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Abstract
Purpose: To determine whether G protein-coupled estrogen receptor 1 (GPER1) is a suitable biomarker to predict the treat-

ment outcome of breast cancer (BC). Methods: A meta-analysis of the literature was performed to clarify the correlation

between GPER1 protein expression and BC outcome. The relationship between GPER1 mRNA expression and survival was analyzed

using Breast Cancer Gene-Expression Miner (bc-GenExMiner) v4.6 software. Results: Six studies involving 2697 patients were

included in the meta-analysis. Four studies reported the correlation between GPER1 protein expression and relapse-free survival

(RFS) and 4 others reported the impact of GPER1 protein expression on overall survival (OS). The results showed that high

GPER1 protein expression was not associated with RFS (hazard ratio [HR]=1.58; 95% confidence interval [CI]=0.71-3.48; P=
.26) or OS (HR=1.18; 95% CI= 0.64-2.18; P= .60). Subgroup analysis suggested that nuclear expression of GPER1 was not associated

with OS (HR= 0.91; 95% CI= 0.77-1.08; P= .30), but high expression of cytoplasmic GPER1 was significantly associated with longer

OS (HR= 0.69; 95% CI=0.55-0.86; P= .001). Furthermore, the association of GPER1 mRNA and OS of BC patients was analyzed

using bc-GenExMiner v4.6. Two data sets involving 4016 patients were included in the analysis. The targeted prognostic analysis results

showed that high mRNA expression of GPER1 was predictive of better OS in BC patients (HR= 0.71; 95% CI=0.59-0.86; P= .0005),

which was remarkably similar to the result of cytoplasmic GPER1. Further subgroup analysis demonstrated that high mRNA expression

of GPER1 was predictive of better OS in estrogen receptor (ER)-positive, but not ER-negative or triple-negative BC patients.

Conclusions: High mRNA and cytoplasmic protein expression of GPER1 were predictive of better OS of BC patients.
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Introduction
Breast cancer (BC) has surpassed lung cancer as the most common
malignancy in women.1 Recent progress in individualized precision
treatment has improved the outcomes of patients with BC and other
malignancies. Nonetheless, BC accounts for more than 400,000
deaths annually worldwide.2 Molecular subtyping is widely
used to guide and predict treatment outcomes and to reduce
morality associated with BC. BC is a heterogeneous disease
that is classified into 5 molecular types based on the expression
patterns of estrogen receptor (ER), progesterone receptor,
human epidermal growth factor receptor 2, and nuclear
protein Ki67.3 However, the prognosis of BC varies in the
same molecular subgroup, suggesting that this classification
system is insufficient. Thus, novel molecular biomarkers are
needed to predict the prognosis of BC.

Transmembrane G protein-coupled estrogen receptor 1
(GPER1) was first identified as an ER in BC in 1997.4 Estrogen

promotes the onset and progression of BC. GPER1 mediates the
rapid nongenomic activities of estrogen in various types of
cancers.5, 6 Although countless studies have investigated the prog-
nostic effect of GPER1 in BC, the results have been inconsistent.
For example, Martin et al7 reported that GPER was predictive of
better survival in BC, while Ye et al8 found that high expression
of GPER1 was predictive of poorer survival. Therefore, the aim
of the present study was to comprehensively analyze published
data to clarify the relationship between GPER1 protein expression
and relapse-free survival (RFS) and overall survival (OS) of BC
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patients. Furthermore, subgroup analysis was performed to deter-
mine the subcellular location of GPER1. Also, the prognostic
value of GPER1 mRNA was analyzed to validate the role of
GPER1 in BC.

Methods

Search Strategy and Selection Criteria
The electronic databases Embase, PubMed, Wan Fang, Chinese
Biomedical Literature database, Google Scholar, Medline, Science
Direct, Scopus, and China National Knowledge Infrastructure
were searched for articles published up to July 2022 using the key-
words “breast cancer,” “G protein-coupled estrogen receptor 1,”
“GPER,” “GPER1,” “GPR30,” “survival,” and “prognosis.” The
abstracts of the retrieved articles were reviewed to eliminate irrele-
vant studies and only those deemed relevant were included in the
meta-analysis. The references of the included articles were also
reviewed to identify other relevant studies. The inclusion criteria
were (1) studies of female BC patients, (2) that included OS and/
or RFS or a survival curve of related data to calculate the hazard
ratio (HR); (3) and GPER expression assessment using immunohis-
tochemical (IHC) analysis. The most recently published data of
cases from the same institute were included.

