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Abstract: Aim: Hepatocellular carcinoma (HCC) is a common and aggressive malignant tumor with especially high
prevalence in Asia. This present study aimed to investigate the association of MeCP2 with HCC development in
patients with undetectable HBV DNA by antiviral therapy. Methods: We retrospectively reviewed the 258 patients
that were recruited into the present study. The control patients were matched with the HCC patients by age, gender,
hepatitis e antigen (HBeAg) status, and duration of NA therapy in a 1:1:1 ratio. Area under ROC curve (AUC) was
also used to compare diagnostic significance of MeCP2 using the Hanley and McNeil method. Results: For the
entire cohort of 258 patients, MeCP2 was overexpressed in HCC tissues, which was significantly higher than that
in cirrhosis and non-cirrhosis tissues (P<0.001). MeCP2 significantly increased in HCC cell lines compared with the
control group of THLE-2 including SMMC-7721 (P<0.001), Huh-7 (P<0.001), and Hep3B (P<0.001). Overexpression
of MeCP2 was closely related to liver cirrhosis (P=0.001) and TNM stage (P=0.017). The AUROC for the entire cohort, cirrhotic patients and non-cirrhotic patients, was 0.741 (95% CI: 0.629-0.804), 0.682 (95% CI: 0.526-0.782),
and 0.776 (95% CI: 0.646-0.903), respectively. The predictive accuracies of MeCP2 in different groups of patients
were further compared. For the whole cohort, this test had a high specificity in identifying patients without HCC
development (85%). Among patients without cirrhosis, this test had a high sensitivity in identifying patients with future HCC development (83%). Conclusions: We found that MeCP2 was expressed significantly higher in HCC tissues
compared with cirrhosis and non-cirrhosis tissues. MeCP2 could be a novel risk marker to predict HCC development
in CHB patients with profound viral suppression under NA therapy. MeCP2 measurement may serve as a useful
strategy for risk stratification in terms of follow up interval and HCC surveillance.
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Introduction
Hepatocellular carcinoma (HCC) is a common
and aggressive malignant tumor with an especially high prevalence in Asia and developing
countries and a relatively low prevalence in
Europe and North America [1, 2]. Although routine screening of individuals at high risk for
developing HCC may extend the life of some
patients and the prognosis of patients with
HCC has improved recently [3, 4], the survival
outcomes of patients with HCC following surgical resection may vary, as several factors are
associated with the prognosis of HCC.
Hepatitis B virus (HBV) infection is one of the
most common chronic infections and is the

