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ABSTRACT

Male infertility is a multifactorial condition with a strong genetic component. In the last decade a large
number of investigations focused on the identification of gene variants affecting spermatogenesis in human.
Polymorphisms of the estrogen receptor (ER) genes, have been implicated in male infertility, however,
comprehensive data are lacking. We investigated the association between the ER-f3 gene (ESR2) Rsal and
Alul polymorphisms and the idiopathic male infertility in Egyptian males. Allel specific PCR method and
restriction fragment length polymorphism (RFLP) were used to detect the ER-B gene polymorphisms in 24
infertile men and 34 age-matched healthy controls. Reproductive hormones were measured and at least two
semen analyses were performed in each subject. Compared with the controls, the frequency of the
heterozygous Rsal AG genotype was almost three times higher in infertile men (16.6 vs. 5.8 %; P = 0.17).
The heterozygous Rsal AG genotype was associated with an reduction in LH concentration compared with
the wild-typle Rsal GG genotype in both controls and infertile men. Our results further suggest a possible
role of ER-B polymorphisms on male infertility. Further studies are needed to replicate our findings as well
as to better elucidate the biological mechanisms of the modulation of ER-B on male infertility.

Keywords: polymorphism, idiopathic infertility, estrogen receptor beta, genotype, homozygous,
heterozygous.
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1. INTRODUCTION cytochrome P450. Some studies have shown

that aromatase deficiencies cause progressive
In almost 50% of infertile couples, the infertility in adult mice, resulting in reduced
problem is related to the male; the cause has sperm production and motility (11, 12, 48).
not been determined in at least 30% of these However, although many studies have
cases, and are thus considered as idiopathic demonstrated a strong association between
infertility  (43). Estrogen biology is ER inactivation and abnormal
exceedingly complex and important in the spermatogenesis, the specific role of ER gene
development and function of numerous mutations or polymorphisms in male
tissues and physiological phenomena (34, 36, infertility is still novel. It has been
41). There is much evidence to suggest that hypothesized that changes in the androgen-
estrogen and estrogen receptors (ERs) play estrogen balance in utero could lead to
very important roles during male impairment of embryonic programming
reproduction (17, 27, 37, 42). In the male including the development of male
testes, estrogens are synthesized from reproductive organs during fetal life. The
testosterone via the action of aromatase hormonal balance could, for example, be
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disturbed by increased exposure to estrogenic
or antiandrogenic endocrine disruptors (55,
58). Any alteration in the genes involved in
androgen—estrogen action or metabolism may
disturb the androgen—estrogen balance. It is
well known that estrogenic activity is
mediated by at least two functional isoforms
of the ER, ERa and ERp (24, 41). Animal
models revealed that knockout (ERaKO) and
double knockout (ERo/BKO) mice are
infertile from puberty, and presented atrophy
of the testes and seminiferous tubule
dysmorphogenesis, which could lead to
decreased spermatogenesis and sperm
motility (23). Other studies have identified
silent polymorphisms in the human ERaq,
which may be associated with male infertility
Xbal  polymorphism  (rs9340799) was
associated with either azoospermia or
idiopathic severe oligospermia in men (30).
Other ERo mutations may interfere with
human spermatogenesis (25, 64). ERa is
known to be strongly expressed in the
epididymis, efferent ductules and Leydig
cells, whereas ERP is predominantly
expressed in germ cells, particularly in the
primary spermatocytes and round spermatids
of the human testis (18, 45, 51, 52). These
data suggest that ERB may also play an
important role in male infertility. Noticeably,
the male-infertility rate has significantly
increased in our reproductive center over the
past decade, as well as in other countries (8).
A DNA polymorphism is defined when a
single nucleotide—A, T, C, or G—in the
genome differs between members of a
biological species¢ these single nucleotide
polymorphisms (SNPs) may occurs within
the coding sequences of genes <noncoding
regions of genes «or in the intergenic regions .
Changes in the regulatory parts of the gene
could affect the degree of expression of the
gene «and thus the levels of the protein (29).
Polymorphic variants of both ERa and ER
genes have been identified in recent years,
and studied for possible association with
reproductive outcomes (15, 20, 25, 33, 50, 61,
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65, 68,). Estrogen signaling in the cell is
mediated by estrogen receptors (ERs), of
which at least two subtypes exist, ERa and
ERB. Two silent polymorphisms in ERa have
been associated with azoospermia or severe
oligozoospermia (30, 64). Recently several
sequence variants of the ER gene have been
described (49) including two silent G= A
polymorphisms, Rsal and Alul. Both
polymorphisms have been overrepresented in
ovulatory dysfunctions (63). However,
studies on genetic variants of ERP with
respect to male infertility are still lacking.
Such information might add to our
knowledge regarding the role of estrogens in
the physiology and pathophysiology of male
reproductive systems.

2. PATIENTS AND METHODS
2.1.

Twenty-four Egyptian men from infertile
couples were included in the study. All men
presented with sperm count lower than 2
million in all (at least two) -ejaculates,
delivered for examination. Although the
fertility of their female partners was not
explored. Men with known genetic causes of
infertility. As well as those with a history of
cryptorchidism were excluded.

2.2. Controls.

Normal controls served a group of thirty four
Egyptian men without genital abnormalities
and with sperm count higher than 20 millions/
ml.

Infertile men:

2.3. Hormone analysis

Circulating levels of FSH, LH, testosterone,
and estradiol were measured by the
electrochemiluminescence immunoassay
(ELICIA) which is intended for use on Elcsys
and cobas immunoassay analyzer.

