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tocellular carcinoma, P<0.05.
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Background: Methylation of the promoter at CpG islands is a mechanism of silencing tumor suppressor genes and
therefore enhances cancer progression. The study aimed to examine promoter methylation frequencies of five tumor
suppressor genes in hepatocellular carcinoma and their implication on the first-year outcome of surgical resection of
the tumor. Fifty specimens of hepatocellular carcinoma and the adjacent non-tumorous liver tissue were collected
from the surgically resected hepatic tumor. The status of promoter methylation of tumor suppressor genes RASSF1A, C
HFR, MGMT, GSTP1, and hMLHT was investigated using methylation-specific polymerase chain reaction.

Results: The frequency of promoter methylation of these tumor suppressors genes (TSG) genes in hepatocellular
carcinoma was significantly higher than non-tumorous tissue all, P<0.05, with a methylation rate of 80% in RASSFTA,
70% in CHFR, 46% in GSTP1, 56% in MGMT, and 10% in hMLH1. Methylation of RASSF1A, CHFR, and MGMT promoter
genes was significantly associated with decreased first-year postoperative survival and increased recurrence of hepa-

Conclusion: Methylated RASSFIA, CHRF, and MGMT promoters indicated poor prognosis among patients with hepa-
tocellular carcinoma and may serve as potential prognostic indicators in patients with hepatocellular carcinoma.

Background

Liver carcinoma is the fourth leading cause of cancer
death worldwide, with hepatocellular carcinoma (HCC)
being the histological subtype accounting for more than
75% of all cases. Geographical distribution affects the risk
for the disease. HCV infection is the predominant pre-
disposing factor for HCC in Egypt and Japan, whereas in
China and Eastern Africa, aflatoxin exposure and HBV
infection are the main risks. Coinfections of HBV with
HCV or hepatitis § virus are the most common risks
found in Mongolia [1].
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The molecular mechanisms of hepatocellular car-
cinogenesis are still predominantly unidentified despite
the significant progress in its diagnosis and treatment
[2]. Epigenetic alteration in the DNA with the resulting
abnormal gene expression has been postulated to have a
role in the different stages of hepatocellular carcinogen-
esis 3, 4].

In early stages, the transformation of the premalignant
lesion to invasive carcinoma is usually associated with
comprehensive DNA hypomethylation with hypermeth-
ylation only at certain CpG islands [5]. Epigenetic studies
have shown that CpG islands which are rich in cytosine
guanine dinucleotides are located in regulatory regions of
more than 50% of human gene promoters [6]. Abnormal
methylation of the CpG islands in the promoters region
of genes involved in many cellular biological processes
related to carcinogenesis such as DNA damage response,
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DNA repair, cell cycle control, and apoptosis has been
documented [7].

In tumor tissues, promoter hypermethylation
may result in silencing of TSGs such as RASSFIA,
CHFR, GSTP1, MGMT, and hMLH1 [8, 9], that regulate
cell signaling pathways involved in cell division, mitosis,
and apoptosis in lung, breast, ovarian, and head and neck
squamous cell carcinoma(HNSCC) [10, 11].

CHER gene is involved in prophase checkpoint, and its
promoter methylation appears to modulate microtubule
function in cancer colon, lung, and gastrointestinal can-
cer [12, 13]. MGMT plays a vital role in preventing the
initiation of mutations and, abnormalities of MGMT
were found in the malignancies of the lung, colon, liver,
and HNSCC [14]. GSTPI and the mismatch repair gene
hMLH]I have an anti-oxidative damage regulatory role,
and their hypermethylation was detected in various
malignant tumors, such as HCC, breast, lung, heredi-
tary colon cancer, gastric, endometrium, prostate, and
HNSCC [15, 16]. Existing evidence confirm the assump-
tion that the methylation of GSTPI and hMLHImight
serve as screening for HCC, and HCC that possess a high
frequency of methylation in the CpG island of the pro-
moter regions tend to have accelerated hepato-carcino-
genesis in the premalignant stages [17].

This study aimed to examine the methylation sta-
tus of the promoter regions of five TSGs RASSFIA,
CHFR, GSTPI1, MGMT, and hMLHI in HCC tissues
and the adjacent normal tissue (ANT) in postoperative
resection specimens and to check the association of the
methylation status of these genes with some clinical and
pathological features of HCC.

