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Abstract
Background and Aim: Hypermethylation of Wnt antagonist genes has been found in several cancers. Gastric adenoma is a
premalignant lesion of gastric adenocarcinoma (GAC). In the present study, we aimed to determine how Wnt signaling plays a
role in the pathogenesis of GAC.
Methods: We investigated the relationship among the pathological characteristics of gastric neoplasia, β-catenin mutational
status, and expression and methylation status of Wnt antagonist genes by comparing low-grade adenomas (LGAs), high-grade
adenomas (HGAs), GACs and corresponding normal gastric tissues (NGTs).
Results: Abnormal expression of β-catenin in NGTs, LGAs, HGAs and GACs was 4.2%, 41.7%, 83.3% and 91.7%, respectively. Only one was detected exon 3 of β-catenin mutation in GACs. The mRNA expression levels of Wnt antagonist genes,
including APC, sFRP-1, Wif-1 and Dkk-1, were significant decreased in GACs compared to LGAs. Compared to NGTs and
LGAs, promoter methylation levels of the four genes were significantly elevated in GACs and HGAs. However, there was
no significant difference between HGAs and GACs. Methylation of the four genes correlated with abnormal expression of
β-catenin. The number of concurrently methylated genes increased from NGTs to GACs; GACs and HGAs had more concurrently methylated genes than NGTs and LGAs. The levels of methylation of the above genes correlated with the degree of local
inflammation.
Conclusions: Hypermethylation of Wnt antagonist genes may play an important role in gastric tumorigenesis, and could be an
attractive target for management of gastric neoplasia at risk of progression to cancer.

Abbreviations
GA =Gastric adenoma, GAC=gastric adenocarcinoma, LGAs=low-grade adenomas, HGAs=high-grade adenomas, NGTs=normal
gastric tissues, IM=Intestinal metaplasia, GED=gastric epithelial dysplasia, sFRPs=secreted Frizzled-related proteins, WIF-1= Wnt
inhibitory factor-1, DKKs=DICKKOPFs, TCF/LEF=T cell factor/lymphoid enhancer factor, RT-PCR=Reverse transciption-PCR, qRTPCR=quantitative reverse transcription-PCR
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Introduction

and expression and methylation status of Wnt antagonist genes.

Gastric cancer is still regarded as one of the most frequent
and lethal types of cancer worldwide. To prevent the disease, an
understanding of the etiological factors and the mechanisms in its
early phase is required. Gastric adenocarcinoma (GAC), in most
cases, represents the culmination of an inflammation–metaplasia–
dysplasia–carcinoma sequence [1]. Intestinal metaplasia (IM) and
gastric epithelial dysplasia (GED) lesions, which confer a high risk
for the development of gastric cancer, are neoplastic precancerous
lesions. Gastric adenoma (GA) is a rare neoplastic growth that is
characterized by localized polypoid proliferation of dysplastic epithelium that tends to progress to infiltrating adenocarcinoma and
is associated with a high risk of adenocarcinoma elsewhere in the
stomach [2]. GA is considered a more specific premalignant lesion
than atrophic gastritis alone [3]. Therefore, it is helpful to understand the progression from GA to GAC and to identify the genes
responsible for its onset.

