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Abstract
Gastric cancer is one of the most common malignancy worldwide. The various genetic and epigenetic events have been found to
be associated with its carcinogenesis. The epigenetic is a heritable and transient/reversible change in the gene expression that is
not accompanied by modification in the DNA sequence. This event is characterized by the alteration in the promoter CpG island
of the gene or histone modification. These events are associated with silencing of critical tumor suppressor gene and activation of
oncogenes leading to carcinogenesis. The DNA methylation is a chemical change in the DNA sequence that most commonly
occurs at cytosine moiety of CpG dinucleotide and histone, primarily on N- terminal tail that ultimately effect the interaction of
DNAwith chromatin modifying protein.

Hypermethylation of tumor suppressor genes and global hypomethylation of oncogenes are widely studied epigenetic mod-
ifications. There are large number of publish reports regarding epigenetic events involving gastric cancer. These changes are
potentially useful in identifying markers for early diagnosis and management of this lethal malignancy. Also, role of specific
miRNAs and long non coding RNAs in regulation of gene expression is gaining interest and is a matter of further investigation. In
this review, we aimed to summarize major epigenetic events (DNA methylation) in gastric cancer along with alteration in
miRNAs and long non coding RNAs which plays an important role in pathology of this poorly understood malignancy.
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Introduction

Gastric carcinoma (GC) is the second most common cancer in
the world and a leading cause of cancer related mortality [1].
Gastric carcinoma is classified into intestinal and diffuse type
and there are differences in the pathways leading to these two
types. Intestinal tumors are progressed through a number of
sequential steps. This step begins with atrophic gastritis
followed by intestinal metaplasia, dysplasia and carcinoma.
Diffuse gastric carcinoma are not characterized by preceding

steps other than the chronic gastritis associated with the
Helicobacter pylori infection [2, 3].

The pathogenesis of gastric cancer represents a classic ex-
ample of gene-environment interaction. Among the environ-
mental factors, diet and infection with Helicobacter pylori are
the most common suspects. Genetic factors play an important
role in gastric carcinogenesis due to aberrant gene expression
leading to malignant phenotype [3]. Oncogenic activation ofβ-
catenin (17–27% in intestinal type) and K-ras (0–18% in both
histological types) have been found in GC [4, 5]. In addition,
amplifications of the c-erbB2 and c-met genes have each been
observed in approximation of about 10% in both histological
types. Among tumor suppressor genes, p53 mutations are re-
ported in both diffuse (0–21%) and intestinal type (36–43%)
[6]. Mutations in APC are found frequently in gastric adeno-
mas, but rarely in gastric carcinoma [1]. Somatic mutations of
E- cadherin are observed specifically in sporadic diffuse type
gastric cancer (33–50%) [7, 8]. Microsatellite instability (MSI)
is observed in 5–10% of diffuse type GC and in 15–40% of
intestinal type gastric carcinoma [1]. In addition to these well
characterized genetic changes, epigenetic alterations including
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promoter CpG island hypermethylation are the most common
molecular alteration in human neoplasia [9]. Broadly, epige-
netics refer to alteration in gene expression which are not reg-
ulated by the changes in the DNA sequences. DNA methyla-
tion and histone modifications are commonly studied epigenet-
ic events. Promoter hypermethylation of mismatch repair gene
hMLH1 is the major mechanism for MSI in gastric carcinoma.
Similarly, while, hypermethylation of p16 is common in gastric
cancer with higher incidence in intestinal type, mutation of the
p16 gene is infrequent [10].

In this review, we aim to summarize major epigenetic
changes (DNA methylation) and its known mechanism. We
reviewed DNA methylation profile of genes, miRNAs and
long non coding RNAs, their roles as oncogenes and tumor
suppressors and its clinical utility. To make this review specif-
ic, we do not include other epigenetic events i.e. histone mod-
ification and nucleosome positioning.

Epigenetics

The term Bepigenetics^ was first used by Conrad Waddington
in 1939 to describe Bthe casual interaction between the genes
and their products^. Later Riggs and colleagues defined epi-
genetics as Bthe study of mitotically and/or meiotically herita-
ble changes in gene function that cannot be explained by
changes in DNA sequence^ [9]. In the present era the term
epigenetics has broadened to include heritable and transient/
reversible changes in gene expression that is not accompanied
by a change in the DNA sequence.

The critical role of epigenetic modifications in human dis-
eases is coming to the fore. Comprehensive understanding of
different biological activity like DNA methylation, chromatin
structure, transcriptional activities and histone modification has
contributed in the development of epigenetics. Two major epi-
genetic modifications include, DNA methylation and chroma-
tin remodeling. While DNA methylation is a chemical change
in the DNA sequence that most commonly occurs at cytosine
moiety of CpG dinucleotides, chromatin remodeling occurs via
histone modifications (primarily on the N- terminal tails) that
ultimately affect the interaction of DNAwith chromatin modi-
fying proteins. Both DNA methylation and histone modifica-
tions are associated with silencing critical tumor suppressor
genes and activating oncogenes involved in cancer [9–11].

The overall 5 year survival of GC is about 10–20% [12].
The poor prognosis of gastric carcinoma is because of its late
detection. Thus search for new molecular markers becomes
imperative for early detection and prediction of prognosis.
The use of novel chemotherapeutic drugs against the identi-
fied new molecular targets may further improve the prognosis
of the gastric carcinoma. Various genetic markers has been
predicted for early tumor detection, prognostic prediction
and explaining the genetic pathway of gastric carcinogenesis
[1, 13]. But the epigenetic marker has gained popularity in

recent years particularly the promoter hypermethylation,
which has various advantages over a genetic marker. First,
promoter hypermethylation is much more common than ge-
netic alteration in cancer. Second, promoter hypermethylation
occurs in the same defined region of that gene in all forms of
cancer in comparison to wide range of mutational variations in
a specific gene. Thus epigenetic detection of promoter hyper-
methylation will be both efficient and cost effective method of
tumor detection. Third promoter hypermethylation constitute
a Bpositive signal^ that can be easily detected against a back-
ground of normal cells, where as some genetic marker such as
loss of heterozygosity, homozygous deletion and MSI repre-
sent Bnegative signals^ and would be difficult to detect in
background of normal cells [14].

DNA Methylation and Epigenetic Gene Silencing

DNAmethylation is a reversible chemical modification of the
cytosine in the CpG islands of promoter sequences, catalyzed
by a family of DNA methyltransferases. DNA methylation
does not change the genetic information but it just alters the
readability of the DNA and results in the inactivation of gene
by subsequent transcript repression [15]. DNA methylation
plays a critical role in the control of cellular process including
embryonic development, transcription, X- chromosome inac-
tivation and genomic imprinting [16]. The CpG dinucleotides
are not found frequently throughout the human genome.
Approximately half of the human gene promoter regions have
CpG rich regions of 0.5 to 2 kb in length where CpG dinucle-
otides frequency is higher than expected. These CpG rich
sequences are often known as CpG islands [17]. The majority
(94%) of CpG islands remain unmethylated in normal cell.
However, particular subgroups of promoter CpG are methyl-
ated such as in tissue and germ line specific genes. In general,
CpG island methylation is associated with gene silencing. The
methylated CpG island also recruits histone deacetylases and
other factors involved in transcriptional silencing [9].

