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Abstract MicroRNAs (miRNAs) are small non-coding

RNA molecules that function as negative regulators of

gene expression. Common genetic variants (single nucle-

otide polymorphisms, SNPs) in miRNA genes may alter

their expression or maturation resulting in varied functional

consequences. Until now, several studies had evaluated the

association between the polymorphisms in the hsa-miR-

196a2 rs11614913 and cancer risk in diverse populations

and in multiple types of cancer, with contradictory out-

comes. Therefore, here we performed a meta-analysis to

address the association between this polymorphism and

cancer risk. A total of nine studies involving 6,540 cases

and 7,562 controls were retrieved based on PubMed. Our

analysis demonstrated that hsa-miR-196a2 rs11614913 CC

genotype significantly increased the cancer risk in homo-

zygote comparison model compared to TT genotype

(OR = 1.18; 95% CI, 1.01–1.68). Moreover, significant

association of this polymorphism with breast cancer was

found based on homozygote comparison model (OR = 1.30;

95% CI, 1.01–1.26) and dominant model (OR = 1.11;

95% CI, 1.01–1.23). In addition, hsa-miR-196a2 rs11614913

CC genotype was significantly associated with cancer risk

in Chinese and Indian (OR = 1.21; 95% CI, 1.05–1.40),

but not in Caucasians (OR = 1.03; 95% CI, 0.89–1.19).

Taken together, our results indicate that the polymorphism

of hsa-miR-196a2 rs11614913 is associated with cancer

susceptibility, especially with breast cancer and in Chinese

and Indian populations.

Keywords Hsa-miR-196a2 rs11614913 � Cancer � Single

nucleotide polymorphism � Meta-analysis

Introduction

MicroRNAs (miRNAs) are small single-stranded nonpro-

tein-coding RNAs of about 22 nucleotides and play key roles

in a broad range of physiologic and pathologic processes

[1, 2]. These miRNAs regulate the expression of roughly

10–30% of all human genes through post-transcriptional

mechanisms pairing to complementary sequences in the 30

untranslated region (30 UTR) of target mRNAs, leading to

mRNA degradation or translational repression [3]. Emerging

evidence has suggested the involvement of this novel class of

gene regulators in cancer-related processes. It was shown that

miRNA expression profiles could be used to classify human

cancer [4], and a global repression of miRNA maturation

induced cellular transformation and tumorigenesis [5]. The

loss and gain of function of specific miRNAs were also

thought to be key events in diverse cancers [6].

Although the precise processes controlling miRNAs

expression and maturation are largely unknown, several

mechanisms have been proposed including genetic and

epigenetic alterations [7, 8]. The most common genetic

variation, single nucleotide polymorphisms (SNPs), is

known to exist in miRNA genes, which can lead to varia-

tions in the quantity of miRNAs resulting in diverse

functional consequences.

Recent data have shown that SNPs located in the pre-

miRNA, such as hsamiR-196a2 rs11614913 polymorphism

may influence the expression of mature miRNA [8–11].

Furthermore, the association between hsa-miR-196a2

rs11614913 polymorphism and cancer risk has been ana-

lyzed in several studies although the results are
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controversial [12–19]. Because the relatively small sample

size in a single study might have low power to detect the

effect of the polymorphisms on cancer risk, here we

reported our meta-analysis that may improve our evalua-

tion of the association of miRNA-196a2 polymorphism

with cancer risk.

Materials and methods

Eligible studies and data extraction

To identify all previous published studies that examined

the association of hsa-miR-196a2 rs11614913 polymor-

phism with cancer, PubMed database (from July 2008 to

June 2010) was searched with the following keywords and

subject terms: ‘‘microRNA’’ and ‘‘cancer’’ and ‘‘poly-

morphism’’. The following criteria were set to choose the

studies included in the current meta-analysis: (1) evalua-

tion of the hsa-miR-196a2 rs11614913 polymorphism and

cancer risk; (2) a case–control design; (3) malignant

tumors were histologically confirmed; (4) sufficient pub-

lished data for calculating odds ratios (ORs) with their

95% confidence intervals (95% CIs).

