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Abstract
The increase in incidence of prostate cancer in the Indian Population stresses the need to identify genetic markers for suscepti-
bility and prognosis. Recent studies show that microRNAs play an important role in tumorigenesis by altering proliferation,
differentiation and cell death. Gene polymorphisms not only in promoter region but also within miRNA gene have been shown to
affect expression. The present study was aimed to analyze the role of miR-146a, miR-196a2 and miR-125a gene polymorphisms
in prostate cancer. Genotyping of three SNPs rs73318382, rs57095329, rs2910164 in miRNA146a, rs11614913 in miR-196a2
and rs41275794, rs12976445, rs10404453 and rs1297533 in miR-125a was performed in 100 cases and 100 controls. Statistical
analysis revealed the heterozygous AG genotype of the rs57095329 was significantly decreased in the cases when compared to
the controls (OR-0.45, CI -0.24 to 0.85, p value-0.02) indicating an inverse association of this genotype with prostate cancer.
Further the heterozygous CTof miR-196a2 (rs11614913) (OR-1.88, CI-1.06 to 3.35, p-0.02) and homozygous CC of miR-125a
(rs12976445) (OR-2.55, CI -1.15 to 4.65, p-0.03) showed increased risk for prostate cancer. Combined analysis of all the
genotypes revealed that the haplotype combination AGGCGTGG (OR = 0.09 at CI 95% (0.01–0.65) showed an inverse asso-
ciation with prostate cancer. Stratified analysis based on the age and tumor grade revealed no significant association.
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Introduction

Prostate cancer is the second most frequently diagnosed cancer
and leading cause of death among men [1]. In India, incidence
of prostate cancer were increasing and the yearly average per-
centage change has ranged from 0.14–8.6 [2]. The molecular
mechanisms underlying the development and progression of
prostate cancer are unknown. A number of genes contribute
to the development and progression of prostate cancer, among
which miRNAs have powerful functions in gene regulation.

microRNAs (miRNAs) are evolutionarily conserved, small,
endogenous, non coding RNAmolecules of 18 to 24 nucleotide
in length that function as post transcriptional gene regulators
and also target the binding sites located in 3’untranslated re-
gions of mRNAs [3]. miRNAs are negative gene regulators and

map within fragile regions of chromosomes which are associ-
ated with various human cancers [4]. miRNA profiling in can-
cerous tissues have identified that they are involved in the key
pathways related to proliferation, apoptosis and immune re-
sponse and the deregulation of which is key to carcinogenesis
[5]. The deregulated miRNAs may function as oncogenes or
tumor suppressor genes and influence the initiation, progres-
sion and treatment outcomes in various cancers [6].

Since a specific miRNA has the potential to regulate the
expression of hundreds of target mRNAs, SNPs in miRNAs
may produce more significant functional consequences and
represent an ideal candidate for disease prediction [7]. In the
present study we chose to identify the association of SNPs in
the pre-miRNAs on miR-125a, miR-146a and miR-196a2
with risk of prostate cancer.

miR-146 is involved in the regulation of inflammation and
its expression is found to be up regulated by inflammatory
factors such as interleukin 1 and tumor necrosis factor-alpha.
Expression of miR146a down regulates a number of target
genes which are involved in toll-like receptor pathways.
Sun, et al., 2014 reported that miR-146a plays a suppressive
role in prostate cancer through down-regulation of Rac1 [8].
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Earlier study by Lin et al. 2008 reported that miR-146a may
function as a tumor-suppressor gene in modulating HA/
ROCK1-mediated tumorigenecity [9].

miR-196a2 consists of two types of mature miRNAs name-
ly miR-196a-5p and miR-196a-3p both of which are proc-
essed from the same stem-loop [10]. Earlier studies have re-
ported alterations in miRNA expression and associated 137
cancer-related transcripts after the introduction of pre-miR-
196a-C vector [11]. The rs11614913 polymorphism located
in the mature sequence of miR-196a-3p could lead to less
efficient processing of the miRNA precursor to its mature
form and reduce the capacity to regulate target genes [12].
Hoffman et al. [11] reported that miR-196a2 rs11614913 not
only influences the levels of mature miR-196a, but also has a
phenotypic effect on target gene expression [13].

