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Objective.To compare the expression ofG-protein-coupled estrogen receptor (GPER) in the junctional zone and outermyometrium
of the proliferative and secretory phases of women with and without adenomyosis.Methods. A total of 76 women were included in
this study, 42 with adenomyosis (proliferative phase, 𝑛 = 23; secretory phases, 𝑛 = 19) and 34 controls (proliferative phase, 𝑛 = 16;
secretory phases, 𝑛 = 18). Protein and total RNA were extracted from the junctional zone (JZ) and outer myometrium (OM).
GPER protein and mRNA expression levels were evaluated by the use of western blotting and real-time quantitative polymerase
chain reaction (RT-qPCR). Results. The expression of GPER protein and mRNA in women with adenomyosis was significantly
higher than that of control subjects, both in the junctional zone and in the outer myometrium and both in the proliferative and
in the secretory phases. Conclusion. The significant and consistent increase in GPER expression in adenomyosis compared with
control subjects, regardless of whether it was in the proliferative or secretory phases and regardless of whether it was in the JZ or
OM, suggests that GPER plays an important role in the pathogenesis of the adenomyosis.

1. Introduction

Adenomyosis is characterized by the extension of endo-
metrium into the myometrium, along with myometrial
smooth muscle cells hyperplasia and hypertrophy. It is
common in women of reproductive age and often regresses
after menopause [1, 2]. Estrogen plays a crucial role in the
pathogenesis of adenomyosis. The effects of estrogen are
mediated by two types of estrogen receptors: nuclear estrogen
receptors (ER-𝛼 andER-𝛽), which aremembers of the nuclear
receptor family of intracellular receptors, and membrane
estrogen receptor (GPER or G-protein-coupled estrogen
receptor) [3]. Adenomyosis is known to be associated with
changes in the expression of ER-𝛼 and ER-𝛽. A recent
study showed that ER-𝛼 expression was reduced in the mid-
secretory phase endometrium of women with adenomyosis,
whereas ER-𝛽 was increased not only in the endometrium
but also in the inner myometrium and outer myometrium
of women with adenomyosis compared with control subjects
[4]. However, the expression of GPER in the uterus of women

with adenomyosis has not been previously investigated. In
this study, we studied the expression of GPER in the outer
and inner myometrium (junctional zone) of women with
adenomyosis and compared the results to a group of control
subjects.

2. Materials and Methods

2.1. Subjects. All subjects recruited in this study were pre-
menopausal women who underwent hysterectomy at the
Beijing Obstetrics and Gynecology Hospital, Capital Medical
University, Beijing, China.

The inclusion criteria included the following:
(1) Regular 25–35 days’ cycles
(2) No hormonal treatment or having not used an

intrauterine device for 3 months prior to hysterec-
tomy

(3) No evidence of leiomyoma.
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There were 2 groups of women recruited. Group I con-
sisted of 42 women with adenomyosis, histologically con-
firmed. In this study, the diagnosis of adenomyosis was based
on histological confirmation of the presence of endometrial
tissue more than 2.5mm below the endomyometrial junction
or a JZ thickness of more than 12mm [5]. The additional
inclusion criterion for women in this group was the presence
of dysmenorrhea with or without menorrhagia prior to the
surgery. In this respect, we have included only subjects with
symptomatic adenomyosis, which was the underlying reason
for their request for hysterectomy. Group II consisted of 34
subjects with no evidence of adenomyosis who underwent
hysterectomy due to early cervical cancer or ovarian cancer.
The exclusion criteria for this group of women were pre-
operative radiotherapy or chemotherapy and involvement of
the endometrium or myometrium by neoplasm. As the study
was based on histological confirmation of adenomyosis on
hysterectomy specimens and the collection of biopsy from
different parts of the excised uterine specimen, it was nec-
essary to recruit control subjects who required hysterectomy
for a different clinical reason. However, it was also considered
necessary to exclude uterus with significant myometrial
pathology such as myoma which could have altered histolog-
ical findings in the junctional zone or myometrium. Given
that it was unusual for women of reproductive age to have a
normal uterus removed other than those who suffered from
early cervical or ovarian cancer, we have chosen to include
this group of women as control subjects. As it happened,
all subjects included in the study belonged to early cervical
cancer.

Excisional biopsy of the junctional zone and outer 1/3 of
the myometrium was performed from the anterior fundal
wall of each hysterectomy specimen. The biopsy of the
outer 1/3 myometrium was undertaken from 2mm beneath
the serosal surface of the uterus, whereas the biopsy from
the junctional zone was undertaken 2-3mm beneath the
endometrium, taking special care not to include any normal
endometrial tissue in the biopsy.

