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ABSTRACT. We conducted a hospital-based case-control study 
to investigate the effect of the miR-146aG>C and miR-499A>G 
polymorphisms on the risk of hepatocellular carcinoma (HCC) in a 
Chinese population. This study was 1:1 matched case-control study 
consisting of 184 HCC patients and 184 control subjects. miR-146aG>C 
and miR-499A>G polymorphisms were genotyped by polymerase 
chain reaction-restriction fragment length polymorphism. Multivariate 
regression analyses showed that subjects carrying the miR-146a G allele 
and miR-499 G allele were associated with a non-significant increased 
risk of HCC compared with subjects with the homozygous allele, with 
adjusted odds ratios (95% confidence interval) of 1.38 (0.97-1.84) and 
1.40 (0.99-2.08), respectively. Moreover, subjects carrying the miR-499 
A allele showed a greatly increased risk of HCC in subjects infected 
with HBV compared with subjects carrying the miR-499 A allele, with 
an adjusted odds ratio (95% confidence interval) of 1.53 (1.34-2.41). In 
conclusion, the miR-146aG>C and miR-499A>G polymorphisms do 
not have a role in the genetic susceptibility to HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third 
leading cause of cancer death worldwide (Farazi and DePinho, 2006). Hepatitis B virus 
(HBV) infection is a key risk factor for HCC. Long-term exposure to HBV can induce vari-
ous diseases such as chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma (Kao 
and Chen, 2002). However, only 10% of HBV-infected subjects developed HCC during 
their lifetime (Yu and Yuan, 2004; Davila et al., 2004). Therefore, both genetic and environ-
mental factors are involved in HCC development (Yu et al., 2004).

 MicroRNAs (miRNAs) are a group of small non-coding RNA molecules that have 
been identified in many organisms and can regulate the expression of genes in a variety of 
eukaryotic systems (He and Hannon, 2004; Bartel, 2004). MicroRNAs are involved in vari-
ous processes, such as development, apoptosis, proliferation, and differentiation in eukaryotic 
cells (Lim et al., 2005; Wilfred et al., 2007). Single-nucleotide polymorphisms (SNPs) are the 
most common type of genetic variation in the human genome. SNPs in protein-coding genes 
reportedly influence protein functions and individual susceptibility to cancers (Loktionov, 
2004). miR-146aG>C and miR-499A>G polymorphisms were reported to be associated with 
various cancers (Hu et al., 2009; He et al., 2012). Several recent studies reported that miRNA 
polymorphisms are associated with HCC risk, but the results are inconsistent (Qi et al., 2010; 
Xiang et al., 2012; Kim et al., 2012; Hu et al., 2013). Therefore, we conducted a hospital-based 
case-control study to investigate the role of miR-146aG>C and miR-499A>G polymorphisms 
on the risk of HCC in a Chinese population. 

MATERIAL AND METHODS

Study population

A total of 184 subjects were enrolled in the study between January 2010 and February 
2012 at Chengdu Military General Hospital. HCC was diagnosed by liver biopsy or the find-
ings of at least 2 radiological tests for HCC, including abdominal ultrasound, spiral computed 
tomography, magnetic resonance imaging, and hepatic angiography. The control group con-
sisted of 313 individuals randomly selected from the health examination center. A total of 184 
age-matched control subjects were recruited from individuals who came to our hospital for a 
routine health check-up. None of the control subjects had a history of cancer, liver disease, or 
other digestive system disease. 

The serum hepatitis B surface antigen and anti-hepatitis C virus antibody were evalu-
ated using a microparticle enzyme immunoassay. Clinical and demographic characteristics of 
patients and control subjects were collected using a questionnaire designed for this study. This 
study was approved by the Ethnical Committee of Chengdu Military General Hospital, and a 
written informed consent form regarding the use of their blood samples for research studies 
was obtained from all participants.

DNA extraction and genotyping

All study participants were asked to provide 5 mL venous blood, and blood sam-
ples were stored at -20°C until use. Genomic DNA was extracted using the TIANamp 
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blood DNA kit (Tiangen Biotech, Beijing, China) according to manufacturer instructions. 
Duplex polymerase chain-reaction-restriction fragment length polymorphism with a con-
fronting 2-pair primer was performed to determine the presence of the miR-146aG>C and 
miR-499A>G genotypes. The primers and products of miR-146aG>C and miR-499A>G were 
designed using the Sequenom Assay Design 3.1 software (San Diego, CA, USA). The forward 
and reverse primers for miR-146aG>C were 5'-CATGGGTTGTGTCAGTGTCAGAGCT-3' 
and 5'-TGCCTTCTGTCTCCAGTCTTCCAA-3', respectively. The forward and reverse prim-
ers for miR-499A>G were 5'-CAAAGTCTTCACTTCCCTGCCA-3' and 5'-GATGTTTAAC
TCCTCTCCACGTGATC-3', respectively. The polymerase chain reaction procedure was 
conducted with an initial melting step of 15 min at 95°C, followed by 35 cycles at 94°C for 
1 min, 55°C for 1 min, and 72°C for 1 min for 49 cycles, and an elongation step for 10 min 
at 72°C.

