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Abstract: We conducted a case-control study to evaluate the association of miR-146a rs2910164 (C>G), miR-149 
rs2292832 (T>C), miR-196a2 rs11614913 (T>C) and miR-499 rs3746444 (T>C) polymorphisms with the risk of 
hepatocellular carcinoma. A total of 274 patients with HCC were collected between January 2013 and December 
2014. The polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was taken to determine 
the polymorphism of miR-146a C>G, miR-149 T>C, miR-196a2 T>C and miR-499 T>C. By comparing with control 
groups, patients with HCC were more likely to be males (OR=2.01, 95% CI=1.38-2.95), have older age (OR=1.52, 
95% CI=1.09-2.13), have a history of alcohol drinking (OR=2.09, 95% CI=1.49-2.93), and be infected with HBV 
(OR=32.98, 95% CI=19.70-55.46) and HCV (OR=56.26, 95% CI=23.28-152.98) infection. By conditional regres-
sion analysis, individuals carrying the TC and CC genotypes of miR-196a2 T>C were found to be associated with 
an elevated risk of HCC compared to the TT genotype, and the adjusted odds ratio were 1.50 (1.03-2.17) and 2.86 
(1.60-5.16), respectively. Moreover, the TC+CC genotype was correlated with an increased risk of HCC (OR=1.69, 
95% CI=1.19-2.41) compared to the wide-type genotype. In conclusion, our results suggested that miR-196a2 T>C 
polymorphism is associated with HCC risk in Chinese population.
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Introduction

Hepatocellular carcinoma (HCC), as a malig-
nancy, is the seventh cause of cancer related 
mortality in the worldwide [1]. HCC is largely a 
problem of the less developed regions where 
83% (50% in China alone) of the estimated 
782,000 new cancer cases worldwide occurred 
in 2012 [1]. It is estimated that there were 
more than 700,000 new cases are diagno- 
sed worldwide and unfortunately more than 
600,000 cases dead due to this cancer every 
year [2]. The prognosis of HCC is poor, and the 
five-year survival rate of HCC is merely 7% [3]. It 
is well known that the progression of HCC is a 
multistage process involving the deregulation 

of genes that are crucial to cellular processes, 
such as cell cycle control, cell growth, apoptosis 
and cell migration. HCC is highly lethal because 
of its aggressive metastasis and an advanced 
stage at the time of diagnosis. Since the diag-
nosis at early stage of HCC plays an important 
role in the development of curative therapies, 
identification molecular markers contribute to 
the high sensitivity and specificity for the devel-
opment of patients with HCC.

MicroRNAs (miRNAs) are a broad class of small 
non-coding RNAs, and they are usually 21-25 
nucleotides in length. MiRNAs could prevent 
translation of their target mRNAs which are crit-
ical regulators of the transcriptome [4]. MiRNAs 

http://www.ijcep.com


Polymorphisms in miRNAs and HCC risk

15178 Int J Clin Exp Pathol 2015;8(11):15177-15183

can modulate critical cellular functions, includ-
ing cell proliferation, differentiation and apop-
tosis, deregulation of which plays important 
roles in tumorigenesis and progression of can-
cers [5, 6]. Some miRNAs act as either onco-
genes or cancer suppressor genes [7]. Single-
nucleotide polymorphisms (SNPs) are the most 
common sequence variation in human genome. 
SNPs in miRNA genes may affect the property 
of the respective miRNAs in three ways: tran-
scription of the primary transcript, pri-miRNA 
and pre-miRNA processing, and influencing 
miRNA-mRNA interactions [8]. Thus, polymor-
phisms in miRNAs might affect individual’s can-
cer susceptibility. Four common functional vari-
ants in miR-146a rs2910164 (C>G), miR-149 
rs2292832 (T>C), miR-196a2 rs11614913 (T> 
C) and miR-499 rs3746444 (T>C) were identi-
fied and implicated in the development of mul-
tiple-type cancers, including hepatocellular car-
cinoma. Several studies have evaluated the 
effect of these polymorphisms on the develop-
ment of HCC [9-12]. In this study, we conducted 
a case-control study to evaluate the associa-
tion of miR-146a rs2910164 (C>G), miR-149 
rs2292832 (T>C), miR-196a2 rs11614913 (T> 
C) and miR-499 rs3746444 (T>C) polymor-
phisms with the risk of hepatocellular carci- 
noma.

