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Abstract. A C/T polymorphism (rs11614913) was identified 
in the microRNA (miRNA) 196a2 (miR-196a2) gene and was 
implicated in the susceptibility to cancer. Numerous studies 
have investigated its association with the risk of colorectal 
cancer  (CRC). However, the results were inconsistent and 
inconclusive. The present meta‑analysis was conducted based 
on the results of six published case‑control studies comprising 
1,754 cases and 2,430 controls (up to November, 2012). Odds 
ratios (ORs) and 95% confidence intervals (CIs) were calcu-
lated for the allelic and genotypic comparisons following the 
co‑dominant, dominant and recessive genetic models. The 
Chi‑square‑based Q‑test was used to assess heterogeneity. 
Egger's test and inverted funnel plots were used to investigate 
publication bias. Subgroup analysis was also performed. 
The results demonstrated that almost all the genetic models 
(except the model of CT vs. TT) indicated a significant asso-
ciation between rs11614913 polymorphism and CRC risk. The 
subgroup analysis in an Asian population also demonstrated 
similar results. However, there was no significant association 
of miR‑196a2 rs11614913 polymorphism with the clinical 
characteristics of CRC patients. Our results confirmed the 
association of the polymorphism rs11614913 with the risk of 
CRC, but not with tumor stage and grade.

Introduction

The incidence of colorectal cancer (CRC) has been on the 
increase and is currently a major cause of cancer‑related 
morbidity and mortality worldwide, with high rates in 
westernized societies and an increasing rate in developing 
countries (1). Although studies reported that lifestyle, dietary 
habits and environmental factors may be involved in the 
occurrence of CRC (2,3), inheritance was recently recognized 
as an important factor (4). Approximately one‑third of cases 
appeared to have inheritance as part of their pathogenesis (5). 
A large twin study demonstrated that inherited factors account 
for 35% of CRC cases, whereas shared environmental factors 
account for 5% and non‑shared environmental factors for the 
remaining 60% (6).

MicroRNAs (miRNAs) are an abundant class of small 
non‑coding, single‑stranded RNAs of 21‑24 nucleotides 
that form base pairs with target mRNAs and regulate their 
post‑transcriptional functions as tumor suppressors and 
oncogenes (7‑9). Several human studies provided evidence 
that the presence of single‑nucleotide polymorphisms (SNPs) 
in miRNAs may alter miRNA processing, expression, and̸or 
binding to target mRNA and are another type of genetic 
variability that may contribute to the susceptibility to cancer 
development (10‑12).

A C/T polymorphism (rs11614913) was located in the stem 
region opposite the mature miR‑196a2 sequence. Previous 
studies demonstrated that high expression levels of miR‑196a2 
may promote the migration and invasion of CRC cells and the 
C allele of rs11614913 polymorphism may affect miR‑196a2 
expression levels in cancer (13‑16). Several previous studies 
reported the association between rs11614913 polymorphisms 
and the susceptibility to CRC  (15,17‑21). However, those 
studies produced controversial and inconclusive results. Since 
the statistical power of an individual study may be insufficient 
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for the assessment of rs11614913 polymorphisms, integration 
of data sets may provide improved statistical power and detect 
significance.

The present meta‑analysis was conducted with the aim of 
addressing inconsistencies in the findings of previous studies. 
The meta‑analysis was based on published case‑control studies, 
in order to assess the association between the miR‑196a2 
rs11614913 polymorphism and the susceptibility to CRC.

Materials and methods

Literature search strategy. A search was conducted on PubMed, 
EMBASE, ScienceDirect, the Foreign Medical Journal Service 
(FMJS) and the Chinese National Knowledge Infrastructure 
(CNKI) databases for all genetic association studies on the 
rs11614913 polymorphism of miR‑196a2 and the susceptibility 
to CRC, published prior to November, 2012. The search used 
the following keywords and subject terms: miR‑196a2 or 
microRNA‑196a2 or miRNA‑196a2, rs11614913 or polymor-
phism or SNPs and colorectal cancer̸carcinoma̸neoplasm. 
The search was limited to English and Chinese language 
articles. The reference lists were manually examined to further 
identify potentially relevant studies. The corresponding 
authors of conference abstracts without sufficient data were 
contacted via e‑mail for additional information.

