3 in partial remission (PR).
No major DC-related systemic toxicity was observed. Clinical
and molecular response, as determined by normalization of
WT1 transcript levels in blood and/or marrow, occurred in 8/23
patients who had increased levels at the start of DC
vaccination. Of these 8 responding patients, 5 are still in
complete and molecular remission; all of them now, more than
5 years after diagnosis, are most probably cured; 1 of those 5
patients was in PR following chemotherapy and was brought
into complete and molecular remission by the DC vaccination
only. There was a possible effect of DC vaccination in 6
additional patients. Overall 8/30 patients have not relapsed yet,
with a median follow-up from diagnosis and start of DC
vaccination of, respectively, 70 months (range, 45-92 months)
and 63 months (range, 39-90 months). Delayed type
hypersensitivity (DTH) testing showed immunoreactivity to the
DC vaccine in all patients tested. WT1 epitope tetramer+ CD8+
T-cells were evaluated in 13 HLA-A2+ patients: an increase
following DC vaccination in tetramer+ T-cells for at least 2/4
epitopes tested was only observed in patients with longstanding CR. In conclusion, WT1-targeted DC vaccination as
adjuvant therapy is feasible, safe and immunogenic in AML
patients with evidence of objective response.
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THYMOQUINONE INHIBITION OF AUTOPHAGY
CAUSES GROWTH INHIBITION AND CASPASEINDEPENDENT DEATH OF GLIOBLASTOMA
CELLS

Robert M. Snapka1, Ira O. Racoma1, Walter Hans Meisen2,
Qi-En Wang1, Balveen Kaur2 and Altaf A. Wani1

1Department

of Radiology, The Ohio State University
Wexner Medical Center, Columbus, Ohio, USA;
2Department of Neurological Surgery, The Ohio State
University Wexner Medical Center, Columbus, Ohio, USA

Thymoquinone, the major bioactive component of Nigella
satvia (black seed) oil, an ancient Indo-European medicinal
6178

and cooking staple, was found to have dose-dependent
cytotoxicity to glioblastoma cells. The cytotoxic mechanism
was found to be inhibition of autophagy at a late stage and
lysosomal membrane permeabilization leading to cathepsinmediated and caspase independent cell death. This finding is
consistent with reports that tumors, including glioblastoma,
are dependent on autophagy and holds open the possibility of
new anti-cancer autophagy inhibitors with much less toxicity
and higher efficacy than those currently in use. We will also
present new data on the efficacy of thymoquinone in a mouse
xenograft model and the role of reactive oxygen species in
thymoquinone cytotoxicity.
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DNA DAMAGE-INDUCED REGULATION
OF BASE EXCISION REPAIR PROTEIN
STABILITY AND ARTD1 ACTIVATION
Robert W. Sobol

Biology and Human Genetics of Medicine, University of
Pittsburg School of Medicine, Hillman Cancer Center,
Pittsburgh, PA, USA

Genome stability requires efficient DNA repair and DNA
damage response protein complexes. Base excision repair
(BER) is essential to provide nuclear and mitochondrial
genome stability by repairing greater than 20,000
spontaneous base lesions per cell per day. Base damage is
repaired by proteins of the BER machinery via numerous
sub-pathways that vary depending on the lesion type and the
size of the repair patch. Upon activation, ARTD1 (PARP1)
synthesizes poly-(ADP-ribose) (PAR) that functions as a
mechanism of chromatin de-condensation and generates a
loading platform for the recruitment of the BER machinery
to the lesion site, including proteins such as XRCC1, PARG
and DNA polymerase β (Polβ). Successful recruitment of
these downstream BER proteins facilitates repair of the
strand-break, suppressing further ARTD1 activity and PAR
synthesis. Proteins either covalently modified by PAR or
those in a multi-protein complex with PAR were identified
by liquid-chromatography tandem mass spectrometry (LCMS/MS) to establish a PAR-interactome in response to
DNA damage. An essential component of BER and other
DNA repair complexes is the scaffold protein XRCC1. In
response to ARTD1 activation, XRCC1 recruitment is
thought to promote the formation of secondary BER protein
complexes via interaction with these downstream factors to
complete repair. A paradigm repair protein complex is
represented by the heterodimer of Polβ and XRCC1. Finally,
we propose that protein stability of these BER factors is
mediated by DNA repair protein complex formation and
functions as a regulatory mechanism for DNA repair
pathway choice.
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CANINE AS AN ANIMAL MODEL OF
P-GLYCOPROTEIN EXPRESSION IN
LYMPHOMA CELLS
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and Roman Lechowski3
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Introduction: Dogs develop spontaneous tumors with
histopathologic and biologic behavior similar to human cancers
and offer a unique opportunity as models for human cancer
biology. Lymphoma is one of tumors that offer the best
comparative interest. Combination chemotherapy is the
standard of care for dogs and humans with lymphoma.
Multidrug resistance is one of the most important factors
contributing to the efficacy of chemotherapy. The major protein
responsible for this phenomenon is P-glycoprotein. Little is
known about P-glycprotein expression in particular subtypes of
canine lymphomas. The aim of the study was the evaluation of
P-glycoprotein expression in various subtypes of canine
lymphomas. Results: Positive reaction with P-glycoprotein was
found in 11/25 cases belonging to various subtypes; however,
in 4/11 lymphomas the percentage of positively stained cells
was <10% and those tumors were also considered negative.
Tumors with 10-50% P-glycoprotein positive cells were found
in single cases of centroblastic and centroblastic-centrocytic
tumors. In 5 lymphomas P-glycoprotein expression exceeded
50% of tumor cells. Those cases were found among
centroblastic, centroblastic-centrocytic, lymphoblastic and
Burkitt-like subtypes. Positive reaction was observed mainly in
the cell cytoplasm; however, in some cases perinuclear dot-like
staining pattern was found. In 2 cases focal staining pattern
comprised dominant type of immunolabeling. Among all
lymphomas containing P-glycoprotein positive cells the
intensity of imunolabeling was assessed as weak (6/25),
moderate (2/25) and strong (3/25). Conclusion: The results
indicated that P-glycoprotein expression is present in nearly 1/3
of newly diagnosed canine lymphomas of various subtypes
including the most commonly occurring ones. P-glycoprotein
expression in canine tumors could be located in the Golgi-zone.
Our results offer the possibility for the practical use of canine
model in the studies on the impact of P-glycoprotein on drug
pharmacokinetics and pharmacodynamics, along with

endogenous and exogenous factors that can modulate Pglycoprotein activity in both canine and human beings.
This work was supported by Committee of Scientific Research
Grant No N N308 578339 for R. Lechowski.
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CANINE AS AN ANIMAL MODEL OF SURVIVIN
EXPRESSION IN LYMPHOMA CELLS
Justyna Sokołowska1, Kaja Urbańska1,
Sławomir Giziński2 and Roman Lechowski3
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- SGGW, Warsaw, Poland
(justyna_sokolowska@sggw.pl)

Introduction: Dogs develop spontaneous tumors with
histopathologic and biologic behavior similar to human
cancers and offer a unique opportunity as models for human
cancer biology. Lymphoma is one of tumors that offer the best
comparative interest. Survivin is a member of apoptosis
inhibiting proteins family. Apart from its antiapoptotic activity
it plays a critical role in regulating the cell cycle and mitosis.
It is over-expressed in most human cancers. While the
prognostic significance of survivin expression is widely
investigated in human non-Hodgkin’s lymphomas, little is
known about its expression in canine lymphomas. The aim of
the study was to evaluate the expression of survivin in canine
lymphomas in relation to proliferation markers. Results:
Survivin was detected in all examined cases of various
subtypes with nuclear expression pattern. In most of them
(18/25) survivin expression ranged from 10%-25% of positive
cells. Only single cases had lower (0-10% positive cells, 1/25)
or higher (25-50% and >50% positive cells, 5/25 and 1/25,
respectively) index of survivin. Neither mitotic index nor
proliferative index correlated with survivin expression when
the values, quantified randomly in whole specimens, were
compared. However, when survivin expression was quantified
in selected tumor areas of low and high proliferation activity
high correlations between survivin expression and
proliferation index were found. Conclusion: The results
indicated that survivin is commonly expressed in canine
lymphomas of various subtypes. Nuclear staining pattern
together with the relation of its expression and proliferative
activity in highly proliferative areas of neoplastic tissue
suggest a potential role of survivin in cell cycle activation in
canine lymphoma cells. The results extend the knowledge
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about the role of survivin in cell cycle activation in canine
lymphoma and offer the possibility for the practical use of
canine models in the studies on development of novel
therapeutic targets in both canine and human beings.
This work was supported by Committee of Scientific Research
Grant No N N308 578339 for R. Lechowski.
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POST-TRANSLATIONAL REGULATION OF
COX2 ACTIVITY IN CANCER CELLS
Andrey Sorokin

Department of Medicine, Medical College of Wisconsin,
Milwaukee, Wisconsin, 53226, USA

While increased cyclooxygenase 2 (COX2) expression and
prostaglandin levels are elevated in human cancers, the
mechanisms of COX2 regulation at the post-translational level
are unknown. Initial observation that COX2 forms adducts with
a number of signaling molecules prompted us to study
regulation of COX2 activity by protein-protein interactions. To
identify the proteins in molecular complex with COX2, we
have purified COX2 cross-linking adducts by affinity
chromatography methods and identified their nature using mass
spectrometry. A search against the mammalian database
identified a number of proteins found in the molecular complex
with COX2. These proteins included Fibronectin precursor,
Engulfment and cell motility protein 1 (ELMO1) and a
member of Src family cytoplasmic tyrosine kinases FYN.
Since both, COX2 and FYN, were shown to have tumorogenic
potential in prostate cancer, we have investigated FYNmediated post-translational regulation of COX2 in prostate
cancer cells DU145. We found that FYN increased COX2
activity in DU145 cells, independent of changes in COX2 or
COX1 protein expression levels. We report that FYN
phosphorylates human COX2 on Tyr 446, and while
corresponding phospho-mimetic COX2 mutation promotes
COX2 activity, the phosphorylation blocking mutation prevents
FYN-mediated increase in COX2 activity. Our studies suggest
that regulation of COX2 activity by FYN could contribute to
the progression of prostate cancer and that FYN/COX2
interaction is a novel molecular target for all types of cancer in
which Cox-2 and prostaglandins have been implicated.
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THIOXANTHONE COMPOUNDS TO REDUCE
TUMOR GROWTH, CANCER CACHEXIA
AND CANCER TREATMENT-RELATED
BONE MARROW TOXICITY
Gabriella Spengler1, Ilona Mucsi1, Ferenc Uher2,
Peter Hegyes3, Orsolya Csuka4, Jozsef Molnar1 and
Zoltan Kiss5
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This study employed thioxanthone-derived compounds (CC1
and CC3) each containing a choline analogue as the active
group. In cell-based assays, physiologically relevant
concentrations of CC1 and CC3 were found to (i) generally
inhibit proliferation of cancer cells, (ii) stimulate proliferation
of human bone marrow derived mesenchymal stem cells, (iii)
enhance and inhibit choline uptake by healthy and cancer cells,
respectively, and (iv) reduce formation of ceramide by sphingomyelinase. These findings led us to examine in preclinical
models if CC compounds possessed antitumor properties via
either protecting healthy tissues and/or directly inhibiting tumor
growth. In several tumor models (HL-60, human leukemia; HT168, human melanoma; PC-3, human prostate cancer; and
T47D, human estrogen receptor positive breast cancer) CC
compounds inhibited tumor growth by 30-50% and enhanced
the effects of other antitumor agents. In the MXT rodent breast
cancer model, CC3 also significantly increased the non-lethal
dose of cisplatin. Equally important, in each tumor model CC1
or CC3 greatly reduced weight loss induced by tumors or
chemotherapy (cisplatin, cyclophosphamide). CC1 also
promoted regeneration of bone marrow from endogenous stem
cells (after sub-lethal radiation or treatment with
cyclophosphamide) or from transplanted bone marrow stem
cells (after lethal radiation). The results suggest that CC1 or
CC3, or similar thioxanthone-derived compounds, may be used
to enhance the efficacy of various chemotherapies and radiation
therapies by (i) reducing weight loss, (ii) reducing therapyrelated toxicities and (iii) inhibiting tumor growth.
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MULTIDRUG RESISTANCE REVERSING ACTIVITY
OF NEWLY DEVELOPED PHENOTHIAZINES ON P
GLYCOPROTEIN (ABCB1)-RELATED RESISTANCE
IN DIFFERENT CANCER MODELS
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Multidrug resistance (MDR) is a phenomenon in which cancer
cells exhibit a cross-resistant phenotype against structurally
and functionally unrelated anticancer compounds. One of the
most important mechanisms of MDR is the over-expression of
energy-dependent ATP-binding cassette (ABC) transporters.
Phenothiazines have anticancer properties and are able to
reverse the multidrug resistance of neoplastic cells by
inhibiting the ABC transporters. A series of new phenothiazine
derivatives was investigated regarding their ABCB1modulating effect on the MDR resistant mouse T-lymphoma
and MDR colon adenocarcinoma cells by the rhodamine 123
accumulation assay and real-time ethidium bromide
accumulation assay. The phenothiazine derivatives exhibited
potent anticancer effect on the parental mouse T-lymphoma
cell line and on its multidrug-resistant subline over-expressing
the ABCB1 transporter at the concentration of 0.2 μM. The
inhibition of the ABCB1 transporter was greater in the
presence of the newly developed phenothiazines than that for
the known ABCB1 inhibitors thioridazine and verapamil. In
addition, the phenothiazine derivatives could inhibit the
ABCB1 transporter of MDR colon adenocarcinoma cells; the
fluorescence activity ratio (FAR) values at 2 μM were similar
to the effect of 20 μM of verapamil. Based on the chemical
structures and biological activity, compounds with bivalent
sulfur atom in the phenothiazine ring demonstrated a
prominent ABCB1-modulating effect; however, other
derivatives with halogen or amide substitutions were
ineffective.
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CANCER, NUTRITION AND MORE: THE NATUREDEFICIT-EFFECT AND THE ORIGIN OF CANCER
Jörg Spitz and Angelika Spitz

Institute for Medical Information and Prevention,
Schlangebad, Germany
(info@mip-spitz.de)

Introduction: Learning that our body is not a single being but
a symbiotic community consisting of billions of human cells
and trillions of bacteria, viruses and fungi it is no longer
possible to practice medicine in a reductionist way. Instead
we are challenged to develop a holistic medical approach like
in systems-biology to understand how our highly
sophisticated body works and how to treat non communicable
diseases (NCD), the plague of the third millennium – cancer
included. In addition to medicine the same holistic concept
has to be applied to any measure of prevention. Similar to the

established systems-biology to understand the function of our
body systems-prevention is needed to prevent the chronic
diseases of civilization. Systems-prevention goes to the roots
of NCD and allows by this knowledge to develop effective
measures of prevention. Here we describe for the first time
the origin of NCD as a disturbed relation of man to his
environment: In addition to the pollution of the natural
environment there exists the nature-deficit-effect (NDE).
Systems-prevention will be able to overcome NCD by
avoiding the exposure to non-historical elements and by the
combination of lifestyle changes to compensate for the
nature-deficit-effect. Lost natural resources by modern
civilization: The nature-deficit-effect. Due to technical
progress, the production of our nutrition has remarkably
changed from natural food to highly processed industrial
products within the last century. There is no doubt that diet
has a definite effect on health and is believed to exert a
marked influence on the risk for developing certain diseases,
especially cancer and heart disease. The World Health
Organization indicates that one third of all cancer deaths are
preventable and that diet is closely linked to prevention. Many
dietary factors found in plants or phytochemicals are believed
to have potent antioxidant and anticancer activities with low
toxicity (Bode AM, 2013). But we have to go a step further.
It is not only the diet that has to be looked at in a holistic
way. All aspects of our lifestyle in modern civilized nations
are based on alterations in their environment consisting of
three different systems: (i) the ancient environment of mother
nature, (ii) the new man-made environment of civilization and
(iii) the environmental system of social bonding and culture.
Finally, man himself is a complex system, a symbiont, a
fractal of the universe consisting of billions of cells, bacteria,
viruses and fungi. Given the fact that all creatures on earth
are depending on their specific environment, the evolution of
the species over time has shown to work well with this
system. One of the characteristics of evolution is the higher
degree of freedom for the new developed species, which
results in additional abilities. Man, as the highest rank of
evolution, is even able to create things himself like tools and,
thus, changing his original environment. This can be done in
a beneficial way or a detrimental way. Unfortunately
changing the environment by man has resulted not only in an
exposure of his body to non-historical elements but also a loss
of natural resources. It is just the combined effect of these
two synergistic negative aspects, which is at the origin of
NCD. It is widely accepted that the exposure to non-historical
elements is leading to toxic effects, endocrine disruption and
disturbed logistics in our body. In contrast, the scientific
community is not aware that many of the natural resources
for our body (like sunshine or gravity) got lost in the majority
of people due to technical progress of civilization. But these
resources are needed for the highly complicated cell signaling
of our body – our IT system including the immune system.
6181

ANTICANCER RESEARCH 34: 5761-6258 (2014)

Table I. Different systems of our environment and their various factors influencing our body.

Meanwhile, more than 20 lost resources are known (Table I).
All together, the losses massively change the complex
function of the symbiont - among others from effectively
using the ability of epigenetic modulation of his DNA. To
illustrate the fact, that all these factors are influencing our IT
system, some examples shall be given. There is no doubt
today that micronutrients in our diet like poyphenols and
flavonoids are not only anti-oxidants but highly influencing
various parts of cell signaling. Green tea i.e. is rich in
polyphenol flavonoids including catechins. Epigallocatechin3gallate (EGCG) is the most abundant and potent green tea
catechin. EGCG has been extensively studied for its
beneficial health effects as a nutriceutical agent. Recent
investigations have revealed many other direct actions of
EGCG that are independent from anti-oxidative mechanisms.
In particular, EGCG directly interacts with proteins and
phospholipids in the plasma membrane and regulates signal
transduction pathways, transcription factors, DNA
methylation, mitochondrial function and autophagy to exert
many of its beneficial biological actions (Kim HS, 2014). In
addition, many of the mentioned pathways play important
roles in cancer development; among them epigenetic
alteration and micro RNA dysregulation. So it has become
evident that histone modifications also play a major role in
the dysregulation of miRNAs in cancer (Suzuki H, 2013). The
same is true for almost all factors listed in Table I. In a recent
paper several lifestyle factors were described with their
downstream target protein, which are modulated during colon
carcinogenesis, i.e. colorectal cancer is a complex multi6182

factorial disease; prior to diagnosis, there are decades of
complex genetic and environmental interactions that
ultimately lead to disease initiation, promotion, and
progression (Derry et al. 2013). Beside the already mentioned
dietary factors (here red meat) the authors list tobacco smoke,
alcohol, physical activity and obesity, as well as circadian
rhythmic alteration as an increased risk of colon cancer due to
their influence on cell signaling. Another example of an
environmental factor influencing largely the cell signaling of
our body is vitamin D, the sunshine hormone. Vitamin D in
its hormonally active form, 1α,25-dihydroxyvitamin D, is not
only a regulator of calcium and phosphate homeostasis but
has numerous non skeletal effects. 1α,25(OH)2D manifests its
diverse biological effects (endocrine, autocrine, paracrine) by
binding to the vitamin D receptor (VDR) found in most body
cells. It is estimated that VDR activation may regulate directly
and/or indirectly more than 200 genes, including genes
responsible for the regulation of cellular proliferation,
differentiation, apoptosis and angiogenesis (Gröber, 2013).
Due to these properties vitamin D is involved in the
development and progression of nearly all NCD, including a
long list of cancer types. There is not enough space here to
describe all the factors of Table I in a similar way. Even
physical activity has been found meanwhile to directly
influence cell signaling and epigenetic modulation by shear
forces leading from the extracellular space to the surface of
the cell and from there via microfilaments of the cytoskeleton
directly to the nucleus. Unfortunately, all these resources got
lost for the majority of people due to the process of modern
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civilization. It is this unprecedented multiple deficiency that
massively influences our internal systems of logistic and
information. This principle of multiple risk effects has been
documented in the Interheart Study (Yusuf S, 2004). About
15,000 patients with a myocardial infarction (MI) from 52
countries compared to 15,000 controls showed no relevant
genetic factor for developing MI but exhibited nine well
known factors of lifestyle: smoking, overweight, physical
inactivity, poor nutrition, stress etc. – each factor increasing
the risk of MI by a factor of about 2.5. Combining four factors
did not result in an additional risk of 10- but 40-fold. All nine
factors together increase the risk for MI unbelievingly by 330fold! Thus, a single small risk becomes highly dangerous if
combined with other risks in one person/patient. Taking into
account the more than 20 factors listed in Table I, it becomes
obvious that changing our lifestyle in such an extensive way is
promoting NCD and premature death.
Discussion: The reductionist approach has been predominant
to date in medical research and has unraveled some of the
fundamental mechanisms i.e. at the basis of food nutrients
(e.g., those that involve deficiency diseases). In Western
countries, along with progress in medicine and pharmacology,
the reductionist approach helped to increase life expectancy.
However, despite 40 years of research in nutrition, epidemics
of obesity, diabetes and cancer are growing each year
worldwide, both in developed and developing countries,
leading to a decrease in healthy life years. Yet, interactions
between nutrition-health relations cannot be modeled on the
basis of a linear cause-effect relation between 1 food
compound and 1 physiologic effect but rather from multi
causal nonlinear relations. In other words, explaining the
whole from the specific by a bottom-up reductionist approach
has its limits. A top-down approach becomes necessary to
investigate complex issues through a holistic view before
addressing any specific question to explain the whole. (Fardet
A, 2014). The same reflections have to be applied to all
preventive measures. Based on these insights, the prevention
of NCD needs a holistic approach, a systems-prevention taking
into account the influences of the surrounding systems (the
human environment) and using a multi-factorial approach to
re-naturalize the human environment – as far as this is possible
in the 21st century. If necessary, certain natural factors, which
are too difficult to obtain in the technical environment, will
have to be substituted by intelligent solutions – as it has been
shown for physical activity or vitamin D.
1 Bode AM et al. (2013): Signal transduction and molecular
targets of selected flavonoids. Antioxidants & Redox
Signaling 19 (2), S. 163-180.
2 Derry MM et al. (2013): Identifying molecular targets of
lifestyle modifications in colon cancer prevention. Frontiers
in Oncology (3) S. 1-20.
3 Fardet A et al. (2014): Toward a new philosophy of
preventive nutrition: from a reductionist to a holistic

paradigm to improve nutritional recommendations.
Advances in Nutrition (5) S. 430–446.
4 Gröber U et al. (2013): Vitamin D: Update 2013: From
rickets prophylaxis to general preventive healthcare.
Dermatoendocrinology (3) S. 331-347.
5 Kim HS et al. (2014): New insights into the mechanisms of
polyphenols beyond antioxidant properties; lessons from the
green tea polyphenol, epigallocatechin 3-gallate. Redox
Biology (2) S. 187-197.
6 Suzuki H et al. (2013): Epigenetic alteration and microRNA
dysregulation in cancer. Frontiers in Genetics (4) S. 1-8
7 Yusuf S, et al. INTERHEART Study Investigators (2004):
Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART
study): case-control study. In: Lancet 364 (9438), S.
937–952.
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OREGANO ESSENTIAL OIL EXTRACTED FROM
ORIGANUM VULGARE SSP. HIRTUM WITH ITS
MAJOR CONSTITUENT CARVACROL AGAINST
EXPERIMENTAL COLON CANCER
Angeliki Tiptiri-Kourpeti1, Katerina Spyridopoulou1,
Eleni Fitsiou1, Georgios Aindelis1, Stavros Vaseiliadis1,
Georgia Saxami1, Evaggelia Nakou1,
Dimitrios Tsimogiannis2, Vassiliki Oreopoulou2,
Alexis Galanis1, Aglaia Pappa1 and Katerina Chlichlia1
1Department

Molecular Biology and Genetics, Democritus
University of Thrace, Alexandroupolis, Greece;
2School of Chemical Engineering, National Technical
University of Athens, Athens, Greece

Medicinal plants have shown a great potency as a natural
source of novel anticancer agents. Oregano is an herb very
popular in the Mediterranean diet that has been proved to
possess excellent anti-inflammatory and antimicrobial
properties. Nonetheless, its anticancer activity has not been
extensively studied. In the present study, we investigated the
potential anticancer activity of the essential oil extracted from
Origanum vulgare ssp. hirtum (chemotype carvacrol) and
carvacrol, its major constituent, as evidenced by GC/MS
analysis (52% w/w). Human and murine breast and colon
cancer cell lines were sensitive to the action of oregano oil or
carvacrol as demonstrated by pronounced cell growthinhibition. Given that colon cancer cells exhibited the greatest
sensitivity to the essential oil, an established syngeneic mouse
model of colon cancer was used in order to investigate its in
vivo anti-tumor potential. Syngeneic CT26 colon cancer cells
were subcutaneously injected in BALB/c mice following daily
per os administration of the essential oil in defined and
acceptable prophylactic regimen and tumor growth inhibition
6183
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was statistically evaluated in comparison to control mice that
received corn oil. Based on our results, mice treated with
oregano oil or carvacrol prior to inoculation of colon cancer
cells showed significant decrease in tumor volume.
Conclusively, the essential oil of the plant Origanum vulgare
ssp. hirtum and its major constituent, carvacrol, demonstrated
effective growth-suppressing activity in vitro and in vivo
against colon cancer. These data suggest that oregano oil and
carvacrol have significant anti-tumour properties and the antitumour activity can be attributed to carvacrol, which is its
major constituent. Further in-depth mechanistic studies are
needed in order to evaluate the effectiveness of this natural
product as anticancer agent.
The present study was supported by a “Greece-China Biletaral
& RD Cooperation 2013-2015” grant (Project 12CHN409).
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Konstantinos Simeonidis2, Michael I. Koukourakis3,
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3Department of Radiotherapy/Oncology, Medical School,
Democritus University of Thrace, Alexandroupolis, Greece

Nowadays there is a need to more effectively evaluate the
plethora of novel anticancer agents that are being proposed in
the international peer-reviewed literature using optimized
experimental tumor models. Unfortunately, because of the
extreme complexity of a living organism, it is very hard to
maintain a high degree of reproducibility of research results
with tumor-bearing mice. We propose the use of magneticallytagged implanted cancer cells for the optimization of the
standard subcutaneous mouse tumor model: The endocytosis
process of magnetic nanoparticles (MNPs) by CT-26 murine
colon cancer cells, as well as the subsequent ability to
magnetically manipulate the cells, were analyzed by confocal
microscopy. The biocompatibility of MNPs was validated in
vitro with both SRB and MTT assays. Flow cytometry was
employed to determine the optimal conditions for the
incubation of cancer cells with MNPs. For the in vivo studies,
MNP-tagged CT-26 cells were implanted in BALB/c mice and
an NdFeB magnet was attached on the mouse skin at the
injection site. The applied magnetic field minimized the
diffusion area of MNP-tagged cancer cells once they were
injected and local tumor formation was facilitated.
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Conclusively, we were able to optimize the CT-26
experimental mouse tumor model by magnetically controlling
localization, shape and size of the growing tumor. The
proposed approach opens a new direction in optimizing
experimental tumor studies in the particularly demanding and
growing research area for developing new anticancer agents.
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ESSENTIAL OIL EXTRACTED FROM THE
RESIN OF PISTACIA LENTISCUS VAR. CHIA
(MASTIC OIL): ANTITUMOR EFFICACY
AGAINST COLORECTAL CANCER

Katerina Spyridopoulou1, Angeliki Tiptiri-Kourpeti1,
Eleni Fitsiou1, Stavros Vaseiliadis1, Haido Bardouki2, Alexis
Galanis1, Aglaia Pappa1 and Katerina Chlichlia1
1Department
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2Vioryl S.A., Afidnes, Greece

Pistacia lentiscus var. chia, popularly known as “mastic
tree”, is a plant that has been cultivated for its aromatic resin
mostly in the southern part of Chios island in Greece.
Essential oil extracted from its resin (mastic oil) has been
traditionally used as food additive and flavoring agent. We
investigated the in vitro and in vivo anticancer activity of
mastic oil. GC/MS analysis was employed to determine the
composition of the extracted oil. In vitro growth inhibition
was evaluated on two colon cancer cell lines: CaCo2 (human
colon adenocarcinoma) and CT26 (murine colon carcinoma),
using the SRB assay. In vivo biosafety profile of orally
administered mastic oil was evaluated by monitoring daily
weight change and survival rate of BALB/c mice receiving
increasing doses of the essential oil. An established
syngeneic BALB/c mouse model of colon cancer was used
to address the in vivo anti-tumor potential: mice received
mastic oil orally for 10 days and 3 days prior to last
administration, CT26 cells were inoculated subcutaneously.
Tumors were harvested from euthanasized animals and tumor
volume was determined. Our results showed that mastic oil,
with main constituents alpha-pinene (~68% v/v), myrcene
(~19% v/v) and beta-pinene (~3% v/v), exhibited excellent
growth-inhibitory activity against both murine and human
colon cancer cells. A biosafe dose of 15μl/day was
determined for the in vivo anticancer study. A significant
80% reduction in tumor volume was observed in mice
treated with mastic oil as compared to control mice. This
study provides in vitro and in vivo evidence on the anti-tumor
activity of the essential oil extracted from the resin of
Pistacia lentiscus variation chia against colon cancer. Further
research on the chemopreventive and chemotherapeutic role
of this promising natural product is going to provide insight
into its anticancer effectiveness.
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The present study was funded by a “Cooperation 2011Partnerships of Production and Research Institutions in
Focused Research and Technology Sectors” grant (Project
11SYN_2_566).
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E.E. Jones4, R.R. Drake4 and D.D. Spyropoulos2
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Clinical trials are currently used to test therapeutic efficacies
for cancers, infections and diseases. Animal models are also
used as surrogates for human conditions. Both approaches are
expensive and time-consuming. The utility of human
biospecimens as models is limited by specialized tissue
processing methods that preserve subclasses of analytes (e.g.
RNA, protein, morphology) at the expense of others. We
present a rapid and reproducible method for the cryopreservation of viable tissues that was developed from patients
undergoing lung lobectomy or transplant. This method
involves the pseudo-diaphragmatic expansion of pieces of
fresh tissue with cryoprotectant (pseudo-diaphragmatic
expansion-cryoprotectant perfusion or PDX-CP) followed by
controlled-rate freezing in cryovials. Expansion-perfusion
rates, volumes and cryoprotectant formulation were optimized
to maintain tissue architecture, decrease crystal formation and
increase long-term cell viability. Rates of expansion of 4
cc/min or less and volumes ranging from 0.8-1.2 fold tissue
volume were well tolerated by lung and prostate tissues. Lung
pathologies amenable to this approach included cancer,
chronic obstructive pulmonary disease, CF and idiopathic
pulmonary fibrosis, all of which demonstrated minimal
differences compared with standard histopathology.
Morphology was greatly improved by the PDX-CP procedure
compared with simple fixation. Fresh versus post-thawed lung
and prostate tissues showed minimal differences in histology,
RNA integrity numbers and post-translational modified protein
integrity (2-dimensional differential gel electrophoresis. It was
possible to derive numerous cell types, including alveolar
epithelial cells, fibroblasts and stem cells, from the tissue for
at least three months after cryopreservation. This new method
should provide a uniform, cost-effective approach to the

banking of biospecimens, with versatility to be amenable to
any post-acquisition process applicable to fresh organ tissue
samples
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ROBOTIC APPROACH IN PANCREATIC TUMORS
Oana Stanciulea, Simona Dima, Traian Dumitrascu and
Irinel Popescu
Fundeni Clinical Institute, Bucharest, Romania

Pancreatic surgery is one of the most challenging fields in
general surgery. Due to the technical limitations, laparoscopy
has a low penetration rate in pancreatic procedures.Robotic
surgery offers the opportunity to combine the advantages of
both minimally invasive and open surgery. After gaining a
considerable experience in both pancreatic and robotic surgery
(850 cases) we start to perform robotic pancreatic resections:
3 enucleations for insulinoma, 6 distal pancreatectomies, 4
spleen preserving distal pancreatectomies, one central
pancreatectomy and 6 pancreaticoduodenectomies. The mean
operating room time was 450 min (280-600 min) for
pancreaticoduodenectomy and 120 min (70-120 min) for distal
pancreatectomy. One case was converted to open surgery due
to intraoperative bleeding. Morbidity was registered in 8 cases:
4 pancreatic leakages, 1 pancreatic abscess, 2 pneumonias and
1 biliary leakage. Thirty-day mortality was nil. The advantages
of the robotic system result in: safe dissection of the portal and
splenic vein and easier reconstructions, especially in patients
with small pancreatic ducts. The robotic surgery has the
potential to improve the adoption rate of minimally invasive
surgery in difficult procedures, such as pancreatic surgery.
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EGFR INHIBITION BY CURCUMIN IN CANCER
CELLS: A DUAL MODE OF ACTION

M. Starok1, P. Preira2, M. Vayssade3, K.Haupt1,
L. Salomé2 and C. Rossi1
1Université
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Toulouse, France;
3Université de Technologie de Compiègne, BMBI, CNRS
UMR 7338, Compiègne, France
(claire.rossi@utc.fr)

Epidermal Growth Factor Receptor (EGFR) is a common
target of anticancer therapy. Nowadays the search for new
molecules inhibiting this receptor is turning towards natural
substances. One of the most promising natural compounds that
have shown an anti-EGFR activity is curcumin, the polyphenol
found in the rhizomes of Curcuma longa. There are numerous
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reports describing its effect on the receptor kinase activity, the
autophosphorylation yield, the expression level and the
processes related to EGFR function like cell proliferation (1).
Nevertheless, the entire mechanism of how curcumin interacts
with the EGFR is not fully elucidated. We demonstrated that
the mode of action of curcumin is dual. Curcumin is able to
inhibit directly, although partially, the enzymatic activity of
the EGFR intracellular domain. However, the presented work
brings attention to the role of the EGFR membrane
environment at the curcumin action level. We showed that the
curcumin insertion in plasma membrane leads to its
rigidification and, as a consequence, to limitation of the
receptor diffusion. Single particle tracking analyses confirmed
that the diffusion coefficient of EGFR in the cancer cell
membrane significantly decreased in the presence of
curcumin, which might influence the receptor dimerization
and in turns its activation (2).
1 Doumiati S, Haupt K, Rossi C (2012) Autophosphorylation
activation and inhibition by curcumin of the epidermal
growth factor receptor reconstituted in liposomes. J Mol
Recong 25:623–629.
2 Ringerike T, Blystad FD, Levy FO, Madshus IH, Stang E
(2001) Cholesterol is important in control of EGF receptor
kinase activity but EGF receptors are not concentrated in
caveolae. J Cell Sci 115:1331-1340.
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Glioblastoma multiforme (GBM) is defined as the most
aggressive and lethal brain tumor with patients’ life expectancy
of circa one year following diagnosis. About 50% of reported
cases are diagnosed with amplification and over-expression of
the epidermal growth factor receptor (EGFR). Half of those
tumors are characterized by expression of the truncated variant
of EGFR, EGFRvIII, which lacks cytokine binding domain,
leading to its constitutive activation. While all tumor cells
harbor extrachromosomal amplicons encoding the EGFRWT
and EGFRVIII genes the copy number of genes varies greatly
among individual cells and so does the expression of
corresponding proteins. The exact proportions of cells with
high and low EGFRvIII expression are still debated; however,
the molecular mechanisms contributing to the heterogeneity
of tumor composition remain unknown. Here, we characterize
6186

the DK-MG cell line as a cellular model to study the
molecular biology of EGFRvIII, as well as the mechanisms
governing tumor composition in regard to amplicon number
on the populational level. In DK-MG cells and under steady
state conditions, EGFRvIII is phosphorylated at a basal level
that can be further increased by inhibition of phosphatases but
not by EGF treatment. This indicates that EGFRvIII is
constitutively undergoing rounds of phosphorylation and
dephosphorylation and that phosphatase plays an essential part
in the biology of EGFRvIII. Inhibition of tyrosine kinase
activity of EGFR resulted in lack of additional
phosphorylation of EGFRvIII, implying that phosphorylation
in homo-dimers is the prevalent form of maintaining the basal
level of phosphorylation of EGFRvIII. The phosphorylation
status of EGFRvIII correlated with changes in composition of
cell population, increasing or decreasing the ratio of
EGFRvIII+ and EGFRvIII- cells. These changes correlated
with loss of extrachromosomal EGFR amplicons; however, the
reverse process was not observed as determined by
establishment of clones from single cells. This had direct
implications in the development of targeted therapies against
GBM in clinic.
This work was supported by the Polish Agency for Enterprise
Development UDA-POIG.01.04.00-10-037/11.
K. Rosiak and P. Siejka contributed equally.
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THE EXPRESSION AND THE ROLE OF
GLUTAMATE RECEPTORS IN CANCER
Andrzej Stepulak
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Glutamate (Glu) is a major neurotransmitter in the central
nervous system. It exerts its actions through a family of
glutamate receptors (GluRs) consisting of metabotropic
glutamate receptors (mGluRs) and ionotropic glutamate
receptors (iGluRs). Evidence is emerging for a role of Glu and
its receptors in the regulation of tumor growth; thereby, Glu
signaling has been regarded as a potentially novel therapeutic
target against cancer. It has been demonstrated that GluRs are
expressed in a variety of cancer cell lines and tumors and
GluR’s are functional in cancer cells. Recent data show that
blocking the expression of selected iGluR subunits inhibits
proliferation of cancer cells in vitro and in vivo. At least some
of the mGluRs might have pro-oncogenic properties showing
causal relationship between their expression and tumor
development. Additionally, the presence of abnormal
expression or mutated forms of GluR subunits might support
cancer development and progression. In the clinical settings
the expression of GluRs seems to correlate with histological
differentiation, clinical tumor staging, presence of metastases
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and/or overall patient survival rate. In conclusion, GluRs and
their intracellular signaling pathways represent promising
targets for therapeutic intervention.

