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OPEN ACCESS High-grade serous ovarian cancer (HGSOC) has abundant expression of hormone recep-
tors, including androgen receptor (AR), estrogen receptor « (ER), and progesterone recep-
tor (PR). The effects of hormone receptors on prognosis of HGSOC were first evaluated in
online databases. Their prognostic values were then explored and validated in our inhouse
TJ-cohort (92 HGSOC patients) and in a validation cohort (33 HGSOC patients), wherein hor-
mone receptors were detected immunohistochemically. High expression of hormone recep-
tors denoted longer progression-free survival (PFS), overall survival (OS), and platinum-free
interval (PFI). Platinum-sensitive patients had higher expression of hormone receptors than
their counterparts. Correlation analysis revealed significant positive correlations between
hormone receptors expression and survival. AR, ER, and PR had predictive and prognostic
values, alone and in combination. By receiver operating characteristic curve (ROC) analysis,
co-expression of AR, ER, and PR had an improved predictive performance with an area un-
der the curve (AUC) value of 0.945. Expression of hormone receptors predicts survival and
platinum sensitivity of HGSOC. AR, ER, and PR might be feasible prognostic biomarkers for
HGSOC by immunohistochemical analysis.

Introduction
Opvarian cancer is the second leading cause of gynecologic cancer deaths in women around the world, with
152000 deaths annually [1]. For decades, the 5-year survival rate of ovarian cancer remains unchanged at
approx. 40% [1]. High-grade serous ovarian cancer (HGSOC) is the most common histological subtype
and has aggressive tumor biology [1,2]. Platinum-based chemotherapy has been the standard of care for
HGSOC for almost 40 years [3]. Nearly all HGSOC patients will receive platinum-containing regimens
as the first-line treatment option [1,4]. However, without pre-determination of platinum responsiveness,
30% of patients have undergone multiple rounds of useless and even toxic treatment [5]. As a highly
deadly and heterogeneous disease, subtype-specific biomarkers for the large group of HGSOC patients
are urgently needed [6].

Ovarian cancer is partly hormone-dependent [7]. Sex steroids function through their receptors cor-
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Table 1 Clinicopathological characteristics of patients in TJ-cohort

Total
Characteristics patients ER positive ER negative P-value PR positive PR negative P-value
(n =92) (n =66) (n=26) (n =46) (n =46)
Number Number % Number % Number % Number %
Age at diagnosis 0.2591 0.2105
<50 years 44 34 51.52% 10 38.46% 19 41.30% 25 54.35%
>50 years 48 32 48.48% 16 61.54% 27 58.70% 21 45.65%
FIGO stage 0.1210 0.3647
| 9 9 13.64% 0 0.00% 7 15.22% 2 4.35%
I 16 9 13.64% 26.92% 7 15.22% 9 19.57%
1l 59 43 65.15% 16 61.54% 28 60.87% 31 67.39%
% 8 5 7.57% 11.54% 4 8.69% 4 8.69%
Histologic type HGSOC HGSOC HGSOC HGSOC HGSOC
Ascites 0.5421 0.3435
Yes 60 42 63.64% 18 69.23% 27 58.70% 33 71.74%
No 17 14 21.21% 3 11.54% 11 23.91% 6 13.04%
Unknown 15 10 15.15% 5 19.23% 8 17.39% 7 15.22%
Chemotherapy 0.0841 0.2381
Platinum-based 85 59 89.39% 26 100.00% 41 89.13% 44 95.65%
other 7 7 10.61% 0 0.00% 5 10.87% 2 4.35%

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.

ranges from 20 to 50% [8,11]. Studies examining the role of AR in HGSOC have been relatively few [8]. ER is ex-
pressed in more than half of ovarian cancer, approximately 80-95% HGSOC express ER [14]. Results concerning ER
expression and prognosis of HGSOC are controversial [15-18]. The positive rate of PR in HGSOC varies from 20
to 60% [8,19]. PR has been recognized as a good prognostic biomarker for HGSOC [20], whereas conflicting results
have been reported regarding its effect on treatment behaviors [21-24]. Concerning prognosis, AR was reported to
interact with ER [25]. There was a positive correlation between ER and PR as well [2].

In the present study, we explored the relationship among these three hormone receptors and prognosis of HGSOC.
The effects of AR, ER, and PR on survival and platinum sensitivity of ovarian cancer were evaluated using online
databases. To further confirm the results, the prognostic values of hormone receptors were explored in our in-house
cohorts. AR, ER, and PR might be feasible biomarkers to predict prognosis of HGSOC.

Methods

Patients and clinical samples

In the discovery stage, a retrospective analysis including 92 HGSOC patients (T]-cohort) was performed to examine
the relationship between ER/PR expression and survival and platinum sensitivity. ER/PR expression of these patients
was retrieved from the medical records. Patient characteristics were summarized in Table 1. Among these 92 pa-
tients, 85 of them have received platinum-based chemotherapy after initial debulking surgery. Patient characteristics
were shown in Table 2. In the validation phase, the relationship between AR/ER/PR expression and prognosis was
analyzed in a cohort containing 33 HGSOC patients. For the validation cohort, formalin-fixed paraffin-embedded
sections were used to determine the expression of hormone receptors. Patient characteristics were listed in Table 3.
Platinum resistance and sensitivity were defined as recurrence within 6 months or after more than 6 months [4]. Writ-
ten informed consent of patients is routinely requested in our institution for data and sample collection for research
purpose. The study was performed in accordance with the World Medical Association Declaration of Helsinki and
supervised by the Ethics Committee of Tongji Medical College (Reference Number: S267). All patients were hospi-
talized at the Gynecology Department of Tongji Medical College affiliated Tongji Hospital, Huazhong University of
Science and Technology.

