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Purpose: To determine the occurrence of COX-2 methylation in gastric carcinoma (GC), the status and level of CpG
methylation in the promoter region of cyclooxygenase-2 (COX-2) were analyzed in early and advanced GCs, as well as in
normal gastric tissues.

Methods: The extent of promoter methylation of the COX-2 gene was assessed quantitatively using pyrosequencing in 60
early and 60 advanced GCs samples harvested upon gastrectomy, and 40 normal gastric mucosa samples from patients
with benign gastric diseases as controls.

Results: The methylation frequency for the COX-2 gene was significantly higher in early than in advanced GCs (40.0% vs.
20.0%, P < 0.05). A significant difference was found in COX-2 methylation between GCs and normal gastric tissues (30.0%
vs. 10.0%, by PS; P < 0.05). COX-2 gene methylation was significantly associated with the depth of invasion (P = 0.003),
lymph node metastasis (P = 0.009), distant metastasis (P = 0.036), and TNM staging (P = 0.007). The overall survival of
patients with COX-2 methylation was significantly lower than that of patients without COX-2 methylation (P = 0.005).
Conclusion: These results demonstrated that COX-2 promoter methylation was significantly higher in tumor tissues,
and was an early event for GC, thus, COX-2 gene methylation may be important in the initial development of gastric
carcinogenesis. Thus, GCs with methylation in COX-2 may not be good candidates for treatment with COX-2 inhibitors.
Furthermore, COX-2 methylation could be a significant prognostic factor predicting a favorable effect on GC patient
outcome when downregulated.
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INTRODUCTION

Epigenetic silencing of tumor-related genes due to CpG island
methylation has been reported recently to be another genetic
alteration in gastric carcinoma (GC) [1]. CpG islands are 05- to
2-kb regions rich in cytosine-guanine dinucleotides and are
present in the 5' promoter region of approximately 40%-50%
of human genes [2]. DNA methylation plays an important role
in transcriptional repression of imprinted genes and genes

on inactivated X chromosomes, maintaining the integrity
of chromosomes or defense against highly repeated mobile
elements [3,4]. Aberrant methylation of CpG islands, which
are normally protected from DNA methylation, is associated
with DNA structural change and consequent gene inactivation.
Aberrant methylation of promoter CpG islands is now
recognized as an important mechanism for gene inactivation as
an alternative to gene mutation or deletion in tumorigenesis [5].

GC has been shown to have a high frequency of DNA hyper-
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methylation [6]. Genes that are inactivated by CpG island
hypermethylation have been reported in GC and involve tumor
suppressor, cell-cycle regulator, tissue invasion-related, and
DNA mismatch repair genes [7].

Cyclooxygenase-2 (COX-2) is important in the carcinogenesis
of gastrointestinal cancers [8]. COX, the rate-limiting enzyme
in the conversion of arachidonic acid to prostaglandin H2, is
the main target of nonsteroidal anti-inflammatory drugs [9].
Two isoforms of COX share over 60% identity at the amino acid
level [10]. COX-I is constitutively expressed in most tissues and
is associated with a housekeeping gene for cytoprotection of
the stomach mucosa, vasodilation in the kidney, and control
of platelet aggregation [11]. In contrast, COX-2 is undetectable
in most normal tissues; it can be induced early by cytokines,
growth factors, hormones, and tumor promoters and is involved
in inflammation [12].

Several studies have suggested a crucial role of COX-2 in
the pathophysiology of inflammation and carcinogenesis [13].
Understanding the role of COX-2 in carcinogenesis is thus
particularly important because of the therapeutic implications.
Overexpression of COX-2 promotes cell growth, inhibits
apoptosis, and increases cell motility and adhesion in intestinal
epithelial cells [14]. Thus, increased expression of COX-2 may
contribute to carcinogenesis and metastasis. Moreover, the
detection of COX-2 overexpression in colorectal and GCs may
have prognostic significance [15].

