
Abstract. Aim: To investigate the expression of interleukin-
6 (IL6) in colon cancer tissue, and to examine if the risk of
relapse is influenced by IL6 expression. Materials and
Methods: Fresh-frozen biopsies from tumor and normal
adjacent tissues were taken from patients with colon cancer
during surgery and stored at −80˚C. mRNA expression for
interleukin-6 was evaluated with reverse transcription real
time quantitative polymerase chain reaction. Survival
analyses were carried-out using a Cox competing risk
regression model. Results: IL6 mRNA was significantly more
highly expressed in tumor tissue compared to normal
adjacent tissue (p<0.001). We found no significant
association with regard to IL6 expression and histological
differentiation or cancer stage. We found a significant
association between high IL6 expression and risk of relapse
(Hazard Ratio=2.23, 95% CI=1.10-4.53; p<0.05), also when
adjusted for clinicopathological characteristics (Hazard
Ratio=2.16, 95% CI=1.07-4.40; p<0.05). Conclusion:
Interleukin-6 is up-regulated in colon cancer tissue at the
transcriptional level and is significantly associated with
increased risk of relapse. 

Colorectal cancer is one of the most common malignancies in
the western world and the second most common cause of
cancer-related death (1). Colon cancer is curable by surgical
resection of the tumor-bearing segment. The risk of recurrence
is reduced in colonic cancer stage II and III if treated with
adjuvant chemotherapy but overall survival is not improved
for low risk stage II cancer (2-4). It has been a disappointment
however, that despite considerable research, it has proved
surprisingly difficult to find new reproducible predictive

biomarkers to stratify these patients (5). Up to date, the only
widely implemented predictive biomarker in colonic cancer is
Kirsten rat sarcoma viral oncogene homolog (KRAS) mutation
for therapy guidance of response to epidermal growth factor
receptor-targeted therapy (6). 

The development of cancer is a progressive transformation
of normal cells into their malignant counterparts. This
involves known critical mutations in oncogenes and tumor-
suppressor genes (7-9). This enables tumor cells to evade
apoptosis, have limitless self-renewal potential and self-
sufficiency in growth signaling, as well as the capability to
invade and metastasize into adjacent tissue and organs (8).

Inflammatory cytokines, expressed by tumor stromal cells
and cancer cells in the tumor milieu, might promote cancer
progression through enhancing proliferation and migration of
tumor cells (10, 11). The binding of pro-inflammatory cyto -
kines to their receptor on the epithelial cells activates onco -
genic transcription factors and induces epithelial to mesen -
chy mal transition (12). Interleukin-6 (IL6) is proposed to play
a key role in chronic inflammation and carcinogenesis (13).
Through its downstream transcription factors, e.g. signal
transducer and transcription 3 (STAT3), it stimulates pro life -
ration and migration in cancer cells and mouse models (11,
12). A raised level of circulating IL6 in plasma has also been
linked to increased risk of colorectal adenoma in human
patients (14, 15).

We aimed to investigate the expression of the inflammatory
cytokine IL6 in colonic cancer tissues. Secondarily, we
wanted to examine if the risk of tumor relapse was influenced
by IL6 expression. 

Patients and Methods
Patients. Tumor samples were obtained from patients diagnosed with
colonic cancer who underwent colonic resection at the Department of
Surgery, Roskilde University Hospital, Denmark, between September
2006 and May 2012. The study was approved by the Danish National
Committee on Biomedical Research Ethics (protocol no.: Ø-2006-1-
11G and SJ-373). The inclusion criteria were: signed informed
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consent, histologically verified adenocarcinoma of the colon, no prior
chemo- or radiotherapy, tumor samples with RNA quality adequate
for reverse transcription real time quantitative polymerase chain
reaction (RT-qPCR) (RNA integrity number of >5, median in included
samples=7.9) (16, 17) and paired tissue from tumor and adjacent
normal tissue. All the patients were preoperatively assessed with a
computed tomographic (CT) scan of the abdomen and a CT or X-ray
of the thorax. The tumors were classified according to the fifth edition
of the Union for International Cancer Control, TNM classification
(18). Postoperative surveillance was performed in accordance with
the Danish Colorectal Cancer Groups recommendations (19) and
patients were followed until relapse, death from other causes, or for a
maximum of five years. The end of follow up was 4. June 2014.

