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Infection with hepatitis C virus (HCV) is characterized by inflammatory liver damage and a long viral
persistence associated with an increased risk of developing hepatocellular carcinoma (HCC). Intercellular
adhesion molecule-1 (ICAM-1) plays a key role during liver inflammation and also expressed in HCC. Its
cellular expression is associated with the release of soluble form (sICAM-1) in the peripheral blood. The
process of angiogenesis plays a critical role in liver damage-associated HCV infection and in tumor growth
and metastasis. Vascular Endothelial Growth Factor (VEGF) is an important angiogenic factor regulating
tumor angiogenesis. This study aimed at investigating the influence of HCV infection on serum profile of
sICAM-1 and VEGF in patients with hepatitis C and HCC and their diagnostic value as useful markers
reflecting progressive liver damage and development of HCC. Serum levels of sICAM-1 and VEGF were
determined in the serum of fifteen HCV infected patients, fifteen HCV-positive patients with superimposed
HCC as well as ten healthy control subjects by enzyme linked immunosorbent assay. HCV RNA copy
numbers were analyzed by Real-time polymerase chain reaction using TagMan probe technology. Alpha-
fetoprotein levels and serum aminotransferases activities were also measured. The group of patients with
hepatitis C and superimposed HCC had significantly higher siICAM-1 and VEGF values than HCV infected
patients (1178.113+631.87 vs. 313.67%82.72 & 320.88+117.99 vs132.45+91.56, p<0.001 respectively). In
comparison to healthy subjects, HCV infected patients showed dramatically elevated serum levels of VEGF
(132.45£91.56 vs. 7.76%7.41, p<0.001). On the other hand, sICAM-1 levels were elevated in patients with HCV
as compared with healthy controls, but this did not reach statistical significance (313.67+£82.72 vs.230.3+47 .4,
p>0.05). A highly significant correlation was found between VEGF and sICAM-1 levels in all patients(r=0.731,
p<0.001) also between VEGF, sICAM-1 and AFP(r=0.473, p<0.001, r= 0.690, p<0.001, respectively) as well as
between sICAM-1 and AST activities(r=0.367, p<0.05). A weak correlation was found between the level of
viremia and VEGF, sICAM-1 levels, yet this did not reach statistical significance (r =0.312, p=0.09&r =0.228,
p>0.05 respectively). The sensitivity of HCC detection using AFP alone was 93.3%. It yielded 100% detection
sensitivity when combined with sICAM-1 and/or VEGF with diagnostic accuracy reaching 96.67%. In
conclusion, HCV infection and the development of HCC on top greatly affect the serum profile of VEGF and
sICAM-1. VEGF as it stimulates endothelial cell growth, it could modulate the expression of sICAM-1 and
both could be considered as convenient markers of progressive liver damage, endothelial activation and
therefore could improve detection and management of HCC.

epatitis C virus [HCV] is estimated to

infect up to more than 3% of the

world population. In about 80% of
cases, viremia persists, leading to chronic
infection, and progression to cirrhosis occurs
in 50% of them with an increased risk of
developing hepatocellular carcinoma [HCC]
.(Brillantini et al., 1993; Prieto et al., 1995;
Alter, 1997; Wasley & Alter, 2000; Anzola,
2004). Infection with HCV is characterized by
inflammatory liver damage that is mediated

mainly by host immune mechanisms and
eventually by direct cytopathic effects (Nasir
et al., 2000).

Adhesion molecules expressed on the
surface of mononuclear cells, endothelial
cells, and hepatocytes seem to play a major
role in the constitution of chronic
inflammation and persistent liver injury
associated with HCV infection. Intercellular
adhesion  molecule-1  [ICAM-1]  which
belongs to the immunoglobulin supergene
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family, is known to interact with lymphocyte
function-associated  antigen  present  on
leukocytes and is particularly important for
the attachment and subsequent
transendothelial migration of leukocytes from
the circulation into inflamed tissues [target
site], followed by interactions between T cells
and antigen presenting cells (Kaplanski et al.,
1997; Bruno et al., 2005). Weak ICAM-1
expression is physiologically restricted to the
endothelium of portal vessels and to
sinusoidal lining cells, but it becomes
markedly evident and expressed in a high
quantity on hepatocytes and at the level of
endothelial cells from sinusoidal vessels in the
liver tissue of patients with chronic hepatitis C
(Yang et al., 1996; Montalto et al., 2003).
Cellular expression is associated to the release
of soluble form [SICAM-1] which 1s
detectable in the peripheral blood (Rothlein et
al., 1991; Kaplanski et al., 1997). Although
the biological function of this soluble form is
not clearly established yet, its increased serum
concentration reflects cellular over expression
in inflammatory states (Gearing & Newman,
1993; Nouri-Aria et al., 1995). However, little
i1s known about whether SICAM-1 is a
diagnostic marker for early detecting HCC
and monitoring its postoperative recurrence.
Angiogenesis has been reported to play a
significant pathogenic role in liver damage-
associated hepatitis C virus infection (Medina
et al., 2003; Salcedo et al, 2005).
Angiogenesis is also an essential step In
oncogenesis (Mazzanti et al., 1997; Takeda et
al., 2002). In many angiogenesis- associated
diseases, increased levels of cytokines,
inflammatory cells, and angiogenic factors are
present. In turn, these factors increase the
expression of endothelial CAMs (Liotta et al.,
1991). Angiogenic factors such as vascular
endothelial growth factor [VEGF] may be
involved in neovascularization of malignant
tumors (Ker et al., 1999; Shimoda et al., 1999;
Sun & Tang, 2004; Yao et al., 2005). VEGF is
a secreted, 46 kDa dimeric protein acting as a

