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Abstract
Background Intestinal metaplasias (IMs) are generally regarded as pre-neoplastic gastric lesions. However, molecular altera-
tions including genetic and epigenetic changes occurring in individual IM glands are not well defined.
Aims We sought to identify DNA methylation status, microsatellite instability (MSI) and allelic imbalance (AI) occurring 
in individual IM glands and non-IM glands within the same mucosa.
Methods We divided examined isolated gland obtained from GC into 4 components: isolated cancer, antral isolated intes-
tinal metaplastic tissue, antral isolated non-metaplastic gland and isolated non-metaplastic gland derived from the greater 
curvature of the most distant gastric body without mucosal atrophy. We examined AI and microsatellite instability statuses 
using PCR-based microsatellite analysis. Next, the DNA methylation status (high methylation epigenome [HME], interme-
diate methylation epigenome [IME], and low methylation epigenome [LME]) was investigated. DNA methylation analysis 
of CDKN2A, mir34-b/c and MLHI genes was also performed.
Results Although antral isolated IM glands were characterized by IME, isolated non-IM glands showed LME. In isolated 
cancer glands, HME was frequently found, compared with isolated non-IM glands. DNA methylation of mir34-b/c was 
common in isolated cancer and IM glands, whereas DNA methylation of CDKN2A was a rare event in isolated samples. The 
MLH1 gene was not methylated in isolated non-IM glands. Although multiple AIs were frequently found in isolated cancer 
glands, a few AIs were detected in isolated IM glands.
Conclusions We suggest that the DNA methylation status and the status of the mir34-b/c gene among isolated samples of 
IMs and isolated non-IM glands have an impact on IM development.
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Introduction

Intestinal metaplasia (IM) is closely associated with the 
pathogenesis of gastric cancer (GC) [1]. Two contrasting 
theories have been proposed [2, 3]. The pre-cancerous the-
ory has been advocated by Western pathologists according 
to Correa’s established pathway of gastric carcinogenesis [2, 
3], which is supported by the finding that IM is frequently 
observed in the surrounding mucosa of GC [1, 2]. On the 
other hand, the para-cancerous theory has been favored by 
Japanese pathologists [3], given that none of the patholo-
gists could observe the direct budding of a cancerous gland 
from an intestinal metaplastic gland [4]. However, it is not 
clear which of the two theories of gastric carcinogenesis is 
correct.
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Both genetic and epigenetic alterations have recently 
emerged as crucial molecular events during the progres-
sion of GC [5–9]. Whereas genetic alteration gives rise 
to structural changes in the DNA, epigenetic alteration, 
including DNA methylation, alters transcription without 
structurally changing DNA sequences [7, 8]. Recent study 
has shown that epigenetic alteration plays a central role in 
early gastric tumorigenesis and that genetic alteration may 
be associated with progression of GC [7–9]. IM, which is 
considered an early lesion related to gastric carcinogen-
esis, is frequently found in the surrounding mucosa of GC 
[1, 2]. Many studies of IM have previously shown that 
epigenetic alterations, including changes in DNA meth-
ylation, are frequently detected in GC as well as in the 
surrounding gastric mucosa [10–13]. By contrast, genetic 
change is thought to be a rare molecular event in IM, 
though contradictory data were reported [10]. Importantly, 
previous study has not shown that molecular alterations 
are acquired in individual intestinal metaplastic glands 
[10]. Based upon these considerations, it is important that 
molecular differences between intestinal metaplastic and 
non-metaplastic glands within the surrounding intestinal 
mucosa are identified. Currently, little is known regarding 
the difference occurring in intestinal metaplastic mucosa 
(IMM).

In the present study, we used a crypt isolation method 
to divide GC into 4 different components: isolated cancer 
glands, antral isolated intestinal metaplastic glands, antral 
non-intestinal metaplastic glands and isolated non-intesti-
nal metaplastic glands, all of which were derived from the 
greater curvature of the most distant gastric body mucosa. 
We attempted to identify genetic and epigenetic alterations 
occurring in individual isolated glands in GC and the sur-
rounding mucosa.

Materials and methods

Patients

We examined 24 GCs and the surrounding mucosa in the 
present study. Pathological diagnosis was made according 
to Japanese histological classification with a slight modifica-
tion [14, 15]. The pathologic factors analyzed included lym-
phovascular invasion, invasive tumor pattern and the grade 
of differentiation. Disease stage was determined using the 
TNM classification of the Japanese Gastric Cancer Associa-
tion 7th edition [14]. No patients had undergone chemo- or 
radio-therapy prior to surgery. Patients with a family history 
or with a past medical history of gastric cancer were not 
included in this study. Detailed clinicopathological findings 
are shown in Table 1.

