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ABSTRACT

MicroRNAs (miRNAs) are small non-coding RNA molecules, which participate in diverse biological processes and may regulate tumor sup-
pressor genes or oncogenes. Several case—control studies and meta-analyses have investigated the association between breast cancer risk
and common single nucleotide polymorphisms (SNPs) in miRNAs. However, the inconsistent results were reported. The aim of the present
meta-analysis is to investigate this inconsistency, especially in Asian populations. A systemic literature search inclusive to December 2019
yielded a total of 21 potentially relevant articles withe 38 eligible studies concerning the association of miR-146a rs2910164 G>C, miR-499
rs3746444 A>G, miR-27a rs895819 A>G, miR-423 rs6505162 C>A and miR-608 rs4919510 C>G with breast cancer risk in Asian populations.
The final meta-analysis was conducted for elven studies concerning rs2910164, ten studies concerning rs3746444, seven studies concerning
rs895819, five studies concerning rs6505162 and five studies concerning rs4919510 gene polymorphisms with breast cancer in Asian popu-
lations.

In the present meta-analysis, only the SNPs miR-499 rs3746444 G allele showed a borderline association with an increased breast cancer
risk in Asian populations (OR=1.2, 95%Cl: 1.00-1.45, P=0.055) and significant association in Chinese populations (OR=1.3, 95%Cl 1.138 -
1.393, P=0.000). However, no associations were observed for other miRNAs gene polymorphisms in the overall population or the ethnic
subgroups studied.

This meta-analysis indicated that the miR-499 rs3746444 may contribute to the breast cancer susceptibility in Asians and especially in Chi-
nese populations, suggesting its potential use as a genetic risk marker in this population, and may provide useful information for the early
diagnosis and prevention of breast cancer. Farther large sample size and well-designed case-control studies are required to verify the risk
identified in the present meta-analysis.
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|. INTRODUCTION

Breast cancer (BC) is a major public health challenge because the incidence is continuously increasing during the past decades, and
the most frequent cancer diagnosed among women worldwide [1]. It is the most common invasive malignant tumors worldwide and
the second leading cause of death by cancer in females after lung cancer [2-4], and it's related mortality and morbidity are relative-
ly high particularly in low- and middle-income countries [5, 6].

Breast cancer is a multifactorial disease that results from innate and/or acquired genetic predisposition from somatic mutations in
breast tissues and their interaction with hormonal exposure and other risk factors such as environmental carcinogens, lifestyle, dieta-
ry, or cultural practices, reproductive patterns, and genetic factors, which play a vital role in the pathogenesis of breast cancer [7-10].
Early identifcation of individuals at risk of the cancer is the key to its prevention. Currently, genetic testing has emerged as a promis-
ing strategy for predicting breast cancer risk and the potential of genetic polymorphisms as markers for breast cancer risk assessment
was increased rapidly [11]. Recently, polymorphisms in microRNA genes have been widely investigated as the gene products play
important roles in regulating the expression of many cancer-related genes [12-14].

MicroRNAs (miRNAs) constitute a group of evolutionarily conserved small, endogenous, single stranded and non-protein coding
functional RNA molecules of 19-25 nucleotides in length [15]. Its regulate gene expression at the post-transcriptional level [16] and
thereby regulate a wide array of biological processes including cell differentiation, proliferation, development, cell death, and ho-
meostasis [17, 18].There are more than 1,424 miRNA genes in the human genome, regulate the translation or degradation of human
messenger RNA by sequence complementarity [19, 20], which primarily bind to the 3' untranslated region (3' UTR) of messenger
RNAs, resulting in a downregulation of target proteins through the degradation of this mRNA or through translational inhibition. Over
50% of microRNAs genes are located in cancer-associated genomic regions or fragile sites, functions as tumor suppressors or onco-
genes in human carcinogenesis through sequence-specific base-pairing with target mRNAs [21-23]. They have been found to be in-
volved in many physiological and pathological processes involved in tumorigenesis [24]. They are known to regulate about 60% of the
genes in the human genome, and might be important for the pathogenesis of breast cancer [7, 25, 26]. It has been reported that
mutations present in miRNA sequences could result in the changes in miRNA synthesis and function seen in cancer biology and the
single nucleotide polymorphisms (SNPs) are the most common type of variation present in miRNA genes [27 - 29]. SNPs in miRNAs
may alter the miRNAs expression, maturation and can alter the effects of microRNAs on their target genes, possibly leading to ab-
normal biological metabolism and modified cancer susceptibility [30]. Common single-nucleotide polymorphisms (SNPs) in miRNAs
may change their properties through altering miRNA expression and/or maturation, and thus they may have an effect on thousands
of target messenger RNAs (mRNAs), resulting in diverse functional consequences. Increasing evidence suggests that the genetic po-
lymorphisms in miRNAs have been found to play an important role in the initiation and progression of many different types of cancer
including breast cancer [31-33].

Many epidemiological studies have examined the association between the SNPs in miRNAs genes and breast cancer susceptibility
[34]. Therefore, several case-control studies in different ethnic populations and meta-analyses have been conducted to evaluate the
association between large number of miRNA gene polymorphisms and breast cancer risk. These include the five common miRNAs,
miR-146a rs2910164 G>C, miR-499 rs3746444 A>G, miR-27a rs895819 A>G, miR-423 rs6505162 C>A and miR-608 rs4919510 C>G
gene polymorphisms [35-91]. However, the results from different studies were inconsistent. For example, studies about miR-499
rs3746444 A>G can be different in four meta-analysis [68, 69, 80]. Therefore, we conducted a meta-analysis to evaluate a more com-
prehensive and precise result for the association of the five common miRNA SNPs, miR-146a rs2910164 G>C, miR-499 rs3746444
A>G, miR-27a rs895819 A>G, miR-423 rs6505162 C>A and miR-608 rs4919510 C>G with breast cancer risk in Asian populations.

