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Abstract

Background This study aimed to investigate the changes in

the promoter methylation and gene expression of multiple

Wnt antagonists between the chronic infection and eradi-

cation of Helicobacter pylori (H. pylori) in gastric

carcinogenesis.

Methods The levels of methylation and corresponding

mRNA expression of seven Wnt antagonist genes (SFRP1,

-2, -5, DKK1, -2, -3, WIF1) were compared among the

patients with H. pylori-positive gastric cancers (GCs), and

H. pylori-positive and H. pylori-negative controls, by

quantitative MethyLight assay and real-time reverse tran-

scription (RT)-polymerase chain reaction (PCR), respec-

tively. The changes of the methylation and expression

levels of the genes were also compared between the H.

pylori eradication and H. pylori-persistent groups 1 year

after endoscopic resection of GCs.

Results The methylation levels of SFRP and DKK

family genes were significantly increased in the patients

with H. pylori-positive GCs and followed by H. pylori-

positive controls compared with H. pylori-negative

controls (P\ 0.001). SFRP1, -2, and DKK3 gene

expression was stepwise downregulated from H. pylori-

negative controls, H. pylori-positive controls, and to H.

pylori-positive GCs (P\ 0.05). Among the Wnt antag-

onists, only the degrees of methylation and downregu-

lation of DKK3 were significantly reduced after H.

pylori eradication (P\ 0.05).

Conclusion Epigenetic silencing of SFRP and DKK family

genes may facilitate the formation of an epigenetic field

during H. pylori-associated gastric carcinogenesis. The

epigenetic field may not be reversed even after H. pylori

eradication except by DKK3 methylation.

Keywords Helicobacter pylori � Wnt signaling pathway �
Intercellular signaling peptides and proteins � DNA
methylation � Stomach neoplasms

Introduction

Worldwide, gastric cancer (GC) ranks fifth in incidence

and third in mortality with 0.9 million cases and

0.7 million deaths estimated in 2012 [1]. In eastern Asia

especially, half the world’s cases occur and the morality

rates are highest. In Korea and Japan, the majority of GC

is detected early by nationwide cancer screening [2, 3],

and endoscopic resection has become an effective

alternative to surgery for indicated cases of early gastric

cancers (EGCs) [4, 5]. However, the risk of development
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of metachronous GC in the remnant stomach after

endoscopic resection is 6.7 times higher than in surgical

resection [6], which suggests that the remnant gastric

mucosae in patients with GC has already been affected

by certain carcinogenic changes, forming a field of

cancerization [7].

Aberrant DNA methylation is deeply involved in gastric

carcinogenesis as a major mechanism of epigenetic alter-

ation [8]. Inactivation of tumor suppressor genes by pro-

moter hypermethylation was observed in GC [9], which

was also induced by Helicobacter pylori (H. pylori)

infection [10]. The levels of methylation were increased in

noncancerous gastric mucosae of patients with GC and

higher in cases with multiple GCs [11], which suggested

that H. pylori infection could induce an epigenetic field for

cancerization [12]. However, little has been known as to

how the epigenetic field for GC is affected by the eradi-

cation of H. pylori [13, 14].

The Wnt/b-catenin pathway has been known to have a

crucial role in the development of GC [15, 16]. Acti-

vation of the Wnt/b-catenin pathway is enhanced by H.

pylori infection [17] and partly attenuated by H. pylori

eradication [18]. Several studies have shown that the

Wnt/b-catenin pathway was activated by epigenetic

inactivation of various Wnt antagonists such as the

secreted frizzled-related protein (SFRP) family [19, 20],

DICKKOPF (DKK) family [21], and Wnt inhibitory

factor-1 (WIF1) [22] in human GCs. However, there has

been no comprehensive study on promoter methylation

and the subsequent downregulation of multiple Wnt

antagonists in the noncancerous gastric mucosae of GC

patients. Furthermore, whether the epigenetic field of

Wnt antagonists is influenced by H. pylori infection and

eradication has not been explored.

