
Gene Polymorphisms of Micrornas in Helicobacter
pylori-Induced High Risk Atrophic Gastritis and Gastric
Cancer
Juozas Kupcinskas1,2*, Thomas Wex3,4, Alexander Link3, Marcis Leja5,6,7, Indre Bruzaite1,

Ruta Steponaitiene1, Simonas Juzenas1, Ugne Gyvyte1, Audrius Ivanauskas1, Guntis Ancans6,7,

Vitalija Petrenkiene2, Jurgita Skieceviciene1, Limas Kupcinskas1,2, Peter Malfertheiner3

1 Institute for Digestive Research, Lithuanian University of Health Sciences, Kaunas, Lithuania, 2 Department of Gastroenterology, Lithuanian University of Health Sciences,

Kaunas, Lithuania, 3 Department of Gastroenterology, Hepatology and Infectious Diseases, Otto von Guericke University, Magdeburg, Germany, 4 Medical Laboratory for

Clinical Chemistry, Microbiology and Infectious Diseases, Department of Molecular Genetics, Magdeburg, Germany, 5 Faculty of Medicine, University of Latvia, Riga, Latvia,

6 Digestive Diseases Center GASTRO, Riga, Latvia, 7 Riga East University Hospital, Riga, Latvia

Abstract

Background and aims: MicroRNAs (miRNAs) are known for their function as translational regulators of tumor suppressor or
oncogenes. Single nucleotide polymorphisms (SNPs) in miRNAs related genes have been shown to affect the regulatory
capacity of miRNAs and were linked with gastric cancer (GC) and premalignant gastric conditions. The purpose of this study
was to evaluate potential associations between miRNA-related gene polymorphisms (miR-27a, miR-146a, miR-196a-2, miR-
492 and miR-608) and the presence of GC or high risk atrophic gastritis (HRAG) in European population.

Methods: Gene polymorphisms were analyzed in 995 subjects (controls: n = 351; GC: n = 363; HRAG: n = 281) of European
descent. MiR-27a T.C (rs895819), miR-146a G.C (rs2910164), miR-196a-2 C.T (rs11614913), miR-492 G.C (rs2289030) and
miR-608 C.G (rs4919510) SNPs were genotyped by RT-PCR.

Results: Overall, SNPs of miRNAs were not associated with the presence of GC or HRAG. We observed a tendency for miR-
196a-2 CT genotype to be associated with higher risk of GC when compared to CC genotype, however, the difference did
not reach the adjusted P-value (odds ratio (OR) - 1.46, 95% confidence interval (CI) 1.03-2.07, P = 0.032). MiR-608 GG
genotype was more frequent in GC when compared to controls (OR 22.34, 95% CI 1.08–5.04), but significance remained
marginal (P = 0.029). A similar tendency was observed in a recessive model for miR-608, where CC + CG vs GG genotype
comparison showed a tendency for increased risk of GC with OR of 2.44 (95% CI 1.14–5.22, P = 0.021). The genotypes and
alleles of miR-27a, miR-146a, miR-196a-2, miR-492 and miR-608 SNPs had similar distribution between histological subtypes
of GC and were not linked with the presence of diffuse or intestinal-type GC.

Conclusions: Gene polymorphisms of miR-27a, miR-146a, miR-196a-2, miR-492, miR-492a and miR-608 were not associated
with the presence of HRAG, GC or different histological subtypes of GC in European subjects.
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Introduction

Despite decreasing incidence of gastric cancer (GC) in most

developed countries, GC accounted for a total of 989,600 new

cases and 738,000 deaths in 2008 worldwide [1]. Helicobacter pylori

(H. pylori) infection in gastric mucosa may lead to the development

of atrophic gastritis (AG) and intestinal metaplasia (IM) and is a

cardinal risk factor for development of GC [2]. Nevertheless, the

development of gastric adenocarcinoma cannot be explained by

the presence of H. pylori alone. Synergistic effects of environmental,

host, nutritional and bacterial factors are believed to trigger gastric

carcinogenesis, however, the mechanisms and interaction are still

poorly understood [3]. A number of gene alterations have been

implicated in gastric carcinogenesis, but none of them has been yet

transferred to daily clinical practice due to the lack of association

strength [4]. Recent data suggest a potential influence of single

nucleotide polymorphisms (SNPs) of microRNA-related genes

(miRNAs) for the risk of cancer development [5].

MiRNAs are only ,22 bp long, and because of its unique

biogenesis are highly stable in different tissues or specimens,

making them an attractive target in biomarker research field [6,7].