Tissue samples, RNA extraction and cDNA synthesis. Tumor tissue
samples were obtained from the luminal side of the intestine, close
to the transition zone, and snap frozen in liquid nitrogen
immediately after surgical removal of the primary tumor then
stored at −80˚C. Samples of adjacent healthy tissue were taken for
comparison. From the same biopsies, a paraffin-embedded tissue
section was made, and evaluated for content of invasive cancer
cells by a specialist in gastropathology. Before RNA isolation,
tumor samples were homogenized with an Ultra-Turrax (IKA,
Staufen, Germany). RNA was extracted using mirVana RNA
isolation kit (Ambion, Life Technologies, Naerum, Denmark)
according to the manufacturer's protocol. The quality of RNA was
assessed on a 2100 Bioanalyzer (Agilent Technologies, Santa
Clara, CA, USA). Only samples with a RNA integrity number
(RIN) greater than 5 were included. Complementary DNA (cDNA)
was synthesized with qScript cDNA SuperMix (Quanta
Biosciences Inc., Gaithersburg, MD, USA) with 1 μg of total
RNA, according to the manufacturer's protocol.

mRNA quantification. Copy numbers of mRNA for IL6 were
determined with real-time quantitative RT-PCR using the primers
specified below. Intron-spanning primers were designed using
PRIMER3 software (20). For validation, the primers were initially
used in a PCR reaction with Taq polymerase (Thermo Fisher
scientific, Slangerup, Denmark) using human intestinal cDNA as
template, and the PCR products were run in a 3% agarose gel to
confirm the expected size. The products were gel purified with
NucleoSpin Extract II gel extraction kit (Macherey-Nagel, Düren,
Germany) and used as standards. The PCR products were verified
by DNA sequencing (Eurofins Genomics, Ebersberg, Germany).
RT-qPCR was carried out using a Lightcycler LC480 from Roche
using SYBR-Green Master Mix (Roche Lifesciences, Hvidovre,
Denmark) mixed with cDNA. For quantification of mRNA copies,
a serial of 10-fold dilutions of gel-purified PCR products were
used to calculate standard curves. Beta-2-microglobulin (B2M)
mRNA, a widely accepted standard, suitable for use in colonic
cancer tissue, was used as reference gene (21). Primer sequences
for B2M were: forward: GTGCTCGCG CTACTCTCTC and
reverse: GTCAACTT CAATGTCGGAT (Accession number:
NM_004048.2) and for IL6: forward: AGACAGCCACTCA
CCTCTTC and reverse: ACCAGGC AAGTCTCCTCATT
(Accession number: NM_000600.3). Melting curves were
inspected after each run to rule out the occurrence of unwanted
amplified PCR fragments.
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Table I. Baseline characteristics of the study population.

Characteristic Patients (n=189)

Median age (range), years 68.0 (43-90)
Gender (%)

Males 114 (60)
Females 75 (40)

Tumor grade of differentiation (%)
Poor 49 (26)
Moderate 96 (51)
Well 44 (23)

Cancer stage (%)
I 18 (10)
II 94 (50)
III 67 (35)
IV 10 (5)

Tumor location (%)
Right colon 96 (51)
Left colon 93 (49)

Relapse during follow-up (%)
Yes 31 (16)
No 158 (84)

Death from other causes during follow-up (%) 19 (10)
Median follow-up time (range), months 40.1 (0.17-62)

n: Number of patients.

Table II. Analysis of variance for IL6 with regard to cancer stage and
differentiation grade.

