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Background: A hormonal role in the development of non-small cell lung cancer (NSCLC) has been well 
documented, and the classic estrogen receptors (ERs)—ERα and ERβ have been extensively investigated 
over the past decade. The expression of ERβ was found to be high and display biological activity in NSCLC, 
but anti-estrogen therapy targeting this receptor has shown limited efficacy for the disease. The third 
estrogen receptor, G protein-coupled estrogen receptor 1 (GPER1/GPR30), was recently found to be highly 
expressed in NSCLC. Herein, we aimed to investigate the expression profile of GPER1 and correlate it with 
clinicopathological factors as well as postoperative prognosis in NSCLC.
Methods: We examined GPER1 and ERβ expression using immunohistochemistry among 183 NSCLC 
cases, including 132 lung adenocarcinoma (LUAD) with identified epidermal growth factor receptor (EGFR) 
mutation status and 51 squamous cell carcinoma (SCC) patients. We then conducted correlation analysis 
between the expression of GPER1 and clinicopathological factors and patients’ postoperative prognosis.
Results: Positive expression of GPER1 was categorized into 2 main classes: nuclei-GPER1 (nGPER1) 
and concurrent nuclei-and cytoplasm-GPER1 (n/cGPER1), according to its subcellular localization. The 
LUAD with wild-type EGFR (wt-EGFR) had a higher frequency of n/cGPER1 (50%) but a lower frequency 
of nGPER1 (31%) when compared with those with mutated EGFR (n/cGPER1: 31%, nGPER1: 41%, 
respectively). The expression of GPER1, regardless of subcellular localization, was positively correlated with 
tumor stage and lymph node metastasis. The median recurrence-free survival (mRFS) and overall survival 
(OS) were significantly worse in participants with n/cGPER1 expression than in those with nGPER1 or 
without GPER1 expression. 
Conclusions: This study revealed that GPER1 is aberrantly highly expressed and presents a unique 
GPER1 expression profile in NSCLC. The n/cGPER1 expression was significantly associated with EGFR 
mutation status, tumor stage, lymph node metastasis, and poor postoperative prognosis in NSCLC.
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Introduction

Lung cancer is one of the most common cancers globally 
and is currently the leading cause of cancer-related death 
in both males and females (1). A growing body of evidence 
now indicates that lung cancer is becoming prominent as a 
gender-related disease (2,3). It is well known that both lung 
adenocarcinoma (LUAD) and driver mutations of epidermal 
growth factor receptor (EGFR) and anaplastic lymphoma 
kinase (ALK) occur more commonly in females than in 
males (4,5), and positive expression of programmed cell 
death ligand-1 (PD-L1), a critical predictive biomarker for 
the efficacy of immunotherapy, was recently demonstrated 
to be higher in males than in females (6,7). Additionally, several 
prospective studies have shown that hormone replacement 
therapy (HRT) increases the incidence and mortality of lung 
cancer (8-10). Together, these data suggest that estrogen or 
gender‑dependent signaling are, at least in part, involved in the 
initiation and progression of lung cancer.

Estrogens act mainly through binding and activating 
their cognate receptors, estrogen receptor α (ERα) and 
ERβ. In view of the higher incidence rate of LUAD and 
EGFR mutation in females, both ERα and ERβ as well 
as estrogen signaling have been extensively investigated 
over the past 2 decades (11-14). Several retrospective 
studies with large participant cohorts have consistently 
reported that, in contrast to breast cancer, the expression 
level of ERβ is higher than that of ERα in lung cancer 
(15,16), and that strong expression of ERβ is positively 
correlated with EGFR mutation and could predict a 
better prognosis for patients with LUAD harboring 
EGFR mutations (15,17). In addition, several preclinical 
studies have revealed that estrogen promotes the 
proliferation of LUAD cells through activation of ERβ  
in vivo and in vitro (11,16). However, estrogen receptor (ER) 
inhibitor fulvestrant has only shown limited clinical efficacy 
for NSCLC patients in phase II clinical trials (18).

