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Effect of the FSH receptor polymorphism on the age at menarche
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Summary

Summary: Estrogen and estrogen receptor (ER) genes have an effect on the age at menarche. Follicle stimulating hormone (FSH) is
an important hormone that plays a major role in the regulation of folliculogenesis and estrogen synthesis. The aim of this study was to
investigate the influence of the FSH receptor (FSHR) polymorphisms Asn680Ser and Thr307Ala on age at menarche. Materials and
Methods: FSH receptor gene polymorphisms were investigated in women who were admitted to Selcuk University between May 2013
and November 2014. Information about age at menarche was obtained through interviews. Polymorphic analysis of the FSH receptor
gene was performed in 209 healthy female patients who had undergone an annual health examination. Genomic DNA was obtained from
peripheral blood leukocytes, and polymorphisms were investigated using restriction fragment length polymorphism analysis. Results:
The mean age at menarche was 12.95 + 1.62 years. The overall frequencies for Asn680Ser variants NN, NS, and SS were 40.2%, 36.4%,
and 23.4%, respectively, whereas Thr307Ala variants TT, TA, and AA were 34.4%, 41.1%, and 24.4%, respectively. Menarche oc-
curred 3.6 months earlier in subjects with TN homozygote genotype than in AS homozygotes, and the mean age at menarche was 2.5
months earlier in TN homozygotes compared with that in all other study subjects, but the differences were not statistically significant
(p = 0.966 and p = 0.986, respectively). Conclusions: The Ala307Thr and Ser680Asn polymorphisms of the FSHR gene are not asso-

ciated with age at menarche.
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Introduction

Menarche is the first menstrual cycle and indicates the
onset of the reproductive period in the life of a woman.
Age at menarche has long-term effects on the gynecol-
ogical system as well as other systems of the body. Al-
though the patients who experienced menarche at an
early age were more likely to develop breast cancer, en-
dometrial cancer, the risk for cardiovascular disease,
blood pressure alterations, and glucose intolerance, these
women had higher long-term results on bone mineral
densitometry [1-5].

Menarche occurs as a result of the maturation of the
hypothalamic—pituitary—ovarian axis due to the effect of
environmental and genetic factors, among others. Envi-
ronmental factors include, but are not limited to, physi-
cal activity, height, weight, ethnicity, and socioeconomic
level. The effect of genetic factors on the age at menar-
che has been reported to be between 57-82%. Because
menarche is associated with a significant change in hor-
mone levels, especially estrogen, the genes involved in
the metabolism of the hormones or those encoding the
hormonal receptors have been the most commonly stud-
ied genetic factors for their effect on age at menarche
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[6]. The effect of the estrogen receptor (ER) gene,
CYP17 gene, the progesterone receptor (PR) gene, and
single nucleotide polymorphisms (SNPs) on the age at
menarche has been studied in various populations and
different results have been reported [6-11].

Estrogen and progesterone, which regulate the cyclic
changes of the reproductive system, are released as a re-
sult of the effect of pituitary gonadotropins. Follicle
stimulating hormone (FSH) is the most important hor-
mone in follicle formation and estrogen synthesis. It acts
via the FSH-receptor (FSHR) located on the granulosa
cell membrane. In FSHR knockout mice, during follicu-
logenesis, a blockade occurs before the formation of
antral follicle and a rapid loss of ovarian function is ob-
served [12, 13]. The FSHR gene has two SNPs on exon
10 that change amino acids at the Threonin307Alanin
(Thr307Ala) and Asparagin680Serin (Asn680Ser) posi-
tions [14, 15].

Menarche is a complex process that results from the
effects of follicular steroid release promoted by the go-
nadotropins on the endometrium, but whether there is a
correlation between FSHR polymorphisms and age at
menarche has not been studied to date.

This study aimed to investigate the effect of
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Asn680Ser and Thr307Ala polymorphisms in the FSHR
gene on the age at menarche in the Turkish population.

