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ABSTRACT

Background: Polycystic ovary syndrome (PCOS) is an endocrine disorder and the criteria are
specified by common complex genetic hyperandrogenism, oligomenorrhea or amenorrhea and
polycystic ovary morphology. It is a leading cause of female infertility. The prevelance of PCOS
among reproductive age women has been estimated to be 4-12%. The association between PCOS
and FSH receptor (FSHR) polymorphism attracts wide attention. The aim of the present study was
to evaluate whether polymorphism of FSHR at Ala307Thr codon is associated with PCOS and with
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clinical features of PCOS patients in Egypt.

women.

Results: PCOS patients (n=64) and control subjects (n=65) in the reproductive age were recruited
from the outpatient clinic of Obstetrics and Gynecology Department, Mansoura University, Egypt.
The Ala307Thr polymorphism in FSHR, and the frequency of respective genotypes was studied
and statistical analysis was performed. We found that the heterozygote Ala/Thr genotype was
associated with PCOS (64.1%, OR=2.68, CI=0.97, P= 0.033) compared with controls.

Conclusion: The variant of Ala307Thr polymorphism of FSHR was associated with PCOS but it
may be related to high total testosterone levels. In addition the FSHR polymorphism was not
associated with either luteinizing hormone or follicular stimulating hormone. The present study
suggests that the variant of the FSHR gene may act as a causative factor of PCOS in Egyptian

Keywords: Polycystic ovary syndrome; follicle stimulating hormone; follicle stimulating hormone
receptor; single nucleotide polymorphisms.

1. INTRODUCTION

Polycystic ovarian syndrome (PCOS) is a
complex endocrine disorder characterized by
hyperandrogenism, menstrual irregularity and
polycystic ovarian morphology. About 4-12% of
women within reproductive age are affected by
PCOS. It accounts for about 75% of all cases of
anovulatory infertility [1,2]. PCOS is a
mutifactorial disease and its pathogenesis is still
not fully understood. Although multiple genetic
factors including mutations and polymorphisms
to several genes have been associated with
PCOS risk, the inheritance mode and the
molecular genetic mechanisms underlying PCOS
risk are not fully understood [3].

Follicle stimulating hormone (FSH) is expressed
as a pituitary glycoprotein that plays an essential
role during folliculogenesis through stimulation of
granulosa cell proliferation and differentiation as
well as follicle growth and development [4,5]. The
effect of FSH is mediated by the FSH receptor
(FSHR) which is expressed in the granulosa cells
of the ovary. FSHR is a member of the family
of G protein-coupled receptors characterized
by three domains, extracellular ligand-binding
domain, transmembrane domain and intracellular
domain [6].

The importance of FSHR in the signaling
transmission of FSH made FSHR gene one of
the important candidate genes for PCOS [4].
Mutations in FSHR can lead to arrest of follicle
development at several phases of growth [7,8].
There are a number of genetic variants in the
FSHR that have an effect on the phenotype,
these effects include variable development
of secondary sex characteristics, primary
amenorrhea, hypoplastic ovary and serum levels
of FSH [9].

The FSHR gene is located on chromosome 2p21
and comprises 10 exons and 9 introns [10].
FSHR gene contains two important single
nucleotide polymorphisms (SNPs) in exon 10,
which are in linkage disequilibrium and change
two amino acids at positions Ala307Thr and
Ser680Asn. Ala307Thr, situated at the
extracellular domain of FSHR, the site
responsible for high affinity hormone binding, has

been reported to affect hormone ftrafficking,
signal transduction, and subsequent FSH
efficacy [3,11].

Most available studies were focused on position
680, whereas polymorphism 307 was less
considered [8,9,12-14]. Studies carried out to
establish the association of Ala307Thr
polymorphism with the risk of PCOS came out
with  inconsistent results, moreover, data
regarding these associations with PCOS in
Egyptian population have not been studied
before.

The existence of significant differences in the
allele distribution of FSHR polymorphism 307 in
women with PCOS have been reported in
several studies [8,12,13]. On the other hand, this
association was not confirmed among other
studies [9,4].

The aim of the present study was to investigate
the association of Ala307Thr (rs6165)
polymorphism of FSHR gene with the risk of
PCOS among Egyptian women.

