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Progesterone reduces cell survival in
primary cultures of endometrioid ovarian
cancer

Enrique Pedernera', Marfa J. Gomora', Flavia Morales-Vasquez?, Delia Pérez-Montiel* and Carmen Mendez'

Abstract

Background: Ovarian cancer is the most lethal of all gynecologic malignancies. The relationship between sexual
steroids receptors and ovarian cancer progression has been largely evaluated. The presence of progesterone
receptors has been associated with an increase of a disease-free period and overall survival in patients with ovarian
carcinoma. In the present study, primary cultures of ovarian carcinoma obtained from 35 patients diagnosed with
epithelial ovarian cancer were evaluated for cell survival after treatment with 10~ % M of 17@3-estradiol, progesterone,
testosterone and dihydrotestosterone.

Results: The results were analyzed considering histological subtypes: low grade serous, high grade serous, endometrioid
and mucinous carcinoma; clear cell carcinoma was not included due to failure in obtaining successful cultures of this
subtype. A significant reduction of cell survival was observed after progesterone treatment in endometrioid ovarian
carcinoma. Changes were not observed in low grade serous, high grade serous and mucinous carcinoma. The effect of
progesterone was related to the presence of progesterone receptor (PR), a 43% reduction in the cell number
was observed in PR (+) endometrioid ovarian carcinoma.

Conclusions: This study supports the importance of progesterone and the presence of progesterone receptor

ovarian carcinoma

in the reduction of ovarian cancer progression in the endometrioid ovarian carcinoma.
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Background
Prevention of known risk factors and early detection
have made possible to reduce breast and cervical cancer
as a cause of death among women, although this is not
the case with ovarian cancer diagnosis which is usually
established at advanced stages [1-3]. Transvaginal ultra-
sound and CA125 blood determination, although useful
for early detection, are not applicable to the whole popu-
lation [4—6]. In industrial countries, ovarian cancer is
the most lethal of gynecologal cancer and it is estimated
that 185,000 women around the world will die from this
disease in 2018 [7].

The relationship between sexual steroids receptors and
ovarian cancer progression has been extensively studied

* Correspondence: mendezmc@unam.mx

1Departamemto de Embriologia, Facultad de Medicina, Universidad Nacional
Auténoma de México, 04510 Ciudad de México, Mexico

Full list of author information is available at the end of the article

B BMC

[8-11]. A multicenter study provides evidence of a rela-
tionship between the presence of progesterone and es-
trogen receptors with overall survival in ovarian cancer
patients; progesterone receptor has been associated to
better prognosis in endometrioid and high grade serous
carcinoma and estrogen receptor with higher overall sur-
vival in endometrioid carcinoma [12]. These results are
similar to those of other studies that evaluate the associ-
ation of progesterone receptor with an increase of
disease-free period and overall survival [13—15]. Results
observed with estrogen receptor and androgen receptor
are less evident and remains controversial [9, 16—19].
The effect of estrogens and progesterone treatment
has been evaluated in immortalized cell lines of ovarian
cancer, 17pB-estradiol stimulates cell proliferation and in-
duces changes in gene expression [20], progesterone dis-
plays both stimulatory and inhibitory effects in the
proliferation of cultured malignant ovarian cells in a
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dose-depending manner [21], and progesterone regulates
gene expression and induces apoptosis in ovarian tumor
cells [22—-24]. On the other hand, only a few studies have
evaluated the response to steroid hormone treatment in
tumor explants incubation [25] or in a primary culture
model [26], stressing the importance of carrying out fur-
ther studies on the effects of sexual steroid hormones in
ovarian carcinoma cells, in order to evaluate the individ-
ualized response of patients.

In the present study, primary cultures of ovarian car-
cinoma cells obtained from 35 patients diagnosed with
epithelial ovarian cancer were evaluated for cell survival
after treatment with 17p-estradiol (E,), progesterone
(Py), testosterone (T) and dihydrotestosterone (DHT).
The results were analyzed considering histological sub-
types: low grade serous (LGSC), high grade serous
(HGSC), endometrioid and mucinous carcinoma; clear
cells carcinoma was not included due to a failure in
obtaining successful cultures of this subtype. A signifi-
cant reduction of cell survival was observed with proges-
terone treatment in endometrioid ovarian carcinoma.

