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ABSTRACT

Studies on polymorphism of estrogen receptor (ESR) alpha and beta genes have been mostly implicated in infer-
tility, but the results have been controversial due to lack of comprehensive data. The present study focused on
association of ESR genes with both male and female infertility. In ESRa, Pvull (rs2234693) and Xbal
(rs9340799) were studied while in ESRp gene, risk of infertility was determined for silent G/A Rsal (rs1256049)
polymorphism. Total 124 subjects (74 cases and 50 controls) were part of this study having primary infertility.
Restriction fragment length polymorphism (RFLP) was performed with Pvull, Xbal and Rsal to determine po-
lymorphism. Correlation between age and follicle stimulating hormone (FSH) of cases and controls was deter-
mined and no association was found between infertility and FSH hormone. Heterozygous AG genotype of Xbal
polymorphism (P= 2.505e-06) and heterozygous TC genotype (P= 0.00003) in Pvull polymorphism were
strongly associated with risk of infertility. In ESRp gene, there was lack of polymorphism for Rsal in our popula-
tion as all subjects were homozygous (GG). Haplotype frequencies showed that Xbal and Pvull polymorphisms
are in strong linkage disequilibrium. This study shows that in our population Xbal and Pvull polymorphisms of
ESRa are associated with risk of infertility.
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INTRODUCTION which 5 % cases are considered as primary
infertility whereas 18 % as secondary infer-
tility (Herz, 1989).

Numerous genes are involved in the
complex process of reproduction. A qualita-
tive diagnosis of infertility could only be
done by focusing on female and male physi-
cal abnormalities, endocrine irregularities
and genetic conditions of both partners asso-
ciated with reproduction (Mak and Jarvi,
1996).

One of the most common factors is muta-
tion of genes expressed in hypothalamus and
leads to low production of serum gonadotro-

Infertility has become a common prob-
lem as it is affecting almost 1 in 6 couples. It
is defined as the incapability to achieve ferti-
lization after a certain period of time follow-
ing sexual intercourse (mostly 1 year or 6
months in certain cases) without any contra-
ceptive measures (Brugo-Olmedo et al.,
2001). Infertility cannot be associated with a
specific gender as both male and female fac-
tors account for 40 % while 20 % cases are
either due to shared or unexplained causes
(Bhatti et al., 1999). In Pakistan, overall pre-
valence of infertility is about 22 %, out of
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phin such as follicle stimulating hormone
(FSH) and luteinizing hormone (LH) which
consequently leads to deficient or absence of
puberty (Layman, 2002). Estrogen action is
observed both on peripheral and central
nervous system which is mediated by estro-
gen receptors (ER). Estrogen receptors «o
(ESRa, ESR1) and B (ESRP, ESR2) genes are
involved in controlling the physiological re-
sponse to estrogen. ESRo gene is present on
chromosome 6g25. It consists of 8 exons
which are parted by 7 intronic regions hav-
ing a complete size of 140 kb (Pong-
likitmongkol et al., 1988). The ESRp gene is
located on chromosome 14q22-24, compris-
ing 8 exons and covers approximately 40 kb
(Enmark et al., 1997). ESRa codes for a 595
amino acid protein (Menasce et al., 1993),
while ESRp codes for a 530 amino acid pro-
tein (Ogawa et al., 1997).

Most widely studied polymorphisms of
ESRa involve Pvull (rs2234693) and Xbal
(rs9340799). These are found in the intron 1
and divided by only 46 bp. The Pvull
(T397C) polymorphism occurs due to T/C
transition in first intron, while the Xbal
(G351A) polymorphism is caused by a G/A
transition located 50 base pairs downstream
of the Pvull polymorphic site (Keene et al.,
2008; Pollak et al., 2004; Shearman et al.,
2004). Several sequence variants of the
ESRPB gene have also been identified which
include 2 silent G/A polymorphisms, Rsal
(rs1256049) and Alul (rs4986938) (Rosen-
kranz et al., 1998). The expression of both
these receptors has been recorded in testis
and epididymis (O'Donnell et al., 2001).

In human testis, ERa and ERP have also
been found in ejaculated spermatozoa (Dur-
kee et al., 1998; Lambard et al., 2004). Ab-
sence of ER-a has been shown to lead to re-
duced epididymal sperm content. It also af-
fects motility and fertilizing capacity (Eddy
et al., 1996; Ogawa et al., 1997). In males
ESR1 Xbal polymorphism was suggested to
have an effect on azoospermia or idiopathic
severe oligospermia while in women ESRI
Pvull strongly affected pregnancy rate after
in vitro fertilization (IVF) (Kukuvitis et al.,

2002). Pvull polymorphism is also reported
to be associated with predisposition to en-
dometriosis (Hsieh et al., 2007) and con-
trolled ovarian hyperstimulation (COH)/
pregnancy outcome of IVF.

