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Abstract

The spermatogenesis in mammals comprises three stages: the mitotic proliferation of
spermatogonia, meiosis of spermatocyte, which produces haploid spermatids, and
spermiogenesis which leads spermatozoa into the tubule lumen. Each step of spermatogenesis
is controlled by a number of factors including microRNAs (miRNAS) for the regulation of gene
expression, these single-stranded non-coding small RNAs molecules contains about 19~25
nucleotides. Since first miRNAs (Let-7 and lin-4) were discovered in Caenorhabditis elegance,
thousands of miRNA have been identified from different species in the past 23 years. It has
been reported that the miRNAs function as guide molecules in post-transcriptional regulation
by base pairing with target messenger RNA (mRNA) and lead to cleavage or translational
repression. Recently, several pieces of evidence suggested that the miRNAs are closely related
to the spermatogenesis by the analyzing mRNA changes in testicular tissue from different
animal species. The present review has summarized the recent progress on the role of miRNAs
during spermatogenesis which may contribute to understate the spermatogenic arrest in
mammals.
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Introduction (SSCs) [2]. Next, SSCs restore their
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Spermatogenesis is a process in which the
male germ cells are produced by complex
processes of cellular differentiation and
proliferation  occurring  inside  the
seminiferous tubules of testis [1]. In detail,
the complex processes of cellular
differentiation almost starts during fetal
development when Primordial Germ Cells
(PGCs) migrates to germinal ridge to the
site  of developing gonads, further
differentiate into pro-spermatogonia or
gonocytes and remain inactive in mitotic
state until birth, finally their proliferative
activity is resumed around postnatal period
and give rise to Spermatogonial Stem Cells
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proliferative activity around puberty by
endocrinal and local signaling stimulation
to homeostasis its own appropriate
population and differentiation into adequate
numbers of progenitor spermatogonia for
subsequent spermatogenesis [3-5]. For the
maintenance the pool and continuous
spermatogenesis, SSCs are divided into two
types, type 1 undifferentiated
spermatogonia which splits into A-single
(As), A-paired (Apr) and A-aligned (Aal)
in mice, and A Dark (Ad) and A Pale (Ap)
in human. In both species Ap and Aal go
further  differentiated into  Al-A4,
intermediate and type B and get enter into
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meiosis-l to  give rise  primary
spermatocytes, detail described by [4].
Next, meiosis-Il  gives  secondary
spermatocytes which further undergo
chromatid segregation to generate round
spermatids and followed the
spermiogenesis to generate spermatozoa
where histone replacing and compaction of
the chromatin occurs [6]. Finally, the
maturation and storage of spermatozoa
occur inside epididymis [7].
Spermatogenic arrest could be define as an
interruption of the complex process at any
stage such as proliferation  and
differentiation of SSCs, spermatogonia,
spermatocytes and spermatids, which may
lead to the apoptosis of germ cells [8-10].
Especially the spermatogenic arrest could
occurred at the meiotic stages (check points
of  pachytene  spermatocytes  and
spermiogenesis) [11, 12]. For example,
histone protamines are required in
spermiogenesis  for tight chromatin
compaction, because this stage is
transcriptionally inert, suggesting the
importance of transcriptional regulation for
gene expression [13]. Spermatogenic arrest
can be cause by genetics, epigenetics, or
acquired factors [11], the condition could
either be Non-Obstructive Azoospermia
(NOA) or Obstructive Azoospermia (OA)
[14, 15]. A short while ago, a several
reviews have declared that the miRNA
plays a significant role in mammalian
spermatogenesis [16-18]. Taken together
with previous author’s appreciation, this
review has also summarized the recent
research progress about the role of miRNA
during spermatogenesis via regulating
candidate genes expression, which may
provide insight the molecular mechanism to
understand the male infertility.

MicroRNA
The non-coding small RNA molecules
contained ~22 nucleotides known as

miRNAs. This class of small RNAs are
mostly found in animals, plants as well as
in some viruses [19, 20]. The first miRNA
was discovered 23 years ago by Ambrose’s
and Ruvkun's with joint research work in

820

Shah et al.

1993, scientists have isolated the gene of
small non-coding RNAs, containing a
complementary sequence with mRNA in
the 3' Un-Translated Region (UTR) of
the lin-14 instead of producing encoding
protein [21, 22]. After 23 years of miRNA
discovery by Lee et al (1993), numerous
studies have declared that the miRNAs play
a counter role for the expression of the vast
array of the protein-coding genes by
affecting the stability of mRNA during
post-transcription or translation [23, 24].
Studies have also declared that, numerous
miRNAs are involved in diverse biological
functions including cellular differentiation,
apoptosis, proliferation, early embryonic
development, and metabolic regulation [25-
27].

