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Abstract
Purpose To determine expression of G-protein estrogen
receptor (GPER) in mouse oocyte membrane during
maturation.
Methods The expression of GPER from different maturation
stages of oocytes, in vivo and in vitro matured oocytes as well
as aging oocytes was examined by immune-fluorescence
GPR30 antibody and the images were analyzed by laser
scanning confocal microscope. Further confirmation was per-
formed by Western blots for cell fractionation.
Results Significant fluorescent signal was observed on the
surface of mouse oocytes. The image expression was lower
in germinal vesicle (GV) stage than mature metaphase-II
(M-II) stage oocytes. There was high expression in in-vivo
matured oocytes compared to in vitro matured oocytes. The
highest expression was observed in aging oocytes compared
with other oocytes.

Conclusions The changes of expression of GPER on mouse
oocytes plasma membrane confirm oocyte membrane mat-
uration, suggesting that those changes of GPER may be
related to the functional role of oocyte maturation.
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Introduction

Estrogens play a critical role in regulating many physiolog-
ical processes in reproductive and non-reproductive tissues
and mediating intracellular signaling pathways through
binding to receptors. In addition to these classic genomic
actions by activation of nuclear estrogen receptor (nER) and
resulting in changes of transcription rates of a large number
of estrogen-responsive genes, some estrogen receptors asso-
ciated with the cell surface membrane and can be rapidly
activated by exposure of cells to estrogen through non-
genomic estrogen actions [1, 2]. Several cell and tissue
models have been found in hypothalamic neurons, pancre-
atic islets, marophages, and human breast cancer cells, are
not involved in nER but mediated by novel membrane
estrogen receptor (mER) [3–6]. One purported membrane
or endoplasmic reticulum ER is the G protein coupled
receptor 30 (GPR30) [7–9].

Recent studies are suggesting GPR30 is one of mER that
evoked comprehensive interests. G-protein estrogen
receptor-1, known as GPER, mediates 17β-estradiol (E2)
activation of signal transduction pathway in a variety of
cells and displays as a typical of E2 binding membrane
estrogen receptor. Estrogen treatment in GPER transfected
cells causes rapid increasing in cAMP and calcium [10, 11],
and further studies have shown that estrogen-mediated
GPER-dependent activation of the MAP kinase Erk1/2 via
EGFR [8]. Adenylyl cyclase activation by GPER has also
been demonstrated [6, 12]. It has also been reported that
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GPER is the receptor mediating PI3K activation in response
to estrogen via EGFR transactivation in ER-negative breast
cancer cells such as SKBr3 [13]. Those findings suggest that
GPER acts as the intermediary in non-classical rapid estro-
gen actions [14, 15].

It has been proposed that the process of oocyte membrane
changes can be referred as oocyte membrane maturation
[16]. Interestingly, Atlantic croaker GPER has been charac-
terized as a membrane estrogen receptor coupled to a stim-
ulatory G protein and expressed on the plasma membranes
of the oocytes [1]. Estrogens have been found to act through
GPER to maintain meiotic arrest via transactivation of
EGFR and phosphorylation of MAPK3/1 signaling path-
ways in Zebrafish oocytes [17], indicating that GPER also
plays a role in controlling oocyte maturation in this fish
species. However, it is unclear that whether or not there is
GPER on membrane of mammalian oocytes.

The objective of the present study is to determine the
location and expression of GPER on the membrane of
mouse oocytes and to compare the changes of expression
of GPER during oocyte maturation as well as in vivo and in
vitro matured oocytes.

Materials and methods

Animals

Mice (CD1, female: 8–10 weeks-old) were employed in this
study. Mice were housed in a temperature-and light-
controlled room, and free access to the food and water under
a photoperiod 12 h-light and 12 h-dark. The experimental
protocols and animal handling procedures were reviewed
and approved by Animal Ethics Committee of McGill
University.

