ISSN 2313-7347 (print)
ISSN 2500-3194 (online)

< N
= —— S
=

OBSTETRICS, GYNECOLOGY AND REPRODUCTION

2023 Vol. 17 No 5 www.gynecology.su



ISSN 2313-7347 (print)
ISSN 2500-3194 (online)

OpuruHanbHoe uccnefoBaHue Original article

(ec B Ciecklorpeics https://doi.org/10.17749/2313-7347/0b.gyn.rep.2023.398

o LT "IOA « £€20¢

Identification of key miRNAs
as regulatory biomarkers
of gonadotropins leading to infertility
in males

Noor A. Oohayyed', Mais M. Mohammed?, Aya M. Al-Rahim’,
Rawaa N. AlChalabi', Semaa A. Shaban?, Ahmed A.J. Suleiman®

'Al-Nahrain University; Baghdad 64074, Iraq;

¢o

2Ibn Sina University for Medical and Pharmaceutical Sciences; Baghdad 64074, Irag;
3Tikrit University; Tikrit, Saladin 34001, Iraq;
“University of Anbar; Ramadi, Anbar 46006, Iraq

Corresponding author: Ahmed A.J. Suleiman, e-mail: ahmed.suleiman@uoanbar.edu.iq

Abstract

Introduction. Infertility is a highly fatal reproductive system disorder that affects the ability of a couple to reproduce. Over the past
decades, a drastic uplift has been recorded in infertility cases among males ranging from 20 to 70 % indicating spermatogenesis
impairment.

Aim: to identify key microRNAs (miRNASs) as regulatory biomarkers of gonadotropins involved in dysregulation of fertility-related
genes to propose potential therapeutic strategies that would combat the action of oncogenic miRNAs (oncomiRs).

Materials and Methods. Interaction analysis was performed between miRNAs and fertility-related genes namely luteinizing hormone
choriogonadotropin receptor (LHCGR), gonadotropin-releasing hormone receptor (GnRHR), follicle-stimulating hormone receptor
(FSHR) and cystic fibrosis transmembrane conductance regulator (CFTR) to identify key miRNAs as regulatory biomarkers of
gonadotropins leading to infertility in males.

Results. A total of 10, 13, 31 and 18 strong and potential binding sites were predicted for miRNAs-LHCGR, miRNAs-GnRHR,
miRNAs-FSHR, and miRNAs-CFTR respectively employing miRWalk (comprehensive genetic database including miRNA targets)
followed by identification of 6, 18, 55 and 17 significant interactions through RNA22. Subsequently shortlisted miRNAs and
messenger RNA (mRNA) regions were subjected to Vfold-Pipeline and RNAComposer individually for 3D structure prediction.
Additionally molecular docking was carried out between miRNAs and mRNAs models that discovered potential and stable
interactions elucidating miR-6880-FSHR(R2) as a highly stable complex with least binding affinity (-566.3) and high confidence
score (0.999).

Conclusion. Hence this study proposes key oncomiRs as a diagnostic biomarker and therapeutic target to bring about a promising

treatment strategy against male factor infertility. However wet lab investigations are required for further validations of proposed
study.
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Pestome

Beepenue. becnnoaue — 310 KpaiiHe hatanbHoe 3a60eBaHne PenpoayKTUBHON CUCTEMbI, KOTOPOE ONpeaensieT HeCNOCOOHOCTb
napbl K BOCMPOW3BEEHNIO NOTOMCTBA. 3a MOCNeAHUE AECATUNETS 3apUKCUPOBAH Pe3KWii PocT crydvaes Gecnnogus cpemau
MY>X4UH, cocTaBnstowmii o1 20 1o 70 %, 4T0 CBUAETENbCTBYET O HApYLUEHWUI crnepmaToreHesa.

Llenb: ngeHTndpuumposatb Knovesble MUKPOPHK B KayecTBe perynatopHbIX 6MOMApKepoB rOHaLOTPOMMHOB, YHACTBYHOLLMX
B HapyLUEHUN PErynauum reHoB, CBA3aHHbLIX C (DEPTUNBLHOCTBIO, AN1A ONpefeNieHns NOTeHUUANbHbIX TepaneBTUYECKUX CTpaTerui
Mo NPOTUBOAENCTBUIO OHKOTeHHbIM MUKPOPHK.

Matepuanbi n meTofbl. [IpoBefieH aHann3 B3auMOAEcTBNA Mexay MUKpOPHK 1 reHamu, CBA3aHHbIMM C (DEPTUSTLHOCTBIO, TaKUMK
Kak reH peLenTopa JI0TeMHU3NPYIOLLEro ropMoHa/XxopuoroHagoTponuHa (aHrn. luteinizing hormone choriogonadotropin receptor,
LHCGR), peuenTopa roHagoTpONuH-puaK3NHT-ropMoHa (aurn. gonadotropin-releasing hormone receptor, GnRHR), peuentopa
thonnukynoctumynmpytowero ropmona (anr. follicle-stimulating hormone receptor, FSHR) u perynsropa TpaHCMeMOpaHHO
NpoOBOANMOCTY NpU MyKoBuCUMA03e (aHrm. cystic fibrosis transmembrane conductance regulator, CFTR), ans naeHTuduKaLmmn
Knto4eBbIX MUKPOPHK Kak perynatopHbix 6MOMapKepoB roHa0TPONUHOB, NMPUBOLALLNE K MYXXCKOMY 6€CNI0oauIo.

Pesynbtatbl. [TpumeneHne 6asbl AaHHbix miRWalk (nonHas reHetndeckas 6as3a [JaHHbIX, BKNOYAOLLAsA B Ce6d MULLEHWU Ans
MUKpoPHK) no3sonuno npepackasartb B 06wwen cnoxuoctit 10, 13, 31 1 18 cunbHbIX 1 NOTEHUMANBHBIX CaliTOB CBA3bIBAHUS
B napax MMkpoPHK-LHCGR, mukpoPHK-GnRHR, mukpoPHK-FSHR 1 mukpoPHK-CFTR cOOTBETCTBEHHO C MOCNEAYHOLLIMM BbIsBIIE-
Huem 6, 18, 55 n 17 3HaYMMbIX B3aMMOENCTBIUI NocpeacTBoM anroputma PHK22. BnocneacTBim BKIHOHEHHbIE B OKOHYATENbHbINA
cnucok MukpoPHK n o6nactu marpuyHoin PHK (MPHK) 6binv nonapHo npoaHanu3vmpoBaHbl C MCMOMb30BAHWEM NPOrpaMm
Vfold-Pipeline 1 RNAComposer ans nporHo3vMpoBaHNs TPEXMEPHOR CTPYKTYpbl. Kpome TOro, 6611 NPOBELeH MONEKYNSPHbI
JOKUHr-aHanu3 mexay moaensaimm mukpoPHK n mMPHK, koTopble nokasanu noTeHunanbHble U CTabunbHble B3aMMOAENCTBUS,
11 BbISIBIIEH BbICOKOCTAOUNbHLIN KoMnneke miR-6880-FSHR(R2) ¢ HaumeHbLUel aprHHOCTBIO CBA3bIBAHNA (-566,3) 1 BbICOKUM
nokasarenem gocroBepHoctt (0,999).

3akniouenue. B HacTosLlem UCCNea0BaHMN NPeanoXeHbl Kto4YeBble OHKO-MUKPOPHK («oncomiRs») B Ka4ecTBe LMarHOCTHYe-
CKOro 6ruomapkepa u TepaneBTUYECKOA MULLIEHM A1 pa3paboTKi MHOrO06€ELLAOLLEI CTPATEer N NEYEHNs MyXCKOro 6ecnnoams.
OnHako Ans AanbHenLwen NPoOBEPKM Pe3ynbTaToB AaHHOI paboTbl HEO6XOAMMO NPOBEAEHME NPAKTUYECKUX TABOPATOPHbIX UCCIe-
JIOBaHMWIA.

KntoueBble coBa: roHafl0TPOMNMH, a300cnepmus, 61uoMapkep 6ecriofmns, peLenTop JHOTEUHU3NPYIOLLEro ropMOHa/XOPUOroHaao-
TponuHa, LHCGR, peuenTop roHagoTponuH-punn3uHr-ropmona, GnRHR, peuentop onankynoctumynupytoLlero ropmoHa, FSHR

Ina untuposanus: Oxaien H.A., Moxammen M.M., Anb-Paxum A.M., AnbYana6u P.H., LLIa6aH C.A., Cyneiiman A.A.x. VineHTu-
hmkaums kno4veBblx MUKPOPHK Kak perynstopHbix 61OMapkepoB rOHagOTPOMUHOB, MPUBOAALLUX K MYMXCKOMY GeCnioguio.
Akywepctso, mHekonorna n Penpogykuyns. 2023;17(5):607-624. (In English). https://doi.org/10.17749/2313-7347/0b.gyn.
rep.2023.398.
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What is already known about this subject?
» This field predicting the most effective gene in infertility.

» Use of bioinformatics tool to elucidate the biomarker related
with men infertility.

What are the new findings?

» Predicting new miRNAs effecting gonadotropins.

» Show the infertility hormones regulatory small non coding
RNA molecule.

How might it impact on clinical practice in the foreseeable

future?

» The new research using the bioinformatics tool to predict the
biomarker and treatment strategies through gene regulatory
molecules.

Yr0 yXe u3BecTHO 06 310K TEME?

» PaHee onucaH rex, ABNAKOLWNIACA HaMbONee YacTom reHeTnye-
CKOIA NpUYNHOIA 6ecnnogus.

» [Ins 06HapyxeHns 6GUOMApPKEPOB, CBA3AHHLIX C MYXCKUM
6ecrnnognem, NCrnonb3yT 6UOUHGOPMATUIKY.

Y10 HOBOrO faeT cTaThs?

» [lokazaHa BO3MOXHOCTb OMpeaeneHns HoBbix MUKPOPHK, Bns-
IOLLMX HA FOHAAOTPOMMHBI.