The following data were abstracted independently in

duplicate by two investigators using a standard protocol

and data-collection form according to the inclusion criteria

listed above: First author’s surname, publication date,

ethnicity, tumor type, genotyping methods, characteristics

of cases and controls, and P value for Hardy–Weinberg

equilibrium were described (Table 1). Breast cancer was

performed to pool cancer-specific ORs and different racial

descents were categorized as Asian and Caucasian. When

more than one ethnicity was included in the studies and

was able to separate, data were extracted separately for

each ethnic group. Disagreement was resolved by the

discussion between the two investigators.

Statistical analysis

The strength of association between hsa-miR-196a2

rs11614913 polymorphism and cancer risk was assessed by

crude ORs with their 95% CIs. The pooled ORs were

calculated for homozygote comparison (CC vs. TT), het-

erozygote comparison (CC vs. CT), dominant model (CC

vs. CT ? TT), and recessive model (CC ? CT vs. TT),

respectively. The statistical heterogeneity among the

studies was checked by the chi-square-based Q-test [20].

Heterogeneity was considered significant for P \ 0.10

because of the low power of the statistic. In the absence of

between-study heterogeneity, the fixed-effects model using

the Mantel–Haenszel method was used to estimate the T
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summarized OR [21]; and Random-effects using the Der-

Simonian and Laird method was more appropriate when

heterogeneity is present [22].

The significance of the pooled OR was determined by

the Z test with P value \0.05 considered significant. For

each genetic comparison, subgroup analysis according to

different kinds of cancer was firstly performed to pool

cancer-specific ORs for breast cancer since more inde-

pendent studies examined this kind of cancer. Subgroup

analysis according to ethnicity was also investigated to

estimate ethnic-specific ORs for Asian and Caucasian.

Publication bias of literatures was assessed using Begg’s

funnel plot, and the significance of the intercept was

determined by the t test as suggested by Egger, and a

P value \0.05 was considered significant [23]. Hardy–

Weinberg equilibrium was tested by the chi-square test for

goodness of fit using a web-based program (http://ihg.gsf.

de/cgi-bin/hw/hwa1.pl).

All statistical analyses were carried out with STATA

software, version 10.0 (STATA Corp., College Station, TX).

All P values were two-sided.

Results

Selection of studies

In total, ten case–control publications [12–19, 24, 25] were

retrieved from Pubmed based on the searching criteria and

eight met our inclusion criteria excluding two publications

with no detailed genotyping information. In the study of

Catucci et al., the genotype frequencies were presented

separately according to German study and Italian study [17],

and thus each of these studies was considered separately for

meta-analysis. Therefore, a total of nine studies were inclu-

ded in the meta-analysis with 6,540 cases and 7,562 controls

for hsa-miR-196a2 rs11614913 polymorphism, among

which there were five studies of Asians [12, 13, 15, 16, 18],

three studies of Caucasians [17, 19], and one study of Mixed

population with no detailed ethnicity data [14].

Multiple genotyping methods had been employed in the

studies included in our analysis: polymerase chain reac-

tion-restriction fragment length polymorphism (PCR–

RFLP), MassARRAY multiplex, Taqman SNP genotyping

Table 2 Summary of ORs and 95% CIs of hsa-miR-196a2 rs11614913 polymorphisms for various comparisons

Contrasta Comparison

(study number)