Among the most important miRNA families, miR-125
family has been reported to be implicated in a variety of
carcinomas and other diseases as either repressors or pro-
moters. MiR-125a was demonstrated to control major cel-
lular processes in a number of cancer cells. Over-expression
of miR-125a impaired migration and invasion of breast
cancer cells [14]. Expression of miR-125a resulted in inhi-
bition of proliferation and metastases in hepatocellular car-
cinoma cells [15]. Studies have also reported the role of
miR-125a in the process of invasion and migration in gas-
tric and lung cancer cells [16].

Reported evidence clearly suggests that miR-125a, miR-
146a and miR-192-a2 microRNAs play a critical role in tumor
invasion and metastasis. Though many studies have identified
the role of these microRNAs in various cancers, only limited
literature exist for the same prostate cancer. In view of the
critical role of these miRNAs and their SNPs not only influ-
ence mature miRNA expression, but also affects target gene
expression. Therefore, the present study was designed to in-
vestigate the role of SNPs in the miR-125a, miR-146a and
miR-196a2 prostate cancer in a South Indian population.

Materials and Methods

Study Population

Histologically confirmed prostate cancer samples (n = 100)
were collected from Sri Ramachandra Medical centre,
Chennai. The age of the patients range from 52 years to
75 years and the mean age were 67 years. Relevant clinical
and pathological data were collected from all the patients. At
the time of diagnosis, the PSA levels of all the individuals
were recorded. The PSA levels ranging from 4.0 ng/mL were
considered for study. Pathological grading of the tumors rep-
resented as Gleason scores (GS) was obtained by the histo-
pathological examination. Patients with secondary tumor de-
velopment were excluded from study. Controls (n = 100) with

no history of cancer, and age ranging from 60 years to 85 years
with a mean age of 70 years were recruited. Ethical clearance
was obtained from the Institutional Ethics Committee, Sri
Ramachandra University. Informed consent was obtained
from each subject at the time of enrollment.

Genotyping

About 2 ml of blood was collected from all the subjects in
EDTAvacutainer. Genomic DNAwas extracted from peripher-
al blood using QIAamp DNA mini kit according to the manu-
facturer’s protocol and stored at−20 °C until further processing.
In this study 4 sets of primers were used, primer 1 was chosen
to amplify the promoter region of the miR-146a (promoter, nt-
749 to nt −259) [17], the primer 2 to amplify the pre-miR-146a
[17]. Primer 3 was chosen to amplify pre-miR-196a2 [18].
Primer 4 was chosen to amplify pri-miR-125a [19].

PCR was carried out in a total reaction volume of 20 μl
containing 100 ng of genomic DNA, 30pM of each
primer(forward and reverse), 1X PCR buffer, 200 μM dNTP
and 3 units of Taq DNA polymerase. The PCR cycling con-
ditions were carried out as follows: 98 °C for 2 min, 56 °C for
5 s, 72 °C for 35 s; 28 cycles and final extension 72 °C for
5 min. Genotyping of miR-146a and miR-125a was per-
formed by direct dye terminator of sequencing. The sequenc-
ing data was analyzed using Seqscape software v2.5. miR-
196a2 rs11614913 C/T genotyping was performed by
Polymerase Chain Reaction–Restriction Fragment Length
Polymorphism (PCR–RFLP) genotyped using the restriction
enzymeMspI, which yields the product size 24 bp and 125 bp
for genotype CC, 149 bp for genotype TT and 149 bp,125 bp
and 24 bp for heterozygous CT [18]. Representative samples
from each genotypewere sequenced to confirm the genotypes.

Statistical Analysis

Statistical analysis was performed using the SNPstats online
tool [20]. The expected genotype and allele frequencies for the
observed variations were calculated for cases and controls.
These frequencies were tested for Hardy-Weinberg equilibri-
um. The association of SNPs in miR-146a, miR-196a2 and
miR-125a with prostate cancer was evaluated using odds ratio
at 95% confidence interval (CI). The association of the geno-
types of all the SNPs with clinical parameters including tumor
grade, PSA and age were calculated using odds ratio at 95%
confidence interval (CI). P values <0.05 were considered sta-
tistically significant.