In this study, we aimed to evaluate whether epige-

netic fields of Wnt antagonists are formed during gas-

tric carcinogenesis and affected by H. pylori infection

and eradication. First, we investigated the levels of

promoter methylation and corresponding mRNA

expression of seven Wnt antagonist genes (SFRP1, -2, -

5, DKK1, -2, -3, and WIF1) in H. pylori-associated

gastric carcinogenesis, represented as H. pylori-nega-

tive controls, H. pylori-positive controls, and H. pylori-

positive patients with GCs. To assess the effect of H.

pylori eradication as well as H. pylori infection, we

modified the design by Maekita et al. [10] and focused

on H. pylori-positive GCs. Then, to evaluate the effect

of H. pylori eradication on the possible regression of

the field, we compared changes in the gene methylation

and mRNA expression levels between H. pylori eradi-

cation and persistence in patients 1 year after endo-

scopic resection of EGC.

Methods

Subjects and tissue samples

This study included 60 patients withH. pylori-positive GCs,

36 H. pylori-positive controls, and 36 H. pylori-negative

controls. Among the patients with GCs, 30 patients were in

the eradication group and the remaining 30 were the per-

sistence group. Outpatients or screening recipients who

underwent upper endoscopy and were diagnosed as normal

or gastritis constituted the control group.

During endoscopy, two pieces of gastric mucosa were

taken from the antrum and the corpus, respectively, for

histological evaluation of inflammatory cell infiltration,

atrophy, and intestinal metaplasia according to the updated

Sydney scoring system [23]. The status of H. pylori was

evaluated by both histology with modified Giemsa staining

and a rapid urease test (CLO test; Delta West, Bently,

Australia). H. pylori infection was considered as positive

when at least one of the two results was positive [24].

Two biopsy samples for promoter methylation and

mRNA expression analyses were obtained from antral

mucosae of the control subjects. In the GC patients, two

pieces of noncancerous antral mucosa were taken at base-

line and after 1 year of endoscopic resection and subse-

quent H. pylori eradication or follow-up, respectively. This

study was approved by the Institutional Review Board of

Seoul National University Hospital (H-1405-003-574), and

written informed consent was obtained from all subjects.

DNA extraction, bisulfite modification,

and MethyLight assay

DNA was extracted from gastric mucosae and modified with

sodium bisulfite as previously described [25]. In brief, speci-

mens were dissolved in proteinase K solution [20 mmol/l

Tris-hydrochloride (pH 8.0), 10 mmol/l EDTA, 0.5% sodium

dodecyl sulfate, and 20 mg/ml proteinase K] followed by

DNA isolation using phenol/chloroform extraction and etha-

nol precipitation. Genomic DNA of 1 lg was bisulfite mod-

ified using the EZ DNA Methylation Kit (Zymo Research,

Irvine, CA, USA) following the manufacturer’s instructions.

The methylation status of seven Wnt antagonist genes

from bisulfite-modified DNA samples was quantified using

real-time polymerase chain reaction (PCR)-based Methy-

Light technology as previously reported [25–27]. Methy-

Light, as a sensitive, high-throughput methylation assay,

provides highly specific detection of methylation by using

probes that cover methylation sites as well as methylation-

specific primers [27]. The primer and probe sequences used

in the reaction are shown in Supplement Table S1 [28–31].

The quantified level of each gene was reported as a
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percentage of methylated reference (PMR), which is the

relative methylation ratio of the target gene to the ALU

gene of a sample divided by a ratio of the target gene to the

ALU gene of sodium bisulfite and CpG methyltransferase

(M.SssI)-treated sperm DNA and multiplied by 100 [27].

All samples were tested in triplicate.

RNA extraction and quantitative reverse

transcription (RT)-polymerase chain reaction (PCR)

Gastric mucosae were homogenized followed by RNA

isolation using Trizol Reagent (Invitrogen, Carlsbad, CA,

USA) according to the manufacturer’s instructions. Com-

plementary DNA was synthesized from 1 lg total RNA

with M-MLV reverse transcription reagent (Invitrogen),

and 4 ll of resulting cDNA was amplified in 10 ll 2X

SYBR Green master mix (Takara Bio, Shiga, Japan) using

ABI PRISM 7000 Sequence Detection System (Applied

Biosystems, Foster City, CA, USA). The primer sequences

and reaction conditions are presented in Supplement

Table S2 [32–37]. Relative gene expression was deter-

mined by the 2-DDCt method, and the human GAPDH gene

was used as an endogenous reference [38]. All samples

were tested in duplicate.

