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Abstract

Background/Aims: Adipose-derived mesenchymal stem cells (ADSCs) possess immunosuppressive activity
and hold promise in autologous cell-based therapies. The aim of this study was to determine whether
autologous ADSCs can improve outcomes in the rat small bowel transplantation (SBT) model.

Materials and Methods: Allogeneic SBT followed by implantation of autologous ADSCs through the
penile vein was conducted in Brown-Norway (BN) donor rats with Lewis (LEW) recipient rats infused with
phosphate buffered solution as the control. Allograft and recipient peripheral blood were obtained. We
assessed histopathology, apoptosis, cytokines, and regulatory T cells (Tregs). One-way analysis of variance
was applied to assess the significance of the data.

Results: It was found that ADSCs significantly reduced acute rejection and improved the allograft’s survival
rate. In addition, there were significantly fewer apoptotic cells in allograft mucosae in the ADSC group
in comparison with the control group. Furthermore, levels of interleukin (IL)-10 and transforming growth
factor-p1 were significantly elevated, whereas those of IL-2 and IL-17 levels were significantly reduced in
the ADSC group when compared to the control group. Moreover, flow cytometry analysis revealed that
there were significantly more peripheral Tregs after the infusion of ADSCs.

Conclusions: These results demonstrate that implanted autologous ADSCs improve allogeneic small bowel
allograft outcomes by attenuating the acute rejection and reducing inflammatory responses.
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INTRODUCTION

life-threatening complications related to long-term
parenteral nutrition, SBT is the only life-saving treatment.”

Small bowel transplantation (SBT) is now a useful
therapeutic options for patients with irreversible intestinal
failure."! In particulat, for patients who have developed
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Since the first successful clinical SBT conducted by Deltz
et al. (1989),F over 5000 adult and pediatric SBTs have been
performed around the world." In the eatly experience with
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SBT, acute rejection was an almost universal complication
due to the highly immunogenic features of the transplant.”
Unfortunately, long-term administration of conventional
immunosuppressive agents to control rejection increases
the risks of unfavorable side effects.’) Therefore, new
Immunosuppressive strategies to combat rejection after
SBT are urgently needed.

A number of previous studies have shown that
adipose-derived mesenchymal stem cells (ADSCs) are
a readily accessible, abundant, and reliable stem cell
source for stem cell-based therapy, not only because
of their antiinflammatory and immunomodulatory
functions capable of reducing the risk of graft rejection!”*!
but also due to their propensity for self-renewal and
multidifferentiation potency. It has been speculated that
ADSCs might also be the optimal choice for autologous
cell transplantation.”! Our previous study demonstrated
that autologous transplantation of ADSCs markedly
alleviated allograft rejection of renal transplantation
through the suppression of inflammation, apoptosis,
and immune over-reactivity.'! As far as we are aware,
there have been no publications investigating whether
implanted autologous ADSCs can improve outcomes of
allogeneic SBT.

Based on the above observations, we performed autologous
ADSCs transplantation during experimental SBT and
examined whether the implanted ADSCs could decelerate
graft rejection, and thus prolong the postoperative survival
days of recipient rats.

MATERIALS AND METHODS

Animals

Adult male Brown Norway (BN) rats weighing 220-250 g
and adult male Lewis (LEW) rats weighing 220-250 ¢
were obtained from the Academy of Military Medical
Science [Beijing, People’s Republic of China; certificate
no. SCXK (JUN) 2007-004]. Animal procedures were
approved by the Ethics Committee of Tianjin First Central
Hospital (Tianjin, People’s Republic of China). Rats
were bred and maintained under specific pathogen-free
conditions with free activity and free access to water and
rodent chow. Ambient temperature was controlled at
22-24°C under a 12 h light/dark cycle. The rats were fasted
for 12 h prior to surgery and provided with free access to
10% glucose water following surgery. All of the surgical
procedures were performed under sanitary conditions; all
the experiments were performed according to the National
Institutes of Health Guide for Care and Use of Laboratory
Animals."" The present study was approved by the Ethics

2

Committee of Tianjin First Central Hospital (Tianjin,
People’s Republic of China).