2. SUBJECTS AND METHODS
This cross-sectional study was done between

August 2011 and April 2013 and included two
groups of women. The first group was the PCOS
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group which included 64 women with PCOS, with
mean age of 25.78+4.53, recruited from the
outpatient clinic of Obstetrics and Gynecology
Department, Mansoura University Hospitals,

Egypt.

The second group was the control group, which
included 65 healthy women, matched for age and
body mass index (BMI), with mean age of
25.0944.81, recruited randomly from the fertility
care unit, with regular menstrual cycles, no
clinical appearance of hirsutism, acne, alopecia,
endocrinopathies, or other chronic illness and
none of them had PCO picture on ultrasound,
also, none of them had a family history of PCOS.

Diagnosis of PCOS was made according to the
2003 Rotterdam ESHRE/ASRM PCOS
Consensus  Workshop  Group’s  diagnostic
criteria. This proposes a diagnosis of PCOS
when a patient meets two of the following three
criteria: (i) Oligomenorrhea or amenorrhea for at
least 6 months; (ii) Clinical and/or biochemical
signs of hyperandrogenism; (i) Polycystic
ovaries on ultrasound [15]. Oligomenorrhea was
defined as a reduction in the frequency of
menses with intervals between 40 days and 6
months and hyperandrogenism was defined as
serum testosterone > 0.6 ng/ml. Diagnosis of
polycystic ovaries was defined as the presence
of 12 or more follicles in each ovary measuring 2-
9 mm in diameter and/or increased ovarian
volume (10 mm) [9].

The criteria for inclusion were that: patients were
in their reproductive age and none of them were
on hypoglycemic agents (including metformin) or
hormonal therapy (including oral contraceptives)
or undergone ovulation induction for at least 3
months before entering the study. Exclusion
criteria included other causes of
hyperandrogenism, as  (androgen-secreting
tumors, nonclassical adrenal hyperplasia, and
cushing's syndrome), hyperprolactinemia,
diabetes, hypertension, thyroid disease, and
renal diseases.

All subjects were recruited in the follicular phase
of menstrual cycles and BMI of each patient
defined as weight (kg)/height (m?) was calculated
[16]. Written informed consent was obtained from
each participant and the study protocol was

approved by Mansoura ethical committee.
2.1 Collection of Blood Samples

Venous blood samples (5 ml) were taken
between 8:00 AM-9:00 AM after 12-h fast. The

blood was divided into two parts, 3 ml were
placed into plain tubes and allowed to clot for 10-
15 minutes, centrifuged and the separated serum
was stored at -80°C for further measurement of
the biochemical parameters. The other 2 ml of
the whole blood were taken in EDTA coated
tubes for extraction of DNA and performing
genotyping working.

2.2 Biochemical and Genotype Analysis

Serum concentrations of luteinizing hormone
(LH) [17], follicular stimulating hormone
(FSH) [18] and total testosterone [19] were
measured by a microplate chemiluminescence
immunoassay (Monobind Inc., Lake Forest,
USA).

Genomic DNA was extracted from blood samples
using a DNA npurification kit (Fermentas,
Germany) according to the manufacturer’'s
instructions. The Ala307Thr of FSHR was
detected by restriction fragment length
polymorphism (RFLP) analysis [3,20]. A 577 bP
fragment of FSHR was amplified by PCR using
the following primers:

F: 5'- CCTGCACAAAGACAGTGATG-3'
R: 5'-TGGCAAAGACAGTGAAAAAG-3".

Polymerase chain reaction (PCR) was carried
out in a 25 pl mixture containing: 2.5 yl 1x PCR
buffer, 0.75 pl MgCl,, 1 pl dNTP mixture, 0.7 ul of
each primer, 0.5 pyl Tag DNA polymerase, 13.85
pl double distilled H,O, and 5 yl genomic DNA.

The thermal cycler was adjusted for PCR
conditions as follows: Initial denaturation cycle at
95°C for 5 minute followed by 30 cycle in the
form of 94°C for 30 seconds (denaturation), 55°C
for one minute (annealing) and 72°C for one
minute (extension) with a final extension cycle of
7 min at 72°C.