A growing number of functional studies suggest that miRNAs may
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be involved in different stages of gastric carcinogenesis [8]. This

concordance is also reflected in miRNA profiling studies that

revealed specific alterations in expression pattern in mucosa of GC

patients. Furthermore, miRNA expression changes are already

detectable in early stages of gastric carcinogenesis including H.

pylori induced AG [8].

Increasing understanding of functional role of miRNAs has

opened a new capitel in gene polymorphism research in cancer

[7,9]. Single miRNA is capable of targeting multiple genes;

therefore, the significance of the SNPs in miRNA gene sequence

may potentially be associated with remarkable alterations in

regulation of gene expression and modification of the risk to

development of certain human diseases, including GC [8].

Different studies have shown that certain SNPs of miRNA-

encoding genes may alter miRNA expression or its functional role

and in this way influence the risk of cancer development or

progression [10,11]. Growing number of case-control studies have

shown association between the polymorphisms of the genes

encoding miRNAs and the risk of different malignancies [5].

Gene polymorphisms of five miRNA-related genes, miR-27a T.C

(rs895819), miR-146a G.C (rs2910164), miR-196a-2 C.T

(rs11614913), miR-492 G.C (rs2289030) and miR-608 C.G

(rs4919510), have been chosen for the present study because of

previously suggested association with cancer risks [5,12–14].

The above mentioned miRNAs have been implicated in various

cancer-related pathways. Liu et al. showed that miR-27a is up-

regulated in GC and acts as an oncogene by targeting prohibitin

[15]. SNP of miR-27a (rs895819) contributes to GC susceptibility

through affecting the expression of miR-27a and targets gene zinc

finger and BTB domain containing 10 (ZBTB10) [16]. MiR-146a

was shown to modulate H. pylori induced inflammatory response in

human gastric epithelial cells by targeting IL-1 associated kinase 1

(IRAK1) and TNF receptor associated factor 6 (TRAF6) [17].

Furthermore, miR-146a SNP (rs2910164) has been associated with

AG in Japanese subjects [18]. Previous studies have demonstrated

aberrant over expression of miR-196a-2 and consequent down

regulation of p27 (kip1) in GC [16]. Another study has shown that

gene polymorphism of miR-196a-2 (rs11614913) was associated

with increased risk for GC [19,20] while a study by Ahn et al.

(2012) could not confirm this association, but this SNP was linked

with survival in GC patients [21]. MiR-492 was identified to play

an important role in the progression of malignant embryonic liver

tumors [22] and is deregulated in colorectal cancer when

compared to normal colon mucosa [23]. A report in Chinese

population showed that SNP of miR-608 (rs4919510) may

influence HER2-positive breast cancer risk and tumor prolifera-

tion [14].

Most of the currently published genotyping studies related to

miRNA genes in GC were performed only in Asian subjects, are

limited by small sample sizes and report partially conflicting

results. Furthermore, very few studies have previously addressed

the role of these miRNA-related SNPs in premalignant gastric

conditions. Based on the evidence provided above, we performed

systematic genotyping analysis for miR-27a, miR-146a, miR-196a-2,

miR-492 and miR-608 SNPs in patients with GC, high risk atrophic

gastritis and controls using three groups of patients from Germany,

Lithuania and Latvia of European descent.

Methods

Ethics statement
The study was approved by the Ethics Committees of the Otto-

von-Guericke University Magdeburg, Lithuanian University of

Health Sciences and Central Medical Ethics Committee of of

Latvia. All patients have signed an informed consent form to

participate in the study.

Study population
Subjects included in the study come from our previous research

projects on SNPs in GC and premalignant gastric conditions

[24,25]. Patients and controls were recruited during the years

2005–2012 at three gastroenterology centers in Germany

(Department of Gastroenterology, Hepatology and Infectious

Diseases, Otto-von-Guericke University, Magdeburg) Lithuania

(Department of Gastroenterology, Lithuanian University of Health

Sciences, Kaunas) and Latvia (Riga East University Hospital and

Digestive Diseases Centre GASTRO, Riga). Patients with HRAG

and controls were included from the out-patient departments, who

were referred for upper endoscopy because of dyspeptic symp-

toms. The inclusion criteria of HRAG and controls were no

history of malignancy, gastrointestinal disease or surgery. GC

patients had histological verification of gastric adenocarcinoma

and were recruited from out-patient and stationary departments.

