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ABSTRACT. The associations between two common polymorphisms 
in microRNA genes (miR-146a, dbSNP: rs2910164; miR-196a-2, 
dbSNP: rs11614913) and gastric cancer risk have frequently been 
examined; however, the results have often been controversial. This 
meta-analysis was performed to clarify the association between the two 
polymorphisms and gastric cancer risk. The literature search primarily 
utilized PubMed, Embase, SinoMed, and Wanfang databases to identify 
eligible studies. Odds ratios (ORs) with their 95% confidence intervals 
(CIs) were analyzed to investigate possible correlations. Subgroup 
analyses of ethnicity as well as source of controls were also performed. 
The correlation analysis was based on 11 studies, containing 4690 
patients and 6066 controls for miR-146a (C>G) together with 1911 
patients and 2484 controls for miR-196a-2 (T>C). For the miR-146a 
polymorphism, the values of the ORs and 95%CIs were >1, suggesting 
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that a correlation exists. In subgroup analysis of source of controls, 
a correlation was also identified in the Asian subgroup. However, in 
Caucasians the ORs and 95%CIs were not distributed on the same 
side of the critical value 1, contra-indicative of a correlation in this 
group. For the miR-196a-2 polymorphism, the ORs with 95%CIs of 
both overall and subgroup analyses were also not restricted to >1 or 
˂1. In summary, the results suggested that the miR-146a rs2910164 
polymorphism was related to gastric cancer risk in Asians but not in 
Caucasians, and no distinct correlation seemed to exist between the 
miR-196a-2 rs11614913 polymorphism and the risk of gastric cancer.

Key words: Gastric cancer; miR-146a; miR-196a-2; Polymorphism; 
Meta-analysis

INTRODUCTION

Gastric cancer is the fourth most common form of cancer, causing the second highest 
cancer-related mortality rate worldwide (Crew and Neugut, 2006). Approximately 989,600 
new gastric cancer diagnoses together with 38,000 deaths were reported in 2008 (Jemal et al., 
2011). The morbidity of gastric cancer varies with different regions, races, economic condi-
tion, and many other factors. For example, morbidity approximately doubles in males com-
pared to females, and is more pervasive in the populations of Eastern Europe, Eastern Asia, 
and South America than those of North America and Africa (Jemal et al., 2011). In developing 
countries and in people with lower standards of living the incidence of distal gastric cancer is 
higher, while proximal tumors more frequently emerge in developed countries and in people 
with higher standards of living (Crew and Neugut, 2006). The progression of gastric cancer is 
a complex, multistage process and its occurrence is not only affected by environmental factors 
but also by genetic predisposition. In fact, three factors primarily give rise to gastric cancer: 
Helicobacter pylori infection, unhealthy diet such as intake of salted and smoked food, and 
epithelial cadherin (CDH1) mutations (Giordano and Cito, 2012).

MicroRNAs (miRNAs) belong to a type of noncoding RNAs approximately 22 nu-
cleotides in length. It has been demonstrated that this type of RNA plays an important part in 
many molecular interactions and regulates expression of certain genes as well as translation 
of messenger RNAs encoding protein factors in cells. miRNAs inhibit translation by pairing 
with certain parts of the mRNA, thus affecting biological processes including growth, metabo-
lism, cell proliferation, differentiation, and apoptosis (Carrington and Ambros, 2003). These 
physiological processes are of great importance in the development of human life and disease. 
Abnormal expression of miRNAs is therefore also likely relevant to the growth of cancer. Re-
cent research has suggested that miRNAs could be a regulatory factor in the process of gastric 
cancer progression (Yang et al., 2014). Evidence has also been presented that in the formation 
of tumors, miRNAs could become either suppressive or promoting factors (Esquela-Kerscher 
and Slack, 2006).

