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ABSTRACT
The role of STAT1 and STAT3 for colorectal carcinoma (CRC) development
and progression is controversial. We evaluated 414 CRC patient samples on tissue
microarrays for differential expression of STAT1 and STAT3 protein levels and
correlated ratios with clinical parameters. Concomitant absence of nuclear STAT1 and
STAT3 expression was associated with significantly reduced median survival by ≥33
months (p=0.003). To gain insight into underlying mechanisms, we generated four
CRC cell lines with STAT3 knockdown. The cell lines harbor different known mutational
drivers and were xenografted into SCID mice to analyze the influence of STAT3 on
their tumor growth behavior. Experimental downregulation of STAT3 expression had
differential, cell-line specific effects on STAT1 expression levels. STAT1 consistently
showed nuclear localization irrespective of its tyrosine phosphorylation status. Two
characteristic STAT1/3 expression patterns with opposite growth behavior could be
distinguished: cell lines with a low STAT1/high STAT3 ratio showed faster tumor
growth in xenografts. In contrast, xenografts of cell lines showing high STAT1 and
low STAT3 levels grew slower. Importantly, these ratios reflected clinical outcome
in CRC patients as well. We conclude that the ratio of STAT1 to STAT3 expression is
a key determinant of CRC progression and that STAT1 counteracts pro-tumorigenic
STAT3 signaling. Thus, we suggest that the STAT3/STAT1 ratios are better clinical
predictors in CRC as compared to STAT3 or STAT1 levels alone.
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INTRODUCTION

cell lines using mouse xenograft models and observed a
clear correlation with the clinical situation, i.e. STAT1/3
expression in biopsies related to overall patient survival.
Two distinct response patterns upon STAT3 knockdown
were observed: in two cell lines, STAT3 impairment
resulted in enhanced STAT1 expression and reduced tumor
growth; the other two cell lines displayed diminished
STAT1 activity combined with accelerated xenograft
tumor growth. Interestingly, we found that the presence of
nuclear STAT1, irrespective of STAT1 activation status,
is the most crucial factor influencing progression of
CRC. Our study implies that assessment of total STAT1
expression, relative to the expression levels of STAT3,
is an important predictive marker for the overall patient
survival in CRC with diagnostic and prognostic value.

Colorectal cancer (CRC) is one of the five leading
causes of cancer death. CRC frequently arises from benign
adenomatous polyps that can progress to carcinomas
which metastasize frequently. CRC development is
associated with accumulation of mutations, particularly
among the components of the Wnt signaling pathway. The
Adenomatous Polyposis Coli (APC) protein and nuclear
β–Catenin are central components of the Wnt signaling
pathway, responsible for normal intestinal epithelial cell
(IEC) homeostasis. Loss of APC function resulting in
elevated nuclear β–catenin is found in most CRC cases [1,
2]. Another core cancer pathway that drives CRC growth
is oncogenic RAS/RAF signaling that protects cells from
apoptosis [3]. The transition from benign adenoma to
carcinoma is also closely associated with the loss of tumor
suppressors like Smad2/3/4, p53, PTEN and changes in
the microenvironment [2, 4].
Several studies have revealed aberrant JAK-STAT
activity in a majority of sporadic and hereditary forms of
CRC [5, 6, 7]. A subset of CRC is associated with chronic
inflammatory bowel diseases such as ulcerative colitis and
Crohn’s disease. Patients affected with these disorders
have a higher risk to develop CRC [8]. Dysregulated proinflammatory and oncogenic transcription factors such as
nuclear factor kappa B (NF-κB) and STAT3 are common
drivers of gastrointestinal cancers. NF-κB and STAT3
enhance resistance to apoptosis-based tumor surveillance
of pre-neoplastic and malignant cells. Furthermore,
they regulate tumor angiogenesis and invasiveness [9].
Interestingly, within the metabolic context, mitochondrial
STAT3 is essential for oncogenic RAS signaling [3, 10,
11]. On the other hand, STAT1 is a prominent tumor
suppressor in various cancers, but its precise role in CRC
context is unclear. Interestingly, unphosphorylated STAT1
(U-STAT1) was shown to be nuclear where it is known to
act on promoters of interferon-induced genes [12].
STAT3 signaling can be antagonized by STAT1 [13]
in two ways: First, by forming heterodimeric STAT1/3
DNA binding complexes; second by DNA binding site
competition. It was reported that STAT1 is an indicator
of favorable clinical prognosis in CRC [14]. However, we
have recently shown that elevated STAT3 expression is
also statistically correlated with longer survival of CRC
patients [15]. The mechanistic basis of these findings
requires further elucidation.
In this report, we monitored the expression and
activation status of both STAT1 and STAT3 in CRC patient
samples and, by STAT3 knockdown in human CRC cell
lines. These simulated characteristic expression/activity
patterns observed in biopsies. Patients with high nuclear
STAT1 and low nuclear STAT3 levels exhibited longer
survival compared to patients with low nuclear STAT1
and low nuclear STAT3. We analyzed the consequences
of differential STAT1 versus STAT3 expression in CRC
www.impactjournals.com/oncotarget