The changes in DNA methylation status in cancer cells is
complicated by global hypomethylation and localized hyper-
methylation. Global hypomethylation of the genome was ini-
tially thought to be an exclusive event in cancer development
[14]. The loss of methylation in cancer is mainly due to hypo-
methylation of repetitive DNA sequences. During the develop-
ment of neoplasm, the degree of hypomethylation of genomic
DNA increases as the lesion progress from a benign disease to
metastatic [9, 18]. Three mechanisms of DNA hypomethyla-
tion have been proposed in the development of cancers. First, it
increases the genomic instability, second by reactivation of
transposable elements, and third by loss of imprinting.
Demethylation of DNA can favor mitotic recombination, lead-
ing to deletions, translocations and chromosomal instability [9].
The aberrant activation of oncogenes due to promoter demeth-
ylation (hypomethylation) has yet not been established [18].
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The exact relationship between global hypomethylation and
development of cancer remain to be consolidated [9].

Paradoxically, in parallel to global hypomethylation, the ge-
nomes of cancer cells are also characterized by localized regions
of de novo hypermethylation, typically in the CpG island of
tumor suppressor genes and microRNAs (miRNAs) genes.
Inactivation of tumor suppressor genes through hypermethyla-
tion of CpG islands within promoter regions is a major event in
carcinogenesis [9]. Hypermethylation of CpG island also has
silencing effect on miRNAs. Micro RNA are short, 18–22 nu-
cleotide, noncoding RNAs that regulate many cellular functions
including cell proliferation, apoptosis and differentiation by si-
lencing specific target genes through translational repression or
mRNA degradation [19, 20]. In recent past, a number of genes
that are critical in tumorigenesis have been identified that under-
go epigenetic silencing. It includes various genes involved in
different cellular process like cell cycle regulation (p16NK4a,
p15INK4b and p14ARF), DNA repair (hMLH 1 and MGMT),
cell- cell/cell matrix adhesion (E- cadherin, H- cadherin and
adenomatous polyposis coli), apoptosis (DAPK, TMS1 and
Caspase-8) and angiogenesis (THBS-1 and p73) [14].

Histone Modification

Histones are evolutionarily highly conserved proteins charac-
terized by an accessible amino terminal tail and a histone fold
domain that mediates interactions between histones to form
the nucleosome scaffold [9]. The N-terminal of histone poly-
peptides are extensively modified by more than 60 different
posttranslational modifications including methylation, acety-
lation, phosphorylation, ribosylation, unbiquitinylation,
sumoylation, carbonylation and glycosylation [9, 11, 21].

In normal cell, a precise balance maintains nucleosomal
DNA in either an active/acetylated or an inactive/
deacetylated form. This adequate balance is controlled by
acetylating enzymes (histone acetyltransferases, HATs) and
deacetylating enzymes (histone deacetylases, HDACs). The
other modification includes methylation of arginine and lysine
residues of histones. This methylation is catalyzed by histone
methyltranferase (HMT) and the process is involved in the
regulation of a wide range of gene activities and chromatin
structures. In general, lysine methylation at H3K9, H3K27
and H4K20 is associated with gene silencing where as meth-
ylation at H3K4, H3K36 and H3K79 are associated with gene
activation [11]. The genomic changes in the pattern of CpG
methylation may in turn lead to global changes in histone
modification patterns in many human cancers. Changes in
histone modification pattern independent of the CpG methyl-
ation has also been directly linked to the cancer development.
In addition to its roles in transcriptional regulation, histone
modifications have been implicated in DNA replication, repair
and condensation [9].

Mechanism of Epigenetic Activity

The epigenetic regulation by DNA methylation is possible
through DNA methyltransferase (DNMT). In human, various
DNMT has been described having different vital functions.
DNMT3A and DNMT3B are implicated in establishing the
de novo methylation pattern where as DNMT1 was thought to
be responsible for maintaining the DNA methylation patterns
[14, 22]. DNMT2 has an unknown biological function. Its
strong binding to DNA suggests that it may mark specific
sequence in the genome [11].

There are three main mechanisms by which DNA methyla-
tion can suppress gene transcription [23]. First is the methyl
CpG binding domain (MBD) - mediated gene silencing. The
various methyl-CpG- binding proteins (MBPs) have been iden-
tified like methyl CpG binding protein 2 (MeCP2) and methyl
CpG biding domains 1–4 (MBD1, MBD2, MBD3 and
MBD4). All these proteins posses a transcriptional repressor
domain thus directly repress transcription. In addition, MBDs
can recruit transcriptional corepressors such as histone
deacetylases (HDACs) and Sin3A, to methylated DNA [14,
23]. The deacetylation of chromatin histone result in closed or
repressed chromatin configuration, which in turn leads to ex-
clusion of transcription factors and allele specific gene silenc-
ing. The second mechanism of gene silencing is mediated
through DNMTs. All three DNMTs (DNMT1, DNMT3A and
DNMT3B) have a transcription repressor domain and can thus
directly suppress transcription. In addition, these DNMTs can
recruit co transcriptional repressors such as HDACs to methyl-
ated DNA identical to MBDs. In third mechanism, CpG island
hypermethylation can interrupt the binding of activating tran-
scription factors to gene promoters [14]. The detail about the
histone modifications are discussed above.

Polycomb group (PcG) proteins are epigenetic chromatin
modifiers involved in carcinogenesis. Two distinct
multiprotein PcG complexes have been identified [24, 25].
Polycomb Repressive Complex 2 (PRC2), which is involved
in the initiation of gene repression, and Polycomb Repressive
Complex 1 (PRC1) that act as maintenance complex. EZH2
(Enhancer of Zeste homolog 2), a member of PRC2, catalyses
the addition of methyl groups to H3K27 (H3K27
trimethylation). EZH2 also interacts with DNMTs and is es-
sential for DNA methylation of EZH2 target promoters sug-
gesting that there is a direct link between PcG mediated gene
repression and DNA methylation [21].

Epigenetic Alternations in Gastric Carcinoma

Most of the traditional molecular studies on gastric carcinoma
are based on identifying the genetic mutation. Recently, stud-
ies are now focused in discovering new biomarkers that are
epigenetically silenced in early carcinogenesis. It is also seen
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that almost half of the tumor suppressor genes that causes
familial cancers through mutations can also get inactivated
by promoter hypermethylation in sporadic cancers [21].
Increasing evidence suggests that epigenetic changes play a
key role in cancer development including GC. It has become
apparent that different tumor types pose different spectrum,
profile or clustering of gene hypermethylation referred to as
CpG island methylator phenotype (CIMP). The CIMP group
was defined as having concordant tumor specific DNA meth-
ylation and clearly distinguished due to exhibiting higher
methylation index in comparison to non CIMP tumors that
shows only low levels of tumor specific methylation [14].

