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ABSTRACT

The distinctiveness of this article lies in its groundbreaking findings on the activity of the
dehydroepiandrosterone derivative™. In both normal (RWPE-1) and tumorigenic (LNCaP) prostate
cells, this compound significantly reduces cell viability and increases apoptosis when cells are
stimulated with testosterone. In stark contrast, treatment with dihydrotestosterone plus 12 does not
diminish viability or apoptosis, thereby demonstrating its mechanism of action. Furthermore, when
reference compounds for 5a-reductase (SRD5A1/2) inhibition, such as finasteride and dutasteride,
are used, the behavior of these cells diverges sharply from that observed with derivative 12 under
stimulation by testosterone and dihydrotestosterone.

In this study, we demonstrated that finasteride inhibited testosterone-stimulated growth of
RWPE-1 cells, whereas dutasteride was even more effective. However, both drugs also reduced
RWPE-1 cell proliferation and increased apoptosis in the presence of dihydrotestosterone,
suggesting that they may interact with the androgen receptor (AR). Furthermore, steroid 12 was
more effective than finasteride at blocking testosterone-stimulated growth; however, it did not affect
dihydrotestosterone-stimulated growth in RWPE-1 cells.

The results also showed that treating testosterone-stimulated LNCaP cells with Finasteride,
dutasteride, or the novel steroid 12 reduced cell viability and increased apoptosis. Additionally,
treating dihydrotestosterone-stimulated LNCaP cells with 1 nM dutasteride reduced their viability
and increased apoptosis, as observed in RWPE-1 cells. However, dihydrotestosterone-stimulated
LNCaP cells responded differently to finasteride than RWPE-1 cells; specifically, LNCaP cell viability
did not decrease under these conditions.
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In conclusion, RWPE-1 cells are suitable for evaluating the pharmacological activity of novel
drugs on LNCaP tumor cell viability. In this model, finasteride and dutasteride reduce cell viability and
increase apoptosis when cells are stimulated with testosterone or dihydrotestosterone. However, the
novel derivative 12 reduces viability and induces apoptosis only in testosterone-stimulated normal

and tumor cells.

Keywords: Dehydroepiandrosterone derivative; RWPE-1 cell line; LNCaP
cellproliferation; castration-resistantprostatecancer; Finasteride, Dutasteride,
cellcomparisonmodels

INTRODUCTION

Despite ongoing efforts by pharmaceutical
companies to improve prostate cancer treatments,
the disease still leads to death in at least 16.5% of
patients with metastatic cancer, which affects roughly
21% of those diagnosed. Global Cancer Research
highlights these concerns'. This grim statistic is
primarily due to prostate tumors’ ability to produce
steroids that significantly influence their growth and
metabolism?2.

Male hormonesstimulate the growth of
androgen-dependent tissues, thereby facilitating the
development of secondary sexual characteristics in
males. Testosterone (T), predominantly produced
in the testes, is released into the bloodstream
and subsequently absorbed by the prostate
gland®. Furthermore, the prostate gland can
synthesize T from circulating steroids originating
from the adrenal cortex. These steroids include
dehydroepiandrosterone, androstenedione,
11B-hydroxyandrostenedione (110HA4), and
11B-hydroxytestosterone* 5.

Testosterone is converted to
dihydrotestosterone (DHT) by the enzyme
5a-reductase (SRD5A) in the cytoplasm of prostate
cells®. Two isoforms of this enzyme, type 1 (SRD5A1)
and type 2 (SRD5A2), are present in this gland?®.
In prostatic tumors, type 1 is more prominently
expressed than type 2°. Conversely, in healthy
prostate tissue, SRD5A2 is the primary isoformé.
DHT is a more potent metabolite than T in stimulating
protein synthesis and, consequently, the growth of
androgen-dependent tissues’.

Once synthesized in the cytoplasm,
dihydrotestosterone (DHT) binds to the androgen

receptor (AR). In its inactive state, the AR is
associated with heat-shock chaperone proteins.
Upon DHT binding to the AR, the complex dissociates
from these chaperones, undergoes a conformational
change, and is transported to the nucleus as a dimer.
Dimerization occurs through interactions between
the N-terminal transactivation domain (TAD) of one
monomer and the C-terminal ligand-binding domain
(LBD) of the other. DHT has a higher affinity for the
AR than testosterone (T); however, T can also enter
the nucleus via the AR.

