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Abstract

Background Polycystic ovarian syndrome (PCOS), a gynae-endocrine disorder, has a relatively high risk of differential
expression of miRNA (DE-miRNA) in the disease progression.

Aims To identify the DE-miRNA in the progression of PCOS in the ovarian cumulus cells.

Methods The microarray dataset GSE72274 was analysed for PCOS-associated DE-miRNAs. miRNet identifies the target
genes. Protein—protein interaction (PPI) network was constructed and hub genes were analysed by topology and module
analysis. Transcription factors (TFs) and protein kinases (PKs) regulating the hub genes were identified using X2K tool.
Biological functions were analysed using DAVID software. Finally, the DGIdb drug-gene interaction tool identifies the
candidate medications.

Results A total of 1577 DE-miRNAs linked to PCOS were identified, with 13 meeting the specified criteria. Subsequently,
its 2053 target genes were retrieved through miRNet. Topology and module analysis identified the hub genes VEGFA,
SOX2, KRAS, AKT1, and SMADA4 that are implicated in ovarian regulation. Notably, the study highlighted the significant
role of the wnt signalling pathway, which is involved in ovarian function, specifically in follicle development, corpus luteum
formation, and steroid production. Additionally, six TFs and PKs were identified as important regulators of these hub genes,
and the potential medication interactions identified 11 medicines for VEGFA, KRAS, AKT1, and SMAD4 genes, while no
suitable drug for SOX?2 was identified.

Conclusion Identified, hub genes are known to associate with the regulation of ovarian function such as oocyte development,
and steroid synthesis via the wnt signalling pathway.

Keywords DE-miRNA - Drug interactions - In silico analysis - miRNA-mRNA network - PCOS - Transcription factors

Introduction

PCOS is a gynae-endocrinological disease that affects wom-
en's health worldwide. Hyperandrogenism, menstrual irregu-
larities, and ultrasonic polycystic ovaries are the major diag-
nostic manifestations of the disease [1]. This life-threatening
disease is accompanied by comorbidities such as infertility,
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obesity, hirsutism, acne, depression, type 2 diabetes, and
ovarian cancer [2]. The disease is multifactorial; however,
the consequences of ovarian dysfunction are the major con-
cern in the disease pathogenesis. Furthermore, a reduction
in the development potential of oocytes is one of the signifi-
cant factors observed in PCOS. In the ovary, the cumulus
cells offer conduits for the passage of nutrients, regulatory
chemicals, and paracrine substances during oocyte matura-
tion which promotes nuclear and cytoplasmic maturation
of the oocyte [3]. Thus, the identification of potential bio-
markers in the cumulus cells of oocytes will help to predict
the outcome and may create space for disease management.
Furthermore, recent studies have focused more on epigenetic
alterations most importantly the promising therapeutic role
of microRNAs (miRNAs) in disease regulation [4].
miRNAs are endogenous single-stranded small noncod-
ing RNA molecules that are crucial post-transcriptional
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controllers of cellular activities such as proliferation, apop-
tosis, migration, invasion, stress response, and immuno-
logical regulation [5]. Moreover, these small molecules are
abundant in almost all body fluids such as serum, plasma,
whole blood, follicular fluid, and ovarian cells such as
granulosa cells and cumulus cells [6, 7]. Studies evidence
that several external factors such as environmental disrupt-
ing chemicals, malnutrition, and mode of birth influence
the miRNA expression, which can further lead to diseases
in several medical conditions [8]. Furthermore, differently
expressed miR-127-3p, miR-24-3p, miR-151-3p, miR-
574-3p, and miRNA-361-3p have affected the pathways
such as ovarian functioning, hormonal imbalance, insulin
signalling, and metabolic disorder [2, 8, 9]. In the ovary,
miRNA-mediated studies have much focused on the genes
involved in the functioning of the granulosa cells [10]. Fur-
thermore, miRNA regulation of genes involved in the func-
tioning of the cumulus cells, majorly involved in the oocyte
maturation and fertilization in the ovarian follicle[11], is not
much explored in PCOS pathogenesis. Hence, appropriate
therapeutic approaches addressing miRNA regulation in the
cumulus cells of the ovary might prove potential biomarkers
for PCOS treatment.

