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Small bowel and its mesentery contain a considerable amount of lymphoid
recipients. To prove that GVHD intensity is greater if a heterotopic procedure is

performed, 12 adult Lewis rats received heterotopic and 12 received orthotopic small

given cyclosporin A (CsA) (15mg/kg/day) subcutaneously. The parameters followed

were: Weight gain and feed intake; Clinical signs of GVHD; Relative spleen weight;

native and transplanted bowels.

According to the clinical scoring system, heterotopically transplanted animals
were found to have a more severe GVHD than the orthotopic group. There were
statisticully significant differences between the relative spleen weights of the
heterotopic transplant and control groups (p=0.001, 0.004, 0.047 in 7, 14 and 21 day
groups respectively) and between heterotopic and orthotopic groups at 7 days
(p=0.037). Lymph node enlargement assays were again statistically different between
heterotopic and orthotopic groups (p=0.019, 0.020, 0.007 in 7, 14 and 21 day groups
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The loss of function in most parenchymal organs, such as the kidneys, liver,
heart, pancreas and lungs can be compensated for by successful organ
transplantation. In contrast, grafting of small bowel, which is the only curative
treatment after tutal or nearly complete loss of this organ, is not yet a routine clinical
procedure.

Patients who have undergone massive intestinal resections are currently
maintained on home parenteral nutrition (Home TPN). This treatment is an
imperfect and expensive solution. It costs between $ 50,000 and 120,000 U.S per
year (1). These patients are limited in their life style because of their dependence on
TPN (2,3). In addition a number of serious complications are associated with ‘TPN.
Sepsis is an everpresent threat, bacterial contamination of the LV catheter can lead
to a catheter driven septicemia that may be fatal within hours. In addition, prolonged
TPN has harmful metabolic results, such as liver impairment and altered bone
metabolism (4,5) Long term TPN in children is even more problematic, with
increased nutrient requirements, difficulty in patient compliance, and the risk of
associated liver damage, especially in the very young infant (6). Their long term
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outlook is less favourable (up to a 15% mortality rate) than that of adults because

of the higher risk of liver impairment (7). Because of these consequences of treating

the short gut syndrome with TPN, the implantation of a healthy small intestine is an

important therapeutic possibility for treatment of short gut syndrome at any age.
However, small bowel transplantation (SBTx) also has problems:

1- Difficulties in preservation and operative techniques

2- Rejection

3. Infection

4- Graft versus host disease (GVHD)

Small bowel mucosa is very delicate and the luminal enzymes can cause rapid
autolysis so that even short term preservation of the bowel before transplantation is
difficult. The large lymphoid content of the small bowel distinguishes it from other
forms of organ grafis. These graft cells are a massive target for rejection. Moreover
near perfect function of the graft is essential for nutrient absorption and the
maintenance of barrier function. Translocation of bacteria from bowel lumen to the
blood stream is a common source of sepsis in patients with multiple organ failure (8).
In small bowel transpiantation even relatively mild rejection changes may be sufficient
to compromise barrier function.

One of the most ting findings of the studies with small bowel
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cause rejection, graft cells are capable of migrating to recipient tissues to cause
GVF'D.

The following studies were undertaken to evaluate the impact of heterotopic
and orthotopic small bowel transplant techniques on the incidence and severity of
graft versus host disease in a rat small bowel transplant model. During the
development of our small bowel transplant model we performed both heterotopic and
orthotopic transplants and we observed that GVHD intensity was greater if the
heterotopic procedure was performed. The results of various groups with clinical
small bowel transplantation programs have not revealed GVHD as a major problem
(9)- Resection of the bowel with its mesentery and gut associated lymphatic tissues
(GALT) which causes the short bowel syndrome and necessitates (SBTx) in the
clinical scenario, may be one of the reasons for the lower incidence of GVHD in
humans after SBTx. In addition to our own previous experience with rat SB'Tx
models, these clinical findings in human SBTx have lead us to hypothesize that the

activation of the graft intestinal lymphocytes and can therefore set the stuge for
GVHD. In the orthotopic model where the native bowel is resected with its

mesentery and lymphoid content, this site of lymphoid activation has been remaoved
and the resulting GVHD may therefore be milder than in the heterotopic model.
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CLINICAL SMALL BOWEL TRANSPLANTATION

