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Abstract 

The combinat ion of pretransplant donor specific 

transfusion (DST) and cyclosporin (cys) has proven to be an 

effecti ve mode of immunomudulation in numerous allograft 

models. Our experiments were designed to study the effect of 

cllnically applicable protocols using DST and low-dose 

cyclosporin in an heterotopic, fully allogenic model of small 

bowel transplantation in the rat. 

A 1 ml systemic DST 24 hours pretransplant with Cys (10 

mg/kg day -l, 5 mg/kg POO 0 to 7, 2.5 mg/kg POO 8 to 14) was 

shown to be more effective than DST or Cys alone in prolonging 

graft survival (p<O. 05). Adding successive post-transplant DST 

(POO 7,14,21) had no effect on graft survival. Portal 

transfusion and Cys was the most effective mode of antigen 

presentation (p=O.Ol vs systemic DST), with 33% of the animaIs 

having prolonged survival. Adding successive post-transplant 

DST was deleterious to the portal DST effect. The adjunct of 

anti-lymphocyte serum to the DST-Cys combinat ion was 

ineffecti ve. 
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Sommaire 

La transfusion spécifique au donneur (TSD) en combina lson 

avec la cyclosporine (Cys) ont été prouvées efficaces dans de 

nombreux modèles de greffes allogéniques. Nos expériences ont 

été construites pour tester différents protocoles cliniquement 

applicables utilisant ces TSD et Cys. 

Nous avons démontré qU'une TSD de 1 ml à moins 24 heures 

avec Cys (10 mg/kg -24 heures, 5.0 mg/kg jours 0 à 7 , 2.5 

mg/kg jours 8 à 14) étaient plus eff icace à prolonger 1 il 

survie du greffon que la TSD ou Cys seules. Transfuser ) TSD 

après la greffe n'aidait pas la survie. Nous avons démontré 

que la transfusion portale avec Cys étaient le mode testé 

à' immunomodulation le plus eff icace (p=O. 01 vs TSD 

systémique): 33% des rats survécurent de façon pro longée. 

Transfuser après la greffe diminuait l'effet de la TSD 

portale. L'ajout du sérum anti-lymphocytaire à la combjnajson 

TSD-Cys était inéfficace. 
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INTRODUCTIOli 

Short bowel syndrome is a state of malnutrition and 

malabsorption following the 10ss of a major portion of the 

small bowel and may also include part of the large intestine. 

In infants, volvulus, severe necrotizing enterocolitis, and 

intestinal atresias are the most common conditions requiring 

ma j or resections. Older children may need resection because of 

a vad et y of congenital, acquired, or trauma tic disorders. 

Adul ts may be affected by Crohn' s disease and radiation 

enter i tis, whi le in elderly patients mesenteric vascular 

disease is the most prominent cause of major resection . 

Total parenteral nutrition (TPN) can maintain the 

nutritional state of the se patients with short bowel syndrome 

for long periods of time. TPN therapy is subject to 

complications such as infections,lack of venous access site 

and cholestasis, wh~ch increase with duration of treatment'. 

These problems are accentuated in treatment of children with 

TPN, because of increased nutritional requirements, jifficulty 

with patient compliance and the risk of acsociated liver 

damage, especially in very young infants2 • Definitive therapy 

for short bowel syndrome would be transplantation of a healthy 

small intestine. 

Small bowel transplantation was first proposed by Carrel 

in 19013 but it was not seriously considered before 1959, when 

Lillehei proved that it was technically feasible4 • The 
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introduction of cyclosporin and other potent immunosupprcssi V(' 

rnedications in the 1980s, has rpnewed the interest in small 

bowel transplantation due ta the impresslvc results obtaincd 

in other clinical organ transplantation. 

Numerous models have been used ln the study of sma 1 1 

bowel transplantation. The inbred rat mode] has an economic~J 

advantage, but is also ideal to study rejection, dnd qr<lft. 

versus ho st disease, separately, using hybr ids. The 

rnicrosurgery involved renders this model technical1y 

difficult. The dog and swine model have also becn used as the y 

closely mimic the human physiology. Those large animal models 

have been utilized more as a preclinicaJ evaluation stage for 

immunosuppressive protocols. 

Small bowel transplantation is a lready il cl in ica l 

reality. Three centres, Pittsburg, Paris, and London, Ontario, 

have weIl established clinical programs. Othcr Europeôn 

centres, Innsbruck, Kiel, and Uppsala, for eXdmple, have also 

transplanted human bowel. In the f irst years of human bowe 1 

transplantation (1967-70), no long survivlnq graft was 

reported. AlI grafts had ta be removed for re ject ion or 

uncontrollable sepsis. It is only in recent years that 

successful small bowel transplantation has been report cd 

either as isolated grafts or as combined 1 i ver and s!na 1 l bowe l 

grafts. The postoperative course of these patients is still 

very complicated: those patients face long months jn the 

intensive care unit fighting nurnerous eplsodes of reJection 
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dnd sepsis. In the Pittsburg group's experience, the average 

cost of a small bowe] transplant is around hal f a million us 

dollars (personal communication). 

As Watson and Lears point out in their review article, 

there are two major problems that hinder successful small 

bowel transplantation from becoming common rea:!.i ty: f irst, 

sma] l bowe l transplantation triggers a series of complex 

immunoloqical phenomena, which include both rejection and 

graft versus host disease, that are not well controlled by 

current immunosuppressive regimens and require elaborate 

treatmenc. of both the recipient and the graft. Second, the 

physiologlcal functions of the graft are severely deranged by 

the process of transplantation and further immunological 

damage will not only hamper recovery but destroy the barrier 

functions 50 vital to the recipient' s survival. The gut is 

special among vascu]arlzed graft as it carries its own immune 

system known as the gut associated lymphatic tissue, GALT 6. 

The goa 15 of th is project are to study new combinations 

of immunosuppression and immunomodulation that would be 

practical for future clinlcal use 1 both in matched living 

related donor and cadaveric transplantation. Induction of 

immunological tolerance by perioperative manipulation would be 

ideal for the control of rejection and would also reduce the 

risks of cyclosporin toxicity and overimmunosuppression 

resulting in lymphopro:::" ferative disorders and other sepsis 

related complications. In recent years, the pretransplant 
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presentation of ant igen W i th blood transfus i on spec 1 tic ta tt1f' 

donor has markedly improved the oHtcomc of C'l.lnlC.:l] 1'1-"'>11<11 

transplantat i rq-/. The beneflc ial ef fects o[ th is ,lct 1. V("'> 

pretransplant condi tlùning with blood transfus ion on cl Il oqrcl 1 t 

survival has been weil established ln sevcrdl dnlm~l morl~l~. 

Donor specif ie antigen preS(;">ntcit lon i nd,tees SPC'L' 1. fic 

unresponsiveness ta organ alloqrllft but in (l much w<. ..... lkcr 

fashion than when combined with the administration of dn 

irnmunosuppress ive drug, espec ia lly cyc] ospor in". 'l'hl"> 

mechanisms underlying thlS phenomenon are still not [ully 

elucidated but suppressor ce11s9
, antlidiotypic dntlbodic~~lII, 

clonaI deletion of cytotoXlC l' cell prccllsors ll (wd cl OI1r1 1 

anergy have been suggested as possible m0chanlsms. 

Few studies have investigated the use of ùonar spcc il je 

transfusion (DST) in small bowel trdnsplantrltion (sn'I'). 

Martinelli et-"'a'1.12 found signif icant impr'lverncnt on ~;lIrv) Vcl j 

when they adrni n istered one DS'I' 8 da ys pr ior to tran~:;p L-lnt clt) on 

and cyclosporin at the peritransfusion ~nd past­

transplantation period. On the other hand, De Bruln ct ,l). H 

did not improve graft survival when they admJnistprcd thrcc 

pretransplant DSTs (day -21, -14 , -7) and post -trdn~;p 1 ant 

cyclosporin. Only one group attempted ta ame] J oratc qra f t­

versus-host disease gi v ing a DST ta the donor: the 

transfus ions 

disease 14. 

induced a more severe graft-versus-host 

The underlying goal of this project was ta f j nd i:l 
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specifie immunosuppressive regimen that would be clinically 

applicable ta both cadaveric and living related donor 

transplants. AlI the experiments were designed with antigen 

presentation given within 24 hours of transplant. previaus 

studies have shown that such a regimen combined with 

cyclosporin was effective at prolonging allograft 

surviva1 1s ,16 in both the kidney and cardiac allograft model. 

We have designed experiments using a fully allogenic 

model of heterotopic SBT in the rat. We studied the effect of 

DST in several protocols differing in dosage, timing, route of 

administration but always in combinat ion with one 

immunosuppressive agent (cyclosporin) or a combinat ion of 

immunosuppressive agents (cyclosporin and anti-lymphocyte 

serum) . 
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Material and method 

Animals. 

A fully allagenic donor-recipient model was employed 

using adult inbred male Brown-Norway (BN, RTl n) donors and 

Lewis (Lew, RTl l ) recipient rats. The Lew rats were obtained 

from Charles River Canada (st-Constant,Que) and the BN rats 

from Harlan Sprague Dawley (Indianapolis, IN). AnimaIs weights 

ranged between 175-300 gm. AlI animaIs were hou. ed in 

conventional animal facilities accredited by the CCAC, being 

fed rat chow and tap water ad libitum. Both the don ors and the 

recipiellts were fasted the day pr ior to surgery. AIl 

experiments were carried in accordance with CCAC guidelines 

and were approved by the institutional animal ethies 

committee. 

Surgery. 

Danor Surgery:The donor rat was anaesthetized with 

pentobarbital 50mgjkg intraperitoneally or with halothane. An 

heterotopic transplantation was performed by a mod i f j eat ion of 

the technique deseribed by Monchik and Russel1 17 • Aftl.!r a 

total colectomy the entire small bowel from the ligament of 

Treitz to the terminal ileum was harvested with its vascular 

pedicle consisting of the super ior mesenter ic artery on a eut f 

of proximal aorta, and of portal vein up to the porta hepatis. 
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After systemic heparinization (100-200 U) the bowel lumen was 

flushed wi th 10 ml of a chilled 0.5% neomycin sulfate 

solution. The bowel and its vascu1ar pedicle were then quickly 

resected and the arterial lumen was immediately perfused with 

3 to 6 ml of chilled heparinized saline ( 1: 10 000). The 

graft was kept in a saline solution placed on ice until the 

recipient was ready. 

Recipient surgery:The recipient rat was anaesthetized in 

the same tashion as the donor rat. After prophylactic 

administration of gentamicin 6mg/kg and ampicillin 200mg/kg 

lM, the infrarenal aorta and inferior vena cava of the 

recipient rat were isolated and cross-clamped both proximally 

and distally. An end-to-side aorto-aortic and portocaval 

continuous anastornosis we;-e performed with 10-0 nylon 

suture(either 10-0 Ethilon BV75-4, Ethicon or 10-0 Dermalon 

TE-75, Davis-Geck). After rernoval of the clamps the reperfused 

bowel was inspected and areas of poorly vascularized bowel 

were resected. Beth the proximal and distal ends of the graft 

were brought out as Brook' s stornas on the r ight f lank . The 

recipient's bowel was 1eft intact. Thé rats were given a total 

of 10-15 ml of Ringer's Lactate IV or by clysis for the entire 

operative time. The recipient rat was left to fully recover 

from anaesthesia in an incubator. 

Postoperative monitoring . 

After transplantation, the rats were placed in indi vidual 
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cages and received standard rat chow and water ad libitum. The 

rats received no antibiotics in the postoperative period. The 

animaIs were examined daily for signs of both rejection and 

GVHD, and were weighed three times a week. Rejection was 

clinically defined as the appearance of a palpable mass and 

loss of weight. AnimaIs were sacrificed when judged to have 

rejected their graft. The severity of GVHD was clinically 

assessed and was graded as previously described: grade 1, 

light redness of ears, snout, and pawsi grade 2, moderate 

redness of ears 1 snout, and paws, with light hair loss and 

diarrhea; grade 3 severe redness of ears, snout, and paws, 

with alopecia, generalized dermatitis, and profuse diarrhea. 

AlI rats that died within 4 days were considered 

technical failures. AlI rats surviving longer than 150 days 

without any signs of rejection were considered permanent 

survivors. 

Blood transfusions. 

After the removal of the allograft, a phlebotomy was 

performed on the previously heparanized donor at the inferior 

vena cava. Two to five mililiters of blood were obtained for 

future donor-specific transfusions. A 1 ml DST was 

administered under anaesthesia to the recipie~t rat via the 

penile vein or the portal vein according to the protocol, the 

day before transplantation. 



• 

• 

• 

11 

CYclosporin. 

Cyclosporin A (Sandimmune ,Sandoz) was d~c:;solved in olive 

oil at a concentration of 5 mg/ml and was injected 

subcutaneously daily according to the protocol. 

Anti-lymphocyte serum. 

