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Abstract. The aim of the present study was to investigate 
the effect of the IL‑6/STAT3 signaling pathway on intestinal 
epithelial barrier injury in patients with ulcerative colitis 
(UC). Fifty‑two patients with UC and 21 healthy subjects 
were recruited. The expression level of IL‑6 in plasma was 
determined by ELISA. Normal human colon mucosal epithe‑
lial NCM460 cells were treated with IL‑6 or plasma from the 
patients with UC. Then, the transepithelial electrical resistance 
value, fluorescein yellow permeability and zonulin release 
were evaluated. Using reverse transcription‑quantitative 
(q)PCR and western blotting, claudin (CLDN) 1 and CLDN2 
expression levels were analyzed. Furthermore, western blot‑
ting was used to detect phosphorylation of STAT3. Chromatin 
immunoprecipitation‑qPCR was performed to investigate the 
enrichment of H3K27ac in the promoter regions of CLDN1 
and CLDN2. The present study revealed that IL‑6 content was 
elevated in the plasma from patients with UC and increased 
with the progression of the disease. IL‑6 was also observed 
to induce intestinal epithelial cell barrier injury and regu‑
late barrier function by influencing the expression of tight 
junction‑related proteins, as well as STAT3. The IL‑6/STAT3 
signaling pathway regulated transcription of CLDN1 and 
CLDN2 by affecting the enrichment of histone H3K27ac 
in their promoter regions. Thus, the significantly increased 
expression level of IL‑6 in the peripheral blood of patients 
with UC indicates a positive association with the development 
of UC. Furthermore, the IL‑6/STAT3 signaling pathway influ‑
ences the function of the intestinal barrier by affecting the 
H3K27ac level in intestinal epithelial cells.

Introduction

Ulcerative colitis (UC) is a common clinical gastrointestinal 
disease with unclear causes (1). UC is essentially a chronic 
non‑specific inflammatory disease that invades colonic 
mucosa (2). It usually begins in the left half of the colon and 
gradually develops throughout the colon towards the proximal 
region (2,3). Patients with UC exhibit different degrees of 
clinical symptoms (4). UC is mainly associated with infection, 
immunology, genetic and mental factors, among which the 
infection and immunology factors predominate (5,6).

IL‑6 is a multi‑functional cytokine that binds to soluble 
IL‑6 receptor (IL‑6R) to form the IL‑6/IL‑6R protein complex, 
leading to activation of glycoprotein 130 on the surface of the 
cell membrane and the upregulated phosphorylation of STAT3 
protein (7,8). STAT3, a member of the STAT family, is an impor‑
tant downstream protein in the IL‑6 signaling chain, and it has 
four isomers STAT3α, STAT3β, STAT3γ and STAT3ε (9,10). 
STAT3 predominantly functions as a transcriptional factor 
and its functional structural unit is composed of seven parts: 
N‑terminal tetramerization domain (NH2), coiled‑coil domain 
(CCD), DNA‑binding domain (DBD), linker domain, Src 
homology 2 (SH2) domain, SH3 domain and C‑terminal tran‑
scriptional activation domain (TAD) (11). NH2 is primarily 
responsible for tetramerization of STAT; CCD provides sites 
for protein interaction; DBD specifically binds to IFN‑γ 
palindrome sequence; linker domain stabilizes DBD; SH2 is 
involved in the formation of STAT3 dimer; and the serine in 
TAD activates STAT3 and regulates gene transcription (12). 
The IL‑6/STAT3 signaling pathway is important in physi‑
ological and pathological processes, such as tumors, immune 
diseases and angiogenesis, presenting as important targets for 
clinical treatment (13,14). Histone modification is an important 
means for regulating gene transcription, in which enrichment 
of H3K27ac in the promoter region is conducive to the opening 
of chromatin and promotes gene transcription (15).