In this regard, a comprehensive, integrated network
biology analysis was performed to identify differentially
expressed microRNAs (DE-miRNAs) in PCOS and their
potential target mRNAs, which could serve as candidate
biomarkers for the condition. DE-miRNAs were initially
screened from the Gene Expression Omnibus (GEO) data-
base, and their corresponding target mRNAs were retrieved
using miRNet. A network of these genes was then con-
structed, and hub genes were identified through topology
and module analysis. Transcription factors (TFs), protein
kinases (PKs), biological functions, and effective drugs
that regulate these hub genes were also identified. Finally,
a miRNA-mRNA regulatory interaction network was con-
structed using the target gene data retrieved from miRNet.

Materials and methods
Retrieval of microarray data

The clinical datasets that compared the expression of
miRNA in ovarian cumulus cells with and without PCOS
were extracted from the publicly accessible data repository
GEO database (https://www.ncbi.nlm.nih.gov/geo) using
the keywords “differentially expressed miRNA,” “PCOS,”
“polycystic ovary syndrome,” and “homo sapiens.” Titles,
abstracts, summary, and sample types were screened; only
the dataset GSE72274 with the platform PL16543Agi-
lent-038166 cbc_human_miR18.0 consisting of 5 PCOS
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and normal controls were found suitable for the integrative
network analysis were considered.

Screening of DE-miRNAs and prediction of target
genes

The DE-miRNAs were identified using the GEO2R analytic
tool, with the following criteria: a p-value <0.01, a log2 fold
change (FC) of < — 1 for downregulated miRNAs, and >3
for upregulated miRNAs. Subsequently, the target genes of
these DE-miRNAs were identified by inputting the miRNA
IDs into miRNet (http://www.mirnet.ca/) [12].

Protein—protein interaction network
and identification of hub genes

The list of target genes retrieved from miRNet was sub-
jected to the online tool (STRING) (https://www.string-db.
org/) [13] to predict the interactions among proteins and to
construct their PPI network. The confidence score was set to
0.4, and the PPI network file was imported into Cytoscape
software (version 3.9.1) [14]. Then, the hub genes were
determined through module and topology analysis of the
PPI network. The network was first explored for its signifi-
cant dense regions known as modules, using MCODE, a
Cytoscape plug-in. Then, cytoHubba, a Cytoscape plug-in,
predicted the top 10 crucial genes from five topological
parameters (bottleneck, closeness, betweenness, MCC, and
degree) parameter of the PPI network [14]. Finally, the genes
overlapping in the modules and topological parameters were
selected as the hub genes.

Construction of a regulatory network of hub genes

The regulatory network of hub genes was constructed using
the X2K database (https://maayanlab.cloud/X2K/) [15].
First, the TFs of the hub genes and the intermediate pro-
teins were identified using TF enrichment analysis, and then,
the PKs responsible for controlling the hub gene expression
were determined by kinase enrichment analysis.

Functional annotation and pathway enrichment
analysis

The database for annotation, visualization, and integrated
discovery (DAVID, http://david.abcc.ncifcrf.gov/) was used
to perform gene ontology (GO) functional annotation and
Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis to understand the role of target genes of
potential DE-miRNAs [16]. p-value < 0.05 was regarded as
statistically significant.


https://www.ncbi.nlm.nih.gov/geo
http://www.mirnet.ca/
https://www.string-db.org/
https://www.string-db.org/
https://maayanlab.cloud/X2K/
http://david.abcc.ncifcrf.gov/
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Construction of miRNA-mRNA network
and drug-gene interaction

After screening the DE-miRNAs, the miRNA-mRNA poten-
tial regulatory network was predicted using the miRNA
dataset. In addition, the DGIdb drug-gene interaction tool
(DGIdb, https://dgidb.org) was used to predict the potential
drugs that can target the identified hub genes [17].

Results

DE-miRNA and their target genes associated
with PCOS

The GEO2R analysis for identifying DE-miRNAs revealed
that most miRNAs were downregulated in the cumulus
cells of the ovary in PCOS. The analysis identified a total of
1577 DE-miRNAs, of which 1545 were downregulated and
32 were upregulated. Among these, only 13 DE-miRNAs
(7 upregulated and 6 downregulated) met the criteria set
for further investigation. Subsequently, miRNet analysis
revealed 1377 target genes for the 7 upregulated miRNAs
and 676 target genes for the 6 downregulated DE-miRNAs
(Table 1).