The G protein-coupled estrogen receptor 1 (GPER1), 
formerly known as GPR30, is the third ER, which is a 
potential membrane ER that can trigger a rapid, non-
genomic signaling upon binding E2, environmental 
estrogens, as well as the antagonists of ERα and ERβ, 
such as fulvestrant and tamoxifen (19,20). It was found to 
be highly expressed and displayed biological activity in 
multiple solid tumors, especially in those showing gender 
differences in incidence, including breast, endometrial, 
thyroid, and colon cancer (21-24). In addition, functional 
interactions between GPER1 and EGFR or its downstream 

effectors such as protein kinase B (AKT) and extracellular-
regulated kinase 1/2 (ERK1/2) have been well established 
and are thought to be the main mechanism by which 
GPER1 facilitates tumor progression (23,25-27). 

More recently, the expression of GPER1 was found to be 
enhanced in NSCLC compared to normal lung tissue (28),  
but it is not yet clear whether its enhanced expression 
is the cause or consequence of lung carcinogenesis, and 
the subcellular localization of GPER1 has remained 
controversial. Recent studies have shown that activation of 
GPER1 with E2 or fulvestrant, an antagonist of both ERα 
and ERβ, promotes LUAD cell proliferation in vivo and 
in vitro (29-31), but prognostic effects of GPER1 in lung 
cancer remained unknown. Besides the higher incidence 
of LUAD and EGFR mutations in female patients, the 
recent finding of cross-talk between GPER1 and EGFR 
signaling (29) motivated us to investigate the correlation 
between the expression of GPER1 and clinicopathologic 
factors, especially EGFR mutations, and to evaluate the 
prognostic significance of GPER1 in NSCLC. We present 
the following article in accordance with the REMARK 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-29/rc).

Methods

This was a retrospective and observational study of 183 
consecutive patients at Yan’an Affiliated Hospital of 
Kunming Medical University who underwent surgical 
resection of tumors and were diagnosed with NSCLC, 
including132 cases of LUAD with identified EGFR 
mutations status and 51 squamous cell carcinoma (SCC) 
between June 2013 and June 2021. The study conformed 
to the Declaration of Helsinki (as revised in 2013) and 
was approved by the Institutional Ethics Committee of 
Yan’an Affiliated Hospital of Kunming Medical University 
(No. 2017-014-01). Specimens were stored according to 
protocols approved by the Institutional Review Board of 
Yan’an Affiliated Hospital of Kunming Medical University, 
and informed consent to use biopsy tissues for sample 
analyses was provided by all patients. All diagnoses were 
histologically proven and the pathological stage was 
adopted for the surgical cases according to the tumor-
node-metastasis (TNM) classification revised in 2015 by 
the International Association for the Study of Lung Cancer 
(IASLC). None of the participants had been treated with 
EGFR–tyrosine kinase inhibitors (TKIs) or ALK inhibitors 
prior to lung tumor relapse.

https://jtd.amegroups.com/article/view/10.21037/jtd-22-29/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-29/rc
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Immunohistochemical staining and evaluation

The immunohistochemical (IHC) staining for GPER1 
and ERβ was performed according to previously described 
methods (28). Briefly, the sections from paraffin-embedded 
lung carcinoma tissue were routinely prepared on glass 
slides and then deparaffinized. The sections were placed in 
3% H2O2 for 10 min to quench the endogenous peroxidase. 
For epitope retrieval, they were heated for 30 min in  
0.1 mol/L sodium citrate buffer (pH 6.0) in a water bath 
at 95–100 ℃. Then, the sections were incubated in normal 
goat serum for 20 min to reduce non-specific antibody 
binding. The primary antibody reaction employed the 
polyclonal rabbit antibody against ERβ (1:200; Proteintech, 
USA; code, 14007-1-AP) and GPER1 (1:200; Abcam, 
Cambridge, MA, USA; code, ab39742), confirmed to be 
specific for GPER1(32), for 90 min at room temperature. 
Thereafter, visualization reaction was performed using 
3,3’-diaminobenzidine (DAB).

