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ABSTRACT

MicroRNAs (miRNAs) are small, endogenous, non-coding RNA molecules that
are around 19-25 nucleotides long. Most miRNAs are produced via transcription
of DNA sequences into primary, precursor, and then mature miRNAs. These
miRNAs molecules formed base-pair to mRNAs to post-transcriptionally drive
gene expression. There are now over 2000 miRNAs annotated in the mammalian
genome, which are thought to affect one-third of the genes, as each miRNA can
regulate hundreds of target genes. miRNAs are involved in morphogenesis, tissue
maintenance, cell development, differentiation, apoptosis, and metabolism etc. The
aim of this review is to summarize the current knowledge on the role of miRNAs
in various stages of mammalian reproductive biology and their involvement in
reproductive disorders. We have also summarized the recent advances about
miRNA and provide an updated overview of the literature, including the most

recent and relevant studies.

Introduction

MicroRNAs (miRNAs) are small non-coding RNA mole-
cules that play an important role in regulating gene expres-
sion. In recent years, the role of miRNAs in mammalian
reproduction has gained much attention as they have
proved to be important regulators of numerous aspects
of reproductive biology, including gametogenesis, fer-
tilization, implantation, and pregnancy (Hu et al., 2008;
Ioannidis and Donadeu, 2016; Reza et al., 2019). They
have also been implicated in the development of various
reproductive disorders, such as infertility, pregnancy loss,
and preterm birth. The discovery of miRNAs has led to a
better understanding of the molecular mechanisms under-
lying reproductive biology and has opened new opportu-
nities for the development of therapeutic interventions for
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reproductive disorders (Barranco et al., 2022). The abil-
ity of miRNAs to regulate multiple targets and pathways
makes them attractive molecules for the development of
novel therapeutic strategies.

MiRNAs, nuclear-derived non-coding biomolecules
are becoming increasingly significant in modern molec-
ular research. Mostly, miRNAs bind with the 3" untrans-
lated region (3' UTR) of target mRNAs to trigger mRNA
through degradation and translational suppression (Fatima
et al., 2013). There are several numbers of mature miRNA
reported in the farm animal species such as cattle (1025),
sheep (153), goat (436), pig (457), chicken (1232) (Data
source: MiRBase release 22 (http://www.mirbase.org/);
PubMed databases). There are two types of pathways for
the biological synthesis of miRNA- Canonical and Non-
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canonical pathways (Thorne et al., 2018). One is canoni-
cal pathway in which DiGeorge Syndrome Critical Region
8 (DGCRS) identifies the N6-methyladenylated GGAC
group on pre-miRNA and hairpin structure of pre-miRNA
cleaved by Drosha, a class-2 RNase III enzyme that converts
the pre-miRNA into a precursor miRNA (pre-miRNA)
inside the nucleus which in turn forms a 2 nucleotide 3’
overhang of pre-miRNA. And then, exportin-5/Ran GTP
(XPO5/Ran GTP) transport of pre-miRNAs to the cyto-
plasm (Vasiljevic etal., 2022). In cytoplasm RNase III endo-
nuclease Dicer process, the removal of the terminal group
then both strands of miRNA are loaded into Argonaut
(AGO) protein group by the use of ATP. Preferably the
strand having lower 5’ stability is loaded to the AGO pro-
tein family (O’Brien et al., 2018). The unloaded strands
are generally called the passenger strands having no mis-
matches, these passenger strands unwind from the guide
strand and are cleaved by AGO2 and precede for biological
degradation which results in a strong strand production.
Second is Non-canonical pathway which can be Drosha/
DCGRS independent and Dicer-independent. In Drosha/
DCGR8 independent pathway pre-miRNA (mirtons,
7-methylguanosine (m7G) -capped) resembles to Dicer
substrate transported to the cytoplasm via XPO-1 with-
out the Drosha cleavage. Strong 3’ strand due to m7G cap
prevents 5 strand loading into the protein AGO. In this
pathway, short hairpin RNAs (shRNA) are processed into
pre-miRNAs by Drosha where these pre-miRNAs need
AGO?2 for the maturation in the cytoplasm that enhances
the loading of entire pre-miRNA into AGO2 protein slic-
ing of 3’ strand. Cutting of 3’-5" of the 5’ strand completes
the synthesis of mi-RNA (Ha et al., 2014).