main cause of cirrhosis, hepatic failure, and
hepatocellular carcinoma (HCC) globally [5, 6]
with more than 1 million deaths from HBVrelated diseases annually [7]. Among various
adverse outcomes of CHB, developing HCC is
the most common and most serious. Cirrhosis
and high serum HBV DNA levels (≥2,000 IU/mL)
are major risk factors [8, 9]. The risk of HCC is
significantly increased in the case of cirrhosis
which is due to CHB and the activation of oncogenes, overexpression of growth factors, and
inactivation of tumor suppressor genes [10].
The progression to liver cirrhosis in chronic HBV
infection is mediated by active virus replication.
Annual incidence of cirrhosis in the overall population with CHB is 2%-7%, depending on viral
replication status [11]. Therefore, it is of para-
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mount importance to assess severity of liver
cirrhosis which helps in prognostication and in
turn affects management like antiviral treatment initiation, endoscopic screening for varices, and screening for HCC. Currently available
non-invasive methods including direct and indirect serum markers, transient elastography,
and magnetic resonance (MR) elastography are
associated with certain disadvantages [12].
Novel factors are needed to evaluate liver cirrhosis and the possibilities of developing HCC.
DNA hypermethylation plays an important role
in silencing the tumor suppressor genes, being
one of the most consistent hallmarks of human
cancers. The phenomenon is of comparable
significance to classic genetic mutations [13].
Especially in recent years, DNA methylation has
emerged as an attractive target for cancer therapeutics. DNA methylation is catalyzed by a
family of enzymes called DNA methyltransferases (DNMTs) [14]. The previous report has
proven that inhibition of DNA methyltransferase activity can strongly inhibit the mutation of
tumors. The repressive effects of DNA methylation are mediated in large part by the methylCpG binding proteins (MBDs) and are also associated with histone modifications. MBDs such
as methyl-CpG-binding protein 2 (MeCP2), methyl-CpG-binding domain 1 (MBD1), and MBD2
could specifically bind to CpG-methylated DNA
and are associated with histone deacetylase
(HDAC) [15].
MeCP2 is a basic chromosomal protein that
binds to symmetrical methylated 5’-CpG dinucleotide sequences [16, 17]. MeCP2 is essential in human brain development and has been
linked to several cancer types and neurodevelopmental disorders [18-20]. However, the role
of MeCP2 in osteosarcoma disease has not
been fully explored. Thus, our present study
aimed to investigate the association of MeCP2
with HCC development in patients with undetectable HBV DNA by antiviral therapy.
Materials and methods
Patients and tissue samples
Patients were recruited from the Jingmen First
People’s Hospital from January 2012 to
November 2016. We recruited all CHB patients
who developed HCC despite achieving profound
viral suppression (i.e. undetectable serum HBV
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DNA levels by the Cobas Tagman assay) under
nucleos(t)ide analogue (NA) therapy for at least
1 year before diagnosis of HCC. Other inclusion
criteria included age ≥18 years, no significant
alcohol consumption (>30 gram and >20 gram
per day for men and women, respectively), no
coexisting liver diseases like HCV infection, primary biliary cholangitis (PBC), autoimmune
hepatitis (AIH) and Wilson’s disease, as well as
no previous history of HCC. After excluding
cases that did not have available serum samples for measurement of MeCP2 level, 86
patients with HCC were recruited into the present study. Control subjects were NA-treated cirrhotic patients and CHB patients without HCC
development. These control patients were
matched with HCC patients by age, gender,
hepatitis e antigen (HBeAg) status, and duration of NA therapy in a 1:1:1 ratio. The study
protocol was approved by the Institutional
Review Board, Jingmen First People’s Hospital.
Cell lines and culture conditions
Human HCC cell lines (SMMC-7721, Huh-7 and
Hep3B cells) were purchased from the Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China). SMMC-7721, Huh-7, and
Hep3B cell lines were cultured in RPMI-1640
Medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS) and
1% penicillin-streptomycin. THLE-2 cells were cultured in BEGM (Bronchial Epithelial Medium,
Invitrogen, Carlsbad, CA, USA), supplemented
with a mixture of 0.01 mg/ml fibronectin, 0.03
mg/ml bovine collagen type I, and 0.01 mg/ml
bovine serum albumin dissolved in BEBM
medium.
siRNA transfection
HCC cell lines were transfected with siRNA
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA), according to the manufacturer’s
protocol. MeCP2-specic siRNAs (si-MeCP2:
