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Abstract 

 
Context: Patients with adrenocortical carcinoma (ACC) frequently suffer from cortisol excess, which 

portends a negative prognosis. Rapid control of cortisol hypersecretion and tumor growth are the main goals 

of ACC therapy. Abiraterone acetate (AA) is a potent inhibitor of 17alpha-hydroxylase/17,20-lyase, a key 

enzyme  of adrenal steroidogenesis. 

Objective: To investigate the therapeutic use of AA in preclinical models of ACC.  

Design: AA antisecretive and antiproliferative effects were investigated in vitro using NCI-H295R and 

SW13 ACC cell lines and human primary ACC cell cultures, as well as in vivo using immunodeficient mice.  

Methods: Steroid secretion, cell viability and proliferation were analyzed in untreated and AA-treated ACC 

cells. The ability of AA to affect the Wnt/beta-catenin pathway in NCI-H295R cells was also analyzed. 

Progesterone receptor (PgR) gene was silenced by the RNA interference approach. The antitumor efficacy of 

AA was confirmed in vivo in NCI-H295R cells xenografted in immunodeficient mice.  

Results: AA reduced the secretion of both cortisol and androgens, increased production of progesterone and 

induced a concentration-dependent decrease of cell viability in the NCI-H295R cells and primary secreting 

ACC cultures. AA also reduced beta-catenin nuclear accumulation in NCI-H295R cells. AA administration 

to NCI-H295R-bearing mice enhanced progesterone levels and inhibited tumor growth. The cytotoxic effect 

of AA was prevented by either blocking PgR or by gene silencing.  

Conclusion: AA is able to inhibit hormone secretion and growth of ACC both in vitro and in vivo. It also 

reduces beta-catenin nuclear accumulation. The cytotoxic effect of AA appears to require PgR.  



Introduction  

Adrenocortical carcinoma (ACC), an extremely rare cancer with an incidence of 0.5–2 cases per million 

population per year [1], is highly malignant and resistant to treatment. A key molecular event that contributes 

to ACC formation and aggressiveness is the constitutive activation of the Wnt/β-catenin signaling pathway 

due to mutation of the CTNNB1 gene  [2, 3]. Approximately 50% of ACC in adults are hormone-secreting 

tumors that produce cortisol (Cushing’s syndrome) or androgen or multiple steroids [4]. Cortisol excess 

negatively influences the outcome of ACC patients with early [5] and advanced stages [6, 7] of disease. The 

adverse prognosis associated with secreting tumors is due to cortisol-related comorbidities, including 

hypertension, hypokaliemia, hyperglycemia, and infections. Moreover, the immunosuppressive effects of 

cortisol excess may promote tumor progression [6, 7]. Hypertension and hypokaliemia are worsened by co-

secretion of steroids with mineralcorticoid activity. Rapid control of hypersecretion is therefore crucial for 

effective treatment. Surgery with radical intent is the treatment of choice, whereas for patients with 

inoperable metastatic disease, mitotane alone or in combination with chemotherapy is the reference therapy 

[1,8]. However, because the efficacy of current medical treatment of advanced ACC is limited, there is an 

urgent need for new drugs.  

Abiraterone acetate (AA) is a potent inhibitor of 17alpha-hydroxylase/17,20-lyase (CYP17A1), a key 

enzyme for steroid hormone synthesis [9]. Due to its ability to inhibit androgen synthesis by the adrenal 

gland, AA is effective in metastatic castration-resistant prostate cancer (CRPC), as demonstrated by two 

large randomized clinical studies [10, 11]. Besides reducing androgen levels, the drug rapidly impairs 

cortisol synthesis [12]; therefore, it could be potentially used in the management of Cushing's syndrome. AA 

efficacy in controlling Cushing’s syndrome was recently observed by our group in a ACC patient [13]. As 

compared with other steroid synthesis inhibitors currently used in the treatment of Cushing’s syndrome, AA 

is less hepatotoxic than ketoconazole, and the concomitant inhibitory effect of cortisol and androgen 

synthesis is a potential advantage of AA over metyrapone [14], since ACC often co-secretes both hormones.  

In the present study, we investigated the effects of AA on hormone secretion and tumor viability in vitro in 

two established ACC cell lines (NCI-H295R and SW13 [15]) and in ACC primary cultures, and in vivo, in 

NCI-H295R mouse xenografts.  



Materials and Methods 

Chemical and reagents. Chemical and reagents are reported in the Supplementary Materials and Methods. 

Cell lines. NCI-H295R and SW13 ACC cell lines were obtained from the American Type Culture Collection 

and cultured as suggested by ATCC. Cells were authenticated by the AmpFISTR Identifiler PCR 

amplification kit (Applied Biosystems, Foster City, CA, USA).  

Primary cell cultures. Human ACC primary cells were derived from two female patients bearing cortisol-

secreting tumors (ACC01 and ACC02) and from three patients with non–secreting tumors (ACC03, male; 

ACC06 and ACC08, females) (Supplementary Table 1). The project was approved by the local Ethical 

Committee and written informed consent was obtained from all patients. After surgical removal, cells were 

enzymatically digested with collagenase and cultured in the same medium of NCI-H295R cells.  

