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Abstract: Background: This study aimed to investigate the influence of IL-25 on the capacity of mesenchymal stem 
cells (MSCs) to induce intestinal epithelial cell regeneration. Methods: The CD4+IL-25R+ cells and LGR5+IL-25R+ 
cells in colonic mucosa of Crohn’s disease (CD) patients, ulcerative colitis (UC) patients and healthy controls were 
detected by immunofluorescence staining, and the CD4+IL-25R+ cells in peripheral blood were detected by flow 
cytometry. Rat MSCs were separated and stimulated with IL-25. Then, MSCs were further incubated in IL-25-free 
DMEM for 24 h, and this DMEM was collected as conditioned medium (CM). IEC-6 cells were divided into 3 groups: 
experimental group (CM and TNF-α), control group (DMEM and TNF-α) and negative control group (DMEM). Results: 
The CD4+IL-25R+ cells and LGR5+IL-25R+ cells significantly increased in the colonic mucosa of active CD patients 
and UC patients compared with IBD patients in remission and healthy controls. The CD4+IL-25R+ cells reduced in 
peripheral blood of IBD patients, which was inversely correlated with inflammatory markers (ESR and CRP). CM fa-
cilitated the migration and proliferation of IEC-6 cells in the presence of TNF-α. The protein expression of AKT, p38 
and ERK increased in IEC-6 cells after treatment with CM and TNF-α. Conclusion: IL-25R is involved in Th-related 
mucosal inflammation and proliferation of intestinal stem cells in IBD. IL-25 enhances the capacity of MSC to induce 
intestinal epithelial cell regeneration, and MSC therapy with IL-25 may be a new direction for IBD treatment.
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Introduction

Mesenchymal stem cells (MSCs) are primitive, 
supportive cells with the potential to differenti-
ate into osteoblasts, adipocytes, chondrocytes, 
and other cell types. They possess immuno-
modulatory and wound-healing properties in 
vitro and in vivo [1]. Therefore, MSCs have the 
prospect as a therapeutic tool in transplanta-
tion and autoimmune diseases. Successful pre- 
clinical studies on MSCs in animal models of 
autoimmune diseases, inflammation, and tis-
sue injury have paved the way for clinical trials. 
To date, more than 100 clinical trials regarding 
the MSCs treatment in autoimmune diseases 
have been registered in the Clinical Trials.gov 
database [2]. However, there remain many un- 
answered questions about how MSCs therapy 
works in autoimmune diseases. One of the pos-

sible mechanisms is that MSCs can replace the 
dysfunctional cells via their capacity to induce 
in situ cell differentiation and tissue growth [3]. 

Inflammatory bowel disease (IBD) comprises 
two types of chronic intestinal autoimmune  
diseases: Crohn’s disease (CD) and ulcerative 
colitis (UC). The etiology of IBD is associated 
with the dysregulation of mucosal immune re- 
action toward commensal bacterial flora, and 
excessive mucosal damage caused by specific 
intestinal antigens [4]. Accumulating evidence 
in animal and human studies has demonstrat-
ed that MSCs may be used for the IBD treat-
ment, and clinical trials on the IBD therapy with 
MSCs have focused on complex fistula and in- 
traperitoneal lesions [5-7]. The repair capabi- 
lity of MSCs seems to depend on many factors 
including culture condition (inflammatory envi-
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ronment), and thus modification of culture con-
dition may enhance their therapeutic effects  
on IBD. Investigators have proven that IFN-γ-
stimulated MSCs can significantly attenuate 
DSS-induced colitis and TNBS-induced colitis 
via inhibiting Th17 response [8]. In addition, 
MSCs conditioned medium (CM) under hypoxic 
state is effective for the recovery of DSS-indu- 
ced colitis through inducing motility and viabili-
ty of small intestine epithelial cells [9]. 