AR comprises three primary functional
domains: the N-terminal domain (NTD), the DNA-
binding domain (DBD), and the C-terminal ligand-
binding domain (LBD). The LBD connects to the
DBD via a flexible hinge region formed by residues
623-665. Within the AR are two functional segments:
AF1 (amino acids 103-372 and 362-538), located
within the NTD and constitutively active, and AF2,
located within the LBD and dependent on ligand
binding for activation” 8. AR activation occurs when
the NTD interacts with the LBD in the presence
of bound androgen” 2. In addition, when the DBD
binds the promoter and enhancer regions of specific
androgen-regulated genes, transcription of genes
linked to the NTD is stimulated. This process recruits
coregulators to the AF1 domain within the NTD. As a
result, some AR target-linked genes are transcribed®

To investigate mechanisms previously
described in pathologies such as prostate cancer,
researchers often use various cancer cell lines.
However, a significant gap in these studies is the
lack of comparisons with cell lines derived from
the exact embryological origin that show no signs
of pathological alterations. Consequently, the goal
of this research was to determine the effect of a
novel dehydroepiandrosterone derivative, previously
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identified as an inhibitor of SRD5A, and to establish
a comparative cell line model that facilitates
interpretation of results from cell proliferation and
apoptosis assays in the presence of dutasteride and
finasteride.

MATERIALS
Testosterone (T) was obtained from

Ehrenstorfer (LGC, Mexico). Dihydrotestosterone
(DHT) and androstenedione (4-androstene-3,17-

Finasteride
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dione, 4-dione) were acquired from Steraloids
(Wilton, NH, USA). The LNCaP and RWPE-1 cells
were sourced from the American Type Culture
Collection (ATCC, Manassas, VA). Sigma supplied
finasteride (FIN) and dutasteride (USP Reference
Standard). Steroid 12 was previously synthesized
and characterized by our research group as an
inhibitor of human prostate SRD5A1, as documented
in Bratoeff et al.,'® (Figure 1). Dr. Eugene Bratoeff
generously donated the derivatives to our lab for
further study of their potential to reduce LNCaP cell
viability.

Dutasteride

Dehydroepiandrosterone

17-Chloro-16-formylandrost-5,16-dien-3b-yl-p-

methylbenzoate

Fig. 1: Structures of Finasteride, Dutasteride, Dehydroepiandrosterone, and
the previously synthesized Dehydroepiandrosterone Derivative 12

Experimental
Determining the optimal concentration of
androgens for stimulating proliferation in RWPE-
1 and LNCaP cells

RWPE-1 cells (passages 10-20) were
obtained from ATCC and cultured in a Petri dish
containing Keratinocyte-SFM medium (GIBCO,
Cientifica Senna, CDMX). The medium contained
0.05 mg/mL bovine pituitary extract and 5 ng/mL

epidermal growth factor (GIBCO), along with an
antibiotic/antimycotic solution (Cytiva, Cientifica
Senna, CDMX). RWPE-1 cells were incubated for
7 days. The culture medium was replaced every 3
days, and the cells were maintained at 37 °C in a
humidified atmosphere of 5% CO, and 95% air in
a VWR Symphony 1.4 A incubator (VWR, Mexico
City). Once the cells reached confluence, they
were washed, trypsinized, and counted. LNCaP cell
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cultures were obtained as previously described'!.

RWPE-1 and LNCaP cells were seeded
separately at 12,000 cells per well in distinct 96-well
plates. Phenol-free RPMI-1640 medium (Roswell
Park Memorial Institute), without antibiotics,
bovine pituitary extract, or epidermal growth factor,
was then added. For LNCaP cells, the medium
was supplemented with 10% activated charcoal-
washed fetal bovine serum (GIBCO) and 2 mM
glutamine. Both cell types were allowed to adhere
for 24 hours. Afterward, the RWPE-1 and LNCaP cell
monolayers were washed with phosphate-buffered
saline (PBS). Next, different concentrations of T,
DHT, or 4-dione (ranging from 10-"° to 10 M) were
added to each well, dissolved in sterile 0.5% dimethyl
sulfoxide (DMSO). All assays were performed in
quadruplicate technical replicates across three
biological replicates.