Lyophilized rabbit anti-rat lymphocyte serum (ALS) 

(CL015A, Cedarlane,Hornby,Ont) was reconstituted with 1.0 ml 

of ice cold sterile water and then diluted to a concentration 

of 1:20 with a PBS solution. One ml of that solution was 

injected systemically via the penile vein.The ALS dilution of 

1:20 had been chosen because of a reported in vitro cytotoxic 

index of 98% for thymlc cells, 94% for splenic cells, 99% for 

lymph node cells, and 70% for bone marrow cells (Cedarlane 

product information data). 

Patholoqy. 

At the time of rejection, the grafted small bowel and 

mesenteric lymph nodes, the native small bowel and mesenteric 

lymph nodes, and the spleen were excised and f ixed in 3.9% 

buffered f0rmalin and prepared for histological analysis by 

hematoxylin-eosin staining. 

The pathology specimens were graded by a pathologist (E. 

Rosenmann, Hadassah Hebrew University Medical Centre) blinded 

to the treatment and the origin of the bowel, according to the 

following scale. 
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Grade 0: Normal intestine. 

Grade 1: Mild distortion of the villous architecture, with 

normal amount of mucous cells; slough of epithelial cells in 

the lumen of intestine; occasional apoptotic cell in the base 

of crypts and evidence of crypt hyperplasia. 

Grade 2: Partial effacement or blunting of the villous 

architecture; depletion of mucous cells; slough of 

epithelial cells within the lumen; marked apoptosis and 

crypt hyperplasia; mononuclear cell infiltrate within the 

lamina propria and ~ryptitis. 

Grade 3: In addition to changes in grade 2 there is aiso 

patchy or total necrosis of the mucosa or ulcerations;in 

some instances also thrombosed vessels , and in aIl cases 

suppurative peritonitis. 

Data analysis. 

Survival data were analyzed using the actuarjai survival 

curves as caiculated by the Kaplan-Meir statistical analysis 

method. statistical significance was tested by the log rank 

test and the Mann-Whitney test and a p<.05 was considered 

significant. 

Experimental groups. 

Group 1: Control group;Total SBT no pre oc postoperative 

treatment. (n=10) 

Group 2: Systemic DST day -1, no other treatment. (n~5) 
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Group 3: Cyclosporin lOmg/~g on day -1, 5mgjkg day 0 to 7, 

2.5mg/kg day 8 to 14. (n=12) 

Group 4: Systemic DST day -1 and cyclosporin as in Group 

3. (n=ll) 

Group 5: Cyclosporin 10mgjkg on day -1, 5mg/kg day 0 to 7, 

2.5mg/kg day 8 to 28. (n=6) 

13 

Group 6: Systemic DST day -1,7,14,and 21, with cyclosporin as 

in Group 5.(n=11) 

Group 7: Cyclosporin 5mg/kg on day -1 to 7, 2.5mg/kg day 8 to 

28. (n=8) 

Group 8: Systemic DST day -1,7,14,and 21, with cyclosporin as 

in Group 7. (n=9) 

Group 9: Portal DST day -1, no other treatment.(n=5) 

Group 10: Portal DST day -l, cyclosporin as in Group 3. (n=9) 

Group Il: Portal DST day -l, systemic DST day 7,14,21, and 

cyclosporin as in Group 5. (n=5) 

Group 12: ALS to the recipient at the time of surgery, 

cyclosporin as in Group 3. (n=6) 

Group 13: Systemic DST day -l, ALS to the recipient at rhe 

time of surgery, and cyclosporin as in Group 3. (n=7) 

Group 14: ALS 4 hours before the DST day -l,and cyclosporin as 

in Group 3. (n=5) 

Group 15: ALS to the dO l 1or day -2, portal DST to the recipient 

day-l, and cyclosporin as in Group 3.(n=6) 

Research design. 
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We designed our research to study the effectiveness of 

the immunomodulation wi th pretransplCint donor-spec if ic 

transfusion in a context that would be relevant to cIinicCil 

cadaveric donor transplantation, i. e. wi th in 24 hours of 

transplant. AlI DST were adrninistered 24 hours pretransplant 

as this was felt to be the earliest tlme at which donor blood 

would be available in the cadaveric donor situation. 

Ev~n thaugh there is sorne conflicting results, enteraI 

Cys seems ta be absorbed via the lyrnphatic vesse] s 18,19,20. 

This cause a major problem in smaii bowel tronsplantation as 

the lymphatics are totally disrupted by the surqery inherent 

to the harvesting of the graft. Orell administration ot 

cyclosporin after small bowel transplantation presents another 

unique problem in organ transplantation, inasmucr as the druq 

must be absorbed through the transplanted organ i tse 1 t . 'l'he 

absorption depends therefore on the functional state of the 

graft which may be influenced by an ongoing re ject ion process. 

Wassef et al. have studied other routes of administration 

in the rat and came to the conclusion that between 

subcutaneous, intramuscular and intraperitoneal the Idst two 

routes had a greater bioavai 1 ibili ty but the subcutdncous 

route resul ted in a more steady state over 24 hours w i th 

little variation over time and '.ras easier to perform21 • 'l'hus, 

even though aIl our experiments were performed jn an 

heterotopic manner, 50 that enteraI absorption of cycJ~dporin 

would not have been affected, it was decided to administer the 
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cyclospor in subcutaneous ly. The cyclospor in was started 24 

hours pre-transplant so that the recipient would be exposed to 

the drug at the time of the pretransplant DST, to reduce 

sensitization, and so that a steady state would be achieved as 

soon as possible after transplant. Experiments carried out in 

an heterotopic heart transplant model from ACI to Lewis rats 

have a Iso shawn a prolonged survi val when cyclasporin was 

started 24 hours pretransplant compared to starting the 

cyclosporln at the time of transplant22 • 

In aIl experimental protocols DST was used in combinat ion 

with at least one immunosuppressor, cyclosporin, to benefit 

from the known synergistic effect of this medication when used 

with DST. The protocols were grouped into five different 

experiments, exploring the route of administration of the DST, 

multiple DSTs, different dosage of cyclosporin and the 

combinat ion w i th another immunosuppressor, anti -lymphocyte 

serum. 

The f irst exper iment (Groups 1,2 , 3 , 4) compared both 

cyclosporin and DST alone to the two in combination. We wanted 

to verify the hypothesis that a day-l DST in combinat ion with 

cyclosporin would be more effective than cyclosporin alone in 

preventing rejection as was a similar day-l protocol in a 

cardiac transplant experiment16 • 

In the second experiment (Groups 4,5,6,7,8) tested 

wh ether three adùitional DSTs post-transplant would reinforce 

the immunomodulatory effect of the pretransplant DST. 
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Additional DSTs pretransplant or pre and post transplant have 

been shown to improve allograft survival in rendl dnd hedrt 

allograft models. As shawn by Fabre, multiple lV inJections of 

donor blood before grafting proved to be a better reglmen thdn 

a single injection. He was able to induce indefinite surviv,ll, 

in a semi-allogenic model of renal transplantation, with bi­

weekly pretransplant DSTs for 4 weekc: 23 • Later Cofet- et al. 

showed that pretransplant DST and multiple post-transplant 

DSTs where more effective than a single pretransplant DST at 

prolonging survival in a fully allogenic cardiac 

transplantation model~. 

Because clinical experience seems to show that the liver 

has a tolerogenic effect when transplanted in conjunction with 

the small bowel, and that the liver seems to play a major role 

in the immune reaction following SBT, we hypothesised in the 

third experiment that presenting the donor ant iqen to the 

liver primarily, via portal infusion, would lead to an 

improved survival of the graft (Groups 1,3,4,9,10,15). The 

liver is an immunological organ with its own antigen 

presentating cells, the Kupffer cells. Portal transfusions of 

donor specifie cells presented directly to antiqen 

presentating celis of recipient origin may allow for a more 

effective antigen presentation. Intra-porta l ve in transf usions 

have been shown by severai investigators to be effective at 

prolonging survival of allogenic grafts. For example, using a 

renal transplantation model, Yoshima et al. showed that 
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infusion of splenocytes on day 0 produced statistically 

significant prolongation in allograft survival(28.6 ± 7.0 for 

portal transfusion versus 10.4 + 1.1 for systemic 

transfusion) 25. Kenick et al. have demonstrated a similar 

effect in a cardiac allograft model with infusion of donor 

mononuclear cells into the mesenteric portal system of 

recipient 7 to 10 days prior to transplantation26 • None of 

these studies have used day -1 intraportal transfusion with 

cyclosporin in the small bowel transplantation model. 

The fourth experiment was conceived as experiment two 

(Groups 5,10,11), that is, adding three successive systemic 

DSTs post-transplant to determine if further benefits the 

portal DST effect. 

In the last experiment (Groups 3,4,12,13,14), the 

hypothesis was tested that additional immunosuppression the 

recipient with anti-Iymphocyte serum, at different times 

relative to the transfusion and surgery, would jmprove the DST 

effect in rat SBT. Partial lymphocyte depletion with ALS can 

transiently reduce circulating lyphocytes in the recipient, 

producing a state of immature or embryonic immune system that 

may be more prone to tolerance induction with antigen 

presentation. 

Hypothesis 

Question 1: Is day -1 DST combined with low dose 

cyclosporin superior to cyclosporin alone at 
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Question 4: 

• Question 5: 

• 

inducing enhanced graft survival? 

Ooes the addition of successive 
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post-

transplant OSTs further enhance small bowel 

allograft survival when compared to 

pretransplant OST only? 

ls the porta 1 route of antigen presentation 

superior to the systemic route in small bowel 

transplantation, and can intraportal day-l OST 

combined with low dose cyclosporin induce long 

term survival? 

Ooes the addition of successive post­

transplant systemic DST further enhance the 

effect of a pretransplant intraportal DST? 

Ooes additional immunosupression with ALS 

improves the effect of pretransplant DS'!' in 

combination with low dose cyclosporin? 
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Results 

Experiment 1 

Table 1. Graft survival time experiment 1. 

Groups Graft survival MST ± SEM Median 
days 

l-no treatment 6,6,8,9,9, la, 11, 12, 14, 16 10.1 ± 1.0 9.5 
f----

2-s.DST, no CyS 7,7,8,8,14 8.8 ± 1. 3* 8.0 

* * * 2. gt 3-Cys alone 9,9 ,9 ,9 ,9,10,13,13,13,17,26,42 14.9 l- ll. 5 --
* * * 5.6:1: 4-s.DST + Cys 8,8 ,9 ,9 ,9,10,13,14,22,30,71 18.4 ± 10.0 

* deaths post-biopsy 
* NS vs Gr.1; t NS vs Gr.li ; NS vs Gr.l & 3, p<0.05 vs Gr.2 

Group l, the control group, recei ving no pre or post-

transplant treatment, survived an average of 10.1 ± 1.0 days, 

which is concordant with survival results for control groups 

in the li terature. Group 2, which recei ved a one ml DST 24 

hours pretransplant wi thout any cyclosporin, had a mean 

survival time of 8.8 ± 1.3 days. Even though no significant 

difference was found with Group 1 (p=O. 38), the administration 

of one DST pretransplant without concordant immunosuppression 

seems to have a slight deleterious effect on graft survival. 

This may be related to the sensi tization effect seen in kidney 

recipients who had received a donor transfusion before 

immunosuppressive drugs were administered concomitantly 

27,28. Group 3 recei ved cyclosporin only at 10 mg/kg the day 

prior to the transplantation, 5 mg/kg/day from day 0 

(transplantation day) to day 7 inclusive, and 2.5 mg/kg/day 
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from day 8 to 14 inclusive and had a mean graft survival timc 

of 14.9 ± 2.9, which was not significant when compared to 

group 1 (p=O.20). I~ this group three animaIs ~10d at day 9 

post-biopsy. If these rats are excluded, the mean gr<lft 

survival time is then increased to 16.9 ~ ].6, with a median 

of 13.0. These results still do not attain significa,ce when 

compared to group 1 (p=0.071 MW or p>O.05 l"g rank). This 

cyclosporin regimen must then be subtherapeut le. Group 4 

received a one ml DST 24 hours pretransplant and the same 

cyclosporin regimen as Group 3 and had a mean survival time 

was 18.4 ± 5.6, with a m0dian of 10.0. In this group also, 

animaIs died following biopsies. When those an i ma ls were 

excluded, the me an survival time is raised to 22.1 ! 7.5 and 

a m 'ian of 13.5. This group then t-ecomes siqnificantly 

different from Group 1 and Group 2 at a p<O. 05 (loC] rLlnk 

test). There thus seem to be a synergism betwcen the 

cyclosporin and DST, as neither of theœ were effective when 

used alone, but seem to have an immunomodulatory effect when 

used in combination. 
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Experiment 2 

Table 2. Graft survival time experiment 2. 

Groups Graft survival days MST ± SEM Median 

* * • 4-s.DST + CyS 8,8 ,9 ,9 ,9, 1G, B, 14,22,30,71 18.4 ± 5.6 10.0 

5-Cys 10 X 28d 7,10,11,11,23,26 14.7 ± 3.2 11.0 

6-Xs. DST+CyS 10 8,10,10,12,12,13,13,14,14,14154 24.9 ± 12.9 13.0 

'l-Cys 5 X 28d 6,7,8,9,10,14,14,>150 27.3 ± 17.5 9.5 

8 - Xs. DST+Cys 5 10,10,10,14·,14,14,14,15,>150 29.6 ± 17.2 14.0 

* deaths post-biopsy 
• GVHO grade 1 POO 8 & 9 
None of the groups attained significance. 