Interleukin (IL)-25, a member of the structurally 
related IL-17 cytokine family, has been shown 
to stimulate Th2 cell-mediated immune respon- 
ses, resulting in epithelial cell hyperplasia and 
enhanced recruitment of inflammatory cells 
into injured tissues [10]. IL-25 also appears to 
attenuate the destructive inflammation in sev-
eral autoimmune diseases via inhibiting Th1 or 
Th17 immune response [11]. Our previous stu- 
dy demonstrated that IL-25 was markedly de- 
creased in inflamed mucosa of IBD and could 
inhibit IBD CD4+ T cell activation and differenti-
ation into Th1/Th17 cells in an IL-10-dependent 
manner [12]. Recently, Wang et al found that 
MSCs could significantly suppress Th17 respon- 
ses though increasing IL-25 expression, and 
knockdown of IL-25 expression in MSCs abro-
gated Th17 suppression in vitro and in vivo 
[13]. These results suggest that IL-25 is related 
to the pathogenesis of autoimmune diseases 
and immunomodulatory process of MSCs. 

The receptor for IL-25 is IL-17RB, which is a 
56-kDa single-transmembrane protein expre- 
ssed abundantly in the kidney, intestine, and 
other peripheral organs [14]. In this study,  
the expression of IL-25R was detected in the 
CD4+ T cells of inflamed mucosa and peripheral 
blood of IBD patients, and the correlation of 
CD4+IL-25R+ cells with C reaction protein (CRP) 
and erythrocyte sedimentation rate (ESR) was 
further evaluated in IBD patients. Moreover, 
the expression of IL-25R in the intestinal stem 
cells of IBD patients was also detected, and  
the influence of IL-25 primed MSC medium on 
migration, viability and proliferation of intesti-
nal epithelial cells was further explored. Our 
findings may provide a better understanding of 
the role of IL-25 in the pathogenesis of IBD and 
highlight that IL-25 pathway may serve as a 
potential target for the IBD treatment based on 
MSCs. 

Materials and methods

Patients and sample collection

IBD patients were recruited from the Depart- 
ment of Gastroenterology, Affiliated Zhong- 
shan Hospital of Xiamen University from May 
2014 to March 2016. Inflamed ileal and/or 
colonic tissues were collected from 32 CD 
patients and 25 UC patients; whole venous 
blood was collected from 27 active CD patients 
and 22 active UC patients. Endoscopic biop- 
sies were taken at the sites of active inflamma-
tion adjacent to ulcerations. Human peripheral 
blood mononuclear cells (hPBMCs) were  
separated from in all groups as previous- 
ly described [15]. None received immunosup-
pressant therapy (i.e., cyclosporine A, azathio-
prine, 6-mercaptopurine) and biological thera-
py (i.e. infliximab) before the study. The diagno-
sis of IBD was based on the clinical manifes- 
tations, radiological and endoscopic features, 
and histological findings of the biopsies. Re- 
mission of CD was defined as the Crohn’s 
Disease Activity Index (CDAI) <150. Moreover, 
endoscopic biopsies from 35 healthy volun-
teers (20 males and 15 females; age: 22-50 
years) were collected as controls, and venous 
blood was collected from 30 healthy controls 
(18 males and 12 females; age: 20-48 years). 
The study was approved by the Institutional 
Review Board for Clinical Research of Affili- 
ated Zhongshan Hospital of Xiamen University. 
Written informed consent was obtained from  
all subjects before study. The clinical character-
istics of these patients are shown in supple-
mentary Table 1. 

Immunofluorescence staining

CD4+IL-25R+ and LGR5+IL-25R+ cells in the in- 
testinal mucosa were examined by immunoflu-
orescence staining. Briefly, 5-µm mucosal sec-
tions were obtained, and then fixed in cold ace-
tone for 30 min and blocked with normal goat 
serum in PBS for 1 h at room temperature. The 
sections were incubated with primary antibod-
ies (CD4 Ab: Santa Cruz, TX, USA; IL-25R Ab: 
R&D, MN, USA; LGR5 Ab: Novus, CO, USA) at 
4°C overnight and then with fluorescent sec-
ondary antibodies (Invitrogen, Carlsbad, USA). 
After mounting with glycerol, sections were ob- 
served using a fluorescence microscope (Olym- 
pus BX43, Japan). The observers were blind to 
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the study design. The double positive cells and 
total stromal cells were subsequently counted, 
and the percentage of positive cells was calcu-
lated as follow: [(positive cells)/(total cell num-
ber)] ×100%.