Data Extraction
The electronic database search was conducted independently by 2
of the authors and study inclusion was determined by consensus.
Before data extraction, the protocol was registered with
PROSPERO (registration number: CRD42022347119). The data
were extracted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement (https://
prisma-statement.org/).9 The following data were extracted from
each study: patient number, year of publication, method used for
assessment of GPER1 expression, and HR of OS or RFS.

Statistical Analysis
The HR was used for comparative analysis. If not stated in the
article, the HR was calculated from the original data and sur-
vival curves were generated as described by Tierney et al10

and Parmar et al.11 Engauge Digitizer version 2.11 software
(http://sourceforge.net) was used to analyze Kaplan–Meier
curves. Cochran’s test was used to assess the heterogeneity of
the studies. A probability (P) value of < .05 was considered stat-
istically significant. A random-effect model was used, other-
wise a fixed model was used. By convention, HR >1 implied
poorer survival was associated with high GPER1 expression.
The data extracted from the included studies were combined
using RevMan version 5.2 software (http://www.cochrane.org).

Results

Description of Studies
Of 453 articles initially retrieved, 41were discarded because of dupli-
cated data along with 337 that were case reports, review articles,

laboratory studies, or irrelevant to this study (Figure 1). Two
studies classified GPER1 expression levels into more than 2
groups and did not provide data of OS or RFS.12, 13 One study
was unavailable to extract valid data. Finally, 6 studies published
from 2011 to 2020 were included for the meta-analysis.7, 8, 14–17

In each of the included studies, IHC analysis was performed to
assess GPER1 expression based on 3 criteria: (1) nuclear or cytoplas-
mic staining, which was used in the majority of studies; (2) staining
of both the membrane and cytoplasm, which was used only in one
study8; and (3) separate assessment of nuclear or cytoplasmic stain-
ing, which was used in 2 studies.7, 15 One study was a prospective
analysis of survival, while the others were retrospective. The charac-
teristics of the eligible studies are summarized in Table 1. The
cohorts varied from 48 to 782 cases, with a combined total of
2697 cases.

Impact of GPER1 Protein on RFS and OS of BC Patients
Four studies analyzed the correlation between GPER1 expres-
sion and RFS in a total of 1320 cases. However, the
between-study heterogeneity was significant (P < .0001, I2=
87%), thus a random-effects model was used for meta-analysis
with a pooled HR of 1.58 (95% confidence interval [CI]=
0.71-3.48; P= .26, Figure 2a). The results demonstrated that
GPER1 protein expression was not associated with RFS of
BC patients. Four studies of 2326 patients analyzed the
impact of GPER1 protein expression on OS of BC patients
(Figure 2b). The heterogeneity was significant among the
studies (P < .00001; I2= 91%), thus a random-effects model
was used to combine the HRs. The pooled HR was 1.18
(95% CI= 0.64-2.18; P= 0.60). The results suggested that
GPER1 protein expression was not associated with OS of BC
patients.

Impact of Nuclear and Cytoplasmic GPER Protein on OS
of BC Patients
Subgroup analysis was performed based on the subcellular
location of GPER1. Two studies including 1482 patients

Figure 1. Flow chart of the study selection process.
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evaluated the effect of cytoplasmic expression of GPER1 on OS
of BC patients. A fixed model was used to calculate the pooled
HR because of the lack of heterogeneity (P= .43, I2= 0%). The
results demonstrated that high cytoplasmic expression of
GPER1 was predictive of better OS of BC patients (HR=
0.69; 95% CI= 0.55-0.86; P= .001) (Figure 3a). Two studies

including 1482 patients investigated the impact of nuclear
GPER1 protein expression on the OS of BC patients. No hetero-
geneity was detected (P= .95, I2= 0%), thus a fixed model was
used for analysis. The results demonstrated that nuclear expres-
sion of GPER1 had no effect on OS of BC patients (HR= 0.91;
95% CI= 0.77-1.08) (Figure 3b).

Table 1. Characteristics of the Six Studies Included in the Meta-analysis of the Prognostic Value of GPER1 in BC.

Reference Year
Patients
number

Patient
source

Molecular
type Antibody Positive

HR
estimation

HR (95%CI) of
OS

HR (95%CI) of
RFS

Ignatov.
et al

2011 323 Germany Hormone
receptor
positive

SP46779
(Acris)

Cytoplasm
or nucleus

Given by
author

No 1.53(1.05-2.24)

Steiman.
et al

2013 48 USA TNBC,
Hormone
receptor
positive

NLS 1183
(Novus

Biological)

Cytoplasm
or nucleus

Survival
curve

No 0.92
(0.01-106.92)

Samartzis.
et al

2014 782 Switzerland Unavailable Ab39742
(Abcam)

Cytoplasm
or nucleus

Given by
author

Cytoplasm
0.60(0.40-0.9)

No

Nucleus
0.92(0.68-1.25)

Martin.
et al

2018 700 UK All PA5-28647
(Thermo
Scientific)

Cytoplasm
or nucleus

Cytoplasm：
given by
author.