In experiment 2, Group 4 (one pretransplant DST and low-

dose cyclosporin) was used as one of our control. Group 5 

received a longer regimen of cyclosporin to control for the 

administration of cyclospor in with the 3 post-transplant DSTs: 

the recipient received 10 mg/kg the day before transplant, 5 

mg/kg/day from day 0 to 7 inclusive, and 2.5 mg/kg/day from 

day 8 to 28. Group 5 had a mean survival time of 14.7 ± 3.2. 

Changing the induction dose to 5 mg/kg was also ineffective in 

prolonging graft survival. Group 7, which received 5mg/kg on 

day -l, had a mean survival time of 27.2 ± 17.5 which was not 

significantly different from Group 5 by either Mann-Whitney or 

log-rank test. On the other hand one animal seem to have been 

tolerant to his graft showing no sign of rejection even when 

sacrificed at 150 days post-transplant. 

The animaIs in Group 6 were given a 1 ml DST 24 hours 

pretransplant and on day 7, 14, 21 post-transplant. They 
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received the same cyclosporin regimen as in Group 5. They had 

a mean survival time of 24.9 ± 12.9 with a median of 11.0 

(p=0.53 vs Group 4). Adding three post-transplant DSTs had no 

effeet on mean graft survival except that one rat in this 

group had a prolonged graft survival to 154 days. This graft 

showed chronic rejection on histologie examination. Decreasing 

the induction dose to 5 mg did not irnprove Group 8 1 5 survival 

time compared to Group 6 (p=O. 435). Group 8 reached a mean 

survi val tirne of 29.6 ± 17.2 and a median of 14.0. In this 

group also, one animal showed prolonged graft survi va l (150 

days) with no sign of rejection. 

Experiment 3 

Table 3. Graft survival time experirnent 3. 

Groups Graft survival MST 
days 

1-no treatment 6,6,8,9,9,10,11,1214,16 10.1 

* * * 3-Cys 10 X 14d 9,9 ,9 ,9 ,9,10,13, 14.9 
13,13,17,26,42 

4-s. DST + Cys 10 8,8,9,9,9,10,13,14,22,30, 18.4 
71 

9-p.DST,no Cys 6,7,7,8,11 7.8 

lO-p. DST + CyS 10 13,'4,17,'7,22,26, 53.7 
41,87,>150,>150 

l5-dALS+p.DST+~is 7,8,9,12,12,12 10.0 

* deaths post-biopsy 
* NS vs Gr. 1; 
t p<O.OOl vs Gr. l, p<0.005 vs Gr.3 & 9, 

p< 0 • 02 vs Gr. 4 
:t p<0.002 vs Gr.lO 

± SEM Median 

± 1.0 9.5 

± 2.9 Il . ~j 

± 5.6 10.0 

± 0.9* 7.0 

± 17.5t 26.0 

± 0.9:t 10.':! 

Group 1 (no treatment), Group 2 (cyclosporin only) , and 
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Group 4 (systemic DST and cyc1osporin) were used as control. 

The animaIs in Group 9 received a 1 ml portal DST 24 hours 

pretransplant wi thout cyclospor ln. The survi val data of Group 

9 showed that a portal DST a10ne had no influence on graft 

survi va 1. The resul ts were no different from Group 1 (p=O. 20 

MW). The cats in group 10 were given a 1 ml portal DST 24 

hours pretransplant with the same cyclosporin regimen as Group 

3. On the other hand, when one portal DST was combined to low­

dose cyclosporin, the graft survival results were 

significant1y improved. Group 10 had a mean graft survival 

tirne of 53.7 ± 17.5 days, with a median of 26.0 days (p=O.005 

vs Gr.3, p=0.01 V'2 Gr.4, p=0.003 vs Gr.9). None of the animaIs 

died ear1y in the post-transplantation period, aIl of them 

surviving beyond the median survival tirne of Groups 3 and 4. 

Three animaIs (33%) in this group survived beyond 85 days and 

two animaIs (20%) attained indefinite survival, with no sign 

of rejection. 

Group 15 was designed to see if decreasing the 

immunogenicity of the graft with the sJstemic administration 

of 1 ml of anti-Iymphocyte serum (ALS) to the donor 24 hours 

pretransplant would further increa1:>e the graft survi val in the 

portal DST protocol. The recipients in Group 15 underwent the 

exact same DST-cyclosporin regimen as Group 10. Decreasing the 

immunogenicity of the graft in addition to the portal DST and 

low-dose cyclosporin had a deleterious effect on graft 

survival time. The mean graft survival time of Group 15 was 
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10.0 ± 0.9, wi th a median of 10.5. These animaIs Iooked sicker 

before their death than animaIs in the other groups. 

Expar iman t ( 

Table 4. Graft survival time experirnent 4. 

Groups Graft survival MST ± SEM Median 
days 

5-Cys 10 X 28d 7,10,11,23,26 14.7 ± 3.2 11. 0 

10-p.DST + Cys 13,14,17,17,22,26, ~3.7 ± 17.5 26.0 
41,87,>150,>150 

11-p.DST+Xs.DST+Cys 6,10,13,14,15 11.6 ± 1. 6 t Il.0 

t NS vs Gr.5, p<O.Ol vs Gr.IO (log rank test) 

• We used Group 5 (cyclosporin for 28 days) as one of our 

control. Group 10, which recei ved one pretransp lant 

intraportal DST and peritransplant cyclosporin was compared to 

group 11 which received also one pretransplant portal DST and 

cyclosporin in addition to systemic post-transplant DSTs at 

day 7, 14, 21. Group Il had a rnean survivai tirne of ]1.6 days 

which was markedly reduced when cornpared to group 10. One 

animal did not received any post-transplantation transfusion 

and the other four animaIs received only one post-

transplantation transfusion. 

• 
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Experiment 5 

Table 5. Graft survival time experiment 5. 

Groups Graft sm"vival MST ± SEM Median 
days 

* * * 3-Cys X 14d 9,9 ,9 ,9 ,9,10,13,13,13, 14.9 ± 2.9 11.5 
17,26,42 

* * .. 
4-s.0ST + Cys 8,8 ,9 ,9 ,9,10,13,14,22, 18.4 ± 5.6 10.0 

30,71 

12-ALS + Cys 9,10, 14, 16·,24,~5 16.3 ± 2. a* 15.0 

13-ALS+sDST+Cys #1 10,'0,10,11,1',11,14 11. 0 ± 0.5t 11.0 

14-ALS+sDST+Cys #2 11,12,12,13,14 12.4 ± O.5t 12.0 

* deat~s post-biopsy 
• GVHO grade 1 POO 9 & 10 
* NS vs Gr.3i t p<O.Ol vs Gr.12 (log rank test) ,NS vs Gr.3 & 

4; t NS vs Gr. 3, 4, 12 & 13 

Group 3 (cyclosporin only) and Group 4 (systemic DST plus 

cyclosporin) acted as two of our controls. Group 12 received 

a 1 ml ALS inoculation at the time of surgery and cyclosporin 

as in Group 3. Group 12 had a mean graft survival time of 16.3 

± 2.8 and a median of 15.0. This was not statistically 

significant when compared to Group 3 nor Group 4. Group 13 

received a 1 ml DST day -1, ALS at the time of surgery, and 

cyclosporin as in Group 3. Group 13 had a mean graft survival 

time of II.0 ± 0.5, with a median of Il.0. This group differ 

significantly from Group 12 at a p<O.Ol (log rank) , but not 

from Group 3 or 4. Group 14 received ALS 4 hours before the 

OST day -1 and cyclosporin as in Group 3. Group 14 had a mean 

survival time of 12.4 ± 0.5, with a median of 12.0. One animal 
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in this group was sacrificed at day 14 because of marked 

weight loss and what seemed like a retro-orbital tumor or 

haemorrhage. At autopsy the transplanted bowel showed no gt"oss 

sign of rejection. This group showed no significant difference 

with any of the other groups in this experiment. 

Patholoqy specimens 

AlI the pathology specimens were reviewed in a blind 

fashion by Dr. Elizer Rosenmann from Hadassah Hebrew 

University Medical Centre. Rejection was rated as grade 0, 

normal, grade 1, mild, grade 2, moderate, and grade J severe, 

as defined in material and methods. Sorne specimens could not 

be analyzed because of autolysis, when the animaIs were found 

dead in their cages. No quantitative comparison could be made 

between groups as the specimens were taken at different days 

post-transplantation. The histological analysis was used more 

as a way to confirm our rejection data. Native bowel specimens 

were used as internaI controls. AlI the native bowel specimens 

as weIl as spleen and lymph nodes were read as normal in all 

experirnents, with no sign of rejection. Except for the long 

terrn survivors aIl transplanted bowel were found to have been 

rejected either acutely or chronically, most of them showing 

grade 2 and 3 rejection. Two types of rejection patterns seems 

to arise in the qualitative analysis: one rejection process 

affecting rnostly the rnucosa and bowel itself, the other one 

affecting mainly the mesentery of the transplanted bowel. The 
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rejection process involving the bowel itself was predominant, 

and aIl groups were affected by it in about the same 

proportion. 

Rats in group 1 (control) were all affected by severe 

rejection at the time of autopsy. Animals in group 2 (systemic 

DST wi thout cyclosporin) aIl showed severe rejection on 

histologie examination. Group 3 (cyclosporin) showed mild 

rejection on biopsies as early as day 4, but sorne biopsy 

specimens showed no signs of rejection at POO 8. After POO 8 

all the specimen showed a grade 2 or 3 rejection process. In 

group 4 (sOST + Cys), two biopsy specimens showed no or mild 

rejection at POO 8. After POO 8 aIl specimens showed grade 2 

or 3 rejection. There seems to be delayed rejection in group 

3 and 4 compared to group 1 and 2, but no real difference 

between group 3 and 4. 

In our sb~ond experiment, the long surviving animal in 

group 6 (XDST + Cys) showed chronic rejection on histological 

analysis: villi were inexistant, being replaced by a simple 

flattened cellular epithelium, there was fibrosis seen in the 

muscular layer, and the vessels showed endothelial cells 

transformed into foaming cells, narrow lumen, and 

endotheliitis. AlI the other specimens in group 6 showed grade 

3 rejection except for one specimen which showed mild 

rejec~ion in the bowel but severe infiltration in the 

mesentery. specimens from rats in group 5 (Cys X 28 days) 

showed the same severe rejection except for one which had the 
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maximal changes in the mesentery. 

Group 7 (Cys 5mg induction) and 8 (XDST + Cys 5mg 

induction) had similar patterns of rejection, both having two 

animaIs showing predominant rejection in the mesentery. One 

animal in group 7 had only mild rejection at the time of 

autopsy and showing signs of recovery. One animal in group 1 

was a long term survivor, showjng no sign of rejC'ctlon on 

autopsy but with sorne area of atrophie mucosa with flat.teninq 

of the villous pattern. Group 8 also had a long term survivor. 

This animal showed almost normal bowel on histological 

examination: There was sorne slough of necrotic ep~thelium in 

the lumen which might indicate a previous proces~ of reject ion 

but there was total regeneration of the mucosa with a normdl 

villous pattern. This necrotic epi thelium could also be 

attributed to a mild perfusion in jury with subsequent 

regeneration. 

Group 9 (pOST without Cys) showed severe rejection in all 

specimens except for one specimen takeï1 at POO 7 which showed 

no sign of rejection with normal bowel archjtecture. 

In group 10 (pOST + Cys) the severity of rejection was 

very heterogenous, sorne animaIs hav ing on l y m lld grade l 

rejection and sorne having severe grade 3 rejection. The animal 

that survived 87 days showed signs of chronic rejection with 

marked congestion and inflammation of the muscular layer and 

the replacement of the mucosa with cuboidal epithelium. The 

two animals that survived beyond 150 days had normal bowel on 
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histologie examination, with no signs of rejection.The lymph 

nodes of these two specimens showed complete depletion of 

regional lymph node with an intact sinusoidal pattern but with 

complete djsappearance of Band T lymphocytes. 

Group Il (pOST + XOST + Cys) showed a surprising pattern 

on histological examination: even though rnost of these animaIs 

were sacrificed early becau r of the appearance of an 

abdomina l mass, only grade 1 and 2 rejection was found on 

histology. There was no severe rej ection noted in this group. 

Group 12 (ALS + Cys) also showed an heterogenous pattern 

of rejection, ranging from grade 1 to grade 3. In the last 

three groups (13,14,15, which all received ALS, DST, and Cys), 

there was discrepancies in the level of rejection between 

animaIs but most of the donor mesenteric lymph nodes showed 

lymphoid depletion accompanied by fibroblastic proliferation 

and fibrosis replacing most of the nodes. The native nodes 

were intact. These f indings resemble somewhat the vascular 

proliferation or Kaposi sarcoma seen in imrnunosuppressed 

patients and AlOS patients . 
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Only two animaIs in this entire project suf fered from 

GVHD. In the fully allogenic model in t.he rat, rejection 

predominates over GVHD17 • GVHO is not usually observed in thi5 

model. 