IL6

F-value p-Value

One-way ANOVA
Cancer stage 1.05 0.37
Differentiation grade 0.21 0.82

Two-way ANOVA
Cancer stage 1.07 0.36
Differentiation grade 0.32 0.73
Stage × grade interaction 1.75 0.11

Table III. Association of different variables on risk of relapse using
competing risk regression models.

Variable HR (95% CI) p-Value

Unadjusted Cox regression
High IL6 expression 2.23 (1.10-4.53) 0.025*

Adjusted Cox regression
High IL6 expression 2.16 (1.07-4.40) 0.03*

Male gender 0.99 (0.48-2.03) 0.98
Age (years) 1.04 (0.99-1.10) 0.06
Low cancer stage (I+II) 0.32 (0.14-0.70) 0.005*

Well-differentiated tumor 0.77 (0.44-1.34) 0.36

HR: Hazard ratio on logit scale; CI: confidence interval. *Significant at
the 0.05 level.



Statistical analysis. Before analysis, all expression data for the marker
gene relative to that for reference gene (B2M) were transformed to
their common logarithms (log10ratios) (22), and normality was
assessed with probability plots. Groups were compared using
Student’s t-test and one or two-way analysis of variance (ANOVA).
Two-sided p-values were considered significant if less than 0.05. 

The patients were divided into two groups with regard to their
IL6 mRNA expression (high and low), using the Youden index for
the identification of the optimal cut-off point (23). Cumulative
incidences of relapse with regard to mRNA expression were
analyzed using a Cox competing risk regression model (24). Both
unadjusted and adjusted models were calculated, and results
presented as hazard ratios (HR) with 95% confidence intervals (CI).
Data were tested for proportional hazards, linearity and interaction
using cumulative baseline and residual plots. 

All statistical analyses were performed using R (v3.0.3,
http://cran.r-project.org/) including packages: polycor, OptimalCut
points, timereg, survival, riskRegression and cmprsk. 

Results

Patients and clinical characteristics. The study
demographics are listed in Table I. In all, 189 patients were
included in the analysis. The median age was 68 years and
there was a slight predominance of male patients. Most
patients were diagnosed with stage II or III colonic cancer,
with only a small proportion with stage I and IV. Fifty
percent of the tumors were moderately differentiated. The
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Figure 1. mRNA expression of interleukin-6 (IL6). A: Paired data from tumor tissue and normal adjacent tissue, showing significantly increased IL6
expression in tumor tissue. B: Expression with regard to cancer stage, showing no significant differences between stages for IL6 expression. C:
Expression with regard to tumor differentiation grade, showing no significant differences between low, moderate and high differentiation for IL6
expression. N.S.: Non significant. Box: Median (thick bar) and the inter-quartile range of values. Whiskers: The whole range of values except outliers.
Circles: Outliers (outside the 1.5 times length of the interquartile range). 

Figure 2. Risk of relapse with regard interleukin-6 (IL6) mRNA expression. A: Unadjusted Kaplan-Meier curves showing risk of relapse for patients
with high and with low expression of IL6. Patient numbers at risk for any given time-point is indicated. B: Cox competing risk regression model
showing cumulative incidence curves for risk of relapse for patients with high and with low expression of IL6.



rest were evenly divided between poorly and well-
differentiated. Tumor locations were evenly distributed
between the right and left side of the splenic flexure. Thirty-
one patients (16%) experienced relapse during the follow-up
period. The median follow-up time was 40.1 months.

Expression of IL6 in tumor tissues. Expression data for tumor
and normal tissues are presented in Figure 1. We found that
IL6 mRNA was significantly more highly expressed in tumor
compared to normal adjacent tissues (paired data) (p<0.001),
mean difference in log10ratio: 0.52 (95% CI=0.35-0.70). 

Using one- and two-way ANOVA, we found no significant
association with regard to IL6 expression and histological
differentiation or cancer stage. The same was true for
anatomical localization of the tumor (data not shown).
Results are summarized in Table II and Figure 1.