Single nucleotide polymorphisms (SNPs), located in coding or noncoding regions 
of a gene, occur most frequently among the diverse categories of genetic variation (Mahdi et 
al., 2013). Research has indicated that SNPs in miRNAs could be related to various types of 
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tumors such as colorectal cancer (Kim et al., 2014). It has also been reported that SNPs in pre-
miRNAs might influence the expression of miRNAs, thereby becoming indirectly involved 
in the development of cancers (Jazdzewski et al., 2008). Several SNPs in miRNA precursors 
(pre-miRNAs) have been identified. For this study, we selected two of the most frequently 
studied pre-miRNA SNPs: miR-146a (C>G) and miR-196a-2 (T>C).

To date, a number of studies have been conducted to evaluate the connections of miR-
146a and miR-196a-2 polymorphisms with gastric cancer risk. However, the conclusions have 
not always been in agreement. Some studies indicated that the GG genotype of miR-146a was 
possibly related to the augmentation of gastric cancer risk (Zeng et al., 2010; Hishida et al., 
2011; Zhou et al., 2012a), while some suggested a relationship between the CC genotype and 
higher risk (Okubo et al., 2010). In addition, there have been studies showing no significant as-
sociation between miR-146a and the development of gastric cancer (Ahn et al., 2012; Zhou et 
al., 2012b; Dikeakos et al., 2014; Kupcinskas et al., 2014; Pu et al., 2014). Similarly, for miR-
196a-2, some studies have suggested an association between the CC genotype and a higher 
gastric cancer risk (Okubo et al., 2010; Peng et al., 2010; Dikeakos et al., 2014), while some 
have implicated no such relationship (Ahn et al., 2012; Kupcinskas et al., 2014; Pu et al., 2014).

There have been previous meta-analyses studying the relationship between cancer 
risk and the two miRNA (miR-146a or miR-196a-2) polymorphisms. However, the number 
of included studies was somewhat limited. Some meta-analyses of miR-146a only included 3 
or 4 case-control studies (Qiu et al., 2011; Wu et al., 2013; Li et al., 2014), and meta-analyses 
of miR-196a-2 contained only one or two studies (Guo et al., 2012; Zhang et al., 2012; Wang 
et al., 2013). Considering the controversial conclusions extant in the published studies and 
the limitations of previous meta-analyses, it is necessary that an updated meta-analysis be 
conducted that includes a larger sample size to measure the correlations of miR-146a and miR-
196a-2 with the risk of gastric cancer.

MATERIAL AND METHODS

Eligible literature search

Our literature search was developed in the PubMed, Embase, SinoMed, and Wanfang 
databases (last update: July 17, 2014) regarding studies related to miR-146a (C>G) together 
with miR-196a-2 (T>C) and gastric cancer. To identify all qualified studies, the following 
medical subject headings (MeSH) terms were searched: “miR-146a” or “rs2910164” or “miR-
196a-2” or “rs11614913” and “gastric cancer” or “gastric carcinoma” and “polymorphism” 
or “variant” or “allele” or “gene” or “single nucleotide polymorphism” or “SNP”. We also 
retrieved the references and review articles to find other relevant publications. The whole 
process of selection is illustrated in Figure 1.

Selection criteria

The following criteria were applied to select eligible studies: a) use of case-control 
study design; b) evaluated the relationship between gastric cancer and polymorphisms of miR-
146a or miR-196a-2; c) genotype distribution in control groups met Hardy-Weinberg equi-
librium (HWE); and d) authentic genotype frequencies were provided. The exclusion criteria 
were: a) multiple publications; b) lack of control groups; c) meta-analysis, review, editorial, 
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and comment; and d) incomplete data. When the same sample population was surveyed in 
multiple publications, we chose the newest or the largest-sized studies.

Figure 1. Flow diagram of the selection procedure and exclusion criteria.

Data extraction

The following information was extracted from each study: first author’s name; year 
of publication; country and ethnicity of the studied population; source of controls; number, 
mean age, and gender of subjects studied; detection method; genotype frequencies of patients 
together with controls. These data were first extracted by two investigators independently 
(Z.F. Chen and L.L. Ma) and then contrasted. If any discrepancy occurred, another investiga-
tor would be required to check prudently in the original literature.

