
Abstract. Pancreatic cancer is an aggressive malignancy
with poor prognosis and the efficacy of chemotherapy is
limited. KML001 (sodium meta-arsenite) has been
demonstrated to have anticancer activity against some solid
cancer cells. The aim of the present study was to determine
the effect of KML001 on cell proliferation, migration, and
invasion of pancreatic cancer cells. The Dojindo Cell
Counting Kit-8 assay was used to determine the inhibition of
pancreatic cancer cell proliferation by drugs. Cell migration
and invasion were examined using 24-well inserts and
Matrigel™-coated invasion chambers. The activity of nuclear
factor-kappa B (NF-κB) p65, vascular endothelial growth
factor-C (VEGF-C), and matrix metalloproteinase-9 (MMP-

9) were measured by enzyme-linked immunosorbent assay
(ELISA). KML001 inhibited the proliferation of pancreatic
cancer cells in a dose- and time-dependent manner. KML001
also inhibited the migration and invasion of pancreatic cancer
cells in a dose-dependent manner. KML001 significantly
decreased NF-κB p65 and VEGF-C activities in the pancreatic
cancer cells. KML001 inhibited cell proliferation, migration,
and invasion in pancreatic cancer cells. Suppression of NF-
κB and VEGF-C activation may partly be associated with the
anticancer activity of KML001. These results suggest that
KML001 could be a novel potential therapeutic agent for
treatment of pancreatic cancer. 

Pancreatic cancer is one of the most aggressive malignancies
with poor prognosis (1). In the United States, it is the fourth-
leading cause of cancer-related death and the 5-year survival
rate is only 6% (2). The poor prognosis of pancreatic cancer is
caused by its tendency for late presentation, aggressive local
invasion, early metastases, and poor response to chemotherapy
(3). Since only 10-15% of patients are candidates for surgery
and the recurrence rate is high even with radical surgery,
postoperative chemotherapy is necessary (4). Gemcitabine has
been widely used as a standard systemic chemotherapeutic
agent for advanced pancreatic cancer (5). However, it induces
only a 5.4% partial response rate and the progression-free
survival ranges from 0.9 to 4.2 months (5, 6). Thus, novel
agents are required to treat pancreatic cancer.

Arsenic has been used as a therapeutic agent for more than
2,400 years (7). Arsenic trioxide (As2O3), a traditional Chinese
medicine, is the most widely used and studied of the arsenic-
based cancer drugs (8). Arsenic trioxide has a therapeutic effect
on refractory or relapsed acute promyelocytic leukemia (9).
Arsenic trioxide also induces apoptosis in a variety of human
solid tumor cell lines, including neuroblastoma, esophagus,
stomach, prostate, and ovary carcinomas (10-13). 
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KML001 (sodium meta-arsenite, NaAsO2) is an orally-
bioavailable, water-soluble, trivalent arsenical that has entered
phase I/II clinical trials in prostate cancer (14). Because
arsenic trioxide is poorly water-soluble and must be dissolved
with sodium hydroxide, arsenic trioxide and KML001 are
identical in solution (14). KML001 inhibits cell growth and
induces apoptosis in leukemia cell lines. The induction of
apoptosis was accompanied by down-regulation of human
telomerase reverse transcriptase (hTERT) mRNA. There were
no major differences encountered with respect to the effects
of two arsenic compounds, arsenic trioxide and KML001, on
gene expression of apoptosis and cellular proliferation related
genes (15). KML001 cytotoxic activity is associated with its
binding to telomeric sequences and telomere erosion in
prostate cancer cells (14). Sequential treatment by ionizing
radiation and sodium arsenite accelerated tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL)-medicated
apoptosis of human melanoma cells (16). However, few
studies have been conducted to demonstrate the anticancer
activity of KML001 in pancreatic cancer cells. 

In the present study, we investigated the anticancer activity
of KML001 in pancreatic cancer cells. Our results
demonstrated that KML001 inhibited cell proliferation,
migration, and invasion of pancreatic cancer cells. KML001
also suppressed NF-κB p65 and VEGF-C activation in
pancreatic cancer cells. 