Cell treatments.  Cells were treated with increasing concentrations of AA (10-400 nM) for different times  

in charcoal-dextran-treated Nu-Serum (cNS)-medium. For the liquid cromatography-tandem mass 

spectrometry (LC-MS/MS) experiments, conditioned media were centrifuged at 1500 x g for 5 min at 4°C 

and stored at -20°C until use. NCI-H295R cells were also exposed to mifepristone (0.1-100 nM), with or 

without AA. 

Quantitative RT-PCR (qRT-PCR). Gene expression was evaluated by qRT-PCR (iCycler iQ real-time 

PCR detection system, BioRad Laboratories, Milan, Italy), using SYBR Green as fluorochrome, as described 

elsewhere [16]. The sequences of sense and antisense oligonucleotide primers of genes are listed in the 

supplementary data (Supplemental Table 2). 

Cell viability assays. Cell viability was evaluated by cell counting, as previously described [17]. Cell 

viability was also determined by 3-(4,5-Dimethyl-2-thiazol)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 

dye reduction assay [18]. Briefly, untreated and AA-treated ACC primary cultures and cell lines were 

incubated with MTT dye (5 mg/mL) and solubilized with DMSO. Absorbance was measured by a 

spectrophotometer at 540/620 nm (GDV, Rome, Italy).  

Immunofluorescence. Cells were permeabilized with a solution containing 0.2% Triton X-100 for 60 min at 

room temperature and then incubated overnight at 4°C with anti-beta catenin primary antibody (1:400, Cell 

Signaling Technologies, Milan, Italy). After extensive washes, the Alexa Fluor488 anti-rabbit secondary 

antibody (Life Technologies, Milan, Italy) was applied for 60 min at room temperature. For nuclear 

counterstaining, cells were incubated with Hoechst (Sigma Aldrich, Milan, Italy) for 5 minutes. Coverslips 



were mounted using FluorPreserve
TM 

Reagent and cell staining was detected using a Zeiss LSM 510 META 

confocal laser-scanning microscope (Carl Zeiss AG, Oberkochen, Germany). 

PgR gene silencing by RNA interference. Two small interfering RNA (siRNA) duplexes targeting regions 

of two isoforms of the PgR (PgRA and PgRB) gene (si-PgR) and a non-targeting negative control siRNA 

duplex were used (Silencer® Select Pre-Designed siRNAs, LifeTechnologies). The si-PgR sequences were 

5’-GGUUUUCGAAACUUACAUATT-3’ (si-PgR 10416), and, 5’-GACAAGUCUUAAUCAACUATT-3’ 

(si-PgR 10417). NCI-H295R cells were transfected with si-PgR or si-control using Lipofectamine 

RNAiMAX (LifeTechnologies). Preliminary experiments showed that transfection with 10 nM si-PgR 10416 

and 30 nM si-PgR 10417 efficiently down-regulated PgRA and PgRB mRNA already after 24 h of exposure.  

Liquid Cromatography-Tandem Mass Spectrometry. Steroid extraction was performed as described in 

[19] and is reported in the Supplementary Materials and Methods. Analysis was carried out using a high-

performance liquid chromatography (HPLC) system (1260 Series Agilent Technologies; Santa Clara, CA, 

USA) equipped with a reversed-phase Hypersil Gold C8 (100 x 3mm 3um) analytical column (Thermo 

Finnigan, San Jose, CA, USA) connected to a detection system (Agilent 6460 triple quadrupole mass 

spectrometer) with a Jet Stream Electrospray ion source operating in positive-ion mode (ESI+). Data were 

acquired in MRM (multiple reaction monitoring) mode. Transitions, cone voltage, and collision energy were 

optimized using the MassHunter Optimization program (Mass Hunter Optimizer Triple Quad B04.01 Agilent 

Technologies). Data acquisition was controlled using Mass Hunter software and processed with QuanL0 

software (Agilent Technologies). For calibration, blank medium (0.5 ml) was spiked with all solutions of the 

steroids in methanol, resulting in calibrator concentrations of 1.0- 50.0 ng/ml and 0.1-5.0 ng/ml for Pg.  

Antitumor activity of AA in NCI-H295R ACC xenograft mice model. Experiments were carried out 

using 8-10 week-old female SCID mice (Charles River, Calco, Italy), maintained in laminar flow rooms at 

constant temperature and humidity, with free access to food and water. Experiments were approved by the 

Ethics Committee for Animal Experimentation of the Istituto Nazionale dei Tumori, Milan, and 

communicated to the Ministry of Health, in compliance with Italian law. Exponentially growing tumor cells 

(10
7
 cells/mouse) were resuspended in medium and Matrigel Basement Matrix (BD Biosciences, Milan, 

Italy) (total volume 20 µL, ratio 1:1), and subcutaneously injected into the right flank of groups of 12 mice. 

AA was administered i.p (196 mg/Kg) daily for 16 days (qdx16); control mice received the vehicle 

(2.5%benzyl alcohl, 97.5% safflower oil). Toxicity of the drug treatment was monitored as body weight loss. 

To evaluate plasma  and tumor steroid content, at the end of treatment, 6 mice/group were bled under 



anaesthesia and then sacrificed by cervical dislocation. Plasma was prepared using standard protocols. 

Tumors were removed, weighted, and frozen in liquid nitrogen.  

