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INTRODUCTION

Uterine leiomyoma is the most common benign tumor 
originating from uterine smooth muscle cells of the myome-
trium [1]. Leiomyomas impair the quality of life and repro-
ductive health of women, causing abnormal uterine bleeding, 
pelvic pain, preterm labor, recurrent pregnancy loss, and infer-
tility [2]. Besides ethnicity, nulliparity, obesity, early menarche, 
and age as predisposing factors, estrogen is regarded as the 
main promoter of leiomyomas [3]. Estrogens, mainly estradiol 
(E2), exert their classic slow biological effects via activation of 
and interaction with the nuclear alpha (ERα) and beta (ERβ) 
estrogen receptors (ERs) [4]. Rapid non-genomic responses 
to estrogen are mediated by either ERs at the plasma mem-
brane  [5] or the extranuclear seven-transmembrane domain 

receptor (GPR30) [6]. GPR30 is a member of the G-protein-
coupled receptor 1 family and encodes a multi-pass mem-
brane protein that localizes to the endoplasmic reticulum. 
GPR30 protein binds estrogen, resulting in intracellular cal-
cium mobilization and the synthesis of phosphatidylinositol 
3,4,5-trisphosphate in the nucleus. Therefore, this protein 
plays a role in the rapid non-genomic signaling events widely 
observed following the stimulation of cells and tissues with 
estrogen [7]. ERα plays a major role in estrogen-mediated 
responses, such as the proliferation and induction of gene 
expression in the uterus [8]. In addition to ERα, GPR30 is 
expressed in human endometrium and promotes human 
uterine epithelial proliferation [9]. Elevated GPR30 is asso-
ciated with high-grade, poor-prognosis endometrial can-
cer; uterine carcinosarcoma [10,11]; and endometriosis [12]. 
GPR30 expression is also strongly associated with tumor 
progression in breast cancer [13]. The proliferative effect of 
GPR30 acts via activation of the mitogen-activated protein 
kinase pathway [14]. GPR30 is expressed and functional in rat 
myometrium, and its activation is associated with increased 
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Abstract

The G-protein-coupled estrogen receptor  , GPER-1) is a member of the G-protein-coupled receptor 1 family and is expressed significantly in 
uterine leiomyomas. To understand the relationship between GPR30 single nucleotide polymorphisms and the risk of leiomyoma, we mea-
sured the follicle-stimulating hormone (FSH) and estradiol (E2) levels of 78 perimenopausal healthy women and 111 perimenopausal women 
with leiomyomas. The participants’ leiomyoma number and volume were recorded. DNA was extracted from whole blood with a GeneJET 
Genomic DNA Purification Kit. An amplification-refractory mutation system polymerase chain reaction approach was used for genotyping of 
the GPR30 gene (rs3808350, rs3808351, and rs11544331). The differences in genotype and allele frequencies between the leiomyoma and control 
groups were calculated using the chi-square (χ2) and Fischer’s exact test. The median FSH level was higher in controls (63 vs. 10 IU/L, p=0.000), 
whereas the median E2 level was higher in the leiomyoma group (84 vs. 9.1 pg/mL, p=0.000). The G allele of rs3808351 and the GG genotype 
of both the rs3808350 and rs3808351 polymorphisms and the GGC haplotype increased the risk of developing leiomyoma. There was no sig-
nificant difference in genotype frequencies or leiomyoma volume. However, the GG genotype of the GPR30 rs3808351 polymorphism and G 
allele of the GPR30 rs3808351 polymorphism were associated with the risk of having a single leiomyoma. Our results suggest that the presence 
of the GG genotype of the GPR30 rs3808351 polymorphism and the G allele of the GPR30 rs3808351 polymorphism affect the characteristics 
and development of leiomyomas in the Turkish population.
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contractility in rat myometrial cells [15]. Subsequently, GPR30 
was detected in the human myometrium at term in preg-
nancy, but its contribution to mediating estrogen action in the 
myometrium during labor was less than that of ERα [16]. ERα 
is also more highly expressed in leiomyoma than in the myo-
metrium [17], whereas ERβ is expressed in both myometrium 
and leiomyoma tissues [18]. Recently, GPR30 was also found to 
be more highly expressed in leiomyoma than in matched myo-
metrium [19]. More than 1,000 single nucleotide polymor-
phisms (SNPs) of the GPR30 gene have been identified (http//
www.ncbi.nlm.nih.gov/snp/). We selected three nonsynon-
ymous SNPs of the GPR30 gene as genotyping targets based 
on the HapMap project database (http://hapmap.ncbi.nlm.
nih.gov/): rs3808350, rs3808351, and rs11544331. Functionally, 
SNPs are nonsynonymous polymorphisms. The rs3808350 
and rs3808351polymorphisms are located in the 5’-region of 
the GPR30 gene; rs11544331 is located in exon 3 and leads to a 
Pro16Leu amino acid substitution [20]. We hypothesized that 
GPR30 gene SNPs might affect susceptibility to leiomyoma 
development and leiomyoma characteristics because cumula-
tive estrogen exposure contributes to the development of leio-
myoma [21]. The first genome-wide association study of leio-
myoma was conducted in a Japanese population and showed 
that three loci on chromosomes 10q24.33, 22q13.1, and 11p15.5 
had significant genome-wide associations with leiomyomas. 
However, GPR30 polymorphisms have not been investi-
gated in human leiomyoma. We investigated the association 
between GPR30 gene polymorphisms and leiomyoma for the 
first time. We compared the genotype, haplotype, and allele 
frequencies of three GPR30 SNPs in women with leiomyoma 
and healthy perimenopausal women as well as within leiomy-
oma subgroups based on leiomyoma number and size. These 
comparisons were performed to determine whether GPR30 
SNPs are related to the risk and characteristics of leiomyoma 
and to evaluate the early diagnostic potential of those SNPs.

