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The polycystic ovary syndrome (PCOS) is an endocrine disorder that 

affects women of reproductive age worldwide. It is characterized by 

hyperandrogenism, ovarian dysfunction, and polycystic ovarian 

morphology.With a particular focus on granulosa cell dysfunction and 

abnormal oocyte maturation, this comprehensive review explores the 

intricate molecular mechanisms driving PCOS pathogenesis. PCOS is 

characterized by hormonal and metabolic disturbances caused by long 

non-coding RNAs (lncRNAs), microRNAs (miRNAs), and the insulin-

like growth factor 1 (IGF1) signaling pathway.In this review, we 

discuss the dysregulation of certain lncRNAs, such as NEAT1, and 

miRNAs, including miR-29a-3p, in PCOS granulosa cells, as well as 

how these dysregulations affect cell proliferation, insulin sensitivity, 

and steroidogenesis. This study examines the interaction between non-

coding RNAs and the IGF1 system, which reveals an intricate 

regulatory network involved in follicular development and ovarian 

function. These pathways are altered in expression and activity, which 

has implications for how oocytes mature and how fertility is affected.In 

addition, this review emphasizes the interconnected nature of granulosa 

cell dysfunction, oocyte maturation defects, and systemic metabolic 

disturbances in PCOS pathogenesis. Granulosa cells have the potential 

to be used as a research and therapeutic intervention focus, due to their 

accessibility and central role in ovarian function.Additionally, we 

propose future research directions using advanced technologies such as 

single cell sequencing and multi-omics technologies. According to the 

review, studies that focus on granulosa cells can help develop novel 

diagnostic markers, personalized treatment strategies, and potential 

PCOS-based therapies.In addition to providing insight into the 

molecular underpinnings of PCOS, this study sets the stage for future 

investigations aimed at improving diagnosis, management, and 

treatment. 
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Introduction:- 
Polycystic ovary syndrome (PCOS) affects the endocrine and metabolic systems of approximately five percent of 

women of reproductive age worldwide
1, 2

. Symptoms include menstrual irregularities, polycystic ovarian 

morphology, and hyperandrogenism. To diagnose PCOS, after the exclusion of other endocrine disorders, two out of 

these three features must be present, according to the Rotterdam criteria, established in 2003
3, 4

. 

 

The clinical presentation of PCOS is heterogeneous, with patients exhibiting a spectrum of symptoms. Menstrual 

disturbances often manifest as oligomenorrhea or amenorrhea, reflecting the underlying anovulation that is a 

hallmark of the syndrome. Hyperandrogenism may present clinically as hirsutism, acne, or male-pattern alopecia, or 

it may be detected biochemically through elevated serum androgen levels
5
. The polycystic ovarian morphology, 

typically assessed through transvaginal ultrasound, is characterized by the presence of 12 or more follicles 

measuring 2-9 mm in diameter per ovary and/or increased ovarian volume
6
. 

 

To fully appreciate the pathophysiology of PCOS, it is crucial to understand normal ovarian physiology. In the 

healthy ovary, folliculogenesis is a tightly regulated process involving the coordinated development of both the 

oocyte and its surrounding somatic cells
7, 8

. Granulosa cells play a pivotal role in this process, forming a 

bidirectional communication axis with the oocyte that is essential for normal follicular development and oocyte 

maturation
9
. These cells are responsible for steroidogenesis, particularly the production of estradiol, and they 

provide nutritional and regulatory support to the developing oocyte through gap junctions and paracrine signaling
10

. 

 

The importance of granulosa cells in ovarian function cannot be overstated. They are not only crit ical for hormone 

production but also for the creation of a microenvironment conducive to oocyte growth and maturation. It has been 

discovered that granulosa cells regulate meiotic arrest and resumption, as well as transcriptional activity and 

metabolism of the oocyte. Disturbances in granulosa cell function can therefore have far-reaching consequences for 

follicular development, ovulation, and ultimately, fertility
11-13

. 

 

In recent years, attention has turned to the role of non-coding RNAs in ovarian function and PCOS pathogenesis. 

These regulatory RNA molecules, which include long non-coding RNAs (lncRNAs) and microRNAs (miRNAs), 

have emerged as important modulators of gene expression at both transcriptional and post-transcriptional levels
14, 15

. 

