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Abstract. Accumulating evidence has established the use of 
mesenchymal stem cells (MSCs) as candidate cells for immu-
nosuppressive therapy. Experimental studies have suggested 
that MSCs exert their immunomodulatory effects through the 
induction of regulatory T cells (Tregs) in vitro and in vivo. 
However, the interactions between MSCs and Tregs in inflam-
matory bowel disease (IBD) and whether MSCs can be used 
for the treatment of IBD remains to be elucidated. In this study, 
we aimed to investigate whether MSCs can be used for the 
treatment of IBD through the induction of Tregs. MSCs were 
isolated and identified by flow cytometry. The MSCs were 
transduced with a replication-defective recombinant lentiviral 
vector carrying GFP in order to be able to trace the injected 
cells in vivo. Prepared MSCs (1x106) were injected into rats 
with 2,4,6-trinitrobenzene sulfonic acid  (TNBS)‑induced 
colitis via the tail vein; the control rats received phosphate-
buffered saline (PBS) alone. Two weeks after the intravenous 
infusion, the frequency of CD4+CD25+Foxp3 cells in the 
peripheral blood was examined by flow cytometry. The colon 
was sectioned and analyzed for histopathological changes. 
Foxp3 mRNA expression was determined by real-time reverse-
transcription polymerase chain reaction (qRT-PCR). In our 
study, the systemic infusion of MSCs significantly ameliorated 

the clinical and histopathologic severity of TNBS-induced 
colitis in contrast to the controls. There was an inverse regula-
tion of mucosal and peripheral Foxp3 expression, suggesting 
that the MSCs redistributed the Tregs from the mucosa to the 
blood. Thus, MSCs exhibit immunomodulatory functions and 
may be used to ameliorate or treat IBD by redistributing regu-
latory T cells. Therefore, the interactions between transplanted 
bone marrow-derived MSCs and Tregs should be further 
investigated; MSCs have tremendous potential for use in the 
treatment of IBD.

Introduction

Inflammatory bowel disease (IBD), which is a major gastrointes-
tinal disease consisting of Crohn's disease (CD) and ulcerative 
colitis (UC), is a recurring and remitting disorder characterized 
by a range of symptoms, including abdominal pain, severe diar-
rhoea, rectal bleeding and wasting. It has been suggested that 
IBD results from environmental, genetic and immunological 
factors. Moreover, compelling data have suggested that the 
major contributing factor to IBD is an inappropriate reaction of 
the intestinal immune system to normal luminal enteric flora, 
according to individual genetic differences (1-3). CD and UC 
are distinguished by the tissues that are affected: CD can affect 
any region of the gastrointestinal tract in a discontinuous and 
transmural manner, whereas UC is restricted to the surface 
mucosa of the colon, in particular the rectum (4). Although 
the pathogenesis of these diseases is not yet fully understood, 
transmural inflammation in IBD, including lymphoid hyper-
plasia, submucosal edema, ulcerative lesions, as well as fibrosis 
is typically associated with the deficiency of T cell-mediated 
regulatory processes which would normally prevent and/or 
terminate inflammation (5). However, anti-inflammatory and 
immunosuppressive agents which we currently regard as impor-
tant treatment regimens are not curative and only reduce the 
degree of intestinal inflammation associated with the disease (6). 
It is urgent to develop new therapeutic approaches that are more 
effective in the treatment of IBD.

Regulatory T  cells (Tregs) are considered critical for 
maintaining immune homeostasis by establishing tolerance 
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to foreign, non-pathogenic antigens that exist in commensal 
bacteria and food (7,8). Patients who have non-functional or 
absent Tregs associated with genetic mutations in Foxp3 always 
have severe intestinal inflammation characterized by lympho-
cytic infiltration (9,10). Similarly, mice lacking Foxp3+ Tregs 
are more likely to develop severe colitis (11). Previously, it has 
been suggested that the restoration of Tregs can prevent and 
treat colitis in mouse models of IBD (12).

