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Abstract. Previous studies suggested chalcones as
antineoplastic drug candidates. We synthesized a new
chalcone derivative (E)-3-(4-methoxyphenyl)-2-methyl-1-
(3,4,5-trimethoxyphenyl)prop-2-en-1-one, (CHO27) with an
up to 1000-fold increased cytotoxic potency relative to its
parent compound in cell culture assays. CHO27 at low
nanomolar levels, inhibited prostate cancer (PCa) cell
growth through cell cycle arrest and caspase-dependent
apoptosis. Activation of p53 accounted for, at least in part,
the growth inhibition by CHO27 in vitro. Furthermore, i.p.
administration of CHO27 suppressed the growth of
established PCa 22Rv1 xenograft tumors accompanied with
p53 and p21€P! induction. CHO27 may be a lead for
development of new therapeutic agents for PCa.

Prostate cancer (PCa) is responsible for estimated 30,000
deaths per year and is the second leading cause of cancer-
related death in American men (1). Current therapies for
advanced-stage PCa by hormone ablation cause transitory
remission of the disease. However, the malignancy will
invariably relapse to aggressive castration-resistant prostate
cancer (CRPCa). As a first-line chemotherapy drug approved
by the FDA for CRPCa, docetaxel, along with prednisone,
provides only a 2-month survival benefit for patients (2). The
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newly approved drugs in the last two years (androgen
synthesis blocker abiraterone acetate and novel taxane
cabarzitaxel) for docetaxel-resistant CRPCa add a further
survival of 2-3 months (3, 4). The development of new
therapeutic agents is surely needed.

Chalcones are a class of compounds containing a central 1,
3-diphenyl-prop-2-en-1-one structure known as “chalcone
core” (Figure 1), which consists of two aromatic rings jointed
by the three-carbon o, (3-unsaturated carbonyl system (5).
Recent studies, including our own, have shown that chalcones
possess potential inhibitory activities against various cancer
cells including prostate (6-8), kidney (9, 10), colon (11-13),
lung (14-17), breast (16, 18), liver (10, 19, 20), bladder (21,
22), leukemia (23) and skin cancers (24), through induction of
apoptosis and cell cycle arrest (25, 26). Mechanically, the
tumor suppressor p53 has been identified as a molecular target
associated with the inhibitory actions of some chalcones (13,
18, 27-29). Several reports suggest that some chalcones exhibit
an inhibitory preference for p53-wild type cancer cells than
pS3-mutant or -null cancer cells (13, 27-29), and their
inhibitory activities depended on a functional activation of p53
(28, 29). Most of these p53-selective chalcones, however,
exerted modest in vitro anticancer activity with no significant
in vivo activity, prompting the development of more potent
chalcone derivatives for further evaluation.

In the present study, we synthesized a new chalcone
derivative CHO27, (E)-3-(4-methoxyphenyl)-2-methyl-1-
(3.,4.,5-trimethoxyphenyl)prop-2-en-1-one (Figure 1) with
greater potency against various cancer cells than the parent
compound and other chalcone-based natural products. In
prostate cancer models, CHO27 exhibited a strong
suppression of cell growth in vitro in association with p53-
induced cell cycle arrests and apoptosis. In vivo
administration of CHO27 in a therapy context suppressed the
growth of established aggressive 22Rv1 PCa xenografts.

3689



ANTICANCER RESEARCH 32: 3689-3698 (2012)

@] o}
TS I e
HO OH OH  MeO he OMe
Chalcone core Isoliquiritigenin OMe CHO27
OH ©O OH O OH O
ORI [ i F
H;CO OCH3; OCH3; HiCO OCH3; H3CO OCHs; OH

Flavokavain A

Flavokavain B

Flavokavain C

Figure 1. Structures and numbering of chalcone core, chalcone-based natural products and CHO27. Chalcone core: 1, 3-diphenyl-prop-2-en-1-one;

Isoliquiritigenin, flavokavain A, B and C:
trimethoxyphenyl)prop-2-en-1-one.

