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Background: MicroRNAs are a class of new noncoding RNA that play important roles in
the pathogenesis of tumor. Rs3746444 in miR-499 is suggested to be associated with cancer
susceptibility. In the present study, we assess the association between miR-499 rs3746444
polymorphism and cancer susceptibility through a meta-analysis.

Methods: We searched relevant articles from the PubMed and Embase databases. We screened
all the resulting articles for adherence to the inclusion and exclusion criteria. The associations
between miR-499 polymorphism and cancer susceptibility were estimated by computing the
odds ratios (ORs) and 95% confidence intervals (Cls). All analyses were performed using Stata
software.

Results: There are 18 datasets included in the analysis. Statistically significant associations
were found between the miR-499 rs3746444 polymorphism and susceptibility to cancer
(GG versus AA: OR =1.24, 95% CI: 1.01-1.52; G versus A: OR =1.11, 95% CI: 1.01-1.23).
A subsequent analysis, on the basis of ethnicity for the population characteristic, showed that
Asians had increased susceptibility to cancer (GG versus AA: OR =1.32, 95% CI: 1.09-1.59;
GG + AG versus AA: OR =1.17,95% CI: 1.01-1.37). In the subgroup analysis of tumor type,
none of the genetic models had statistically significant results. The meta-regression suggested
that race and cancer types are not the source of heterogeneity in the present meta-analysis. No
publication bias was detected by either the inverted funnel plot or Egger’s test.

Conclusion: Rs3746444 in miR-499 might be related to susceptibility to cancer.
Keywords: microRNA, single-nucleotide polymorphism, tumor, risk factor

Background

MicroRNAs (miRNAs) are a class of single-stranded noncoding RNAs typically com-
posed of about 17-25 nucleotides that widely exist in human cells and play an important
regulating role in many cellular processes, including proliferation, differentiation, and
apoptosis, and also function as tumor suppressors and oncogenes.'* By specifically
binding to the 3’-untranslated region of the target messenger (m)RNA, which leads to
the degradation of the target mRNA or suppression of protein synthesis, miRNAs can
regulate gene expression at the posttranscriptional level.? It was also found by several
previous studies that many miRNAs are abnormally expressed in different kinds of
cancer,”* and one study found that more than 50% of miRNA genes are located in
cancer-related genomic regions or in fragile sites,” so miRNAs potentially exert sig-
nificant effects on the development of human malignant tumors.

Single-nucleotide polymorphisms (SNPs), the most common type of muta-
tions in the human genome, have become a focus in cancer research. One study
has reported that miRNA regulates more than 30% of human genes;® even small
changes in miRNA expression or function may have an enormous effect on the
pathogenesis of numerous diseases. So SNPs in miRNA sequence may affect the

submit your manuscript
Dove

http:

OncoTargets and Therapy 2015:8 2179-2186 2179
© 2015 Xu et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)
Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S88224
mailto:xzf7090@outlook.com

Xu et al

Dove

miRNA biosynthesis and expression of coding genes and
have an association with cancer susceptibility. There are
some well-known SNPs in miRNA that affect the patho-
genesis of human cancers, and the most widely studied have
been miR-146a and miR-196a2 polymorphisms, including
in primary research studies and meta-analyses.”” "> A study
by Zhou et al found that rs3746444 A/G polymorphism in
miRNA-499 increases the risk of cervical squamous cell
carcinoma.’ Tian et al reported that rs3746444 A/G poly-
morphism was not associated with lung cancer risk.!" In
a population-based case-control study by Srivastava et al
which tried to elucidate the association between rs3746444
polymorphism and gallbladder cancer susceptibility, the
researchers failed to find any significant results.'¢ Although
the miRNA-499 gene polymorphism and cancer relationship
has been studied by many researchers, many conclusions
drawn from the different studies on the same topic are
inconsistent and have not reached consensus. This may be
due to the restrictions of sample size and heterogeneity in
cancer type and ethnicities.

