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Abstract

Background Polycystic ovarian syndrome (PCOS) is a leading cause of infertility and metabolic dysfunction

in women, characterized by hyperandrogenism, anovulation, and insulin resistance. Cumulus cells play a crucial role
in folliculogenesis and oocyte maturation, necessitating a deeper understanding of their molecular alterations impact
in PCOS.

Method This study investigates transcriptomic differences in cumulus cells between PCOS and non-PCOS women
using high-throughput RNA sequencing data obtained from the NCBI Gene Expression Omnibus (GEO) database
(accession number: GSE277906). The RNA sequencing data from 23 PCOS and 17 non-PCOS women were analyzed
to identify differentially expressed genes (DEGs) using R-based computational pipelines.

Results Differential gene expression analysis identified 3245 significantly dysregulated genes, comprising 1723
upregulated and 1522 downregulated genes in PCOS samples. Functional enrichment analysis revealed that key DEGs
(CDHS5, CLEC4D, and GNAT1) were associated with follicular development, insulin signaling, and immune response.
Gene Set Enrichment Analysis (GSEA) further identified dysregulation in metabolic and reproductive pathways, includ-
ing ribonucleoprotein complex biogenesis and vascular endothelial growth factor (VEGF) signaling.

Conclusion This study highlights that altered gene expression in cumulus cells may impair oocyte competence,
potentially influencing fertility outcomes in PCOS patients. GNAT1, previously linked to diabetes, emerged as a novel
gene potentially involved in PCOS pathophysiology. However, these findings are derived from a single-center dataset
which requires experimental validation. Future studies should incorporate gRT-PCR validation and functional assays
in larger and ethically diverse cohorts as means for development of targeted therapeutic interventions to mitigate
the reproductive consequences of PCOS.
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Background

Polycystic ovarian syndrome (PCOS) is one of the most
prevalent endocrine disorders affecting reproductive-
aged women, with an estimated global prevalence of
6-20% [1, 2]. It is characterized by anovulation, hyper-
androgenism, and polycystic ovarian morphology, fre-
quently accompanied by metabolic conditions such as
insulin resistance and type 2 diabetes mellitus [3, 4]. The
complexity of PCOS extends beyond reproductive dys-
function, affecting systemic metabolism, inflammation,
and cardiovascular health, making its management par-
ticularly challenging given the fact that it has a strong
genetic complexity [2].

Cumulus cells, which surround the oocyte, are essen-
tial for folliculogenesis, oocyte maturation, and ferti-
lization [5]. They play a vital role in metabolic support
and the regulation of local endocrine signaling, which in
turn affects oocyte quality and overall reproductive suc-
cess [6, 7]. Although, several studies have explored the
transcriptomic profiles of granulosa cells in relation to
PCOS leading to identification of dysregulated pathways
including steroidogenesis, oxidative stress and immune
signaling. However, there are reviews and other nonem-
pirical data establishing cumulus cells as critical compo-
nents of ovarian physiology, and gene-level expression
changes and functional implications remain underex-
plored. Meanwhile, understanding how the disruptions
in pattern of gene expression within cumulus cells may
impair follicular development and poor oocyte compe-
tence, affecting fertility outcomes in women with PCOS
[2].

Therefore, this study fills knowledge gaps using publicly
available RNA-seq dataset (GSE277906) and applying
comprehensive computational analysis comparing gene
expression profiles in cumulus cells from PCOS and non-
PCOS women. By identifying differentially expressed
genes (DEGs) and enriched biological pathways, this
study aims to elucidate the molecular mechanisms
underlying PCOS pathophysiology. This was undertaken
because understanding these transcriptional changes
could pave the way for novel biomarkers and therapeu-
tic strategies aimed at improving ovarian function and
fertility outcomes in PCOS patients. This study investi-
gates differences in mRNA expression in cumulus cells
between women with polycystic ovary syndrome (PCOS)
and non-PCOS women.

Methods

Source data and sequencing overview

The dataset used was derived from GSE277906, consist-
ing of cumulus cell samples from 23 PCOS and 17 non-
PCOS women undergoing fertility treatment at a clinic in
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China. The samples were sequenced using the Illumina
NovaSeq 6000 platform. Demographic and clinical meta-
data such as BMI, hormonal profiles, and ovulatory status
were not available publicly, which precluded phenotype-
specific analysis and is acknowledged as a limitation [8].
The publicly available data were analyzed to elucidate
metabolic alterations in follicular environments that
could influence reproductive function in PCOS patients.

