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In the course of screening for a novel anticancer drug candidate, we previously isolated HY251 with the
molecular structure of 3-propyl-2-vinyl-1,2,3,33,3b,6,7,7a,8,8a-decahydrocyclopentala)indene-3,3a,7a,
8a-tetraol from the roots of Aralia continentalis. The current study was designed to evaluate the detailed
mechanisms of apoptotic induction of HY251 in androgen-sensitive prostate cancer LNCaP cells. TUNEL
assay and Western blot analysis revealed an appreciable apoptotic induction in LNCaP cells treated with
95 uM of HY251 for 24 h. This apoptotic induction is also associated with cytochrome c release from
mitochondria which, in turn, resulted in the activation of caspase-9 and -3, and the cleavage of poly(-
ADP-ribose) polymerase (PARP). Moreover, we found that HY251 significantly inhibited the expression
levels of androgen receptor (AR) and prostate-specific antigen (PSA) in a time-dependent manner, as well
as abrogated up-regulation of AR and PSA genes with and without androgen. Therefore, we suggest that
HY251, a novel androgen antagonist, may be a potent cancer chemotherapeutic candidate for the treat-
ment of both androgen-sensitive and hormone-refractory prostate cancer.

© 2011 Elsevier Ltd. All rights reserved.

Apoptosis, a programmed cell death, and cell proliferation have
been characterized as fundamental cellular events to maintain the
physiological balance and tissue homeostasis of the organism.
Therefore, an imbalance between cell proliferation and death
through deregulated cell cycle progression and impaired apoptotic
induction is involved in neoplastic cancer formation.! Apoptosis
can be induced through either the stimulation of the death recep-
tors, such as Fas and TNFR1 or the release of signal factors, such as
cytochrome ¢, from mitochondria.? Recently, considerable atten-
tion has been focused on the discovery of small chemicals, includ-
ing natural products, which exert their anticancer effects by
apoptotic induction in various cancer cells.>

Prostate cancer is the most frequently diagnosed cancer and is
the leading cause of cancer death in men in the US with an esti-
mated 217,730 new cases and 32,050 deaths in 2010 according
to the latest estimation of American Cancer Society. Despite the
initial efficacy of androgen deprivation therapy, the advanced pros-
tate cancer patients eventually develop resistance to this therapy
and progress to hormone-refractory prostate cancer (HRPC), for
which there is no curative therapy.® Therefore, novel targeted ther-
apeutic approaches have to be developed for the treatment of
HRPC patients.”
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Androgen, such as dihydrotestosterone (DHT), exerts its biolog-
ical effects by binding to AR. Upon binding to AR, androgen acti-
vates AR through phosphorylation, dimerization and nuclear
translocation, which, in turn, interacts with androgen response ele-
ments (ARE) in the promoter of target genes including PSA, regulat-
ing the transcription of target genes. Therefore, PSA is a clinically
important marker used to monitor diagnosis, treatment response,
prognosis, and progression in patients with prostate cancer.® Stud-
ies on the progression of prostate cancer have indicated that an in-
crease in AR at transcriptional and translational level is necessary
to convert prostate cancer from a hormone-sensitive to a hormone
refractory state,® and that over-expressed AR linked to p21 silenc-
ing may be responsible for androgen independence and resistance
to apoptosis.'® Therefore, AR is a key target for the treatment of
both early stage prostate cancer and HRPC, and the discovery of
AR antagonist should be an important rational approach for the
successful treatment of HRPC.

The medicinal herb Aralia continentalis of the Araliaceae family
is spread widely throughout northeast Asian countries. Many
constituents from its root extracts have been isolated as active
components for antioxidant, anti-inflammatory, analgesic, seda-
tive, antifungal, anti-thrombotic, and antitumor agents.!'"® In
the course of screening for novel modulators on apoptotic induc-
tion and/or cell cycle progression as anticancer drug candidates,
as published previously, we found HY251, a novel decahydrocyclo-
pentafalindene tetraol (Fig. 1), and its decahydrofluorene analog,
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Figure 1. The chemical structure and nomenclature of HY251, 3-propyl-2-vinyl-
1,2,3,33,3b,6,7,7a,8,8a-decahydrocyclopentaa]indene-3,3a,7a,8a-tetraol.

HY253, from the roots of A. continentalis as cell cycle inhibitor and
apoptotic inducer in HeLa and A549 cells.’#~'6 In the current study,
we report, for the first time, the molecular mechanisms of HY251
on the apoptotic induction in androgen-sensitive prostate cancer
LNCaP cells.

To investigate the effects of HY251 on apoptotic induction in
LNCaP cells, we measured DNA fragmentation in the nuclei of
LNCaP cells treated with 95 uM of HY251, the ICso value obtained
from MTT assay (data not shown), using TUNEL assay. As shown in
Figure 2, the induction of apoptosis was identified via peak shift to
the right direction due to DNA fragmentation in LNCaP cells treated
with 95 pM of HY251 for 24 h.

