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ABSTRACT
Cortexolone 17α-propionate (clascoterone) is a novel topical androgen antagonist that is being analyzed for its ability to treat acne. The
pathogenesis of acne is attributed to multiple factors, including altered sebum production, inflammatory processes, dysregulation of
the hormone microenvironment, and the proliferation of the skin commensal bacteria, Propionibacterium acnes (P. acnes). Androgens
induce the proliferation and differentiation of sebocytes, (cells that comprise the sebaceous gland), help regulate the synthesis of the
lipids that are incorporated into sebum and stimulate the production of cytokines that are found in inflammatory acne lesions. Several
studies have established that clascoterone is a potent antiandrogen that is well tolerated and has selective topical activity. Its potency
as an acne therapeutic is currently being analyzed in a large phase 3 clinical trial. The study described herein elucidates for the first
time the mechanism of action of clascoterone. Clascoterone was found to bind the androgen receptor (AR) with high affinity in vitro,
inhibit AR-regulated transcription in a reporter cell line, and antagonize androgen-regulated lipid and inflammatory cytokine production
in a dose-dependent manner in human primary sebocytes. In particular, when compared to another AR antagonist, spironolactone,
clascoterone was significantly better at inhibiting inflammatory cytokine synthesis from sebocytes. Therefore, clascoterone may be an
excellent candidate to be the first topical antiandrogen to treat acne.
J Drugs Dermatol. 2019;18(5):412-418.
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he pathogenesis of acne is attributed to a combination
currently in Phase 1 and 2 clinical trials,

T

of changes in the skin. Many of these changes are dominantly regulated by the sebaceous gland and include
increased sebum production, altered lipid composition of sebum, and inflammation.1-3 Insulin-like growth factor-1 (IGF-1),
which increases during puberty, stimulates lipogenesis in sebaceous glands and potentiates androgen signaling by inducing 5α-reductase activity and activation of the AR.4 The AR is
expressed in the cells of the sebaceous gland (sebocytes), and
androgenic hormones have been shown to increase the proliferation and differentiation of sebocytes.5-7 The AR is both a major regulator of the synthesis of a complex group of lipids and is
involved in signaling pathways that lead to the production of inflammatory cytokines.6,8 Both P. acnes and the potent androgen
dihydrotestosterone (DHT) can stimulate sebocytes to secrete
these cytokines.8-10 Comparing gene expression profiles of skin
obtained from acne patients and those without acne shows that
the majority of upregulated genes are involved in inflammatory
processes.11 Consistent with this is the abundance of the inflammatory cytokines IL-1β and IL8 in human acne lesions.12
Although several new anti-acne agents that target various
processes relevant to acne pathogenesis have completed or

altering sebocyte signaling remains one of the most attractive therapeutic
option for treating acne. Currently, the most commonly used
sebo-suppressive treatment involves the use of isotretinoin administered orally.14 Another sebo-suppressive acne therapeutic
currently in use is the oral androgen inhibitor spironolactone,
which is only effective in females and can cause health problems in males.15,16 Finally, the acetyl coenzyme A carboxylase
(ACC) inhibitor olumacostat glasaretil (OG) was being developed as an acne treatment based on its ability to inhibit the
rate-limiting step of lipid synthesis in sebocytes.17 However,
OG failed to meet the designated endpoints in a recent Phase
3 clinical trial.18
13

Despite considerable evidence for the role of excess androgens in the pathophysiology of acne, to date there is no
topical androgen inhibitor prescribed to treat acne. Cortexolone 17α-propionate (clascoterone) is a novel AR inhibitor with
strong topical antiandrogenic activity and anti-inflammatory
properties.19 A pilot study comparing topical creams containing
either clascoterone or tretinoin in acne patients demonstrated
that clascoterone was well tolerated, more effective than tretinoin at reducing acne lesions, and worked 50% faster than
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tretinoin.20 It is hypothesized that clascoterone’s mechanism of
action is through direct inhibition of AR signaling, but this has
yet to be proven. In this report, direct binding of clascoterone
to the AR is demonstrated in vitro, and clascoterone’s ability to
inhibit lipid synthesis and inflammatory signaling downstream
of the AR is analyzed in cultured human primary sebocytes.