Methods

Established events during the progression of adenoma to
carcinoma are the loss of tumor suppressor TP53, and constitutive
activation of KRAS and the Wnt pathway [4]. The Wnt signaling pathway plays an important role in tumorigenesis and tumor
development [5]. Canonical Wnt signaling activation is involved
in the accumulation of β-catenin by inhibiting its degradation, and
promotes the transcription of several target genes through interaction with the T cell factor/lymphoid enhancer factor (TCF/LEF)
[6]. Aberrant activation of Wnt signaling has been reported in various human malignancies [5,7–9]. Recently, we found that hypermethylation of APC promoter, instead of mutations involving APC
and β-catenin, may play a role in the development and progression
of GA, contributing to moderate activation of Wnt signaling [10].
However, methylation of various genes has been observed in many
cases of GAC. Next to activation of the Wnt signaling pathway via
inactivation of the APC gene (e.g. by mutation, deletion or hypermethylation), methylation- mediated silencing of other upstream
Wnt signal-regulating genes may present an alternative mechanism of constitutive Wnt pathway activation in GAC [11,12].
Wnt antagonists, including members of the destruction complex for β-catenin (APC and Axin-2), are commonly mutated and
demonstrate a high frequency of aberrant promoter methylation
[13–16]. In addition, epigenetic silencing of extracellular Wnt antagonists, such as secreted Frizzled-related proteins (sFRPs), Wnt
inhibitory factor (WIF)-1 and DICKKOPFs (DKKs) may contribute
to the stabilization and accumulation of β-catenin in cancers, with
or without mutational activation of Wnt/β-catenin signaling.[17–
21]. Methylation plays an important role in GAC development and
many genes have altered methylation patterns in the tumor compared to normal gastric mucosa. Therefore, we assessed (1) how
the methylation status of Wnt antagonist genes changed between
GA and GAC, and (2) the relationship between the pathological
characteristics of gastric neoplasia, β-catenin mutational status,
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Specimens
This study was approved by the local ethics committee.
Twenty-four samples of primary GACs and corresponding normal
gastric tissues (NGTs) were obtained by radical or partial gastrectomy. Samples of 24 low-grade adenomas (LGAs) and 24 highgrade adenomas (HGAs) were obtained from 48 patients undergoing gastroscopic polypectomy. Corresponding periadenomatous
NGTs were obtained by endoscopic gastric biopsies. Histological
analysis of selected biopsy materials showed that these samples
contained 40–80% of epithelial tissues. The cases were grouped
according to the Vienna Classification [22]. In the periadenomatous NGTs, grade of inflammation, glandular atrophy, and intestinal metaplasia were classified according to the updated Sydney
System [23]. Half of each specimen was fixed in 10% buffered
formalin (pH 7.0) and embedded in paraffin wax. Sections (5 μm)
were stained with hematoxylin and eosin for histological evaluation. Snap-frozen samples were stored at −80°C until analysis.

Immunohistochemistry
Five-micrometer-thick sections from formalin-fixed, paraffin-embedded (FFPE) tissues were used for immunohistochemical staining with anti-β-catenin (dilution 1:200; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and incubated for 2 h at room
temperature. The avidin¬–biotin–peroxidase complex procedure
(ABC standard; Vector Laboratories, Burlingame, CA, USA) was
performed. Peroxidase activity was detected with 3,3’-diaminobenzidine tetrachloride as the substrate.
β-catenin was expressed in the cytoplasm and cell membrane. The immunoreactive score (IRS) of β-catenin was compiled
semiquantitatively. Staining intensity of β-catenin was classified
as: 0, no staining; 1, weak; 2, moderate; and 3, strong. The area of
positivity was assessed by providing values of 0 (focal or <10%),
1 (10–30%), 2 (30–50%) and 3 (>50%). The IRS was calculated
by adding staining intensity and the percentage of positivity, which
could range from 0 to 6. It was classified as “weak” pattern if IRS
was <3; otherwise, it was classified as “strong” pattern. When the
immunohistochemical test showed both strong membrane staining
and weak cytoplasmic staining, this was classified as the “normal”
pattern, and samples with other staining patterns were classified as
a “disordered” pattern. Immunostaining of β-catenin was assessed
by 2 independent observers blinded to patient clinical outcome and
local staging.

DNA and RNA isolation
DNA and RNA from cell lines were isolated using TRIzol
Reagent (Life Technologies, Breda, The Netherlands) [24]. DNA
from FFPE material was isolated after macro-dissection as deVolume 2017; Issue 06

Citation: Wang Z, Ye Y, Wei J, Yuan B, Wang H, et al. (2017) Hypermethylation of Multiple Wnt Antagonist Genes in Gastric Neoplasia: Novel Mechanism of Gastric
Tumorigenesis. J Dig Dis Hepatol 2017: JDDH-137. DOI: 10.29011/2574-3511. 000137.

scribed previously [25].