The first unsuccessful attempts at clinical small bowel transplantation were
carried out by Detterling in 1964. In 1967 Lillehei et al. successfully grafted the entire
small bowel and right colon in a 46 year old patient, but the patient died some hours
after the operation (10). Three subsequent attempts were as unsuccessful as was the
case reported by Fortner and coworkers in 1972 (11). Nevertheless these discouraging
results identified the problems that required resolution. While primary operations of
organ harvesting and grafting were technically successful, the poor overall results
were caused by unresolved immunological problems. The complex immunological
reactions following a small bowel transplantation comprise a rejection reaction and
an additional Graft Versus Host Reaction (GVHR), which is induced by the
immunocompetent cells within the graft’s mesenteric lymph nodes and the gut
associated lymphatic tissue (GALT). Both reactions, which interfere with each other,
are directly dependent on the length of the graft (12,13) and the grade of
histoincompatibility between donor and recipient (14). The physiology and absorptive
capacity of the graft appear to influence both. During the 1970's different research
groups contributed to the understanding of these complex reactions (15). These
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investigators elucidated the basic mechanism of immune reactions on a morphological
and functional basis so that, together with the introduction of the immunosuppressant
Cyclosporin A at the start of the 1980's, the foundations were laid for a new era of
clinical small bowel transplantation.

The first case during this period was reported by Cohen and coworkers, who

in 1986 performed a transplantation of the entire small bowel (16). This attempt was

treatment of multiple rejections (17). Nevertheless the way to successful transplants
had been opened. Extensive experimental work was done using several animal models
on the surgical, immunological, and physiological questions. Based on this work, two
European groups started clinical programs of small bowel transplantation in March
1987 (Paris, France) and in November 1987 (Kiel, Germany) which led to the first

successful transplantations. The longest survival was achieved in London, Ontario,

transplants is still alive after more than S years. A recent series of successful
combined small bowel and liver transplants using FK 506 immunosuppression was
reported by Starzl et al. in Pittsburgh (19).
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Transplantation of vascularized organs, including the bowel, was first
attempted by the French surgeon Alexis Carrell (20). His pioneering efforts at the
turn of the century demonstrated the feasibility of small bowel transplantation. The
problem of rejection of such transplants was soon recognized, and interest languished
until the late 1950's, when Lillehie’s group in Minnesota were investigating the effects
of ischemia on gut organs. They found that cooling and perfusion with heparinized
saline would reliably allow preservation of small bowel for 4 hours, and that this
preserved bowel could be reimplanted and would function indefinitely as a homograft
(21). Their model consisted of a one stage operation; the superior mesenteric vessels
were isolated, clamped and divided, the bowel was flushed and then revascularized
using the mesenteric vessels of a similarly prepared recipient, reestablishing bowel
continuity using end to end anastomosis of the native duodenum and ileum to the
graft. They also used isolated loops of bowel placed in the neck permitting the study
of immunosuppressive agents and graft function in a controlled fashion, since
rejection of the graft would not lead to the death of the animal (10). They had no
success with allografis, and as with work by others, minimal survival advantage was
found using azathioprine and steroids, the immunosuppressants available at that time
(2223, 24).

The dog mode! was used t0 evaluate the rejection process in detail, and after
the introduction of cyclosporin in the late 1970's, the orthotopic model of
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transplantation in the dog was first used to assess its effect on small bowel transplants
(25,26). The significant prolongation of graft survival demonstrated by Reznick et al.
from Toronto (25) was encouraging but the overall rate of success was low. In this
landmark study they improved the average survival in 11 dogs treated with CsA
(25mg/kg/day i.m.) to 91 days, while untreated controls survived an average of 11.5
days.

The description of heterotopic bowel transplantation in the rat by Monchik
and Russel in 1971 greatly facilitated the study in this field (27). The rat model has
served as a standard for initial investigations of immunosuppression, function, and
techniques since. In this model, the bowel is isolated using the aorta below the
superior mesenteric artery and the portal vein as the vascular pedicle. It is then
revascularized in the recipient using the infrarenal vena cava, and sorta. The bowel
is left as a Thiry-Villa fistula with proximal and distal stomas (heterotopic graft). They
also documented function of this bowel by resecting the native bowel and
reestablishing gastrointestinal continuity using the transplanted segment (orthotopic
graft). Kort described a one stage orthotopic procedure in 1973, wherein the native
bowel was resected at the initial operation, with immediate reestablishment of
gastrointestinal continuity (28). However this technique was plagued with a high rate
of technical failures (40%). Deltz described a two stage procedure which had
improved survival (80%) (29). At the same time, Lee and Schraut described their

experience with the one stage procedure; they had improved the technique described
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by Kort so that survival of isografts was greater than 80% (30). This became the
standard model for investigation of small intestinal transplantation in the rat. The
majority of these studies have been performed using a portocaval anastomosis for
venous drainage of the graft. However, Kort demonstrated the possibility of using a
porto-portal anastomosis to provide a more physiological state posttransplant (28).

