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Background and Aim: Chronic hepatitis B virus (HBV) infection is a ma-
jor cause of hepatocellular carcinoma (HCC). Circulating cell-free DNA 
(cfDNA) methylation of tumor suppressor genes are emerging potential 
biomarkers in HCC. We aimed to evaluate the cfDNA methylation status of 
RASSF1 and CDKN2AIP genes in patients with liver cirrhosis (LC) with or 
without HCC caused by HBV.
Materials and Methods: A total of 47 patients with HBV cirrhosis were 
included in the study. Patients were divided into two groups: HCC and LC 
(HCC+LC, n=22) and HBV cirrhosis only (LC, n=25). cfDNA was iso-
lated from the plasma samples of the patients. Methylation analysis was 
performed for RASSF1 and CDKN2AIP genes.
Results: Mean methylation percentage of CDKN2AIP gene was 
0.001±0.004% in the HCC+LC group and 0.008±0.004 % in the LC only 
group. The mean methylation percentage of RASSF1 gene was 5.1±16.1% 
in the HCC+LC group and 9.7±25.9% in the LC only group. The methylation 
rate of CDKN2AIP was significantly lower in the HCC+LC group (p=0.027). 
A positive correlation was found with the absence of cfDNA methylation of 
CDKN2AIP gene in the presence of HCC (R=0.667, p=0.018).
Conclusion: cfDNA methylation of CDKN2AIP and RASSF1 genes may 
provide important diagnostic information regarding the development of 
HCC in the setting of HBV cirrhosis.
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Introduction
Hepatocellular carcinoma (HCC) is the most common primary malig-
nancy of the liver and the fourth most common cause of cancer-related 
mortality worldwide.[1,2] Chronic hepatitis B virus (HBV) infection is 
the most common etiology of HCC.[1] HBV is an oncogenic virus that 
can be integrated into the host genome and affect the expression of 
tumor suppressor genes and oncogenes.[3,4]

According to phylogenic analyses, there are ten HBV genotypes (A–J).
[5] Genotypes C and D have a higher risk of progression to cirrhosis 
and HCC, and their response to conventional treatment is usually less 
favorable than genotypes A and B.[6,7] Predominant HBV genotype in 
Turkiye is genotype D.[8–10]

Chronic liver injury induced by various etiologies, including infectious, 
metabolic, autoimmune, chronic cholestatic, and toxic insults leading to 
liver cirrhosis (LC) or chronic HBV without LC, increases the risk of 
HCC.[1] Patients with cirrhosis of all etiologies and high-risk patients 
with HBV are recommended to undergo surveillance for the HCC.[11] 
HCC surveillance is crucial to detect the presence of an early tumor, 
and liver ultrasonography (US) with or without serum alpha-fetopro-
tein (AFP) levels every 6 months is one of the recommended practice 
guidelines.[12] In a recent meta-analysis, US was found to have a sensi-
tivity of 45% in detecting early-stage HCC, and the combination of US 
with AFP increased the sensitivity to 63%.[13] However, US is highly 
operator dependent and provides a limited evaluation in patients with 
cirrhosis and obesity.[14]

Several novel serum biomarkers have been studied for the early de-
tection of HCC.[10,11,13] The circulating cell-free DNA (cfDNA) analy-
sis, also called “liquid biopsy,” in serum or plasma samples is one of 
the methods that have been studied in the diagnosis of HCC.[15] The 
primary source of cfDNA is the degradation of apoptotic and necrotic 
tumor cells and the release of tumor DNA particles.[16] This technique is 
minimally invasive and has the potential to screen, diagnose, and eval-
uate the disease progression. DNA methylation is an epigenetic mech-
anism that influences gene activities by regulating gene expression.[17] 
RASSF1A and CDKN2A (p16) are tumor suppressor genes, and their 
hypermethylation has been observed in HCC caused by HBV, signifi-
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cantly higher as compared with chronic HBV.[15,18] RASSF1A methy-
lation has also been shown to provide better sensitivity and specificity 
than AFP in HCC caused by HBV.[19] Identification of tumor suppressor 
genes that are methylated early in the tumor development, along with 
the analyses of the cfDNA methylation of select genes, may be a useful 
tool for screening patients at risk for HCC.[19]

