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Abstract

Background The role of G-protein-coupled estrogen receptor 1 (GPER-1) in the development of tamoxifen resistance in
breast cancer is a highly controversial issue. The aim of this study was to determine the expression of GPER-1 in the clinical
routine under conditions of endocrine treatment.

Patients and methods GPER-1 expression was analyzed in 442 patients with primary invasive breast cancer. GPER-1 score
of >3 was determined as positive. Expression data were correlated with clinical and pathological characteristics and patient
survival.

Results GPER-1 expression was observed in 352 (80.9%) cases, and positively correlated with estrogen and progesterone
receptor status (p=0.0001). GPER-1 positivity was associated with an increased grade of differentiation (p =0.0001) and
with a low level of Ki-67 expression (p=0.0001). High GPER-1 expression was associated with a decreased level upon
systemic treatment (p =0.011). In the whole cohort, GPER-1 expression was associated with prolonged disease-free survival
(DES). DFS between tamoxifen- and aromatase inhibitor-treated GPER-1-positive patients was similar (p=0.090). Notably,
after matching the analysis for the most important prognostic factors, DES for tamoxifen-treated GPER-1-positive patients
was 69.1%, which is a percentage that is significantly lower compared to DFS for GPER-1-positive patients treated with
aromatase inhibitors (92.7%) (p =0.005).

Conclusion GPER-1 expression is a favorable prognostic factor in breast cancer patients. Its predictive role for poor benefit
form tamoxifen treatment should be investigated in further studies.

Keywords GPER-1 - GPR30 - Breast cancer - Tamoxifen resistance - Estrogen

Introduction

G-protein-coupled estrogen receptor 1 (GPER-1), also
referred to as GPR30, belongs to the family of G-protein-
coupled receptors (GPCRs) and is involved in the rapid
non-genomic action of estrogen [1]. In addition, tamox-
ifen possesses agonistic activity toward GPER-1, suggest-
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ing a potential role of this receptor in the development of
tamoxifen resistance. Conducting a large retrospective study
with breast cancer patients, we found that GPER-1 expres-
sion is an unfavorable prognostic factor regarding treat-
ment response to tamoxifen [2]. In accordance, Sjostrom
et al. found that absence of plasma membrane expression
of GPER-1 is associated with improved long-term progno-
sis of tamoxifen-treated patients [3]. In vitro data support
the hypothesis that GPER-1 might be involved in tamoxifen
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resistance. In estrogen receptor-positive breast cancer cell
lines, we observed increased expression of GPER-1 on the
cell surface, and a cross-talk between GPER-1 and epider-
mal growth factor receptor 1 (EGFR-1). This may be respon-
sible for the increased agonistic activity of tamoxifen [4]. In
agreement, Mo and co-workers found that GPER-1 expres-
sion is facilitated by tamoxifen treatment, and that blockade
of EGFR-1 and GPER-1 signaling pathways is an option to
overcome tamoxifen resistance [5]. Nevertheless, the role of
GPER-1 in tamoxifen resistance is still poorly understood,
and further studies, especially prospective trials, are needed.
In this context, we investigated the expression of GPER-1
in breast cancer tissue and compared it with established clin-
icopathological parameters and clinical outcome.

Patients and methods
Immunohistochemistry

GPER-1 expression was analyzed as previously described
[2]. Sections of formalin-fixed and paraffin-embedded breast
cancer specimens or corresponding recurrent lesions (3.0 um
thick) were mounted on SuperFrost Plus glass slides (Men-
zel, Braunschweig, Germany) and dried overnight. A Bench-
mark XT (Ventana, Unterhaching, Germany) conducted the
immunostaining. The slides were incubated with affinity-
purified rabbit antibody against GPER-1 (SP4677P; Acris
antibodies, Herford, Germany) diluted 1:500 for 32 min at

37 °C, after antigen retrieval with Protease I (Ventana) for
10 min. The reactions were visualized by DAB detection.
The slides were counterstained with hematoxylin and cover
slipped after being embedded in mounting medium.

GPER-1 expression analysis

GPER-1 expression was analyzed and expression score was
obtained as previously described [6, 7]. Briefly, staining
extensity was categorized as 0 (no positive cells), 1 (<10%
positive cells), 2 (10-50% positive cells), or 3 (>50% posi-
tive cells), whereas staining intensity was categorized as 0
(negative), 1 (weak), 2 (moderate), or 3 (strong). The indi-
vidual categories were multiplied to give a total immuno-
histochemical score (IHC). IHC score ranged between 0 and
9. The GPER-1 cut-off was determined using the GPER-1
expression in normal breast tissue surrounding the invasive
breast cancer [6]. Tumors with an IHC of >3 were catego-
rized as GPER-1 positive. GPER-1 expression was observed
predominantly on the plasma membrane and in the cell cyto-
plasm cytosol (Fig. 1). GPER-1 expression in nucleus was
not evaluated. Representative examples of different GPER-1
expression are shown in Fig. 1: negative staining (Fig. 1a),
slightly positive staining (Fig. 1b), moderately positive
(Fig. 1c) and strongly positive (Fig. 1d) cytoplasmic immu-
nostaining. The specificity of the GPR30 peptide antibody
was tested in cell lysates prepared from human embryonic
kidney HEK-293 cells, human breast cancer MDA-MB231
and MCF-7 cells as described [2].

