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Abstract

Background: Uterine leiomyomas (ULs) are benign tumors in the uterus that their growth and progression are stimulated by the
estrogen hormone. In the current study, we aimed to determine if estrogen receptor α (ERα) polymorphisms could be used as the
markers of the susceptibility to UL.
Methods: The ERα gene polymorphisms of 154 UL women and 186 controls were genotyped by PCR or PCR-RFLP methods.
Results: The frequency of ESRα PvuII T> C polymorphism genotypes did not differ among the women with leiomyoma and controls.
However, the frequency of ESRα XbaI GG genotype was significantly higher than the frequency of AA genotype (27% vs 10%) in UL
women and the UL risk was 4.1 folds greater in women carrying GG genotype (P < 0.0001). In the UL women, a higher frequency was
observed for TG and CG haplotypes of ESRα PvuII/XbaI polymorphisms compared to TA haplotype and these haplotypes showed 3.2
and 1.5 folds increases in UL risk (P = 0.003 and P = 0.04, respectively). The frequency of CA haplotype was higher in controls, and the
CA haplotype might have a potential to protect against UL (P = 0.04).
Conclusions: The GG genotype of XbaI A> G polymorphism and TG and CG haplotypes of PvuII T> C / XbaI A> G polymorphisms
could increase the risk of UL.
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1. Background

Uterine leiomyomas (ULs) are benign tumors that arise
from uterine smooth muscle cells and diagnosed in about
30 - 40% of women during the reproductive age. Almost
the cause of 17% of the hysterectomies in the U.S is UL (1).

Evidence shows that ULs are monoclonal and originate
from somatic mutations in myometrial cells, causing the
advanced lack of growth regulation (2). UL formation is
multistep and multifactorial and growth factors, ovarian
steroid hormones, and cytokines play key roles in its de-
velopment (3, 4). The occurrence of several myomas es-
tablishes a genetic susceptibility for myoma development;
but, the familial inheritance of UL has not been well consid-
ered (5). Although the incidence of these tumors is high,
their exact pathophysiology and the proliferative pathway
are not identified. Age, endogenous hormones, family his-
tory, African-American race, weight, a diet rich in red meat,
and menopausal hormone therapy are various risk factors
of UL (6).

The UL is an estrogen-dependent complication because
it develops during the reproductive (hormonally active)
years and regresses after menopause (7). In addition, UL
grows during gestation, and the hypogonadal condition
induced by gonadotropin-releasing hormone (GnRH) ago-
nists often leads to a decrease in myomas (8).

Leiomyomas are estrogen-dependent and this steroid
hormone triggers the progression of cell proliferation in
the G1 phase of the cell cycle in various tissues including
the uterus (9).

Physiological and pathological activities of estrogen
are applied through an estrogen receptor (ER). There are
two isoforms of estrogen receptors (ERα and ERβ) coded
by two different genes. Both receptors are expressed in
osteoblasts, osteoclasts, bone marrow, and uterus (10, 11).
Since genetic alterations in these receptors can affect es-
trogen function, polymorphisms of these genes could be
good candidates for disease in women (11).

ERα gene is located on a 6q25 chromosome and con-
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tains eight exons and seven introns (12). There are sev-
eral polymorphisms in this gene that can affect the expres-
sion or its function. One of these polymorphisms is the
displacement of T/C on the border of intron 1 and exon
2 that is detected by PvuII (rs2234693) restriction enzyme
(11). Another polymorphism is the displacement of A/G
near the PvuII polymorphism, which is detected by XbaI
restriction enzyme. In silico analysis revealed that PvuII
and XbaI polymorphisms could slightly distress the mRNA
splicing’s of ERα although these substitutions cannot gen-
erate new cryptic splice acceptor or donor sites; thus, these
genes polymorphisms have not intense modification on
these mRNA splicing (13).

According to the role of genetics on UL susceptibility,
several studies have evaluated the association between ge-
netic polymorphisms in different genes and UL, the results
of which are inconsistent (14-16). Given the high prevalence
of UL and the possible role of estrogen and its receptors
in the incidence of the disease, the present study was con-
ducted to examine the possible association of ERαPvuII and
XbaI polymorphisms with UL in an Iranian population.

2. Methods

2.1. Patients

This case-control study was conducted on 154 pre-
menopause women undergoing myomectomy or hys-
terectomy and 186 BMI and age-matched healthy controls.
Women who received hormonal drugs within the last year
prior to the study were excluded. The UL women were
selected using probability sampling method from among
the patients of gynecologic clinics and their disease had
been confirmed pathologically.

The healthy controls were also the premenopausal
women selected from among the women referring for the
routine check-up and the Pap smear test. The UL and con-
trol groups were matched according to age and ethnic-
ity. The control group was examined by physical and ultra-
sonographic evaluations to exclude the uterine leiomy-
oma. All women with systemic diseases and a history of
malignancy were excluded from the study.

The protocol of the study was approved by the Ethics
Committee of Zahedan University of Medical Sciences. All
the women gave their informed consent before participat-
ing in the study.