623
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The frequent development of cellular resistance to cisplatin
in cancer patients is a serious limitation for clinical drug
therapy. However, cisplatin resistance is incompletely
understood. We have shown that cisplatin-resistant A2780
ovarian cancer cells (A2780cis) can efficiently be eliminated
by liposomal cisplatin, which displays similar cytotoxicity
towards both A2780 and A2780cis cells. This may, at least
in part, be related to a higher intracellular accumulation of
the drug within the resistant cells after liposomal entry.
However, the superior cytotoxicity of the liposomal drug was
not reflected by DNA platination (1). This suggests a more
complex mode of action of liposomal cisplatin, likely by
affecting different signaling pathways. The aim of our study
was to gain insight into liposomal cisplatin activity, as well
as chemoresistance and its pathways. Cisplatin liposomes
were prepared with a POPC/Chol/m-PEG-PE (6.5/3/0.5)
lipid composition by hydration technique. A whole-genome
gene expression analysis was performed using an Agilent
Microarray Scanner; data were processed by GeneGO for
A2780cis cells, untreated or treated with half minimal
inhibitory concentration (IC50) of free and liposomal
cisplatin. Liposomal cisplatin did not affect the transporter
expression pattern of A2780cis cells and, thus, did not
directly influence intracellular drug levels. However, gene
array analysis displayed strong differences in the functional
networks affected by free and liposomal cisplatin. P53 was
identified as a key factor directing differences in the
apoptotic processes. While free cisplatin induced the intrinsic
pathway of apoptosis, liposomal cisplatin induced expression
of genes from DNA damage pathways and of the extrinsic
pathway of apoptosis. These predictions from gene
expression data were confirmed at the protein level using an
apoptosis antibody-array kit. Furthermore, the findings were
underlined at the function level by detecting cytotoxicity in

MTT-assays when testing the activity of free or liposomal
cisplatin in combination with Caspase-3, -8 and -9 inhibitors.
This sheds new light on liposomal drug carrier approaches
in cancer and suggests liposomal cisplatin as promising
strategy for the treatment of cisplatin-resistant ovarian
carcinoma.
1 Krieger ML, Eckstein N, Schneider V, Koch M, Royer HD,
Jaehde U and Bendas G: Overcoming cisplatin resistance of
ovarian cancer cells by targeted liposomes in vitro. Int J
Pharm 389: 10-17, 2010.
2 Stölting DP, Borrmann M, Koch M, Wiese M, Royer HD
and Bendas G: How liposomal Cisplatin overcomes chemoresistance in ovarian tumour cells. Anticancer Res 34: 525530, 2014.
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With next-generation prostate cancer (PC) drugs new
treatment options are available. However, advanced PC
therapies appear restricted by primary and secondary
resistances, as well as by mechanisms of cross resistance.
The current understanding of the biochemical mode of
action of these drugs is still limited and usage in
combinatorial or sequential combinations remains unsolved.
Here, we established an in vitro chemotherapy model system
utilizing well-established PC cell lines, which reflect various
characteristics according to cellular and molecular tumor
progression. A pivotal factor behind resistance machineries
in advanced PC is the small heat-shock protein HSP27.
Functional characterization of the protein showed
differential regulation in the presence of anticancer drugs.
Interestingly, the cytoprotective properties of HSP27
depended on a rapid phosphorylation within the first hours
of drug addition in all three regulatory phosphorylation
sites,
which
was
immediately
followed
by
dephosphorylation.
Furthermore,
permanently
phosphorylated HSP27 was associated with attenuated
cytoprotection, strongly supporting the view that rapid but
short-termed phosphorylation of HSP27 is an important step
in HSP27-driven initiation of chemoresistance. Notably, we
found evidence that HSP27 functionality was linked to
suppression of the microRNA miR-1, which, for the first
time, provides evidence that a heat-shock protein operates
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as a regulator of microRNA expression. HSP27-dependent
suppression of the anti-proliferative miR-1 restored the
expression of proliferative and oncogenic factors, e.g.
androgen receptor and transforming growth factor β
cascades, thereby counteracting the anticancer mechanisms
of drugs. Taken together, in PC cells HSP27 has a crucial
role in tumor-specific and therapy-induced cytoprotection
enabling tumor growth in the setting of hormonal ablation
and cytostatic therapy. Beyond that, inhibition of HSP27specific anticancer pathways could facilitate PC therapy and
may prevent chemoresistance.
625
RESISTANCE TO UV-INDUCED APOPTOSIS
BY BETA HPV5 E6 INVOLVES TARGETING
OF ACTIVATED BAK FOR PROTEOLYSIS
BY RECRUITMENT OF THE HERC1
UBIQUITIN LIGASE

Amy Holloway, Mark Simmonds, Abul Azad, Joanna Fox
and Alan Storey

Department of Oncology, Weatherall Institute of Molecular
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Introduction: Beta-type human papillomaviruses (HPVs)
may act as co-factors with UV in the development of nonmelanoma skin cancer. These HPV types inhibit UVinduced apoptosis, in part through the induced proteolysis
of the mitochondrial apoptotic effector protein BAK.
Survival of UV-damaged cells may lead to tumourigenesis.
BAK activation is complex, the protein undergoing several
dephosphorylation events, coupled to conformational
changes, which lead ultimately to BAK multimerization
and pore formation that releases apoptotic factors from
mitochondria. How cutaneous E6 proteins target cellular
substrates is poorly understood, but BAK proteolysis by
HPV5 E6 is known to be independent of E6-AP activity.
Results: We have investigated how HPV5 E6 targets BAK
for proteolysis. We determined the stage of BAK activation
targeted by E6, then used a functional siRNA screen to
identify a HECT domain E3 ligase involved in E6 targeting
of BAK and inhibition of apoptotic cell death. A
mutational analysis identified the lysine residue of BAK
required for E6-mediated degradation. PLISA analysis
showed BAK interacted with the ligase only in E6 cells
following DNA damage by UV. Further, the identification
of a putative BH3 motif in the ligase points to a mode of
interaction between the ligase and a critical hydrophopbic
pocket on BAK that is required for BAK multimerization.
Conclusion: HPV5 E6 uses a novel E3 ligase to target
BAK for proteolysis to promote cell survival following UV
damage. E6 did not target BAK in undamaged cells, but
following UV damage, targeted the latter stages of BAK
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activation prior to multimerization and mitochondrial
permeabilization. This detailed molecular analysis has
uncovered a novel unique molecular mechanism dependent
on the activation status of BAK that not only helps to
explain how E6 can target subsets of BAK molecules
following an apoptotic stimulus, but also provides new
interventional opportunities to restore apoptosis to HPVinfected cells.
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RESISTANCE TO CHEMOTHERAPEUTIC
AGENTS IN CANCER CELLS
Joanna Fox and Alan Storey
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Introduction: The ability of cytotoxic chemotherapeutic
agents to induce apoptosis, predominantly via the
mitochondrial (intrinsic) apoptotic pathway, determines the
sensitivity of a given cancer to treatment. Commitment to
apoptosis via this pathway is regulated by the BCL-2
family, which integrate numerous and diverse signals
generated by various death stimuli that converge at a nodal
point at the mitochondria resulting in activation of proapoptotic protein BAK, and initiation of the apoptotic
cascade. Regulation of BAK activation is therefore a
crucial event and is subject to tight regulation. Results: We
identify the tyrosine kinase BMX as a potent and direct
negative regulator of BAK function. We find that BMX
associates with BAK in undamaged cells, and that ectopic
expression of BMX maintains BAK in an inactive state in
cells treated with cytotoxic agents through phosphorylation
of a key residue critical for the initiation of BAK
activation. Elevated BMX expression is associated with
increased resistance to apoptosis and decreased patient
survival. Accordingly, BMX expression was elevated in
prostate, breast and colon cancers when compared to
normal tissue and cell lines, including triple-negative
breast cancer cells that are refractory to current treatments,
for which BMX over-expression may act as a novel
biomarker. Consistent with this function, selective
inhibition of BMX with RNAi resulted in a potentiation of
BAK activation rendering cells hypersensitive to killing by
otherwise sub-lethal doses of clinically important cytotoxic
agents. Conclusion: The discovery that BMX directly
inhibits a core component of the apoptotic executioner
machinery opens up more widespread opportunities for
improving the efficacy of existing chemotherapy by
reducing the cell survival thresholds through potentiation
of BAK-driven cell death.
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Colorectal and prostate cancers are leading causes of cancerrelated death. Mutation of tumor suppressor genes, protooncogenes, DNA repair genes, growth factors and their
receptor genes, apoptosis-related genes and cell cycle
checkpoint genes are involved in tumor initiation and
progression. An important factor that plays a regulatory role
in the differentiation and death of intestinal epithelial cells is
the peroxisome proliferator-activated receptor gamma
(PPARγ). It is a member of the nuclear receptor superfamily
of ligand activated transcriptional factors and is significantly
expressed in colonic epithelial cells. This receptor exhibits
anti-inflammatory and anticarcinogenic effects. Regulation of
the PPARγ signaling pathway in association with other
molecular targets might enhance the usefulness of the effects
induced by chemical or biological agents acting through this
nuclear receptor. Our research was focused on the mechanisms
of the effects of platinum-based cytostatics (cisplatin and
oxaliplatin), PPARγ ligands (rosiglitazone and ciglitazone) and
their combinations at molecular or cellular levels. Oxaliplatin
is a commonly used chemotherapeutic in the treatment of solid
tumors. It acts by impairing DNA replication and induces
cellular apoptosis, but cancer cells become often resistant to
its effects. Using human colon and prostate cancer cell lines,
as well as samples obtained from cancer patients, we showed
that PPARγ ligand and oxaliplatin decreased proliferation of
both human colon and prostate cancer cells. Moreover, their
combination arrested cell cycle, enhanced apoptosis and
increased DNA damage protein expression more effectively
than the compounds used alone. In addition, the combination
more successfully induced anti-proliferative effects in colon
cancer with acquired resistance to oxaliplatin than isolated
oxaliplatin treatment. Recently, we proved that MDM proteins

are particularly involved in these effects. Our results
documented the therapeutic potential of oxaliplatin and
PPARγ ligand combination and bring new knowledge of their
molecular mechanisms of action in prostate and colon cancer
cells.
Supported by grants NT 11201-5/2010, 13-09766S,
CZ.1.05/1.1.00/02.0123,
CZ.1.07/2.4.00/31.0155
and
MUNI/A/ 0927/2013.
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POLYMER DONORS OF NITRIC
OXIDE FOR ENHANCED ACCUMULATION
OF ANTICANCER AGENT IN THE SOLID
TUMOR MICROENVIRONMENT
Martin Studenovský1, Milada Šírová2,
Blanka Říhová2 and Karel Ulbrich1
1Institute

of Macromolecular Chemistry, Academy of
Sciences of the Czech Republic, Heyrovský Sq. 2, 16206
Prague 6, Czech Republic
2Institute of Microbiology, Academy of Sciences of the
Czech Republic, Vídeňská 1083, 14220 Prague 4, Czech
Republic

Although current state of cancer therapy enables complete
cure for fifty percent of patients in average, there are still
many obstacles that have to be overcome in order to further
improve the overall outcome. Among them, there is a fact that
only those tumors bigger than approximately 3 mm in
diameter develop their vasculature to that extent sufficient for
exhibition of so-called EPR effect. This structural anomaly is
characterized by preferential accumulation of macromolecules
and is, therefore, a powerful tool for targeted cancer therapy
or diagnosis based on macromolecular agents. This
contribution describes design, syntheses and in vitro
biological evaluation of polymer donors of nitric oxide as
tumor-targeted vasodilators, intensifying the EPR effect and
thus making the co-administered macromolecular
cancerostatics or diagnostics more effective towards solid
tumors, potentially including small tumor focuses (e.g.
metastases). A series of N-(2-hydroxypropyl)methacrylamide
(HPMA) - based conjugates of nitroesters were prepared and
their nitric oxide (NO) release rate was determined in
different cancer cell lines. All conjugates exhibited ability to
produce NO comparable with nitroglycerin which is
considered to be a “gold standard” among vasodilators. On
the basis of these encouraging results, the conjugates will be
investigated in vivo where their potency to enhance EPR
effect and thus improve the outcome of the therapy will be
evaluated using murine experimental tumor model. These
experiments are now under preparation.
This project is supported by the Grant Agency of the Czech
Republic (grant No. 14-12742S).
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TANSHINONE IIA COULD INHIBIT GASTRIC
CARCINOMA AGS CELLS THROUGH INCREASING
P-P38, P-JNK AND P53 BUT DECREASING P-ERK,
CDC2 AND CYCLIN B1 EXPRESSION
C.C. Su

Tumor Research Center of Integrative Medicine,
Comprehensive Breast Cancer Center, Department of
Surgery, Changhua Christian Hospital, Changhua City,
Taiwan, ROC

Tanshinone IIA (Tan-IIA) possesses anti-tumor activity in a
variety of human cancer cells. It is extracted from Danshen
(Salviae Miltiorrhizae Radix), can induce apoptosis and inhibit
the proliferation of gastric cancer. However, the molecular
mechanisms for Tan-IIA to inhibit gastric cancer. In the
present study we evaluated the cytotoxicity of Tan-IIA in
human gastric cancer AGS cells by MTT assay. The protein
expressions of TNF-α, Fas, P53, P21, cyclin A, cyclin B1,
ERK, p-ERK, p-38, p-p38, JNK, p-JNK and β-actin in AGS
cells were measured by western blotting. The cell cycle was
analyzed by flow cytometry. The results showed that Tan-IIA
could inhibit AGS cells in a time and dose dependent manner.
AGS cells treated with Tan-IIA could up regulate the protein
expression of TNF-α, Fas, p-p38, p-JNK, P-53, P-21, Caspase
8 and Caspase 3 but decrease p-ERK, Cdc-2, cyclin A, cyclin
B1. The results also showed that Tan-IIA could induce dose
dependent G2/M phase arrest. These findings demonstrate that
Tan-IIA could inhibit human gastric cancer AGS cells; one of
the molecular mechanisms may be through increasing the
protein expression of p-p38 and P-JNK, but decreasing p-ERK
to induce the activation of p53, followed by increasing the
protein expression of p21 to down-regulate Cdc2 and cyclin
B1 expression and then to induce G2/M phase arrest. An other
pathway may involve increasing the protein expression of
TNF-α, Fas, Caspase-8 and Caspase-3 to induce apoptosis.
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CYCLOOXYGENASE 2 GENOTYPES AND THEIR
ASSOCIATION WITH PROSTATE CANCER RISK
AMONG JAPANESE POPULATIONS
Satoru Sugie, Hiromasa Tsukino,
Shoichiro Mukai and Toshiyuki Kamoto

Departments of Urology, Faculty of Medicine, University of
Miyazaki, Kiyotake-cho Miyazaki, Japan

Abstract. Aim: To evaluate the relationship between the
cyclooxygenase 2 (COX2) G1195A (rs689465) polymorphism
and the risk of prostate cancer in a Japanese population and the
associations
between
COX2
polymorphisms
and
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clinicopathological characteristics, including Gleason grade and
prostate-specific antigen (PSA) grade. Materials and Methods:
We recruited 134 patients with prostate cancer and 86 healthy
controls matched for age and smoking status. The COX2
G1195A polymorphism status was determined by polymerase
chain reaction and restriction fragment-length polymorphism
analysis. Results: Genotype distributions (p=0.028) and allelic
frequencies (p=0.014) differed significantly between prostate
cancer and control groups in terms of the COX2 G1195A
polymorphism (Pearson’s χ2 test). Logistic regression analysis
of case and control outcomes showed an odds ratio between
the GG and AA genotypes of 3.15 (95% confidence interval
(CI)=1.27–8.08, p=0.014), indicating an increased risk of
prostate cancer associated with the AA genotype. Subset
analysis revealed no significant associations between this
polymorphism and clinicopathological characteristics of
prostate cancer. Conclusion: This study demonstrated a
relationship between the COX2 G1195A variant and prostate
cancer risk. This polymorphism may merit further investigation
as a potential genomic marker for the early detection of
prostate cancer. Our results support the hypothesis that
rs689465 influences susceptibility to prostate cancer; however,
prostate cancer progression was not associated with rs689465
in a Japanese population.
Introduction: Prostate cancer is one of the most common types
of cancer and is the sixth leading cause of cancer-related deaths
among Japanese men (1). A strong association exists between
states of chronic inflammation and cancer and it is believed that
mediators of inflammation may be responsible for this
phenomenon (2). Several studies showed that COX2 is
overexpressed in prostate cancer tissue compared with benign
tissue from the same patient, while in vitro COX2
overexpression inhibits apoptosis and induces tumor
angiogenesis (3). Emerging evidence for a role for COX2 in
carcinogenesis prompted us to investigate the relationship
between different alleles of this gene and prostate cancer. We
therefore aimed to determine the genotypic frequency of the
COX2 G1195A polymorphism and its association with prostate
cancer susceptibility. We also analyzed the relationship
between COX2 polymorphisms and clinicopathological
characteristics, such as the Gleason grade and prostate-specific
antigen (PSA) grade. To the best of our knowledge, this is the
first study to evaluate the contribution of COX2 polymorphisms
to prostate oncology in a Japanese population.
Materials and Methods: Study participants. The study consisted
of a total of 220 Japanese men, including 134 histologically
confirmed cases of prostate cancer and 86 healthy age-,
ethnicity- and smoking status-matched controls. The patients
with prostate cancer were treated at the Department of Urology,
Miyazaki Medical University Hospital (Miyazaki, Japan) and
its related hospitals between August 2011 and October 2012.
Tumor grade was evaluated using the Gleason scoring system.
Controls were selected randomly from healthy individuals with
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no history of prostate cancer or any other cancers. All controls
received a PSA test to detect occult prostate cancer. Assessment
of smoking status. Participants were asked about their smoking
status and were classified as “smokers” or “non-smokers”.
Those who had never smoked or had smoked only a few packs
of cigarettes during their lifetime were defined as non-smokers.
Those who had smoked cigarettes regularly for more than 20
years were defined as smokers. COX2 genotyping. COX2
G1195A genotypes were determined using the polymerase
chain reaction (PCR)-based restriction fragment-length polymorphism assay, as described previously (4, 5).
Statistical analysis: The significance of differences in COX2
G1195A genotypes between cases and controls was
determined by the Pearson’s χ2 test. Probability values <0.05
were regarded as statistically significant. Odds ratios (ORs)
and 95% confidence intervals (CIs) for prostate cancer were
calculated by multivariate logistic regression analysis after
adjusting for several confounding variables, such as age and
smoking status.
Results: Clinicopathological features are shown in Table I. The
mean age of cases and controls was 68.3±7.4 (range, 61–75)
years and 66.9±8.3 (range, 59–75) years, respectively. There
were no significant differences between prostate cancer cases
and controls in terms of mean age distribution (p=0.21, not
significant (NS)) or relative frequencies of smokers and nonsmokers (p=0.24, NS). COX2 G1195A genotypic and allelic
frequencies are shown in Table II. The genotype and allele
frequencies were in Hardy-Weinberg equilibrium. Genotypic
distributions (p=0.028) and allelic frequencies (p=0.014)
differed significantly between prostate cancer and control
groups in terms of the COX2 G1195A polymorphisms. The
frequency of A allele carriers was higher in cases than in
controls. Logistic regression analysis of outcomes (adjusted
for age at diagnosis and smoking status) showed that the AA
genotype was associated with increased susceptibility to
prostate cancer (OR=3.15, 95% CI=1.27–8.08, p=0.014).
Subset analysis to investigate possible associations between
COX2 polymorphisms and clinicopathological characteristics,
such as Gleason grade and PSA grade, revealed no significant
associations.
Discussion: We consider COX2 located in the HPC1 region
1q25 (6) to be of particular interest in the search for prostate
cancer susceptibility genes. COX2 is inducible by a variety of
factors such as cytokines, growth factors and tumor promoters
and is highly expressed in several human cancers and cancer
cell lines, including prostate cancer (7). Recently, several
studies demonstrated that COX2 variants were associated with
the risk of prostate cancer (8-10). In a Swedish population,
two COX2 variants, C3100T (rs689470) and C8365 T
(rs2043), were associated with a reduced risk of prostate
cancer (8). Later, Wu et al. reported that the G allele of the
COX2 promoter G765C appears to be associated with prostate
cancer development and may be a useful biomarker for its

Table I. Clinicopathological features.
Age, years mean±SD
Smoking status n (%)
Non smoker
smoker
PSA (ng/ml) mean±SD
PSA grade n (%)
Low<10
Intermediate≤10-<20.0
High≥20
Gleason grade n (%)
Low≤6
Intermediate=7
High≥8
Total

Cases

68.3±7.4

Controls

66.9±8.3

p-Value

0.21 (NS)
0.24 (NS)

64 (47.8) 48 (55.8)
70 (52.2) 38 (44.2)
22.8±18.2 2.5±0.9 <0.001

46 (34%)
28 (21%)
60 (45%)

29 (22%)
42 (31%)
63 (47%)
134

86

NS: Not significant, PSA: Prostate specific antigen. 1Based
on Student’s t-test.
Table II. Distribution of COX2 G1195A (rs689465)
polymorphism among patients with prostate cancer and
controls.
Genotype
Cases, n (%) Controls, n (%) Total
(G1195A; rs689465)

GG
Ga
AA

Total

21 (15.7)
61 (45.5)
52 (38.8)
134

*Based on Pearson’s χ2 test. p=0.028.

20 (23.2)
47 (54.7)
19 (22.1)
86

41
108
71

220

early detection (9). In summary, our results are the first to
indicate that prostate cancer susceptibility and risk are
influenced by a common COX2 genetic polymorphism, with
the COX2 G1195A A allele shown to increase the risk of
developing prostate cancer. They are also the first to suggest
that the COX2 G1195A polymorphism plays an important role
in prostate cancer susceptibility in the Japanese population.
The polymorphism also merits further study as a potential
genomic marker for the early detection of prostate cancer. Also
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, commonly known as statins, have been
hypothesized to be anti-inflammatory in some studies and
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function synergistically with drugs containing COX-2 activity
such as aspirin and nonsteroidal anti-inflammatory drugs
(NSAID) (11, 12). Therefore, statins may prevent the prostate
cancer susceptibility in the group of A variant in particular.
More sophisticated gene-gene and gene-environment
interactions, such as the effects of environmental exposure to
specific carcinogens, together with genotype-phenotype
correlations should also be investigated in future studies.
No conflicts of interest exist.
1 Committee for Establishment of the Guidelines on
Screening for Prostate Cancer. Japanese Urological
Association: Updated Japanese Urological Association
Guidelines on prostate-specific antigen-based screening for
prostate cancer in 2010. Int J Urol 17(10): 830-838, 2010.
2 Shacter E and Weitzman SA: Chronic inflammation and
cancer. Oncology. 16: 217-226, 2002.
3 Dubois RN, Abramson SB, Crofford L, Gupta RA, Simon
LS, Van De Putte LB and Lipsky PE: Cyclooxygenase in
biology and disease. FASEB J 12: 1063-1073, 1998.
4 Bau DT, Tsai MH, Huang CY, Lee CC, Tseng HC, Lo YL,
Tsai Y and Tsai FJ: Relationship between polymorphisms
of nucleotide excision repair genes and oral cancer risk in
Taiwan: evidence for modification of smoking habit.
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5 Chang CH, Wang RF, Tsai RY, Wu HC, Wang CH, Tsai
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BIONANOTECHNOLOGY AND NOVEL
TARGETED DRUG DELIVERY SYSTEMS
Atif Syed

Institute for Integrated Micro and Nano Systems,
The University of Edinburgh, Edinburgh, UK
(a.syed@ed.ac.uk)

Over the past few years, targeted drug delivery has been
researched and developed across the world. Targeted drug
delivery is where the medicine is engineered to behave in a
specific manner and is administered only to the area which
requires it. Conventional drugs are sent through the
bloodstream and they are distributed throughout the human
body. This leads to various complications and unnecessarily
adverse effects to other parts of the body that do not require
the drug. Chemotherapy and radiotherapy aim to destroy
cancerous cells/malignant tumors but in the process also
destroy many healthy cells leading to a weakened body raging
with multiple side effects. Current treatments do not guarantee
completely effective treatment and this calls for more
efficacious alternatives: the development of targeted drug
delivery. Nanject, a novel pharmaceutical drug delivery patch,
looks like any other transdermal patch with thousands of tiny
microscopic nano-needles synthesized and chemically grown.
These nano-needles will be coated with special superparamagnetic iron-oxide nanoparticles (SPIONs). The SPIONs
are coated with albumins (to make it biocompatible) and
different types of antigens and antibodies, which are then used
to tag specific cancer cells. The size of these nano-needles is
100,000x times thinner than a human hair, which allows them
to penetrate through areas that were previously unreachable.
In this talk, we will provide an overview of Nanject and
discuss current solutions and research in targeted drug delivery
systems. There will also be focus on how bionanotechnology
and engineered approaches can potentially help us explore
new methods of drug delivery and clinical oncology
treatments.
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A NON-INVASIVE DIAGNOSIS OF GASTRIC
CANCER (GC) PRECURSORS (HELICOBACTER
PYLORI INFECTION AND ATROPHIC GASTRITIS)
BY AN ELISA-TEST (GASTROPANEL®) MEASURING
4 STOMACH-SPECIFIC BIOMARKERS IN THE
BLOOD. THE FIRST-LINE DIAGNOSTIC TOOL
OF DYSPEPTIC PATIENTS AND FOR
SCREENING OF THE RISK GROUPS OF GC
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K.J. Syrjänen

Biohit Oyj, Helsinki, Finland;
Barretos Cancer Hospital, Barretos-SP, Brazil

Background: It is estimated that 50% of all gastric cancer
(GC) cases develop through the “Correa cascade”, progressing
from Helicobacter pylori (HP)-associated gastritis to mucosal
atrophy, intestinal metaplasia (IM), dysplasia, to invasive
adenocarcinoma. The concept on atrophic gastritis (AG) and
IM as precancerous conditions is based on long-term
prospective cohort studies, demonstrating that the risk of GC
is significantly increased among patients with AG, which is
currently considered as the single most powerful independent
risk factor of GC. Gastroscopy with biopsies is the timehonored method to diagnose and grade these gastric precancer
lesions, recently re-classified by WHO as intraepithelial
neoplasia (IEN), to circumvent the unsatisfactory inter-rater
agreement of previous classifications using the dysplasia
(mild, moderate, severe) concept. Recently an ELISA-based
assay (GastroPanel®)(GP) was designed (Biohit Oyj, Helsinki)
to measure the serum concentrations of four stomach-specific
biomarkers: pepsinogen I (PGI) and II (PGII), gastrin-17 (G17) and HP IgG antibodies (IgG-HP), making it the first noninvasive diagnostic tool for detection of the subjects at risk for
GC. Thus, capable of accurately detecting both AG and HPinfection, GP examination provides possibilities for an early
detection of the patients at risk for GC and peptic ulcer,
respectively. Similarly as long-term PPI medication, AG in the
gastric corpus results in an aclorhydric (anacidic) stomach,
regularly accompanied by malabsorption of vitamin B12, iron,
magnesium, calcium and some drugs, with potentially serious
sequels: calcium deficiency causes osteoporosis, and vitamin
B12 deficiency may cause Alzheimer’s disease, dementia,
depression and polyneuropathy, as well as high homocysteine
content in the body. The latter in turn is thought to be an
independent risk factor for atherosclerosis, heart attacks and
strokes. Study Designs: Clinical studies have been designed to
assess the performance of GP test in detecting the surrogate
intermediate endpoints of GC, i.e., H. pylori infection and AG.
Currently, two standard study protocols are freely available,
one for the clinical setting with gastroscopy-referral patients,
and another one for population-based screening of the subjects
at
increased
risk
for
gastric
cancer
(http://
www.biohithealthcare.com/fi/tutkimus/tutkimussuunnitelmia).
GP Clinical Trial: A cohort of (n=?) patients (45 years and
older, both genders) for the cohort are enrolled among the
patients referred for gastroscopy at Hospital X. The GP test
contains four biomarkers specific for the gastric mucosa: 1)
Pepsinogen I (P-PGI), 2) Pepsinogen II (P-PGII), 3) Gastrin17 (P-G-17) and 4) H. pylori antibody (P-HpAb). All four
ELISA tests will be done in the clinical laboratory of Hospital
X. At the same visit, all patients are subjected to gastroscopic

examination, with directed biopsies from the antrum and
corpus, following the protocol of the Updated Sydney System
(USS). Biopsies are examined at the Pathology laboratory of
Hospital X, and interpreted using the USS for classification of
gastritis. Statistical analyses include calculation of the
performance indicators of the GP test for individual study
endpoints, including ROC analysis for cut-off values that give
the optimal sensitivity/specificity balance. GP Screening: A
cohort of 1000 (minimum) patients (45 years and older, both
genders) will be enrolled among randomly selected patients
attending the Hospital X, with any indication, other than
gastroscopy referral patients. Primarily, only the patients
testing positive with the GP test will be subjected to
gastroscopic examination, with directed biopsies from the
antrum and corpus, following the protocol of the Updated
Sydney System (USS). To correct for the verification bias, a
random sample of 5% of the subjects testing negative with the
GP test, will be invited for gastroscopy. Statistical analyses
include calculation of the performance indicators of the GP
test for individual study endpoints, including ROC analysis for
cut-off values that give the optimal sensitivity/specificity
balance. Specific Aims: The single most important goal in both
study designs is to establish the performance indicators for the
GP test in detecting the intermediate surrogate endpoints of
GC. These study endpoints include the following: i) atrophic
gastritis in the antrum, ii) atrophic gastritis in the corpus, and
iii) atrophic gastritis in both antrum and corpus (=atrophic
pangastritis). For all these endpoints, test performance
indicators: sensitivity (SE), specificity (SP), negative
predictive value (NPV), positive predictive value (PPV) and
AUC (area under ROC curve) are calculated. ROC analysis
can be used to estimate the best SE/SP balance for each single
marker against each different endpoint. In the clinical setting
with 100% biopsy-confirmation devoid of any verification
bias, it is also possible to assess: 1) the rate of unnecessary
referrals for gastroscopy (false positive rate; 1-PPV) following
a positive GP test; 2) the rate of gastroscopies to be avoided
after a negative GP examination (true negative rate; NPV), and
3) the rate of clinically significant diseases (conditions) that
are missed by the GP test (i.e., false negative rate; 1-SE). In
the screening setting, where only a minor fraction (test
positives +random 5% of test-negatives) are subject to
examination by the gold standard (gastroscopy), the results
must be corrected for the verification bias. Cut-off values of
GP test established in gastroscopy-referral patients: Based on
several thousand samples derived from Finnish population
examined by GP testing (with different indications), validated
cut-off values for the 4 biomarkers have been well established.
Accordingly, the normal range of P-PGI falls within 30-160
μg/l, that of P-PGII between 3-15μg/l, Gastrin-17 (basal
secretion) is <7pmol/l, G-17 (stimulated) 3-30 pmol/l, and H.
pylori antibody (P-HpAb) should be <30 EIU. Importantly, the
serum levels of all 4 biomarkers reflect the function of
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stomach mucosa, which, by definition is closely related to
mucosal structure. Because of their confinement with specific
cell types in gastric mucosa, any disturbance in mucosal
structure closely parallels with the serum levels of these
biomarkers. Based on these established cut-off values, GP test
results (interpreted by GastroSoft software) are classified into
one of the following five categories: 1) healthy stomach, 2)
HP-infection, 3) atrophic gastritis (AG) of the antrum, 4) AG
of the corpus, and 5) AG of both antrum and corpus
(pangastritis). When all 4 biomarkers are normal, stomach
mucosa is structurally healthy and shows a normal function.
When only the H. pylori Ab titres are elevated but all other
markers remain normal, the condition is known as superficial
(HP) gastritis. In AG of the antrum, HP Ab titre is elevated
and antrum-specific (G cells) G-17 levels are decreased below
the threshold. This applies to stimulated G-17 as well, which
fails to increase because of the specific G cells are disappeared
due to mucosal atrophy of the antrum. In AG of the corpus,
the specific chief cells secreting PGI and PGII gradually
decrease in number and finally disappear, resulting in
gradually decreasing serum levels of PGI and PGII. The same
applies to PGI/PGII ratio, which is another useful indicator of
atrophic gastritis in the corpus. In the most severe condition,
mucosal atrophy affects both the antrum and corpus - a
condition known as pangastritis- characterized by low levels
of both the antrum- and corpus-specific markers, while HP Ab
titres can be normal or elevated. Such a condition has 90-fold
increased risk of future development of GC. Using the above
cut-off values, the performance indicators of GP test in the
reference material collected from 5 hospitals in Finland (mean
age of 57.5 ±14.6 (SD) years), are as follows: Using the
moderate/severe AG of the corpus as an endpoint, PGI shows
ROC=0.970 (95%CI 0.945-0.996), with SE=85.7% (71.5%94.6%), SP= 98.1% (96%-99.2%), PPV=83.7% (69.3%93.2%), and NPV=98.3% (96.4%-99.4%). For PGI/PGII ratio,
the indicators are only slightly inferior. GP test in hospitalbased screening: Several studies are ongoing, where GP test
is being evaluated in a screening setting based on hospital
patients, including a recently reported cohort of 835 subjects
in Kazakhstan (median age 46.8 years; range 13.6-74.8)(1).
The distribution of the five GP categories was identical in both
sexes (p=0.259). Healthy stomach was detected in only 196
(23.5%) subjects, whereas the vast majority, 62.3% (n=519)
had HP-infection (with no AG). In 118 (14.1%) subjects,
results were consistent with AG; in antrum (n=72), corpus
(n=42) or pangastritis (n=4). Prevalence of AG increased with
the patient’s age in both sexes. There was no age-related
pattern in biomarker levels, and only slight differences
between the genders. It was concluded that while capable of
detecting the subjects at risk for GC (HP or AG), GP should
be the cost-effective means to intervene the current ominous
trend in GC incidence in this country. Conclusion:
GastroPanel is recommended by an authoritative panel of
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leading gastroenterologists (2) for diagnosis of stomach health
and disease in two primary indications: 1) in the first-line
diagnosis of all subjects with dyspeptic symptoms, and 2) in
screening of the risk groups of gastric cancer. In both
indications, GP test accurately detects the two most important
risk conditions for GC: HP-infection and AG. HP infection is
a curable disease, whereas AG is not. Due to malabsorption
through an atrophic stomach mucosa, AG is associated with
several clinically important sequels, which, however are
preventable by early diagnosis by the GP test.
1. Benberin V, Bektayeva R, Karabayeva R, Lebedev A,
Akemeyeva K, Paloheimo L, Syrjänen K: Prevalence of H.
pylori infection and atrophic gastritis among symptomatic
and dyspeptic adults in Kazakhstan. A hospital-based
screening study using a panel of serum biomarkers.
Anticancer Res 33: 4595-4602, 2013.
2. Agréus L, Kuipers EJ, Kupcinskas L, Malfertheiner P, Di
Mario F, Leja M, Mahachai V, Yaron N, van Oijen M, Perez
Perez G, Rugge M, Ronkainen J, Salaspuro M, Sipponen P,
Sugano K, Sung J: Rationale in diagnosis and screening of
atrophic gastritis with stomach-specific plasma biomarkers.
Scand J Gastroenterol 47: 136-147, 2012.
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NATURAL HISTORY OF HPV IN HEAD AND
NECK REGION- WHERE ARE WE NOW?
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Background: Human papillomaviruses (HPV) are major
oncogenic viruses to human. Currently, 169 HPV types have
been characterized at the genome level belonging either to
alpha-, beta- or gamma papillomaviruses. Most of the HPVs
causing mucosal infections belong to alpha papillomaviruses,
of which nearly 20 are so-called high risk HPV types
associated with premalignant and malignant lesions of the
epithelia. The most intensively studied area has been the
association between HPV and cervical cancer. From the
natural history studies we have learn that HPV infection is
mandatory but not sufficient to cause cancer alone as other
risk factors are also needed, such as multiple sexual partners,
early age of sexual activity, other infections and smoking.
Already in the early 80’s we provided the first evidence on
HPV as an etiological factor in a subgroup of head and neck
cancers, which has now been approved by the International
Agency of Research of Cancer (IARC) particularly for the
cancers of tonsils and the base of the tongue. The association
between HPV and oral cancer has been more controversial.
Until now, a total of 6,238 oral carcinoma (OSCC) samples
have been analyzed for HPV DNA and 24% were shown to
be positive. The wide variation (from 0% to 100%) in the
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HPV detection rate can be explained by sampling, methods
applied, materials studies and the number of cases included
in the analysis. The two most prevalent HPV types in OSCC
are HPV 16 and 18, far exceeding the detection rate of all
the other types together. Based on meta-analysis on case and
control studies it is 4 to 5 times more likely to find HPV
DNA in oral cancer samples than in the normal mucosa. Also
the low-risk HPV types 6 and 11 and the skin type HPV 2
have been identified in OSCCs. Seropositivity of HPV16 has
been associated with increased risk of head and neck cancer
but not with cervical cancer. Human papillomavirus (HPV)
infections in adult genital area have been widely studied.
Also several studies on HPV and head and neck cancer have
been performed. As persistent high-risk HPV infection is the
key event in the progression of HPV lesions and more data
are urgently needed on asymptomatic oral HPV infections.
Currently, nearly nothing is known about the natural history
of oral HPV-infection. So far we have been the only research
group to run prospective follow-up studies on oral HPV
infection for more than 6 years, although other studies on the
same topic have been started worldwide with still a
maximum of two years follow-up. The main results of our
natural history studies on oral HPV infection in women and
men are shortly summarized below. Study designs of finnish
family HPV study. Persistent high-risk human papillomavirus
(HR-HPV) infection is the key event in the progression of
HPV lesions and more data are urgently needed on
asymptomatic oral HPV infections. The Finnish Family HPV
Study was started in 1998 to understand the dynamics of
HPV infection within regular Finnish families. We initially
followed-up 331 women (mean age, 25.5+3.4 years)
pregnant at their baseline visit, their 131 spouses (mean age,
28.8+5.0 years) and 333 newborns for 36 months.
Subsequently, the follow-up was extended to 6 years, over
50% of the cohort being compliant with that. The study
protocol includes a detail medical history and questionnaire
on sexual habits, in addition to extensive serial sampling
starting from the baseline visit before delivery, at delivery
and at month 2, 6, 12, 24, 36 and 72, including samples of
sera, saliva, placenta, breast milk and semen. We have
published several papers on genital and oral HPV infections
in this cohort, including data also on HPV serology and
lately even HPV-induced cell mediated immunity in a
subgroup of this cohort. Specific aims of the finnish family
HPV study. The most important goals in the Finnish Family
Study has been to establish the natural history of oral HPV
infection in the mothers, fathers and the children followed
from birth to the age of 6-8 years. Specifically, we were
interested to determine the HPV genotype distribution found
on oral mucosa in addition to the incidence, clearance and
persistent times and rates for each HPV-genotype identified.
Also the aims were to understand whether the risk factors of
oral HPV infections are the same as found for genital HPV