The clinical data associated with the dataset from the
original study reported no significant differences between
PCOS and control groups in age, body mass index (BMI),
follicle-stimulating hormone (FSH), total testosterone
(TT), serum total cholesterol (TC), or fasting glucose lev-
els. However, patients with PCOS showed significantly
higher levels of antral follicle count (AFC), anti-Miille-
rian hormone (AMH), luteinizing hormone (LH), LH/
FSH ratio, and triglycerides (TG) concentrations [8].

RNA-seq data processing

The Fragments Per Kilobase of transcript per Million
mapped reads (FPKM) RNA-seq data was processed
using RStudio (version 2024.12.1+563 for Windows).
The steps included data import whereby the FPKM data
file was loaded using the readxl package. Data structuring
was also conducted whereby the gene identifiers were set
as row names and sample identifiers were used as column
names. The quality control followed handling of missing
values using the na.rm=TRUE argument, and overall
distribution was assessed for downstream analysis [9].

Differential genes expression analysis and their statistics
Differentially expressed genes (DEGs) were identi-
fied by first programmatically categorizing the samples
into “control” and “PCOS” groups. The mean expres-
sion of each gene across the 28,001 genes was calculated
for both groups. Fold change (FC) and log2 fold change
(log2FC) values were computed using the dplyr package
in R software to determine the magnitude of expression
differences [10]. A Student’s ¢-test was then applied on a
per-gene basis to compare expression levels between the
PCOS and control groups, generating p-values for sta-
tistical significance. The genes were classified as upregu-
lated (FC>1, p<0.05) or downregulated (FC<1, p<0.05).
To account for multiple testing and reduce false positives,
a false discovery rate (FDR) correction was applied using
the Benjamini—Hochberg method. The classification
of genes into significant and nonsignificant categories,
along with the associated parameters, was utilized as a
data processing strategy to enhance our understanding of
the functional roles of these genes within each regulatory
category [11].
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Statistical analysis

Basic descriptive statistics were calculated for the 28,001
genes to provide an overall summary of gene expression
patterns. These included measures such as the mean,
median, and standard error of the mean (SEM) to assess
central tendency and variability. Additionally, the mini-
mum, third quartile (Q3), and maximum values were
determined to capture the range and distribution of
expression levels across samples. All these computations
were performed using built-in R functions, including
mean(), median(), quantile(), and max(), ensuring that
missing values were managed appropriately by setting
the na.rm argument to TRUE [12]. This statistical analy-
sis provided a foundation for further interpretation of
gene expression differences between PCOS and control
samples.

Visualization of differentially and variedly expressed genes
To enhance the interpretability of the gene expression
patterns, several visualization techniques were employed.
Boxplots were generated using ggplot2 in R and Seaborn
in Python to display the expression levels of the top 10 dif-
ferentially expressed genes, providing a clear comparison
between the PCOS and control groups [13, 14]. Addition-
ally, a heatmap was created using the ComplexHeatmap
package in R to visualize the expression patterns of the
50 most variable genes, highlighting clustering patterns
that distinguish the 2 groups [15]. To examine the overall
distribution of log2 fold change (log2FC) values, a histo-
gram was constructed with ggplot2, offering insights into
the skewness and spread of differential expression. Lastly,
a volcano plot was generated to illustrate the relationship
between the magnitude of gene expression changes and
their statistical significance, allowing for the identifica-
tion of key upregulated and downregulated genes. These
visualization techniques were conducted to collectively
provide a comprehensive overview of the gene expression
dynamics in the PCOS group.

Gene Set Enrichment Analysis

Gene Set Enrichment Analysis (GSEA) was conducted
to identify biological processes associated with the dif-
ferentially expressed genes (DEGs) in PCOS using the
clusterProfiler package [16]. To perform the analysis,
genes were first sorted based on their log2 fold change
(log2FC) values, prioritizing those with the most sig-
nificant expression differences. The gseGO function was
then applied to determine enriched Gene Ontology (GO)
biological processes, allowing for a deeper understanding
of functional pathways influenced by dysregulated genes.
Additionally, pathway enrichment analysis was per-
formed using g:Profiler [17], using the top 10 significantly
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Table 1 Summary of differential gene expression analysis in
PCOS and control samples

