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Abstract 
 

Many mutations change the function of FSHR (follicle-stimulating hormone receptor) at the 
plasma membrane. Mutations in FSHR can lead to ovarian dysgenesis and high gonadotro-
pin levels. We aimed to investigate and compare the frequency of FSHR  polymorphism 
(Ala307Thr and Ser680Asn) in fertile and infertile women. Our study enrolled all of the pa-
tients between 21 and 39 years of age who were admitted to the Department of Obstetrics 
and Gynecology at Akdeniz University between May 2009 and November 2010. The patients 
were divided into two groups corresponding to fertile and infertile. The infertile patients 
were divided into two subgroups corresponding to good and poor responders based on their 
response to fertility treatment. The genomic DNA was analyzed, and the Ala307Thr and 
Ser680Asn polymorphisms were screened in each group. We determined that in the good re-
sponder group, homozygosity for the polymorphisms was significantly less frequent 
(p=0.013). We also found that in the good responder group, the homozygous genotype (A/A) 
for the Ser680Asn polymorphism was significantly less frequent (p=0.013). In the poor re-
sponder group, heterozygosity for the polymorphism Ser680Asn was significantly more fre-
quent (p=0.031). Because a high frequency of the homozygous genotype was found in the 
control group, we are unable to conclude that a homozygous genotype for these polymor-
phisms leads to a poor FSH receptor response. However, the frequency of the homozygous 
genotype was high for both Ser680Asn and Ala307Thr in the poor responder group. Double-
blinded, randomized, controlled, and prospective studies should be conducted with larger 
samples to reach a definite conclusion.   
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Introduction 
 
The FSH receptor (FSHR) is composed of 678 amino 
acids [1-4]. Recent studies have provided a better 
understanding of FSHR, including its crystalline 
structure, which contains a substantial extracellular 
domain (ECD), and the three dimensional configuration 
of the receptor and its involvement in binding to the 
ligand [5]. FSH (follicle-stimulating hormone) binds 
tightly to the concave surface of the ECD of FSHR. The 
receptor wraps itself around the central zone of the 
hormone. The contact area between the hormone and the 
receptor is large and highly electrically charged.  Many 
coincidental hormone receptor mutations have been 
reported [6-10]. 

 

Many mutations reduce the localization of FSHR at the 
plasma membrane. Mutations in FSHR lead to ovarian 
dysgenesis and high gonadotropin levels. Moreover, 
defects of the FSHR gene in mice lead to a small uterus, 
small ovaries, and sterility [11]. 
 
Only five FSHR single nucleotide polymorphisms (SNPs) 
are exogenous, and they are all located on Exon 10. Four 
out of five of these SNPs lead to a code change 
(Ala307Thr, Arg524Ser, Ala665Thr and Ser680Asn). The 
most common and well-studied are Ala307Thr and 
Ser680Asn. These SNPs are not in a steady state and are 
known as allelic variants. Thr307/Asn680 and 
Ala307/Ser680 are equally distributed among white 
populations. Recent studies have shown that 
polymorphisms of the alpha gene of the estrogen receptor 
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result in changes in the response to ovulation induction 
therapies [12]. 
 
This study aims to investigate and compare the frequency 
of FSH receptor polymorphisms (at positions 307 and 
680) in fertile and infertile women. 
 
Materials and Methods 
 
The current study enrolled female patients between 21 
and 39 years of age who were admitted to the Gynecology 
and Obstetrics Department at the Medical Faculty of 
Akdeniz University between May 2009 and November 
2010.  IRB (institutional review board) approval was 
obtained for this study.  
 
For patients in the control group, the inclusion criterion 
was pregnancy achieved within one year after first 
intercourse without any fertility therapy. The patients who 
achieved an oocyte count higher than three after 
controlled ovarian hyper-stimulation for the treatment of 
infertility were included in the good responder group. 
Patients who could not achieve a sufficient E2 level (E2 ≤ 
660 pg/mL) following infertility treatment were excluded 
[13-15]. For the group of poor responders, the inclusion 
criteria were: oocyte count ≤ 3 following controlled 
ovarian hyper-stimulation therapy and treatment-emergent 
E2 level < 660 pg/mL  [13-15]. 
 
