
Int J Clin Exp Pathol 2016;9(2):2192-2199
www.ijcep.com /ISSN:1936-2625/IJCEP0018456

Original Article
Association between miR-146a, miR-149, miR-196a2 
and miR-499 gene polymorphisms and the  
susceptibility to gastric cancer in a  
Chinese population

Rila Su1,2, Wenxin Li2,3, Rongcheng Luo1

1Cancer Center, Traditional Chinese Medicine-Integrated Hospital, Southern Medical University, Guangzhou 
510315, China; 2Department of Oncology, Inner Mongolia People’s Hospital, Hohhot 010010, China; 3Wuhan 
University, Wuhan 430072, China

Received October 25, 2015; Accepted December 23 2015; Epub February 1, 2016; Published February 15, 2016

Abstract: We performed a case-control study to investigate the role of miR-146a, miR-149, miR-196a2 and miR-
499 gene polymorphisms in the development of gastric cancer. A total of 245 hospitalized gastric cancer patients 
and 315 control subjects were collected between January 2012 and October 2014. The genotyping of miR-146a, 
miR-149, miR-196a2 and miR-499 were performed using polymerase chain reaction (PCR) coupled with restric-
tion fragment length polymorphism (RFLP). We observed significant differences in the genotype frequencies of 
miR-146a between patients with gastric cancer and controls using the χ2 test (χ2=12.04, P=0.002). Multivariate 
logistic regression analyses revealed that individuals with the CC genotype and GC+CC genotype of miR-146a were 
associated with an increased risk of gastric cancer compared to the GG genotype, and the adjusted ORs (95% CI) 
were 2.50 (1.42-4.41) and 1.62 (1.12-2.33). However, no significant associations were found between the miR-149, 
miR-196a2 and miR-499 polymorphisms and the development of gastric cancer. In conclusion, our study found that 
miR-146a polymorphism was associated with gastric cancer development, but no significant association was found 
between miR-149, miR-196a2 and miR-499 polymorphisms and gastric cancer risk. Further studies are greatly 
needed to confirm the results of our findings.
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Introduction

Gastric cancer (GC) is one of the most common 
cancers in mortality and morbidity worldwide 
[1, 2]. The International Agency for Research on 
Cancer estimated that there were 952,000 
new gastric cancer cases in 2012, making it 
the firth most common malignancy in the world, 
after cancers of the lung, breast, colorectal and 
prostate cancers [2]. 70% of new gastric can-
cer cases occur in the less developed regions, 
and half of the world total occurs in China [2]. 
Infection with Helicobacter pylori infections is a 
proved risk factor for gastric cancer [3, 4], and 
some environmental factors have been indicat-
ed to have a critical role in the development of 
gastric cancer, such as consumption of pre-
served food containing carcinogenic nitrates, 
lifestyle, tobacco and alcohol as well as obesity 

[5-7]. However, patients who are exposure to 
similar risk factors of gastric cancer always 
show high individualized susceptibility to gas-
tric cancer, which suggest that genetic factors 
may be involved in the development of gastric 
cancer, such as XPD, LMP2, LMP7, insulin like 
growth facror-1, complement receptor 1, 
GSTM1, IL-17 and XRCC3 [8-14].

MiRNAs are well known classes of small non-
coding RNAs, and they are responsible for pro-
moting messenger RNA (mRNA) degradation, 
inhibiting mRNA translation, and affecting tran-
scription through binding to the 3’-untranslated 
regions (3’-UTR) of their target mRNA [15, 16]. 
Experimental studies indicated that miRNAs 
are involved in a variety of biological processes, 
such as cell proliferation, differentiation and 
apoptosis through regulating approximately 
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60% of the human protein coding genes [17, 
18]. 

Single-nucleotide polymorphisms (SNPs) are 
the most common sequence variation in human 
genome. SNPs in miRNA genes may influence 
the expression of the respective miRNAs. Four 
common variants rs2910164, rs2292832, 
rs11614913 and rs3746444 in miR-146a, 
miR-149, miR-196a2 and miR-499 are identi-
fied and implicated in the development of mul-
tiple-type cancers, such as colorectal cancer, 
lung cancer, breast cancer and renal cell can-
cer as well as head and neck [19-24]. Previous 
studies assessed the association between 
miR-146a, miR-149, miR-196a2 and miR-499 
polymorphisms and development of gastric 
cancer, but the results are inconclusive [25-
27]. In our study, we conducted a case-control 
study to investigate the role of miR-146a, miR-
149, miR-196a2 and miR-499 gene polymor-
phisms in the development of gastric cancer.