Meta-analysis is a statistical technique for amalgamating,
summarizing, and reviewing previous quantitative research.
By using meta-analysis, a wide variety of questions can be
investigated, as long as a reasonable body of primary research
studies exists. In statistics, meta-analysis comprises statistical
methods for contrasting and combining results from differ-
ent studies in the hope of identifying patterns among study
results, sources of disagreement among those results, or
other interesting relationships that may come to light in the
context of multiple studies.!” Meta-analysis has been used to
give helpful insight into the overall effectiveness of interven-
tions, the relative impact of independent variables, and the
strength of relationships between variables. The inconsistent
published results of the association between miR-499 poly-
morphisms and cancer susceptibility may be attributed to the
size of the samples, the ethnicity of the sample population,
etc. In order to contribute to a better understanding of the role
of this gene in the occurrence of cancer, we performed an
updated meta-analysis on all available case-control studies,
combining data together to reach a larger sample size, to get
more statistical power to evaluate the relationship between
miRNA-499 and cancer risk.

Materials and methods

Data sources

We retrieved articles from PubMed using the following
terms: “miRNA or miR-499” and “cancer” and “polymor-
phism”. We evaluated potentially relevant publications by

examining their titles and abstracts, and all studies matching
the eligibility criteria were retrieved.

Study selection and data extraction
Qualifying studies were selected according to the following
explicit inclusion requirements: 1) evaluation of the miR-
499 rs3746444 polymorphism and cancer risks; 2) using the
methodology of a case-control study or cohort study; and
3) sufficient published data for the computation of odds ratios
(ORs) with 95% confidence intervals (Cls).

Duplicate and obviously unrelated articles were elimi-
nated by a single reviewer (ZX). Abstracts of the remaining
articles were examined independently by two reviewers (ZX
and EZ) to determine whether the full-text article should
be obtained. The following data were extracted from each
included article: first author’s name, publication date, country
of origin, ethnicity, cancer type, control characteristics, total
number of cases and controls, and numbers of cases and
controls with miR-499 rs3746444 genotypes.

Statistical methods

Hardy—Weinberg equilibrium (HWE) was firstly assessed
for each included study among control groups using the chi-
square test. We investigated the between-study heterogeneity
by the Cochran’s Q test and quantified by /? (a significance
level of P<<0.05 and/or ’=50%). To obtain summary asso-
ciations between miRNA polymorphism and cancer risk, we
performed initial analyses with a fixed-effects model and
then with a random-effects model if there was significant
heterogeneity. The summary associations between miR-499
1rs3746444 polymorphism and cancer risk were assessed by
pooled ORs corresponding to 95% CIs. Pooled ORs were
obtained by five genetic comparison models: heterozygote
comparison (AG versus AA for rs3746444); homozygote
comparison (GG versus AA for rs3746444); dominant model
(GG + AG versus AA for rs3746444); recessive model (GG
versus AG + AA for rs3746444); and allelic model (G ver-
sus A for rs3746444). The subgroup analysis according to
ethnicity was investigated to estimate ethnic-specific ORs
for Asians and Caucasians with five genetic comparison
models. Meanwhile, stratified analyses by tumor type were
also applied for each genetic comparison model.

The effect of publication bias was examined by inverted
funnel plots and the Egger’s test. The significance of the
intercept was determined by the Egger’s #-test as suggested
by the Egger’s test. All P-values were two-sided, and all
analyses were performed using Stata software version 11.0
(StataCorp LP, College Station, TX, USA).
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Results
According to the inclusion and exclusion criteria, a total of
39 articles were eligible. Nine of them were meta-analyses
and two were comments. Ten studies were excluded because
of no cancer risk and missing data. Finally, 18 articles were
included and used in quantitative synthesis for systematic
review. There were 7,906 cases and 9,392 controls in the
18 datasets for miR-499 (rs3746444) SNP. A flowchart of
the study selection process is shown in Figure 1. The char-
acteristics of the selected studies are summarized in Table 1.
In the 18 studies, sample sizes ranged from 190 to 3,746.
There were seven studies of Europeans and eleven studies of
Asians. Almost all of the cases were histologically confirmed.
Controls were mainly frequency matched by sex and age. The
distribution of genotypes in the controls was mostly in HWE,
except for four datasets of rs3746444. Studies with the con-
trols not in HWE were subjected to a sensitivity analysis.

In the control group, the G allele of miR-499 polymor-
phism across different ethnicities ranged from 0.21 to 0.58.

The average G allele frequencies among Asians and
Caucasians were 17.8% and 24.5%, respectively.