MATERIALS AND METHODS

Study population

This study was conducted in the Department of Obstetrics 
and Gynecology, Muğla Sıtkı Koçman University, School of 
Medicine. The study population comprised 78 perimeno-
pausal healthy women (age, 40–55  years) who visited our 
hospital for routine gynecological examinations and 111 per-
imenopausal women (age, 40–55 years) with leiomyoma seen 
from January 2015 to April 2015. All participants underwent 
transvaginal or pelvic ultrasonography to detect leiomyoma. 
The volume of each leiomyoma was calculated using the for-
mula 0.521 × D1 × D2 × D3, where D1, D2, and D3 are three 
perpendicular dimensions (length, width, and depth). In 
patients with more than one leiomyoma, the volume was the 

sum of all leiomyoma measurements. Age, body mass index 
(BMI), and E2 and follicle-stimulating hormone (FSH) levels 
were recorded. Patients with endocrinological disorders, on 
hormone therapy, or with a history of myomectomy were 
excluded from the study. The patients with leiomyoma were 
subcategorized according to leiomyoma number (single or 
multiple leiomyomas) and leiomyoma volume (<20  mL, 
20–100 mL, and >100 mL).

Ethics

The study protocol was approved by Muğla Sıtkı Koçman 
University Medical Sciences Ethics Committee (2015-7), and 
informed consent was obtained from all participants. This 
study was performed in conformity with the Declaration of 
Helsinki, as revised in 2000.

Hormone evaluation

Blood for measuring the FSH  and  E2 levels was drawn 
from an antecubital vein and analyzed using an electrochemi-
luminescence immunoassay.

DNA extraction and genotyping

Venous blood samples (2 mL) were collected in Vacutainer 
tubes containing sodium/potassium EDTA. DNA was 
extracted with a GeneJET Genomic DNA Purification Kit 
(Thermo K0772; Thermo Fisher Scientific, Waltham, MA, 
USA). We used the amplification refractory mutation system 
polymerase chain reaction (PCR) approach for genotyping 
SNPs of the GPR30 gene. PCR was performed in a 25-μL vol-
ume with 100 ng of DNA, 100 μm dNTPs, 20 pmol of each 
primer, 1.5 mM MgCl2, 1× PCR buffer with (NH4)2SO4, and 2 U 
of Taq DNA polymerase (Thermo Scientific EP0401), using an 
automated thermal cycler (Techne Flexigene, Cambridge, UK). 
The primer sequences and PCR conditions are listed in Table 1. 
The PCR products were separated at 120 V for 40–50 minutes 
on 2.5% agarose gels containing 0.5 mg/mL ethidium bromide. 
We used a 100-bp DNA ladder (Fermentas Vilnius, Lithuania) 
as the size standard for each gel lane. The gel was visualized 
under ultraviolet light using a gel electrophoresis visualizing 
system (Vilber Lourmat Deutschland, Germany).