Tumors with concurrent hypermethylation in multiple loci
have been defined on basis of CpG island methylation pheno-
type as high CIMP (CIMP-H). CIMP play an important role in
gastric carcinoma progression. An et al. (2005) [26] has
shown that concurrent hypermethylation of gene promoters
in associated with microsatellite instability in CIMP high phe-
notype gastric carcinoma. They showed that concordant meth-
ylation of multiple genes/loci found in 31% of the tumors was
associated with better survival but it was not an independent
predictor of prognosis in gastric cancer. Thus the prognostic
role of CIMP status in gastric cancer is unclear and a matter of
further investigation [10]. Table 1 illustrate commonly meth-
ylated gene associated with gastric cancer.

The genes such as p16INK4a, CDKN2B/p151NK2b and
p14ARF are hypermethylated in human cell lines and primary
tumors. Silencing of p16 (INK4a) by promoter hypermethyla-
tion has also been reported in gastric carcinoma [27]. The hyper-
methylation of p16 may predict the malignant potential of dys-
plasia and early diagnosis of carcinoma. CDKN2A promoter
methylation was reported in 30% of gastric cancer [10, 28].
CDKN2A hypermethylation may contribute to the malignant
transformation of gastric precursor lesions [29]. Promoter hyper-
methylation of hMLH1 is a frequent event in gastric cancer and
is associated with the loss of hMLH1 expression in the majority
of gastric cancers exhibiting MSI [10, 30–32]. Methylation of
hMLH1 is present in 71% of MSI-H tumor, but only 8% of
MSI- low tumors and 13% of microsatellite stable tumors has
been observed [29]. The DNA alkyl repair gene O′ (6) methyl
guanine DNA methyltransferase (MGMT) hypermethylation is
reported in 31% cases of gastric cancer [33].

The capacity of cancer cells to migrate and invade other
organs using vascular channels is characterized by the various
genes like APC, E-Cadherin (CDH1), H-Cadherin (CDH13)
and FAT tumor suppressor cadherin [11]. CDH1 promoter
hypermethylation has been shown in 54.8% of the analyzed
sporadic gastric carcinoma [34] and down regulation of E-
cadherin, might be associated with poor prognosis [35].
Interestingly, CDH1 promoter hypermethylation was more
frequent in diffuse histological type (18 out of 20 cases)
[35]. CDH1 methylation has been shown to be significantly
higher in gastric tissue with lymph node (LN) metastasis than

in those without LN metastasis, and has been associated with
serosal invasion [36]. It was reported that H. pylori infection
was associated with E-cadherin methylation leading to down
regulation of E-cadherin. Interestingly, H. pylori eradication
therapy could reverse methylation in patients with chronic
gastritis only which may halt the process of gastric carcino-
genesis [10, 37–39]. CDH4 gene methylation has also been
seen in high frequency of gastric carcinoma cases and may be
an early event in tumor progression.

Hypermethylation of Death associated protein kinase
(DAPK) was observed in intestinal, diffuse and mixed type
of gastric cancer and correlated with the presence of LN me-
tastasis, advanced stage and poor survival [40]. Methylation
associated inactivation of RASSF1A; a tumor suppressor gene
is frequently seen in lung and breast cancer [41]. Loss or down
regulation of RASSF1A correlates with stage and grade of the
gastric tumor. RASSF1A non-expressing primary gastric car-
cinoma showed methylation at CpG sites in 95% cases [41].
Methylation pattern of RASSF1A may be use as a potential
diagnostic and therapeutic target for gastric cancer [42]. Also,
RAS pathway genes such as hDAB2IP, HRASLS, RASSF2,
RKIP are found to be methylated in gastric carcinoma and
associated with cancer risk [43, 44].

X–linked inhibitor of apoptosis (XIAP) is the most potent
member of IAP family that exerts anti-apoptotic efforts by
interfering with the activities of Caspases. Recently, XIAP
associated factor 1 (XAF1) have been identified to negatively
regulate the Caspase inhibiting activity of XIAP. The epige-
netic silencing of XAF1 gene by aberrant promoter methyla-
tion is reported in gastric cancer [45]. On the other hand,
Caspase-1 (interleukin 1 beta converting enzyme), a member
of the cysteine protease family, show loss of expression in
19.3% cases of gastric carcinoma [46] and the expression is
reversed on 5-aza 2’deoxycytidine and/or trichostatin treat-
ments in gastric cancer cell line. The expression of TSPYL5
mRNAwas frequently down regulated and inversely correlat-
ed with DNA methylation in seven out of nine gastric cancer
cell lines [47]. In primary GC, methylation specific PCR of
TSPYL5 showed hypermethylation at CpG island in 23 out of
the 36 (63.9%) cases [47]. hSRBC is a putative tumor sup-
pressor gene located at 11p15.4 and frequent genomic loss has
been observed in several malignancies. hSRBC increases the
protein stability of p53 and expression of p53 target genes
such as p21 (WAF1), PUMA and NOXA, while hSRBC me-
diated cell cycle arrest and apoptosis were abolished by block-
ade of p53 function. Loss or reduction of hSRBC expression
has been demonstrated in 73% of cancer cell lines and 41% of
primary gastric tumor [48]. While the allelic loss or somatic
mutation of this gene is infrequent, its expression was restored
in tumor cells by 5-aza 2′ deoxycytidine (DNA methyltrans-
ferase inhibitor) treatment [48]. Activation of Wnt signaling
has been implicated in tumorigenesis. Secreted frizzled related
proteins (SFRP) are identified as possible negativemodulators

760 Puneet et al.



Ta
bl
e
1

Ta
bl
e
ill
us
tr
at
in
g
m
aj
or

hy
pe
rm

et
hy
la
te
d
an
d
hy
po
m
et
hy
la
te
d
ge
ne
s
in

ga
st
ri
c
ca
nc
er

G
en
e

Fu
ll
na
m
e

C
hr
om

os
om

al
lo
ca
tio

n
D
es
cr
ip
tio

n/
Fu

nc
tio

n
R
ef
er
en
ce
s

H
yp
er
m
et
hy
la
te
d
ge
ne
s
in

ga
st
ri
c
ca
nc
er

A
PC

A
de
no
m
at
ou
s
po
ly
po
si
s
co
li

5q
22
.2

T
um

or
su
pp
re
ss
or
;a
nt
ag
on
is
to

f
th
e
W
nt

si
gn
al
in
g
pa
th
w
ay
;r
eg
ul
at
es

ce
ll
m
ig
ra
tio

n
an
d
ad
he
si
on

[1
,1
1,
42
,4
4,
65
]

H
R
A
SL

S
H
R
A
S
lik

e
su
pp
re
ss
or

3q
29

R
eg
ul
at
es

ca
lc
iu
m

in
de
pe
nd
en
th

yd
ro
ly
si
s
of

ac
yl

gr
ou
p

[4
3,
44
]

