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Abstract

Aims—To evaluate the role of hepatocyte
expression of leucocyte adhesion mole-
cules and major histocompatibility com-
plex (MHC) antigens in the pathogenesis
of chronic viral hepatitis.

Methods—The expression of intercellular
adhesion molecule 1 ICAM-1), lympho-
cyte function associated antigen 3 (LFA-
3), and MHC class I and II antigens on
hepatocyte membrane in relation to the
histological and biochemical activities
was studied in patients with chronic B
hepatitis, chronic persistent hepatitis
(CPH) n = 23; chronic active hepatitis
(CAH) n =20; chronic D hepatitis
(CAH) n = 6; and chronic non-A, non-B
hepatitis (CPH n = 4, CAM n = 6). Six of
the latter were hepatitis C virus antibody
positive.

Results—In chronic B hepatitis ICAM-1
and MHC-I were expressed significantly
more in patients with CAH than in those
with CPH (p < 0:001), while the expres-
sion of LFA-3 and MHC-II showed no
significant difference, irrespective of
serum HBeAg or hepatitis B virus DNA.
Similar findings were noted in non-A,
non-B hepatitis. Regardless of the viral
aetiology, patients with CAH had a sig-
nificantly higher degree of ICAM-1 and
MHC-I expression than LFA-3 (p < 0-001
v ICAM-1 and MHC-I, respectively) and
MHC-II (p < 0:001 v ICAM-1 and MHC-
I, respectively) expression. Those with
CPH showed little or no difference in the
expression of these four molecules. Fur-
thermore, serum ALT values positively
correlated with the hepatocyte expres-
sion of ICAM-1 (p < 0:001) and MHC-I
(p < 0-001), but not LFA-3 (p > 0-05) and
MHC-II (p > 0-05).

Conclusions—In chronic viral hepatitis
hepatocyte expression of ICAM-1 and
MHC-I might be important for immuno-
surveillance against virally infected
hepatocytes, while the expression of
LFA-3 and MHC-II does not seem to
have a role in the pathogenesis of chronic
viral hepatitis.

(¥ Clin Pathol 1993;46:1004-1008)

It has been suggested that hepatitis B virus
(HBV) is not directly cytopathic and that
liver injury is mediated by cytotoxic T lym-
phocytes.'> The generation of cytotoxic T

lymphocyte killing requires interaction
between effector cytotoxic T lymphocytes
and target cells. The specificity of the cellu-
lar immune response is determined by the T
cell receptors interacting with the antigen
and the major histocompatibility complex
(MHC) antigens,’ but other T cell and target
cell surface molecules are required before T
cell adhesion can occur.®® Two leucocyte
adhesion pathways have been characterised
that are essential for T cell adhesion to sev-
eral other cell types. The first includes the
lymphocyte function associated antigen 1
(LFA-1), present on almost all leucocytes'®
and its major target cell ligand, the intercellu-
lar adhesion molecule 1 (ICAM-1), expressed
on many cell types. The second adhesion
pathway involves the interaction of the T cell
surface molecule CD2 with its specific ligand,
the lymphocyte function associated antigen 3
(LFA-3), which is expressed on a wide variety
of cells.!'!? Recent evidence suggests that
these two leucocyte adhesion pathways are
important not only in regulating antigen
independent adhesion but also in delivering
costimulatory signals to amplify T cell activa-
tion.!*?> It seems that in chronic HBV
infection the expression of ICAM-1 and
LFA-3 adhesion molecules by hepatocytes in
inflammatory sites may be an important
initiator for hepatocyte T lymphocyte inter-
action; the expression of MHC antigens may
be more important in postadherence anti-
genic recognition.

Methods

Fifty nine patients with chronic viral hepatitis
confirmed histopathologically were studied.
All had increased serum alanine aminotrans-
ferase values for more than six months before
the histological examination, and drugs or
alcohol misuse was excluded as a likely cause.
Their detailed clinical and laboratory data are
listed in the table. Forty three patients were
hepatitis B surface antigen (HBsAg) positive
and antibody against hepatitis delta virus
(anti-HDV) negative. HBV DNA was posi-
tive in 12 hepatitis Be antigen (HBeAg) posi-
tive patients with chronic persistent hepatitis
(CPH), 14 HBeAg positive patients with
chronic active hepatitis (CAH), and two anti-
HBe positive patients with CAH. Six patients
had chronic D hepatitis as they were HBsAg
and anti-HDV positive and had hepatitis
delta antigen (HDAg) detectable in the liver.
Ten patients were HBsAg negative and were
presumed to have chronic non-A, non-B
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Clinical and laboratory data of patients studied

Cases  Age* Sex AST (IU) *ALT (IUD)*

Category m) Or) (M:F) (m<40) (n < 40)
Chronic B hepatitis

HBeAg positive CPH 14 24 (2) 10:4 61 (5) 115 (23)

HBeAg positive CAH 16 27(2) 133 128 (15) 268 (36)

anti-HBe positive CAH 4 33 (5) 4:0 142 (39) 303 (130)

anti-HBe positive CPH 9 36 (3) 8:1 31 (5) 46 (5)
Chronic D hepatitis

Anti-HBe positive CAH 6 35 (3) 6:0 131 (30) 261 (64)
Chronic non-A, non-B hepantist

CPH 4 29 (4) 2:2 41 (6) 55 (7)

CAH 6 31 (3) 3:3 129 (34) 266 (72)

CPH: Chronic persistent hepatitis; CAH: Chronic active hepatitis.

