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INNOVATIVE TARGETS AND THE IMPORTANCE 
OF GENOMICS IN THE DIAGNOSIS OF PCOS 
 
Abstract 
 
 Polycystic ovarian syndrome 
(PCOS) is a multifaceted endocrine 
condition that affects many thousands of 
people around the world. Due to its 
variability and complex makeup, PCOS 
presents difficulties in both diagnosis and 
therapy. Omics technologies have recently 
become important resources for 
comprehending the mechanisms behind and 
enhancing PCOS therapy. The aim of this 
review is to examine how omics methods, 
including genomics, transcriptomics, 
proteomics, and metabolomics, can be used 
to diagnose and treat PCOS. Studies that 
were published between 2010 and 2023 
were included after a thorough review of 
the literature was undertaken. These studies 
explored between 500 and 10,000 cases 
globally, with varying numbers of people 
taking part in each study. Researchers from 
many nations, notably the US, China, India, 
Australia, and European countries, have 
made important contributions to the area, 
demonstrating PCOS's widespread effects. 
Furthermore, PCOS patients now have 
access to more individualized therapy 
options through omics-based studies. 
Pharmacogenomic studies have honed 
therapeutic outcomes by assisting in the 
prediction of individual drug responses and 
the selection of medications. Epigenomic 
studies have also brought attention to the 
influence of external factors on PCOS 
progression and identified possible 
epigenetic targets. 
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I. INTROCUTION 
 

 A widespread hormonal condition known as polycystic ovarian syndrome (PCOS) 
affects 4% to 20% of women worldwide who are of reproductive age [1]. The term of PCOS 
varies depending on the context because there are currently no standards for diagnosing 
PCOS [2]. A menstrual cycle that is irregular or protracted, an elevated testosterone level, 
and frequently obesity are clinical symptoms of PCOS [3, 4]. There are several well-known 
common causes for PCOS, including genetic, hormonal, and environmental variables, yet its 
exact etiology is not entirely understood [5]. Women with a history of low birth weight, poor 
vitamin D levels, a parent who has had PCOS, childhood overweight, or adult obesity have 
all been linked to an increased chance of developing the condition later in life [6]. PCOS 
affects between 1.14 to 11.04% of adolescent females worldwide, with 0.76% of cases being 
diagnosed and 0.56% going undiagnosed. One in 200 teenage girls between the ages of 15 
and 19 had PCOS that was officially diagnosed. In reality, there are more than likely 2 out of 
every 200 adolescent females who have PCOS [7, 8].  

 

The "Omics" innovations develop a promising method for the research of PCOS 
disease since they attempt to examine the worldwide and dynamic genetic changes in various 
healthy and diseased conditions. Omics technologies have grown significantly in recent 
years, notably next-generation sequencing (NGS) and mass spectrometry. The study of 
genomics has moved quickly towards quantitative and high-throughput methods. Integrating 
genomes, proteomics, metabolomics, and transcriptomics, known as multi-omics," plays an 
important role in tailoring drugs to disease [9]. Investigators in the medical field have been 
able to compile an enormous amount of so-called omics datasets due to the leverage of high-
throughput innovations in biotechnology [10]. Early breakthroughs in the application of 
omics technology to unravel disease and facilitate the development of drugs give rise to the 
competence that a great number of more efficient diagnostic tools and therapies adapted to 
the unique biological, environmental, and dietary aspects of every person will be created. 
Personalized medicine, or more lately, precision medicine, are terms that are frequently used 
to describe the widespread use of such testing and diagnostics [11, 12]. Numerous potential 
genes associated with PCOS susceptibility have been identified through genomic 
investigations, giving insight into the genetic underpinnings of the condition [13]. 
Transcriptomics investigations have discovered irregular sequences of gene expression in 
PCOS, shedding light on the underlying molecular mechanisms. Finding new drugs to treat 
and diagnose diseases depends heavily on research into proteins. The metabolic profile of 
persons with PCOS is altered by the metabolomics analysis. The complexes between genes, 
proteins, and metabolic factors in PCOS were treated using a multi-omics analysis [14]. 
These multi-omics datasets can be used to uncover important biological processes and create 
prediction models for individualized PCOS diagnosis and therapy. Systems biology tools, 
like as network modeling and artificial intelligence, can take advantage of this [15]. 
 
