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IL-6/STAT3/SOCS3 signaling pathway playing  
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Abstract: Objective: Large-scale clinical studies have shown that ulcerative colities were related with colorectal can-
cer. In this study, animal model was established by AOM/DSS method to explore the activation of IL-6-STAT3-SOCS3 
signaling pathway and the expression of pathway-related proteins in ulcerative colitis carcinogenesis, in order to lay 
a foundation for exploring the regulation mechanism of IL-6/STAT3/SOCS3 signaling pathway in ulcerative colitis 
carcinogenesis. Method: AOM/DSS modeling method was used to establish animal models of ulcerative colitis 
carcinogenesis; colonic mucosa specimens were collected at different time points for pathological examination. 
Immunohistochemical method and western blot were used to detect the expression of IL6, STAT3 and SOCS3 pro-
tein in the control group, UC model + empty vector group and UC model + STAT3 knockout group. Results: In UC 
model + empty vector group, IL6 and STAT3 expression was increased as lesion degree increased (P < 0.05). The 
expression of SOCS3 was weakened and the degree of activation decreased (P < 0.05). IL6 expression increased 
in UC model + STAT3 knockout group (P < 0.05) while the expression of SOCS3 decreased; compared with the UC 
model + empty vector group, there was a significant difference (P < 0.05). Conclusion: The expression and activation 
of IL6 and STAT3 expression were enhanced in ulcerative colitis carcinogenesis, and their expression increased with 
the lesion degree increased, reflecting the disease progression to a certain extent. The expression and activation of 
SOCS3 expression decreased. STAT3 had a certain effect on the expression of SOCS3, playing a certain regulatory 
role in ulcerative colitis carcinogenesis.
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Introduction

Ulcerative colitis is an unexplained chronic and 
non-specific inflammatory bowel disease. It is 
easy to seizure and is a well-recognized dis-
ease difficult to treat. At the same time, the 
disease has a trend of canceration in long-term 
unhealing patients [1]. Clinical studies confirm- 
ed that ulcerative colitis had some relevance 
with colorectal cancer incidence. The occur- 
rence of ulcerative colitis-related colorectal 
cancer experienced the pathological process  
of “inflammation-dysplasia-cancer” [2]. Recent 
studies have found that, JAK-STAT signaling 
pathway plays an important role in the inflam- 
mation-induced tumors. Nguyen et al [3] had 
found that STAT3 colon played an important 
role in inflammation-induced malignant tumors, 
primarily by Treg cell infiltration. Chakilam et al 

[4] found that the TNF-IL-6-STAT3 signaling 
pathway played an important role in UC- 
associated tumors. Compared to normal UC, 
death-associated protein kinase (DAPK) level 
was higher and phosphorylated STAT3 level was 
lower in cancerated UC epithelial cells. STAT3 
combined with the anti-inflammatory promoter 
region of DAPK to inhibit DAPK expression,  
and induced IL-6 expression to strengthen  
self activation. SOCS3 activation has STAT3 
dependent pathway and STAT3-independent 
pathway; in the development of UC to CRC, IL-6-
STAT3-SOCS3 signaling pathway has different 
levels of activation, with different effects on the 
system and local immune function [5]. In this 
study, ICR male mice and STAT knockout mice 
were treated with AOM/DSS modeling method 
to obtain target animal models; colonic mucosa 
specimens were collected at different time 
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Table 1. Colorectal histological score
Characteristics of the colon in light microscopy Score
Normal mucosa without damage 0
Crypt glands lost 1/3 1
Crypt glands lost 2/3 2
Crypt glands were all lost. Monolayer epithelial which was covered with lamina propria were existed and accompanied with inflammatory cell infiltration 3
Epithelial erosion and destruction were existed and accompanied with significant inflammatory cell infiltration 4
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points for pathological and protein expression 
detection, in order to explore the regulatory role 
of IL-6/STAT3/SOCS3 signaling pathway in 
ulcerative colitis carcinogenesis.

Material and methods

Material

ICR male mice and STAT3 knockout mice were 
purchased from the Western Biotechnology, 
Chongqing, China. According to the previous 
protocol [6], the establishment of UC ani- 
mal models with pathological process of 
“Inflammation-dysplasia-cancer” was perform- 
ed. The mice were divided into control group, 
UC model + empty vector group and UC model 
+ STAT3 knockout group; meanwhile, 5 mice  
in each group were sacrificed respectively at 
the endof 2nd, 4th, 6th, 8th, 10th and 12th 
week and colorectal tissues were collected for 
pathological observation. Peripheral blood sam- 
ples were collected. The colon tissue was cut 
longitudinally, spreaded and observed; ulcers, 

inflammation, mass and tumor were recorded. 
The sites with the most serious ulcer, atypical 
hyperplasia and tumors were separately inter-
cepted, and tissue samples were collected and 
fixed in 4% formalin for paraffin embedding and 
sectioning.