This has been thought to confer some immunological advantages to the graft

graft (33). However it is a more difficult procedure with a higher risk of technical
failure. More recently, other variations have been introduced, including combined
small bowel and colon transplantation (34), the use of the renal pedicle for the

vascular connections (35), and the use of superior mesenteric artery as the arterial

genetic lineage than the dog (37,38). Although earlier attempts had been made
(39,40), Ricour and colleagues were the first to successfully perform small intestinal
transplants in the pig and achieve allograft survival (41). The techniques used paraliel
those used in the dog, with both portal and caval routes of venous drainage being
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An individual's immunologic identity is expressed in cell surfuce proteins

encoded by the major histocompatibility complex (MHC). MHC proteins (termed

identifies and destroys foreign invaders while preserving normal, healthy tissues. MHC
antigens and non-MHC antigens (minor antigens) expressed on tissues that are
transferred from one person to another normally are recognized by the recipient,
leading to rejection of the foreign tissue in a host versus graft reaction.
Immunologically competent cells contained in the graft can result in immunologic
This GVH phenomenon was first noted when irradiated mice were infused with
normal spieen cells. Furthermore, mice given allogenic marrow although recovering
from radiation injury and marrow aplasia, subsequently died of secondary discase, a
syndrome consisting of diarrhea, weight loss, skin changes, and liver abnormalitics
(42). This phenome was subsequently recognized as GVHD, a syndrome

analogous to runt disease in mice infused at birth with allogenic cells. These
observations led Billingham to formulate in 1966 the requirements for the
2- The recipient must express tissue antigens that are not present in the transplant
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3- The recipient must be incapable of mounting an effective response to destroy the

transplanted cells (43).

when tissues containing immunocompetent cells (blood products, bone marrow and
solid organs) are transferred between persons. The immunocompetent cells

responsible for GVHD were recognized by Gowans nearly 30 years ago as small

stem cells (45). We now know that these immunocompetent cells are mature T cells
present in the bone marrow (46). Recent clinical studies confirm experimental data
demonstrating that the severity of GVHD correlates with the number of donor T cells
transfused (47).

The second requirement, that the recipient must express tissue antigens not
present in the donor, became the focus of intensive research after the discovery of
the MHC. HLA antigens, the protein products of the MHC on the cell surfaces of
all nucleated cells in the body, are essential for the activation of T cells and are
potent stimuli of allogenic T cells (48). MHC antigenic differences between donor

to be responsible for the d et of GVHD in recipients of MHC identical

antigens encoded for by less well defined
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GVH reactions can occur between genetically identical persons (49).

Billingham’s third requirement stipulates that the recipient of
immunocompetent T cells must be immunocompromised. A patient with normal
immune system function will reject T cells from a foreign donor and thus prevent
GVHD. This requirement is most commonly met in allogenic bone marrow
transplantation, where recipients have usually received immunosuppressive doses of
chemotherapy and radiation before marrow infusion, but may also be met in other
situations such as in recipients of small bowel transplants. Recipients of solid organ
grafts are treated with immunosuppressive drugs to prevent rejection of the
transplanted organ and thereby become susceptible to the attack of T cells present

in the donor graft (e.g..small bowel).

Because of its large quantity of lymphoid tissue, the small intestine is unique
among solid organ allografts in its ability to induce GVHD. Early studies of small
intestinal transplantation in dogs, in which untreated recipients died within nine days
postoperatively with enlarged mesenteric lymph nodes but relatively normal bowel
histology, suggested that GVHD may occur following small bowel transplantation
(10,50). In order to further define the immu
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bowel allograft model in inbred rats in which GVHD and rejection could be

examined independently. In this model, small bowel transplantation from a parenteral
reaction with death of the recipient in 12-20 days. Subsequent studies in the rat have
shown that donor lymphocytes in the allograft precipitate GVHD. Kirkman et al.
(51) demonstrated that immunocompetent cells in the donor are necessary for the
GVH reaction to occur. Pomposelli et al. (52) showed that donor lymphocytes
recovered from the spleen of small bowel allograft recipients with GVHD cause

isogeneic to the recipients. This so called popliteal lymph node assay has become the
classic measure of GVHD. Others have shown that the intensity of GVHD varies
directly with the length of small bowel or amount of lymphoid tissue transplanted
(12,13).
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ANIMALS