Statistical analysis

All of the frequency and statistical calculations were per-
formed using SPSS, ver. 20.0 (IBM Corporation, Armonk, 
NY, USA). Calculated continuous variables are presented as 
median and range, and categorical variables are presented as 
proportions. The independent sample t-test and the Mann–
Whitney U-test were used to compare continuous vari-
ables between two groups. Chi-square analysis and Fisher’s 
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exact test were used to compare frequencies of the GPR30 
 genotypes, haplotypes, and alleles between the patients in the 
leiomyoma and control groups and within the leiomyoma 
subgroups, with p<0.05 considered statistically significant.

RESULTS

The patient cohort characteristics are summarized in 
Table  2. Briefly, the study included 111  patients with leiomy-
oma and 78 controls. There were no significant differences 
in median age, hemoglobin level, or BMI between the leio-
myoma and control patients (p=0.530, p=0.183, and p>0.05, 
respectively). The median FSH level was higher in the con-
trol group (63  vs. 10  IU/L, respectively; p=0.000), while the 
median E2 level was higher in the leiomyoma group (84.0 vs. 
9.1 pg/mL, respectively; p=0.000), as shown in Table 2.

The genotype and allele frequencies of the GPR30 gene 
polymorphisms (rs3808350, rs3808351, and rs11544331) are 
shown in Table  3. All of the observed genotype frequencies 
were at Hardy–Weinberg equilibrium in the controls (p>0.05). 
The respective frequencies of the GG, AG, and AA genotypes 
for the rs3808350 GPR30 polymorphism were 17.9%, 47.4%, 
and 34.6% in the control group and 33.3%, 29.7%, and 36.9% in 
the leiomyoma group. The relative risk for developing leiomy-
oma in individuals with the rs3808350 GPR30 GG genotype 
was higher than with the AG genotype (p=0.017) (Table  3). 
The GG, GA, and AA genotype distributions of the rs3808351 
GPR30 polymorphism were 28%, 32%, and 18% for the controls 
and 57%, 45%, and 9% for the leiomyoma patients. The relative 
risk for individuals with the GG genotype of the rs3808351 
GPR30 polymorphism was higher than with the AA genotype 
(p=0.08) (Table 3). In the allele frequency analysis, individuals 
with the rs3808351 GPR30 polymorphism G allele had a higher 
risk of developing leiomyoma than did individuals with the A 
allele (p=0.004) (Table 3). There were no significant associa-
tions between the allele distributions for the rs3808350 GPR30 
polymorphism (p=0.250) or between the genotype and allele 

distributions for the rs11544331 GPR30 polymorphism among 
the control and leiomyoma patients (p=0.346 and p=0.208, 
respectively). Haplotype analysis of the rs3808350, rs3808351, 
and rs11544331 GPR30 polymorphisms revealed that the 
GGC haplotype frequency was 19.8% in leiomyoma patients 
and 6.3% in the controls, and the difference was significant 
(OR=3.00; 95% CI, 1.395–6.450) (Table  4). Thus, the GGC 
haplotype increased the risk of development of leiomyoma by 
three times.

The distributions of the GPR30 rs3808350, rs3808351, and 
rs11544331 genotypes and alleles according to leiomyoma 
number and size were also examined. There were no signif-
icant differences between the GPR30 rs3808350, rs3808351, 
and rs11544331 polymorphism genotype (p=0.170, p=0.104, 
and p=0.596, respectively) or allele (p=0.915, p=0.195, and 
p=0.228, respectively) frequencies and leiomyoma range in 
size (data not shown). In relation to leiomyoma number, the 
GG genotype of the GPR30 rs3808351 polymorphism and 
G allele of the GPR30 rs3808351 polymorphism increased the 
risk for having only one leiomyoma (p=0.028 and p=0.011, 
respectively) (Table 5).

