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Abstract
Soluble intercellular adhesion molecule-1
(sICAM-1) is probably released from a
variety of cells, including leukocytes and
endothelial cells at sites of inflammation
or in the circulation, and serum levels
may therefore be used to give an indica-
tion of immune activation and inflamma-
tory processes. In the present study, an
ELISA was used to measure serum
ICAM-1 levels in 43 patients with chronic
hepatitis C and these were correlated with
histological changes in the liver and the
response to interferon a treatment.
Serum ICAM-1 levels were significantly
higher in patients with chronic hepatitis C
infection than in normal subjects and
correlated positively with the grade of
histological activity, in particular the
degree of portal, periportal, and lobular
inflammation, but not with the presence
of lymphoid aggregates. There was also a
weak but significant positive correlation
between sICAM-1 and serum aspartate
aminotransferase activities, and sICAM-1
levels were substantially greater in
patients with than those without cirrhosis.
Serum ICAM-1 levels fell significantly in
11 responders out of 19 patients treated
with interferon a, whereas levels
remained unchanged in the non-respon-
der group. sICAM-1 levels correlate with
the clinical status of patients with chronic
hepatitis C infection and fall with success-
ful interferon treatment.
(Gut 1995; 36: 599-603)

Keywords: intercellular adhesion molecule- 1, hepatitis
C infection, interferon a., disease activity.

Intercellular adhesion molecule-i (ICAM-1)
(CD54), a member of the immunoglobulin (Ig)
supergene family, is expressed on the surface
membrane of cells of multiple lineage at sites
of inflammation. 1 ICAM- 1 comprises five
extracellular Ig-like domains, a single trans-
membrane region, and a short cytoplasmic tail2

TABLE I Clinical, serological, and histological characteristics ofpatients with chronic
hepatitis C virus infection. Values are mean (SD)

Disease activity Age (y) M/F AST Cirrhosis

Severe hepatitis (n=7) 47-8 (11) 6/1 106 (43) 7
Moderate hepatitis (n= 14) 41-4 (13) 12/2 62 (21) 8
Mild hepatitis (n=22) 30-8 (4) 16/6 46 (9) 4

M/F=male/female, AST=aspartate transaminase.

and is a natural ligand for at least two members
of the CD 18 family of leukocyte integrin adhe-
sion molecules: lymphocyte function associated
antigen- 1 (LFA- 1; CD 1 1a/CD 18) and MAC- 1
(CD 1 lb/CD 18).3 ICAM-1 is believed to play
an important part in a variety of inflammatory
and immune mediated mechanisms, including
lymphocyte recruitment and targeting, antigen
presentation and recognition, and lymphocyte
cytotoxicity.4 5 Proinflammatory cytokines (for
example, tumour necrosis factor ao and inter-
leukin 1) enhance expression ofICAM- 16 7 and
previous studies have shown that ICAM-1 is
strongly expressed on hepatocytes in patients
with several inflammatory disorders of the liver.
A soluble form of ICAM-1 (sICAM-i), com-
prising the five extracellular Ig-like domains of
ICAM-1, was recently detected in human
serum8 9 and it has been suggested that this
may prove useful in the investigation, diag-
nosis, and therapeutic monitoring of inflamma-
tory disorders.'0 Levels of sICAM- 1 have
been shown to be high in a variety of inflamma-
tory conditions of the liver12 13 but this has not
been correlated with the severity or stage of
disease in patients with viral hepatitis or with
response to treatment. This study investigates
the relationship between sICAM-1 levels and
the stage and severity of liver disease in patients
with chronic hepatitis C, and the effect of inter-
feron ax treatment on these sICAM-1 levels.