Their involvement in various aspects of ovarian physiology, including folliculogenesis, steroidogenesis, and 

ovulation, has been increasingly recognized. Aberrant expression of specific non-coding RNAs has been implicated 

in the development of PCOS, offering new insights into the molecular underpinnings of the disorder
16-18

. 

 

Another key player in ovarian function and PCOS pathophysiology is the insulin-like growth factor 1 (IGF1) 

system. IGF1 and its associated proteins play crucial roles in follicular development, steroidogenesis, and oocyte 

maturation. Dysregulation of the IGF1 system has been observed in PCOS patients, potentially contributing to the 

hormonal and metabolic disturbances characteristic of the syndrome
19-21

. The interplay between IGF1 signaling and 

non-coding RNAs in the context of PCOS is an area of active investigation, promising to shed light on the complex 

regulatory networks underlying the disorder. 

 

In exploring the pathophysiology of PCOS, it becomes clear that genetic, epigenetic, and environmental factors are 

all involved. The dysfunction of granulosa cells and abnormalities in oocyte maturation appear to be central to the 

development of PCOS, influencing both the reproductive and metabolic aspects of the syndrome
22

. It is crucial to 

understand these molecular processes to elucidate the pathogenesis of PCOS as well as identify potential therapeutic 

targets and develop more effective treatment strategies
23, 24

. 

 

The Granulosa Cells and Oocytes in PCOS 

PCOS is characterized by a complex interplay of hormonal and metabolic changes that significantly impact 

granulosa cell function and oocyte maturation
25, 26

. Polycystic ovarian morphology, anovulation, and 

hyperandrogenism are hallmark characteristics of PCOS
27

.PCOS is primarily characterized by hormonal imbalances, 

most notably hyperandrogenism and insulin resistance. The elevated androgen levels, particularly testosterone and 

androstenedione, are primarily due to increased production by the ovarian theca cells
28, 29

. This hyperandrogenism is 

often accompanied by insulin resistance and compensatory hyperinsulinemia, which further exacerbate androgen 

production through direct stimulation of ovarian androgen synthesis and by reducing sex hormone-binding globulin 

(SHBG) levels, thereby increasing free androgen concentrations
30

. 
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Insulin resistance in PCOS affects approximately 65-70% of patients, with rates varying depending on the diagnostic 

criteria used. This metabolic dysfunction extends beyond its reproductive implications, predisposing PCOS patients 

to type 2 diabetes, dyslipidemia, and cardiovascular disease
31

. Recent studies have also highlighted the role of 

adipokines, such as leptin and adiponectin, in modulating insulin sensitivity and androgen production in PCOS 

patients
32, 33

. 

 

Folliculation and oocyte maturation require the function of granulosa cells, and their dysfunction plays a significant 

role in PCOS pathophysiology. In PCOS, granulosa cells exhibit altered steroidogenesis, characterized by increased 

androgen production and decreased aromatase activity. This shift in steroidogenic enzyme expression and activity 

results in an androgen-dominant follicular microenvironment, which is detrimental to follicular development and 

oocyte maturation. 

 

Recent transcriptomic and proteomic analyses have revealed significant alterations in gene expression profiles of 

granulosa cells from PCOS patients
34

. These changes affect multiple cellular processes, including steroidogenesis, 

cell proliferation and apoptosis, oxidative stress response, and inflammation. For instance, there is an upregulation 

of genes involved in androgen synthesis and downregulation of those involved in estrogen production. Additionally, 

dysregulation of genes involved in cell cycle control and survival potentially contributes to the increased number of 

small antral follicles characteristic of PCOS. 

 

The oocyte plays an active role in follicular development, and its maturation is critical for successful ovulation and 

fertilization. In PCOS, oocyte maturation is often impaired, leading to reduced oocyte quality and developmental 

competence. Several abnormalities have been observed in PCOS oocytes, including mitochondrial dysfunction, 

epigenetic alterations, increased oxidative stress, and meiotic abnormalities. 

 

Mitochondrial dysfunction in PCOS oocytes often manifests as altered mitochondrial distribution and reduced ATP 

production, potentially compromising their developmental potential. Studies have reported aberrant DNA 

methylation and histone modification patterns in PCOS oocytes, which may affect gene expression and embryo 

development. Increased levels of reactive oxygen species (ROS) have been observed, potentially leading to DNA 

damage and reduced oocyte quality. Some research has also reported higher rates of meiotic spindle abnormalities 

and chromosomal misalignment in PCOS oocytes
35-37

. 