Parameters Value
Total number of genes analyzed 28,001
Significantly differentially expressed genes (FDR < 0.05) 3245
Significantly upregulated genes in PCOS 1723
Significantly downregulated genes in PCOS 1522
Average expression value (FPKM) 3.21
Median expression value (FPKM) 245
Standard error of the mean (SEM) 0.89

This table summarizes the key findings from the differential gene expression
analysis comparing PCOS and control samples. It highlights the total number of
genes, significantly differentially expressed genes, and their regulation patterns.
Expression values are reported in Fragments Per Kilobase of transcript per
Million mapped reads (FPKM). False discovery rate (FDR) correction was applied
to determine statistical significance. PCOS, polycystic ovary syndrome; FDR, false
discovery rate; FPKM, Fragments Per Kilobase of transcript per Million mapped
reads

differentially upregulated genes including CDHS5,
CLEC4D, GNAT1, GPR25, KRTAP7-1, LINC00398,
LINC02269, LOC101928295, RGS7BP, and RUNX3-
AS1 in the PCOS group to ensure that the most relevant
pathways were highlighted. The complete list of differen-
tially expressed genes (DEGs) was saved, including the
list of the significantly upregulated genes in a plain text
file (DEG_Gene_List.txt) for further analysis. The scripts
used for preprocessing, statistical analysis, and visualiza-
tion were written in R and Python and are available as
supplementary materials.

Results

Differential expressed genes (DEGs)

A total of 28,001 genes were analyzed to identify differ-
ences in gene expression between PCOS and control
samples. Out of these, 3245 genes were found to be sig-
nificantly differentially expressed based on an adjusted
p-value threshold of 0.05 (FDR adjusted). Among these
differentially expressed genes, 1723 were upregulated in
PCOS samples, while 1522 genes were downregulated.
The distribution of gene expression across all samples
showed an average expression value of 3.21 FPKM, a
median of 2.45 FPKM, and a standard error of the mean
(SEM) of 0.89 FPKM (Table 1). These findings highlight
significant transcriptional alterations in cumulus cells,
suggesting potential molecular pathways that may be
dysregulated in PCOS.

Visualization of the gene expression patterns

To further explore the differences in gene expression
between PCOS and control samples, several visualization
techniques were employed. Boxplots were generated to
examine the expression levels of the top 10 differentially
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Expression Levels of Top 10 DEGs (5 Upregulated & 5 Downregulated)
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Fig. 1 Expression levels of top 10 differentially expressed genes (DEGs) in PCOS versus the control. This plot displays the expression levels
(measured as FPKM — Fragments Per Kilobase of transcript per Million mapped reads) of the top 10 differentially expressed genes (DEGs)
between the PCOS and control groups. The genes are ranked by their significance of differential expression, with the five most upregulated genes
and the five most downregulated genes shown. The x-axis represents the gene names. The y-axis represents the FPKM expression level. The data

is presented as boxplots, where each box represents the interquartile range (IQR) of the data, the line inside the box represents the median,

and the whiskers extend to 1.5 times the IQR. Individual data points outside this range are shown as diamonds. The bars are colored to distinguish
between the two groups: blue for the control group and red for the PCOS group. This visualization allows for a direct comparison of the expression
levels of these key genes between the two groups, highlighting the magnitude and direction of differential expression

expressed genes, confirming distinct alterations in gene
regulation between the 2 groups (Fig. 1). Apart from
the top differentially expressed gene, the volcano plot
showed an overall pattern of the gene expressions (Fig. 2).
The heatmap provided a comprehensive view of cluster-
ing patterns among highly variable genes (n=>50), dem-
onstrating distinct gene expression profiles in the PCOS
samples compared to the controls (Fig. 3). Addition-
ally, the histogram of log2 fold change (log2FC) values
revealed a skewed distribution, indicating that a subset
of genes exhibited substantial expression changes (Fig. 4).
These visualizations showed relationships between the
magnitude of gene expression changes and their statis-
tical significance, providing insights into the molecular
alterations associated with the PCOS phenotype.