2.4. Allele-specific PCR

In all subjects, allele-specific PCR
was performed to detect the Rsal and Alul
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variants of ERp. For each polymorphism two
reactions per subject were run, using a
specific primer for either the polymorphic A
variant or for the wild-type G variant,
together with an upstream and a downstream
primer. PCR conditions were established to
generate both a control fragment and a
shorter, allele-specific band in the presence of
the variant and only the control fragment in
its absence.

Allele-specific  PCR  of the Rsal
polymorphism was performed in a total
volume of 25 ul containing 25 ng genomic
DNA, 45 mmol/liter KCI, 10 mmol/liter Tris
HCI (pH 9.1), 0.1% Tween 20, 0.2 mmol/liter
deoxynucleotide triphosphate, 1.5 mmol/liter
MgCI2, 1 U Dynazyme Taq polymerase
(Qiagen, USA), and 0.5 umol/liter of each of
the primers Rsal forward (Fw), Rsal reverse
(Rev), and either Rsal RevA or Rsal RevG.
Primer sequences are presented in Table 1.
Amplification was performed for 35 cycles;
each cycle including denaturation for 1 min at
96 C, primer annealing for 30 sec at 58 C, and
primer extension for 3 min at 72 C, with an
initial denaturation step for 3 min at 96 C, and
a final extension step for 7 min at 72 C. For
the Alul polymorphism, an annealing
temperature of 54 C for 30 sec was used.
Other conditions were the same as for the
Rsal reaction. The sequences of the primers
are presented in Table 1.

2.5. Analysis of restriction fragment length
polymorphisms

Both the Rsal and Alul polymorphisms are
restriction fragment length polymorphisms,
and digestion with the respective restriction
enzymes was performed according to the
manufacturer (real biogene , Canada) to
verify the results from the allele-specific
PCR. In the Rsal polymorphism, a G to A
nucleotide exchange at nucleotide 1082 in
exon 5 created a recognition site for Rsal, and
in the Alul polymorphism an exchange of G
to A at nucleotide 1730 in the noncoding end
of exon 8 introduced a recognition site for
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Alul (nucleotide numbering according to
GenBank accession no. AB006590).

In both positions a G nucleotide was
considered the wild-type sequence and was
not digestible by Rsal or Alul. Rsal digestion
produced one uncleaved band of 409 bp in
subjects with the homozygous wild-type GG
genotype, two bands of 110 and 299 bp in
homozygous polymorphic AA subjects, and
all three bands in heterozygous AG carriers.
Alul digestion yielded one band of 405 bp in
the uncleaved homozygous wild-type GG
polymorphism, two bands of 163 and 242 bp
in the homozygous polymorphic AA
polymorphism, and all three bands in
heterozygous AG subjects. We did not
compare the hormone levels between the two
groups but instead compared the hormone
concentrations between the genotypes within
each group.

2.6. Semen analysis

The ejaculate was obtained by masturbation
after a minimum 48 h of sexual abstinence.
Semen  analysis includes  physical
examination (color, PH and viscosity) and
microscopic examination (sperm count,
motility and morphology).

2.7. Statistical analysis

The distributions of ERP polymorphisms
were compared between the patient groups
and controls using Fisher’s exact test. Median
and mean for hormone parameter in control
and infertile men and also for hormone levels
in the different genotypes, in two groups,
separately, were compared by Mann-Whitney
U test applying the SPSS statistical software
(version 11). P < 0.05 was considered
statistically significant.

3. RESULTS

The Rsal AA genotype was not found in
control or infertile men subject. When
analyzing the distribution of the Rsal
polymorphism, we found that the infertile



Table 1. Primer sequences

Primer Sequences (5'-3") Fragment length (bp)
Rsal Fw ACT TGC CAT TCT GTC TCT ACA

Rsal Rev CAC AGG ACC CTG AAT CCT 409 (control)

Rsal RevA AGC TCT CCA AGA GCC GT 127 (A-Variant)
Rsal RevG AGC TCT CCA AGA GCC GC 127 (G-Varaint)
Alul Fw TTTTTG TCC CCATAG TAA CA

Alul Rev CCT CTG CTA ACA AGG GAA A 405 (control)

Alul RevA GAGTTC ACGCTT CAGCT 258 (A-variant)
Alul RevG GAGTTC ACGCTT CAGCC 258 (G-variant)

Table 2. Distribution of the Rsal and Alul genotype AA, AG, GG.

Study Rsal(AA) Rsal(AG) Rsal(GG) Alul(AA  Alul(AG) Alul(GG)
group

Control 0 (0) 2 (5.8) 32 (94.1) 9(26.4) 11 (32.3) 14 (38.2)
(n=34)

Infertile 0 (0) 4 20 (83.3) 6 (25) 8(33.3) 10 (33.3)
men (16.6)*

(n=24)

For two groups, the numbers of subjects and the proportion (in brackets) presenting with the specific
genotype are presented.* Heterozygous polymorphic genotype AG vs. homozygous wild-type genotype
GG, P =0.17, compared with controls (Fisher’s exact test).
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=
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=
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Rsa1 AG genotype frequency (%)
g
i

0.00 T T
control infertile men

Fig. 1. proportion of Rsal
AG genotype in control and
infertile men
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Fig. 2. PCR-RFLP results for Rsal. M: marker(Gel pilot wide range), 200-4500 bp; 1-7: different
samples. Wild-type GG genotype with one band of 409 bp, as in samples 1 and (3-7); homozygous
polymorphic AA genotype was not found in any sample for Rsal; heterozygous AG carriers with three
bands, 110, 299 and 409 bp, as in samples 3. PCR-RFLP, polymerase chain reaction (PCR)-restriction
fragment length polymorphism

Fig. 3. PCR-RFLP results for Alul. M: marker(Gel pilot wide range), 200-4500 bp; 1-7: different
samples. Wild-type GG genotype with one band of 405 bp, as in samples 1,3,4,6 and 7 ; homozygous
polymorphic AA genotype with two band , 163, 242 as in sample 5 ; heterozygous AG carriers with three
bands, 163, 242 and 405 bp, as in samples 3. PCR-RFLP, polymerase chain reaction (PCR)-restriction
fragment length polymorphism.
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Table 3. Serum hormone parameter in infertile men and control groups.