MATERIALS AND METHODS
Materials
The AR reporter cell line kit was purchased from Indigo Biosciences (State College, PA) and was used per manufacturer’s
protocol. Human primary sebocytes, their growth medium, and
collagen coated culture plates were purchased from Zen-Bio,
Inc. (Research Triangle Park, NC). Complete media proprietary to
Zen-Bio was developed to optimize sebocyte proliferation and
maintain sebocytes in an undifferentiated state. It contains serum free base medium, penicillin, streptomycin, amphotericin
B, bovine pituitary extract, and human recombinant epidermal
growth factor. Cytokine Bead Array and Cytofix/Cytoperm were
purchased from Becton Dickinson (Franklin Lakes, NJ). The antihuman AR antibody (rabbit mAB D6F11, PE-conjugated) was
purchased from Cell Signaling Technology (Santa Cruz, CA, cat
#84285). OG and spironolactone were purchased from Sigma
(St. Louis, MO). Clascoterone and DHT were gifts from Cosmo
S.p.A.
Clascoterone Binding to the AR In Vitro
A cell-free in vitro system of recombinant protein consisting
of the human wt AR ligand binding domain (LBD) and fluorescently labeled DHT was used to determine the affinity of
clascoterone along with positive control unlabeled DHT and
low binding control Dichlorodiphenyldichloroethylene (DDE)
(Invitrogen/Life Technologies). It is a fluorescence polarizationbased competitive binding assay. Clascoterone was assayed at
10 concentrations in triplicate in two independent assays.
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or absence of clascoterone or the test compounds/acne treatments OG or spironolactone, in complete media. DHT + 0.1%
DMSO served as the no compound control. Two days later, they
were treated again as on the first day. A third and final treatment was performed 4 days after the first treatment. On the
final day cells were harvested by trypsinization, washed with
PBS and incubated with Nile Red (NR, 1μg/ml) in the dark for
5 min at room temperature. The fluorescence intensity of each
sample was measured immediately by flow cytometry at an excitation wavelength of 488 nm and emission wavelength of 550
nm. Dead cells were gated out of the analysis based on the forward and side scatter profiles so that only mean fluorescence
intensity (MFI) of NR from live cells is reported.
Cytokine Analysis Using Bead-Based ELISA Assay
Culture supernatants harvested on days 3, 5, and 7 were analyzed for the presence of IL8, IL1ß, and IL6. Cytokines were
measured using bead-based ELISA kits (Cytokine Bead Array
kit) with the manufacturer’s protocol modified for a 96-well format and flow cytometrically analyzed.
AR Activity Assay
The AR reporter assay kit utilizes mammalian cells that co-express the full-length human AR and a luciferase reporter gene
controlled by an AR-responsive promoter. The kit was used per
manufacturer’s protocol. Cells were seeded in 96 well plates in
media containing 400 pM testosterone in the presence or absence of either clascoterone or enzalutamide. Negative controls
were no cells and DMSO only. After incubation for 24 hours at
37°C, 5% CO2, media were aspirated and replaced with luminescence detection reagent (LDR). Luminescence was quantified
on a ClarioStar plate reader.
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AR Expression in Human Sebocytes
Cells were fixed in 2% paraformaldehyde/ 0.1%Tween20 for 15
min at 4°C, washed twice in phosphate buffered saline (PBS)
and incubated with a fluorescently tagged antibody to human
AR for 1 hour at room temperature. Cells were washed in PBS
then analyzed flow cytometrically using MacQuantanalyzer 10
(Miltenyi, Germany) followed by data analysis using FlowJo
software (Ashland, OR).
DHT-Stimulated Lipid Accumulation in Human Sebocytes
Sebocytes (500,000) were seeded in collagen I coated flasks in
complete medium then incubated in a 37°C humidified chamber
and 5% CO2. Media was changed after 24 hours and then every
2-3 days until the cells reached 70-80% confluence. Cells were
trypsinized and transferred to collagen I-coated 96-well flat bottom plates (10,000 cells per well in 200µL complete media). The
following day, cells were stimulated with DHT in the presence

Data Analysis
Data were analyzed using GraphPad Prism version 7.03 software (La Jolla, CA). Dead cells were excluded from analysis by
gating them out of flow cytometric analyses based on forward
and side scatter profiles.

