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Abstract
Infertility is a major health problem across the world. One of the main reasons for male infertility are defects in sperm. Semen
analysis is the most common test utilized to evaluate male fertility and since it suffers from multiple drawbacks, reproduction
scientists have tried to find new molecular markers for detecting sperm defects. MicroRNAs (miRNAs) are small molecules in
cells which take part in regulating gene expression. Various studies have confirmed miRNAs to have a role in defining multiple
sperm characteristics, including sperm count, motility, and morphology. In this paper, we have systematically reviewed the role of
miRNAs in infertile men with sperm defects including azoospermia, oligospermia, asthenozoospermia, and teratozoospermia.
Also, we have assembled various bioinformatics tools to come up with a pipeline for predicting novel miRNAs which could
possibly participate in sperm count, motility, and morphology. Also, related KEGG and GO terms for predicted miRNAs have
been included in order to highlight their role in sperm function. Our study emphasizes the potential role of miRNAs in male
infertility and provides a general overview for future studies aiming to find robust molecular markers for this condition.
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Introduction

Infertility, defined as the inability to conceive after one year of
unprotected intercourse, is a common reproductive health
problem which affects almost 15% of couples globally [1].
Male infertility is responsible for 50% of infertility cases,
which can be due to acquired or congenital abnormalities. A
considerable proportion of male infertility cases are defined as

“unexplained male infertility” (UMI). Prevalence of UMI
ranges from 6 to 37% and includes infertile men with reduced
semen quality without a history of fertility-associated prob-
lems and normal physical/hormonal examination results [2].
Currently, diagnosis of UMI is restricted to semen analysis
which includes quantitative (azoospermia, oligospermia) and
qualitative (asthenozoospermia, teratozoospermia) abnormal-
ities [3]. Semen analysis is the backbone of male infertility
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evaluation which suffers frommultiple drawbacks: (1) normal
semen results do not guarantee conception, (2) there is a sig-
nificant overlap between semen parameters of fertile and in-
fertile men, (3) semen analysis does not provide information
about the intracellular functions of sperm [4]. Considering the
disadvantages of semen analysis mentioned above, it is of
utmost importance to look for new tests and biomarkers in
order to diagnose and characterize male infertility.

Spermatogenesis, a complex procedure, contains three
main steps: self-renewal and proliferation of spermatogonia,
meiotic division of spermatocytes, and postmeiotic differenti-
ation of spermatids into mature spermatozoa [5]. These intri-
cate processes are regulated by the different types of regula-
tory mechanisms including piwi-interacting RNAs, long non-
coding RNAs and microRNAs (miRNAs) [6].

MiRNAs are important regulatory molecules in cells
participating in significant cellular processes including
embryonic development, cell differentiation, and apopto-
sis [7, 8]. MiRNAs are none-coding RNAs which con-
sist of 18–24 nucleotides with a single-stranded struc-
ture and are generated endogenously in cells [9].
Biosynthesis of miRNAs has been studied widely in a
different type of cells. In brief, miRNAs are produced
by RNA polymerase II in the nucleus with a hairpin
structure called pri-miRNA. This structure is further
processed by a member of the RNpAase III enzymes
called Drosha resulting in the pre-miRNA. The pre-
miRNA is exported to the cytoplasm by exportin-5
and is later processed by Dicer, another member of
the RNAase III enzymes, leading to the generation of
the mature miRNA. The mature miRNA is loaded to
RNA-induced silencing complex (RISC) which represses
the expression of target genes by degrading its mRNA
or repressing translation [10]. There is a complex inter-
play between genes and miRNAs, one miRNA can reg-
ulate multiple RNAs or one gene can be regulated by
multiple miRNAs [11].

Regarding the important role of miRNAs in the cell, dys-
regulation of miRNAs has been observed in various types of
diseases, including infertility [12]. Ostermeier et al. (2004)
identified miRNAs in the spermatozoa for the first time [13].
Until now, multiple studies have been conducted to find
miRNAs with different expression patterns in infertile males
as a new promising biomarker and also elucidate its function
in spermatogenesis and fertility; still, many questions remain
about the function of miRNAs in sperm cells [14]. In the
current study, we have reviewed published research about
the role of miRNA in four main sperm abnormality categories
including azoospermia, oligospermia, asthenozoospermia,
and teratozoospermia. Also, we have used bioinformatics
tools to predict novel miRNAs in each category based on
reported genes. Results of this study can guide future studies
about the role of miRNAs in male infertility.

