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Abstract Our aim was to develop a 
model of chronic rejection (CR) in 
small bowel allografts, and to study 
the changes occurring in these 
grafts. Small bowel transplantation 
was performed using the DA to AS 
rat strain combination. Short-term 
( 5  mg/kg intramuscular, from days 
- 2 to + 9), or long-term cyclosporin 
treatment ( 5  mg/kg, 3 times a week 
until day 50) was given to prevent 
acute rejection. Controls were un- 
treated allografts, DA isografts with 
and without cyclosporin, and normal 
D A  and AS rats. They were fol- 
lowed for 50 and 100 days after 
transplantation. Recipients of a syn- 
geneic graft lost weight during the 
first week after transplantation, but 
started to regain weight and kept 
growing thereafter. Histology 
showed normal bowel architecture 
with normal mesenteric lymph 
nodes and Peyers patches. Vigorous 
acute rejection occurred in the un- 
treated allografts. Animals had per- 
sistent weight loss, and were killed 
between 6-13 days after transplan- 
tation. No clinical signs of graft-ver- 
sus-host disease were seen, Histolo- 
gy showed end-stage acute rejection. 
In both cyclosporin-treated allo- 
grafted groups the postoperative 
course was as in the isografted ani- 
mals. However, all animals had his- 

tologic signs of CR by 50 and 
100 days after transplantation. 
Changes were most prominent in 
the mesentery. Serositis with in- 
creased vascularity, inflammation 
with sclerosis, and patchy myointi- 
ma1 proliferation with endotheliali- 
tis of the mesenteric vessels were 
found. Changes in the bowel were 
patchy and included some thicken- 
ing of the muscle coat, crypt hyper- 
plasia, scattered necrotic cells in the 
crypts, slight blunting of villi and 
loss of goblet cells. Infiltrating cells 
in the mesentery and bowel consist- 
ed mainly of CD 4+ cells, CD 8' T- 
cells and monocytes/macrophages. 
Lactulose-mannitol urinary excre- 
tion ratio was significantly increased 
in short-term cyclosporin treated al- 
lografts at days 50 and 100 post- 
transplant. Serum albumin levels 
were significantly lowered in this 
group at both time points examined. 
We developed two models in which 
CR occurs after small bowel trans- 
plantation. Long-term cyclosporin 
treatment delayed the development 
of CR, since functional abnormal- 
ities were only seen in the animals 
that were treated with short-term 
cyclosporin. 
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Introduction 

Small bowel transplantation (SBT) is, potentially, an im- 
proved treatment modality for patients suffering from ir- 
reversible short-bowel syndrome and who are currently 
fed using total parenteral nutrition (TPN). In specialized 
centers, SBT has evolved over the last decade from a 
cumbersome procedure with unacceptably high morbid- 
ity and mortality to a more acceptable therapy for those 
with permanent intestinal failure. Patients that qualify 
for SBT are those with irreversible dependency on TPN 
and a poor long-term prognosis related to progressive 
difficulties with the administration of TPN (venous ac- 
cess), catheter associated sepsis, and liver failure [l, 41. 

A major problem hampering the long-term success of 
SBT is vigorous acute rejection, requiring high doses of 
immunosuppression. A major improvement in the re- 
sults of SBT came in the early 1990-ies when the power- 
ful immunosuppressant tacrolimus replaced cycIospo- 
rin. Although the outcome of SBT is still mainly deter- 
mined by acute rejection and lethal infections, the 
long-term results are nevertheless improving [l]. Be- 
cause of this, new problems that arise in the longer 
term are encountered. Of these, dysmotility, eating dis- 
orders, post transplant lymphoproliferative disease, 
late acute rejection episodes, and chronic rejection 
(CR) are of special concern. 

Little is currently known about CR following SBT, 
although some experimental and clinical data show 
that CR may develop after SBT [12, 211. The clinical 
characteristics reported on CR are diarrhoea and weight 
loss. Histologically, total villous atrophy, apoptosis of 
crypt cells with inflammatory infiltrate, and arterio- 
sclerosis of the mesenteric vessels are described [7,17]. 

The aim of the present study is to develop a model in 
which CR of the small bowel allograft would develop in 
a reproducible manner that would allow us to study the 
changes occurring in those grafts. 