Adipose-derived mesenchymal stem cells preparation
ADSCs were isolated and cultured from LEW rats by the
method described earlier.!"”” Briefly, aseptically excised and
minced inguinal adipose tissue was digested enzymatically
with collagenase type I solution (Sigma-Aldrich,
St. Louis, MO, USA) for 60 min at 37°C with constant
agitation (100 rpm). After centrifugation, the stromal
cell fraction was filtered and cultured in Dulbecco’s
Modified Eagle’s medium (Gibco, Waltham, MA, USA)
containing 10% fetal bovine serum (Gibco) and antibiotics.
When the cells reached confluence, the adherent cells
were detached with trypsin/ethylenediamine tetraacetic
acid (Sigma-Aldrich) and re-seeded for expansion. Fourteen
day(s) #n vitro culture at 37°C, 5% CO,, and 95% humidity
were needed in order to obtain enough ADSCs for the
autologous transplantation. The cultured ADSCs (3 X 109
from each experimental rat were labeled and cryopreserved
in liquid nitrogen (Tianjin AIR Products Co., Tianjin,
People’s Republic of China) prior to injection.

The cultured ADSCs were identified via the expression of
hematopoietic marker, CD34 and CD45, and mesenchymal
cell markers, CD90, CD73, and CD105 using a FACSCalibur
flow cytometer (Becton-Dickinson, Franklin Lakes, NJ,
USA), and data were analyzed using the CellQuest software
program. The ADSCs which had differentiated into
adipocytes, islet-like cells, and osteoblasts 7 vitro were also
tested using our eatlier described method.!"

Surgical procedures and experimental protocol

An experimental SBT model was performed with BN
donor rats and LEW recipient rats in a sterile field under
general anesthesia with isoflurane inhalation (LUNAN
Pharmaceutical Co., Ltd., Shandong, People’s Republic
of China) administered via an isoflurane vaporizer
(Matrx VMR, MIDMARK Corporation, OH, USA). There
was <10 g weight difference between the donors and the
recipients. Allogeneic heterotopic SBT was performed
using standard microvascular techniques as described
earlier."" All surgical procedures were performed by a
single operator under the naked eye. Immediately after
surgery and graft reperfusion, rats were divided into two
groups. The ADSC group was injected with 2.0 X 10°
autologous ADSCs suspended in 1 ml phosphate buffered
solution (PBS) through the penile vein, followed by an
injection at 6 h after the reperfusion procedure again via
the penile vein. The control group received the equivalent
volume of PBS. After the procedure, the animals were
resuscitated, heated with thermal blankets, and placed in

324 Saudi Journal of Gastroenterology | Volume 23 | Issue 6 | November-December 2017



Zhang, et al.: Therapeutic ADSCs in small bowel transplantation

individual cages. Five animals per group were euthanized
as described eatlier on postoperative day (POD) 7. We
collected the allografts and blood samples. A portion of
the tissue was fixed, with the remaining tissues and serum
samples stored at —80°C. There were five animals per group
in the survival analysis.

Survival rates of recipients

Recipient survival rates were examined in five animals per
group. Humane endpoints were used for moribund animals
after surgery, especially in the survival study. All animals
meeting the humane endpoint criteria were euthanized by
deep anesthesia as described eatlier.

Histopathological analysis

Grafts were fixed overnight in formalin, dehydrated and
then embedded in paraffin wax, and cut into 5-wm thick
sections. In the histological evaluation, sections were
deparaffinized and rehydrated and then were stained with
hematoxylin and eosin (H and E; Sigma-Aldrich) following
standard methods for routine morphological analysis.
Each slide was viewed in a Nikon microscope (Ni-U,
Nikon Corp., Tokyo, Japan). Acute rejection was classified
using the Wu score."!

Apoptosis assay

Terminal deoxynucleotidyl transferase (TdT) mediated
dUTP nick end-labeling (TUNEL) staining was conducted
on paraffin-embedded tissue sections using the Iz Situ Cell
Death Detection Kit (Roche Biochemicals, Mannheim,
Germany) according to the manufacturer’s guidelines. In
this method, apoptotic nuclei appear brown, while the
staining of the cytoplasm is generally light or absent.!"!

Enzyme-linked immunosorbent assay

Serum interleukin (IL)-2, IL-10, transforming growth
factor (TGF)-f1, and 11.-17 concentrations were measured
with enzyme-linked immunosorbent assay kits (R&D
System, Minneapolis, MN, USA) according to the
manufacturet’s instructions.