Intestinal epithelial cells are the basic unit of the intes‑
tinal physical barrier and absorption function  (16). The 
small intestine of mammalians consists of villi and lacunae 
covered by stratified columnar epithelial cells and there are 
endocrine cells, goblet cells and lymphocytes among the intes‑
tinal epithelial cells (17). The ability of intestinal self‑repair 
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is closely associated with the proliferation and migration of 
intestinal epithelial cells. After injuries, intestinal epithelial 
cells undergo self‑repair by their own proliferation and 
migration to the injured site (18). If the intestinal epithelial 
cells are seriously damaged, the self‑repair of the intestinal 
tract becomes difficult (18). Cytokines, including IL‑18, IL‑10 
and IL‑6, have been proven to play important roles in local 
inflammation, repair and damage of tissues (19). However, the 
role of the IL‑6/STAT3 signaling pathway on intestinal injury 
remains unclear. Thus, in the present study, the effect of the 
IL‑6/STAT3 signaling pathway on intestinal epithelial cells 
was investigated at the tissue and cellular levels.

Materials and methods

Subjects. Fifty‑two patients with UC (33 males and 19 females; 
mean age, 48.7±4.6 years) received treatment at The First 
Affiliated Hospital of Jinzhou Medical University (Jinzhou, 
China) between August 2018 and June 2019, and were included 
in the experimental group. Among the 52 patients with UC, 23 
were active cases and 29 were in remission. The patients were 
grouped according to the severity of the disease as follows: 
Mild (n=16); moderate (n=18); and severe (n=18). During the 
same period, 21 healthy subjects who underwent a physical 
examination at The First Affiliated Hospital of Jinzhou Medical 
University were included as the control group (14 males and 
7 females; mean age, 42.6±5.4 years). None of the patients 
had other intestinal infections, tumors, rheumatism or other 
autoimmune diseases. Fasting peripheral blood (10 ml) was 
collected from all subjects and centrifuged at 4,000 x g at 4˚C 
for 10 min to separate plasma. All procedures performed in 
the current study were approved by the Ethics Committee of 
Jinzhou Medical University and written informed consent was 
obtained from all patients or their families.

Cell culture. Normal human colon mucosal epithelial NCM460 
cells (American Type Culture Collection) were cultured in 
DMEM supplemented with 10% fetal bovine serum (HyClone; 
Cytiva), 100 IU/ml penicillin and 100 IU/ml streptomycin 
at 37˚C, 5% CO2 and 70% humidity. The cells were passaged 
every three days and those in logarithmic growth phase were 
collected for experiments.

Co‑culture of intestinal epithelial cells. NCM460 cells (1x105) 
were seeded in 24‑well plates, cultured at 37˚C and 5% CO2, 
and divided into the following groups: Negative control (NC) 
group; IL‑6 group; plasma group; plasma + IL‑6 antibody 
group; and IL‑6 + stattic group. The cells in the NC group were 
not treated. The IL‑6 group was incubated with IL‑6 recombi‑
nant protein (cat. no. abs04044; Absin Bioscience Inc.) at 37˚C 
for 24 h. The plasma group was incubated with 250 µl plasma 
from patients with UC for 24 h. The plasma + IL‑6 antibody 
group was incubated with 250 µl plasma from patients with 
UC and IL‑6 antibody (cat. no. abs101505; Absin Bioscience 
Inc.) at 37˚C for 24 h. The IL‑6 + stattic group was incubated 
at 37˚C for 24 h with IL‑6 recombinant protein and STAT3 
signaling pathway inhibitor, stattic (cat. no. abs812053; Absin 
Bioscience Inc.). The stattic was dissolved in DMSO and added 
to the culture medium to reach a concentration of 10 µm. The 
cells were collected for subsequent assays.

Enzyme‑linked immunosorbent assay (ELISA). A Human 
IL‑6 Quantikine ELISA kit (cat. no. D6050; R&D Systems, 
Inc.) was used to determine the concentration of IL‑6 and the 
Human Haptoglobin Quantikine ELISA kit (cat. no. DHAPG0; 
R&D  Systems, Inc.) was used to determine the level of 
zonulin. First, 50 µl RD1W diluent was added to each well 
of a microplate. Then, 50 µl standards and 50 µl cell culture 
supernatants were added into predefined wells before shaking 
and incubation at room temperature for 2 h. After washing the 
plate with cold PBS, 100 µl conjugate was added to each well 
before shaking and incubation at room temperature for 2 h. 
After washing the plate again with cold PBS, 100 µl substrate 
was added to each well before incubation at room temperature 
in the dark for 30 min. Then, 100 µl stop solution was added to 
each well before mixing by shaking the plate. Within 30 min, 
the absorbance at 570 nm of each well was read using a micro‑
plate reader.