I1. MATERIALS AND METHODS

A. Search Strategy

We searched the worldwide literature published in MEDLINE via PubMed, EMBASE, Cochrane CENTRAL, Chinese databases (CNKI,
CQVIP, Wanfang databases), and Google Scholar for articles with case—control studies of the association between miRNA polymor-
phisms and breast cancer risk, published up to 2019, using the following keywords: “miRNA-146a/miRNA-499/miRNA-27a/miRNA-
423/ miRNA-608/”” and/or ‘“rs2910164 G>C/rs3746444 A>G/rs895819 A>G/rs6505162 C>A/ rs4919510 C>G/), “single nucleotide po-
lymorphism/SNP/polymorphism/variant/variation /mutation” snd ““breast cancer/breast carcinoma/BC”. The research subjects were
limited to human studies published in English or Chinese languages were retrieved. References of the relevant literature and review
articles were also evaluated to identify all potentially eligible articles.

B. Inclusion Criteria

The eligible studies must meet the specific inclusion criteria as follows: (1) evaluation of the association between rs2910164
G>C/rs3746444 A>G/rs895819 A>G/rs6505162 C>A/rs4919510 C>G and pathologically confirmed breast cancer; (2) had a case-
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control design of human samples; (3) written in English or Chinese language; (3) both cases and controls reporting genotype or al-
leles frequencies; (4) controls group accord with Hardy-Weinberg equilibrium (HWE) in the control group (P > 0.05).
C. Exclusion Criteria

Studies that met the following criteria were excluded: (1) case reports, ore meta-analysis articles; (2) abstracts or editorials, com-
ments or review articles; (3) duplicate studies; (4) studies on animals or cell-lines; (5) studies without a case-control design.

D. Data Extraction

Repeated publications and studies violating the inclusion criteria or providing insufficient data were excluded. Same data from differ-
ent studies were only adopted once. The extracted information from all eligible articles included: first author’s surname, publication
year, sample size of cases and controls, country of origination, ethnicity, sources of controls, genotype method, and genotype fre-
guencies in cases and controls. Hardy—Weinberg equilibrium (HWE) test for the controls were included as quality assessment indica-
tor. If the reported data were incomplete, the corresponding author was contacted to obtain complete data.

E. Statistical analysis

In the current meta-analysis, an allele-contrast model was used to investigate the associations of the miR-146a rs2910164 G>C, miR-
499 rs3746444 A>G, miR-27a rs895819 A>G, miR-423 rs6505162 C>A, miR-608 rs4919510 C>G and gene polymorphisms with the risk
of breast cancer. The strength of the association of each gene polymorphism and the risk of breast cancer was determined by using
odds ratios (ORs) and their corresponding 95% confidence intervals (Cls).

Pooled ORs were determined for the allelic contrast model (miR-146a: C vs. G, miR-499: G vs. A, miRNA-27a: G vs. A, miRNA-423: A
vs. C, miRNA-608: G vs. C). The statistical significance of the pooled OR was determined by using the Z test and a P value of < 0.05
was regarded as significant. The heterogeneity between studies was analyzed by using the chi-square (XZ) test based on the Q statis-
tic, with the significance level P<0.1 [92] and/or I” statistic (with values greater than 50% indicating significant heterogeneity) [93]. If
no heterogeneity between the individual studies was existed, the pooled ORs were computed by using the fixed—effects method of
Mantel-Haenszel (Petos method) [94]. If the significant heterogeneity between the individual studies was existed, the pooled OR was
estimated using random-effects model of DerSimonian—Laird (D-L method) [95]. Sensitivity analysis was performed to evaluate the
effect of each study on the combined ORs by omitting individual studies one at a time. Publication bias was checked by Begg’s funnel
plots [96] and Egger’s regression test [97]. An asymmetric plot and a P < 0.05 for the Egger’s test denoted the existing of significant
publication bias.

The publication bias was estimated using the funnel plot [98]. The funnel plot asymmetry was quantified using Egger’s regression
approach [97], on the natural logarithmic scale of the OR, with the significance level set a P<0.05, which considered to indicate signif-
icant asymmetry and the existing of significant publication bias. The population-attributable risk (PAR) was calculated on the basis of
estimated ORs and risk allele frequencies in cases group to get a comprehensive view of the impact of the five miRNA SNPs on breast
cancer at population level, using the following formula: (OR-1)/OR * risk allele frequency [99]. The statistical analyses were per-
formed by STATA 11.0 software (StataCorp, College Station, TX, USA).
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Table 1 The characteristics of the eligible studies included in the present meta—analysis

Study Country Genotyping Source Groups Age Sample Genotype minor/ MAF% HWE-P
method of size frequency major
controls

miR-146a rs2910164 G>C CCIGCIGG CIG
Qietal. 2015 China TagMan PB Case 321 43/132/146 218/424 0.34

Control 290 20/144/126 184/396 0.32 >0.05
He et al. 2015 China MassARRAY PB Case 2.85+10.78 450 133/242/75 508/392 0.56

Control 2.85+10.78 450 153/225/72 531/369 0.59 >0.05
Ma et al. 2013a China MassARRAY HB Case 191 63/94/35 220/164 0.57

Control 192 64/93/34 221/161 0.58 >0.05
Hu et al. 2009 China PCR-RFLP PB Case 51.60+11.08 1009 329/515/165 1173/845 0.58

