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ABSTRACT

Purpose: Polycystic Ovary Syndrome (PCOS) is a complex multifactorial endocrine metabolic
disorder of reproductive-aged women characterized by hyperandrogenism, hirsutism, anovulation,
hyperinsulinemia and polycystic ovaries. The main aim of this study was to investigate the association
of eNOS and STAT6 gene Single Nucleotide Polymorphisms (SNPs) with the susceptibility of PCOS
in South Indian Women.

Research question: What is the association status of eNOS and STAT6 SNPs with PCOS?

Methods: The present genetic association study involves clinically confirmed PCOS patients (n
= 105) and non-PCOS controls (n = 110) of the Dravidian linguistic group. Genotyping of +894G/T
(Glu298Asp) SNP of eNOS and 2964G/A SNP of STAT6 was performed by Polymerase Chain
Reaction (PCR) and sequencing analysis.

Results: There were statistically significant differences in the genotype and allele frequencies of
eNOS+894G/T (p = 0.1110) and STAT62964G/A (0.0019) between the cases and controls, according
to codominant, dominant and recessive genotype models.

Conclusion: In conclusion, the eNOS and STAT6 gene polymorphisms may constitute an
inheritable risk factor for PCOS in South Indian women.

INTRODUCTION

Polycystic Ovary Syndrome (PCOS) or Stein—Leventhal syndrome is one of
the common endocrine multifactorial disorders affecting reproductive-aged
women with a prevalence of 6-10% [1,2] and is a leading cause of infertility [3].
It is characterized by the presence of several disorders such as polycystic ovaries,
hyperandrogenism, hirsutism, acne, androgenic alopecia, anovulation and
hypersecretion of LH [4,5]. Metabolic disorders such as hyperinsulinemia, insulin
resistance, impaired pancreatic cell insulin secretion, type 2 diabetes, endometrial
and ovarian cancer are associated with PCOS [6,7]. The observation of familial
aggregation indicates the heritable tendency of the PCOS, but the etiology and
pathogenesis remain unclear. PCOS is well documented as a polygenic disease.
Analyzing the genetic variations in the disease susceptibility genes would give
better insights in understanding the disease pathophysiology. Previously, studies
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from our lab demonstrated the correlation between various
candidate genes and PCOS risk in Indian population [8-11].

Nitric oxide plays pivotal role in many physiological
functions which are compromised in PCOS, for example,
follicular maturation, ovulation, etc. Endothelial Nitric
Oxide Synthase (eNOS) located at the 7q35-q36 region is
involved in the production of nitric oxide in ovaries and
mediate the process leading to ovulation [12,13]. PCOS
women was reported to have reduced eNOS expression
augmenting nitric oxide deficiency [14]. eNOS is considered
tobe ahighly polymorphic gene and the most common Single
Nucleotide Polymorphism (SNP) 894G/T located in exon 7 is
extensively studied [15]. The +894G/T SNP is located in the
protein-coding region and genomic change G to T results
in Glu298Asp (rs1799983) change in the coded protein.
The frequency of this polymorphism has been reported in
several association studies such as endometriosis [16] and
unexplained recurrent spontaneous abortion [17], but no
reports have been documented in PCOS of South Indian
women.

Cytokine mediated immunoregulatory mechanism
contributes to ovarian dysfunction and metabolic
abnormalities in PCOS [18]. An imbalance between pro- and
anti-inflammatory cytokines have been implicated in the
pathogenesis of PCOS [19]. Signal Transducer and Activator
of Transcription 6 (STAT6) located on chromosome
12q13.3-q14.1, is a transcription factor implicated in the
initiation of signals from activated Th2 cells, specifically
through anti-inflammatory cytokines IL-4 and IL-13 [20].
STAT6 is also widely studied for the down regulation of
immunological surveillance in various tumors including
ovarian cancer [21-23]. SNPs in STAT6 gene are associated
with various diseases among different populations which
include eczema in the Caucasian population [24], asthma in
Chinese population [25]. The common 2964G/A (rs324015)
polymorphism in the 3'-untranslated region (3'-UTR)
located in exon 23 of the human STAT6 gene is shown to
be associated with inflammatory bowel disease [26] and
endometriosis [27], but no reports have been authenticated
in PCOS. Moreover, recent bioinformatic studies revealed
STAT6 transcription binding site in the promoter region of
eNOS gene [28] and also studies have provided an evidence
that eNOS regulates anti-inflammatory signaling through
STAT®6 [29]. Therefore, we hypothesized a role for both the
genes and analyzed their polymorphisms with the risk of
PCOS in South Indian women.