Sense GAGGGAUGA GGGUGAAGAA and antisense UUCUUCACCCUCAUCCCUC and negative
control siRNA (si-NC) were purchased from
GenePharma, Shanghai, China.
MTT assay
HCC cells proliferation was also measured by
using 3-4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide (MTT) assay. Cells were
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grown in a 96-well plate for 24 hours, transfected with si-MeCP2 or negative control si-NC, and
incubated in normal medium. Cells were seeded in 0.1 mg/mL MTT for 4 hours and lysed in
dimethyl sulfoxide (DMSO) at room temperature for 10 minutes. The absorbance in each
well was detected by a microplate reader (BioRad, Hercules, CA, USA) at 0, 12, 24, 36, 48,
60 and 72 hours after transfection.
Total RNA isolation
Total RNA was isolated from 300 μl of serum
using the mirVana PARIS Kit (Ambion, Austin,
TX, 97 USA) according to the manufacturer’s
instructions. Briefly, for each sample, total RNA
was extracted from 300 μl of serum with 2×
denaturing solution, acid-phenol: chloroform,
and 100% ethanol. After several washings and
centrifugation, the RNA was eluted into 60 μl of
preheated (95°C) elution solution. RNA quantity and purity were determined using a Nanodrop Spectrophotometer ND-1000 (Thermo
Scientific, Waltham, MA, USA). RNA purity was
considered satisfactory with A260/A280 of
1.9-2.1. The RNA samples were stored at -80°C
until reverse transcription.
Real-time quantitative PCR
We typically extracted 2 μg to 9 μg of total RNA
and OD260/280 ratios typically ranged from
1.8 to 2.0, indicating high RNA purity. 10 ng of
total RNA was used for each miRNA quantification. miRNA detection was performed and ran
on the Eppendorf Mastercycler EP Gradient S
(Eppendorf, Germany) using commercial assays (TaqMan microRNA assays; Applied Biosystems, Foster City, CA, USA) for miRNAs. Relative quantification was calculated using 2-ΔΔCt,
where Ct is cycle threshold. Normalization was
performed with universal small nuclear RNA U6
(RNU6B). Each sample was examined in triplicate and the mean values were calculated.
mRNA levels in tumor samples/non-tumorous
samples of 0.5-fold was deﬁned as underexpression of the gene whereas a ratio of 2.0fold was deﬁned as overexpression.
Immunohistochemistry and evaluation of immunostaining
Immunohistochemical staining was performed
with the Dako Envision Plus System (Dako,
Carpinteria, CA), according to the manufactur-
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er’s instructions. The primary antibodies were
anti-MeCP2 (Cell Signaling Technology Inc.,
Beverly, MA, 1:50). Tissues were evaluated as
positive for MeCP2 staining when there were
more than 10% of tumor cells demonstrating
cytoplasmic and/or nucleus immunoreaction
deposits. The sections were scored with a fourtier scale: 0 = negative (0-10%), 1 = weak signal
(10-20%), 2 = intermediate signal (20-50%),
and 3 = strong signal (>50%). 0 and 1 were
defined as low while 2 and 3 were defined as
high. All sections were scored independently by
two observers who did not have any prior knowledge of the clinic-pathologic data. The concordance between scores from different sections
of the same tumor was greater than 90%. All
discrepancies in scoring were reviewed and a
consensus was reached.
Western blotting analysis
Fresh surgical specimens were snap frozen in
liquid nitrogen and stored in a deep freezer.
Normal tissues and the tumor were lysed in
T-PER Tissue Protein Extraction Reagent
(Pierce, Rockford, IL) containing proteinase
inhibitors (CalBiochem, San Diego, CA). The
extracts were collected and centrifuged at
12,000×g for 5 minutes. Protein concentrations were determined using BCA Protein Assay
(Pierce), according to the manufacturer’s instructions. The following antibodies were used:
anti-MeCP2 (Cell Signaling Technology Inc.,
Beverly, MA). We also used β-actin as a loading
control.
Follow up
Postoperative serum AFP and abdominal ultrasound were carried out in all patients, monthly.
Patients received abdominal contrast-enhanced CT scan or MRI once every 3 months in the
first two years after surgery and once every 6
months thereafter. Further investigations were
carried out when clinically indicated or when
tumor recurrence was suspected.
Statistical methods
Continuous variables were expressed as mean
± SD (standard deviation) and compared using a two-tailed unpaired Student’s t test.
Categorical variables were compared using χ2
or Fisher’s analysis. The predictive performance of plasma and exosomal miRNAs were
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Table 1. Demographics of all patients
Variable
Case, n
Age
Sex
Female
Male
HBeAg
Positive
Negative
Liver cirrhosis
Yes
No
TBL (µmol/l)
ALB (g/dl)
ALT (U/L)
AFP at diagnosis (ng/ml)
≤400
>400
Tumor size (cm)
>5 cm
≤5 cm
TNM staging
I
II
III-IV