Mesenchymal stem cells (MSCs) are multipotent cells 
which can present in the bone marrow and may be isolated 
from a variety of tissues, including adipose, liver, amniotic 
fluid, lung, skeletal muscle, as well as kidney tissue (13). On 
the basis of their convenient isolation, their low expression of 
human leukocyte antigen (HLA) and co-stimulatory mole-
cules, as well as the fact that their isolation does not provoke 
ethical controversy, bone marrow-derived MSCs (BM-MSCs) 
are a promising alternative for cellular immunotherapy (14,15). 
MSCs can not only differentiate into multiple cell lineages, 
including adipocytes, chondrocytes and osteocytes, but they 
also exhibit immunomodulatory functions in innate and adap-
tive immune systems. The immunosuppressive activity of 
MSCs is associated with a range of immune cells, including T, 
B and natural killer (NK) lymphocytes and dendritic cells (13). 
A number of in vitro and in vivo studies have suggested that 
MSCs exert their immunomodulatory effects through the 
expansion and/or induction of Tregs (16).

In view of their ability to differentiate into tissue-specific 
cell types, as well as their immunoregulatory effects in a 
variety of immune cell types, MSCs have the potential to 
prevent inflammatory disorders. A number of trials of MSC 
infusion for the treatment of graft-versus-host disease and 
CD have been published in recent years (17,18). However, the 
interactions between MSCs and Tregs in IBD and whether 
MSCs can be used for the treatment of IBD remain unclear. In 
this study, we infused BM-MSCs into a 2,4,6-trinitrobenzene 
sulfonic acid (TNBS)-induced rat model of colitis in the effort 
to confirm our hypothesis that MSCs can be used for the treat-
ment of IBD and to investigate the possible mechanisms behind 
the immunosuppressive activity of MSCs and Tregs.

Materials and methods

Animals. Female Sprague-Dawley (SD) rats of specific 
pathogen-free grade, weighing approximately 200 to 250 g, 
were purchased from the Hubei Provincial Center for Disease 
Control, China. All rats were allowed free access to stan-
dard chow, as well as water and were randomly assigned to 
3 different groups [control (untreated group), the TNBS + PBS 
group and the TNBS  +  MSC group]. The experimental 
protocol was approved by the Experimental Animal Center of 
Tongji Medical College, Huazhong University of Science and 
Technology, Wuhan, China.

Isolation and culture of BM-MSCs. The isolation and culture 
of the BM-MSCs was carried out as previously described (19). 
Four-week-old male rats were sacrificed by cervical disloca-
tion. The rats were immersed in 75% ethanol for 5 min, and 
the bone marrow was then isolated from the bilateral femurs 
and tibias. The cell suspension was then loaded onto a Percoll 
gradient (Sigma‑Aldrich, St. Louis, MO, USA), and the cells 

were centrifugated for 5 min at 352 x g. The top supernatant 
was then transferred into a tube and washed with phosphate-
buffered saline (PBS). The cells were plated in a plastic tissue 
culture flask (Corning, NY, USA) and cultured in low-glucose 
complete cell culture medium consisting of α-minimum essen-
tial medium (α-MEM; Gibco, Invitrogen Corp., Grand Island, 
NY, USA) containing 10% fetal bovine serum (FBS; HyClone 
Laboratories, Inc., Logan, UT, USA). The non‑adherent cells 
were removed by adding fresh medium at 48 h and every 
3-4 days thereafter. All the cultures were maintained at 37˚C 
in a 5% CO2 atmosphere. For approximately 1-2 weeks, only 
adherent cells were collected with 0.25% trypsin solution 
(Gibco, Invitrogen Corp.). The cells were passaged at approxi-
mately 80% confluency. Third-passage cells were used for all 
the experiments.