RESULTS
Correlation of STAT1 and STAT3 expression
and activity with clinical outcome in CRC
tumor tissue
We performed immunohistochemical analysis of a
tissue microarray of 414 CRC biopsies from patients with
full clinical documentation to check the individual and
combinatorial expression and activity status of STAT1
and STAT3 in correlation with clinical information. Tissue
microarrays (TMAs) were stained with antibodies against
STAT1 and STAT3. The specificity of the antibodies
was tested in Stat1 and Stat3 knockout mouse models
(Supplementary methods and Figure S1). Staining for
both STAT1 and STAT3 was separately determined in the
cytosolic and in the nuclear compartment to distinguish
between STAT expression and activity. The tissues display
large differences in nuclear and cytoplasmic STAT1 and
STAT3 accumulation (examples of different staining
intensities; 0, 1 - ‘low’ and 2, 3 - ‘high’ are shown in
Figure 1a). We found a strong correlation of combined
STAT1/STAT3 parameters with overall survival of patients
by separate univariate survival analysis (Figure 1b-1d).
Concomitant absence of nuclear STAT1 and STAT3 as well
as concomitant absence of cytosolic STAT1 and STAT3
were found to be significantly correlated with shorter
overall survival of patients (p=0.003/p=0.038; Figure
1b and 1c). The median survival of patients showing
neither STAT1 nor STAT3 activity (nuclear) in their tumor
specimens was at least 33 months shorter in comparison to
patients with tumor related activation of STAT1, STAT3 or
both proteins (Figure 1b). Moreover, the median survival
without STAT1 and STAT3 expression (cytosolic) was
reduced by 26 months compared to patients with tumors
expressing STAT1, STAT3 or both proteins (Figure 1c).
Interestingly, patients with high STAT1 and low STAT3
activity had better overall survival compared to those
with low STAT1 and low STAT3 activity by 33 months
(increase in median survival, p= 0.036; Figure 1d).
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Figure 1: Lower median survival in patients with concomitant absence of nuclear STAT1 and STAT3. Examples of patient
TMAs with nuclear STAT1 and STAT3 staining, showing different levels of STAT expression. a. Immunohistochemical staining was scored
by two board certified pathologists as negative (score 0), weak (score 1), moderate (score 2) or strong (score 3). Patients show reduced
survival upon concomitant absence of b. nuclear and c. cytoplasmic STAT1 and STAT3. d. Higher nuclear STAT1/STAT3 ratio correlates
with increased patient survival.
www.impactjournals.com/oncotarget
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STAT1/STAT3 interaction and nuclear
localization in CRC cell lines

Notably, Electrophoretic Mobility Shift Assay (EMSA)
analysis revealed the presence of STAT1 within the
STAT3 DNA binding complex upon IL-6 treatment.
Heterodimeric complexes containing both STAT3 and
STAT1 were confirmed by DNA binding ‘supershift’
experiments in which specific antibodies to either STAT3
and/or STAT1 were added (Figure 2b).
Moreover, co-immunoprecipitation experiments,
using STAT3 pulldown, revealed persistent STAT1STAT3 interaction, irrespective of cytokine stimulation/
phosphorylation status (Figure 2c and Supp. Figure S2).
Next, we stimulated the four CRC cell lines with IL-6 and
studied STAT1 localization by immunofluorescence and

IL-6 stimulation is known to lead to activation of
STAT3, but at physiologic expression levels STAT1 is not
tyrosine phosphorylated upon IL-6 induction in different
CRC cell lines [16]. We used a panel of frequently used
CRC cell lines to further investigate this observation.
These five cell lines have known driver mutations, which
are summarized in Supplementary Table 1). Western
blot analysis showed consistent IL-6-induced activation/
phosphorylation of STAT3, but no significant IL-6dependent STAT1 tyrosine phosphorylation (Figure 2a).

Figure 2: IL-6-dependent activation and subcellular localization of STAT3 and STAT1 in CRC cell lines. a. Western blot

analysis of extracts from CRC cell lines stimulated with 10 ng/ml of IL-6, for 20 min. b. DNA binding assay (EMSA) for STAT1/3 binding
on the SIEm67 STAT1/3 response element, with CRC extracts stimulated with or without IL-6; including pre-incubation with STAT1 and/
or STAT3 specific antibodies to analyse ‘supershift’ of the complexes. c. Immunoprecipitation of STAT3 from CRC cell lines followed by
Western blot analysis with anti-STAT1 and STAT3 antibodies. d. Immunofluorescence and confocal microscopy for detection of intracellular
localization of STAT1. e. Quantification of percentage of nuclear STAT1 is presented as mean values (± SEM). f. Immunofluorescence and
confocal microscopy for detection of pYSTAT3 upon IL-6 stimulation.
www.impactjournals.com/oncotarget
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confocal microscopy. Quantification of the fluorescence
intensities showed presence of 50-75% of STAT1 in
the nuclear compartment. Notably, the levels of nuclear
STAT1 did not increase upon stimulation with IL-6 in
any of the four cell lines (Figure 2d, 2e). Importantly, the
enhanced nuclear localization of pYSTAT3 upon IL-6
stimulation was clearly visible in this experimental setup,
as exemplified by SW620 staining results (Figure 2f).