Result

The association of miR-146a, miR-196a2 and miR-125a gene
polymorphisms with prostate cancer estimated using odds ratio
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at 95% confidence interval is represented in Table 1.
rs57095329, rs2910164, rs41275794, rs12976445,
rs10404453, rs1297533 were found to follow Hardy-
Weinberg equilibrium while rs73318382 in case group and
rs11614913 in control group did not follow Hardy-Weinberg

Equilibrium. In rs57095329, the heterozygous AG genotype
was found to be significantly higher in controls compared to
cases with OR = 0.45, 95%CI = 0.23–0.86 and P = 0.043.
Similar result was observed in the dominant model (AA vs
AG+GG) with OR = 0.43, 95%CI = 0.24–0.85 and P = 0.85.

Table 1 Association analysis of miR-146a, miR-196a2 and miR-125a gene polymorphisms with prostate cancer patients and controls estimated using
odds ratio (OR) at 95% confidence interval (CI) and P-value

Gene Genotype Control (n = 100) Case (n = 100) OR (95% CI) P-
value

miR-146a rs73318382
AA 77(77%) 73 (73%) Ref
AC 20(20%) 18(18%) 0.9 (0.4–1.9) 0.19
CC 3 (3%) 9 (9%) 3.16(0.82–12.15) 0.14
AC +CC 23 (23%) 27 (27%) 1.24 (0.65–2.35) 0.51
AA+AC 97(97%) 91 (91%) Ref
CC 3 (%) 9 (9%) 3.20(0.84–12.18) 0.068
A allele frequency 0.87 0.82
C allele frequency 0.13 0.18
rs57095329
AA 63 (63%) 79 (79%) Ref
AG 34 (34%) 19 (19%) 0.45 (0.23–0.86) 0.02
GG 3 (3%) 2 (2%) 0.53 (0.09–3.28) 0.81
AG +GG 37(37%) 21 (21%) 0.45(0.24–0.85) 0.012
AA+AG 66 (66%) 98 (98%) Ref
GG 3 (3%) 2(2%) 0.44(0.07–2.7) 0.65
A allele frequency 0.8 0.88
G allele frequency 0.2 0.12
rs2910164
GG 51(51%) 52 (52%) Ref
CG 39(39%) 38 (38%) 0.96(0.53–1.72) 0.99
CC 10(10%) 10(10%) 0.98(0.38–2.56) 1
CG+CC 49(49%) 48 (48%) 0.96(0.55–1.67) 1
GG +CG 90(90%) 90 (90%) Ref
CC 10 (10%) 10 (10%) 1.00 (0.40–2.52) 1
G allele frequency 0.7 0.71
C allele frequency 0.3 0.29

miR-196a rs11614913
CC 47 (47%) 32 (32%) Ref
CT 36(36%) 51 (51%) 2.08(1.12–3.87) 0.02*
TT 17 (17%) 17 (17%) 1.47(0.65–3.30) 0.46
CT+ TT 53(53%) 68(68%) 1.88(1.06–3.35) 0.04*
CC+CT 83(83%) 83(%) Ref
TT 17(17%) 17(17%) 1.00(0.48–2.09) 1
C allele frequency 0.65 0.57
T allele frequency 0.35 0.42

miR-125a rs41275794
G/G 100 100
rs12976445
T/T 37(37%) 28(28%) Ref
C/T 48(48%) 43(43%) 1.18(0.62–2.25) 0.72
C/C 15(15%) 29(29%) 2.55(1.16–5.65) 0.03*
C/T + C/C 63(63%) 72(72%) 1.51(0.83–2.74) 0.22
T/T + C/T 85(85%) 71(71%) Ref
C/C 15(15%) 29(29%) 2.31(1.15–4.65) 0.026*
T allele frequency 0.61 0.5
C allele frequency 0.39 0.5
rs10404453
G/G 100 100
rs1297533
G/G 100 100

* p-value <0.05 is significant.; Ref: indicates the reference genotype (wild type)