infection. Methods: Serial oral scrapings were taken from
331 women and 131 spouses at baseline and at 2-month, 6month, 12-month, 24-month, 36-month and 7-year follow-up
visits to accomplish incident, cleared and persistent HPV
infections. DNA was extracted using high salt extraction
method. HPV-genotyping was performed at each visit using
nested PCR and Multimetrix® kit (Progen, Heidelberg,
Germany), which detect 24 genotypes. Covariates of
incident, cleared and persistent oral HPV infections were
analysed using the generalised estimating equation (GEE)
and Poisson regression. Results: Oral HPV infection in the
women: In the women the following outcome patterns of oral
HPV-infections (n=326) were defined: 1) always negative
(n=143), 2) incident HPV (n=116), 3) type-specific
persistence (n=51), 4) non type-specific persistence (n=12),
5) fluctuation (n=33) and 6) clearance=transient (n=76).
Predictors of type-specific acquisition, clearance and
persistence of species 7/9 genotypes (species including
HPV16/HPV18 and their closest genotypes) were determined
by generalized estimating equation models. Oral HPVdetection in the women varied from 15% to 24% during the
follow-up. The following single-type infections were found:
HPV 6, 11, 16, 18, 45, 56, 58, 59, 66, 70. HPV 16 was the
most prevalent, followed by HPV 6, 56, 58. Multiple-type
infections with species 9 were most common, followed by
species 6, 10 and 7. Altogether, 115 baseline HPV-negative
women acquired incident oral HPV infection, while 79
women cleared their infection. The protective factors for
incident oral HPV-species 7/9 infections were 1) new
pregnancy during follow-up and 2) having the same sexual
partner during FU. The mean time to clearance for HPV 6
and 11 was shorter than that for HPV 16, 58, 59, 4.6-2.5mo
versus 18.8-37mo, respectively. Increased clearance was
related with older age and a history of atopic reactions,
whereas previous sexually transmitted disease and new
pregnancy were associated with decreased clearance. HPV
16, multiple-type infections and HPV6 persisted most
frequently with a mean time of 18-20 months. The predictors
of persistent oral HPV infection with the species 9 were
mothers being seropositive to LR-HPVs at baseline, use of
oral contraceptives, consumption of alcohol and second
pregnancy during FU. Clinical oral lesions were detected in
17% of the women, one-third of whom had persistent oral
HPV-infections. Oral HPV infection in the men (spouses):
The point prevalence of oral HPV infection in men fluctuated
from 15.1% to 31.1% during the follow-up period. In total,
17 different HPV genotypes were found. Oral HPV
infections in men were associated with the number of sexual
partners (p=0.047; 95% CI 0.041-0.052). Genotype-specific
HPV persistence was detected in 18/129 men with mean
persistence time ranging from 6.0 to 30.7 months. History of
genital warts decreased (p=0.0001; OR=0.41, 95% CI 0.330.51) and smoking increased (p=0.033, OR=1.92, 95% CI
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1.05-3.50) the risk of persistent species 7/9 HPV infections.
Of the 74 HPV-positive men, 71.6% cleared their infection
actuarial and crude clearance times, varying between 1.4 and
79.6 months. No independent predictors were identified for
species 7/9 clearance. At the last follow-up-visit, 50.1% of
the fathers had oral mucosal changes, correlating only with
smoking (p=0.046). Conclusion: Persistent HPV infection is
mandatory but not sufficient alone for the progression of
HPV infection toward carcinoma. As HPV has now been
accepted to be the 3rd most important risk factor of head and
neck cancers after smoking and heavy alcohol use, the
natural history of oral HPV infection has to be known. This
is why we started the Finnish Family Study in 1998. The
conclusions of our main results on oral HPV infection in
women and men with seven years follow-up are as follows:
In the women, the HPV type spectrum in oral mucosa is
narrower than that reported in the genital tract. HPV16 and
HPV6 were the most common genotypes in oral HPVinfections and were also most likely to persist. Oral HPV
infection was not associated with oral sex. Use of oral
contraceptives and a second pregnancy protected against oral
HPV persistence. In women neither the presence nor the
dynamics of oral HPV DNA had any correlation with HPV
serology. In the men, oral HPV DNA carriage is common.
Also in men, HPV16 was the most prevalent genotype to
cause an incident oral HPV-infection followed by HPV 33
and HPV 82. Most of the persisting oral infections are
caused by HPV 16. Smoking increased, while previous
genital warts decreased oral HR-HPV persistence in men. No
predictors of HR-HPV clearance were disclosed. A stable
marital relationship protects against oral HPV infection in
men.
1 Syrjänen S: Human papillomaviruses in head and neck
carcinomas. N Engl J Med 356: 1993-5, 2007.
2 Louvanto K, Rautava J, Willberg J, Wideman L, Syrjänen
K, Grénman S, Syrjänen S: Genotype-specific incidence and
clearance of human papillomavirus in oral mucosa of
women: a six-year follow-up study.PLoS One 8: e53413,
2013.
3 Rautava J, Willberg J, Louvanto K, Wideman L, Syrjänen
K, Grénman S, Syrjänen S: Prevalence, genotype
distribution and persistence of human papillomavirus in oral
mucosa of women: a six-year follow-up study. PLoS One
7(8): e42171, 2012.
4 Kero K, Rautava J, Syrjänen K, Grenman S, Syrjänen S:
Oral mucosa as a reservoir of human papillomavirus: point
prevalence, genotype distribution, and incident infections
among males in a 7-year prospective study.Eur Urol 62(6):
1063-70, 2012.
5 Kero K, Rautava J, Syrjänen K, Willberg J, Grenman S,
Syrjänen S: Smoking increases oral HPV persistence among
men: 7-year follow-up study. Eur J Clin Microbiol Infect Dis
33: 123-33, 2014.
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A number of cellular mechanisms are responsible for the
MDR of cancer cells. The most common mechanism that
reduces the efficacy of anticancer agents is the over-expression
of ATP-binding cassette (ABC) drug transporters.
Phenothiazines and structurally-related compounds can
sensitize
multidrug-resistant
(MDR)
cells
to
chemotherapeutics. Newly developed 26 phenothiazine
derivatives were investigated regarding their anticancer and
MDR reversing effect of sensitive and MDR colon
adenocarcinoma cells. The derivatives 1a-o were obtained by
protection and Buchwald-Hartwig amination of 1, whereas
compound 2 was obtained as a byproduct of the
hydroboration-oxidation transformation of the appropriately
substituted dienylphenothiazine. Sulfoxides 3a-e and sulfones
3f-j were prepared by oxidation of the related phenothiazine
1 with m-chloroperoxybenzoic acid. All of the phenothiazines
exhibited potent cytotoxic effect on the MDR cell line;
however, they showed less cytotoxic activity on the sensitive
cell line. The MDR reversing activity of the derivatives was
investigated by the rhodamine 123 accumulation assay using
flow cytometry. The inhibition of the ABCB1 transporter was
greater in the presence of the phenothiazine derivatives than
that for the known ABCB1 inhibitor verapamil. It can be
concluded that these derivatives could be used as potential
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ABCB1 inhibitors and they may act synergistically in the
presence of anticancer drugs.
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ANALYSIS OF THE INTERACTION OF
NORMAL HUMAN FIBROBLASTS AND DIFFERENT
CANCER CELLS IN MIXED CULTURES BY
XCELLIGENCE STUDIES
Diána Szabó1, Gabriella Spengler2, József Molnár2,
Gábor Tax3, Kornélia Szabó4 and László Rovó1
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2Department of Medical Microbiology and Immunology,
University of Szeged, Szeged, Hungary;
3Department of Dermatology and Allergology, University of
Szeged, Szeged, Hungary;
4MTA-SZTE Dermatological Research Group, Szeged,
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To understand tumor progression and metastasis it is crucial to
explore the mechanisms regulating cell migration, invasion and
proliferation. Cancer cells produce a range of growth factors
and proteases that modify their stromal environment. However,
the local tumor microenvironment also contributes to the
transformed phenotype by providing specific environmental
cues that alter the cells behavior and may also promote
metastasis. Cancer-activated fibroblasts in the tumor stroma
exhibit a multifaceted role in tumor progression; they produce
chemokines, growth factors and many extracellular matrix
proteins that promote inflammation, angiogenesis and tumor
progression. Thus, they may inhibit the early stages of tumor
progression but, later, as they become more and more activated
in response to various tumor-secreted factors, can also promote
tumor growth and progression. The main aim of our model
experiment was to study the interaction between normal human
fibroblast and cancer cells. In our experiments human skin
fibroblasts, MCF-7 and colo205 cancer cells were co-cultured
and monitored in real-time using the xCELLigence system. We
found that when fibroblast and MCF-7 cells were co-cultivated
the measured impedance values were nearly the same with
those detected in the MCF-7 cell cultures, and lower than in
the fibroblast monocultures. When fibroblast and colo205 cells
were co-cultivated the impedance was nearly the same as
colo205 cells cultured alone but higher than in the fibroblast
cultures. Our data provide quantitative information on the
status of the assayed cell populations including their viability,
proliferation and cell-cell interactions.
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PROSTATE CANCER. AN OVERVIEW
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After our discovery of the apoptosis enhancing effect of
hypothalamic peptide hormones on tumor tissues and the
publication of Kiprianou et al. on programmed cell death
during regression of PC82 prostate cancer following androgen
ablation, our attention has been focused to apoptosis induced
by anti-androgen and GnRH treatment in human prostate
carcinomas. Our studies on apoptosis in prostate cancer using
repeated biopsies after hormonal therapy showed increase of
apoptosis in well-differentiated (low Gleason score) tumors.
Less differentiated (high Gleason score) tumors responded
with less or no increase of the apoptotic ratio. Low Gleason
score was accompanied by high expression of p27. Based on
our extended prospective study, decrease of Ki67/apoptosis
index upon therapy was characteristic to better outcome of the
disease and may be recommended as a predictive factor.
Repeated biopsies 1, 7 and 30 days after decapeptyl injection
revealed immediate but focal increase of apoptotic cells in
advanced prostate carcinomas, pointing to direct effect of the
GnRH analog. High apoptotic activity was observed after
GnRH analog administration to Dunning prostate tumors and
to PC3 cell cultures. The presence of the GnRH receptor in
prostate
carcinoma
cells
was
detected
using
immunohistochemistry. GnRH receptor (GnRHR) plus
androgen receptor (AR) positivity predicts a more favorable
outcome of the disease compared to both AR and GnRHR
negative cases. Failing AR expression is accompanied by
decreased methylarginine-DNA-methyltransferase (MGMT)
and increased minichromosome maintenance-2 (MCM2)
expression, with the latter appearing to be an independent
negative predictor for prostate cancer. Histological follow-up
of apoptosis, AR, GnRHR and related gene products may help
to establish rational individual therapy of prostate carcinoma.
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BACTERIAL MUTAGENICITY STUDIES ON
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Background: Bottled mineral water consumption should be a
public health issue. In the past 20 years there were significant
changes in the consumption of bottled mineral waters. In
Hungary, the relative quantity of mineral water consumption
has reached the Western-European level. The increase in
bottled water consumption involved an increase in production
of plastic bottles (PET – polyethylene-terephthalate). During
manufacturing PET bottles biodegradable materials (e.g.
formaldehyde, phthalates etc.) can be dissolved into the water,
thus PET bottles may cause potential health risk. Objective:
The aim of the study was to detect the potential toxic and
genotoxic effects of five sorts of bottled mineral water brands
from Hungary stored under different conditions (sunlight, in
total darkness, room temperature, 37˚C) and durations (1-4
months) using Salmonella/Ames bacterial mutagenicity test.
The question was whether plastic bottled water consumption
can have potential health effects or not. This study presents the
first representative mutagenicity data on bottled mineral waters
from Hungary. Results: Under different storage conditions
several statistically significant (p≤0.01) mutagenicity was found
in almost all samples typically after 1 month storage. Storage
time, storage conditions (temperature, sunlight exposure),
carbonation of water and types of bottles also resulted in
significant effects on mutagenicity of water samples. More
statistically significant mutagenicity in TA100 strains without
metabolic activation was experienced. Conclusion: Applying
sensitive statistical methods bottled waters are supposed to
have some biological, genotoxic effects.
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On behalf of the Israeli CLL Study Group
Richter’s syndrome (RS) is the rare development of an
aggressive lymphoid malignancy in a patient with pre-existing
chronic lymphocytic leukemia (CLL). Most are diffuse large
B- cell lymphoma (DLBCL), while in 10-15% of RS there is
transformation to Hodgkin lymphoma, termed “Hodgkin
variant” of RS. Data on RS is sparse and mostly derived from
case reports or small series of patients and only a few larger
cohorts have been published. The purpose of this large
retrospective study was to summarize our national experience
with RS in CLL, examine possible risk factors and analyze
relevant demographic, laboratory and clinical parameters,
including results of therapy and outcome. In this retrospective
study, we collected 119 patients with RS from 12 centers in
Israel during 1996-2010. After exclusion of cases with
incomplete data, we identified 16 cases with “Hodgkin
variant” and 81 cases with DLBCL-RS. Hodgkin variant
appears to differ from DLBCL- RS and is clinically less
aggressive. However, compared to de novo Hodgkin
lymphoma, HV-RS has a worse prognosis. After applying the
Richter score, patients with DLBCL could be stratified into 3
prognostic groups, while all other clinical and laboratory
parameters evaluated had no prognostic significance. Prior
therapy for CLL had no impact on RS survival (p=0.8) and
patients with therapy “naïve” RS and those who had already
received chemotherapy prior to developing RS had the same
survival. The median survival was 39.5 months for HV,
compared to 8 months for the cases with RS - DLBCL. The
addition of rituximab to chemotherapy for DLBCL-RS
significantly improved the overall survival by 2 years from
19% in the chemotherapy alone arm to 42% (p-value of
0.001). Although prognosis of patients with RS remains
dismal, this observation provides support for the use of
chemo-immunotherapy in DLBCL-RS.
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The final goal of epidemiological studies is the
establishment of practical prevention strategies for targeting
diseases. More than 50% of cancer is preventable by control
of the known risk factors, e.g., chronic infection, tobacco
smoke, too much alcohol intake. The current most important
targets are chronic hepatitis for hepatocellular carcinoma
due to hepatitis virus B and C (HVB & HCV), chronic
erosion for cervical cancer caused by human papilloma
virus (HPV), chronic inflammation for nasopharyngeal
cancer (NPC), lymphoma and partially stomach cancer due
to Epstein Bar virus (EBV). Furthermore, adult T-cell
leukemia/lymphoma (ATLL) by human T-cell leukemia
virus type I (HTLV-1) is also an important target in the
Japanese archipelago.
In Japan, around 1,000 new cases of ATLL with average
age of 60-70 years old are observed every year, mainly in
Southwestern Japan (Figure 1). The estimated incidence rate
and cumulative incidence rate among HTLV-1 carriers are
0.1% (>40 years) and 3-6%, respectively. Prognosis of ATLL
is still poor and its primary prevention is very important. On
the other hand, around a million of carriers of HTLV-1 are
distributed in the whole Japan, especially in ATLL endemic
areas. From the epidemiological evidences, the familial
clustering of ATLL patients and HTLV-I carriers is caused by
a natural transmission from mother to child through breast
milk. Prevention measurement of mother-to-child
transmission is most important for future prevention of ATLL
in Japan.
To establish a desirable preventive measure against motherto-child transmission of HTLV-1 through breast milk, we
conducted a prospective study to investigate the risk of HTLV1 infection among children born to HTLV-I carrier mothers in
the highly endemic area of HTLV-1 in Southwestern Kyushu,
Japan. Pregnant women were informed about the results of an
anti-HTLV-1 antibody test taken at 30 weeks and positives
were advised to stop breast feeding to prevent mother-to-child
transmission of HTLV-1. In case of non-compliance, the
alternative advice was to shorten breast feeding and stop
within 5 months (Figure 2). Following-up until more than 30
months of age, the infection rate of 2.5% and 3.9% among
bottle-feeders and short-term breast milk feeders, respectively,
while for the long-term breast feeders the rate was
approximately 20.3%. The choice of being short-term breast
fed for control of HTLV-I infection will provide a new gleam
of hope for HTLV-I carrier mothers (Figure 3).
For future prevention of ATL, the risk reduction of maternal
transmission of HTLV-1 would be effective by cessation or
short-term breastfeeding. Actually, the infection rate among
children delivered from HTLV-I carrier mothers decreased to

Figure 1. Geographical distribution of Adult T-cell Leukemia/
Lymphoma (ATLL) in Japan its morphological feature.

Figure 2. Anti-HTLV-I test in pregnant women before 30
pregnant weeks.

less than 3% after starting the eradication program. According

Figure 3. Prevention trials of HTLVI transmission by breast
milk in Kagoshima and Nagasaki, Japan.
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to the summary of previous epidemiological evidences of
ATLL and HTLV-1, the Japanese Ministry of Health suggested
nationwide examination of HTLV-1 antibody among pregnant
women and recommended prevention measurement of HTLV1 in women with HTLV-1 since 2010. In general, a cancer
control program should emphasize the importance of the
principles of area-specific cancer prevention, including
infectious agent-related cancers. I would like to introduce a
story of implementation of ATLL prevention through
eradication of HTLV-1 in Japan.
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HIGH DORSAL RESECTION OF THE LIVER FOR
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Aim: The author developed a procedure of isolated segment 1
resection (“high dorsal resection”) of the liver for hepatocellular
carcinoma (HCC), and the surgical outcome after this specific
liver resection was evaluated. Methods: The segment 1 was
classified into Spiegel’s portion (left-sided area), process portion
(right-sided lower area), and caval portion (right-sided pericaval
area). In patients with good liver function, the segment 1 with
HCC was removed en-bloc with right or left lobe. To the
patients with cirrhosis, this specific procedure was also applied.
During the operation, liver transection advances on the plane
that starts from the right border of segment 1, through beneath
the right and middle hepatic veins, and focuses to Arantius’
ligament (Transection attempts to reach as “high” as the root of
the hepatic veins only by “dorsally” approach). Results: Liver
resection was performed in 895 patients with HCC, of whom
107 had HCC in the segment 1. In 52 patients with HCC at
Spiegel’s portion or process portion, the HCC was removed by
local resection of segment 1 (n=34), or by combined resection
with lobe or other segment (n=18). In 55 patients with HCC at
caval portion, the segment I was resected with extended
lobectomy (n=11), segmentectomy (n=29), or high dorsal
resection (n=15). The median blood loss and operation time
were 511cc (25-4,530) and 449 min (130-903), respectively.
The operative morbidity rate was 22% and the mortality rate
was 0%. Overall and recurrence-free survival rates at 5 years
were 58% and 33%, respectively. Conclusion: High dorsal
resection is a reasonable procedure of choice for patients with
HCC at caval portion of the segment 1.
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ANTITUMOUR EFFECTS OF SELECTED
PLANT POLYPHENOLS, GALLIC ACID AND
ELLAGIC ACID, ON SENSITIVE AND MULTIDRUG
RESISTANT LEUKAEMIA HL60 CELLS
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Multidrug resistance (MDR) constitutes the major problem in
cancer therapy. Tumour cells become resistant to a wide array of
chemotherapeutic agents structurally diverse and having different
mechanisms of action. Thus, many efforts are focused on the
search of agents conserving the antitumour activity against MDR
cells. Because the food of plant origin (especially fruits and
vegetables) is rich in biologically active compounds, it is
extensively explored as the potential source of new antitumour
drugs. However, although there are numerous data demonstrating
the ability of phytochemicals to inhibit the growth of various
cancer cells, up to now very little is known about their activity
towards MDR tumour cells. The aim of this study was to
determine the antitumour effects of two plant polyphenols, gallic
acid (GA) and ellagic acid (EA), on human promyelocytic
leukaemia sensitive HL60 cell line and its sublines exhibiting
two different MDR phenotypes: HL60/VINC overexpressing Pglycoprotein and HL60/MX-2 characterized by the presence of
mutated α isoform of topoisomerase II and the absence of β
isoform of this enzyme. It was found that both compounds exert
comparable cytotoxic activity towards sensitive HL60 and
resistant HL60/VINC and HL60/MX-2 cells. They have
modulated the cellular level of ROS acting as prooxidant or
antioxidant agents depending on the concentration used and time
of incubation. The results of cell cycle distribution analysis
showed a significant increase in the percentage of sub-G1
subpopulation of sensitive as well as MDR cells exposed to GA
and EA. Furthermore, it was demonstrated that these compounds
caused oligonucleosomal DNA fragmentation characteristic for
apoptosis. EA provoked also a significant activation of caspase3 as well as caspase-8 in all studied cells. In contrast, GA had
no effect on the activity of these caspases. The results of our
recent study performed for quercetin showed an important role
of ROS in triggering programmed death of sensitive HL60 and
resistant HL60/VINC and HL60/MX-2 cells not only by
apoptosis but also by lysosome membrane permeabilizationdependent mechanisms. However, contrary to quercetin, GA and
EA had week effects on the induction of lysosome membrane
permeability of examined leukaemia cells.
This study was supported by the Faculty of Biology,
University of Szczecin, Poland (Grant no. 504-1000-240-850).
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EFFECT OF REDUCTIVE ACTIVATION OF
ANTITUMOUR ANTHRACYCLINE DRUGS BY
NADPH CYTOCHROME P450 REDUCTASE ON
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Anthracycline antitumor agents are among the most effective
drugs available for the treatment of various human neoplastic
diseases. However, their clinical usefulness is limited by the
development of multidrug resistance (MDR) associated with
the overexpression of genes encoding ATP-binding cassette
membrane transporters (e.g. P-glycoprotein, P-gp and MRP1)
responsible for the active efflux of drugs out of resistant cells.
In our previous works we have demonstrated that some
anthracycline drugs having non-modified quinone structure
(among them doxorubicin, DOX and idarubicin, IDA) could
undergo reductive activation by NADPH cytochrome P450
reductase (CPR) and that this activation has a high impact on
increasing their activity not only in regard to sensitive cancer
cell lines but also against MDR sublines overexpressing P-gp
and MRP1. The aim of the study was to examine the
intracellular accumulation of CPR-activated DOX and IDA in
human sensitive LoVo and multidrug resistant LoVo/DX
(overexpressing P-gp) colorectal adenocarcinoma cells. The
study was performed with the aid of flow cytometry and realtime living cell imaging system by utilizing fluorescence
properties of studied drugs. The results of flow cytometry
analyses showed a several-fold increase in fluorescence
intensity of CPR-activated forms of DOX and IDA in sensitive
LoVo as well as resistant LoVo/DX cells in comparison to the
level observed for the drug alone (non-activated). Additional
studies performed with the use of the bioimaging system
showed a significant non-nuclear accumulation of CPRactivated DOX whereas the parent drug was concentrated
mainly in the nucleus. Interestingly, bioimaging analyses done
for IDA (being much more lipophilic compound than DOX)
demonstrated irregular non-nuclear zones of intracellular
distribution of both activated and non-activated forms of IDA.
The identification of DOX and IDA accumulation sites in
sensitive LoVo and resistant LoVo/DX cells with the use of
specific markers of intracellular organelles as well as the
determination of an availability of these drugs for the MDR
exporting pumps are under progress in our laboratory.
This study was supported by National Science Centre (NCN),
Poland (Grant no. 2012/05/B/NZ3/01985).
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Introduction: Circulating lactate dehydrogenase (LDH) is
generally known as being of elevated concentration during
tissue breakdown, hemolysis, heart failure, cancer, meningitis,
encephalitis and HIV. According to the current literature,
raised serum LDH value recorded in prostate cancer (PC) is
descriptive of patients’ condition indicting poor prognosis or
accounts for the disease spread in bone. During treatment of
hormone refractive prostate cancer (HRPC), patients (pts) who
virtually all bear lesions in bone, elevated LDH concentrations
were frequently found but at various periods during disease
progression. Thus, being reluctant to accept the exclusive
relationship between bone lesions and the raise in LDH serum
level we prospectively studied longitudinal changes in LDH
level in chemotherapy-treated PC pts. Materials and Methods:
A total of 177 pts refractive to maximal androgen blockade
(Mab) and to estramustine, given thereafter, entered this study.
In all of them serum LDH, prostate specific antigen (PSA), Creactive protein (CRP) and chromogranin A (CGA) values
were measured, as well as clinical parameters, especially those
being probes for soft tissue metastases (STM) and bone
lesions (BM). According to these data, pts were divided in 4
groups (A-D) . (A) Seventy nine pts with bone metastases and
no more than 7% increase in LDH were free of STM. In 6
months 4 of these pts switched to group C due to much higher
LDH level elevation. (B) In this group were 7 pts with BM
and elevated LDH value (17-188% increase) but bearing no
evidences of STM. Within 6 months, lymph node and STM
were found in 5/7 (71%) of them. The remaining 2 pts with
the stable disease were further followed for possible STM
growth. (C) Eleven pts with BM, STM (lymph node, liver,
lung), highly elevated LDH (>1000 U/l) and PSA (>500
ng/ml) values were followed. The CRP value was elevated in
all 11 pts. Four pts from group A were added to these 11 pts
due to liver metastases and all 15 of them had elevated CRP
levels. (D) Two patients with both BM and STM were found
with normal LDH level and elevated PSA value (92-458
ng/ml). Nineteen pts (19/177, 10.7%) were lost during the last
6 months of the study for various reasons and their results
were included only in part. At the end of the study in 34 pts,
out of 155 remaining (21.9%), stable disease was assessed,
while in 121 pts (78.1%) PC progression was evaluated. Pts
were given docetaxel, estramustine, prednisone and/or
etoposide in various combinations according to the described
clinical doses. Blood tests were assessed prior to each cycle
of 21 days, soft tissues were checked after two cycles of
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therapy and bone scans after four cycles. Pts were treated for
10 treatment cycles, 2 months of resting period was given
thereafter. The final results were evaluated after 12 months of
monitoring when the estimation of scintigraphically
distinguished osteolysis versus osteoblastic lesion was carried
out. In the control group, 20 pts with benign prostatic
hypertrophy (BPH) were followed, as well as 20 pts
successfully treated with Mab. In these pts marker values were
assessed at day 0 and at the end of study. PC progression has
not been detected. Results: In group A elevated CGA was
found in 13 subjects (16.5%), while osteolysis was detected
in 11 pts (13.9%). Among those 4 pts transferred to group C
for highly elevated LDH, in two pts elevated CGA level was
measured and in one of those 4 subjests osteolysis was found.
CRP recordings have not been performed in these patients.
Data collected in 7 patients in group B during the first 4
months of study indicated one pt with elevated CGA value, 2
ps with osteolysis and none with STM. However, in 5 pts lung
and liver metastases were detected in months 5 to 10 and
afterwards CGA elevation was detected in additional 2
subjects, while all of those 5 patients were free of osteolysis.
The CRP data have not been collected in group B subjects. In
group C, 4 pts from group A were added with time to 11 pts
from the beginning of the study. Thus the overall number of
patients at the end of study was 15. In 7/15 of them (46.7%)
CGA elevation was recorded, in all 15 subjects CRP values
(100%) were elevated (up to 97 U/l) and osteolysis was found
in 9/15 (60%) of pts. Group D pts were free of positive CGA,
CRP and osteolytic findings. As stated previously, the LDH
value was elevated and bone scans revealed osteoblastic
lesions only. In both control groups measured CGA values
were normal and osteolysis has not been detected. The LDH
concentration was elevated in one BPH patient and in one in
the other control group, while the CRP level was raised in 2 of
these same pts. The mean PSA value was normal in BPH pts
and slightly elevated in PC treated control pts. Overall, the
CGA value was elevated in 25/177 pts (14.1%), osteolysis was
recorded in 23/177 pts (13%) and STM in 21/177 pts (11.8%).
The serum CRP value was measured in patients with proven
STM and found elevated in 19/19 (100%) pts. Elevated LDH
level was assessed in 22/177 (12.4%) of studied pts. Reported
results indicate the use of the combined LDH-CGA-CRP data
as a potentially useful probe for STM and osteolysis in
chemotherapy-treated PC pts. Discussion: The most common
features regarding Stage D3 PC during chemotherapy are
STM that generally follow BM. These stages of PC are
characterized by concurrent appearance of osteoblastic lesions
with osteolysis running parallel to the appearance of STM.
Some of these events, like osteolysis, are not always easy to
recognize in bone scans when in conjunction with overlapping
osteoblastic dissemination. Elevated CGA level is related
mostly to the appearance of osteolytic lesions, while the raise
in LDH and CRP in studied pts is associated with STM. No
6202

conclusions on the link between these markers and
osteoblastic lesions could be drawn. The application of LDHCGA-CRP values and the respective subclinical detection of
STM and osteolysis might be a potentially valuable tool for
the early application of the appropriate treatment. Further
work on the combined LDH-CGA-CRP data in chemotherapytreated PC pts appears to be mandatory for drawing definite
conclusions.
The authors are grateful to Dr. Rogan who made early
investigations on chromogranin A values linked to osteolysis.
Some clinical data came from Drs. Froebe, Ahel, Jerman,
Drinkovic, Ruzic and Reljic. Technical assistance from Mrs.
Lacmanovic, Beslic, Caput, Roginic and Isaibegovic is
acknowledged. This work was supported by Research Grant
#0134003 administrated by the Research Fund of Croatia.
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Hepatocellular carcinoma (HCC) ordinarily arises from
cirrhotic liver as a consequence of long-lasting chronic
inflammation due to viral hepatitis or alcoholic and nonalcoholic fatty liver diseases. Although surgical resection is
considered to be the ﬁrst-choice treatment for patients with
solitary HCC, its indication is limited because of impaired
liver function. In addition, even after locally curative resection,
recurrence occurs quite frequently in the residual liver due to
intrahepatic metastasis and de novo carcinogenesis. Orthotopic
liver transplantation (OLT) is an ideal treatment that can treat
both cancer and liver dysfunction. However, its feasibility is
also restricted by organ donor shortage. Furthermore since the
median age of patients with HCC is now around 70 in Japan,
OLT is not a realistic choice for the vast majority of patients
because of old age. Percutaneous ethanol injection (PEI) was
developed by Japanese investigators, which provided potential
local cure without deteriorating liver function (1). PEI was
also easily applied to recurrent nodules and played an
important role as a locoregional therapy for HCC (2, 3).
Radiofrequency ablation (RFA) is currently considered to be
the most effective first-line percutaneous ablation therapy
because of its greater efficacy in terms of local cure compared
with ethanol injection (4-6). As RFA showed quite reliable
outcome in terms of local cure from the beginning, our major
interest has been focused on how to reduce various
complications and improve the treatment accuracy. Along with
the accumulation of cases and analysis of those with serious
complications, we revealed the risk factors related to
hemorrhagic complications (7), bile duct injury and neoplastic
seeding (8, 9). Several techniques, including artificial pleural
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effusion and ascites (10, 11) and contrast ultrasonography
using Sonazoid®, are quite useful to achieve complete ablation
of tumor safely and accuracy (12). Recently, the so-called
“fusion imaging” became available, which reconstruct CT or
MRI image to fuse ultrasound image on a single screen in real
time. With these technical developments, the mean number of
sessions required for complete ablation decreased from 2.5 in
2000 to 1.1 in 2013. For the early diagnosis of HCC, we
established an optimal surveillance protocol in high risk
population using ultrasonography and three tumor markers
(AFP, AFP-L3 fraction, and PIVKA-II) (13, 14) by which
tumors were found 2 cm or smaller in 53% and 3 cm or small
in 90% of subjects. Tumor makers can be used for the
prediction of recurrence after ablation (15). We also assessed
our follow-up protocol for early diagnosis of recurrence after
locally curative treatment using periodical dynamic CT and
tumor markers, where recurrent nodules were diagnosed
smaller or equal to 2 cm in 87% (14). Increasing applicability
of MRI using Gd-EOB-DTPA, a liver-specific agent, will
strongly contribute to detecting recurrent tumor small in size
(16). To improve the overall survival of HCC patients with
viral hepatitis, anti-viral treatments including interferon
therapies and nucleoside analogue use should be applied (17,
18). Once sustained virological response was achieved, the 5year survival of 80% could be expected from our previous
study (19). Upcoming interferon-free regimens for chronic
hepatitis C can be applied to far wider range of patients
compared to interferon-including regimens. The remaining
issues would include increasing proportion of oldest old
patients and obese patients with non-viral etiology. RFA would
have been playing an important role in the treatment strategy
of HCC especially for those with liver-unrelated
comorbidities.
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Our overall program is interested in fundamental issues
regarding the evolution and chemotherapeutic potential of
polyketide natural products. Using the power of both
biological as well as chemical synthesis, we seek to learn
about the specific structural features found in polyketides,
their effect on conformational preferences, and the importance
of specific conformations on biological activity. We are
particularly interested in natural product that affect
proteostasis, the regulation of proteins through modulation of
translation, folding and degradation pathways. Over the past
several years we have investigated a number of polyketide
natural products which inhibit protein synthesis through
interaction with ribosomal machinery. More recently, we have
identified spliceosome inhibitors as new leads for a rare
disease. Through the development of practical biological and
chemical synthetic tools we have access to chemically diverse
6204

structures for biological evaluation. An overview of our efforts
to explore the therapeutic potential of polyketide natural
products will be presented.
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Cellular retinoic acid (RA) binding proteins (CRABP1 and
CRABP2) belong to the family of fatty acid binding proteins
and RA binding is the only known function of these proteins.
Up to date, almost nothing is known about the involvement of
CRABPs in the pathogenesis of mesenchymal and
neuroendocrine tumors as well as in non-small cell lung
cancer (NSCLC). We studied for the first time the expression
of CRABP1 protein in synovial sarcomas (SS) and pancreatic
neuroendocrine tumors (pNETs). We also studied the
simultaneous mRNA and protein expression of CRABP1 and
CRABP2 in NSCLC samples. We detected ubiquitous
expression of CRABP1 in monophasic SS and in
mesenchymal component (spindle cells) of biphasic SS. We
also revealed pro-tumorigenic activity of CRABP1 in vivo
using different models of mesenchymal tumor cells. IHC
analysis of pNETs revealed the significant correlation of high
CRABP1 level and lymph node metastasis and poor
differentiation/high grade of pNETs. In the samples of
NSCLC we found bidirectional alterations in CRABP1 and
CRABP2 mRNA and protein levels compared to adjacent
normal tissues. Thus, CRABP1 and CRABP2 mRNA levels
were elevated in 42% and 56% NSCLC samples, respectively.
Reduced CRABP1 and CRABP2 expression was found in 6%
and 13% samples. IHC analysis of CRABPs detected positive
CRABP1 and CRABP2 staining in 50% and 56% cases,
respectively, while no staining was observed in adjacent
tissues excluding endothelial cells. The correlation analysis of
CRABP1 and CRABP2 expression in NSCLC samples
revealed a significant positive correlation.
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Figure. FT-IR spectra of metastatic breast bone: a, spongy; b, cortical; and c, healthy bone in the spectral region 4,000400 cm–1.
An overview of the application of Infrared Spectroscopy in
the study of cancerous tissues and the changes which are
induced to secondary conformational structure of biological
molecules, such as proteins, DNA and membrane constituents
of tissues, bones, polysaccharides, etc. together with the
results will be presented. The study shows that there are some
particular regions of the spectrum and its characteristic bands
named, “signature bands”, which could be used to identify
and characterize these biological molecules and to reveal any
changes occurring during the disease by comparing the
infrared spectra of native tissues with the cancerous tissues in
the region of 4,000 to 400 cm-1. The characteristic bands, as
well as the “fingerprint region bands” that characterize the
biological materials are found in this spectral region. The first
important region of the spectrum is 3,600 to 2,850 cm–1,
where the hydroxyl groups, OH, of water molecules and
hydroxyapatite OH stretching vibrations absorb at about
3,550 cm–1. Near 3,300-3,280 cm–1 are found the stretching
vibrations of free or hydrogen bonded NH groups from
proteins. Any changes in the intensity of some bands, in
addition to shape and shifts of some absorption bands to
lower or higher frequencies, provide important information
for conformational changes of proteins and changes in the
grade and progression of the cancer. In the region 3,000-2,850
cm-1, the absorption bands of methyl, CH3, and methylene, CH2-, frequencies near 2,925 and 2,853 cm-1 and their
intensity changes provide information about the permeability
and fluidity of the membranes. In the case of cancer, the
intensity of these absorption bands increases dramatically
compared to the spectral intensities of the healthy tissues
(Figure1). The second important spectral region is 1,800 to
1,400 cm-1. The band at 1,745 cm-1 is attributed to carbonyl

ester group resulting from aldehydes and its intensity depends
on the stage of cancer as shown from comparison of
intensities during the progression of cancer. The well-known
signature bands of Amide I, Amide II and Amide III of
proteins near 1,655, 1,557 and 1,240 cm-1, respectively, are
assigned to the peptide bond -NHCO- corresponding to
combination of bond frequencies of CO, CN and NH. These
bands shift to lower frequencies in the case of cancer.
Progression of the cancer induces an increase of the ratio
[Amide I1655]:[Amide II1555 from 1.1 to 1.4, while the shift
to lower frequencies is due to the conformational and
structural changes from α-helix to random coil and amyloidlike protein formation. Thirdly, in the region 1,400 to 400 cm1 are found the DNA, sugar and hydroxyapatite characteristic
absorption bands of –PO2-1 and -PO4-3 near 1,120 to 966 cm1. The intensity of infrared bands assigned to hydroxyapatite
decrease dramatically in cancerous bones. Thus, comparison
of the infrared spectra of cancer tissues with the spectra of
physiological tissues reveals important differences shown in
the infrared spectra, which are attributed to the diseased state.
For example, in the case of cancerous bones there are found
important changes in the spectra of proteins, DNA and
membranes, i.e., the phospholipids molecules, as well as
hydroxyapatite (HA) molecules (Figure). These spectral
differences are analyzed in terms of “signature bands”.
Comparison of the infrared spectra of cancerous bones
against healthy bone spectra showed considerable differences
in several regions of the infrared spectrum, in particular in the
characteristic “signature bands”, which are attributed to
cancer effects. There were also shape and intensity changes
in the bands, as well as frequency changes (Figure), which
should be considered in this differentiation of the spectra.
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Conclusion: Infrared spectroscopy can be used for early
diagnosis of cancer progression. The spectral regions 4,0002,800 cm-1, 1,700-1,500 cm-1 and 1,200-900 cm-1, where the
characteristic bands of the organic and inorganic part of the
bone are located, can be used as “marker bands” to detect the
progression of cancer.
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The incidence of malignant pleural mesothelioma (MPM)
has continued to rise globally in recent years and
considerable effort has been expanded to identify novel
biomarkers for survival and treatment efficacy. Oestrogen
receptor beta (ERβ) expression by MPM tumours is
associated with better survival, and the transcriptional
responses to all nuclear receptors are dependent on the
availability of p160 family steroid receptor co-activators
(SRCs). In this study we correlated SRC and ERβ1 isoform
expression with survival in a cohort of MPM patients.
Immuno-histochemical analysis of tumour biopsies from 89
subjects with confirmed histological diagnosis of MPM was
performed to detect the expression of each of the SRCs and
ERβ1. The expression of p16, an established tumour
biomarker for survival was also evaluated in this patient
cohort. Semi-quantitative scores for the expression of each
of the biomarkers were determined and correlated with
other predictors of survival. Each of the SRCs were
expressed at high levels in normal pleural mesothelium,
however there was variable expression in MPM tumours.
Low expression of SRC2 correlated with a median post
diagnosis survival of 9 months, compared to 20 months for
subjects with high expression. Reduced ERβ1 expression
also correlated with a reduced median survival time but was
not statistically significant. Expression of p16 was a highly
significant predictor of survival. Introduction: Malignant
pleural mesothelioma (MPM) is a rare but highly
aggressive tumour of the mesothelial surfaces of the pleural
membranes (1). Exposure to asbestos is a major risk factor
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for MPM development, but the malignancy is often only
detected decades after exposure. Female gender is
associated with better MPM survival (2), and we also found
this to be the case in our recent study of MPM incidence in
the Republic of Ireland (3). This gender dichotomy has
been attributed either to greater occupational exposure to
asbestos fibres by males (4) or to the tumour suppressive
actions of oestrogen and ERβ (5, 6). SRC3 supports ERαdependent transcription and it’s over expression is a
particularly important prognostic indicator in breast
carcinoma. We recently evaluated SRC expression in a
cohort of MPM patients (5). ERβ has multiple isoforms
with different functions and in this present study we
evaluated the active ERβ1 isoform as predictor of MPM
survival. MPM is considered to be incurable and
histological sub-typing is the most important prognostic
indicator of survival. Patients with MPM tumours where
epithelioid cells predominate have a mean post diagnosis
survival of 16.3 months, while those patients with
sarcomatoid or biphasic MPM have mean post diagnosis
survival times of 6.1 months and 9.5 months respectively
(7). The use of immuno-histological markers is beginning
to emerge in MPM prognosis. Aberrant cell cycling is
detected in all malignancies and arises through defects in
the expression regulatory genes (8). These include cdk
inhibitors such as p16/INK4A, p15/INK4B, p21/Cip/WAF1
and p27/Kip1, which can have variable expression in MPM
tumours (9). The association between the loss of p16
expression in and MPM progression not only makes p16
abundance potentially useful in distinguishing MPM from
non-malignant pleural disease, but also in predicting MPM
survival (10). Materials and Methods: Our epidemiological
study used data from the National Cancer Registry, Ireland
(NCR) which holds data for all Irish MPM cases recorded
after 1994. Biomarker studies were performed on biopsy
specimens from a well-defined cohort of 89 confirmed
MPM cases from the archival pathology files of the
Pathology Unit of the Regional Hospital of Mestre-Venice,
Italy. IHC parameters for ERβ1, SRC and cdk inhibitorspecific antibodies were initially optimized using a breast
carcinoma tissue micro-array. IHC analysis for each antigen
was performed using a Bond III automated IHC stainer
(Leica Microsystems). The semi-quantitative determination
of biomarker expression was performed according to the
criteria described by Allred et al. (11). Results: MPM
Epidemiology in the Republic of Ireland. Over the period
1994 to 2009 337 MPM diagnoses were made in the
Republic of Ireland The European age-standardized
incidence rates for MPM rose from 4.98 cases per million
(cpm) over the period 1994-1998 to 7.24 cpm over the
period 2005-2009, consistent with rate increases in the rest
of Europe. A Cox model of observed (all-cause) survival
was used to generate hazard ratios for the effect of: gender;
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age at diagnosis; diagnosis cohort; histological type; and
tumour stage. The 1-year post-diagnosis survival rate for all
MPM cases was 29.6%. Excess risk of mortality was
significantly associated with age at diagnosis and tumour
stage. Age at diagnosis had a significant survival trend
(p<0.001) but tumour stage at diagnosis did not (p>0.10).

Figure, Abstract No. 648
Biomarker Patient Cohort. Tumour samples from 89 patients
with an age range of 44 to 82 years, and 3 normal control
subjects were subject to analysis. The cohort comprised 73
male and 16 female subjects; with a median age at diagnosis
of 64 years for the male and 65 years for the female subjects.
The histological types were 71 epithelioid, 10 biphasic and 8
sarcomatoid. Cisplatin-based chemotherapy had been given to
64 of the subjects post diagnosis. The median post-diagnosis
survival time was 15 months for patients with epithelioid
MPM, 10 months for subjects with biphasic mesothelioma and
6 months for subjects with sarcomatoid MPM. The median
survival time for male subjects in this cohort was 10 months
and 18 months for female subjects.
Biomarker Expression and MPM Patient Survival. In our study
the median post-diagnosis survival was better in MPM patients
with tumours that had sustained ERβ1 expression (15 months)
versus those with ERβ1 negative tumours (8 months), but this
difference was not statistically significant. Of the 3 SRCs
(SRC1, SRC2/TIF2 and SRC3/AIB1), only sustained
expression of SRC2 by tumour cells significantly correlated
with better survival (20 months) compared to 9 months where
SRC2 expression was low. In this study we found that p16
expression had equivalent predictive efficacy, with a post
diagnosis survival 23 months for patients with sustained p16
expression compared to 8 months for those that were p16
negative.