The first animal to suffer from GVHO was in Group 8 

(multiple systemic DSTs, induction with 5 mg/kg of cyclosporin 

which was continued for 28 days). It was observed to have what 

could he classif ied as a grade 1 GVH at dély 8 and g: mi 1 ct 

redness of ears snout and paws, without hair 105s or diarrhea. 

The animal recovered fully after two days. Its graft was found 

to he rejected at 14 days. The second ûnimal, from Group 12 

(ALS plus cyclosporin) had a very similar course. It dlso had 

grade 1 GVH at post-operati ve day 9 and 10, after wh ich i t 

fully recovered. This animal's graft was found to be rejected 

èt 16 days. Both animaIs were found to have large spleen at 

autopsy. 

It could be said that both protocols modulated the j mmune 

system in such a way as to unbalance the usual reject ion-GVIID 

equation in favour of GVHO. It lS surprising that this 

unbalance did not prolong these anima ls' graft sury i va 1. 'l'hey 

both rejected at the mean survival time for t~eir group. 
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DISCUSSION 

Experimental modela of amall bowel transp-Iantation 

Because the total number of reported human small bowel 

transplantation (SBT) in the world literature is small, most 

of our knowledge cornes from animal experimentation. In 

reviewing these studies of bowel transplantation, it is 

important to bear in mind sorne of the variables of the 

experimental models used. There is a rnarked variation in the 

immune response elicited by small bowel transplantation in 

different animal models. Inbred strains of ratp have a limited 

rejection response while outbred strains of a higher order of 

animaIs such as pigs and dogs demonstrate much more vigorous 

reactions. 

Bowel transplantation was first attempted by Carrel in 

19013 , who transplanted portions of small intestine into the 

neck of dogs. But small bowel transplantation was really 

proven technically feasible in dogs by Richard C. Lillehei in 

19594 • Lillehei and his colleagues demonstrated that the 

intestine could survive complete vascular occlusion and 

autotransplantation, and function adequately post-operati vely. 

The procedure described consisted of transplantation of the 

entire small bowel with the vascular anastomosis performed 

between the superior mesenteric artery and vein of the graft 
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and the respective vessels of the recipient. Oogs receiving 

autotransplanted bowel survived indefinitely and allograft 

recipients died of rejection. 

The rat model, the most used model even though 

technically difficult, offers many advantages to the study of 

small bowel transplantation. The rat heterotopic mode1 was 

first described by Monchick and l<ussell 17 who transpl anted the 

entire small bowel as an accessory graft ('l'hierry-Vella loop) . 

With the use of inbred parental strains (Lewis and Brown­

Norway) and Fl hybrids (Lewis X Brown-Norway), this group 

demonstrated that the process of rejection could be dissected 

and studied separately from GVHD. These hybrid rats possess 

major histocompatibility antigens of both parents and 

therefore cannot recognise Lewis or Brown-Norway parenteral 

tissues as foreign. Thus when FI were used as donors for 

ei ther Lewis or Brown-Norway recipients, graft reject ion 

occurs wi thout GVHD. Similarly when Lewis or Brown-Norway 

intestine is transplanted in an FI recipient, GVHD develops 

but not rejection14 • When a fully allogenic model is used, j .c. 

Brown-Norway to Lewis, a two-way reaction is possible however, 

rejection predominates over GVHD.The rat model has now become 

a standard tool for the investigation of small bowel 

transplantation immunology. 

Kort et al. 29 reported a method for orthotopic tota l 

small bowel transplantation with vascular anastomosis between 

the mesenteric artery of the graft and the recipient's aorta 
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and between the portal vein of the graft to that of the 

recipient. 

Both models, heterotopic or orthotopie small bowel 

transplantation have advantages and disadvantages. The 

heterotopie model allows repeat histologie sampling but the 

animal's survival cannot be equated to the graft survival as 

the animal is not dependant on the transplanted graft for its 

nutrition. The orthotopic small bowel transplantation model, 

while having a higher operative mortality rate, is more 

pertinent to the clinical situation as the recipient's 

survival and weIl being depends direetly on a normally 

functioning intestinal graft . 

After the introduction of cyclosporin in the late 1970's, 

the orthotopic model of bowel transplantation in the dog was 

first used to assess its effects on small bowel 

transplantation30.31 . Even though Reznick et al. 30 

demonstrated signif icant prolongation in graft survi val, their 

overall rate of success was low. The variability in the 

immunological differences between animals makes the 

interpretation of survival data with immunosuppression 

diff icul t30.32.33. 

The pig model mimics more closely hu~an physiology and 

has a more defined genetic background than the doge Ricour and 

his group were the first to achieve a successful small bowel 

transplant in the pig and achieve allograft survival34
• The 

technical failure rate in this model is relatively high, the 
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most common problems Laing intussusception of the transplanted 

loo};', arterial thrombosis, and late • 3'; sepsls . Both 

heterotopic and orthotopic models have been described usinq 

either portal or systemic draindge"S4.35. 

History of clinical small bowel transplantation 

Clinically, intestinal allotransplantation was first 

attempted by Lillehei in 196736 in the case of a 46 year old 

white woman with infarction of her entire intestine. The bowel 

of a cadaveric donor was anastomosed Ly an end to s ide 

superior mesenteric artery and vein to the iliac artery and 

vein. The patient died of shock two hours after surgery. 

Okumara and associates~ reported the second case of SBT a]so 

in a patient suffering from superior mesenteric artery 

thrombosis. The patient died on post-operative day number 6 

after the graft had become necrotic. In 1968, Oliver dnd al.~ 

performed an orthotopic intestinal transplantaLion in a l~) 

year old patient suffering from polyposis and mesenteric 

fibromas whose bowel was resected from jejunum to the 

transverse colon. The patient was treated with 

AZA,corticosteroids and equine ALG. Rejection was recognized 

two weeks after the surgery and six-mecarptopurine was then 

given instead of the AZA but on the twenty-sixth day post-

operatively the patient died of septic shock with a necrotic 

bowel. 
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The f irst paediatr ie SBT was attempted by Aliean and 

Hardy 36 in 1970 in a 10 year old vlhite boy who had strangulated 

his entire small bowel. After a TPN treatment of four months, 

the child 1 s mother donated one meter of ileum which was 

anastomosed to the aorta and the le ft renal veine The patient 

was put on a regimen of AZA, prednisone, and ALG. The graft 

had to be removed on the seventh post-operative day and the 

patient was restarted on TPN. He died three weeks later of 

continued abdominal sepsis and gastrointestinal bleeding. 

The fifth reported case was performed by Fortner et al. 

in 197037 • The patient was a 37 year old woman who had 

undergone massive resection for multiple intestinal polyposis . 

The patient's HLA-identical sister donated 1.5 meter of lower 

jejunum and upper ileum. Parenteral AZA and prednisone were 

used as immunosuppressants. The patient tolerated normal low 

fat diet two months after the surgery. The patient died on the 

seventy-ninth post-operative day after suffering from E.Coli 

septicemia. 

Fifteen years elapsed before SBT was attempted again. The 

advent of eyclospor in rekindled the interest for SBT. The 

first trial took place in Toronto by Cohen and his group38 in 

a twenty-six year old female patient who had undergone 

resection of her entire small bowel because of a large desmoid 

tumor seeondary to Gardner' s syndrome. The patient died at ten 

days from probable cyclosporin toxieity after having suffered 

from haemolytie anemia and the beginning of a rejection 
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episode. Ricour et al. reported having kept several patients 

alive for more than two years on enteraI t ceds but wi th 

ongoing problems of rejection eventua lly. Grant and al. S9,/,Ll 

transplanted a small bowel in a eight year old girl with short 

gut syndrome who had developed life-threatcninq problems with 

limited venous access and early cirrhosis while on '['PN. 'l'he 

donor was pre-treated wi th the monoclona l dnt i body OK'['J. 'l'Iw 

patient was maintained on contlnuous high dose intri\vC'nmu, 

cyclasporin, with cyclosparln levels mdintdined in the 

therapeutic range. She a Iso rece i ved ALG and A'!.A unt i 1 the 

sixth post-operative day. Tube feeding were started on post­

operative day number three but on the sixteenth post-operativ(> 

day the graft had to be removed because of per i ton i t ts 

secondary ta rejectjon. The child recovered. 

Two recent reports from Williams et a1 41 and Stan~l et 

al. 42, descr ibed four cases of mui t iple orqans 

transplantation combining liver, intestine, pancreds and 

stomach. Williams attempted his first spldnchnic 

transplantation in a seventeen month 0 Id ma le T·/'1o lost hi s 

entire small bowel from the duodenum to the spJenic flexure as 

a complication of gastroschisis. The chiJd was diagnosed with 

severe cholestasis and cirrhosis frol!l TPN. The stomach, 

pancreas, the entire small bowel and liver of a six month old 

donor were transplanted after being irradiated with 10 Gy. 

Implantation of the composite graft was performed wlth the 

intestine being placed in parallel with the remaininq 
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recipient's bowel 50 that it could be removed and the liver 

retained if rejection became uncontrollable. The patient died 

on the forth post-operative day from severe hypotension. At 

laparotomy a two millimetre defect was found at the aorto­

aortic anastomosis. 

The second recipient of a splanchnic transplant was a 

ninth month old boy who had suffered from mid-gut volvulus and 

infarction of his entire jejunum,ileum, and ascending colon 

shortly aft8r birth. The donor was pretreated with OKT3. The 

implantation was performed in a similar manner. On the twelfth 

post-operati ve day the patient arrested from acute per icardial 

tamponade but was successfully resuscitated. He also underwent 

two subsequent laparotomies for peritonitis secondary to 

perforation which were closed. Enteric feedings were begun on 

the fortieth post-operative day and were at full strength 

three weeks later. Throughout this time cyclosporin was given 

intravenously with methylprednisone. On the seventy-third 

post-operative day the diagnosis of a lymphoproliferative 

disease confined to the liver was made. In spite of cessation 

of immunosuppressive therapy, the child died of sepsis on the 

one hundred and ninth post-operative day. 

Starzl's experience was similar42 • His first patient, a 

six year old girl, died shortly after surgery from 

hypotension. An exsanguinating haemorrhage had been contihuouS 

throughout her surgery. His second patient, a three and a half 

year old black girl, had suffered perinatal volvulus, 
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requiring massive resection and had developed liver failure 

secondary to TPN. She underwent transplantation of the distal 

stomach, small bowel, liver, and pancreas. The donor had 

recei ved OKT3 prior to harvesting. EnteraI feeding wcre 

started two weeks after transplantat ion and progress ive I y 

increased. Cyclosporin was given intravenously or enterally 

and blood leveis were maintained in the therapeutic range. The 

patient was aiso given a one week course uf OK'l'3 and a 

prophylactic course of 4.5 Gy of total irradiation. 'rhe 

patient lived one hundred and ninety-two days. She was aiso 

diagnosed with a lymphoproliferative disease on postoperdtive 

day ninety-one. When immunosuppression was stopped the lesions 

underwent total necrosis but by day one hundred dnd sixt y-Cive 

a new hilar mass had appeared causing obstruction. 'J'he 

obstruction was partIy relieved wi th catheter dra inage but 

sepsis, cardiovascular collapse, and multiple organ failure 

eventually followed. 

More encouraging resul ts were reported at the last 

International Symposium on Smail Bowel Transplantation that 

was held in London/Ontario in October 1991. Tzakis from the 

Pittsburg group43 reported 5 successful SB'!, / one i solated 

graft and the others in continuity with a liver. Three were 

children and two were adults. AlI five patients were alive on 

complete enteraI alimentation with a median follow-up of 301 

days. Several episodes of fungal and/or bacterial 

translocation were documented and successfully treated in 3 of 
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those patients. 

The London, ontario group reported 3 out of 6 successful 

SBT. Two of these were liver and intestinal transplant and the 

third one was a cluster (stomach, liver, duodenum, pancreas, 

jejunum, and ileum) transplant44 • 

Goulet and Revillion45 reported the case of a baby girl 

who suffered total volvulus at birth and was transplanted at 

the age of five months with the bowel of a iso-blood group 0, 

HLA-mismatch anencephallc neonate. On an initial regimen of 

quadruple immunosuppressive agents (prednisone, ALG, 

cyclosporin, and azathioprin), she was maintained on 

cyclospor in and prednisone. She suffered two episodes of 

rejection which were successfully treated with OKT3 or ALG. At 

two years post-transplant, the little girl is totally 

enterally fed. This group (Ricour-paris-Hôpital des Enfants 

Malades) has the large st experience in children, having 

carried out 11 SBT in 9 children. Deltz et al. have one adult 

now 3 years post transplantation of isolated small bowel 

graft doing weIl. At the recent ACS meeting (October 1992), 

Tzakis reported that the Pittsburg experience is now up to 29 

intestines or liver-intestine allografts. 

small bovel transplant immunology 

The small bowel allograft is unique among vascularized 
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grafts, being a solid organ carrying its own immune system. 

