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Abstract. Digestive tumors have the highest incidence among
all tumor types worldwide. miR-146a has been shown to play
an important role in the development, apoptosis, invasion and
metastasis of digestive tumors. Additionally, a miR-146a gene
polymorphism has been associated with the risk of a variety
of cancer types in the digestive system. Therefore, in order to
investigate the correlation, a meta-analysis of reported data
was conducted, for which we obtained 21 research studies
concerning the association between the miR-146a gene
polymorphism and digestive tumors. Odds ratio (OR) values
and 95% confidence intervals (95% CI) were used to assess
this association. We found that the miR-146a polymorphism
rs2910164 might significantly increase the susceptibility of
digestive tumors, in particular for esophageal cancer and
colorectal cancers. Furthermore, the miR-146a polymorphism
might significantly increase the risk of digestive tumors in
Asians. However, no obvious correlation between the poly-
morphism and the risk for digestive tumors was found in
Caucasians.

Introduction
According to global cancer statistics, the morbidity and

mortality rates of digestive tumors rank first in both male and
female populations (1). The etiology and pathogenesis of diges-

Correspondence to: Professor Chungen Xing, Department of
General Surgery, The Second Affiliated Hospital of Soochow
University, No. 1055, Sanxian Road, Suzhou 215004, P.R. China
E-mail: cg_xing@aliyun.com

Dr Shuyu Zhang, School of Radiation Medicine and Protection,
Medical College of Soochow University, No. 199, Renai Road,
Suzhou 215123, P.R. China

E-mail: zhang.shuyu@hotmail.com

“Contributed equally

Key words: miR-146a, digestive tumor risk, polymorphism,
meta-analysis

tive tumors have a lot in common. To prevent digestive tumors,
it is necessary to understand the related predisposing factors.
Studies have shown that environmental factors, diet, intake of
non-steroidal and anti-inflammatory drugs, and endogenous
factors can significantly affect the individual susceptibility to
digestive tumors (2,3).

MicroRNAs (miRNAs) are a group of small non-coding
RNASs that are ~22 (18-25) nucleotides (nt) long. They have
been found to be associated with a variety of diseases,
including cancer. An increasing number of findings confirm
that miRNAs play essential roles in the development, but also
the diagnosis, treatment and prognosis of a variety of tumors.
The value of using miRNAs as biomarkers for diagnosis and
as target molecules for treatment of cancer is increasingly
being recognized (4).

Numerous studies have shown that miR-146a is involved
in the development, apoptosis, invasion and metastasis of
digestive tumors; studies have reported that miR-146a is
downregulated in gastric cancer or gastric cancer cells and that
it regulates cell proliferation and apoptosis of gastric cancer
cells (5). In addition, Vinci et al (6) studied the distribution
of sequence variants of miR-146a in colorectal cancer and
the effects of miRNA expression. He er al (7) reported that
miR-146a modulated TGF-p1-induced hepatic stellate cell
proliferation by targeting SMAD4. Tomokuni et al (8)
demonstrated that miR-146a inhibited the anticancer effect
of IFN-a in hepatocellular cancer (HCC) cells, and that this
effect was mediated by SMAD4. Another study found that
the expression of miR-146a inhibited the invasive capacity
of pancreatic cancer cells with concomitant downregulation
of EGFR and the NF-«B regulatory kinase interleukin 1
receptor-associated kinase 1 (9). Therefore, miR-146a appears
to play a crucial role in the properties of digestive tumors.

Studies have shown that single nucleotide polymorphisms
(SNPs) in human miRNAs constitute one of the main forms of
genetic variation in human genomic DNA sequences and that
they might play central roles in the susceptibility to human
disease. miRNA SNPs exhibit interindividual differences that
are relevant to disease diagnosis, treatment and prognosis.

A number of recent studies have suggested that the
miR-146a expression is deregulated in numerous solid tumors,
and it has become evident that miR-146a might act as a
tumor-suppressor (5,10,11). The miR-146a rs2910164 G>C
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polymorphism is caused by the miR-146a leader sequence G:U
and C:U base pair mismatching. Studies have shown that the
miR-146a gene polymorphism rs2910164 is associated with the
occurrence of a variety of cancer types, such as prostate, breast
and cervical cancer (12-14). From 2008 to 2013, researchers
have repeatedly reported associations between the miR-146a
rs2910164 polymorphism and the risk for digestive tumors,
but the results were mixed or even conflicting. Therefore, we
performed a meta-analysis to derive a more precise estimation
of the association between the miR-146a G/C SNP and the
risks of developing cancer in the digestive system.