In total, 995 individuals, for whom material with appropriate

DNA quality was available (351 controls, 281 HRAG and 363

GC), were included in the study. There were 310 subjects from

German group (63 controls, 106 GC and 141 HRAG), 340

subjects from Latvian group (142 controls, 139 GC and 59

HRAG) and 345 subjects from Lithuanian group (146 controls,

118 GC and 81 HRAG). All patients were of European descent.

Histological analysis and H. pylori status
Detailed histological evaluation of gastric mucosa was per-

formed in controls and HRAG groups according to the modified

Sydney classification [26]. HRAG was defined as pan-gastritis

(similar inflammatory scores in antrum and corpus), corpus-

predominant gastritis with or without the presence of gastric

atrophy, and IM either in antrum or corpus of the stomach [27].

H. pylori status was determined by testing for anti-H. pylori IgG

antibodies in sera. Histological subtyping of GC was carried out

according to the Laurén classification into intestinal and diffuse-

types [28].

DNA extraction and genotyping
Genomic DNA from German group was extracted from

peripheral blood mononuclear cells using the QIAamp DNA

blood kit (Qiagen, Hilden, Germany) according to the manufac-

turer’s instructions. Genomic DNA from samples of Lithuanian

and Latvian groups was extracted using phenol-chloroform

extraction method from peripheral blood mononuclear cells.

DNA samples were stored at 220uC until analysis. SNPs of miR-

27a C.G (rs895819), miR-146a C.G (rs2910164), miR-196a-2

C.T (rs11614913), miR-492 C.G (rs2289030) and miR-608

C.G (rs4919510) were genotyped by using predesigned Taq-

ManH assays with a 7500TM real-time cycler, in accordance with

the manufacturer’s instructions (Life Technologies, CA, USA).

Genotype assignments were manually confirmed by visual

inspection with the SDS 2.0.5 software compatible with the

TaqManH system.

Genotyping quality control
Quality control procedures were applied throughout genotyping

of the samples. After genotyping, approximately 10% of samples in

each genotype group were selected for repetitive analysis with

100% concordance rate. Dubious samples had triplet repetitive

analysis. All parties involved in genotyping were blinded to the
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case or control status of the samples. Samples that failed to

genotype were recorded as undetermined.

Statistical analysis
All subjects were classified into three study groups: controls

(n = 351), HRAG (n = 281), GC (n = 363). Age is shown as means

and standard deviations, and was compared using ANOVA and

unpaired Student’s t-test. Categorical data (e.g. gender, H. pylori

infection, histological GC subtypes, distribution of genotypes or

alleles) are presented as frequencies; comparisons were performed

using the Chi-square test.

Quality assessments and statistical analysis of the genotyping

data were performed using PLINK software version 1.07 [29].

Individuals with more than 10% missing genotypes and SNPs with

a call-rate below 90% or deviation from Hardy-Weinberg

equilibrium (HWE) in the controls (P,0.05) were excluded from

further analysis. The average genotyping rate across all samples

was 99.6%. Differences in allele frequencies between cases and

controls were calculated in the combined German, Lithuanian and

Latvian study sample, using the Breslow-Day test for heterogeneity

of ORs. Only one SNP (miR-608 C.G rs4919510) showed

heterogeneity of ORs between the three GC study groups

(PBD,0.05) and, therefore, the country of birth was included as

the covariate in further analysis. Association between HRAG and

GC with gene polymorphisms was calculated using logistic

regression analysis with adjustment for age, gender and country

of birth with 95% confidence intervals (CI). The relative risks for

mutations were studied using recessive and dominant model that

led to a comparison between wild type + heterozygous vs.

homozygous and wild type vs. heterozygous + homozygous,

respectively. To adjust for multiple testing we calculated a

corrected significance threshold a= 0.01 (0.05/5).

Results

Characteristics of the subjects
The characteristics of control, GC and HRAG groups are

presented in Table 1. In accordance with real-life age, subjects

differed significantly according to age and gender distribution

between the groups. As expected, males accounted for 63.6% in

GC group, while in control and HRAG groups this gender

constituted 26.8% and 37.7%, respectively. Control subjects were

significantly younger than HRAG group (3 years) and GC group

(5 years). 52.6% of patients were positive for H. pylori in GC group,

however, in around 27% of individuals in GC group H. pylori IgG

status could not be obtained. Over 47% of subjects in control

group and 42.7% in HRAG group were H. pylori positive.

Histological classification for diffuse and intestinal GC types was

retrieved for 62.0% of GC patients (Table 1).