Mature oocytes from ovaries stimulated by gonadotropins

Mature oocytes are defined here as the oocytes extruded first
polar body (1 PB) into its pelliviteline space (PVS). Female
mice were injected intraperitoneally with 5.0 IU of pregnant
mare stimulating gonadotropin (PMSG; Sigma Chemical
Co., USA). For mature oocyte collection, the female mice
were further injected intraperitoneally with 5 IU of human
chorionic gonadotropin (HCG; Sigma Chemical Co., USA)
after 48 h of PMSG injection. Post 14 h of HCG injection,
the mice were killed and the oviducts were dissected and
placed into a Petri-dish containing modified human tubal
fluid -HEPES buffered medium [18] (mHTF-HEPES) sup-
plemented with 1.0 mg/ml bovine serum albumin (BSA;
Sigma Chemical Co., USA). By tearing the ampullae,
cumulus-oocyte complexes (COCs) were released and col-
lected for immune-fluorescence or other experiments.

Immature oocytes from natural cycling ovaries

For immature oocyte collection, the natural cycling mice
(without any stimulation with gonadotropins) were killed,
and the ovaries and oviducts were dissected and placed into
a Petri dish containing mHTF-HEPES. Before puncturing
the visible follicles, the oviducts were checked to ensure that
there were no COCs ovulated into the ampullae from the
ovaries under a stereomicroscope. The visible follicles were
punctured using 25-gauge needle. The fully growing imma-
ture oocytes (GV) surrounded with cumulus cells from
antral follicles were selectively collected for in vitro matu-
ration (IVM) of culture.

In-vitro maturation (IVM) of immature oocytes

After collection of immature COCs, they were rapidly washed
three times in mHTF-HEPES containing 1.0 mg/ml BSA and
then for maturation in culture. Oocyte maturation involved
placing the COCs in Oocyte Maturation Medium (Cooper
Surgical/SAGE, USA) supplemented with 10 % FBS, and
75 mIU/ml recombinant human FSH and LH (Serono,
Canada). Briefly, following washing, 30–40 selected COCs
were cultured for 17–18 h in an Organ Tissue Culture Dish
(60×15 mm; Falcon) containing 1.0 ml of Oocyte Maturation
Medium in an incubator at 37.0 °C with an atmosphere of 5 %
CO2, 95 % air and high humidity. Following maturation in
culture, COCs were denuded from cumulus cells by mechan-
ically pipetting with a fine diameter pipette in mHTF-HEPES
supplemented with 85 unit/ml hyaluronidase (Sigma
Chemical Co., USA) for assessment of maturity. The mature
oocytes were determined by the presence of a first polar body
extrusion under a stereomicroscope, and then the mature
oocytes were prepared for experiments.

Immuno-fluorescence and imaging

For GPER immune-staining experiments, oocytes collected
with different stages were fixed with 3 % paraformaldehyde,
and labeled with antibody to GPR30 (Abcam, USA) and
followed by Alexa Fluor® 568 Goat Anti-Rabbit IgG (H+L)
(Invitrogen, USA) and the nuclear stain DAPI. Images were
obtained using a 63× (NA 1.40) oil Plan-Apochromat ob-
jective and detected with GaSaP detector by Zeiss LSM780
laser scanning confocal microscope (Carl Zeiss, Inc,
Germany). DAPI was excited with 405 Diode laser, and
GPER was excited with 561 nm DPASS laser. The Hi-
Low intensity mode was used and Gain (master) and offset
were kept the same during acquisition. Surface labeling was
quantified using ImagePro analysis software (Olympus,
Japan). Nuclei were selected by tracing and measured. An
area outside the nuclear was similarly traced and measured,
the value subtracted from the nuclear fluorescence values
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was measured as membrane fluorescence. For background
subtraction, a parallel set of samples was similarly fixed and
stained, except there was no primary antibody incubation.
For 3D acquisition, Z-stacks with a 0.5 μm interval were
captured. 3D Movie files were created using Image J soft-
ware (Carl Zeiss, Inc, Germany).