Immunohistochemistry
Immunohistochemical analysis was performed as reported previously [26]. Briefly, formalin-fixed
paraffin-embedded tissue sections were deparaffinized and rehydrated. After heat-induced antigen retrieval

2 (© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Table 2 Clinicopathological characteristics of patients receiving platinum-containing chemotherapy in TJ-cohort

Total
Characteristics  patients ER positive ER negative P-value PR positive PR negative P-value
(n =85) (n=59) (n =26) (n =41 ) (n =44)
Number Number % Number % Number % Number %
Age at diagnosis 0.2313 0.2278
<50 years 41 31 52.54% 10 38.46% 17 41.46% 24 54.55%
>50 years 44 28 47.46% 16 61.54% 24 58.54% 20 45.45%
FIGO stage
| 8 8 13.56% 0 0.00% 0.1707 6 14.63% 2 4.55% 0.4542
I 16 9 15.25% 7 26.92% 7 17.07% 9 20.45%
1l 53 37 62.71% 16 61.54% 24 58.54% 29 65.90% o
I\ 8 5 8.48% 3 11.54% 4 9.76% 4 9.10% %
Histologic type HG-SOC HGSOC HGSOC HGSOC HGSOC §
Ascites 0.6176 0.4835 3
Yes 55 37 62.71% 18 69.23% 24 58.54% 31 70.45% g
No 15 12 20.34% 3 11.54% 9 21.95% 6 18.64% %
Unknown 15 10 16.95% 5 19.23% 8 19.51% 7 15.91% -§
=
Abbreviation: FIGO, International Federation of Gynecology and Obstetrics. g
3
@
g
Table 3 Clinicopathological characteristics of patients in the validation cohort g
172}
é.
Characteristics AR positive AR negative P-value ER positive ER negative P-value PR positive PR negative P-\%Iue
(n=23) (n=10) (n=26) (n=7) (n=21) (n=12) i3
=
Number % Number % Number % Number % Number % Number % g
Age at diagnosis 0.5615 0.9792 O.3§21
<50 years 9 39.13% 5 50.00% 11 42.31% 3 42.86% 42.86% 7 58.33% g
>50 years 14 60.87% 5 50.00% 15 57.69% 4 57.14% 12 57.14% 5 41.67% g
FIGO stage 0.6822 0.7912 O.3§98
I 6 26.09% 1 10.00% 6 23.08% 1 14.29% 6 28.57% 1 8.33% g
1l 15 65.22% 8 80.00% 18 69.23% 5 71.42% 13 61.90% 10 83.34% 5
% 2 8.69% 1 10.00% 2 7.69% 1 14.29% 2 9.53% 1 8.33% §
Histologic type HGSOC HGSOC HGSOC HGSOC HGSOC HGSOC e
Ascites 0.9801 0.4155 0. & 6
Yes 16 69.57% 7 70.00% 19 73.08% 4 57.14% 15 71.43% 8 66.67%
No 7 30.43% 3 30.00% 7 26.92% 3 42.86% 6 28.57% 4 33.33%

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.

(TE buffer pH 9.0, G1203, ServiceBio, China), the slides were analyzed using an Avidin-Biotin Complex Vectastain
Kit (SP9001, ZSGB-Bio, China) as per the manufacturer’s instructions. Primary antibodies, including AR (1:100,
22089-1-AP, Proteintech, China), ER (1:250, 21244-1-AP, Proteintech), and PR (1:100, 25871-1-AP, Proteintech)
were used according to the manufacturer’s guidelines. After incubation with a peroxidase-conjugated secondary
antibody (Rabbit, 1:100, ServiceBio), the slides were detected using diaminobenzidine (G1212-200T, ServiceBio).
Finally, the samples were counterstained with Hematoxylin. The percentage of positive tumor cells was determined
in accordance with the pathologic report of Tongji Hospital. All slides were examined by two investigators, who were
blinded to all clinicopathologic variables.

Online database analysis
The Human Protein Atlas (https://www.proteinatlas.org) was used to analyze the expression of hormone receptors in
various cancers. Survival analysis was performed using KM-plotter (https://kmplot.com/analysis/). An online cancer
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Figure 1. The prognostic role of hormone receptors in ovarian cancer
(A) Expression of hormone receptors in various cancers. Survival curves for (B) PFS and (C) OS of AR, ER, and PR (Log-rank test)
in ovarian cancer.

microarray database, Oncomine (https://www.oncomine.org/resource/main.html), was used to detect hormone re-
ceptors expression under different platinum responsiveness. Protein—protein interaction was analyzed using STRING
(https://string-db.org).

