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LIVER

Expression of adhesion molecules
and their ligands in liver allografts
during cytomegalovirus (CMV) infection

and acute rejection

Abstract Vascular adhesion mole-
cules and their ligands are important
in leukocyte-endothelial cell inter-
actions and in T-cell activation of
rejection cascade. Also, cytomega-
lovirus (CMV) infection is sug-
gested to be involved in the mecha-
nisms of rejection. In this study, the
expression of vascular adhesion
molecules ICAM-1, VCAM-1 and
ELAM-1 in the liver allografts, the
number of leukocytes positive for
their ligands LFA-1, VLA-4 and
SLex, and activation markers (class
I, IL2-receptor) were investigated
in liver allografts during CMV in-
fection and acute rejection and
compared to grafts with normal
function and histology. The adhe-
sion molecules, their ligands and ac-
tivation markers were demonstrated
from liver biopsy frozen sections by
the immunoperoxidase technique
and monoclonal antibodies. A sig-
nificant induction of ICAM-1 and

Introduction

1, 6].

VCAM-1 was seen in vascular and
sinusoidal endothelium associated
with both CMV and rejection, and
induction of ELAM-1 in vascular
endothelium in rejection only. In
both cases, the number of leukocytes
expressing LFA-1 was significantly
increased, but VLA-4-positive cells
were more characteristic for CMV
and SLex-positive cells more for re-
jection. IL2-receptor positivity was
practically seen in rejection only, but
class II-expressing cells were in-
creased during both CMYV infection
and rejection. In conclusion, adhe-
sion molecules were induced and the
infiltrating cells expressed their li-
gands both in liver rejection and
during CMV infection, although the
expression pattern was slightly dif-
ferent.
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chronic liver allograft rejection has been suggested

Adhesion molecules and their ligands are important
in endothelial cell-leukocyte interactions and in T-cell
activation [7]. The expression of cellular adhesion
molecules is up-regulated by various cytokines during
inflammatory reactions of acute allograft rejection [4,
8]. In addition to rejections, viral infections, e.g. cy-
tomegalovirus (CMV) infections, also common after
liver transplantation, may cause inflammatory reac-
tions in the graft [5]. An association between CMV
infection and vanishing bile duct syndrome and

In this study, we have investigated the induction of
vascular adhesion molecules, intercellular adhesion
molecule-1 (ICAM-1), vascular cell adhesion molecule-
1 (VCAM-1), and endothelial leucocyte adhesion mole-
cule-1 (ELAM-1), in the liver allograft, and the expres-
sion of their ligands and activation markers in graft-in-
filtrating leukocytes of patients having CMV infection
affecting the liver or undergoing biopsy-confirmed
acute rejection. The results are compared to those from
patients with normal graft function and histology.
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Table 1 The intensity of endothelial adhesion molecule expression and the numbers of graft-infiltrating cells expressing their ligands and
activation markers (mean * SD). (Patient groups: CMV posttransplantation with cytomegalovirus infection affecting the liver, Rx post-
transplantation undergoing acute rejection, NOR posttransplantation with normal graft function and histology)

Patient ICAM-1 VCAM-1 ELAM-1
8OUP " Vascular Sinusoidal Vascular Sinusoidal ~Vascular Sinusoidal LFA-1 VLA-4 SLeX Class Tl IL2-receptor
CMV  18£07° 2607 1206 12+06 02:04 0£0 274117 27418 7+1 189" 112
RX  18:08 23105 12208 1314 13£05 040 356 6 9+ 5 19+4° 28%8° 11:7
NOR  08t04 12:04 02+04 04%05 0£0  0%0 13+ 2 4% 4 00 5+3 1%l

" P < 0.05 compared with normal grafts

Patients and methods

The expressions of [CAM-1, VCAM-1 and ELAM-1 in the graft
and their ligands LFA-1, VLA-4 and Sialyl Lewis X, and activation
markers (class IT and IL2-receptor) were examined in 12 liver
transplant recipients having CMV infection affecting the liver and
in 6 undergoing acute rejection. These results were compared to
those from 5 patients with normal graft function and histology.

The diagnosis of CMV infection was based on viral cultures and
detection of CM V-specific antigens in blood leukocytes and in liver
biopsies. All CMV infections were symptomatic, associated with
significant graft dysfunction, and were treated with ganciclovir.
All rejections were confirmed by biopsy. The biopsies used for
this experiment were obtained before starting anti-rejection treat-
ment. Cases with combined rejection and infection were not in-
cluded in the study.

Evaluation of adhesion molecule and ligand expression was
done from core-needle biopsy frozen sections using indirect immu-
noperoxidase staining and commercial monoclonal antibodies. The
intensity of adhesion molecule expression in vascular and sinusoi-
dal endothelium was semiquantitatively scored from 1 to 3. The
numbers of graft-infiltrating cells positive for ligand molecules
and activation markers were counted per high power visual field.

Results

Expression of adhesion molecules in various structures
of liver allografts during CMV infection, acute rejection
and in normal liver grafts without rejection is summa-
rised in Table 1. Compared with normal grafts, a signifi-
cant up-regulation of ICAM-1 and VCAM-1 in vascular
and sinusoidal endothelium was recorded, associated
with CMV infection as well as with rejection. The
CMV-induced expression pattern of those adhesion
molecules was quite similar to that of rejection, but
ELAM-1 induction of vascular endothelium was associ-
ated with rejection only. ELAM-1 expression was not
recorded for sinusoidal endothelium. In addition to en-
dothelial cells, ICAM-1 induction was also seen in hepa-
tocytes and bile duct cells during both CMV infection
and rejection. Also, inflammatory cells expressed
ICAM-1 and VCAM-1.

The number of LFA-1-positive leukocytes was signif-
icantly increased during CMYV infection and rejection,
but VLA-4-positive cells were mainly associated with
CMYV and SLex-positive cells with rejection. Increased

numbers of class II positive cells were seen in both
CMYV and rejection, but lymphocytes expressing IL2-re-
ceptor in the graft were practically associated only with
immunoactivation of acute rejection.

Discussion

Vascular adhesion molecules are involved in the early
phase of T-cell activation and leukocyte extravasation
in the graft, serving as adhesion receptors for inflamma-
tory cells in the endothelium. The expression of adhe-
sion molecules is up-regulated by various cytokines,
such as y-interferon, IL-1 and TNF-a [2], produced by
inflammatory cells during allograft rejection. This was
seen in our study, as well as infiltration of inflammatory
cells expressing the concomitant ligands.

Increase of vascular adhesion molecule expression in
the liver graft was, however, induced also by CMV, and
the expression pattern was almost similar to that of
acute allograft rejection, but the VCAM-1-VLA-4 pair
was more characteristic for CMV and the ELAM-1-
SLex pair more for rejection. The inflammatory re-
sponse against CMV in the graft is also lymphoid cell-
dominated [5], and various cytokines, especially g-inter-
feron, produced during the viral infection, may be in-
volved in further immune reactions and increase of
MHC-antigens and adhesion molecules in the trans-
plant.

An association between CMYV infection and chronic
liver allograft rejection has been suggested [1], and
some evidence of CMV-induced vascular changes typi-
cal of chronic allograft rejection in general has been
found in clinical transplantation and in animal models
[3]. The early inflammatory events in the graft, MHC-
antigen and adhesion molecule expression, T-cell activa-
tion and leukocyte extravasation during the viral infec-
tion may be involved in the corresponding event of re-
jection cascade.
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