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Abstract

MicroRNAs (miRNAs) are small non-coding RNA molecules, which participate in diverse biological processes and may
regulate tumor suppressor genes or oncogenes. Single nucleotide polymorphisms (SNPs) in miRNA may contribute to
diverse functional consequences, including cancer development, by altering miRNA expression. Numerous studies have
shown the association between miRNA SNPs and cancer risk; however, the results are generally debatable and inconclusive,
mainly due to limited statistical power. To assess the relationship between the five most common SNPs (miR-146a
rs2910164, miR-196a2 rs11614913, miR-499 rs3746444, miR-149 rs2292832, and miR-27a rs895919) and the risk cancer
development, we performed a meta-analysis of 66 published case-control studies. Crude odds ratios at 95% confidence
intervals were used to investigate the strength of the association. No association was observed between rs2910164 and
cancer risk in the overall group. However, in stratified analysis, we found that either the rs2910164 C allele or the CC
genotype was protective against bladder cancer, prostate cancer, cervical cancer, and colorectal cancer, whereas it was a
risk factor for papillary thyroid carcinoma and squamous cell carcinoma of the head and neck (SCCHN). Further, rs11614913
was found to be significantly associated with decreased cancer risk, in particular, for bladder cancer, gastric cancer, and
SCCHN. For miR-499, a significant association was found between the rs3746444 polymorphism and cancer risk in pooled
analysis. In subgroup analysis, similar results were mainly observed for breast cancer. Finally, no association was found
between rs2292832 and rs895919 polymorphisms and cancer risk in the overall group and in stratified analysis. In summary,
miR-196a2 rs11614913, miR-146a rs2910164, and miR-499 rs3746444 are risk factors for cancer development, whereas mir-
149 rs2292832 and miR-27a rs895919 are not associated with cancer risk.
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Introduction

Cancer is an outcome of unregulated expression of genes

involved in development, cell growth, and differentiation. Many

studies have shown that cancer is not only related to environ-

mental factors, but also to individuals’ genetic susceptibility

(predisposition). Recently, a new mechanism of microRNA

(miRNA)-mediated transcriptional regulation was elucidated [1].

MiRNAs are a class of single-stranded short (21,25 nt) RNAs,

which are evolutionarily well conserved but are non–protein-

coding. These RNAs regulate a broad range of biologic and

pathologic process, including apoptosis, proliferation, differentia-

tion, angiogenesis, and immune response, which are known to play

critical roles in carcinogenesis [1–3]. MiRNAs bind to the 39-

untranslated region of the target mRNAs, leading to their

degradation or translational suppression, thereby regulating the

expression of target genes at the post-transcriptional level [2].

Estimates suggest that a single miRNA can target hundreds of

mRNAs, and approximately 50% miRNA genes are located in

cancer-related chromosomal regions [4–7]. Studies have shown

that mature miRNAs regulate the expression of roughly 10–30%

of all human genes [8]. Moreover, recent studies have suggested

that miRNAs may participate in the carcinogenesis, progression

(proliferation, migration, and invasion), and prognosis of multiple

human malignancies by regulating the expression of tumor

suppressor genes or proto-oncogenes [9–12].

Single nucleotide polymorphisms (SNPs) are the most common

type of variation in the human genome, affecting sequence coding

and splicing, which can influence the population diversity, disease

susceptibility, and individual response to medicine [13]. SNPs can

alter miRNA expression and/or maturation to affect function in

three ways: through the transcription of the primary transcript,

through pri-miRNA and pre-miRNA processing, and by affecting

miRNA–mRNA interactions [14].

Many epidemiological studies have demonstrated the associa-

tion of SNPs in miRNAs with the development and progression of
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cancer [14,15]. MiR-146a rs2910164, miR-196a2 rs11614913,

miR-499 rs3746444, miR-149 rs2292832, and miR-27a rs895919

are well-established miRNA polymorphisms [16–28] that have

been reported to be associated with cancer risk [14]. However,

conclusions of these studies remain inconsistent due to heteroge-

neity of the cancer subtype, limited sample size, and differences in

the ethnicity of patients. To better assess the association of miR-

146a rs2910164, miR-196a2 rs11614913, miR-499 rs3746444,

miR-149 rs2292832, and miR-27a rs895919 in the miRNA genes

with cancer risk, we conducted a meta-analysis of all eligible

published case-control studies and evaluated the effect of the five

SNPs on overall cancer risk. The effects of tumor type, ethnicity,

source of controls, and sample size were also evaluated.

Materials and Methods

Publication Search
To identify all potentially eligible studies on miRNA polymor-

phisms and cancer risk, we carried out a systematic search on

PubMed, Web of Science, Science Direct, and Embase, covering

all papers published up to June 30, 2013, by using the search

terms: ‘‘microRNA 146a/196a2/499/149/27a’’, ‘‘mir-146a/

196a2/499/27a’’, ‘‘polymorphism’’, and ‘‘cancer’’. References of

the retrieved articles and review articles were also screened.

Eligible studies had to meet all of the following criteria: (a) full-text

study, (b) evaluation of the association between miRNA polymor-

phisms and cancer risk, (c) unrelated case-control design, and (d)

sufficient data for estimating the odds ratio (OR) with 95%

confidence interval (CI) and a P-value. Studies containing two or

more case-control groups were considered as two or more

independent studies.

Data Extraction
Two investigators independently reviewed and extracted

information from all publications that met the inclusion criteria.

In the case of a conflict, an agreement was reached by discussion

between the two reviewers. The following information was sought

from each publication: first author’s surname, year of publication,

country of origin, ethnicity, cancer type, genotyping method,

source of control groups, numbers of cases and controls for each

genotype.

Statistical Analysis
We first assessed the departure of frequencies of miRNA

polymorphisms from expectation under Hardy-Weinberg equilib-

rium (HWE) for each study by using the goodness-of-fit test (chi-

square or Fisher exact test) in controls. Crude OR corresponding

to 95% CI was used to assess the strength of the association

between miRNA polymorphisms and cancer risk according to the

methods published by Woolf et al [29]. The statistical significance

of the pooled OR was determined by the Z-test, and a P-value of

,0.05 was considered statistically significant. For miR-146a G/C,

we investigated the association between genetic variants and

cancer risk in allelic contrast (C vs. G), homozygote comparisons

(CC vs. GG), heterozygote comparisons (GC vs. GG), dominant

model (CC+GC vs. GG) and recessive models (CC vs. GC+GG),

respectively. The same method was applied to analyze other

polymorphisms. Subgroup analyses were also conducted by

ethnicity (Caucasian and Asian), cancer types (if one cancer type

contained only one individual study, it was combined into other

cancer subgroups), source of control (population-based and

hospital-based), and sample size (small sample: the total number

of controls and cases less than 1000; large sample: the total

number of controls and cases not less than 1000).

Statistical heterogeneity between studies was checked by

Cocharan’s chi-square based Q-test [30]. However, as the Q test

was insensitive in cases where studies were small or few, I2 values

were also calculated, which represent the percentage of total

variation across studies and provide a result of heterogeneity

rather than chance. If the P-value for heterogeneity was ,0.05, or

if I2 was $50%, indicating substantial heterogeneity among

studies, then a random-effect model using the DerSimonian and

Laird method [31], which yielded wider CIs, was chosen to

calculate the pooled OR; otherwise, a fixed-effect model using the

Mantel-Haenszel method [32] was used. One-way sensitivity

analyses were performed to assess the stability of the meta-analysis

results [33]. Potential publication bias was estimated using Egger’s

linear regression test by visual inspection of the Funnel plot. A P

value ,0.05 was used as an indication of potential publication bias

[34]. All statistical analyses were carried out with the STATA

software package version 10.0 (Stata Corporation, College Station,

TX).

Results

Study Identification
In total, 66 published articles [15–20,22–28,35–87] (Table 1),

with 127 comparisons, were identified through literature search

with different combinations of key terms and were selected based

on the inclusion criteria (Figure 1). During data extraction, 85 out

of 151 articles were excluded, including 34 articles on meta-

analysis, 35 articles that were not about cancer, 12 articles that

were concerned with cancer prognosis, 1 article that provided

incomplete polymorphism distribution data, and 3 articles that

lacked full text. Two articles [41,80] that did not provide the

distribution of all three genotypes in detail, but presented

genotypes as CC+GC and GG were still kept in our analysis. In

two studies [70,85], genotype frequencies were presented sepa-

rately according to the country of origin of the study subjects, and

thus each of these studies was treated as a separate study. In

addition, Zhang et al. [46] investigated two types of cancers in one

study. Each type of cancer in this article was considered separately

for meta-analysis.

