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Introduction

Abstract

Background: Hepatocellular carcinoma is the leading cause of
cancer-related death worldwide and it is commonly associated with
hepatitis C virus infection. Identifying the key mechanisms and bio-
logical markers involved in the hepatitis C virus-associated hepato-
cellular carcinoma may help in early detection and/or diagnosis of
this malignancy. The aim of this study was to evaluate and assess
the role of the serum VEGF, NF-kB, and IGF-1 in incidence and de-
velopment of hepatocellular carcinoma in hepatitis C virus-infected
patients.

Methods and Results: VEGF, NF-kB, and IGF-1 were measured
by ELISA assay in Egyptian patients with hepatitis C virus infection
and hepatocellular carcinoma-associated hepatitis C virus infection,
healthy individuals. Serum VEGF, NF-kB, and IGF-1 were significantly
elevated in HCV and hepatitis C virus-associated hepatocellular car-
cinoma patients compared to the control group. Additionally patient
with hepatitis C virus-associated hepatocellular carcinoma showed
significantly higher serum levels of NF-kB, and IGF-1 compared with
hepatitis C virus infection patients.

Conclusions: Our data supports the role of VEGF, NF-kB, and IGF-
1 in development of hepatocellular carcinoma during the course of
hepatitis C virus infection and the use of these biomarkers in combi-
nation with alpha-fetoprotein (AFP) may offer an improved diagnos-
tic tool for hepatocellular carcinoma early detection.
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Chronic Liver Disease (CLD) and cirrhosis account for 2 mil-
lion deaths per year worldwide, showing approximately 1
million deaths due to the complications of liver cirrhosis and
1 million deaths due to the viral infection and hepatocellular
carcinoma [1,2]. In addition to a high load of special needs and
increased healthcare utilization [3], many statistical studies re-
ported the chronic Hepatitis B Virus (HBV), Hepatitis C Virus
(HCV), Alcohol-related Liver Disease (ALD), and Non-Alcoholic
Fatty Liver Disease (NAFLD) as the most common etiologies of
CLD and cirrhosis [3].

Hepatitis C virus (HCV) is a major causative agent of chronic
hepatitis worldwide that is step-wisely progressed into hepatic
cirrhosis, which increases the risk for Hepatocellular Carcinoma
(HCC) development [4,5]. In Egypt, HCC represents the fourth
most common cancer associated with an unsatisfactory long-
term survival rate [6]. The association between HCC develop-
ment and HCV infection is well established. Among the risk fac-
tors for developing HCC, HCV infection is considered the most
frequent one [7,8]. Indeed, more than 60% of HCC is reported
to be associated with HCV infection [9]. In Egypt, the prevalence
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of HCV is the highest in the world, estimated to be around 14%
of the general population which causes an immense public
health burden.

Although HCV infection is well controlled and treated follow-
ing the introduction of novel therapies, the risk of HCC develop-
ment is still high especially in those with higher degrees of liver
cirrhosis [10]. Hence, detecting biomolecular events that trig-
ger HCC in HCV-infected patients is vital for early diagnosis and
treatment of HCC and enhancing patients’ prognosis.

Alpha-Fetoprotein (AFP) is the most widely used serum bio-
marker to detect HCC worldwide. However, HCC-early phase
detection by serum AFP level is limited by its low sensitivity and
poor specificity [11]. Up to 30 % of patients with HCC showed
normal AFP serum levels [12]. Therefore, there is an urgent de-
mand to identify a reliable alternative marker for the early de-
tection of HCC. Several studies showed that HCV may directly
potentiate the risk of developing HCC by regulating several host
pathways including those involved in angiogenesis and inflam-
mation. Vascular Endothelial Growth Factor (VEGF) signaling is
the main regulator of both physiological and pathological an-
giogenesis [13]. VEGF upregulation has been reported in HCV-
related HCC patients’ serum and it is correlated with tumor vas-
cularity [14,15]. Although it is suggested that detecting serum
VEGF could be useful for the detection of HCC [14], the prog-
nostic value of VEGF in Egyptian patients with HCV-related HCC
is still to be clarified.