Materials and Methods
Patient Selection
Patients were recruited for the study from the clinics of gastroenterol-
ogy and hepatology, nuclear medicine, and interventional radiology of 
our institution between October 2018 and December 2019. Patients 
over the age of 18 years who have cirrhosis caused by HBV with or 
without HCC were included in the study. Patients with malignancies 
other than HCC and patients with severe systemic illnesses were ex-
cluded. The study was approved by the Institutional Review Board of 
Istanbul University, Istanbul School of Medicine. Written and verbal 
informed consent was obtained from all patients.

Collection and Storage of Specimens
The blood samples were taken into tubes (2 mL) with K3 EDTA, cen-
trifuged twice at 4°C at 1350 RCF for 10 min in 4 h and then aliquoted 
to 1 mL in 1.5 mL Eppendorf tube in a sterile cabinet. Plasma samples 
were stored at –80°C until the day of analyses.[20,21] After the sample 
collection process, nucleic acids (cfDNA) in each sample were ex-
tracted using the QIAGEN Cell-Free isolation kit (QIAamp Circulat-
ing Nucleic Acid Kit Cat No/ID: 55114, Qiagen, UK), according to the 
manufacturer’s instructions. cfDNA was extracted from 1 mL plasma, 
and 50 µL of elution buffer was added.
The concentrations and purities of the obtained cfDNA samples were 
measured with a MaestroNano Micro-Volume spectrophotometer. To 
perform the methylation analysis, the DNA concentration of each sam-
ple was adjusted to 25 ng/µL. The nucleic acid digestion procedures re-
quired for methylation analyses were performed following the protocol 
of Qiagen-EpiTect Methyl II DNA Restriction Kit (SA Bioscience, cat 
no.: 335452). After digestion, determination of the methylation status 
of RASSF1 and CDKN2AIP genes was performed using the protocol 
of Qiagen – EpiTect Methyl II (Qiagen–EpiTect Methyl II PCR Assay 
for 2 Genes Using 1 DNA Sample, Cat No./ID: 335002, Qiagen, UK). 
Real-time PCR was used for methylation analysis. Real-time PCR stud-
ies were performed using Agilent brand Real-Time PCR device (Agi-
lent Technologies, CA, USA).

Statistical Analysis
IBM SPSS Statistics 22.0 for Windows was used for statistical analy-
sis. Student’s t-test was performed when appropriate, and p<0.05 was 
considered significant. Pearson’s correlation analysis was performed.

Results
Forty-seven HBsAg-positive patients with HBV were included in the 
study and divided into two groups: 22 patients (46.8%) with HCC+LC 
and 25 patients (53.2%) with LC only. HCC+LC group was older than 
LC only group (64.0±10.01 vs 53.9±10.6 years, p=0.003). Male gender 
was predominant in HCC+LC group; however, it was not statistically 
significant between the two groups (81.8% vs 60%, p=0.106, respec-

tively), as shown in Table 1. Mean AST, ALT, ALP, and GGT were 
significantly higher in the HCC+LC group compared with LC only 
group (50.43±295.3 IU/L vs 30.9±12.9 IU/L, p=0.018; 74±107.1 IU/L 
vs 22.7±8.2 IU/L, p=0.031; 164.05±128.2 IU/L vs 86.6±32.6 IU/L, 
p=0.016; and 94.52±124.2 IU/L vs 35.0±29.9 IU/L, p=0.028, respec-
tively). Mean AFP was higher in HCC+LC group than in the LC only 
group, although it was not statistically significant (234.0±505 ng/mL vs 
4.04±2.94 ng/mL, p=0.085, respectively).
In the LC only group, 64% had Child-Pugh class A, 28% had Child-
Pugh class B, and 8% had Child-Pugh class C cirrhosis. In HCC+LC 
group, 76.2% had Child-Pugh class A, 4.8% had Child-Pugh class B, 
and 19% had Child-Pugh class C cirrhosis. Barcelona classification of 
patients with HCC was 61.9% A, 14.3% B, 9.5% C, and 14.3% D.[22]

