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Genetic variations of follicle stimulating hormone receptor
are associated with polycystic ovary syndrome
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Abstract. Polycystic ovary syndrome (PCOS) is an endocrine
disorder and the criteria are specified by hyperandrogenism,
oligomenorrhea or amenorrhea and polycystic ovary
morphology. Follicle stimulating hormone (FSH) has effects on
oogenesis and follicle development. Several polymorphisms of
FSH receptor (FSHR) are related to primary amenorrhea,
hypoplastic ovary, and high serum levels of FSH. Thus, an
increase in FSH level leads to follicle maturation and pro-
liferation of granulosa cells. The aim of this study was to
determine whether Ser680Asn and Ala307Thr polymorphisms
of FSHR were associated with the clinical features of PCOS in
a Korean population. PCOS patients (n=235) and control
subjects (n=128) in the reproductive age were recruited from
the Fertility Center of CHA General Hospital in Seoul,
Korea. For Ser680Asn and Ala307Thr polymorphisms in
FSHR, frequency of respective genotypes was measured and
statistical analysis was performed. Haplotype analysis
between Ser680Asn and Ala307Thr was also performed. We
found that the Ser680Asn of FSHR is associated with PCOS
(p=0.0195, OR=1.66). However, in case of Ala307Thr, the
variant is negligible and is not associated with PCOS
(p=0.6963, OR=1.08). In haplotype analysis, Ser680Asn and
Ala307Thr polymorphisms are not related with PCOS.
Consequently, the Ser680Asn polymorphism of FSHR might
significantly affect PCOS patients, separately from the
Ala307Thr polymorphism.

Introduction

Polycystic ovary syndrome (PCOS) is characterized by hyper-
androgenism, insulin resistance, obesity, and anovulatory
infertility. About 4-12% of women within reproductive age are
affected by PCOS (1,2). It has been reported that ~4.9% of
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female college students in Korea have PCOS (3). In 2003, the
European Society of Human Reproduction and Embryology
(ESHRE) and the American Society for Reproductive Medicine
(ASRM) specified hyperandrogenism, oligomenorrhea or
amenorrhea and polycystic ovary morphology under the criteria
of PCOS (4). The dominant features of many PCOS patients
include obesity and abdominal adiposity by the occurrence of
insulin resistance and/or hyperinsulinemia (5). The increase of
insulin level stimulates the sensitivity of granulosa cells to
release follicle stimulating hormone (FSH), resulting in the
growth of follicle cysts and regulation of steroidogenesis in the
ovary. FSH plays a central role in the control of oogenesis,
follicle development and gametogenesis. Thus, increase in
FSH level leads to follicle maturation and proliferation of
granulosa cells (6,7).

Follicle stimulating hormone receptor (FSHR) is located
both in Sertoli cells of the testis and granulosa cells of the
ovaries (8,9). FSHR acts by binding to the subgroup of
G-protein coupled receptor (10,11). The FSHR is divided by the
intracellular domain, transmembrane region, and extracellular
domain which consist of ten exons and nine introns at
chromosome 2p21 (6,7,12). In addition, mutations in FSHR
can lead to arrest of follicle development at several phases of
growth (6,7). There is 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 high serum levels of FSH
(13-16). Prevalent polymorphisms of FSHR are found within
exon 10 at position 307 and 680. Position 307 is occupied by
either alanine (Ala) or threonine (Thr) and position 680 is
occupied by either serine (Ser) or asparagine (Asn) in the
intracellular domain of the protein (12). However, some
research groups have reported the occurrence of the same
polymorphisms located in different amino acid positions,
resulting in different allele genotyping (7,17). Other research
groups have reported that the substituted nucleotide is different
for the same polymorphism, and consequently an amino acid
is differentially changed (7,17-19). For example, Ala307Thr is
mentioned as Thr307Ala. Furthermore, polymorphisms at 307
and 680 codon of FSHR have shown diverse phenotypes
among different ethnic groups and diseases (20-23).

The aim of our study was to compare single nucleotide
polymorphisms (SNPs) in FSHR in Korean PCOS patients
and other ethnic populations, and to apply our experimental
observations and scientific knowledge for clinical manifestation
in patients with PCOS.
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Table I. Clinical and biochemical characteristics between PCOS patients (n=235) and normal controls (n=128).