Associations of miRNA SNPs and risk of GC and HRAG
Genotype distribution for all five polymorphisms in the study

were similar to those expected for Hardy-Weinberg Equilibrium:

rs895819 (p = 0.94); rs2910164 (p = 0.44); rs11614913 (p = 0.95);

rs2289030 (p = 0.44); rs4919510 (p = 0.39). Genotype and allele

distributions for miR-27a C.G (rs895819), miR-146a C.G

(rs2910164), miR-196a-2 C.T (rs11614913), miR-492 C.G

(rs2289030) and miR-608 C.G (rs4919510) gene polymorphisms

in GC and HRAG study groups are presented in Table 2. No

significant associations were observed for diseases under study

following correction for multiple testing. We observed a tendency

for miR-196a-2 CT genotype to be associated with higher risk of

GC when compared to CC genotype, however, the difference did

not reach the adjusted significance threshold (OR - 1.46, 95% CI

1.03–2.07, P = 0.032). MiR-608 GG genotype was marginally

associated with higher risk of GC when compared to CC genotype

(OR - 2.34, 95% CI 1.08–5.04, P = 0.029). A similar tendency was

observed in a recessive model for miR-608, where CC + CG vs GG

genotype comparison resulted in an OR - 2.44 (95% CI 1.14–

5.22), (P = 0.021).

Associations of miRNA SNPs and risk of intestinal and
diffuse-type GC

MiR-27a, miR-146a, miR-196a-2, miR-492 and miR-608 SNP

associations were tested with two histological types of GC (diffuse

or intestinal type-GC). Genotype and allele frequencies for the

study groups are presented in Table 3. Dominant model for miR-

27a showed a tendency for allele T vs. C to be linked with higher

risk of diffuse-type GC (OR - 2.07, 95% CI 1.13–3.79, P = 0.018).

MiR-196-a2 SNP showed a tendency towards reduced risk of

intestinal type GC in recessive model (CC + CT vs. TT), however,

the association strength did not reach statistical significance (OR –

0.47, 95% CI 0.20–1.08, P = 0.077). Similar observation was made

in a dominant model for miR-492 SNP (OR - 1.95, 95% CI 1.01–

3.75) where GG vs. GC comparison led to an increased risk of

diffuse-type GC, however the P value did not reach required

significance level (P = 0.046). All the other comparisons between

control and diffuse or intestinal-type GC groups did not reveal

significant associations or trends for five SNPs of miRNAs.

Discussion

In the present study we performed a genotyping analysis for

miR-27a (rs895819), miR-146a (rs2910164), miR-196a-2

(rs11614913), miR-492 (rs2289030) and miR-608 (rs4919510) gene

polymorphisms in a case control study including 351 controls, 281

HRAG and 363 GC patients from three European study groups.

These polymorphisms have been associated with the risk of GC or

overall cancer risks; however, reported data are partially

conflicting or based on only few studies related to Asian groups.

Despite some minor differences, our results do not support the link

between miR-27a, miR-146a, miR-196a-2, miR-492 and miR-608

gene polymorphisms and the presence of GC or HRAG.

Furthermore, we could not find an association between SNPs of

miRNAs and the presence of different histological subtypes of GC.

Since miRNAs have been shown to have profound effect in gastric

carcinogenesis [8], we expected that these polymorphisms could

modify the risk of GC or its precursors. To our best knowledge,

this is the first study which investigated the associations between

these miRNA polymorphisms and the risk of GC or HRAG in

subjects of European descent. More than that, SNPs of miR-492

(rs2289030) and miR-608 (rs4919510) have not been studied in

relation to GC or premalignant gastric conditions previously.

Gene polymorphism of miR-27a is at present one of the most

studied SNPs in cancer related case-control studies. We expected

that carriers of C allele for miR-27a SNP could have a reduced risk

of GC as has been suggested by some research groups. A Chinese

case-control study including 311 GC patients and 425 cancer-free

controls found that minor allele C of rs895819 in the miR-27a

significantly reduced risk of GC with OR - 0.77 [30]. Another

study showed a significantly increased risk of GC (OR - 1.48) for

miR-27a SNP and further functional analyses indicated that

variant genotypes might be responsible for elevated miR-27a levels

and reduced ZBTB10 mRNA levels [16]. In contrast, a study

including 2,380 participants with diverse gastric lesions did not

find an increased risk of gastric IM or dysplasia for rs895819 [12].

A meta-analysis summarizing the findings of different case-control

studies revealed that rs895819 polymorphism was significantly

MicroRNA SNPs in Gastritis and Gastric Cancer
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associated with decreased risks of cancer in white, but not in

Asians [31]. The results of our study do not support the possible

protective effect of C allele for GC development in European

subjects. Our study is the first which evaluated the role of miR-27a

rs895819 in GC and HRAG in subjects of European descent,

however, no significant associations have been observed.

