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Abstract

Background: Polycystic ovary syndrome (PCOS) is the most common cause of ovarian dysfunction
associated with infertility, Oligomenorrhea or amenorrhea, hirsutism, acne, and obesity. A large body of
evidence unraveled, three major groups of genes play critical roles in underlying PCOS molecular
mechanism. The aim of this study is to investigate critical exonic variant of FSHR, CYP11, and INSR and
determine the functionality of these mutations in Iranian patients with PCOS.

Methods: In this case-control study, 130 patients with PCOS who referred to the Vali-e-Asr Hospital with
infertility were included. DNA extracted from three ml of peripheral blood of the participants for DNA
extraction. The PCR was conducted for each gene and the PCR product was genotyped by sequencing.
Results: The data showed that there were two polymorphisms in INSR genes which did not change the protein
sequences; these alterations can also be considered as a single nucleotide polymorphism (SNP). Moreover, any
exonic variant has not been detected in CYP11B1. Whereas, two missense mutation have been detected in
FSHR gene including p.Ala307Thr and p.Asn680Ser. It has been shown that the polymorphisms of the FSHR
gene affect the hormone response in the ovaries. Our data demonstrated that the FSHR mutations frequencies
were higher in the patients with PCOS rather than control people significantly.

Conclusions: These data showed that the polymorphisms of FSHR were significantly associated with PCOS in
Iranian infertile women. Further studies with larger sample sizes are needed to be performed for explore the
strength of the association.
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Introduction
Polycystic ovary syndrome (PCOS) is the most
common cause of ovarian dysfunction associated

complex disorder, which has been demonstrated
that a variety of genetic and environmental factors

with infertility, Oligomenorrhea or amenorrhea,
hirsutism, acne, and obesity (1, 2). The prevalence
of PCOS is about 5-15% (3). It has been shown
that metabolic pathways such as steroid hormones
regulatory, gonadotrophin axis, insulin signaling,
and regulatory pathways of glucose and fat
metabolism contributed to the development of
PCOS (4). Polycystic ovary syndrome is a

such as lifestyles have important roles in patients
(5, 6). Furthermore, positive family history has
been proposed that is a crucial predisposing factor
in PCOS (7). a large body of evidence unraveled,
three major groups of genes play critical roles in
underlying PCOS  molecular  mechanism
including  gonadotropin, androgen, insulin
secretion genes. Among the gonadotropin genes,
Follicle Stimulating Hormone Receptor (FSHR)
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plays a major role in gonadotropin secretion (8).
Its encoding gene, FSHR, is located on 2p16.3
and containing 14 exons (9, 10). In the ovary,
Follicle Stimulating Hormone (FSH) binds to
granulosa cell membrane receptors and impose its
function through the cAMP-dependent protein
kinase pathway in the cells (11). The FSH binding
increases the growth of the primary follicle cells
(12, 13). Among androgen secretion important
genes, Cytochrome P450 family gene (CYP11), is
well documented and studied. This gene has two
main subunits, CYP11A1, and CYP11B1. These
genes code a member of the cytochrome P450
family and contain 10 and 9 exons, respectively
(14). Finally, high levels of insulin are known as a
critical factor in PCOS (15). Central obesity has a
significant relationship with an increase in insulin,
even in the non-obese female. Different
mechanisms  for insulin  resistance are
demonstrated including tissue insulin resistance,
liver dysfunction, and sensitivity (16). The level
of androgens is increased by the high levels of
insulin in the three ways including, the effect on
insulin receptor that enhances the androgenic
response of the cells to Luteinizing hormone
(LH), reduces the production of Sex Hormone
Binding Globulin (SHBG) in the liver and

decreases the production of IGF-binding protein
(17, 18). The insulin receptor is a heterothermic
glycoprotein that consists of two subunits o and
B which is encoded by the insulin receptor gene
(INSR), is located on 19p13.2 and containing 22
exons (19). Altogether, the aim of this study is to
investigate novel polymorphisms and determine
the functionality of these mutations in Iranian
patients with PCOS.

