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Abstract : Immune response after allogeneic small bowel transplantation is more
vigorous compared to other organ transplantations. It is often difficult to control small
bowel allograft rejection with conventional immunosuppressive therapy. While many
experimental studies showed organ transplantation tolerance, there have been few reports
of tolerance in allogeneic small bowel transplantation. Induction of bone marrow
chimerism is a potent strategy of tolerance induction. We tried to induce tolerance in
SBT using donor—specific bone marrow transplantation (BMT) with cyclophosphamide
(CYP) and tacrolimus. BN and LEW rats were used as donors and recipients. LEW
recipients received BMT from BN donors after injection of CYP. The recipients were
further treated with 0.3 mg/kg/day tacrolimus on days 0-6 (n=5). Establishment of bone
marrow chimerism in BMT recipients was evaluated by flowcytometry of peripheral
blood mononuclear cells. These recipients received small bowel transplantation from BN
donors on day 100 after BMT. All of these recipients accepted BN small bowel allografts
indefinitely (>100 days), while untreated LEW controls rejected BN grafts within 8 days
(n=6). Histologic signs of chronic rejection were not observed in small bowel allografts in
these recipients. In conclusion, donor—specific BMT with a single dose of CYP and a
short course of tacrolimus in the early phase successfully induced small bowel transplant
tolerance across MHC-barriers. This strategy may lead to technical innovation of immuno-
suppressive treatment in clinical small bowel transplantation.
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INTRODUCTION

Immune response after allogeneic small bowel transplantation is more vigorous
compared to other organ transplantations. The high proportions of lymphoid tissues in small
bowel allografts are thought to be one of the underlying factors, which may induce allograft
rejection by providing strong alloantigeneic stimuli to the host immune system?”. It is often
difficult to control small bowel allograft rejection with conventional immunosuppressive
therapy. Operative techniques and management for recipients in clinical small bowel
transplantation have been significantly improved by vigorous efforts®®. However, outcomes
in clinical small bowel transplantation are not satisfactory primarily because of severe
rejection and the high incidence of infectious complications®®. Tolerance induction is the best
solution to overcome these problems. It may have great benefit especially in small bowel
transplantation to induce tolerance, because of the difficulties in controlling rejection of
small bowel allografts. Tolerance induction in small bowel transplantation was not as easy
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even in experimental models of small animals as in other organ transplantations. There have
been few reports of tolerance in small bowel transplantation, while many experimental
protocols of tolerance have been reported in other organ transplantation models.

Induction of bone marrow chimerism is a potent strategy of tolerance induction. Ildstadt
et al” ® reported that animals with allogeneic mixed bone marrow chimerism accepted
subsequent organ grafts from the bone marrow donor strain across MHC-barriers. However,
the need for sublethal or lethal preconditioning including whole body irradiation of the
recipient to establish bone marrow chimerism has been a major impediment to clinical
application of this strategy. Recently, we established a protocol of inducing bone marrow
macrochimerism and tolerance in a MHC-disparate rat model using a single dose of
cyclophosphamide (CYP)? We applied this protocol to an allogeneic small bowel
transplantation model with combined use of a short course of tacrolimus therapy.

MATERIALS AND METHODS

Experimental animals Brown Norway (BN, RT1") and Lewis (LEW, RTI) rats 7-8
weeks of age were purchased from Charles River Laboratories (Yokohama, Japan), and used
as donors and recipients respectively. The Institutional Animal Care and Use Committee
approved all animal protocols according to the criteria outlined in the national guidelines for
the care and use of laboratory animals. All procedures were carried out under sterile
conditions and anesthesia.

Bone marrow transplantation (BMT) BMT was performed from BN donors to
fully-allogeneic LEW recipients as previously described®. A single dose of CYP at a dose of
200 mg/kg was injected to the recipients. In addition, the recipients were further treated with
0.3 mg/kg/day tacrolimus intramuscularly on days 0-6 (n=5).

Small bowel transplantation Bone marrow transplant recipients underwent transplan-
tation of small bowel allografts from BN donors 100 days after BMT. Six untreated LEW
rats also underwent small bowel transplantation from BN donors as controls. Heterotopic
small bowel transplantation was performed as described previously'?. Both ends of the graft
jejunum were exteriorized as stomas in the form of Thiry—Vella fistula. The recipients were
assessed by daily inspection and palpation for general state of health and graft survival.
Rejection was determined by discoloration of the stoma and mass—formation of the graft by
palpation of the abdomen and confirmed by histology with hematoxylin—eosin (H&E)
staining as previously described 7.

RESULTS

The protocols with CYP and tacrolimus used for the bone marrow recipients in the
present study were revealed to be non-lethal in the separate experiment without BMT.
Leukopenia was only transient and recovered quickly. All tested animals survived
indefinitely without chronic deterioration of general conditions.

BMT recipients in the present study showed no signs of graft-versus—host disease.
These recipients accepted BN small bowel allografts indefinitely (>100 days, n=5), while
untreated LEW controls (n=6) rejected BN grafts by the 8th day showing typical histologic
signs of acute rejection (Fig. 1A). The stoma of the small bowel allografts in bone marrow
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Fig. 1. Histology of the small bowel allograft (X 40). The mucosa of the small bowel allograft on day 8 was
severely destructed with infiltration of many mononuclear cells in untreated LEW recipients (A). The
allograft on day 100 after small bowel transplantation in the recipients of bone marrow transplantation
showed well maintained mucosal villi with minimum mononuclear infiltrates (B).

transplant recipients with CYP and tacrolimus in the early phase showed well maintained
mucosa on macroscopic observation. This finding was confirmed on histology, and no signs
of chronic rejection were observed in small bowel allografts on day 100 after small bowel
transplantation (Fig. 1B).

DISCUSSION

Donor-specific BMT with a non-lethal dose of CYP and a short course of tacrolimus
successfully induced small bowel transplant tolerance across MHC-barriers. Use of
tacrolimus in the early phase after BMT was effective on establishing stable acceptance of
small bowel allograft without severe adverse effect.

Early studies revealed that hematopoietic chimerism was induced by whole body
irradiation and subsequent donor-specific allograft acceptance”®. While this tolerance status
was stable, the toxicity of the preconditioning regimen for the recipients was an impediment
to clinical application of this strategy. Many efforts have been made to reduce or omit the
requirement of irradiation by using monoclonal antibodies, immunosuppressive drugs or
other agents'™. The effect of chemotherapeutic drugs as a substitute for of whole body
irradiation has been also evaluated. Tomita et al.’¥ reported induction of skin allograft
tolerance by using CYP and donor—derived bone marrow cells in a mouse model, while the
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degree of hematopoietic chimerism was not clearly demonstrated. Adams et al.’® reported the
induction of macrochimerism by using busulfan in combination with costimulatory blockade.
Colson et al. ' showed that simultaneous use of CYP and anti-lymphocyte globulin (ALG)
reduced the required dose of total body irradiation to 300 cGy for engraftment of allogeneic
bone marrow cells. Our previous study revealed that a single dose of CYP can induce stable
hematopoietic macrochimerism without any other treatment in a MHC—-disparate rat model 2.
However, high incidence of lethal graft-versus—host disease was a problem to be solved. The
combined use of tacrolimus in the present study successfully inhibited the development of
lethal events and induced stable allogeneic macrochimerism and tolerance in small bowel
transplantation.

In conclusion, the present study showed that induction of bone marrow chimerism with
a non-lethal preconditioning protocol can induce small bowel transplantation tolerance
across MHC-barriers. This strategy may lead to technical innovation of immunosuppressive
treatment in clinical SBT.
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