The IHC staining for GPER1 and ERβ was assessed 
using a defined scoring method (29) by 2 independent 
pathologists, who were blinded to the clinicopathologic 
data. Initially, a proportion score ranging from 1 to 4 was 
assigned according to the percentage of positive staining 
for tumor cells (1, 0–20%; 2, 21–50%; 3, 51–75%; and 4, 
76–100%). Thereafter, 4 degrees of intensity score were 
also assigned according to the staining intensity (1, negative; 
2, weak, 3, moderate; and 4, strong). The final value was 
obtained by multiplying the proportion and intensity scores, 
which ranged from 1 to 16 and was denoted as (−) ≤4, (+) 
>4 and ≤8, (++) >8 and ≤12, and (+++) >12 and ≤16. For 
statistical purposes, IHC scores of GPER1 were categorized 
into the weakly positive group (W group) when the score 
was 0–8 and the strongly positive group (S group) when the 
score was 9–16.

Detection of driver mutation

We detected EGFR mutations using a commercially 
available next generation sequencing (NGS) platform 
(majority in 3D Medicine Inc, Shanghai, China), which was 
self-funded by patients. 

Statistical analysis

We compared 2 groups using the χ2 test, and multivariate 
models were constructed using logistic regression including 
the confounding factors with a P value <0.15 in univariate 

analysis. The Kaplan–Meier method was used to estimate 
the probability of recurrence-free survival (RFS) and overall 
survival (OS), and differences were analyzed by the log-
rank test. The endpoint for RFS was the first documented 
day of recurrence of the disease. A multivariate analysis 
was performed according to the Cox proportional hazards 
model. The statistical difference was considered significant 
if the P value was less than 0.05. The data were analyzed 
using the software SPSS version 25.0 (IBM Corp., Chicago, 
IL, USA).

Results

Clinicopathological characteristics of 183 NSCLC patients

A total of 183 patients with pathologically confirmed primary 
NSCLC were enrolled from the Department of Thoracic 
Surgery (Yan’an Affiliated Hospital of Kunming Medical 
University) from June 2013 to June 2021. The median age of 
the183 participants at diagnosis was 60 years (31–87 years). 
Among all participants, 112 (61.2%) were <65 years old, 101 
(55.2%) were female, 85 (46.4%) had a history of smoking, 
132 (72.1%) presented with adenocarcinomas, and 51 (27.9%) 
presented with SCC (33). The pathological stage was I–II 
in 109 (59.6%) and III–IV in 74 participants (40.4%). Of 
the 183 tumors, 38 (20.8%) were poorly differentiated,145 
(79.2%) were moderate to well differentiated, and local 
lymph node metastasis occurred in 76 (41.5%). Additionally, 
of the 132 LUAD participants, 52 (39.4%) harbored EGFR 
mutations, including 22 (16.7%) with exon 19 deletion and 
30 (22.7%) with L858R point mutation.

Expression of GPER1 and its correlation with 
clinicopathological factors in NSCLC

The expression of GPER1 was found mainly in the nuclei 
and sometimes in the cytoplasm of carcinoma cells, and 
interestingly, all the samples expressing cGPER1 were also 
positive for nGPER1. Thus, positive expression patterns 
for GPER1 were categorized into 2 main classes: nGPER1 
expression and concurrent n/cGPER1. Representative 
staining patterns of GPER1 are shown in Figure 1.

Among the 183 patients with NSCLC, a total of  
153 patients (83.6%) had GPER1-positive NSCLC, 
including 64 with positive nGPER1 expression and 89 
with positive n/cGPER1 expression. Of the 132 LUAD 
participants, 109 (82.6%) were positive for GPER1, including 
47 (35.6%) with positive nGPER1 expression and 62 (47.0%) 
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with positive n/cGPER1 expression. Of the 51 lung SCC, 44 
(86.3%) were positive for GPER1, including 17 (33.3%) with 
positive nGPER1 expression and 27 (52.9%) with positive 
n/cGPER1 expression. However, positivity rates of both 
nGPER1 and n/cGPER1 expression did not show significant 
differences between LUAD and SCC (P=0.773, P=0.469, 
respectively). 