Analysis of the β-catenin gene
For β-catenin, a genomic polymerase chain reaction (PCR)
fragment including exon 3, which was previously found to contain activating mutations, was amplified as described previously
[26]. The PCRs were performed in the presence of high-fidelity
Primestar DNA polymerase (HotStart version; TaKaRa, Dalian,
China). Direct sequencing was performed using an ABI 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). PCR
and sequence analysis of mutated samples were repeated twice to
exclude PCR errors.

Reverse transciption-PCR (RT-PCR) and quantitative
RT-PCR (qRT-PCR) analysis
RT-PCR analysis of APC, sFRP-1, DKK-1 and WIF-1 expression was performed using cDNA synthesized from 1 μg of total RNA. The PCR products were analyzed on a 2% agarose gel.
qRT-PCR was performed using iCycler with the iQ SYBR Green
Supermix (Bio-Rad) and the same gene-specific primers; β-actin
was used as an internal control [27]. The relative quantity of the
transcripts was calculated by the formula 2−∆∆Ct, where ∆Ct was
determined by subtracting the average β-actin Ct value from the
average target Ct value.

using the t-test and Welch’s method (2-sided). The categorical
variables were analyzed using the χ2 or Fisher’s exact test. Multivariate analysis for dependent categorical variables was performed
by binomial logistic regression analysis. P < 0.05 was considered
statistically significant. All data were analyzed with SPSS for Windows version 13.0 (SPSS, Chicago, IL, USA).

Results
Clinical and histological characteristics
The clinical and histological characteristics of the patients
are shown in Table 1. There were n men and n women, with a
mean age of 56 years (range: n–n years). Adenomas were more
prevalently polypoid than flat. The mean adenoma size was 9.4
mm (range: 6–25 mm). The majority of cases were <10 mm. There
were various grades of inflammation in all periadenomatous NGTs,
but there were 5 cases of NGTs accompanying intestinal metaplasia and 3 cases accompanying glandular atrophy. The grade of inflammation was significantly related to size (P = 0.000) and grade
(P = 0.006) of GAs.
Total cases
(n=48)
Variables

n (%)

Methylation-specific PCR (MSP)
Genomic DNA was modified with sodium bisulfite using
a commercial kit (Invitrogen, Carlsbad, CA, USA). The targeted
genes used in this study were APC, sFRP-1, DKK-1 and WIF-1
The first universal primer set covered no CpG sites in either the
forward or reverse primer and amplified a DNA fragment of the
promoter region containing several sites. A second round of nested
MSP or unmethylation-specific PCR (USP) was done using the
universal PCR products as templates. Primer sequences designed
for MSP and USP of the Wnt antagonist genes have been reported
previously [18]. For semiquantitative MSP analysis, a preliminary
suitable number of PCR cycles for each primer set was carried out
to determine the linear range of the reaction. The PCR products
were separated by electrophoresis in a 1.5% agarose gel containing
ethidium bromide, and DNA bands were visualized by UV light. In
samples with a positive MSP band, the relative methylation ratio
was determined after the MSP or USP product was electrophoresed in nondenaturing 12% polyacrylamide gels. The area under
the curve (AUC) corresponding to each band was calculated using
ImageJ software [4] and the relative methylation level was determined [MSP ratio = MSP band density/ (MSP band density+USP
band density)] as reported previously [28,29].