Fig. 1 Paraffin-embedded breast
tumor tissue immunostained A
with GPER-1 antibody. a Nega-
tive, b, weak, ¢ moderate, and
d strongly positive cytoplas-
mic staining of GPER-1. Bar: 7
50 ym. GPER-1, G-protein- 2
coupled estrogen receptor 1
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Patients and tissue samples

The data of 442 patients with primary invasive non-meta-
static breast cancer, who had been admitted to the Depart-
ment of Obstetrics and Gynecology, Otto-von-Guericke
University, Magdeburg, Germany from 2014 to 2017, were
selected by retrospective analysis. Since January 2014, we
evaluated GPER-1 expression routinely after the primary
diagnosis of breast cancer. In seven cases, GPER-1 expres-
sion was not determined, and they were excluded from fur-
ther analysis (Fig. 2). Four hundred and thirty-five patients
were eligible for analysis. Concerning the evaluation of sur-
vival in terms of endocrine treatment of GPER-1-positive
patients, 184 patients were excluded (Fig. 2), including
patients with negative GPER-1 expression (n=83), in cases
of not specified (n =48) or not performed (n =44) endocrine
treatment, and in cases of bilateral breast cancer (n=9). For
survival analysis, 251 cases were available. These patients
were divided into two groups depending on their endocrine
treatment: tamoxifen or aromatase inhibitor.

To avoid a selection bias between both groups, a matching
analysis was performed. The matching process was based on
four prognostic criteria: tumor stage (<2, or >2 cm), tumor
histology, tumor grading (grade 1, 2 or 3), and patient treat-
ment. The matching procedure was conducted at random and
without any information about the patients’ outcome. The
rate of chemotherapy was performed in 41.7% and 34.3% in
tamoxifen-treated and aromatase inhibitor-treated patients,
respectively. This difference was not significant.

The main prognostic factors assessed in this study were
patient age, expression of estrogen receptor (ER), proges-
terone receptor (PR), and human epidermal growth factor
receptor 2 (HER2), tumor size, tumor grading, histologi-
cal type, and lymph node status. Histological grade, Ki-67
expression and ER, PR, and HER?2 status were assessed at
the time of diagnosis. The Ki-67 score was defined as per-
centage of positively stained tumor cells among the total
number of malignant cells assessed.

The primary outcome was DFS defined as the time from
the date of diagnosis and the date of loco-regional and/or
distant relapse and/or cancer-specific death. Loco-regional
relapse included the recurrence in ipsilateral breast, chest
wall or regional lymph nodes. Distant recurrences consist of
distant lymph node metastases (beyond the ipsilateral axil-
lary, infra- and/or supraclavicular, internal mammary area),
as well as of metastases in bone (including bone marrow),
brain, liver, lung (including pleura and lymphangitic carci-
nomatosis), and other organs (including peritoneum, other
organs not elsewhere classified, and skin tumors not affect-
ing the breast and chest wall). The follow-up ended with
the patient’s death, the latest available information, or the
last follow-up on March 1st, 2018. The median follow-up
was 33 months (range 1-64 months). The manuscript was
prepared in accordance with the STROBE statement crite-
ria [8]. According to the statement of Research and Ethi-
cal Committee, Otto-von-Guericke University, Magdeburg,
Germany, informed consent was obtained from all individual
participants included in the study before treatment.

Fig.2 Study design. GPER-1,
G-protein-coupled estrogen

442 patients with primary non-
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Statistical analysis

The statistical calculations were performed using SPSS
Version 22.0 (SPSS, Chicago, IL, USA). An association
between GPER-1 expression and the tumor and patients’
variables was evaluated using the y test or Fisher’s exact
test. DFS survival was calculated using the Kaplan—-Meier
method. The equality of survival curves was tested by the
log rank test. The statistical analyses were two-sided, and p
values < 0.05 were considered statistically significant.