Materials and Methods

Synthesis and characterization. (E)-3-(4-Methoxyphenyl)-2-methyl-1-
(3 4,5-trimethoxyphenyl)prop-2-en-1-one: 1-(3 4,5-trimethoxyphenyl)
propan-1-one was prepared from 3.4.5-trimethoxybenzaldehyde.
Grignard reaction of ethylmagnesium chloride on 34,5-
trimethoxybenzaldehyde followed by pyridinium chlorochromate
oxidation of the resulting secondary alcohol afforded 1-(34,5-
trimethoxyphenyl)propan-1-one. To a mixture of 1-(34.5-
trimethoxyphenyl)propan-1-one  (2.24g, 00l mol) and 4-
methoxybenzaldehyde (1.36g, 0.01 mol equiv) in anhydrous MeOH
(30 mL), NaOH (1.2g, 0.003 mol) was added and stirred at room
temperature for 24 h. The reaction mixture was acidified to pH 5 using
aqueous hydrochloric acid (10%) followed by extraction with ethyl
acetate (3x50 ml). The combined organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to afford crude
product. The crude product thus obtained was purified by silica gel
column chromatography using ethyl acetate: hexane; 1:3 to produce (E)-
3-(4-methoxyphenyl)-2-methyl-1-(3 4,5-trimethoxyphenyl)prop-2-en-1-
one in 86% yield. 'TH NMR (400MHz, CDCly): & 7.35 (2H, d, J=7.8 Hz),
7.1 (1H,s),6.94 (2H, s), 6.88 (2H, d, J=8.0 Hz), 3.85 (3H, 5), 3.81 (6H,
s), 3.77 (3H, s), 2.21 (3H, s). 13C NMR (100 MHz, CDCl): 8. 198.5,
153.1,147.2,144.6,141.2,1350,133.5,1290, 1285, 110.5, 107.2,60.8,
56.2,55.0, 14.8, MS (ESI, positive) m/z calculated for C,yH,,05 (M+H):
343.15; found 343.2. Other chalcone-based natural products were
prepared following our previous reported methods (14).

Cell culture. Human PCa cells (LNCaP, 22Rv1, DU 145 and PC-3),
lung cancer cells (NCI-H460), colon cancer cells (HCT 116) and
pancreatic cancer cells (SU.86.86) were obtained from the American
Type Culture Collection (ATCC, Manassas, VA). C4-2 cells (a
castration-resistant derivative of LNCaP) were kindly provided by
Dr. Donald Tindall (Mayo Clinic, Rochester, MN, USA). Among
these cells, LNCaP, C4-2, NCI-H460 and HCT 116 cells harbor
wild-type p53 (referred as p53-wt), 22Rvl1 cells harbor a mutant p53
which does not negatively affect the function of p53 (referred as
pS53-functional). DU 145 and SU.86.86 cells harbor mutant p53
which inactivates the function of p53 (referred as p53-mutant), and
PC-3 cells are null for p53. Dominant-negative (DN) mutant p53
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chalcone-based natural products;

CHO27: (E)-3-(4-methoxyphenyl)-2-methyl-1-(3,4,5-

LNCaP-DN-P151S and the vector-transfected cells were generously
provided by Dr. Ralph W. deVere White (Department of Urology,
University of California, Davis, CA, USA). HCT 116-p53+/+ and
isogenic HCT 116-p53/- cells developed in Dr. Bert Vogelstein’s
lab (HCT 116 cells with wild-type p53 or deleted p53, respectively)
were kindly provided by Dr. Yibin Deng (University of Minnesota
Hormel Institute, Austin, MN). All cells were cultured in the
standard 37°C and 5% CO, humidified environment.

Cytotoxicity screening. The cytotoxicity screening of the chalcone
candidates against four human cancer cell lines followed a
previously published procedure (14). In brief, cells were plated in a
96-well plate and exposed to indicated compounds with a series of
3-fold dilution for 48 h, then the relative cell viability in each well
was determined by using the CellTiter-Blue Cell Viability Assay Kit
(Promega, San Luis Obispo, CA).

Growth inhibition assay. Based on its much increased cytotoxicity
potency profile, CHO27 was chosen for further evaluation with
additional PCa cell lines. Crystal violet staining of cellular proteins
was used to evaluate the growth inhibition of PCa cells exposed to
CHO27, as previously described (30). Briefly, PCa cells were
exposed to indicated treatments, and then the cells that remained
attached were stained with 0.02% crystal violet. After thorough
rinsing with water, the cell-retained crystal violet was dissolved in
70% alcohol for photometric reading to estimate the cell number.

