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Association of miR-146a gene polymorphism with risk
of nasopharyngeal carcinoma in the central-southern
Chinese population

Guo-Liang Huang1,2,6, Mei-Ling Chen3,6, Ya-Zhen Li3,6, Yan Lu1,2, Xing-Xiang Pu4, Yu-Xiang He5,
Shu-Yin Tang3, Hua Che3, Ying Zou1,2, Congcong Ding1,2 and Zhiwei He1,2

This case-control study focused on estimating the association between miR-146a polymorphism and risk of nasopharyngeal

carcinoma (NPC) in central-south China. In total, 160 patients with NPC and 200 healthy controls in central-south China were

genotyped using polymerase chain reaction–restriction fragment length polymorphism assay. Chi-square test was used to assess

the different distribution of miR-146a polymorphism between NPC patients and controls; and logistic regression analysis was

applied to analyze the associations between miR-146a polymorphism with cancer risk in different contrast models. Significant

differences between NPC patients and controls were found in genotype (P¼0.033 for GG versus CG versus CC; and odds ratio

(OR)¼0.568, 95% confidence interval (CI)¼0.354–0.912, P¼0.019 for CG versus CC; and OR¼0.503, 95% CI¼0.261–

0.971, P¼0.041 for CG versus CC; and OR¼0.564, 95% CI¼0.360–0.884, P¼0.012 for GGþCG versus CC, respectively)

and allelic analysis (P¼0.025 for G versus C). Our findings suggested that polymorphism of mir-146a was associated with NPC

in the central-southern Chinese population.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a highly invasive malignant
tumor that is common in Southeastern China and South East Asia.1

The multifactorial etiology of NPC includes genetic susceptibility
owing to the distinct geographical distribution, Epstein–Barr virus
(EBV) infection and exposure to chemical carcinogens in environ-
ment and dietary.2 Previous genetic studies reported that several genes
were associated with the risk of NPC.3–5

MicroRNAs (miRNAs) are endogenous B22 nucleotides non-
coding RNAs and function as tumor suppressors or oncogenes in
cancer.6 miR-146a function as a tumor suppressor in most cases.7

Mouse miR-146a knockout models suggested that miR-146a played a
key role as a molecular brake on oncogenic transformation.8 In breast
cancer, enforced miR-146a expression suppressed NF-kB activity and
impaired invasion and migration capacity of cancer cells.9 A second
study indicated that the inhibitory effect of tumor suppressor p53-
binding protein-1 on NF-kB activity, cell proliferation, invasion
and metastasis in breast cancer was mediated by miR-146a.10

TRAIL-induced miR-146a expression impaired CXCR4-mediated
breast cancer migration.11 In gastric cancer, miR-146a play a role as

a metastasis suppressor by targeting WASF2,12 UHRF113 and
L1CAM.14 Upregulation of miR-146a expression inhibited NF-kB
activity induced by lysophosphatidic acid or celastrol in gastric cancer
cells.15,16 The tumor suppressor role of miR-146a was also found in
non-small cell lung cancer,17 papillary thyroid tumor,18 acute myeloid
leukemia,19 castration-resistant prostate cancer20 and glioma.21

Nevertheless, miR-146a was found to promote proliferation in
cervical cancer22 and enhance angiogenic activity of endothelial cells
in hepatocellular carcinoma.23

The role of miR-146a on NPC was seldom characterized. The
miR-146a promoter was found to be completely unmethylated, but
lack of euchromatic histone modification in the EBV-positive NPC cell
line C666-1.24 A minimal amount of pre-miR-146a and negative
expression of mature miR-146a was detected in C666-1 cells. The
expression levels of miR-146a was significantly increased and positively
correlated with EBV-encoded latent membrane protein 1 (LMP1) in
NPC tissues.25 LMP1 was reported to activate the expression of
miR-146a via NF-kB.26,27 miR-146a was downregulated by
EBV-encoded EBNA2 in B lymphoma cells.28 Accordingly, miR-146a
may be an important mediator in EBV-associated carcinogenesis.
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Previous studies showed that single nucleotide polymorphisms
(SNPs) in miR-146a gene could deregulate the expression of miR-
146a and thereby affect its function. A study in systemic lupus
erythematosus indicated that rs57095329 in the promoter region of
miR-146a modulated its expression and was associated with risk for
the disease.29 The rs2910164 within the stem-loop region of the pre-
miR-146a was mainly investigated SNP in miR-146a. The rs2910164
was found to affect the expression of miR-146a.30 GC heterozygote of
this SNP could produce three mature miRNAs: miR-146a*G and
miR-146a*C from the passenger strand, and miR-146a from the
leading strand.31 They are proposed to regulate many genetic
processes with distinct sets of target genes.