Statistical analysis

The analyses were performed using the computer software SPSS for Windows version 
10.0 (SPSS, Inc., Chicago, IL, USA). Chi-square test (χ2 test) was used to analyze categorical 
variables. χ2 test was used to assess Hardy-Weinberg equilibrium in controls for the genotypic 
frequencies of miR-146aG>C and miR-499A>G. The associations between the miR-146aG>C 
and miR-499A>G polymorphisms and risk of HCC were estimated using the odds ratios (OR) 
and their 95% confidence intervals (95%CI) by conditional logistic regression analysis. The 
homozygous genotype was used as reference for to calculate ORs (95%CI). A 2-sided P value 
< 0.05 was considered to be statistically significant.

RESULTS

A total of 184 patients and control subjects were enrolled in our study; their general 
characteristics are summarized in Table 1. No significant difference was found between case 

Table 1. Characteristics of HCC patients and control subjects.

Variables Cases  % Controls  % c2 or t P value

 N = 184 　	 N = 184 　	  

Age (year, mean ± SD) 54.1 ± 10.3  54.3 ± 10.4      0.19 0.43
<55   98 53.26   99   53.80   
≥55   86 46.74   85   46.20      0.01 0.92
Gender      
   Male 126 68.48 126   68.48   
   Female   58 31.52   58   31.52  0 1.00
Smoking       
   No 117 63.59 128   69.57   
   Yes   67 36.41   56   30.43      1.48 0.22
Drinking      
   No 113 61.41 135   73.37   
   Yes   71 38.59   49   26.63      5.98 0.01
Family history of cancer      
   No 167 90.76 184 100.00   
   Yes   17   9.24     0     0.00    17.82 <0.001
Viral infection      
   No   60 32.61 161   87.50   
   HBsAg-positive   99 53.80    21   11.41   
   Anti-HCV Ab-positive    21 11.41     3     1.63  
   Both positive    4   2.17     0     0.00 114.36 <0.001
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patients and control subjects with regard to age, gender, and smoking status. However, we 
found that patients were more likely to be drinkers, have family history of cancer, and have 
HBV and hepatitis C virus antibody infection (All P > 0.05).

The allele and genotype distributions of miR-146aG>C and miR-499A>G were in 
Hardy-Weinberg equilibrium in the control group, with P values of 0.21 and 0.78, respectively 
(Table 2). There was no significant difference between genotypes, while the allele frequencies 
for miR-146aG>C and miR-499A>G were significantly different between cases and controls. 
Multivariate regression analyses showed that subjects carrying the miR-146a G allele and 
miR-499 G allele were associated with a non-significantly increased risk of HCC when com-
pared with the homozygous allele, with an adjusted OR (95%CI) of 1.38 (0.97-1.84) and 1.40 
(0.99-2.08), respectively.

Table 2. Genotype distributions of miR-146aG>C and miR-499A>G between HCC patients and controls.

Genotype Controls % Cases % OR (95%CI) P value OR (95%CI)1 P value

 N = 184  N = 184     

miR-146aG>C        
   CC   47 25.54    58 31.52  1.0 (Ref.) - 1.0 (Ref.) -
   CG   85 46.20    83 45.11         1.26 (0.75-2.12)   0.35       1.31 (0.80-2.19) 0.24
   GG   52 28.26    43 23.37         1.49 (0.82-2.71)   0.16       1.55 (0.87-2.78) 0.09
   C allele 178 48.64  199 54.08  1.0 (Ref.) - 1.0 (Ref.) -
   G allele 190 51.36  169 45.92         1.26 (0.93-1.70)   0.12       1.38 (0.97-1.84) 0.06
miR-499A>G        
   AA 117 63.59  128 69.57  1.0 (Ref.) - 1.0 (Ref.) -
   AG   43 23.37    39 21.20         1.21 (0.71-2.05)   0.46       1.27 (0.80-2.16) 0.13
   GG   24 13.04    17   9.24         1.54 (0.75-3.22) 0.2       1.61 (0.81-3.29) 0.12
   A allele 277 75.27  296 80.16  1.0 (Ref.) - 1.0 (Ref.) -
   G allele   91 24.73    72 19.84         1.35 (0.94-1.95)   0.09       1.40 (0.99-2.08) 0.05
1Adjusted for age, drinking, family history of cancer, and viral infection.