II. MATERIALS AND METHODS 

 
  In view of treatment of PCOS, herein, we discuss the Clinical Symptoms and Signs, 
Etiology, Pathophysiology, Diagnostic and Management of PCOS, Omics Technology 
(Genomics) by search in the Pub Med, Google Scholar, and Science Direct databases.  
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III. CLINICAL SYMPTOMS AND SIGNS 
 

 The PCOS complicated disorder known as have a number of additional conditions 
that damage one's health. Women with PCOS frequently have more than 13 cysts in their 
ovaries, each measuring 8 mm in diameter, which makes them infertile. Acne and hirsutism 
are caused by hormonal imbalances that result in higher androgen levels. Obesity and 
diabetes are caused by insulin resistance. An irregular menstrual cycle, sadness, anxiety, and 
sleep apnea are all caused by this disorder [16]. 
 
IV. ETIOLOGY 

 
 This disorder has genetic and environmental causes, which make up its etiology. 
PCOS risk factors include infection, nutritional changes, and lifestyle modifications. 
Annovulation is brought on by a spike in testosterone levels brought on by insulin resistance 
that disrupts ovarian function. It also depends on the FSH and LH levels. In addition to all of 
them, the family history of PCOS is a significant influence [17]. PCOS is caused by a genetic 
variation or mutation in the sequence of nucleotides that affects a gene's ability to carry out 
transcription. PCOS is mostly caused by gene mutations in the androgen receptor, lutenizing 
hormone receptor, and follicular stimulating hormone receptor, which result in ovarian 
malfunction. Additionally, there is an increased risk when insulin and testosterone levels are 
raised. This causes insulin resistance by stimulating visceral adipose tissue to produce free 
fatty acids [18]. 
 
V. PATHOPHYSIOLOGY 

 
 A challenging endocrine condition that affects women of reproductive age is PCOS. 
It is characterized by hormonal imbalances, metabolic abnormalities, and the accumulation of 
many cysts in the ovaries [19]. Although the precise etiology of PCOS is unknown, it is 
thought to be the result of a combination of hereditary and environmental factors. PCOS is 
caused by an aberrant feedback process in the ovaries, pituitary gland, and hypothalamus. 
FSH and LH, the gonadotropin-releasing hormones, are dysregulated in the pituitary [20]. 
Follicle formation and ovulation are impacted by the hormones LH and FSH, which increase 
and decrease in people with PCOS due to the ovaries' increased synthesis of androgen. High 
levels of androgen (testosterone) in females are a hallmark of PCOS. The natural menstrual 
cycle is affected by this imbalance, which also causes additional symptoms to emerge. This is 
caused by a folliculogenic process that is malfunctioning, in which the ovarian follicles do 
not develop to release eggs during ovulation, leading to the development of tiny cysts in the 
ovary [21]. The metabolic abnormalities associated with PCOS include insulin resistance, 
obesity, abnormal lipid profiles, etc. It is believed that these abnormalities interact and lead 
to PCOS. The lack of insulin responsiveness in women with PCOS causes insulin resistance. 
The insulin hormone controls blood glucose levels. When there is insulin resistance, the 
pancreases produce more insulin, which raises the blood level of insulin and prompts the 
ovaries to release testosterone. Insulin resistance has an impact on glucose metabolism, 
which is important for lipid metabolism. The breakdown of stored fat decreased due to the 
increased lipid synthesis in the liver. Due to the accumulating fat, obesity develops [22, 23]. 
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VI.  DIAGNOSTIC AND MANAGEMENT OF PCOS