RESULTS
Clascoterone Binds the AR and Antagonizes TestosteroneStimulated Transcriptional Activity
The structure of clascoterone shares the fused-four ring backbone with DHT and the AR inhibitor spironolactone (Figure 1A).
The other control, enzalutamide, is a non-steroidal AR inhibitor
that is FDA approved as a treatment for androgen-dependent
prostate cancer. To determine the affinity of clascoterone for the
AR in vitro, a recombinant protein system utilizing the AR-LBD
and fluorescently labeled DHT was used. Unlabeled DHT was
used as a high affinity positive control and DDE was used as a
low affinity control (Figure 1B). The mean IC50 for clascoterone
binding to the AR was calculated as 6.24 x 10-7. Meanwhile,
those of DHT and DDE were 8.06 x 10-9 M and 2.58 x 10-6 M,
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respectively (P<0.005 clascoterone vs DHT). These data show
that clascoterone binds to the AR with approximately 100-fold
lower affinity than DHT, but 4-fold higher affinity than DDE. To
evaluate clascoterone antagonism of AR biologic activity in
cell culture, the ability of clascoterone to inhibit testosteronestimulated transcriptional activity from reporter cells was measured. Cells were treated for 24 hours with 400 pM testosterone
in the presence of either clascoterone or enzalutamide. The
IC50s were calculated to be 1.6 x 10-6 M and 2.9 x 10-7 M for clascoterone and enzalutamide, respectively, making clascoterone
5-fold less effective at antagonizing testosterone-induced
AR activity than enzalutamide in this system (Figure 1C).

FIGURE 1. Characterization of clascoterone binding and activation
of the AR in vitro. (A) Structures of tested compounds (B) Binding
of clascoterone, DHT or DDE to recombinant AR LBD. The mean IC50
and SD were calculated from two independent experiments, each in
triplicates and were determined to be 6.24 x 10-7 M, 8.06 x 10-9 M and
2.58 x 10-6 M for clascoterone, DHT and DDE, respectively. **P<0.005
DHT vs clascoterone, based on multiple t tests with Holm-Sidak method
correction (C) AR transcriptional activity in reporter cells. Data points
are the mean +SD for 3 independent experiments, *P<0.05, based on
,důĂƐĐŽƚĞƌŽŶĞ
parametric 2-tailed t test.
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Clascoterone Inhibits DHT-Induced Lipid Synthesis in Primary
Sebocytes from Human Donors
We confirmed expression of AR in primary sebocytes from
three donors using a fluorescently labeled anti-AR antibody
detected flow cytometrically. Only the large cells, which compromise 64% of the total number of cells, express the AR
(Figure 2A, scatter dot plots in green). These are the fully differentiated, mature sebocytes which we’ve confirmed to produce
lipids based on NR staining of sebocytes from multiple donors.
Of the large cells, 55% express high levels of AR protein, while
the remaining 45% express low or undetectable levels (Figure
2A, lower panel in red). Based on the percentage of AR positive
large cells, the relative number of cells expressing AR is 5-fold
relative to control isotype antibody-stained cells, while the relative expression level based on the MFI is 2.5-fold. To determine
whether DHT can induce lipid synthesis in donor sebocytes,
cells were treated with 10µM DHT three times over a period of
7 days, stained with NR and analyzed flow cytometrically. The
MFI for cells treated with DHT was 2.4-fold higher than those
treated with DMSO, indicating that DHT induced lipid synthesis
in these primary human sebocytes (Figure 2B). These data are
representative of four independent studies.
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To investigate the effect of clascoterone on DHT-stimulated lipid
production, sebocytes were treated with different concentrations of DHT in the presence or absence of 50µM clascoterone.
Positive and negative controls were cells treated with 0.1µM
spironolactone or vehicle (DMSO), respectively. DHT dosedependently induced lipid accumulation in donor sebocytes
from 1.3 to 2.4-fold higher than vehicle alone (Figure 3A).
Clascoterone at 50µM was able to inhibit lipid synthesis from
sebocytes that have been exposed to a wide range of DHT
concentrations. This activity is similar to spironolactone. The
parallel curves (blue and orange lines) indicate that the difference between lipid levels in sebocytes treated with DHT plus
DMSO versus those treated with DHT plus clascoterone was
consistent across all concentrations of DHT tested. These results are statistically significant for all tested concentrations
(P<0.05).
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FIGURE 2. DHT induces lipid synthesis in cultured primary human sebocytes. (A) Representative histogram of primary human sebocytes stained
with an antibody against the AR or an isotype negative control. R1 and R2 in the dot plots represent large and small cells, respectively, based
on the forward (FSC) and side (SSC) scatter dot plots. The corresponding AR histogram plots for large and small cells are shown in red and
orange, respectively. (B) Sebocytes treated with 10µM DHT for 7 days were analyzed by NR staining and flow cytometry. The histogram shown is
representative of 4 independent experiments and shows a 2.4-fold increase in intracellular lipid levels (MFI 26/11= 2.4).
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Additionally, clascoterone was titrated for each of the DHT concentration used (Figure 3B). Percent inhibition was calculated
based on the percentage of NR positive cells after treatment
with DHT plus DMSO alone. Almost all data points are statistically significant compared to the DMSO control except for 3
data points as indicated by °. The data demonstrate that regardless of DHT concentration, 50 and 100µM clascoterone resulted
in an approximately 50% reduction in DHT-induced intracellular
lipid levels, similar to spironolactone’s activity.