Hormone n Infertilemen n Control
FSH(MIU/ml) 2 34
Median 4 18.07* 4.48
Mean 18.05 5.54
SD 11.32 3.47
T(ng/ml) 2 34
Median 4 4.25* 6.65
Mean 4.04 6.64
SD 2.05 2.12
LH(MIU/mI) 2 34
Median 4 4,99 5.15
Mean 5.68 5.02
SD 2.98 1.33
E2(pg/ml) 2 34
Median 4 22.6 25.25
Mean 23.54 26.03
SD 10 9.34
TABLE 4. Hormone concentration in Rsal genotypes.
Hormone N Control n Control n Infertile men n Infertile men
Rsal AG Rsal GG Rsal AG Rsal GG
FSH(MIU/ml) 2 5 32 4.48 4 20
(1.6-8.39) (1.42-14.58) 16.65 18.07
5.02 5.58 (1.9-24.1) (2.8-47.7)
4,76 3.48 14.82 18.69
9.98 1.16
T(ng/ml) 2 5.55 32 6.65 4 3.7 20 4.25
(3.9-7.2) (3.4-13.2) (1.7-4.8) (1.12-11.1)
5.55 6.7 3.47 4.16
2.33 2.13 1.52 2.15
LH(MIU/mI) 2 3.14 32 5.19 4 2.85* 20 5.47
(2.97-3.32) (2.62-7.7) (1.9-5.6) (1.3-15.3)
3.14 5.14 3.3 6.16
0.24 1.28 1.61 2.99
E2(pg/ml) 2 26.25 32 25.2 4 20.6 20 25
(25-27.5) (14.1-63.3) (18.1-23.2) (7.2-46)
26.25 26.02 20.65 24.12
1.76 9.63 2.35 1.08
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"Fig. 4, 5. Box plots showing median and interquartile range of the LH levels according to Rsal
in control and infertile men .The median LH level was significantly lower in Rsal AG
,compared with Rsal GG.
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TABLE 5. Hormone concentration in Alul control genotypes.

Hormone n Control n Control n Control
Aul AA Alul AG Alul GG
FSH(MIU/ 9 1 14
ml) 5.37 1 4.64 3.97
Median (1.66- (1.42- (1.65-
(range) 14.1) 11.2) 14.58)
Mean 6.26 5.23 5.34
SD 3.75 3.08 3.77
T(MIU/mI) 9 1 14
Median 6.7 1 7.1 6.2
(range) (4.2-13.2) (5.6-13.1) (3.4-7.3)
Mean 6.82 7.57 5.79
SD 2.87 2.01 1.29
LH(ng/ml) 9 1 14
Median 5.3 1 5.15 5.07
(range) (2.62-6.6) (3.12-7.5) (2.97-7.7)
Mean 4.88 5.13 5.04
SD 1.31 151 1.28
E2(pg/ml) 9 1 14
Median 21.6 1 26.2 26.55
(range) (14.1- (16.9- (14.9-63.3)
Mean 33.7) 40.7) 28.47
SD 22.73 25.63 12.13
5.6 7.29
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TABLE 6. Hormone concentration in Alul infertile men genotypes.

Hormone n Infertile men n Infertile men n Infertile men
Aul AA Alul AG Alul GG
FSH(MIU/mI 6 8 1
) 18.07 16.35 0 21.3
Median (5.45-22.7) (4.2-47.7) (1.9-38.4)
(range) 16.41 19.37 17.97
Mean 6.54 14.16 12.01
sSD
T(MIU/mI) 6 8 1
Median 3.42 3.7 0 4.6
(range) (1.7-6.1) (1.9-6.2) (1.12-11.1)
Mean 3.62 3.6 4.65
SD 1.56 1.43 2.66
LH(ng/ml) 6 8 1
Median 6.72 4.74 0 5.2
(range) (1.9-8.71) (2.9-15.3) (1.3-8.66)
Mean 6.13 5.91 5.23
SD 2.56 3.95 2.56
E2(pg/ml) 6 8 1
Median 20.7 23 0 235
(range) (9.2-46) (15.2-35) (7.2-43)
Mean 22.79 23.66 23.94
sSD 13.13 6.69 11.17

men had almost three times higher frequency
of the heterozygous Rsal AG genotype than
controls (Table 2 and Fig. 1). The infertile
men did not differ from the controls regarding
the Alul polymorphism.

3.1. Distribution of the Rsal genotypes AA «
AG and GG.

Rsal digestion produced one uncleaved band
of 409 bp in subjects with the homozygous
wild-type GG genotype, two bands of 110 and
299 bp in homozygous polymorphic AA
subjects, and all three bands in heterozygous
AG carriers. Alul digestion yielded one band
of 405 bp in the uncleaved homozygous wild-
type GG polymorphism, two bands of 163
and 242 bp in the homozygous polymorphic
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AA polymorphism, and all three bands in
heterozygous AG subjects.

3.2. Hormone analysis

Hormone parameter of serum FSH, T, LH and
E2 were compared by mean and median value
in control and infertile men groups, the level
of serum FSH and testosterone in infertile
men were significaly difference from control
group (table 3). In both controls and infertile
men, the heterozygous polymorphic. Rsal AG
genotype was associated with a reduction in
the median concentration of LH (P = 0.057
and P = .045, respectively), compared with
the homozygous wild-type Rsal GG genotype
(Table 4 and Fig. 4, 5). No such differences
were found for FSH, testosterone or estradiol.
Regarding the Alul genotypes, No significant
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differences were found for the hormones
analysis. The median LH level was similar to
individuals with AA, AG and GG In the
infertile men and control groups. (Table 5, 6).