Analysis of CD4* CD25* Foxp3* T cells in peripheral
blood by flow cytometry

The peripheral blood mononuclear cells were stained with
anti-CD4-fluorescein isothiocyanate (cat no. 11-0040),
anti-CD25-phycoerythrin (cat no. 12-0390), and
anti-Foxp3-PerCP-Cyanine5.5 (cat no. 45-5773)
antibodies (eBioscience, San Diego, CA, USA).
Isotype-matched control antibodies served as staining
controls. A FACSCalibur flow cytometer (BD) was utilized
to determine CD4" CD25" Foxp3™ T cells (Tregs) and
data analysis was performed using CellQuest software
(BD Biosciences).

Statistical analysis

Data from repeated experiments are presented as the
means T standard deviation. The results were analyzed by
one-way analysis of variance. In the survival analysis, the
Kaplan—Meier method was used. The log-rank test was
employed to check for equality of the survival distributions.
Statistical analyses were performed using Statistical
Package for the Social Sciences version 16.0 software
(SPSS Inc., Chicago, 1L, USA). In all evaluations, P < 0.05
was considered statistically significant.

RESULTS

Characterization of adipose-derived mesenchymal stem
cells

The adherent ADSCs had a spindle-shaped fibroblastic
morphology after expansion. The ADSCs of rat expressed
typical markers and differentiation profiles, i.e., in the
flow cytometry analysis, they displayed intense expression
of the stem cell markers, CD90, CD73, and CD105, but
were negative for the hematopoietic markers, CID34 and
CD45 [Figure 1a]. In addition, culture-expanded ADSCs
were also functionally capable of differentiating into
adipocytes, islet-like cells, and osteoblasts under inductive
culture conditions; this was confirmed with Oil Red O,
dithizone, and Alizarin red S staining [Figure 1b].

Improvements in recipient survival rates

The median recipient survival times were 18 days in the
ADSC group, which was 7 days longer that the corresponding
value in the control group (11 days). Statistical analysis of
the survival days by log-rank test revealed a significant
difference between control and ADSC group rats (# = 5;
P < 0.01; [Figure 2]). These results indicated that ADSC
therapy had improved the survival of the recipients.

Histopathological analysis and grading of acute
rejection in grafts

Allogenically transplanted animals treated with PBS displayed
signs of moderate or severe acute rejection when assessed
at POD 7. The pathological examination revealed many
changes, i.e., elevated infiltration by inflammatory cells both
in the mucosa and submucosa, crypt epithelial injury, a higher
abundance of crypt apoptotic bodies, architectural distortion
as well as mucosal ulceration and hemorrhage. In contrast,
the pathology of the ADSC group was characterized by
mild rejection at POD 7 [Figure 3]. The rejection index was
significantly lower on POD 7 postoperatively compared with
the control group (# = 5; P < 0.01; [Figure 4]).

Allograft apoptosis
Amelioration of tissue damage could be demonstrated by
the reduced number of apoptotic cells as confirmed using
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Figure 1: Characterization of adipose-derived mesenchymal stem cells (ADSCs). (a) Flow cytometric characterization of ADSCs. ADSCs intensely
expressed CD73, CD90 and CD105, but did not express CD34 and CD45. (b) The ADSCs were induced to differentiate into adipocytes (left panel),
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Figure 2: Kaplan-Meier curve for survival times in the allogenic small
bowel transplantation model

Figure 3: The histopathology of intestinal specimens collected on
days 7 post-transplantation with and without ADSCs treatment.
Representative photomicrographs are shown x200. (a) The control
group on POD 7 and (b) the ADSC group on POD 7

TUNEL staining in the ADSC group when compared with
the control group (# = 5; P < 0.01; [Figure 5]).

Recipient serum cytokine concentrations

The serum expression levels of IL-2 and 1L-17,
i.e., proinflammatory cytokines, were significantly higher
in the control group than in the ADSC group (2 = 5;
P <0.01; [Figure 6]). The situation was reversed with respect

to the expression levels of I11.-10 and TGF-P1, which are
indicators of antiinflammation/immunomodulation; their
concentrations were notably lower in the control group than
in their ADSC counterparts (7 = 5; P < 0.01; [Figure 7]).
These findings clearly suggested that infusion of
ADSCs had inhibited the inflammatory reaction in this
experimental setting,

Effect of ADSCs therapy on Treg numbers in peripheral
blood

Flow cytometry was used to estimate the number of Tregs
in the peripheral blood after SBT. The proportion of
Tregs in the ADSC group was significantly higher than the
corresponding value in the control group on POD 7 (1 = 5;
P < 0.01; [Figure 8]).