In the present case-control study, we determined the
distribution of the Endothelial Nitric Oxide Synthase (eNOS)
+894G/T and signal transducer and activator of transcription
6 (STAT6)2964G/A polymorphisms and their correlation
with the risk of developing PCOS in South Indian women.
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MATERIALS AND METHODS

Study population

One hundred and five (n = 105) women of reproductive age
18-40 years (mean age: 27 years) with PCOS and one hundred
and ten (n = 110) healthy women without PCOS (mean age: 26
years) as controls were recruited at the Infertility Institute
and Research Centre (IIRC), Secunderabad, India. Blood
samples were collected, and plasma was removed followed
by storage at -20°C until further analysis. Informed written
consent was obtained from all subjects prior to participation
in this study. The study was approved by ethical committee
and review board of Centre for Cellular and Molecular
Biology (CCMB), Hyderabad. All the participants included
in study were of South Indian origin (Dravidian linguistic
group) [8-11].

Inclusion-exclusion criteria: Cases were selected as per
the Rotterdam consensus criteria to diagnose PCOS [30]. All
subjects (PCOS cases and controls) were, non-pregnant and
non-smokers. Criteria for the diagnosis of PCOS included
oligoovulation (cycles longer than 35 days or less than 26
days, elevated free testosterone levels (0.5 ng/dl; the cut-
off level for free testosterone level was the mean + 2 SD
according to normal levels in controls), oligomenorrhea or
amenorrhea. In accordance with the above criteria polycystic
ovary morphology was determined by transvaginal
ultrasonography, which defines PCOS as the presence of 12
or more small follicles (2 to 9 mm) in each ovary.

Control subjects had no signs of menstrual dysfunction
and their normal glucose tolerance, androgen levels were
within normal range, and no family history of hirsutism,
type 2 diabetes mellitus, and infertility. The Body Mass
Index (BMI) was calculated as body weight (kg) divided by
body height squared (m?). The demographic and biochemical
characteristics of PCOS women and controls were
summarized in supplementary table 1. Women with other
causes of hyperandrogenism such as hyperprolactinemia,
Cushing syndrome, androgen-secreting tumors and non-
classic congenital hyperplasia, were excluded from this
study [8-11].

Genetic analysis

Genotyping of +894G/T (rs1799983) SNP of eNOS
and 2964G/A 3'-UTR (rs324015) SNP of STAT6 variants
was performed by PCR and sequencing analysis as per the
protocols described earlier [27,31]. PCR was carried out in
a total reaction volume of 25 nl, containing 50 ng genomic
DNA, 1X Taq polymerase buffer (1.5 mM MgCl2), 2-6 pmole
of each primer, and 0.25 units of Amplitaq DNA polymerase
(Perkin Elmer, Foster City, USA). The primers and PCR
conditions were summarized in table 1. PCR amplification
was performed in a programmable thermal cycler gradient
PCR system (Eppendorf AG, Hamburg, Germany). PCR
products were analyzed by 1.5% agarose gel stained with
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Table 1: Primers and PCR conditions used in this study.

Gene SNP Primers

F:5-TCCCTGAGG
AGGGCATGAGGCT-3'
R:5-TGAGGGTCA
CACAGGTTCCT-3'
F:5-AGCTCTTCT
ACTACCCCCACA-3'
R:5-ACATGTCCA
GACCCCTCCTA-3'

eNOS3 +894G/T

STAT6 2964G/A

PCR: Polymerase Chain Reaction

ethidium bromide and then sequenced with a Taqg-Dye
deoxy-terminator cycle sequencingkit (Applied BioSystems,
USA) using an automated ABI 3770 DNA sequencer (Applied
BioSystems, USA). Genotype calling was performed by using
Chromas V.2 software (Technelysium Ltd., Australia). In
addition, we also genotyped eight other SNPs present in the
STAT®6 gene (Supplementary table 2).

Statistical analysis

The results for continuous variables are expressed
as the mean + SD. The means of the two genotype groups
were compared in an SPSS statistical package (V 11.0).
Genotype frequencies in cases and controls were tested for
Hardy—Weinberg Equilibrium (HWE) using Fisher’s exact
test, and any deviation between the observed and expected
frequencies was tested for significance using the Chi
square (x2) test. In addition, the Odds Ratio (OR) and 95%
Confidence Interval (CI) values were calculated using the
online Vassar Stats Calculator (https://www.facul ty.vassar.
edu/lowry/VassarStats.html). In this study, the p-value
below < 0.05 was considered statistically significant [32].