Data in Table 2 show that miR-499 rs3746444 polymor-
phism might be associated with cancer susceptibility in two
genetic models. Compared with individuals carrying the
AA genotype, individuals with the GG genotype were more
likely to develop cancer, and significant results were also seen
in the additive model (GG versus AA: OR =1.24, 95% CI:
1.01-1.52, P=0.014 for heterogeneity, ’=47.1%; G versus A:
OR =1.11, 95% CI: 1.01-1.23, P=0.000 for heterogeneity,
P’=65.6%) (Figures 2 and 3). Other genotypes had no statis-
tically significant results (AG versus AA: OR =1.06, 95%
CI: 0.94-1.21, P=0.000 for heterogeneity, ’=62.7%; GG +
AG versus AA: OR =1.11, 95% CI: 0.99-1.24, P=0.000 for
heterogeneity, ’=61.1%; GG versus AG + AA: OR =1.19,
95% CI: 0.97-1.48, P=0.002 for heterogeneity, ’=55.5%)
(Table 2).

Due to the heterogeneity in analysis, we characterized by
ethnicity and cancer type for the stratified analysis (Table 3).

)
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Figure | Flowchart of the study selection process.
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Table 2 Association between miR-499 (rs3746444) and cancer risk

Number of Fixed-effects, Randome-effects, P-value of I* (%)
datasets OR (95% CI) OR (95% CI) heterogeneity
AG versus AA 18 1.03 (0.96—1.10) 1.06 (0.94-1.21) 0.000 62.7
GG versus AA 18 1.21 (1.06—-1.39) 1.24 (1.01-1.52) 0.014 47.1
GG + AG versus AA 18 1.05 (0.99-1.12) I.11(0.99-1.24) 0.000 6l.1
GG versus AG + AA 18 1.18 (1.04-1.35) 1.19 (0.97-1.48) 0.002 555
G versus A 18 1.07 (1.01-1.13) .11 (1.01-1.23) 0.000 65.6

Notes: The between-study heterogeneity was assessed by P-values of the Cochran’s Q test (Phet) and I? (a significance level of P<<0.05 or [=50%). The significance of
association was evaluated by odds ratios (ORs) and their 95% confidence intervals (Cls) in a fixed-effects or random-effects model.

In Asians, comparing with wild genotype (AA), homozygote
genotype significantly increased the susceptibility to cancer
(GG versus AA: OR =1.32, 95% CI: 1.09-1.59), and a
significant result also could be found among those with the
dominant model (GG + AG versus AA: OR =1.17; 95% CI:
1.01-1.37). For the Caucasians, there were not significant
results for any model. In the stratified analysis by tumor
type, the relationship between rs3746444 polymorphism and
cancer susceptibility did not have statistical significance.
When discussing source of heterogeneity, meta-regression
demonstrated no statistical significance for race and cancer

type (P>0.05). Therefore, these two factors were not the
source of heterogeneity in the present meta-analysis.

Sensitivity analyses suggested that the present results
were stable. Every single study involved in the meta-analysis
was deleted each time to reflect the influence of the individual
dataset on the pooled ORs. This procedure did not change the
pooled ORs, supporting the robustness of our findings.

No publication bias was detected by either the inverted
funnel plot or Egger’s test. The shapes of the funnel plot for
the comparison of G-allelic and A-allelic rs3746444 SNP
seemed approximately symmetrical. P-values of the Egger’s

Study ID OR (95% Cl) % weight
Zhou et al?® —o-i— 0.88 (0.28, 2.76) 2.55
Xiang et al?° i — 3.60 (1.54, 8.42) 4.02
Kim et al?’ — 0.47 (0.12, 1.87) 1.88
Akkiz et al** —_— 1.15 (0.69, 1.90) 7.32
Tian et al" —J—E- 0.89 (0.51, 1.57) 6.61
Okubo et al® T 1.44 (0.88, 2.34) 7.55
Zhou et al® —_— 0.89 (0.37, 2.15) 3.80
Srivastava et al'® —-E-o— 1.51 (0.74, 3.08) 5.09
Hu et al* — 1.75 (1.08, 2.83) 7.68
Catucci et al?' IS 0.96 (0.72, 1.29) 10.50
Liu et al'® —oIJ:- 0.97 (0.66, 1.43) 8.98
George et al2 —_—t 0.83 (0.40, 1.71) 4.97
Mittal et al® —-o—:h 0.91 (0.51, 1.62) 6.42
Hasani et al®' —— 1.74 (0.71, 4.29) 3.70
Hu et al® —_— 0.90 (0.30, 2.67) 2.77
Hasani et al®! i—o— 2.32 (1.22,4.42) 5.73
Omrani et al®2 | —— 2.42 (1.43, 4.09) 7.08
Wei et al® —o—-i— 0.63 (0.24, 1.65) 3.36
Overall (P=47.1%, P=0.014) ) 1.24 (1.01, 1.52) 100
I
!
I [ [
0.01 0.1 1 10