IL6 expression and risk of relapse. Patients were split into
groups of high and low IL6 mRNA expression, with a cut-off
set at log10ratio: -3.19 (identified with Youden index). Figure
2A shows Kaplan-Meier curves for relapse-free follow-up for
the IL6 expression groups. An unadjusted risk regression
model showed a significant association between high IL6
expression and risk of relapse (HR=2.23, 95% CI=1.10-4.53;
p<0.05). Figure 2B shows the cumulative incidence curves of
risk of relapse in the two IL6 expression groups. 

In an adjusted competing risk regression model, we
grouped cancer stage into low (cancer stage I+II) and high
(cancer stage III+IV). Taking into account clinicopatho -
logical characteristics, IL6 expression was still significantly
associated with increased risk of relapse (HR=2.16, 95%
CI=1.07-4.40, p<0.05). Low cancer stage, compared with
high, was associated with decreased risk of relapse
(HR=0.32, 95% CI=0.14-0.70, p<0.05). Table III
summarizes the data. 

Discussion

The present study was undertaken in order to evaluate the
importance and possible implications of IL6 expression in
colonic cancer. Herein we showed, in a cohort of 189
patients, that IL6 mRNA expression was significantly up-
regulated in tumor tissues. We did not find any relationship
between IL6 mRNA expression and tumor differentiation
grade or cancer stage. In a competing risk regression model,
high IL6 expression was a significant predictor of relapse,
even when adjusted for cancer stage and other
clinicopathological characteristics.

It is well-recognized that long-standing chronic inflam -
mation in connection with ulcerative colitis increases the risk
of colorectal cancer (25). It is proposed that inflammatory
cytokines, like IL6, play a central role in colonic cancer
development (12). Circulating IL6 in plasma is increased in

patients with colorectal cancer and has also been linked to
an increased risk of developing colorectal adenomas and
worse outcome of colonic cancer (14, 15, 26). This
transformation and progression may be initiated through the
ability of IL6 to induce migration and proliferation, which
has been shown in several colonic cancer cell line studies
(27-30). However, IL6 production in tumor cells is negligible
(29), and it is suggested that tumor-associated macrophages
and mesenchymal stem cells are the primary origin of IL6
production in colonic cancer (31, 32). Since we did not make
any attempt to micro-dissect the cancer cells from the
surrounding tumor stroma in our biopsies, the origin of the
IL6 expression could not be evaluated in this study. The
importance of IL6 in cancer progression is still unclear,
especially in sporadic colonic cancer. Our data suggest that
IL6 might be of importance in a clinical framework
regarding sporadic colonic cancer. Since many studies on
inflammatory cytokines have been carried-out in mouse or
cell models, the relatively large patient material in this study
may suggest a clinical application.

IL6 has been proposed as a possible target in colonic
cancer therapy (33, 34). Monoclonal antibodies against IL6
are commercially available and are being tested in various
advanced solid cancer forms e.g. ovarian and prostate (35-
37). These studies are only in phase I/II, and although the
treatment is well-tolerated, an effect is yet to be shown (35).
High IL6 was significantly associated with risk of relapse in
our study in an unadjusted and adjusted competing risk
regression model. This might imply a role for treatment with
antibodies against to IL6 in colonic cancer. 

Although our data point to IL6 as a mediator of tumor
progression, many factors have not been addressed in this
study. First of all, transcription is only one of many levels at
which activity of various proteins can be regulated. The level
of translation, phosphorylation of various kinases and
receptor status are of course vital for cytokine activity, as well
as the regulation of their downstream transcription factors
(38). Our tumor samples were taken from the luminal side of
the tumor. Given recent studies showing large intra-tumoral
heterogeneity, these samples might not reflect the micro-
milieu at the invasive front (39-41). Furthermore, it was
recently shown that many genes are activated in the tissue
adjacent to a colonic tumor which are not activated in mucosa
from healthy individuals (42). In particular, inflammatory
cytokines may play an active role in this cross-talk between
tumor and normal adjacent tissue (42), and this might have
led to bias in our results. Furthermore, the implications of
known oncogenic mutations, such as of KRAS and v-Raf
murine sarcoma viral oncogene homolog B (BRAF) on the
expression profile and competing risk analysis, were not
addressed. Finally since no clinically meaningful cut-off point
can be made for the normalized mRNA copy number, we
chose to use the Youden index for identification of the optimal
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cut-point (23), resulting in the conversion of IL6 expression
to a dichotomous variable of high versus low expression. This
has the advantage of being able to find the value that best
discriminates between two stages of the disease (e.g. relapse
vs. non-relapse). The technique does, however, carry a risk of
over-fitting the data (5, 43).

