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muris infection, and MPP cells have multipo-
tent activity, giving rise to cells of monocytes/
macrophages and granulocyte lineages both in 
vitro and in vivo [23]. Our previous study indi-
cated that IL-25 was deficient in the sera and 
inflamed mucosa of IBD rats, and it inhibited 
the differentiation of IBD CD4+ T cells into Th1/
Th17 cells but did not interfere with Th2-

associated transcription factor expression [22]. 
In the present study, a well-established colitis 
model was established with DSS in rats, wheth-
er IL-25 could influence the therapeutic effects 
of MSCs on IBD was investigated, and then the 
potential mechanism was further explored. Our 
results showed that IL-25 primed MSC had a 
better protective effects on the intestinal symp-

Figure 4. Transcription factor/cytokine 
expression in lamina propria CD4+ cells 
of rats. Transcription factor/cytokine 
levels of lamina propria cells were de-
termined with immunofluorescence do- 
uble staining. The nucleus was stained 
with DAPI (100 ×). Red fluorescence: 
CD4; green fluorescence: IFN-γ, IL-4, IL-
17 or FOXP3. Merge represents CD4+ 
cells positive for IFN-γ, IL-4, IL-17 or 
FOXP3. Data were presented as mean ± 
SEM (*P < 0.05 vs control; #P < 0.05 vs 
DSS; &P < 0.05 vs MSC).
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toms and histology of colitis rats compared 
with untreated colitis rats. Further analysis 
demonstrated that IL-25 acted via inhibiting 
Th17 and inducing Treg immune response. 
However, our study failed to confirm that IL-25 
affected the migratory and regenerative capac-
ities of MSCs in vivo. These finding indicate that 
IL-25 can augment the therapeutic efficacy of 
MSCs in the treatment of IBD.

MSCs can be easily separated from the bone 
marrow, where they provide a support for the 
growth and differentiation of hematopoietic 
progenitor cells in the bone marrow environ-
ment [37]. MSCs have multipotent differentia-
tion potential, which allows them to differenti-
ate into other cell types. In addition, they also 
have immunomodulatory capacity by control-
ling inflammation and modifying the prolifera-
tion and cytokine production of immune cells 
[38]. In 2002-2003, the observation that MSCs 

inhibited T-cell proliferation in vitro identified by 
three independent investigators opened a door 
for the use of MSCs in the treatment of autoim-
mune disorders [39-41]. The pathogenesis of 
IBD also has involvement of misregulation of 
T-cell subsets, which is accompanied by aber-
rant Th1- or Th17-mediated immune responses 
in CD, and a Th2-driven aberrant immune 
response in UC. Therefore, numerous reports 
have provided evidence that the effectiveness 
of MSC-based immunotherapy in IBD is associ-
ated with the decrease in inflammatory CD4+ T 
cells [42, 43]. The inhibitory effect of MSCs on 
pro-inflammatory T cells seems to depend on 
many parameters such as culture condition (an 
inflammatory environment). Thus, modification 
of culture condition for MSCs can enhance their 
immunomodulatory effects. Duijvestein et al. 
found that IFN-γ-stimulated MSCs, but not 
untreated MSCs, significantly attenuated DSS-
induced colitis and TNBS-induced colitis via 

Figure 5. Immunohistochemistry for Ki67 and LGR-5 in the colonic mucosa of rats (× 200). Ki67 and LGR-5 posi-
tive cells were mainly located in the colonic villus and intestinal epithelium. The percentage of positive cells was 
calculated as follow: [(positive cells)/(total cell number)] × 100%. Results were obtained from three independent 
experiments. Data were presented as the mean ± SEM (*P < 0.05).
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inhibiting Th17 response [14]. Another study 
also indicated that IL-37 transfected MSCs 
could attenuate the histology in DSS-induced 
colitis mice though inducing Th2-related cyto-
kines and suppressing Th1-related cytokines 
produced by splenic CD4+ T cells [44]. In our 
study, results showed that IL-25 primed MSCs 
had enhanced anti-inflammatory activity, achi- 
eving better therapeutic efficacy (improve-
ments of clinical symptoms and intestinal dam-
ages) in a DSS-induced colitis rat model. In 
addition, flow cytometry and immunofluores-
cence staining revealed that IL-25 primed MSCs 
exhibited enhanced capability to inhibit Th17 
response in CD4+ T cells of colitis rats, but had 
no marked effect on Th1 or Th2 response. 
These finding suggest that IL-25 primed MSCs 
seem to reduce immune response mainly via 
suppressing Th17 cell activity rather than 
inducing Th2-related immunity or suppressing 
Th1-related immunity, finally avoiding the ampli-
fication of inflammatory cascade and exerting 
an anti-inflammatory effect. 