Materials and Methods

Subjects

In this case-control study, 130 patients with PCOS
who referred to the Vali-e-Asr hospital, with
infertility were included. One hundred people
without any infertility complication were included
as controls (Code of ethics:
IRTUMS.REC.1395.2715). The  available
clinical data of the patients is presented in Table 1.
In addition, the patient's complete condition was
recorded and a consent form was received from
each participant in the study. Three ml of the
peripheral blood was taken from the participants
for DNA extraction in Ethylenediaminetetraacetic
acid (EDTA) tubes.

Table 1. Clinical data of the patients.

Parameters Control PCOS p value OR (CI)

Age 30.86+7.34 27.96+5.02 0.009

BMI 24.83+4.30 27.21+4.41 0.003

Hirsutism Number (%) Number (%)

No 51 (91.1%) 68(60.7%) i

Yes 5(8.9%) 44(39.3%) 0 6.60 (2.44-17.82)
Obesity

No 55(98.2%) 93(83%) i

Yes 1(1.8%) 19(17%) 0.004 11.23 (1.46-86.27)

OR: Odd ratios, Cl: Confidence interval

DNA extraction and PCR and genotyping

The Qiagen DNA extraction kit was used for
DNA extraction from the blood. The DNA
concentration was read by Nanodrop and was
diluted appropriately. The DNA was stored at -20
°C. In the next step, for each gene (FSHR,
CYP11B1, and INSR), specific primers were
designed. The primers list is presented in Table 2.

Primer3 online tool was conducted for designing
primer. By using the NCBI primer blast tool
specificity of the primer was evaluated. The PCR
was carried out in a final volume of 25 pl
containing 1 pl template DNA (100 ng), 12 pl of
Ampligon master mix, 1 pl of forward primer and
1 upl of reverse primer (10 pmol). The PCR
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program involved an activation step for 5
minutes at 95 °C followed by 30 cycles,
including a denaturation step for 30 seconds at
95 °C and a primer annealing step for 30
seconds at 60 °C and followed by a one final
cycle for 30 seconds at 72 °C. Ten uL of PCR
products were loaded to 2% agarose gel for

evaluating the PCR product length. Sanger
sequencing technique was used to determine
the genotypes of each case and control PCR
products. The sequencing chromatograms were
analyzed with Finch TV software. ClastalW
software was used to analyze the protein
alteration.

Table 2. The list of the primers.

product

Gene Exon Forward primer Reverse primer length ™
FSHR 10 CTTTCCCATCTTTGGCATCAGC TCAGCTTCCTAATGTATCACATGG 760 60
INSR 17 TTTTCGAGGGGGTTTGGGTG AGGGGTGGGTAGGAGGTTAC 453 59
CYpP11B1 3 ATGGCACTCAGGGCAAAGG TTAGTTGATGGCTCTGAAGGTGA 1512 59

Statistical analysis and results

The polymorphism and allele frequencies were
calculated in different groups. Data were analyzed
using SPSS software. In order to compare the
frequency distribution of different genotypes in
PCOS samples, the odds ratio of the genotypes
were calculated by Chi-Square Pearson test. The
p< 0.05 was considered significant.

Results

INSR gene sequencing data

Our data showed that the INSR gene contains
two novel mutations in 130 cases and 100

controls in exon 17 (¢.T3128C and ¢.C3174T).
€.T3128C mutation encodes cysteine (Cys),
occurs in nucleotide 3128 (c.T3128C), which
changes the T nucleotide to C, but no change
in the protein sequence. The ¢.C3174T
mutation encodes Histidine (His). The
nucleotide change in nucleotide 3174
(c.C3174T), which changes from C to T, but
no change in the protein sequence. The PCR
results of the INSR gene from four samples
were shown on the 2% agarose gel in Figure 1.
Allele frequency of the mutations is presented
in Tables 3 and 4.