Similarity can be observed between small bowel transplantation 

and bone marrow transplantation as both can induce rejection 

and GVHD. 

Investigation of small bowel immunity has revealed an 

abundance of lymphoid tissues called gut associated lymphatic 

tissue (GALT)6.As the largest accumulation of lymphoid tissue 

in the body, GALT may explain why small bowel transpldnt is 

still at the experimental stages. GALT comprises m0senteric 

Iymph nodes, peyers patches, lymphoid nodules in the lamina 

propria, and scattered lymphocytes in the lamina propria and 

epithe1ium. 

The lymphocytes in the epithelium are predominantly '1' 

suppressor (Ts) lymphocytes, while those in the lamina propria 

are predominantly of the T helper (Th) category. Small 

intestinal epithelial ce1ls express Class II MHC antigens 

which represent a restriction element in the T cell dependent 

immune responses. This renders the small intestine more 

immunogenic compared to other graft as the epithelial cells 

can act as ant igen present ing ce Ils 6. 

peyers patches are macroscopic clusters of lymphoid 

ce11s, usua1ly 12-15 in number, found in the se rosa of distaJ 

sma1I bowel. peyers patches contain a higher proportion of B 

cells th an peripheral lymph nodes,predominantly 19M bearing 

ce11s. peyers patches are also greatly enriched in Th cells 

but aiso contain Ts and Tcs (countrasupressor) which appear to 



• 

• 

• 

47 

potentiate the immune response to orally presented antigens. 

Macrophages and dendritic cells are present in the dome region 

of the patches and are competent at presenting antiqens. Each 

patch is covered by a matrix of cells including cuboidal 

epithelial cells, which also express Class II MHC antigens, 

and microfold cells (M cells) which pinocytose and phagocytose 

antigens and transport them to the underlying lymphoreticular 

structures 6. There the antigens are presented to B cells, 

macrophages, Th cells and to a lesser extent to Ts and Tcs 

cells. Sorne B cells can mature into plasma cells which 

synthesise a specialized immunoglobulin unique to seromucous 

secretions (saliva, tracheobronchialsecretions, genitourinary 

secretions,colustrum, and milk) called secretory IgA . 

FOllowing antigen exposure, Th and B cells which are commi tted 

to IgA synthesis are generated in the peyers patches. They 

travel to the thoracic duct, enterinq the circulation before 

preferentially homing to mucosal surfaces. A feedback control 

is also exercised by the relative proliferation of Ts compared 

to Th cells, inducing tolerance. This can be abolished by the 

induction of Tcs cells. 

1he lamina propria also contains cells whose functions 

are less weIl defined but seem involved in cell mediated 

cytotoxicity unrestricted by MHC. Natural killer cells, which 

represent 2-3% of dispersed lamina propria cells, have limitE:!d 

cytotoxi~ activity but may mediate antibody-dependent 

cytotoxlcity. Mucosal lymphokine activated killer (LAK) cells 
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are highly cytotoxic cells activated by the exposure to the 

cytokine IL-2 6. 

Small bowel transplantation interferes with the immune 

oystem in an intricate way. First, the immune tissues of the 

graft are affected by the manipulations involved with the 

surgery: removal, preservation, and 1'e implanta tion of the 

graft. The resection of the graft from the donor involves the 

destruction of the proximal lymphatics of the bowel and 

cisternae chyli. The graft is left with no lymphatlc drainage 

until there is a regeneration and the continuity is re­

established with the recipient's lymphatic system. Kocandrle 

and colleges have used lymphography ta demonstrate that 

lymphatic regeneration requires 21-28 days following 

intest inal transplantation46
• However in the long run the y 

remain relatively attenuated and contract less compared with 

native lymphatics47 • The immune sequelae of intestinal 

ischemia, preservation damage, and splanchnic denervati on 

remained to be studied. 

Rejection 

Rejection predominates in most species in small bowel 

transplantation, being stronger and occurring earlier than 

GVHD. One can observe two forms, acute and chronic rejection. 

Following allogenic transplantation in an untreated host 1 

acute rejectian seems ta be directed at the vascular 
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endotheliurn. Clinically this manifests as bloody diarrhea, 

progressive inanition and cachexia which begins at about post­

operative day 7-8 in the rat and dog models. This course is 

accornpanied by progressive weight loss and culrninates in the 

recipient's death. The immunopathologic and microscopie 

features have been weIl descr ibed by several authors 17,48,49,50 

and rnay be di vided in three phases. Early changes may be 

confused with those of ischemia secondary to transplantation 

and handling, but these are corrected by day three. 

Phase l begins wi th r...lpid graft infiltration by host 

lymphocytes withj n 24 hours of transplantation as shown by 

Lear and colleges with strain specifie monoclonal antibodies 

staining using an indirect immunoperoxidase technique51 • 

Endothelial and crypt cell damage begin at day 3 as confirmed 

by ultrastructural and electrophysiologic techniques48 • 

Endothelial cells are enlarged and are associated with an 

increased number of intr~vascular lymphoid cells. There is a 

vascular lesion evident ~~fecting the arterioles and venules 

at the junction of the mucosa and submucosa. An initial 

pericapillary aggregation of neutrophils is followed by a 

build up in lymphocytes in the lamina propria on the sixth 

d ay49,50. At day 6, an histopathologic evaluation also shows 

sorne villus shortening but the villus epithelial cells are 

morphologically normal wi th prominent brush border; the crypts 

are prolonged with extensive cell darnage47 • 

Phase II begins ar0und day 8 with intensification and 
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extension of the infiltrate into the submucosal and muscular 

layer. Villi are blunted and epithelial cclls have lost their 

brush border and begin to slough. Vascular lumens become 

occludeds2 • 

Phase III starting about day 10 marks the end of the 

graft survival with complete mucosal sloughing, heavy 

transmural lymphocyte and neutrophil infiltration, and serosal 

inflammation consistent with peritonitis. These changes, 

ending in mural fibrosis occur similarly in the jejunum and 

ileum. The native gut is spared. 

Lear and his groupS1 demonstrated that there was a 

sirnultaneous two-way migration of host and donor lymphocytes 

in the early post-transplant period. Emigration of graft cells 

were from and almost exclusively within T cell zones of the 

spleen, peyers patches, and mesenteric Iymph nodes of the 

hosto In non-iInmunosuppressed animaIs, the number of graft­

derived lymphocytes in host tissue increased daily until day 

4, but then decreased rapidly from destruction of lymphoid 

tissue of the graft. 

Multiple factors have been shown to influence the 

rejection process in small bowel transplantation. Studies have 

been done to evaluate the effects of length and site of or igj n 

of small bowel grafts on the jmmunologic response53 •54 ,55. 

Kimura showed, in an heterotopic model, a direct relationship 

between the severity of rejection, but within the same time 
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frame. and the length of small intestine transplantcd. The 

same was shown to be true for GVH053 • Starzl on the other hand, 

using an orthotopic model, could not demonstrate that the size 

and origin of the graft (ileal or jejunal) influenced the 

severity or rapidity of rejection. This study showed that the 

deereased amount of lymphoid tissue in jejunum segmental 

grafts did not diminish the effeet on survival or rejection in 

eomparison with the effect of grafts having a higher 

lymphocyte eontent55 • 

Venous drainage of the graft through the portal vein in 

a physiologie manner was thought by sorne to delay rejeetion 

due to an hepatic filtration or alteration of antigens 

originating from the graft56,57. Schraut concluded from his 

heterotopic experiments that portal drainage, when associated 

with spleneetomy, deereased the eapacity of the host to reject 

the allograft56 • Eventually all recipients suffered from 

chronic rejection. Shaffer et al. reported no significant 

survival difference between the two drainage techniques, using 

both an orthotopic and heterotopic mOdel, nor any difference 

in growth and metabolism in the orthotopic model58 • They also 

argued that even though portal drainage would restore normal 

anatomy, it may be technically more difficult in patients who 

have undergone multiple abdominal surgery. Schraut later 

changed his opinion on the subject, agreeing wi th Shaffer that 

portal drainage does not confer an immunological benefit . 

Chronic rejection oceurs after variable periods of 
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immunosuppression and there is a debate as to whether it is 

ever fully eliminated in higher order animaIs. Sorne would say 

it is an ongoing subclinicai reaction which is suppressed but 

not eliminated by cyclospor l n 59,60,61,62 In chronic 

rejection the primary target appears to be the vascular 

structures60 • Light microscopy examination revea ls a patchy 

perineural infiltration of lymphocytes and plasma cel1s59,60,61. 

The mucosa remains normal until the endstage. Jejunum and 

ileum are affected equally. 

Graft versus host disease 

Graft versus host disease (GVHD), mediated by passenger 

T lymphocytes in the graft63 ,64 , i5 unique to small bowel 

among solid organ transplants, al though i t is a Iso seen in 

bone marrow transplantation. Smaii boweJ ailografts fuifil the 

three requirements for the appearance of GVIID: (1) the gra [t is 

comprised of lymphoid tissues capable of engagjng in an immune 

responsej(2} the host possess antigens different from donor 

tissuesj(3) the host is unable to reject the donor65 • Proven 

ta occur in rats 17 and alleged to occur in dogs4 ,66, GVHD has 

been very hard to demonstrate in clinical experiences. 

Re]ection and GVHD counterba lance each other and j t mé:ly 

therefore be the strength of rejection which limits GVHD in 

higher arder madels, rather than an absence of GVHD. 

GVHD induced by small bowel allograft follows a 

predictable course. It involves primarily the skin, the host 
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In an 

unidirecti anal heterotopic GVH rat model (Lew -+ LBNF1) the 

f:irst manifestations of the disease appear at 9 to Il days 

post-operatively with redness and swe11ing of ears, snout, 

skin around eyes, and paws. The skin becomes dry and scaly and 

is accompanied by hair 1055. The animal suffers from diarrhea. 

The terminal stage, from the 11 th to the 16th post-operative 

day, sees the animal emaciated, cold, listless, sitting 

hunched on their hind legs. The weight 10ss becomes 

precipitous in the last few days. In an orthotopic model, the 

animal follows the same course of events. At autopsy, 

enlargement of the spleen and lymph nodes of the host, with 

thinness and hyperaemia of the host's bowel wall, contrasts 

markedly w:i th the normal looking allograft bowel. AlI the 

animaIs show sign of peritonitis and genera11y had perforated 

their cecum or smali bowel67 • 

Histologically, at the ninth to the twelfth day,the host 

bowel reveals a picture very similar to early necrotizing 

enterocolitis with decrease vil1us height, s10ughing of the 

villi tips and marked polymorphonuclear infiltration of the 

mucosa and submucosa. At the fourteenth day there is fulminant 

necrotizing enteritis~. 

High GVH reactions can be observed in all lymphatic 

compartments except in the Peyer's patches of the graft and 

the recipient's bowel. There is a strong expression of GVH 

reaction wi thin the mesenteric lymph nodes of the semi-
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allogenic graft. Immunoblast and epi thel oid cell s in the 

paracortical area proliferate~. At post-operative day 5 the 

peyer's patches and mesenteric lymph nodes undergo d 

progressive lymphoid depletion, giving rise to a progressive 

lymphopenia \vi th disappearance of germinal centres dnd 10S5 of 

distinction between the cortex and the medulla. The lymphdtic 

tissues of the hast undergo d similar course of progressive 

lymphoid depletion and loss of normal follicular 

architectureo9
• In the spleen, the loss of lymphoid cetls was 

parallel to the appearance of reticuloendothelial cells that 

differentiate into histiocytoid cells. 

In addition to the small bowel, the skin of the recipient 

is the main target of anti-host reactions. Microscopie 

examination of the skin in the unidirectional mode1 shows 

dyskeratosis, vacuolization of basal cells, and necrosis of 

keratinocytes. GVHD is irnrnunosuppressive. Thymus and spleen 

show loss of normal architecture with blurring of the 

corticomedullary zone and follicular 10ss respectively. 

Concomitant suppression of the host humoral and cell-mediated 

immune response closely correlé:(te with these changes in 

architecture69 • Lyrnphoid organs, skin, liver, colon, and 

salivary glands, but not kidney and pancreas, are infiltrated 

with immunoblasts ro . 

studies to deterrnine the rnechanisrn of GHVD have focused 

on T lymphocytes. Kirkman 71 in 1984 showod that GVHD roquires 

competent donor T cells: a T-cell depleted don or rat could not 
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induce GVH unless reconstituted with T cells prior to small 

bowel transplantation. Wallender~ supported Kirkroan's 

observations, being unable to demonstrate any GVHD in 

immunocompetent rats transplanted 

(phenotypically T ceU deficient). 

nu/nu rat intestine 

Deltz found that the 

mortality with clinical appearance of a wasting disease was 

dependent on the quantity of grafted lymphoid tissue, shorter 

grdft eliciting less GVH reactions than longer onesro • 

other studies of GVHD in the bone rnarrow model emphasize 

the importance of effector lymphocytes of don or origin, which 

are large and granularn , and natural killer cells of 

recipient origin, which are active in areas of tissue 

dctmage 73 • These studies await corroboration in srna1l bowel 

transplantation models. 

