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Abstract
Background Intestinal fibrosis is a common complication of Crohn’s disease (CD). Its exact mechanism is still unclear, and 
effective treatments to control or reverse the fibrosis process are unavailable. Epithelial–mesenchymal transition (EMT) may 
promote intestinal fibrosis by increasing deposition of extracellular matrix protein. IL-17A is a pro-inflammatory cytokine, 
and it has been shown as a profibrotic factor as its association with fibrosis of multiple organs was reported.
Aims To assess the roles of IL-17A and EMT in the initiation and development of intestinal fibrosis and to verify the potential 
inductive effect of IL-17A on EMT.
Methods In this study, we evaluated the expression of IL-17A and EMT-related genes in colonic mucosal biopsy tissues 
of CD patients and control individuals. Then, we examined the changes of EMT-related genes and fibrosis-related genes 
of IEC-6 cells which cultured for 72 h under increasing concentrations of IL-17A or with TGF-β1, to verify the potential 
inductive effect of IL-17A on EMT in vitro. We blocked the IL-17A of the mouse model of TNBS-induced experimental 
intestinal colitis and fibrosis to further verify the potential inductive effect of IL-17A on EMT in vivo.
Results We found the occurrence of EMT and high-level expression of IL-17A in intestinal mucosa of CD patients. Using 
IEC-6 cells, we showed that IL-17A may induce EMT in intestinal epithelial cells that come with reduced E-cadherin 
expression and increased expression of vimentin, snail, and α-SMA. We further found that anti-IL-17A treatment alleviated 
intestinal fibrosis through reducing EMT in mouse intestine.
Conclusions Our study confirmed the involvement of IL-17A in the development of intestinal fibrosis through inducing EMT.
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Introduction

Crohn’s disease (CD) is a chronic nonspecific intestinal dis-
ease of unknown etiology and pathogenesis. It is character-
ized by chronic relapses and may lead to fibrosis, intestinal 
stricture, and even obstruction [1]. Although many new 
drugs (such as biologics) have been developed to control 
inflammation, little is achieved in prevention of intestinal 
fibrosis [2, 3]; many CD patients will need surgical treat-
ment for fibrotic [4]. Intestinal strictures occur in about one-
third of CD patients [5], among those two-third of them 
received at least one surgical treatment within 20 years after 
diagnosis [6]. Such treatment suffers from poor long-term 
effectiveness, high rate of relapse, and high economical and 
psychological burden upon patients [7]. Therefore, it is of 
great significance to discover the molecular mechanisms 
of intestinal fibrosis so as to develop effective therapeutic 
strategies that could slow down or block the fibrotic process.
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Development of intestinal fibrosis shares common mecha-
nisms with the development of fibrosis in other organs [8]. 
Extracellular matrix (ECM) is composed mainly of mac-
romolecules produced by mesenchymal cells which can 
directly or indirectly promote intestinal fibrosis [9]. Intesti-
nal mesenchymal cells include fibroblasts, myofibroblasts, 
and smooth muscle cells [10]. Activation and proliferation 
of mesenchymal cells are important mechanisms in intestinal 
fibrotic process [8, 10]. Mesenchymal cells are activated by 
autocrine factors, paracrine signals, and pathogen-associated 
molecular patterns (PAMPs) [11, 12]. Proliferation of mes-
enchymal cells may derive from a variety of sources includ-
ing dedifferentiation of epithelial cells by EMT [13–15] and 
endothelial cells via epithelial/endothelial–mesenchymal 
transition (EndoMT) [16], stellate cells [17], circulating 
precursors [18], and bone marrow stem cells [19].

While EMT plays important roles in pathological pro-
cesses such as organ fibrosis and tumor progression [20, 21], 
during EMT, epithelial cells lose their original epithelial 
hallmarks including apico-basal polarization and specific 
intercellular junctions while adopting mesenchymal cell fea-
tures. Characteristics of EMT include reduced expression of 
specific epithelial proteins such as E-cadherin or claudin-4, 
together with increased expression of mesenchymal-spe-
cific proteins such as vimentin, alpha smooth muscle actin 
(α-SMA), or fibroblast-specific protein 1 (FSP1). This is par-
tially due to coordinated regulation of a distinct set of tran-
scription factors, such as SNAIL1, SLUG, or TWIST [22]. 
Uncontrolled continuous transition from epithelial cells to 
myofibroblasts may lead to fibrosis, and there has been evi-
dence suggesting EMT is the key pathological mechanism 
for fibrosis in various organs including skin [23]. Recent 
studies detected EMT in intestinal fibrosis [13, 23]. How-
ever, the actual relevance of EMT in intestinal fibrosis in CD 
patients stills needs to be further confirmed [24].

