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SUMMARY

 

In experimental animals inhibition of T cell co-stimulation immediately after organ transplantation
effectively prevents rejection. We investigated whether the expression of co-stimulatory molecules is
enhanced in cadaveric liver transplants, whether their expression is influenced by the transplantation
procedure, and whether variation in expression between liver transplants is related to the occurrence of
acute rejection. Expression of CD80, CD86 and the macrophage marker CD68 were determined by
immunohistochemistry in biopsies from 40 clinical liver transplants obtained at different time-points
during the transplantation procedure, and in normal liver tissue obtained from 10 human livers. Expres-
sion of CD80 and CD86 on Kupffer cells was graded by comparison with CD68-staining. In a subgroup
CD80 and CD86 mRNA was quantified by real-time detection polymerase chain reaction. CD86 was
expressed in all liver transplants and normal livers on the majority of Kupffer cells. CD80 was absent or
sporadically expressed in normal liver tissue, but in 18 of 40 liver transplants at least one-quarter of
Kupffer cells expressed CD80. CD80- and CD86-mRNA and protein expression in liver transplants did
not change during the warm ischaemic and reperfusion phases of the transplantation procedure. CD80-
expression on Kupffer cells varied strongly between individual donor livers; this variation was, however,
not significantly related to the occurrence of acute rejection after transplantation. In conclusion, in
nearly half of cold-preserved cadaveric liver transplants an increased proportion of Kupffer cells
express CD80 at the time of transplantation in comparison with normal liver tissue. The expression was
not further induced by warm ischaemia and reperfusion. However, the observed variation in CD80-
expression between liver transplants is not a accurate predictive measure for acute rejection.
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INTRODUCTION

 

Standardized immunosuppressive regimens after liver transplan-
tation are associated with increased risk of postoperative infec-
tions. If acute rejection could be predicted during or shortly
after transplantation, individualized immunosuppressive therapy
might become possible. However, accurate predictive risk factors
have not been identified until now. The effect of HLA-mismatch-
ing on acute rejection after liver transplantation is unclear: the
extents of MHC class I or II mismatching between donor and
recipient have been reported to be either slightly [1], not [2,3], or
even inversely [4] related to the occurrence of acute rejection.

Genetic polymorphisms in cytokine genes are related to rejection
of liver grafts [5,6], but do not provide enough predictive accuracy
to be used as a basis for patient-specific immunosuppression. The
same holds true for factors regarding the donor liver which are
related to acute rejection, namely the age of the donor and cold
ischaemic storage time of the liver-transplant [4].

Acute rejection is a T cell-mediated inflammatory response
to donor antigen. Activation of T cells requires, in addition to
the interaction between the T cell receptor (TCR) and the
MHC-complex on the antigen-presenting cell (APC), a second
signal, which is provided through co-stimulatory pairs of mole-
cules. The main co-stimulatory signals for the activation of T
cells are delivered by binding of CD28 on the T cell to CD80
(B7-1) or CD86 (B7-2) on the APC. Blocking of this interac-
tion by treatment with cytotoxic T lymphocyte-associated anti-
gen 4 (CTLA-4) Ig or anti-B7 antibodies leads to prolonged or
permanent rejection-free survival of allogeneic organ allografts,
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including liver, in rodents [7,8]. Because this co-stimulatory sig-
nal, in contrast to TCR-signalling, is not suppressed by cal-
cineurin inhibitors [9,10], it is probably fully functional in the
clinical transplant setting.

Nothing is known about expression of co-stimulatory mole-
cules in clinical liver grafts. In general, CD86 is expressed consti-
tutively on APC, but CD80 only on activated APC [11]. Murine
Kupffer cells express CD86, but not CD80 [12,13]. In normal
human liver tissue few Kupffer cells were found to express CD80
and CD86, but both molecules were strongly induced on Kupffer
cells during fulminant hepatic failure and hepatitis C infection
[14,15].

Given the importance of these molecules in initiation of
allograft rejection, we studied the expression of CD80 and
CD86 in clinical liver transplants. Three specific questions were
addressed: (1) whether expression of these molecules in cadav-
eric donor livers is increased in comparison with normal liver
tissue. Cadaveric organ-grafts may be in an immunologically
activated state due to the effects of brain death [16,17], endot-
oxin absorption from the gut [18,19], and ischaemic storage.
(2) Whether expression of these molecules is affected by the
transplantation procedure, specifically by warm ischaemia and
reperfusion. In liver, the Kupffer cells in particular may
become activated by reperfusion after ischaemic storage
[20,21]. (3) Whether the extent of expression of these mole-
cules at the time of transplantation is related to acute rejec-
tion after transplantation.