Materials and Methods

Cell lines and reagents. The human pancreatic duct cell HPDE-4
was obtained from the Applied Biological Meterials Inc.
(Richmond, BC, Canada). Cells were cultured in keratinocyte
serum-free medium supplemented with endothelial growth factor
(EGF), bovine pituitary extract (BPE, Invitrogen, Grand Island, NY,
USA), and 1% antibiotic/antimycotic mixture (Gibco, Rockville,
MD) at 37˚C in a humidified incubator containing an atmosphere of
5% carbon dioxide/95% air. The human pancreatic carcinoma cell
line MIA PaCa-2 was obtained from the American Type Culture
Collection (Manassas, VA, USA). MIA PaCa-2 cells were sourced
from Caucasian male diagnosed with pancreatic carcinoma. Cells
were maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% heat-inactivated fetal bovine serum (FBS)
(Sigma; St. Louis, MO, USA), 1 mM L-glutamine, 1 mM minimum
essential medium (MEM), 100 μg/ml streptomycin and 100 U/ml
penicillin. KML001 (Kominox®) was from Komipharm
International (Shiheung, Korea), with 20 mmol/L stocks prepared in
phosphate buffered saline (PBS), and aliquots stored at –20˚C. Stock
solutions were stable for more than 1 year. Working concentrations
were freshly prepared daily by diluting the stock with DMEM. 

Determination of cell proliferation. Cell proliferation was
determined by the Dojindo Cell Counting Kit-8 (CCK-8; Dojindo,
Gaithersburg, MD, USA). This assay is based on the cleavage of the
tetrazolium salt WST-8 by mitochondrial dehydrogenase in viable
cells (17). Cells were seeded in 96-well plates at 5×103 cells in 100 μl
of culture medium and allowed to adhere overnight. After cells were

treated with 0.5, 10, 20 or 40 μM KML001 for 24, 48 and 72 h, 10 μl
of tetrazolium substrate were incubated at 37˚C for 1 h. The
absorbance at 450 nm was measured with a thermomax microplate
reader (TECAN, Grodig, Austria). The cell proliferation index was
calculated by the following formula: Cell proliferation index
(%)=(mean absorbance in all wells of the treatment group)/ mean
absorbance in all wells of the control group) ×100.

Cell migration and invasion assay. Cell migration was assessed using
24-well inserts (Becton Dickinson Labware, Franklin Lakes, NJ, USA)
with 8-μm pores according to the manufacturer’s protocol. After 24 h of
incubation, cells in the upper chamber were removed, fixed in ice-cold
methanol and stained with Wright-Giemsa solution (Polysciences,
Warrington, PA, USA). Digital images were obtained from the
membranes, and cell areas were selected using Scan Scope CS system
(Aperio Technologies, Vista, CA, USA). Migrating cells on each
membrane were quantified in five randomly selected fields at 40×
magnification in each membrane, and the average value was defined as
a migration or invasion index on three independent membranes. Invasion
studies were performed similar to migration assay with the exception
that membranes were Matrigel™-coated invasion chambers (BD
Biosciences Bedford, MA, USA) prehydrated in serum-free medium. 

Enzyme-linked immunosorbent assay. Enzyme-linked immuno-
sorbent assay (ELISA) kits for measurements of VEGF-C and
matrix metalloproteinase-9 (MMP-9) were from R&D Systems
(Minneapolis, MN, USA). MiaPaCa-2 cells were treated with 5, 10,
15, or 20 μM KML001 for 24 h. After the treatment, nuclear protein
was extracted by using a Nuclear Extract Kit (Active Motif,
Carlsbad, Ca, USA) according to the instructions from the
manufacturer (18). DNA binding activity of NF-κB p65 was
evaluated using an ELISA kit (TransAM NF-κB Chemi; Active
Motif) on nuclear protein extract. TransAM NF-κB kits contain a
96-well plate to which an oligonucleotide containing the NF-κB
consensus site (5’-GGGACTTTCC-3’) has been immobilized. The
active form of NF-κB contained in nuclear extract specifically binds
to this oligonucleotide. The primary antibodies used to detect NF-
κB recognize an epitope on p65 that is accessible only when NF-
κB is activated and bound to its target DNA. A horseradish
peroxidase-conjugated secondary antibody was added according to
the instructions from the manufacturer (21). The culture medium
was collected and used to determine the secretion levels of VEGF-
C and matrix metalloproteinase -9 (MMP-9) using ELISA.