2.2. Histological Dating. Histological dating of the
endometrium from the uterine specimens was performed by
an experienced pathologist with the use of standard criteria
[6]. The specimens were then classified into proliferative
(PP) or secretory phases (SP).

2.3. Western Blotting. Homogenized tissues were lysed for
protein extractions. Protein extracts (30–50mg) were sep-
arated by electrophoresis on 12% sodium dodecyl sulfate-
polyacrylamide gels. Proteins were transferred to polyvinyli-
dene fluoride (PVDF) membranes; incubated with rab-
bit anti-GPER (ab39742; from Abcam, Cambridge, Mas-
sachusetts) as a primary antibody; and then developed
with a secondary anti-rabbit antibody (obtained from Cell
Signaling Technology, Danvers, Massachusetts). The signal
was detected using a LI-COR Biosciences Odyssey Infrared
Imaging System (LI-COR, Lincoln, Nebraska). Equivalent
protein loading and transfer efficiency were verified by stain-
ing for GAPDH (D16H11, from Cell Signaling Technology,
Danvers, Massachusetts).

Table 1: Primer sequences for GPER.

Primer Sequence

GPER Forward 5󸀠-TGACCATCCCCGACCTGTAC-3󸀠

Reverse 5󸀠-CAGGTGAGGAAGAAGACGCT-3󸀠

GAPDH Forward 5󸀠-CTCCTCCACCTTTGACGCTG- 3󸀠

Reverse 5󸀠-TCCTCTTGTGCTCTTGCTGG-3󸀠

2.4. Quantitative Real-Time Polymerase Chain Reaction.
Total RNA was extracted and purified from the tissue
specimens. 1.0 𝜇g RNA was reverse transcribed with random
primers using Superscript II reverse transcriptase (Life Tech-
nologies, Inc., Melbourne, Australia). Quantitative PCR was
performed in the presence of SYBR Green (Tiangen Biotech,
China), and amplicon yield was monitored during cycling
in an ABI 7500 Real-Time Polymerase Chain Reaction
System (Applied Biosystems, Grand Island, New York) that
continually measured fluorescence caused by the binding of
the dye to double-strandedDNA.The cycling conditionswere
95∘C for 15minutes, 40 cycles at 95∘C for 10 seconds, and 60∘C
for 32 seconds. The cycle at which the fluorescence reached
a set threshold (cycle threshold) was used for quantitative
analyses. The cycle threshold in each assay was set at a level
at which the exponential increase in amplicon abundance
was approximately parallel between all samples. Relative gene
expressionwas calculated in relation to an internal control for
normalization (glyceraldehyde 3-phosphate dehydrogenase,
GAPDH), using the comparative cycle threshold method.
Primer sequences for GPER and GAPDH are presented in
Table 1.

2.5. Ethics. This study was approved by Ethical Committee
of Clinical Research of Beijing Obstetrics and Gynecology
Hospital, Capital Medical University, Beijing, China. Written
informed consent was obtained from all patients who partic-
ipated in this study. This study was conducted in accordance
with the Declaration of Helsinki (1964).

2.6. Statistical Analysis. Normally distributed data were pre-
sented as mean ± standard deviation. Student t-test was used
to test for differences between groups. Statistical analyses
were performed with the use of SPSS 19.0 for Windows.
For all tests, a 𝑝 value of <0.05 was considered statistically
significant.

3. Results

3.1. Demographics. A total of 42 women with adenomyosis
and 34 women without adenomyosis (control subjects) were
included in the study. In group I, 23 specimens were classified
as proliferative and 19 as secretory. In group II, 16 specimens
were classified as proliferative and the remaining 18 as
secretory. The demographic details of these two groups of
women are compared in Table 2. There was no significant
difference in any of the features between the two groups.

Using western blotting, GPER protein expression signals
appeared at approximately 42 kd (Figure 1). The position of
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Table 2: Demographic details of patients with adenomyosis and
control subjects.

Adenomyosis Control 𝑝 value
Age (years) 44.1 ± 2.9 43.0 ± 4.4 0.07
Parity 1.3 ± 0.1 1.4 ± 0.1 0.45
Miscarriage 2.1 ± 1.4 1.8 ± 1.1 0.06
Body mass index, kg/m2 23.2 ± 2.7 24.1 ± 3.3 0.09
Values are given in mean ± standard deviation.