RESULTS

All subjects (n = 215) were successfully genotyped. The
genotype distributions of individual SNPs, as well as allele

Table 2: Risk estimates for the association of eNOS and STAT6 SNPs in PCOS.

Cases
Genotypes/Alleles (n = 105)

eNOS
rs1799983/Genotypes

Codominant model

GG 61 79
GT 36 29
T 8 2
Recessive model

T 8 2
GT+GG 97 108
Dominant model

GT+TT 44 31
GG 61 79
Alleles

G 158 187
T 52 33
STAT6
rs324015
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PCR conditions References

Denaturation: 96°C (5min);
35 cycles: 94°C (40Sec);
61°C (45Sec);72°C (50Sec);
Extension: 72°C (10min)
Denaturation: 96°C (5min);
35 cycles: 94°C (40Sec); 54'C
(45Sec);72°C (50Sec);
Extension: 72°C (10min)

Bhanoori M, et al. [31].

Bhanoori M, et al. [27].

system, were all in Hardy-Weinberg equilibrium (p < 0.05)
in both cases and controls.

eNOS +894G/T (rs1799983) polymorphism

Sequence analyses of the 457 bp product of the eNOS SNP
are shown in figure 1A. GG and TT homozygotes manifested
as a single peak, whereas the heterozygote GT is seen as a
double peak. There were statistically significant differences
in the genotype (p < 0.05) distributions and allele frequency
(p = 0.1110) of the eNOS3 +894G/T SNP between the cases
and controls, according to codominant, dominant and
recessive genotype models (Table 2). There was a significant
reduction of the wild type genotype (GG) frequency and
elevation of the mutant genotype (TT) frequency in patients
as compared to controls. The allele frequency also showed a
similar trend indicating that the ‘T" allele might confer risk
to PCOS.

STAT6 2964G/A 3'-UTR (rs324015) polymorphism

Sequence analyses of the 510 bp product of the STAT6
3'-UTR region SNP are shown in figure 1B. AA and GG
homozygotes manifested as a single peak, whereas the
heterozygote AG is seen as a double peak. The distribution of
STAT6 genotypes in women with PCOS and controls is shown
in table 2. There were statistically significant differences in

N e

- Reference
0.1149 1.6077 0.8892-2.9069
0.0255 5.1803 1.0616 - 25.279
0.0435 4.4536 0.9232-21.483
0.0348 1.8382 1.0414-3.2445
0.1110 0.5362 0.3302-0.8708
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Genotypes
Codominant model
AA 42 61 Reference
AG 42 41 0.180 1.4878 0.8307-2.6646
GG 21 8 0.0025 3.8125 1.5436-9.4167
Recessive model
GG 21 8
AG+AA 84 102 0.0063 ‘ 3.1875 ‘ 1.3434-7.5629
Dominant model
AG+GG 63 49
AA 42 61 0.0233 ‘ 1.8675 ‘ 1.0859-3.2109
Alleles
A 126 163
G 84 57 0.0019 10.5245 0.3485-0.7894
Ref: Reference; Cl: Confidence Interval
Fisher’s exact test (2x2 table at 1 df); p < 0.05
Fisher's exact test (3x2 table at 2 df); p < 0.05
A [errcTecscoaTcaTcTa606 B[AGACACNCCCCAACAT
*
AA /}\[\
ﬂ[\/ﬂ[\[\f\ﬂ N\ A CACTUNCCCCAATCAT]
CTTC TGO GCG NFPCATCTGCOC G *
*
AC AG
AGACACNCCCCAACAT
GTTCTGGGGG;TC.-\TCTGGGG | R
CC

Figure 1 A) Genotyping of the eNOS G894T polymorphism by sequence analysis of the PCR-amplified product using a reverse primer. B) Genotyping of the STAT6
G2964A 3-UTR region polymorphism by sequence analysis of the PCR-amplified product using a forward primer.

the genotype (p < 0.05) distributions and allele frequency
(0.0019) of the STAT6 2964G/A SNP between the cases and
controls, according to codominant, dominant and recessive
genotype models. There was a significant reduction of the
wild type genotype (A/A) frequency and elevation of the
mutant genotype (G/G) frequency in patients as compared to
controls indicating that ‘G' allele might confer risk to PCOS
and ‘A' allele may provide protection against development of
the disease. In addition to the 2964G/A STAT6 3'-UTR region
polymorphism, we also genotyped eight other SNPs present
in the STAT6 gene (Supplementary table 2). However, the

eight sites analyzed were monomorphic in both patients and
controls.