Cell fractionation and Western blots

Cell fractionation was performed using the Plasma Membrane
Protein Extraction Kit (Abcam 65400, USA). Briefly, plasma
membrane proteins were purified from post-nuclear superna-
tants of oocytes. Cytosolic and plasmamembrane fractions were
separated by SDS-PAGE and transferred to polyvinylidene
fluoride membranes for Western blot analysis of GPR30. For
western blots, equal amounts of cell fraction lysates were sepa-
rated on 10 % SDS-PAGE gels, transferred to nitrocellulose
membranes (Millipore, USA) and immune-blotted with anti-
bodies to GRP30, GAPDH, Na+/K+-ATPase α1 subunit, fol-
lowed by appropriate horseradish peroxidase (HRP)-conjugated
secondary antibodies (Abcam, USA). Chemiluminescence was
revealed using ECL (GE Healthcare Bio-Sciences, USA) and
densitometry performed using Quantity One V4.62 software
(Bio-Rad Laboratories, Hercules, CA, USA).

Experimental design

At the beginning, in vivo matured oocytes (n=68) were
collected to confirm whether or not expression of GPER
on the membrane of mouse oocytes. Subsequently, quanti-
tative expression of GPER in the different stages of oocytes
(GV and M-II; n=97 and n=102, respectively), in vivo (n=
95) and in vitro matured (n=98) oocytes as well as aged
oocytes (mature oocytes further culture 5 h in vitro; n=105)
were compared.

Statistical analysis

Statistical analyses were performed in SPSS 16.0 software. The
intensity of scanned images was compared. P value of <0.05
was considered to be statistically significant differences.

Results

Expression of GPER on oocytes plasma membrane

As shown in Fig. 1 (In vivo), there was GPER expression on
the surface of mouse oocytes labeled by the specific GPER
antibody and Alexa-568 nm conjugated second antibody. Z-
stacks and 3D reconstruction also illustrated that GPER was

observed on the plasma membrane of mouse oocytes (Fig. 2,
In vivo). GPER were detected dominantly in membrane
fraction (Fig. 4).

The changes of GPER expression in different stages
of oocyte maturation

As shown in Figs. 2 and 3, the intensity of GPCR30 immuno-
staining was significantly increased (P<0.05) by over four-
fold of initial values and reached the maximal level in aging
oocytes compared with GV stage oocyte. Also western blot
analysis showed a similar expression pattern of GPER protein
expression as that was observed in GPER immune- fluores-
cence (Fig. 4). The expression level of GPER was lower in
GV stage while reached the highest level at aging stage in the
plasma membrane fraction.

The level of GPER expression from in vivo and in vitro
matured oocytes

As shown in Fig. 2 (In vivo and In vitro) and 3 (In vivo and
In vitro), the intensity of immune-staining of plasma mem-
brane was approximately 2 times higher in the oocytes
maturated in vivo than the oocytes matured in vitro.
Furthermore, Western blots confirmed that the level of
GPER expression on plasma membrane was significantly

Fig. 1 The images of GPR30 expression on mouse oocyte membrane
during different maturation stages
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higher in oocytes matured in vivo compared to the oocytes
matured in vitro (Fig. 4).

Discussions

In this study, we demonstrated first time that GPER is
expressed on the plasma membrane of mouse oocytes by
the methods of immune-fluorescence and western blots. We
also demonstrated that expression of GPER on oocytes
plasma membrane is increased following oocyte maturation
and that there are different expressions of GPER from in
vivo and in vitro matured oocytes and that the aging oocytes
expressed the highest level of GPER.

