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Abstract. To investigate the relationship between polymor-
phisms in the estrogen receptor-α (ERα) gene and unexplained 
female infertility, restriction fragment length polymorphism 
(RFLP) analysis of ERα was employed in 150 females 
with idiopathic infertility (study group) and 150 healthy, 
age‑matched females of proven fertility (control group). The 
results showed that the ERα allele frequencies differed signifi-
cantly between the study and control groups (P=0.001). The 
allele identified by PvuII (P) restriction was detected more 
frequently in the study group (49.0% of individuals) compared 
to the control group (31.0%; P=0.001), while the allele identi-
fied by XbaI (X) restriction was detected less frequently in 
the study group (19.7%) compared to the control group (35.7%, 
P=0.001). A similar phenomenon was observed for the distri-
bution of the TA alleles. The TA13 allele was more common 
in the study group (24.7 vs. 6.7% in controls; P=0.001), while 
the TA15 allele was less common in the study group (15.3 vs. 
27.3% in controls; P=0.034). To conclude, polymorphisms in 
the ERα gene are associated with idiopathic female infertility. 
In particular, the P and TA13 alleles may represent significant 
risk factors, while the X and TA15 alleles may be protective 
factors.

Introduction

Idiopathic female infertility refers to an inability or difficulty 
to conceive resulting from unexplained causes. Indeed, upon 
standard examination, no abnormalities are observed in sex 
hormone levels and no surgical or congenital diseases are 
indicated (1). Additionally, the male partner is observed to 
have normal fertility. However, hysteroscopy reveals a thinner 
endometrium exhibiting stunted growth, which is inconsistent 
with the traditional explanation of endometrial damage and 
scarring (1).

Certain data indicate reduced estrogen receptor (ER) 
expression in females with unexplained infertility (2). ERs are 
nuclear hormone receptors activated by estradiol, a critical 
reproductive hormone (3). Single nucleotide polymorphisms 
(SNPs) of ERα, which is encoded by ESR1, may alter tran-
scription or translation, leading to abnormal expression of 
the protein (4). Indeed, polymorphisms in this gene that are 
detected through PvuII or XbaI restriction digestion have been 
associated with disorders affecting bone density (5) and lipid 
metabolism (6). Furthermore, a regulatory region upstream of 
the ERα coding sequence contains a dinucleotide (TA) repeat, 
which appears to affect ERα expression (7), and polymor-
phisms in a number of these repeats have been associated with 
fracture risk in osteoporosis (8). Significantly, a recent study 
observed specific associations between ERα polymorphisms 
and oocyte maturation and fertilization rates in infertile 
females undergoing in vitro fertilization  (9). Due to these 
suggestive findings, we investigated ERα gene polymorphisms 
in females with idiopathic infertility to determine whether 
potential allelic variants may contribute to infertility.

Materials and methods

Study participants. The present study included 150 female 
patients diagnosed with unexplained infertility at the Affiliated 
Hospital, School of Medicine, Anhui University of Science 
and Technology between January 2008 and December 2010. 
These patients ranged in age from 24 to 43 years, with a mean 
age of 31.2±6.8 years. To be included in the study, patients 
were required to have a normal menstrual cycle and normal 
circulating levels of sex hormones. The male partner was 
required to exhibit no sexual dysfunction, no abnormalities 
upon genital examination and have two normal routine semen 
examinations. Additionally, by hysteroscopy, the endometrium 
of the patients had to be smooth, thin and lacking adhesions, 
and the fallopian tube opening had to be clearly visible on 
day 5 of the menstrual period. By ultrasonography, endome-
trial thickness had to be <7 mm. Patients were included if no 
reproductive or anatomic abnormality was observed during 
gynecological or pelvic B ultrasound examination, and recent 
(previous 6 months) lipiodol angiography or laparoscopy must 
have indicated smoothness of the two fallopian tubes. Finally, 
prior to examination, patients had not received any previous 
hormone therapy and ovulated within the previous 3 months. 
The presence of the following diseases excluded patients from 
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the study: diabetes, tuberculosis, thyroid and adrenal glan-
dular disease, other endocrine diseases, surgical diseases and 
congenital diseases. Another 150 healthy females receiving a 
physical examination during the same period were enrolled as 
controls. Their ages ranged from 22 to 35 years, with a mean 
age of 28.5 ± 5.6 years. Females having a normal menstrual 
volume, cycle and sex hormone levels, not receiving any 
sex hormone therapy, exhibiting normal reproductive and 
endometrium anatomy by pelvic B ultrasonography and 
having been previously pregnant were included as controls. 
The mean ages of the study population and controls were not 
significantly different (P>0.05).

DNA extraction. DNA was extracted from 2 ml of fasting 
blood samples from each patient using a DNA extraction kit 
provided by Sangon Biotech Co., Ltd. (Shanghai, China), 
according to the manufacturer's instructions. DNA samples 
were resuspended in Tris-EDTA (TE) buffer.