Cell-surface marker characterization of BM-MSCs. For flow 
cytometric analysis, the BM-MSCs were trypsinized and incu-
bated for 30 min in the dark at 4˚C with the following fluorescent 
antibodies: anti-CD29-PE-Cy7, anti-CD90-AlexaFluor®488, 
anti-CD45-PE and anti-CD11b-AlexaFluor®647 (BioLegend, 
San Diego, CA, USA). They were then washed twice with PBS, 
and the cells were resuspended in 300 µl PBS. The detection of 
PE-Cy7/AlexaFluor 488/PE- and AlexaFluor 647-labeled cells 
was then carried out using a flow cytometer (FACSCalibur 
flow cytometer; Becton-Dickinson, Franklin Lakes, NJ, USA).

Transduction of BM-MSCs with GFP. Third-passage 
BM-MSCs at approximately 40% confluence were seeded 
in fibronectin-coated 6-well plates (Corning). The medium 
containing 10% FBS was removed, and the cells were then 
added to the replication-defective recombinant lentiviral vector 
carrying GFP (LV-GFP) supernatant containing 5 µg/ml poly-
brene (Shanghai Genechem Co., Ltd., Shanghai, China), to a 
final volume of 3 ml. The cells were transduced at a multiplicity 
of infection (MOI) of 20 units according to the manufacturer's 
instructions. Following incubation with LV-GFP for 2 h, culture 
medium containing 10% FBS was added to the plates. An addi-
tional transduction was performed for 48 h. After the cells were 
washed with PBS, the unabsorbed viral particles were removed. 
The BM-MSCs were then trypsinized for 5 min and used in the 
following experiments.

Induction of experimental colitis and treatment. Morris et al 
developed a simple and reproducible rat model of colonic 
inflammation in which they administered the hapten, TNBS 
(5-30 mg), in 0.25 ml of 50% ethanol by intraluminal instillation. 
They also suggested that TNBS/ethanol‑induced ulceration 
can persist for at least 8 weeks at a dose of 30 mg (20). In our 
study, we used TNBS (Sigma-Aldrich) to induce experimental 
colitis according to the method mentioned above. Subsquently, 
on days 0, 3, and  7, the GFP-transduced BM-MSCs were 
injected via the tail vein at a dose of 1x106 cells in 0.3 ml PBS 
into the rats with TNBS-induced colitis. In the control experi-
ments, the animals received 0.3 ml PBS without BM-MSCs 
according to the same protocol. Stool condition and body 
weight, as well as activity were evaluated daily to assess the 
disease activity index (DAI) as previously described (21). On 
day 15, after the mice were sacrificed, blood was collected by 
ventral aorta puncture for the analysis of Tregs in peripheral 
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blood and the entire colon was excised. The colon was divided 
for histological analysis and the evaluation of the expression of 
Foxp3 mRNA in intestinal mucosa.

Histological analysis. After the rats were sacrificed, the colon 
samples were fixed in 4% paraformaldehyde, embedded in 
paraffin and sliced into sections (4‑µm thick) before staining 
with hematoxylin and eosin. Histological evaluation was 
completed by two expert pathologists in a blinded manner 
according to a scoring scale described previously (22). The 
evaluated parameters were as follows: damage/necrosis, 
inflammatory cell infiltration, submucosal edema, as well as 
hemorrhage of the mucosa. Each of the parameters estimated 
was graded as follows: 0, no change; 1, mild; 2, moderate; 3, 
severe changes. The histological score was defined as the sum 
of these parameters.

Tracing of GFP-labeled BM-MSCs. To confirm the location 
of the infused BM-MSCs in the inflamed colonic tissues, 
we transduced the BM-MSCs with LV-GFP. Colon tissue 
samples excised from the colon of the inflamed region and 
the non-inflamed region were embedded in optimum cutting 
temperature (OCT) compound (Sakura Finetechnical Co., 
Ltd., Tokyo, Japan), and then frozen on dry ice. One section 
was used to detected GFP-positive cells by fluorescence 
confocal microscopy (E600; Nikon, Tokyo, Japan) and the 
other was stained with an antibody against GFP (Millipore, 
Billerica, MA, USA) and visualized using FITC-conjugated 
secondary antibody (Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA). Other sections were also prepared to analyze 
GFP protein by western blot analysis. Total protein was 
isolated and quantified using a BCA protein assay kit (Pierce, 
Perbio Science, Tattenhall, UK). The primary antibody against 
GFP was used at a dilution of 1:1,000. For the control protein 
loading, anti-GAPDH was used at a dilution of 1:10,000. 
The protein extract was resolved by SDS-PAGE electropho-
resis and transferred onto polyvinylidene difluoride (PVDF) 
membranes, which were blocked in 5% BSA and incubated 
with the relevant antibody.