4. DISCUSSION

The main finding of our study was a
significantly increased frequency of the ERf
Rsal AG genotype among infertile men,
compared with controls. This is to our
knowledge this study showing an association
between ERpP genetic variants and male
infertility. Recently, Safarinejad evaluated
Pvull and Xbal polymorphisms of ERa ,and
Alul and Rsal polymorphisms of ER[ versus
idiopathic, oligoasthenoteratozoospermia
infertile Iranian men, and showed genetic
evidence that ERa and ERf genotypes were
independently associated with increase
infertility risk (50). Similarly, Lazaros
evaluated both ERa and ERp versus sperm
motility and concentration in Greek men with
normal sperm count versus oligozoospermic
men.The findings revealed a positive
association between ERa polymorphisms and
sperm motility and concentration, supporting
the significance of this gene in
spermatogenesis and semen quality (33).
Furthermore, Aschim observed association
between ERP (Rsal) polymorphism in
Caucasian population and male infertility (4).
However, in the Brazilian population, genetic
variations in both estrogen receptors alpha
(Pvull and Xbal) and beta (Alul and Rsal)
were not relevant to idiopathic infertility (10).
One possible explanation to reconcile the
conflicting data between studies could be
ethnic and geographic variation in the
distribution of the polymorphisms in the
estrogen receptors genes, suggesting genetic
heterogeneity within the ER alpha and ER
beta gene in different populations, possibly
due to divergent evolutionary lineages that
result in separate clusters of distinct
geography (66). Consequently, the structure
of linkage disequilibrium differs markedly
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across genomic regions and populations, and
the extent of linkage disequilibrium is highly
dependent on the population in which it is
measured (22). Thus, the same allele may
have different patterns of association with
markers and haplotypes in different
populations (39). In our study the finding of
decreased LH levels in men with the Rsal AG
genotype, despite unchanged testosterone and
estradiol concentration, might indicate that
this genotype implies an increased ERp
activity, leading to increased estrogen
sensitivity. The finding that the Rsal AG
group presented with lower LH values in
controls as well as in the infertile men makes
it more probable that this is a biologically
relevant observation and not just a result of
multiple testing. Correspondingly, decreased
LH levels were reported in Chinese patients
with ovulatory dysfunction presenting with
combined Rsal and Alul AA genotypes (63).
With regard to increased estrogen sensitivity
in Rsal AG subjects, our findings are in
accordance with the observation of increased
risk of reduced sperm quality in men exposed
to the potent estrogen diethylstilbestrol in
utero (21).

The existence of periods of development
during which the testis is particularly
sensitive to estrogens is strongly suggested by
epidemiologic study of men exposed in utero
to DES. These sensitive periods may vary
depending on the susceptibility of the
individual, as reported for the different strains
of experimental animals (60). Estrogens can
induce oxidative DNA damage that can
induce effects on male reproduction (67). The
risk of oxidative damage and lipid
peroxidation is especially high in steroid
synthesizing tissues because, in addition to
oxidative phosphorylation, molecular oxygen
is used for steroid synthesis. Indeed, it has
been shown that free radicals inhibit
steroidogenesis by interfering  with
cholesterol transport to the mitochondria
and/or the catalytic function of P450
enzymes, which leads to an increase in lipid
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peroxidation and the decline of the
antioxidant barrier. All these changes can
alter the testicular cells, including
spermatozoa, and thus sperm production,
leading to an alteration of the male fertility
(26). Estrogen excess during adulthood can
deteriorate sperm production and maturation
(6). In humans, spermatozoa generate
reactive oxygen species (ROS) that are
known to affect hyperactivation of
spermatozoa, the acrosome reaction, and the
attachment of spermatozoa to oocytes,
thereby influencing fertilization of oocytes
(1,16,35). Besides the beneficial effects of
ROS, an excess of ROS is detrimental to
spermatozoa, and leads to damage of the
DNA and plasma membrane through lipid
peroxidation (3). Because spermatozoa have
discarded most of their cytoplasm during the
final stages of spermatogenesis, the
availability —of cytoplasmic  defensive
enzymes is limited, and therefore these cells
in particular are susceptible to ROS (2, 54).
Increased lipid peroxidation of spermatozoa
plasma membranes may lead to altered
membrane fluidity, which can render sperm
dysfunctional through impaired metabolism,
acrosome reaction reactivity, and ability of
the spermatozoa to fuse with the oocyte (2).
This may result in abnormal sperm
concentrations, loss of motility, and abnormal
morphology of the spermatozoa, leading to
loss of fertility (38). In mouse as well as in
human it has been shown that estrogens are
positively involved in sperm capacitation and
acrosome reaction (13). The existence of ER
alpha at the upper postacrosomal sperm head
region and the presence of ER beta at the
midpiece, at the site of mitochondria (59), is
likely to be relevant for a role of estrogens in
male gamete maturation and motility. It is
possible that estrogens produced locally
should be considered as a physiologically
relevant hormone involved in the regulation
of sperm motility. ER alpha polymorphisms
may influence these locally acting estrogen
levels, with effects on sperm motility in men
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with low sperm concentration. In normal-
sperm-count men, ER alpha polymorphisms
may influence sperm concentration, either on
spermatogenesis directly or through serum
estrogen levels (14). Each estrogen receptor
is involved in regulating one particular
function, ER beta being involved in
gametogenesis and ER alpha in
steroidogenesis processes. These precise
mechanisms of action of estrogens in the fetal
testis could help us to anticipate the effects of
different estrogenic compounds depending on
their affinity for each receptor. For example,
genistein, which has a stronger affinity for
ERb than ERa (31), would be expected to
have a stronger effect on germ cells than that
on steroidogenesis. Recently evidence points