Biogenesis and mechanism of actions of
mMiRNAs

During past two-decades many studies have
revealed that there are thousands of miRNA
genes present in mammalian genome
within the protein-coding genes regions
(intragenic or intergenic). Approximately
60% of the mammalian genome has
predicted to targeted by miRNAs during
transcriptional and post-transcriptional
phases [28, 29]. For the biogenesis of
miRNAs, firstly they are transcribed
through RNA polymerase Il [30] and
hairpin structure is formed which is
composed of double-stranded RNA
molecules having 100-120 nucleotides
called primary miRNA (pri-miRNA). Then
RNA-binding protein Drosha (pasha) or
“DiGeorge syndrome critical region 8
genes” (DGCRS8) are committed to
recognize this RNA substrate and function
as an endonuclease to help the formation of
precursor  microRNAs  (pre-miRNAS)
which is transported to the cytoplasm via
protein called as Exportin-5 [31].
Furthermore, after its transportation to
cytoplasm the double strand miRNA is
processed by another endonuclease, Dicer
(RNase 1l endonuclease), to cut the
terminal loop to generate an intermediate
21-22 nucleotide miRNA duplex. One
strand of this miRNA duplex subsequently
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binds with Argonaute (AGO) as well as
other accessory proteins to build the RNA-
induced silencing complex (RISC) [32, 33].
Finally, single stranded microRNAs with
specific sequence recognize their target on
MRNAs that will be either translationally
silenced or degraded depending on their
complementary sequence (Error!
Reference  source not  found.).
Interestingly a single miRNA can target
thousands of mRNAs and the targeted
messenger RNA allowed multiple binding
sites for the different or same miRNAs.

Thus, miRNAs form potent controlling
circuits to regulate various physiological
processes [34, 35]. As the sequence of
miRNA is complementary to protein-
coding genes on mMRNA and leads to the
genes deregulation in expression patterns,
the deregulation of miRNAS can contribute
to the obsessive conditions during
development, such as cell apoptosis, cancer
and aberrant early embryonic development,
cellular differentiation, proliferation, and
metabolic regularity [19, 35-38].
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Figure 1. lllustrative diagram of miRNAs biogenesis and mechanism of action
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regulation, endocrinal control, genetics and
epigenetics regulation [39, 40] as well as
specific genes expression at specific phases.
For example, during early phase of
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spermatogenesis synthesized of protamines
occurred for later steps [41]. Soumillon et
al. (2013) revealed that the miRNAs play
critical roles during late spermatogenesis
especially at meiosis of spermatocytes and
spermiogenesis of spermatids because the
testis of mammals have mainly complex
transcriptome as compared to all others
tissues. In meiotic phase not only protein-
coding mRNAs are expressed but also some
amount of diverse non-coding RNAs that
are derived mostly from uncharacterized
(intragenic or intergenic) regions during
this phase [42]. To support this assertion
many studies have uncovered Differentially
Expressed (DE) miRNAs and reported that
these small non coding RNA molecules
have valuable role in regulation of
spermatogenesis of rodent, humans and
porcine [17, 43, 44] (Table 1). There is huge
numbers of different RNA proteins of
testis-specific in meiotic and post-meiotic
phases phase of spermatogenesis of
mammals which revealed that for
continuous sperm production miRNAs play
an essential role in entire process of
spermatogenesis [45, 46].