Methods

In this prospective study we evaluated the total number of
cells recovered from primary cultures of ovarian tumors
after treatment with 17B-estradiol, progesterone, testoster-
one and dihydrotestosterone. Samples of ovarian carcin-
oma (1 = 93) were obtained from patients of the Instituto
Nacional de Cancerologia(INCan) in Mexico City under-
going initial laparotomy, without any previous treatment
and confirmed diagnosis of primary ovarian carcinoma,
the exclusion criteria applied for the samples being a dif-
ferent diagnosis from primary ovarian carcinoma and a
refusal by patients to sign the participation consent form.
The National Institute of Cancerology is a tertiary referral
hospital that receives adult patients from the central re-
gion of Mexico. The study protocol was approved by the
Ethic Committees of the hospital (INCan 008/034/OMI)
and that of the Faculty of Medicine at the Universidad
Nacional Auténoma de México (UNAM-108/2015).

Primary cell culture

Fresh samples of tumors were recovered from the oper-
ating room, collected in culture medium and immedi-
ately sent to cell culture facilities. The medium used for
ovarian tumor cells was 1:1 Medium 105 (Merck, Darm-
stadt, Germany) and Medium-109 without phenol red
(Thermo Fisher Scientific, Madison W1, USA) with 100
units/ml penicillin and 100 pg/ml streptomycin. Samples
of the tumor (1cm side) were minced in 2 mm frag-
ments and then transferred to a solution of trypsin
0.25% in medium plus 0.1 mM EDTA (Ethane-1,2-diyldi-
nitrilotetraacetic acid) (Merck) for 20 min. Isolated cells
were recovered in 0.5% trypsin inhibitor (Merck) and
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1.0% albumin in medium. Isolated cells were centrifuged
at 400 g, counted and transferred to 75 cm® culture dish
(Thermo Fisher Scientific, Roskilde, Denmark) and incu-
bated in medium plus 10% fetal bovine serum (FBS)
(Thermo Fisher Scientific) at 37 °C in 5% of CO? atmos-
phere in a humidified chamber incubator up to 80% of
confluence. A successful sample was considered when
the confluence was obtained within a week of culture.
Confluent cells were collected from the culture dish by
trypsin 0.1% in medium plus EDTA, rinsed two times
with trypsin inhibitor by centrifugation. Cell viability
was evaluated by trypan blue exclusion test (0.1%).
Viable cells were seeded by triplicate in 48-well plates
(Thermo Fisher Scientific) (10* cell/well) in medium
plus 1.0% charcoal dextran-treated FBS and treated after
24 h incubation, with 10~ ® M 17B-estradiol, testosterone,
dihydrotestosterone and  progesterone  (Steraloids,
Wilton NH, USA) reconstituted to a final 0.03% ethanol
in medium for 60 h; control cells received the vehicle. At
the end of the culture, cells were collected with trypsin
0.1% in medium plus EDTA in Eppendorff tubes, centri-
fuged at 400 g and resuspended in 0.1 ml of medium.
Number of cells retrieved from triplicates of control and
experimental groups were determined in a 4 mm® area
of a Neubauer camera. The mean value obtained for
each treatment was normalized to the simultaneous con-
trol and considered as the value that corresponds to the
tumor culture.

Immunohistochemistry

A fragment of the ovarian tumor sample was processed
for the detection of estrogen receptor alpha (ERa), pro-
gesterone receptor (PR) and androgen receptor (AR).
Tissue microarrays (4 mm core) obtained from a repre-
sentative region of paraformaldehyde fixed and paraffin
embedded tumor samples, were sectioned at 3 um thick-
ness and placed on coated glass slides (Biocare Medical,
Pacheco, CA, USA). Antigens were retrieved with Diva
Decloaker (Biocare Medical) in a pressurized cooker at
110°C for 10 min; endogenous peroxidase was blocked
with Peroxidazed 1 (Biocare Medical). The slides were
incubated overnight at 4 °C with the following polyclonal
rabbit primary antibodies: anti-AR diluted 1:50 (Santa
Cruz Biotechnology, Inc., Dallas, TX, USA), anti-ERq,
1:100 (Santa Cruz Biotechnology, Inc.), anti-PR, 1:250
(Cell Signaling Technology, Danvers, MA, USA),
anti-cytokeratin [AE1/AE3 + 8/18], 1:100(Biocare Med-
ical. The secondary antibody used was Mach2
anti-rabbit HRP (Biocare Medical). The tissue sections
were counterstained with hematoxylin. The negative
controls were sections in which the primary antibody
was substituted with PBS. The positive control tissues
(testis, endometrium and breast cancer) were as well in-
cluded in each immune reaction. Positive reaction for
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carcinoma, e) negative control. Bar represents 12 um

