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Abstract: The aim of this study is to discuss whether the methylation

levels of Runx3 could be used as the early biomarker for predicting the

prognosis in chronic atrophic gastritis (CAG) patients. A total of 200

subjects including 60 controls without CAG (Group 1), 70 patients with

mild CAG (Group 2), and 70 patients with moderate and severe CAG

(Group 3) were recruited for this cross-sectional investigation in the

Department of Gastroenterology in Daqing Oilfield General Hospital

from July 2013 to May 2014. The MlALDI-TOF-MS was used to measure

the methylation levels of Runx3 in all of the subjects. Real-time quanti-

tative reverse transcription polymerase chain reaction and western blotting

were chosen to determine the expression levels of Runx3. The correlations

between methylation levels of Runx3 among these CAG patients and their

prognosis were shown by logistic regression models. The results demon-

strated that the methylation levels of CpG13, CpG14, and CpG15 in Runx3

were higher in Group 3 than those in Groups 1 and 2 (P<0.05), whereas the

mRNA and protein expression levels of Runx3 were lower in Group 3 than

those in Groups 1 and 2 (P<0.05). There were significantly negative

correlations between the methylation levels of Runx3 with its expression

and the healing prognosis of CAG patients. In brief, this study proved that

the hypermethylation modifications of CpG13, CpG14, and CpG15 in the

promoter region of Runx3 could result in the down regulation of Runx3

expression to affect the prognosis of CAG. So the methylation levels of

these CpG sites in Runx3 in the peripheral blood can be used as the

biomarker for predicting the healing prognosis of CAG patients.

(Medicine 95(20):e3356)

Abbreviations: CAG = chronic atrophic gastritis, GC = gastric

cancer, Hp = Helicobacter pylori, MALDI-TOF-MS = Laser
g, MS, Bei Wang, MS,
ueguang Wei, MS

INTRODUCTION

C hronic atrophic gastritis (CAG) is one of the common
diseases of digestive system. Its main pathological charac-

teristic is the atrophy accompanied with the intestinal metapla-
sia (IM), dysplasia, and inflammation in the gastric glands
especially the cardiac, fundus and pyloric glands.1 There is
no specific clinical manifestations among CAG patients; how-
ever, most patients have the clinical symptoms of pain, fullness,
nausea, belching, constipation, and diarrhea in the epigas-
trium.1,2 Recently, the incidence, prevalence, and mortality
of CAG in China have been found to be growing because of
the increasing infection rate of helicobacter pylori (Hp), aggra-
vation of environmental pollution, and unhealthy lifestyles such
as high-fat and high-salt diet, shortage of fruits, and vegetables
intake.3 Although the pathogenesis of CAG is still unclear,
many research works have proved that long-term changes in
gastric mucosa of CAG are one of the risk factors for gastric
cancer (GC).4 CAG has already been identified as the precan-
cerous lesion of GC by the World Health Organization (WHO)
in the year 1978. So far, a gastric mucosal biopsy combined with
the pathological examination is still the most reliable diagnostic
method for CAG, but this cannot be accepted by all of the
patients because of the trauma caused by using the gastroscope.2

Therefore, it is significant to find a new noninvasive biomarker
in early stage of CAG, which is beneficial for screening and
preventing the incidence of GC.

It has been already confirmed that the occurrence of many
diseases, such as CAG, can be regulated by the gene–environ-
ment interaction, which demonstrated that the expression of
many genes could be influenced by many environmental con-
taminants and diet through a variety of methods. The abnormal
expression levels of the genes can cause physiological, patho-
logical, and histological changes that lead to CAG.5 Recently,
many research works have proved that the expression levels of
genes could be regulated by some elements such as the DNA
methylation modifications.6 As we all known, DNA methyl-
ation is an important component of epigenetic modification. It
has many biological functions, for example, it can be involved
in the regulation of gene expression, chromosome stability,
DNA conformation, and DNA stability, so the changes in DNA
methylation levels can lead to the occurrence of many diseases,
even cancer.6