PCR amplification. DNA amplification was performed by 
PCR using primers synthesized by Sangon Biotech Co., 
Ltd. for ERα: forward, 5'-CTG CCA CCC TAT CTG TAT 
CTT TTC CTA TTC TCC-3' and reverse, 5'-TCT TTC TCT 
GCC ACC CTG GCG TCG ATT ATC TGA-3'; and for the 
TA repetitive sequence: forward, 5'-GAC GCA TGA TAT 
ACT TCA CC-3' and reverse, 5'-GCA GAA TCA AAT ATC 
CAG ATG-3'. Reaction mixtures contained 5.0 µl 10X buffer 
(15 mM MgCl2), 4.0 µl dNTP (200 µM/l), 1.0 µl of each 
primer (25 pM/µl), 0.5 µl Taq DNA polymerase (5 U/µl) and 
4 µl DNA template, diluted with water to a total volume of 
50 µl. Reaction conditions were as follows: (i) 94˚C, 5 min; 
(ii) 94˚C for 35 sec, 58˚C for 50 sec, and 72˚C for 90 sec for 
32 cycles; and (iii) 72˚C for 10 min. Amplified DNA was 
separated on a 1% (ERα) or 2% (TA) agarose gel, stained with 
ethidium bromide and visualized with ImageMaster® VDS. 
For restriction digests to detect polymorphisms, separate 10-µl 
aliquots of ERα PCR products were exposed to 10 U PvuII or 
20 U XbaI at 37˚C for 4 h. Digested products were separated 
on a 2% agarose gel and visualized with a GEL DOC1000 
image analyzer (Bio-Rad, Hercules, CA, USA).

Statistical methods. SPSS 13.0 statistical software was used for 
statistical analysis. The RxC contingency table analysis χ2 test 
was used to analyze distribution frequency of the inter-group 
PvuII, XbaI and TA repeat alleles. The 4-fold table χ2 test was 
used to compare the frequency of the inter-group PvuII, XbaI 
and TA repeat alleles. Relative risk was expressed by odds ratio 
(OR). All analyses used 2-sided tests, with α=0.05 considered 
to be statistically significant.

Results

PvuII and XbaI genotypes differ between infertile females and 
controls. Consistent with previous findings, polymorphisms in 
ERα were detected via restriction digestion of the amplified 
gene with PvuII and XbaI endonucleases (10). PvuII digestion 
yielded products of 1300 bp (P allele) or 450 and 850 bp (p 
allele), giving 3 possible genotypes: PP (1300 bp); Pp (1300, 
450 and 850 bp); and pp (450 and 850 bp; Fig. 1). Similarly, XbaI 
digestion yielded products of 1300 bp (X allele) or 400 and 

900 bp (x allele), giving 3 possible genotypes: XX (1300 bp); 
Xx (1300, 400 and 900 bp); and xx (400 and 900 bp; Fig. 1).

The frequency of PvuII and XbaI genotypes in the study 
and control groups reached Hardy-Weinberg equilibrium 
and were representative of the group. The difference in 
distribution of PvuII genotypes between the two groups was 
statistically significant (χ2=24.992, P=0.001). Indeed, the P 
allele frequency in the study group (49.0%) was significantly 
higher compared to that of the control group (31.0%, P=0.001), 
with an OR of 2.139 (95% CI, 1.532-2.985; Table I). Similarly, 
the distribution of XbaI genotypes was significantly different 
between the two groups (χ2=28.612, P=0.001). The X allele 
frequency in the study group (19.7%) was significantly lower 
compared to that in the control group (35.7%, P=0.001), with 
an OR of 0.442 (95% CI, 0.305-0.639; Table II).

TA repeats vary between infertile females and controls. PCR 
amplification of the upstream region of ERα produced products 
of ~200 bp in size (Fig. 2). We identified 6 (TA) genotypes, 
called TA11-TA16 (Table III). The distribution of the (TA)n 
repetitive sequence alleles differed significantly between the 
study and control groups (χ2=26.491, P=0.001). In particular, 
TA13 was more common in infertile females [24.7 vs. 6.7% 
of the controls, P=0.001; OR=4.584 (95% CI 2.184‑9.620)], 
while TA15 was less common in these females [15.3 vs. 27.3% 
of the controls, P=0.034; OR=0.481 (95% CI 0.272‑0.852)]. 
The other (TA)n allele frequencies did not significantly differ 
between the groups (P>0.05).

Discussion

Unexplained infertility accounts for 10-20% of all infer-
tility (1). Unexplained female infertility is diagnosed when 
clinical examination shows no abnormalities in ovulatory 
function, the fallopian tubes are unobstructed and the male 
partner exhibits normal sperm (1). In these infertile patients, 
hysteroscopy shows thin endometria, manifested as poor 
growth and development.

Estrogen is the main hormone regulating endometrial 
growth. However, this hormone requires the activity of ERs 
to be effective (11), thus, any alterations in ER expression may 
also affect the function of estrogen. SNPs have been identified 
in the two genes encoding ERs, ESR1 and ESR2 (encoding 
ERα and ERβ, respectively), which alter their expression 
(3). Most studies of ER SNPs have focused on their roles in 
breast cancer (12), osteoporosis (13) and prostate cancer (14). 