Control 51.77+11.19 1093 362/551/180 1275/911 0.58 >0.05
Alshatwi et al. 2012 Saudi TagMan HB Case 100 2/50/48 54/146 0.27

Control 100 3/46/51 52/148 0.26 >0.05
Bodal et al. 2017 Indian PCR-RFLP HB Case 51.8+12.1 98 0/46/52 46/150 0.24

Control 46.3+11.4 99 0/39/60 39/159 0.20 >0.05
Bansal et al. 2014 Indian PCR-RFLP PB Case 121 4/35/82 43/199 0.18

Control 164 8/72/84 88/240 0.27 >0.05
Omrani et al. 2014 Iran ARMS-PCR PB Case 236 8/45/183 61/411 0.13

Control 203 9/39/155 57/349 0.14 >0.05
Afsharzadeh et al. 2017 Iran ARMS-PCR PB Case 100 6/61/33 73/127 0.37

Control 150 9/84/57 102/198 0.34 >0.05
Mashayekhi et al. 2018 Iran PCR-RFLP HB Case 51.8+8.2 353 45/178/130 268/438 0.38

Control 51.0£10.2 353 18/145/190 181/525 0.26 >0.05
Nejati-Azar et al. 2018 Iran PCR-RFLP HB Case 49.96+12.02 200 42/84/74 168/232 0.42

Control 45.57+11.80 200 42/94/64 178/222 0.45 >0.05
miR-499 rs3746444 A>G GG/AG/AA G/IA
Qietal. 2015 China TagMan PB Case <50,>50 321 52/117/152 221/421 0.34

Control 290 37/112/141 186/394 0.32 >0.05
He et al. 2015 China MassARRAY PB Case 52.85+10.78 450 89/177/184 355/545 0.39

Control 53.25+10.96 450 59/188/203 306/594 0.34 >0.05
Hu et al. 2009 China PCR-RFLP PB Case 1009 44/258/707 346/1672 0.17

Control 1093 29/248/816 306/1880 0.14 >0.05
Alshatwi et al. 2012 Saudi PCR-RFLP PB Case 100 15/40/45 70/130 0.35

Control 100 8/62/30 78/122 0.39 >0.05
Bansal et al. 2014 India PCR-RFLP PB Case 121 11/30/80 52/190 0.21

Control 164 15/43/106 73/255 0.22 >0.05
Omrani et al. 2014 Iran TARMS-PCR PB Case 471123 236 61/44/131 166/306 0.35

Control 453+12.8 203 25/48/130 98/308 0.24 >0.05
Afsharzadeh et al. 2017 Iran ARMS-PCR PB Case 100 4/33/63 41/159 0.20

Control 150 19/65/66 103/197 0.34 >0.05
Dai et al. 2016 China MassARRAY HB Case 49.09 +11.02 560 18/135/407 171/969 0.15

Control 48.80 +8.28 583 11/109/463 131/1035 0.11 >0.05
Doulah et al. 2018 Iran TARMS-PCR HB Case 45 -64 100 10/35/35 55/105 0.34

Control 18 -61 100 4/33/63 41/159 0.20 >0.05
Kabirizadeh et al. 2016 Iran ASP-PCR HB Case 45 47/39 0.55

Control 48 37/59 0.39 >0.05
miR-27a rs895819 A>G GG/AG/AA G/IA
Qietal. 2015 China TagMan PB Case <50,>50 321 61/159/101 281/361 0.44

Control 290 56/139/95 251/329 0.43 >0.05
He et al. 2015 China MassARRAY PB Case 52.85+10.78 450 34/165/251 233/667 0.26

Control 53.25+10.96 450 37/181/232 255/645 0.28 >0.05
Ma et al. 2013a China MassARRAY HB Case 21-81 191 16/76/97 108/270 0.28

Control 192 14/70/106 98/282 0.26 >0.05
Mashayekhi et al. 2018 Iran ARMS-PCR PB Case 51.8+8.2 353 30/156/167 216/490 0.30

Control 51.0+10.2 353 71/155/127 297/409 0.42 >0.05
Zhang et al. 2013 China Sequencing PB Case 41-56 264 16/96/152 128/400 0.24

Control 40-56 255 15/103/137 133/377 0.26 >0.05
Zhang et al. 2012 China PCR-RFLP PB Case 54.66+11.18 252 41/144/60 226/264 0.46

Control 54.51+11.41 248 59/109/75 227/259 0.47 >0.05
Rah et al. 2015 Korean Sequencing HB Case 136 17/68/51 102/170 0.38

Control 224 27/112/85 166/282 0.37 >0.05
miR-423 rs6505162 C>A AA/CA/CC AlC
He et al. 2015 China MassARRAY PB Case 52.85+10.78 450 16/142/292 174/726 0.19

Control 53.25+10.96 450 22/129/299 173/727 0.19 >0.05
Ma et al. 2013a China MassARRAY HB Case 21-81 191 8/57/127 73/311 0.19

Control 192 10/69/110 89/289 0.235 >0.05
Rah et al. 2015 Korea Sequencing HB Case 31.34+4.97 136 7144185 58/214 0.21

Control 32.67+ 3.87 224 11/66/147 88/360 0.20 >0.05
Zhao et al. 2015 China Sequencing PB Case 180 5/30/79 40/188 0.175

Control 189 10/69/110 89/289 0.235 >0.05
Mir et al. 2018 Saudi ARMS-PCR PB Case 100 23/52/25 98/102 0.49

Control 124 18/25/81 61/187 0.25 >0.05
miR-608 rs4919510 C>G CCIGCIGG G/IC
Ma et al. 2013a China MassARRAY HB Case 21-81 191 37/98/57 212/172 0.55

