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Abstract
Purpose Follicle-stimulating hormone (FSH) and its receptor
play a major role in the development of follicles and regula-
tion of steroidogenesis in the ovary and spermatogenesis in the
testis. We aim to analyze the role of FSHR gene variants
(single nucleotide polymorphisms (SNPs) in exon 10 (codon
307 and 680) and in the core promoter region (at position −29)
and Ala189Val inactivating mutation) in Turkish infertile
women. There were studies analyzing the effects of the
SNPs in exon 10 (codon 307 and 680) and in the core promot-
er region (at position −29) of the FSHR gene on spermatogen-
esis, but to our knowledge, there were no studies analyzing the
effects of these three SNP combinations on female fertility.
Methods In this study, the allelic, genotype, and haplotype
frequency distributions of these three SNPs in the FSHR gene
were analyzed in 102 infertile women and 99 unrelated
healthy control individuals. The distribution of the polymor-
phisms was conformed by Hardy–Weinberg equilibrium test.
Results There were no statistical differences (P>0.05) in the
allele, genotype, and haplotype frequencies of the

polymorphisms and FSH, luteinizing hormone (LH), estradiol
(E2), and prolactin (PRL) levels between the infertile patients
and the controls. However, a significant relation was found
between 307 SNP GA genotype and FSH level ≥12. We did
not find any homozygous or heterozygote mutations in infer-
tile patients and healthy fertile controls.
Conclusion The present study was the first study analyzing
gma mutation and the polymorphism of the FSHR core pro-
moter at position −29 alone and in combination with the two
common SNPs in exon 10 in Turkish infertile women popu-
lation. These findings indicate the significance of Ala307Thr
GA genotype may be a predictive marker for poor ovarian
reserve and infertility.

Keywords Follicle-stimulating hormone receptor . Single
nucleotide polymorphisms . Infertility

Introduction

Follicle-stimulating hormone (FSH) plays a major role in the
development of follicles and regulation of steroidogenesis in
the ovary, and in spermatogenesis in the testis, by binding to a
specific receptor, located exclusively on the surface of Sertoli
cells in the testis and granulosa cells in the ovary [1, 2]. The
interaction between FSH and its receptor is crucial for follic-
ular development and maturation which makes it indispens-
able for female fertility.

The follicle-stimulating hormone receptor (FSHR) is a G
protein-coupled receptor, and although it has been suggested
that other signal transduction pathways are also involved in
FSH action, its main signal transduction mechanism involves
activation of adenylate cyclase and elevation of intracellular
cyclic AMP (cAMP) [3].

Capsule FSHR 307 GA genotypes is associated with impaired
folliculogenesis and early diminished ovarian reserve.
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The FSHR can be divided into three regions: the extracel-
lular domain, a transmembrane domain, and the intracellular
domain [4, 5]. The FSHR gene, which consisted of ten exons
and nine introns, has been mapped to chromosome 2p21. The
activity of this gene is driven by a core promoter spanning
225 bp, which represents a TATA-less promoter with no evi-
dent regulatory elements beside an E-box [4]. Exons 1 to 9
encode the extracellular domain, whereas the C-terminal part
of the extracellular domain, the transmembrane domain, and
intracellular domain are encoded by exon 10 [3].

Defects in the FSHR may diminish the ability of the recep-
tor either to bind FSH or to activate signal transduction path-
ways. Any variation in the genotype of FSHR may also con-
tribute towards the altered ability of the receptor. The first
inactivating FSHR mutation was found in the extracellular
ligand-binding domain of the protein in individuals from sev-
eral Finnish relatives who presented with poorly developed
secondary sexual characteristics, primary amenorrhea, and re-
cessively inherited hypergonadotropic ovarian failure [6, 7].
Functional studies have demonstrated a C566T transition in
exon 7 of FSHR predicting an Ala to Val substitution at resi-
due 189 resulting in a functionally inactive FSHR, consistent
with the severe phenotype reported in affected patients [6].

Previous studies analyzing the impact of single nucleotide
polymorphisms (SNPs) on reproduction have demonstrated
that polymorphisms can exert their effects via at least two
mechanisms. One is by directly changing the biochemical
properties of a certain gene product, and the other is by acting
at the transcriptional level by changing the activity of a pro-
moter [8, 9].