Detection of intestinal epithelial cell barrier permeability. 
NCM640 cells were seeded into 6‑well plates at a density of 
1x107/well. Millicell® chambers (EMD Millipore) were placed 
into 24‑well plates. At 70% confluency, NCM640 cells were 
trypsinized and seeded into the apical end of the Millicell 
chambers at a density of 1x105/well (0.4 ml). At the basolateral 
end, 0.6 ml DMEM was added, followed by incubation at 37˚C 
and 5% CO2 for 24 h. After replacing the medium, the cells 
were incubated at 37˚C for 10 days. On days 2, 5, 8 and 10, 
transepithelial electrical resistance (TEER) was determined 
to evaluate paracellular permeability. A Millicell‑Electrical 
Resistance System transmembrane resistance meter was used 
to analyze cell transmembrane resistance, which was calculated 
as follows: Transmembrane resistance of intestinal epithelial 
cells=(value of sample well‑value of blank well) x Millicell 
membrane area (Ω·cm2). The analysis was performed at 37˚C 
in triplicate, and the mean value was taken as the TEER. 
Approximately 14‑21 days later, the cells formed a compact 
monolayer and the TEER increased significantly, indicating 
that the barrier of intestinal epithelial cells was formed and 
ready for subsequent experiments.

Western blotting. After 24  h of culture, the medium was 
discarded, and the cells were washed twice with cold PBS. RIPA 
lysis buffer and protease inhibitor PMSF (Beyotime Institute 
of Biotechnology) were added to the cells, which were lysed on 
ice for 5 min. Following centrifugation at 4˚C and 12,000 x g 
for 10 min, the supernatant was collected and mixed with 5X 
loading buffer (Beyotime Institute of Biotechnology), followed 
by incubation in a boiling water bath for 10 min. The samples 
(5 µl) were electrophoresed with 10% SDS‑PAGE at 100 V and 
transferred to a PVDF membrane at 250 mA for 1 h on ice. 
After blocking with 50 g/l skimmed milk at room temperature 
for 1 h, the membranes were incubated with rabbit anti‑human 
H3K27ac (1:1,000; cat. no. 8173; Cell Signaling Technology, 
Inc.), phosphorylated (p)‑STAT3 (1:1,000; cat. no. 9145; Cell 
Signaling Technology, Inc.), STAT3 (1:1,000; cat. no. 12640; 
Cell Signaling Technology, Inc.) or GAPDH (1:4,000) primary 
antibodies (cat. no. ab9485; Abcam) at 4˚C overnight. After 
washing with TBST three times for 10 min, horseradish perox‑
idase‑labelled goat anti‑rabbit secondary antibody (1:4,000; 
cat. no. ab6721; Abcam) was added for incubation at room 
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temperature for 1 h. After washing with TBST three times for 
10 min, the membranes were developed with electrochemilu‑
minescence solution (Beyotime Institute of Biotechnology). 
The expression of target proteins was calculated against 
GAPDH.

Fluorescein diffusion experiment. NCM640 cells (1x106) 
were added to a Transwell chamber and cultured overnight. 
After washing the cells with HBSS (pH 7.4) three times, the 
cells were incubated with HBSS at 37˚C for 30 min. After 
discarding the HBSS, fluorescein (40 µg/ml) was added to the 
top of the Transwell chamber, followed by incubation at 37˚C 
for 1 h (20). Then, fluid from the lower chamber was collected 
for the determination of absorbance using a fluorescence 
spectrophotometer (excitation wavelength, 427 nm; emission 
wavelength, 536 nm). The fluorescence intensity was calculated 
to analyze the degree of diffusion of fluorescein (20).