Methods

Search strategy

The current scoping review was performed according to the
PRISMA statement [15]. The following electronic databases
were searched in order to identify published articles up to 25
Oct 2019: PubMed, Embase, and Scopus. The search on the
google scholar database was conducted to find gray literature.
The search strategy for Embase database is shown in the
Supplementary Table 1.

Study selection and assessment of studies

Following the aforementioned database search, all resulting
papers were loaded into EndNote version X and duplicate
studies were removed. Titles and abstracts of the studies were
assessed and the full text of the remaining articles were eval-
uated with the inclusion criteria. The inclusion criteria of this
review were studies that analyzed the expression level of
miRNAs in reproductive system tissues and fluids (testicular
tissue, sperm cells, and seminal plasma and its exosomes) in
patients with sperm characteristics defects including azoosper-
mia, asthenozoospermia, oligospermia, and teratospermia.

Data extraction

The required data were extracted using a self-constructed data
extraction table. Author and publication year, origin, age and
gender of the patients, sperm characteristics of patients, and
identified miRNAs were extracted from the studies. The ex-
tracted data included identified miRNAs with different ex-
pression levels in infertile men with sperm defects.

Bioinformatics tools

In this study, an important and useful database, DisGeNET
(http://www.disgenet.org/), a database of gene-disease rela-
tions, has been used to retrieve the responsible genes in each
group of sperm abnormality [16]. Reported genes in each
group were used for predicting miRNAs that can potentially
have an effect on the phenotype. The miRWalk database
(http://www.ma.uni-heidelberg.de/apps/zmf/mirwalk/), an
open-source database containing both predicted and validated
miRNA, was employed to identify miRNAs targeting genes in
each sperm abnormality group. Also, other databases in
miRWalk including miRDB, PITA, MicroT4, miRMap,
RNA22, miRanda, miRNAMap, RNAhybrid, miRBridge,
PICTAR2, and Targetscan were used [17]. Galaxy (http://
usegalaxy.org) was used to find and select the miRNAs with
the highest number of interactions [18].

Galaxy is used to calculate the number of genes targeted by
each predicted miRNA. Then miRNAs with the highest
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number of target genes were chosen and given to mirPath v.3
to obtain the Kyoto Encyclopedia of Genes and Genomes
(KEGG) and gene ontology (GO) terms related to the predict-
ed miRNAs (P value < 0.05) [19]. mirPath v.3 can only pro-
cess 100 gene/miRNAs at a time, so based on this restriction,
we chose the top five miRNAs with the highest number of
target genes in each category for analysis (miRNAs with the
same number of the target gene were included simultaneous-
ly). So, in azoospermia (7 miRNAs and its target genes), OS
(9 miRNAs and its target genes), AZS (67 miRNAs and its
target genes), and TS (100 miRNAs and its target genes) were
included in miRPath v.3, respectively.

Consequently, in order to visualize miRNAs and their tar-
get genes, Cytoscape (https://cytoscape.org/) was used to
visualize the interactions of miRNAs with the highest
number of target genes [20]. The pipeline employed in this
study has been depicted in Fig. 1.

Results

A total of 165 studies were identified by searching
PubMed, Emabase, and proquest databases. After remov-
ing duplicated articles, 95 studies remained. Titles and
abstracts of the studies were evaluated resulting in 42
studies. The full text of the articles based on our inclu-
sion criteria were evaluated and 33 studies remained for
our systematic review.

Between included studies, 18 studies were Chinese
[21–38], 6 studies were German [39–44], 3 were Iranian
[45–47], 3 were Spanish [48–50], and one study was
Egyptian [51] and Dutch [52]. Different samples from urogen-
ital tract and gonads were used in studies including testicular
tissue [21, 24–28, 31, 39, 40, 45], sperm cell [22, 23, 32, 33,
38, 42, 43, 46, 47, 49–53], semen exosomes [44, 48], seminal
plasma [30, 34–37, 41], and samples from different spermato-
genesis steps [29]. The detail of the included studies is sum-
marized in Table 1. Also, the flow chart of the study is
depicted in Fig. 2.