Results

GPER-1 expression and clinical and pathological
characteristics

GPER-1 expression was analyzed in 435 patients with pri-
mary non-metastatic breast cancer. Patients were considered
positive for GPER-1 if they had an IHC score of at least 3.
GPER-1 expression was observed in 352 (80.9%) of 435
cases (Table 1). All of the surrounding non-tumor mam-
mary tissues included in the tissue specimens were GPR30-
positive. GPER-1 immunostaining correlated significantly
with ER (p=0.0001) and PR (p=0.0001) status. No signifi-
cant association was observed between GPER-1 and HER2
receptor status (Table 1). GPER-1 expression was inversely
correlated to tumor grading. GPER-1 positivity correlated
with low histologic grade of tumor (p=0.0001), confirmed
by the finding that GPER-1 expression was associated with
a low level of Ki-67 expression. The mean level of Ki-67
expression was 38.3% (range 5-95%) and 24.2% (range
2-82%) for GPER-1 negative and positive cases, respec-
tively. With regard to patient treatment, GPER-1 expression
was associated with a decreased rate of systematic treatment
(p=0.011). There was no correlation between the expression
of GPER-1 and other clinical and pathological characteris-
tics (Table 1).

GPER-1 expression and patient outcome

For survival analysis, only patients with positive GPER-1,
ER and/or PR expression and known endocrine therapy were
included (Fig. 2). Two hundred and fifty-one patients were
eligible. During the follow-up time, there were 40 (15.9%)
breast cancer relapses and or cancer-specific deaths. Local
recurrence, loco-regional recurrence, distant metastases, and
death occurred in 16 (6.4%) cases, 3 (1.2%) cases, 12 (4.8%)
cases, and 11 (4.4%) cases, respectively. In 2 cases, both
local and loco-regional disease was observed. Bone was the
site most frequently affected by distant metastases (n=10),
followed by liver (n=4), lung (n=3), other organs (n=2),
and distant lymph nodes (n=1).

@ Springer

Table 1 Clinical and pathological characteristics

Characteristic GPER negative GPER positive p value
N % N %
Total 83 19.5 352 80.9
Age, mean (range) 60.7 (28-91) 61.5 (31-99) 0.670
Tumor size, (cm)
<2 39 494 182 55.0 0.382
>2 40 50.6 149 45.0
Histological type
Ductal 74 89.2 277 78.8 0.406
Lobular 6 7.2 41 11.6
Other 3 36 34 9.6
Lymph node status
Negative 55 71.4 187 63.4 0.227
Positive 22 28.6 108 36.6
Grade
1 3 45 13.8 0.0001
2 33 39 181 55.7
3 41 429 99 30.5
Missing 6 535 17
ER 40 43
Negative 41 49.4 294 12.8 0.0001
Positive 2 50.6 7 87.2
PR 45 68
Negative 36 55.6 269 20.2 0.0001
Positive 2 444 7 79.8
HER2 69 271
Negative 12 852 59 82.1 0.623
Positive 2 14.8 12 17.9
Ki67, mean 38.3 (5-95) 24.2 (2-82) 0.0001
(range)
Operative treatment
No 1 1.3 4 1.3 0.085
Breast conserv- 40 51.3 195 64.8
ing
Mastectomy 37 474 102 33.9
Systemic treatment
No 38 46.9 207 63.1 0.011
Yes 43 53.1 121 36.9
Radiation
No 30 41.1 112 35.6 0.419
Yes 43 58.9 203 64.4

Furthermore, we evaluated the influence of endocrine
treatment on patient survival. GPER-1 expression was
associated with prolonged disease-free survival (data not
shown). In the entire cohort of GPER-1-positive patients,
the survival between tamoxifen and aromatase inhibitor-
treated patients was similar (Fig. 3a). The survival for
tamoxifen-treated and aromatase inhibitor-treated patients
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Fig.3 Kaplan—Meier analysis of DFS breast cancer patients. a
DFS depends on treatment with tamoxifen or aromatase inhibitor in
GPER-1-positive patients b DFS depends on treatment with tamox-
ifen or aromatase inhibitor after matching for tumor stage, tumor
histology, tumor grading, and patient treatment in GPER-1-positive

was 79.6% and 89.5%, respectively (p =0.090). To avoid
a selection bias between patients treated with tamoxifen
and aromatase inhibitor, a matching analysis of the most
important prognostic factors was performed. Notably, DFS
was 69.1% for patients treated with tamoxifen, which is
significantly lower than DFS for patients treated with aro-
matase inhibitors (92.7%). Thus, tamoxifen treatment was
associated with a significantly poorer DFS compared to
the individuals who received aromatase inhibitors in this
group of GPER-1-positive patients (p =0.005; Fig. 3b).

Time (years)

patients ¢ and d DFS of patients treated with tamoxifen and aro-
matase inhibitor, respectively, depends of GPER-1 expression. The
log rank test was used to calculate the p value. DFS disease-free sur-
vival, GPER-1 G-protein-coupled estrogen receptor 1

Discussion

In this study, we prospectively investigated the expres-
sion of GPER-1 and compared it with clinical and patho-
logical characteristics, as well as with DFS in a cohort of
435 patients with invasive non-metastatic breast cancer.
GPER-1 expression was associated with decreased DFS
in patients treated with tamoxifen.