Materials and methods

Screening and identification of relevant studies. Identification
and eligibility of relevant studies was performed using the
search terms ‘miR/microRNA-146a’, ‘digestive cancer’,
‘biliary cancer’, ‘hepatocellular cancer’, ‘esophageal squa-
mous cell carcinoma’, ‘gastric cancer’, ‘colorectal cancer’,
‘pancreatic cancer’, ‘rs2910164’°, ‘genotype’, ‘polymorphism’
and ‘variant’ in the PubMed, Ovid and Embase databases and
in the Cochrane Library (last search update: 17 April, 2013).
The search was limited to English language articles and only
published studies with full-text articles were included. We
evaluated potentially relevant publications by manually exam-
ining their title and abstract.

Inclusion and exclusion criteria. Inclusion criteria were:
1) assessment of miR-146a rs2910164 polymorphism and the
risk of suffering from digestive cancer; ii) a separate case-
control study on humans; iii) statistically sound genotype data
with odds ratio (OR) values and 95% confidence intervals (CI);
iv) full-text search. Exclusion criteria were: i) lack of controls
in the studies; ii) repetition of previous results; iii) summary,
comment, review and editorial articles; iv) a focus on benign
tumors of the digestive tract.

Data extraction and study characteristics. Two researchers
(Xiaohui Xu and Xiaodong Yang) independently extracted
all data that met the above inclusion criteria and the existing
differences in the resulting datasets were resolved by team
discussions. From each study, the following information
was extracted: last name of the first author, year of publi-
cation, ethnicity, tumor type, source of research, research
methods, the number of cases and controls, the number
of various genotypes of cases and controls. If a study did
not provide complete data, we sent requests for this infor-
mation to the corresponding author. A total of 21 eligible
studies, comprising 10,318 cases and 12,478 controls met
the inclusion criteria (Table I). The studies were published
in the period from 2008 to 2013, and all were case-control
studies. The case groups were only suffering from one type
of cancer (gastrointestinal), while the control groups did not
present with any tumor. From these 21 studies, 16 involved
individuals of Asian ethnicity and 5 of Caucasian. In addi-
tion, the 21 studies used different detection methods, with
14 studies using the traditional method of polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP), 1 using the PCR confronting two-pair primer
(PCR-CTPP) method, 4 using the TagMan-polymerase chain
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reaction (TagMan-PCR) and another 2 using a SNP assay. All
the control groups were selected from a healthy population
and the age and gender were consistent with cases. All the
above data complied with the Hardy-Weinberg equilibrium
(HWE) principles (Table I).

Statistical analysis. According to the case and control
genotype frequencies, the correlation between the miR-146a
152910164 polymorphism and the risk of gastrointestinal
cancer was assessed via OR values with 95% CI. In addition,
we analyzed whether tumor type and ethnicity may affect the
relationship between the miR-146a rs2910164 polymorphism
and the risk of gastrointestinal cancer. Statistical analysis was
performed on OR values (with 95% CI) for 5 distinct geno-
typic comparisons: the allelic one (G vs. C), comparison to the
dominant genetic model (GC + GG vs. CC), comparison to the
recessive genetic model (GG vs. GC + CC), the homozygote
(GG vs. CC) and the heterozygote comparison (GC vs. CC).
The Chi-square-based Q statistic was used to assess hetero-
geneity between studies, with a p-value (Peeogeneiry) <0.05
considered to indicate statistically significant heterogeneity
between studies. The I? index, expressed as a percentage,
quantified the degree of heterogeneity throughout the study,
with I? values of 25, 50 and 75% referring to low, medium
and high heterogeneity, respectively. Funnel plots were used
to assess the publication bias. When the effects were assumed
to be homogenous, the fixed-effects model was used (Mantel-
Haenszel method). If inter-study heterogeneity was detected,
the random-effects model was applied (DerSimonian and
Laird method) (15). All data analyses were performed using
the software Stata 11.0 and all the p-values are derived two-
sided tests.

Results

Study characteristics. A total of 545 articles relevant to
the used search terms were identified, and only 32 studies
concerned the association between digestive cancer and
the miR-146a rs2910164 polymorphism. According to the
inclusion and exclusion criteria described in Materials and
methods, 21 publications (16-36) were included in the final
meta-analysis, 8 using population-based controls and 13 using
hospital-based controls (Fig. 1). From the 21 publications,
2 concerned esophageal, 4 colorectal, 6 gastric and 6 hepa-
tocellular cancer. The main characteristics of the studies
included in the meta-analysis are summarized in Table I.