 

The bidirectional communication between granulosa cells and the oocyte is crucial for normal follicular 

development and oocyte maturation. In PCOS, this delicate interplay is disrupted, contributing to follicular arrest 

and anovulation. Key aspects of this disruption include altered paracrine signaling, impaired gap junction 

communication, disrupted metabolic coupling, and premature luteinization. 

 

The expression of oocyte-secreted factors such as growth differentiation factor 9 (GDF9) and bone morphogenetic 

protein 15 (BMP15) is often dysregulated in PCOS, affecting granulosa cell function and follicular development. 

Studies have reported reduced expression of connexin 43, a key component of gap junctions, in PCOS granulosa 

cells, potentially limiting the transfer of nutrients and regulatory molecules between the oocyte and surrounding 

cells
38

. 

 

The altered metabolic environment in PCOS, characterized by hyperinsulinemia and increased androgen levels, can 

disrupt the metabolic cooperation between granulosa cells and the oocyte, affecting oocyte energy metabolism and 

maturation. Some studies have suggested that PCOS granulosa cells may undergo premature luteinization, 

potentially contributing to follicular arrest and anovulation. 

 

Understanding these complex interactions and their perturbations in PCOS is crucial for developing targeted 

therapies aimed at improving ovarian function and fertility outcomes in affected individuals. Future research 

focusing on the molecular mechanisms underlying these disruptions may provide new insights into PCOS 

pathogenesis and potential therapeutic interventions. 

 

Long Non-coding RNAs in PCOS Pathogenesis 

Long non-coding RNAs (lncRNAs) have emerged as crucial regulators of gene expression in various biological 

processes, including ovarian function. These RNA molecules, typically longer than 200 nucleotides, do not encode 

proteins but play essential roles in transcriptional and post-transcriptional regulation. In recent years, the 
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involvement of lncRNAs in the pathogenesis ofPCOS has garnered significant attention from researchers 

worldwide. 

 

LncRNAs participate in multiple aspects of ovarian physiology, including folliculogenesis, steroidogenesis, and 

ovulation. They exert their regulatory functions through diverse mechanisms, such as chromatin modification, 

transcriptional regulation, and post-transcriptional modulation of mRNA stability and translation. In the context of 

PCOS, several lncRNAs have been found to be dysregulated, potentially contributing to the hormonal imbalances 

and metabolic disturbances characteristic of the syndrome. 

 

Numerous studies have reported altered expression profiles of lncRNAs in ovarian tissues, granulosa cells, and even 

in the circulation of PCOS patients compared to healthy controls. For instance, lncRNAs such as HOTAIR, H19, 

and SRA have been found to be differentially expressed in PCOS ovarian tissues
39-41

. These dysregulated lncRNAs 

are thought to influence various pathways implicated in PCOS pathogenesis, including insulin signaling, androgen 

synthesis, and inflammatory responses. 

 

One lncRNA that has garnered particular attention in PCOS research is the Nuclear Enriched Abundant Transcript 1 

(NEAT1). NEAT1 is an essential component of nuclear paraspeckles and has been implicated in various cellular 

processes, including gene expression regulation and stress response. In the context of PCOS, NEAT1 has been found 

to be significantly upregulated in granulosa cells of PCOS patients compared to healthy controls
39

. 

 

The elevated expression of NEAT1 in PCOS granulosa cells has been associated with several key aspects of the 

syndrome's pathophysiology. Firstly, NEAT1 has been shown to modulate steroidogenesis by influencing the 

expression of key steroidogenic enzymes. Overexpression of NEAT1 leads to increased expression of enzymes 

involved in androgen production, such as CYP17A1, while simultaneously decreasing the expression of aromatase, 

which is responsible for converting androgens to estrogens. This shift in steroidogenic enzyme expression 

contributes to the hyperandrogenic state characteristic of PCOS. 

 

Furthermore, NEAT1 has been implicated in the regulation of granulosa cell proliferation and apoptosis. Studies 

have demonstrated that NEAT1 can promote granulosa cell proliferation and inhibit apoptosis, potentially 

contributing to the increased number of small antral follicles observed in PCOS ovaries. This effect is thought to be 

mediated, at least in part, through the interaction of NEAT1 with various microRNAs and its influence on cell cycle 

regulators. 

