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Recent studies have revealed the epigenetic alterations are involved in hepatocarcinogenesis. However, the
function of long interspersed nuclear element-1 hypomethylation in hepatocellular carcinomas, and relation-
ship among other clinicopathologic features, and genetic and epigenetic alterations, including CpG island
hypermethylation, have not been studied. We determined long interspersed nuclear element-1 methylation, a
marker of global methylation, in 57 tumor and nonneoplastic samples, including 24 from high-risk and 33 from
low-risk countries. We compared methylation levels of long interspersed nuclear element-1 with eight CpG
islands including p16, cyclooxygenase-2, T-type calcium channel, and estrogen receptor genes, and MINT31,
MINT1, MINT2, and MINT27, as well as CpG island methylator phenotype and p53 gene mutation. Most
hepatocellular carcinomas samples (88%) showed hypomethylation of long interspersed nuclear element-1,
with a mean level of global methylation of 58±14 compared to 77±6 in nonneoplastic hepatic tissue (Po0.001).
Levels of long interspersed nuclear element-1 hypomethylation differed depending on geographic location
(P¼ 0.02), status of hepatitis (P¼ 0.01), hypermethylation of p16, estrogen receptor and MINT2 (P¼ 0.01, 0.002,
and 0.045, respectively), CpG island methylator phenotype-positive status (P¼ 0.006), and p53 gene mutation
(P¼ 0.04). In conclusion, environmental factors such as geographic location and hepatitis status contribute to
hepatocarcinogenesis through global hypomethylation. In hepatocellular carcinomas, hypermethylation of CpG
islands, and CpG island methylator phenotype status seems to correlate with levels of long interspersed
nuclear element-1 hypomethylation.
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Hepatocellular carcinoma is one of the most
common malignancies in the world and a leading
cause of death worldwide. The incidence rate of
hepatocellular carcinoma is associated with various
risk factors including geographic location and race.1

Hepatocarcinogenesis is a complex, multistep
process evolving from normal liver through chronic
hepatitis and cirrhosis to hepatocellular carcinoma,
but hepatocellular carcinoma also can arise from
noncirrhotic liver. This process is known to be
influenced by multiple genetic changes such as
allelic deletions, chromosomal losses and gains, and
DNA rearrangement, and epigenetic alterations.2,3

Frequent promoter hypermethylation and subse-
quent loss of protein expression of tumor suppressor

genes has also been demonstrated in hepatocellular
carcinoma.4

The long interspersed nuclear element (LINE-1),
6 kb in size, is an endogenous mobile repetitive
sequence in the genome that constitutes 21% of
human genome.5,6 The level of LINE-1 methylation
is thought to represent the amount of global
methylation because most 5-methylcytosines lie
within the repetitive sequences. CpG sites in a
LINE-1 are heavily methylated in the normal state
and hypomethylation of LINE promoter might lead
to increased expression of LINE element and
probably to retrotransposition.5,6 Retrotransposition,
in turn, leads to chromosomal rearrangement.
Hypomethylation of LINE-1 is associated with
genomic instability and to clinicopathologic features
in a variety of tumors.7–9 Genome-wide hypomethy-
lation has been reported in variety of cancers
including hepatocellular carcinomas,10–12 and a
few studies reported global hypomethylation as a
poor prognostic marker in hepatocellular carcino-
ma4,13 but LINE-1 methylation has not been studied
in detail.
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We have previously shown that CpG island
methylation differs in hepatocellular carcinoma
from different geographical regions.15 In this study,
we studied if global hypomethylation as assessed by
LINE-1 methylation differs in hepatocellular carci-
noma from different geographical regions, and is it
associated with CpG island methylation. We deter-
mined LINE-1 methylation by pyrosequencing from
hepatocellular carcinoma and nontumor liver par-
enchyma and compared the levels of LINE-1
hypomethylation with clinicopathologic features,
and methylation status of CpG islands, and CpG
island methylator phenotype (CIMP) status.16

Materials and methods

Characteristics of Cell Lines, Specimens, and Patients

Frozen tumor and corresponding nonneoplastic
hepatic tissue were obtained from surgical speci-
mens of 57 patients undergoing curative resection
for hepatocellular carcinoma,14 including 24 cases
from China and Egypt, and 33 from The Johns
Hopkins Hospital, Baltimore, MD, USA, respec-
tively. Surveillance Committee (Institutional Review
Board) approved this study. Cell lines, including
RKO, SW48, and SW480 colon cancer cell lines and
Hep3B liver cancer cell lines were grown in
recommended culture medium and genomic DNA
was extracted.