Methods
Forty three patients (age range 23-72 years)
with chronic hepatitis C virus (HCV) infection,
19 ofwhom had cirrhosis clearly established on
histological examination, were studied (Table
I). All patients were anti-HCV (UBI Inc, NY,
USA) in serum or liver HCV RNA positive, or
both (nested polymerase chain reaction); two
patients also had a history of HBV infection.
Nineteen of these patients (nine with mild, six
with moderate, and the remaining four with
severe hepatitis as assessed histologically) were
treated with recombinant interferon at-2b
(IFN-a) (Intron A, Schering Plough
Mildenhall, Suffolk) for one year in a regimen
of stepwise reduction over three months from
10 MU three times per week to a maintenance
dose of 3 MU thrice weekly for the final nine
months of treatment. Response to treatment is
defined as a return to normal of serum trans-
aminase activities, a partial response as a fall in
transaminases ofmore than 50%, and failure as
no fall in transaminase. Serum ICAM-1 levels
were determined in all patients before and after
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one, six, and 12 months of therapy, and in 13
patients, one year after the end of treatment.
Sera from 33 age and sex matched healthy
normal subjects (15 women, mean age 37±10
years) were also separated and kept frozen
at - 20C within four hours of venesection
and had not been thawed before assay for
ICAM-1.

MEASUREMENT OF ICAM-1 IN SERUM
The level of serum ICAM- 1 was measured
using an ELISA kit (British Bio-technology
Ltd, Oxford UK) as described by the manufac-
turer. Briefly 100 jIl of biotinylated anti-
ICAM-1 and 100 ,l of standard or diluted
samples were added to each well, precoated
with monoclonal antibody to an immunoreac-
tive epitope of human ICAM- 1. They were
then covered and incubated at room tempera-
ture for two hours. The well was washed three
times with wash buffer and then incubated for
one hour with 100 ,u of streptavidin-horserad-
ish peroxidase at room temperature. The plate
was washed again and incubated with 100 pAl of
substrate for 10 minutes before the addition of
stop solution. The optical density was deter-
mined at 450 nm with a correction wavelength
of 620 nm. The levels of sICAM-1 were calcu-
lated from standard curves and the results were
expressed as ng/ml.

NESTED POLYMERASE CHAIN REACTION
Serum HCV RNA was detected by nested
polymerase chain reaction (PCR) using primers
from 5' non-coding region ofHCV genome as
previously described. 14 Outer primers were:
JR12 (nt 1-20, 5'-GGCGACACTCCAC-
CATAGAT-3') and JR19 (nt 197-216, 5'-
CGCCCAAATCTCCAGGCATT-3'), and
inner primers were: JR1 3 (nt 35-53, 5'-GAAC-
TACTGTCTTCACGCA-3') and JR14 (nt
141-161, 5'-GGCAATTCCGGTGTACT-
CACC-3').15 To avoid false-positive results,
PCR was performed with rigid adherence to
the recommendations of Kowk and Higushi,16
and with appropriate positive and negative
controls.
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Figure 1: Serum intercellular adhesion molecule-1 (ICAM-1) values (ng/ml) in chronic
HCV infection. p Values shown compared with normal subjects. Bars indicate mean
sICAM-1 levels.
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Figure 2: Serum intercellular adhesion molecule-1
(ICAM-1) values (ng/ml) in cirrhotic and non-cirrhotic
patients with chronic hepatitis virus HCV infection. Bars
indicate mean sICAM-1 values.

STATISTICAL ANALYSIS
Statistical significance was calculated by
Mann-Whitney U test for non-parametric
values. The paired t test was used to analyse
the effect of IFN-aL on serum ICAM- 1 levels
before and after the treatment. The Spearman
rank correlation coefficient was performed to
evaluate the correlation between serum
ICAM-1 and portal/periportal inflammation,
lobular activities, lymphoid aggregates and
aspartate transaminase activities.

