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Abstract

AIM: To study the effects of mesenchymal stem cell
(MSC) therapy on the prevention of acute rejection
and graft vs host disease following small bowel trans-
plantation.

METHODS: In our transplantation center, 6 isolated
intestinal transplants have been performed with MSC
therapy since 2009. The primary reasons for trans-
plants were short gut syndrome caused by surgical in-
testine resection for superior mesenteric artery throm-
bosis (7 = 4), Crohn’s disease (7 = 1) and intestinal
aganglionosis (7 = 1). Two of the patients were chil-
dren. At the time of reperfusion, the first dose of MSCs
cultured from the patient’s bone marrow was passed
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into the transplanted intestinal artery at a dose of
1000000 cells/kg. The second and third doses of MSCs
were given directly into the mesenteric artery through
the arterial anastomosis using an angiography catheter
on day 15 and 30 post-transplant.

RESULTS: The median follow-up for these patients
was 10.6 mo (min: 2 mo-max: 30 mo). Three of the
patients developed severe acute rejection. One of
these patients did not respond to bolus steroid therapy.
Although the other two patients did respond to anti-
rejection treatment, they developed severe fungal and
bacterial infections. All of these patients died in the
2" and 3™ months post-transplant due to sepsis. The
remaining patients who did not have acute rejection
had good quality of life with no complications observed
during the follow-up period. In addition, their intestinal
grafts were functioning properly in the 13", 25" and
30™ month post-transplant. The patients who survived
did not encounter any problems related to MSC trans-
plantation.

CONCLUSION: Although this is a small case series
and not a randomized study, it is our opinion that small
bowel transplantation is an effective treatment for in-
testinal failure, and MSC therapy may help to prevent
acute rejection and graft vs host disease following in-
testinal transplantation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Intestinal transplantation significantly im-
proves prognosis and increases quality of life in pa-
tients with short gut syndrome. Transplantation of
mesenchymal stem cells (MSCs) has been studied re-
cently in animal models and in clinical trials of patients
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with hepatic failure, end-stage liver disease and inher-
ited metabolic disorders. However, studies and data
related to MSC therapy in small bowel transplantation
are scarce. We think that MSC therapy may help to
prevent acute rejection and graft vs host disease fol-
lowing intestinal transplantation.

Dogan SM, Kiling S, Kebapei E, Tugmen C, Giirkan A, Baran
M, Kurtulmus Y, Olmez M, Karaca C. Mesenchymal stem
cell therapy in patients with small bowel transplantation:
Single center experience. World J Gastroenterol 2014;
20(25): 8215-8220 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i25/8215.htm DOI: http://dx.doi.
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INTRODUCTION

Intestinal transplantation significantly improves the
prognosis of patients with short gut syndrome and in-
creases their quality of life.

Canine models of small bowel and multivisceral ab-
dominal transplantation were first described by Lillehei
et al'"' and Starzl et al”. The first long-term survivor after
combined liver and small bowel transplantation (SBTx)
was reported by Grant ez al”. Initial successful iso-
lated small bowel transplant procedures were reported
by Deltz ez al™, Goulet et al”'| and Starzl et a/” during
1989-1991. The first SBTx in Turkey was performed in
our clinic in 2003".

Clinical studies have reported the possible beneficial
therapeutic effect of mesenchymal stem cells (MSCs)
in supporting the engraftment of hematopoietic stem
cells in patients with hematological malignancies". The
transplantation of MSCs has also recently been studied
in animal models and in clinical trials of patients with
hepatic failure, end-stage liver disease and inherited
metabolic disorders. Modulatory cytokines produced by
MSCs can inhibit immunocyte proliferation and migra-
tion to the liver, thereby attenuating inflammatory injury
and reducing hepatocyte apoptosis. In addition, MSCs
play an important role in liver fibrosis regression and in
supporting the function, proliferation and differentia-
tion of endogenous hepatocytes”™". Recent studies have
documented MSC synthesis and the release of several
cytokines and growth factors such as, interleukin-11,
hepatocyte growth factor, fibroblast growth factor-2 and
insulin-like growth factor-1"""?. Each of these factors
has previously been described as facilitating intestinal
mucosa tepair, either through enhancement of cell pro-
liferation or inhibition of epithelial cell apoptosis, ot by
a combination of both"*',