The patient records were reviewed for clinical
information including history of alcohol or other
drugs, serologic evidence for hepatitis virus, survi-
val status and follow-up months, and histological
parameters were evaluated from the hematoxylin
and eosin (H&E)-stained slides. Clinicopathologic
parameters evaluated in each case included patient
age at initial diagnosis, gender, and tumor stage.
This information was unavailable for 24 cases from
high-risk countries.

Tissue Preparation and DNA Extraction

DNA from both tumor and nonneoplastic hepatic
tissue in microdissected fresh-frozen specimens was
extracted using a commercial kit (Qiagen DNA
Extraction Kit; Qiagen Inc., Valencia, CA, USA),
after H&E-stained slides from a frozen block were
reviewed. The tumor cellularity was at least 70% in
all samples. All the tumors were typical hepatocel-
lular carcinomas, and fibrolamellar and mixed
hepatocellular-cholangiocarcinomas were excluded.

Bisulfite-Pyrosequencing of LINE-1

Bisulfite treatment of DNA was performed as
described previously.14 The LINE-1 methylation
was quantified by pyrosequencing using the primers
and conditions as previously described.16,17 LINE-1
assay was performed using 10pmol of forward

primer 50-TTTTGAGTTAGGTGTGGGATATA-30 and
10pmol of reverse biotinylated primer 50-AAAATCA
AAAAATTCCCTTTC-30. The LINE-1 assay was
performed in a 25 ml PCR reaction containing 40ng
of bisulfite-treated genomic DNA, 2mM MgCl2,
0.8mM dNTP mix, and 1.25U of Taq polymerase.
PCR cycling conditions were 941C for 30 s, 561C for
30 s, and 721C for 30 s for 50 cycles. The PCR
product was purified and quantified using the PSQ
HS 96 Pyrosequencing System (Pyrosequencing Inc.,
Westborough, MA, USA). The ratio of C to T
nucleotides was evaluated for LINE-1 methylation
(examples are shown in Figure 1). DNA from RKO,
SW48, and SW480, and Hep3B cell lines as well as
SssI-treated DNAwere used as controls for optimiz-
ing the assay. Deionized water was used as a
negative control. The experiments were repeated
twice and mean values were taken from these
separate experiments. Methylation levels at three
consecutive CpG sites were evaluated. Mean methy-
lation levels at the three consecutive CpG sites were
statistically correlated with the methylation levels at
the first CPG site (data not shown), and methylation
levels at the first CpG site were used for all
comparisons. This assay has been previously char-
acterized and has been shown to correlate with
global DNA methylation measured by other meth-
odologies.16,17

The mean LINE-1 methylation in SssI-treated
normal samples including placental DNA and
normal samples from patients was 85±4% (range
82–97). LINE-1 relative tumor hypomethylation was
calculated by subtracting LINE-1 level of patient’s
nonneoplastic liver sample from the LINE-1 methy-
lation level of patient’s tumor sample.

Sequencing of p53 Gene and Combined Bisulfite PCR
and Restriction Analysis

The p53 gene mutations and methylation status of
eight CpG islands have been previously reported,14

including p16, cyclooxygenase-2 (COX-2), T-type
calcium channel (CACNA1G), and estrogen receptor
(ER) genes; and MINT31, MINT1, MINT2, and
MINT27. A CpG island was considered methylated
if methylation density was 15% or more. The tumors
were classified CIMP-negative if no CpG island was
methylated, CIMP-intermediate if one or two CpG
islands were methylated, and CIMP-high if three or
more CpG islands were methylated.14,15

Statistical Analysis

All statistical analyses were performed using SPSS
(SPSS Inc., Chicago, IL, USA). Comparisons of
categorical variables were made using w2-test and
Fisher’s exact test. Comparisons of methylation
densities and clinicopathologic features were eval-
uated by ANOVA test and Student’s t-test. All
P-values presented are two-sided, and a P-value

LINE methylation in hepatocellular cancer
M-J Kim et al

443

Modern Pathology (2009) 22, 442–449



of less than 0.05 was considered statistically
significant.