Methods

Patients and sample collection

Tumor and ANT specimens were collected from post-
operative hepatic resection of HCC patients who had
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surgical resection at National Liver Institute Hospital
between August 2017 and October 2019.

The study was approved by the Institutional Review
Board of the National Liver Institute, and informed con-
sent was obtained from all participants. HCC (n=>50)
and ANT (n=50) samples were immediately frozen in
liquid nitrogen after surgical resection and stored at
— 80 °C till the assay.

The inclusion criteria
The preoperative diagnosis of HCC was established by
finding a single or multiple focal hepatic lesion(s) during
imaging study and elevated serum AFP >400 ng/ml and
or detection of HCC by histological examination of the
liver biopsy [18]. Child—Pugh, and Barcelona Clinic Liver
Cancer (BCLC) were used for clinical classification and
staging of HCC patients [19, 20]. All patients enrolled in
the study had no history of alcohol intake or illicit drug
abuse. The study excluded any patients with chronic
cholestasis and extrahepatic obstructive gall bladder
diseases. Histological examination of sections stained
with H&E (Fig. 1) confirmed the presence of HCC with
mild to moderately undifferentiated cells, with atypical
enlarged nuclei, granular cytoplasm arranged in trabecu-
lar patterns with transgressing vessels. Histological grad-
ing of HCC: Grade I tumors show small cells arranged
in trabeculae, with abundant cytoplasm and minimal
nuclear irregularity. Grade II tumor cells have prominent
nucleoli and hyperchromatic irregular nucleus. Grade
III tumors display anaplastic giant cells with angulated
nuclei and pleomorphic appearance more than grade II
ANT obtained from the safety margin of the resected
tumor shows the normal-appearing hepatocytes with
a low nuclear to cytoplasmic ratio without any nuclear
atypia or prominent nucleoli.

The patients’ gender was 39 men and 11 women, and
their age ranged from 33 to 64 years. Thirty-five patients
had single HFL, 15 had multiple HFL, 40 patients had
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Fig. 1 Photo microscopic picture showing histological variants of hepatocellular carcinoma. A HCC showing trabecular pattern with fatty
[(HE), x 10] B HCC with vascular invasion stroma (HE x 10x). C HCC, poorly differentiated (HE, x 100)
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tumor size larger than 3 cm, and 37 patients had grade
two lesions, 13 had grade three lesions. Twenty-three
patients had LN invasion, 38 had associated liver cirrho-
sis. Serologic examinations revealed that 48 had positive
anti-HCV antibodies, and four cases were positive for
anti-HBVsAg antibodies.

Genomic DNA

DNA was extracted from frozen HCC and ANT tis-
sue samples using the Qiagen kit (Qiagen, Valencia,
CA) according to the manufacturer’s instructions. The
extracted DNA concentration was determined by a Nan-
odrop 1000 spectrophotometer (Nanodrop Technologies,
Wilmington, DE, USA) at 260 nm absorbance.

Bisulfite modification of the DNA

The principle of bisulfite conversion is that all unmethyl-
ated cytosines convert to uracils, whereas the methylated
cytosines remain unchanged. DNA bisulfite modifica-
tion was achieved by Intergen CpGenome DNA Modi-
fication Kit, according to the manufacturer’s protocol
(Intergen Company, New York, NY) [21, 22]. Briefly, 2 pg
of genomic DNA was denatured in 20 pl of 0.2 M NaOH
for 20 min at 50 °C and then diluted in 500 pl of a new
mix solution of 10 mM hydroquinone and 3 M sodium
bisulfite and incubated for 3 h at 70 °C. The DNA sample
was then desalted by eluting it through a DNA cleansing
column primed with 0.3 M NaOH for 10 min at room
temperature and precipitated with ethanol. The bisulfite-
modified DNA was resuspended in 100 pl of H,O and
stored at -80 °C. The ssDNA setting of the Nanodrop was
used to measure the concentration of the bisulfite-con-
verted DNA. The post-bisulfite conversion and the integ-
rity of the bisulfite-converted DNA were examined by
gel electrophoresis for DNA fragmentation which might
disturb the expected amplification region and abolish its
availability for PCR amplification [23, 24]. The house-
keeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) of the unconverted DNA was used as internal
loading controls (Fig. 2A).

