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Abstract. The main aim of the present study was to investigate 
the dual roles and mechanism of interleukin (IL)-18 in dextran 
sulfate sodium (dSS)-induced colitis. Firstly, meta-analysis 
was used to explore whether the levels of IL-18 were different 
in patients with colon cancer or inflammatory bowel disease. 
The results demonstrated that IL-18 (rs187238, -137G/c) 
increased the incidence rate of colon cancer in patients, while 
IL-18 (rs187238, -137G/c) decreased the incidence rate of 
ulcerative colitis or crohn's disease in patients. Therefore, 
IL-18 (rs187238, -137G/c) may have a dual function in colitis. 
Next, the functional role of IL-18 in colitis was further 
investigated, by use of a DSS‑induced colitis mouse model. 
Pre‑treatment of the mice with IL‑18 increased body weight, 
augmented colon length, reduced inflammatory infiltration, 
promoted mucin (Muc)-2 expression, increased the func-
tion and quantity of goblet cells and increased the mRNA 
levels of resistin-like molecule (RELM) β and trefoil factor 
family (TFF) 3 in mice with dSS-induced colitis, through 
the IL-22/STAT3 pathway. By contrast, treatment with IL-18 
at later stages of the disease reduced body weight, decreased 
colon length, enhanced inflammatory infiltration and reduced 
Muc-2 expression, decreased the function and quantity of 
goblet cells and inhibited the mRNA levels of RELMβ and 
TFF3 in mice with dSS-induced colitis. In conclusion, IL-18 
served a dual function in colitis by regulating the function 

of goblet cells. The anti‑inflammatory effects of IL‑18 were 
observed in the early stage of colitis‑induced inflammation, 
while the pro‑inflammatory effects were observed in the 
later stages of the disease.

Introduction

The gastrointestinal tract is constantly exposed to various 
symbiotic bacteria and potential harmful microorganisms. 
Therefore, it is necessary to control the balance of the local 
immune system (1). Pathogenic immune response occurs 
upon disturbance of the enteric bacterial homeostasis, which 
is generally called inflammatory bowel disease (IBD). This 
syndrome includes two types of intestinal diseases, ulcer-
ative colitis (Uc) and crohn's disease (cd) (2). These two 
diseases are major health problems in western society, with 
an incidence of ~200/100,000. In UC, the inflammation is 
restricted in the colonic mucous layer, while cd can affect 
the entire intestinal tract (3). IBd mainly attacks at the early 
adulthood, accompanied with abdominal pain, weight loss, 
diarrhea and proctorrhagia. The risk factors of IBd develop-
ment include genetic and environmental factors (4). On the one 
hand, a study with twins and immediate relatives with high 
IBD morbidity has demonstrated the contribution of genetics 
to disease susceptibility (4). Multiple IBD‑related genes have 
been identified in recent years. However, environmental 
conditions, including high fat diet, sugar diet, smoking, stress 
and frequent use of antibiotics, are also significantly associ-
ated with higher risk of IBD. Such findings demonstrate the 
influence of environmental factors on IBD (5).

Interleukin (IL)-18 levels are elevated in patients with 
active inflammatory disease. However, a mouse study has also 
demonstrated a protective role for IL-18, since I1-18-/- and Il-18 
receptor 1 (Il-18R1)-/- mice were more susceptible to colitis and 
colitis‑related colon tumors (6). Such discrepancy may reflect 
the different roles of IL‑18 depending on timing and back-
ground. during the dextran sulfate sodium (dSS)-induced 
inflammatory process, early production of IL‑18 is vital for 
epithelial restoration and inflammation recession. However, 
in the presence of chronic and dysfunctional inflammation, 
excessive IL-18 may aggravate disease progression (7).
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IL‑22 is a member of the IL‑10 cytokine family, and it is 
strongly expressed in CD and UC. IL‑22 can bind with the 
dimer membrane receptor IL‑22R that is only expressed 
in epithelial cells, rendering IL-22 an important mediator 
between the immune system and the epithelial system (8). A 
mouse model has suggested that IL-22 serves a key role in 
restoring enteric dynamic balance during acute inflammatory 
colitis (9). The protection of IL‑22 is firstly achieved through 
inducing the expression of anti‑microbial peptides (AMPs) in 
epithelial cells (9). In addition, it can intensify the epithelial 
barrier function through mucus production by goblet cells 
and restoration of epithelial tight junctions (10). Secondly, 
the IL-22-induced survival and proliferation of epithelial 
cells can promote epithelial wound healing (11). However, 
the deterioration or uncontrollable effect of IL‑22 can result 
in other pathological conditions, such as psoriasis and 
colorectal cancer. IL‑22 is suggested to be soluble, and IL‑22 
binding protein (IL‑22BP) is a specific and effective inhibitor. 
consequently, another hypothesis for the increased incidence 
of experimental colon tumors in Il22bp-/- mice lies in the 
suppression of IL-22-induced epithelial cell proliferation (12). 
Additionally, expression of IL-22 and IL-22BP is regulated in 
the intestinal tissues during injury (12).