 

NEAT1 also plays a role in modulating insulin signaling in granulosa cells, a crucial aspect of PCOS pathogenesis 

given the prevalence of insulin resistance in affected individuals. Elevated NEAT1 levels have been associated with 

impaired insulin-stimulated glucose uptake and altered expression of insulin signaling components in granulosa 

cells. This connection between NEAT1 and insulin signaling provides a potential link between the reproductive and 

metabolic aspects of PCOS. 

 

The molecular mechanisms through which NEAT1 exert its effects in PCOS are complex and multifaceted. One key 

mechanism involves the ability of NEAT1 to act as a competitive endogenous RNA (ceRNA), sequestering 

microRNAs and thereby modulating their regulatory effects on target mRNAs. For instance, NEAT1 has been 

shown to interact with miR-146a, a microRNA involved in regulating inflammation and insulin sensitivity. By 

sequestering miR-146a, NEAT1 can indirectly influence the expression of genes involved in these processes. 

 

Additionally, NEAT1 can interact with various proteins, including transcription factors and chromatin modifiers, to 

regulate gene expression at the transcriptional level. In PCOS granulosa cells, NEAT1 has been found to interact 

with the transcription factor FOXO1, influencing its activity and thereby affecting the expression of genes involved 

in cell cycle regulation and apoptosis. 

 

Increasing understanding of NEAT1's role in PCOS pathogenesis has provided new therapeutic avenues. Strategies 

aimed at modulating NEAT1 expression or disrupting its interactions with target molecules could potentially 

ameliorate some of the hormonal and metabolic disturbances associated with PCOS. However, given the complex 

regulatory networks involving NEAT1 and other lncRNAs, further research is needed to fully elucidate their roles 

and develop targeted therapies (Figure 1). 
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Figure 1:- The role of NEAT1 in PCOS pathogenesis 

 

MicroRNAs in PCOS Development 

MicroRNAs (miRNAs) have emerged as critical regulators of gene expression in various biological processes, 

including those involved in ovarian function and the pathogenesis of PCOS. These small, non-coding RNA 

molecules, typically 20-25 nucleotides in length, play crucial roles in post-transcriptional regulation of gene 

expression by binding to complementary sequences in target mRNAs, leading to their degradation or translational 

repression. 

 

The biogenesis of miRNAs is a complex process that begins in the nucleus with the transcription of primary miRNA 

(pri-miRNA) by RNA polymerase II. The pri-miRNA is then processed by the Drosha-DGCR8 complex to form 

precursor miRNA (pre-miRNA), which is exported to the cytoplasm. In the cytoplasm, the pre-miRNA is further 

processed by Dicer to generate mature miRNA. The mature miRNA is then incorporated into the RNA-induced 

silencing complex (RISC), where it guides the complex to its target mRNAs. 

 

In the context of ovarian physiology, miRNAs have been shown to regulate various aspects of folliculogenesis, 

steroidogenesis, and ovulation. They are involved in controlling granulosa cell proliferation and apoptosis, 

modulating hormone responsiveness, and regulating the expression of key enzymes involved in steroid hormone 

synthesis. The intricate balance of miRNA expression is crucial for normal ovarian function, and perturbations in 

this balance have been implicated in the development of ovarian disorders, including PCOS. 

 

Numerous studies have reported altered miRNA expression profiles in PCOS patients compared to healthy controls. 

These differences have been observed in various tissues and bodily fluids, including ovarian tissue, follicular fluid, 

granulosa cells, and serum. The dysregulation of miRNAs in PCOS is thought to contribute to the characteristic 

features of the syndrome, such as hyperandrogenism, insulin resistance, and chronic anovulation. 

 

One miRNA that has garnered significant attention in PCOS research is miR-29a-3p. This miRNA has been found to 

be differentially expressed in the follicular fluid and granulosa cells of PCOS patients. Studies have shown that miR-

29a-3p plays a crucial role in regulating steroidogenesis and insulin sensitivity in granulosa cells, two key processes 

that are dysregulated in PCOS
42

. 
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In the context of steroidogenesis, miR-29a-3p has been shown to target the mRNA of steroidogenic acute regulatory 

protein (StAR), a key rate-limiting enzyme in steroid hormone synthesis. Overexpression of miR-29a-3p in 

granulosa cells leads to decreased StAR expression and consequently reduced progesterone production
43

. This 

finding provides a potential mechanism for the altered steroidogenic profile observed in PCOS ovaries. 