IL-17A is a pro-inflammatory cytokine. It is mainly pro-
duced and secreted by TH17 cells. Abnormal expression 
of IL-17A is believed to be potential diagnostic markers 
for initiation and development of a number of acute and 
chronic diseases. In recent years, studies on IL-17A have 
gone beyond its pro-inflammatory activities. It has been 
shown to participate in fibrotic process of multiple organs 
[25–27] including intestinal fibrosis. In TNBS-induced 
mouse models of acute and chronic colitis, the administra-
tion of vaccines against IL-23 was found to significantly 
reduce collagen deposition. It is speculated that this effect 
is due to reduction in TH17 cells [28]. The mechanisms for 
IL-17A’s pro-fibrotic effects may come from its activation 
of fibroblasts that lead to secretion and deposition of large 
amount of ECM. More recent reports indicate that IL-17A 
may induce EMT on epithelial cells to promote fibrosis indi-
rectly [29]. The questions are how does IL-17A change in 
CD and what association does IL-17A have with EMT? In 

this study, we will focus on the roles of IL-17A and EMT in 
intestinal fibrosis.

Materials and Methods

Ethics Statement

The research involved human participants and was con-
ducted according to the principles described in the Declara-
tion of Helsinki. The Medical Ethics Committee of China 
Medical University approved this study (protocol number: 
AF-SOP-07-1, 1-01). All patients participating in the study 
signed the informed consent form for Scientific Use of Bio-
logical Materials in accordance with requirements set by the 
ethics committee. All the samples were anonymous.

Clinical Patients and CD Tissue Samples

All clinical CD samples were biopsy tissues collected at 
intestinal stricture sites of patients who were diagnosed as 
CD by colonoscopy at the First Affiliated Hospital of China 
Medical University from August 2012 to March 2013. In 
total, there were 14 patients, among whom 10 were female 
and four were male. Clinical and pathological findings in all 
14 cases met the criteria for CD diagnosis. Samples of con-
trol group were collected from normal intestinal mucosal tis-
sue adjacent to intestinal polyps of eight patients who were 
diagnosed by colonoscopy during the same period. Among 
them four were male and four were female. CT examina-
tion was performed in all clinical cases. We chose the cases 
which showed abnormally thickened loop with minimal 
enhancement, and no adjacent mesenteric inflammation at 
the sites of intestinal stenosis in CT which probably suggest-
ing the intestinal fibrosis [30] as CD group. Eight patients 
in the control group performed the CT scan after colonos-
copy, and there were no intestinal stenosis and thickening 
of the intestine wall in the control group. None of the above 
patients had received treatment of immunosuppressants 
within 3 months prior to tissue collection. Clinical features 
of patients are given in Additional file: Table S1 + 2. Biopsy 
tissues were immediately frozen in liquid nitrogen after col-
lection and later transferred into − 80 °C freezer for storage. 
Clinical information and data were collected anonymously.

Cell Culture

Rat normal intestinal crypt epithelial cell line IEC-6 was 
provided by the Cell Resources Center of the Institute of 
Basic Medical Sciences (IBMS) of the Chinese Academy 
of Medical Sciences (CAMS). The cells were cultured in 
DMEM-H media supplemented with 10% heat-inactivated 
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calf serum and 0.01 mg/ml insulin and incubated at 37 °C 
and 5%  CO2 conditions.

Cell Treatment

Log-phase growing cells were inoculated in 6-well plates 
with 8 × 105 cells per 2 ml media per well at 37 °C, 5% 
 CO2; once cell confluency reached 30–50%, old media 
were replaced by new DMEM-H media supplemented with 
1% FBS for 24 h; stimulating factor TGF-β1 (Peprotech, 
USA) was added to 10 ng/ml and IL-17A (Peprotech, USA) 
was added to 10, 50 and 100 ng/ml; cell morphology was 
observed after 72 h under an inverted microscope; and cell 
lysates were harvested.

