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Abstract

Follicle stimulating hormone (FSH) is necessary for normal reproduction.
Follicle stimulating hormone receptor (FSHR) signaling stimulates
proliferation of Sertoli cells and maintains spermatogenesis. This work
aimed toinvestigate FSHR polymorphism in infertile Palestinian men. 56
males grouped into 24 normozoospermic controls, and 32 infertile males.
Infertile males were grouped into 11 azoospermic males, and 21
oligozoospermic males. Semen analysis, FSH, Luteinizing hormone (LH)
and Total testosterone were determined. Allelic variant of FSHR gene was
determined by PCR-RFLP. Sperm count was significantly decreased in
oligospermia and azoospermia compared to control. Sperm motility
showed significant differences between the different groups of men.LH and
FSH were significantly increased in azoospermia compared to controls and
compared to oligospermia. The T testosterone was significantly decreased
in oligospermia and azoospermia compared to controls. The SNPs of FSHR
allele showed no significant difference in the prevalence of FSHR among
the three groups. Sperm count was significantly decreased in mutant
(Ser/Ser) FSHR allele compared to wild (Asn/Asn) FSHR allele. On the
other hand, sperm motility showed no significant differences among
various groups. LH was significantly increased in mutant FSHR allele
compared to wildFSHR allele, whereas the T testosterone was significantly
decreased in mutant FSHR allele compared to wildFSHR allele. However,
there was no significant difference in FSH among various groups. It is
conclude that the presence of mutant (Ser/Ser) FSHR allele is observed to
be a cause for a decreased in a sperm count and T testosterone and
increased of LH level.
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1. Introduction:

Follicle stimulating hormone (FSH) is a pituitary
glycoprotein, which is necessary for normal
reproduction in both male and female mammals
(Foresta et al., 2008). The biological actions of FSH
are exerted by binding to its membrane receptor
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(FSHR) in Sertoli cells of the testes and initiating
signaling events via the G protein and/or other
receptor coupling mechanisms (Meduri et al., 2008
and Zhang et al,, 2012). The FSHR gene consists of 9
introns and 10 exons and a promoter region and is
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located on chromosome 2p21 (Laan et al, 2012).
Follicle stimulating hormone receptor signaling
stimulates proliferation of Sertoli cells and maintain
normal sperm production (spermatogenesis) by
promoting  intercellular =~ communication = with
neighboring germ cells as well as other somatic cells
(Zhang et al., 2012). In addition, FSH helps to determine
testicular size and germ cell number per testis (Wang et
al, 2014).Secretion of FSH is regulated by
hypothalamic-anterior pituitary-testicular axis (Holt
and Hanlley, 2012). Male infertility is a complex disease
that involves both environmental and genetic factors.
Impaired sperm production and function can be related
to different congenital or acquired factors acting at
pretesticular, post-testicular, or directly at the
testicular level (Poongothai et al,, 2009).In about 15%
of the cases of male infertility, genetic abnormalities
could be present, including chromosomal aberrations
and single gene mutations (Ferlin et al., 2007 and
O’Flynn O’'Brien et al, 2010). A number of
polymorphisms have been studied as potential risk
factors for spermatogenetic failure, in particular,
abnormalities of the FSHR gene, as well as FSH gene,
would be expected to affect sperm production in males
(Li et al, 2011). Mutation screening showed that the
FSHR gene contained several single-nucleotide
polymorphisms (SNPs) in the core promoter and
coding region (Wunsch et al, 2005). The 2 most
common SNPs in the coding region occur at nucleotide
positions 919 (919A>G, Thr307Ala, and rs6165) and
2039 (2039G>A, Asn680Ser, and rs6166) 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 (Safarinejad et al.,
2010, Grigorova et al, 2013 and Wu et al, 2015).
Several studies have investigated the possible
associations between the Thr307Ala and Asn680Ser
polymorphisms in the FSHR gene and male infertility.
Shimoda et al. (2009) reported that the combination of
heterozygous FSHR variants might be responsible for
male infertility in Japanese population. Similar results
were found by Zalata et al. (2008) in Egyptian
population, Balkan et al. (2010) in Turkish population,
Safarinejad et al. (2010) and Gharesi-Fard et al. (2015)
in Iranian population and Song et al. (2013) and Wu et
al. (2015) in Chinese population. To our best
knowledge, no previous study investigated FSHR gene
and male fertility in Palestine. Therefore, the present
study is the first to assess FSHR polymorphism in
Infertile Palestinian men.
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2. FSHR polymorphism and male infertility:

FSH regulates the function of testicular Sertoli cells,
where spermatogenesis takes place. Mutations in the
hormone and its receptor can cause impaired
spermatogenesis in men, which could lead to infertility
or subfertility. The association between FSHR gene
polymorphisms, particularly Thr307Ala and Asn680Ser
and male infertility risk has attracted widespread
attention due to the unique biological functions of FSH.
Some investigations in normal and infertile men and
women reported no difference, while other studies
revealed significant differences in the distribution of
allelic variants between infertile subjects and normal
controls.

