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Abstract
Background: Ovulation is regulated by extracellular signal-regulated kinase-1 (ERK-1) and ERK-2 signaling
mechanisms, and ERK-1/2 kinases modulates the function of most of the LH-regulated genes. Defective
ERK kinase signaling that is secondary to a genetic problem contributes to both ovulatory dysfunction
and metabolic problems in polycystic ovary syndrome (PCOS). We planned to investigate ERK-1 and ERK-
2 gene polymorphisms in PCOS for the �rst time in the Turkish population.

Methods: 102 PCOS patients and 102 healthy controls were recruited for this patient control study.
HOMA-IR, Ferriman-Gallwey score (FGS), waist-to-hip ratio (WHR), and body mass index (BMI) were
assessed. Lipid pro�le levels, CRP, and total testosterone were determined. ERK-2 rs2276008 (G > C) and
ERK-1 rs11865228 (G > A) SNPs were analyzed with a real-time PCR system.

Results: ERK-1 and ERK-2 genotypes were found to differ between the PCOS and control groups. In
patients with PCOS, ERK-1 GA and ERK-2 GC genotypes were different in terms of BMI, FGS, HOMA-IR,
CRP, total testosterone, and total cholesterol levels.

Conclusions: ERK-1 and ERK-2 genes are involved in PCOS pathogenesis. BMI, FGS, HOMA-IR, and CRP
levels are related to the heterozygote polymorphic types of ERK-1 and ERK-2 genes.

Background
Polycystic ovary syndrome (PCOS) is a common endocrinological and reproductive disorder
characterized by hyperandrogenism, polycystic ovaries, and ovulatory dysfunction, which is seen in 6–
10% of the female population (1). PCOS is also associated with metabolic problems, such as
atherosclerosis, insulin resistance, obesity, dyslipidemia, and increased cardiovascular disease. Although
the pathogenesis is still unclear, increasing amounts of evidence suggest that genetic factors affect its
etiology (2).

Extracellular signal-regulated kinase-1 (ERK-1) and ERK-2 kinases play an important role in transmitting
signals from the cell surface into the cell and are involved in many cell processes, including cell adhesion,
migration, proliferation, and differentiation and maintenance of the cell cycle (3). Considerable evidence
shows the primary role of the ERK-1/2 signaling cascade in ovulation. Studies have detected that genetic
inactivation of the ERK-1 and ERK-2 cascade in mouse granulosa cells causes sterility, along with oocyte
meiotic maturation, cumulus expansion, and follicle rupture (4). Previous microarray analyses disclosed
that the destruction of ERK-1/2 changes the structure of approximately 77% of LH-regulated genes and
defective ERK kinase signaling that is secondary to a genetic problem contributes to both ovulatory
dysfunction and metabolic problems in PCOS. Due to these metabolic problems, anovulation,
hyperandrogenemia, and infertility develop (5, 6).

Although it has been shown that there is a relationship between polymorphic variants of some genes and
PCOS pathogenesis in various case control studies, most did not obtain a clear result (5, 7). Furthermore,
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no existing study has previously evaluated ERK-1 and ERK-2 gene polymorphisms in a Turkish
population. We planned to investigate ERK-1 and ERK-2 polymorphisms in our PCOS population, as well
as their relation to other metabolic parameters.

Methods

Patients
In this case control study, we selected 204 study participants aged 18–35 years from our outpatient
gynecology clinic between August 2017 and December 2019. Our research was conducted in accordance
with the Helsinki Declaration’s requirements and was approved by the Ethics Committee of the Balıkesir
University (number: 2017/48). Patients were divided into two main groups: 102 diagnosed with PCOS and
102 healthy controls without PCOS. Before the study was conducted, informed consent was obtained
from all patients. Based on the criteria of the European Society of Human Reproduction and Embryology
(ESHRE) and the American Society for Reproductive Medicine (ASRM, 2004) [1], we diagnosed PCOS if
two of the following three criteria were present: polycystic appearance of the ovaries on the ultrasound
image (the presence of 12 or more follicles from 2–9 mm in diameter and ovarian volume above 10 cm3),
anovulation and oligo-ovulation, and biochemical and clinical signs of hyperandrogenism. Oligo-
anovulation was de�ned according to the presence of oligomenorrhea (menstrual cycle longer than 35
days) or amenorrhea (failure to menstruate for six months or longer). Blood was drawn in the early
follicular period in both patients with menstrual cycles and progesterone-affected patients with
amenorrhea. Transvaginal ultrasound was applied on the same day, using a 7.5-MHz vaginal transducer
(Voluson 730, GE Healthcare, Austria). A single physician examined all patients. The Ferriman-Gallwey
Score (FGS) was used to evaluate hirsutism (8). Waist to hip ratio (WHR), which indicates visceral fat
accumulation and also body mass index (BMI) was calculated. The single physician evaluated the
hirsutism scores, WHR, and BMI.

