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Abstract: MicroRNAs (miRNAs) function as negative gene regulators by inhibiting translation or cleaving target 
mRNAs, for which they are recognized as oncogenes or tumor suppressors. Single nucleotide polymorphisms (SNPs) 
in miRNAs are closely related with cancer risks. Several studies have evaluated the association of rs6505162 
polymorphism in pre-miR-423 with cancer susceptibility. However, the results remain conflicting rather than con-
clusive. We conducted a meta-analysis of 9 studies that included 5,891 cases and 7,622 controls to identify this 
association. The meta-analysis showed that the pre-miR-423 rs6505162 polymorphism was not statistically as-
sociated with cancer risks in all genetic models. In the stratified analysis of cancer types, the variant AA (CC vs. 
AA: OR=0.651, 95% CI: 0.482-0.878, P=0.005) and CA/AA genotypes (CC vs. CA+AA: OR=0.644, 95% CI: 0.446-
0.931, P=0.019) were associated with a decreased risk of breast cancer compared with wild-type CC genotype. The 
same association in the allelic contrast (C vs. A: OR=0.808, 95% CI=0.699-0.934, P=0.004) was also observed. 
However, an increased risk of lung cancer was found in the co-dominant (CC vs. AA: OR=1.850, 95% CI: 1.049-
3.263, P=0.034) and recessive (CC vs. CA+AA: OR=1.364, 95% CI: 1.074-1.732, P=0.011) models. Furthermore, 
according to the stratified analysis of ethnicity, we found a highly significant association in the Caucasian population 
(CC vs. AA: OR=0.651, 95% CI: 0.482-0.878, P=0.005; CC vs. CA+AA: OR=0.644, 95% CI: 0.446-0.931, P=0.019; 
C vs. A: OR=0.808, 95% CI: 0.699-0.934, P=0.004), but no significant association in Asians and other ethnicities. 
In summary, this meta-analysis suggests a significant association between pre-miR-423 rs6505162 polymorphism 
and risk of breast cancer and lung cancer. To some extent, this polymorphism is closely related to cancer suscepti-
bility in Caucasians. However, further large-scale case-control studies between this polymorphism and cancer risks 
are needed in the future.
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Introduction

MicroRNAs (miRNAs) are a class of endoge-
nous, small and non-coding RNA molecules 
(approximately 21-25 nucleotides in length), 
which negatively regulate gene expression at 
the post-transcriptional level [1, 2]. Mature 
miRNAs primarily target the 3’ untranslated 
region (3’UTR) of their target mRNAs, leading to 
the translation suppression or the target 
mRNAs degradation [3, 4]. Mounting miRNAs 
have been discovered in humans [5, 6]. A single 
miRNA could bind to the mRNAs with about 
200 genes [7]. It has been predicted that half 
of all protein-coding genes in mammals could 

be regulated by miRNAs [8]. Meantime, mas-
sive miRNAs have been considered as key gene 
regulators in diverse biological pathways, in- 
cluding cell differentiation, proliferation, apop-
tosis and tumorigenesis [2, 9, 10].

Recent studies have shown that both aberrant 
expression and genetic variation in miRNAs are 
closely associated with cancer risk, diagnosis, 
prognosis, and drug response [11-14]. Single 
nucleotide polymorphism (SNP) is one of the 
most common types of genetic variation among 
the miRNA genes [15]. Previous studies have 
demonstrated that various SNPs in miRNAs, 
such as miRNA-146a, miRNA-499 and miRNA-
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196a2, may contribute to cancer susceptibility 
[16-18].

Intriguingly, an important polymorphism in the 
pre-miR-423 with a change of C to A (rs65- 
05162) has been identified [19]. As yet, a num-
ber of case-control studies have been conduct-
ed to investigate the association between this 
polymorphism and various cancer risks in 
diverse populations. However, these results 
remain controversial and ambiguous. For exam-
ple, Smith found that the CC genotype of the 
rs6505162 SNP in pre-miR-423 offered a 
reduced risk of breast cancer development 
[20], while Ryan demonstrated that there was 
no obvious association between rs6505162 
polymorphism and esophageal squamous cell 
carcinoma [21]. Hence, we performed this 
meta-analysis to combine all the eligible stud-
ies to identify whether rs6505162 polymor-
phism in pre-miR-423 contributes to overall 
cancer risk, and further evaluate the influence 
of cancer type and ethnicity.