Regulatory T cells play a key role in the treat-
ment of inflammatory diseases (such as IBD), 
mainly by inhibiting pro-inflammatory cytokine 
production, down-regulating costimulatory mol-
ecules on antigen presenting cells, and modu-
lating T-cell proliferation and differentiation. 
Luz-Crawford et al. found that the suppressive 
effect of MSCs was associated with the 
increased functional CD4+CD25+Foxp3+ regula-
tory T cells and elevated IL-10 secretion [45]. In 
line with previous studies, the percentage of 
Tregs in peripheral blood- and lamina propria-
CD4+ T cells increased significantly in rats after 
treatment with IL-25-primed MSCs as com-
pared with MSC treated colitis rats and untreat-
ed colitis rats, suggesting that IL-25 helps 
MSCs ameliorate DSS-induced colitis by up-
regulating Tregs. The MSCs mediated induction 
of regulatory T cells depends on local condi-
tions. Under different inflammatory environ-
ments, MSC constitutively secrete transform-
ing growth factor-β (TGF-β), indoleamine 2,3 
deoxygenase (IDO) or IL-2, which acts as a 
growth factor for regulatory T cells [46]. 
Furthermore, MSC can induce the differentia-
tion of type 2 macrophages, which produce 
IL-10, CCL-18 or PGE2 to induce regulatory T 
cells [47]. However, how IL-25 improves the abil-
ity of MSCs to induce regulatory T cells remains 
to be further identified. 

In response to inflammation or tissue injury, 
MSCs are able to migrate to the injured sites, 
replace dysfunctional cells and differentiate 
into various tissues. The migration of MSCs to 
such sites may be dependent on the chemotac-
tic signals derived from injured or inflamed tis-
sues. Park et al. employed confocal imaging 
analysis to investigate the direct migration of 
MSCs in a DSS-induced colitis model, and they 
found that a larger amount of MSCs was detect-
able in either colon or regional mesenteric 
lymph nodes of the DSS-induced colitis group, 
most in the distal part of the colon, but few in 
the proximal part [13]. However, in our study, 
results failed to identify the migration of infused 
MSCs in the inflamed colonic mucosa in two 
MSC treatment groups on Day 8. We speculat-
ed that the absence of infused MSC was asso-
ciated with the survival time of MSCs in the 
inflammatory tissues. Some studies have 
revealed that in vitro expanded MSCs have a 
short lifespan after in vivo administration [48]. 
Another study displays that the infused MSCs 
are detectable in the inflamed intestine until 
day 5, but not on day 7 in an experimental coli-
tis model [49]. In mice suffering from TNBS-
induced colitis, intravenous injection of MSCs 
leads to the increased expressions of Ki67 (a 
cell proliferation marker) and LGR5 (an intesti-
nal stem cell markers) in damaged mucosa, 
indicating that MSCs induce the differentiation 
of intestinal stem cells and the proliferation of 
intestinal epithelial cells [50]. Our results are 
consistent with previous findings that MSCs up-
regulate the expressions of Ki67 and LGR5, but 
those were comparable between MSC group 
and IL-25 primed MSC group in our study. 
Therefore, we postulate that IL-25 has no sig-
nificant effect on the capability of MSCs to 
induce the differentiation of intestinal stem 
cells and the proliferation of intestinal epitheli-
al cells.

In summary, our study demonstrates that IL-25 
primed MSCs achieve better therapeutic 
effects on intestinal inflammation of IBD th- 
rough inhibiting Th17 immune response and 
inducing T regulatory cell phenotype. Thus, 
IL-25 may become an attractive candidate for 
the MSC-based therapy of IBD.
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