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A B S T R A C T

We studied promoter methylation (PM) of 11 genes in Peripheral Blood Lymphocytes (PBLs)

and tissues of hepatitis C virus (HCV) associated hepatocellular carcinoma (HCC) and chronic

hepatitis (CH) Egyptian patients. The present study included 31 HCC with their ANT, 38 CH

and 13 normal hepatic tissue (NHT) samples. In all groups, PM of APC, FHIT, p15, p73, p14,

p16, DAPK1, CDH1, RARb, RASSF1A, O6MGMT was assessed by methylation-specific PCR

(MSP). APC and O6-MGMT protein expression was assessed by immunohistochemistry (IHC)

in the studied HCC and CH (20 samples each) as well as in a different HCC and CH set for

confirmation of MSP results. PM was associated with progression from CH to HCC. Most

genes showed high methylation frequency (MF) and the methylation index (MI) increased with

disease progression. MF of p14, p73, RASSF1A, CDH1 and O6MGMT was significantly higher

in HCC and their ANT. MF of APC was higher in CH. We reported high concordance between

MF in HCC and their ANT, MF in PBL and CH tissues as well as between PM and protein

expression of APC and O6MGMT. A panel of 4 genes (APC, p73, p14, O6MGMT) classifies

the cases independently into HCC and CH with high accuracy (89.9%), sensitivity (83.9%)

and specificity (94.7%). HCV infection may contribute to hepatocarcinogenesis through

enhancing PM of multiple genes. PM of APC occurs early in the cascade while PM of p14,

p73, RASSF1A, RARB, CDH1 and O6MGMT are late changes. A panel of APC, p73, p14,

O6-MGMT could be used in monitoring CH patients for early detection of HCC. Also, we
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found that, the methylation status is not significantly affected by whether the tissue was from

the liver or PBL, indicating the possibility of use PBL as indicator to genetic profile instead

of liver tissue regardless the stage of disease.

ª 2014 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common so-

lid tumor worldwide and the fourth leading cause of cancer-re-
lated death [1]. It accounts for approximately 600,000 deaths
per year [2] and it shows a wide geographical variation with

low incidence areas in North America and Europe, and high
incidence areas in Africa and Asia. In Egypt the incidence of
HCC has doubled in the past 10 years, thus it is now the sec-

ond most incident and lethal cancer in men after lung cancer
[3]. The heavy burden of HCC parallels the high rates of
HCV infection while hepatitis B virus (HBV) rates have de-
clined after the introduction of the vaccine in 1992 [4,5].

Although it has been estimated that 80% of HCC occurs in cir-
rhotic livers, the exact molecular mechanisms underlying virus-
associated hepatocarcinogenesis are still unclear.

Multiple genetic aberrations of oncogenes and tumor sup-
pressor genes have been identified, which control hepatocytes
proliferation, differentiation, maintenance of genomic integrity

and death [6,7]. In addition, recent studies suggest aberrant
DNA (PM) as an alternative mechanism of tumor pathogene-
sis because the hypermethylated promoters often lack tran-

scriptional activity, which could result in gene inactivation
[8]. DNA methylation refers to the addition of a methyl group
to the cytosine residue in CpG dinucleotides. Normally, clus-
tered CpG dinucleotides (CpG islands) are not methylated

regardless of their transcriptional status, whereas in tumor
cells, methylation of CpG islands in the promoter regions of
many tumor suppressor genes (TSGs) and growth regulatory

genes effectively silences those genes. Since different types of
cancer show distinct DNA methylation profiles, it is possible
to develop cancer- type specific methylation signatures [9].

The power of PM as a marker derives not only from its ability
to be detected in a wide variety of samples, from fresh speci-
mens to body fluids and archival paraffin-embedded tissues,
but also from the defined localization of the lesion in promoter

CpG islands of the genes. This could be an early important
event in carcinogenesis and could also be of importance for
treatment or prognostication [10]. DNA methylation profiles

in Egypt has not been well studied, though it has the highest
prevalence of HCV infection in the world with approximately
14% of the population infected, and seven million have

chronic HCV induced liver disease [11].
We sought to assess DNA methylation patterns in Egyptian

patients with HCV associated chronic hepatitis and HCC using

a panel of genes that are commonly hypermethylated in other
solid tumors (p14, p15, p16, p73, APC, FHIT, DAPK1, CDH1,
RARb, RASSF1A, and O6MGMT) in order to understand the
role of epigenetic silencing in this patient population. The stud-

ied groups included 38 HCV/genotype-4-associated CH pa-
tients with matched PBL in 20 of them and 31 HCC cases
with their ANT. Thirteen NHT obtained from healthy individ-

uals, were used as a control group. The prognostic impact of
aberrant PM was also assessed through correlations between

methylation patterns and the clinic-pathological features of
the studied patients.

Methodology

Study design

This prospective study encompassed three groups. The first

group included 31 HCC cases, of which, 23 cases had enough
adjacent normal tissue (ANT) samples to be assessed. The
second group included: A) 20 cases of chronic CH patients
with cirrhosis from which tissue samples and Peripheral

Blood Lymphocytes (PBLs) were collected and 18 cases of
asymptomatic carriers (ASC), from which tissue samples only
were collected. The third group was a control group in which

normal hepatic tissue (NHT) samples were obtained from 13
liver transplantation donors matched for age (±5 years) and
sex.

HCC samples were obtained from patients who underwent
surgical resection of their tumors at the National Cancer Insti-
tute (NCI), Cairo, Egypt. Whereas CH samples were obtained

from the Endemic medicine department, Kasr Al-Aini School
of Medicine, Cairo University. All cases were assessed for viral
profile as a part of the routine clinical workup. All HCC and
CH cases were positive for HCV/genotype-4 and negative for

HBV by serological tests and/or HBV-DNA by real time
PCR (qRT PCR). Histopathological diagnosis and grading
of the HCC cases were done according to the World Health

Organization (WHO) classification criteria [12] and staging
was performed according to the American Joint Committee
on Cancer [13]. Grading and staging of CH patients were per-

formed according to the pathology activity index [14]. A writ-
ten informed consent was obtained from each patient and the
Institutional Review Boards of the National Cancer Institute
and Kasr Al-Aini School of Medicine, Cairo University, re-

viewed the study protocol which was in accordance with the
2007 Declaration of Helsinki. All patients’ characteristics were
collected from the patients’ records and illustrated in Table 1.

DNA extraction

DNA was extracted from PBL according to standard proto-

cols (6). Briefly, equal volume of equilibrated phenol (pH
7.0–7.5) was added to samples and vortexed. The upper aque-
ous layer was removed and an equal volume of phenol/chloro-

form (1:1) was added and vortexed. The upper aqueous layer
was removed again and an equal volume of chloroform/iso-
amyl alcohol (24:1) was added and vortexed. This was fol-
lowed by the addition of 3 M Sodium acetate (pH 4.7–5.2),

DNA precipitation by ice-cold ethanol and overnight incuba-
tion at �80 �C. The fluid was decanted and the DNA pellet
was dissolved in sterile water. DNA was extracted from fresh

tissue samples as previously described [15].
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