Association of Rsal polymorphism
(rs1256049) with male infertility has been
established in Caucasian patients. It is locat-
ed in exon 5 of ERP (Aschim et al., 2005).
Several studies have been performed to esti-
mate the distribution of various ESR1 gene
polymorphisms and their association with
female and male infertility.

In a review article by O’Flynn O’Brien et
al. (2010) on the genetic causes of male fac-
tor infertility they concluded that there is a
need for further examination of ER genes
polymorphisms to reproduce the results of
previous uncoordinated studies and to better
explain the influence of these polymor-
phisms on male fertility (O'Flynn O'Brien et
al., 2010; Safarinejad et al., 2010).

The aim of this study is to determine the
importance of ESRa and ESRP polymor-
phisms in the etiology of male and female
infertility. To the best of our knowledge,
there is no study so far in international litera-
ture, associating ESRo and ESRP polymor-
phisms with both male and female infertility.

MATERIALS AND METHODS

Primary selection of subjects

For polymorphic analysis of ESRa and 3
gene, total of 124 individuals (both male and
female) were included in this study. Blood
samples of 74 infertile patients were collect-
ed from LIFE (Lahore Institute of Infertility
and Endocrinology, Lahore-Pakistan). Every
participant has completed detailed question-
naire, regarding their medical and surgical
history, lifestyle habits, exposure to gonado-
trophins and family history. The control
group consisted of 50 subjects (both males
and females). Males had normal semen pa-
rameters i.e. sperm count over 15 million
sperm/ml according to WHO guideline
(WHO, 1991) of which had fathered at least
one child without assisted reproductive tech-
nologies.
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Sampling

Each subject donated 5 ml of blood for
genomic DNA extraction and serum analy-
sis. 2 ml of each peripheral blood sample
was transferred to a sterile EDTA coated
vacuotainer (BD Vacutainer®, Catalog num-
ber: 367841) and remaining 3 ml was trans-
ferred into sterile tubes without having anti-
coagulant for separation of serum (BD Vacu-
tainer®, Catalog no. 368774). Serum was
separated immediately after sample collec-
tion and stored at -20 °C until hormone pro-
filing whereas blood vials were properly la-
beled and stored at -20 °C.

An inclusion and exclusion criteria was
set to carefully evaluate the patients in order
to identify the exact cause and to select only
primary infertile people. All male patients
underwent semen analysis according to
WHO’s recommendations (WHO, 1991) in
respective hospital’s lab and were catego-
rized as azospermia, asthenospermia, oligo-
spermia and oligonecrospermia. In female
patients, presence of ovulation was con-
firmed by measurements of serum progester-
one in mild luteal phase. Tubal patency was
also investigated by hysterosalpinography.
Endocrine hormone, i.e. FSH level of pa-
tients were also measured. General exclusion
criteria included chemotherapy, radiotherapy
and illness. Individuals with history of kary-
otypes abnormality, cystic fibrosis, AIDS,
hepatitis or any other contagious/viral infec-
tions were excluded. The women giving his-
tory of corrective surgery of vagina and uter-
us were excluded.

Serum FSH was measured by a micro-
plate immune enzymatic assay using immu-
noassay kit, catalog number: BC-1029 (Bio-
Check, Inc. Foster City, Canada). Standard
protocol as mentioned in the kit was used for
all samples.

Extraction of genomic DNA

For isolation of genomic DNA from
whole blood Wizard® Genomic DNA Purifi-
cation Kit, (Promega) was used. Manufac-
turer recommendations were followed for
isolation of DNA.

ER-a genotype determination

For determination of ERa genotype, pol-
ymerase chain reaction restriction fragment
length polymorphism (PCR-RFLP) analysis
was performed. For determination of Pvull
(c.454 397 T > C) and Xbal (c.454 —351
A>Q) polymorphisms, PCR amplification of
the polymorphic regions was performed us-
ing oligonucleotide primers as described
elsewhere (Safarinejad et al., 2010). For
PCR amplification, total volume of reaction
mixture was 50 pl which consisted of 25 pul
master mix (Fermentas #KO0171), 1 ul
(10 pmol) of each forward and reverse pri-
mer and 5 pl of template DNA. To differen-
tiate ¢.454-397 T/C (Pvull) and c.454-351
A/G (Xbal) polymorphisms, digestion of the
amplified PCR fragment of 1372 bp was per-
formed with Pvull (Fermentas#ER0631) and
Xbal (Fermentas#ER0681) restriction en-
zymes, separately. The reaction mixture was
mixed gently and spins down for few sec-
onds. Then the reaction vials were kept at
37 °C water bath for 1 hour and stored at -
20 °C until visualization on ethidium bro-
mide stained 2.0 % agarose gel by gel doc.