Techniques for assessing promoter methylation status vary
considerably. Several methods that assess this feature have been
reported, but the most widely used is the methylation-specific
polymerase chain reaction (MSP) analysis of DNA after bisulfite
treatment [16]. However, the popularity of the MSP method is
tempered by notable shortcomings, including its qualitative
nature, the limited CpG sites targeted, the lack of internal
control, and false-positive signals at high PCR cycles. Recent
attempts to remedy some of these deficiencies have led to the
development of an alternative high-throughput technique for
methylation analysis, known as pyrosequencing (PS) [17]. PS, a
sensitive real-time sequencing-by-synthesis method, is based on
the conversion of DNA by pyrophosphate enzymatic treatment
and stepwise luminescence incorporation of nucleotides for
quantitative measurement of CpG island methylation.

Whether COX-2 gene expression is regulated by promoter
methylation in GC tissues as well as in corresponding
normal tissue remains controversial. Several reports have
suggested that COX-2 expression is silenced by aberrant
methylation of the COX-2 promoter region in colorectal and
GCs [18,19]. The aim of the present study was to evaluate the
occurrence of CpG island methylation in GC in relation to
COX-2 expression. Using quantitative PS and qualitative MSP
techniques, promoter CpG methylation of the COX-2 gene was
investigated in GCs and normal gastric mucosa in association

with its gene product expression by immunohistochemistry.
Subsequently, the relationships between methylation of COX-
2 and clinicopathological features, including Helicobacter pylori
infection and patients' survival, were analyzed.

METHODS

Patients and samples
GC specimens were obtained from 120 patients who had

undergone surgical resection at Chonnam National University
Hospital between January and December 2005. These cases
were retrospectively identified from surgical pathology files
at the hospital. The panel of tumor specimens consisted of 60
early gastric carcinoma (EGC) and 60 advanced gastric carcinoma
(AGC) samples. A control group of 40 patients with benign
gastric pathology was also selected. To exclude the possibility
of cancer field defects, cases of normal gastric mucosa from a
separate group of patients with benign gastric pathology were
also selected. Diagnoses of the control group were as follows:
13 gastric peptic ulcers, 8 ectopic pancreases, 7 leiomyomas,
2 schwannomas, 9 hyperplastic polyps, and 1 inflammatory
fibroid polyp. No control patient had a clinical history of
gastric dysplasia or GC. Clinicopathologic data were available
for the 120 patients with GC. The mean age of the patients
was 635 + 10.8 years (range, 30-85 years) and 71 men and 49
women were enrolled. The mean size of tumors, determined
by horizontal diameter, was 3.6 + 2.3 cm. Tumors were divided
into 2 histological subgroups: the low-grade group, consisting
of papillary and tubular adenocarcinomas of well or moderate
differentiation; and the high-grade group, consisting of poorly
differentiated adenocarcinomas, signet ring cell carcinomas,
and mucinous adenocarcinomas. Sixty of 120 tumors were high
grade and 78/120 tumors were of intestinal type according to
the Lauren classification. Tumor extent was in accordance with
the criteria of the 7th edition of the American Joint Committee
on Cancer staging system [20]. Tumor metastasis to the lymph
nodes and distant metastasis to other organs were observed
in 53 and 14 of 120 cases, respectively. The present study
was approved by the Institutional Review Board of Chonnam
National University Hospital (IRB No. CNUHH-2013-078).