There were 100 patients in the control group, 42 good 
responders and 40 poor responders. Venous blood 
samples (5 ml/patient) were drawn into K3EDTA sterile 
blood tubes. The samples were stored at +4oC until DNA 
isolation. The genomic DNA was extracted from the 
venous blood using a modified non-enzymatic method. 
The data were analyzed using SPSS (version 18.0 
statistics software pack) (SPSS Inc., Chicago, USA). 
Descriptive statistics were used, including the distribution 
of the frequency, the mean, and the standard deviation. 
Kruskal Wallis analysis was used to compare the Ala307 
and Ser680 polymorphisms. In the case of any difference, 
the Mann Witney U test was used to identify the 
difference after the Bonferroni correction was performed. 
Moreover, the Mann-Whitney U test or the Student’s t-
test was used when the demographics of the A/A+G/A 
genotype and the G/G genotype were compared. The Chi-
squared test was used in the inter-group analysis of the 
genotypes. The significance level was 95% (or alpha = 
0.05 margin of error) to determine the analytical 
differences. Molecular genetic studies were conducted on 
the FSHR gene in the genomic samples from the study 
participants. The FSHR gene region in the good 
responders, poor-responders, and control subjects was 
amplified using the PCR technique. The resultant 
amplifications products were analyzed on a 1% agarose 
gel. 
 

Results 
 
The Ala307Thr and Ser680Asn polymorphisms were 
screened in the genomic DNA samples of the control and 
study groups. The identified polymorphisms were 
separately analyzed for two regions. Homozygous (A/A) 
and heterozygous (G/A) genotyping were performed. The 
homozygous G/G genotype was reported if no 
polymorphism was found in the region analyzed. 
 
The genetic analysis of the control patients indicated that 
28 were homozygous A/A and 51 were heterozygous G/A 
in the Ala307Thr (GCT >ACT) region, and 26 were 
homozygous A/A and 53 were heterozygous G/A in the 
Ser680Asn (AGT >AAT) region.  
 
Seven patients had positive β-hCG levels on the 14th day 
after embryo transfer. Genetic analysis of the genomic 
DNA samples obtained from 42 good responders revealed 
homozygous A/A polymorphism in 5 patients and 
heterozygous G/A polymorphism in 18 patients for both 
the Ala307Thr and Ser680Asn regions. No statistically 
significant difference was found between the A/A, G/A 
and G/G groups with respect to age, FSH on Day 3, the 
dose and duration of gonadotropin (p=0.669/ 0.818 / 
0.057 / 0.058, respectively). 
 
The treatment protocol of the poor responders was an 
antagon protocol. The FSH values on Day 3 ranged from 
5 mIU/mL to 27 mIU/mL (mean: 11.82±4.12). The E2 
values ranged between 4 pg/mL and 82 pg/mL (mean: 
35.88±15.68). No follicle development was observed in 
14 patients although high dose of gonadotropin was 
administered throughout the treatment period and the 
treatment cycle was cancelled. The mean follicle count 
was 1.13±0.966 for the poor responders. A total of 22 
patients had the embryo transfer procedure, and the 
venous ß-hCG level was high in 3 patients only. Two of 
these patients delivered uneventfully. One of them 
aborted at 8 weeks of gestation. Based on the genetic 
analysis of 40 poor responders, there were 12 patients 
with A/A genotype and 20 patients with the G/A genotype 
for the Ala307Thr region. No statistically significant 
difference was found between the A/A, G/A and G/G 
groups with respect to age (p=0.131), FSH level on Day 3 
(p=0.427), dose of gonadotropin (p=0.132), and treatment 
period (p=0.582). A genetic analysis was conducted to 
examine the Ser680Asn polymorphism in the poor 
responders, and it was observed that 11 patients were 
homozygous for the A/A genotype, and 21 patients were 
heterozygous for the G/A genotype. Significant difference 
was not found between the A/A, G/A and G/G groups 
with respect to age (p=0.145), level of FSH on Day 3 
(p=0.367), dose of gonadotropin (p=0.226) and treatment 
period (p=0.841).  
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Results of Inter-group Comparisons 
 
The number of patients and rates are given for the three 
groups in the Tables 1-2. Statistically significant 
difference was found between the poor and good 
responders with regard to the presence of polymorphisms 
and the types of polymorphisms (for Ala307Thr region: 
p=0.024) (for Ser680Asn region: p=0.031). There was no 
statistical significance in terms of the existence of 
polymorphisms between the poor responder group and the 
control group (for Ala307Thr region: p=0.971) (for 
Ser680Asn region: p=0.980). The good responder group 

was also examined in comparison with the control group. 
Statistically significant difference was found between the 
A/A, G/A and G/G genotypes (for the Ala307Thr region: 
p=0.007) (for the Ser680Asn region: p=0.009). The 
frequency of polymorphisms was higher in the control 
group.  
 
