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Abstract

Objectives—To test the hypothesis that glucocorticoid receptor (GR) activation increases 

resistance to chemotherapy in high-grade serous ovarian cancer (HGS-OvCa) and that treatment 

with a GR antagonist will improve sensitivity to chemotherapy.

Methods—GR expression was assessed in OvCa cell lines by qRT-PCR and Western blot 

analysis and in xenografts and primary human tumors using immunohistochemistry (IHC). We 

also examined the effect of GR activation versus inhibition on chemotherapy-induced cytotoxicity 

in OvCa cell lines and in a xenograft model.

Results—With the exception of IGROV-1 cells, all OvCa cell lines tested had detectable GR 

expression by Western blot and qRT-PCR analysis. Twenty-five out of the 27 human primary 

HGS-OvCas examined expressed GR by IHC. No cell line expressed detectable progesterone 

receptor (PR) or androgen receptor (AR) by Western blot analysis. In vitro assays showed that in 

GR-positive HeyA8 and SKOV3 cells, dexamethasone (100 nM) treatment upregulated the pro-

survival genes SGK1 and MKP1/DUSP1 and inhibited carboplatin/gemcitabine-induced cell death. 

Concurrent treatment with two GR antagonists, either mifepristone (100 nM) or CORT125134 

(100 nM), partially reversed these effects. There was no anti-apoptotic effect of dexamethasone on 

chemotherapy-induced cell death in IGROV-1 cells, which did not have detectable GR protein. 

Mifepristone treatment alone was not cytotoxic in any cell line. HeyA8 OvCa xenograft studies 
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demonstrated that adding mifepristone to carboplatin/gemcitabine increased tumor shrinkage by 

48% compared to carboplatin/gemcitabine treatment alone (P=0.0004).

Conclusions—These results suggest that GR antagonism sensitizes GR+ OvCa to 

chemotherapy-induced cell death through inhibition of GR-mediated cell survival pathways.
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Introduction

Ovarian cancer is usually a fatal disease with an estimated 21,290 new cases and 14,180 

deaths in the United States in 2015 (1). High-grade serous ovarian carcinoma (HGS-OvCa) 

is the most common subtype and accounts for 70% of ovarian cancer deaths (2). Despite 

advances in treatment, including surgical tumor debulking followed by platinum/taxane-

based therapy, the majority of patients diagnosed with Stage III and IV disease eventually 

relapse and develop chemotherapy-resistant, incurable disease with a low 5-year survival 

rate of 18-27% (1). Therefore, it is important to develop approaches that will improve 

chemotherapy sensitivity of HGS-OvCa.

Glucocorticoid receptors (GRs) are expressed in a subset of epithelial tumors including 

OvCa and triple-negative breast cancer (TNBC) (3, 4). Our group and others have 

demonstrated that GR activation by dexamethasone (dex), a synthetic glucocorticoid, 

inhibits taxane-induced tumor cell death in breast, cervical, ovarian, and lung cancer cell 

lines and in xenograft models (5-8). GR activation directly activates the transcription of 

several genes including serum and glucocorticoid-regulated protein kinase (SGK1) and 

mitogen-activated protein kinase phosphatase-1 (MKP1)/dual-specificity phosphatase 1 

(DUSP1), both of which encode proteins that promote epithelial cell survival during 

apoptosis (e.g. exposure to serum deprivation, radiation, or chemotherapy treatment) (9). We 

have demonstrated that treatment with dex induces expression of the SGK1 and MKP1/

DUSP1 and decreases chemotherapy-induced tumor cell death in TNBC cell lines (3, 10), in 

OvCa (4), and in anti-androgen-induced cell death in castrate-resistant prostate cancer (11). 

Recently, data published from The Cancer Genome Atlas (TCGA) revealed that HGS-OvCa 

has a gene expression and somatic mutation profile similar to that of TNBC (12). Platinum-

based therapies are actively used in the treatment of both ovarian cancer and TNBC (13). 

Therefore, we hypothesized that GR activation would inhibit chemotherapy-induced cell 

death in GR+ OvCa cell lines and that this effect might be reversed by GR antagonism. We 

also tested this hypothesis in an OvCa xenograft model and examined GR expression in 

primary HGS-OvCa samples.