In LUAD, univariate analysis revealed that the 
nGPER1 expression was significantly associated with 
EGFR mutations and never smokers, whereas the n/
cGPER1 expression was significantly correlated with wt-
EGFR, a history of smoking, stage III–VI, and lymph node 
metastasis. A multivariate analysis showed that nGPER1 
expression was independently associated only with EGFR 
mutations [odds ratio (OR) =4.343; 95% confidence interval 
(CI): 2.035–9.270; P<0.001], and that n/cGPER1 expression 
was independently associated with EGFR mutations (OR 
=0.228; 95% CI: 0.104–0.500; P<0.001) and lymph node 
metastasis (OR =2.380; 95% CI: 1.096–5.168; P=0.028). 
Neither nGPER1 nor n/cGPER1 expression was associated 
with gender, age, and degree of differentiation (Table 1). 

In SCC, both the nGPER1 and n/cGPER1 expression 

were not significantly associated with gender, age, smoking 
history, lymph node metastasis, tumor stage, and degree of 
differentiation (Table 2).

Expression of ERβ and its correlation with clinicopathological 
factors in NSCLC

The expression of ERβ was found mainly in the cytoplasm 
of cancer cells, and its positivity rate was significantly 
higher in LUAD than in SCC (40.9% vs. 17.6%, P=0.003). 
Representative staining of ERβ is shown in Figure 2.

In LUAD, univariate analysis showed that the expression 
of ERβ was positively correlated with EGFR mutations 
and nGPER1 expression, but negatively with n/cGPER1 
expression. A multivariate analysis revealed that the 
expression of ERβ was independently associated only with 
nGPER1 expression (OR =6.333; 95% CI: 2.092–19.170; 
P=0.001).

In SCC, univariate analysis showed that ERβ expression 
was not significantly associated with any clinicopathological 
factors; however, a multivariate analysis suggested that 
the expression of ERβ was independently associated with 
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Figure 1 Representative immunohistochemical staining pattern of GPER1. Specimens were categorized into three classes: negative for 
both nuclei and cytoplasm, negative; negative for cytoplasm but positive for nuclei, nGPER1; positive for both nuclei and cytoplasm, n/
cGPER1. The images are shown at ×400 magnification and the scale bar indicates 50 μm. LUAD, lung adenocarcinoma; SCC, squamous 
cell carcinoma; GPER1, G protein-coupled estrogen receptor 1
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advanced stage of tumor (OR =0.176; 95% CI: 0.032–0.953; 
P=0.044).

EGFR mutations in lung adenocarcinoma

The incidence of EGFR mutations in our cohort was 
39.4% (52/132), and its distribution in stage I, II, III and 
IV was 46.6%, 45.5%, 22.2% and 33.3%, respectively, but 
there was no significant difference in frequencies of EGFR 
mutation between different tumor stages (P=0.145).

A total of 65 patients (25 EGFR mutant and 40 EGFR 
wildtype) treated with palliative chemotherapy in 132 
LUAD, and all of them eventually experienced progression. 
The overall response rate (ORR) to first-line chemotherapy 
was higher in patients with EGFR mutations than those 

with EGFR wildtype (60.0% vs. 27.5%, P=0.009), and 
the median progression-free survival (mPFS) was longer 
in patients with EGFR mutations than those with EGFR 
wildtype (128 vs. 68 days, P=0.001).

Influence of expression of GPER1 on RFS

To evaluate the prognostic effect of expression of GPER1, 
we compared the RFS of 146 participants, including 104 
LUAD and 42 SCC, who underwent complete surgical 
resection of their tumors. 

