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CpG island methylation is an important mechanism
for inactivating the genes involved in tumorigenesis.
Gastric carcinoma (GC) is one of the tumors that
exhibits a high frequency of aberrant CpG island
methylation. There have been many reports suggest-
ing a close link between Epstein-Barr virus (EBV) and
the development of GC. However, little is known
about the oncogenic mechanism of EBV in gastric
carcinogenesis. Twenty-one cases of EBV-positive GC
and 56 cases of EBV-negative GC were examined for
aberrant DNA methylation of the CpG islands of 19
genes or loci and the differences in the methylation
frequency between EBV-positive and -negative GCs
were investigated to determine a role of aberrant
methylation in EBV-related gastric carcinogenesis.
The average number of methylated genes or loci was
higher in EBV-positive GCs than in EBV-negative GCs
(13.4 versus 7.8, respectively, P < 0.001). EBV-posi-
tive GCs showed methylation in at least 10 CpG is-
lands (52.6% of the tested genes), whereas 62.5% of
EBV-negative GCs showed methylation in <10 CpG
islands. THBS1 , APC , p16 , 14-3-3 sigma , MINT1 , and
MINT25 were methylated at a frequency >90% in EBV-
positive GCs. The methylation frequency difference in
the respective CpG islands between EBV-positive and
-negative GCs was statistically significant (P < 0.05).
Among these genes or loci, the methylation fre-
quency of p16 in the EBV-positive GCs was more than
three times higher than in the EBV-negative GCs. The

PTEN , RASSF1A , GSTP1 , MGMT , and MINT2 were
methylated in EBV-positive GCs at a frequency of
more than three times that of the EBV-negative GCs.
These results demonstrate a relationship between
EBV and aberrant methylation in GC and suggest that
aberrant methylation may be an important mecha-
nism of EBV-related gastric carcinogenesis. (Am J
Pathol 2002, 160:787–794)

Epstein-Barr virus (EBV) is a ubiquitous human herpes-
virus with well-established associations with endemic
Burkitt’s lymphoma,1 nasopharyngeal carcinoma,2 and
opportunistic B-cell lymphomas in immunodeficiency.3 A
subset of gastric carcinomas (GCs), known as lympho-
epithelioma-like GC (LELC), are known to harbor the EBV
genome in a high proportion of cases.4–6 Furthermore,
�6% of GCs without LELC features have been reported
to contain EBV in cancer cells.4–6 Based on findings
such as the clonal nature of EBV in GC cells,5 the pres-
ence of EBV in nearly all of the cancer cells in EBV-
positive GC, and the presence of EBV in precancerous
lesions of the stomach,4,7 a causal role of EBV in gastric
carcinogenesis has been suggested. However, the trans-
forming oncoproteins of EBV such as latent membrane
protein 1 (LMP1) and nuclear antigen 2 (EBNA2), are
usually not expressed in EBV-positive GCs5,8 and there is
little evidence that p53 is targeted for inactivation by EBV.
To date, little is known regarding the molecular mecha-
nism of EBV-related gastric carcinogenesis.
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EBV-positive GCs have been reported to show a
higher frequency of p16 expressional loss than EBV-
negative GCs.9 Homozygous deletion or mutation of p16
is quite rare10,11 but p16 promoter hypermethylation is
common and well-correlated with p16 protein loss in
primary GCs.12,13 Considering these facts, it could be
speculated that promoter hypermethylation may cause
p16 inactivation in EBV-positive GCs and this event oc-
curs more frequently in EBV-positive GCs than in EBV-
negative GCs. Recently, CpG island methylator pheno-
type (CIMP) was proposed in colon,14 stomach,15 and
pancreas cancers.16 It is characterized by widespread
hypermethylation of CpG islands over the genome.
CIMP-positive tumors in these organs showed p16 pro-
moter hypermethylation much more frequently than
CIMP-negative tumors. In tumors of these organs, the
presence of p16 promoter hypermethylation might indi-
cate that the tumor is likely to be a CIMP-positive tumor.
These findings led us to speculate that EBV-positive GCs
might be CIMP-positive tumors and that the aberrant
methylation process involves not only p16 but also other
tumor suppressor genes and functions as an important
mechanism for EBV-related gastric carcinogenesis. Re-
cent studies demonstrating a close association between
aberrant methylation and foreign viral DNA entry into host
cells support this possibility.17,18