Selection criteria. Any human‑associated study, regardless 
of sample size, was included if the following criteria were 
met: i) use of an unrelated case‑control design; ii) investiga-
tion of the association between rs11614913 polymorphisms of 
miR‑196a2 and the risk of CRC; iii) genotype distribution of 
the control population in Hardy‑Weinberg equilibrium (HWE) 
[goodness‑of‑fit test, degree of freedom  (df)=1] and 
iv) published in English or Chinese. For articles with the same 
population resource or overlapping data sets, the publication 
reporting the largest or most recent data set was included. 
Therefore, the data for this meta‑analysis were obtained from 
six case‑control studies, including a total of 1,754 CRC cases 
and 2,430 controls.

Data extraction. Two investigators (Xiao‑qing Guo and 
Chun‑mei Wang) independently extracted data and reached 
a consensus on all the items. The following information was 
recorded for each study: first author, year of publication, 
country of origin, cancer type, ethnicity, number of cases and 
controls, study design, genotyping methods and evidence of 
HWE. For subjects of different ethnicities, data were extracted 
separately and classified as European or Asian (Table I).

Statistical analysis. Observed genotype frequencies for 
rs11614913 polymorphisms in controls were assessed for devi-
ation from HWE using a goodness‑of‑fit Chi-square test with 
df=1. P<0.05 was considered representative of departure from 
HWE. Summary odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated for the allelic (C allele vs. T allele) 
and genotypic comparisons, following the co‑dominant (CT 
vs. TT and CC vs. TT), dominant (CT+CC vs. TT) and reces-
sive (CC vs. TT+CT) genetic models. For age comparison, the 
pooled weighted mean difference (WMD) was also performed. 
The significance of pooled ORs was determined by the Z‑test 

and P<0.05 was considered to indicate a statistically signifi-
cant difference.

Statistical heterogeneity among the studies was assessed 
by the Chi‑square‑based Q‑test. A Q‑test P>0.05 indicated no 
significant heterogeneity among the studies (22) and the pooled 
OR was estimated by the fixed‑effects model (Mantel‑Haenszel 
method) (23). If the heterogeneity was significant, the random‑ 
effects model (inverse variance method) was employed (24).

Publication bias was investigated with a funnel plot, which 
was used as the main graphical method. To supplement the 
funnel plot approach, the Begg and Mazumdar's adjusted rank 
correlation test (25) and the Egger's regression asymmetry 
test (26) were utilized.

Analyses were performed with Review Manager software 
(RevMan, version 5.0; The Cochrane Collaboration, Oxford, 
England) and Stata software, version 10.0 (StataCorp LP, 
College Station, TX, USA). All the P‑values were two‑sided. 
The statistical tests performed in the present analysis were 
considered to indicate a statistically significant difference when-
ever the corresponding null‑hypothesis probability was P<0.05.

Results

Characteristics of studies. Overall, six studies including 1,754 
cases and 2,430 controls were available for this analysis. The 
study characteristics are provided in Table I. The sample size in 
these case‑control studies varied considerably (338‑1,161 indi-
viduals). There were four studies on Asian descendants and 
two on European descendants. Four genotyping methods were 
used, including Taqman, polymerase chain reaction‑restriction 
fragment length polymorphism (PCR‑RFLP), high‑resolution 
melting analysis (HRMA) and polymerase chain reaction‑liga-
tion detection reaction (PCR‑LDR). Furthermore, ~83% (5/6) 
of these studies included described genotyping quality control 
measures, such as a different genotyping assay to confirm 
the data and random repetition of a portion of samples. The 
genotype distributions among the controls of all studies were 
consistent with HWE.

In addition, the cases and controls of all the studies 
included in our analysis were matched by gender and age [no 
specific data were presented in the study by Vinci et al (20)]. 
The meta‑analysis for age and gender detected no significant 
difference between the cases and the controls (for gender: 
OR=1.02; 95% CI: 0.89‑1.17; heterogeneity test, P=0.46, Fig. 1; 
for age: WMD=0.22; 95% CI: 0.69‑1.14; heterogeneity test, 
P=0.08), which suggested that age and gender were adequately 
matched in this meta‑analysis.