Statistical analysis

Data were analyzed and plotted using GraphPad Prism 7 (GraphPad Software, San Diego, CA) and presented as the
mean + SD. Differences between groups were compared using two-sided Student’s ¢ test unless otherwise indicated.
Chi-squared (or Fisher’s exact) test was used to examine the relationship between hormone receptors’ expression and
clinicopathologic variables of HGSOC. The value of area under the curve (AUC) was calculated from the receiver
operating characteristic curve (ROC) using SPSS (version 25.0). For correlation analysis, Pearson’s correlation test
was used to assess the statistical significance. By Kaplan-Meier survival plot, Log-rank test was used to evaluate the
differences. Significance was assessed at the level of P<0.05.

Results

Expression of hormone receptors denotes survival of ovarian cancer

To determine the role of hormone receptors in ovarian cancer, we analyzed The Human Protein Atlas to profile their
expression (Figure 1A). A total of 45.5% of ovarian cancer cases archived in the database expressed AR, ranking
third among all the tumors surveyed. Approximately half of ovarian cancers expressed ER, taking the third place.

(© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Figure 2. The predictive value of hormone receptors for platinum sensitivity in ovarian cancer

(A) Expression of hormone receptors in cisplatin-sensitive and cisplatin-resistant ovarian cancer cell lines in Oncomine (Student’s
t test). Effects of AR, ER, and PR on (B) PFS and (C) OS in ovarian cancer patients receiving platinum-containing chemotherapy
(Log-rank test).

One-fifth of ovarian cancer patients expressed PR, having the third highest expression. By survival analysis, we an-
alyzed the effects of hormone receptors on survival. High expression of either hormone receptor predicted better
progression-free survival (PFS: AR, hazard ration (HR) = 0.78, P=0.035; ER, HR = 0.80, P=8.0e-04; PR, HR = 0.73,
P=1.2¢-05) (Figure 1B) and overall survival (OS: AR, HR = 0.82, P=0.0021; ER, HR = 0.74, P=4.4e-05; PR, HR =
0.77, P=0.00041) (Figure 1C).

Expression of hormone receptors suggests platinum sensitivity of ovarian

cancer

The relationship between hormone receptors and platinum sensitivity was explored in Oncomine. Thirty ovarian
cancer cell lines were categorized into two groups according to their response to cisplatin, and then the expres-
sion of hormone receptors was compared between the cisplatin-sensitive group and the cisplatin-resistant group.
Remarkably, cisplatin-sensitive group expressed higher levels of hormone receptors (AR, P=0.0485; ER, P=0.0074;
PR, P=0.0482) (Figure 2A). To further confirm the role of hormone receptors, we then extracted the patients, who
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Figure 3. Expression of ER and PR correlates with survival in TJ-cohort

(A) Survival curves and (B) violin plots of PFS and OS in TJ-cohort according to ER expression (Log-rank test and Student’s t
test). (C) Survival curves and (D) violin plots of PFS and OS in TJ-cohort according to PR expression (Log-rank test and Student’s
t test). Correlation analyses between hormone receptors expression and the mean survival time in patients with the same level
of expression were performed. (E) Correlation analysis of ER expression with the mean PFS and OS of the same ER expression
in TJ-cohort (Pearson’s correlation test). (F) Correlation analysis of PR expression with the mean PFS and OS of the same PR
expression in TJ-cohort (Pearson’s correlation test).

had received platinum-containing chemotherapy, for survival analysis. High expression of hormone receptors de-
noted longer PFS (AR, HR = 0.88, P=0.046; ER, HR = 0.75, P=4.5¢-05; PR, HR = 0.78, P=0.00088) (Figure 2B)
and OS (AR, HR = 0.86, P=0.035; ER, HR = 0.73, P=2.7¢-05; PR, HR = 0.81, P=0.0081) (Figure 2C).

Expression of ER and PR affects survival in TJ-cohort

The effects of hormone receptors on survival were further analyzed in our in-house TJ-cohort (92 HGSOC cases)
retrospectively. Since AR is not routinely included in medical records, we focused on ER and PR at this discovery
stage. In T]-cohort, there was no significant difference of ER and PR expression among different tumor stages (Sup-
plementary Figure S1A,B). Patients with positive ER expression had significantly longer PFS and OS (Figure 3A,B).
Similarly, patients with positive PR expression also had better survival (Figure 3C,D). To further clarify the asso-
ciation between hormone receptors” expression and patients’ survival, we performed correlation analysis between
expression levels and the mean survival time in patients with the same level of expression. Consistently, there was
a positive correlation between ER expression levels and mean survival times (PFS, r = 0.8358, P=0.0004; OS, r =
0.7034, P=0.0073) (Figure 3E). PR expression was also positively related to mean patients’ survival times (PFS, r =
0.7487, P=0.0203; OS, r = 0.8966, P=0.0011) (Figure 3F).

(© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Figure 4. Expression of ER and PR suggests platinum sensitivity in TJ-cohort

Patients receiving first-line platinum-based chemotherapy in TJ-cohort were included. (A) Survival analysis and (B) comparison of
PFS and OS according to ER expression (Log-rank test and Student’s t test). (C) Survival analysis and (D) comparison of PFS and
OS according to PR expression (Log-rank test and Student’s t test). (E) Comparison of PFl based on ER or PR expression (Student’s
t test). (F) Comparison of ER and PR expression between platinum-sensitive and platinum-resistant patients (Student’s t test).