As MSCs are able to inhibit T-cell proliferation 7
vitro and 7n vivo and exert similar inhibitory effects on
B, dendritic, and natural killer cells as well as having the
ability to enhance or maintain the re-epithelization pro-
cess of small intestinal epithelium, we planned this study
to determine the effects of MSC therapy on the preven-
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Table 1 Demographic data

Age (yr) Gender Primary disease Donor type HLA miss-match
12 F SMATR-TSBR Deceased 2
45 M SMAT-TSBR Deceased 5
31 F Crohn-TSBR Deceased 4
48 M SMAT-TSBR Deceased 6
50 M SMAT-TSBR Deceased 4
0.67 M Aganglionosis Deceased 6

SMAT: Superior mesenteric artery thrombosis; SMATR: Superior mesen-
teric artery trauma; TSBR: Total short bowel resection; HLA: Human leu-
kocyte antigen.

tion of acute rejection and graft »s host disease following
small bowel transplantation.

MATERIALS AND METHODS

In our transplantation center, 6 isolated intestinal trans-
plants have been performed since 2009. All were de-
ceased donor transplants. The primary reasons for these
transplants were short gut syndrome caused by intestine
resection for superior mesenteric artery thrombosis (7 =
4), Crohn’s disease (7 = 1) and intestinal aganglionosis
(n = 1). Two of the patients were children. The demo-
graphic data of these patients are shown in Table 1.

The first step in the transplant procedure was to cre-
ate space for the graft by removing any failed recipient
organs. All adhesions were removed. The graft artery
was anastomosed to the infrarenal aorta and the graft
vein was drained to the infrarenal vena cava. Jejunojeju-

nostomy was petformed for oral-side reconstruction of
the gastrointestinal tract and a feeding tube gastrostomy
was carried out for postoperative enteral feeding. For
anal-side reconstruction, a simple ileostomy was pre-
ferred.

Anti-thymocyte immunoglobulin 5 mg/kg was the
standard induction immunosuppressive treatment initi-
ated prior to transplantation. A steroid bolus was given
at a dose of 10 mg/kg and tapered off gradually. Tacro-
limus was given parenterally for maintenance immuno-
suppression with a target trough blood level of 15-20
ng/mL. At the time of repetfusion, the first dose of
MSCs cultured from the patient’s bone marrow was in-
fused into the transplanted intestinal artery at a dose of
1000000 cells/kg, Standard post-transplant antimicrobial
and antiviral prophylaxis were given.

After enteral feeding was started, immunosuppres-
sion was continued with an mTOR inhibitor together
with low-dose tacrolimus. Antibiotics were administered
immediately after surgery, including agents to prevent
cytomegalovirus, Pueumocystis carinii, and fungal infec-
tions. The second and third doses of MSCs were infused
directly into the mesenteric artery through the arterial
anastomosis using an angiography catheter, under lo-
cal anesthesia, on day 15 and 30 post-transplant (Figure
1). Endoscopic evaluations were carried out bi-weekly
for the first two weeks and then weekly in the following
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Figure 1 Transplanted mesenteric artery angiography through the arte-
rial anastomosis using an angiography catheter at day 15 and 30 post-
transplant.

months. Biopsies were taken if rejection was suspected.
Following the initiation of enteral feeding in the first
week, TPN was tapered off gradually.