GPER

GPER

GAPDH

GAPDH

Adenomyosis Control

JZ

OM

PPPP SP SP

Figure 1: Representative western blotting of G-protein-coupled
estrogen receptor (GPER) and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) in biopsy specimens from the junctional zone
(JZ) and outer myometrium (OM) in the proliferative phase (PP)
and secretory phase (SP).

the GPER signal was the same as that observed in MCF-7
breast cancer cells (data not shown).

3.2. Comparison of GPER Expression between Proliferative
Phase and Secretory Phase. In Table 3, the GPER protein
and mRNA expression in the proliferative and secretory
phase were compared, separately in women with and without
adenomyosis, and in the JZ and OM.

In the control subjects, the expressions of both protein
and mRNA in the JZ in the proliferative phase were both
significantly (𝑝 < 0.05) higher than those of the secretory
phase, whereas the expressions of both protein and mRNA
in the OM in the proliferative phase and the secretory phase
were similar.

In women with adenomyosis, in contrast, there was no
significant difference in the expression of GPER protein and
mRNA level between the proliferative phase and secretory
phase in both the JZ and OM.

3.3. Comparison of GPER Expression between Junctional
Zone and Outer Myometrium. In Table 3, the GPER protein
and mRNA expression in the junctional zone and outer
myometrium were compared, separately in women with and
without adenomyosis and in the proliferative and secretory
phases.

In the control group, in the proliferative phase, the
expression of both protein and mRNA in the JZ was higher
than that of the OM. In the secretory phase, however, the
expression of both protein and mRNA in the JZ was similar
to that of the OM.

In women with adenomyosis, on the other hand, the
expression of both protein and mRNA in the JZ were higher
than that of the OM in both the proliferative and secretory
phases.

3.4. Comparison of GPER Expression between Adenomyosis
and Control Groups. In Table 3, the GPER protein and
mRNA expression in women with and without adenomyosis
were compared, separately in the junctional zone and outer
myometrium and in the proliferative and secretory phase.

In the JZ, the GPER protein expression and the mRNA
level in women with adenomyosis were significantly higher
than that of control subjects in both the proliferative phase
and secretory phase.

In the OM, the GPER protein expression and the mRNA
level in women with adenomyosis were also significantly
higher than that of control subjects in both the proliferative
phase and secretory phase.

4. Discussion

In this study, we found that the expression of GPER protein
and mRNA in women with adenomyosis was significantly
higher than that of women without adenomyosis, both in the
junctional zone and in the outermyometrium and both in the
proliferative and in the secretory phases.

Adenomyosis is often considered to be an estrogen-
dependent disease with changes in structure and function
of the JZ [1] observed in the majority of cases. The JZ
is responsible for uterine peristalsis which regulates sperm
transport and implantation [7, 8]. Structural changes in the
JZ in adenomyosis commonly include JZ hyperplasia and
thickening [9]. Ultrastructurally, the myocytes in the JZ
of uterus affected by adenomyosis appeared smaller [10].
Abnormal expression of oxytocin receptor in the JZ ofwomen
with adenomyosis has been observed [11], which may explain
the occurrence of hyperperistalsis and dysperistalsis, in turn
leading to dysmenorrhea and disturbance of reproductive
function. However, the outer myometrium, whose primary
function is involvedwith parturition [12], is often not affected
in adenomyosis until a later stage.

There are two different types of estrogen receptors. The
nuclear estrogen receptors (ER-𝛼 and ER-𝛽) mediate gene
expression through binding to estrogen receptor elements
in the promotor and regulatory regions of the target genes;
in contrast, GPER, the other type of estrogen receptor,
mediates rapid cellular effects. GPER is a membrane estrogen
receptor, a 7-transmembrane spanning G-protein-coupled
receptor, also called G-protein-coupled receptor 30 (GPR30)
[13]. GPER is structurally and genetically unrelated to ER-
𝛼 and ER-𝛽 and expressed independently [3]. It binds to
estrogen with high affinity, whereas binding affinities of
GPER for other steroid hormones are very low [14]. In earlier
studies, estrogen effects can be mimicked by selective GPER
agonist or antagonist, whereas, inGPERknockoutmice, these
effects are absent or reduced, suggesting that GPER plays an
essential role [15]. Expression of GPER has been described
in multiple physiological systems and tissues, including the
breast, heart, endothelium, brain, bone, adrenal, kidney,
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Table 3: Relative GPER protein and mRNA expression levels (GPER/GAPDH).