Overall analyses. The overall analysis of all cases revealed
a statistically significant positive association between the
miR-146a rs2910164 polymorphism and the risk of developing
digestive tumors (Fig. 2).

Allele G vs. C: OR=1.08, 95% CI: 1.04-1.12,
Pheterogencity=0.001 (Fig. 2A). The results suggested that indi-
viduals with the G allele were more susceptible to digestive
cancer than those with the C allele.

Dominant genetic model GC + GG vs. CC: OR=1.11,
95% CI: 1.04-1.18, Pyierogencity<0.001 (Fig. 2B). The results
suggested that individuals following the dominant genetic
model GC + GG may show an increased susceptibility to
digestive cancer.
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Citations (n=579)
Excluded by title review
(n=328)
Abstracts (n=251)
Excluded by research articles
(n=215)
Articles (n=36)
Excluded by incomplete data (n=1),
lack of a control (n=1),
meta-analysis (n=13)
Articles included in final analysis
(n=21,all case-control studies)
Figure 1. Flowchart of the selection of published studies.
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Figure 2. Forest plot for the association between the miR-146a rs2910164 polymorphism and digestive cancer risk in the populations. (A) G vs. C; (B) GC + GG

vs. CC; (C) GG vs. GC + CC; (D) GG vs. CC; (E) GC vs. CC.

Recessive genetic model GG vs. CC + GC: OR=l1.11,
95% CL: 1.04-1.18, Pperogeneiy=0.020 (Fig. 2C). The results
suggested that compared to CC + GC, individuals following the
recessive genetic model GG were more susceptible to digestive
cancer.

Homozygous GG vs. CC: OR=1.16, 95% CI: 1.06-1.26,
Pheterogeneiy=0.002 (Fig. 2D). The results suggested that indi-
viduals following the homozygous GG model showed no
significant difference compared to individuals with the CC
allele with regards to developing digestive cancer.

Heterozygous GC vs. CC: OR=1.09, 95% CI: 1.02-1.16,
Pheterogeneiy<0.001 (Fig. 2E). The results suggested that indi-
viduals following the heterozygous model GC were more
susceptible to digestive cancer than those with the CC allele.

Furthermore, in the stratified analysis exploring the contri-
butions from the type of digestive cancer (Table IT), significantly
increased risks for esophageal squamous cell carcinoma were
found [(for G vs.C: 1.23 (1.04-1.44), Py, erogeneiry=0.054; for GG vs.
CC+GC: 1.39(1.09-1.78), Ppeterogencity=0.655; for GG vs. CC: 1.88
(1.19-2.97), Peterogeneiy=0-145)], as well as risks for colorectal
cancer [(for G vs. C: 1.15 (1.06-1.25), Py.crogenciy=0.697; for
(GC + GG) vs. CC: 1.31 (1.12-1.52), Ppeierogeneiry=0.005, for GG
vs. CC + GC: 1.14 (1.00-1.31), Pyeerogencity=0.16; for GG vs.
CC: 1.30 (1.08-1.57), Pyeierogencity=0.587, for GC vs. CC: 1.28
(1.09-1.50), Ppeierogeneity<0-001)], but not for biliary, hepatocel-
lular, gastric and pancreatic cancer.

However, in the subgroup analysis where ethnicity was
analyzed, significantly increased risks were found for Asians
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Table II. Subgroup analysis of the association between the miR-146a rs2910164 polymorphism and the risk of digestive cancer.