Analysis of Tregs in peripheral blood by f low cytom-
etry. Peripheral blood mononuclear cells (2x106  cells/ml) 
were stained at 4˚C for 30  min with anti-CD4-FITC and 
anti‑CD25-APC (all from Beckman Coulter, Brea, CA, USA). 
Following incubation, the cells were fixed with Foxp3 fixa-
tion/permeabilization buffer 1 ml and permeabilized with 
Foxp3 permeabilization buffer 1 ml to determine intracellular 
Foxp3 levels. The cells were then incubated for 30 min at 4˚C 
with anti-Foxp3-PE antibody or isotype control (IgG2-FITC) 
(all from Beckman Coulter). The stained cells were then 
analyzed by flow cytometry.

mRNA expression of Foxp3 in the colon. The colon segments 
were frozen in liquid nitrogen until use at -80˚C. We used 
TRIzol reagent (Invitrogen Corp.) to isolate the total RNA 
from the individual colons according to the manufacturer's 
instructions. cDNA was synthesized from 0.5 µg of total RNA 
using a reverse transcription kit (Toyobo Co., Osaka, Japan) 
according to the manufacturer's instructions. Subsequently, a 
real-time PCR reaction with final volume of 20 µl using the 

SYBR-Green Realtime PCR master mix (Takara Bio, Inc., 
Shiga, Japan) was carried out using the ABI PRISM 7900HT 
sequence detector system (Applied Biosystems, Life 
Technologies, Carlsbad, CA, USA). Primers were designed 
according to the data from GenBank and evaluated by 
nucleotide BLAST standard search to avoid cross-reactivity 
with other known sequences. The designed primer sequences 
used for real-time PCR were as follows: Foxp3 upstream, 
5'-GGCAAACGGAGTCTGCAAG-3' and downstream, 
5'-TGCTCCAGAGACTGCACCAC-3'. The relative gene 
expression level, including the levels of the target gene, 
normalized to the endogenous and control gene was calculated 
using the comparative Ct method 2-ΔΔCt.

Statistical analysis. Data are expressed as the means ± stan-
dard deviation. Significant differences were assessed by the 
Statistical Package for the Social Sciences (SPSS) version 18 
and Microsoft EXCEL version 2003. A p-value <0.05 was 
considered to indicate a statistically significant difference. 
We use an unpaired t‑test and the Mann-Whitney U test for 
parametric and non‑parametric analyses between 2 groups.

Results

Characterization of BM-MSCs. At passage 3 or 4, the MSCs 
appeared to be a homogenous population of spindle-shaped 
cells, such as fibroblasts morphologically after the non‑adherent 
cells were removed. Flow cytometric analysis confirmed that 
the BM-MSCs were positive for CD29 and CD90, but stained 
negative for the hematopoietic surface markers, CD45 and 
CD11b (Fig. 1).

General conditions. All the TNBS-treated rats developed 
clinical symptoms similar to IBD in humans 2-3 days after 
modeling, including looser stool, bloody purulent stool, and 
loss of weight and their activity significantly decreased. 
However, the rats that were not administered TNBS did not 
show any of the abovementioned signs and gained weight over 
time. Following the infusion of the BM-MSCs, the symptoms 
of looser stool and bloody purulent stool were significantly 
alleviated compared with the control group (Fig. 2).