Fig. 1 Primary culture of ovarian carcinoma cells. Immunofluorescence for cytokeratins of low-grade serous carcinoma, Pan Cytokeratin Plus antibody
(red). Nuclei were stained with DAPI (blue). a) high grade serous carcinoma, b) endometrioid carcinoma, ¢) mucinous carcinoma, d) low grade serous

AR, ER, and PR was detected through nuclear
localization. The immunohistochemistry for hormone
receptors were classified according to the immunoreac-
tivity score (IRS) [27], a IRS>2.0 was considered posi-
tive. The samples were assessed in a double-blind
protocol in three representative microscopic fields by
two independent observers.

Statistics

The frequency of positive reaction for each receptor in the
histological subtypes was analyzed by Pearson chi-square.
Data of number of cells recovered from the culture dishes
were analyzed by one-way ANOVA. Comparisons be-
tween the values obtained between progesterone receptor
positivity were evaluated by “t” Student’s test. Spearman’s
correlation was calculated between cell number and IRS
for progesterone receptor. P value of less than 0.05 being
considered significant.

Results

The total number of tumor samples processed to obtain
cells for primary culture was obtained from 93 patients
with ovarian carcinoma diagnosis, with only 74 of them
being suitable for cell culture and 35/74 (47%) of the
samples displayed a successful growth and reached the
required confluence. The best results were obtained with
LGSC 9/12 (75%) and the worst with HGSC 8/26 (31%);
with a ratio of 15/27 (56%) of endometrioid subtype and
3/9 (33%) of mucinous carcinoma. The culture medium
selected (105-109, 1:1) favored epithelial cell survival
and growth and at the end of the culture 70% of the cells
showed an epithelial phenotype and expressed cytokera-
tins positivity, as shown in Fig. 1.

The characteristics of the patients that were evaluated
ex vivo through a primary cell culture of the ovarian
tumor (7 = 35) are summarized in Table 1.

The frequency of the presence of steroid hormone re-
ceptor in the tumor samples previous to the primary
culture in the histological subtypes is shown in Fig. 2.

The relative number of cells recovered at the end of
the culture after treatment with E,, P4, T and DHT is
shown in Table 2.

A significant reduction (32%) in cell number was
observed in endometrioid ovarian carcinoma with

Table 1 Characteristics of patients according to histological
subtypes of ovarian carcinoma

HGSC Endometrioid Mucinous LGSC
Median age (years) 49 47 54 40
Menopause 3/8 5/15 3/3 3/9
Oral contraceptives None 2/15 None None
FIGO stages
| - 7/15 3/3 4/9
Il 2/8 1/15 - -
Il 4/8 6/15 - 5/9
v 2/8 1715 - -
Histological grade
Gl 1715
G2 11/15
G3 3/15
Debulking
Optimal < 1cm 8/8 12/15 3/3 8/9
Suboptimal > 1.cm - 3/15 - 1/9

HGSC: high grade serous carcinoma, LGSC: low grade serous carcinoma
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Fig. 2 Frequency of expression of steroid hormone receptor. Positive
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androgen receptor (AR) in ovarian carcinomas stratified inhigh grade
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progesterone treatment. On the other hand, a possible in-
crease in cell number by E, in LGSC, and for T and DHT
in HGSC (P =0.12 and 0.14, respectively) should be ana-
lyzed in a larger number of patients. Considering the pres-
ence of PR in the endometrioid ovarian carcinoma,
samples that were PR (+) displayed a significant reduction
in cell number compared with that of the PR (-) tumors,
Figs. 3 and 4a. Tumor samples positive for progesterone
receptor were further analyzed, a correlation between the
relative cell number and IRS for PR (+) samples resulted
in a value of R = - 0.62 with P =0.075, Fig. 4b. No differ-
ences in the relative cell number were observed in samples
treated with E,, T and DHT separated by the presence of
ERa and AR in the tumor (data not shown).