HBV group Cirrhosis group HCC group
86
86
86
61.2 ± 4.1
61.0 ± 3.6
61.3 ± 5.1
34
52

26
60

33
53

54
32

67
19

64
22

0
86
12.5 ± 8.3
39.4 ± 6.6
25.7 ± 14.1

86
0
15.1 ± 7.3
38.9 ± 6.5
50.4 ± 30.2

63
23
16.1 ± 8.2
37.9 ± 4.6
79.4 ± 66.5

86
0

68
18

61
25

status, serum HBV DNA level, and
duration of therapy. Of all 258
patients recruited into this study,
the baseline characteristics of
patients divided by MeCP2 levels
are summarized in Table 2. Overexpression of MeCP2 was closely
related to liver cirrhosis (P=
0.001) and TNM stage (P=0.017)
(Table 2). There was no significant relation between overexpression of MeCP2 with gender,
age, HBsAg, HBeAg, and tumor
size, etc. Different NA therapies
in HCC and control groups were
shown in Table 3.
MeCP2 was overexpressed in
HCC tissues and cell lines

In the mRNA level, MeCP2 was
overexpressed in HCC tissues,
which was significantly higher
28
than that in cirrhosis and non-cirrhosis tissues (P<0.001) (Figure
58
1A and 1B). MeCP2 significantly
increased in HCC cell lines com12
pared with the control group of
20
THLE-2 including SMMC-7721
54
(P<0.001), Huh-7 (P<0.001), and
BL: total bilirubin; ALB: albumin; ALT: alanine aminotransferase; PT: prothromHep3B (P<0.001) (Figure 1C-E).
bin time; PLT: blood platelet; AFP: alpha-fetoprotein.
Meanwhile, we detected the protein expression of MeCP2 by Western blotting. We found increased expression
measured using the area under ROC curve
(AUC). AUCs were also used to compare diaglevel of MeCP2 in tumor tissues compared with
nostic significance of MeCP2 using the Hanley
cirrhosis and non-cirrhosis tissues (P<0.001)
and McNeil method [21]. MiRNAs panel was
(Figure 2A) and protein expression of MeCP2
further analyzed by logistic regression model
was high in the three HCC cell lines (Figure 2B).
for the differentiation between HCC and HBV
We performed immunostaining in the 30 HCC
groups. Statistical analyses were conducted
samples and found that 24 (80%) patients
with SPSS for Windows version 18.0 release
identified as MeCP2 overexpression (Figure
(SPSS, Inc., Chicago, IL) and ROC curve analy2C).
sis was computed using MedCalcV.11.0.3.0
Silencing MeCP2 arrested cell proliferation
(MedCalc software, Mariakerke, Belgium). A
value of P<0.05 was considered significant in
MTT assay showed that si-MeCP2 remarkably
all analyses.
inhibited cell proliferation after transfection of
Results
si-MeCP2 and si-NC in SMMC-7721, Huh-7, and
Hep3B cell lines (P<0.001) (Figure 3A-C).
Patient characteristics
The role of MeCP2 levels in predicting HCC
The demographics of the study population (86
development
HCC patients, 86 patients with cirrhosis, and
The performance of MeCP2 to predict HCC
86 HBV patients) are illustrated in Table 1.
development in CHB patients who achieved
There were no significant differences among
the three groups in terms of age, gender, HBeAg
undetectable serum HBV DNA while on NA ther1359
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Table 2. Correlation between MeCP2 expression and
clinicopathologic features
MeCP2 expression
Low (n=112) High (n=144)
Sex
Female
33
48
Male
79
96
Age
Median
61
60
Range
20-70
32-71
HBeAg
Positive
81
104
Negative
31
40
Liver cirrhosis Yes
41
108
No
71
36
TBL (umol/l)
Median
15.2
16
Range
4.2-56.7
4.6-64.4
Alb (g/dl)
Median
38.4
40
Range
24.5-51.4
23.6-53.8
ALT (U/L)
Median
54.9
55.5
Range
10,6-235.7
8.3-240.3
Diameter (cm) ≤5
18
36
>5
12
20
AFP level (μg/L) <400
14
26
>400
16
30
TNM stage:
I
9
24
II
14
10
III
7
22
Variables

P
0.509
0.613
0.986
0.001
0.603
0.092
0.887

a high sensitivity in identifying patients
with future HCC development (83%).
Discussion
Hepatocellular carcinoma is a major
health problem worldwide with high morbidity and mortality. In the past decade,
HCC incidence has been increasing in
Western Europe and Northern America
[22, 23]. Outcomes for patients with
HCC have improved markedly over the
last 30 years due to the presence of various therapeutic modalities and advances in surgical treatment [24]. However,
prediction of HCC development is still
vital for monitoring tumor recurrence
and choosing subsequently adjuvant
therapy.