Overall, 47, 38, 21, 12, and 9 studies were pooled for meta-

analysis of the rs2910164, rs11614913, rs3746444, rs2292832, and

rs895919, respectively. Among all the included articles, there were

11 articles on liver cancer and breast cancer each, 8 studies on

gastric cancer and colorectal cancer each, 5 studies on squamous

cell carcinoma of the head and neck (SCCHN), 4 studies on lung

cancer, 3 studies on bladder cancer and esophageal squamous cell

carcinoma (ESCC) each, 2 studies on prostate cancer, glioma

cancer, renal cell cancer, papillary thyroid carcinoma (PTC) and

cervical cancer each, and 1 study each on gallbladder cancer,

malignant melanoma and breast/ovarian cancer. The ethnicity of

subjects in 42 studies and 24 studies were Asian and Caucasian,

respectively. The controls from 37 studies came from a hospital-

based population, whereas 25 studies had population-based

controls. One study included both population-based and hospi-

tal-based controls [83], while three studies lacked the information

of control source [36,39,61]. To determine the SNPs, multiple

genotyping methods were employed including polymerase chain

reaction-restriction fragment length polymorphism (PCR-RFLP),

TaqMan assay, SNPlex, SNuPE Assay, high-resolution melting

analysis (HRMA), polymerase chain reaction-ligation detection

reaction (PCR-LDR), direct sequencing, SNaPshot, Sequenom’s

MassARRAY, fluorescence labeled hybridization (PCR-FRET),

polymerase chain reaction with confronting two-pair primers

(PCR-CTTP), Illumina’s GoldenGate, primer introduced
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SÓ
S

[2
9

]
2

0
1

3
H

u
n

g
ar

y
C

au
ca

si
an

SC
C

H
N

P
B

P
C

R
-R

FL
P

4
6

8
/4

6
8

2
8

4
/3

2
3

1
6

8
/1

3
6

1
6

/9
0

.2
2

4
3

So
n

g
[3

5
]

2
0

1
3

U
SA

C
au

ca
si

an
O

SC
C

H
B

P
C

R
-R

FL
P

3
2

5
/3

3
5

1
8

4
/2

0
3

–
–

–

4
4

V
in

ci
[3

3
]

2
0

1
3

It
al

y
C

au
ca

si
an

C
o

lo
re

ct
al

C
an

ce
r

N
R

H
R

M
A

1
6

0
/1

7
8

8
6

/1
0

0
5

7
/6

5
1

7
/1

3
0

.5
9

4
5

W
e

i
[3

1
]

2
0

1
3

C
h

in
a

A
si

an
P

T
C

P
B

m
as

sA
R

R
A

Y
7

5
3

/7
6

0
1

3
6

/1
3

8
3

2
3

/3
4

5
2

9
4

/2
7

7
0

.0
9

4
6

W
e

i
[8

7
]

2
0

1
3

C
h

in
a

A
si

an
ES

C
C

H
B

m
as

sA
R

R
A

Y
3

6
8

/3
7

0
6

7
/6

7
1

8
4

/1
8

1
1

1
7

/1
2

2
0

.9
9

4
7

Y
am

as
h

it
a

[3
0

]
2

0
1

3
Ja

p
an

A
si

an
M

al
ig

n
an

t
m

e
la

n
o

m
a

N
R

P
C

R
-R

FL
P

5
0

/1
0

7
0

/3
3

5
/5

3
1

5
/5

1
0

.0
1

m
iR

-1
9

6
a

2
rs

1
1

6
1

4
9

1
3

C
C

C
T

T
T

1
H

o
ri

ka
w

a
[2

2
]

2
0

0
8

U
SA

C
au

ca
si

an
R

e
n

al
C

e
ll

ca
n

ce
r

P
B

SN
P

le
x

as
sa

y
2

7
6

/2
7

7
1

0
5

/1
0

1
1

2
6

/1
1

7
4

5
/5

9
0

.0
2

2
Y

an
g

[8
6

]
2

0
0

8
U

SA
C

au
ca

si
an

B
la

d
d

e
r

C
an

ce
r

P
B

SN
P

le
x

as
sa

y
7

3
6

/7
3

1
2

5
5

/2
5

7
3

4
8

/3
4

2
1

3
3

/1
3

2
0

.3
2

3
H

o
ff

m
an

[8
3

]
2

0
0

9
U

SA
C

au
ca

si
an

B
re

as
t

C
an

ce
r

P
B

/H
B

m
as

sA
R

R
A

Y
4

2
6

/4
6

6
1

8
1

/1
6

6
2

0
9

/2
2

9
3

6
/7

1
0

.5
8

4
H

u
[8

1
]

2
0

0
9

C
h

in
a

A
si

an
B

re
as

t
C

an
ce

r
P

B
P

C
R

-R
FL

P
1

0
0

9
/1

0
9

3
2

3
9

/2
1

8
4

8
3

/5
1

7
2

8
7

/3
5

8
0

.2
1

5
T

ia
n

[8
2

]
2

0
0

9
C

h
in

a
A

si
an

Lu
n

g
C

an
ce

r
P

B
P

C
R

-R
FL

P
1

0
5

8
/1

0
3

5
2

5
3

/2
0

9
5

1
2

/5
1

9
2

9
3

/3
0

7
0

.7
0

6
C

at
u

cc
i

[7
0

]
2

0
1

0
It

al
y

C
au

ca
si

an
B

re
as

t
C

an
ce

r
P

B
T

aq
M

an
7

5
1

/1
2

4
3

3
3

4
/5

3
2

3
3

0
/5

5
0

8
7

/1
6

1
0

.3
2

7
C

at
u

cc
i

[7
0

]
2

0
1

0
G

e
rm

an
y

C
au

ca
si

an
B

re
as

t
C

an
ce

r
P

B
T

aq
M

an
1

1
0

1
/1

4
9

6
4

3
2

/5
8

4
5

1
2

/6
9

6
1

5
7

/2
1

6
0

.7
1

8
C

h
ri

st
e

n
se

n
[8

0
]

2
0

1
0

U
SA

C
au

ca
si

an
SC

C
H

N
P

B
T

aq
m

an
4

8
4

/5
5

5
1

8
2

/1
8

8
–

–
–

9
D

o
u

[7
7

]
2

0
1

0
C

h
in

a
A

si
an

G
lio

m
a

H
B

P
C

R
-L

D
R

6
4

3
/6

5
6

1
1

1
/1

4
3

3
4

3
/3

0
5

1
8

9
/2

0
8

0
.1

2

1
0

K
im

[7
5

]
2

0
1

0
K

o
re

a
A

si
an

Lu
n

g
C

an
ce

r
H

B
P

C
R

-F
R

ET
6

5
4

/6
4

0
1

8
7

/1
5

5
3

0
5

/3
0

0
1

6
2

/1
8

5
0

.1
3

1
1

Li
[6

7
]

2
0

1
0

C
h

in
a

A
si

an
Li

ve
r

C
an

ce
r

H
B

P
C

R
-R

FL
P

3
1

0
/2

2
2

7
8

/4
2

1
5

0
/1

0
2

8
2

/7
8

0
.4

0

1
2

Li
u

[7
1

]
2

0
1

0
U

SA
C

au
ca

si
an

SC
C

H
N

H
B

P
C

R
-R

FL
P

1
1

0
9

/1
1

3
0

3
5

0
/3

8
3

5
6

5
/5

4
5

1
9

4
/2

0
2

0
.7

4

1
3

O
ku

b
o

[2
0

]
2

0
1

0
Ja

p
an

A
si

an
G

as
tr

ic
C

an
ce

r
H

B
P

C
R

-R
FL

P
5

5
2

/6
9

7
1

0
5

/1
2

4
2

8
1

/3
5

0
1

6
6

/2
2

3
0

.5
1

MicroRNA Polymorphisms and Cancer Risk

PLOS ONE | www.plosone.org 4 November 2013 | Volume 8 | Issue 11 | e79584



T
a

b
le

1
.

C
o

n
t.