Expression of ER and PR indicates platinum sensitivity in TJ-cohort

The relationship between hormone receptors expression and platinum sensitivity was also explored in TJ-cohort. Pa-
tients receiving first-line platinum-containing chemotherapy were included for further analysis. Similar results were
obtained. A survival benefit was observed in ER-positive patients (Figure 4A,B). The lack of PR expression suggested
poorer survival (Figure 4C,D). Platinum-free interval (PFI), an indicator of platinum sensitivity, was calculated from
the date of the last platinum-based regimen to the date of recurrence, or defined as 0 month for patients with primary
resistance [27]. ER-positive patients and PR-positive patients had significantly longer PFI, implying higher platinum
sensitivity (Figure 4E). We then divided the patients into two groups according to their platinum responsiveness. The
sensitive group had higher expression of ER and PR than the resistant group (Figure 4F).

Hormone receptors represent prognostic biomarkers in validation

To further confirm the effects of hormone receptors on the prognosis of ovarian cancer, we employed a validation
cohort containing 33 HGSOC patients. Immunohistochemical staining was performed to assess the expression of
these three hormone receptors (Figure 5A). Positive expression of hormone receptors denoted more favorable survival
(Figure 5B-D). Patients with negative expression of hormone receptors had shorter PFI (Figure 5E). When patients
were subdivided into the platinum-sensitive and platinum-resistant groups, the sensitive subgroup had significantly
higher expression of hormone receptors (AR, P<0.0001; ER P=0.0105; PR, P=0.0002) (Figure 5F).
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Figure 5. Validation of prognostic values of hormone receptors

Expression of AR, ER, and PR was detected using immunohistochemical analysis. (A) Representative images of positive and nega-
tive staining were shown (bar, 25 um). Survival curves of PFS and OS in the validation cohort based on the expression of (B) AR, (C)
ER, and (D) PR (Log-rank test). (E) Violin plot of PFl in the validation cohort (Student’s t test). (F) Comparison of hormone receptors
expression between platinum-sensitive and platinum-resistant groups in the validation cohort (Student’s t test).

Expression of hormone receptors predicts survival and platinum
sensitivity

Joint analysis of these three receptors was also performed. The combined prognostic value of AR, ER, and PR
was significant (PFS, HR = 0.85, P=0.025; OS, HR = 0.75, P=0.00011) (Figure 6A). For patients receiving
platinum-containing chemotherapy, the combination of AR, ER, and PR suggested better PFS (HR = 0.81, P=0.005)
and OS (HR = 0.81, P=0.0042) (Figure 6B). We then subdivided the patients of the validation cohort. Patients with
triple-positive expression of AR, ER, and PR were grouped together and the remaining patients constituted the other
group. Patients with co-expression of AR, ER, and PR had better PFS (P<0.0001) and OS (P<0.0001) than those with
either negative receptor expression (Figure 6C).

To evaluate the predictive values of hormone receptors expression on platinum sensitivity, ROC curve analysis was
performed. In TJ-cohort, the expression of ER or PR alone already had a high predictive value (ER, AUC = 0.965;
PR, AUC = 0.853), the combination of both had an even higher predictive value (AUC = 0.983) (Figure 6D). In the
validation cohort, AR expression was also analyzed. Co-expression of AR, ER, and PR had an improved predictive
performance (AUC = 0.945) (Figure 6E). In STRING, we found a protein—protein interaction between hormone
receptors and some important DNA damage repair proteins, including BRCA1, BRCA2, RAD51, and ATM (Figure
6F). Since platinum functions through exacerbating DNA damage [1], it might present the potential mechanism
underlying the effects of hormone receptors on platinum sensitivity.
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Figure 6. Expression of hormone receptors predicts survival and platinum sensitivity in ovarian cancer

In KM-plotter, survival analysis of AR, ER, and PR in combination in (A) all patients and (B) platinum-treated patients was performed
(Log-rank test). Patients in the validation cohort were subdivided into two groups. Patients with triple-positive expression of AR,
ER, and PR were grouped together and the remaining patients constituted the other group. (C) Survival analysis was performed in
these two groups (Log-rank test). (D) ROC curves for ER and PR alone and in combination in TJ-cohort. (E) ROC curves for AR, ER,
and PR alone and in combination in the validation cohort. (F) Protein—protein interaction network of hormone receptors and some
important DNA damage repair proteins.

Discussion

There have been significant research interests in the clinical impacts of hormone receptors on ovarian cancer, con-
cerning both patients’ survival and drug responsiveness [28]. Here, we found that the expression of AR, ER, and PR
predicted survival and platinum sensitivity of ovarian cancer. The prognostic values of hormone receptors were con-
firmed in our in-house HGSOC cohorts, wherein their expression was detected immunohistochemically. Expression
of hormone receptors could be exploited to predict survival and platinum sensitivity of HGSOC.