Densitometric and statistical analysis. All statistical analyses were
performed using PASW Statistics version 18.0 software (SPSS,
Cary, NC, USA). Results are expressed as the mean±standard error
of the mean (SEM). Statistical analysis of data collected for cell
proliferation assay was performed using the repeated measures
ANOVA test. Group differences were statistically analyzed using
the Kruskall-Wallis test. The post hoc analysis for multiples was
compared with Tukey test using ranks. A p-value <0.05 was
considered statistically significant. Each assay was repeated in
triplicate to check the validity of the results. 

Results 
KML001 inhibited cell proliferation of pancreatic cancer cells.
To determine the effect of KML001 on cell proliferation of
normal pancreatic cells and pancreatic cancer cells, the growth
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of HPDE-4 and MIA PaCa-2 cell lines was tested using the
CCK-8 assay after treatment with KML001. KML001
significantly inhibited cell proliferation of HPDE-4 and MIA
PaCa-2 cells in a dose-dependent (p<0.001 and p<0.001,
respectively) and time-dependent manner (p<0.001 and
p<0.001, respectively) (Figure 1A and 1B). Since higher than
40 μM concentrations caused cell necrosis, a non-cytotoxic
dosage of KML001 was used for subsequent experiments. 

KML001 inhibited cell migration and invasion of pancreatic
cancer cells. To determine whether KML001 inhibits cell
migration or invasion of cancer cells, we examined MIA
PaCa-2 cells with a cell migration and invasion assay after
treatment with KML001 for 24 h. The results showed that
treatment with KML001 reduced migrative and invasive
ability of MIA PaCa-2 cells in a dose-dependent manner
(p=0.037 and p=0.036, respectively) (Figure 2A and 2B). 

KML001 suppressed NF-κB p65 and VEGF-C activities in
pancreatic cancer cells. NF-κB is an important component in
cell proliferation, migration, invasion, angiogenesis and
metastatic process in pancreatic cancer (19). The primary NF-
κB member responsible for transcriptional activation of target
genes is the p64 (RelA) subunit (20). To determine whether the
anticancer activity of KML001 correlated with NF-κB activity,
we examined NF-κB p65 activity in nuclear extract of MIA
PaCa-2 cells after treatment with KML001. Treatment with
KML001 significantly down-regulated NF-κB p65 activation
in a dose-dependent manner (p=0.018) (Figure 3). VEGF-C
has been associated with lymphangiogenesis, lymph node
metastasis and angiogenesis (21, 22). We next assessed the
level of VEGF-C activity and found that KML001 significantly
suppressed VEGF-C activity in a dose dependent manner
(p=0.029). MMP-9 has been associated with the progression
and invasion of tumors (23). To investigate whether the anti-
migratory and anti-invasive activities of KML001 are
associated with MMP-9 activity, we examined the levels of
MMP-9 activity. Our results showed that MMP-9 activity was
decreased as concentration of KML001 increased. This
difference however, was not statistically significant (p=0.291). 

