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Abstract. The aim of the present study was to investigate an 
association of genetic polymorphism (rs7521584) located in 
miR-200a-200b-429 cluster, which has tumor suppressor and 
pro‑inflammatory function, with the development of gastric 
mucosal atrophy and metaplasia as a pre-malignant condition. 
Gastric mucosa samples were obtained from the antrum of 
393 patients with no malignancies. The rs7521584 genotype was 
determined using the polymerase chain reaction-single-strand 
conformation polymorphism analysis method. The degree of 
gastritis was assessed histologically in all subjects and serum 
levels of pepsinogen (PG) I/II were quantified in 123 out of 
393 patients. Patients with an atrophy score ≥1 and metaplasia 
score ≥1 were classified into the atrophic gastritis group (AG 
group). The rs7521584 TT genotype was significantly associated 
with the development of atrophic gastritis [odds ratio (OR), 2.41; 
95% confidence interval (CI), 1.10‑5.25; P=0.027), particularly 
in patients with H. pylori infection (OR, 3.31; 95% CI, 1.35-8.12; 
P=0.0089). In addition, in patients younger than 60 years of age, 
this genotype was associated with atrophic gastritis (OR, 3.15; 
95% CI 1.03‑9.61; P=0.044)]. In patients with H. pylori infection, 
the metaplasia score was significantly higher in the TT homo-
zygote compared with the GG+GT genotype. In the rs7521584 
TT homozygote, serum PG I/II ratio was significantly reduced 
with increasing age (P=0.0084). No significant trend was 
identified between the GG+GT genotype and age. The results 
of the current study indicated that the rs7521584 minor allele 
homozygote was associated with the development of chronic 
gastritis under the influence of H. pylori‑induced inflammation, 
particularly with the severity of metaplastic alterations.

Introduction

Gastric cancer remains to be the third leading cause of cancer 
mortality, worldwide; however, the incidence rates have declined 
in Western Europe (1). Helicobacter pylori (H. pylori) infection 
is regarded as a primary factor in the development of atrophic 
gastritis, and gastric cancer may subsequently occur (2,3). 
Gastric cancer occurs via numerous stages, beginning with 
chronic inflammation, atrophic alterations, intestinal meta-
plasia and dysplasia (4). From the majority of patients with an 
H. pylori infection, only a small percentage of patients have the 
poorest clinical outcome, such as diagnosis with gastric cancer. 
However, a specific factor which may aid in determining the 
variation of the clinical outcome remains to be identified, the 
specific outcome may be the result of an interaction of bacterial 
virulence factors, host immune system and the environment. 
Additionally, a previous study determined that genetic varia-
tion affected the clinical course of H. pylori infection (5).

A microRNA (miRNA) is an endogenous small 
non-protein-coding RNA cleaved from a precursor of the 
70-100 bp hairpin form (6,7). miRNAs, which bind to the 
3'-untranslated region (UTR) of target genes, regulate the 
mRNA expression post-transcriptionally (6). Previous studies 
which examined expression of miRNAs using clinical samples, 
determined that the expression and function of miRNAs may 
be associated with cancer pathogenesis (8-10) including gastric 
cancer (11). Mishra et al (12) determined that polymorphism 
of pri-, pre- and mature miRNA may affect miRNA func-
tion and potentially influence various gene expression levels 
and signaling pathways. It has also been reported that the 
processing and target selection of miRNAs may be influenced 
by variations in the coding region of miRNA genes, including 
pri-, pre- and mature miRNAs (13). The authors of the present 
study previously reported that miR-27a genetic variation may 
be associated with gastric mucosal atrophy (14).

