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ORIGINAL ARTICLE

MiRNA-146a rs2910164 Confers a Susceptibility to Digestive 
System Cancer: A Meta-Analysis Involving 59,098 Subjects
Lu Lva*, Haiyong Gub*, Zheng Chenc*, Weifeng Tanga, Sheng Zhangd, and Zhaoxian Line

aDepartment of Cardiothoracic Surgery, Affiliated People’s Hospital of Jiangsu University, Zhenjiang, Jiangsu, 
China; bDepartment of Thoracic Surgery, Shanghai Chest Hospital, Shanghai Jiaotong University, Shanghai, 
China; cDepartment of Anesthesiology, Affiliated People’s Hospital of Jiangsu University, Zhenjiang, Jiangsu, 
China; dDepartment of General Surgery, Changzhou No. 3 People’s Hospital, Changzhou, Jiangsu, China; 
eDepartment of Thoracic Surgery, Fujian Provincial Hospital, Fuzhou, Fujian, China

ABSTRACT
Background: MicroRNA (miR)-146a might participate in the occur-
rence of malignant tumor. The aim of the current investigation was 
to evaluate the relationship of microRNA-146a (miR-146a) rs2910164 
C > G locus to the development of digestive system cancer (DSC).
Methods: We retrieved publications from PubMed, China Biology 
Medicine and EMBASE databases up to August 29, 2019. Finally, 56 
independent case-control studies with 59,098 participants were 
included. The strength of the relationship between rs2910164 
locus and a risk of DSC was assessed. The power value was also 
calculated in this study.
Results: We identified a correlation of rs2910164 locus in miR-146a 
with DSC development in dominant model (P = .035; power 
value = 0.994). MiR-146a rs2910164 locus was also identified to be 
correlated with a risk of DSC in Asians (GG/CG vs. CC: P = .033; power 
value = 0.989). Sensitivity analysis revealed that any individual study 
could not alter the final decision. In our study, no significant bias was 
found among these included studies (P > .1). The results of hetero-
geneity analysis suggested that small sample size (<1000 subjects), 
colorectal carcinoma, Asians, gastric carcinoma, esophageal squamous 
cell carcinoma, hepatocellular cancer, hospital-based study and high- 
quality score (≥7.0) subgroups contributed the heterogeneity to our 
findings. Galbraith radial plot determined that eleven outliers contrib-
uted to the main heterogeneity.
Conclusion: In summary, this meta-analysis highlights that rs2910164 
locus might be implicated in the risk of DSC. More studies are, there-
fore, needed to confirm our results.

KEYWORDS 
Meta-analysis; microRNA; 
polymorphism; cancer; 
digestive system

Introduction

Nowadays, malignant neoplasm of digestive system is a common burden on society 
which has seriously influenced individual’s survival and fitness worldwide. Digestive 
system cancer (DSC) included colorectal carcinoma (CRC), oral carcinoma (OC), 
hepatocellular cancer (HCC), esophageal carcinoma (EC), gastric carcinoma (GC), 
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gallbladder cancer (GBC), pancreatic cancer (PC), etc. The incidence of most subtypes 
of DSC was occurred frequently, such as EC, GC, HCC and CRC (Bray et al. 2018). 
Although the development of carcinoma has not been fully understood, accumulating 
evidences indicate that cancer is a result of complex interaction between multiple 
environmental factors and individual’s genes.

In eukaryotes, microRNAs (miRs) are about 22 single-strand nucleotide acid 
which regulates related gene expression. Many investigations have suggested that 
miRs are important for controlling various functions of body. An abnormal expres-
sion of miR might be implicated in various human diseases. Accumulating evidences 
have indicated that miRs are implicated in growth and migration, inflammatory 
response, infection, immune response and cellular metabolism (Chen et al. 2019; 
Yang et al. 2019; Zhang et al. 2019a). MiR-146a is one of the common miRs which 
are of great importance for the roles of posttranscriptional regulatory. Investigations 
have suggested that miR-146a is important for process of innate immune response 
and inflammation, in which it acts as a vital negative regulator. In human infectious 
disease, pathogens must be recognized firstly, which is the necessary condition for 
activating the immune response (Saba et al. 2014). It is reported that several target 
loci of 3′-untranslated regions in toll-like receptors (TLRs) mRNAs are found 
(O’Neill et al. 2011). Interestingly, by using bioinformatics, a recent study has 
identified a potential interaction of miR-146a with TLR4 (Li and Shi 2013; Yang 
et al. 2011). MiR-146a is also implicated in cancer. It was reported that miR-146a 
facilitated oncogenesis of colorectal cancer and affected the microenvironment in 
tumor tissue (Cheng et al. 2019).