Male Brown Norway (BN) and Lewis (Lew) rats (200-250 gr) were obtained
from a commercial source (Charles River Canada, St.Constant,PQ), and were housed
in individual plexiglass cages, with free access to food (Tekland Premium Lab Diet,

for transplanted animals. The guidelines of the Canadian Council on Animal Care
were followed. The ex | protocol was approved by the Animal Welfare
Committee of the University of Alberta. (Protocol No: 91-356)

Sandoz Pharmaceutical Corp., Montreal, PQ). The powder was dissolved in medium
chain triglyceride oil (Mead Johnson, Belleville, ON) at concentrations of 15 mg/m!

usly in the nape

of the meck with 15 mg/kg body weight (0.1 ml) of the CsA solution just prior t0



Page 14

CsA on alternate days thereafter until sacrifice.

HETEROTOPIC INTEST)

animal was fully anaesthetized the amount was tapered down to 1.5% and 2 L/min.
of axygen mixture. The abdomen was prepared by shaving the fur and application of
70% alcohol. 3 ml. Ringer’s lactate was given via the penile vein before opening the
abdomen. A midline incision was made, exposing the sternum. A JKH (model no:
039011) operating microscope was used to mobilize the graft. All the colonic vessels
were tied and the distal colon was divided from the sigmoid. The peritoneum between
the transverse colon and the pancreas was divided by ligating the vessels with 8-0 silk.
Masquito clamps were placed on the pylorus and the third part of the duvodenum and
the pancreatic tissue with small pancrestic vessels were exposed. These vessels were
proximal jejunum was divided 2 cm. distal to the ligament of Treitz. The right side
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arteries proximally to the coeliac artery and distally distal to the left renal artery. The
coeliac artery was tied and the tissue between the coeliac artery and superior
mesenteric artery (SMA) was cauterized. The portal vein was exposed totally and
isolated proximally. The pyloric and splenic vessels were tied and divided separately.
Next the small bowel was transferred and placed to the right side of the body and the
left side of the aorta was cleaned up to the confluence of the coeliac artery and down
to the left renal artery. A 6-0 silk tie was placed around the aorta proximal to the
SMA but not tied. At this point 200 U heparin and 3 ml. Ringer’s lactate was given
via the penile vein. After waiting 2-3 minutes the aorta was clamped distally. A

microvascular clamp was placed on the aorta between the SMA and left renal artery,

vascular clamp was taken off
and flushing of the graft was started very slowly with 2 ml. of +4 C Ringer's luctate
with 300 U Heparin in it. The portal vein was divided close to the liver to relieve

proximal sorta was divided proximal to the 6-0 tie. The cut end was then pulled
proximally and the left renal artery was seen under the left renal vein. The distal
aorta was then divided distally above the left renal artery. The graft was taken out
and placed into the ice bucket. The vessel ends were cleaned on the dissecting table
and correct orientation of the graft was confirmed (Figure 1).
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The recipient was fasted overnight with free access to water. Anaesthesia was
Halothane mixed with 2 L/min. oxygen. The abdomen was prepared by shaving the
fur and applying 70% alcohol. 3 ml. Ringer's lactate was given via the penile vein
before opening the abdomen. A midline incision was made and retractors were
placed. The native bowel was covered with a wet, warm sponge and placed to the left
side of the animal. The infrarenal aorta and vena cava were exposed thoroughly by
dividing the peritoneum over these vessels. Two retraction ties were put around the
aorta and cava each 1 cm. away from each other. 3 ml. Ringer's lactate was given via
the penile vein and a modified Lee'’s clamp was placed across the aorta and cava
(Figure 2). First the vena cava and then the aorta was punctured with a 30 gauge
needle and the vessels were flushed with heparinized Ringer’s lactate. A 1 cm.long
aortotomy and venotomy were carried out with vessel scissors. 10-0 silk stay sutures
were placed in the ends of the venotomy and tied with one knot. The graft was then
brought into the operative field and placed on the right flank of the animal and

continvous 10-0 silk sutures. The venous end to side anaston
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tying the knots. The arterial anastomosis was completed in like fashion (Figure 3).
Avitene was put around the anastomosis and the clamp was taken off while applying
Ringer's lactate was given again via the penile vein. Next a distal stoma was created
and secured with four 6-0 silk sutures between the skin and the everted mucosa of
the graft. The proximal end of the transplanted bowel was tied and left inside the
abdomen (Figure 4). The abdomen was closed with 3-0 chromic and the skin with 3-0
silk. 10 ml. Ringer's lactate and 0,1 mg/kg Buprenorphine was given subcutancously.
The animal was then placed in a cage over a heating pad and under a heating lamp.
The transplanted animal was restrained from food or water for 24 hours.