Exclusion criteria were the receipt of treatments including insulin sensitizers, glucocorticoids,
anticoagulants, antiandrogens, oral contraceptives, and antiplatelet drugs. In addition to these criteria,
patients of advanced age, patients with systemic diseases such as hyperlipidemia, hypertension, and
diabetes mellitus, and patients diagnosed with hepatic failure, renal failure, Cushing’s syndrome,
hyperprolactinemia, congenital adrenal hyperplasia, and virilizing tumors were also excluded from the
study.

Biochemical analysis 
Between 09:00 and 10.00 A.M following an overnight fast, venous blood samples from all patients were
sent to the laboratory for hormonal and biochemical analyses. All samples were centrifuged at 825 g for
10 min and stored at − 40°C until analysis. Commercially available kits (Cobas Integra 800; Roche
Diagnostics GmbH, Germany) were used on a chemistry autoanalyzer to measure glucose, low density
lipoprotein (LDL), high density lipoprotein (HDL), total cholesterol and triglycerides. In a hormone
autoanalyzer, we measured the fasting insulin levels with Access Kits. (Beckman Coulter; Unicel DXI 600;



Page 4/13

Access Immunoassay, Brea, CA). Serum testosterone levels were measured using commercially available
kits (eBioscience, Vienna, Austria) with an enzyme-linked immunosorbent assay (ELISA) technique on a
diagnostic instrument (BioTek, ELx 800, Winooski, VT). Insulin resistance was calculated using the
homeostasis model (HOMA-IR) as fasting glucose (mmol/l) x fasting insulin (mU/l) / 22.5 (9, 10). C-
Reactive Protein (CRP )concentration was determined by laser nephelometry (11).

Genetic analysis

Genomic DNA from the control and PCOS groups was isolated with a QIAamp DNA blood commercial kit
(Qiagen, Germany) according to the manufacturer’s protocol. To analyze MAPK1 (ERK-2) rs2276008 (G > 
C) and MAPK3 (ERK-1) rs11865228 (G > A) single-nucleotide polymorphisms, we used Taqman-based
Single nucleotide polymorphisms( SNP ) assays (Thermo, USA), and genotyping analysis was performed
via StepOnePlus real-time PCR system (Thermo, USA).

Statistical Analysis
The Statistical Package for the Social Sciences( SPSS ) statistical program (SPSS, version 25.0, Chicago,
IL) was used in all statistical analyses. The Kolmogorov-Smirnov test was used to determine whether the
distributions of continuous variables were normal. Data were described as mean ± SD. For variables that
did not show a normal distribution, we used the Mann-Whitney U test to compare the two groups. For
normally distributed parameters, we used a T-test to determine the differences between the two groups. In
order to compare multiple variables,one-way ANOVA was used to determine differences among the
groups. The homogeneity of variances was tested with the Levene test. When the p-value from one-way
ANOVA test statistics was statistically signi�cant, the post hoc Tamhane test was used. Because
variances were not homogenic and the number of subgroups was different, the correlations between the
data were evaluated by Spearman’s rank correlation analyses. Differences were considered statistically
signi�cant with a p-value < 0.05.

Results
Clinical, biochemical, and hormonal parameters of the patients are shown in Table 1. Age and HDL levels
were similar between the PCOS and control groups (p > 0.05). HOMA-IR, FGS, BMI, CRP, total testosterone,
LH/FSH ratio, triglycerides, LDL, and total cholesterol levels were higher in the PCOS group than the
control group (p < 0.05).
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Table 1
Clinical characteristics and hormonal and biochemical results of the study groups.
Variables PCOS (n = 102) Control (n = 102) p-value