 

MATERIALS AND METHODS

 

Patients

 

Forty liver transplant patients, from whom biopsies were obtained
during the transplantation procedure, were included retrospec-
tively in this study. Eighteen of these had experienced one or
more acute rejection-episodes after transplantation and 22 had
not. Acute rejection was defined as biopsy-proven rejection
(RAI-score 

 

≥

 

 6), occurring within 2 months after transplantation,
and responsive to treatment with methylprednisolone. Immuno-
suppressive therapy consisted of calcineurin inhibitor (either
cyclosporin A or tacrolimus) and low-dose methylprednisolone.
Eight patients in the rejector group and 12 in the non-rejector
group received anti-CD25 MoAb (Basiliximab, Novartis, Basle,
Switzerland) in addition to baseline immunosuppression.

 

Liver biopsies

 

During the transplantation procedure, wedge biopsies were
taken from the donor liver at the end of the cold ischaemic stor-
age, at the end of the warm ischaemic phase and 1 h after reper-
fusion. One part of the biopsies was processed for diagnosis of
ischaemia and reperfusion damage, and a second part was
embedded in Tissue Tek OCT Compound (Sakura Finetek,
Zoeterwoude, the Netherlands), frozen in a mixture of ethanol/
dry-ice, and stored at 

 

-

 

80

 

∞

 

C. The third part was immersed imme-
diately in RNA-lysis buffer (Qiagen, Hilden, Germany) and
stored at 

 

-

 

80

 

∞

 

C. Non-tumour-bearing liver-wedge biopsies
obtained from eight patients during the resection of hepatic
malignancies and two liver biopsies from patients undergoing
surgery for oesophagus carcinoma served as normal controls.
Needle biopsies from liver grafts obtained for diagnostic reasons
during episodes of acute rejection (RAI-score 6–7) after

transplantation were used to investigate expression of CD28 and
CD152 on infiltrating cells. The use of the tissues for research
purposes was approved by the local medical ethical committee
and patients had given informed consent.

 

Immunohistochemistry

 

Immunohistochemical detection was performed on 5-

 

m

 

m cryostat
sections. The slides were fixed in 4% paraformaldehyde/phos-
phate-buffered saline pH 7·3, fixed in staining chambers (Shan-
don, Amsterdam, the Netherlands), and incubated with 10%
normal rabbit serum (G

 

IBCO

 

 BRL Life Technologies, Breda, the
Netherlands) and 10% normal human plasma (NHP; Bloodbank
ZWN, Rotterdam, the Netherlands) in Tris-buffered saline (TBS)
pH 7·4. Thereafter, the slides were incubated overnight at 4

 

∞

 

C
with primary MoAb CD28 (BD Biosciences, Erembodegem, Bel-
gium), CD68 (clone PG-M1, DAKO, Glostrup, Denmark), CD80,
CD152 (Beckman Coulter, Mijdrecht, the Netherlands) or CD86
(BD Pharmingen, Heidelberg, Germany) in TBS pH 7·4 supple-
mented with 1% NHP. All stainings were performed in duplicate.
Primary antibodies CD68, CD80 and CD86 were detected with
rabbit-antimouse immunoglobulins (D) followed by alkaline-
phosphatase–anti-alkaline-phosphatase complex (APAAP,
Serotec, Oxford, UK). Primary antibodies CD28 and CD152 were
detected with biotinylated rabbit-antimouse F(ab

 

¢

 

)

 

2

 

 immunoglo-
bulins and alkaline-phosphatase-conjugated streptavidin (both
from Dako), after blocking endogenous biotin with Dako Biotin
Blocking System. Binding of antibodies was visualized by incuba-
tion in fast blue/naphtol-ASBI phosphate solution supplemented
with levamisole (all from Sigma-Aldrich Chemie, Steinheim,
Germany). Counterstaining was performed with nuclear fast red
(Fluka Chemie, Zw ndrecht, the Netherlands).