Gene set enrichment and functional pathway analysis

GSEA was performed to identify biological processes
and molecular pathways enriched among the differen-
tially expressed genes. The analysis revealed several key
pathways significantly associated with PCOS. Notably,
follicular development was enriched, highlighting disrup-
tions in ovarian function that may impact oocyte quality.
Additionally, the insulin signaling pathway was signifi-
cantly enriched, supporting previous evidence linking

PCOS to insulin resistance and metabolic dysfunction.
Another important pathway, ribonucleoprotein complex
biogenesis, was identified, indicating alterations in hor-
mone production that may contribute to the pathophys-
iology of PCOS (Fig. 5). Further pathway analysis using
g:Profiler confirmed enrichment in metabolic and repro-
ductive pathways, reinforcing the role of dysregulated
gene expression in the molecular mechanisms underly-
ing PCOS (Table 2). These findings suggest potential tar-
gets for therapeutic intervention and provide a deeper
understanding of the biological processes involved in the
disorder.

Discussion

This study identified significant transcriptional changes
in cumulus cells of women with PCOS; key DEGs
such as CDH5, CLEC4D, and GNAT1 were enriched
in pathways associated with follicular development,
insulin signaling, and immune response. In addition to
the original study from which the dataset was gener-
ated, this study focuses on gene-level DEGs and func-
tional annotations, offering new insights such as the
novel association of GNAT1 with PCOS. While the
dataset’s single-center origin may limit generalizabil-
ity, the absence of clinical metadata such as age, BMI,
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Fig. 2 Volcano plot of differential gene expression. This volcano plot displays the results of the differential gene expression analysis, showing

the relationship between the magnitude of gene expression change (log2 fold change) and its statistical significance (-log10(p-value)). Each point
represents a gene; the genes that are not significantly regulated are shown in gray color, while genes that are significantly regulated are shown

in red color. The horizontal dashed line indicates the significance threshold (typically -log10(p-value) = 1.3, corresponding to p=0.05), and the genes
above this line are considered statistically significant. The x-axis represents the log2 fold change, where values greater than zero indicate
upregulation and values less than zero indicate downregulation. The further a point is from the center along the x-axis, the greater the magnitude
of the change in gene expression. This plot helps to visualize which genes have both a large magnitude of change and high statistical significance

in expression

or hormonal status also limits stratified analysis. Fur-
thermore, while GSEA indicates potential mechanis-
tic pathways, causality remains unconfirmed without
functional validation. Future work should include qRT-
PCR validation in independent populations and in vitro
studies using cumulus cell cultures to validate the bio-
logical roles of identified genes. This study thus pro-
vides a foundation for future biomarker discovery and
therapeutic development.

This study identified significant transcriptional changes
in cumulus cells of women with PCOS, revealing differ-
entially expressed genes (DEGs) upregulated in the PCOS
women compared to non-PCOS controls, where they
were downregulated. The visualization highlighted key
clusters of differentially expressed genes, reflecting dis-
tinct gene expression profiles in PCOS. Notably, CDH5,
CLEC4D, and GNAT1 emerged as significant DEGs, with
their involvement in processes such as ovarian follicle
development, immune regulation, and hormone recep-
tor signaling. The GSEA further revealed enrichment in
biological pathways, including follicular development,
insulin signaling, and ribonucleoprotein complex bio-
genesis. These findings suggest that the altered molecu-
lar environment in cumulus cells could impact oocyte

competence, influencing fertility outcomes in PCOS
patients [8].

Moreover, the interplay between these differentially
expressed genes and metabolic pathways signifies the
multifactorial nature of PCOS. The dysregulation of key
genes involved in metabolic homeostasis and cellular
signaling may contribute to the compromised microen-
vironment surrounding the oocyte and consequentially
could cause infertility in PCOS patients [18]. Notably,
the aberrant expression of genes linked to oxidative stress
and inflammatory responses may further exacerbate folli-
cular dysfunction [2]. This highlights the potential role of
targeted therapeutic strategies aimed at modulating these
molecular pathways to improve reproductive outcomes
in PCOS-affected individuals.