Age (years) 30.88 ± 8.36 30.68 ± 4,36 0.07

BMI (kg/m2) 29.02 ± 5.64 26.55 ± 6.07 p ≤ 0.001

WHR 0.78 ± 0.22 0,71 ± 0.14 0.006

Ferriman Galleway Score (FGS) 12.43 ± 5.80 5.88 ± 2.06 p ≤ 0.001

HOMA-IR 2.92 ± 1.89 1.78 ± 0.97 p ≤ 0.001

CRP 11.67 ± 2.73 6.53 ± 3.85 p ≤ 0.001

LH/FSH ratio 1.30 ± 1.03 0.78 ± 0.56 p ≤ 0.001

Total Testosterone (ng/dl) 0.74 ± 0.36 0.51 ± 0.20 p ≤ 0.001

Triglycerides (mg/dl) 117.85 ± 48.89 91.80 ± 38.09 p ≤ 0.001

Total Cholesterol (mg/dl) 192.21 ± 43.59 169.45 ± 30.12 p ≤ 0.001

LDL (mg/dl) 116.95 ± 41.63 99.50 ± 26.46 p ≤ 0.001

HDL (mg/dl) 51.70 ± 10.45 52.74 ± 11.54 0.848

Data presented as Mean ± SD

P < 0.05 accepted as signi�cant

Distributions of the genotypes in ERK-1 and ERK-2 genes are shown in Table 2. ERK-1 and ERK-2
genotypes differed between the PCOS and control groups. The GA genotype in ERK-1 and the GC
genotype in ERK-2 were higher in patients with PCOS than in the control group. The GG genotype was
higher in the control group than in the PCOS group in both ERK-1 and ERK-2 genes (p = 0.001). Multiple
comparisons of ERK-1 genotypes and clinical, biochemical and hormonal parameters are given in
Table 3. All parameters except HDL differed signi�cantly between the groups. BMI and FGS were higher in
P(PCOS)-GA than in P-GG. HOMA-IR and total testosterone were higher in P-GA than in C(Control)-GA.
BMI, FGS, HOMA-IR, CRP, total testosterone, and total cholesterol were higher in the P-GA than the C-GG
genotype. Except BMI and HDL, all parameters differed between P-GG and C-GG. FGS, CRP, total
testosterone, and triglycerides were higher in the P-GG group than in the C-GA group.
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In Table 4, comparisons between clinical characteristics and biochemical–hormonal parameters in ERK-2
genotypes are given. BMI, FGS, and HOMA-IR were signi�cantly higher in P-GC than in P-GG. All
parameters except HDL were higher in P-GC than in C-GG. FGS, CRP, total testosterone, LDL, total
cholesterol, and triglycerides were different in P-GG and C-GG. Only triglycerides were higher in P-GG than
in C-GC. BMI, FGS, HOMA-IR, and triglycerides were higher and HDL was lower in the P-GC than in the C-
GC genotype. Correlation analyses of all parameters showed that CRP positively correlated with BMI,
HOMA-IR, and total testosterone. BMI was also positively correlated with HOMA-IR and total testosterone.
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Discussion
This study has demonstrated that one of the most signi�cant and largest extracellular and intracellular
signaling systems, called ERK-1 and ERK-2 kinases, plays a role in PCOS pathogenesis. We observed that
heterozygote genotypes of ERK-1 and 2 genes were signi�cantly higher in PCOS and that these
polymorphic types were related to some clinical, biochemical and hormonal parameters, such as BMI,
FGS, HOMA-IR, and CRP levels. According to the Reference SNP Report (12), the incidence of GA of ERK-1
is generally 1.2–3.4% and the incidence of GC of ERK-2 is 7–8%, or 15–18% in Korea. In our study, the
incidences of GA of ERK-1 and GC of ERK-2 were 19.6% and 21.6%, respectively (13). The incidence rates
found in our study, which are high compared to other populations, may be unique to Turkey, as our study
is the �rst study to conduct SNP analyses of ERK-1 and ERK-2 genes in the Turkish population.
Comprehensive studies conducted by Rivas et al. (12) and Ellegren et al. (14) found results showing that
the same genes have different frequencies of polymorphism in different populations, which might explain
this high rate of difference.

In one in vivo study, it was shown that LH hormone needed ERK-1 and ERK-2 pathways in order to initiate
meiosis and to continue the ovulation and luteinization phases in granulosa cell culture, sequentially and
without error(15). In another study, it was observed that due to a mutation in ERK-1/2 kinase genes,
oocyte maturation was impaired by a complete lack of germinal vesicle breakdown with impaired
coronocumulus cell expansion and corpus luteum formation due to a lack of follicle rupture (16). This
problem of cell expansion and follicle rupture may be due to anovulation, which partially explains the
excessive number of follicles accumulated in the ovaries (17, 18).