Statistical analysis
Descriptive statistics including mean and standard deviation
(SD) were calculated, and bar graphs were generated to summarize the results. The differences in expression levels were analyzed
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Grade of adenomas
Low (n=24)

High(n=24)

n (%)

n (%)

Gender
distribution
Male

30(62.5)

14(58.3)

16(66.7)

Female

18(37.5)

10(41.7)

8(33.3)

˂50

17(35.4)

9(37.5)

8(33.3)

≥50
Growth
pattern
Flat

31(64.6)

15(62.5)

16(66.7)

13(27.1)

6(25)

7(29.2)

Polypoid

35(72.9)

18(75)

17(70.8)

＜10

27(56.3)

18(75)

9(37.5)

≥10
Histology of
NGTs
Inflammation

21(43.7)

6(25)

15(62.5)

Mild

24(50)

16(66.7)

8(33.3)

Moderate

16(33.3)

5(20.8)

11(45.9)

Severe

8(16.7)

3(12.5)

5(20.8)

Age(years)

Size(mm)
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Glandular
atrophy

3(6.25)

2(8.3)

1(4.2)

Intestinal
metaplasia

5(10.4)

3(12.5)

2(8.3)

NGT, corresponding normal gastric tissues
Table 1: Clinicopathological characteristics of the 48 gastric adenomas

Immunohistochemistry for β-catenin expression in different gastric epithelial tissues
To examine Wnt/β-catenin signaling status in different gastric epithelial tissues, we first assessed β-catenin localization in
clinical tissues. In most NGTs, β-catenin was expressed strongly at
the cell membrane and was also observed faintly in the cytoplasm,
as reported for the colorectal epithelium [30]. For LGAs, in 14 cases (58.3%), β-catenin was strongly expressed at the cell membrane,
and was classified as a normal pattern, while the remaining 10 cases
(41.7%) were classified as a disordered pattern. These 10 cases all
exhibited strong β-catenin expression in the cytoplasm. Weak expression of β-catenin was observed in the cell membrane and diffuse strong cytoplasmic staining was apparent in 20 (83.3%) HGAs,
sometimes with weak nuclear staining. β-Catenin expression seldom was observed in the cell membrane and strong cytoplasmic or
nuclear staining was apparent in 22 (91.7%) cases of gastric cancer
(Fig. 1). The frequency of disordered expression of β-catenin was
significantly greater in GACs compared to NGTs (P < 0.005) (Table
2). However, there was no difference between HGAs and GACs.

weak cytoplasmic staining. Hematoxylin counterstain; original magnification: ×200. (B) LGAs immunostained for β-catenin. Note the presence of
moderate membrane staining in major cells and weak cytoplasmic staining. Hematoxylin counterstain; original magnification: ×200. (C) HGAs
immunostained for β-catenin. Note the presence of strong cytoplasmic
staining and mild nuclear immunoreactivity. Hematoxylin counterstain;
original magnification: ×200. (D) GCs immunostained for β-catenin. Note
the presence of strong cytoplasmic staining and nuclear immunoreactivity. Hematoxylin counterstain; original magnification: ×400. GA = gastric
adenoma; GC = gastric adenocarcinoma; HGA = high-grade adenoma;
LGA = low-grade adenoma; NGT = normal gastric tissues.
Type of tissues

Cases

Normal

Abnormal

NGTs

72

69（95.8）

3（4.2）

Gastric
adenoma

48

18（37.5）

30（62.5）

LGAs

24

14（58.3）

10（41.7）

HGAs

24

4（16.7）

20（83.3）

GACs

24

2（8.3）

22（91.7）

HGAs versus LGAs, P = 0.002. LGAs versus NGTs, P < 0.001.
HGAs versus NGTs, P < 0.001.
GACs versus NGTs, P < 0.001. GACs versus LGAs, P < 0.001.
GACs versus HGAs, P = 0.394.
NGT corresponding normal gastric tissues, LGA low-grade adenoma,
HGA high-grade adenoma, GAC primary gastric adenocarcinoma
Table 2: β-catenin expression in different gastric epithelial tissues, n(%)

Mutation in exon 3 of β-catenin
No mutations in exon 3 of β-catenin were found in LGAs,
HGAs or NGTs. Only one gene mutation was detected in 24 GACs
(4.2%). Sequencing analysis revealed a gene mutation with an inframe 6 bp deletion (delGGTGCC, Gly38Ala39) at codons 38 and 39.