Single nucleotide polymorphisms (SNPs) in miRs could affect the stability and 
biological function of miR, and then influence the regulation of target gene. 
Rs2910164 C > G locus in miR-146a could influence the survival of CRC by 
regulating the cell apoptosis and the expression of cyclooxygenase-2 (Zhang et al. 
2019b). A growing number of investigations have shown that miR-146a rs2910164 
may confer the susceptibility to malignancy. Recently, many publications have 
explored the relationship of rs2910164 variants with DSC risk. Rs2910164 in miR- 
146a and its importance to the initiate of DSC have been widely explored. Some 
meta-analyses showed that G allele in rs2910164 polymorphism might not influence 
the initiate of DSC (Chen et al. 2014; Wang et al. 2012; Wu et al. 2013). Other 
published meta-analyses identified that rs2910164 variants could be implicated in the 
risk of DSC in Asian population (Li et al. 2014; Xie et al. 2015; Xu et al. 2014). As 
well, a meta-analysis reported that rs2910164 polymorphism conferred a risk of DSC 
in both Asians and Caucasians (Xie and Wang 2017). However, a more recent meta- 
analysis failed to confirm any relationship between rs2910164 and DSC risk (Xiong 
et al. 2017). Thus, the correlation of this locus with the development of DSC is more 
controversial. Nowadays, more studies have investigated the relationship of 
rs2910164 locus with DSC risk. By using a meta-analysis, pooling all eligible data 
might reduce the random error and increase the power of study. Finally, we could 
get a precise evaluation for the potential inherited correlation of rs2910164 poly-
morphism with DSC risk.
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Materials and methods

Study researching

Using PubMed, China Biology Medicine and EMBASE databases, we searched the related 
studies (up to August 29, 2019). The following researching strategy was used: (microRNA- 
146a2 OR miR-146a2 OR rs2910164) AND (cancer OR carcinoma) AND (SNP OR poly-
morphism). To retrieve more related publications, the references in reviews and the original 
studies were also searched. In this study, there was no language restriction. According to the 
Table S1 PRISMA Checklist, this study was reported.

Data extraction

Two authors (L. Lv and Z. Chen) conducted data extraction independently. The eligible 
publication met the major included criteria: (a) assessing an association of rs2910164 with 
DSC risk; (b) designed as a case-control study; and (c) data could be obtained. Otherwise, 
the publications were excluded. The following exclusion criteria were used: (a) not case- 
control study; (b) only considering the prognosis of DSC; (c) review or meta-analysis; and 
(d) comments. If the extracted data were conflicting, another author (W. Tang) was invited 
to discuss until a consensus opinion was reached. The following information was extracted: 
source of controls, year of publication, first author, cancer type, Hardy–Weinberg equili-
brium (HWE), country, ethnicity, the number of participants and genotypes.

Quality assessment

By using the Newcastle–Ottawa Quality Assessment Scale, we evaluated the quality score of 
the included studies. A high-quality study was defined as scores ≥ 7 stars (Wang et al. 2015).