Materials and Methods

Drugs

Water-soluble dex (D4902) was purchased from Sigma-Aldrich. Corcept Therapeutics 

(Menlo Park, CA) provided pharmaceutical-grade mifepristone (mif) and the nonsteroidal 
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selective GR antagonist CORT125134. Pharmaceutical-grade gemcitabine (APP 

Pharmaceuticals) and carboplatin (APP Pharmaceuticals) were used.

Cells and Cell Culture

The human OvCa cell line SKOV3, and MDA-MB-231 and MCF-7 breast cancer cells were 

purchased from American Type Culture Collection (ATCC). The human OvCa cell lines 

Monty-1, HeyA8, CAOV-3, and IGROV-1 were a generous gift from Dr. Ernst Lengyel 

(The University of Chicago). The T47D breast cancer cell line was a generous gift from Dr. 

Olufunmilayo Olopade (The University of Chicago). All cells were maintained in 

Dulbecco's modified Eagle Medium (DMEM; Lonza) and supplemented with 10% fetal calf 

serum (FCS; Gemini Bio-Products) and antibiotics (1% penicillin-streptomycin, Lonza). All 

cell lines were cultured at 37°C in a humidified atmosphere in the presence of 5% CO2. 

Before treatment with glucocorticoid, mifepristone, CORT125134, and/or chemotherapy, 

cells were grown for 48 hours in DMEM supplemented with 2.5% charcoal-stripped FCS 

(CS-FCS) and 1% penicillin-streptomycin. All cell lines tested negative for mycoplasma 

with the ATCC Universal Mycoplasma Detection kit.

Cell Death Assay

OvCa cell lines (HeyA8 at 4 × 103 cells/well, SKOV3 at 4 × 103 cells/well, and IGROV-1 at 

6 × 103 cells/well) were seeded in 96-well plates in 2.5% CS-FCS for 48 hours. Cells were 

then treated with vehicle (EtOH 0.1% v/v), dex (100 nmol/L) or mif (1 μmol/L) alone or 

dex/mif (dex 100 nmol/L and mif 1 μmol/L) starting 1 hour before treatment with 

carboplatin (120 nmol/L) and gemcitabine (250 nmol/L) for 72 hours. A cyanine dimer 

nucleic acid dye, YOYO-1 (Life Technologies, Y3601) that stains cellular nuclei if the 

cellular membrane is compromised was used to detect dead cells. Two images (1.90 × 1.52 

mm) in separate regions of each well were captured with a 10× objective at 4-hour intervals 

using the ZOOM IncuCyte FLR HD real-time in vitro micro-imaging system (Essen 

Instruments). Dead cells (YOYO-1-positive) and total cell counts (detected using phase 

contrast) were enumerated using ImageJ Software (Version 1.48v) as reported previously 

(14). The “cytotoxic index” was calculated and represents the number of dead cells/total 

(live and dead) cells for each condition. Images collected between 0 and 72 hours post-

treatment were used in the analysis. The cytotoxic index was log-transformed to satisfy the 

normality assumption. A two tailed t-test was used at the 72 hour time point to compare cell 

death between two treatment conditions – either dex/gem/carbo vs dex/mif/gem/carbo or 

dex/gem/carbo vs dex/CORT125134/gem/carbo. Each experiment was performed at least 

twice and each treatment had five replicate wells per experiment. One representative 

experiment is presented with standard error of the mean (±SEM) for the five wells. Similar 

findings were obtained in each independent experiment.

Quantitative Real-Time PCR (qRT-PCR)

CAOV3, HeyA8, Monty-1, SKOV3, and IGROV-1 cells were seeded at approximately 50% 

confluence and allowed to adhere overnight in DMEM with 10% FCS, then cultured in 2.5% 

CS-FCS for an additional 48 hours. Medium was removed and equal volumes of either 

vehicle (ethanol), dex (100 nmol/L) or dex/mif (100 nmol/L) diluted in DMEM 
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supplemented with 2.5% CS-FCS was then added. After 4 hours of treatment, 500 μL of 

lysis buffer (Ambion by Life Technologies Pure Link™ RNA Mini Kit) supplemented with 

2% 2-mercaptoethanol was added to each well to harvest RNA. Total RNA was extracted 

using the Qiagen All-Prep DNA/RNA Mini Kit. cDNA was then reverse transcribed from 