Identification of the hub genes

The target genes of DE-miRNAs were mapped in the
STRING database to construct the PPI network, the
loosely bound nodes were removed, and the network was
visualized using Cytoscape (Fig. 1). MCODE analysis
of the network identified a significant module of 5 genes

Table 1 Differently expressed miRNAs in the ovarian cumulus cells
of PCOS

miRNAs No. of target logFC Regulation
gene

hsa-mir-135b-5p 83 5.253 Upregulated
hsa-mir-507 188 3.36 Upregulated
hsa-mir-508-5p 477 3.109 Upregulated
hsa-mir-3127-5p 64 3.62 Upregulated
hsa-mir-4430 397 3.09 Upregulated
hsa-mir-4669 40 2.29¢-02 Upregulated
hsa-mir-95-3p 128 3.362 Upregulated
hsa-mir-183-5p 351 —2.525 Downregulated
hsa-mir-126-3p 58 —1.827 Downregulated
hsa-mir-609 52 —1.681 Downregulated
hsa-mir-634 71 —1.657 Downregulated
hsa-let-7a-3p 123 —1.656 Downregulated
hsa-mir-933 21 —-1.716 Downregulated

(Table 2) and cytoHubba analysis using a novel algo-
rithm, degree, BC, CC, MCC, bottleneck revealed the top
10 essential genes within the network. Finally, vascular
endothelial growth factor A (VEGFA), sex-determin-
ing region Y box 2 (SOX2), Kirsten rat sarcoma virus
(KRAS), AKT Serine/Threonine Kinase 1(AKT1), and
SMAD family member 4 (SMAD4) were identified as the
hub genes as these are found to be common in the module
and topology analysis (Table 3).

Hub gene regulatory network

TFs, PKs, and intermediate proteins involved in the regu-
lation of hub genes were identified using the X2K data-
base. A total of 26 TFs were identified as regulators of
the hub genes. Among these, UBTF, PPARG, RCORI1,
SOX2, E2F1, and NFE2L were found to be particularly
significant (Table 4). These significant TFs were shown
to interact with 62 intermediate proteins (Supplementary
Table S1). Additionally, KEA analysis identified 227 PKs,
with CDK4, ERK2, MAPKS8, CK2ALPHA, MAPK14,
and MAPK3 having the highest number of connections
(Supplementary Table S2). The top enriched TFs, PKs,
expanded PPI, and upstream regulatory network are shown
in Fig. 2.

Functional annotation and pathway enrichment
analysis

DEGs were functionally categorized using DAVID, and
the top-five terms are indicated for GO function and
enrichment analysis (Fig. 3). The results revealed that the
DEGs involved in the top terms for BP enrichment analy-
sis include, positive regulation of cell adhesion, negative
regulation of fat cell differentiation and cell cycle, cellu-
lar response to amino acid stimulus and UV, response to
peptide hormone and activity. Similarly, the top terms for
the CC enrichment analysis include transcriptional repres-
sor complex, euchromatin, cell surface, membrane raft, and
cyclin cyclin-dependent protein kinase holoenzyme com-
plex. Furthermore, the MF enrichment analysis of DEGs was
mainly enriched in core promoter region sequence-specific
DNA binding, Protein kinase C binding, SMAD binding,
E-box binding, protein domain specific binding, and Hsp70
protein binding (Fig. 3a). Additionally, the pathway enrich-
ment analysis using KEGG showed that DEGs were mainly
involved in pkg signalling, Wnt signalling, adherens junc-
tion, tuberculosis, neutrophil extracellular trap formation,
herpes simplex virus] infection, IL17 signalling pathway,
melanogenesis, leukocyte transendothelial migration, and
salmonella infection (Fig. 3b).
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Fig. 1 Protein—protein interaction network of PCOS genes

Construction of potential miRNA-mRNA network
in PCOS

An integrated platform linking miRNAs and their targets
named miRNet was used to predict the target genes of the
screened DE-miRNAs. The screened upregulated and down-
regulated DE-miRNAs were entered into the web platform,
and the data of the potential target genes of DE-miRNAs
were downloaded. Then, these data were input into the
Cytoscape 3.9.1 software to construct the miRNA-mRNA
network. Based on this investigation, six miRNA-mRNA
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networks have been identified, which include miR-183-5p/
KRAS, miR-183-5p/SMAD4, miR-933/SMAD4, miR-
126-3p/VEGFA, miR-126-3p/SOX2, and miR-126-3p/
AKT]1 (Fig. 4).