To investigate the relationship between aberrant meth-
ylation and EBV-positive GCs, A candidate gene ap-
proach was used and 21 cases of EBV-positive GCs and
56 cases of EBV-negative GCs were examined for meth-
ylation of CpG islands, including 5 MINT loci and 14
genes undergoing epigenetic inactivation in a primary
human tumor. The tested genes included those involved
in cell-cycle regulation (p14, p16, 14-3-3 sigma, and
COX2), signal transduction (APC, PTEN, and RASSF1A),
DNA repair or protection (hMLH1, MGMT, and GSTP1),
apoptosis (DAP-kinase), and angiogenesis (THBS1) or
those related to metastasis and invasion (E-cadherin and
TIMP-3). In addition, the EBV status was correlated with
the clinicopathological features and microsatellite insta-
bility (MSI) status of GCs.

Materials and Methods

Tumor Samples and DNA Extraction

Two hundred and thirty-three GC cases surgically ex-
cised at the Asan Medical Center, Seoul, Korea, between
1996 and 1998 were examined for the presence of EBV
using EBV RNA in situ hybridization. Among these, 21
cases (9%) were EBV-positive. Of the EBV-negative
cases, 56 consecutive cases were selected as controls.
The control samples were characterized previously for
p16 and hMLH1 promoter methylation, both p16 and
hMLH1 protein expression, and MSI status.12,19 The ar-
chival materials were histologically examined and por-
tions of tumors where tumor cells comprised �50% of the
cells were scraped from 20-�m-thick paraffin sections.
Uninvolved mucosa was used as a normal control.
Genomic DNA was extracted from the samples using the

classical method of phenol/chloroform/isoamylalcohol
and proteinase K.

EBV-Encoded RNA (EBER) in Situ Hybridization

The EBV RNA in situ hybridization was performed using a
fluorescein-conjugated peptide nucleic acid probe com-
plimentary to a portion of the small EBERs 1 and 2.
Five-�m thick sections on slides coated with poly-L-lysine
were routinely deparaffinized, dehydrated, and predi-
gested with 3 �g/ml proteinase K, and then hybridized for
2 hours at 37°C. Anti-fluorescein antibody-alkaline phos-
phatase was used with a NBT/BCIP kit (DAKO, Copen-
hagen, Denmark) to detect the EBER signals. Counter-
staining was done with 0.3% hematoxylin.

Bisulfite Modification and Methylation-Specific
Polymerase Chain Reaction (MSP)

The bisulfite treatment was performed as described pre-
viously.20 Briefly, 1 �g of genomic DNA was treated with
sodium bisulfite to convert unmethylated cytosines to
uracil and leave 5-methyl cytosines unchanged. The
modification was performed for 16 hours at 55°C and
then the modified DNA was purified and eluted into 50 �l
of TE buffer.

MSP was used to examine the methylation status of 14
genes and 5 cancer-specific MINT clones (APC, COX2,
DAP-kinase, E-cadherin, GSTP1, hMLH1, MGMT, PTEN,
p14, p16, RASSF1A, 14-3-3 sigma, THBS1, TIMP-3,
MINT1, MINT2, MINT12, MINT25, and MINT31). The
primer sequences of each CpG island are described in
Table 1. MSP was performed in 25-�l reaction volumes
containing 1� polymerase chain reaction (PCR) buffer
(16.6 mmol/L (NH4)2SO4/67 mmol/L Tris/pH 8.8/6.7
mmol/L MgCl2/10 mmol/L �-mercaptoethanol), dNTPs
(each at 1 mmol/L), primers (10 pmol each), and bisulfite-
modified DNA (30 to 50 ng). The reactions were hot-
started at 97°C for 5 minutes before adding 0.75 U of Taq
polymerase (Takara Shuzo Co., Kyoto, Japan). The am-
plifications were performed in a Thermal cycler (Perkin-
Elmer, Foster City, CA) for 33 cycles, followed by a final
10-minute extension. The annealing temperature for the
primers is given in Table 1. The PCR products were
electrophoresed on a 2.5% agarose gel and visualized
under UV illumination after staining with ethidium bro-
mide.