Materials and methods

Subjects

A hospital-based case-control design was per-
formed in this study. Initially, a total of 264 hos-
pitalized gastric cancer patients were collected 
from our hospital between April 2012 and 
December 2014. All the gastric cancer patients 
were newly diagnosed and confirmed by two 
pathologists. Patients who had received che-
motherapy or radiotherapy before participating 
in this study, or patients who had suffered from 
other malignant cancer and recurrent cancer 
as well as serious kidney or liver diseases were 
excluded. Finally, 245 patients with gastric can-
cer were included into our study, and the par-
ticipation rate was 92.80%.

A total of 349 individuals were randomly select-
ed from subjects who received regular health 
examination in our hospital between April 2012 
and December 2014. Control subjects who had 
a history of cancer and any digestive diseases 
were excluded from this study. Ultimately, 315 
subjects met the inclusion criteria and were 
included for analysis (participation rate was 
90.26%). 

H.pylori infection status was determined 
through a rapid urea breath test. The demo-
graphic and lifestyle characteristics were col-
lected from a structured questionnaire, such as 
sex, age, tobacco smoking, alcohol drinking, 
family history of cancer, body mass index, 
H.pylori infection, TNM stage and Lauren clas-
sification. All the individuals were voluntarily 
participated into our study and signed an 
informed consent before enrolling into this 
study. The protocol of our study was according 
to the Ethical committee of our hospital, and 
our study was according to the standards of the 
Declaration of Helsinki.

DNA extraction and genotyping

A five ml peripheral blood was obtained from 
each gastric cancer patient and control sub-
ject, and stored in EDTA tubes. The DNA was 
extraction from the peripheral blood using the 
TIANamp Blood DNA Kit according to the manu-
facturer’s instructions (Tiangen, Beijing, China). 
The genotyping of miR-146a, miR-149, miR-
196a2 and miR-499 were performed using 
polymerase chain reaction (PCR) coupled with 
restriction fragment length polymorphism 
(RFLP). The primers, restriction enzymes and 
length of digested fragments of miR-146a, miR-
149, miR-196a2 and miR-499 were shown in 
Table 1. Cycling condition for PCR was started 

Table 1. Primers, length of digested fragments and restriction enzymes of miR-146a, miR-149, miR-
196a2 and miR-499 genes

Genotype SNP Primers (5’-3’) Restriction 
enzymes

Length of digested frag-
ments

miR-146a rs2910164 CATGGGTTGTGTCAGTGTCAGAGCT (Forward)
TGCCTTCTGTCTCCAGTCTTCCAA (Reverse)

SacI C allele: 122 bp and 25 bp;
G allele: 147 bp.

miR-149 rs2292832 TGTCTTCACTCCCGTGCTTGTCC (Forward)
TGAGGCCCGAAACACCCGTA (Reverse)

PvuII C allele: 254 bp;
T allele: 194 bp and 60 bp.

miR-196a2 rs11614913 CCCCTTCCCTTCTCCTCCAGATA (Forward)
CGAAAACCGACTGATGTAACTCCG (Reverse)

Msp T allele: 149 bp;
C allele: 125 bp and 24 bp.

miR-499 rs3746444 CAAAGTCTTCACTTCCCTGCCA (Forward)
GATGTTTAACTCCTCTCCACGTGATC (Reverse)

BclI T allele: 26 bp and 120 bp.
C allele: 146 bp.
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with a denaturation at 95°C for 5 min, 30 cycles 
of denaturation at 91°C for 1 min, annealing at 
62°C for 1 min, extension 72°C for 1 min, and 
a final extension at 72°C for 5 min. The PCR 
products were confirmed with electrophoresis 
on ethidium bromide stained agarose gel, and 
visualized under ultraviolet fluorescence.