0.5 μg of total RNA with Quanta reverse transcription reagents (Quanta Biosciences) using 

the GeneAmp PCR System 9700 (Applied BioSystems) per manufacturer's instruction. The 

cDNA was diluted in PerfeCTa SYBR Green FastMix (Quanta Biosciences), and 

quantitative real-time PCR (qRT-PCR) was carried out in a BioRad PCR System MyIQ 

(BioRad Life Sciences). The following primers were used: SGK1, 5′-

AGGCCCATCCTTCTCTGTTT-3′ (forward) and 5′-TTCACTGCTCCCCTCAGTCT-3′ 

(reverse); MKP1/DUSP1, 5′-CCTGACAGCGCGGAATCT-3′ (forward) and 5′-

GATTTCCACCGGGCCAC-3′ (reverse); NR3C1/GR, 5′-

TCTGAACTTCCCTGGTCGAA-3′ (forward) and 5′-GTGGTCCTGTTGTTGCTGTT-3′ 

(reverse); Actin-B 5′-CAGCGGAACCGCTCATTGCCAATGG-3′ (forward) and 5′-

TCACCCCCTGTGCCCATCTACGA-3′ (reverse); PR-AB, 5′-

ACAGAATTCATGAGCCGGTCCGGGTG-3′ (forward) and 5′-

ACAAGATCTCCACCCAGAGCCCGAGG-3′ (reverse); ER-alpha, 

5′CCTGATCATGGAGGGTCAAA-5′ (forward) and 5′TGGGCTTACTGACCAACCTG-3′ 

(reverse); AR, ‘ATCCCAGTCCCACTTGTGTC’ (forward) and 

‘GGTCTTCTGGGTGGAAAGT’ (reverse). Relative quantification of steady-state mRNA 

transcript expression was calculated according to the standard curve method, as described by 

Applied Biosystems User Bulletin 2, October 2001, based on the ΔΔCt approach (15). 

Transcript levels were normalized to Actin-B expression. Each experiment was performed 

three times and each treatment was performed in three technical replicate wells per 

individual experiment. One representative experiment is shown in figures with error bars 

representing SEM of the triplicate wells.

Western Blot Analysis

Cells were allowed to adhere overnight in media containing 10% FCS. The following day, 

medium was changed to 2.5% CS-FCS and cells were cultured for an additional 48 hours, 

followed by lysis in buffer containing PhosSTOP phosphatase inhibitor (Roche Life 

Science) and Complete EDTA protease inhibitor (Roche Life Science). Protein 

concentrations were measured using the BCA Assay Kit (Thermo Scientific) and 2× 

Laemmli buffer supplemented with 5% 2-mercaptoethanol was added to an equivalent 

volume of protein lysate. Proteins (60 μg per lane) were resolved by SDS-PAGE and then 

transferred to polyvinylidene difluoride membranes (Bio-Rad). The membranes were 

washed three times in 0.1% Tween 20 in TBS (TBS/T), and then incubated with blocking 

solution (5% bovine serum albumin (BSA; Fisher Scientific) in TBS/T) for 1 hour at room 

temperature. Primary antibodies were diluted in blocking solution and incubated with the 

membrane for 1 hour or overnight incubation at 4°C. Antibodies and concentrations were as 

follows: monoclonal rabbit anti-glucocorticoid receptor (GR) XP antibody (D8H2, 1:500, 

GR-XP Cell Signaling), rabbit monoclonal anti-androgen receptor (AR) antibody (N20, 

1:2,000, Santa Cruz), mouse anti-estrogen receptor (ER) antibody (16460, 1:500, Abcam), 

rabbit anti-progesterone receptor (PR) antibody (D8Q2J, 1:1,000, Abcam), mouse 

monoclonal anti-beta actin (β-Actin) antibody (8226, 1:10,000, Sigma-Aldrich), or anti-
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glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (G9295, 1:10,0000 Sigma Aldrich). 

After additional washing, membranes were incubated for one hour at room temperature with 

either Alexa Fluor 680 goat anti-rabbit (Invitrogen) or 800 goat anti-mouse (LI-COR) 

secondary antibody, rinsed and scanned using the Odyssey infrared imaging system (LI-

COR) at a wavelength of 700 or 800 nm, respectively.

