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Summary 

Background: miRNAs have enormous potential to be used
as diagnostic and prognostic markers as well as therapeutic
targets in male infertility and diseases of the reproductive
system. This study aimed to investigate the association
between the two functional genetic variants in the hsa-miR-
27a (rs2910164) and hsa-miR-146a gene (rs895819) and
male infertility in North Macedonian population, as well as
to test their association with the values of major seminal
parameters. 
Methods: The case group included in this study comprised
158 men initially diagnosed with idiopathic male infertility.
The control group included 126 age-matched healthy
male volunteers who fathered at least one child. 
Results: We report the association of rs2910164 minor
allele C for the first time with the increased susceptibility to
asthenoteratozoospermia. Additionally, our results indicat-
ing the association of allele C with low sperm vitality are a
novel finding. We did not demonstrate the association
between genetic variant rs895819 and the risk of different
types of male infertility. Still, the number of participants
with CC genotype in subjects diagnosed with asthenotera-
tozoospermia was null, while in controls, it reached 7.2%.
We further detected the rs895819 genotype-dependent
difference in rapid progressive sperm motility. 

Kratak sadr`aj

Uvod: miRNA molekule odlikuje izuzetan potencijal za
upotrebu u vidu dijagnosti~kih i prognosti~kih biomarkera i
terapijskih targeta kod mu{kog steriliteta i bolesti reproduk-
tivnog sistema. Cilj ove studije je bilo ispitivanje asocijacije
dveju funkcionalnih geneti~kih varijanti gena hsa-miR-27a
(rs2910164) i hsa-miR-146a (rs895819) i idiopatskog
mu{kog steriliteta u populaciji Severne Makedonije i testi-
ranje njihove asocijacije sa vrednostima seminalnih para-
metara. 
Metode: Grupu ispitanika ~inilo je 158 mu{karaca sa inici-
jalnom dijagnozom idiopatskog mu{kog steriliteta. Kon trol -
na grupa je uklju~ivala 126 mu{karaca volontera podu-
darne starosti koji su imali barem jedno dete. 
Rezultati: Po prvi put je pokazana asocijacija manje u~esta-
log alela C varijante rs2910164 sa povi{enim rizikom za
pojavu steriliteta kod mu{karaca sa astenoteratozoospermi-
jom. Tako|e, rezultati koji ukazuju na asocijaciju alela C sa
ni`om stopom vijabilnosti spermatozoida predstavljaju novi
nalaz. Nije pokazana asocijacija varijante rs895819 sa
rizikom za pojavu mu{kog steriliteta. Ipak, procenat u~esni-
ka u studiji sa genotipom CC me|u mu{karcima sa dijag-
nozom astenoteratozoospermije bio je 0, dok je u grupi
kontrola iznosio 7,2%. Pored toga, ustanovljen je efekat
varijante rs895819 na brzu progresivnu pokretljivost sper-
matozoida. 
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Introduction 

Infertility is a disease of the male or female
reproductive system defined by the failure to achieve
a pregnancy after 12 months or more of regular
unprotected sexual intercourse. Infertility impacts mil-
lions of people worldwide, often with devastating con-
sequences (1). 

MicroRNAs (miRNAs), an important class of
non-coding RNAs (ncRNAs), are major regulators of
gene expression and have been recognised as impor-
tant regulators of various biological processes, includ-
ing spermatogenesis. The presence of miRNAs in
testis, epididymis, sperm cells, seminal plasma and
extracellular vesicles (i.e., exosomes and microvesi-
cles) and the known functions in the post-transcrip-
tional regulation of gene expression associated with
these molecules suggest that deregulation of their
expression may lead to alterations in spermatogenesis
and embryogenesis (2). At the same time, miRNAs
have enormous potential to be used as diagnostic and
prognostic markers as well as therapeutic targets in
male infertility and diseases of the reproductive sys-
tem (3). 