The donor procedure in orthotopic transplantation is the sume as for

RBCIPIENT OPERATION
After completing the venous and arterial end to side
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anastomosed with the graft (Figure 5). The intestinal anastomoses were performed
over a piece of dry macaroni (Kraft Dinner, Kraft Corporation, Montreal, PQ) using
interrupted sutures of 6-0 silk (Figure 6). After anastomosis the macaroni stent was
pushed distally beyond the anastomotic site. The animals received subcutaneous
injections of Ringer’s lactate (10 m!) two times daily for two days postoperatively with

0,1 mg/kg Buprenorphine for postoperative pain. Food and water was reintroduced

after 24 hours.

FACTORS AFFBCTING THE OUTCOME OF SMALL BOWEL TRANSPLANTS

Hypovolemic shock is the cause of most operative mortalities. It can occur
even without excessive bleeding. It has been demonstrated that the animal’s blood
pressure dramatically decreases after revascularization of the intestinal graft.
Moreover, the enormous quantity of isotonic fluid lost from the intraluminal space
of the transplanted gut may worsen the case. Adequate fluid replacement is essential
to counterbalance the profound hypovolemic shock after this procedure and it
requires extensive postoperative care.

EXPERIMENTAL GROUPS
Three separate experimental groups were formed.
Group 1- Heterotopic small bowe! transplantation was performed in 12 animals
(BN>Lew). (Pully allogsaic two way model)
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Group 2- Orthotopic small bowel transplantation was performed in 12 animals
(BN >Lew). (Fully allogenic two way model)

Group 3- Twelve heterotopic small bowel transplants were performed between Lewis
donors and recipients (Lew->Lew) as the control group (Table 1),

Four animals each from group 1, 2 and 3 were sacrificed on days 7,14 and 21

Five criteria were used to evaluate the recipients for the evidence and severity
of GVHD.
1- Daily weight gain and feed intake
2- Clinical scoring for the severity of GVHD
-Dermatitis
-Hunched posture
-Diarrhea
3-Relative spleen weight
S-Histology
-Skin
-Liver
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-Spleen
-Native and transplanted bowel
-Mesenteric lymph nodes

All animals in the 3 groups were weighed daily and these changes recorded.
Their feed intake was also recorded daily.
Daily physical examination of the animals included evaluation of dermatitis,

redness of the nose, eyes, ears, and paws, presence of hunched posture and diarrhea.

et. al (53).

Grade 1- Light redness of ears, snout, and paws

Grade 2- Moderate redness of ears, snout, and paws, light hair
loss and diarrhea

21 and specimens from organs were collected for further study. The relative spicen
Relative spleen weight = —eeeeeeeeeeeeceeee x 100
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This number is a dimensionless indicator of splenomegaly, which is o universal tinding
in GVHD (52).

A popliteal lymph node enlargement assay was performed using splenic
lymphocytes. This is perhaps the most sensitive indicator of GVHD (52). Spleens of
transplanted animals and control group were passed through a tissue grinder, the
splenic cells were washed in Hank's balanced salt solution (HBSS) three times and

celis/ml) was injected into the right footpad of this healthy rat. Another healthy Lew
rat was anaesthetized and the same number of splenic cells obtained from this
healthy rat were injected to the left footpad of the same study rat which had already
received the cells of the transplanted animals spleen to his right food pad. After one
weck the animals were sacrificed and the popliteal lymph nodes were excised and
weighed on a precision balance. A ratio was then established, defined as:
Weight of right lymph node
Index of enlargement = —eoeeeee

Weight of left lymph node

(32).

tent greater than one is an indicator of the presence of GVHD

nted bowel, liver, spleen, skin and mesenteric
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lymph nodes were obtained,fixed in formalin and prepared with hematoxylin and

cosin stain for light microscopy. All histological sections were evaluated blindly by a

pathologist (T.K.S.).

STATISTICAL ANALYSIS

Data is expressed as mean = standard error of the mean. Significant
differences were determined between the experimental groups using analysis of
variance (ANOVA) comparison. Groups exhibiting statistical significance were
further compared using student’s t-test. p < 0,05 values were regarded as statistically
significant.



Page 21

Twelve small bowel transplants from Brown Norway donors to Lewis recipients
were performed in each of the orthotopic and heterotopic groups. Twelve heterotopic
transplants between Lewis donors and recipients served as the control group. Animals
were examined, weighed and feed intakes recorded daily. The survival rate was 97%.
There was only one perioperative death due to venous thrombosis and this animal
was replaced with another orthotopic transplant. All the remaining animals survived
until sacrifice.