Nucleus: from
survival
curve.

Cytoplasm
0.73(0.56-0.99)

0.76(0.59-0.98)

Nucleus
0.91(0.74-1.12)

Ye. et al 2019 249 China TNBC Ab39742
(Abcam)

Cytoplasm
and

membranes

Given by
author

3.86(2.11-7.04) 4.367(2.06-9.26)

Tutzauer.
et al

2020 595 Sweden Hormone
receptor
positive

AF5534
(R&D

Systems)

Total
cellular
staining

Given by
author

1.3 (0.99-1.8) No

Abbreviations: HR, hazard ratio; OS, overall survival; RFS, relapse-free survival; TNBC, triple-negative breast cancer.

Figure 2. Forest plot of HRs for total GPER1 and the RFS (a) and OS (b) of BC patients. Abbreviations: GPER1, G protein-coupled estrogen
receptor 1; RFS, relapse-free survival; OS, overall survival; BC, breast cancer.
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Impact of GPER1 mRNA on the Prognosis of BC
In order to confirm whether GPER1 is a suitable prognostic
biomarker in BC, the correlation between GPER1 mRNA
expression and OS of BC was analyzed using the statistical
mining tool Breast Cancer Gene-Expression Miner v4.6
(http://bcgenex.ico.unicancer.fr/BC-GEM/GEM-Accueil.
php?js=1) with reference to The Cancer Genome Atlas and
SCAN-B RNA-sequence data. A total of 4016 patients
were included. The targeted prognostic analysis results
showed that the pooled HR was 0.71 (95% CI= 0.59-0.86;
P= .0005), which was remarkably similar to the result of
cytoplasmic expression of GPER1 (Figure 4a). The results
demonstrated that high expression of GPER1 mRNA was
predictive of better OS of BC patients. Further subgroup
analysis showed that high expression of GPER1 mRNA
was associated with better OS in ER-positive BC (HR=
0.74; 95% CI= 0.59-0.93; P= .0083) (Figure 4b). There
was a trend, but without statistical significance, toward an
association between high GPER1 mRNA expression and
worse OS in ER-negative BC (HR= 1.62; 95% CI=
0.98-2.68; P= .0601). High mRNA expression of GPER1
was not associated with OS of triple-negative BC patients
(HR= 1.38; 95% CI= 0.65-2.91; P= .3975).

Publication Bias
Publication bias, which was assessed using Begg’s and Egger’s
tests, was considered significant at P < .05. Four studies that
evaluated OS of BC patients potentially had publication bias
(Egger’s test P= .048). Further sensitivity analysis was con-
ducted using the trim and fill method, which conservatively
imputes hypothetical negative unpublished studies to mirror
the positive studies that cause funnel plot asymmetry. The
results showed that no study was trimmed or filled. Further
analysis found no association between high GPER1 expression
and OS of BC patients. No other publication bias was detected.

Discussion
BC is an estrogen-related malignancy. Estrogen is the “fuel
source” for the survival of hormone receptor-positive BC and
also involved in the progression of other types of BC, even
the triple-negative

subtype. ERα and ERβ are located in the nucleus and have
been widely studied in BC. GPER1 is a transmembrane ER
that was first described in the 1990s. Unlike ERα and ERβ,
GPER1 can bind and activate various ligands. Reported ago-
nists of GPER1 include tamoxifen,18 fulvestrant,19 vitamins,20

and some environmental contaminants.21 Although GPER1 is
involved in several signaling pathways associated with BC,
the usefulness of GPER1 as a prognostic biomarker remains
unclear.

The formation of the estrogen/GPER1 complex has been
found to activate the mitogen-activated protein kinase/erine/
threonine protein kinase-tripartite motif containing 2 signaling
axis, the phosphoinositide 3-kinase/protein kinase B signaling
pathway, and other signaling cascades associated with cell sur-
vival, which enhance the proliferation and migration of BC
cells.22–25 Tamoxifen is an agonist of GPER1 and GPER1 is
reportedly associated with tamoxifen resistance.26 Ignatov
et al14 reported that GPER1 expression is predictive of
shorter RFS. On the other hand, some studies have suggested
that GPER1 suppresses the proliferation of BC cells27, 28 and
that high expression of GPER1 was predictive of better OS of
BC patients.7 The results of the present meta-analysis of 6
studies revealed that high expression of GPER1 was not associ-
ated with PFS or OS of BC patients, which may be associated
with the subcellular location of GPER1.