To confirm the results from Figure 3B, sebocytes from four additional donors were obtained, and clascoterone’s ability to
inhibit the production of lipids downstream of the AR was analyzed. Spironolactone was used as a positive control, while OG
was analyzed in these donors concurrently. The concentration
of all compounds used was the highest that was determined to
be non-toxic to the cells (50µM clascoterone, 3µM OG, and 3µM
spironolactone) in the presence of 10µM DHT. The data from
donors 1, 2, and 3 treated with 10µM DHT and either 50µM clas-
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FIGURE 3. Inhibition of DHT-stimulated lipid synthesis by clascoterone
in primary human sebocytes. (A) Sebocytes were treated as indicated
for 7 days. Lipid accumulation was assessed in 3 different sebocyte
donors following flow cytometry of NR stained cells and is expressed
relative to the vehicle-alone control (0.1% DMSO). Data are presented
as the mean lipid accumulation ± SD of four independent experiments.
All values for the positive control DHT vs the negative control DMSO are
significant (P<0.005), based on multiple t tests with Holm-Sidak method
correction, as well as comparison of DHT+DMSO vs clascoterone or
DHT+DMSO vs spironolactone (*P<0.05), based on parametric 2-tailed
t test (B) Clascoterone was titrated with 5 DHT concentrations (as
indicated). Data are presented as the mean % lipid inhibition ± SD
for four independent experiments using sebocytes from 3 donors.
(P<0.05 for all data points vs DMSO except for 3 points as indicated
by °, based on Wilcoxon signed rank 2-tailed t test). The lipid inhibition
by clascoterone at both 50 and 100µM are not significantly different
from inhibition by spironolactone, based on parametric 2-tailed t test.
For (C), the data are presented as % inhibition of lipid production by
50µM clascoterone, 3µM OG, 3µM Spiro in the presence of 10µM DHT.
% inhibition was calculated based on the percent of NR positive cells
after treatment with 10 µM DHT + 0.1% DMSO (no compound control).
OG was not tested in donors 1, 2, and 3. Solid black lines indicate mean
%inhibition in tested donors. The P values vs the DHT control were
only significant for clascoterone and spironolactone (*P<0.05) based
on Wilcoxon signed rank 2-tailed t test.
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coterone or 3µM spironolactone were included so that there
are seven relevant data points for clascoterone and spironolactone and four data points for OG. As would be expected from
cells derived from a heterogeneous group of patients, there is
high variability in response to the test compounds amongst
sebocyte donors (Figure 3C). For example, amongst the seven
donors tested, the lower limit for clascoterone inhibition of
DHT-induced lipid production was 15% inhibition in Donor 6
and the higher limit was 69% in Donor 4. Importantly, the inhibition of lipid production is comparable between clascoterone,
OG and spironolactone within the same donor, although P values versus the vehicle-only control were significant only for
clascoterone and spironolactone inhibition of DHT-induced
lipid synthesis (P<0.05). This is likely due to the lower number
of donors tested with OG. These data show that clascoterone is
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TABLE 1.
Clascoterone Inhibits DHT-induced Cytokines in Sebocytes. Inhibition Values of the 3 cytokines tested in the 5 donors plotted in Figure 4.
(-) denotes cytokine was not detectable.
%Inhibition Cytokine