Patients and methods

Patients

Between January 2013 and December 2014, a 
total of 274 patients with HCC were collected 
from our hospital. The diagnosis and histologi-
cal grade of HCC were confirmed by two pathol-
ogists independently. The exclusion criteria 
were patients who had any other types of liver 
diseases (chronic hepatitis C, metabolic liver 

disease, authorimmune liver diseases), had a 
history of autoimmune or inflammatory diseas-
es, or had a history of other cancers. The clini-
cal stage was classified according to the 
Edmondson grading system. Liver function was 
assessed using the Child-Pugh scoring system. 
Tumor staging was determined according to the 
Union for International Cancer Control (UICC) 
criteria (7th Edition) and WHO classification 
(Pathology and Genetics of Tumors of the 
Digestive System).

A total of 328 controls were randomly selected 
from among individuals who underwent a gen-
eral health checkup in the hospital during the 
same period time. All control subjects were 
confirmed to be HBV free, have no history of 
HCC or other liver diseases. Prior to the com-
mencement of the study, a written informed 
consent was obtained from each participant for 
the acquisition and use of patient tissue sam-
ples and anonymized clinical data. The study 
was approved by the ethics committee of our 
hospital.

The demographic and clinical information of 
patients with coronary artery disease and con-
trol subjects were collected from a self-
designed questionnaire and medical records. 
The demographic information included sex, 
age, smoking and drinking habit. The clinical 
characteristics included viral infection, liver cir-
rhosis, Child-Pugh classification and α-fetopro- 
tein.

DNA extraction and genotyping

Five ml of fasting venous blood were drawn 
from all patients and control subjects after par-
ticipating into this study. The blood samples 
were stored in tubes with ethylene diamine tet-

Table 1. Primer sequences for miR-146a C>G, miR-149 T>C, miR-196a2 T>C and miR-499 T>C

Polymorphism Primer sequences Length, 
bp

Restriction 
enzyme

Restriction  
pattern, bp

miR-146a rs2910164 (C>G) 5’-CATGGGTTGTGTCAGTGTCAGAGCT-3’ 147 SacI C allele: 122 and 26
5’-TGCCTTCTGTCTCCAGTCTTCCAA-3’ G allele: 147

miR-149 rs2292832 (T>C) 5’-TGTCTTCACTCCCGTGCTTGTCC-3’ 254 PvuII C allele: 254
5’-TGAGGCCCGAAACACCCGTA-3’ T allele: 196 and 60

miR-196a2 rs11614913 (T>C) 5’-CCCCTTCCCTTCTCCTCCAGATA-3’ 149 MspI T allele: 149
5’-CGAAAACCGACTGATGTAACTCCG-3’ C allele: 125 and 24

miR-499 rs3746444 (T>C) 5’-CAAAGTCTTCACTTCCCTGCCA-3’ 146 BclI T allele: 26 and 120
5’-GATGTTTAACTCCTCTCCACGTGATC-3’ C allele: 146
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raacetic acid (EDTA), and then the blood was 
centrifuged to separate the plasma content. 
Genomic DNA was extracted from the periph-
eral leukocytes using the TIANamp Blood DNA 
Kit (Tiangen, Beijing, China) according to the 
manufacture’s instruction. The polymerase 
chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) was taken to determine 
the polymorphism of miR-146a C>G, miR-149 
T>C, miR-196a2 T>C and miR-499 T>C. The 
primers sequences for miR-146a C>G, miR-149 
T>C, miR-196a2 T>C and miR-499 T>C were 
shown in Table 1. The Cycling condition for miR-
146a C>G, miR-149 T>C, miR-196a2 T>C and 
miR-499 T>C was performed at 94°C for 5 min 
for the initial denaturation, following 30 cycles 
of denaturation at 94°C for 60 s, annealing at 
62°C for 60 s, extension at 72°C for 60 s and 
final extension at 72°C for 5 mins. The resulting 
DNA fragments were electrophoresed on 3.5% 
agarose gel and visualized under UV light after 

ethidium staining. About 5% of the samples 
were randomly selected to repeat genotyping, 
and the results of genotyping were 100% con- 
cordant.