The PCR products were digested with enzyme
Eam1105/ (Thermo Fisher Scientific Inc., USA).
Digestion of the G allele produced two fragments
with lengths 403 and 174 bp, Digestion of the A
allele produced three fragments with lengths 403,
143 and 31 bp. The digestion products were
resolved after electrophoresis in 4% agarose gel,
Fig. 1.

2.3 Statistical Analyses

Statistical analyses were carried out via
Statistical Package for Social Science (SPSS)
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version 17 program on windows XP. Qualitative
data were represented in the form of number and
frequency, while quantitative data were
represented in the form of mean * standard
deviation (Mean + SD).

Kolmogrov-smirnov test was used to test
normality of quantitative data. x> and Fisher
exact tests were used to examine qualitative
data. Whereas, ANOVA and Kruskal-Wallis tests
were used for normally and non-normally
distributed quantitative data. Genetic association
was performed by logistic regression. Results
were expressed as nominal P, odds ratio (OR)
and 95% confidence interval (Cl). Results were
considered significant if p value is < 0.05.

3. RESULTS

Table 1 showed that there was no significant
difference in the mean age or body mass index
between PCOS group and controls (P = 0.310, P
= 0.072, respectively).

LH, FSH, LH/FSH ratio and total testosterone
levels were significantly higher in PCOS group
compared to controls (P = 0.005, P = 0.018, P =
0.035, P < 0.001, respectively), Table 1. The
genotype analysis showed that the heterozygote

DNAladder LI L2

400 bP
300 P
2306P

200 P
150 bP

100 P

0uP

AG genotype was significantly more frequent in
PCOS patients than controls [64.1% vs. 40%;
OR = 2.68, 95% Cl = 0.97-7.5, P = 0.033].
Following adjustment for BMI in the comparison
between PCOS patients and the control group,
this association with PCOS remained statistically
significant (P = 0.036).

Table 1. Clinical and biochemical
characteristics in PCOS and control groups

PCOS Control P-value
group group
(n = 64) (n = 65)
Age (years)
Mean +SD  25.78+4.53 25.09+4.81 0.310
BMI (kg/m?)
Mean +SD  29.80+6.12 27.12+543 0.072
LH (mlU/ml)
Mean + SD 10.11+12.50 4.16+5.56  0.005*
FSH (mlU/m 1)
Mean + SD 6.46+540 4.34+298 0.018*
LH/FSH ratio
Mean+SD  2.95+5.17 1.04x1.33 0.035*
Total testosterone (ng/ml)
Mean + SD 0.86+0.27 0.48+0.21 P <0.001*

(*) significant, P>0.05; (**) highly significant,
P>0 001,-BMI: body mass index, LH: luteinizing hormone,
FSH: follicle stimulating hormone

L4 L5 L6

L3

403 bP
174 6P

143 bP

Fig. 1. Electrogram of DNA fragments for Ala307Thr polymorphism after digestion with
Eam1105I: Homozygote A/A genotype was shown by the bands of 403 bP, 143 bP, and 31 bP
(lane 6). Homozygote G/G genotype was shown by the bands of 403 bP and 174 bP (lanes 1
and 3). Heterozygote A/G genotype was shown by the bands of 403 bP, 174 bP, 143 bP, and 31
bP (lanes 2, 4, and 5). Note: The 31 bP bands were run off the gel
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No significant differences were observed in the
distribution of the homozygote AA or GG
genotypes between the two groups (15.6% vs.
26.2% for GG genotype; 20.3% vs. 33.8% for AA
genotype), Table 2.

Also, no significant difference was observed in
the allele frequencies between PCOS group and
controls [64.1% vs. 40%; OR = 0.95, 95%
Cl = 0.52-1.73, P = 0.85] and no significant
differences were observed in dominant and
recessive frequencies among PCOS and control
groups.

According to FSHR genotypes, patients with
PCOS were divided into three subgroups
(carriers of GG, AA, or AG genotypes) (Table 3).
PCOS women with homozygote GG,
homozygote AA or heterozygote AG genotypes
had comparable age and BMI. No significant
differences were observed between levels of LH,
FSH, or LH/FSH ratio among carriers of different
FSHR genotypes. While, PCOS patients with
heterozygote AG genotypes had significantly
high levels of total testosterone compared to
women with homozygote AA  genotypes
(P =0.046).