The present study, investigated the region of ~2 kbp at 
chromosome 1, containing miRNA (miR)-200b, miR-200a 
and miR-429 (Fig. 1). From this region, 5 miRNAs are yielded 
and may regulate various gene expression levels. It is possible 
that genetic variations in this region may influence the clinical 
outcome of some diseases. The rs7521584 polymorphism 
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reported in National Center for Biotechnology Information 
single nucleotide polymorphism (SNP) database was selected, 
and the present study investigated the association of this poly-
morphism with the development of gastric mucosal atrophy 
and metaplastic change as a pre-malignant condition.

Materials and methods

Clinical samples and DNA extraction. A total of 393 patients 
with no neoplastic lesions, who had a medical examination in 
Fujita Health University Hospital (Toyoake, Japan) or Kanazawa 
Medical University Hospital (Uchinada-machi, Japan) from 
April 2005 to March 2014 were recruited for the present study. 
All patients underwent upper gastrointestinal endoscopy due 
to reported abdominal discomfort and were diagnosed with 
gastritis or no abnormal appearance. Patients with severe 
systemic diseases, malignancies in other organs and those that 
had received nonsteroidal anti‑inflammatory drugs, antibiotics 
and H. pylori eradication treatment were excluded.

All histological diagnoses were preformed using biopsy spec-
imens obtained from the antrum by the Division of Pathology 
of each hospital. The severity of chronic gastritis was classified 
according to the updated Sydney system (15) by a pathologist 
who had no access to any clinical information. According to the 
severity of atrophic gastritis, the subjects were divided into the 
following 2 groups: The atrophic gastritis (AG) group (atrophy 
score ≥1 and metaplasia score ≥1) and the no atrophy (NA) group.

Genomic DNA was isolated from the blood samples using 
QIAamp DNA blood kit (Qiagen, Inc., Valencia, CA, USA) 
according to the manufacturer's protocol. H. pylori infection 
status was determined by serology, histological examination 
and the urea breath test. A total of 251 patients were diagnosed 
as H. pylori positive when at least one of the diagnostic tests 
was positive. In addition, serum pepsinogen (PG) I/II levels 
were quantified in 123/393 patients.

The Ethical Committee of Fujita Health University and 
Kanazawa Medical University approved the protocol and 
written informed consent was obtained from all patients.

SNP detection. In order to determine the genotype of patients, 
the present study used polymerase chain reaction-single strand 
conformation polymorphism (PCR-SSCP) as previously 
described (14). Primer pairs were synthesized and the sequences 
were as follows: rs7521584 forward, 5'-AAC AGT GGC CTC 
TCT CAC GTG GT-3' and reverse, 5'-TTG CAG ATG GAA AAG 
ATG AAA CAA T-3'. PCR was performed in a volume of 20 µl 
containing 0.1 µg DNA using Ex Taq DNA polymerase (Takara 
Bio Inc., Otsu, Japan). The DNA was denatured at 95˚C for 
3 min, followed by 35 cycles at 95˚C for 30 sec, 54˚C for 40 sec 
and 72˚C for 45 sec, with a final extension step at 72˚C for 5 min. 
Subsequently, 2 µl of the PCR products were denatured using 
10 µl formamide (Sigma-Aldrich; Merck Millipore, Darmstadt, 
Germany) at 90˚C for 5 min. SSCP was performed at 18˚C 
using a GenePhor DNA separation system with GeneGel Excel 
12.5/24 (GE Healthcare Life Sciences, Chalfont, UK), subse-
quently the denatured single strand DNA bands were detected 
using a DNA Silver Staining kit (GE Healthcare Life Sciences).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA from whole blood samples of healthy patients with 5GG, 

5GT and 5TT genotypes was extracted using TRIzol reagent 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer's instructions. The Mir-X miRNA qRT-PCR 
SYBR kit (Takara Bio, Inc.) was used to quantify miRNA 
expression, according to the manufacturer's instructions. Total 
RNA (0.8 µg) was reverse transcribed using the Mir-X™ 
miRNA First-Strand Synthesis kit according the manufac-
turer's protocol. The PCR reactions were performed using 
miRNA‑specific primers (miR‑429, 5'‑TAA TAC TGT CTG GTA 
AAA CCG T-3'; miR-200a-3p, 5'-TAA CAC TGT CTG GTA ACG 
ATG T-3' for miR-200a-3p). The thermocycling conditions were 
as follows: initial denaturation at 95˚C for 10 sec, followed by 
40 cycles of 95˚C for 5 sec and 60˚C for 20 sec. U6 was used as 
the reference gene (5'-GGG CAG GAA GAG GGC CTA T-3'). All 
data were analyzed using the 2-ΔΔCq method (16).