Flow cytometry

hPBMCs were washed with cold PBS and re-
suspended in 100 µL of PBS and stained with 
FITC-conjugated anti-human CD4 (eBioscienc-
es, CA, USA), and PE-conjugated anti-human 
IL-25R (R&D, MN, USA) antibodies at 2 µg/mL 
for 30 min at 4°C. Untreated cells were pre-
pared as a control. Finally, the samples were 
fixed in 0.5 ml of 3% paraformaldehyde, and 
subjected to flow cytometry on the FACS Cali- 
bur instrument (BD Biosciences, CA, USA) and 
data were analyzed with CellQuest software. 

Animals and cell culture

Sprague Dawley (SD) rats (age: 6-8 weeks, 
weight: 150-170 g) were purchased from 
Shanghai Laboratory Animal Research Center 
(Shanghai, China). The rat small intestine epi-
thelial cell line (IEC-6 cells) was obtained from 
the American Type Culture Collection (ATCC; 
Manassas, VA, USA). IEC-6 cells were grown in 
Dulbecco’s modified Eagle’s medium (DMEM) 
(Gibco Invitrogen, Carlsbad, USA) supplement-
ed with 10% fetal bovine serum (FBS) at 37°C 
in a humidified environment with 95% O2 and 
5% CO2. 

MSCs isolation

Isolation and culture of MSCs were performed 
as described previously [16]. Rats were sacri-
ficed by cervical dislocation, and the tibiae we- 
re flushed to harvest bone marrow cells with 
low glucose DMEM (Gibco Invitrogen, Carlsbad, 
USA). Cells were then seeded into flasks and 
grown at 37°C in an environment with 5% CO2. 
After 3 days, non-adherent cells were removed 
and the medium was refreshed every 2-3 days. 
Once the cell confluence reached approximate-
ly 80%, cells were detached using 0.25% tryp-
sin-EDTA (HyClone, Utah, USA) and then har-
vested for following experiments. 

Preparation of conditioned medium and treat-
ments of IEC-6 cells

Rat MSCs (2×105 cells/flask) were incubated 
with 50 ng/mL rat IL-25 (ProSpec, NJ, USA) for 

24 h in vitro. Then, MSCs were washed with 
PBS and further incubated in serum-free DM- 
EM for 24 h. The culture medium was collect- 
ed, centrifuged at 1000 g for 5 min, filtered 
through a syringe filter and stored at -80°C as 
conditioned medium (CM). Control medium was 
prepared with untreated MSCs in serum-free 
DMEM following above procedures. In follow- 
ing experiments, IEC-6 cells were divided into  
3 groups: negative control group (cells were 
grown in DMEM supplemented with 10% FBS), 
experimental group, and control group. In con-
trol group, cells were incubated with 200 ng/ml 
rat TNF-α (Novus, CO, USA) and control medium 
supplemented with 10% FBS; in experimental 
group, cells were incubated with 200 ng/ml rat 
TNF-α and CM supplemented with 10% FBS. 
Cells were harvested from each group 24 h 
later for further examinations. 

Cell cycle and CCK-8 assays

For cell cycle assay, IEC-6 cells at 1×106 cells/
ml were fixed in ice-cold 70% ethanol for 12 h, 
washed and incubated in dark with 500 ml PI/
RNase Staining Buffer (BD Pharmingen, USA) 
for 15 min at room temperature. Cells were 
subjected to flow cytometry (BD Biosciences, 
CA, USA) and data were analyzed with Cell Qu- 
est Software (Becton Dickinson). In addition, 
cell viability was detected by Cell Counting Kit- 
8 assay (Dojindo Laboratories, Japan). In brief, 
cells were plated at 3×103 cells/well in 96-well 
plates with four replicates in each group. Dif- 
ferent culture media were added. Cells in exper-
imental group and control group were simulta-
neously treated with 200 ng/ml rat TNF-α. 
Then, WST-8 reagent was added 24 h later, and 
cells were incubated for 2 h. Optical density 
(absorbance) of each well was measured at 
450 nm with a microplate reader (Bio-Rad La- 
boratories, USA). Three independent experi-
ments were performed and means were cal- 
culated.