Ahda et al. (2005) analyzed SNP in codon 680 in 438
Germen men with nonobstructiveazoospermia and in
304 controls. That no significant correlation between
serum FSH levels and FSHR allele was found.

The possible role of three FSHR SNP was evaluated in
Italian male infertility (Pengo et al, 2006). The data
showed that in the Italian population, FSHR genotypes
have no influence on FSH concentrations both in
normal and infertile males and do not associate with
spermatogenetic impairment.

Zalata et al. (2008) investigated the occurrence of Asn
and Ser FSHR gene variants and its relationship with
seminal anti-Millerian hormone (AMH) among
normozoospermic and infertile
oligoasthenozoospermic (OAT) Egyptian males. There
was significant increase in seminal AMH with Asn/Asn
variant of FSHR gene than those with Asn/Ser or
Ser/Ser.

The discrete codon combination with
homo/heterozygous variation of the exon 10 in the
FSHR gene was assessed in infertile Japanese men
(Shimoda et al., 2009). The heterozygous genotype
Thr/Ala-Ser/Asn was significantly increased in infertile
patients compared with the controls. This finding
showed that the combination of heterozygous FSHR can
be responsible for male infertility. Safarinejad et al.
(2010) analyzed FSH-R polymorphisms at codons 680
and 307 by RFLP in 172 Iranian infertile men and in an
equal number of age-matched healthy fertile men. The
results show no significant correlation between serum
FSH levels and semen characteristics, or fertility status
and FSH-R gene polymorphisms was found.

Wu et al. (2015) explored the associations between the
Thr307Ala and Asn680Ser polymorphisms of the FSHR
gene and male infertility. However, the combined
genotypes Thr/Thr + Asn/Asn had an increased risk of
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male infertility (OR=1.238;
P=0.049).

3. Materials and Methods:

95%CI: 1.001-1.537,

The study population comprised 56 Palestinian males
grouped into 24 normozoospermic healthy controls
(normal sperm count=20 X 10¢/milliliter), and 32
infertile males. Infertile males were grouped into 11
azoospermic males (zero sperm count), and 21
oligozoospermic males (sperm count <15 X
10¢/milliliter) were selected and recruited from
assisted reproduction centers and private infertility
clinics, from January to December, 2014. Semen
samples were collected for each patient that performed
according to the WHO (2010). In addition, hormone
profile (FSH, LH and T testosterone) were determined
using a solid phase ELISA based on the sandwich
principle. DNA was extracted from
ethylenediaminetetraacetic acid (EDTA) blood samples
using the Wizard Genomic DNA Extraction Kit from
Promega, USA according to the manufacturer
recommendations. DNA extracted from blood samples
was analyzed for the presence of FSHR gene
Asn/Ser680 allele. Genomic DNA was analyzed using
the PCR-RFLP technique with the primers which were
designed based on the published sequence of the
human FSHR gene at nucleotide 1624-2143 (codon
680) of exon 10. The PCR products were then digested
with the restriction enzymes (Bsrl for SNP at 2039
Ser680Asn), according to the manufacturer’s protocol.
The resulting DNA fragments were separated by length
through agarose gel electrophoresis. Data were
computer analyzed the Statistical Package for the Social
Sciences (SPSS) version 21.

4. Results and Discussion:

4.1. Spermatogenic potential of the

population:

The present data revealed at Tables 1 and 2 that
infertility had a negative impact on both sperm count
and motility. Similar result was addressed (Zalata et al.,
2008;Sableafarinejad et al, 2011; Grigorova et al,
2013). Our study showed that sperm count was
significantly = decreased in  azoospermia  and
oligospermia compared to control.In sperm maotility
active andsluggish sperms was significantly decreased
in azoospermia and oligospermia compared to
control.Sluggish sperm was significantly decreased in

study

azoospermia compared to oligospermia. Dead sperm
was significantly decreased in azoospermia compared
to control and oligospermia.Conversely, dead sperm
was significantly increased in oligospermia compared
to control.Decreased sperm count andmotility observed
that result from destruction in seminiferous epithelium
and hormonal abnormalities in the present study are in
agreement with that reported in infertile men by Zalata
et al. (2008) in Egyptian population,Safarinejad et al.
(2011) in Iranian population, Li et al. (2011) in Chinese
population and Grigorova et al. (2013) in
Estonianpopulation.

