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Abstract

Background: Polycystic ovary syndrome (PCOS) affects women of reproductive age globally with an incidence rate of 5% - 26%.
Growing evidence reports important roles for microRNAs (miRNAs) in the pathophysiology of granulosa cells (GCs) in PCOS.
Objectives: The objectives of this study were to identify the top differentially expressed miRNAs (DE-miRNAs) and their
corresponding targets in hub gene-miRNA networks, as well as identify novel DE-miRNAs by analyzing three distinct microarray
datasets. Additionally, functional enrichment analysis was performed using bioinformatics approaches. Finally, interactions
between the 5 top-ranked hub genes and drugs were investigated.

Methods: Using bioinformatics approaches, three GC profiles from the gene expression omnibus (GEO), namely gene expression
omnibus series (GSE)-34526, GSE114419, and GSE137684, were analyzed. Targets of the top DE-miRNAs were predicted using the
multiMiR R package, and only miRNAs with validated results were retrieved. Genes that were common between the “DE-miRNA
prediction results” and the “existing tissue DE-mRNAs” were designated as differentially expressed genes (DEGs). Gene ontology
(GO) and pathway enrichment analyses were implemented for DEGs. In order to identify hub genes and hub DE-miRNAs, the
protein-protein interaction (PPI) network and miRNA-mRNA interaction network were constructed using Cytoscape software. The
drug-gene interaction database (DGIdb) database was utilized to identify interactions between the top-ranked hub genes and drugs.
Results: Out of the top 20 DE-miRNAs that were retrieved from the GSE114419 and GSE34526 microarray datasets, only 13 of them had
“validated results” through the multiMiR prediction method. Among the 13 DE-miRNAs investigated, only 5, namely hsa-miR-8085,
hsa-miR-548w, hsa-miR-612, hsa-miR-1470, and hsa-miR-644a, demonstrated interactions with the 10 hub genes in the hub gene-miRNA
networks in our study. Except for hsa-miR-612, the other 4 DE-miRNAs, including hsa-miR-8085, hsa-miR-548w, hsa-miR-1470, and
hsa-miR-644a, are novel and had not been reported in PCOS pathogenesis before. Also, GO and pathway enrichment analyses
identified “pathogenic E. coli infection” in the Kyoto encyclopedia of genes and genomes (KEGG) and “regulation of Racl activity”
in FunRich as the top pathways. The drug-hub gene interaction network identified ACTB, JUN, PTEN, KRAS, and MAPKI as potential
targets to treat PCOS with therapeutic drugs.

Conclusions: The findings from this study might assist researchers in uncovering new biomarkers and potential therapeutic drug
targets in PCOS treatment.
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1. Background reproductive age, is estimated to affect 5% to 26% of
women worldwide, with variability depending on the
diagnostic criteria utilized (1). The clinical necessity for

Polycystic ova syndrome (PCOS), a prevalent
yoy Y Sy ( ) p robust and precise genetic biomarkers, both in tissue

endocrine and metabolic condition among women of
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and blood specimens, has intensified. These biomarkers
hold the promise of unraveling the complex molecular
mechanism of PCOS and enhancing diagnostic accuracy
(2, 3), hence providing important support for clinical
translational research initiatives (4, 5). Noncoding
RNAs are being recognized as crucial regulators of gene
expression, organizing complex molecular networks
that are essential to the pathophysiology of numerous
diseases (6-9). Translational studies have investigated the
complex systems biology of diseases, particularly PCOS,
using various bioinformatics approaches, microarray
data analysis, DNA and RNA next-generation sequencing
methods, and DNA methylation analysis, among others
(10-12).

Granulosa cells (GCs) encompass the oocyte,
coordinating follicular development and playing a pivotal
role in primordial follicle maturation. Beyond their
central role in normal folliculogenesis, GCs contribute
to the perturbed follicular dynamics characteristic of
conditions like PCOS (13). Ovaries of individuals with PCOS
manifest small antral follicles, which exhibit impaired
progression into dominant follicles. Notably, increased
GC proliferation within smaller follicles is evident in
PCOS-affected ovaries (14). Consequently, GCs present a
valuable cellular model for investigating the intricacies of
PCOS.

MicroRNAs (miRNAs), a class of small noncoding
RNAs, exert a substantial regulatory effect on gene
expression. Within GCs, a variety of microRNAs coordinate
ovarian follicle development and function (15) by
directly interacting with specific molecular targets and
modulating diverse signaling pathways. These pathways
involve important processes such as atresia, ovulation,
and ovarian steroidogenesis, with key contributors
including TGF-31 (16), FSH (17), hormones (18, 19), and
apoptosis-related pathways (20). In our search, we
analyzed three distinct gene expression omnibus series
(GSE) datasets derived from PCOS patients: GSE34526,
GSE114419, and GSE137684. Our primary objective was to
identify top DE-miRNAs with validated effects, utilizing the
predictive power of the multiMiR R package. Genes that
were common between the “DE-miRNA prediction results”
and the “existing tissue DE-mRNAs” were designated as
differentially expressed genes (DEGs). Then, DEGs were
exposed to functional enrichment analysis, followed by
the construction of hub miRNA-gene networks. Finally,
the drug-gene interaction database (DGIdb) was used
to investigate the interactions between the initial top 5
ranked hub genes and relevant therapeutic drugs.

2. Objectives

The objectives of this study were to identify the top
differentially expressed miRNAs (DE-miRNAs) and their
corresponding targets in hub gene-miRNA networks, as
well as identify novel DE-miRNAs by analyzing three
distinct microarray datasets. Additionally, functional
enrichment analysis was performed using bioinformatics
approaches. Finally, interactions between the 5 top-ranked
hub genes and drugs were investigated.

3. Methods

3.1. Downloading Microarray Data

The miRNA and mRNA expression profiles of GSE114419
(accessed October 30, 2018) and GSE34526 (accessed
November 6, 2012) and the mRNA expression profile of
GSE137684 (accessed September19,2019) were downloaded
from the gene expression omnibus (GEO) database.

3.2. Statistical Analysis and Preprocessing of Microarray Data
for Integration

R project version 4.0.1 and the annotation package
were used to process the downloaded matrix file and
platform. The gene symbol, or the international standard
name of the gene, was generated from the ID, matching
the probe name. An inter-array normalization was
performed using the normalize between arrays function
from the limma R package. Top miRNAs and mRNAs from
three microarray datasets were analyzed for differential
expression analysis in the GCs of PCOS and healthy
participants using the R software package limma. The
cutoff parameters for screening top DE-miRNAs were as
follows: P-value < 0.05, log2FC > 0.80, and log2FC <
-0.50.

3.3. Identification of Top DE-miRNAs and DE-mRNAs in Three
Microarray Datasets

The microarray dataset GSE137684 exclusively contains
mRNA expression data, whereas both GSE114419 and
GSE34526 encompass both miRNA and mRNA expression
patterns. Regarding this issue and based on the cutoff
parameters detailed in section 3.2, top DE-miRNAs were
retrieved from GSE114419 and GSE34526 microarray
datasets. The predicted targets of these top DE-miRNAs
were retrieved using the multiMiR R package. The
"multiMiR” R package includes various functions, one
of which is for "identifying validated miRNA targets”.
The validated miRNA targets are those targets in this
package that have been demonstrated to be accurate by
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means of proven experimental procedures, including
RT-PCR, Western blot, luciferase reporter assay, in situ
hybridization, HITS-CLIP, degradome sequencing, and
other methods. Also,among the databases in the multiMiR
package, only the “validated results” of two databases,
including miRTarBase and TarBase, were used for analysis.