Scratch wound healing assay 

The migration of IEC-6 cells in vitro was mea-
sured by scratch wound healing assay. The 
IEC-6 monolayer (5×105 cells/well) in a six-well 
plate was scraped in crossed straight lines with 
a 200-μl pipette tip. Then, cells were washed 
with PBS twice, and 1 ml of control medium, 
CM or DMEM supplemented with 10% FBS was 
added. Cells in experimental group and control 



IL-25 enhances the capacity of mesenchymal stem cells

5323	 Am J Transl Res 2017;9(12):5320-5331

group were simultaneously treated with 200 
ng/ml rat TNF-α. 24 h later, cells were observed 
under a light microscope and photographed. 
Each experiment was repeated at least three 
times. 

Western blotting

Total protein was extracted from IEC-6 cells  
of each group using RIPA buffer with a cocktail 
of protease and phosphatase inhibitors. After 
quantification of protein concentration using 
BCA assay by microplate spectrophotometry 
(Thermo, Massachusetts, USA), proteins were 
separated by sodium dodecyl sulfate-polyacr- 
ylamide gel electrophoresis (SDS-PAGE) and 
then transferred onto nitrocellulose membran- 
es (Millipore, Massachusetts, USA). Membranes 
were treated with primary antibodies: anti-
AKT1 (Novus, CO, USA), p38 (Novus, CO, USA), 
ERK (Proteintech IL, USA) and GAPDH (Bio- 
world, MN, USA) at 4°C overnight. After incuba-
tion with secondary antibody, immunoblot dete- 
ction was performed by Odyssey Imaging Sys- 
tem (Li-COR Biosciences, Nebraska, USA).

Statistical analysis

Statistical analysis was performed with SPSS 
statistical software 17.0 (Chicago, IL, USA). 
Data are expressed as mean ± standard error 
(SEM). Differences between groups were com-
pared with t test for 2 independent samples. 

Correlation was analyzed by Spearman’s corre-
lation analysis. A value of P<0.05 was consid-
ered statistically significant. 

Results

CD4+IL-25R+ cells and LGR5+IL-25R+ cells in 
inflamed mucosa

Double immunofluorescence staining was per-
formed to determine in situ expression of IL- 
25R in mucosal CD4+ T cells of IBD patients 
and healthy controls. As shown in Figure 1, 
IL-25R was expressed in CD4+ cells in the lami-
na propria (LP) of colonic mucosa. Compared 
with healthy controls (3.7% ± 1.6%), the propor-
tion of CD4+IL-25R+ cells in the LP of inflamed 
mucosa in CD patients (23.2% ± 6.7%) and  
UC patients (20.8% ± 7.5%) significantly incre- 
ased (P<0.05), and no significant difference 
was observed between CD and UC patients 
(P>0.05). Moreover, the coexpression of IL-25R 
and LGR-5 (a marker of intestinal stem cells) 
was further investigated in the mucosa. As 
shown in Figure 2, a small amount of LGR5+IL-
25R+ cells with cytoplasmic staining was pres-
ent in the crypts of intestinal mucosa. The pro-
portion of LGR5+IL-25R+ cells in the inflamed 
ileum/colon was 12.3% ± 2.4% in CD patients 
and 11.6% ± 1.9% in UC patients, which were 
significantly higher than in healthy controls 
(1.5% ± 0.6%; P<0.05). No significant differ-
ence was observed between CD and UC pa- 