Statistical methods

The correlation between this SNP and DSC risk was assessed by using odds ratios (ORs) and 
the corresponding 95% confidence intervals (CIs). The results were summarized in the 
corresponding models: homozygote comparison (GG vs. CC), recessive model (GG vs. CC/ 
CG), dominant model (GG/CG vs. CC) and allelic model (G vs. C). I2 test and Q test were 
used to assess the heterogeneity. And P < .1 and/or I2 ≥ 50% were considered as the level of 
significance. When significant heterogeneity was observed, DerSimonian and Laird method (a 
random-effects model) was conducted to evaluate the association of rs2910164 with DSC 
(DerSimonian and Laird 1986; Higgins et al. 2003). Otherwise, a fixed-effects model (Mantel– 
Haenszel) was used to get a evaluation of rs2910164 variants with DSC risk (Mantel and 
Haenszel 1959). We also conducted subgroup analyses according to ethnicity, type of cancer, 
source of control, sample size (≥1000/<1000) and quality scores (≥7.0/<7). Galbraith radial 
plot was harnessed to further determine the source the heterogeneity. We carried out 
a sensitivity analysis to determine whether a single study could influence the final decision. 
Bgger’s funnel plots and the Egger’s test were done to assess the bias of publication. A P < .1 
was considered as statistically significant for bias. All the P-values are two-sided. Stata12.0 
software was used to conduct statistical analysis. In this study, the power value was also 
calculated by a Power-SampleSize software (α = 0.05) (Tang et al. 2013).

IMMUNOLOGICAL INVESTIGATIONS 3



Results

Study characteristics

First, we retrieved 505 publications from PubMed, China Biology Medicine and 
EMBASE databases. After a primary filtrate, 210 duplicated articles were excluded. 
Figure 1 shows the process of the meta-analysis. Finally, 52 papers (56 independent 
case-control studies) involving 24,161 DSC patients and 34,937 cancer-free controls 
were included. Of these investigations, year of publication ranged between 2008 and 
2018 and the number of participants in the eligible studies ranged from 128 to 3,585. 
In summary, there were 17 GC studies (Ahn et al. 2013; Chen et al. 2018; Dikeakos 

Figure 1. Flow diagram of the meta–analysis.

4 L. LV ET AL.



et al. 2014; Hishida et al. 2011; Jiang et al. 2016; Lin et al. 2019; Kupcinskas et al. 
2014b; Ma 2012; Okubo et al. 2010; Parlayan et al. 2014; Pu et al. 2014; Rogoveanu 
et al. 2017; Soleimani et al. 2016; Xia et al. 2016; Yadegari et al. 2016; Zeng et al. 2010; 
Zhou et al. 2012a), 16 CRC studies (Chae et al. 2013; Chayeb et al. 2018; Dikaiakos 
et al. 2015; Gao et al. 2018; Hai-feng et al. 2016; Hezova et al. 2012; Kupcinskas et al. 
2014a; Lv et al. 2013; Ma et al. 2013; Mao et al. 2014; Min et al. 2012; Ying et al. 
2016), 15 HCC studies (Akkiz et al. 2011; Chu et al. 2014; Cong et al. 2014; Duan Lei 
2017; Huang et al. 2013; Li et al. 2015; Xiang et al. 2012; Xu et al. 2008; Yan et al. 
2015; Zhang et al. 2013; 2016; Zhou et al. 2012b), five esophageal squamous cell 
carcinoma (ESCC) studies (Guo et al. 2010; Qu et al. 2014; Shen et al. 2016; Umar 
et al. 2013; Wei et al. 2013), three oral squamous cell carcinoma (OSCC) studies (Chu 
et al. 2012; Palmieri et al. 2014; Zhang et al. 2017) and other carcinoma studies (one 
cholangiocarcinoma study (Mihalache et al. 2012), one GBC study (Srivastava et al. 
2010) and one PC study (Pavlakis et al. 2013)). In addition, there were 42 case-control 
studies on Asians (Ahn et al. 2013; Chae et al. 2013; Chen et al. 2018; Chu et al. 2014, 
2012; Cong et al. 2014; Duan Lei 2017; Gao et al. 2018; Guo et al. 2010; Hishida et al. 
2011; Huang et al. 2013; Jiang et al. 2016; Lin et al. 2019; Hai-feng et al. 2016; Li et al. 
2015; Lv et al. 2013; Ma 2012; Ma et al. 2013; Mao et al. 2014; Min et al. 2012; Okubo 
et al. 2010; Parlayan et al. 2014; Pu et al. 2014; Qu et al. 2014; Shen et al. 2016; 
Srivastava et al. 2010; Umar et al. 2013; Wei et al. 2013; Xia et al. 2016; Xiang et al. 
2012; Xu et al. 2008; Yan et al. 2015; Ying et al. 2016; Zeng et al. 2010; Zhang et al. 
2017; 2013; 2016; Zhou et al. 2012a, 2012b) and 14 case-control studies on Caucasians 
(Akkiz et al. 2011; Chayeb et al. 2018; Dikaiakos et al. 2015; Dikeakos et al. 2014; 
Hezova et al. 2012; Kupcinskas et al. 2014a, 2014b; Mihalache et al. 2012; Palmieri 
et al. 2014; Pavlakis et al. 2013; Rogoveanu et al. 2017; Soleimani et al. 2016; Yadegari 
et al. 2016). Other characteristics are presented in Table 1. The distributions of 
genotype and allele in miR-146a rs2910164 are listed in Table 2. Table 3 shows the 
quality assessment of this meta-analysis.