levels of STAT1 in HT-29 and LS174T cells (Figure 3c
and Supp. Figure S4). In line with the changes in STAT1
levels, STAT3 knockdown in HCT116 and SW620 (low
STAT1+low STAT3) caused a faster xenograft tumor
growth. In contrast, depletion of STAT3 in HT-29 and
LS174T (high STAT1+low STAT3) resulted in growth
reduction, as assessed by tumor growth curves (Figure
4a) and tumor weight at end point analysis (Figure 4b).
Immunohistochemical analysis of the tumors derived from
the cell lines showed patterns of STAT1 and STAT3 levels
which were consistent with the Western blot and xenograft
results: reduction of both STAT3 and STAT1 was observed
in HCT116 and SW620 tumors (Figure 5a, 5b), while
reduction of STAT3 was accompanied by an elevated
STAT1 level in HT-29 (Figure 5c). Stable knockdown of
STAT3 in xenografts was also monitored in tumor extracts
to control for potential escape mechanism during tumor
formation. Lower STAT3 expression upon shRNA STAT3
was evident in HCT116, SW620, but in HT29 and LS174T
cells knockdown of STAT3 was compensated (Supp.
Figure S5). This was also made evident by the reduced
expression of STAT3 target genes in SW620 but not the
LS174T cell line (Supp. Figure S6). Consistently, there
were no discernible changes in both STAT3 and STAT1
levels in the LS174T tumors (Figure 5d). However, in the
other three cell lines we detected significant changes in
the levels of cleaved Caspase3 upon STAT3 knockdown
in the xenografts, which correlate with the tumor growth

Effects of STAT3 knockdown on tumor
formation of CRC cell lines in xenografts
Next, we analyzed the cell lines for their ability
to form tumors in SCID mouse xenografts. Apart from
CaCo-2 cells, the other four CRC cell lines consistently
gave rise to tumors upon sub-cutaneous injection into
immunocompromised SCID mice (Supp. Figure S3).
In order to analyze the effects of STAT3 signaling on
CRC tumor growth in xenografts, we generated stable cell
lines with knockdown of STAT3, using lentiviral shRNA
constructs. The reduction in Stat3 mRNA was confirmed
by real time PCR (Figure 3a) and Western blot analysis
displayed significant STAT3 protein reduction in the cell
lines (Figure 3b-3c and Supp. Figure S4). Interestingly,
experimental reduction of STAT3 had profound effects on
STAT1 expression. While STAT3 knockdown resulted in
reduced STAT1 expression in HCT116 and SW620 (Figure
3b and Supp. Figure S4), it led to elevated expression

Figure 3: Differential effect of STAT3 knockdown on STAT1 expression in CRC cell lines. a. Real time PCR analysis for
quantification of STAT3 mRNA levels upon shRNA mediated knockdown. Mean values are shown, error bars are SEM and * p<0.05,
**p<0.01, ***p<0.001. b, c. Western blot analysis to determine expression levels and phosphorylation status of STAT1 and STAT3 upon
STAT3 knockdown in CRC cell lines.
www.impactjournals.com/oncotarget
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pattern and the STAT1 expression levels in the tumors
(Figure 5a-5d). In line with our results, stable STAT1
knockdown in HCT116 cells (HCT116 cells that tolerated
STAT1 knockdown in contrast to our trials with LS174T,
HT29 and SW620 cells where we failed to generate
stable knockdown of STAT1) resulted in accelerated
tumor growth in the xenografts (Supp. Figure S7). This
confirmed our major conclusion, low STAT1/high STAT3
expression is associated with increased tumor growth.

overall survival of patients (p=0.021; Figure 6c). The
median survival of patients with tumors showing neither
IL-6Rα expression nor STAT1 activity was 52 months
shorter than in patient groups with tumor related IL-6Rα
expression and/or STAT1 activity implying that presence
of Stat1 and/or IL6Rα is beneficial for patient survival.
In summary, our results are consistent with a model
that suggests that the ratio of STAT1 to STAT3 expression
(without the necessity of STAT1 tyrosine phosphorylation)
dictates CRC tumor growth.