Azoospermia

Azoospermia (AZ) is defined as the complete absence of
sperm in ejaculated semen; it affects 1% of the male popula-
tion in the world and is responsible for 10–15% of infertility
cases. AZ is clinically divided into two categories, obstructive
azoospermia (OA) or non-obstructive azoospermia (NOA)
[54, 55]. Genetic factors are responsible for 21–29% of infer-
tility cases in men, but still, 12–41% of AZ cases have un-
known etiology which most probably relate to unknown ge-
netic factors [56]. Studies have indicated that different types of
genetic disorders are responsible for AZ including chromo-
somal aberrations, monogenic disorders, multifactorial genet-
ic diseases, epigenetics defects, and genetic abnormities at the
primordial germ cell [57].

Multiple studies have evaluated the role of miRNAs in
azoospermic infertile patients. In 2009, for the first time, ex-
pression of miRNAs in a testicular sample of NOA patients
compared to fertile control samples evaluated by microarray
technology, identified 19 upregulated and 154 downregulated
miRNAs [21]. Hsa-miR-141, hsa-miR-429, and hsa-miR-7-1-
3p expression levels were significantly increased in 100 NOA
sperm samples compared to controls [22]. The expression of
let7 and hsa-miR-30 in azoospermia patients showed higher
expression of former while later showed no significant chang-
es [45]. Abu-Halima et al. (2014) evaluated the expression
level of miRNAs in four different groups of testicular tissue
samples of azoospermic patients with histopathological de-
fects. The results indicated different levels of expression in
each group which participate in main cellular functions in-
cluding apoptosis, cell proliferation, and differentiation [39].
Four downregulated miRNAs (hsa-miR-34b*, hsa-miR-34b,
hsa-miR-34c-5p, hsa-miR-122) and one upregulated miRNA
(hsa-miR-429) was identified in testicular tissue samples of
NOA patients [40]. Based on luciferase experiments miR-
525-3p targets 3′-untranslated region of SEMG1 gene and
lower expression of this miRNA result in higher expression
of SEMG1 gene in azoospermia patients [23] Zhuang et al.
2015, on NOA and normozoospermic OA patients, identified
differential expression of 93 miRNAs and 4172 mRNAs

mirPath : Obtain KEGG and GO terms related to predicted miRNAs 

Galaxy: Select the miRNAs with the highest number of target genes

miRWalk : Iden�fy miRNAs targe�ng genes in each sperm abnormality group 

DisGeNET: Retrieve the responsible genes in each group of sperm abnormality
Fig. 1 Pipeline employed in this
study
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compared to normal samples. Functional classification of the
miRNA/mRNA pairs using bioinformatics tools indicated that
the genes with different expression patterns play a role in
spermatogenesis, cell meiosis, cell cycle, and development
of secondary male sexual charac hsa-miR-210 has been shown
to be upregulated in NOA patients which target insulin-like
growth factor II (IGF2) [24]. Using microarray technology,
Zhang et al. identified 129 miRNAs with different expression
levels in testicular tissue samples of NOA patients which were
involved in spermatogenesis, cell cycle, and mitotic
prometaphase [25]. Microdissection testicular sperm extrac-
tion (micro-TESE) is used for NOA patients in order to re-
trieve sperm cells to be used in intracytoplasmic sperm injec-
tion (ICSI). Fang et al. 2018 evaluated the level of miRNAs in
testicular tissue samples including successfully retrieved
sperm (SRS) and unsuccessfully retrieved sperm (URS) as a
new biomarker before micro-TESE. They identified different
expression levels of miRNAs between SRS and URS groups
which participate in important cellular processes related to
spermatogenesis [26]. MiRNAs play a vital role in cryptorchi-
dism in addition to the reproductive disorders mentioned
above [27]. Attempts to find miRNAs inside small extracellu-
lar vesicles as a non-invasive diagnostic tool revealed different
expression patterns of multiple miRNAs with two miRNAs,
hsa-miR-539-5p and hsa-miR-941, promising to be useful
markers for predicting the presence of spermatozoa in