To determine whether apoptosis-related proteins are involved
in the mediation of HY251-induced cell death in LNCaP cells, we
examined caspases activation and cleavage of PARP by Western
blot analysis. As shown in Figure 3, HY251 induced the proteolytic
cleavage of inactive procaspase-9, and -3 into active caspase-9, and
-3, respectively. Furthermore, one of the substrates for effector
caspases, such as caspase-3, during apoptosis is PARP, an enzyme
that appears to be involved in DNA repair. Therefore, the
cleavage of PARP was used as an indicator of apoptotic induction
in response to drug treatment, which became obvious after 12 h
of HY251(95 puM) treatment.

In addition, to examine the mitochondria-mediated intrinsic
pathway involved in HY251-induced apoptosis, we analyzed the
cytochrome c release from mitochondria to cytosol using Western
blots. As shown in Figure 3, cytochrome c release was observed sig-
nificantly in LNCaP cells treated with 95 uM of HY251 for 24 h.

However, in contrast to the apoptotic induction of HY253 in
HelLa cells,'> we could not demonstrate the significant changes
in the level of pro-apoptotic and anti-apoptotic Bcl-2 proteins in
HY251-treated LNCaP cells tested so far (data not shown). There-
fore, further studies on protein-protein interactions of pro- and
anti-apoptotic proteins and their translocation to mitochondria
are needed to confirm the detailed molecular mechanisms of
HY251 on apoptotic induction in LNCaP cells.
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Figure 3. Effects of HY251 on cytochrome c release from mitochondria, and
activation of caspase-9 and -3, as well as cleavage of PARP. Cells pretreated with
95 uM of HY251 for different lengths of time were washed with PBS, and Western
blot analysis performed. B-actin was used as the loading control.

Moreover, to investigate whether induction of apoptosis by
HY251 is due to the down-regulation of AR gene, Western blot
analysis and quantitative RT-PCR were conducted in HY251-trea-
ted LNCaP cells.!” As shown in Figure 4, we found that HY251 sig-
nificantly inhibited the expression levels of AR and PSA proteins in
a time-dependent manner, and abrogated up-regulation of AR and
PSA genes in LNCaP cells with and without DHT (1.0 nM).

The androgen-mediated AR signaling plays a pivotal role in both
the development and maintenance of the normal prostate as well
as in the initiation and progression of prostate cancer.'® AR belongs
to the nuclear steroid hormone receptor superfamily and is the
essential mediator of androgen action.!® Upon binding to the na-
tive ligand, such as DHT, AR dissociates from the chaperone pro-
teins and rapidly translocates to the nucleus where it binds to
ARE and activates target genes including PSA.2°

Recently, considerable attention has been focused on the dis-
covery of AR antagonists which exert their anticancer effects by
suppression of the androgen-dependent cell proliferation and
apoptotic induction via down-regulation of pivotal survival factors
and anti-apoptotic proteins, such as PSA and Bcl-2/Bcl-XL,
respectively.?!-?2

In conclusion, we found that HY251 significantly inhibited the
expression levels of AR and PSA proteins in a time-dependent man-
ner, and abrogated up-regulation of AR and PSA genes in LNCaP
cells. As shown in Figure 5, HY251 could be a potent candidate
for the treatment of both androgen-dependent LNCaP (ICsp:
94 uM) and hormone-refractory prostate cancer C4-2 cells (ICso:
198.6 uM), in contrast to Fluthamide, an anti-androgen drug,
which shows no anti-proliferative effect on C4-2 cells. However,
more detailed molecular mechanisms underlying apoptotic induc-
tion in HY251-treated LNCaP cells via down-regulation of AR gene
by HY251 should be identified in a future.
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Figure 2. The induction of apoptosis by HY251 in LNCaP cells, as determined by TUNEL assay. The cells were treated with 95 uM of HY251 for 24 h, and then stained with d-
UTP FITC and Propidium Iodide (PI) in the dark and analyzed using a FACS Canto Il with BD FACSDiva Software v6.1.3.
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Figure 4. (A) HY251 significantly inhibited the expression of AR and PSA at protein
levels and the secretion of PSA in LNCaP cells. (B) HY251 (95 uM) abrogated the
induction of AR and PSA expression induced by 0.1 and 1 nM of DHT treatment for
2 h in LNCaP cells. The quantitative RT-PCR demonstrated that HY251 significantly
down-regulated the transcription of AR (C) and PSA (D) in LNCaP cells with and
without DHT (1.0 nM). Data are means + SD of three separate experiments. 1:
control, 2: DHT (1.0 nM), 3: DHT (1.0 nM) + HY251 (95 uM), 4: HY251 (95 puM).
**P<0.01.
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Figure 5. Effect of HY251 on proliferation of androgen-dependent LNCaP and HRPC
C4-2 cells in a dose-dependent manner, as determined by MTT assay for 24 h.
Results represent the mean * SD of three independent experiments. *P <0.05.
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