Cell cycle distribution and BrdU incorporation rate. PCa cells were
exposed to indicated concentrations of CHO27 for 24 h, and then
bromodeoxyuridine (BrdU) was added to the medium (1 uM of final
concentration) for another 30 min. The cells were collected by
trypsinization for cell cycle distribution and BrdU incorporation
flow cytometric measurement, as previously described (31).

Immunoblotting. The whole cell lysate was prepared for
immunoblotting detection of proteins of interest as previously
described (32). The antibodies against cleaved poly (ADP-ribose)
polymerase (PARP) and phospho-p53 (serl5) were obtained from
Cell Signaling Technology (Beverly, MA, USA). The antibodies
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Table 1. Growth inhibitory potency screening of the plain chalcone, chalcone-based natural products and CHO27 against four human cancer cells.

DU145 HCTI116 NCI-H460 SU.86.86
IC50 (UM)

Chalcone 17.4+2.7 5.48+0.69 11.2+1.8 5.25+0.72
Isoliquiritigenin 18.6+3.5 16.0+1.1 15.2+2.6 27.3+5.1
Flavokavain A 14114 18.9+1.5 8.05+1.56 17.7£2.8
Flavokavain B 8.20+1.20 6.58+0.83 5.78+1.01 7.12+1.19
Flavokavain C 15.1+2.5 12.9+1.5 9.18+1.59 12.3+2.1
CHO27 0.037+0.003 0.0064+0.0011 0.011+£0.001 0.030+0.003

IC5(: Half maximal inhibitory concentration. The experiments were run in triplicate. Each value represents mean+SEM.

against p53 and p21€ip! were obtained from Leica Microsystems
Inc. (Buffalo Grove, IL, USA) and EMD Chemicals Inc.
(Philadelphia, PA, USA), respectively.

Apoptosis evaluation. After exposure to CHO27 and/or a general
caspase inhibitor zZVADfmk (R&D system, Minneapolis, MN, USA)
for 72 h, the cells were collected for apoptosis evaluation by a
number of methods. The first was Death ELISA detection of
apoptotic DNA nucleosomal fragmentation, after gently lysing the
cells and releasing histone-associated nucleosomal fragmentation
using the Cell Death ELISA System Double Sandwich Kit (Roche
Diagnostics GmbH, Mannheim, Germany), according to the users’
manual (33). The second was Annexin V staining of externalized
phosphatidylserine in apoptotic cells by flow cytometry using the
Annexin V-FITC Detection Kit (MBL International, Inc.,
Watertown, MA, USA) following the users’ manual (34). The third
method was immunoblotting detection of cleaved PARP, as
described previously (35).

Measurement of CHO27 in mouse plasma. The animal studies were
approved by the Institutional Animal Care and Use Committee
(IACUC) of University of Minnesota, and were carried out at the
Hormel Institute animal facility. Fifteen male C57BL/6J mice were
randomly assigned into five groups (n=3 per group), and received
vehicle (dimethyl sulfoxide [DMSO]: ethanol: polyethylene glycol
400 [PEG 400]: Tween 80: 5% glucose=1.5: 1.5: 6: 1: 20) or
CHO27 (1 mg per mouse, ~40 mg/kg) via intraperitoneal (i.p.)
injection, respectively. At the indicated time points, the mice were
anesthetized for blood collection and plasma preparation. CHO27
was extracted from the plasma and analyzed using a high
performance liquid chromatography (HPLC) system as previously
described (36).

In vivo efficacy of CHO27 against PCa 22Rv1 xenograft tumors.
Male Nu/Nu nude mice were purchased from the Charles River
Labs (Wilmington, MA). At 6 weeks of age, the mice were
subcutaneously inoculated with 2x106 aggressive castration-resistant
22Rv1 cells on the right flank. When the xenograft tumors grew to
approximately 400 mm?3, the mice were randomly assigned into two
groups (n=11, respectively) and were given, once daily, treatment
with vehicle (DMSO: ethonal: PEG400: Tween 80: 5% glucose=1.5:
1.5: 6: 1: 20) or CHO27 (1 mg per mouse, ~40 mg/kg) via i.p.
injection, respectively. The mice were monitored daily and weighed
once a week. The tumor volume was estimated according to the

formula of volume=L x W2 x 0.52. After 3 weeks of treatment, the
mice were euthanized and the tumors were dissected, weighed and
fixed in 10% neutralized formalin for histological analysis as
previously described (30).