Statistical analysis

Statistically significant differences between 
patients and controls for demographic charac-
teristics were assessed by Student’s t-test and 
the χ2 test. Whether the miR-146a, miR-149, 
miR-196a2 and miR-499 confirmed with the 
Hardy-Weinberg equilibrium (HWE) was asse- 
ssed by using the Chi-square test or Fisher’s 
exact test. Logistic regression analysis was 
used to estimate the odds ratios (ORs) and the 
corresponding 95% confidence intervals (95% 
CIs) for the association between the four SNPs 
and development of HCC. The wide-type geno-
type was considered as the reference group for 
comparison. The odds ratio (OR) and 95% confi-

Table 2. Characteristics between patients with HCC and control subjects

Characteristics Patients
N=274 % Controls

N=328 % t test or 
χ2 test P value OR (95% CI) P value

Age, years 57.35±12.65 54.24±11.45 3.16 0.001
    <55 121 44.16 179 54.57 1.0 (Ref.) -
    ≥55 153 55.84 149 45.43 6.47 0.01 1.52 (1.09-2.13) 0.01
Gender
    Female 61 22.26 120 36.59 1.0 (Ref.) -
    Male 213 77.74 208 63.41 14.56 <0.001 2.01 (1.38-2.95) <0.001
Smoking status
    No 143 52.19 188 57.32 1.0 (Ref.) -
    Yes 131 47.81 140 42.68 1.59 0.21 1.23 (0.88-1.72) 0.21
Alcohol status
    No 113 41.24 195 59.45 1.0 (Ref.) -
    Yes 161 58.76 133 40.55 19.81 0.001 2.09 (1.49-2.93) <0.001
Viral infection
    Both negative 43 15.69 287 87.50 1.0 (Ref.) -
    HBV positive 168 61.31 34 10.37 32.98 (19.70-55.46) <0.001
    HCV positive 59 21.53 7 2.13 56.26 (23.28-152.98) <0.001
    Both positive 4 1.46 0 0 311.94 <0.001 - -
Liver cirrhosis
    No 210 76.64 
    Yes 64 23.36 
Child-Pugh classification
    A 43 15.69 
    B 97 35.40 
    C 135 49.27 
α-fetoprotein, ng/ml
    <100 119 43.43 
    100-400 49 17.88 
    >400 106 38.69 
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dence intervals (CIs) are also evaluated. Sta- 
tistical analysis was conducted using the SPSS 
17.0 package (SPSS Inc., Chicago, IL, USA). P< 
0.05 was considered to indicate a significant 
difference.

Results

The distributions of the demographic and clini-
cal characteristics in HCC patients and control 
subjects are shown in Table 2. The mean ages 
of HCC patients and control subjects were 
57.35±12.65 and 54.24±11.45 years, respec-
tively. By comparing with control groups, pa- 
tients with HCC were more likely to be males 
(OR=2.01, 95% CI=1.38-2.95), have older age 
(OR=1.52, 95% CI=1.09-2.13), have a history of 
alcohol drinking (OR=2.09, 95% CI=1.49-2.93), 
and be infected with HBV (OR=32.98, 95% 
CI=19.70-55.46) and HCV (OR=56.26, 95% 
CI=23.28-152.98) infection. However, no sig-
nificant difference was found between patients 
with HCC and control subjects in terms of smok-
ing status (OR=1.23, 95% CI=0.88-1.72). Of the 
274 patients with HCC, 64 (23.36%) patients 

had liver cirrhosis, 43 (15.69%) had grade A of 
Child-Pugh classification, 97 (35.40%) had gra- 
de B of Child-Pugh classification, 135 (49.27%) 
had grade C of Child-Pugh classification, and 
106 (38.69%) showed above 400 ng/ml/α- 
fetoprotein.