Methods

Pathological examination: HE staining of mice 
colorectal tissues obtained at different time 
points was performed; and histopathological 
scoring was condcuted according to the criteria 
shown in Table 1.

Immunoassay: ELISA assay was used to detect 
the expression of IL-6, STAT3 and SOCS3. ELISA 
kit was provided by Beijing Mebo biotechnology 
company; detection was performed strictly in 
accordance with the operating instructions; 
measuring instrument was the ELISA analyzer 
provided by Beijing Shengda medical equip-
ment company.

Figure 1. The image of pathological inflammation in mice. A: Normal mucosa; B-D: Mucosal pathological images at 
different times.
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Western blot: Western blot for all biological 
samples was performed by Beijing Han Heng 
Biotechnology Co., LTD.

Statistical analysis

Spss20.0 software was used for statistical 
analysis; descriptive analysis, normality test 
and homogeneity of variance test were per-
formed; in the descriptive analysis, normally 
distributed data were expressed as Mean ± SD; 
normally distributed data were analyzed by 
homogeneity of variance test before indepen-
dent sample t-test; Spear-man method was 

longing, there were a large number of inflam-
matory cell infiltrations (Figure 1B-D), submu-
cosal lymphocyte proliferation accompanied by 
the generation of lymphoid bubble, irregular 
gland arrangement, loss of polarity, deeply 
stained nuclei, increased nuclear cytoplasm 
ratio, and different degrees of dysplasia; and 
the evolution of “inflammation-dysplasia-can-
cer” was observed in the same colorectal can-
cer sample (Figure 2A-C).

UC model + STAT3 knockout group: All mice  
had shown a significant inflammatory response 
which were similar with the results that shown 

Figure 2. Inflammation-dysplasia-cancer carcinogenesis pathological process. A: Mild dysplasia; B: The severe 
dysplasia; C: Invasive cancer.

Figure 3. IL-6 expression level in different groups at different stages.

used for correlation analy-
sis; P < 0.05 indicated a 
statistically significant di- 
fference.

Results

Pathological changes (HE 
staining)

Control group: intestinal 
epithelial integrity, regular 
gland arrangement, normal 
crypt; no congestion and 
edema, erosion, ulceration, 
and inflammatory cell infil-
tration (Figure 1A).

UC model group + empty 
vector: After two weeks, the 
mice had shown significant 
inflammations, epithelial 
cell injury and shedding, 
varying degrees of disap-
pearence of glandular 
structures; with time pro-
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in (Figure 1B-D), but over time, only few mice 
showed the same “Inflammation-dysplasia-
cancer” sequence evolution with the UC model 
group + empty vector group (Figure 2A-C); while 
the vast majority of mice only showed signifi-
cant inflammatory response.

ences in the IL6 expression level in early (2 
weeks) sacrificed mice among different groups 
(P > 0.05). In the mice sacrificed after four or 
more weeks, the expression levels of IL-6 in UC 
model + empty vector and UC model + STAT3 
knockout groups were significantly higher than 

Figure 4. SATA3 expression levels in different groups at different stages.

Figure 5. SOCS3 expression levels in different groups at different stages.

Immunohistochemical 
results

ELISA to detect differences 
in IL6 level: At different 
time points, IL-6 levels in 
UC model + empty vector 
and UC model + STAT3 
knockout groups were sig-
nificantly higher than that 
in the control group (P < 
0.01), and there was no  
significant difference bet- 
ween UC model + empty 
vector group and UC model 
+ STAT3 knockout group in 
IL-6 level (P > 0.05, Figure 
3).

ELISA to detect differences 
in STAT3 level: At different 
time points, STAT3 level in 
UC model + empty vector 
group was significantly hig- 
her than that in the control 
group (P < 0.01); no STAT3 
had been found in UC 
model + STAT3 knockout 
group as shown in Figure 4.

ELISA to detect differences 
in SOCS3 level: At different 
time points, SOCS3 levels 
in the control group and  
the UC model + STAT3 kn- 
ockout group were signifi-
cantly higher than that in 
UC model + empty vector 
group (P < 0.01), and there 
were significant differences 
between UC model + empty 
vector group and UC model 
+ STAT3 knockout group  
in SOCS3 level (P < 0.01, 
Figure 5).

Western blot results

Differences in IL6 protein 
expression: Western blot 
assay showed that there 
were no significant differ-
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that in the control group (P < 0.01); while there 
was no significant difference between the UC 
model + empty vector group and UC model + 
STAT3 knockout group (P > 0.05, Figures 6, 7).