Statistical analysis. The Hardy-Weinberg equilibrium of the 
allele was assessed using a χ2 test. The age data were expressed 
as the mean ± standard deviation. Analyses were performed 
using Stata (version 13; StataCorp LP, College Station, TX, 
USA). The mean ages between the 2 groups were compared 
using Student's t-test. The ratios of H. pylori infection status and 
gender were compared using Fisher's exact test. Differences 
of genotype frequencies were determined with a two-sided 
Fisher's exact test. The odds ratio (OR) and 95% confidence 
intervals (CI) were estimated by logistic regression following 
an adjustment for age, gender and H. pylori infection status. 
Each of the Sydney system scores between the 2 groups was 
compared using a Mann-Whitney U test. The association 
between age and PG I/II ratio was determined using one-way 
analysis of variance. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Characteristics of subjects and genotype frequencies. Single 
strand DNA of rs7521584 was clearly separated by SSCP 
(Fig. 2). A total of 393 patients participated in the present 

Figure 1. rs7521584 is located between MIR429 and MIR200s on chromo-
some 1. A total of 5 miRNAs were identified, miR200B‑5p, miR200B‑3p, 
miR200A-5p, miR200A-3p and miR429.

Figure 2. Images of polymerase chain reaction-SSCP. Single strand DNAs 
of rs7521584 genotype were clearly separated by SSCP. SSCP, single strand 
conformation polymorphism.
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study. The patients were classified into the AG (n=139) and 
NA groups (n=254), their characteristics are summarized 
in Table I. The mean age of the AG group was significantly 
greater compared with the NA group. The male/female ratio 
and H. pylori positivity were also significantly greater in the 
AG group compared with the NA group.

The distribution of genotypes in the patients recruited in the 
present study were in Hardy‑Weinberg equilibrium (P=0.09). 
No significant difference between the genotype distribution of 
AG and NA groups was identified (Table I).

Association between the rs7521584 polymorphism and atrophic 
gastritis. The present study used logistic regression analysis 
following an adjustment for age, gender and H. pylori infection 

status, to determine that the rs7521584 TT genotype was signifi-
cantly associated with the severity of atrophic gastritis (OR, 2.41; 
95% CI, 1.10‑5.25; P=0.027; Table II). In the H. pylori infected 
subjects, TT genotype was also significantly associated with 
the atrophic gastritis (OR, 3.31; 95% CI, 1.35‑8.12; P=0.0089; 
Table II). In addition, in the subjects younger than 60 years 
of age, this genotype was positively associated with atrophic 
gastritis (OR, 3.15; 95% CI, 1.03‑9.61; P=0.044; Table II).

No significant difference was identified between the 
GG+GT genotype and TT homozygote for the atrophy and 
metaplasia scores in the updated Sydney system (Fig. 3). 
However, in patients with an H. pylori infection, the meta-
plasia score was significantly higher in the TT homozygote 
compared with the GG+GT genotype.

Figure 3. Comparison of atrophy and metaplasia scores between the GG+GT genotype and TT homozygote. In the H. pylori-infected subject, the metaplasia 
score was significantly higher in the TT homozygote compared with the GG+GT genotype.

Table I. Characteristics of the subjects and frequency of genotypes.