Figure 1. Colocalization between IL-25R and CD4 in the intestinal mucosa. A: Representative images from inflamed 
mucosa of a CD patient, a UC patient, and a healthy control (×200). IL-25R+CD4+ cells were detected by double im-
munofluorescence staining. B: Quantification of IL-25R+CD4+ cells in the intestinal mucosa of healthy control, CD 
patient, and UC patient (*P<0.05 vs control group). Data are expressed as mean number of positive cells per high 
power field ± SEM from 3 independent experiments. 
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tients (P>0.05). Interestingly, the CD4+IL-25R+ 
cells and LGR5+IL-25R+ cells markedly decrea- 
sed in the intestinal mucosa of IBD patients in 
remission or after successful treatment (P< 
0.05, Figure 3). Thus, the elevated LGR5 ex- 
pression in the intestinal mucosa may be a 
feedback response to the insufficient expres-
sion of IL-25 and the extensive injury of intesti-
nal epithelium. 

CD4+IL-25R+ cells in the peripheral blood 

The CD4+IL-25R+ cells were further detected in 
the peripheral blood of IBD patients and healthy 
controls by flow cytometry. As shown in Figure 
4, the CD4+IL-25R+ cells significantly decreased 
in the peripheral blood of CD patients (9.9% ± 

cosa rather than in peripheral circulation of IBD 
patients. 

Correlation of CD4+IL-25R+ cells with CRP and 
ESR

Clinically, CRP and ESR are two main inflamma-
tory markers, and may reflect the severity of 
IBD. The correlations of CD4+IL-25R+ cells with 
CRP and ESR were further evaluated in IBD 
patients. Results showed the proportion of 
CD4+IL-25R+ cells in the peripheral blood was 
inversely related to the CRP and ESR in both CD 
patients and UC patients (CRP: CD, r = -0.79; 
UC, r = -0.72; ESR: CD, r = -0.64; UC, r = -0.69; 
P<0.05, Figure 5). These findings indicate that 
the CD4+IL-25R+ cells are closely related to the 
clinical severity of inflammation in IBD.

Figure 2. Colocalization between IL-25R and LGR5 in the intestinal mucosa. A: Representative images from inflamed 
mucosa of a CD patient, a UC patient, and a healthy control (×200). IL-25R+LGR5+ cells were detected by double 
immunofluorescence staining. B: Quantification of IL-25R+LGR5+ cells in the intestinal mucosa of healthy control, CD 
patient, and UC patient (*P<0.05 vs control group). Data are expressed as mean number of positive cells per high 
power field ± SEM from 3 independent experiments. 

Figure 3. CD4+IL-25R+ cells (A) and LGR5+IL-25R+ cells (B) in the intestinal 
mucosa of IBD patients in remission or active stage. Cells were detected by 
double immunofluorescence staining. *P<0.05 vs healthy controls. 

0.6%) and UC patients (9.6% 
± 0.8%) when compared with 
healthy controls (11.7% ± 
1.21%) (P<0.05), but no sig-
nificant difference was ob- 
served between CD and UC 
patients (P>0.05). The decre- 
ase in CD4+IL-25R+ cells of 
peripheral blood was differ- 
ent from their increase in  
the inflamed mucosa of IBD 
patients. Thus, we speculate 
that the feedback response  
to the insufficient expression 
of IL-25 might only exist in 
local inflamed intestinal mu- 
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Effects of IL-25 primed MSC medium on migra-
tion, viability and cell cycle

Studies have reported that the proliferative 
effect of MSCs on the intestinal epithelium 
seems to depend on many factors such as cul-
ture condition (inflammatory environment) [17, 
18]. In the present study, the effects of IL-25 
primed MSC medium on cell migration, viability 
and cell cycle were further explored in IEC-6 
cells. As shown in Figure 6A, the migration of 
IEC-6 cells in vitro was measured by a mono-
layer wound healing assay. The scratch wound 
of IEC-6 monolayer became wider after TNF-α 
treatment, and IL-25 primed MSC medium sig-
nificantly facilitated the wound closure as com-
pared to control medium and DMEM treat-
ments (P<0.05). CCK8 assay indicated that 
treatment with IL-25 primed MSC medium was 

better than other treatments (control medium 
and DMEM) to increase IEC-6 cell viability in  
the presence of TNF-α, (Figure 6B, P<0.05). In 
addition, cells in G1 phase increased and cells 
in S phase reduced in IEC-6 cells after 24-h 
treatment with TNF-α, which was significantly 
inhibited after treatment with IL-25 primed 
MSC medium (Figure 6C). Taken together, the- 
se findings confirm that IL-25 effectively facili-
tates the proliferative effect of MSCs on in- 
testinal epithelium.