A
u

th
o

r
R

e
f

Y
e

a
r

C
o

u
n

tr
y

E
th

n
ic

it
y

C
a

n
ce

r
ty

p
e

D
e

si
g

n
G

e
n

o
ty

p
in

g
m

e
th

o
d

s
N

u
m

b
e

r
o

f
ca

se
s/

co
n

tr
o

ls

G
e

n
o

ty
p

e
s

d
is

tr
ib

u
ti

o
n

o
f

ca
se

s/
co

n
tr

o
ls

H
W

E
(P

)

m
iR

-1
4

6
a

rs
2

9
1

0
1

6
4

G
G

G
C

C
C

1
4

P
e

n
g

[7
8

]
2

0
1

0
C

h
in

a
A

si
an

G
as

tr
ic

C
an

ce
r

H
B

P
C

R
-R

FL
P

2
1

3
/2

1
3

7
6

/1
6

1
9

4
/1

0
7

4
3

/5
0

0
.9

4

1
5

Q
i

[7
2

]
2

0
1

0
C

h
in

a
A

si
an

Li
ve

r
C

an
ce

r
H

B
P

C
R

-L
D

R
3

6
1

/5
9

0
8

2
/1

2
5

1
7

9
/3

0
4

1
0

0
/1

6
1

0
.4

0

1
6

Sr
iv

as
ta

va
[7

9
]

2
0

1
0

In
d

ia
A

si
an

G
al

lb
la

d
d

e
r

C
an

ce
r

P
B

P
C

R
-R

FL
P

2
3

0
/2

3
0

1
1

9
/1

3
6

9
5

/7
5

1
6

/1
9

0
.0

7

1
7

W
an

g
[7

6
]

2
0

1
0

C
h

in
a

A
si

an
ES

C
C

H
B

SN
aP

sh
o

t
4

5
8

/4
8

9
1

4
8

/1
2

8
2

6
2

/2
5

0
4

8
/1

1
1

0
.6

0

1
8

A
kk

iz
[5

9
]

2
0

1
1

T
u

rk
e

y
C

au
ca

si
an

Li
ve

r
C

an
ce

r
H

B
P

C
R

-R
FL

P
1

8
5

/1
8

5
7

7
/5

8
8

6
/8

7
2

2
/4

0
0

.4
9

1
9

G
e

o
rg

e
[6

2
]

2
0

1
1

In
d

ia
A

si
an

P
ro

st
at

e
C

an
ce

r
P

B
P

C
R

-R
FL

P
1

5
9

/2
3

0
5

5
/1

0
6

1
0

1
/1

1
4

3
/1

0
0

.0
0

2
0

H
o

n
g

[6
4

]
2

0
1

1
K

o
re

a
A

si
an

Lu
n

g
C

an
ce

r
H

B
T

aq
m

an
4

0
6

/4
2

8
8

6
/9

6
2

2
4

/1
9

8
9

6
/1

3
4

0
.1

6

2
1

Je
d

lin
sk

i
[6

3
]

2
0

1
1

A
u

st
ra

lia
C

au
ca

si
an

B
re

as
t

C
an

ce
r

P
B

P
C

R
-R

FL
P

1
8

7
/1

7
1

6
8

/5
8

8
6

/8
2

3
3

/3
1

0
.8

3

2
2

M
it

ta
l

[1
5

]
2

0
1

1
In

d
ia

A
si

an
B

la
d

d
e

r
C

an
ce

r
P

B
P

C
R

-R
FL

P
2

1
2

/2
5

0
7

6
/1

0
9

1
3

1
/1

2
7

5
/1

4
0

.0
0

2
3

V
in

ci
[6

1
]

2
0

1
1

It
al

y
C

au
ca

si
an

N
SC

LC
N

R
H

R
M

A
1

0
1

/1
2

9
3

5
/5

8
5

4
/6

1
1

2
/1

0
0

.2
7

2
4

Z
h

an
[5

7
]

2
0

1
1

C
h

in
a

A
si

an
C

o
lo

re
ct

al
C

an
ce

r
H

B
P

C
R

-R
FL

P
2

5
2

/5
4

3
6

8
/1

1
3

1
2

8
/2

6
7

5
6

/1
6

3
0

.8
5

2
5

Z
h

an
g

[5
8

]
2

0
1

1
C

h
in

a
A

si
an

Li
ve

r
C

an
ce

r
H

B
P

IR
A

–
P

C
R

9
3

4
/1

6
2

2
2

0
8

/3
2

8
4

4
9

/8
1

7
2

7
7

/4
7

7
0

.5
2

2
6

Z
h

o
u

[1
9

]
2

0
1

1
C

h
in

a
A

si
an

C
SC

C
H

B
P

C
R

-R
FL

P
2

2
6

/3
0

9
4

6
/5

8
1

2
3

/1
6

9
5

7
/8

2
0

.0
8

2
7

A
ls

h
at

w
i

[4
0

]
2

0
1

2
Sa

u
d

i
A

si
an

B
re

as
t

C
an

ce
r

P
B

T
aq

M
an

1
0

0
/1

0
0

3
5

/4
6

6
3

/5
0

2
/4

0
.0

3

2
8

C
h

e
n

[4
9

]
2

0
1

2
C

h
in

a
A

si
an

C
R

C
H

B
P

C
R

–
LD

R
1

2
6

/4
0

7
2

7
/9

4
6

4
/2

0
6

3
5

/1
0

7
0

.7
9

2
9

C
h

u
[4

2
]

2
0

1
2

C
h

in
a

A
si

an
O

ra
l

C
an

ce
r

H
B

P
C

R
-P

FL
P

4
7

0
/4

2
5

5
7

/8
7

2
7

7
/2

0
6

1
3

6
/1

3
2

0
.6

9

3
0

H
e

zo
va

[5
1

]
2

0
1

2
C

ze
ch

C
au

ca
si

an
C

o
lo

re
ct

al
C

an
ce

r
H

B
T

aq
M

an
1

9
7

/2
1

2
8

2
/8

7
8

9
/1

0
3

2
6

/2
2

0
.2

9

3
1

K
im

[4
6

]
2

0
1

2
K

o
re

a
A

si
an

Li
ve

r
C

an
ce

r
P

B
P

C
R

-R
FL

P
2

8
6

/2
0

1
5

8
/4

5
1

5
4

/1
0

7
7

4
/4

9
0

.3
6

3
2

Li
n

h
ar

e
s

[5
2

]
2

0
1

2
B

ra
zi

l
C

au
ca

si
an

B
re

as
t

C
an

ce
r

H
B

T
aq

M
an

3
2

5
/2

7
4

8
3

/9
4

1
4

8
/1

1
4

9
4

/6
6

0
.0

0

3
3

M
in

[3
9

]
2

0
1

2
K

o
re

a
A

si
an

C
o

lo
re

ct
al

C
an

ce
r

H
B

P
C

R
-R

FL
P

4
4

6
/5

0
2

1
2

0
/1

0
0

2
0

1
/2

5
4

1
2

5
/1

4
8

0
.6

3

3
4

Z
h

an
g

[4
4

]
2

0
1

2
C

h
in

a
A

si
an

B
re

as
t

C
an

ce
r

P
B

P
C

R
-R

FL
P

2
4

8
/2

4
3

1
/1

7
8

9
/9

3
1

4
8

/1
3

3
0

.8
9

3
5

Z
h

u
[4

8
]

2
0

1
2

C
h

in
a

A
si

an
C

o
lo

re
ct

al
C

an
ce

r
H

B
T

aq
M

an
5

7
3

/5
8

8
1

4
0

/1
2

1
3

0
3

/2
9

5
1

3
0

/1
7

2
0

.7
9

3
6

So
n

g
[3

5
]

2
0

1
3

U
SA

C
au

ca
si

an
O

SC
C

H
B

P
C

R
-R

FL
P

3
2

5
/3

3
5

9
5

/9
6

–
–

–

3
7

V
in

ci
[3

3
]

2
0

1
3

It
al

y
C

au
ca

si
an

C
R

C
N

R
H

R
M

A
1

6
0

/1
7

8
6

2
/8

3
8

6
/8

4
1

2
/1

1
0

.0
9

3
8

W
e

i
[8

7
]

2
0

1
3

C
h

in
a

A
si

an
ES

C
C

H
B

m
as

sA
R

R
A

Y
3

6
7

/3
7

0
6

5
/8

7
1

9
6

/1
7

0
1

0
6

/1
1

3
0

.1
4

m
iR

-4
9

9
rs

3
7

4
6

4
4

4

T
T

T
C

C
C

1
H

u
[8

1
]