Adenomyosis group (𝑛 = 42) Control group (𝑛 = 34)
JZ OM JZ OM

Relative GPER protein expression levels

PP 1.12 ± 0.072b,c,e
(𝑛 = 23)

0.96 ± 0.043b,c,e
(𝑛 = 23)

0.95 ± 0.027a,c,e
(𝑛 = 16)

0.83 ± 0.051b,c,e
(𝑛 = 16)

SP 1.09 ± 0.076b,c,e
(𝑛 = 19)

0.94 ± 0.052b,c,e
(𝑛 = 19)

0.82 ± 0.097a,d,e
(𝑛 = 18)

0.84 ± 0.086b,d,e
(𝑛 = 18)

Relative GPER mRNA expression levels

PP 1.52 ± 0.12b,c,e
(𝑛 = 23)

1.31 ± 0.09b,c,e
(𝑛 = 23)

1.28 ± 0.07a,c,e
(𝑛 = 16)

1.04 ± 0.1b,c,e
(𝑛 = 16)

SP 1.51 ± 0.14b,c,e
(𝑛 = 19)

1.29 ± 0.18b,c,e
(𝑛 = 19)

1.09 ± 0.13a,d,e
(𝑛 = 18)

1b,d,e
(𝑛 = 18)

Values expressed as mean ± standard deviation. aComparison between proliferative phase and secretary phase (same group and zone), 𝑝 < 0.05, Student 𝑡-
test; bcomparison between proliferative phase and secretary phase (same group and zone), 𝑝 ≥ 0.05, Student 𝑡-test; ccomparison between outer myometrial
zone and junctional zone (same group and phase) 𝑝 < 0.05, Student 𝑡-test; dcomparison between outer myometrial zone and junctional zone (same group and
phase) 𝑝 ≥ 0.05, Student 𝑡-test; ecomparison between adenomyosis and control group (corresponding phase and zone) 𝑝 < 0.05, Student 𝑡-test.

endometrium, and ovary [15–20]. The changes in GPER
expression in a number of gynecological conditions such as
the endometrium of women with endometriosis [21] and
smooth muscle of myoma [22] have been examined. On
the other hand, whilst the expressions of nuclear estrogen
receptors (ER-𝛼 and ER-𝛽) have been examined in the inner
and outer myometrium of adenomyosis [12], the expression
of GPER in adenomyosis has not previously been studied.
Evidence has shown that GPER agonist G1 can lead to
apoptosis in endometriosis and suppress proliferation of
endometriotic stromal cells [23]. GPER is closely related
to the outcome of estrogen therapy on various estrogen-
dependent diseases [24–26] and selective GPER ligands
(such as GPER agonist G1 and antagonist G15) have been
shown to exert control of these diseases [27–29]. A better
understanding of the role played byGPER in the pathogenesis
of adenomyosis may open up opportunity for GPER-targeted
therapy for the condition [15].

The special design of this study enabled us to examine the
cyclical change and anatomical variation of GPER expression
in control subjects, in addition to comparing GPER expres-
sion between women with and without adenomyosis. One
possible limitation of our study was that biopsy specimens
from the junctional zone of women with adenomyosis often
contained foci of endometrial tissue which could have con-
tributed to the observed difference in results between the two
groups of subjects.

Cyclical Changes. In our study, in control subjects, we
observed that the expression of GPER in the proliferative
phase in the JZ was higher than that of secretory phase of
the JZ; however the cyclical change was not observed in
the OM. In women with adenomyosis, the cyclical change
appeared to have disappeared. Similar cyclical changes in the
ultrastructure of myocytes in the JZ and OM were observed
in our previous study [10].

Anatomical Variation. As for the anatomical variation, in
control subjects, the expression of GPER in the JZ was higher

than that of the OM in the proliferative phase but not the
secretory phases. In contrast, in women with adenomyosis,
the expression of GPER in the JZ was higher than that of the
OM in both the proliferative phase and the secretory phases.
In other words, the anatomical variation between the JZ and
OM in women with adenomyosis was consistently observed,
independent of the phases of the cycle.

Adenomyosis versus Control. In contrast to the observations
relating to the cyclical and anatomical variation of GPER in
which significant difference in control subjects was found
only in the proliferative phase and JZ, there was consistent
and significant difference in GPER expression regardless of
the stage of the cycle (proliferative or secretory) or anatomy
(JZ or OM).