Genotype distributions of miR-146a C>G, miR-
149 T>C, miR-196a2 T>C and miR-499 T>C 
gene polymorphisms in HCC patients and con-
trols are shown in Table 3. We found that the 
genotype frequencies of miR-146a C>G 
(P=0.05), miR-149 T>C (P=0.45) and miR-499 
T>C (P=0.06) were in Hardy-Weinberg equilibri-
um in the control group, however, the genotype 
frequencies of miR-196a2 T>C were not (P= 
0.02). By conditional regression analysis, indi-
viduals carrying the TC and CC genotypes of 
miR-196a2 T>C were found to be associated 
with an elevated risk of HCC compared to the 
TT genotype, and the adjusted odds ratio were 
1.50 (1.03-2.17) and 2.86 (1.60-5.16), respec-
tively. Moreover, the TC+CC genotype of miR-
196a2 T>C was correlated with an increased 
risk of HCC (OR=1.69, 95% CI=1.19-2.41) com-

Table 3. Association between miR-146a C>G, miR-149 T>C, miR-196a2 T>C and miR-499 T>C and 
risk of HCC

SNPs Patients 
N=274 % Controls 

N=328 % χ2 test P value HWE OR (95% CI)1 P value

miR-146a C>G
    CC 94 34.31 123 37.50 1.0 (Ref.) -
    CG 145 52.92 169 51.52 1.12 (0.78-1.62) 0.51
    GG 35 12.77 36 10.98 0.89 0.64 0.05 1.27 (0.72-2.26) 0.39
    CG+GG 180 65.69 205 62.50 1.15 (0.81-1.63) 0.42
miR-149 T>C
    TT 75 27.37 100 30.49 1.0 (Ref.) -
    TC 133 48.54 156 47.56 1.14 (0.77-1.69) 0.51
    CC 66 24.09 72 21.95 0.83 0.66 0.45 1.22 (0.76-1.96) 0.38
    TC+CC 199 72.63 228 69.51 1.16 (0.80-1.69) 0.40
miR-196a2 T>C
    TT 81 29.56 136 41.46 1.0 (Ref.) -
    TC 147 53.65 165 50.30 1.50 (1.03-2.17) 0.03
    CC 46 16.79 27 8.23 15.20 <0.001 0.02 2.86 (1.60-5.16) <0.001
    TC+CC 193 70.44 192 58.54 1.69 (1.19-2.41) 0.003
miR-499 T>C
    TT 147 53.65 188 57.32 1.0 (Ref.) -
    TC 98 35.77 112 34.15 1.12 (0.78-1.61) 0.52
    CC 29 10.58 28 8.54 1.13 0.57 0.06 1.32 (0.73-2.42) 0.33
    TC+CC 127 46.35 140 42.68 1.16 (0.83-1.62) 0.37
1Adjusted for age, gender, alcohol drinking and viral infection.
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pared to the wide-type genotype. However, the 
miR-146a C>G, miR-149 T>C and miR-499 T>C 
polymorphisms showed no significant associa-
tion with the development of HCC.

Further analysis was conducted to identify any 
association between the miR-196a2 T>C poly-
morphism and alcohol drinking and viral infec-
tion related to HCC (Table 4). However, we did 
not find any significant between miR-196a2 
T>C polymorphism and the risk of HCC regard-
less of drinking status and viral infection 
(P>0.05).

Discussion

Genetic susceptibility to cancers has attracted 
growing attention to the study of gene polymor-
phisms involved in tumorigenesis. Meanwhile, 
studies also drew the importance of MicroRNAs 
in various biological processes. In the current 
study, we demonstrated that the TC and CC 
genotypes of miR-196a2 T>C polymorphism 
was associated with an increased risk of HCC 
compared to the TT genotype, which suggested 
that variation in miR-196a2 T>C contributes to 
the development of HCC.