Microdissection and DNA extraction
Tissues were carefully dissected from the carcinoma on

hematoxylin and eosin-stained slides as described previously
[21]. All samples of normal gastric mucosa were derived from
the control specimens. Genomic DNA was extracted from
microdissected tissue using a standard protocol. Briefly,
microdissected tissue was treated with 50-uL buffer containing
0.5% Tween 20 (Boehringer Mannheim Biochemicals,
Mannheim, Germany).
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Bisulfite treatment of DNA and MSP
The methylation status of COX-2 exon 1 was determined

by bisulfite treatment of DNA followed by MSP as described
previously, with modification [22]. The following 2 MSP primer
sets were designed using Methprimer (http:/www.urogene.
org/methprimer/index1.html) (Table 1). Bisulfite treatment was
performed as follows. Briefly, 2-ug microdissected genomic DNA
was denatured with NaOH, followed by incubation with sodium
bisulfite. After treatment, DNA was purified using the DNA
Clean-Up kit (Promega, Madison, W1, USA) as recommended
by the manufacturer, treated with NaOH, precipitated with
ethanol, resuspended in water. Amplification was performed
in a GeneAmp PCR System 9700 thermocycler (Perkin Elmer,
Waltham, MA, USA). A PCR product was visualized by ethidium
bromide staining. Genomic DNA was treated with Sssl
methylase (New England Biolabs, Ipswich, MA, USA) according
to the manufacturer's protocol and subjected to bisulfite
modification, then used as a positive control for methylated
DNA. A sample was determined to be positive for methylation
if a band was observed in the DNA amplified by the methylated
reaction primers.

Pyrosequencing
PCR products from the bisulfate-treated DNA were analyzed

to determine the methylated fraction percentage of eight
CpG sites within the COX-2 promoter region by PS. Bisulfite-
modified DNA (30-50 ng) was amplified by PCR in a 50-
pL reaction forward primer (5'-GGAGATTAGTTTAGAAT
TGGTTTT-3'), and biotinylated reverse primer (5'-biotin-
AATCCCCACTCTCCTATCTAATCC-3"). All amplification
reactions were performed as follows: 95°C for 15 minutes,
35 cycles of 95°C for 30 seconds, 54°C for 40 seconds, and
72°C for 1 minute, followed by 72°C for 10 minutes. The
methylation status determined by the PS assay was analyzed
as both a continuous variable (methylation level) and a
categorical variable (methylation negative, methylation level
< 30%; methylation positive, methylation level = 30%). The
empiric cutoff value of =30% was selected by the limit of the
unmethylated control. The technical controls for PS revealed
median methylations of "N/A" (not available; unmethylated
control) and 92.6% (methylated control) in the eight sequential
CpG sites, thereby defining the detection limits of this assay.

Immunohistochemical staining and assessment
Immunohistochemical staining for COX-2 protein was

performed on paraffin-embedded tissue sections. Avidin-biotin
peroxidase complex staining using diaminobenzidine (Sigma-
Aldrich, St. Louis, MO, USA) as the chromogen was performed
using the streptavidin-horseradish peroxidase detection
system (Ventana, Biotek Solutions, Tucson, AZ, USA). The
primary antibody (1:100) used for the immunohistochemical

Table 1. Primer sequences and PCR conditions for methylation-specific PCR and pyrosequencing analysis

Product size (bp)

AT (°C)

Reverse (5'-3")

Forward (5-3")