azoospermic patients before testicular biopsy [48]. Further
studies in order to reveal the role of miRNAs in sperm cells
of azoospermic patients identified downregulation of hsa-
miR-188-3p resulting in upregulation ofMLH1 and induction
of apoptosis in spermatozoa [28]. The expression level of
miRNAs in human spermatogonia, pachytene spermatocytes,
and round spermatids between NOA and OA patients showed
differences between mentioned groups and concluded that
miRNA mimics and miRNA inhibitors could be used in order
to down- and upregulate miRNAs respectively in order to
restore normal spermatogenesis in AZ patients [29].

Oligospermia

Oligospermia (OS) is defined as sperm cell count lower than
15 million/ml in male ejaculate [58]. OS is usually associated
with defects in sperm motility and morphology [59]. This
categorization based on sperm density has limited diagnostic
value because no threshold value has been defined, for in-
stance, 5% of the fertile male are OS or even men with 1–5
million sperm count can have natural conception [60].
Deletions in the Y chromosome and karyotype anomalies
have been reported in oligospermic patients, but still, further
research is required in order to reach a better understanding of
molecular elements playing role in OS [61].

Fig. 2 Study flowchart
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Expression of hsa-miR-122, hsa-miR-181a, and hsa-miR-
34c5 is positively correlated with sperm concentration, motility,
and morphology [51]. Also, the expression of hsa-miR-371a-3p
in seminal plasma is correlated with sperm concentration [41].
hsa-miR-19b and let-7a are reported to have a higher expression
level inNOApatients, but no significant differencewas observed
in OS patients [30]. The analysis on expression level of miR-
371a-3p on different urogenital tract tissues indicated that only
testis parenchyma and semen samples had detectable expression
levels of this miRNAs and moreover, its expression is correlated
with sperm concentration [52]. Study of miRNA expression
levels using microarrays show upregulation of 50 miRNAs and

downregulation of 27miRNAs in asthenozoospermicmales, and
also upregulation of 42 miRNAs and downregulation of 44
miRNAs in oligoasthenozoospermic men. Further bioinformatic
analysis also indicated that these miRNAs regulate important
genes which play a role in spermatogenesis, apoptosis, sperm
chromatin compaction, and sperm motility [42]. Estrogen plays
an important role in sperm capacitation and fertilization potential
and since increased expression levels of hsa-mir-21 and hsa-mir-
22 have been associated with lower expression of estrogen re-
ceptor beta in oligospermic patients, miRNAs have been indicat-
ed to have a regulatory role inmale infertility [46]. Another study
on the expression levels of miRNAs and mRNAs on testicular

Fig. 3 Predicted miRNAs A: AZ, B: OS, C: AZS, D: TS
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tissue samples of severe oligospermia and obstructive azoosper-
mia indicated differential expression of mRNAs and miRNAs.
One such miRNA-mRNA pair, namely hsa-miR-34c-3p and
PLCXD3 (phosphatidylinositol-specific phospholipase C, X do-
main containing 3), is of special interest since hsa-miR-34c-3p
expression in mouse and human cell lines reduced PLCXD3
levels which is known to regulate cytosolic calcium levels im-
portant for male fertility [31]. A study on oligoasthenospermic
patients indicated that the expression of miR-23a/b-3p is nega-
tively correlated with sperm motility, morphology, and sperm
count and some of its identified direct targets including
PFKFB4, HMMR, SPATA6, and TEX15 have fundamental role
in sperm function [43]. Another Chinese study has evaluated the
expression level of six miRNAs (hsa-miR-10a, hsa-miR-10b,
hsa-miR-135a, hsa-miR-135b, hsa-miR-888, and hsa-miR-
891a), in different infertile male groups including asthenozoos-
permia, OS, azoospermia, OS, and asthenozoospermia (OSAS)
and reported lower expression levels of the abovementioned
miRNAs in all infertile groups compared to fertile men [32].
Moreover, studies about semen or testicular tissue samples and
extracellular microvesicle miRNA levels in the seminal plasma
of patients with oligoasthenozoospermia have been published
reporting 7 upregulated and 29 downregulated miRNAs in
oligoasthenozoospermic cases and suggested that these
miRNAs participate in spermatogenesis or its related processes
[44].