Figure 2 Meta-analysis of the association between miR-499 polymorphism and cancer risk under the homogeneity model (GG versus AA).

Note: Weights are from random-effects analysis.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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Study ID OR (95% Cl) % weight
Zhou et al?® 1.03 (0.72, 1.47) 4.35
Xiang et al?® 2.02 (1.33, 3.06) 3.61
Kim et al?” 0.71 (0.49, 1.04) 4.05
Akkiz et al** 1.10 (0.84, 1.43) 5.69
Tian et al' 0.96 (0.80, 1.14) 7.48
Okubo et al?® 1.10 (0.90, 1.34) 6.97
Zhou et al® 1.45 (1.07, 1.98) 5.03
Srivastava et al'® 1.17 (0.88, 1.56) 5.38
Hu et al* - 1.27 (1.08, 1.50) 7.57
Catucci et al?' & 1.00 (0.89, 1.11) 8.61
Liu et al'® -o!i 0.88 (0.76, 1.02) 7.96
George et al?? ' 1.20 (0.89, 1.61) 5.22
Mittal et al?® —0:— 1.03 (0.78, 1.36) 5.57
Hasani et al*' “Ho— 1.32 (0.85, 2.05) 3.35
Hu et al*° —— 1.04 (0.73, 1.47) 4.47
Hasani et al® J:-o— 1.38 (0.99, 1.93) 4.62
Omrani et al®2 | —— 1.70 (1.27, 2.29) 5.23
Wei et al® =t 0.77 (0.56,1.06)  4.83
Overall (1?=65.6%, P=0.000) 1.11 (1.01, 1.23) 100

F—— —<>—

I I
0.01 0.1

N

10

Figure 3 Meta-analysis of the association between miR-499 polymorphism and cancer risk under the allelic model (G versus A).

Note: Weights are from random-effects analysis.
Abbreviations: Cl, confidence interval; OR, odds ratio.

tests were not statistically significant (AG versus AA: t=0.76,
P=0.456; GG versus AA: t=0.27, P=0.789; GG + AG versus
AA:=1.30,P=0.212: GG versus AG+ AA: =0.17, P=0.867;
G versus A: t=1.43, P=0.169).

Discussion

SNP is the most common type of human genetic variation
associated with cancer susceptibility and one of the important
causes of population diversity. Much research effort has been
directed toward understanding the role of SNPs located in
precursor and mature miRNA and their influences on suscep-
tibility to and progression of various diseases. Studies have
pointed out that the SNP in miRNA precursor and mature
miRNA may affect the process of gene coding and splicing
of the miRNA sequence, thus affecting varieties of cancer
susceptibility. These variations also make a contribution
to cancer susceptibility through modulating the transcrip-
tion of the primary transcript of miRNA processing and
maturation and miRNA-miRNA interaction, so playing an
important role in the carcinogenesis of various cancers.*!¢!8

Clarifying the association between miRNA SNP and cancer
risk will help to further elucidate the mechanism underlying
the carcinogenesis, in turn providing a new biomarker for
screening high-risk populations for cancer and promoting
the development of molecular-targeted therapy. Although
there are many studies on the association between miR-499
polymorphism and cancer susceptibility, researchers cannot
reach a definitive conclusion, possibly due to small sample
size and differences in cancer type and ethnicity. So, in order
to derive a more precise assessment of the relationship, we
performed this meta-analysis.

It is known that incidence of gene polymorphism varies
in different ethnicities. In our meta-analysis of association
between miR-499 rs3746444 and cancer risk, we found that
carriers of GG genotype have an increased risk for cancer
compared with carriers of AA genotype in an Asian popula-
tion, but not in a Caucasian population.