MicroRNAs and regulation of PGCs in
mammals

In males, spermatogenesis almost start from
developmental process of fetus when the
PGCs migrate to genital ridge or allantois
to differentiate into pro-spermatogonia or
gonocytes which give rise to SSCs, because
this initial phase requires a unique gene-
expression in PGCs to set aside from
somatic cells. The previous studies have
also shown the involvement of some
miRNAs in the regulation of PGCs. The
miR-290-295 and miR-17-92 cluster are
reported as highly expressed miRNAs in
PGCs to promote the cell cycle [47]. The
let-7 miRNAs also have a crucial role in the
regulation of PGCs and due to their
complementary sequences in developing
PGCs. Whereas, the function of let-7 family
were reported as tumor suppressors through
suppression of Ras protein (core kinase) in
Mitogen Activated Protein Kinase (MAPK)
pathway when compared to miR-17-92
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cluster [48]. Additionally, 6 members of
miR-17-92 cluster “miR-17, miR-18a,
miR-19a, miR-19b-1, miR-20a and miR-
92a” play important roles in the PGCs
regulation [49]. According to Hayashi et al.,
(2008) the miR-290 and -295 clusters
expression were significantly increased in
male PGCs and spermatogonia,
interestingly the experimental results of
said cluster in dicer knockdown mice had
poor proliferation in PGC cells as compared
to spermatogonia [50]. Moreover, the let-7
miRNAs (including let-7a, let-7d, let-7e,
let-7f, and let-7g) and miR-9 and miR-125a
expression  level were significantly
increased in male PGCs excluding females
[48, 51]. In conclusion, the miR-290-295
and miR-17-92 clusters and let-7 family
expression were considered as very
imperative for regulation of PGCs.
MicroRNAs and spermatogonial stem
cells

The non-stop sperm production is
dependent on the self-renewal of SSCs to
maintain the appropriate pool and
continuous differentiation to an adequate
number of spermatogonia for subsequent
spermatogenesis. In mice and human, SSCs
self-renewal is stimulated by Glial cell line-
Derived Neurotrophic Factor (GDNF)
through the sertoli cells, and Fibroblast
Growth Factor 2 (FGF2) is expressed in
Leydig cells which interacts with GDNF to
enhance proliferation rate of SSCs
[39]. According to previous reports, around
50% of the SSCs populations endured self-
renewal through GDNF, whereas reaming
50% will further differentiate into
spermatogonia to continue production of
spermatozoa through FGF2 and GDNF
interaction [52, 53]. In addition the
controlling of the endocrine and local
signaling system, some miRNAs are also
involved in regulation and differentiation of
SSCs via targeting the candidate genes.
According to earlier reports, there are
different miRNAs have key role in
homeostasis of SSCs. Such as global
expression of miRNAs in mice’s testis
Thyl+ and Thyl— cell population showed
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miR-34c, miR-146a, miR-182, miR-183
along with miR-21 were highly expressed
in an enriched population of Thyl+ SSCs
as compared with Thyl—somatic cells.
Additionally in SSCs-enriched germ cells
miR-21 could induce apoptosis and cell
numbers were significantly decreased
indicating its importance in the
maintenance of SSCs population regulated
by the transcription factor ETV5 [54]. The
High expression of miR-10b leads to
enhanced proliferation of mouse SSCs by
targeting the member of KLF family of
transcription factors (KLF4), one of the
most important induced pluripotent stem
factors causing stagnation of the cell cycle
at G1/S and G2/M phases, while
knockdown of miR-10b significantly
increased the apoptosis of SSCs [55].
Another miRNA, the miR-34c expression
was analyzed in caprine male germ line
stem cells and it has been reported that the
overexpression of this miRNA promoted
apoptosis and suppressed proliferation with
p53 dependent pathway [56]. While, miR-
34c also targeted the Nanos2 which belongs
to Nanos family protein and plays a key role
in spermatogonial stem cell regulation [57].
Moreover, the miR-106a and miR-20 have
also been reported as differentially
expressed in SSCs which was essential for
the self-renewal via targeting Ccndl and
Stat3 genes [58]. In addition, Doublesex
and Mab-3-related transcription factorl
(DMRT1) gene was a dose-sensitive
transcription factor essential for regulation
of Sertoli cells and germ cell in mammalian
testis. The functional analysis of miR-224
was carried out by using mimics and
inhibitors, which revealed that miR-224
was crucial for the SSCs differentiation and
it has been reported that mIiRNA
224 targets DMRT1 and mediates the SSCs
self-renewal by WNT/B-catenin signaling
pathway [59]. The miR-34c-3p was able to
down regulate the expression of
Phosphatidylinositol Specific
Phospholipase C-X Domain Containing 3
(PLCXD3) which mediates the several
physiological actions such as growth
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factors, hormones, neurotransmitters in
Murinae and Homo sapiens cell lines [60].
A recent study reported that miR-184 is
involved in targeting NCOR2 on 3-UTR
which is important for the regulation of
germ cell line [61]. The DE miRNAs
profiling were investigated in human
azoospermia patients, which was also
suggesting that miR-184 is involved in the
homeostasis of SSCs via targeting the E2F
Transcription Factor 1 (E2F1) [17].
Whereas, E2F1 was responsive to miR-383
in mouse spermatogenesis [62]. Taken
together all above discussed miRNAs have
been considered as very important in the
regulation of SSCs differentiation and self-
renewal.
MicroRNAs
spermatogonia
In this phase SSCs are divided into
undifferentiated and differentiated
spermatogonia to maintain the pool of SSCs
and consequent production primary
spermatocytes for subsequent
spermatogenesis [4]. According to previous
studies, the Retinoic acid (RA) signaling is
necessary for spermatogonial
differentiation and maintain the pool SSCs
by controlling the genes expression [63].
The expression of miR-17-92 and miR-
106b-25 were significantly down-regulated
in the RA-induced exposure during the
differentiation of spermatogonia and
expression of Bim, Kit, Socs3, and Stat3
genes were up-regulated, in the result of
knockout miR-17-92 mice exhibited a few
spermatozoa in the epididymis with small
testes [49, 64]. Whereas, the miR-146 was
highly expressed in spermatogonia at
undifferentiated state but transcriptional
level got diminish up to 180-fold at
differentiated state; so it was an assumption
that the RA induced by miR-146 during
differentiation spermatogonia in rodents
[65]. Apart from above discussed miRNAsS,
some other miRNAs were also been
reported as involved in the regulation of
spermatogonia at undifferentiated stage.
For instance, high expression of clustered
miR-221 and miR-222 caused the down-