Statistical Analysis. Statistical analysis was carried out using GraphPad Prism software (version 5.02, 

GraphPad Software, La Jolla, CA, USA). One-way ANOVA with Bonferroni׳s correction was used for 

multiple comparisons. Unpaired two-tailed Student’s t test was used for statistical comparison of mean tumor 

volume (TV) in mice and of steroid levels in tumors and plasma. P values < 0.05 were considered 

statistically significant. Unless otherwise specified, data are expressed as mean ± SEM of at least three 

experiments run in triplicate.  



Results 

AA inhibits cortisol synthesis in NCI-H295R cells  

The human NCI-H295R and SW13 cell lines were analyzed for CYP17A1 gene expression by qRT-PCR. 

CYP17A1 mRNA was highly expressed in NCI-H295R cells (ΔCt 4.41±0.10) and undetectable in SW13 

cells, which were then used as negative control. The mRNAs of other key enzymes involved in the steroid 

hormones biosynthesis was also expressed in NCI-H295R cells: CYP11A1 (ΔCt 5.14±0.11), CYP21A2 (ΔCt 

8.86±0.12), CYP11B1 (ΔCt 11.94 ±0.22), CYP11B2 (ΔCt 12.53 ±0.16), 3βHSD2B (ΔCt 10.35±0.11), 

SULT2A1 (ΔCt 7.69±0.08) and CYP19A1 (ΔCt 7.17±0.08). 

Cortisol concentration was measured in cell culture supernatants following treatment of NCI-H295R and 

SW13 cells with increasing concentrations of AA at different times (2-6 days). As shown in Fig. 1, starting 

from 2 days of treatment, AA significantly and steadily reduced cortisol secretion at all concentrations in the 

supernatants of NCI-H295R cells but not of the SW13 cells (data not shown). Cortisol was almost 

undetectable in the supernatants of cells treated for 2 days with 100-400 nM AA. Cortisol concentration in 

the supernatants of control cells was slightly increased after 2 days (1.01 ± 0.16 ng/ml ) and then stabilized 

around  the starting values (0.86 ± 0.01 ng/ml) after 6 days.  

CYP17A1 inhibition by AA inhibits androgen synthesis and increases progesterone production 

NCI-H295R cells were treated with AA and the supernatants analyzed for hormone production. As shown in 

Table 1, AA-induced inhibition of CYP17A1 (50 nM; 2 days) led to a consistent decrease of testosterone and 

its precursors (dehydroepiandrosterone [DHEA] and androstenedione [ASD]) in comparison wiht untreated 

cells, whereas the CYP17A1 substrate progesterone increased by about 13 times. The progesterone-down-

stream hormones corticosterone and aldosterone decreased after AA treatment. 

AA induces apoptosis-mediated cytotoxic effects in NCI-H295R cells  

Besides revealing an antisecretive effect, microscope analyses showed a concentration- and time-dependent 

reduction in vital NCI-H295R cells after AA exposure. After 2 days of treatment, 200 nM AA significantly 

reduced cell number (% of reduction: 22±1; P < 0.01 vs. untreated cells), an effect that was drastically 

augmented after 4 and 6 days of treatment (% of reduction: 47±6; P < 0.05 vs. untreated cells and 62±3; P < 

0.001 vs. untreated cells, respectively). AA up to 400 nM did not further affect NCI-H295R cell number. 

SW13 cell viability was completely unaffected by AA (Supplemental Fig. 1), suggesting that the 

antineoplastic effect of AA was related to the inhibition of CYP17A1 activity. 



The cytotoxic effects in NCI-H295R cells were further investigated by MTT assay. As shown in Fig. 2A, AA 

reduced cell viability in a concentration-dependent manner, with an IC50 value of 62.9 nM (95% confidence 

interval [CI] 54.14 to 73.06). The maximum effect was observed after 4 days of treatment, with no 

significant change up to 6 days (IC50 value of 70.1 nM; 95% CI 48.02 to 87.29). All subsequent experiments 

were then performed by treating NCI-H295R cells with the IC50 value for 4 days. Apoptosis was the main 

mechanism involved in the observed cytotoxicity (Supplemental Fig. 2).  

AA inhibits tumor growth in the NCI-H295R xenograft model and interferes with steroid production  

NCI-H295R cells were subcutaneously inoculated into immune-deficient mice. AA inhibited tumor growth 

when administered daily for 16 days to mice bearing established tumors. AA treatment, which was well 

tolerated, started to reduce tumor growth at day 36 (tumor volume inhibition [TVI] 38%) (P = 0.07 for AA-

treated vs. control) - i.e., 8 days from the start of treatment - and this trend was maintained (P = 0.0707 and P 

= 0.0646 for AA-treated vs. control at day 40 and 43, respectively) until day 61, when  significant tumor 

growth inhibition was observed (P = 0.009 for AA-treated vs. control, TVI 34%) (Fig. 2B). Analysis of the 

steroid levels in plasma and tumor samples showed that progesterone levels were increased in both plasma 

and tumor specimens (Fig. 2C, panel a and b), whereas cortisol levels were not significantly modified 

(Supplemental Table 3). Testosterone levels were significantly decreased in AA-treated tumors (Fig. 2C, 

panel c), but no significant differences were observed between the plasma levels in the treated versus the 

untreated animals (Supplemental Table 3). Higher levels of the mineralcorticoid hormones, corticosterone 

and aldosterone, were found in the  plasma and tumor tissues of the AA-treated mice than the controls.    

