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Due to their potentially functional significance, genetic variants within microRNA genes have been recognized as
candidates for cancer-related genetic biomarkers. Among the most extensively studied so far are rs3746444,
rs11614913 and rs895819. Nevertheless, only few previous studies in Asian population analyzed the association
of rs3746444 and rs11614913 with prostate cancer (PCa) risk, while rs895819 was not evaluated in relation to
this issue. The aim of this study was to assess the possible association between these genetic variants and PCa
risk and progression in Serbian population. 355 samples of peripheral blood were obtained from the patients
with PCa and 353 samples from patients with benign prostatic hyperplasia (BPH). 312 volunteers derived from
general population who gave samples of buccal swabs were included in the control group. Genotyping of
1s3746444, rs11614913 and rs895819 was performed by using PCR-RFLP method, HRM analysis and allele-
specific PCR, respectively. Allelic and genotypic associations were evaluated by unconditional linear (for serum
PSA level in PCa patients) and logistic regression method with adjustment for age.
Minor allele C of rs895819 was found to be associated with the increased risk of developing PCa under dominant
(P =0.035; OR = 1.38, 95%CI 1.02-1.86) and overdominant (P = 0.04; OR = 1.37, 95%CI 1.01-1.85) genetic
model. Same genetic variant was found to be associated with the clinical stage of localized PCa, as well as with
the presence of distant metastases. Allele G of rs3746444 was also shown to be associated with the decreased
risk of PCa progression. According to our data, rs3746444 qualifies for a genetic variant potentially associated
with PCa aggressiveness in Serbian population. Furthermore, our study provided the first evidence of association
between rs895819 and PCa risk, as well as for its genetic association with the presence of distant metastases
among PCa patients.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

prostate adenocarcinomas which do not require aggressive therapy,
but active surveillance, represent a significant proportion (Van der

According to recent projections based on GLOBOCAN 2012 report,
global cancer burden is expected to substantially increase within the
next decade (Ferlay et al., 2015). Being the second leading cancer in
terms of incidence and ranking sixth among causes of cancer-related
death worldwide, prostate cancer (PCa) is due to significantly contrib-
ute to this growing public health problem (Bray et al., 2012; Ferlay
et al., 2015). Among diagnosed tumors, clinically inapparent latent

Abbreviations: PCa, prostate cancer; BPH, benign prostatic hyperplasia; GWAS,
genome-wide association study; PSA, prostate-specific antigen; GS, Gleason score; PCR-
RFLP, restriction fragment length polymorphism analysis of PCR-amplified fragments;
HRMA, high resolution melting analysis; HWE, Hardy-Weinberg equilibrium; OR, odds
ratio; CI, confidence interval; AIC, Akaike information criterion.
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Kwast and Roobol, 2013). Therefore, identification of genetic variants
contributing not only to cancer susceptibility, but also to PCa aggressive-
ness has become one of the imperatives in research activity regarding
prostate carcinogenesis. These genetic variants are considered to be po-
tential nonstandard prognostic parameters of PCa that could be imple-
mented in algorithms used for assessing the risk of PCa development,
as well as for evaluating the risk of PCa progression and outcome predic-
tion (Goh and Eeles, 2014; Helfand and Catalona, 2014).

Although large genome-wide association studies (GWAS) have
made the major contribution to identifying genetic factors contributing
to prostate cancer susceptibility, candidate-gene based approaches have
also revealed multiple PCa associated regions (Goh and Eeles, 2014). Due
to accumulating evidence of the involvement of regulatory mechanisms
based on the activity of non-coding RNAs in prostate carcinogenesis,
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genetic variants in microRNA genes have been recognized as potential
PCa susceptibility loci (Bolton et al., 2014; George et al., 2011; Nikoli¢
et al., 2014; Xu et al., 2010). These genetic variants could influence
microRNA biogenesis, stability of mature microRNA molecules, efficiency
of target gene regulation, as well as target specificity, therefore, leading
to aberrant expression of numerous oncogenes and tumor-suppressors
(George and Mittal, 2010; Ryan et al., 2010).

