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Migration of host and donor Tcells 
in small bowel transplantation 

Abstract In this study migration of 
host and donor CD4+ and CD8 + T 
cells in a fully allogeneic model was 
described and compared with the 
migration pattern in a graft-versus- 
host reaction (GVHR) model, 
where the T-cell traffic in the graft 
served as a physiological control. 
Heterotopic small bowel transplan- 
tations were performed in a rat 
model, with animals being sacrificed 
on postoperative days (POD) 2,3,4, 
5 ,  and 7. Graft and host mesenteric 
lymph nodes were harvested, ho- 
mogenized, and stained with mono- 
clonal antibodies against MHC class 
I, CD4 * , and CD8 + antigens. The 
host and donor T cell migration pat- 
terns were studied using a double- 
staining flow cytometric technique. 

We found that during the develop- 
ment of rejection, the normal physi- 
ological circulation of graft and host 
T cells was disrupted. In the graft of 
the allogeneic model, a shift from 
host cell to graft cell dominance oc- 
curred on POD 3-4. This change in 
migration pattern coincided in the 
host with a 6 % peak in graft cell in- 
filtration, which disappeared on 
POD 7. These patterns of T-cell mi- 
gration may be further explored for 
diagnostic purposes. 
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Introduction 

The small intestinal transplant contains a large and fully 
competent lymphoid compartment, the gut-associated 
lymphoid tissue (GALT). As in bone marrow transplan- 
tation, the transplanted small bowel is both a target for 
rejection and a platform for graft-versus-host disease. 
Difficulties in controlling these reactions have severely 
hampered the development of clinical small bowel 
transplantation. Although extensively studied, the cellu- 
lar basis for immune responses in organ transplantation, 
i. e., rejection, graft-versus-host reaction (GVHR), and 
graft tolerance, remains only partially understood. 

As a rule, in solid organ allografts, most lympho- 
cytes will be of host origin, and their presence is used 
diagnostically as a sign of rejection. However, this diag- 
nostic method is not applicable to the intestinal al- 

lograft since lymphoid cells may be of either host or 
donor origin. This is another reason why it is important 
to understand lymphocyte trafficking in intestinal allo- 
grafts and to determine whether there are distinct pat- 
terns of lymphocyte migration that precede graft rejec- 
tion. 

Several experimental studies have been conducted to 
identify the lymphocyte infiltration patterns in small bo- 
wel transplantation [l-7, 11-13, 16, 171. These studies 
have focused on elucidating mechanisms leading to re- 
jection and GVHR. Such information may be used for 
therapeutic as well as diagnostic purposes. Earlier stud- 
ies have reported heavy infiltration of host cells in the 
untreated intestinal transplant during the 1st postopera- 
tive days prior to rejection [3,4]. Even under immuno- 
suppressive treatment, graft lymphocytes will eventu- 
ally be replaced by lymphoid cells of host origin in the 
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tolerized transplanted organ [6]. Therefore, finding host 
lymphocytes in the intestinal allograft may not, by itself, 
preclude survival of the allograft. Studies of cell pheno- 
types have indicated that the majority of cells in the 
graft mucosa during rejection are macrophages and 
that only small numbers of T cells are present [3, 41. 
However, in organ transplantation, the T lymphocytes 
have been held responsible for allograft recognition 
and for playing a decisive role as mediators of rejection 
and GVHR and in the development of tolerance. Pri- 
marily, the CD4' T helper cells have been found to re- 
act to alloantigen and to develop into effector T cells, in- 
ducing cytotoxic T lymphocyte (CTL) and delayed type 
hypersensitivity (DTH) responses against the trans- 
planted tissue [14]. 

A shortcoming of earlier studies of cellular migration 
patterns has been the lack of techniques to simulta- 
neously identify type (e. g., CD 4 +  T cell, B cell) and or- 
igin (host or donor) of the cells [4]. Recently, several 
double-staining techniques have been introduced that 
allow a more detailed analysis of both phenotype and 
haplotype of all cells that may be involved in rejection 
and GVHR in small bowel transplantation [16]. 