 
 It is a common condition characterized by a combination of various signs and 
symptoms. While I can provide you with a general diagnostic overview, it's important to 
consult a healthcare professional for an accurate diagnosis, as they will consider your specific 
medical history, conduct physical examinations, and perform appropriate tests. Nonetheless, 
here are some common diagnostic criteria and considerations for PCOS.Menstrual 
irregularities or menstrual absence are one of the main signs of PCOS [24]. Menstrual 
periods that are much longer than the typical 28
month are referred to by this term.
hormones in a woman's body. Hirsutism (excessive hair growth in places like the 
chest area, or the back), pimples, and baldness that follow the male pattern are symptoms of 
hyperandrogenism [25, 26]. Ovaries with many tiny cysts, or follicles, may be seen on 
ultrasound during a patient with polycystic ovaries. These cysts of
than 10 mm and look as a "string of pearls" on the ultrasound imaging.
out any other conditions that might be causing the symptoms you're experiencing [27]. At 
times, the signs and symptoms of PCOS might b
abnormalities, hyperprolactinemia, and certain illnesses of the adrenal glands [28]. The 
Rotterdam criteria, which need the presence of at least two of the three symptoms
or nonexistent menstrual perio
ultrasound—can be used by medical practitioners to confirm a diagnosis of 
PCOS. Testosterone, luteinizing hormone (LH), follicle
hormone-binding globulin (SHBG) 
evaluate the metabolic components of PCOS, studies of lipid profiles and glucose tolerance 
may be advised. Always look for medical advice from a qualified practitioner [29].
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Figure 1: Pathophysiology of PCOS 

DIAGNOSTIC AND MANAGEMENT OF PCOS 

condition characterized by a combination of various signs and 
symptoms. While I can provide you with a general diagnostic overview, it's important to 
consult a healthcare professional for an accurate diagnosis, as they will consider your specific 

istory, conduct physical examinations, and perform appropriate tests. Nonetheless, 
here are some common diagnostic criteria and considerations for PCOS.Menstrual 
irregularities or menstrual absence are one of the main signs of PCOS [24]. Menstrual 

that are much longer than the typical 28-day cycle or cycles that vary in length every 
month are referred to by this term.  PCOS frequently results in an overabundance of

in a woman's body. Hirsutism (excessive hair growth in places like the 
chest area, or the back), pimples, and baldness that follow the male pattern are symptoms of 

Ovaries with many tiny cysts, or follicles, may be seen on 
ultrasound during a patient with polycystic ovaries. These cysts often have a diameter of less 
than 10 mm and look as a "string of pearls" on the ultrasound imaging. It's important to rule 
out any other conditions that might be causing the symptoms you're experiencing [27]. At 
times, the signs and symptoms of PCOS might be confused with conditions including thyroid 
abnormalities, hyperprolactinemia, and certain illnesses of the adrenal glands [28]. The 
Rotterdam criteria, which need the presence of at least two of the three symptoms
or nonexistent menstrual periods, symptoms of hyperandrogenism, and polycystic ovaries on 

can be used by medical practitioners to confirm a diagnosis of 
Testosterone, luteinizing hormone (LH), follicle-stimulating hormone (FSH), and sex 

binding globulin (SHBG) levels can also be determined by blood testing. To 
evaluate the metabolic components of PCOS, studies of lipid profiles and glucose tolerance 

Always look for medical advice from a qualified practitioner [29].
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VII. OMICS TECHNOLOGY
 