Immunohistochemistry

To evaluate the cytoplasmic and nuclear stain of b-catenin
that suggests activation of the Wnt/b-catenin pathway,

immunohistochemistry (IHC) was performed. Because of

the limited availability of formalin-fixed, paraffin-embed-

ded tissues, three cases from each group were stained with

a monoclonal antibody for b-catenin (BD Biosciences, San

Diego, CA, USA; dilution 1:800) using Ventana Bench-

Mark XT staining systems (Ventana Medical Systems,

Tucson, AZ, USA) as previously described [39].

The expression of b-catenin was evaluated semiquanti-

tatively based on previous reports [17, 18, 40]. For evalu-

ation of the membranous stain, H. pylori-negative controls

were set as reference. Membranous expression of b-catenin
in the H. pylori-positive controls or GCs was considered as

‘maintained’ when both the intensity and the frequency

were similar to those in the H. pylori-negative controls,

‘reduced’ when the staining was decreased, and ‘absent’

when membranous staining are not observed. In the eval-

uation of cytoplasmic and nuclear stain, low- and high-

level expression was defined as\10% and[10% of cells

with positive cytoplasmic or nuclear b-catenin staining.

Statistical analysis

For comparison between GC and controls, the Kruskal–

Wallis or Mann–Whitney U test for continuous variables,

and Pearson’s chi-squared test or Fisher’s exact test for the

categorical variables, were used. The gene methylation or

expression levels at baseline and at 1-year follow-up were

compared using the Wilcoxon signed-rank test for contin-

uous variables and the McNemar test for categorical vari-

ables. All statistical analyses were performed with SPSS

(version 21.0; SPSS, Chicago, IL, USA). P\ 0.05 was

considered significant.

Results

Subject characteristics

Clinicopathological characteristics of the study subjects are

summarized in Table 1. There were significant differences

in demographics among the H. pylori-negative and H.

pylori-positive controls and the patients with H. pylori-

positive GCs. The patients with H. pylori-positive GCs

were oldest [median, 60.2 years; interquartile range (IQR),

53.5–68.1] and most likely to be male (65%, 39/60), fol-

lowed by H. pylori-positive controls and then H. pylori-

negative controls (both P\ 0.001). Histological charac-

teristics were also different among the groups. The infil-

tration of neutrophils and monocytes was more prominent

in the gastric mucosae of the patients with H. pylori-pos-

itive GCs and controls than in those of H. pylori-negative

controls (both P\ 0.001). In addition, intestinal meta-

plasia was more severe in the patients with GCs than in the

controls (P\ 0.001).

Aberrant DNA methylation and reduced mRNA

expression of Wnt antagonists in H. pylori-associated

gastric carcinogenesis

The methylation levels of seven Wnt antagonist genes in

gastric samples of the three groups were quantified. In the

MethyLight assay, methylation levels of SFRP and DKK

family genes in the gastric mucosae were very low in H.

pylori-negative controls with median PMR values less

than 5 (Fig. 1a–f; Supplement Table S3). They were

increased in H. pylori-positive controls, with median

PMR values up to 12.4 and became highest in the non-

cancerous mucosae of H. pylori-positive GCs, although

the methylation levels were quite variable among the

cases, and genes with median PMR values ranged

between 8.2 and 34.1. The stepwise increment in the

methylation levels of the genes from H. pylori-negative

controls, H. pylori-positive controls, and H. pylori-posi-

tive GCs were statistically significant (all P\ 0.001).