During the screening for FSH receptor mutations, several
groups described polymorphisms in this gene and tried to
correlate them with particular reproductive phenotypes.
FSHR gene includes 731 single nucleotide polymorphisms.
One SNP is located in the 5′ untranslated region of FSHR
messenger RNA (mRNA) at position −29. The five SNPs in
the coding region occur in exon 10. Two of them, Ala307Thr
and the Ser680Asn polymorphisms, are well characterized
with respect to frequency and ethnic distribution. The
Ala307Thr and Ser680Asn SNPs in exon 10 are strong link-
age disequilibrium in different populations [10, 11].

SNP at position −29 results in a G→A exchange in a po-
tential GGAA binding domain for an E-twenty-six specific
transcription factor [12, 13]. Further studies are required to
show whether this changes the DNA binding capacity for this
transcription factor, thereby leading to altered receptor mRNA
expression.

Currently, two SNPs, originally described by Aittomaki
et al., are well known [6]. These two non-synonymous SNPs
with a frequency of >30% in the normal population have been
identified in the coding region of exon 10 in the FSH receptor
gene. The first is located at position 919 (numbering accord-
ing to the translational start codon with ATG as 1) in which A

is substituted by G, changing codon 307 from threonine
(ACT) to alanine (GCT). The second is located at nucleotide
position 2039 in which G is replaced by A. This leads to an
amino acid change at position 680 from serine (AGT) to as-
paragine (AAT).

Studies on the distribution of these two variants have pro-
duced varying results. Some studies in normal as well as in-
fertile men and women have revealed no difference [12, 14,
15], whereas some other investigations have found significant
differences in the distribution of allelic variants between pa-
tients and controls [16, 17], suggesting that ethnic differences
could be involved.

We aim to analyze the role of FSHR gene variants (SNPs in
exon 10 (codon 307 and 680) and in the core promoter region
(at position −29) and Ala189Val inactivating mutation) in
Turkish infertile women. There are studies investigating the
effects of the SNP in exon 10 (codon 307 and 680) and in the
core promoter region (at position −29) of the FSHR gene on
spermatogenesis [13, 18, 19]; however, to our knowledge,
there is no study analyzing the combined effects of these three
SNPs on female fertility and also the present study is the first
to analyze Ala189Val inactivating mutation in a population of
infertile Turkish women.

Materials and methods

A total of 102 infertile women with a mean age of 28.3±5.3
(range 19–43 years) and 99 unrelated healthy controls in
whom fertility was confirmed without assisted reproductive
techniques were recruited in the study. Haplotype and geno-
type analyses were performed on 102 infertile women and 99
controls; however, correlation analyses between hormone
levels and genotypes were performed on 99 women aged
19–38 years, while 3 women aged >38 years were excluded.
The control group consisted of pregnant women with a mean
age of 27.2±4.8 (range 20–35 years) whowere admitted to the
pregnancy outpatient clinic. These women had had regular
menstruation cycles and had conceived at least 1 child before
their pregnancy at the time of the study.

Subjects with male or tubal factor infertility, ovarian and
endometrial lesions (endometriomas, cysts, myomas, endo-
metriosis), as well as those with a history of surgical interven-
tion concerning the uterine adnexa (tubes and ovaries), were
not included. All the serum hormone samples were collected
on the third day of the cycle prior to the IVF/ICSI treatment.
We used an immunoenzymometric assay (Beckman Coulter
UniCel DxI 800 Immunoassay System, USA) for the quanti-
tative measurement of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol (E2), and prolactin
(PRL) in serum. Our study was approved by the Institutional
Ethical Committee of the Faculty of Medicine at Ankara
University (approval no. 154-4948), and written informed
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consent was obtained from all the study subjects. This study
has been conducted as part of ongoing research related to a
master thesis.

Genotyping and RFLP

Genomic DNA was prepared from peripheral blood by the
standard phenol–chloroform method [20]. In all subjects, the
polymorphisms at positions 919, 2039 (codon 307 and 680),
and −29 were analyzed by restriction fragment length poly-
morphism (RFLP), as previously described (Figs. 1, 2, and 3)
[13, 16]. The mutation at position 566 was also analyzed by
RFLP, as previously described (Fig. 4) [21].

