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Abstract

Aim of the study: This study aimed to evaluate the methylation status of two genes in the peripheral blood as 
possible non-invasive biomarkers for hepatocellular carcinoma (HCC) development in Egyptian patients with hep-
atitis C virus (HCV)-related liver cirrhosis, compare them with a-fetoprotein (AFP), and assess their relationship 
with the clinicopathological characteristics of the tumor.

Material and methods: Thirty healthy volunteers, forty patients with HCC on top of HCV-associated liver cirrho-
sis, and forty patients with HCV-associated liver cirrhosis participated in this study. Using methylation-specific 
polymerase chain reaction (MSP), the methylation status of RASSF1A and CDKN2A was assessed.

Results: The tumor group was significantly more methylated in both genes than the cirrhosis and the control 
groups. The RASSF1A gene was highly methylated in advanced tumor characteristics. There was no association 
between AFP levels in the blood and the methylation state of both genes. The combined diagnostic performance 
of the methylation status of both genes in predicting HCC in cirrhotic patients was high but not to the degree 
of that of AFP.

Conclusions: Methylated RASSF1A and CDKN2A levels in the blood may be employed as a non-invasive biomark-
er for the detection of HCC, especially in high-risk individuals.
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Introduction

Hepatocellular carcinoma (HCC) is a  global prob-
lem, being the sixth most frequent cancer and the fourth 
major cause of cancer mortality [1]. Hepatitis C virus 
(HCV)-related liver cirrhosis is thought to be responsible 
for 80% of HCC cases. Despite years of intensive investi-
gation, the precise molecular pathways driving virus-as-
sociated hepatocarcinogenesis remain unclear, and little 
progress has been achieved in terms of improving diag-
nosis and prognosis [2]. Searching for alternatives for 
early identification of HCC will thus help patients with 
this fatal disease have a better chance of surviving. Al-
pha-fetoprotein (AFP) measurement is now employed as 

an additional diagnostic test. Its clinical value is restrict-
ed due to its low sensitivity and specificity. As a result, 
innovative and reliable biomarkers that can enhance  
the overall clinical care of HCC are urgently needed [3].

According to recent research, the accumulation 
of epigenetic and genetic modifications may play 
a role in various phases of liver carcinogenesis [4]. 
Cancer is associated with abnormal hypermethyla-
tion of CpG islands, a  major epigenetic regulatory 
mechanism [5]. Methylated DNA markers (MDMs) 
are DNA methylation abnormalities reported in 
a variety of malignancies, including HCC [6].

RAS association domain family protein 1 transcript A  
(RASSF1A) and cyclin-dependent kinase inhibitor 2A  
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(CDKN2A) are two cell cycle regulator genes that have 
previously been shown to be deactivated by hyper-
methylation in malignant tumors [7].

The RASSF1A gene, which is found on the cytoge-
netic band Chr 3: p21.31, is a key component of the RAS 
signaling system [8]. Cell cycle regulation, apoptosis in-
duction, microtubule stability, and cellular adhesion are 
all functions of the protein encoded by RASSF1A [9]. 
According to previous research, RASSF1A deactivation 
by promoter hypermethylation has been found to occur 
frequently in malignant tumors, including HCC [7].

CDKN2A is a well-known tumor suppressor gene 
that produces the p16-INK4a protein, a cell cycle neg-
ative regulator. It inhibits cyclin-dependent kinases 
4 and 6 (CDK4, CDK6), which play a key role in cell 
cycle control by stopping cell progression from the 
G1 to the S phase, and so assist in cancer prevention 
[10]. CDKN2A is shown to be downregulated in HCV- 
induced HCC due to widespread CpG methylation 
[11]. RASSF1A and CDKN2A methylation frequency 
in HCC and cirrhotic liver tissue samples has been 
widely examined [12]. 

The aim of the present work was to evaluate the 
methylation status of both genes in the peripheral 
blood and compare them to AFP and evaluate their re-
lationship with the clinicopathological features of the 
tumor as potential non-invasive biomarkers for HCC 
development in Egyptian patients with HCV-related 
liver cirrhosis.

Material and methods

Study design

The current work was conducted at the Medical 
Research Institute Hospital, Alexandria University, be-
tween December 2020 and June 2021 as a case-control 
study. All patients were gathered sequentially from the 
hepatology unit and cancer management and research 
unit, and all participants provided informed consent. 
The study was authorized by the Local Ethics Commit-
tee of the Medical Research Institute Hospital, which 
adheres to the Helsinki Declaration’s requirements.

Study population

Thirty healthy volunteers (control group) in addi-
tion to forty patients with HCC on top of HCV-asso-
ciated liver cirrhosis (tumor group), and forty patients 
with HCV-associated liver cirrhosis (cirrhosis group) 
participated in this study. 