For immunohistochemical double-stainings endogenous per-
oxidase activity in sections was blocked by incubation in citric
acid/phosphate buffer-solution (pH 

 

=

 

 5·8) with 0·05% H

 

2

 

O

 

2 

 

and
0·2% NaN

 

3

 

 (15 min, 20

 

∞

 

C). CD80 MoAb were applied for 18 h at
4

 

∞

 

C and detected with rabbit-antimouse antibodies followed by
APAAP. Next the sections were incubated with 10% normal
mouse serum (Dako, 30 min, 20

 

∞

 

C) and thereafter with CD68-
FITC (clone PGM-1, Dako; 1 h, 20

 

∞

 

C), followed by rabbit-anti-
FITC-peroxidase (PO) (Dako). AP was visualized by fast blue/
ASBI phosphate substrate (blue) and PO with amino-ethyl-
carbazole (AEC; red).

Optimal dilutions of the primary MoAb were established by
titrating on tonsil tissue. On every slide used in the study, a tonsil
section was included as positive control tissue. For every liver
biopsy a negative control was performed by replacement of the
primary MoAb by an isotype-matched irrelevant MoAb (IgG

 

1

 

(Dako) or IgG

 

2a

 

 (CLB, Amsterdam, the Netherlands).

 

Analysis of immunohistochemical stainings

 

All stainings were performed in duplicate. The slides were exam-
ined blindly by two observers. In biopsies from 20 donor livers the
proportions of perivascular cells in portal fields expressing CD68,
CD80 or CD86 were semiquantified according to the following
grades: 0 

 

=

 

 no expression, 1 

 

=

 

 expression on 

 

<

 

25%, 2 

 

= 

 

on 

 

<

 

50%,
3 

 

=

 

 on 

 

<

 

75% and 4 

 

=

 

 expression on 75% to 100% of perivascular
cells. For each biopsy the mean expression grade in portal fields
was calculated from these scores. In all liver biopsies, the propor-
tions of Kupffer cells expressing CD80 or CD86 were semiquan-
tified by comparison with the CD68-staining on consecutive
sections according to the same grading system.

y-
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Quantitative real-time detection polymerase chain reaction 
(PCR)

 

After thawing, the pieces of liver biopsy were homogenized in
RNA lysis-buffer by using a small Potter pestle and by passing
the homogenate through an injection needle. Residual tissue
fragments were spun down and total RNA was extracted from
the supernatant using the Rneasy Midi kit (Qiagen), according
to the manufacturer’s protocol. RNA was dissolved in 50 

 

m

 

l
H

 

2

 

O and reverse transcribed in a volume of 120 

 

m

 

l using ran-
dom hexamers (Promega, Madison, WI, USA). The mRNA lev-
els of CD80, CD86 and housekeeping gene 

 

b

 

-actin were
measured by real-time detection PCR based upon Taqman
chemistry on an ABI PRISM 7700 Sequence Detector (Applied
Biosystems, Foster City, CA, USA). PCR products were
detected using dual-fluorescent non-extendable probes contain-
ing a 6-carboxyfluorescein (FAM) reporter and a TAMRA
quencher for all reactions, except for the 

 

b

 

-actin reaction in
which FAM was replaced by VIC. PCR-primers and probes
were designed using Primer Express software (Applied Biosys-
tems). Probes were chosen on the transition of two exons to
prevent detection of genomic DNA. For CD80 forward primer
5

 

¢

 

-TGGTGCTGGCTG GTCTTTC (nucleotides 443–461),
reverse primer 5

 

¢

 

-CTGTGCCACTTCTTTCACTTCC (nucle-
otides 495–515) and probe 5

 

¢

 

-CACTTCTGTTCAGGTGT
TATCCACGTGACCA (nucleotides 463–493; transition exon
2/exon 3) were used. CD86 was amplified using forward
primer 5

 

¢

 

-ACATTCTCTTTGTGATGGCCTTC  (nucleotides
161–183) and reverse primer 5

 

¢

 

-TGCAGTCTCATTGAA
ATAAGCTTGA (nucleotides 213–237) and detected with
probe 5

 

¢

 

-TGCTCTCTGGTGCTGCTACCTCTGAAGA (nucle-
otides 185–211; transition exon 3/exon 4). 