Sequencing Analysis

To test whether there was adequate bisulfite modification
and to rule out false amplification, the MSP products were
sequenced to determine the methylation status of each
CpG site of the specific CpG islands. The MSP products
were retrieved from the gels then purified and sequenced
using both a ABI Prism Dye Terminator Cycle Sequenc-
ing Kit (Perkin-Elmer) and an ABI Prism 377 DNA Se-
quencer (Perkin-Elmer).
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Immunohistochemistry

Tissue sections were deparaffinized in xylene, rehy-
drated in graded alcohol, and then washed in water.
Antigen retrieval was performed using microwave irradi-
ation in 10 mmol/L of citrate buffer (pH 6.0). The endog-
enous peroxidase activity and nonspecific protein bind-
ing was blocked by incubation with 3% H2O2 and 10%
normal goat serum, respectively. Sections were incu-
bated with antibodies to hMLH1 protein (clone G168-728,
dilution 1:50; Pharmingen, San Diego, CA), p16 (SC1661,
dilution 1:100; Santa Cruz, Santa Cruz, CA), LMP1
(clones CS1-4, dilution 1:25; DAKO, Copenhagen, Den-
mark), EBNA2 (clone PE2, dilution 1:50; DAKO), and
BZLF1 (clone BZ.1, dilution 1:50; DAKO) at 4°C over-
night. After reacting them with biotinylated secondary
anti-mouse antibodies, the antigen-antibody reactions
were visualized using streptavidin-horseradish peroxi-
dase conjugate (DAKO LSAB kit, Los Angeles, CA) and
diaminobenzidine as a chromogen. The slides were
counterstained with hematoxylin.

MSI Analysis

To analyze MSI status of 21 EBV-positive GCs, 10 micro-
satellite loci were used: BAT26, BAT40, D2S123,
D2S136, D3S1067, D5S299, D9S165, D9S171, TP53, and
D17S250. The standard PCR was performed with a 25-�l
reaction mixture containing 10 pmol of the primers, 1.5
mmol/L MgCl2, 0.2 mmol/L of each deoxynucleotide
triphosphate (dNTP), 0.75 U of the Taq polymerase
(Takara Shuzo Co.). The reaction mixture was subjected
to 35 PCR cycles with primer annealing at between 45°C
to 60°C for 1 minute. Denaturation of the PCR products,
gel electrophoresis, and silver staining were performed
as previously described.21 To avoid PCR artifacts, all

positive tests were duplicated. Tumors with an instability
in 30% or more of the examined loci were scored as
being MSI-positive.

Results

EBERs in Situ Hybridization and
Clinicopathological Features

EBV was positive in 21 cases (9%) on the EBER in situ
hybridization. All tumor cells in EBER-positive cases
tested positive for EBERs regardless of the histological
grade (Figure 1). Normal gastric epithelial cells surround-
ing the tumor did not test positive for EBERs. Table 2
summarizes the comparison of the clinicopathological
features between EBV-positive and -negative GCs.
Among 21 EBV-positive GC cases, 9 were LELCs. The
patients with EBV-positive GCs were aged 50 years in
average, which is lower than the average age (56 years)
of patients with EBV-negative GCs (P � 0.043). EBV-
positive GCs showed a predilection toward the body or
cardia (17 of 21, 81%), in contrast to the antral domi-
nance of EBV-negative GCs (34 of 56, 60.7%; P � 0.02).
Male to female ratio did not differ in EBV-positive and
-negative GCs.

Methylation of Multiple Genes in EBV-Positive
GCs

Twenty-one EBV-positive GC cases and 56 EBV-negative
GC cases were examined for the methylation status of the
CpG islands of 14 cancer-related genes and 5 cancer-
specific MINT loci. Figure 2 shows a representative ex-
ample of MSP analysis. Sequencing of the representative

Table 1. Primer Sequences and PCR Conditions for MSP Analysis

Primer
name Forward primer (5�-3�) Reverse primer (5�-3�)

Product
size (bp)

Annealing
temperature

(°C)