Discussion

KML001 has been demonstrated to have a anticancer activity
in leukemia and certain solid cancer cells including prostate
cancer cells (14-16,24). However, the antitumor effect of
KML001 on pancreatic cancer cells has not been
investigated. Our results showed, for the first time, that
KML001 inhibited cell proliferation, migration and invasion
in pancreatic cancer cells. The mechanism by which
KML001 exerts its anticancer activity in pancreatic cancer
cells may partly involve suppression of NF-κB p65 and
VEGF-C activities. 
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Figure 1. KML001 inhibits cell proliferation in pancreatic cancer cells.
HPDE-4 and MIA PaCa-2 cells were treated with 0.5, 10, 20 and 40 μM
KML001 or PBS for the indicated time periods prior to estimation of cell
number using the CCK-8 assay. The experiment was performed in
triplicate. KML001 significantly inhibited cell proliferation of HPDE-4
(A) and MIA PaCa-2 (B) cells in a dose- dependent manner (p<0.001
and p<0.001, respectively). PBS, Control; KML001, sodium meta-
arsenite. Bars, standard error of the mean (SEM). 



A prior study reported that sodium meta-arsenite
effectively induced cellular toxicity by inhibiting telomerase
and reverse transcriptase activity, and down-regulating
transcript levels in cancer cells with shorter telomere lengths
(24). In prostate cancer cells with short telomeres, KML001
causes telomere-associated DNA damage and rapid telomere
erosion (14). KML001 exhibited cytotoxic activity in tumor
cells with short telomeres, but telomerase is not directly
inhibited by KML001 (14). We found that KML001 inhibited
proliferation of pancreatic cancer cells in a dose- and time-
dependent manner. The telomeres of the human pancreatic
cancer cell line MIA PaCa-2 are short compared to normal
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Figure 2. KML001 inhibits cell migration and invasion in pancreatic
cancer cells. MIA PaCa-2 cells were treated with 5, 10, 15 and 20 μM
KML001 for 48 h. Cells were placed in serum-free culture media and
plated into the upper compartment of either a migration or invasion
chamber. After 24 h, cells in the upper chamber were removed and cells
that had migrated (A) or invaded (B) into the lower surface of the
membrane were fixed and stained with Wright-Giemsa. The relative-fold
change calculated for migration and invasion value of KML001-treated
cells was normalized to the PBS-treated cells and expressed as the
percentages of the control, which was assumed to be 100%. The
experiment was performed in triplicate. KML001 significantly inhibited
cell migration and invasion of MIA PaCa-2 cells in a dose-dependent
manner (p=0.037 and p=0.036, respectively). PBS, Control; KML001,
sodium meta-arsenite. Columns, mean of three independent experiments;
bars, SEM.

Figure 3. KML001 suppressed NF-κB p65 and VEGF-C activities in
pancreatic cancer cells. (A) Nuclear extracts were prepared from control
or KML001 treated MIA PaCa-2 cells and subjected to analysis for NF-κB
p65 activity as measured by the Active Motif enzyme-linked immunosorbent
assay (ELISA). The culture media of control or KML001-treated MIA
PaCa-2 cells were harvested for the detection of VEGF-C (B) and MMP-
9 (C) using ELISA. The relative-fold change of NF-κB p65, VEGF-C, or
MMP-9 activity in KML001 treated cells was normalized against control
cells. Values in control cells were arbitrarily set to 1. The experiment was
performed in triplicate. Treatment with KML001 significantly down-
regulated NF-κB p65 activation in a dose-dependent manner (p=0.018,
p=0.029, and p=0.291). PBS, Control; KML001, sodium meta-arsenite.
Columns, mean of three independent experiments; bars, SEM.



human fibroblasts (25). Thus, KML001 might have the
anticancer activity in MIA PaCa-2 cells similar to those in
prostate cancer cells. Our results also showed that KML001
inhibited cell proliferation of the normal cell line HPDE-4
and suggested that the cytotoxic effect of KML001 was not
specific against pancreatic cancer cells. 

The migration and invasion of tumor cells through the
extracellular matrix is a crucial step in tumor dissemination and
metastasis (8). Information of the effects of KML001 on
migration and invasion of cancer cells is limited. Our results
showed that KML001 significantly inhibited migration and
invasion of pancreatic cancer cells in a dose-dependent manner. 