The aim of the present study was to analyze the mi- 
gration of host and donor T lymphocytes following 
small bowel transplantation. We compared the "physio- 
logical" T-cell traffic in the graft of a semiallogeneic, 
GVHR model with that of a fully allogeneic transplant 
model. The patterns of migration of both CD4+ and 
CD8' T-cells were recorded and evaluated in relation 
to graft rejection and GVHR. 

Materials and methods 

Animals 

Inbred PVG and DA rats with MHC class I antigen haplotype 
RT1A" and RTlA", respectively, as well as (PVG x DA) F, hybrids, 
weighing 150-200 g at the time of surgery, were used. The animals 
were purchased from B&K (Stockholm, Sweden) and conditioned 
for at least 1 week before the experiments. They were kept under 
standardized conditions and provided with water and standard pel- 
lets ad libitum. 

Both national and European guidelines for animal experiments 
were adhered to. The Local Ethics Committee approved the exper- 
iments. 

Fig.1 A-D Construction of the sleeve anastomosis. The receiving 
vessel has to be of the same size or bigger than the feeding vessel. 
The two vessels that are to be anastomosed are dissected free, 
clamped, dilated, and irrigated with heparinized normal saline: 
A Two sutures, at a distance of 180 degrees, are passed the adventia 
of the feeding vessel and than passed from inside out through the 
receiving vessel; B The sutures are tied and the feeding vessel 
stump is folded and pointed toward the surgeon; C The feeding 
vessel is then tucked into the receiving vessel; D Another two su- 
tures are passed to avoid leakage 

ture. The intestinal graft was kept on iced, normal saline until trans- 
plantation (i.e., 30-40 min). The warm ischemia time was of the 
same magnitude. The left renal vessels of the recipient were dis- 
sected free and anastomosed to the donor superior mesenteric 
artery and portal vein using a microsurgical technique previously 
described by Lauritzen in 1978 [9] and modified to suit the present 
small bowel transplantation model (Fig. 1). The oral end of the in- 
testinal graft was closed with a ligature, while the aboral part of the 
transplant was anastomosed to the native distal ileum in an end-to- 
side fashion, as described by Preissner et al. [15]. The native ileum 
remained unresected. The rate of technical failures (postoperative 
bleeding, aspiration pneumonia) in the series was less than 15 %. 

Transplantation model 
Survival rates and macroscopic appearance 

The animals were anesthetized with 80 mg/ml chloral hydrate 
(0.4 m1/100 mg body weight) given intraperitoneally (i. p.). Hetero- 
topic, vascularized small intestinal transplantation, common in 
studies of immune reactions, was carried out [3,4,10,17]. The donor 
small intestine was harvested on a pedicle of the superior mesen- 
teric artery and portal vein. The vascular bed was immediately 
flushed with heparinized saline at room temperature, while the 
intestinal lumen was flushed with normal saline at room tempera- 

A preliminary study of small bowel transplantations was per- 
formed to establish that the combinations of rat strains chosen 
were fully incompatible. The mortality rates after small bowel 
transplantation in syngeneic (DA-to-DA) and allogeneic (PVG- 
to-DA) models were determined. We also studied the survival 
rates in a group of allografted animals given cyclosporin (Sandim- 
mun; Sandoz, Basel, Switzerland), 15 mg/kg body weight per day, 
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Table 1 Clinical outcome of allogeneic and syngeneic small bowel 
transplantations (SBT) in the pilot study of the rat model. The 
GVHR diagnosis was determined by macroscopic examination of 
the animals (skin rash on palms, soles, and/or ears, sometimes ery- 
throderma, general malaise) and simultaneous lack of signs of re- 

jection. Acute rejection was diagnosed by inspection of the trans- 
planted intestines (signs of acute inflammation). (Group, mode of 
transplantation, CyA, cyclosporine A, n, number of transplanted 
animals) 

Group CyA treatment n Survival (days) 

Died of rejection GVHR 

PVG x DA SBT None 3 4,6, 8“ 

DA x DA SBT None 4 > 4 0 x 4  
PVG x DA SBT 15 mg/kg b. w. 8 > 40 6”, 6”, 21“, 35” 7 , 7 , 8  

” Animals sacrificed because of diseased state 

dissolved in 1 ml Intralipid (Pharmacia, Uppsala, Sweden) by oral 
gavage for 30days. The diagnosis of rejection and GVHR was 
based on clinical grounds and macroscopic appearance on autopsy. 
Distention of the graft, thickening and redness of the intestinal 
wall, as well as swelling and even necrosis of mesenteric lymph 
nodes were regarded as signs of acute rejection. GVHR was char- 
acterized by the presence of general malaise and redness of ears, 
nose, and paws (81. All rats that died on or before the 3rd postoper- 
ative day (POD) were regarded as technical failures and excluded 
from the study. 