2
0

0
9

C
h

in
a

A
si

an
B

re
as

t
C

an
ce

r
P

B
P

C
R

-R
FL

P
1

0
9

3
/1

0
0

9
7

0
7

/8
1

6
2

5
8

/2
4

8
4

4
/2

9
0

.0
6

2
T

ia
n

[8
2

]
2

0
0

9
C

h
in

a
A

si
an

Lu
n

g
C

an
ce

r
P

B
P

C
R

-R
FL

P
1

0
3

5
/1

0
5

8
7

8
1

/7
5

5
2

5
3

/2
5

4
2

4
/2

6
0

.4
0

3
C

at
u

cc
i

[7
0

]
2

0
1

0
It

al
y

C
au

ca
si

an
B

re
as

t
C

an
ce

r
P

B
Se

q
u

e
n

ci
n

g
1

2
4

2
/7

5
6

4
1

4
/7

0
4

2
9

5
/4

5
2

4
7

/8
6

0
.2

5

4
C

at
u

cc
i

[7
0

]
2

0
1

0
G

e
rm

an
y

C
au

ca
si

an
B

re
as

t
C

an
ce

r
P

B
Se

q
u

e
n

ci
n

g
9

2
5

/8
2

3
5

3
6

/6
0

1
2

5
0

/2
9

0
3

7
/3

4
0

.8
9

MicroRNA Polymorphisms and Cancer Risk

PLOS ONE | www.plosone.org 5 November 2013 | Volume 8 | Issue 11 | e79584



T
a

b
le

1
.

C
o

n
t.

A
u

th
o

r
R

e
f

Y
e

a
r

C
o

u
n

tr
y

E
th

n
ic

it
y

C
a

n
ce

r
ty

p
e

D
e

si
g

n
G

e
n

o
ty

p
in

g
m

e
th

o
d

s
N

u
m

b
e

r
o

f
ca

se
s/

co
n

tr
o

ls

G
e

n
o

ty
p

e
s

d
is

tr
ib

u
ti

o
n

o
f

ca
se

s/
co

n
tr

o
ls

H
W

E
(P

)

m
iR

-1
4

6
a

rs
2

9
1

0
1

6
4

G
G

G
C

C
C

5
Li

u
[7

1
]

2
0

1
0

U
SA

C
au

ca
si

an
SC

C
H

N
H

B
P

C
R

-R
FL

P
1

1
3

0
/1

1
0

9
7

4
5

/7
1

0
3

0
9

/3
6

6
5

5
/5

4
0

.4
4

6
O

ku
b

o
[2

0
]

2
0

1
0

Ja
p

an
A

si
an

G
as

tr
ic

C
an

ce
r

H
B

P
C

R
-R

FL
P

6
9

7
/5

5
2

3
6

4
/4

6
6

1
5

1
/1

9
8

3
7

/3
3

0
.0

5

7
Sr

iv
as

ta
va

[7
9

]
2

0
1

0
In

d
ia

A
si

an
G

al
lb

la
d

d
e

r
C

an
ce

r
P

B
P

C
R

-R
FL

P
2

3
0

/2
3

0
1

1
2

/1
2

1
9

7
/9

4
2

1
/1

5
0

.5
7

8
A

kk
iz

[5
9

]
2

0
1

1
T

u
rk

e
y

C
au

ca
si

an
Li

ve
r

C
an

ce
r

H
B

P
C

R
-R

FL
P

2
2

2
/2

2
2

4
5

/4
7

8
7

/9
3

9
0

/8
2

0
.0

4

9
G

e
o

rg
e

[6
2

]
2

0
1

1
In

d
ia

A
si

an
P

ro
st

at
e

C
an

ce
r

P
B

P
C

R
-R

FL
P

2
3

0
/1

5
9

4
8

/1
0

4
9

8
/9

2
1

3
/3

4
0

.0
7

1
0

M
it

ta
l

[1
5

]
2

0
1

1
In

d
ia

A
si

an
B

la
d

d
e

r
C

an
ce

r
P

B
P

C
R

-R
FL

P
2

5
0

/2
1

2
9

5
/1

2
1

9
2

/9
4

2
5

/3
5

0
.0

2

1
1

V
in

ci
[6

1
]

2
0

1
1

It
al

y
C

au
ca

si
an

Lu
n

g
C

an
ce

r
N

R
H

R
M

A
1

2
9

/1
0

1
5

3
/7

0
4

1
/4

8
7

/1
1

0
.5

0

1
2

Z
h

o
u

[1
9

]
2

0
1

1
C

h
in

a
A

si
an

C
SC

C
H

B
P

C
R

-R
FL

P
3

0
9

/2
2

6
1

3
4

/2
2

3
8

4
/7

1
8

/1
5

0
.0

0

1
3

A
ls

h
at

w
i

[4
0

]
2

0
1

2
Sa

u
d

i
A

si
an

B
re

as
t

C
an

ce
r

P
B

T
aq

M
an

1
0

0
/1

0
0

3
0

/4
5

6
2

/4
0

8
/1

5
0

.2
3

1
4

C
h

u
[4

2
]

2
0

1
2

C
h

in
a

A
si

an
O

ra
l

C
an

ce
r

H
B

P
C

R
-P

FL
P

4
2

5
/2

7
0

3
3

9
/3

5
6

1
1

9
/6

6
1

2
/3

0
.9

8

1
5

K
im

[4
6

]
2

0
1

2
K

o
re

a
A

si
an

Li
ve

r
C

an
ce

r
P

B
P

C
R

-R
FL

P
2

0
1

/2
8

6
2

0
0

/1
2

0
8

1
/7

4
5

/7
0

.2
8

1
6

M
in

[3
9

]
2

0
1

2
K

o
re

a
A

si
an

C
o

lo
re

ct
al

C
an

ce
r

H
B

P
C

R
-R

FL
P

5
0

2
/4

4
6

2
9

2
/3

3
4

1
4

2
/1

5
4

1
2

/1
4

0
.4

5

1
7

X
ia

n
g

[3
8

]
2

0
1

2
C

h
in

a
A

si
an

Li
ve

r
C

an
ce

r
H

B
P

C
R

-R
FL

P
2

0
0

/1
0

0
3

6
/1

0
6

4
0

/7
1

2
4

/2
3

0
.0

4

1
8

Z
h

o
u

[3
7

]
2

0
1

2
C

h
in

a
A

si
an

Li
ve

r
C

an
ce

r
P

B
P

C
R

-R
FL

P
4

8
3

/1
8

6
1

4
1

/3
7

1
4

1
/1

0
0

4
/1

2
0

.1
0

1
9

So
n

g
[3

5
]

2
0

1
3

U
SA

C
au

ca
si

an
O

SC
C

H
B

P
C

R
-R

FL
P

3
2

5
/3

3
5

1
8

4
/2

1
4

–
–

–

2
0

V
in

ci
[3

3
]

2
0

1
3

It
al

y
C

au
ca

si
an

C
R

C
N

R
H

R
M

A
1

7
8

/1
6

0
9

3
/1

0
5

3
2

/5
6

3
5

/1
7

0
.0

3

2
1

W
e

i
[8

7
]

2
0

1
3

C
h

in
a

A
si

an
ES

C
C

H
B

m
as

sA
R

R
A

Y
3

5
8

/3
7

6
2

9
1

/2
8

9
6

0
/7

6
7

/1
1

0
.1

4

m
iR

-1
4

9
rs

2
2

9
2

8
3

2

C
C

C
T

T
T

1
H

u
[8

1
]

2
0

0
9

C
h

in
a

A
si

an
B

re
as

t
C

an
ce

r
P

B
P

C
R

-R
FL

P
1

0
0

9
/1

0
9

3
4

5
0

/4
8

2
4

6
0

/5
0

3
9

9
/1

0
8

0
.1

6

2
T

ia
n

[8
2

]
2

0
0

9
C

h
in

a
A

si
an

Lu
n

g
C

an
ce

r
P

B
P

C
R

-R
FL

P
1

0
5

8
/1

0
3

5
1

2
3

/1
1

2
4

7
2

/4
5

3
4

6
3

/4
7

0
0

.8
6

3
Li

u
[7

1
]