1. Genomics: There is evidence that PCOS is a composite disease with a hereditary 

component. Numerous studies have been conducted on genes; however, no reliable 
replication or significant associations have been found for any of 
increasing proof that the cause of PCOS is influenced by hormone release, IR, and 
obesity. Genomic research has since focused on cytokine, adipokine, vitamin D, and 
hormone SNP associations with PCOS. Numerous genes have been linked to t
of PCOS. Genes linked to PCOS risks were discovered through a genomics investigation. 
Numerous gene loci related to PCOS were found by genome
[30]. Genomic technology helps us understand how genes are expressed. By compar
an erroneous gene expression to that of a healthy, normal person, numerous researchers 
were able to identify the problem. This knowledge aids in our comprehension of the 
molecular basis of PCOS [31].By identifying the primary important genes and pathwa
that contribute to hormone function and dysregulation, among other things, researchers 
using genomics can discover a treatment for various diseases. Understanding these 
molecular pathways expands knowledge on possible targets for treating illnesses that
enhance the success of development [32]. Genomic technology enables the creation of 
personalized disease management strategies. A doctor can customize a patient's 
medication by evaluating the patient's gene sequence and any abnormalities. 
Additionally, genomic information is used to build precision therapy that targets the 
genetic and molecular anomalies linked to PCOS. The list below includes the genes 
linked to PCOS that have a right away effect on the ovaries [33].
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ure 2: Diagnostic management of PCOS 

OMICS TECHNOLOGY 

There is evidence that PCOS is a composite disease with a hereditary 
component. Numerous studies have been conducted on genes; however, no reliable 
replication or significant associations have been found for any of the PCOS. There is 
increasing proof that the cause of PCOS is influenced by hormone release, IR, and 
obesity. Genomic research has since focused on cytokine, adipokine, vitamin D, and 
hormone SNP associations with PCOS. Numerous genes have been linked to t
of PCOS. Genes linked to PCOS risks were discovered through a genomics investigation. 
Numerous gene loci related to PCOS were found by genome-wide association studies 
[30]. Genomic technology helps us understand how genes are expressed. By compar
an erroneous gene expression to that of a healthy, normal person, numerous researchers 
were able to identify the problem. This knowledge aids in our comprehension of the 
molecular basis of PCOS [31].By identifying the primary important genes and pathwa
that contribute to hormone function and dysregulation, among other things, researchers 
using genomics can discover a treatment for various diseases. Understanding these 
molecular pathways expands knowledge on possible targets for treating illnesses that
enhance the success of development [32]. Genomic technology enables the creation of 
personalized disease management strategies. A doctor can customize a patient's 
medication by evaluating the patient's gene sequence and any abnormalities. 

nomic information is used to build precision therapy that targets the 
genetic and molecular anomalies linked to PCOS. The list below includes the genes 
linked to PCOS that have a right away effect on the ovaries [33]. 
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There is evidence that PCOS is a composite disease with a hereditary 
component. Numerous studies have been conducted on genes; however, no reliable 

the PCOS. There is 
increasing proof that the cause of PCOS is influenced by hormone release, IR, and 
obesity. Genomic research has since focused on cytokine, adipokine, vitamin D, and 
hormone SNP associations with PCOS. Numerous genes have been linked to the growth 
of PCOS. Genes linked to PCOS risks were discovered through a genomics investigation. 

wide association studies 
[30]. Genomic technology helps us understand how genes are expressed. By comparing 
an erroneous gene expression to that of a healthy, normal person, numerous researchers 
were able to identify the problem. This knowledge aids in our comprehension of the 
molecular basis of PCOS [31].By identifying the primary important genes and pathways 
that contribute to hormone function and dysregulation, among other things, researchers 
using genomics can discover a treatment for various diseases. Understanding these 
molecular pathways expands knowledge on possible targets for treating illnesses that 
enhance the success of development [32]. Genomic technology enables the creation of 
personalized disease management strategies. A doctor can customize a patient's 
medication by evaluating the patient's gene sequence and any abnormalities. 

nomic information is used to build precision therapy that targets the 
genetic and molecular anomalies linked to PCOS. The list below includes the genes 
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2. Function of Various Gene in PCOS
 