Methylation-specific PCR (MSP)

MSP was accomplished with methylation-specific prim-
ers for the promoter regions of each gene that distin-
guished the unmethylated and methylated regions of the
modified DNA. The forward and the reverse sequences of
each primer are shown in Table 1. For each reaction, the
PCR mixture consisted of one pl bisulfite-treated DNA,
10 pM of each primer in 0.15 pl, 9.6 pl nuclease-free
water, and 10 pl of Hot-StarTaq Master Mix (Qiagen),
consisting of Taq DNA polymerase, dNTPs mixture, and
reaction buffer in a final volume of 20 pl. Thermal cycling
(GeneAmp PCR system 2,400, Applied Biosystems,
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Foster City, CA, USA) [21] settings were initial heat
denaturing step at 95 °C for 12 min; then, the second
step comprises 40 cycles of 94 °C for 30 s, annealing tem-
perature (AT) for 30 s (AT of PCR amplification for each
gene is listed in (Table 1), 72 °C for 45 s, and a final exten-
sion at 72 °C for 10 min. PCR products were separated
by electrophoresis on 2% agarose gel in TBS buffer and
subsequently stained by ethidium bromide and visualized
under UV illumination. PCR gel documentation system
(Syngene InGenius3 Gel Documentation System, USA)
was used to scan gels, and band intensities of each sam-
ple were determined using Image] software (National
Institutes of Health, Bethesda, MD, USA).

Analysis of the methylation status of each TSG

and the interpretation of the MS-PCR assay

The modified DNA was amplified with primers specific
for unmethylated and methylated DNA. Both unmeth-
ylated and methylated primer pairs were tested using
bisulfite-unconverted DNA to determine their specific-
ity (no amplified PCR product, Fig. 2B). For each run of
the MSP, the water of high molecular quality (RNase-free
and DNase-free) was used as negative PCR control, and
a tumor sample with known hypermethylation was used
as a positive control. Any sample which did not show the
unmethylated band was repeated, if it still not showing,
it was discarded [20]. The PCR products were identi-
fied on gel electrophoresis after staining with ethidium
bromide. Figure 2C presents a control experiment that
shows the methylated or unmethylated amplicons of the
five test gene promoters at the corresponding size rela-
tive to the DNA ladder. Figure 2D shows a control experi-
ment that demonstrates the interpretation of MSP assay
of any tested gene. The methylation status of a promoter
was complete methylation when it shows only the meth-
ylated PCR product or partially methylated when it con-
tains both methylated and unmethylated PCR products,
or unmethylated when it shows only the unmethylated
product.

Quantification of the Methylation status of the gene’s
promoter

The intensity of the PCR bands reflecting the methylation
status was measured and quantified as intensity units
(IU) by Image] software (National Institutes of Health,
Bethesda, MD, USA) [21]. A heat map generated from
the band IU showing the methylation status of all genes
in HCC and ANT samples (Fig. 2E).

Statistical analysis

Statistical analysis was carried out using SPSS V23 Soft-
ware. The Graph Pad Prism version 9 was used to gener-
ate the heat map of methylation of different genes. The x>
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Fig. 2 A DNA integrity after bisulfite conversion: Pre-amplification visualization on agarose gel electrophoresis. Two pl of the eluted
bisulfite-converted DNA was loaded and run on 2% gel in TBS buffer for 60 min. Smears with equal intensities indicate the presence of the

3) good conversion, lanes (5 and 6) weak conversion, and lanes (4 and 7) no conversion. B The specificity of the primers.
Bisulfite Modified (BM-DNA) and Unmodified DNA (UM-DNA) were amplified with primers specific for unmethylated (U) and methylated (M)
DNA. Only modified DNA showed PCR amplicons. GAPDH of the UM-DNA used as a control for equal loading. C Localization of methylated and
unmethylated PCR band of every TSG. Ethidium bromide-stained agarose gel electrophoresis of bisulfite modified DNA amplified with primers
100 bp molecular marker, lane 2-3 PCR amplicons of RASSF1A promoter detected