2
0

1
0

U
SA

C
au

ca
si

an
SC

C
H

N
H

B
P

C
R

-R
FL

P
1

1
0

9
/1

1
3

0
5

8
0

/5
8

6
4

4
1

/4
4

5
8

8
/9

9
0

.2
7

4
V

in
ci

[6
1

]
2

0
1

1
It

al
y

C
au

ca
si

an
N

SC
LC

N
R

H
R

M
A

1
0

1
/1

2
9

4
4

/6
5

4
1

/5
3

1
6

/1
1

0
.9

7

5
C

h
u

[4
2

]
2

0
1

2
C

h
in

a
A

si
an

O
ra

l
C

an
ce

r
H

B
P

C
R

-P
FL

P
4

7
0

/4
2

5
3

7
/2

6
8

8
/8

4
3

4
5

/3
1

5
0

.0
0

6
K

im
[4

6
]

2
0

1
2

K
o

re
a

A
si

an
Li

ve
r

C
an

ce
r

P
B

P
C

R
-R

FL
P

2
8

6
/2

0
1

2
4

/2
1

1
1

3
/9

7
1

4
9

/8
3

0
.3

4

7
M

in
[3

9
]

2
0

1
2

K
o

re
a

A
si

an
C

o
lo

re
ct

al
C

an
ce

r
H

B
P

C
R

-R
FL

P
4

4
6

/5
0

2
4

8
/5

1
1

7
7

/2
1

9
2

2
1

/2
3

2
0

.9
5

8
Z

h
an

g
[4

3
]

2
0

1
2

C
h

in
a

A
si

an
C

o
lo

re
ct

al
C

an
ce

r
P

B
P

C
R

-R
FL

P
4

4
3

/4
3

5
5

0
/4

6
1

9
0

/2
0

2
2

0
3

/1
8

7
0

.4
3

9
Z

h
an

g
[4

3
]

2
0

1
2

C
h

in
a

A
si

an
G

as
tr

ic
C

an
ce

r
P

B
P

C
R

-R
FL

P
2

7
4

/2
6

9
4

1
/3

5
1

0
1

/1
2

0
1

3
2

/1
1

4
0

.7
0

1
0

Z
h

an
g

[4
4

]
2

0
1

2
C

h
in

a
A

si
an

B
re

as
t

C
an

ce
r

P
B

P
C

R
-R

FL
P

2
4

5
/2

2
9

2
3

/2
4

1
0

2
/1

1
3

1
2

0
/9

2
0

.2
1

1
1

So
n

g
[3

5
]

2
0

1
3

U
SA

C
au

ca
si

an
O

SC
C

H
B

P
C

R
-R

FL
P

3
2

5
/3

3
5

1
5

8
/1

6
2

–
–

–

MicroRNA Polymorphisms and Cancer Risk

PLOS ONE | www.plosone.org 6 November 2013 | Volume 8 | Issue 11 | e79584



T
a

b
le

1
.

C
o

n
t.

A
u

th
o

r
R

e
f

Y
e

a
r

C
o

u
n

tr
y

E
th

n
ic

it
y

C
a

n
ce

r
ty

p
e

D
e

si
g

n
G

e
n

o
ty

p
in

g
m

e
th

o
d

s
N

u
m

b
e

r
o

f
ca

se
s/

co
n

tr
o

ls

G
e

n
o

ty
p

e
s

d
is

tr
ib

u
ti

o
n

o
f

ca
se

s/
co

n
tr

o
ls

H
W

E
(P

)

m
iR

-1
4

6
a

rs
2

9
1

0
1

6
4

G
G

G
C

C
C

1
2

V
in

ci
[3

3
]

2
0

1
3

It
al

y
C

au
ca

si
an

C
R

C
N

R
H

R
M

A
1

6
0

/1
7

8
7

9
/8

6
5

8
/7

5
2

3
/1

7
0

.9
1

m
iR

-2
7

a
rs

8
9

5
9

1
9

A
A

A
G

G
G

1
H

o
ff

m
an

[8
3

]
2

0
0

9
U

SA
M

ix
e

d
B

re
as

t
C

an
ce

r
P

B
/H

B
m

as
sA

R
R

A
Y

4
3

4
/4

7
7

1
8

4
/2

2
0

2
0

0
/2

1
1

5
0

/4
6

0
.6

5

2
Su

n
[7

3
]

2
0

1
0

C
h

in
a

A
si

an
G

as
tr

ic
C

an
ce

r
H

B
P

C
R

-R
FL

P
3

0
4

/3
0

4
1

1
5

/1
4

5
1

3
5

/1
1

9
5

4
/4

0
0

.0
5

3
Y

an
g

[7
4

]
2

0
1

0
G

e
rm

an
y

C
au

ca
si

an
B

re
as

t
C

an
ce

r
P

B
Se

q
u

e
n

ci
n

g
1

1
8

9
/1

4
1

6
5

7
6

/6
0

5
4

8
6

/6
6

0
1

2
7

/1
5

1
0

.1
4

4
C

at
u

cc
i

[5
3

]
2

0
1

2
It

al
y

C
au

ca
si

an
B

re
as

t
C

an
ce

r
P

B
T

aq
M

an
1

0
2

5
/1

5
9

3
5

4
7

/8
0

3
3

8
8

/6
3

3
9

0
/1

5
7

0
.0

5

5
H

e
zo

va
[5

1
]

2
0

1
2

C
ze

ch
C

au
ca

si
an

C
o

lo
re

ct
al

C
an

ce
r

H
B

T
aq

M
an

1
9

7
/2

1
2

8
8

/9
3

8
6

/9
4

2
3

/2
5

0
.2

9

6
Sh

i
[4

5
]

2
0

1
2

C
h

in
a

A
si

an
R

e
n

al
C

e
ll

C
an

ce
r

H
B

T
aq

M
an

5
9

4
/6

0
0

3
3

4
/2

8
8

2
1

3
/2

6
2

4
7

/5
0

0
.3

7

7
Z

h
an

g
[4

4
]

2
0

1
2

C
h

in
a

A
si

an
B

re
as

t
C

an
ce

r
P

B
P

C
R

-R
FL

P
2

4
5

/2
4

3
6

0
/7

5
1

4
4

/1
0

9
4

1
/5

9
0

.1
2

8
Z

h
o

u
[5

0
]

2
0

1
2

C
h

in
a

A
si

an
G

as
tr

ic
C

an
ce

r
H

B
m

as
sA

R
R

A
Y

2
9

5
/4

1
3

1
6

6
/2

1
4

1
2

2
/1

6
7

7
/3

2
0

.9
4

9
W

e
i

[8
7

]
2

0
1

3
C

h
in

a
A

si
an

ES
C

C
H

B
m

as
sA

R
R

A
Y

3
7

9
/3

7
7

2
1

6
/2

0
8

1
4

3
/1

3
9

2
0

/3
0

0
.1

4

H
B

:h
o

sp
it

al
b

as
e

d
;P

B
:p

o
p

u
la

ti
o

n
b

as
e

d
;M

ix
e

d
:h

o
sp

it
al

an
d

p
o

p
u

la
ti

o
n

b
as

e
d

;N
R

:n
o

t
re

p
o

rt
e

d
;P

T
C

:p
ap

ill
ar

y
th

yr
o

id
ca

rc
in

o
m

a;
ES

C
C

:e
so

p
h

ag
e

al
sq

u
am

o
u

s
ce

ll
ca

rc
in

o
m

a;
SC

C
H

N
:s

q
u

am
o

u
s

ce
ll

ca
rc

in
o

m
a

o
f

th
e

h
e

ad
an

d
n

e
ck

;
N

SC
LC

:
n

o
n

-s
m

al
l

ce
ll

lu
n

g
ca

n
ce

r;
C

SC
C

:
ce

rv
ic

al
ca

n
ce

r;
T

N
B

C
:

tr
ip

le
n

e
g

at
iv

e
b

re
as

t
ca

n
ce

r;
O

SC
C

:
o

ra
l

sq
u

am
o

u
s

ce
ll

ca
rc

in
o

m
a;

C
R

C
:

co
lo

re
ct

al
ca

n
ce

r;
P

C
R

-R
FL

P
:

p
o

ly
m

e
ra

se
ch

ai
n

re
ac

ti
o

n
–

re
st

ri
ct

io
n

fr
ag

m
e

n
t

le
n

g
th

p
o

ly
m

o
rp

h
is

m
;

H
R

M
A

:
h

ig
h

-r
e

so
lu

ti
o

n
m

e
lt

in
g

an
al

ys
is

;
P

IR
A

–
P

C
R

:
p

ri
m

e
r-

in
tr

o
d

u
ce

d
re

st
ri

ct
io

n
an

al
ys

is
-p

o
ly

m
e

ra
se

ch
ai

n
re

ac
ti

o
n

;
P

C
R

-L
D

R
:

p
o

ly
m

e
ra

se
ch

ai
n

re
ac

ti
o

n
-l

ig
at

io
n

d
e

te
ct

io
n

re
ac

ti
o

n
;