GVHD has been shown to occur in long term survivors of 

fully allogenic small bowel transplantation. Dif10 

hypothesised that, because rejection is a much stronger 

reaction in the fully allogenic rat model, it cou1d mask signs 

of GVHD. Effectlve prevention of rejection with cyclosporin A 

in recipients of fully allogenic small bowel graft would 

permit the development of a sublethal form of GVHD. The rats 

developed diarrhea, dermatitis, and weight 10ss four to six 

weeks post-transplantation but recovered~'~. 
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Donor specifi~-' -ansfusions 

Pre-transplant donor-specif ic trans fus ions (DST) have had 

a definite beneficial impact on alloqraft survival in man. ln 

1973 Opel z and Terasaki 27 were the fI rst to demonstrélte the 

beneficial effeet of third party transfus ions in edddver ie 

renal transplant reeipients. A more dramatic effect on 

allograft survival was obtained with deliberate donor specifie 

blood transfusion in l-haplo ident.ica 1 11 v ing-related rona 1 

reeipients. In 1980 Salvatierra reported that donor-specifie 

transfusions at 6, 4, and 2 weeks pretransplant in one­

haploidentical living related renal recipients,improved the 

one year allograft survival to 94% eompared to 56% in non DST 

treated recipients~ . In a latter study, Salvatierrd Hhowed 

that one-haploidentical living related rena] reclpients that 

had received 3 DSTs pre-transplant had a compardblc ] and 3 

year allograft sury] val rate and ereat inine Leve 1 to IILA­

identical living related rena1 reeipientsn . Howevcr in these 

studies there was a substantial rate of sensitization to the 

donor (15%), which precluded the best form of renai 

transplantation in these patients. The risk of sensitization 

of prospective transplant recipients by Dsrr has been 

significantly redueed by the adminlstrdtion of 

immunosuppressants concomitant ly w i th blood tri'lnsfus ion whi le 

maintaining improved renal allograft survival 7
'. ln tact, 

studies have dernonst rated that DST and eyclosporin are more 

beneficial together than DST a10ne 78 • In a more recent 
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report, Cheigh and his group examined the clinical efficacy of 

DST and a short course of cyclosporin in recipients of one­

and zero-HLA-haplotype-matched renal allografts79 • They 

conclud~d that stored whole blood DST, three tirnes at wee~ly 

intervals, with a short course of cyclosporin was minimally 

sensitizing (4%) but effective in enhancing graft survival 

even in donor-recipient pairs who did not share a haplotype. 

The efficacy of pre-transplant antigen presentation to 

improve allograft survival has also been investigated in mice 

and rats; renal, heart, skin, pancreas, and liver allografts. 

Pro longation of renai allograft survi va I in rats bl" pre­

transplant antigen presentation has been reported by several 

investigators. Marquet reported an improved renal graft 

survival to a mean survival time of 100 days with 0.05 ml of 

fresh donor blood given from 1 to 2 weeks prior to 

transpIant8o
• When further challenged with a donor-type skin 

graft, the reciplents showed marked prolongation of the skin 

graft but rejected a th ird party graft in the normal way. 

Homan, using splenocytes as the pretransplant antigen 

presenting agent, showed that he could specifically p~:-olong DA 

renal grafts in Lew rats after the recipient's pretreatment 

with 14 days of cyclosporin and two transfusions of 108 spleen 

cells81 • 

The effectiveness of DST is most marked in prolonging 

cardiac allograft survi val. Using the same protocol as for the 

renal allograft , Marquet was able to indefinitely prolong the 
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survi val of cardiac allografts80
• DST and cyclosporin were 

shown to be effective in heart transplantation protocols with 

several changes in timing and dosage '0,82. The DST effect was 

also proven to be strain speci fic in a rat cardiac model: 

using third party blood (buffalo), no enhancement in allograft 

survival was demonstrated in an ACI ta Lewis modei ll . 

In skin transplantation, sorne stud ies have shown posi tivû 

results while others have shawn no protective effect of 

pretransplant DST. Marquet showed no effect with a 2 ml 

pretransplant transfusion 2 weeks to 1 month be fore 

transplant8o • Yamagushi, using sp lenocytes (3 XI06 ) 9 i ven 7 days 

before transplant, could not improve skln graft survlval in cl 

ACI ta Lewis combination83 • In Lehnhard' s exper imûnt howûver, 

BN or (Lew X BN)F, skin grafts survived signiflcantly better 

in multiple transfused Lew rats than ln nontrdnsfused 

animals84 • Skin ::t.llograft survival was aiso signifÏcdntly 

improved in a strG'1gly incompatlble mice combinat i on (DBA/ 2 to 

B6AF,) after 4 pre-transplant DSTs combined with anti­

lymphocyte serum85 • 

Multiple DSTs had no additive effect over cyclosporin in 

a pancreatic graft survival experimentM nor did it show any 

effect when combined with anti-lymphocyte serum even in weak 

histocompatibility barrier87
• 

The effect of pretransplant ant i gen presentation was 

studied in hepatic allograft transplantation with transfusion 

of splenocytes. Yamaguchi, in j ecting 3 X 106 mi tomycin C 
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treated splenacytes on day -7, was able to prolonged survival 

af hepatic allografts to >78.9 ± 28.2 days cornpared to 10.0 ± 

4.3 days in cantrolM • A group from Changai Hospital was able 

to induce inàefinite survival with the injection of 5 X10 7 

donor specifie splenocytes 7 days before transplantation with 

the administration of 15mg/kg/day af cyclosporin fer 5 

d ays88. 

Only a few investigators have studied the effect of DST 

ln small bowel transplantation, and none have studied the 

effect of DST at day-l, a protecol elinically relevant to 

eadaver ic transplantation. Four studies have been published 

using pretransplant antigen presentation as a mode of 

preventing rejection. Two of these used splenocytes, rather 

than whole blood. One study from the Netherlands investigated 

the role of DST as a way to prevent graft versus host disease. 

Martinelli and his group first published a study using 

ACI rats as blood and bowel donor and Lewis rats as 

recipients 12. They transplanted 10 cm or 30 cm of bewel 

erthotopically. The Lewis rats were preeondi tioned wi th 1.5 ml 

of fresh ly drawn blood 8 days prior to surgery and a 

concurrent course of intramuscular cyclosporin at a dose of 

10 mgjkg/day from day -8 to day -4 and at 2.5 mgjkg/day from 

the day of transplant to day 30. In the first part of the 

experiment they compared the effect of donor specifie versus 

nonspeclfic transfusion on host survival after a 10 cm SBT. 

Five groups were included in the design of the study: Group 1 
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had a donor specifie transfusion and cyelosporin, Group 2 had 

third party (Buffalo) transfusion and eyclosporin, Group 3 

reeeived only eyclosporin without transfusion, Group 4 werc 

transfused ACT blood but did not receive any cyclosporin, and 

Group 5 received no treatment at aIl. 

The pretransplant administration of DST alone hdd no apparent 

effect on host survi val. The administration of cye lospor in 

alone had a modest but clear effeet on survival, incrcasing 

survival to 18.3 ± 5.7 days compared to 7.7 ± 1.8 days [or 

untreated controls. The effects of DST in animaIs treated with 

cyclosporin were vastIy different from the ones observed with 

nonspecific transfusions. Recipients conditioned with DST and 

cyclosporin survived an average of 60.3 ± 36.2 days. In 

contra st the average survival of the animaIs receiving 

nonspecif ie transfusions was only 14.1 ± 5.8 days. 'fhe resu I ts 

of the experimental group 1 differed from aIl eontrols at the 

P<O.OOl level. 

In the second part of the experiment, the authors wanted 

to assess whether the DS'r-cyeIospor in immunosuppress ive 

protocol was effective in prolonging the surviva 1 of SB 

allograft recipients entir01y deprived of the~r nat~ve SB and 

sustained solely on the orthotop Le allograft. 'rhey 

transplanted only 30 cm of bowel, as it was faund ta be the 

minimum length af SB compélt ible wi th the ma j ntenance of 

acceptable nutritianal status. The recipients received the 

same cyclosporin protocol as in t}le first experiment. These 
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recipients of orthotopic SB allograft survived an average of 

90 ± 43 da ys . The untreated controls had a mean survival of 

9 ± 3 days. They concluded that DST-cyclosporin conditioning 

effectively reduces the requirement for intensive 

immunosuppressive therapy but that the present protocol was 

feasible only in the event of the availability of living 

donor. They felt that perioperative conditioning with DST and 

cyclosporin should be investiqated. 

De Bruin et al. arrived at the opposite conclusion13 • They 

studied the effect of three DST gi ven on days -21, -14, -7 

before transplantation in a [ully allogenic model of Brown­

Norway donors to WAG recipients. An orthotopic transplantation 

was performed using either la cm of proximal jejunum or 10 cm 

of dista l ileum. cyclospor in IlilS administered intramuscularly 

at a dosage of 5 mg/kg on day 0, 1, 2, 4, and 6 after 

grafting. They compared the grùft survival with the three DSTs 

in total small bowel, jejunum, and ileum. None of these groups 

showed improved survival. 

cornpared the surv i va l of 

In their last two groups, they 

a total small bowel graft with 

cyclosporin alone versus the combination DST-cyclosporin. The 

cyclosporin control group had a mean survival time of >79.6 ± 

70.3. The DST-cyclosporin group had a mean survival time of 

>113.3 ± 95.0, but this dld not differ significantly from 

the cyclosporin only group. They surprisingly observed 

significantly fewer rats in the DST-pretreated groups showing 

signs of GVHD as compared to the control groups. This finding, 
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they advocated, irnplied that DST may have induced sorne form of 

immunosuppression, ref lected ln the absence of GVHD, but not 

in the survival time. 

Yamaguchi alsa investigated the effect of an 

intraperitoneal injectior. ot J X 106 mitornycin treated donor­

specifie splenocytes 7 QdyS prior to transplantation8~. He 

performed an heterotopic trd nsplantat ion from AC 1 donors to 

Lewis recipients. Th! s protocol did not increase the sma Il 

bowel allograft survival significantly when compared to 

controls (10.3 ± 4.8 vs 8.8 ± 1.8 days). No other 

immunosuppression was USL'Ù in combination wi th the 

pretransplant antigen pre~,C'ntLltion . 

Wolf and his group from Il,1dassah University hospital aisa 

used splenocytes in the lr exper iment89 as the a:1t igen 

presenting agent. They transplLlnted the smal] boweJ allograft 

orthotopically, using a senll-<lllogenic cornbination ot (LEW X 

BN)F, donors ta Lewis recilJlc'nts. They administercd J':> mq/krJ/d 

of cyclosporin subcutaneOlI'> l! for) days start.ing on the ddy 

of the spleen-cell injection. They compared the eflect 01 

timing of the spleen-cell injection (-14 days vs day 0), the 

route of injection (systcmic vs portal), and the number of 

cells inj ected (3 X 107 vs '3 X 108). The day 0 in j ectlon group 

had a modest prolongation of survival compared to the 

-14 day group (26 versus 20 d'lys, 0<:0.05). 'rhe largest cel J 

inoculum significantly prolonged surviva l but it was the 

portal inoculation that vIas the major factor in prolongation 
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of the graft survival (p~O.Ol). They concluded that high-dose 

donor strain spleen-cell injection via the portal vein carried 

the potential for inducing hyporesponsiveness. 

Only one published paper attempts to ameliorate graft­

versus-host disease in srnall bowel transplant with DST14 • In 

thlS paper an orthotopic total srnall bowel transplantation was 

performed in an histoinco~patible WAG to Brown-Norway 

combjnation. The pretreatment consisted of three recipient­

specifjc (SN) DSTs to the WAC donor on days -21, -14, and -7 

days before the operation. no immunosuppression was given to 

the recipj ent. This treatment protoeol did not prolong the 

survival time when compared ta a no treatrnent control but 

surprlsingly, the trdnsfu~,ions induced a more severe graft­

versus-host reaction. Fi i ty percent of the animaIs in the 

experimental group develop~J severe GVH when only mild GVH was 

observed in the control group. 

Mp.~nanism of action 

The mechanisrn of act l on of the pretransplant antigen 

presentation has not yet becm totally elucidated. Several 

possible mechanlSffiS ~ave bccn hypothesised to account for the 

improved graft survjval. The bulk of evidence suggests that 

the primary rnechanism whercby DST enhances allograft survival 

is thraugh the generation of specifie suppressar T­

lyn1phocytes. The production of anti-idiotypic antibodies, the 
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elimination of reactive clone of cells, and the activation of 

the arachidonic pathway have also been suggested. 

Marquet and Heystck Jemonstrated the presence of 

suppressor cells in unrespons ive recipj ents of fu 11 y a 110gen ic 

cardiac transplant who had been preconditioned with 1 ml of 

donor-specific blood one weck prior to transplant90 • It was 

found that suppressor cells were present in the spleen and 

thymus but not in the pCl' i pheral blood or lymph nodE'~'. 