Meta‑analysis results. Six studies involving a total of 1,754 cases 
and 2,430 controls were assessed for the association between 
miR‑196a2 rs11614913 polymorphism and CRC risk. There were 
no significant statistical heterogeneities in any of the comparison 
models; therefore, the fixed‑effects model was used. Overall, 
the C allele were associated with a significantly increased risk 
when compared to the T allele (OR=1.14; 95% CI: 1.04‑1.24). 
Similarly, moderately elevated risks were also observed in 
overall analyses in the dominant (OR=1.19; 95% CI: 1.03‑1.39; 
Fig. 2) and the recessive model (OR=1.18; 95% CI: 1.02‑1.36). 
Moreover, the subgroup analysis in an Asian population also 
demonstrated similar results. Almost all the genetic models 
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indicated a significant association between rs11614913 
polymorphism and CRC risk (C allele vs. T allele: OR=1.20; 
95% CI: 1.08‑1.32; CC vs. TT: OR=1.44; 95% CI: 1.18‑1.75; 
dominant model: OR=1.25; 95%  CI:  1.06‑1.46; recessive 
model: OR=1.30; 95% CI: 1.10‑1.53) except for the model of 
CT vs. TT. For CT vs. TT, there was no significant association 
in the overall analysis and the subgroup analysis in an Asian 
population. The results are shown in Table II.

The effect of miR‑196a2 rs11614913 polymorphism 
was then evaluated based on the clinical characteristics of 
patients with CRC in three studies on the Han Chinese ethnic 
group  (15,17,21). The clinical CRC stage in two of those 
studies (15,17) was evaluated on the basis of the TNM clas-

sification system; however, in the third study (21) stage was 
classified into Dukes' A, B, C and D. It is well known that 
Dukes' A+B is equivalent to clinical stage Ⅰ+Ⅱ and Dukes' 
C+D is equivalent to clinical stage Ⅲ+Ⅳ [Ling‑jun Zhu, the 
author of article (21), was contacted via e‑mail and confirmed 
this classification]. Therefore, tumor stage was classified into 
two groups, Ⅲ+Ⅳ vs. Ⅰ+Ⅱ. The tumor grade was also divided 
into two groups, intermediate̸high vs. low. When we evalu-
ated the associations between rs11614913 polymorphism and 
tumor stage or grade separately, no significant association 
was observed in any comparison model (Table III), which 
suggested that miR‑196a2 rs11614913 polymorphism may not 
be associated with CRC stage or grade.

Table I. Characteristics of included studies that investigated the association between rs11614913 polymorphisms of miR-196a2 
and colorectal cancer risk.

									         Case			   Control
First			   Ethnic		  Source of	 Sample size			  -----------------------------------		 -------------------------------
author	 Year	 Country	 descent	 Genotyping	 control	 (case/control)	 P-valuea		  CC	 CT	 TT	 CC	 CT	 TT	 Refs.

Chen et al	 2012	 China	 Asian	 PCR-LDR	 HB	 126/407	 0.788	 27	 64	 35	 94	 206	 107	 (17)
Hezova et al	 2012	 Czech	 European	 Taqman	 HB	 197/212	 0.291	 82	 89	 26	 87	 103	 22	 (18)
Min et al	 2012	 Korea	 Asian	 PCR-RFLP	 PB	 446/502	 0.633	 120	 201	 125	 100	 254	 148	 (19)
Vinci et al	 2013	 Italy	 European	 HRMA	 HB	 160/178	 0.087	 62	 86	 12	 83	 84	 11	 (20)
Zhan et al	 2011	 China	 Asian	 PCR-RFLP	 HB	 252/543	 0.849	 68	 128	 56	 113	 267	 163	 (15)
Zhu et al	 2012	 China	 Asian	 Taqman	 HB	 573/588	 0.790	 140	 303	 130	 121	 295	 172	 (21)

aP‑value of Hardy‑Weinberg equilibrium in controls. PCR-LDR, polymerase chain reaction‑ligation detection reaction; HB, hospital-based case control 
study; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; PB, population-based case control study; HRMA, high-resolution 
melting analysis.

Figure 1. Forest plot for gender between controls and cases of colorectal cancer.

Figure 2. Forest plot of dominant model (CT+CC vs. TT) between miR‑196a2 rs11614913 polymorphism and colorectal cancer.
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Publication bias. Funnel plots, Egger's and Begg's tests were 
used to evaluate the publication bias of the literature on CRC. 
Symmetrical funnel plots were obtained in all the models. 
Egger's and Begg's tests further confirmed the absence of 
publication bias in this meta‑analysis (P>0.05). Fig. 3 displays 
a funnel plot that assessed the miR‑196a2 rs11614913 polymor-
phism and CRC risk in the dominant model.

Discussion

The association between miR‑196a2 rs11614913 polymor-
phisms and the risk of CRC has been previously investigated 
(15,17-21). However, due to the limited sample size and the 
potential bias of case selection, these results were controver-
sial and inconclusive. In this meta‑analysis, we systematically 
summarized six eligible case‑control studies on the associa-
tion between SNP rs11614913 and the susceptibility to CRC.