Statistical analysis

SPSS 16.0 version (SPSS Inc. Chicago, IL, USA) 
was taken to perform all statistical analysis. 
The demographic and lifestyle characteristics 
and genotype distributions between gastric 
cancer patients and control subjects were com-
pared using chi-square (χ2) test or student T 
test. A univariate logistic regression analysis 
was taken to analyze the association between 
demographic and lifestyle characteristics and 
gastric cancer risk. A χ2 test with one degree of 
freedom was conducted to analyze whether the 
genotype distributions of miR-146a, miR-149, 

miR-196a2 and miR-499 confirmed with the 
Hardy-Weinberg equilibrium (HWE). Conditional 
multiple logistic regression analysis was taken 
to analyze the association between miR-146a, 
miR-149, miR-196a2 and miR-499 gene poly-
morphisms and susceptibility to gastric cancer, 
and the results were expressed by odds ratio 
(OR) and 95% confidence intervals (CIs). A two-
tailed P value <0.05 was considered as statisti-
cally significant. 

Results

The distributions of demographic and clinical 
characteristics of patients with gastric cancer 
and controls are summarized in Table 2. The 
mean ages of patients with gastric cancer and 
control subjects were 61.36±11.52 and 
57.16±12.65 years, respectively. There were 
70 females and 175 males in gastric cancer 
patients, and 133 females and 182 males in 
controls. We observed no significant differenc-

Table 2. Demographic and lifestyle characteristics of gastric cancer patients and control subjects

Variables
Patients

%
Controls

% χ2 test 
or t test OR (95% CI) P value

N=245 N=315
Age, years 61.36±11.52 57.16±12.65 4.04 1.34 (1.07-1.62) 0.005
Gender
    Females 70 28.57 133 42.22 1.0 (Ref.) -
    Males 175 71.43 182 57.78 11.11 1.83 (1.26-2.65) 0.001
Smoking status
    No 138 56.33 201 63.81 1.0 (Ref.) -
    Yes 107 43.67 114 36.19 3.23 1.37 (0.96-1.95) 0.77
Drinking status
    No 156 63.67 215 68.25 1.0 (Ref.) -
    Yes 89 36.33 100 31.75 1.29 1.23 (0.85-1.77) 0.26
BMI
    <25 192 78.37 263 83.49 1.0 (Ref.) -
    ≥25 53 21.63 52 16.51 2.38 1.40 (0.89-2.18) 0.12
Family history of cancer
    No 223 91.02 298 94.60 1.0 (Ref.) -
    Yes 22 8.98 17 5.40 2.73 1.73 (0.85-3.55) 0.10
H.pylori infection
    No 101 41.22 181 57.46 1.0 (Ref.) -
    Yes 144 58.78 134 42.54 14.53 1.93 (1.35-2.74) <0.001
TNM stage
    I-II 107 43.67 
    III-IV 138 56.33 
Lauren classification
    Intestinal 108 44.08 
    Diffuse 137 55.92 
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es between patients with gastric cancer and 
control subjects in terms of smoking, drinking, 

(Table 3). The genotypic distributions of miR-
146a, miR-149, miR-196a2 and miR-499 in the 

Table 3. Genotype distributions of miR-146a, miR-149, miR-196a2 and miR-499 polymorphism be-
tween patients with gastric cancer and control subjects

SNP Patients 
N=245 % Controls 

N=315 % Chi-square 
test P value

P value for HWE 
In patients In controls

miR-146a
    GG 77 31.43 134 42.54 
    GC 122 49.80 149 47.30 
    CC 46 18.78 32 10.16 12.04 0.002 0.85 0.31
miR-149
    CC 108 44.08 149 47.30 
    TC 112 45.71 140 44.44 
    TT 25 10.20 26 8.25 0.94 0.63 0.61 0.39
miR-196a2
    CC 83 33.88 119 37.78 
    TC 128 52.24 158 50.16 
    TT 34 13.88 38 12.06 1.05 0.59 0.17 0.19
MiR-499
    TT 99 40.41 143 45.40 
    TC 119 48.57 149 47.30 
    CC 26 10.61 23 7.30 2.57 0.28 0.27 0.06

Table 4. Association between miR-146a, miR-149, miR-196a2 and 
miR-499 polymorphisms and risk of gastric cancer