The patients of the poor responder, good responder, and 
control groups were compared with respect to 
demographics and the presence of polymorphisms [Table 
3-4]. 

 
Table 1. The distribution of Ala307Thr polymorphism in different groups 

 
Group  

PR GR CG Total 
Number of patients 12 5 28 45 
Percent relative to patients with Ala307Thr polymorphism 26.7 11.1 62.2 100 A/A 
Percent relative to all groups 30 11.9 28 24.7 
Number of patients 20 18 51 89 
Percent relative to patients with Ala307Thr polymorphism 22.5 20.2 57.3 100 G/A 
Percent relative to all groups 50 42.9 51 48.9 
Number of patients 8 19 21 48 
Percent relative to patients with Ala307Thr polymorphism 16.7 39.6 43.8 100 

Ala307T
hr 

G/G 
Percent relative to all groups 20 45.2 21 26.4 

 A/A+G/A 
Number of patients 
Percent relative to patients with Ala307Thr polymorphism 
Percent relative to all groups 

32 
23.9 
80 

23 
17.2 
54.8 

79 
59 
79 

134 
100 
73.6 

Number of patients 40 42 100  
Percent relative to patients with Ala307Thr polymorphism 22 23.1 54.9  Total  
Percent relative to all groups 100 100 100  

PR=poor responder, GR=good responder, CG=Control Group  
 

Table 2. The distribution of Ser680Asn polymorphism in different groups 
 

Group  
PR GR CG Total 

Number of patients 11 5 26 42 
Percent relative to patients with Ser680Asn polymorphism 26.2 11.9 61.9 100 

 
A/A 

Percent relative to all groups 27.5 11.9 26 23.1 
Number of patients 21 18 53 92 
Percent relative to patients with Ser680Asn polymorphism 22.8 19.6 57.6 100 

 
G/A 

Percent relative to all groups 52,5 42,9 53 50,5 
Number of patients 8 19 21 48 
Percent relative to patients with Ser680Asn polymorphism 16.7 39.6 43.8 100 

 
 
 
 
 Ser680Asn 

 
G/G 

Percent relative to all groups 20 45.2 21 26.4 
  

A/A+A/
G 

Number of patients 
Percent relative to patients with Ser680Asn polymorphism 
Percent relative to all groups 

32 
23.9 
80 

23 
17.2 
54.8 

79 
59 
79 

134 
100 
73.6 

Number of patients 40 42 100  
Percent relative to patients with Ser680Asn polymorphism 22 23.1 54.9  

 
Total  

Percent relative to all groups 100 100 100  
PR=poor responder, GR=good responder, CG=Control Group 
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Table 3. The distribution of demographics by genotype for Ala307Thr polymorphism in poor and good responders. 
 
  Infertility 

period 
(year) 

FSH on Day 3 
(mIU/ml). 

Dose of gonado- 
tropin (unit) 

Treatment  
period(day) 

Follicle count  
at the end of  
treatment  

End-of-therapy 
E2 (pg/ml). 

 
 
P
R 
 
 

 
A/A 
G/A 
A/A+G/A 
G/G 

 
7.33±3.33 
7.65±5.65 
7.53±4.85 
6.5±2.97 

 
11.41±4.52a 

11.4±3.1 b 

11.4±3.62 b 
13.51±5.69 b 

 
5145.83±1054.09 a 
4677.5±1414.35 b 
4853.12±1293.59 b 
3918.75±1300.53 a 

 
15.83±1.11 b 
15.25±1.94 b 
15.47±1.68 b 
15.75±2.6 

 
1.17±0.93 b 
1.05±1.05 b 
1.09±0.99 b 
1.25±0.88 b 

 
420.33±187.61 a 
376.6±220.73 b 
393±206.91 b 
459.38±235.01 b 

 
 
G
R 
 
 

 
A/A 
G/A 
A/A+G/A 
G/G 

 
6.2±3.63 
6.33±3,1 
6.3±3.14 
5.26±2.84 

 
5.8±1.48 a 
5.5±1.33 b 
5.56±1.34 b 
5.94±1.74 b 

 
1425±496.23 a 
2166.67±799.26 b 
2005.43±797.65 b 
2339.47±923.84 a 

 
12±1 b 
12.61±1.33 b 
12.48±1.27 b 
13.74±2.07 

 
5.6±1.14 b 
5.72±1.36 b 
5.7±1.29 b 
5.58±1.26 b 

 
2393.4±183.21 a 
2326.83±624.84 
b 
2341.3±555.5 b 
2277.95±732.81 
b 

PR=poor responder, GR=good responder 
a = p<0.05,b = p<0.001 

 
Table 4. The distribution of demographics by genotype for Ser680Asn polymorphisms in poor and good responders. 
 