In 104 LUAD patients, 55 (52.9%) had relapsed. The 
EGFR mutations did not influence the RFS (P=0.455). 
However, a positive expression of n/cGPER1 type was 
significantly associated with poor prognosis; the RFS was 

Table 1 Association of the expression of GPER1 and ERβ with clinicopathological factors in LUAD

Variable N nGPER1 (LUAD), n (%) P value n/cGPER1 (LUAD), n (%) P value ERβ (LUAD), n (%) P value

Age, years 0.510 0.287 0.260

<65 85 32 (37.65) 37 (43.53) 33 (38.82)

≥65 47 15 (31.91) 25 (53.19) 21 (44.68)

Gender 0.272 0.249 0.686

Male 59 22 (37.29) 31 (52.54) 23 (38.98)

Female 73 29 (39.73) 31 (42.47) 31 (42.67)

Smoking history 0.030 0.047 0.596

Smoker 50 12 (24.00) 29 (58.00) 19 (38.00)

Never smoker 82 35 (42.68) 33 (40.24) 35 (42.68)

Differentiation 0.466 0.97 0.759

Low 30 9 (30.00) 14 (46.67) 13 (43.33)

Middle & high 102 38 (37.25) 48 (47.06) 41 (20.59)

EGFR mutation <0.001 <0.001 0.038

No 80 18 (22.50) 49 (61.25) 27 (33.75)

Yes 52 29 (55.77) 13 (25.00) 27 (51.92)

Stage 0.197 0.007 0.815

Stage 1/2 84 34 (40.48) 33 (39.29) 35 (41.67)

Stage 3/4 48 13 (27.08) 29 (60.42) 19 (39.58)

Lymph node metastasis 0.243 0.007 0.815

Negative 84 14 (16.67) 32 (38.10) 35 (41.67)

Positive 48 33 (68.75) 30 (62.50) 19 (39.58)

GPER1, G protein-coupled estrogen receptor 1; ERβ, estrogen receptor β; nGPER1, positive for nuclear expression of GPER1; n/cGPER1, 
positive expression of GPER1 both in nuclei and cytoplasm; LUAD, lung adenocarcinoma; EGFR, epidermal growth factor receptor.
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Table 2 Association of the expression of GPER1 and ERβ with clinicopathological factors in SCC

Variable N nGPER1 (SCC), n (%) P value n/cGPER1 (SCC), n (%) P value ERβ (SCC), n (%) P value

Age, years 0.552 0.467 1.000

<65 27 10 (37.04) 13 (48.15) 4 (14.81)

≥65 24 7 (29.17) 14 (58.33) 5 (20.83)

Gender 0.051 0.363 0.294

Male 42 17 (40.48) 21 (50.00) 9 (21.43)

Female 9 0 (0.00) 6 (66.67) 0 (0.00)

Smoking history 0.286 0.374 0.798

Smoker 35 10 (28.47) 20 (57.14) 7 (0.20)

Never smoker 16 7 (43.75) 7 (43.75) 2 (0.13)

Differentiation 0.785 0.856 1.000

Low 8 3 (37.50) 4 (50.00) 1 (12.50)

Middle & high 43 14 (32.56) 23 (53.49) 8 (18.60)

Lymph node metastasis 0.164 0.22 0.072

Negative 23 7 (30.43) 17 (73.91) 7 (30.43)

Positive 28 10 (35.71) 10 (35.71) 2 (7.14)

GPER1, G protein-coupled estrogen receptor 1; ERβ, estrogen receptor β; SCC, squamous cell carcinoma; nGPER1, positive for nuclear 
expression of GPER1; n/cGPER1, positive expression of GPER1 both in nuclei and cytoplasm.

Figure 2 Representative immunohistochemical staining of ERβ. The images are shown at ×400 magnification and the scale bar indicates 50 
μm. LUAD, lung adenocarcinoma; SCC, squamous cell carcinoma; ERβ, estrogen receptor β.
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significantly worse in patients with n/cGPER1 expression 
than in those without cytoplasmic expression of GPER1, 
including nGPER1 and negative GPER1 expression [hazard 
ratio (HR) =2.73, 95% CI: 1.55–4.81, P=0.001]. Further, the 
survival data were compared among n/cGPER1, nGPER1, 
and negative GPER1 groups, and the RFS was significantly 
worse in the n/cGPER1 group than that in the other  
2 groups (HR =4.82 for n/cGPER1 vs. negative GPER1, 
95% CI: 2.03–11.43, P<0.001; HR =2.03 for positive n/
cGPER1 vs. nGPER1, 95% CI: 1.10–3.72, P=0.023), 
but there was only a marginal difference in RFS for the 
nGPER1 group versus negative group (HR =2.38, 95% CI: 
0.99–5.71, P=0.052). Further, the participants were stratified 
by their EGFR mutated status because a strong correlation 
between the subcellular localization of GPER1 and EGFR 
mutations was observed, as shown in Table 1. The n/cGPER1 
expression was significantly associated with decreased RFS 