Discussion

The efficiency of the growth in culture (47%) was similar
to that obtained in previous reports for primary cultures
of ovarian carcinoma [28]. The steroid hormone treat-
ment was applied in a medium with low serum level and
the presence of endogenous steroids was minimized by
the use of charcoal dextran-treated fetal bovine serum.
There was variation between the tumor cultures, and the
triplicate measurement of the experimental group was
normalized to the simultaneous control and considered
as the value corresponding to each tumor. The final
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relative cell number measured at the end of the culture
is a balance between proliferation and cell death. Results
did not provide information about cell division and
apoptosis during the 60 h of steroid hormone treatment.

The frequency of detection of AR, ERa and PR
through immunohistochemistry and the immunoreactive
score is an estimation of the receptor presence and con-
stitutes a reliable indicator about the endocrine profile
of the tumor. The changes induced by a treatment with
the steroid hormones provide information about the im-
portance of the sexual steroid hormones in malignancy
progression. Primary cultures closely resemble the physi-
ology of cells in vivo, considering the histological sub-
type of the carcinoma, which leads us to propose that
the ex vivo evaluation of the hormonal response, along
with the receptor profile of the tumor will allow a better
characterization of each patient’s carcinoma.

Progesterone treatment significantly reduced the rela-
tive number of cultured cells and this effect was
observed only in endometrioid ovarian carcinoma, with
this reduction being greater (43%) when only endome-
trioid carcinoma PR (+) was considered. Moreover, a re-
lationship between the IRS for PR and the degree of cell
number reduction seems to be present. Previous studies
have provided evidence that progesterone treatment re-
duces cell proliferation and induces apoptosis in human
ovarian carcinoma cell lines [20, 21]. Moreover, proges-
terone induces apoptosis by activating caspase-8 and
caspase-3 in OVCA cell lines [22]. Therefore, the reduc-
tion in the cell number observed in the culture of endo-
metrioid carcinoma by progesterone treatment was
probably caused by a reduction in cell division, by an in-
crease of apoptosis or both. The values obtained with
E2, T and DHT were not significant, although an effect
of these steroid hormones cannot be dismissed until a
more extensive study is carried out.

The presence of progesterone receptor has been
previously associated to better clinical outcome in pa-
tients with ovarian carcinoma [13-15]. Similarly, a
large multicenter study showed a better outcome as-
sociated to progesterone receptor in endometrioid
and HGSC subtypes [12]. The endometrioid subtype
of ovarian carcinoma has the highest frequency of es-
trogen receptor as well as a high percentage of triple
positive profile [29] suggesting that endometrioid

Table 2 Relative cell number (treated/control) after steroid hormone treatment in histological subtypes of ovarian carcinoma

Treatment LGSC n HGSC n Endometrioid n Mucinous n P

Estradiol 126 + 37 9 103 + 52 8 93 +32 15 109 + 35 3 0.118
Progesterone 114 £ 34 8 116 + 37 8 68 = 20 14 86 £ 25 3 0.002
Testosterone 108 + 41 9 126 + 51 7 88 + 22 14 98 + 19 3 0.137
DHT 106 + 26 8 122 +37 8 105 + 40 13 82+19 2 0529

Values indicate mean + SD, P values of one-way ANOVA
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Fig. 3 Immunohistochemistry images of progesterone receptor in endometrioid ovarian carcinoma. a-c) different levels of progesterone receptor
positivity are observed between patient samples. d) negative control. Bar represents 50 um

subtype could be a hormone sensitive carcinoma.
Interestingly, endometrioid ovarian carcinoma seems
to preserve characteristics of endometrial cells, in
which the anti-proliferative effect of progesterone is
evident both in normal and cancer cells [30].