Numerous specific miRNAs have been discov-
ered in spermatogonial stem cells (SSCs), with roles
ranging from initiating or blocking the differentiation
process to modulating the self-renewal mechanism.
Hsa-miR-146a-5p (miR-146a) directly binds and
inhibits a coregulator of retinoid receptors, known as
the mediator complex subunit 1. High levels of
retinoic acid were found to inhibit the expression of
miR-146a in undifferentiated spermatogonia, while
upregulation of miR-146a was found to be sufficient
to antagonise the effects of retinoic acid on sper-
matogonia (4). The genetic variant rs2910164 within
miR-146a gene (GRCh38 5:160485411, C>G) is a
functional polymorphism located in the »seed« region
of the passenger strand and has been shown to gen-
erate a false C:U in the stem region, affecting the bio-
genesis of mature miR-146a (5). Therefore, this
genetic variant could influence the risk of developing
male infertility through its complex effect on the inter-
twined processes of miR-146a biogenesis, mature
strand selections and the function of the resulting
mature miRNA, all potentially related to retinoic acid
signalling. However, despite its experimentally well-
supported functional properties, rs2910164 has

never been evaluated as a male infertility-related
genetic variant in a Slavic population. 

Hsa-miR-27a-3p (miR-27a) is a member of the
miR-27 family, which has two members (miR-27a and
miR-27b) and has been identified as an oncogenic
miRNA that plays an important role in cancer devel-
opment (6). This miRNA was predicted to target and
regulate a specific H3K9 demethylase (lysine-specific
demethylase 3A: KDM3A) with a proven role in male
infertility in animal models. Disruption of epigenetic
modification by KDM3A leads to a lack of spermatid
chromatin after meiosis. Without the function of
KDM3A in round spermatids, excessive methylation
would lead to transcriptional suppression of transition
protein 1 (TNP1) and protamine 1 (PRM1) genes and
the occurrence of infertility in animal models. During
the evolution of germline cells, epigenetic modifica-
tions via ncRNAs are crucial for regulating gene
expression, genome stability and genome imprinting.
Several studies have been conducted on human
abnormalities and their association with miRNAs,
including miR-27a. Norioun et al. (7) have shown
that miR-27a is overexpressed in men with non-
obstructive azoospermia. The genetic variant
rs895819 (GRCh38 19:13836478, T>C) is located
within a gene cluster encoding a single pri-miRNA for
miR-23a, miR-24a and miR-27a. It was identified as
an SNP that affects the sequence of the pre-miRNA
terminal loop of miR-27a, leading to a change in its
secondary structure and affecting the processing of
miR-27a precursors (8). Similarly, as for rs2910164,
hypotheses on the potential involvement of rs895819
in the molecular pathogenesis of male infertility rely
on its functional role in the biogenesis of mature
miRNA and on the downstream effect of the disrupt-
ed miR-27a function on its target mRNAs indispensa-
ble for maintaining a normal spermatogenesis
process. 

Since current knowledge about the involvement
of miRNA-related variants in the genetic basis of idio-
pathic male infertility is limited, the aim of this study
was to investigate the association between the two
functional genetic variants in the miR-27a
(rs895819) and miR-146a genes (rs2910164) and
male infertility in the North Macedonian population.
Furthermore, we aimed at testing the association of
these genetic variants with the values of major semi-

Conclusions: The association of rs2910164 and rs895819
with idiopathic male infertility in general is unlikely.
However, both of these variants show an association with
certain types of male infertility and with sperm abnormali-
ties, which need to be confirmed in later studies in different
ethnic groups.

Keywords: male infertility, rs2910164, rs895819, poly-
morphism, miR-27a, miR-146a

Zaklju~ak: Asocijacija rs2910164 i rs895819 sa
idiopatskim mu{kim sterilitetom uop{teno nije potvr|ena. S
druge strane, za obe navedene varijante pokazana je aso-
cijacija sa rizikom za pojavu odre|enih tipova mu{kog
steriliteta, kao i sa abnormalnostima spermatozoida.
Navedene rezultate je potrebno potvrditi u budu}im studi-
jama u drugim etni~kim grupama.

Klju~ne re~i: mu{ki sterilitet, rs2910164, rs895819,
polimorfizam, miR-27a, miR-146a
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nal parameters, which is even less investigated to
date, and these results could provide valuable insight
into the involvement of rs895819 and rs2910164, as
well as miR-27a and miR-146a, in various aspects of
male reproductive disorders.

Materials and Methods

The case group included in this study comprised
158 men initially diagnosed with idiopathic male
infertility in 2018 at Acibadem Sistina Hospital,
Skopje, North Macedonia. This research was con-
ducted with the approval of the Ethics Committee of
this medical institution (08-5110/01, May 2nd,
2018, Acibadem Sistina Hospital, Skopje, North
Macedonia) and following the Helsinki Declaration of
1975. Written informed consent was obtained from
all participants before their inclusion in the study. The
control group included 126 healthy male volunteers
from the North Macedonian population age-matched
with the patients’ group who fathered at least one
child.  