to a putative role for ubiquitous
environmental ~ contaminants  in  the
occurrence of human infertility since

exposure to toxic environmental pollutants
can lead to epigenetic modification (
biochemical modification without changes to
the underlying DNA sequence such as
epigenetic factor that include methylation ,
acetylation and phosphorylation ) of critical
genes, resulting in altered gene expression,
Epigenetic processes are natural and essential
to many organism functions, including
regulation of spermatogenesis process, but if
they occur improperly, there can be major
adverse health and behavioral effects (57).
Endocrine disruptors, including compounds
in  pesticides, dioxins, bisphenol A,
phytoestrogens and others, have the capacity
to mimic, block or modulate the endocrine
system through the interaction with steroidal
receptors. Numerous natural and synthetic
compounds can interfere with the mammalian
reproductive axis, resulting in decreased
fertility (9). Furthermore, it is well known
that spermatogenic arrest occurs when men
are on a long-term estrogen replacement
therapy before sex change surgery (5, 53),
and hence, it seems plausible to assume that
increased exposure to estrogens hampers
spermatogenesis. This effect might be
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indirect, mediated through lower
gonadotropin secretion and as one of the
consequences of a decreased testosterone
synthesis by the Leydig cells. In our study,
however, Rsal AG and Rsal GG subjects had
similar circulating testosterone levels,
suggesting that this was not the mechanism
behind the low sperm concentration in our
infertile subjects. An additional direct role of
estrogen in spermatogenesis is indicated by
the detection of ERP in human testis in the
Sertoli cells as well as germ cells, including
round spermatids (52) and the fact that the
splicing of this gene seems to be cell-
dependent within the human testis (5).
Although the role of ER alpha and beta in
human spermatogenesis is still under
investigation, a human equivalent of the
oERKO mice has shown reduced number of
spermatogonia, spermatocytes, and
spermatids per testis as well as increased
germ cell apoptosis (23). Because estrogen
regulates the reabsorption of luminal fluid in
the head of the epididymis, reduced sperm
production is thought to be a consequence of
impaired fluid resorption within the efferent
ducts of the testis (17). Also, taking into
account that 1) ER beta was significantly
associated with impaired spermatogenesis
(23, 61). 2) ER beta immunolocalization was
found in sperm tails (47). In humans,
biologically active aromatase and ERs (alpha
and beta) were present in ejaculated
spermatozoa with excess residual cytoplasm
(47) and in immature germ cells (32)
inaddition to Leydig cells. Carreau
demonstrated that the amount of P450
aromatase transcripts is 30% lower in
immotile than in motile spermatozoa.
Moreover, the aromatase activity was 50%
greater in the motile fraction compared to
immotile spermatozoa. The observations of
1) decreased sperm motility in men with
aromatase deficiency and 2) decrease of
aromatase in immotile human spermatozoa
could suggest that aromatase is involved in
the acquisition of sperm motility (14). The
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mechanisms behind altered ERp function in
subjects with Rsal polymorphisms remain to
be elucidated. The G to A change does not
lead to amino acid changes in the protein. It
can be speculated, however, that this
polymorphism is in linkage disequilibrium
with other genetic variations that could affect
gene expression or function. A recent study
showed that the Rsal polymorphism was in
complete linkage disequilibrium with a
polymorphism located at the splice acceptor
site just before exon 8 in ERp (19). This may
potentially affect the splicing of this exon,
leading to proteins with different properties
than the wild-type ERB (44, 46). The Rsal
polymorphism could also have a direct effect
through changing the nucleotide sequence
and thereby the secondary structure of the
ERB mMRNA, possibly leading to changes in
mRNA syntheses, splicing, maturation,
transport, translation, or degradation (28,56).
The distribution Alul genotypes in controls
was almost similar to infertile men, which
may indicate no association between Alul
polymorphism and male infertility>

In conclusion, we found an association
between the Rsal genotype of the ERp gene
and male infertility, which may be related to
effects on LH secretion.

5. REFERENCES

1. Abd-Elmoaty MA, Saleh R, Sharma R,
Agarwal A. (2010). Increased levels of
oxidants and reduced antioxidants in
semen of infertile men with varicocele.
Fertil Steril 94: 1531-1534.

2. Aitken RJ, De luliis GN. (2007). Origins
and consequences of DNA damage in
male germ cells. Reprod Biomed Online
14: 727-733.

3. Aitken RJ, Harkiss D, Buckingham DW.
(1993). Analysis of lipid peroxidation
mechanisms in human spermatozoa. Mol
Reprod Dev 35: 302-315.

4. Aschim EL, Giwercman A, Sta°hl O,
Eberhard J, Cwikiel M, Nordenskjold A,



10.

11.

Lipoprotein modulators in infertile patients

Haugen TB, Grotmol T, Giwercman
YL(2005). The Rsal polymorphism in
the estrogen receptor beta gene is
associated with male infertility. J Clin
Endocrinol Metab.90: 5343-5348.
Aschim EL, Seether T, Wiger R, Grotmol
T, Haugen TB (2004). Differential
distribution of splice variants of estrogen
receptor beta in human testicular cells
suggests  specific  functions in
spermatogenesis. J Steroid Biochem Mol
Biol 92: 97-106.

Atanassova N, McKinnell C, Turner KJ,
Walker M, Fisher JS, Morley M, Millar
MR, Groome NP, Sharpe RM. (2000).
Comparative  effects of neonatal
exposure of male rats to potent and weak
(environmental) estrogens on
spermatogenesis at puberty and the
relationship to adult testis size and
fertility: evidence for stimulatory effects
of low estrogen levels. Endocrinology
141: 3898-3907.