DISCUSSION

PCOS is a polygenically inherited disease with
multifactorial pathogenesis [33]. A variety of molecular
epidemiological studies have been focused on the association
between cytokine (TNF-q, IL-1A, IL-1B, IL-6, IL-10, or IL-
18) gene polymorphisms and PCOS risk [34]. However, few
studies have been conducted on the down-stream signaling

Bhanoori M, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1393
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molecules. PCOS oocyte is accompanied by reduced levels
of IL4 and nitric oxide resulting in impaired follicular
growth and ovulation [12,35,36]. Preovulatory follicles of
human ovary possess large number of cytokines that play an
important role in the immunoregulation of hormones which
are involved in ovarian folliculogenesis [37,38]. Moreover,
IL-4hasbeen among cytokines whose signaling via STAT6 in
human ovarian surface epithelial cells play a significant role
in oocyte maturation, ovulation and corpus luteum function
in the ovary [39]. The expression of eNOS can be induced
by IL4 /STAT6 signaling cascade [29,40] and the increased
expression of eNOS in ovary cause nitric oxide production
leading to follicular development and ovulation. STAT6 is
reported to have binding site on eNOS regulating its gene
expression and nitric oxide availability [28]. Therefore, we
hypothesized that SNPs in the STAT6 gene that have major
effects on the IL-4/IL-13 induced signaling pathway and
polymorphism in eNOS that impairs nitric oxide availability
may contribution to follicle persistence and ovulation failure
in PCOS women and conducted this study.

In the current study, SNP in eNOSrs1799983 and STAT6
rs324015genes were investigated to ascertain whether the
polymorphisms are associated with PCOS susceptibility
in South Indian women. Our study has demonstrated an
association of the polymorphism rs1799983(G/T) with
PCOS, which is located in the exon region of eNOS. An
earlier study showed that the presence of ‘Asp' allele for
the Glu298Asp reduces eNOS activity [41]. The presence of
“T' allele causes down regulation of NOS3 and reduces the
expression of eNOS. In the present study, we found high
frequency of ‘T" allele in women with PCOS when compared
to control indicating rs1799983 may be a genetic risk factor
for the disease development.

The STAT6 1s324015G/A polymorphism showed
significant difference in genotype and allelic frequency
between patients and controls. We found that the frequency
of ‘G’ allele was significantly higher in PCOS patients than
unaffected controls from the same population. In addition,
genotype frequency of the G/G was also significantly higher
in PCOS patients. Thus, our results indicate STAT6as a
candidate gene for PCOS. The analyzed SNP of STAT6
(rs324015, G29644A) is localized at the 3’ UTR region. It is
evident from the literature that the 3’-UTR region plays
an essential role in the appropriate expression of many
genes by affecting translation and mRNA stability [27],
suggesting an important role for 3’-UTR polymorphisms
in gene expression. Moreover, the G2964A polymorphism
was in significant linkage disequilibrium with the
dinucleotide repeat polymorphism (13-GT repeat allele) of
STAT®6 exon 1 [42], which is known to modulate the STAT6
promoter activity. In earlier studies, ‘G' allele of 2964G/A
polymorphism was identified as one of the risk factors for
the development of various diseases such as asthma and
endometriosis [25,27], the present study also showed a
similar trend in PCOS.

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES 1ssn: m

The minor allelic frequencies for the SNPs evaluated
were compared with the mutation frequency data from
populations of different ethnic origins, obtained from
HapMap, 1000Genomes, Genome Aggregation Database
(GnomAD) and EXAC database (dbSNP) (Supplementary
table 3). For the polymorphism in the eNOS gene rs1799983,
the frequency of the T allele is higher in Europeans and
Americans than among Asians and Africans, whereas for
STAT6 rs324015, very little variation in the G allele frequency
was observed among different populations. Since Indians
are a part of Asian ethnic group, the minor allelic frequencies
for rs324015 found in the cases were close with the Asians
represented in 1000 Genome database and also with Africans
represented in all the databases whereas, rs1799983 was
found to be close with Europeans (Supplementary table 3),
for further verification on this, studies with large sample
size are needed.

In conclusion this case-control study showed a
significant association between the studied polymorphisms
and risk of developing PCOS in South Indian women. Further
studies with larger sample size are required to validate the
results presented in this study.
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