Materials and methods 
An i m a 1 s 

Inbred adult male Dark Agouti (DA) (RTlavl) and Albino Surgery 
(AS) (RTI') rats were obtained from Monash Animal Services, 
Victoria, Australia. All experimental procedures involving animals 
conformed to the National Health and Medical Research Council 
Code of Practice and were approved by Monash Medical Centre 
Animal Ethics Committee B and the Monash Standing Committee 
on Ethics in Animal Experimentation. 

senteric artery and portal vein. In the recipient, end-to-side anasto- 
moses were made between the recipient infra-renal aorta and do- 
nor superior mesenteric artery, and recipient caval donor and por- 
tal vein. After resection of the recipient small bowel, the graft and 
recipient remnant bowel were anastomosed end-to-end. 

Experimental design 

The following groups were studied: 1) DA to DA, no treatment, 
2) D A  to DA, long-term cyclosporin (ICsA), 3) D A  to AS, no 
treatment, 4) D A  to AS, short-term cyclosporin (sCsA), and 5 )  
D A  to AS, long-term CsA. sCsA treatment consisted in adminis- 
tering 5 rngikg intramuscularly from day - 2-+ 9 relative to trans- 
plantation. ICsA treatment consisted in administering 5 mg/kg in- 
tramuscularly three times a week until day 50. Normal DA or AS 
rats were used as controls. Animals were killed 50 and 100 days 
after transplantation, or when they demonstrated 30 % weight loss. 

Functional parameters 

Serum albumin was measured using the bromocresol green meth- 
od on a Cobias bio autoanalyser. Results are given as mean f sd in 
gll. Lactulose mannitol urinary excretion test: Animals were fasted 
during the day. 400 mg/kg D-lactulose and 100 mglkg of D-manni- 
to1 were dissolved in 1 ml of water. This solution was given orally 
by gavage. Each animal was placed in a metabolic cage, and urine 
was collected overnight. The amount of urine produced was re- 
corded, and samples were stored at - 20 "C until analysis. Both lac- 
tulose [22] and mannitol [18] concentrations (mmolll) were mea- 
sured colorimetrically on a Cobias bio autoanalyser. The results 
are expressed as mean f sem lactulose : mannitol ratio. 

Macroscopic appearance of the graft 

The small bowel graft, its mesentery, the Peyers patches, mesenter- 
ic lymph nodes, and spleen were inspected for signs of CR at the 
time of organ retrieval. Samples of the graft were prepared for his- 
tology and immunohistochemistry. 

Histology 

Samples of graft ileum were fixed in 10% neutral formalin. After 
dehydrating and embedding in paraffin, 3-4 pn thick sections 
were cut and stained with hernatoxylin and eosin (H&E). They 
were scored by two observers. The incidence of the following fea- 
tures was recorded for each of nine high power fields (400 x); 
Blunting of villi and loss of goblet cells, crypt hyperplasia and crypt 
cell necrosis, muscularis thickening, cellular infiltration, vascular 
involvement (i. e. myointimal proliferation, endothelialitis, adher- 
ence of leucocytes to the endothelium, and perivascular infiltra- 
tion), and sclerosis in the mesentery. Scores of 0,1,2, or 3 were as- 
signed if features were observed in 0, 113,213, or all fields respec- 
tively. Results for each feature were added, and histologic grades 
were assigned as follows: 0 points = none (0), 1-3 points = very 
mild (grade l), 4-6 points = mild (grade 2), 7-9 points = moderate 
(grade 3), and 10-12 points = severe (grade 4). 

Small bowel transplantation 

SBT was performed as described previously [24]. In brief, the total 
small bowel, from the Ligament of Treitz to the terminal ileum was 
transplanted on a vascular pedicle consisting of the superior me- 
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Fig. 1 Weight changes after small bowel transplantation 