Considering the existing evidence on miR-146a SNP (rs2910164)

for cancer development we wanted to assess the possible

association in our group of patients with GC and HRAG. Song

et al. found that CC carriers of rs2910164 had a significantly

increased risk of IM (OR - 1.42) and dysplasia (OR - 1.54)

compared to GG carriers [12]. A similar observation was made in

another study where combined effect of miR-146a (rs2910164) G/

G and TLR4 SNP on the increased risk of severe AG among

Japanese subjects was observed [18]. A paper by Okubo et al. [32]

reported that carriage of rs2910164 CC genotype was associated

with a significantly higher risk of GC when compared to non-

cancer subjects (OR - 1.30). A meta-analysis by Wang et al. [33]

on miR-146a rs2910164 including 19 case-control studies found

that rs2910164 was linked with increased cancer susceptibility in

Asians with overall OR - 1.18, but the same meta-analysis urges

for further well-designed studies with large sample size for further

risk identification. The results of our case-control study did not

reveal a significant association between rs2910164 and the risk of

GC or HRAG.

MiR-196a-2 C.T SNP (rs11614913) is one of the best studied

miRNA SNPs in relation to different malignancies. A report by

Wang et al. (2013) showed that CC genotype was associated with a

significantly reduced risk of gastric cancer (OR - 0.78) compared

with the CT and TT genotypes in a large case-control study [33].

A meta-analysis by Wang et al. (2013) found a significantly

increased GC risk, but the association was observed only in

homozygote comparison. This meta-analysis demonstrated that

rs11614913 polymorphism is significantly associated with overall

risk of gastrointestinal cancers [34]. Okubo et al. [32] did not find

a link for this SNP and GC, however, in their study rs11614913

was associated with the degree of H. pylori-induced mononuclear

cell infiltration. Interestingly, another meta-analysis on the same

SNP did not determine relationship between rs11614913 and GC

development [35]. The results of our study are in line with the

conclusion of the latter meta-analysis as we did not observe

significant association between SNP of miR-196a-2 and GC risk.

Polymorphism of miR-492 (rs2289030) is hypothesized to

mediate cancer risk, but the data on possible associations for this

SNP and cancer risk are still scarce. A study by Yoon et al. (2012)

did not find an association between SNP of miR-492 and the risk

or survival in patients with non-small cell lung cancer [36].

Another study on colorectal cancer has demonstrated that

progression-free survival of the patients with the combined miR-

492 CG and GG genotype was significantly worse than that of the

patients with the miR-492 CC genotype [13]. Our results indicate

that rs2289030 of miR-492 was not linked with the presence of GC

or HRAG. To our best knowledge this is the first study which

examines the relationship between miR-492 SNP and premalig-

nant gastric conditions or GC and, therefore, no comparison for

our data can made.

SNP of miR-608 (rs4919510) was not studied in relation to GC

risks previously. Our study is the first to report null association

between this polymorphism and the risk of GC or premalignant

gastric conditions. In colorectal cancer patients rs4919510 was

significantly linked with cancer recurrence and death [37].

Another case-control study on colorectal cancer patients did not

find an association with cancer risk, but their results showed that

GG genotype was associated with an increased risk of death in

white population and reduced risk of death in African Americans

[38]. Further larger scale studies might determine the role miR-608

rs4919510 SNP in gastric and other malignancies.

Intestinal and diffuse-types of GC have been shown to have

different pathogenetic pathways [3]. Some studies have found that

miRNA polymorphisms might have different effects for histolog-

ical subtypes of GC. After stratifying the patients in intestinal and

diffuse-type GC groups, miR-499 rs3746444 was shown to affect

Table 1. Characteristics of subject groups.

Controls (n = 351) GC (n = 363)1 HRAG (n = 281)1
ANOVA (Age)2 Chi-squared
test P value

Age

Mean 6 SD 60.4613.9 65.3612.5 63.3610.4 ,0.001

Gender

Male 94 (26.8%) 231 (63.6%) 106 (37.7%) ,0.001

Female 257 (73.2%) 132 (36.4%) 175 (62.3%)

H. pylori1

Positive 166 (47.3%) 191 (52.6%) 120 (42.7%) ,0.001

Negative 184 (52.4%) 74 (20.4%) 161 (57.3%)

Unknown 1 (0.3%) 98 (27.0%)

GC Lauren type1

Intestinal 136 (37.5)

Diffuse 89 (24.5)

Mixed 33 (9.1)

Data unavailable 105 (28.9)

1GC – gastric cancer; HRAG – high risk gastritis; H. pylori – Helicobacter pylori.
2Statistical analysis was performed globally for all three groups.
doi:10.1371/journal.pone.0087467.t001
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Table 2. Genotype frequencies of miR-27a, miR-146a, miR-196a-2, miR-492, miR-608 SNPs in controls, gastric cancer and high risk
gastritis patients.