Female SCID Mouse Xenograft Model of Ovarian Cancer

All mouse experiments were carried out in accordance with the U.S. Public Health Service 

Policy on Humane Care and Use of Laboratory Animals and approved by the University of 

Chicago Institutional Animals Care and Use Committee. Suspensions of HeyA8 (1 × 106 in 

500 μL of PBS) were injected intraperitoneally (i.p.) into 6-week-old female SCID mice 

(Taconic). On day 5 after injection, by which time the cells had metastasized as previously 

described (16), mice were randomized into three cohorts. Chemotherapy was administered 

on days 1 and 8 of a 21-day cycle for a total of two cycles. Placebo or mifepristone were 

administered alone the day before chemotherapy (day 0 and day 7) and then again one hour 

before chemotherapy. One group was treated with mifepristone (15 mg/kg) followed by i.p. 

injection of carboplatin (15 mg/kg) and gemcitabine (80 mg/kg) suspended in ethanol and 

sesame seed oil (1:10 v/v); the second group was treated with vehicle (ethanol and sesame 

seed oil 1:10 v/v) followed by chemotherapy; and a third group was treated with vehicle 

only. Chemotherapy-treated mice were sacrificed at days 38-39 while non-chemotherapy-

treated controls were sacrificed sooner on days 21-25 due to tumor burden. Two separate 

experiments were performed for a total of twenty-six mice. Following sacrifice, tumors were 

dissected and cut lengthwise into mirror image sections. One section was either minced in 

lysis buffer (for protein analysis) or minced in RNase + beta-mercaptoethanol (BME) (qRT-

PCR analysis) and frozen, and the other was fixed in 10% neutral-buffered formalin for 

immunohistochemistry (IHC). Following dissection of all visible tumors, individual mouse 

tumor burden weights were determined and a comparison performed between gem/carbo and 

mif/gem/carbo treatment groups using a t-test. Because three mice in the gem/carbo group 

and one mouse in the mif/gem/carbo group had to be sacrificed earlier than day 38-39 due to 

high tumor burden and were likely to have extremely large tumors on days 38-39, tumor 

weights for these animals were imputed with a weight exceeding all observed weights to 

ensure the highest rank (worst outcome) when treatment groups were further compared 

using Wilcoxon's rank-sum test as a sensitivity analysis

Histopathological Examination

Tumor xenograft samples were fixed in 10% buffered formalin for 24 hours immediately 

after necropsy and then embedded in paraffin. IHC studies were performed using 5 μm thick 

formalin-fixed deparaffinized sections that were rehydrated with xylene and serial dilutions 

of ethanol and distilled water. Samples were incubated in antigen retrieval buffer (S1699, 

DAKO) and heated in a steamer oven at 97°C for 20 minutes. The antigen-antibody binding 

was detected by the Bond Polymer Refine Detection system (DS9800, Leica Microsystem). 

Xenograft tumor tissue was evaluated by IHC for GR expression using an anti-GR-XP 

antibody (D8H2, 1:500, Cell Signaling) and the percentage of positively-staining 

xenografted tumor cells estimated.
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Tissue Microarray and Immunohistochemical Staining

Human OvCa tissue microarrays were constructed by the Human Tissue Research Center 

(HTRC) of the University of Chicago with Institutional Review Board Approval as 

previously described (16, 17). All samples underwent pathology review to establish ovarian 

tumor subtype. H&E staining to confirm tumor as well as percentage and intensity of 

nuclear GR, ER, PR, and AR staining was performed on the formalin-fixed paraffin-

embedded specimens as above. The following antibodies were used anti-GR-XP antibody 

(D8H2, 1:500, Cell Signaling), anti-ER-alpha antibody (6F11, 1:40, DAKO) anti-PR 

antibody (16, 1:200, DAKO) and anti-AR antibody (AR441, 1:300, DAKO). A modification 

of the H- (Histological) score as previously published (18, 19) was calculated to quantify 

GR, ER, PR, and AR expression in the primary human HGS-OvCa tissue samples. The H-

score was calculated by multiplying the intensity of nuclear staining (0: no staining, 1: weak, 

2: moderate and 3: strong staining) by the percentage of the tumor cells staining. The 

minimum H-score was 0 and the maximum was 300.

Results

GR, ER, PR, and AR expression in OvCa cell lines

We examined five OvCa cell lines for GR-alpha expression by Western analysis (Fig. 1A). 