Materials and Methods

FSHR gene polymorphism was investigated in 209 healthy fe-
male subjects with regular menses who were admitted to the Gy-
necology and Obstetrics Outpatient Clinic at Selguk University
between May 2013 and November 2014. The subjects were sam-
pled consecutively. Subjects with any systemic and gynecological
disease, who had a history of precocious puberty or delayed pu-
berty, and who were using hormonal therapies were excluded.
This study was approved by the Clinical Trials Ethics Committee
at Selcuk University and was conducted according to the princi-
ples of the Declaration of Helsinki. Each subject gave written in-
formed consent.

Patients and controls provided a 3-cc venous whole blood sam-
ple. The blood samples were transferred into EDTA tubes and
stored in a refrigerator at 4°C until use. As recommended by the
manufacturer, genomic DNA was isolated from peripheral blood
leukocytes using a genomic DNA extraction kit.

For the detection of Thr307Ala and Asn680Ser polymorphisms,
polymerase chain reaction (PCR) and restriction enzyme cutting
analyses (RFLP, restriction fragment length polymorphism) were
performed as described by Suda et al. [14].

PCR was performed with 25 volume containing 25 ng DNA
template, 2.5 ul PCR buffer, 1.25 mM MgCl2, 1.5 U Tag DNA
polymerase, 200 nM dNTP, and 10 pM primer for each reaction.
In PCR, all PCR fragments were amplified by an initial cycle at
95°C for two minutes, then a cycle at 95°C for one minute, a cycle
at 58°C for 50 seconds, and another cycle at 72°C for 30 seconds
and finally, a total of 40 cycles of denaturation at 72°C for ten
minutes.

For RFLP analysis of the Asn680Ser polymorphism, PCR frag-
ments were stained using ethidium bromide (EtBr) in the elec-
trophoresis with Brsl enzyme and agarose gel 2.5%, and three
different patterns were revealed. Based on this RFLP analysis, the
patients were classified into three groups as follows: NN (680
Asn/Asn), NS (680 Asn/Ser), and SS (680 Ser/Ser).

For RFLP analysis of the Thr307Ala polymorphism, PCR frag-
ments were stained using ethidium bromide (EtBr) in the elec-
trophoresis with Brsl enzyme and agarose gel 2.5%, and three
different patterns were revealed. Based on this RFLP analysis, the
patients were classified into three groups as follows: TT (307
Thr/Thr), TA (307 Thr/Ala), and AA (307 Ala/Ala).

SGP Hardy-Weinberg equilibrium was evaluated using the x>
test. Distribution normality was assessed using the Kolmogorov-
Smirnov test. Data are expressed as mean =+ standard deviation or
number and percentage. Intergroup differences were analyzed
using the Kruskal-Wallis test. Adjustment for BMI was performed
using multiple logistic regression analysis. For data analysis,
SPSS 17 software was used. P <0.05 was considered statistically
significant.

Results

Demographics of the study participants are shown in
Table 1. Mean age at menarche was 12.95 £ 1.62 years. The
incidences of the Thr307Ala SNP genotype variants TT,
TA, and AA were, respectively, 34.4%, 41.1%, and 24.4%,
whereas the incidences of the Asn680Ser SNP genotype
variants NN, NS, and SS were, respectively, 40.2%, 36.4%,
and 23.4% (Table 2). Neither Thr307Ala nor Asn680Ser

Table 1. — Patient characteristics.

Mean age at menarche, mean + SD, years 12.95+1.62
Height, mean = SD, cm 162.85+6.26
Weight, mean + SD, kg 59.28 £9.80
Body mass index, mean + SD, kg/m? 22.3943.70

Table 2. — Genotype frequency of FSHR polymorphism.

Genotype n. (%)
Thr307Ala
TT 72 (34.4%)
TA 86 (41.1%)
AA 51 (24.4%)
Allelotype
T 230 (55%)
A 188 (45%)
Asn680Ser
NN 84 (40.2%)
NS 76 (36.4%)
SS 49 (23.4%)
Allelotype
N 244 (58%)
S 174 (42%)

Table 3. — Mean menarche age for different genotypes of
the FSHR gene.

