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Both STAT1 and STAT3 are favourable
prognostic determinants in colorectal
carcinoma
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Background: Aberrant activities of Janus kinase (JAK)/signal transducer and activator of transcription (STAT) signalling pathways
have been implicated in the development and spread of various cancer entities, among them colorectal carcinoma (CRC).
Transcription factors STAT3 and STAT1, both downstream effectors of interleukin (IL)-6 and its receptor, are involved in growth
and developmental control of CRC cells. Constituents of the signalling network around IL-6 and STAT activation are discussed as
potential biomarkers and therapeutic targets in CRC.

Methods: By immunohistochemical analysis of a tissue microarray covering >400 CRC biopsies, the expression and activity status
of STAT1, STAT3 as well as of IL-6 and the IL-6 receptor a-chain was determined. The outcome was correlated with clinical
information and patients’ survival data. Colorectal carcinoma biopsies were also analysed for specific DNA-binding activity of
STATs.

Results: Statistical analysis showed tendential associations between individual STATSs, IL-6/IL-6 receptor-o and clinicopathological
parameters. The study revealed a significant correlation of high STAT1 activity with longer patient overall survival. Surprisingly,
strong STAT3 expression in surgical specimens was correlated with an increase in median overall survival by about 30 months.
Statistical analysis revealed that high expression levels of STAT1 and STAT3 were associated. This finding was backed up by
biochemical data that showed simultaneous STAT1 and STAT3 DNA-binding activity in randomly selected CRC biopsies.

Conclusion: By multivariate data analysis, we could show that STAT3 expression and activity constitutes an independent
favourable prognostic marker for CRC.

As in many malignant tumours, the manifestation of a hyperpro-
liferative and invasive phenotype of colorectal carcinoma (CRC)
cells has been associated with abnormalities on the level of signal
transduction. Signal transducer and activator of transcription
(STAT) proteins as well as cytokine-driven Janus kinase
(JAK)/STAT pathways have important roles in these processes as
they frequently show alterations in their activities (Klampfer,
2008). Signal transducer and activator of transcription proteins are
activated through tyrosine phosphorylation, mostly by cytokine
receptor-associated JAKs. Subsequent dimerisation enables STATS

to enter the nucleus and trigger gene expression by interacting
with STAT cognate sequence in the DNA as well as with numerous
regulatory proteins (Stark and Darnell, 2012). Various genes
involved in potentially tumour-associated processes such as
proliferation, cell differentiation and apoptosis are crucially
influenced by STAT proteins (Bromberg et al, 1999; Kim
and Lee, 2007; Murray, 2007; Regis et al, 2008; Sansone and
Bromberg, 2012).

STAT3 activity is so far considered to be associated with
elevated malignancy and invasive behaviour of CRC cells
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(Corvinus et al, 2005; Tsareva et al, 2007; Xiong et al, 2008, 2012;
Zhuang et al, 2012). In CRC cell lines, STAT3 activation can
upregulate the expression of matrix metalloproteinases, which in
turn have the potential to favour cancer cell invasion and
metastasis through proteolytic degradation of the extracellular
matrix (Tsareva et al, 2007; Zugowski et al, 2011). However, recent
findings from murine disease models indicate that STAT3 activity
may also exert limiting effects on colonic carcinoma development.
Interestingly, in Apc”" mice STAT3 was shown to suppress
tumour cell invasiveness (Musteanu et al, 2010) and adenoma to
carcinoma transition (Lee et al, 2012).

STAT1 is a signal mediator that controls functions of cell death
in the context of interferon-dependent signalling, where it is
involved in pro-apoptotic and anti-proliferative signalling path-
ways (Kim and Lee, 2007). STAT1 is generally regarded to have
tumour suppressive functions and in some cancers its activity was
shown to be associated with favourable prognosis (Widschwendter
et al, 2002; Simpson et al, 2010).

Both STAT3 and STAT1 can become activated through the
interleukin (IL)-6 receptor that consists of the IL-6 receptor
o-chain and the gp130 cytokine receptor chain (Heinrich et al, 2003).
Interleukin-6 is a pleiotropic cytokine and has been shown to exert
tumour-promoting activities by enhancement of cell proliferation
and suppression of apoptosis in various cancers. In CRC, increased
levels of IL-6 in cancer tissue (Komoda et al, 1998) and serum
(Chung and Chang, 2003; Chung et al, 2006) were described, as
associated with advanced tumour stages and reduced survival. A
soluble form of the IL-6 receptor «-chain is involved in IL-6-
dependent signalling in cancer and can confer IL-6 responsiveness
to cells that do not express membrane-bound IL-6Ro by trans-
signalling (Rose-John et al, 2009).