and differentiation of
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regulation of RA in undifferentiated cells,
for example impaired miR-221 and miR-
222 caused loss in stem cell capacity and
induced cellular differentiation through the
repression of KIT [66]. Additionally, the
LIN28 was considered as regulator of the
self-renewal of germ line stem cells and
regulate  the cyclic expansion of
spermatogonial progenitor population of
undifferentiated spermatogonia, the miR-
let-7 family showed a conflict expression
pattern by induction of RA stimulation
along with down-regulation of targets
genes (Mycn, Ccndl, and Colla2) whereas
after RA treatment the expression level of
the let-7 families members were
simultaneously decreased [64, 67]. It was
understood that, to maintain the state of
undifferentiated spermatogonia and SSCs
pool the expression of genes not only
controlled by RA but some miRNAs are
also involved.

In recent times, Liu et al., (2015) reported
173 DE miRNAs between spermatogonia
and spermatocytes, in which members of
miR-125 family and let-7 family were
suggested that these miRNAs families are
important for promoting the differentiation
(Table 1) [17]. According to deep
sequencing of spermatogenic cell of NOA
compared with OA by Yao et al., (2017)
suggested that, the miR-143-3p, miR-100-
5p, miR-99a-5p, MiR-99b-5p, and -miR-
145-5p were significantly up regulated in
spermatogonia of NOA humans when
compared to OA. While, miR-105-5p, miR-
296-5p and miR-373-3p were reported as
down regulated in spermatogonia of NOA
compared with OA [68], All taken together
these DE miRNAs suggesting the valuable
role in the maintenance and differentiation
of spermatogonia.

MicroRNAs and meiosis of
spermatocytes

Meiosis is a complicated phase in
spermatogenesis, particularly in meiotic
stages of leptotene/zygotene are mostly
transcriptionally inert to the post-
transcriptional ~ regulation  in  gene
expression [69, 70], because testis having
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high complex transcriptome as compared
with other tissue, especially the origination
of high transcriptional activity at stage of
pachytene spermatocytes, which known as
check point of spermatogenesis [42]. It
must be carefully regulated however any
mistake in  this process leads to
spermatogenic  arrest.  According to
previous reports, there are distinct miRNAS
play a crucial function for cell division in
later steps of spermatogenesis including
meiosis of spermatocytes and
spermiogenesis [72, 73]. It was reported
that miRNA mediated meiotic and post-
meiotic phases of spermatogenesis, which
was proved by an experimental study about
dicerl knockout phenotype [40]. The miR-
34c has been suggested as a significant
miRNA in SSCs [57]. Conversely, in
primary spermatocytes miR-34c expression
is similarly important such as down-
regulation of miR-34c leaded to prevention
of germ cells from T deprivation-induced
apoptosis, on the other hand, the
overexpression of miR-34c triggered
apoptosis by targeting on 3-UTR of
activating transcription factor 1 (ATF1) [71,
72, 73]. Moreover upon the initiation of
meiosis, the miR-449 cluster and miR-
34b/c functioned redundantly in down-
regulating the activities of the E2F-pRb
pathway in murine testes [74, 75].