There is evidence that the use of oral contraceptives
and pregnancy are protective factors for ovarian can-
cer incidence [31]. Progestins are the main compo-
nent of contraceptives and the highest levels of
progesterone are reached during pregnancy. Then, an
anti-proliferative or a pro-apoptotic effect of proges-
terone on pre-cancerous lesions has been proposed
[32, 33]. After menopause, progesterone is found in

negligible amounts in serum [34], which implies that
the protection of progestin would be absent in post-
menopausal women, when the incidence of ovarian
cancer increases. Another important issue to be con-
sidered is the complex cross-talk between the steroid
hormones themselves and steroid receptors; for ex-
ample, progesterone induces changes in ERa chroma-
tin binding events in breast cancer cell lines (MCE-7
and T-47D) and leads new gene expression profiles
that are associated to a better prognosis in breast
cancer patients; moreover, P4 inhibits estrogen prolif-
erative effect in primary culture of breast tumor tis-
sue and xenografts of tumor cells in mice [35].
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Fig. 4 Relative cell number in primary culture of ovarian carcinoma. Fold decrease from simultaneous control in the number of cells recovered at
the end of primary culture of endometrioid ovarian carcinoma treated with 10~ ®M progesterone. A) Values of samples separated by the
presence of progesterone receptor, PR (=) n=5, PR (+) n=9, P=0.002. B) Spearman’s correlation between relative cell number in PR (+)
samples and the immunoreactive score (IRS) of each sample. R=—-0.62, P=0.07
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Conclusions

The evidence provided by the present study sustains the
importance of progesterone in the reduction of ovarian
cancer progression. The effect is evident in endometrioid
histological subtype and it is related to the presence of
progesterone receptor in the ovarian carcinoma. Present
results, together with previous relevant studies, support
that epithelial ovarian cancer is a hormone responsive
tumor and open the possibility to consider individualized
treatments of the malignancy.

Abbreviations

AR: Androgen receptor; DHT: Dihydrotestosterone; E,: 173-estradiol;

EDTA: Ethane-1,2-diyldinitrilotetraaceticacid; ERa: Estrogen receptor alpha;
HGSC: High grade serous carcinoma,; IRS: Immunoreactivity score; LGSC: Low
grade serous carcinoma; P,: Progesterone; PR: Progesterone receptor;

T: Testosterone

Acknowledgements

Authors want to thank Mrs. Josefina Bolado, Head of the Scientific Paper
Translation Department, from Division de Investigacion at Facultad de
Medicina, UNAM, for editing the English-language version of this manuscript;
as well as to acknowledge Mr. Esteban Mena for his help in the statistical
analysis.

Funding
This work was supported by PAPIIT IN224617; PAPIIT IN224116 (DGAPA
UNAM) and INCan 080340MI.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contribution

EP, FMV, DPM, CMH conceived the study, analysed and interpreted the
results and wrote the manuscript, EP and MJG performed the experiments,
collected clinical information and built databases. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
This study was approved by Ethical Committees of INCan (008/034/0OMI) and
UNAM (108/2015).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

1Departamemto de Embriologia, Facultad de Medicina, Universidad Nacional
Autdnoma de México, 04510 Ciudad de México, Mexico. “Departamento de
Oncologia Médica, Instituto Nacional de Cancerologfa, Secretarfa de Salud de
México, Ciudad de México, Mexico. *Departamento de Patologia, Instituto
Nacional de Cancerologia, Secretarfa de Salud de México, Ciudad de México,
Mexico.

Received: 14 November 2018 Accepted: 22 January 2019
Published online: 08 February 2019

References

1. Heintz A, Odicino F, Maisonneuve P, Quinn MA, Benedet JL, Creasman WT,
et al. Carcinoma of the ovary. Int J Gynaecol Obstet. 2006,95(Suppl 1):5161-
S92.

20.

21.

22.

Page 6 of 7

Kurman RJ. International Agency for Research on Cancer.,, World Health
Organization. WHO classification of tumours of female reproductive
organs. Lyon: International Agency for Research on Cancer. 2014:307.
Morales-Vasquez F, Pedernera E, Reynaga-Obregon J, Lopez-Basave HN,
Gomora MJ, Carlon E, et al. High levels of pretreatment CA125 are
associated to improved survival in high grade serous ovarian carcinoma. J
Ovarian Res. 2016,9:41.