Findings

Table 4 lists the main findings. The results of heterogeneity tests are also summarized in 
Table 4. Pooling the eligible studies, we found an association of rs2910164 with DSC risk in 
dominant model (P = .035, Figure 2).

Rs2910164 locus, in Asians subgroup, was correlated with a susceptibility to DSC 
(GG/CG vs. CC: P = .033). In Caucasians subgroup, this SNP was also associated with 
a susceptibility to DSC (GG vs. CC/CG: P = .020). Additionally, rs2910164 was 
suggested to be associated with the occurrence of OSCC (G vs. C: P = .034 and GG/ 
CG vs. CC: P = .022)

Sensitivity analysis

Sensitivity analysis was carried out to determine the influence of each study to the overall 
ORs and CIs. Our findings revealed that any individual study could not alter the ORs and 
CIs significantly (Figure 3). These observations further suggested the correlation between 
rs2910164 locus and DSC risk.

IMMUNOLOGICAL INVESTIGATIONS 5



Table 1. Characteristics of the studies in meta-analysis.

First Author Year Country Ethnicity
Cancer 

type
Source of 

control
Number of 

cases
Number of 

controls

Okubo et al. 2010 Japan Asians GC H-B 552 697
Zeng et al. 2010 China Asians GC H-B 304 304
Hishida et al. 2011 Japan Asians GC H-B 583 1637
Zhou et al. 2012 China Asians GC H-B 1686 1895
Ma et al. 2012 China Asians GC H-B 86 42
Ahn et al. 2013 Korea Asians GC H-B 461 447
Parlayan et al. 2014 Japan Asians GC H-B 160 524
Pu et al. 2014 China Asians GC H-B 220 530
Kupcinskas et al. 2014 Germany, Lithuania 

