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ABSTRACT. MicroRNAs (miRNAs) are thought to play a role in cancer 
development. We conducted a case-control study to investigate the 
association between polymorphisms in miR-149C>T and hepatocellular 
carcinoma (HCC) risk. Duplex polymerase chain reaction with the 
confronting 2-pair primers were taken to genotype miR-149C>T. The 
association between genotype frequencies of miR-149C>T and risk of 
HCC was estimated as odds ratios (ORs) and 95% confidence intervals 
(95%CIs) using conditional regression analysis. Logistical regression 
analysis showed that the miR-149 CC genotype and C allele were 
associated with risk of HCC, with adjusted ORs (95%CI) of 2.07 (1.32-
3.26) and 1.42 (1.06-2.12), respectively. Using the TT+TC genotype as 
a reference, individuals carrying the CC genotype were associated with 
non-significant increased risk of HCC, adjusted OR (95%CI) of 1.37 
(0.91-2.07). Subgroup analysis showed that HBV-infected subjects 
carrying the miR-149 TC+CC genotype (OR = 5.85, 95%CI = 2.49-
13.77) had an increased risk of HCC. In summary, our study found 
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that miRNA-149C>T polymorphism is associated with risk of HCC, 
especially in HBV-infected patients.
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INTRODUCTION

In China, hepatocellular carcinoma (HCC) deaths account for 50% of all liver can-
cer deaths worldwide (IARC, 2008), and it has the 4th highest mortality rate with estimated 
109,242 new cases per year in China (IARC, 2008). Exposure to hepatitis B virus (HBV) 
infection is a well known risk factor for developing HCC (Kao and Chen, 2002). However, 
only a few HBV-infected individuals developed HCC during their lifetime, which means that 
genetic and environmental factors have a role in susceptibility of HCC. 

MicroRNAs (miRNAs) have a role in physiological and pathological conditions, such 
as development, cellular differentiation and cell death as well as metabolism (Hatfield et al., 
2005). Previous studies have shown that miRNAs can influence the development of cancer 
by regulating the expression of tumor suppressor genes (Esquela-Kerscher and Slack, 2006; 
Calin and Croce, 2006). It is well known that single-nucleotide polymorphisms are the most 
common genetic variations in the human genome (Mishra and Bertino, 2009), which can alter 
protein expression, and thus influence an individual’s susceptibility to various cancers (Chu et 
al., 2014). A C>T genetic polymorphism is found in the miR-149C>T gene and is located in 
the stem region next to the mature miR-149C>T sequence. miR-149C>T polymorphisms are 
associated with risk of several cancers, such as colorectal cancer, hepatocellular carcinoma, 
esophageal cancer, cervical cancer, and prostate cancer (Jang et al., 2011; Kim et al., 2012; He 
et al., 2012). We conducted a case-control study to investigate the association between poly-
morphisms in miR-149C>T and HCC risk.

MATERIAL AND METHODS

Study population

From September 2008 to June 2012, 327 cases who were diagnosed to be HCC by 
liver biopsy were included into our study. At the same time, 327 controls were collected from 
health check-up center and matched to cases by gender and age. Control subjects who had a 
history of cancer were excluded from this study. The protocol of this study was approved by 
the institutional Ethnics Committee of Wuxi Third People’s Hospital, and informed consents 
were obtained from all participates before enrolling into our study.

DNA extraction and genotyping

The cases and controls were asked to provide 5-mL whole-blood samples. Duplex 
polymerase chain reaction (PCR) with the confronting 2-pair primers were taken to genotype 
miR-149C>T. The PCR primers for miR-149C>T were designed by the Sequenom® Assay 
Design version 3.1 software (Sequenom®; San Diego, CA, USA). The forward primer for 



7186M.F. Liu et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 7184-7189 (2014)

miR-149C>T were 5ꞌ-TGT CTT CAC TCC CGT GCT TGT CC-3ꞌ and reverse 5ꞌ-TGA GGC 
CCG AAA CAC CCG TA-3'. The miR-149C>T was digested at 37°C for 16 h with AluI. The 
reaction product (12 μL) was run on a 3.0% agarose gel, stained with ethidium bromide and 
directly visualized under ultraviolet illumination. For quality control, 5% of the cases and 
control subjects were chosen to genotype, and concordance of these samples with the previous 
results was 100%.

Statistical analysis

The association between genotype frequencies of miR-149C>T and risk of HCC was 
estimated as odds ratios (ORs) and 95% confidence intervals (95%CIs) using conditional re-
gression analysis and adjusted for potential gender, smoking, drinking, and hepatitis B or C 
virus infection. P < 0.05 was considered to be statistically significant. All statistical analyses 
were conducted using the Statistical Package for Social Science version 17.0 software (SPSS 
Inc.; Chicago, IL, USA).

