
Chronic stomach inflammation in older patients 
causes GC, which is mostly associated with Helico-
bacter pylori infection. A hypothesis explaining the 
mechanism of GC progression due to H. pylori was 
suggested by Correa [4]. H. pylori are shown to play 
role in GC progression from healthy gastric mu-
cosa to superficial gastritis, chronic active gastritis, 
atrophic gastritis, and to IM [2, 4]. Although its eti-
ology is not clearly known, diet, alcohol, Epstein- 
-Barr  virus (EBV) infection, and genetic-epigene-

Although the incidence and the mortali-
ty rates of the GC have been decreasing for more 
than 50 years, today it is still the fourth most com-
mon cancer type with one million new cases per 
year [1, 2]. The GC incidence in Turkey is 9.6 and 
5.7 cases per 100,000 people in men and women, 
respectively [3]. Histologically, human GC is clas-
sified into 2 groups; diffuse-type and more com-
monly intestinal-type, which is mostly affiliated 
with gastric atrophy and intestinal metaplasia (IM). 
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Abstract
Background. Helicobacter pylori, intestinal metaplasia (IM), and gene methylation play important roles in gastric 
carcinogenesis. However, the association among H. pylori infection, IM, gastric cancer (GC), and gene methyla-
tion is not fully understood. Cell cycle control involving retinoblastoma 1 (RB1) gene is one of the main regulatory 
pathways reported to be altered in gastric carcinogenesis.
Objectives. The purpose of this research is to assess the methylation status of RB1 gene in GC and IM with or 
without H.  pylori infection, and to discuss the possible role of H.  pylori-induced RB1 gene methylation in the 
mechanism of gastric carcinogenesis.
Material and Methods. The methylation profile of RB1 gene was analyzed by sodium bisulfite modification and 
methylation-specific PCR in GC (n = 24), IM patients with H. pylori positive (n = 20) and negative (n = 20), and 
control subjects (n = 20).
Results. According to methylation levels in RB1 gene; the high correlation values were detected between H. pylori 
positive-IM group and GC group, and between H. pylori positive-IM and H. pylori negative-IM groups (p < 0.05). 
No correlations between H. pylori negative-IM and GC groups and between GC and control groups were detected 
in methylation status of RB1 gene.
Conclusions. High methylation levels in RB1 gene in H. pylori positive individuals may suggest an elevated risk of 
gastric cancer occurrence (Adv Clin Exp Med 2016, 25, 3, 465–470).
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tic factors can be held responsible for gastric carci-
nogenesis in addition to H. pylori infection [4, 5].

RB1 gene at chromosome 13q14 was original-
ly identified as the gene responsible for the devel-
opment of retinoblastomas and is the first tumor 
suppressor gene cloned. It represses the transcrip-
tion of S phase genes by binding the transcription 
factor E2F. Inactivation of RB1 gene may cause cell 
proliferation, which leads to tumorigenesis. It  re-
sides on a 200 kb area encoding pRb nucleoprotein 
with a major role in G1-S transition during mito-
sis  [6]. This specific gene region harboring RB1 
gene is found to be altered in retinoblastoma, bone 
and soft tissue sarcomas, small cell lung cancer, he-
matologic malignancies, breast cancer, and gastric 
tumors [6, 7].

Epigenetic alterations of genomic DNA  are 
known to have an effect in the progression of can-
cer. The  accumulation of genetic and epigenetic 
changes is thought to activate oncogenes and in-
activate tumor suppressor genes resulting in GC. 
One of the epigenetic changes is methylation of 
the gene regulatory elements resulting in gene in-
activation. Replication and transcription initiation 
may be hindered if the CpG islands in promoter re-
gions are methylated. The transcriptional inactiva-
tion of tumor suppressor genes such as RB1 gene by 
promoter methylation is a major epigenetic event 
in the origin of many cancers, including GC [8, 9]. 
Therefore, identification of novel tumor suppres-
sor genes inactivated by promoter methylation will 
be of great importance in the understanding of the 
GC progression, and could be utilized as biomark-
ers for the early detection of cancer [9, 10].

There are many studies related to the promot-
er methylation of tumor suppressor genes, which 
plays a  role in GC. However, there are very rare 
studies about RB1 gene methylation in GC. Thus, 
the role of RB1 in GC has not been fully under-
stood and needs further research. To  our knowl-
edge, there is no report about the promoter meth-
ylation status of RB1 gene in GC and IM with or 
without H.  pylori infection. Therefore, we exam-
ined RB1 gene methylation status in GC, H. pylo-
ri positive-IM, and matched H. pylori negative-IM 
groups. The aim of the study is to understand the 
relationship among H. pylori, RB1 gene, and their 
roles in gastric carcinogenesis.