The present study investigated the dual roles and the 
mechanisms of IL-18 in a mouse model of dSS-induced colitis.

Materials and methods

Experimental model. Animal experiments were approved 
by the Institutional Animal Care and Welfare Committee of 
china Pharmaceutical University and performed in accor-
dance with institutional protocols. Six‑week‑old male C57BL/6 
mice (20‑21 g) were obtained from the Laboratory Animal 
center of Yangzhou University (Yangzhou, china), housed 
under standard conditions at 22±2˚C, 50±10% humidity, and 
12 h light/dark cycle and fed with standard diets and tap water 
ad libitum.

The mice (n=27) were randomly assigned into 4 groups, in 
order to generate the acute colitis model: control (n=6), dSS 
model (n=7), treatment with IL-18 (n=7), pre-treatment with 
IL-18 (n=7). Mice in the control group were given distilled 
water for 7 days. In the dSS model group, mice were admin-
istered normal water for 5 days, induced by oral intake of 2% 
dSS (w/v, dissolved in drinking water) for 7 days and then 
given normal water for an additional 3 days. In the IL-18 treat-
ment group, mice were on normal water for 5 days, induced 
by oral intake of 2% DSS (w/v, dissolved in drinking water) 
for 7 days and intraperitoneally injected with 1 µg of IL-18 for 
the last 3 days of the 7 day dSS induction period; mice were 
also intraperitoneally injected with 1 µg of IL-18 for 1 day at 
the 3 day normal water recovery period. Finally, in the IL-18 
pre-treatment group, mice were intraperitoneally injected with 
1 µg of IL‑18 for 3 days during the initial normal water 5 day 
period, then intraperitoneally injected again with 1 µg of IL-18 
for 3 days at the beginning of the DSS induction for 7 days, 
followed by recovery on normal water for 3 days (Fig. 1).

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) was used to extract 

total RNA from cells, according to manufacturer's instruc-
tions. cdNA was synthesized using SuperScript VILO cdNA 
Synthesis kit (cat. no. 11754250, Invitrogen; Thermo Fisher 
Scientific, Inc.). qPcR was performed with SYBR-Green 
Master Mix (ABI; Thermo Fisher Scientific, Inc.) on an 
ABI PRISM 7000 Sequence detection (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) under the following conditions: 
50˚C for 5 min, 95˚C for 10 min, followed by 40 cycles at 
95˚C for 30 sec and 60˚C for 30 sec. Relative gene expres-
sion was analyzed using the 2-ΔΔcq method (13). The primers 
were as follows: Resistin-like molecule (RELM) β, forward 
5'‑GCT CTT CCC TTT CCT TCT CCA A‑3' and reverse 5'‑AAC 
AcA GTG TAG GcT TcA TGc TGT A-3'; trefoil factor family 
(TFF) 3, forward 5'‑CCA AGG ACA GGG TGG ACT G‑3' and 
reverse 5'‑AAG GTG CAT TCT GCT TCC TG‑3'; GAPDH, 
forward 5'‑GGG GAA GGT GAA GGT CGG AG‑3' and reverse 
5'‑CCT GGA GAT GGT GAT GGG A‑3'.

Histopathological, periodic acid‑Schiff (PAS) and Alcian 
Blue examination. colon tissue samples were acquired and 
fixed with 4% paraformaldehyde for 24 h. Colon tissues were 
then dehydrated, embedded in paraffin, and sliced to 5 µm 
thickness sections. Sections were stained with hematoxylin 
and eosin (H&E), PAS and Alcian Blue for 5 min. colon tissue 
samples were observed using an inverted fluorescence micro-
scope (Zeiss Axio Observer A1; Carl Zeiss AG, Oberkochen, 
Germany).