RASSFIA CHFR  GFTP1 MGMT hMLH1 Ppromoter
u MU M UMU M U M Primersused

300 i
£00 PCR amplicon

RASSF1A-ANT
RASSF1A-T
MGMT-ANT
GSTP1-ANT

at 203 bp, lane 4-5 PCR amplicons of CHFR promoter at 144 bp, lane 6-7 PCR amplicons of GSTP1 promoter at 159 bp, lane 8-9 PCR amplicons of
MGMT promoter detected at 93 bp, lane 10-11 PCR amplicons of h(MLH1 promoter detected at 154 bp. GAPDH of the UM-DNA used as a control
for equal loading. D MSP assay interpretation: Representative experiment showing molecular ladder marker, positive and negative controls (lanes
1-4), and bisulfite modified DNA amplified with primers specific for unmethylated (U) and methylated (M) DNA (lanes 5-10). Methylated promoter
of a gene contains only the methylated amplicon (lane 5-6), the partially methylated promoter contains both methylated and unmethylated
amplicons (lane 7-8), and the unmethylated promoter contains only the unmethylated amplicon (lane 9-10). (+ ve con.) positive control, (-ve con)

negative control. M Marker, L 100 bp ladder. GAPDH of the UM-DNA was used as a control for equal loading. E Heat map of the TSGs promoter
methylation in the HCC and ANTs. The intensity of the PCR bands reflecting the methylation status of the TSGs promoter in HCC and ATC were
plotted in a heat map. Red and green colors represent relative high and low TSGs methylation values, respectively

test and the Fisher’s exact test were used to compare fre-
quencies of the methylation of promoters of genes. The
level of significance was at P values of < 0.05.

Results

Frequency of tumor suppressor genes methylation in HCC
and ANT

The frequencies of promoter methylation of RASSFIA,
CHFR, GSTP1, MGMT, and hMLHI genes in ANT
and HCC tissue are summarized in Table 2. In HCC,
RASSFIA was the most frequently affected (80%), fol-
lowed by CHFR (70%), MGMT (56%), and GSTPI
(46%). The lowest frequency of methylation was noticed
for hMLH1(14%) Fig. The frequency of methylation
of RASSFIA CHFR, MGMT, GSTPI and hMLHI was

significantly higher in HCC relative to its correspond-
ing ANT, P=0.046; P=0.018; P=0.001; P=0.019; and
P=00.001, respectively.

Association between promoter methylation of TSGs

and clinicopathological parameters of HCC

The association between gene promoter methylation
and the clinicopathological characteristics of HCC is
assessed and presented in Table 3. No significant rela-
tionship was observed between promotor methyla-
tion of the studied genes and the clinicopathological
parameters, such as tumor number, tumor size, histo-
logical grade, serum AFP level, and liver cirrhosis (x
2, P>0.05). However, promoter hypermethylation of
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Table 1 Primer sequences, annealing temperatures and amplicon’s bp size used in MSP
Genes Primer Sequences Tm (°C) Size, bp
RASSF1A U-F 5ITTTGGTTGGAGTGTGTTAATGTG-3/ 58
U-R 5/-CAAACCCCACAAACTAAAAACAA-3!
M-F 5/-GTGTTAACGCGTTGCGTATC-3/ 59 203
M-R 5-AACCCCGCGAACTAAAAACGA-3’
CHFR U-F 5/-GATTGTAGTTATTTTTGTGATTTGTAGGTGAT-3/ 56 144
U-R 5-AACTAAAACAAAACCAAAAATAACCCACA-3!
M-F 5/-GTTATTTTCGTGATTCGTAGGCGAC-3’ 58
M-R 5-CGAAACCGAAAATAACCCGCG-3!
GSTP1 U-F 5'-GATGTTTGGGGTGTAGTGGTTGTT-3/ 58 159
U-R 5/-CCACCCCAATACTAAATCACAACA-3!
M-F 5-TTCGGGGTGTAGCGGTCGTC-3! 60
M-R 5/-GCCCCAATACTAAATCACGACG-3/
MGMT U-F SITTTGTGTTTTGATGTTTGTAGGTTTTTGT-3/ 56 93
U-R 5/-AACTCCACACTCTTCCAAAAACAAAACA-3/
M-F 5/ TTTCGACGTTCGTAGGTTTTCGC-3! 59
M-R 5-GCACTCTTCCGAAAACGAAACG-3!
hMLH1 U-F SITTTTGATGTAGATGTTTTATTAGTGGGTTGT-3/ 56 154
U-R 5/-ACCACCTCATCATAACTACCCACA-3/
M-F 5/-ACGTAGACGTTTTATTAGGGTCGC-3! 62
M-R 5/-CCTCATCGTAACTACCCGCG-3/
GAPDH NM_002046 F 5'TGTAAAACGACGGCCAGT 58 498
R 5'CAGGAAACAGCTATGACC

M: methylated primers; U: unmethylated primers. F: forward, R: reverse, bp: base pairs, TM: melting temperature

Table 2 Frequency of promoter methylation in HCC and ANT

n=50
HCC, N (%) ANT, N (%) P, x?

