
Introduction
Leiomyoma is a common tumor in women of 
childbearing age and occurs in women over the age of 
30. The causes of leiomyoma are unknown (1), but it is 
a common tumor in women of reproductive age and its 
prevalence is between 20% and 50% in women <30 years. 
Although little is known about the disease pathogenesis, 
research has shown that factors such as angiogenesis and 
interactions with hormonal effects on uterine cells have 
an impact on its progression (2). A DNA repair system 
is needed to maintain the genetic system of tissues. If 
the efficiency of this system decreases, the sensitivity 
to tissue tumorigenesis represents an increase. In 
addition, the restoration system plays an important role 
in protecting the genome against cancer-causing agents. 
In this system, gene polymorphisms have a major role in 
modulating genotoxic effects (3, 4) while having no role 
in diseases and cancers. However, polymorphism studies 
are effective in diagnosing risk factors for many diseases. 

Single nucleotide polymorphisms (SNPs) often do not 
alter the level of gene transcription. Mutated alleles in 
SNPs can serve as a functional marker of a gene. Although 
polymorphism studies on multifactorial diseases such 
as leiomyoma are difficult due to uncertainty about the 
traits of the involved genes in the disease, they are needed 
for understanding the pathogenesis of the disease (5,6). 
Hormonal changes leading to angiogenesis appear to be 
effective in the development of the disease, and leiomyoma 
is also associated with the effects of steroid hormones 
and paracrine and autocrine functions. Estrogen is the 
most important hormone that is involved in leiomyoma, 
and factors such as cytokines, growth factors, and 
DNA mutations cause the neoplastic myometrium 
to be converted to leiomyoma. The dysfunction of 
tumor suppressor genes effectively contributes to the 
development of tumors, and the gene repair system is 
effective in maintaining the optimal genetic function 
of tissues, reducing the efficiency of this system and 
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Abstract
Background: Leiomyoma as one of the most prevalent tumors in women occurs at the same time 
of reproductive age and its causes are still unknown. Hormone therapy is one of the common 
treatments for this disease. Estrogen hormone through its receptor, which is called ER α, plays an 
effective role in the treatment of leiomyoma. Single nucleotide polymorphisms (SNPs) are effective 
in the diagnosis, treatment, and prognosis of many diseases and tumors. In this regard, the current 
study investigated the estrogen receptor gene polymorphisms of ER α in women with leiomyoma in 
Sistan and Baluchestan province, Zahedan and then compared them with healthy individuals. 
 Materials and Methods: Overall, 150 women with leiomyoma were sampled and their DNA was 
isolated as well. In addition, 150 samples were taken from healthy individuals as the control group. 
The polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method and 
PvuII were used to study gene polymorphisms. 
Results: The results showed a significant relationship between ER α gene polymorphism and 
leiomyoma. 
Conclusion: Accordingly, this gene polymorphism can be considered as a marker for prognosis in 
leiomyoma in the population of Iranian women in Zahedan, Sistan and Baluchestan province.
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leading to tumorigenesis (7, 8). Gene polymorphisms 
affect tumorigenic and genotoxic mechanisms that are 
not directly related to the disease but are effective as 
prognostic factors for tumors and diseases. SNPs fail to 
alter the level of gene transcription and can be out of 
balance with other unknown polymorphisms, causing 
susceptibility and pathogenicity. Thus, the genetic studies 
of multifactorial diseases such as leiomyoma are difficult 
(9, 10). To identify and understand the pathogenesis of 
leiomyoma, the study of SNPs is of particular importance 
(11, 12). In this case-control study, the SNPs of leiomyoma 
for the prognostic markers of the disease in women with 
leiomyoma were evaluated and then compared with 
healthy individuals.

Materials and Methods
Study Population
Sampling
The present case-control study included 150 women 
with leiomyoma and 150 healthy women referring to 
the Obstetrics and Gynecology Unit of Ali Ibn Abi Taleb 
hospital in Zahedan, Sistan and Baluchestan province. 
For these people, a complete clinical examination and 
definitive diagnosis were performed by laparoscopic 
ultrasound scan by a gynecologist. Then, 2 mL of peripheral 
blood was taken from the subjects for research. Accurate 
information and clinical records regarding menstruation, 
gestational age, use of contraceptives were also taken 
from the individuals. Before participating in the study, 
informed consent for research use was obtained from all 
patients, and all tests were performed in accordance with 
the guidelines of ethical medical research.

Primers Designing 
Estrogen receptor (ER) α gene sequences obtained from the 
NCBI and target using primers were designed by AlleleID 
software, version 7.5 (Premier Biosoft International, 
Palo Alto, CA). Later, designed and approved primers 
by OligoAnalyzer 3 in the NCBI database underwent 
analysis.
 
DNA Extraction and Genotyping
The genomic DNA of lymphoma patients and healthy 
controls was extracted from peripheral blood using the 
standard salting-out method describing elsewhere and 
stored at -20°C until use. The polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) 

method was performed to detect the genotypes of the 
ER α gene polymorphism. To this end, one selected 
polymorphism gene was amplified with specific primers 
listed in Table 1. The PCR was prepared using Ampliqon 
universal PCR master mix (12.5 μL) by adding 1 μL of 
genomic DNA, 0.5 μL of each primer, and 10.5 μL of 
nuclease-free water. Subsequently, the PCR products were 
digested with desired restriction enzymes (Fermentas) 
according to the manufacturer’s instruction and analyzed 
by agarose gel electrophoresis (Table 1).