Total RNA extraction. Cells (1x106) were lysed with 1 ml 
TRIzol® (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions, before extraction of total RNA. 
mRNA was reverse‑transcribed into cDNA using a BeyoRT™ 
II cDNA First Strand Synthesis Kit (Beyotime Institute of 
Biotechnology) and stored at ‑80˚C. The reaction system was 
composed of 5 µl RNA template, 1 µl Oligo(dT)18 primer, 
4 µl reaction buffer (5X), 1 µl RNase inhibitor (20 U/µl), 1 µl 
dNTP Mix (10 mM each), 1 µl BeyoRT II M‑MLV reverse 
transcriptase and 7 µl H2O. After thorough mixing, reverse 
transcription (RT) was performed at 42˚C for 60 min. Then, 
RNAase‑free H2O was added to the RT product to reach a total 
volume of 50 and 5 µl was used for subsequent quantitative 
PCR (qPCR).

qPCR. The expression levels of claudin (CLDN) 1 and CLDN2 
mRNA were determined using a BeyoFast™ Probe qPCR kit 
(Beyotime Institute of Biotechnology) with GAPDH serving 
as an internal reference. The reaction system (30 µl) was 
composed of 5 µl cDNA, 10 µl BeyoFast Probe qPCR Mix, 1 µl 
upstream primer, 1 µl downstream primer and 13 µl ddH2O. 
The reaction conditions were as follows: Initial denaturation 
at 95˚C for 5 min; denaturation at 95˚C for 30 sec, annealing 
at 60˚C for 30 sec and elongation at 72˚C for 1 min (40 cycles); 
final elongation at 72˚C for 5 min. The primer sequences were 
as follows: CLDN1 forward, 5'‑TTG​GGC​TTC​ATT​CTC​GCC​
TT‑3' and reverse, 5'‑CTG​GCA​TTG​ACT​GGG​GTC​AT‑3'; 
CLDN2 forward, 5'‑CCT​TGT​ACT​TCG​CTC​CCC​TC‑3' and 
reverse, 5'‑ACA​ATG​CTG​GCA​CCG​ACA​TA‑3'; GAPDH 
forward, 5'‑CGG​AGT​CAA​CGG​ATT​TGG​TCG​TAT‑3' and 
reverse, 5'‑AGC​CTT​CTC​CAT​GGT​GGT​GAA​GAC‑3'. The 
2‑ΔΔCq method (21) was used to determine the relative expres‑
sion of CLDN1 and CLDN2 mRNA against GAPDH. Each 
sample was evaluated in triplicate.

Ch ro m a t in  i m m u n oprec ip i ta t ion  (Ch IP) ‑ qPCR. 
Co‑immunoprecipitation was performed using a SimpleChIP® 
Enzymatic Chromatin IP Kit (Magnetic Beads; Cell Signaling 
Technology, Inc.) according to the manufacturer's instructions. 
Two pairs of primers were designed for different promoters of 
CLDN1 and CLDN2 genes. The first pair of primers for CLDN1 
were: Forward, 5'‑TGC​AGA​GAC​AAG​TGA​TGG​AAC​GAC‑3' 

and reverse, 5'‑AAG​AGC​TGC​AGT​TTT​AGG​TTT​AAT​A‑3'. 
The second pair of primers for CLDN1 were: Forward, 5'‑TAT​
TAA​ACC​TAA​AAC​TGC​AGC​TCT​T‑3' and reverse, 5'‑GCT​
CCT​GTA​AGG​CGT​TTC​ACG‑3'. The first pair of primers for 
CLDN2 were: Forward, 5'‑GGC​TAG​GCC​ACT​ACT​CTC​TAG​
GC‑3' and reverse, 5'‑GCC​TGC​TGT​TTA​ATA​CAT​TGC​CA‑3'. 
The second pair of primers for CLDN2 were: Forward, 5'‑TCC​
TGG​CTT​TGT​CCA​GCT​GCC​A‑3' and reverse, 5'‑TGG​CAG​
CTG​GAC​AAA​GCC​AGG​A‑3'. The 2‑ΔΔCq method  (21) was 
used to quantify H3K27ac enrichment. qPCR was performed 
as aforementioned.