RESULTS

The 327 HCC patients were comprised of 103 women and 224 men, and the mean age 
of these HCC cases was 56.2 ± 11.3 years. The 327 control subjects were also comprised of 
224 men and 103 women, and the mean age was 55.8 ± 10.7 years (Table 1). By comparing de-
mographic and clinical characteristics, HCC patients were more likely to be alcohol drinkers, 
and have HBV and hepatitis C virus (HCV) infection. The ORs (95%CI) for alcohol consump-
tion, HBV and HCV infection were 1.49 (1.06-2.11), 6.14(4.01-9.50), and 9.43 (3.77-28.07), 
respectively. The 127 (38.84%) patients had tumor size ≥5 cm, and 195 (59.63%) were at 
stage I-II TNM classification.

Variables Cases   Controls   χ2 P value OR (95%CI)

  N = 327 % N = 327 %   

Age (years, mean ± SD)              56.2 ± 11.3                 55.8 ± 10.7  0.14
Gender       
   Female 103 31.50 103 31.50   
   Male 224 68.50 224 68.50  0 1 1.00 (0.71-1.41)
Tobacco smoking       
   No 201 61.47 220 67.28   1.00 (Ref.)
   Yes 126 38.53 107 32.72       2.41 0.12 1.29 (0.92-1.80)
Alcohol consumption       
   No 211 64.53 239 73.09   1.00 (Ref.)
   Yes 116 35.47   88 26.91       5.59 0.02 1.49 (1.06-2.11)
Viral infection       
   Both negative 160 48.93 283 86.54   1.00 (Ref.)
   HBV infection 132 40.37   38 11.62  <0.001 6.14 (4.01-9.50)
   HCV infection   32   9.79    6   1.83  <0.001   9.43 (3.77-28.07)
   Both positive     3   0.92     0   0.00   154.46 - -
Tumor size       
   <5 cm 200 61.16      
   ≥5 cm 127 38.84      
TNM stage       
   I-II 195 59.63      
   III-IV 132 40.37      

Table 1. Characteristics between hepatocelluar carcinoma (HCC) patients and controls.
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The genotype frequencies of miR-149C>T in HCC patients and control subjects are 
shown in Table 2. The miR-149C>T genetic distributions in controls were in accordance with 
Hardy-Weinberg equilibrium (HWE) expectations, which showed that no selection bias ex-
isted (P for HWE was 0.06). There was significant difference in the genotype frequencies of 
miR-149C>T between cases and controls (χ2 = 10.36, P = 0.006). Logistical regression analy-
sis showed that the miR-149 CC genotype and C allele were associated with risk of HCC, 
with adjusted ORs (95%CI) of 2.07 (1.32-3.26) and 1.42 (1.06-2.12), respectively. Using the 
TT+TC genotype as a reference, individuals carrying the CC genotypes were associated with 
non-significant increased risk of HCC, adjusted OR (95%CI) of 1.37 (0.91-2.07).

miR-149C>T Cases % Controls % P for HWE c2 P value Adjusted OR (95%CI)a P value

Genotype         
   TT 100 30.58  133 40.67     1.0 (Ref.) 
   TC 143 43.73  138 42.20     1.41 (0.98-2.13) 0.07
   CC   84 25.69    56 17.13  0.06 10.36   0.006 2.07 (1.32-3.26)   0.002
Dominant model         
   TT 106 32.42  125 38.23     1.0 (Ref.) 
   TC+CC 227 69.42  202 61.77     2.97   0.085 1.42 (1.06-2.12) 0.04
Recessive model         
   TT+TC 243 74.31  263 80.43     1.0 (Ref.) 
   CC   78 23.85    64 19.57     2.12 0.15 1.37 (0.91-2.07) 0.11

Table 2. Association between miR-149C>T polymorphism and HCC risk.

HWE = Hardy-Weinberg equilibrium; aadjusted for gender, age, alcohol consumption, and viral infection.

Stratified analysis was conducted to assess whether the effect of miR-149C>T poly-
morphism was influenced by viral infection and alcohol consumption (Table 3). Subgroup 
analysis showed that the effect of miR-149C>T polymorphism was modified by viral infec-
tion. HBV-infected subjects carrying the miR-149 TC+CC genotype (OR = 5.85, 95%CI = 
2.49-13.77) had an increased risk of HCC. However, the miR-149C>T polymorphism was 
not associated with a significantly enhanced risk of HCC in both HBV and HCV-negative and 
HCV-infected subjects. In addition, we did not observe effect of alcohol drinking on the as-
sociation between miR-149C>T polymorphisms and HCC risk.