*Data are mean (SEM)

16 were antibody agai.nét hepatitis C virus positive.

(NANB) hepatitis. Of these, six were sero-
positive for antibodies against hepatitis C
virus (anti-HCV).

Serum HBsAg, HBeAg, and anti-HDV
were assayed using radioimmunoassay Kkits
(Ausria-II, HBe-RIA and anti-delta, Abbott
Laboratories, Chicago, Illinois). Serum anti-
HCV was assayed using a second generation
enzyme immunoassay with synthetic peptides
from both structural and non-structural
regions of HCV (UBI HCV EIA, United
Biochemical, New York). Serum HBV DNA
was assayed by spot hybridisation with 32P-
labelled cloned HBV-DNA, and hepatocyte
expression of HDAg was studied by direct
immunofluorescence using fluorescein iso-
thiocyanate-labelled anti-delta, as reported
before.'¢

Liver specimens were obtained by percuta-
neous needle biopsy with a Menghini needle.
Fragments of specimens were snap frozen in
liquid nitrogen cooled isopentane and stored
at -70°C until use. Samples of the same
biopsy specimens were also fixed in 10%
formaldehyde and embedded in paraffin wax
for routine histological diagnosis. Cryostat
sections (5 um) were dried overnight at room
temperature and fixed in carbon tetrachloride
at 4°C for 10 minutes, followed by extensive
washing with phosphate buffered saline (pH
7-2) before staining. The expression of LFA-
1, CD2, ICAM-1, LFA-3, MHC class I and
class II antigens in liver was studied using a
three step immunoalkaline-phosphatase
(APAAP) method. Briefly, sections were
incubated for 45 minutes at room tempera-
ture with the following mouse monoclonal
antibodies: Dako-CD11a (Dakopatts, work-
ing dilution 1 in 50) reacting with the a-chain
of LFA-1; Dako-T11 (Dakopatts, working
dilution 1 in 50) specific for CD2; antibodies
against CD54 and CD58 (Immunotech, SA,
working dilution 1 in 50) specific for ICAM-1
and LFA-3, respectively, Dako-HLA-ABC
(Dakopatts, working dilution 1 in 50) specific
for MHC class I antigens; and Dako-HLA-
DR (Dakopatts, working dilution 1 in 50)
specific for MHC class II antigens. After a
wash in TRIS-buffered saline (TBS), sections
were reincubated for 30 minutes with rabbit
anti-mouse immunoglobulin (Dako; working
dilution 1 in 20). After a further wash in
TBS, APAAP immune complexes (Dako;
working dilution 1 in 30) were applied to the
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sections for 30 minutes. The last two steps
were repeated for 10 minutes each and finally
the alkaline phosphatase reaction was devel-
oped using the hexazotised new fuchsin pro-
cedure. Endogenous alkaline phosphatase
activity was blocked by adding levamisole to
the substrate solution at a concentration of
1 mmol/l. Control tests consisted of omission
of the primary antibody or substitution with
non-immune mouse immunoglobulins (Dako)
and incubation with alkaline phosphatase
substrate alone.

The expression of ICAM-1, LFA-3, MHC
class I and class II antigens on the hepatocyte
membrane was scored on a scale of 0 to
3 +:(0) undetectable, when they were present
on the sinusoidal lining cells but absent on
the hepatocyte membrane; (1+) positive
staining on the hepatocyte membrane in only
small clusters (<10%) of hepatocytes; (2+)
positive staining on the hepatocyte membrane
in 10-50% of hepatocytes; and (3 +) positive
staining on the hepatocyte membrane in more
than half of the hepatocytes with honeycomb
appearance.

Results were analysed using Wilcoxon’s
non-parametric rank sum test and Spearman’s
rank correlation test.

Results

LFA-1 was expressed on most of the inflam-
matory infiltrates as well as on the sinusoidal
lining cells. Serial sections showed CD2
expression on the same cells positive for
LFA-1. ICAM-1, LFA-3, MHC class I and
class II antigens were expressed on the sinu-
soidal lining cells and on a variable propor-
tion of mononuclear inflammatory cells
throughout the portal areas and lobular
parenchyma.