Exclusion criteria for the case group were diag-
nosis of orchitis and obstruction of vas deferens. In all
patients, cytogenetic analysis excluded chromosome
abnormalities as a possible cause of infertility.
Multiplex polymerase chain reaction (PCR) based
screening detected no microdeletions of the
azoospermia factor (AZF) region within the Y chro-
mosome in the selected group. Semen analysis in
infertile men was conducted according to World
Health Organization (WHO) guidelines, and patients
were stratified into subgroups based on the abnor-
malities in semen concentration, sperm motility or
morphology. Patients’ basic data on age, serum

testosterone levels and the results of semen analysis
are described in detail in our previous publication (9)
and are given in Table I.

Peripheral blood samples from patients and
healthy controls were collected into commercially
available 3 ml tubes with ethylenediaminetetraacetic
acid (EDTA). Genomic DNA was isolated from periph-
eral blood samples using magnetic bead technology
following the manufacturer’s protocol. Genotyping
was performed by using TaqMan™ SNP Genotyping
Assays (C___3056952_20 and C__15946974_10)
(Applied Biosystems, Waltham, MA, USA), according
to the manufacturer’s protocol. Real-time PCR ampli-
fication was carried out by Step One Real-time PCR
System (Applied Biosystems, Waltham, MA, USA). 

The exact test implemented in SNPStats soft-
ware (Institut Català d’Oncologia, Barcelona, Spain)
was used to assess the potential deviations of geno-
type distributions from Hardy-Weinberg equilibrium
(HWE). The same software was used to test the asso-
ciations of rs2910164 and rs895819 with the risk of
idiopathic male infertility and with sperm viability
assessed according to the threshold of 60% recom-
mended by WHO. Odds ratios (ORs) with the corre-
sponding 95% confidence intervals (CIs) were used as
effect size measures in association tests, while P val-
ues <0.05 were considered to be statistically signifi-
cant. The best-fitting association model among the
five tested (log-additive, codominant, dominant,
recessive and overdominant), was determined using
the Akaike information criterion (AIC). By employing
AIC as an estimator of the relative quality of statistical
models, the best-fitting model was selected among
the alternative models according to the lowest corre-
sponding value of AIC. For quantitative results of

Table I Clinical characteristics of study participants diagnosed with idiopathic male infertility. Results are presented as mean±SD.
NOA – Nonobstructive azoospermia.

Clinical characteristic NOA Other types of infertility

N 14 144

Age (years) 35.57±5.91 39.79±8.30

Sperm parameters

Ejaculate volume (mL) 4.06±2.04 3.02±1.55

Total sperm number (106) - 225.15±170.32

Sperm density (106/mL) - 75.34±52.16

Progressive motility (%) - 33.57±13.87

Rapid progressive motility (%) - 17.78±8.30

Average progression grade (0–4) - 2.59±0.76

Vitality (%) - 47.44±17.59
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Table II Association of genetic variants rs895819 and rs2910164 with male infertility. Abbreviations: OR – odds ratio; CI – con-
fidence interval; AIC – Akaike information criteria.

aAdjusted for age.

SNP Genetic model No of controls
(%)

No of cases 
(%)

cases vs controls

OR (95% CI) a P value a AIC

rs895819

Codominant

TT 68 (54.4) 76 (48.4) 1.00

0.58 393TC 48 (38.4) 68 (43.3) 1.29 (0.79–2.12)

CC 9 (7.2) 13 (8.3) 1.26 (0.51–3.14)

Dominant

TT 68 (54.4) 76 (48.4) 1.00
0.3 391

TC+CC 57 (45.6) 81 (51.6) 1.29 (0.80–2.06)

Recessive

TT+TC 116 (92.8) 144 (91.7) 1.00
0.79 392

CC 9 (7.2) 13 (8.3) 1.13 (0.46–2.74)

Overdominant

TT+CC 77 (61.6) 89 (56.7) 1.00
0.36 391.2

TC 48 (38.4) 68 (43.3) 1.25 (0.77–2.03)