Crypt isolation technique

Samples from tumors and from the normal surrounding 
gastric mucosa were obtained at the time of tumor resec-
tion. Tumor samples were obtained from the invasive 
front, whereas the normal surrounding mucosa was taken 
from the antral mucosa. In addition, the greater curva-
ture of the most distant mucosa without mucosal atrophy 
was also obtained as a control for genetic analysis. Gland 
isolation was performed as previously described [16, 17]. 
Briefly, fresh tumor samples and normal gastric mucosa 
were minced into small pieces using a razor, then incu-
bated at 37 °C for 50 min in  Ca++ /Mg++-free Hanks bal-
anced salt solution containing 30 mmol/L EDTA.

The isolated glands were fixed in 70% ethanol and 
stored at 4 °C until used for DNA extraction. The remain-
ing isolated glands were fixed and paraffin-embedded 
tissue was made in accordance with routine histological 
procedures. Next, histological sections were examined by 
light microscopy to confirm the histopathological findings. 
There was no evidence of contamination of crypt cells by 
interstitial cells using this technique.

The surrounding non-neoplastic mucosa was isolated by 
following the steps described below. First, the glands were 
separated from the lamina propria mucosa. The isolated 
glands were stained with Alcian Blue at pH 2.5. The iso-
lated glands were divided into 2 components according to 
the presence/absence of goblet cells revealed by positive 

Table 1   Clinicopathological findings of gastric cancer tissues sam-
pled in this study

WDA well-differentiated adenocarcinoma, MDA moderately differ-
entiated adenocarcinoma, PAP papillary adenocarcinoma, U upper 
body, M middle body, L lower body

Cases (%)

24
Sex (man/woman) 15/9
Age (median) 56–87 (70.5)
Locus
 U 5 (20.8)
 M 6 (25.0)
 L 13 (54.2)

Histology
 WDA 10 (41.7)
 MDA 12 (50.0)
 PAP 2 (8.7)

Stage
 I 11 (45.8)
 II 1 (4.2)
 III 8 (33.3)
 IV 4 (16.7)
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staining with Alcian Blue. As a result, isolated non-
neoplastic glands were classified into 2 types: intestinal 
metaplastic glands that stained Alcian Blue-positive for 
goblet cells and non-intestinal metaplastic glands lacking 
staining. Consequently, the isolated glands from the antral 
mucosa were classified into 4 categories: isolated cancer 
glands, isolated intestinal metaplastic glands, isolated non-
intestinal glands and isolated non-intestinal metaplastic 
glands that were obtained from the greater curvature of the 
most distant gastric body mucosa without atrophy. In the 
present study, 20–30 isolated cancer glands were obtained. 
In addition, 15–25 isolated metaplastic and non-metaplas-
tic glands were collected from the same antral mucosa. 
Moreover, 20–25 isolated non-metaplastic glands were 
obtained from the distant greater curvature as a control.

DNA extraction

DNA was extracted from isolated normal and tumor tissues 
by sodium dodecyl sulfate (SDS) lysis and proteinase K 
digestion, followed by a phenol–chloroform procedure as 
reported previously [10].

DNA methylation analysis

The PyroMark Q24 system for pyrosequencing was used 
to assess the DNA methylation status of selected mark-
ers. Primer sequences were designed using Qiagen’s Pyro-
mark Assay Design 2.0 software. Detailed methods were 
described elsewhere [18, 19].

DNA methylation at the 6 specific promoters originally 
described by Yagi and colleagues was quantified. Methyla-
tion of 3 markers (RUNX3, MINT31 and LOX) was analyzed, 
and samples with at least 2 methylated markers were defined 
as having a highly methylated epigenotype (HME). The 
remaining tumors were also screened for methylation at 3 
other markers (NEUROG1, ELMO1, and THBD), and they 
were defined as intermediate methylation epigenotype (IME) 
tumors if they had at least 2 methylated markers out of the 
3 markers proposed as a second panel. Tumors not classi-
fied as HME or IME were designated as low methylation 
epigenotype (LME). In addition, the methylation status of 
CDKN2A (cyclin-dependent kinase inhibitor 2A), mir-34b/c 
and MLH1 which are closely associated with gastric carcino-
genesis were also quantified using the Qiagen’s Pyromark 
Assay Design 2.0 software. The primer design used in this 
study was previously reported [20, 21].