Isolation and expansion of MUSCs

Bone marrow (BM; 10-20 mL) was aspirated from the
iliac crest using a standard procedure, and transferred
into an acid-citrate-dextrose filled transfusion bag. The
samples obtained from each patient were packed in an
insulated shipping container with cold packs, and deliv-
ered to the Aticell® laboratory (Trabzon, Tutrkey) of Ati-
gen-Cell® Inc (Ankara, Turkey). All procedutes for the
generation of clinical-grade autologous MSCs were per-
formed under good manufacturing practice (GMP) con-
ditions in Aticell® laboratories. Mononuclear cells were
separated from BM by a standard Ficoll density gradient
separation procedure, washed with phosphate-buffered
saline (PBS), re-suspended in GMP-qualified (Advanced
Therapy Medicinal Product; ATMP-Ready) low-glucose
Dulbecco’s Modified Eagle’s Medium (DMEM; PAA
Laboratories GmbH, Pasching, Austria) containing 10%
autologous (v/v) human serum (AHS), and seeded at a
density of 2-3 X 10’ cells/cm® in 75-cm” flasks. The cul-
tures were maintained at 37 ‘C in a humidified 5% (v/v)
CO2 atmosphere for 3 d, after which nonadherent cells
were removed by replacing the medium, and adherent
cells were further cultured for an additional 7-9 d. When
the cultures approached confluence (70%-80%), adher-
ent cells were detached by treatment with ATMP-Ready
trypsin/EDTA solution (PAA Laboratories GmbH,
Pasching, Austria) and placed in large culture flasks at a
density of 4-5 x 10” cells/cm”. Cells for infusion were
serially subcultured up to passage four (P4), and harvests
(P3-P4) were cryopreserved in DMEM supplemented
with 10% (v/v) dimethyl sulphoxide and AHS. On the
day of injection, MSCs were defrosted, washed thrice
with phosphate buffered saline (PBS; PAA Laboratories
GmbH, Pasching, Austria), and then re-suspended in
PBS containing hydroxyethyl starch and AHS solution at
a final concentration of 1-2 X 10’ cells/mL. Criteria for
the clinical use of MSCs included a viability > 90%; an
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absence of microbial contamination (bacteria, fungus,
or mycoplasma); the expression of CD73, CD90 and
CD105 by > 90% of cells; and the absence of CD14,
CD34, and CD45 (expression of each by < 3% of cells),
as assessed by flow cytometry.

Autologous MSC therapy was used by permission of
the Turkish Ministry of Health and informed consent
was obtained from the patients.

RESULTS

The median follow-up period was 10.6 mo (min: 2 mo-
max: 30 mo). Three of the patients developed severe
acute rejection and were given bolus steroid therapy.
One of these patients did not respond to the steroid
treatment and died on the 4" day of rejection 3 mo post-
transplant. The other two patients responded to bolus
steroid treatment, but both developed bacterial and
fungal infections which did not respond to antimicrobial
and antifungal treatments. These patients died 2 and 3
mo post-transplant, respectively, due to sepsis.

In the patient operated on for intestinal ischemia
and necrosis associated with post-traumatic mesenteric
artery injury, mild acute rejection was determined dur-
ing small bowel biopsy under endoscopic examination in
the first month. Howevet, no infection was detected at
tissue biopsy and viral serologic analyses were negative
during this period. This rejection episode was controlled
by increasing steroid therapy. To prevent compromise
of renal function, tacrolimus was stopped in the third
month and sirolimus was added to the immunosuppres-
sive therapy. In the third month, the patient was on total
oral feeding and was monitored on an outpatient basis.
Since the graft functioned normally in the first year post-
transplant and weight gain and nutrition were satisfac-
tory, ileocolonic anastomosis was performed. During the
14" month of monitoring, obstructions in the lymphat-
ics were determined on lymphoscintigraphy performed
due to lymphedema in the left lower extremity, below the
right knee and in the left arm. All extremity and abdomi-
nal vascular Doppler USG examinations in this period
were normal. Sirolimus therapy was stopped as it was
thought that this agent may have been responsible for
the patients’ condition. It was decided that monitoring
should continue with low-dose tacrolimus. There were
no further rejection episodes. The patient is now in the
30" month post-transplant and has achieved a weight of
65 kg (height: 175 cm), with lymphedema persisting, but
decreasing in the extremities.