P
C

R
-F

R
ET

:
p

o
ly

m
e

ra
se

ch
ai

n
re

ac
ti

o
n

-f
lu

o
re

sc
e

n
ce

re
so

n
an

ce
e

n
e

rg
y

tr
an

sf
e

r;
T

m
-s

h
if

t:
m

e
lt

in
g

-t
e

m
p

e
ra

tu
re

–
sh

if
t

al
le

le
-s

p
e

ci
fi

c
g

e
n

o
ty

p
in

g
;

H
W

E:
H

ar
d

y-
W

e
in

b
e

rg
e

q
u

ili
b

ri
u

m
;

P
:

p
va

lu
e

.
d

o
i:1

0
.1

3
7

1
/j

o
u

rn
al

.p
o

n
e

.0
0

7
9

5
8

4
.t

0
0

1

MicroRNA Polymorphisms and Cancer Risk

PLOS ONE | www.plosone.org 7 November 2013 | Volume 8 | Issue 11 | e79584



restriction analysis- polymerase chain reaction (PIRA-PCR) and

Tm-shift allele-specific genotyping. Genotypic distribution of most

of the studied SNPs was in agreement with HWE (P.0.05) in

controls.

Quantitative Synthesis
miR-146a rs2910164. For miR-146a rs2910164 polymor-

phism, our study contained 47 comparisons with 22,055 cases and

29,138 controls. The frequency of the rs2910164 C allele had a

significantly higher representation in the Asian population

compared to the Caucasian population (Asian: 54.3%, 95%

CI = 49.1–59.4%; Caucasian: 24.2%, 95% CI = 22.9–25.4%;

P,0.001).

The results of the meta-analysis on rs2910164 and cancer risk

are shown in Table 2. Overall, no significant association was found

between rs2910164 and cancer risk under any genetic model when

all the eligible studies were pooled into the meta-analysis. After

exclusion of four studies [15,36,58,70], whose genotypic distribu-

tions in controls were not in agreement with HWE, the results did

not significantly change.

However, in the stratified analysis by cancer type, the C allele

and CC genotype of rs2910164 were found to be associated with

an inverse risk of bladder cancer under all genetic models, except

for the recessive model (C vs. G: OR = 0.838, 95% CI = 0.762–

0.921, PH = 0.324; CC vs. GG: OR = 0.724, 95% CI = 0.587–

0.893, PH = 0.241; GC vs. GG: OR = 0.789, 95% CI = 0.689–

0.904, PH = 0.526; CC+GC vs. GG: OR = 0.781, 95% CI = 0.687–

0.889, PH ,0.290), cervical cancer under all genetic models (C vs.

G: OR = 0.719, 95% CI = 0.620–0.839, PH = 0.796; CC vs. GG:

OR = 0.503, 95% CI = 0.370–0.684, PH = 0.814; GC vs. GG:

OR = 0.721, 95% CI = 0.545–0.953, PH = 0.254; CC+GC vs. GG:

OR = 0.632, 95% CI = 0.485–0.823, PH = 0.382; CC vs. GC+GG:

OR = 0.654, 95% CI = 0.520–0.822, PH = 0.359), colorectal cancer

under allelic contrast, heterozygote comparison and the dominant

model (C vs. G: OR = 0.912, 95% CI = 0.833–0.999, PH = 0.324;

GC vs. GG: OR = 0.854, 95% CI = 0.740–0.985, PH = 0.376;

CC+GC vs. GG: OR = 0.859, 95% CI = 0.750–0.984, PH = 0.294)

and prostate cancer under allelic contrast and homozygote

comparison (C vs. G: OR = 0.801, 95% CI = 0.660–0.971,

PH = 0.200; CC vs. GG: OR = 0.565, 95% CI = 0.354–0.900,

PH = 0.234). In addition, rs2910164 was found to be associated

with risks of PTC and SCCHN in the heterozygote comparison

(CC+GC vs. GG: OR = 1.189, 95% CI = 1.009–1.402, PH = 0.164)

and the dominant model (GC vs. GG: OR = 1.147, 95%

CI = 1.003–1.311, PH = 0.366). Nevertheless, the direction of

ORs in the two cancers was opposite to that of the former four

cancers.

When stratified analysis was performed by ethnicity of study

population, rs2910164 C allele and CC genotype were shown to

be associated with substantial decrease in cancer risk in Asian

populations under all genetic models. On the contrary, Caucasian

C or CC carriers were more susceptible to cancers under all

genetic models, except for heterozygote comparison. Further

subgroup analysis revealed the C allele or CC genotype to be

associated with decreased cancer risk in studies of hospital-based

study design for all genetic models, but not in studies of population

based study design. When stratified on the basis of sample size, the

CC genotype had an effect of decreased cancer risk among small

size subgroups compared with GG genotype or G allele carriers.

miR-196a2 rs11614913. The miR-196a2 rs11614913 poly-

morphism was analyzed in 38 comparisons with 16,414 cases and

19,465 controls. We also observed a wide variation of the T allele

frequency across different ethnicities (Asian: 49.8%, 95%

CI = 45.3%–54.3%; Caucasian: 38.8%, 95% CI = 35.9%–41.7%;

P = 0.002).

Table 3 summarizes the results from the meta-analysis of miR-

196a2 rs11614913 and cancer risk. In the overall analysis, we

found a significant association between rs11614913 and reduced

cancer risk in the allelic contrast (OR = 0.949, 95% CI = 0.902–

0.998, PH ,0.001), homozygote comparison (OR = 0.861, 95%

Figure 1. Flow chart of the study selection process.
doi:10.1371/journal.pone.0079584.g001
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CI = 0.772–0.959 PH,0.001) and recessive model (OR = 0.865,

95% CI = 0.802–0.934, PH = 0.002). Removing four studies with

genotype frequencies in controls that deviated from HWE did not

alter the pooled results [15,43,53,62].

In subgroup analysis by cancer type, significant association

between rs11614913 and decreased cancer risk was found for lung

cancer (T vs. C: OR = 0.893, 95% CI = 0.821–0.971, PH = 0.149;

TT vs. CC: OR = 0.794, 95% CI = 0.627–0.938, PH = 0.259; TT

vs. CT+CC: OR = 0.842, 95% CI = 0.737–0.962, PH = 0.201)

and colorectal cancer (TT vs. CC: OR = 0.754, 95%

CI = 0.627–0.907, PH = 0.108; TT+CT vs. CC: OR = 0.848,

95% CI = 0.735–0.979, PH = 0.082; TT vs. CT+CC: OR =

0.838, 95% CI = 0.721–0.974, PH = 0.165). For liver cancer, T

allele carriers showed decreased cancer susceptibility compared

with homozygote CC (OR = 0.859, 95% CI = 0.748–0.986,

PH = 0.334). However, no association was found between

rs11614913 and bladder cancer, breast cancer, ESCC, gastric

cancer, or SCCHN.

In ethnic subgroup analysis, a strong association was found

between rs11614913 and cancer risk in the allelic contrast, the

homozygote comparison, and the recessive model among Asians,

whereas negative results were obtained for Caucasians in all

genetic models. With respect to the control source, decreased risk

was observed in both the hospital- and population-based controls

for the homozygote comparison and the recessive model. We also

found a reduced risk for allelic contrast in hospital-based studies.

In stratified analysis by sample size, significant association of

decreased cancer risk was found in both of the subgroups.

miR-499 rs3746444. For miR-499 rs3746444, 21 compari-

sons with 8,888 cases and 10,292 controls were included. No

significant difference in C allele frequency between Asians and

Caucasians was observed (Asian: 22.2%, 95% CI = 16.7%–27.7%;

Caucasian: 29.9%, 95% CI = 14.4%–45.4%; P = 0.178).

The results of the meta-analysis for miR-499 rs3746444 and the

risk of cancer are presented in Table 4. Overall, we observed that

rs3746444 could decrease the cancer risk in the allelic contrast

(OR = 1.106, 95% CI = 1.005–1.218, PH ,0.001) and the

dominant model (OR = 1.148, 95% CI = 1.020–1.292, PH

,0.001). However, this association disappeared after the exclusion

of six studies [15,35,40,52,62,80], whose genotypic distribution in

controls was derived from HWE.