2.2. DNA Analysis

The genomic DNA was extracted from the peripheral
blood using the salting-out method. PvuII and XbaI poly-
morphisms were genotyped by polymerase chain reaction-
restriction fragment lengths polymorphism (PCR-RFLP).

A 1.3 Kb PCR product that comprised the PvuII
and XbaI polymorphic sites was amplified using two
oligonucleotide primers forward: 5’- CTGCCACCCTATCTG-
TATCTTTTCCTATTCTCC -3’ and reverse: 5’ - TCTTTCTCTGC-
CACCCTGGCGTCGATTATCTGA - 3’, as previously described
(17). PCR was performed according to the following proto-
col: initial denaturation at 94°C for 3 minutes; 30 cycles of
denaturation at 94°C for 62 seconds; annealing at 62°C for
60 seconds; and extension at 72°C for 90 seconds and a fi-
nal extension at 72°C for 5 minutes. The PCR products were
digested with the PvuII and XbaI restriction enzymes. The
digested products were electrophoresed on 2% agarose gel
stained with safe stain (Figures 1A and 1B).

2.3. Statistical Analysis

Statistical analysis was performed using SPSS version
18.0 software. The Hardy-Weinberg equilibrium was evalu-
ated by the chi-square test. Statistical differences between
qualitative variables were determined using the chi-square
test or Fisher Exact Test and quantitative variables using in-
dependent sample t-test. Different allele frequencies were
calculated using the genotype of all samples. The compar-
ison of allele frequencies and genotypes was made using
the chi-square test. Linkage disequilibrium (LD) was an-
alyzed using CubeX software (18). The logistic regression
analysis was used to assay the independent effect of each
risk polymorphism and haplotype on UL. A P-Value of less
than 0.05 was considered significant.

3. Results

Table 1 presents the clinical and demographic charac-
teristics of the uterine leiomyoma women and controls.
There was no significant difference according to mater-
nal age and age of menarche between the UL and control
groups. The bleeding and pain symptoms were more fre-
quent in the UL women than in the controls.

The frequency of CC, TC, and TT genotypes of PvuII T>
C polymorphism was not significantly different between
the two groups (P > 0.05) (Table 2). The frequency of the
C allele was not statistically different between the UL and
control groups (P = 1). However, the frequency of GG geno-
type of XbaI A> G polymorphism was significantly higher
than AA genotype and could increase the risk of UL up to
4.1 folds (OR, 4.1 [95% CI, 2.1to 8.1]; P < 0.0001) (Table 2). The
frequency of the G allele indicated a significant difference
(P < 0.0001).

The frequency of four haplotypes of ERαPvuII and XbaI
polymorphisms is shown in Table 3.

The frequency of TG and CG haplotypes was signifi-
cantly higher than the frequency of TA haplotype in UL
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Figure 1. The PCR-RFLP analysis results of A. PvuII T> C and b. XbaI A> G polymorphisms of ERα gene

Table 1. The Demographic and Clinical Characteristics of the UL Patients and Con-
trols

Parameter Patient (N = 154) Control (N = 186) P-Value

Age (y) 38.5 ± 10 37.1 ± 5.5 0.1

Marrieda 147 (95.5) 182 (98) 0.2

BMI (Kg/m2) 25.3 ± 5.2 25.2 ± 4.9 0.9

Age at menarche
(yr)

13.4 ± 1.3 13.2 ± 1.6 0.3

Menstrual days 6.1 ± 1.6 5.8 ± 1.5 0.09

Intervals of
menstruation (d)

28.1 ± 4 28.7 ± 2 0.2

Bleedinga 88 (57) 7 (3.8) < 0.0001

Paina 46 (30) 9 (5) < 0.0001

a Values represented as No. (%).

women and these haplotypes showed 3.2 (OR, 3.2 [95% CI,
1.7 to 6.1]; P = 0.003) and 1.5 (OR, 1.5 [95% CI, 1 to 2]; P = 0.04)
folds increases in the UL risk. Moreover, the CA haplotype
was significantly more frequent in the controls; therefore,
CA haplotype might be a protective factor against UL (OR,
0.6 [95% CI, 0.3 to 1]; P = 0.04). Linkage disequilibrium cal-
culated for ERαPvuII andXbaI polymorphisms showed D’ =
0.68, r2 = 0.4 in the UL women and D’ = 0.8, r2 = 0.39 in the
control women.

4. Discussion

Uterine leiomyoma is an estrogen-dependent neo-
plasm in women. Therefore, estrogen and ERs play key
roles in the pathogenesis of this complication (19). Genetic
and environmental factors could contribute to the devel-
opment of UL. Several ERα polymorphisms can affect the

function of the sex-steroid system. However, the mech-
anisms of these polymorphisms on diseases remain un-
clear (20). Although polymorphisms (unlike mutations)
are not directly related to the diseases, they are valuable ap-
proaches in the investigation of multifactorial disorders.
Polymorphisms that occur in the regulatory or structural
regions could alter the expression levels of genes or func-
tion of proteins. It seems that the susceptibility genes in-
teract with other genes and environmental factors to accel-
erate disease progression (21).