A clear association has been reported between chronic in-
flammation and the promotion of carcinogenesis in HCV-HCC
patients [16]. The significant increase of proinflammatory cyto-
kines noted in HCV-expressing cells is reported to have a key role
in HCC development via dysregulation of cell cycle control and
the loss of tumor-suppressor gene functions [17,18]. Therefore,
it is of interest to elucidate the role of serum NF-kB, the tran-
scription factor for the expression of the inflammatory genes, in
the development of HCC during the HCV infection course. Of im-
portance, previous studies have also shown the potential role of
the Insulin-like Growth Factor (IGF) signal transduction pathway
in HCC [19-21]. IGF is a hormone synthesized in the liver and
has a vital role in cell proliferation, differentiation, and apopto-
sis. Unbalanced IGF levels can promote tumor proliferation and
activate cancer reprogramming in tumor tissues, especially in
the liver [22]. Although many studies showed that IGF has been
implicated in the maintenance of the transformed hepatocyte
phenotype [23] the role of IGF in HCV-related HCC, however, re-
mains to be fully recognized. Therefore, the current study aims
to evaluate and track the expression levels of VEGF, NF-kB, and
IGF in Egyptian patients with HCV and HCC-associated HCV for
early prediction of HCC in HCV-infected patients. In addition, we
aim to investigate the role of these different biomarkers in the
incidence and development of HCC in HCV-infected patients.

Materials and Methods
Study Design

These is a hospital-based case-control study conducted on
65 matched age and Body Mass Index (BMI) adult patients, and
were selected regardless of gender, ethnicity. Patients were di-
vided into three groups. Group 1 (control; n=10), Group 2 (HCV;
n=21), and Group 3 (HCV+HCC; n= 34). Patients were recruited
from the Internal medicine department, Minia University Hos-
pital, Minia, Egypt during the period from June to October 2021.
The study was approved (Nr.HV22/2020) by the Investigation

and Ethics Committee of the Minia University, Minia, Egypt and
written consent was obtained from all the patients involved.

The HCC group was diagnosed in compliance with the prac-
tice guidelines of the American Association for the Study of
Liver Disease (AASLD) by abdominal ultrasonography, serologic
test for AFP, and confirmed histopathologically in case of incon-
clusive imaging diagnosis. HCV without cirrhosis was detected
via PCR testing for HCV without any evidence of hepatic nodules
presence during the imaging test. All controls were negative
PCR for HCV and did not show any clinical or biochemical signs
of liver disease. Exclusion criteria included patients with HBV
infection and patients with HCC without HCV infection. Patients
with HCV or HCC who received previous treatment or antiviral
therapy for HCV were also excluded.

Measurement of Serum Biomarkers

5 ml of blood was collected and then centrifuged at 5000rpm
for 10 minutes. Serum was collected after and then stored at
-80°C until used. Serum levels of VEGF, NF-kB, and IGF-1 were
measured by a commercially available ELISA kit from (Assay Ge-
nie, Dublin, Ireland) and AFP was measured by an ELISA kit from
(Elabscience biotechnology, Texas, USA) according to the manu-
facturer’s instructions

Statistical Analysis

Continuous variables were expressed as mean +SD, median.
Differences in statistical significance were evaluated using a
one-way analysis of variance (one-way ANOVA test) followed
by a Tukey-Kramer post-analysis test for comparing groups. Sta-
tistical significance was presented at p<0.05. Analysis was per-
formed using GraphPad Prism® software (Version 8.1.).