AA affects beta-catenin translocation into the nucleus in NCI-H295R cells 

The pathogenic p.S45P mutation of CTNNB1 gene, which results in abnormal beta-catenin nuclear 

accumulation [20, 21], is characteristic of NCI-H295R cells. The effect of AA on beta-catenin sub-cellular 

localization was investigated. Immunofluorescence analyses showed high expression of beta-catenin in the 

nucleus of cells under basal condition (Fig. 3A), whereas beta-catenin was mainly retained in cytoplasmic 

sites following AA treatment (63 nM) (Fig. 3B).  

AA induces cytotoxic effects in primary human ACC cells  

The effect of AA on cell viability was tested on five ACC primary cultures derived from the ACC patients. 

Primary cells were treated with AA for 4 days. In cortisol-secreting ACC tumors (ACC01 and ACC02), AA 

exerted a concentration-dependent inhibition of cell viability, as shown by MTT assay, with an IC50 values of 

127.8 nM (95% CI 60.9 to 178.4) and 96 nM (95% CI 90.4 to 101.9) for ACC01 and ACC02, respectively 



(Fig. 4). In these cells, AA-induced CYP17A inhibition resulted in a marked increase in progesterone levels 

(from 1.9±0.1 to 22±1.4 ng/ml/10
5 

cells in ACC01 and from 1.4±0.1 to 43.7±3.4 ng/ml/10
5 

cells in ACC02), 

whereas cortisol secretion was drastically reduced (from 0.2±0.001 to 0.06±0.002 ng/ml/10
5 

cells in ACC01 

and from 5.7±0.5 to 1.2±0.2 ng/ml/10
5 
cells in ACC02).  

In the three primary cultures from non-secreting ACC tumors (ACC03, ACC06, ACC08), steroid hormones 

were almost undetectable in cell supernatants (data not shown) and AA treatment, up to 4 days, did not affect 

cell viability (Fig. 4). 

AA-mediated increase of progesterone secretion in NCI-H295R cells as a mechanism of drug-induced 

decrease in cell viability 

This  preclinical study was conducted in only one cell model and few primary cultures; nonetheless, the 

inability of AA to affect the viability of primary cells from non-secreting ACC suggests a hormone-related 

mechanism for the decrease in cell viability. MTT assay showed that hydrocortisone (0.1-50 µM) did not 

significantly affect NCI-H295R cell viability (OD 540/620 nm values: ctrl: 0.53±0.03; hydrocortisone 50 

µM: 0.51±0.028), whereas cell exposure to increasing concentrations of dihydrotestosterone ([DHT], 0.01 

pM-1 nM) had a significant inhibitory effect (IC50 value of 3.15 pM; 95% CI 1.5 to 6.6). The role of progesterone 

was next assessed by qRT-PCR and western blot assay of progesterone receptor (PgR) expression. PgR mRNA 

was detected, the ΔCt value being 10.97±0.13 (ΔCt value of the positive control - MCF7 - was 10.14±0.16). 

In addition, a specific primary antibody recognizing both the PgRA and PgRB isoforms (MW: 94 and 114 

kDa, respectively) revealed that PgRB was the predominant isoform expressed in NCI-H295R cells 

(Supplemental Fig. 3).  

NCI-H295R cells were then treated with AA in the presence of increasing concentrations of the PgR 

antagonist mifepristone (0.1 pM-100 pM) and analyzed for cell viability. As shown in Fig. 5A, the cytotoxic 

effect of AA was prevented in a concentration-dependent manner by mifepristone, whereas exposure to 

mifepristone alone did not affect NCI-H295R cell viability (Supplemental Fig. 4). The role of Pg was 

highlighted using an RNA interference approach and by silencing the PgR gene (Supplemental Fig. 2). The 

effect of PgR knock-down on AA cell viability was then investigated in NCI-H295R cells exposed to either 

si-PgR 10416 (10 nM), si-PgR 10417 (30 nM) or si-control for 2 days, and then treated with AA IC50 for 4 

days. Silencing NCI-H295R cells by both siRNAs significantly prevented AA-induced cell death (Fig. 5B).  



Discussion 

New drugs for the rapid control of cortisol and androgen hypersecretion are need in the management of 

ACC. Since AA is able to selectively and irreversibly inhibit the CYP17A1 related enzymes 17α-

hydroxylase and c17, 20-lyase, which are critical for cortisol and androgen biosynthesis, the drug holds 

promise as a potential component in the treatment algorithm of patients with ACC. 

This study was designed to evaluate the antisecretive properties of AA in ACC models, including the human 

NCI-H295R cell line, a widely accepted model of hormonally active ACC [15], which expresses high 

amounts of CYP17A1 mRNA and other key enzymes of steroidogenesis. We found that AA significantly 

and steadily inhibited cortisol synthesis in NCI-H295R cells, but not in SW13 cells, an in vitro model of 

hormonally inactive ACC, which had undetectable CYP17A1 expression. AA-induced CYP17A1 inhibition 

in NCI-H295R cells also led to a marked reduction in androgen synthesis in cell medium, whereas 

progesterone concentration consistently increased. Of note is that the IC50 value of 63 nM fell within the 

range of the reported Cmax plasma drug concentrations at steady-state when AA was administered to CRPC 

patients at a daily dose of 1000 mg (226 ± 178 ng/ml; corresponding to a range from 19 to 157 nM)  

(Drugdex-Micromedex 2.0). Interestingly, corticosterone and aldosterone levels decreased when the cells 

were exposed to AA. These data are shared by those reported in a recent study performed on NCI-H295R 

cells:  in vitro AA was found to inhibit the 21-hydroxylase (CYP21A2) enzyme that converts progesterone to 

hydroxy-corticosterone, a precursor of both corticosterone and aldosterone [22]. 