Comparison Subgroup No.? OR (95% CI) I? (%) P-value®
Gvs.C Ethnicity
Asian 16 1.08 (1.04-1.13) 65.1 <0.001
Caucasian 5 1.05 (0.91-1.21) 0.0 0.701
Digestive cancer type
Biliary cancer 2 0.94 (0.75-1.17)
Hepatocellular cancer 6 1.06 (0.97-1.16) 234 0.258
Esophageal squamous cell carcinoma 2 1.23 (1.04-1.44) 70.8 0.054
Gastric cancer 6 1.05 (0.99-1.11) 78.6 <0.001
Colorectal cancer 4 1.15 (1.06-1.25) 0.0 0.697
Pancreatic cancer 1 1.38 (0.87-2.18)
GC + GG vs. CC Ethnicity
Asian 16 1.11 (1.04-1.18) 725 <0.001
Caucasian 5 1.08 (0.85-1.37) 0.0 0.576
Digestive cancer type
Biliary cancer 2 0.65 (0.35-1.23)
Hepatocellular cancer 6 1.10 (0.97-1.26) 00 0.549
Esophageal squamous cell carcinoma 2 1.19 (0.91-1.56) 82.1 0.018
Gastric cancer 6 1.04 (0.96-1.14) 79.7 <0.001
Colorectal cancer 4 1.31(1.12-1.52) 76.5 0.005
Pancreatic cancer 1 1.51 (0.87-2.63)
GG vs.CC + GC Ethnicity
Asian 16 1.12 (1.04-1.19) 54.6 0.005
Caucasian 5 1.04 (0.84-1.29) 0.0 0.792
Digestive cancer type
Biliary cancer 2 0.98 (0.76-1.28)
Hepatocellular cancer 6 1.06 (0.90-1.24) 40.8 0.133
Esophageal squamous cell carcinoma 2 1.39 (1.09-1.78) 0.0 0.655
Gastric cancer 6 1.09 (0.99-1.20) 64.5 0.015
Colorectal cancer 4 1.14 (1.00-1.31) 42 0.16
Pancreatic cancer 1 1.33 (0.32-5.45)
GG vs.CC Ethnicity
Asian 16 1.16 (1.06-1.26) 64.1 <0.001
Caucasian 5 1.12 (0.75-1.68) 0.0 0.92
Digestive cancer type
Biliary cancer 2 0.68 (0.36-1.28)
Hepatocellular cancer 6 1.14 (0.95-1.38) 28.8 0.219
Esophageal squamous cell carcinoma 2 1.88 (1.19-2.97) 53 0.145
Gastric cancer 6 1.10 (0.98-1.23) 76.3 0.001
Colorectal cancer 4 1.30 (1.08-1.57) 0.0 0.587
Pancreatic cancer 1 1.55 (0.37-6.47)
GCvs.CC Ethnicity
Asian 16 1.09 (1.02-1.17) 71.6 <0.001
Caucasian 5 1.06 (0.83-1.36) 0.0 0.446
Digestive cancer type
Biliary cancer 2 0.61 (0.31-1.17)
Hepatocellular cancer 6 1.09 (0.95-1.25) 00 0.629
Esophageal squamous cell carcinoma 2 1.13 (0.85-1.50) 73 0.054
Gastric cancer 6 1.03 (0.94-1.13) 774 <0.001
Colorectal cancer 4 1.28 (1.09-1.50) 83.5 <0.001
Pancreatic cancer 1 1.51 (0.85-2.67)