Materials and methods

Identification of eligible studies

We searched the PubMed and EMBASE data-
bases (last updated on July 14, 2016) for all 
articles on the association between pre-miR- 
423 polymorphism and cancer risk. The key-
words used for search included “miR-423, pre-
miR-423 or rs6505162”, “polymorphism or 

nosed by histopathology. The major exclusion 
criteria were: (1) duplication of the previous 
publications; (2) the subjects in control group 
were high-risk individuals with some gene 
mutations; and (3) abstracts, letters, reviews or 
editorial articles. When a study reported the 
results on different ethnicities, we treated them 
as separate studies. 

Data extraction

The two investigators independently extracted 
all data of eligible studies with selection crite-
ria. The following items were collected: name of 
the first author; year of publication; country of 
origin; ethnicity; cancer types; source of control 
(population- or hospital-based); number of 
cases and controls; genotype frequency in 
cases and controls; Hardy-Weinberg equilibri-
um (HWE) of control subjects. Discrepancies 
and differences were resolved by discussion 
and consensus. 

Statistical analysis

To begin with, HWE was assessed by the good-
ness-of-fit chi-square test in controls of each 
study. Odds ratio (OR) with 95% confidence 
intervals (95% CI) was used to assess the 
strength of association between miR-423 
rs6505162 polymorphism and cancer risks. 
The significance of the pooled OR was deter-
mined by the Z-test, and P<0.05 was consid-

Figure 1. Flow chart 
of the selection of the 
eligible studies.

mutation” and “cancer or 
tumor”. This literature retrieval 
work was performed by two 
independent investigators Wei 
Liu and Jinjin Ran. There was 
no limitation on publication 
years while the searching work 
went on. References of relat-
ed studies and reviews were 
manually retrieved for addi-
tional studies.

Inclusion and exclusion cri-
teria

All the studies must meet all 
the following criteria: (1) case-
control study; (2) the associa-
tion between pre-miR-423 po- 
lymorphism and cancer risks; 
(3) available genotype fre-
quency; and (4) cancers diag-
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Table 1. Characteristics of studies in the meta-analysis

Author Year Country Ethnicity Cancer type Genotyping
Source of 
controls

Cases (n) Controls (n) P value
For HWEeCC CA AA CC CA AA

Smith 2012 Australia Caucasian Breast cancer Taqman HBc 24 95 60 42 80 52 0.3072

Wanga 2013 South Africa Black Esophageal cancer Taqman PBd 16 128 207 12 184 376 0.0521

Wang 2013 South Africa Mixedb Esophageal cancer Taqman PBd 14 84 89 34 188 198 0.2486

Yin 2013 China Asian Esophageal cancer RT-PCR HBc 425 207 19 374 197 29 0.6419

Ma 2014 China Asian Hepatocellular cancer MassARRAY HBc 643 313 30 652 297 42 0.2710

Zhu 2015 Kazakh Turks Esophageal cancer MassARRAY PBd 99 122 21 109 140 31 0.1592

Shen 2015 China Asian Esophageal cancer SNaPshot PBd 920 421 59 1421 680 84 0.8137

Yin 2016 China Asian Lung cancer Taqman HBc 389 166 20 368 205 35 0.3656

Jiang 2016 China Asian Gastric cancer MassARRAY HBc 593 255 32 656 288 41 0.1915

Morales 2016 Chile Caucasian Breast cancer Taqman HBc 125 229 86 284 385 138 0.7000
aThe article reported by Wang was regarded as two independent studies according to ethnicity; bMixed: major ancestral components from the indigenous Khoisan, Bantu-
speaking Africans, Europeans and Asians; cHB: hospital-based; dPB: population-based; eHWE: Hardy-Weinberg equilibrium.