Among the most extensively analyzed genetic variant in microRNA
genes are rs3746444 in hsa-miR-499 and rs11614913 in hsa-miR-
196a2 (Ma et al., 2013). The minor allele of genetic variant rs3746444
was found to cause a mismatch in the stem region of miR-499 precursor,
thus potentially leading to a secondary structure alteration affecting
biogenesis of mature microRNA molecules. Being located in the segment
of hsa-miR-499 gene encoding the seed region of the mature passenger
microRNA strand (hsa-miR-499-3p), rs3746444 was hypothesized to
affect its function by altering interactions with target mRNAs and target
specificity (Chen et al., 2014; Hu et al., 2009). Therefore, mature passen-
ger microRNAs originating from hsa-miR-499 gene which bear different
allelic variants could have a significantly discordant set of target mRNAs.
Genetic variant rs11614913 is located in the region of hsa-miR-196a2
encoding the passenger strand of the mature miR-196a2 (hsa-miR-
196a2-3p). Thus, it was hypothesized that this genetic variant could af-
fect the interaction between hsa-miR-196a2-3p and target mRNAs by
altering the sequence of this potentially functional microRNA molecule.
Furthermore, by inducing secondary structure changes, rs11614913
could affect the processing of miR-196a2 precursors (Hu et al., 2009;
Ryan et al., 2010). Evidence to support this hypothesis were obtained
in expression analyses showing significant differences in mature
miR-196a2 levels associated with different rs11614913 genotypes
(Hu et al., 2008). Due to these potential functional consequences,
rs3746444 and rs11614913 were selected for numerous case-con-
trol studies on different types of malignant diseases which provided
contrasting and inconclusive results (Ma et al., 2013). Not only that
these genetic variants were found to be associated with the risk of
developing multiple types of cancer, but also to be related to cancer
prognosis (Ahn et al., 2013; Hu et al., 2008; Wang et al., 2013).

In spite of the wide range of their potential functional significance,
the effect of genetic variants in genes encoding microRNA on PCa sus-
ceptibility and progression was assessed in only few studies conducted
in Asian populations and our previous study involving PCa patients from
Serbia (European origin). These earlier studies have provided discor-
dant results regarding the effects of genetic variants in hsa-miR-146a
(Nikolic et al., 2014; Parlayan et al., 2014; Xu et al., 2010) and hsa-
miR-196a2 (George et al., 2011; Parlayan et al., 2014), while for
rs3746444 in hsa-miR-499 gene analysis of association with PCa risk
was conducted in a single study (George et al.,2011). The obtained find-
ings emphasize the need for additional analyses in multiple European
and non-European populations in order to make definite conclusions.
To date, no other microRNA genetic variants have been analyzed in re-
spect to their association with PCa. Nevertheless, rs895819 stands out
due to its association with multiple other malignant diseases, as well
as for its potential significance in regulating the biogenesis and/or func-
tion of PCa-related miR-27a (Fletcher et al., 2012; Goh and Eeles, 2014;
Xu et al,, 2013). This genetic variant has been identified as a SNP affect-
ing the sequence of the miR-27a pre-microRNA terminal loop and alter-
ing its secondary structure. Therefore, rs895819 was hypothesized to
influence the processing of miR-27a precursors by Drosha enzyme
(Sun et al., 2010; Zeng et al., 2005). Mature miR-27a was previously
found to be aberrantly expressed in PCa, leading to enhanced malignant
cell growth (Fletcher et al., 2012; Porkka et al., 2007; Szczyrba et al.,
2010; Volinia et al., 2006). Also, it was shown that this microRNA is
androgen-regulated and stimulates the androgen signalization in a
positive feedback loop (Fletcher et al., 2012).