The potential of individual and combined expression and/or
activation of STAT3 and STAT1, and of their potential upstream
activators (IL-6 and IL-6Ra) as predictors of survival in CRC has
not been thoroughly investigated. This situation along with
conflicting interpretations from sporadic clinical investigations in
this field prompted us to perform a comprehensive study on the
issue based on a tissue microarray covering > 400 individual CRC
tumour samples from a particularly homogeneous patient cohort.

MATERIALS AND METHODS

Patients, biopsies, tumour microarrays. In total, 414 tumour
specimens (paraffin tissues) from patients with RO-resected
primary colonic adenocarcinoma (CRC) of UICC stage II or III
were included in this study. They had previously been employed to
generate a CRC tissue microarray, as described (Knosel et al, 2012).
Histological diagnosis was established according to the guidelines
of the World Health Organisation. All patients had undergone
surgical treatment at the Department of Surgery of the University
Hospital Jena, and had not received adjuvant radiotherapy or
chemotherapy before operation. Clinical parameters and follow-up
data was available for all patients from the prospective tumour
registry of the surgical clinic. Pathological findings (tumour size,
tumour location and lymph node status) were obtained from
board-certified pathological reports. The study was approved by
the local ethics committee.

Immunohistochemistry. Immunohistological staining of TMAs
was performed and evaluated essentially as described (Hamidov
et al, 2011). Commercial antibodies employed were: anti-STAT1:
Statl p84/p91 (M-22), Santa Cruz Biotechnology (Heidelberg,
Germany), (sc-592, dilution 1:200); anti-STAT3: Stat3 (79D7)
rabbit mAb, Cell Signaling Technology (Danvers, MA, USA)
(number 4904, 1:400); anti-IL-6: anti-IL-6 antibody, Abcam
(Cambridge, UK) (ab 6672, 1:600) and anti-IL-6Ro: IL-6Ro

antibody (C-20), Santa Cruz (sc-661, dilution 1:200). Staining
followed standard procedures. Briefly, the TMA slides were
pretreated as described, incubated with the antibodies, followed
by antibody detection via biotinylated anti-mouse secondary
antibody and a biotin-streptavidin amplified detection system
(Biogenex, San Ramon, CA, USA). Visualisation was done using a
Fastred chromogen system (DAKO, Hamburg, Germany). For all
antibodies, immunohistochemical staining was scored as negative
(score 0), weak (score 1), moderate (score 2) or strong (score 3;
Chen et al, 2003; Cui et al, 2011). Cytosolic localisation of staining
was considered a measure for STAT expression whereas nuclear
staining was considered indicative for STAT activity. Conse-
quently, all TMAs were scored twice for nuclear and cytosolic
STAT staining. For statistical evaluation, scores 0 and
1 were considered as ‘low’, whereas scores 2 and 3 were recorded
as ‘high’.

Statistical analysis. All data compilations were performed using
the statistics software package SPSS (version 19.0; IBM, Armonk,
NY, USA). y*-test and Somer’s d correlation coefficient were used
to evaluate association between investigated parameters. P-values
of <0.05 were considered significant. Univariate survival analysis
was carried out separately for each investigated parameter applying
Kaplan-Meier estimate, the survival curves were compared and
assessed using the log rank test. For multiple comparisons, the
alpha value was adjusted applying the Bonferroni correction
method. Multivariate survival analysis was performed using a
proportional hazard model (Cox regression). Only parameters with
P-values<0.05 in separate univariate survival analyses were
included. A stepwise backward procedure then served to reduce
the number of variables. P-values <0.05 were considered signifi-
cant. All statistics were accredited by a biostatistician of the
Institute of Medical Statistics, Computer Sciences and Documenta-
tion, Jena University Hospital.

Electrophoretic mobility shift assay. Whole-cell extracts were
supplemented with tyrosine, serine and threonine phosphatase,
protease inhibitors were prepared from snap-frozen biopsies, and
protein concentration was determined by the Bradford protocol
and adapted to equal levels. DNA-binding analysis was performed
as described (Corvinus et al, 2005), employing the SIE-m67 STAT-
binding site from the human c-fos promoter as a probe for the
formation of DNA-STAT1/3 complexes. Binding reactions were
performed by incubating 10 000 c.p.m. of radiolabelled probe with
20 pg of cell lysate for 30 min at room temperature. For supershift
reactions of STAT-containing complexes, 2 ug of antibodies to
STAT1 (M-22 recognising the C-terminus; Santa Cruz Biotechnology)
or STAT3 (C-20 or H-190, recognising the N-terminus or
C-terminus; Santa Cruz Biotechnology) were added to the binding
reactions. Samples were separated through 6% native polyacryla-
mide gels and complexes were visualised by autoradiography.