The American Association for the Study of Liver 
Disease (AASLD) guidelines were used to diagnose 
HCC, which were based on the presence of an ultra-

sonic focal lesion and then confirmed with AFP ele-
vation and imaging (contrast-enhanced triphasic com-
puted tomography scan study or magnetic resonance 
imaging) and/or pathological examination [13]. The 
staging of HCC was assessed according to the Barce-
lona Clinic Liver Cancer (BCLC) system [14]. Clinical, 
biochemical, and ultrasonographic evidence was used 
to diagnose cirrhosis. The severity of the liver illness 
was determined using the Child-Turcotte-Pugh (CTP) 
score and class [15]. Infection with the hepatitis B virus, 
any cause of chronic hepatitis, and any other malignan-
cy were all ruled out. Antiviral therapy-treated patients 
were also excluded. The control group consisted of 
healthy individuals based on the clinical examination 
and normal laboratory results. They were matched to 
the included patients in terms of age and sex.

Laboratory investigations

The molecular study and the standard laboratory 
testing, which included complete blood count, liver 
function tests, and AFP, were performed after blood 
sample collection. As part of the routine clinical work-
up, all patients were tested for viral hepatitis markers 
such as hepatitis B surface antigen and core antibodies, 
as well as anti-HCV antibodies.

Molecular study of DNA methylation status

The methylation status of the RASSF1A and CDKN2A 
genes was determined using methylation-specific poly-
merase chain reaction (PCR) (MSP).

DNA extraction

The Gene JET Genomic DNA Purification Kit 
(Thermo Fisher Scientific) was used to extract genom-
ic DNA from whole blood that has been anticoagu-
lated with ethylenediaminetetraacetic acid (EDTA).  
The purity and concentration of the extracted DNA 
samples were determined using agarose gel electro-
phoresis and a  Thermo Scientific Nano Drop 1000 
Spectrophotometer (Thermo Fisher Scientific, USA). 
The isolated DNA samples were then kept at –80°C 
until further investigation.

Bisulfite modification

The isolated DNA was bisulfite modified according 
to the manufacturer’s instructions using the EpiTect 
Fast DNA Bisulfite Conversion Kit (Cat No. 59824; 
Qiagen). Unmethylated cytosine residues in DNA 
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were converted to uracil by bisulfite treatment, but 
methylated cytosine residues remained intact.

Amplification by PCR

The modified DNA was then amplified using COSMO  
‘Hot Start’ PCR RED Master Mix (Willowfort, UK) 
and the primers provided by Invitrogen, Thermo Fish-
er Scientific, according to the manufacturer’s instruc-
tions. Two MSP reactions were carried out for each 
gene, one for the methylated DNA sequences and the 
other for the unmethylated ones using the primers and 
the MSP conditions illustrated in Table 1. Each MSP 
reaction was performed in a total volume of 25 μl using 
a Quanta Biotech, UK thermal cycler. For testing the 
specificity of the primers, fully methylated and unmet-
hylated bisulfite converted DNA controls (10 ng/μl)  
(Cat No. 59695, EpiTect PCR Control DNA Set,  
Qiagen) were included in each MSP run.

DNA detection

The resultant PCR products were then separated by 
agarose gel electrophoresis (2% for methylated and un-
methylated reactions of RASSF1A gene, and 2.5% for 
methylated and unmethylated reactions of CDKN2A 
gene) and visualized by ethidium bromide staining. 
The primer sequences and PCR thermal cycling con-
ditions of promoter regions of RASSF1A and CDKN2A 
genes are presented in Table 1. The specific bands of 
each reaction are illustrated in Figures 1 and 2.

The samples that were amplified from the primer 
pair for the methylated DNA sequence were consid-

ered methylation-positive, whereas the samples that 
were amplified from the primer pair for the unmethyl-
ated sequence were considered methylation-negative. 
Samples with PCR products from both primer pairs 
were considered partially methylated, which also rep-
resents a methylation-positive status.

Statistical analysis

The data were analyzed using IBM SPSS software 
package version 20.0 (IBM Corporation, Armonk, NY). 
To confirm that the distribution of variables was nor-
mal, the Kolmogorov test was utilized. For categorical 
variables, the χ2 test (Fisher’s exact or Monte Carlo cor-
rection) was employed to compare groups. The Student 
t-test was used to compare two groups with normally dis-
tributed quantitative variables. ANOVA was used to com-
pare three groups. The Mann-Whitney test was used to 
compare two groups and the Kruskal-Wallis test was used 
to compare several groups for non-normally distributed 
quantitative variables. Receiver operating characteristic 
(ROC) curve analysis was used to assess the diagnostic 
performance, and the area under the curve was calculat-
ed. A 5% threshold of significance was adopted.