Recently, the number of studies investigating the role
of miRNAs in reproductive biology has increased signifi-
cantly. The identification of miRNAs and their targets has
provided a new perspective into the molecular mechanism
that is behind the reproductive processes and has led to
the identification of potential therapeutic targets and
diagnostic biomarkers for the treatment and prediction of
reproductive disorders. miRNAs have been shown to reg-
ulate the expression of genes involved in oocyte matura-
tion and fertilization, as well as the blastocyst development
and implantation (Kropp et al., 2015). However, there are
still many challenges to be addressed before miRNA-based
therapies can be successfully implemented in the clinic.

miRNA in reproduction

MicroRNAs play an important role in the development
and operation of numerous reproductive processes, such
as ovarian follicle formation, ovulation, spermatogenesis,
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pregnancy etc. Both male and female become infertile when
one or both of the components of the miRNA-processing
machinery (Dicer and Drosha) are lost; this is because
there are significant flaws during gametogenesis. miRNAs
are currently being studied extensively in bovine and other
livestock, including testicular and ovarian tissues, embry-
onic and adipose tissues and the mammary gland (Fatima
et al,, 2013). Dicer and Drosha deletion in male primordial
germ cells (PGCs) limits the growth, differentiation, and
maturation of male PGCs, resulting in defective sperma-
tozoa and sterility. In the testes, miRNAs have been shown
to be involved in the regulation of spermatogenesis. Dicerl
was specifically deleted from Sertoli cells, which resulted in
apoptosis of the Sertoli cells after birth and degenerating the
testes, impairing pre-pubertal spermatogenesis, and causing
infertility (Papaioannou et al., 2009).

One of the key functions of miRNAs in the female
reproductive organs involves in the regulation of folliculo-
genesis, the process by which ovarian follicles develop and
mature. miR-221/222 has been found to regulate the pro-
liferation and differentiation of granulosa cells in the ovary
(Gao et al., 2018), while miR-31 has been found to regulate
the development of corpus luteum, a hormone-secreting
structure that forms in the ovary after ovulation (Baddela
etal.,, 2017). Dicer1 loss results in abnormal spindle forma-
tion and chromosomal alignment failures in meiotic mat-
uration and polar body formation in females. It also leads
to functional defects, such as impaired steroidogenesis and
granulosa cell (GC) proliferation, recruitment of immature
follicles, follicular atresia, a smaller pool size of pre-ovu-
latory follicles, and ovulatory dysfunction leading to pre-
mature ovulation (Reza et al., 2019). Some of the miRNA
involved in male and female reproductive processes are
described in Table 1.

miRNA in spermatogenesis

Spermatogenesis is a complex differentiation program
that begins after birth when spermatogonial stem cells
(SSCs) enter the differentiation pathway and subsequently
undergo mitotic divisions to expand the colony of differ-
entiating germ cells. miR-302 helps in the proliferation and
differentiation of spermatogonial stem cells. miR-14 and
miR-34 are important for meiosis and the development
of the sperm tail, which is important for sperm motility
(Kamkina et al., 2018). miRNAs help in spermatogenesis
by regulating gene expression and ensuring the proper
development of sperm. miRNA-375 has also been shown
to play a role in spermatogenesis by regulating the expres-
sion of a protein called PRM2 (Protamine 2), which is
involved in the formation of the acrosome, a structure on
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Table 1: miRNAs involved in various reproductive processes