R
A
SS

F2
R
as

as
so
ci
at
io
n
do
m
ai
n
fa
m
ily

m
em

be
r
2

20
p1
3

K
R
A
S
ef
fe
ct
or

pr
ot
ei
n;

pr
om

ot
e
ap
op
to
si
s
an
d
ce
ll
cy
cl
e
ar
re
st

[4
3,
44
]

R
K
IP

R
af

ki
na
se

in
hi
bi
to
r
pr
ot
ei
n
(R
K
IP
)
in

ca
nc
er

12
q2
4.
23

K
in
as
e
in
hi
bi
to
r
pr
ot
ei
n
an
d
re
gu
la
te
s
N
F-
ka
pp
aB

si
gn
al
lin

g
pa
th
w
ay

[4
3,
44
]

X
IA

P
X
-l
in
ke
d
in
hi
bi
to
r
of

ap
op
to
si
s

X
q2
5

R
eg
ul
at
es

ca
sp
as
es

an
d
ap
op
to
si
s;
m
od
ul
at
es

in
fl
am

m
at
or
y
si
gn
al
in
g

[4
5]

C
as
pa
se
-1

In
te
rl
eu
ki
n
1
be
ta
co
nv
er
tin
g
en
zy
m
e

11
q2
2.
3

C
le
av
es

pr
o
IL
-1
β
an
d
pr
o
IL
-1
8
in
to

th
ei
r
ac
tiv

e
fo
rm

s
[4
6]

T
SP

Y
L
5

Te
st
is
sp
ec
if
ic
Y
en
co
de
d
lik

e
pr
ot
ei
n
5

8q
22
.1

C
el
lc
yc
le
re
gu
la
to
r

[4
7]

hS
R
B
C

C
av
eo
la
e
as
so
ci
at
ed

pr
ot
ei
n
3

11
p1
5.
4

R
eg
ul
at
es

ca
ve
ol
ae

[4
8]

SF
R
P

Se
cr
et
ed

fr
iz
zl
ed

re
la
te
d
pr
ot
ei
n

8p
11
.2
1

N
eg
at
iv
e
m
od
ul
at
or

of
th
e
W
nt

si
gn
al
tr
an
sd
uc
tio

n
pa
th
w
ay

[4
9]

C
T
N
N
B
1

β
-c
at
en
in

3p
22
.1

K
ey

do
w
ns
tr
ea
m

co
m
po
ne
nt

of
W
nt

si
gn
al
in
g
pa
th
w
ay

[5
2]

C
A
C
N
A
2D

3
C
al
ci
um

vo
lta
ge

ga
te
d
ch
an
ne
la
ux
ili
ar
y
su
bu
ni
ta
lp
ha
2d
el
ta
3

3p
21
.1

A
po
pt
os
is
pa
th
w
ay

ge
ne

[4
4]

B
N
IP
3

B
C
L
2/
A
de
no
vi
ru
s
E
1B

19
kD

a
in
te
ra
ct
in
g
pr
ot
ei
n
3

10
q2
6.
3

A
po
pt
os
is
pa
th
w
ay

ge
ne

[4
4]

G
PX

3
G
lu
ta
th
io
ne

pe
ro
xi
da
se

3
5q
33
.1

A
po
pt
os
is
pa
th
w
ay

ge
ne

[4
4]

PC
D
H
17

Pr
ot
oc
ad
he
ri
n
17

13
q2
1.
1

A
po
pt
os
is
pa
th
w
ay

ge
ne

[4
4]

V
L
D
L
R

V
er
y
lo
w
de
ns
ity

lip
op
ro
te
in

re
ce
pt
or

9p
24
.2

E
nd
oc
yt
os
is
of

ve
ry

lo
w
de
ns
ity

lip
op
ro
te
in

[5
4]

A
K
A
P1

2/
G
ra
vi
n

A
-K

in
as
e
an
ch
or
in
g
pr
ot
ei
n
12

6q
25
.1

R
eg
ul
at
es

su
bc
el
lu
la
r
co
m
pa
rt
m
en
ta
tio

n
of

pr
ot
ei
n
ki
na
se

A
&

C
[5
5]

R
IZ
I

R
et
in
ob
la
st
om

a
pr
ot
ei
n
in
te
ra
ct
in
g
zi
nc

fi
ng
er
ge
ne

1p
36

C
hr
om

at
in

m
ed
ia
te
d
ge
ne

ex
pr
es
si
on

[5
6]

H
LT

F
H
el
ic
as
e
lik
e
tr
an
sc
ri
pt
io
n
fa
ct
or

3q
24

A
ct
as

bo
th

he
lic
as
e
an
d
E
3
ub
iq
ui
tin

lig
as
e

[5
8]

R
A
R
β

R
et
in
oi
c
ac
id

re
ce
pt
or

be
ta

3p
24
.2

C
el
lg

ro
w
th

an
d
di
ff
er
en
tia
tio

n
[6
0,
66
]

T
SP

-1
T
hr
om

bo
sp
on
di
n
1

15
q1
4

M
ed
ia
te
s
ce
ll-
to
-c
el
la
nd

ce
ll-
to
-m

at
ri
x
in
te
ra
ct
io
ns

[6
1,
65
]

C
D
H
1

C
ad
he
ri
n
1/
E
C
ad
he
ri
n

16
q2
2.
1

R
ec
ep
to
r
co
m
po
ne
nt

of
ad
he
re
nt

ju
nc
tio

n
[1
1,
34
,3
5,
64
,6
6,
67
]

C
D
H
13

H
-c
ad
he
ri
n

16
q2
3.
3

C
al
ci
um

de
pe
nd
en
tc
el
la
dh
es
io
n
pr
ot
ei
ns

[1
1]

C
H
FR

C
he
ck
po
in
tw

ith
fo
rk
he
ad

an
d
ri
ng

fi
ng
er

do
m
ai
ns

12
q2
4.
33

C
he
ck
po
in
tg

en
e
in
ac
tiv

at
ed

in
ca
nc
er

an
d
kn
ow

n
to

de
la
y
ch
ro
m
os
om

e
co
nd
en
sa
tio

n
w
he
n
tr
ea
te
d
w
ith

m
ic
ro
tu
bu
le
po
is
on
s

[6
7,
11
5,
11
6]

C
A
SP

8
C
as
pa
se

8
2q
33
.1

A
po
pt
os
is

[6
4]

M
D
R
1

A
T
P
bi
nd
in
g
ca
ss
et
te
su
bf
am

ily
B
m
em

be
r
1

7q
21
.1
2

A
T
P
bi
nd
in
g
ca
ss
et
te
su
pe
rf
am

ily
[6
4]

E
-C
ad
he
ri
n

E
pi
th
el
ia
lc
ad
he
ri
n

16
q2
2.
1

C
el
lg

ro
w
th

an
d
m
ig
ra
tio

n
[6
5]

G
ST

P1
G
lu
ta
th
io
ne

S
tr
an
sf
er
as
e
pi

1
11
q1
3.
2

D
et
ox
if
y
m
an
y
hy
dr
op
ho
bi
c
an
d
el
ec
tr
op
hi
lic

co
m
po
un
ds

w
ith

re
du
ce
d

gl
ut
at
hi
on
e

[6
5]

C
O
X
2

C
yc
lo
ox
yg
en
as
e
2

1q
31
.1

R
eg
ul
at
es

an
gi
og
en
es
is
,i
nh
ib
iti
on

of
ap
op
to
si
s
an
d
in
va
si
ve
ne
ss
.