Results

The current study included 40 HCC patients (70% 
male and 30% female) with a median age of 59.5 years, 
40 HCV-associated liver cirrhosis patients (21 males 
and 19 females) with a median age of 55.5 years, and  
30 healthy volunteers (14 males and 16 females) with 
a median age of 57.5 years.

Table 1. Primer sequences and PCR thermal cycler conditions of unmethylated and methylated promoter regions of RASSF1A and CDKN2A genes

RASSF1A CDKN2A

Primer name Unmethylated Methylated Unmethylated Methylated

Sequence Forward 5-TTTGGTTGGA
GTGTGTTAATGTG-3

5-GTGTTAACGC
GTTGCGTATC-3

5-TTATTAGAGGGTG
GGGTGGATTGT-3

5-TTATTAGAGGGTGG
GGCGGATCGC-3

Reverse 5-CAAACCCCA
CAAACTAAAAACAA-3

5-AACCCCGCGA
ACTAAAAACGA-3

5-CAACCCCAAAC
CACAACCATAA-3

5-GACCCCGAACC
GCGACCGTAA-3

Cycling 
condition

Initial denaturation 95ºC/5 min 95ºC/5 min

Cycles 35 38

Denaturation 95ºC/30 s 95ºC/30 s

Annealing 55ºC/30 s 59ºC/30 s 60ºC/30 s 62ºC/30 s

Extension 72ºC/30 s 72ºC/45 s

Final extension 72ºC/5 min 72ºC/10 min

Amplification 
size (bp)

108 94 151 150

bp – base pairs
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Table 2 compares the methylation status of the 
RASSF1A and CDKN2A genes, as well as the levels of 
AFP, across the examined groups.

Univariate regression analysis of RASSF1A gene 
methylation showed that the odds ratio for predict-

ing HCC was significantly high in the control and cir-
rhosis groups (4.45 and 2.51 respectively). Moreover,  
CDKN2A gene methylation had a  significantly high 
odds ratio for predicting HCC in the control and the 
cirrhosis groups (8.31 and 2.54 respectively) (Table 3).

Fig. 1. Methylated (A) and unmethylated (B) runs of RASSF1A gene on 2% agarose gel. Lane 1: 100 bp ladder. Lane 2: Bands of positive control at 94 bp in 
the methylated run (A) and at 108 bp in the unmethylated run (B). Lane 3: No bands of negative control (nuclease-free water) in both runs (A) and (B). Lane 4: 
Unmethylated case with a band in the unmethylated run only. Lane 5: A methylated case with a band in the methylated run only. Lanes 6: A methylated case with 
bands in both methylated and unmethylated runs

Fig. 2. Methylated (A) and unmethylated (B) runs of CDKN2A gene on 2.5% agarose gel. Lane 1: 100 bp ladder. Lane 2: Bands of positive control at 150 bp in 
the methylated run (A) and at 151 bp in the unmethylated run (B). Lane 3: No bands of negative control (nuclease-free water) in both runs (A) and (B). Lane 4:  
A methylated case with bands in both methylated and unmethylated runs. Lane 5: A methylated case with a band in the methylated run only. Lane 6: Unmethylated 
case with a band in the unmethylated run only
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The relationship between the methylation status of 
the RASSF1A and CDKN2A genes and clinical, radio-
logical and laboratory parameters is shown in Table 4.

There was a significant association of the methyla-
tion status of the RASSF1A gene with the tumor stage, 
the number of focal lesions, liver lobe involvement, 
and lymph node metastasis, whereas CDKN2A gene 
methylation did not show any significant association 
with tumor characteristics. Regarding the laboratory 
parameters, RASSF1A gene methylation was signifi-
cantly associated with increased ALT, AST, PT, and 
decreased albumin, while CDKN2A gene methylation 
was significantly associated with increased ALT, AST, 
and total bilirubin. 

The diagnostic performance of RASSF1A and  
CDKN2A gene methylation was lower than that of 
AFP in discriminating HCC patients from cirrhotic 
patients. They showed moderate sensitivity (57.5% and 
67.5% respectively), and moderate specificity (65.0% 
and 55.0% respectively). The area under the curve 
(AUC) was 0.613 and 0.0613 respectively. Meanwhile, 
AFP showed higher sensitivity and specificity (95.0% 

and 85.0% respectively), with an AUC of 0.989 at a cut-
off of 20 ng/ml (Table 5, Fig. 3).

The diagnostic performance significantly improved 
after combining RASSF1A and CDKN2A gene methyl-
ation, to a sensitivity of 87.5%, but with a low specifici-
ty of 32.5%, while AUC became 0.673 (Table 5, Fig. 4).

Furthermore, RASSF1A gene methylation per-
formed better than CDKN2A gene methylation in dis-
tinguishing early (A+B) and late (C+D) BCLC stages 
of HCC. It had a  positive predictive value (PPV) of 
82.61%, negative predictive value (NPV) of 52.94%, 
and accuracy of 70.0% (Table 6).