cfDNA levels were similar in both groups (p>0.05). The mean methy-
lation percentage of CDKN2AIP gene was 0.001±0.004% in the 
HCC+LC group and 0.008±0.004% in the LC only group. No methyla-
tion was detected in CDKN2AIP gene in 80% of the patients in the LC 
only group and in 95.5% of patients in the HCC+LC group (Fig. 1). The 
mean methylation percentage of RASSF1 gene was 9.7 ± 25.9% in LC 
only group and 5.1±16.1 in the HCC+LC group. No methylation was 
detected for RASSF1 gene in 64% of the patients in LC only group and 
72.7% of the patients in the HCC+LC group. Although the methylation 
rates of CDKN2AIP and RASSF1 genes were not statistically different 
in the two groups, the presence of methylation of CDKN2AIP was sig-
nificantly lower in the HCC+LC group (p=0.027) compared with the 
LC only group. Correlation analysis was performed, which revealed 
a positive correlation with the absence of methylation of CDKN2AIP 
gene in the presence of HCC (R=0.667, p=0.018).

Discussion
The discovery of circulating DNA fragments, or cfDNA, in plasma 
dates back to 1948.[23] Healthy subjects have been shown to have an 
average of 30 ng/mL (0–100 ng/mL) cfDNA in their plasma.[24] 

cfDNA has been studied extensively in several fields such as cancer 
research because of the genetic and epigenetic information provided 
by the cfDNA.[25] It is hypothesized that the cells that underwent 
apoptosis and necrosis are the primary sources of the cfDNA in the 
circulatory system.[26]

DNA methylation is an epigenetic modification affecting gene expres-
sion.[27] The formation of 5-methylcytosine by covalently binding a 
methyl group to the C5 position of the cytosine residues in the CpG 
dinucleotide sequences in differentiated cells is the basic epigenetic tag.
[28] Although methylation formation generally occurs in CpG sequences, 
it can also be observed in non-CpG sequences; however, the importance 
of this occurrence is not fully understood.[17] DNA methylation is ef-
fective in critical cellular events such as regulation of gene expression, 
inactivation of X chromosome, and silencing of retroviral element.[17] 
5-Methylcytosine, which is formed as a result of DNA methylation in 
promoter regions, generally suppresses gene expression by affecting 
the recognition and binding of transcription factors.[29] Gene methy-
lation regulates immune responses by changing the expression of in-
flammatory cytokines.[30] Tumor suppressor gene methylations play an 
essential role in carcinogenesis.[31]

HBV-infected cells contain covalently closed circular DNA (cc-
cDNA) in the nucleus.[32] Both episomal and integrated HBV DNA 
can be methylated in hepatocytes.[31] Methylation of viral DNA plays 
a vital role in viral replication and protein expression.[31] There are 
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differences in methylation status between different HBV genotypes 
that show specific geographical distribution.[33] Previously, the pres-
ence of HBV cccDNA methylation and its role in HBV replication 
were reported from the studies in Asia, where genotypes B and C are 
dominant. It showed that this methylation determines the suitability 
of HBV replication,[34,35] whereas genotype D is the predominant HBV 
genotype in Turkiye.[8–10]

In a study conducted on liver biopsy samples of HBV-infected patients 
in France, where genotypes A and D are common, methylation in the 
HBV genome was reported as a rare occurrence.[36] High mutation rates 
observed in HBV DNA replication may affect the methylation by alter-
ing the C5 position in CpG dinucleotides, which is the only place where 
methylation can occur in mammalian cells.[33,37]