Table 1 Sperm parameters of fertile and infertile
(oligospermia and azoospermia) groups

Group
Fertile Infertile P-
Items (n=24) (n=32) ttest o oue
Mean+SD  Mean#SD

Sperm count
X106 milliliter 39.8+11.7 3.844.5 15.951 0.000
Active% 49.7+£12.6 2.4+4.4 19.684 0.000
Sluggish% 25.8+4.5 159+12.6 3.646 0.001
Dead% 24595 47.6+35.7 -3.083 0.003
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Table 2 Spermatogenic potential of the study population (n=56)

Group
Azoospermia Oligospermia Control
It F P-val
ems (n=11) (n=21) (n=24) value
Mean+SD Mean+SD Mean+SD
Sperm count
0.0£0.0* 5.7+4.4* 39.8+11.7
6 Jrmi 11 s
X 10°/milliliter g 5_0,0) (0.20-15.0) (23.0-660)  13>007 0000
(mini-max)
Active% 0.0+0.0* 3.7£5.0* 49.7+£12.6
(mini-max) (0.0-0.0) (0.0-13.0) (20.0-70.0) 195321 0.000
Sluggish% 0.0+0.0* 24.3+594# 25.8+4.6
(mini-max) (0.0-0.0) (10.0-40.0) (200-35.0) 123926 0.000
Dead% 0.0+0.0* 72.5+8.9%# 24.5+9.5
(mini-max) (0.0-0.0) (50.0-90.0) (10.0-45.0) 326.021 0.000

(*, # Significant, P<0.05): *Compare control group versus oligospermia and azoospermia,

#compare oligospermia and
oligozoospermic<15million/milliliter.
Source:(WHO, 2010).

4.2. Hormonal levels of the study population:

In our study we found the LH and FSH were
significantly increased in azoospermia compared to
controls. In addition, LH and FSH were significantly
increased in azoospermia compared to oligospermia.
Conversely, the T testosterone was significantly
decreased inazoospermia and oligospermia compared
to control (Tables 3 and 4). In Egyptian population by
Zalata et al. (2008) agrees with our finding that the
serum FSH levels was significantly increased in infertile
men compared with normozoospermic group and
serum testosterone levels were significantly decreased
whereasno statistically significant association was
identified with serum LH.Elevated FSH levels are
usually a reliable indicator of germinal epithelial
damage and are usually associated with azoospermia or
oligospermia and low T testosterone level is indicators
of hypogonadism of hypothalamic or pituitary origin.
Safarinejad et al. (2010) in Iranian population, found
the serum FSH level in the infertile men was higher
than in the control and serum LH and T levels in the
infertile men were lower compared with the control
group but the difference did not reach statistical
significance between two groups (P=0.08 and P=0.06,
respectively). In addition, Grigorova et al., (2013) found
the association with higher circulating FSH (P=0.01)
and lower Inhibin B (P=0.046) were significant in the
oligozoospermia subgroup. Interestingly, meta-analysis
across the Estonian idiopathic infertility group and the
Baltic male cohort reached statistically significant
association not only with lower serum Inhibin B
(P=0.037) but also with reduced T testosterone level
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azoospermia.

Normozoospermic  =20million/milliliter,

(P=0.034) Lubbad (2015) in Infertile Men in Gaza Strip,
found that testicular biopsy of infertile men with germ
cell aplasia showed Sertoli cell partial atrophy that
reflect the destruction in seminiferous epithelium
which may lead to hormonal abnormalities of T
testosterone, PRL, LH and FSH.

Table 3 Hormonal levels of fertile and infertile groups

Group

P-
Fertile Infertile
Items (n=24) (n=32) t-test vaelu
Mean+SD Mean+SD
LH
(mIU/ml) 4.2+1.2 6.3+3.3 -2.977 0.004
FSH
(mIU/ml) 4,5+1.2 14.0£11.0 -4.190 0.000
Testosterone 6.041.1 33413 2837 0.000
(ng/ml)
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Table 4 Hormonal levels of the study population (n=56)