and Latvia
Caucasians GC H-B 363 351

Dikeakos et al. 2014 Greece Caucasians GC H-B 163 480
Yadegari et al. 2016 Iran Caucasians GC H-B 120 120
Jiang et al. 2016 China Asians GC H-B 898 992
Xia et al. 2016 China Asians GC P-B 1125 1196
Soleimani et al. 2016 Iran Caucasians GC H-B 130 130
Rogoveanu et al. 2017 Romania Caucasians GC H-B 142 288
Lin et al. 2017 China Asians GC H-B 490 1476
Chen et al. 2018 China Asians GC H-B 1063 1677
Hezova et al. 2012 Czech Republic Caucasians CRC H-B 197 212
Min et al. 2012 Korea Asians CRC H-B 251 502
Min et al. 2012 Korea Asians CRC H-B 184 502
Chae et al. 2013 Korea Asians CRC H-B 176 568
Chae et al. 2013 Korea Asians CRC H-B 221 568
Lv et al. 2013 China Asians CRC H-B 353 540
Ma et al. 2013 China Asians CRC H-B 588 1203
Ma et al. 2013 China Asians CRC H-B 559 1203
Kupcinskas et al. 2014 Lithuania and Latvia Caucasians CRC H-B 193 428
Mao et al. 2014 China Asians CRC P-B 554 566
Dikaiakos et al. 2015 Greece Caucasians CRC H-B 157 299
Ying et al. 2016 China Asians CRC H-B 1358 1079
Zhang et al. 2016 China Asians CRC H-B 106 53
Chayeb et al. 2018 Tunisia Caucasians CRC H-B 57 161
Chayeb et al. 2018 Tunisia Caucasians CRC H-B 95 161
Gao et al. 2018 China Asians CRC H-B 560 780
Guo et al. 2010 China Asians ESCC H-B 444 468
Wei et al. 2013 China Asians ESCC H-B 380 380
Shen et al. 2016 China Asians ESCC P-B 1400 2185
Umar et al. 2013 India Asians ESCC H-B 289 309
Qu et al. 2014 China Asians ESCC P-B 381 426
Xu et al. 2008 China Asians HCC H-B 479 504
Akkiz et al. 2011 Turkey Caucasians HCC P-B 222 222
Xiang et al. 2012 China Asians HCC H-B 100 100
Zhou et al. 2012 China Asians HCC H-B 186 483
Chu et al. 2014 China Asians HCC H-B 188 337
Cong et al. 2014 China Asians HCC H-B 206 217
Zhang et al. 2013 China Asians HCC P-B 1000 1000
Huang et al. 2013 China Asians HCC H-B 110 110
Palmieri et al. 2014 Italy Caucasians OSCC H-B 337 1176
Chu et al. 2012 China Asians OSCC H-B 470 425
Mihalache et al. 2012 Germany Caucasians CC H-B 182 350
Srivastava et al. 2010 India Asians GBC P-B 230 230
Pavlakis et al. 2013 Greece Caucasians PC H-B 93 122
Zhang et al. 2017 China Asians OSCC H-B 340 340
Yan et al. 2015 China Asians HCC H-B 274 328
Li ei al. 2015 China Asians HCC H-B 266 266
Duan et al. 2017 China Asians HCC H-B 188 186
Zhang et al. 2016 China Asians HCC H-B 175 302

GC: gastric cancer; 
CRC: Colorectal cancer; 
HCC: hepatocellular cancer; 
ESCC: esophageal squamous cell carcinoma; 
OSCC: oral squamous cell carcinoma;
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Publication bias

In our study, the bias of publication was assessed by using Bgger’s funnel plots and the 
Egger’s test. After these evaluations, no significant bias was found among these included 
studies (Figure 4).

Heterogeneity

Significant heterogeneity was identified in our study. To identify the major source of 
heterogeneity, we conducted a heterogeneity analysis by stratified analyses. We suggested 
a correlation of Asians, GC, CRC, HCC, ESCC, hospital-based study, small sample size 
(<1000 subjects) and high-quality score (≥7.0) subgroups with significant heterogeneity. In 
addition, we used Galbraith radial plot to determine the heterogeneity (Figure 5). Among 
the eligible studies, eleven outliers (Chae et al. 2013; Dikaiakos et al. 2015; Duan Lei 2017; 
Guo et al. 2010; Kupcinskas et al. 2014a; Li et al. 2015; Lv et al. 2013; Ma 2012; Srivastava 
et al. 2010; Zhang et al. 2016) were found, which contributed to the main heterogeneity.

The power of the present study (α = 0.05)

For overall comparison, the power value was 0.994 in the dominant model. It was 0.989 in 
dominant model for Asians. The power value of other subgroups was less than 0.8 (data 
were not shown).

Discussion

The risk of malignancy may be diverse among different ethnicity. A number of investiga-
tions have clarified that miRs may influence the development of DSC. Recently, rs2910164 
polymorphism and its importance to the initiate of DSC has been widely explored. In the 
past years, several pooled-analyses have explored the relationship of rs2910164 locus with 
the development of DSC. However, the conflicting results have been observed. Thus, an 
updated meta-analysis should be carried out.