Results

The selected clinicopathologic features of 57
patients with hepatocellular carcinomas in this
study are tabulated in Table 1. As reported pre-
viously,14 all the patients from high-risk countries
had hepatitis B infection compared to 21% from the
low-risk country (P¼ 0.001) and p53 gene mutations
were present in 50% of tumors from high-risk
countries but in 12% of tumors from low-risk
countries (P¼ 0.004).

All cell lines were hypomethylated compared to
Sss1-treated normal samples. RKO, SW48, SW480,
and Hep3B cell lines had LINE-1 methylation levels
of 69, 70, 45, and 70%, respectively. Levels of LINE-
1 methylation in normal and tumor samples are
shown in Figure 2 and Table 2. Majority of tumor
samples (88%) were less methylated compared to
corresponding nonneoplastic hepatic tissue at LINE-
1. The mean LINE-1 methylation in tumor samples
was 58±14 compared with 77±6 in nonneoplastic
liver parenchyma samples (P¼ 0.001).

The levels of hypomethylation differed according
to geographic location of the samples and hepatitis
status (Figure 2; Table 2). The mean LINE-1
methylation in tumor samples from high-risk coun-

try was lower than that of tumor samples from
low-risk country (53 vs 62, P¼ 0.02), but there was
no statistical difference in nonneoplastic samples
between samples from high-risk and low-risk
countries (P¼ 0.8). The mean LINE-1 methylation
in tumor samples was lower in hepatitis-positive
cases than in hepatitis-negative cases (P¼ 0.01). In
patients from low-risk country, the mean LINE-1
methylation in tumor samples was lower in hepati-
tis-positive cases than in hepatitis-negative cases
but was not statistically significant (P¼ 0.26).

Levels of LINE-1 methylation were associated
with p53 gene mutations and methylation of several
CpG islands and genes (Table 2). Levels of LINE-1
hypomethylation in tumors associated with p53
gene mutation (P¼ 0.04). In patients from low-risk
country and high-risk country, the mean LINE-1
methylation in tumor samples with p53 gene
mutation were lower than in tumor samples without
mutations but were not statistically significant
(P¼ 0.39 and 0.24, respectively). Levels of LINE-1
hypomethylation in nontumor liver tissue asso-
ciated with methylation of CACNAIG (P¼ 0.007),
COX-2 (P¼ 0.002), and MINT-1 (P¼ 0.02). In con-
trast, hypomethylation of tumor correlated with
methylation of p16 (P¼ 0.01), ER (P¼ 0.002),
MINT-2 (P¼ 0.045), and CIMP status (P¼ 0.006).

The mean relative tumor hypomethylation for
LINE-1 was 19±15. Relative tumor hypomethyla-

Figure 1 Quantification of LINE-1 methylation levels by pyrosequencing of bisulfite-treated DNA samples. The top panel shows
methylation of Hep3b cell line, the middle panel of a nonneoplastic liver parenchyma, and the lower panel from the corresponding
hepatocellular carcinoma. The PCR product was purified and methylation was quantified using the PSQ HS 96 Pyrosequencing System
(Pyrosequencing Inc.). The program quantifies C or G nucleotides for methylated and A or T for unmethylated or mutated sequences. The
shaded regions represent CpG sites used for quantification of methylation at each site, and the percent methylation at each site is shown
above the peaks.

LINE methylation in hepatocellular cancer
M-J Kim et al

444

Modern Pathology (2009) 22, 442–449



tion levels were associated with multiple clinico-
pathologic features, and genetic and epigenetic
alterations (Table 3), including geographic location
(P¼ 0.02), hepatitis status (P¼ 0.02), grade of tumor
(P¼ 0.02), ER methylation (P¼ 0.001), COX-2
methylation (P¼ 0.003), CIMP status (P¼ 0.04), and
p53 gene mutation status (P¼ 0.03).