All of the microarray datasets mentioned in the
manuscript, including GSE137684, GSE114419, and
GSE34526, encompass mRNA expression profiles.
Regarding this issue and based on the cutoff parameters
detailed in section 3.2, top DE-mRNAs among these three
microarray datasets were retrieved.

3.4. Identification of Differentially Expressed Genes

In our study, DEGs are defined as genes overlapping
between “validated multiMiR prediction results of the top
13 DE-miRNAs” and “existing tissue DE-mRNAs”. A Venn
diagram was created using an online resource to visually
display the genes that overlap between the identified sets.

3.5.  Gene Ontology Enrichment Analysis of Differentially
Expressed Genes

Gene ontology (GO) enrichment analysis, including
biological processes (BPs), molecular functions (MFs),
and cellular components (CCs), was performed using
ShinyGO v0.77 (accessed April 19, 2022) with an FDR
cutoff of 0.05 (21). The Kyoto encyclopedia of genes
and genomes (KEGG) pathway enrichment analysis
on DEGs was built using R packages including DOSE,
Hs.egENSEMBL, and clusterProfiler: DOSE R package for
disease ontology semantic and enrichment analysis,
Hs.egENSEMBL R package for mappings between entrez
gene identifiers and KEGG pathway, and clusterProfiler for
comparing biological themes among gene clusters. Also,
the open-source and user-friendly software FunRich was
used for the biological pathway analysis of DEGs.

3.6. Construction of Protein-Protein Interaction and Hub
Gene-miRNA Networks

First, protein-protein interactions (PPIs) for DEGs were
created using the STRING vi1.5 database (accessed August
12, 2021), an online tool (22), and a list of 352 mRNAs
uploaded to the STRING database. In the next step, the
Cytoscape v3.7.2 software plugin, CytoHubba, was used to
assess and investigate significant nodes inside biological
networks, using diverse network properties for scoring
purposes. The CytoHubba plugin conveniently offers
11 distinct topological analysis approaches in a single
package. Hence, for scoring and identifying significant
nodes in our PPI network, we used the CytoHubba plugin.
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Using this plugin, 10 genes were defined as hub genes.
Additionally, the CytoHubba plugin was used to discover
the interactions between these 10 hub genes and miRNAs
to produce the hub gene-miRNA interaction network.

3.7. Drug-Gene Interaction Analysis

Drugs were chosen based on the initial top 5 ranked
hub genes, which emerged as promising centers of
interest, utilizing the (DGIdb; version 3.0.2; shal ec916b2).
This study only included FDA-approved drugs. The
DGIdb compiles information on drug-gene interactions
originating from diverse sources, including the Drug
Bank, ChEMBL, NCBI Entrez, Ensembl, PharmGKB,
PubChem, clinical trials, and literature indexed in
PubMed. Researchers may use this resource to hypothesize
about therapeutic gene targets and drug development
priorities (23). Interaction between drugs and genes was
performed using Cytoscape (version 3.7.2).

4. Results

4.1. Identification of Top DE-mRNAs and DE-miRNAs in Three
Microarray Datasets

While GSE137684 exclusively presents mRNA
expression data, GSE114419 and GSE34526 both include
miRNA and mRNA expression patterns. Regarding this
issue and based on the cutoff parameters detailed in
section 3.2, the top 20 DE-miRNAs were retrieved from
GSE114419 and GSE34526 microarray datasets. Out of
the top 20 DE-miRNAs, only 13 of them had “validated
results” through the multiMiR prediction method.
These 13 DE-miRNAs consist of 10 upregulated and 3
down-regulated miRNAs (Table 1). Using only “validated
results” in the multiMiR R package, “1880” miRNA targets
were generated (Figure 1A, the left segment of the Venn
diagram: 1528 + 352 = “1880").

All of the microarray datasets mentioned in the
manuscript, including GSE137684, GSE114419, and
GSE34526, encompass mRNA expression profiles.
Regarding this issue and based on the cutoff parameters
detailed in section 3.2, top DE-mRNAs among these three
microarray datasets were retrieved, which were “3798”
mRNAs (Figure 1A, the right segment of the Venn diagram:
3446 +352="“3798").

4.2. Identification of Differentially Expressed Genes

According to the methodology, DEGs are genes
overlapping between “validated multiMiR prediction
results of the top 13 DE-miRNAs” and “existing tissue
DE-mRNAs”. Hence, using the provided definition and
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Figure 1. Venn diagram and gene ontology (GO) enrichment analysis of differentially expressed genes (DEGs): A, Venn diagram of 352 DEGs from three microarray datasets:
DEGs are defined as genes that are common between the “validated multiMiR prediction results of the top 13 differentially expressed (DE)-miRNAs” and “existing tissue
DE-miRNAs”; B, GO of biological processes (BP) enrichment analysis; C, GO of molecular function (MF) enrichment analysis; D, GO of cellular component (CC) enrichment
analysis; E, Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis; F, FunRich pathway enrichment analysis.

referring to the Venn diagram, a total of “352” DEGs were
found to be differentially expressed between PCOS subjects
and healthy controls (Figure 1A, overlapping segment of
Venn diagram: “352”).

4.3. Gene Ontology and Pathway Enrichment Analysis

A significant number of genes showed enrichment
in response to endogenous stimulus, cytoskeletal protein
binding, and perinuclear region of cytoplasm for BP, MF,
and CC, respectively. Escherichia coli (E. coli) infection and

RACI activity are the most significant pathways in KEGG
and FunRich pathway analyses, respectively (Figure 1B-F
and Table 2).

4.4. Construction of Hub miRNA-Gene Networks

The top 10 hub genes were found through the plugin
cytoHubba in the PPI network (Table 3). The network of hub
DE-miRNAs and target genes was constructed through the
Cytoscape (Figure 2A).
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Figure 2. Hub gene-miRNA networks and drug-hub gene interactions; A, hub gene-miRNA networks: Blue rectangles are hub genes, including ACTB, JUN, PTEN, KRAS, MAPK1,
SMAD3, FYN, ARRB1, CFL1, and SIN3A and oval red nodes are DE-miRNAs; B, drug-hub gene interactions: Oval pink nodes are the initial top 5 ranked hub genes, including ACTB,
JUN, PTEN, KRAS, and MAPK1, which serve as potential gene targets for drugs. Green octagon nodes indicate FDA-approved drugs. Yellow octagon nodes indicate FDA-approved
drugs for polycystic ovary syndrome (PCOS).
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Table 1. Top 13 Significantly Up- and Down-Regulated miRNAs with Validated Results
Through Multimir Prediction Method

miRNAs Status LogFC P-Value
hsa-miR-8085 Up 3.32026 0.00465
hsa-miR-612 Up 2.924954 0.012351
hsa-miR-637 Up 2.890822 0.004339
hsa-miR-1282 Up 2.388948 0.031552
hsa-miR-8085 Up 2.373889 0.010707
hsa-miR-4656 Up 2194869 0.026918
hsa-miR-548w Up 1338450222 0.007760057
hsa-miR-4451 Up 0.880255278 0.016179284
hsa-miR-1264 Up 0.862366056 0.001420294
hsa-miR-644a Up 0.805058333 0.037980205
hsa-miR-3146 Down -0.691118278 0.024531246
hsa-miR-1470 Down -0.643911889 0.012536171
hsa-miR-4473 Down -0.580333833 0.001855791

4.5. Drug-Gene Construction Network

The DGIdb was utilized to analyze the drugs that
interacted with the initial top 5 ranked hub genes,
including ACTB, JUN, PTEN, KRAS, and MAPKI, as potential
gene targets for these drugs. Through the DGIdb, 113
FDA-approved drugs were predicted as potential PCOS
medications (Figure 2B).