direct and specific mitogen for wvascular
endothelial cells. VEGF 1s considered to play
an important role in tumor biology in at least
two ways: as a vascular permeability factor
and/or endothelial growth factor. As a potent
permeability  factor, ~VEGF  promotes
extravasation of plasma fibrinogen, leading to
the formation of a fibrin network that serves
as a substratum for cell migration during
angiogenesis. In addition, as an endothelial
growth factor, VEGF stimulates endothelial
cell proliferation and is likely to induce the
formation of new blood vessels. It was also
observed that wvascular endothelial cells
exhibited an increased survival in the
presence of VEGF (Senger et al., 1993; Assy
et al., 1999; Raghunand et al., 2003).

Soluble adhesion molecules and
endothelial growth factors may play a part in
initiation and progression of the disease. The
diagnostic value of estimating serum levels of
sICAM-1 and VEGF as non-invasive
techniques for enhancing early detection of
HCC is still a matter of discussion. Therefore,
this study aimed at investigating the influence
of HCV infection on serum profile of sSICAM-
1 and VEGF in patients with hepatitis C
infection and hepatitis C with superimposed
HCC and their diagnostic value as useful
markers reflecting progressive liver damage
and development of HCC.

Subjects and Methods

Three groups of subjects were included in the present
study: Fifteen HCV-infected patients, fifteen HCV-
positive patients with superimposed HCC as well as ten
healthy subjects representing the control group. All
groups were comparable for sex and age. Most of the
HCC samples collected in the present study were in
early and intermediate stages. Advanced stages were
not included.

Antibodies against HCV were detected in serum by
a commercially available enzyme linked
immunosorbent assay [ELISA] kit [DiaSorin ETI-AB-
HCVK-3, Vercelli, Italy]; also samples were tested for
HBsAg by an ELISA kit [Murex HBsAg Version 3,
Abbott-Murex, Murex Biotech Limited. Central Road.
Dartford, UK], both according to manufacturer's
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instructions. All patients with hepatitis B surface
antigen positivity were excluded from our study.

HCV RNA was extracted from 140ul of serum using
QlAamp® viral RNA mini kit [Qiagen GmbH,
Germany], according to manufacturer's instructions.
HCV RNA copy numbers were analyzed by Real-time
polymerase chain reaction [Mx3000P™ Real- Time
PCR  System, stratagene] wusing TaqMan probe
technology [Roche- Applied biosystems]. TagMan
reactions were performed in 25 pl reaction volume. All
reactions were carried out in MicroAmp optical tubes
sealed with  MicroAmp optical caps (Applied
biosystems]. HCV RNA was amplified according to the
following program: 1 cycle each of 48°C for 30 min
and 95°C for 10 min, followed by 40 cycles each of
95°C for 15 sec and 60 °C for 1 min.

Serum levels of sICAM-1 and VEGF were
determined in the serum using commercial ELISA Kkits
[Bender MedSystems GmbH, Vienna, Austria and
Accucyte, Cytimmune, USA, respectively], according
to manufacturer's instructions.

Liver biochemistry in the form of determination of
serum alanine aminotransferase [ALT] and serum
aspartate aminotransferase [AST] activities were
assayed using Liquick Cor-ALAT and ASAT
transaminase enzyme ALT and AST Kkits. Serum levels
for alpha-fetoprotein [AFP] were tested in all cases
using Immulite®/Immulite® 1000 AFP
chemiluminescence assay kit.

Statistical analysis

Data were analyzed using SPSS program (Version 10).
Data were expressed as mean value + SD. Statistical
analysis was performed using Student t-test and
correlation coefficient. The significance level was set at
P<0.05. Sensitivity, specificity and diagnostic accuracy

were calculated according to the following formulae:
Sensitivity = a/ (a + c), specificity = d/ (b + d) and
diagnostic accuracy = (a +d)/ (a + b + ¢ + d) (in which
a = true-positive cases, b = false-positive cases, ¢ =
false-negative cases and d = true-negative cases). The
ROC curves were constructed by calculating the
sensitivities and specificities at several cutoff points for
further evaluation and comparison of data.

Results

Among the three studied groups, the group of
patients with hepatitis C and superimposed
HCC had significantly higher sICAM-1
values than HCV infected patients and
controls (1178.11 £ 631.87 vs. 313.67 + 82.72
& 230.3 £ 47.4, respectively, p<0.001). On
the other hand, the mean serum sICAM-I
levels were elevated in patients with HCV as
compared with healthy controls, but this did
not reach statistical significance (313.67 +
82.72 vs.230.3 + 47.4, p>0.05) [Table 1, Fig.
1].