“Number of comparisons; *P-value of test for the overall effect. OR, odds ratio; CI, confidence interval.
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G versus C % (GC+GG) versus CC %
OR(95%Cl)  Weight OR(#5%CT)  Weight
Xu (2008) !+ 127(106.153) 422 Xu (2008) ﬁ 122(102,1.72) 5.4
Ye (2008) - 1.00(0.76,1.31) 2.16 Ye (2008) 3 097(0.71,1.34) 4.10
Srivastava (2010) —_— 0.79(058,1.08) 181 Sri (2010) - 045(0.16,133) 056
Guo (2010) | —— 138(1.12,189) 327 Guo (2010) 209(1.21,362) 088
Zeng (2010) —— 130(1.04,163) 288 Zeng (2010) 155(1.11,2.18) 285
Min (2011) —1— 1.08(0.80,1.30) 444 Min (2011) 1.17(090,153) 528
Az (2011) —_— 092(067,127) 156 Aiar (2011) 1.11(046,266) 050
Hishida (2011) —_ 097 (085,1.11) 848 Hishida (2011) 082(0.78,1.12) 1.2
Ohubo (2011) — 099(084. 1.16) 583 Ohaubo (2011) 1.15(092, 1.44) 745
Zhang (2011) —-— 1.01(088,1.15) 871 Zhang (2011) 1.07(0.88,130) 1020
Xang (2012) —_— 1.25(0.84,185) 0.91 Mang (2012) 127(069,232) 098
Kim  (2012) —-&—|= 085(0.70,1.28) 1.7 Kim  (2012) 1.04 (088, 1.81) 2.11
Zhou (2012) E 1.20(1.09,1.32) 1642 Zhou (2012) 1.28(108,152) 1281
Ahn (2012) —e 108(080,131) 428 Aha (2012) 110(084,144) 521
Hezova (2012) —_— 1.06(0.76, 1.46) 146 Hezova (2012) 146 (060,355) 043
Mihatache (2012) —_— 1.11(081,151) 158 Mhalache (2012) 0.79(038,1.73) 0.72
Zhou (2012) Lo 089(0.78.127) 287 Zhou (2012) 086(061,1.23) 342
Song (2013) =i 087(0.78,098) 1275 Song (2013) 0.78(065.092) 15339
Ma (2013) -E: 1.16(1.03,130) 1073 M (2013) 1.10(0£8,1.38) 784
Lv(2013) — 1.25(1.03.152) 387 Lv(2013) 234(162,336) 217
Pavakis (2013) —_— 138(087,2.18) 083 Padakis (2013) 151(087.263) 107
Owverall (-squared = 55.9%, p = 0.001) & 108(1.04,1.12) 100.00 Overall (-squared = 85.2%, p = 0.000) 1.11(104,1.18) 100.00
T : T ! ¥
0.458 1 218 0.155 1 644
GG versus (CC+GC) % GG versus CC "
OR(95% C)  Weight OR(85%CI)  Weight
Xu (2008 153(1.06,220) 2.72 Xu  (2008) 1.72(1.16,256) 367
Ye (2008) 1.17(053,258) 066 e (2008) 1.16(052,255) 1.13
Srivastava (2010) 080 (055, 1.16) 354 (2010) 042(0.14,1.26) 1.06
Guo (2010) 142(1.09,184) 547 Guo (2010) 239(135.4.19) 162
Zeng (2010) 121(081,182) 243 Zeng (2010) 156(099,247) 288
Min (2011) 1.01(070,147) 322 Min (2011) 1.12(0.75,168) 438
Aiaz (2011) 087(058,128) 3.18 Az (2011) 105 (043,254) 084
Hishida (2011) 104(078,137) 583 Hishida (2011) 089(0.73,132) 886
Okubo (2011) | 0.73(053,089) 535 Ohubo (2011) 0.82(059,1.15) 750
Drang (2011) - 0983(0.72,1.18) 758 hang (2011) 098(0.75,1.29) 1024
Xiang (2012) 139(0.72,267) 088 Yiang (2012) 152(0.71,324) 107
Km (2012) 0.71(0.36,143) 111 Kim  (2012) 0.76(038,159) 160
Dou (2012) 127(1.10,147) 1985 hou (2012) 144(1.18,1.75) 111
Ahn (2012) 1.13(0.78,163) 307 Ann (2012) 118(078,1.77) 427
Hezova (2012) 1.00(069,149) 285 Hezova (2012) 144(058.354) 0.79
Mehalache (2012) — 121(084,1.76) 293 Mihalache (2012) 086(038,191) 128
hou (2012) - 1.25(0.80,197) 187 hou (2012) 1.10(066,181) 285
Song (2013) 091(0.74,1.13) 10.14 Song (2013) 0.78(061,099) 14.74
Ma(2013) 1.28(1.08,152) 1369 Ma (2013) 127(089,163) 10
v (2013) — 085(059,122) 363 Lv(2013) 1.71(107,273) 282
Paviakis (2013) - 133(0.32,545) 0.19 Paviakds (2013) 155 (0.37,647) 029
Overall (ksquared =43.0%, p = 0.020) ¢ 1.11(1.04,1.18) 10000 Overall (Lsquared = 53.2%, p = 0.002) & 1.16(1.08,1.28) 10000
T T T T
0.184 1 545 0.144 1 1::3

GC versus CC %
OR(8SHCH  Weight
=
Xu (2008) i——_ 123(093.161) 535
Ye (2008) = 085(069.132) 423
S (2010) € - s 051(0.17,152) 055
Guo (2010) o 181(103,320) 108
Zeng (2010) —_— 155(1.08,222) 277
Min (2011) F: 1.18(0.80,157) 526
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Figure 3. Funnel plot for all studies included in the meta-analysis studying associations of the miR-146a rs2910164 polymorphism with digestive cancer risk in
the populations. (A) G vs. C; (B) GC + GG vs. CC; (C) GG vs. GC + CC; (D) GG vs. CC; (E) GC vs. CC.