Runx3, an important member of Runx family, is located in
the short arm of human first chromosome (1P36.1) with two
large and high conservative CpG islands in the total 67 KB
length.7 As a new tumor suppressor gene, Runx3 has many roles
in the signal transcription, the regulation of cells proliferation,
and differentiation.8,9 The highly conserved region of CpG
ortant role in regulating the transcription
x3. Many references had proved that the
unx3 was related to the occurrence and
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FIGURE 1. The pathological symptoms of gastric mucosa in CAG patients. (A) and (B) indicated the changes of gastric mucosa of mild CAG.
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development of some cancer such as the GC, breast cancer,
bladder cancer, etc,10 and the methylation levels of Runx3 also
could be used as the biomarker for many diseases. Li et al had
proved that the methylation levels of Runx3 could play the roles
in the occurrence and development from CAG to the GC,11,12

but there were few studies on discussing the location of CpG
sites of Runx3 in which the methylation levels had changed. So
the objectives of this research were to investigate the methyl-
ation levels of different CpG sites in Runx3 of CAG patients and
analyze the correlations between the methylation levels of these
CpG sites and the prognosis of CAG patients to discuss whether
the methylation levels of these CpG sites in Runx3 can be used
as the early biomarkers for predicting carcinogenesis and
providing the theoretical basis for the new therapeutic of CAG.

MATERIALS AND METHODS

Study Design and Population
This cross-sectional survey was conducted in Department

of Gastroenterology in Daqing Oilfield General Hospital from
July 2013 to May 2014. The outpatients who had the clinical
symptoms of CAG were chosen as the subjects. A total of 381
subjects were requested to sign informed consent, complete the
questionnaires, and examine the situation of gastric mucosa by
the gastroscopy.

Based on the situation of gastric mucosa, these 381 subjects
were divided into three groups such as negative group (110
subjects), mild CAG group (144 subjects), and moderate and

As shown by the arrows, the glands in the antrum of the stomach were
and (D) demonstrated the changes of moderate and severe CAG. As
were in the focal atrophy or even disappeared, and they were repla
severe CAG group (127 subject). According to the results from
the questionnaires and the inclusion criteria, 60 subjects in the
negativegroup, 70subjects in themildCAG group, and 70 subjects
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in the moderate and severe CAG group were respectively and
randomly recruited as the Group 1, Group 2, and Group 3. As
shown in Figure 1, the criterion for the gastric mucosa in Group 1
was that there was focal atrophy of the superficial gland in the
gastric antrum, whereas the glands in the greater and lesser
curvatures of the stomach were normal. The common atrophy
of the glands in the gastric antrum and the lesser curvatures of the
stomachwas seen inGroup 2,whereas the range of the atrophywas
wider than that in Group 1. The gastric mucosa in the moderate and
severe CAG group(Group 3) was that there was wide atrophy or
evendisappeared ofall the glands in the gastricantrum, greater and
lesser curvatures of the stomach, and the mucous membrane was
significantly thinner or even the generation of IM.

The inclusion criteria of the subjects in this study were as
following: firstly, the patients should be first diagnosed as CAG.
Secondly, there should be no infection of Hp in the CAG
patients. Thirdly, the subjects should not use antibiotics and
other drugs in the week before going to the hospital, and also
they should not have taken any vitamin and element supple-
ments for a long period (>3 months) in the past year. Fourthly,
there should not be any medical history of tumor, allergy,
asthma, or allergic rhinitis and no family history of digestive
tumors such as the GC, colon cancer, etc.