  
Infertility 
period 
(year) 

FSH on Day  
3 (mIU/ml) 

Dose of gona-
dotropin (unit) 

Treatment  
period 
(day) 
 

Follicle count  
at the end  
of treatment  

End-of-therapy 
E2 (pg/ml). 

 
 
PR 
 
 

 
A/A 
G/A 
A/A+G/ 
AG/G 

 
7.45±3.47 
7.57±5.51 
7.53±4.85 
6.5±2.97 

 
12±4.24a 
11.095±3.33b 
11.4±3.62b 
13.51±5.69 b 

 
4945.45±832a 
4804.76±1496.82b 
4853.12±1293.59b 
3918.75±1300.5a 

 
15.64±0.92a 
15.38±1.98b 
15.47±1.68b 
15.75±2.6 

 
1.27±0.9 b 
1±1.04 b 
1.09±0.99 b 
1.25±0.88 b 

 
418.64±196.67 a 
379.57±215.57 b 
393±206.91 b 
459.38±235.01 b 

 
 
GR 
 
 

 
A/A 
G/A 
A/A+G/ 
AG/G 

 
6.20±3.63 
6.33±3.10 
6.30±3.14 
5.26±2.84 

 
5.8±1.48a 
5.5±1.33b 
5.56±1.34b 
5.94±1.74b 

 
1425±496.23a 
2166.67±799.26b 
2005.43±797.65b 
2339.47±923.84a 

 
12±1 a 
12.61±1.33 b 
12.48±1.27 b 
13.74±2.07 

 
5.6±1.14 b 
5.72±1.36 b 
5.7±1.29 b 
5.58±1.26 b 

 
2393.40±183.21 a 
2326.83±624.84 
b 
2341.3±555.5 b 
2277.95±732.81 
b 

PR=poor responder, GR=good responder 
a = p<0.05,b = p<0.001 
 
Discussion 
 
The gene encoding the FSH receptor is found on 
chromosome 2 [16]. Structural changes in this region will 
lead to changes in the amino acid configuration of the 
FSH receptor gene, resulting in functional changes in the 
gene. Some of these changes lead to enhanced functioning 
of the receptor, while some reduce functionality.  
 
Inactivating mutations of FSHR may result in primary 
and secondary amenorrhea, infertility and premature 
ovarian syndrome (POS). In contrast, activating mutations 
may lead to ovarian hyper-stimulation syndrome (OHSS), 
irrespective of exogenous FSH replacement. In addition 
to point mutations, a response to the exogenous FSH may 

be seen in the case of FSHR gene polymorphisms 
(particularly, codon 307 and 680) [16]. In such cases, the 
changes will be observed in response to therapy when 
assisted reproductive techniques are practiced.  
 
Loutradis et al. [13] examined Ser680Asn polymorphisms 
of the FSH receptor in a study conducted in 2006. The 
patients were examined only with respect to the 
Ser680Asn polymorphism, and the patients were 
classified according to their Ser/Ser (G/G), Ser/Asn (G/A) 
and Asn/Asn (A/A) genotypes. We used a similar 
classification for Ser680Asn, but we investigated another 
polymorphism of the FSH receptor, namely Ala307Thr. 
Loutradis et al. [13] observed that the distribution of three 
genotypes was similar in the poor-responders. However, 
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the Ser/Asn polymorphism was more frequently observed 
in the good-responders (p=0.005). In the current study, 
the rate of homozygous Ala307Thr polymorphism 
appears significantly lower in the good responder group 
(p=0.013). Similarly, we found that homozygous 
genotype (A/A) of the Ser680Asn polymorphism was 
significantly lower in the good responder group 
(p=0.013). We performed a statistical comparison 
between the patients in the poor responders. When the 
group of poor responder was examined with respect     to 
the Ser680Asn polymorphism, we found a significantly 
higher frequency of heterozygous polymorphism 
(p=0.031). In our control group, we found that a heterozy-
gous genotype was more frequent for both the Ser680Asn 
and Ala307Thr polymorphisms in comparison with the 
good responders (the frequency of the Ser680Asn G/A 
and the Ala307Thr G/A polymorphism was significantly 
high (p=0.001). 