5. Discussion

Polycystic ovary syndrome is a complicated disorder
that mostly affects women of reproductive age and is
characterized by a variety of endocrine and metabolic
abnormalities. Our study involved transcriptomic analysis
of GCs in women with PCOS compared to healthy controls,
followed by GO enrichment analysis, the establishment
of hub miRNA-gene networks, and the construction of
drug-hub gene interactions.

To the best of our knowledge, the current study is the
first to reveal that DEGs involved in KEGG pathway analysis
of GCs are strongly associated with E. coli infection.
Several studies have demonstrated that PCOS is associated
with alterations in the microorganisms of the intestines
(24-26) and vaginal region (27-29). Nevertheless, very
few studies have investigated the microorganisms in
follicular fluid or GCs and their association with infertility
(30). A functional experiment conducted by Pelzer et al.
indicated that follicular fluid was not sterile and that
it was possible to isolate bacteria from the follicular
fluid of infertile women (31). Furthermore, the level of

bacterial colonization of the follicular fluid was linked
to fertility treatment effectiveness (29). It is currently
unclear how precisely E. coli levels in follicular fluid affect
the infertility levels in PCOS. Further functional studies
should be conducted to shed light on this matter because
this field represents a novel research frontier. The results
of our KEGG pathway enrichment analysis demonstrated
that the DEGs were mainly enriched in pathogenic E. coli
infection, salmonella infection, and Yersinia infection,
followed by triggering innate immune responses such as
leukocyte trans-endothelial migration. According to our
KEGG pathways analysis, 17 genes, including ARF6, ABCF2,
FYN, JUN, ARHGEF2, WIPF1, ACIB, CLDN1, CLDN11, CLDN16,
MAPK1, MYOIF, MYO5A, MYH14, OCLN, PTPN6, and TUBB2A,
were enriched in the E. coli infection pathway. Most of
these genes belong to TNF signaling-, NRL signaling-,
cytoskeleton regulation, and membrane trafficking
pathways.

The role of the RACI signaling pathway is confirmed
through many reproductive events, including anchoring
in oocytes (32), modulating the transcription of genes
required for follicular assembly (33), and GC proliferation
(34). Furthermore, Liu et al. (35) and Cozzolino and Seli (36)
reported increased GC proliferation in the ovaries of PCOS
in the murine models. In accordance with these findings
(3336), our study discovered that the Racl signaling
pathway was upregulated in the GCs of PCOS patients
compared to healthy controls and was the first-ranked
pathway in biological pathway analyses. According to
our results, genes enriched in the Rho family of GTPases
(Ract, Cdc42, and RhoA) were significantly upregulated
in PCOS’ GCs compared to healthy controls. Because
these genes are critical for cell growth and proliferation,
their upregulation resulted in increased GC proliferation,
probably leading to the development of PCOS (37).

In the current study, 5 miRNAs, including
hsa-miR-8085, hsa-miR-548w, hsa-miR-612, hsa-miR-1470,
and hsa-miR-644a, demonstrated interactions with 10
hub genes in the hub gene-miRNA networks and were
defined as hub miRNAs. Except for hsa-miR-612, the other
4 DE-miRNAs, including hsa-miR-8085, hsa-miR-548w,
hsa-miR-1470, and hsa-miR-644a, are novel and had not
been reported in PCOS pathogenesis before. To the best
of our knowledge, this is the first time that hsa-miR-8085,
hsa-miR-548w, hsa-miR-1470, and hsa-miR-644a are
selected as hub miRNAs associated with PCOS via multiple
bioinformatics analyses in our study.

According to the findings of Peng et al., hsa-miR-8085
is a predicted miRNA that regulates HOXC10 expression,
which plays a significant role in ovarian cancer metastasis
(38). The highest expression levels of hsa-miR-548w were
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Table 2. Gene Ontology Enrichment Analysis with Polycystic Ovary Syndrome

Enrichment FDR No. of Genes Pathway Genes Fold Enrichment Gene Ontology
Biological process
1.66E-06 61 1769 2.339491 Response to endogenous stimulus
5.94E-06 43 1085 2.688797 Cell morphogenesis
5.94E-06 53 1505 2389234 Cellular response to endogenous stimulus
6.20E-06 45 1181 2.585128 Reg. of catabolic proc.
6.26E-06 55 1631 2.287853 Neg. reg. of cellular macromolecule biosynthetic proc.
7.28E-06 59 1847 2167227 Reg. of cell death
1.09E-05 56 1738 2186038 Reg. of cell differentiation
11E-05 38 957 27 Neg. reg. of transcription by RNA polymerase II
1.1E-05 30 640 3.2 Developmental growth
11E-05 59 1895 21 Pos. reg. of RNA metabolic proc.
Molecular function
9.23E-05 39 1050 2519966 Cytoskeletal protein binding
0.000110925 47 1446 2205205 Protein-containing complex binding
0.000145606 53 1767 2.034973 Sequence-specific DNA binding
0.00052994 22 477 3.12913 Actin binding
0.000873657 48 1660 1.96179 Sequence-specific double-stranded DNA binding
0.000931633 50 1775 1.911133 Double-stranded DNA binding
0.000955304 17 333 3.463571 DNA-binding transcription repressor activity, RNA polymerase Il-specific
0.000955304 17 335 3.442893 DNA-binding transcription repressor activity
0.000955304 46 1598 1.952992 Transcription regulatory region nucleic acid binding
0.001506085 45 1596 1.91293 Transcription cis-regulatory region binding
Cellular component
0.0001826 31 783 2.686082 Perinuclear region of cytoplasm
0.0001826 34 907 2.543261 Anchoring junction
0.0003813 22 471 3.168992 Focal adhesion
0.0003813 22 478 3.122584 Cell-substrate junction
0.0025373 8 80 6.784524 Cytoplasmic stress granule
0.0034097 19 445 2.896763 Cell leading edge
0.0041227 3 6 33.92262 CRD-mediated mRNA stability complex
0.0041227 14 272 3.492034 Cytoplasmic ribonucleoprotein granule
0.0062328 14 288 3.298032 Ribonucleoprotein granule
0.0071017 5 34 9.977241 Dendrite cytoplasm

discovered in ovarian cumulus granulosa cell (CGC)
and mural granulosa cell (MGC) samples according to
small RNA high-throughput sequencing performed by
Rooda et al. (39). In line with the results of Rooda et
al. (39), upregulation of hsa-miR-548w was observed in
our study in PCOS patients. Has-miR-612 had an essential
function in suppressing Rapib, a regulator of the MAPK
pathway, which is critical in the pathophysiology of
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PCOS patients with insulin resistance, according to the
findings of Hu et al. (40) research. Based on our results,
upregulation of has-miR-612 plays an important role in GCs
of PCOS patients, which is consistent with Hu et al. (40).
Overexpression of hsa-miR-1470 induces cell proliferation,
migration, and apoptosis through different mechanisms
in hepatocellular carcinoma (HCC) and esophageal
squamous carcinoma cells (ESCCs). Prior to our current
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Table 3. Top 10 Target Genes in Protein-Protein Interaction Network