Control 192 47/82/61 204/176 0.54 >0.05
Dai et al. 2016 China MassARRAY HB Case 49.09 + 11.02 560 107/296/127 550/510 0.52

Control 48.80 +8.28 583 113/287/183 653/513 0.56 >0.05
Rah et al. 2015 Korea Sequencing HB Case 136 30/67/39 145/127 0.53

Control 224 44/110/70 250/198 0.56 >0.05
Huang et al. 2012 China Sequencing PB Case 49 1138 192/545/387 1319/929 0.59

Control 1434 277/684/456 1596/1238 0.56 >0.05
Hashemi et al. 2016 Iran PCR-RFLP PB Case 48.5+10.8 160 140/20/0 20/300 0.0625

Control 49.5+12.4 192 149/43/0 43/341 0.112 >0.05
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315 articles were identified through the electronic search Chinese /English database

Excluded 94 articles without relationship
by title

221 First screening by contract

185 articles excluded:

|:> 84 review and meta-analysis articles
65 articles didn't focused on breast cancer
36 articles didn't consider polymorphisms
and/or ancestry of interest

36 re-screening by full text
15 articles excluded:

|:> 8 insufficient data

7 not case-control studies

21 articles with 38 studies were included in the present meta-analysis

VA A . .

Eleven studies for Ten studies for Seven studies for Five studies for  Five studies for
152910164 G>=C 153746444 A>G 15895819 A>G 1s6505162 C=A 134919510 C>G

Figure 1 Flow chart of search strategy for eligible studies
I1l. RESULTS

A. Characteristics of included studies

A total of twenty-One potentially relevant articles withe thirty-eight eligible studies were included in the present meta-analysis (Fig.
1) describing a flow chart of search strategy for eligible studies. Eleven studies (3,179 cases and 3,294 controls) concerning the asso-
ciation between miR-146a rs2910164 G>C and breast cancer [35-45], ten studies (4,042 cases and 3,181 controls) concerning the
association between miR-499 rs3746444 A>G and breast cancer [35, 36, 38, 39, 41, 42, 44, 46-48], seven studies (1,967 cases and
2,012 controls) concerning the association between miR-27a rs895819 A>G and breast cancer [35-37, 43, 49-51], five studies (1,057
cases and 1,179 controls) concerning the association between miR-423 rs6505162 C>A and breast cancer [36, 37, 51-53] and five
studies (2,185 cases and 2,625 controls) concerning the association between miR-608 rs4919510 C>G and breast cancer [37, 46, 51,
54, 55]. Table 1 lists the main characteristics of the 38 eligible studies included in the present meta-analysis. No study was excluded
for deviating from the Hardy-Weinberg equilibrium (HWE).

Egger regression analysis indicated no publication bias for the miR-146a rs2910164 G>C, miR-499 rs3746444 A>G, miR-27a rs895819
A>G, miR-423 rs6505162 C>A and miR-608 rs4919510 C>G gene polymorphisms which indicated reliability of the pooled results (t=-
0.08, P=0.936, 95%Cl —3.315~3.08, t=-0.14, P=0.893, 95%Cl|-4.41~4.97, t=1.43, P=0. 213, 95%Cl —4.3~15.03, t=0.35, P=0.747, 95%CI —
18.18~22.7,t=-1.63, P=0. 201, 95%Cl —6.78~2.19, respectively) (data not shown).
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Review: miR-146a 152910164 polymorphism and breast cancer in Asian populations
Comparison: breast cancer cases vs. Controls

Outcome: C/G .
OR(random) Weight

Study year Region case control
959%CI %
Qi 2015 China 218/424 184/396 .[ 141 (087, 1.41) ik
He 2015 China 508/392 531/369 _%_ 090 (0:75.1.065 _—
Ma 2013a China 220/164 221/i61 o 0.98 (0.73, 1.30) -
Hu 2009 China 1173/845 1275/911 i
—— 0.99 (0.88, 1.12) 13.18
Alshatwi 2012 Saudi 54/146 52/148 E' 1.05 (0.68, 1.64) 6.43
» I
Bodal 2017 India 46/150 39/159 Ir . 1.25(0.77, 2.02) 5.86
Bansal 2014 India 43,{192_8.&[210_.7 Il 0.59 (0.39, 0.89) 7.00
Omrani 2014 Iran 61/411 57/349 - :l 0.91 (0,62, 1.34) 7.40
2 I
Mashayekhi 2018 Iran 268/438 181/525 | 112 (077, 1.62) 768
Afsharzadeh 2017 Iran 73/127 102/198 :l ' 177 (1.41, 2.23) —
Nejati-Azar 2018 Iran 168/232 178/222 I' =T -
Total (95%Ci) 6,360 6,586 <>
Total events: 2,832 (case), 2,908 (control) ' 19840.08,1.20) 10680
Test for heterogeneity: y? = 34.00, d.£=10, (p=0.000, > =70.6%) ||
Test for overall effect: Z=0.37, (p =0.713) |
| T

39 1 2.56

Figure 2A Forest plot for the association between miR-146a rs2910164 polymorphism (G>C) and breast cancer risk in Asian populations under allele
contrast model comparison. For each study, the estimate of OR and its 95% Cl is plotted with a closed square and horizontal line. The size of the
black squares is proportional to the weight that the study has in calculating the summary effect estimate (diamond). The center of the diamond
represent the summary estimates of ORs across all listed studies (pooled OR) and the ends of the diamond correspond to the 95% CI. When a confi-
dence interval exceeds the chosen X-axis limit, it will display an arrow head.

