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Abstract Spontaneous tolerance 
induction after liver transplantation 
also supports additional transplants, 
e. g. a small bowel graft, from the 
same donor (tolerogenic effect). 
Chimerism serves as a possible ex- 
planation of this phenomenon. Iso- 
lated liver (LTx) and combined liv- 
erlsmall bowel transplantation 
(LSBTx) are compared. LSBTx and 
LTx were performed in the BN -+ 
LEW rat strain combination without 
immunosuppression. Parenchymal 
damage during rejection was moni- 
tored by sequential standard histol- 
ogy. Donorhecipient populations 
were identified and further differ- 
entiated for immunhistochemical 
single and double staining. A small 
number of donor specific leukocytes 
can be detected on all days in host 
organs (microchimerism). A signifi- 
cantly larger donor leukocyte popu- 

Introduction 

Rejection of transplants appears to be ameliorated by 
simultaneous liver transplantation from the same donor 
[lo, 161. Even very immunogenic small bowel grafts 
benefit from this tolerogenic effect of a liver allograft 
[6]. The exact mechanism of tolerance induction and 
the origins of the tolerogenic effect remain unknown, 
but persistence of donor leukocytes in host peripheral 
organs (chimerism) is debated as a possible cause [14]. 
We investigated the role of chimerism in host peripheral 
organs and liver allografts during rejection and toler- 
ance after isolated liver transplantation (LTx) and com- 
bined liver/small bowel transplantation (LSBTx). The 

lation survives long-term in the si- 
nusoids of liver (graft chimerism). 
Sinusoidal donor leukocytes survive 
rejection and recover in number af- 
ter tolerance induction. Rejection of 
liver allografts and infiltration by 
host leukocytes are more pro- 
nounced after LSBTx than after 
LTx. Accordingly, during rejection a 
steeper decline of sinusoidal donor 
leukocytes is observed after LSBTx 
and recovery after tolerance induc- 
tion is not as marked. Microchimer- 
ism apparently plays no significant 
role in either transplantation model. 
The number of sinusoidal donor 
leukocytes, however, mirrors closely 
host immune responses. 
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aim of this study was to follow the development of do- 
norfrecipient leukocyte populations in host organs and 
liver grafts and to correlate the findings to the rejection 
response after LTx and LSBTx. 

~ 

Materials and methods 
LSBTx and LTx were performed in allogeneic Brown Norway 
(BN) +Lewis (LEW) and syngeneic LEW + LEW rat strain com- 
binations following previously published methods [3,5]: donor in- 
testinal grafts were placed heterotopically. Recipient intestines 
maintained physiological location and function. Liver grafts were 
arterialized and portal venous drainage of small bowel grafts was 
left unaltered. Heterotopic heart transplantion from either BN or 
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Fig. 1 Development of donor 
and recipient sinusoidal leuko- 
cyte populations after allo- 
geneic liver transplantation 
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Dark Agouti (DA) donors + 70 days after LSBTx was performed 
to verify tolerance induction. 

Animals received no immunosuppressive treatment and were 
killed on days + 7, + 14. + 28 and + 100. Transplants and recipient 
spleens were fixed in buffered formalin and paraffin sections were 
stained with hematoxylin and eosin (H&E) following standard 
protocols. H&E histology sections were evaluated according to in- 
ternational criteria for monitoring of rejection of human liver 
grafts (21 modified for application to rat liver transplants. Frozen 
sections of the same organs were required for immunhistochemical 
staining following previously published protocols [7]. Mabs 0x27 
(BN-specific, Serotec, UK) and NDS60 (LEW-specific. Dallman 
MJ, UK) served to identify donor and recipient populations. Eval- 
uation was performed by counting + cells/mm2 tissue section. Fur- 
ther differentiation of donor cell populations + 100 days after 
LSBTx was achieved by using a double staining technique involv- 
ing two primary antibodies: 0x62 (dendritic cells), ED2 (Kupffer 
cells) and RT73 (a//?-T-cells), respectively (Serotec) were com- 
bined with mAb 0x27. The first primary mAb was processed fol- 
lowing the same protocol as for single staining (see above). The 
second primary mAb was first incubated with linked solution 
(Biotin-conjugated F(ab’)-fragment-IgG, donkey-anti-mouse, 
Jackson Immuno Research, USA] and consequently with label-so- 
lution (alkaline phosphatase-linked streptavidin, Super Sensitive 
Detection Kit, Bio Genex, USA). Signal convertion was achieved 
using Fast-red substance (Bio Genex). 