The levels of cAMP [19] and cAMP-dependent protein
kinases: protein kinase A (PKA), protein kinase C (PKC)
and protein phosphatases (PPase) [17, 20] mediates the

oocytes maturation. A major intracellular signaling cascade
family implicated in the mitogen-activated protein kinase
(MAPK) pathways [20, 21] plays important roles during the
meiotic maturation of oocytes. Inhibition of the G-protein
alpha S subunit stimulates xenopus oocyte maturation, sug-
gesting that G-proteins also involved in oocyte maturation
[22]. From the results of the presence of GPER on the
oocyte membrane indicate that GPER may relate to the
oocyte maturation process.

It has been shown that estrogen plays a key role in
oocytes maturation in mammalian models by inducing a
series of cellular signaling including inositol triphosphate
(IP3) and ryanodine (Ry)-mediated intracellular free calci-
um concentration ([Ca2+]i) [23–26] and calcium signaling
[27]. The development of the ability of oocytes to release
Ca2+ in response to the fertilizing spermatozoa is an essen-
tial step during oocyte maturation [28]. In addition, GPER
acts as one of the estrogen membrane receptors [17], and it
mediates estrogen action [29]. Estrogen-mediated GPER-
dependent activation of the MAPK Erk1/2 via EGFR trans-
activation [14, 15]. GPER might regulate calcium flux,
cAMP and MAPK, leading to oocytes maturation [26, 30,
31]. The results of the present study showed that the level of
GPER expression on oocyte membrane is increased gradu-
ally during oocyte maturation, indicating that GPER may act
as an oocyte plasma membrane receptor binding to estrogen
to influence directly the quality of oocytes maturation.
Although the functional role of GPER in the oocytes has
not been clarified yet, the evidence from present study
implies a possible linkage between GPER and oocytes
membrane maturation.

It is common believe that the embryonic developmental
potential of in vitro matured oocytes is lower or poor than in
vivo matured oocytes [32–35]. It has been reported that the
expressions of growth differentiation factor-9 (GDF-9) and
insulin-like growth factor II (IGF-II) are higher in vivo
matured oocytes than in vitro matured oocytes [36]. Our
results showed that not only GPER was expressed on oocyte
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Fig. 3 Comparison of relative intensities of GPR30 expression on
mouse oocyte membrane during different maturation stages. * indicates
significant differences (P<0.05) between groups; ** indicates signifi-
cant differences (P<0.01) compared with the aging group

Fig. 4 The confirmation of GPR30 expression on mouse oocyte
membrane during different maturation stages by Western blots. Cyto
cytosolic fraction; PM plasma membrane

Fig. 2 The images from 3D acquisition of GPR30 expression on
mouse oocyte membrane during different maturation stages
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membrane in both of in vivo and in vitro maturated oocytes,
but also expressed significantly higher in in-vivo matured
than in vitro matured oocytes. The correlation of GPER on
oocyte plasma membrane with the quality of oocytes is not
clear. However, the results of the present study showed that
GPER on oocyte plasma membrane may play an important
role during oocyte maturation.

It has been known that oocyte activation by sperm pen-
etration or parthenogenetic activation is associated with the
development of Ca2+ release system during oocyte matura-
tion [28, 37]. The events of oocyte activation at fertilization
are mediated by a sperm-induced increase in the concentra-
tion of intracellular free Ca2+ [38, 39]. Oocytes need to be
primed with estradiol to develop Ca2+ oscillations during
maturation [37, 40]. In addition, it has been reported that the
parthenogenetic activation by chemicals is relatively easier in
aging oocytes compared to ‘fresh’ mature oocytes [41].
Interestingly, we found that the significant expression of
GPER on oocyte membrane was revealed in the aging oocytes
comparedwith other oocytes, suggesting that the development
of GPER on oocyte membrane during maturation may be
involved in subsequent oocyte activation process.

In conclusion, the results from present study indicate that
there is expression of GPER on mouse oocytes plasma
membrane and that the level of GPER expression may be
related to the functional role of oocyte maturation. Further
study is required to investigate the potential role of GPER
during oocyte maturation.
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