Auger J (2001).Semen quality and male
reproductive health: the controversy
about human sperm concentration
decline. APMIS 109: 333-344.

Auger J, Kunstmann JM, Czyglik F,
Jouannet P (1995).  Decline in semen
quality among fertile men in Paris during
the past 20 years. N Engl J Med1995;
332: 281-5.

Bianco B, Christofolini DM, de Souza
AMB, Barbosa CP. (2010). The role of
the endocrine disruptors in  the
physiopathology  of  endometriosis:
Review of literature. Arg Bras Cién
Saude 35: 103-110.

Bianco B, Peluso C, Gava MM, Ghirelli-
Filho M, Lipay MV, Lipay MA,
Christofolini DM, Barbosa CP(2011).
Polymorphisms of estrogen receptors
alpha and beta in idiopathic, infertile
Brazilian men: a case-control study. Mol
Reprod Dev. 78(9): 665-72. doi:.
Carreau S, Delalande C, Galeraud-Denis
I (2009). Mammalian sperm quality and

354

12.

13.

14.

15.

16.

17.

18.

19.

aromatase expression. Microsc Res Tech
2009; 72: 5527

Carreau S, Lambard S, Delalande C,
Denis-Galeraud I, Bilinska B et al(2003).
Aromatase expression and role of
estrogens in male gonad: a review.
Reprod Biol Endocrinol 1: 35.

Carreau S, Lambard S, Said L, Saad A,
Galeraid-Denis 1. (2007b). RNA
dynamics of fertile and nonfertile

spermatozoa. Biochem Trans Soc.
35:634-636.
Carreau S, Silandre D, Bourguiba S,

Hamden K, Said L, Lambard S,
Galeraud-Denis I, Delalande C (2007a).
Estrogens and male reproduction: a new

concept .Braz J Med Biol Res.
40(6):761-768.
Corbo RM, Ulizzi L, Piombo L,

Martinez-Labarga C, De Stefano GF,
Scacchi R. (2007). Estrogen receptor
alpha polymorphisms and fertility in
populations with different reproductive
patterns. Mol Hum Reprod 13: 537-540.
de Lamirande E, Gagnon C. 1993.
Human sperm hyperactivation in whole
semen and its association with low
superoxide scavenging capacity in
seminal plasma. Fertil Steril 59: 1291-
1295.

Eddy EM, Washburn TF, Bunch DO,
Goulding EH, Gladen BC (1996).
Targeted disruption of the estrogen
receptor gene in male mice causes
alteration of spermatogenesis and
infertility. Endocrinology 137: 4796—
805.

Enmark E, Pelto-Huikko M, Grandien K,
Lagercrantz S, Lagercrantz J (1997).
Human estrogen receptor beta-gene
structure, chromosomal localization, and
expression pattern. J Clin Endocrinol
Metab 82: 4258-65.

Fo™ rsti A, Zhao C, Israelsson E,
Dahlman-Wright K, Gustafsson JA,
HemminkiK (2003). Polymorphisms in
the estrogen receptorp gene and risk of


http://www.ncbi.nlm.nih.gov/pubmed?term=Bianco%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Peluso%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Gava%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghirelli-Filho%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghirelli-Filho%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Lipay%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Lipay%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Christofolini%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed?term=Barbosa%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=21823190
http://www.ncbi.nlm.nih.gov/pubmed/21823190
http://www.ncbi.nlm.nih.gov/pubmed/21823190

20.

21.

22.

23.

24,

25.

26.

27.

28.

Sayed et al. (2013)

breast cancer: no association. Breast
Cancer Res Treat 79:409-413.

Georgiou I, Konstantelli M, Syrrou M,
Messinis IE, Lolis DE. (1997).
Oestrogen receptor gene polymorphisms
and ovarian stimulation for in-vitro
fertilization. Hum Reprod 12: 1430-
1433.

Gill WB, Schumacher GF, Bibbo M
(1977).  Pathological semen and
anatomical abnormalities of the genital
tract in human male subjects exposed to
diethylstilbestrol in utero. J Urol
117:477-480

Goldstein DB. (2001). Islands of linkage
disequilibrium. Nat Genet 29: 109-111.
Gould ML, Hurst PR, Nicholson HD
(2007). The effects of oestrogen
receptors alpha and beta on testicular cell
number and steroidogenesis in mice.
Reproduction.134:271-279.

Gruber CJ, Tschugguel W, Schneeberger
C, Huber JC (2002). Production and
actions of estrogens. N Engl J Med 2002;
346: 340-52.

Guarducci E, Nuti F, Becherini L,
Rotondi M, Balercia G (2006). Estrogen
receptor alpha promoter polymorphism:
stronger estrogen action is coupled with
lower sperm count. Hum Reprod 2006;
21: 994-1001.

Hamden K, Silandre D, Delalande C,
Elfeki A, Carreau S. (2008). Protective
effects of estrogens and caloric
restriction during aging on various rat
testis parameters. Asian J Androl 10:
837-845.

Hess RA, Bunick D, Lee KH, Bahr J,
Taylor JA (1997). A role for oestrogens
in the male reproductive system. Nature
1997; 390: 509-12

lida K, Akashi H (2000). A test of
translational selection at ‘silent’ sites in
the human genome: base composition
comparisons in alternatively spliced
genes. Gene 261:93-105

355

29.

30.

31.

32.

33.

34.

35.

36.

Jorde LB, Carey JC, Bamshad MJ.
(2010).  Medical  genetics.  New
York:Elsevier. p 26.