DNA methylation has been shown to be
a key contributor to epigenetic regulation of gene expression. Since links
0.983
between gene silencing and DNA methylation have been demonstrated, the
0.017
cellular mechanism of methylated DNA
recognition by MBPs has emerged as an
important research focus in gene regulaAbbreviations: AFP, alpha-fetoprotein; HBeAg, Hepatitis E antigen; TBIL
tion. MeCP2 was the first MBP discovtotal bilirubin; ALB, albumin; ALT, alanine.
ered to selectively recognize and bind
methylated DNA sequences [25, 26]. An
additional role for MeCP2 during carciTable 3. Different NA therapies in HCC and control
nogenesis has recently been described.
groups
Hyper-methylation of tumor suppressor
Variable
HBV group
Cirrhosis group
HCC group
gene promoters is a well-characterized
Entecavir
75 (87.2%)
80 (93.0%)
77 (89.5%)
event in carcinogenesis [27, 28]. The iniTelbivudine
5 (5.8%)
2 (2.3%)
3 (3.5%)
tial evidence of MeCP2 involvement with
cancer arose when it was found that
Lamivudine
3 (3.5%)
1 (1.2%)
2 (2.3%)
methylation of the breast cancer 1 gene
Adefovir
2 (2.3%)
2 (2.3%)
3 (3.5%)
(BRCA1) promoter in the presence of
Tenofovir
1 (1.2%)
1 (1.2%)
1 (1.2%)
MeCP2 resulted in repression. Hypermethylation of additional tumor suppressor genes in cancer has also been shown to be
apy was measured in terms of area under
associated with MeCP2 and other MBPs [29,
receiver operating curve (AUROC). The AUROC
for the whole cohort, cirrhotic patients and
30]. Further characterization of MeCP2’s role in
non-cirrhotic patients, was 0.741 (95% CI:
carcinogenesis is needed to elucidate its indi0.629-0.804) (Figure 4A), 0.682 (95% CI:
vidual function in tumor suppression.
0.526-0.782) (Figure 4B), and 0.776 (95% CI:
In our present study, we found that there was a
0.646-0.903) (Figure 4C), respectively. Table 4
significant difference of MeCP2 level in HCC tisshows the predictive accuracies of MeCP2 in
sues compared with that in cirrhosis and nondifferent groups of patients. For the whole
cirrhosis tissues (P<0.001). Moreover, exprescohort, this test had a high specificity in identision of MeCP2 was significant higher in cirrhosis
fying patients without HCC development (85%).
than non-cirrhosis tissues (P<0.001) which was
Among patients without cirrhosis, this test had
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Figure 1. MeCP2 is upregulated in HCC tissues and cell lines. Relative MeCP2 concentration was detected using
real-time qPCR. MeCP2 expression levels were higher in HCC tissues than those in cirrhosis and non-cirrhosis tissues. (A) and (B) (P<0.001), SMMC-7721, Huh-7, and Hep3B cell lines than the normal epatic cell line (THLE-2)
(C-E) (P<0.001).

Figure 2. Expression changes of MeCP2 after transfection and silencing MeCP2 inhibits cell proliferation by MTT
assay. After transfection of si-MeCP2 or negative control si-NC, OD values were measured. ANOVA was used for the
comparison of curves of cell proliferation. Cell proliferation inhibition was observed in HCC cell lines SMMC-7721
(A), Huh-7 (B), and Hep3B (C) cells (P<0.01).

consistent with the results that MeCP2 was
closely related to liver cirrhosis (P=0.001). We
1361

further detected the performance of MeCP2 in
predicting HCC development in CHB patients
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Figure 3. MeCP2 is upregulated in HCC tissues and cell lines. A. Comparison of MeCP2 expression in HCC tissues
with those in cirrhosis and non-cirrhosis tissues by Western blotting; B. MeCP2 expression in SMMC-7721, Huh-7,
and Hep3B cell lines by Western Blotting; C. MeCP2 expression in HCC tissues with those in cirrhosis and noncirrhosis tissues by immunohistochemical staining.

Figure 4. AUROC of pre-treatment MeCP2 for HCC prediction in CHB patients. A. All patients; B. CHB patients with
cirrhosis; C. CHB patients without cirrhosis; Abbreviations: AUROC, area under receiver operating curve; HCC, hepatocellular carcinoma; CHB, chronic hepatitis B.