Results
Levels of sICAM- 1 were significantly greater
in patients with chronic HCV infection. Mean
(SD) values for those with mild hepatitis (439
(58) ng/ml (p=0.001)), moderate hepatitis
(743 (173) ng/ml (p<0.001)), and severe
hepatitis (1209 (283) ngfml (p<0.001)) were
considerably higher than values in 33 healthy
subjects (220 (11) ng/ml) (Fig 1). Levels were
also significantly higher in cirrhotic (937
(140)) ng/ml than non-cirrhotic (433 (82)
ng/ml, p=0.002) patients (Fig 2). There was a
positive correlation between the levels of
sICAM-1 and the hepatic inflammation in the
portal tracts (RS=0.556, n=43, p<0001),
periportal areas (RS=0.557, p<0'001), and
lobular activity (RS=0 446, n=43, p=0.003)
(Fig 3A and 3B). The presence or absence of
lymphoid aggregates in the liver biopsy speci-
mens, however, did not correlate with sICAM-
1 levels (RS=0.0686, n=43, p=0674) in
patients with chronic HCV infection. There
was also a weak but significant correlation
between sICAM-1 and aspartate transaminase
activities when the data were analysed for
patients, irrespective of the phase of treatment
(RS=0.476, n= 102, p<0.001) (Fig 3C).

Eleven patients responded to IFN-ot treat-
ment as defined by a return to normal of serum
aspartate aminotransferase activities, six did
not respond, and the remaining two showed a
partial response (more than 50/o reduction in
activities from the pretreatment values).
Overall, the mean sICAM- 1 level did not
change significantly with IFN-ot treatment
(575 (74) ng/ml before and 595 (136) ng/ml
after one year of treatment (p=NS)). When
the data were analysed separately, however, the
sICAM-1 did fall in responders from 677
(112) ng/ml before treatment to 582 (153) at
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Figure 3: Correlation between serum intercellular adhesion
molecule-i (ICAM-I) (ng/ml) and portal inflammation
(A), lobular activities (B), and aspartate transaminase
activities (AST) (IU/I) (C).
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six months and 375 (38) ng/ml at the end of
treatment (p=0 01). In non-responders there
was a small, not significant increase in the
sICAM-1 level from 505 (46) ng/ml before
treatment to 798 (295) ng/ml at six months
and 788 (295) ng/ml at the end of treatment
(Fig 4).
Serum HCV-RNA became undetectable

after one year's treatment with IFN-o in five of
10 responders, but in none of the six who did
not respond (p=005). At the end of one year
of interferon treatment, two out of 10 respon-
ders remained viraemic as opposed to five of
six non-responders (p=0O02). HCV-RNA was
detected intermittently in two of the patients
who responded to treatment and in one who
did not and in the remaining patient, who
responded to IFN-ot, serum HCV RNA was
undetectable throughout the study (Table II).
Liver histology showed reduced inflammatory
infiltrates in the lobular and periportal areas in
responders; in none of the patients was there a
change in histological grading, and in two
patients the degree of fibrosis had progressed.
Serum ICAM-1 levels continued to reflect

the response to interferon therapy in the
patients studied one year after the end of
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Figure 4: The effect of interferon-a treatment (at the end of
one year) on serum intercellular adhesion molecule-i
(ICAM-i) values (ng/ml). Bars indicate mean sICAM-I
levels.

treatment. Six of the seven responders had
normal transaminase activities, whereas all six
non-responders had persistently high trans-
aminase values (p=0.004). The sICAM-1
levels followed a similar pattern to aspartate
transaminase, being 375 (51) ng/ml in respon-
ders and 892 (397) ng/ml in non-responders
one year after treatment (Fig 5). A continued
histological improvement was seen in the
responder group, with a further reduction in
inflammation, although some progression of
fibrosis was observed in two of the 10 patients
who underwent biopsy at one year. Patients
who subsequently relapsed tended to have
higher levels of sICAM at the end of treatment
than those with a lasting response.

Discussion
In this study serum ICAM-1 levels were
increased in patients with chronic HCV and
this elevation correlated with serum aspartate
transaminase activities, portal/periportal in-
flammation, and lobular disease activity. The
increase of sICAM- 1 may be explained by
cytokine induced up-regulation of ICAM-1
expression by leukocyte infiltrates and release
from inflamed hepatocytes or damaged
vascular endothelium within the liver as well as
peripheral blood mononuclear cells (PBMC).
Thus far, it has been assumed that ICAM- 1
detected in the serum originated from PBMC.
In a recent study by Thomson et al using
reverse transcriptase polymerase chain reac-
tion, ICAM-1 gene expression of PBMC was