S. No. Process miRNAs involved Reference

1. Angiogenesis miR-17-92 family; miR-17, -18a, -19a, -19b, -20a  Anand and Cheresh, 2011
and -92a, miR-145, and miR-92a

2. Gonadal development miR-101, miR-202 Torley et al., 2011

3. Spermatogenesis miR-221, -203 and -34b-5p, miR-34b/c and miR-  Wu etal,, 2014
449

4. Granulosa cell functioning miR21, miR23a, miR145, miR503, miR224, Donadeu et al., 2012
miR383, miR378.

5. Luteinization miR-9 & let7b Donadeu et al., 2012

6. Luteal cell regression/ apoptosis miR378 Ma et al,, 2011

7. Ovulation miR-21, miR-23b, miR-378, miR-202 miR-145 Donadeu and Schauer, 2013

8. Implantation miR-143, miR-21, miR-20a, miR-26a, let-7a,let-  Hu et al,, 2008
7b, let-7¢, and let-7d

9. Placental function miR-126, miR-125b, miR-92b, miR-106a, miR-24, Yan et al,, 2014
and miR-20

10. Pregnancy hsa-miR-526a, hsa-miR-527 and hsa-miR- Ioannidis and Donadeu, 2016

520d-5p, miR-2

6a

the surface of the sperm that is necessary for fertilization
(Reza et al., 2019). miRNA-29a help in the expression of a
protein called HSP90AA1, which is involved in the mat-
uration and storage of sperm (Richard et al., 2020). miR-
NA-200c has been found to regulate the sperm maturation
by influencing the expression of a protein called SPAG9,
which is involved in the organization of the cytoskeleton
in sperm.

According to transcriptome data, miRNAs are sig-
nificantly expressed during spermatogenesis. While a few
miRNAs are exclusively expressed in certain types of male
germ cells, others are frequently expressed in all types of
testicular cells. Spermatogenesis, which in mammals has
three stages, mitotic proliferation of spermatogonia, mei-
osis of spermatocytes, and haploid differentiation of sper-
matids, generates male gametes inside the testis. These
procedures call for precisely controlled gene expression
patterns that are regulated by post-transcriptional, tran-
scriptional, and epigenetic processes (Papaioannou et al.
2010). While the other miRNAs are generically expressed
across all types of testicular cells, few miRNAs are selec-
tively expressed in specific types of male germ cells (Gao
et al., 2019). Dicerl elimination has been observed to
alter meiotic progression, pachytene spermatocyte apop-
tosis, the number of round spermatids, and structural
defects in spermatozoa in pro-spermatogonia prior to
birth when Ddx4 promoter-driven Cre expression is used.
SSC-enriched population preferentially expressed miR-20
along with miR-21, 34c, 135a, 146a, 182, 183, 204, 465a-3p,
465b-3p, 465¢-5p, and 544 (He et al., 2013). When meiosis
begins throughout the formation of the testis and in adult
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testes, the expression of the miR-449 cluster is numerous
and elevated (Yuan et al., 2015). The testicular Sertoli cells,
peritubular myoid (PTM) cells, and leydig cells all con-
tribute to spermatogenesis (Zhou et al., 2019). The expres-
sion of Cyclin B1 and Cyclin D1 is regulated by miR-133b,
which targets GLI3 and encourages the proliferation of
human Sertoli cells (Yao et al., 2016). Many of the miRNAs
functions and underlying processes in spermatogenesis
are still substantially unclear. There is increasing evidence
that certain miRNAs are expressed more frequently in tes-
ticular somatic cells. However, it is unclear whether these
miRNAs function in the SSC niche as paracrine factors
that are secreted or whether they instead indirectly regu-
late the production of growth factors like GDNE, that have
an impact on germ cells.