The questionnaires included a lot of information such as
gender, age, body weight and height, hair dye, house decoration,
radiation exposure, smoking status, alcohol intake, and the
medical history in 4 weeks before this study. The ethical
approval was approved by Medical Ethics Committee of Daqing

the focal atrophy, but the sizes of theseglands werenot changed. (C)
wn by the arrows, most of the glands in the antrum of the stomach
by the metaplasia glands. CAG: chronic atrophic gastritis.
Oilfield General Hospital, Daqing City, Heilongjiang Province,
China. Every subject should be given a written informed con-
sent before they agreed to involve in this survey.
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TABLE 1. General Information of All the Subjects in These Three Groups

Variables Index Group 1 (n¼ 60) Group 2 (n¼ 70) Group 3 (n¼ 70) P Value

Gender (%) Man 43 (71.2) 46 (66.7) 48 (68.2) 0.808
Woman 17 (28.7) 24 (33.3) 22 (31.8)

Age (year) Mean�Standard 46.0� 7.5 46.0� 9.3 46.3� 6.7 0.990
BMI (kg/m2) Mean�Standard 23.3� 3.0 22.9� 3.1 22.6� 4.2 0.557
Smoking (%)

�
Yes 26 (42.5) 21 (30.0) 26 (36.5) 0.319
No 34 (57.5) 49 (70.0) 44 (63.5)

Drinking (%)
��

Year 24 (40.2) 28 (40.0) 34 (49.2) 0.223
No 36 (59.8) 42 (60.0) 36 (51.8)

BMI¼ body mass index, CAG¼ chronic atrophic gastritis.�
Smoking referred to smoke at least one cigar per day and last �1 year, smoking quit but <1 year was also included.

a da
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Collection of Blood Samplings
Based on the criterion of blood sampling, 6 mL peripheral

blood was drew from each subject and assigned to the vacuum
blood collection tubes (EDTA, Beijing, China). Then these
blood samples were used to extract RNA, DNA, and protein.
Subsequently, all of the samples were stored at –808C within
6 hours until used.

Methylation Analysis of Runx3
The methylation levels of many CpG sites of Runx3 were

quantified by Laser Matrix Support Release/Ionization Time of
Flight Mass Spectrometry (MALDI-TOF-MS) of the MassAr-
ray system (Sequenom EpiTYPER assay, San Diego, CA).17 In
this process, bisulfite conversion of DNAwas firstly performed
using the EZ DNA Methylation kit (Zymo Research, CA)
following the manufacturer’s instructions. Secondly, PCR
and in vitro transcription were carried out in DNA
samples by bisulfite conversion. Thirdly, the target regions
were amplified using the primer pairs (EpiDesigner software,
www.epidesiger.com) including the forward primer (aggaaga-
gagGTTTTTGGGGATGTAGGTTTGG) and reverse primer
(cagtaatacgactcacta tagggagaaggctAAAAAACACTTCATAA
TAAACCACC), and then treated by Shrimp Alkaline Phos-
phatase (SEQUENOM, San Diego, CA). Fourthly, the pro-
ducts were used as the template for in vitro transcription and
base-specific cleavage with RNase A. Lastly, all of the
cleavage products were analyzed by MALDI-TOF-MS
according to the manufacturer’s instructions; 10% of the
parallel samples were done in order to ensure the accuracy
of the results.

Expression Levels of Runx3
Following the protocol (Invitrogen), total RNA was

extracted from the peripheral blood by the Trizol (Invitro-
genTM,). The NanoDrop 2000c spectrophotometer (Thermo,)
was used to measure the concentration of RNA. Agarose gel
electrophoresis was chosen to evaluate the quality of RNA.
Absolute quantification was performed using PCR Master Mix
for SYBR Green assays (Vazyme) on Real-time quantitative
reverse transcription polymerase chain reaction (qRT-PCR)
system (CFX-96, Bio-Rad Company).12 All samples were

��
Drinking was definitive by weekly drinking no less than three times

three groups. The difference of age and BMI were compared by t test.
run in triplicate, and genes expression data was normalized
by b-actin. All proteins were extracted from the peripheral
blood. Absolute quantification of Runx3 was performed using

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Western blotting. All samples were run in triplicate, and protein
expression data was normalized using b-actin.13

Investigation of the Prognosis
All patients who were included in this study were admi-

nistered the conventional internal medicine treatment. The
prognosis of CAG patients was followed up after 2 weeks of
drug treatment. The criterion for the prognosis of CAG patients
was determined by the status of gastric mucosa through the
combination of endoscopic and pathological examination. Then
the status of the gastric mucosa was compared with that before
the clinical treatment to judge whether the prognosis
was healing.