DISCUSSION

We hypothesized that GPR30 gene SNPs might affect the 
susceptibility to leiomyoma development and leiomyoma 

TABLE 1. Oligonucleotides and PCR conditions used for SNPs of GPR30 genes

Gene Polymorphism Primers Temperature of annealing PCR products Reference

GPR30 rs3808350

P1
P2
P3
P4

59
A allele: 205 bp
G allele: 294 bp
Outer primers: 450 bp

Giess M. et. al. 2010

rs3808351

P5
P6
P7
P8

60
G allele: 196 bp
A allele: 231 bp
Outer primers: 385 bp

rs11544331

P9
P10
P11
P12

60
C allele: 198 bp
T allele: 237 bp
Outer primers: 391 bp

P1: 5’-CTATTTTTAAGTGACATGTCGCA-3’, P2: 5’-TAAAAATTCAAACCTTGAAATATCC -3’, P3: 5’-CAGTACAAGTTACTTACCCGCC -3’ P4: 5’-ATATGTACCTTTTTGT
ATTTGGATGATA-3’, P5: 5’-GGCTTGGGGGGCCTCGCTATG-3’, P6: 5’-CGATGGCCGCCCCATGAGTGT-3’, P7: 5’-CTCATACTCAGCGGACAAAGGATCACTCAGC-3’, 
P8: 5’- CTGCTCATGGTTGCGGATTTCACAGTCT-3’, P9: 5’-GGGCGTGGGCCTGGAGATGTAACC-3’ P10: 5’-CGCAGGCTGCGCGGTGCATA-3’, P11: 5’-AACAAACCCA
ACCCAAACCACCACAGGT-3’ P12: 5’-AGCCGATGGGGAAGAGGAAGATGGTGTA-3’

TABLE 2. The demographic and clinical characteristics of patients 
with uterine leiomyoma and controls

Variables
Groups

p value
Control (n=78) Myoma (n=111)

Age (years) 44 (40-56) 45 (40-55) 0.530
Hb (g/dl) 13.10 (11.10-14.1) 12.9 (7.8-14.3) 0,183
FSH (mIU/ml) 63.0 (8.0-80.6) 10 (0.76-83.4) 0.000
E2 (pg/mL) 9.1 (7.03-14.1) 84 (8.02-559) 0.000
BMI 28.52 (17.3-45.4) 27.10 ( 18.2-43.5) p>0.05

Data were expressed as medians (with ranges). Hb: Hemoglobin, 
FSH: Follicle stimulating hormone, E

2
: Estradiol, BMI: Body mass index. 

A p<0.05 was regarded as statistically significant
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characteristics because cumulative estrogen exposure con-
tributes to the development of leiomyoma [21]. Consequently, 
we studied three SNPs that might alter the GPR30 expression 
levels or GPR30 protein structure and function. For the first 
time, we showed that the rs3808351 polymorphism of the 
GPR30 gene was associated with both the risk and number of 
leiomyomas, whereas the rs3808350 polymorphism was asso-
ciated only with the risk of leiomyoma development in the 
Turkish population.

GPR30, has been detected in many tissues, including the 
uterus [22]. GPR30 expression was discovered in the vascu-
lar smooth muscle cells of patients with atherosclerosis [23]. 
Subsequently, it was found that GPR30 expression mediated 
the proliferation of ovarian [24], endometrial [10], breast [13], 
and sperm cell [25] tumors. Tian et al. [19] investigated the 
potential proliferative effect of estrogen-driven GPR30 signal-
ing on uterine smooth muscle cells in samples of leiomyoma 

and adjacent myometrium. They reported that GPR30 was 
more intensely expressed in the smooth muscle cells of leio-
myoma than in matched myometrium and speculated that the 
up-regulation of GPR30 by E2 might affect intracellular signal-
ing in leiomyoma smooth muscle cells [19]. ICI 182.780 is an 
ERα–ERβ antagonist that is thought to be involved in GPR30 
signaling [26]. Tian et al. [19] confirmed this for leiomyoma 
cells and demonstrated that the treatment of leiomyoma cells 
with ICI 182.780 stimulated E2-induced expression of GPR30. 
We found that the GG genotypes of both the rs3808350 and 
rs3808351 polymorphisms of the GPR30 gene showed an 
increased risk for developing leiomyoma; thus, these findings 
might lead to the development of new leiomyoma treatment 
modalities customized according to the SNP status of the 
GPR30 gene.