RASSF1A and CDKN2A are tumor suppressor genes. Hypermethy-
lation of these genes in HCC has been shown mainly in HCC de-
veloped in the background of chronic HBV infection.[15] RASSF1A 
gene product is a folded protein and is responsible for cell signaling.
[38] DNA hypermethylation occurs as a result of the effects of various 
proteins and viruses on DNA.[38] CDKN2AIP is a protein that consists 
of 580 amino acids belonging to the CARF family that regulates dam-
age responses through signaling pathways related to cell proliferation, 
apoptosis, and aging.[39]

			   HCC+LC (n=22)		  LC (n=25)		 p

		  n	 %	 Mean±SD	 n	 %	 Mean±SD

Gender							       0.106

	 Male	 4			   10

	 Female	 18			   15

Age			   64.0±10.01			   53.92±10.6	 0.003

Child							       0.605

	 A		  76.2			   64

	 B		  4.8			   28

	 C		  19			   8

Barcelona

	 A		  61.9			   NA		  NA

	 B		  14.3			   NA		  NA

	 C		  9.5			   NA		  NA

	 D		  14.3			   NA		  NA

AST (IU/L)			   150.43±295.3			   30.9±12.9	 0.018

ALT (IU/L)			   74±107.1			   22.7±8.2	 0.031

ALP (IU/L)			   164.05±128.2			   86.6±32.6	 0.016

GGT (IU/L)			   94.52±124.2			   35.0±29.9	 0.028

AFP (ng/mL, range)			   234±505.1 (1.2-1651)			   4.04±2.94 (1.2-11)	 0.085

Cell-free DNA (ng/mL)			   27.89±8.68			   27.82±7.75	 0.48

Methylation of RASSF1			   5.1±16.1			   9.7±25.9	 0.431

	 Present		  27.3			   36		  0.027

	 Absent		  72.7			   64

Methylation of CDKN2AIP			   0.001±0.004			   0.008±0.004

	 Present		  4.5			   20

	 Absent		  95.5			   80
HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; ALP: Alkaline phosphatase; 
GGT: Gamma-glutamyl transferase.

Table 1. Clinical and laboratory features of study patients

Figure 1. Percent cell-free methylation status of RASSF1 and CDKN2AIP 
genes. Cell-free methylation of CDKN2AIP gene was absent in 95.5% of 
patients in the HCC+LC group and in 80% of the patients in the LC only 
group. Cell-free methylation of RASSF1 gene was absent in 72.7% of pa-
tients in the HCC+LC group and in 64% of patients in LC only group.

HCC: Hepatocellular carcinoma; LC: Liver cirrhosis.
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In several studies, it has been reported that methylation of CDKN2AIP 
gene is altered.[40,41] However, consistent results regarding the re-
lationship between CDKN2AIP gene and the risk of HCC has not 
been shown.[42] A meta-analysis conducted by Zhou et al.[43] included 
59 studies and concluded an enhanced promotor methylation rate of 
CDKN2A gene in the HCC and concluded that CDKN2A might be 
a tool for triage. However, in this meta-analysis, no distinction was 
made regarding the etiology of HCC; mainly tissue biopsies were 
analyzed, and study patients were from Japan, China, Korea, Ger-
many, Italy, Spain, and the United States.[43] In our study on the role 
of cfDNA methylations of RASSF1 and CDKN2AIP genes in the di-
agnosis of HBV-related LC and HCC, we found that cfDNA levels 
in the group with HCC and LC were similar to those with LC only. 
However, methylation rates in CDKN2AIP gene were significantly 
lower in the HCC and LC group than in the LC only group.
Our study has a few limitations: small sample size and the lack of 
cases with chronic HBV (without LC or HCC) as a control group. 
Studies to assess and validate the utility of cfDNA methylations may 
provide important clues in the diagnosis of HCC and may aid in strat-
ifying high-risk patients with HBV cirrhosis.
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