APC M: TATTGCGGAGTGCGGGTC M: TCGACGAACTCCCGACGA 98 55
COX2 M: TTAGATACGGCGGCGGCGGC M: TCTTTACCCGAACGCTTCCG 161 61
DAP-kinase M: GGATAGTCGGATCGAGTTAACGTC M: CCCTCCCAAACGCCGA 98 60
E-cadherin M: TTAGGTTAGAGGGTTATCGCGT M: TAACTAAAAATTCACCTACCGAC 116 57
GSTP1 M: TTCGGGGTGTAGCGGCGTC M: GCCCCAATACTAAATCACGACG 91 59
hMLH1 M: TATATCGTTCGTAGTATTCGTGT M: TCCGACCCGAATAAACCCAA 153 60
MGMT M: TTTCGACGTTCGTAGGTTTTCGC M: GCACTCTTCCGAAAACGAAACG 81 59
MINT1 M: GGGTTGAGGTTTTTTGTTAGC M: CTACTTCGCCTAACCTAACG 102 64
MINT2 M: AATCGAATTTGTCGTCGTTTC M: AAATAAATAAATAAAAAAAAACGCG 88 60
MINT12 M: TTGGGAGTTTATTTAGGTCG M: ACAACGATCTTCCGAATTTA 152 55
MINT25 M: GTTCGTTAGAGTAATTTTGCG M: TTATAACTAACGAAACACCGC 128 55
MINT31 M: TTGAGACGATTTTAATTTTTTGC M: AAAACCATCACCCCTAAACG 100 62
PTEN M: TTCGTTCGTCGTCGTCGTATTT M: GCCGCTTAACTCTAAACCGCAACCG 206 62
p14 M: GTGTTAAAGGGCGGCGTAGC M: AAAACCCTCACTCGCGACGA 122 60
p16 M: TTATTAGAGGGTGGGGCGGATCGC M: GACCCCGAACCGCGACCGTAA 150 65

U: TTATTAGAGGGTGGGGTGGATTGT U: CAACCCCAAACCACAACCATAA 151 60
RASSF1A M: GTGTTAACGCGTTGCGTATC M: AACCCCGCGAACTAAAAACGA 93 60
THBS1 M: TGCGAGCGTTTTTTTAAATGC M: TAAACTCGCAAACCAACTCG 74 62
TIMP-3 M: CGTTTCGTTATTTTTTGTTTTCGGTTTTC M: CCGAAAACCCCGCCTCG 116 59
14-3-3

sigma
M: TGGTAGTTTTTATGAAAGGCGTC M: CCTCTAACCGCCCACCACG 104 56

M, methylated-specific primers; U, unmethylated primers.
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MSP products of each CpG island exhibited conversion
of all cytosines at non-CpG sites to thymine. All MSP
products of each gene showed extensive methylation of
CpG sites located inside the amplified genomic frag-
ments. The results of bisulfite-genomic sequencing were
consistent with those of MSP.

Aberrant methylation was significantly more frequent in
EBV-positive GCs than in EBV-negative GCs (Figure 3).
All of the EBV-positive GCs showed methylation in at least
10 CpG islands tested (52.6% of the tested CpG islands),
whereas 62.5% of EBV-negative GCs showed methyl-
ation in �10 CpG islands. The methylation index (number
of methylated genes per tested loci) averaged 0.7 (13.3
of 19) and 0.4 (7.8 of 19) in EBV-positive and EBV-

negative GCs, respectively, showing a marked difference
(P � 0.001). The methylation status had no relationship
with the histological features of EBV-positive GCs,
namely LELCs or non-LELCs.

APC, E-cadherin, MINT31, 14-3-3 sigma, TIMP-3,
MINT1, MINT25, THBS1, DAP-kinase, COX2, and p14
were methylated in �40% of GCs regardless of the EBV
status (Table 3). The methylation frequencies for the CpG
islands tested except for COX2, E-cadherin, hMLH1,
TIMP-3, and Mint31 were significantly higher in EBV-
positive GCs than in EBV-negative GCs. In contrast,
hMLH1 was methylated in the EBV-positive GCs less
frequently than in EBV-negative GCs (9.5% versus 19.6%,
P � 0.05). Both groups showed a similar COX2, E-cad-
herin, TIMP-3, and MINT31 methylation frequency.
THBS1, APC, p16, 14-3-3 sigma, MINT1, and MINT25
were methylated at a frequency �90% in EBV-positive
GCs. The difference of the methylation frequency in p16,
PTEN, and RASSF1A between EBV-positive and -nega-
tive GCs was �50%, showing greatest in RASSF1A.
GSTP1 and MGMT were methylated at frequencies
�11% in EBV-negative GCs but EBV-positive GCs were
methylated at more than three times the rate of the EBV-
negative GCs.