[5
3,
63
]

D
A
PK

D
ea
th

as
so
ci
at
ed

pr
ot
ei
n
ki
na
se

1
9q
21
.3
3

Ly
m
ph

no
de

m
et
as
ta
si
s,
ad
va
nc
ed

st
ag
e
an
d
po
or

su
rv
iv
al

[1
4,
40
,4
4,
53
,6
5]

hM
L
H
1

M
ut
L
ho
m
ol
og

1
3p
22
.2

In
vo
lv
e
in

m
is
m
at
ch

re
pa
ir
sy
st
em

[1
0,
30
–3
2,
64
]

M
G
M
T

M
et
hy
la
te
d
D
N
A
pr
ot
ei
n
cy
st
ei
ne

m
et
hy
ltr
an
sf
er
as
e

10
q2
6.
3

Im
pa
ir
bi
ol
og
ic
al
ef
fe
ct
s
of

O
6-
m
et
hy
lg
ua
ni
ne

an
d
O
4-
m
et
hy
lth

ym
in
e

in
D
N
A

[1
4,
33
]

p1
4

C
yc
lin

de
pe
nd
en
tk

in
as
e
in
hi
bi
to
r
2A

9p
21
.3

C
el
lc
yc
le
ar
re
st
in

G
1
an
d
G
2
ph
as
es

an
d
ac
ta
s
tu
m
or

su
pp
re
ss
or

ge
ne

[1
0,
14
,2
7,
28
]

p1
5

C
yc
lin

de
pe
nd
en
tk

in
as
e
in
hi
bi
to
r
2B

9p
21
.3

R
eg
ul
at
es

ce
ll
cy
cl
e
at
G
1
ch
ec
kp
oi
nt
,t
ig
ht
ly

lin
ke
d
an
d
hi
gh
ly

ho
m
ol
og

to
p1
4

[5
,1
4,
27
]

PC
D
H
10

Pr
ot
oc
ad
he
ri
n
10

4q
28
.3

Po
te
nt
ia
lc
al
ci
um

de
pe
nd
en
tc
el
la
dh
es
io
n;

as
so
ci
at
ed

w
ith

w
or
se

pr
og
no
si
s

[5
3]

R
A
SS

F1
A

R
as

as
so
ci
at
io
n
do
m
ai
n
co
nt
ai
ni
ng

pr
ot
ei
n
1

11
p1
5.
5

R
eq
ui
re
d
fo
r
de
at
h
re
ce
pt
or

de
pe
nd
en
ta
po
pt
os
is

[4
1,
42
,6
5]

R
U
N
X
3

R
un
tr
el
at
ed

tr
an
sc
ri
pt
io
n
fa
ct
or

3
1p
36
.1
1

B
in
ds

to
va
ri
ou
s
en
ha
nc
er
s
an
d
pr
om

ot
er
s
in
cl
ud
in
g
of

IL
-3

an
d

G
M
-C
S
F.

[8
,1
0,
59
]

SF
R
P

Se
cr
et
ed

fr
iz
zl
ed

re
la
te
d
pr
ot
ei
n
1

8p
11
.2
1

M
od
ul
at
or

of
W
nt

pa
th
w
ay
;r
eg
ul
at
es

ce
ll
gr
ow

th
an
d
di
ff
er
en
tia
tio
n

[4
9,
51
]

T
IM

P3
T
IM

P
m
et
al
lo
pe
pt
id
as
e
in
hi
bi
to
r
3

22
q1
2.
3

K
no
w
n
to

in
ac
tiv

at
e
co
lla
ge
na
se
s
by

bi
nd
in
g
to

th
ei
r
ca
ta
ly
tic

zi
nc

co
fa
ct
or

[6
5]

B
R
IN

P
1

B
on
e
m
or
ph
og
en
et
ic
pr
ot
ei
n/
R
et
in
oi
c
ac
id
in
du
ci
bl
e
ne
ur
al
sp
ec
if
ic
1

9q
33
.1

N
eg
at
iv
e
re
gu
la
to
r
of

G
1/
S
tr
an
si
tio

n;
in
hi
bi
ts
ce
ll
pr
ol
if
er
at
io
n

[6
7]

C
D
H
11

C
ad
he
ri
n
11

16
q2
1

C
al
ci
um

de
pe
nd
en
tc
el
la
dh
es
io
n
pr
ot
ei
ns

[6
7]

C
H
FR

C
he
ck
po
in
tw

ith
fo
rk
he
ad

an
d
ri
ng

fi
ng
er

do
m
ai
ns

12
q2
4.
33

M
ito

tic
ch
ec
kp
oi
nt

pr
ot
ei
n
an
d
re
gu
la
te
s
tu
m
or
ig
en
es
is

[6
7]

E
PH

A
5

E
ph
ri
n
ty
pe

A
re
ce
pt
or

5
4q
13
.2

R
ec
ep
to
r
ty
ro
si
ne

ki
na
se

[6
7]

E
PH

A
7

E
ph
ri
n
ty
pe

A
re
ce
pt
or

7
6q
16
.1

R
ec
ep
to
r
ty
ro
si
ne

ki
na
se

Epigenetic Mechanisms and Events in Gastric Cancer-Emerging Novel Biomarkers 761



of the Wnt signal transduction pathway. DICKKOPF (DKK)
family genes are identified as theWnt antagonist [49, 50]. The
downregulated expression of SFRP2 has been correlated with
promoter hypermethylation in 73.3% cases of primary gastric
cancer tissue [49]. Nojima et al. (2007) [51] showed high
frequency of CpG methylation in SFRP1, SFRP2, and
SFRP5 in both gastric cell line and primary gastric cancer.
Hypermethylation and loss of β-catenin (CTNNB1) expres-
sion, an integral component of theWnt signaling pathway, has
been reported in a subgroup of primary gastric cancer, cell
lines and inmetastases [52]. DKKmethylation is also reported
in gastric cancer cell line [50]. Apoptosis pathway genes
(BNIP3, CACNA2D3, DAPK, GPX3, PCDH17) hyperme-
thylation are found to be associated with gastric cancer [44].
Recently, PCDH10 was found to be methylated at early stages
of gastric cancer and is an independent prognostic factor for
this malignancy [53].