ERp genotype determination

The Rsal (1082 G>A) polymorphism in
ERP gene was identified by PCR amplifica-
tion and restriction enzyme digestion. Total
volume of reaction mixture for PCR amplifi-
cation was 25 pl consisting of 12.5 ul of
master mix (fermentas #KO0171), 2 ul (32
pmol) of each forward and reverse primer,
and 2 pl of template DNA. For restriction
digestion, the amplified fragment was di-
gested with Rsal (Fermentas#ER1121). The
reaction mixture was mixed gently and spins
down for few seconds. Then the reaction vi-
als were kept at 37°C water bath for 1 hour
and stored at -20°C until visualization on
ethidium bromide stained 2.0 % agarose gel.
The primers, PCR conditions, restriction en-
zymes, and DNA fragment sizes are listed in
Table 1.
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Table 1: Primers, PCR conditions and restriction enzymes for estrogen receptor SNPs

Pvull F:5CTGCCACCCTATCTGTA 64.5°C for  72°C for Pvull T=1374
TCTTTTCCTATTCTCC-3’ 1.10 mins 1.50 mins C=937+438
R:STCTTTCTCTGCCACCCT
GGCG TCGATTATCTGA-3’

Xbal F:5CTGCCACCCTATCTGTA 64.5°C for  72°C for Xbal G= 1374
TCTTTTCCTATTCTCC-3’ 1.10 mins 1.50 mins A= 983+393
R:STCTTTCTCTGCCACCCT
GGCG TCGATTATCTGA-3’

Rsal F:5TCTTGCTTTCCCCAGGC 63.5°C for  72°C for Rsal G= 156
TTT-3 1.10 mins 1.50 mins A= 125+31
R:5ACCTGTCCAGAACAAGA
TCT-3

In all PCR experiments, pre-denaturation step was of 5 mins at 95 °C, denaturation of 50 seconds at 95 °C, 33 cycles and final

extension of 5 mins at 72 °C.

Statistical analysis

The significance of differences in the
genotype distribution and allele frequency
were tested using the %2 test, which was also
used to determine the degree of subjects con-
forming to Hardy—Weinberg equilibrium,
single genotype and the frequency of allele
between each group. Clinical variables were
compared using the independent sample t-
test. An Odds Ratio (OR) at 95 % confidence
intervals (CI) was calculated with respect to
the presence of the reference genotype. The
association between the combined genotypes
of the ERa and ERP genes polymorphisms
and the risk of infertility was also evaluated
using Odds Ratio at 95 % confidence inter-
vel. Haplotype construction and haplotype
frequencies were determined by using the
Haploview software version 3.2 available at
http://www.hapmap.org. Linkage disequilib-
rium analysis was also performed with the
Haploview program. The level of signifi-
cance was set at P < (0.05. Data were ana-
lyzed with SPSS 16.0 for Windows (SPSS,
Chicago, USA) software.

RESULTS

Patient characteristics

Classifications of patients on basis of
types of infertility are described in Table 2.
Briefly, in infertile males, azospermia was

the most frequent cause of infertility (0.43).
In infertile females the major cause of infer-
tility was tubal factor (0.24) and sec tubal
factor (0.23).

No correlation was found between age of
male and female patients and their endocrine
levels. However a positive collinear relation-
ship was found between the age and FSH of
female controls where r = 0.450 (P=0.016)
(Figure 1). In all cases significance level was
at P <0.05.
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Figure 1: Scatter plot of positive linear correla-
tion between age and FSH of fertile female sub-
jects
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Table 2: Classification of male and female patients on the basis of various type of infertility

Infertile Males

Infertile Females

ESRa genotypes
Genotype and allele frequencies in ESR o
variant polymorphism and their association

Azospermia
Asthenospermia
Oligospermia

Oligonecrospermia

Idiopathic
Total
Endometriosis

Sec tubal factor
Tubal factor
Primary endo I
Lactoria

PCOS

Ostreum blocked
Irregular cycles
Dysmenorrhea
Unexplained
Total

0.43 (42.8)
0.095 (9.5)
0.14 (14.3)
0.14 (14.3)
0.19 (19.1)