Correlation of IL-6Rα expression and patient
survival

DISCUSSION

IL-6 and other members of the IL-6 family, which
utilize the gp130 receptor chain as a component of their
receptor complex, are involved in tumorigenic signaling.
Therefore, we analyzed the CRC cell lines for expression
of different receptor chains of the gp130 family. The most
significant and consistent expression was observed for IL6Rα (Supp. Figure S8). Therefore, we employed the TMAs
and the associated clinical documentation to perform a
combinatorial correlation analysis for the IL-6Rα, STAT3
and STAT1 expression status. Figure 6a shows the range
of expression of IL6Rα in the patient tissue (scores - 0,
1 – ‘low’ and 2, 3 ‘high’). Presence of both IL-6Rα and
nuclear STAT3 was found to be significantly correlated
with increased patient survival (p=0.027; Figure 6b). The
respective median survival was augmented by at least 18
months in comparison to patients with tumor specimens
showing either only IL-6Rα or nuclear STAT3 or neither of
the two. Furthermore, concomitant absence of IL-6Rα and
nuclear STAT1 was significantly correlated with reduced

We have performed a systematic study to shed light
on the functional interplay of STAT3 and STAT1 and their
roles in CRC growth. STAT1 is described in carcinomas
as a tumor suppressor, particularly attributed to its ability
to induce apoptosis and cell cycle arrest, leading to growth
inhibition [17]. Indeed, tumor suppressive functions
of STAT1 were associated with positive prognosis in
CRC and breast cancer [14, 18, 19]. The role for STAT3
in carcinomas remains controversial - nuclear STAT3
(pYSTAT3) is regarded as a biomarker for prognosis
prediction in solid tumours [20]. Several studies reported
elevated and tumor promoting STAT3 signaling in CRC
[5, 6, 7, 21]. In contrast, others have reported that STAT3
suppresses CRC [15, 22]. Multiple mechanisms might
influence the action of STAT3 in CRC. One of these
could be the presence of specific driver mutations, such as
oncogenic RAS or EGFR signaling, as seen in lung cancer
[23]. Another could be a change in the inflammatory

Figure 4: Effects of STAT3 knockdown on the growth characteristics of xenograft tumors. a. Growth curves and b. end
point tumor weight of xenografts of CRC cell lines with STAT3 knockdown. Mean values are shown, error bars are SEM. * p<0.05,
**p<0.01, ***p<0.001.
www.impactjournals.com/oncotarget

51101

Oncotarget

status associated with specific microbiota, a specific
cytokine and growth factor milieu that is also dependent
on the immune cell status and the microenvironment
[2, 9]. STAT1 activation may represent one of such
mechanism to regulate STAT3 function. Our study was
designed to clarify controversial issues regarding the role
of STAT3 in CRC progression, with respect to nuclear
STAT1 and STAT3 expression, interaction and heterodimerization. STAT1/3 have common genomic binding
sites and they form hetero-dimers irrespective of tyrosine
phosphorylation [24]. We show that this observation holds
true also in CRC cell lines and STAT1/3 interaction exists
independent of activation status (see Figure 2c). However,

this interaction might be weak as it depends on low salt
concentration during co-immunoprecipitation.
We did not find significant pYSTAT1 levels upon
IL-6 stimulation in different CRC cell lines that were tested
(Figure 2a). Only the abundance of nuclear STAT1 seems
to dictate if STAT3 activity is negative for disease outcome.
This finding is best exemplified by the reduced xenograft
tumor growth of HT-29 and LS174T cells (Figure 4a, 4b)
upon knockdown of STAT3 expression, where levels of
STAT1 protein were considerably increased (Figure 3c).
LS174T xenografts displayed a significant reduction in
tumor growth upon STAT3 knockdown. The unaltered
STAT3 and STAT1 status in LS174T xenografts at end point

Figure 5: Immunohistochemical analyses of xenografted tumors of CRC cell lines with STAT3 knockdown. H&E and
immunohistochemical staining of xenografts for STAT3, STAT1 and cleaved CASPASE 3 for the respective cell lines – a. HCT116, b.
SW620, c. HT29 and d. LS174T. Quantification of the cleaved CASPASE 3 (right panel) was done using HistoQuest TM software, from
three images taken from three independent tumors. Mean values are shown, error bars are SEM and * p<0.05, **p<0.01, ***p<0.001.
www.impactjournals.com/oncotarget
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analysis might be due to a selective growth of cells that
escaped the STAT3 knockdown, as seen in the protein and
RNA expression in the xenografts (Supp. Figure S5). We
observed effects on the rate of apoptosis in the xenografts
of the other three cell lines corresponding to their growth
rate (Figure 5). The reduction in STAT1 level upon STAT3
knockdown in HCT116 cells is mild but consistent (about
15%, Figure 3b and Supp. Figure S4). However, cells with
low STAT1 expression could have a proliferative advantage
resulting in significant increase in tumor growth over the
time period of 40 days (Figure 4). This is also in line with
the mild but significant reduction in expression of STAT1
target genes in the xenografts (Supp. Figure S9). Similarly,
knockdown of STAT1 in HCT116 cells resulted in enhanced
tumor growth (Suppl. Figure S7). Thus, we conclude that a
higher ratio of STAT1/STAT3 expression was accompanied
by better prognosis and slower xenograft growth, with
smaller tumor size.