Meta‑analysis
Literature search. A comprehensive literature search was 
conducted in the platforms of PubMed, Embase, Cochrane 
Library, and Web of Science. The last search was performed 
on June 2018. Words adopted were as follows: ‘IL-18’, ‘IL-18 
gene polymorphism’, ‘intestinal disease’, ‘ulcerative colitis’, 
‘colon cancer’, ‘Crohn's disease’ and ‘inflammatory bowel 
disease’. The reference lists of the full-text articles were manu-
ally examined to identify any additional publications relevant 
to our analysis.

Study selection. The following inclusion criteria were used to 
select eligible studies: i) The diagnosis of Crohn's disease or 
colon cancer was pathologically confirmed; ii) the prognostic 
value of bile acid levels in people with colon cancer, ulcerative 
colitis or Crohn's disease were reported; iii) the levels of bile 
acid were tested by gaschromatograph, thin‑layer chromatog-
raphy or gas‑liquid chromatography; iv) hazard ratios (HRs) 
and their 95% confidence intervals (CIs) for bile acid levels 
analysis were reported in text or could be computed from 
given data. The exclusion criteria were: i) Abstract, review, 
case report or comment letter; ii) animal studies; iii) duplicate 
publications.

ELISA kits. colon tissue samples were acquired and lyzed using 
RIPA assay (Beyotime Institute of Biotechnology, Haimen, 
China). Protein was quantified using a BCA kit (Beyotime 
Institute of Biotechnology). A total of 10 µg protein was used 
per sample to measure the levels of IL‑22 (cat. no EH027‑96; 
ExCell Bio, Shanghai, China) and IL‑22BP (cat. no. EK2506; 
Nanjing Senberga Biotechnology Co., Ltd., Nanjing, China) 
using ELISA kits.
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IL‑18 recombinant protein. PcR was used to generate an 
IL-18-expressing plasmid. The coding sequence (cdS) of 
IL‑18 was 479 bp and the size of the pET28a vector plasmid 
was 5,369 bp. A His tag (CAT CAT CAC CAT CAC CAT) was 
added into the CDS of IL‑18, using the primers 5'‑GCT CTA 
GAC ATC ATC ACC ATC ACC ATA AAG ATG G‑3' and 5'‑CCC 
AAG cTT TTG cTT cTG ATc-3' for the amplification. The 
thermocycling conditions were: 94˚C for 5 min, followed by 
40 cycles of 94˚C for 30 sec, 58˚C for 30 sec and 65˚C for 30 sec. 
The IL-18-expressing plasmid was then transformed into BL21 
bacterial cells, and clones were selected with kanamycin. For 
protein expression, BL21 bacteria were grown in LB medium 
containing 1mM IPTG at 30˚C for 12 h. The His tag protein puri-
fication kit (cat. no. P2226; Beyotime Institute of Biotechnology) 
was used to extract and purify the IL‑18 recombinant protein.

Immunofluorescence. colon tissue samples were acquired 
and fixed with 4% paraformaldehyde for 24 h. Colon tissues 
were then dehydrated, embedded in paraffin, sliced to 5 µm 
thickness sections. Sections were permeabilized by 0.25% 
Triton X‑100 for 10 min at room temperature and blocked with 
5% bovine serum albumin in PBS for 1 h at room tempera-
ture. Sections were incubated with mucin (Muc)‑2 targeting 
antibody (cat. no. sc‑59859; 1:100; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) at 4˚C overnight and washed with 
PBST for 15 min at room temperature. Sections were incu-
bated with secondary peroxidase‑conjugated goat anti‑rabbit 
IgG (cat. no. sc-362272, 1:100; Santa cruz Biotechnology, 
Inc.) antibody for 2 h at room temperature. Sections were then 
counterstained with DAPI for 15 min. Colon tissue samples 

were observed using an inverted fluorescence microscope 
(Zeiss Axio Observer A1; Carl Zeiss AG).