0.1 (11.0)

0.23 (23.0)
0.24 (24.0)
0.02 (2.0)
0.02 (2.0)
0.132 (13.2)
0.02 (2.0)
0.02 (2.0)
0.04 (4.0)
0.19 (19.0)

Table 3: Frequency distribution of ESRa geno-

with Hardy-Weinberg equilibrium (HWE)
are given in Table 3. For Pvull polymor-
phism, there was significant deviance from
HWE for cases (x*=21.82, P< 0.001) but no
observable deviance from HWE for controls
(x=6.33, P=0.05) was determined. For Xbal
polymorphism, there was evident deviance
from HWE for both cases (x’=26.19, P<
0.001) and controls (3*=9.64, P=0.01) (Table

3).

ESRa-Pvull TC

ccC

T

C
Deviation  ¥?,
from HWE

AA

ESRa-Xbal AG

GG

A

G
Deviation  ¥°,
from HWE

ESRB-Rsal GG

P value

Total
(n=74)
10
(13.5)

57
(77.0)

07 (9.5)
0.52
0.48

07
(9.45)
59

(79.7)

8 (10.8)
0.49
0.51

74(100)

type, alleles and their association with Hardy-
Weinberg equilibrium (HWE)

Total
(n=50)
19 (38.0)

16 (32.0)

15 (30.0)
0.54
0.46

21.82,
<0.001

17 (34)
14 (28)

19 (38)
0.48
0.52

26.19,
<0.001

50(100)
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Allelic frequency for all groups was also
calculated and it further conformed to Har-
dy-Weinberg equilibrium. The tests for asso-
ciation adapted from Sasieni (1997) were
performed to find the association of allele
frequency or genotype frequency of Xbal
and Pvull polymorphism with the risk of in-
fertility. Odds Ratio (OR), 95 % Confidence
interval (C.1.) and %2 values were determined
(Table 4). The significance level was set at
P<0.05. In case of Xbal polymorphism, no
significant association was found between
allele A (p=0.83783) and G (p =0.83783) of
cases and controls with risk of infertility.
However heterozygous AG genotype showed
strong association with risk of infertility in
cases when compared to homozygous AA
(p=2.505e-06) as well as rare homozygous
GG genotype of controls. Rare homozygous
GG (p=0.97111) and homozygous AA
(p=0.97111) genotype of cases showed no
significant association with risk for infertili-
ty. Individuals with genotype of AG and of
GG (p=0.00069) in cases showed significant
association with risk of infertility. This
showed strong association of heterozygosity
with risk of infertility in our population (Ta-
ble 4).

In case of Pvull polymorphism, although
there was difference between T and C allele
frequencies in cases and controls (Table 4),
but this variance was not statistically signifi-
cant (p=0.76013). The heterozygous TC
genotype of Pvull showed more prevalence
in infertile group and was significantly asso-
ciated with risk of infertility when compared
with homozygous TT (p=0.00003) and rare
homozygous CC (p=0.00005) genotype of
cases and controls. Homozygous TT
(»=0.84154) and rare homozygous CC geno-
type of cases showed no significant associa-
tion with risk of infertility. Allele positivity
was determined by determining the number
of individuals possessing a particular geno-
type in cases and control group. Infertile sub-
jects with heterozygous genotype TC when
combined with infertile subjects having rare
homozygous genotype CC (p=0.00158),
showed significant association with risk of
infertility (Table 4). Haplotype frequencies
and analysis of linkage disequilibrium was
performed by using haploview program.
Strong linkage disequilibrium was found be-
tween the Pvull and Xbal polymorphisms of
the ESRa gene (D’=1.0, LOD=0.37, r-
squared=0.013) (Figure 2).