Discussion

Numerous DNA-methylation-dependent epigene-
tic processes have been identified in HCC. The tumor-
igenic process in cancer cells is aided by the transcrip-
tional silencing of tumor-suppressor genes by CpG 
island promoter hypermethylation [5].

The relationship between methylation of the RASSF1A  
and CDKN2A genes and carcinogenesis has previously 
been investigated using various detection techniques, 

Table 3. Odds ratio of RASSF1A and CDKN2A gene methylation for predicting HCC in the studied groups

Gene Tumor vs. cirrhosis® Tumor vs. control®

p OR 95% CI p OR 95% CI

RASSF1A 0.045* 2.51 1.019-6.198 0.005* 4.45 1.551-12.741

CDKN2A 0.045* 2.54 1.023-6.298 < 0.001* 8.31 2.731-25.276

OR – odds ratio, ® reference group, CI – confidence interval, p – p-value for univariate regression analysis for comparing between studied groups; * statistically significant at p ≤ 0.05

Table 2. Methylation status of RASSF1A and CDKN2A genes and AFP level among the studied groups

Tumor group
(n = 40)

Cirrhosis group
(n = 40)

Control group
(n = 40)

P

RASSF1A [n (%)]

Methylated 23 (57.5) 14 (35) 7 (23.3) 0.011*

Unmethylated 17 (42.5) 26 (65) 23 (76.7)

p1 = 0.044*, p2 = 0.004*, p3 = 0.292

CDKN2A [n (%)]

Methylated 27 (67.5) 18 (45) 6 (20) < 0.001*

Unmethylated 13 (32.5) 22 (55) 24 (80)

p1 = 0.043*, p2 < 0.001*, p3 = 0.029*

AFP (ng/ml)

Median (min.-max.) 126.70 (75.0-940.0) 10.0 (3.0-47.0) – < 0.001*

P – P-value for comparing the studied groups using chi square (χ2) test or Mann-Whitney test (p-value of AFP)
p1: p-value for comparing tumor and cirrhosis groups
p2: p-value for comparing tumor and control groups
p3: p-value for comparing cirrhosis and control groups
*Statistically significant at p ≤ 0.05
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Table 4. Association between RASSF1A and CDKN2A gene methylation and the clinical, radiological and laboratory parameters of the tumor group (n = 40)

CDKN2A RASSF1A

Unmethylated 
(n = 13)

Methylated 
(n = 27)

p Unmethylated 
(n = 17)

Methylated 
(n = 23)

p

Encephalopathy, n (%)

None 6 (46.2) 13 (48.1) 1.000MC 12 (70.6) 7 (30.4) 0.033*MC

Grade I-II 6 (46.2) 13 (48.1) 5 (29.4) 14 (60.9)

Grade III-IV 1 (7.7) 1 (3.7) 0 (0.0) 2 (8.7)

Child score

Mean ±SD 11.46 ±1.56 10.81 ±1.82 0.278 10.41 ±1.54 11.48 ±1.78 0.055

Child class, n (%)

Child B 2 (15.4) 12 (44.4) 0.090FE 9 (52.9) 5 (21.7) 0.041*

Child C 11 (84.6) 15 (55.6) 8 (47.1) 18 (78.3)

Portal hypertension 8 (61.5) 27 (100.0) 0.002*FE 12 (70.6) 23 (100.0) 0.009*FE

PV thrombosis 3 (23.1) 9 (33.3) 0.716FE 5 (29.4) 7 (30.4) 0.944

ALT (U/l)

Median 32 61 0.018* 32.0 61.0 0.024*

Min.-max. (18-74) (23-301) (18.0-135.0) (24.0-301.0)

AST (U/l)

Median 48 101 0.002* 56.0 v 0.037*

Min.-Max.  32-165 50-393)  32.0-260.0 44.0-393.0

Total bilirubin (mg/dl)

Median 8.50 2.70 0.018* 2.70 7.10 0.302

Min.-Max.  1.40-20.10 0.80-18.50  0.90-16.70 0.80-20.10

Albumin (g/dl)

Mean ±SD 2.18 ±0.35 2.27 ±0.51 0.586 2.45 ±0.38 2.09 ±0.45 0.011*

Total bilirubin (mg/dl)

Mean ±SD 18.82 ±2.19 17.67 ±2.84 0.208 16.80 ±1.51 18.96 ±3.0 0.005*

AFP (ng/ml)

Median 111 135 0.820 123 134 0.725

Min.-max. 75-940 15-600 18-346 15-940

BCLC stage of HCC, n (%)