Additionally, it was reported that Protamine
(Prm) is required for successful compaction
of the sperm chromatin by replacing histone,
these Prm mRNAs have already been
synthesized and expression of these Prm
dependent on the accurate time during late
spermatogenesis [76, 77]. To prove this
exactly timed expression, the miRNA
mediated mechanisms for Transition
Proteins (TPs) and Prms were subjected to
a broad post-transcriptional mechanism,
Tp2 and Prm2 been shown to targeted by
miR-469 which led the repression of their
expression at translation level in
spermatocytes and spermatids with a
negligible effect on mMRNA deprivation.
Interestingly, in contrast of miR-469 the
miR-122a also can bind with Tp2 on 3'-


https://en.wikipedia.org/wiki/Stem_cell

Pure Appl. Biol., 7(2): 819-831, June, 2018
http://dx.doi.orqg/10.19045/bspab.2018.700101

UTR which induced mRNA cleavage and
lead to the abnormal spermatozoa in
experimental mice [78]. Furthermore,
Fatime et al., (2014) has investigated that
the following miRNAs (including miR-34a,
-181b, -469 and -122a) altering their
expression level by exposure of tertiary-
butyl hydroperoxide (TBHP) and suggested
that are these miRNAs were involved in
cellular functions including cell cycle and
apoptosis [79], moreover consistency in the
expression level about said miRNAs has
been found in previous studies [16, 79].
Recently, Liu etal., (2015) reported 173 DE
miRNAs profile between spermatocytes
and spermatids in human azoospermic
patients, among those miR-34b-5p and
miR-34c-5p  were significantly  up-
regulated in spermatocytes as compared
with round spermatids and it was suggested
that these miRNAs are critical at meiosis
phase of spermatocytes [17]. Moreover,
according to Yao et a, (2017) the
expression levels of following miRNAS
including “miR-181a-5p, miR-423-5p,
miR-26a-5p, mIiR-140-3p, miR-21-5p,
miR-424, miR-186-5p, Let-7e-5p, Let-7b,
and miR-374b” were significantly up
regulated in spermatocytes of NOA when
compared with OA patients. Contrariwise,
the hsa-miR-31-5p were down regulated in
spermatocytes of NOA when compared
with OA [68]. All above findings revealed
the valuable role of mMiRNAs in the
proliferation ~ of  spermatocytes to
spermatids.

MicroRNAs and spermiogenesis
Spermiogenesis known as for
differentiation of the spermatid into the
spermatozoa by their morphological
changes such as condensation of genetic
material and nucleus, loss of cytoplasm,
formation of the acrosome and axoneme.
The role miRNAs in this step is epigenetics
controle because sperm not only carries the
genome also carry epigenome in form of
DNA methylation, histone retained and
small noncoding RNA. The miR-34b/c or
miR-449 were reported as essential for
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normal fertilization whereas deficiency of
these miRNAs impaired both meiosis and
the final stages of spermatozoa maturation
in rodents and pigs [75, 80, 81].
Additionally, higher expression let-7
families (let-7a, let -7d and let -7e) and
miR-22 can alter the expression of their
corresponding targeted genes (HMGAZ2,
809, ODF1 and 4956) those coded proteins
involved in spermatogenesis, metabolism
of sperm structure and motility and led the
abnormal sperm in semen of boars [82].
Based on in-silico method several miRNAs
in various swine breeds Yorkshire,
Landrace, and Duroc, were investigated
which revealed that seventeen miRNAs
(miR-514a-3p, -196a-5p, -372-3p, -938, -
558, -579-3p, -648, -524-3p, -595, -512-3p,
-639, -551a, -429, -624-5p, -585-3p, -508-
3p and -626) were significantly down
regulated in the spermatozoa of Yorkshire
and Landrace compared to Duroc, which
suggested these miRNAs are very essential
final stage of spermatogenesis [83].
Moreover, the DE miRNAs (has-aga-3155,
has-aga-8197, has-aga-6727, has-aga-
11796, has-aga-14189, has-aga-6125 and
has-aga-13659)  were identified in
spermatozoa of bulls with high fertility
when compared low fertile bulls, and these
DE miRNAs were suggested an important
for the regulatory mechanisms of bovine
sperm capacitance [84]. While, a study on
human regarding seminal plasma of
idiopathic infertile and fertile males was
suggested that the expression of miRNAS
(mir-146a, mir-196a-2, and mir-499) were
important  for  cellular  proliferation,
apoptosis and maintenance of cell cycle
[85]. Moreover DE miRNAs profiling
NOA patients compared with OA patients
suggested that the expression levels of miR-
10b-5p, miR-409-5p, mMiR-199b-3p, Let-
79-5p, miR-127-3p, miR-221-3p, Let-7i-5p,
Let-7f-5p, and miR-145-3p  were
significantly up regulated, whereas miR-9-
3p was down regulated in round spermatids
[68].
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Table. 1. Involvement of miRNA during spermatogenesis in mammals