ered as statistically significant. The pooled ORs 
were calculated for dominant model (CC vs. 
AC+AA), recessive model (CA+CC vs. AA), co-
dominant model (CC vs. AA), co-dominant 
model (CA vs. AA) and allele model (C vs. A), 
respectively. Subgroup analyses were perform- 
ed by ethnicity and cancer types. Heterogeneity 
among studies was tested by Chi square-based 
Q test and I2 [22]. When heterogeneity exists 
(based on P>0.05), a random effect model was 
used for the meta-analysis. Otherwise, a fixed-
effects model was employed [23]. In addition, 
we used Begg’s funnel plot and Egger’s test to 
evaluate the publication bias (P<0.05 was con-
sidered a significant publication bias) [24]. Sen- 
sitivity analysis was conducted by deleting one 
study at a time to examine the influence of indi-
vidual data set on the pooled ORs. All statistical 
analyses were performed with STATA software 
version 11.0 (STATA Corporation, College 
Station, TX, USA).

Result

Characteristics of studies

According to the inclusion and exclusion criteria 
above mentioned, a total of 71 articles were 
identified from the PubMed and EMBASE data-
bases using different combinations of key-
words. After preliminarily screening the title 
and abstract, 47 studies uncorrelated with can-
cer risk and SNPs were excluded and 25 arti-
cles were evaluated in detail. Finally, a total of 
9 case-control studies met our inclusion crite-
ria [20, 21, 25-32], including 5,891 cases and 
7,622 controls for assessing the association 
between rs6505162 polymorphism in pre-
miR-423 and cancer risk. The detailed selec-

tion process was shown in Figure 1. One article 
of these studies reported by Wang contained 
two case-control studies, respectively in Black 
and Mixed Ancestry population. This article was 
considered as two independent studies accord-
ing to ethnicity. Cancer cases were diagnosed 
histologically or pathologically in all studies. 
Controls in 6 studies were hospital-based and 
those in the other studies were population-
based. A variety of genotyping methods were 
applied including Taqman, RT-PCR, MassARRAY 
and SNaPshot. Genotype distribution of con-
trols in all studies was consistent with HWE 
(Table 1). 

Meta-analysis results

The association between rs6505162 polymor-
phism and cancer risk was analyzed in the 9 
eligible studies. As shown in Table 2, no signifi-
cant association was found in all genetic mod-
els. We further performed stratification analy-
sis based on different cancer types and eth- 
nicities.

In the stratification analysis of cancer types 
(Figure 2), the results showed that the variant 
AA (OR=0.651, 95% CI: 0.482-0.878, P=0.005) 
and CA/AA (OR=0.644, 95% CI: 0.446-0.931, 
P=0.019) genotypes were associated with a 
decreased risk of breast cancer compared with 
the wild-type CC genotype. We observed the 
same association in the allelic contrast (C vs. A: 
OR=0.808, 95% CI=0.699-0.934, P=0.004). 
However, a significantly increased risk of lung 
cancer was found to be associated with the 
variant AA (OR=1.850, 95% CI: 1.049-3.263, 
P=0.034) and CA/AA (OR=1.364, 95% CI: 
1.074-1.732, P=0.011) genotypes compared 
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Table 2. Pooled ORs and 95% CIs of the overall and stratified meta-analyses

Comparisons No.
CA vs. AA CC vs. AA CC+CA vs. AA CC vs. CA+AA C vs. A

OR (95% CI) Pa I2 
(%) OR (95% CI) Pa I2 

(%) OR (95% CI) Pa I2 
(%) OR (95% CI) Pa I2 

(%) OR (95% CI) Pa I2 
(%)

Total 10d 1.119 (0.983-1.274) 0.088b 0.0 1.133 (0.864-1.484) 0.367c 63.4 1.105 (0.976-1.252) 0.114b 33.3 1.016 (0.881-1.170) 0.831c 63.5 1.044 (0.944-1.154) 0.402c 62.9

Cancer type

Esophageal cancer 5 1.122 (0.944-1.333) 0.191b 9.3 1.282 (0.899-1.828) 0.170b 47.9 1.155 (0.978-1.363) 0.090b 28.7 1.080 (0.954-1.223) 0.223b 7.5 1.094 (0.986-1.213) 0.090b 26.1

Breast cancer 2 0.977 (0.751-1.270) 0.860b 0.0 0.651 (0.482-0.878) 0.005b 0.0 0.848 (0.661-1.087) 0.193b 0.0 0.644 (0.446-0.931) 0.019b 41.9 0.808 (0.699-0.934) 0.004c 0.0