GPER1 activation is reportedly associated with the rapid
effects (nongenomic) of estrogen. Therefore, GPER1 is pre-
sumed to be located on the plasma membrane.29–31 Indeed,
several studies detected GPER1 in the cellular membrane and
reported that GPER1 located in the plasma membrane is critical
to the progression of BC and associated with poorer disease-

Figure 3. Forest plot of HRs for cytoplasmic (a) and nuclear (b) GPER1 and OS of BC patients. Abbreviations: GPER1, G protein-coupled
estrogen receptor 1; OS, overall survival; BC, breast cancer; HR, hazard ratio.
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free survival.13, 17 However, the expression pattern and subcel-
lular localization of GPER remains controversial. Revankar
et al18 assessed the intracellular and extracellular binding prop-
erties of GPER using novel fluorescent estrogen derivatives
(E2-Alexas) in monkey kidney fibroblasts (COS-7 cells).
Interestingly, confocal microscopy showed that E2-Alexas
were predominantly bound to the endoplasmic reticulum
rather than the plasma membrane and could also be transported
from the plasma membrane to the nucleus.32 Meanwhile,
another study reported that the localization of GPER1, as deter-
mined by IHC staining, was dependent on the specificity of the
antibody and the cell line (predominantly located in the nucleus

of MCF7 cells and the cytoplasm of T47D cells).15 The distri-
bution of GPER1 varies among cell types and is predominately
expressed intracellularly in BC cells with minor amounts on the
cell surface.18, 33 GPER1 is an atypical G protein-coupled
receptor. The location of GPER1 may dynamically change in
response to environmental cues. Intracellularly, activated
GPER1 is transferred to cell membranes and initiates cellular
signaling.34, 35 The results of further subgroup analysis demon-
strated that cytoplasmic, but not nuclear, GPER1 was predictive
of better survival of BC patients. GPER1 mRNA was also asso-
ciated with better OS of BC patients. Notably, the HR value of
cytoplasmic GPER1 protein was similar to that of GPER1

Figure 4. GPER1 mRNA expression and OS of BC patients (a), ER-positive BC (b), ER-negative BC (c), and triple-negative BC (d).
Abbreviations: GPER1, G protein-coupled estrogen receptor 1; OS, overall survival; BC, breast cancer; ER, estrogen receptor.
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mRNA. The results demonstrated that cytoplasmic, but not
nuclear, expression of GPER may reflect the actual biological
features of GPER1 in BC. It is report that GPER1 and ER are
functionally related. GPER1 functions as a tumor suppressor
and promotes apoptosis and antiproliferation signaling in
ER-positive BC cells.12, 36 However, GPER1 expression is
reportedly correlated with pro-metastasis pathways and promotes
migration and invasion of ER-negative BC cells.37 Several
studies have noted a different prognostic effect of GPER1 in
ER-positive versus ER-negative BC.8, 12 Hence, subgroup analysis
of the gene expression data was performed to explore the prognos-
tic effect of GPER1 based on ER status. The results showed that
high GPER1 mRNA expression was associated with better OS
in ER-positive BC patients but not the outcomes of patients with
ER-negative or triple-negative BC.

There were several limitations to this study that should be
considered when interpreting these results. First, the number
of included studies was relatively small. Only 2 studies were
included for subgroup analysis of the usefulness of nuclear
and cytoplasmic GPER as biomarkers. Hence, more studies
with large numbers of patients are needed to reach more reliable
conclusions. Second, subgroup analysis to explore the prognos-
tic effect of GPER1 protein in different molecular BC subtypes
was not possible because relatively few studies offered concrete
data. Third, some studies did not provide HRs. Thus, the HRs
were obtained from Kaplan–Meier curves using Engauge
Digitizer version 2.11 software. However, the calculated HRs
might be less reliable owing to inaccuracies of censored data.
Finally, the sources of the primary antibodies against GPER1
differed among the included studies, which may have cause het-
erogeneity among the studies.

Conclusion
High mRNA and cytoplasmic protein expression of GPER1 are
predictive of better OS of BC patients. These results support the
use of GPER1 to predict the outcomes of BC patients. Further
large-scale prospective cohort studies are needed to confirm the
association between GPER1 expression and outcomes of
patients with BC.
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