 

b

 

-Actin mRNA lev-
els were measured using predeveloped Taqman Assay Reagents
(Applied Biosystems). The CD80 and CD86 primer and probe
concentrations were optimized in experiments with cDNA of
an Epstein–Barr virus (EBV)-transformed B cell line with high
surface expression of CD80 and CD86. Duplicate reactions
were performed in 50 

 

m

 

l reaction mixtures containing 10 

 

m

 

l
cDNA and Taqman Universal Master Mix (Applied Biosytems)
supplemented with 45 pmoles (CD80) or 15 pmoles of each
primer (CD86) and 5 pmoles of probe. Samples were first
incubated for 2 min at 50

 

∞

 

C to enable AmpErase uracil N-
glycosylase, present in the Master Mix, to inactivate possible
contaminating PCR carryover products. Thereafter samples
were heated 10 min at 95

 

∞

 

C and amplified subsequently for 45
cycles of 15 s at 95

 

∞

 

C and 60 s at 60

 

∞

 

C. As a positive control a
serial dilution in water of cDNA from an EBV-transformed B
cell line with high surface expression of CD80 and CD86 was
used. All PCR reactions were performed with comparable effi-
ciencies. The relative expression levels of CD80 and CD86
mRNA were calculated using the comparative threshold cycle
(Ct) method [22]. Briefly, the mean of duplicate target PCR CT
values, i.e. the cycle number at which the emitted fluorescence
exceeds the 10 times standard deviation of baseline emissions as
measured between cycles 3–15, was normalized by subtracting
the mean CT value of 

 

b

 

-actin. The relative expression level
of CD80 and CD86 mRNA was calculated by the equation:
2

 

-

 

(Ct target 

 

- 

 

Ct 

 

b

 

-actin)

 

.

 

Statistical analysis

 

Differences between normal livers and liver transplants and
between the rejector and non-rejector groups were analysed by

the Mann–Whitney test. Differences in expression between
biopsies taken at different time-points from the same liver trans-
plants were tested by the Wilcoxon signed-ranks test.

 

RESULTS

 

Expression pattern of CD80 and CD86 protein in normal liver 
and clinical liver transplants

 

Normal liver tissue and the biopsies from 20 liver transplants
(10 of the rejector group and 10 of the non-rejector group)
were examined for CD80- and CD86-expression in portal areas.
CD80 was expressed in 7/20 (35%) and CD86 in 17/20 (85%) of
the liver transplants on perivascular cells within one or more
portal fields. This was similar to normal liver tissue: 3/8 normal
livers contained CD80-positive cells and 7/8 CD86-positive cells
in portal fields.

Biopsies from all 40 liver transplants and from normal livers
were examined for lobular CD80- and CD86-expression. Both in
liver transplants and normal liver tissue CD86 was expressed in a
pattern resembling that of the Kupffer cells in CD68-stainings
(Fig. 1a,b,d,e). In normal liver tissue (Fig. 1c) and in 22/40 donor
livers no or only few cells within the parenchyma were found to
express CD80. However, in 18/40 donor livers more extensive lob-
ular expression of CD80 was observed (Fig. 1f). Immunohis-
tochemical double-staining demonstrated that lobular CD80
expression in these livers was confined to CD68

 

+

 

-Kupffer cells
(Fig. 2).

 

CD80 and CD86 protein and mRNA expression does not change 
during the liver transplantation procedure

 

Expression of CD80 and CD86 on perivascular cells in portal
fields and on Kupffer cells was graded into five categories as
described in the Materials and methods section. Figure 3 shows
that the grades of portal and lobular expression of CD80 in all
three liver transplant biopsies was lower than those of CD86, and
that expression of both molecules was not enhanced during the
transplantation procedure. To investigate the effects of the trans-
plantation procedure on co-stimulatory gene transcription, CD80
and CD86 mRNA was quantified by real-time PCR in biopsies
taken from 19 donor livers at the end of the cold ischaemic stor-
age and at the end of the reperfusion phase. As is shown in
Table 1, the relative expression of CD86 mRNA in comparison to
the housekeeping gene 

 

b

 

-actin was about 10 times higher than
that of CD80-mRNA, in accordance with the difference in protein
expression. As for protein expression, there was no significant
change in the levels of both transcripts during the transplantation
procedure.

 

Part of clinical liver transplants have enhanced CD80 protein 
expression on Kupffer cells compared with normal liver tissue

 

To compare lobular expression of CD80 and CD86 between liver
transplants and normal liver tissue, mean grade of expression on
Kupffer cells for each donor liver was calculated from those found
in the three different biopsies, as the expression grades did not
change during the transplantation procedure. As shown in Fig. 4,
significantly higher proportions of Kupffer cells expressed CD80
in the liver transplants compared to normal liver tissue. In all nor-
mal livers the grade of lobular CD80 expression was 

 

£

 

1, while 18
of 40 donor livers showed expression on at least one-quarter of
Kupffer cells (

 

>

 

grade 1). In contrast, CD86 was expressed both in
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liver transplants and in normal liver on the majority of the
Kupffer cells.