Importantly, STAT1 expression can counteract
STAT3 function, even when it is not efficiently tyrosine
phosphorylated (i.e unphosphorylated STAT1, U-STAT1).
The U-STAT1 work was pioneered by the George
Stark laboratory [12, 13] and our data suggests that
the presence of U-STAT1 in the nucleus may dictate if
STAT3 activity is negative for the disease outcome. It
has been shown that STAT3 can transport STAT1 into the
nucleus via a ‘piggyback’ mechanism and this can even
overcome inactivating post-translational modifications
of STAT1 [25]. It is also possible that the STAT1/STAT3
heterodimers interfere with STAT3 target gene induction
via DNA binding site competition, leading to impaired
CRC growth. It has been previously suggested that the
mutual interdependence of STAT1 and STAT3 through
heterodimer formation on the chromatin of tumor cells
has a crucial influence on cancer cell fate [26, 27]. We
show that STAT3 knockdown can result in variable effect

Figure 6: Correlation of combined STAT1 and IL-6Rα expression in CRC tissue with patient survival. Examples of
patient TMAs with IL-6Rα staining, showing different levels of expression. a. Immunohistochemical staining was scored as negative (score
0), weak (score 1), moderate (score 2) or strong (score 3). b. Patient survival upon concomitant presence of IL-6Rα and nuclear STAT3 and
c. concomitant absence of IL-6Rα and cytoplasmic STAT1.
www.impactjournals.com/oncotarget
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on STAT1 expression levels. This variability might be
explained by distinct mutational contexts (Supplementary
Table 1) or other mechanisms as discussed above.
Taken together, our study provides an explanation
for the controversial role of STAT3 in literature regarding
CRC. Our data implies that nuclear U-STAT1 can regulate
STAT3 action in a dose dependent manner. We propose
that the analysis of the relative STAT1 and STAT3
expression levels is a better predictive marker for the
overall survival and prognosis of CRC patients.

performed using HistoQuest TM software (TissueGnostics
GesmbH, Vienna Austria) as described in detail [30].

Statistical analysis of TMAs
For all data compilations, the statistics software
package SPSS (version 19.0) was used. To address
simultaneous activity or expression of STATs and the IL-6Rα,
scores for defined pairs of protein status were combined to
yield novel parameters: Co-incidence of high scores (scores
2 and 3) for both proteins was defined as “presence of both
proteins”. “Concomitant absence” was defined as negative
scores (scores 0 and 1) for both selected proteins. “High
ratio of STAT1 and STAT3” was defined as a high score for
STAT1 and a concomitant low score for STAT3. Univariate
survival analysis was subsequently carried out separately
for each investigated parameter applying Kaplan-Meier
estimate. Survival curves were compared and assessed using
the log rank test. P values of 0.05 or less were considered
significant. All statistics were accredited by a biostatistician
of the Institute of Medical Statistics, Computer Sciences and
Documentation, Jena University Hospital.

MATERIALS AND METHODS
Patients, biopsies, tumor microarray
TMAs containing samples from 414 patients were
constructed. Tissue samples originated from specimens
of patients who underwent surgical therapy of colorectal
carcinoma in UICC stage II or III at the Surgical Department
of the Jena University Hospital of the Friedrich-Schiller
University. All specimens had negative margins. Data on
clinical parameters, including sex, age, tumor stage, and
follow-up information, were extracted from the prospective
tumor registry of the surgical clinic. Pathologic findings
(site of primary tumors, depth of tumor invasion, grading,
lymphatic vessel invasion and venous invasion) were
obtained from the pathologists’ original reports. The patients
were in different stages of the disease - pT1 (n=2), pT2
(n=41), pT3 (n=320), pT4 (n=51); stage I (n=1); stage II
(n=204); stage III (n=209); lymph node status: pN0 (n=205),
pN1 (n=130), pN2 (n=79); Grading: G1(n=203); G2
(n=159); G3 (not present). The CRC TMA was assembled
using 0.6 mm punch biopsies from all 414 samples
according to standard procedures as described [15, 28].

Cell culture and cytokine stimulation
The cell lines CaCo-2, HCT116, SW620, HT-29 and
LS174T were cultured in DMEM (PAA) and 10% FCS
(PAA). Cells were stimulated with 10 ng/ml human IL-6
(Immunotools) for 20 minutes. Extracts were made and
subjected to Western blot and EMSA analysis as described
[6]. Antibodies were purchased from Cell signaling
(pYSTAT3 - D3A7, pYSTAT1 - #9171), BD (STAT3 #610189, STAT1 - #610115 and Santa Cruz (HSC70 - sc7298). For lentiviral shRNA knockdown experiments, the
following Sigma-Aldrich mission TRC library constructs
were used: shStat3 (TRCN0000071456) and control
scrambled shRNA (SHC002). Lentivirus production and
transductions were done as described previously [31].