The common genetic variant (rs11614913) was located in 
the 3p mature miRNA region of hsa‑miR‑196a2. This C>T 
polymorphism results in a change from G:C to G:T in the stem 

region of the miR‑196a2 precursor. Several studies investigated 
the association between miR‑196a2 rs11614913 polymor-
phism and the miR‑196a2 expression level in various types of 
cancer (13‑15). Hoffman et al (13) demonstrated that mature 
miR‑196a2 levels were increased 9.3‑fold in cells transfected 
with pre‑miR‑196a2‑C but only 4.4‑fold with pre‑miR‑196a2‑T. 
In the genotype‑phenotype correlation analysis of cancer 
tissues, the C allele of rs11614913 increased the expression of 
mature miR‑196a2 in lung cancer (14) and CRC tissues (15). 
These results indicated that rs11614913 polymorphism may 
affect the processing of the pre‑miRNA to its mature form. It 
was previously reported that a high expression level of miR‑196a 
may promote the migration and invasion of CRC cells (16) and 
recent studies reported the association of miR‑196a2 rs11614913 
polymorphism with CRC risk. For example, Zhan et al (15) first 
observed the association between SNP miR‑196a2 rs11614913 
and susceptibility to CRC. However, the results from other studies 
reported a lack of association of miR‑196a2 rs11614913 and the 
risk for CRC (17,18) or only associations between miR‑196a2 
SNP and the non‑diabetic or rectal cancer groups (19).

Table II. Summary of ORs in the meta-analysis of SNP rs11614913 with the fixed‑effects model.

Genetic model	 Population	 No. of case/controls	 OR (95% CI)	 P-value	 Ph

C allele vs. T allele	 Overall	 3508/4860	 1.14 (1.04-1.24)	 0.005	 0.06
	 Asian	 2794/4080	 1.20 (1.08-1.32)	 0.0004	 0.28

CT vs. TT	 Overall	 1255/1832	 1.12 (0.96-1.32)	 0.15	 0.23
	 Asian	 1042/1612	 1.17 (0.99-1.38)	 0.07	 0.19

CC vs. TT	 Overall	 883/1221	 1.33 (1.10-1.59)	 0.003	 0.11
	 Asian	 701/1018	 1.44 (1.18-1.75)	 0.0003	 0.28

Dominant model	 Overall	 1754/2430	 1.19 (1.03-1.39)	 0.02	 0.16
(CT+CC vs. TT)	 Asian	 1397/2040	 1.25 (1.06-1.46)	 0.006	 0.20

Recessive model	 Overall	 1754/2430	 1.18 (1.02-1.36)	 0.02	 0.08
(CC vs. TT+CT)	 Asian	 1397/2040	 1.30 (1.10-1.53)	 0.002	 0.38

OR, odds ratio; SNP, single‑nucleotide polymorphism; CI, confidence interval; Ph, P-value for heterogeneity test. The fixed‑effects model was used when the 
P-value for heterogeneity test was ≥0.05.

Table III. Meta-analyses of miR-196a2 rs11614913 polymorphism and clinical characteristics of colorectal cancer risk.

Genetic model	 Variables	 No. of case/controls	 OR (95% CI)	 P-value	 Ph

C allele vs. T allele	 Tumor stage	 910/968	 1.10 (0.92-1.32)	 0.29	 0.23
	 Tumor grade	 1172/610	 1.14 (0.83-1.56)	 0.43	 0.88

CT vs. TT	 Tumor stage	 341/366	 1.28 (0.93-1.76)	 0.13	 0.16
	 Tumor grade	 439/241	 0.90 (0.52-1.58)	 0.72	 0.59

CC vs. TT	 Tumor stage	 208/238	 1.24 (0.85-1.79)	 0.27	 0.20
	 Tumor grade	 281/141	 1.28 (0.69-2.38)	 0.44	 0.89

CT+CC vs. TT	 Tumor stage	 455/484	 1.26 (0.93-1.72)	 0.13	 0.12
	 Tumor grade	 586/305	 1.02 (0.60-1.71)	 0.95	 0.84

CC vs. TT+CT	 Tumor stage	 455/484	 1.04 (0.77-1.40)	 0.80	 0.72
	 Tumor grade	 586/305	 1.38 (0.82-2.31)	 0.23	 0.52