In stratified analysis by cancer type, significant associations were

only maintained in breast cancer under allelic contrast

(OR = 1.101, 95% CI = 1.006–1.204, PH = 0.214), but no signifi-

cant association was observed with colorectal cancer, lung cancer,

liver cancer, SCCHN, and other cancers under any genetic model.

Subgroup analysis by ethnicity showed a decreased cancer risk in

the Asian population (TC vs. TT: OR = 1.234, 95% CI = 1.035–

1.471, PH ,0.001; TC+CC vs. TT: OR = 1.220, 95% CI =

1.032–1.442, PH ,0.001), but not in the Caucasian population.

Based on study design, studies with hospital-based controls showed

elevated risk (CC vs. TC+TT: OR = 1.224, 95% CI = 1.004–

1.491, PH = 0.045). However, studies with population-based

controls showed no significant association. Further subgroup

analysis by sample size revealed increased cancer risks only in a

small sample group using the dominant model (TC+CC vs. TT:

OR = 1.241, 95% CI = 1.038–1.485, PH ,0.001).

miR-149 rs2292832. Twelve comparisons with 5926 cases

and 5961 controls assessed for the association between miR-149

rs2292832 polymorphism and cancer risk. The frequency of T

allele was significant higher in Asian population compared to that

in Caucasian population (Asian: 65.1%, 95% CI = 53.2%–77.0%;

Caucasian: 30.6%, 95% CI = 25.2%–36.0%; P = 0.003).

Overall, none of the genetic models produced significant

association between rs2292832 and cancer risk. Similarly, no

positive result was found in most of the subgroups, except that

homozygote TT had an effect of increasing risk of other cancers

compared with C allele carriers (OR = 1.388, 95% CI = 1.083–

1.778, PH = 0.427) and significant association with increased cancer

risk was also found in small sample group for allelic contrast

(OR = 1.106, 95% CI = 1.012–1.209, PH = 0.461) and recessive

model (OR = 1.217, 95% CI = 1.078–1.373, PH = 0.380). These

results are summarized in Table 5.

miR-27a rs895919. For miR-27a rs895919, we collected

nine comparisons with 4662 cases and 5625 controls. No

significant difference in G allele frequency between Asians and

Caucasians was observed (Asian: 32,4%, 95% CI = 21.2%–43.6%;

Caucasian: 32.1%, 95% CI = 28.7%–35.6%; P = 0.949).

Overall, there was no significant association observed in all

comparisons. However, in subgroup analysis, a decreased risk was

found in other cancers (AG vs. AA: OR = 0.828, 95% CI = 0.698–

0.982, PH = 0.030; GG+AG vs. AA: OR = 0.821, 95% CI =

0.698–0.966, PH = 0.017), large sample groups (G vs. A:

OR = 0.875, 95% CI = 0.811–0.945, PH = 0.001; AG vs. AA:

OR = 0.806, 95% CI = 0.726–0.895, PH ,0.001; GG+AG vs. AA:

OR = 0.815, 95% CI = 0.738–0.900, PH ,0.001), the Caucasian

population (AG vs. AA: OR = 0.879, 95% CI = 0.792–0.975,

PH = 0.015) and population-based studies (G vs. A: OR = 0.900,

95% CI = 0.830–0.975, PH = 0.010) (Table 6).

Test of Heterogeneity
Heterogeneity between studies was observed in overall com-

parisons and subgroup analyses across the studies of rs2910164,

rs11614913, rs3746444, and rs895919. Then we evaluated the

source of heterogeneity for allelic contrast by cancer type,

ethnicity, source of controls and sample size. For rs2910164,

cancer type (x2 = 51.58, df = 11, P,0.001), ethnicity (x2 = 24.43,

df = 1, P,0.001) and control type (x2 = 29.55, df = 3, P,0.001)

provided potential sources of between-study heterogeneity. For

rs11614913, cancer type (x2 = 17.84, df = 8, P = 0.002) and control

type (x2 = 13.08, df = 3, P = 0.004) was found to contribute to

substantial heterogeneity. For rs3746444, ethnicity (x2 = 4.92,

df = 1, P = 0.027) and sample size (x2 = 4.6, df = 1, P = 0.032)

contributed substantially to heterogeneity. For miR-27a rs895919,

sample size (x2 = 5.74, df = 1, P = 0.017) was the main source of

between-study heterogeneity.

Sensitivity Analysis
Influence of each study involved in the meta-analysis on the

pooled ORs for each of the studied SNPs was examined by

repeating the meta-analysis and omitting each study one at a time.

The corresponding pooled ORs were not materially altered.

Publication Bias
We conducted Begg’s funnel plot and Egger’s test to assess the

publication bias of included studies for all the SNPs. For miR-146a

rs2910164 (Figure S1), miR-196a2 rs11614913 (Figure S2) and

miR-499 rs3746444 (Figure S3), no evidence of publication bias

was suggested in the results from the Begg’s funnel plot and

Egger’s test for allelic contrast. Similar results were observed in

other models (data not shown). However, for miR-149 rs2292832

(Figure S4), significant publication bias was found in allelic

contrast (P = 0.006), homozygote comparison (P = 0.005) and the

recessive model (P = 0.007). For miR-27a rs895919 (Figure S5), no

evidence of publication bias was detected for allelic contrast, but
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publication bias was found in the heterozygote comparison

(P = 0.039), probably due to the small number of included studies.

Discussion

In the present study, we performed five independent meta-

analyses to investigate the association between cancer risk and

polymorphisms in miRNA (miR-146a rs2910164, miR-196a2

rs11614913, miR-499 rs3746444, miR-149 rs2292832, and miR-

27a rs895919). The results demonstrated that the rs2910164 C

allele or CC genotype was a protective factor for bladder cancer,

prostate cancer, cervical cancer and colorectal cancer, but a risk

factor for PTC and SCCHN. The significant association between

rs2910164 and cancer risk was observed in both Asians and

Caucasians, although in opposite directions. The miR-196a2

rs11614913 T allele was observed to be significantly associated

with reduced cancer risk, especially for lung cancer and colorectal

cancer, particularly in the Asian population. The miR-499

rs3746444 C allele increased cancer risk in the allelic contrast

model and in the dominant model, especially in breast cancer.

Nevertheless, this association was only observed in Asians, not in

Caucasians. On the other hand, mir-149 rs2292832 and miR-27a

rs895919 were not significantly related to cancer susceptibility.

Several meta-analyses have been conducted on a single miRNA

SNP [88–110] or several miRNA SNPs [21,111–120] associated

with the risk of cancer(s). However, none of the meta-analyses

have comprehensively covered all the studies on a particular

miRNA SNP or all the commonly studied miRNA SNPs. In this

study, we included all the papers published to date on the five

commonly studied miRNA SNPs associated with cancer suscep-

tibility, and in so doing incorporated more studies and cancer

types than the previously published meta-analyses. For example,

compared to the recently published meta-analysis by He et al.

[112], our paper included several new studies for each of the

miRNA SNPs. For mir-146a rs2910164, 19 new studies were

added; for mir-196a rs11614913, 11 new studies were added; for

mir-499 rs3746444, 6 new studies were added; and for mir-149

rs2292832, 5 new studies were added. In addition, we analyzed 9

case-control studies on miR-27a rs895919, which were not

included in the meta-analysis by He et al. [112]. Thus, to the

best of our knowledge, the present study is the most comprehen-

sive and robust meta-analysis when compared to previously

published meta-analyses in this field [21,88–120].

The rs2910164 (miR-146a) locus resides at position +60 relative

to the first nucleotide of the pre-miR-146a gene. This polymor-

phism presents as a change from G to C in the passenger strand,

resulting in a change from the G:U pair to the C:U mismatch in

the stem structure of the miR-146a precursor [17]. The C-allelic

miR-146a precursor has lower transcriptional activity than the G-

allele due to decreased nuclear primiR-146a processing efficiency;

this leads to low levels of mature miR-146a and affects target

mRNA binding [84,85]. The decreased amount of miR-146a

reduces the inhibition of target genes involved in the Toll-like

receptor and cytokine signaling pathway (TRAF6, IRAK1) and

impaired nuclear factor (NF)-kB activity [85,121]. Studies have

shown that miR-146a plays an important role in cell proliferation

and metastatic ability in some cancers and that its deregulation is

possibly involved in carcinogenesis [84,85,121–123]. However, the

meta-analysis results suggested no significant association between

this polymorphism and cancer susceptibility in the overall pooled

result. In the case of subgroup analysis divided by cancer type, the

rs2910164 C allele was associated with a decreased risk of bladder

cancer, cervical cancer, colorectal cancer and prostate cancer, but

an increased risk of PTC and SCCHN. In contrast to the

previously published results by He et al. [112], no significant

association was found between rs2910164 and HCC or ESCC.