Genotype

Controls
(n = 351) GC1 (n = 363) HRAG1 (n = 281)

n (%) n (%) aOR (95% CI)1 P n (%) aOR (95% CI)1 P

miR-27a (rs895819)2

TT 156 (44.6) 181 (49.9) 1 (Reference) 129 (46.7) 1 (Reference)

TC 164 (46.9) 144 (39.7) 0.73 (0.52–1.03) 0.080 120 (43.5) 1.01 (0.61–1.67) 0.959

CC 30 (8.6) 38 (10.5) 0.97 (0.54–1.77) 0.944 27 (9.8) 3.52 (0.35–34.7) 0.280

TT vs TC + CC 0.77 (0.55–1.07) 0.123 1.07 (0.66–1.75) 0.765

TT + TC vs. CC 1.13 (0.64–2.00) 0.660 3.52 (0.35–34.6) 0.280

Allele T 476 (68.0) 506 (69.7) 0.88 (0.68–1.13) 0.318 387 (69.0) 1.13 (0.87–1.37) 0.462

Allele C 224 (32.0) 220 (30.3) 174 (31.0)

miR-146a (rs2910164)3

GG 223 (64.3) 252 (69.6) 1 (Reference) 170 (60.5) 1 (Reference)

GC 108 (31.1) 94 (26.0) 0.68 (0.47–0.99) 0.047 101 (35.9) 1.08 (0.76–1.53) 0.646

CC 16 (4.6) 16 (4.4) 0.87 (0.40–1.91) 0.742 10 (3.6) 1.18 (0.73–1.93) 0.484

GG vs GC +. CC 0.71 (0.50–1.01) 0.058 1.11 (0.80–1.53) 0.524

GG + GC vs CC 0.98 (0.45–2.11) 0.968 0.77 (0.34–1.74) 0.536

Allele G 554 (79.8) 598 (82.6) 0.79 (0.60–1.06) 0.119 441 (78.5) 1.08 (0.86–1.36) 0.462

Allele C 140 (20.2) 126 (17.4) 121 (21.5)

miR-196a-2 (rs11614913)4

CC 159 (45.4) 144 (39.7) 1 (Reference) 121 (43.1) 1 (Reference)

CT 145 (41.4) 184 (50.7) 1.46 (1.03–2.07) 0.032 118 (42.0) 1.22 (0.86–1.72) 0.256

TT 46 (13.1) 35 (9.6) 0.95 (0.55–1.63) 0.851 42 (14.9) 0.83 (0.36–1.89) 0.660

CC vs. CT + TT 1.34 (0.96–1.87) 0.083 1.17 (0.84–1.63) 0.351

CC + CT vs. TT 0.78 (0.47–1.30) 0.339 0.77 (0.34–1.74) 0.536

Allele C 463 (66.1) 472 (65.0) 1.11 (0.87–1.41) 0.412 360 (64.1) 1.08 (0.82–1.44) 0.567

Allele T 237 (33.9) 254 (35.0) 202 (35.9)

miR-492 (rs2289030)

GG 310 (88.3) 312 (86.0) 1 (Reference) 246 (87.5) 1 (Reference)

GC 40 (11.4) 49 (13.5) 1.19 (0.72–1.95) 0.492 32 (11.4) 0.85 (0.60–1.19) 0.353

CC 1 (0.3) 2 (0.6) 2.99 (0.21–41.1) 0.411 3 (1.1) 1.11 (0.62–1.98) 0.718

GG vs. GC + CC 1.22 (0.74–2.00) 0.416 0.89 (0.64–1.23) 0.485

GG + GC vs.CC 2.93 (0.21–40.2) 0.420 1.20 (0.69–2.09) 0.512

Allele G 660 (94.0) 673 (92.7) 1.25 (0.78–1.99) 0.356 524 (93.2) 0.97 (0.76–1.24) 0.804

Allele C 42 (6.0) 53 (7.3) 38 (6.8)

miR-608 (rs4919510)5

CC 251 (71.7) 250 (68.9) 1 (Reference) 197 (70.6) 1 (Reference)