Although associations between SNPs of GPR30 and sev-
eral diseases, such as breast carcinoma [20], seminoma [27], 
and gynecomastia [28], have been investigated, this is the 
first study to investigate the association between leiomyoma 
development and GPR30 SNPs. Giess et al. [20] evaluated the 
association between GPR30 SNPs and breast carcinoma and 
reported no significant differences in the allele, genotype, or 
haplotype frequencies of SNPs between breast carcinoma and 
healthy individuals, whereas SNPs of the GPR30 gene were 
strongly associated with lymph node involvement, tumor 
size, histological grade, and progesterone receptor status. 
Chevalier et al. [27] demonstrated that the GG genotype in 
both the rs3808350 and rs3808351 polymorphisms protected 
against seminoma in Caucasian males. Finally, Korkmaz 
et al. [28] reported that the GG genotype of rs3808350, AA 

TABLE 3. Distributions of GPR30 genotypes and allele frequencies and the risk of uterine leiomyoma development.

Healthy controls n (%) Cases n (%) χ2  p value OR (95% CI)
Genotype rs3808350 

GG 14 (17.9) 37 (33.3) 0.017 Reference
AG 37 (47.4) 33 (29.7) 0.587 (0.299-1.154)
AA 27 (34.6) 41 (36.9) 0.740 (0.795-3.811)

Allele rs3808350
A 92 (58.2) 115 (51.8) 0.250 Reference
G 66 (41.8) 107 (48.2) 1.297 (0.860-1.957)

Genotype rs3808351
GG 28 (35.9) 57 (51.4) 0.008 Reference
GA 32 (41.0) 45 (40.5) 0.691 (0.364-1.310)
AA 18 (23.1) 9 (8.1) 0.246 (0.098-0.616)

Allele rs3808351
G 90 (57.0) 159 (71.6) 0.004 Reference
A 68 (43.0) 63 (28.4) 0.524 (0.341-0.806)

Genotype rs11544331
CC 23 (29.5) 44 (39.6) 0.346 Reference
CT 36 (46.2) 45 (40.5) 0.663 (0.343-1.284)
TT 19 (24.4) 22 (19.8) 0.632 (0.287-1.392)

Allele rs11544331
C 84 (53.2) 133 (59.9) 0.208 Reference
T 74 (46.8) 89 (40.1) 0.760 (0.503-1.147)

A p value<0.05 was regarded as statistically significant 

TABLE  4. GPR30 rs3808350/rs3808351/rs11544331 haplotypes 
and risk of uterine leiomyoma

Haplotype Healthy 
controls n (%)

Cases 
n (%) OR‡ 95% CI

rs3808350/rs3808351/
rs11544331

AGC 45 (28.5) 60 (27.0) Reference
AGT 18 (11.4) 30 (13.5) 1.250 0.620-2.519
AAC 17 (10.8) 11 (5.0) 0.485 0.207-1.137
GGC 10 (6.3) 44 (19.8) 3.000 1.395‑6.450
GGT 17 (10.8) 25 (11.3) 1.103 0.533-2.283
AAT 12 (7.6) 14 (6.3) 0.875 0.369-2.073
GAC 12 (7.6) 18 (8.1) 1.125 0.492-2.571
GAT 28 (17.1) 20 (9.0) 0.536 0.268-1.070

Statistically significant results are shown in bold
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genotype of rs3808351, G allele of rs3808350, and A allele of 
rs3808351 increased the risk of gynecomastia in a Turkish 
population.

In our study, the G allele of rs3808351 was frequently 
seen in leiomyoma patients. The GG genotype of both the 
rs3808350 and rs3808351 polymorphisms and GGC haplotype 
increased the risk of developing leiomyoma. Our findings are 
consistent with those of Korkmaz et al. [28] and with the SNP 
location, which might explain the changes in GPR30 expres-
sion described by Tian et al. [19].