In the subgroup analysis of cancer type, we failed
to find any statistically significant associations between
rs3746444 and risk of several specific kinds of cancer, such
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Table 3 Pooled ORs and 95% Cls for miR-499 polymorphism from stratified meta-analysis

Subgroup Genotype Number Test of association Test of heterogeneity
of studies OR (95% CI) P-value Model Phet I (%)
Asian AG versus AA 13 1.14 (0.97-1.35) 0.13 R 0.001 63.3
GG versus AA 13 1.32 (1.09-1.59) 0.004 F 0.024 48.8
GG + AG versus AA I3 1.17 (1.01-1.37) 0.044 R 0.001 62.9
GG versus AG + AA 13 1.14 (0.84-1.54) 0418 R 0.004 584
G versus A 13 1.14 (1.00-1.31) 0.050 R 0.000 66.5
Caucasian AG versus AA 5 0.93 (0.84-1.03) 0.159 F 0.161 39.0
GG versus AA 5 I.11 (0.92-1.35) 0.277 F 0.125 445
GG + AG versus AA 5 0.96 (0.87-1.06) 0.388 F 0.321 14.6
GG versus AG + AA 5 1.24 (0.92-1.66) 0.156 R 0.059 56.0
G versus A 5 1.04 (0.91-1.18) 0.599 R 0.081 51.8
HCC AG versus AA 4 0.99 (0.78-1.26) 0.963 F 0.156 42.5
GG versus AA 4 1.27 (0.60-2.69) 0.540 R 0.040 63.8
GG + AG versus AA 4 1.09 (0.73-1.64) 0.674 R 0.024 68.2
GG versus AG + AA 4 1.26 (0.70-2.27) 0.447 R 0.107 50.8
G versus A 4 1.12 (0.78-1.62) 0.547 R 0.004 775
BC AG versus AA 4 1.07 (0.96-1.19) 0.210 F 0.395 0.0
GG versus AA 4 1.37 (0.86-2.17) 0.181 R 0.070 75.6
GG + AG versus AA 4 .11 (1.00-1.22) 0.051 F 0.133 46.4
GG versus AG + AA 4 1.33 (0.83-2.14) 0.242 R 0.003 783
G versus A 4 1.20 (0.97-1.49) 0.100 R 0.002 79.6
CcC AG versus AA 2 0.86 (0.52—1.43) 0.558 R 0.119 58.8
GG versus AA 2 1.61 (0.65-3.99) 0.306 R 0.141 53.8
GG + AG versus AA 2 1.05 (0.78-1.41) 0.729 F 0.924 0.0
GG versus AG + AA 2 1.68 (0.58-4.86) 0.340 R 0.085 66.3
G versus A 2 1.20 (0.95-1.53) 0.129 F 0.243 26.6

Notes: The significance of association was evaluated by ORs and their 95% Cls. The between-study heterogeneity was assessed by P-values of the Cochran’s Q test (Phet)

and I (a significance level of P<<0.05 or *=50%).

Abbreviations: BC, breast cancer; CC, colorectal cancer; Cl, confidence interval; F, fixed-effects model; HCC, hepatocellular carcinoma; OR, odds ratio; R, random-effects

model.

as hepatocellular carcinoma, lung cancer, breast cancer, and
gallbladder cancer. This may be due to the small sample size
and limited number of studies on the types of cancer involved
in our study, which could not provide a sufficient statistical
power for detecting the associations. More studies on special
kinds of malignant tumors should be considered to verify the
relationship in the future.

There are several limitations existing in this study that
should be considered. First, although the funnel plots and
Egger’s tests did not show statistical significance, we only
used English-language articles in the meta-analysis, so cer-
tain publication bias will exist. Second, the lack of original
data in some valuable research restricted us to continue study-
ing only some potential interactions, such as age, sex, family
history, environmental exposure factors, and lifestyle. Third,
this study lacks data from an African population.

Conclusion
We found that miR-499 rs3746444 GG genotype can increase
the risk for cancer in an Asian population. However, the

conclusion that rs3746444 in miR-499 is associated with
cancer risk needs more study to be confirmed, and further
consideration should be given to the influence of interactions
between genes and exposure factors on cancer.
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