In conclusion, IL6 is up-regulated in tumor tissue at the
transcriptional level and is significantly associated with an
increased risk of relapse. This might suggest IL6 as a
possible target in future anticancer therapy.

Conflicts of Interest
The Authors declare there are no conflicts of interests in regarding
article. 

Acknowledgements
This work was funded by: Regional Zealand’s Research Grant. Special
thanks to Lotte Laustsen for technical and laboratory assistance. 

References
1 Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:

Global cancer statistics. CA Cancer J Clin 61: 69-90, 2011.
2 Carrato A: Adjuvant treatment of colorectal cancer. Gastrointest

Cancer Res 2: S42-46, 2008.
3 Figueredo A, Coombes ME and Mukherjee S: Adjuvant therapy

for completely resected stage II colon cancer. Cochrane database
Syst Rev: CD005390, 2008.

4 Gray R, Barnwell J, McConkey C, Hills RK, Williams NS and
Kerr DJ: Adjuvant chemotherapy versus observation in patients
with colorectal cancer: a randomised study. Lancet 370: 2020-
2029, 2007.

5 McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M
and Clark GM: REporting recommendations for tumour
MARKer prognostic studies (REMARK). Br J Cancer 93: 387-
391, 2005.

6 Luo H-Y and Xu R-H: Predictive and prognostic biomarkers
with therapeutic targets in advanced colorectal cancer. World J
Gastroenterol 20: 3858-3874, 2014.

7 Fearon ER and Vogelstein B: A genetic model for colorectal
tumorigenesis. Cell 61: 759-767, 1990.

8 Hanahan D and Weinberg RA: The hallmarks of cancer. Cell
100: 57-70, 2000.

9 Van Schaeybroeck S, Allen WL, Turkington RC and Johnston
PG: Implementing prognostic and predictive biomarkers in CRC
clinical trials. Nat Rev Clin Oncol 8: 222-232, 2011.

10 Ullman TA and Itzkowitz SH: Intestinal inflammation and
cancer. Gastroenterology 140: 1807-1816, 2011.

11 Oshima H and Oshima M: The inflammatory network in the
gastrointestinal tumor microenvironment: lessons from mouse
models. J Gastroenterol 47: 97-106, 2012.

12 Terzić J, Grivennikov S, Karin E and Karin M: Inflammation
and colon cancer. Gastroenterology 138: 2101-2114.e5, 2010.

13 Waldner MJ and Neurath MF: Master regulator of intestinal
disease: IL6 in chronic inflammation and cancer development.
Semin Immunol 26: 75-79, 2014.

14 Kim S, Keku TO, Martin C, Galanko J, Woosley JT, Schroeder
JC, Satia JA, Halabi S and Sandler RS: Circulating levels of
inflammatory cytokines and risk of colorectal adenomas. Cancer
Res 68: 323-328, 2008.

15 Bobe G, Albert PS, Sansbury LB, Lanza E, Schatzkin A, Colburn
NH and Cross AJ: Interleukin-6 as a potential indicator for
prevention of high-risk adenoma recurrence by dietary flavonols in
the polyp prevention trial. Cancer Prev Res (Phila) 3: 764-775, 2010.

16 Opitz L, Salinas-Riester G, Grade M, Jung K, Jo P, Emons G,
Ghadimi BM, Beissbarth T and Gaedcke J: Impact of RNA
degra dation on gene expression profiling. BMC Med Genomics
3: 36, 2010.