Discussion

We studied LINE-1 hypomethylation in hepatocel-
lular carcinomas and nonneoplastic liver parench-
yma. We found levels of LINE-1 methylation in
tumors were lower in patients from high-risk
country, who had hepatitis, and patients whose
tumor had p53 gene mutation, and methylation of
p16 and ER genes, MINT-2 CpG island, and CIMP
positive. In contrast, levels of LINE-1 methylation in
nonneoplastic hepatic parenchyma were lower in
patients whose tumors had methylation of CAC-
NAIG and COX-2 genes, and MINT-1 CpG island.

Aberrant methylation, consisting of DNA hypo-
methylation and/or promoter gene CpG hyper-
methylation, is implicated in the development of a
variety of solid tumors. Global loss of methylation in
cancer may lead to alterations in the expression of
protooncogenes critical to carcinogenesis and may
facilitate chromosomal instability, whereas promo-
ter CpG island hypermethylation can lead to
transcriptional repression of tumor suppressor
genes.18–20 Previous studies have described global
genomic hypomethylation in the several malignan-

cies including carcinomas of ovary,21,22 colon,17,23,24

and prostate25,26 as well as in hepatocellular
carcinomas4,11,12 by evaluating genomic repetitive
sequences.

In this study and as reported previously,4,11,12

most hepatocellular carcinoma samples had global
hypomethylation compared to nonneoplastic hepa-
tic tissue. The methylation level of LINE-1 in
hepatocellular carcinoma differed significantly
depending on hepatitis status and geographic loca-
tion. As expected, the prevalence of hepatitis B viral
infection depends on the geographic location and is
much higher in high-risk countries compared to the
United States. The association between global
methylation and hepatitis status can be explained
by hepatitis B virus X protein that can induce
altered DNA methyltransferase activity, hyper-
methylation of specific CpG islands, and global
hypomethylation.27,28 Alternatively, these changes
may be due to increased proliferation because of
liver injury, as has been demonstrated in a rat model
of drug-induced liver injury.29 These findings are
further corroborated by our previous study which
showed hepatocellular carcinoma from patients
with hepatitis or from patients living in high-risk
geographic areas have much higher levels of CpG
island methylation than the tumors from patients
without hepatitis or low-risk areas.14 However, there
is an overlap in LINE-1 methylation levels in
nonneoplastic liver parenchyma and hepatocellular
carcinoma samples from low-risk and high-risk
countries suggesting individual variation and het-
erogeneity in methylation levels in both population.
One limitation of this study is that the demographic
and certain clinicopathologic features are missing
for about 40% of the patients included in this study.

Figure 2 LINE-1 methylation levels in hepatocellular carcinoma
samples and corresponding nonneoplastic liver parenchyma
samples from high-risk and low-risk countries. The nonneoplastic
liver parenchyma sample is above or below the tumor sample
from the same patient. The levels of LINE-1 hypomethylation in
tumor samples from high-risk country are more than that of tumor
samples from low-risk country. There is no significant difference
in LINE-1 hypomethylation between nonneoplastic liver par-
enchyma samples from high-risk and low-risk countries.

Table 1 Clinicopathologic features and p53 gene mutation status
in patients with hepatocellular carcinoma

High-risk
countries
(n¼ 24)

Low-risk
country
(n¼ 33)

P-value

Mean age (years) Unknown 63.1 (range,
23–82)

NA

Sex (male:female) Unknown 1.75:1 NA

Cirrhosisa 0.2
With 16 15
Without 7 17

Hepatitisa

Hepatitis B virus
positive

24 7 0.001

Hepatitis C virus
positive

0 3

Alcoholic 0 3
Cryptogenic 0 1
Negative 0 18

p53 geneb 0.004
Mutated 12 3
Wild type 12 22

NA, not applicable.
a
Status unknown for one patient.

b
Not assessed for eight patients.
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Table 2 Methylation densities of LINE-1 and clinicopathologic features and genetic and epigenetic alterations in 57 hepatocellular
carcinomas and their adjacent nontumor liver tissue

Variable N Nontumor liver tissue Hepatocellular carcinoma

Mean 95% CI P Mean 95% CI P

Patients 57 77 75–79 58 54–62 0.001a

Ageb

60 years and younger 12 77 70–84 1.0 66 60–73 0.2
More than 60 years 21 77 74–80 59 52–66