OR, odds ratio; CI, confidence interval; Ph, P-value for heterogeneity test.
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In this meta‑analysis, six case‑control studies were 
analyzed to provide a comprehensive assessment of the asso-
ciation between the miR‑196a2 rs11614913 polymorphism and 
CRC. Our results supported a genetic association between 
rs11614913 and susceptibility to CRC. It was observed that 
the hsa‑miR‑196a2 rs11614913 polymorphism was associ-
ated with an increased CRC risk in almost all the genetic 
models, except the model of CT vs. TT, indicating that the 
hsa‑miR‑196a2 rs11614913 polymorphism may be important 
in the development of CRC. Since the incidence of gene 
polymorphisms may vary between different ethnic groups 
and this variation may interfere with the detection of minor 
effects of SNPs on CRC risk, a subgroup analysis in an Asian 
population was performed to further investigate the potential 
association between rs11614913 and the risk of CRC. The 
subgroup analysis also demonstrated a significant association 
of miR‑196a2 rs11614913 polymorphism with susceptibility to 
CRC. Moreover, since the clinical characteristics of patients 
were well‑established risk factors for the development of CRC, 
we also evaluated the effect of rs11614913 polymorphism on 
CRC by a stratified analysis of tumor stage and grade. However, 
there was no association identified between rs11614913 poly-
morphism and the risk for clinical characteristics of patients 
in any of the genetic models, suggesting that tumor stage and 
grade may not be the main factors affecting the stability of 
these comparisons. It also indicated that rs11614913 polymor-
phism may be involved in the occurrence of CRC, but not in its 
progression. The sensitivity analysis did not detect a significant 
effect of any single study on pooled ORs, indicating that the 
stability of this meta‑analysis was acceptable.

Ten previous meta‑analyses reviewed the potential role 
of polymorphism rs11614913 in the development of cancer, 
seven of which reported a statistically significant associa-
tion between this polymorphism and susceptibility to cancer 
without pre‑specified tissue origin (27‑33) and three focused 
on a pre‑specified cancer type, such as breast cancer  (34), 
hepatocellular carcinoma (35) or digestive system cancer (36). 
However, clinical heterogeneity due to inherent differences 
between cancers of distinct tissue origins may limit the 
reliability of the conclusions of those meta‑analyses  (35). 
Therefore, a meta‑analysis focusing on one specific type of 
cancer may increase the stability of the conclusions. Thus far, 

only two meta‑analyses investigated the association between 
rs11614913 and CRC by means of subgroup analysis (32,36). 
Those results were consistent with ours in the allele 
frequency comparison (C allele vs. T allele), co‑dominant 
model (CC vs. TT) and recessive model (CC vs. TT+CT). 
However, the meta‑analysis of Wang et al (32) analyzed three 
case‑control studies and reported a moderately elevated risk in 
the dominant model, which was consistent with our findings 
but inconsistent with those of Guo et al (36). Similarly, the 
two subgroup results (32,36) indicated that rs11614913 C/T 
heterozygosity is significantly associated with the risk of CRC, 
which was inconsistent with our results. These inconsistencies 
may be partly due to the fact that none of the meta‑analyses 
included all the available studies on the association between 
rs11614913 and susceptibility to CRC.

To the best of our knowledge, this is the first meta‑analysis 
evaluating the potential association between rs11614913 in 
miR‑196a2 and susceptibility to CRC. It has been well estab-
lished that environmental factors, dietary habits and lifestyle 
habits, such as drinking and smoking, are associated with 
increased risk of CRC (2,3,37). In addition, a positive family 
history may play a key role in CRC risk (38,39). However, 
lack of available data prevented an adjustment for subgroup 
factors, such as family history of CRC, alcohol consumption 
and smoking status. However, our meta‑analysis held some 
key benefits. First, no heterogeneity was detected in any 
comparison and the sensitivity analysis demonstrated that 
none of the studies exerted a significant effect on the evalu-
ation of potential association, which indicated that the results 
were more reliable. Second, the evaluation of rs11614913 
polymorphism and the risk of patient clinical characteristics 
were evaluated in our study, but not in those of Wang et al (32) 
and Guo et al (36). The stratified analysis in our study may 
have enhanced the stability of the results and the reliability 
of the conclusions. Thirdly, the cases and controls of all the 
studies included in our analysis were adequately matched by 
gender and age, which ensured the stability of our results and 
conclusions.

In summary, miR‑196a2 rs11614913 polymorphisms may 
be associated with the risk of CRC. Well‑designed studies 
including larger sample sizes and more ethnic groups are 
required to further elucidate this association. Other factors, 
such as gender, age, smoking status, tumor stage and grade, 
lymph node status and tumor invasiveness should also be 
considered in future studies.
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