Table 4. Predictive accuracies of MeCP2 for HCC in different
groups of patients
Variable
AUROC
Sensitivity
Specificity
Positive-predictive value
Negative-predictive value

All patients
0.741
53%
85%
78%
64%

Cirrhosis
Cirrhosis
positive patients negative patients
0.688
0.776
57%
78%
70%
62%

who achieved undetectable serum HBV DNA on
NA therapy. The AUROC for the whole cohort,
cirrhotic patients and non-cirrhotic patients,
was 0.741, 0.682, and 0.776, respectively. For
the whole cohort, this test had a high specificity
in identifying patients without HCC development (85%). Among patients without cirrhosis,
this test had a high sensitivity in identifying
patients with future HCC development (83%).
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83%
62%
63%
76%

The findings of the present
study have significant clinical
implications as MeCP2 may
help to further stratify the risk
of HCC development in patients with cirrhosis as well as
those without cirrhosis. This
in turn will help to streamline
the management plan in terms of follow up interval and
HCC surveillance.

The proportion of CHB patients receiving NA
therapy has been increasing. For instance, in a
nationwide cohort study of Taiwan, it was found
that >40% of CHB patients were NA-experienced
[31]. With potent nucleos(t)ide analogues
(entecavir and tenofovir), the majority of CHB
patients are able to achieve profound viral suppression with undetectable serum HBV DNA
level. However, NA therapy can reduce but can-
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not eliminate the risk of HCC [32]. As of now,
there have not been any satisfactory tests to
predict HCC in patients under treatment [33],
highlighting the importance of exploring alternative predictive factors. Therefore, further follow up studies to improve the predictive power
of MeCP2 by adding in other already identified
risk factors for the development of HCC such
as age and gender with other viral markers like
HBsAg and hepatitis B core-related antigen
(HBcrAg) are highly recommended [34, 35].
However, there are limitations to this study: (1)
the sample size was too small and a further
larger sample study is needed to confirm the
present experimental results; (2) whether overexpression of MeCP2 has the optimal specificity and sensitivity for HCC diagnosis and prognosis also needs future confirmation.
In conclusion, we found MeCP2 to be expressed
significantly higher in HCC tissues compared
with cirrhosis and non-cirrhosis tissues. MeCP2
could be a novel risk marker in predicting HCC
development in CHB patients with profound
viral suppression under NA therapy. MeCP2
measurement may serve as a useful strategy
for risk stratification in terms of follow up interval and HCC surveillance.

[3]

[4]

[5]

[6]

[7]

[8]

Acknowledgements
This work was supported by grants from the
Natural Science Foundation of Hubei Province
(2016CFB442).

[9]

Disclosure of conflict of interest
None.

[10]

Address correspondence to: Dr. Jian Liu, Department of General Surgery, Jingmen First People’s
Hospital, 67 Xiangshan Avenue, Jingmen 448000,
Hubei Province, China. E-mail: ehbhzq@sina.com

[11]

References

[12]

[1]
[2]

1363

Jemal A, Bray F, Center MM, Ferlay J, Ward E
and Forman D. Global cancer statistics. CA
Cancer J Clin 2011; 61: 69-90.
Poon D, Anderson BO, Chen LT, Tanaka K, Lau
WY, Van Cutsem E, Singh H, Chow WC, Ooi LL,
Chow P, Khin MW and Koo WH. Management
of hepatocellular carcinoma in Asia: consensus statement from the Asian Oncology Summit 2009. Lancet Oncol 2009; 10: 11111118.

[13]
[14]