Immunohistochemistry 

Tissues were embedded in OCT and snap frozen. Cryostat sections 
of 7pm thick were cut. These sections were fixed in PLP and 
stained using a three-layer peroxidase technique [27]. In brief, sec- 
tions were pre-incubated for 10 min in 10% Normal Swine Serum 
(NSS; Dako, Christchurch, New Zealand)/lO % Fetal Calf Serum 
(FCS) in phosphate buffered saline (PBS) with 0.01 YO NaN, (Az) 
to avoid non-specific binding of the primary antibodies. Slides 
were drained and incubated at room temperature for 1 h with pri- 
mary mouse antibody diluted in 1% NSS/l% FCS with 0.01% 
Az. They were washed 1 x in PBS for 5 min, taken through graded 
alcohols, and incubated at 4 “C for 10 min in methanoU0.03 % 
H202 to block endogenous peroxidase activity. Thereafter they 
were reversed through graded alcohols and washed 2 x in PBS, 
Rabbit anti-mouse-peroxidase conjugate (Dako) was applied, and 
then they were incubated for 30 min at room temperature. 

After washing 1 x in PBS, the third step, swine anti-rabbit-per- 
oxidase conjugate (Dako), was applied, after which they were incu- 
bated for 30 rnin at room temperature. Sections were then washed 
in PBS 2 x, and colour was developed using metal-enhanced 
DAB substrate (Pierce-Rockford). Finally, slides were counter- 
stained with Harris’ haematoxylin, dehydrated, and covered using 
glass slips. 

The following mouse-anti-rat monoclonal antibodies were 
used: OX-1 (CD45), OX-8 (CDS), W3/25 (CD4), OX-6 (MHC 

class 11), OX-33 (B-cells), ED-1 (monocytes, free and tissue mac- 
rophages), ED-2 (tissue macrophages), ED-3 (lymphoid macro- 
phages) (ED-l,2, and 3 are a kind gift of dr C.D. Dijkstra, Amster- 
dam, The Netherlands), and 3.2.3. (NK cells). 

The %-area OX-1 positive cells was measured using a “Video 
Pro” image analysis system. OX-8, W3/25, ED-1,OX-33 and 3.2.3 
were counted using a graticule at a magnification of 400X. Six se- 
parate fields were measured, corresponding to an area of 0.1 mm2. 
For the submucosa, an area corresponding to 0.02 mm2 was mea- 
sured and then multiplied by 5. The other markers were scored 
semiquantitatively. 

Statistics 

Statistical analyses of the nutritional parameters, histology and im- 
munohistochemistry were carried out with the Kruskal Wallis anal- 
ysis of variance, followed by a Mann-Whitney U-test, using SPSS 
for Windows. A P-value < 0.05 was considered statistically signifi- 
cant. 

Results 

Postoperative recovery 

Recipients of a syngeneic graft (groups 1, and 2) lost 
weight during the first week post transplant, but started 
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to regain weight and kept growing thereafter. Untreated 
allografts demonstrated vigorous acute rejection. Ani- 
mals had persistent weight loss and developed diarrhoea 
from day 4 onwards. They were killed between days 6 
and 13 after transplantation. No signs of graft-versus- 
host disease were seen. Histopathological analysis 
showed end stage acute rejection. 

CsA treated allografts (groups4 and 5 )  seemed to 
lag behind in growth. No statistically significant differ- 
ences between allografted, and syngeneically trans- 
planted animals were demonstrable however, since the 
variation between the animals in the different groups 
was considerable (figure 1). Since no diarrhoea or 
weight loss was observed at the time points studied, 
these models may be considered as representing subcli- 
nical CR. 

Nutritional parameters 

Serum albumin levels were significantly lowered in 
sCsA treated animals at both timepoints as compared 
to normal AS rats (28.1 f 4 . 9  and 27.2f2.3 vs. 
34.8 f 0.8 g/l, p = 0.02 and p = 0.006, respectively). At 
day 50, the lactulose-mannitol urinary excretion ratio 
in sCsA allografts was significantly higher than that in 
lCsA allografts and normal DA controls (figure 2). 
Thereafter, the ratio further increased. Hundred days 
after engraftment, the sCsA allografts had significantly 
higher ratios than the ICsA treated ones, isografts and 
normal DA controls. There were no significant differen- 
ces between control rats and syngeneically transplanted 
groups. CsA treatment in the isografts did not affect 
the excretion of both urinary lactulose and mannitol. 
The lactulose-mannitol excretion significantly corre- 
lated to the histological degree of chronic rejection 
( r  = 0.35, P = 0.047, n =  33). 