Quality assessment

In order to score the quality of the studies included, the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) quality score system was applied (von 
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Elm et al., 2007). The 22 items in the guide list of the STROBE statement were checked by 
two investigators independently (Z.F. Chen and L.L. Ma) for each study. Based on the answers 
to the items, the quality of a study was considered moderate to high if it received a score over 
14. The included studies met this standard.

Statistical analysis

HWE of the genotype distributions in the control groups were evaluated via the chi-
square test in each study. When the P value of HWE was more than 0.05, the genotypes of the 
control group reached the required standard. All the studies we analyzed in the meta-analysis 
met this standard (Table 1). Association was measured considering ORs and their 95%CIs, 
which were calculated under five genetic models (wherein W was substituted for the wild-
type allele and M for the mutant allele): the allelic model (M vs W alleles), the dominant 
model (MM+WM vs WW), the recessive model (MM vs WW+WM), the homozygous model 
(MM vs WW), and the heterozygous model (MM vs WM). When analyzing the heterogene-
ity of these included studies, we conducted a Q-statistic test based on chi-square (Higgins 
and Thompson, 2002), and a P value of <0.05 indicated heterogeneity among the differ-
ent studies. Pooled ORs were assessed through a random-effect model (DerSimonian-Laird 
method) when heterogeneity appeared (DerSimonian and Laird, 1986). Otherwise a fixed-
effect model (Mantel-Haenszel method) was applied (Mantel and Haenszel, 1959). Subgroup 
analyses of the two miRNA polymorphisms based on ethnicity (Caucasian and Asian) and the 
source of controls (population- and hospital-based case-control studies) were also performed. 
Sensitivity was analyzed to examine whether the results were substantially influenced by any 
single study. Both Begg’s funnel plot of ORs and the Egger test were utilized to determine 
publication bias. All the tests of analysis utilized the Stata software version 12.0 (Stata Corp., 
College Station, TX, USA).

RESULTS

Characteristics of studies

In summary, this meta-analysis included 11 qualified studies (Okubo et al., 2010; 
Peng et al., 2010; Zeng et al., 2010; Hishida et al., 2011; Ahn et al., 2012; Ma and Zheng, 
2012; Zhou et al., 2012a,b; Dikeakos et al., 2014; Kupcinskas et al., 2014; Pu et al., 2014). 
Among these, 10 articles containing 4690 patients and 6066 controls studied the correlation 
between miR-146a and gastric cancer risk. Two were carried out in Caucasian and eight in 
Asian populations. Four utilized a population-based case-control study design (PCC) and six 
were hospital-based case-control studies (HCC). For miR-196a-2, six studies involving 1911 
patients and 2484 controls were examined, of which two were conducted in Caucasian and 
four in Asian populations. Of the six studies, three were PCC and three were HCC. Overall, 
seven studies used the classic detection method of polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP), two used TaqMan, one used MassARRAY and the 
other one used qRT-PCR. All the control genotype distributions met the requirements of HWE. 
Explicit data are listed in Table 1. Results of the associations of miR-146a and miR-196a-2 
with susceptibility to gastric cancer are listed in Table 2.
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Association between miR-146a rs2910164 (C>G) and gastric cancer risk