Log-additive

- - 1.20 (0.82–1.74) 0.35 391.2

rs2910164

Codominant

GG 69 (55.2) 84 (53.5) 1.00

0.58 393GC 47 (37.6) 67 (42.7) 1.29 (0.79–2.12)

CC 9 (7.2) 6 (3.8) 1.26 (0.51–3.14)

Dominant

GG 69 (55.2) 84 (53.5) 1.00
0.3 391

GC+CC 56 (44.8) 73 (46.5) 1.29 (0.80–2.06)

Recessive

GG+GC 116 (92.8) 151 (96.2) 1.00
0.79 392

CC 9 (7.2) 6 (3.8) 1.13 (0.46–2.74)

Overdominant

GG+CC 78 (62.4) 90 (57.3) 1.00
0.36 391.2

GC 47 (37.6) 67 (42.7) 1.25 (0.77–2.03)

Log-additive

- - - 1.20 (0.82–1.74) 0.35 391.2



semen analysis, the Kolmogorov-Smirnov test was
used to assess the normality of the distribution of
results, while the F-test was employed to analyse the
equality of variances in study groups. Two-tailed
Student’s T-test was used to compare normally dis-
tributed results, while in cases of significant deviations
from the normal distribution, the Mann–Whitney U
test was applied. 

Results

Table I summarises the basic data and semen
parameters of patients diagnosed with male infertility.
Most of the infertile men engaged in the present
study were diagnosed with infertility types other than
NOA (91%), including oligozoospermia, oligoas-
thenozoospermia, oligoteratozoospermia, oligoas-
thenoteratozoospermia, asthenoteratozoospermia
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Table III Comparison of genotype distributions of rs895819 and rs2910164 between subjects with asthenoteratozoospermia and
fertile controls. Abbreviations: OR – odds ratio; CI – confidence interval; AIC – Akaike information criteria.

a adjusted for age; b statistical trend of significance; *Statistically significant results are shown in bold.

SNP Genetic model No of controls 
(%)

No of cases 
(%)

cases vs controls

OR (95% CI) a P value a AIC

rs895819

Codominant

TT 68 (54.4) 10 (45.5) 1.00

0.11 127.7TC 48 (38.4) 12 (54.5) 1.72 (0.68–4.32)

CC 9 (7.2) 0 (0) 0.00 (0.00–NA)

Dominant

TT 68 (54.4) 10 (45.5) 1.00
0.44 129.5

TC+CC 57 (45.6) 12 (54.5) 1.43 (0.58–3.56)

Recessive

TT+TC 116 (92.8) 22 (100) 1.00
0.082b 127.1

CC 9 (7.2) 0 (0) 0.00 (0.00–NA)

Overdominant

TT+CC 77 (61.6) 10 (45.5) 1.00
0.16 128.1

TC 48 (38.4) 12 (54.5) 1.94 (0.77–4.87)

Log-additive

- - 1.05 (0.50–2.19) 0.9 130.1

rs2910164

Codominant

GG 69 (55.2) 6 (27.3) 1.00

0.025 124.7GC 47 (37.6) 15 (68.2) 3.77 (1.35–10.51)*

CC 9 (7.2) 1 (4.5) 1.27 (0.14–11.80)

Dominant

GG 69 (55.2) 6 (27.3) 1.00
0.013 123.9

GC+CC 56 (44.8) 16 (72.7) 3.35 (1.22–9.16)

Recessive

GG+GC 116 (92.8) 21 (95.5) 1.00
0.63 129.8

CC 9 (7.2) 1 (4.5) 0.61 (0.07–5.08)

Overdominant

GG+CC 78 (62.4) 7 (31.8) 1.00
0.0068 122.7

GC 47 (37.6) 15 (68.2) 3.66 (1.38–9.71)

Log-additive

- - - 1.87 (0.93–3.78) 0.082b 127.1
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and teratozoospermia. The values of semen parame-
ters demonstrated high dispersion concerning the
mean due to variable results associated with different
diagnoses and characteristics of different forms of
infertility. The average age of healthy fertile controls

(40.85±10.58, not shown in Table I) at sampling was
almost matched to the age of infertile individuals.