mRNA expression of Wnt antagonist genes

Figure 1. β-Catenin expression in NGTs, GAs and GCs. (A) NGTs immunostained for β-catenin. Note the presence of strong membrane staining and
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To determine whether the silencing of negative regulators
of the pathway contributed to the aberrant activation of Wnt/βcatenin signaling, we examined the expression of representative
Wnt/β-catenin signaling antagonists, APC, DKK-1, sFRP-1 and
WIF-1 using RT–PCR. Expression of Wnt antagonist genes was
weakened in HGAs and GACs (Fig. 2A). To confirm these results,
mRNA expression levels of the above-mentioned genes were also
investigated by qRT-PCR. mRNA expression was significantly
lower in GACs than LGAs (P =0.000) (Fig. 2B).
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Figure 2. Expression analysis of Wnt/β-catenin inhibitor genes in different gastric epithelial tissues. (A) RT-PCR analysis of APC, DKK-1,
sFRP-1 and WIF-1 expression in different gastric epithelial tissues. Expression of Wnt inhibitor genes was weaker in HGAs and GCs. (B) qRTPCR analysis confirmed that mRNA expression levels of the examined
genes were significant decreased from LGAs to GCs (P = 0.000). The
relative amount of mRNA expression was calculated by the comparative
ΔΔCt method. β-Actin was used as internal control in both analyses. GC =
gastric adenocarcinoma; HGA = high-grade adenoma; LGA = low-grade
adenoma; NGT = normal gastric tissue.

currently methylated genes than NGTs and LGAs (P = 0.000) (Fig.
3). There was no significant difference in the number of concurrently methylated genes between GACs and HGAs (P = 0.284)
or between NGTs and LGAs (P = 0.162). Thus, there was a significant difference in the number of concurrently methylated genes
between LGAs and HGAs (P = 0.000). The levels of methylation
of the above genes correlated with the degree of local inflammation (P = 0.000, r = 0.287).

MSP for Wnt antagonist genes
To determine whether the reduction of expression of the
aforementioned Wnt/β-catenin signaling pathway antagonists was
due to CpG island methylation, we examined the methylation status of the 5' regions of these genes using MSP analysis and bisulfite
sequencing in four kinds of gastric tissues. Compare to NGTs and
LGAs, the APC, DKK-1, sFRP-1and WIF-1 promoter methylation
levels were significantly elevated in GACs and HGAs (Table 3).
There was only hypermethylation of APC in NGTs (6/72, 8.3%).
For APC promoter methylation levels, there was no significant difference between NGTs and LGAs (P = 0.252). For APC, DKK-1,
sFRP-1 and WIF-1 promoter methylation levels, there were no
significant differences between HGAs and GACs (PAPC = 1.0,
PDKK1 = 0.568, PsFRP1 = 0.561 and PWIF1 = 0.251). Promoter
methylation of the 4 genes correlated with abnormal expression of
β-catenin (Table 4). The number of concurrently methylated genes
increased from NGTs to GACs. GACs and HGAs had more con-

6
J Dig Dis Hepatol, an open access journal
ISSN: 2574-3511

Figure 3. Summary of the methylation profile in NGTs, LGAs, HGAs and
GACs. Concurrently methylated genes increased from NGTs to GACs.
GACs and HGAs had more concurrently methylated genes than NGTs
and LGAs (P = 0.000). There was no significant difference in the number
of concurrently methylated genes between GACs and HGAs (P = 0.284)
or between NGTs and LGAs (P = 0.162).GAC = gastric adenocarcinoma;
HGA = high-grade adenoma; LGA = low-grade adenoma; NGT = normal
gastric tissue.
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NGTs

(%)

LGAs

HGAs

GCs

Total

APC

1/24(4.2)

2/24(8.3)

3/24(12.5)

DKK1

0

0

sFRP1

0

WIF

0

LGAs

HGAs

GACs

6/72(8.3)

3/24(12.5)

19/24(79.2)

20/24(83.3)