Analysis of MSI

MSI status was determined by 5 NCI markers, including 
BAT25, BAT26, D2S123, D5S346, and D17S250 [22]. 
MSI-high (MSI-H) was defined as 2 or more markers being 

unstable; MSI-low (MSI-L) was defined as 1 marker being 
unstable; and microsatellite stable (MSS) was defined as the 
absence of instability.

Analysis of allelic imbalances at chromosomal loci

DNA extracted from isolated glands (as described above) 
were analyzed for allelic imbalance by polymerase chain 
reaction (PCR) amplification using polymorphic dinucle-
otide repeat sequences, including 24 markers on chromo-
somes 1p (D1S228, D1S548 and D1S507), 3p (D3S2402 
and D3S1234), 4p (D4S2639 and D4S1601), 5q (D5S107, 
D5S346, D5S82 and D5S299), 8q (D8S201, D8S513 and 
D8S532), 9p (D9S171 and D9S1118), 13q (D13S162); 
17p (TP53), 18q (D18S487, D18S34 and DCC) and 22q 
(D22S274, D22S1140 and D22S1168) [7]. The sequences 
of these primers were obtained from The Genome Database 
(https ://gdbww w.gdb.org/gdb/). PCR was performed using a 
DNA autosequencer (Applied Biosystems 9600 Sequencer; 
Applied Biosystems, Foster City, CA, USA), as previously 
described [7, 10]. The data from the PCR analyses were col-
lected automatically and analyzed using GeneScan software 
(Applied Biosystems) for allele scoring (allelic ratio) and 
assessment of AI, as described previously [7]. The formula 
employed for the calculation was T2:T1/N2:N1, where T1 
and N1 were the height values for the smaller allele, and T2 
and N2 were the height values for the larger allele of the 
tumor (T) and normal (N) samples, respectively. When AIs 
were observed in at least 1 locus of the chromosomal locus 
examined, the imbalances of those loci were confirmed. In 
this study, we defined AI as more than a 50% difference in 
this ratio. When the result was a ratio of 0.50 or lower for the 
tumor sample the case was interpreted as an AI.

Statistical analysis

Data obtained for frequencies of methylation status and 
allelic imbalance based on each subgroup were analyzed 
using Fisher exact tests with the aid of JMP Pro 13.0 soft-
ware (SAS Institute Inc., Cary, NC, USA). If statistical 
differences between the 4 groups were found, statistical 
analysis between two groups was further performed using 
chi-square tests (JMP Pro 13.0 software) with Bonferroni 
correction.

Results

Representative figures for isolated glands, their histologi-
cal features and molecular analyses are shown in Fig. 1. 
Although 21 GCs were available for genetic analysis, all 
non-neoplastic samples (n = 24) were available for genetic 
analysis.

https://gdbwww.gdb.org/gdb/
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Analysis of MSI status in each isolated gland

Although MSI was found in 4 (19.0%) of the 21 isolated 
cancer gland samples, no MSI was detected in the isolated 
antral metaplastic or the non-metaplastic gland samples, 
or isolated non-metaplastic glands obtained from the body 
mucosa without atrophy.

Association of DNA methylation status with each 
isolated gland

There were statistically significant differences in the fre-
quency of HME, IME and LME among the 4 components 
according to multiple comparisons (Table 2). Additionally, 
2 subgroup comparisons were added to identify statisti-
cally significant differences in the frequencies of HME, 
IME and LME between the 2 components. First, the fre-
quency of HME was significantly higher in the isolated 

cancer gland samples than in the antral non-metaplastic 
and isolated non-metaplastic gland samples from the 
greater curvature of the most distant gastric body mucosa 
without atrophy (p < 0.05). Second, there was a signifi-
cant difference in the frequencies of IME among antral 
isolated metaplastic gland samples and isolated cancer 
glands (p < 0.01), antral isolated non-metaplastic glands 
(p < 0.001) and body non-metaplastic isolated gland 
samples (p < 0.001). In addition, we noted a statistically 
significant difference in the frequencies of IME between 
isolated cancer glands and body isolated non-metaplastic 
gland samples (p < 0.05). Third, the frequency of LME 
was statistically significantly higher in antral isolated 
non-metaplastic gland samples than in isolated cancer 
glands and antral isolated non-metaplastic gland samples 
(p < 0.05 and p < 0.01, respectively). Moreover, there were 
significant differences in the frequencies of LME among 
bodies isolated from non-neoplastic glands and cancer 