Immunohistochemical Analysis and MSI
Analysis

The methylation status was correlated with the protein
expression in p16 and hMLH1 using immunohistochem-
istry. A close correlation was noted between p16 methyl-
ation and the loss of p16 protein (P � 0.001), and be-
tween hMLH1 methylation and the loss of hMLH1 protein
in tumor cells (P � 0.001) (Table 4). The loss of hMLH1
function by hMLH1 methylation was further confirmed by
MSI analysis. Seven of the 13 cases with hMLH1 methyl-

Figure 1. In situ hybridization for EBERs showing diffuse positivity in tumor cell nuclei from a moderately differentiated adenocarcinoma (left) and a poorly
differentiated carcinoma with lymphoid stroma (LELC) (right).

Table 2. Clinicopathological Features of EBV-Positive and
-Negative GCs

EBV-positive
GCs (n � 21)

EBV-negative
GCs (n � 56)

P
value*

Age (years) 50.2 56.6 0.043
M:F ratio 17:4 41:15 �0.05
Location

Antrum 4 (19%) 34 (60.7%) 0.02
Body/cardia 17 (81%) 22 (39.3%)

Histology†

WD 0 3 (5.4%) 0.019
MD 5 (23.8%) 17 (30.4%)
PD 16 (76.2%) 21 (37.5%)
SRC 0 9 (16.1%)
MUC 0 6 (10.7%)

LELC‡ 9 (42.9%) 0 �0.001

*Age was compared using Student’s t test; histology was compared
using chi-square test; the remainders, using two-tailed Fisher’s exact
test.

†Gastric carcinoma was classified, on the basis of a modification of
the World Health Organization’s classification system, as well
differentiated (WD), moderately differentiated (MD), poorly differentiated
(PD), signet ring cell carcinoma (SRC), or mucinous carcinoma (MUC).

‡Lymphoepithelioma-like carcinoma.
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ation were MSI-positive, whereas 1 of the 64 cases with-
out hMLH1 methylation was positive (P � 0.001). EBV-
positive GCs were all MSI-negative and showed hMLH1
methylation in two cases.

None of the EBV-positive GCs demonstrated expres-
sion of viral proteins, LMP1, EBNA2, and BZLF1. p53
overexpression in �30% of tumor cells was detected in 3
(14.3%) of 21 EBV-positive GCs and in 22 of 56 (39.3%)
EBV-negative GCs (P � 0.055, two-sided Fisher’s exact
test).

Discussion

In the present study, EBV-positive GCs showed simulta-
neous methylation of multiple genes involved in several
molecular pathways in gastric carcinogenesis, including-
cell cycle regulation (p16, p14, 14-3-3 sigma, and COX2),
DNA repair and protection (hMLH1, MGMT, and GSTP1),
cell adherence and metastasis (E-cadherin and TIMP-3),
angiogenesis (THBS1), apoptosis (DAP-kinase), and sig-
nal transduction (APC, PTEN, and RASSF1A). The aver-
age number of methylated MINT loci was significantly
greater in EBV-positive GCs than in EBV-negative GCs.
The aberrant methylation of several CpG islands scat-
tered over the genome in EBV-positive GCs indicates that
EBV-positive GCs constitute CIMP. It is well known that
MSI-positive GCs caused by hMLH1 methylation is one of
the CIMPs.14,15 The present study showed concordant
methylation of multiple genes or loci in MSI-positive GCs,
all of which were EBV-negative. MSI-positive GCs dis-
played as much methylation as EBV-positive GCs. In
addition, 25% of EBV- and MSI-negative cases were also
hypermethylated in �10 genes or loci. Thus, EBV-posi-
tive GCs are a subset of the CIMP-positive GCs.