MiR196 family comprises miR-196a-1, miR196-
a2, and miR-196b. miR-196a could play impor-
tant roles in tumorigenesis by targeting its 
putative targets, such as HOX gene, HMGA2 
and annexin A1 [13]. Dysregulation of miR-196 
expression has been reported in multiple can-
cer cell lines. Mature miR-196a is over-expre- 
ssed in hepatocellular carcinoma tissues, sug-
gesting it also play roles in the development of 
hepatocellular carcinoma [11]. Sequence alter-
ations in miRNA genes, including pri-miRNAs, 

pre-miRNAs and mature miRNAs, could poten-
tially affect miRNA biogenesis and activity [14]. 

Previous studies have indicated that the miR-
196a2 T>C polymorphism affect the develop-
ment of cancer susceptibility, such as acute 
lymphoblastic leukemia, oral cancer, lung can-
cer, gastric cancer, ovarian cancer and breast 
cancer [15-21]. Tong et al. conducted a study in 
a Chinese population, and found that the C/C 
and T/C genotypes of miR-196a2 T>C were 
associated with a significantly increased child-
hood acute lymphoblastic leukemia risk com-
pared with the TT wide-type homozygote [15]. 
Fan et al. conducted a meta-analysis with 
seven studies, and they reported a significant 
association between miR-196a2 T>C and miR-
146a C>G polymorphism and risk of lung can-
cer [17]. Xu et al. conducted a meta-analysis 
with four studies, and they found that miR-
196a2 T>C polymorphism influences the sus-
ceptibility of lung cancer, while the miR-146a 
C>G and miR-149 T>C did not [18]. Ni et al. con-
ducted a meta-analysis with 12 studies, and 
they demonstrated that the miR-146a C>G and 
miR-196a2 T>C might have effect on gastric 
cancer risk [19]. Qi et al. suggested that miR-
146a C>G and miR-196a2 T>C may be bio-
markers for predicting breast cancer risk in the 
Chinese population [21]. The above studies 
have suggested that polymorphism in miR-
196a2 T>C contributes to the development of 
cancers.

Several previous studies have assessed the 
potential association of the miR-196a2 T>C 
polymorphism with HCC susceptibility [9-12, 
22, 23]. Akkiz et al. conducted a case-control 
study in a Turkish population and consisted of 

Table 4. Interaction between the miR-196a2 T>C polymorphism and alcohol drinking and Viral infec-
tion in the risk of HCC

Variables
Patients Controls TC vs CC TT vs CC

CC TC TT CC TC TT OR (95% CI)1 P value OR (95% CI)1 P value
Drinking status
    No 31 53 82 57 90 138 1.08 (0.60-1.96) 0.78 1.09 (0.53-1.90) 0.74
    Yes 44 80 117 43 66 90 1.18 (0.67-2.09) 0.53 1.27 (0.74-2.16) 0.35
Viral infection
    Both negative 12 20 11 88 136 63 1.08 (0.47-2.55) 0.85 1.28 (0.48-3.39) 0.58
    HBV positive 46 81 41 10 16 8 1.10 (0.41-2.83) 0.83 1.11 (0.36-3.58) 0.84
    HCV positive 17 32 10 2 4 1 0.94 (0.07-7.37) 0.95 1.18 (0.05-76.25) 0.90
1Adjusted for age and gender.
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185 subjects with HCC and 185 cancer-free 
control subjects, and they reported an signifi-
cant association between CC genotype of miR-
196a2 T>C polymorphism and increased risk of 
HCC [12]. Kou et al. found that TT genotype of 
miR-196a2 T>C was correlated with HBV relat-
ed hepatocellular carcinoma in a Chinese pop-
ulation [10]. Moreover, another three studies 
also reported that the miR-196a2 T>C polymor-
phism may contribute to HCC susceptibility  
in Chinese population [11, 22, 23]. However, 
some studies reported inconsistent results. 
Hao et al. conducted a study in a Chinese popu-
lation, and they suggested that CT and TT geno-
types of miR-196a2 T>C greatly significantly 
increased the risk of HCC [9]. One meta-analy-
sis with five studies suggests that miR-146a 
C>G and miR-196a2 T>C are not associated 
with the risk of HCC [24]. The discrepancies of 
above mentioned studies may be illustrated by 
the following reasons: first, there were differ-
ences in genetic background and gene-environ-
ment interactions in the etiology of hepatocel-
lular carcinogenesis; second, this happened to 
chance due to different populations, selection 
of patients and sample size.