[(for G vs. C: 1.08 (1.04-1.13), Pyeierogeneiy<0.001; for GC + GG 1.26), Pyeierogeneiy<0.001; for GC vs. CC: 1.09 (1.02-1.17),
vs. CC: 1.11 (1.04-1.18), Ppererogencity<0-001; for GG vs. CC + GC:  Pyeyerogeneiry<0-001)]. No significant risk was found to be associ-
1.12 (1.04-1.19), Ppierogeneiry=0.0053; for GG vs. CC: 1.16 (1.06-  ated with any of the genetic models for Caucasians (Table II).
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Statistical sensitivity. Data from one study were omitted
and the rest was analyzed, and the pooled RRs were similar
with the overall pooled RRs (data not shown), supporting the
robustness of our results.

Publication bias. Begg's funnel plot and Egger's test were
used to assess the publication bias of the included studies.
However, the results from all the comparisons and from
Egger's test showed no evidence for a publication bias (Fig. 3):
P=0.354 for G vs. C, P=0.912 for GC + GG vs. CC, P=0.352
for GG vs. CC, P=0.795 for GC vs. CC (except P=0.045<0.1
for GG vs. CC + GC).

Discussion

In the present study, we conducted a comprehensive statistical
analysis of the relationship between the miR-146a polymor-
phism rs2910164 and digestive tumors. The results of the
stratified analysis are the following: allele G vs. C (OR=1.08,
95% CI: 1.04-1.12), dominant genetic model GC + GG vs. CC
comparison (OR=1.11, 95% CI: 1.04-1.18), recessive genetic
model GG vs. CC + GC comparison (OR=1.11, 95% CI:
1.04-1.18), homozygous GG vs. CC comparison (OR=1.11,
95% CI: 1.04-1.18), heterozygous GC vs. CC comparison
(OR=1.09, 95% CI: 1.02-1.16). We found that the miR-146a
polymorphism rs2910164 might significantly increase the
susceptibility to digestive tumors, especially for esophageal
and colorectal cancer. In addition, the miR-146a polymor-
phism might significantly increase the risk for developing
digestive tumors in Asian individuals, while for Caucasians,
no obvious correlation between the polymorphism and the
risk for digestive tumors was found.

miRNAs are small single-stranded regulatory RNAs the
abnormal expression of which has been associated with the
susceptibility to many human diseases, including cancer in
the lung, prostate and bladder, cervical squamous cell carci-
noma (37-40), autoimmune diseases such as systemic lupus
erythematosus, Sjogren's syndrome and lupus nephritis (41-43),
as well as cardiovascular diseases such as heart disease, heart
failure and myocardial infarction (44-46).

The miR-146a polymorphism rs2910164 is associated with
the susceptibility to a variety of tumors. Jazdzewski et al (47)
found a significantly different distribution of genotypes among
patients with papillary thyroid carcinomas as compared to
normal subjects, with the GC genotype being associated with
an increased risk of papillary thyroid carcinoma. Another
study indicated that miR-146a might be involved in the patho-
genesis of malignant melanoma, and individuals with the CG
genotype showed an increased risk of developing malignant
melanoma (48). Orsés et al (49) found that the pre-miR/146a
C allele might contribute to an increased susceptibility to
head and neck cancer. Therefore, the miR-146a polymorphism
1rs2910164 appears to be associated with the risk of developing
cancer in a cancer type-specific manner.

The association between miR-146a polymorphisms and
susceptibility to digestive tumors has attracted increased
research in recent years. However, numerous studies on the
topic were characterized by small sample size and thus,
might not possess sufficient statistical power to detect effects
of small magnitude or might have generated a fluctuated
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risk estimate. Moreover, conclusions from all these studies
have not been uniform, and have even been contradicting for
different types of tumors. Therefore, it is necessary to collect
previously-generated research data and obtain a large number
of samples to get reliable results.

Nevertheless, the present meta-analysis had a number of
limitations. First, our study only concerned the analysis of
unvaried factors. Second, the population characteristics of
the experimental and the control groups were not uniform.
Age, gender, HBV and potentially, other features, might have
affected the reliability of the results. Third, the present study
included only Caucasian and Asian populations; the absence
of other ethnicities in the sample considerably reduces the
universal validity of the results. Furthermore, unconsidered
non-neoplastic disease factors might have impacted on the
conclusions. Therefore, a more precise analysis might need to
be performed.

In conclusion, our analysis demonstrated that there is an
apparent association between the miR-146a polymorphism
rs2910164 and digestive cancer. However, the association is
inconsistent with regards to susceptibility to different types
of gastrointestinal cancer. Therefore, it is necessary to collect
large samples of data, perform stratified analyses and gather
data from additional ethnicities to clarify the association
between the miR-146a G/C 152910164 polymorphism and the
susceptibility to digestive cancer.
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