Stage A 2 (15.4) 8 (29.6) 0.323MC 6 (35.3) 4 (17.4) 0.035*MC

Stage B 0 (0.0) 3 (11.1) 3 (17.6) 0 (0.0)

Stage C 0 (0.0) 1 (3.7) 0 (0.0) 1 (4.3)

Stage D 11 (84.6) 15 (55.6) 8 (47.1) 18 (78.3)

Number of FL, n (%)

Single 4 (30.8) 13 (48.1) 0.302MC 11 (64.7) 6 (26.1) 0.045*

Two/three 5 (38.5) 4 (14.8) 3 (17.6) 6 (26.1)

More than three 4 (30.8) 10 (37.0) 3 (17.6) 11 (47.8)

Size largest FL (cm), n (%)

≤ 5 4 (30.8) 14 (51.9) 0.209 8 (47.1) 10 (43.5) 0.822

> 5 9 (69.2) 13 (48.1) 9 (52.9) 13 (56.5)
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with the overall result being that dysregulation of both 
genes is linked to tumor growth in HCC [1, 16]. The 
MSP approach was utilized in this research to evaluate 
the methylation status of both genes in the peripheral 

Liver lobes involved, n (%)

One lobe 6 (46.2) 15 (55.6) 0.577 14 (82.4) 7 (30.4) 0.001*

Both lobes 7 (53.8) 12 (44.4) 3 (17.6) 16 (69.6)

Lymph node, n (%) 5 (38.5) 4 (14.8) 0.120FE 0 (0.0) 9 (39.1) 0.005*FE

Extrahepatic spread 2 (15.4) 2 (7.4) 0.584FE 0 (0.0) 4 (17.4) 0.123FE

Table 4. Cont.

ALT – alanine aminotransferase, AST – aspartate aminotransferase, PT – prothrombin time, INR – international normalized ratio, AFP – a-fetoprotein, BCLC – Barcelona Clinic Liver 
Cancer, FL – focal lesion, MC – Monte Carlo, FE – Fisher exact, p – p-value for comparing between the different parameters, * statistically significant at p ≤ 0.05

CDKN2A RASSF1A

Unmethylated 
(n = 13)

Methylated 
(n = 27)

p Unmethylated 
(n = 17)

Methylated 
(n = 23)

p

Table 5. Diagnostic performance of RASSF1A and CDKN2A gene methylation versus AFP in predicting HCC in cirrhosis patients

AUC P 95% CI Cut off Sensitivity Specificity PPV NPV

AFP 0.989 < 0.001* 0.972-1.000 > 20 95.0 85.0 86.36 94.44

RASSF1A 0.613 0.083 0.488-0.737 > 0 57.50 65.0 62.2 60.5

CDKN2A 0.613 0.083 0.488-0.737 > 0 67.50 55.0 60.0 62.9

Combined RASSF1A 
and CDKN2A

0.673 0.008* 0.555-0.791 – 87.50 32.5 56.5 72.2

AFP – a-fetoprotein, AUC – area under curve, p value – probability value, CI – confidence interval, * statistically significant at p ≤ 0.05, PPV – positive predictive value, NPV – negative 
predictive value

AUC = 0.673 p = 0.008*
95% CI = 0.555-0.791

Fig. 3. ROC curve for a-fetoprotein (AFP), RASSF1A, and CDKN2A gene 
methylation to discriminate HCC patients (n = 40) from cirrhosis patients  
(n = 40) 

Fig. 4. ROC curve for combined CDKN2A and RASSF1A gene methylation to 
discriminate HCC patients (n = 40) from cirrhosis patients (n = 40)
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blood as possible non-invasive indicators for HCC in 
Egyptian patients with HCV-associated liver cirrhosis.

The RASSF1A gene was found to be methylated 
in 57.5% of the HCC patients included in this study. 
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When compared to the cirrhosis and control groups, 
it was significantly greater in the tumor group. Previ-
ous studies have established that the methylation status 
of the RASSF1A gene may have a  role in the process 
of hepato-carcinogenesis and may be employed as 
non-invasive diagnostic biomarkers for HCC, which is 
consistent with our findings [5, 17]. Furthermore, Xu 
et al. in their meta-analysis found that aberrant meth-
ylation of the RASSF1A gene was significantly correlat-
ed with the risk of HCC, and it is a promising biomark-
er for the diagnosis of HCC from tissue and peripheral 
blood [1]. On the other hand, Wu et al. revealed no 
methylated RASSF1A gene levels in the plasma of HCC 
patients, despite the presence of the hypermethylated 
RASSF1A gene in the tumor samples [18]. Differences 
in the detection technique and primers used might ex-
plain some of these discrepancies.