GC 86 (24.6) 88 (24.2) 0.84 (0.57–1.24) 0.395 74 (26.5) 1.07 (0.73–1.54) 0.719

GG 13 (3.7) 25 (6.9) 2.34 (1.08–5.04) 0.029 8 (2.9) 0.79 (0.32–1.98) 0.627

CC vs. CG + GG 1.01 (0.70–1.45) 0.938 1.03 (0.72–1.47) 0.851

CC + CG vs. GG 2.44 (1.14–5.22) 0.021 0.78 (0.31–1.94) 0.598

Allele C 588 (84.0) 588 (81.0) 1.15 (0.87–1.53) 0.334 468 (83.9) 0.99 (0.74–1.35) 0.985

Allele G 112 (16.0) 138 (19.0) 90 (16.1)

1GC – gastric cancer; HRAG – high risk gastritis; aOR – adjusted odds ratio (age, sex, country); CI – confidence interval.
2six patients with missing values on rs895819 were excluded from analysis.
3five patients with missing values on rs2910164 were excluded from analysis.
4one patient with missing values on rs11614913 was excluded from analysis.
5three patients with missing values on rs4919510 were excluded from analysis.
doi:10.1371/journal.pone.0087467.t002
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the risk of diffuse-type GC in Korean population [21]. Although

the number of individuals within intestinal and diffuse-type GC

groups was not very high in our study, analysis comparing these

two distinct histological types of GC was performed. Overall, miR-

27a, miR-146a, miR-196a-2, miR-492 and miR-608 SNPs were not

linked with the presence of different histological subtypes of GC.

Although some tendencies described in the results section have

been observed between the histological subgroup of GC, the

differences in genotype and allele frequencies did not reach

required significance levels.

Table 3. Genotype frequencies of miR-27a, miR-146a, miR-196a-2, miR-492, miR-608 SNPs in controls, intestinal and diffuse-type GC
subjects.

Genotype

Controls
(n = 351) Intestinal GC1 (n = 136) Diffuse GC1 (n = 89)

n (%) n (%) aOR (95% CI)1 P n (%) aOR (95% CI)1 P

miR-27a (rs895819)

TT 156 (44.6) 70 (51.9) 1 (Reference) 46 (51.7) 1 (Reference)

TC 164 (46.9) 52 (38.5) 0.64 (0.40–1.02) 0.065 39 (43.8) 0.78 (0.47–1.29) 0.343

CC 30 (8.6) 13 (9.6) 0.89 (0.40–1.97) 0.780 4 (4.5) 0.44 (0.14–1.38) 0.163

TT vs. TC + CC 0.68 (0.44–1.06) 0.090 0.73 (0.45–1.19) 0.210

TT + TC vs. CC 1.10 (0.51–2.35) 0.804 0.50 (0.16–1.51) 0.223

Allele T 476 (68.0) 192 (71.1) 1.24 (0.67–2.29) 0.495 141 (75.0) 2.07 (1.13–3.79) 0.018

Allele C 224 (32.0) 78 (28.9) 47 (25.0)

miR-146a (rs2910164)

GG 223 (64.3) 88 (65.2) 1 (Reference) 64 (71.9) 1 (Reference)

GC 108 (31.1) 43 (31.9) 0.95 (0.59–1.53) 0.841 21 (23.6) 0.65 (0.37–1.15) 0.143

CC 16 (4.6) 4 (3.0) 0.77 (0.24–2.49) 0.673 4 (4.5) 0.83 (0.26–2.66) 0.760

GG vs GC +. CC 0.93 (0.58–1.47) 0.761 0.67 (0.39–1.15) 0.154

GG + GC vs CC 0.79 (0.24–2.51) 0.690 0.95 (0.30–3.00) 0.932

Allele G 554 (79.8) 219 (81.1) 0.99 (0.71–1.38) 0.945 149 (83.7) 1.09 (0.77–1.54) 0.618

Allele C 140 (20.2) 51 (18.9) 29 (16.3)

miR-196a2 (rs11614913)

CC 159 (45.4) 57 (41.9) 1 (Reference) 37 (41.6) 1 (Reference)

CT 145 (41.4) 71 (52.2) 1.46 (0.92–2.32) 0.103 41 (46.1) 1.29 (0.76–2.18) 0.332

TT 46 (13.1) 8 (5.9) 0.57 (0.24–1.36) 0.211 11 (12.4) 1.05 (0.48–2.28) 0.898

CC vs. CT + TT 1.25 (0.80–1.95) 0.312 1.23 (0.75–2.01) 0.403

CC + CT vs. TT 0.47 (0.20–1.08) 0.077 0.92 (0.44–1.91) 0.835

Allele C 463 (66.1) 185 (68.0) 0.92 (0.63–1.37) 0.692 115 (64.6) 0.76 (0.48–1.19) 0.229