Al Hasani F, Knoepfli M, Gemperli A, Kollar A,
Banz V, Kettenbach J, Juni P and Dufour JF.
Factors affecting screening for hepatocellular
carcinoma. Ann Hepatol 2014; 13: 204-210.
Bolondi L, Sofia S, Siringo S, Gaiani S, Casali A,
Zironi G, Piscaglia F, Gramantieri L, Zanetti M
and Sherman M. Surveillance programme of
cirrhotic patients for early diagnosis and treatment of hepatocellular carcinoma: a cost effectiveness analysis. Gut 2001; 48: 251-259.
Merican I, Guan R, Amarapuka D, Alexander
MJ, Chutaputti A, Chien RN, Hasnian SS, Leung
N, Lesmana L, Phiet PH, Sjalfoellah Noer HM,
Sollano J, Sun HS and Xu DZ. Chronic hepatitis
B virus infection in Asian countries. J Gastroenterol Hepatol 2000; 15: 1356-1361.
Schweitzer A, Horn J, Mikolajczyk RT, Krause G
and Ott JJ. Estimations of worldwide prevalence of chronic hepatitis B virus infection: a
systematic review of data published between
1965 and 2013. Lancet 2015; 386: 15461555.
Hosaka T, Suzuki F, Kobayashi M, Seko Y,
Kawamura Y, Sezaki H, Akuta N, Suzuki Y,
Saitoh S, Arase Y, Ikeda K, Kobayashi M and
Kumada H. Long-term entecavir treatment reduces hepatocellular carcinoma incidence in
patients with hepatitis B virus infection. Hepatology 2013; 58: 98-107.
Yuen MF, Ahn SH, Chen DS, Chen PJ, Dusheiko
GM, Hou JL, Maddrey WC, Mizokami M, Seto
WK, Zoulim F and Lai CL. Chronic hepatitis B
virus infection: disease revisit and management recommendations. J Clin Gastroenterol
2016; 50: 286-294.
Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN,
Huang GT and Iloeje UH. Risk of hepatocellular
carcinoma across a biological gradient of serum hepatitis B virus DNA level. JAMA 2006;
295: 65-73.
Kirstein MM and Vogel A. The pathogenesis of
hepatocellular carcinoma. Dig Dis 2014; 32:
545-553.
Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou HY,
Chu CM and Liaw YF. Long-term outcome after
spontaneous HBeAg seroconversion in patients with chronic hepatitis B. Hepatology
2002; 35: 1522-1527.
European Association for Study of Liver; Asociacion Latinoamericana para el Estudio del
Higado. EASL-ALEH clinical practice guidelines:
non-invasive tests for evaluation of liver disease severity and prognosis. J Hepatol 2015;
63: 237-264.
Delpu Y, Cordelier P, Cho WC and Torrisani J.
DNA methylation and cancer diagnosis. Int J
Mol Sci 2013; 14: 15029-15058.
Siedlecki P and Zielenkiewicz P. Mammalian
DNA methyltransferases. Acta Biochim Pol
2006; 53: 245-256.

Int J Clin Exp Pathol 2018;11(3):1356-1364

MeCP2 is associated with development of HCC
[15] Mirza S, Sharma G, Parshad R, Gupta SD, Pandya P and Ralhan R. Expression of DNA methyltransferases in breast cancer patients and to
analyze the effect of natural compounds on
DNA methyltransferases and associated proteins. J Breast Cancer 2013; 16: 23-31.
[16] Exner R, Pulverer W, Diem M, Spaller L, Woltering L, Schreiber M, Wolf B, Sonntagbauer M,
Schroder F, Stift J, Wrba F, Bergmann M, Weinhausel A and Egger G. Potential of DNA methylation in rectal cancer as diagnostic and prognostic biomarkers. Br J Cancer 2015; 113:
1035-1045.
[17] Carmona FJ, Azuara D, Berenguer-Llergo A,
Fernandez AF, Biondo S, de Oca J, RodriguezMoranta F, Salazar R, Villanueva A, Fraga MF,
Guardiola J, Capella G, Esteller M and Moreno
V. DNA methylation biomarkers for noninvasive
diagnosis of colorectal cancer. Cancer Prev
Res (Phila) 2013; 6: 656-665.
[18] Muotri AR, Marchetto MC, Coufal NG, Oefner R,
Yeo G, Nakashima K and Gage FH. L1 retrotransposition in neurons is modulated by
MeCP2. Nature 2010; 468: 443-446.
[19] Konduri SD, Srivenugopal KS, Yanamandra N,
Dinh DH, Olivero WC, Gujrati M, Foster DC,
Kisiel W, Ali-Osman F, Kondraganti S, Lakka SS
and Rao JS. Promoter methylation and silencing of the tissue factor pathway inhibitor-2
(TFPI-2), a gene encoding an inhibitor of matrix
metalloproteinases in human glioma cells. Oncogene 2003; 22: 4509-4516.
[20] Murphy DM, Buckley PG, Das S, Watters KM,
Bryan K and Stallings RL. Co-localization of the
oncogenic transcription factor MYCN and the
DNA methyl binding protein MeCP2 at genomic
sites in neuroblastoma. PLoS One 2011; 6:
e21436.
[21] Hanley JA. Receiver operating characteristic
(ROC) methodology: the state of the art. Crit
Rev Diagn Imaging 1989; 29: 307-335.
[22] Zhang W and Sun B. Impact of age on the survival of patients with liver cancer: an analysis
of 27,255 patients in the SEER database. Oncotarget 2015; 6: 633-641.
[23] Zhang W, Wang X, Jiang R, Hou J, Mu X, Li G
and Sun B. Effect of tumor size on cancer-specific survival in small hepatocellular carcinoma. Mayo Clin Proc 2015; 90: 1187-1195.
[24] Gallicchio R, Nardelli A, Mainenti P, Nappi A,
Capacchione D, Simeon V, Sirignano C, Abbruzzi F, Barbato F, Landriscina M and Storto G.
Therapeutic strategies in HCC: radiation modalities. Biomed Res Int 2016; 2016:
1295329.
[25] Lewis JD, Meehan RR, Henzel WJ, Maurer-Fogy
I, Jeppesen P, Klein F and Bird A. Purification,
sequence, and cellular localization of a novel
chromosomal protein that binds to methylated
DNA. Cell 1992; 69: 905-914.