Differences in STAT3 protein expression: West- 
ern blot assay showed that there were no sig-
nificant differences in the STAT3 expression 
level in early (2 weeks) sacrificed mice among 
different groups (P > 0.05). In the mice sacri-
ficed after four or more weeks, the expression 
level of STAT3 in UC model + empty vector 

were 0.703 and -0.662, respectively. In the UC 
model + STAT3 knockout group, the three 
factors showed no correlation (P > 0.05, data 
not shown).

Discussion

In recent years, as people’s living standards 
improve, the incidence of UC has a significantly 
increasing trend [7]. With studies being carried 
out on the pathogenesis of UC, people have a 
certain understanding of the disease. Most 

Figure 6. IL-6 protein expression in different time points in each group.

Figure 7. IL-6 protein expression level in different group at different stages.

group was significantly hig- 
her than that in the control 
group (P < 0.01, Figures 8, 
9). No STAT3 expression 
was found in UC model + 
STAT3 knock out group.

Differences in SOCS3 pro-
tein expression: Western 
blot assay showed that 
there were no significant 
differences in the SOCS3 
expression level in early (2 
weeks) sacrificed mice am- 
ong different groups (P > 
0.05). In the mice sacri-
ficed after four or more 
weeks, the expression lev-
els of SOCS3 in control gro- 
up and UC model + STAT3 
knock-out group were sig-
nificantly higher than that 
in UC model + empty vect- 
or group (P < 0.01); mean-
while, there were signifi-
cant differences between 
the UC model + empty vec-
tor group and UC model + 
STAT3 knockout group (P < 
0.05, Figures 10, 11).

Correlation analysis on ex- 
pression of IL-6, STAT3 and 
SOCS3: Spearman correlat- 
ion analysis showed that in 
the UC model + empty vec-
tor group, IL6 protein 
expression level had posi-
tive correlation with STAT3 
protein expression , which 
had negative correlation 
with SOCS3 protein expres-
sion (P < 0.01) with r values 
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scholars believe that cytokine imbalance is a 
core part of UC which induces non-specific 
intestinal inflammation [8].

IL-6/STAT3/SOCS3 signaling pathway partici-
pated in the inflammatory-atypical hyperplasia-
cancer complex pathological processes broad-
ly. Most people believed that STAT3 was closely 
related to body’s inflammatory response, 

which played a key role on this path can be 
used as diagnostic indicators of UC induced 
cancer. It also can provide reliable reference for 
early treatment and prevention of this disease 
[11].

IL-6, STAT3, SOCS3 were different part of IL-6/
STAT3/SOCS3 signaling pathway. We consider 
alleviating the condition by blocking this path-

Figure 8. IL-6 protein expression in different time points in each group.

Figure 9. SATA3 protein expression level in different group at different stages.

immune response and 
apoptosis process. Many 
studies have been report-
ed STAT3 played an impor-
tant role in mice with UC 
model and humans with 
certain acute and chronic 
inflammation diseases [9]. 
Thus, more and more peo-
ple concerned IL-6/STAT3/
SOCS3 signaling pathway.

IL-6/STAT3 signaling path-
way received stimulation of 
extracellular signals, involv- 
ed in the regulation, devel-
opment, apoptosis and oth- 
er physiological processes 
of cell growth. Many cyto-
kines and growth factors 
completed signal transduc-
tion through IL-6/STAT3 sig-
naling pathway, including 
SOCS3, EGF, etc. In the 
DSS-induced colitis model, 
the activation of STAT3 was 
reduced in IL6 gene-defi-
cient mice to some degree 
and the colitis progress 
was slow, so we consider 
that IL-6/STAT3 was an 
important pathways for the 
progress of inflammatory 
bowel disease [10].

Because IL-6/STAT3 path-
way persistently presented 
full activation in the ulcer-
ative colitis carcinogene-
sis, and the degree of acti-
vation showed a positive 
correlation with progress of 
the disease to a certain 
degree. Therefore detec-
tion of molecule and the 
corresponding target genes 
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way. In our study, animal experiments showed 
that in UC mouse with STAT3 knock-out, the 
product of SOCS3 and its protein content 
changed significantly in volume, indicating that 
STAT3 played a certain role in the remission of 
disease, but it did not completely block the 
progress of the disease.

Conclusion

This study successfully established the animal 
model of UC “Inflammation-dysplasia-cancer” 
pathological processes. The study found that 
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the expression and activa-
tion of IL6 and STAT3 
increased during carcino-
genesis in ulcerative colitis. 
To some extent, the expres-
sion of both two factors 
increased with the progress 
of the disease. SOCS3 
expression weakened, and 
the degree of activation 
decreased. STAT3 had a 
certain effect on the expres-
sion of SOCS3, and had a 
certain regulation on ulcer-
ative colitis carcinogenesis 
to a certain extent. With fur-
ther researches on the 
mechanisms of UC disease, 
it is expected to provide a 
new way of thinking for 
treatment.
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