Adoptive transfer of 25 Xl0 0 spleen cells from unresponslvc 

recipients led to permanent survival of donor specifie grafts 

in irradiated but otherwisc untreated recipients, ,1l1d transt cr 

of 25 X 108 thymocytes always resulted in permdnent qraft 

survival. Fractionation of the suppressor spleen cel1s lnto 'l' 

and B cell-enriched popuLltion and macrophages n'vealed that 

the suppression was mediatcd by T cells. Those tindings werc 

supported by numerous otllcr studles. Shel by91 confirms the 

presence of splenic supprcssor cells after transJ us i on and 

transplantation, as determjn~J by adoptive transfcr studies, 

during the stable rnaintc~nance phase of graft surY i Vd lin 

transfused recipients Iv, j th long-term survivinq heart 

allograft. It Has al 50 ~;hm/ll that an intact sp 1 C(Jn was 

required to achieve imIJrovcd a llogra ft surv i va 1 in rn i cc 

preconditioned with a DST. Singh, investigating the role of 

suppressor cells in the b]oou transfusion phenomenon, showed 

that transfusions alone werc not capablp of evoking a 

detectable nurnber of suppr~ssQr cells and that the supprcssor 
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cells are predominantly induced after the transplantation~. 

These suppressor cells appeared to reside in the Ox8-positive 

T lymphocyte fraction (Tels cells). This finding is 

controversial as sorne authors~'~ have found suppressor 

cells a, fter one and two blood transfusions. Wakely94, for 

exarnple was able ta demonstrate suppressor cells in both the 

inductive (after transfusion) and the maintendnce (long-terrn 

surviving allograft reciplonts) phases of transfusion-induced 

suppression. Inductive phase suppressors, however, were less 

readily detected: the reclpicnts of adoptive transfer had to 

be sublethally irradiated to provide a more sensitive assay. 

Only a few studios ovaluated the other possible 

mechanisms in the transfU~Lon rhenornenon. A group from Duke 

University published twn pa pers on the development of 

antiidiotypic antibodios following DST95 ,96. In the first 

paper95 they dernonstratpd U1L!t DST aione was found to elicit 

complernent-dependent cytoto~lC IgM antibody to donor class 1 

alloantigens that pea}:ed at 7 days. Following DST alone, 

antiidiotypie antibodil~s \-/oro detected in the circulation 

within 7 to Il days post-DST, ~ith a reduction in circulating 

alloantibodies. Donor strélln kidney transplantation in the 

presence of those antiiJiutypic antibodies resulted in 

enhanced graft survival, \·;hi le transplantation prior ta the 

development of detectlble c1l1tlldiotypic antibodies resulted in 

rejection. The antiidiotypi..: antibodies were predominantly 

IgM, IgG" and IgG2 • The l r ~~econd paper96 conf irmed these 
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antibody responses. In auto 1 olJùus blood transfused rats, rena 1 

allografts elicited high tltcrs of IgM and moderate titers of 

IgG in the circulation, and h 19h ti ters of IgM dnd 19G in the 

spleens by 5 to 7 da ys post_-transplantat ion. 'l'!WSQ ti ters 

could not be detected in DST pretreated reciplents. This was 

reflected by a much lowcr él1l10unt of IgM and IgG ,lntibod ics 

eluted from the grafts in I)~;T pre-treated an in1,l 15. Bccausc j gM 

fixes complement and IgG tr l\Jyl'rS antibody-depcndant-ce Il ul ar­

cytotoxicity, the reduced dl'position of IgM dnd IgG in the 

graft may be of partieuléll- i mportanee in Ds'r enhé\ncement. 

There is sorne evidencos to support the clonaI deletion 

hypothesis. Markmann97 dClllOIÎ',trated thélt dntigen specifie '1' 

cell deletion oceurs in auul t I\LS treated ma 1 e ml cc, after the 

intrathymie injection of 1 yn'phoid spleen ce 1] s. 'Phere i s 

little evidence to support the development of chimerism 

hypothesis to explain the [)~;'I offect. Van Twuyver l1 was ab] e 

to demonstrate a marked 1 l'dw.;t ion in the number of donor­

specifie eytotoxie T-lyrnphoc j te precursors in the reciplent';, 

spleen and in the graft, dl ll:r the transfusion of donor spleen 

cells, when eornpared to a ~~l Ine transfUsion, in a mice skin 

transplantation study. At lll(· 1991 Symposium on 'ro lerance 

induction, K. Wood suggo:,tf..:rj that part of the DST ef feet 

resided in the faet that thl_ i)~;T rpsulted in a defidt in IL-2 

production and a decrCd',I.;d level of expression of IL-2 

reeeptors. Rejecting gra f LJ LI':press low and h iqh a t fIn i ty I L-2 

receptors, while DST condjli~ned tolerant gratts express only 
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low aff ini ty 1L-2 receptors. This might be a common patI1way to 

both the antiidiotypic antibody and the suppressor cells 

hypothesis. 

ClonaI anergy has also been proposed as a mechanism of 

induction of tolerance. ClonaI anergy represents an 

unresponsi ve state of anb gen-reacti ve lymphocytes. It was 

propased that this unrcsponslveness is due ta a failure of Th 

cells to produce the appropr iate second humoral activation 

signal. T helper would recognise the alloantigen, but neither 

proliferate nor secrete l L-2. 98 

When studied in humélll, an impaired cell-mediated immunity 

follawing blaod transfu~ ion::, has been observed by several 

groups99.100. WhiIe a SUpr--'l t;:.;~,cd donor-specif ic MLC response 

has been reparted, the group [rom San Francisco also reported 

non-sp)cific reduction in 111C MLC response, suggesting that 

one possible mechanism for the beneficial effect of DST is an 

early non-specifie reduct 1011 in immunologie reactivity 101. 

The best way to inducu Lffiffiunological unresponsiveness 

with pretransplant antigi...!ll lJresentation still has not been 

defined. 

Marquet could not detect any influence on the results if 

he varied the DST dose bctwcen 0.05 ml to 2.0 mlw while Homan 

using spleen ceUs found that the minimum effective number of 

celIs was 108 81 • 

Shelby also concludud that the amount of blood was a 
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critical factor in achieving the transfusion effcct91
• On the 

other hand, she could not. find <111 y b0J)C'fit of multiple 

transfusions. In contrast-, Johnson found that multiple 

pretransplant DSTs were more effectIve than a single DST and 

that the peak effect appeared after Slx82 • In ct3ta publ'~hed 

by Alexander' s group in Cincinnati, i t was al so dC'Illonst rdL ,} 

that tolerance induction was doublcd whcn mul t j P 1 e DS'l'fi 

posttransplant (on days 7, 14, and 21) werc glvcn in c1ddltion 

to the pretransplant DST24 • Timing of the trans fw:;i on i s thw; 

aiso a matter of controversy. 

While most authors give their transfusions one wcck prlor 

to transplant, sorne authors 

transfusion effect even at 

have dcmonstrated i1 sppcif:ic 

24 hours pretransp 1 <lnt 1O?1O_~.16. 

Tchervenkov et al. showed that DST 24 hours prct rdn~;pJ cll1t and 

cyclospor in had a strong synerg ist ic c ftc~c;t on al) oC] ra t t 

survival, with 10% of the animals achicvlnq pprmdnent 

tolerance'6. This conflicts with results from Duke University, 

where they found that only grafts t riln~;pl clnted dur IllfJ th(~ 

phase of antiidiotypic antibody production C!-] l ddy~J pOf_;t­

transfusion) had enhanced graft survLva)'15. 'l'he protocol~; usinq 

a long intervai between the transfuslon 

restrict the transplant surgeon to the 

and the trdn~:ipl i1nt 

aVcllliltJility of a 

living donor. The perioperati ve condItion inq w lth f)~;'l' and 

cyclosporin extends the pretransplant lmmunomuduLdtion ta the 

cadaveric organ situation, when blood sample!~ couJd be 

obtained from the prospective donor. 



------------------------------------_ ... _._._--

• 

• 

• 

69 

synergism between cyclosporin and DST 

Cyclosporin A (Cys) , released in 1983 as an 

immunosuppress ive agent, is a fungal metabol i te extracted from 

sail fungi Tolypocladium lnflatum. It is insoluble in water 

but soluble ln ethanol and most organic solvents and lipids. 

cyclosporin has been used both alone and with other 

Lrnrnunosuppressive modalities for experimental transplantation 

in il broad range of animal species and in many organs. It is 

the advent of cyclosporin and its superiority as an 

irnmunosuppressant drug that renewed the interest for small 

bowel transplantation in the early 1980s. 

Cyclosporin exerts its effect at a very early stage after 

exposurc of the recipient to a tissue allograft. Once the 

lnductlon of the immune response has taken place, cyclosporin 

appears to be relatively ineffective. Pre-treatment before 

transplantation does not influpnce graft survival suggesting 

that Cys can onl y inhibi t lymphocytes after an exposure to the 

stimulatinq antigen 104 • 

Hcccnt cvidence suggests th2t the immune activation 

requires two stlmuli: A) the presentation of the antigen by a 

macrophilge and the productlon of a humoral costimulator, 

possibly IL-1 :these two factors are essential ta the 

ai.':tl vat ion of the T helperl inducer lymphocytes (T hl i). B) the 

T h/i cclI provides the second signaIs including IL-2 for the 

'1' cclI arm, the B cell growth factor and the B cell 
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differentiation factor (IL-5, IL-6) , the milcroph,H)e <let. i v,lt i nq 

factor, and gamma interferon. Cys inh i b l ts the up-requl .lt Lon 

of the immune response by inhibiting Lymphokine prodth.:lion, 

mostly IL-2 and gamma interferon, thus prcventing t.he dcliv 'ry 

of the second signal 105 • Cys has Little effcct on the 

expression of surface membrane IL-2 receptors1~. 

Cys also disrupts the thymie medull a, t.here1Jy Inter! ('ring 

with the process by whieh lymphocytes learn to rceogniz0 the 

difference between self versus non-501r 107
• ln i1ùdit ion, Cys 

promotes the production by thymie eelis of humoral sllppre!~sor 

hormones, which may down-regulatc the systcmic immune 

response1œ • There is a graduaI increase in suppre~~or 

aetivity post-transplant, possib1y promoted ln [)drt lJy an 

augmented thymie hormone production and by a thymIe medulJdry 

disequilibrium favourlng maturation ot thymie-derived 

lymphocytes toward the suppressor pathway 1IJ9. Cy~) dor~~; not 

aet directIy on T suppressor ceIIs , but Hess et a 1110 

delT\onstrated that cyelosporln spares a subset 0 f '1' hr·) pcr cc! 1 J 

that were shown to amplJ fy the T suppr('~)~;or 1 ymphucyh' 

~ctjvity. Cyclosporin preferentially bloCKS the dctlvity of 

the cytotoxic inducér 'l' holper lymphocyte!:, whi le ~;pilr i ne) the 

function of the suppressor Inducor '1' he 1 pu r 1 ymphocyt (.~~. 

Most authors wilJ agree that better 5,urvjv<.1l l~; dchi(!vpd 

when the pretransplant antigen presenLlti on i 'i comb i n(!r] vI j th 

an immunosuppress ive agent. Cyclospor in and donor ~~P(!(' i J.. je 

transfusion seems to have ê. strong synerg ist i C e f f r~ct. 'rhp 
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immunologie mechanisms contributing to this synergism are not 

fully known. If one retains the hypothesis that the primary 

effect J~ DST ls through the induction of T suppressor cells, 

a possible explanatlon is that cyclospurin acts exclusively on 

T helper ceJls and its ability to produce lymphokines such as 

IL-2. cyclosporin seems to shift the immune system towara the 

production of T suppressor lymphocytes and away from 

rejection. Together DST and cyclosporin may promote the 

induction of antigen-specific T suppressor lymphocytes that 

can eventuaJ ly induce a tolerogenic effect on transplan1:ed 

organ 16. 

Discussion of results 

This research was designed to study the effectiveness of 

donor-spccific transfusion in combination with low-dose 

cyclosporin in small bowel transplantation. The experiments 

were designed so that aIl the protocols would be relevant to 

both cadaveric and living-related donor, i.e. would not 

require conditionning more than 24 hours before 

trdl1splanLlt ion. 

ln experlment l, the hypothesis that, one DST 24 hours 

pretrdnspldnt in combination with a low dose cyclosporin 

regimen could effectively abrogate the rejection reaction in 

a fully allogenic rat SBT model, was tested. A similar 

experiment had been successful in increasing graft survival in 



• 

• 

• 

72 

a rat allogenic cardiac mode1 16
• The graft survival results are 

found in Table 1. 

There ls a dlfference between the resuits of Tehervenkov 

et al. 's cardiac allograft experiment 16 Qnd our results. They 

achieved a 10% permanent allograft survivQl in their animais. 

None of our recipients reeei ving system ie DS'}' day - L redched 

permanent graft sury i val. Perhaps the sm,lll bowc 1 d Il 09 t',l ft i s 

immunologically more diffieult to induee recipient dllograft 

unresponsivness, as it earries a more cOlllplex am.! lqam 01 

immunocompetent cells. The heart only earries il sllldll numbor 

of passenger leukocytes. Passenger leukoeytes Illdy inducc 

antigen presentation and immune reaction as they miqrate to 

the host and home in the endoreticular system of the hosto It 

might be that the immunomosuppressive effect of a DST <lnd low­

dose cyclosporin is much more counterbalanced by the rejection 

reaction in the small bowel transplantdt lon mode>l theH1 in the 

cardiac transplantation model. 