The underlying mechanisms of anticancer activity of
KML001 have yet to be elucidated. The NF-κB signaling
pathway is involved in cancer cell proliferation, migration,
invasion, and the metastatic process (22). Increased NF-κB
activity can promote growth and tumorigenesis, inhibit
apoptosis, promote angiogenesis, promote invasion and
metastasis, and promote chemoresistance in pancreatic
cancer (26). Thus, different NF-κB-inhibiting drugs can
improve the treatment of pancreatic cancer (26). Arsenite
inhibit NF-κB-mediated gene transcription by specifically
blocking inhibitor of κB (IκB) kinase activity and IκBα
phosphorylation and degradation (27). In human
fibrosarcoma cells, arsenic trioxide inhibits cell invasion
through generation of reactive oxygen species (ROS) and
suppression of the NF-κB activity (28). We found that NF-
κB p65 activation was significantly decreased in a dose-
dependent manner in pancreatic cancer cells treated with
KML001. These results have suggested that KML001 inhibit
proliferation and invasion of pancreatic cancer cells partly
through down-regulation of NF-κB activation.

VEGF-C has been associated with tumor growth,
lymphangiogenesis and angiogenesis in many cancers
including gallbladder cancer and esophageal cancer (29, 30).
VEGF-C produced by tumor cells in the marginal portion of
the tumors significantly associated with lymphatic metastasis
in pancreatic cancer (31). Our results showed that KML001
significantly suppressed VEGF-C activity in KML001-
treated pancreatic cancer cells. Thus, it suggested that the
anti-migratory and anti-invasive activities of KML001 may
be mediated by the suppression of VEGF-C secretion. 

MMP-9 is overexpressed in various human cancer tissues
and is associated with tumor initiation, invasion,
angiogenesis and metastasis (32). MMP-9 has been
significantly associated with nodal metastasis and nervous
metastasis in pancreatic cancer tissue (31). In this study,
KML001 slightly decreased the secretion of MMP-9 in
KML001-treated pancreatic cancer cells but the difference
was not statistically significant. 

In conclusion, our results showed that KML001 inhibited
cell proliferation, migration, and invasion of pancreatic
cancer cells. Suppression of NF-κB and VEGF-C activation

may partly be associated with the anticancer activity of
KML001. Our findings suggest that KML001 appears as a
potential complementary agent for treatment of pancreatic
cancer. Further investigation is required to confirm the
mechanism and anticancer activity of KML001 in animal
models and in human pancreatic cancer.

Conflicts of Interest

None.

Acknowledgements

This work was supported by the Samsung Biomedical Research
Institute grant, # SBRI C-B1-118-2. 

References 

1 Wang YW, Wang SJ, Zhou YN, Pan SH and Sun B: Escin
augments the efficacy of gemcitabine through down-regulation
of nuclear factor-kappaB and nuclear factor-kappaB-regulated
gene products in pancreatic cancer both in vitro and in vivo. J
Cancer Res Clin Oncol 138: 785-797, 2012.

2 Siegel R, Naishadham D and Jemal A: Cancer statistics, 2012.
CA Cancer J Clin 62: 10-29, 2012.

3 Kunnumakkara AB, Guha S, Krishnan S, Diagaradjane P,
Gelovani J and Aggarwal BB: Curcumin potentiates antitumor
activity of gemcitabine in an orthotopic model of pancreatic
cancer through suppression of proliferation, angiogenesis, and
inhibition of nuclear factor-kappaB-regulated gene products.
Cancer Res 67: 3853-3861, 2007.

4 Shi S, Yao W, Xu J, Long J, Liu C and Yu X: Combinational
therapy: New hope for pancreatic cancer? Cancer Lett 317: 127-
135, 2012.

5 Hochster HS, Haller DG, de Gramont A, Berlin JD, Philip PA,
Moore MJ and Ajani JA: Consensus report of the international
society of gastrointestinal oncology on therapeutic progress in
advanced pancreatic cancer. Cancer 107: 676-685, 2006.