Western blot analysis. colon tissue samples were acquired and 
lyzed with RIPA buffer (Beyotime Institute of Biotechnology). 
Protein was quantified using a BCA kit (Beyotime Institute of 
Biotechnology). A total of 100 µg protein per sample was boiled 
for 5 min prior to separation by 10% SDS‑PAGE, and then 
transferred onto nitrocellulose membranes (Pall Life Sciences, 
Port Washington, NY, USA). Membranes were blocked with 
5% non‑fat milk at 37˚C for 1 h and incubated with corre-
sponding primary antibodies: IL‑18 (cat. no. BS6823; 1:2,000; 
Bioworld Technology, Inc. St. Louis Park, MN, USA), phos-
phorylated (p-) signal transducer and activator of transcription 
(Stat) 3 (cat. no. 9145; 1:1,000; Cell Signaling Technology, Inc., 
danvers, MA, USA), total Stat3 (cat. no. 12640; 1:1,000; cell 
Signaling Technology, Inc.) and GAPDH (cat. no. AP0063; 
1:5,000; Bioworld Technology, Inc.) at 4˚C overnight. 
Following 3 washes for 10 min in TBST, the membranes were 
incubated with anti‑mouse or anti‑rabbit horseradish perox-
idase‑conjugated secondary antibodies (1:5,000; Santa Cruz 
Biotechnology, Inc.) at 37˚C for 1 h. Enhanced chemilumines-
cent reagent (Beyotime Institute of Biotechnology) was used 
to develop the blots and protein was analyzed using Image 
Lab 3.0 (Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. Odds ratio (OR) and 95% confidence inter-
vals (CI) were applied to continuous outcomes: The fixed‑effects 
model was used to calculate continuous outcomes. Statistical 
heterogeneity was assessed using the I2 statistic, where a 

Figure 1. Timing of administrations in the experimental mouse groups. dSS, dextran sulfate sodium; IL, interleukin.
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value of 50% or greater indicated heterogeneity. Publication 
bias was evaluated using funnel plots. Statistical analyses for 
the meta‑analysis were performed with Revman (version 5.3). 
Experimental data were expressed as the mean ± standard 
deviation, and analyzed using SPSS 17.0 (SPSS, Inc., chicago, 
IL, USA). Differences between groups were compared with 
one‑way analysis of variance and Tukey's post hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Mutation rate of IL‑18 (rs187238, ‑137G/C) in patients 
with colon cancer. Firstly, a meta-analysis was performed 
to explore whether the levels of IL-18 were different in 
patients with colon cancer. A total of 11 (14-23) full-text 
articles were evaluated for eligibility (Table I), which were 
published from 2005 to 2015, with 5,888 patients enrolled. 
As illustrated in Fig. 2A and C and Table II, the incidence 
rate of colon cancer in patients was not affected by IL‑18 
(rs187238, -137Gc+cc or cc), compared with IL-18 -137G/G 
group. However, IL‑18 (rs187238, ‑137GC) increased the inci-
dence rate of colon cancer in patients compared with IL-18 
-137G/G (Fig. 2B; Table II). Therefore, these results demon-
strated that IL-18 (rs187238, -137G/c) increased the incidence 
rate of colon cancer in patients.

Mutation rate of IL‑18 (rs187238, ‑137G/C) in patients with 
Crohn's disease or ulcerative colitis. The incidence rate of 
Crohn's disease in patients was found to not be influenced 

by IL‑18 (rs187238, ‑137GC+CC or GC) compared with the 
IL‑18 ‑137GG group (Fig. 3A and B; Table III). However, 
IL-18 (rs187238, -137cc) reduced the incidence rate of 
crohn's disease in patients, compared with the IL-18 -137GG 
group (Fig. 3C; Table III). In European continental ancestry 
patients, IL-18 (rs187238, -137Gc+cc or cc) reduced the 
incidence rate of crohn's disease in patients, compared with 
the IL‑18 ‑137GG group (Fig. 4A and C; Table III). In addi-
tion, the incidence rate of crohn's disease in patients was 
not affected by IL‑18 (rs187238, ‑137GC), compared with 
the IL‑18 ‑137GG group (Fig. 4B; Table III). In European 
continental ancestry patients, IL-18 (rs187238, -137Gc+cc) 
reduced the incidence rate of ulcerative colitis in patients, 
compared with the IL‑18 ‑137GG group (Fig. 5A; Table III). 
However, the incidence rate of ulcerative colitis in patients was 
not influenced by IL‑18 (rs187238, ‑137GC or CC), compared 
with the IL‑18 ‑137GG group (Fig. 5B and C; Table III). These 
results demonstrated that IL-18 (rs187238, -137G/c) decreased 
the incidence rate of ulcerative colitis or crohn's disease in 
patients. However, IL‑18 (rs187238, ‑137G/c) may have a dual 
role in colitis, therefore, further study was necessary to fully 
elucidate the mechanism of IL-18 action in colitis.