To investigate whether this difference in CD80 protein
expression was due to increased CD80 transcription rate, relative
CD80 mRNA content was determined in normal liver tissue and
compared with that found in cold ischaemia biopsies from donor
livers. However, the relative CD80 mRNA contents of donor liver

biopsies (median 17; range: 3–100; 

 

n

 

 

 

=

 

 19) and those of normal
liver tissues (median 20; range: 5–28; 

 

n

 

 

 

=

 

 5) appeared to be similar
(

 

P 

 

=

 

 0·62).
As is shown in Table 2, the enhanced lobular CD80 protein

expression observed in 18 of 40 donor livers was not related to
donor age or sex, nor to the time of cold or warm ischaemic peri-
ods of the grafts

 

.

No relation between CD80 and CD86 expression in liver 
transplants and acute rejection

 

Eighteen of the liver transplants included in this study were
rejected after transplantation and 22 were not rejected. Grades of
CD80 and CD86 expression in portal fields and of lobular CD86
expression at the time of transplantation were similar in both
groups of liver transplants (data not shown). There was a ten-
dency to higher lobular CD80 expression in liver transplants
which were later on rejected (Fig. 5), but this did not reach sta-
tistical significancy. There were no significant differences in CD80
or CD86 relative mRNA contents between donor livers which
were rejected and which were not (data not shown).

 

Expression of B7 ligands on infiltrating cells during acute 
rejection

 

To investigate whether liver-graft infiltrating T cells are able to
receive stimulatory signals, the expression of CD28 and CD152
(CTLA-4) in eight liver transplant biopsies obtained during an
episode of acute rejection after transplantation was determined.
CD152 is expressed on activated T cells and is a second receptor
for CD80 and CD86, but unlike CD28 transmits an inhibitory

 

Fig. 1.

 

Cryostat sections of a normal human liver tissue (a–c) and cadaveric donor liver tissue (d–f) immunohistochemically stained for
CD86 (a,d), CD68 (b,e) or CD80 (c,f).

(a) (b) (c)

(d) (e) (f)

 

Fig. 2.

 

Immunohistochemical double-staining of CD68 (grey) and CD80
(black) on cadaveric donor liver tissue, demonstrating that CD80 is
expressed on Kupffer cells. (A colour version of Fig. 2 can be requested
from the corresponding author.)
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signal into the T cell [23,24]. CD28 was found to be expressed on
about three-quarters of cells in portal infiltrates. In contrast, less
than one-quarter of the cells in portal infiltrates expressed
CD152. Scattered throughout the liver parenchyma, CD28-
positive cells were observed, but almost no CD152-positive cells.

 

DISCUSSION

 

In this study we observed that nearly half of cadaveric liver trans-
plants had a higher proportion of Kupffer cells expressing the co-
stimulatory molecule CD80 compared with normal human liver
tissue. Almost no CD80-positive Kupffer cells were present in
normal liver tissue biopsies, whether these were derived from liv-
ers containing malignancies or from healthy livers from patients
with oesophagus carcinoma. The enhanced expression was
present at the end of cold ischaemia, suggesting that activation of
the Kupffer cells had occurred 

 

in situ

 

 in the organ donor or during
the cold ischaemic storage. Because there was no difference in
cold ischaemic storage times between the liver transplants with

enhanced lobular CD80 expression and those with low expres-
sion, we favour the possibility that CD80 expression was induced

 

in situ

 

 in the organ donor.
In contrast to the difference in proportions of Kupffer cells

expressing CD80, the relative levels of CD80 mRNA were not
enhanced in cold ischaemia biopsies of donor livers compared to
normal liver tissue. One should be cautious in interpreting this
result, as an indication that the increased CD80 protein expres-
sion on Kupffer cells in donor livers was not the result of
increased transcription. Probably CD80 mRNA was partly
degraded during the cold ischaemic storage of the donor livers
before the biopsies were taken. Moreover, part of the CD80
mRNA detected in normal liver tissues may have been derived
from CD80 positive cells in portal fields, which were present in
about one-third of normal livers.

The first factor that may have induced CD80 expression is
brain death. In rats, brain death has been shown to induce CD80
expression on interstitial macrophages and endothelium in kidney

 

Fig. 3.