In comparison to healthy subjects, HCV
infected  patients showed dramatically
elevated serum levels of VEGF (132.45 +
91.56 vs. 7.76 + 7.41, p<0.001). Also, the
group of patients with hepatitis C and -
superimposed HCC had higher VEGF values
than HCV infected patients and controls, this
difference was found to be statistically highly
significant (320.88 + 117.99 vs 13245 =+
91.56 & 7.76 = 7.41, respectively, p<0.001)
[Table 1, Fig.2].

Table 1. concentrations of the different markers within the studied groups : Data presented as mean , SD and the

significance was shown as the p values.

§

Controls HCV patients HCC patients i

Marker(s) (Ctrl*HCV)  (Ctrl *HCC)  (HCV*HCC)

n Mean+ SD n Mean+ SD n Meant SD
&?é;’:ﬁes/ml) 15 4226763 15  13.50%28.32 NS
sICAM-1 10 230.30£+47.40 15 313678273 15 1178.11+631.87 NS 0.001 0.001
VEGF 10 7.76+ 7.41 15 13245+ 9157 15  320.88+ 117.99 0.001 0.001 0.001
AFP 15 28.19£29.05 15  604.53+ 509.51 0.001
ALT 15 45.87+ 39.06 15 52.60+ 30.57 NS
AST 15 62.60+ 38.72 15 84.87+ 56.61 NS
§=p< 0.05 is significant
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Figure 1. Mean values of sICAM-1 levels among the three studied groups.
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Figure 2. Mean values of VEGF levels among the three studied groups.
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The mean values of hepatitis C viral load
were found to be higher in patients with
hepatitis C and superimposed HCC than
HCV- infected patients but this difference was
found to be statistically insignificant (13.59 +
28.32 vs.4.22 + 7.63, p>0.05). On the other
hand, a statistically highly significant
difference was found between the serum
levels of AFP of patients with HCC compared
to those HCV infected patients (604.53 +
509.51 vs. 28.19 + 29.05, p<0.001). The mean
value of aminotransferases' activities [ALT &
AST] did not differ significantly between the
two groups of patients. (45.87 + 39.06 vs.
52.60 = 30.57 & 62.60 + 38.72 vs. 84.87 +
56.61, respectively, p>0.05) [Table 1].

A highly significant correlation was found
between VEGF and sICAM-1 levels in all
patients (r=0.731, p<0.001). On studying each
of the two investigated groups of patients, it
should be noted that this correlation was
significant in the HCC (r =0.718, p=0.003)
but not in the HCV- infected group (r=0.164,
p>0.05). A significant correlation was found
between VEGF, sICAM-1 and AFP(r=0.473,
p<0.001, r= 0.690, p<0.001, respectively) in
all patients. Moreover, SICAM -1 levels were
found to correlate with laboratory markers of
disease activity in the form of ALT and AST
activities in all patients but this correlation
was weak regarding ALT and did not reach
the statistical significance(r=0.326, p=0.07),
on the other hand, regarding AST activities,
this correlation was found to be statistically
significant (r=0.367, p<0.05). No significant
correlation was noted between VEGF serum
levels and aminotransferases (r=0.269, 0.291,
p>0.05). A weak correlation was found
between the level of viremia and VEGE.
sSICAM-1 levels, yet this did not reach
statistical significance (r =0.312, p=0.09& r
=0.228, p>0.05 respectively). On the other
hand, a significant correlation was found
between ALT, AST activities and the viral
load in the group of HCV- infected patients
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but not in the HCC group (r = 0.635, p<0.05
& r = 0.622, p<0.05, respectively), moreover,
AFP did not correlate significantly with
transaminases' activities in all patients (ALT, r
=0.127 & AST, r=0.150, p>0.05).

In the present work, a significant correlation
was evident between the sICAM-1, VEGF
and between both markers and AFP levels
among all patients but not in each of the
investigated groups, except for sICAM-I,
VEGF in HCC group; this means that each
marker provides independently different
information. Consequently, it is expected to
increase the diagnostic accuracy if multiple
markers are used for detection of HCC.

The validity of each of the investigated
markers in differentiating between the two
groups (HCV- infected and HCV with
superimposed HCC) was illustrated by the
ROC curves shown in Figure 3. For a certain
marker, a value less than 0.5 for the area
under the curve means that it is not possible to
differentiate between the two compared
groups using this marker. The evaluation of a
marker using the ROC curve has the
advantage of analyzing two investigated
groups over the whole range of sensitivities
and specificities.

On calculating the sensitivities, specificities
and diagnostic accuracy for the investigated
markers at the optimal cutoff, the values were
based on the differentiation between HCV-
infected and HCC group of patients. The
values for the combined detection using more
than one marker were also presented [Table
2]. The combined detection using two
markers, for example, assumes that the tumor
is detected if any of the two markers (or both
of them) yields a positive result. The detection
using a combination of AFP (the reference
marker) and any or both of sICAM-1 and
VEGF  produced enhanced sensitivity, a
maximum sensitivity of 100% was achieved
compared to their individual sensitivities