A vital characteristic of this pooled-analysis was that our study included the largest 
sample sizes to determine a potential relationship between rs2910164 polymorphism and 
DSC risk comprehensively. Here, this meta-analysis identified that rs2910164 SNP con-
ferred an increased risk to overall DSC and Asian populations. The previous pooled- 
analyses have been conducted to determine a relationship of rs2910164 variants to the 
development of DSC. The forepassed meta-analyses showed that G allele in rs2910164 
polymorphism might not influence the initiate of DSC (B. Chen et al. 2014; Wang et al. 
2012; Wu et al. 2013). Of late, some previous published meta-analyses identified that miR- 
146a rs2910164 could be implicated in the risk of DSC in Asian populations (Li et al. 2014; 
Xie et al. 2015; Xu et al. 2014). In addition, another meta-analysis indicated that rs2910164

PC: pancreatic cancer; 
CC: cholangiocarcinoma; 
GBC: gallbladder cancer; 
P-B: population-based; 
H-B: hospital-based
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G allele increased the risk of DSC in both Asians and Caucasians (Xie and Wang 2017). 
However, a more recent meta-analysis reported that the potential relationship disappeared 
in neither Asians nor Caucasians (Xiong et al. 2017). To our knowledge, the associations 
were more conflicting. Thus, in this meta-analysis, we included more publications with 

Figure 2. Meta-analysis of the relationship between miR-146a rs2910164 C > G polymorphism and DSC 
risk (GG/CG vs. CC, random–effects model).
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Figure 3. Sensitivity analysis of the influence of GG/CG vs. CC genetic model (random–effects model).

Figure 4. Begg’s funnel plot of meta–analysis (GG/CG vs. CC, random–effects model).
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24,161 DSC patients and 34,937 cancer-free controls to detect the correlation between 
rs2910164 G allele and its importance to the initiate of DSC. And we found that 
rs2910164 G allele might confer risk to DSC.

A previous study identified that the expression of miR-146a promoted in acute 
myeloid leukemia and acute lymphoblastic leukemia cases (Wang et al. 2019). As well, 
Khorrami et al. suggested that the higher level of miR-146a was importance for the 
milieu of immune suppression and drug-resistant CRC cells (Khorrami et al. 2017). 
Additionally, MiR-146a was found to be correlated with the invasion and migration in 
CRC patients (Lu et al. 2017). Compared with C allele carriers, the level of miR-146a 
was higher in G allele carriers (Jeon et al. 2014; Jia et al. 2014; Mohamed et al. 2019). 
Here, we might speculate that the miR-146a C→G mutation could increase the 
expression of miR-146a and lead to immune suppression. Finally, this SNP could 
increase the risk of DSC.

In this meta-analysis, we observed significant heterogeneities among the eligible studies. 
When the source of heterogeneity was analyzed, we found that high-quality score (≥7.0), 
small sample size (<1000 subjects), CRC, HCC, GC, ESCC, Asians and hospital-based study 
subgroups increased it greatly. Additionally, in dominant model (Figure 2), Galbraith radial 
plot and the forest plot identified eleven outliers (Chae et al. 2013; Dikaiakos et al. 2015; 
Duan Lei 2017; Guo et al. 2010; Kupcinskas et al. 2014a; Li et al. 2015; Lv et al. 2013; Ma 
2012; Srivastava et al. 2010; Zhang et al. 2016).

In current meta-analysis, some merits should be considered. Firstly, this is a large sample 
size study exploring the relationship of rs2910164 locus with the susceptibility of DSC. 
Secondly, we only included the case-control studies which were consistent with HWE. Our 

Figure 5. Galbraith radial plot of meta–analysis (GG/CG vs. CC, random–effects model).
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findings were less bias. Thirdly, we evaluated the quality scores of the included studies. 
Fourthly, no significant bias of publication was found in our analysis. Finally, in this study, 
the power value was also calculated (α = 0.05).

The potential limitations also should be addressed. Firstly, all of the publications 
were performed in Caucasians and Asians, and none was conducted in other popula-
tions. Thus, our findings might be only adapted to these ethnicities. Secondly, for lack 
of original information of participants (e.g. family history, smoking, drinking, nutrient 
intake, gender, age and lifestyle), the influence of these environmental factors was not 
considered. Thirdly, gene–environment interactions were not performed. Finally, in 
this study, we only included one miR-SNP. And another SNPs in miR should not been 
ignored.

In summary, this study identifies that rs2910164 participates in the development of DSC. 
In stratified analyses, we find that this SNP also significantly increased cancer susceptibility 
in Asians. More studies with detailed gene-environment factors are, therefore, needed to 
confirm our results.
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