Construction and verif ication of IL‑18 plasmid. An 
IL-18 expression plasmid was constructed. As illustrated 
in Fig. 6A and B, the coding sequence (cdS) of IL-18 was 
479 bp and the size of the pET28a vector plasmid was 5,369 bp. 
Gene sequencing was performed to confirm that the resulting 
cdS of IL-18 was correct (Fig. 6c). The IL-18-expressing 

Table I. Basic characteristics of included studies.

Study Year country Ethnicity cases Group cases Mutation site

Nikiteas et al 2007 Greece Europe 173 89/84 607
Haghshenas et al 2009 Iran Europe 455 143/312 607, 137
Guo et al 2012 china Asia 330 170/160 607, 137
Ben et al 2011 Tunisia Africa 246 105/59/100 607, 137
Takagawa et al 2005 Japan Asia 627 210/205/212 607, 137
Glas et al 2005 Germany Europe 615 210/140/254 607, 137
Aizawa et al 2005 Japan Asia 560 158/198/204 607, 137
Haas et al 2005 Germany Europe 1052 470/235/347 137
Bank et al 2015 Denmark Europe 1830 624/411/795 607, 137

Mutation site 607, rs1946518; mutation site 137, rs187238.

Table II. Pooled HRs and 95% CIs in meta‑analysis of patients with colon cancer.

 Heterogeneity
 --------------------------------------------------
Variable Studies I2 (%) P‑value HR 95% CI P‑value

137Gc+cc 2 87 0.006 1.26 0.94-1.69 0.13
137Gc 2 46 0.17 1.41 1.03-1.91 0.03
137cc 2 87 0.006 0.72 0.40-1.30 0.27

HR, hazard ratio; CI, confidence interval.
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plasmid was transformed into BL21 bacterial cells, and 
clones were selected with kanamycin (Fig. 6D). Western blot 

analysis was used to confirm that the generated IL‑18 plasmid 
successfully expressed the IL-18 protein (Fig. 6E).

Figure 2. Mutation rate of IL-18 (rs187238, -137G/c) in patients with colon cancer. Statistical analysis of (A) IL-18 -137Gc+cc vs. GG, (B) -137Gc vs. GG, 
and (C) ‑137CC vs. GG in patients with colon cancer. IL, interleukin; CI, confidence interval.

Figure 3. Mutation rate of IL-18 (rs187238, -137G/c) in patients with crohn's disease or ulcerative colitis. Statistical analysis of (A) IL-18 -137Gc+cc vs. GG, 
(B) ‑137GC vs. GG and (C) ‑137CC vs. GG in patients with Crohn's disease. IL, interleukin; CI, confidence interval.
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Dual roles of IL‑18 in colitis. Next, the effects of IL-18 in 
colitis were investigated. Briefly, pre‑treatment with IL‑18 prior 
to dSS administration or treatment with IL-18 concomitant to 
dSS administration were employed in dSS-induced colitis in 
mice, in order to examine the effects of IL-18 at the early and 
late stages of the disease, respectively. As illustrated in Fig. 7, 
pre‑treatment with IL‑18 increased body weight, augmented 

colon length and reduced inflammatory infiltration in mice with 
dSS-induced colitis, compared with the dSS-induced colitis 
model group. By contrast, later treatment with IL-18 reduced 
body weight, reduced colon length and increased inflammatory 
infiltration in mice with DSS‑induced colitis, compared with 
the dSS-induced colitis model group (Fig. 7). These results 
demonstrated that IL‑18 had a dual role in colitis. In specific, 

Table III. Pooled HRs and 95% CIs in meta‑analysis of patients with CD and UC.