B. Mir-146a rs2910164 G>C and breast cancer

Figure 2A represents the forest plot of risk allele OR of an individual studies and meta—analysis for association between miR-146a
rs2910164 G>C gene polymorphism and breast cancer in a total of 3,179 patients and 3,294 control subjects from the eleven studies.
Five studies, Chinese [35], Saudi [39], Indian [40] and Iranian [43, 44] showed a trend of elevated OR for the risk allele C of the miR-
146a rs2910164. One study from China [38] showed no association. Five studies, Chinese [36, 37], Indian [41] and Iranian [42, 45]
showed a trend in the opposite direction. The overall frequency of the risk allele C was to 44.53% in cases and 44.15% in controls.
Significant between-study heterogeneity was observed (P=0.000, I2=7O.6%). A random effect model was performed and generated a
combined allelic OR of 1.03 (95%Cl 0.9 - 1.2, P=0.713) for the C allele of miR-146a rs2910164 in Asian populations. The population
attributable risk (PAR) of the breast cancer related to this variant was 1.25%.

In the stratified meta-analysis on the basis of ethnicity, four Chinese studies including 1,971 patients and 2,025 control subjects were
enrolled. One study [35] showed a trend of elevated OR for the risk allele C. One study [38] showed no association. Two studies [36,
37] showed a trend in the opposite direction. The overall frequency of the risk allele C was to 53.73% in cases and 54.62% in controls.
No significant heterogeneity was detected between studies (P = 0. 0.614, I’ = 0.0%). A fixed effect model was performed and gener-
ated a combined allelic OR of 0.98 (95%Cl 0.9 - 1.08, P=0.720) for the risk allele C of miR-146a rs2910164 in Chinese populations (da-
ta not shown). Seven non-Chinese studies including 1,208 patients and 1,269 control subjects were enrolled. Four studies, Saudi [39],
Indian [40] snd Iranian [43, 44], showed a trend of elevated OR for the risk allele C. Three studies, Indian [41] and Iranian [42, 45],
showed a trend in the opposite direction. The overall frequency of the risk allele C was to 29.14% in cases and 27.5% in controls. Sig-
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nificant between-study heterogeneity was observed (P =0.000, I’ = 79.1%). A random effect model was performed and generated a
combined allelic OR of 1.04 (95%Cl 0.78 - 1.4, P=0.766) for the C allele of miR-146a rs2910164 in non-Chinese populations (data not
shown).

& Review: miR-499 rs3746444 polymorphism and breast cancer in Asian populations

Comparison: breast cancer cases vs. Controls

OR(random weight
Outcome: G/A 9(5 9%Cl ) 0/*;
Study year Region case control .
Qi 2015 China  221/421  186/394 | 141088, 1:41) ol
He 2015 China 355/545 306/594 i 126 (1.04, 1.53) 1273
Hu 2009 China  346/1672 306/1880 : 127 (1.08, 1.50) 1345
Alshatwi 2012 Sandi  70/130 78/122 - ; 0,84 (0.56, 1.26) 873
Bansal 2014 India 52/190 73/255 - i 0.96 (0.64, 1.43) 8.80
Omrani 2014 Iran 166/306 98/308 i 170 (127, 2.29) 10.78
Afsharzadeh 2017 TIran 41/159 1034197 i 049 (0.32,0.75) 853
Dai 2016 China 171/969  131/1035 . 139(1.00,1.78) 178
Doulah 2018 Iran 55/105 41/159 i s 203 (127, 3.26) 762
kabirizadeh 2016 Iran  47/39 37/50 I . S 192(108,247) e
Total (95%Ci) 6,060 6.362 <>, — —
Total events: 1,524 (case), 1,359 (control)
Test for heterogeneity: ¥ =36.33, d.£=9, (p=0.000, I> =75.2%) |
Test for overall effect: Z=1.92, (p=0.055) !

_2:38 1 3.!1?

Figure 2B Forest plot for the association between miR-499 rs3746444 polymorphism (A>G) and breast cancer risk in Asian populations un-
der allele contrast model comparison.

C. Mir-499 rs3746444 A>G and breast cancer

Figure 2B represents the forest plot of risk allele OR of an individual studies and meta—analysis for association between miR-499
rs3746444 A>G gene polymorphism and breast cancer in a total of 3,042 patients and 3,181 control subjects from the ten studies.
Seven studies, Chinese [35, 36, 38, 46] and Iranian [42, 47, 48] showed a trend of elevated OR for the risk allele G of the miR-499
rs3746444. Three studies, Saudi [39] Indian [41] and Iranian [44] showed a trend in the opposite direction. The overall frequency of
the risk allele G was to 25.15% in cases and 21.4% in controls. Significant between-study heterogeneity was observed (P= 0.000,
I2=75.2%). A random effect model was performed and generated a combined allelic OR of 1.2 (95%Cl 1.00 - 1.45, P=0.055) for the G
allele of miR-499 rs3746444 in the Asian populations. The population attributable risk (PAR) of the breast cancer related to this va-
riant was 4.2%.