PCOS patient group

Control group

No. 235 128

Body Mass Index (kg/m?) 22.96+3.86 (16.36-37.32) 20.95+2.49 (16.40-28.65)

Waist/hip ratio (WHR) 0.82+0.06  (0.69-0.95) 0.80+£0.05  (0.70-0.91)

Hyperandrogenism and n=31 (13.30%) n=0 (0.00%)

oligomenorrhea or amenorrhea

Hyperandrogenism n=22 (9.44%) n=0 (0.00%)

and polycystic ovaries

Oligomenorrhea or amenorrhea n=158 (67.82%) n=0 (0.00%)

and polycystic ovaries

Hyperandrogenism, oligomenorrha n=22 (9.44%) n=0 (0.00%)

or amenorrhea and polycystic ovaries

FSH levels (mIU/ml) 541+0.10  (3.20-8.49) 642 +1.75 (3.00-11.50)

LH levels (mIU/ml) 6.05+£347 (1.00-17.02) 330+1.63  (1.00-7.10)
(p<0.001)

E, levels (pg/ml) 33.18+13.01 (9.10-81.40) 36.92+33.49 (5.00-219.90)

PRL levels (pg/ml) 10.62+3.06  (2.30-20.90) 13.14+£7.32  (4.10-46.40)

TSH levels (#IU/ml) 2.09+1.21 (0.46-5.47) 1.89£0.96  (0.03-4.06)

DHEA-S levels (ug/dl) 194.07+75.50 (45.30-377.20) 153.01+56.40 (67.20-257.40)
(p=0.011)

Testosterone levels (mg/ml) 0.38+0.20  (0.06-0.86) 0.21+0.15  (0.01-0.54)
(p<0.001)

Materials and methods

Subjects. All subjects were recruited from the Fertility Center
of CHA General Hospital in Seoul, Korea. The present study
evaluated 235 patients with PCOS and 128 normal Korean
females. Patients were selected based on the revised diagnostic
criteria announced in 2003 ASRM/ESHRE Rotterdam
consensus (4). Clinical and biochemical characteristics of
patients with PCOS and controls are estimated in Table I.
Healthy status was determined by their medical history,
physical and pelvic examination, as well as complete blood
chemistry. For the diagnostic criteria of PCOS, 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 (T) >0.6 ng/ml and/or
serum DHEA-S =300 pg/dl (12,19). Consent to used
documented data was obtained from all examined patients.

Blood samples were collected from patients with PCOS and
normal controls. The hormone and glucose levels including
plasma FSH, LH, E,, PRL, TSH, DHEA-S, and T were
estimated and analyzed to discriminate the changes between
samples from patients and normal controls.

Restriction fragment length polymorphism (RFLP) analysis.
Blood samples were collected in tubes containing EDTA as an
anticoagulant and stored at 4°C until use. Genomic DNA was
obtained from the blood samples of patients with PCOS and a
healthy group of Korean females. Extraction of genomic DNA
was performed according to the manufacturer's instructions
(Gentra, Minneapolis, MA, USA). An SNP study with human
blood samples was approved by the Institutional Review Board
(IRB).

FSHR genotyping. Two polymorphisms of FSHR, Ala307Thr
and Ser680Asn, are located in 919 and 2,039 among the cDNA
positions, respectively (Accession No. NM_000145). The
presence of the Ser680Asn of FSHR was detected by RFLP
analysis. The Ser680Asn of FSHR was PCR amplified using
5-TTT GTG GTC ATC TGT GGC TGC-3' forward primer
and 5'-CAA AGG CAA GGA CTG AAT TAT CAT T-3'
reverse primer in a total volume of 25 yl. Cycling parameters
used for conducting PCR amplification was at 94°C for 5 min,
94°C for 30 sec, 58°C for 30 sec, 72°C for 30 sec, and 72°C for
5 min. The PCR products were purified by PCR purification
kit (AccuPrep, Bioneer, Daejeon, Korea) and digested with
Bsr 1 (New England Biolabs, Beverly, MA, USA) for 4 h at
65°C. DNA fragments were electrophoresed on a 2% agarose
gel containing ethidium bromide and visualized by ultraviolet
transilluminator. The Bsr I restricts at a site containing the
G allele in purified PCR products. From the Bsr I digestion
profile, we obtained a single 520-bp band indicating homo-
zygosity for A allele, and the presence of 413- and 107-bp
bands confers homozygosity for G allele, and together bands
of 520, 413, and 107 bp correspond to heterozygosity for the
A and G alleles.

The Ala307Thr of FSHR was detected by RFLP analysis.
A 657 bp fragment of FSHR was amplified by PCR using a
set of primers, 5'-TCT GAG CTT CAT CCA ATT TGC A-3'
and 5-GGG AAA GAG GGC AGC TGC AA-3'. Cycling
parameters used to perform PCR amplification were at 94°C
for 5 min, 94°C for 1 min, 58°C for 1 min, 72°C for 1 min, and
72°C for 5 min. Amplified PCR products were purified using
PCR purification kit (AccuPrep, Bioneer, Daejeon, Korea),
and purified products were used as a template to re-amplify
using another set of primers, 5-AAG AAG TTG ATT ATA
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Figure 1. (A) RFLP analysis for Ser680Asn polymorphism. The Ser680Asn variant was digested by Bsr I for genotyping. (B) In RFLP analysis, the sizes of
homozygote GG are 413 and 107 bp. AA genotype shows a 520-bp band. The sizes of heterozygote GA genotype are 520, 413, and 107 bp. (C) Sequence

analyses of the Ser680Asn gene polymorphism using a forward primer.