Histological improvement in the colon following infusion 
of BM-MSCs. Microscopically, histological changes in the 
colon samples from the rats with TNBS-induced colitis were 
observed. In comparison to the control group, the rats in the 
MSC-treated group showed a relatively intact structure of 
colonic mucosa which consisted of more organized mucosal 
glands and more abundant goblet cells, milder congestion and 
edema and less inflammatory cell infiltration in the mucosa 
and submucosa (Fig. 3). The histological colitis score defined 
as the sum of those parameters was significantly reduced in 
the MSC-treated group (Fig. 4)

Localization of infused BM-MSCs in the colon. In vivo, we 
transduced the BM-MSCs with GFP to cofirm the localiza-
tion of the infused BM-MSCs in the inflamed colonic tissues. 
In vitro, a large proportion of GFP-labeled BM-MSCs were 
observed (Fig. 5). However, we did not detect GFP fluores-
cence after 14 days under a confocal microscope in  vivo. 
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Distinct GFP-positive cells were observed when we used a 
GFP antibody and FITC-conjugated secondary antibody as 
described above, and the number of positive cells was then 
observed (Fig. 5). Moreover, high levels of expression of GFP 
protein were observed in the GFP-labeled BM-MSC group 
(Fig. 6). By contrast, no immunoreactivity was detected in the 
PBS-treated group and the normal control.

Effect of BM-MSC therapy on Tregs in peripheral blood. A 
number of studies on animal models of IBD have suggested 
that this disease is typically associated with a defect in the 
number of Tregs and that the restoration of Tregs can prevent 
and treat colitis (23,24). For this reason, in this study, we 
evaluated the effects of infused BM-MSCs on Tregs in the 
peripheral blood in the rats with TNBS-induced colitis. The 
proportion of CD4+CD25+Foxp3 cells markedly decreased 
in the PBS-treated rats with TNBS-induced colitis compared 
with the control group (p<0.05), as shown by flow cytometry 
(Fig. 7). Following the infusion of BM-MSCs, the propor-
tion of CD4+CD25+Foxp3 cells incresed compared with the 
PBS-treated group (p<0.05) (Fig. 7); however, no difference 
was observed between the BM-MSC-treated group and the 
control (untreated) group.

mRNA expression of Foxp3 in colonic mucosa. The colonic 
mucosal mRNA expression of Foxp3 was determined in the 

BM-MSC-treated rats with TNBS-induced colitis and the 
PBS-treated group by real-time PCR. As shown in Fig. 8, an 
increase in the mRNA expression of Foxp3 was observed in 

Figure 2. Clinical therapeutic efficacy of the transplantation of bone marrow-
derived mesenchymal stem cells (BM-MSCs) on the general conditions, such 
as body weight, stool consistency and rectal bleeding in rats with 2,4,6-trini-
trobenzenesulfonic acid (TNBS)-induced colitis. Data are represented as the 
means ± SEM (n=6 rats per group, results are from 3 separate experiments). 
*p<0.05 vs. phosphate-buffered saline (PBS)-treated group.

Figure 1. Mesenchymal stem cell (MSC) cell-surface antigen analysis. Bone marrow-derived MSCs (BM-MSCs) were positive for CD29 and CD90, but negative 
for CD45 and CD11b.
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the PBS-treated group compared with the BM-MSC-treated 
mice and the control group (p<0.05); however, there was no 
difference in Foxp3 mRNA expression between the BM-MSC-
treated group and the control group.

Discussion

The use of animal models of mucosal inflammation in studies 
on the pathogenesis of IBD was first implemented almost half 

Figure 3. Histologic analysis after the infusion of bone marrow-derived mes-
enchymal stem cells (BM-MSCs) into rats with 2,4,6-trinitrobenzenesulfonic 
acid (TNBS)-induced colitis. Colon specimens were sectioned and stained 
with hematoxylin and eosin (H&E). (A) Control group (magnification, x20); 
(B) phosphate-buffered saline (PBS)-treated group (magnification, x20); 
(C) BM-MSC-treated group (magnification, x20).