» O6HapyxeHa Manas Hekogupytowas PHK, perynupytoulas
rOPMOHbI 6ecnnoAns.

Kak a0 MOXET NOBMUATb HAa KIIMHUYECKYH NPAKTHUKY

B 0603pumom 6yayLem?

» [Ing onpefeneqnss 6UOMApKepoB W CTpaTervii  NeyveHns
BO3MOXXHO MPOBELEHNE HOBbIX UCCNEAOBAHMIA C UCMOMb30Ba-
HWEM MHCTPYMEHTOB 61IONHCOPMATIKM B OTHOLLIEHIN MOJIEKYN
TEeHOB-PErynsTopos.

http://www.gynecology.su
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Introduction / BBegeHue

Infertility in men (azoospermia) has been considered
a major health concern being highly prevalent worldwide
indicating abnormalities in sperm parameters. Male in-
fertility refers to impaired reproductive health due to de-
fective semen parameters and lower testosterone levels.
According to World Health Organization statistics, about
10-15 % of couples have been reported with infertility
however male infertility contributes to half (50.0 %) of
the infertility cases [1]. Infertility poses a considerable
effect on psychological health and financial condition of
patients producing economic burden on health care sys-
tems. Moreover, a higher mortality rate was observed
among men having infertility factor than fertile men in-
dicating greater risk of cancer among infertile individu-
als [2].

Infertility is caused by several risk factors that are cate-
gorized as acquired, idiopathic and congenital [3]. Ac-
quired factors comprise exogenous factors (chemothe-
rapy, radiation, heat, medications), severe diseases (re-
nal failure, liver cirrhosis), acquired hypogonadotropic
hypogonadism and varicocele which is a most common
acquired factor of infertility with incidence rate of 40 %
[4]. Moreover idiopathic factors incorporate obesity, psy-
chological stress, smoking cigarettes, excessive intake
of drugs, advanced paternal age, dietary practices and
environmental exposure to toxins. Whereas, congenital
factors (genetic factors) include chromosomal abnor-
malities, resulting in impaired testicular function and mic-
rodeletions in Y chromosome leading to spermatogenic
abnormalities [9].

About 15 to 30 % of male infertility has been reported
as a consequence of genetic factors including Y chromo-
some microdeletions and single gene defects [6]. Y chro-
mosome is a male determining chromosome since most
of its genes are specific to male fertility such as SRA
(serum resistance associated) gene coupled with DAZ,
RBMY, BDY (well known male fertility factors) regulate
development of male genitalia. However microdeletions
of fertility-related genes give rise to male-factor infertility
anomalies [7]. Whereas single gene disorders occur as
a result of mutations in a single gene for instance cystic
fibrosis disorder (lung disease) is caused by recessive
mutation in cystic fibrosis transmembrane conductance
regulator (CFTR) that is responsible for congenital ab-
sence of the vas deferens (if inherited from both parents)
leading to male infertility [8].

Hormones are the signaling molecules that regulate
physiology and behavior of mammals sending signals
into the bloodstream and tissues. The hypothalamic-pi-
tuitary-gonadal (HPG) axis (male reproductive hormone
axis) is involved in regulation of male reproductive sys-
tem through three major components namely hypotha-
lamus, pituitary gland and gonads [9]. Furthermore, the
gonadotropin-releasing hormone (GnRH) released by the

hypothalamus binds to the gonadotropin-releasing hor-
mone receptor (GnRHR), which is expressed on the go-
nadotrope cell surface that produces gonadotropins — fol-
licle-stimulating hormone (FSH) and luteinizing hormone
(LH) [10]. Gonadotropins are glycoprotein hormones in-
volved in the regulation of the reproductive system and
production of gametes and sex steroids hence essential
for normal growth, sexual development and reproduction.
However abnormal functioning of gonadotropins cau-
ses hypogonadism that occurs when sex glands do not
produce enough hormones for normal functioning of the
reproductive system [11]. Additionally malfunctioning
hypothalamus and pituitary glands produce hypogonado-
tropic hypogonadism. It refers to the condition in which
the hypothalamus and pituitary gland do not produce hor-
mones including FSH, LH and GnRH which are essential
for the stimulation of sex glands [12]. Therefore, it is a
prerequisite to identify the key microRNAs (miRNAs) in-
volved in the downregulation of essential gonadotropins.

MicroRNAs (consisting of 18 to 22 nucleotides) are
known as non-coding RNAs involved in the post transcrip-
tional regulation of gene expression through either mRNA
(matrix RNA) degradation or translational repression [13].
MicroRNAs have been emerged as disease biomarkers
due to their influence on gene expression as tumor sup-
pressors or oncogenic miRNAs (oncomiRs). Generally on-
comiRs (upregulated miRNAs) show elevated expression
in cancer whereas tumor suppressor miRNAs are under-
expressed therefore regulation of miRNAs for therapeu-
tic purposes is a concern of ongoing research. In breast
cancer, high expression of oncomiRs majorly miR-532,
miR-19b and miR-20b has been observed indicating un-
derexpression of tumor suppressor genes considerably
RERG, PTPRG and PTEN [14]. Moreover, overexpression
of miR142-3p has been reported in testicular germ cell
tumors suggesting that miR142-3p act as an oncomiR
inducing the tumorigenesis through downregulation of
key target PTPN23 (tumor suppressor gene) [15]. Ano-
ther study has reported the causative role of oncomiRs in
non-obstructive azoospermia elucidating that overexpres-
sion of miR-100 and let-7b downregulates the expression
of estrogen-alpha (ERa) among infertile patients when
compared with fertile men [16]. Considering the potential
role of oncomiRs in male infertility, significant oncomiRs
that are involved in the downregulation of fertility-regula-
ting gonadotropins — GnRHR, FSHR, CFTR and luteinizing
hormone choriogonadotropin receptor (LHCGR) needs to
be investigated as disease biomarkers.

GnRHR is a receptor protein located on the cell sur-
face of pituitary gonadotropes. It has been involved in
the transduction of signals from GnRH (released by hy-
pothalamus) to synthesize and stimulate the secretion
of FSH and LH [17]. However FSHR is a follicle-stimula-
ting hormone receptor mediated by G protein that acti-
vates downstream signal transduction pathways such as
PI3K-AKT and ERK1/ERK2 leading to cellular response
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[18]. Whereas LHCGR is a G protein-coupled receptor for
LH and chorionic gonadotropin and contributes to acti-
vation of signals that affect cell development and func-
tion [19]. CFTR is involved in regulation of ion channels
by maintaining salt and water level on surfaces of the
organ therefore such ion channels are essential for the
proper functioning of organs such as lungs and pancre-
as [20]. Additionally mutated CFTR has been associa-
ted with male infertility suggesting mutations in the CFTR
gene accounts for 78 % of infertility cases with congeni-
tal bilateral absence of the vas deferens [21].

Nevertheless, this study proposes key oncomiRs as
regulatory biomarkers that may be involved in male infer-
tility by dysregulating the essential fertility-related genes.
These miRNAs may suggest potential therapeutic targets
for combating the oncomiRs. Moreover, the crucial in-
teractions predicted between miRNA-mRNA complexes
and their strong and stable conformations might sug-
gest their diagnostic and prognostic significance in bio-
medical research. Additionally, the early diagnosis and
prognosis will not only alleviate infertility determinants
but will also ensure general health and well-being. Hence,
infertility oncomiRs exerts potential role in acting as dia-
gnostic, prognostic, and eventually therapeutic biomo-
lecules for future perspectives.

Aim: to identify key miRNAs as regulatory biomarkers
of gonadotropins involved in dysregulation of fertility-
related genes to propose potential therapeutic strategies
that would combat the action of oncomiRs.

Materials and Methods / Matepuanbr
M METObI

Overview / KpaTkoe onucanue

In this study, binding sites of miRNAs were predic-
ted on fertility-regulating genes, namely LHCGR, GnRHR,
FSHR and CFTR. The interactions between miRNAs and
aforementioned genes were analyzed with respect to
binding potential in order to identify the key miRNAs
involved in downregulation of fertility-requlating genes

(Fig. 1).

Binding site prediction of miRNAs on fertility-regulating
genes / lporHo3supoBsanue caita CBA3bIBAHNA
mukpoPHK Ha renax, perynupyrowmx epTunbHOCTDb

The binding sites of miRNAs were predicted on ferti-
lity-related key genes LHCGR, GnRHR, FSHR and CFTR
employing miRWalk  (http://mirwalk.umm.uni-heidel-
berg.de). MiRWalk provides key insights of miRNA-
target interactions based on machine learning predic-
tions and experimental validations. It enables the user to
predict miRNA-target interactions by either single gene
or miRNA search option or through an advanced op-
tion called target mining [22]. Single gene search option
was utilized to predict binding sites of miRNAs on ferti-
lity-regulating genes individually. Binding predictions

Prediction of key oncomiRs against
gonadotropins / MpOrHo3nMpOBaHNE KITHO4EBbIX
OHKO-MUKPOPHK, NpoTMBOAENACTBYIOLLMX
rOHaf0TPONNHAM

y

Identification of miRNAs against fertility-related genes
(GnRHR, LHCGR, FSHR, CFTR) / nentndomkauns mukpoPHK
Yy FEHOB, CBA3aHHbIX C (hepTuabHOCTLI0 (GNRHR, LHCGR,
FSHR, CFTR) ¢ ncnonb3osaHnem 6a3bl JaHHbIX

miRWalk
BP=1/BC=1 No / Het Discard predicted
Energy <-30/ N miRNAs / VckntoyeHune
9Heprus < =30 OMNpefesieHHbIX paHee
AU<0.6/AU<0,6 MUKPOPHK

+ Yes / [la

Alignment analysis between shortlisted
miRNAs and aforementioned genes / AHanus
cooTBeTcTBNUA MUKPOPHK, BKNHOYEHHbIX
B OKOHYaTeNbHbIii HA60P, BbILIEYNOMAHYTHIM
reHam B anroputme