RESULTS

Correlation of clinicopathological parameters with patient
survival. Table 1 shows the distribution of clinicopathological
parameters among the patient cohort covered by the TMA used in
this study. As shown in Table 1, the majority of tumour samples
(about 90%) showed advanced stages (stages 3 and 4) whereas the
number of individual tumours showing high grading (grade 2 and
3) was almost equal to the number of low-grade tumours (grade 1).
About 50% of the patients had already developed lymph node
metastases. Vein invasion was scarcely found (about 18% of cases).
Univariate survival analysis, as expected, showed clear correlations
of cancer-related clinicopathological parameters with the overall
survival of patients represented by the TMA (Figure 1). Lymph
node metastases and vein invasion significantly correlate with
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shorter patients survival (P=0.003/P=0.000; Figure 1A and B). Immunohistochemical analysis of CRC tissue microarrays for
Lymph node metastases reduce the median survival by about IL-6/STAT pathway proteins. TMAs were stained with antibodies
35 months (Figure 1A), vein invasion by about 70 months to STATI1, STAT3, IL-6 and the IL-6 receptor «-chain. To
(Figure 1B). Shorter survival was tendentially associated with distinguish between STAT expression and STAT activation,
advanced tumour stages (T3/4), statistical significance, however, staining for both STAT1 and STAT3 was separately determined
was not reached (P =0.241) (Figure 1C). in the cytosolic and in the nuclear compartment. Representative
examples for different staining intensities and their respective
scoring are shown in Figure 2. Results for the entire tumour
collective and all antibodies are summarised in Figure 3. These data
revealed a notable difference with regard to respective activities of
STATI1 and STAT3. Although only 13% of biopsies were entirely

Table 1. Frequencies of different clinicopathological parameters within

the patient cohort represented by the CRC tissue microarrays

Number of cases o negative for activated (nuclear) STATI (score 0), almost half of the

n=414 (%) samples did not show even traces of nuclear STAT3. Another

Tumour staging (Union internationale contre le cancer (UICC) interesting observation was the relatively high fraction of samples
2010) with particularly strong expression of IL-6 receptor-o. On the basis
of a binary classification of staining intensities (low’: covering

pg ‘j 2‘2 scores 0 and 1, and ‘high™ scores 2 and 3, respectively),
P i high expression (cytosolic localisation) of STAT1 was found in
pT3 320 77.3 35% of the tumour samples, high potential transcriptional activity
pT4 51 12.3 (nuclear localisation) was observed in 48% of cases. STAT3 was

Lymph node status (Union internationale contre le cancer (UICC) highly expressed in 32% and highly activated (nuclear staining) in
2010) 30% of cases. High expression of IL-6 was observed in only 10% of

the biopsies, while roughly half of the samples showed high

pNO 205 49.5 expression of the IL-6 receptor o-chain.
pN1 130 31.4
PN2 9 191 Correlation of patient survival with expression/activation of
Lymph vessel invasion IL-6/STAT pathway proteins in CRC tissue. Figure 4 shows the
correlation of staining results with patient overall survival by
Lo 203 56.1 separate univariate analysis. STAT1 activation and, particularly
L1 159 43.9 interesting, also STAT3 expression were found significantly
T correlated with longer patients’ overall survival (P=0.010/
Vein invasion P=0.020; Figure 4A and D). The median survival of patients
VO 285 817 with high STAT1 activity was at least 30 months longer in
Vi1 64 183 comparison with patients with low tumour-related STAT1 activity.
The median survival of patients with high STAT3 expression was
Clinical staging (UICC 2010) increased by about 30 months at least in comparison with patients
Stage | 1 0.2 with low tumour-related STAT3 expression. Unlike these two
Stage I 204 493 parameters, STAT1 expression (cytosolic staining) and STAT3
Stage Il 209 505 activation (nuclear staining) were not significantly associated with
clinical outcome. They showed, however, trends for a correlation
Grading with longer survival (P = 0.19/P = 0.16; Figure 4B and C). This also
o1 203 o1 applies for the expression of IL-6 and the IL-6 receptor o-chain
G2 159 43.9 (P=0.19/P = 0.26; Figure 4E and F).
a3 0 0.0 We found no significant correlation of clinicopathological