PCR was performed on the resulting genomic DNA (1 μL)
by using 0.2 μL of Taq DNA polymerase (Vivantis) in 25 μL
of reaction mixture containing 2.5 μL of dNTP (Vivantis),
1 μL of each specific primer, 2.5 μL of 10× buffer
(Fermantas), 3 μL of MgCl2 (25 mM, Fermentas), and
13.8 μL of H2O. The cycling program for the G29A amplifi-
cation polymorphism was as follows: denaturation at 95 °C
for 10 min; 39 cycles at 94 °C for 45 s, 57 °C for 45 s, and
72 °C for 1 min; and the final extension at 72 °C for 5 min.
The cycling program for the G919A amplification polymor-
phism was as follows: denaturation at 95 °C for 8 min; 39 cy-
cles at 94 °C for 45 s, 53 °C for 45 s, and 72 °C for 1 min; and
the final extension at 72 °C for 10 min. The cycling program
for the G919A amplification polymorphism was as follows:
denaturation at 95 °C for 8 min; 39 cycles at 94 °C for 45 s,
53 °C for 45 s, and 72 °C for 1 min; and the final extension at
72 °C for 10 min. The cycling program for the G2039A am-
plification polymorphism was as follows: denaturation at
95 °C for 10 min; 37 cycles at 94 °C for 1 min, 61 °C for
1 min, and 72 °C for 1 min; and the final extension at 72 °C for
10 min. The cycling program for the C566T amplification
mutation was as follows: denaturation at 95 °C for 5 min;
37 cycles at 94 °C for 1 min, 62 °C for 1 min, and 72 °C for
45 s; and the final extension at 72 °C for 10 min.

The PCR products were then digested with the restriction
enzyme, according to the manufacturer's protocol. The

restriction enzymes, restriction sites, fragments, and geno-
types are shown in Table 1.

Statistical analysis

Statistical analysis was performed using SPSS Statistics ver-
sion 13.0. Student’s t test orMann–WhitneyU test was used to
analyze the differences of two continuous variables. ANOVA
and Kruskal–Wallis tests were used to analyze the differences
among multiple (2) groups. Results were expressed as per-
centage, median (min–max), and/or mean±standard deviation
(SD) values. A P value <0.05 was recognized as statistically
significant. SHEsis was used to analyze the differences in
genotype, haplotype, and allele frequencies between infertile
and control groups. On the basis of the observed frequencies
of three SNPs, we used the SHEsis analysis platform to cal-
culate linkage disequilibrium index. Linkage disequilibrium
parameters and Hardy–Weinberg equilibrium D', r2 were cal-
culated by using the online SHEsis software.

Results

In this study, the infertile group was compared with the fertile
control group for the same three SNPs and Ala189Val
inactivatingmutation of the FSHR gene. The allelic, genotype,
and haplotype frequency distributions of these genetic

Fig. 3 PCR-RFLP results of Ser680Asn polymorphism. 1 Pcr product
(520 bp), 2 AA (520 bp), 3 GG (413 bp), 4 GA (520/413 bp),M marker
(50 bp)

Fig. 2 PCR-RFLP results of Ala307Thr polymorphism. 1 Pcr product
(364 bp), 2 GA (364/328 bp), 3 AA (364 bp), 4 GG (328 bp),M marker
(50 bp)

Fig. 1 PCR-RFLP results of −29G/A polymorphism.M marker (50 bp),
1 Pcr product (418 bp), 2 GA (418/296 bp), 3 GG (296 bp), 4 AA
(418 bp)
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variants in the FSHR gene were analyzed in 102 infertile
women and 99 unrelated healthy controls.

We did not find any homozygous or heterozygote
Ala189Val inactivating mutations in infertile patients and
healthy fertile controls.

The distribution of the FSHR genotypes and allele frequen-
cies were evaluated in infertile patients and controls (Table 2).
The distribution of the polymorphisms was conformed by
Hardy–Weinberg equilibrium test. The linkage disequilibrium
among the three SNPs (−29, 307, 680) was examined. Our
results indicated that only 307 and 680 SNPs had near com-
plete linkage disequilibrium (D ' = 0.902) (r2=0.743).
However, no linkage disequilibrium was found between −29
and 307 SNPs (D'=0.084) (r2=0.004) and between −29 and
680 SNPs (D'=0.107) (r2=0.005). However, there were no
statistical differences between the infertile patients and the
controls with regard to the allele or genotype frequencies of
the polymorphisms.