DISCUSSION

SBT is now being performed in clinical practice as it is one
of the most promising therapies for irreversible intestinal
failure.'” In this study, the immunosuppressive potential
of autologous ADSCs in the treatment of acute rejection
after allogenic SBT was demonstrated both histologically
and functionally.

Mesenchymal stem cells (MSCs) are multipotent
mesenchymal stromal cells that can be obtained from
bone marrow, umbilical cord blood, and adipose tissue.!'l
Recent studies in a rat model have demonstrated that
MSCs isolated from bone marrow were able to ameliorate
a small bowel ischemia/reperfusion injury."* Qu ez al.
examined this property in a rat model of inflammatory
bowel disease; they demonstrated that 7z vitro expanded
MSCs isolated from bone marrow relocate to the
injured intestinal tissues where they can undergo local
proliferation.”! They also appear to transdifferentiate
into intestinal mucosal cells during the first few weeks
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posttransplantation. Therapy with MSCs is associated with
improved mucosal regeneration in indomethacin-injured
rat intestine. Adipose tissue is an abundant source of
MSCs. In the study of Linero and Chaparro,” it was
demonstrated that ADSCs promoted bone regeneration
not only due to their potential to differentiate and integrate
into the injured tissue but also to their ability to secrete
soluble factors that facilitated the endogenous process
of regeneration. Because of ready accessibility and
good expansion properties, we decided to evaluate the
therapeutic activity of ADSCs in SBT.
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Figure 4: The assessment of the rejection index. *P < 0.01 vs. ADSC
group
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Figure 5: The apoptotic cells in graft mucosae. *P < 0.01 vs. ADSC
group

In the current study, an experimental SBT model was
established with major histocompatibility complex-disparate
rat strains (BN to LEW).[" Pathological analysis revealed a
moderate-to-severe allograft acute rejection in the control
group, including an aggravated inflammatory cell infiltration
both in the mucosa and submucosa, crypt epithelial injury,
a higher abundance of crypt apoptotic bodies, architectural
distortion as well as mucosal ulceration and hemorrhage.™!
The histologic grading of acute rejection clearly revealed
that the ADSCs treated animals suffered from a less severe
acute rejection than the untreated controls at POD 7.
The graft mucosal architecture was better preserved and
crypt epithelial injury was less severe after administration
of ADSCs. Furthermore, therapy with ADSCs clearly
prolonged the survival of the recipients. Therefore, these
results confirmed the hypothesis that ADSCs confer a
prominent allograft protective benefit.

Furthermore, it is now evident that epithelial apoptosis is
the mechanism of cell death in allograft rejection. In the
present study, less extensive cell apoptosis was found in the
allograft after autologous ADSCs transplantation. Du ez a/*!
observed fewer apoptotic cells after MSC-conditioned
medium infusion in transplantation models. Here, the
reduction in the extent of epithelial apoptosis after ADSCs
therapy may, at least in part, be attributed to a reduction in
the levels of proinflammatory cytokines in the bloodstream,
i.e., fewer Thl cells producing 1L-2, and Th17 cells
secreting I1.-17, simultaneously accompanied by increases
in the numbers of Th2 cells releasing the antiinflammatory
cytokine I1.-10 and Th3 cells with TGF-1 expression.
Yang et al® reported that Th17 cells and IL-17 might
play an important role in human and rat small bowel acute
transplantation rejection. The administration of anti-I1L.-17
mADb could significantly suppress the acute rejection degree
of rat intestine grafts and prolong the survival time of
recipient rats. This suggests that the ADSCs may have
a role in regulating the inflammatory response and play
a protective role by changing the balance between the
levels of inflammatory and antiinflammatory cytokines
circulating in response to the SBT.
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Figure 6: Th1 and Th17-associated cytokine concentrations in serum of the transplant recipients. *P < 0.01 vs. ADSC group
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Figure 7: Th2, and Th3-associated cytokine concentrations in serum of the transplant recipients. *P < 0.01 vs. ADSC group
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Figure 8: Proportion of Tregs in recipient peripheral blood.
CD4+ CD25* Foxp3+* T cells (Tregs) in peripheral blood. *P < 0.01 vs.
ADSC group