Although the methylation level of WIF1 was increased

with H. pylori infection, it was rather decreased to a

lower level in patients with GCs (Fig. 1g).
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Next, mRNA expression levels of Wnt antagonists were

compared among the three groups. In real-time RT-PCR,

levels of mRNA expression of SFRP and DKK family

genes were downregulated in H. pylori-positive controls

compared to H. pylori-negative controls and decreased

further in the noncancerous mucosae of patients with H.

pylori-positive GCs (Fig. 1a–f). In particular, reduction of

gene expression was statistically significant in SFRP1, -2,

and DKK3 genes (all P\ 0.05).

In IHC staining for b-catenin, all three cases in the H.

pylori-negative controls showed almost exclusively mem-

branous stain and negativity for cytoplasmic or nuclear

stain (Fig. 2a). All three cases of H. pylori-positive con-

trols showed low-level expression of cytoplasmic and

nuclear b-catenin, although membranous staining was

maintained (Fig. 2b). In three H. pylori-positive patients

with GC, two cases showed high-level expression and the

one remaining case showed low-level expression of cyto-

plasmic and nuclear b-catenin, but membranous staining

was also maintained in all cases compared to H. pylori-

negative controls (Fig. 2c, d).

Effect of H. pylori eradication on DNA methylation

and mRNA expression of Wnt antagonists

The patients with H. pylori-positive GC were divided into

eradication and persistence groups. Although baseline

characteristics were not different between the two groups

(all P[ 0.05), the difference in the pathological charac-

teristics in the gastric mucosae became prominent at 1-year

follow-up (Table 2). Neutrophil and monocyte infiltration

was less prominent (both P\ 0.001), and atrophy was less

severe (P = 0.045) in the eradication group than in the

persistent group, although severity of intestinal metaplasia

was similar between the groups.

Methylation levels of Wnt antagonists were not reduced

at 1 year after H. pylori eradication compared to the

baseline value (Fig. 3a–e, g), except for the methylation

level of DKK3, which was significantly decreased in the

eradication group (P = 0.017) although it was not in the

persistent group (Fig. 3f). Rather, there were tendencies of

increasing levels of DNA methylation of SFRP1, -2, -5 and

DKK1 and -2 genes irrespective of H. pylori eradication

(Supplement Table S3). The levels of mRNA expression of

these genes were significantly reduced in both the eradi-

cation and persistent groups (Fig. 3a). However, the

expression of DKK3 at 1 year after H. pylori eradication

was similar to the baseline value and significantly less

reduced in the eradication group than in the persistent

group (P = 0.023) (Fig. 3f).

There were no apparent changes in the expression of

cytoplasmic and nuclear b-catenin between baseline and

follow-up in both the eradication group (Fig. 2c, e) and the

persistent group (Fig. 2d, f).

Discussion

In the present study, we evaluated the formation of an

epigenetic field for cancerization of Wnt antagonists during

H. pylori-associated gastric carcinogenesis. The Methy-

Light assay, quantitative methylation-specific PCR,

Table 1 Clinicopathological characteristics of study subjects

Hp-negative controls (n = 36) Hp-positive controls (n = 36) Hp-positive GCs (n = 60) P value

Age, median (IQR), years 45.5 (31.8–61.5) 49.5 (40.0–57.8) 60.2 (53.5–68.1) \0.001

Sex, n (%) \0.001

Female 27 (75.0) 25 (69.4) 21 (35.0)

Male 9 (25.0) 11 (30.6) 39 (65.0)

Neutrophils, n (%) \0.001

None to mild 33 (91.7) 3 (8.3) 2 (3.3)

Moderate to severe 3 (8.3) 33 (91.7) 58 (96.7)

Monocyte, n (%) \0.001

None to mild 28 (72.2) 1 (2.8) 6 (10.0)

Moderate to severe 10 (27.8) 35 (97.2) 54 (90.0)

Atrophy, n (%) 0.135

None to mild 20/22 (90.0) 22/24 (91.7) 37/47 (78.7)

Moderate to severe 2/22 (9.1) 2/24 (8.3) 10/47 (21.3)

Intestinal metaplasia, n (%) \0.001

None to mild 36 (100) 36 (100) 28 (46.7)

Moderate to severe 0 (0) 0 (0) 32 (53.3)

Hp Helicobacter (H.) pylori; GC gastric cancer; IQR interquartile range
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Fig. 1 DNA methylation levels

and corresponding mRNA

expression levels in the seven

Wnt antagonist genes: SFRP1

(a), SFRP2 (b), SFRP5 (c),
DKK1 (d), DKK2 (e), DKK3 (f),
and WIF1 (g) among

Helicobacter pylori-negative

controls, H. pylori-positive

controls, and H. pylori-positive

patients with gastric cancers.