When the statistics in the 10 studies were combined, the P values in the five gene 
models were all <0.05, indicating that there might be a relationship between the rs2910164 
polymorphism and gastric cancer risk, and that the G allele might be a risk factor for gastric 
cancer (G allele vs C allele: OR = 1.15, 95%CI = 1.09-1.22, P < 0.001; GG+CG vs CC: OR 
= 1.17, 95%CI = 1.07-1.30, P = 0.001; GG vs CC+CG: OR = 1.23, 95%CI = 1.12-1.34, P < 
0.001; GG vs CC: OR = 1.33, 95%CI = 1.18-1.50, P < 0.001; GG vs CG: OR = 1.18, 95%CI 
= 1.07-1.30, P = 0.001). In sub-analysis stratified by source of controls, both the population- 
and the hospital-based subgroups suggested similar relationships. In contrast, the sub-analysis 
of ethnicity showed a different result. In the Caucasian subgroup, no significant association 
seemed to exist between miR-146a (C>G) and gastric cancer risk (G allele vs C allele: OR = 
1.15, 95%CI = 0.94-1.40, P = 0.184; GG+CG vs CC: OR = 0.99, 95%CI = 0.72-1.38, P = 0.971; 
GG vs CC+CG: OR = 1.33, 95%CI = 0.99-1.77, P = 0.054; GG vs CC: OR = 1.33, 95%CI = 
0.80-2.21, P = 0.269; GG vs CC: OR = 1.36; 95%CI = 1.05 = 1.29, P = 0.054), while analysis of 
the Asian subgroup suggested that the G allele might be associated with a higher gastric cancer 
risk (G allele vs C allele: OR = 1.15, 95%CI = 1.09-1.23, P < 0.001; GG+CG vs CC: OR = 1.19, 
95%CI = 1.08-1.31, P < 0.001; GG vs CC+CG: OR = 1.22, 95%CI = 1.11-1.34, P < 0.001; GG 
vs CC: OR = 1.33, 95%CI = 1.18-1.51, P < 0.001; GG vs CC: OR = 1.16, 95%CI = 1.05-1.29, 
P = 0.003). Specific data for each study in this sub-analysis are illustrated in Figure 2.

Figure 2. Forest plots of the odds ratios for the association between the miR-146a polymorphism and gastric cancer 
risk in subgroup analysis of ethnicity, adopting: A. G vs C; B. GG+CG vs CC; C. GG vs CC+CG; and D. GG vs CC. 
OR = odds ratio; CI = confidence interval.
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Association between miR-196a-2 rs11614913 (T>C) and gastric cancer risk

For the miR-196a-2 (T>C) polymorphism, no distinct association was identified with 
gastric cancer risk under any of the five genetic models (C allele vs T allele: OR = 1.08, 95%CI 
= 0.99-1.18, P = 0.093; CC+TC vs TT: OR = 1.06, 95%CI = 0.92-1.21, P = 0.433; CC vs 
TT+TC: OR = 1.17, 95%CI = 1.87-1.57, P = 0.290; CC vs TT: OR = 1.12, 95%CI = 0.91-1.39, 
P = 0.274; CC vs TC: OR = 1.19, 95%CI = 0.81-1.74, P = 0.370); neither did the subgroup 
analyses of ethnicity or source of controls show a relationship between the miR-196a-2 poly-
morphism and gastric cancer risk.

Sensitivity analysis and publication bias

We examined the sensitivity of the data by omitting a single study and analyzing 
the remainder. Figure 3A and B shows the results of miR-146a and miR-196a-2 sensitivity 
analyses, respectively. As the meta-analysis estimates were relatively stable, we might thus 
conclude that the overall results were not substantially impacted by one study alone and were 
therefore credible. Publication bias was tested via Begg’s funnel plots together with the Egger 
linear regression test in the allelic model. For miR-146a, statistical results showed P = 0.788 in 
the Begg test and t = 1.61, P = 0.145 in the Egger test (Figure 4A); for miR-196a-2, P = 0.851 
in the Begg test and t = 0.52, P = 0.630 in the Egger test (Figure 4B). Neither of the results 
indicated any evidence of significant publication bias.

Figure 3. Sensitivity analysis of all eligible studies. A. miR-146a; B. miR-196a-2. CI = confidence interval.

DISCUSSION

To date, over 900 human miRNA genes have been discovered and registered in miR-
Base, and studies have suggested that miRNAs are regulators in the expression process of 
over one-third of all human genes (Kwak et al., 2010). miRNAs can target sites of mRNAs 
and repress their post-transcriptional processing through generation into a form of silencing 
complex (i.e., the RNA-induced silencing complex) (Friedman et al., 2009). Through the wide 
range of their effects, miRNAs are thus associated with various cancers. SNPs in different 
regions of miRNA genes can affect the function of the miRNAs through various mechanisms 
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(Ryan et al., 2010). Considerable evidence has suggested that mutations in miRNA genes 
might affect risk of cancers such as chronic lymphocytic leukemia (Calin et al., 2005), and 
cervical (Zhou et al., 2010), bladder, breast (Teo et al., 2012), and colorectal cancers (Kim et 
al., 2014), among others. Thus, it appeared likely that polymorphisms of miR-146a and miR-
196a-2 might have some influence on human gastric carcinoma. Indeed, some studies have 
revealed that a relationship between the two polymorphisms of miR-146a and miR-196a-2 and 
gastric cancer might exist. However, the results overall have not led to a definitive conclusion. 
This meta-analysis was an attempt to address the problem through combination of the data 
from these studies to increase statistical power.