Homozygous loss of very low density lipoprotein receptor
(VLDLR) gene and epigenetic silencing by DNA methylation
been reported in gastric cancer cell line by Takada et al. (2006)
[54]. Suppressor of cytokine signaling (SOCS) – 1 inhibits
signaling of the Janus kinase (JAK)/signal transducers and ac-
tivators of transcription (STAT) pathway by several cytokines
and has tumor suppressor activity. AKAP12/Gravin is one of
the A-kinase anchoring proteins (AKAPs) which functions as a
kinase scaffold protein and dynamic regulator of beta 2 adren-
ergic receptor complex. Hypermethylation of two form of
AKAP12 gene (AKAP12A and AKAP12B) has been demon-
strated in gastric carcinoma [55]. Promoter hypermethylation of
RIZ1, the retinoblastoma protein interacting zinger finger gene
which is involved in chromatin mediated gene expression and
is also a target for frame shift mutation in microsatellite-
unstable cancers, has been shown in 69% cases of gastric car-
cinoma and 21% cases of non-neoplastic mucosa [56]. An es-
sential epigenetic regulator of the mammalian SWI/SNF chro-
matin remodeling complex contains Brm molecule as its cata-
lytic submit. Frequent loss of Brm expression has been shown
in gastric cancer cell lines and primary gastric tumour which is
rescued by treatment with histone deacetylase inhibitor in gas-
tric cancer cell lines suggesting epigenetic regulation of this
gene [57]. Recent studies have shown that members of the
SWI/SNF superfamily can function as tumor suppressor genes.
Methylation of HLTF, a homologue of the SWI/SNF, is report-
ed in 50% cases of gastric carcinoma [58]. AmongRUNX gene
family, RUNX3 is often involved in gastric carcinogenesis.
Hypermethylation of CpG island of RUNX3 was reported in
64% cases of gastric carcinoma [10]. Kim et al. (2004) [59] also
showed RUNX3 methylation in 8% case of chronic gastritis,
28% cases of intestinal metaplasia and 27% cases of gastric
adenoma. Promotor hypermethylation of retinoic acid receptor
beta (RARβ) is demonstrated in 64% cases of gastric carcino-
ma [60]. Thrombospondin-1 (TSP-1) is a potent peptide linked
with angiogenesis in many tumors. Promoter hypermethylationT
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of TSP1 gene was found in 33% cases of gastric carcinoma
[61]. DLC-1 (deleted in liver cancer) gene showed hyperme-
thylation in 30% cases of primary gastric cancer (Kim et al.
2003) [62]. Aberrant methylation of COX-2 has also been de-
scribed in gastric carcinoma [53, 63].

Poplawski et al. (2008) [64] observed aberrant methylation
in promoter regions of multiple genes (CASP8, hMLH1,
CDH1 and MDR1) involved in gastric cancer. Interestingly,
the hypermethylation of hMLH1 occurred more frequently in
females than in men [64]. Lee et al. (2002) [5] reported pro-
moter methylation of DAPK, E-cadherin, GSTP1, p15 and p16
in 70%, 76%, 18%, 69% and 67% of gastric carcinoma respec-
tively. Kang et al. (2003) [65] investigated methylation of mul-
tiple genes in gastric cancer tissue, gastric adenoma, intestinal
metaplasia and chronic gastritis [65]. Five different classes of
methylation behaviors were found: (a) genes methylated in
gastric cancer only (GSTP1 and RASSF1A) (b) genes showing
significantly higher methylation frequency in gastric cancer in
other lesion (COX-2, hMLH1, p16) (c) genes with high and
similar methylation frequency in all four lesions (APC, E-
cadherin) (d) a gene with low and similar methylation frequen-
cy in four step lesion (MGMT), and (e) genes showing an
increasing methylation frequency in the progression of the dis-
ease (DAP- kinase, p14, THBS1 and TIMP-3). They concluded
that tumor related genes show a gene type specific methylation
profile along the multistep carcinogenesis. Oue et al. (2002)
[66] showed CpG island hypermethylation of the p16
(INK4a), CDH1 and RARβ promoters in 27%, 58% and
53% cases of gastric carcinoma respectively. In this study,
hypermethylation of p16 (INK4a) promoter was more common
in intestinal type than in diffuse type gastric carcinoma. CDH1
and RAR-beta promoter hypermethylation was more frequent-
ly in diffuse scattered type of gastric carcinoma [66]. Recently,
Sepulveda et al. (2016) [67] identified 13 genes (BRINP1,
CDH11, CHFR, EPHA5, EPHA7, FGF2, FLI1, GALR1,
HS3ST2, PDGFRA, SEZ6L, SGCE, and SNRPN) which are
hypermethylated in gastric carcinoma as compared with normal
mucosa, which in turn may be useful in developing diagnostic
and prognostic tool for this lethal malignancy.

Hypomethylation of specific genes also contribute to gas-
tric carcinogenesis. Demethylation of MAGE, synuclein-γ
(SNCG) and cyclin D2 has been described in gastric carcino-
ma [10]. Melanoma antigen (MAGE) expression is known to
be activated by promethylation. Demethylation of both
MAGE-A 1 and A 3 promoters is more frequently observed
(29% and 66% respectively) in advanced clinical stages of
gastric carcinoma and also associated with poor prognosis
[68]. SNCG demethylation is common in cases with LN me-
tastasis [69]. Hypomethylation of cyclin D2 promoter was
found in 71% cases of gastric carcinoma. This event is more
common in stage-III and IV tumor than in stage-I and II tumor
[70]. Modification of histone by methylation which occurs at
lysine or arginine residues is generally associated with gene

inactivation or silencing [71–75]. Histone modifications also
regulate genes that participate in cell cycle. It has also been
reported that methylation in histone H3 plays an important
role in carcinogenesis by silencing tumor suppressor genes
[76, 77]. Park et al. (2008) [75] found global histone modifi-
cation pattern through immunohistochemistry and reported
that trimethylation of H3K9 correlate positively with the tu-
mor stage and lymphovascular invasion in gastric carcinoma.
On the other hand, acetylation of histone, whichmostly occurs
at lysine residues of N- terminal domains, is known to be
associated with transcriptional activation. The acetylation of
histone H3 at K9 was associated with a poorly differentiated
or diffuse type of histology [75]. Histone H4 acetylation is
reduced in gastric carcinoma compared to normal mucosa.
Reduction of histone H4 acetylation correlates with a more
advanced stage, deeper invasion and greater extent of lymph
node metastasis [78]. In gastric cancer cell, p21WAF1 is as-
sociated with extensive histone acetylation. It has also been
reported that reduced histone H3 acetylation is associated with
reduced tumor suppressor gene p21WAF1/CIP1 expression in
gastric carcinoma [79]. Histone H4 acetylation at lysine 16
directs the tumor towards a better prognosis, possibly by acti-
vating tumor suppressor genes [75]. Xia et al. (2008) [80]
investigated the modulation of cell cycle control protein p21
(WAF1) byH. pylori in gastric carcinoma cell line and prima-
ry gastric cells derived from healthy tissue. Study revealed
that increase expression of p21 (WAF1) induced by
H. pylori is associated with the release of HDAC-1 from p21
(WAF1) promoter and hyperacetylation of histone 4 [80].