Associations between rs2910164 in miR-146a gene with risk or
prognosis of cancer were found in several types of cancer, including
non-small cell lung cancer,32 esophageal squamous cell carcinoma,33

gastric cancer,34 glioma35 oral squamous cell carcinoma,36 cervical
cancer37 and so on. In a recent study, SNP rs2910164 in miR-146a
gene was found to be associated with the risk for NPC in the southern
Chinese population in Hong Kong.25 In this study, we genotyped the
frequency of SNP rs2910164 in miR-146a and evaluated the
association with NPC risk in a case-control study of the central-
southern Chinese population.

MATERIALS AND METHODS

Study population
The hospital-based case-control study included 160 patients with nasophar-

yngeal cancer and 200 healthy individuals at Hunan Tumor Hospital between

April 2011 and October 2011. All the cancer patients were diagnosed by

histopathology or imaging evidence and received no treatment before the

blood drawing. The control participants were genetically unrelated cancer-free

individuals who underwent routine medical examination in the same hospital.

No significant differences with the age and gender were found between patients

and controls (mean±s.d.¼ 46.2±11.3 and mean±s.d.¼ 44.7±10.4, respec-

tively, Table 1). All participants were Changsha natives (Changsha, central-

southern China) or the surrounding regions. Informed consent was obtained

from all subjects for the use of their blood samples. This study protocol was

approved by the institutional review board.

Genotyping assay
Genomic DNA was extracted from peripheral blood samples on the basis of

standard procedures (Tiangen Biotech, Beijing, China). The genotype of SNP

rs2910164 in miR-146a was detected by polymerase chain reaction (PCR)–

restriction fragment length polymorphism assay according to Hu et al.38 The

PCR reaction contained 5 pmol of each primer, 1� GoTaq Master Mix

(Promega, Beijing, China) and 2.0ml extracted DNA in a total volume of 15ml.

The PCR condition included an initial melting step at 95 1C for 5 min, then 30

cycles at 95 1C for 30 s, at 60 1C for 30 s and at 72 1C for 40 s, and a final

extension step at 72 1C for 10 min. The fragments were amplified by using the

forward primer (50-CAT GGG TTG TGT CAG TGT CAG AG CT-30) and

reverse primer (50-TGC CTT CTG TCT CCA GTC TTC CAA-30). Then the

PCR products were digested by Saclat 37 1C for 3 h. After that, the cleaved

products were separated on polyacrylamide gel electrophoresis and identified

by ethidium bromide staining. According to the restriction site of the enzyme,

GG genotype was cleaved to be one band (147 bp); CC to be two bands (122

and 25 bp); GC to be three bands (147, 122 and 25 bp). PCR products were

confirmed by DNA sequencing validation in about 5% of the samples.

Statistical analysis
Genotype frequencies in control group were detected for the Hardy–Weinberg

equilibrium using chi-square test. The diverse characteristics between patients

and controls were analyzed by t-test or chi-square test. The different

distribution of the genotype and allele frequencies was evaluated by chi-square

test. The association between miR-146a polymorphism and nasopharyngeal

cancer risk was estimated by calculating the odds ratios (ORs) and 95%

confidence intervals (CIs), using the multivariate logistic regression analysis

adjusted by age and gender. All statistical tests were performed with SPSS 16.0

software. All results were statistically significant at Po0.05.

RESULTS

Characteristics of patients with NPC and healthy controls
The case-control study recruited 360 samples including 160 patients
with nasopharyngeal cancer and 200 healthy individuals. Main
characteristics of the study subjects were presented in Table 1. There
were no statistically significant differences between cases and controls,
in terms of age (P¼ 0.555, Table 1) and gender (P¼ 0.146, Table 1).
Most of the patients were in the late clinical stage (Table 1).

Distribution of genotype and allele frequencies and their
associations with risk of NPC
Table 2 showed the distribution of genotype and allele frequencies of
miR-146a polymorphism in the patients and controls. Genotype
frequencies for miR-146a polymorphism were in agreement with
Hardy–Weinberg equilibrium in the controls (P¼ 0.123). The
frequencies of the GG, CG and CC genotypes were 14.4, 45.6
and 40.0%, respectively, among the patients, with 18.0, 55.0 and
27.0%, respectively, among the controls; and the allele frequencies
of G and C were 37.2 and 62.8% in the patients, with 45.5 and
54.5% in the controls. Significant differences were found between
patients and controls in genotype (P¼ 0.033 for GG versus CG versus
CC; OR¼ 0.568, 95% CI¼ 0.354–0.912, P¼ 0.019 for CG versus CC;
OR¼ 0.503, 95% CI¼ 0.261–0.971, P¼ 0.041 for GG versus CC; and
OR¼ 0.564, 95% CI¼ 0.360–0.884, P¼ 0.012 for GGþCG versus
CC, respectively, Table 2) and allelic analysis (P¼ 0.025, Table 2).