Overall, our meta-analysis included 11 qualified studies. From the combined data, 
we found that the G allele and the GG genotype of the miR-146a polymorphism were related 

Figure 4. Begg’s funnel plots to identify publication bias of the studies included. A. miR-146a; B. miR-196a-2. 
S.E. = standard error.
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to a higher risk of gastric cancer. In subgroup analysis, we explored whether the relationship 
was affected by other characteristics of the study, and drew similar conclusions in groups of 
sub-analysis stratified by source of controls. When it came to ethnicity, however, we obtained 
different results. We found no significant association between miR-146a variants among Cau-
casians whereas the G allele or GG genotype of the miR-146a polymorphism were suggested 
to constitute a risk factor for gastric cancer in Asians. The conclusion was not influenced by 
source of controls. In contrast, our results found that the polymorphism in miR-196a-2 might 
not be related to either an increase or a decrease in the susceptibility to gastric cancer. It has 
previously been shown that miR-146a is involved in various cell activities. Through its two 
targets, TRAF6 and IRAK1, miR-146a can inhibit the function of immune cell thereby affect-
ing the human innate immune system (Taganov et al., 2006). Furthermore, the miR-146a gene 
was reported to down-regulate NF-κB, suppress cell proliferation, and induce apoptosis, and 
therefore might function as a potent tumor suppressor (Paik et al., 2011). Mutation of the miR-
146a gene may impair these functions; therefore the mutant allele might augment the risk of 
developing gastric cancer, in concordance with our results.

Gastric cancer development is affected by multiple factors including infectious agents 
such as H. pylori, genes and their expression, living habits such as alcohol, smoking and 
eating habits (Asombang et al., 2014), among others, and it varies in different regions and 
ethnic groups. For instance, in the United States, gastric cancer emerges more often in Na-
tive Americans, Hispanics, and African Americans than in Caucasians (Piazuelo and Correa, 
2013). Therefore, the difference found in our study between Asians and Caucasians might be 
due to different genetic components, different dietary and other living habits, economic condi-
tions, or different environments, which might influence the susceptibility to H. pylori infection 
and overall health.

However, several limitations existed in the meta-analysis, potentially qualifying our 
conclusions. First, the sample size of the Caucasian subgroup might not be large enough 
to yield a definitive conclusion, and not all the Caucasians in the different regions were 
sampled to survey. Second, the Asian and Caucasian populations in the studies could be 
distinct in many aspects besides ethnicity, such as living regions or socioeconomic status, 
which were beyond the control of the analysis. Therefore, we could not attribute the differing 
results between these populations solely to ethnicity, without failing to make the potential 
factor effect clear. Third, the differences in stages and types of gastric cancer were not taken 
into account as the data about these factors in the included studies were not sufficient. That 
these variables were dismissed during analysis might reduce the accuracy of the conclusions. 
Despite the defects listed above, this meta-analysis incorporated with previous studies, and 
analyzed a greater amount data than have other meta-analyses of the same purpose, which 
will help to elucidate the exact relationship between the two microRNA polymorphisms and 
the susceptibility to gastric cancer. Further studies with larger sample sizes and more rigorous 
designations should be conducted to clarify the association between the two polymorphisms 
and gastric cancer risk.

In summary, the G allele of the miR-146a polymorphism might be a candidate 
for a risk factor of gastric cancer in Asians, but no such association appears to exist in 
Caucasians. In contrast, miR-196a-2 polymorphism might not be significantly related to 
gastric cancer risk. The specific mechanism of the identified association also requires more 
exploration.
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