OR [95% CI]b p-Hc P

All cancer types

CC vs. TT 9 1.18 [1.01, 1.39] 0.02 0.04d

CC vs. CT 9 1.02 [0.89, 1.12] 0.01 0.81d

CC vs. CT ? TT 9 1.06 [0.93, 1.21] 0.002 0.40d

CC ? CT vs. TT 9 1.14 [1.05, 1.24] 0.35 0.003e

Breast cancer

CC vs. TT 4 1.30 [1.01, 1.69] 0.03 0.002d

CC vs. CT 4 1.08 [0.97, 1.19] 0.61 0.16e

CC vs. CT ? TT 4 1.11 [1.01, 1.23] 0.21 0.03e

CC ? CT vs. TT 4 1.22 [1.00, 1.50] 0.06 0.05d

In Asian

CC vs. TT 5 1.21 [1.05, 1.40] 0.14 0.01e

CC vs. CT 5 1.01 [0.76, 1.34] 0.001 0.94d

CC vs. CT ? TT 5 1.06 [0.82, 1.37] 0.002 0.65d

CC ? CT vs. TT 5 1.16 [1.04, 1.29] 0.94 0.01e

In Caucasian

CC vs. TT 3 1.03 [0.89, 1.19] 0.59 0.72e

CC vs. CT 3 0.98 [0.88, 1.08] 0.41 0.65e

CC vs. CT ? TT 3 0.99 [0.90, 1.09] 0.39 0.84e

CC ? CT vs. TT 3 1.05 [0.92, 1.20] 0.80 0.50e

a Contrasts including comparison of homozygote comparison (CC genotype vs. TT genotype), heterozygote comparison (CC genotype vs. CT

genotype), dominant (CC genotype vs. CT ? TT genotype), and recessive (CC ? CT genotype vs. TT) models, respectively
b R odds ratio, CI confidence interval
c p-H P-value for heterogeneity
d P-value for significance under random-effects model
e P-value for significance under fixed-effects model
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assay, and DNA sequencing. The studies of Hoffman et al.,

Hu et al. and Srivastava et al. mentioned quality control for

the genotyping assay. Blood sample was used for geno-

typing in all the studies. The distribution of genotypes in

the controls of all the studies was in agreement with HWE.

Main results

The main results of this meta-analysis were shown in

Table 2. For hsa-miR-196a2 rs11614913 polymorphism,

significantly increased cancer risk was observed in homo-

zygote comparison (OR = 1.180; 95% CI (1.006–1.384),

P = 0.041, p-heterogeneity = 0.021), and recessive model

(OR = 1.137; 95% CI (1.045–1.237), P = 0.003, p-heter-

ogeneity = 0.352) (Fig. 1).

Next we performed the meta-analysis under other

genetic comparisons. Firstly, in different types of cancer,

hsa-miR-196a2 rs11614913 polymorphism was signifi-

cantly associated with an increased risk of breast cancer

both in homozygote comparison (OR = 1.304, 95% CI

(1.011–1.682), P = 0.002, p-heterogeneity = 0.028) and

dominant model (OR = 1.114; 95% CI, 1.011–1.227,

P = 0.029, p-heterogeneity = 0.21) (Fig. 2). Secondly,

hsa-miR-196a2 rs11614913 polymorphism genotypes were

significantly associated with cancer risk in some stratified

population. In Asians including Chinese and Indian, in

homozygote comparison model by comparing CC to TT

the OR was 1.212 (95% CI (1. 051–1.395), P = 0.008,

p-heterogeneity = 0.141), and in recessive model by

comparing CC ? CT to TT the OR was 1.156 (95% CI

(1.035–1.291), P = 0.01, p-heterogeneity = 0.942). How-

ever, no significant association of hsa-miR-196a2

rs11614913 polymorphism with cancer risk was found in

Caucasians (Table 2; Fig. 3).

Begg’s funnel plot was performed to evaluate the

potential publication bias of literatures, and no evidence of

publication bias was observed in any comparison model

(P \ 0.05) (Fig. 4). Finally, sensitivity analysis was car-

ried out by investigating the influence of each study on the

overall OR, and the result showed that no individual study

affected the overall OR dominantly, since the omission of

any single study made no substantial difference (Fig. 5).

Discussion

SNPs are the most common sequence variation in the

human genome affecting coding sequences, splicing, and

even noncoding sequences such as miRNAs. Notably, a

role for SNPs in cancer predisposition and particularly in

cancer prognosis has been proposed [26]. Hoffman and

colleagues found that the sequence variant in hsa-miR-

196a2 (rs11614913) located in the 3p mature miRNA

region may affect pre-miRNA maturation of 5p and 3p

miRNAs as well as the expression and function of these

miRNAs in breast cancer [14]. Additional studies showed

that hsa-miR-196a2 rs11614913 polymorphism occur in

different kinds of cancer with potential prognosis value

[12–19, 24, 25, 27].