In addition to anovulation, increased intraovarian testosterone levels contribute to the clinical picture of
PCOS. Nelson-Degrave et al. (19) and Corbould et al. (20) claimed that excessive ovarian androgen
production in women with PCOS was secondary to abnormal activation of the ERK signaling pathway.
Other publications assert the opposite. For example, in a study of endometrial cancer patients previously
diagnosed with PCOS, Lin et al. (21) concluded that higher testosterone levels cause the phosphorylation
of the ERK pathway, which results in an increase in its activity. In addition to this phosphorylation, they
also observed that testosterone has a carcinogenic effect by. transforming into estrogen with aromatase
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enzyme after binding to ER-α36, which activates the ERK pathway As aromatase enzyme activity varies
from person to person, and as Lin et al.`s study was conducted in vitro, the results are expected to be
con�rmed by a large number of studies (22). In our study, testosterone levels were signi�cantly higher in
the PCOS group, especially in the GC genotype for ERK-2 and the GA genotype for ERK-1. Similar to our
study, research by Hu et al. (23) on Chinese women showed that polymorphic variants of ERK-1 and ERK-
2 increased the risk of PCOS development. In the same study, they detected that MAPK signaling was
activated by the LH receptor and serum testosterone levels were increased if the MAPK kinase inhibitor
PD98059 was given to those patients.

Various studies of PCOS demonstrated that an intersection between reproductive dysfunction and
metabolic problems indicates the possible role of adipose tissue dysfunction in PCOS pathogenesis (24,
25). Hence, Manneras-Holm et al. ((26) observed aberrant adipose tissue morphology and function in
both underweight and overweight patients with PCOS. To better reveal the role of adipose tissue in PCOS
pathogenesis, Kokosar et al. (27) investigated whether there was a genetic change in adipose tissue and
found a difference in the activity of many gene pathways in PCOS patients, including in the ERK/MAPK
signaling system. Although the number of control patients in that study was small, the screening of a
large gene family in patients with PCOS suggests that the results are reliable. In our study, we did not
directly evaluate adipose tissue but believed that ERK/MAPK kinase polymorphism affected many
tissues in the body, including adipose tissue. Thus, in our study, PCOS patients had higher total
cholesterol, LDL, and triglyceride levels compared with the control group. We found that the P-GC
genotype for ERK-2 had higher total cholesterol, LDL, and triglyceride levels than the C-GG genotype. This
irregularity in lipid levels may be related to different ERK-2 gene polymorphisms and increased lipolysis in
patients with PCOS.

Many studies in the literature conclude that there is a relationship between PCOS and chronic low-grade
in�ammation. Although these studies indicate that this relationship is due to increased BMI, insulin
resistance, or hyperandrogenemia accompanying PCOS, no clear reason has been revealed (28). In our
study, we detected signi�cantly higher CRP levels in the PCOS group compared to the control group, and
these CRP levels were positively correlated with total testosterone, HOMA-IR, and BMI levels. We also
wished to examine whether there is a correlation between ERK-1 and ERK-2 kinase polymorphic types and
other metabolic parameters, and we detected a signi�cant difference between BMI, HOMA-IR, and CRP
levels with both ERK heterozygote types. Based on these results, we may say that there is a sensitive and
complex relationship between ERK pathways and in�ammation, insulin resistance, and
hyperandrogenemia.

Like most studies in the literature, ours has limitations and strengths. As the �rst study in our population
to investigate the ERK-1 and ERK-2 polymorphisms and their relationship with other metabolic
parameters in patients with PCOS, novelty is the strongest part of our study. The limitations of the study
are that we did not evaluate infertility in patients with PCOS, nor did we classify our patients into obese
and lean PCOS groups according to BMI. It is known that the SNP of ERK-1/2 on the 3'-UTR does not
cause loss of mRNA`s function, as ERK-1/2 on the 3'-UTR is not found in the open reading frame.
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Although this may �rst appear to be a limitation, 3'-UTR mutations affect the half-life of the mRNA by
causing mRNA instability, which may ultimately reduce both the function and amount of the end protein
product. The presence of fewer ERK-1 and ERK-2 kinase protein in the cell will cause irregularity in the
metabolic pathways they control.