WEIGHT GAIN:

All the animals in all three groups have experienced an initial weight loss after
the transplant. Average weight loss was 6.8, 10.76, and 9.7 percent for heterotopic,
orthotopic and control groups respectively. After the first week, however these
recipients started to gain weight again and reached their pretransplant weights
between days 12 and 18. After that there was no difference between the growth rates
of the heterotopic and orthotopic transplant groups (Figures 7,8,9).

No statistically significant difference was found in the feed intake of the
animals in all 3 groups (Figure 10).
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CLINICAL SCORING:

All animals in both heterotopic and orthotopic groups showed classical signs
of GVHD with redness of the eyes, snout, and paws. While 4 of the orthotopic
recipients (33%) had diarrhea lasting only one day, S (42%) recipients in the
heterotopic group developed moderate (lasting more than 3 days) and the remaining
7 (38%) had mild diarrhea (lasting less than 3 days). According to the clinical grading
system previously described, all of the orthotopically transplanted animals developed
a grade | clinical manifestation of GVHD while 6 (50%) of the heterotopically

11 clinical manifestation of GVHD. None of the animals in either group developed
grade 111 (severe) GVHD and none of them died during the course of the study
(Table 2).

The third criteria used to assess for the presence of GVHD was an increase
in the relative spleen weight (RSW).

t-test which revealed a significant increase (p=0.001, 0.004, 0.047) in the relative
spicen weights of the heterotopic transpianted animals (0.3465£0,018, 0.2738+0.22,
and 0.256520.016) when compared with controls (0.21640.018, 0.2030:0.009 and
0.2055+:0.06). The difference between relative sploen weights was again significant
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in the heterotopic and orthotopic subgroups where the recipients were sacrificed at

significance between animals of these two groups which were sacrificed at days 14

and 21 (Table 3).

assay were also clear. Cells used in this assay were obtained from unoperated Lewis
rats and from animals in the two experimental groups (heterotopic and orthotopic)
described above. Splenic lymphocytes from Lewis- >Lewis syngeneic heterotransplants
do not mount a GVH response in Lewis rats. Thus, no popliteal lymph node
recipients. Spleen cells from Lewis recipients of BN bowel did show a statisticully
significant positive response between heterotopic and orthotopic groups (p=0.019,
0.020, 0.007 in 7, 14, 21 day groups respectively) (Table 4).

compared to orthotopic ones. The native small bowel is found to be dilated and thin
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were found to be markedly enlarged. These changes were not seen in the orthotopic
groups. A constant finding noted in the graft after revascularization, and present at
laparotomy on day 7 was the presence of a turbid, viscus fluid in the lumen.

Histopathologically all animals in both heterotopic and orthotopic transplant
groups had normal appearance of the liver with normal lobular architecture and
hepatocellular detail. There were no signs of steatosis, cholestasis or hepatitis
(Figures 11/a-b).

Histological evaluation of the spleens in both groups revealed mild to
moderate hyperplasia of white pulp areas due to an increase of the
reticuloendothelial cells. The red pulp showed a spectrum of changes ranging from
hyperplasia of the pulp to atrophy (Figures 12/a-b).

There were not any major differences between the heterotopically and
orthotopically transplanted bowels. Transplanted bowel specimens in both of the

occasional minimal edema of the lamina propria with normal numbers of
lymphocytes. There were no inflammatory changes, no vascular changes nor necrosis
noted (Figures 13/a-b).

Microscopic evaluation of native mesenteric lymph nodes of the heterotopically
in the paracortical areas in all 12 of the animals (100%) (Figures 14/a-b).
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transplanted animals the skin appeared normal with no signs of hyperkeratosis of the
cpidermis and again negative for mono or polymorphonuclear infiltration of the

dermis. In 2 cases there were mild focal dermatitis with one hyperkeratosis and milkd

focal infiltration of the dermis by mono and polymorphonuclear cells. However in the

with severe mono and polyn onuclear cell infiltration in 2 cases (17%) (Figures

15/a-b).
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Graft versus host disease has been discussed as a frequent and major
complication after bone marrow transplantation or massive blood transfusion but has
not been frequent in solid organ transplantation (54). In experimental small bowel
transplantation, where the graft includes a large amount of lymphocytes, GVHD can
be a crucial problem. Lymphoid tissue within the intestine consists of both mesenteric
lymph nodes (MLN) and gut associated lymphatic tissue (GALT) in the form of
Peyer's patches, lamina propria and intraepithelial lymphocytes. These allogenic
lymphocytes in the lymphoid tissue become stimulated and develop an immune
response against the host (12,13,55). The number of lymphocytes transferred and the
recipients immune competence status determine how severe this GVH reaction will
be (56). Dekz et al. (12) utilizing the rat model of small bowel transplants (Parent-
>F1 hybrid) showed that the GVH reaction was less intense when half of the small
bowel was transplanted, than when transplantation of the entire small bowel was
carried out. Pirenne et al. (57), using the Lewis->LBNF1 model and injecting cells
isolated from the MLN of donors into the peritoneal cavity of the recipients, showed
100% mortality from GVHD in an average of 14.75 + 0.6 days.