Statistical Analysis
Epidata software was used to enter data from the ques-

tionnaires and experiments into the computers. The whole
process utilized double entries and logistical error check to
ensure the accuracy.

All analyses were performed by the SPSS17.0 and normality
was assessed by K-S test. Differences in continuous and categ-
orical parameters were tested using two sample t tests (or Mann–
Whitney U nonparametric test), ANOVA, and x2 test. The
unconditional logistic regression model was used to evaluate
the correlations between the methylation levels of many CpG
sites with the prognosis among the CAG patients. Statistical
significance for two-sided P values was defined as P<0.05.

RESULTS

General Information of the Subjects
A total of 200 subjects were recruited in this study

including 60 subjects in the negative group (Group 1), 70
subjects in the mild CAG group (Group 2), and 70 subjects
in the moderate and severe CAG group (Group 3). The demo-
graphic characteristics of all of the subjects in this research are
presented in Table 1, which showed that there were no signifi-
cant differences in the distribution of gender, age, body mass
index (BMI), smoking and alcohol consumption between these
three groups.

y.x2 test was used to compare the gender, smoking, and drinking in these
Methylation Levels of Runx3
The location information of the CpG Island, target

sequence, and CpG sites of Runx3 in this research was shown
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FIGURE 2. The methylation levels of the CpG sites in Runx3. (A) demonstrated the location information of the CpG island, target
sequence, and CpG sites in Runx3; (B) showed the methylation levels of many CpG sites of Runx3. Group 1—negative group, Group 2—
mild CAG group, and Group3—moderate and severe CAG group. The target sequences were marked in brackets and the CpG sites were

s in
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in Figure 2A. The methylation levels of CpG13, CpG14, and
CpG15 were significantly higher in Group 3 than those in
Groups 1 and 2 (Figure 2B), whereas no differences in the
methylation levels of all the CpG sites in Runx3 were observed
between the subjects in Groups 1 and 2.

Expression Levels of Runx3
The mRNA and protein expression levels of Runx3 were

significantly lower in Group 3 than those in Groups 1 and 2, as
shown in Figure 3. However, there was no difference in the
mRNA and protein expression levels of Runx3 between the
subjects in Groups 1 and 2.

Correlations Between Methylation Levels of
Runx3 and the Prognosis of CAG Patients

As shown in Table 2, there were significantly negative

underlined. �proved that the methylation levels of these CpG site
P<0.05. CAG: chronic atrophic gastritis.
correlations between the methylation levels of CpG13, CpG14,
and CpG15 sites in the promoter region of Runx3 with the
healing prognosis of CAG patients by the multiple regression

4 | www.md-journal.com
analysis (P<0.05), whereas no correlations between the other
factors such as gender, smoking, drinking, age, and BMI and the
prognosis were observed among the CAG patients.

DISCUSSION
GC has become one of the serious health problems all over

the world. The incidence of GC was in a stepwise manner, and
the subjects with precancerous lesions may be at high risk of
developing CG, such as CAG, IM, and dysplasia. Subsequently,
as the precancerous lesions, improving the prognosis and
treatment of CAG is an important method for reducing the
incidence of GC.14,15

Recently, many studies have indicated that epigenetic
mechanism can be involved in the occurrence and development
of GC, in which the methylation alteration in many genes such
as Runx3 in the serum can be used as the biomarker for the

Group 3 were significant higher than those in Groups 2 and 1,
detection of CG.16,17 Runx3, as one of the significant members
in the Runx family, was located in the short arm of human first
chromosome (1P36.1) with the total length of 67 KB. It contains

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. Comparison of the expression levels of Runx3 in different groups. (A) indicated the mRNA expression levels of Runx3 in
different groups and (B) showed the expression levels of Runx3 protein in different groups; Group 1—negative group, Group 2—mild CAG
group, and Group3—moderate and severe CAG group;� proved that the expression levels of mRNA and protein of Runx3 in Group 3 were
significantly higher than those in Groups 2 and 1, P<0.05. CAG¼ chronic atrophic gastritis.