miRNA in oogenesis

In oogenesis, miRNAs are known to play a critical role in
various stages of folliculogenesis, including the regulation
of follicle growth, meiotic maturation, and oocyte quality.
miR-17 has been shown to play a role in follicle maturation
by regulating the proliferation and differentiation of gran-
ulosa cells, which surround the developing oocyte (Inoue
et al., 2020). In addition, miR-375 has been found to be
important for oocyte maturation in mammals (Tesfaye et
al., 2009). Folliculogenesis is the process of oocyte matu-
ration, which is a critical process in female reproductive
biology. The regulation of folliculogenesis is highly com-
plex and involves the coordination of multiple molecular
pathways. miRNAs are known to play a key role in the
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regulation of several key pathways, including the PI3K/
AKT and BMP (Bone Morphogenetic Protein) signaling
pathways. miR-125b has been shown to regulate granulosa
cell proliferation and differentiation by targeting the PI3K/
AKT signaling pathway (Andrei et al., 2019). Additionally,
miR-143, miR-145, and miR-503 have been shown to
regulate ovarian follicle growth and oocyte maturation
through the modulation of BMP (Bone Morphogenetic
Proteins) signaling (Reza et al., 2019). Meiotic maturation
is a complex process that involves the regulation of numer-
ous molecular pathways. Several miRNAs that are differ-
entially expressed during meiotic maturation, including
miR-34c, miR-212, miR-222, and miR-223 and play a
critical role in the regulation of meiotic maturation by tar-
geting the cyclin B1 gene also involved in the regulation
of meiotic maturation, although their specific targets are
not yet well understood (Wanet et al., 2012). miR-21 pro-
tects oocytes from oxidative stress by targeting the PTEN
(phosphatase and tensin homolog deleted on chromosome
10) gene. Additionally, miR-34a regulates oocyte apopto-
sis by targeting the Bcl-2 gene. miRNAs have also been
implicated in the regulation of oocyte aging by targeting
the SIRT1 gene which is involved in the regulation of aging
and age-related diseases (Yamakuchi et al., 2008).

miRNA in fertilization

The process of fertilization is complex, which includes
sperm-egg recognition, binding, and fusion. miR-34c has
been shown to be present in the female reproductive tract
and to be involved in regulating sperm-oocyte binding by
targeting the integrin B1 gene in the oocyte (Bridi et al.,
2020). Similarly, miR-122 is present in the sperm and plays
a role in sperm-oocyte binding by regulating the expres-
sion of the zona pellucida glycoprotein 3 (ZP3) genes in
the oocyte (Yang et al., 2013). miRNAs are also involved
in regulating the sperm-oocyte binding like miR-34c
affect the expression of the ion channel protein CatSper,
which is required for sperm-oocyte fusion (Kathirvel et
al., 2013). Similarly, miR-199a-5p has been shown to reg-
ulate the expression of the membrane protein CD9, which
is also required for sperm-egg fusion (Chen et al., 2023).
After fertilization, miRNAs are also involved in a series of
cell divisions to form a blastocyst, which will eventually
implant in the uterus. miR-34a is involved in regulating the
cell cycle in the zygote by targeting the cyclin-dependent
kinase 6 (CDK®6) gene (Reza et al., 2019). Similarly, miR-21
helps in the proliferation and differentiation of embryonic
stem cells (Ren et al., 2009). In addition to their roles in
fertilization and early embryonic development, miRNAs
have also been implicated in various reproductive disor-
ders, including infertility, endometriosis, and polycystic
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ovary syndrome (PCOS) (Abdalla et al., 2020). miR-122
has been shown to be down-regulated in the sperm of
infertile men, and miR-21 has been shown to be up-reg-
ulated in the endometrium with endometriosis (Bahmyari
et al., 2021). Understanding the role of miRNAs in fertil-
ization may provide new insights into the causes of infer-
tility and other reproductive disorders.