Few biomarkers for prognosis of ovarian cancer have been established owing to the inherent heterogeneity [20].
When all histologic types are combined in a study, the subtype-specific associations will become obscured [20]. More-
over, the expression of AR, ER, and PR among different subtypes of ovarian cancer varies significantly [8]. In this
study, we focused on HGSOC and demonstrated that hormone receptors predicted survival and platinum sensitiv-
ity of HGSOC. Limited by the data accessibility, we were unable to ascertain the clinicopathological diagnosis of all
patients in online survival analysis and had to take all ovarian cancers as a whole. However, the effects of hormone
receptors on survival and platinum sensitivity were confirmed in our inhouse cohorts, which contained only HGSOC
patients. AR can act as either an oncogene or a tumor suppressor in ovarian cancer [29]. AR was reported to mediate
taxol resistance and affect survival of ovarian cancer [30]. Some research revealed that the prognostic value of AR
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was associated with the length of its CAG repeats and the ethnic origins [31,32]. In this study, we found that AR
positivity predicted a survival benefit and platinum sensitivity. Platinum agents are the most widely used therapeutic
option in the clinic, so we proposed that AR expression could be a favorable prognostic factor. ER is well-established
as cancer associated and expresses in a large fraction of HGSOC [9]. ER expression was reported to be a potential
efficacy indicator of endocrine therapy [33]. ER has a role in governing genome stability and affecting homologous
recombination repair of ovarian cancer cells [34]. Taken our findings into account, we have reasons to believe that
ER expression is a positive predictor of HGSOC prognosis. BRCA1 directly interacts with PR [35], and ATM mutates
frequently in PR-positive cancers [36]. These findings suggested the prognostic value of PR. In the present study,
PR expression predicted a favorable survival of HGSOC and indicated platinum sensitivity as well. Co-expression of
hormone receptors improved the predictive value. Furthermore, these three hormone receptors formed a regulatory
network with important DNA damage repair proteins, underlying their effect on platinum responsiveness. Therefore,
the expression of hormone receptors could be exploited as prognostic predictors of HGSOC.

Prediction of treatment responses makes sense for HGSOC [10]. For HGSOC patients, treatment regimens are
scheduled based on platinum sensitivity [37,38]. However, nearly 20% of patients are inherently resistant to platinum
agents [1]. Moreover, improper platinum dosage is toxic and may import resistance to other drugs [3,4]. Some gene
profile-based techniques combined with sequencing, microarrays, and PCR were developed to predict prognosis and
drug responsiveness of ovarian cancer, but their application had limitations [38,39]. Moreover, detection of protein
expression can be more effective than gene screening. As a simple and cost-effective method, immunohistochemical
staining has been widely used to evaluate the expression of proteins [40]. When measured immunohistochemically,
ER and PR were reported to be more powerful in prediction [20,40,41]. Detection of hormone receptors could help
clinicians to identify patients who will actually benefit from platinum agents and refine therapeutic regimens for
patients. By immunohistochemical analysis, we evaluated the proportion of positive tumor cells in alignment with
clinical practice, without taking the staining intensity of positive nuclei into consideration, which may confound the
results. We will integrate both staining proportion and intensity in our future studies. Together, immunohistochemical
analysis of hormone receptors provides a feasible approach to predict prognosis of HGSOC.

ER and PR are generally included in the pathologic examination of ovarian cancer, but not AR. Owing to the ret-
rospective nature of the analysis, we were unable to assess the effects of AR on survival and platinum sensitivity in
TJ-cohort. Nevertheless, the results from online databases and the validation cohort helped illustrate the prognostic
value of AR. Another limitation of the present study is the small sample size. The prognostic values of hormone re-
ceptors for HGSOC and other ovarian cancer subtypes warrant further studies in large-scale, multicenter prospective
cohorts.

In summary, expression of hormone receptors predicts survival and platinum sensitivity of HGSOC patients.
AR, ER, and PR are feasible prognostic biomarkers for HGSOC by immunohistochemical analysis. Hormone
receptor-based classification could help stratify patients and guide precision medicine.

Data Availability

All data generated or analyzed during the present study are included in this published article.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
This work was supported by the National Natural Science Foundation of China [grant numbers 82072889, 81974405].

Author Contribution

The present study was designed by J.h.T. and Q.1.G. J.h.T. and C.y.S. did the experiments. J.h.T., C.y.S., D.q.W., Y.g.H., and D.L.
analyzed and interpreted the data. D.M. and Q.I.G. conceptualized and supervised the project. J.h.T., C.y.S., and Q.I.G. were ma-
jor contributors in writing the manuscript.

Acknowledgements
We sincerely thank all participants in the study.

10 (© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

202 IMdy Gz uo 3senb Aq ypd°g/¥0-1.202-1SA/€0.L016/8.01.2024S9/S/ | /4pd-8jone/deliosolq/wod sseidpuepod/:dny wody pepeojumoq



Bioscience Reports (2021) 41 BSR20210478 °
https://doi.org/10.1042/BSR20210478 '. (] EROE%ELAND
°

Abbreviations

AR, androgen receptor; AUC, area under the curve; ER, estrogen receptor o; HGSOC, high-grade serous ovarian cancer; HR,
hazard ratio; OS, overall survival; PFI, platinum-free interval; PFS, progression-free survival; PR, progesterone receptor; ROC,
receiver operating characteristic.