1364

[26] Meehan RR, Lewis JD and Bird AP. Characterization of MeCP2, a vertebrate DNA binding
protein with affinity for methylated DNA. Nucleic Acids Res 1992; 20: 5085-5092.
[27] Gonzalez-Zulueta M, Bender CM, Yang AS,
Nguyen T, Beart RW, Van Tornout JM and Jones
PA. Methylation of the 5’ CpG island of the
p16/CDKN2 tumor suppressor gene in normal
and transformed human tissues correlates
with gene silencing. Cancer Res 1995; 55:
4531-4535.
[28] Merlo A, Herman JG, Mao L, Lee DJ, Gabrielson
E, Burger PC, Baylin SB and Sidransky D. 5’
CpG island methylation is associated with transcriptional silencing of the tumor suppressor
p16/CDKN2/MTS1 in human cancers. Nat
Med 1995; 1: 686-692.
[29] Ballestar E, Paz MF, Valle L, Wei S, Fraga MF,
Espada J, Cigudosa JC, Huang TH and Esteller
M. Methyl-CpG binding proteins identify novel
sites of epigenetic inactivation in human cancer. EMBO J 2003; 22: 6335-6345.
[30] Wischnewski F, Friese O, Pantel K and Schwarzenbach H. Methyl-CpG binding domain proteins and their involvement in the regulation of
the MAGE-A1, MAGE-A2, MAGE-A3, and MAGEA12 gene promoters. Mol Cancer Res 2007; 5:
749-759.
[31] Wu CY, Lin JT, Ho HJ, Su CW, Lee TY, Wang SY,
Wu C and Wu JC. Association of nucleos(t)ide
analogue therapy with reduced risk of hepatocellular carcinoma in patients with chronic
hepatitis B: a nationwide cohort study. Gastroenterology 2014; 147: 143-151.e145.
[32] Yang SC, Lee CM, Hu TH, Wang JH, Lu SN,
Hung CH, Changchien CS and Chen CH. Virological response to entecavir reduces the risk
of liver disease progression in nucleos(t)ide
analogue-experienced HBV-infected patients
with prior resistant mutants. J Antimicrob Chemother 2013; 68: 2154-2163.
[33] Jung KS, Kim SU, Song K, Park JY, Kim DY, Ahn
SH, Kim BK and Han KH. Validation of hepatitis B virus-related hepatocellular carcinoma
prediction models in the era of antiviral therapy. Hepatology 2015; 62: 1757-1766.
[34] Cheung KS, Seto WK, Wong DK, Lai CL and
Yuen MF. Relationship between HBsAg, HBcrAg and hepatocellular carcinoma in patients
with undetectable HBV DNA under nucleos(t)
ide therapy. J Viral Hepat 2017; 24: 654-661.
[35] Yuen MF, Tanaka Y, Fong DY, Fung J, Wong DK,
Yuen JC, But DY, Chan AO, Wong BC, Mizokami
M and Lai CL. Independent risk factors and
predictive score for the development of hepatocellular carcinoma in chronic hepatitis B. J
Hepatol 2009; 50: 80-88.

Int J Clin Exp Pathol 2018;11(3):1356-1364