Rank Name Score
1 ACTB 63
2 JUN 38
3 PTEN 36
4 KRAS 31
5 MAPK1 30
6 SMAD3 26
7 FYN 25
8 ARRB1 23
9 CFL1 22
9 SIN3A 22

investigation, no association between hsa-miR-1470 and
PCOS had been reported (41, 42). As known, has-miR-612
prevents cellular proliferation and invasion in gastric
cancer, and its overexpression increases apoptosis in HCC.
To the best of our knowledge, this is the first reported
association between has-miR-612 and PCOS (43, 44).

The ACIB gene, the top-ranked hub gene identified
in our PPI construction, encodes the beta-actin protein,
which is a member of the actin protein family. Shen et al.
identified ACIB as an upregulated gene in PCOS that was
positively related to actin cytoskeleton regulation and
had a role in PCOS development (45). Prior research led
to the concept that the Jun and Fos subfamilies, which
are essential in numerous aspects of cell proliferation
and differentiation, play important roles in ovarian
follicular development (46). Furthermore, the activation
of the ovary-specific PII promoter of the aromatase gene,
which is responsible for the production of estrogen
in premenopausal women, is functionally shown to
be regulated by Jun proteins (47). These studies (46,
47) focused on the crucial functions of JUN proteins in
granulosa cells, and in line with these results, we found
that the JUN protein is the second most important hub
gene according to our data.

In our study, the initial top 5 ranked hub genes
(ACTB, JUN, PIEN, KRAS, and MAPK1) were identified as
potential candidates for drug targets during the search
for medications using the DGIdb database. According to
the DGIdb database, 113 drugs with potential anti-PCOS
therapeutic effectiveness were identified, the majority
of which have unknown mechanisms. Currently, ethinyl
estradiol (EE) serves as the estrogen in the vast majority
of combined oral contraceptives (COCs). The clinical and
hormonal aspects of PCOS seem to be improved by the
ethinyl estradiol/DRSP combination (48). In addition,

ethinyl estradiol is an effective treatment for PCOS-related
hyperandrogenism-related skin symptoms (49). Ethinyl
estradiol has an interaction with the ACIB gene in our
study. Considering its interaction with ethinyl estradiol in
PCOS, ACTB has the potential to develop into a therapeutic
target for ethinyl estradiol in the near future. Overall, the
progesterone level in PCOS patientsisrelated to the clinical
pregnancy rate (50). Furthermore, statistics from the pilot
daily diary indicate that PCOS patients’ experiences with
cyclic progesterone medication have exhibited positive
changes (51). In our results, progesterone interacted
with PTEN and MAPKI1. Results of a systematic review and
meta-analysis indicated that metformin has the strongest
evidence for enhancing menstrual cycles, glucose levels,
and adiposity in PCOS, notably when incorporated
alongside lifestyle adjustments (52, 53). Animal model
research demonstrated that metformin could benefit
PCOS mice with ovarian dysfunction as well as obesity and
metabolic problems (54). In the present study, metformin
interacted with PTEN and KRAs. As a result, these two genes
may provide new therapeutic targets and are likely to
open new horizons in the treatment of PCOS.

5.1. Conclusions

Our study on PCOS led to the identification of novel
dysregulated miRNAs and pathways involved in PCOS.
In the current study, multiple bioinformatics analyses
were performed, which resulted in the identification of
352 DEGs and 5 hub DE-miRNAs, including hsa-miR-8085,
hsa-miR-548w, hsa-miR-612, hsa-miR-1470, and hsa-miR-644a.
Except for hsa-miR-612, the other 4 DE-miRNAs, including
hsa-miR-8085, hsa-miR-548w, hsa-miR-1470, and hsa-miR-644a,
are novel and had not been reported in PCOS pathogenesis
before. The development of the hub gene-miRNA networks
and drug-hub gene interactions might be beneficial to
the investigation of the underlying causes of PCOS. The
results serve as a basis for further research into the impacts
of these miRNAs and their associated pathways on PCOS.
Additional in vitro and in vivo research is required to
validate these results.

Acknowledgments

We would like to thank everyone who took part in this
study.

Footnotes

Authors’ Contribution: RH and MP: Conceptualization,
software work, and writing-original draft preparation,

Iran | Pharm Res. 2023; 22(1):e139985.



Heidarzadehpilehrood R et al.

writing-review, and editing; MBO: Methodology and
validation; K-HL and HAH: Review-editing and project
supervision. All authors have read and agreed to the
published version of the manuscript.

Conflict of Interests: The authors affirm that they
have no known financial, non-financial, or interpersonal
conflicts that would have seemed to have an impact on the
research presented in this study.

Data Reproducibility: = The data presented in this
study were uploaded during submission through the
manuscript file and are openly available for readers.
Microarray data were deposited into the gene expression
omnibus database under accession numbers GSE34526,
GSE114419, and GSE137684.

Funding/Support: This research was funded by
Universiti Putra Malaysia, 43400, UPM Serdang, Selangor,
Malaysia; Grant- Geran Putra Berimpak (GPB) Vode
project-UPM/800-3/3/1/GPB/[2018/9658500.

References

1. YeW,XieT,SongY,ZhouL.Therole of androgen and its related signals
in PCOS. | Cell Mol Med. 2021;25(4):1825-37. [PubMed ID: 33369146].
[PubMed Central ID: PMC7882969]. https://doi.org/10.1111[jcmm.16205.

2. Heidarzadehpilehrood R, Pirhoushiaran M, Abdollahzadeh R, Binti
Osman M, Sakinah M, Nordin N, et al. A Review on CYP11A1, CYP17A1,
and CYP19A1 Polymorphism Studies: Candidate Susceptibility
Genes for Polycystic Ovary Syndrome (PCOS) and Infertility. Genes
(Basel). 2022;13(2):302. [PubMed ID: 35205347]. [PubMed Central ID:
PMC8871850]. https://doi.org[10.3390/genes13020302.

3. Daniele S, Chelucci E, Scarfo G, Artini PG. Molecular Research
on Polycystic Ovary Syndrome (PCOS). Biomedicines. 2023;11(5):1358.
[PubMed ID: 37239028]. [PubMed Central ID: PMC10215849]. https://
doi.org/10.3390/biomedicines11051358.