Fig. 1  Representative figure of isolated sample obtained from cancer, 
antral and most distant body mucosae. a Isolated cancer gland with 
negative staining of Alcian Blue. b Histological features of isolated 
cancer gland. c Antral isolated metaplastic gland with positive stain-
ing with Alcian Blue. d Histological features of isolated metaplastic 
gland. e Antral isolated non-metaplastic gland without staining of 
Alcian Blue. f Histological features of an antral isolated non-meta-
plastic gland g Body isolated non-metaplastic gland without staining 
with Alcian Blue; h Histological features of an isolated non-neoplas-

tic gland; i Sampling sites from antral mucosa and great curvature of 
distant body mucosa. j, k DNA methylation analysis. Isolated cancer 
glands showed HME, and antral isolated metaplastic glands showed 
IME, both antral and body isolated non-metaplastic glands indicate 
an LME (numerical data are methylation rate). l Although AIs at 
9p and 17p were found in isolated cancer gland samples, no AI was 
detected in either sample of isolated non-metaplastic gland samples 
(numerical data are AI rate)
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isolated glands and antral isolated metaplastic glands 
(p < 0.001). Detailed data regarding DNA methylation 
status are depicted in Table 2.

DNA methylation levels of CDKN2A, mir34b/c 
and MLH1 genes in individual isolated cancer glands

There was no significant difference in the frequencies of 
the methylation levels of the CDKN2A gene among the 4 
subgroups. However, the mir34b/c gene was significantly 
more methylated in isolated cancer gland samples compared 
with antral and body isolated non-metaplastic gland samples 

(Table 3, p < 0.01 and p < 0.001, respectively). In addition, 
there were statistically significant differences in the meth-
ylation frequencies of mir34b/c among body isolated non-
metaplastic glands and cancer isolated glands (p < 0.001) 
and antral isolated metaplastic glands (p < 0.01). However, 
we observed no difference in the frequencies of methylation 
of the mir34b/c gene between cancer-isolated glands and 
antral isolated metaplastic glands. Finally, we found sta-
tistically significant difference in the frequencies of MLH1 
methylation among the isolated cancer gland (4/21, 19.0%) 
samples and the remaining 3 samples (p < 0.05). The data 
are summarized in Table 3.

Table 2   Frequencies of DNA methylation status in isolated cancer, antral isolated metaplastic, antral isolated non-metastatic and body isolated 
non-metaplastic glands

3 (14.3)

6 (28.6)

HME high methylation epigenotype, IME intermediate methylation epigenotype, LME low methylation epigenotype, IM intestinal metaplastic 
glands, N.S not significant
Fisher’s exact test ***p < 0.001, **p < 0.01, *p < 0.05
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Comparison of allelic imbalances at each examined 
chromosomal locus among each isolated gland

There were statistically significant differences in the fre-
quencies of AIs at each chromosomal locus we examined 
among isolated cancer gland samples, antral isolated meta-
plastic glands and antral isolated non-metaplastic gland 
samples. Multiple AIs were frequently found in isolated 
cancer gland samples (1p, 9/15, 60.0%; 3p, 13/18, 72.2%; 
4p, 13/19, 68.4%; 5q, 11/17, 64.7%; 8p, 12/16, 75.0%; 
9q, 11/18, 61.1%; 13q, 8/12, 66.7%; 17p, 14/16, 87.5%; 
18q, 13/18, 72.2%; 22q, 11/17, 64.7%). However, low 
frequencies of AIs at 1p (1/18, 5.6%), 3p (1/22, 4.5%), 
4p (3/22, 13.6%), 5q (4/21, 19.0%), 8p (3/21, 14.3%), 9p 
(0/20), 13q (0/21), 17p (0/21), 18q (6/22, 27.3%) and 22q 
(2/22, 9.1%) were observed in antral isolated metaplastic 
gland samples. In addition, low frequencies of AIs at 1p 
(3/19, 15.8%), 3p (0/21), 4p (0/22), 5q (2/22, 9.1%), 8p 
(0/22), 9p (0/20), 13q (0/21), 17p (1/21, 4.8%), 18q (4/23, 
17.4%) and 22q (1/22, 4.5%) were also detected in antral 
non-metaplastic gland samples. There were statistically 

significant differences in the frequencies of each AI among 
isolated cancer glands, isolated metaplastic glands and iso-
lated non-metaplastic glands. Detailed data are shown in 
Fig. 2.