Intriguingly, we also found that AA significantly reduced cell viability in a concentration- and time-

dependent manner in NCI-H295R cells,  with the maximum effect occurring after exposure for 4 days. The 

reduction in cell viability was mainly due to an increased rate of apoptosis.  

The animal models using NCI-H295 cells xenografted into immunodeficient mice indicated that AA is able 

to significantly inhibit tumor growth, which was associated with the concomitant increase in progesterone 

levels. While cortisol levels were not affected, corticosterone and aldosterone levels were increased in the 

plasma and tumors from the AA-treated mice. The data on plasma hormone levels can be explained by the 

fact that, unlike humans, the adrenals of rodents do not express the CYP17A1 gene and therefore have no 

P450C17 enzyme for cortisol production, but produce corticosterone [23]. However, we find no plausible 

explanation for why the cortisol concentration in the tumor tissues of the AA-treated mice did not differ from 

that of the control mice. It should be noted that, because this is a cross-sectional comparison, we did not have 

data on cortisol concentration in tumor tissue in the AA-treated mice at baseline condition before AA 



administration. Another possible explanation is that while this mouse model is a workable experimental 

model to measure antineoplastic AA activity on ACC, it is not the appropriate model to measure changes in 

steroidal hormone secretion. 

The antitumor properties of AA were also evident in the two primary cell cultures obtained from the patients 

bearing cortisol-secreting ACC. Similar to what we observed in the NCI-H295R cells, AA exerted 

concentration-dependent cytotoxic activity in these cultures, with marked reduction in  cortisol and androgen 

concentrations in the medium, whereas the progesterone levels increased significantly. By contrast, AA was 

ineffective in affecting cell viability in the three primary cell cultures derived from the non-secreting ACC 

tumors, and these findings were consisted with those observed in SW13 cells. Taken together, our results 

indicate that the antineoplastic activity of AA is limited to hormone-secreting ACC. We then wanted to 

determine whether the AA-induced changes in hormonal levels were responsible for the decrease in cell 

viability. In agreement with previous reports, we observed that cortisol exposure did not significantly affect 

NCI-H295R cell viability [24], whereas DHT exerted a significant concentration-dependent cytotoxic effect 

[25]. These data suggest that the reduction in both cortisol and androgen levels induced by AA was unlikely 

to be related to the observed drug-induced decrease of cell viability.  

We therefore focused our attention on the AA-induced increase in progesterone, as already observed in 

CRPC patients [9]. The biological functions of progesterone are mediated by nuclear PgRs, which are 

expressed in two different isoforms, the full length PgRB and the short form PgRA. In humans, the ratio of 

the two isoforms is critical for regulating biological responses of PgR in target tissues [26]. The two PgR 

isoforms are present in normal adrenal tissue and in ACC and have a similar expression rate [27], whereas 

NCI-H295R cells display a higher expression of PgRB than PgRA [27]. We found that PgRB is 

predominantly expressed in NCI-H295R cells and that the PgR antagonist mifepristone was able to 

antagonize AA-induced NCI-H295R cell toxicity in a concentration-dependent manner. In addition, the 

cytotoxic effect induced by AA was completely reverted by silencing PgR. These data provide indirect 

evidence for a role of PgR in mediating the AA-induced decrease in cell viability. Pertinently, estradiol was 

previously found to induce NCI-H295R cell proliferation by a non-genomic signaling stimulation of 

ERK1/2, and AKT phosphorylation [28], and drugs targeting estrogen receptor α were found to effectively 

control the proliferation of ACC in vitro [28].  

The Wnt/beta-catenin pathway plays a central role in ACC pathophysiology and is a potential therapeutic 

target for drug development [3]. Interestingly, progesterone contributes to the dynamic modification of the 



endometrial epithelium during the menstrual cycle by inhibiting Wnt/beta-catenin signaling, which is also 

required for maintaining endometrial homeostasis and for contrasting progression toward hyperplasia and 

carcinogenesis [29, 30]. We found that AA induced an increase in progesterone levels and prevented the 

nuclear accumulation of beta-catenin in NCI-H295R cells. Collectively, these results suggest that PgR 

signaling, via negative modulation of the Wnt/beta-catenin pathway, could contribute to AA inhibition of 

cell viability in ACC. We are now studying whether progesterone is able to modify Wnt/beta-catenin 

signaling and the molecular mechanism underlying this phenomenon.  

In conclusion, our preclinical data suggest that AA may be of value in the management of secreting ACC. 

AA may possess not only antisecretive but also antitumor activity perhaps mediated through inhibition of the 

Wnt/beta-catenin pathway. The inhibition of AA antineoplastic activity by silencing PgR is a relevant 

finding that suggests that PgR may be a new target of antineoplastic therapy for ACC. On the basis of these 

results, we are conducting a prospective clinical trial to test AA activity in the management of Cushing’s 

syndrome induced by ACC (Eudract: n. 2016-000945-29). 