The breast cancer cell line MDA-MB-231 was the positive control for GR expression. 

CAOV-3, HeyA8, Monty-1, and SKOV3 OvCa cell lines all demonstrated detectable GR-

alpha immunoreactivity (20) while IGROV-1 cells did not. GR (NR3C1) steady-state mRNA 

expression was also evaluated using q-RT-PCR. CAOV-3, HeyA8, Monty-1, and SKOV3 

OvCa cell lines all demonstrated detectable GR-alpha mRNA transcript while IGROV-1 had 

extremely low levels of GR mRNA transcripts (Fig. 1B).

We also assessed the same cell lines for estrogen receptor (ER), progesterone receptor (PR), 

and androgen receptor (AR) protein expression by Western blot (Fig. S1A-C). HeyA8, 

SKOV3, and Monty-1 had detectable ER expression (Fig. S1A) while no cell line examined 

demonstrated any PR-A or PR-B immunoreactivity (Fig. S1B). AR was also not detected by 

Western analysis (Fig. S1C). Steady-state mRNA levels of genes encoding ER-alpha and PR 

were also determined and correlated with the relative amount (high or low) of protein 

expression (Fig. S1A-B). Of note, the breast cancer cell line MCF-7 was used as positive 

control for ER-alpha and showed 60-fold more ER-alpha mRNA compared to the SKOV3 

cell line (data not shown). Similarly, T47D cells were used as a positive control for PR and 

demonstrated 300-fold more PR mRNA relative to the Monty-1 cell line (data not shown). 

Thus ER-alpha and PR mRNA transcript expression in OvCa cell lines was relatively low 

compared to the commonly studied breast cancer cell lines.

GR-mediated anti-apoptotic gene expression

To determine whether the GR modulators mifepristone or CORT125134 could antagonize 

dex-induced/GR-mediated gene expression in OvCa cell lines, OvCa cell lines HeyA8, 

Monty-1, and SKOV3 were treated with vehicle (ethanol), dex (100 nM) +/-mif (100 nM) or 

dex +/- CORT125134 (100 nM) for 4 hours. Treatment with dex alone upregulated SGK1 

steady-state mRNA levels by 3 to 18 fold when compared to dex/mif or dex/CORT125134 
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(P= <0.05 and P= <0.01, respectively, Fig. 2A-C). Parallel experiments were completed to 

examine dex (100 nM) treatment of MKP1/DUSP1 in HeyA8, Monty-1, and SKOV3 OvCa 

cell lines. In the HeyA8, Monty-1, and SKOV3 OvCa cell lines, MKP1/DUSP1 transcripts 

were increased by 4.5 to 13.8 fold after 4 hours of treatment with dex when compared to 

dex/mif or dex/CORT125134 (P <0.05 and P<0.01, respectively (Fig. 2A-C). Thus, 

treatment with the steroidal GR/PR antagonist mif or the nonsteroidal GR-specific 

antagonist CORT125134, in combination prevented dex-mediated upregulation of both GR 

target genes SGK1 and MKP1.

GR activation inhibits chemotherapy-induced cell death and is reversed by GR antagonism

To determine if dex-mediated GR activation inhibits chemotherapy-induced cell death in 

HGS-OvCa cell lines, we measured total cell count and cell death continuously over 72 

hours using the Incucyte™ Live Imaging system as previously described (3). GR activation 

following dex treatment significantly inhibited carboplatin/gemcitabine-induced cell death 

in GR-positive HeyA8 and SKOV3 cell lines (Fig. 3A-B). Of note, dex treatment alone did 

not increase cell death. There was no effect on chemotherapy-induced cell death in the GR-

negative IGROV-1 with the addition of dex (Fig. 3C), suggesting that GR activation was 

responsible for the dex effect on cell survival in the GR+ cell lines. To test whether GR 

antagonism could reverse the dex effect, we co-treated cells with mifepristone or 

CORT125134 for one hour prior to adding chemotherapy. Both mif and CORT125134 

partially or fully reversed the effect of dex-mediated GR activation in the GR+ HeyA8 and 

SKOV3 cells, but had no significant effect on the GR-negative IGROV-1 cells (Fig. 3A-C).