Immunohistochemistry and TUNEL assays. Hematoxylin and eosin
(H&E) and immunohistochemistry (IHC) staining were routinely
performed as described previously (30). Briefly, the tumor tissue
was processed into paraffin-embedded block and cut into 4 pm of
thickness sections, and then applied to H&E or IHC staining of
Ki67 (Novus Biologicals LLC, Littleton, CO), p53 and p21C€ipl,
Terminal deoxynucleotidyl transferase-mediated dUTP Nick End
Labeling (TUNEL) assay was conducted to evaluate the apoptosis
index using the FragEL™ DNA fragmentation Detection Kit
(Calbiochem, La Jolla, CA), according to the users’ manual.

Statistical analyses. ANOVA and the appropriate post-hoc tests were
used to determine the statistical significance among multiple groups.
Two-tailed r-test was used for comparing the tumor weight between
the control and CHO27-treated groups.

Results

In vitro cytotoxicity screening of chalcone-based compounds.
Our previous study found that the 1-(3.4,5-trimethoxy)
functional group of the chalcone greatly enhanced their
cellular activity (14). A study by Ducki et al. demonstrated
that an introduction of a 2-methyl functional group further
improved chalcone’s cytotoxic potency (23). In order to
minimize the potential metabolism liability of the phenol
functional groups, we designed and synthesized CHO27,
which is a 2-methyl-1-(3,4,5-trimethoxy) functionalized
chalcone without any phenol functional group (Figure 1). We
first evaluated the cytotoxicity of CHO27 in comparison to
the parent compound and several related chalcone-based
natural products among four human cancer cell lines,
representing malignancies from prostate, lung, colon and
pancreas (Table I). Similar as others have reported, the plain
chalcone and other chalcone-based natural products
demonstrated moderate  (half maximal inhibitory
concentrations [ICs] in 5-27 micromolar range) cytotoxicity
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Figure 2. Inhibitory activities of CHO27 against PCa cells in monolayer cell culture. A. Growth inhibition induced by CHO27 in PCa cells (72-h
exposure) estimated by crystal violet staining of cellular protein. B. Cell death induced by CHO27 exposure in PCa cells. Upper graph: ELISA
detection of apoptotic DNA nucleosomal fragmentation (72-h exposure); Lower image: immunoblotting detection of cleaved PARP (48-h exposure).
C. Cell cycle distribution and BrdU incorporation rate in PCa cells exposed to CHO27 for 24 h. D. Attenuation of CHO27-induced apoptosis by a
general caspase inhibitor zVADfmk (ELISA detection of apoptotic DNA nucleosomal fragmentation, 72-h exposure) in LNCaP cells. The cell growth

assays were run in triplicate. Each point or column represents mean+SEM.

against these cells. CHO27 was 175- to 1000-fold more
potent than chalcone among all the cells tested. The low
nanomolar range for IC5, for CHO27 prompted further
evaluation against additional PCa cells.

CHO27 inhibited PCa cell growth with a preference for p53-

wt/functional cells. LNCaP, C4-2 and 22Rv1 and PC-3 cells
were exposed to indicated concentrations of CHO27 for
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72 h, and then the numbers of cells remaining adherent were
estimated through crystal violet staining of cellular proteins.
As shown in Figure 2A, all tested cells responded to CHO27
exposure in concentration-dependent manners with ICs
ranging from ~13 nM to ~40 nM. The p53-wt/functional
cells (LNCaP, C4-2 and 22Rv1) were more sensitive than the
p53-null cells (PC-3) (Figure 2A). Similarly, the p53-wt
HCT 116 and NCI-H460 cells also showed lower ICs than
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Figure 3. Activation of p53 partially mediated the inhibitory activities of CHO27. A. Immunoblotting detection of activation of p53 in LNCaP and
22RvI cells (48-h exposure). B. Immunoblotting detection of the components of p53 pathway in the LNCaP-DNp53 cells and LNCaP-Ctr cells (48-h
exposure). C-D. Cell cycle distribution and BrdU incorporation rate in LNCaP-Ctr and LN-DNp53 cells (C) or HCT 116-p53+/+ and HCT 116-p53-/~
cells (D) after 24-h exposure. E. ELISA detection of apoptotic DNA nucleosomal fragmentation in LNCaP-Ctr and DNP53-DNp53 cells after 72-h
exposure. F. Annexin V staining of externalized phosphatidylserine in HCT 116-p53*/+ and HCT 116-p53~'= cells after 72-h exposure. The experiments
were run in triplicate. Each column represents the mean+SEM. LNCaP-Ctr and LNCaP-DNp53: LNCaP cells expressing a control or domain-negative
P53 [DNp53] transfectant, respectively. HCT 116-p53*+'+ and HCT 116-p53~—: HCT 116 cells with wild type-p53 or deleted-p53, respectively.
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Figure 4. Plasma pharmacokinetics of CHO27 in C75BL/6J mice and in vivo efficacy of CHO27 against 22Rv1 xenograft tumors in athymic nude
mice. A. Mouse plasma concentration of CHO27 after one i.p. dose. Mean+SEM, n=3. B. Effect of CHO27 on mouse body weight. Veh and CHO27:
vehicle-treated or CHO27-treated group, respectively. C. Once daily administration of CHO27 retarded 22RvI1 xenograft tumor growth. D. Final
22Rv1 xenograft tumor weights after three weeks of treatment. Each point or column represents the mean+SEM, n=11. *: p<0.05, **: p <0.01.