6 Ricciardi S, Mey V, Nannizzi S, Pasqualetti G, Crea F, Del
Tacca M and Danesi R: Synergistic cytotoxicity and molecular
interaction on drug targets of sorafenib and gemcitabine in
human pancreas cancer cells. Chemotherapy 56: 303-312,
2010.

7 Waxman S and Anderson KC: History of the development of
arsenic derivatives in cancer therapy. Oncologist 6(Suppl 2): 3-
10, 2001.

8 Tingting R, Wei G, Changliang P, Xinchang L and Yi Y: Arsenic
trioxide inhibits osteosarcoma cell invasiveness via MAPK
signaling pathway. Cancer Biol Ther 10: 251-257, 2010.

9 Zhang TD, Chen GQ, Wang ZG, Wang ZY, Chen SJ and Chen Z:
Arsenic trioxide, a therapeutic agent for APL. Oncogene 20:
7146-7153, 2001.

10 Shen ZY, Tan LJ, Cai WJ, Shen J, Chen C, Tang XM and Zheng
MH: Arsenic trioxide induces apoptosis of oesophageal
carcinoma in vitro. Int J Mol Med 4: 33-37, 1999.

11 Zhang TC, Cao EH, Li JF, Ma W and Qin JF: Induction of
apoptosis and inhibition of human gastric cancer MGC-803 cell
growth by arsenic trioxide. Eur J Cancer 35: 1258-1263, 1999.

Yang et al: KML001 Suppresses Pancreatic Cancer 

3473



12 Uslu R, Sanli UA, Sezgin C, Karabulut B, Terzioglu E, Omay
SB and Goker E: Arsenic trioxide-mediated cytotoxicity and
apoptosis in prostate and ovarian carcinoma cell lines. Clin
Cancer Res 6: 4957-4964, 2000.

13 Akao Y, Nakagawa Y and Akiyama K: Arsenic trioxide induces
apoptosis in neuroblastoma cell lines through the activation of
caspase 3 in vitro. FEBS Lett 455: 59-62, 1999.

14 Phatak P, Dai F, Butler M, Nandakumar MP, Gutierrez PL,
Edelman MJ, Hendriks H and Burger AM: KML001 cytotoxic
activity is associated with its binding to telomeric sequences and
telomere erosion in prostate cancer cells. Clin Cancer Res 14:
4593-4602, 2008.

15 Glienke W, Chow KU, Bauer N and Bergmann L: Down-
regulation of wt1 expression in leukemia cell lines as part of
apoptotic effect in arsenic treatment using two compounds. Leuk
Lymphoma 47: 1629-1638, 2006.

16 Ivanov VN, Zhou H and Hei TK: Sequential treatment by
ionizing radiation and sodium arsenite dramatically accelerates
TRAIL-mediated apoptosis of human melanoma cells. Cancer
Res 67: 5397-5407, 2007.

17 Aghdassi A, Phillips P, Dudeja V, Dhaulakhandi D, Sharif R,
Dawra R, Lerch MM and Saluja A: Heat shock protein 70
increases tumorigenicity and inhibits apoptosis in pancreatic
adenocarcinoma. Cancer Res 67: 616-625, 2007.

18 Nam KN, Son MS, Park JH and Lee EH: Shikonins attenuate
microglial inflammatory responses by inhibition of ERK, Akt, and
NF-kappaB: neuroprotective implications. Neuropharmacology
55: 819-825, 2008.

19 Holcomb B, Yip-Schneider M and Schmidt CM: The role of
nuclear factor kappaB in pancreatic cancer and the clinical
applications of targeted therapy. Pancreas 36: 225-235, 2008.

20 Kim JW, Jang SM, Kim CH, An JH, Kang EJ and Choi KH:
New molecular bridge between RelA/p65 and NF-kappaB target
genes via histone acetyltransferase TIP60 cofactor. J Biol Chem
287: 7780-7791, 2012.