PHK22
Discard binding
D <0.05 No/HeT interactions / Vcknioderme
' CBAA3bIBAIOLLNX
B3aUMOZENCTBINIA
* Yes/ [la

Shortlisted binding regions of genes / OkoH4aTesbHbI Ha6oP
Y4aCTKOB CBA3bIBAHMSA FEHOB
]

\] \/

Model prediction of 3D structure prediction
shortlisted genes regions / of shortlisted miRNAs /
Mogenb nporHo3upoBaxus MporHo3npoBaHue TPEXMepHOoii

OKOHYaTeNbHOro Habopa y4acTKoB CTPYKTYPbl OKOHYATENbHbIX
TEHOB C MCMOJIb30BaHUEM mMukpoPHK ¢ ncnonb3oBatuem
nporpammbi nporpammi
RNAComposer Vifold Pipeline

v

Molecular docking between 3D structures of
shortlisted genes and miRNAs / MonekynspHbli
JOKNHr-aHaNN3 MexKay TPeXMepHbIMU
CTPYKTYpamu OKOH4YaTenbHOro Habopa reHoB
1 MukpoPHK ¢ ucnonb3oBaHuem
HDOCK

y

Visualization of best complexes (highest confidence score,
lowest binding affinity) / Buayanuaauuu ny4Lumx KOMnaekcos
(MakcumarnbHbIii noKasaTenb A0CTOBEPHOCTU, MUHMMATbHASA

ah(DMHHOCTb CBA3bLIBAHNUS) C MCMOb30BAHNEM CUCTEMbI
PyMOL

Figure 1. Overall workflow of miRNA-mRNA interaction analysis.
Note: BP — binding probability; AU — Adenine Uracil content.
PucyHok 1. 061imin npoLecc aHanusa B3auMoAeincTeus

MukpoPHK-MPHK.

Tpumeyanne: BC — BeposTHOCTb cBs3biBaHns, AU — cOBepxxaHne ageHnH-
ypaynna.
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were shortlisted on the basis of binding energy < =30
kcal/mol, binding probability = 1 and Adenine Uracil
(AU) content < 0.6 [23]. Least binding energy represents
highest stability while highest binding probability de-
notes strong binding plausibility. However AU content re-
fers to AU rich elements of gene located at 30 nucleotides
upstream and downstream of the predicted binding site.
Additionally, AU rich elements are well known destabili-
zing elements, therefore least AU rich elements estimate
highly stable structure [24].

Alignment analysis between potential miRNAs

and fertility-related genes / AHanu3 cooTBeTCTBUA
noreHuuanbHbix MUKPOPHK renam, cBi3aHHbIM

C (DepTUNILHOCTbIO

Predicted shortlisted microRNAs were aligned against
fertility-related genes through RNA22 (https://cm.jeffer-
son.edu/rna22/Interactive/) for the identification of sig-
nificant binding interactions between miRNAs and their
respective genes [25]. RNA22 is based on supervised
machine learning method that employs combined ap-
proach to predict significant interaction i.e. pattern based
approach (patterns of known miRNAs are used to predict
putative target regions) and estimation of folding energy
[26]. Shortlisted microRNAs were aligned against fertility-
related genes (LHCGR, GNRHR, FSHR and CFTR) indivi-
dually employing default parameters such as sensitivity
= 63 %, specificity = 6 %, seed size = 7, minimum num-
ber of paired-up bases in heteroduplex = 12, maximum
folding energy = —12 kcal/mol. For target gene sequence,
NCBI (National Center for Biotechnology Information)
Gene database (https://www.mirbase.org) was accessed
to retrieve gene sequences, LHCGR (NM_000233.4),
GnRHR (NM_000406.3), FSHR (NM_000145.4) and
CFTR (NM_000492.4) [27]. The individual gene sequen-
ces were fed to RNA22 along with their corresponding
shortlisted miRNA sequences retrieved through miRBase
database (https://www.mirbase.org) [28]. Subsequently
resultant interactions of miRNAs and genes were short-
listed on the basis of least p-value i.e. p-value < 0.05. Fur-
thermore, gene regions depicting maximum and signifi-
cant binding interactions with shortlisted miRNAs were
extracted from genes and plotted in terms of binding
sites and folding energy using the scatterplot function of
seaborn (v0.11.2) library in python.

3D structure prediction of fertility-related genes /
TpexmepHoe NPOrHO3MPOBaHUE CTPYKTYPbI FEHOB,
CBA3aHHbIX C (DEPTUNBHOCTLH

Modeling of fertility-related genes was carried out
through RNAComposer (v1.0) (https://rnacomposer.
cs.put.poznan.pl) [29]. RNAComposer uses sequence in-
formation and secondary structure topology of genes for
their 3D structure prediction employing a dedicated da-
tabase consisting of 3D RNA fragments obtained through
RNA FRABASE. RNAComposer generates the model by

comparing 3D RNA fragments with secondary structure
topology of the queried gene. It offers two modes of gene
modeling i.e. interactive mode (for single gene modeling
at once) and batch mode (for modeling of 10 genes at
a time) [28]. Interactive mode was utilized for modeling
of fertility-related genes (parameters such as input se-
quence up to 500 nt, CONTRAfold as a secondary struc-
ture prediction method).

Modeling of shortlisted miRNAs / MogenuposaHue
OKOH4aTenbHoro Haéopa mmkpoPHK

Shortlisted microRNAs (with respect to maximum bin-
ding interactions with shortlisted regions of genes) were
subjected to modeling through Vfold Pipeline (http://rna.
physics.missouri.edu/vfoldPipeline/) [30]. Vfold Pipeline
is a statistical approach of modeling that offers 2D and
subsequently 3D structure prediction of miRNAs along
RNA folding thermodynamics stabilities employing se-
quence information [30]. Shortlisted microRNA sequen-
ces (individually) were fed to Vfold Pipeline using default
parameters. It generated a 3D structure file (pdb format)
that was used for further analysis.

Molecular docking between shortlisted miRNA models
and fertility-related gene models / MonekynsapHbli
[OKWUHr-aHanu3 Mexpay MofensMn OKOHYaTeNbHOro
Ha6opa mukpoPHK 1 Mmogensimu reHoB, CBI3aHHbIX

¢ (hepTUNbHOCTLH

MicroRNA models were docked against gene models
using HDOCK (v2021) (http://hdock.phys.hust.edu.cn/)
[31]. It predicts the interactions between receptor and
ligand molecule through a hybrid algorithm that offers
template-free and template based docking. It takes either
amino acid sequence or protein structures as an input
and generates interaction results in the form interactive
visualizations showing stable conformations with least
binding affinity [32]. Individual 3D structures of short-
listed microRNAs and genes were submitted to HDOCK
as ligands and receptors respectively. Highly stable con-
formation (showing least binding affinity and highest
confidence score) of miRNA-mRNA docked model was
shortlisted out of 10 confirmations for each complex.
Furthermore, shortlisted miRNA-mRNA docked comple-
xes were visualized through PyMOL (v2.5.4) (https:/py-
mol.org/2/). PyMOL is a molecular visualization system
based on the python programming language that is em-
ployed for 3D visualizations of macromolecules including
nucleic acids and proteins [33].

Results / Pe3yabTaTst

Prediction of miRNA interactions against fertility-related
genes / lporHo3upoBanue B3aumopaeircTenit MUKPoPHK
C reHamu, CBAA3aHHbIMMN ¢ (DEPTUNBHOCTLH

The miRWalk database was employed to identify
microRNAs and predict stable and strong interactions
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between predicted microRNAs and fertility-related genes,
considerably LHCGR, GnRHR, FSHR and CFTR. It was
observed that a total of 10, 13, 31 and 18 microRNAs
showed strong and stable interactions (binding probabi-
lity =1, binding energy < -30 kcal/mol, AU content < 0.6)
against aforementioned genes respectively. The inter-
actions of predicted microRNAs against each fertility-
related gene are provided in Tables 1-4 and scatterplot
function of seaborn.

Alignment analysis between shortlisted miRNAs and
fertility-related genes / AHanu3 cooTBeTCTBUSA
OKOHYaTenbHOro Habopa mukpoPHK reHam, cBASaHHbIM
¢ (DepTUNBHOCTLHD

Significant alignments between shortlisted miRNAs
and fertility-related genes have been obtained through
RNA22. A total of 6 significant alignments were observed
between shortlisted miRNAs and shortlisted regions
of LHCGR gene while RNA22 predicted 18 significant

Table 1. Predicted interactions between luteinizing hormone
choriogonadotropin receptor (LHCGR) and miRNAs through

miRWalk.

Ta6nuua 1. [TporHo3mpyemble B3aUMOAeNCTBUS MEXAY FEHOM
peLenTopa NTENHU3NPYIOLLEro ropMOHa/X0pMOroHagoTponuHa

Table 3. Predicted interactions between follicle-stimulating
hormone receptor (FSHR) and miRNAs through miRWalk.

Tabnuya 3. [porHo3upyemble B3aMMOAEGIACTBIS MEX/LY FreHOM
peuenTopa g oNMKyn0CTUMYAUpYtoLLero ropmoHa (FSHR)
1 MMKpoPHK ¢ ncnons3osanuem 6asbl JaHHbIx miRWalk.