Results of DNA methylation are

given as medians and

interquartile ranges. Results of

mRNA expression are presented

as fold change compared to H.

pylori-negative controls and

standard deviations. With H.

pylori-associated gastric

carcinogenesis, methylation

levels in SFRP1, -2, -5 and

DKK1, -2, and -3 were

significantly increased, and

mRNA expression levels in

SFRP 1, SFRP 2, and DKK3

were significantly reduced.

PMR percentage of methylated

reference; Hp Helicobacter (H.)

pylori; GC gastric cancer
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revealed that methylation levels of SFRP and DKK family

gene promoters were increased in the noncancerous

mucosae of the patients with H. pylori-positive GCs, which

were higher than H. pylori-positive controls and even

higher than H. pylori-negative controls. Real-time RT-PCR

showed corresponding stepwise downregulation of SFRP1,

-2, and DKK3 gene expression from H. pylori-negative

controls to H. pylori-positive controls and then to H.

pylori-positive GCs. The effects of H. pylori eradication on

the field were also explored. Among the Wnt antagonists,

the degree of methylation and downregulation were sig-

nificantly reduced only in DKK3.

The epigenetic field in gastric carcinogenesis is

becoming an important issue as endoscopic resection has

become widely performed for the treatment of EGC [4, 5].

This stage has occurred because not only is the risk of

metachronous recurrence highly increased after endoscopic

resection [6], but such recurrence also has an important

effect on the prognosis of the patients [41]. Epigenetic

alteration has been suggested as a possible mechanism for

field cancerization. Previous studies showed that methyla-

tion-dependent silencing of tumor suppressor genes such as

p16, CDH1, and THBD was present and associated with H.

pylori infection in noncancerous gastric mucosae of GC

patients [8, 12, 42]. Recently, a relationship has emerged

on the Wnt/b-catenin and H. pylori infection in gastric

carcinogenesis [43]. The Wnt/b-catenin pathway was also

implicated in GC by epigenetic silencing of multiple Wnt

antagonists [19–22]. However, the formation of an epige-

netic field of Wnt antagonists in H. pylori infection and

Fig. 1 continued
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Fig. 2 Representative immunohistochemical staining for b-catenin.
9200. a Gastric mucosae of H. pylori-negative control showed

continuous membranous staining without cytoplasmic or nuclear

expression of b-catenin. b Gastric mucosae of H. pylori-positive

control demonstrated both maintained membranous staining and low-

level expression of cytoplasmic and nuclear stating of b-catenin. c,
d Noncancerous mucosa of H. pylori-positive patients with gastric

cancers revealed high-level expression of cytoplasmic and nuclear b-
catenin as well as maintained membranous staining. e One-year

follow-up sample of the case c after H. pylori eradication. f One-year
follow-up sample of the case d with persistent H. pylori infection.

There were no apparent changes in cytoplasmic and nuclear b-catenin
staining and membranous staining between baseline and follow-up

irrespective of H. pylori eradication

Helicobacter pylori-induced modulation of the promoter methylation of Wnt antagonist genes… 243

123



gastric carcinogenesis and the effect of H. pylori eradica-

tion on the field have not been investigated. Moreover,

most previous studies were limited in that they utilized a

nonquantitative method to detect promoter methylation.