parameters with STAT1 or STAT3 protein expression or activation
Abbreviation: CRC — colorectal carcinoma. status. However, some clear trends could be observed, for example,
a tendency for association of high cytosolic abundance of STAT3
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Figure 1. Univariate analysis of overall patients’ survival in correlation with clinicopathological parameters. Patient survival related to (A) positive
or negative lymph node metastasis state, (B) present or absent tumour-related vein invasion and (C) tumour stages 1/2 vs 3/4.
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Figure 2. Immunohistochemical staining of CRC tissue microarrays for IL-6/STAT pathway proteins. Each panel shows representative examples
for biopsies scored for staining intensity as 0 (negative), 1 (weak), 2 (moderate) and 3 (strong). (A) nuclear STAT1, (B) cytosolic STAT1, (C) nuclear
STATS3, (D) cytosolic STAT3, (E) IL-6, (F) IL-6 receptor o.
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Figure 3. Immunohistochemical analysis of CRC TMAs for IL-6/STAT
pathway proteins, summary of scoring results. Overall fine scoring

for staining by antibodies to STATs and IL-6/IL-6Rx and binary
representation of ‘low’ (scores 0 and 1, light colours) vs 'high’ staining
intensity (scores 2 and 3, dark colours) for STATSs, IL-6 and IL-6
receptor-o.

with lymph node metastases (P=0.094, data not shown).
Combined evaluation of the six individual parameters under study
by multiple comparison employing 0.0083 as an adjusted alpha
value (Bonferroni correction method) did not reach significance
(data not shown).

Mutual correlation of individual STAT expression and activity
in CRC biopsies. The Somer’s d-test revealed significant positive
mutual correlation of STATI and STAT3 expression (0.228;
P=0.000). These results suggest that the two STAT proteins can
actively influence signalling processes during tumourigenesis and
cancer progression at the same time, potentially in a reciprocal
manner. Furthermore, positive mutual correlation of STATI1
expression with expression of both IL-6 (0.112; P=0.032) and
the IL-6 receptor-o (0.200; P=0.000) could be shown. STAT3
expression was also positively correlated to expression of IL-6
(0.155; P=10.003) and the IL-6 receptor-o (0.184; P=0,001). These
results are in line with the involvement of IL-6 signalling, with
STAT1 and STATS3 as potential targets, which was demonstrated in
CRC cell lines by us and others (Heinrich et al, 2003; Corvinus
et al, 2005; Zugowski et al, 2011).

Previously, we had observed DNA-binding STAT1/3 hetero-
dimeric complexes of STAT1 and STAT3 in both cell lines and
tumour biopsies (Corvinus et al, 2005). Thus, we addressed the
individual and combined activation status of STAT1 and STAT3 in
a representative collection of surgical CRC specimens by electro-
phoretic mobility shift assay (EMSA; Figure 5A and B). In a subset
of samples, the presence of STAT1 and STAT3 in complexes with a
cognate DNA element was confirmed by addition of antibodies
with specificity for the respective STATSs to the binding reactions

(Figure 5A). Appearance of supershifted complexes revealed
homo- or heterodimeric complexes of STAT1/STATS3.

Within the collection of biopsies analysed, DNA-binding
activities of STAT1/3 homo- and heterodimer complexes ranged
widely from very strong activities to no significant detection of
STAT1/3 activity (in two samples, number 14 and number 18).
Overall, STAT1/3 DNA-binding complexes are predominantly
present in the vast majority of samples (20 out of 22); however,
activity status and complex composition show considerable
variability. We judge all significant homodimer complexes
for STATI as an indicator for significant pYSTAT1 activity. Two
samples displayed very unique STAT1 activity without significant
STAT3 DNA binding (number 7 and number 20). Judgment of
significant STAT3 homodimer formation is difficult as unpho-
sphorylated STATI can be pulled into pYSTAT3 DNA-binding
complexes (unpublished data). These findings are in line with the
notion that combined activities of STAT1 and STAT?3 are likely to
be of functional relevance for CRC tumour cell properties.
Moreover, they suggest that splicing, cleavage or post-translational
modifications of STAT1/3 may exert influence on the character-
istics of STAT-DNA assemblies.

STAT3 as an independent prognostic marker. For multivariate
analysis, only parameters that had shown statistically significant
correlation with survival in the univariate analysis were treated
within a Cox proportional hazard model. The following variables
were included: nuclear STATI (that is, activation), cytosolic
STATS3 (that is, expression), lymph node status and vein invasion.
A stepwise backward procedure was applied to subsequently
reduce the number of variables.