Region

Method

134
131

60

U : CCC AAA CACTTC CAA AAA CC
M : CCG AAC GCT TCC GAA AAC

U : GAG AGG GGATTITTIT GTGTTTTT
M : GAG GGG ATTTTT TGC GTTTTC

MSP

314
310

53
5

U : ACA CAA CAA CAA AAC ACA AAC A
M : ACA ACA ACA AAA CGC GAA CT
biotin-AAT CCC CAC TCT CCT ATC TAATCC

U:AAAATTTTGTTTTTATTG GGTTTAT
M :AATTTT GTTTTT ATC GGG TTT AC
GGA GATTAGTTT AGA ATT GGTTTT
ATT AGT TTA GAATTG GTETT

on
£
[}
c
g
©
O 0
e} =)
9]
a

MSP, methylation-specific polymerase chain reaction; PS, pyrosequencing; M, methylated case; U, unmethylated case; AT, Annealing temperature.
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analysis was a monoclonal antibody against COX-2 (SP21,
EPITOMICS, Burlingame, CA, USA). The specificity of this
antibody had been previously confirmed by the manufacturer.
Immunohistochemical staining was performed twice for
samples yielding inconsistent results. The intensity, area, and
pattern of immunostaining were evaluated independently
by 2 pathologists with no knowledge of the clinical data. The
staining intensity was graded on a 4-point scale: 0, no staining
of cancer cells; 1, weak staining; 2, moderate staining; and 3,
strong staining, The percentage of the staining area was also
graded on a four-point scale: 0, none; 1, <10%; 2, 10%-50%; and
3, >50%. An overall score was calculated as the product of the
staining intensity and area. Theoretically, overall scores could
range from 0 to 9. Specimens with a score > 4 were considered
to show positive expression, and those with a score < 4 were
considered to show negative expression. Staining of tumor
cytoplasm was evaluated in coded slides without knowledge of
the molecular analysis results.

Statistical analysis
All statistical analyses were conducted using the SPSS ver.

15.0 (SPSS Inc., Chicago, IL, USA). The methylation status of the
COX-2 gene along the progression of GC and the association
of promoter gene methylation status with clinicopathologic
variables were analyzed using Pearson chi-square test or 2-tailed
Fisher exact probability test, when appropriate. Agreement
between the methylation status and immunohistochemical
expression was estimated by calculating the kappa value.
Comparison of Kaplan-Meier product limit survival curves was
performed using the logrank test. All reported P-values were
2-sided, and the level of significance was set at P < 0.05.

Normal

RESULTS

Frequency of COX-2 promoter methylation in GCs

and normal gastric mucosa using MSP
Of 120 primary GCs, 19 (15.8%) exhibited methylation in

a CpG island of the COX-2 gene, and 101 (84.2%) showed no
evidence of promoter methylation (Fig. 1). Of 60 EGCs and
60 AGCs, 9 (15.0%) and 10 (16.7%) exhibited COX-2 promoter
methylation, respectively (Table 2). In the 40 normal tissues,
8 (20.0%) showed methylation of the gene. A slight decreasing
tendency for COX-2 promoter methylation was observed from
normal gastric mucosa to more invasive carcinomas. The
difference in the frequency of COX-2 promoter methylation
between normal mucosa and GC was statistically insignificant
(20.0 vs. 15.8%, P = 0542).

CpG methylation status of the COX-2 Promoter

using PS

Methylation levels were quantified by bisulfate PS. PS analysis
of the GC samples revealed low levels of COX-2 methylation,
with wide variation among the methylated tumors. The overall
mean methylation densities of the eight CpG sites in the COX-
2 promoter in the 40 normal gastric mucosa, 60 EGC, and 60
AGC samples were 19.9%, 33.5%, and 185%, respectively (Table
3). Interestingly, the methylation level varied only to a small
extent among tumors and normal mucosa, suggesting that the
epigenetic pattern of tumor tissues may represent some sort
of concordance of the methylation pattern observed in normal
mucosa. The percentage of methylation among the eight sites
showed similar patterns in all groups of normal and tumor
tissues.

PS analysis revealed a relatively high frequency of COX-
2 methylation in 30.0% (36 of 120) of the GC samples by

COX2-A

100 bp (131/134 bp

COX2- B

S MM UMUMUMUMUMUMU

E13 E16 E26

(+) (-)

COX2-A
(131/134 bp)

COX2- B

- ~ - a

S MM UMUMUMUMUMUMU

A16 A22 A49 A56 A58

300 bp (310/314 bp

S MM UMUMUMUMUMUMU

Fig. 1. Representative results
from methylation-specific PCR of
COX-2 promoter methylation in
normal gastric tissues and gastric
carcinomas using 2 primer sets
(A and B). EGC, early gastric car-
cinoma; AGC, advanced gastric
carcinoma; SM, size marker; M,
methylated; U, unmethylated.