These results suggest that the association between the miR-146a

rs2910164 polymorphism and cancer susceptibility was cancer-

type dependent. The potential explanation for this phenomenon

may be that different cancers have differing pathogenesis. In

addition, we found that the association between the rs2910164

polymorphism and cancer risk was ethnicity dependent, as

supported by Wang et al. [88]. This may be due to the difference

in genetic backgrounds among races due to allele frequency or

various carcinogenic mechanisms at tumor sites; another possibil-

ity may be that the polymorphism may be in linkage disequilib-

rium with the causal variant [124]. In contrast to our results, He

et al. [112] found no association between this polymorphism and

cancer risk among Caucasians.

MiR-196a2 is composed of two different mature miRNAs (miR-

196a-5P and miR-196a-3P), which are processed from the same

stem-loop [125]. rs11614913, located in the mature sequence of

miR-196a-3P, could influence the production levels of mature

miR-196a and could have an impact on the expression of its target

gene. Therefore, the altered expression patterns of miR-196a

could influence its potential targets, which may play a role in

regulating carcinogenesis. Previous meta-analysis studies have

suggested an association between rs11614913 and the risk of

cancers [21,91–92,112–114]. The present meta-analysis also

provides evidence that the miR-196a2 rs11614913 T allele is

significantly associated with reduced cancer risk in the allelic

contrast, the homozygote comparison, and the recessive models,

similar to the findings of previous studies [112–114]. In the

subgroup analysis that was divided by cancer type, homozygote

TT had the effect of decreasing the risk of lung cancer and

colorectal cancer compared with that for CC homozygote or C

allele carriers. T allele carriers also showed decreased cancer

susceptibility compared with homozygote CC carriers in liver

cancer, whereas Wang et al. [111] and He et al. [112] reported that

this polymorphism has no association with the risk of HCC.

Moreover, no association was found between miR-196a2

rs11614913 and bladder cancer, breast cancer, gastric cancer,

ESCC, or SCCHN. Guo et al. [89] and Wang et al. [93] found that

the C allele could increase cancer risk in gastric cancer. In ethnic

subgroup analysis, a strong association was found between

rs11614913 and cancer risk among Asians but not among

Caucasians, which was similar to the findings of previous studies

[112–113]. In addition, biochemical studies on rs11614913

confirmed the results of our meta-analysis. It has been well

established that Hox gene expression is deregulated in lung and

prostate cancers [126–127], and members of the Hox family have

been found to be significantly downregulated in cells treated with

pre-miR-196a-C [127]. Two tumor suppressors (GADD45G and

INHBB) were reported to be downregulated and several onco-

genes (TP63 and genes encoding two calcium-binding proteins)

were found to be upregulated in breast cancer cells after pre-miR-

196a-C introduction, suggestive of the oncogenic activity of pre-

miR-196a-C and protective role of pre-miR-196a-T [83,128]. Our

results provide compelling evidence that the miR-196a2

rs11614913 polymorphism plays a crucial role in the development

of cancer. Screening patients harboring the miR-196a2

rs11614913 polymorphism may prove clinically useful for the

prediction and prevention of cancer.

The miR-499T.C (rs3746444) polymorphism has been iden-

tified within the stem region of the mir-499 gene and results in an

A:U to G:U mismatch in the stem structure of the miR-499

precursor. The presence of this mismatch would affect Sox6 and

Rod1 genes, which are important for the etiology of cancers

MicroRNA Polymorphisms and Cancer Risk
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[72,129]. Several studies have identified miR-499 rs3746444 as a

possible biomarker for multiple cancers [20,70,71,79,82]; howev-

er, the mechanism by which this occurs remains unknown. Our

results showed that the rs3746444 C allele could increase cancer

risk in the allelic contrast model and in the dominant model, which

was consistent with the results of Srivastava et al. [114]. In analysis

stratified by cancer type, significant associations between the

rs3746444 polymorphism and cancer risk were observed for breast

cancer, which is in contrast to the results reported by Srivastava

et al. [114] and He et al. [112]. However, no significant result was

observed for other cancers under any genetic model. Subgroup

analysis by ethnicity showed that the C allele was associated with

increased cancer risk in the Asian population, but not in the

Caucasian population.

For mir-149 rs2292832, a significant association was found only

in some of the subgroup analyses but not in the pooled results.

rs2292932 in miR-149 has been tested for several cancers but was

not found to be associated with cancer risk [61,71,81,82,

90,112,114]. This suggests that the molecular mechanisms

underlying the genetic associations of miRNA-SNPs with cancer

risk may be complex and variable. Our results should be

interpreted with caution, considering that the influence of the T

allele in miR-149 might be masked by the presence of other

unidentified causal genes involved in cancer development [90] and

the limited number (12) of studies on this polymorphism. More

studies will need to be analyzed to confirm the results.

MiR-27a rs895919 is located in the terminal loop of pre-

miRNA-27a (an intergenic region of chromosome 19), which is

upregulated in many tumors [130] and has been considered to be

an oncomir [131–133]. To date, several epidemiologic studies

have been conducted to investigate the association between the

rs895919 polymorphism and cancer risk [26–28,73,74]; however,

the results remain inconsistent and inconclusive. The results of two

previous meta-analyses have indicated that the G allele in miR-

27a rs895819 may be associated with decreased risk for some

cancers, as well as with reduced cancer risk in Caucasians to some

extent [94,95]. Based on our study, no association was observed

between this polymorphism and cancer risk when all the data were

pooled in the meta-analysis. Our results also showed that the

rs895819 G allele was associated with decreased cancer risk in a

Caucasian population, but was inconsistent with the above-

mentioned two articles on cancer type. Because of the limited

number (9) of studies on this polymorphism, the results should be

interpreted with caution.

Nevertheless, our study still has some limitations. First, relatively

large heterogeneity was observed across some studies, which could

be due to the difference in cancer types, the geographic areas

(environmental factors), and genetic backgrounds of the samples.

Second, the relatively small sample size of studies for some SNPs

may lead to low statistical power, especially in stratified analysis.

Third, lack of original data from the reviewed studies restricted

further evaluation of potential interactions; this is of particular

importance because gene–gene and gene–environment interac-

tions may modulate various disease risks. Fourth, our analysis was

limited to Asian and Caucasian ethnicities; therefore, it is

uncertain whether these results can be generalized to other

populations. Fifth, restriction to studies published in English or

Chinese might confer potential language bias; moreover,

publication bias might also exist because only published studies

were included in this meta-analysis, and studies with no statistically

significant results often have less chance for publication.

In conclusion, our results suggest that the miR-146a rs2910164

C allele is a protective factor for bladder cancer, prostate cancer,

cervical cancer, and colorectal cancer in Asians, whereas it is a risk

factor for PTC and SCCHN in Caucasians. mir-196a2

rs11614913 has significant association with overall cancer risk,

especially for lung cancer, colorectal cancer, and other cancers in

the Asian population. We also found that the mir-499 rs3746444

polymorphism could increase cancer risk in the Asian population.

However, no significant association was observed between mir-149

rs2292832 and miR-27a rs895919 and overall cancer risk. Further

studies with a larger sample size will be needed to clarify the

possible roles of these polymorphisms in different kinds of cancers.
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Figure S1 Begg’s funnel plot of publication bias for
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(TIF)

Figure S2 Begg’s funnel plot of publication bias for
miR-196a2 rs11614913 C.T: T vs. C. Each point represents

a separate study for the indicated association. Log[or], natural

logarithm of OR. Horizontal line, mean effect size.

(TIF)

Figure S3 Begg’s funnel plot of publication bias for
miR-499 rs3746444 T.C: C vs. T. Each point represents a

separate study for the indicated association. Log[or], natural

logarithm of OR. Horizontal line, mean effect size.

(TIF)

Figure S4 Begg’s funnel plot of publication bias for
miR-149 rs2292832 C.T: T vs. C. Each point represents a

separate study for the indicated association. Log[or], natural

logarithm of OR. Horizontal line, mean effect size.

(TIF)

Figure S5 Begg’s funnel plot of publication bias for
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(TIF)
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