Non Coding RNAs

Protein coding genes accounts to only 1.5% to 2% of total
genome. A large portion of human genome is noncoding,
was once thought to be non functional. However, recently
there is increase in knowledge regarding functional aspects
of these RNAs particularly in normal development and phys-
iology [81]. They mainly consists of small nucleolar RNAs
(snoRNAs), promoter-associated non coding RNAs
(paRNAs), microRNAs (miRNAs), small interfering RNAs
(siRNAs), repeat-associated siRNAs (rasiRNAs), small nucle-
ar RNAs (snRNAs), piwi interacting RNA (piRNA), long non
coding RNAs (lncRNAs), mitochondrial non coding RNAs,
satellite non coding RNAs, repeat associated non coding
RNAs, long intergenic non coding RNAs (lincRNAs) and
ultraconserved regions (UCRs) [82]. The functional relevance
of the non coding portion of genome is evident for miRNAs
and lncRNAs [81] particularly, and hence only these non cod-
ing RNAs are detailed here. Figure 1 summarizes of major
hypermethylated genes, hypomethylated genes, dysregulated
miRNAs and long noncoding RNAs in gastric cancer.
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MicroRNAs (miRNAs)

MicroRNAs (miRNAs) are recently discovered evolutionary
conserved, single stranded, non-coding RNAs of about 22
nucleotides. They play vital role in post-transcriptional regu-
lation of gene expression by binding to 3′-untranslated regions
(UTRs) region of target mRNA. A single miRNA regulates
several mRNAs and hence their dysregulation affects multiple
signaling pathways leading to cancer progression [83]. The
miRNA signature is different for various cancers and hence
they can use as a diagnostic tool. Table 2 summarizes major
dysregulated miRNAs in gastric cancer known till date.
Downregulated miRNAs in cancers suggests that these mole-
cules may act as tumor suppressors; however the exact mech-
anism is not clear yet. Studies have shown that regulation of
miRNA expression is modulated by promoter CpG island
hypermethylation during tumorigenesis [84]. Yin et al.

(2016) [85] identified miR-33b to be tumor suppressor for
gastric cancer and its downregulation is tightly regulated by
aberrant DNA methylation in the upstream CpG island. Li
et al. (2012) [86] identified significant association between
DNA methylation and downregulation of miR-155. MiR-
155, an important multifunctional microRNA regulates gastric
cancer cell metastasis by targeting SMAD2. Similarly, CpG
island methylation profile of miR-338-3p may be utilized as a
potential diagnostic marker for gastric cancer [87]. Tsai et al.
(2011) [88] found significant downregulation of miR-9 and its
aberrant hypermethylation during gastric cancer progression.
Similarly, miR-137, miR-378, miR-449 and miR-375 are
found to be downregulated and hypermethylated in gastric
carcinoma [89–92]. In contract to hypermethylation, demeth-
ylation of miR-196 promoter region leading to its upregula-
tion has also been observed in GC [93]. Also, higher expres-
sion of miR-34c-5p significantly increases chemoresistance in

Tumor

CpG island TSG gene hypomethylation

Dysregulated miRNAs Long noncoding RNAs

Hypermethylated

CH3

Methylated Oncogenes

CH3

Hypomethylated

Fig. 1 Figure showing list of
major hypermethylated genes,
hypomethylated genes,
dysregulated miRNAs and long
noncoding RNAs in gastric
cancer

Table 2 Table showing major dysregulated miRNAs in gastric carcinoma

MicroRNAs Expression Clinical significance Target gene

miR-335 Downregulated Prognostic marker and therapeutics SP1

miR-101 Downregulated tumour growth EZH2, Cox-2, Mcl-1 and Fos

miR-9 Downregulated tumour suppressive potential CDX2

miR-137 Downregulated tumour suppressive potential CDC42

miR-378 Downregulated tumour suppressive potential CDK6 and VEGF

miR-195 Downregulated tumour suppressive potential CDK6 and VEGF

miR-449 Downregulated tumour suppressive potential BCL2

miR-375 Downregulated tumour suppressive potential JAK2

miR-200bc/429 Downregulated multidrug resistance BCL2 and XIAP

miR-34c-5p Downregulated chemosensitivity to paclitaxel. MAPT

miR-33b Downregulated tumour suppressive potential c-Myc

miR-21 Upregulated Promotes tumor proliferation and invasion PTEN

miR-196a Upregulated Prognostic marker and therapeutics p27

miR-146a Upregulated potential biomarker and therapeutic target SMAD4

miR-183 Upregulated potential biomarker and therapeutic target PDCD4
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gastric cancer by downregulating microtubule associated pro-
tein tau protein expression [94]. Zhu et al. (2012) [95] ob-
served significant role of miR-200bc/429 cluster in the devel-
opment of multidrug resistance by targeting BCL2 and XIAP.
These findings may suggest significant role of miRNAs pro-
moter methylation in gastric cancer pathology and hence
targeting such genes will help in developing new strategies
for gastric cancer treatment.

Epigenetic alteration, especially methylation plays a
vital role in changes in miRNA expression. It has been
well demonstrated that various tumour suppressor miRNA
are silenced by epigenetic events in cancer. Expression of
miRNAs was found to be upregulated after 5-aza 2′
deoxycytidine treatment, a potent inhibitor of DNA meth-
ylation. These finding leads to the conclusion that
miRNAs expression are under tight regulation of epige-
netic events. Moreover, it is hypothesized that miRNAs
may have their own CpG islands containing promoters
within introns of protein coding genes which are regulated
by DNA methylation. However, exact mechanism is not
clear and further studies are much needed to understand
complete mechanism of epigenetic regulation of miRNAs.
PIWI-interacting RNAs (piRNA) are normally 24–32 nu-
cleotides newly discovered noncoding RNAs which is
supposed to regulate gene silencing. It is hypothesized
that piRNAs may induce changes in DNA methylation
in the CpG islands near to its binding sites. However,
the mechanisms of its biogenesis and functions remain
largely unknown and needs to be explored.

Long Non Coding RNAs (lncRNAs)

Long non coding RNAs are about 200nucleotides long,
non protein coding transcripts constituting around 75%
of human genome [96, 97]. A large number of human
lncRNAs have been discovered and their numbers are
increasing with time. They are like mRNAs specifically
in respects of 5’capping, splicing, and poly-adenylation,
but have little or no open reading frame [98]. The func-
tions of lncRNAs are poorly understood, but there are
evidence of their role in pre splicing editing, transcription,
post transcriptional modifications like splicing and

translation. It may also play important role in chromatin
remodeling through epigenetic modification of DNA [82].
Dysregulation of lncRNAs has been identified in much
human cancers including gastric carcinoma [99] (Table 3).

Arita et al. (2013) [100] detected circulating lncRNAs
(H19, HOX antisense intergenic RNA (HOTAIR), and
metastasis associated lung adenocarcinoma transcript-1
(MALAT1) in plasma of gastric cancer patients. Later on
based on these findings, Zhou et al. (2015) [101] identi-
fied higher expression of H19 in plasma of GC patients
with respect to controls and can be used as a diagnostic
biomarker. Moreover, expression of HOTAIR is associat-
ed with GC pathology and worse prognosis [102]. Also,
overexpression of HULC is associated with proliferation,
tumor metastasis and apoptosis for gastric cancer [103].
Maternally expressed gene 3 regulates cell proliferation
and apoptosis and its downregulation is associated with
decrease survival of GC patients [104]. Cao et al. (2013)
[105] identified a set of differentially expressed lncRNAs
in gastric cancer through publicly available data set.
Similarly, Li et al. (2016) [106] identified diagnostic and
prognostic utility of two lncRNAs (HOTAIR and UCA1)
selected from large sample sequencing database. In spite
of limited knowledge regarding lncRNAs in gastric carci-
noma, they have tremendous potential to be used as tumor
markers in clinical settings and hence this field needs to
be explored.