(+) (-)

COX2-A
(131/134 bp)

COX2-B
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Table 2. Proportion of COX-2 methylation in normal gastric tissues and carcinomas by methylation-specific PCR and

pyrosequencing

COX-2 by MSP
Group Total No.
M (%) U (%)
Normal 40 8(20.0) 32 (80.0)
GC 120 19 (15.8) 101 (84.6)
EGC 60 9(15.0) 51 (85.0)
AGC 60 10 (16.7) 50 (83.3)

COX-2 by PS
P-value M (%) U (%) P-value
0.542 4 (10.0) 36 (90.0) 0.036
36 (30.0) 84 (70.0)
0.802 24 (40.0) 36 (60.0) 0.047
12 (20.0) 48 (80.0)

MSP, methylation-specific polymerase chain reaction; PS, pyrosequencing; M, methylated case; U, unmethylated case; GC, gastric
carcinoma; EGC, early gastric carcinoma; AGC, advanced gastric carcinoma.

Table 3. Pyrosequencing analysis shows a mean methylation level for each CpG across COX-2 promoter regions in gastric

carcinoma and normal tissue

Group CpG 1 CpG 2 CpG3 CpG 4
Normal 17.7 21.2 20.3 25.3
EGC 333 34.6 34.2 38.1
AGC 17.5 19.0 18.0 23.2

EGC, early gastric carcinoma; AGC, advanced gastric carcinoma.

CpG 5 CpG 6 CpG7 CpG 8 Mean
20.7 17.6 18.6 17.5 19.9
35.4 30.0 32.2 30.3 335
20.3 16.7 17.8 15.9 18.5

Table 4. Correlation between immunohistochemical expression of COX-2 protein and COX-2 methylation in gastric

carcinomas

Methylation by MSP

Group IHC No.
M (%) U (%)
EGC (@) 12 2(16.7) 10 (83.3)
(+) 48 7 (14.6) 41 (85.4)
AGC @) 18 3(16.7) 15 (83.3)
(+) 42 7 (14.3) 35 (85.7)
Total ) 30 5(16.7)" 25 (83.3)
(+) 90 14 (15.6)” 76 (84.4)

Methylation by PS Methylation by MSP + PS

M (%) U (%) M (%) U (%)
5 (41.7) 7 (58.3) 5(41.7) 7 (58.3)
19 (39.6) 29 (60.4) 24 (50.0) 24 (50.0)
5(27.8) 13 (72.2) 8 (44.4) 10 (55.6)
7 (16.7) 35 (83.3) 19 (23.8) 32 (76.2)
10 (33.3)” 20 (66.7) 13 (43.3)Y 17 (56.7)
26 (28.9)” 64 (71.1) 34 (37.8)° 56 (62.2)

MSP, methylation-specific polymerase chain reaction; PS, pyrosequencing; M, methylated case; U, unmethylated case; EGC, early
gastric carcinoma; AGC, advanced gastric carcinoma; (-), negative expression of COX-2 protein; (+), positive expression of COX-2

protein; IHC, immunohistochemistry.
“P = 0.054. P = 0.403. 9P = 0.371.

applying an empirical cutoff value of =30%, whereas COX-2
was infrequently methylated in normal gastric mucosa (10.0%,
4 of 40; Table 2). Additionally, the frequency difference was
statistically significant (P < 0.05). In the 120 GC samples
analyzed, the COX-2 methylation frequency by the 2 combined
techniques was 45.8% (55 of 120 GC cases: 55.5% EGC, 36.7%
AGQ). Of the 40 normal tissues, the methylation rate using
both assays was 30% (12 of 40 cases). Thus, PS may be a more
sensitive and specific tool than MSP for assessing methylation
status.