Digestive tract cancer 2 1.293 (0.913-1.833) 0.148 0.0 1.263 (0.901-1.772) 0.176 0.0 1.273 (0.910-1.780) 0.158 0.0 1.004 (0.878-1.147) 0.957 0.0 1.032 (0.920-1.157) 0.593 0.0

Lung cancer 1 1.417 (0.788-2.547) 0.244 / 1.850 (1.049-3.263) 0.034 / 1.695 (0.967-2.972) 0.066 / 1.364 (1.074-1.732) 0.011 / 1.339 (1.094-1.639) 0.005 /

Ethnicity

Asian 5 1.172 (0.946-1.451) 0.147b 15.8 1.284 (0.982-1.678) 0.067b 36.2 1.214 (0.989-1.491) 0.064b 30.8 1.077 (0.974-1.192) 0.150b 28.4 1.089 (0.990-1.198) 0.081b 40.8

Caucasian 2 0.977 (0.751-1.270) 0.860b 0.0 0.651 (0.482-0.878) 0.005b 0.0 0.848 (0.661-1.087) 0.193b 0.0 0.644 (0.446-0.931) 0.019b 41.9 0.808 (0.699-0.934) 0.004b 0.0

Others 3 1.168 (0.948-1.438) 0.145b 0.0 1.398 (0.830-2.354) 0.208b 42.9 1.199 (0.981-1.466) 0.077b 0.0 1.217 (0.794-1.864) 0.367b 42.3 1.136 (0.950-1.359) 0.162b 34.9
OR: odds ratio; CI: confidence interval. The results in bold indicated the 95% CI excluded 1 or P<0.05. aThe statistical significance of the pooled OR was determined by the Z test; bNo statistical significance was found by the heterogeneity test 
and the fixed-effects model was adopted here. cConfirmatory analysis with a random-effect model was used when significant heterogeneity existed. dThe article reported by Wang was regarded as two independent studies according to ethnicity.
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Figure 2. Subgroup analysis of the relationship between 
miR-608 rs4919510 polymorphism and cancer risk by 
cancer. A: Co-dominant model (CC vs. AA); B: Dominant 
model (CC vs. AA+AC); C: Allele model (C vs. A).
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Figure 3. Subgroup analysis of the relationship between miR-
608 rs4919510 polymorphism and cancer risk by ethnicity. 
A: Co-dominant model (CC vs. AA); B: Dominant model (CC vs. 
AA+AC); C: Allele model (C vs. A).
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with the wild-type CC genotype. No significant 
association was found in esophageal cancer 
and digestive tract cancer. Furthermore, in the 
stratification analysis of ethnicity (Figure 3), we 
found a highly significant association in the 
Caucasian population with co-dominant model 
(CC vs. AA: OR=0.651, 95% CI: 0.482-0.878, 
P=0.005), dominant model (CC vs. CA+AA: 
OR=0.644, 95% CI: 0.446-0.931, P=0.019) 
and allele model (C vs. A: OR=0.808, 95% CI: 
0.699-0.934, P=0.004). No significant asso- 
ciation was found in Asians and other ethni- 
cities.

Publication bias 

Begg’s funnel plot and Egger’s test were per-
formed to assess the publication bias of the 
included studies. There was no evidence of 
publication bias in Begg’s funnel plot for all 
genetic models (Figure 4). In addition, the 
results of Egger’s test did not indicate any evi-
dence of publication bias in our meta-analysis 
(P>0.05).

Heterogeneity and sensitivity analysis

Heterogeneity in all comparisons of the includ-
ed studies was shown in Table 2. A few of com-
parisons showed slight or moderate heteroge-
neities among studies. Sensitivity analysis was 
performed to explore the influence of individual 
study on the pooled OR by removing one study 

important role in pre-miRNA splicing [33]. 
Several studies have found different expres-
sion patterns of miR-423 in various cancers, 
such as head and neck cancer [34], breast can-
cer [35] and hepatocellular cancer [36]. The 
rs6505162 polymorphism is located in the pre-
cursor of pre-miR-423 [20]. Recently, rs65- 
05162 polymorphism in pre-miR-423 has been 
reported to offer a reduced cancer risk in differ-
ence cancer types. For example, Zhao found 
that the high mutation frequency of the SNP 
rs6505162 in pre-miR-423 had strong associa-
tion with the expression of both proliferating 
cell nuclear antigen (PCNA) and mutant p53, 
which play an oncogenic role in carcinogenesis 
[37]. All these studies provoked us to focus on 
the association of rs6505162 polymorphism 
and cancer susceptibility.