Donor2

Donor4

Donor5

Donor6

Donor7

IL8

IL6

IL1ß

IL8

IL6

IL1ß

IL8

IL6

IL1ß

IL8

IL6

IL1ß

IL8

IL6

IL1ß

Clascoterone

--

67

36

67

--

--

41

--

--

52

73

46

37

92

81

Spironolactone

--

23

11

77

--

--

0

--

--

8

0

24

21

0

0

FIGURE 4. Clascoterone inhibits DHT-induced inflammatory pathways
in cultured sebocytes. Culture supernatants from the experiments
described in Figure 3C were analyzed for IL8, IL6, and IL1ß levels.
%Inhibition was calculated relative to the no compound control (10µM
DHT + 0.1% DMSO). Data points are the mean of the triplicate wells
from sebocyte culture of the indicated donor. Solid black lines indicate
the mean inhibition in all seven donors. P values for clascoterone and
spironolactone vs DMSO are significant (*P<0.05, **P<0.005) based on
Wilcoxon signed rank 2-tailed t test. P values for spironolactone vs
clascoterone are significant (°°P<0.005), based on parametric 2-tailed
t test.

kines plotted in Figure 4, as a list of %inhibition of detectable
cytokines from each donor. Overall, the data demonstrate that
clascoterone is a moderately potent inhibitor of proinflammatory pathways.

DISCUSSION
Clascoterone is a novel androgen antagonist with strong potential for use as a topical acne treatment. To date, there is no
registered topical antiandrogenic treatment for acne. While
direct inhibition of DHT binding to the AR in sebocytes is the
proposed mechanism of action of clascoterone, it has not yet
been proven. The present study demonstrates that clascoterone
binds to the AR with high affinity in a cell-free competitive binding assay and inhibits DHT-stimulated signaling downstream of
the AR in cultured cells. Clascoterone had a strong antagonistic
effect on the production of lipids and activation of inflammatory
pathways downstream of the AR in cultured human primary
sebocytes. These results suggest that clascoterone directly competes with DHT for binding to the AR to attenuate signaling
necessary for acne pathogenesis.
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criminate between different lipid types, the inhibition of lipid
production is comparable between clascoterone, OG, and spironolactone within the same donor.

a moderately potent inhibitor of lipid production downstream
of the AR in cultured primary human sebocytes.
Clascoterone Inhibits DHT-Induced Activation of Inflammatory
Pathways in Sebocytes
To test for cytokine secretion in these sebocytes, the cell culture
media that was collected on days 3, 5, and 7 from cells treated
and analyzed for lipid production (Figure 3B) was tested for the
presence of IL8, IL6, and IL1β utilizing bead-based ELISA assays (Figure 4). The concentration of all compounds used was
the highest that was determined to be non-toxic to the cells
(50µM clascoterone, and 3µM spironolactone) in the presence
of 10µM DHT. Percent inhibition was calculated relative to the
DHT plus DMSO control. The P values for clascoterone and
spironolactone vs DMSO were significant, and clascoterone inhibited DHT-stimulated cytokine production consistently better
than spironolactone (P<0.005). Table 1 details the specific cyto-

OG inhibits ACC, an enzyme which plays a key role in the synthesis of the fatty acids that are incorporated into sebaceous glands
and is downstream of several signaling pathways, including the
AR.21 However, a Phase 3 clinical trial with OG failed to meet
the designated endpoints. Spironolactone is an orally administered, FDA-approved, antiandrogen used to treat high blood
pressure and heart failure. However, it has been prescribed offlabel for several years to treat adult female patients with acne.
It is a direct inhibitor of both AR signaling and androgen production, and has been shown to reduce sebum production in
vivo.22 There have been no publicized placebo-controlled studies to determine the efficacy of oral spironolactone in treating
acne, but several retrospective analyses have demonstrated
that it is an excellent therapeutic in the treatment of adult female
acne.23 One such study included male patients, but treatment
was stopped after several men developed gynecomastia.16,23
Significantly, the previous clinical studies of clascoterone were
in men20 while spironolactone is only deemed safe for use to
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treat acne in women. Although both compounds inhibit signaling downstream of AR activation, and both have comparable
lipid inhibitory activities, clascoterone demonstrated a greater
ability to antagonize DHT-stimulated cytokine secretion in primary human sebocytes in culture.
There is currently no topical acne treatment that has proven to
be efficacious at inhibiting both lipogenic and pro-inflammatory
signaling. With its demonstrated tolerabilty, local and non-systemic effects, and its inhibition of androgen-induced signaling
pathways that contribute to lipid and cytokine synthesis, clascoterone profiles as an ideal candidate to be the first topical
antiandrogenic acne treatment.

C. Rosette and M. Gerloni contributed to research design,
analysis, data interpretation and wrote the manuscript. F. Agan
performed the research experiments. Luigi Moro and Alessandro Mazzetti critically revised the manuscript. All authors
approved the submitted version.
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