 

Furthermore, miR-29a-3p has been implicated in the regulation of insulin signaling in granulosa cells. It has been 

shown to target the insulin receptor substrate 1 (IRS1) mRNA, a crucial component of the insulin signaling pathway. 

Elevated levels of miR-29a-3p in PCOS granulosa cells may contribute to insulin resistance by reducing IRS1 

expression and attenuating insulin signal transduction. 

 

The effects of miR-29a-3p extend beyond steroidogenesis and insulin signaling. This miRNA has also been shown 

to influence granulosa cell proliferation and apoptosis, potentially contributing to the increased number of small 

antral follicles characteristic of PCOS ovaries. Additionally, miR-29a-3p has been implicated in the regulation of 

extracellular matrix remodeling, a process that is crucial for follicular development and ovulation. 

 

The regulatory networks involving miR-29a-3p and other miRNAs in PCOS pathogenesis are complex and involve 

multiple feedback loops and interactions with other regulatory molecules, including long non-coding RNAs and 

transcription factors. For instance, the expression of miR-29a-3p itself is regulated by various factors, including 

hormones and metabolic signals, adding another layer of complexity to its role in PCOS development. 

 

Other miRNAs have also been implicated in PCOS pathogenesis, each with its own set of target genes and 

regulatory functions. For example, miR-27b has been shown to regulate testosterone synthesis by targeting 17β-

hydroxysteroid dehydrogenase type 3, while miR-93 has been implicated in the regulation of glucose metabolism 

and insulin sensitivity in PCOS. 

 

There are several potential diagnostic and therapeutic applications of miRNA dysregulation in PCOS, thanks to a 

growing understanding of its role. Circulating miRNAs in serum or plasma have been proposed as potential 

biomarkers for PCOS diagnosis and prognosis. Moreover, strategies aimed at modulating the expression or activity 

of specific miRNAs, such as miRNA mimics or inhibitors, are being explored as potential therapeutic interventions 

for PCOS. 

 

It is still unclear how miRNAs impact PCOS development despite significant advancements in understanding the 

role of miRNAs. The precise mechanisms by which altered miRNA expression contributes to the various clinical 

manifestations of PCOS are still being elucidated. Additionally, the potential of miRNA-based therapies for PCOS 

treatment requires further investigation, including assessments of efficacy, safety, and delivery methods. 

 

As research in this field continues to advance, it is likely that our understanding of the roles of miRNAs in PCOS 

will deepen, potentially leading to novel diagnostic tools and targeted therapies for this complex endocrine disorder. 

The intricate regulatory networks involving miRNAs underscore the complexity of PCOS pathogenesis and 

highlight the need for comprehensive, system-level approaches to fully unravel the molecular underpinnings of this 

syndrome. 

 

IGF1 Signaling in PCOS Pathogenesis 

IGF1 plays a crucial role in ovarian physiology and has been implicated in the pathogenesis of PCOS. The IGF1 

system is a complex network comprising IGF1, its receptor (IGF1R), IGF binding proteins (IGFBPs), and IGFBP 

proteases. This intricate system regulates various aspects of ovarian function, including folliculogenesis, 

steroidogenesis, and oocyte maturation
6, 44

. 

 

In the context of normal ovarian physiology, IGF1 acts as a potent stimulator of granulosa cell proliferation and 

differentiation. It enhances the responsiveness of granulosa cells to follicle-stimulating hormone (FSH), thereby 

promoting follicular development and estradiol production. IGF1 also plays a role in theca cell function, stimulating 

androgen production in concert with luteinizing hormone (LH)
45, 46

. The bioavailability and activity of IGF1 are 

tightly regulated by IGFBPs, which can either inhibit or potentiate IGF1 actions depending on the specific IGFBP 

and the cellular context
46-48

. 
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In PCOS, the IGF1 system is often dysregulated, contributing to the hormonal and metabolic disturbances 

characteristic of the syndrome. Several studies have reported altered levels of IGF1 and IGFBPs in the serum and 

follicular fluid of PCOS patients compared to healthy controls
46, 49

. While the exact nature of these alterations can 

vary between studies, a common finding is an increase in bioavailable IGF1, often due to decreased levels of 

IGFBP-1 and increased IGFBP protease activity
46, 50, 51

. 