Drug-gene interactions
The DGIdb drug-gene interaction analysis identified 17

drugs targeting the four hub genes: VEGFA, KRAS, AKT]1,
and SMAD4. Lysine for SMAD4 and Ranibizumab for
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Table 2 Target genes of differently expressed miRNA associated cluster and their MCODE scores

Modules Nodes Edges MCODE score Gene ID

CCND2,SIRT1,NR3C1,IRS1,IGF1R,GSK3B,SOX2,ZEB1,FOXO3,AKT2,SMAD4,CREB1,SMAD2

AKT1,APAF1,CCND1,CRK,DNMT1,EGR1,EZH2,FOXO1,HSP90AA1,ITGB1,KRAS,MDM2,NO

AURKA,BMI1,BTF3,BTRC,CCNB1,CCNE2,CCT3,CRKL,CXCR4,E2F2,E2F8 EEF2,EIF4A3,FG

FR1,GNB2L1,GSPT1,HSP90AB1,PIK3CG,PTPN11,RPL23,RPL23A,RPL7L1,RPS15A,RPS16

M1 16 84 11.200
,NFKBIA,CDKNIB,PIK3R1
M2 19 98 10.889
TCH2,PGR,PIK3R2,SNAI2 VEGFA,XIAP, YY1
M3 28 105  7.778
,RPS24,TEK,WDR31, WEE1
M4 33 114 7.125

HNRNPU,KIAA0101,KNTC1,MBNL1,MCM4,MSH6,MYBBP1A ,NIP7,NOLC1,PLK1,POLH,PPP

2CB,RBM34,RBMX,REV3L,RFC2,RPLPO,RUVBL2,SNRPD3,SRSF10,SRSF2,TIMELESS, TRI

M28,TSR1,UBXN7

Table 3 Identified five hub

. Gene ID  Gene name Degree BC CC McCC Bottleneck
genes and cytoHubba centrality
score VEGFA Vascular endothelial growth factor A 65 12,494.24 279.63 5.78E+10 36
SOX2 Sex-determining region Y box 2 57 17,044.41 2735 5.15E+10 24
KRAS Kirsten rat sarcoma virus 83 25,411.32 292.16 5.66E+10 16
AKTI AKT serine/threonine kinase 1 122 61,858.98 322.18 5.78E+10 63
SMAD4 SMAD family member 4 55 9964.25 271 520E+10 13

where BC, betweenness centrality; CC, closeness centrality; MCC, maximal clique centrality

Table 4 Hub gene regulating transcription factors

Transcription factor Targets p-value
UBTF VEGFA, KRAS, SMAD4 0.009807
PPARG VEGFA, KRAS, 0.01108
RCORI1 VEGFA, SMAD4 0.01864
SOX2 KRAS, SOX2 0.0225
E2F1 AKT1, KRAS 0.02732
NFE2L2 VEGFA, KRAS 0.03783

VEGFA showed the highest interaction scores 10.3 and 8.54
respectively (Table 5).

Discussion

Globally 10% of the women are suffering from PCOS, lead-
ing to exalted health and economic burden. It can be either
caused by ovarian dysfunction associated with steroid imbal-
ance, or metabolic disturbances defined by insulin resistance
and obesity. More research is being undertaken to examine
the influencing variables of PCOS [8]. The latest research
highlights the therapeutic importance of miRNAs in several
diseases. However, it has not been well explored in PCOS
progression. Furthermore, the effect of oocyte maturation is
also a major concern in PCOS, and the cumulus cells sup-
ply the required nutrients for oocyte maturation. Thus, the
identification of potential biomarkers in the cumulus cells of

oocytes may help to create space for recovery [3]. So, here
we tried to explore the miRNA-mRNA network contribut-
ing to the PCOS pathogenesis in the ovarian cumulus cells.
Hence, we examined differently expressed miRNAs from
the cumulus cells data set of PCOS. We discovered three
potential DE-miRNAs, miR-126-3p, miR-183-5p, and miR-
933 contributing to the PCOS pathogenesis.