Macroscopic appearance of the grafts 

Fifty and 100 days after transplantation, isografts 
showed a normal macroscopic bowel architecture with 
normal mesenteric lymph nodes and Peyers patches. 
Signs of CR were observed in 67 YO of sCsA treated ani- 
mals and 33% of ICsA treated animals by 50 days, and 
all sCsA and 67% of lCsA animals by 100 days post 
transplant. 

Macroscopic signs were: sclerosis and enlargement of 
the MLN, sclerosis of the mesentery and serosa, thick- 
ening of the bowel wall, splenomegaly, and enlargement 
of the cecum (both 1.5-3 times their normal size). In 
most allografts the Peyers patches were atrophied, 
sometimes to a degree that they were no longer visible. 
In other allografts, Peyers patches had become enlarged 
and hemorrhagic. In advanced CR, the MLN had be- 
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Days post-transplantation 
Fig.2 Intestinal function of small bowel transplants was measured 
by the urinary excretion of orally administered lactulose and man- 
nitol. The ratio lactulose/mannitol was calculated and results are 
expressed as mean k SD. ** P < 0.05 vs DA-AS, lCsA and DA- 
DA at the same timepoint, and vs DA-AS, sCsA at day50; 
* P < 0.02 vs DA-AS, ICsA and DA at the same timepoint. Nor- 
mal DA, DA-DA +/- lCsA did not differ, and are depicted as ‘nor- 
mal range bar’ 

come a large, sclerotic and sometimes hemorrhagic 
mass. The mesentery and serosa were rigid due to the 
extensive sclerosis. 

None of these abnormalities were found in the syn- 
geneic groups. 

Histology 

At 50 days post transplant, a pericapillary infiltrate in 
the mesentery was usually the first indication of CR (fig- 
ure 3). Other early features were cellular depletion and 
active infiltration of the graft MLN. 

Serositis with increased vascularity, florid mesenteric 
inflammation with sclerosis, and patchy myointimal 
proliferation with endothelialitis of the mesenteric ves- 
sels were found later in the course of CR. Changes in 
the bowel were patchy and included some thickening of 
the muscle coat, crypt hyperplasia, scattered necrotic 
cells in the crypts, sclerosis between the crypts, slight 
blunting of the villi, and loss of goblet cells (figure 3). 
Apart from an increase in mononuclear cells, the lamina 
propria between the crypts also contained mast cells and 
eosinophils. The degree of CR could vary from very 
mild to moderate within a group (Table 1 a). At day 50, 
lCsA treated animals had significantly less chronic 
damage compared to sCsA treated animals (1.3 f 0.5 
vs. 2.8 _+ 0.5, p = 0.001, Table 1 b). However, this differ- 
ence disappeared by day 100 posttransplant. None or 
very mild changes were seen in the syngeneically trans- 
planted grafts (figure 3). 
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Fig.3 a D A  to D A  isograft 100 days post transplant showing nor- 
ma1 bowel architecture. b Mesentery of the graft shown in 
Fig. 3 a. c Pericapillary infiltrate in the mesentery of a long-term 
cyclosporin treated allograft at day 50 posttransplant with mild 
chronic rejection. d Allograft treated with long-term cyclosporine 
at day 100 post transplant showing moderate chronic rejection 

with blunting of villi, loss of goblet cells, crypt hyperplasia, hyper- 
trophy of the muscle coat, and sclerosis of the mesentery. e High- 
power magnification of an allograft treated with short-term cyclos- 
porine at day 50 post transplant showing moderate chronic rejec- 
tion with blunting of villi, loss of goblet cells, crypt hyperplasia 
and thickening of the muscularis 
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Table l a  Histopathological analysis of chronic rejection after 
small bowel transplantation. Percentage of animals per group 
with a chronic rejection grade. Histopathological chronic rejection 
grades were assigned according to the severity of the lesions (see: 
materials and methods) 

Short-term CsA Long-term CsA 

Grade 11 Day50 Day100 Day50 Day100 
day -+ ( n - 9 )  (n-5)  ( n = 6 )  ( n = 6 )  