These findings align with the long-standing relation-
ship between metabolic and hormonal dysregulation
and the pathogenesis of PCOS and can be linked to
the enrichment of genes involved in insulin signaling,
which supports the well-established association between
PCOS and insulin resistance. This was reported in sev-
eral other prior studies that highlighted insulin receptor
(INSR) dysregulation in PCOS granulosa and cumulus
cells, contributing to aberrant follicular development and
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Heatmap of Top 50 Most Variable Genes
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Fig. 3 Heatmap of top 50 most variable genes across samples. This heatmap visualizes the expression levels of the 50 most variable genes

across different samples. The rows represent the genes, and each column represents a sample. The color gradient, indicated by the legend,
represents the gene expression level, with red indicating higher expression and blue indicating lower expression. The samples are grouped

into two categories as shown by the color bar at the top. The dendrogram on the left shows the hierarchical clustering of the genes based on their
expression patterns, revealing groups of co-expressed genes. The sample names are displayed at the bottom of the heatmap, allowing for easy
identification of individual samples. This visualization helps to identify gene expression patterns and differences between the two sample groups

hyperandrogenism [19, 20]. Similarly, CDH5, which was
significantly differentially expressed in this present study,
has been implicated in vascular endothelial growth factor
(VEGF) signaling, a pathway known to regulate follicular
angiogenesis and ovarian function [21].

The overexpression of CLEC4D, involved in immune
signaling, suggests a potential inflammatory component
in PCOS, consistent with existing literature indicating
chronic low-grade inflammation as a characteristic fea-
ture of the syndrome [22]. Interestingly, GNAT1, a gene
associated with phototransduction, was found to be sig-
nificantly dysregulated in this study. While GNAT1 has
not been previously linked to PCOS, emerging evidence
suggests that the gene is associated with diabetes [23],
which is a known comorbidity with PCOS. This could
indicate a role for G-protein signaling pathways in ovar-
ian follicle maturation, warranting further investiga-
tion. While many findings in this study are consistent
with established literature, the differential regulation of

specific genes such as GNAT1 introduces novel insights
that merit further validation.

The altered gene expression in cumulus cells suggests
disruptions in key biological processes critical for oocyte
competence and follicular health [7, 24, 25]. However,
the enrichment of ribonucleoprotein (RNP) complex
biogenesis pathways indicates an alteration in RNA pro-
cessing and protein translation in cumulus cells, which
may contribute to defective oocyte maturation. The RNP
has been reported to be crucial for vital cellular func-
tions like transcription, translation, and gene regula-
tion, impacting development, cell function, and disease
development; therefore, its understanding in relation to
PCOS could be critical [26]. The identification of differ-
entially expressed genes involved in follicle-stimulating
hormone receptor (FSHR) activity suggests potential
dysregulation of gonadotropin signaling, a key factor in
follicular development and ovulation [27, 28]. Addition-
ally, the enrichment of genes involved in VEGF receptor
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Fig. 4 Distribution of log2 fold change (log2FC). This plot displays the distribution of log2 fold change (log2FC) values observed in the differential
gene expression analysis. The x-axis represents the log2FC, indicating the magnitude and direction of gene expression change between the control
and the PCOS conditions. The log2FC value 0 indicates no change, positive values indicate upregulation, and negative values indicate
downregulation. The y-axis represents the frequency, showing the number of genes falling within each log2FC bin. The histogram bars represent
the actual frequency counts for each bin, while the overlaid curve represents a kernel density estimation, providing a smoothed representation
of the data distribution. The plot highlights the overall spread and central tendency of log2FC values, revealing the extent of gene expression

changes and potential biases or trends in the data

binding and endothelial cell adhesion suggests that
vascular dysfunction may contribute to abnormal fol-
liculogenesis in PCOS. Clinically, these findings could
have significant implications in the use of the identified
DEGs as potential biomarkers for early PCOS diagno-
sis or therapeutic targets for improving ovarian func-
tion in affected women. For example, modulating VEGF
signaling could enhance follicular angiogenesis, poten-
tially improving oocyte quality and fertility outcomes in
PCOS patients.

Although, this study leveraged high-throughput RNA
sequencing to provide an in-depth transcriptomic pro-
file of cumulus cells in PCOS, offering novel insights into
molecular mechanisms underlying the disorder. Also, the
use of stringent statistical analyses including FDR correc-
tion enhances the reliability of the findings. Additionally,
the study incorporated multiple visualization techniques
to improve the interpretability of gene expression pat-
terns. However, the limitations such as the derivation
of the dataset from a publicly available repository may
introduce batch effects and variability in sample collec-
tion or processing methods. Additionally, while gene
expression data suggest potential regulatory mechanisms
that are reported through the functional enrichment
analysis, the validation of these pathways through in vitro
or in vivo models is necessary to establish causality of the

identified pathways and gene regulations. Further, the
samples were obtained in a Chinese population; future
studies with larger and ethnically diverse cohorts may
provide a more comprehensive understanding of the
transcriptomic landscape in PCOS.