Figure 4. Effect of infusion of bone marrow-derived mesenchymal stem cells 
(BM-MSCs) on histological colitis score. BM-MSC-treated rats showed a 
significant lower histological severity score consisting of damage/necrosis, 
inflammatory cell infiltration, submucosal edema, as well as hemorrhage of 
mucosa compared with phosphate-buffered saline (PBS)-treated and control 
groups. Values are the means ± SEM (n=6 mice per group, results are from 
3 separate experiments). *p<0.05 vs. PBS-treated group and control group.

Figure 5. Localization of exogenously administered bone marrow-derived 
mesenchymal stem cells (BM-MSCs). (A) Recombinant replication-defective 
lentivirus carrying GFP (LV-GFP)-labeled BM-MSCs under a common 
microscope; (B) In vitro LV-GFP-labeled BM-MSCs (magnification, x20); 
(C) in vivo exogenously administered BM-MSCs were mainly observed in the 
inflamed colon (magnification, x20).
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a century ago (25). Although animal models of IBD cannot 
represent the human disease completely, these types of studies 
are valuable and constitute serious attempts at investigating 
the immunological basis of this type of disease. In our study, 
we used TNBS to induce a rat model of colitis.

The gut is an immunologically unique organ which is in 
direct contact with the external environment and must retain the 

ability to mount an adaptive response to commensal bacteria 
and food simultaneously in order to maintain tolerance (26). 
The gut immune system protects the host against patho-
logical invasion and mediates the contact between the host and 
microbes. Failure of these regulatory pathways and imbalances 
of the microbiota can result in inflammatory processes, such as 
IBD (27,28). A number of specialized immune cells are involved 
in maintaining mucosal tolerance in the intestine. Foxp3+ Tregs 
are the most significant cells in modulating this interaction 
within the adaptive immune system. One of the first studies to 
describe an existence of a peripheral mechanism for the regula-
tion of the immune system was published in the 1960s (29). In 
the late 1990s, subsequent in vitro and in vivo studies revealed 
the immunosuppressive properties of Tregs (30,31); however, 
the mechanisms involved are complex and multifactorial. A few 
years later, Fontenot et al (11) suggested that the Foxp3 gene, 
which encodes the forkhead family transcription factor, Foxp3, 
is the master regulatory gene for the development and func-
tion of Tregs. In clinical practice, there is a severe autoimmune 
syndrome termed immune dysregulation, polvendocrinopathy, 
enteropathy, X-linked (IPEX), characterized by a dysfunction 
in the development of Tregs and the consequent activation of 
autoreactive T cells which is caused by mutations within the 
Foxp3 gene in male infants (10,32). In addition to IPEX, the 
most compelling evidence of the role of Tregs in IBD has come 
from the T cell transfer model of colitis. In this model, naive 
CD4+ T cells with depleted Tregs are adoptively transferred 
into mice lacking B and T lymphocytes. In the intestine, these 
T cells proliferate and become activated in response to bacterial 
antigens, resulting in inflammation and colitis. Thus, disease 
can be both induced and treated through the elimination of the 
microbiota or the cotransfer of Tregs (33,34).

Interest in MSCs for their application in transplantation 
was fostered not only due to their ability to differentiate into 
different lineages, but also due to their capacity to suppress 
the immune response (35). In recent years, the potential appli-
cation of both MSCs and Tregs in the treatment of a number 
of chronic inflammatory and autoimmune diseases has 
gained significant interest from immunologists worldwide, 
and the induction of Tregs by activated MSCs is now a well-
publicized phenomenon. In transplantation, one of the first 
studies which demonstrated that following the administration 
of MSCs there was an in vivo induction of Tregs, was the study 
by Casiraghi et al (36). In a subsequent study, pre-transplant 
administration of donor-derived MSCs into the portal vein 
in a semi-allogeneic heart transplant mouse model resulted 
in T cell hyporesponsiveness, prolonged cardiac allograft 
survival and expanded donor-specific Tregs expressing CD4, 
CD25 and Foxp3. Further evidence that the production of 
Tregs by MSCs resulting from graft survival was provided 
by a kidney allograft mouse model. It was also demonstrated 
that there was a significant increase in the number of intra-
graft Foxp3+ cells following treatment with MSCs, through 
which it was suggested that Tregs could recruit to the renal 
allograft (37).