Material and Methods

Ethics Statement
This study was performed in accordance with 

the ethical standards laid down in the 2000 Dec-
laration of Helsinki as well as the Declaration of 

Istanbul 2009. Celal Bayar University Institution-
al Review Board approved this clinical trial (No.: 
343) on May 20, 2009. Each patient signed an in-
formed consent form prior to any study-related 
procedures.

Cases and Tissue Samples
The study was conducted at the Departments 

of Gastroenterology and Medical Biology in Celal 
Bayar University Faculty of Medicine in Manisa, 
from September 2009 to August 2012. Endoscop-
ic biopsy method was performed with sterile for-
ceps to obtain the gastric mucosa samples from 
the upper corpus and antral regions in the lessor 
curvature. For detection of H.  pylori, a  set of bi-
opsy specimens were fixed in formalin, embedded 
in paraffin, and stained with a modified toluidine 
blue. For methylation study, another set of biopsy 
specimens were immediately frozen in 0.1  mol/L 
phosphate-buffered saline and stored at –80°C un-
til further processing.

Eighty-four tissue biopsies including distal 
gastric carcinomas (n = 24), H. pylori positive-IM 
(n = 20), H. pylori negative-IM (n = 20), and con-
trol group (n = 20) were obtained from endoscop-
ic samples. The control group includes those who 
had applied to the gastroenterology outpatient 
clinic with the complaint of dyspepsia symptoms 
such as epigastric pain, bloating, early satiation, 
fullness, epigastric burning, nausea, and vomiting 
and were found normal endoscopically, radiologi-
cally, and pathologically.

Patients excluded from the study were those 
1)  who were on continuous treatment with acid 
suppression in the preceding two weeks before en-
doscopy, 2) who were on continuous treatment for 
H. pylori eradication (while cases receiving H. py-
lori eradication treatment are excluded from the 
study, this was not an exclusion criteria for pa-
tients with gastric carcinoma), 3) who had under-
gone previous upper gastrointestinal surgery such 
as gastrectomy, and 4) who had severe gastropare-
sis or esophageal varices.

DNA Isolation
Genomic DNA from stomach mucosa biopsy 

samples was isolated using a  PureLink™ Genom-
ic DNA  Mini Kit (Invitrogen Technologies, Inc., 
CA, USA) according to the manufacturer’s in-
structions. The concentration of DNA was quan-
tified by Nanodrop 1000 (Nanodrop, Wilmington, 
USA). A260/A280 ratios in the range of 1.8–2.0 
were considered satisfactory for purity standards. 
All DNA samples were stored –20°C until further 
processing.
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Sodium Bisulfite Modification

Bisulphite modification of genomic DNA was 
performed as reported [11]. Using a CpGenome™ 
fast DNA modification kit (Chemicon Internation-
al, Inc., USA), genomic DNA (1 μg) in a volume 
of 100 μL was denatured with 7 μL of 3 M NaOH 
freshly prepared at 37°C for 10 min. Freshly pre-
pared 550 μL of DNA  modification reagent was 
then added and the reaction was performed at 
55°C for 16–20 h. The modified DNA was cooled 
on ice for 5 min before 750 μL of binding buffer 
was added. After centrifugation, the products were 
washed with 750 μL of 1x washing buffer and de-
natured with 50 μL of 20 mM NaOH/90% EtOH 
for 10 min followed by an additional 750 μL of 1x 
washing buffer. The  eluted products were stored 
at –20°C for later use. Bisulfite treatment con-
verts unmethylated cytosine residue to uracil while 
methylated ones remain unchanged.

Methylation-Specific PCR
Methylation-Specific PCR (MSP) is a  tech-

nique that distinguishes unmethylated alleles from 
methylated ones based on sequence changes fol-
lowing bisulfite treatment of DNA, and subsequent 
PCR using primers designed for either methylated 
or unmethylated DNA. MSP was performed with 
CpG WIZ® RB1 Amplification Kit (Chemicon In-
ternational, Inc., USA). MSP assay was performed 
in 25 µL of reaction mixture containing 50 ng of 
bisulfite-treated DNA, 2 mM MgCl2, 200 μM each 
of deoxynucleotide triphosphate mixture, 200 mM 
of forward and reverse primers (primers used for 
the methylated MSP (M-MSP) and unmethylated 
MSP (U-MSP)), 1x PCR buffer, and 0.5 U of Taq 
DNA  polymerase (Invitrogen Technologies, Inc., 
USA).

DNA from normal gastric mucosa donors was 
used as negative control, while an enzymatically 
methylated control DNA, CpGenome Universal 
Methylated DNA, (Chemicon International, Inc., 
MA, USA) was used as positive control in all ex-
periments.