Sexb

Male 21 76 71–81 0.4 58 51–65 0.07
Female 12 79 76–81 68 61–74

Geographical location
High-risk countries 24 77 76–78 0.8 53 48–58 0.02
Low-risk country 33 77 74–80 62 56–67

Cirrhosisb

Absent 24 77 73–80 0.9 60 53–67 0.5
Present 31 77 75–79 57 53–61

Hepatitisb

Absent 18 77 72–82 0.9 65 58–72 0.01c

Present 38 77 75–78 55 51–59

Grade
Well 7 75 64–85 0.6 68 54–82 0.05
Moderate 38 77 74–80 57 52–62
Poor 12 78 77–80 53 45–61

Stageb

I–II 8 75 66–84 0.5 58 48–69 0.3
III–IV 23 77 74–81 64 58–71

p53 gene mutationsb,d

Wild type 33 77 75–80 0.7 60 55–65 0.04e

Mutated 15 78 76–79 51 43–59

p16 methylationd

Absent 32 78 77–79 0.1 62 57–67 0.01
Present 25 76 72–79 53 47–58

CACNAIG methylationd

Absent 47 78 77–79 0.007 59 55–63 0.3
Present 10 72 63–82 53 44–62

ER methylationd

Absent 23 76 72–79 0.2 65 59–71 0.002
Present 34 78 76–80 53 49–58

COX-2 methylationd

Absent 48 78 77–79 0.002 57 52–61 0.1
Present 9 71 60–81 65 58–73

MINT31 methylationd

Absent 34 77 76–79 0.6 58 53–63 0.8
Present 23 76 73–80 57 51–64

MINT1 methylationd

Absent 43 78 77–79 0.02 58 53–62 0.7
Present 14 73 67–80 59 52–66

MINT2 methylationb,d

Absent 51 77 75–79 0.8 57 53–61 0.045
Present 3 78 75–81 74 50–97

MINT27 methylationd

Absent 50 77 75–79 0.5 58 54–62 0.8
Present 7 78 73–84 59 44–74

CIMP statusd

Negative 9 79 76–81 0.5 71 63–80 0.006
Intermediate 29 77 76–78 56 50–61
Positive 19 76 71–81 55 49–61

a
Methylation densities of nontumor liver tissue vs hepatocellular carcinomas.

b
Data unavailable for all cases.

c
Among patients from low-risk country, mean 65 (95% CI 58–72) in hepatitis-negative patients vs 59 (52–66) in hepatitis-positive patients
(P¼0.26); and among patients who had hepatitis B viral infection, mean 53 (95% CI 48–58) in high-risk countries vs 63 (95% CI 51–75) in low-
risk country (P¼ 0.07).
d
p53 mutation or methylation in tumor tissue.

e
Among patients from high-risk countries, mean 56 (95% CI 49–63) in patients who had p53-negative tumors vs 50 (41–38) in patients who had
p53-positive tumors (P¼ 0.24); and among patients from low-risk country, mean 63 (95% CI 56–69) in patients who had p53-negative tumors vs 54
(range 39–80) in patients who had p53-positive tumors (P¼ 0.39).
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In our study and as previously reported,10 levels of
LINE-1 methylation in nonneoplastic liver parench-
yma were not associated with the status of hepatitis,
cirrhosis or geographical location of samples.
Hypomethylation is present at different steps of
carcinogenesis in different tumor sites. For example,
ovarian tumors showed a stepwise increase in global
hypomethylation among benign cystadenomas, low
malignant potential tumors and carcinomas.21 In
contrast, hypomethylation was present at an earlier
stage of carcinogenesis in colorectum30 and sto-
mach31 and was present in colorectal hyperplastic
polyps and adenomas and in atrophic gastritis that
are considered precursors of invasive carcinomas.
These data suggest that hypomethylation is a late
event in hepatocarcinogenesis and raise the possi-
bility of utilizing LINE-1 methylation-based assays
as potential biomarkers for detection of hepatocel-
lular carcinoma, especially in high-risk countries, as
has been reported previously.10,11 Assessment of
LINE-1 methylation in recognized precursors of
hepatocellular carcinomas, such as dysplastic no-
dules, may help in further understanding hepato-
carcinogenesis.