 Heterogeneity
 -------------------------------------------------
Variable Studies I2 (%) P‑value HR 95% CI P‑value

cd
  137Gc+cc 6 28 0.22 0.88 0.76-1.01 0.07
  137GC 5 0 0.82 0.94 0.82‑1.09 0.43
  137CC 5 0 0.60 0.77 0.61‑0.97 0.03
EcA-cd
  137Gc+cc 4 0 0.44 0.83 0.71-0.97 0.02
  137Gc 4 0 0.69 0.94 0.81-1.09 0.40
  137CC 4 0 0.53 0.76 0.60‑0.96 0.02
Uc
  137Gc+cc 4 47 0.13 0.83 0.70-0.98 0.03
  137GC 4 0 0.68 0.85 0.72‑1.01 0.07
  137cc 4 22 0.08 0.89 0.66-1.21 0.46

HR, hazard ratio; CI, confidence interval CD, Crohn's disease; UC, ulcerative colitis; ECA, European continental ancestry.

Figure 4. Mutation rate of IL-18 (rs187238, -137G/c) in European continental ancestry patients with crohn's disease or ulcerative colitis. Statistical analysis 
of (A) IL-18 -137Gc+cc vs. GG, (B) -137Gc vs. GG, and (c) -137cc vs. GG in European continental ancestry patients with crohn's disease. IL, interleukin; 
CI, confidence interval.
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Figure 5. Mutation rate of IL‑18 (rs187238, ‑137G/C) in European continental ancestry patients with ulcerative colitis. Statistical analysis of (A) IL‑18 ‑137GC+CC 
vs. GG, (B) ‑137GC vs. GG and (C) ‑137CC vs. GG in European continental ancestry patients with ulcerative colitis. IL, interleukin; CI, confidence interval.

Figure 6. Construction of the IL‑18 plasmid. (A) The coding sequence of IL‑18 was amplified by polymerase chain reaction. The product was visualized by 
agarose gel electrophoresis. (B) Double digests showing the vector and the IL‑18 insert. (C) Alignment of the cloned product, as verified by sequencing, to the 
IL‑18 gene sequence. (D) BL21 bacteria expressing the IL‑18 plasmid after kanamycin selection. (E) Confirmation of successful IL‑18 protein expression by 
western blot analysis. IL, interleukin.
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IL‑18 had an anti‑inflammatory effect in the early stage of the 
disease, but a pro‑inflammatory effect in the later stage.

IL‑18 regulates the function of goblet cells in colitis. Next, 
we explored whether the dual roles of IL-18 regulated the 
function of goblet cells in colitis. As illustrated in Fig. 8, 
Alcian Blue assay, PAS assay and Muc-2 staining revealed 
that pre-treatment with IL-18 promoted Muc-2 expression, 
increased the function and quantity of goblet cells and enhanced 
the mRNA levels of resistin-like molecule (RELM) β and 
trefoil factor family (TFF) 3 in dSS-induced colitis, compared 
with the dSS-induced colitis model group. Treatment with 
IL-18 reduced Muc-2 expression, decreased the function and 
quantity of goblet cells and decreased the mRNA expression 
of RELMβ and TFF3 in dSS-induced colitis, compared with 
the dSS-induced colitis model group (Fig. 8). Therefore, the 
anti‑inflammatory effect of IL‑18 in the early stage of the 
disease promoted the function and quantity of goblet cells, 
while the pro-inflammatory effects of IL-18 hindered the 
function and quantity of goblet cells in the later stage.

IL‑18 regulates IL‑22/STAT3 signaling in colitis. The 
mechanism by which IL‑18 may regulate the function of 

goblet cells in colitis was further explored. As illustrated in 
Fig. 9, pre-treatment with IL-18 induced the phosphoryla-
tion of Stat3, increased the levels of IL‑22, but reduced the 
levels of the IL‑22‑specific inhibitor IL‑22BP in DSS‑induced 
colitis, compared with the dSS-induced colitis model group. 
Treatment with IL-18 at later stages suppressed the phosphory-
lation of Stat3, decreased the levels of IL-22 and enhanced 
the levels of the IL‑22BP inhibitor in DSS‑induced colitis, 
compared with the dSS-induced colitis model group (Fig. 9). 
Collectively, these results suggested that the anti‑inflamma-
tory effect of IL-18 in the early stage of the disease induced 
IL-22/STAT3 signaling, while the pro‑inflammatory effects of 
IL-18 suppressed the IL-22/STAT3 signaling pathway in the 
later stage, by activating IL‑22 BP.