Table 1 Characteristics of NPC Patients and Controls

characteristics Patients Controls P-value

Mean age (mean±s.d.) 46.2±11.3 44.7±10.4 0.196

Age

o45 77 (48.1) 90 (45.0) 0.555

X45 83 (51.9) 110 (55.0)

Gender

Male 117 (73.1) 132 (66.0) 0.146

Female 43 (26.9) 68 (34.0)

T stage

T1þT2 56 (35.0) —

T3þT4 104 (65.0) —

N stage

N0 9 (5.6) —

N1þN2þN3 151 (94.4) —

Clinical stage

Iþ II 11 (6.9) —

IIIþ IV 149 (93.1) —

Metastasis

No 148 (94.3) —

Yes 9 (5.7) —

Abbreviation: s.d., standard deviation.
The sum of various characteristics does not equal because of the unavailable data.
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DISCUSSION

Studies about the association between SNP rs2910164 in miR-146a
and cancer susceptibility provided contradictory results regarding the
effect of SNP rs2910164 on cancer. A protective role of rs2910164 C
allele or CC genotype on cancer was reported in several studies. The
rs2910164 C allele or CC genotype was associated with decreased risk
for esophageal cancer, cervical cancer, prostate cancer, hepatocellular
carcinoma and colorectal cancer.39–41 The rs2910164 GC/CC
genotypes conferred a significantly reduced risk of recurrence in
bladder cancer and a higher survival rate in gastric cancer.34,42

However, the rs2910164 C allele or CC genotype was also reported
to contribute to an increased susceptibility to cancer, such as head and
neck cancer,43 glioma35 and NPC.25 The rs2910164 GC/CC genotypes
had significantly worse overall, disease-specific and disease-free
survival in squamous cell carcinoma of the oropharynx and a worse
recurrence-free survival in non-small cell lung cancer.44,45 These
results suggested a promotive role of rs2910164 C allele or CC
genotype on cancer. As in the case of our study, the results suggested
that rs2910164 C allele or CC genotype contribute to an increased risk
of NPC in the central-southern Chinese population.

The different effect of SNP rs2910164 on cancer might derive from
the inconsistent regulation of SNP rs2910164 on miR-146a. Higher
levels of miR-146a were associated with the CC genotype in several
disease.36,37,46,47 Whereas miR-146a expression in GG cases was
higher in other studies.48–50 The effect of SNP rs2910164 seems
more complicated because the GC heterozygote of this SNP could
produce three mature miRNAs: one from the leading strand (miR-
146a), and two from the passenger strand (miR-146a*G and miR-
146a*C).31 These three miRNAs were proposed to modulate many
genetic processes with distinct sets of target genes. Therefore, by
producing inconsistent levels of and different kind of mature
miRNAs, the rs2910164 may affect cancer risk in contradictory ways.

Both the previous study on NPC by Lung et al.25 and our data
suggested that the rs2910164 C allele or CC genotype was associated
with the increase risk of the cancer. The gender distribution was
similar in both the healthy controls and NPC patients between our
study and the data of Lung et al.25 in Hong Kong. Both study
populations were Chinese. Whereas the age distribution in our study
was younger in both the healthy controls and NPC patients. Similar to
the data of Lung et al.25 in Hong Kong, a much higher distribution of
CC genotype which accounted for 27% of the healthy controls and
40.0% of the NPC patients was found in our data, when compared

with the Western population in which only 6% with CC genotype.30

The CC genotype frequency of rs2910164 in Hong Kong was 36.2% in
the matched controls group, 39.1% in the healthy elderly controls
group and 51.1% in the NPCs group, respectively. Among the three
areas, the NPC incidence rate was greatest in Hong Kong, then our
locality central-southern China and lowest in the Western country.
The CC genotype frequency of rs2910164 might in part explain the
NPC incidence rate.

The exact role of miR-146a in NPC was not clarified. Lung et al.25

found higher expression of miR-146a, which was correlated with
LMP1, but not with rs2910164 polymorphism in NPC. Cell
proliferation was not affected by over-expression of miR-146a in
normal nasopharyngeal epithelial cell line NP69. The result indicated
that miR-146a might modulate NPC progression by other means,
such as apoptosis, cell invasion, migration and the interaction with
LMP1. Further functional study should be carried out to confirm
these hypotheses. Since the sample size of this case-control study and
Lung et al. was relatively small, further large sample studies were
needed.
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