Immunohistochemical assessment of COX-2 and
correlation with promoter methylation using
combined MSP and PS

To examine whether aberrant methylation of COX-2 correlated
with loss of expression in GC, immunohistochemistry was
performed. COX-2 protein was not overexpressed in the normal
gastric mucosa. Of 120 GCs, positive expression was observed
in 75.0% (90 of 120: 80% EGC, 70% AGC) of GC cases. Seventeen
cases were unmethylated in the COX-2 gene and 13 cases
showed methylation that did not express the COX-2 protein.
COX-2 promoter methylation determined by combining the
MSP and PS techniques was not significantly associated with
a lack of protein expression, based on immunohistochemical
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staining (P = 0.371). As shown in Table 4, PS revealed COX-
2 promoter methylation in 10 of 30 (33.3%) GCs with negative
COX-2 expression (41.7% of EGCs, 27.8% of AGCs) and in 26 of
00 (28.9%) GCs with positive COX-2 expression. A comparison
between COX-2 expression and COX-2 promoter methylation
indicated that COX-2 methylation was not significantly
correlated with negative COX-2 expression in GCs (P = 0.403).

Association between COX-2 promoter methylation

and clinicopathological variables

H. pylori positivity (n = 41) and negativity (n = 79) was
observed among patients with GC. Promoter methylation of
the COX-2 gene was not correlated with H. pylori infection (P
= 0571). However, COX-2 promoter methylation determined
by combining MSP and PS was closely associated with depth of
invasion (P = 0.003), lymph node metastasis (P = 0.009), distant
metastasis (P = 0.036), and tumor node metastasis staging (P =

Table 5. Association between COX-2 methylation and clinicopathological parameters in 120 cases of gastric carcinoma

COX-2 by IHC COX-2 by MSP COX-2 by PS COX-2 by MSP + PS
Characteristic No.
(=) (+)  P-value u M P-value u M P-value U M P-value
No. of cases 30 90 101 19 84 36 73 37
Age (yr) 0.254 0.589 0.132 0.389
<60 44 13 31 37 7 34 10 28 16
>60 76 17 59 64 12 50 26 45 31
Sex 0346 0.110 0.187 0.091
Male 69 18 51 61 8 51 18 46 23
Female 51 12 39 40 11 33 18 27 24
Tumor size (cm) 0.547 0.418 0.108 0.055
<4 75 19 56 64 11 49 26 41 34
>4 45 11 34 37 8 35 10 32 13
Helicobacter pylori 0.374 0.490 0.226 0.571
Absent 79 21 58 67 12 53 26 48 31
Present 41 9 32 347 31 10 25 16
Histologic type 0.007 0.159 0.421 0.227
Low grade 60 11 49 53 7 43 17 39 21
High grade 60 19 41 48 12 41 19 34 26
Lauren classification 0.031 0.545 0.363 0.311
Intestinal 78 16 62 67 11 57 21 51 27
Mixed 21 4 17 18 3 12 9 12 9
Diffuse 21 10 11 16 5 15 6 10 11
Depth of invasion 0.066 0.128 0.056 0.003*
T1 60 12 48 51 9 36 24 30 30
T2 24 8 16 17 7 17 7 12 12
T3 32 7 25 30 2 28 4 28 4
T4 4 3 1 3 1 3 1 3 1
LN metastasis 0.456 0.329 0.038* 0.009*
Absent 67 16 51 55 12 42 25 34 33
Present 53 14 39 46 7 42 11 39 14
Distant metastasis 0.517 0.077 0.145 0.036*
Absent 106 27 79 87 19 72 34 61 45
Present 14 3 11 14 0 12 2 12 2
TNM stage 0.091 0.395 0.092 0.007*
| 69 24 55 57 12 43 26 34 35
Il 11 6 5 8 7 4 6 5
1 20 6 14 17 17 3 16
\% 20 4 16 19 1 17 3 17 3
IHC, immunohistochemistry; (=), negative expression; (+), positive expression of COX-2 protein; M, methylated; U, unmethylated case;

MSP, methylation-specific polymerase chain reaction; PS, pyrosequencing; LN, lymph node.
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Fig. 2. Survival curve for patients with gastric carcinoma,
according to COX-2 expression by immunohistochemistry (P
=0.383).