4. Devarbhavi P, Telang L, Vastrad B, Tengli A, Vastrad C, Kotturshetti
I. Identification of key pathways and genes in polycystic ovary
syndrome via integrated bioinformatics analysis and prediction of
small therapeutic molecules. Reprod Biol Endocrinol. 2021;19(1):31.
[PubMed ID: 33622336]. [PubMed Central ID: PMC7901211]. https://doi.
0rg(10.1186/s12958-021-00706-3.

5. Vastrad B, Vastrad C. The Identification of Key Genes and Biological
Pathways in Polycystic Ovary Syndrome and its Complications
by Next Generation Squancing (NGS) and Bioinformatics Analysis.
Preprint. bioRxiv. Posted online January 02, 2023. https://doi.org/10.
1101/2022.12.29.522191.

6. Heidarzadehpilehrood R, Pirhoushiaran M, Binti Osman M, Abdul
Hamid H, Ling KH. Weighted Gene Co-Expression Network
Analysis (WGCNA) Discovered Novel Long Non-Coding RNAs
for Polycystic Ovary Syndrome. Biomedicines. 2023;11(2):518.
[PubMed ID:36831054].  [PubMed Central ID: PMC9953234].
https://doi.org/10.3390/biomedicines11020518.

7. Rahimpour A, Heidarzadehpilehrood R, Aghel M, Jamalpoor
Z, Heydarian P, Ghasemi SA, et al. Bioinformatics Analysis
of MicroRNA Profiles Unveils Novel Biological Markers of
Alzheimer’s Disease. Neurochem ]. 2022;16(3):334-42. https:
[/doi.org/10.1134/51819712422030096.

8. Darbeheshti F, Mahdiannasser M, Noroozi Z, Firoozi Z, Mansoori
B, Daraei A, et al. Circular RNA-associated ceRNA network involved

Iran ] Pharm Res. 2023; 22(1):e139985.

10.

11.

12.

13.

15.

18.

20.

. Darbeheshti

in HIF1 signalling in triple-negative breast cancer: circ.0047303
as a potential key regulator. J Cell Mol Med. 2021;25(24):11322-32.
[PubMed ID: 34791795]. [PubMed Central ID: PMC8650046]. https://
doi.org/10.1111/jcmm.17066.

F, Zokaei E, Mansoori Y, Emadi Allahyari §,
Kamaliyan Z, Kadkhoda S, et al. Circular RNA hsa_circ.0044234
as distinct molecular signature of triple negative breast cancer:
a potential regulator of GATA3. Cancer Cell Int. 2021;21(1):312.
[PubMed ID:34126989]. [PubMed Central ID: PMC8201848].
https://doi.org/10.1186/s12935-021-02015-6.

Xi S, Li W, Li Z, Lin W, Chen L, Tian C, et al. Novel Hub genes
co-expression network mediates dysfunction in a model of
polycystic ovary syndrome. Am | Transl Res. 2022;14(3):1979-90.
[PubMed ID: 35422941]. [PubMed Central ID: PMC8991170].

Hou Y, Wang Y, Xu S, Qi G, Wu X. Bioinformatics identification
of microRNAs involved in polycystic ovary syndrome based on
microarray data. Mol Med Rep.2019;20(1):281-91. [PubMed ID: 31115532].
[PubMed Central ID: PMC6579986]. https://doi.org[10.3892/mmr.2019.
10253.

Heidari L, Ghaderian SMH, Bastami M, Hosseini S, Alipour
Parsa S, Heidari S, et al. Reverse expression pattern of sirtuin-l
and histone deacetylase-9 in coronary artery disease. Arch
Physiol ~ Biochem.  2023;129(1):46-53.  [PubMed ID:32758009].
https://doi.org/10.1080/13813455.2020.1797100.

Yilmaz B, Vellanki P, Ata B, Yildiz BO. Metabolic syndrome,
hypertension, and hyperlipidemia in mothers, fathers, sisters, and
brothers of women with polycystic ovary syndrome: a systematic
review and meta-analysis. Fertil Steril. 2018;109(2):356-64-€32.
[PubMed ID:29331234].  [PubMed Central ID: PMC5983376].
https://doi.org/10.1016/j.fertnstert.2017.10.018.

. Jena S, Mishra I, Baliarsinha AK, Jena D, Debata M. Variation in

Clinical Presentation, Metabolic Profile, Hormonal Parameters and
Inflammatory Markers in Polycystic Ovary Syndrome Women with
and without Polycystic Ovary Morphology Appearance. ] Hum Reprod
Sci. 2023;16(2):132-9. [PubMed ID:37547087]. [PubMed Central ID:
PMC10404011]. https:[/doi.org/10.4103[jhrs.jhrs_60_23.

Tesfaye D, Gebremedhn S, Salilew-Wondim D, Hailay T, Hoelker
M, Grosse-Brinkhaus C, et al. MicroRNAs: tiny molecules with a
significant role in mammalian follicular and oocyte development.
Reproduction. 2018;155(3):R121-35. [PubMed ID: 29170163]. https://doi.
org[10.1530/REP-17-0428.

. Du X, Zhang L, Li X, Pan Z, Liu H, Li Q. TGF-beta signaling

controls FSHR signaling-reduced ovarian granulosa cell apoptosis
through the SMAD4/miR-143 axis. Cell Death Dis. 2016;7(11):2476.
[PubMed ID:27882941].  [PubMed Central ID: PMC5260897].
https://doi.org/10.1038/cddis.2016.379.

. Kim D, Johnson AL. Differentiation of the granulosa layer from

hen prehierarchal follicles associated with follicle-stimulating
hormone receptor signaling. Mol Reprod Dev. 2018;85(8-9):729-37.
[PubMed ID: 29995345]. https:|/doi.org[10.1002/mrd.23042.
Mohammed BT, Sontakke SD, Ioannidis ], Duncan WC, Donadeu
FX. The Adequate Corpus Luteum: miR-96 Promotes Luteal Cell
Survival and Progesterone Production. | Clin Endocrinol Metab.
2017;102(7):2188-98. [PubMed ID: 28368475]. [PubMed Central ID:
PMC5505194]. https:[/doi.org[10.1210/jc.2017-00259.

. Dai A, Sun H, Fang T, Zhang Q, Wu §, Jiang Y, et al. MicroRNA-133b

stimulates ovarian estradiol synthesis by targeting Foxl2. FEBS Lett.
2013;587(15):2474-82. [PubMed ID: 23810756]. https://doi.org/10.1016/j.
febslet.2013.06.023.

An X, Song Y, Hou ], Zhang Y, Chen K, Ma H, et al. Chi-miR-4110
promotes granulosa cell apoptosis by targeting Sma-and Mad-related
protein 2 (Smad2) in the caprine ovary. PLoS One. 2017;12(7):e0181162.
[PubMed ID: 28704526]. [PubMed Central ID: PMC5509297]. https://
doi.org(10.1371fjournal.pone.0181162.