Experimental groups 

Fully allogeneic transplantations were performed using PVG rats 
as donors and DA rats as recipients. The animals were sacrificed 
on POD 2 (n  = 4),3 (n = 2) ,4(n = 2),5 (n = 2),and 7 (n = 3). 

A semiallogeneic, GVHR model was established by using PVG 
rats as donors and (PVG x DA) F1 hybrids as recipients. In this 
transplantation model, host T cells will not recognize the graft as 
non-self and, therefore, no rejection will occur. Thus, the host cell 
infiltration of the graft will not be due to allorecognition and an in- 
compatible MHC phenotype but rather to the normal physiologi- 
cal circulation of lymphocytes following transplantation [l]. The 
semiallogeneic model was regarded as a “physiological”, or non- 
rejectional, control to the model of full rejection. These rats were 
sacrificed on POD 2 (rz = 3) and 7 (n = 3). 

Analysis of haplotype, phenotype, and distribution 
of CD4 + and CD8 + T cells 

Host and graft small bowel were excised. Specimens of graft and 
host mesenteric lymph nodes (MLN) were collected and single 
cell suspensions of lymphocytes were prepared. Phenotypic anal- 
ysis using a fluorescence-activated cell sorter (FACS; Becton 
Dickinson, Martin View, Calif., USA) was performed. Mesenteric 
node lymphocytes were labeled with monoclonal antibodies di- 
rected against the MHC class I antigens RTlA” and RTIA‘, re- 
spectively, as well as with antibodies against the CD4+ and 
CD8’ T cell markers (Serotec). Live gates were set on lympho- 
cytes by forward and side scatter. The representation of graft 
and host-derived CD4 + and CD8 + T cells was presented on dot 

The percentage of CD4 + and CD8 + T cells of graft or host or- 
igin out of the total number of CD4 + or CD8 + cells was calculated 
from the frequencies determined by dot plot analysis of donor and 
recipient MLN. In the allogeneic model, the analysis was straight- 
forward, but in the GVHR model, the following calculation had 

plots. 

to be performed. The host (PVG X DA) CD4 + and CD8 + T-cells 
were recognized by the RTIA” antigen. The percentage of graft 
cells (i. e., PVG, MHC class I antigen RTIA‘) was calculated using 
the formula 100 - the percentage of host (RTIAa) CD4+ or 
CD8+ T cells. The means of the calculations were plotted on line 
graphs to visualize the different migration patterns in the fully allo- 
geneic and GVHR models. 

The ratio of graft T cells to host T cells (both CD4 + and CD8 + 

cells) in the graft MLN on POD 2 and 7 was used to statistically an- 
alyze the differences in host cell infiltration between the rejectio- 
nal (n  = 4) and the physiological (n = 3) models. 

The ratio of CD4’ to CD8 + T cells was determined by the for- 
mula percentage of CD4 + /percentage of CD8’ cells. The ratios 
for the rejectional, graft (n = 4), and host (n  = 4) T cells, physiolog- 
ical, graft (n = 3), and host (n = 3) T cells, and the graft-versus-host 
reactional, graft (n  = 3), and host (n = 2) T cell models were com- 
pared for the specimens from POD 2 and 7. 

Nomenclature 

In this study, the graft of the allogeneic model was regarded as the 
rejectional model. The graft of the GVHR transplant combination 
was regarded as the nonrejectional or physiological model, while 
the host was regarded as the GVHR model. 

Statistical analysis 

The T-cell migration was defined as the percentage of graft or host 
CD4+ and CD8+ T cells out of the total number of CD4+ or 
CD8 + T cells and is given as mean f SEM. The ratio of graft to 
host T cells was analyzed using the Wilcoxon signed rank test. An 
analysis of variance (Anova, Statview) was applied to the ratio of 
CD4 + to CD8 + T cells. In all analyses, a P level below 0.05 was re- 
garded as a statistically significant difference. 