Asthenozoospermia

Males harboring spermmotility defects such as reduced progres-
sive motility or lack of motility are considered to have astheno-
zoospermia (AZS) [58]. AZS is responsible for almost 20% of

male infertility cases and in 60% of the cases AZS is accompa-
nied by OS (oligoasthenozoospermia) or teratozoospermia
(oligoasthenoteratozoospermia, asthenoteratozoospermia) [62].
Multiple genetic factors are involved in AZS etiology including
chromosomal aberrations, mutations in genes involved in sperm
motility, mitochondrial DNA mutations, epigenetic aberration,
and miRNAs [63].

Various studies have attempted to show the role of
miRNAs in sperm motility defects. CRISP2 (cysteine-rich
secretory protein 2) regulates calcium influx through
ryanodine receptors and is located in sperm acrosome and tail.
Studies on AZS semen samples have shown lower expression
of CRISP2 and higher expression of hsa-miR-27b and have
indicated the regulatory role of this gene-miRNA pair in
sperm motility [33]. Studies on seminal miRNAs in AZS pa-
tients showed higher expression of hsa-miR-151a-5p and low-
er expression of hsa-miR-101-3p and let-7b-5p compared to
control samples. Transfecting GC-2 cells with hsa-miR-151a-
5p mimics resulted in decreased levels of adenosine triphos-
phate (ATP) and cytochrome b (Cytb) protein and mRNA
[34]. Interestingly, study of Wang et al. identified 7 miRNAs
(hsa-miR-34c-5p, hsa-miR-122, hsa-miR-146b-5p, hsa-miR-
181a, hsa-miR-374b, hsa-miR-509–5p, and hsa-miR-513a-
5p) which was upregulated in AZS patients but downregulat-
ed in AZ patients [35]. Expression of five miRNAs (hsa-miR-
891b, hsa-miR-892b, hsa-miR-892a, hsa-miR-888, and hsa-
miR-890) was dysregulated in ASZ patients which were cor-
related to sperm motility. Bioinformatics analysis identified
these miRNAs to be important in regulating sperm motility-
related pathways [36]. Zhoua et al. (2018) showed lower ex-
pression of let-7b-5p in sever ASZ compared to control. They
also indicated that let-7b-5p acts in glycolysis metabolism by
targeting aurora kinase B (AURKB) [37]. High-throughput

Fig. 4 Kegg pathways A: AZ, B: OS, C: AZS, D: TS
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sequencing on the sperm samples of idiopathic AZS patients
revealed 18 miRNAs with altered expression levels which via
validation with real-time PCR showed hsa-miR-888-3p to be
highly upregulated compared to controls [47].

Teratozoospermia

Teratozoospermia (TS) is defined as havingmore than 85%mor-
phologically abnormal sperm cell in ejaculate [64]. TS is divided
into two subtypes, monomorphic and polymorphic. In mono-
morphic TS, all sperm cells harbor the same morphological ab-
normality while in polymorphic type, there are different kinds of
morphological abnormalities [65]. Monomorphic type of TS is
divided into two main categories: macrozoospermia (sperm cells
with large misshaped heads) and globozoospermia (sperm cells
with an oval-shaped head) [66]. Studies have demonstrated that
various genetic factors play a role in morphologically abnormal
sperm cells including aneuploidy, sperm DNA fragmentation,
and mutations [67]. One of these genetic factors, as mentioned
above, are miRNAs involved in morphogenesis.