TABLE II The effect of interferon-a 2B treatment on serum
hepatitis C virus (HCV) RNA in patients with chronic
HCV infection

HCVRNA

Pre Post Pre Post No clear
+ve -ve +ve -ve pattern

Responders (n= 10) 5 2 3
Non-responders (n=6) 0 5 1
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Figure 5: Serial studies of the effects of interferon-a treatment (at the end ofone year) on
serum intercellular adhesion molecule-1 (ICAM-1) values (ng/ml). ( responders,
O non-responders).

similar in normal individuals and patients with
active primary biliary cirrhosis. 17 Furthermore,
the stimulation of cultured, normal hepato-
cytes with proinflammatory cytokines induced
cell surface expression of ICAM-1 with a sub-
sequent shedding of this molecule into the
hepatocyte cultured medium.'7 18 Hepatic
expression of intercellular adhesion molecules
during the course of viral hepatitis19 20 and the
release of sICAM-1 from human umbilical
vein endothelial and biliary epithelial cells
activated with tumour necrosis factor, inter-
leukin 1, or lipopolysaccharides have been
reported,7 21 suggesting that hepatocytes,
vascular endothelium, and biliary cells in addi-
tion to circulating leukocytes8 may be potential
sources of serum ICAM-1 in patients with
chronic liver disease. The strong association
between the hepatic inflammation and
sICAM-1 levels in our study would be in
favour of cells within the liver rather than in the
periphery being responsible for the release of
ICAM-1 into the serum, although the contri-
bution of the latter cannot be excluded. It is
also possible that ICAM-1 found in the serum
may result from a non-specific proteolytic
cleavage of membrane ICAM- 1 expressed on
various cells within the inflamed liver or from
alternative splicing ofmRNA which deletes the
cytoplasmic and trans-membrane domains of
the molecule.6 Our results are consistent with
recent studies by Adams et al and Zohrens et al,
who reported increases in serum ICAM- 1
levels in patients with various types of liver
disease, and correlations between sICAM- 1
levels, serum aspartate transaminase activities,
histologically graded disease activity, and the
response to immunosuppressive treatment in
patients with autoimmune chronic active
hepatitis.'2 13
Our demonstration that a fall in sICAM-l

levels with successful interferon treatment
reflects a fall in histological inflammatory
activity concurs with data published recently
by Garcia-Monzon et al on hepatic expression
of IGAM-1. They reported that effective IFN-
a treatment seems to be associated with the
down-regulation of hepatic adhesion mole-

cules in both chronic hepatitis B and C.22
Enhanced hepatocyte expression ICAM-1 in
areas of periportal and lobular inflammation
decreased or completely disappeared in
patients who responded to IFN-ax treatment.
The continued increase in sICAM- 1 in
responders to treatment, in spite of normal
transaminase activities, reflects continued
lobular and periportal inflammation on biopsy
tissue, indicating that it is the inflammatory
process rather than hepatocyte necrosis that is
responsible for increased levels. sICAM may
therefore provide a potential, non-invasive
indication of hepatic inflammatory activity.
The mechanisms by which effective IFN-cx
treatment may reduce ICAM-1 levels is open
to speculation. The reduced levels may simply
reflect the antiviral effects of IFN in protecting
hepatocytes from the direct cytopathic effect of
HCV. Alternatively, IFN-ot may modify the
function of cells responsible for production of
several proinflammatory soluble factors, by
switching off cytokine gene expression in cells
present either in circulation or at the site of
hepatic injury, resulting in the down regulation
of ICAM-1 synthesis.
The identification of sICAM-1 as a marker

of histological and immunological changes in
response to interferon therapy in chronic HCV
infection is of importance as there is no other
test accurately reflecting hepatic inflammatory
changes that can be used to monitor the effec-
tiveness of such therapy. Although a fall in
serum HCV-RNA can be used as a marker of
interferon response, this does not always reflect
histological findings and is not correlated with
the aspartate transaminase activity. It is to be
stressed, however, that it is only in the context
of serial levels that sICAM-1 measurement is
of value, as absolute levels vary from patient to
patient.23
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