Group
Azoospermia Oligospermia Control )
Items (n=11) (n=21) (n=24) F P-value
Mean+SD Mean+SD Mean+SD
LH(mIU/ml) 8.4+4.5* 5.3+1.7# 4.2+1.2
(mini-max) (2.6-19.3) (1.8-9.9) (2.4-60) 1798 0000
FSH(mIU/ml) 22.9+14.6* 9.2+3.7# 4.5+1.2
(mini-max) (4.4-46.7) (4.0-18.5) (25-66) 28305 0000
Tes(tn"s/tr‘r’lrl;’“e 2.7+1.4% 3.6+1.2% 59¢11 o0 0000
15 (0.93-5.0) (1.39-5.5) (3.1-8.2) ' '
(mini-max)

(*, # Significant, P<0.05): *Compare control group versus oligospermia and azoospermia,
#compare oligospermia and azoospermia

4.3. Frequency of FSHR gene Asn/Ser variants
among studied groups:

In the present study, variant screening was carried out
among azoospermia, oligospermia and control fertile
men to determine FSHR variants, Asn680 and Ser680,
identified by Bsrl restriction endonuclease (Figures 2
and 3). There was a tendency of Asn/Asn variant of
FSHR gene to be higher in fertile men, while Ser/Ser
variant to be higher in infertile men, however, there Figure 2 Representative gel analysis of restriction of FSHR
was nonsignificant difference of these variants among PCR product

groups that presented in Tables 5 and 6. This finding is
in accordance with that reported byPengo et al. (2006),
Foresta et al. (2006), Zalata et al. (2008),Li et al
(2011)and Song et al. (2013). In addition, Gharesi-Fard
et al. (2015), in Iranian population, found no significant
separate association between the FSHR polymorphisms
and male infertility risk as well as between patient and
the healthy controls regarding both genotype and allele
frequencies (P>0.05). On the other hand our result was
not supported by other investigators who found FSHR
variants differently distributed among normal and
infertile men (Ahda et al,, 2005; Shimoda et al., 2009; PCR product
Safarinejad et al., 2010; Balkan et al,, 2010; Wu et al,,

2015).

Figure 3 Representative gel analysis of restriction of FSHR

Figure 1 Representative gel analysis for FSHR genotyping
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Table 5 Distribution of male group by allelic frequency of FSHR allele

azoospermia Oligospermia Control allele 2

Items (n=11) (n=21) (n=24) frequency X Pvalue
A:X;Tsn 3 8 13
(n = 24) (27.3%) (38.1%) (54.2%)

Heterozygous 7 8 11
0,

A(;r;/zs6e)r (63.6%) (38.1%) (45.8%) 33.93% 8.428 0.077
Mutant 1 5 0
Ser/Ser

(n=6) (9.1%) (23.8%) (0%)

Table 6 Frequency of FSHR gene Asn/Ser variants

among fertile and infertile groups
Fertile Infertile 2

Items (n=24) (n=32) X

Asvr\ll;lAdsn 13 11
0, 0
(n= 24) (54.2%) (34.4%)
Heterozygous
11 15

Asn/Ser o 0 0.071

(n=26) (45.8%) (46.8%)
Mutant 0 6

Ser/Ser 0 (18.8%)

(n=6) (0.0%)

4.4. Spermatogenic potential of FSHR allele
Polymorphism among the studied groups:

Sperm count was significantly decreased in mutant
(Ser/Ser) FSHR allele compared to wild (Asn/Asn)

FSHR allele. On the other hand, sperm motility showed
no significant differences among various groups.
Furthermore, there was a tendency of semen
parameters to be decreased in FSHR gene variants
Asn/Ser and Ser/Ser than Asn/Asn similar result was
obtained by Zalata et al. (2008). In this context,
Shimoda et al. (2009) reported that the combination of
heterozygous FSHR variants might be responsible for
male infertility in Japanese population. In Iranian
population, study demonstrated that the genetic
polymorphism in FSHR gene might increase the
susceptibility to obstructive azoospermia in men
(Gharesi-Fard et al., 2015).0n the other hand, some
studies showed no statistically significant associations
between semen parameters and FSHR gene
polymorphisms (Pengo et al., 2006, Balkan et al., 2010,
Safarinejad et al.,, 2010, Ghirelli-Filho et al., 2012 and
Grigorova et al., 2013).