Two limitations should be considered in our 
study. First, patients with hepatocellular carci-
noma and control subjects were selected from 
only one hospital, which may cause selection 
bias. Moreover, the genotype distribution of 
miR-196a2 T>C did not confirm with the Hardy-
Weinberg equilibrium in controls, which sug-
gested that our population may not well repre-
sent the general population. Second, the sam-
ple size of our study is relatively small, which 
may significantly reduce the statistical power of 
the analysis.

In conclusion, our results suggested that miR-
196a2 T>C polymorphism is associated with 
HCC risk in Chinese population. More well-
designed studies based on larger sample sizes 
and more ethnic groups are still needed in the 
future.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Lina Gong, Depart- 
ment of Neurology of The Third Xiangya Hospital, 
Central South University, 138 Tongzipo Road, 
Changsha 410013, Hunan, China. Tel: +86-731-

88618158; Fax: +86-731-88618158; E-mail: gongli-
nala@sina.com

References

[1] International Agency for Research on Cancer 
Liver Cancer. Estimated Incidence, Mortality 
and Prevalence Worldwide in 2012. 2012. 
http://globocan.iarc.fr/Pages/fact_sheets_
cancer.aspx. Accessed in 2015-08-15.

[2] Kiyosawa K, Umemura T, Ichijo T, Matsumoto 
A, Yoshizawa K, Gad A and Tanaka E. Hepato-
cellular carcinoma: recent trends in Japan. 
Gastroenterology 2004; 127: S17-26.

[3] Nguyen VT, Law MG and Dore GJ. Hepatitis B-
related hepatocellular carcinoma: epidemio-
logical characteristics and disease burden. J 
Viral Hepat 2009; 16: 453-463.

[4] Babashah S and Soleimani M. The oncogenic 
and tumour suppressive roles of microRNAs in 
cancer and apoptosis. Eur J Cancer 2011; 47: 
1127-1137.

[5] Pritchard CC, Cheng HH, Tewari M. MicroRNA 
profiling: approaches and consideration. Nat 
Rev Genet 2012; 13: 358-369.

[6] Kong YW, Ferland-McCollough D, Jackson TJ 
and Bushell M. microRNAs in cancer manage-
ment. Lancet Oncol 2012; 13: e249-258.

[7] Iorio MV and Croce CM. MicroRNA involvement 
in human cancer. Carcinogenesis 2012; 33: 
1126-1133.

[8] Ryan BM, Robles AI and Harris CC. Genetic 
variation in microRNA networks: the implica-
tions for cancer research. Nat Rev Cancer 
2010; 10: 389-402.

[9] Hao YX, Wang JP, Zhao LF. Associations be-
tween three common MicroRNA polymor-
phisms and hepatocellular carcinoma risk in 
Chinese. Asian Pac J Cancer Prev 2014; 14: 
6601-6604.

[10] Kou JT, Fan H, Han D, Li L, Li P, Zhu J, Ma J, 
Zhang ZH, He Q. Association between four 
common microRNA polymorphisms and the 
risk of hepatocellular carcinoma and HBV in-
fection. Oncol Lett 2014; 8: 1255-1260.