Immunohistochemistry
Immunohistological staining of TMAs was done and
evaluated as described [15]. The following commercial
antibodies were used: anti-STAT1: STAT1 p84/p91 (M22), Santa Cruz (sc-592, dilution 1:200); anti-STAT3:
STAT3 (79D7) rabbit mAb, Cell Signaling (#4904,
1:400) and anti-IL-6Rα antibody (C-20), Santa Cruz
(sc-661, dilution 1:200). In case of the STAT proteins,
cytosolic localization was considered indicative of STAT
expression whereas nuclear staining was considered
a measure of STAT activation [15]. We did not obtain
reliable immunostaining results with pYSTAT specific
antibodies, most likely due to the phosphatases and thus,
we focused on total STAT staining and localization as a
reliable measure for STAT activity and expression status.
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”. Cleaved CASPASE 3 staining was
performed as described [29]. The images were taken with
a Zeiss Imager Z1 microscope and quantification was
www.impactjournals.com/oncotarget

Immunoprecipitation
The cells were stimulated with respective cytokines
(IL-6 - 10 ng/ml, IFNγ - 2.5 ng/ml) for half an hour.
Protein lysates were prepared in IP buffer (25 mM HEPES,
25 mM Tris-HCl, 150 mM NaCl, 10 mM EDTA, 0.1%
Tween-20, 0.5% NP-40; with protease and phosphatse
inhibitors). Protein A Sepharose CL4B beads (GE
Healthcare) were blocked with 2% BSA and resuspended
in IP buffer. Immunoprecipitation was done overnight (at
4°C) with 1 mg of protein and 10 μg of STAT3 antibody
(sc-482, Santa Cruz) in 10 mM HEPES (pH7.5) and 1
mM EDTA (5 times the volume of IP buffer). The beads
were washed thrice with the HEPES-EDTA buffer. The
beads were boiled with loading buffer to extract the
bound immunoprecipitated protein and the supernatant
was analysed by Western blotting using anti-STAT3 (BD
#610189) and anti-STAT1 (BD #610115) antibodies.
51104
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Xenografts

University, Montreal for providing HCT116 cells with
stable shRNA knockdown of STAT1. We would like to
thank Dr. Takaomi Sanda, Cancer Science Institute of
Singapore for providing tools for STAT1 and shSTAT1
plasmids. We thank Saphia Zhama for serial, consecutive
sectioning and immunostaining.

SCID mice were purchased from Harlan laboratories
(c.b-17/icrHanHsd-Prkdc (SCID)) and received subcutaneous (s.c.) injections in the hind flanks with 1x106
cells, resuspended in 100 μl of PBS and 0.2% BSA. The
tumor size was measured with callipers and the volume
was calculated by the equation 0.5 (width x width x
length) [32]. The experiment was stopped before the
tumor size reached 1 cm3 and the tumor weight was
measured at the end point. All animal experiments were
carried out according to an ethical animal license protocol
that was approved by the Medical University of Vienna
and Austrian Ministry authorities. The GraphPad Prism
program was used for statistical analysis - *p<0.05,
**p<0.01 and ***p<0.001 by unpaired Student’s t
test with Welch’s correction. The immunohistological
analysis of the tumors was done by standard procedures
as described before [15].

CONFLICTS OF INTEREST
The authors declare no competing financial interests.

GRANT SUPPORT
This work was supported by grant SFB-F2807 and
SFB-F4707 from the Austrian Science Fund (FWF) to
RM, RK, HN and MT, Gen-AU MedSys (grant MoGLI),
EU Marie Curie ITN program “Healing”, FWF grants
P20652 and P25629-B19, and the FWF doctoral program
“Immunity in Cancer and Allergy” to FA, and scholarships
to CG by the Interdisziplinäres Zentrum für Klinische
Forschung (IZKF) Jena and Deutsche Krebshilfe e.V. We
are grateful for generous support by a private foundation
from Liechtenstein to RM and PF.

Immunofluorescence
Cells were washed with 1x PBS, harvested by
trypsinization and 50.000 cells were seeded in each
well of a 4-well chamber slide (Nunc® LabTEK®
#177437). Chamber slides were incubated overnight in
a humidified incubator at 37 °C. The next day, the cells
were treated with 10 ng/mL of rhIL6 for 20 min at 37 °C
and immediately fixed with 4% PFA per well for 10 min
at room temperature. Cells were permeabilized with
methanol for 10 min at -20°C. Slides were washed twice
with 1x PBS/0.5% Tween-20 for 10 min before blocking
with 1x PBS/1% BSA/0.3% Triton X-100 for one hour at
room temperature. The cells were incubated overnight at
4°C with primary antibodies for STAT1 and pYSTAT3
at 1:200 in 1x PBS/1% BSA/0.5% Tween-20. After two
washing steps with 1x PBS/0.5% Tween-20, cells were
incubated for two hours at room temperature in the dark
with secondary antibodies (Alexa Fluor 488 goat-α-mouse;
goat-α-rabbit, 1:500; Invitrogen). Chambers were washed
with 1x PBS/0.5% Tween-20 and incubated with 1 μg/
mL of DAPI (Sigma-Aldrich) in 1x PBS for 10 min at
room temperature. Slides were then washed with 1x PBS/
0.5% Tween-20 and mounted using Vectashield mounting
medium (Vector Laboratories, Inc.). Pictures were taken
using a confocal laser scanning microscope (LSM-700;
Carl Zeiss) and the ZEN 2009 software. Confocal tiff
images of STAT1 immunofluorescence staining and DAPI
nuclear staining were analyzed using ImageJ. The nuclear
area was determined with the DAPI staining and nuclear
as well as whole cell STAT1 fluorescence intensities were
measured and percentage of nuclear STAT1 was calculated.