Salas-Huetos et al. (2014) studied 736 miRNAs in human
spermatozoa but reported no correlation between any of these
miRNAs and sperm concentration, motility, and morphology
[53]. Study on asthenoteratozoospermic semen samples indi-
cated that the upregulation of hsa-miR-27a results in lower
levels of cysteine-rich secretory protein 2 (CRISP2), an im-
portant protein for sperm motility [38]. Two studies by using
TaqMan quantitative polymerase chain reaction (PCR) identi-
fied multiple miRNAs in different sperm characteristics de-
fects, including teratozoospermia. Salas-Huetos et al. identi-
fied 32 miRNAs in AZS, 19 miRNAs in TS, and 18 miRNAs
in OS group with altered expression which ontological

analysis showed these miRNAs may have role in proper
sperm cell function [49]. Corral-Vazquez et al. reported that
hsa-miR-942-5p/hsa-miR-1208 in asthenozoospermia, hsa-
miR-296-5p/hsa-miR-328-3p in teratozoospermia, and hsa-
miR-139-5p/hsa-miR-1260a in oligozoospermia had altered
expression compared to control samples [50]

In silico prediction of miRNAs in AZ, OS, AS, and TS

The DisGeNET database reported 173 genes associated with
AZ (Supplementary Table 2). Based on these genes, we
reached seven predicted miRNAs with the highest number
of targeting genes (Supplementary Table 3). Between these
miRNAs, hsa-miR-548c-3p had the greatest number of target
genes (65 genes). The only reported involvement of this
miRNA in human diseases has been in human alcoholic car-
diomyopathy [68]. Interactions between this miRNA and its
targeted genes are shown in Fig. 3 a.

The DisGeNET database reports 108 genes associated
with OS (Supplementary Table 2) and after further bioin-
formatics analysis, 9 miRNAs with the highest number of
targeted genes were selected for further analysis
(Supplementary Table 4). Between miRNAs with the
highest number of targets, hsa-miR-3163 and hsa-miR-
548c-3p had the greatest number of target genes. hsa-
miR-548c-3p is shared with the AZS group. hsa-miR-
3163 has been reported to be involved in non-small-cell
lung cancer cell growth by suppressing the translation of
Skp2 to inhibit NSCLC cell growth [69]. The interaction
network of the abovementioned miRNAs and their target
genes is shown in Fig. 3 b.

The DisGeNET database reports 34 genes associated with
AZS (Supplementary Table 2) and further bioinformatic

Fig. 5 GO terms A: AZ, B: OS, C: AZS, D: TS. (blue: biological process, red: molecular function, green: cellular component)
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analysis revealed 67 miRNAs with the highest number of
targets (Supplementary Table 5). hsa-miR-671-5p had the
most target genes among predicted miRNAs in AZS (11
genes). This miRNA has been reported to participate in vari-
ous cancers including hepatocellular carcinoma, pediatric
chordomas, soft tissue sarcomas, glioblastoma multiforme,
breast cancer, and epithelioid sarcoma [70–75]. The interac-
tion network of hsa-miR-671-5p and its target genes is shown
in Fig. 3 c.

The DisGeNET database reported 18 genes associated
with TS (Supplementary Table 2) and 100 miRNAs
were chosen between miRNAs with the highest number
of targets for further analysis (Supplementary Table 6).
Three miRNAs including hsa-miR-203a, hsa-miR-340-
5p, and hsa-miR-3613-3p had the most target genes.
Previous studies have reported these miRNAs to be im-
portant in various types of diseases including rheumatic
carditis [76], nasopharyngeal carcinoma [77], influenza
A [78], Parkinson’s disease [79], and hepatocellular car-
cinoma [80]. MiRNA-gene interaction network of the
abovementioned miRNAs is shown in Fig. 3 d.

Pathways and GO terms

KEGG enrichment analysis of genes and predicted miRNAs
involved in AZ results in eight pathways including gap junc-
tion, glycosaminoglycan biosynthesis, chondroitin sulfate/
dermatan sulfate, apoptosis, proteoglycans in cancer, mis-
match repair, miRNAs in cancer, estrogen signaling pathway,
and arrhythmogenic right ventricular cardiomyopathy
(ARVC) (Fig. 4 a). The most significantly enriched terms on
BP, CC, and MF are listed in Fig. 5 a. Most BP terms are
involved in sperm cell generation including spermatogenesis,
synaptonemal complex assembly, male meiosis, and positive
regulation of male gonad development.