 

ACKNOWLEDGEMENTS 

This work was supported by AIRC, project IG17678, and by a private grant of Mrs Serena Ambrogini and 

family in memory of her son Guido Cioni.  

M.F. was supported by a grant from the Italian Society of Pharmacology.  

We are grateful to Mrs N. Carenini for technical support.   



References 

1) Berruti A, Baudin E, Gelderblom H, Haak HR, Porpiglia F, Fassnacht M, Pentheroudakis G. ESMO 

Guidelines Working Group. Adrenal cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment 

and follow-up. Ann Oncol. 2012; 23 Suppl 7:vii131-8.  

2) Heaton JH, Wood MA, Kim AC, Lima LO, Barlaskar FM, Almeida MQ, Fragoso MC, Kuick R, Lerario AM, 

Simon DP, Soares IC, Starnes E, Thomas DG, Latronico AC, Giordano TJ, Hammer GD. Progression to 

adrenocortical tumorigenesis in mice and humans through insulin-like growth factor 2 and β-catenin. Am 

J Pathol. 2012; 181:1017-33. 

3) Creemers SG, Hofland LJ, Korpershoek E, Franssen GJ, van Kemenade FJ, de Herder WW, Feelders RA. 

Future directions in the diagnosis and medical treatment of adrenocortical carcinoma. Endocr Relat 

Cancer. 2016; 23:R43-69. 

4) Terzolo M, Daffara F, Ardito A, Zaggia B, Basile V, Ferrari L, Berruti A. Management of adrenal cancer: 

a 2013 update. J Endocrinol Invest. 2014; 37:207-17 

5) Berruti A, Fassnacht M, Haak H, Else T, Baudin E, Sperone P, Kroiss M, Kerkhofs T, Williams AR, 

Ardito A, Leboulleux S, Volante M, Deutschbein T, Feelders R, Ronchi C, Grisanti S, Gelderblom H, 

Porpiglia F, Papotti M, Hammer GD, Allolio B, Terzolo M. Prognostic role of overt hypercortisolism in 

completely operated patients with adrenocortical cancer. Eur Urol. 2014; 65:832-8. 

6) Abiven G, Coste J, Groussin L, Anract P, Tissier F, Legmann P, Dousset B, Bertagna X, Bertherat J. 

Clinical and biological features in the prognosis of adrenocortical cancer: poor outcome of cortisol 

secreting tumors in a series of 202 consecutive patients. J Clin Endocrinol Metab 2006; 91:2650–5. 

7) Berruti A, Terzolo M, Sperone P, Pia A, Della Casa S, Gross DJ, Carnaghi C, Casali P, Porpiglia F, 

Mantero F, Reimondo G, Angeli A, Dogliotti L. Etoposide, doxorubicin and cisplatin plus mitotane in the 

treatment of advanced adrenocortical carcinoma: a large prospective phase II trial. Endocr Relat Cancer 

2005; 12:657–66. 

8) Fassnacht M, Libe´ R, Kroiss M, Allolio B. Adrenocortical carcinoma: a clinician’s update. Nat Rev 

Endocrinol 2011; 7:323–35. 

9) Attard G, Reid AH, Auchus RJ, Hughes BA, Cassidy AM, Thompson E, Oommen NB, Folkerd E, 

Dowsett M, Arlt W, de Bono JS. Clinical and biochemical consequences of CYP17A1 inhibition with 



abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate 

cancer. J Clin Endocrinol Metab 2012; 97:507–16. 

10) Ryan CJ, Smith MR, Fizazi K, Saad F, Mulders PF, Sternberg CN, Miller K, Logothetis CJ, Shore ND, 

Small EJ, Carles J, Flaig TW, Taplin ME, Higano CS, de Souza P, de Bono JS, Griffin TW, De Porre P, 

Yu MK, Park YC, Li J, Kheoh T, Naini V, Molina A, Rathkopf DE. Abiraterone acetate plus prednisone 

versus placebo plus prednisone in chemotherapy-naive men with metastatic castration-resistant prostate 

cancer (COU-AA-302): final overall survival analysis of a randomised, double-blind, placebo-controlled 

phase 3 study. Lancet Oncol. 2015; 16:152-60. 

11) Fizazi K, Scher HI, Molina A, Logothetis CJ, Chi KN, Jones RJ, Staffurth JN, North S, Vogelzang NJ, 

Saad F, Mainwaring P, Harland S, Goodman OB Jr, Sternberg CN, Li JH, Kheoh T, Haqq CM, de Bono 

JS Abiraterone acetate for treatment of metastatic castration-resistant prostate cancer: final overall 

survival analysis of the COU-AA-301 randomised, double-blind, placebo-controlled phase 3 study. 

Lancet Oncol. 2012; 13:983-92. 

12) Pia A, Vignani F, Attard G, Tucci M, Bironzo P, Scagliotti G, Arlt W, Terzolo M, Berruti A. Strategies 

for managing ACTH dependent mineralocorticoid excess induced by abiraterone. Cancer Treat Rev. 

2013; 39:966-73. 

13) Claps M, Lazzari B,Grisanti S, Ferrari V, Terzolo M, Sigala S, Vezzoli S, Memo M, Castellano M, 

Berruti A. Management of severe Cushing’s syndrome induced by adrenocortical carcinoma with 

abiraterone acetate: a case report. AACE Clinical Case Reports 2016, in press. 