Establishment of Animal Model

Male BALB/c mice between 6 and 8 weeks old weighing 
20 ± 2 g were obtained from Experimental Animal Center of 
China Medical University. The mice were randomly divided 
into five groups with 10 mice per group and were determined 
as specific pathogen-free, housed on a 12:12-h light: dark 
cycle in sterile micro-isolator cages, and fed ad libitum on 
standard chow. Enema method [31]: Food (but not water) 
was withdrawn 24 h prior to enema. Mice were anesthetized 
with peritoneal injection of 4% (10 ml/kg) of chloral hydrate. 
Fifty microliters of enema solution was administered via a 
polyethylene catheter that was advanced through the rectum 
into the colon until the tip was 1 cm proximal to the anus. 
Another 100 µl of solution was injected after catheter was 
advanced 4 cm into the colon. To ensure the retention of 
the solution within the entire colon and cecum, mice were 
held by tail in a vertical position for 30 s after the intrarec-
tal administration. In mice that were given TNBS (Sigma-
Aldrich, St. Louis, MO, USA), 1 week prior to enema, a 
2 cm × 2 cm abdominal skin area was exposed by shaving 
the hair and TNBS solution was applied to the skin area for 
sensitization. Treatments in each group (10 mice per group): 
(1): normal control group: regular food and water, no spe-
cial treatment; (2) EtOH control group: 150 μl of 45% etha-
nol was used as enema solution once per week for 6 weeks 
consecutively; (3) TNBS group: increasing concentrations 
of TNBS solutions were used for enema [32]: 1st and 2nd 
weeks, 150 μl of 1.5 mg/0.1 ml TNBS/45% ethanol solution 
once per week; 3rd and 4th weeks, 150 μl of 2.0 mg/0.1 ml 
TNBS/45% ethanol solution once per week; 5th and 6th 
weeks, 150 μl of 2.5 mg/0.1 ml TNBS/45% ethanol solution 
once per week; (4) anti-IL-17A-neutralizing antibody treat-
ment group: the mice received enema treatment the same 
way as those did in TNBS model group. On the 22nd, 29th, 
and 36th days, 2 μg of anti-IL-17A-neutralizing antibody 
(Purified Rat Anti-Mouse IL-17A Clone, BD Biosciences, 
USA) was given to each mouse via tail vein injection 2 h 

prior to TNBS enema; (5) IgG isotype treatment group: the 
mice received enema treatment the same way as those did 
in TNBS model group. On the 22nd, 29th, and 36th days, 
2 μg of isotype IgG (Purified Rat IgG Isotype Control, BD 
Biosciences, USA) was given to each mouse via tail vein 
injection 2 h prior to TNBS enema. In normal and EtOH 
control groups, mice were injected with same volumes of 
normal saline solution.

During the course of experiment, mice were closely 
monitored on a daily basis for food intake, water drinking, 
and other regular activities. Body weight, characteristics of 
stool, occult blood, and blood in stool were recorded for DAI 
scoring [33] (Table S3). Clinical symptoms were used for 
evaluation on the severity of colitis [34].

Collection and Handling of Specimen

All mice were killed by cervical dislocation at the end of 
experiment after the 6th week. Under sterile condition, a 
midline laparotomy was performed and whole colon was 
cut out. Macroscopic assessment of colonic inflammation 
and fibrosis was made by examining conditions of colonic 
wall thickening, congestion, stricture, adhesion to surround-
ing tissues, and measurement of lesion lengths [35]. After 
vigorous rinse with PBS, we cut the colonic tissue 2 cm 
away from the anus as total and then divided this colorectal 
segment into two equal parts: the first segment which was 
proximal to the anus was snap-frozen in liquid nitrogen and 
later stored in − 80 °C freezer for subsequent collagen esti-
mation and Western blot, and the second segment which 
was far from the anus was fixed in 4% paraformaldehyde for 
hematoxylin and eosin (HE) and Masson trichrome stain 
(MTS).

Histological Assessment of Colitis and Colonic Fibrosis

After fixation with paraformaldehyde, colonic tissue speci-
men was embedded in paraffin and was cut to 4 μm sec-
tions. Standard HE and MTS (Masson trichrome stain) were 
performed [36], and the degree of colitis and fibrosis was 
scored [37].

Collagen Estimation by Hydroxyproline 
Quantification

Sixty milligrams of colonic tissue was hydrolyzed in 2.5 N 
NaOH for 40 min at 120 °C, 0.1 kPa. After neutralization 
by HCl, the hydrolysate was diluted by distilled water. The 
hydroxyproline content of the hydrolyzation products was 
assessed colorimetrically at 550 nm with p-dimethylamin-
obenzaldehyde. The results were expressed as μg per mg of 
colonic tissue [37].
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Real‑Time PCR

We examined the mRNA levels expression of EMT-related 
genes in clinical biopsy specimen and post-treatment cells. 
In brief, total RNA from tissue and cells was extracted using 
TRIzol kit (Invitrogen, USA) following the manufacturer’s 
manual and later reversed-transcribed into cDNAs by using 
a reverse transcription kit (Takara, Japan). Those cDNAs 
were then used as templates for amplification with real-time 
PCR assay kit (Takara, Japan) and being analyzed in 7500 
fast real-time PCR system (ABI). Primers for the real-time 
PCR amplification are as follows:

Human IL-17A: Forward 5′-TCA ACC CGA TTG TCC ACC 
AT-3′, Reverse 5′-GAG TTT AGT CCG AAA TGA GGCTG -3′; 
E-cadherin: Forward 5′-GAG TGC CAA CTG GAC CAT TCA 
GTA -3′, Reverse 5′-AGT CAC CCA CCT CTA AGG CCATC-
3′; vimentin: Forward 5′-AGG AAC AGC ATG TCC AAA 
TCG-3′, Reverse 5′- AAG GGC ATC CAC TTC ACA GG-3′; 
snail: Forward 5′-CGA AAG GCC TTC AAC TGC AAAT-3′, 
Reverse 5′- ACT GGT ACT TCT TGA ACT CTG -3′; α-SMA: 
Forward 5-ATA ACA TCA AGC CCA AAT CTGC-3′, Reverse 
5′-TTC CTT TTT TCT TTC CCA ACA-3′; β-actin: Forward 
5′-TGG CAC CCA GCA CAA TGA A-3′, Reverse 5′-CTA AGT 
CAT AGT CCG CCT AGA AGC A -3′.

Western Blot

Proteins from colonic tissue and IEC-6 cells were extracted 
according to standard protocols. Protein concentrations were 
quantified using BCA (bicinchoninic acid) method. Total 
proteins were separated through SDS-PAGE gel system and 
were later transferred onto PVDF membrane, which was 
blocked and then incubated with primary antibodies for 
E-cadherin (1:2000, BD BioSciences, CA, USA), vimentin 
(1:1000, Cell Signaling Technology, Danvers, MA, USA), 
snail (1:1000, Cell Signaling Technology, Danvers, MA, 
USA), FSP1 (1:400, Abcam, HK), α-SMA (1:1000, Boster 
ImmunoLeader, China), IL-17A (1:400, Bioss, China), 
β-actin (1:5000, Cell Signaling Technology, Danvers, MA, 
USA), followed by incubation with corresponding secondary 
antibodies. Proteins were visualized by enhanced chemilu-
minescence (ECL) kit (PerkinElmer, USA), and images were 
captured by a Bio-Rad imaging system.

Statistical Analysis

Data were analyzed using SPSS 16.0 software. Results 
from each treatment group were presented as mean ± SD, 
and comparisons among groups were first made by homo-
geneity of variances test. If the test was passed, one-way 
analysis of variance test (ANOVA) was applied to check 
the overall differences between means, and if there was 
significant difference, a multiple comparison post hoc test 

(Student–Newman–Keuls) was performed to evaluate dif-
ferences between the experimental groups. If the homo-
geneity test was not passed, a nonparametric test was then 
performed. For all analyses, p < 0.05 was considered to be 
statistically significant.

Results

Expression of IL‑17A and EMT‑Related Genes 
in Colonic Mucosal Biopsy Tissues of CD Patients 
and Control Individuals

Using real-time PCR, we first examined at transcription 
levels of the gene expression of IL-17A and EMT-related 
indicators (E-cadherin, vimentin, snail, α-SMA) in colonic 
mucosal biopsy tissues of CD patients and control individu-
als. As shown in Fig. 1, mRNA levels of IL-17A in colonic 
mucosal tissue of CD patients were significantly higher than 
those in control groups (p < 0.01); Among EMT-related 
genes, compared with those in control groups, mRNA 
levels of E-cadherin in colonic mucosal tissues from CD 
patients were significantly lower (p < 0.01), while mRNA 
levels of vimentin and α-SMA were remarkably increased 
(p < 0.05, p < 0.01, respectively). There were no significant 
differences in expression of snail between CD and control 
groups (p > 0.05). Later, we used Western blot to examine 
protein expression of IL-17A and EMT-related genes in 
colonic mucosal biopsy tissues of CD patients and control 
individuals. Consistent with findings at mRNA level, West-
ern results show (Fig. 2) that protein expression of IL-17A in 
mucosal tissue of CD patients was significantly higher than 
those in control individuals (p < 0.01); among EMT-related 
genes, E-cadherin protein expression was significantly lower 

Fig. 1  Transcription levels of the gene expression of IL-17A and 
EMT-related genes in colonic mucosal biopsy tissues of control indi-
viduals and CD patients. *p < 0.05, **p < 0.01 versus control individ-
uals
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in CD colonic mucosal tissue than those in control tissues 
(p < 0.01), while protein expression of vimentin, snail, and 
α-SMA was significantly higher than those in control groups 
(p < 0.05, p < 0.05, p < 0.01, respectively).