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34526
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE114419
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE137684
http://www.ncbi.nlm.nih.gov/pubmed/33369146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7882969
https://doi.org/10.1111/jcmm.16205
http://www.ncbi.nlm.nih.gov/pubmed/35205347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8871850
https://doi.org/10.3390/genes13020302
http://www.ncbi.nlm.nih.gov/pubmed/37239028
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10215849
https://doi.org/10.3390/biomedicines11051358
https://doi.org/10.3390/biomedicines11051358
http://www.ncbi.nlm.nih.gov/pubmed/33622336
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7901211
https://doi.org/10.1186/s12958-021-00706-3
https://doi.org/10.1186/s12958-021-00706-3
https://doi.org/10.1101/2022.12.29.522191
https://doi.org/10.1101/2022.12.29.522191
http://www.ncbi.nlm.nih.gov/pubmed/36831054
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9953234
https://doi.org/10.3390/biomedicines11020518
https://doi.org/10.1134/s1819712422030096
https://doi.org/10.1134/s1819712422030096
http://www.ncbi.nlm.nih.gov/pubmed/34791795
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8650046
https://doi.org/10.1111/jcmm.17066
https://doi.org/10.1111/jcmm.17066
http://www.ncbi.nlm.nih.gov/pubmed/34126989
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8201848
https://doi.org/10.1186/s12935-021-02015-6
http://www.ncbi.nlm.nih.gov/pubmed/35422941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8991170
http://www.ncbi.nlm.nih.gov/pubmed/31115532
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6579986
https://doi.org/10.3892/mmr.2019.10253
https://doi.org/10.3892/mmr.2019.10253
http://www.ncbi.nlm.nih.gov/pubmed/32758009
https://doi.org/10.1080/13813455.2020.1797100
http://www.ncbi.nlm.nih.gov/pubmed/29331234
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5983376
https://doi.org/10.1016/j.fertnstert.2017.10.018
http://www.ncbi.nlm.nih.gov/pubmed/37547087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10404011
https://doi.org/10.4103/jhrs.jhrs_60_23
http://www.ncbi.nlm.nih.gov/pubmed/29170163
https://doi.org/10.1530/REP-17-0428
https://doi.org/10.1530/REP-17-0428
http://www.ncbi.nlm.nih.gov/pubmed/27882941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5260897
https://doi.org/10.1038/cddis.2016.379
http://www.ncbi.nlm.nih.gov/pubmed/29995345
https://doi.org/10.1002/mrd.23042
http://www.ncbi.nlm.nih.gov/pubmed/28368475
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5505194
https://doi.org/10.1210/jc.2017-00259
http://www.ncbi.nlm.nih.gov/pubmed/23810756
https://doi.org/10.1016/j.febslet.2013.06.023
https://doi.org/10.1016/j.febslet.2013.06.023
http://www.ncbi.nlm.nih.gov/pubmed/28704526
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5509297
https://doi.org/10.1371/journal.pone.0181162
https://doi.org/10.1371/journal.pone.0181162

Heidarzadehpilehrood R et al.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

10

Ge SX, Jung D, Yao R. ShinyGO: a graphical gene-set enrichment
tool for animals and plants. Bioinformatics. 2020;36(8):2628-9.
[PubMed ID: 31882993]. [PubMed Central ID: PMC7178415].
https://doi.org[10.1093/bioinformatics/btz931.

Szklarczyk D, Kirsch R, Koutrouli M, Nastou K, Mehryary F,
Hachilif R, et al. The STRING database in 2023: protein-protein
association networks and functional enrichment analyses for any
sequenced genome of interest. Nucleic Acids Res. 2023;51(D1):D638-46.
[PubMed ID:36370105].  [PubMed Central ID: PMC9825434].
https://doi.org/10.1093/nar/gkac1000.

Freshour SL, Kiwala S, Cotto KC, Coffman AC, McMichael JF, Song ],
et al. Integration of the Drug-Gene Interaction Database (DGIdb 4.0)
with open crowdsource efforts. Nucleic Acids Res. 2021;49(D1):D1144-51.
[PubMed ID: 33237278]. [PubMed Central ID: PMC7778926). https://doi.
org(10.1093/nar|gkaal084.

Lindheim L, Bashir M, Munzker |, Trummer C, Zachhuber V, Leber
B, et al. Alterations in Gut Microbiome Composition and Barrier
Function Are Associated with Reproductive and Metabolic Defects in
Women with Polycystic Ovary Syndrome (PCOS): A Pilot Study. PLoS
One. 2017;12(1):¢0168390. [PubMed ID: 28045919 ]. [PubMed Central ID:
PMC5207627]. https:[/doi.org[10.1371/journal.pone.0168390.

Insenser M, Murri M, Del Campo R, Martinez-Garcia MA,
Fernandez-Duran E, Escobar-Morreale HF. Gut Microbiota
and the Polycystic Ovary Syndrome: Influence of Sex, Sex
Hormones, and Obesity. | Clin Endocrinol Metab. 2018;103(7):2552-62.
[PubMed ID: 29897462]. https://doi.org[10.1210/jc.2017-02799.

Zeng B, Lai Z, Sun L, Zhang Z, Yang ], Li Z, et al. Structural and
functional profiles of the gut microbial community in polycystic
ovary syndrome with insulin resistance (IR-PCOS): a pilot study. Res
Microbiol. 2019;170(1):43-52. [PubMed ID:30292647]. https://doi.org/
10.1016/j.resmic.2018.09.002.

Jin C, Qin L, Liu Z, Li X, Gao X, Cao Y, et al. Comparative
analysis of the vaginal microbiome of healthy and polycystic
ovary syndrome women: a large cross-sectional study. Reprod
Biomed  Online. ~ 2023;46(6):1005-16.  [PubMed ID:37085428].
https://doi.org[10.1016/j.rbmo.2023.02.002.

Smith SB, Ravel ]. The vaginal microbiota, host defence
and reproductive physiology. ]| Physiol. 2017;595(2):451-63.
[PubMed ID: 27373840]. [PubMed Central ID: PMC5233653].
https://doi.org[10.1113/]P271694.

Gu Y, Zhou G, Zhou F, Li Y, Wu Q, He H, et al. Gut and Vaginal
Microbiomes in PCOS: Implications for Women’s Health. Front
Endocrinol  (Lausanne). 2022;13:808508. [PubMed ID:35282446].
[PubMed Central ID: PMC8905243]. https://doi.org/10.3389/fendo.
2022.808508.

Wu YR, Dong YH, Liu C], Tang XD, Zhang NN, Shen J, et al
Microbiological composition of follicular fluid in patients
undergoing IVF and its association with infertility Am J
Reprod ~ Immunol.  2023;89(3):e13652.  [PubMed ID:36397134].
https://doi.org/10.1111/aji.13652.

Pelzer ES, Allan JA, Cunningham K, Mengersen K, Allan JM,
Launchbury T, et al. Microbial colonization of follicular
fluid: alterations in cytokine expression and adverse assisted
reproduction technology outcomes. Hum Reprod. 2011;26(7):1799-812.
[PubMed ID: 21511711]. https://doi.org/10.1093/humrep/der108.