miRNA in embryonic development

In IVF-produced embryos, higher levels of miR-130b
expression were found at the morula and blastocyst stages,
but suppression of this miRNA drastically decreased
morula and blastocyst formation (Sinha et al., 2017) The
role of miR-297, miR-96, miR-21, miR-29c¢, let-7, miR-
214, miR-125a, miR-424, and miR-376a in trophecto-
derm specification has been speculated (Viswanathan
et al.,, 2009). Human trophoblast cells’ ability to migrate
and invade has been shown to be regulated by miR-519d,
miR-378a-5p, miR-376, and miR-155 (Xie et al., 2014).
miRNAs are also thought to play a role in controlling
embryo elongation. When compared to in vitro fertilized
(IVF) embryos, in vivo fertilized embryos exhibit reduced
blastocyst stage expression of miR-21 (Stowe et al., 2012).
However increased miR-24 expression restricted embryos
from growing to the blastocyst stage (Kropp et al., 2015).
Because that miR-24 is extremely conserved among
mammalian species, it might be used as a biomarker for
the quality of the embryo. miR-199-5P is consistently
down-regulated in embryos fertilized in vitro as compared
to those fertilized in vivo during both the blastocyst and
epiblast phases of embryo development. It has shown that
the dysregulated miR-199-5P produced high glycolytic
rates in blastocysts. These changes explained the differ-
ence between the development of in-vitro and in-vivo fer-
tilized embryos by causing genetic imbalance and greater
fetal losses (Tan et al., 2016). miR-29b enhances embry-
onic quality, lowers DNA methylation and apoptosis,
and modifies gene expression in SCNT blastocysts with-
out influencing blastocyst production. Treatment with
miR-29b also enhanced the expression of pluripotency,
development- and methylation-related genes in blasto-
cysts (Singh et al., 2019). While miR-21 up-regulates the
expression of the developmental and pluripotency-related
genes (Rashmi et al., 2019).

Early gastrulation-stage embryos are regulated by
miR-124a, miR-200a/b/c, miR-141, and miR-429 (Berardi
et al., 2012). miR-191 and miR-16-1, which are numerous
in embryonic stem cells (ESCs), inhibit the differentiation
of ESCs towards the endoderm and ectoderm lineages by
down-regulating Smad2, a key element of activin-nodal
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signaling (Hadjimichael et al., 2016). In contrast, overex-
pression of miR-21 promotes the commitment of meso-
dermal tissues such as adipose and bone, while expression
of miR-9, miR-124a, miR-155, and miR-708 stimulates
the differentiation of ESCs (Reza et al., 2019). Similarly,
by influencing Nodal signaling, the miR-290-295 and
miR-303-367 clusters may be crucial for the patterning
and determination of embryonic germ layers (Vidigal and
Ventura, 2012).

Embryo implantation and development is a critical
process for a successful pregnancy establishment. Several
factors are involved in this process including miRNA,
which play a vital role in the embryo implantation process.
miRNAs are dynamically expressed during embryonic
development, and their dysregulation can lead to devel-
opmental abnormalities (Xu et al.,, 2016). miR-430 has
been shown to be essential for proper germ layer forma-
tion and embryonic development (Giraldez et al., 2006). In
mammals, the miR-17-92 cluster expresses itself at a high
level throughout the early stages of lung development but
decreases as the process continues (Bonauer et al., 2009).
Loss of miR-302/367 cluster, which is highly expressed
in embryonic stem cells, leads to defects in embryonic
development and differentiation (Sinkkonen et al., 2008).
miRNAs also play an important role in neural develop-
ment, cardiac development, limb development during
embryogenesis. miR-124 is highly expressed in neuronal
cells and has been shown to promote neuronal differen-
tiation and suppress glial differentiation (Makeyev et al.,
2007). Another miRNA, miR-9, has been shown to regu-
late neuronal migration and axon guidance during neural
development (De Pietri Tonelli et al., 2008). Additionally,
miR-17-92 cluster has been shown to be important for
neural progenitor cell proliferation and differentiation
(Krichevsky et al., 2006). The deletion of miR-1-2 leads
to cardiac defects and embryonic lethality (Zhao et al.,
2007). miR-499, which is highly expressed in the heart, has
been shown to regulate cardiac differentiation and func-
tion (Wang et al., 2017). Additionally, miR-133 has been
shown to regulate cardiac development and hypertrophy
(Zhao et al,, 2007). Additionally, miR-140 has been shown
to regulate chondrogenesis during limb development
(Tuddenham et al., 2006).