Activation of Akt and mitogen-activated protein 
kinase signal pathway in IEC-6 cells after IL-25 
primed MSC medium stimulation

There is evidence showing that the PI3K-Akt 
pathway is involved in the epithelial cell survival 
in the inflammatory microenvironment in vivo 

Figure 4. Proportion of CD4+IL-25R+ cells in the peripheral blood. CD4+IL-25R+ cells in the peripheral blood of healthy 
controls (A), CD patients (B) and UC patients (C) were detected by flow cytometry. (D) Quantification of CD4+IL-25R+ 
cells in the intestinal mucosa of healthy control, CD patient, and UC patient. *P<0.05 vs healthy controls. 
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[19]. To investigate the underlying mechanism 
of MSC proliferative effect on intestinal epithe-
lium after IL-25 treatment, the expression of 
PI3K-Akt pathway related proteins was mea-
sured by western blotting. As shown in Figure 7, 
the protein expression of Akt1, P38 and ERK 
markedly decreased in IEC-6 cells after 24-h 
exposure to 200 ng/ml TNF-α (P<0.05), but the 
incubation in IL-25 primed MSC medium result-
ed in significant up-regulation of Akt1, P38  
and ERK expression in the presence of TNF-α 
(P<0.05). Interestingly, the protein expression 
of phosphorylated Akt1, P38 and ERK was not 
significantly affected by IL-25 primed MSC me- 
dium in vitro (P>0.05, data not shown). These 
findings suggest that PI3K-Akt pathway plays a 
critical role in the MSC proliferative effect on 
intestinal epithelium after IL-25 treatment.

Discussion

In our previous study, results showed IL-25 ex- 
pression markedly decreased in the inflamed 
mucosa of IBD, which was related to the intesti-
nal mucosal inflammation and disease activity 

and could inhibit IBD CD4+ T cell activation and 
their differentiation into Th1/Th17 cells. In this 
study, we further investigated the role of IL-25R 
in the Th-mediated immunity of IBD patients. 
Our results showed an increase in CD4+IL-25R+ 
cells in the inflamed mucosa, nut they decreas- 
ed in peripheral blood of IBD patients. Moreover, 
the proportion of CD4+IL-25R+ cells was inver- 
sely related to ESR and CRP, two inflammatory 
markers. Furthermore, we investigated wheth-
er IL-25 was able to enhance the capacity of 
MSCs to induce intestinal epithelial cell regen-
eration. Results showed that IL-25R expression 
was up-regulated in the intestinal stem cells of 
IBD patients as compared to healthy controls. 
In vitro experiments indicated that IL-25 primed 
MSC medium could promote the migration, via-
bility and proliferation of intestinal epithelial 
cells (IEC-6 cells), which was, at least partially, 
mediated through PI3K-Akt pathway.

Although the specific causes of IBD are still 
poorly understood, it is now widely accepted 
that, atypical infection, genetic susceptibility, 
and autoimmune responses to luminal flora 

Figure 5. Correlation of CD4+IL-25R+ cells with CRP and ESR in IBD patients. A negative correlation of CD4+IL-25R+ 
cells percentage with CRP and ESR was observed in both CD (A, B) and UC patients (C, D). Data were analyzed by 
Spearman’s correlation analysis. 
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play major roles in the pathogenesis of human 
IBD [20-22]. Most current theories concentrate 
on the disordered intestinal mucosal lympho-
cyte activation and the imbalance between pro-
inflammatory and anti-inflammatory signals. Th- 
eoretically, CD seems to be driven by the Th1 

and Th17 activated CD4+ lymphocyte response, 
with an increase in TNF-α, IL-17 and IL-21, while 
UC is associated with a cytokine profile similar 
to the Th2-mediated response, producing IL-5 
and IL-13 but not IL-4 [23, 24]. Cytokines play a 
key role in this process and determine the dif-