RASSF1A M 40 (80) 12(24) 0.046*
U 10 (20) 38 (76)

CHFR M 35(70) 19 (38) 0.018*
U 15 (30) 31 (62)

MGMT M 28 (56) 10 (20) 0.001*
U 22 (44) 40 (80)

GSTP1 M 23 (46) 6(12) 0.019*
U 27 (54) 44 (88)

hMLH1 M 7(14) 5(10) 0.001*
U 43 (86) 45 (90)

HCC: hepatocellular carcinoma, ANT: adjacent non-tumorous tissue, U:
unmethylation, P: partially methylation, M: methylation. *P value < 0.05 indicates
statistical significance determined using the Pearson’s x* test and Fisher's exact
test

RASSF1A, CHFR, and MGMT, and GSTP1 was sig-
nificantly associated with first-year recurrence of HCC
(Y%, P<0.05); promoter hypermethylation of RASSF1A,
CHFR, and MGMT, but hypomethylation of the

hMLH]1 was significantly associated with a decrease in
first-postoperative year survival (y*, P<0.05).

Discussion

In this study, a panel of five genes RASSFIA, CHFR,
GSTP1, MGMT, and hMLHI1 with known tumor sup-
pressor activities were examined for the methylation
status of their promoter regions in both HCC and its nor-
mal surrounding tissue obtained from surgical resection
of the liver tumor. These TSGs are targets for epigenetic
silencing in diverse human cancers. The study found that
the frequencies of promoter methylation of these TSGs
were more common in HCC than non-tumor liver tis-
sues. Among the five genes, RASSFIA had the highest
rate (80%) of promoter methylation, followed by CHFR
(70%), MGMT (56%), GSTP1 (46%), and hMLHI (10%).
Several studies had shown that hypermethylation of
these promoters was significantly higher in HCC tumor
tissues than either ANT or normal liver tissues [25]. Li
et al. found hypermethylation frequencies of RASSFIA,
CHFR, GSTPI1, and MGMT genes ranged from 78 to
32% for MGMT with no hypermethylation detected for
hMLHI[26]. Lin et al. explored the methylation of the
promoter areas of pl5, pl6, p21, p27, and RASSF1A
genes in tour tissue of 50 HCC patients. The frequency
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of RASSF1A promoter methylation was the highest (96%)
and most common among the studied gene [27]. Araujo
et al. detected a rate of RASSF1A (88%) hypermeth-
ylation in HCC samples of Brazilian Patients with liver
cancer [28]. Zhang et al. explored the diagnostic value
of abnormal promoter hypermethylation of three TGS
RASSFIA, p15, and pl16 in the serum DNA for predic-
tion of HCC and found RASSF1A had the highest fre-
quency of hypermethylation (70%) of HCC cases [29].
Similarly, Dong et al. and Liu et al. studied the diagnostic
performance of serum or plasma RASSFIA methylation
as a noninvasive marker of HCC and found a RASSFIA
methylation had a frequency of (64%) and 73% of HCC
serum DNA samples [30, 31]. In the current study CHFR,
promoter methylation was the second in frequency (50%)
after RASSFIA. Sakai et al. found a frequency of CHEFR
methylation 35% in HCC relative to non-methylation in
the noncancerous liver tissues. CHFR methylation was
significantly associated with an infiltrative growth pat-
tern and an advanced stage [32]. Chen et al. detected a
moderate frequency of CHFR methylation in HCC tis-
sues and a low frequency in corresponding noncancerous
tissues (20% vs. 2%) [33]. In this study, the frequency of
GSTPI and MGMT hypermethylation was 56% and 46%;
however, Lou et al. investigated the methylation frequen-
cies of RASSF1IA, MGMT, and GSTPI in HCC found a
methylation rate of 95% in RASSFIA, 73% in GSTPI,
and 60% in MGMT. The methylation of these genes
was more frequent in HCC than that ANT [34]. Li et al.
showed that MGMT methylation was 15%, and there
was neither significant difference in MGMT hypermeth-
ylation between HCC and adjacent tissues, [35]. Wang
et al. explored the abnormal promoter CpG island meth-
ylation of the GSTPI promotor gene as a biomarker for
HCC and found the methylation rate of GSTPI promoter
hypermethylation was 88.5% in tumor tissues and 69% in
the corresponding non-tumor tissue. GSTPI promoter
hypermethylation was identified in 50% of circulating
tumor DNA in the serum from HCC patients, signify-
ing its role in the pathogenesis of HCC and its potential
as a biomarker for early diagnosis and follow-up of HCC