Statistical analysis. The results were analyzed using SPSS 
18.0 statistical software (SPSS, Inc.) and data are expressed as 
means ± standard deviations. All data underwent a normality 
test. If the data demonstrated normal distribution and the 
variance was homogeneous, differences between multiple 
groups were analyzed using one‑way ANOVA and Dunnett's 
test, while comparisons between two groups were performed 
using paired or unpaired Student's t‑test. If the data were 
not normally distributed or the variance was not uniform, 
differences between multiple groups were analyzed using 
Kruskal‑Wallis test and Tamhane's T2 or Dunnett's T3 method, 
while comparisons between two groups were conducted using 
the Mann‑Whitney U test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

IL‑6 content is elevated in plasma from patients with UC 
and increases with progression of the disease. ELISA was 
used to evaluate the content of IL‑6 in peripheral blood. The 
data (Fig. 1A) indicated that IL‑6 content in plasma from 
patients with UC (80.5±4.6 pg/ml) was significantly higher 
than that of the healthy subjects (22.6±2.7 pg/ml) (P<0.05). 
Furthermore, IL‑6 content in plasma from patients with active 
UC (110.5±5.1 pg/ml) was significantly higher than that in 
patients who were in remission (68.4±3.4 pg/ml) (P<0.05) 
as presented in Fig. 1B. Regarding disease severity, the IL‑6 
content in plasma from patients with UC in the moderate group 
(100.6±4.3 pg/ml) and severe group (118.7±6.4 pg/ml) was 
significantly higher than that in the mild group (58.4±2.6 pg/ml) 
(P<0.05) as presented in Fig. 1C. The results indicate that IL‑6 
levels are elevated in the plasma of patients with UC and that it 
is increases with the progression of the disease.

IL‑6 induces intestinal epithelial cell barrier injury. To 
evaluate intestinal epithelial cell barrier permeability, the 
TEER was determined and Millicell inserts were used. The 
data demonstrated that the TEER value of monolayer cells 
in the NC group was 250  Ω·cm2. After a 12‑h treatment 
with IL‑6, plasma from patients with UC or UC plasma 
containing IL‑6 antibody, the TEER values of the IL‑6 group 
and the plasma group were significantly lower than those of 
the NC group (P<0.05). In addition, the TEER value of the 
plasma + IL‑6 antibody group was significantly higher than 
that of the plasma group (P<0.05; Fig. 2A). The Millicell data 
showed that the permeability for fluorescein yellow in the 
IL‑6 group (26.5±0.65%) and plasma group (38.5±0.89%) was 
significantly higher than that in the NC group (2.53±0.14%) 
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(P<0.05). Furthermore, the permeability for fluorescein yellow 
in the plasma + IL‑6 antibody group (22.7±0.71%) was signifi‑
cantly lower than that in the plasma group (P<0.05; Fig. 2B). 
The result indicates that IL‑6 induces intestinal epithelial cell 
barrier injury.

IL‑6 regulates barrier function by influencing the expression 
of tight junction‑related proteins in the epithelium. 
Comparable to epithelial‑mesenchymal transition markers, 
E‑cadherin and N‑cadherin, CLDN1, CLDN2 and zonulin are 
markers of epithelial tight junctions. In the present study, these 
molecular markers were detected to evaluate intestinal epithe‑
lial cell barrier permeability. To analyze the effect of IL‑6 
on the release and expression of these monolayer epithelial 
cell barrier‑associated proteins, ELISA and RT‑qPCR were 
conducted. After stimulating NCM640 cells with IL‑6 for 6 h, 
the zonulin content in the culture supernatant of the cells was 
observed to be significantly higher than that of the NC group 
(P<0.05). Similarly, treatment with UC plasma also elevated 
the level of zonulin when compared to the NC group (P<0.05). 
However, addition of the IL‑6 antibody reduced the content of 

zonulin when compared with that of the plasma group (P<0.05; 
Fig. 3A). RT‑qPCR demonstrated that the mRNA expression 
levels of CLDN1 and CLDN2 in the IL‑6 or plasma group 
were significantly lower than that of the NC group (P<0.05). 
However, the addition of IL‑6 antibody significantly increased 
the expression levels of CLDN1 and CLDN2 mRNA when 
compared with the plasma group (P<0.05; Fig. 3B and C). The 
results suggest that IL‑6 regulates barrier function by influ‑
encing the expression of tight junction‑related proteins in the 
epithelium.