Table 4: Tests for association of allele frequencies and genotypes of ESRa, Xbal and Pvull with risk

of infertility
Allele freq. Heterozygous Homozygous Allele positivity Armitage's
difference trend test
[A]<->[G] [AA]<->[AG] [AA]<>[GG] [AA]<>[AG+GG] Common
odds ratio
OR=0.948 OR=10.235 OR=1.023 OR=4.931 OR=0.972
Xbal ¢ |=[0.571- C.1.=[3.562- C.1.=[0.306- C.1.=[1.862-
1.576] 29.411] 3.419] 13.058]
x2=0.04 X2=22.16 x2=0.00 x2=11.51 x2=0.05
p=0.83783 (P) p=2.505e-06 p=0.97111 p=0.00069 p=0.82139
[T]<->[C] [TTI<->[TC] [TT+]<->[CC] [TT]<->[TC+CC] Common
odds ratio
Pvull OR=1.082 OR=6.769 OR=0.887 OR=3.923 OR=1.027
C.1.=[0.651- C.1.=[2.630- C.1.=[0.273- C.1.=[1.631-
1.800] 17.422] 2.884] 9.435]
¥x2=0.09 X2=17.50 x2=0.04 ¥X2=9.99 x2=0.11
p=0.76013 (P) p=0.00003 p=0.84154 p=0.00158 p=0.73581
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Figure 2: Linkage disequilibrium comparison of
Pvull (rs2234693) and Xbal (rs9340799) in
ESRa gene

ESRp genotype

Rsal digestion yielded one band of 156
bp in the normal ERP sequence (GG). All the
cases and controls were analyzed for this
polymorphism, but no polymorphism was
detected in any subject (both patients and
controls). All the subjects were homozygous
for common allele GG. This indicates ab-
sence of this polymorphism in our studied
population.

DISCUSSION

In the present study 74 patients (cases)
with primary infertility were selected while
50 healthy fertile individuals were consid-
ered as controls. In infertile male cases,
azospermia was the most frequent cause of
infertility (43 %) while in infertile females
the major cause of infertility was tubal factor
(24 %) and sec tubal factor (23 %). These
results correspond to former epidemiological
studies which have shown that in a sub fer-
tile population male factor infertility has
been observed in 25 %-35 % couples. About
14-22 % have tubal factor, 1027 % have
ovulatory dysfunction, 5—6 % have endome-
triosis while 10-17 % have unexplained

causes of infertility (Maheshwari et al.,
2008).

Correlation between age and FSH of pa-
tients and controls was calculated. No corre-
lation was found between age of male and
female patients and their endocrine levels. In
our work lack of correlation between age and
serum FSH levels of cases reveals that the
study subjects did not had gonadotrophins
related infertility. However a positive collin-
ear relationship was found between the age
and FSH of female controls. The increase in
basal FSH can be considered as the earliest
endocrine marker of reproductive aging
(Burger et al., 2007).

In this case-control study the association
between Xbal and Pvull polymorphism of
the ESRo gene and Rsal polymorphism of
ESRP gene with fertility status was analyzed.
Previous studies on the influence of the ERa
and ERp genes involved in male factor infer-
tility have yielded conflicting results (Tiit-
telmann et al., 2007; O’Flynn O’Brien et al.,
2010; Meng et al., 2013). Assessment of de-
viance from HWE in case of disease associa-
tion is significantly relevant for many stud-
ied genes especially if the functional variants
can be directly genotyped. For Pvull poly-
morphism, there was significant deviance
from HWE for cases (X2=21.82, P<0.001)
but there was no observable deviance from
Hardy-Weinberg equilibrium for controls
(x°=6.33, P=0.05). Salanti et al. (2005) had
suggested in their studies that in occurrence
of an association, cases need not be in HWE.
They proposed that screening of effected in-
dividuals with HWE is a comparatively ef-
fective method for detection of gene-disease
associations. If a locus is not deviating from
HWE then various conditions are being ful-
filled. These include lack of recent mutations
and genetic drift as well as adaption to Men-
delian segregation and random mating. Ac-
cording to Li and Li (2008), for case-control
studies as the prevalence of disease in con-
trols is markedly less so they are considered
more alike to healthy population and thus
give evidence about departure towards
HWE. But when cases are more different
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from general population, they contribute in-
formation about genotype relative risk esti-
mation.

In present investigation for Xbal poly-
morphism, there was observable deviance
from Hardy-Weinberg equilibrium for both
cases (y’=26.19, P<0.001) and controls
(x°=9.64, P=0.01). Allelic frequency for all
groups was also calculated and it conformed
to Hardy-Weinberg equilibrium. Previous
investigations have revealed that in approx-
imately 10 % of gene-disease association
studies, there is significant deviation from
HWE in genotype frequencies of healthy
controls. Only 5 % of these are expected by
chance alone even at significance level of
P=0.05 with sufficiently powered studies as
most of these studies use small underpow-
ered sample sizes (Trikalinos et al., 2006).