 

The increased bioavailability of IGF1 in PCOS has significant implications for ovarian function. In granulosa cells, 

excess IGF1 signaling can lead to premature luteinization and arrest of follicular development, contributing to the 

characteristic polycystic ovarian morphology seen in PCOS
46, 52-54

. IGF1 also enhances the stimulatory effect of LH 

on theca cell androgen production, potentially exacerbating the hyperandrogenism associated with PCOS
46, 55-57

. 

 

At the molecular level, IGF1 signaling is mediated primarily through the IGF1 receptor, a tyrosine kinase receptor 

that shares significant homology with the insulin receptor. Upon ligand binding, the IGF1R undergoes 

autophosphorylation and activates several downstream signaling cascades, including the phosphatidylinositol 3-

kinase (PI3K)/Akt pathway and the mitogen-activated protein kinase (MAPK) pathway
46, 58, 59

. These pathways 

regulate various cellular processes, including metabolism, proliferation, and survival. 

 

In the context of PCOS, altered IGF1 signaling can have profound effects on granulosa cell function. Enhanced 

IGF1 signaling has been shown to increase the expression of LH receptors on granulosa cells, potentially 

contributing to premature luteinization
46, 60, 61

. It also modulates the expression of steroidogenic enzymes, 

influencing the balance between androgen and estrogen production. Furthermore, IGF1 has been implicated in the 

regulation of aromatase activity, a key enzyme in the conversion of androgens to estrogens, which is often 

dysregulated in PCOS
46, 62

. 

 

The effects of IGF1 on oocyte maturation in PCOS are complex and not fully elucidated. In normal physiology, 

IGF1 promotes oocyte maturation and enhances oocyte developmental competence. However, in the context of 

PCOS, where IGF1 signaling is often dysregulated, these beneficial effects may be altered. Some studies have 

suggested that excessive IGF1 signaling may contribute to accelerated oocyte maturation, potentially leading to the 

release of immature or poor-quality oocytes
46, 63, 64

. 

 

The interplay between IGF1 and insulin signaling is particularly relevant in PCOS, given the high prevalence of 

insulin resistance in affected individuals. IGF1 and insulin can bind to each other's receptors, albeit with lower 

affinity, and their downstream signaling pathways share several components
46, 65

. In the context of hyperinsulinemia, 

which is common in PCOS, insulin can act through the IGF1 receptor to further amplify IGF1-like signaling in 

ovarian cells
26, 46, 66

. 

 

Recent research has also highlighted the potential crosstalk between IGF1 signaling and non-coding RNAs in PCOS 

pathogenesis. Several miRNAs have been identified as target components of the IGF1 signaling pathway, potentially 

modulating its activity in ovarian cells
46, 67, 68

. For instance, miR-145 has been shown to target the IGF1 receptor, 

while miR-21 can regulate the expression of programmed cell death 4 (PDCD4), a downstream effector of IGF1 

signaling
69

. The complex interplay between IGF1 signaling and these regulatory RNAs adds another layer of 

complexity to our understanding of PCOS pathophysiology
69

. 

 

The therapeutic implications of targeting the IGF1 system in PCOS are an area of active research. Strategies aimed 

at modulating IGF1 bioavailability or signaling, such as the use of IGF1R inhibitors or agents that increase IGFBP 

levels, have shown promise in preclinical studies. However, given the fundamental role of IGF1 in normal 

physiology, any therapeutic interventions would need to be carefully tailored to avoid unintended consequences
70

. 

 

IGF1 appears to sit at the nexus of multiple pathways implicated in PCOS pathogenesis as our understanding of its 

role in PCOS pathogenesis continues to develop. To unravel the underlying mechanisms of PCOS, integrated 

approaches are needed to consider the complex interactions between IGF1 signaling, gonadotropin action, 

steroidogenesis, and metabolic regulation (Figure 2). 
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Figure 2:- IGF1 Signaling in PCOS. 

 

Integrated Molecular Mechanisms in PCOS 

Multiple molecular pathways play a role in the pathogenesis of PCOS, including lncRNAs, miRNAs, and growth 

factors like IGF1. These interconnected pathways collectively contribute to the hallmark features of PCOS, 

including disrupted follicular development, hyperandrogenism, and metabolic disturbances. Understanding the 

intricate relationships between these molecular players is crucial for elucidating the underlying pathophysiology of 

PCOS and identifying potential therapeutic targets. 