Characteristic Total NA group AG group P-value

Number of patients 393 254 139 
Mean age ± standard deviation 60.0±13.3 58.0±13.7 63.6±11.8 <0.0001a

Male:female 233:160 132:122 101:38 <0.0001a

H. pylori positive rate 251/393 118/254 133/139 <0.0001a

rs7521584 G>T    
  GG 139 88 51 
  GT 203 137 66 
  TT 51 29 22 
T allele frequency 38.8% 38.4% 39.6% NS

aNA group vs. AG group. NA, no atrophy; AG, atrophic gastritis.
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Serum PG I/II ratio and rs7521584 genotype. The rs7521584 
genotype distribution in 123 patients whose serum PG were 
quantified was as follows: GG, 47; GT, 57; and TT, 19, which 
did not differ from the distribution observed in all patients 
(P=0.63). The H. pylori positivity did not differ significantly 
between the GG+GT genotype (61.5%) and TT homozygote 
(52.6%).

In the rs7521584 TT homozygote, PG I/II ratio significantly 
decreased with increasing age (P=0.0084; Fig. 4). However, 
there was no significant association between the PG I/II ratio 
and age in the GG+GT genotype (Fig. 4).

Discussion

A total of five miRNAs with similar seed sequence constitute 
the miR-200 family, located in two distinct genomic clusters 
(miR-200a-200b-429 and miR-200c-141 clusters). The 
miR-200a-200b-429 cluster is located on chromosome 1. In 
general, one mRNA is regulated by numerous miRNAs, and 
one miRNA may target numerous mRNAs (17). Therefore, it is 
difficult to determine the mechanisms of miRNA in the patho-
genesis of human disorders. However, several previous studies 
have indicated that the reduced expression of miR-200 family 
may contribute to the development and progression of gastric 
cancer (18-20). Chang et al (18) determined that the expression 

of the miR-200 family was downregulated in gastric cancer 
tissues compared with matched non-cancerous tissues and 
lower levels of the miR-200 family were associated with the 
prognosis of the patients with gastric cancer (18). Zhu et al (19) 
has reported that suppressed expression of miR-429 in the gastric 
cancer cell line AGS promoted cancer cell survival mediated 
by B cell leukemia/lymphoma 2 against chemotherapy-induced 
cell death and that the rescued expression of miR-429 induced 
the apoptosis of cancer cells (19). Zhang et al (20) have indi-20) have indi-) have indi-
cated that expression of miR-429 in gastric cancer tissues was 
downregulated compared with adjacent normal tissue and have 
demonstrated that the expression of fascin-1 (a direct target of 
miR-429) and miR-429 expression were inversely correlated 
in vivo (20). These previous findings suggest that the miR‑200 
family may act as a tumor suppressor on the development and 
progression of gastric cancer. Additionally, the miR-200 family 
may also be capable of inhibiting the invasion of carcinoma 
to the other organs, including colorectal carcinoma (21-23). 
Conversely, Chen et al (24) reported that the overexpression 
of miR-200a-3p may be associated with gender and miR-429 
with age in patients with gastric cancer. In addition, it has been 
previously reported that upregulated expression of miR-429 
in patients with serous ovarian carcinoma was negatively 
correlated with survival (25). Therefore, although the miR-200 
family may have important roles in tumor progression, their 

Figure 4. The serum PG I/II ratio and rs7521584 genotype. In the TT homozygote, serum PG I/II ratio was negatively correlated with age in the TT homozy-
gote. PG, pepsinogen.

Table II. Association between rs7521584 and gastric mucosal atrophy.

Characteristic No. of subjects GG GT TT OR (95% CI)a P-value

rs7521584 G>T      
  NA 254 88 137 29 Reference -
  AG 139 51 66 22 2.41 (1.10-5.25) 0.027a

H. pylori positive      
  NA 118 40 70 8 Reference -
  AG 133 49 62 22 3.31 (1.35-8.12) 0.0089a

≤60      
  NA 129 48 64 17 Reference -
  AG 46 13 23 10 3.15 (1.03-9.61) 0.044a

aTT vs. GG+GT. NA, no atrophy; AG, atrophic gastritis; CI, confidence interval.
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specific functions and the mechanisms involved remain to be 
fully elucidated.