Jouannet P, Wang C, Eustache F, Kold-
Jensen T, Kukuvitis A, Georgiou I,
Bouba |, Tsirka A, Giannouli CH,
Yapijakis C,Tarlatzis B, Bontis J, Lolis
D, Sofikitis N, Papadimas J (2002).
Association of oestrogen receptor o
polymorphisms and androgen receptor
CAG trinucleotide repeats with male
infertility: a study in 109 Greek infertile
men. Int JAndrol 25:149-152

Kuiper GG, Carlsson B, Grandien K,
Enmark E, Haggblad J, Nilsson S &
Gustafsson JA (1997). Comparison of
the ligand binding specificity and
transcript tissue distribution of estrogen
receptors alpha and beta. Endocrinology
138 863-870.

Lambard S,  Galeraud-Denis |,
Bourai'ma H, Bourguiba S, Chocat A,
Carreau  S(2003). Expression  of
aromatase in  human  ejaculated
spermatozoa: a putative marker of
motility. Mol Hum Reprod.9:117-124.
Lazaros LA, Xita NV, Kaponis Al,
Zikopoulos KA, Plachouras NI,
Georgiou IA.( 2010). Estrogen receptor
alpha and beta polymorphisms are
associated with semen quality. J Androl
31: 291-298.

Lumachi f.,Luisetto G.,Basso
M.S.,Basso U.,Brunello A.and Camozzi
V.(2011).Endocrine therapy of breast
cancer,” Current Medicinal Chemistry,
vol. 18, pp. 513-522.

Makker K, Agarwal A, Sharma R.
(2009). Oxidative stress & male
infertility. Indian J Med Res 129: 357-
367.

Muramatsu M. and Inoue S. (2000).
Estrogen receptors: how do they control
reproductive  and  nonreproductive
functions?” Biochemical and
Biophysical Research Communications,
vol. 270, no. 1, pp. 1-10.



37.

38.

39.

40.

41.

42.

43.

44,

45.

Lipoprotein modulators in infertile patients

Nakazumi H, Sasano H, Maehara I,
Ozaki M, Tezuka F (1996). Estrogen
metabolism and impaired
spermatogenesis in germ cell tumors of
the testis. J Clin Endocrinol Metab 81:
1289-95.

Neagu VR, Garcia BM, Rodriguez AM,
Ferrusola CO, Bolafios JM, Fernandez
LG, Tapia JA, Pefia FJ. (2011).
Determination of glutation peroxidase
and superoxide dismutase activities in
canine seminal plasma and its relation
with sperm quality and lipid peroxidation
post thaw. Theriogenology 75: 10-16.
Neale BM, Sham PC. (2004). The future
of association studies: Gene-based
analysis and replication. Am J Hum
Genet 75: 353-362.

Nilsson S, Makela S, Treuter E, Tujague
M, Thomsen J (2001). Mechanisms of
estrogen action. Physiol Rev 2001; 81:
1535-65.

Nilsson S.and Gustafsson
J.A.(2011).Estrogen receptors: therapies
targeted to receptor subtypes,” Clinical
Pharmacology and Therapeutics, vol. 89,
no. 1, pp. 44-55, 2011.

O'Donnell L, Robertson KM, Jones ME,
Simpson ER (2001). Estrogen and
spermatogenesis. Endocr Rev 2001; 22:
289-318.

O'Flynn O'Brien KL, Varghese AC,
Agarwal A. (2010). The genetic causes of
male factor infertility: A review. Fertil
Steril 93: 1-12.

Ogawa S, Inoue S, Watanabe T, Orimo
A, Hosoi T, Ouchi Y, Muramatsu M
(1998).  Molecular  cloning  and
characterization of human estrogen
receptor Bcx: a potential inhibitor of
estrogen action in human. Nucleic Acids
Res 26:3505-3512

Pelletier G, EI-Alfy M (2000).
Immunocytochemical localization of
estrogen receptors alpha and beta in the
human reproductive organs. J Clin
Endocrinol Metab 2000; 85: 4835-40.

356

46.

47.

48.

49.

50.

51.

52.

53.

Peng B, Lu B, Leygue E, Murphy LC
(2003). Putative functional
characteristics of human estrogen
receptor-f isoforms. J Mol Endocrinol
30:13-29

Rago V, Siciliano L, Aquila S, Carpino
A (2006). Detection of estrogen
receptors ER-alpha and ER-beta in
human ejaculated immature spermatozoa
with excess residual cytoplasm. Reprod
Biol Endocrinol. 17(4): 36.

Rochira V, Granata AR, Madeo B, Zirilli
L, Rossi G(2005). Estrogens in males:
what have we learned in the last 10
years? Asian J Androl 7: 3-20.
Rosenkranz K, Hinney A, Ziegler A,
Hermann H, Fichter M, Mayer H,
Siegfried W, Young JK, Remschmidt H,
Hebebrand J (1998). Systematic
mutation screening of the estrogen
receptor beta gene in probands of
different weight extremes: identification
of several genetic variants. J Clin
Endocrinol Metab 83: 4524-4527
Safarinejad MR, Shafiei N, Safarinejad
S. (2010). Association of polymorphisms
in the estrogen receptors alpha, and beta
(ESR1, ESR2) with the occurrence of
male infertility and semen parameters. J
Steroid Biochem Mol Biol 122: 193-
203.

Saunders PT, Millar MR, Macpherson S,
Irvine DS, Groome NP (2002). ERbetal
and the ERbeta2 splice variant
(ERbetacx/beta2) are expressed in
distinct cell populations in the adult
human testis. J Clin Endocrinol Metab
87: 2706-15.

Saunders PT, Sharpe RM, Williams K,
Macpherson S, Urquart H (2001).
Differential expression of oestrogen
receptor alpha and beta proteins in the
testes and male reproductive system of
human and non-human primates. Mol
Hum Reprod 7: 227-36.