All items that independently show specific influence on overall
survival in multivariate survival analysis are shown in Table 2.
High expression of STAT3 and presence of vein invasion proved to
be statistically significant independent predictors of overall
survival. Whereas the existence of vein invasion accounts for bad
prognosis (hazard ratio 1.965; P=0.002), high STAT3 expression
determines a favourable prognosis for patients’ overall survival.
The death rate is almost divided in half (hazard ratio 0.615;
P=0.023).

All other variables did not show any noticeable influence on
overall survival.

DISCUSSION

This study on CRC tissue microarrays shows that expression and/
or activation of both STATI and STATS3 indicate a favourable
clinical prognosis. Notably, STAT3 was identified as an indepen-
dent predictor of disease outcome. Our data support earlier reports
that identified STAT1 as a tumour suppressor whose expression
and/or activation was associated with longer overall survival of
cancer patients (Widschwendter et al, 2002; Simpson et al, 2010). It
is still somewhat contradictory though that STAT1 on the one
hand is frequently found aberrantly expressed and activated in
tumour cells (in up to 44% of cases in this study), whereas on the
other hand it has well-established anti-proliferative and pro-
apoptotic effects (Kim and Lee, 2007). An explanation may be
facilitated by considering combined effects of STAT1 and STAT3
on the physiology of tumour cells. Regis et al (2008) have suggested
that a balance between STAT1 and STAT3 signalling in cancer cells
has a crucial influence on the cells’ fate, as the two transcription
factors have opposing roles in the regulation of survival and
proliferation.

Concerning STAT3 in relation to clinical cancer prognosis,
various studies hint at tumour-promoting effects. Park et al (2008)
could show that levels of activated STAT3 (pSTAT3) are
significantly associated with increasing T- and clinical stages in
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Figure 4. Separate univariate analysis of overall patients’ survival in correlation to expression/activation of STATs and IL-6/IL-6Rx in CRC TMAs.
Patient survival related to (A) nuclear and (B) cytosolic STAT1, (C) nuclear and (D) cytosolic STAT3, and (E) IL-6 and (F) IL-6 receptor-o..

CRC. Kusaba et al (2005, 2006) correlated pSTAT3 with increasing
T- and Duke’s stages and the presence of lymph vessel invasion, as
well as with poor prognosis for overall survival in a first study, and
with increasing T-stages and the presence of vein invasion and
lymph node metastases in a second study of CRC. In contrast to
these reports, a recent study on a French patient cohort by
Monnien et al (2010) provided evidence for a correlation of

pSTAT3 appearance with prolonged survival of rectal cancer
patients. An explanation for these discrepancies may lie in the
largely different diet in Eastern Asia and Europe. Interestingly, all
data indicating a negative role of STAT3 in disease progression
were obtained with patients originating from Korea and Japan,
whereas in European patients STAT3 activation appeared to be a
beneficial parameter. It is well known that both diet and genetic
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Figure 5. Analysis of the STAT activity status in an arbitrarily selected
set of lysates from CRC biopsies. (A) STAT DNA-binding activity of an
arbitrarily selected set of six patient samples was analysed by
determining the formation of specific complexes on the high affinity
AP-1 response element from the promoter of the c-fos oncogene (SIE-
mé7). The identity of STAT-containing complexes was tested by
supershift experiments employing specific antibodies to STAT1 and
STAT3, as indicated. Positions of STAT1-, STAT3- and STAT1/STAT3—
DNA complexes are marked with arrows. (B) Analysis of a collection of
further CRC biopsies for STAT DNA-binding activity. Electrophoretic
mobility shift assay was performed and results are presented as in A
except for the omission of supershift experiments.

Table 2. Prognostic CRC sample evaluation of STATs and clinical
parameters in multivariate analysis of overall survival with the following

variables included: nuclear STAT1, cytosolic STAT3, lymph node status
and vein invasion

O,
Hazard 9.5 %
. Confidence
P ratio .
interval

STAT3 (cytosolic localisation)
High vs low ‘ 0.023 ‘ 0.615 ‘ 0.404-0.935
Vein invasion
Present vs absent ‘ 0.002 ‘ 1.965 ‘ 1.292-2.989
Abbreviations: CRC = colorectal carcinoma; STATs=signal transducers and activators of
transcriptions. A total of 277 patients could be analysed.

background influence CRC development and progression, which
could account for these discrepancies. Overall, we have employed
for this tissue microarray-based study a unique and well defined,
very homogeneous group of CRC patients from a local region in
former East Germany. This region has a particularly high CRC
incidence and more advanced CRC cases, which we viewed
important to illustrate (Figure 1). Reasons for this are complex and
most likely attributable to historic reasons (there was limited
diagnostic medical support to detect and surgically remove, as well

as to treat CRC in former East Germany). Moreover, the patient
cohort included in this study can be associated with a lifestyle
characterised by several risk factors such as over-average meat
consumption and overweight/obesity/diabetes measures.