In this study, we demonstrate that BM-MSCs can 
ameliorate TNBS-induced colitis in rats. To the best of our 
knowledge, this study is the first to demonstrate that BM-MSC 
therapy affects Foxp3+ Treg cells in the blood and gut mucosa, 
enhancing the treatment effects in IBD. After the rats with 

Figure 6. Western blot analysis of GFP protein. GFP protein was expressed in 
the group treated with GFP-labeled bone marrow-derived mesenchymal stem 
cells (BM-MSCs), but its expression was not observed in the PBS-treated 
group and the normal control.

Figure  7. Effects of bone marrow-derived mesenchymal stem cells 
(BM-MSCs) on Tregs in peripheral blood. The proportion of Tregs was sig-
nificantly decreased in the phosphate-buffered saline (PBS)-treated group 
compared with the control group (*p<0.05). Following the administration of 
BM-MSCs, the number of Tregs increased compared with the PBS-treated 
group (*p<0.05), and was equivalent to that of the control group.

Figure  8. Colonic mucosas mRNA expression of Foxp3. An increased 
mucosal Foxp3 expression was observed in the phosphate-buffered saline 
(PBS)-treated group compared with the control group (*p<0.05). Following 
treatment with BM-MSCs, the mRNA expression of Foxp3 decreased signifi-
cantly in the BM-MSC‑treated group (p<0.05), and the levels were similar to 
the control group.
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colitis received exogenously infused BM-MSCs, we assessed 
stool, body weight, as well as histological injury scores. Body 
weight and a marked histological improvement was noted in 
the MSC-treated group compared with the PBS-treated group. 
We hypothesize that the beneficial effects of treatment with 
MSCs may be linked to the induction of the activity of Tregs. 
Tregs in peripheral blood were assayed by flow cytometry and 
the mRNA expression of Foxp3 in the colon was determined 
by RT-PCR. Our data demonstrated that prior to the admin-
istration of BM-MSCs, the rats with IBD had lower levels of 
Foxp3+ cells in the peripheral blood compared with the healthy 
controls (p<0.05) (Fig. 7), but had higher mRNA levels of 
Foxp3 in the intestinal mucosa compared with the healthy 
controls (p<0.05) (Fig. 8). The decrease in the circulating 
population in the peripheral blood may be due to an active 
pooling to the intestine and it is impossible to repopulate the 
blood without ample numbers of new Tregs. Our results on 
the expression of Foxp3 were similar to those from a recent 
study (38). Following the administration of BM-MSCs, the 
number of Foxp3+ cells in the peripheral blood increased 
compared with the PBS-treated group (p<0.05) (Fig. 7), but 
was lower compared with the healthy controls. In the intestinal 
mucosa, a decreased mucosal Foxp3 expression was observed 
in the BM-MSC-treated group compared with the PBS-treated 
group (p<0.05) (Fig. 8); there was no significant difference 
between the control group and the MSC-treated group. In 
conclusion, there was an inverse regulation of mucosal and 
peripheral Foxp3 expression, which suggests that MSCs redis-
tributed the Tregs from the mucosa to the blood.

The more we understand the complex interactions between 
MSCs and Tregs, the better we are likely to expore new treat-
ments for a number of immune diseases. However, a number of 
studies have demonstrated that administered animal-derived 
MSCs can enhance tumor growth in certain experimental 
models (39). Beyond that, there are factors, such as the timing 
of delivery, the number of cells delivered, and the site of MSC 
infusion, which may affect the engraftment efficiency and the 
destination of exogenously delivered cells (40). Therefore, the 
possible long-term adverse effects and the details required to 
optimize the protocol for MSC delivery require further and 
thorough investigation. In conclusion, the interactions between 
transplantated bone marrow MSCs and Tregs should be 
further investigated. MSCs have tremendous potential for use 
in the treatment of IBD.
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