IL‑6 regulates the barrier function of intestinal epithelial cells 
via STAT3. To evaluate the effect of STAT3 on the barrier func‑
tion of intestinal epithelial cells, NCM640 cells were treated 
with stattic to inhibit the STAT3 signaling pathway. Western 
blotting indicated that the level of p‑STAT3 in the IL‑6 group 
was significantly higher than that in the NC group (P<0.05) and 
the level of p‑STAT3 in the IL‑6 + stattic group was signifi‑
cantly lower than in the IL‑6 group (P<0.05; Fig. 4A). The 
TEER value in the IL‑6 group was significantly lower than that 
in the NC group (P<0.05), while that in the IL‑6 + stattic group 

Figure 1. ELISA was used to determine the plasma level of IL‑6 in (A) healthy subjects or patients with UC, (B) patients in remission from UC or with active 
UC, and (C) patients with mild, moderate or severe cases of UC. *P<0.05. UC, ulcerative colitis.
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was significantly higher than that in the IL‑6 group (P<0.05; 
Fig. 4B). In addition, fluorescein yellow permeability in the 
IL‑6 group was significantly higher than that in the NC group 

(P<0.05), while that in the IL‑6 + stattic group was significantly 
lower than that in the IL‑6 group (P<0.05; Fig. 4C). ELISA 
showed that zonulin content in the culture supernatant of 

Figure 2. Effects of IL‑6 and plasma from patients with UC on intestinal epithelial cell barrier injury. (A) TEER values and (B) permeability for fluorescein 
yellow of NCM640 cells treated with IL‑6, plasma from patients with UC or UC plasma containing IL‑6 antibody. *P<0.05 vs. NC group; #P<0.05 vs. plasma 
group. UC, ulcerative colitis; TEER, transepithelial electrical resistance; NC, negative control.

Figure 3. Expression of tight junction‑related proteins. (A) Zonulin content, and (B) CLDN1 and (C) CLDN2 mRNA expression levels in NCM640 cells 
treated with IL‑6, plasma from patients with UC or UC plasma containing IL‑6 antibody. *P<0.05 vs. NC group; #P<0.05 vs. plasma group. CLDN, claudin; 
UC, ulcerative colitis; NC, negative control.
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NCM640 cells of the IL‑6 group was significantly higher 
than that in the NC group (P<0.05), while that in the IL‑6 + 
stattic group was significantly lower than that in the IL‑6 group 
(P<0.05; Fig. 4D). RT‑qPCR showed that CLDN1 and CLDN2 
mRNA expression levels in the IL‑6 group were significantly 
lower than those in the NC group (P<0.05), and that CLDN1 
and CLDN2 mRNA expression levels in the IL‑6 + stattic 

group were significantly higher than in the IL‑6 group (P<0.05; 
Fig. 4E and F). The results indicate that IL‑6 regulates the 
barrier function of intestinal epithelial cells via STAT3.