Among the identified three DE-miRNAs, relatively lim-
ited studies have been reported on miR-126-3p in PCOS. The
single nucleotide polymorphisms (SNPs), haplotype combi-
nations, and the differential expression of miR-126-3p are
correlated with menstrual irregularity, increased antral fol-
licle count, and hormonal imbalance in PCOS. Furthermore,
SNPs of miR-126 are also associated with an increased risk
of endometriosis. In addition, it promoted angiogenesis and
attenuated GC apoptosis in the ovary in premature ovar-
ian failure in the rat model [18-20]. Furthermore, the miR-
183-5p and miR-933 are not been studied in PCOS so far.
However, overexpressed miR-183-5p induces stress and its
knockdown could protect the neurons by promoting cell
proliferation and migration thereby inhibiting cell death in
hepatocellular carcinoma via targeting insulin receptor sub-
stratel [21], while mir-933 is associated with liver cancer by
enhancing pyruvate kinase isoform M2 [22]. Also, its role
has been identified in the regulation of hyperglycaemic con-
ditions and hyperinsulinism in type II diabetes mellitus [23].

The topology analysis of the PPI network revealed
VEGFA, SOX2, KRAS, SMAD4, and AKT1 as the hub
genes. High levels of VEGFA in various solid tumors are

@ Springer
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Fig.2 Transcription factor enrichment analysis and their network
with protein kinases and intermediate proteins. The transcription fac-
tors, regulatory network of top enriched transcription factors (TFs),

mainly responsible for angiogenesis through different mech-
anisms, such as regulating angiogenesis and vascular per-
meability, affecting immune cell function and modulating
fibroblast function in the cancer stroma VEGFA accelerates
tumorigenesis [24, 25]. In addition, VEGFA administration
in animal models proved the improved outcome of increased
angiogenesis and increased neuronal density in cerebral vas-
culature diseases and beneficial therapy for early acute kid-
ney injury [26, 27]. SMADA4 serves as the central mediator of
Transforming growth factor f (TGF-f) signalling and plays
important roles in many biological processes, including cell
growth, differentiation, apoptosis, migration, and cancer ini-
tiation and progression. Multiple studies have revealed that
decreased SMAD4 does not initiate tumor formation alone
but can promote tumor progression initiated by other genes,
such as KRAS, and APC [28]. Via TGF-p signaling SMAD4
plays a role in granulosa cell function and follicular develop-
ment in the ovary [29]. Even letrozole-induced PCOS mice
model exhibits TGF-/SMAAD4 pathway-mediated meta-
bolic disturbances, sex hormone imbalance, oxidative stress,
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protein kinase (PKs), and expanded protein—protein network (PPI)
network were ranked based on their p-value

ovarian fibrosis, and reduced SMAD4 leads to arteriovenous
malformations in mice models in hemorrhagic telangiectasia
a genetic disorder [29, 30]. An increase in the inflammatory
pathways, angiogenesis, and progression of endometriotic
tissues can cause iron-mediated damage to the DNA, affect-
ing the KRAS pathways [31, 32]. Furthermore, in the mouse
model of pancreatic adenocarcinoma, KRAS inactivated by
CRISPR-mediated genome editing demonstrates the ability
to form tumors in mice [22]. High expression of AKT1 is
associated with granulosa cell proliferation and follicular
development [33]. It has even been shown to be expressed in
insulin-sensitive tissues such as the liver, skeletal muscles,
and adipose tissue AKT1 is crucial for initiating intracel-
lular post-insulin receptor substrate-1 (IRS-1) phosphoryla-
tion [34]. Furthermore, it has been proved as a promising
target for the treatment of angiogenesis-dependent pathol-
ogies, such as cancer and ischemic injury in mice model
[35]. SOX2 as a transcriptional modulator with co-factors
imposes cell-fate-determining expression patterns. Various
secondary modifications have been described for SOX2
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Fig.3 a Gene ontology (GO)
and b Kyoto encyclopaedia of
genes and genomes (KEGG)
pathway enrichment analysis

of PCOS genes. The top five
GO terms (biological process,
cellular component, molecular
functions) and KEGG pathways
are ranked according to the
-log10(p-value)
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hsa05168: Herpes simplex virus 1
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hsa05132: Salmonella infectionKEGG_PATHWAYABCDEFG

hsa04650: Natural killer cell mediated
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b.