In this study, LINE-1 methylation was lower in
CIMP-positive tumors and associated with methyla-
tion of p16 and ER genes, and MINT-2 CpG island
but not with methylation of other genes or CpG
islands. In contrast, in colorectal cancers LINE-1
hypomethylation was inversely correlated with
CIMP-positive tumors,24 especially CIMP-positive,
microsatellite instability-high tumors due to methy-
lation of hMLH1,17 and in prostatic adenocarcino-
mas LINE-1 hypomethylation was associated with
methylation of CpG islands in a variety of genes.26

This suggests that associations among LINE-1
methylation in tumors, CpG island methylation
and other genetic and phenotypic features are site
specific. Although, these differences between CIMP
status and LINE-1 hypomethylation among tumors
from different sites may be in part due to different
markers of methylation, methodology and criteria
used for assessing methylation and CIMP in differ-
ent studies.

Global hypomethylation is a marker of poor
prognosis in several cancers such as chronic
myeloid leukemia,32 breast cancer,33 and squamous
cell carcinoma of head and neck,34 as well as in
hepatocellular carcinoma.4,11,13 In hepatocarcino-
genesis, global hypomethylation may be promoting
progression via chromosomal instability, activation
of protooncogenes, and reactivation of transposable
elements.4 In patients with hepatocellular carcino-
ma, serum and tumor LINE-1 hypomethylation is
considered a poor prognostic marker involved in the
tumor progression and aggressive tumor behavior
based on the association with high tumor grade and
poor survival rate.4,13 Recently, it has been reported
that the levels of serum LINE-1 hypomethylation
correlated significantly with HBsAg status, large
tumor size, and advanced tumor stage and as an

Table 3 Relative tumor hypomethylation of LINE-1 (difference
between methylation levels of patient’s nonneoplastic liver
sample and tumor sample) and clinicopathologic characteristics

Variable N Tumor hypomethylation
mean±standard deviation)

P-value

Agea

60 and younger 12 11±12 0.2
More than 60 21 18±17

Gendera

Male 21 18±18 0.2
Female 12 11±11

Country
High risk 24 24±13 0.02
Low risk 33 15±16

Cirrhosisa

Absent 24 17±17 0.5
Present 31 20±13

Hepatitisa

Absent 18 12±16 0.02
Present 38 22±14

Grade
Well 7 6±16 0.02
Moderate 38 19±14
Poor 12 25±12

Stagea

1–2 8 17±18 0.5
3 and 4 23 13±15

p53 genea,b

Wild type 33 17±15 0.03
Mutated 15 27±15

p16 methylationb

Absent 32 16±13 0.1
Present 25 23±17

CAGNAIG methylationb

Absent 47 19±14 0.9
Present 10 19±20

ER methylationb

Absent 23 11±13 0.001
Present 34 25±14

COX-2 methylationb

Absent 48 22±14 0.003
Present 9 6±13

MINT31 methylationb

Absent 34 19±15 1.0
Present 23 19±16

MINT1 methylationb

Absent 43 21±15 0.2
Present 14 15±15

MINT2 methylationa,b

Absent 51 19±15 0.1
Present 3 4±9

MINT27 methylationb

Absent 50 19±16 0.9
Present 7 19±13

CIMP statusb

Negative 9 7±11 0.04
Intermediate 29 22±14
Positive 19 21±16

a
Data unavailable for all cases.

b
p53 mutation or methylation in tumor tissue.
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independent poor prognostic marker in patients
who had hepatocellular carcinoma.35

It is still questionable whether gene-specific
hypermethylation and global hypomethylation are
independent processes or not, however, the present
study demonstrated global hypomethylation in
hepatocellular carcinoma was associated with
gene-specific hypermethylation. In contrast, gene-
specific hypermethylation and global hypomethyla-
tion appears to be an independent process in colon
and urothelial cancers.30,36 As there are site-specific
differences in LINE-1 hypomethylation levels of
normal tissue,37 further studies are needed to
validate the relationship between global hypo-
methylation and hypermethylation of specific
genes.

In conclusion, our study showed environmental
factors such as geographic location and hepatitis
status contribute to hepatocarcinogenesis through
global hypomethylation, and global hypomethyla-
tion in hepatocellular carcinomas is closely asso-
ciated with methylation of multiple CpG islands.
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