TABLE 2. Correlations Between Methylation Levels of CpG Sites in Runx3 With the Prognosis of CAG Patients

Prognosis (n¼ 140) Prognosis (n¼ 140) Prognosis (n¼ 140)

CpG Site r rstd P CpG Site r rstd P CpG Site r rstd P

CpG13 �0.179 �0.156 0.013 CpG14 �0.198 �0.474 0.031 CpG15 �0.639 �0.431 0.014
Gender �0.099 �0.147 0.078 Gender �0.026 �0.055 0.795 Gender �0.231 �0.207 0.072
Smoking �0.046 �0.039 0.373 Smoking �0.113 �0.141 0.518 Smoking �0.078 �0.084 0.106
Drinking �0.111 �0.100 0.167 Drinking �0.125 �0.111 0.581 Drinking �0.049 �0.053 0.226
Age �0.111 �0.120 0.158 Age �0.612 �0.424 0.059 Age �0.138 �0.141 0.056
BMI �0.107 �0.132 0.101 BMI �0.143 �0.122 0.539 BMI �0.051 �0.046 0.130

and
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two high conservative CpG islands, which can play an import-
ant role in the regulation of the expression of Runx3.18 How-
ever, little information was available on the methylation levels
of Runx3 among the CAG patients. So in this research, the
methylation levels of many CpG sites in the promoter region of
Runx3 and its expression were measured in serum. Our results
had proved there were higher methylation levels of CpG13,
CpG14, and CpG15 in the promoter region of Runx3 in Group 3,
compared with those in Groups 1 and 2 (P<0.05). However, the
expression levels of Runx3 were lower in Group 3 than those in
Groups 1 and 2 (P<0.05). Moreover, there were significantly
negative correlations between the methylation levels of CpG13,
CpG14, and CpG15 sites in Runx3 with its expression. So the
hypermethylation modifications of CpG13, CpG14, and CpG15
in the promoter region of Runx3 can significantly affect
its expression.

The appropriate expression of Runx3 can play a tumor
suppressor role. The Runx3 protein was an important transcrip-
tion factor in the TGF-b signal transduction pathway. Its role
was to combine with the Smad receptor to form TGF-b /Smad
compound and then transfer the TGF-b /Smad compound from
the cytoplasm to the specific site in the nucleus to promote TGF-
b /Smad compound connection with this specific site. Con-
sidering the significant role of Runx3 in the TGF-b signaling
pathways, it is reasonable to think that Runx3 can be involved in

BMI¼ body mass index, CAG¼ chronic atrophic gastritis.
According to the situation of gastric mucosa, the prognosis of good
the regulation of multiple cell functions such as the target gene
transcription, cellular regulation, differentiation, and inva-
sion.19,20 Recently, many research works had also proved that

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
the hypermethylation status of many CpG sites in Runx3 could
cause the disorder of TGF-b signaling pathway to increase the
occurrence and development of some cancer including GC,
breast cancer, bladder cancer, etc by affecting the expression
levels of Runx3.21–23 So the methylation levels of Runx3 can be
used as the biomarker for the early stage of tumor diagnosis.24

Few research works had discussed the correlation between
the methylation levels of Runx3 and the occurrence and devel-
opment of CAG. So under this condition, the objective of this
research was to discuss whether the methylation levels of Runx3
could be used as the early biomarker to predict the prognosis of
CAG patients. Our results in this research had indicators that there
were significantly negative correlations between the methylation
levels of CpG13, CpG14, and CpG15 sites in the promoter region
of Runx3 with the prognosis of CAG patients.

In summary, the methylation of CpG13, CpG14, and
CpG15 in the promoter region of Runx3 can be used as the
biomarker for the diagnosis and clinical treatment of CAG.