Results 

Survival rates in the pilot study 

All animals in the syngeneic group, none in the group 
without cyclosporin therapy, and only one of eight allo- 
grafted and cyclosporin-treated animals survived (Ta- 
ble l), confirming the high incompatibility of the do- 
nodrecipient combination. 
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Macroscopic appearance of small bowel transplants 
in the experimental groups 

On macroscopic observation, the allografted MLN 
showed signs of edema starting on POD 2. The acute in- 
flammation progressed to necrosis of the nodes on POD 
7. In contrast, the MLN of the host tissues and of the 
GVHR graft did not show any macroscopic signs of in- 
flammation. 

T-lymphocyte distribution in graft MLN 

In the MLN of the rejectional model, host cells consti- 
tuted 70% of the T-cell population during the first 3 
POD. Between POD 3 and 4, we observed a strong shift 
in the proportion of host and donor T cells, with a 90 YO 
graft cell predominance in the MLN. This redistribution 
between host and graft T cells lasted throughout the 
study period (Fig. 2). The shift to graft T-cell dominance 
occurred at the time when signs of rejection became 
macroscopically evident. In the non-rejectional model, 
90 9'0 of the CD4 + and 70 Yo-80 YO of the CD8 + cells 
on POD 2 as well as on POD 7 were of host origin 
(Fig. 3). Thus, in the non-rejectional situation, we did 
not observe any alteration in the graft/host T-cell ratio 
of the graft between POD 2 and 7. 

The differences in T-cell migration between the re- 
jectional and physiological models illustrated in Figs. 2 
and 3 were confirmed in the statistical analysis. The 
mean ratio of graft T cells to host T cells in the rejectio- 
nal model was 0.430 while the corresponding ratio in the 
physiological model was 0.399 on POD 2. In contrast, on 
POD 7 the corresponding numbers were 16.01 and 0.242 
( P  < 0.05). 

T-lymphocyte distribution in host MLN 

In the host MLN of the allogeneic model, more than 
95 YO of the T cells were of host origin (Fig.4). The T 
cells of donor origin made up 3 %  of the cells during 
the first 2 POD, with a slight increase to 6 % on POD 4. 
After this time graft lymphocytes decreased to less 
than 1 YO or were undetectable in the host. The peak fre- 
quency of graft lymphocytes in host MLN coincided 
with the shift in the T-cell distribution of the graft 
MLN and the time when acute rejection became mani- 
fest. In the host MLN of the GVHR model, the propor- 
tion of graft T cells was 10 YO-20 %, with a higher fre- 
quency of CD4' cells on POD 7 (Fig.5). 

Proportion of CD4 + versus CD8 + T cells 

Migration of host and donor CD4 + and CD8 + T cells 
followed the same pattern in the rejectional model. In 
the GVHR model, there was some variation in the 
CD4 + and CD8 + T-cell frequencies (Figs. 2-5). How- 
ever, no statistically significant differences were found 
between the ratio of CD4 to CD8 T-cell frequencies in 
the rejectional, physiological or GVHR model on POD 
2 and 7. The means of the ratios ranged from 2.0 to 4.8 
on POD 2 and from 2.7 to 5.6 on POD 7. 

Discussion 

Rejection and GVHR are still major obstacles to suc- 
cessful clinical small bowel transplantation [18]. Al- 
though the central role of T-cells has been identified in 
allogeneic reactions, the exact mechanisms leading to 
graft survival are not completely understood. The pre- 
sent study of CD4 + and CD8 + T-cell migration in graft 
and host MLN during the 1st postoperative week in a 
fully allogeneic and a GVHR model attempted to de- 
scribe the cellular mechanisms behind rejection. We 
found that during the first 3 POD, the migration pattern 
of host and donor T cells in the graft MLN, character- 
ized by complete dominance of host cells, was similar 
in the rejectional and physiological models. In contrast, 
starting on POD 4, there was a dramatic decline in the 
proportion of host cells in the rejecting graft that was 
not seen in the physiological model (Figs. 2,3). This dif- 
ference in T-cell migration pattern was shown to be sta- 
tistically significant. 