Allele T 237 (33.9) 87 (32.0) 63 (35.4)

miR-492 (rs2289030)

GG 310 (88.3) 114 (83.8) 1 (Reference) 71 (79.8) 1 (Reference)

GC 40 (11.4) 22 (16.2) 1.28 (0.68–2.42) 0.428 17 (19.1) 1.95 (1.01–3.75) 0.046

CC 1 (0.3) 0 (0.0) 0.36 (0.09–0.54) 0.999 1 (1.1) 8.01 (0.48–132.1) 0.145

GG vs. GC + CC 1.26 (0.67–2.37) 0.456 2.05 (1.08–3.91) 0.028

GG + GC vs. CC 0.35 (0.07–0.68) 0.999 7.21 (0.43–118.6) 0.166

Allele G 660 (94.0) 250 (91.9) 0.81 (0.57–1.14) 0.226 159 (89.3) 0.73 (0.49–1.09) 0.128

Allele C 42 (6.0) 22 (8.1) 19 (10.7)

miR-608 (rs4919510)

CC 251 (71.7) 96 (70.6) 1 (Reference) 63 (70.8) 1 (Reference)

GC 86 (24.6) 31 (22.8) 0.74 (0.43–1.26) 0.279 25 (28.1) 0.98 (0.56–1.72) 0.950

GG 13 (3.7) 9 (6.6) 2.03 (0.74–5.55) 0.164 1 (1.1) 0.44 (0.05–3.55) 0.447

CC vs. CG + GG 0.88 (0.54–1.44) 0.624 0.92 (0.53–1.60) 0.788

CC + CG vs. GG 2.18 (0.81–5.89) 0.122 0.44 (0.05–3.55) 0.448

Allele C 588 (84.0) 223 (82.0) 1.04 (0.70–1.53) 0.858 151 (84.8) 0.89 (0.55–1.44) 0.637

Allele G 112 (16.0) 49 (18.0) 27 (15.2)

1GC – gastric cancer; HRAG – high risk gastritis; aOR – adjusted odds ratio (age, sex, country); CI – confidence interval.
doi:10.1371/journal.pone.0087467.t003
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Results of our study clearly support the importance of careful

evaluation of gene polymorphisms in different ethnical groups.

Previously suggested miRNA-related SNPs did not show substan-

tial GC related differences in our European population. Never-

theless, we admit that there are several limitations related to the

design of our study. There were gender distribution differences

between GC, HRAG and control groups; however, when

performing statistical analysis we included gender as a covariate,

thus minimizing the potential influence of gender for the outcome

of our results. Here in this study we focused on histological

changes rather than the presence of H. pylori; therefore, additional

tests apart from serum IgG antibodies for detection this bacterium

were not applied. Furthermore, it is well know that chronic

atrophic gastritis is caused by H. pylori infection. We did not adjust

OR for H. pylori IgG antibodies, CagA or VacA status because this

information was not available for all the subjects. We could not

perform association analysis for SNPs of miRNAs with respect to

survival of GC patients, as the information was available only for a

small proportion of subjects. Due to the same reason we also did

not perform analysis according to the anatomic location of the in

the stomach (proximal vs. distal). In this study we performed solely

gene polymorphism analysis without addressing the miRNA

expression differences in cancerous and non-cancerous tissues

and, therefore, we cannot postulate if these polymorphisms could

have a functional role. Further studies should evaluate the role of

SNPs for miRNA levels in GC tissue and assess potential target

genes in functional studies. The number of individuals within the

subgroups in our study of intestinal and diffuse-type GC groups is

relatively small and might be underpowered to detect specific

associations. We found some differences for miR-196a-2 and miR-

608 SNPs among the groups with P,0.05; however, we think that

we cannot report a significant association, since they did not reach

our adjusted P value. Multiple comparisons for genetic association

tests have been applied in this paper and we believe that we should

use the adjusted P value for drawing the conclusions.

Conclusions

Our study shows that gene polymorphisms of miR-27a, miR-

146a, miR-196a-2, miR-492 and miR-608 are not associated with

risk of GC and HRAG in subjects of European descent. These

SNPs do not appear as potential biomarkers for identifying

individuals with increased risk for GC.
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