miR-149C>T                       Genotype   Adjusted OR (95%CI) P value

                      TT                           TC+CC   

 Case Control Case Control  

Viral infectiona      
   Both negative 62 99   98 184 0.85 (0.56-1.30)   0.45
   HBV  23 21 109   17   5.85 (2.49-13.77)   <0.001
   HCV  18   5   14     1   3.11 (0.26-163.9)   0.31
Alcohol consumptionb      
   No 61 83 150 156 1.31 (0.86-1.99)   0.19
   Yes 45 42   71   46 1.44 (0.79-2.62) 0.2

Table 3. Association between miR-149C>T polymorphisms and HCC risk according to viral infection and 
alcohol consumption.

aAdjusted for gender, age, and alcohol consumption. bAdjusted for gender, age, and viral infection.

DISCUSSION

Our study showed the allele frequencies were similar to frequencies given for Chinese 
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populations in the NCBI databases, which showed the control group has a better representa-
tion for the general population in China. Moreover, we found that miR-149 CC genotype and 
C allele increase the risk of HCC, especially in HBV infection patients. Our study suggested 
that miR-149C>T polymorphisms can be used as a diagnostic marker for HCC, and help in 
reducing HCC mortality through early screening and diagnosis.

Previous studies have reported that aberrant regulation of specific miRNAs and their 
targets in various kinds of cancer is associated with cancer growth angiogenesis and metas-
tasis (Esquela-Kerscher and Slack, 2006; Croce, 2009). Regarding miR-149C>T, it is a pro-
apoptotic miRNA to repress the expression of Akt1 and E2F1. Silencing of Akt1 and E2F1 can 
induce apoptosis in human tumor cell lines (Lin et al., 2010, 2011). Previous studies showed 
that polymorphism in miR-149C>T can change the expression of mature miRNAs or the bind-
ing activities to target mRNA, and thus influence cancer risk through various mechanisms 
(Lin et al., 2010, 2011). Previous studies reported that the association between polymorphism 
in miR-149C>T and risk of various cancers, such as breast cancer, lung cancer, head and 
neck cancer, colorectal cancer and HCC, but the results are inconsistent (Hu et al., 2009; Liu 
et al., 2010; Vinci et al., 2011; Kim et al., 2012; Du et al., 2014). Hu et al. (2009) reported a 
study on the association between miR-149C>T polymorphism and risk of breast cancer, and 
showed that miR-149C>T polymorphism is not associated with risk of this cancer. Vinci et al. 
(2011) conducted a study in Italy and reported that no association was found between miR-
149C>T polymorphism and risk of breast cancer. Liu et al. (2010) reported that miR-149C>T 
polymorphism is associated with risk of head and neck cancer. Zhang et al. (2012) conducted 
a meta-analysis with eight studies including 4677 cases and 4830 controls, and showed that 
miR-149C>T polymorphism may not contribute to cancer susceptibility. The discrepancy of 
the results may be explained by the differences in cancer types, ethnicities, source of cases, 
sample size, and also by chance. 

For HCC, only one study reported the association between miR-149C>T polymor-
phism and risk of HCC (Kim et al., 2012). Kim et al. (2012) conducted a study in South Korea 
with 159 HCC patients and 201 controls, and reported that the risk of HCC was significantly 
lower for the miR-149C>T, especially in HBV-related HCC patients. Our study found that 
miR-149C>T CC genotype was associated with an increased risk of HCC, which is incon-
sistent with the previous one. Therefore, further large sample studies with different ethnic 
backgrounds were greatly needed to confirm their association. 

Stratified analysis showed that the association between miR-149C>T polymorphisms 
and HCC risk were modified by HBV infection, suggesting that variation of miR-149C>T 
may be involved in immune regulation during HBV infection. Previous experimental study 
showed that HBV replication modifies the expression of host cellular miRNAs, and thus influ-
ence the carcinogenesis of liver by HBV (Kim et al., 2012). Kim et al. (2012) reported that 
miR-149C>T polymorphism is associated with HBV-related HCC patients. Several limita-
tions should be considered in our study. First, cases were selected from one hospital, which 
may not be representative of the general population. However, all control subjects in our 
study were in line with HWE, which could better represent the general population. Second, 
the sample size of our study is relatively small, which may reduce the statistical power to find 
the difference between groups. Therefore, further large sample, multicenter studies including 
different ethnicities are warranted to investigate the association between miR-149C>T and the 
risk of HCC.
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In summary, our study found that miRNA-149C>T polymorphism is associated with 
risk of HCC, especially in HBV-infected patients. Our study suggests that miRNA-149C>T 
polymorphisms may be useful as predictive markers for detecting of high-risk individuals 
such as HBV-infected subjects who are at an even greater risk for HCC. 
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