In case of Xbal polymorphism, insignifi-
cant association was found between allele A
(»=0.83783) and G (p=0.83783) of cases
and controls with risk of infertility. However
heterozygous genotype AG (p=2.505e-06)
showed strong association with risk of infer-
tility in cases when compared to homozy-
gous AA as well as rare homozygous GG
genotype of controls. Rare homozygous GG
and homozygous AA (p=0.97111) genotype
of cases showed no significant association
with risk for infertility.

These results are in contradiction to the
study by Ayvaz et al. (2009) in Turkish pop-
ulation which described a significant correla-
tion in Xbal polymorphism and chances of
infertility. However in their population the
GG genotype (OR 6.75, 95% CI. 2.11-
21.59) showed about sevenfold increased
predisposition to infertility compared to in-
dividuals carrying homozygote AA, whereas
insignificant disposition was found in hetero-
zygous AG (OR 1.53, 95 % CI: 0.86-2.73)
individuals. They also detected a significant
difference in allele frequencies of Xbal po-
lymorphism in cases and controls (Ayvaz et
al., 2009). In the study by Safarinejad et al.
(2010) on infertile men in Iranian popula-
tion, allele frequency of A was lower in con-
trols than in infertile men and this difference

was statistically significant (p=0.048). How-
ever in their population the homozygous AA
genotype of Xbal polymorphism was associ-
ated with risk of infertility due to its preva-
lence in infertile group as compared to con-
trols (p=0.014). Allele positivity was deter-
mined by determining the number of indi-
viduals possessing a particular genotype in
affected and control group. Individuals with
genotype of AG and of GG (OR=4.931,
C.1.=1.862-13.058, p=0.00069) in cases
showed significant association with risk of
infertility. This showed strong association of
heterozygosity with risk of infertility in our
population for Xbal polymorphism.

In case of Pvull polymorphism, although
there was difference between T and C allele
frequencies in cases and controls, but this
difference was statistically insignificant (p
=0.76013). The heterozygous TC genotype
of Pvull was more common in infertile
group and was significantly associated with
risk of infertility when compared with ho-
mozygous TT (p=0.00003) and rare homo-
zygous CC (p=0.00005) genotype of cases
and controls. Homozygous TT (p =0.84154)
and rare homozygous CC genotype of cases
showed no significant association with risk
of infertility. Individuals for determination of
allele positivity with heterozygous genotype
TC when combined with cases having rare
homozygous genotype CC (p=0.00158),
showed significant association with risk of
infertility. Thus in our population individuals
with heterozygous TC genotype are more
predisposed to infertility as compared to in-
dividuals with CC or TT genotype. These
results varied from those reported in other
populations. In Turkish population, for Pvull
polymorphism, a detectable association was
found between fertile and infertile group for
heterozygous TC and rare homozygous CC
genotype (Ayvaz et al., 2009). In the study
on infertile men in Iranian population, sub-
jects having the Pvull CC genotype had re-
duced risk of infertility as compared to sub-
jects having the Pvull TT genotype (OR =
0.56, 95 % CI=0.26-0.80; P =0.011) (Safa-
rinejad et al., 2010).
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Strong linkage disequilibrium existed be-
tween polymorphisms of Xbal and Pvull of
ESRo. gene (D’=1.0). Thus the association
observed in these polymorphisms and infer-
tility could be due to only one of them. As a
multifactorial condition like infertility is de-
pendent on several polymorphisms, so a
third polymorphism in strong linkage dis-
equilibrium with Xbal and Pvull can be the
actual cause of this association. The genomic
organization of ESRa gene promoter is very
complex. Alternative splice sites are present
in multiple promoter regions which results in
formation of different estrogen protein tran-
scripts. This difference in expression patterns
can affect the function and production of
ESR protein. Hence the possibility of these
polymorphisms affecting the correct splicing
of RNA and producing alternatively spliced
mRNA variants cannot be ruled out (Ayvaz
et al., 2009; Safarinejad et al., 2010)

For Rsal polymorphism all the cases and
controls were analyzed, but no polymor-
phism was detected in any subject (both pa-
tients and controls). All the subjects were
homozygous for common allele GG. This
indicates absence of this polymorphism in
our studied population.

In conclusion this work showed signifi-
cant association between Xbal and Pvull
polymorphisms with risk of infertility. Also
detection of significant deviance from Har-
dy-Weinberg raised several possibilities
about this study and the population from
which it is derived. Pursuing this course can
lead to more useful information regarding
ESR gene. More thorough examination of
ESR locus is necessary to determine whether
other regions of ESRa and ESRP may also
have functional significance related to infer-
tility.
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