Comparison of examined markers in stages I/II 
and III/IV in gastric cancer

We asked whether there were differences in the frequencies 
of AI at each chromosomal locus. We also characterized 
DNA methylation status and individual methylation levels 
occurring in mir34-b/c, CDKN2A and MLH-1 to assess the 
possible differences between stages I/II and III/IV. There 
was no difference in the frequencies of the above-mentioned 
markers between the 2 categories (Tables 2, 3 and supple-
mentary Table 1).

Finally, supplementary Table 2 demonstrates the DNA 
methylation status, MSI, and AIs in the isolated glands from 
cancer, intestinal metaplastic mucosa, non-metaplastic antral 
mucosa, and non-metastatic body mucosa of each case.

Table 3  nnFrequencies of DNA methylation of CDKN2A, miR-34b/c and MLH-1 genes in isolated cancer, antral isolated metaplastic, antral iso-
lated non-metastatic and body isolated non-metaplastic gland samples

Fisher’s exact test ***p < 0.001, **p < 0.01, *p < 0.05, N.S. not significant
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Discussion

Kaneda, et al. proposed that DNA methylation status could 
be classified into 3 categories: HME, IME and LME. Such 
classification is primarily used in colorectal cancer [18, 19]. 
The intermediate‐methylation epigenotype strongly corre-
lates to the KRAS‐mutation ( +) in CRC. Accordingly, this 
two-panel method is thought to be useful to evaluate DNA 
methylation status of CRC [18, 19]. Whether this method of 
analysis is applicable to gastric cancer and intestinal meta-
plastic glandular cells is uncertain. In our previous study, we 
successfully classified DNA methylation status occurring in 
GC into 3 subtypes: HME, IME and LME. In addition, GC 
with an MSI phenotype could be primarily assigned into 
HME. This finding seems to support the two-panel method 
proposed by Kaneda et al. and its suitability for classification 
of DNA methylation status of GC. However, it is still unclear 
whether this classification could be used in DNA methyla-
tion abnormalities occurring in intestinal metaplastic glands. 
Global DNA methylation occurring in isolated IM gland and 
non-IM gland will be examined in the near future.

In the present study, he most common DNA methylation 
status in isolated metaplastic glands was IME, which might 
shift cells from non-neoplastic toward neoplastic growth. 
Furthermore, DNA methylation status was found to be LME 
in non-metaplastic glands obtained from the greater curva-
ture of the most distant gastric body mucosa without atro-
phy. The characterization of isolated metaplastic glands as 
IME may predict future status [20]. However, the finding 
that the most common DNA methylation status was LME 
in non-metaplastic glands obtained from antral IMM is very 
interesting. That is, the difference between isolated meta-
plastic and isolated non-metaplastic glands was epigenetic, 
i.e., DNA methylation. In addition, our result suggests that 
DNA methylation is facilitated by development of IM, which 
is closely associated with H. pylori infection [23, 24]. That 
is, DNA methylation cannot accumulate in non-metaplastic 

glands, even if it is found in the same IM in which a meta-
plastic gland is involved. This finding may support the con-
cept that IM is an irreversible lesion [2]. This observation is 
the first to demonstrate that epigenetic alterations occur in 
non-metaplastic glands. The current results can contribute 
to the understanding of gastric carcinogenesis.

There are increasing data that methylation of the mir34-
b/c gene plays a major role in gastric carcinogenesis [20, 
25]. In addition, DNA methylation of the mir34-b/c gene 
in the surrounding mucosa can be an excellent predictive 
marker of GC risk [16, 20]. These findings may be supported 
by the discovery that mir34-b/c is a target of p53 and that 
it cooperates in the control of cell proliferation [26]. In the 
present study, molecular alterations occurring in metaplastic 
glands are characterized by high DNA methylation of the 
mir34-b/c gene, also frequently found in GC, consistent with 
previous studies [20, 25]. This finding suggests that DNA 
methylation of the mir34-b/c gene occurring in an individual 
metaplastic gland may accelerate the development of IM. 
This is supported by the finding that DNA methylation of 
the mir34-b/c gene is detected in a limited number of non-
metaplastic gland samples. Finally, ZIK1 may be one of the 
target genes that are closely associated with development 
of IM [27]. However, whether miR-34b/c or ZIK1 methyla-
tion was more closely associated with IM remains unknown. 
Further investigation will be needed.