GPER-1 was expressed in 80.9% of the studied breast
cancer specimens. This result is in accordance with our

@ Springer



126

Breast Cancer Research and Treatment (2019) 174:121-127

previously published data and with the results obtained
by others [2, 3, 6, 9, 10]. Nevertheless, a direct compari-
son between these studies regarding GPER-1 expression is
not easy because different evaluation methods and scores
were used. It is clear that GPER-1 expression significantly
correlates with ER and PR expression, as confirmed by
us. In our cohort, both ER-positive tumors (87.2%) and
PR-tumors (79.8%) expressed GPER-1. Regarding HER2
receptor expression, we did not observe any correlation,
which is in contrast to our recent results [2], and the data
reported by Sjostrom et al. and Samartzis et al. [3, 10].
This discrepancy could be due to the different scores used
or the way GPER-1 expression was analyzed. In the pre-
sent study, GPER-1 expression was prospectively evalu-
ated, whereas the evaluation was retrospective in all other
studies. As conformation, Broselid et al. also reported that
there exists a significant correlation between GPER-1 and
HER2 expression [9]. Interestingly, the localization of
GPER-1 expression, nuclear or cytoplasmic, correlated
differently with clinical and pathological characteristics,
including HER?2 status, and should be considered [10].
Interestingly, most of the cited studies have clearly
demonstrated that GPER-1 expression is associated with
improved survival of patients with breast and other cancers
[3, 6,9, 11-13]. This finding is in line with ours, namely
that GPER-1 is a potential tumor suppressor [12, 14, 15].
Similar data were reported by other studies investigating
cancer cells of different origins [9, 13, 16, 17]. The fact
that in our cohort, GPER-1 expression is associated with
favorable pathological characteristics and improved outcome
indirectly supports a tumor-suppressive action of GPER-1.
Of note, we found that GPER-1 expression was associated
with a worse median DFS in the group of patients treated
with tamoxifen, and these results are in agreement with pre-
vious investigations conducted in retrospective breast cancer
cohorts [2, 3]. Tamoxifen is an agonist for GPER-1 [4, 5,
18, 19]. Activation of GPER-1 with tamoxifen is associated
with increased expression of GPER on cell surface, leading
to an increased cross-talk with growth factor receptors and
resulting in increased cell proliferation [4, 5]. Continuous
treatment with tamoxifen was associated with reduced DFS
of 69.1% as compared with DFS of 92.7% in the group of
patients treated with aromatase inhibitors. These results are
consistent with our previous retrospective investigation [2].
The data of Sjostrom et al. support our findings. They found
that lack of GPER-1 expressions identified tamoxifen-treated
patients with an extremely low risk of distant metastases in a
long follow-up period [3]. By contrast, Broselid et al. found
no correlation between tamoxifen treatment and GPER
expression [9]. The discrepancy between these results could
be due to several reasons. First, the retrospective nature of
the cohort was investigated. Second, in the cohort of Bro-
selid and co-workers, tamoxifen treatment continued for only

@ Springer

2 years. We know from in vitro data that tamoxifen resist-
ance is associated with long-term treatment of tamoxifen
[4, 5], and 2 years of treatment might be insufficient. Third,
GPER-1 expression was evaluated using different scores,
which resulted in different rates of GPER-1 expression. Fur-
thermore, we found that GPER-1 expression is epigeneti-
cally regulated, and promoter methylation of GPER-1 is a
prognostic factor [7]. These data were recently confirmed
for colorectal cancer [13]. Thus, the influence of GPER-1
promoter methylation might be used as co-founder in the
interpretation of survival outcome under treatment with
tamoxifen. In this context, the value of GPER as predic-
tor of reduced benefit of tamoxifen should be evaluated in
prospective trials.

However, our study has some limitations because the sub-
cellular localization of GPER-1 was not investigated. In this
regard, the supposed distinct biological features of GPER-1,
which depend on its localization [10], were not evaluated.
Another limitation of our investigation lies in the fact that
the patients treated with tamoxifen and aromatase inhibi-
tor were not randomized. However, the matching analysis
particularly decreased the selection bias. The strength of
our study lies in its prospective character as far as GPER-1
expression analysis is concerned. The clinical data on hor-
monal treatment and survival were collected prospectively
but analyzed retrospectively, which limits our results. A fur-
ther strength is the validation of our GPER-1 score obtained
in a retrospective study [2].

In conclusion, the expression of GPER-1 is strong in
breast cancer tissue, and correlates with ER and PR expres-
sion. GPER-1 possesses tumor-suppressive characteristics;
its expression is associated with improved patient outcome
and reduced benefit of tamoxifen treatment. To prove this
hypothesis, prospective randomized clinical trials are
necessary.
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