CONCLUSIONS
In brief, our study demonstrated that there were hyper-

methylation modifications of CpG13, CpG14, and CpG15 in the
promoter region of Runx3. This methylation status could result
in the down regulation of Runx3 expression and affect the
prognosis of CAG. So in this condition, the methylation levels

bad was respectively assigned as one and two.
of these CpG sites in peripheral blood can be used as the
biomarker to provide the criterion for clinical treatment of
CAG patients.

www.md-journal.com | 5



ACKNOWLEDGMENT

The authors appreciated the suggestions from Professor
Tian Chen in Capital Medical University for statistical and
English-spelling advices.

REFERENCES

1. Tursi A, Grattagliano I, De Polo M, et al. Noninvasive prediction of

chronic atrophic gastritis in autoimmune thyroid disease in primary

care. Scand J Gastroenterol. 2014;49:1394–1396.

2. Chen T, Sun L, He C, et al. Serum OPN expression for identification

of gastric cancer and atrophic gastritis and its influencing factors.

PLoS One. 2014;9:e114005.

3. Tursi A, Grattagliano I, De Polo M, et al. Noninvasive prediction of

chronic atrophic gastritis in autoimmune thyroid disease in primary

care. Scand J Gastroenterol. 2014;49:1394–1396.

4. Watari J, Chen N, Amenta PS, et al. Helicobacter pylori associated

chronic gastritis, clinical syndromes, precancerous lesions, and

pathogenesis of gastric cancer development. World J Gastroenterol.

2014;20:5461–5473.

5. Song H, Held M, Sandin S, et al. Increase in the prevalence of

atrophic gastritis among adults age 35 to 44 years old in northern

Sweden between 1990 and 2009. Clin Gastroenterol Hepatol.

2015;13:1592.e1–600.e1.

6. Lo R, Weksberg R. Biological and biochemical modulation of DNA

methylation. Epigenomics. 2014;6:593–602.

7. Berg M, Nordgaard O, Kørner H, et al. Molecular subtypes in stage

II–III colon cancer defined by genomic instability: early recurrence-

risk associated with a high copy-number variation and loss of

RUNX3 and CDKN2A. PLoS One. 2015;10:e0122391.

8. Zhang X, He H, Zhang X, et al. RUNX3 Promoter methylation is

associated with hepatocellular carcinoma risk: a meta-analysis

cancer invest. 2015;33:121–125.

9. Lotem J, Levanon D, Negreanu V, et al. Runx3 at the interface of

immunity, inflammation and cancer. Biochim Biophys Acta.

2015;1855:131–143.

10. Li Z, Guo X, Wu Y, et al. Methylation profiling of 48 candidate

genes in tumor and matched normal tissues from breast cancer

patients. Breast Cancer Res Treat. 2015;149:767–779.

Zhao et al
associated with advanced precancerous gastric lesions in a Chinese

population. Carcinogenesis. 2011;32:406–410.

6 | www.md-journal.com
12. Pan H, Yang X, Bidne K, et al. Selection of reference genes for RT-

qPCR analysis in the monarch butterfly, Danaus plexippus (L.), a

migrating bio-indicator. PLoS One. 2015;10:e0129482.

13. Schoenauer R, Atanassoff AP, Wolfmeier H, et al. P2X7 receptors

mediate resistance to toxin induced cell lysis. Biochim Biophys Acta.

2014;1843:915–922.

14. Pasechnikov V, Chukov S, Fedorov E, et al. Gastric cancer:

prevention, screening and early diagnosis. World J Gastroenterol.

2014;20:13842–13862.

15. Huang YK, Yu JC, Kang WM. Significance of serum pepsinogens

as a biomarker for gastric cancer and atrophic gastritis screening: a

systematic review and meta-analysis. PLoS One. 2015;10:

e0142080.

16. Tan SH, Ida H, Lau QC, et al. Detection of promoter hypermethyla-

tion in serum samples of cancer patients by methylation-specific

polymerase chain reaction for tumour suppressor genes including

RUNX3. Oncol Rep. 2007;18:1225–1230.

17. Wang G, Zhang W, Zhou B, et al. The diagnosis value of promoter

methylation of UCHL1 in the serum for progression of gastric

cancer. Biomed Res Int. 2015;2015:741030.
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