in both EGFR mutation (P=0.004; Figure 3A) and wt-EGFR 
group (P=0.01; Figure 3B), but nGPER1 expression was not 
in these 2 groups (P=0.275 for EGFR mutation, Figure 3C; 
P=0.358 for wt-EGFR, Figure 3D). The effects of various 
clinicopathologic factors on RFS in LUAD patients were 
evaluated by univariate and multivariate analysis. As a result, 
n/cGPER1 expression (HR =2.73, 95% CI: 1.55–4.81, 
P=0.001), advanced stage (HR =3.35 for stage II vs. stage I, 
95% CI: 1.34–8.35, P=0.009; HR 2.99 for stage III vs. stage 
I, 95% CI: 1.34–6.69, P=0.007) and lymph node metastasis 
(HR =2.93, 95% CI: 1.31–6.55, P=0.009) were independently 
correlated with poor RFS in patients with LUAD.

Among 42 SCC patients, 29 (69.0%) had relapsed. The 
mRFS was notably shorter in the group with n/cGPER1 
expression than in the group without cytoplasmic expression 
(P=0.043; Figure 4). Additionally, the mRFS was also 
notably shorter in tumors with poor differentiation, lymph 
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Figure 3 Kaplan-Meier curve showing RFS in LUAD. RFS curves stratified by the expression of cGPER1 in patients (A) with EGFR 
mutation and (B) with wt-EGFR. RFS curves stratified by the expression of nGPER1 in patients (C) with EGFR mutation and (D) with 
wt-EGFR. RFS, recurrence-free survival; cGPER1, cytoplasm-G protein-coupled estrogen receptor 1; HR, hazard ratio; CI, confidence 
interval; LUAD, lung adenocarcinoma; EGFR, epidermal growth factor receptor; wt-EGFR, wild-type EGFR.
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node metastasis, and advanced stage than their counterparts 
(P=0.010, P<0.001, P<0.001, respectively). A multivariate 
analysis showed that only n/cGPER1 expression (HR 
=3.15, 95% CI: 1.40–7.12, P=0.006) and tumor stage (HR 
=2.44 for stage II vs. stage I, 95% CI: 0.68–8.73, P=0.17; 
HR =15.99 for stage III vs. stage I, 95% CI: 4.16–61.54, 
P<0.001) were independently correlated with poor RFS 
in patients with SCC. However, we could not evaluate the 
effect of nGPER1 expression on RFS in SCC due to the 
small size of our cohort.

Influence of expression of GPER1 on OS

Among the 132 LUAD patients, there were 58 (43.9%) 
deaths. The median overall survival (mOS) was markedly 
shorter in the group with n/cGPER1 expression than in 
the group without cytoplasmic expression (P<0.001; Figure 
5A). In addition, the mOS for the entire cohort was also 
affected by the EGFR mutations(P=0.043), advanced stage 
(P<0.001), lymph node metastasis (P<0.001). In multivariate 
analysis, the OS remained affected by n/cGPER1 expression 
(HR =3.617, 95% CI: 1.989–6.576, P<0.001), advanced 
stage (HR =2.516, 95% CI: 1.059–5.977, P=0.037) and 
lymph node metastasis (HR =4.188, 95% CI: 1.735–10.111, 
P=0.001).