IL‑17A‑Induced EMT Process In Vitro

Our study on clinically collected tissues found occurrence 
of EMT in CD-affected colonic mucosa with concomitant 
high expression of IL-17A in those same tissues which 
may suggest that IL-17A could promote intestinal fibrosis 
through its induction of EMT process in mucosal cells. To 
verify the potential inductive effect of IL-17A on EMT, 
we cultured IEC-6 cells for 72 h under increasing concen-
trations of IL-17A or with 10 ng/ml of TGF-β1. Results 
show that the control IEC-6 cells were well connected 
with intercellular adhesion molecules and tight junction 
and exhibited homogenous cell density and morphol-
ogy; after 72-h treatment with 10 ng/ml IL-17A, a small 

portion of intercellular tight junction disappeared. Under 
50 or 100 ng/ml of IL-17A treatment for 72 h more IEC-6 
cells lost tight junction and their morphology transformed 
into more irregular and spindle shape. Various degrees of 
tight junction loss were also seen in cells under 10 ng/ml 
of TGF-β1 stimulation, and these cells started to adopt 
mesenchymal cell morphology (Fig. 3a). At protein lev-
els, Western blot was used to examine the expression of 
classical EMT indicators vimentin, snail, and E-cadherin 
(Fig. 3b). Meanwhile, we also examined the expression 
of two fibroblast marker proteins that were used to iden-
tify sources of EMT: FSP1 and α-SMA (Fig. 3b), which 
were also important indicators for fibrosis. Results show 
(Fig. 3c) that IL-17A was able to induce the expression 
of vimentin, snail, FSP1, and α-SMA while inhibit the 
expression of E-cadherin. In particular, 100 ng/ml of IL-
17A demonstrated the strongest induction of EMT on 
IEC-6 cells.

Fig. 2  Protein expression of IL-17A and EMT-related genes in 
colonic mucosal biopsy tissues of CD patients and control individu-
als. a, c The E-cadherin, vimentin, snail, IL-17A, and α-SMA protein 
bands of Western blot detection. b, d Gray value histogram of West-

ern blot detection. The fold change of target protein was normalized 
to control. Values mean ± SD, *p < 0.05, **p < 0.01 versus control 
individuals
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Blockage of IL‑17A In Vivo Attenuated TNBS‑Induced 
Experimental Colitis and Colonic Fibrosis

Clinical Symptoms and Survival Rates of Experimental Mice

During experiments, mice in normal and EtOH control 
groups showed good general appearance, glossy hair coat, 
being alert and actively foraging, continuous weight gain-
ing; in mice of TNBS and isotype IgG treatment group, 
various degrees of symptoms started on day 1 and inten-
sified on day 2 after TNBS enema: inactivity or lethargy, 

hunched back, diarrhea, mucous in stool, occult blood in 
stool, reduced food intake with increased water drink-
ing. Most mice lost weight 2–4 days after each of the first 
three enemas followed by gradually regaining some body 
weight afterward. Some mice may even gain more weight 
than they had before enema. With increase in number of 
enemas, by the 4th week, the symptoms became stabilized 
with improved stool characteristics and increased body 
weight in most animals. Mice in anti-IL-17A treatment 
group showed similar symptoms in the first 3 weeks but 
had significant improvements after 4th week. DAI scores 

Fig. 3  In vitro effect of IL-17A on EMT. a Light microscopy analysis 
shows the morphologic changes of IEC-6 cells treated with IL-17A 
or with TGF-β1 (magnification, × 100). (I) the control group, (II) the 
model group (treated with 10 ng/ml IL-17A), (III) the model group 
(treated with 50 ng/ml IL-17A), (IV) the model group (treated with 

100  ng/ml IL-17A), (V) the positive control group (treated with 
10 ng/ml TGF-β1). b Effects of IL-17A on protein expression of clas-
sical EMT indicators and fibroblast markers. c Gray value histogram 
of Western blot detection. Values mean ± SD. *p < 0.05, **p < 0.01 
versus control group
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for mice in each group on day 2 after each weekly enema 
are shown in Fig. 4. Scores of TNBS and isotype IgG 
groups are significantly higher than those of normal and 
EtOH control groups (p < 0.01). Scores of anti-IL-17A 
treatment group are significantly higher than those in the 
control groups during the first 3 weeks, but from the 4th 
week (i.e., time when anti-IL-17A treatment started) the 
scores become significantly lower than those in TNBS and 
isotype IgG groups (p < 0.01). No statistical differences 
were found between normal and EtOH control groups or 
between TNBS and isotype IgG groups (p > 0.05).

TNBS, anti-IL-17A, and isotype IgG groups all had 
mouse deaths. The mortality rate is 20, 10, and 20%, 
respectively. Relatively high mortality rates occurred dur-
ing the first 3 weeks, and mortality rates went down by 4th 
week. Autopsy showed colons in most mice had severe 
edema, hemorrhage, necrosis, and in rare cases of perfo-
ration. Mice in normal and EtOH control groups had no 
obvious changes in regular activities. Most of these mice 
gained body weight continuously. There were no deaths in 
these two control groups.