- 

ReSUb 

Eighty percent of recipients after LTx survive long-term 
and develop graft tolerance, while this holds true for 
only 70 O/O of animals after LSBTx. Tolerance is verified 
by rejection of third party hearts (DA) and acceptance 
without rejection of donor specific cardiac allografts 
(BN) transplanted heterotopically + 70 days after 
LSBTx. Animals after LTx do significantly better on 
clinical presentation (e. g. increase in body weight) than 
their counterparts after LSBTx. Transient rejection of 
liver allografts based on H&E histology is considerably 
more pronounced and prolonged after LSBTx. Infiltra- 
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tion of liver grafts by host cells (NDS60 + ) after LSBTx 
occurs on a larger scale during rejection and decrease of 
the infiltration in the late stages of rejection is much 
slower (see Figs. 1 and 2). Size of donor leukocyte popu- 
lations (0x27 + ) in the liver grafts correspondingly de- 
crease further after LSBTx than after LTx (see Figs.1 
and 2). At the end of rejection, portal areas of the liver 
allografts after LTx and LSBTx are almost completely 
depleted of donor leukocytes while the development of 
sinusoidal donor leukocyte populations takes a different 
course: depletion of sinusoidal donor cells on the height 
of rejection is incomplete. This population even increas- 
es again after tolerance induction. This process eventu- 
ally leads to the point where + 100 days after LTx donor 
leukocytes represent the majority of the sinusoidal leu- 
kocyte population. Sinusoidal donor cells after LSBTx 
also recover after tolerance induction but not as pro- 
foundly. Further differentiation of sinusoidal donor 
populations + 100 days after LSBTx based on immun- 
histochemical double staining shows that the majority 
of sinusoidal donor leukocytes are Kupffer cells. How- 
ever, donor dendritic cells and T-cells also survive long- 
term in the sinusoidal environment (data not shown). 

Frozen sections from host spleens are used to detect 
donor cells (0x27 + ) in the host organism (microchi- 
merism). Results show that donor cell populations in pe- 
ripheral host organs are minute as compared to sinusoi- 
dal donor populations (between 0.25 and 0.02 cells/ 
mm2). Development of this population shows no signifi- 
cant changes during transient rejection and tolerance in- 
duction. 

Persistence of donor leukocytes in the host organism 
(microchimerism) is frequently observed after organ 
transplantation [ f 41. The importance of microchimer- 
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-2 Development of donor 
and recipient sinusoidal leuka- 
cyte populations after &lo- 
geneic combined liver small 
bowel transplantation (LSBTx) 

is00 

1400 

1200 

loo0 

800 

600 

400 

200 

0 
Day +7 

ism for organ engraftment is still debated [15,17]. Re- 
jection of transplants has been reported despite estab- 
lished chimerism [8, 11, 121. 'kansplants on the other 
hand are accepted without detectable chimerism [l, 4, 
131. These reports have cast some doubt on the indis- 
pensability of microchimerism for organ engraftment. 
In out study, microchimerism could be detected on all 
days in long-term survivors after L'Ik and LSBTx. There 
was neither a significant difference between LTx and 
LSB'Ik nor was there any correlation between microchi- 
mefism and the immune status of the host: the number 
of cells underwent no sigmficant changes during rejec- 
tion and tolerance induction. 

Contrary to these findings, a large number of donor 
leukocytes survived long term in the sinusoids of the liv- 
er grafts. This contradicts previous publications, which 
claimed a complete exchange of donor leukocytes by 
host cells (191. There was also a striking correlation be- 
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tween the status of the host immune system and the de- 
velopment of this population. The stronger and pro- 
longed rejection response after LSBTx was mirrored by 
a sharper decline and a slower recovery of the donor 
population after tolerance induction. 

These findings open a wide range of new experimen- 
tal approaches to liver transplantation. A resident sinu- 
soidal leukocyte population which is able to survive re- 
jection by the host immune system holds the potential 
for manipulation in vivo before explantation or in vitro 
after explantation prior to transplantation. Manipula- 
tion may include, e. g. confrontation with recipient anti- 
gen in general or the host immune system, in particular 
before transplanting the liver graft. 

The results justify an intensified investigation of chi- 
merism in liver grafts. Microchimerism on the other 
hand seems to play a minor role for tolerance induction 
after LSBTx. 
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