Biomarker
ERβ1
SRC2
P16

Post-diagnosis survival (months)
Positive
15
20
23

Negative
8
9
8

p>0.20
p<0.05
p<0.001

Discussion: MPM is a disease that will remain a significant
health issue for years to come and novel interventions are
needed to combat this intractable malignancy. The effect of
circulating oestrogens on tumour cell biology is complex due to
the apparently antagonistic actions of ERα and ERβ (12). Only
ERβ is expressed in the differentiated pleural mesothelium and
there is a trend towards the loss of ERβ expression in MPM.
There is growing evidence of a protective role for ERβ
expression and activation in some malignancies, including
MPM (6). This study reveals the importance of understanding
the contributions of different subtypes of ERβ in the context of
MPM tumour suppression. The interaction between ERβ and
SRCs is also important, with the abundance of this family of
co-activators effectively determining the rate of ER-dependent
transcription and potentially determining the efficacy of any
endocrine intervention aimed at treating MPM. The signalling
context is also important and the expression of modulators of
cell cycle progression may impact on the efficacy of any novel
intervention. ERβ activation up-regulates the expression of cdk
inhibitors (6); however these genes are often deleted in MPM
possibly affecting the capacity of ERβ to suppress malignancy.
This study was supported by grants from Science Foundation
Ireland (12/TIDA/I2372) and Fondazione Buzzi Unichem.
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CANDIDATE DRUG SCREENING IN
HOX-RELATED MODELS OF AML
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The master regulators encoded by HOX genes form complexes
involved in transcriptional regulation and have a role in
developmental processes including self-renewal of
hematopoietic stem and progenitor cells (HSPCs). Altered
HOX gene expression is a ‘Hallmark’ of acute myeloid
leukaemia (AML). Particular emphasis has been placed on
association of increased HOXA cluster expression with
translocations involving the Mixed Lineage Leukemia (MLL)
gene. However, we and others have also identified high HOXA
gene expression in cytogenetically normal AML (CN-AML).
Direct targeting of HOX complexes may have potential as an
anti-cancer therapy, but reduced self-renewal of normal
HSPCs is a likely side-effect. To examine potential direct and
indirect methods of targeting HOX-related AMLs we obtained
examined a series of human cell lines and developed a number
of MLL-fusion and HOXA9 plus Meis1 driven mouse models
of leukaemia. Direct targeting of HOXA, MEIS1 or PBX3
genes by shRNA sensitized human cell lines to standard-ofcare therapy. In addition, a methylcellulose screen of primary
murine leukaemias identified a number of candidate drugs
with anti-leukemic effects whilst sparing normal HSPCs.
Applying bioinformatic analysis to a cohort of patient samples
and mouse models led to the discovery of a small number of
6208

candidate drugs for repurposing in AML. Recent validation
and application of some of these candidate drugs, which
include epigenetic modifiers, antibiotics and pathway
inhibitors, both in vitro and in vivo will be presented.
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RED SLUDGE-INDUCED MRNA AND MIRNA
EXPRESSION ALTERATIONS TESTED
IN CBA/CA MICE

A. Tibold, J. Krisztina, G. Katalin, G. Katalin and I. Kiss

Department of Public Health, University of Pécs, Medical
School, Pécs, Hungary

Red mud represents one of the biggest disposal problems of
industry. In October 2010, approximately 1.5 million m3 of red
mud flooded Kolontár and other nearby locations in Hungary in
the Ajka alumina plant accident killing ten people and
contaminating about 40 m2 of land. Several studies have
investigated the ecological and genotoxic effects of the red mud
accident but none was designed to reveal the early biological
effects of red mud exposure at the level of early-responding
gene expression. To address relevant questions, in the present
study expression alterations of oncogenes (c-myc, K-ras),
tumor suppressor genes (Bcl2, p53) and apoptosis-regulatory
micro(mi) RNAs (miR-21, miR-27a, miR-93, miR-221) were
analyzed 1, 3, 6 and 24 h after a single intraperitoneal injection
of red mud to CBA/Ca mice. In the liver, we found the overexpression of the p53 gene 24 h after the exposure, while
among the tested microRNA, miR-21 showed elevated
expression. In the spleen, the expression of miR-21 and miR221 was found to be elevated compared to controls, while after
24 h we observed an over-expression of K-ras, c-myc, p53 and
Bcl2 genes. We further detected an over-expression of the four
investigated onco- and tumor suppressor genes 3 and 6 h after
the administration of red mud in the kidneys and 6 h after
treatment in the lungs. The expression levels of miR-21 raised
24 h after exposure in the lungs and after 6 h in the kidneys. In
the case of miR-221 we observed an elevation after 1, 3 and 6
h in lung and kidney tissues. We observed changes in the
expression of all investigated mRNAs, miR-21 and miR-221 in
liver, spleen, lung, kidney and lymph nodes of mice.
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There is a strong relationship between cancer and various types
of thrombotic events; oncological surgery is associated to a
higher risk of thrombotic events as compared to nononcological surgery. According to Virchow’s triad, blood
stream slowing down, vascular wall injuries and blood
thickening might initiate thrombus formation. Human
cutaneous circulation could be used as a surrogate marker of
systemic microvascular function in various diseases. This study
was designed to compare microcirculatory parameters in 15
healthy volunteers (55.4±4.7 years aged) and in 14 patients
with gynecological malignancies (58.2±9.9 years aged) before
and after surgery. The laser Doppler technique was used for the
evaluation of cutaneous blood flow. Microcirculation index
(MI), standard deviation (σ), coefficient of variation (Kv) were
registered. Separate oscillatory components (endothelial,
neurogenic, myogenic, cardiac and respiratory) were identified
with spectral wavelet analysis. Hausdorff dimensions and
sample entropy values were computed for each time series. The
results indicated the decreased tissue perfusion (by 37%,
p<0.01) and the evident growth of microcirculation variability
(σ and Kv were more than twice (p<0.001) higher) in patients
before surgery compared to the control values. After surgery
these parameters reduced, remaining by 50-60% (p<0.05)
higher than in the healthy group. High values of Kv pointed
the intensity of functioning of microcirculation regulatory
mechanisms in patients. Maximal amplitudes of endothelial,
neurogenic and myogenic rhythms in patients were twice or
more higher than in controls. Fractal dimension and sample
entropy in patients were reduced in the initial state, as well as
after surgery compared to controls. Thus, the regulatory
mechanisms aimed to maintain blood supply to tissue were
activated under gynecological malignancies. LDF signals were
more complex and inhomogeneous in controls; the low value
for the sample entropy reflects a high degree of regularity of
microcirculation oscillations in patients.
This work was supported by a RSCF grant, 14-15-00787.
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Kahraman1,

Saime
Ozlem Timirci
Turan1,Nazlı Ezgi Ozkan1, Levent Verim2, Tulin Ozturk3,
Cansen Cakalir3, Ezgi Nurdan Yenilmez1,
Güldal İnal Gultekin1 and Turgay Isbir4
1Department

Ilhan Yaylım1,

of Molecular Medicine, Institute of
Experimental Medicine, Istanbul University, Istanbul,
Turkey;
2Department of Urology, Haydarpasa Numune Training
Hospital, Istanbul, Turkey;

3Department

of Pathology, Cerrahpasa Medical Faculty,
Istanbul University, Istanbul, Turkey;
4Department of Medical Biology, Faculty of Medicine,
Yeditepe University, Istanbul, Turkey

Introductıon: The etiology of bladder cancer appears to be
multifactorial with exogenous environmental factors, as well
as endogenous molecular factors, playing possible roles. The
molecular pathogenesis of bladder cancer is incompletely
elucidated. As a member of the tumor necrosis factor (TNF)
family, TNF-related apoptosis-inducing ligand (TRAIL) is a
key component of cellular signaling mechanisms with ability
to induce or inhibit apoptosis depending on the receptor type
that is bound. TRAIL has the ability to induce apoptosis in
cancer cells without disturbing normal cells. It is, thus,
considered as a promising candidate for cancer therapy. The
aim of this study was to evaluate the role of polymorphism of
TRAIL in bladder cancer susceptibility in a Turkish
population. Materials and Methods: The study group included
91 bladder cancer patients, while the control group comprised
139 individuals with no evidence of malignancy. Gene
polymorphism of TRAIL C1595T (rs1131580) was genotyped
by polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) analysis. Results: We observed a
significant association between TRAIL C1595T (rs1131580)
polymorphism and bladder cancer. The frequency of the
TRAIL 1595 C allele was significantly lower in patients with
bladder cancer compared to controls (χ2=16.585, p<0.001,
OR=1.256, 95% CI=1.138-1.386). Conclusion: Our study
provides new evidence that the TRAIL 1595 C allele may be
used as low-penetrant risk factor for bladder cancer
development in a Turkish population. In the future, clinical
improvements on diagnosis, treatment and prognosis of
bladder cancer are expected owing to development of more
sensitive and specific tests for genetic polymorphisms.
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FUNCTIONAL DOMAINS AND IPD TARGETED
THERAPY FOR EWING’S SARCOMA
Roumiana Todorova

IBPhBME-BAS, Sofia, Bulgaria
(todorova@bio21.bas.bg)

Ewing’s sarcoma oncogene (EWS) on chromosome 22q12 is
a target of tumor-specific chromosomal translocations in the
Ewing’ sarcoma family of tumours (ESFTs). Intrinsically
disordered regions (IDRs) are important elements of cancerassociated proteins. Here an attempt is made to summarize the
available experimental data for the post-translational
modifications, functional domains of proteins, sites of proteinprotein interactions and the predicted intrinsic protein disorder
(IPD) and protein binding regions (PBRs) for fused cancer
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Table I. Predicted disordered PBRs by ANCHOR, functional domains, post-translational modifications and interactions of
native EWS and oncogenic proteins EWS/Fli1, EWS/ATF1 and EWS/ZSG.
Predicted PBRs (AA)

EWS native isoform 2 656 AAs
65-67 filtered
89-98
110-131
156-185
200-234
242-293
300-336
343-350

360-388
396-403
423-460
465-473
482-501
512-559
570-644

Functional domains (AA)
Tyr
Tyr
Tyr
Tyr

reach region
reach region
reach region
reach region
Pfam-B
IQ domain

Compositional bias (300-340)
Arg/Gly/Pro- rich
RGG1 (5 motifs) 304-322
Pfam–B (348-465)

RRM region
RRM region
RRM region
Pfam–B (437-529)
Compositional bias (454-513)
Arg/Gly/Pro- rich
Pfam–B (437–529)
Compositional bias (454-513)
Arg/Gly/Pro-rich
zf-RanBP
Compositional bias (559-640)
Arg/Gly/Pro- rich
RGG3 (12 motifs) 565-638

Post-translational modifications
or interactions (AA)

hsRPB7 binding (1–82)
Thr95-O-GlcNAcylation
Ser111, Thr120-O-GlcNAcylation
Ser162, Ser168-O-GlcNAcylation
ZFM1 binding (228–264)
ZFM1 binding (258–280)
Calmodulin binding
Ser266 – PKC phosphorylation
Ser265 Breakpoint for translocation EWSR1/ATF1
300, 302, 304, 309,
314, 317, 321 Asymmetric dimethylarginine
Site (348-349) is Breakpoint for
insertion for EWSR1-FEV
RNA-recognition motif
RNA-recognition motif
RNA-recognition motif
464, 471 Asymmetric dimethylarginine
471 Omega-N-methylarginine

490, 494, 500 Asymmetric dimethylarginine
Asymmetric dimethylarginine; PRMT8

Zing finger domain
572, 575, 581, 589, 592, 596, 600, 603,
607, 615, 633, 635 Asymmetric dimethylarginine
572 Omega-N-methylarginine; PRMT8
596, 603, 607 Asymmetric dimethylarginine; PRMT8
Pro rich regions (568-624)
Nuclear localization signal
RGG-boxes - cis-repression of EAD

Table I continued

proteins. Native EWS has high predicted PBRs in both EAD
and CTD, comprising the IQ domain, RRM, RGGs, Zing
finger domain and Tyr reach regions. Native TFs, fused to
EAD, show high PBRs in NTD and relatively low in CTD.
The sites of post-translational modifications and functional
interactions are disposed predominantly in regions with
predicted PBRs and high IPD. The intrinsic flexibility and
movement of disordered proteins, as well as their functional
interactions provides an opportunity for small molecule
targeting. Introduction: Due to specific chromosomal
translocations, the Ewing’s sarcoma protein (EWS) is fused to
6210

different transcription factors (TFs) to give oncogenic EWSfusion proteins (EFPs), where the N-terminal domain of EWS
(EAD) is fused in frame to the C-terminal DNA-binding
domain (DBD) of the corresponding TF. Transcription factors
formed from tumor-specific chromosomal translocations are
oncogenic driver proteins. TFs lack enzymatic sites for sitedirected inhibitors and are putatively intrinsically disordered
proteins. Materials and Methods: Human native EWS protein
and its fusion oncogenic proteins EWS/Fli1, EWS/ATF1 and
EWS/ZSG are studied for IPD and PBRs using the primary
structure of proteins (NCBI) and several predictors. ANCHOR
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Table I continued

EWS/FLI1 type1 476 AAs
89-98
110-131
156-185
189-198
200-234
244-274
287-294
303-323
382-387
EWS/ATF1 type 2 432 AAs
93-105
116-137
162-191
206-238
265-284
321-329
354-359
397-407
423-432
EWS/ZSG long B isoform 609 AAs
89-98
110-131
156-185
200-234
242-291
301-315
318-334
344-375
389-398
429-442 filtered
Zf-C2H2 (428-449)
Cys2-His2 zinc fingers
Zf-C2H2 (485-508)
zfmat (514-537)
548-554

Tyr reach region
Tyr reach region
Tyr reach region

PfamB (201-240)
ETS domain (304-387)
ETS domain (304-387)

RHA binding
RHA binding
DNA-binding
DNA-binding

Tyr reach region
Tyr reach region
Pfam B (207-246)
bZIP (280/265)
bZIP_1 (372-432)
bZIP_1 (372-432)

Dimerization and DNA-binding

zf-C2H2 (364-386)

Cys2-His2 zinc fingers

Tyr reach region
Tyr reach region
Tyr reach region
Pfam B (201-240)

XPA_N (425-448)

Zf-C2H2 (455-477)

Cys2-His2 zinc fingers

takes a single amino acid sequence as an input and predicts
protein binding regions that are disordered in isolation but can
undergo disorder-to-order transition upon binding
(http://anchor.enzim.hu)
(1).
The
post-translational
modifications of proteins are taken from databases
(www.phosphosite.org) and reported papers. Results: It is
interesting to know if the fused domains of both TFs (NTD
and CTD) in EFPs keep the same sites of post-translational
modifications as the native proteins. These data are available
only for the native TFs. Predictors are created to predict the

score of disorder and PBRs for TFs regions from their amino
aid (AA) sequence. Prediction of PBRs in disordered proteins
by ANCHOR for native EWS and oncogenic proteins
EWS/Fli1, EWS/ATF1 and EWS/ZSG is shown on Figure.
The predicted PBRs estimated by ANCHOR, functional
domains, post-translational modifications and interactions of
native EWS and oncogenic proteins EWS/Fli1, EWS/ATF1
and EWS/ZSG are shown on Table I.
The domain structure of wild-type EWS is composed of
serine-tyrosine-glycine-glutamine rich transactivation region;
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arginine-glycine-glycine rich regions (RGGs); RRM (RNArecognition motif); putative zinc finger (Zn finger). Almost all
functional domains of native EWS, including Tyr rich regions,
the IQ domain and a Tyr-free region (AAs 258-280) in the
EAD as well as RRM, RGG boxes and Zn finger domain in
CTD, are predominantly disordered (2, 3).
Translocations t(11;22)(q24;q12) in ESFTs generate various
subtypes of EWS/FLI that comprize the EAD and DBD and
Pro-rich activation domain from Fli1. The Fli1 modification
sites (AAs 278-452), entering in EWS/Fli1 are: T312-p,
implicated in transcription, acetylation, molecular association,
regulation and protein degradation; Y332-p; K380-ac, K397ac; S450-p, Y451-p and Y452-p. EWS/ATF1 is composed of
the EAD, fused to the CTD of ATF1 with domain structure
that includes: β domain containing a critical motif DLSSD;
Q2 (glutamine-rich constitutive activation domain); bZIP
(mediates dimerization and DNA-binding). The modification
sites of native ATF1 (AAs 66-271), entering in EWS/ATF1
are: S73-p; S189-gl; T197-p; S198-p; T209-p; K260-ub. S267p; S270-p.
The EWS/ZSG chimeric fusions are non-TET/ETS fusions
in “Ewing’s-like” tumors. The domain structure of EWS/ZSG
is composed of EAD and a A-T hook DNA binding motif and
a Cys2-His2 zinc finger from ZSG. Modification sites of
native ZSG (AAs 254-687), entering in EWS/ZSG are: ZSG
S257-p; T262-p; S278-p; S282-p; S378-p; S616-p.

Figure. Prediction of PBRs in disordered proteins by
ANCHOR for native EWS and oncogenic proteins EWS/Fli1,
EWS/ATF1 and EWS/ZSG.
Discussion:
Structure-function-post-translational
modification: Here is made an attempt to summarize the
available experimental data for post-translational
modifications, functional domains, protein-protein
interactions and predicted IPD and PBRs for EWS and
EFPs. In result, these functional interactions (4-8) and sites
of post-translational modifications (9-11) are disposed
predominantly in regions with predicted PBRs and high
IPD. Disordered proteins’ functions rely upon intrinsic
movement to participate in multiprotein complexes like
6212

transcription. The predictor results for IPD of EWS and
EFPs are similar and differ in some cases in the probability
for globular domains formation in CTD of native TFs (2,
3). The oncogenic function may be related to an increase
of the ordered structure in CTD and decrease of IPD and
PBRs of EFPs due to the fused TF, resulting in disruption
of protein-protein interactions with EWS partners, thus
leading to cancer by altering the cancer-preventing
mechanism of cells. The function of CTD is changed from
RNB in native EWS to DNB in EFPs, or mainly from
function in splicing for native EWS to transcription
modulation function leading to carcinogenesis in EFPs. The
result may be a change of partners and push toward or
down-regulate transcription from EWS-Fli1-induced gene
promoters. EAD function and targeted inhibition against
IPD regions: The intrinsic flexibility and movement of
disordered fused TFs, as well as the disruption of their
functional protein-protein interactions are targets for
anticancer therapeutics. The small molecules that target
IDP have lower affinity than enzyme inhibitors. EFPs are
involved in tumour maintenance and inhibitors may be
developed for therapy. Targeted therapeutics against EWSFLI1 do not exist for clinical use. EWS-FLI1 is
successfully inhibited by the small molecule (S)-YK-4-279
that blocks RHA binding in a dose-dependent manner. The
ESFTs xenograft mouse and rat studies showed clinical
tumor regression, molecular targeting and apoptosis,
leading towards a human clinical trial against ESFTs (4). It
is not well known if the interactions of the native TFs
(EWS, Fli1, ATF1, ZSG) are from the same nature, sites
and partners compared to the EFPs. The functional
interactions in ESFTs have to be studies with perspective
to be disrupted by small molecules, thus specifically
targeting the cancer-associated proteins, as well as the
drug-resistance mechanisms and pathways in order to treat
these translocation-related diseases.
1 Dosztányi Z, Mészáros B, Simon I. Bioinformatics. 2009
25(20), 2745-6.
2 Todorova R. Adv. Biosc. Biotech. 2012 3:25-34.
3 Todorova R. Russ J Bioorg Chem. 2014 40 (1): 16–25.
4 Hong SH, Youbi SE, Hong SP et al. Oncotarget.2014
5(2):338-50.
5 Bertolotti A, Melot T, Acker J et al. Mol. Cell. Biol. 1998
18(3), 1489-1497.
6 Petermann R, Mossier BM, Aryee DNT. et al. Oncogene
1998 17: 603–610.
7 Zhou H, Lee KAW. Oncogene 2001 20: 1519–1524.
8 Todorova R. Mol. Biol. Rep. 2009 36:1269–1274.
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Aim: This study aims to explore the impact of intrafraction
repair on hypofractionated radiotherapy for prostate cancer.
Repair is considered a cause of concern for radiotherapy
approaches requiring increasing irradiation times. Materials
and Methods: Two models of repair (mono-exponential and
bi-exponential) with rates derived from the literature have been
used to simulate the loss of biochemical control probability at
5 years for prostate patients for several clinically relevant
irradiation times. The theoretical predictions were compared
with clinical results from conventionally fractionated and
hypofractionated prostate radiotherapy. Results: Fraction
deliveries lasting more than 30 min could lead to a significant
loss of biochemical control for prostate carcinomas and the
magnitude of the loss depends on the rate of repair. Clinical
results from extremely hypofractionated schedules are most
compatible with predictions from intrafraction repair taking
place during longer irradiation times, while results from
moderately hypofractionated or conventionally fractionated
schedules are more in line with short irradiation times. Thus,
neglecting the impact of intrafraction repair might
overestimate the effectiveness of some treatment schedules.
This might be especially relevant for particle therapy with
scanned beams requiring longer times to cover a given target
volume. Conclusion: Intrafraction repair might play an
important role for prostate radiotherapy and may lead to loss
of biological effect in the case of extremely hypofractionated
schedules and techniques requiring increased irradiation times.
Neglecting to account for repair might also underestimate the
fractionation sensitivity for prostate tumours.
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Background: This study evaluated the dynamics of biomarkers
and their relation to prognosis of melanoma patients. Patients
and Methods: In a group of 77 patients with malignant
melanoma and 34 patients without cancer, as a control group,
we measured circulating levels of biomarkers using routine
immunoassays and multiplex xMAP technology. Results:
Serum levels of TPS (tissue specific polypeptide antigen),
S100A (protein S100A), OPG (osteoprotegerin), OPN
(osteopontin), IL-8 (interleukin 8) and IGFBP3 (insulin-like
growth factor binding protein 3) were elevated in the
melanoma group compared to healthy controls. We found
statistically significant correlations of serum levels of S100A,
TPS, OPN, IL-2 (interleukin 2), IL-6 (interleukin 6) and
IGFBP3 and studied clinicopathological parameters.
Conclusion: Certain biomarkers can reflect tumor load,
angiogenic potential or aggressiveness and allow for a detailed
categorization that is useful for the prediction of tumor’s
biological activity.
This study was supported by the research project IGA MZCR
NT 11017-5/2010.
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The transcription factor grainyhead-like 2 (GRHL2) is
evolutionarily conserved in many different species (including
humans) and has been mainly related to epithelial functions.
Recently GRHL2 has been implicated in carcinogenesis, but
its role as an oncogene or as a tumor suppressor gene remains
controversial. In view of the important and controversial
6213
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Figure 1. GRHL2 expression determined by qPCR (A) and
western blot (B).
evidence previously reported from different epithelial cancers,
we set out to characterize the expression of GRHL2 in cervical
cancer. Introduction: Cervical cancer is both one of the most
common cancers and one of the principal causes of mortality
in women worldwide (1). Its main etiological factor is human
papillomavirus infection (2). The papillomavirus life cycle is
time- and differentiation-dependent of the epithelial host cell,
although the cellular factors involved in these processes
remain unknown (3, 4). In this context, Grainyhead-like 2
(GRHL2), a member of the grainyhead subfamily of
transcription factors, plays an important role in regulating
epithelial cell differentiation (5-7) and has recently been
implicated in carcinogenesis (8, 9). Moreover, GHRL2 has
been suggested to control the epithelial-mesenchymal
transition (EMT), with loss of the epithelial phenotype
appearing to be an essential characteristic of tumor
progression (10). Interestingly, dual roles of this transcription
factor have been reported, mainly in breast cancer (11), with
evidence of it acting both as a tumor suppressor gene (12) and
as an oncogene (10). To the best of our knowledge there are no
6214

Figure 2. (A) GRHL2 expression determined by qPCR.
CCCLs: cervical cancer-derived cell lines, CSWL: cervical
samples obtained from women without cervical lesions.
∆Cp=Cp of GRHL2 minus Cp of reference gene from each
sample. * Student’s t-test, two-tailed p-value <0.001. (B)
Summary of the pathologist evaluation of the GRHL2
detection by immunohistochemistry in precursor and cervical
cancer tissues. GRHL2 expression was classified according to
the degree of positivity: negative, low, medium, or high.
Percentages of the tissues found with the different grades of
GRHL2 positivity are included.
published reports of GRHL2 expression in cervical cancer.
Materials and Methods: Microarray analysis was used to
determine GRHL2 expression in three cervical cancer-derived
cell lines (CCCLs: HeLa, SiHa, and C33A), as well as in the
non-tumorigenic human epithelial cell line, HaCaT.
Expression of GRHL2 was then validated by quantitative realtime PCR (qPCR) analysis and western blot was used to
assess GRHL2 protein levels. Additionally, qPCR and
immunohistochemical analysis were carried out in cervical
epithelial cells from women without cervical lesions and in
tissue biopsies from patients with cervical intraepithelial
neoplasias (CIN1, CIN3) and cervical cancer (CC),
respectively. Results: Through expression microarray, 58 genes
were found down-regulated in CCCLs compared to HaCaT
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cells. The expression of the top ten down-modulated genes
was validated by qPCR, and GRHL2 was found to be the most
down-regulated gene (Figure 1A). Western blot assays
corroborated that GRHL2 protein levels were strongly down
regulated in CCCLs (Figure 1B). Additionally, cervical
samples obtained from women without cervical lesions
(CSWL) were shown to express GRHL2 (Figure 2A), while
immunohistochemistry found that positivity to GRHL2
decreased in cervical cancer tissues. (Figure 2B). Discussion:
The functions of GRHL2 are mainly related to epithelial
behavior such as morphogenesis, cell polarity, differentiation,
and wound healing (5-7, 13, 14). Although diminished
expression of GRHL2 has been reported in other malignant
cells including human gastric carcinoma cell lines (8) and
breast cancer-derived cell lines (12), to our knowledge no
previous reports have investigated GRHL2 expression in
cervical cancer. Our study is therefore the first to demonstrate,
both at the mRNA and protein level, that GRHL2 is strongly
down-regulated in CCCLs. Previous studies of breast cancer
cells with an epithelial phenotype revealed that they expressed
higher levels of GRHL2 (11). In this respect, the functional
role of GRHL2 as a proto-oncogene or tumor suppressor gene
remains controversial in breast carcinogenesis. Additionally,
the regulatory system that governs the expression of this
transcription factor (GRHL2/ZEB1/miR-200) is not fully
understood (10-12). Similar levels of GRHL2 as observed by
qPCR in HaCaT cells were also seen in CSWL, indicating that
the cell line model used in our study did not misrepresent the
tissue-specific level of GRHL2 in healthy human cervical
samples. This result is in agreement with previous reports of
different epithelial cells such as those of the mucociliary
airway epithelium and lung epithelial cells, where GRHL2
regulates processes related to morphogenesis, differentiation,
and barrier functions through its transcriptional up-regulation
of genes related to tight and adherent junctions (6, 7, 13, 14).
Immunohistochemistry showed that GRHL2 expression
diminished in cervical tissues in line with an increase in
malignancy. This supports the findings of Xiang and coworkers (8), who reported weaker GRHL2 expression in gastric
cancer versus normal tissue. Similarly, Werner et al. (11)
observed reduced GRHL2 expression at the invasive front of
primary breast tumors, while decreased GRHL2 expression
levels were also reported in the claudin-low molecular subclass
of breast tumors and clear cell renal carcinomas (15). Reduced
expression of GRHL2 in breast tumors has been associated with
an EMT phenotype, increased cell survival, and migratory and
invasive behaviour, which is reminiscent of a tumor suppressor
gene (12, 15). Conversely, high GRHL2 expression has been
related to a poor prognosis for breast cancer metastasis (16).
The present study shows that a loss in GRHL2 expression
appears to be a characteristic of cervical cancer, suggesting
that GRHL2 is participating in this process as an altered tumor
suppressor gene.

TRLA, ARL, and RSM are grateful for a scholarship from
CONACyT-Mexico. This work was supported by Fondo de
Investigación en Salud – IMSS (FIS/IMSS/PROT/G12/1149).
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Breast cancer is the most common cancer affecting women
and its early detection, stratification and differentiation from
other benign breast disease is important for morbidity and
mortality reduction. To identify and functionally characterize
potential breast cancer biomarkers, mass spectrometry (MS)
was used to analyse serum samples representing 630 normal
controls, 192 benign breast disease (BBD) and 219 invasive
breast cancer (IBC) patients prior to intervention. Using liquid
chromatographic, free-flow electrophoresis (FFE), and
immunoprecipitation isolation and purification techniques
followed by the combined use of various MS tools with
enzyme-linked immunosorbent assay (ELISA) validation,
annexin A3 (ANX A3) was found to be differentially
expressed amongst different breast pathologies. The diagnostic
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value of serum ANX A3 was subsequently validated by
ELISA in an independent serum set from 51 patients. Here,
ANX A3 was significantly up-regulated in the benign disease
group sera compared to other groups (p<0.0005). Moreover,
ANX A3 distinguished the benign breast disease group with
sensitivities and specificities between 80-95%. Paired breast
tissue immunostaining confirmed that ANX A3 was
abundantly expressed in benign and to a lesser extent
malignant neoplastic epithelium, compared to normal breast
tissue. Finally, we illustrated ANX A3 expression in cell
culture lysates and conditioned media from neoplastic breast
cell lines, and its role in neoplastic breast cell migration in
vitro. This study confirms for the first time the potential role of
ANX A3 as a breast cancer biomarker and biological
regulator. We propose that breast cell ANX A3 secretion is
probably achieved through non-classical pathways promoting
the formation of MVBs and is secreted with exosomes. The
specific functional and diagnostic role of ANX A3 in breast
neoplasia warrants further multi-centre, clinical evaluation.
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EGFRVIII ACTIVATES A DISTINCT PATHWAY THAN
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Purpose: Epidermal growth factor receptor variant III
(EGFRvIII) is a tumor-specific variant widely expressed in
malignant gliomas and other neoplasms but absent in normal
tissues. It has a deletion of exons 2-7 of the EGFR gene
rendering the mutant receptor incapable of binding any known
ligand but it is a constitutively activated mutant of the wildtype tyrosine kinase. Since EGFRvIII has been shown to be
important in driving tumor progression and often correlates
with poor prognosis, we investigated whether the only
advantage of EGFRvIII is to be constitutively active or it
triggers a different signaling pathway. Materials and Methods:
Through gene manipulation, we established empty-,
EGFRvIII-, wild-type EGFR-, and double gene (vIII/wildtype)- vector and transformed AD293 cells. We used live
observation, target-blocking, Western blotting, real-time PCR,
ICC and bioinformatics analysis. Results: EGF stimulation
increased proliferation, cyclinD1 expression and AKT
phosphorylation. Upon lack of EGF stimulation, cyclinD1 was
strongly expressed in all vIII bearing cells. AKT was activated
only in the EGFRvIII cell line but not wild-type
EGFR/EGFRvIII, when EGF was not added. On the other
hand, the JAK/STAT axis was activated only in wild-type
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EGFR expressing cells. The activation of STAT5 signaling is
vital for promoting migration and invasion, however, vIII
alone was insufficient to activate it. Moreover JAK/STAT
inhibitors did not alter cell growth, contrasting previous
studies. Conclusion: Taken together, our data demonstrate that
EGFR activity is important for cell cycle and EGFRvIII
increases wild-type activity by triggering a different pathway
that is dependent on the balance between wild-type and
mutant receptor.
This work was supported by the Polish Agency for Enterprise
Development UDA-POIG 01.04.00-10-037/11-00.
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Sonodynamic therapy (SDT) is showing promise as a
potentially vital alternative to traditional cancer treatment
modalities. SDT is a form of ultrasound therapy in which
chemotherapeutic agents known as sonosensitizers are
administered to increase the efficacy of ultrasound’s
preferential damage on neoplastic cells (Trendowski, 2014).
The attractive features of SDT emerges from the ability to
focus ultrasound energy on malignancy sites buried deep in
tissues and to locally activate a preloaded sonosensitizer
(Rosentha et al., 2004; Kuroki et al., 2007). Furthermore, SDT
has been shown to induce cell damage in many cancer types
and appears to be a versatile treatment method (Bai W et al.,
2012; Kuroki et al., 2007). Perhaps one of the most intriguing
capabilities of ultrasound is its ability to preferentially lyse
cells based on size (Miller et al., 2003). This known fact
invariably gives rise to the idea of grossly enlarging tumor
cells to increase their already noticeable size difference with
normal cells. Cytochalasin B is a known pharmacological
agent that disrupts the actin cytoskeleton and inhibits
cytokinesis by interfering with formation of the contractile
ring, as well as the development of the cleavage furrow
(Trendowski, 2014). Consequently, the cell does not divide
and an immature actin cytoskeleton remains. However, the cell
continues to form nuclei and eventually becomes grossly
enlarged and multinucleated. Such cells invariably have more
DNA targets, increasing the likelihood of apoptosis.
Furthermore, the multinucleated cells have a large cell volume,
making them more susceptible for direct cell destruction.
Preferential damage of malignant cells is actually easily
attainable as normal cells exposed to cytochalasin B exit the
cell cycle and enter a resting state until sufficient actin levels

are restored. Therefore, only malignant cells, that have lost the
ability to enter the rest phase, will become grossly enlarged
and multinucleated, providing an ideal target for ultrasonic
irradiation. Work from our lab has indicated that cytochalasin
B does indeed only damage leukemia cells, leaving normal
blood cells unaffected (Trendowski, 2014). The designated cell
line has been the promyleocytic leukemia U937 cells as they
are a frequent choice for in vitro studies. The U937 cells have
routinely become grossly enlarged and multinucleated,
providing an ideal target based on size. The typical erythrocyte
is 6-8μm, while leukocytes fair slightly better with a range of
10-15μm and an average of 12μm. By contrast, work from our
lab has shown that cytochalasin B-treated leukemia cells easily
grow in excess of 20μm with some reaching 40μm in diameter
after enough exposure (Trendowski et al., 2014). Such cells
have reduced cytoskeletal integrity and are easy targets for
ultrasonic irradiation. Furthermore, cytochalasin B-treated
leukemia cells are substantially multinucleated as cytokinesis
is inhibited. This provides plenty of targets for a nucleic acid
directed agent, such as cisplatin or doxorubicin, to attack. The
proposed therapeutic approach could provide for a potent
clinical method to treat leukemias and other hematological
malignancies. Ultrasound can be directed towards any area of
the body, allowing for search and destroy methods to be
created in which there is no place for malignant cells to hide.
Preferential damage should be substantially increased when a
cytochalasin B-nucleic acid agent drug cocktail is applied to
ultrasonic irradiation as leukemia cells will be most affected
by the treatment. SDT has even been shown to reverse drug
resistance in K562/A02 leukemia cells when doxorubicin,
another nucleic acid agent, is combined with ultrasound
(Meng et al., 2008). Such results are promising and further
substantiate SDT as a viable treatment modality. By using
cytochalasin B and a nucleic acid agent as sonosensitizers, I
propose that ultrasonic irradiation will significantly cripple
leukemia cell populations, creating a basis to promote the
therapeutic approach for in vivo and eventual clinical studies.
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Background: Insufficient future liver remnant volume
(FLRV) is the main cause of the low resectability of
colorectal liver metastases (CLMs). One option for
enhancing FLVR growth is the use of portal vein
embolisation (PVE) with the application of autologous
haematopoietic stem cells (HSCs). Patients and Methods:
PVE with the application of HSCs was used in 11 patients
(Group I-GI) with primarily non-resectable CLMs due to
insufficient FLRV without signs of extra-hepatic metastases.
The control group (GII) consisted of 14 patients in whom
only PVE was performed. We evaluated product quality,
FLRV growth, CLM volume growth, median survival and
progression-free survival (PFS). Results: Product quality
was fulfilled in all collections. In all GI patients, sufficient
FLRV growth occurred within three weeks. In the first and
second weeks, FLRV increased optimally in most of the
patients (p<0.006). In 13 (92.9%) of the GII patients,
optimum FLVR growth was observed within three weeks
following PVE (p<0.002). More rapid FLVR growth was
observed in the GI patients (p<0.01). CLM volume was
significantly increased in both the GII (p<0.0005) and GI
(p<0.008) patients at the time of liver resection. There was
no significant difference in the growth of the CLM volume
between the groups (p<0.18). The median survival of the GI
and GII patients was 7.3 and 6.8 months, respectively, and
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the two-year PFS was 28 and 22% (n.s.), respectively.
Conclusion: PVE with HSC application is a new promising
method for effectively stimulating FLVR growth in
primarily non-resectable CLMs.
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Introduction: The increasing use of APBI after breastconserving surgery has emerged from the need to provide
shorter overall treatment time for patients with co-morbidities
unsuitable for whole breast external beam radiotherapy
(EBRT), patients living far away from radiotherapy centres,
as well as social and economic problems. This technique is
now considered a viable treatment option outside clinical
trials due to the recent consensus statements (CS) by ASTRO
(American Society for Radiation Oncology) and GECESTRO (Groupe Européen de Curiethérapie-European
Society for Radiotherapy and Oncology). Patients and
Methods: We retrospectively analyzed 81 patients treated
from 2003 to 2013 with APBI at a single institution and
collected data regarding tumour, treatment and patient-related
features. APBI consisted either in placing metal needles or
flexible plastic catheters using a template-based technique.
Dose prescriptions ranged from 40 to 50 Gy (0.8 to 1 Gy/h)
with PDR (pulse dose rate) and 32 Gy in 8 fractions with
HDR (high dose rate). All patients were then classified as
“suitable”, “cautionary” and “unsuitable”, as well as “low
risk”, “intermediate risk” and “high risk” according to the CS.
The outcome in terms of ipsilateral local recurrence, regional
node relapse and distant metastases was assessed. Results:
The median follow-up time was 35.1 months. Forty-six
patients underwent HDR and 35 a PDR technique. No
locoregional relapses were documented. One patient
developed brain metastasis. Regarding patient classification,
according to the ASTRO CS, 47 were considered “suitable”,
24 “cautionary” and 6 “unsuitable”. According to the GECESTRO CS, 60 were “low risk”, 9 “intermediate risk” and 8
“high risk”. 6 patients did not meet the necessary criteria to
be classified. Conclusion: This study supports the evidence
that APBI using multicatheter brachytherapy is a safe and
effective method of delivering radiotherapy to breast cancer
patients.
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Objectives: To contain the optimal geometry of breast
multicatheter interstitial brachytherapy with the plastic tube
technique. Materials and Methods: The rules of the Paris
System such as parallelism and equidistance of tubes of
multiple interstitial implant, either in a triangle or a square
pattern, can be difficult to achieve and maintain not only
because the softness of the breast but also because individual
catheters may become displaced with its mobility. The
authors have developed a brachytherapy catheter fixation
method resembled to a needle template using IV fluid tubes
perforated in the theatre room with an average spacing of 10
– 14 cm according to the breast morphology. The perforated
tubes are threaded over the needles to space and stabilize the
implant geometry, being the former then replaced with the
usual brachytherapy plastic tubes. Results: Implant catheters
are less prone to displacement when this system connects and
spaces the catheters, while its soft material helps avoid the
discomfort and pressure injury sometimes associated with
hard plastic buttons. Conclusion: This manual and individual
made brachytherapy device effectively maintains the
geometry of multicatheter plastic tube interstitial implants.
Stable implant geometries lead to more reliable brachytherapy
dosimetry and improve the patient’s comfort. This simple,
practical, cheap and easily produced technical solution is also
applicable to other uses in clinical brachytherapy, such as head
and neck sites, extremity sarcomas and abdominal or thoracic
tumors.
663
TARGETING BAG-1-MEDIATED PROTEIN
INTERACTIONS TO OVERCOME BRAF
INHIBITOR RESISTANCE

Marion Enthammer1, Marco Thurner1, Sana Khalid1,
Hermann Stuppner2 Ramsey I. Cutress3 and
Jakob Troppmair1
1Daniel

Swarovski Research Laboratory, Department of
Visceral, Transplant and Thoracic Surgery, Innsbruck
Medical University, Innsbruck, Austria;
2Institute of Pharmacy/Pharmacognosy, Center of Molecular
Biosciences, University of Innsbruck, Innsbruck, Austria;
3Cancer Research UK Centre, Cancer Sciences Division,
University of Southampton Faculty of Medicine,
Southampton General Hospital, Southampton, UK

The discovery of frequent BRAF mutations in a variety of
cancers spurred the interest in both understanding the
contribution of deregulated RAF signaling to disease
development and the potential use of RAF kinases as
therapeutic targets. Our research mainly focuses on
deciphering how mutant RAF contributes to transformation
and how this knowledge may be exploited for novel
therapeutic approaches. Our experiments demonstrated the
importance of maintaining mitochondrial Ca2+ and ROS
homeostasis for cell survival control by mutant and wild type
C- and BRAF. BAG-1 has been implicated in the activation of
CRAF and may function as a mitochondrial RAF survival
signaling hub. To address a possible therapeutic option of
targeting the interaction of RAF and BAG we identified and
characterized Thio-2. Thio-2 blocked the growth of
transformed cell lines but had much weaker effects on
untransformed cells. Most importantly, Thio-2 inhibited the
proliferation of melanoma cell lines resistant to treatment with
PLX4032, an inhibitor of mutant BRAF. Thio-2 interfered
with intracellular signaling at the level of RAF but had no
effect on the activation of AKT. Thio-2 decreased binding of
BAG-1 to Hsc70 and to a lesser extent BRAF in vitro and in
vivo, suggesting a possible mechanism of action. Given that
tumors frequently develop resistance to kinase inhibitors
during treatment, Thio-2 and related compounds targeting
protein-protein interactions may offer promising alternative
strategies to currently available therapies.
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THE STUDY OF GENOMIC CONTRIBUTION
IN TAIWAN HEAD AND NECK CANCERS
Chia-Wen Tsai1, Chin-Mu Hsu1,
Wen-Shin Chang1,2 and Da-Tian Bau1,2
1Terry

Fox Cancer Research Laboratory, China Medical
University Hospital, Taichung, Taiwan, R.O.C.;
2Graduate Institute of Clinical Medical Science, China
Medical University, Taichung, Taiwan, R.O.C.