GR antagonism increases chemotherapy sensitivity in an OvCa xenograft model

We used a previously published in vivo murine model of peritoneal HGS-OvCa tumor 

growth (16) to test the hypothesis that GR antagonism would enhance chemotherapy 

sensitivity in vivo. The experiment was repeated twice, with similar results, using a total of 

26 mice treated with vehicle (n=6), gem/carbo (n=10) or mif/gem/carbo (n=10). Vehicle-

treated (control) animals were sacrificed on days 21-25 due to tumor burden-related slow 

mobility and/or increased abdominal girth. Most mice receiving chemotherapy were 

sacrificed on days 38-39, with the exception of three mice sacrificed earlier in the gem/carbo 

alone group due to tumor-related morbidity (days 25, 34 and 35) and one mouse in the 

mif/gem/carbo group that died on day 38 prior to intended sacrifice. Among mice with 

measurable tumors on days 38-39, the mif/gem/carbo group had significantly smaller 

average total tumor burden (mean of 0.17g, range 0.10g-0.26g) compared to the gem/carbo 

alone group (mean of 0.36g, range 0.27g-0.58g; p=0.0004) by two-sample t-test (Fig. 4). As 

a sensitivity analysis, a large tumor weight (0.3g) was imputed for the four mice that were 

sacrificed and/or died early, and the Wilcoxon rank-sum test similarly showed that mif/gem/

carbo treated mice had smaller total tumor burden compared to gem/carbo-treated mice 

(p=0.0016). Resected HeyA8 xenograft tumors were also evaluated by anti-GR IHC 

staining. All xenografted tumors had >95% moderately- to strongly-positive GR expression, 

regardless of treatment group (data not shown).
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GR, ER, PR, and AR expression in a HGS-OvCa human tissue microarray

Human tissue microarrays from the University of Chicago tumor bank of twenty-seven 

patients confirmed to have HGS-OvCa were evaluated for GR expression by IHC. For this 

study, tissue microarrays were assessed using a modified H-score method to quantitate 

tumor GR, ER, PR, and AR expression (applying the previously described H-score method) 

(18, 19). Twenty-five samples (93%) had a GR H score >1 (Fig. 5). (See Fig. S2 for GR 

positive control and negative control i.e. secondary antibody alone). As observed in the 

OvCa cell lines, we found variable expression of GR (Fig. S3A), ER-alpha (Fig. S3B), and 

negative to low expression of PR and AR proteins by IHC (Fig. S3C-D).

Discussion

Here we demonstrate that, as previously reported for TNBC (3), treatment of GR+ OvCa 

cell lines with glucocorticoids results in attenuation of chemotherapy-induced cell death. 

Conversely, GR antagonism with the GR/PR antagonist, mifepristone, or the GR-selective 

nonsteroidal antagonist, CORT125134, prior to chemotherapy administration inhibits the 

tumor cell survival effect of GR activation. Moreover, mifepristone increased the efficacy of 

gemcitabine/carboplatin chemotherapy in a xenograft model, presumably by antagonizing 

the tumor cell survival effect of endogenous corticosterone-mediated tumor GR activation. 

When we initially selected our OvCa cell lines, we chose those we believed to originate 

from HGS-OvCas, because our hypothesis was that the findings in TNBC could be extended 

to OvCa. This hypothesis was spurred by the TCGA report regarding the genomic similarity 

of TNBC and HGS-OvCa. It has subsequently been reported that the OvCa cell lines we 

used may not all be of HGS origin (21, 22); however, the GR status of these cell lines still 

appears to correlate with the ability of glucocorticoid treatment to promote cell survival and 

conversely, with the ability of GR antagonism to increase chemotherapy sensitivity.

Mifepristone is a steroidal PR and GR mixed agonist/antagonist as well as a weak AR 

antagonist that is currently FDA-approved for emergency contraception and the treatment of 

Cushing's syndrome with glucose intolerance (23, 24). The cell lines used in our study 

appear to be PR-negative using a highly sensitive anti-PR antibody as well as by quantitative 

RT-PCR. Thus, the effects of mifepristone on tumor cell lines are not likely to be related to 

PR antagonism. In a previous healthy human pharmacokinetic analysis, a single oral dose of 

mifepristone 100-800 mg/day resulted in serum concentration levels of approximately 2.5 

μM at 24 hours (25). A study examining mifepristone tissue concentrations in human 

endometrial villi following a single dose of mifepristone 200 mg yielded intracellular levels 

of 238 nM ± 113 (26). Telleria et al. previously reported that mifepristone treatment of 