NS, Not significant
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This indicates that G allele has inverse effect on prostate cancer.
rs73318382 and rs2910164 in the miR-146a did not show any
association with prostate cancer. The heterozygous CT geno-
type of miR-196a2(rs11614913) was found to be statistically
significant in cases when compared to controls, with an OR of
2.08 and 95% CI of 1.27 to 3.87 (p value-0.02). Similar results
were observed in the dominant model with an OR of 1.88 and
95% CI of 1.06 to 3.35 (p value-0.04); thereby indicating an
increased risk of prostate cancer. In miR-125a gene, 4 SNP’s
were analyzed (rs41275794, rs10404453, rs1297533 and
rs12976445) out of which 3 SNP’s (rs41275794, rs10404453
and rs1297533) showed only single genotype GG
(monomorphic) and the rs12976445 polymorphism in miR-
125a revealed the homozygous CC genotype to be significantly
higher in cases with OR = 2.55, 95%CI = 1.16–5.65,P = 0.03.
Similarly, the recessive model (TT + TC vs CC) was found to
be significantly higher in cases with OR = 2.31 and 95% CI =
1.15–4.65, P = 0.026. Therefore, CC mutant genotype was
found to increase the risk of prostate cancer.

Haplotype analysis of miR-146a, miR-196a2 and miR-
125a gene polymorphisms in cases and controls are represent-
ed in Table 2. A total of 14 haplotype combinations were
observed among which the haplotype AGGCGTGG was
found to be higher in controls when compared to cases with
an OR of 0.09 and 95% CI 0.01–0.65.

The allele frequencies observed in the present study were
compared with the frequencies available in the HapMap data.
Our results revealed that rs2910164 has higher C allele fre-
quency when compared with other populations such as
European, African, American and Asian. Moreover,
rs11614913 and rs12976445 showed similar allele frequen-
cies with American population. The allele frequencies of
rs10404453 did not show any significant difference among
other populations.

Association with Clinical Parameters

The genotypes of the polymorphisms of miRNAs miR-146a,
miR-196a2 and miR-125a were compared with the clinical
parameters including Gleason Score, age at diagnosis. For
Gleason score, the patients were grouped into two categories
(Low grade < 7 (less aggressive) and high grade ≥ 7 (more
aggressive)). No significant difference was observed in geno-
type frequencies between patients in low and high tumor
grade. Figure 1 represents the distribution of the genotypes
based on tumor grade. No significant difference was observed
between the genotype frequency and PSA at diagnosis.

Discussion

In this paper we present a case-control study of seven poly-
morphisms from 3 miRNAs miR-146a, miR-196a2 and miR-
125a. miRNAs are differentially expressed in different types
of cancer [21]. miRNA has multiple targets and they function
by degrading target mRNA. The presence of single nucleotide
polymorphisms in the primary-miRNAs affect the maturation
process of miRNA thereby hindering binding efficacy of
miRNA to its target, leading to cancer susceptibility [22].
The over expression ofmiR-146a has been identified in cancer
cell lines and tumor tissues. The miR-146a polymorphism
rs2910164, is located on chromosome 5q33 at the 60th nucle-
otide position in the seed region of pre-miR-146a [23], mean-
while rs 57,095,329 is located in promoter region at −386
nucleotide position and rs73318382 is located in promoter
region at −690 nucleotide position. The variant rs2910164
changes G:U to C:U leading to mispairing in the hairpin of
miR-146a and decreases the efficiency of processing pre-
miRNA to mature miRNA, thereby represses the expression

Fig. 1 Distribution of genotypes
based on tumor grade
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of its target genes [24]. Studies carried out in papillary thyroid
carcinoma shows altered expression of miR-146a and impli-
cated as an important link between inflammation and carcino-
genesis [25, 26]. A loss of miR-146a function was reported in
hormone refractory prostate cancer [27]. Functional analysis
of Castration-resistant prostate cancer and androgen depen-
dent prostate cancer showed over expression of miR-146a in
androgen-independent cell lines, inhibit cell growth, colony
formation, migration and inhibit the expression of MMP2
gene responsible for tumor progression [28].

The genotypes of rs73318382 and rs2910164 polymor-
phisms did not reveal any significant difference among
controls and cases. A study in North Indian population

on the role of gene polymorphisms in miRNA revealed
no association of rs2910164 with prostate cancer [29].
Our study results are in agreement with the North Indian
study. Similar study on the role of rs2910164 G > C poly-
morphism in Chinese Han population reported that sub-
jects carrying CC genotype showed reduced risk of pros-
tate cancer by 0.65 folds [30]. No such association was
observed in the present study.

miR-196a-1 located on chromosome 17, miR-196a2 locat-
ed on chromosome 12 and miR-196b located on chromosome
7 belongs to the family of miR-196. The sequence of miR-
196a differs from miR-196b by one nucleotide. The miR-
196a2 polymorphism rs11614913 is located in the mature

Fig. 2 Predicted gene targets for miR-146a, miR-125a and miR-196a
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sequence of miR-196a-3p (passenger strand), which affects
the processing of pre-miRNA to its mature form and also the
capacity to regulate target genes [11].