Results

Detailed clinical data of all studied groups are shown in (Ta-
ble 1). The three groups are balanced with respect to gender.
The median of the Body Mass Index (BMI) was comparable in
the three groups. However, the median of BMI tends to be high-
er in HCV and HCV+HCC groups. The values of the functional
liver enzymes (AST and ALT) were significantly (P-value<0.05)
higher in HCV and HCV+HCC groups compared to the control
group. However, the value of ALT in the HCV+HCC group was
significantly higher than HCV group. Similarly, the Alkaline Phos-
phatase (ALP) levels were significantly (P-value<0.05) higher in
both HCV and HCV+ HCC groups compared to the control group.
Additionally, The HCV+HCC group showed a significantly higher
level of ALP compared to the HCV group. Serum levels of AFP
were significantly higher in the HCV+HCC group compared to
the HCV group

The levels of studied biomarkers in the different groups were
expressed as floating bars. (Figure 1) showed a significant (P-
value<0.05) elevation in serum VEGF in both HCV and HCV+
HCC groups compared to the control group (170.4 + 10.96 and
172.6 £ 31.11 Vs. 88.32 + 11.14 ng/ml, respectively). However,
the values of VEGF were comparable in both HCV and HCV+HCC
groups. (Figure 2) depicts a significant (P-value<0.05) increase
in serum NF-kB level as a marker of inflammation in both HCV
and HCV+HCC groups compared to the control group. More-
over, the HCV+HCC group showed higher levels of NF-kB in the
patients' sera compared to the HCV group.

A significant elevation of serum IGF-1 level was observed in
HCV patients compared to the control group (P-value<0.05),
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similarly, compared to the control group, HCV patients with HCC
developed a significant elevation in IGF-1 serum level. Addition-
ally, a significant elevation in IGF-1 serum level was detected in
the HCV+HCC group compared to the HCV group (21.95 + 1.99
vs 40.67 + 12.74 ng/ml).

Table 1: Clinical Data of the Studied Groups.
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Figure 3: Diagrammatic representation of the serum level of
IGF-1 in HCV patients and HCV-associated HCC patients. Data are
represented as mean SD. *and # are significant differences from
control and HCV patients’ group, respectively, at P<0.05.

Control HCV HCV + HCC
Gender Male 6 (60%) 12 (60%) 20 (58.83%)
Female 4 (40%) 8 (40%) 14 (41.17%)
ALT (U/L) Mean+SD 22.81+4.73 | 53.79+22.5% | 76.00 + 31.87**
Median 22.55 49.27 69.41
AST (U/L) ' MeanSD 31.25+6.86 67.59+25.2* | 84.72 + 34.44*
Median 32.24 64.46 78.19
ALP(U/L) Mean+SD 98.16 +13.52 | 167.8 + 1.94* | 248.8 + 25.78*#
Median 93.68 167.8 246.2
AFP (ng/ml) | Mean+SD| 6.79+1.83 | 25.26+10.45 116.8+ 60.56#
Median 7.05 23.95 99.73

(*): Denotes significant difference in comparison to control group, (#): Denotes
significant difference in comparison to HCV group, BMI: Body Mass Index, AST:
Aspartate Transaminase, ALT: Alanine Aminotransferase, ALP: Alkaline Phos-
phatase, AFP: Alpha-Fetoprotein
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Figure 1: Diagrammatic representation of the serum level of VEGF
in HCV patients and HCV-associated HCC patients. Data are rep-
resented as mean SD. *is significant difference from the control
group, respectively, at P<0.05.
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Figure 2: Diagrammatic representation of the serum level of
NF-kB in HCV patients and HCV-associated HCC patients. Data are
represented as mean +SD. *and # are significant differences from

control and HCV patients’ group, respectively, at P<0.05.

Discussion

HCV chronic infection is one of the leading causes of end-
stage liver disease including HCC [5]. In most HCV-infected pa-
tients, persistent virus replication can be progressed to cirrho-
sis, and subsequently to HCC [24]. Although the molecular basis
for the transformation of HCV into HCC is not yet clear, HCV is
suggested to play an integral role in the development of HCC via
mechanisms mediated by changes in several cellular signaling
pathways. These pathways include stress signaling [25], inflam-
matory mediators [17,18], and growth factor receptors [14,19].