0.007) (Table 5). In both EGCs and AGCs, immunohistochemical
overexpression of COX-2 was significantly more common in
intestinal-type than in diffuse-type tumors (P = 0.031). Survival
analysis was performed by logrank analysis of Kaplan-Meier
survival curves (Figs. 2, 3). In the present study, the median
follow-up duration after surgery was 67.8 months (range,
0.9-77.1 months).The overall survival for patients with COX-
2 methylation was significantly lower than that for patients
without COX-2 methylation (P = 0.005).

DISCUSSION

Increased COX-2 methylation has been shown to be a tumor-
related event in GC [18,23]. In the present study, relatively low
levels (10%) of COX-2 methylation were detected in normal
gastric tissues compared with those in GCs using the PS
technique. COX-2 methylation was detected using PA assay in
30% of GCs using the predetermined cutoff level. According to
data obtained from other published reports, a wide range (12%-
63.5%) of COX-2 methylation in GC was observed, depending
on the method of methylation analysis and primer design
used [18,19,23]. The frequency of COX-2 methylation in GC was
15%-40% in the present study, which was similar to other data
from Korean populations [23]. Although subtle methodological
differences could exist among these studies, the methylation
rate was relatively higher, even in normal tissues from patients
without cancer (20.0% by MSP), in the current study.

PS technology provides a quantitative measurement of the
DNA methylation level [17]. The concept of a DNA methylation
level can be confusing, because it has been defined both as the
level of methylated DNA in a genome and as the number of
CpG loci methylated in a specific DNA gene sequence. In the
present study, which may be the first to document quantitative
analysis of COX-2 in GC, the DNA methylation level has been

1.0

.....

0.8 1 -~

0.6 1

0.4

Survival rate

029 — M

=== UM

0 T T T 1
0 20 40 60 80

Time after surgery (mo)

Fig. 3. Survival curve for patients with gastric carcinoma,
according to methylation of COX-2 as determined by
combined methylation-specific PCR and pyrosequencing (P =
0.005). M, methylated; UM, unmethylated case.

considered to be the C/T ratio for a given gene: i.e., the number
of methylated sites in a DNA gene sequence. The DNA mixture
from different types of cells, such as stromal and inflammatory
cells, can mask the true level of DNA methylation at a specific
CpG site in a specific cell type. This is particularly important
for quantitative DNA methylation studies. The potential for
detecting multiple CpG loci with PS allows the levels of DNA
methylation to be compared among multiple CpG loci. Thus,
the present study found similar DNA methylation levels at the
eight CpG loci for the COX-2 promoter in the methylated tumor
DNA samples. This finding of similar methylation topography
in tumors suggests that the epigenetic topography at this locus
is largely stable. The structure in a particular region, chromatin
configuration, or DNA-binding protein interactions may be
responsible for the apparent stability of the pattern across
patients with GC. However, PS has several disadvantages [17].
Above all, the reading length in a single reaction is currently
limited to <100 bp and 20 CpG loci. Owing to difficulties in
primer design, PS cannot always be used to detect certain
regions in a CpG island.