REFERENCES
1. Lao VV, Grady WM. Epigenetics and colorectal cancer. Nat
Rev Gastroenterol Hepatol. 2011; 8:686-700.
2. Schwitalla S, Ziegler PK, Horst D, Becker V, Kerle I,
Begus-Nahrmann Y, Lechel A, Rudolph KL, Langer R,
Slotta-Huspenina J, Bader FG, Prazeres da Costa O, Neurath
MF, Meining A, Kirchner T, Greten FR. Loss of p53 in
enterocytes generates an inflammatory microenvironment
enabling invasion and lymph node metastasis of carcinogeninduced colorectal tumors. Cancer Cell. 2013; 23:93-106.
3. Wang Y, Velho S, Vakiani E, Peng S, Bass AJ, Chu GC,
Gierut J, Bugni JM, Der CJ, Philips M, Solit DB, Haigis
KM. Mutant N-RAS protects colorectal cancer cells
from stress-induced apoptosis and contributes to cancer
development and progression. Cancer Discov. 2013;
3:294-307.
4. Huch M, Dorrell C, Boj SF, van Es JH, Li VS, van de
Wetering M, Sato T, Hamer K, Sasaki N, Finegold MJ, Haft
A, Vries RG, Grompe M, Clevers H. In vitro expansion
of single Lgr5+ liver stem cells induced by Wnt-driven
regeneration. Nature. 2013; 494:247-250.
5. Becker C, Fantini MC, Wirtz S, Nikolaev A, Lehr HA, Galle
PR, Rose-John S, Neurath MF. IL-6 signaling promotes tumor
growth in colorectal cancer. Cell Cycle. 2005; 4:217-220.
6. Corvinus FM, Orth C, Moriggl R, Tsareva SA, Wagner S,
Pfitzner EB, Baus D, Kaufmann R, Huber LA, Zatloukal
K, Beug H, Ohlschlager P, Schutz A, Halbhuber KJ,
Friedrich K. Persistent STAT3 activation in colon cancer
is associated with enhanced cell proliferation and tumor
growth. Neoplasia. 2005; 7:545-555.

ACKNOWLEDGMENTS
We thank Dr’s Antonis Koromilas and Shuo Wang,
Department of Oncology, Faculty of Medicine, McGill
www.impactjournals.com/oncotarget

51105

Oncotarget

7. Tsareva SA, Moriggl R, Corvinus FM, Wiederanders
B, Schutz A, Kovacic B, Friedrich K. Signal transducer
and activator of transcription 3 activation promotes
invasive growth of colon carcinomas through matrix
metalloproteinase induction. Neoplasia. 2007; 9:279-291.

predisposing pathologies. Oncotarget. 2015; 6:1485214864. doi:10.18632/oncotarget.4032.
22. Musteanu M, Blaas L, Mair M, Schlederer M, Bilban M,
Tauber S, Esterbauer H, Mueller M, Casanova E, Kenner
L, Poli V, Eferl R. Stat3 is a negative regulator of intestinal
tumor progression in Apc(Min) mice. Gastroenterology.
2010; 138:1003-1011 e1001-1005.

8. Triantafillidis JK, Nasioulas G, Kosmidis PA. Colorectal
cancer and inflammatory bowel disease: epidemiology,
risk factors, mechanisms of carcinogenesis and prevention
strategies. Anticancer Res. 2009; 29:2727-2737.
9. Quante M, Varga J, Wang TC, Greten FR. The
gastrointestinal tumor microenvironment. Gastroenterology.
2013; 145:63-78.

23. Grabner B, Schramek D, Mueller KM, Moll HP, Svinka
J, Hoffmann T, Bauer E, Blaas L, Hruschka N, Zboray K,
Stiedl P, Nivarthi H, Bogner E, Gruber W, Mohr T, Zwick
RH, et al. Disruption of STAT3 signalling promotes KRASinduced lung tumorigenesis. Nat Commun. 2015; 6:6285.

10. Corcoran RB, Contino G, Deshpande V, Tzatsos A, Conrad
C, Benes CH, Levy DE, Settleman J, Engelman JA,
Bardeesy N. STAT3 plays a critical role in KRAS-induced
pancreatic tumorigenesis. Cancer Res. 2011; 71:5020-5029.

24. Stancato LF, David M, Carter-Su C, Larner AC, Pratt
WB. Preassociation of STAT1 with STAT2 and STAT3 in
separate signalling complexes prior to cytokine stimulation.
J Biol Chem. 1996; 271:4134-4137.