Numerous studies indicate that ERα polymorphisms
could affect various physiological processes in the hu-
mans, especially in women, which may be involved in the
pathogenesis of various diseases (13, 20, 22). In the present
study, there was no association between the genotypes of
ESRα PvuII T> C polymorphism and UL. However, the fre-
quency of GG genotype of ESRαXbaI A> G polymorphism
was significantly higher than the frequency of AA genotype
and could increase the risk of leiomyoma up to 4.1 folds
(0.0001 > P). The XbaI G allele was significantly more fre-
quent in the UL women (0.0001 > P). The frequency of TG
and CG haplotypes were higher than the frequency of TA
haplotype in the UL women. Furthermore, the CA haplo-
type was significantly more frequent in the controls.

Unlike the results of the current study, Kitawaki et
al. in 2001 found a correlation between ESRαPvuII poly-
morphism and endometriosis, adenomyosis, and leiomy-
omata (estrogen-dependent benign uterine diseases) in
Japan (14). However, in 2001, Massart et al. (23) showed
no correlation between PvuII and XbaI polymorphisms of
ESRαgene and UL in Italy. No association also was observed
by Denschlag et al. in Germany and Villanova et al. in
Brazil between ESRαPvuII polymorphism and UL suscepti-
bility (24, 25). Similar to the findings of the present study,
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Table 2. The Frequency of Alleles and Genotypes of ERαPvuII T> C and XbaI A> G Polymorphisms in the Uterine Leiomyoma Women and Controlsa

ERα Polymorphisms Patient (N = 154) Control (N = 186) P-Value Adjusted OR (95%CI)

PvuII T > C

TT 41 (27) 50 (26.9) Ref = 1

TC 79 (51) 94 (50.5) 0.96 1 (0.6 - 1.6)

CC 34 (22) 42 (22.6) 1 1 (0.6 - 1.8)

Allele

T 161 (52) 194 (52) 1

G 147 (48) 178 (48) 1 1 (0.7 - 1.4)

XbaI A> G

AA 36 (23) 69 (37) 1

AG 77 (50) 98 (53) 0.1 1.5 (0.9 - 2.5)

GG 41 (27) 19 (10) < 0.0001 4.1 (2.1 - 8.1)

Allele

A 149 (48) 236 (63) 1

G 159 (52) 136 (37) < 0.0001 1.9 (1.4 - 1.2.5)

a Values represented as No. (%).

Table 3. Haplotypes Frequency of ERαPvuII T> C and XbaI A> G Polymorphisms in
the Uterine Leiomyoma Women and Controls

Haplotype Patient Control P-Value

TA 0.41 - 126 0.4792 - 178 1

TG 0.1128 - 34 0.0396 - 15 0.003 3.2 (1.7 - 6.1)

CA 0.0738 - 23 0.1552 - 58 0.04 0.6 (0.3 - 1)

CG 0.4035 - 124 0.326 - 121 0.04 1.5 (1 - 2)

Hsieh et al. (20) found an association between G allele of
XbaI polymorphism and UL in Taiwan; however, contrary
to our results, they revealed an association between ESRα
PvuII T> C polymorphism and UL.

Al-Hendy and Salama observed an association between
ESRα PP (CC) genotype in black and white women but not
in Hispanic women. In addition, they found a higher fre-
quency for the PP genotype in black women compared to
white or Hispanic women, which might explain the in-
creased occurrence of UL among black women (26). Govin-
dan et al. (27) indicated an association between the C allele
of PvuII polymorphism and endometriosis and UL in India.

In a meta-analysis of 11 studies by Feng et al. (28) in 2011,
a significant association was observed between ERαPvuII,
but not XbaI polymorphism, and a higher risk of uterine
leiomyoma. Taghizade Mortezaee et al. (29) showed no cor-
relation between ERαPvuII and XbaI polymorphisms and
increased risk of leiomyoma in the west of Iran. In a recent
study, Veronica et al. (30) indicated that ERβ -13950TC geno-
type and progesterone receptor +331GA and AA genotypes,

as well as the corresponding hormonal levels, could be in-
volved as biomarkers in the UL prediction.

These different results may be due to different genetic
backgrounds or due to the heterogenicity effect of specific
genes polymorphisms in different populations. On the
other hand, the linkage disequilibrium (LD) may be a rea-
son for these differences, as well. LD is distributed differ-
ently in different populations (31).

There are some limitations to the current study such as
the small sample size, which might affect the results, envi-
ronmental conditions, and different ethnic groups living
in the southeast of Iran. In addition, if it was possible to
perform this study in both myomatous and intact tissues,
the results would be more valuable.

In conclusion, the present study indicated the associa-
tion between GG genotype of A> G polymorphism and UL
susceptibility. Moreover, the frequency of TG and CG haplo-
types of ERαPvuII T> C and XbaI A> G polymorphisms was
higher and CA haplotype was lower in the UL women. How-
ever, the role of these polymorphisms in the pathogenesis
of leiomyoma should be clarified and the role of other poly-
morphisms of this gene should be investigated in further
studies.
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