−29 SNP genotypes and allele frequencies

The infertile group was compared with the fertile control
group for the −29 SNP. The frequencies of the A and G alleles
of the −29 loci were found to be 32 % (n=65) and 68 % (n=

139) in the patient group, respectively, and 29 % (n=57) and
71% (n=141) in the control group, respectively. The frequencies
of the −29 AA, AG, and GG genotypes were 9 % (n=9), 46 %
(n=47), and 45 % (n=46) in the patient group and 5 % (n=5),
48 % (n=47), and 48 % (n=47) in the control group, respective-
ly. However, the observed genotype frequencies did not show
significant differences in either of the groups (P>0.05). The
genotype frequency distribution of the −29 locus was consistent
with the HWE in both groups (P>0.05) (Table 2).

Asn680Ser SNP genotypes and allele frequencies

The infertile group was compared with the fertile control group
for the Asn680Ser SNP. The frequencies of the alleles A and G
of locus 680 were found to be 48 % (n=98) and 52 % (n=106)
in the patient group and 49 % (n=96) and 52 % (n=102) in the
control group, respectively. The frequencies of the 680 AA,
AG, and GG genotypes were 24 % (n=24), 49 % (n=50),
and 27 % (n=28) in the patient group, respectively, and 24 %
(n=24), 49 % (n=48), and 27 % (n=27) in the control group,
respectively. However, the observed genotype frequencies did
not show significant differences in either group (P>0.05). The
genotype frequency distribution of locus 680 was consistent
with the HWE in both groups (P>0.05) (Table 2).

Ala307Thr SNP genotypes and allele frequencies

The infertile group was compared with the fertile control
group for the Ala307Thr SNP. The frequencies of the alleles
A and G of locus 307 were found to be 46% (n=91) and 54%
(n=107) in the patient group and 49 % (n=96) and 52 % (n=
102) in the control group, respectively. The frequencies of the
307 AA, AG, and GG genotypes were 23 % (n=23), 47 %
(n=48), and 30 % (n=31) in the patient group, respectively,
and 23 % (n=23), 46 % (n=45), and 31 % (n=31) in the
control group, respectively. However, the observed genotype

Table 1 Restriction enzymes,
restriction sites, fragments, and
genotypes

Polymorphisms/mutation Restriction enzyme Restriction site Fragments (bp) Genotype

−29 G/A Mbo II 5′…GAAGA(N)8…3′

3′…CTTCT(N)7…5′

296, 122

418, 296, 122

418

GG

GA

AA

Ala307Thr;919 G>A Bse21I 5′…CCTNAGG…3′

3′…GGANTCC…5′

328, 36

364, 328, 36,

364

GG

GA

AA

Ser680Asn; 2039 G>A Bse1I 5′…ACTGGNN…3′

3′…TGACCNN…5′

413, 107

520, 413, 107,

520

GG

GA

AA

Ala189Val; 566 C>T PctI 5′…GAATGCNN…3′

3′…CTTACGNN…5′

58, 56

114, 58, 56,

114

CC

CT

TT

Fig. 4 PCR-RFLP results of Ala189Val mutation. 1 Pcr product
(114 bp), 2 CC (56/58 bp), M marker (50 bp)
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frequencies did not show significant differences in either
group (P>0.05). The genotype frequency distribution of locus
307 was consistent with the HWE in both groups (P>0.05)
(Table 2).

Haplotype frequencies of loci −29, 307, and 680

The haplotype frequencies of loci −29, 307, and 680 are pre-
sented in Tables 3, 4, and 5. Each of the eight possible haplo-
types was noted both in the patient and control groups. When
the frequency distributions of the estimated haplotypes were
compared between the infertile and control groups, frequencies
did not show significant differences in either group (P>0.05).

However, in our study group, the genotype frequency distri-
bution of the Asn680Ser SNP did not show any significant
difference from those in Caucasian, Hindustani, Creole, or
Mediterranean populations (P>0.05), while being significantly
different from those in Asian populations (P=0.005) (Table 6).