The cells were incubated for 24 hours at
37 °C in a humidified atmosphere of 5% CO,/95%
air in a VWR incubator. RWPE-1 and LNCaP
cell metabolism was assessed using the MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) method''. After incubation with 12 mM
MTT, formazan crystals formed and were dissolved
in 100 pL of DMSO. We determined cell viability by
measuring absorbance at 570 nm using a Biotek
Epoch Microplate Spectrophotometer (Thermo
Fisher Scientific, USA).

Evaluation of the Effects of Finasteride,
Dutasteride, and Dehydroepiandrosterone
Derivative 12 on the Viability of RWPE-1 Cells

After a 24-hour incubation under specified
culture conditions, the RWPE-1 cell layers were
washed with phosphate-buffered saline (PBS).
Subsequently, FIN, dutasteride, or derivative 12,
at concentrations ranging from 10°to 10* M, was
added separately to each well’s cell layer. These
compounds were dissolved in sterile 0.5% dimethyl
sulfoxide (DMSO). Along with these treatments, 1
nMT or 100 pM DHT, also dissolved in 0.5% DMSO,
were included in the experimental setup. All assays
were performed in quadruplicate technical replicates
across three biological replicates.

The vehicle (DMSO) was added separately
to wells containing the RWPE-1 cell layer and served
as a viability control. All assays were performed
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in quadruplicate technical replicates across three
biological replicates.

The plate was incubated for 24 hours under
the conditions described in Section 3.1. LNCaP cell
proliferation was assessed using the MTT method
outlined above.

Assessment of Finasteride, Dutasteride, and
Derivative 12 on Proliferation of LNCaP Cells

LNCaP cell monolayers were washed
with PBS. Subsequently, various concentrations
of FIN, dutasteride, or derivative 12 (10"° to 10*
M), each dissolved in 0.5% DMSO, were added
separately to each well. Additionally, 1 nM T or
100 pM DHT, also dissolved in 0.5% DMSO, were
added to the same well. Cell incubation conditions
and growth assessment were similar to those
described in section 3.1. All assays were performed
in quadruplicate technical replicates across three
biological replicates.

Determination of the Apoptotic Percentage in
Cell Cultures

RWPE-1 and LNCaP cells were maintained
in the culture media described in section 3.1.
Cells (12 X 10%) were seeded in 96-well plates, as
outlined in section 3.1, and treated with DMSO,
FIN, dutasteride, or derivative 12 at concentrations
ranging from 107'° to 10* M, with each treatment
applied separately to the cell layer in each well.
Additionally, 1 nM T or 100 pM DHT was included,
as explained previously. All assays were performed
with four technical replicates across three biological
replicates. Cell incubation conditions and viability
assessment were similar to those described in
section 3.1.

After 24 h of incubation, the cells were
washed with PBS, and 100 pL of 4% paraformaldehyde
in PBS (pH 7.4) was added for 5 to 10 minutes, as
previously reported '2. The cells were then transferred
to tubes and centrifuged at 1300 rpm for 3 minutes at
4 °C, after which the supernatant was removed. The
cells were washed three times with cold PBS and
resuspended in a solution containing 1 mM CaCl,,
0.1 mM dithiothreitol, and 0.1 nM fluorescein-12-2’-
deoxyuridine-5’-triphosphate (F-12-dUTP, Merck,
CDMX). The tubes were incubated on an ice bed
for 10 minutes. After this time, deoxynucleotide
transferase (TdT, Promega, CDMX) was added to
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the tubes, and the tubes were incubated at 37 °C
for 1 hour. The reaction was stopped by adding 2 pL
of 0.5 M EDTA. The cells were then washed three
times with PBS and immediately examined by phase-
contrast and fluorescence microscopy to detect
apoptotic cells. Positive cells emit a fluorescent
signal, whereas viable cells do not. Two independent
observers, blinded to the treatment of each cell
group, carried out the microscopic examination.
Cells were analyzed in a randomly selected field at
400 x magnification, and 500 nuclei were counted
to determine the number of positive cells. The mean
immunoreactivity was calculated as the average
number of positively stained cells.