Shah et al.

Involvement and regulation stages

MicroRNAs duri . References
uring spermatogenesis

e miR-17-92 and miR-290-295 [47]

o miR- let-7 faimly PGCs (primordial germ cells) [48]

e miR-9 and miR-125a regulation [51]

e miR-34c, miR-146a, miR-182, [54]
miR, 183 and miR -21

e miR-10b [55]

e miR-106a and miR-20 SSCs (spermatogonial stem cells) self- [58]

o miRNA-224 renewal and differentiation [59]

e miR-34c-3p [60]

e miR-184 [61]

e miR-383 [62]

e miR-106b-25 and miR-17-92

e miR-146

e miR-221 and miR-222

e miR-let-7

e miR-125 family (miR-125b-1-3p [4[%?]4]
and miR-125b-5p) and let-7 family o o [66]
(e.g., let-7a-5p, let-7b-5p, let-7¢ Mitotic dlfferentla_tlon of [64, 67]
let-7d-5p, 7e-5p, let-7f-5p and let- spermatogonia [1’7]
79-5p) [68]

e miR-100-5p,miR-143-3p, miR-
99a-5p, miR-99b-5p, -miR-145-5p
and miR-373-3p, miR-105-5p, and
miR-296-5p

e miR-34c

e miR-449 and miR-34b/c (72, 74]

e miR-469 miR-122a, miR-34a, and [7’5]
miR-181b o _ _ [16, 79]

e miR-34b-5p and miR-34c-5p Meiotic proliferation of spermatocytes :

e miR-181a-5p, miR-423-5p, miR- [17]
26_a-5p, miR_-140-3p, miR-21-5p, [68]
miR-424, miR-186-5p, Let-7e-5p,

Let-7b, miR-374b, and miR-31-5p

e miR-34b/c and miR-449

e miR-let-7 family

¢ miRNAs (-514a-3p, -196a-5p, - [80, 81]
372-3p, -938, -558, -579-3p, -648, [52]
-524-3p, -595, -512-3p, -639, - [83]
551a, -429, -624-5p, -585-3p, -
508-3p and -626)

¢ miRNAs (has-aga-3155, has-aga-

8197, has-aga-6727, has-aga- Spermiogenesis [84]
11796, has-aga-14189, has-aga-
6125 and has-aga-13659)
e mir-146a, mir-196a-2, and mir-499 [85]
e miR-10b-5p, miR-409-5p, miR- [68]

199b-3p, Let- 7g-5p, miR-127-3p,
miR-221-3p, Let-7i-5p, Let-7f-5p,
miR-145-3p, and miR-9-3p .
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Conclusion

In conclusion, numerous researches have
declared that miRNA are involved in
mammalian  spermatogenesis, including
mitosis, meiosis and spermiogenesis stages,
so it has been become very clear that
miRNAs play a significant role in the
regulation of the vast array of organized

gene expression  profiles at  post-
transcription and  translation  stages
throughout the spermatogenesis. The

identified mMIRNA may represent a
potentially novel regulatory network for
understanding molecular mechanism of
spermatogenesis  dysfunction.  Although
some MiRNA regulatory function has been
determined, whereas the most miRNAS
function is not yet clear. All previous studies
about DE miRNAs showed the particular
miRNAs and their targeted genes but the
most of miRNAs and their corresponding
targeted genes need functional analysis by
using miRNAs mimic and inhibitors. In
addition, almost miRNAs research have
been conducted on rodent models and some
of them focused on spermatogenic cells of
humans and domestic animals. Further
research about spermatogenic disorder can
be conducted through germ line stem cells
culture to elucidate specific mMiRNAs
involved in male infertility which could help
to create a view about the requirements of
normal fertility of male.
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