In another study Lear et al. (58) found that graft cells migrate into the gut
lymphoid tissue of the host within 24 hours of transplantation. In the absence of
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immunosuppression, the vigorous host response attacks all elements of the graft,
including its lymphoid tissue. Thereafter within the first 2 10 3 days of initinl
migration, the Peyer’s patches and mesenteric lymph nodes of the transplant arc
progressively destroyed. The isolated graft lymphocytes are unable to proliferate
within the host lymphoid tissue, and their disappearance by day 6 suggests active
destruction by host cells. However a 7 day course of CsA immunosuppression has
dramatic effect on graft cell migration. The prolonged survival of the small bowel and
its lymphoid tissue is able to fuel a much greater movement of lymphacytes 10 the

host. This response appears to peak at 14 days with no graft cells remaining visible

than that of the native intestine in the rejection group. In the GVHD group the index
of the native intestine was higher than that of the rejection group and there was u
significant difference between the native and transplanted intestines in terms of the
BrdU labelling index, which supports migration of the T-lymphocytes of the graft
BrdU labelling index and DNA synthesis time give evidence thai ...2 lymphatic system
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These studies support the concept of immunocompetent T-lymphocytes being
responsible for GVHD and that the presence of the host MLN and GALT augments
It has also been shown that:
1+ In vitro radiation of small bowe! with 1000 rad prevents GVHD without inducing

2- Donor pretreatment with antilymphocyte serum on days -2 and -1 prevents GVHD
indefinitely (61).

3- Surgical removal of mesenteric lymph nodes aborted GVHD in 70-90% of the
transplanted animals (13).

In the current experimental series we examined four indicators of graft versus
host disease; 1- Physical examination and observation of the classical GVHD related
changes, 2- Relative spleen weights, 3- Popliteal lymph node assay, 4-Histologic

There were no differences in feed intake and weight gain between the
heterotopic and arthotopic transplanted groups (Figures 7-10). The recipients in both
groups regained their initial weights between 12 and 18 days after the surgery after
an initial weight loss of approximately 10% at day 7. They continued to gain weight

the heterotopic and ic groups according to the clinical scoring system




Page M

the orthotopic group. All of the patients in the orthotopic group developed Grade |
manifestations of GVHD while 50% (6/12) of the animals in the heterotopic group
developed grade II clinical manifestations of the disease. Since the clinical signs of
dermatitis, redness of the ears, eyes, and nose and hair loss are indicative only of
GVHD (62) and none of the animals in which rejection alone would have been
manifested developed any of these physical signs (63), these results suggest to us that
GVHD s responsible for these changes; the changes were more severe in the
heterotopic small bowel transplant group. The timing of these clinical manifestations
correlates with the expected time of occurrence of GVHD. Our clinical findings
paraliel Schraut et al. (32) in which they concluded that GVHD is indeed present in
the BN>Lew small bowel transplant model at $ to 7 days after the initinl
transplantation. Although these results were derived from clinical observations carricd
out by the author and therefore there is potential for bias, they were supported by
the relative spleen weight and popliteal lymph node assays. Histological evaluation
of the tissues by a pathologist blinded to treatment groups also supported these

The results of the relative spleen weight assay clearly demonstrate the ability
of a small intestine allograft to cause GVHD in rats, Spicnomegaly is thought to be
one of the halimarks of GVHD, but spleen size varies greatly in rats. This problem
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the heterotopic group when compared to the orthotopic group. In a series of
experiments done by Kiyoizumi (52) it was found that GVHD was induced only when
LBNF1 rats received Lewis small bowel allografts. No signs of GVHD were seen in
LBNF1 recipients of LBNF1 small bowel isografts or Lewis cardiac or renal
allografis. These studies further support the hypothesis that donor lymphoid cells that

This was also suggested by the popliteal lymph node enlargement assay in our
studies. Injection of spleen cells obtained from Lewis recipients of BN grafis with
clinical GVHD into the footpad of syngeneic Lewis rats resulted in enlargement of
the ipsilateral lymph node, and this enlargement was greater in the heterotopic
injection of spleen celis obtained from Lowis rats transplanted with Lewis grafts or
spienic cells of normal Lewis rats failed to induce lymph node enlargement in the
same Lewis rats which manifested lymph node enlargement in their right footpads
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unremarkable, however in rats dying of GVHD periportal lymphatic infiltrate was
occasionally noted in the liver.