Figure 6. Effect of IL-25 primed MSCs medium on cell migration, viability and cell cycle. A: The migration of IEC-6 
cells in vitro was measured by wound healing assay. Red line: cell wound. *P<0.05. B: CCK8 assay of IEC-6 cells 
treated with different media for 24 h. *P<0.05. C: Cell cycle distribution of IEC-6 cells after 24-h exposure to differ-
ent media was examined by flow cytometry. *P<0.05 vs NC group, &P<0.05 vs TNF-α group. NC: negative control 
group; TNF: control medium group; CM: IL-25 primed MSCs medium group. 

Figure 7. Protein expression of AKT1 (B), ERK(C) and P38 (D) in IEC-6 cells after 24-h exposure to different media. 
Protein expression was detected by Western blotting. (A) Representative WB images were shown for NC groups, TNF 
group and CM group. Data are represented as means ± SEM from three independent experiments (*P<0.05). NC: 
negative control group; TNF: control medium group; CM: IL-25 primed MSCs medium group.
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ferentiation of Th1, Th2 and Th17 cells. Cyto- 
kines temporally and spacially orchestrate the 
development, recurrence and exacerbation of 
inflammatory response in IBD [25, 26].

IL-25 has been found to suppress the develop-
ment of Th1/Th17 immune response. Studies 
have shown that IL-25 is able to inhibit the pro-
duction of Th1 or Th17-associated cytokines, 
and prevents and treats experimental murine 
colitis [27]. In addition, a systematic defect of 
IL-25 has been found in patients with several 
autoimmune diseases, including IBD, indicating 
that IL-25 deficiency may predispose to mag- 
nified inflammatory responses [28, 29]. IL-25 
acts through binding to IL-25R, which is expre- 
ssed in Th2 central memory cells, eosinophils, 
monocytes, and non-immune cells, such as epi-
thelial and endothelial cells [14]. The binding 
between IL-25 and IL-25R leads to the activa-
tion of some transcription factors, such as NF- 
κB, STAT6, 212GATA3, NF-ATC1, JUNNB, MAPK, 
and JNK [30]. In this study, the IL-25R protein 
expression was found to be up-regulated in 
CD4+ cells of inflammed mucosa in IBD pa- 
tients, which was inconsistent with the sys- 
tematic reduction in IL-25 expression in these 
patients. The elevated IL-25R production in the 
intestinal mucosa may be a feedback response 
of CD4+ cells to the reduced expression of IL-25. 
However, the IL-25R expression decreased in 
CD4+ cells of peripheral blood from IBD pa- 
tients, suggesting that this feedback response 
might only exist in local inflamed intestinal mu- 
cosa rather than in peripheral circulation of  
IBD patients. In addition, the CD4+IL-25R+ cells 
markedly decreased in the intestinal mucosa of 
IBD patients in remission or after successful 
treatment, and the proportion of CD4+IL-25R+ 
cells in the peripheral blood of IBD patients 
were inversely related to serum CRP and ESR, 
two main markers of IBD disease activity. These 
results indicate that the change in IL-25R of 
CD4+ cells in IBD patients is closely associated 
with the inflammatory responses.

Traditional therapy for IBD employs corticoste-
roids, 5-aminosalicylates, antimicrobiotics, im- 
munosuppressive agents and/or monoclonal 
antibodies, but not all the patients are respon-
sive to these medications and some of drugs 
have multiple adverse effects. In addition, in- 
testinal resection is still needed for IBD pa- 
tients after treatment failure [31, 32]. Several 