Among the 51 SCC patients, there were 27 (52.9%) 
deaths. The expression of n/cGPER1 significantly decreased 
the mOS of the entire cohort (P=0.036; Figure 5B). Besides, 
the OS was also affected by the low differentiation (P=0.043), 

advanced stage (P<0.001), lymph node metastasis (P<0.001). 
However, in multivariate analysis, the OS was not affected 
by n/cGPER1 expression (P=0.122), except for the advanced 
stage (HR =6.169, 95% CI: 1.139–33.423, P=0.035) and 
lymph node metastasis (HR =4.136, 95% CI: 1.090–15.697, 
P=0.037).

Discussion

Estrogen has long been thought to promote the initiation 
and development of lung cancer, whereas anti-estrogen 
therapy based on inhibiting ERβ signaling has shown 
limited clinical efficacy (18). In this study, we analyzed the 
correlations between the expression of GPER1 and various 
clinicopathological factors including EGFR mutations 
and ERβ expression, and further evaluated its prognostic 
significance in postoperative NSCLC patients.

We found a unique expression profile of GPER1 
in NSCLC for the first time: GPER1 expression was 
concurrently present in nuclei and cytoplasm, and it 
appeared that cGPER1 expression was based on the 
expression of nGPER1; a similar observation was also made 
in the endometrium using the same GPER1 antibody as used 
in our study (32). However, our results were inconsistent 
with the previous study, where GPER1 expression was 
found mainly in the cytoplasm and sometimes in the 
nuclei of lung cancer cells (29,31). More recently, it has 
been demonstrated that GPER1 is a glycosylated protein 
receptor (34). The N-terminal glycosylation can influence 
its structure, activity, and subcellular localization, thus 
rendering its subcellular localization and function more 
complex (34,35). In breast cancer cells, only the cytoplasm 
or membrane expression of GPER1 can transactivate EGFR 
signaling (26,36). However, disrupting N-glycosylation 
trigger the translocalization of GPER1 from cytoplasm to 
nucleus, where it was unable to activate mitogen-activated 
protein kinase (MAPK) signaling, a downstream effector of 
EGFR signaling, but could enhance cellular proliferation 
and migration by binding to the promoters of its target 
genes c-FOS and connective tissue growth factor (CTGF), 
respectively (37). Thus, different subcellular localization of 
GPER1 could be caused by its glycosylation status.

Several studies have shown that the nuclear expression 
of ERβ is positively correlated with EGFR mutations in 
LUAD (4,15,17). In the present study, we found that both 
ERβ and nGPER1 expression occurred more frequently 
in EGFR-mutated LUAD, whereas n/cGPER1 expression 
occurred more frequently in wt-EGFR. Conversely, a 
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Figure 4 Kaplan-Meier curve showing RFS. RFS curves stratified 
by the expression of cGPER1 in SCC. RFS, recurrence-free 
survival; cGPER1, cytoplasm-G protein-coupled estrogen receptor 
1; HR, hazard ratio; 95% CI, 95% confidence interval; SCC, 
squamous cell carcinoma.
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functional interaction between GPER1 and EGFR as well as 
ERs has been established in several solid tumors (23,36). In 
breast cancer cells, for instance, GPER1 could translocate 
from nuclei to cytoplasm and membrane after long-term 
inhibition of ERα/β signaling, which in turn transactivates 
EGFR signaling, resulting in cell proliferation, migration, 
and even resistance to endocrine therapy (23,38). Thus, 
the activity of EGFR and ERβ signaling could affect the 
subcellular localization of GPER1. In addition, a reasonable 
interpretation of such correlation between subcellular 
localizations of GPER1 and mutation status of EGFR 
may be that, when EGFR is at activating mutation status 
or aberrantly active, GPER1 mainly localizes in nuclei; 
however, when EGFR is at wild-type status or inactive, 
GPER1 can translocate from nuclei to cytoplasm to 
functionally interact with EGFR, thereby complementarily 
enhancing EGFR signaling. Although EGFR-TKIs have 
largely improved outcomes and quality of life of NSCLC 
patients with EGFR mutations, resistance to these drugs 
eventually emerged. Besides the secondary mutation of 
EGFR, amplification of EGFR and c-MET, activation of 
EGFR downstream signaling, mainly including MAPK 
and PI3K/AKT pathways, have been demonstrated to play 
a critical role in such acquired resistance (39,40). Thus, 
based on what discussed above, this finding may provide 
an opportunity for investigating the potential mechanism 
underlying EGFR mutations; further, targeting GPER1 
could be a strategy for overcoming EGFR-TKIs resistance 
in NSCLC in the future.