Our results are at variance with studies by Ingham 
Clark et al. [4, 71, who found a high proportion of host 
cells in graft MLN of the allogeneic model throughout 
the 7 POD period. One possible explanation for the dif- 
ference in outcome between the two studies may be that 
whereas we focused on CD4' and CD8+ T cells, they 
did not distinguish between T cells and other mononu- 
clear cells of host origin. We used double-staining tech- 
niques, detecting the phenotype as well as whether the 
lymphocytes were of host or graft origin. The present 
study determined the frequencies of CD4+ and CD8+ 
T cells and did not establish absolute numbers of infil- 
trating cells. Hell et al. [3] demonstrated that the total 
number of T cells in the allograft declined at the end of 
the 1st postoperative week, while there was an increase 
in the number of macrophages. 

In the present study, the difference in host MLN mi- 
gration between the allogeneic and the GVHR model 
was that, in the latter 10 %-20 % of the T cells in host 
MLN were of graft origin compared to the very few cells 
- nearly 0 % on POD 7 - in the allogeneic model. There 
was also an increase in the frequency of graft-derived 
CD4+ T-cells o n  POD 7 as compared to POD 2 in the 
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Fig.2 Pattern of T-cell traffic in graft MLN of the allogeneic model 
during the 1st postoperative week with percentage of graft or host 
CD4+ and CD8+ cells out of the total number of CD4+ and 
CD8' T cells in the MLN;+ graft CD4+; + graft CD8+; + host CD4 +; x host CD8 + 

Fig.3 Pattern of T-cell traffic in graft MLN of the GVHR model 
during the 1st postoperative week with percentage of graft or host 
CD4+ and CD8+ cells out of the total number of CD4+ and 
CD8 + T cells in the MLN; + graft CD4+; + graft CD8 +; 
0 host CD4 +; x host CD8 + 

Fig.4 Pattern of graft T-cell traffic in host MLN of the allogeneic 
model during the 1st postoperative week with percentage of graft 
CD4' and CD8+ cells out of the total number of CD4+ and 
CD8+ T-cells in the MLN; + graft CD4+; + graft CD8+ 

Fig.5 Pattern of graft T-cell traffic in host MLN of the CVHR 
model during the 1st postoperative week with percentage of graft 
CD4+ and CD8+ cells out of the total number of CD4+ and 
CD8+ T-cells in the MLN; + graft CD4 +; + graft CD8+ 
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GVHR model (Figs.4, 5) .  Our data on T-cell migration 
patterns of host MLN, both in the allogeneic and 
GVHR models, were more in line with the results of 
other investigators [ll, 13,161. 

The dramatic shift in the graft MLN from host to graft 
T-cell predominance, as well as the disappearance of 
graft cells from the host in the allogeneic model of our 
study, may be used as a diagnostic tool of graft rejection. 
Fine needle aspiration of lymph nodes and sampling of 
peripheral blood to look for the migration patterns of 
graft lymphocytes in the host have been advocated as re- 
alistic means of diagnosing rejection. We are currently 
attempting to develop double-staining techniques for 
immunohistochemical analysis of cell trafficking into 
the intestinal mucosa. Via endoscopy, specimens for 
such an analysis can easily be obtained from the trans- 
planted small bowel, making it possible to establish whe- 
ther this particular migration of T cells into the trans- 
plant can be used as a diagnostic tool of rejection. 

In the fully allogeneic model, both CD4 + and CD8 + 

T cells followed similar migration patterns throughout 
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the study. The ratio of CD4' to CD8+ T-cells ranged 
from 2.0 to 5.6, and no particular pattern was observed 
when comparing rejectional, physiological, and GVHR 
models on POD 2 and 7. This may indicate that CD4' 
and CD8' T cells are both involved in the rejectional 
process. At some variance with this result, Webster 
et al. [16], using flow cytometric studies of lymphocytes 
in peripheral blood of allogeneically transplanted rats, 
observed a decrease in the graft CD4' to CDS+ T-cell 
ratio from POD 1 to POD 5. 

In conclusion, this study has shown that during the 
development of rejection, the normal physiological mi- 

gration of graft and host T cells was disrupted. We found 
that preceding rejection, a shift from host to graft T-cell 
dominance in the grafted tissues coincided with a peak 
in graft T-cell infiltration of the host on POD 4. These 
patterns of T-cell migration may be further explored 
for diagnostic purposes. 
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