0

0

2/24(8.3)

9/24(37.5)

11/24(45.8)

0

0

0

2/24(8.3)

14/24(58.3)

16/24(66.7)

0

o

0

2/24(8.3)

12/24(50.0)

15/24(62.5)

NGTs:LGAs, PAPC=0.252, PDKK1= PsFRP1= PWIF1=0.013
HGAs:GACs, PAPC=1.0, PDKK1=0.568, PsFRP1=0.561, PWIF1=0.251
NGTs:HGAs and NGTs:GACs, PAPC= PDKK1= PsFRP1= PWIF1= 0.000
LGAs:GACs, PAPC= PsFRP1= PWIF1= 0.000, PDKK1=0.003
LGAs:HGAs, PAPC= PsFRP1= 0.000, PDKK1=0.016, PWIF1=0.001
NGT:corresponding normal gastric tissues, LGA: low-grade adenoma, HGA: high-grade adenoma, GAC: primary gastric adenocarcinoma
Table 3: Frequency of promoter methylation of the Wnt antagonist genes in different gastric epithelial tissues
Genes

Methylation status

n

Normal

Abnormal

ME

50

4

46

UM

94

85

9

ME

22

0

22

UM

122

89

33

ME

32

5

27

UM

112

84

28

ME

30

1

29

UM

114

88

26

APC
DKK1
sFRP1
WIF1

IM of β-catenin

P value

r

0

0.808

0

0.54

0

0.508

0

0.616

ME: methylated, UM: unmethylated
Table 4: Correlation between status of the Wnt antagonist genes methylation and immunohistochemical expression of β-catenin in different gastric
epithelial tissues