Very mild (1) 0 20 67 17 
Mild (2) 33 40 33 50 

None (0) 0 0 0 0 

Moderate (3) 67 40 0 33 
Severe (4) 0 0 0 0 

Tabie l b  Chronic rejection grades after small bowel transplanta- 
tion. Histopathologic rejection grades were assigned according to 
the severity of the lesions (see materials and methods). * Short- 
term CsA vs. long-term CsA at day 50, P = 0.001 

Group Histopathological rejection grade, 
mean f sd 

______ 

Short-term CsA day 50 

Long-term CsA day 50 
Long-term CsA day 100 

2.7 + 0.5 
2.2 f 0.8 
1.3 f 0.5" 
2.2 f 0.7 

Short-term CsA day 100 

Analysis of infiltrating cells 

The numbers, types, and distribution of leucocytes in 
the different compartments of the ileum (ie. villi, crypts, 
submucosa, and muscularis) are depicted in figures 4 
and 5. As can be seen in the figures, no significant chan- 
ges were detected in cell numbers in either of the iso- 
graft groups when compared to normal DA rat controls. 
In some isografts however, a focal infiltrate around sin- 
gle crypts was seen. This was never observed in non- 
transplanted controls. In general, in the mucosa of small 
bowel grafts, the highest density of cells was found at 
the base of the crypts, showing a gradual decrease up 
the crypt-villus axis. 

In allografts, the number of infiltrating cells (CD45') 
was significantly increased. These consisted mainly of 
CD4'-, CD8' T-cells and ED-1' macrophages. Long- 
term CsA treatment delayed the infiltration of the allo- 
grafts, since at day 50 significantly less cells were pre- 
sent in the lCsA - than in sCsA treated animals. CD4+ 
cells were present in constitutively high numbers in nor- 
mal ileum and isografts (figure 4.3 a). A significant in- 
crease was observed in the crypts of allografts at both 
time points. CD8' cells were significantly increased in 
the crypts and muscularis of sCsA treated allografts, 
and in the crypts of lCsA treated allografts at day 100. 
Changes in number of ED-1' macrophages were evident 
in all compartments, with a significant increase in the 
crypts and submucosa. In the muscle layer, which is nor- 

mally devoid of ED-1' cells, a significant influx was ob- 
served at day 100. 

The absolute number of OX-33' B-cells was low in all 
groups (figure 5). No differences among the groups were 
found except for a significant increase in the muscularis 
of sCsA treated allografts at day 100. The number and 
distribution of NK cells was comparable in all groups 
(figures 4.6 b and 5). ED-2+ tissue macrophages were 
markedly increased in the submucosa and muscularis of 
allografted animals. Many cells were situated at the bor- 
der between the longitudinal and circular muscle layers, 
i. e. in close association with the myenteric plexus. Very 
low numbers of ED-3' lymphoid macrophages were 
seen in the crypts, submucosa, and muscularis. These 
numbers were comparable in all groups studied. 

Discussion 

Chronic rejection is the major determinant that ham- 
pers long-term graft survival of solid organ grafts [3, 
101. With the improving results after seen after SBT El], 
CR will also emerge as an obstacle to long-term sur- 
vival. Although its pathophysiology seems in part simi- 
lar in different types of grafts, organ specific features 
are also apparent. Predominant aspecific features are a 
thickening of the intima of the blood vessels in the graft, 
and fibrosis [25]. Specific features are unique to the 
anatomy and physiology of the graft, and include tubu- 
lointerstitial damage in kidneys [23], loss of bile ducts 
in liver grafts [25], and blunting of villi in the small 
bowel [12]. As we wished to study the specific pathophy- 
siology of CR following SBT, the aim of the present 
study was to develop a model for CR after SBT. 

The macropathological findings of our study are on 
the whole comparable to the findings published pre- 
viously by Langrehr et al. [12], namely: enlargement 
of the MLN and involvement of the Peyers patches, fi- 
brosis of the mesentery, and, in a later stage, the sero- 
sa. Histological findings were quite similar also: crypti- 
tis, blunting of villi, loss of architecture and cellular de- 
pletion of the MLN. Loss of goblet cells was not 
reported. In their study, however, these changes pro- 
gressed rapidly after the discontinuation of CsA, 
whereas we found that CR had developed in all ani- 
mals 50 days posttransplant, but did not rapidly pro- 
gress over the next 50 days. This difference may be ex- 
plained by the fact that we killed the animals at the 
time points of evaluation and did not take consecutive 
biopsies of the graft, as did Langrehr et al. These suc- 
cessive laparotomies and biopsies of the graft cause 
multiple episodes of wound healing with the release of 
growth factors that may accelerate fibrotic changes in 
t.he graft and evoke multiple adhesions. 