Epigenetic alterations in the CDKN2A gene are variable 
and depend on the type of cancer [28, 29]. Thus, Zou et al. 
suggested that hypermethylation of the p16 gene promoter 
may play an important role in the pathogenesis of gastric 
precancerous lesions and early gastric adenocarcinoma 
[28]. Lima et al. showed that CDKN2A methylation was 
associated with the carcinogenic process in diffuse-type 
and intestinal-type carcinomas compared to non-neoplastic 
samples [29]. In addition, Matsusaka et al. demonstrated that 
H. pylori infection promoted CDKN2A DNA methylation at 
levels ranging from 21.3% to 45.0%, correlating with poor 

Fig. 2  Frequencies of allelic 
imbalance at each chromosomal 
locus in isolated cancer, antral 
isolated metaplastic and antral 
isolated non-metaplastic gland 
samples
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tumor differentiation, increased lymph node metastasis, and 
lower survival rates of gastric cancer patients [30]. Accord-
ing to these studies, DNA methylation of the CDKN2A gene 
seems to be closely associated with gastric tumorigenesis. 
In the present study, however, methylation of the CDKN2A 
gene plays a minor role in cancer glands and the surrounding 
metaplastic glands. There was a difference in the methyla-
tion status found in the present study and in previous reports. 
However, we suggest that the current results may be more 
reliable for analysis of the methylation of the CDKN2A gene 
given that the target cell was morphologically determined by 
use of isolated glands.

In the present study, GC with an MSI in which the MLH1 
gene was methylated was detected in isolated cancer gland 
samples. However, MSI and DNA methylation of the MLH1 
gene was not observed in isolated non-neoplastic samples 
obtained from surrounding mucosa of GC with an MSI phe-
notype. Previous studies have shown that MLH1 is heavily 
methylated and consequently causes MSI in IM [31, 32]. 
The reason for the discrepancy in DNA methylation of the 
MLH1 gene between previous studies and the present result 
remains unknown. However, the current result is believed 
to be a reliable and reproducible finding, given that isolated 
glands without interstitial cells were used. Therefore, we 
suggest that MLH1 methylation does not occur in pre-can-
cerous lesions.

Previous studies have shown that multiple AIs drive pro-
gression of GC and other cancers [7, 33]. Multiple AIs may 
be a biological marker to predict progression risk in GC [7, 
8]. In the present study, although multiple AIs had accumu-
lated in isolated cancer glands, a low frequency of AIs was 
found in non-neoplastic glands, including metaplastic and 
non-metaplastic glands. Based on this finding, accumulating 
AIs may play a minor role in the development of IM, though 
contradictory data were suggested in a previous publication 
[10]. This finding may suggest that irreversible change does 
not occur in metaplastic glands within the IM.

There are some limitations to this study. First, genome-
wide analyses of genetic and epigenetic status that are per-
formed for comprehensive evaluation [9] were not used in 
the present study. An amount and quality of DNA sufficient 
for comprehensive genetic and epigenetic analyses could not 
be obtained in isolated metaplastic and non-metaplastic tis-
sue within the same intestinal metaplastic mucosa. For that 
reason, we considered that PCR-based analysis of genetic 
and epigenetic alterations was suitable for isolated metaplas-
tic and non-metaplastic glands. Second, this study might be 
small. However, it is difficult to obtain isolated metaplastic and 
isolated non-metaplastic glands, separately, within the same 
IMM. We suggest that the molecular differences between iso-
lated metaplastic and non-metaplastic gland samples could be 
identified in the present study. In addition, we limited the target 
lesion to differentiated-type GC, given that isolation of poorly 

differentiated type adenocarcinoma, including signet ring cell 
carcinoma, is difficult. Further studies will be performed in 
the near future.

In conclusion, we divided a given GC sample into 4 com-
ponents, including isolated cancer glands, antral isolated 
metaplastic glands, antral isolated non-metaplastic glands 
and isolated non-metaplastic glands obtained from the greater 
curvature of the most distant body mucosa. We showed differ-
ences in the molecular alterations (including DNA methyla-
tion) between isolated metaplastic gland samples and isolated 
non-metaplastic gland samples found within the same IMM. 
This result is significant because heterogeneous DNA methyla-
tion was found even in the same IMM. In addition, the present 
finding showed that DNA methylation of the mir34-b/c gene 
characterizes intestinal metaplastic glands. Finally, IMM may 
be stable in terms of genomic changes, given that multiple AIs 
did not accumulate in intestinal metaplastic glands. Further 
study will be pursued in the near future.
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