Among 43 patients with chronic type B
hepatitis, the expression of ICAM-1 on the
hepatocyte membrane was similar to that of
MHC class I antigens. The degree of ICAM-
1 expression was significantly higher than
that of LFA-3 (p < 0-001) and MHC class II
antigens (p < 0-001), as was the expression of
MHC class I antigens (p < 0-001 v LFA-3
and MHC class II antigens, respectively).
The expression of ICAM-1 and MHC class I
antigens on the hepatocyte membrane corre-
lated well with the site and the extent of the
inflammatory infiltrates in liver tissue as well
as the histological activity. Figure 1 shows
that patients with CAH had a significantly
higher degree of ICAM-1 and MHC class I
antigen expression than those with CPH, irre-
spective of serum HBeAg or HBV-DNA. An
example of ICAM-1 expression on hepato-
cyte membrane in patients with CPH v CAH
is shown in fig 2. In contrast, the expression
of LFA-3 and MHC class II antigens showed
no significant difference between patients
with CAH and those with CPH. Similar
observations were seen in patients with
chronic NANB hepatitis. In general, regard-
less of the viral aetiology, patients with CAH
had a significantly higher degree of expression
of ICAM-1 and MHC class I antigens than
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Figure 1 Expression of
ICAM-1, LFA-3, MHC-I
and MHC-II on the
hepatocyte membrane in
chronic hepatitis type B,
D, and non-A, non-B
(NANB). Hepatocyte
expression of ICAM-1,
LFA-3, MHC-I and
MHC-II antigens is
semiguantitatively scored
on a scale of 0 to 3+.
CPH: chronic persistent
hepatitis; CAH: chronic
active hepatitis.
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that of LFA-3 (p <0:001 » ICAM-1 and
MHC class I antigens, respectively) and
MHC class II antigens (p < 0-:001 v ICAM-1
and MHC class I antigens, respectively),
while patients with CPH had little or no
difference in the expression of these four
molecules.

Among a total of 59 controls with chronic
viral hepatitis, ALT values correlated posi-
tively with the expression of ICAM-1
(p <0-001) and MHC class I antigens
(0 < 0:001) on the hepatocyte membrane,
but not with that of LFA-3 (p > 0-05) and
MHC class II antigens (p > 0-05) (fig 3).

Discussion

The expression of ICAM-1 and MHC class I
antigens, but not LFA-3 and MHC class II
antigens, on the hepatocyte membrane corre-
lated significantly with the histological and
biochemical activities in chronic HBV infec-
tion (figs 1 and 3). These findings suggest
that hepatocyte expression of ICAM-1 and
MHC class I antigens might be important for
immune surveillance against virus infected
hepatocytes in chronic HBV infection, while
hepatocyte expression of LFA-3 and MHC
class II antigens does not seem to have a role
in the pathogenesis of chronic B hepatitis.
Similar findings were found in patients with
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chronic C and D hepatitis (figs 1 and 3). The
pathogenesis of liver cell damage in chronic
HCV and HDV infection remains unknown,
but recent studies have shown that there was
a prominent CD8 positive T lymphocyte
infiltration in the area of liver cell necrosis in
chronic C and D hepatitis,'” !® similar to those
observed in chronic B hepatitis.?? The pre-
sent findings thus suggest that an immuno-
logical mechanism might also be involved in
the pathogenesis of chronic C and D hepa-
titis, though the possibility of the direct cyto-
pathic effect of HCV and HDV still cannot
be excluded.

Previous studies have shown enhanced
expression of ICAM-1'"2 as well as MHC
class I antigens®*? on the target structures
in a number of inflammatory liver diseases.
The mechanisms leading to their enhanced
expression, however, remain to be elucidated.
The present results indicated that hepatocyte
expression of ICAM-1 and MHC class I
antigens in chronic B hepatitis did not seem
to be upmodulated by active HBV replication
itself. Studies on cultured cells have shown
that both ICAM-1 and MHC class I antigen
expression is induced on many cell types in
response to inflammatory lymphokines, such
as interleukin-1, tumour necrosis factor and
y-interferon.>** The observation of an
enhanced expression of ICAM-1 and MHC
class I antigens simultaneously on the hepato-
cyte membrane at the site of necroinflamma-
tion and active cellular infiltration is thus
consistent with the presence of inflammatory
lymphokines at such sites, and with the
induction of ICAM-1 and MHC class I anti-
gens by such mediators. It is therefore sug-
gested that the release of the inflammatory
lymphokines by virus sensitised T lympho-
cytes around the area of virally infected hepa-
tocytes will enhance hepatocyte expression of
ICAM-1 and MHC class I antigens. The
upmodulated expression of ICAM-1 on the
hepatocyte membrane might facilitate move-
ment of, and possibly “guiding”, more T lym-
phocytes toward virally infected hepatocytes,
but it might also serve as an important initia-
tor for hepatocyte/T lymphocyte interaction.
The latter then will maintain a broad area of
approximation between cells so that MHC
class I antigen-restricted, T lymphocyte
mediated Kkilling of infected hepatocytes can
occur.