Genotyping of rs895819 and rs2910164 was
successful for 99.4% (157/158) of study participants

Table IV Comparison of genotype distributions of rs895819 and rs2910164 between infertile subjects with sperm vitality of at
least 60% and those with a lower percentage of live spermatozoa. Abbreviations: OR – odds ratio; CI – confidence interval; AIC
– Akaike information criteria.

a adjusted for age 
b statistical trend of significance 
* Statistically significant results are shown in bold.

SNP Genetic model Vit. 60% (%) Vit. <60% (%)
Vit. <60% vs Vit. 60%

OR (95% CI) a P value a AIC

rs895819

Codominant

TT 16 (47.1) 47 (46.1) 1.00

0.63 160TC 14 (41.2) 48 (47.1) 1.17 (0.51–2.65)

CC 4 (11.8) 7 (6.9) 0.59 (0.15–2.29)

Dominant

TT 16 (47.1) 47 (46.1) 1.00
0.93 158.9

TC+CC 18 (52.9) 55 (53.9) 1.04 (0.48–2.26)

Recessive

TT+TC 30 (88.2) 95 (93.1) 1.00
0.37 158.1

CC 4 (11.8) 7 (6.9) 0.55 (0.15–2.00)

Overdominant

TT+CC 20 (58.8) 54 (52.9) 1.00
0.55 158.5

TC 14 (41.2) 48 (47.1) 1.27 (0.58–2.79)

Log-additive

- - 0.90 (0.49–1.67) 0.75 158.8

rs2910164

Codominant

GG 24 (70.6) 50 (48.5) 1.00

0.066 b 156GC 9 (26.5) 50 (48.5) 2.69 (1.13–6.37)*

CC 1 (2.9) 3 (2.9) 1.39 (0.14–14.20)

Dominant

GG 24 (70.6) 50 (48.5) 1.00
0.023 154.3

GC+CC 10 (29.4) 53 (51.5) 2.56 (1.11–5.88)

Recessive

GG+GC 33 (97.1) 100 (97.1) 1.00
0.98 159.5

CC 1 (2.9) 3 (2.9) 0.97 (0.10–9.69)

Overdominant

GG+CC 25 (73.5) 53 (51.5) 1.00
0.02 154.1

GC 9 (26.5) 50 (48.5) 2.65 (1.12–6.24)

Log-additive

- - - 2.19 (1.01–4.75) 0.039 155.2
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diagnosed with idiopathic infertility and 98.4%
(125/127) of fertile controls. Genotype distributions,
summarised in Table II, were not found to significantly
deviate from HWE in control subjects (P=1 and
P=0.82 for rs895819 and rs2910164, respectively).

According to the results of genetic association
tests presented in Table II, neither rs895819 nor
rs2910164 demonstrated an association with the risk
of idiopathic infertility in our North Macedonian male
cohort. The results for all genetic models tested
remained statistically insignificant for comparing
genotype distributions between infertile men and age-
matched fertile controls (Table II). 

When we stratified infertile subjects into groups
according to the results of semen analysis in terms of
abnormalities in semen parameters and the related
diagnosis, infertile men with asthenoteratozoosper-
mia showed a higher frequency of rs2910164 het-
erozygous genotype compared to controls (Table III).
According to AIC score, the over-dominant genetic
model was selected as the best-fitting model of asso-
ciation between rs2910164 and asthenoterato-
zoospermia, while the corresponding OR value for GC
vs. homozygous genotypes was 3.66 (95%CI 1.38–
9.71, P = 0.0068) (Table III), indicative of an
increased risk of asthenoteratozoospermia associated
with GC genotype. Additionally, statistically significant
differences in genotype distributions between infertile
men diagnosed with asthenoteratozoospermia and
fertile controls was demonstrated for dominant and
codominant genetic models (P = 0.013 and P =
0.025, respectively), with an increased risk of
asthenoteratozoospermia associated with GC geno-
type or with a combination of genotypes which

includes GC. For rs895819, only a statistical trend of
significance (0.05 P<0.1) was reached for a reces-
sive genetic model of association with asthenoterato-
zoospermia. However, none of the subjects with
asthenoteratozoospermia had rs895819 genotype
CC, while the frequency of this genotype in the con-
trol group was 7.2% (Table III). 

Both analysed variants showed no statistically
significant differences in genotype distributions
between subjects with other types of idiopathic male
infertility and fertile controls (results not shown). We
considered it statistically unjustified to compare
genotype frequencies between patients diagnosed
with non-obstructive azoospermia (NOA) and the
control group since the number of participants in this
group of infertile men was just 14 in our study cohort
(Table I). 