Clinical Implication of Epigenetics

The knowledge of epigenetic alterations could be poten-
tially useful for cancer diagnosis and treatment. The aber-
rant promoter methylation occurs very early during carci-
nogenesis. The CpG island hypermethylation may become
one of the most promising biomarkers for the early detec-
tion of tumor. It will be more beneficial than genetic
counterpart as promoter methylation occur more frequent-
ly in tumors than genetic alterations and also because
several methylated loci can be analyzed simultaneously.
Since promoter methylation occurs within a well defined
region of a gene, epigenetic study will be more efficient

Table 3 Gastric cancer associated important long non-coding RNAs and their biological significance

Serial number lncRNAs Genomic location Property Biological significance References

1 H19 11p15.5 Oncogenic Induces cell proliferation, invasion and metastasis [100]

2 HOTAIR 12q13.13 Oncogenic Induces cell proliferation and invasion.
Associated with worse prognosis

[100–102, 106]

3 MALAT1 11q13.1 Oncogenic Induces migration, proliferation and metastasis. [100]

4 HULC 6p24.3 Oncogenic Induces cell proliferation, migration and invasion [103]

5 UCA1 19p13.12 Oncogenic Associated with tumor size, TNM stage and lymphatic metastasis [106]
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and cost effective. The overall survival of gastric carcino-
ma is poor (10–20%) [12]. The early detection of lesion
and/or reliable biomarker for monitoring locoregional re-
currence may increase the survival in gastric carcinoma
patients.

Epigenetic alterations in tumor may also be utilized in
predicting the tumor behaviour or prognosis of the gastric
carcinoma. The promoter hypermethylation of E-cadherin
is associated with poor prognosis [35]. CDH 1 promoter
hypermethylation is more frequent in diffuse histological
type and significantly higher with lymph node (LN) me-
tastasis and serosal invasion [36, 107]. DAPK is correlat-
ed with the presence of LN metastasis, advanced stage
and poor survival [40]. Methylation of SOCS-1 present
with reduced expression of SOCS gene, lymph node me-
tastases and advanced tumor stage [56]. Demethylation of
both MAGE-A1 and A3 promoters is observed in ad-
vanced clinical stages and associated with poor prognosis
[68]. SNCG demethylation is common in cases with LN
metastasis. The trimethylation of H3K9 in gastric carcino-
ma is associated with advanced tumor stage and
lymphovascular invasion and acetylation of histone
H3 at K9 is present in poorly differentiated or diffuse type
of histology [71]. Reduction of histone H4 acetylation
correlates with a more advanced stage, deeper invasion
and greater extent of lymph node metastasis [78].

The recent development in the understanding of the
relevant gene silencing by epigenetic mechanisms in can-
cer development is closely linked to epigenetic drug de-
sign and development. These compounds basically act via
three different processes: DNA cytosine methylation, his-
tone modification and nucleosomal remodeling. The two
main classes of drugs are DNA methylation inhibitors and
HDAC inhibitors [11]. The various drugs which are wide-
ly used in clinical practice for treating other conditions
like hydralazine (hypertension), procainamide (cardiac ar-
rhythmia), valproic acid (epilepsy) may be used now for
cancer treatment [107–109].

DNA methylation inhibitors is an attractive approach
for anticancer treatment as toxicity of these drugs to nor-
mal cells is potentially lower than in conventional anti-
cancer chemotherapeutic agents [14]. DNA methylation
inhibitors are divided into nucleoside and non-nucleoside
analogues. The former are compounds that form a cova-
lent intermediate complex with DNMT, preventing the
cell from being methylated correctly. DNMT inhibitors
such as 5-azacytidine (Vidaza), 5-aza- deoxycytidine
(decitabine) are the only two cytidine analogues that have
been approved by US Food and Drug Administration
(FDA) for haematological malignancies [110, 111]. Non-
nucleoside analogues have an advantage over the ana-
logues since they bind to the catalytic site of the enzyme
DNMT and are not integrated into the DNA. Thus, it

avoids the nonspecific effects of the nucleoside analogues
(Mulero-Navarro & Esteller 2008). Hydralazine a potent
peripheral vasodilator is now also used as demethylating
agent for treating cervical cancer [112].

The HDAC inhibitors are divided into four groups:
short chain fatty acids, hyroxamic acids, cyclic tetra pep-
tides and benzamides [11]. The hydroxamic acid
trichostatin A (TSA) is found to be a chemosensitizer
which increases the efficacy of chemotherapeutic drug
in gastric carcinoma [113]. TSA is a promising chemo-
therapeutic agent in combination with 5-fluorouracil, pac-
litaxel and irinotecan in gastric cancer cell lines [113].
Recently, (in October 2006) the US Food and Drug
Administration have approved the first HDAC inhibitor,
Vorinostat 1 (SAHA) for the treatment of cutaneous T
cell lymphoma [114]. The various other HDAC inhibitors
are under clinical trial.

The other novel method of using epigenetics in treat-
ment of cancer is the reactivation of key enzymes control-
ling the cellular response to anticancer drug. Satoh et al.
(2003) [115] demonstrated that microtubule inhibitors
such as docetaxel and paclitaxel induce apoptosis in gas-
tric cell lines with CHFR (Checkpoint with fork head
associated and ring finger) methylation. They found that
gastric cancer cell lines not expressing CHFR lack a mi-
totic checkpoint and are highly susceptible to microtubule
inhibitors. Thus, CHFR methylation may be a useful mo-
lecular marker to predict the responsiveness of gastric
cancer to a treatment with microtubule inhibitors. Koga
et al. (2006) [116] also reported CHFR methylation in
predicting the response of microtubule inhibitor in the
treatment of gastric cancer. Also, more detailed studies
regarding long coding RNAs, particularly miRNAs and
long noncoding RNAs will be very useful for early diag-
nosis and for prediction of this common gastrointestinal
problem.

Conclusion

There are a number of publications regarding epigenetic
regulations in gastric cancer; however its complete picture
is not clear. In future, these events may be used as a
potential screening marker for the early detection of gas-
tric carcinoma. It may also be used as risk assessment tool
for the person who might develop cancer later on.
Epigenetic markers may be utilized in clinical practice in
predicting the tumor behavior and prognosis of the gastric
carcinoma patient’s. It may be used as biomarker in mon-
itoring the response to therapeutic agents. Also, DNA
methylation inhibitors and HDAC inhibitors may be used
as monotherapy or in combination with other anticancer
drug for treatment of this lethal malignancy.
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