Statistical Analysis
The SPSS statistical software (version 21) was used for 
all statistical analyses. The chi-square test was applied 
to compare the expected and observed frequencies of 
categorical variables. The odds ratio was employed to 
assess the strength of the association of the genotype and 
allele frequency and the risk of the disease occurrence. A 
P < 0.05 was considered statistically significant.

Results 
A total of 300 patients were recruited in this study, 
including 150 leiomyoma patients and 150 healthy 
controls. The mean age of leiomyoma patients and the 
healthy controls was 35.14 ± 16.1 and 54.7 ± 0.2 years, 
respectively. No significant difference was observed in 
age distribution between the leiomyoma patients and the 
control group (P < 0.2). 

Association Between ER α Gene Polymorphism and 
Leiomyoma 
Table 2 provides the frequencies of genotypes and the 
alleles of all SNPs in leiomyoma patients and healthy 
controls. The genotype distribution of ER α C/T was CC: 
50%, CT: 30%, and TT: 20%, as well as CC: 40%, CT: 54%, 
and TT: 7% in leiomyoma patients and healthy controls, 
respectively. In the ER α polymorphism, the TT genotype 
showed an elevated level compared to the control group 
(TT: OR = 2.03, 95% CI = 0.59-4.19, P = 0.3). Our analysis 
also showed the significance of this difference.

Discussion
Endometriosis, which is a benign disorder, is highly 
common in women of childbearing age (13, 14). 
Further, it is a histological type of endometrial atrium 
that is found in extrauterine tissues, unlike fibroids that 
occur in the uterine wall (15, 16). The role of hormone 

Table 1. Primer Sets and Related Restriction Enzymes Used for ER α SNP Analysis by the PCR-RLFP Method

Polymorphism Primer Sequence (5`->3`) Restriction Enzyme Fragment (bp) 

ER (α)
F: CCGCACGAGGGACAATA 
R: TCTCTCGCCACTGGAAATC 

PvuII, 
CC: 306
TC: 306+140+74
TT: 140+74

Note. SNP: Single nucleotide polymorphisms; ER: Estrogen receptor; PCR-RLFP: Polymerase chain reaction-restriction fragment length 
polymorphism.
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receptors is considered as an appropriate therapeutic 
response in the pathogenesis of leiomyoma. Research 
has shown that some hormone receptors at ectopic sites 
in the endometrial tissue contribute to the development 
of leiomyoma, and play the role of gene polymorphisms, 
growth factors, angiogenic factors, and cell cycle control 
genes in the development of leiomyoma and demographic 
pathology (17, 18). Many factors effective  in the initiation 
and growth of leiomyoma in women. This demographic 
pathology has not been thoroughly studied due to the 
genetic susceptibility of Iranian women, but evidence 
confirms the relationship between single nucleotide 
genetic polymorphisms, hormone receptors, and 
cytokines with leiomyoma. SNP is one of the most diverse 
sequences in human genome DNA, and more than 1.4 
million SNPs have been identified in the human genome 
(19, 20). Considering that SNPs can be rapidly analyzed 
in diseases, evaluation of the related disease has been 
considered by researchers. In leiomyoma, the evaluation 
of SNP markers is also considered in the analysis of the 
causes of this disease. The Medline database provides 
many studies on the correlation or non-correlation of 
gene polymorphisms with a variety of diseases including 
leiomyoma. In this regard,  Howell RJ et al showed that 
the incidence of homozygosity CC in patients with 
leiomyoma is lower compared to healthy individuals (21). 
The results of our research demonstrated that the TT 
genotype has an elevated level compared to the control 
group. For example, some studies identified an association 
between androgen receptor gene polymorphism as 
a risk factor for leiomyoma in Iranian women (22, 
23). Other studies confirmed an association between 
ER α gene polymorphisms and individual disorders. 
This polymorphism has shown conflicting results in 
endometriosis among different ethnic populations (24, 
25). Allele C, for example, has been extremely effective in 
Caucasian, Greek, and Taiwanese women while having no 
connection with the German female population (26, 27). 
There are several polymorphisms in the ER α gene that 
are related to different gene alleles in the development 
of leiomyoma in women. In these studies, the restriction 
enzyme PvuII has been introduced as an agent for the 
identification of the ER α gene, which has the potential 
to identify the T allele, which is in the development of 
leiomyoma. The result of our study revealed that after 
analysis, the T allele is effective in the SNP of the ER α gene 

in the development of leiomyoma. The results of Kitawaki 
et al, Massart et al, and Wang et al represented that allele 
C is effective in the incidence of leiomyoma (28-30), 
which contradicts the results of our research. Based on 
the findings of studies on Caucasian, Italian, and German 
women, there was no association between alleles C and T) 
and leiomyoma (30, 31). Neuss K et al also reported that 
the T allele was associated with endometriosis and fibroids 
in Asian Taiwanese women (32), which is consistent with 
the results of our study.

Conclusion
In this study, it was shown that the ER α C allele increases 
the risk factor for leiomyoma in the Iranian female 
population, which can be effective as a prognostic factor 
in the diagnosis and treatment of leiomyoma. Finally, 
to obtain better results, it is recommended that future 
studies evaluate more polymorphisms in different ethnic 
populations.
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