Coexpression of ICAM-1 and MHC class
II antigens by hepatocytes, which correlated
positively with the site and extent of the
inflammatory infiltrates, has recently been
reported in chronic B hepatitis by Volpes et
al.®® In keeping with many previous observa-
tions, however,*%-? our study showed that
hepatocyte expression of MHC class II anti-
gens was negligible, if any, regardless of liver
inflammatory activity in chronic HBV infec-
tion. As many inflammatory lymphokines,
including interferon, are potent inducers for
cell surface expression of both class I and
class I MHC antigens on many cell types,*>>’
it remains unclear why the hepatocyte expres-
sion of MHC class II antigens is minimal at
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Figure 2 In chronic
persistent hepatitis, the
expression ICAM-1 on the
hepatocyte membrane is
(A) negative or (B)
positive only in small
clusters of hepatocytes
(large arrow heads). Note
strong staining of ICAM-1
on the sinusoidal lining
cells (small arrows). In
chronic active hepatitis, in

addition to the staining on
the stnusoidal lining cells
(small arrows), the
expression of ICAM-1 on
the hepatocyte membrane
is (C) prominent in the
periportal hepatocytes
(large arrow heads) or (D)
diffuse over the whole liver
parenchyma with
honeycomb appearance.
P indicates portal tract.
i e WA
e TP
3 - - the site of inflammatory response, where
=0 there is increased expression of MHC class I
<0.001 . . .
antigens. Of note is that interferon treatment
w21 e soeces so0on b esoesc0 in chronic B or C hepatitis enhanced hepato-
s . . .
< cyte expression of MHC class I antigens with
S 1] egiEeee o . o little or no effect on the expression of MHC
class II antigens.?”*” One of the possibilities is
04 eocos that the effects of interferon or other inflam-
- matory lymphokines on cell surface expres-
;3:006156 sion of MHC antigens depend on the type
- and origin of the cells.?® Further studies are
@ 27 ¢ ¢ ° needed to investigate the in vitro effect of dif-
= ferent inflammatory lymphokines on hepato-
= 1] offfte  eecesenn sccn ossn eesccan cyte expression of MHC antigens.
Although most inflammatory infiltrates
0d oA . . . eon express CD2 molecules in chronic viral
hepatitis, the present study showed that LFA-
3 q oa (1] 000004ABS .
3, the ligand for CD2, was usually expressed

only in a small cluster of hepatocytes, regard-

3 21 - so0es soven aen et less of the biochemical or histological activity.
= These findings argue against the CD2/LFA-3
=1 il oo . o leucocyte adhesion path in th tho-
pathway in the patho
genesis of chronic viral hepatitis.?' ** This dis-
0 eccoss crepancy may be because of the differences in
the choice of antisera, tissue manipulation, or
31 e .
K=o staining protocols. Of note is that the regula-
tion of cell surface expression of LFA-3 is
527 *° different from that of ICAM-1. Studies on
g certain cell type have shown that LFA-3
= 1] ooiFMee  coeccns soon seossn seccan expression was specifically induced by inter-
leukin-4, but not by other inflammatory
04 ooccomn . . . oon lymphokines, including interleukin-1 and
< 100 100-199  200-299  300-399 2 400 y-interferon.® It remains unclear whether
ALT (UN) interleukin-4 is produced locally by the
o Hepais B with HBeAg; o Hepatiis B wibout HBCAR; mﬂangnatory ir@trates in chronic viral
o Hepaiitis D; "= Hepatitis NANB " hepatitis. In addition, further study on the
Figure 3 Comelation of ALT val h hepato . o of effect qf various lymphokines on hepatocyte
ICAM-1, LFA3, MHC- and MHC-T in chronic virad hepariss. Hepatocyte expression  <Xpression of LFA-3 is also mandatory.
of ICAM-1, LFA*-3, MHC-I and MHC-II antigens is semiquantitatively scored on a scale In conclusion, in chronic viral hepatitis

of 0 to 3+. rs indicates correlation coefficient using Spearman’s rank correlation coefficient. ICAM-1 and MHC class I antigens are
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coexpressed on the hepatocyte membrane,
which correlated significantly with the bio-
chemical and histological results. These data
indicated the significance of hepatocyte
expression of ICAM-1 and MHC class I
antigen in immune surveillance against virally
infected hepatocytes. Hepatocyte expression
of LFA-3 and MHC class II antigens corre-
lated little or not at all with inflammatory
activity in liver, and thus did not seem to be
involved in the pathogenesis of chronic viral
hepatitis.
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