Conclusions
PCOS is a complex disease characterized by metabolic disorder and infertility. Its association with
anovulation, insulin resistance, hyperandrogenism, and in�ammation is attributable to ERK-1 and ERK-2,
the largest signalization system to manage major vital processes, such as cellular proliferation and
differentiation. In this study, we showed that polymorphism in MAPK/ERK genes is related to PCOS risk in
Turkish women. To explain the molecular mechanisms of this association and con�rm our results, further
studies with large sample sizes should be conducted.

Abbreviations
ERK-1: Extracellular signal-regulated kinase-1, ERK-2: Extracellular signal-regulated kinase-2,HOMA-
IR:Homeostatic Model Assessment for Insulin Resistance, FGS: Ferriman-Gallwey score, WHR: Waist-to-
hip ratio

BMI: Body mass index, CRP: C-Reactive Protein, SNPs: Single nucleotide polymorphisms, LH: Luteinizing
hormone

Declarations
Acknowledgements 

We would like to thank all the patients who agreed to participate in this study. 

Author contributions

GG: Conceptualization, Methodology, Formal Analysis, Writing – Original Draft Preparation- Review and
Editing

MIT: Conceptualization, Methodology, Software, Writing – Review and Editing

NS: Investigation, Software, Investigation

ET: Investigation, Methodology,

YD: Supervision, Software

LE: Supervision, Investigation



Page 11/13

OC: Supervision

CS: Writing – Review and Editing 

Funding

The Balikesir University Scienti�c Investigations Foundation supported our study (Project number:
2017/48).

Availability of data and materials 

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request. 

Approval by Ethics Committee: The Ethics Committee of Balıkesir University approved our study (Project
number: 2017/48).

Human rights statements and informed consent: All procedures followed were in accordance with the
ethical standards of the responsible committee on human experimentation (institutional and national)
and with the Helsinki Declaration of 1964 and its later amendments. Informed consent was obtained
from all patients for inclusion in the study.

Consent for publication 

All patients gave written informed consent for publication. 

Competing interests 

The authors declare that they have no competing interests. 

Con�ict of interest statement

No con�ict of interest.

ORCID ID: Gurhan Guney https://orcid.org/0000–0002–0093–2743

References
1. Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al. Recommendations from the

international evidence-based guideline for the assessment and management of polycystic ovary
syndrome. Fertil Steril. 2018;110(3):364–79.

2. Makrinou E, Drong AW, Christopoulos G, Lerner A, Chapa-Chorda I, Karaderi T, et al. Genome-wide
methylation pro�ling in granulosa lutein cells of women with polycystic ovary syndrome (PCOS). Mol
Cell Endocrinol. 2020;500:110611.



Page 12/13

3. Roskoski R, Jr. ERK1/2 MAP kinases: structure, function, and regulation. Pharmacol Res.
2012;66(2):105–43.

4. Fan HY, Liu Z, Shimada M, Sterneck E, Johnson PF, Hedrick SM, et al. MAPK3/1 (ERK1/2) in ovarian
granulosa cells are essential for female fertility. Science. 2009;324(5929):938–41.

5. Khan MJ, Ullah A, Basit S. Genetic Basis of Polycystic Ovary Syndrome (PCOS): Current Perspectives.
Appl Clin Genet. 2019;12:249–60.

�. Lee H, Oh JY, Sung YA, Chung H, Kim HL, Kim GS, et al. Genome-wide association study identi�ed
new susceptibility loci for polycystic ovary syndrome. Hum Reprod. 2015;30(3):723–31.

7. Wawrzkiewicz-Jałowiecka A, Kowalczyk K, Trybek P, Jarosz T, Radosz P, Setlak M, et al. In Search of
New Therapeutics-Molecular Aspects of the PCOS Pathophysiology: Genetics, Hormones,
Metabolism and Beyond. Int J Mol Sci. 2020;21(19).

�. Ferriman D, Gallwey JD. Clinical assessment of body hair growth in women. J Clin Endocrinol Metab.
1961;21:1440–7.

9. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28(7):412–9.

10. Lewandowski KC, Płusajska J, Horzelski W, Bieniek E, Lewiński A. Limitations of insulin resistance
assessment in polycystic ovary syndrome. Endocr Connect. 2018;7(3):403–12.

11. Harmoinen A, Hällström O, Grönroos P. Rapid quantitative determining of C-reactive protein using
laser-nephelometer. Scand J Clin Lab Invest. 1980;40(3):293–5.