14) Daniel E, Aylwin S, Mustafa O, Ball S, Munir A, Boelaert K, Chortis V, Cuthbertson DJ, Daousi C, 

Rajeev SP, Davis J, Cheer K, Drake W, Gunganah K, Grossman A, Gurnell M, Powlson AS, Karavitaki 

N, Huguet I, Kearney T, Mohit K, Meeran K, Hill N, Rees A, Lansdown AJ, Trainer PJ, Minder AE, 

Newell-Price J. Effectiveness of Metyrapone in Treating Cushing's Syndrome: A Retrospective 

Multicenter Study in 195 Patients. J Clin Endocrinol Metab. 2015; 100: 4146-54. 

15) Rainey WE, Saner K, Schimmer BP. Adrenocortical cell lines. Mol Cell Endocrinol. 2004; 228:23-38. 

16) Sigala S, Bodei S, Missale C, Zani D, Simeone C, Cunico SC, Spano PF. Gene expression profile of 

prostate cancer cell lines: effect of nerve growth factor treatment. Mol Cell Endocrinol. 2008; 284:11-20. 

17) Sigala S, Tognazzi N, Rizzetti MC, Faraoni I, Missale C, Bonmassar E, Spano P. Nerve growth factor 

induces the re-expression of functional androgen receptors and p75(NGFR) in the androgen-insensitive 

prostate cancer cell line DU145. Eur J Endocrinol. 2002; 147:407-15. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Daniel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26353009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aylwin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26353009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mustafa%20O%5BAuthor%5D&cauthor=true&cauthor_uid=26353009


18) Fragni M, Bonini SA, Bettinsoli P, Bodei S, Generali D, Bottini A, Spano PF, Memo M, Sigala S.The 

miR-21/PTEN/Akt signaling pathway is involved in the anti-tumoral effects of zoledronic acid in human 

breast cancer cell lines. Naunyn-Schmiedeberg's Arch Pharmacol. 2016; 389:529-538. 

19) Hasegawa E, Nakagawa S, Sato M, Tachikawa E, Yamato S. Effect of polyphenols on production of steroid 

hormones from human adrenocortical NCI-H295R cells. Biol Pharm Bull. 2013; 36:228-37. 

20) Tissier F, Cavard C, Groussin L, Perlemoine K, Fumey G, Hagneré AM, René-Corail F, Jullian E, 

Gicquel C, Bertagna X, Vacher-Lavenu MC, Perret C, Bertherat J. Mutations of beta-catenin in 

adrenocortical tumors: activation of the Wnt signaling pathway is a frequent event in both benign and 

malignant adrenocortical tumors. Cancer Res. 2005; S65(17):7622-7. 

21) Leal LF, Bueno AC, Gomes DC, Abduch R, de Castro M, Antonini SR. Inhibition of the Tcf/beta-catenin 

complex increases apoptosis and impairs adrenocortical tumor cell proliferation and adrenal 

steroidogenesis. Oncotarget. 2015; 6:43016-32. 

22) Udhane SS, Dick B, Hu Q, Hartmann RW, Pandey AV, Specificity of anti-prostate cancer CYP17A1 

inhibitors on androgen biosynthesis. Biochem Biophys Res Commun. 2016;477:1005-10.  

23) Missaghian E, Kempná P, Dick B, Hirsch A, Alikhani-Koupaei R, Jégou B, Mullis PE, Frey BM, Flück CE. 

Role of DNA methylation in the tissue-specific expression of the CYP17A1 gene for steroidogenesis in 

rodents. J Endocrinol. 2009; 202:99-109. 

24) Asser L, Hescot S, Viengchareun S, Delemer B, Trabado S, Lombès M. Autocrine positive regulatory 

feedback of glucocorticoid secretion: glucocorticoid receptor directly impacts H295R human 

adrenocortical cell function. Mol Cell Endocrinol. 2014; 395:1-9. 

25) Rossi R, Zatelli MC, Valentini A, Cavazzini P, Fallo F, del Senno L, degli Uberti EC. Evidence for 

androgen receptor gene expression and growth inhibitory effect of dihydrotestosterone on human 

adrenocortical cells. J Endocrinol. 1998; 159:373-80. 

26) Scarpin KM, Graham JD, Mote PA, Clarke CL. Progesterone action in human tissues: regulation by 

progesterone receptor (PR) isoform expression, nuclear positioning and coregulator expression. Nucl 

Recept Signal. 2009; 7:e009.  

27) Cremoux P, Rosenberg D, Goussard J, Brémont-Weil C, Tissier F, Tran-Perennou C, Groussin L, 

Bertagna X, Bertherat J, Raffin-Sanson ML. Expression of progesterone and estradiol receptors in normal 

http://www.ncbi.nlm.nih.gov/pubmed/?term=CYP21A2+e+abiraterone
http://www.ncbi.nlm.nih.gov/pubmed/?term=Missaghian%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19403566
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dick%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19403566


adrenal cortex, adrenocortical tumors, and primary pigmented nodular adrenocortical disease. Endocr 

Relat Cancer. 2008; 15:465-74.  