Non-azoospermic infertile patients with
rs2910164 GC genotype presented with lower sperm
viability, as defined by the threshold of 60% viable
sperm (Table IV). Similarly, as for association with
asthenoteratozoospermia, the over-dominant genetic
model was selected as the best-fitting model of asso-
ciation between rs2910164 and low sperm viability
and the calculated OR for GC vs. homozygous geno-
types was 2.65 (95%CI 1.12–6.24, P=0.02) (Table
IV), suggesting that GC genotype associates with
lower sperm viability. Although the AIC score was the
lowest for the over-dominant model, statistical signif-
icance was reached for the other two genetic associ-
ation models – dominant and log-additive (P=0.023
and P=0.039, respectively). For all the tested genetic
models for which the statistical significance was
reached, as well as for the comparison of GC vs GG

Figure 1 Sperm progressive motility (a) and rapid progressive motility (b) in infertile men across genotypes of rs895819. Data
represent the median and interquartile range (IQR). P<0.05 is indicated by an asterisk.



under the codominant model, the obtained ORs for
GC genotypes and the genotype combinations that
incorporate heterozygotes were over 2, indicating an
increase in risk for lower sperm viability associated
with tested compared to referent genotypes.

Even though rs895819 showed no evidence of
association with male infertility diagnosis, as well as
with progressive motility score (Figure 1A), carriers of
TC genotype displayed a lower percentage of sperm
with rapid progressive motility compared to infertile
subjects with the most common TT genotype
(P=0.018) (Figure 1B). 

Discussion

Male infertility, which is a major contributing fac-
tor in around 40–50% of cases of a couple’s inability
to conceive, is a multifactorial disorder with a recog-
nised causative role of genetic factors involved in its
complex molecular basis (10, 11). Besides chromo-
some aberrations and single gene mutations with
high penetrability, which account for a relatively small
percentage of infertile cases, genetic variants with
modest or low penetrability were identified as contrib-
utors to genetic susceptibility to develop male infertil-
ity (11). These risk-associated genetic variants were
discovered through large genome-wide association
studies (GWAS), high-throughput techniques, and
candidate gene-based approaches (11). For such
genetic association studies focused on single genes or
groups of functionally related genes, candidates were
selected based on their involvement in the molecular
basis of spermatogenesis, sperm functionality, oxida-
tive stress response and other major processes related
to infertility. In the recent decade, miRNA molecules
emerged as important regulators of the spermatoge-
nesis process, while their dysregulation was associat-
ed with a reduced sperm count, lower sperm viability
and/or motility, as well as abnormalities in sperm
morphology (4, 12). Therefore, miRNA-related genes
seem plausible candidates for genetic association
studies on male infertility. 

MiRNA variants commonly selected for case-
control studies are predicted or experimentally con-
firmed as functional polymorphisms that affect multi-
ple aspects of miRNA-based mechanisms. This
includes miRNA biogenesis, their localisation,
sequence of the mature miRNA molecules, strand
selection, efficiency of post-transcriptional regulation
of targeted genes, and the selection of mRNA targets
(13). Given that these genetic variants could simulta-
neously affect multiple processes regulated by the
same miRNA, most of them were evaluated in the
context of various human pathological conditions,
including malignant and immunological diseases,
metabolic disorders, and other common health issues
(14–18). Still, data on the effect of commonly evalu-
ated genetic variants on the susceptibility to male

infertility are scarce or even lacking for certain aspects
or types of infertility-related abnormalities.