In OS group, KEGG enrichment analysis resulted in five
pathways including hematopoietic cell lineage, mismatch re-
pair, prostate cancer, cysteine, and methionine metabolism
and graft-versus-host disease (Fig. 4 b). Also, GO enrichment
analysis results including BP, MF, and CC terms are depicted
in Fig. 5 b.

In AZS group, the first 30 KEGG enrichment results are
summarized in Fig. 4 c. The first four pathways are related to
sperm motility based on p value score (p < 0.05). Also, mul-
tiple pathways are related to calcium and chloride ion trans-
portation which have both been shown to have a fundamental
role in sperm motility and male fertility [81, 82]. Similar to
KEGG enrichment results, most of the GO enrichment terms
are related to sperm motility which indicates predicted
miRNAs and their target genes may have important roles in
sperm mobility (Fig. 5 c).

In the TS group, KEGG enrichment analysis resulted in
four pathways including cell adhesion molecules (CAMs),

inflammatory bowel disease (IBD), mismatch repair, and hep-
atitis B (Fig. 4 d). GO enrichment analysis results are summa-
rized in Fig. 5 d which mostly emphasize spermatogenesis.

Conclusion

Despite numerous efforts to find responsible underlying factors
for male infertility, a great proportion of these patients are still
reported as unexplained infertility. MiRNAs have been reported
as novel biomarkers that can clarify ambiguities about male in-
fertility [31]. Spermatogenesis is regulated by almost 1500 to
2000 genes and genetic alteration of these genes and also their
regulatory molecules including miRNAs are emerging research
topics for infertility [83, 84]. Understating of responsible molec-
ular changes in infertility is in the utmost importance to find new
therapeutic ways and avoid time-consuming and painful treat-
ments [67]. In the current study, we have systematically reviewed
the potential role of miRNAs in infertile male with azoospermia,
asthenozoospermia, teratozoospermia, and oligospermia. Using
different samples, different patient characteristics and inclusion
criteria result in high heterogeneity between the included studies,
sowewere unable to conduct meta-analysis in order to find exact
correlation betweenmiRNAs and sperm characteristics.We have
also used bioinformatics tools to predict novel miRNAs in each
group and their role in biological processes and pathways.

Between the identified pathways, mismatch repair was in
common between all groups. Sperm cells undergo multiple
stages of mitosis and miosis cycles and DNA repair is essen-
tial for maintaining the genomic integrity of the sperm.
Defects in components of this system have been reported both
in infertile males and in animal models [85]. Predicted
miRNAs in this study are involved in regulating this important
system, and thus further studies on these miRNAs and their
target genes may help clarify new aspects in male infertility.

A number of previously validated miRNAs in male infertility,
discussed in previous sections of this review, are among the
miRNAs predicted by our pipeline. These include, hsa-mir-141
[22], hsa-miR-34b [40], hsa-miR-34c-5p [40], hsa-miR-122 [40],
hsa-miR-429 [40], hsa-miR-942 [48] among the AZ group, Let-
7a [30], hsa-miR-21 [46], hsa-miR-22 [46], hsa-miR-34c-3p
[31], hsa-miR-135a [32], hsa-miR-135b [32], hsa-miR-888 [32]
among OS group and let-7b-5p [34], hsa-miR-891b [36], hsa-
miR-892b [36], hsa-miR-892a [36], hsa-miR-888 [36], hsa-miR-
890 [66] among the AZS group. This helps show the potential of
using our pipeline for future experimental studies. Using bioin-
formatics tools, novel miRNAs have been predicted in different
infertile groups of patients including AZ (hsa-miR-548c-3p), OS
(hsa-miR-3163, hsa-miR-548c-3p), AZS (hsa-miR-671-5p), and
teratozoospermia (hsa-miR-203a, hsa-miR-340-5p, hsa-miR-
3613-3p). Predicted miRNAs of this study are involved in major
pathways andGO terms related to sperm function. Regarding the
high rate of false-positive results in target prediction algorithms,
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still more studies are required to validate identifiedmiRNAs [86].
Also, these miRNAs can be further studied experimentally to be
used as novel possible biomarkers for infertile male.
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