(LHCGR) n mnkpoPHK ¢ ncnonb3osaHunem 6a3bl faHHbIX miRWalk. miRNA id Duplex
I/IneTiEal]‘l\migr ap miRNA sequence M“;'m:g:m(mp Iynnekc
MukpoPHK LT L miR-211-3p GCAGGGACAGCAAAGGGGUGC
miR-339-3p UGAGCGCCUCGACGACAGAGCCG iR-296-3p GAGGEULGEGUGEAGECUCUCE
miR-3147 GGUUGGGCAGUGAGGAGGGUGUGA R762 666CUGGEGCCEGEEC0EAGE
mfR'3677'3p CUCGUGGECUCUGGCCACGGCC miR-939-5p UGGGGAGCUGAGGCUCUGGGGGUG
s Bseeerne | sy e
miR-4689 UUGAGGAGACAUGGUGGGGGCC MIR-1207-5p UGGCAGGGAGGCUGGEAGGAG
MiR-4739 AAGGGAGGAGGAGCGGAGGGGCCCU miR-3192-5p UCUGGGAGGUUGUAGCAGUGGAA
miR-4745-5p UGAGUGGGGCUCCCGGGACGGCG miR-4463 GAGACUGGGGUGGGGCC
miR-4758-5p GUGAGUGGGAGCCGGUGGGGCUG MiR-4632-5p GAGGGCAGCGUGGGUGUGGCGGA
MiR-6777-5p ACGGGGAGUCAGGCAGUGGUGGA MiR-4651 CEGGGUGGGUGAGEUCGEGE
miR-4656 UGGGCUGAGGGCAGGAGGCCUGU
miR-1343-5p UGGGGAGCGGCCCCCGGGUGGG
Table 2. Predicted interactions between gonadotropin-releasing miR-4739 AAGGGAGGAGGAGCGGAGGGGCCCU
hormone receptor (GnRHR) and miRNAs through miRWalk. miR-2467-3p AGCAGAGGCAGAGAGGCUCAGG
Ta6bnuua 2. [porHo3npyembie B3aMOAEACTBIS MEXY reHOM miR-4524b-5p AUAGCAGCAUAAGCCUGUCUC
38'\;1. 32;2%&02 allfli?opnobnavtl;éapHmmnelﬁV6II;;|:|0§2AHOHHL>?X(§1I;/R?\7VZ?k. miR-6075 ACGGCCCAGGCGGCAUUGGUG
miRNA id AR sequence miR-6722-3p UGCAGGGGUCGGGUGGGCCAGG
VlanKMptE;;aKmp [ E e miR-6848-5p UGGGGGCUGGGAUGGGCCAUGGU
miR-638 AGGGAUCGCGGGCGGGUGGCGGCCU miR-6858-5p GUGAGGAGEGECUGECAGGEAC
miR-1538 CGGCCCGGGCUGCUGCUGUUGCU miR-6880-5p UBGUGGAGGAAGAGGGCAGCUC
miR-3620.5p UGGGCUGEGCUBGACUGAECE miR-6885-5p AGGGGGGCACUGCGCAAGCAAAGCC
MiR-4640-5p UGGGCCAGGGAGCAGCUGGUGGG miR-7112-3p UGCAUCACAGCCUUUGGCCCUAG
miR-4685-5p CCCAGGGCUUGGAGUGGGGCAAGGUU MiR-4433b-3p CAGGAGUGGGGEELGGEACGY
MiR-4749-5p UGCGGGGACAGGCCAGEGCAUC MiR-1909-3p CBCAGGGGCCEGGUGCUCACCG
miR-5001-3p UUCUGCCUCUGUCCAGGUCCUU miR-1914-3p GGAGGGGUCCCGCACUGGGAGE
miR-5787 GGGCUGGGGCGCGGGGAGGU miR-4433a-3p ACAGGAGUGGGGGUGGGACAU
miR-6089 GGAGGCCGGGGUGGGGCGGGGCGG miR-4640-5p UGGGCCAGGGAGCAGCUGGUGGG
miR-6741-5p GUGGGUGCUGGUGGGAGCCGUG miR-4758-5p GUGAGUGGGAGCCGGUGGGGCUG
miR-6752-5p GGGGGGUGUGGAGCCAGGGGGC miR-5787 GGGCUGGGGCGCGGGGAGGU
miR-6857-5p UUGGGGAUUGGGUCAGGCCAGU miR-6791-5p GCCCUGGGGCUGGGCAGGCGGA
miR-8069 GGAUGGUUGGGGGCGGUCGGCGU miR-6847-5p ACAGAGGACAGUGGAGUGUGAGC
http://www.gynecology.su
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Table 4. Predicted interactions between cystic fibrosis
transmembrane conductance regulator (CFTR) and miRNAs
through miRWalk.

Ta6nuua 4. [porHo3npyemble B3anMOAECTBUS Mexay

reHOM perynsTopa TpaHcMemOpaHHOi NPOBOANMOCTY MPK
mykoBucungose (CFTR) n mukpoPHK ¢ ncnonb3oBaHmem 6asbl
JaHHbIX miRWalk.

miRNA id Duplex
T Rynnexc
miR-145-5p GUCCAGUUUUCCCAGGAAUCCCU
miR-370-3p GCCUGCUGGGGUGGAACCUGGU
miR-383-5p AGAUCAGAAGGUGAUUGUGGCU
miR-671-5p AGGAAGCCCUGGAGGGGCUGGAG
miR-1471 GCCCGCGUGUGGAGCCAGGUGU
miR-3619-3p GGGACCAUCCUGCCUGCUGUGG
miR-3620-5p GUGGGCUGGGCUGGGCUGGGCC
miR-3663-5p GCUGGUCUGCGUGGUGCUCGG
miR-1343-3p CUCCUGGGGCCCGCACUCUCGC
miR-4726-3p ACCCAGGUUCCCUCUGGCCGCA
miR-4769-5p GGUGGGAUGGAGAGAAGGUAUGAG
miR-5195-3p AUCCAGUUCUCUGAGGGGGCU
miR-6089 GGAGGCCGGGGUGGGGCGGGGCGEG
MiR-6749-5p UCGGGCCUGGGGUUGGGGGAGC
miR-6750-5p CAGGGAACAGCUGGGUGAGCUGCU
miR-6775-5p UCGGGGCAUGGGGGAGGGAGGCUGG
miR-6810-3p UCCCCUGCUCCCUUGUUCCCCAG
miR-6821-5p GUGCGUGGUGGCUCGAGGCGGGG

interactions between shortlisted miRNAs and their
corresponding gene (GnRHR) regions. Additional-
ly miRNA-FSHR alignment analysis revealed that 55
microRNAs were significantly bound with FSHR how-
ever 17 miRNA-CFTR interactions were obtained through
miRNA-CFTR alignment analysis. Alignments between
miRNAs and fertility-related genes elucidated miRNA
binding sites on their respective genes indicating low
folding energy and high significance.

Shortlisting of miRNA-binding regions of fertility-related
genes / OKOHYaTEeNbHbII HA60P CBA3bIBAOLLNX
mukpoPHK o6nacTeii reHoB, acCOLMMPOBaAHHbIX
¢ ()epTUNBHOCTLHD

MicroRNA-binding regions of fertility-related genes in-
dicating maximum binding interactions with microRNAs
were shortlisted through scatterplot function that gene-
rated scatter plots for miRNAs-genes interactions
(Fig. 2-5). It was observed that LHCGR, GnRHR, FSHR
contained 2 such regions that showed maximum binding
interactions with shortlisted miRNAs however, a total
of 3 regions were identified for CFTR having maximum
interactions with miRNAs (Table 5). For gene LHCGR,
out of 6 interactions, 3 miRNAs (hsa-miR-3135b, hsa-
miR-4739, hsa-miR-6777-5p) were shortlisted on the ba-

Binding Sites Prediction of Significant mMRNA-miRNA Interactions
[pOrHo3npoBaHne 3Ha4MbIX CanToB cBA3bIBaHNS MPHK-MukpoPHK
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Figure 2. Scatter plot representation of significant miRNA-LHCGR
interactions for shortlisting of gene regions.

Note: LHCGR - luteinizing hormone choriogonadotropin receptor;
miRNA — microRNA.

PucyHok 2. [lnarpamMma paccesiHus 3Ha4Mblx B3aUMOECTBINA
MuKpoPHK-LHCGR pns onpegenenns 0koH4aTensHoro Habopa
obracTeil reHoB.

lpumeyanmne: LHCGR — peLentop NloTenHn3upyroLLero ropMmoHa/
XxopuoroHagotponuHa; miRNA — mukpoPHK.

Binding Sites Prediction of Significant mRNA-miRNA Interactions
[TpOrHo3npoBaHne 3Ha41MbIX CanToB CBA3bIBaHNSA MPHK-MuKpoPHK
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Figure 3. Scatter plot representation of significant miRNA-GnRHR
interactions for shortlisting of gene regions.

Note: GnRHR - gonadotropin-releasing hormone receptor; miRNA —
microRNA.

PucyHok 3. lnarpamma paccesHus 3Ha4MblX B3aUMOAeNCTBUIA
mMnkpoPHK-GNRHR ans onpefeneHns 0koH4YaTenbHOro Habopa
o6nacreil reHoB.

lpumeyanmne: GnRHR — peLentop roHazoTponuH-puiu3nHr ropMoHa;
miRNA — mukpoPHK.

sis of maximum interactions (Table 6). It was observed
that all of three shortlisted microRNAs (hsa-miR-3135b,
hsa-miR-4739 and hsa-miR-6777-5p) were significantly
bound with region 1 of gene LHCGR nevertheless 2 of
aforementioned microRNAs also showed significant in-
teractions (hsa-miR-3135b, hsa-miR-4739) with region 2
of LHCGR. For gene GnRHR, a total of 5 microRNAs (hsa-
miR-4749-5p, hsa-miR-4685-5p, hsa-miR-6857-5p, hsa-
miR-6752-5p, hsa-miR-8069) out of 18 interactions have
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Binding Sites Prediction of Significant mMRNA-miRNA Interactions

[TpOrHo3npoBaHme 3Ha4MbIX CanToB cBA3bIBaHNS MPHK-MuKpoPHK
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Figure 4. Scatter plot representation of significant miRNA-FSHR
interactions for shortlisting of gene regions.

Note: FSHR - follicle-stimulating hormone receptor; miRNA — microRNA.

PucyHok 4. [lnarpamma paccesiHusi 3Ha41Mblx B3aUMOLEACTBMI
MUKpOPHK-FSHR ans onpefenesus 0KOHYaTeNbHOro Habopa
obracTeil reHoB

lpumeyanmne: FSHR — peuentop onaanKynocTUMYINPYHOLLEro ropMoHa;
miRNA — mukpoPHK.