Jacobs 1J, Menon U, Ryan A, Gentry-Maharaj A, Burnell M, Kalsi JK, et al.
Ovarian cancer screening and mortality in the UK collaborative trial of
ovarian Cancer screening (UKCTOCS): a randomised controlled trial. Lancet.
2016;387:945-56.

Henderson JT, Webber EM, Sawaya GF. Screening for ovarian Cancer:
updated evidence report and systematic review for the US preventive
services task force. JAMA. 2018;319:595-606.

Kamal R, Hamed S, Mansour S, Mounir Y, Abdel Sallam S. Ovarian cancer
screening-ultrasound; impact on ovarian cancer mortality. Br J Radiol. 2018;
91:20170571.

Bray F, Ferlay J, Soerjomataram 1, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018. https://doi.org/10.
3322/caac.21492.

Arias-Pulido H, Smith HO, Joste NE, Bocklage T, Qualls CR, Chavez A, et al.
Estrogen and progesterone receptor status and outcome in epithelial
ovarian cancers and low malignant potential tumors. Gynecol Oncol. 2009;
114:480-5.

Zhao D, Zhang F, Zhang W, He J, Zhao Y, Sun J. Prognostic role of hormone
receptors in ovarian cancer: a systematic review and meta-analysis. Int J
Gynecol Cancer. 2013;23:25-33.

Feng Z, Wen H, Bi R, Ju X, Chen X, Yang W, et al. A clinically applicable
molecular classification for high-grade serous ovarian cancer based on
hormone receptor expression. Sci Rep. 2016;6:25408.

Salehi F, Dunfield L, Phillips KP, Krewski D, Vanderhyden BC. Risk factors for
ovarian cancer: an overview with emphasis on hormonal factors. J Toxicol
Environ Health B Crit Rev. 2008;11:301-21.

Sieh W, Kobel M, Longacre TA, Bowtell DD, deFazio A, Goodman MT, et al.
Hormone-receptor expression and ovarian cancer survival: an ovarian tumor
tissue analysis consortium study. Lancet Oncol. 2013;14:853-62.

Lee P, Rosen DG, Zhu C, Silva EG, Liu J. Expression of progesterone receptor is
a favorable prognostic marker in ovarian cancer. Gynecol Oncol. 2005,96:671-7.
Hogdall EV, Christensen L, Hogdall CK, Blaakaer J, Gayther S, Jacobs 1, et al.
Prognostic value of estrogen receptor and progesterone receptor tumor
expression in Danish ovarian cancer patients: from the '"MALOVA' ovarian
cancer study. Oncol Rep. 2007;18:1051-9.

Lenhard M, Tereza L, Heublein S, Ditsch N, Himsl |, Mayr D, et al.
Steroid hormone receptor expression in ovarian cancer: progesterone
receptor B as prognostic marker for patient survival. BMC Cancer. 2012;
12:553.

Matsuo K, Sheridan TB, Mabuchi S, Yoshino K, Hasegawa K, Studeman
KD, et al. Estrogen receptor expression and increased risk of
lymphovascular space invasion in high-grade serous ovarian carcinoma.
Gynecol Oncol. 2014;133:473-9.

Nodin B, Zendehrokh N, Brandstedt J, Nilsson E, Manjer J, Brennan DJ,
et al. Increased androgen receptor expression in serous carcinoma of
the ovary is associated with an improved survival. J Ovarian Res.
2010;3:14.

Shen Z, Luo H, Li S, Sheng B, Zhao M, Zhu H, et al. Correlation between
estrogen receptor expression and prognosis in epithelial ovarian cancer: a
meta-analysis. Oncotarget. 2017;8:62400-13.

Li AJ, Baldwin RL, Karlan BY. Short androgen receptor allele length is a poor
prognostic factor in epithelial ovarian carcinoma. Clin Cancer Res. 2003;9:
3667-73.