Taken together, the cyclical and anatomical variation of
GPER observed in control subjects in this study is consistent
with our current understanding that the effects of estrogen are
more dominant in the proliferative phase than the secretory
phase, and more pronounced in the JZ than in the OM. In
addition, the special design of our study enabled us to control
for two important confounding variables (cyclical changes
and anatomical variation); by doing so, the variance in results
due to the effect of these confounding variables was reduced.
Whilst it is already known that the expressions of estrogen
nuclear receptors ER-𝛽 (but not ER-𝛼) and progesterone
receptor are different between women with and without
adenomyosis [4], the additional finding in this study that
GPER expression is also altered in women with adenomyosis
confirms the notion that adenomyosis is associated with
alteration in several different steroid receptors.

Overall, the finding observed in this study appears to
have provided a molecular basis for the smooth muscle
hyperplasia and hypertrophy observed in adenomyosis [1, 2].
Specifically, it seems plausible that the abnormally elevated
GPER expression in the JZ is one mechanism by which the
smooth muscle cells continue to proliferate in adenomyosis.

To conclude, we have found significant and consis-
tent increase in GPER expression in adenomyosis, in both
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proliferative and secretory phases and in both the JZ and
OM, suggesting that GPER plays an important role in the
pathogenesis of the condition. It remains to be seen if
treatment targeting the expression of GPER by the use of
selective GPER ligands may help to treat or prevent the
condition.
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receptor G-protein-coupled receptor 30 is expressed in human
bone,” Journal of Endocrinology, vol. 197, no. 2, pp. R1–R6, 2008.

[18] P. F. Oliveira, M. G. Alves, A. D. Martins et al., “Expression pat-
tern of G protein-coupled receptor 30 in human seminiferous
tubular cells,”General and Comparative Endocrinology, vol. 201,
pp. 16–20, 2014.

[19] S. Heublein, M. Lenhard, T. Vrekoussis et al., “The G-protein-
coupled estrogen receptor (GPER) is expressed in normal
human ovaries and is upregulated in ovarian endometriosis and
pelvic inflammatory disease involving the ovary,” Reproductive
Sciences, vol. 19, no. 11, pp. 1197–1204, 2012.

[20] W. Huang, Y. Chen, Y. Liu et al., “Roles of ER𝛽 and GPR30 in
proliferative response of human bladder cancer cell to estrogen,”
BioMed Research International, vol. 2015, Article ID 251780, 10
pages, 2015.

[21] B. J. Plante, B. A. Lessey, R. N. Taylor et al., “G protein-coupled
estrogen receptor (GPER) expression in normal and abnormal
endometrium,”Reproductive Sciences, vol. 19, no. 7, pp. 684–693,
2012.

[22] R. Tian, Z. Wang, Z. Shi et al., “Differential expression of G-
protein-coupled estrogen receptor-30 in human myometrial
and uterine leiomyoma smooth muscle,” Fertility and Sterility,
vol. 99, no. 1, pp. 256–263, 2013.

[23] T. Mori, F. Ito, H. Matsushima et al., “G protein-coupled
estrogen receptor 1 agonist G-1 induces cell cycle arrest in the
mitotic phase, leading to apoptosis in endometriosis,” Fertility
and Sterility, vol. 103, no. 5, pp. 1228–1235, 2015.

[24] L. S. G. Ulrich, “Endometrial cancer, types, prognosis, female
hormones and antihormones,” Climacteric, vol. 14, no. 4, pp.
418–425, 2011.

[25] C. Krakstad, J. Trovik, E. Wik et al., “Loss of GPER identifies
new targets for therapy among a subgroup of ER𝛼-positive
endometrial cancer patients with poor outcome,”British Journal
of Cancer, vol. 106, no. 10, pp. 1682–1688, 2012.

[26] T. Ignatov, S. Modl, M. Thulig et al., “GPER-1 acts as a tumor
suppressor in ovarian cancer,” Journal of Ovarian Research, vol.
6, no. 1, article 51, pp. 51–61, 2013.



6 BioMed Research International

[27] E.A.Ariazi, E. Brailoiu, S. Yerrumet al., “TheGprotein-coupled
receptor GPR30 inhibits proliferation of estrogen receptor-
positive breast cancer cells,” Cancer Research, vol. 70, no. 3, pp.
1184–1194, 2010.

[28] N. Nass and T. Kalinski, “Tamoxifen resistance: From cell
culture experiments towards novel biomarkers,” Pathology
Research and Practice, vol. 211, no. 3, pp. 189–197, 2015.

[29] R. Sirianni, A. Chimento, C. Ruggiero et al., “The novel estrogen
receptor, G protein-coupled receptor 30, mediates the prolifer-
ative effects induced by 17𝛽-estradiol onmouse spermatogonial
GC-1 cell line,” Endocrinology, vol. 149, no. 10, pp. 5043–5051,
2008.