Macroscopic Changes in Colonic Tissues of Mice from Each 
Group

Colonic mucosa in normal control mice was smooth and free 
from edema or congestion; slight colonic mucosa congestion 
was observed in only one mouse in EtOH control group; 
induced chronic colitis model in TNBS, anti-IL-17A, and 
isotype IgG groups shares features of CD: Lesions occurred 
in both colon and rectum, the affected colonic mucosa had 
edema and congestion, thickening of colonic wall and local 
colonic wall became stiff and twisted. In some mice, adhe-
sion of intestinal wall to surrounding tissue was observed 
(Fig. 5a). Colon length of mouse in each group is shown in 
Fig. 5b: Colon length in TNBS, anti-IL-17A, and isotype 
IgG groups was all significantly shorter than normal and 
EtOH control groups (p < 0.01); however, length in anti-IL-
17A group was significantly longer than those in TNBS and 
isotype IgG groups (p < 0.01); macroscopic assessment of 
mouse colon in each group is shown in Fig. 5c: Compar-
ing with normal and EtOH control groups, scores in TNBS, 
anti-IL-17A, and isotype IgG groups were all significantly 
increased (p < 0.01); however, scores in anti-IL-17A group 
were significantly lower than those in TNBS and isotype IgG 
groups (p < 0.01).

Microscopic Findings in Colonic Tissues of Mice of Each 
Group

HE staining of mouse colonic tissue (Fig. 6a): In normal 
control group, the integrity of intestinal mucosa was intact, 
the intestinal glands composed of single column epithelium, 
lamina propria, and muscularis mucosae were well aligned; 
in EtOH control group, alignment of intestinal glands was 
intact although infiltration of inflammatory cells was seen in 
some parts of mucosa and submucosa; in TNBS and isotype 
IgG groups, there were loss of colonic crypts and goblet 
cells, fragmented epithelium, mucosal erosion and ulcera-
tion; infiltration of inflammatory cells in all layers of colon, 
particularly in the mucosa and submucosa, the infiltrated 
inflammatory cells were mainly lymphocytes and monocytes 
which was typical histological features of chronic colitis; in 
anti-IL-17A treatment group, although lesions were seen 
in colonic tissues, the size, depth, and extent of inflamma-
tory cell infiltration were much less than those in TNBS 
and isotype IgG groups. Compared with normal and EtOH 
control groups, scores of pathological evaluation in TNBS, 
anti-IL-17A treatment, and isotype IgG groups were all sig-
nificantly higher (p < 0.01); however, score in anti-IL-17A 
was significantly lower than those in TNBS and isotype IgG 
groups (p < 0.01). Score in EtOH control group was higher 
than that in normal control group, but there were no signifi-
cant differences.

Fig. 4  DAI scores for mice in each group on day 2 after each weekly 
enema. Scores of TNBS and isotype IgG groups are significantly 
higher than those of control and EtOH control groups (p < 0.01). 
Scores of anti-IL-17A treatment group are significantly higher than 
those in the control groups during the first 3  weeks, but from the 
4th week (i.e., time when anti-IL-17A treatment started) the scores 
become significantly lower than those in TNBS and isotype IgG 
groups (p < 0.01). No statistical differences were found between 
control and EtOH control groups or between TNBS and isotype IgG 
groups (p > 0.05)
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Masson staining in mouse colonic tissue (Fig. 6b): In 
TNBS and isotype IgG groups, there was large amount of 
blue-stained collagen deposition in mucosa and serosa layers 
with occasional fibrous septa. In anti-IL-17A group, spo-
radic deposition of collagen fibers was seen in the above 
areas. No collagen deposition was seen in normal or EtOH 
control groups. Compared with normal and EtOH groups, 
scores for mouse colonic fibrosis in TNBS, anti-IL-17A, 
and isotype IgG groups were significantly higher (p < 0.01); 
however, degree of fibrosis in anti-IL-17A was significantly 
less than those in TNBS and isotype IgG groups (p < 0.01).

Hydroxyproline Contents in Mouse Colonic Tissue of Each 
Group

Hydroxyproline (Hyp) accounts for around 13.4% of amino-
acids composition in collagen. There is only tiny amount of 
Hyp in elastin and none in other proteins. Majority of collagen 
is distributed in skin, cartilage, and vasculatures. Therefore, 
content of Hyp is a reliable marker for collagen deposition 
in connective tissue disorders. As shown in Fig. 7, compared 
with normal and EtOH control groups, Hyp was significantly 
increased in TNBS, anti-IL-17A, and isotype IgG groups 

(p < 0.05), while Hyp in anti-IL-17A was significantly lower 
than those in TNBS and isotype IgG groups (p < 0.01).