Compared with Western countries, the incidence rate of head
and neck cancer is rather higher in Taiwan, an island with a
very high genetic conservation. Thus, genetic studies for
Taiwanese are very useful, especially for nasopharyngeal
cancer susceptibility evaluation. In addition to Epstein-Barr
virus (EBV) infection, certain dietary factors and genetic
differences such as single nucleotide polymorphisms (SNPs),
which may all contribute to nasopharyngeal cancer
carcinogenesis, environmental factors, such as smoking, may
also play a role in the etiology of nasopharyngeal cancer. The
highlight cancer of this report is oral cancer, which is a
commonly diagnosed cancer all over the world. With
continuously increasing incidence and mortality for the past
two decades, oral cancer has become the fourth most common
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cause of male cancer death in Taiwan. The genomic etiology
of oral cancer is of great interest but largely unknown. In
2011, ten hallmarks of cancer were summarized in the journal
of Cell. Our study focused on four important parts; cell cycle
regulation, the DNA repair system for genome integrity, DNA
metabolism and stability and, lastly, immune escape. We
collected several novel markers among cell cycle regulation
(CCND1), DNA repair (XRCC4, XRCC5, XRCC6, EXO1,
ATM, hOGG1), XRCC3, DNA metabolism (MTHFR) and
immune (IL-10) systems, and studied their role in
susceptibility to oral and nasopharyngeal cancer, as well as
their possible role in carcinogenesis and personalized
pharmacogenomics.
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UNCOMMON LATE RECURRENCE
OF A TESTICULAR SEMINOMA WITH
A METASTATIC LESION TO COLON

Nikolaos Tsoukalas1, Nikolaos Salemis2, Georgios Nakos3,
Georgios Boubousis2, Maria Kiakou1, Evangelia Vogiatzi1,
Andreas Katsimardos1, Konstantinos Mpallasis1 and
Charalambos Christofyllakis1
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General Military Hospital, Medical Oncology Dpt,
Athens, Greece;
2401 General Military Hospital, Breast Cancer Surgery Dpt,
Athens, Greece;
3401 General Military Hospital, Pathology Dpt, Athens,
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Aim: The presentation of a rare case of classical testicular
seminoma that relapsed with a metastasis to colon 12 years
after the initial diagnosis. Case presentation: A 39-year-old
man with a past history of testicular seminoma diagnosed 12
years ago (orchiectomy and radiotherapy) presented with pain
in the left iliac fossa. Physical examination revealed tenderness
in the left iliac fossa and a palpable abdominal mass. The
imaging investigations showed thickening of the descendant
colon’s wall and dimness of surrounding fat. A colonoscopy
revealed a pathological mass around 8 cm causing almost
complete stenosis of colon at a distance of 40 cm from anus.
The patient underwent surgical removal of the tumor that was
large (15x10x3.5 cm) with ulcers. Histological examination
showed that the mass was extensive metastatic infiltration of
classical testicular seminoma with extension to the proximal
fat and presence of infiltration and obstruction of venous
vessels. However, all resected lymph nodes were free of
disease. Tumor markers were negative. A review and
comparison of the histological specimens of the primary
testicular seminoma and the colon mass took place that
confirmed the earlier diagnosis of metastatic infiltration of
colon from classical testicular seminoma. The patient received
BEP regimen (etoposide-cisplatin-bleocin) chemotherapy with
6220

very good tolerance. Conclusion: The interesting feature of
this case is the metastasis of a classical testicular seminoma
to colon 12 years after the initial diagnosis. According to the
literature, the incidence of metastases from testicular
seminoma to the gastrointestinal system is very small (<5%).
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UNCOMMON SPREAD OF BREAST CANCER WITH
METASTATIC INFILTRATION ONLY TO ROTTER’S
LYMPH NODES
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Aim: The presentation of a rare case of breast cancer with
metastatic infiltration only to ipsilateral interpectoral Rotter’s
lymph nodes without any other metastases. Case presentation:
A 42-year-old woman presented with a painful palpable mass
in her left breast. Mammography and breast ultrasound
confirmed that mass. A wide local excision of the tumor took
place. Histological examination revealed the presence of two
foci of invasive breast carcinoma with ductal myeloid
characteristics, grade III. Immunohistochemisty was negative
for ER, PR and HER2. Due to the histological findings, a
modified radical left mastectomy with ipsilateral axillary
lymph nodes resection took place. Fortunately, no residual
disease was found in the surgical specimens. However, in
staging work up, a chest CT showed the presence of abnormal
swollen lymph nodes at the level of the left thoracic muscles
(interpectoral or Rotter’s lymph nodes). Initially the FNA of
the above lymph nodes was positive for malignant cells.
Followed by surgical resection and histological examination
revealed extensive metastatic infiltration of the breast
carcinoma. Therefore, it was a left breast ductal invasive
adenocarcinoma with myeloid characteristics, grade III, "triple
negative" and stage IIB (T2b N1 M0). The patient received
adjuvant chemotherapy (6 cycles) with the combination of
cyclophosphamide, doxorubicin and docetaxel (TAC) with
good tolerance and adjuvant radiotherapy with 3D CRT
technique in the area of the left breast and ipsilateral
supraclavicular and axillary area. Conclusion: This case is
interesting due to unusual metastatic spread of tumour with
metastatic infiltration of the ipsilateral interpectoral or Rotter’s
lymph nodes despite the fact that the ispilateral axillary lymph
nodes were free of metastates and of course there were no
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distant metastases. The interpectoral or Rotter’s lymph nodes
(1-4), were located between the major and minor pectoral
muscle. Rotter’s lymph nodes receive lymphatic fluid from the
upper part of the breast.

important conclusion of this study was the correlation
between higher E-cadherin and/or lower vimentin
expression with better patients’ overall survival.

Nikolaos Tsoukalas1,2, Constantinos Giaginis2,
Spiridon Siakavellas2, Ioannis Kostakis2, Maria Tolia2,
Maria Kiakou1, Evangelos Bournakis2,
Aristoula Papakostidi2, Ioannis Sfiniadakis3,
Andreas Karameris4 and Stamatios Theocharis2

Nikolaos Tsoukalas1,2, Constantinos Giaginis2,
Spiridon Siakavellas2, Ioannis Kostakis2,
Maria Tolia2, Maria Kiakou1, Evangelos Bournakis2,
Aristoula Papakostidi2, Ioannis Sfiniadakis3,
Andreas Karameris4 and Stamatios Theocharis2

667
EPITHELIAL MESENCHYMAL TRANSITION (EMT)
IN NON-SMALL CELL LUNG CANCERS

668
CORRELATION OF RCAS1 AND CD3 EXPRESSION
AND THEIR CLINICAL SIGNIFICANCE IN
NON-SMALL CELL LUNG CANCERS
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Background: Lung cancer is the first cause of cancer-related
deaths in both males and females. The epithelialmesenchymal transition (EMT) is a reverse process by
which epithelial cells transform to mesenchymal stem cells
by losing their cell polarity and cell-cell adhesion and
gaining migratory and invasive properties. High levels of Ecadherin are expressed in epithelial cells, whereas
mesenchymal cells express high levels of N-cadherin,
fibronectin and vimentin. Aim: The aim of this study was to
evaluate the correlation between E-cadherin and vimentin
expression and their clinical significance in non small cell
lung cancer (NSCLC). Materials and Methods: Tissue
microarrays of tumor specimens from 112 patients with
newly diagnosed primary NSCLC were constructed. The
sections were stained with monoclonal antibodies against Ecadherin, Ki-67 and vimentin using immunohistochemistry
and they were studied through classical pathological
evaluation and computerized image analysis. Associations
between E-cadherin, Ki-67 and vimentin expression and
clinicopathological variables and survival were analyzed. In
all cases a p-value ≤ 0.05 was considered significant.
Results: Correlations were identified between lower Ecadherin expression and presence of necrosis and/or fibrosis
in tumors. Moreover, there was a correlation trend between
higher E-cadherin expression and better overall survival. In
contrast, there was a significant negative correlation
between vimentin expression and patients’ survival. Also,
there was a significant negative correlation between
vimentin expression and grade I tumors and a positive
correlation trend between vimentin expression and Ki-67.
Finally, there was a negative correlation trend between
vimentin expression and T1 tumors. Conclusion: The most
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401 General Military Hospital, Athens, Greece;
2Medical School, National and Kapodistrian
University of Athens, Athens, Greece;
3Department of Pathology, Naval Hospital, Athens, Greece;
4Department of Pathology, 417 NIMTS Hospital, Athens,
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Background: Lung cancer is the first cause of cancer-related
deaths in both males and females. RCAS1 (receptor-binding
cancer antigen expressed on SiSo cells) is a protein that is
expressed in different types of cancer and seems to be
involved in the process of the tumour cells’ escape from the
immune system surveillance (immunoescape). CD3 (cluster
of differentiation CD3) is an antigen that is part of the T cell
receptor (TCR) complex on a mature T lymphocyte. Aim:
The aim of this study was to evaluate the correlation between
RCAS1 and CD3 expression and their clinical significance
in non small cell lung cancer (NSCLC). Materials and
Methods: Tissue microarrays of tumor specimens from 112
patients with newly diagnosed primary NSCLC were
constructed. The sections were stained with monoclonal
antibodies against RCAS1, Ki-67 and CD3 using
immunohistochemistry and they were studied through
classical pathological evaluation and computerized image
analysis. Associations between RCAS1, Ki-67 and CD3
expression and clinicopathological variables and survival
were analyzed. In all cases a p-value ≤ 0.05 was considered
significant. Results: RCAS1 expression was higher in grade
III tumors, regardless of the histological type, and in
adenocarcinomas with lymphovascular invasion. A positive
correlation between RCAS1 and Ki-67 levels was observed.
Moreover, there was an inverse correlation of overall survival
with RCAS1 and Ki-67 levels and patients with higher
expression of RCAS1 or Ki-67 had a significantly shorter
survival than those with lower expression. There was also an
inverse correlation between RCAS1 expression and the
percentage of CD3(+) lympocytes inside the tumor. Finally,
there was a positive correlation between the percentage of
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CD3(+) lympocytes inside the tumor and the patients’ overall
survival. Conclusion: There was a negative correlation
between RCAS1 and CD3 expression in NSCLC. RCAS1
could be a useful immunohistochemical marker indicating
tumor aggressiveness and predicting poor prognosis for
patients with NSCLC.

670
CLINICOPATHOLOGICAL CHARACTERISTICS OF
TESTICULAR CANCER: A 10-YEAR EXPERIENCE
OF A MEDICAL ONCOLOGY DEPARTMENT

Nikolaos Tsoukalas

401 General Military Hospital, Medical Oncology
Department, Athens, Greece
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PANCREATIC NEUROENDOCRINE TUMORS: AN
OVERVIEW AND ALGORITHM OF MANAGEMENT
Guy’s and St Thomas’ Cancer Centre NHS, London, UK

Neuroendocrine tumors are rare malignancies that appear
most often in the digestive and respiratory system. The
gastroenteropancreatic neuroendocrine tumors can originate
from anywhere in the digestive tract but are most often
found in the small intestine and pancreas. In particular,
pancreatic Neuroendocrine Tumors (pNETs) are rare
neoplasms with an incidence of less than 1 per 100,000.
However, there is an increase in their incidence over the last
20 years. According to the WHO classification, pNETs are
divided into grade 1 (G1) and 2 (G2) neuroendocrine tumors
and grade 3 (G3) small-cell or large-cell carcinomas
(neuroendocrine carcinomas/NECs). Based on their clinical
presentation, pNETs are divided into functional and nonfunctional pNETs depending on the existence or not of
clinical signs caused by the production and secretion of
neuropeptides. The mainstay of therapy for localized pNETs
is surgical resection. Therapeutic modalities for
neuroendocrine liver metastases include surgical resection,
radiofrequency ablation, hepatic artery radioembolization
and chemoembolization. Another treatment option is peptide
receptor-targeted radiotherapy (PRRT) using 90Yttrium and
177Lutetium labeled as DOTATOC or DOTATATE.
Somatostatin analogues (SSA) are the cornerstone of
therapy for pNETs as they offer control of symptoms related
to hormone hypersecretion and stabilization of tumor
growth. Recent studies have identified new chemotherapy
regimens, such as the combination of capecitabine and
temozolimide, which seems to have very good results in the
treatment of pNETs. Earlier studies had shown that
streptozocin combined with either 5-fluorouracil or
doxorubicin was effective to treat pNETs. Molecular
targeted therapies, such as everolimus (an inhibitor of
mTOR) and sunitinib (a multiple tyrosine kinase inhibitor)
have been approved for the treatment of locally advanced
and metastatic pNETs based on the results of phase III
studies. These clinical trials evaluated the effectiveness of
everolimus and sunitinib in pNETs and showed disease
stabilization and survival improvement.
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Background: Testicular cancer mainly involves young adults
and is usually diagnosed at an early stage. In most cases
prognosis is very good as it is considered to be chemosensitive. The aim of this study was to present data of patients
treated for testicular cancer at our department during the past
decade. Patients and Methods: Patient data involving cases of
testicular cancer treated in our department during the past
decade have been collected. For the statistical analysis we
used t-test, one way ANOVA and χ2 test. Results: Data of 64
patients have been analyzed. Median age was 32.8 years old
(19-65). Of those, 77.8% had free past medical history, 17.5%
cryptorchism and 4.8% other diseases. Initial presentation was
palpable mass in 56.3%, pain in 32.8% or both in 10.9%. The
tumor was right-sided in 51.6%, left-sided in 45.3%, bilateral
in 1.6% and intra-abdominal in 1.6%. Histology was
seminoma in 45.8% and embryonal carcinoma in 40.7%,
teratoma in 11.9% and yolk-sac tumor in 1.7%.
Lymphovascular invasion was present in 79.7%, inflammation
in 74.6%, necrosis in 39% and fibrosis in 36.8%. Regarding
staging, 46.3% were pT1, 46.3% pT2, 5.6% pT3 and 1.9%
pTx. PEB chemotherapy was administered in 81%, carboplatin
in 17.2% and 1.7% underwent follow-up only. Statistical
analysis revealed that: (i) patients with past medical history of
cryptorchism were more likely to present with seminoma
compared to other histological types (p=0.046) and (ii)
patients with seminoma were more likely to have fibrosis
(p=0.042). Conclusion: The most interesting findings of our
study were the correlation between the histological type of
seminoma with the history of cryptorchism and the presence
of fibrosis. In general, the results of this retrospective study
are in accordance with existing literature.
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Background: Serum C-reactive protein (CRP), albumin,
ferritin and transferrin are critical indicators of systemic
inflammatory reaction and patients’ nutritional status. CRP
has been considered as prognostic factor in several
malignancies, while its combination with serum albumin has
additional prognostic value in certain tumours. Serum ferritin
and transferrin levels have been associated with
inflammation and oxidative stress in several neoplasms.
Material and Methods: One hundred patients with primary
non small cell lung cancer and no active infection were
included in the study. Blood samples were taken prior to any
therapeutic intervention. Serum CRP and transferrin levels
were assessed by nephelometry, serum ferritin by
chemiluminescence and serum albumin by spectrophotometry. Serum CRP, albumin, ferritin and transferrin levels
were analyzed in relation with clinicopathological
characteristics and patients’ survival. Results: Enhanced
serum CRP levels, as well as decreased serum albumin levels
were significantly associated with older age, high grade
tumours, poor performance status, presence of
lymphovascular invasion and advanced stage (p<0.01 in all
cases). Enhanced serum ferritin levels were significantly
associated with larger tumour size, as well as with the
presence of lymph node and distant metastases (p=0.012,
p=0.004 and p=0.008, respectively). Borderline associations
between serum transferrin levels and larger tumour size, the
presence of lymph node and distant metastases were shown
(p=0.094, p=0.067 and p=0.079, respectively). Serum CRP,
albumin, ferritin and transferrin levels were significantly
associated with patients’ survival in univariate analysis (logrank test, p=0.001, p=0.001, p=0.012 and p=0.039,
respectively). In multivariate analysis, stage of disease,
performance status and serum CRP levels were identified as
independent factors of patients’ survival (Cox-regression
analysis, p=0.001, p=0.001 and p=0.006, respectively).
Conclusion: The present study supported evidence for the
potential role of serum acute phase proteins as biomarkers in
non small cell lung cancer. Amongst them, serum CRP seems
to exert the most significant prognostic value concerning
patients’ survival. Nevertheless, more and larger studies are
needed to elucidate their clinical importance.
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Background: Carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA 19-9) have been considered as useful tumour
markers in various malignancies. The present study aimed to
assess the clinical significance of preoperative serum CEA and
CA 19-9 levels in non small cell lung carcinomas (NSCLC).
Patients and Methods: One hundred patients with primary
NSCLC were included in the study. Blood samples were taken
prior to any therapeutic intervention. Serum CEA and CA 19-9
levels were assessed by chemiluminescence and were analyzed
in relation with the clinicopathological characteristics and
patients’ survival. Results: Serum CEA and CA 19-9 levels were
negatively associated with the grade of differentiation at a no
significant level though (p=0.071 and p=0.103, respectively).
Enhanced serum CA 19-9 levels were significantly associated
with advanced disease stage and presence of distant metastases
(p=0.034 and p=0.005, respectively), whereas a non significant
association between serum CEA levels and disease stage was
noted (p=0.128). Most importantly, patients with high serum CA
19-9 levels showed significantly shorter overall survival
compared to those with low CA 19-9 levels (log-rank test,
p=0.025), whereas serum CEA levels did not show any
association with patients’ survival (log-rank test, p=0.810). In
multivariate analysis, stage of disease, performance status and
serum CA 19-9 levels were identified as independent prognostic
factors of patients’ survival (Cox-regression analysis, p<0.001,
p<0.001 and p=0.014, respectively). Conclusion: The present
study supported evidence that CA 19-9 could be considered as a
useful biomarker for NSCLC, whereas the clinical utility of CEA
seems uncertain. Nevertheless, more and larger studies are
needed to elucidate their clinical importance.
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DESMOPLASTIC SMALL ROUND CELL TUMOR OF
THE PERITONEAL CAVITY WITH SECONDARY
METASTATIC PLEURAL IMPLANTS
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Aim: The description of a rare case of a desmoplastic small
round cell tumor. Case presentation: A 35-year-old male
presented with flatulence feeling, mild abdominal pain,
constipation and gain of weight during the last three months.
Clinical examination showed ascites and laboratory exams
revealed CA-125: 1.786 U/ml. A CT scan showed the
presence of diffuse invasive lesions originated from the
peritoneum like intraperitoneal implantations (the biggest one
was13.5 x 8 cm) and ascitic fluid. A biopsy of the biggest
implant revealed a desmoplastic small round cell tumor.
Staging workup did not show distant metastases. The patient
underwent surgical removal of the tumor (not complete) with
implantation of radioactive implants in places where the
exclusion of the tumor was impossible and administration of
intraoperative hyperthermic chemotherapy with mitomycin.
Immunohistochemical analysis showed tumor cells positive
for cytokeratins, NSE, desmin and WT-1. A new CT scan
revealed multiple nodular foci in chest, probably metastatic
on the pleura, and pleural and ascitic fluid. The patient
received a chemotherapy regimen with endoxan, adriamycin,
vincristine, ifosfamide and etoposide. He developed
pancytopenia, febrile neutropenia, left subclavian thrombosis
and mucositis with dysphagia, which were, howeber,
successfully treated. He continued the chemotherapy schedule
but unfortunately he died five months later due to disease
progression and treatment toxicities. Conclusion: Only 200
cases of desmoplastic small round cell tumor have been
described. This tumor usually appears in children and young
adults, especially males during the third decade of life. In the
vast majority of patients it grows within the peritoneal cavity
in the form of multifocal implants and 40% is metastatic at
diagnosis. The unique feature of the tumor is the presence of
a translocation t(11; 22) (p13; q12) and the production of the
protein EWS-WT1. It is a very aggressive neoplasm that
grows rapidly with poor prognosis. The most important part
of its treatment is surgery.
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DISCORDANCE IN EXPRESSING BRAF
GENE MUTATIONS BETWEEN PRIMARY
MELANOMA AND METASTASES
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Aim: This case presents discordance in expressing BRAF gene
mutations between primary tumor and metastases in malignant
melanoma. Case presentation: A 40-year-old male underwent
surgery for melanoma in his back in 2002. Breslow thickness
was 1.36mm and biopsy of the sentinel lymph node showed
micro-metastatic disease but subsequent dissection was
negative. The primary tumor was negative for BRAF
mutations. The patient received adjuvant immunotherapy with
low doses of IFN-2a for 18 months. Nine years later a CT
revealed nodules in the right lung. The patient received
chemotherapy with DTIC for 9 cycles as first-line treatment,
with almost excellent response and with only one small
remaining residual lesion in the right lung, which was easily
excised by wedge resection. Histological examination was
compatible with metastatic melanoma. Most importantly, that
metastatic lesion was positive for BRAF mutations (VE 600).
Three months later there was further progression with hepatic,
pulmonary and cerebral metastasis for which he received
radiotherapy. Subsequently, he received treatment with
vemurafenib with good tolerance and good initial partial
response. Four months later, the patient’s clinical condition
was significantly deteriorated, with increasing number of
secondary metastatic foci in the lungs and liver and the
emergence of new lesions on the right pleura. He died soon
due to further deterioration of the disease. Conclusion: The
most interesting point is that the primary melanoma was
negative for BRAF mutation, while the secondary metastasis
was positive. According to the literature, around 15% showed
discordance, with the highest discordance rates observed
between primary melanomas and metastases to brain or skin.
This observation raises the clinical question of examining the
secondary lesions for the presence of this mutation even if the
primary tumor is negative. Obviously, genetic analysis is best
to be carried out on tumor tissue from the most recent
metastatic sites.
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Aim: A case report of a patient with both a non-seminomatous
germ cell tumor and a papillary thyroid carcinoma. Case
presentation: A 26-year-old male patient presented with a
painful swelling of the left testis. Based on the findings of the
ultrasound he underwent a left orchiectomy. The histological
examination revealed a mixed non-seminoma from germ cells
with>95% elements of embryonic carcinoma. The workup for
staging revealed metastases in lungs and in paraortic lymph
nodes. The values of tumor markers after orchiectomy were
AFP=28.4 ng/ml, β-HCG=1.2 IU/ml and LDH=662 IU/ml.
According to the TNM system, the stage of the disease was
pT3/IIIC and the patient treated with 4 cycles of therapy with
bleomycin, etoposide and cisplatin (BEP). Restaging with
PET/CT scan, after chemotherapy, showed complete response
of metastatic lesions and a metabolic hyperactivity in the
lower lobe of the right lobe of the thyroid gland. The values of
tumor markers were normal but the thyroglobulin was
TG=136.6 ng/ml. Afterwards, a FNA of the thyroid gland
lesion was performed that revealed a papillary thyroid
carcinoma. The patient underwent a total thyroidectomy and
the histological examination showed a papillary thyroid
carcinoma (tumor size 2cm). Following that, he received
radioiodine therapy with radioactive ¹³¹I. The patient is in
follow-up in the last 3 years and is still free of relapse.
Conclusion: The interesting point in this case report is the
simultaneously appearance of two primary malignancies in a
young patient. The impact of multiple primaries in an
oncologic patient is from 3.2% to 4.6% and the concurrent
appearance of both is a rare phenomenon. Based on literature
review, the mutations in the family of RAS (KRAS, RAS)
may be relevant to the simultaneous appearance of tumor
germ cells and papillary thyroid carcinoma.
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GERMLINE MUTATION OF MLH1, MSH2 IN
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Background: Hereditary nonpolyposis colorectal cancer
(HNPCC) or Lynch syndrome I (OMIM#120435) is an autosomal dominant trait and caused by a germline mutation in
mismatch repair (MMR) genes. HNPCC is caused by
mutations in the MSH2 and MLH1 genes which may account

for 60% and 30% of HNPCC cases, respectively. HNPCC has
an incidence of 1:1,000 in the general population and up to
1:100 in individuals with colorectal cancer (CRC), which
accounts for 1–5% of CRC. Objective: 1. To study the
incidence and correlate the genotype-phenotype relationship
of germline mutation in MLH1 and MSH2 in young-onset
nonpolyposis CRC in Thai Patients. 2. To encourage genetic
testing for MLH1 and MSH2 in at-risk pre-symptomatic
patient. Methods: Direct whole gene sequencing in MLH1 and
MSH2 was applied in all cases of age<50 years, nonpolyposis
CRC after confirmed by tissue pathological report. Their
relatives at-risk would also be encouraged to have genetic test
and an appropriate cancer surveillance program. Results: In
our two expanded-families which their family history fit to
AmsterdamII criteria, we found CC deletion at c.1404 and G
deletion at c.2210+1 in MLH1 and MSH2, respectively. These
are novel mutations causing frameshift mutation in both MMR
genes without clinical difference. Conclusion: HNPCC is a
genetically heterogeneous disease. Our preliminary results
revealed a new disease-causing mutation in Thai families.
Germline analysis may help us screened in pre-symptomatic
cases and offer an appropriate cancer screening program. This
will help the susceptible patients to receive early diagnosis and
treatment before develop advanced CRC.
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NOVEL NON-HOT SPOT APC MUTATIONS IN
FAMILIAL ADENOMATOUS POLYPOSIS (
FAP) IN THAI FAMILIES

Atchara Tunteeratum and Chanon Kunasol,
Manisa Busabaratana, Kanoknan Srichan, Thanyachai Sura

Division of Medical Genetics & Molecular Medicine,
Department of Medicine, Faculty of Medicine Ramathibodi
Hospital, Mahidol University, Bangkok, Thailand

Background: FAP (OMIM#175100) is a predisposing colon
cancer syndrome in which hundreds to thousands of
precancerous colonic polyps develop usually at age 16 years.
95% of individuals have polyps at age 35 and are at high risk
of becoming malignant without colectomy. Objective: 1. To
study the incidence and correlate the genotype-phenotype
relationship of germline mutation in APC genes in Thai
Patients. 2. To encourage genetic testing for APC in at-risk
pre-symptomatic patient. Methods: All multiple colonic polyps
with tissue pathology in confirmed patients were reviewed
regarding their clinical courses and other extracolonic features.
Then, they were screened by direct whole gene sequencing for
germline mutations in APC. Results: We found 3 novel
mutations at c.385 G>A, c.559 delA and c.3027delG at exon
3, 5 and 15, respectively in 3 isolated families. Two children of
the first family developed osteoma at age 5 and 7 year-old,
respectively while the others have only family history of
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colorectal cancer without other extracolonic features.
Conclusion: Disease-causing mutations in APC are high
penetrance and predisposing to CRC. Our preliminary results
discovered 3 novel mutations, and 2 of them are not located
in frequently reported exon 15. These results imply that
targeted-mutation analysis may not be sufficient to test some
populations. Ethnic variation may cause difficulty in genetic
screening especially of large genes. However, we strongly
recommend genetic test in at-risk groups for early diagnosis
and total colectomy before developing advanced CRC.
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INTERACTION OF UTERINE TUMORS
WITH THE IMMUNE SYSTEM:
IMPLICATIONS FOR IMMUNOTHERAPY

Sandra Tuyaerts1, Anke Vanderstraeten1, Tina Everaert1,
Rieta Van Bree1, Cathérine Luyten1,
Godelieve Verbist2 and Frederic Amant2
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Introduction: Cancer immunotherapy has come to the forefront
of cancer research in the last decades. In uterine cancer,
however, cancer immunotherapy is still in its infancy. In this
study, we aimed to evaluate the feasibility of immunotherapy
for uterine cancers. Materials and Methods: Single cell
suspensions of fresh tumor biopsies were prepared using the
human tumor dissociation kit and the gentleMACS system
(Miltenyi Biotec). Characterization of the different cell types
in these suspensions was performed by flow cytometry.
Immunohistochemistry (IHC) was performed on formalinfixed paraffin-embedded tumor biopsies. Quantitative RT-PCR
(qRT-PCR) was performed on RNA isolated from fresh frozen
tumor samples using Trizol. Results: Single cell suspensions
of fresh tumor biopsies contained a variable amount of tumor
cells (0.32-84.69%), fibroblasts (0.2-50.13%) and infiltrating
immune cells (10.17-87.13%). The immunogenicity of uterine
cancer cells was demonstrated by the high expression of HLAABC (95.59%), moderate expression of HLA-DR (31.82%)
and low/absent HLA-G expression (4.66%). The expression of
the tumor associated antigens (TAA) MUC1, hTERT and
survivin was analyzed by IHC. MUC1 was expressed in
96.6% of endometrial carcinoma (EMCAR) samples and in
43% of uterine sarcoma (US) samples. Tumors were positive
for hTERT in 75.6% and 59.3% of EMCAR and US samples,
respectively. Survivin was expressed in 85.3% of EMCAR and
52% of US samples. EMCAR tumors over-expressed BORIS,
hTERT, MAGE-A3, Sp17 and surviving (BIRC5) at mRNA
levels in 50%, 71%, 11%, 20% and 71% of patients. US
tumors showed mRNA over-expression of BORIS, hTERT,
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MAGE-A3, Sp17 and survivin (BIRC5) in 67%, 59%, 9%, 3%
and 94% of cases. We could also show endogenous T cell
responses towards these TAA in the blood of uterine cancer
patients, although in only a minority of cases. On the other
hand, we could also show expression of immunosuppressive
molecules by uterine tumors: EMCAR samples showed high
expression of IDO (21%), PD-L1 (72%), PD-L2 (30%) and
B7-H4 (90%). In US samples, IDO, PD-L1, PD-L2 and B7H4 were expressed at high levels in 14%, 100%, 16% and
92% of cases, respectively. Furthermore, both EMCAR and
US also expressed the immunosuppressive mediators galectin1, galectin-3 and arginase-1. Besides the expression of
immunological mediators by tumor cells, uterine tumors
were also highly infiltrated by immune cells, as stated above.
The immune cell infiltrate was mostly composed of T cells
with a decreased CD4+/CD8+ T cell ratio compared to blood.
Regulatory T cells (Treg), on the other hand, were enriched
in tumors and approximately 20% of patients showed low
CD8+/Treg ratios. Both CD4+ and CD8+ T cells showed an
activated phenotype with expression of CD69, HLA-DR,
ICOS, PD-1 and Tim-3. Most CD4+ and CD8+ T cells from
the tumors had an effector-memory phenotype and, also, low
percentages of terminally differentiated CD8 cells were
present. Besides T cells, natural killer (NK) cells, dendritic
cells (DC) and myeloid-derived suppressor cells (MDSC)
were present in uterine tumors in lower amounts. Tumorinfiltrating lymphocytes (TIL) could be successfully
expanded from uterine tumors, although we found a
predominant expansion of CD4+ T cells in the expanded
TIL. Upon exposure of expanded TIL to overlapping peptide
mixtures covering a panel of TAA (MAGE-A3, MUC1,
Sp17, survivin, WT1), we observed limited reactivity towards
this panel of TAA, indicating that these TIL might recognize
other, patient-specific, target antigens. Discussion: Taken
together, we have shown the expression of known TAA by
uterine tumors, with MUC1, survivin and hTERT being most
promising targets for immunotherapeutic approaches.
However, we have also proven that significant
immunosuppression is ongoing in uterine tumors, both
mediated by the tumor cells themselves, as well as by
infiltrating immune cells (expression of co-inhibitory
molecules by T cells, infiltration of Treg and MDSC). These
results indicate the need of a combined immunotherapeutic
approach in uterine tumors to induce anti-tumor immunity and
tackle tumor-induced immunosuppression.
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Purpose: Ewing’s sarcoma is the second form of bone
sarcoma in children and adolescents. It derives from a
mesenchymal stem cell and is associated with a poor
prognosis. Viscum album L. extracts (VAE) are common in
complementary cancer medicine but their effects on pediatric
Ewing’s sarcoma cells are unknown. The biologically effective
compounds of mistletoe are hydrophilic lectins (ML),
viscotoxins and hydrophobic triterpene acids. All
commercially available VAE contain only mistletoe lectins
because triterpene acids are hard to extract and insoluble in
water. By using cyclodextrins we solubilised mistletoe
triterpene acids (mainly oleanolic acid) resulting in a triterpene
extract (TT) in addition to ML extract (Viscum) and a
combination thereof (ViscumTT). The aim of this work is to
study the effects of these VAEs on Ewing’s Sarcoma cell lines
in vitro. Materials and Methods: Human Ewing’s sarcoma cell
lines were treated with Viscum, TT and ViscumTT in different
concentrations. The effects on proliferation were measured by
CASYCounter®. Apoptosis induction and its mechanisms were
analysed by flow cytometry using Annexin/PI, caspase-8 /-9
staining and JC-1 staining. Apoptosis-associated proteins were
detected by Western blotting. Results: VAE composed of
triterpene acids (TT) or ML and viscotoxins (Viscum) show a
dose-dependent apoptosis induction and inhibition of
proliferation in Ewing’s sarcoma cells in vitro. Their
combination (ViscumTT) shows synergistic effect in apoptosis
induction. The apoptosis mechanism involves activation of
caspase -3 and down-regulation of the IAP family members
XIAP and survivin. Conclusion: Viscum album L. extracts
(especially the whole plant extract ViscumTT) show high antitumor effectiveness in vitro and may represent a new
promising therapy option in pediatric Ewing’s sarcoma.
Therefore, the therapeutic effect of ViscumTT should be
evaluated in vivo.
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DIAGNOSTIC APPROACH AND PROGNOSTIC
FACTORS IN COLORECTAL CANCER
Ioanna D. Tzeveleki

Interbalkan Medical Center, Thessaloniki, Greece

Colorectal cancer incidence rates are constantly increasing and
it is the second cause of death from cancer worldwide.
Although significant progress has been made in the treatment
of the disease, a great number of patients present with
advanced stage at the time of diagnosis. Early detection is very

important and screening tests available are reliable and life
saving.
In the diagnosis of colorectal cancer the clinical evaluation
and history is essential, followed by colonoscopy, endorectal
ultrasound imaging, abdominal and chest CT or MRI, which
can provide imaging of the relationship of tumor to
surrounding pelvic structures, assessment of involved lymph
nodes as well as potential distant metastasis with significant
accuracy. The accurate preoperative tumor staging offers
planning of the best treatment options for the patient, in terms
of surgical intervention and oncologic approach.
The most important determinants of prognosis for colorectal
cancer include local involvement, regional lymph node
metastasis, lymphovascular invasion, positive surgical margins
and high tumor grade. Perforation and obstruction also are
correlated to poorer prognosis. In addition to these clinical and
pathologic factors, molecular biomarkers which have resulted
from the study of genetic basis of colorectal cancer, such as
TS, TP, DPD, MSI, KRAS, BRAF mutations, carry prognostic
and predictive significance. These markers play an important
role in the clinical outcome of patients with colorectal cancer,
as they provide information regarding prognosis for survival
and relapse after surgery as well as clinical benefit from
chemotherapy regimens.
The optimized management of colorectal cancer entails
screening methods, early detection and personalized treatment
options that will ultimately offer improved outcome and
survival for the patient.
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A PROMISING NOVEL PALLADIUMSACCHARINATE COMPLEX OF TERPYRIDINE
AGAINST CANCER STEM CELLS
Engin Ulukaya

Medical Faculty of Uludag University, Department of
Clinical Biochemistry, 16059 Bursa, Turkey

Successful management of breast or prostate cancer is still
poor despite new chemotherapy regimens. A subpopulation of
cells that makes up a small portion of whole tumor tissue is
to be blamed for this unsatisfactory outcome. These cells are
called cancer stem cells, which resist against classical
chemotherapeutic drugs, making them being responsible for
recurrencies. In the present study, we investigated the cell
death inducing effect of a palladium (II)-based complex
{[PdCl(terpy)](sac)·2H2O}, which was synthesized by the
chemistry department at the University of Uludag, on breast
and prostate cancer stem cells. Breast cancer stem cells
(CD44+/CD24– cells) were obtained by forming mammospheres from MCF-7 cells. Prostate cancer stem cells were
obtained from surgical specimens of cancer patients. The
cytotoxic activity of the Pd (II) complex on the MCF-7 cell
6227

ANTICANCER RESEARCH 34: 5761-6258 (2014)

line, mammospheres and prostate cancer stem cells was
investigated by employing the ATP viability assay. Caspasecleaved cytokeratin 18 was used to measure apoptosis. It was
shown that, although different concentrations of Pd (II)
complex (3.13-100 μM) inhibited the growth of the cells in a
dose-dependent manner in breast cancer, mammospheres were
more resistant to the treatment. We observed that M30 levels
increased in MCF-7 parental cells at relatively higher doses
(25, 50 and 100 μM). Increments in M30 values were also
present in mammospheres at the same doses but they were
clearly lower compared to MCF-7 parental cells implying that
mammospheres were more resistant (less apoptosis) than the
MCF-7 parental cells. In addition, the Pd (II) complex showed
a powerful growth-inhibitory effect against both cell lines and
primary cultures in a dose-dependent fashion. More
importantly, it successfully inhibited the growth of cancer stem
cells of the prostate. Taken together, this novel Pd (II)saccharinate complex of terpyridine deserves further attention
to be evaluated in terms of its promising anticancer activity in
vivo.
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POLYMORPHISMS IN CYP19A1 GENE PREDICTS
RELAPSE AND SURVIVAL IN POSTMENOPAUSAL
BREAST CANCER PATIENTS TREATED
WITH ADJUVANT LETROZOLE
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Background: In postmenopausal women with endocrine
responsive breast cancer, treatment with letrozole has shown
better clinical outcome than tamoxifen in early and advanced
stage of the disease. Intriguingly, in spite of these advances as
anti-estrogen drug, a significant proportion of tumor
demonstrates resistance and responds differently with letrozole
medication. Genetic variations of the CYP19A1 gene may
influence inter-individual variation in letrozole efficacy.
Therefore, the aim of the study was to evaluate the impact of
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CYP19A1 polymorphisms on the clinical outcomes of adjuvant
letrozole in 191 HR+ BC patients who had been on or
received letrozole (2.5mg, OD). Materials and Methods: DNA
was extracted by the phenol-chloroform method and
genotyping of CYP19A1 SNPs (rs4646, rs10046, rs700519,
rs700518, rs727479, rs4775936, rs10459592, rs1062033,
rs749292, rs6493497 and rs7176005) was performed by RTPCR with TaqMan assays. The patients were followed-up until
there was evidence of disease recurrence or death. Data was
analyzed by the SPSS v19.0 software and Haploview v4.2 was
used to measure the linkage disequilibrium between
polymorphisms. Results: The mean (±SD) age of the study
cohort was 56.92±9.65 (range, 24-85). Of the 191 patients, 16
(8.4%) had both local and distant recurrence of BC. There was
a significant difference in the proportions of allele and
genotype frequencies for rs4646 polymorphism of the
CYP19A1 gene alone between recurrence and non-recurrence
groups. The carriers of two copies (homozygous) of the
variant allele ‘T’ were at 6.69-fold increased risk for
recurrence (95% CI 1.55-28.90, p<0.010), 37.5% vs. 13.1%.
We investigated the clinical efficacy of letrozole in the
association of 21 specific haplotypes derived with a frequency
of >1% from 11 CYP19A1 SNPs tested. Of those, the
haplotype T-C-C-A-T-C-T-C-G-C-G was significantly
associated with higher odds of recurrence risk 8.4% vs. 0.5%,
p=5.2821x10–5. Further, Kaplan-Meier estimates indicate that
the patients carrying homozygous condition for the ‘T’ allele
of rs4646 polymorphism had significantly shorter RFS
(100.71±4.59 months [95% CI 83.75-117.66] vs. 210.93±6.63
months [201.93-219.94], p<0.024). Conclusion: This is the
first study assessing the association between CYP19A1
variants and letrozole efficacy in adjuvant setting. Our results
suggest that the polymorphisms of the CYP19A1 gene may be
considered as a pharmacogenetic marker to predict the risk of
relapse and the survival outcome in South Indian women with
HR+ BC.
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IMMUNOSUPPRESSION IN MELANOMA
MICROENVIRONMENT INDUCED BY
CHRONIC INFLAMMATION

Viktor Umansky, Alexandra Sevko and Jochen Utikal
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Chronic inflammation represented by infiltrating leukocytes
and soluble mediators is known to inhibit immune anti-tumor
responses, leading to cancer progression. Using the ret
transgenic mouse melanoma model, which mimics the
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situation in human melanoma, we demonstrated increased
levels of chronic inflammatory factors (IL-1β, VEGF, IL-6,
TNF-α, etc.) and CD11b+Gr1+ myeloid-derived suppressor
cells (MDSCs) in melanoma lesions that correlated with tumor
progression. Although antigen-specific endogenous or
adoptively transferred CD8+ T cells were found to infiltrate
tumor, they were unable to delay the melanoma development.
Tumor-derived MDSCs displayed a strong immunosuppressive
activity reflected by an enhanced production of nitric oxide
and arginase-1 expression and by their inhibition of T cell
proliferation and TCR ζ-chain expression. Upon
administration of paclitaxel at ultra-low doses in melanomabearing mice, we demonstrated a decreased production of
inflammatory mediators associated with a decreased activity
of tumor-infiltrating MDSCs. These led to the restoration of
anti-tumor T-cell functions and an increased mouse survival.
In contrast, although cyclophosphamide at low doses reduced
the amount of regulatory T cells, it could stimulate the
production of chronic inflammatory factors and the elevation
of MDSC activities in tumor-bearing mice. In melanoma
patients, the analysis of MDSCs in the peripheral blood and
serum inflammatory factors showed a prognostic significance
for the evaluation of responsiveness to the treatment with the
anti-CTLA-4 antibody ipilimumab. We suggest that chronic
inflammatory factors and MDSCs should be evaluated when
assessing the patients’ responsiveness to various
immunotherapies. Inhibitors of the immunosuppression
induced by chronic inflammation in the tumor
microenvironment should be applied together with other antitumor immunotherapies to improve their efficiency.
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THE INFLUENCE OF SILVER NANOPARTICLES
(AGNPS) ON THE EXPRESSION OF
PROLIFERATION AND APOPTOSIS-RELATED
GENES OF GLIOBLASTOMA MULTIFORME (GBM)
CELLS CULTURED ON IN OVO MODEL
Maciej Szmidt1, Adrian Stankiewicz2, Paweł Lisowski2,
Justyna Sokołowska1, Paweł Sysa1 and Kaja Urbańska1
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Introduction: Recently, biomolecular techniques are
increasingly used in the analysis of gene expression changes in
the course of various diseases. Microarrays can be used to
understand the molecular mechanisms of glioblastoma
multiforme (GBM) development, as well as classification of

molecular subtypes of GBM, survival prediction and to verify
the effectiveness of anticancer therapy, including nanoparticlebased treatment. Thus the aim of this study was to evaluate
the impact of silver nanoparticles (AgNPs) administration on
gene expression, including proliferation and apoptosis-related
gene expression in GBM cells growing on in ovo model.
Materials and Methods: Human GBM cells (line U-87) were
cultured on in ovo model. The tumors were divided into two
groups: control (n=4) and tumors treated with colloidal AgNPs
(n=4, 40 ppm) – AgNPs group. Then, RNA was extracted
from isolated tumors and the gene expression profiles were
assessed using Human GE 4x44K v2 microarrays. The gene
list generated from the microarray results was submitted to the
DAVID web tool and Ingenuity Pathway Analysis (IPA)
software. Results: According to DAVID, AgNPs administration
had significant impact on the expression of 37 genes involved
in GBM cell proliferation. Results obtained from the IPA
software showed changes of 64 proliferation-related genes; 47
of those genes were connected through to functional gene
network. The predicted effect of these gene expression
changes was the inhibition of GBM cells proliferation (Pvalue=2.73x10-10; Z-score=-2,048). Results obtained from
DAVID showed that AgNPs treatment resulted in changes in
expression of 26 apoptosis-related genes. The data from IPA
software showed changes of 40 apoptosis-related genes and
30 of them were including in the functional gene network.
These changes are possibly involved in apoptosis activation in
GBM cells (P-value=0,000172; Z-score=1,126). Conclusion:
AgNPs have significant impact on expression of proliferation
and apoptosis-related genes. However, the antiproliferative
effect of AgNPs is stronger than the proapoptotic one.
685
THE INFLUENCE OF SILVER NANOPARTICLES
(AgNPs) ON MITOCHONDRIAL ULTRASTRUCTURE
OF GLIOBLASTOMA MULTIFORME (GBM)
CELLS CULTURED ON IN OVO MODEL
Kaja Urbańska, Justyna Sokołowska,
Maciej Szmidt and Paweł Sysa
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Warsaw University of Life Sciences, Warsaw, Poland
(kaja_urbanska@sggw.pl)