Table 5. Shortlisted regions of fertility-related genes.

Binding Sites Prediction of Significant mRNA-miRNA Interactions
MporHo3npoBaHme 3Ha4nMbIx cantoB cBA3biBaHUS MPHK-MukpoPHK
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Figure 5. Scatter plot representation of significant miRNA-CFTR
interactions for shortlisting of gene regions.

Note: CFTR - cystic fibrosis transmembrane conductance regulator;
miRNA — microRNA.

PucyHok 5. [luarpamma paccesHusi 3Ha4MbIX B3aUMOEeACTBUIA
MukpoPHK-CFTR gns onpefenexns oKoH4YaTeNlbHOro Habopa
o6nacTeli reHoB.

TMpumeyanne: CFTR — perynsarop TpaHCMeMOPaHHOM IPOBOANMOCTY Mpu
mykosucumzgose, miRNA — miRNA — mukpoPHK.

Ta6nuua 5. OkoH4aTenbHbIA HA6OP 06M1acTeil FeHOB, CBA3AHHbIX C VePTUIILHOCTBIO.

Region Nucleotide length
Gene / Tex 06nactb [Inuna, HyKneoTuabl

LHCGR (luteinizing hormone choriogonadotropin receptor) Region 1/ 06nacrs 1 1-500
LHCGR (peuenTop IIOTEUHN3NPYIOLLEr0 rOPMOHA/X0PUOrOHaZ0TPOMNMHA) Region 2 / 06nactb 2 2501-3000
GnRHR (gonadotropin-releasing hormone receptor) Region 1/ 06nacTs 1 1-500
GnRHR (peLenTop roHafoTPONUH-PUINSNHT-FOPMOHA) Region 2/ 06nacTb 2 501-1000
FSHR (follicle-stimulating hormone receptor) Region 1/06nactb 1 1-500
FSHR (peLenTop donnnkynocTMynmnpyIoLLero ropMona) Region 2 / 06ractb 2 1801-2300

Region 1/ 06nactb 1 1801-2300
CFTR (cystic fibrosis transmembrane conductance regulator) .
CFTR (perynsTop TpaHcMeMOpaHHOiA MPOBOAUMOCTY NPU MYKOBUCLMAO3E) Region 2/ 06nacts 2 30015300

Region 3/ 06nactb 3 5501-6000

Table 6. Significant binding interactions between shortlisted miRNAs and luteinizing hormone choriogonadotropin receptor (LHCGR) regions.

Tabnuua 6. 3Ha4nMble CBSA3bIBAKOLLME B3AUMOAENCTBUA MEXY OKOHYaTeNIbHbIM HabopoM MUKPOPHK 1 o6nactamu peuentopa
TOTEMHN3NPYIOLLLEro rOpMOHa/X0pUoroHagoTponuHa (LHCGR).

Gene region miRNA Binding sites Folding energy p-value
06nactb rexa mMuKpoPHK CaiTbl CBA3bIBAHMS JHeprus cBA3bIBaHus 3HaueHue p

miR-3135b 88 -27.8 0.0354

Region 1 .

061aCTh 1 miR-4739 208 -18.0 0.0318

miR-6777-5p 212 -30.8 0.0318

Region 2 miR-3135b 2905 -16.9 0.0215

O6nacrs 2 miR-4739 2909 -20.3 0.0215

been determined with maximum bindings (Table 7). All
of the 5 shortlisted microRNAs showed significant inter-
actions with region 1 of GnRHR however significant inter-
actions of 2 aforementioned microRNAs (hsa-miR-3135b,
hsa-miR-4739) have been also observed with region 2
of GnRHR. Moreover, scatterplot of miRNA-FSHR align-

ments revealed that 21 microRNAs out of 55 interactions
have been significantly bound with FSHR indicating ma-
ximum interactions (Table 8). However, 3 (hsa-miR-762,
hsa-miR-296-3p, hsa-miR-4651) out of 21 microRNAs
were significantly bound with region 1 while all of 21
aforestated microRNAs have shown interaction with

m http://www.gynecology.su
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Table 7. Significant binding interactions between shortlisted miRNAs and gonadotropin-releasing hormone receptor (GnRHR) regions.

Tabnuua 7. 3Ha4mMble CBA3bIBAIOLLME B3aMMOLEACTBUS MEXAY OKOHYATENIbHbIM Ha60poM MUKPOPHK 1 06nactamu peLientopa roHagoTponuH-

punnauHr-ropmona (GnRHR).

Gene region miRNA Binding sites Folding energy p-value
06nactb resa MuKpoPHK CaliTbl CBA3bIBAHUS JHeprus cBA3bIBaHNA 3HauyeHue p

miR-4749-5p 19 -15.9 0.0165

miR-4685-5p 23 -24.7 0.0165

‘ miR-6857-5p 25 -18.7 0.0165

ggﬂfg; 1 MiR-6752-5p 49 15.4 0.0165

miR-8069 85 -15.4 0.0165

miR-6857-5p 119 -191 0.0165

miR-4749-5p 122 -21.9 0.0165

Region 2 miR-8069 697 -22.8 0.0489

QO6nacb 2 miR-6752-5p 703 -25.1 0.0489

Table 8. Significant binding interactions between shortlisted miRNAs and follicle-stimulating hormone receptor (FSHR) regions.

Tabnuua 8. 3Ha4nMble CBA3bIBAIOLLME B3AUMOAENCTBUA MEX/Y OKOHYaTebHbIM Habopom MUkpoPHK 1 o6nactamu peuentopa
onnukynoctumynupyoLiero ropmotHa (FSHR).

Gene region miRNA Binding sites Folding energy p-value
06nactb rena MuKpoPHK CaliTbl CBA3bIBAHUS JHeprus cBA3bIBaHNA 3HayeHue p

‘ miR-762 253 -15.2 0.0401

pegion 1, MiR-296-3p 254 15.6 0.0401

miR-4651 254 -18.5 0.0401

miR-4433b-3p 1935 -29.4 0.0123

miR-6880-5p 1938 -151 0.0123

miR-6847-5p 1938 -14.4 0.0123

miR-6722-3p 1939 -20.4 0.0123

miR-1909-3p 1939 -14.7 0.0123

miR-211-3p 1940 -16.54 0.0123

miR-762 1946 -20.5 0.0123

miR-4739 1948 -23.3 0.0123

miR-1207-5p 1949 -20.3 0.0123

' miR-1914-3p 1951 -25.1 0.0123

Reglon2 miR-1233-5p 1953 226 0.0123

miR-6848-5p 1953 -20.7 0.0123

miR-296-3p 1964 -14.5 0.0123

miR-1343-5p 1965 -15.0 0.0123

miR-6858-5p 1967 -18.7 0.0123

miR-4651 1999 -15.8 0.0123

miR-2467-3p 1999 -15.6 0.0123

miR-4524b-5p 2002 -12.6 0.0123

miR-4656 2064 -15.5 0.0186

miR-939-5p 2251 -18.7 0.0469

miR-4758-5p 2257 -17.7 0.0469

region 2 of FSHR indicating 3 common microRNAs
between both regions. Furthermore, a total of 8
microRNAs were shortlisted for miRNA-CFTR alignments
with respect to maximum interactions (Table 9). Out of
8 shortlisted microRNAs, 2 microRNAs (hsa-miR-145-5p,
hsa-miR-4769-5p) were bound with region 1 while

3 unique microRNAs (hsa-miR-1343-3p, hsa-miR-6775-
5p, hsa-miR-1471) including common hsa-miR-4769-5p
of region 1 have been found to show significant interac-
tions with region 2. Additionally, significant interactions
of 3 unique microRNAs (hsa-miR-6821-5p, hsa-miR-
3620-5p, hsa-miR-3619-3p) have been identified against
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Table 9. Significant binding interactions between shortlisted miRNAs and cystic fibrosis transmembrane conductance regulator (CFTR) regions.

Tabnuua 9. 3Ha4nMble CBA3bIBALOLLIME B3ANMOJENCTBUA MEXY OKOHYaTeNbHbIM Habopom MUKPOPHK 1 o6nactamu perynsropa
TPaHCMeMOpPaHHO NPOBOAUMOCTY Npu MyKoBUcLMao3e (CFTR).

Gene region miRNA Binding sites Folding energy p-value
06nactb rexa mMukpoPHK CaiTbl CBA3bIBAHMS JHeprus cBA3bIBaHus 3HaueHue p
. miR-145-5p 2087 -14.1 0.00619
pegion 1, MiR-4769-5p 2162 12.3 0.00619
miR-4769-5p 2188 -14.6 0.00619
miR-1343-3p 5114 -12.9 0.0431
Region 2 miR-6775-5p 5128 -14.59 0.0431
O6nactb 2 miR-4769-5p 5160 -12.4 0.0431
miR-1471 5208 -12.3 0.0431
miR-6821-5p 5849 -19.6 0.00749
Region 3 miR-3620-5p 5860 -22.9 0.00749
QO6nactb 3 miR-6775-5p 5904 22.9 0.00749
miR-3619-3p 5916 -14.7 0.00749

region 3 including 1 common microRNA hsa-miR-6775-
5p of region 2.