Results from our study showed that the positive 
expression of ERβ was higher in LUAD than in SCC, and 
also higher in EGFR-mutated LUAD than in wt-EGFR 
LUAD, which were in line with previous reports (14). 

Additionally, our present work for the first time showed that 
the expression of nGPER1 was higher in EGFR mutations 
than in wt-EGFR LUAD, and there was a trend toward a 
higher expression level of nGPER1 in LUAD than in SCC 
harboring a lower frequency of EGFR mutations, though 
the difference was not significant. Further, the expression of 
ERβ was positively correlated with nGPER1 expression, but 
not with n/cGPER1 expression. 

It has been previously reported that GPER1 is a 
potential risk factor in promoting distant metastasis and 
could enhance malignancy of multiple tumors, including 
breast, ovary, and cervical cancer (41-43). However, 
data regarding the role and impact of GPER1 on the 
progression of NSCLC is very limited so far, only several 
preclinical studies being reported. GPER1 could promote 
NSCLC progression through activation of MAPK, PI3K/
AKT and NOTCH1 signaling pathway in NSCLC (29,30). 
Whereas another study reported that activation of GPER1 
inhibited the migration of NSCLC cells via IKK-β/NF-
κB signals (44). These data were conflicted on the role of 
GPER1 in NSCLC progression, the potential mechanism 
for which is unknown. In this work, our results showed that 
cytoplasmic and nuclear expression of GPER1 could result 
in different prognosis for patients with NSCLC, combining 
with previous finding in breast cancer cells that glycosylated 
form of GPER1 was localized in cytoplasm while non-
glycosylated form localized in nuclei, and that they could 
exert different roles. Therefore, these conflicting results 
could be caused by the different glycosylated status of 
GPER1. In the present research, we found that only the n/
cGPER1 expression, but not the nGPER1 expression, was 
significantly associated with the advanced stage of tumor 
and lymph node metastasis, which was consistent with the 
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previous study in LUAD (29). In 2 previous studies, GPER1 
IHC patterns were divided into nuclear and cytoplasmic 
expressions, and their correlation with clinicopathological 
factors in NSCLC were investigated separately (29,31). 
However, in most cases, the expression of nGPER1 and 
cGPER1 occurred concurrently in the same patient. 
Thus, in order to evaluate prognostic effect of GPER1, 
we categorized GPER1 IHC patterns into 3 subtypes: 
negative, nGPER1, and n/cGPER1. Herein, we evaluated 
for the first time the prognostic significance of GPER1 
in NSCLC, and found n/cGPER1, but not nGPER1 
expression, was significantly associated with poor RFS and 
OS in NSCLC. Even after stratifying the LUAD patients 
by EGFR mutation status, n/cGPER1 expression was still 
linked to a shorter RFS in both the EGFR-mutated and wt-
EGFR groups. However, we could not evaluate the impact 
of nGPER1 on RFS after stratifying the LUAD patients by 
EGFR-mutated status, due to the small size of our cohort.

In conclusion, GPER1 is aberrantly highly expressed in 
both LUAD and SCC. The nGPER1 expression occurs 
more frequently in EGFR-mutated LUAD, while n/
cGPER1 expression occurs more frequently in wt-EGFR 
LUAD. The n/cGPER1 type predicts a worse RFS and OS 
in NSCLC, which is a potential risk factor for prognosis of 
NSCLC patients.

This work will facilitate a better understanding of 
estrogen signaling in the development of NSCLC, and 
GPER1 can be considered as a potential target or biomarker 
for treatment of NSCLC. Clinical studies with large simple 
sizes and preclinical research are needed to clarify the role 
of GPER1 in lung cancer, especially in the interaction with 
EGFR signaling pathway, which may provide a new strategy 
to overcome EGFR-TKIs resistance in the future.
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