the p53-mutant DU 145 and SU.86.86 cells (Table I). Taken
together, the above data suggested that CHO27 at low
nanomolar range inhibited PCa cells’ growth with a
preference for p53-wt/functional cells rather than p53-
mutant/null cells.

CHO27 induced caspase-dependent apoptosis and cell
cycle arrests in PCa cells. Pro-apoptosis is an important
mechanism for therapeutic agents to eliminate malignant
cells. Two independent approaches (ELISA assay of
apoptotic nucleosomal fragmentation and immunoblotting
detection of cleaved PARP) were used to evaluate the
apoptotic action of CHO27. As shown in Figure 2B,
CHO27 at 20 nM significantly increased apoptotic
nucleosomal fragmentation in p53-wt/functional cells
(LNCaP, C4-2 and 22Rvl1), but did not do so in p53-null
PC-3 cells, at 72 h of exposure. When examined after 48 h
of exposure, CHO27 at 20 nM induced cleaved PARP in
LNCaP, C4-2 and 22Rv1 cells, but did not do so in PC-3
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cells (Figure 2B). Furthermore, a general caspase-inhibitor
zVADfmk attenuated CHO27-induced apoptosis in LNCaP
cells, supporting caspase-mediated death (Figure 2D).

Anti-proliferation is another mechanism for therapeutic
agents to suppress tumor growth. PCa cells were exposed to
sublethal concentrations of CHO27 for 24 h, and then cell
cycle distribution and DNA synthesis were analyzed. As
shown in Figure 2C, CHO27 at 10 nM increased G,/G
phase cells accompanied with a reduction of S phase cells in
LNCaP and C4-2 cells. CHO27 led to an accumulation of
G,/M phase cells with a reduction of S phase cells in 22Rv1
cells, but did not affect PC-3 cell cycle distribution. Cellular
DNA synthesis, indicated by the percentages of BrdU-
incorporated cells, was decreased by CHO27 in LNCaP, C4-
2 and 22Rv1 cells, but was not in PC-3 cells (Figure 2C).
Taken together, the data above indicated that CHO27 could
induce caspase-dependent apoptosis in many PCa cell lines
and induced cell cycle arrest in G; phase or G,/M phase
depending on the cell lines used.
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Figure 5. Proliferation and apoptosis index and activation of p53 in 22Rv1 xenograft tumors. A. Representative images of IHC staining of Ki67,
TUNEL, p53 and p21€i! from each group (magnification: x200). B. Summary of the IHC staining indexes based on 10 microscopic fields of each slide.
Vehicle and CHO27: vehicle-treated or CHO27-treated group, respectively. Each column represents the mean+SEM, n=11. **: p<0.01, ***: p<0.001.