Molecular docking analysis between 3D structures of
shortlisted miRNAs and gene regions / MonekynspHblIi
LOKWHr-aHann3 MeXAy TPeXMEepPHbIMN CTPYKTYpamu
OKOH4aTenbHoro Ha6opa mukpoPHK u o6nactamu reHos
3D structures of shortlisted microRNAs and gene re-
gions were modeled through Vfold Pipeline and RNA-
Composer respectively to perform molecular docking
analysis. Subsequently predicted models of shortlisted
miRNAs and fertility related genes were docked through
Hdock-server for integrated protein—protein docking.
Molecular docking generated 10 complexes for each
miRNA-gene interaction; however only the top complex
in terms of least docking score was shortlisted for further
analysis. Out of 5, 7, 24 and 10 docked complexes for
each interaction between shortlisted miRNAs and gene
regions of LHCGR, GnRHR, FSHR and CFTR individual-
ly, only top docked complex was selected with respect

to least affinity score (docking score) and highest confi-
dence score indicating preferred and stable orientation of
docked complex (Table 10). The docking results for each
fertility-related gene were merged together and sorted
on the basis of least docking score and highest confi-
dence score in order to extract top 3 complexes out of all
miRNAs-genes complexes. It was identified that miRNAs
interactions with region 2 of FSHR majorly miR-6880-
5p-R2, miR-2467-3-R2 and miR-211-3p-R2 were highly
stable among all complexes with least docking score of
-566.39, -554.35, -528.01 and highest confidence score
0f 0.9998, 0.9997 and 0.9995 respectively (Table 11).

Visualization of shortlisted complexes / Busyanu3auus
OKOHYaTenbHOro Habopa KOMNIEKcoB

The shortlisted miRNA-mRNA complexes namely miR-
4739-R1, miR-6857-5p-R1, miR-6880-5p-R2, miR-4769-
5p-R2 were visualized through PyMOL to identify the in-
teraction sites between shortlisted miRNAs and gene re-
gions. A total of 20 interactions were observed between

Table 10. Shortlisted docked complexes with respect to least docking score and highest confidence score.

Ta6nuua 10. OKoHYaTeNbHbIA HA6OP MPUCTBIKOBAHHBIX KOMMEKCOB C Y4ETOM MUHIMANIbHOTO NOKA3aTeNs CTbIKOBKM 1 MAKCUManbHOr0

nokasartena 40CTOBEPHOCTHU.

Gene / l'en Complex Docking score coﬂgagggie?: re
Komnnekc loka3aTenb CTbIKOBKM 1OCTOBEPHOCTH

LHCGR (luteinizing hormone choriogonadotropin receptor)
LHCGR (peLenTop NOTEMHU3NPYIOLLEro rOpPMOHA/X0PUOroHaa0- miR-4739-R1 -451.05 0.9976
TPOMNNHA)
GnRHR (gonadotropin-releasing hormone receptor) MiR-6857-5p-R1 49313 0.9958
GnRHR (peuenTop roHagoTPONUH-PUAN3UHT-TOPMOHA)
FSHR (follicle-stimulating hormone receptor) MiR-6880-5p-R2 -566.39 0.9998
FSHR (peuenTtop (onAUKynoCTUMYANPYIOLLErO FOPMOHA)
CFTR (cystic fibrosis transmembrane conductance regulator)
CFTR (perynaTop TpaHcMeMOpaHHOA NPOBOAMMOCTU NPU MYKO- miR-4769-5p-R2 -494.32 0.999
BICLMA03e)
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Table 11. Shortlisted top 3 docked complexes from merged docking results.

Ta6nuua 11. Tpu NyyLLNX 0KOHYATENbHbIX HA60Pa CTbIKOBOYHbIX KOMMEKCOB M0 00bEANHEHHBIM Pe3yfbTaTaM CTbIKOBKM.

Gene / l'en Complex Docking score (:omggg;ees;: *
Komnnekc lMoka3saTenb CTbIKOBKU HOCTOBEPHOCTH
. . . miR-6880-5p-R2 -566.39 0.9998
FSHR (follicle-stimulating hormone receptor) miR-2467-3p-R2 554 35 0.9997
FSHR (peuentop g oMKYNoCTUMYUPYHOLLETO FOPMOHA)
miR-211-3p-R2 -528.01 0.9995

miR-4739 and region 1 of LHCGR with least binding affi-
nity of -451.05 (Fig. 6) while 23 interactions were identi-
fied between miR-6857-5p and region 1 of GnRHR indica-
ting least binding score of -423.13 (Fig. 7). However visua-
lization analysis revealed that miR-6880-5p interacted
with region 2 of FSHR at 20 different binding sites with
least binding score i.e. -566.39 (Fig. 8) whereas 46 inter-
actions were identified between miR-4769-5p and CFTR
docked complex representing highest stability with least
docking score of -494.32 (Fig. 9). Additionally visualiza-
tion analysis of shortlisted complexes from merged do-
cking analysis revealed highly stable complexes includ-
ing aforementioned docked complex miR-6880-5p-R2 of
FSHR (Fig. 8) and other 2 highly stable complexes name-
ly miR-2467-3p-R2 and miR-211-3p-R2 of FSHR elucida-
ting 46 and 22 stable interactions respectively (Fig.10,11).

Discussion / O6cy:xaeHue

Infertility is a highly prevalent global health problem
affecting the reproductivity of 8-12 % of the couples ha-
ving unprotected intercourse [34]. However, a global sur-
vey has reported a rapid increase in male infertility cases
over the past decades ranging from 20 to 70 % [35]. It
has been identified that males with reported infertility ail-
ments are more prone to other diseases including meta-
bolic disorders and several cancers affecting the overall
wellbeing of the patients and posing financial pressure
on patients and healthcare systems [2]. Infertility arises
in men as a consequence of several risk factors: conside-
rably acquired factors (radiations, severe disorders, hypo-
gonadism and varicocele), idiopathic actors (chemical
exposure, smoking, over-age, psychological problems)

miR-4739-mRNA (LHCGR: Region 1) Interaction Sites / CailTbl BsaumoneucTBun miR-4739-mPHK (LHCGR: o6nactb 1)

[ mRNA/mMPHK
[l miRNA / mukpoPHK

[ Polar Contacts / MonsipHble KOHTaKTI

[ mRNA Binding Sites / CaiiTbl cBsiabiBaHus MPHK

[ miRNA Binding Sites / CaitTbl cBA3bIBaHNa MUKpoPHK

After Region 1 1 nt-500 nt / Mocne o6nactu 1 1 HT-500 HT

Figure 6. Surface representation of docked complex — miR-4739-R1 of luteinizing hormone choriogonadotropin receptor (LHCGR) indicating

stable interactions between miR-4739 and region 1 of LHCGR: (a) surface representation of docked complex; (b) miRNA is shown in light pink
color while mRNA is represented in light purple however miRNA binding sites and mRNA binding sites are indicated in hot pink and dark blue
colors respectively; (¢) polar contacts between ligand (miRNA) and receptor (mRNA) are shown in yellow dotted lines [drawn by the authors].

PucyHok 6. 1306paxeHne noBepxHOCTN NPUCTbIKOBAHHOTO Komnekca — miR-4739-R1 peventopa NiOTenHU3NPYIOLLEro ropMoHa/
xopuoroHagotponuHa (LHCGR) yka3biBaeT Ha cTabunbHble B3aumoaeincTans Mexxay miR-4739 u o6nactbto 1 LHCGR: (a) nzobpaxeHue
MOBEPXHOCTM MPUCTbIKOBAHHOIO KoMMnekca; (b) mnkpoPHK nokasaHa cBeTno-po30BbiM LBeTOM, MPHK — cBETNO-(h1ONETOBbIM LIBETOM; CaiThI
cBsA3bIBaHNS MUKPOPHK 1 caiiTbl cBA3biBaHNS MPHK 0603Ha4eHbI SpKO-PO30BbIM 11 TEMHO-CUHIM LiIBETOM COOTBETCTBEHHO; (€) NONSPHbIE
KOHTaKTbl Mexay nuraigom (MukpoPHK) u peuentopom (MPHK) nokasaHbl XenTbiMy MyHKTUPHbIMU IUHUAMU [PUCYHOK aBTOPOB].
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[ mRNA / mPHK
[l miRNA / MukpoPHK

[l Polar Contacts / MonsipHble KOHTaKTbI

B mRNA Binding Sites / CaiiTbl cBsi3blBaHus MPHK

I miRNA Binding Sites / CaiiTbl cBA3bIBaHIs MUKPOPHK

(b) Atter Region 11 nt-500 nt / Mocne o6nactu 1 1 HT-500 HT

Figure 7. Surface representation of docked complex — miR-6857-R1 of gonadotropin-releasing hormone receptor (GnRHR) indicating stable
interactions between miR-6857 and region 1 of GnRHR: (a) surface representation of docked complex; (b) miRNA is shown in light pink color
while mRNA is represented in light purple however miRNA binding sites and mRNA binding sites are indicated in hot pink and dark blue colors
respectively; (¢) polar contacts between ligand (miRNA) and receptor (mRNA) are shown in yellow dotted lines [drawn by the authors].

PucyHok 7. 1306paxxeHne NoOBEPXHOCTM NMPUCTBIKOBAHHOIO KoMMnekca — miR-6857-R1 peuentopa roHagoTponuH-punn3uHr ropmoHa (GnRHR)
YKa3blBaeT Ha CTabUNbHbIe B3aUMoaencTens mexay miR-6857 u obnactbto 1 GnRHR: (a) n3o6pa)KeHne NOBEPXHOCTI NPUCTbIKOBAHHOTO
komnnekca; (b) MukpoPHK nokasaHa cBeTno-po3osbIM LiBeTOM, MPHK — cBETNO-(D10NeTOBbIM LIBETOM; CaiiThl CBA3bIBAHUS MUKPOPHK

1 CaiiTbl cBA3bIBaHNS MPHK 0603Ha4eHbl SpKO-PO30BbIM I TEMHO-CUHIM LIBETOM COOTBETCTBEHHO; (C) NONSPHbIE KOHTAKTbI MEX/Y NraHaoM
(MnkpoPHK) v peuentopom (MPHK) nokasaHbl XXenTbIMi NYHKTUPHLIMI INHUSAMU [PUCYHOK aBTOPOB].

miR-6880-5p-mRNA (FSHR: Region 2) Interaction Sites / CaiiTbl B3aumopeiicteus miR-6880-5p-MPHK (FSHR: o6nactb 2)

AxymiepctBo, I'maekoaorusa u Pennpoaykiina RLrAEIvIvEvE

[ mRNA / mPHK
[l MiRNA / mukpoPHK

[l Polar Contacts / MonsipHble KOHTaKTbI

B mRNA Binding Sites / CaiiTbl cBA3biBaHns MPHK

I miRNA Binding Sites / CaiiTbl cBs3biBaHNsA MUKPOPHK

(h) After Region 2 1801 nt-2300 nt / lMocne o6nactu 2 1801 HT-2300 HT

Figure 8. Surface representation of docked complex — miR-6880-R2 of follicle-stimulating hormone receptor (FSHR) indicating stable
interactions between miR-6880 and region 2 of FSHR: (a) surface representation of docked complex; (b) miRNA is shown in light pink color
while mRNA is represented in light purple however miRNA binding sites and mRNA binding sites are indicated in hot pink and dark blue colors
respectively; (c) polar contacts between ligand (miRNA) and receptor (mRNA) are shown in yellow dotted lines [drawn by the authors].