Table 2. Allele frequencies and genotypes of the FSHR polymorphism among women with
PCOS and healthy control women

PCOS group Controls P’-value P’-value OR (95% Cl)

(n =64) (n = 65)
Allele frequency
G 61 (47.7%) 60 (46.2%) 1.00 (Reference)
A 67 (52.3%) 70 (53.8%) 0.85 0.90 0.95 (0.52-1.73)
General genotypes
GG (Ala/Ala) 10 (15.6%) 17 (26.2%) 1.00 (Reference)
AG (Ala/Thr) 41 (64.1%) 26 (40%) 0.033* 0.036* 2.68 (0.97-7.5)
AA (Thr/Thr) 13 (20.3%) 22 (33.8%) 0.99 0.08 1.005 (0.31-3.23)
Dominant genotype
GG 10 (15.6%) 17 (26.1%) 1.00 (Reference)
AG+AA 54(84.4%) 48 (73.8%) 0.14 0.14 1.91 (0.74-5.01)
Recessive genotype
AG+GG 51 (79.7%) 43(66.2%) 1.00 (Reference)
AA 13 (20.3%) 22 (33.8%) 0.084 0.34 0.5(0.21-1.19)

- Values are given as numbers (percent). OR = odds ratio; Cl = confidence interval, P2 value: BMI adjusted P
value

Table 3. Clinical and biochemical characteristics of PCOS patients according to FSHR

genotypes

Carriers of  Carriers of AG Carriers of  P'-value P’-value

GG genotype genotype AA genotype

(n=10) (n=41) (n=13)
Age (years)
Mean + SD 24.33+3.94  26.40+4.54 24731514  0.196 0.212
BMI (kg/m2)
Mean + SD 28.88+5.75  29.8516.47 27.65+490  0.393 0.523
LH (mlU/ml)
Mean + SD 10.16+£10.80 11.29+14.10 6.3817.16 0.799 0.224
FSH (mlU/ml)
Mean + SD 5.00+0.90 6.1914.40 8.43+9.04 0.533 0.194
LH/FSH ratio
Mean + SD 2.08+2.17 2.89+3.12 3.82+10.16  0.664 0.581
Total testosterone (ng/ml)
Mean + SD 0.8510.16 0.9040.29 0.72+0.25 0.572 0.046*

-P1-value: AG versus GG; P2-value: AG versus AA, - BMI: body mass index, LH: luteinizing hormone, FSH:
follicle stimulating hormone
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4. DISCUSSION

The clinical and biochemical characteristics in
PCOS and control groups were cited in Table 1.
The results depicted in this table revealed that a
considerable rise (by 2.5-fold) in levels of LH was
accompanied by a significant increase in FSH
levels and LH/FSH ratio in polycystic ovary
syndrome patients than that of the control group.
This is in agreement with previous studies [3,4].

Polycystic ovary syndrome is associated with
alterations in the function of the Hypothalamic-
Pituitary-Gonadal (HPG) axis that may result
from increased frequency of the hypothalamic
Gonadotropin Releasing Hormone (GnRH) pulse
generator. The normal pulsatile secretion of LH is
increased by an increase in LH pulse frequency
and amplitude resulting in elevated LH and
LH/FSH ratio [21,22].

Moreover, PCOS patients had significantly higher
levels of total testosterone compared to controls
(Table 1). These results are in agreement with
previous studies [9,10,23]. This may be attributed
to increased synthesis of testosterone precursors
due to a dysregulation of cytochrome P450,
(P450c17a), the rate-limiting enzyme in
androgen biosynthesis in the theca cells of the
ovary in PCOS. Hyperandrogenemia was
detected in around 60% to 80% of PCOS cases
and results in the common symptoms of
androgen excess in PCOS women, as hirsutism,
acne and alopecia [23].

Genotypic analysis of A307T polymorphism of
FSHR gene showed that the heterozygote AG
genotype was significantly more frequent in
PCOS patients than controls [64.1% vs. 40%;
OR = 268, 95% Cl = 0.97-7.5, P = 0.033],
Table 2. These results are in accordance with
other studies which reported a significant
increase in the Ala307Thr frequency among
Japanese women with PCOS [8], Chinese
women [12] and among women of ltalian origin
[13]. In contrast, the existence of significant
differences in the allele distribution of FSHR
polymorphism 307 in women with PCOS was not
confirmed in women of Korean origin [9] and
among Indian women [14].