In the meta-analysis, C-A variation at pre-
miR-423 rs6505162 polymorphism sit did not 
exert significant genetic effect on cancer risk. 
Subgroup analysis revealed that the variant AA 
and CA/AA genotypes were associated with a 
decreased risk of breast cancer compared with 
wild-type CC genotype. However, an increased 
risk of lung cancer was found in co-dominant 
genetic model (CC vs. AA) and the recessive 
genetic model (CC vs. CA+AA). MiR-423 is high-
ly expressed in multiple cancer types, including 
breast cancer. Both the mature miR-423-3p 
and miR-423-5p have been reported to be 

Figure 4. Begg’s funnel plot for publication bias test from 9 studies (allele 
model, C vs. A). Each point represents a separate study for the indicated 
association. Horizontal line represents size of effect. OR, odds ratio; log OR, 
nature logarithm of OR.

at a time from eligible analy-
sis. The results suggested 
that the omission of any study 
made no significant differen- 
ce.

Discussion

Polymorphisms in miRNA ge- 
nes could affect the transcrip-
tion of miRNA primary tran-
scripts, pre-miRNA maturation 
or miRNA-mRNA interactions. 
These mechanisms are invol- 
ved in the aberrant expression 
of miRNAs, which have a sig-
nificant influence on carcino-
genesis [32]. MiR-423 is locat-
ed on chromosome 17 and 
lies in the first intron of nucle-
ar speckle splicing regulatory 
protein (NSRP1), which has 
been confirmed to play an 
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involved in tumorigenesis. For example, Lin 
reported that only miR-423-3p could promote 
cell growth and regulate G1/S transition by tar-
geting p21Cip1/Waf1 in hepatocellular carci-
noma [36]. In gastric cancer cells, miR-423-5p 
could regulate cell proliferation and invasion by 
targeting trefoil factor 1 [38]. Another example 
was that Zhao found miR-423 promoted cell 
proliferation in breast cancer cell lines through 
its miR-423-3p strand, but not miR-423-5p. 
Lower expression level of mature miR-423-3p 
has the relative lower proliferation ability of pre-
miR-423-12C in the stable breast cancer cell 
population [37]. The different expression levels 
of mature miR-423-3p and miR-423-5p may 
result in the different effect of the pre-miR-423 
polymorphism on the risk of breast cancer and 
lung cancer. In the stratification analysis of eth-
nicity, the variant AA and CA/AA genotypes 
were associated with a decreased risk of can-
cer in the Caucasian population, which is con-
sistent with the subgroup analysis of breast 
cancer. This could be attributed to the fact that 
2 eligible studies in the Caucasian population 
all focused on breast cancer. However, no sig-
nificant association was found in Asians and 
other ethnicities in the meta-analysis.

In interpreting the current results, several limi-
tations of this study should also be considered. 
Firstly, eligible studies are still so inadequate 
that they may have an influence on our results 
of subgroup analysis. Secondly, a certain 
degree of heterogeneity was obvious in some 
comparisons, which could interfere with our res- 
ults. Thirdly, lack of original data of the reviewed 
studies, consisting of age, gender, family histo-
ry and environment factors, limited our further 
meta-analysis. Last but not the least, only stud-
ies published in English were included in our 
meta-analysis, while studies published in other 
languages were not available, which may have 
biased our results. Therefore, more studies 
with available complete information are still 
required to achieve a more comprehensive and 
reliable result.

In summary, the results of our meta-analysis 
indicate a significant association between pre-
miR-423 rs6505162 polymorphism and risk of 
breast cancer and lung cancer. To some extent, 
this polymorphism is closely related to cancer 
susceptibility in Caucasians. However, these 
results should be treated with some caution 
due to the limitations above. Additional studies 

from different ethnic groups and different types 
of cancers are necessary for further identifi- 
cation.
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