PucyHok 8. 1306paxxeHne noBepxHOCTH NPUCTLIKOBAHHOTO KomMniekca — miR-6880-R2 peventopa qonnukynocTuMynunpyoLLero ropMoHa
(FSHR) ykasbiBaeT Ha cTabusnbHble B3aumogeincTBins mexay miR-6880 n o6nactbio 2 FSHR: (a) n3obpaxeHne NOBEPXHOCTI MPUCTbIKOBAHHOMO
Komnnekca; (b) MukpoPHK nokasaHa cBeTN0-po30BbIM LIBETOM LBeT, MPHK — cBETNO-(h10NETOBbIM LBETOM; CaiiThl CBSA3bIBAHMS MUKPOPHK

11 CaiTbl cBA3bIBaHNA MPHK 0603Ha4eHbI SpKO-PO30BbIM 1 TEMHO-CUHUM LIBETOM COOTBETCTBEHHO; (C) NONAPHbIE KOHTAKTHI MEXAY INTaHLOM
(MukpoPHK) n peuentopom (MPHK) nokasaHbl XXenTbIMy MyHKTUPHLIMI INHUSAMU [PUCYHOK aBTOPOB].
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[ mRNA / mPHK
[l miRNA / mukpoPHK

[ Polar Contacts / MonsipHble KOHTaKTbI

B mRNA Binding Sites / CaiiTbl cBA3biBans MPHK

I miRNA Binding Sites / CaiiTbl cBsizbiBaHnsa MukpoPHK

After Region 2 5001 nt-5500 nt / Mocne o6nactu 2 5001 HT-5500 HT

Figure 9. Surface representation of docked complex — miR-4769-R2 of cystic fibrosis transmembrane conductance regulator (CFTR) indicating
stable interactions between miR-4769 and region 2 of CFTR: (a) surface representation of docked complex; (b) miRNA is shown in light pink
color while mRNA is represented in light purple however miRNA binding sites and mRNA binding sites are indicated in hot pink and dark blue
colors respectively; (¢) polar contacts between ligand (miRNA) and receptor (mRNA) are shown in yellow dotted lines [drawn by the authors].

PucyHok 9. 1306paxeHre NOBEPXHOCTI NPUCTLIKOBAHHOMO KomMniekca — miR-4769-R2 perynsatopa TpaHcmMeM6paHHOi NPOBOAUMOCTH Npu
mykosucunao3se (CFTR) ykasbiBaeT Ha CTabuibHble B3anmofencTeus Mexay miR-4769 n o6nactbto 2 CFTR: (a) n306paxeHue NoOBEPXHOCTH
npucTbikoBaHHOro komnnekca; (b) mukpoPHK nokasaHa cBeTno-po3oBbiM LBeToM, MPHK — cBETNO-(h1ONETOBbIM LIBETOM; CaiiTbl CBA3bIBAHMS
MukpoPHK 1 caiitbl cBs3biBaHNs MPHK 0603Ha4eHbl SpK0-p0O30BbIM 1 TEMHO-CUHUM LIBETOM COOTBETCTBEHHO; (C) MONSPHbIE KOHTAKTbI MEXY
nurasgom (MukpoPHK) 1 peuentopom (MPHK) nokasaHbl XenTbIMu NyHKTUPHBIMU UHUAMY [PUCYHOK aBTOPOB].

miR-4769-5p-mRNA (CFTR: Region 2) Interaction Sites / Caiitbl B3aumopencteua miR-4769-5p-mPHK (CFTR: o6nactb 2)
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| mRNA / MPHK

1 miRNA / mukpoPHK

[l Polar Contacts / MonspHble KOHTaKTbl

[l MRNA Binding Sites / CaiTbl cBsi3biBaHus MPHK

[ miRNA Binding Sites / CaitTbl cBa3biBaHna MukpoPHK

(h) After Region 2 1801 nt-2300 nt / Mocne o6nactu 2 1801 HT-2300 HT

Figure 10. Surface representation of docked complex — miR-2467-R2 of follicle-stimulating hormone receptor (FSHR) indicating stable
interactions between miR-2467 and region 2 of FSHR: (a) surface representation of docked complex; (b) miRNA is shown in light pink color
while mRNA is represented in light purple however miRNA binding sites and mRNA binding sites are indicated in hot pink and dark blue colors
respectively; (c) polar contacts between ligand (miRNA) and receptor (mRNA) are shown in yellow dotted lines [drawn by the authors].

PucyHok 10. 1306paxKeHne noBEPXHOCTI NPUCTLIKOBAHHOIO Komnekca — miR-2467-R2 peuentopa onnnKynocTumMynmpyLLero ropmMoHa
(FSHR) yka3blBaeT Ha cTabunbHble B3aMMoaeiicTeus mexay miR-2467 n o6nactbto 2 FSHR: (a) n3o6paxeHne NOBEPXHOCTI NPUCTbIKOBAHHOTO
komnnekca; (b) mukpoPHK nokasaHa cBeTno-po30Bbim LBeTOM, MPHK — cBETNO-h1NONETOBbIM LIBETOM; CailThl CBSA3bIBaHUS MUKPOPHK

1 caiiTbl cBA3biBaHNS MPHK 0603Ha4eHbI SpKO-PO30BbIM U TEMHO-CUHUM LIBETOM COOTBETCTBEHHO; (C) NONSPHbIE KOHTAKTbI MEX/Y NUraHAoM
(MukpoPHK) v peuentopom (MPHK) nokasaHbl XXenTbIMU NYHKTUPHLIMU JIMHUAMI [PUCYHOK aBTOPOB].
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miR-211-3p-mRNA (FSHR: Region 2) Interaction Sites / CaiiTbl B3aumopeicteua miR-211-3p-mPHK (FSHR: o6nactb 2)

[ mRNA/ mPHK
Il MiRNA / mukpoPHK

[ Polar Contacts / MonsipHble KOHTaKTbI

I mRNA Binding Sites / CaiiTbl cBA3biBaHusa MPHK

B miRNA Binding Sites / CaiiTbl cBsi3biBaHna MukpoPHK

After Region 2 1801 nt-2300 nt / Mocne o6nactu 2 1801 HT-2300 HT

Figure 11. Surface representation of docked complex — miR-211-R2 of follicle-stimulating hormone receptor (FSHR) indicating stable
interactions between miR-211 and region 2 of FSHR: (a) surface representation of docked complex; (b) miRNA is shown in light pink color
while mRNA is represented in light purple however miRNA binding sites and mRNA binding sites are indicated in hot pink and dark blue colors
respectively; (¢) polar contacts between ligand (miRNA) and receptor (mRNA) are shown in yellow dotted lines [drawn by the authors].

PucyHok 11. 1306paxeHne NOBEPXHOCTM NPUCTLIKOBAHHOMO koMnniekca — miR-211-R2 peuentopa honnukynocTMMynupytoLLero ropMoHa
(FSHR)yka3biBaeT Ha cTabunbHble Blanmogencteus mexay miR-211 1 o6nactbto 2 FSHR: (a) n306paXkeHne NOBEPXHOCTM NPUCTbIKOBAHHOMO
komnnekca; (b) mukpoPHK nokasaHa cBeTno-po30Bbim LiBeToM, MPHK — cBeTNO-(h10NeToBbIM LBETOM; CaiAThl CBA3bIBAHUS MUKPOPHK

1 caiiTbl cBA3bIBaHNS MPHK 0603Ha4eHbI ipKO-PO30BbIM U TEMHO-CUHUM LiBETOM COOTBETCTBEHHO; (C) NONSPHbIE KOHTAKTbI MEX.y NUraHioM
(MnkpoPHK) v peuentopom (MPHK) nokasaHbl XXenTbIMi NYHKTUPHLIMI ANHUSAMU [PUCYHOK aBTOPOB].

and congenital factors (genetic factors) [3]. Among va-
rious risk factors, genetic factors majorly Y chromosome
microdeletions and single gene defects contribute largely
to male infertility with a high incidence rate of 15 to 30 %
[6]. Gonadotropins (fertility-regulating genes) name-
ly LHCGR, GnRHR, FSHR in addition to wild CFTR have
been reported to be responsible for normal regulation of
the reproductive system. However dysregulation, particu-
larly underexpression of aforestated genes may lead to
infertility causing abnormalities in sperm parameters and
reduced level of testosterone [11]. OncomiRs (upregula-
ted miRNAs) are known hallmarks of male infertility
causing downregulation of essential gonadotropins and
have been investigated as disease biomarkers [14]. Con-
sidering the role of dysregulated gonadotropins as a con-
sequence of interacting oncomiRs, miRNA-mRNA inter-
actions are required to be identified and analyzed.