TGC CTC AG-3' and 5'-GTA GAT TCC AAT GCA GAG
ATC A-3'. For the second PCR, cycling parameters used to
perform PCR amplification were at 94°C for 5 min, 94°C for
1 min, 55°C for 1 min, 72°C for 1 min, and 72°C for 5 min.
The second PCR products were also purified using the PCR
purification kit. Bsu36 I (New England Biolabs, Beverly, MA,
USA) restricts at a site containing the G allele in purified PCR
products. A mismatched nucleotide, G+A, was observed in the
samples and was not digested by a restriction enzyme, Bsu36 1.
A 328 bp for GG genotype, two bands, 328 and 364 bp for
GA genotype, and 364-bp for AA genotype were revealed.
However, a 36-bp fragment was detected on 2.5% gel because
of its small size. To verify genotyping results in RFLP, we
performed sequencing analysis using amplified PCR products.

Data and statistical analysis. Statistical analysis was carried
out using Hap Analysis and SAS. 9.1 (2006) (24) Logistic
regression and y? tests were used to analyze the association
between PCOS and healthy controls. A p<0.05 value was
considered statistically significant. Haploview 4.1 software
(www .broad.mit.edu/mpg/haploview) was used for case-
control haplotype analysis. Linkage disequilibrium (LD) was
tested by the y? test, and a number of permutations was fixed at
100,000 in the permutation tests. In haplotype analysis, D' value
was computed at 1.

Results

We diagnosed the samples obtained from normal and PCOS
patients in Korean female subjects, based on the diagnostic
criteria announced in the 2003 ASRM/ESHRE Rotterdam
consensus (4). Table I shows clinical and biochemical profiles
of PCOS patients and normal controls. We ascertained that the
level of LH, testosterone, and DHEA-S was higher in PCOS
patients compared with normal controls. In addition, Table I
displays the features of PCOS symptoms, including polycystic
ovaries, oligomenorrhea or amenorrhea, and hyperandrogenism.
We distinguished between PCOS and normal control groups
based on these specified criteria.

To investigate the frequency of genotype in FSHR, we used
RFLP analysis as a tool. First, we performed RFLP analysis for
Ser680Asn of FSHR. Genetic variations of Ser680Asn revealed
three genotypes, GG, GA, and AA (Fig. 1). A homozygote
genotype of AA was observed in 58.72% of PCOS patients,
and with a higher frequency of 71.88% in the control group
(Table II). In contrast, the frequency for the heterozygote GA
genotype and homozygote of GG genotype was higher in
PCOS patients (GA=38.72% and GG=2.56%) than in the
control group (GA=27.34% and GG=0.78%) (Table II). Using
the HapAnalyzer, we found that the Ser680Asn of FSHR is
associated with PCOS patients (p-value=0.0195, OR=1.66).
The co-dominant and dominant frequencies of Ser680Asn
were significantly associated with PCOS patients (p=0.0103
and OR=1.77 for co-dominant frequency, p=0.0135 and
OR=1.80 for dominant frequency) (Table II). Consequently,
the Ser680Asn polymorphism of FSHR might significantly
affect females with PCOS.

Ala307Thr variant has three genotypes (GG, GA, and AA)
(Fig. 2). Homozygote GG, AA and heterozygote of GA geno-
type were found to be similar in PCOS patients (GG=16.17,
GA=49.36, AA=34.47%) and the control group (GG=17.19,
GA=43.75, AA=39.06%) (Table II). Using the HapAnalyzer,
we found that the influence of Ala307Thr variant was
negligible and not associated with PCOS (p=0.6963,
OR=1.08) (Table II).

In order to identify the relation between the two poly-
morphisms, we analyzed haplotypes between Ser680Asn and
Ala307Thr of FSHR (Table III). In haplotype and permutation
tests, only G-G (Ser680Asn and Ala307Thr) was significantly
associated (P<0.05). Furthermore, the haplotype frequency of
G-G was revealed in PCOS patients, but not in healthy
control patients.

Discussion
PCOS is a complex genetic disease affected by multiple

metabolism factors and its symptoms vary from obesity, to
insulin resistance, to glucose intolerance, to dyslipidemia. As a
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Table II. Frequency of Ser680Asn and Ala307Thr polymorphisms of the FSHR gene in PCOS patient group (n=235) and
normal control group (n=128).