Introduction: The role of mitochondria in thermogenesis,
radical production, calcium homeostasis, protein synthesis and
apoptosis is well known. Mitochondrial dysfunction
contributes to a number of disorders, including cancers, and
may lead, for example, to glioblastoma multiforme (GBM)
development. Silver nanoparticles (AgNPs) can accumulate
inside the GBM mitochondria, directly leading to the damage
of mitochondrial respiratory chain and reactive oxygen species
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generation in this organelle. Because of those properties,
AgNPs can be potentially useful in the GBM therapy. Thus,
the aim of this study was to evaluate the influence of AgNPs
on the ultrastructure of the mitochondria of GBM cells.
Materials and Methods: Human GBM cells (line U-87) were
cultured on in ovo model. The tumors were divided into two
groups: control (n=4) and tumors treated with colloidal AgNPs
(n=4, 40 ppm) - AgNPs group. Then, the tumors were isolated
and processed by common transmission electron microscopy
technique. Microscopic analysis was performed with electron
microscope JEM 1400. Results: Mitochondria of tumors from
the control and AgNPs groups were spherical, granular and
elongate in shape. In both groups the tendency to form
branched and tubular mitochondria was noted. In the AgNPs
group the tendency to a location near the cell nucleus, as well
as partial or complete disappearance of mitochondrial cristae,
and sometimes the presence of translucent mitochondrial
matrix and intramitochondrial inclusions were observed. In
some cases, from the AgNPs group, the mitochondrial network
was abundant, while in other tumors only a small number of
these organelles were observed. Although elongated
mitochondria were observed in both groups, mitochondria
from gliomas treated with AgNPs were larger with more
tubular or filiform shape with slightly dilatated and rounded
edges. In some tumor cells from the AgNPs group,
mitochondrial fragmentation was also noted. Conclusion:
AgNPs cause damage of mitochondria, as well as their
deformation and loss of mitochondrial cristae.
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DIFFERENTIAL EXPRESSION PROFILE
OF MUCINS IN HUMAN HEAD AND NECK
CANCER CELL LINES

Kusumawadee Utispan and Sittichai Koontongkaew

Faculty of Dentistry, Thammasat University, Bangkok,
Thailand

Head and neck squamous cell carcinoma (HNSCC) is one of
the cancers that shows a high incidence rate worldwide and,
since there is no effective treatment strategy, the mortality rate
has not decreased until now. Mucin glycoproteins are the
major macromolecular constituents of epithelial mucus that
are abundantly secreted from saliva glands and the respiratory
tract. They have long been implicated in several diseases
including carcinomas but their role remains unclear in
HNSCC. We aimed to investigate the expression profile of
mucins in HNSCC cell lines comparing their effect between
primary and metastatic cells. HNSCC cell lines were derived
from a pair of primary lesions and lymph node metastatic sites
from two patients. Cells were maintained in DMEM,
supplemented with 10% FBS. Real time PCR was used to
measure expression levels among 9 mucin genes including
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transmembrane and secreted types. The levels of mucin
expression were analyzed using 2-ΔCT. The results showed that
the transmembrane mucin 1 (MUC1) was significantly
increased in metastatic cells compared to those of primary
type. Conversely, transmembrane mucin 15 (MUC15) was
significantly decreased in metastatic cells compared to those
of primary cells. Interestingly, the secreted mucins MUC5AC
and MUC5B were significantly reduced in metastatic cells
compared to those of primary cells. These data revealed the
differential expression of mucins in primary and metastatic
HNSCC cells. Our findings imply that mucins might be used
as prognostic markers for HNSCC patients.
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EVALUATION OF THE CYTOTOXICITY
AND CELLULAR UPTAKE OF RUTHENIUM (II)
PHTHALOCYANINE COMPLEXES IN A
MELANOMA CELL LINE
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Introduction: There is an expanding use of the photodynamic
therapy, an alternative treatment in which a photosensitive
substance, such as ruthenium phthalocyanine, is activated by
visible light for tumor treatment. Objectives: Evaluation of the
cytotoxic potential and uptake of two ruthenium (II)
complexes either with or without photostimulation in a murine
melanoma (B16/F10) cell line. Materials and Methods: Cell
viability, with or without photostimulation of the ruthenium
(II) phthalocyanines (pc) tetracarboxylate (tc) and
monocarboxylate (mc) complexes, was assessed by the MTT
assay. The intracellular location was assessed by fluorescence
microscopy using rhodamine and Hoechst dyes. Ruthenium
metal atoms were quantiﬁed using a coupled plasma mass
spectrometer. Results and Discussion: The cytotoxicity
resulting from the exposure of the B16/F10 cell line to
[Ru(Cl2)mcpc] and [Ru(Cl2)tcpc] complexes was greater when
with photostimulation, suggesting the production of cytotoxic
species under this condition; the cytotoxicity of [Ru(Cl2)mcpc]
was higher than the cytotoxicity of [Ru(Cl2)tcpc].
Fluorescence microscopy analysis showed that the
internalization of the complexes in B16/F10 cells is directly
related to the incubation time and that the compounds are
located near the mitochondria and in the nucleus. Also, the
cellular uptake showed that after 4 hours of incubation the
concentration of ruthenium inside the cells was greater in the
[Ru(Cl2)tcpc] than in the [Ru(Cl2)mcpc], suggesting that the
carboxylate groups could influence the cytotoxicity of the
complexes. Conclusion: The ruthenium (II) phthalocyanine
complexes tested have moderate cytotoxicity against cancer
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cells and, therefore, a potential as chemotherapeutic agents.
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Introduction: Stomach cancer patients have one of the lowest
5-year survival rates from all cancer patients in Europe. The
tumor markers like carcinoembryonic antigen (CEA) and
carbohydrate antigen 72-4 (Ca 72-4) have already proven their
significant value for patient’s prognosis. There are strong
evidences supporting that the levels of serum albumin are
connected with the survival rate in patients with
gastrointestinal cancers and the level of total serum protein is
linked with a higher rate of postoperative complications.
Methodologies and Materials: We performed a retrospective
study of patients diagnosed with and treated for gastric cancer
in the Department of Surgery at the Aleksandrovska University
Hospital in Sofia between January 2005 and December 2013.
We evaluated the impact of the preoperative levels of the
standard laboratory tests including total serum protein,
albumin and the level of tumor markers CEA and Ca 72-4 as
prognostic factors for overall survival (OS). The statistical
methods used were the Kaplan-Meier method and log-rank
test. Results: Our study involved 155 patients (99 men and 56
women). The low levels of albumin (less than 35 g/l) and total
serum protein (less than 60 g/l) were not significantly
associated with OS (p=0.236 and p=0.552, respectively). The
log rank test revealed that there is a statistically significant
association between tumor markers CEA (p<0.0001) and Ca
72-4(p<0.0001) and OS. This proved that the investigated
markers have prognostic value. Conclusion: The discovery of
new prognostic factors is an essential part of personalizing the
therapy. Gastric cancer has generally poor prognosis; it is the
third leading cause of cancer death in both sexes worldwide.
Patients with higher levels of CEA and Ca 72-4 before surgery
have worse prognosis and lower survival rate. Patients with
normal level of total serum protein and albumin have better
overall survival but these results did not reach statistical
significance.
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FAMILY OF PEPTIDES SYNTHESIZED IN THE
HUMAN BODY HAVE ANTICANCER EFFECTS

David L. Vesely

Departments of Medicine, Molecular Pharmacology and
Physiology, James A. Haley VA Medical Center, University
of South Florida Cardiac Hormone Center, and University of
South Florida Morsani School of Medicine, Tampa, Florida
33612, USA

Four peptides synthesized in the heart, namely atrial
natriuretic peptide (ANP), vessel dilator, kaliuretic peptide
and long-acting natriuretic peptide (LANP), reduce up to
97% of all cancer cells in vitro. These four cardiac peptides,
in vivo, eliminate up to 86% of human small-cell lung
carcinomas, 2/3rds of human breast cancers, and up to 80%
of human pancreatic adenocarcinomas growing in athymic
mice. The kidney synthesizes a peptide (urodilatin) which
has identical amino acids (a.a.) to ANP with four a.a. of
kaliuretic peptide attached and it has similar anticancer
effects as ANP. Their anticancer mechanisms of action, after
binding to specific receptors on cancer cells, include
targeting the Rat sarcoma bound guanosine triphosphate
(RAS) (95% inhibition)-mitogen activated protein kinase
kinase 1/2 (MEK 1/2) (98% inhibition)-extracellular signal
related kinases 1/2 (ERK 1/2) (96% inhibition) cascade in
cancer cells. They are dual inhibitors of vascular endothelial
growth factor (VEGF) and its VEGFR2 receptor (up to
89%). One of the downstream targets of VEGF is Betacatenin, which they reduce up to 88%. The WNT pathway is
inhibited up to 68% and WNT’s secreted Frizzled related
protein 3 decreased up to 84% by the four peptide
hormones. AKT, a serine/threonine-protein kinase, is
reduced up to 64% by the peptide hormones. Signal
transducer and activator of transcription 3 (STAT3), a final
“switch” that activates gene expression patterns that lead to
malignancy, is decreased by up to 88% by the peptide
hormones. STAT3 is specifically decreased as they do not
affect STAT1. There is cross-talk between the RAS-MEK
1/2-ERK 1/2 kinase cascade, VEGF, B-catenin, WNT, JNK
and STAT pathways and each of these pathways is inhibited
by the cardiac peptides. These peptides have been
demonstrated to enter the nucleus of cancer cells where they
inhibit the proto-oncogenes c-Fos (up to 82%) and c-Jun (up
to 61%).
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EXPERIMENTAL TOPICAL
PHOTODYNAMIC THERAPY OF
CANCER WITH LIPOSOMAL HYDROXYALUMINIUM PHTHALOCYANINE

David Vetvicka1,2, Marie Zadinova1, Milos Nekvasil3,
Petr Jezek3, Jan Rakusan4, Marie Karaskova4,
Jarmila Kralova5, Vladimir Kral6 and Pavla Pouckova1
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Introduction: Clinically-approved photodynamic therapy
(PDT) is now extensively studied for various tumor types.
PDT induces selective cell death of cancerous tissue by
combining photosensitizers, light and oxygen. As
photosensitizers are usually poorly soluble, various drug
delivery systems are often utilized to overcome this drawback.
Among used drug delivery systems are polymeric carriers (1,
2), nanoparticles (3) or liposomes (4, 5). Preclinical studies of
liposomal hydroxy-aluminum phthalocyanine (AlOH-PC),
after topical administration against mammary, prostate, tongue
and colon carcinomas are presented. Materials and Methods:
The liposomes are prepared by microfluidization of sterile
lecithin solution with subsequent addition of AlOH-PC powder
and the whole mixture undergoes further microfluidization to
produce liposomes under 500 nm in diameter. Finally, the
liposomal AlOH-PC is mixed with translucent gel for PDT.
Human carcinoma cell line cells (mammary, MDA-MB 231;
prostate, PC3 and LNCaP; tongue, H103; and colon, HCT116) were subcutaneously injected into the right flank of
athymic nude mice. Mice with grown tumors were used for in
vivo efficacy studies, where at sufficient tumor size, we
applied the gel topically. Mice were after 10 minutes exposed
to irradiation by a xenon lamp (600-700 nm, 635 nm peak) for
12 minutes from the distance of 1 cm with total energy of 100
J/cm2. Tumor volumes were measured twice a week and mice
were observed for 32 days. Results and Discussion: We have
evaluated the efficiency of liposomal AlOH-PC on mammary,
colon, tongue and two prostate (aggressive PC3 and less
aggressive LNCaP) carcinomas. Treatment of both prostate
carcinomas was effective as 100% of tested mice were cured;
however, for aggressive PC3 tumors a higher dose had to be
used (4). In other tested carcinomas the efficiency was not as
good (mammary 90% (5) and tongue 75% cured, whereas in
the case of colon carcinoma only a significant growth rate
reduction was observed). In most of the treated mice the tumor
size dropped from the early beginning after irradiation, which
led to complete reduction on day 8 post-PDT. Treatment of
colon carcinoma did not cause a complete disappearance of
tumors but the slowdown in tumor growth was significant as
the tumor size was approximately four times smaller in
6232

average on day 32 post-PDT than in the untreated control
group. Also, we have tested the efficiency of irradiation itself
without a photosensitizer but there was no effect on tumor
growth. Conclusion: We have demonstrated a significant effect
of liposomal AlOH-PC gel, which brings hope for
photodynamic therapy of cancer. The pharmacokinetics of
AlOH-PC are also promising with a very low distribution in
healthy tissues and fast penetration to the xenotransplanted
tumors.
1 Kovar L, Etrych T, Kabesova M, Subr V, Vetvicka D,
Hovorka O, Strohalm J, Sklenar J, Chytil P, Ulbrich K, Rihova
B. Doxorubicin attached to HPMA copolymer via amide bond
modifies the glycosylation pattern of EL4 cells. Tumour Biol.
2010 Aug;31(4):233-42.
2 Sedlacek O, Hruby M, Studenovsky M, Kucka J, Vetvicka
D, Kovar L, Rihova B, Ulbrich K. Ellipticine-aimed polymerconjugated auger electron emitter: multistage organelle
targeting approach. Bioconjug Chem. 2011 Jun 15;22(6):1194201.
3 Zhang H, Shan Y, Dong L. A comparison of TiO2 and ZnO
nanoparticles as photosensitizers in photodynamic therapy for
cancer. J Biomed Nanotechnol. 2014 Aug;10(8):1450-7.
4 Sutoris K, Rakusan J, Karaskova M, Mattova J, Benes J,
Nekvasil M, Jezek P, Zadinova M, Pouckova P, Vetvicka D.
Novel topical photodynamic therapy of prostate carcinoma
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liposomes. Anticancer Res. 2013 Apr;33(4):1563-8.
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P, Zadinova M, Pouckova P. Evaluation of topical
photodynamic therapy of mammary carcinoma with an
experimental gel containing liposomal hydroxyl-aluminium
phthalocyanine. Anticancer Res. 2012 Sep;32(9):3769-74.
This research was supported partly by The Czech Ministry of
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TARGETING CANCER PATHWAY KINASES WITH
PHYTOCHEMICALS: AN IN SILICO STUDY
Asma Ahmad Alhaddad and Ranjit Vijayan

Department of Biology, College of Science, United Arab
Emirates University, Al Ain, United Arab Emirates

Cancer is one of the leading causes of deaths around the
world. Proteins in several ways are being targeted with drugs
in search of an effective treatment. One class of proteins,
protein kinases, is the subject of intense study due to their
increased activity in several forms of cancer. Developing
protein kinase inhibitors with minimal or no toxicity are thus
of significant value. Several dietary phytochemicals have been
shown to produce desirable effects in controlling the
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progression of cancer. However, their precise mode of action is
still largely unknown. In this study, several phytochemicals
were virtually screened against a collection of protein kinases
using in silico molecular docking techniques. Rab5a, a Rasrelated GTPase protein, showed a particular ability to bind
several phytochemicals in the GTP binding site in in silico
docking. This included several flavonoids and polyphenols of
plant origin indicating a diverse mode of action of these
natural molecules. To assess the stability of the docked poses,
molecular dynamics (MD) simulations of the protein-ligand
complexes were performed. Simulations suggested that many
of these molecules remained stably bound to the binding site.
Further studies are currently underway to characterize these
interactions in more detail.
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SIMULTANEOUS ANALYSIS OF THE EXPRESSION
OF SPLICING FACTORS AND MIRTRONS IN
DIGESTIVE SYSTEM TUMOURS AND CELL LINES
G. Vilkaitis, S. Butkyte, E. Jakubauskiene,
A. Scerbakovaite and A. Kanopka

Institute of Biotechnology, Vilnius University, Vilnius,
Lithuania

Most of human gene pre-mRNAs undergo alternative splicing,
which is a very precise process and plays a major role in the
regulation of gene expression, generation of proteomic and
functional diversity. It was recently shown that splicing is also
essential for biogenesis of a miRNA subset derived from short
hairpin introns, named mirtrons. Although hundreds of
splicing-derived mirtrons have been predicted by bioinformatic
analysis, only three mirtrons (hsa-mir-877, hsa-mir-1224, hsamir-1226) were experimentally proven. In the cell, splicing
takes place in nucleus within a large macromolecular complex,
the spliceosome, consisting of five small nuclear
ribonucleoproteins (snRNPs) and numerous proteins, the
expression of which is different. Changes in the expression
levels of splicing factors affect tumour formation. Almost all
cancer types display differentially expressed miRNAs
compared to normal cells; however, almost nothing is known
today about mirtron expression profiles in tumour or cancer
cell lines. In this study, we aim to compare the expression of
various splicing factors in tumors of the digestive system and
cell lines and also define how these factors can influence
mirtron expression. Our results show that the expression of
splicing factors and mirtrons in the digestive system’s cancer
tissues is distinguished compared to healthy tissues. The
expression levels of some splicing factors and hsa-mir-1226
in colon tissue and the colon cancer cell line correlate,
suggesting the dependence of mirtron processing on certain
splicing factors. The obtained data assess the mirtron origins
of new human miRNAs that can be predicted by bioinformatic

analysis. Influences of altered expression of splicing factors
for cancer-associated gene splicing are under further
investigation.
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A MICROFLUIDIC CTC SORTING STRATEGY
USING SELF-ASSEMBLED MAGNETIC PARTICLES

E. Tulukguoglu, C. Bureau, K. Perez-Toralla, S. Descroix, L.
Malaquin, J.Y. Pierga, F.C. Bidard and J.L. Viovy

Institut Curie, Paris 26 Rue d’Ulm, 75005 Paris France;
A. le Nel, Fluigent, France

We developed an new microfuidic technology named
EPHESIA, for the sorting and multimodal typing of rare cells.
It consists of self-assembling in and high throughput
microfluidic device, and an array of antibody-bearing
magnetic particles. These beads create a self-assembled
“micro-posts” array, with an aspect ratio much higher than
that of microfabricated post arrays, allowing the use of
innovative high resolution imaging with very little optical
interference. This technology was adapted to the sorting of
circulating tumour cells (CTC) from blood. Blood depleted
from most of its red blood cells is flown in the array with a
uniform flow velocity, CTC are captured and complex
characterization protocols (membrane and cytosol
immunophenotyping, detailed morphological analysis, genetic
analysis by FISH), can be performed in situ in a fully
automated way. This reduces the risk of cell loss or damage,
as compared to the release and collection of the cells for
delayed analysis in a separate device. The system was first
validated on the characterization of lymphoma. An agreement
of 100% on 20 patients was achieved in a blind comparison
with a combined use of flow cytometry and cytological
observation (Saliba et al., PNAS 2010). The capture
efficiency (90%) and specificity (x2500 enrichment versus
white blood cells) was then characterized by spiking cell lines
with different expression levels, down to concentrations of 50
cells per 7,5 ml. The in situ quantitative FISH genetic
analysis of HER2 amplification was also demonstrated.
Finally, the system was tested for CTC capture in patients
with breast, prostate and lung cancer, in a multi-center, blind
protocol. A sensitivity generally comparable to that of
VERIDEX CellSearch©, and significantly superior for some
cancers, was achieved. The technique also allows genotyping
by FISH, and by PCR following cell capture and release.
Finally, we show how this technology can also be used to
investigate more specific biological questions, such as the
HER2-HER3 dimerization at the single molecule level, by
implementation of the Proximity Ligation Assay (PLA) We
thus believe that this new technology offers a significant
breakthrough for the search and high content analyis of CTC.
Development towards a more industrial and user-friendly
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prototype and more extensive clinical validation is under
progress.
This work was supported by the EU FP7 project
“DIATOOLS” and ERC “CellO”

694
POSSIBLE ROLE OF IL6 -174G>C PROMOTER
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Background/Aim: There is growing amount of data supporting
the role of the pro-inflammatory cytokine IL-6 in the
progression of cutaneous malignant melanoma (CMM). The
expression level of IL-6 depends on a variety of factors,
including genetics. Genetic variation in the IL6 gene may lead
to inter-individual differences in the immune response and
melanoma growth, and thus may increase susceptibility to
and/or poorer prognosis in certain individuals with CMM. The
most studied genetic polymorphism in the IL6 gene is the
transversion of G into C at position -174 in the promoter
region (IL6 -174G>C, rs1800785). The functional effect of
this change is controversial depending on the cell types and
experimental models. In the current literature there is quite
limited number of studies reporting conflicting results
concerning the association of IL6 -174G>C SNP with the risk
and/or progression of malignant melanoma. In this respect, the
aim of the current pilot study was to elucidate the possible
effect of IL6 -174G>C SNP on the susceptibility to and
prognosis of CMM in a Bulgarian population. Materials and
Methods: Genotyping was performed for 172 control
individuals and 28 melanoma patients applying the PCRRFLP method. Results: The genotype and allele frequencies
for IL6 -174G>C SNP did not differ significantly between
patients and controls, suggesting that this SNP is unlikely to
play a role in susceptibility to CMM. There were no
statistically significant associations between the genotypes and
clinical tumor characteristics, except with overall survival
(p=0.001, log rank test) and survival determined after
melanoma diagnosis (p=0.040, log rank test): carriers of the
GG genotype had significantly shorter survival than carriers
of the C allele containing genotypes (GC+CC). Conclusion:
6234

We could suggest that the promoter polymorphism -174G>C
in IL6 is not a susceptibility factor for CMM, while the GG
genotype is likely to be used as unfavorable prognostic
biological marker for this skin neoplasm.
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DEVELOPMENTAL PROGRAMMING IN
EXPERIMENTAL BREAST CANCER.
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More and more evidence accumulates that developmental
exposure to environmental factors considerably impacts on
health outcomes later in life. The developmental mammary
gland for example reacts particularly sensitive to the
exposure to environmental xenoestrogens during fetal,
neonatal and pubertal development. Experimental evidence
suggests that exposure to environmental estrogens during
fragile developmental stages leads resetting of the
epigenome thereby influencing breast cancer risk later in
life. The exposure to the endocrine disrupters bisphenol A
and vinclozolin during early developmental stages for
example increases breast cancer susceptibility. On the
contrary, developmental reprogramming by xenoestrogens
may also lead to beneficial health outcomes as shown for
the soy isoflavone (sISO) genistein using the yellow agouti
mouse model. sISO are also implicated in breast cancer
prevention as the breast cancer risk in East Asian
populations, regularly consuming soy products as
constituents of their diet, is considerably low. The
mechanistic link between sISO exposure and breast cancer
risk is poorly understood, as mechanistic data from
experimental breast cancer models are missing. We have
previously demonstrated that developmental exposure to
sISO results in potent modifications of estrogen
responsiveness in hormone dependent organs. Thereby the
estrogen responsiveness in the uterus is namely dramatically
increased while in parallel an almost as clear reduction of
estrogen responsiveness can be observed in the mammary
gland. Using the model of estradiol-driven tumorigenesis in
the mammary gland of ACI rats we investigated whether and
how this shift in estrogen responsiveness following dietary
sISO exposure results in a modification of the breast cancer
risk. Data acquired so far suggest that developmental
exposure to sISO impacts on the biology of terminal end
buds, of precancerous ductal carcinoma in situ and on breast
cancer development. In conclusion, dietary exposure to sISO
at early life stages therefore seems to be a critical
determinant for breast cancer risk.
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DIETARY CONSTITUENTS AND
EXPERIMENTAL BREAST CANCER
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Background/Aim: Dietary supplements with proven estrogenic
activities represent potential alternatives for the treatment of
menopausal complaints. However, their efficacy and safety in
menopausal applications, including an increased breast cancer
risk, is not always thoroughly assessed. The aim of this study
was to assess whether or not an optimized hops (humulus
lupulus) extract, containing 0.35% of 8-prenylnaringenin, the
most potent phytoestrogen known today, would stimulate
methyl-nitroso-urea (MNU)-induced experimental breast
cancer in ovariectomized (OvEx) Sprague-Dawley (SD) rats.
Materials and Methods: Thirty-four female SD rats were
obtained at the age of postnatal day (PND) 40. On PND 49 and
56 all animals received an intraperitoneal MNU injection of 50
mg/kg body weight (BW). Twenty-eight days after the second
injection two groups of animals were OvEx and randomly
allocated to either a phytoestrogen-free placebo diet (negative
control) or the placebo diet enriched with 500 ppm of the hops
extract for 23 weeks. This resulted in an exposure of
approximately 40 mg/kg body weight/day of the hops extract
and 0.14 mg/kg body weight/day of 8-prenylnaringenin. The
remaining animals were sham operated (positive control).
Tumor-specific parameters, as well as uterine wet weights,
were assessed. Results: The tumor incidences were 15.3% in
OvEx controls, 84.6% in positive controls and no tumors were
detected in the experimental group. Mechanistically, this
observation is in accordance with results detected for uterine
wet weight, which were also not stimulated in response to the
hops extract. Conclusion: A dose of 200 mg/kg body
weight/day of hops extract did not stimulated breast cancer
growth of the MNU-induced cancer in OvEx SD rats. This
observation provides an important piece of evidence regarding
the safety of hops extracts in the management of menopausal
complaints.
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BREAST CALCIFICATIONS: IMAGING
Athina Vourtsi

Hellenic Breast Imaging Society, Chalandri, Athens, Greece

The mammogram is considered the most reliable imaging
method in the detection of calcifications. The main value of
depicting calcifications is to detect ductal carcinoma in situ
and high risk lesions, such as epithelial cell hyperplasia in
asymptomatic women. Most calcifications found in the breast
are the result of benign processes. The wider use of full-field
digital mammography (FFDM) for screening purposes has
been shown to have a higher sensitivity in the detection of
calcifications over film mammography. There is much
overlapping in the characteristics of benign and malignant
calcifications. Mammographic analysis with magnification
views in two projections of the form, size, shape, density and
distribution of calcifications will help differentiate among
benign type from suspicious type in the majority of cases.
Calcifications without specific morphological characteristics
of a benign cause need further evaluation. Until recent years,
the traditional approach to diagnose these calcifications was
to perform surgical biopsy. However, data suggest that
stereotactic biopsy is more efficient for the management of
calcifications suggestive of malignancy. Results from many
studies have shown that the stereotactic technique eliminates
unnecessary surgical biopsies and achieves pre-surgical
diagnosis providing management with a single operation.
Management of the breast specimen is essential to achieve
definitive radiologic-pathologic correlation. Communication
between the surgeon and the radiologist is necessary to ensure
removal of the lesion. Radiologist who performs stereotactic
core biopsy should be certain that histopathologic correlation
is achieved. Specimen radiography of core samples performed
for microcalcifications should be performed routinely. Breast
ultrasound is not as sensitive technique as mammography for
the detection of microcalcifications. However, its use
increases the specificity of mammography. Advances in
technology and the use of higher frequency transducers have
improved the visualization of calcifications visualized on
mammography. According to data, ultrasound can depict
23%-45% of calcifications seen in mammography. The
presence of an associated mass increases the conspicuity of
calcifications and confers to greater likelihood of invasive
cancer. Associated findings, such as dilated ducts, increased
vascularity and acoustic shadowing, warrant further
evaluation with biopsy. Breast MR imaging surpasses both
mammography and ultrasound in the detection and the extent
of DCIS. A 2007 study by Kuhl et al. reviewed over 7,000
women screened with both MRI and mammography at an
academic breast center. Review of 167 cases of surgically
resected DCIS demonstrated 92% sensitivity of MRI
compared with 56% sensitivity of mammography.
Summarizing, mammography is the method of choice for the
detection and characterization of breast calcifications.
Additionally, breast ultrasound and MRI of the breast may
provide more information to increase the sensitivity of
mammography.
6235

ANTICANCER RESEARCH 34: 5761-6258 (2014)

1 Meisner AL, Fekrazad MH, Royce ME. Breast disease:
benign and malignant. Med Clin North Am.
2008;92:1115–1141.
2 Humphrey LL, Helfand M, Chan BK, Woolf SH. Preventive
Services Task Force. Breast cancer screening: a summary of
the evidence for the U.S. Ann Intern Med. 2002;137(5 Part
1):347–360.
3 ACR. Cancer Facts & Figures 2012. American Cancer
Society; Published 2012.
4 Shin HJ, Kim HH, Huh MO, Kim MJ, Yi A, Kim H, Son
BH, Ahn SH. Correlation between mammographic and
sonographic findings and prognostic factors in patients with
node-negative invasive breast cancer. Br J Radiol.
2011;84:19–30.
5 Schoonjans JM. Sonographic appearance of ductal
carcinoma in situ diagnosed with ultasonographycaly guided
large core needle biopsy. J Ultrasound Med.
2000;19:449–57.
6 Sickles EA. Sonographic detectability of breast
calcifications. Proc SPIE. 1983;419:51–2.
7 Moon WK, Myung JS. US of ductal carcinoma in situ.
Radio- Graphics. 2002;22:269–80.
8 Houssami N, Ciatto S, Macaskill P, et al. Accuracy and
surgical impact of magnetic resonance imaging in breast
cancer staging: systematic review and meta-analysis in
detection of multifocal and multicentric cancer. J Clin
Oncol. 2008; 26:3248–58.
9 Kuhl CK, Schrading S, Bieling HB, et al. MRI for diagnosis
of pure ductal carcinoma in situ: a prospective observational
study. Lancet. 2007; 370:485–92.

698
THE ROLE OF THE ECL CELL IN GASTRIC
CARCINOGENESIS
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The distinction between neuroendocrine carcinomas and
adenocarcinomas is difficult both in animals and humans,
mostly due to changes in classification. The lungs as well as
the stomach are foregut-derived. Whereas a significant
proportion of cancers occurring in the lungs are accepted as
neuroendocrine tumors, cancers in the stomach have been
thought to be adenocarcinomas. However, when looking
carefully and with the most sensitive methods available, it is
evident that many of the gastric carcinomas in reality are
neuroendocrine carcinomas, often originating from the
erochromaffin-like (ECL) cell. A correct classification is very
important since an understanding of the carcinogenic process
6236

depends on the classification and the knowledge of the growth
regulation of the cell of origin. Introduction: Every cell being
able to divide may give rise to tumors of different degree of
malignancy. The stem cell is seen as the most important cell of
origin for cancers, with the degree of malignancy depending
on the stage at which the stem cells stop differentiation.
Alternatively, mature cells being able to divide may
dedifferentiate and develop into tumors of variable
malignancy. Neuroendocrine (NE) cells are cells spread in the
body, where they have a central role integrating hormonal and
neural impulses and regulating effector cells (glandular cells,
smooth muscle cells) by releasing mediators (peptides or
amines). There has been a discussion close up to recent days
whether NE cells divide at all. At the moment, however, it is
generally accepted that NE cells proliferate. Tumors
originating from such cells have been known for more than a
century. The NE tumors first recognized were welldifferentiated and very slow-growing, and accordingly named
carcinoids meaning “cancer like”. However, although these
tumors grow slowly and patients may survive for many years,
as a rule the tumor becomes more malignant with time, and
finally kills the patient. Quite recently we reported that normal
NE cells in the oxyntic mucosa did not express E-cadherin (1),
which could be a trait making these cells particularly prone to
developing into tumors. The role of NE cells in the
carcinogenesis of tumors diagnosed at a symptomatic stage
and classified as adenocarcinomas, has been controversial.
Nevertheless, it may be difficult to discriminate between
neuroendocrine carcinomas and adenocarcinomas as
exemplified by the reclassification from adenocarcinomas to
neuroendocrine (ECL cell derived) carcinomas of the oxyntic
tumors occurring spontaneously in the African rodent
Mastomys (2), as well as in rodents dosed lifelong with potent
inhibitors of acid secretion inducing hypergastrinemia (3, 4).
Moreover, also in man there have been reports on such change
in classification, although rarely. The criteria for the diagnosis
of adenocarcinoma are glandular growth pattern and/or
expression of mucin. However, it has long been known that
carcinoids may also grow in a glandular pattern, and the
presence of mucin has been based upon periodic acid-Schiff
(PAS) positivity, a chemical reaction that is not specific for
mucin since glycoproteins and polysaccharides in general bind
to PAS. Therefore, PAS positivity cannot be regarded as a
proof of mucin expression. Materials and Methods: With this
background and the knowledge that potent inhibitors of acid
secretion were given to an increasing part of the population,
often for long-term, we started (25 years ago) to study gastric
carcinomas for NE expression using immunohistochemical
methods. Later on we increased the sensitivity of the
histochemistry by adding tyramide signal amplification (TSA).
Later on we started to use in-situ hybridization applying RNAscope with probes for general NE markers like chromogranin
A and synaptophysin and for different mucins. Results: In the
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Figure 1. Chromogranin A-positive cancer cells in a tumor from the oxyntic mucosa of a 32 y.o. woman with a two years
history of meal-induced flushing.
first series we were fortunate to come accross a patient who
had flushing after eating, during a two-year period prior to the
diagnosis. The carcinoma cells from this tumor were all
positive for chromogranin A (Figure 1). Other markers (like
Sevier-Munger silver positivity) also showed that this tumor
was ECL cell-derived. The flush was caused by histamine
release precipitated by the meal, most probably via gastrin.
Some of the other carcinomas, mainly belonging to the diffuse
group according to Laurén, also expressed chromogranin Apositive tumor cells, although to a lesser degree (5). In a later
and larger prospective study where we also studied actual
hormones in blood and gene expressions in the tumors, we
showed that an important proportion of gastric carcinomas of
diffuse type were NE carcinomas (6), which was confirm by
adding improved sensitivity with the TSA method (7).
Particularly, tumors from patients with long-term
hypergastrinemia secondary to atrophic gastritis (pernicious
anemia) were in reality all NE carcinomas (8). Concentrating
on carcinomas of signet ring cell type (subtype of diffuse
type), we showed that a majority of these carcinomas were NE
carcinomas (9). More recently, when utilizing in situ
hybridization (RNA-scope), we were able to show positivity
for NE markers, but not for the expression of mucin mRNAs
in tumor cells (10). Discussion: Taking together our studies
over a long-period of time show that an important proportion
of gastric carcinomas, particularly those belonging to the
diffuse type, is NE carcinoma most often of ECL cell origin.

Figure 2. Long-term hypergastrinemia results in ECL cellderived tumors in all species examined.
Since the function and proliferation of the ECL cell is
controlled by gastrin, this indicates that long-term
hypergastrinemia, even induced by drugs (11, 12), may be
expected to lead to gastric tumors of variable malignancy. In
fact, every condition accompanied by long-term
hypergastrinemia, in any species, can lead to ECL cell derived
tumors (Figure 2).
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DESMOGLEIN 3 ACTS AS A MECHANOSENSOR
IN RESPONSE TO ENVIRONMENTAL
MECHANICAL PROPERTY
Hong Wan1, Fiona Kenny2 and John Connelly2
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Emerging evidence suggests that in addition to genetic and
biochemical stimuli, the physical interactions and mechanical
forces between cancer cells and the microenvironment are the
key determinants of the metastatic process. The adhesion
junctions are the sites to sense and transmit mechanical forces
and to adjust their adhesion strength through a process known
as mechanotransduction. The classical cadherins and integrins
in cell-cell and cell-matrix adhesions have been identified to
play important roles in this process. However, little is known
about the contribution of the desmosomal cadherins in
mechanotransduction despite they are known to be crucial for
the maintenance of tissue integrity. Desmoglein 3 (Dsg3), a
member of desmosomal cadherins, is an adhesion receptor in
desmosomes. Recent studies have shown that Dsg3 is
upregulated in cancer, especially in the metastatic tissues where
the mechanical property differs from that of the bulk of tumour
mass. In line with this, we have discovered that overexpression
of Dsg3 in cancer cell lines activates several intracellular signal
pathways that are known to be involved in
mechanotransduction. We hypothesise that Dsg3 may function
as a mechanosensor in response to different mechanical
environments. Our study showed that the expression of Dsg3
in control cells increased in response to cyclic strain and was
greater in cells seeded on the stiff substrate than on the soft. In
contrast, cells with overexpression of Dsg3 showed a molecular
switch in the expression of both Dsg3 and F-actin, the forcebaring architect, with an increase in cells seeded on the soft
than on the stiff. Furthermore, alteration of phospho-Src and
phospho-FAK was also observed in the Dsg3 overexpressing
cells on different substrates compared to control. Together, our
results support our hypothesis that Dsg3 acts as a
mechanosensor, and this finding may have implication in our
understanding of the Dsg3 action in cancer metastasis.
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REACTIVE OXYGEN SPECIES-MEDIATED
BREAST CELL CARCINOGENESIS ENHANCED
BY CHRONIC EXPOSURE TO MULTIPLE
CARCINOGENS AND INTERVENED
BY DIETARY AGENTS
Hwa-Chain Robert Wang and Lenora Ann Pluchino
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Breast cancer is the most common type of cancer affecting
women in North America and Europe. More than 85% of
breast cancers are sporadic and attributable to long-term
exposure to small quantities of multiple carcinogens in the diet
and the environment. Specifically, smoke, polluted air, and
high temperature-cooked meats comprise multiple
carcinogens, such as 4-(methylnitrosamino)-1-(3-pyridyl)-1butanone (NNK), benzo[a]pyrene (B[a]P), and 2-amino-1methyl-6-phenylimidazo[4,5-b]pyridine (PhIP). We sought to
determine if these carcinogens acted together to induce breast
cell carcinogenesis, and if so, whether dietary agents could
intervene. Our study revealed, for the first time, that combined
NNK and B[a]P enhanced breast cell carcinogenesis
chronically induced by PhIP in both non-cancerous and
cancerous breast cells. Co-exposure to physiologicallyachievable doses of NNK, B[a]P, and PhIP (NBP) holistically
enhanced initiation and progression of breast cell
carcinogenesis. Reactive oxygen species (ROS) and the ERK
pathway were transiently induced by NBP in each exposure,
and cross-talk between reinforced ROS elevation and ERK
activation played an essential role in increased DNA oxidation
and damage. After cumulative exposures to NBP, this crosstalk contributed to enhanced initiation of cellular
carcinogenesis and led to enhanced acquisition of various
cancer-associated properties, including enrichment of cancer
stem-like cell population and the epithelial-to-mesenchymal
transition program. Thus, we were able to measure initiation
of carcinogenesis by transient changes induced in a single
exposure, and measure progression of carcinogenesis by
acquisition of cancer-associated properties in cumulative
exposures. Using transient changes and cancer-associated
properties as targeted endpoints, we revealed that
combinations of dietary antioxidants, such as the green tea
catechins ECG and EGCG, at physiologically-achievable noncytotoxic levels, were highly effective in intervention of NBPinduced cellular carcinogenesis. Thus, use of combined
antioxidants should be seriously considered in early
intervention of breast cell carcinogenesis for affordable
prevention of sporadic breast cancer associated with long-term
exposure to environmental and dietary carcinogens.
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DNA DAMAGE RESPONSES IN OVARIAN
CANCER STEM CELLS

Amit Kumar Srivastava, Chunhua Han, Ran Zhao,
Tiantian Cui and Qi-En Wang
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Ovarian cancer is the leading cause of gynecologic cancer
deaths in the United States. Cancer stem cells (CSCs) with
enhanced tumorigenicity and chemoresistance are believed to

be responsible for treatment failure and tumor relapse in
ovarian cancer patients. However, it is still unclear how CSCs
survive DNA-damaging agent treatment. Here we analyzed
cisplatin-induced DNA damage formation and DNA damage
responses in CSCs isolated from ovarian cancer cell lines
based on the dual expression of surface marker CD44 and
CD117. Surprisingly, our results did not support the previous
hypothesis that inefficient formation of DNA damage and
enhanced DNA damage responses after cisplatin treatment are
contributors to the cisplatin resistance of ovarian CSCs. We
further analyzed the status of the translesion DNA synthesis
(TLS), a DNA damage tolerance machinery than can help
cells survive cisplatin treatment, in both ovarian CSCs and
their corresponding bulk cancer cells. Our results revealed an
enhanced expression of TLS polymerase η (Polη) at both
mRNA and protein levels in ovarian CSCs. In addition, we
also observed an increased level of monoubiquitylated PCNA
(ub-PCNA), which is a key regulatory element in TLS, in
ovarian CSCs. These data indicate that CSCs may have
intrinsically enhanced TLS. To investigate the contribution of
enhanced TLS to the survival of CSCs upon cisplatin
treatment, we analyzed the abundance of CD44+CD117+ cells
in various ovarian cancer cell lines after downregulation of
Polη and cisplatin treatment in vitro and in vivo, as well as the
sensitivity of ovarian CSCs to cisplatin upon Polη knockdown.
Our data demonstrated that downregulation of Polη blocked
cisplatin-induced CSC enrichment through the enhancement
of cisplatin-induced apoptosis in CSCs. Mechanism
investigation revealed that depletion of miRNA-93 in ovarian
CSCs contributes to the enhanced expression of Polη. Taken
together, our data indicate that ovarian CSCs may have
intrinsically enhanced TLS, which facilitates CSCs to survive
cisplatin treatment, and leading to tumor relapse. Supported
by NIH grant CA151248.
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THE ONCOGENIC POTENTIAL OF
RIBONUCLEOTIDE REDUCTASE
M2 (RRM2) IN CLEAR CELL RENAL
CELL CARCINOMA