FSHR genotypes and serum baseline hormone levels were
compared in 99 patients aged <39 years. There was no signif-
icant difference between the −29, 307, and 680 SNPs of the
FSHR gene and mean hormone levels. The following were

recognized as cutoff values: FSH 12 IU/L, LH 2.9 IU/L,
PRL 29 IU/L, and E2 66 ng/L [22]. No significant correlation
was found between genotypes and hormone concentrations
for the −29 and 680 SNPs. When 307 SNP was compared,
genotypes showed no relationship with prolactin and LH;
however, genotypes exhibited a significant correlation with
FSH and E2 concentrations. According to the Dr. Zekai
Tahir Burak Women's Health Teaching and Research
Hospital criteria where our infertile patients were assessed,
the FSH cutoff value of IU/I >12 was used to categorize the
women in two groups: high FSH (IU/I >12) and normal FSH
(FSH IU/I ≤12). In the patient group with a FSH level of IU/I
>12, GA genotype was more common than GG genotype (P=
0.041). Moreover, in those with an E2 value of <66 ng/mL,
GA genotype was again more common than GG genotype
(P=0.046) (Tables 7 and 8).

Discussion

Since it binds to a specific receptor, FSH is essential for nor-
mal reproductive functions [3, 23, 24]. The interaction of FSH

Table 3 −29, 307, 680 haplotype
frequencies and the association
with the risk of fertility in patients
and controls

Haplotype Patient (freq) Control (freq) Chi2 Fisher's P Pearson's P Odds ratio [95 % CI]

A A A 31 (0.16) 28 (0.15) 0.06 0.803370 0.80 1.07 [0.62~1.86]

A A G 0 (0.000) 1 (0.01) – – – –

A G A 3 (0.02) 1 (0.01) – – – –

A G G 30 (0.15) 25 (0.13) 0.43 0.51 0.51 1.21 [0.69~2.14]

G A A 56 (0.28) 59 (0.30) 0.27 0.61 0.61 0.90 [0.58~1.38]

G A G 6 (0.03) 1 (0.01) 2.44 0.12 0.12 3.51 [0.66~18.86]

G G A 7 (0.04) 6 (0.03) 0.03 0.86 0.86 1.10 [0.37~3.26]

G G G 69 (0.34) 73 (0.37) 0.50 0.49 0.49 0.87 [0.57~1.30]

Global result: total control=198.0, total case=204.0; global chi2 is 3.331192, while df=5 (frequency <0.03 was
dropped in both control and case groups). Fisher's P value is 0.649086; Pearson's P value is 0.649079

Table 2 −29, 307, 680 polymorphisms and infertility risk in patient and control

Genotype Patient
n (freq%)

Control
n (freq%)

x2 P value Allele Patient
n (freq%)

Control
n (freq %)

x2 P value

−29A/G
AA 9 (9) 5 (5) 1.109 0.574 A 65 (32) 57 (29) 0.449 0.502
AG 47 (46) 47 (48) G 139 (68) 141 (71)
GG 46 (45) 47 (48)

307A/G

AA 23 (23) 23 (23) 0.052 0.974 A 94 (46) 91 (46) 0.0005 0.980
AG 48 (47) 45 (46) G 110 (54) 107 (54)
GG 31 (30) 31 (31)

680A/G

AA 24 (24) 24 (24) 0.014 0.992 A 98 (48) 96 (49) 0.0079 0.928
AG 50 (49) 48 (49) G 106 (52) 102 (52)
GG 28 (27) 27 (27)
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with its receptor is crucial for the follicular development and
maturation. Any variation in the genotype of FSHR may con-
tribute to the altered ability of the receptor to bind FSH and to
induce signal transduction pathway, and could affect repro-
ductive ability, especially in women [10, 25].