Discussion

IBd is a major health issue, which is associated with high 
morbidity and mortality due to its repeated bloody diarrhea, 
weight loss and chronic intestinal inflammation (3). At present, 
the approved IBd therapy mainly depends on symptom 
control and inflammation suppression (24). However, the 
potential mechanism underlying the IBd pathogenesis 

Figure 7. Dual roles of IL‑18 in colitis. (A) The body weight of the experimental mice was measured throughout the experiment. (B) The length of the colon 
was measured per mouse group at the end of the experiment. (C) Inflammatory infiltration in colon tissues was evaluated by hematoxylin and eosin staining 
(magnification, x50). *P<0.05 and **P<0.01 with comparisons indicated by lines. IL, interleukin; DSS, dextran sulfate sodium.
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remains unclear (24). The currently popular IBd pathogenesis 
model is the imbalance of intestinal microbial community 
structure, or the abnormal immune response of symbiotic 
bacteria in genetically susceptible host, and/or the genesis of 
dysbiosis (24). Therefore, it is necessary to further elucidate 
the specific expression of inflammatory factors in this disease 
in order to determine the target treatment. In the present study, 
IL-18 (rs187238, -137G/c) was demonstrated to increase the 

incidence rate of colon cancer in patients, to decrease the inci-
dence rate of ulcerative colitis or crohn's disease in patients, 
and to have a dual function in a mouse model of colitis.

The IL-18-mediated protection mechanism remains 
unclear. A previous study indicates that IL-18 is mainly 
expressed in epithelial cells, and that the epithelium-derived 
IL‑18 is important to prevent DSS‑induced injury (25). IL‑18 
production is also associated with upregulation of IL-22, and 

Figure 8. Dual roles of IL‑18 in the function of goblet cell in colitis. (A) Alcian Blue and (B) PAS staining of colon tissues from the experimental mice. 
Magnification, x50. (C) Immunofluorescence staining for Muc‑2 in colon tissue sections from the experimental mice. Magnification, x50. (D) RELMβ and 
(E) TFF3 mRNA levels in colon tissue samples. **P<0.01 vs. control group; ##P<0.01 and ###P<0.001 vs. dSS group. IL, interleukin; PAS, periodic acid-Schiff; 
Muc-2, mucin 2; RELMβ, resistin-like molecule β; TFF3, trefoil factor family 3; dSS, dextran sulfate sodium.
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IL-22 is involved in epithelial repair (26). The present results 
demonstrated that pre‑treatment with IL‑18 increased body 
weight, augmented colon length and reduced inflammatory 
infiltration in mice with dSS-induced colitis, while later 
treatment with IL‑18 reduced body weight, decreased colon 
length and increased inflammatory infiltration in mice with 
dSS-induced colitis. Therefore, IL-18 possessed a dual func-
tion in colitis, with anti‑inflammatory effects observed in 
the early stage of the disease, and pro‑inflammatory effects 
observed in the later stages. The present study focused on the 
dual roles of IL-18 in colitis, so the exact mechanisms of how 
IL‑18 regulates the function of goblet cells remain unknown. 
Further studies will assess in the future whether IL-18 alone, in 

the absence of DSS, may be sufficient to induce inflammation 
and colitis.

IL‑22 is produced by innate lymphoid cells, T‑helper (Th) 
17 cells and Th22 cells. The membrane‑binding IL‑22 
receptor 1 (IL‑22R1) is not present in immune cells, but 
is expressed in tissues, such as in epithelial cells of gastro-
intestinal tract and skin (10). IL-22 serves a critical role in 
promoting anti‑microbial immunity via inducing AMPs, 
and in tissue repair via inducing epithelial cell proliferation 
and survival (27). However, IL‑22 can also promote skin or 
intestinal pathological inflammatory reactions in mouse 
models (27). Its concentration is increased in multiple human 
diseases, including psoriasis, rheumatoid arthritis, infection 

Figure 10. Dual roles of IL‑18 in colitis by regulating the function of goblet cells via the IL‑22/STAT3 signaling pathway. IL, interleukin; STAT, signal 
transducer and activator of transcription; IL‑22BP, IL‑22 binding protein; Muc‑2, mucin 2.