In normal hepatocytes, the RASSF1A-encoded pro-
tein suppresses cyclin D1 and escapes G1 phase arrest; it 
has a role in cell cycle regulation and proliferation. Both 
in HCC cell lines and patients’ liver tissues from hepati-
tis, cirrhosis, and HCC, an inverse relationship between 
RASSF1A methylation and its RNA expression has been 
demonstrated [19]. Because RASSF1A methylation in-
hibits its tumor-suppressing function, it permits the in-
jured hepatocyte to continue further into the cell cycle, 
culminating in the growth of a tumor [17]. 

In the current study, the RASSF1A gene was sig-
nificantly methylated in advanced tumor characteris-
tics such as the advanced stage, multiple focal lesions, 
lymph node metastasis, and involvement of both liv-
er lobes. Similar results were obtained in the Hu et al. 
study where the expression of the RASSF1A gene was 
linked to the TNM stages of HCC and lymph node me-
tastases and was shown to correlate with the levels of 
AFP, portal vein thrombosis and capsular infiltration. 

They postulated that reduced RASSF1A expression was 
linked to an increased risk of tumor development, me-
tastasis, and recurrence [20].

Our findings demonstrated no significant associa-
tion between serum AFP levels and RASSF1A methyla-
tion status, which is consistent with the findings of Yeo 
et al., who did not detect a correlation between serum 
AFP levels and serum RASSF1A gene methylation sta-
tus [21]. Furthermore, Hu et al. reported that serum 
RASSF1A methylation status did not affect the bio-
chemical markers including AFP [20]. This contradicts 
the findings of Zhang et al., who observed a strong as-
sociation between tissue RASSF1A gene methylation 
and blood AFP levels in HCC patients [22]. This dif-
ference could be due to differences in the study design 
and cut-off value of AFP.

As a tumor suppressor gene, CDKN2A plays a role 
in cell cycle regulation and its methylation may prevent 
transcriptional processes, resulting in gene silence and 
reduced expression, influencing the cellular biological 
activities [23]. 

CDKN2A was methylated in 67.5% of HCC pa-
tients in the current work, with a  significant differ-
ence between the tumor, cirrhosis, and control groups. 
CDKN2A methylation was identified by Csepregi et al.,  
using MethyLight, and it was found frequently in both 
non-HCV and HCV-induced HCC samples [19]. In ad-
dition, previous research by Su et al. found that CDKN2A 
gene methylation increased from cirrhotic tissue to 
HCC [24], which is consistent with our findings that 
CDKN2A gene methylation was significantly higher in 
the cirrhosis group than in the control group.

In the present study, no association between CDKN2A 
methylation and tumor characteristics was detected. 
This is in line with the findings of Lou et al., who found 

Table 6. Diagnostic performance of RASSF1A and CDKN2A gene methylation in discriminating early and late BCLC stages of HCC

Early stages
(A + B) 
(n = 13)

Late stages
(C + D) 
(n = 27)

χ2 (p) Sensitivity Specificity PPV NPV Accuracy

n (%) n (%)

RASSF1A

Unmethylated 9 (69.2) 8 (29.6) 5.631* 
(0.018*)

70.37 69.23 82.61 52.94 70.0

Methylated 4 (30.8) 19 (70.4)

CDKN2A

Unmethylated 2 (15.4) 11 (40.7) 2.572 
(0.157FE)

59.26 15.38 59.26 15.38 45.0

Methylated 11 (84.6) 16 (59.3)

χ2 – chi-square test, FE – Fisher exact, p – p-value for comparison between early stages and late stages, * statistically significant at p ≤ 0.05, PPV – positive predictive value,  
NPV – negative predictive value
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no relation between tumor number and diameter and 
CDKN2A methylation [25].

As regards AFP serum levels, there was no signif-
icant association with CDKN2A methylation, in con-
trast to Seif et al., who observed that AFP serum levels 
were considerably higher in the methylated group of 
patients than in the non-methylated group [7]. The 
current study’s findings might be related to the diversi-
ty of the patient groups evaluated.

Methylation of the RASSF1A gene was linked to en-
cephalopathy, Child class, and portal hypertension in 
the current study. It was also linked to higher levels of 
ALT, AST, and PT, as well as lower levels of albumin. 
Methylation of the CDKN2A gene was linked to high-
er levels of ALT, AST and total bilirubin. This suggests 
that methylation of the RASSF1A and CDKN2A genes 
may indicate the severity of the underlying HCV-re-
lated liver cirrhosis in HCC patients. This might be 
due to long-term HCV-induced inflammation. Previ-
ous studies have revealed that HCV has a direct role 
in epigenetic regulation. HCV upregulates the meth-
ylation state of the RASSF1A promoter through con-
trol of SET and MYND domain-containing protein 3 
[26]. Furthermore, Park et al. found that the HCV core 
protein reduces the levels of CDKN2A, via promoter 
hypermethylation, giving hepatocytes an edge in cell 
proliferation [27].