The first inactivating mutation of the FSHR gene was de-
scribed in individuals from several Finnish relatives who pre-
sented with poorly developed secondary sexual characteris-
tics, primary amenorrhea, and recessively inherited
hypergonadotropic ovarian failure [6, 7]. Aittomaki et al.
[26] reported six Finnish families containing two or more
women suffering from gonadal dysgenesis, primary amenor-
rhea, and infertility. It was demonstrated that a missense
Ala189Val mutation in the FSH receptor was responsible for
their symptoms [6, 26]. When the inactivating Ala189Val mu-
tation is present in a homozygous form, it can cause primary
hypergonadotropic amenorrhea with impairment of follicular
development in women, and can block spermatogenesis in

men [27]. Women who are homozygous for Ala189Val reveal
a block in follicular maturation and scarce apoptosis in granulosa
cells, a sign reflecting poor ability for cell replication. Absence of
this FSHR gene mutation was shown in studies including
American, German, Brazilian, Mexican, and Argentinian infer-
tile populations [14, 28–32], However, in 1998, Jiang et al. [9]
identified only one mutation (C566T) carrier in a large-scale
screening of 1.162 subjects from Switzerland. We also did not
find any homozygous or heterozygous mutations in the infertile
patients and healthy fertile controls. To our knowledge, this is the
first study analyzing this mutation in a population of Turkish
women. Thus, our results further strengthen the observation that
C566T mutation is restricted to Finland and may represent a
founder effect of this country.

Single nucleotide polymorphisms (SNP) are the most com-
mon forms of genetic variants. Some recent studies show that
phenotypic effects of haplotypes are more prominent than indi-
vidual polymorphisms on prevention or susceptibility of dis-
eases. There are series of studies showing the association be-
tween haplotypes and diseases. In this study, we analyze indi-
vidual polymorphisms, while also analyzing the haplotypes.

The FSH receptor and its promoter bear several very com-
mon SNPs which seem to be important in reproductive func-
tions and determining the response to FSH stimulation [33].

In the core promoter region, a frequent (>30 %) G→A
polymorphism is located at position −29. This position corre-
sponds to a potential binding domain GGAA for an E-26
transcription factor.

In our study, we detected 45%GG, 46%AG, and 9%AA,
and 48 % GG, 48 % AG, and 5 % AA genotypes at the −29
position in patients and controls, respectively. The distribution
of the SNP at position −29 of the FSH receptor gene did not

Table 5 FSHR polymorphisms
vs endocrine parameters in
patients

FSH (mIU/mL)

Mean±std

LH (mIU/mL)

Mean±std

Estradiol (pg/mL)

Mean±std

Prolactin (ng/mL)

Mean±std

BMI (kg/m2)

Mean±std

−29(G→A)

GG 10.6±10.3 7.1±5.02 53.1±25.1 14.7±6.6 23.1±2.8

GA 9.06±9.2 6.03±4.6 55.8±23.7 15.6±7.1 23.4±3.9

AA 25.3±4.0 10.1±8.5 66.1±40.6 13.2±5.4 24.9±2.4

P value 0.646 0.238 0.400 0.655 0.362

Ala307Thr (G→A)

GG 7.1±3.0 5.9±3.1 61.0±25.4 14.1±7.2 23.1±3.3

GA 11.7±11.8 7.6±6.4 52.7±24.3 14.8±6.7 23.3±3.5

AA 11.1±12.5 6.7±5.3 53.9±30.2 16.6±6.0 23.9±3.0

P value 0.389 0.665 0.333 0.149 0.701

Ser680Asn (G→A)

GG 7.3±3.5 5.8±3.5 59.7±23.2 13.6±7.3 23.4±3.0

GA 12.0±11.5 7.5±6.0 53.6±25.1 15.0±6.5 23.4±3.8

AA 10.6±12.3 6.7±5.1 53.5±30.5 16.36.0±6.07 23.9±3.1

P value 0.365 0.524 0.574 0.114 0.792

BMI body mass index, FSH follicle-stimulating hormone, LH luteinizing hormone, E2 estradiol, PRL prolactin

Table 4 Demographics and endocrine profiles of the patient group
(n=99)

Variable Mean±Std

Age (years) 27.81 (19–38)

Body mass index (kg/m2) 23.43±3.4

Median (min–max)a

Estradiol (E2) (pg/mL) 55.6±26.1

Luteinizing hormone (LH) (mIU/mL) 5.25 (0.4–27.2)

Follicle-stimulating hormone (FSH) (mIU/mL) 6.8 (0.6–60)

Prolactin (Prl) (ng/mL) 13.0 (1.3–38.7)

aMedian values are given due to absence of normal distribution
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differ significantly between the controls and the patients (P=
0.502, P>0.05); moreover, there was no significant correla-
tion of the SNP in the promoter region with baseline FSH, LH,
E2, and PRL levels (P>0.05), which were consistent with the
results of the studies of [34–37].