 

At the core of PCOS pathogenesis lies the dysregulation of granulosa cell function and oocyte maturation. The 

regulatory networks involving lncRNAs, miRNAs, and IGF1 converge on these cellular processes, influencing 

various aspects of ovarian function. For instance, the lncRNA NEAT1, which is upregulated in PCOS, has been 

shown to modulate granulosa cell steroidogenesis and proliferation. This effect is mediated, in part, through its 

interaction with specific miRNAs, creating a complex regulatory circuit that fine-tunes gene expression in granulosa 

cells. 

 

The interplay between NEAT1 and miRNAs exemplifies the concept of ceRNA networks in PCOS. NEAT1 can act 

as a molecular sponge, sequestering miRNAs such as miR-146a and miR-21, thereby modulating their regulatory 

effects on target mRNAs. This mechanism adds an additional layer of complexity to gene regulation in PCOS, as 

changes in the expression of one RNA species can have ripple effects throughout the entire network. 

 

miRNAs play a central role in these regulatory networks, targeting multiple components of signaling pathways 

implicated in PCOS. For example, miR-29a-3p, which is often dysregulated in PCOS, targets the mRNA of StAR 

and IRS1. By modulating the expression of these key proteins, miR-29a-3p influences both steroidogenesis and 

insulin signaling in granulosa cells. The fact that a single miRNA can impact multiple pathways underscores the 

interconnected nature of PCOS pathogenesis. 

 

The IGF1 signaling pathway intersects with these RNA-based regulatory networks at multiple points. IGF1R 

expression can be modulated by specific miRNAs, such as miR-145, which is often downregulated in PCOS. This 

downregulation may contribute to enhanced IGF1 signaling, further exacerbating the hormonal imbalances 

characteristic of the syndrome. Moreover, IGF1 signaling can influence the expression of certain lncRNAs and 

miRNAs, creating feedback loops that reinforce the dysregulated state in PCOS. 
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The consequences of these integrated molecular mechanisms on follicular development and anovulation in PCOS 

are profound. The altered expression of lncRNAsand miRNAs, combined with dysregulated IGF1 signaling, can 

lead to premature luteinization of granulosa cells, impaired response to FSH, and arrested follicular development. 

These cellular changes manifest as the polycystic ovarian morphology and chronic anovulation that are hallmarks of 

PCOS. 

 

Furthermore, the regulatory networks involving lncRNAs, miRNAs, and IGF1 extend beyond the ovary, influencing 

systemic metabolic processes that are often disturbed in PCOS. For instance, altered expressions of specific 

miRNAs in adipose tissue and skeletal muscle can contribute to insulin resistance, a common feature of PCOS. The 

crosstalk between these systemic metabolic disturbances and ovarian dysfunction creates a self-reinforcing cycle 

that perpetuates the PCOS phenotype. 

 

Systems biology approaches are necessary to fully understand the pathogenesis of PCOS due to its complexity of 

integrated molecular mechanisms. These intricate regulatory networks are being mapped with unprecedented detail 

thanks to high-throughput technologies, including RNA sequencing and proteomics. These efforts are revealing new 

nodes of regulation and potential points of therapeutic intervention.It is becoming increasingly evident that effective 

treatments for PCOS will require multi-targeted approaches as our understanding of integrated molecular 

mechanisms continues to advance. Therapies that can modulate multiple components of these regulatory networks 

simultaneously may hold the key to addressing the diverse manifestations of PCOS more effectively than current 

treatments. 

 

In addition to shedding light on PCOS' pathophysiology, integrated molecular mechanisms provide insight into 

fundamental aspects of ovarian biology and hormone regulation. The advancement of research in this field should 

lead to improved diagnostic markers, prognostic indicators, and therapeutic strategies for PCOS and related 

disorders soon. 

 
Figure 3:- Integrated molecular network in PCOS. 

 

Conclusions:- 
The interactions between lncRNAs and miRNAs in granulosa cells, as well as the IGF1 signaling pathway, have 

been unresolved despite significant advancements in understanding PCOS. These regulatory networks should be 

unraveled and in vitro models that simulate PCOS ovarian environment should be developed in the future. It may be 

possible to develop new diagnostic markers and therapeutic targets by integrating multi-omics data and advanced 

technologies such as single-cell sequencing. It is possible to develop more tailored and effective PCOS treatment 

strategies by focusing on granulosa cells. 
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