miRNA in pregnancy and placental
development

miRNAs have also played important roles in preg-
nancy and placental development. The placenta is a vital
organ that plays a crucial role in the exchange of nutrients,
gases, and waste products between the mother and the
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developing fetus. Dysregulation of placental development
has been associated with various pregnancy related com-
plications like preterm birth. miR-210 was significantly
up-regulated in the placenta and its knockdown resulted in
reduced placental angiogenesis and impaired fetal growth
(Hayder etal., 2022), also miR-210 found to be down-regu-
laed in case of preeclampsia (Frazier et al., 2020). Whereas
miR-518c down-regulation leading to reduced placental
angiogenesis and impaired fetal growth (Hemmatzadeh et
al., 2020) and miR-29a has been shown to be down-regu-
lated in the uterine lining with recurrent pregnancy loss
and its restoration has been shown to improve uterine
receptivity and pregnancy outcomes (Liu et al., 2021).
Another important role of miR-21 has been found in the
upregulation of uterine endometrium during the implan-
tation phase of pregnancy and is thought to play a role in
the regulation of uterine receptivity (Li et al., 2014).

Blastocyst apposition, adhesion to the uterine epi-
thelium, and decidualization of the uterine stroma are all
essential in early stages of pregnancy, miRNAs have been
suggested as key molecules in the regulation of decidualiza-
tion, among the several processes (Bidarimath et al., 2014).
In early pregnancy, Drosha expression in a mouse uterus
has spatiotemporal properties. At the time of implanta-
tion artificially induced decidua and decidual stromal cells
contained a significant amount of Drosha. According to
the stromal cell culture model, Drosha expression rapidly
increased as decidualization proceeded (Zhang et al., 2016).
Numerous miRNAs show patterns of spatial and tempo-
ral change in uterine endometrium, which may control
different cellular events in the uterus. Placenta-specific
miRNAs, such as miR-141 and miR-519d-3p (a member of
the C19MC family), were differentially expressed in var-
ious developmental stages to meet the various regulatory
demands of pregnancy because they regulate trophoblast
cell proliferation, invasion, migration, and interaction
between cells (Ospina-Prieto et al., 2016). Seven members
of the C19MC cluster, miR-518b, miR-1323, miR-516b,
miR-515-5p, miR-520h, miR-519d, and miR-526b, were
significantly repressed in the placenta of people with fetal
growth restriction (FGR). Four of these members, miR-
518b, miR-1323, miR-520h, and miR-519d, were confirmed
as FGR-associated placenta-specific miRNA (Higashijima
et al., 2013). It has been discovered that placental insuffi-
ciency results in the suppression of miR-514. It was also
demonstrated that the pleiomorphic adenoma gene 1
(PLAG1), a significant regulator of insulin-like growth
factor 1 (IGF-1), which contributes to FGR, is a target of
the placenta-specific miR-141 (Tang et al., 2013).

The regulatory requirement of the physiological
change, such as inflammation and hypoxia, determines the
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differential expression of miRNAs in the placenta through-
out gestation (Challis et al., 2009). Let-7 controls the
expression of IL-6 negatively and works downstream of the
NE-B signalling pathway. Let-7 was shown to be strongly
expressed in the placenta and amnion, indicating that pla-
cental inflammation may be regulated (Chan et al., 2013).
Similar to this, miR-181a inhibits the TGF- signalling path-
way’s activation and boosts the synthesis of IL-6; as a result,
higher placental miR-181a expression reduces the immu-
nosuppressive effects of mesenchymal stem cells and leads
to dysfunctional pregnancy (Liu et al., 2012). The miR-
148/152 family, on the other hand, mediates immunolog-
ical tolerance to promote a healthy pregnancy by adversely
regulating innate immune responses (Liu et al., 2010).
Numerous placental miRNAs have been found to control
trophoblast and endothelial cell activity during pregnancy.
To promote syncytiotrophoblast development, the miR-17-
92 cluster’s paralogs miR-106a363 and miR-106b25 were
significantly down-regulated (Kumar et al., 2013)