Expression of EMT‑ and Fibrosis‑Related Proteins in Mouse 
Colonic Tissue of Each Group

Compared with normal and EtOH groups, E-cadherin pro-
tein expressions in TNBS, isotype IgG, and anti-IL-17A 
groups were decreased (p < 0.05), while vimentin and snail 
protein expressions were increased (p < 0.05); however, pro-
tein expression of E-cadherin in anti-IL-17A was higher than 
those in TNBS and isotype IgG groups (p < 0.05), while pro-
tein expressions of vimentin and snail were lower than those in 
TNBS and isotype IgG groups (p < 0.05). Compared with nor-
mal and EtOH control groups, protein expressions of fibrosis 
marker α-SMA in TNBS, isotype IgG, and anti-IL-17A were 
increased (p < 0.05); however, α-SMA expression in anti-IL-
17A was lower than that in TNBS and isotype IgG (p < 0.05) 
(Fig. 8).

Fig. 5  Effect of blocking IL-17A on macroscopic changes in colonic 
tissues of mice: a macroscopic appearance of colons from each 
group. Colonic mucosa in normal control and EtOH control mice was 
smooth and free from edema or congestion; induced chronic colitis 
model in TNBS, anti-IL-17A, and isotype IgG groups shares features 
of CD: the affected colonic mucosa had edema and congestion, thick-

ening of colonic wall and local colonic wall became stiff and twisted. 
In some mice, adhesion of intestinal wall to surrounding tissue was 
observed. b Colon length of each group. c Macroscopic score of each 
group. Values mean ± SD. *p < 0.01 versus control and EtOH control 
group, *p < 0.01 versus *#
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Discussion

Fibrosis is a common complication in IBD and is considered 
as an important cause of intestinal stricture in CD patients. 
The lack of knowledge in the mechanisms of intestinal fibro-
sis is one of the major obstacles in the development of effec-
tive anti-fibrotic drugs. Therefore, it has now been suggested 
that multiple mechanisms could be responsible for reversing 
fibrosis on a molecular level in IBD [38].

In intestinal fibrosis, the main progenitor cells of acti-
vated myofibroblasts are the fibroblasts and the epithelial 
cells, and the latter is through the process of EMT [16, 39, 
40]. Our study also found alterations in expression of clas-
sical indicators of EMT in intestinal mucosal tissue of CD 
patients (E-cadherin, vimentin, and α-SMA) except snail. 
Snail is a specific transcriptional factor which can recog-
nize the E-box sequence in its target gene promoter, thus 
inhibiting the target gene expression. The promoter region 

Fig. 6  Effect of blocking IL-17A on microscopic changes in colonic 
tissues of mice of each group (a, control group; b, EtOH control 
group; c, TNBS group; d, TNBS + IL-17Ab group; e, TNBS + IgG 
group): A Light-field microscopic histological analysis in experimen-
tal fibrosis stained with hematoxylin and eosin (magnification, × 40). 
Microscopic score of each group, values mean ± SD. *p < 0.01 ver-

sus control and EtOH control group, *p < 0.01 versus *# B Light-field 
microscopic analysis of Masson’s trichrome-stained colon sections of 
each group (magnification, × 40). Fibrosis score of each group, val-
ues mean ± SD. *p < 0.01 versus control and EtOH control group, 
*p < 0.01 versus *#

Fig. 7  Effect of blocking IL-17A on hydroxyproline contents in 
mouse colonic tissues of each group. Content of Hyp is a reli-
able marker for collagen deposition in connective tissue disorders. 
*p < 0.05 versus control and EtOH control group, *p < 0.01 versus *#
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of E-cadherin gene also contains E-box sequences; there-
fore, snail may downregulate E-cadherin expression [41]. 
Upregulation of snail expression during EMT process may 
help clearly identify the occurrence of EMT. In our study, 
we found that transcriptional levels of snail in CD group had 
an increasing trend over control group, though it lacked sta-
tistical significance, while at protein expression level it was 
significantly higher in CD group than that in control group. 
The discrepancy between the transcription and protein levels 
may be due to the following reasons: (1) number of cases 
was not enough, no statistical significance due to small 
sample size; (2) posttranscriptional processing, transcrip-
tional products undergoes degradation, translation, and post-
translational modification; therefore, results at transcription 
and protein levels may not be exactly consistent; (3) space 
and time interval during eukaryotic gene transcription and 
translation, due to detection at different time points, mRNA 
might have been degraded when protein expression was at its 
peak or protein expression was still increasing when mRNA 
had reached its peak. In summary, our study confirmed the 
involvement of EMT in intestinal fibrosis in CD.