Manal Abudawood, Nessar Ahmed and Qiuyu Wang

School of Healthcare Science, Manchester Metropolitan
University, M1 5GD, UK

Renal cell carcinomas (RCCs) account for 2-3% of adult
malignancies, and are the leading cause of urological
malignant deaths. Clear cell RCC (ccRCC) is the commonest
histological RCC subtype, constituting 70-80% of all kidney
cancers. ccRCC is relatively resistant to chemotherapy and
radiotherapy, and the overall clinical outcome is poor. To date,
knowledge of the molecular pathogenesis of ccRCC is
incomplete.
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Ribonucleotide reductase M2 (RRM2) is one of two nonidentical subunits of ribonucleotide reductase. This key
enzyme catalyses the conversion of ribonucleotide 5’diphosphates to 2’-deoxyribonucleotides, and is involved in
DNA synthesis and repair. Overexpression of RRM2 occurs in
several other types of cancer, and its potential role in ccRCC
is therefore of interest. A preliminary microarray study in our
laboratory showed RRM2 is up-regulated in human ccRCC
compared to normal kidney tissues. These findings were
extended in the present study with its aim of investigating
potential oncogenic roles of RRM2 in ccRCC.
Down-regulation of RRM2 in ccRCC cell lines (Caki-1, Caki2 and RCC-KP) were performed using pre-designed RRM2
siRNAs and confirmed by qRT-PCR and Western blot
following transfection. ccRCC cells transfected with nontargetting siRNA were used as control. The effects of RRM2
gene knockdown on ccRCC cell proliferation, migration,
invasion and survival were assessed in vitro.
This study demonstrated inhibition of RRM2 expression in
ccRCC cell lines resulted in reduced proliferation, migration
and invasion (P≤0.05), while the activities of caspases 3 and 7
were enhanced. The expression of genes involved in tumour
metastatic signalling pathways, such as MTSS1 and NM23A,
were also significantly up- or down-regulated following RRM2
knockdown. These results highlight the oncogenic role of
RRM2 in ccRCC development, and provide insights into the
molecular pathogenesis of ccRCC. The study also suggests
RRM2 may be a potential therapeutic target in ccRCC
patients.
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GENOTYPES AND PERSONAL SMOKING STATUS
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Aim: The study aimed to evaluate the association and
interaction of ataxia telangiectasia-mutated (ATM) genetic
polymorphisms with lung cancer risk in Taiwan, where lung
cancer is the primary cause of cancer-related death. Materials
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and Methods: In this hospital-based matched case-control
study, associations of up to seven ATM single nucleotide
polymorphisms (rs600931, rs652311, rs227060, rs228589,
rs227092, rs624366 and rs189037) with lung cancer risk were
investigated among Taiwanese. In this study, 358 lung cancer
patients and 716 age- and gender-matched healthy controls
were genotyped and the genetic-lifestyle interactions were
analyzed. Results: The results showed that the percentages of
GG, AG and AA for ATM rs652311 genotypes were
significantly different at 34.6%, 48.9% and 16.5% in the lung
cancer patient group and 39.9%, 51.0% and 9.1% in noncancer control group, respectively. We further analyzed the
genetic lifestyle effects on lung cancer risk and found that the
contribution of ATM rs652311 A allele-bearing genotypes to
lung cancer susceptibility was enhanced in the cigarette
smokers and not enhanced in the non-smokers (p=0.0045
and0.2758, respectively). Conclusion: Our results provide
evidence that the A allele of ATM rs652311 may be associated
with lung cancer risk and may enhance the effects of smoking
habit on lung cancer development.
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DISULFIRAM – AN ANTI-ALCOHOLISM MEDICINE
GIVING BREAST CANCER PATIENTS NEW HOPE
Peng Liu, Zhipeng Wang, Sarah Brown,
Vinodh Kannappan, Patricia Erebi Tawari,
Angel L Armesilla, John L Darling and Weiguang Wang
University of Wolverhampton, Wolverhampton, UK

Background: The medical need for better breast cancer
therapies is undiminished while drug development is slow (15
years/drug), risky and costly ($1.5 billion/drug). This has led
to an increasing appreciation of the potential of repurposing
of known drugs. We have shown that disulfiram (DS), an antialcoholism drug, demonstrates specific activity against a wide
range of cancers. Importantly, we have been able to
demonstrate that DS specifically destroys cancer-stem-like
cells and potentiates the cytotoxicity of conventional first-line
anticancer drugs. Although DS shows strong anticancer
activity in laboratory clinical use of DS as an anti-cancer drug
is limited by its rapid degradation and extensive metabolic
conversion. Recently we used liposome-encapsulation to
extend the half-life of DS in the bloodstream and obtained
very promising in vitro and in vivo anticancer efficacy.
Methods: Liposomal DS (Lipo-DS), MCF7, T47D, MDAMB-231, MDA-MB-231PAC10 and normal cell lines, MTT
assay, combination index (CI)-isobologram, western blot,
ALDEFLUOR analysis, clonogenic assay, immunocytochemistry and mouse MDA-MB-231 xenograft model were
used in this study. Results: The chemoresistant MDA-MB231PAC10 and CSCs derived from MCF7 and T47D cell lines
are highly resistant to a wide range of anticancer drugs e.g.
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paclitaxel, gemcitabine, cisplatin and doxorubicin. The CSCs
and MDA-MB-231PAC10 cells are quiescent with
significantly longer doubling time (64.9 h vs. 31.7 h). The
CSCs and MDA-MB-231PAC10 cells express high ALDH
activity and a panel of embryonic stem cell-related proteins
e.g. Oct4, Sox2, Nanog and nuclealization of HIF2α and
NFkBp65. Lipo-DS is highly toxic to breast CSCs and
enhances cytotoxicity of anticancer drugs. Lipo-DS abolishes
CSC characters, inhibits NFκB activity and completely
reverses paclitaxel, doxorubicin, gemcitabine and cisplatin
resistance in MDA-MB-231PAC10 cells. Intravenous
administration of Lipo-DS showed significantly higher
anticancer efficacy than oral administration of DS free drug.
Conclusion: As an FDA approved drug, nano-encapsulation
may lead DS into cancer therapeutics.
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UBIQUITINATION AND DEUBIQUITINATION OF
DNA REPAIR FACTORS:
MODULATION BY MODIFICATION
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Genomic instability resulting from a cell’s inability to
effectively repair its DNA damage has clear association with
aging and disease pathogenesis, ranging from inherent
susceptibility to induction of frank neoplasia. Nucleotide
excision repair (NER) is known to eliminate a broad variety
of lesions, including photolesions, from genomes of living
cells. Xeroderma pigmentosum complementation group C
(XPC) protein plays a key role in recognizing helix-distorting
DNA lesions and initiating NER. During the recognition of
UV-induced photolesions, XPC protein is promptly
ubiquitinated by a CRL4DDB2 E3 ligase complex. We have
previously shown that this repair protein modification is an
essential component of lesion hand-over mechanism
orchestrated during the initial steps of NER. In counteracting
this modification, our recent work has identified ubiquitin
specific protease 7 (USP7) as a deubiquitinating enzyme
(DUB) for XPC and a critical element in regulating XPC
turnover and NER. We demonstrate that transiently
compromising cellular USP7, by siRNA or specific inhibitor
HBX41108, leads to accumulation of ubiquitinated forms of
XPC. Moreover, complete USP7 disruption causes an
ubiquitin-mediated XPC degradation upon UV irradiation. We
show that USP7 interacts with XPC in vitro and in vivo.
Overexpression of wild-type USP7, but not its catalytically

inactive or interaction-defective mutants, reduces
ubiquitinated forms of XPC. Importantly, USP7 efficiently
deubiquitinates XPC-ubiquitin conjugates in deubiquitination
assays in vitro. We further showed that valosin-containing
protein (VCP)/p97 is required for UV-induced XPC
degradation in USP7-deficient cells. VCP/p97 is readily
recruited to DNA damage sites and co-localizes with XPC.
Inhibition of VCP/p97 causes an accumulation of
ubiquitinated XPC on DNA damaged chromatin. Moreover,
USP7 disruption severely impairs the repair of cyclobutane
pyrimidine dimers and, to a lesser extent, affects the repair of
6-4 photoproducts. Taken together, our findings have
uncovered an important role of USP7 in regulating NER via
deubiquitinating XPC and by preventing its VCP/p97regulated proteolysis.
Supported by NIH grants ES02388 and ES012991.
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GLOBAL ANTICANCER TARGETS:
STILL A POSSIBILITY?
Hilmar M. Warenius
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The present anticancer therapeutic paradigm envisages
progress towards tailored drug treatment for individually
selected cancers on the basis of their genomic mutation
patterns. A multiplicity of potential drug targets are being
revealed by this approach, with an even greater number of
potential therapeutic agents, where several different drugs can
be active against a particular target. In contrast to the
multiplicity and heterogeneity of mutation-derived signal
transduction targets, there remain certain generalised
hallmarks of cancers. Aerobic glycolysis and aneuploidy, have
been observed in cancer cells for many years and might still
provide potential global “Achilles heels” for therapeutic
exploitation.
Clues to potential global targets can be gleaned from certain
germline gene knockouts which have little effect on the
phenotype of an embryonic or adult mouse, but whose absence
prevents carcinogenesis. An example is HK2 (the gene for the
enzyme hexokinase 2, responsible for phosphorylating glucose
which has traversed the cell membrane thus trapping it in the
cytoplasm to enter the Embden Meyerhof glycolytic pathway).
Hexokinase 2 inhibition as an anticancer treatment has been
attempted in vivo in mouse xenograft models. Although a
weak tumour inhibitor on its own, 2-deoxyglucose has been
shown to have potentially global activity, being effective when
used in combination with metformin against a broad spectrum
of preclinical cancer models.
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A further gene of potentially global significance for the
cancer cell is CDK4. Similarly to HSK2, germline knockout
of CDK4 in contrast to close family members CDK2 and
CDK6 protects mice against oncogene-mediated, or
chemically-induced carcinogenesis, with almost imperceptible
alterations to the normal embryonic or adult mouse phenotype.
A novel non-kinase region (amino-acid residues 249-260) of
the CDK4 protein was to found to include the hexapeptide
sequence,
Pro-Arg-Gly-Pro-Arg-Pro.
This
cationic
hexapeptide and its cationic and anionic congeners, when
introduced into a range of cyclic peptide amphiphilic cassettes
(HILR peptides), showed broad in vitro, selective anticancer
activity, killing a wide range of histological types of human
cancer cell by necrosis, associated with pathognomonic
morphological appearances and a fall in cellular ATP levels.
A search for potential mechanism(s) of action and target(s)
for these novel HILR cyclic peptides started with an
exploration of how the fall in ATP levels and induction of
necrosis might be related to generalised changes such as
aerobic glycolysis and aneuploidy in cancer cells as compared
to normal cells.
Aerobic glycolysis was first described by Otto Warburg as
a generalised difference between cancer cells and normal cells.
He identified increased uptake of glucose and production of
lactate, characteristic of anaerobic glycolysis in cancer cells
even in the presence of adequate oxygen. This finding, which
suggests abnormal carbohydrate metabolism in cancer cells as
compared to normal, could provide a global anticancer target
and continues to be actively researched.
In addition to disordered glycolysis, ATP levels in cancer
cells can be influenced by the activity of Poly (ADP-ribose)
polymerase-1 [PARP-1] which has the capacity to bind rapidly
and directly to both single- and double-strand DNA breaks.
Both types of DNA breakage activate the catalytic capacity of
the enzyme, which in turn modulates the activity of a wide
range of nuclear proteins by covalent attachment of branching
chains of ADP-ribose moieties. A principal function of the
poly ADP-ribose chains is to alert repair enzymes to sites of
DNA damage. A considerable body of work has been directed
towards the question of whether aneuploidy is an intrinsic
component of the cause of malignant transformation of normal
cells, or the result of the genetic instability which frequently
accompanies this malignant change. A key point is, however,
that aneuploidy is a manifestation of the marked DNA damage
that is found in cancer cells, as a parallel consequence either
of abnormal mitosis preceding aneuploidy or of segregative
errors of aneuploid chromosomes.
When PARP-1 is activated by DNA breaks, it cleaves NAD+
(nicotinamide adenine dinucleotide) to generate nicotinamide
and the ADP-ribose which forms the chains that attach to
DNA adjacent to strand breaks. The cleavage of NAD+ by
PARP to form ADP-ribose chains on DNA results in less
NAD+ being available for the Embden-Meyerhof, ATP6242

generating, glycolytic pathway, which is selectively favoured
in cancer cells by Warburg aerobic glycolysis. of PARP.
Unsurprisingly, increased PARP activity, as measured by
mRNA expression, has been observed in a wide range of
different human cancers as compared to the normal tissues
from which they have arisen. PARP has been shown to be a
mediator of necrotic death by ATP depletion in mouse
fibroblasts. Fibroblasts from PARP-deficient mice (PARP-/-)
are protected from ATP depletion and necrotic death. The
possible interaction of PARP and the cytotoxic activity HILR
cyclic peptides was thus of interest. This was initially
investigated by exposing NCI-H460 human non small-cell
lung cancer cells to HILR-001 in the presence of the PARP
inhibitor, olaparib. Surprisingly the necrotic cytotoxicity and
the diminution in ATP activity were reversed by olaparib,
suggesting that the HILR compound was a partial PARP
agonist. Further experiments revealed an additive effect of cotreating NCI-H460 cells with the hexokinase inhibitor 2-deoxy
glucose (6-DOG) and HILR-001, which increased overall
cytotoxicity by a factor of three.
It thus appears that HILR cyclic peptides are exploiting
aerobic glycolysis, a potentially cancer-specific global target
in the context of DNA damage repair, by an agonistic activity
on PARP resulting in depletion of NAD and this anti-aerobic
glycolysis effect is enhanced threefold by added inhibition of
hexokinase by 6-DOG.
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FAMILIAL CANCER: THE ALERT CLINICIAN AND
UICC
Walter Weber

Medical Oncology, Basel, Switzerland

The alert clinician plays a key role in first recognizing
environmental and genetic influences in cancer etiology (1).
Dr. Frederick P. Li at NCI went to a dinner party where he
heard that a child with cancer and a strong family history of
cancer had been admitted to the NIH Clinical Center. The next
morning Dr. Li went to the ward and obtained the pedigree
(2). He and Dr. Joe Fraumeni found three more families in a
series of medical records already under study of children with
rhabdomyosarkoma (3, 4). A registry of such families was
established and the disorder, now known as the Li-Fraumeni
syndrome due to a germline mutation of p53 (5) was shown
to consist of soft-tissue sarcoma, breast cancer, brain cancer,
leukemia and adrenocortical cancer under 45 years of age (6).
Another astute observation of Dr. F.P. Li led to the detection of
a 3;8 translocation in familial renal carcinoma (7). In a Basel
renal carcinoma family a t(3;11) has been identified. The
proband has bilateral multilocular cystic renal cell carcinoma
and multilocular well-differentiated pancreatic neuroendocrine
tumor. The UICC (Union for International Cancer Control) is
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a membership organization that exists to help the global health
community accelerate the fight against cancer. Founded in
1933, UICC is based in Geneva. The UICC Familial Cancer
and Prevention Project 1991-2003 has promoted familial
cancer control worldwide (8). Its activities included: i) the
establishment of nodal points and of the Familial Cancer
Database, ii) the organization of project meetings, educational
seminars, international symposia and research conferences, iii)
the initiation of family studies. A one page family history
questionnaire has been created and validated (9). Dr. Roberto
Estevez, the first medical oncologist in Argentina, has used
this questionnaire and reported on malignancies in first-degree
relatives of 146 women with cervical cancer in Buenos Aires
(mean age at diagnosis, 48 years; 64 probands (44%) were
under the age of 45). Cervical cancer was the predominant
malignancy in their first-degree relatives (11 of 159 women).
This report led to a pilot case-control study in Latin America
(10). The family history of first-degree relatives was elicited
in 335 women with invasive cervical cancer (probands) and in
335 women without cancer (controls) in Honduras, Peru and
Uruguay. The most frequent malignancies originated from the
uterus in both groups. Despite the lack of statistical
significance, there was a trend towards elevated odd ratios of
malignancies of the haemolymphatic system, liver, skin,
stomach and lung in first degree relatives of women with
cervical cancer. The risk for all these malignancies is increased
by infections and/or lifestyle.
1 Miller RW: Cancer Res 48: 3544-3548, 1988.
2 Miller RW: Am J Med Genet 76: 9-20, 1998.
3 Li FP et al: J Natl Cancer Inst 43: 1365-1373, 1969a.
4 Li FP et al: Ann Intern Med 71: 747-752, 1969b.
5 Malkin D et al: Science 250: 1233-1238, 1990.
6 Li FP et al: Cancer Res 48: 5358-5362, 1988.
7 Cohen Metal: Ν Engl J Med 301: 592-595, 1979.
8 Weber W: Hereditary Cancer in Clinical Practice 2: 151152, 2004.
9 Mussio Ρ et al: Anticancer Res 18: 2811-2814, 1998.
10 Weber W et al: Anticancer Res 25:1219-1224, 2005.
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FAMILIAL CANCER AND PREVENTION
Walter Weber
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Introduction: Apart from age, a family history of cancer
represents one of the most important risk factors for
developing cancer. Taking the family history of cancer patients
is a low technology approach,which can be applied all over
the world (1). It is a tool to identify high risk persons and
families and to down-stage disease by targeted preventive and
therapeutic approaches (2). The operational definition of
familial cancer is two or more affected first-degree relatives.

This applies to 10% to 30% of all cancer patients. Prevention
is preferable to treatment. Three ways are leading to success:
tobacco control, vaccination and chemoprevention. Tobacco
control: Smoking is the leading cause of preventable,
premature death. The motivation of family members to quit
smoking increases after a cancer diagnosis in their families
(3). Cruciferous vegetable consumption has a protective effect
on lung cancer (4). Vaccination: Cervical cancer clusters in
families (5). A role of familial immunosuppression is
suggested (5, 6). Cervical cancer is caused by the human
papillomavirus (7). A first vaccine to prevent infection by the
virus in young girls has been approved by the FDA in 2000
(8). Liver cancer: A family history of liver cancer increases
liver cancer risk (9). Liver cancer can be prevented by
vaccination against hepatitis Β (10). Chemoprevention: The
use of chemicals to prevent cancer can be effective. Tamoxifen
reduces the incidence of familial breast cancer, including
carcinoma in situ (11). Oral contraceptives confer long-term
protection against ovarian cancer, inclusive familial ovarian
cancer (12). Aspirin, 600 mg per day for a mean of 25 months,
substantially reduced cancer incidence after 55.7 months in
carriers of hereditary colorectal cancer (13). Conclusion:
Tobacco control, vaccination and chemoprevention are three
ways to diminish the familial cancer burden.
1 Weber W et al. Anticancer Research 21: 3631-3636, 2001.
2 Lindor NM et al. Concise Handbook of Familial Cancer
Susceptibility Syndromes. Oxford University Press 1-93,
2008.
3 Hayran Μ et al. Asian Pac J Cancer Prev 14: 475-479,
2013.
4 Brennan Ρ et al. Uwotf. 366·. 1558-1560, 2005.
5 Hemminki Κ et al: Int J Cancer 82: 775-781, 1999.
6 Weber W et al: Anticancer Res 25: 1219-1224, 2005.
7 Zur Hausen H.: Int J Cancer 63: 315-316, 1995.
8 De Vita VT Jr et al: NEJM 366: 2207-2214, 2012.
9 Turati F et al: Hepatology 55: 1416-1425, 2012.
10 Kew MC : Ann Hepatol 9:120-132, 2010.
11 Cuzick J et al: J Natl Cancer Inst 21: 272-282, 2007.
12 Collaborative Group: Lancet 371: 303-314, 2008.
13 Burn J et al: Lancet 378: 2081-2087, 2011.
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ETIOLOGICAL OBSERVATIONS IN 7
PATIENTS WITH PANCREATIC NEUROENDOCRINE
TUMORS (PNETS)
Walter Weber

Medical Oncology, Basel, Switzerland

Introduction: PNETs are uncommon tumors of unknown
etiology arising from neuroendocrine cells of the pancreas (1).
Patients: In 30 years of medical oncology practice (start on
April 1, 1981) 7 out of 2,087 patients (0.34%) had PNETs: 5
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ANTICANCER RESEARCH 34: 5761-6258 (2014)

female and 2 male; median age at diagnosis, 57 years; range,
24 - 74 years. Three have died after 1, 2 and 4 years. Two
patients had a second malignancy (breast and renal cell
carcinoma). Two patients had a balanced chromosomal
translocation (3;5 and 3;11). Family history: Three of the 7
(43%) family histories were of special interest. One proband
was from a second pregnancy. The first pregnancy of her
mother resulted in an abortion at week 26. The fetus was a
female with Turner syndrome. A sister of the second proband
had postmenopausal, unilateral, hormone receptor positive
breast cancer at the age of 39 and a carcinoid of the stomach
at the age of 61. The mother had postmenopausal bilateral,
estrogen receptor positive breast cancer. The only sister of the
third proband also had a balanced t(3;11). Her mother had
kidney cancer at the age of 76. Six more relatives on the
mother’s side had kidney cancer. Conclusion: Genetic studies
should be conducted in all PNETs families. Loss of
heterozygosity (LOH) of chromosome 3 has been reported in
4 of 8 (50%) sporadic PNETs with hepatic metastases but in
none of 8 sporadic PNETs without hepatic involvement (2).
The smallest common-deleted region (SCDR) mapped to
3q27-qter. This region may contain a tumor suppressor gene.
1 Halfdanarson TR et al: Ann Oncol 19: 1727-1733, 2008.
2 Guo SS et al: Mol Cell Endocrinol 190: 109-114, 2002.
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INITIAL EVALUATION OF A CD146/MUC18
TARGETING RADIOIMMUNOCONJUGATE
Sara Westrøm1,2, Nasir Abbas1, Roy H. Larsen3,
Øyvind S. Bruland4,5, Thora J. Jonasdottir6 and
Tina B. Bønsdorff1

study was performed to evaluate CD146 as a target for
radioimmunotherapy by use of a novel monoclonal antibody,
OI-3, that targets CD146. Despite a few published studies on
antibodies against the CD146 antigen, to the authors’
knowledge,
no
reports
on
the
potential
for
radioimmunotherapy exists. Methods and Results: Flow
cytometry analysis confirmed binding of the OI-3 antibody to
tumor cell lines of various origins, including 3 melanoma
(A375, MelJRpost3.3 and WM239), 3 osteosarcoma (OHS,
KPDX and SAOS-2), 1 triple-negative breast cancer (MDAMB-231), 1 pancreatic (PANC-1) and 1 squamous cancer cell
line (SCC-4). For construction of the radioimmunoconjugate,
a chelator, p-SCN-Bn-DOTA, was conjugated to the antibody,
followed by radiolabeling with the beta-emitter 177Lu. In vitro
cell experiments showed that OI-3 retained its binding
properties after radiolabeling, with immunoreactive fractions
from 60-85%. Biodistribution studies were performed after
intravenous injection of 177Lu-DOTA-OI-3 in nude mice
bearing human osteogenic sarcoma (OHS) xenografts. The
biodistribution results were promising, with tumor being the
only tissue to clearly accumulate radioactivity with time.
Maximum tumor uptake occurred between 2 and 4 days postinjection, with a measured peak level slightly above 20%ID/g
at day 4. Conclusion: This study has demonstrated a relevant
targeting
potential
of
our
novel
anti-CD146
radioimmunoconjugate indicating a potential for use in
radioimmunotherapy.
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A REVIEW OF RISK FACTORS IN UROTHELIAL
CANCER

2Faculty

David Curry1, Mark Ruddock2, Sabine Dalleau3,
Grace Kennedy4, Brian Duggan5, Hugh O’Kane1,
Cherith Reid2, Kate Williamson3

Background: CD146 is a 113kDa cell adhesion molecule, also
known as cell surface glycoprotein MUC18 or melanoma cell
adhesion molecule (MCAM). The protein was initially
identified as a tumor marker for melanoma because of the high
expression in advanced primary and metastatic melanomas but
not on normal melanocytes. Subsequent investigations have
revealed that CD146 plays a key role in tumor progression and
metastasis of various types of cancer, including melanoma,
osteosarcoma mesothelioma, pancreatic carcinoma, prostate
and breast cancer. Altogether, this makes CD146 an interesting
candidate for selective tumor targeting. Objective: The current

Context: Urothelial cancer (UC) accounts for a significant
burden of disease worldwide. Each year in the European
Union, approximately 110 500 men and 70 000 women are
newly diagnosed and 38 200 patients die from bladder cancer.
Understanding of the numerous risk factors is vital in primary
disease prevention. Traditionally, occupational carcinogens,
smoking, increasing age, radiation, dietary factors,
medications and inflammatory conditions are associated with
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urothelial carcinogenesis. More recently genome wide
association studies have been undertaken. Review of the
literature: Car mechanics, metal workers, plumbers, and those
exposed to intermediates in rubber and plastics manufacture
or working in occupations allied to agriculture, health or
medicine are at risk of developing UC. There is strong
evidence that chemicals including aromatic amines, arsenic,
benzidine, diazo printing ink, azo dyes, benzo(a)pyrene,
polycyclic aromatic amines and tobacco smoke increase the
risk of UC. Medications such as cyclophosphamide,
pioglitazone, metformin, glimepiride, statins and chronic use
of pain killers have also been associated with increased
bladder cancer risk; anti-hypertensive medications may
increase the risk of UC. Those with a first degree relative with
bladder cancer have twice the risk of UC. Some native
polymorphisms are linked to increased risk of bladder cancer,
i.e. genes coding for metabolic enzymes: NADPH quinine
oxidoreductase-1, Glutathione S-transferases, cytochrome
P450, N-acetyl transferases; DNA repair enzymes: X-ray
repair cross-complementing, Xeroderma pigmentosum D; and
cell signalling proteins: Tumour necrosis factor α, Ras, p53,
E-cadherin. Large scale genetic modifications including
FGFR3 gene fusion and HER2 and MYC genes amplification
are associated with high stage/grade bladder cancer.
Conclusion: There is a complex relationship between UC and
its underlying risk factors. This review will highlight that
further study in many areas, with a focus on mechanisms of
carcinogenesis, is required in order to facilitate primary
preventative techniques and identification of high risk indivi
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METASTASIS AND THE METASTATIC
MICROENVIRONMENT
Isaac P. Witz

Department of Cell Research & Immunology, The George S.
wise Faculty of life Sciences, Tel Aviv University, Tel Aviv
69978, Israel

An increased understanding of the metastatic process was
achieved in recent years. However the pathways leading to
site-specific metastasis are awaiting complete elucidation.
Circulating tumor cells disseminate to future metastatic sites
and form micrometastasis. The micrometastases remain in a
state of dormancy until ‘’awakened’’ to progress towards overt
metastases. It is well accepted that epithelial to mesenchymal
transition as well as chemokine–chemokine receptor
interactions are responsible for the migration of tumor cells to
future metastatic sites. However the mechanisms that maintain
dormancy of disseminated tumor cells and the mechanisms
that awaken these dormant micrometastases, driving their
progression towards frank metastasis, are still obscure. It is
clear, however, that the metastatic microenvironment plays a

major role in these events. Three topics will be discussed in
this presentation: Mechanisms that are involved in the
migration of tumor cells to future metastatic sites. Specific
molecular signatures expressed by metastases and
micrometastases. Interactions between metastatic and
micrometastatic cells with the metastatic microenvironment.
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THE OXIDATIVE STRESS-ASSOCIATED SRC
ACTIVATOR AND C-SRC TYROSINE KINASENOVEL TARGETS IN THE MECHANISM OF
PHOTODYNAMIC THERAPY
Marta Woźniak, Kamila Duś-Szachniewicz,
Barbara Ziółkowska, Piotr Ziółkowski

Department of Pathology, Wrocław Medical University,
Marcinkowskiego 1, 50-367 Wrocław, Poland

Photodynamic therapy is an effective experimental method in
the diagnosis and treatment of various tumors, but still the
detailed molecular mechanisms and pathways are not well
known. In response to the cytotoxic influence of PDT, cells
activate and inhibit different proteins that prevent them from
reactive oxygen species (ROS). It has been reported that the
oxidative stress-associated Src activator/Homo sapiens
chromosome 9 open reading frame 10 protein (Ossa/ C9orf10)
protects cancer cells from an oxidative stress-induced
apoptosis by Src family kinases activation. The main aim of
the present study was to investigate whether PDT leads to
Ossa expression and if this may be connected with coexpression of c-Src tyrosine kinase. Additionally, apoptosis
and necrosis following an oxidative stress caused by PDT on
cancer cells were analyzed. For these purpose, Ossa and c-Src
proteins were examined in MCF-7 human breast cancer cells
after 5-aminolevulinic acid-mediated photodynamic therapy.
The effects of PDT on the expression of the above proteins
were detected in different time points (0, 7, 18, 24 hours after
irradiation) using immunohistochemistry and Western blot
analysis. Our results showed a high expression of Ossa at early
time interval after PDT, which was accompanied by a low
expression of c-Src tyrosine kinase. This relation between
expression of the two above proteins indicate that Ossa could
protect cancer cells from PDT through activation of c-Src in
response to an oxidative stress. In conclusion, our study
suggests that analyzed proteins may be targets to achieve
better efficiency of 5-ALA-PDT cancer treatment.
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EFFECT OF SELECTED FLAVONOIDS ON COLON
CARCINOMA CELLS IN VITRO
Marta Woźniak1, Agnieszka Rogula2, Izabela Fecka2,
Piotr Ziółkowski1

6245

1Department

ANTICANCER RESEARCH 34: 5761-6258 (2014)

of Pathology, Wrocław Medical University,
Marcinkowskiego 1, 50-367 Wrocław, Poland;
2Department of Pharmacognosy, Wrocław Medical
University, Borowska 211 A, 50-556 Wrocław, Poland

Flavonoids are compounds widely distributed in plants. They
commonly occur in fruits and vegetables as ingredients of
medicinal products. Depending on the chemical structure they
are characterized by diverse biological and pharmacological
activity. Particularly interesting materials are flavonols, such
as quercetin and its glycosides (rutin, hyperoside, isoquercitin,
quercetin3-rhamnoside). Quercetin derivatives exist, among
others, in onions, buckwheat, elderberry flowers, in
florescences of lime, as well as in the St. John’s Wort herb and
pansy. Flavonols are known to reveal antioxidant, antiinflammatory, anti-aggregation, hypoglycemic and liver
protecting properties. 3-O-rutinoside of quercetin (rutin)
reduces the permeability of blood vessels, inhibits the activity
of ascorbate oxidase, xanthine oxidase, hyaluronidase. Routine
is the active ingredient of many types of popular medicinal
supplements. 3-O-galactoside of quercetin (hyperoside) has
anti-inflammatory, spasmolytic, diuretic and cardiotonic
properties. Hyperoside is found in a St John’s wort, flowers
and fruits of hawthorn and birch leaves. In this study the
cytotoxic activity of selected flavonols (quercetin, rutin,
hyperoside isoquerctin, quercetin 3-rhamnoside) was
confirmed on colon adenocarcinoma cell line SW620. The
influence of the above mentioned compounds in vitro was
established by cell survival assays - SRB assay using
sulforhodamine B and the MTT assay with tetrazolium
bromide. Both tests were performed after 24 and 48 hours of
incubation with flavonols in two concentrations (1mg/ml, 0.5
mg/ml) with tumor cells. Research results lead to the
conclusion that the flavonols and their glycosides effectively
inhibit the proliferation and reduce the viability of colon
adenocarcinoma cells in vitro, what may contribute to a
potential application in anti-cancer therapies.
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CGP1 MEDIATED INFLAMMASOME ACTIVATION
AND METASTASIS IN OSCC
Chi-Sheng Wu and Yu-Sun Chang

Chang Gung Molecular Medicine Research Center, KweiShan Tao-Yuan, Taiwan, R.O.C.

Worldwide, oral cancer is one of a prevalent malignant
neoplasm leading to death, yet its molecular pathogenesis is
unclear. Inflammasome activity has been reported that is
involved in tumorigenesis in many kinds of human cancers.
CGP1 is a key adaptor protein mediating the activation of
inflammasome. In this study, we identified that the
6246

inflammasome activity was elevated in oral squamous cell
carcinoma (OSCC) cell lines by DNA, RNA and bacteria
stimulation but not by known risk factors of OSCC
progression, such as nicotine and arecoline. In previous studies
it was shown that CGP1 has a tumor suppressor function in a
variety of human cancers. However, in our study, we found
that the CGP1mRNA and protein level of CGP1 were both upregulated in the tumor region but not in adjacent healthy
regions of OSCC patients. According to IHC scoring result,
we analyzed the relationship between highly expressed CGP1
and clinicopathological characteristic of OSCC. Overexpressed CGP1 was correlated with tumor stage (p=0.001),
node stage (p<0.001), overall stage (p<0.001) and
extracapsular spread (p<0.001) in OSCC patients. We further
analyzed the clinical outcome of over-expressed CGP1. The
results indicated that CGP1 was a risk factor for poor
prognosis. In an in vitro study, the migration and invasion
ability were both increased in over-expressed CGP1 cell lines.
In an in vivo study, cells over-expressing CGP1 were injected
into mouse tongue resulting in lymph node metastasis around
the cervical region. The survival rate was lower in mouse
injected with CGP1 expressing cells than in vector control
cells. In conclusion, we demonstrated that CGP1 mediated
inflammasome activation and played an oncogenetic role in
OSCC.
716
CLINICAL RESULTS OF REPEAT HEPATECTOMY
FOR RECURRENT HEPATOCELLULAR
CARCINOMA: A SINGLE-CENTER EXPERIENCE
Yo-ichi Yamashita, Ken Shirabe, Kazuki Takeishi,
Shinji Itoh, Norifumi Harimoto, Toru Ikegami,
Tomoharu Yoshizumi, Hirofumi Kawanaka,
Tetsuo Ikeda and Yoshihiko Maehara

Department of Surgery and Science, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, Japan
(yamashi@surg2.med.kyushu-u.ac.jp)

Background: The role of repeat hepatectomy for recurrent
hepatocellular carcinoma (HCC), especially in cases with third
or more repeat hepatectomy, is controversial. On the other
hand, the timing of salvage living donor liver transplantation
(LDLT) for patients with recurrent HCC remains the critical
problem. Patients and Methods: A retrospective cohort study
was performed to analyze the surgical results of repeat
hepatectomy performed at a single medical center from 1989
to 2011. A total of 1,000 hepatectomies for HCC were divided
into 3 groups: a first hepatectomy group (n=791), second
hepatectomy group (n=163) and third or more hepatectomy
group (n=46). Operative results and patients’ prognoses were
compared among the 3 groups. In addition, the clinical results
of salvage LDLT for recurrent HCC (n=13) were compared to
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those of a second hepatectomy group. Results: There were no
significant differences in early surgical results, such as
mortality (1.4%, 1.2% and 0%; p=0.7177) and morbidity
(31%, 26% and 41%; p=0.1237) among the 3 groups. The 5year overall survival (OS) rates after the first, second and third
or more hepatectomy were 67%, 60% and 43% (p=0.1913).
There was a significant difference in disease-free survival
(DFS) among the 3 groups (p=0.0169). In the third or more
hepatectomy group, the increase of HCC recurrence, more
than 2 years after hepatectomy, is remarkable and the 5-year
DFS rates after first, second and third or more hepatectomy
were 37%, 29% and 18%. Although the mortality of patients
with salvage LDLT for recurrent HCC remains high (1/13
cases; 7.7%), the prognostic impact of salvage LDLT is quite
high (5-year DFS; 81%). Despite the high recurrence rate in
the second hepatectomy group, the OS curve of Liver Damage
A patients with second hepatectomy (n=118) is similar to
those of salvage LDLT. However, the overall survival of Liver
Damage B (n=28) patients is significantly worse and the 5year OS rate is quite low as 20%. Conclusion: Third or more
repeat hepatectomy for recurrent HCC was performed safely
and associated with relatively long-term survival. Third or
more repeat hepatectomy for recurrent HCC seems justified
but the high rate of HCC recurrence, more than 2 years after
hepatectomy, remains a problem. In consideration of second
hepatectomy for Liver Damage B patients with recurrent
HCC, salvage LDLT should be selected.
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Background: Selective targeting of cancer cells offers promise
for a new generation of therapeutics. However, targets for
distinguishing between normal and cancer cells are limited.
Methods and Findings: Through clinical patient-derived tumor

specimens, we observed the active states of CD44 between
normal and cancerous cells. For the first time, we provided
solid evidence showing that CD44 is in active state on breast
cancer cells, whereas remains inactive on normal cells.
Furthermore, depending on the binding property of CD44 with
its ligand-hyaluronan (HA), we self-assembled HA-coated
nanoparticles (HA-Lipid-PTXs) to study the selective targeting
in vitro and in vivo. Results showed that HA, CD44’s principal
ligand, selectively targeted the cancer cells rather than normal
cells both in vitro and in vivo. When HA was used as a drugcarrier, severe cytotoxicity in human breast cancer cells was
induced, while no toxicity effect was recorded in normal cells.
Conclusion: Our results suggested that the active state of CD44
may serve as a selective target for anti-cancer therapy by
avoiding nonspecific toxicity on quiescent normal cells.
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THE ROLE OF MICRO-RNAS IN
STEROID-INDUCED APOPTOSIS
OF HEMOPOIETIC CANCERS

Shlomit Kfir, Noa Haggiag and Eitan Yefenof

The Lautenberg Center of Immunology and Cancer
Research, IMRIC, Hebrew University-Hadassah
Medical School, Jerusalem, Israel