[11] Li XD, Li ZG, Song XX, Liu CF. A variant in mi-
croRNA-196a2 is associated with susceptibili-
ty to hepatocellular carcinoma in Chinese pa-
tients with cirrhosis. Pathology 2010; 42: 
669-673.

[12] Akkiz H, Bayram S, Bekar A, Akgollu E and Ulg-
er Y. A functional polymorphism in pre-microR-
NA-196a-2 contributes to the susceptibility of 
hepatocellular carcinoma in a Turkish popula-
tion: a case-control study. J Viral Hepat 2011; 
18: e399-407.

[13] Tanzer A, Amemiya CT, Kim CB, Stadler PF. Evo-
lution of microRNAs located within Hox gene 
clusters. J Exp Zool B Mol Dev Evol 2005; 304: 
75-85.

mailto:gonglinala@sina.com
mailto:gonglinala@sina.com


Polymorphisms in miRNAs and HCC risk

15183 Int J Clin Exp Pathol 2015;8(11):15177-15183

[14] Duan R, Pak C and Jin P. Single nucleotide 
polymorphism associated with mature miR-
125a alters the processing of pri-miRNA. Hum 
Mol Genet 2007; 16: 1124-1131.

[15] Tong N, Xu B, Shi D, Du M, Li X, Sheng X, Wang 
M, Chu H, Fang Y, Li J, Wu D and Zhang Z. Hsa-
miR-196a2 polymorphism increases the risk 
of acute lymphoblastic leukemia in Chinese 
children. Mutat Res 2014; 759: 16-21.

[16] Roy R, De Sarkar N, Ghose S, Paul RR, Pal M, 
Bhattacharya C, Chowdhury SK, Ghosh S, Roy 
B. Genetic variations at microRNA and pro-
cessing genes and risk of oral cancer. Tumour 
Biol 2014; 35: 3409-3414.

[17] Fan X and Wu Z. Effects of four single nucleo-
tide polymorphisms in microRNA-coding genes 
on lung cancer risk. Tumour Biol 2014; 35: 
10815-10824.

[18] Xu L and Tang W. The associations of nucleo-
tide polymorphisms in mir-196a2, mir-146a, 
mir-149 with lung cancer risk. Cancer Biomark 
2015; 15: 57-63.

[19] Ni Q, Ji A, Yin J, Wang X and Liu X. Effects of 
Two Common Polymorphisms rs2910164 in 
miR-146a and rs11614913 in miR-196a2 on 
Gastric Cancer Susceptibility. Gastroenterol 
Res Pract 2015; 2015: 764163.

[20] Liu X, Xu B, Li S, Zhang B, Mao P, Qian B, Guo L 
and Ni P. Association of SNPs in miR-146a, 
miR-196a2, and miR-499 with the risk of en-
dometrial/ovarian cancer. Acta Biochim Bio-
phys Sin (Shanghai) 2015; 47: 564-566.

[21] Qi P, Wang L, Zhou B, Yao WJ, Xu S, Zhou Y and 
Xie ZB. Associations of miRNA polymorphisms 
and expression levels with breast cancer risk 
in the Chinese population. Genet Mol Res 
2015; 14: 6289-6296.

[22] Qi P, Dou TH, Geng L, Zhou FG, Gu X, Wang H 
and Gao CF. Association of a variant in MIR 
196A2 with susceptibility to hepatocellular 
carcinoma in male Chinese patients with 
chronic hepatitis B virus infection. Hum Immu-
nol 2010; 71: 621-626.

[23] Wang F, Sun GP, Zou YF, Fan LL, Song B. Quan-
titative assessment of the association be-
tween miR-196a2 rs11614913 polymorphism 
and gastrointestinal cancer risk. Mol Biol Rep 
2013; 40: 109-116.

[24] Wang Z, Cao Y, Jiang C, Yang G, Wu J and Ding 
Y. Lack of association of two common polymor-
phisms rs2910164 and rs11614913 with sus-
ceptibility to hepatocellular carcinoma: a me-
ta-analysis. PLoS One 2012; 7: e40039.