The p16 protein is a major inhibitor of cell cycle and
loss of p16 protein promotes uncontrolled cell growth.
p16 is a common target of inactivation in human cancers
through multiple genetic or epigenetic mechanisms, in-
cluding gene mutations, homozygous deletion, and CpG
island methylation. In primary GCs, CpG island methyl-
ation seems to be a predominant mechanism of p16
inactivation.11–13 In our study, most EBV-positive GCs
showed p16 methylation that was closely correlated with
p16 protein loss. The relationship between EBV and p16
protein loss was reported in EBV-positive undifferentiated
nasopharyngeal carcinomas22 although these tumors
might have p16 inactivation through either hypermethyl-
ation or homozygous deletion of p16. RASSF1A is one of
the major transcripts of RASSF1 (ras association domain
family 1) that is frequently deleted in lung and breast
cancer.23,24 Recent studies have demonstrated that
RASSF1A is frequently methylated in a variety of human
cancers, including lung, breast, and nasopharyngeal
carcinomas.25–27 In our study, RASSF1A was methylated
in 66.7% of EBV-positive GCs whereas in 3.6% of EBV-
negative GCs, showing the greatest difference of the
methylation frequency for the tested genes or loci be-
tween EBV-positive and -negative GCs. RASSF1A has
been demonstrated to be frequently methylated in virus-
associated cancers, including nasopharyngeal carcino-
mas27 and SV40 (simian virus 40)-positive malignant me-
sotheliomas.18

Although the exact causes of aberrant methylation in
cancer remain to be proven, factors associated with ab-
errant methylation include changes in the local DNA
structure28 and heavy metal exposure.29 When foreign
virus DNA becomes inserted into the host genome, host
cells tend to methylate not only the integrated foreign viral
DNA but also the adjacent host DNA.17,30 The methyl-
ation change is thought to be related to local DNA struc-
tural changes caused by the insertion of large amounts of
foreign DNA. Our study showed a close association be-

Figure 2. Representative samples of MSP analysis. p16 (U), unmethylated
form of p16 gene; p16 (M), COX2, APC, E-cadherin, 14-3-3 sigma, TIMP-3,
THBS1, DAP-kinase, p14, PTEN, hMLH1, MGMT, GSTP1, RASSF1A, MINT1,
MINT2, MINT12, MINT25, and MINT31, the methylated forms of the respec-
tive CpG islands; L, 100-bp DNA ladder. Products that were amplified with
primers specific to the unmethylated CpG islands of p16 after bisulfite
modification were run as a control for DNA integrity.
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tween EBV and aberrant methylation, similar to the rela-
tionship between SV40 and aberrant methylation in ma-
lignant mesothelioma.18 These findings suggest that a
viral oncogenic process might involve aberrant methyl-

ation resulting in inactivation of tumor suppressor genes.
However, the local DNA structural change and ensuing
aberrant methylation might not completely explain the
methylation change observed in EBV-positive GCs be-

Figure 3. Methylation profile of 19 CpG islands and MSI status in EBV-negative GCs without MSI (top), EBV-negative GCs with MSI (middle), and EBV-positive
GCs (bottom). Filled boxes, the presence of methylation; open boxes, the absence of methylation. MSI�, a tumor with MSI in �30% of the tested loci; MSI�,
a tumor with MSI �30% of the tested loci. The average number of methylated CpG islands was 7.1, 12, and 13.4 in EBV-negative and MSI-negative GCs,
EBV-negative and MSI-positive GCs, and EBV-positive GCs, respectively. The methylation frequency was significantly higher in the latter two groups than in the
former group and the difference of the methylation frequency between the latter two groups is statistically not significant.
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cause hypermethylation in relation to EBV is not a local-
ized process restricted to a few peculiar genes but is a
generalized process affecting many CpG loci scattered
over the whole genome.

Methylation of the EBV genome may enable EBV-in-
fected tumor cells to evade immune surveillance by sup-
pressing a family of immunodominant viral antigens.31

The pharmacological inhibition of methylation may lead to
the expression of immunodominant viral antigens.32 and
expose the tumors to immune surveillance. Furthermore,
the use of hypomethylating agents may restore the tumor-
suppressive functions of the tumor suppressor genes that
are silenced by aberrant methylation. Thus, the use of
hypomethylating agents has promise for treating EBV-
associated GCs.

In conclusion, CpG island hypermethylation of several
genes or loci were examined and the methylation fre-
quency between EBV-positive and -negative GCs was
compared. EBV-positive GCs demonstrated significantly
more frequent methylation of most CpG islands tested
than EBV-negative GCs. More than half of the tested CpG

islands were methylated in all of the EBV-positive GCs.
These results indicate that EBV-positive GC constitutes
CpG island methylator phenotype-positive GC and sug-
gest that aberrant methylation might be an important
mechanism of EBV-related gastric carcinogenesis.
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