17 Kap M, Oomen M, Arshad S, de Jong B and Riegman P: Fit for
purpose frozen tissue collections by RNA integrity number-
based quality control assurance at the Erasmus MC tissue bank.
Biopreserv Biobank 12: 81-90, 2014.

18 Sobin LH, Gospodarowicz MK and Wittekind C: TNM
classification of malignant tumours. Wiley-Blackwell, 2009.

19 Bülow S, Yilmaz M, Fischer A, Nielsen SE and Andersen J:
Retningslinier for diagnostik og behandling af kolorektal
cancer, 2009.

20 Rozen S and Skaletsky H: Primer3 on the WWW for general
users and for biologist programmers. Methods Mol Biol 132:
365-386, 2000.

21 Dydensborg AB, Herring E, Auclair J, Tremblay E and Beaulieu
J-F: Normalizing genes for quantitative RT-PCR in differentiating
human intestinal epithelial cells and adenocarci nomas of the colon.
Am J Physiol Gastrointest Liver Physiol 290: G1067-1074, 2006.

22 Zhou Y, Raj VR, Siegel E and Yu L: Standardization of gene
expression quantification by absolute real-time qRT-PCR system
using a single standard for marker and reference genes. Biomark
Insights 5: 79-85, 2010.

23 Ruopp MD, Perkins NJ, Whitcomb BW and Schisterman EF:
Youden Index and optimal cut-point estimated from observations
affected by a lower limit of detection. Biom J 50: 419-430, 2008.

24 Dignam JJ, Zhang Q and Kocherginsky M: The use and
interpretation of competing risks regression models. Clin Cancer
Res 18: 2301-2308, 2012.

25 Andersen NN and Jess T: Has the risk of colorectal cancer in
inflammatory bowel disease decreased? World J Gastroenterol
19: 7561-7568, 2013.

26 Knüpfer H and Preiss R: Serum interleukin-6 levels in colorectal
cancer patients-a summary of published results. Int J Colorectal
Dis 25: 135-140, 2010.

27 Hsu C-P and Chung Y-C: Influence of interleukin-6 on the
invasiveness of human colorectal carcinoma. Anticancer Res 26:
4607-4614, 2006.

28 Schneider MR, Hoeflich a, Fischer JR, Wolf E, Sordat B and
Lahm H: Interleukin-6 stimulates clonogenic growth of primary
and metastatic human colon carcinoma cells. Cancer Lett 151:
31-38, 2000.

29 Brozek W, Bises G, Girsch T, Cross HS, Kaiser HE and Peterlik
M: Differentiation-dependent expression and mitogenic action
of interleukin-6 in human colon carcinoma cells: relevance for
tumour progression. Eur J Cancer 41: 2347-2354, 2005.

30 Foran E, Garrity-Park MM, Mureau C, Newell J, Smyrk TC,
Limburg PJ and Egan LJ: Upregulation of DNA methyltrans -
ferase-mediated gene silencing, anchorage-independent growth,
and migration of colon cancer cells by interleukin-6. Mol Cancer
Res 8: 471-481, 2010.

Olsen et al: IL6 Expression in Colon Cancer

2239



31 Lin J-T, Wang J-Y, Chen M-K, Chen H-C, Chang T-H, Su B-W
and Chang P-J: Colon cancer mesenchymal stem cells modulate
the tumorigenicity of colon cancer through interleukin 6. Exp
Cell Res 319: 2216-2229, 2013.

32 Nagasaki T, Hara M, Nakanishi H, Takahashi H, Sato M and
Takeyama H: Interleukin-6 released by colon cancer-associated
fibroblasts is critical for tumour angiogenesis: anti-interleukin-6
receptor antibody suppressed angiogenesis and inhibited tumour-
stroma interaction. Br J Cancer 110: 469-478, 2014.