Statistical methods

The experimental data were analyzed using
a one-way ANOVA in JMP 18, followed by either
Dunnett’s or Tukey’s post hoc tests. Dunnett’s test
allowed for pairwise comparisons against a defined
control group, while Tukey’s test identified which
specific group means differed significantly after the
ANOVA indicated an overall significant difference.
Additional statistical details can be found in the
supplementary material.

In the statistical analysis, the viability data
from T, DHT, or 4-dione were treated as independent
variables. In contrast, the results obtained from
finasteride (FIN), dutasteride, or compound 12
were treated as dependent variables. This analysis
revealed interactions between the pharmacological
agents and hormonal substrates, with statistical
significance set at p < 0.05. Further details regarding
these tests can be found in the supplementary
material.

RESULTS AND DISCUSSION

Treatment of RWPE-1 and LNCaP Cells with
Androgens

Treatment with 100 pM DHT produced
a statistically significant increase in the growth
of normal prostate epithelial cells (RWPE-1) within
the first 24 hours (P< 0.05), as shown in Figure
2. This result aligns with data reported by Bello
et al.’3, who observed enhanced proliferation of
RWPE-1 cells after exposure to the androgen
mibolerone. In contrast, treatment with 1 nM
4-dione significantly suppressed RWPE-1 cell
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proliferation (P< 0.05), Figure 2.

RWPE-1 cells lack invasive potential,
as they do not form clusters or tumors, as noted
previously'®. These cells express the androgen
receptor in the presence of androgens and encode
several enzymes involved in cholesterol-derived
steroidogenesis. Major enzymes include CYP11A1,
CYP17A1, HSD3p2, and HSD17B3 (AKR1C3).
Notably, RWPE-1 cells produce more DHT than T
from cholesterol 4.

Data also indicated that LNCaP cells
responded more strongly to androgenic stimuli,
specifically T and DHT, than RWPE-1 cells. This
heightened response was associated with a
significantly faster cell proliferation rate (Figure
2). Additionally, administering 4-dione significantly
promoted LNCaP cell growth at 100 pM and 1 nM,
with a p-value < 0.05 (Figure 2). Notably, despite their
epithelial origin, LNCaP cells tend to grow in clusters,
exhibit significant invasiveness, and form tumors’s.
Furthermore, these cells overexpress the AR, even
in the absence of androgens in their environment.
They also express steroidogenic enzymes, including
CYP17, HSD3p2, and AKR1C3, with AKR1C3
being specifically overexpressed in these cells'®®.
However, unlike RWPE-1 cells, they do not encode
CYP11A1.

Due to LNCaP cells’ ability to produce
more DHT than T and their AR overexpression, the
activated receptor can bind chromatin effectively at
a ligand concentration that is 100-fold lower. This
phenomenon explains the observed increase in
LNCaP cell proliferation, as measured at a DHT
concentration of 100 pM in the experiment.

The adrenal androgen 4-dione is a
circulating androgen that contributes to DHT
synthesis in androgen-dependent tissues via the
enzyme AKR1C3. AKR1C3 is often overexpressed in
prostate tumors, and increased androgen production
can promote tumor growth, particularly in the early
stages of the disease. In contrast, the low activity
of AKR1C3 in RWPE-1 cells, together with their
loss of androgen receptor (AR) expression during
culture, may explain why these cells do not respond
to 4-dione.
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Fig. 2: Cell viability of RWPE1 and LNCaP cells + standard deviation
(SD) after different treatments: testosterone (T) or dihydrotestosterone (DHT),
left panel, and androstenedione (4-dione) in the right panel
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Fig. 4: LNCaP cell viability (+ SD) was
stimulated by testosterone (T) and
dihydrotestosterone (DHT). The cells were
also treated with varying concentrations of
12, finasteride (FIN), and dutasteride (DUT)

Effect of Steroidal Combination on the Viability
of RWPE-1 and LNCaP Cell Lines

Treatment of RWPE-1 cells with both
androgens and finasteride reduced their growth.
Additionally, treatment with different concentrations
of compound 12 (Figure 3) significantly decreased
cell growth (P < 0.05). This indicates that compound
12 is more potent than finasteride at inhibiting
RWPE-1 cell proliferation. Figure 3 shows that higher
concentrations of the inhibitor (12) result in a more
pronounced suppression of cell growth.