The patient with Crohn’s disease is now 25 mo post-
transplant with a permanent ileostomy and has had no
complications. No rejection episodes and no systemic
infection were observed in this patient. Her endoscopic
evaluations and biopsies have all been normal.

The child with type 4 Waardenburg syndrome is now
13 mo post-transplant. He developed gastrointestinal
bleeding 5 mo post-transplant due to a gastric ulcer and
medically-treated severe urosepsis. Diffuse CD 20(+)
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and CD 79a(+), compatible with EBV-positive PTLD,
were determined at tissue biopsy. The patient was placed
on valganciclovir prophylaxis and both tacrolimus and
sitolimus dosages were reduced (5 ng/mL). As the pres-
ence of EBV DNA was detected in the serum (3200
copies/mL), intravenous immune globulin 2 g/kg was
administered and a weekly dose of rituximab at 375 mg/
m” was started. Persistent gastrointestinal hemorrhage
was seen after the third dose of rituximab. During endo-
scopic examination, several ulcerous areas were identi-
fied in the transplanted bowel together with an ulcer in
the pre-anastomosis area of the duodenum. Bleeding
was controlled with hemoclips. Histopathologic findings,
from a graft biopsy performed during the same endos-
copy session, revealed that, although reduced, lymphop-
roliferative disorders persisted. His ileostomy output was
higher than expected and weight gain was only 1 kg. He
still receives combined enteral and parenteral nutrition.
He has had no acute rejection.

DISCUSSION

There is a significant need for small bowel transplanta-

tion in Turkeym. The key to postoperative management
after intestinal transplantation is eatly detection of acute
rejection, a serious complication. Observation of the in-
testinal mucosa by routine protocol endoscopy and path-
ological assessment with serial biopsies are important to
detect early-stage rejection”. Twice-weekly endoscopies
are carried out following transplantation in our clinic.
Also, increased ileostomy output, a change in stool char-
acter, and fever indicates acute rejection and endoscopy
is implemented in these situations.

Acute cellular rejection (ACR) is particularly persis-
tent in the first 3 mo. The level, which is reported to be
63.5%, was shown to have declined following the intro-
duction of treatment with rATG"”. Graft-ss-host disease
(GVHD) occurs when donor alloreactive T lymphocytes
transferred within the transplanted organ mount a de-
structive cellular immune response against recipient tis-
sue. SBTx is associated with the transfer of a large num-
ber of potentially alloreactive donor lymphocytes, which
have the capacity to initiate GVHD™ . The reported
incidence of GVHD after SBTx is 6.5% in children and
4.7% in adults™. MSCs have the ability to inhibit T cell
proliferation 7 vitro and in vivo and exert similar inhibi-
tory effects on B, dendritic and natural killer cells. Thus,
MSCs hold promise as a new stem cell therapy class for
autoimmune disease, solid organ transplantation and the
treatment of GVHD"*?. In recent studies it was shown
that modulatory cytokines produced by MSCs could
inhibit immunocyte proliferation and migration, thereby
attenuating inflammatory injury and reducing cellular
apoptosism’m.

Three of our patients had a biopsy proven severe
ACR episode and one patient had a mild ACR episode
within the first 3 mo after transplantation. Rejection at-
tacks were controlled by pulse steroid therapy, with the
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exception of one patient who did not respond to steroid
treatment and died on the 4" day of rejection in the 3
month post-transplant. Our research suggests that MSCs
therapies given with the transplant may contribute to the
prevention of graft rejection and may help recovery of
the intestinal mucosa after a rejection attack. In conclu-
sion, we observed rejection in 4 (3 severe and 1 mild) of
our 6 patients (66%) and three responded to pulse ste-
roid treatment. These findings are very similar to those
of Nayyar ef al™. We did not administer another course
of MSC injections to the surviving patients during their
follow-up periods.