In experiment 2, an attempt was made to push the immune 

system further towards tolerance by administrati ng thn:e 

successive DSTs in the post-transplant periode Group 1 and B 

were designed to test the hypothesis that a smallcr induction 

dose of cyclosporin (day -1) may be more favourable ta the 

induction of suppressor cells or antlidiotypic antibodics by 

the DST. The lnductlon dose was reduced to 5 mq/kg in both 

groups Group 7 received cyclosporin only clnd Group 8 

received both the cyclosporin and the 4 DSTs. 
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Survival data for this experiment are found in Table 2. 

A longer regimen of cyclosporin did not ameliorate the graft 

survival. Adding three post-transplantation DSTs ta the 

pretransplant DST did not signific~ntly change the mean graft 

survival time. It was speculated that the three DSTs stil did 

not counterba] ance the Immune load that the small bowel 

transplant represented and that the rej ection process had 

already been engaged and could not be reversed. Two animaIs in 

that second experiment acheived long term survival. It may be 

that those two animn]s responded in a more tolerogenic fashion 

to the preconditionnig and that the successive DSTs further 

enhanced that tolerogenic mode. It could also be explained by 

the fact that those two animaIs may have received small bowel 

grafts which were less immunogenic. 

Experiment 3 compared the portal route of antigen 

presentation to the systemic route.It was also determined if 

intraportal DST can induce long term survival even when given 

only 24 hours pretrclllsplant. As early as 1967, Cantor and 

Dumont demonstrated the importance of the antigens being 

carried to the liver before they reached either the lymphatic 

system or the general cIrculation, for the induction of 

unresponslvness ll1
• Oral feeding of antigens suppressed the 

formatlon of specifie circulating antIbodies, a phenomenon 

that could be abolished by diversion of the portal flow. It 

was suggesb.~d that the mechanism of such unresponsiveness 

resided in the fact that the immunological conjugates formeù 
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on the absorption of the hapten into the portal blood coursed 

through the liver sinusoids where the complexes were 

phagocytized by Kupffer cells. As a resul t 1 the "ph.\qocytozed" 

portions of the complexes 1 which are usuc11 l y t,1ken up by 

immuno-competent macrophages and induce the Imllluno loq l clll 

response, were instead separated and perhL1p~-; perm.1lwntl y 

deposi ted in the Kupffer cells 1 wh Lch are illC,lpablc o[ 

inducing antibody production. 

Those observations were confirmed by Triger, Cynamon, ilnd 

Wright in 1973 112 • They showed that repL"'ùted in-jec:tlons of 

small amounts of sheep red blood cells into the portal veln 

resulted in lower number of circulating antlbodlos than did 

injection of equivalent amount of antigens lnto the inlerior 

ven a cava. They also demonstrated a difference in the deldyed 

hypersensitivity reaction, suggestinq thilt the liver rndy play 

a role in the mechanism of cell-medi,1tf'd immunlty. 

The abrogation of delayed type hypc'f S0n~; J t i v l ty react ions 

by intra-portal inoculation of antigens WilS turtt,cr studied by 

a group at Osaka university113. The qroup showed that f;uch 

suppression was alloantigen spec if ie and cou Id be rilpi cl Ly 

induced, within 11 days, and was lon~ lasting. The hypothc5is 

was made that an antigen-specifie toterogenic f dctor WilS 

released into the circulation after the processing of 

allogenic cells in the liver. 

Work done at the Royal Victoria Hospital U showed that 

dramatic prolongation of rat cardiac allograft survival was 
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obtained when donor strain mononuclear cells were inj ected 

into the mesenteric portal venous system 7 to 10 days prior to 

transplantation. No difference was demonstrated in the humoral 

response between rats inoculated systemically versus portally, 

nor was a diminution in the number of donor specifie cytotoxic 

T cells in the graft demonstrated. with ~mTc-labelled lymph 

node cells, they showed entrapment of those cells in the liver 

after portal infusion. They hypothesised that circulating 

alloreactive cells contacting alloantigens entrapped in the 

liver became entrapped themselves leading to a functional 

clonaI deletion. In another study 114, this group determined 

that 7 to 10 days prior to grafting was the optimal time for 

intraportal inoculation. This is not confirmed by our 

findings, as we demonstrated that intraport.al DST given 24 

hours pret.ransplant was effective a prolonging small bowel 

allografts. 

In an ACI to Lewis combination, Rao et al. were also able 

to induce prolonged cardiac allograft survi val wi th the 

injection of 10 X 106 donor spleen cells at day _14 115 • In a 

second exper iment, no difference was found when the portal 

infusjon was done day -7, -21, -28, compared to day -14. Those 

resul ts di f fer from the previously mentionned resul ts of Lowry 

et al. 

Working on renal allograft, Yoshimura et al. 25 showed 

prolongation in graft survival with inoculation of intraportal 

lX 108 lymphocytes at the day of transplant (day 0). They 
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could not identify suppressor cells in the spleen of tolerant 

host receiving donor lymphocytes via the portal vein, ùlthough 

suppressor activity was detected in the serum. This would 

support the hypothesis of the formation of a suppressor factor 

being produced by the liver, protecting the allogrùft from 

rejection. 

Besides Wolf' s study89, no other experiment has tested the 

effect of intraportal DST in small bowel transplantation, and 

only two studies have tested intraportal DST in the 

peritransplantation periodM.~. 

The graft survival data of experiment 3 can be tound in 

Table 3. with the much improved small bowel ailograft survival 

after portal DST in combination with low dose cyclosporin, it 

was speculated that the l iver plays a central role in 

processing donor antigens after a small bowel trflnspl antation. 

It appears that intrahepatic trapping of the donor (Illt i gcm, 

administered trough the portal vein route may be cruciùl for 

inducing the immune system towards suppression anù tolcrance. 

Wolf et al. 89 also arrived at the conclusion that portal 

inoculation was a major factor in prolonglng small bowel gratt 

survival. 

Kupffer cells, which are characterized as antiqen 

presenting cells, could be responsi ble tor prescnti fig the 

alloantigens to the host immunocompetent colIs in il 

tolerogenic setting and thus down-regulate the immune system. 

Schraut hypothesised that antigens may be degraded or altercù 
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during their passage through the liver56 • This could explain 

why those alloantigens, if al tered by the .Liver resident 

macrophages, are not recognized as foreign. One study 

l nvest 19atcd the role played by the Kupffer cells in the 

portal DST effect l16 • BlocKade of Kupffer cells with the 

administration of Gadolinium chlorlde abrogated the 

prolongation in cardiac allograft survival induced by the 

infusion of donor-specific spleen cells in the portal 

circulation. It was suggested that, al though Kupffer cells can 

function as antigen presentinq cells, they could also act to 

down-rt.~gulate the immune re~Donse and be essential to the 

development of Ilver-mediated toleranee. 

The adjunct of low-dose cyclosporin to the portal antigen 

presentation probably plays a major role in setting up a 

fnVOl:rable mil ieu for the induction of this hyporesponsive 

state. 

The deleterious effeet of the donor anti-lymphoeyte serum 

on the portal DST protocol probably reflects the fact that a 

threshold number of donor antigens must be presented ta the 

host to €'t feeti vely stimu ~ate the suppressive immune respanse. 

The dose of ALS rnight have been ta high. In a preliminary 

study 1 we tried to determine the killing effeet of the 

systcmie inoculation of 1 ec of ALS at a dilution of 1:20 on 

perlpheral blood lymphocytes by white blood cells count, and 

aIl lamu1él propr ia lymphocytes and other cornponents of the GALT 

by Immunotluoreseent stains. Rats were inoculated with Iec of 
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ALS 1:20 via the penile vein after a baseline blood sample and 

an intestinal biopsy were taken. The rdts were then 

periodically bled for deterrnination of white blood cell count 

at 1 hour, 4 hours, 8 hours, and 24 hours post injection. 

Intestinal biopsies weLe taken at 1 hour and 24 hours post­

inj ection. 

The seriaI v.7hite blood cell counts revea led a progressive 

decline in the number of white cells, reaching a minimum dt 4 

hours with 32% of the original count. The white cell count 

then progressively carne back up with a little overshoot at 24 

hours (Table 6). 

The pathology specimens revealed that cornparcd to the 

pretreatment biopsies with a common leukocyte antiyon marker, 

ALS had no effect on the lymphocytic dcnsity of Ppycr's 

patches at any of the concentration. 'rhcre wa~> no f..>.V Id .. ncc of 

lymphocytic depletion and aIl the group:; wcrc compclrab 1 e. 

In experiment 4 we tested the hypothesis thilt wc could 

further improve the graft survival of the portal tr(lnslw~ i on 

protocol by giving the recipients succr~s~~ j ve po~;t-tr.1nr"'pl élnt 

systemic DSTs. We coul d not trans fuse portaIL y d!j i t wou l d 

have been very difficult technically. Graft survivc\] data can 

be found in Table 4. To our surprise Group Il, who rcceived cl 

lcc portal DST day -l, plus three systemjc USTs day~ 'l, 14, 2J 

with the same cyclospor ln rcgimen as Group 'J, tan~;rJ mu ch vlOr~;e 

than Group 10 (p=0.02 MW, p<O.OI 10g-rdnY-). vJ() cannot r(>(jdi Iy 

explain this result, although the patholuqicdJ eXilminatjon of 
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these allograft only revealed mild rej ection. We can only 

speculate that the systemic inj ection of antigens in the post­

transplant period might have acted as a second signal 

reversi ng the tolerogenic effect of the portal DST. The 

antigens presented by the systemic post-transplant DSTs May 

have homed ta the spleen or thymus and trigger the rejection 

response. 

In our last experiment we tested the hypothesis that we 

cou] d push the immune response further towards 

hyporesponslveness by immunosuppressing the recipients with 

two druqs, ALS and cyclosporin, instead of only one. Partial 

dep1etion of the recipient's lymphocyes with ALS was 

hypotheslzed ta produce a embryalagical-like state of 

immunolagical immaturi ty that wauld allow for an easier 

induction of tolerance. Graft survival data are found in Table 

5. The hypothesis in thJS experlment proved to be false. While 

ALS plus cyclosporin was no different than cyclosporin alone, 

it was significantly different from ALS (at OR) plus 

ryclosporin, and DST. The ALS is not specifie for any type of 

lympha'~ytic cells, it will be cytotoxic to bath Th and Ts 

cc]] s. l t 1 S speculated that the ALS 9 i ven at the time of 

surgery nk\.y have actually rernoved from t,he circulation Ts 

induced by the DST given the day before. This can also explain 

the results of Group 14. ln this group the ALS was given 4 

hours before the DST, decreasing the total number of 

lymphocytes tu ~ critical low number before the DST was given . 
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It might also be that the administered dose of ALS was too 

high and that a lower dose would have acted as hypothesized. 
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Conclusions 

We have tested the effectiveness of different 

immunomodulatory protocols usLng DST 24 hours pre-transplant 

combined wi th a Sh0L t:. COUrSE! of low-dose cyclosporin that 

woulù be cJinically relevant in the context 01 both cadaveric 

and rElated donor small bowe) transplantation. Using a fully 

a11o<]onic (BN to Lew) rat model we demonstrated that one 

prctransplant DST in combination with a subtherapeutic regimen 

of cyclospodn improved graft survival time significantly. 

Add i ng three post-transpJ ant DSTs to the pretransplant antigen 

presentation did not have any beneficlal effect. 

We hdve found that the portal route of donor antigen 

presentation with low-dose cyclosporin had the largest 

immunomodulatory effect with 33% of the grafts surviving more 

than 85 days. We speculated that the liver played a major role 

in processing antigen after a small bowel transplantation, and 

that portal pretranspJ ant antigen presentation in a 

cyclosporin down-regulated environment effectively pushed the 

immune system towards an hyporesponsive state. Surprisingly 

successive systemic post-transplant DSTs were deleterious to 

the pretransplant portal DST effect. 

Usi ng ALS 

detrlmpntal to 

in the pre and post-transfusion period was 

the DST effect. ALS would have adversely 

il r fectod tho lnduced Ts cells at: the same time as the Th 

colIs. Tho adjunct of ALS before the DST had no effect . 
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As rejection usually predominates in the allogcnic model, 

grade l GVHD was observed in only 1.7 % of the anim~ls and did 

not alter their graft survival time. Grade 2 and 3 GVHD wcrc 

not observed. 

We suggest that pretransplant portal DST should be 

considered as an effective mode of immunomodul~tion ln sm.ll1 

bowel transplants. This form of prctrélnsp 1l1nt. induct i un i s 

effective when given only 24 hours pretrûnsplant ,\l1d l'ouid 

reduce the need for high dose immunosupprcssivc drugs. Vurthcr 

research should be carried out to invcstlgate the sp('cj t j c 

mechanisms of action and test this mode of treatment ln highcr 

animal species, sa that it could eventually be u~;cd in the 

clinical setting. 

• 
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