 
Loutradis et al. [13] found that at the end of therapy, E2 
levels were higher in patients with G/A genotype in the 
good responders. However, in the current study, no 
significant difference was found between the genotypes in 
good responders with respect to both Ser680Asn and 
Ala307Thr (p=0.779). Treatment periods were compared, 
but no difference was evident. However, when all patients 
with polymorphism were examined, we found a 
significant increase in treatment period in comparison 
with patients with the (A/A+G/A) genotype (for both 
Ala307Thr and Ser680Asn, p=0.024).   

 
Castro et al. studied the effects of Ser680Asn 
polymorphism [14]. The authors observed that the Ser/Ser 
(G/G) genotype was more common in the poor 
responders. We, however, found that the number of 
patients with the G/G genotype was significantly lower in 
the group of poor responder in comparison with the group 
of good responder (for both Ser/Ser and Ala/Ala; p = 
0.024). Moreover, we compared all patients with 
genotype (A/A+G/A) with patients with normal genotype 
and observed that the number of patients with G/G 
genotype (Ser/Ser and Ala/Ala) was significantly higher 
in the good responders [Table 2]. In addition, Castro et al. 
[14] reported that although it was not statistically 
significant, patients with the Ser/Ser genotype could be 
induced with a higher dose of gonadotropin. We did not 
find any significant difference between the genotypes in 
good responders as well as in poor responders with 
respect to gonadotropin (for the poor responders, 
p=0.226; for the good responders, p=0.057). Castro et al. 
[14] tried to find out a correlation between the age and 
genotype, but could not find any significant difference. 
We made intra-group comparisons, including the control 
group, to investigate the relationship between polymorph-
hism and age, but did not find any difference for the 
controls (p=0.447), for the good responders (p=0.669), or 

for the poor responders (p=0.13). In conclusion, Although 
Castro et al. concluded that polymorphism could correlate 
with age and ovarian reserve, yet they failed to show 
statistically significant results [14]. 

 
In a study conducted in 2005, Koning et al. [15] 
compared 38 poor responders with 50 good responders 
with respect to the Ser680Asn polymorphism. The 
authors found that the number of patients with polymoph-
ism was significantly higher among the poor responders 
(p<0.05). We made comparisons between the two groups, 
and we found a statistically significant difference for both 
the Ala307Thr and Ser680Asn polymorphism [the 
number of patients with the polymerphism was higher in 
the poor responders (p=0.015 for Ala307Thr; p=0,031 for 
Ser680Asn)] [Table 1, 3]. Again, two groups were 
compared with respect to the treatment period, and similar 
to our study, a significantly longer period was found in 
the poor responders. Koning et al. [15] examined the 
relationship between age and genotype, but they could not 
find any significant difference (p=0.8). Similarly, Van 
Montfrans et al. [17] and Van Rooij et al. [18] could not 
find significant differences with respect to FSH 
polymorphism. 

 
Hasbargen et al. [19] examined the distribution of 
polymorphisms in the European population and obtained 
the rates of 22.3%, 55.5%, and 22.3% for the G/G, G/A 
and A/A genotypes, respectively. Conversely, Perez et al. 
[20] reported the rates of 29%, 45%, and 26% for these 
three genotypes, respectively. Sudo et al. [21] reported 
rates of 43.5%, 43.5%, and 12.1%, respectively, for the 
Japanese population. In the current study, the rates were 
found to be 20%, 52.5%, and 27.5%, respectively for 
ser680Asn, and 20%, 50%, and 30%, respectively, for 
Ala307Thr. 

 
Achrekar et al. [22] conducted a study in India in 2009 
and reported on 50 normogonadotropic infertile patients. 
Similar to the current study, they investigated both the 
Ala307Thr and Ser680Asn polymorphisms. The rate of 
heterozygosity for the polymorphisms was found to be 
above 50% in both the poor and good responder groups. 
Similarly, the frequency of heterozygous (G/A) genotype 
was high (in the poor responders: Ala307Thr 50%, 
Ser680Asn 52.5%; in the good responders: Ala307Thr 
42.9%, Ser680Asn 42.9%). 

 
In conclusion, a high frequency of the homozygous 
genotype was found in the control group prevents us from 
making a generalized conclusion that a homozygous 
polymorphism leads to a poor FSH receptor response, 
although the frequency of homozygous genotype was 
found to be high for both Ser680Asn and Ala307Thr in 
the group of poor responder. Double-blinded, 
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randomized, controlled, and prospective studies should be 
conducted with larger samples to reach a definite 
conclusion.  
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