Histologic specimens of the spleen in both groups revealed hyperplasia of the
white pulp with an inflitrate of reticuloendothelial cells. This is a constant finding in
documented by various investigators (14,61) that in the spleen the: loss of lymphocytes
was paraliclled by the appearance of reticuloendothelial cells that seemed to be in
the process of differentiating into histocytoid cells; this process has been attributed
to GVHD.

Although flattening or patchy sloughing of intestinal villi and increased
regenerative activity within the crypts is a constant finding in rats with severe GVHD
ical appearance of both heterotopically and orthotopically
transplanted animals has also been seen by other investigators (64,65) as well in our

case. We demonstrated that during CsA therapy the bowel mucosa showed no

of invasion by T-cells (66) and lymphoid depletion and detection of immunoblasts in
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Evaluation of the skin samples showed major differences in the heterotopically
transplanted group when compared to the orthotopic animals. Microscopic
appearance of thickened epidermis and infiltration of dermis by mono and
polymorphonuclear cells is regarded as the most important differential diagnostic sign
of GVHD by many authors (14,68). Epidermal hyperkeratosis with mono and
polymorphonuclear cell infiltration of the dermis was seen in 7 out of 12 animals
(38%) in our heterotopically transplanted group. This is a clear sign of GVHD and
since these findings were far greater in frequency and severity in the heterotopic
transplant group when compared to the orthotopic transplant group, we conclude that
GVHD was mom.m in the heterotopically transplanted animals. The balance of
findings in these studies and previously published work suggest that these changes
occur because of the remaining mesenteric lymph nodes and gut associated lymphatic
tissues of the native small bowel, which may serve as a more efficient site of donor
lymphocyte activation. Although the current results support our hypothesis that
GVHD is more severe after a heterotopic small bowel transplantation when
compared to the orthotopic model these results do not conclusively prove this
hypothesis. Further studies especially with MHC typing of lymphocytes in the organs
highly susceptible to GVHD are required (spieen, gastrointestinal tract, skin).
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There are certain differences between humans and rats that do not allow
direct application of these data to human small bowel transplants. Besides the major
genetic differences, the mesenteric lymph nodes and the lymphoid tissues of the rats
are very well developed relevant to their body and other organs when compared to
humans, which makes them more wulnerable to GVHD. Indeed all allogenic
transplanted animals in our study showed some degree of GVHD without rejection
of immunosuppressants given to prevent rejection is usually sufficient to prevent
GVHD. Although GVHD is more than a theoretical problem in human small bowe
transplantation it has not usually been a major cause of morbidity or mortality in the
clinical setting. Our data support the hypothesis that the resection of the native small
bowel! with its mesentery and GALT which causes the short bowel synd
and necessitates small bowe! transplantation may be an important reason for the
lower incidence of GVHD in bumans.
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Figare 3. Vascular reconstry . 1-The arterial and venous anastomoses are widely
WBmm}mmpﬂﬁlvﬁn orientation is
mwﬁmmﬂmmmmmam
anastornosis, 3-Correct Mﬂﬁlmkmwphdn;ﬂg
ligature of left remal artery on the left side of the aortic anes




Pigare 4. Heterotopic intestinal transplant mode] with distal end of the graft
exteriorized as a stoma.
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Table1
Experimental Groups

Donor Recipient No.  Technique Term
Strain Strain Tx

BN Lewis 12 Heterotropic  Two way
BN Lewis 12 Orthotropic Two way

Lewis Lewis 12 Heterotropic  Control
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Table 2

Clinical Grading for GVHD
Grade Heterotopic Orthotopic
1 6 (50%) 12 (100%)
2 6 (50%) -
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Table 3
Relative Spleen Weights

Group Heterotopic Orthotopic  Control

7 Days* 0.3706 0.2985 0.1993
0.3351 0.2343 0.2215

88 0.2373 0.2396

.

0.2479 0.2355 0.1980
0.2996 02321 0.2079
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Table 4
Popliteal Lymph Node Enlargement Index

Group Animal Heterotopic - Orthotopic
7 Days 1
2
3
4
MeantSD 40.12  p
14 Days 1 1.452 0.529

21 Days
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