The miR‑200 family also has an important role in the inflam-
mation process. Reddy et al (26) identified a proinflammatory 
function for the negative feedback loop between miR-200 and 
zinc finger e‑box‑binding homeobox 1 in vascular smooth muscle 
cells (VSMCs) under diabetic conditions (26). They concluded 
that disruption of this negative feedback loop enhances the 
proinflammatory responses of VSMCs, which are implicated in 
vascular complications (26). Xiao et al (27) have determined that 
miR‑429 targets dual specificity protein phosphatase 1 directly, 
in order to regulate the activation of p38 mitogen-activated 
protein kinase and subsequent production of cytokines in 
response to lipopolysaccharide stimulation in alveolar macro-
phages (27). The miR-200 family may have a tumor suppressor 
role by inhibition of the epithelial mesenchymal transition (28) 
and a proinflammatory role in the inflammation process.

In the present study, rs7521584 was significantly associated 
with the development of atrophic gastritis, which is considered 
as a pre-malignant condition, particularly in patients with 
H. pylori infection. Additionally, the significant progres-
sion of atrophic gastritis was observed in patients younger 
than 60 years of age. Although no difference was identified 
in terms of H. pylori positivity between the two genotypes, 
serum PG I/II ratio was reduced with age in the TT homo-
zygote compared with the GG+GT genotype. The present 
results suggest that H. pylori-associated atrophic gastritis may 
progress more rapidly in the TT homozygote compared with 
the other genotypes. Additionally, the present study indicated 
that re7521584 is more closely associated with metaplastic 
alterations compared with atrophic alterations. A previous 
study indicated that the development of gastric metaplasia 
may not always be associated with the progression of gastric 
mucosal atrophy and H. pylori infection status (29). Gastric 
glandular atrophy, resulting from parietal cell loss due to 
H. pylori induced‑inflammation, may lead to gastric chief cell 
transdifferentiation into spasmolytic polypeptide expressing 
metaplasia (SPEM) (30). In the presence of chronic infl amma‑30). In the presence of chronic infl amma‑). In the presence of chronic inflamma-
tion, SPEM may progress to more advanced metaplasia but not 
to intestinal metaplasia in mice (31,32). However, in humans, 
SPEM leads to intestinal metaplasia, which may progress to 
cancer (33). Therefore, it is likely that more advanced factors 
are required to develop intestinal metaplasia from atrophic 
gastric mucosa in humans that have yet to be identified (30). 
The rs7521584 polymorphism may be more closely associ-
ated with metaplastic transformation than atrophic change by 
H. pylori‑induced chronic inflammation.

The contents of miR-200 families in blood samples were 
quantified and no significant differences were identified among 
rs7521584 genotypes (data not shown). Therefore, the influ-
ence of rs7521584 on the expression or function of miR-200 
families cannot be evaluated. miRNAs may be derived by 
various stimulations and the content of miRNA in blood 
serum may differ from that in organ tissues, its influence may 
be difficult to determine solely from the quantification of the 
serum sample. Further investigation using cell assays would 
be required at this point. If variation of rs7521584 may influ-
ence the expression or function of one or all miR-200 families; 
therefore, rs7521584 may influence the metaplastic transfor-
mation in the gastric mucosa, leading to the later intestinal 

type of gastric cancer, by affecting mRNA expression via the 
alteration of miR-200 family expression or function.

In conclusion, the present study demonstrated that the 
rs7521584 minor allele homozygote was associated with the 
development of atrophic gastritis following H. pylori-induced 
inflammation, particularly affecting the severity of metaplastic 
alterations. The accumulation of similar findings may lead to 
an improved understanding of the diverse clinical course of 
H. pylori infection.
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