IL-17A is linked to the development of intestinal fibrosis 
[42]. Our study also confirmed the involvement of IL-17A 
in development of intestinal fibrosis. Recent studies found 
that IL-17A may promote the development of fibrosis by 
inducing EMT in alveolar epithelial cells and obstructive 
bronchitis [43, 44]. Is EMT one of the pathways through 
which IL-17A promotes intestinal fibrosis in CD? Our 
results of cells showed that IL-17A repressed expression of 

E-cadherin but promoted expression of vimentin and FSP1. 
Reduction of E-cadherin expression will lead to loss of 
intercellular tight junction and changes in cellular polarity. 
Highly expressed vimentin suggests that epithelial cells are 
transformed into mesenchymal cells and cell morphology 
become spindly, and vimentin also may downregulate E-cad-
herin since it can block transport of E-cadherin onto cell 
surface [45]. FSP1-positive fibroblasts are usually derived 
from epithelial through EMT; therefore, it is often used as 
a marker for EMT-derived fibroblasts. Moreover, our study 
found increased expression of α-SMA in IL-17A-treated 
cells. α-SMA has been recognized as a key marker for dif-
ferentiation and activation of myofibroblasts. Aggregation 
and activation of large number of myofibroblasts can pro-
duce and secret large amount of ECM [39, 46]. The above 
results indicate that IL-17A may transform epithelial cells 
into fibroblasts and activated myofibroblasts via EMT. This 
simplified model can be used to a certain extent for in vitro 
study of intestinal fibrosis.

To further test the hypothesis that IL-17A promotes 
intestinal fibrosis through inducing EMT, we used the 
mouse model of TNBS enema-induced experimental 
colitis and colonic fibrosis for our in vivo study. In the 
mouse model of chronic colitis, elevation of IL-17A began 
from the 3rd to the 4th week and continued till the 42nd 
day to reach its peak [32, 47, 48]. For the above reasons, 
we established the mouse model of intestinal fibrosis by 
repeatedly giving mice enema for 6 weeks with increased 
concentration of TNBS, and starting from the 4th week on 

Fig. 8  Effect of blocking IL-17A on expression of EMT- and fibro-
sis-related proteins in mouse colonic tissue of each group (I, control 
group; II, EtOH control group; III, TNBS group; IV, TNBS + IL-
17Ab group; V, TNBS + IgG group). a The E-cadherin, vimen-

tin, snail, and α-SMA protein bands of Western blot detection. b 
Gray value histogram of Western blot detection. Values mean ± SD. 
*p < 0.05 versus control and EtOH control group, *p < 0.05 versus *#
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mice were injected with anti-IL-17A antibody to neutral-
ize IL-17A in their bodies. Following anti-IL-17A treat-
ment, the changes in the results (DAI scores, colon length, 
macroscopic scores, microscopic scores, fibrosis scores, 
and the content of Hyp) indicate that neutralization of IL-
17A might have inhibited TNBS-induced inflammatory 
reaction and fibrosis. The expression of protein levels of 
the classical markers of EMT and fibrosis indicates that 
anti-IL-17A antibody may inhibit intestinal fibrosis devel-
opment through repressing EMT at the molecular level, 
thus further confirming that IL-17A may promote develop-
ment of intestinal fibrosis through the pathway of EMT.

In conclusion, our results indicate that EMT process is 
one of the pathways of IL-17A uses to promote intestinal 
fibrosis both in clinical CD patients and in TNBS-induced 
chronic colitis. It could represent a valid new target for 
the development of anti-fibrotic drugs, possibly by block-
ing the IL-17A activity. But recently non-exciting results 
reported that blockade of either IL-17A (secukinumab) or 
its receptor (brodalumab) was ineffective and secukinumab 
may even worsen disease in an RCT of moderate-to-severe 
CD. Due to the reason that IL-17A has been claimed to 
show both a protective and exacerbating effect in preclini-
cal murine models, they point out that blocking IL-17A/
IL-17R may interfere with a protective function of IL-
17A in the intestine [49]. While other observation that 
IL-17A expression is higher in long-standing CD mucosa 
compared with early mucosal lesions [50], and intestinal 
fibrosis is a late-stage process in CD, so even if blocking 
IL-17A may worsen inflammatory disease in moderate-
to-severe CD, we cannot deny the role of anti-IL-17A 
antibody in counteracting the fibrogenic process in CD; 
therefore, we need further studies to clarify the therapeutic 
effect of blocking IL-17A in intestinal fibrosis in CD.
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