We found that methylation of the RASSF1A and 
CDKN2A genes had a weaker diagnostic performance 
than AFP in discriminating HCC patients from cir-
rhotic patients with lower sensitivity and specificity 
compared to AFP at a threshold of 20 ng/ml. Howev-
er, the diagnostic performance significantly improved 
after combining RASSF1A and CDKN2A gene meth-
ylation, with higher sensitivity but still low specificity.

The meta-analysis of Zhou et al. reported similar 
sensitivity for CDKN2A gene methylation, though 
they observed a higher AUC (0.87) and high specifici-
ty (0.93) in HCC blood samples [28]. They argued that 
the poor sensitivity of the CDKN2A gene would limit 
its diagnostic use; however, when Zhang et al. com-
bined the three methylation biomarkers CDKN2A,  
RASSF1A, and P15, the sensitivity increased to 0.84, 
which was in agreement with our results [29]. Fur-
thermore, Dong et al. observed lower sensitivity but 
greater specificity for AFP, moderate sensitivity for se-
rum RASSF1A methylation and a specificity of 89.8%. 
When used together, the sensitivity and specificity of 
RASSF1A methylation and serum AFP are improved 
to 80.9% and 93.4%, respectively [30]. These discrep-
ancies in the diagnostic performance could be attribut-
ed to the detection methods or sample size, and so its 

non-invasive application value for HCC needs to be 
verified and further confirmed.

Furthermore, RASSF1A gene methylation per-
formed better than CDKN2A gene methylation in dis-
tinguishing the early and late stages of HCC. To our 
knowledge, no other studies have used both markers to 
distinguish between the early and late stages of HCC, 
but the results need more validation.

In conclusion, the significant methylation of the 
RASSF1A and CDKN2A genes in the HCC group may 
reveal their role in hepatocarcinogenesis. Moreover, 
the combination of both genes’ methylation in the 
blood could be utilized as a complementary biomark-
er in the early detection of HCC among high-risk pa-
tients with HCV cirrhosis. RASSF1A gene methylation 
may be considered in distinguishing the early and late 
stages of HCC.

Our study’s limitations include no estimation of 
RASSF1A and CDKN2A as prognostic factors in HCC, 
and no correlation with patients’ survival or response 
to treatment. We also did not link both genes’ methyl-
ation status in blood with that in tumor tissue.

In future prospective investigations on a  great-
er number of patients, the methylation levels of both 
genes in HCC should be studied further using alterna-
tive methodologies. 

Disclosure

The authors declare no conflict of interest.

References

1. Xu G, Zhou X, Xing J, et al. Identification of RASSF1A promoter 
hypermethylation as a biomarker for hepatocellular carcinoma. 
Cancer Cell Int 2020; 20: 1-5.

2. Zekri AR, Raafat AM, Elmasry S, et al. Promotor methylation: 
Does it affect response to therapy in chronic hepatitis C (G4) or 
fibrosis? Ann Hepatol 2014; 13: 518-552.

3. Nomair AM, Issa NM, Madkour MA, et al. The clinical signifi-
cance of serum miRNA-224 expression in hepatocellular carci-
noma. Clin Exp Hepatol 2020; 6: 20-27.

4. Khan FS, Ali I, Afridi UK, et al. Epigenetic mechanisms regu-
lating the development of hepatocellular carcinoma and their 
promise for therapeutics. Hep Int 2017; 11: 45-53.

5. Huang ZH, Hu Y, Hua D, et al. Quantitative analysis of multiple 
methylated genes in plasma for the diagnosis and prognosis of 
hepatocellular carcinoma. Exp Mol Pathol 2011; 91: 702-707.

6. Chalasani NP, Ramasubramanian TS, Bhattacharya A, et al. 
A  novel blood-based panel of methylated DNA and protein 
markers for detection of early-stage hepatocellular carcinoma. 
Clin Gastroenterol Hepatol 2021; 19: 2597-2605.

7. Seif AA, Aly HH, Elzoghby DM, et al. Aberrant p16 methylation 
as an early diagnostic marker in blood of hepatocellular carci-
noma patients. Egypt J Med Hum Genet 2019; 20: 27.



Clinical and Experimental Hepatology 3/2022252

Hanan Nomeir, Heba Elsheredy, Azhar Nomeir, Neveen Rashad Mostafa, Shaymaa El-hamshary

8. Sun X, Li H, Sun M, et al. Circulating tumor DNA RASSF1 
methylation for predicting cancer risk: a diagnostic meta-anal-
ysis. Future Oncol 2019; 15: 3513-3525.

9. Nishida N, Kudo M, Nagasaka T, et al. Characteristic patterns of 
altered DNA methylation predict emergence of human hepato-
cellular carcinoma. Hepatology 2012; 56: 994-1003. 