11. Gough DJ, Corlett A, Schlessinger K, Wegrzyn J, Larner AC,
Levy DE. Mitochondrial STAT3 supports Ras-dependent
oncogenic transformation. Science. 2009; 324:1713-1716.

25. Ginter T, Bier C, Knauer SK, Sughra K, Hildebrand
D, Munz T, Liebe T, Heller R, Henke A, Stauber RH,
Reichardt W, Schmid JA, Kubatzky KF, Heinzel T, Kramer
OH. Histone deacetylase inhibitors block IFNgammainduced STAT1 phosphorylation. Cell Signal. 2012;
24:1453-1460.

12. Cheon H, Stark GR. Unphosphorylated STAT1 prolongs
the expression of interferon-induced immune regulatory
genes. Proc Natl Acad Sci U S A. 2009; 106:9373-9378.

26. Regis G, Pensa S, Boselli D, Novelli F, Poli V. Ups and
downs: the STAT1:STAT3 seesaw of Interferon and gp130
receptor signalling. Semin Cell Dev Biol. 2008; 19:351-359.

13. Cheon H, Yang J, Stark GR. The functions of signal
transducers and activators of transcriptions 1 and 3 as
cytokine-inducible proteins. J Interferon Cytokine Res.
2011; 31:33-40.

27. Hirahara K, Onodera A, Villarino AV, Bonelli M, Sciume
G, Laurence A, Sun HW, Brooks SR, Vahedi G, Shih HY,
Gutierrez-Cruz G, Iwata S, Suzuki R, Mikami Y, Okamoto
Y, Nakayama T, et al. Asymmetric Action of STAT
Transcription Factors Drives Transcriptional Outputs and
Cytokine Specificity. Immunity. 2015; 42:877-889.

14. Simpson JA, Al-Attar A, Watson NF, Scholefield JH, Ilyas
M, Durrant LG. Intratumoral T cell infiltration, MHC class
I and STAT1 as biomarkers of good prognosis in colorectal
cancer. Gut. 2010; 59:926-933.
15. Gordziel C, Bratsch J, Moriggl R, Knosel T, Friedrich
K. Both STAT1 and STAT3 are favourable prognostic
determinants in colorectal carcinoma. Br J Cancer. 2013;
109:138-146.

28. Knosel T, Chen Y, Hotovy S, Settmacher U, AltendorfHofmann A, Petersen I. Loss of desmocollin 1-3 and
homeobox genes PITX1 and CDX2 are associated with
tumor progression and survival in colorectal carcinoma. Int
J Colorectal Dis. 2012; 27:1391-1399..

16. Stark GR, Darnell JE, Jr. The JAK-STAT pathway at
twenty. Immunity. 2012; 36:503-514.

29. Mueller KM, Kornfeld JW, Friedbichler K, Blaas L, Egger
G, Esterbauer H, Hasselblatt P, Schlederer M, Haindl S,
Wagner KU, Engblom D, Haemmerle G, Kratky D, Sexl V,
Kenner L, Kozlov AV, et al. Impairment of hepatic growth
hormone and glucocorticoid receptor signaling causes
steatosis and hepatocellular carcinoma in mice. Hepatology.
2011; 54:1398-1409.

17. Kaler P, Owusu BY, Augenlicht L, Klampfer L. The Role
of STAT1 for Crosstalk between Fibroblasts and Colon
Cancer Cells. Front Oncol. 2014; 4:88.
18. Kim HS, Lee MS. STAT1 as a key modulator of cell death.
Cell Signal. 2007; 19:454-465.
19. Widschwendter A, Tonko-Geymayer S, Welte T,
Daxenbichler G, Marth C, Doppler W. Prognostic
significance of signal transducer and activator of
transcription 1 activation in breast cancer. Clin Cancer Res.
2002; 8:3065-3074.

30. Cui Y, Hosui A, Sun R, Shen K, Gavrilova O, Chen W,
Cam MC, Gao B, Robinson GW, Hennighausen L. Loss
of signal transducer and activator of transcription 5
leads to hepatosteatosis and impaired liver regeneration.
Hepatology. 2007; 46:504-513.

20. Wu P, Wu D, Zhao L, Huang L, Shen G, Huang J, Chai
Y. Prognostic role of STAT3 in solid tumors: a systematic
review and meta-analysis. Oncotarget. 2016. doi:10.18632/
oncotarget.7887.

31. Kasper M, Regl G, Eichberger T, Frischauf AM, Aberger
F. Efficient manipulation of Hedgehog/GLI signaling using
retroviral expression systems. Methods Mol Biol. 2007;
397:67-78.

21. Lombardi S, Fuoco I, di Fluri G, Costa F, Ricchiuti A,
Biondi G, Nardini V, Scarpato R. Genomic instability
and cellular stress in organ biopsies and peripheral blood
lymphocytes from patients with colorectal cancer and
www.impactjournals.com/oncotarget

32. Tomayko MM, Reynolds CP. Determination of
subcutaneous tumor size in athymic (nude) mice. Cancer
Chemother Pharmacol. 1989; 24:148-154.
51106

Oncotarget