In the stratified meta-analysis on the basis of ethnicity, four Chinese studies including 2,340 patients and 2,416 control subjects
enrolled. Three studies [35, 38, 46] showed a trend of elevated OR for the risk allele G. One study [36] showed a trend in the oppo-
site direction. The overall frequency of the risk allele G was to 23.25% in cases and 42.5% in controls. No heterogeneity between-
study was observed (P = 0.631, I>=0.0 %). A random effect model was performed and generated a combined allelic OR of 1.3 (95%Cl
1.14 - 1.39, P=0.000) for the G allele of miR-499 rs3746444 in Chinese populations (data not shown). Six non-Chinese studies includ-
ing 702 patients and 765 control subjects were enrolled. Three studies from Iranian [42, 47, 48] showed a trend of elevated OR for
the risk allele G. Three studies, Saudi [39], Indian [41] and Iranian [44] showed a trend in the opposite direction. The overall frequen-
cy of the risk allele G was to 31.7% in cases and 28.1% in controls. Significant between-study heterogeneity was observed (P =0.000,
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I’ = 85.3%). A random effect model was performed and generated a combined allelic OR of 1.2 (95%Cl 0.7 - 1.8, P=0.502) for the G
allele of miR-499 rs3746444 in non-Chinese populations (data not shown).

C

Review: miR-27a rs895819 polymorphism and breast cancer in Asian populations

Comparison: breast cancer cases vs. Controls
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Figure 2C Forest plot for the association between miR-27a rs895819 polymorphism (A>G) and breast cancer risk in Asian populations under allele
contrast model comparison.

D. Mir-27a rs895819 A>G and breast cancer

Figure 2C represents the forest plot of risk allele OR of an individual studies and meta—analysis for association between miR-27a
rs895819 A>G gene polymorphism and breast cancer in a total of 1,967 patients and 2,012 control subjects from the seven studies.
Three studies, Chinese [35, 37] and Korean [51] showed a trend of elevated OR for the risk allele G of miR-27a rs895819. Four stu-
dies, Iranian [43] and Chinese [36, 49, 50] showed a trend in the opposite direction. The overall frequency of the risk allele G was to
33.04% in cases and 35.6% in controls. Significant between-study heterogeneity was observed (P= 0.010, I2=64.4%). A random effect
model was performed and generated a combined allelic OR of 0.91 (95%ClI 0.77 - 1.07, P=0. 0.253) for the G allele of miR-27a
rs895819 in the Asian populations.

In the stratified meta-analysis on the basis of ethnicity, five Chinese studies including 1478 patients and 1435 control subjects
enrolled. Two studies [35, 37] showed a trend of elevated OR for the risk allele G. Three studies [36, 49, 50] showed a trend in the
opposite direction. The overall frequency of the risk allele G was to 33.22% in cases and 33.75% in controls. No significant hetero-
geneity was detected between studies (P = 0. 0.684, I’ = 0.0%). A fixed effect model was performed and generated a combined allelic
OR of 0. 97 (95%CI 0.86 - 1.1, P=0.555) for the risk allele G of miR-27a rs895819 in Chinese populations (data not shown). Two non-
Chinese studies including 489 patients and 577 control subjects were enrolled. One study from Korea [51] showed a trend of ele-
vated OR for the risk allele G. One study from Iran [43] showed a trend in the opposite direction. The overall frequency of the risk
allele G was to 32.5% in cases and 40.12% in controls. Significant between-study heterogeneity was observed (P =0.008, I” = 85.9%).
A random effect model was performed and generated a combined allelic OR of 0.78 (95%Cl 0.47 - 1.3, P=0.330) for the G allele of
miR-27a rs895819 in non-Chinese populations (data not shown).
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Review: miR-423 rs6505162 polymorphism and breast cancer in Asian populations

Comparison: breast cancer cases vs. Controls
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Figure 2D Forest plot for the association between miR-423 rs6505162 polymorphism (C>A) and breast cancer risk in Asian populations under allele
contrast model comparison.

E. Mir-423 rs6505162 C>A and breast cancer

Figure 2D represents the forest plot of risk allele OR of an individual studies and meta—analysis for association between miR-423
rs6505162 C>A gene polymorphism and breast cancer in a total of 1,057 patients and 1,179 control subjects from the five studies.
Three studies, Chinese [36], Korean [51] and Saudi [53] showed a trend of elevated OR for the risk allele A of miR-423 rs6505162.
Two studies, from China [37, 52] showed a trend in the opposite direction. The overall frequency of the risk allele A was to 22.33% in
cases and 21.26% in controls. Significant between-study heterogeneity was observed (P = 0. 0.000, 1” = 87.8%). A random effect mod-
el was performed and generated a combined allelic OR of 1.11 (95%CI 0.72 - 1.73, P=0.638) for the A allele of miR-423 rs6505162 in
Asian populations. The population attributable risk (PAR) of the breast cancer related to this variant was 2.2%.

In the stratified meta-analysis on the basis of ethnicity, three Chinese studies including 821 patients and 831 control subjects
enrolled. One study [36] showed a trend of elevated OR for the risk allele A. Two studies [37, 52] showed a trend in the opposite di-
rection. The overall frequency of the risk allele A was to 19.0% in cases and 21.2% in controls. No significant heterogeneity was de-
tected between studies (P = 0. 0.199, I” = 38.0%). A fixed effect model was performed and generated a combined allelic OR of 0.875
(95%Cl 0.73 - 1.04, P=0.137) for the risk allele A of miR-423 rs6505162 in Chinese populations (data not shown). Two non-Chinese
studies including 236 patients and 348 control subjects were enrolled. The two studies, Korean [51] and Saudi [53] showed a trend of
elevated OR for the risk allele A. The overall frequency of the risk allele A was to 33.05% in cases and 21.41% in controls. Significant
between-study heterogeneity was observed (P =0.000, I” = 91.8%). A random effect model was performed and generated a combined
allelic OR of 1.8 (95%Cl 0.69 - 4.69, P=0.228) for the risk allele A of miR-423 rs6505162 in non-Chinese populations (data not shown).
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Review: miR-608 154919510 polymorphism and breast cancer in Asian populations
Comparison: breast cancer cases vs. Controls
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Figure 2E Forest plot for the association between miR-608 rs4919510 polymorphism (C>G) and breast cancer risk in Asian populations under allele
contrast model comparison.