Figure 9. Dual roles of IL‑18 in the IL‑22/STAT3 signaling pathway in colitis. (A) p‑STAT3 and total STAT3 protein expression was quantified by western 
blot analysis. (B) representative blot images. (C) IL‑22 and (D) IL‑22BP levels were measured by ELISA in the colon tissues of the experimental mice. 
**P<0.01 vs. control group; ##P<0.01 and ###P<0.001 vs. dSS group. IL, interleukin; STAT, signal transducer and activator of transcription; p-, phosphorylated; 
IL‑22BP, IL‑22 binding protein.
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and IBd (28). Based on the multiple effects of IL-22, it is known 
that such cytokine can transmit signals through STAT3, which 
is vital to wound healing and tumor development. Yet, the role 
of IL-22 in tumor development remains controversial, since 
both suppression and promotion have been reported (28). The 
present study indicated that pre-treatment with IL-18 induced 
Stat3 activation, increased IL-22 levels and reduced IL-22BP 
levels in dSS-induced colitis. Treatment with IL-18 at later 
stages suppressed Stat3 activation, decreased IL-22 levels 
and induced IL-22BP levels in dSS-induced colitis. These 
results suggest that the anti‑inflammatory effect of IL‑18 in 
the early stage of colitis‑associated inflammation activated the 
IL‑22/STAT3 signaling pathway, while the pro‑inflammatory 
effects of IL-18 at the later stages of the disease suppressed 
the IL‑22/STAT3 signaling pathway, by activating IL‑22 BP. 
A previous study has demonstrated that AIM2 inflammasome 
is a central regulator of intestinal homeostasis through the 
IL-18/IL-22/STAT3 pathway (29).

UC occurs in the mucin layer and is characterized by goblet 
cell consumption. It is manifested with strong expression of 
Muc‑2 and Muc‑4, but low expression of Muc‑1 and Muc‑3 (30). 
Therefore, insufficient IL-22 production may promote the 
consumption of goblet cells and damage the formation of mucus 
layer in UC (30). Goblet cells specifically produce Muc, but can 
also produce other molecules involved in colitis regulation and 
deterioration. Notably, IL‑22 downregulates the expression of 
goblet cell‑derived RELMβ (a potential pathogenic goblet cell 
product) (31). The present findings indicated that pre‑treatment 
with IL-18 promoted Muc-2 expression, increased the function 
and quantity of goblet cells and increased RELMβ and TFF3 
mRNA levels in colon tissues from mice with dSS-induced 
colitis. Treatment with IL-18 at later stages reduced Muc-2 
expression, decreased the function and quantity of goblet cells 
and increased RELMβ and TFF3 mRNA levels in dSS-induced 
colitis. The anti‑inflammatory effect of IL‑18 in early inflam-
mation promoted the function and quantity of goblet cell, while 
the pro‑inflammatory effects of IL‑18 inhibited the function 
and quantity of goblet cells in later stages. Sugimoto et al (31) 
reported that IL‑18 inhibited goblet cell maturation by regu-
lating the transcriptional program instructing goblet cell 
development.

The present study analyzed IL-18 (rs187238, -137G/c) in 
patients with colon cancer, cd or Uc, through a meta-analysis 
of published cohorts. Then, in vivo experiments demonstrated 
a dual function for IL-18 in a mouse model of colitis, through 
regulating the function of goblet cells. However, the present 
study did not analyze the role of IL-18 on cancer cells or 
tissues, and therefore, the effects of IL-18 on colon cancer 
remain unknown and will require further research.

In conclusion, the results of the present study demon-
strated that IL-18 prevented dSS-induced colitis through 
recovering goblet cells in the early stages of colitis‑associated 
inflammation, via IL‑22/STAT3 signaling (Fig. 10). However, 
IL-18 at the later stages of the disease induced dSS-induced 
inflammation, increased IL‑22BP expression, and suppressed 
IL‑22/STAT3 signaling to reduce goblet cells and promote the 
development and progression of colitis (Fig. 10). These results 
provided evidence that IL-18 may serve as a useful drug candi-
date for colitis therapy, which warrants further research in the 
application of IL-18 in colitis treatment.
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