OvCa cell lines at the much higher concentrations of 10-20 μM (versus 1 μM used in our 

studies) causes cell cycle arrest (27) and cytostasis (28). These authors also noted that the 

growth inhibitory effect of mifepristone did not require PR expression. At the lower 

concentration we used, mifepristone alone had no growth inhibitory effect in the HGS-OvCa 

lines we tested. Unfortunately, clinical trials in ovarian cancer with single agent 

mifepristone have not yielded positive results, suggesting that 10 μM levels may not be 

easily achieved within tumor tissue (29, 30).
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We also examined human HGS-OvCa samples and found that most expressed significant 

GR. Woenckhaus et al. also evaluated 85 invasive ovarian cancers with various 

histopathological characteristics and found that there was variable GR expression (negative 

to strong) among OvCa tissues (31).

We believe our results warrant clinical investigation. A recently completed phase I 

randomized clinical trial was performed at the University of Chicago to evaluate the safety 

and tolerability of nab-paclitaxel (which does not required steroid premedication) +/- 

mifepristone in advanced breast cancer. However, a dose-limiting toxicity of neutropenia 

was noted in some patients receiving concomitant mifepristone and nab-paclitaxel. While 

this side effect was manageable, the nab-paclitaxel levels were quite variable in the 

combination arm, and may be related to unpredictable pharmacokinetic (PK) interaction 

between the two drugs and/or pharmacodynamic (PD) effects (32). Based on our laboratory 

results reported here with OvCa cell lines, we have initiated a Phase 1 clinical trial 

combining mifepristone with carboplatin/gemcitabine in women with advanced breast or 

OvCa.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• GR activation promotes cell survival in GR-positive high-grade serous ovarian 

carcinoma (HGS-OvCa) cell lines treated with chemotherapy.

• GR antagonism increases chemotherapy-induced cell death in a GR-positive 

HGS-OvCa xenograft model.

• GR is expressed in the majority of primary HGS-OvCas examined.
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Figure 1. GR expression by Western blot and qRT-PCR in ovarian cancer cell lines
A) GR protein expression in OvCa cell lines by Western blot (B) GR mRNA transcript 

levels in OvCa cell lines. Transcript levels were first normalized to Actin-B mRNA 

expression and are shown as a ratio compared to Monty-1 cell line normalized GR (NR3C1) 

transcript expression. MDA-MB-231 GR (NR3C1) mRNA expression was used as a control. 

The error bars represent ± standard error of the mean (SEM).
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Figure 2. Evaluation of GR target genes SGK1 and MKP1 mRNA expression following dex, dex/
mif, or dex/CORT125134 treatment
OvCa cell lines HeyA8 (A), Monty-1 (B), and SKOV3 (C) were treated for four hours with 

either vehicle (ethanol), dex (100 nM), dex (100 nM) with mif (100 nM) or dex with 

CORT125134 (100 nM). SGK1 and MKP1/DUSP1 mRNA expression was first normalized 

to Actin-B mRNA levels and is shown as a ratio relative to normalized transcript expression 

from vehicle-treated cells.

* P<0.05, ** P<0.01. NS, not significant. CORT125134 is abbreviated as 134.
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Figure 3. Continuous microscopic imaging analysis (Incucyte) of cell death following treatment 
with chemotherapy +/- mifepristone or +/- CORT125134
OvCa cell lines HeyA8 (A), SKOV3 (B), and IGROV-1 (C) were treated with dex (100nM) 

+/- mif (1 μM) or +/- CORT125134 (1 μM). This treatment was followed one hour later by 

gemcitabine (250 nM)/carboplatin (120 nM) treatment. Error bars represent ± SEM of 

triplicate wells.
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Figure 4. Carboplatin/gemcitabine +/- mifepristone treatment of mice bearing HeyA8 tumor 
xenografts
Combined data from two independent in vivo experiments. Total tumor burden is indicated 

at days 38-39 after initial treatment, P=0.0004 between gem/carbo (0.36g, range 

0.27g-0.58g) and mif/gem/carbo (0.17g, range 0.10g-0.26g) groups. Error bars represent ± 

SEM of tumor weights in grams, g.
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Figure 5. Primary human HGS-OvCa GR expression by IHC
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