(involving phosphorylation, methylation, acetylation, ubiq-
uitination, SUMOylation, PARPylation, and O-GlcNAcyla-
tion), but their relevance remains underexplored mainly [36].
Increased expression of SOX?2 abolishes the tumorigenesis
and knockdown of SOX2 has been suggested as a good
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o

treatment option for osteosarcoma in mouse-modelled stud-
ies [37]. So far, no work has been done on SOX2 in PCOS.
The critical regulators of these hub genes were predicted by
identifying the TFs, PKs, and intermediate proteins. 26 TFs
significantly regulated these 5 hub genes, 62 intermediate
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Fig.4 Identified six miRNA—mRNA regulatory networks contribut-
ing to PCOS pathogenesis. Red colour indicates the miRNA, yellow
colour indicated the genes, black arrow indicates the target genes, and
dotted arrow indicates the gene-to-gene interaction

Table 5 Drug-gene interactions for the identified five hub genes

Gene Drug Interaction score
VEGFA Ranibizumab 8.54
Elmiron 3.25
Pegaptanib sodium 3.25
Bevasiranib 3.25
Aflibercept 2.28
Bevasizumab 1.05
Risuteganib 1.63
KRAS AZD- 4785 1.39
Panitumumab 1.26
AKT1 Ipatasertib 1.23
Chembl 480,356 1.72
Chembl 1,086,397 1.72
Eupalinin A 1.72
Gigantol 1.72
Perifosine 1.03
SMAD4 Lysine 10.3
Alectinib 1.47
SOX2 - -

proteins, and 227 protein kinases, including CDK4, ERK2,
MAPKS, CK2ALPHA, MAPK14, and MAPK3, were identi-
fied. Among the 6 significant TFs, PPARG corresponded to

@ Springer

increased androgens and LH/FSH ratio in the ovary of PCOS
patients. miR-424-5p mediated inhibition of GC prolifera-
tion and cellular senescence in the ovary observed in PCOS
via E2E1 pathways [38].

The biological functions of these hub genes show sig-
nificantly enriched GO pathways such as cellular response
to UV, fat cell differentiation, amino acid stimulus, nega-
tive regulation of cell cycle, and promoter-proximal region
sequences specific DNA binding. The KEGG pathways were
involved mainly in the Cushing syndrome, cGMP-PGK sig-
nalling, wnt signalling, adherens junctions, and IL-17 sig-
nalling pathway. Evidence shows the importance of wnt sig-
nalling in ovarian function related to follicle development,
oocyte development, follicle maturation, corpus luteum for-
mation, steroid production, and fertility. In addition, other
studies suggest the identified DE-miRNA and the hub genes
are involved majorly in ovarian functioning [39—42]. All this
evidence highlights the importance of the KEGG pathway
identified significant Wnt signalling pathway in PCOS.

Finally, to seek efficient therapeutic options for the treat-
ment of PCOS, we further screened the hub gene targets
of identified miRNAs for suitable drug candidates. It was
found that Ranibizumab, Elmiron, Pegaptanib sodium, Bev-
asiranib, aflibercept, Bevasizumab, and Risuteganib were
found to interact with VEGFA whereas Panitumumab and
AZD-4785 were found to have interaction with KRAS. Fur-
thermore, Ipatasertib, Chembl 480356, Chembl 1086397,
Eupalinin A, Gigantol, and Perifosine were observed to
interact with AKT1 whereas lysine and Alectinib were found
to interact with SMAD4. The efficiency and effect of these
interactions require validation through further experiments.

This in silico analysis highlights the potential role and
interplay of miRNA and mRNA in the pathogenesis of
PCOS. However, these findings need further validation
through in-vitro and in-vivo experiments using clinical
samples. Such experimental validation is crucial to confirm
the functional relevance of these molecular interactions and
to translate these insights into viable therapeutic strategies
for PCOS.

Conclusions

Overall, the present in silico analysis highlights the crucial
role of hub genes and TFs associated with miR-183-5p, miR-
126-3p, and miR-933 in ovarian function. The constructed
miRNA-mRNA regulatory networks, including miR-183-5p/
KRAS, miR-183-5p/SMAD4, miR-933/SMAD4, miR-
126-3p/VEGFA, miR-126-3p/SOX2, and miR-126-3p/
AKT1, may contribute to the pathogenesis of PCOS by
disrupting steroid balance and influencing oocyte devel-
opment through Wnt signalling pathways. Understanding
these miRNA-mRNA interactions could provide valuable
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insights for developing targeted clinical treatment strategies
for PCOS.
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