Schulze C (1988). Response of the
human testis to long-term estrogen



54.

55.

56.

S7.

58.

59.

60.

61.

Sayed et al. (2013)

treatment: Morphology of Sertoli cells,
Leydig cells and spermatogonial stem
cells. Cell Tissue Res 251: 31-43
Shamsi MB, Venkatesh S, Kumar R,
Gupta NP, Malhotra N, Singh N, Mittal
S, Arora S, Arya DS, Talwar P, Sharma
RK, Dada R. (2010). Antioxidant levels
in blood and seminal plasma and their
impact on sperm parameters in infertile
men. Indian J Biochem Biophys 47: 38—
43,

Sharpe RM, Skakkebzk NE (1993 ).Are
oestrogens involved in falling sperm
counts and disorders of the male
reproductive tract? Lancet 341:1392-
1395

Shen LX, Basilion JP, Stanton Jr VP
(1999). Single-nucleotide
polymorphisms can cause different
structural folds of mRNA. Proc Natl
Acad Sci USA 96: 78717876

Singh K, Jaiswal D. 2011. Human male
infertility: A complex multifactorial
phenotype. Reprod Sci 18: 418-425.
Skakkebzk NE, Rajpert-De Meyts E,
Main KM (2001). Testicular dysgenesis
syndrome: an increasingly common
developmental disorder with
environmental aspects. Hum Reprod 16:
972-978

Solakidi S, Psarra AM, Nikolaropoulos
S, Sekeris CE (2005). Estrogen receptors
alpha and beta (ERalpha and ERbeta) and
androgen receptor (AR) in human sperm:
localization of ERbeta and AR in
mitochondria of the midpiece. Hum
Reprod. 20: 3481-3487.

Spearow JL & Barkley M (2001).
Reassessment of models used to test
xenobiotics for oestrogenic potency is
overdue. Human Reproduction 16 1027—
1029.

Su MT, Chen CH, Kuo PH, Hsu CC, Lee
IW, Pan HA, Chen YT, Kuo PL (2010).
Polymorphisms  of  estrogen-related
genes jointly confer susceptibility to

357

62.

63.

64.

65.

66.

67.

68.

human spermatogenic defect. Fertil
Steril. 93(1): 141-149.

Su MT, Chen CH, Kuo PH, Hsu CC, Lee
IW, Pan HA, Chen YT, Kuo PL.( 2010).
Polymorphisms  of  estrogen-related
genes jointly confer susceptibility to
human spermatogenic defect. Fertil Steril
03: 141-149.

Sundarrajan C, Liao WX, Roy AC, Ng
SC (2001).Association between estrogen
receptorp gene polymorphisms and
ovulatory dysfunctions in patients with
menstrual disorders. J Clin Endocrinol
Metab 86:135-139

Suzuki Y, Sasagawa I, Itoh K, Ashida J,
Muroya K (2002). Estrogen receptor
alpha gene polymorphism is associated
with idiopathic azoospermia. Fertil Steril
2002; 78: 1341-3.

Syrrou M, Georgiou |, Patsalis PC,
Bouba I, Adonakis G, Pagoulatos G.
(1999).Fragile-X  permutations  and
(TA)n estrogen receptor polymorphism
in women with ovarian dysfunction. Am
J Med Genet 84: 306-308.

Vogel A, Strassburg CP, Manns MP.
(2002). Genetic association of vitamin D
receptor polymorphisms with primary
biliary cirrhosis and autoimmune
hepatitis. Hepatology 35: 126-131.
Watson CE, Gauthier SY, Davies PL.
(1999). Structure and expression of the
highly repetitive histone H1-related
sperm chromatin proteins from winter
flounder. Eur J Biochem 262: 258-267.
Weel AE, Uitterlinden AG, Westendorp
IC, Burger H, Schuit SC, Hofman A,
Helmerhorst TJ, van Leeuwen JP, Pols
HA.  (1999). Estrogen  receptor
polymorphism predicts the onset of
natural and surgical menopause J Clin
Endocrinol Metab 84: 3146-3150.



358-343:2013 su5s (1) 24 e dylard) dedall aglall Ly Ame

- ’“!'p

BENHA UNTVERSITY
FACULTY OF VETERTNARY MEDTCINE

gl Bdall aglall L Alme

am‘u‘bﬁgéwﬁﬂ‘ QRN ENaral A gaal) duiluasst) el )
il padlal)

Sl @) Sl G ha a1 @il il alalls osis by se Jalsas afipe lagl) dic sl
Osad e liall saseiall JIKEY) g sy Lol & Asiall Slilsall e f5 Al aiall sl aass
& (Rsal JAlUT ) saasiall JIKEY) s aBle 25a (g G831 ) Cangd Ayall odag ¢ oSl die oSall (A Gaag i)
4yl g ¢« JSAl sanall 35ald) Je i aiyyla craxsiiuly o cand) (plseae alall oaye pa Ui g il G508 Jilfine n
o) e Qe cppad asaiall JISEY) panil @lldy aladl) byl Aaulys Liad JSAN saadl g kil 3ol Jsha
pd Glie Al &3 ot daay Gexiayg adall e 05l Y day 345l Cig pre e BBl (e (siley da) 24 (8 L
sl O ) Taadll 355 ) Ayl ) . i paaall g IS b (ssiall il Sllas Liadly Abuliil) cilipasel (sl
Al ulate ):""J\ e’bﬁ\ Ll 138 (s +lanaY) du.Jn G e 2D Jﬁ ew sy b (Rsal AG) eilaia Lyl

e (,m\, w‘y\ e e ) 536l JSE) s A85le 35mp Jbcinl G s C_,u\ b b L;uu,
et

(358-343 12013 s «(1) 24 235 i) Aukal) aglall Ll Alsa)

358