VEGF signaling is the main regulator of angiogenesis, that
has shown an important role in HCC cell growth, invasion, and
metastasis [26]. In this study, we found a high statistically sig-
nificant higher VEGF serum levels in HCV and HCV+HCC patients
than in the control group reflecting the proangiogenic state of
these patient groups. Several studies reported a positive corre-
lation between HCC and serum level of VEGF [27,28] that could
support the use of VEGF as a tumor marker for HCC. Indeed, a
study of Mukozu et al., showed that VEGF has a higher sensitiv-
ity and accuracy than the other tumor markers in patients with
HCC [14]. Although we observed an increase in VEGF serum lev-
el in HCC patients with HCV infection, such an increase was not
statistically significant than the serum VEGF level measured in
the HCV patients' group. This could be explained that our HCV+
HCC patients’ cohort was in the early stage of HCC. Supporting
our hypothesis, previous studies showed that the circulating
VEGF level is correlated with the stage of HCC and the high-
est VEGF levels are found in patients with metastasis [28,29].
In agreement with our results, previous studies showed an in-
crease in serum level of VEGF in HCV-infected patients [30,31].
The upregulation of VEGF in HCV patients may affect the inflam-
matory pattern in these patients. In this regard, VEGF has been
shown to be associated with unregulated hepatic inflammation
leading to more cirrhosis progression [31]. In the same line, a
study by Nage et al (2021) showed a positive correlation be-
tween inflammatory mediators and VEGF in HCV-infected pa-
tients that supports the intimate link between the processes
of inflammation and angiogenesis. Compelling with our results,
we reported a significant increase in serum NF-KB, a potent pro-
inflammatory cytokinin, in the sera of HCV-infected patients.
Supporting our finding, A significant increase in proinflamma-
tory cytokines was noted in HCV-infected patients [31,32]. Fur-
thermore, chronic inflammation during HCV infection is thought
to be responsible for HCC development via increased mutation
rate in the regenerating hepatocytes [33]. In the current study,
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we reported a significant increase in serum NF-KkB in HCV+HCC
patients compared with the HCV group which supports the role
of NF-kB tumorigenesis

IGF-1 has a crucial role in the pathogenesis of chronic liver
disease and HCC progression via regulating cell proliferation,
angiogenesis, immune evasion, and metastasis [19,20]. Sev-
eral clinical studies have shown that the levels of IGF-1 serum
concentrations were significantly lower in HCV-associated HCC
than in healthy subjects [34,35], the detected low serum IGF-
1 level may be attributed to the effect of damage to the liver
parenchyma, where the IGF ligands are produced [36,37]. On
the other hand, other studies documented upregulation of IGF
levels in HCV and HCC patients as compared to the control [38].
Consistent with the result of the current study, we found up-
regulation of serum IGF-1 in HCV and HCV patients with HCC as
compared with healthy individuals and higher levels of IGF-1 in
the HCV+HCC group than in HCV patients. Data from previous
studies showed that HCV core protein could positively regulate
IGF transcription and increase its expression [39]. During HCV
infection, IGF-1 has an integral role in the persistence of chronic
hepatic inflammation through the control of signaling pathways
linked to proinflammatory cytokines that subsequently lead to
the induction of acute inflammatory reaction [16]. Additionally,
IGF was reported to induce angiogenesis in many types of can-
cers that could explain their role in the growth and metastasis
of HCC [32].

Conclusion

In conclusion, the findings of the current study support the
potential role of VEGF, NF-kB, and IGF-1 in the development of
HCC during the HCV infection course. Additionally, the present
findings suggested that the serum levels of VEGF, NF-kB, and
IGF-1 might offer improved diagnostic performance for the ear-
ly detection of HCC.

Study Limitation

The major study limitations include the modest number of
the patients in a single center study. Therefore, our results re-
quire validation in a larger sample population. We did not ex-
amine the stages of fibrosis in HCC patients which could help in
further justification of the association of serum level VEGF with
HCC stage.

As the current study is cross sectional in nature, therefore,
the conclusions regarding the causality between VEGF, NF-kB
and IGF-1 levels and the development of HCC in HCV patients
should be treated with caution. Consequently, the clinical rel-
evance of our findings needs to be validated by subsequent pro-
spective, multicenter-based studies.
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