Hematologic cancers develop in a unique environment that
deviates from that of solid tumors. An important modality to
target and halt progression of leukemia is based on the
utilization of glucocorticoid (GC) hormones, e.g.
dexamethasone and prednisone, owing to their apoptogenic
effect on lymphoid cells. However, the emergence of GC
resistant cells during therapy is a major cause for treatment
failure, urging the need for novel strategies that maintain
leukemia sensitivity to the pro-apoptotic activity of GCs. GCs
act by binding to the GC receptor (GR), which, in its inactive
state, is sequestered in the cytosol by a multi-subunit complex
of heat shock proteins. Upon ligand binding, the complex
dissociates, allowing GR activation and translocation to the
nucleus, where it regulates transcription of multiple genes. We
demonstrated that, in addition to gene expression, GR also
regulates microRNA (miR) expression. Deep-sequencing
analysis revealed 14 miRs that are regulated in GC-sensitive
but resistant leukemias upon treatment with GC. GC upregulates miR-103, miR-15~16 and miR-30e/d, while downregulates miR-17, mir-18a, miR-19a, miR-19b, miR-20a and
miR-92a (members of the miR-17~92a multi-cistron). Upon
transfection, miR-103 confers GC apoptotic sensitivity to
otherwise GC-resistant cell. Furthermore, knocking down miR103 expression reduces the GC apoptotic response of sensitive
cells. miR-103 abrogates c-Myc expression, an oncogenic
transcription factor, that is deregulated in many cancers. In
addition, miR-103 up-regulates Bim, a pro-apoptotic protein
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crucial for GC-induced death. MiR-103-mediated c-Myc
ablation is followed by down-regulation of the multi-cistron
miR-17~92a, in particular miR-18a and miR-20a. miR-18a
targets GR for degradation, whereas miR-20a targets Bim
degradation. Hence, miR-103 acts in concert with Bim and GR
as a "tumor suppressor" that leads to reduced proliferation, cellcycle arrest and cell death. We suggest that miR-103 can
provide a diagnostic tool that predicts the sensitivity of
leukemia to GC-based therapy. Furthermore, exosomal delivery
of miR-103 or up-regulation of the endogenous miR-103 could
confer apoptotic sensitivity to resistant cells at the outset, thus
become a useful therapeutic tool combined with GCs.
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CUTANEOUS MALIGNANT MELANOMAS
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Background: Angiogenesis is a significant prognostic factor in
melanoma but the angiogenetic factors controlling
neovascularization are not well defined. Platelet-derived
endothelial cell growth factor (PD-ECGF), also known as
thymidine phosphorylase (TP), stimulates endothelial cell
mitogenesis and chemotaxis in vitro and is strongly angiogenic
in vivo. PD-ECGF is over-expressed in various tumors and
plays an important role in angiogenesis, tumor growth,
invasion and metastasis. The aim of the study was to examine
the expression of PD-ECGF in melanomas. Patients and
Methods: In this study the expression of PD-ECGF was
examined immunohistochemically in 14 cases with
melanomas. Results: PD-ECGF was strongly expressed not
only in macrophages, in and around tumors, but also in
fibroblasts and keratinocytes. Immunoreactivity of PD-ECGF
was rarely seen in melanoma cells. PD-ECGF positive reaction
was also observed in eccrine gland epithelium. Conclusion:
These results suggest that PD-ECGF-expressing infiltrative
macrophages and stromal cells in and around tumors may
contribute to angiogenesis and may be involved in the growth
and metastasis of malignant melanomas.
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PREVENTION OF BREAST CANCER IN ASIA
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Breast cancer is the commonest cancer in women in most
parts of the world. As a consequence of changing exposures
to reproductive and nutrition-related determinants over time,
women are at increasingly high risk of breast cancer, with
incidence rates increasing in most countries and regions of
the world in the past few decades. The most rapid rises are
seen in low and middle income countries in Asia, where
breast cancer risk has historically been low relative to high
income countries. Increasing trends in these countries are
often considered the result of the ‘westernization’ of
lifestyles, The term “westernization” encompasses generally
desirable changes (socioeconomic improvements that
increase life expectancy and allow women reproductive
control), as well as the adoption of less desirable habits
(dietary changes and lifestyle changes such as decreased
exercise), all of which could increase breast-cancer risk.
Strategies to maintain the traditional practice of breastfeeding for long periods in Asia need to be strengthened, not
only to reduce the risk of breast cancer but also for providing
nutritional benefits for infants. The evidence for
recommending specific dietary components is less clear but,
somehow, the high-fiber, low-fat and high-soy diet in Asians,
which are thought to be protective, need to be encouraged,
while ‘westernization’ of the traditional Asian diet should be
discouraged. For individual women, counseling should
include increasing physical activity and balancing energy
such that weight remains stable, with BMI remaining below
25 kg/m2. Alcohol consumption and use of hormone
replacement therapy, which has never been prevalent in
Asian women, should be discouraged. As more countries in
the Asia Pacific Region modernize, more women will enter
an increasingly sedentary workforce, delay childbearing,
exert control over their reproductive lives, live longer and eat
a more Westernized diet. Their breast cancer rates will no
doubt increase. It is crucial that women’s awareness of their
risk and the government’s awareness of the importance of
early detection and treatment increase at a similar rate.
Breast cancer is one of the most unpreventable cancers, with
the only proven primary prevention strategy being bilateral
prophylactic mastectomy, which is the treatment of choice in
women with an inherited predisposition to breast cancer,
such as BRCA1 and BRCA2. Hence, for the majority of
women, secondary prevention through early detection is the
strategy to reduce mortality from breast cancer. In most
countries in Asia women present with late stages of disease,
and downstaging of symptomatic disease is more important
than screening for asymptomatic disease. In Asia, there is
very little data on the impact of screening mammography, a
proven method for early detection in the West. The role of
breast self examination has been shown to have no impact in
reducing mortality from breast cancer. Trials on clinical
breast examination, as a method of early detection, are
ongoing. In Asia, strategies for primary prevention should
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focus on public education on modification of risk factors for
breast cancer and, where resources are available, on
determination of individual risk and genetic counseling,
testing and prophylactic surgery for the small proportion of
women with an inherited risk. Strategies for secondary
prevention are public education on the importance of early
detection and breast self awareness, with mammographic
screening offered to targeted groups of women at increased
risk and, where resources are available, a population-based
mammographic screening program
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VICKZ RNA binding proteins are expressed during
embryogenesis, down-regulated after birth but re-expressed
in many types of cancers. On a molecular level, VICKZ
proteins are involved in different aspects of RNA regulation:
mRNA stabilization, translational control, intracellular
localization, splicing. Because of their broad range of RNA
targets, these proteins, in vitro, have been implicated in many
cellular functions, including migration, proliferation,
metabolism and cell-cell interactions. Using a phagokinetic
assay, we find that the intracellular localization, by VICKZ
proteins, of cofilin (Cfl1) mRNA, to the leading edge of
migrating cells, is important for directed cell movement. To
understand the roles that the VICKZ proteins may play in
vivo, in cancer, we have used 2 different murine cancer
models. When mouse lung carcinoma cells are grafted onto
the flank of syngeneic mice, over-expression of VICKZ1 in
these cells causes a very significant increase in tumor
formation in lungs, while expression of a dominant negative
VICKZ construct dramatically inhibits this migration. In a
genetic model, in which VICKZ1 protein and constitutively
active, KrasG12V is over-expressed in the lungs, whereas
tumor load and aggressiveness are dramatically elevated as
compared to mice expressing either VICKZ1 or KrasG12V
alone. These results indicate that VICKZ1 can play a major
role in promoting both tumor progression and metastasis.
Given the limited expression of VICKZ proteins in adult
tissues and their widespread expression in many kinds of
cancers, our results suggest that VICKZ proteins might be
novel, attractive targets for directed therapies.
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Background: Accumulating evidence shows that various types
of cancer induce a specific immune response, resulting in the
production
of
antibodies
against
self-components
(autoantibodies). The aim of this study was to identify antigens
for autoantibodies in sera from endometrial cancer patients as
markers for the disease. Materials and Methods: The reactivity
of individual sera from patients was examined by 2-dimensional
(2-D) immunoblot using HeLa cell lysates as antigens to
identify autoantigens. ELISA was established to measure
autoantibody titer of patients’ sera quantitatively. Results: A
mitochondrial protein, dihydrolipoamide dehydrogenase (DLD),
was identified as an autoantigen specific to endometrial cancer
patients. The level of immunoglobulin (Ig)A, but not IgG
autoantibody to DLD, was significantly increased in the sera of
endometrial cancer patients. When the endometrial cancer
patients were grouped according to cancer stages I to IV, the
sera from all the groups showed a significantly higher anti-DLD
titer than the healthy controls did. Patients with atypical
endometrial hyperplasia did not show a statistically significant
difference. The sera from any cancer stage of the cervical cancer
patients did not show this difference. We then evaluated the
positivity rate for anti-DLD IgA antibody in the endometrial
cancer patients. When the cutoff value was set as the mean + 2
SD, the positivity rate for stage I to IV patients was 26%
(10/38), 60% (4/7), 38% (3/8) and 67% (2/3), respectively.
Overall, 34% (19/56) were positive, whereas only 6% (2/36) of
healthy donors were positive. Although the number of cases is
small, this value is superior to that of known tumor markers for
endometrial cancer: CA19-9 (11%) or CA125 (11%). CA19-9
or CA125-positive patients were not included among the antiDLD antibody-positive patients, suggesting that simultaneous
examination of these markers would improve diagnosis of
endometrial cancer. Conclusion: IgA autoantibody to DLD
could be a novel diagnostic marker for endometrial cancer.
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723
NATIONAL CANCER SCREENING PROGRAM AND
IMPROVEMENT IN CANCER SURVIVAL IN KOREA
Keun-Young Yoo

Seoul National University College of Medicine, Seoul,
Korea

According to the national statistics of 2012, 27.6% of the total
deaths were due to cancer and the lifetime risk of cancer is
estimated as 38.1% in men and 33.8% in women in Korea.
During the 1st term of the 10-year plan for the National
Cancer Control Program since 1996, there was a significant
reduction in the cancer mortality rates for stomach and liver
cancer in men and uterine cervix cancer for women in Korea.
Korea has started a nationwide cancer screening program
since 1999. The National Cancer Screening Program (NCSP)
is currently supporting cancer screening activities for the five
major sites of cancer (stomach, breast, cervix, liver,
colorectal cancer) to the Medical Aids and the National
Health Insurance (NHI) beneficiaries to the lower 50%
income group. The NCSP covers about 56% of the total
population. In 2007, the target population of the NCSP was
more than 7.1 million persons, about 1.9 million of which
participated in the cancer screening program. The overall
participation rate in the NCSP has gradually improved from
23.9% in 2007 to 41.9% in 2011. In 2011, breast cancer
screening had the highest participation rate (49.5%),
followed by liver cancer (46.5%) and stomach cancer
(44.5%). For the remaining upper 50% NHI beneficiaries,
cancer screening has been provided by the NHI cancer
screening program according to the same recommendations
as the NCSP since 2001. Individuals pay 20% and the
remaining 80% of the screening fee is supported by the NHI
Corporation. From the results of the Korea National Cancer
Screening Survey in 2012, the average lifetime screening rate
of the five major sites of cancer was 63.4%. With the
exception of liver cancer, the screening rate of all cancers
has increased by 1.63 times from 2001. The five-year relative
survival rate (5-YSR) for cancer from 2006 to 2010 was
64.1%, which has been increased continuously over the last
17 years. The 5-YSR for thyroid, breast, prostate, colon and
rectum, and stomach cancer were 99.8%, 91.0%, 90.2%,
72.6% and 67.0%, respectively. The survival rate has shown
steady improvements and more than half of the cancer patients
currently survive for five years and longer in Korea. Based on
the concerted efforts of the primary prevention to reduce the
cancer burden, there has been a significant reduction in both
stomach cancer and liver cancer mortality, and tremendous
improvement in the cancer survival rates for the selected
cancers in Korea. Accordingly, the Korean government
resumed the second term of the National Cancer Control
Program in 2006.
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LIVING DONOR LIVER TRANSPLANTATION
FOR HEPATOCELLULAR CARCINOMA
WITHIN MILAN CRITERIA
Tomoharu Yoshizumi, Ken Shirabe, Toru Ikegami,
Norifumi Harimoto, Shinji Itoh, Kazuki Takeishi,
oichi Yamashita, Hirofumi Kawanaka,
Tetsuo Ikeda and Yoshihiko Maehara

Department of Surgery and Science, Graduate School of
Medical Sciences, Kyushu University, Fukuoka 812-8582,
Japan
(yosizumi@surg2.med.kyushu-u.ac.jp)

Background: Liver transplantation (LT), which offers the
theoretical advantage of removing both the tumor and the
organ that are at risk of developing future malignancy, is an
established therapy for hepatocellular carcinoma (HCC) in
patients with liver cirrhosis. In Asian countries, religious,
cultural and political ideologies have created significant
obstacles to the transplantation of organs from the cadaver. As
a result, many centers have selected to perform living donor
LT (LDLT). Since Japanese national insurance started to cover
LDLT for HCC within Milan criteria in 2004, the number of
LDLT patients within Milan criteria is increasing. The aim of
this study was to clarify outcome of LDLT in patients with
HCC within Milan criteria. Methods: The study comprised of
179 adult patients who had undergone LDLT owing to endstage liver disease with HCC. One hundred fifteen patients
were within Milan criteria by imaging study. The overall and
recurrence-free survival rates after the LDLT were calculated.
Patients who died or had HCC recurrence after LDLT were
summarized. Results: The 1, 3 and 5-year overall survival rates
were 94.7%, 90.8% and 89.7%, respectively. The causes of
death were HCV recurrence (n=3), accident (n=3), graft failure
(n=2), others (n=5). The 1, 3 and 5-year recurrence-free
survival rates were 100%, 96.9% and 96.9%, respectively.
Four patients had HCC recurrence. Two of them had high
neutrophil to lymphocyte ratio (NLR, 16.3 and 6.38,
respectively) before LDLT. One had de novo HCC recurrence
8 years after LDLT owing to uncontrolled HCV recurrence.
The 5-year overall survival rate and the 5-year recurrence free
survival rate of patients within Milan criteria (89.7% and
96.9%) were significantly better than those of patients beyond
Milan criteria (66.3% and 64.8%) in our center. Conclusion:
The outcome of LDLT for patients with HCC within Milan
criteria was outstanding. Careful follow-up after LDLT is
necessary for patients with high NLR. HCV control is crucial
to obtain the better outcome.
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PHOTOPROTECTION BY SUNSCREENS AND SKIN
CANCER
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Sunscreens inhibit sunburn (erythema), primarily by
attenuating the small (<5%) solar UVB (~295-320nm)
component of terrestrial UVR, although there is an increasing
regulatory requirement for UVA (320-400nm) protection.
Solar UVA only makes a modest contribution to acute
erythema under most conditions. There is evidence that
erythema is initiated by epidermal DNA photodamage,
especially the cyclobutane pyrimidine dimer (CPD). The CPD
can also result in mutations (typically C T transitions) and
immunological changes that give rise to skin cancer. Recent
data suggest that the epidermal basal layer that contains stem
cells may be especially susceptible to DNA damage by long
wave UVA1 (340-400nm) that accounts for about 70% of solar
UVR. There is increasing epidemiological evidence that
sunscreens can prevent skin cancer, especially non-melanoma
skin cancer. The action spectra (wavelength dependency) for
CPD, erythema and non-melanoma skin cancer are very
similar. Thus, it is likely that sunscreen protection from skin
cancer is mediated, at least in part, by protection of epidermal
DNA photodamage. However, we lack information on the
relationship between the ability of sunscreens to prevent
erythema and their ability to prevent CPD, and other
molecular changes important in skin cancer. The majority of
vitamin D is synthesized in the skin by solar UVB. In effect,
vitamin D synthesis is always associated with some level of
DNA damage, which in turn is related to solar UVB exposure.
Thus, the use of sunscreens is likely to reduce vitamin D
synthesis, which we have demonstrated in a field study. In
conclusion, sunscreen photoprotection is a judicious, but still
poorly defined, balance between the risks and benefits of solar
UVR exposure.
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INCREASED CIRCULATION OF
GALECTIN-3 IN CANCER PATIENTS IS
AN IMPORTANT METASTASIS PROMOTER
AND ATTRACTIVE THERAPEUTIC TARGET
Lu-Gang Yu

Department of Gastroenterology, Institute of Translational
Medicine, University of Liverpool, Liverpool L69 3GE, UK

Galectin-3 is a galactoside-binding protein that is expressed by
various types of human cells such as epithelial, endothelial and
immune cells. The level of circulating galectin-3 is highly
elevated in the bloodstream of cancer patients. Patients with
metastasis diseases are also seen to have higher levels of
circulating galectin-3 than those with only localized tumours.
Our recent studies have shown that the increased circulation of

galectin-3 in cancer is an important promoter of disseminating
tumour cell haematogenous spread to remote sites in metastasis.
Galectin-3 binds to the cancer-associated oncofetal ThomsenFriedenreich carbohydrate (Galβ1,3GalNAcα-, TF) antigen on
the large and heavily glycosylated transmembrane mucin
protein MUC1, which protrudes 10-times higher over the cell
surface than typical cell surface adhesion molecules. The
galectin-3-TF/MUC1 interaction induces MUC1 cell surface
polarization and the exposure of cell surface adhesion
molecules. This leads to increased adhesion of disseminating
tumour cells to the blood vascular endothelium in extravasation.
It also leads to increased adhesion of tumour cells among
themselves for the formation of circulating tumour emboli that
enhance survival of disseminating tumour cells in the
circulation. Circulating galectin-3 also interacts directly with the
blood vascular endothelium causing increased secretion of
several metastasis-promoting cytokines (e.g. IL-6 and G-CSF)
from the vascular endothelium. Targeting the actions of
circulating galectin-3 therefore represents an attractive strategy
for the development of effective therapeutic agents to
prevent/reduce metastasis and increase cancer survival.
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DETERMINATION OF ANTI-CANCER
EFFECTS OF EVERNIA PRONASTRI ON
HUVEC AND MCF7 CANCER CELLS

Onder Yumrutas1, Celal Guven2, Yusuf Ozay1, Isil Albeniz3,
Mufide Aydogan Ahbab4, Ibrahim Bozgeyik1, Atilla Yildiz5,
Haydar Bagis1 and Leyla Turker Sener3
1Department

of Medical Biology, Faculty of Medicine,
Adıyaman University, Adıyaman, Turkey;
2Department of Biophysics Faculty of Medicine, Adıyaman
University, Adıyaman, Turkey;
3Department of Biophysics, Faculty of Medicine, Istanbul
University, Istanbul, Turkey;
4Department of Biology, Faculty of Science, Hacettepe
University, Ankara, Turkey;
5Department of Biology, Faculty of Science, Ankara
University, Ankara, Turkey;
6Medical Genetics, Faculty of Medicine, Adıyaman
University, Adıyaman, Turkey

Introduction: Breast cancer has a high incidence rate. To date,
several reports have been published regarding the development
of treatment strategies and prevention of this type of cancer.
There are few reports about the anti-cancer effects of lichen
species. Hence, in the present study, we aimed to determine the
anti-cancer activities of a methanol extract of Evernia
pronastri, which is a lichen species growing naturally in
Turkey, on MCF7 cancer cells. Materials and Methods: Airdried samples of Evernia pronastri was obtained in a dark
room and powdered. Powdered Evernia pronastri were
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extracted by using the Soxhlet extraction method and the
extracts were then concentrated using a rotary vacuum
evaporator. The effects of the extract on proliferation and
viability of MCF7 cells were evaluated by the MTT test.
Additionally, in the experiment, xCELLigence cell index (CI)
impedance measurements were performed according to the
instructions of the supplier. The cells were resuspended in
medium and subsequently adjusted to 50,000 cells/ml. After
seeding 200 μl of the cell suspension into the wells of an Eplate 96, the cells were allowed to attach to the bottom of the
plate. MCF7 cells was treated with 1, 5, 25, 125 μg/ml of
extract for both MTT and xCELLigence cell index (CI)
impedance measurements. Subsequently, the effects of Evernia
pronastri on the apoptosis and necrosis of the MCF7 cells were
determined by using Annexin V and propodium iodide method
in flow cytometer (FACS). Also, the concentration of F-actin
filaments of MCF7 cells, which is an indicator of apoptosis,
was determined using Phalloidin staining under fluorescence
microscopy. Results: Doses of 25 and 125 μg/ml of extract
were found to cause a reduction in the survival and
proliferation of MCF-7 cells. Moreover, F-actin concentrations
in cells were found to be reduced following extract treatments.
Although anti-cancer effects of E. pronastri were observed in
both MTT and F-actin staining test, this effect was observed
poorly in the flow-cytometry determination of apoptosis. The
IC50 values of E. pronastri on MCF-7 was found to be
1.4056x10–6 g/ml. Conclusion: The anti-cancer effects of a
methanol extract of E. pronastri on MCF7 cells were
determined. In particular, the cytotoxic effects of E. pronastri
on cell proliferation and viability of breast cancer cells were
found to be remarkable. Yet, the role of the E. pronastri on
apoptotic or necrotic pathways in MCF7 cells have not been
understood clearly due to inadequate FACS data. Finally,
further studies are needed for determining possible active
components of the extract and evaluate its anti-cancer activities.
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ANTIPROLIFERATIVE, APOPTOTIC AND
NECROTIC EFFECTS OF MeNTHa lONGIfOlIa (L).
HUDSON SUBSP TYPHOIDES (BRIQ) VAR.
TYPHOIDES ON A549 LUNG CANCER CELLS
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Introduction: Lung cancer is the most common type of cancer.
Many scientists have focused on the treatment of this disease for
a long time and they have used plant extracts, as well as
synthetics compounds. Lamiaceae have been used in anti-cancer
studies due to their phytochemical properties. Additionally, the
members of this genus are used as herbal medicine for treating
several diseases. The present study was aimed to determine the
anti-cancer activities of hexane (Hex), dichloromethane (DCM)
and methanol (MeOH) extracts of Mentha longifolia (L).
Hudson subsp typhoides (Briq) var. Typhoides (MLTT) against
the proliferation of lung cancer line A549. Methods: The MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-lium bromide)
assay was used to determine the cell viability of A549 cells. In a
dose-dependent manner Hex, DCM and MeOH extracts (0, 25,
50, 100 and 150 μg/ml) of MLTT were examined on A549 cells.
The Hex extract of MLTT had no activity on A549 cells and,
thus, it was not used in further experiments. Apoptosis by
Annexin V/PI double staining assay was evaluated using FACS
in A549 cells exposed with optimum doses of DCM and MeOH
extracts of MLTT for a period of 24h. Also, the effects of the
extracts on DNA fragmentation of A549 cells were determined
by the method of Yang et al. (2000). In addition, the phenolic
acid contents of MeOH extract were determined by using HPLC.
Results: In the MTT test, 50, 100 and 150 μg/ml of DCM and
MeOH extracts significantly decreased the cell viability of A549
cells (p<0.001) when compared to control. IC50 values of the
extracts were determined as 145 μg/ml for DCM and 97 μg/ml
for MeOH, respectively. DCM and MeOH extracts increased the
induction of early and late apoptosis and necrosis when
compared to control (p<0.001 and p<0.01, respectively). DNA
fragmentation was observed in A549 cells due to DCM and
MeOH extracts. P-hydroxybenzoic acid, rutin and ferulic acid
were determined in the MeOH extract. Conclusion: The present
study showed that the DCM and MeOH extracts of MLTT
caused a decrease in cell viability and proliferation; especially
DCM increased the induction of apoptosis in lung cancer cells.
Our results suggest that MLTT may be a strong novel anti-cancer
agent and should be tested in animal cancer models.
This study has been funded by The Scientific and
Technological Research Council of Turkey (TUBITAK);
project no 112S572.
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DECREASED EXPRESSION AND/OR MUTATION OF
FRY, A PROMOTER OF EPITHELIAL CELL
DIFFERENTIATION, IS ASSOCIATED WITH
EPITHELIAL MESENCHYMAL TRANSITION AND
CLINICAL PROGRESSION OF BREAST CANCER
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We previously reported on the use of quantitative trait locus
(QTL) mapping in differentially susceptible rat strains to
identify Fry, the rat ortholog of the furry gene in Drosophila
melanogaster, as a mammary carcinoma susceptibility gene. In
lower eukaryotes FRY orthologs regulate epithelial cell
differentiation and growth. Consistent with a similar function in
mammalian cells, loss of FRY in mammary epithelial and tumor
cell lines was associated with reduced expression of gene
networks that control differentiation, morphology, polarity and
adhesion. Ectopic expression of the wild-type gene in breast
cancer cells restored a more normal gene expression profile,
induced epithelial differentiation and suppressed epithelialmesenchymal transition (EMT). Ectopic FRY suppressed
tumorigenicity of triple negative MB-MBA-321 breast cancer
cells in vitro and in vivo. in silico analysis of clinically annotated
cancer cohorts, available in the Oncomine 3.0 gene expression
database, indicated that FRY mRNA expression was
significantly decreased in breast cancers. Immunohistochemical
analysis of tissue microarrays comprising normal breast tissue
and carcinomas confirmed that nuclear FRY protein levels were
correlated with hormone receptor status, histopathology,
progression, Elston tumor grade, and poor clinical outcomes in
a subset of human breast cancers. These findings suggested that
loss of nuclear FRY function plays a role in pathogenesis and
progression of breast cancer.
Supported by Public Health Services Grants (H. Zarbl, P.I.),
from the National Institutes of Health, Grant #: RO1CA77222,
U19ES011387, P30ES005022, and a NJ Commission on
Cancer Research Studentship to J.C.G. (09-1962-CCR-EO).
H.Z. is the Founding President of GeneAssess, Inc., which
licenses IP around the FRY gene.
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Acute myeloid leukemia (AML) is a highly aggressive
hematopoietic malignancy characterized by the disruption of
differentiation programs and the development of apoptosis
resistance in early myeloid progenitors. AML therapy has not
changed appreciably for the last several decades and is based
on conventional cytotoxic chemotherapy. This approach has
limited success in achieving long-term survival in most
patients with AML while causing serious side effects,
particularly, in the elderly. Therefore, the development of more
effective and less toxic therapies is of utmost urgency and a
major issue of public health. In this study we determined the
in vitro antileukemic activities of dried 50% ethanolic leaf
extracts of sea buckthorn (Hippophae rhamnoides; HR), dog
rose (Rosa canina; RC), garden sage (Salvia officinalis; SO)
and oregano (Origanum officinalis; OO) grown in Kazakhstan.
All the extracts tested had high total polyphenol content and
induced a dose-dependent inhibition of cell proliferation and
cytotoxicity in human HL60 and U937 AML cell lines.
Interestingly, cell treatment with combinations of HR extract
and RC, SO or OO extracts at minimally effective
concentrations of each preparation resulted in enhanced
inhibition of cell growth, mostly in a synergistic manner.
Similar effects were obtained using RC+SO, RC+OO or
SO+OO combinations. These synergistic effects were
primarily antiproliferative, without overt cytotoxicity and were
associated with a partial cell cycle arrest in the S-phase.
Furthermore, extracts of RC, SO and OO leaves, administered
alone or in combination at non-cytotoxic concentrations,
markedly potentiated differentiation of AML cells induced by
near physiologic doses of 1,25-dihydroxyvitamin D3. Of note,
the differentiation-enhancing effect of the HR extract was
significantly less pronounced. We suggest that the enhanced
cooperative antileukemic effects of low doses of the tested
medicinal plant extracts may be employed for the development
of novel preventive and therapeutic approaches for the
management of AML.
731
ANTICANCER DRUG DISCOVERY BASED ON
PLANT BIODIVERSITY
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Contrary to the mainstream compound library screening
established by pharmaceutical companies, our studies focus
on natural products for discovery of potent biologically
active agents from thousands of plant extracts. The advantage
of screening natural products is that the chemical space
covered by natural products is much more diversified, which
is considered as a key to successful drug discovery research.
By participating in several multi-disciplinary cooperative
programs, we had an opportunity to access a sample library
containing more than 6,000 plant extracts. Through
evaluation of cell killing activity of the sample library
against a panel of human cancer cell lines, we have already
discovered 370 active plant leads, including 44 with an IC50
value of less than 1 μg/ml, 45 with an IC50 value in the range
of 1-3 μg/ml, 55 with an IC50 value in the range of 3-5 μg/ml
and 138 with an IC50 value in the range of 10-20 μg/ml. The
plant extracts were derived from 229 plant species in 88
families, which were collected from Southeastern Asia
countries including China, Vietnam and Laos. Bioassayguided fractionation of several prioritized active plant
extracts led to the isolation and identification of a series of
potent anticancer compounds. Among these active
compounds, several have demonstrated potent anticancer
activity both in in vitro and in vivo studies. [The work
described in this paper was supported by grants from HKBU
Interdisciplinary Research Matching Scheme (RC-IRMS/1213/03), the Innovation and Technology Fund of Hong Kong
Special Administrative Region, China (Project No.
ITS/131/12), Faculty Research Grant, Hong Kong Baptist
University (FRG2/12-13/046 and FRG1/13-14/029), and NIH
Grants 3U01TW001015-10S1 and 2U01TW001015-11A1
(administered by the Fogarty International Center as part of
an International Cooperative Biodiversity Groups program,
through funds from NIH, NSF, and Foreign Agricultural
Service of the USDA)].
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Lung cancer is the leading cause of cancer related deaths. The
most important contributing factor for this high mortality is the
advanced stage of the disease at presentation. The contribution
of cytotoxic chemotherapy to the overall survival of this disease
when advanced is very modest. Molecular selection has led to
the successful use of novel tyrosine kinase inhibitors (TKIs) in
patients with advanced stages of non-small cell lung cancers
(NSCLC). For instance, mutations in EGFR and translocations
and fusions in ALK render tumor cells sensitive to some TKIs,
leading to substantial clinical benefits. Although these gains
reach only a small proportion of patients at a time, the numbers
continue to increase as more targets and effective drugs are
identified. This has led to a significant proportion of NSCLC
patients to have clinical impact with novel treatments. The days
of histologic diagnosis as the sole information expected from
pathologists to treat lung cancer patients are gone. Latest next
generation sequencing (NGS) with the high-throughput and
maximum-quality have gradually replaced the conventional
Sanger DNA sequencing or fragment analysis to screen not
only screen well-known actionable mutations but also discover
novel variants, intra and inter-chromosomal rearrangement,
epigenetic regulation status and signal pathways that impact the
therapeutic strategies chosen by patient-caring physicians.
Meanwhile, tumor genetic information generated from a single
clinical sample has nearly a 1000x increase to reach a terabase
(Tb) which will positively feedback to basic science
researchers for identification of novel drugs. Using the Ion
AmpliSeq™ Cancer Hotspot Panel V2, we have successfully
validated clinical utilization of this technology on Ion Torrent
Personal Genomic Machine (PGM) on samples with NSCLC.
In this talk, we will introduce the clinical applications of
molecular tests from single gene detection to multiplex genetic
tests, exploring novel mutations and/or pathways found in
clinical samples by next generation sequencing, and
summarizing novel mutations/pathways identified by NGS.
Ingenuity in how to best combine emerging efficacious agents,
as well as collaboration between government, academia, and
industry partners will be needed to achieve the true impact that
the new discoveries will have in our patients.
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MECHANISM-BASED SIRTUIN INHIBITION
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Silent information regulator 2 (Sir2) enzymes or sirtuins are a
family of evolutionarily conserved intracellular protein
deacylases that can catalyze the NAD(+)-dependent acyl group
removal from the specific N(epsilon)-acyl-lysine side chains
on a variety of proteins from all kingdoms of life. Yeast Sir2
was the first sirtuin identified (in 2000) and, thus far, seven
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sirtuins (i.e. SIRT1-7) have been found in mammals including
humans. The sirtuin-catalyzed deacylation reaction has been
increasingly demonstrated during the past few years to be
important in regulating multiple crucial biological processes
including transcription and metabolism, and to constitute a
contemporary therapeutic target for human diseases, especially
cancer. This presentation will elaborate on the judicious
exploitation of the mechanistic details of the sirtuin-catalyzed
unique NAD(+)-dependent deacylation reaction for the
development of the fairly effective mechanism-based sirtuin
inhibitory strategy and the inhibitors therefrom.
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Introduction: Deregulating cellular energetics is one promising
hallmark of cancer (1). Thioredoxin reductase 1 (TrxR 1), a
member of the family of selenium-containing pyridine
nucleotide-disulphide oxidoreductases, plays a key role in cell
metabolism. Over-expression of TrxR1 was observed in many
malignancy diseases and commonly considered as poor
prognostic factor (2-4), yet the role of TrxR1 remaines unclear
in NSCLC. This study is to identify the prognostic role and
signaling of TrxR1 in NSCLC. Patients and Methods: In
cohort one, TrxR1 levels in carcinoma tissues and paracarcinoma tissues of 50 resected NSCLC patients were
evaluated by immunohistochemistry. In cohort two, serum
level of TrxR1 in 60 metastatic EGFR wide type NSCLC
patients was measured by ELISA assay before receiving first
line standard doublet chemotherapy. Patients of the two
cohorts were from database NCT01980212 and
NCT01991418. Survivor data were collected and analyzed
according to TrxR1 levels. Experiments in vitro were
performed to explore TrxR1 signaling in NSCLC. Results:
TrxR1 level was higher in cancer tissues compared to
surrounding normal tissues in approximately 50% of patients
in cohort 1. Survivor data analysis in cohort 2 showed that the
lower TrxR1 activity group was with significantly longer PFS

compared to the higher in the total (4.0 months vs. 2.5 months,
p=0.00001), adeno subtype (5.0 months vs. 2.2 months,
p=0.009) and squamous subtype (3.8 months vs. 2.1 months,
p=0.016). In an in vitro study it was observed that TxrR1
inhibited cell apoptosis through up-regulating the expression
of NF-kB p65 in the A549 cell line, whereas BBSKE (a novel
organoselenium anticancer drug under development) inhibited
TrxR1 by down-regulating p65. Conclusion: Over-expression
of TrxR1 could be an important signature for NSCLC, which
may suggest poor prognosis for EGFR wild type NSCLC
patients treated with chemotherapy regardless of the histology
type and possibly those patients who would be compliant to
therapy targeting the TrxR1 pathway. Further preclinical and
clinical studies are warranted to profile TrxR1 inhibitors from
bench to bedside.
1 D. Hanahan and R.A. Weinberg. Hallmarks of Cancer: The
Next Generation Cell 2011 Mar 4;144(5):646-74.
2 Lincoln DT, Ali Emadi EM, Tonissen KF, Clarke FM. The
thioredoxin-thioredoxin reductase system: over-expression
in human cancer. Anticancer Res 2003, 23(3B):2425-33.
3 Turunen N, Karihtala P, Mantyniemi A, Sormunen R,
Holmgren A, Kinnula VL, Soini Y. Thioredoxin is associated
with proliferation, p53 express ion and negative estrogen and
progesterone receptor status in breast carcinoma. APM IS
2004, 112(2):123-32.
4 Fan C, Zheng W, Fu X, Li X, Wong YS, Chen T.
Enhancement of auranofin-induced lung cancer cell
apoptosis by selenocystine, a natural inhibitor of TrxR1 in
vitro and in vivo.Cell Death Dis. 2014 Apr 24;5:e1191.
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TO PHOTODYNAMIC THERAPY
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Autophagy is a catabolic process that involves cell degradation
through the action of lysosomes. This is required for cellular
survival during starvation, pathogen infection, aging and
neurodegenerative processes. Autophagy ensures synthesis,
degradation and recycling of cellular components. The
regulation of this mechanism requires cooperation of about 30
proteins, eg. LC3 and Atg6/Beclin 1 kinase. Autophagy and
apoptosis could be initiated by similar factors such as oxidative
stress induced by photodynamic therapy (PDT).
Photodynamic therapy is a popular antitumor treatment that
uses laser light, non-toxic photosensitisers and tissue oxygen
to generate cytotoxic reactive oxygen species (ROS) within
iluminated tissues. The anti-cancer effect is associated with
vascular damage, activation of immunological response and
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direct tumor killing. The tumor cells death in response to PDT
is induced in two pathways: via apoptosis or necrosis and
depends on diverse conditions, such as subcellular localisation
and concentration of photosensitizer or intensity of laser
irradiation
We perform photodynamic therapy to both normal and
cancer cell lines. To assess the involvement of autophagy after
PDT the immunohistochemistry, Western blot and RT-PCR is
used. We expect to confirm that the proteins LC3 and
Atg/Beclin 1 kinase play an important role in the PDT –
induced autophagy. The increase or decrease in level of these
proteins could modify the PDT – related cancer cells death
and allow the anticancer therapy to be more selective.
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Photodynamic therapy (PDT) is an anticancer treatment that
generates excessive reactive oxygen species after
photosensitiser treatments following specific wavelength
irradiation. This is a successfully used method in treatment of
both oncological and non oncological diseases. PDT licensed
indications in dermatology are actinic keratosis, Bowen’s
disease, superficial and nodular basal cell carcinoma (sBCC,
nBCC) and squamous cell carcinoma (SCC). Beyond these
indications PDT is now widely used for the treatment of
various other skin tumors and infectious or inflammatory skin
disorders such as lichen sclerosus, Staphylococcus aureus
infections, and papillomatosis. PDT is successfully used for
therapies in head and neck cancer, lung cancer, urinary bladder
cancer and gynecological cancers. It offers a minimally
invasive alternative in the treatment of cervical intraepithelial
neoplasia (CIN), that is particularly important in terms of
obstetrical problems during subsequent pregnancy. Other
promising outcomes are observed in early stages of head and
neck squamous cell carcinomas (HNSCC) and superficial
bladder cancer (Ta, CIS). We present a review of current
strategies and potential applications of PDT as an alternative
to surgical treatment in some tumor types.
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MELFALAN FOR UNRESECTABLE MELANOMA
AND SOFT TISSUE SARCOMA
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The isolated limb perfusion under mild hyperthermia with the
use of TNFα and melfalan (HILP-TM) is a complicated
surgical procedure. It enables administration of extremely
high doses of chemotherapeutic agents to the affected limb,
avoiding systemic toxicity. It is indicated as an essentially
palliative procedure in patients with unresectable soft tissue
sarcoma and cutaneous melanoma of the limbs who are
candidates for amputation. Limb salvage rates of more than
80% have been reported in the literature with objective
tumour responses exceeding 80% in several cases. Herein,
we summarize the indications, the associated morbidity of
the procedure as well as the oncological and functional
outcomes of the referral centre for HILPs in Greece. During
the last decade 35 patients with recurrent or locally advanced
soft tissue sarcoma or cutaneous melanoma underwent HILPTM. There were 24 females and 11 males. The median age
of the patients was 70 years (range, 32-84). In all but one
case the tumour was located in the lower limb, most
commonly the calf (57%). There were 20 patients with self
tissue sarcoma and 15 patients with cutaneous melanoma.
Common
soft
tissue
sarcoma
types
included
leiomyosarcoma, liposascoma, myxoid sarcoma, synovial
sarcoma and epithelioid sarcoma. Patients with melanoma
presented most commonly with numerous in transit
melanoma metastasis, a lymphotropic skin metastasis unique
for this malignancy. Seventy percent of patients presented
with intractable related symptomatology including pain,
bleeding, limp and oedema. Sixty percent of the patients had
received at least one form of unsuccessful treatment before
the HILP, more commonly cytotoxic chemotherapy or
radiation therapy. All patients underwent HILP with TNFa
(2mg) for 30 minutes followed by melfalan (10 mg/L limb
volume) for 60 minutes under mild hyperthermia (39-40˚C).
There were no major perioperative complications and all the
patients completed successfully their treatment. Limb
amputation 2 months after the operation occurred in one
patient with extremely bulky in transit melanoma of the
lower limb. Objective responses were noted in all the patients
with melanoma, 2/3 of them being complete responses. All
the patients with locally advanced soft tissue sarcoma
underwent post-HILP complete resection of their tumours.
Median overall and disease free survival in our sample was
2.5 and 1 year respectively and the limb salvage reached
90% on our sample. Significant functional problems
occurred in 3 out of 35 patients. The rest of the patients
experienced palliation of their symptoms and were able to
walk unassisted by their discharge from the hospital. These
results show that TM-HILP is a safe and effective palliative
treatment of locally advanced melanoma and soft tissue
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sarcoma. It can be safely applied even by low volume centres
with appropriate training, experience and technology with
results comparable with those of the international literature.
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Glioblastoma multiforme (GBM), grade IV astrocytoma, is the
most common primary brain tumor in humans, and remains
uniformly incurable. The high rate of recurrence is attributed
to the presence of its chemo-resistant cancer stem cells (CSC),
which are the major cause of failure to the targeted therapies.
The premise that tumors originate from CSCs has been
strengthened by the findings that CSCs expressing specific
markers, when isolated from the tumor mass of GBM, are
capable of generating tumors of the same genotypic and
phenotypic type within in vivo models. Multiple genetic
alterations, including mutations in p53, PTEN, PI3K have been
associated with GBM pathogenesis, and signaling pathways
associated with these genes may regulate CSC self-renewal and
quiescence. PTEN, a tumor suppressor is a central negative
regulator of PI3K/AKT signaling axis that controls multiple
cellular functions, including cell growth, survival and
proliferation. Furthermore, downstream from PTEN/PI3K/AKT
is mechanistic target of Rapamycin (mTOR), an atypical serine
threonine kinase that exists in two multiprotein complexes
(mTORC1 and mTORC2), which regulates multiple cellular
functions including cell growth and dissemination of GBM.
Loss of PTEN is associated with alteration in self-renewal
properties of CSC, while restorations of PTEN gene in PTENmutated CSCs of GBM reinstate self-renewal to subtle
Pharmacological treatments with inhibitors of RTK, PI3K and
mTORC1/2 rendered alterations in self-renewal, drug
withdrawal, differentiation, proliferation and migration.
Moreover, these treatments altered the expression of
“stemness” markers, SOX2 and nanog. In addition, studies
have shown that ERK plays an important role in differentiation.
ERK and mTOR both alter the expression of “stemness”
markers, implying ERK and mTOR had effect on maintenance
of CSC of GBM. Alternate strategy to treat cancer is by
including differentiating agents, along with other inhibitors to
target CSCs. Differentiating agents, All-trans retinoic acid
(ATRA) decreased the expression of the stem cell markers
nanog and nestin by enhancing the differentiation of the CSCs.
Formation of neurosphere was suppressed by treatment with
ATRA. Furthermore, neurophere formation was suppressed by
allosteric as well as active-site inhibitor of mTOR. The

proliferation of neurosphere, demonstrated that while ATRA
decreased neurophere growth by inducing differentiation, the
inhibitors of mTOR and ERK did so by suppressing the
activation of down-stream targets, S6Kinase. In conclusion,
mTOR and ERK signaling govern the maintenance of
pleuripotency.
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Borderline ovarian tumors represent 8-15% of all ovarian
epithelial malignancies. According to the new WHO definition
of 2014, serous BOTs with invasive implants present low-grade
serous carcinomas. This has to do with the dualistic model of
ovarian tumorigenesis, proposed by Kurman and his group,
which suggests that different types of ovarian cancer develop
along different molecular pathways. Various types of ovarian
cancer are categorized in two groups: type I and type II. Type I
tumors are usually present at a low stage and are clinically
indolent, while type II tumors are aggressive, present in
advanced stage and develop from intraepithelial carcinomas in
the fallopian tube. According to this theory, both pathways are
of tubal origin and the ovary is involved secondarily.
Considering the dualistic model of tumorigenesis and assuming
that serous carcinomas develop almost exclusively at the
fimbria, then salpingectomy alone would be sufficient to reduce
the risk of developing ovarian cancer. Conservative treatment
should be performed, if feasible, in the group of younger
patients, who wish to preserve their fertility, in cases of early
stage and unilateral ovarian involvement. The only complication
happening significantly more frequently in laparoscopy is tumor
rupture, which, again, is associated with higher recurrence rates.
Beyond that, recurrence is associated with the age at diagnosis,
FIGO stage, histologic subtype, completeness and type of
surgery. Borderline ovarian tumors have an excellent prognosis,
but patients need a long time follow-up, since recurrence occurs
even after a long period of time.
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