21 Zhao YC, Ni XJ, Li Y, Dai M, Yuan ZX, Zhu YY and Luo CY:
Peritumoral lymphangiogenesis induced by vascular endothelial
growth factor C and D promotes lymph node metastasis in breast
cancer patients. World J Surg Oncol 10: 165, 2012.

22 Kumar B, Chile SA, Ray KB, Reddy GE, Addepalli MK, Kumar
AS, Ramana V and Rajagopal V: VEGF-C differentially
regulates VEGF-A expression in ocular and cancer cells;
promotes angiogenesis via RhoA mediated pathway.
Angiogenesis 14: 371-380, 2011.

23 Park SY, Kim JH, Lee YJ, Lee SJ and Kim Y: Surfactin
suppresses TPA-induced breast cancer cell invasion through the
inhibition of MMP-9 expression. Int J Oncol 42: 287-296, 2013.

24 Jeon BG, Kumar BM, Kang EJ, Maeng GH, Lee YM, Hah YS,
Ock SA, Kwack DO, Park BW and Rho GJ: Differential
cytotoxic effects of sodium meta-arsenite on human cancer cells,
dental papilla stem cells and somatic cells correlate with
telomeric properties and gene expression. Anticancer Res 31:
4315-4328, 2011.

25 Skrobot Vidacek N, Cukusic A, Ferenac Kis M, Ivankovic M,
Jevtov I, Mrsic S and Rubelj I: Telomere dynamics and genome
stability in the human pancreatic tumor cell line MIAPaCa-2.
Cytogenet Genome Res 119: 60-67, 2007.

26 Maier HJ, Schmidt-Strassburger U, Huber MA, Wiedemann EM,
Beug H and Wirth T: NF-kappaB promotes epithelial-
mesenchymal transition, migration and invasion of pancreatic
carcinoma cells. Cancer Lett 295: 214-228, 2010.

27 Roussel RR and Barchowsky A: Arsenic inhibits NF-kappaB-
mediated gene transcription by blocking IkappaB kinase activity
and IkappaBalpha phosphorylation and degradation. Arch
Biochem Biophys 377: 204-212, 2000.

28 Park MJ, Lee JY, Kwak HJ, Park CM, Lee HC, Woo SH, Jin
HO, Han CJ, An S, Lee SH, Chung HY, Park IC, Hong SI and
Rhee CH: Arsenic trioxide (As2O3) inhibits invasion of HT1080
human fibrosarcoma cells: role of nuclear factor-kappaB and
reactive oxygen species. J Cell Biochem 95: 955-969, 2005.

29 Chen Y, Jiang L, She F, Tang N, Wang X, Li X, Han S and Zhu
J: Vascular endothelial growth factor-C promotes the growth and
invasion of gallbladder cancer via an autocrine mechanism. Mol
Cell Biochem 345: 77-89, 2010.

30 Duan L, Ye L, Zhao G, Wu Z, Jin C, Cai X and Li G: Serum
spleen tyrosine kinase and vascular endothelial growth factor-C
levels predict lymph node metastasis of oesophageal squamous
cell carcinoma. Eur J Cardiothorac Surg 43: e58-63, 2013.

31 Zhang K, Chen D, Jiao X, Zhang S, Liu X, Cao J, Wu L and
Wang D: Slug enhances invasion ability of pancreatic cancer
cells through upregulation of matrix metalloproteinase-9 and
actin cytoskeleton remodeling. Lab Invest 91: 426-438, 2011.

32 Li CY, Yuan P, Lin SS, Song CF, Guan WY, Yuan L, Lai RB,
Gao Y and Wang Y: Matrix metalloproteinase 9 expression and
prognosis in colorectal cancer: a meta-analysis. Tumour Biol 34:
735-741, 2013.

Received April 2, 2014
Revised May 28, 2014

Accepted May 29, 2014

ANTICANCER RESEARCH 34: 3469-3474 (2014)

3474