In the immune compromised state, bacterial translo-
cation can trigger acute rejection and systemic infection
with overlapping symptoms. The International Intestinal
Transplant Registry reported sepsis as the major cause
of death after SBTx in 202 of 439 (46%) deceased recip-
ients”™”. Two of our patients responded to bolus steroid
treatment, but developed bacterial and fungal infections
which did not respond to antimicrobial and antifungal
treatment. Sepsis was the cause of death in these two
patients (33%).

The levels of kidney function disorder secondary
to high immunosuppressive therapies in small bowel
transplant patients, with high rejection levels, have been
reported to be 46% in patients with SBTx"”. Renal
dysfunction occurred in our two pediatric cases, and
tacrolimus was stopped in one patient. Renal dysfunc-
tion secondary to elevated ileal output and high immu-
nosuppressive therapy was observed in our 9-mo post-
transplant patient. Sirolimus is an immunosuppressive
agent used after major organ transplantation. We started
sirolimus instead of tacrolimus in one patient. How-
ever, sirolimus was suspected to be the cause of lymph-
edema seen in the first year of treatment, and a partial
improvement in findings was observed when treatment
was stopped. However, lymphedema persists even after
2 years. Sirolimus-related lymphedema associated with
lymphangiogenesis has been reported in organ trans-
plant patients[zg].

In conclusion, this is a small series and not a ran-
domized study and does not show the effectiveness of
MSC treatment in SBTx. However, we believe that MSC
therapy may prevent and limit ACR effects in the trans-
planted small intestine and facilitate intestinal mucosa
repair. Randomized prospective studies ate required to

prove the effects of MSC therapy.

COMMENTS

Background

Small intestinal transplantation is now routinely considered for patients with
irreversible intestinal failure and complications of parenteral nutrition. Although
technically possible for some time, immunological rejection was an impen-
etrable barrier to success until the development of powerful immunosuppres-
sive agents. There are still important immunology related problems. Recent
studies have demonstrated that mesenchymal stem cells (MSCs) increase the
synthesis and release of several factors facilitating intestinal mucosa repair and
preventing immunologic reactions.
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As MSCs are able to inhibit immunologic refractory cells attacking transplanted
organs and have the ability to enhance or maintain the re-epithelization process
of small intestinal epithelium, the authors planned this study to determine the
effects of MSC therapy on the prevention of acute rejection in patients undergo-
ing small bowel transplantation.

Innovations and breakthroughs

Small-intestine transplantation continues to evolve as a surgical procedure
used in the management of intestinal failure in children and adults and offers
the hope of increased longevity and improved quality of life in patients with
intestinal failure. Over the last three decades, intestinal transplantation has
evolved from an experimental to a standard therapeutic option for patients with
intestinal failure, but is less successful in other solid organ transplantation due
to high rejection rates. In order to overcome this problem we planned this study
to determine the effects of MSC therapy on the prevention of acute rejection fol-
lowing small bowel transplantation.

Applications

This study suggests that MSC therapy may prevent and limit acute cellular re-
jection effects in the transplanted small intestine and facilitate intestinal mucosa
repair.

Terminology

Short bowel syndrome: A malabsorbtion disorder caused by surgical removal of
the small intestine, or rarely due to the complete dysfunction of a large segment
of bowel. Mesenchymal stem cells: Multipotent stromal cells that can differenti-
ate into a variety of cell types. Acute rejection: Destruction of transplanted tis-
sue by the recipient's immunologic cells and factors.

Peer review

The authors reported to use mesenchymal stem cells for intestinal transplanta-
tion. Although the cases of patients are low, their results are important for intes-
tinal transplantation. Authors did an interesting work in experiments.
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