Discussion
β-Catenin is a key mediator of the canonical Wnt signaling pathway [31]. The accumulation of β-catenin in the cytoplasm and
nucleus is a required primary step for activation of the pathway and hyperexpression of the target gene, which is induced by the
β-catenin/TCF/LEF transcriptional complex [32]. In our study, ectopic expression of β-catenin in NGTs, LGAs, HGAs and GACs was
detected in 4.2%, 41.7%, 83.8% and 91.7%, respectively. The difference among 3 gastric tissues was significant (P < 0.001). However,
there was no significant difference between HGAs and GACs (P = 0.682). The data suggest that aberrant Wnt/β-catenin expression
played an important role in GAs and GACs, and the histological character of HGAs is more similar to GACs than LGAs.
In recent investigations, several antagonists of the Wnt pathway have been identified. As Wnt antagonist genes, APC, sFRP-1,
sFRP-2, sFRP-4, sFRP-5, Wif-1 and Dkk-3 inhibit Wnt signaling by binding to Wnt molecules or the low-density lipoprotein receptorrelated protein (LRP)5/LRP6 component of the Wnt receptor complex. Thus, the functional loss of Wnt antagonists can contribute to
activation of the Wnt pathway and induced ectopic expression of β-catenin. Up to now, downregulation of Wnt antagonist genes has been
identified in a variety of malignancies, including bladder, [18,33,34] lung [35,36] and breast [37] cancer, chronic lymphocytic leukemia,
[38] and even gastric [19,20] and esophageal [39] carcinoma. In our study, mRNA expression levels of the examined Wnt-antagonist
genes were significant lower in GACs than LGAs (P = 0.000). We analyzed the relationship between Wnt antagonist gene methylation
status and ectopic expression of β-catenin in 4 gastric tissues. Compared to NGTs and LGAs, APC, DKK-1, sFRP-1and WIF-1 promoter
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methylation levels were significantly elevated in GACs and HGAs
(P < 0.05). In addition, for APC, DKK-1, sFRP-1and WIF-1
promoter methylation levels, there were no significant differences
between HGAs and GACs (PAPC = 1.0, PDKK1 = 0.568, PsFRP1
= 0.561 and PWIF1 = 0.251). There was a marked concordance
between promoter methylation of Wnt antagonist genes and ectopic
expression of β-catenin, which indicated that hypermethylation of
Wnt antagonist genes is one of the critical mechanisms for a shift
of β-catenin protein from the cell membrane to the nucleus. This
may be mediated through the aberrant canonical Wnt/β-catenin
signal activation involved in the pathogenesis of GAs and GACs.
The number of concurrently methylated genes increased from
NGTs to GACs, and GACs and HGAs had more concurrently
methylated genes than NGTs and LGAs (P = 0.000). This finding
may reflect that aberrant methylation of Wnt antagonist genes
was already present in the precancerous stage or at early onset of
gastric cancer, and was involved in the early initiation as well as
the transformation process.
In addition, Guo et al. [40] found that most of the Wnt
antagonist genes that were methylated were tumor specific.
However, there were some cases in which the change in methylation
was present in tumor tissues as well as paired non-cancerous
tissues. Given the high sensitivity of MSP analysis, it was possible
that normal-appearing specimens contained few cancer cells that
were undetectable by histomorphology, and hypermethylation in
corresponding non-cancerous tissues may represent the appearance
of premalignant lesions [40]. In the present study, hypermethylation
of APC gene was discovered in NGTs, which differed from the
other 3 Wnt antagonist genes. There was no significant difference
between NGTs and LGAs (P = 0.252). In the study of Klump
et al., [41] hypermethylation of the tumor suppressor gene p16,
which indicates neoplastic progression in Barrett’s esophagus, was
detected in pathologically normal specimens from a patient who
later developed dysplasia. Therefore, epigenetic inactivation of
APC genes may be an aberrant and early feature of tumorigenesis
in GACs.
To the best of our knowledge, no study about promoter
methylation and mRNA expression of Wnt antagonist genes in
GA has been reported, however, there were some studies about the
correlation of promoter hypermethylation of Wnt antagonist genes
with gastric cancer and esophageal carcinoma [19,20,39]. Yoshida
and Saito [42] showed that 30% of GAs examined under endoscopy
were associated with cancerous changes, suggesting a similar
underlying pathogenesis for adenoma and carcinoma. Another
study of GAs revealed a GC risk of 2.5–50% [43,44]. So far, GA is
considered to be a more specific premalignant lesion than atrophic
gastritis alone.[3] Therefore, we evaluated the relation between the
promoter hypermethylation of 4 Wnt antagonist genes, expression
and mutation of β-catenin, and histological characteristics in GAs.
The abnormal expression of β-catenin in the NGTs, LGAs and
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HGAs was detected in 4.2%, 41.7% and 83.3%, respectively (P <
0.001). No mutations in exon 3 of β-catenin were found in LGAs
and HGAs. Compared to LGAs, the APC, DKK-1, sFRP-1and
WIF-1 promoter methylation levels were significantly elevated in
HGAs (P < 0.05). There was a significant difference in the number
of concurrently methylated genes between LGAs and HGAs (P =
0.000). The levels of methylation of the above genes correlated
with the degree of local inflammation (P = 0.000, r = 1.287). The
results showed the gastric inflammation may be a stimulant for
the incident and development of gastric adenoma. The phenomena
also hinted that GA was a particularly premalignant lesion that was
distinct from glandular atrophy and intestinal metaplasia.
This study was limited by its small number of patients
and cancer-related genes. Thus, larger multi-gene studies are
needed to validate our results. Further work is necessary to
elucidate the exact function and interaction with other factors to
develop strategies for early diagnosis, prevention and treatment
of gastric adenocarcinoma. In conclusion, our data suggest that
hypermethylation of multiple Wnt antagonist genes plays a role
in gastric tumorigenesis, contributing to irregular activation of
Wnt signaling. Therefore, the hypermethylation status of Wnt
antagonist genes could be an attractive target in the management
of gastric neoplasia at major risk of progression to cancer and may
promote objective criteria for intervention, such as endoscopic
mucosal resection. In this regard, detection of hypermethylation
may be developed into a diagnostic tool to identify patients at risk
for further histological progression of GAC.
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