Syed V, Zhang X, Lau KM, Cheng R, Mukherjee K, Ho SM. Profiling estrogen-
regulated gene expression changes in normal and malignant human
ovarian surface epithelial cells. Oncogene. 2005;24:8128-43.

Syed V, Ulinski G, Mok SC, Yiu GK, Ho SM. Expression of gonadotropin
receptor and growth responses to key reproductive hormones in normal
and malignant human ovarian surface epithelial cells. Cancer Res. 2001;61:
6768-76.

Bu SZ, Yin DL, Ren XH, Jiang LZ, Wu ZJ, Gao QR, et al. Progesterone induces
apoptosis and up-regulation of p53 expression in human ovarian carcinoma
cell lines. Cancer. 1997;79:1944-50.


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492

Pedernera et al. Journal of Ovarian Research (2019) 12:15 Page 7 of 7

23.  SyedV, Ho SM. Progesterone-induced apoptosis in immortalized normal
and malignant human ovarian surface epithelial cells involves enhanced
expression of FasL. Oncogene. 2003;22:6883-90.

24, Syed V, Mukherjee K, Lyons-Weiler J, Lau KM, Mashima T, Tsuruo T, et al.
Identification of ATF-3, caveolin-1, DLC-1, and NM23-H2 as putative
antitumorigenic, progesterone-regulated genes for ovarian cancer cells by
gene profiling. Oncogene. 2005,24:1774-87.

25. Valladares M, Plaza-Parrochia F, Lepez M, Lopez D, Gabler F, Gayan P, et al.
Effect of estradiol on the expression of angiogenic factors in epithelial
ovarian cancer. Histol Histopathol. 2017;32:1187-96.

26.  Werner A, Aichberger A, Krebs D. Does interferon-alpha enhance the effect
of tamoxifen-medroxyprogesterone acetate and hydroxyflutamide on in
vitro tumor cells? Zentralbl Gynakol. 1996;118:616-21.

27. Remmele W, Stegner HE. Recommendation for uniform definition of an
immunoreactive score (IRS) for immunohistochemical estrogen receptor
detection (ER-ICA) in breast cancer tissue. Pathologe. 1987;8:138-40.

28. Turin ISR, Maestri M, Luinetti O, Dal Bello B, Paulli M, et al. In vitro efficient
expansion of tumor cells deriving from different types of human tumor
samples. Med Sci. 2014;2:70-81.

29.  Gomora MJ, Morales-Vasquez F, Pedernera E, Perez-Montiel D, Lopez-Basave
H, Villa AR, et al. Sexual steroid hormone receptors profiles in ovarian
carcinoma in Mexican women. Endocr Connect. 2018.

30. Plaza-Parrochia F, Romero C, Valladares L, Vega M. Endometrium and
steroids, a pathologic overview. Steroids. 2017;126:85-91.

31. Modugno F, Laskey R, Smith AL, Andersen CL, Haluska P, Oesterreich S.
Hormone response in ovarian cancer: time to reconsider as a clinical target?
Endocr Relat Cancer. 2012;19:R255-79.

32. Diep CH, Daniel AR, Mauro LJ, Knutson TP, Lange CA. Progesterone action
in breast, uterine, and ovarian cancers. J Mol Endocrinol. 2015;54:R31-53.

33, Wu NY, Huang HS, Chao TH, Chou HM, Fang C, Qin CZ, et al. Progesterone
prevents high-grade serous ovarian Cancer by inducing necroptosis of p53-
defective fallopian tube epithelial cells. Cell Rep. 2017;14(18):2557-65.

34.  Eisenhofer G, Peitzsch M, Kaden D, Langton K, Pamporaki C, Masjkur J, et al.
Reference intervals for plasma concentrations of adrenal steroids measured
by LC-MS/MS: Impact of gender, age, oral contraceptives, body mass index
and bloodpressure status. Clin Chim Acta. 2017;470:115-24.

35. Mohammed H, Russell IA, Stark R, Rueda OM, Hickey TE, Tarulli GA, et al.
Progesterone receptor modulates ERalpha action in breast cancer. Nature.
2015;523:313-7.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Primary cell culture
	Immunohistochemistry
	Statistics

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contribution
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