Halet G, Carroll ]J. Rac activity is polarized and regulates
meiotic spindle stability and anchoring in mammalian
oocytes. Dev Cell. 2007;12(2):309-17. [PubMed ID:17276347].
https://doi.org[10.1016[j.devcel.2006.12.010.

Zhao L, Du X, Huang K, Zhang T, Teng Z, Niu W, et al. Racl modulates
the formation of primordial follicles by facilitating STAT3-directed
Jaggedi, GDF9 and BMP15 transcription in mice. Sci Rep. 2016;6:23972.
[PubMed ID: 27050391]. [PubMed Central ID: PMC4822123]. https://doi.
0rg(10.1038[srep23972.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Tyasi TL, Sun X, Shan X, Liswaniso S, Chimbaka IM, Qin N, et al.
Effects of RAC1 on Proliferation of Hen Ovarian Prehierarchical
Follicle Granulosa Cells. Animals (Basel). 2020;10(9):1589.
[PubMed ID:32899947]. [PubMed Central ID: PMC7552126].
https://doi.org[10.3390/ani10091589.

Liu T, Li Q, Wang S, Chen C, Zheng ]. Transplantation of ovarian
granulosa-like cells derived from human induced pluripotent stem
cells for the treatment of murine premature ovarian failure. Mol Med
Rep. 2016;13(6):5053-8. [PubMed ID: 27121006]. [PubMed Central ID:
PMC4878559]. https://doi.org/10.3892/mmr.2016.5191.

Cozzolino M, Seli E. Mitochondrial function in women
with polycystic ovary syndrome. Curr Opin Obstet Gynecol.
2020;32(3):205-12. [PubMed ID:32068544]. https://doi.org/10.1097/
GC0.0000000000000619.

Cozzolino M, Herraiz S, Titus S, Roberts L, Romeu M, Peinado I, et
al. Transcriptomic landscape of granulosa cells and peripheral
blood mononuclear cells in women with PCOS compared to young
poor responders and women with normal response. Hum Reprod.
2022;37(6):1274-86. [PubMed ID:35451009]. [PubMed Central ID:
PM(C9156844]. https:[/doi.org[10.1093/humrep/deac069.

Peng Y, Li Y, Li Y, Wu A, Fan L, Huang W, et al. HOXC10 promotes
tumour metastasis by regulating the EMT-related gene Slug
in ovarian cancer. Aging (Albany NY). 2020;12(19):19375-98.
[PubMed ID:32897245]).  [PubMed Central ID: PMC7732328|.
https://doi.org[10.18632/aging.103824.

Rooda I, Kaselt B, Liivrand M, Smolander OP, Salumets
A, Velthut-Meikas A. Hsa-mir-548 family expression in
human reproductive tissues. BMC Genom Data. 2021;22(1):40.
[PubMed ID:34625017]. [PubMed Central ID: PMC8501715].
https://doi.org[10.1186/s12863-021-00997-w.

Hu MH, Zheng SX, Yin H, Zhu XY, Lu FT, Tong XH, et al
Identification of microRNAs that Regulate the MAPK Pathway
in Human Cumulus Cells from PCOS Women with Insulin
Resistance. Reprod Sci. 2020;27(3):833-44. [PubMed ID:32046427].
https://doi.org[10.1007/s43032-019-00086-5.

LuY, Yang L, Qin A, Qiao Z, Huang B, Jiang X, et al. miR-1470 regulates
cell proliferation and apoptosis by targeting ALX4 in hepatocellular
carcinoma. Biochem Biophys Res Commun. 2020;522(3):716-23.
[PubMed ID: 31791584]. https://doi.org/10.1016/j.bbrc.2019.10.139.

Mei LL, Qiu YT, Wang W], Bai ], Shi ZZ. Overexpression of
microRNA-1470 promotes proliferation and migration, and inhibits
senescence of esophageal squamous carcinoma cells. Oncol Lett.
2017;14(6):7753-8. [PubMed ID:29344220]. [PubMed Central ID:
PMC5755030]. https://doi.org/10.3892/01.2017.7190.

Li Y, Yan X, Ren L, Li Y. miR-644a Inhibits Cellular Proliferation
and Invasion via Suppression of CtBP1 in Gastric Cancer Cells.
Oncol Res. 2018;26(1):1-8. [PubMed ID: 27983935]. [PubMed Central ID:
PMC7844550]. https:|/doi.org[10.3727/096504016X14772410356982.
Liang W, Liao Y, Li Z, Wang Y, Zheng S, Xu X, et al. MicroRNA-644a
promotes apoptosis of hepatocellular carcinoma cells by
downregulating the expression of heat shock factor 1. Cell Commun
Signal. 2018;16(1):30. [PubMed ID:29898735]. [PubMed Central ID:
PMC6001142]. https://doi.org[10.1186/512964-018-0244-z.

Shen H, Liang Z, Zheng S, Li X. Pathway and network-based analysis
of genome-wide association studies and RT-PCR validation in
polycystic ovary syndrome. Int | Mol Med. 2017;40(5):1385-96.
[PubMed ID: 28949383]. [PubMed Central ID: PMC5627882].
https://doi.org[10.3892/ijmm.2017.3146.

Sharma SC, Richards JS. Regulation of AP1 (Jun/Fos) factor expression
and activation in ovarian granulosa cells. Relation of JunD and
Fra2 to terminal differentiation. J Biol Chem. 2000;275(43):33718-28.
[PubMed ID: 10934195]. https://doi.org/10.1074/jbc.M003555200.
Ghosh S, Wu Y, Li R, Hu Y. Jun proteins modulate the ovary-specific
promoter of aromatase gene in ovarian granulosa cells via

Iran | Pharm Res. 2023;22(1):e139985.