No histological, and only very minimal inflammatory 
changes were found in the isografted groups. There was 
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Fig.4 Distribution of 1 CD45 (OX-1), 2 CD8 (OX-8), 3 CD4 (W3/25), 4 MHC class I1 (OX-6), 5 macrophages (ED-l), and 6 NK 
cells (323) in isografts a and allografts b 100 days post transplantation 
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Fig. 5 Cell infiltration in normal, isografted, and allografted bow- 
el. The increased infiltration by CD45' leucocytes in the chroni- 
cally rejecting allografts consisted mainly of T lymphocytes and 
ED1+ macrophages. CsA therapy delayed the influx of these cells 
in the allografts. B lymphocytes and NK cells appeared to play a 
minor role in chronic rejection. Isografts with or without CsA ther- 
apy had comparable numbers of mononuclear cells as normal DA 
controls. Results are expressed as mean * SEM. * P < 0.05 vs DA- 
DA and DA-AS, lCsA at the same timepoint; ** P < 0.05 vs DA- 
DA at the same timepoint; # P < 0.05 vs DA-DA, lCsA and DA- 
DA at the same timepoint 

no difference between CsA-treated or untreated ani- 
mals. This is in accordance with previous findings in syn- 
geneic small bowel grafts [12,16], but contrasts with re- 
cent observations in syngeneic kidney transplants, 
where significant changes may be seen in the absence 
of alloantigenic stimulation [30], and shows that the pa- 
thophysiology of CR in different organs may vary con- 
siderably. 

The earliest histologic signs of CR in our small bowel 
transplants were loss of architecture and cellular deple- 
tion of the MLN and Peyers patches together with a 
pericapillary infiltrate of the mesenteric vessels. These 
changes were also observed in allogeneic SBT models 
in which no morphologic or functional changes were 
seen more than one year after grafting [13]. This under- 
scores the highly immunogenic nature of these lym- 
phoid structures and the mesentery. 

Mucosal ischemia may be important in the develop- 
ment of CR since arteriosclerosis, which may lead to 
ischemia, is one of the characteristics observed in this 

NK cells at day 100 
7 00 

DA 

WE 75 
RSQ DA-DAJCsA 

DA-AS,sCsA 
0 DA-AS.ICsA 

E 
7 5 50 
P 
0 

25 

0 

study. The small bowel has an enormous regenerative 
potential after ischemic damage [19]. This regeneration 
starts in the crypts which respond with an increase in 
proliferating cells (crypt hyperplasia). These proliferat- 
ing cells, which constitutively express MHC class I1 anti- 
gens, may be primary targets for acute and chronic re- 
jection. This may explain the high density of infiltrating 
cells seen in the crypts. 

Rejection of the small bowel is not a generalised pro- 
cess. Acute rejection is patchy [4,20], and may be easily 
missed when taking biopsies. Here we show that CR is 
also a very patchy process, in one and the same graft 
both normal appearing bowel and severe lesions may 
be found. This may also explain the variation found 
within the groups with respect to histologic score, num- 
bers of infiltrating cells, and lactulose: mannitol excre- 
tion. Therefore, early detection of CR in human SBT 
will be possible only when histology is combined with 
immunohistochemistry and functional evaluation. 