We selected genetic variants within genes
encoding miR-146a and miR-27a for our present
study. Both of these miRNA molecules are expressed
in germ cells and were previously found to have an
altered expression level in biological samples
obtained from infertile men compared to healthy fer-
tile controls (4, 7, 19). Additionally, their role in reg-
ulating key cellular processes disrupted in disorders of
sperm maturation was revealed, while several studies
confirmed their involvement in oxidative stress
response and/or inflammation (2, 4, 7, 20–22). It is
worth noting that miR-27a is an androgen-regulated
miRNA that stimulates androgen signalisation via a
positive feedback loop (23). We aimed to evaluate the
effects of variants with functional properties, so we
selected an extensively analysed genetic variant
rs2910164 within the hsa-miR-146a gene. This
genetic variant exhibits it functional effect on miR-
146a function by altering the structure of the pre-
miRNA hairpin, which affects the efficiency of mature
miRNA biogenesis. Furthermore, rs2910164 could
potentially affect the leader strand selection and
change the sequence of the seed region of miR-
146a-3p, which has consequences on the selection of
the target gene pool (24). The second selected
genetic variant is located within a host gene of a clus-
ter of miRNAs miR-23a, miR-24-2 and miR-27a. This
genetic variant alters the sequence of the terminal
loop of pre-miR-27a and potentially affects the bio-
genesis of mature miR-27a by influencing the pro-
cessing of primary miRNA by the Drosha enzyme (25,
26). 

To date, rs2910164 was evaluated as a suscep-
tibility variant in male infertility in two studies con-
ducted in the Turkish population (27) and in Han
Chinese (28). No evidence of such genetic associa-
tion was found in both of these studies. However, a
study by Tunçdemir et al. (27) evaluated the associa-
tion of rs2910164 with idiopathic oligospermia with-
out considering other types of infertility. Furthermore,
their publication did not include results on the poten-
tial association between rs2910164 genotypes and
the values of semen parameters, which we intended
to evaluate in the present study. Lu et al. (28), on the
other hand, evaluated their large study case-control
study on the association of rs2910164 with idiopathic
male infertility in general and with specific types of
infertility diagnosed according to the results of semen
analysis. Still, their criteria for patient selection dif-
fered from ours since their case group included men
with normospermia, who, in fact, represented the
largest percentage of their infertile subjects (28). 

Our study was the first one to analyse the effects
of rs2910164 on a Slavic population with a European
Caucasian genetic background. This genetic variant
shows a significant global variation in allele frequen-
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cies. For this reason, we expected that our novel find-
ings could differ from the previous and would be valu-
able for a more precise evaluation of the effects of
rs2910164 in the context of the potential influence of
ethnicity as a confounder. Regarding the results
obtained for the association between this genetic vari-
ant and overall idiopathic male infertility, our findings
match the previously published reports from Turkish
and Han Chinese populations since our results did
not support the supposed association (27, 28).
However, these two studies did not evaluate the asso-
ciation of rs2910164 with asthenoteratozoospermia
and provided no results on the potential effects of this
genetic variant on abnormal sperm morphology or
the combination of sperm motility and abnormal phe-
notype (27, 28). Therefore, our results suggest that
the association of rs2910164 minor allele C with
increased susceptibility to asthenoteratozoospermia
could not be compared with any previous findings.
Additionally, our results indicating the association of
allele C with low sperm vitality are a novel finding
(Table IV). 

When it comes to rs895819 in a gene encoding
miR-27a, a single previous association study related
to male infertility was conducted in a Serbian cohort
of infertile men (29). This previous case-control eval-
uation in a genetically close related population to the
present one reported a lack of statistically significant
association between rs895819 and idiopathic male
infertility risk, consistent with the study’s finding in the
North Macedonian cohort. However, the number of
infertile men and fertile controls in this previous study
was relatively low, which warranted additional evalua-
tion of the effects of rs895819 (29). Our present
study did not demonstrate the association between
this genetic variant and the risk of different types of
male infertility. Still, the number of participants with
CC genotype in a small group of subjects diagnosed
with asthenoteratozoospermia was null, while in con-

trols, it reached 7.2%. Therefore, it is possible that
the association of rs895819 under a recessive or
allelic genetic model would be detected in a larger
validation study. Our novel finding of the genotype-
dependent difference in rapid progressive sperm
motility in infertile men should also be evaluated in
future more extensive studies. However, our finding is
consistent with a previous report on the effect of miR-
27a expression on sperm progressive motility (20).

A relatively small number of participants in both
case and control groups is the main limitation of this
study. Therefore, in order to provide a more precise
estimation and to make further conclusions about the
potential association between the analysed genetic
variants and male infertility, including the effect on
sperm parameters, the study size needs to be
enlarged. The association of rs2910164 and
rs895819 with idiopathic male infertility is generally
unlikely, considering the matching results between
the present and previous analyses. However, both of
these variants show an association with certain types
of male infertility and with sperm abnormalities,
which need to be confirmed in later studies in differ-
ent ethnic groups.
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