In our study, H. pylori infection was associated with

promoter methylation and downregulation of all Wnt

antagonist genes. IHC staining showed increased expres-

sion of cytoplasmic and nuclear b-catenin. These findings

are consistent with a previous study [17] that showed H.

pylori infection led to b-catenin nuclear accumulation, and

we additionally found that H. pylori-induced dysregulation

of b-catenin might be mediated by methylation-dependent

silencing of Wnt antagonists. We also showed that the

levels of promoter methylation of the SFRP and DKK

family genes was higher and their mRNA expression was

lower in the noncancerous mucosae of H. pylori-positive

GC patients than in H. pylori-positive controls. These

findings corroborate previous studies of SFRP and DKK

family genes on GC cell lines and tissues [19–21]. Our

study further demonstrated that these epigenetic inactiva-

tions were also observed in noncancerous gastric mucosae

of GC cases, which is also supported by IHC staining that

demonstrated more prominent and frequent nuclear b-
catenin staining in GC cases. This finding may explain the

observation in IHC staining that demonstrated low- to

high-level cytoplasmic and nuclear b-catenin staining in

the noncancerous mucosa of H. pylori-positive patients

with GCs, although the number of samples was too small

and the expression was evaluated semiquantitatively.

Taken together, our results suggest that SFRP and DKK

family genes may be involved in the formation of an epi-

genetic field in H. pylori-associated gastric carcinogenesis.

However, there are two points that should be considered

in the interpretation of the aberrant DNA methylation of

SFRP and DKK family genes in noncancerous mucosae of

H. pylori-positive GC. First, methylation levels of those

genes were highly variable. Similar findings were observed

in a previous study [10]. This variation seems to occur

because aberrant methylation develops in only a fraction of

cells, as suggested. Second, DNA methylation is closely

associated with the presence of intestinal metaplasia of

gastric mucosae. It was reported that hypermethylation of

THBD, HAND1, and APC was associated with intestinal

metaplasia [42]. In our study, intestinal metaplasia was

more severe in the mucosae of GC patients than in the

controls. Thus, the increased level of methylation in Wnt

antagonist genes may also be associated with the severity

of metaplasia. Further study is required whether DNA

methylation of Wnt antagonist genes is associated with

intestinal metaplasia in patients without GCs.

It was noteworthy that methylation levels of WIF1 in

patients with GCs were lower than those in H. pylori-

positive and H. pylori-negative controls, whereas they were

higher in the H. pylori-positive controls then in the H.

pylori-negative controls. In a prior study, frequent hyper-

methylation and downregulation of WIF1 were observed in

GC cell lines and tissues [22]. This finding may be inter-

preted that epigenetic silencing of WIF1 may emerge after

Table 2 Clinicopathological difference between Helicobacter pylori eradication and persistent groups

Hp eradication group (n = 30) Hp persistent group (n = 30) P value*

Baseline 1-year follow-up Baseline 1-year follow-up

Age, median (IQR), years 61.7 (51.7–68.4) 59.5 (54.7–66.1)

Sex, n (%)

Female 9 (30.0) 12 (40.0)

Male 21 (70.0) 18 (60.0)

Neutrophils, n (%) \0.001

None to mild 1 (3.3) 30 (100.0) 1 (3.3) 0 (0.0)

Moderate to severe 29 (96.7) 0 (0.0) 29 (96.7) 30 (100.0)

Monocytes, n (%) \0.001

None to mild 3 (10.0) 14 (46.7) 3 (10.0) 0 (0.0)

Moderate to severe 27 (90.0) 16 (53.3) 27 (90.0) 30 (100.0)

Atrophy, n (%) 0.045

None to mild 19/24 (79.2) 18/25 (72.0) 18/23 (78.3) 10/23 (43.5)

Moderate to severe 5/24 (20.8) 7/25 (28.0) 5/23 (21.7) 13/23 (56.5)

Intestinal metaplasia, n (%) 0.184

None to mild 13 (43.3) 14 (46.7) 15 (50.0) 9 (30.0)

Moderate to severe 17 (56.7) 16 (53.3) 15 (50.0) 21 (70.0)