IL‑6/STAT3 signaling pathway regulates the transcription of 
CLDN1 and CLDN2 by affecting the enrichment of histone 
H3K27ac in their promoter regions. To evaluate the effect 

Figure 4. IL‑6 regulates the barrier function of intestinal epithelial cells via the STAT3 signaling pathway. (A) Ratio of p‑STAT3/total STAT3 in NCM640 
cells as determined by western blotting. (B) TEER values and (C) fluorescein yellow permeability of NCM640 cells. (D) Zonulin content, and (E) CLDN1 and 
(F) CLDN2 mRNA expression levels in NCM640 cells. NCM640 cells in the NC group were not treated; those in the IL‑6 group were treated with IL‑6 recom‑
binant protein; those in the IL‑6 + stattic group were treated with IL‑6 and STAT3 signaling pathway inhibitor, stattic. *P<0.05 vs. NC group; #P<0.05 vs. IL‑6 
group. p, phosphorylated; TEER, transepithelial electrical resistance; CLDN, claudin; NC, negative control.
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of the IL‑6/STAT3 signaling pathway on the H3K27ac 
level in NCM640 cells and H3K27ac enrichment on the 
promoter regions of CLDN1 and CLDN2, western blotting 
and ChIP‑qPCR were conducted. The data showed that the 
H3K27ac level in cells of the IL‑6 group was significantly 
lower than that in the NC group (P<0.05) and that the H3K27ac 
level in the IL‑6 + stattic group was significantly higher than 
that in the IL‑6 group (P<0.05; Fig. 5A). The enrichment of 
H3K27ac in the promoter regions of CLDN1 and CLDN2 in 
the IL‑6 group was significantly lower than in the NC group 
(P<0.05 for both), while that of the IL‑6 + stattic group was 
significantly higher than the IL‑6 group (P<0.05 for both; 
Fig.  5B  and  C). The results suggest that the IL‑6/STAT3 
signaling pathway regulates the transcription of CLDN1 and 
CLDN2 by affecting the enrichment of histone H3K27ac in 
their promoter regions.

Discussion

Injury of the intestinal epithelial barrier is the predominant 
pathological change in UC and its main characteristics include 
intestinal epithelial cell apoptosis, normal intestinal epithelial 
cell barrier damage, infiltration of subcutaneous lymphocytes 
of the intestine and cytokine expression, leading to damage of 
the intestinal epithelium (22,23). As many cytokines are found 
in the peripheral blood and intestinal tissue of patients with 

UC, the roles of these cytokines in intestinal epithelial damage 
have become a notable research topic.

IL‑6 plays important regulatory roles in cardiovascular 
diseases, lipid metabolism, mitochondrial activity, and the 
occurrence and development of tumors  (24,25). IL‑6 can 
be synthesized and secreted by almost all stromal cells and 
immune cells, such as T cells, macrophages and epithelial 
tumor cells (26,27). IL‑6 also plays important roles at different 
stages of inflammation. For example, significant quantities 
of IL‑6 are secreted by monocytes and macrophages at the 
early stage of infectious inflammation and participates in 
host immune defense  (28). Furthermore, IL‑6 participates 
in humoral immune regulation by regulating B cell func‑
tions (29). The expression of IL‑6 in the peripheral blood of 
patients with UC is significantly upregulated and the concen‑
tration of IL‑6 is negatively correlated with the response of 
patients to infliximab (30). In the present study, the level of 
IL‑6 in the peripheral blood of patients with UC was observed 
to be significantly elevated and was higher in patients with 
active UC when compared with those who were in remis‑
sion. In addition, the expression level of IL‑6 in patients with 
moderate or severe UC was higher than that in patients with 
mild UC. These results indicate that the IL‑6 expression level 
was positively associated with the progression of UC.

Intestinal barrier damage is the main pathological change 
in UC (31). The intestinal barrier includes normal flora, a 