Finasteride is a type 2 inhibitor of SRD5A2?'
that reduces DHT production. DHT is a potent
androgen that promotes cell proliferation. However,
combining DHT with finasteride reduced RWPE-1
cell viability (Figure 3). This unexpected finding
suggests that finasteride may interact with the AR
because of its structural similarity to DHT?2.

Prostate cancer cell models show variable
sensitivity to the drugs dutasteride and finasteride
when stimulated with DHT, with LNCaP cells

Table 1. Percentage = standard deviation of DHT-stimulated normal RWPE1 and tumorigenic LNCaP apoptotic cells treated with different steroids

DHT +12 DHT +12 DHT+12

DHT+DUT

DHT+DUT DHT+DUT

DHT+FIN DHT+FIN

DHT
(100 pM)

DMSO
(0.5%)

Cel Type

(100pM) (1 nM) (1 um) (100 pM) (1 nM) (1 um)

(25 nM)

(1 nM)

1.0+0.01
0.5+0.002

1.0+0.5
0.2+0.001

1.0+0.006

+0.5
55+3.0

22+1.0

1.1

10+0.7

1.4+.0.1

0.4+0.08
0.25+0.04 0.33+0.034

RWPE-1

+0.9

1.2

25+1.5 60+10.3

+0.7

1.2+0.05

LNCaP

- **T**: Testosterone
- **FIN**: Finasteride

**DMSO**: Dimethyl Sulfoxide
- **DHT**: Dihydrotestosterone

- **DUT**: Dutasteride

- **DHEA** Dehydroepiandrosterone Derivative "12"
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the most sensitive. Additionally, when the AR is
transfected into drug-sensitive cells—regardless of
AR genotype—treatment with both finasteride and
dutasteride inhibits AR signaling, with dutasteride
showing greater potency than finasteride. In these
contexts, disruption of AR function is associated with
reduced cell growth?.

The results also showed that combining
dutasteride (1 nM) with T or DHT significantly
reduced RWPE-1 cell proliferation (P < 0.05).
Furthermore, when T was combined with steroid
12 (Figure 3), the same result as in the previous
experiment was observed. However, in this case, the
effect depended on the concentration used (P< 0.05;
Figure 3). Dutasteride has previously been identified
as an inhibitor of SRD5A types 1 and 2, rather than
as an AR antagonist®*. Data showing that DHT
combined with dutasteride (at a concentration of 1
nM) reduced the viability of RWPE-1 cells suggests
that the AR may also play a role when dutasteride
is present. Overall, the data indicate that derivative
12 exhibits a more selective mechanism of action
than finasteride or dutasteride, as it did not affect
RWPE-1 cell viability in the presence of DHT.

The crystal structure of the AR has been
studied previously®. Although the mechanism
of agonist binding to the AR is well understood,
the structural basis of AR antagonism remains
unclears 25,

A key region of the AR that changes shape
upon antagonist binding is AF-2. This region, located
in the C-terminal ligand-binding domain (LBD) of AR,
plays a crucial role in regulating interactions among
the amino- and carboxy-terminal domains and with
coregulators®28, These interactions influence the
stability of the AR and its DNA-binding affinity?6-%°.

Modifying an estrogen receptor antagonist
that binds the AF-2 motif enhances its interaction
with the androgen receptor’s AF-2 domain, thereby
reducing transcriptional activity® 2°. This insight has
prompted researchers to develop more effective
AF-2 antagonists. Virtual docking analysis has
identified several molecules that bind the AF-2
domain®°.

In Figure 4, LNCaP cell viability increased
with 1 nM T and 100 pM DHT compared with vehicle-
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treated cells. Adding 25 nM finasteride (FIN), 1 nM
dutasteride, or steroid 12 in combination with T
produced a statistically significant decrease in cell
viability (P< 0.05). Furthermore, combining DHT
with finasteride or steroid 12 did not produce any
observable effects. Conversely, combining DHT
with dutasteride significantly reduced LNCaP cell
proliferation (P < 0.05). These findings are consistent
with Chhipa et al.?3.