H. pylori is believed to be the major contributing factor to
the development of chronic gastritis and peptic ulcer diseases
in humans, and epidemiological and interventional studies in
humans and experimental animals strongly suggest that H.
pylori infection increases the risk of adenocarcinoma in the
distal stomach [24]. Up-regulation of COX-2 plays a critical role
in the inflammatory changes and tissue damage associated
with chronic H. pylori infection, and is also involved in
gastric tumorigenesis [25]. The expression of COX-2 protein
is significantly higher in patients with GC than in those with
normal gastric mucosa. Thus, COX-2 expression is assumed
to play a key role in H. pylori-associated GC in addition to
the propagation of gastric inflammation. Based on the strict
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criteria used in the present study, positive expression of COX-
2 in GCs was shown in 75% (90 of 120) of samples. Among 120
GC cases tested for H. pylori, 41 (34.2%) were H. pylori-positive,
but 32 (78%) showed COX-2 expression. In contrast to previous
observations, the current study showed that COX-2 expression
did not correlate with H. pylori infection. Despite the apparent
selective advantage given by COX-2 overexpression, results from
the present study and others suggest that COX-2 expression
may not be essential in all cases of gastric carcinogenesis
[26]. Recent studies have documented that H. pylori-induced
inflammation is associated with COX-2 expression [25].
However, no significant correlation between H. pylori and COX-
2 methylation status was found in the present study. Virulence
has been reported to vary among different strains and types of
H. pylori infection, sometimes showing geographic patterns [27].
The expression/activation of reliable H. pylori effector genes in
gastric tissues in the presence and absence of H. pylori infection
should be investigated to exclude possible decreased virulence
of H. pylori strains infecting GCs.

Expression of COX-2 is regulated by positive and negative
regulatory factors. For example, overexpression of COX-2 has
been shown to contribute to tumorigenicity of ras-transformed
intestinal epithelial cells. Oncogenes such as Ras and ¢-Myc
have also been demonstrated to positively regulate COX-2 [28].
By contrast, tumor suppressor genes such as p53 negatively
regulate COX-2. In addition to transcriptional regulation of
the gene, several experimental results have suggested that
epigenetic changes such as DNA methylation affect gene
expression by modifying the chromatin structure [29]. Here,
methylation status of COX-2 tends to be associated with
negative expression of COX-2. In GC cells that do not express
COX-2, a high methylation level of the gene was detected,
indicating that methylation plays a role in regulation of the
gene. An inverse correlation between DNA methylation and
immunohistochemical expression of COX-2 in GC has been
well documented [18]. Transcriptional silencing of COX-2 due to
promoter methylation was also found in 43.1% of patients with
GC [19]. Although immunohistochemistry revealed that 25% (30
of 120) of GCs showed negative expression of COX-2, 13 tumors
with COX-2 methylation maintained COX-2 expression and
17 tumors lacking COX-2 methylation showed negative COX-

2 expression by combined MSP and PS analysis. The genotype-
phenotype discordance in 42.5% (51 of 120) of the cases may
be explained at the molecular level. The observed variation in
COX-2 expression may indicate that it is controlled by other
molecular pathways in a cell type-specific manner. As such,
DNA methylation in the promoter region, but not in the coding
region, has a substantial effect on gene transcription.

The present study provides a more comprehensive picture of
the distribution of DNA methylation throughout the promoter
region of COX-2 in GC. CpG methylation in COX-2 may prove to
be a useful molecular biomarker for assessing the risk for GC
development, and drug therapies targeting COX-2 expression
may improve the prognosis in patients with GC. Considering
the important role of methylation in carcinogenesis,
immeasurable benefits may be gained by adopting a more
quantitative and standardized analytical method, such as PS.

The results of the present study demonstrated that PS is more
sensitive than MSP for determining methylation in epigenetic
research, and that combined PS and MSP results correlate
significantly with clinicopathological factors, such as depth of
invasion, lymph node metastasis, and distant metastasis. The
current study also clearly showed that COX-2 methylation status
revealed significant differences in patients’ overall survival by
univariate analysis of Kaplan-Meier survival curves. The clinical
applicability of the present study is that the GC characteristic of
COX-2 methylation status can be assessed in routine diagnostic
biopsy specimens and used as a valuable preoperative
biomarker to tailor treatment modalities at the time of surgery
to patients with GC. To date, no such preoperative biomarker is
available in GC.

In conclusion, aberrant methylation of COX-2 may play a
role in the regulation of gene expression. Furthermore, COX-2
methylation could be a significant prognostic factor predicting
a favorable effect on outcomes in patients with GC when
downregulated.
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