Our study that revealed STAT3 as a predictor of better patients’
outcome in both univariate and multivariate standard survival
analyses is in line with these latter results. It is particularly
interesting to note that it corresponds very well to novel findings
by Musteanu et al (2010) of anti-tumour effects of STAT3 in vivo,
employing the Apc™™ mouse model for intestinal cancer. Although
multiplicity and progression of early adenomas were reduced by
genetic ablation of STATS3, loss of STAT3 at later stages promoted
tumour progression and favoured the development of invasive
carcinomas, resulting in a significantly shorter survival. In this
context, hence, absence of STAT3 was found to be a determinant of
poor prognosis.

An association of STAT3 activity with favourable clinical
prognosis has been reported for a number of other cancer entities
such as node-negative breast cancer (Dolled-Filhart et al, 2003),
nasopharyngeal cancer (Hsiao et al, 2003), prostate cancer (Torres-
Roca et al, 2007) and diffuse large B-cell lymphoma (Stewart et al,
2009). In contrast, STAT3 was described as indicative for poor
prognosis in gastric cancer (Yakata et al, 2007) and cervical
squamous-cell carcinoma (Takemoto et al, 2009).

Interestingly, activated STAT1 and STAT3 appear at the same
time in the vast majority of CRC biopsies (Corvinus et al, 2005)
and, as shown in this study, may interact simultaneously
with STAT cognate DNA elements. This raises the possibility that
activities that interfere functionally with both STAT factors, thus
influencing their balance, are of importance for tumour
progression.

Taken together, numerous studies have addressed the role of
aberrant STAT3 function in cancer and have not yet revealed a
consistent picture. On the basis of the context, STAT3 has been
described as an oncogene or a tumour suppressor. Importantly,
these controversial studies did so far analyse neither the relative
levels of STAT1 and STAT3 abundance and activity nor the
appearance of STAT1/3 assemblies. The latter presumably are
interdependent DNA-binding complexes indicating mutual influ-
ences of STAT1 and STATS3, and our study is the first to take this
aspect into consideration. Thus, the picture of oncogenic STAT3
needs to be viewed in a wider context and in light of STATI
expression and activity data. In fact, our own unpublished CRC
xenograft experiments demonstrate that it is the expression level of
STAT1 that dictates tumour cell line growth in SCID mice
(Nivarthi et al, manuscript in preparation and unpubished data). It
is possible that the tumour suppressive role of STAT3 in CRC
inferred from our study is a characteristic feature of the specific
and particularly homogeneous patient cohort under investigation,
and we cannot exclude that other patient cohorts show different
properties in this respect. Genetic and environmental factors might
contribute to CRC aetiology and to the functional implications of
STAT activities.

Interleukin-6 and the IL-6 receptor o have been associated with
proliferative and anti-apoptotic effects in tumour cells in general
and in CRC in particular. Clinical and experimental data suggest a
contribution of IL-6 signalling to the development of both sporadic
and colitis-associated colorectal cancer development (Atreya and
Neurath, 2008). It has been shown that antibody-mediated
blockade of the IL-6 receptor reduces malignant properties of
human colon carcinoma cells (Hsu et al, 2011). It is interesting to
note that loss of soluble IL-6 receptor-o, which enhances IL-6-
dependent cell activation via trans-signalling, was found correlated
with faster progression of colorectal cancer (Okugawa et al, 2010).
This is in line with our findings that link STAT1 and STAT3, both
downstream mediators of IL-6 signalling, to longer survival of CRC
patients. In our study, STAT1 and STAT3 expression were both
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separately found to be correlated with IL-6 and the IL-6 receptor-a
chain expression, and strong expression of both IL-6 and IL-6
receptor-o in CRC biopsies showed a tendency for association with
longer survival. In the case of IL-6, the lack of significance in
survival analyses could be due to the very low frequency (10%) of
IL-6-positive tumour samples.
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