Table 3. The allele frequency of INSR ¢.C3174T mutation.
Number of participants (%o)

Genotype control case p-value OR (95% CI)
Number (%0) Number (%0)

CcC 57(95) 73(56.2) - 1.0

CT 2(3.3) 56(43.0) 0.00 21.863 (5.116-93.425)

TT 1(2.7) 1(0.8) 0.862 0.781 (0.048- 12.756)

CT+TT 0.00 14.836 (4.417- 49.829)

Table 4. The allele frequency of INSR ¢.T3128C mutation.
Number of participants (%0)

Genotype control case p-value OR (95% CI)
Number (%0) Number (%)

TT 58(96.7) 1(0.8) - 1.0

TC 1(1.7) 1(0.8) 0.568 0.453 (0.028- 7.371)

cC 1(1.7) 2(1.6) 0.568
TC+CC 2(3.4) 1(0.8) 0.423

0.453 (0.028- 7.371)
0.453 (0.062- 3.296)
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Fig. 1. Agarose gels (2%) electrophoresis. A) FSHR (760 bp). B) INSR (453bp). C) CYP11B1 (1512bp) genes. 1: DNA
ladder (100 bp). 2: PCR negative control. 3: Control Sample 1. 4: Control Sample 2. 5: Case Sample 1. 6: Case Sample 2.

FSHR gene sequencing data

Sequencing data showed two novel mutations in
exon 10 of the FSHR gene. According to
NM_000145.3 reference sequence, one mutation
in codon 307, encoding cysteine (Cys), occurs in
nucleotide 919 (c. G919A), which changes the G
nucleotide to A, and in the protein sequence, the
amino acid of alanine converts to the threonine
(p-Ala307Thr). Another mutation in codon 680,

encoding Asparagine (Asn), occurs in nucleotide
2039 (c. A2039G), which changes the A
nucleotide to G, and in the protein sequence, the
amino acid of arginine converts to the serine (p.
Asn680Ser). The PCR results of the FSHR gene
from four samples were shown on the 2% agarose
gel in Figure 1. Allele frequency of the mutations
is presented in Tables 5 and 6. The sequencing
chromatograms are presented in Figure 2.

Table 5. The allele frequency of FSHR ¢.A2039G mutation.

Number of participants (%6)

Genotype control case p-value OR (95% CI)

Number (%0) Number (%0)
AA 53(88.3) 68(56.7) - 1.0
AG 6(10) 43(35.8) 0.000 5.586 (2.211-14.109)
GG 1(1.7) 9(7.5) 0.037 7.015 (0.862-57.110)
AG+GG 7(11.7) 52(43.3) 0.000 5.790 (2.433- 13.778)

Table 6. The allele frequency of FSHR c. G919A mutation.
Number of participants (%6)
Genotype control case p-value OR (95% CI)
Number (%) Number (%)

GG 50(83.3) 52(41.9) - 1.0
GA 8(13.3) 28(22.6) 0.005 3.365 (1.401-8.084)
AA 2(3.3) 44(35.5) 0.000 21.154 (4.867- 91.935)
GA+GG 10(5.4) 72(39.1) 0.000 6.923 (3.215- 14.907)
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Fig. 2. The FSHR gene (exon 10) sequencing chromatograms. A: Control. B: PCOS case. The arrow represents the
point of C. G919A mutation, which changes the G nucleotide to A. C: Control. D: PCOS case. The arrow represents the
point of c. A2039G mutation, which changes the A nucleotide to G.

CYP11BL1 gene sequencing data

Our sequencing data did not demonstrate any
mutation in the CYP11B1 gene among the
patients. The PCR results of the CYP11B1 gene
from four samples were shown on the 2%
agarose gel in Figure 1.