F. Mir-608 rs4919510 C>G and breast cancer

Figure 2E represents the forest plot of risk allele OR of an individual studies and meta—analysis for association between miR-608
rs4919510 C>G gene polymorphism and breast cancer in a total of 2,185 patients and 2,625 control subjects from the five studies.
Two studies from China [37, 54] showed a trend of elevated OR for the risk allele G of miR-608 rs4919510. Three studies, Chinese
[46], Korea [51] and Iranian [55] showed a trend in the opposite direction. The overall frequency of the risk allele G was to 52.45% in
cases and 52.7% in controls. Significant between-study heterogeneity was observed (P = 0.015, I” = 67.6%). A random effect model
was performed and generated a combined allelic OR of 0.93 (95%Cl 0.78 - 1.11, P=0.431) for the G allele of miR-608 rs4919510 in
Asian populations.

In the stratified meta-analysis on the basis of ethnicity, three Chinese studies including 1,889 patients and 2,209 control subjects
enrolled. Two studies [37, 54] showed a trend of elevated OR for the risk allele G. One study [46] showed a trend in the opposite di-
rection. The overall frequency of the risk allele G was to 56.4% in cases and 56.0% in controls. Significant between-study heterogene-
ity was observed (P = 0.036, I’ = 69.8%). A random effect model was performed and generated a combined allelic OR of 1.00 (95%Cl
0.83 - 1.2, P=0.966) for the G allele of miR-608 rs4919510 in Chinese populations (data not shown). Two non-Chinese studies includ-
ing 296 patients and 416 control subjects were enrolled. The two studies, Korean [51] and Iranian [55] showed a trend of decreased
OR for the risk allele G. The overall frequency of the risk allele G was to 27.9% in cases and 35.22% in controls. Significant between-
study heterogeneity was observed (P =0.095, I° = 64.2%). A random effect model was performed and generated a combined allelic
OR of 0.73 (95%Cl 0.43 - 1.2, P=0.229) for the risk allele G of miR-608 rs4919510 in non-Chinese populations (data not shown).

IV. DISCUSSION
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Breast cancer is the one of most common malignant diseases in the world. Many treatment measures have been conducted in recent
decades. However, the morbidity and mortality are still high, and the prognosis is still poor. Recently, with the elucidation of patho-
genesis mechanism for the interactions between microRNAs and cancer development, an increasing amount of attention has been
paid to the association between the SNPs of microRNAs and breast cancer risks. Over the past decade, a growing number of case-
control studies have examined the association of several miRNAs SNPs with the risk of breast cancer in same or different ethnicities
have been published; [35-63]. However, the results were inconsistent and ofen contradictory.

Besides, several meta-analyses have been published [64-90], but, there was no clear consensus has been reached. Given the contro-
versial results in previous meta-analyses, and no previous meta-analysis was independently conducted in Asian populations. There-
fore, we conducted a more comprehensive approach and subgroup analysis of all Asian eligible case—control studies to investigate
this inconsistency, and evaluate more reliably the association between these five common miRNA SNPs (miR-146a rs2910164 G>C,
miR-499 rs3746444 A>G, miR-27a rs895819 A>G, miR-423 rs6505162 C>A and miR-608 rs4919510 C>G) and breast cancer risk, espe-
cially in Asian populations.

In the overall estimates, the results of the present meta-analysis demonstrate that only G allele of miR-499 rs3746444 was showed a
borderline association with an increased risk of the breast cancer in Asian populations, a combined allelic OR of 1.2 (95%Cl 1. 00 -
1.45, P=0.055) for the G allele of miR-499 rs3746444 polymorphismin Asian populations, and significant association with an in-
creased risk of the breast cancer in Chinese populations, a combined allelic OR of 1.3 (95%Cl 1.138 - 1.393, P=0.000) for the G allele
of miR-499 rs3746444 polymorphism in Chinese populations.This finding is consistent with the results of previously published meta-
analyses, in which the G allele of miR-499 rs3746444 was significantly associated with an increased risk of breast cancer in the overall
population and especially in Asians but not Caucasians [64, 67, 68, 70, 73 -76], in all subject but not in Asians ore Caucasian popula-
tion [65, 69, 77, 78, 79], and in Chinese but not in Asians [80]. Moreover, the other meta-analysis confirmed that the miR-499
rs3746444 was significantly associated with the risk for multiple types of cancer in different system; respiratory, digestive, urinary
and gynecological systems [81]. In addition, the result of Torruella-Loran et al., (2016) study reported that the variant allele of the
rs3746444 polymorphism gave rise to a higher level of miR-499 and caused a significant decrease in the expression of tumor sup-
pressor genes, thereby leading to an increase in breast cancer susceptibility [82]. Recently, in silico analysis showed that the A-to-G
substitution resulted in a higher affinity of miR-499 for tumor suppressor genes, which could explain the increased breast cancer
susceptibility associated with the variant allele [76]. However, the result of present meta-analysis was inconsistent with the other
meta-analysis [66]. The difference may be due to the limited number of studies used in this analysis and the relatively small number
of patients suitable for inclusion (nine in the present study vs. three in [66], which may have generated a fluctuated risk estimate
[83]. Furthermore, no significant association was detected for the other SNP, miR-146a rs2910164, miR-27a rs895819, miR-423
rs6505162 and miR-608 rs4919510 gene polymorphisms with breast cancer risk in the overall population or the ethnic subgroups
studied. For miR-146a rs2910164, the present meta-analysis did not detect any association between this SNP and breast cancer risk
in Asian populations. Similarly, in the ethnic subgroup analysis, the significant association were not observed in Chinese nor non-
Chinese populations. Consistent with previously reported results [66 - 68, 70, 72, 74, 79, 80, 84 - 87], which reported no association
of this SNP with the breast cancer risk in Caucasians or Asians. However, inconsistent with the others [64, 88], which reported a sig-
nificant association of this SNP with an increased risk of breast cancer in Caucasian but not in Asians population. For miR-27a
rs895819 A>G, the present meta-analysis did not detect any significant association between this SNP and breast cancer risk in Asian
populations, consistent with previously reported results [74], which reported no association of this SNP with the risk of breast cancer.
However, some previously meta-analyses were reported a significant association of miR-27a rs895819 A>G with decreased breast
cancer risk, especially in Caucasians but not Asians [70, 72, 89] or in all subject but not in Asian ore Caucasian populations [64, 90,
91]. For miR-423 rs6505162, the present meta-analysis did not detect any significant association between this SNP and breast cancer
risk in Asian populations, consistent with previously reported results [70, 71, 91], which reported no association of this SNP with the
breast cancer risk in Caucasians or Asians. For miR-608 rs4919510 C>G the present meta-analysis did not detect any significant asso-
ciation between this SNP and breast cancer risk in Asian populations, consistent with previously reported results [70, 72].