Acherekar et al. [32] studied the −29 position in patients
suffering from primary and secondary amenorrhea and found
that the prevalence of AA genotypes at the −29 position was
significantly higher in both amenorrheic groups as compared
to the control group. The primary amenorrhea subjects with
AA genotype at the −29 position of the FSHR gene showed
significantly higher serum FSH levels.We found no difference
between FSH level, menstrual regularity, and SNP in the pro-
moter region. To our knowledge, our study is the first to detect
the FSHR gene polymorphic variants at the −29 position in a
population of Turkish women.

Currently, only two SNPs, originally described by Aittomaki
et al. [6], in the coding region at nucleotides 919 and 2039 in
exon 10 in which A/G transitions cause amino acid exchange
from threonine to alanine at codon 307 and from asparagine to
serine at codon 680, respectively, are well known. However,
studies on the frequency distribution of follicle-stimulating hor-
mone receptor (FSHR) polymorphisms report conflicting results.
It has been suggested that ethnicity may be influential in the
outcomes.

Kuijper et al. [38] studied 1771 women of different ethnic
origins (Caucasian, Asian, Hindustani, Creole, and
Mediterranean) with fertility problems and determined the
frequency distribution of FSHR polymorphisms at position
680 in exon 10. Associations between genotypes and FSH
levels were compared between different ethnic groups. A sig-
nificantly lower number of Asians (10.5 %) were found to
have the Ser680Ser receptor variant as compared to the
Caucasians (21.5 %) and Mediterraneans (22.3 %) (P=
0.010). This result showed that allelic frequency distributions
of the FSHR polymorphism may vary according to ethnicity.
In our study, the frequencies of the 680 AA, AG, and GG
genotypes were 24 % (n=24), 49 % (n=50), and 27 % (n=
28) in the patient group, and 24 % (n=24), 49 % (n=48), and
27 % (n=27) in the control group, respectively. The frequen-
cies of FSHR genotypes in infertile women were consistent
with those in Caucasian, Hindustani, Creole, and
Mediterranean infertile women. However, they were different
from those of the Asian infertile women. The FSH concentra-
tions did not differ with regard to the FSHR polymorphisms in
any ethnic group [6], which was a result consistent with our
study, as well. Earlier studies have shown that womenwith the
Ser680Ser genotype are characterized by a higher ovarian
threshold for FSH, resulting in higher serum FSH concentra-
tions [17, 33, 39]. We found no significant difference between
fertile and infertile groups in terms of frequency of alleles and
genotypes of codon 680 in exon 10, while we also found no
correlation between genotypes and FSH, LH, E2, and PRL
levels.

As the two single nucleotide polymorphisms (SNPs) at 307
and 680 reside on the same exon, they have been suggested
and even shown to be linked in several studies. In our study,
the heterozygous genotype frequency of 307 and 680 SNPs
was high but not statistically significant: AA 23 %, GA 47 %,
and GG 30 % in infertile women, and AA 23 %, GA 46 %,
and GG 31 % in controls, respectively. These results were
consistent with those of Unsal et al. [40] and Sever et al.
[41], which had been performed in populations of Turkish
women suffering from PCOS and infertility, respectively, as
well as with those of Acherar et al. [37], performed in a pop-
ulation of Hindustani infertile women. As in several other
studies [15, 17, 30], we found no statistical differences in the
allele or genotype frequencies of the polymorphisms between
the patients and the controls for the SNPs at 307 and 680.

Table 7 Genotype frequencies and serum baseline FSH concentrations
relative to cutoff level 12 IU/I in patients

Allele combination Genotypic
frequency, n (%)
FSH (IU/I≤12)

Genotypic
frequency, n (%)
FSH (IU/I>12)

P value

−29(G→A)

GG 35 (41.7 %) 9 (60.0 %) 0.246
GA 42 (50.0 %) 4 (26.7 %)

AA 7 (8.3 %) 2 (13.3 %)

307(G→A)

GG 30 (35.7 %) 1 (6.7 %) 0.041
GA 36 (42.9 %) 9 (60.0 %)

AA 18 (21.4 %) 5 (33.3 %)

680(G→A)