Mean age at menarche + SD V4
Thr307Ala
TT 12.888 £2.03
TA 12976 £1.33 0.904
AA 13.019 £ 1.44
Asn680Ser
NN 12.821 £ 1.90
NS 13.131+ 1.32 0.624
SS 12918 £ 1.55
Haplotype
TTNN 12.784 £2.22
AASS 13.083 £ 1.57 0.966
Others 12.991 + 1.33
Haplotype
TTNN 12.784 +£2.22
Others 13.012+1.39 0.986

SNPs achieved the Hardy-Weinberg equilibrium (p =
0.0148 and p = 0.0003, respectively).

Thr307Ala SNP and Asn680Ser SNP genotypes were not
different in terms of mean age at menarche. When haplo-
types were evaluated, it was seen that the mean age at
menarche was greater by approximately 3.6 months in AS
homozygotes (n=36, 17.2%) compared with TN homozy-
gotes (n=52, 24.9%), but the difference was not statistically
significant (p = 0.966) (Table 3). When the mean age at
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menarche seen in TN homozygotes was compared with that
observed in TN heterozygotes or in those without the TN
allele, it was seen that the age at menarche was earlier by
approximately 2.5 months, but this difference did not reach
statistical significance (p = 0.986). When the assessments
were repeated following adjustment for BMI, the difference
remained statistically insignificant across the groups (p >
0.05).

Discussion

One of the best examples that demonstrates that SNPs
may have an effect on clinical outcomes is the FSHR poly-
morphism. Different responses of patients with various
FSH-receptor polymorphic variants to controlled ovarian
hyperstimulation administered during in vitro fertilization
(IVF) therapies guided the investigators to study FSH-re-
ceptor polymorphisms in several areas of the gynecological
discipline. No correlation was found between polycystic
ovarian syndrome and FSH-receptor polymorphism in
Turkish and Chinese populations [15-20]. Although the
study performed by Wang et al. in the Taiwanese popula-
tion reported a decreased risk for endometriosis in subjects
with SS and NS genotypes, the current authors previous
study of this issue did not reveal a correlation between the
risk for endometriosis and FSH-receptor SNPs [16, 21].

The studies that examined the correlation between FSH-
receptor genotype and menstruation demonstrated that,
among FSH-receptor inactivating mutations, Alal89Val,
Val221Gly, Pro348Arg, Asp224Val, Pro587His, and
Ala575Val were correlated with primary amenorrhea and
Ile160Thr with secondary amenorrhea [14]. Greb ef al. ex-
amined the effects of FSH-R Asn680Ser polymorphism on
menstrual cycle characteristics and reported that the SS
genotype had a higher ovarian threshold for FSH, decreased
negative pituitary feedback, and longer menstrual cycles
[22].

Menarche results from the effects of the steroids released
that have a gonadotropin effect on the endometrium upon
the maturation of the hypothalamus-pituitary-ovarian axis.
Although some studies that investigated the effects of Msp1
SNP of the CYP17 gene and Xbal and Pvull SNPs of the
ERa gene on age at menarche reported that these SNPs did
not affect age at menarche, Stavrou et al. reported in 2002
that menarche occurred approximately six months later in
the people with Xbal SNP XX genotype and in 2006 that
the age at menarche was greater by seven months in the
people with the ERB gene A1730G SGP AA genotype [7-
10]. Taylor et al. investigated the effect of the PR gene SNP
on age at menarche and reported that menarche occurred
one year later in the people who encode two copies of the
Val660Leu variant for rs1042838 SNP [11] In the present
study, menarche age seen in those with the TN homozygote
FSHR polymorphism was earlier by approximately 2.5
months compared with TN heterozygotes and in those with-

out the TN allele. It was also detected that the mean age at
menarche was later by approximately 3.6 months in AS ho-
mozygotes compared with TN homozygotes, but the dif-
ferences were not statistically significant.

The age at menarche had a secular decrease worldwide.
When reviewing the results of the studies that analyzed age
at menarche in this country, it can be seen that the mean
menarche age result in this study (12.95 + 1.62 years) was
similar to the results obtained in other studies (13.04 years
and 13.10 years) [23, 24].

Conclusion

This study demonstrated that the FSHR polymorphism
has no effect on age at menarche. The subjects who led the
authors to these study data represent a heterogeneous pop-
ulation. Although genetic factors and SNPs can affect age
at menarche, combined effects of the genetic and environ-
mental factors are probably much more significant.
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