Figure 1. Polymorphisms of the estrogen receptor (ER) digested by enzymes 
PvuⅡ and XbaI. Lane 1 and 4, xx genotype; lane 2, Xx; lane 3, XX; lane 6 and 
8, Pp genotype; lane 7, PP genotype; lane 9, pp genotype.
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However, little information exists to describe the role of ER 
polymorphisms in unexplained infertility. Recently, Ayvaz 
et al reported an association between polymorphisms in ERα 
and ovulation and fertilization rates in females undergoing 
in  vitro fertilization  (9). This finding suggests that ERα 
dysfunction may affect female fertility.

Indeed, when considered in the context of endometrial 
thinning, ER becomes an attractive candidate for idiopathic 
infertility. We hypothesize that, due to under-activity of ER, 
target tissues exhibit a reduced response to estrogen, causing 
them to exhibit lower rates of proliferation. Poor local tissue 
proliferation would result in thinning of the endometrium, 
which, in turn, would affect implantation of fertilized ova and 
cause infertility. Specific evidence indicates that polymor-
phisms identified in ERα through PvuII and XbaI restriction 
are associated with reduced ERα expression, which has been 
found in patients with thinner endometria.

Our study of polymorphisms in ERα shows that PvuII 
and XbaI alleles differ significantly between females with 
idiopathic infertility and healthy females with proven fertility. 
Indeed, the P allele is more common (OR=2.139) in infertile 
than in fertile females, while the X allele is less common 
(OR=0.442). Thus, polymorphisms in ERα are associated with 
idiopathic female infertility, with the P allele potentially acting 
as a risk factor and the X allele acting as a protective factor.

The regulatory region upstream of the ERα coding region 
contains a TA repetitive sequence, which may influence ER 

Figure 2. Electrophoretogram analysis of the amplified products of the (TA)n 
repeat sequence.

Table II. Distributions of XbaI genotypes and alleles in the study and control groups.

Group	 No.	 Genotype frequency n (%)	 Allele frequency n (%)
	 --------------------------------------------------------------------------------------------	 -----------------------------------------------------------
		  XX	 Xx	 xx	 X	 x

Study	 150	 6 (4.0)	 47 (31.3)	 97 (64.7)	 59 (19.7)	 241 (80.3)
Control	 150	 8 (5.3)	 91 (60.7)	 51 (34.0)	 107 (35.7)	 193 (64.3)
  χ2		  28.612			   19.188
  P-value		    0.001			     0.001
  OR					       0.442

Table I. Distributions of PvuII genotypes and alleles in the study and control groups.

Group	 No.	 Genotype frequency n (%)	 Allele frequency n (%)
	 -----------------------------------------------------------------------------------------------	 -----------------------------------------------------------
		  PP	 Pp	 pp	 P	 p

Study	 150	 29 (19.3)	 89 (59.3)	 32 (21.3)	 147 (49.0)	 153 (51.0)
Control	 150	 16 (10.7)	 61 (40.7)	 73 (48.7)	 93 (31.0)	 207 (69.0)
  χ2		  24.992			   20.250
  P-value		    0.001			     0.001
  OR					       2.139

Table III. Allele frequencies of the (TA)n repeat sequence in the study and control groups, no. (%).

Group	 TA11	 TA12	 TA13	 TA14	 TA15	 TA16	 χ2	 P-value

Study	 3 (2.0)	 13 (8.7)	 37 (24.7)	 34 (22.8)	 23 (15.3)	 16 (10.7)	 26.491	 0.001
Control	 1 (0.7)	 7 (4.7)	 10 (6.7)	 45 (30.0)	 41 (27.3)	 24 (16.0)
  χ2	 1.014	 1.333	 15.789	 2.286	 4.511	 1.330
  P-value	 0.314	 0.248	   0.001	 0.131	 0.034	 0.249
  OR	 3.041	 1.568	   3.500	 0.682	 0.565	 0.682
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expression  (15). Polymorphisms in this region have been 
associated with endometriosis  (15). Thus, we compared 
(TA)n repeats among females with idiopathic infertility and 
healthy, fertile females and confirmed 6 alleles. The (TA)n 
allele frequencies differ significantly between these groups. 
Indeed, in infertile females the TA13 allele is significantly 
more common (OR=4.584), compared to the TA15 allele 
(OR=0.481). Therefore, polymorphisms in this ER gene regu-
latory region are associated with idiopathic female infertility, 
with the TA13 allele acting as a potential risk factor and the 
TA15 allele acting as a protective factor.

In conclusion, ERα gene polymorphisms may be useful 
as predictors of idiopathic female infertility. While providing 
a theoretical basis for the clinical diagnosis and treatment of 
idiopathic infertility, the number of patients enrolled in this 
study was small. Therefore, further analysis with a larger 
cohort is required to confirm whether these polymorphisms 
represent serious risk factors.
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