• Genes Responsible in Ovarian and Adrenal Steroid genesis

Studies, Genes CYP11 are involved in Ovarian and Adrenal steroidogenesis. An 
enzyme that is required for the conversion of cholesterol to progesterone, which is a 
rate-limiting step in the conversion process, is encoded by the CYP11a gene. An 
improper anabolism of steroid production caused by an alteration in the CYP21 gene, 
which is responsible for the production of the hormone steroids, causes 
PCOS. Pregnenolone and progesteron
and 17-hydroxyprogesterone by the gene CYP21. On chromosomal 15q21.2, the 
CYP19 gene produces aromatase p450, which is required for the production of 
estrogen [34, 35, and 36].

 

 

• Genes involved in Sex Hormone
mutations in the androgen receptor gene AR. When the AR gene on the X 
chromosome is inactive, this results in a rise in androgen hormone synthesis, which 
disrupts the molecular p
that attach to androgens, mostly with the help of estrogens and testosterone, to 
regulate the body's amount of sex hormones. Compared to normal women, PCOS 
women have decreased SHBG concentrations.
negative impact of hyperinsulinemia on the production of SHBG [37, 38].
 

• Genes Involved in GnRH 
which is followed by a fall in the negative feedback process. FSH has a significant 
indirect function by reducing androgen conversion to oestrogen and escalating the 
level of excess androgen in the ovaries. These gene
have been found to have a point mutation (Trp8Arg and Ilg15Thr) in a gene that 
produces the B subunit.The AMH gene, which has five ends in all, codes for an 
amino acid and the variant of that protein that causes impotence.
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Function of Various Gene in PCOS 

Genes Responsible in Ovarian and Adrenal Steroid genesis: According to Several 
Studies, Genes CYP11 are involved in Ovarian and Adrenal steroidogenesis. An 
enzyme that is required for the conversion of cholesterol to progesterone, which is a 

step in the conversion process, is encoded by the CYP11a gene. An 
improper anabolism of steroid production caused by an alteration in the CYP21 gene, 
which is responsible for the production of the hormone steroids, causes 

Pregnenolone and progesterone are transformed into 17-hydroxypregnenolone 
hydroxyprogesterone by the gene CYP21. On chromosomal 15q21.2, the 

CYP19 gene produces aromatase p450, which is required for the production of 
estrogen [34, 35, and 36]. 

 

Figure 3: Role of genes in PCOS 
 

Sex Hormone: PCOS is brought on by structural flaws and 
mutations in the androgen receptor gene AR. When the AR gene on the X 
chromosome is inactive, this results in a rise in androgen hormone synthesis, which 
disrupts the molecular process. Hormone-Sex Binding Globulin Genes create proteins 
that attach to androgens, mostly with the help of estrogens and testosterone, to 
regulate the body's amount of sex hormones. Compared to normal women, PCOS 
women have decreased SHBG concentrations. This has mostly been ascribed to a 
negative impact of hyperinsulinemia on the production of SHBG [37, 38].

Genes Involved in GnRH Regulation: The LH hormone raises androgen levels, 
which is followed by a fall in the negative feedback process. FSH has a significant 
indirect function by reducing androgen conversion to oestrogen and escalating the 
level of excess androgen in the ovaries. These genes produce LH, and PCOS patients 
have been found to have a point mutation (Trp8Arg and Ilg15Thr) in a gene that 
produces the B subunit.The AMH gene, which has five ends in all, codes for an 
amino acid and the variant of that protein that causes impotence.
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According to Several 
Studies, Genes CYP11 are involved in Ovarian and Adrenal steroidogenesis. An 
enzyme that is required for the conversion of cholesterol to progesterone, which is a 

step in the conversion process, is encoded by the CYP11a gene. An 
improper anabolism of steroid production caused by an alteration in the CYP21 gene, 
which is responsible for the production of the hormone steroids, causes 

hydroxypregnenolone 
hydroxyprogesterone by the gene CYP21. On chromosomal 15q21.2, the 