There are several specific limitations complicate the interpretation this meta-analysis. Firstly, the sample size was still relatively small
for the stratified analyses. Secondly, lack of original data of the included studies, which would allow for the adjustment by other co-
variants including age, gender, obesity, family history, environmental factors, lifestyle, smoking, drinking, and other personal habits.
Thirdly, although we limit our meta-analysis to Asian populations, meta-analysis still revealed significant between-study heterogenei-
ty, that was especially high for the miR-423 rs6505162 C>A polymorphism, which could interfere with our results. Between-study
heterogeneity probably due to: 1) Different baseline characteristics with regard to the distributions of age and gender, histological
type, tumor stage; 2) The sources of the control groups are slightly different: some from the population base, some from the hospital
base. The different sources of control may affect the representativeness of the sample; 3) Difference in the Genotyping methods
among the included studies which could bring about the existence of heterogeneity; 4) Hardy-Weinberg equilibrium is the principal
law in population genetic studies. Generally, meeting Hardy-Weinberg equilibrium suggests that samples have representation. The
genotypic distributions of these SNPs were in Hardy-Weinberg equilibrium in both breast cancer patients and control groups in all
selected studies for the present meta-analysis. Sometimes Hardy-Weinberg equilibrium was met, but the genotype frequency was
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not always consistent to that of the local population, although we used several statistical methods to minimize the effect of the hete-
rogeneity, including the random effects model, subgroup analysis, and meta-regression. Nevertheless, our results should be inter-
preted with caution.

In spite of these limitations, we believe that the results of the present meta-analysis are reliable for the several reasons. First, the
genotype distributions in the controls of this SNP were all mostly consistent with HWE. Second, no apparent publication bias was
observed by either Begg’s funnel plot or Egger’s test. Third, all included studies used high quality genotyping methods according to
the methodological quality assessment. Fourthly, the present study includes more new case-control studies thsn that of previously
reported meta-analysis, which will expand the sample size and thus get a more precise evaluation of association between these SNPs
and breast cancer risk. Moreover, the present meta-analysis provided the most comprehensive evaluation of the associations be-
tween the five common miRNAs SNPs, miR-146a rs2910164 G>C, miR-499 rs3746444 A>G, miR-27a rs895819 A>G, miR-423
rs6505162 C>A, miR-608 rs4919510 C>G gene polymorphisms and the breast cancer risk in Asian populations.

Interestingly, the etiology of breast cancer varies according to age of onset, menopausal status of women, exposure to hormone re-
placement therapies (HRTs), and patient ethnicity [100]. These multiple factors have been associated with differences in risk and out-
come. MiRNA expression varies between tumor types, and can exert a range of functional effects depending on the cellular context
[101]. MIiRNA expression and targeting should be significantly altered by the presence of single nucleotide polymorphisms (SNPs).
SNPs that affecting proteins responsible for post-transcriptional processing of miRNAs can signicantly affect miRNA function. miRNAs
go through two rounds of enzymatic processing after initial transcription-processes, which implicate miRNA-specicexonucleases,
transport proteins, and signaling cascades [102]. The resulting changes to levels of mature miRNA can have signicant effects on
breast cancer. The overall effect of a miR-SNP on miRNA function depends on its location; miR-SNPs can result in over-expression,
degradation, or transcriptional or translational inhibition of miRNAs or targeted mRNA [103].

V. CONCLUSION

To the best of our knowledge, this is the first, largest and most recent meta-analysis to investigate the association between five
common miRNA SNPs and the breast cancer risk in Asian populations. Though with limitations, this meta-analysis suggested that G
allele of miR-499 rs3746444 polymorphism was associated with the risk of breast cancer in Asians and especially in Chinese popula-
tions. However, no significant association was found for miR-146a rs2910164, miR-27a rs895819, miR-423 rs6505162 and miR-608
rs4919510 polymorphisms with the risk of breast cancer. These results should be treated with some caution due to the limitations
above. Therefore, more adequately powered studies with available complete information are still warranted to achieve a more com-
prehensive evaluation and reliable result for the associations of the five miRNAs SNPs with the risk of breast cancer in Asian popula-
tions.
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