Hp H. pylori, IQR interquartile range

* One-year follow-up results between H. pylori eradication and persistent groups were compared
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Fig. 3 DNA methylation levels

and corresponding mRNA

expression levels in the seven

Wnt antagonist genes: SFRP1

(a), SFRP2 (b), SFRP5 (c),
DKK1 (d), DKK2 (e), DKK3 (f),
and WIF1 (g) in H. pylori-

positive patients with gastric

cancers at baseline and 1-year

follow-up in whom H. pylori

was eradicated (Hp eradication)

or not (Hp persistent). After H.

pylori eradication, methylation

level only in DKK3 was

significantly reduced

(P = 0.017). Accordingly,

mRNA expression level of

DKK3 was significantly less

reduced in the eradicated group

(Hp eradication) than in the

persistent group (Hp persistent)

(P = 0.023). PMR percentage

of methylated reference, Hp H.

pylori
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the development of GC rather than before cancer devel-

opment or during the formation of epigenetic field.

Few studies conducted controlled comparison between

eradication and persistent groups in the evaluation of the

effect of H. pylori eradication on promoter hypermethyla-

tion as we performed in the present study [25]. In our

study, increased methylation levels of DKK3 were

decreased, although those of SFPR and other DKK family

genes were not, at 1 year after H. pylori eradication. This

finding is consistent with a prior longitudinal study that

showed that H. pylori eradication reduced methylation

levels in LOX but not in APC [14], suggesting that the

effect of H. pylori eradication on the reduction of aberrant

DNA methylation may be gene specific. It is interesting

that mRNA levels of SFRP1, -2, -3 and DKK1 and -2 were

significantly downregulated at 1-year follow-up from the

baseline in both eradication and persistent groups. These

changes may be explained by the tendencies of increasing

methylation levels of these genes observed in both the

eradication and persistent groups, although the extent of

increased methylation levels was not significantly high

(Supplement Table S4). Another possible explanation

could be that an epigenetic mechanism other than DNA

methylation, such as histone modification, might have also

involved in the reduced mRNA expression [44]. Never-

theless, these results may suggest that H. pylori eradication

Fig. 3 continued
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could not lead to reduced DNA methylation and increased

mRNA expression in those genes, at least in 1 year of

follow-up. Because aberrant cytoplasmic and nuclear b-
catenin was not decreased, it may be suggested that, once

the epigenetic field of Wnt antagonists had been generated,

it may persist even after H. pylori eradication, at least for

1 year. In the follow-up sample, mucosal atrophy and

inflammatory cell infiltration were more severe in the

persistent group than in the eradication group. Ongoing

inflammation induced by persistent H. pylori infection

could have resulted in aggravated mucosal atrophy. Thus,

further study may be warranted to elucidate whether these

differences may lead to a difference in the DNA methy-

lation levels of SFRP and DKK family genes other than

DKK3 in the longer-term follow-up.

The strengths of this study include adoption of quanti-

tative methods in the evaluation of DNA methylation and

mRNA expression and controlled design comparing H.

pylori eradication with persistent groups. However, there

are also some limitations. First, we did not include patients

with H. pylori-negative GC. It is known that noncancerous

gastric mucosae of H. pylori-negative patients with GC are

at higher risk of developing metachronous cancer than

those of H. pylori-positive patients [45]. Although our

study has an advantage in involving a H. pylori eradication

group, the presence of H. pylori-negative patients with GC

could have provided additional insights in gastric car-

cinogenesis as in the previous studies [10, 42]. Second,

IHC staining was conducted on only three cases and

assessed semiquantitatively. For more exact evaluation,

quantitative assessment using the ratio of b-catenin
expression for the entire cohort of cases should have been

done. In addition, immunofluorescence is necessary to

evaluate accurately the changes in b-catenin expression

patterns. Thus, caution is required when interpreting the

results of IHC of the present study.

In conclusion, epigenetic silencing of SFRP and DKK

family genes may mediate the formation of the epigenetic

field during H. pylori-associated gastric carcinogenesis.

Although most of these changes may persistent even after

H. pylori eradication once the field has been developed,

methylation of DKK3 may be reversed by H. pylori erad-

ication in GC patients.
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