Hereditability studies conducted in several European 
countries showed that genetic factors were responsible for 
26% to 69% of leiomyoma [29,30]. Consequently, new gene 
interactions strongly related to the pathways of leiomyoma 
etiology were hypothesized to be involved in this complex 
disease. The first genome-wide association study of leiomy-
oma was subsequently conducted in a Japanese population 
and revealed three SNPs that have strong associations with 
leiomyoma [31]. Edwards et al. [32] replicated these findings 
and tested related SNPs for associations with leiomyoma char-
acteristics; they observed a strong association between SNPs 
of BET1L and intramural leiomyoma and between SNPs of 
TNRC6B and larger leiomyomas in a European–American 
population. New data from a genome-wide association study 
suggested that SNPs of the COL6A3 and COL13A genes affect 
the susceptibility to leiomyoma development and character-
istics in African–American and European–American popu-
lations  [33]. Supporting this finding, a polymorphism of the 
MMP-1 gene affecting collagen remodeling in the myome-
trium was suggested to be a potential risk factor for devel-
oping leiomyoma in a Russian population [34]. In a Turkish 
population, the effects of the PON1 gene Q192 variant [35] 
and ACE1 gene I/D polymorphism were investigated in 

leiomyoma patients, and an association between the PON1 
gene Q192 variant and risk of developing leiomyoma was 
found [36]. In these two studies conducted in Turkish popu-
lations, the PON1 gene Q192 variant and ACE1 gene I/D poly-
morphism were found to be unrelated to tumor size or num-
ber [35,36]. We showed that the rs3808351 polymorphism of 
the GPR30 gene was associated with the risk and number of 
leiomyoma, whereas the rs3808350 polymorphism was asso-
ciated only with the risk of developing leiomyoma in a Turkish 
population. Because the number of patients in the leiomyoma 
subgroups was insufficient to perform an adequate statistical 
analysis, we were unable to analyze the association between 
myoma localization (intramural, subserosal, and submucosal) 
and SNPs of GPR30.

Regarding estrogen as the main promoter of leiomyoma 
development, genetic polymorphisms of genes for estro-
gen-metabolizing enzymes, such as COMT, CYP1A1, and 
CYP1B1, were studied in a Chinese Han population, which 
found that SNPs of these genes were associated with the risk of 
developing leiomyoma [37]. By contrast, Ateş et al. [38] found 
that the COMT Val158Met polymorphism was not related 
to the risk of leiomyoma development in Turkey, although 
larger leiomyomas were associated with this polymorphism. 
Similarly, an SNP of the CYP17 gene, which encodes an 
enzyme for estrogen biosynthesis, did not increase the risk of 
developing leiomyoma in black women in Barbados, whereas 
estrogen levels and BMI were found to be contributing risk 
factors [39]. Our findings are consistent with the literature in 
terms of an association between estrogen levels and leiomy-
oma development, but our findings did not support an associ-
ation between BMI and leiomyoma development or between 
the rs3808350, rs3808351, and rs11544331 genotype frequen-
cies and leiomyoma volume.

TABLE 5. Genotype and allele frequencies of GPR30 in patients categorized according to uterine leiomyoma number

rs3808350
Genotypes, n (%)

p
Alleles, n (%)

p
AA GA GG A allele G allele

Leiomyoma number
Control 28 (35.4) 37 (46.8) 14 (17.7) 0.075 93 (58.9) 65 (41.1) 0.261
1 22 (33.3) 21 (31.8) 23 (34.8) 65 (49.2) 67 (50.8)
>1 18 (40.9) 12 (27.3) 14 (31.8) 48 (54.5) 40 (45.5)

Rs3808351
Genotypes, n (%)

p
Alleles, n (%)

p
GG GA AA G allele A allele 

Leiomyoma number
Control 29 (36.7) 32 (40.5) 18 (22.8) 0.028 90 (57.0) 68 (43.0) 0.011
1 34 (51.5) 29 (43.9) 3 (4.5) 97 (73.5) 35 (26.5)
>1 22 (50.0) 16 (36.4) 6 (13.6) 60 (68.2) 28 (31.8)

Rs11544331
Genotypes, n (%)

p
Alleles, n (%)

p
CC CT TT C allele T allele 

Leiomyoma number
Control 23 (29.1) 36 (45.6) 20 (25.3) 82 (51.9) 76 (48.1)
1 23 (34.8) 31 (47.0) 12 (18.2) 0.258 77 (58.3) 55 (41.7) 0.187
>1 21 (47.7) 14 (31.8) 9 (20.5) 56 (63.6) 32 (36.4)

p<0.05 was regarded as statistically significant.
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CONCLUSION

The findings of this study support the contribution of 
increased E2 levels and genetic factors to the pathogenesis of 
leiomyoma.
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