Our study revealed that the heterozygous CT genotype
(OR = 2.08, CI = 1.12–3.87) and the dominant model (OR =
1.88, CI = 1.06–3.35) of pre-miR-196a polymorphism
rs11614913 were found to be significantly higher in Prostate
cancer patients compared to controls indicating increased risk
of prostate cancer susceptibility. This is in concordance with
study on North Indian population in prostate cancer [29] and
similar results were observed in a study on colorectal cancer in
Chinese population [31]. To the best of our knowledge, this is
the first study in South Indian population investigating the
association of miR-146a and miR-196a2 polymorphisms with
Prostate Cancer susceptibility.

miR-125 family consist of miR-125a, miR-125b-1 and
miR-125b-2. miR-125a is located at 19q13 while miR-125b
is located at 11q23(miR-125b-1) and 21q21(miR-125b-2)
[32]. The polymorphism rs12976445 revealed that homozy-
gous CC genotype and the recessive model (TT + TC vs CC)
were associated with risk of prostate cancer. This is the only
study which shows association of rs12976445 with prostate
cancer. miR-125a has been reported to be down-regulated in
breast cancer biopsy and functions as tumor suppressors [14,
33, 34] by targeting the ETS1 gene through ERBB2 and
ERBB3 pathway [33].

The stratified analysis did not show any association of ge-
notypes with clinical parameters. Moreover further studies on
the functional role of miR-146a, miR-196a2 and miR-125a
will help in understanding the pathogenesis and progression
of prostate cancer.

The miRNAs analyzed in the present study revealed a sig-
nificant association with prostate cancer, to gain insight into the
biological role of each miRNA, we performed a target predic-
tion analysis to identify the full repertoire of its mRNA targets
using miRTarBase, miRwalk and gprofiler. Figure 2 represents
the target genes for each of the microRNAs, the results clearly
indicates a highly complex set of interactions betweenmiRNAs
and target mRNAs. Methodologically studying each miRNAs
and mRNAs in several models will help to clarify their roles in
prostate cancer. A better understanding of these pathways will
bring us yet closer to an understanding of the molecular mech-
anism underlying this disease and hopefully to novel ap-
proaches for detection and therapy.

Conclusion

The present study showed that miR-146a polymorphism
rs57095329 had an inverse association with prostate cancer.
More over miR-196a2 (rs11614913) and miR-125a
(rs12976445) polymorphism showed a positive association
with risk of prostate cancer.

Clinical Significance

microRNAs are small RNA fragments that regulate gene ex-
pression via translational repression. Studies have shown that
polymorphism affects the regulatory capacity of miRNAs by
influencing miRNA processing and/or miRNA-mRNA inter-
actions. While miRNAs are involved in various physiological
mechanisms, a number of studies have provided evidence that
polymorphisms in miRNA may be related to increase patient
susceptibility, patient prognosis and survival. According to the
various functions, it is reported that high expression of
miRNA causes superior survival and low expression of
miRNA can yield opposite result. Based on the above evi-
dence we adopted a case-control study design to analyze the
relationship between miRNA146a, miRNA-196a and
miRNA-125a gene polymorphisms and prostate cancer. We
also performed the combined analysis of the miRNA geno-
types with age, clinical stage and patient susceptibility to pros-
tate cancer. The results of our study indicate that miR-146a rs
57,095,329 variant showed an inverse association with pros-
tate cancer, However the miR-196a (rs11614913) and miR-
125a (rs12976445) variants revealed an increased risk for
prostate cancer with an odds ratio of 2.55 (CI 1.15 to 4.65,p-
0.03).Although we observed evidence that these miRNAs are
related to prostate cancer susceptibility, additional laboratory
experiments and functional assays are required to confirm the
effects of these gene polymorphisms on prostate cancer.

Funding This work is a part of the ongoing funded project by
Department of Biotechnology, Government of India 6242-P58/RGCB/
PMD/DBT/VVSL/2015.
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