12. Rivas MA, Avila BE, Koskela J, Huang H, Stevens C, Pirinen M, et al. Insights into the genetic
epidemiology of Crohn's and rare diseases in the Ashkenazi Jewish population. PLoS Genet.
2018;14(5):e1007329.

13. Sherry ST, Ward MH, Kholodov M, Baker J, Phan L, Smigielski EM, et al. dbSNP: the NCBI database of
genetic variation. Nucleic Acids Res. 2001;29(1):308–11.

14. Ellegren H, Galtier N. Determinants of genetic diversity. Nat Rev Genet. 2016;17(7):422–33.

15. Prochazka R, Blaha M. Regulation of mitogen-activated protein kinase 3/1 activity during meiosis
resumption in mammals. J Reprod Dev. 2015;61(6):495–502.

1�. Chen L, Jiang JC, Dai XX, Fan HY. [Function and molecular mechanism of mitogen-activated protein
kinase (MAPK) in regulating oocyte meiotic maturation and ovulation]. Sheng Li Xue Bao.
2020;72(1):48–62.

17. Siristatidis CS, Vrachnis N, Creatsa M, Maheshwari A, Bhattacharya S. In vitro maturation in
subfertile women with polycystic ovarian syndrome undergoing assisted reproduction. Cochrane
Database Syst Rev. 2013(10):Cd006606.

1�. Pedroso DCC, Santana VP, Donaires FS, Picinato MC, Giorgenon RC, Santana BA, et al. Telomere
Length and Telomerase Activity in Immature Oocytes and Cumulus Cells of Women with Polycystic
Ovary Syndrome. Reproductive Sciences. 2020;27(6):1293–303.



Page 13/13

19. Nelson-Degrave VL, Wickenheisser JK, Hendricks KL, Asano T, Fujishiro M, Legro RS, et al. Alterations
in mitogen-activated protein kinase kinase and extracellular regulated kinase signaling in theca cells
contribute to excessive androgen production in polycystic ovary syndrome. Mol Endocrinol.
2005;19(2):379–90.

20. Corbould A, Zhao H, Mirzoeva S, Aird F, Dunaif A. Enhanced mitogenic signaling in skeletal muscle of
women with polycystic ovary syndrome. Diabetes. 2006;55(3):751–9.

21. Lin SL, Yan LY, Liang XW, Wang ZB, Wang ZY, Qiao J, et al. A novel variant of ER-alpha, ER-alpha36
mediates testosterone-stimulated ERK and Akt activation in endometrial cancer Hec1A cells. Reprod
Biol Endocrinol. 2009;7:102.

22. Manna PR, Molehin D, Ahmed AU. Dysregulation of Aromatase in Breast, Endometrial, and Ovarian
Cancers: An Overview of Therapeutic Strategies. Prog Mol Biol Transl Sci. 2016;144:487–537.

23. Hu L, Zhang Y, Chen L, Zhou W, Wang Y, Wen J. MAPK and ERK polymorphisms are associated with
PCOS risk in Chinese women. Oncotarget. 2017;8(59):100261–8.

24. Spritzer PM, Lecke SB, Satler F, Morsch DM. Adipose tissue dysfunction, adipokines, and low-grade
chronic in�ammation in polycystic ovary syndrome. Reproduction. 2015;149(5):R219-27.

25. Sanchez-Garrido MA, Tena-Sempere M. Metabolic dysfunction in polycystic ovary syndrome:
Pathogenic role of androgen excess and potential therapeutic strategies. Mol Metab.
2020;35:100937.

2�. Mannerås-Holm L, Leonhardt H, Kullberg J, Jennische E, Odén A, Holm G, et al. Adipose tissue has
aberrant morphology and function in PCOS: enlarged adipocytes and low serum adiponectin, but not
circulating sex steroids, are strongly associated with insulin resistance. J Clin Endocrinol Metab.
2011;96(2):E304-11.

27. Kokosar M, Benrick A, Per�lyev A, Fornes R, Nilsson E, Maliqueo M, et al. Epigenetic and
Transcriptional Alterations in Human Adipose Tissue of Polycystic Ovary Syndrome. Sci Rep.
2016;6:22883.

2�. Gonzalez F. In�ammation in Polycystic Ovary Syndrome: underpinning of insulin resistance and
ovarian dysfunction. Steroids. 2012;77(4):300–5.