33 Guo Y, Xu F, Lu T, Duan Z and Zhang Z: Interleukin-6 signaling
pathway in targeted therapy for cancer. Cancer Treat Rev 38:
904-910, 2012.

34 Waetzig GH and Rose-John S: Hitting a complex target: an
update on interleukin-6 trans-signalling. Expert Opin Ther
Targets 16: 225-236, 2012.

35 Angevin E, Tabernero J, Elez E, Cohen SJ, Bahleda R, van
Laethem J-L, Ottensmeier C, Lopez-Martin JA, Clive S, Joly F,
Ray-Coquard I, Dirix L, Machiels J-P, Steven N, Reddy M, Hall
B, Puchalski TA, Bandekar R, van de Velde H, Tromp B,
Vermeulen J and Kurzrock R: A phase I/II, multiple-dose, dose-
escalation study of siltuximab, an anti-interleukin-6 monoclonal
antibody, in patients with advanced solid tumors. Clin Cancer
Res 20: 2192-2204, 2014.

36 Hudes G, Tagawa ST, Whang YE, Qi M, Qin X, Puchalski T a,
Reddy M, Cornfeld M and Eisenberger M: A phase I study of a
chimeric monoclonal antibody against interleukin-6, siltuximab,
combined with docetaxel in patients with metastatic castration-
resistant prostate cancer. Invest New Drugs 31: 669-676, 2013.

37 Coward J, Kulbe H, Chakravarty P, Leader D, Vassileva V,
Leinster DA, Thompson R, Schioppa T, Nemeth J, Vermeulen J,
Singh N, Avril N, Cummings J, Rexhepaj E, Jirström K,
Gallagher WM, Brennan DJ, McNeish I a and Balkwill FR:
Interleukin-6 as a therapeutic target in human ovarian cancer.
Clin Cancer Res 17: 6083-6096, 2011.

38 Eulenfeld R, Dittrich A, Khouri C, Müller PJ, Mütze B, Wolf A
and Schaper F: Interleukin-6 signalling: more than Jaks and
STATs. Eur J Cell Biol 91: 486-495.

39 Gerlinger M, Rowan AJ, Horswell S, Larkin J, Endesfelder D,
Gronroos E, Martinez P, Matthews N, Stewart A, Tarpey P,
Varela I, Phillimore B, Begum S, McDonald NQ, Butler A, Jones
D, Raine K, Latimer C, Santos CR, Nohadani M, Eklund AC,
Spencer-Dene B, Clark G, Pickering L, Stamp G, Gore M,
Szallasi Z, Downward J, Futreal PA and Swanton C: Intratumor
heterogeneity and branched evolution revealed by multiregion
sequencing. N Engl J Med 366: 883-892, 2012.

40 Fisher R, Pusztai L and Swanton C: Cancer heterogeneity: impli -
cations for targeted therapeutics. Br J Cancer 108: 479-485, 2013.

41 Karamitopoulou E, Zlobec I, Panayiotides I, Patsouris ES, Peros
G, Rallis G, Lapas C, Karakitsos P, Terracciano LM and Lugli A:
Systematic analysis of proteins from different signaling
pathways in the tumor center and the invasive front of colorectal
cancer. Hum Pathol 42: 1888-1896, 2011.

42 Sanz-Pamplona R, Berenguer A, Cordero D, Molleví DG, Crous-
Bou M, Sole X, Paré-Brunet L, Guino E, Salazar R, Santos C, de
Oca J, Sanjuan X, Rodriguez-Moranta F and Moreno V:
Aberrant gene expression in mucosa adjacent to tumor reveals a
molecular crosstalk in colon cancer. Mol Cancer 13: 46, 2014.

43 Altman DG, Lausen B, Sauerbrei W and Schumacher M:
Dangers of using “optimal” cutpoints in the evaluation of
prognostic factors. J Natl Cancer Inst 86: 829-835, 1994. 

Received December 8, 2014
Revised December 27, 2014

Accepted January 8, 2015

ANTICANCER RESEARCH 35: 2235-2240 (2015)

2240