The aim of this study was to evaluate the association of genetic var-
iants rs11614913 in hsa-miR-196a2 and rs3746444 in hsa-miR-499 with
PCa risk and progression in Serbian population. To our knowledge, this

is the first European population in which a case-control study on this
subject was performed. Since there were no reports on the relation of
rs895819 with PCarisk, we have also conducted the first study designed
to provide data referring to this issue. Furthermore, we assessed the
association of rs895819 with standard prognostic parameters of PCa,
as well as with the risk of PCa progression.

2. Material and methods

The study used peripheral blood samples obtained from the patients
treated in the period between 2009 and 2013 at Clinical Centre “Dr
Dragi$a MiSovi¢ Dedinje”, Belgrade, Serbia. Research was conducted
with the approval of ethics committees of this medical institution.
Experiments are in accordance with the Helsinki Declaration of 1975.

355 samples of peripheral blood were obtained from patients with
PCa and 353 samples from patients with benign prostatic hyperplasia
(BPH). The control group comprised 312 healthy volunteers who gave
samples of buccal swabs. Written informed consent was obtained
from all participants. The exclusion criteria for potential controls were
the presence of any self-reported diseases and family history of PCa.
Mean ages for PCa and BPH patients and controls were 69.96, 68.13
and 68.27 years, respectively. Diagnoses of PCa and BPH were made
by using standard clinical procedure which included digital rectal exam-
ination, transrectal ultrasonography, abdominal and pelvic ultrasound,
bone scintigraphy and radiography, serum prostate-specific antigen
(PSA) level and biopsy of the prostate.

Patients with PCa were selected into groups based on the values of
standard prognostic parameters — PSA at diagnosis (PSA < 10 ng/ml;
10 ng/ml < PSA < 20 ng/ml; PSA > 20 ng/ml), Gleason score (GS < 7;
GS = 7; GS > 7) and clinical stage (T1; T2; T3/T4). Two groups of pa-
tients were formed based on the presence of distant metastases. Based
on the risk for localized cancer progression, three groups of patients
were formed, according to D'Amico criteria (D'Amico et al., 1998) and
as recommended by European Association of Urology (EAU). Groups
were defined as low-risk (PSA < 10 ng/ml, GS < 7, and clinical stage
T1-T2a), intermediate-risk (PSA 10-20 ng/ml or GS = 7 or clinical
stage T2b-T2c), and high-risk (PSA > 20 ng/ml or GS > 7 or stage
T3/T4) (D'Amico et al., 1998). Since patients with metastases were
included in the study, the criteria were modified to include this subset
into high risk group. During the genotyping procedure, investigators
were blinded for the clinical status of subjects.

Genomic DNA was isolated from peripheral blood and buccal swab
samples using the QIJAamp® DNA Mini Kit (QIAGEN, Hilden, Germany)
following the manufacturers' protocol.

Genotyping of rs3746444 was performed using PCR-RFLP method.
Primers used to amplify a segment of DNA surrounding rs3746444
were previously published by Hu et al. (2008). PCR protocol is presented
as Supplementary information 1. The expected length of PCR products
was 146 bp.

10 pl of PCR products were digested at 55 °C overnight with 1 U of
Bcll enzyme (Fermentas, Hunover, MD, USA) per single reaction (15 pl
reaction mixture). Digested products were separated by 3% agarose
gel electrophoresis. The expected lengths of fragments resulting from
restriction digest were 120 bp and 26 bp for AA genotype, 146 bp,
120 bp and 26 bp for AG genotype, and 146 bp for GG genotype.

Genotyping of rs11614913 was performed by High Resolution Melt-
ing Analysis (HRMA). Primers used to amplify 81 bp long segment of
DNA surrounding this genetic variants were previously described by
Qi et al. (2014). The protocol for HRMA is presented as Supplementary
information 2.

For genotyping rs895819, allele-specific PCR was optimized. Primers
were designed by using BatchPrimer3 v1.0 software (BatchPrimer3;
You et al., 2008). For each sample, two PCR reaction mixtures were pre-
pared containing different allele-specific primer, a common forward
primer and a common reverse non-allele-specific primer (Table 1)
used to generate amplicon which acts as internal positive control. PCR
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