The miRNA-mRNA interaction analysis identified po-
tential oncomiRs indicating strong interactions with ferti-
lity-related genes considerably LHCGR, GnRHR, FSHR
and CFTR. Among miRNA-mRNA interactions, 10 strong
interactions were observed for miRNAs-LHCGR, 13
against miRNAs-GnRHR, 31 for miRNAs-FSHR and 18 for
miRNAs-CFTR indicating the binding potential of short-
listed microRNAs on aforesaid genes. Additionally binding
sites were identified, elucidating that mutations in the
binding sites may alter its target specificity and its subse-

quentimpact on gene regulation [36]. However significant
interactions between shortlisted miRNAs and fertility-rela-
ted genes were identified using RNA22 tool that depic-
ted 6, 18, 55 and 17 significant interactions for miRNAs-
LHCGR, miRNAs-GnRHR, miRNAs-FSHR and miRNAs-
CFTR respectively. RNA22 selects miRNAs on the basis
of folding energy and p-value representing significant in-
teractions. It has been reported that the most important
factor for the significant miRNA-mRNA interaction is ha-
ving the perfect homology between the seed sequence of
miRNA and the corresponding target gene sequence, that
can be acquired through RNA22 [37].

For LHCGR, interacting miRNAs majorly miR-3135b,
miR-4739, miR-6777-5p were found to be associated
with male infertility and related cancers. Dysregulated
expression of predicted miR-3135b has been observed
in pancreatic ductal adenocarcinoma causing tumor de-
velopment and progression [38]. Several studies have
confirmed that male infertility has been linked with the
emergence of various malignancies majorly breast can-
cer, pancreatic cancer and testicular germ cell cancer
[39, 40]. Thus predicted miR-3135b can be used as a pro-
mising target for early diagnosis and prognosis of male
infertility. While miR-4739 has been associated with
spermatogenic impairment in the male Korean population
elucidating its potential interaction with stromal antigen
3 (STAG3), however mutations in STAGS effect its protein
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function leading to male infertility due to meiotic arrest
[41]. It was observed that dysregulation of miR-6777 ne-
gatively modulates LINC00355:8 that in turn activates the
Wnt/B-catenin signaling pathway and induces epithelial-
mesenchymal transition (EMT) progression leading to
hepatocellular carcinoma [42]. However hypogonadism is
commonly found in patients having chronic liver disease
thus considering the involvement of liver malignancies in
inducing male infertility, miR-6777-5p may be considered
a diagnostic biomarker and therapeutic target.

For miRNAs-GnRHR interactions, male infertility-rela-
ted microRNAs have been identified including miR-
4749, miR-4685-5p and miR-8069. The oncogenic func-
tion of miR-4749 was observed in impairment of tumor
suppressor gene p53 that affects DNA binding function
bringing about tumor progression and invasiveness [43].
Moreover oncogenic role of another predicted oncomiR
miR-4685-5p has been identified in early stage lung ade-
nocarcinoma [44] that reveals that miR-4685-5p may act
as a potential signature for early diagnosis and prognosis
of male infertility having correlation with CFTR mutations
in lung cancer that modulate the risk of male infertility
[45]. Elevated level of miR-8069 has been observed in
pancreatic cancer that shows association with male in-
fertility suggesting its oncogenic role [46].

For miRNAs-FSHR interactions, miR-762 has been
known for its crucial role in mammalian reproduction.
It interacts with 3 untranslated region (UTR) of DNA-da-
mage related gene called RNF4 and alters its expression
inducing growth and proliferation of porcine immature
Sertoli cells inhibits apoptosis by activating DNA damage
repair and minimizing the expression of androgen recep-
tor [47]. Another study has confirmed the oncogenic role
of miR-762 in non-obstructive azoospermia (NOA) as
compared to fertile men, in which overexpression of miR-
762 has been associated with NOA disease [48]. The un-
derexpression of predicted miR-296 has been reported in
highly fertile men suggesting that overexpression of miR-
296 leads to infertility [49]. Additionally, elevated level of
miR-296 expression has been also predicted in patients
diagnosed with several classes of male factor infertility
particularly teratozoospermia, asthenozoospermia, oli-
gozoospermia and normozoospermia indicating characte-
ristic role of miR-296 in inducing infertility [50]. Among
impaired spermatogenesis cases of male Korean popu-
lation, miR-4739-STAG3 interaction has been observed
however STAG3 gene is a known hallmark of male factor
infertility therefore predicted miR-4739 can be used as
therapeutic target against male infertility [41].

For miRNAs-CFTR interactions, a study investigated the
function of miR-145 by predicting its interacting genes in
patients with spermatogenesis. It was observed that over-
expression of miR-145 downregulates expression of male
sex-determining gene SOX9 that in turn induces male fer-
tility. Therefore the oncogenic role of miR-145 reveals
its diagnostics and prognostic value as an infertility bio-

marker [51]. miR-1471 was found to be overexpressed in
patients with sertoli-cell-only syndrome that is characteri-
zed by azoospermia therefore miR-1471 can be used as
a promising strategy against male infertility [52]. Over-
expression of miR-1343 has been identified in capacita-
ted spermatozoa through expression profiling study of ca-
pacitated spermatozoa and non-capacitated spermatozoa
[53]. However, capacitated spermatozoa refers to essen-
tial physiological changes that are required for spermato-
zoa to undergo therefore miR-1343 can be used as a the-
rapeutic target for mitigating the effect of infertility. Hence
predicted microRNAs have shown significant association
with male infertility and can be used as therapeutic targets
for early diagnosis and prognosis of male infertility.

The mRNA regions of fertility-related genes were short-
listed with respect to maximum binding interactions with
miRNAs that resulted in 2 regions for LHCGR, GnRHR,
FSHR and 3 regions for CFTR. It was observed that
LHCGR, GnRHR, FSHR and CFTR showed maximum bin-
ding interactions with 3 miRNAs, 5 miRNAs, 21 miRNAs
and 8 miRNAs respectively. 3D structures of shortlis-
ted microRNAs and mRNA regions were docked through
HDOCK to determine the best conformation of the docked
complex in terms of high stability. Molecular docking
generated 5 complexes for miRNAs-LHCGR, 7 comple-
xes for miRNAs-GnRHR, 24 complexes for miRNAs-FSHR
and 10 complexes for miRNAs-CFTR. However, only
the top complex with respect to highest confidence
score and least affinity score was considered for further
analysis. All of the shortlisted complexes namely miR-
4739-LHCGR(R1), miR-6857-5p-GnRHR(R1), miR-6380-
FSHR(R2) and miR-4769-5p-CFTR(R2) revealed interac-
tion of miRNAs with coding sequence (CDS) region of
respective genes. Moreover top 3 complexes particular-
ly miR-6880-FSHR(R2), miR-2467-3p-FSHR(R2), miR-
211-3p-FSHR(R2) were shortlisted from combined do-
cking results containing all shortlisted complexes ma-
king up atotal of 46 complexes. Among shortlisted comp-
lexes, miRNA interaction was observed at the CDS re-
gion of corresponding genes. It has been reported that
binding regions particularly 3 UTR, 5 UTR and CDS have
functional impact on regulatory activity of microRNAs for
instance miRNA interaction with 3 UTR region of gene
causes mRNA degradation while miRNA binding with
5 UTR or CDS region of genes is responsible for trans-
lational repression through mRNA silencing [54]. There-
fore, mRNA binding sites are required to be identified in
order to predict functional characteristics of miRNAs in
male infertility.

Inthis study binding affinities of shortlisted microRNAs
were identified against fertility-related genes majorly
LHCGR, GnRHR, FSHR and CFTR. Out of all individual and
combined complexes, miR-6880-FSHR(R2) was found to
be a highly stable complex indicating least binding affi-
nity (-566.3) and high confidence score (0.999); however
miR-4769-5p-CFTR(R2) exhibited high number of inter-
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actions at 46 different sites comparatively with docking
score of -494.32 and confidence score of 0.999. Hence
strong and potential interactions between miRNAs and
mRNAs have determined the stability and potential effi-
cacy of aforementioned complexes.

Conclusively this research has predicted highly sig-
nificant and stable interactions between oncomiRs and
fertility-regulating genes thus unveil the causative deter-
minants of azoospermia. Additionally microRNA-binding
regions of genes indicating significantly high interactions
with oncomiRs were identified that determines dysre-
gulated expression of gonadotropins. Regulatory role of
predicted microRNAs has been investigated in several
malignancies including pancreatic ductal adenocarci-
noma, hepatocellular carcinoma, lung adenocarcinoma,
teratozoospermia, asthenozoospermia, oligozoospermia,
normozoospermia and spermatogenic impairment. Ad-
ditionally characteristic involvement of gonadotropins in
fertility has been reported in the regulation of fertility in
males therefore suppressing the role of oncomiRs can
alter the spermatogenesis impairment that improves the
health of patients. Hence this study proposes a promi-
sing strategy to identify disease biomarkers that would
mitigate infertility issues in men. However wet lab inves-
tigations are required to validate the findings of the pro-
posed study.

Conclusion / 3akIrouyeHue

In this study miRNA-mRNA interaction analysis has
revealed significant interactions of 6, 18, 55 and 17 bet-
ween miRNAs and genes particularly LHCGR, GnRHR,
FSHR and CFTR respectively. Subsequently molecular
docking between shortlisted mRNA regions and miRNA
generated stable complexes however only top one high-
ly stable conformation and top 3 best poses were short-
listed from individual and combined complexes respec-
tively that disclosed miR-6880-FSHR(R2) as a highly sta-
ble complex indicating least binding affinity (-566.3) and
high confidence score (0.999). Additionally shortlisted
complexes revealed that miRNAs interacted with genes
at GDS region indicating translational repression. Thus
strong interactions between miRNAs and mRNAs have
ensured the stability and potential efficacy of aforemen-
tioned complexes. Furthermore oncogenic role of pre-
dicted miRNAs has been discovered in fertility-related
disorders majorly teratozoospermia, asthenozoospermia,
oligozoospermia, normozoospermia and spermatogenic
impairment. Therefore it has been inferred from the study
that predicted miRNAs may act as oncomiRs suppressing
the function of gonadotropins. Hence this study proposes
key oncomiRs that can be used as potential candidates
for infertility diagnosis and prognosis.
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