28) Sirianni R, Zolea F, Chimento A, Ruggiero C, Cerquetti L, Fallo F, Pilon C, Arnaldi G, Carpinelli G, 

Stigliano A, Pezzi V. Targeting estrogen receptor-α reduces adrenocortical cancer (ACC) cell growth in 

vitro and in vivo: potential therapeutic role of selective estrogen receptor modulators (SERMs) for ACC 

treatment. J Clin Endocrinol Metab. 2012; 97:E2238-50. 

29) van der Horst PH, Wang Y, Vandenput I, Kühne LC, Ewing PC, van Ijcken WF, van der Zee M, Amant 

F, Burger CW, Blok LJ. Progesterone inhibits epithelial-to-mesenchymal transition in endometrial cancer. 

PLoS One. 2012;7(1):e30840. 

30) Wang Y, Hanifi-Moghaddam P, Hanekamp EE, Kloosterboer HJ, Franken P, Veldscholte J, van Doorn 

HC, Ewing PC, Kim JJ, Grootegoed JA, Burger CW, Fodde R, Blok LJ. Progesterone inhibition of 

Wnt/beta-catenin signaling in normal endometrium and endometrial cancer. Clin Cancer Res. 2009; 

15:5784-93. 



Legends 

Figure 1. Effect of AA on cortisol secretion in NCI-H295R cells. Cells were treated with increasing 

concentrations of AA (50-400 mM) for up to 6 days. Steroid analyses was carried out in the conditioned 

media by the HPLC. Limits of detection (LOD) and limit of quantification (LOQ) were measured by 

evaluating the signal/noise (S/N) ratio of three replicates for each compound at proper concentrations. LOD 

was fixed at the concentration with a S/N > 3 while concentrations of analyses with a S/N > 10 were chosen 

as LOQ. * P <0.01 versus untreated cells; ** P < 0.001 versus untreated cells. 

 

Figure 2. AA-induced effects on NCI-H295R cells and NCI-H295R ACC xenograft model. A) Cells 

were treated with increasing concentrations of AA (10-200 nM) for 4 days. Cell viability was measured by 

MTT assay. Results are expressed as percent of viable cells versus control (ctrl) cells. Data are the mean ± 

SEM of three independent assays performed in triplicate. *P < 0.01 versus ctrl cells. B) AA was 

administered i.p. daily for 16 days in female SCID mice with a mean tumor volume (TV) of approximately 

200 mm
3
. Control (ctrl) mice received vehicle. Tumor growth was recorded by biweekly measurements of 

tumor diameter using a Vernier caliper. TV was calculated as described in Methods. The efficacy of drug 

treatment was assessed as TV inhibition percentage (TVI %) in treated versus control mice, calculated as 

follows: TVI%=[100-(mean TV treated/mean TV control x 100)]. *P = 0.009 for AA-treated versus control 

mice. C) Control and AA-treated mice (6 mice/group) were sacrificed by cervical dislocation and analyzed 

for plasma and tumor steroid content by HPLC as described in Methods. Panel a: Pg plasma, *P < 0.05  

versus control mice; panel b: Pg tumor, *P < 0.05 versus control mice; panel c: testosterone tumor, *P < 

0.05 versus control mice. 

 

Figure 3. AA treatment alters the subcellular localization of beta-catenin in NCI-H295R cells. Cells 

were treated with AA (63 nM) for 3 days. Untreated (A) and AA-treated (B) cells were then analysed for 

beta-catenin following by incubation with Hoechst for nuclear staining. Panels a, d: Hoechst; panels b, e: 

beta-catenin; panels c, f: co-staining (Magnification 40×).  

Figure 4. Cytotoxic effect of AA in primary cultures derived from ACC tumors. Cortisol-secreting 

ACC01 (■) and ACC02 (▲) and non–secreting ACC03 (Δ), ACC06 (◊) and ACC08 (○) primary cultures of 

human ACC cells were treated with increasing concentrations of AA (10-300 mM) for 4 days. Cell viability 

was measured by using MTT. Results are expressed as percent of viable cells versus control (ctrl) cells. Data 



are the mean ± SEM of three independent MTT assays performed in triplicate. *P < 0.01 versus ctrl cells; 

**P < 0.001 versus ctrl cells.  

 

Figure 5. AA reduction of cell viability in NCI-H295R cells requires PgR. A) NCI-H295R cells were 

treated with AA (63 nM) in combination with increasing concentration of the PgR antagonist mifepristone 

(0.1-100 pM) for 4 days. Cell viability was measured by MTT. Results were expressed as percent of viable 

cells versus untreated cells. Data are the mean ± SEM of three independent assays performed in triplicate. * 

P < 0.05 vs control (ctrl) cells; ** P < 0.001 vs ctrl cells. B) Untreated (ctrl), si-PgR 10416 (10 nM) and si-

PgR 10417 (30 nM)- treated NCI-H295R cells were incubated with AA (63 nM) for 4 days. Cell viability 

was measured by MTT. Results are expressed as percent of viable cells versus ctrl cells. Data are the mean ± 

SEM of three independent MTT assays performed in triplicate. *P < 0.01 versus ctrl cells; ** P < 0.001 

versus ctrl cells; ## P < 0.001 versus AA-treated cells. 

 

Table 1. NCI-H295R cells were treated with AA (50 nM) for 2 days and the supernatants analyzed for 

hormone concentrations by using the Liquid Cromatography-Tandem Mass Spectrometry.   

 