Given the controversial results in previous studies, we

performed this meta-analysis to address the association of

this sequence variant with cancer risk and quantify the

potential between-study heterogeneity. Our results dem-

onstrate that individuals carrying CC genotype of hsa-miR-

196a2 rs11614913 polymorphism had increased cancer

risk, indicating that this common genetic variant may play

crucial roles in cancer development.

Due to the limited number of studies included in this

analysis, we performed sub-analysis by cancer types just for

breast cancer. The pooled ORs of 4 studies suggested a

Fig. 1 a Overall meta-analyses for hsa-miR-196a2 rs11614913

polymorphism (CC vs. TT) in cancers under a random-effects model.

b Overall meta-analyses for hsa-miR-196a2 rs11614913 polymor-

phism (CC ? CT vs. TT) in cancers under a fixed-effects model.

Each retrieved study was presented by the surname of the first author

and the year of publication, and the corresponding OR and 95% CI

were shown

272 Mol Biol Rep (2012) 39:269–275
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Fig. 2 a Meta-analyse for hsa-

miR-196a2 rs11614913

polymorphism (CC vs. TT) in

breast cancer under a random-

effects model. b Meta-analyse

for hsa-miR-196a2 rs11614913

polymorphism (CC vs.

CT ? TT) in breast cancer

under a fixed-effects model.

Each retrieved study was

presented by the surname of the

first author and the year of

publication, and the

corresponding OR and 95% CI

were shown

Fig. 3 Meta-analyses for hsa-miR-196a2 rs11614913 polymorphism

(CC vs. TT) in different populations. Each retrieved study was

presented by the surname of the first author and the year of

publication, and the corresponding OR and 95% CI were shown

Fig. 4 Begg’s funnel plot for publication bias test. Each point

represents a separate study for the indicated association. Logor natural

logarithm of OR. Horizontal line, mean effect size

Mol Biol Rep (2012) 39:269–275 273
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significant association between homozygote comparison as

well as dominant model and breast cancer, consistent with the

results previously reported [28]. Interestingly, Hoffman et al.

reported that the expression of some genes indicating poor

clinical outcome in breast tumors was significantly altered

following the introduction of miR-196a-C but was unchanged

in the miR-196a-T cells [14]. Taken together, these data

strongly suggest that hsa-miR-196a2 rs11614913 polymor-

phism has the potential relevance to breast tumor progression.

After stratification by ethnicity, the allelic frequency of

hsa-miR-196a2 rs11614913 polymorphism was different in

Asians and Caucasians. CC genotype was significantly

associated with cancer risk in Chinese and Indian but not in

Caucasians, suggesting potentially different mechanisms

underlying tumorigenesis in different populations.

Some limitations of this meta-analysis should be con-

sidered. First, the number of studies included in the meta-

analysis was too small to perform subgroup analysis

including every type of cancer. Second, a more precise

analysis which would allow for the adjustment by other

covariates such as age, sex, family history, environmental

factors and lifestyle should be conducted if individual data

were available. Third, so far there was no study of other

populations except Asian and Caucasians. Therefore, fur-

ther studies regarding the relationships among the hsa-

miR-196a2 rs11614913 genetic variations, miR-196a2

levels, the risk of cancer, and the factors mentioned above

will be urgently needed.

In conclusion, our meta-analysis suggested that hsa-

miR-196a2 rs11614913 polymorphism is associated with

an increased cancer risk. Further stratification to ethnics

(Caucasians and Asians) and cancer types (breast cancer)

in different genetic background also identified the signifi-

cant association of this polymorphism with cancer risk,

especially in Asians and with breast cancer. Future well-

designed case–control studies with larger sample size are

of great value to confirm these findings.
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