The heterogeneity of results observed in different
studies may be due to a variable definition of
PCOS or to some intrinsic characteristics of
FSHR polymorphism. Further, the FSHR
genotype distribution varies among different
populations, and ethnicity may deeply influence

the distribution of allelic variants [24]. Also,
a relevant environmental component
(diet, exercise, etc.) contributes to PCOS
pathogenesis, and PCOS is likely to result from
the interaction of genetic with environmental
factors [13].

Obesity and abdominal adiposity are typical
clinical manifestations of PCOS patients. It has
been reported that approximately 38-88% of
PCOS women are overweight or obese [25]. In
this study, the heterozygote Ala/Thr genotype
was significantly more frequent in PCOS patients
than controls, even after the adjustment of BMI.
This finding suggests that the association of
Ala307Thr FSHR polymorphism with PCOS
susceptibility occurs irrespective of BMI, and
confirms the previous study of Wu et al. [10],
they observed no correlation between the
different obesity standard of PCOS patients and
the genotypes of Ala307Thr FSHR
polymorphism.

In women of a reproductive age, FSH is an
important hormone required for the development
of follicles, oocyte maturation, and regulation of
steroidogenesis in the ovaries. In addition, FSHR
is involved in the regulation of the FSH levels
and it belongs to G-protein coupled receptors,
causing phosphorylation of target proteins and
adenylate cyclase [9].

Position 307 codifies for an amino-acid located
within the extracellular domain in the FSH
binding region of the protein, it can affect the
hormone-binding ability of the receptor and is
crucial for FSH-mediated signal transduction
events [11,26]. Amino acid alteration related to
the corresponding SNPs might affect the post-
translational modifications of the FSHR protein,
hence the function of the receptor including FSH
efficacy [3].

Treatment of infertility of PCOS patients consists
of ovulation induction by clomiphene citrate
(CC) and/or recombinant FSH (rFSH).
Pharmacogenetic studies revealed the varied
response of FSHR gene polymorphisms to
exogenous FSH hormone in patients undergoing
in vitro fertilization (IVF) [27,28]. Follicular
stimulating hormone Ala307Thr polymorphism
showed consistent predictive value for estimating
the most optimal rFSH dosage in controlled
ovarian hyperstimulation. Also, this
polymorphism exhibited a potential for the
pharmacogenetic assessment of the treatment of
PCOS [29].
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Interestingly, in a study in Italian PCOS women
the FSHR Ala307Thr heterozygotes exhibited a
higher ovarian responsiveness to exogenous
rFSH than subjects homozygous for FSHR
isoforms, furthermore, the percentage of women
considerable as the “best-responders” was
significantly higher among Ala307Thr subjects
than among homozygotes [15]. The molecular
mechanism by which this polymorphism might be
altering the ovarian response is still unclear [30].

It has been suggested that the detection of
FSHR 307 polymorphism could be used to
estimate the appropriate FSH starting dose for
ovarian stimulation in IVF, also, it could be useful
to identify women at higher risk of ovarian
hyperstimulation syndrome [13].

In the present work, the association of FSHR
Ala307Thr polymorphism with clinical and
biochemical parameters in PCOS women was
examined. PCOS women with homozygotes GG,
AA or heterozygote AG genotypes had
comparable age and BMI. No significant
differences were observed between levels of LH,
FSH, or LH/FSH ratio among carriers of different
FSHR genotypes. However, PCOS women with
heterozygote AG genotypes had significantly
higher levels of total testosterone compared to
women with homozygote AA  genotypes
(Table 3). It has been suggested that FSHR
variants are associated with the levels of
testosterone and the presence of
hyperandrogenism in PCOS subjects [31].

5. CONCLUSION

Our results demonstrated that the Ala307Thr
polymorphism of FSHR is associated with PCOS
in the studied Egyptian population. This
polymorphism correlates with the increased
levels of total testosterone among PCOS women.
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