10. Zhao R, Choi BY, Lee MH, et al. Implications of genetic and 
epigenetic alterations of CDKN2A (p16INK4a) in cancer. E Bio 
Medicine 2016; 8: 30-39.

11. Qu Z, Jiang Y, Li H, et al. Detecting abnormal methylation of 
tumor suppressor genes GSTP1, P16, RIZ1, and RASSF1A in 
hepatocellular carcinoma and its clinical significance. Oncol 
Lett 2015; 10: 2553-2558.

12. Atta MM, Aly AE, Gad MA, et al. Tumor suppressor genes (P16 
and RASSF1A) hypermethylation in hepatocellular carcinoma 
and chronic hepatitis C patients. Med J Cairo Univ 2016; 84: 
33-62.

13. Bruix J, Sherman M. American Association for the Study of Liv-
er Diseases. Management of hepatocellular carcinoma: an up-
date. Hepatology 2011; 53: 1020-1022.

14. Forner A, Reig ME, de Lope CR, et al. Current strategy for 
staging and treatment: the BCLC update and future prospects.  
Semin Liver Dis 2010; 30: 61-74. 

15. Cholongitas E, Papatheodoridis GV, Vangeli M, et al. Systematic 
review: the model for end-stage liver disease – should it replace 
Child-Pugh’s classification for assessing prognosis in cirrhosis? 
Aliment Pharmacol Ther 2005; 22: 1079-1089. 

16. Peng JL, Wu JZ, Li GJ, et al. Association of RASSF1A hyper-
methylation with risk of HBV/HCV-induced hepatocellular 
carcinoma: A meta-analysis Pathol Res Pract 2020; 216: 153099. 

17. Pasha HF, Mohamed RH, Radwan MI. RASSF1A and SOCS1 
genes methylation status as a noninvasive marker for hepatocel-
lular carcinoma Cancer Biomark 2019; 24: 241-247.

18. Wu HC, Yang HI, Wang Q, et al. Plasma DNA methylation 
marker and hepatocellular carcinoma risk prediction model for 
the general population. Carcinogenesis 2017; 38: 1021-1028.

19. Csepregi A, Ebert MP, Rocken C, et al. Promoter methylation of 
CDKN2A and lack of p16 expression characterize patients with 
hepatocellular carcinoma. BMC Cancer 2010; 10: 317. 

20. Hu L, Chen G, Yu H, et al. Clinicopathological significance of 
RASSF1A reduced expression and hypermethylation in hepato-
cellular carcinoma. Hepatol Int 2010; 4: 423-432.

21. Yeo W, Wong N, Wong WL, et al. High frequency of promoter 
hypermethylation of RASSF1A in tumor and plasma of patients 
with hepatocellular carcinoma. Liver Int 2005; 25: 266-272.

22. Zhang C, Li Z, Cheng Y, et al. CpG island methylator phenotype 
association with elevated serum alpha-fetoprotein level in hepa-
tocellular carcinoma Clin Cancer Res 2007; 13: 944-952.

23. Zhang C, Huang C, Sui X, et al. Association between gene meth-
ylation and HBV infection in hepatocellular carcinoma: a me-
ta-analysis. J Cancer 2019; 10: 6457-6465.

24. Su PF, Lee TC, Lin PJ, et al. Differential DNA methylation asso-
ciated with hepatitis B virus infection in hepatocellular carcino-
ma. Int J Cancer 2007; 121: 1257-1264.

25. Lou C, Du Z, Yang B, et al. Aberrant DNA methylation profile of 
hepatocellular carcinoma and surgically resected margin. Can-
cer Sci 2009; 100: 996-1004.

26. Guo N, Chen R, Li Z, et al. Hepatitis C virus core upregulates the 
methylation status of the RASSF1A promoter through regula-
tion of SMYD3 in hilar cholangiocarcinoma cells. Acta Biochim 
Biophys Sin (Shanghai) 2011; 43: 354-361.

27. Park SH, Lim JS, Lim SY, et al. Hepatitis C virus Core protein 
stimulates cell growth by down-regulating p16 expression via 
DNA methylation. Cancer Lett 2011; 310: 61-68.

28. Zhou Y, Wang XB, Qiu XP, et al. CDKN2A promoter methyl-
ation and hepatocellular carcinoma risk: a meta-analysis. Clin 
Res Hepatol Gastroenterol 2018; 42: 529-541.

29. Zhang YJ, Wu HC, Shen J, et al. Predicting hepatocellular carci-
noma by detection of aberrant promoter methylation in serum 
DNA. Clin Canc Res 2007; 13: 2378-2384.

30. Dong X, He H, Zhang W, et al. Combination of serum RASSF1A 
methylation and AFP is a  promising non-invasive biomarker 
for HCC patient with chronic HBV infection. Diagn Pathol 
2015; 10: 133.