References
1 Lheureux, S., Braunstein, M. and Oza, A.M. (2019) Epithelial ovarian cancer: evolution of management in the era of precision medicine. CA Cancer J.
Clin. 69, 280-304, https://doi.org/10.3322/caac.21559
2 Matsuo, K., Sheridan, T.B., Mabuchi, S., Yoshino, K., Hasegawa, K., Studeman, K.D. et al. (2014) Estrogen receptor expression and increased risk of
lymphovascular space invasion in high-grade serous ovarian carcinoma. Gynecol. Oncol. 133, 473-479, https://doi.org/10.1016/j.ygyn0.2014.03.563
3 Jayson, G.C., Kohn, E.C., Kitchener, H.C. and Ledermann, J.A. (2014) Ovarian cancer. Lancet North Am. Ed. 384, 1376-1388,
https://doi.org/10.1016/S0140-6736(13)62146-7
4 Cortez, A.J., Tudrej, P, Kujawa, K.A. and Lisowska, K.M. (2018) Advances in ovarian cancer therapy. Cancer Chemother. Pharmacol. 81, 17-38,
https://doi.org/10.1007/s00280-017-3501-8
5 Sun, C., Guo, E., Zhou, B., Shan, W., Huang, J., Weng, D. et al. (2019) A reactive oxygen species scoring system predicts cisplatin sensitivity and
prognosis in ovarian cancer patients. BMC Cancer 19, 1061, https://doi.org/10.1186/s12885-019-6288-7
6 Jonsson, J.M., Arildsen, N.S., Malander, S., Masback, A., Hartman, L., Nilbert, M. et al. (2015) Sex steroid hormone receptor expression affects ovarian
cancer survival. Transl. Oncol. 8, 424-433, https://doi.org/10.1016/j.tranon.2015.09.002
7 Wang, K., Zhu, G., Bao, S. and Chen, S. (2019) Long non-coding RNA LINCO0511 mediates the effects of ESR1 on proliferation and invasion of ovarian
cancer through miR-424-5p and miR-370-5p. Cancer Manag. Res. 11, 10807-10819, https://doi.org/10.2147/CMAR.S232140
8 Lee, P, Rosen, D.G., Zhu, C., Silva, E.G. and Liu, J. (2005) Expression of progesterone receptor is a favorable prognostic marker in ovarian cancer.
Gynecol. Oncol. 96, 671-677, https://doi.org/10.1016/j.ygyno.2004.11.010
9 Salvati, A, Gigantino, V., Nassa, G., Giurato, G., Alexandrova, E., Rizzo, F. et al. (2019) The histone methyltransferase DOT1L is a functional component
of estrogen receptor alpha signaling in ovarian cancer cells. Cancers 11, 1720, https://doi.org/10.3390/cancers11111720
10 Wang, P, Zhang, Z., Ma, Y., Lu, J., Zhao, H., Wang, S. et al. (2019) Prognostic values of GMPS, PR, CD40, and p21 in ovarian cancer. PeerJ 7, €6301,
https://doi.org/10.7717/peerj.6301
11 Mizushima, T. and Miyamoto, H. (2019) The role of androgen receptor signaling in ovarian cancer. Cells 8, 176, https://doi.org/10.3390/cells8020176
12 Kok, PS., Beale, P., 0’Connell, R.L., Grant, P., Bonaventura, T., Scurry, J. et al. (2019) PARAGON (ANZGOG-0903): a phase 2 study of anastrozole in
asymptomatic patients with estrogen and progesterone receptor-positive recurrent ovarian cancer and CA125 progression. J. Gynecol. Oncol. 30, €86,
https://doi.org/10.3802/jg0.2019.30.686
13 de Toledo, M.C.S., Sarian, L.0., Sallum, L.F., Andrade, L.L.A., Vassallo, J., de Paiva Silva, G.R. et al. (2014) Analysis of the contribution of
immunologically-detectable HER2, steroid receptors and of the “triple-negative” tumor status to disease-free and overall survival of women with
epithelial ovarian cancer. Acta Histochem. 116, 440-447, https://doi.org/10.1016/j.acthis.2013.09.010
14 Ho, S.M. (2003) Estrogen, progesterone and epithelial ovarian cancer. Reprod. Biol. Endocrinol. 1, 73, https://doi.org/10.1186/1477-7827-1-73
15 Hodgkinson, K., Forrest, L.A., Vuong, N., Garson, K., Djordjevic, B. and Vanderhyden, B.C. (2018) GREB1 is an estrogen receptor-regulated tumour
promoter that is frequently expressed in ovarian cancer. Oncogene 37, 5873-5886, https://doi.org/10.1038/s41388-018-0377-y
16 Ghasemi, A., Saeidi, J., Mohtashami, M. and Hashemy, S.I. (2019) Estrogen-independent role of ERcx in ovarian cancer progression induced by
leptin/Ob-Rb axis. Mol. Cell. Biochem. 458, 207-217, https://doi.org/10.1007/s11010-019-03544-5
17 Bowman, A., Gabra, H., Langdon, S.P,, Lessells, A., Stewart, M., Young, A. et al. (2002) CA125 response is associated with estrogen receptor
expression in a phase Il trial of letrozole in ovarian cancer: identification of an endocrine-sensitive subgroup. Clin. Cancer Res. 8, 2233-2239
18 Smyth, J.F, Gourley, C., Walker, G., MacKean, M.J., Stevenson, A., Williams, A.R.W. et al. (2007) Antiestrogen therapy is active in selected ovarian
cancer cases: the use of letrozole in estrogen receptor-positive patients. Clin. Cancer Res. 13, 3617-3622,
https://doi.org/10.1158/1078-0432.CCR-06-2878
19 Ma, H., Tian, T,, Liang, S., Liu, X., Shen, H., Xia, M. et al. (2016) Estrogen receptor-mediated miR-486-5p regulation of OLFM4 expression in ovarian
cancer. Oncotarget 7, 10594—10605, https://doi.org/10.18632/oncotarget.7236
20 Sieh, W., Kobel, M., Longacre, T.A., Bowtell, D.D., deFazio, A., Goodman, M.T. et al. (2013) Hormone-receptor expression and ovarian cancer survival:
an Ovarian Tumor Tissue Analysis consortium study. Lancet Oncol. 14, 853—-862, https://doi.org/10.1016/51470-2045(13)70253-5
21 Feng, Z., Wen, H., Bi, R., Ju, X., Chen, X., Yang, W. et al. (2016) A clinically applicable molecular classification for high-grade serous ovarian cancer
based on hormone receptor expression. Sci. Rep. 6, 25408, https://doi.org/10.1038/srep25408
22 Shafrir, A.L., Rice, M.S., Gupta, M., Terry, K.L., Rosner, B.A., Tamimi, R.M. et al. (2016) The association between reproductive and hormonal factors and
ovarian cancer by estrogen-alpha and progesterone receptor status. Gynecol. Oncol. 143, 628-635, https://doi.org/10.1016/j.ygyn0.2016.09.024
23 Wu, N.-Y.Y,, Fang, C., Huang, H.-S., Wang, J. and Chu, T.-Y. (2019) Natural history of ovarian high-grade serous carcinoma from time effects of
ovulation inhibition and progesterone clearance of p53-defective lesions. Mod. Pathol. 33, 29-37, https://doi.org/10.1038/s41379-019-0370-1
24 Pedernera, E., Gdmora, M.J., Morales-Vasquez, F., Pérez-Montiel, D. and Mendez, C. (2019) Progesterone reduces cell survival in primary cultures of
endometrioid ovarian cancer. J. Ovarian Res. 12, 15, https://doi.org/10.1186/s13048-019-0486-4
25 Elebro, K., Borgquist, S., Simonsson, M., Markkula, A., Jirstrom, K., Ingvar, C. et al. (2015) Combined androgen and estrogen receptor status in breast
cancer: treatment prediction and prognosis in a population-based prospective cohort. Clin. Cancer Res. 21, 3640-3650,
https://doi.org/10.1158/1078-0432.CCR-14-2564

(© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons 1 1
Attribution License 4.0 (CC BY).

202 IMdy Gz uo 3senb Aq ypd°g/¥0-1.202-1SA/€0.L016/8.01.2024S9/S/ | /4pd-8jone/deliosolq/wod sseidpuepod/:dny wody pepeojumoq


https://doi.org/10.3322/caac.21559
https://doi.org/10.1016/j.ygyno.2014.03.563
https://doi.org/10.1016/S0140-6736(13)62146-7
https://doi.org/10.1007/s00280-017-3501-8
https://doi.org/10.1186/s12885-019-6288-7
https://doi.org/10.1016/j.tranon.2015.09.002
https://doi.org/10.2147/CMAR.S232140
https://doi.org/10.1016/j.ygyno.2004.11.010
https://doi.org/10.3390/cancers11111720
https://doi.org/10.7717/peerj.6301
https://doi.org/10.3390/cells8020176
https://doi.org/10.3802/jgo.2019.30.e86
https://doi.org/10.1016/j.acthis.2013.09.010
https://doi.org/10.1186/1477-7827-1-73
https://doi.org/10.1038/s41388-018-0377-y
https://doi.org/10.1007/s11010-019-03544-5
https://doi.org/10.1158/1078-0432.CCR-06-2878
https://doi.org/10.18632/oncotarget.7236
https://doi.org/10.1016/S1470-2045(13)70253-5
https://doi.org/10.1038/srep25408
https://doi.org/10.1016/j.ygyno.2016.09.024
https://doi.org/10.1038/s41379-019-0370-1
https://doi.org/10.1186/s13048-019-0486-4
https://doi.org/10.1158/1078-0432.CCR-14-2564

o = PORTLAND
09 rress

12

Bioscience Reports (2021) 41 BSR20210478
https://doi.org/10.1042/BSR20210478

26 Liu, D., Zhang, X.X., Li, M.C., Cao, C.H., Wan, D.Y., Xi, B.X. et al. (2018) C/EBPbeta enhances platinum resistance of ovarian cancer cells by
reprogramming H3K79 methylation. Nat. Commun. 9, 1739, https://doi.org/10.1038/s41467-018-03590-5

27 Liu, J.F, Hirsch, M.S., Lee, H. and Matulonis, U.A. (2009) Prognosis and hormone receptor status in older and younger patients with advanced-stage
papillary serous ovarian carcinoma. Gynecol. Oncol. 115, 401-406, https://doi.org/10.1016/j.ygyn0.2009.08.023

28 Hollis, R.L., Stanley, B., lida, Y., Thomson, J., Churchman, M., Rye, T. et al. (2019) Hormone receptor expression patterns define clinically meaningful
subgroups of endometrioid ovarian carcinoma. Gynecol. Oncol. 155, 318-323, https://doi.org/10.1016/j.ygyn0.2019.09.001

29 van Kruchten, M., van der Marel, P., de Munck, L., Hollema, H., Arts, H., Timmer-Bosscha, H. et al. (2015) Hormone receptors as a marker of poor
survival in epithelial ovarian cancer. Gynecol. Oncol. 138, 634—639, https://doi.org/10.1016/j.ygyno.2015.06.032