SNP Patients 
N=245 % Controls 

N=315 % OR (95% CI)1 P value

miR-146a
    GG 77 31.43 134 42.54 1.0 (Reference) -
    GC 122 49.8 149 47.3 1.42 (0.97-2.10) 0.06
    CC 46 18.78 32 10.16 2.50 (1.42-4.41) 0.001
    GC+CC 168 68.58 181 57.46 1.62 (1.12-2.33) 0.007
miR-149
    CC 108 44.08 149 47.3 1.0 (Reference) -
    TC 112 45.71 140 44.44 1.10 (0.77-1.59) 0.58
    TT 25 10.2 26 8.25 1.33 (0.69-2.53) 0.36
    TC+TT 137 55.91 166 52.69 1.14 (0.80-1.62) 0.45
miR-196a2
    CC 83 33.88 119 37.78 1.0 (Reference) -
    TC 128 52.24 158 50.16 1.16 (0.79-1.70) 0.42
    TT 34 13.88 38 12.06 1.28 (0.72-2.28) 0.37
    TC+TT 162 66.12 196 62.22 1.19 (0.82-1.71) 0.34
MiR-499
    TT 99 40.41 143 45.4 1.0 (Reference) -
    TC 119 48.57 149 47.3 1.15 (0.80-1.67) 0.43
    CC 26 10.61 23 7.3 1.63 (0.84-3.18) 0.12
    TC+CC 145 59.18 172 54.6 1.22 (0.86-1.73) 0.25
1Adjsuted for sex, age and H.pylori infection.

BMI and family history of can-
cer. However, patients with 
gastric cancer were more like-
ly to have older age (OR=1.34, 
95% CI=1.07-1.62, P=0.005), 
be males (OR=1.83, 95% 
CI=1.26-2.65, P=0.001) and 
suffer from H.pylori infection 
(OR=1.93, 95% CI=1.35-2.74, 
P<0.001). Among the 245 
patients with gastric cancer, 
107 (43.67%) were at I-II TNM 
stage, 138 (56.33%) were at 
III-IV stage, 108 (44.08%) and 
137 (55.92%) showed intesti-
nal and diffuse type.

We observed significant differ-
ences in the genotype fre-
quencies of miR-146a be- 
tween patients with gastric 
cancer and controls using the 
χ2 test (χ2=12.04, P=0.002); 
however, there were no signifi-
cant differences in the gene- 
tic distributions of miR-149 
(χ2=0.94, P=0.63), miR-
196a2 (χ2=1.05, P=0.59) and 
miR-499 (χ2=2.57, P=0.28) 
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gastric cancer patients and controls conformed 
to the HWE. 

Multivariate logistic regression analyses 
revealed that individuals with the CC genotype 
of miR-146a were associated with an increased 
risk of gastric cancer compared to the GG geno-
type, and the adjusted OR (95% CI) was 2.50 
(1.42-4.41) (Table 4). Moreover, individuals car-
rying both the GC+CC genotype of miR-146a 
were correlated with an elevated risk of gastric 
cancer compared to the GG genotype (OR=1.62, 
95% CI=1.12-2.33; P=0.007). However, no sig-
nificant associations were found between the 
miR-149, miR-196a2 and miR-499 polymor-
phisms and the development of gastric cancer.

We further analyzed the association between 
the miR-146a polymorphism and the risk of 
gastric cancer based on the tobacco smoking, 
alcohol drinking, BMI, family history of cancer 
and H.pylori infection (Table 5). Logistic regres-
sion analyses revealed that the miR-146a poly-
morphism was correlated with the family histo-
ry of cancer in increasing the risk of gastric 
cancer (OR=15.87, 95% CI=2.65-111.95, 
P=0.0002). However, no correlation was found 
between miR-146a polymorphism and tobacco 
smoking, alcohol drinking, BMI and H.pylori 
infection in the risk of gastric cancer.

act as tumor suppressor genes or oncogenes in 
tumorigenesis [18, 30]. In this hospital based 
case-control study, we assessed the role of 
miR-146a, miR-149, miR-196a2 and miR-499 
polymorphisms in the development of gastric 
cancer. We found that the CC genotype and 
GC+CC genotype of miR-146a were associated 
with an increased risk of gastric cancer com-
pared to the GG genotype.

It is well known that polymorphism in miRNAs 
region plays a critical role in the expression and 
transcriptional regulation of miRNAs. The 
rs2910164 is located in the precursor of miR-
146a, and the variation could affect the miRNA 
through affecting processing of the pre-miR-
146a to the mature form [31]. Therefore, the 
genetic variations of pre-miR-146a could influ-
ence the expression of mature miR-146a and 
binding activity of target mRNA, and thus alter 
the gene function.