 

Effect of the transplantation procedure on the expression of CD80
and CD86 in cadaveric donor liver. Expression of CD80 and CD86 was
graded in biopsies taken from human cadaveric liver transplants at the end
of the cold ischaemic storage (CI), at the end of the warm ischaemic period
(WI) and 1 h after reperfusion (RE). (a) Mean grade of expression (

 

±

 

 s.d.)
on perivascular cells in portal fields in biopsies from 20 donor livers. (b)
Mean grade of expression (

 

±

 

 s.d.) on Kupffer cells in biopsies from 40
donor livers. , CD80; 
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Table 1.

 

Effect of warm ischaemia and reperfusion on CD80 and CD86 
mRNA-expression in liver transplants

Molecule

Cold ischaemia
biopsies (

 

n

 

 

 

= 

 

19)
Reperfusion
biopsies (

 

n

 

 

 

= 

 

19)

 

P

 

-value

 

a

 

Median relative expression (range)
(2

 

-

 

(Ct target – Ct 

 

b

 

-actin)

 

 

 

¥ 

 

10

 

5

 

)

CD80 17 (3–100) 28 (0–414) 0·09
CD86 220 (39–1100) 320 (139–1000) 0·37

Relative CD80 and CD86-mRNA levels in relation to the housekeep-
ing gene 

 

b

 

-actin mRNA were quantified by real-time detection PCR in
cold-ischaemia and 1 h after reperfusion biopsies from 19 liver transplants.
Expression levels of co-stimulatory molecule mRNAs were calculated by
the comparative Ct method and depicted as medians with ranges. 

 

a

 

Differ-
ences between cold ischaemia and reperfusion biopsies were statistically
tested by the Wilcoxon signed-ranks test.

 

Fig. 4.

 

Mean grades (

 

±

 

 s.d.) of expression of CD80 and CD86 on Kupffer
cells in 10 normal livers and in 40 cadaveric liver transplants. Grades of
CD80 expression were significantly higher in liver transplants. , CD80;

 

�

 

, CD86.
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[16]. In rat liver, brain death induces immune activation with
induced adhesion molecule expression and leucocyte infiltration
[17,25]. This activation may be induced by a crisis of sympathetic
activity occurring in the early phase of brain death, resulting in a
peak of circulating catecholamines, or by increased blood levels of
cytokines in the brain-dead donor [26,27]. A second possible
cause of Kupffer cell activation may be bacterial translocation
and endotoxin absorption from the gut, which occurs frequently
among clinical organ donors [18]. Endotoxins are potent Kupffer
cell stimulators [19].

No induction of co-stimulatory molecule mRNA or protein
expression occurred during the transplantation procedure. This
does not mean that ischaemia and reperfusion do not influence
expression of these molecules: such effects may become apparent
at a later time-point after transplantation. 

 

In vitro

 

, it takes 24 h
before CD86 protein expression increases and 48 h before CD80
protein expression increases after activation of APC [28]. In rats,
cold ischaemia and reperfusion resulted in increase of CD80
expression in kidney after 24 h [29].

Although liver transplants that were rejected after transplan-
tation showed a tendency to have higher CD80 expression on
Kupffer cells at the time of transplantation than liver grafts that
were not rejected, this was not statistically significant. Therefore,
the extent of lobular CD80 expression cannot be used to predict
the probability of acute rejection. Probably other stimulatory
molecular mechanisms are more important in the early events

leading to rejection activity. It has been suggested that natural
killer (NK) cells in the liver have a crucial role in T cell recruit-
ment through a multistep cytokine and chemokine cascade [30].
Activation of NK cells is mediated by interactions between other
stimulatory molecules, such as CD160 with HLA-C [31], than T
cells.

In contrast to recipient lymphocytes infiltrating in clinical
heart allografts [32], the lymphocytes in rejection infiltrates in
liver grafts express CD28 abundantly, indicating that these cells
can receive a stimulatory signal from the B7 molecules in the
donor liver. Moreover, only a small proportion of the infiltrating
cells expressed the inhibitory receptor CD152.

In conclusion, nearly half of cold-preserved cadaveric donor
livers show enhanced expression of the co-stimulatory molecule
CD80 on Kupffer cells compared to normal liver tissue. This
expression was not induced further during warm ischaemia and
reperfusion of the grafts. The extent of lobular CD80 expression
at the time of transplantation cannot be used as a predictive
parameter for acute rejection.
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