There is also a need for future research that could focus
on the validation of the top identified DEGs and pathways
through functional studies. Experimental approaches
such as CRISPR-based gene editing or siRNA knockdown
studies in cumulus cell cultures could help determine the
mechanistic role of key genes such as CDH5 and GNAT1
in follicular development. Additionally, integrating prot-
eomics and metabolomics with transcriptomics findings
could provide a more holistic understanding of how tran-
scriptomic changes translate into functional protein and
metabolic alterations in PCOS. Furthermore, expanding
similar studies to include a broader patient cohort with
varying PCOS phenotypes such as hyperandrogenic vs.
normoandrogenic PCOS groups may also help eluci-
date phenotype-specific molecular mechanisms. Lastly,
exploring therapeutic interventions targeting dysregu-
lated pathways, such as modulating VEGF or insulin
signaling, could pave the way for novel treatment strate-
gies aimed at improving reproductive outcomes in PCOS
patients.
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Fig. 5 The GSEA plot for ribonucleoprotein complex biogenesis in the context of polycystic ovary syndrome (PCOS). Top panel (green line): Shows
the running enrichment score (ES) as the analysis walks down the ranked list of genes, ordered by their correlation with the PCOS phenotype.
The ES reflects the degree to which genes in the ribonucleoprotein complex biogenesis gene set are overrepresented at the top or bottom
of the ranked list. A positive ES indicates enrichment at the top of the list (genes in the set are positively correlated with PCOS), while a negative ES
indicates enrichment at the bottom (genes in the set are negatively correlated with PCOS). Middle panel (black tick marks): Represents the position
of the genes in the ribonucleoprotein complex biogenesis gene set within the ranked list of genes. The clustering of ticks towards the left
or right indicates enrichment at the top or bottom of the list, respectively. The color gradient below the ticks indicates the correlation

of the genes with the PCOS phenotype, with red representing positive correlation and blue representing negative correlation. Bottom panel
(gray bars): Shows the ranked list metric, which is typically the correlation score of each gene with the PCOS phenotype. This provides context
for the gene ranking used in the GSEA, highlighting genes that are strongly associated with PCOS. The plot collectively illustrates the enrichment
of the ribonucleoprotein complex biogenesis gene set within the ranked list of genes associated with PCOS, suggesting a potential biological

relevance of this gene set to the development or progression of PCOS

Although this study is based on a dataset from a sin-
gle center, the detailed clinical profiles reported in the
original study provide important context which indi-
cates that the lack of significant differences in age, BMI,
FSH, or ART outcomes such as fertilization and cleav-
age rates suggests that both control and PCOS groups
are largely comparable [8], thereby reducing potential
confounding in transcriptomic comparisons reported
in this present study. However, elevated AMH, LH,
and TG levels in the PCOS group could reinforce the
metabolic and endocrine differences identified in this
study. This strengthens the biological relevance of find-
ings reported in this study while also highlighting the

importance of validating gene expression changes in an
ethnically larger and clinically diverse population.

Conclusion

This study provides a transcriptomic insight into the
molecular mechanisms underlying PCOS by identify-
ing significant differentially expressed genes (DEGs) in
cumulus cells, including CDH5, CLEC4D, and GNAT1.
These genes are involved in critical pathways related to
follicular development, insulin signaling, immune regula-
tion, and oocyte competence. Despite originating from a
single-center dataset, the original study reported no sig-
nificant differences between PCOS and control subjects
in age, BMI, or ART outcomes, supporting the validity
of the transcriptomic comparisons. However, elevated
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AMH, LH, and triglyceride levels in the PCOS group sug-
gested underlying endocrine and metabolic disruptions
as contributors to altered gene expression observed in
this study. The findings suggest potential utility of cumu-
lus cell transcriptomics in identifying biomarkers for
PCOS-related infertility. However, the absence of func-
tional validation and the limited ethnic diversity of the
cohort are limitations necessitating future studies includ-
ing qRT-PCR validation of top DEGs in independent
populations, functional assays to determine gene roles
in folliculogenesis, and multi-omics integration across
diverse clinical phenotypes. These steps will be critical
for translating molecular discoveries into diagnostic or
therapeutic strategies for improving reproductive out-
comes in women with PCOS.

Abbreviation
PCOS  Polycystic ovary syndrome
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