This is the first comprehensive phenotypic analysis of 
cells involved in chronic rejection after small bowel 
transplantation. The increase in CD45' leucocytes in 
the graft was mainly due to an increase in T-lympho- 
cytes and ED-1' macrophages. These cells are also 
dominant in acute rejection episodes of the small bowel 
in humans [2, 81. Pericryptic T-cell infiltration preceeds 
histologic overt acute rejection and seems an early mar- 
ker for acute rejection [2]. The focal pericryptic infiltra- 
tion with CD8+ cells in the present study again indicates 
that the crypts are an early target for both alloantigen- 
independent (syngeneic grafts) and alloantigen-depen- 
dent destruction. How these infiltrating cells damage 
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the enterocytes is not clear. However, in several suspect- 
ed immune-mediated small intestinal disorders, crypt 
hyperplasia and villus atrophy are observed. It has 
been shown recently that activated macrophages can di- 
rectly inhibit the proliferation of rat intestinal epithelial 
cells. Mediators produced by macrophages may be in- 
volved, and both nitric oxide and TNFa have been 
shown to be involved in this cytostatic effect [ll]. Eosi- 
nophils and mast cells were observed in the allografts 
also. These cells are found in inflammatory diseases of 
the bowel, such as celiac disease [14] and Crohn's dis- 
ease [6]. Their possible contribution to CR in our model 
is intriguing, and deserves further study. In the muscle 
layer of allografts, significant infiltration with macro- 
phages (both ED-1' and ED-2') was seen. These cells 
may contribute to the thickening of the muscle wall ob- 
served, and to the loss of contractile activity - as others 
report [15] - by secreting cytokines and by activating 
the myocytes and cells in the myenteric plexus to pro- 
duce cytokines, which may exacerbate the process. 
B lymphocytes and NK cells did not appear to be in- 
volved in the development of chronic rejection: There 
was no significant difference in the numbers of OX-33' 
B cells and 3.2.3' NK cells in the different groups. This 
is in contrast to the findings by Bauer and co-workers 
who observed a complete loss of B cells in the rnucosa 
[9] and an increase of NK cells [28] of chronically reject- 
ing small bowel grafts. 

Histological changes in the graft were accompanied 
by loss of graft function. Although we found no statisti- 
cally significant differences in growth between iso- and 
allografts, serum albumin was significantly lower in the 
group treated with short-term CsA. Serum albumin is 
an important nutritional parameter and lowered serum 
levels indicate that the small bowel graft was unable to 
digest normally and/or absorb nutrients. The lactulose- 
mannitol test is a widely accepted method to test intes- 
tinal permeability [29]. Lactulose is normally not ab- 
sorbed by the intestinal mucosa but under pathologic 
conditions, it transfers paracellularly and is subsequent- 
ly secreted in the urine. Mannitol is normally absorbed 
transcellularly and excreted in the urine. Under patho- 
logic conditions its absorption is impaired, and its excre- 
tion diminished. The urinary excretion ratio therefore is 

a sensitive measure for mucosal integrity. In our model, 
lactulose-mannitol ratio was significantly increased in 
sCsA-treated allografts, which indicates a compromised 
epithelial integrity with transcellular leakage. In addi- 
tion, we hypothesise that the loss of goblet cells, which 
produce the constituents of the overlying mucus layer, 
results in loss of this layer. Although the role of mucus 
is not fully understood, there is increasing evidence 
that both glycoproteins and trefoil peptides present in 
mucus play a role in mucosal repair after injury [5].  
The loss of integrity of the epithelium, together with 
the loss of goblet cells may contribute to the progression 
of mucosal atrophy by further impairing its capability to 
respond to injury. 

Although it is known that CsA has a profound effect 
on small bowel function even in normal animals [26], 
the changes we found seem not attributable to CsA toxi- 
city, since function and morphology of isografts treated 
with CsA was normal. 

Long-term CsA treatment delayed the development 
of CR somewhat. At 50 days posttransplant, 67% of 
the lCsA group had very mild CR and none had moder- 
ate CR. In the sCsA group this was reversed. However, 
100 days posttransplant (ie, 50 days without CsA in the 
lCsA group and 93 days in the sCsA group) this differ- 
ence had disappeared. Nonetheless, the mucosal integri- 
ty in the sCsA allografts, as defined by lactulose/manni- 
to1 excretion, further deteriorated by day 100, compared 
to the allografts treated with long-term CsA. 

These findings show we have developed two rat mod- 
els in which CR develops in a reproducible manner. His- 
tological and inflammatory changes are accompanied by 
loss of function only in short-term CsA treated animals. 
Clinical signs of CR were not present at the time points 
studied, representing subclinical CR. Long-term CsA 
treatment delays the development of CR, but is unable 
to prevent it. Further studies using this model are cur- 
rently done to determine the role of growth factors in 
the pathophysiology of CR following intestinal trans- 
plantation. 
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