Further analysis was conducted to examine the interaction between miR-146aG>C and 
miR-499A>G and HBV infection (Table 3). Compared with the miR-499 A allele, subjects car-
rying the miR-499 A allele showed a greatly increased risk of HCC in subjects infected with 
HBV, with an adjusted OR (95%CI) of 1.53 (1.34-2.41). However, we did not observe a sig-
nificant association between miR-146aG>C polymorphisms and HBV infection and HCC risk.

Table 3. miR-146aG>C and miR-499A>G polymorphisms and HCC risk stratified by HBV infection.

Genotype Controls % Not infected % OR (95%CI)1 HBV % OR (95%CI)1

miR-146aG>C        
   C allele 199 54.08 57 47.50  1.0 (Ref.)   97 48.99  1.0 (Ref.)
   G allele 169 45.92 63 52.50         1.37 (0.91-2.06) 101 51.01         1.37 (0.97-2.03)
miR-499A>G        
   A allele 296 80.16 82 68.33  1.0 (Ref.) 146 73.74  1.0 (Ref.)
   G allele   72 19.84 38 31.67         1.95 (1.13-3.04)   52 26.26         1.53 (1.34-2.41)
1Adjusted for age, drinking, and family history of cancer.

DISCUSSION

In China, HBV infection is highly endemic, and it is estimated that the prevalence of 
hepatitis B surface antigen in the population aged 1-59 years is 9.8%; 120 million people are 
thought to carry the hepatitis B surface antigen (Xia et al., 1996; Dai and Qi, 1999). In this 
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case-control study, we found that miR-146a G allele and miR-499 G allele were associated 
with a non-significantly increased risk of HCC, and that the miR-499 G allele showed an in-
teraction with HBV infection. 

Non-coding small RNAs can be used to reveal novel insights into the biological 
mechanism of HCC. Although the association between SNPs in protein-coding genes and 
cancer risk has been intensively examined, studies regarding the association between SNPs 
in miRNA genes and the risk of HCC have shown inconsistent results (Qi et al., 2010; Xiang 
et al., 2012; Kim et al., 2012; Hu et al., 2013). In this study, we did not find that the miR-
146aG>C and miR-499A>G polymorphisms significantly increased the risk of HCC, but the 
miR-146a G allele and miR-499 G allele were slightly associated with an increased risk of 
HCC. Previous studies indicated that the miR-146aG>C polymorphisms were associated with 
the risk of various cancers, such as colorectal, breast, ovarian, and prostate cancer (Shen et 
al., 2008; Gao et al., 2011; Chae et al., 2013). Chae et al. (2013) reported that the miR-146a 
CC genotype was associated with an increased risk of colorectal cancer, while Xu et al. (2008; 
2010) indicated that the miR-146a GG genotype was related to an increased risk of prostate 
cancer when compared with the CC genotype. Previously, 2 studies reported an association 
between miR-146aG>C polymorphisms and HCC risk (Xu et al., 2008, 2010). However, our 
study only found a non-significant increased risk of HCC in individuals carrying the miR-146a 
C allele. The inconsistency of these studies can be explained by differences in the population 
background, source of control subjects, sample size, and by chance; therefore, these results 
require confirmation by additional studies.

miR-499 has been regarded as a predictive biomarker for carcinogenesis and plays a 
role in the development of cancer because it is involved in many biological processes, such 
as cellular senescence, apoptosis, inflammation, and immune response (Wang et al., 2011). 
Previous studies indicated that miR-499 may influence apoptosis and regulate p53 expression 
(Wang et al., 2011). A recent study showed that the level of miR-499 could be used as a pre-
dictor for the overall survival of non-small cell lung cancer patients (Hu et al., 2010). Another 
study indicated that high expression of miR-499 increased cell migration and invasion of 
colorectal cancer in vitro, as well as metastasis of lung and liver cancer in vivo (Akkiz et al., 
2011). Previous studies showed that the miR-499A>G polymorphism plays a role in the risk 
of HCC (Akkiz et al., 2011; Zhou et al., 2012). In our study, we found a non-significant asso-
ciation between the miR-499A>G polymorphism and risk of HCC. The negative results may 
have resulted from the small sample size, and thus further large-scale studies are necessary.

Moreover, we found that the miR-499A>G polymorphism interacts with HBV infec-
tion. A previous study indicated that the miR-499A>G polymorphism is strongly affected by 
HBV mutations (Han et al., 2013), indicating that HBV mutation has a synergistic effect with 
miR-499A>G polymorphism on the risk of HCC. 

In conclusion, we found that the miR-146a G allele and miR-499 G allele were associ-
ated with a non-significant increased risk of HCC, and subjects carrying the miR-499 A allele 
genotype and HBV showed a greatly increased risk of HCC. Therefore, the miR-146aG>C 
and miR-499A>G polymorphisms are not related to the genetic susceptibility to HCC. Further 
independent studies are necessary to validate our findings in a larger sample size.
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