CYP19 gene produces aromatase p450, which is required for the production of 

PCOS is brought on by structural flaws and 
mutations in the androgen receptor gene AR. When the AR gene on the X 
chromosome is inactive, this results in a rise in androgen hormone synthesis, which 

Sex Binding Globulin Genes create proteins 
that attach to androgens, mostly with the help of estrogens and testosterone, to 
regulate the body's amount of sex hormones. Compared to normal women, PCOS 

This has mostly been ascribed to a 
negative impact of hyperinsulinemia on the production of SHBG [37, 38]. 

The LH hormone raises androgen levels, 
which is followed by a fall in the negative feedback process. FSH has a significant 
indirect function by reducing androgen conversion to oestrogen and escalating the 

s produce LH, and PCOS patients 
have been found to have a point mutation (Trp8Arg and Ilg15Thr) in a gene that 
produces the B subunit.The AMH gene, which has five ends in all, codes for an 
amino acid and the variant of that protein that causes impotence. GWAS and 
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complete exome sequencing revealed numerous AMH gene variations as potent 
PCOS predictors. The 14 exons that make up FSHR, which is found on the "p" arm of 
chromosome 2, code for the g protein-coupled receptor needed for gonad 
development. PCOS is brought on by a gene mutation that disturbs protein structure 
and hormone levels [39, 40]. 

 
• Insulin Regulation and Secretion-Related Genes: Gene pathway dysregulation, 

including mutations in genes like INSR, IRS-1, and GLUT4, is linked to PCOS. The 
pathway involving phosphoinositide 3-kinase/protein kinase B causes the insulin 
gene, which plays a significant role in androgen synthesis, to become active in PCOS 
theca cells. Increased insulin levels boost androgen production similarly to how LH 
does.  At 11p15.5, the INS gene is positioned within the IGF-II and tyrosine 
hydroxylase genes. The VNTR is located in the 5′ not translated region [41]. VNTR 
polymorphism controls the pace of INS and IGF-II expression. Numerous research 
were undertaken to look for a link between fertility problems and PCOS in obese 
women.The insulin binds to and activates the receptor in insulin receptor substrate 
proteins. By doing this, the INS receptor gets phosphorylated to become IRS-1, and 
IRS-2 is then employed to generate a calcium-dependent cysteine protease in a 
subsequent step [42]. Calpain 10 is the gene that prevents the metabolism and 
production of insulin.  PCOS is brought on by a low amount of insulin; hence, a 
calpain 10 mutation also brings on PCOS. Alpha-ketoglutarate, a metabolic enzyme, 
is encoded by the FTO genome. The gene is found on chromosome 16's "q" arm. The 
gene has been linked to both obesity and type 2 diabetes.PCOS1 is located on 
chromosome 19p13.2.  The PCO gene, which is sometimes known as a susceptibility 
area on chromosome 19, is truly a gene. SRD5A2 is located on chromosome 2 at the 
position 2p23.1 and has been linked to PCOS and hirsutism risk [43]. 
 

VIII. CONCLUSION 
 

 To sum up, omics technologies have fundamentally changed the understanding of 
PCOS by delivering in-depth molecular insights and prospective diagnostic and treatment 
approaches. Further advances in omics studies, in addition to clinical data integration, will 
lead to enhanced accuracy in diagnosis, patient categorization, and personalized PCOS care, 
eventually leading to greater results and a higher standard of living for those with the 
condition. Additionally, omics technologies present the possibility for non-invasive 
diagnostic techniques, such as the examination of circulating biomarkers in blood or urine 
samples, enabling the early detection and follow-up of PCOS. They also show potential for 
discovering new therapeutic targets and creating focused interventions, such as 
individualized pharmaceutical treatments, lifestyle changes, and approaches to precision 
medicine that are catered to particular patients. 
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