Table 7 FSHR polymorphism in relation to spermatogenic potential

Group
Heterozygous wild Mutant P-
ftems Asn/Ser Asn/Asn Ser/Ser F value
(n=26) (n=24) (n=6)
Sperm
- 18.1+20.2 24.6%£19.8 2.5+2.8*
6
countXll()' /milliliter (0.00-60.0) (0.0-56.0) (0.0-7.0) 3.312 0.044
(mini-max)
Active% 21.6%25.9 28.9+25.2 2.5+4.2
(mini-max) (0.0-65.0) (0.0-70.0) (0.0-10.0) 281 0067
Sluggish% 18.5+£12.1 22.5+10.0 18.3+11.3
(mini-max) (0.0-35.0) (0.0-40.0) 0.0-300) 0913 0408
Dead% 32.9+£30.9 36.1+25.5 64.2+32.3
(mini-max) (0.0-80.0) (0.0-80.0) (00-900) 914 0063

(*Significant, P<0.05): *compare wild group versus hetero, mutant group.

4.5. Hormonal level of FSHR allele
polymorphism among the studied groups:

T testosterone was significantly decreased in mutant
(Ser/Ser) FSHR allele compared to wild (Asn/Asn)
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FSHR allele and the LH was significantly increased in
mutant (Ser/Ser) FSHR allele compared to wild
(Asn/Asn) FSHR allele. However, there was no
significant difference in FSH levels among various
groups (Table 8). The findings of the present study
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regarding significant association between the FSHR
polymorphism and T testosterone are consistent with
the findings obtained by Zalata et al. (2008)and
Grigorova et al. (2013). However, this finding contrasts
with the finding of Foresta et al. (2006), Safarinejad et
al. (2010) and Ghirelli-Filho et al. (2012). Significant
increased level of LH was also found in men carrying
the Ser/Ser genotypes compared with men carrying
Asn/Asn genotypes. Such result disagreed with the
results of Safarinejad et al. (2010), Ghirelli-Filho et al.
(2012) and Grigorova et al. (2013).

We concluded that the FSHR polymorphism at codon

polymorphisms in Italian population, but the results
disclosed that FSHR genotypes have no influence on
FSH concentrations both in normal and infertile males.
Similar results were found byAhda et al. (2005) in
Germanpopulation, Zalata et al. (2008) in Egyptian
population, Balkan et al. (2010) in Turkish, Safarinejad
et al. (2010) in Iranian population,Ghirelli-Filho et al.
(2012) in Brazilianpopulation and Song et al. (2013) in
Chinese population. Conversely, Shimoda et al. (2009),
Grigorova et al. (2013) and Gharesi-Fard et al. (2015)
found that thegenetic variations, Asn680Ser of the
FSHR gene are correlated with serum FSH levels in

680 did not result in significant differences in serum Japanese, Estonian and Iranian population,
FSH levels in men. Similarly, Pengo et al. respectively.
(2006)andForesta et al. (2006) evaluated the FSHR
Table 8 FSHR polymorphism in relation to hormonal level
Group
Heterozygous Wwild Mutant P-
I F
tems Asn/Ser Asn/Asn Ser/Ser value
(n=26) (n=24) (n=6)
LH(mIU/ml) 5.5+3.2 4.741.6 8.1+3.4*
(mini-max) (2.4-19.3) (1.8-8.5) (44-140) 942 0025
FSH(mIU/ml) 11.0x11.9 8.3+7.2 11.7+£5.8
(mini-max) (2.8-46.7) (2.5-35.2) (40-185) %613 0545
Testosterone(ng/ml) 4.4+19 4.9+1.7 2.8+1.1*
(mini-max) (1.5-7.2) (0.93-8.2) (1.6-4.4) 3.387  0.041

(*Significant, P<0.05): *compare wild group versus hetero, mutant group.

5. Conclusions:

Sperm count was significantly decreased in
azoospermia and oligospermia compared to control. In
sperm motility active sperm was significantly
decreased in azoospermia and oligospermia compared
to control. A sluggish sperm was significantly decreased
in azoospermia compared to control and oligospermia.
A dead sperm was significantly decreased in
azoospermia compared to control. Conversely, a dead
sperm was significantly increased in oligospermia
compared to control and azoospermia. LH and FSH
were significantly increased in azoospermia compared
to controls and oligospermia. T testosterone was
significantly = decreased in  azoospermia and
oligospermia compared to control. FSHR gene variants
showed no difference in distribution between
azoospermia, oligospermia and fertile men. Sperm
count was significantly decreased in mutant (Ser/Ser)
FSHR allele compared to wild (Asn/Asn) FSHR allele.
On the other hand, sperm motility showed no
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significant differences among various groups. LH was
significantly increased in mutant (Ser/Ser) FSHR allele
compared to wild (Asn/Asn) FSHR allele. However,
there was no significant difference in FSH levels among
various groups. T testosterone was significantly
decreased in mutant (Ser/Ser) FSHR allele compared to
wild (Asn/Asn) FSHR allele.
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