MSP was performed using Eppendorf Master-
cycler Gradient PCR (Hamburg, Germany) with 
the following cycling conditions: after a 4 min de-
naturation at 95°C the reaction was run for 35 cy-
cles each comprising 45 s of denaturation at 95°C, 
45 s of annealing at 56°C, and 45 s of extension at 
72°C, with a  final extension at 72°C for 5 min as 
the last step.

Nine microliters of PCR products were loaded 
and run on 1.5% agarose gel, and visualized under 
ultraviolet light after staining with ethidium bro-
mide. With complete chemical modification reac-

tion, U-MSP primers amplified only unmethylated 
DNA (162 bp) and M-MSP primers amplified only 
methylated DNA (159 bp).

Statistical Analysis
Statistical analysis was performed using SPSS 

software v. 15.0. Demographic and clinical charac-
teristics of the patients were determined by descrip-
tive statistics, means, and frequencies. Correlations 
between methylation statuses and clinopathologi-
cal parameter (categorical variables) were evalu-
ated with Fisher’s exact of χ2 tests. The  statistical 
significance threshold is 0.05 and all p-values indi-
cated are two-tailed.

Results

Age and Sex
The  mean ages  ±  standard deviations 

(SD) were 46.13  ±  10.4  years for the control 
group, 54.22  ±  13.6  years for the GC group, 
52.76 ± 14.7 years for H. pylori negative-IM group, 
and 51.6  ±  12.2  years for H.  pylori positive-IM 
group. There were 9/20 males (45%) and 11/20 fe-
males (55%) in the control group, 14/24  males 
(58.4%) and 10/24  females (41.6%) in the GC 
group, and 11/20  males (55%) and 9/20  females 
(45%) in both H. pylori negative-IM and H. pylori 
positive-IM groups (Fig. 1).

Fig. 1. Gender distribution in the study groups

Methylation Status
We  examined promoter methylation of RB1 

gene using MSP approach in our study group. 
Methylation levels of 4 groups were compared in 
Table 1. When we considered the RB1 gene meth-
ylation profile of the entire study population; 
43/84 subjects (51.2%) had methylated RB1 gene 
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and 41/84 subjects (48.8%) had unmethylated RB1 
gene. The  percent of methylated RB1 genes was 
significantly higher in H. pylori positive-IM group 
(65%) than in other groups (GC group 50%, H. py-
lori negative-IM group 50%, control group 40%).

According to methylation levels in RB1 gene, 
there were no significant differences between the 
GC group and the control group, and between 
H.  pylori negative-IM group and the GC group 
(p  >  0.05). However, there was significant differ-
ence in patients with H. pylori positive-IM group 
and the GC group, and H. pylori positive-IM and 
H. pylori negative-IM groups (p ≤ 0.05) as shown 
in Table 1.

Discussion
Although GC can be observed at all ages, it is 

seen most frequently between the 5th and 7th de-
cades [12]. Sixty-two and a half percent of the par-
ticipants who had GC and accepted to be enrolled 
into the study were between the 5th and 7th decades 
(n = 15), 25% of participants were under the 5th de-
cade (n = 6), and 12.5% of them were above the 7th 
decade (n = 3). Although mean age of the partici-
pants in the control group is younger than the ones 
in other groups, there was no significant difference 
between GC, H. pylori positive-IM, and H. pylori 
negative-IM groups.

Male/female ratio in GC is usually declared as 
1.5–2.5 [13, 14]. In the national studies carried out 

in Turkey, male/female ratio was also defined as 
similar to this ratio [15]. In this study, male/female 
ratio (n = 15/n = 9) was found to be 1.67, which 
correlates with the data from the world and Turk-
ish studies [16].

Early diagnosis is of critical importance in can-
cer treatment. The  use of molecular markers can 
improve cancer diagnosis by allowing further sub-
classification of the tumors [17]. Methylation pro-
file can be used as a molecular marker to help cat-
egorize types or subtypes of tumors; moreover, 
it can help to evaluate the potential responses to 
chemotherapeutic agents and survival. Methyla-
tion often occurs before malignant features are de-
tectable, which makes them suitable for early diag-
nosis of cancer. Abnormal promoter methylations 
can silence the tumor associated genes. In  sup-
port of this, promoter methylation cases are re-
ported more frequently than gene mutations in 
GC [17, 18]. Thus, we focused on methylation as 
a diagnostic marker for early diagnosis and prog-
nostic evaluation of GC in our study.