reports have demonstrated that MSC trans-
plantation is a promising treatment for IBD in 
both clinical trials and animal models [7, 33]. 
MSCs possess the capabilities of differentia-
tion and self-renewal, and they can migrate to 
the site of injury and repair the damaged tis-
sues [34]. The migration and differentiation of 
MSCs to specific tissues are largely depend- 
ent on chemotactic signals at the injured or 
inflamed sites [35]. TNFα-primed cells are more 
sensitive to most chemokines, suggesting that 
the mobilization of MSCs and their subsequent 
differentiation into injured tissues depend on 
the systemic and local inflammatory states 
[36]. LGR5 expression is mainly found in the 
crypt base columnar cells of the intestine, and 
thus LGR5 has been used as a marker of stem 
cells in the small intestine, colon, stomach pylo-
rus, and other organs such as hair follicle [37]. 
In our study, results showed a small amount of 
LGR5+IL-25R+ cells in the crypts of intestinal 
mucosa, indicating that IL-25 may act on intes-
tinal stem cells through binding to IL-25R. Fur- 
thermore, the proportion of LGR5+IL-25R+ cells 
increased in the inflamed mucosa in active IBD 
patients, while its expression markedly decre- 
ased in remission of IBD or after successful 
treatment. We speculate that the inflammatory 
milieu of IBD might up-regulate the IL-25R ex- 
pression in the intestinal stem cells, finally 
leading to the augmented response of intesti-
nal stem cells to IL-25. Our results are in con-
cordance with the findings of Saenz et al that 
IL-25 could promote the accumulation of multi-
potent progenitor cell population in the gut-
associated lymphoid tissues through inducing 
Th2 cytokine response [38].

We further investigated whether IL-25 influen- 
ced the effect of MSCs on the intestinal epithe-
lium repair. Recent studies reported that the 
MSCs related repair is independent of their 
direct engraftment, but relies on their capacity 
to release trophic factors favoring tissue regen-
eration in a special immune microenvironment 
[39]. For instance, hypoxia may profoundly af- 
fect the compositions of MSC-conditioned me- 
dium, which has a lot of pleiotropic gut trophic 
factors involved in wound healing, proliferation, 
and tissue remodeling [9]. Our results showed 
that IL-25 primed MSCs medium could facilitate 
the migration, viability and proliferation of IEC-6 
cells in the presence of TNF-α, strongly impli-
cating the IL-25 induced paracrine mechanism 
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in the proliferative effect of MSCs on the intes-
tinal epithelium. Moreover, IL-25 primed MSC 
medium could up-regulate the expression of 
PI3K-Akt pathway related proteins in IEC-6 cells 
after 24-h exposure to TNF-α. Of note, PI3K-Akt 
pathway is involved in the epithelial cell survival 
to resist the inflammatory damage [19]. There- 
fore, we hypothesized that IL-25 might promote 
the anti-inflammatory and proliferative effects 
of MSCs on the intestinal epithelium via the 
downstream signaling pathways of PI3K-Akt. 
However, the factors in the IL-25 primed MSCs 
medium that promote the proliferation of IEC-6 
cells remain to be further identified.

Conclusions

In summary, our results show that IL-25R is 
involved in Th-related mucosal inflammation 
and proliferation of intestinal stem cells in IBD 
patients. IL-25 enhances the capability of MSCs 
to induce intestinal epithelial cell regeneration. 
IL-25 mediated MSC-based therapy may be a 
new treatment for IBD. 
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supplementary Table 1. Clinical characteristic of patients with IBD
Biopsy group Blood group

CD UC CD UC
No of patients 32 25 27 22
Age (yrs) 35.8 (20-48) 36.2 (21-58) 32.4 (18-48) 34.7 (21-60)
Gender
    Male 20 16 16 12
    Female 12 9 11 10
Disease duration (mo) 42 (14-65) 40 (12-78) 34 (12-72) 43 (15-68)
Disease extent (UC)
    Proctitis 4
    Left-sided colitis 10
    Extensive colitis 11
Disease location (CD)
    Ileum 5
    Colon 18
    Ileum + colon 9
ESR (mm/h) 43.8 (18.5-85.7) 51.5 (15.6-90.3)
CRP (mg/L) 41.9 (21.3-89.6) 39.7 (11.2-86.4)
*Data are shown as medians (interquartile ranges).