Many previous studies have investigated the 
role of miR-146a polymorphism in the develop-
ment of several kinds of human cancers, such 
as lung cancer, squamous cell cancer, breast 
cancer, hepatocellular cancer and colorectal 
cancer [32-37]. Sodhi et al. conducted a case-
control study with 250 patients with lung can-
cer and 255 controls, and they reported that 
miR-146a polymorphism showed a positive 

Table 5. Interaction between miR-146a polymorphism and demographic 
characteristics in the risk of gastric cancer

Variables
Patients Controls

OR (95% CI)1 P value
GG GC+CC GG GC+CC

Tobacco smoking
    No 45 93 86 115 1.55 (0.96-2.50) 0.06
    Yes 32 75 48 66 1.70 (0.94-3.09) 0.06
Alcohol drinking
    No 50 106 90 125 1.53 (0.97-2.41) 0.06
    Yes 27 62 44 56 1.80 (0.95-3.44) 0.05
BMI
    <25 63 129 111 152 1.45 (0.95-2.01) 0.06
    ≥25 14 39 23 29 2.21 (0.87-5.37) 0.07
Family history of cancer
    No 72 151 120 178 1.41 (0.97-2.07) 0.06
    Yes 5 17 14 3 15.87 (2.65-111.95) 0.0002
H.pylori infection
    No 32 69 76 105 1.56 (0.91-2.70) 0.09
    Yes 45 99 58 76 1.62 (0.96-2.75) 0.07
1Adjusted for sex and age.

Discussion

MicroRNAs (miRs) are 
noncoding RNAs that 
are transcribed from 
endogenous DNA mol-
ecules. Most miRs 
span about 22 nucleo-
tides and functions 
negative regulation on 
its target mRNAs in  
the post-transcriptional 
processes [28]. Cellu- 
lar processes that in 
volve miRs include de- 
velopment, differentia-
tion, proliferation, apo- 
ptosis, and stress re- 
sponse [29]. MiRs 
break the structure of 
target mRNAs or inhibit 
translation to down-
regulate the expression 
of target mRNAs, and 
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association with the risk of lung cancer [32]. 
Zhang et al. conducted a meta-analysis with 12 
studies, and they reported that miR-146a poly-
morphism was associated with increased risk 
of cervical and skin squamous cell carcinoma, 
and was related to decreased risk for nasopha-
ryngeal and oral squamous cell carcinoma [33]. 
Qi et al. conducted a case-control study in a 
Chinese population, and they suggested that 
miR-146a polymorphism may be a biomarker 
for predicting breast cancer risk [34]. Peng et 
al. pooled 12 studies in a meta-analysis and 
suggested that the miR-146a polymorphism 
contributes to increased hepatocellular cancer, 
especially in Asian populations [35]. Dikaiakos 
et al. suggest that the miR-146a polymorphism 
may be associated with the risk of colorectal 
cancer [36]. 

Currently, several studies have reported the 
association between miR-146a polymorphism 
and development of gastric cancer, but the 
results are inconclusive [26, 38-42]. Two stud-
ies reported a positive association between the 
CC and GC genotypes of miR-146a and suscep-
tibility to gastric cancer [38, 41]. Two studies 
conducted in Chinese populations found a neg-
ative significant association between the CC 
and GC genotypes of miR-146a and develop-
ment of gastric cancer [40, 42]. Another two 
studies did not find significant association 
between miR-146a polymorphism and risk of 
gastric cancer [26, 39]. In our study, we find 
that the CC genotype and GC+CC genotype of 
miR-146a could influence the development of 
gastric cancer. The discrepancies of these 
studies may be caused by differences in popu-
lation, selection of patients and controls and 
sample size.

Our study has several limitations. First, the 
patient and control subjects were selected 
from only one hospital, which could cause a 
selection bias. However, the genotype frequen-
cies confirmed with the HWE in patients and 
controls, which suggest that the study popula-
tion could represent the general population. 
Second, the role of polymorphisms other than 
those in the miR-146a, miR-149, miR-196a2 
and miR-499 genes in the development of gas-
tric cancer was not studied. Finally, the limited 
sample size may lead to a lack of power. Further 
studies are greatly needed to confirm the 
results of our findings.

In conclusion, our study found that miR-146a 
polymorphism was associated with gastric can-
cer development, but no significant association 
was found between miR-149, miR-196a2 and 
miR-499 polymorphisms and gastric cancer 
risk. Future studies using larger sample sizes 
and employing similar or different analytical 
strategies may help elucidate the impact of 
these polymorphisms on the development of 
gastric cancer.
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