[36]. In this study the hMLHI, promoter hypermethyla-
tion was 10% in both HCC and ANT. Matsukura et al.
reported the frequency of ZMLHI promoter hypermeth-
ylation in HCCs was 11% [37]. In the current study, the
methylation status of these genes was not significantly
associated with the clinical parameters of the HCC such
as the number of the hepatic focal lesion, burden of the
tumor size, histological grade of the tumor, serum AFP
level, and the presence of liver cirrhosis. However, the
frequency of RASSF1A, CHFR, MGMT methylation
was significantly related to recurrence of HCC tumor
within one year of surgical resection and a decrease in
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the first-year disease-free survival. Lin et al. did not find
a significant association between the frequency of meth-
ylation of promoter regions of the RASSFIA gene and
the clinicopathological parameters in patients with HCC
[27]. Dong et al. found serum RASSFIA hypermethyla-
tion was significantly related to the histological grading,
tumor stage of HCC, but no significant relationship was
observed with serum HBV, tumor number, tumor size,
and liver cirrhosis [31]. Xu et al,, in a large meta-analysis
that included literature data from 34 studies compris-
ing 2075 HCC and 2276 non-tumor, found that the fre-
quency of RASSFIA gene promoter hypermethylation
was significantly related to a high HCC risk [38]. Liu et al.
examined the role of serum RASSFIA as a prognostic
marker for early recurrence after curative HCC resec-
tion. The study detected a significant association between
serum DNA RASSFIA promoter hypermethylation and
lymph nodes metastasis, early recurrence, and poor
prognosis after curative surgical resection of the tumor
[30]. Similarly, Chan et al. showed patients with higher
serum RASSFIA methylation at diagnosis during the
first-year after tumor resection had poorer disease-free
survival [39]. Nishida et al. detected hypermethylation of
TSGs GSTPI and RASSFIA in the early stages of HCC,
and these genes were associated with the progression of
chronic HCV to HCC [40]. Similarly, MGMT and GSTPI
promoter hypermethylation were found to be associated
with an increased risk of HCC and a shorter disease-free
survival [35, 41]. Thus, the change in the methylation of
such genes may be critical in the early phases of carcino-
genesis and would offer a potential prognostic role for
estimating the risk of chronic HCV to develop HCC [28,
40]. Although the perception of promotor methylation as
markers to detect HCC appears very well reasonable, yet
promotor methylation of these genes is still mainly nar-
row to the research work, with limited sensitivity, and no
ultimate grouping of genes has not yet been reached [42].

Nevertheless, markers that detect both methylated and
unmethylated promoters can improve the prediction of
postoperative recurrence of HCC [43]. Another ongo-
ing use of DNA methylation biomarkers is the eventual
capability to predict the response to chemoembolization
or sorafenib treatments of HCC, in line with the previ-
ous use of MGMT promoter methylation as a predictive
biomarker for temozolomide therapy in glioblastoma
patients [44].

Conclusions

This study examined the epigenetic changes in the
promoter regions of five tumor suppressor genes
(RASSF1A, CHFR, MGMT, GSTP1, and hMLHI1) in
tumors and adjacent non-tumor liver tissues of HCC
patients. The frequencies of promoter methylation
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of TSGs were more common in HCC than ANT but
without any significant association with tumor num-
ber, tumor size, histological grade, or serum AFP.
Among the five genes, RASSF1A and CHEFR were the
highest in methylation and hMLH1 was the lowest in
methylation of these genes. Promotor hypermethyla-
tion of RASSF1A, CHEFR, and MGMT was significantly
associated with a decrease in the first-postoperative
year survival and increased recurrence of HCC. These
molecular changes may be potential prognostic bio-
markers for monitoring the clinical outcome of patients
after surgical resection of the HCC.
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