GG 27 (32.1 %) 1 (6.7 %) 0.109
GA 38 (45.2 %) 9 (60 %)

AA 19 (22.6 %) 5 (33.3 %)

Table 6 Ser680Asn
polymorphisms comparison of
Turkish society (our study) and
other societies

Ser680Asn (G→A) Caucasian Hindustani Creole Asian Mediterranean

GG 29.6 % 27.3 % 33.8 % 50.7 % 26.3 %

GA 48.9 % 51.5 % 47.7 % 38.8 % 51.4 %

AA 21.5 % 21.2 % 18.5 % 10.4 % 22.3 %

P value 0.852 0.956 0.598 0.005* 0.927

* Statistically significance (p < 0.05)
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Gene haplotypes have better predictive power to disclose the
existing associations between the gene variants and disease
conditions that would remain hidden if only individual SNPs
are analyzed. In several studies, the polymorphism in FSHR
gene core promoter at position 29was evaluated in combination
with A919G (Thr307Ala) and A2039G (Asn680Ser) SNPs
for the assessment of male infertility [13, 18].

However, to our knowledge, there is no study evaluating
the association of female infertility with the haplotypes
formed by three SNPs at position −29, Thr307Ala and
Asn680Ser in exon 10 of the FSHR gene. The haplotype fre-
quencies of loci −29, 307, and 680 are presented in Table 3.
Each of the eight possible haplotypes was noted both in the
patient and the control groups. There was no significant dif-
ference between the infertile and control groups with regard to
frequency distributions of the estimated haplotypes (P>0.05).

Women who present to infertility clinics are commonly
screened for baseline FSH level which is used as a predictor
of ovarian reserve. In females, these SNPs have been shown to
influence serum FSH levels during the follicular phase of the
menstrual cycle [42]. Our results indicated that there was no
association between these SNPs and the mean value of base-
line FSH, which was a result inconsistent with the findings of
Sudo et al. [16], and also, we found no association between
307 and 680 SNPs and the mean value of LH, E2, and PRL
levels in infertile women. However, according to our results, it
was shown that the heterozygous genotype GA in infertile
women for SNP at 307 was associated with a baseline FSH
level >12 (P=0.041) (Table 7) and baseline E2 level <66 (P=
0.046) (Table 8), while there was also a tendency to have a GA
heterozygous genotype in the infertile group. In infertile wom-
en, high FSH and low estrogen levels are an indicator of di-
minished ovarian reserve and are among the reasons for un-
suitable endometrial window and first trimester loss, while
being the major cause of infertility [43]. The loss of normal
ovarian function before age 40 is called premature ovarian
failure (POF) and is characterized with low levels of estrogen
and high leve l s o f FSH wi th impa i red ovar ian
folliculogenesis. The phenotype of the FSHR knockout mice
was observed to be similar to that observed in POF [44].
Therefore, the phenotype of females with POF can be attrib-
uted to FSHR, serving as a strong candidate gene. While there
was no clear relationship between the FSHR gene

polymorphism and POF, Kim et al. reported [45] that epistasis
between FSHR and CYP19A1 polymorphisms was strongly
related to POF. To our knowledge, our study was the first
study to show that high FSH and low E2 levels, indicative
of poor ovarian reserve, had a statistically significant associa-
tion with FSHR 307 GA genotype in infertile women (P=
0.046). Similarly, several studies reported significant associa-
tion with FSHR 307 GA genotype in PCOSwomen, generally
suffering from infertility because of impaired folliculogenesis
[16, 46, 47]. Women with PCOS are unlikely to undergo a
rapid depletion of their ovarian reserve too early [48]. In sev-
eral studies, the frequency of GA genotype for 307 SNPs had
been found to be significantly higher in women with PCOS
than in controls [16, 46, 47]. Therefore, it may be speculated
that FSHR 307 GA genotypes might be important parameters
for impaired folliculogenesis and early diminished ovarian
reserve.

In conclusion, although ethnicity may influence the results
pertaining to the association between FSHR polymorphisms
and infertility, GA heterozygous genotypes at position 307
may be responsible for impaired folliculogenesis and dimin-
ished ovarian reserve, thereby leading to infertility. Thus, fur-
ther studies including larger series of different populations are
required to clarify the role of FSHR polymorphisms on
folliculogenesis and ovarian reserve.
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