Tregs account for approximately 5 to 10% of peripheral
CD4" T cells; these cells exert negative immune regulatory
effects. By inhibiting the activation and proliferation of
other immune effector cells, Tregs play an important role
in the induction of immune tolerance to transplanted
tissue.” In a rat SBT model of acute rejection, Yang
et al? reported that the percentage of Tregs decreased
in the transplant. Donor-specific Treg cells acquired
from tolerant mice after iz vitro expansion generated a
stable chimerism promoting acceptance of the intestinal
allograft and it has been claimed that increased numbers of
intragraft Treg cells and clonal deletion contribute to the
development of SBT tolerance.” At present, the following
mechanisms have been implicated in the Treg-mediated
inhibition of other immune effector cells: inhibiting 11.-2
production due to close contacts between cells; not allowing
antigen presenting cells to express stimulus molecules and
preventing dendpritic cells from maturing; destroying target
cells via the granular enzyme/petforin death pathways;
consuming local IL-2 leading to a loss of stimulatory
signals to effector T cells; and inducing the production of
inhibitory cytokines such as TGF-f1 and I1.-10.P” In our
study, the proportion of Tregs was significantly higher in
the ADSC group than in the controls on POD 7. Therefore,
we conclude that one mechanism by which ADSCs can

exert their immunosuppressive effects is by inducing the
production of Tregs.

In conclusion, our study reveals that autologous ADSC
therapy after SBT attenuates acute rejection, and inhibits
apoptosis, all of which contribute to improving recipient
survival.

We found that autologous ADSC prolonged the life span
of recipient through attenuating the acute rejection and
reducing inflammatory responses.

This study was supported by National Natural Science
Foundation of People’s Republic of China (Grant No.
81470982), and the Tianjin Municipal Health Bureau Key
Project of People’s Republic of China (grant no. 16KG105).

There are no conflicts of interest.

1. Rege A, Sudan D. Intestinal transplantation. Best Pract Res Clin
Gastroenterol 2016;30:319-35.

2. Boluda ER. Pediatric small bowel transplantation. Curr Opin Organ
Transplant 2015;20:550-6.

3. Deltz E, Schroeder P, Gebhardt H, Gundlach M, Engemann R,
Timmermann W. [First successful clinical small intestine transplantation.
Tactics and surgical technic]. Chirurg 1989;60:235-9.

4. Grant D, Abu-Elmagd K, Mazariegos G, Vianna R, Langnas A,

Mangus R, ¢ a/. Intestinal transplant registry report: Global activity

and trends. Am | Transplant 2015;15:210-9.

Koo J, Dawson DW, Dry S, French SW, Naini BV, Wang HL.. Allograft

biopsy findings in patients with small bowel transplantation. Clin

Transplant 2016;30:1433-9.

6. Webber A, Hirose R, Vincenti F Novel strategies in immunosuppression:
Issues in perspective. Transplantation 2011;91:1057-64.

7. Bajek A, Gurtowska N, Olkowska |, Kazmierski I, Maj M, Drewa T.
Adipose-derived stem cells as a tool in cell-based therapies. Arch
Immunol Ther Exp (Warsz) 2016;64:443-54.

8. ChoiJR, Yong KW, Wan Safwani WIKZ. Effect of hypoxia on human
adipose-derived mesenchymal stem cells and its potential clinical
applications. Cell Mol Life Sci 2017;74:2587-600.

(S



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

Zhang, et al.: Therapeutic ADSCs in small bowel transplantation

Maria AT, Maumus M, Le Quellec A, Jorgensen C, Noel D, Guilpain P.
Adipose-derived mesenchymal stem cells in autoimmune disorders:
State of the art and perspectives for systemic sclerosis. Clin Rev Allergy
Immunol 2017;52:234-59.

Liu T, Zhang Y, Shen Z, Zou X, Chen X, Chen L, ¢/ al.
Immunomodulatory effects of Ox40Ig gene-modified adipose
tissue-derived mesenchymal stem cells on rat kidney transplantation.
Int ] Mol Med 2017;39:144-52.

Clark JD, Gebhart GF, Gonder JC, Keeling ME, Kohn DE Special
report: The 1996 guide for the care and use of laboratory animals.
ILAR J 1997;38:41-8.

Liu T, Mu H, Shen ZY, Song ZL, Chen XB, Wang YL. Autologous
adipose tissue-derived mesenchymal stem cells are involved in rat
liver regeneration following repeat partial hepatectomy. Mol Med Rep
2016;13:2053-9.