Figure 5. IL‑6/STAT3 signaling pathway affects the transcription of CLDN1 and CLDN2 via H3K27ac. (A) Expression of H3K27ac in NCM640 cells as 
determined by western blotting. (B and C) Enrichment of H3K27ac in the promoter regions of (B) CLDN1 and (C) CLDN2 as determined by chromatin 
immunoprecipitation‑quantitative PCR. *P<0.05 vs. NC group; #P<0.05 vs. IL‑6 group. CLDN, claudin; NC, negative control.
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mucus layer, intestinal epithelial cell layer and intestinal 
immune system, among which the intestinal epithelial cells 
are particularly important in the composition and mainte‑
nance of the intestinal barrier (32). The degree of intestinal 
barrier damage can be reflected by the TEER value, the 
diffusion efficiency of fluorescein yellow and the release of 
zonulin (33). TEER is a simple and authoritative method of 
evaluating the permeability of monolayer epithelial cells (34). 
In the present study, it was found that IL‑6 and plasma from 
patients with UC significantly decreased the TEER value and 
promoted the diffusion of fluorescein yellow and the release 
of zonulin, whilst reducing the expression of tight junction 
proteins CLDN1 and CLDN2 at the molecular level. After 
adding the IL‑6 antibody, the TEER value, fluorescein yellow 
diffusion, zonulin release and the expression levels of CLDN1 
and CLDN2 in the plasma group were significantly reversed. 
These results indicated that IL‑6 promoted intestinal epithelial 
cell damage in patients with UC. As a downstream transducer 
of IL‑6, STAT3 exerts important biological functions in many 
types of disease, such as tumors, autoimmune diseases and 
pulmonary fibrosis (35,36). In the present study, the addition 
of STAT3 inhibitor recovered the damage of intestinal epithe‑
lial cells induced by IL‑6, suggesting that IL‑6 exerted its 
biological functions via STAT3.

The IL‑6/STAT3 signaling pathway is important in intes‑
tinal inflammation and colon cancer. For example, inhibition of 
the IL‑6/STAT3 signaling pathway improves intestinal injury 
in acute enteritis (37). In addition, the IL‑6/STAT3/suppressor 
of cytokine signaling‑3 (SOCS3) signaling pathway plays an 
important role in the carcinogenesis of enteritis (38). Another 
study demonstrated that the expression imbalance of the 
IL‑6/STAT3/SOCS3 signaling pathway exists in the occurrence 
of tumors associated with UC or enteritis (39). The conclusions of 
the aforementioned studies concur with the results of the present 
study. Notably, the present study also found that the permeability 
of cells in the IL‑6 rescue group was only partially restored. 
This indicates the existence of an underlying mechanism inde‑
pendent of IL‑6, which regulates intestinal epithelial barrier 
permeability. For example, recombinant IL‑17A‑dependent 
regulation of the tight junction protein occludin during epithelial 
injury impacts permeability and maintains barrier integrity (40). 
Future studies are required to investigate potential factors in the 
regulation of epithelial barrier permeability.

H3K27ac is an important histone modification. When 
H3K27ac is enriched in promoter regions, it promotes the 
opening of chromatin, so that transcriptional factors can 
combine with promoter region sequences to initiate down‑
stream gene transcription (41). In the present study, the data 
showed that CLDN1 and CLDN2 were negatively regulated 
by the IL‑6/STAT3 signaling pathway. As STAT3 is a tran‑
scription factor responsible for initiating gene transcription, 
the present study speculated that there were other factors that 
affected the expression of CLDN1 and CLDN2. It was discov‑
ered that the IL‑6/STAT3 signaling pathway directly inhibited 
the expression of H3K27ac in intestinal epithelial cells. Using 
ChIP‑qPCR, the present study demonstrated that IL‑6 reduced 
the enrichment of H3K27ac in the promoter regions of CLDN1 
and CLDN2. This indicated that the IL‑6/STAT3 signaling 
pathway affected the barrier function of intestinal epithelial 
cells by downregulating the expression level of H3K27ac.

Thus, the present study demonstrates that the expression 
level of IL‑6 in the peripheral blood of patients with UC is 
increased significantly and is positively associated with the 
development of UC. Furthermore, the IL‑6/STAT3 signaling 
pathway affects the function of the intestinal barrier by 
affecting the H3K27ac level in intestinal epithelial cells. 
However, there were certain limitations of the present study; 
only a single cell line, NCM460 was used. Although the 
NCM460 cell line is one of the most commonly used normal 
intestinal epithelial cell lines, the influence of the IL‑6/STAT3 
signaling pathway on NCM460 cells does not represent its 
impact on intestinal epithelial cells as a whole. Therefore, the 
scope of our work will be expanded further to verify this result 
on other cell lines in future studies.
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