Loci Genotype Case (PCOS) Control Co-dominant Dominant Recessive
OR (95%CI) P OR (95%CI) P OR (95%CI) P
680 GG 6 (256%) 1 (0.78%) 1.77 0.0103 1.80 0.0135 3.33 0.2682
(1.14-2.74) (1.13-2.86) (0.40-27.95)
GA 91 (38.72%) 35 (27.34%)
AA 138 (58.72%) 92 (71.88%)
total 235 128 OR (95% CI)=1.66 (1.10-2.51); p=0.0195
307 GG 38 (16.17%) 22 (17.19%) 1.08 0.6412 1.22 0.3841 0.93 0.8031
(0.76-1.47) (0.78-1.90) (0.52-1.65)
GA 116 (49.36%) 56 (43.75%)
AA 81 (34.47%) 50 (39.06%)
total 235 128 OR (95% CI)=1.08 (0.76-1.47); p=0.6963
A Bsu3s
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Figure 2. (A) RFLP analysis for Ala307Thr polymorphism. The Ala307Thr variant was digested by Bsu36 I for genotyping. (B) In RFLP analysis, the sizes of
homozygote AA and GG genotypes are 364 and 328 bp, respectively. The size of heterozygote GA genotype are 364, 328, and 36 bp. However, a 36 bp band
has run off on the 2.5% gel. (C) Sequence analyses of the Ala307Thr gene polymorphism was carried out using a reverse primer.

Fat mass and obesity associated (FTO) gene in the glucose
intolerance is strongly related to PCOS (28,29). It has also been
shown that the insulin receptor substrate-1 (IRS-1) gene, which

Table III. Haplotype analysis between Ser680Asn and
Ala307Thr of the FSHR gene.

Haplotype Frequency P Permutation tests regulates insulin resistance, has an influential role in PCOS
—_— —_— (30). In this study, we have demonstrated the possibility of
(Ser680Asn-  Case  Control p x pathophysiological treatment for the aberration of FSHR,
Ala307Thr)  (PCOS) which regulates folliculogenesis, one of the diverse metabolism
A-A 0419 0469 0197 0488 1658 patl}W"‘ys‘ ; ducti FSH is an |
AG 0362 0301 0L 0851 054y L et the developmental follcle, oncyte
G-A 0.172  0.141 0.266 0.624 1.233 . . . . .
maturation, and regulation of steroidogenesis in the ovaries. In
G-G 0.047 0.000 <0.001 0.004 12357

addition, FSHR is involved in the regulation of the FSH level
and it belongs to G-protein coupled receptors, causing phos-
phorylation of target proteins and adenylate cyclase (31). The
regulation of FSH level is controlled by FSHR, and it is known
that aberrant FSHR affects ovary and folliculogenesis.
Previously, it has been reported that two polymorphisms of

complex genetic disease, a number of studies have been
performed on multiple SNPs such as GnRH and CYP17 to
identify the pathogenesis of PCOS (25-27). For example, the
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FSHR, Asn567Asp and Thr499Ala, have led to elevated levels
of thyrotopin (TSH) (32). Orio et al have reported the
relationship between polymorphisms of FSHR and PCOS in
Italian females (11). However, significant changes were not
reported in various polymorphisms of FSHR including
Ala307Thr and Ser680Asn in PCOS patients (11). Similar
observations were reported in Chinese Singapore females with
PCOS, having polymorphisms in Ala307Thr and Ser680Asn of
FSHR (19). In contrast, two mutant polymorphisms of FSHR
have myriad results in several ethnic populations (7,12,19,20).

In this study, we showed that a polymorphism of
Ala307Thr in FSHR was not responsible for any significant
pathophysiological changes. Interestingly, the Ser680Asn
polymorphism in FSHR appeared as a causative factor among
PCOS patients in a Korean population. Since the association
of Ser680Asn in FSHR was identified as a potential factor for
pathophysiological changes, we suggest further clinical
diagnosis of PCOS patients.

Our results have shown that the level of LH in PCOS
patients was 2-fold higher than that of the control group, and
the DHEA-S and testosterone levels showed a slightly high
expression in the PCOS patient group (Table I). Collectively,
our study suggests that the Ser680Asn polymorphism in FSHR,
not Ala307Thr, leads to infertility and aberrant folliculo-
genesis in patients with PCOS. However, several poly-
morphisms in FSHR correlated with PCOS are not yet clearly
understood. To elucidate the importance of SNPs in F'SHR in
PCOS patients, further investigation with a large population
of PCOS patients derived from different ethnic backgrounds is
required. It should also be considered that the factors responsible
for the association of PCOS with several other disorders are
essential for clinical diagnosis among PCOS patients.
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