Loss of RB1 function by loss of heterozygosi-
ty has been reported in GC, glioblastomas, breast 
cancer, renal carcinoma, and laryngeal cancer [19]. 
However methylation studies on the promoter re-
gion of RB1 gene in relation to the GC and its 
pathogenesis are limited. In  some of the studies, 
Zhao et al. [20] found that the percent of positive 
methylation bands for RB1 gene was 44.6%, simi-
lar to Liu et al. [21] study of EBV-negative gastric 
carcinoma (EBVnGC) (50%), but less than that of 
EBV-associated gastric carcinoma (EBVaGC) cas-
es (80%), which provides further support that EBV 
induces RB1 gene methylation in EBVaGC. How-
ever, there are no studies about RB1 gene methyla-
tion in GC and IM with or without H. pylori infec-
tion. Our study is the first that demonstrates RB1 
gene promoter methylation in relevance to GC, 
IM, and H.  pylori infection. In  this study, 43/84 
(51.2%) patients were found to have methylated 
RB1 gene and 41/84 (48.8%) patients were found 
to have unmethylated RB1 gene.

H.  pylori are known to be a  major risk fac-
tor for GC progression. It  causes chronic active 
inflammation in the gastric mucosa and has the 
capacity to colonize human stomach persistent-
ly [4, 5]. Abnormal methylations in promoter re-
gions of several genes are induced by H.  pylori 
in gastric mucosa including cell growth-related 
genes p16(INK4a), p14(ARF), and APC; DNA-
repair genes, hMLH1, BRCA1, and MGMT; the 
cell adherence gene E-cadherin; as well as LOX, 
FLNC, HRASLS, HAND1, THBD, and p41ARC, 
which are known to be methylated in GC pa-
tients  [22–24]. Individuals with H.  pylori infec-
tion have increased level of gene methylations, 

Table 1. Statistical comparison of the methylation status 
of RB1 gene in study groups

Control GC p-value*

Methylated 8 12 0.16

Unmethylated 12 12 0.16

H. pylori 
positive-IM

GC

Methylated 13 12 0.03

Unmethylated 7 12 0.03

H. pylori 
negative-IM

GC

Methylated 10 12 1.00

Unmethylated 10 12 1.00

H. pylori 
negative-IM

H. pylori 
positive-IM

Methylated 10 13 0.03

Unmethylated 10 7 0.03

* p ≤ 0.05 was considered significant.
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which decrease in the absence of the bacteria, 
consistent with the notion that methylations are 
induced by the bacterial infection [4, 22, 24, 25]. 
Non-cancerous gastric tissue shows lower levels of 
methylation compared to the GC tissue, suggest-
ing a mechanistic approach for H. pylori-induced 
carcinogenesis  [22]. In  the current study, meth-
ylated RB1 genes have shown significantly the 
highest in H. pylori positive-IM group (65%) (GC 
group 50%, H. pylori negative-IM group 50%, and 
control group 40%) and high correlation between 
H. pylori positive-IM and GC groups (p ≤ 0.05). 
This high correlation suggests that the methyla-
tion in the promoter region of tumor suppressor 
RB1 gene in combination with the H.  pylori in-
fection and IM might play a strategic role in the 
gastric carcinogenesis. It is known that the reason 
for induced chronic inflammation, cell prolifer-
ation, and IM could well be H.  pylori infection. 
One of the factors promoting DNA  methylation 
has been suggested to be cell proliferation. More-
over, inflammatory processes repress the expres-
sion of a  number of genes and methylation is 
known to be promoted by the decrease in gene 
expression [25]. Similar results to those found in 
our study were also reported by Lui et al. In their 
study, Lui et al. [26] determined high methylation 
in EBVaGC, which suggests that RB1 methylation 
is elevated in virus infection as well as in bacterial 
infection shown in our study. The lower methyl-
ation percentage detected in GC cases compared 

to H.  pylori positive-IM cases may be explained 
with the absence of heterozygosity of RB1 gene 
in several cases of GC group  [19]. The  fact that 
RB1 methylation level is 40% in the control group 
suggests that clinically, radiologically, and patho-
logically normal individuals may not be normal 
at molecular level, and monitoring the methyla-
tion levels may increase the efficiency of tumor 
screening procedures.

Our results showed no correlation between 
the methylation status of GC and control groups 
and also between H.  pylori negative-IM and GC 
groups (p > 0.05). The fact that there was no cor-
relation between the control and the GC groups in 
our study suggested that carcinogenesis occurred 
in GC patients through some mechanisms exclud-
ing methylation or the inactivation of RB1 gene 
occurred during carcinogenesis process in the GC 
patients. The  undetectable correlation between 
H.  pylori negative-IM and GC groups suggested 
that H. pylori are more effective in RB1 methyla-
tion in GC than in IM.

In this study, we analyzed the methylation sta-
tus in the promoter region of tumor suppressor 
RB1 gene in GC and H. pylori positive and negative 
IM cases. Our results suggest that RB1 promoter 
methylation may be associated with GC and H. py-
lori infection. Through this association, we aimed 
to demonstrate the role of H. pylori infection in the 
development of GC and the role of RB1 gene pro-
moter methylation on H. pylori infection and GC.
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