Wang YL, Li G, Zou XF, Chen XB, Liu T, Shen ZY. Effect of
autologous adipose-derived stem cells in renal cold ischemia and
reperfusion injury. Transplant Proc 2013;45:3198-202.

Andres AM, Santamaria M, Hernandez-Oliveros F, Guerra L, Lopez S,
Stringa P, ¢7 al. Difficulties, guidelines and review of developing an acute
rejection model after rat intestinal transplantation. Transpl Immunol
2016;36:32-41.

Wu T, Abu-Elmagd K, Bond G, Nalesnik MA, Randhawa P,
Demetris AJ. A schema for histologic grading of small intestine
allograft acute rejection. Transplantation 2003;75:1241-8.

Jin G, Qiu G, Wu D, Hu Y, Qiao P, Fan C, ¢z al. Allogencic
bone marrow-derived mesenchymal stem cells attenuate hepatic
ischemia-reperfusion injury by suppressing oxidative stress and
inhibiting apoptosis in rats. Int | Mol Med 2013;31:1395-401.
Fishbein TM. Intestinal transplantation. N Engl ] Med 2009;361:998-1008.
Regulski MJ. Mesenchymal Stem Cells: “Guardians of inflaimmation”.
Wounds 2017;29:20-7.

Chang CL, Sung PH, Sun CK, Chen CH, Chiang HJ, Huang TH,
et al. Protective effect of melatonin-supported adipose-derived
mesenchymal stem cells against small bowel ischemia-reperfusion
injury in rat. ] Pineal Res 2015;59:206-20.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Inan M, Bakar E, Cerkezkayabekir A, Sanal F, Ulucam E, Subasi C,
¢t al. Mesenchymal stem cells increase antioxidant capacity in intestinal
ischemia/reperfusion damage. | Pediatr Surg 2017;52:1196-206.

Qu B, Xin GR, Zhao LX, Xing H, Lian LY, Jiang HY, ¢ al. Testing
stem cell therapy in a rat model of inflammatory bowel disease: Role of
bone marrow stem cells and stem cell factor in mucosal regeneration.
PLoS One 2014;9:¢107891.

Linero I, Chaparro O. Paracrine effect of mesenchymal stem cells
derived from human adipose tissue in bone regeneration. PLoS One
2014;9:¢107001.

von Websky MW, Kitamura K, Ludwig-Portugall I, Kurts C,
von Laffert M, LeMaoult J, ¢z a/. Recombinant HLA-G as tolerogenic
immunomodulant in experimental small bowel transplantation. PLoS
One 2016;11:¢0158907.

Yang Y, Song HL, Zhang W, Wu BJ, Fu NN, Dong C, ¢ a/. Heme
oxygenase-1-transduced bone marrow mesenchymal stem cells in
reducing acute rejection and improving small bowel transplantation
outcomes in rats. Stem Cell Res Ther 2016;7:164.

Du Z, Wei C, Yan |, Han B, Zhang M, Peng C, ¢/ al. Mesenchymal
stem cells overexpressing C-X-C chemokine receptor type 4 improve
carly liver regeneration of small-for-size liver grafts. Liver Transpl
2013;19:215-25.

Yang JJ, Feng I, Hong L, Sun L, Li MB, Zhuang R, ¢# a/. Interleukin-17
plays a critical role in the acute rejection of intestinal transplantation.
World J Gastroenterol 2013;19:682-91.

Shalev I, Selzner N, Shyu W, Grant D, Levy G. Role of regulatory T cells
in the promotion of transplant tolerance. Liver Transpl 2012;18:761-70.
Yang Y, Song HL, Zhang W, Wu BJ, Fu NN, Zheng WP, ¢7 a/. Reduction
of acute rejection by bone marrow mesenchymal stem cells during rat
small bowel transplantation. PLoS One 2014;9:¢114528.

Shen XF, Jiang JP, Yang J], Wang WZ, Guan WX, Du JE Donor-specific
regulatory T cells acquired from tolerant mice bearing cardiac allograft
promote mixed chimerism and prolong intestinal allograft survival.
Front Immunol 2016;7:511.

Shevach EM. Mechanisms of foxp3+ T regulatory cell-mediated
suppression. Immunity 2009;30:636-45.

Saudi Journal of Gastroenterology | Volume 23 | Issue 6 | November-December 2017 329