Discussion

Polycystic ovary syndrome is a syndrome with
endocrine, metabolic and genetic disorders
which is characterized by chronic owvulation,
polycystic ovary, and clinical and biochemical
manifestations of hyperandrogenism (2, 20).
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PCOS etiology is so complicated. Recent
investigations showed that the number of
endocrine abnormalities increase and exacerbate
each other in PCOS (21). These disorders
include a defect in the function of the
hypothalamus-hippophysic axis, ovarian and
adrenal functions. In fact, PCOS is associated
with abnormal gonadotropin secretions, LH and
FSH, and increased ovarian steroid secretion as
well as insulin resistance (16, 22). People with
PCOS have higher levels of luteinizing hormone,
testosterone, insulin, cholesterol, and triglyceride
than normal ones. Also, women with PCOS have
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lower levels of FSH and SHBG (high hormone
binding globulin) and high-density lipoproteins
than healthy people (13). It is necessary to find
genes which involve in infertility to understand
the underlying mechanisms and treatment of
infertility. Patients with polycystic ovarian
syndrome are often subjected to IVF (23).
Recent studies considered polymorphisms of the
contributed genes in ovarian hormone response.
Therefore, the evaluation of the effective gene
polymorphisms in women treated with IVF
(successful or unsuccessful) is important. The
FSHR (follicle stimulating hormone receptor)
gene is expressed in granulosa cells in the ovary
and plays an important role in female
reproduction, such as granulosa  cell
proliferation, folliculogenesis stage regulation,
and oocyte maturation (24). The in FSHR codon
680 is a polymorphism that can lead to distinct
genotypes, some of which may predispose
individuals to infertility. According to previous
reports, this polymorphism can be considered as
a risk factor for unsuccessful IVF in infertile
women (25). In the current study, we
investigated FSHR, CYP11B1, and INSR
polymorphisms in Iranian infertile women with
PCOS. The data showed that there were two
polymorphisms in INSR genes which did not
change the protein sequences; these alterations
can also be considered as an SNP. Moreover, we
did not find any mutation in CYP11B1 gene.
Whereas we find two missense mutation in
FSHR gene including p.Ala307Thr and p.
Asn680Ser. It has been shown that the
polymorphisms of the FSHR gene affect the
hormone response in the ovaries. Our data
demonstrated that the FSHR mutations
frequencies were higher in the patients with
PCOS rather than control group significantly.
The previous investigation demonstrated that
FSHR p.Ala307Thr mutation can modulates
ovarian response to gonadotropin in women with
normal gonadotropin levels (26). In a recent
study with 352 women with endometriosis and
510 fertile controls revealed that FSHR
polymorphisms ~ were  associated  with
endometriosis  significantly. Their  finding
proposed that 680Ser-Ser/GG genotype and
““GG/307A1a680Ser’”  haplotype remarkably

elevate the risk of endometriosis in infertile
women (27). Moreover, in the study of
Xianliang et al. on infertile Chinese female
undergoing IVF/ICIS-ET treatment indicated a
linear correlation between Ser680 of FSHR
polymorphism and FSH level and oocytes
retrieved. In addition, FSHR Ser680Asn
polymorphism was associated with ovarian
response in controlled ovarian hyperstimulation
(27). While Mohiyiddeen et al. demonstrated
that the FSHR p.Asn680Ser genotype
frequencies were not different in I\VF patient in
comparison to control. They found that this
polymorphism was not associated with ovarian
response to gonadotropin stimulation in the IVF
patients (28). Besides this, the previous study
indicated that the FSHR p.Asn680Ser
polymorphism did not show significant
association with ovarian reserve markers
including antimullerian hormone, antral follicle
count, and FSH level in the controlled ovarian
stimulation I\VF patients (29). In a study on the
female with PCOS in the Chinese population
showed that The Ala307Thr and Ser680Asn
polymorphisms of FSHR did not demonstrate
significant association with PCOS but related to
FSH and PRL levels in the patients (30). Also,
Unsal et al. investigated the polymorphisms of
FSHR, CYP17, CYP1Al, CAPNI10, INSR,
SERPINE1 genes in PCOS patients. They did
not find any association between the FSHR
polymorphisms and PCOS (31). Whereas, in the
study of Du et al. with 60 PCOS patients and
92 healthy control revealed that the FSHR
thr307Ala and Asn680Ser polymorphisms
were significantly associated with PCOS in
Chinese women (32). Dolfin et al. showed that
the heterozygote FSHR Ala307Thr
polymorphism was remarkably associated to
PCOS in Italian women and related to a higher
responsiveness to exogenous FSH (33).
However, this study met some limitations.
These limitations may be guidance for future
investigations to overwhelming them. The
sample size of the study was quite small which
could have a dramatic impact on the power of
the study and the ovarian hormones and
parameters were not assessed in our study.
Altogether, our data showed that the
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Ala307Thr and Ser680Asn polymorphisms of
FSHR were significantly associated with
PCOS in Iranian infertile women. Further
studies with larger sample sizes are needed to
be performed in order to explore the strength
of the association.
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