30 Sun, N.K., Kohli, A., Huang, S.L., Chang, T.C. and Chao, C.C.K. (2018) Androgen receptor transcriptional activity and chromatin modifications on the
ABCB1/MDR gene are critical for taxol resistance in ovarian cancer cells. J. Cell. Physiol. 234, 8760-8775, https://doi.org/10.1002/jcp.27535

31 Meng, X, Lu, P,, Chu, Z. and Fan, Q. (2016) The androgen receptor cytosine-adenine-guanine repeat length contributes to the development of epithelial
ovarian cancer. Oncotarget 7, 2105-2112, https://doi.org/10.18632/oncotarget.6012

32 Gomora, M.J., Morales-Vasquez, F., Pedernera, E., Perez-Montiel, D., Lopez-Basave, H., Villa, A.R. et al. (2018) Sexual steroid hormone receptors
profiles of ovarian carcinoma in Mexican women. Endocr. Connect. 7, 1006-1012, https://doi.org/10.1530/EC-18-0158

33 Andersen, C.L., Sikora, M.J., Boisen, M.M., Ma, T., Christie, A., Tseng, G. et al. (2017) Active estrogen receptor-alpha signaling in ovarian cancer
models and clinical specimens. Clin. Cancer Res. 23, 3802—-3812, https://doi.org/10.1158/1078-0432.CCR-16-1501

34 Hao, D., Li, J., Wang, J., Meng, Y., Zhao, Z., Zhang, C. et al. (2019) Non-classical estrogen signaling in ovarian cancer improves chemo-sensitivity and
patients outcome. Theranostics 9, 3952—-3965, https://doi.org/10.7150/thno.30814

35 Hilton, H.N., Patterson McDonald, L.J., Santucci, N., van der Bent, F.R., Silvestri, A., Graham, J.D. et al. (2019) BRCA1 attenuates progesterone effects
on proliferation and NFkB activation in normal human mammary epithelial cells. J. Mammary Gland Biol. Neoplasia 24, 257-270,
https://doi.org/10.1007/s10911-019-09431-5

36 Yang, Z., Ouyang, T., Li, J., Wang, T, Fan, Z., Fan, T. et al. (2019) Prevalence and characterization of ATM germline mutations in Chinese
BRCA1/2-negative breast cancer patients. Breast Cancer Res. Treat. 174, 639-647, https://doi.org/10.1007/s10549-018-05124-5

37 Sun, C., Cao, W., Qiu, C., Li, C., Dongol, S., Zhang, Z. et al. (2020) MiR-509-3 augments the synthetic lethality of PARPi by regulating HR repair in PDX
model of HGSOC. J. Hematol. Oncol. 13, 9, https://doi.org/10.1186/s13045-020-0844-0

38 Sun, C., Guo, E., Zhou, B., Shan, W., Huang, J., Weng, D. et al. (2019) A reactive oxygen species scoring system predicts cisplatin sensitivity and
prognosis in ovarian cancer patients. BMC Cancer 19, 1061, https://doi.org/10.1186/s12885-019-6288-7

39 Paik, E.S., Lee, J.W., Park, J.Y., Kim, J.H., Kim, M., Kim, T.J. et al. (2019) Prediction of survival outcomes in patients with epithelial ovarian cancer using
machine learning methods. J. Gynecol. Oncol. 30, €65, https://doi.org/10.3802/jg0.2019.30.665

40 Burges, A., Briining, A., Dannenmann, C., Blankenstein, T., Jeschke, U., Shabani, N. et al. (2009) Prognostic significance of estrogen receptor alpha and
beta expression in human serous carcinomas of the ovary. Arch. Gynecol. Obstet. 281, 511-517, https://doi.org/10.1007/s00404-009-1185-y

41 Luo, H., Li, S., Zhao, M., Sheng, B., Zhu, H. and Zhu, X. (2017) Prognostic value of progesterone receptor expression in ovarian cancer: a meta-analysis.
Oncotarget 8, 36845-36856, https://doi.org/10.18632/oncotarget.15982

(© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

202 Iudy Gz uo 3senb Aq ypd°8/0-1202-1SA/€0.L016/8.¥01.2024SE/S/ | ¥/ipd-sjonte/dauiosolq/woo ssaidpuepod;/:diy wouy papeojumoq


https://doi.org/10.1038/s41467-018-03590-5
https://doi.org/10.1016/j.ygyno.2009.08.023
https://doi.org/10.1016/j.ygyno.2019.09.001
https://doi.org/10.1016/j.ygyno.2015.06.032
https://doi.org/10.1002/jcp.27535
https://doi.org/10.18632/oncotarget.6012
https://doi.org/10.1530/EC-18-0158
https://doi.org/10.1158/1078-0432.CCR-16-1501
https://doi.org/10.7150/thno.30814
https://doi.org/10.1007/s10911-019-09431-5
https://doi.org/10.1007/s10549-018-05124-5
https://doi.org/10.1186/s13045-020-0844-0
https://doi.org/10.1186/s12885-019-6288-7
https://doi.org/10.3802/jgo.2019.30.e65
https://doi.org/10.1007/s00404-009-1185-y
https://doi.org/10.18632/oncotarget.15982