In primary trophoblasts exposed to hypoxia, a group
of seven placenta-associated miRNAs, including miR-93,
miR-205, miR-224, miR-335, miR-424, miR-451, and miR-
491, were differentially expressed, and miR-205 was ver-
ified to target an essential placental development factor
called MED1 (Mouillet et al., 2010). Further, the regulation
of mitochondrial electron transport and the rennin-angio-
tensin system’s is responsive to hypoxia by placenta-as-
sociated miRNAs. Hypoxic placenta had higher levels of
HIF-responsive miR-210, which negatively impacted the
efficiency of the mitochondrial electron transport chain
and energy metabolism (Colleoni et al., 2013).

Dysregulation of miRNA expression has been found to
be associated with these disorders, and the identification of
miRNAs as diagnostic biomarkers and potential therapeu-
tic targets is an active area of research such as miR-21 has
been found to be up-regulated in the sperm with idiopathic
infertility and its inhibition has been shown to improve
sperm motility and fertilization rates (Liu et al., 2012).

Therapeutic importance of miRNA in
reproduction

The potential therapeutic use of miRNAs in reproduc-
tive medicine is an area of active research and develop-
ment, with several studies demonstrating the ability of
miRNAs to regulate various aspects of reproductive biol-
ogy. One approach currently being explored is the delivery
of miRNAs to specific tissues or cells using nanoparticles
or other delivery vehicles. For example, delivery of miR-
34a to the testes of infertile mammals has been shown to
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promote spermatogenesis (Heydari et al., 2021), while the
delivery of miR-221/222 to the ovary may stimulate follic-
ulogenesis and improve fertility (Jain et al., 2022). Apart
from this in the prostate gland, miRNAs have been shown
to be involved in the regulation of prostate development
and the progression of prostate cancer. miR-141 regu-
lates the expression of a protein called PTEN, which is a
tumor suppressor that is frequently lost in prostate cancer
(Sharma et al., 2019). miR-205 plays a role in the progres-
sion of prostate cancer by regulating the expression of a
protein called E2F3, which is involved in cell proliferation
(Chauhan et al., 2020). In addition, the use of miRNAs as
biomarkers for the diagnosis and prognosis of reproduc-
tive disorders has also been explored, with some promising
results. Measurement of miR-514 in maternal circulation
has been proposed as a potential marker for placental
insufficiency (Wang et al., 2018).

Other potential therapeutic applications of miRNAs
in reproductive medicine include regulation of pregnancy
and placental development. Overexpression of miR-
199a-3p in mouse placenta has been shown to improve
placental development and fetal growth (Timofeeva et
al., 2021), while the knockdown of miR-29a in the mouse
uterus improves uterine receptivity and implantation rates
(Liu et al., 2017). In addition, miRNAs were also found to
play a role in the regulating of fetal growth and develop-
ment as miR-27a has been found to be upregulated in the
fetal liver in response to nutrient deprivation, suggesting
a role in the regulation of fetal growth (Gu et al., 2013).
Overall, the therapeutic potential of miRNAs in reproduc-
tive medicine is still at an early stage of development, but
their ability to regulate gene expression at the post-tran-
scriptional level makes them a promising target for the
development of novel therapies for reproductive disorders.

Conclusion

Expression of miRNA in mammalian cells can regulate
the expression of functional genes. Hence, it is an import-
ant non-coding RNA molecule that regulates mammalian
growth and development. miRNAs play a critical role in
oogenesis by regulating proliferation, development and
apoptotic gene expression to ensure the proper develop-
ment of ova. Identification of specific miRNAs and their
target genes involved in embryonic development may pro-
vide new insights into the underlying molecular mecha-
nisms and potential therapeutic targets for developmental
disorders. However, since the exact mechanisms by which
miRNAs regulate the process of spermatogenesis and
oogenesis are not yet known and further research is needed
to investigate their role.
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