Compound 12 inhibits SRD5A1 enzyme
activity’®. Data from the experiment reported here
showed that 12 is more potent than finasteride at
reducing RWPE-1 cell proliferation. Finasteride
specifically targets SRD5A2, whereas dutasteride
is a dual inhibitor of SRD5A1 and SRD5A2.
Dutasteride was more potent than both finasteride
and compound 12 at inhibiting RWPE-1 cell growth.
This indicates that both SRD5A1 and SRD5A2
isotypes are present in RWPE-1 cells.

LNCaP cells express both SRD5A1
and SRD5A2 isotypes, with higher SRD5A1
expression®> 23, The proliferation data from this study
indicated that finasteride, dutasteride, and steroid 12
reduced the viability of LNCaP cells when stimulated
with T. Additionally, the viability of these cells was
decreased when treated with a combination of
DHT and dutasteride (1 nM), similar to the effects
observed in RWPE-1 cells.

The growth of LNCaP cells in the presence
of both FIN and DHT followed a distinct pattern
compared with RWPE-1 cells; specifically, LNCaP
cell viability did not decrease, whereas RWPE-1 cell
viability decreased.

Effect of Steroidal Combination on the Apoptosis
of RWPE-1 and LNCaP Cell Lines

RWPE-1 cells treated with DMSO, T, or
DHT showed only a few apoptotic cells (see Table
1). In contrast, FIN, when combined with T or DHT,
produced a higher percentage of apoptotic cells
across the tested doses. Furthermore, derivative
12, in combination with T, induced significant, dose-
dependent cell death (P<0.05) compared with T
alone (see Table 1). These findings align with the
results of the viability studies.

Treatment with dutasteride or the steroid
12, combined with T, increased apoptosis in
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RWPE-1 cells (P<0.05), as expected (see Table 1).
Furthermore, the combination of dutasteride and
DHT at 1 nM also increased cell death, indicating
an interaction between dutasteride and the AR.
Notably, dutasteride treatment in RWPE-1 cells
induced greater apoptotic activity than FIN when
combined with androgens. Previous studies have
demonstrated that dutasteride is more effective
than FIN at inhibiting cell growth in RWPE-1 cells®,
findings that align with those reported here.

When T-stimulated LNCaP cells were
treated with FIN, dutasteride, and steroid 12, the
number of apoptotic cells increased compared
with cells stimulated with T alone, owing to the
inhibitory effects of these steroids on the SRD5A1/2
isoenzymes. Results with FIN are consistent with
studies by Golbano et al.,*®. However, consistent
with the viability experiment reported here, DHT-
stimulated LNCaP cells treated with FIN did not
show apoptosis. In contrast, dutasteride-treated
DHT-stimulated LNCaP cells exhibited increased
apoptosis.

CONCLUSION

This experiment demonstrated that FIN
inhibited the development of T-stimulated RWPE-1
cells. However, RWPE-1 cells showed a stronger
response to dutasteride than to FIN, resulting in
decreased cell growth. Furthermore, both drugs
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significantly reduced RWPE-1 proliferation under
DHT stimulation, suggesting that FIN and dutasteride
may interact with the AR. Both medications are
commercially available for the treatment of benign
prostatic hyperplasia.

Furthermore, the new dehydroepi
androsterone derivative 12 was more effective than
FIN at inhibiting T-stimulated RWPE-1 cell growth.
However, it failed to reduce DHT-stimulated RWPE-1
cell growth, suggesting that this compound did not
interact with the AR.

The results also displayed that T-stimulated
LNCaP cells treated with FIN, dutasteride, or
the novel steroid 12 exhibited reduced viability.
Additionally, the viability of DHT-stimulated LNCaP
cells decreased upon dutasteride treatment (1 nM),
consistent with the effects observed in RWPE-1
cells. However, the growth of DHT-stimulated LNCaP
cells in the presence of FIN differed from that of
RWPE-1 cells; specifically, LNCaP cells did not show
decreased viability. This finding suggests that a FIN
could interact with the AR in both LNCaP and
RWPE-1 cells.

The findings suggest that RWPE-1 cells
could serve as a useful paradigm for testing the
in vitro effects of new drugs designed to reduce
the viability of tumoral LNCaP cells and to induce
apoptosis.
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