http://www.ncbi.nlm.nih.gov/pubmed/31882993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178415
https://doi.org/10.1093/bioinformatics/btz931
http://www.ncbi.nlm.nih.gov/pubmed/36370105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825434
https://doi.org/10.1093/nar/gkac1000
http://www.ncbi.nlm.nih.gov/pubmed/33237278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7778926
https://doi.org/10.1093/nar/gkaa1084
https://doi.org/10.1093/nar/gkaa1084
http://www.ncbi.nlm.nih.gov/pubmed/28045919
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5207627
https://doi.org/10.1371/journal.pone.0168390
http://www.ncbi.nlm.nih.gov/pubmed/29897462
https://doi.org/10.1210/jc.2017-02799
http://www.ncbi.nlm.nih.gov/pubmed/30292647
https://doi.org/10.1016/j.resmic.2018.09.002
https://doi.org/10.1016/j.resmic.2018.09.002
http://www.ncbi.nlm.nih.gov/pubmed/37085428
https://doi.org/10.1016/j.rbmo.2023.02.002
http://www.ncbi.nlm.nih.gov/pubmed/27373840
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5233653
https://doi.org/10.1113/JP271694
http://www.ncbi.nlm.nih.gov/pubmed/35282446
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8905243
https://doi.org/10.3389/fendo.2022.808508
https://doi.org/10.3389/fendo.2022.808508
http://www.ncbi.nlm.nih.gov/pubmed/36397134
https://doi.org/10.1111/aji.13652
http://www.ncbi.nlm.nih.gov/pubmed/21511711
https://doi.org/10.1093/humrep/der108
http://www.ncbi.nlm.nih.gov/pubmed/17276347
https://doi.org/10.1016/j.devcel.2006.12.010
http://www.ncbi.nlm.nih.gov/pubmed/27050391
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4822123
https://doi.org/10.1038/srep23972
https://doi.org/10.1038/srep23972
http://www.ncbi.nlm.nih.gov/pubmed/32899947
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7552126
https://doi.org/10.3390/ani10091589
http://www.ncbi.nlm.nih.gov/pubmed/27121006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4878559
https://doi.org/10.3892/mmr.2016.5191
http://www.ncbi.nlm.nih.gov/pubmed/32068544
https://doi.org/10.1097/GCO.0000000000000619
https://doi.org/10.1097/GCO.0000000000000619
http://www.ncbi.nlm.nih.gov/pubmed/35451009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9156844
https://doi.org/10.1093/humrep/deac069
http://www.ncbi.nlm.nih.gov/pubmed/32897245
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7732328
https://doi.org/10.18632/aging.103824
http://www.ncbi.nlm.nih.gov/pubmed/34625017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8501715
https://doi.org/10.1186/s12863-021-00997-w
http://www.ncbi.nlm.nih.gov/pubmed/32046427
https://doi.org/10.1007/s43032-019-00086-5
http://www.ncbi.nlm.nih.gov/pubmed/31791584
https://doi.org/10.1016/j.bbrc.2019.10.139
http://www.ncbi.nlm.nih.gov/pubmed/29344220
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5755030
https://doi.org/10.3892/ol.2017.7190
http://www.ncbi.nlm.nih.gov/pubmed/27983935
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7844550
https://doi.org/10.3727/096504016X14772410356982
http://www.ncbi.nlm.nih.gov/pubmed/29898735
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6001142
https://doi.org/10.1186/s12964-018-0244-z
http://www.ncbi.nlm.nih.gov/pubmed/28949383
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5627882
https://doi.org/10.3892/ijmm.2017.3146
http://www.ncbi.nlm.nih.gov/pubmed/10934195
https://doi.org/10.1074/jbc.M003555200

Heidarzadehpilehrood R et al.

48.

49.

50.

5L

a cAMP-responsive element. Oncogene. 2005;24(13):2236-46.
[PubMed ID:15688015]. https://doi.org/10.1038/sj.onc.1208415.

Guido M, Romualdi D, Giuliani M, Suriano R, Selvaggi L, Apa R, et al.
Drospirenone for the treatment of hirsute women with polycystic
ovary syndrome: a clinical, endocrinological, metabolic pilot study.
J Clin Endocrinol Metab. 2004;89(6):2817-23. [PubMed ID:15181063].
https://doi.org/10.1210[jc.2003-031158.

Ruan X, Kubba A, Aguilar A, Mueck AO. Use of cyproterone
acetate/ethinylestradiol in polycystic ovary syndrome: rationale
and practical aspects. Eur | Contracept Reprod Health Care.
2017;22(3):183-90. [PubMed ID: 28463030]. https://doi.org/10.1080/
13625187.2017.1317735.

Yang Y, Liu B, Wu G, Yang |. Exploration of the value of progesterone
and progesterone/estradiol ratio on the hCG trigger day in predicting
pregnancy outcomes of PCOS patients undergoing IVF[ICSI: a
retrospective cohort study. Reprod Biol Endocrinol. 2021;19(1):184.
[PubMed ID:34893087]. [PubMed Central ID: PMC8665570].
https://doi.org[10.1186/512958-021-00862-6.

Shirin S, Murray F, Goshtasebi A, Kalidasan D, Prior ]JC.

Iran | Pharm Res. 2023; 22(1):e139985.

52.

53.

54.

Cyclic Progesterone Therapy in Androgenic Polycystic Ovary
Syndrome (PCOS)-A 6-Month Pilot Study of a Single Woman’s
Experience  Changes. Medicina (Kaunas). 2021;57(10):1024.
[PubMed ID:34684061]. [PubMed Central ID: PMC8538639].
https:|/doi.org[10.3390/medicina57101024.

Naderpoor N, Shorakae S, de Courten B, Misso ML, Moran L],
Teede HJ. Metformin and lifestyle modification in polycystic
ovary syndrome: systematic review and meta-analysis. Hum
Reprod  Update.  2015;21(5):560-74.  [PubMed ID:26060208].
https://doi.org/10.1093/humupd/dmv025.

Notaro ALG, Neto FTL. The use of metformin in women with
polycystic ovary syndrome: an updated review. | Assist Reprod
Genet. 2022;39(3):573-9. [PubMed ID:35156149]. [PubMed Central ID:
PM(C8995234]. https://doi.org/10.1007/s10815-022-02429-9.

Peng Q, Chen X, Liang X, Ouyang ], Wang Q, Ren S, et al. Metformin
improves polycystic ovary syndrome in mice by inhibiting
ovarian ferroptosis. Front Endocrinol (Lausanne). 2023;14:1070264.
[PubMed ID:36755918].  [PubMed Central ID: PMC9900736].
https://doi.org/10.3389/fendo.2023.1070264.

1


http://www.ncbi.nlm.nih.gov/pubmed/15688015
https://doi.org/10.1038/sj.onc.1208415
http://www.ncbi.nlm.nih.gov/pubmed/15181063
https://doi.org/10.1210/jc.2003-031158
http://www.ncbi.nlm.nih.gov/pubmed/28463030
https://doi.org/10.1080/13625187.2017.1317735
https://doi.org/10.1080/13625187.2017.1317735
http://www.ncbi.nlm.nih.gov/pubmed/34893087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8665570
https://doi.org/10.1186/s12958-021-00862-6
http://www.ncbi.nlm.nih.gov/pubmed/34684061
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8538639
https://doi.org/10.3390/medicina57101024
http://www.ncbi.nlm.nih.gov/pubmed/26060208
https://doi.org/10.1093/humupd/dmv025
http://www.ncbi.nlm.nih.gov/pubmed/35156149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8995234
https://doi.org/10.1007/s10815-022-02429-9
http://www.ncbi.nlm.nih.gov/pubmed/36755918
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9900736
https://doi.org/10.3389/fendo.2023.1070264

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Downloading Microarray Data
	3.2. Statistical Analysis and Preprocessing of Microarray Data for Integration
	3.3. Identification of Top DE-miRNAs and DE-mRNAs in Three Microarray Datasets
	3.4. Identification of Differentially Expressed Genes
	3.5. Gene Ontology Enrichment Analysis of Differentially Expressed Genes
	3.6. Construction of Protein-Protein Interaction and Hub Gene-miRNA Networks
	3.7. Drug-Gene Interaction Analysis

	4. Results
	4.1. Identification of Top DE-mRNAs and DE-miRNAs in Three Microarray Datasets
	Table 1
	Figure 1

	4.2. Identification of Differentially Expressed Genes
	4.3. Gene Ontology and Pathway Enrichment Analysis
	Table 2

	4.4. Construction of Hub miRNA-Gene Networks
	Table 3
	Figure 2

	4.5. Drug-Gene Construction Network

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Funding/Support: 

	References