Anti-proliferative and pro-apoptotic activity of CHO27 was
associated with activation of the p53 pathway. The
differential sensitivity between p53-wt/functional vs. p53-
mutant/null cancer cells raised a hypothesis that p53 might
mediate the growth inhibitory action of CHO27. As shown
in Figure 3A, CHO27 stimulated the expression and
phosphorylation of p53 in LNCaP and 22Rv1 cells when
examined after 48 h of exposure. p21CP!, a well-

documented p53 downstream transcriptional target, was up-
regulated accordingly. A similar observation was made for
C4-2 cells (data not shown). To further delineate the role of
p53 in CHO27-induced growth inhibition, we next evaluated
the CHO27 effect on stable-transfectant LNCaP cells
expressing a dominant-negative p53 (DNp53). As shown in
Figure 3B, CHO27 up-regulated p21€P! in the control cells
(Ctr), but did not in the LNCaP-DNp53 cells, indicating that
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the ectopic DNp53 transfectant efficiently blocked the
activation of the endogenous p53 pathway. The inactivation
of the p53 pathway abolished CHO27-induced G, arrest
(Figure 3C) and attenuated CHO27-induced apoptosis
(Figure 3E) in LNCaP cells. In addition, in p53-knockout
colon cancer HCT 116 cells, the cell cycle arrest by CHO27
(G,o/M arrest) (Figure 3D) and apoptosis (Figure 3F) were
significantly attenuated compared to the wild-type parental
HCT 116 cells. These data supported activation of p53
signaling pathway as crucial for inducing growth inhibitory
and apoptosis by CHO27 in cell culture.

Efficacy of CHO27 against aggressive established 22Rv1
xenograft tumors in vivo. Encouraged by the in vitro data,
we carried out animal experiments to evaluate the
pharmacokinetic parameters of CHO27 in mice and the in
vivo inhibitory potency of CHO27 against aggressive
CRPCa xenograft tumors in immunodeficient host mice.
After one i.p. dose of administration (1 mg per mouse, ~40
mg/kg body weight), plasma CHO27 achieved a peak level
of ~850 nM by 1 h, then decreased to ~400 nM by 2 h and
~200 nM by 4 h (Figure 4A). Notably, the maximum
concentration (Cmax) of CHO27 in plasma was an order of
magnitude higher than those required to trigger the growth
inhibitory actions indicated by the above in vitro data.

For PCa treatment efficacy, male Nu/Nu nude mice bearing
established xenografts with 22Rv1 PCa cells (~400 mm3), were
treated once daily by i.p. injection with vehicle or CHO27 (1
mg per mouse, ~40 mg/kg) for three weeks. CHO27 slightly
impacted on the mouse body weights (Figure 4B). Compared
to the vehicle, CHO27 treatment retarded the growth of 22Rv1
xenograft tumors (Figure 4C) and decreased the final tumor
weight by 30 % (p<0.05) (Figure 4D). Decreased Ki67 and
increased TUNEL indexes were observed in CHO27-treated
tumors (Figure 5), indicating an inhibition of proliferation and
induction of apoptosis in these tumors. Increased p53 and
p21CiP! THC staining were also observed in the CHO27-treated
tumors (Figure 5). Taken together, the data indicated that
CHO?27 suppressed aggressive 22Rv1 tumor growth in vivo,
accompanied by an inhibition of proliferation, induction of
apoptosis and activation of the p53 signaling pathway.

Discussion

We report here that CHO27, at low nanomolar levels (5-40 nM),
exhibited inhibitory activities against various PCa cells (Figure
2A). CHO27 inhibited PCa cell growth through induction of cell
cycle arrests (G; or G,/M) (Figure 2C) and caspase-dependent
apoptosis (Figure 2B and D). In vivo administration of CHO27
triggered growth inhibition of established aggressive PCa 22Rv1
xenograft tumors in a therapy context, in association with
inhibition of proliferation, induction of apoptosis and activation
of the p53 signaling pathway (Figure 4 and 5).
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Since the majority of prostate tumors harbor wild-type
p53, pharmacological activation of p53 remains a viable
approach to intervene PCa (37). p53 can be rapidly activated
by some oncogenes, DNA damage and therapeutic agents
(38). Activation of p53 induces cell cycle checkpoint G or
G,/M arrest, apoptosis, differentiation or senescence in
cancer cells depending on the cell lines (38, 39). Previous
studies have suggested p53 pathway activation by chalcones,
for example, in colon, breast, lung and liver cancer cells (13,
27-29). The inhibitory activities of these chalcones rely on a
functional activation of p53 (28, 29). Our data agreed well
with these findings, i.e., i) CHO27 exhibited a preferential
inhibition of cell proliferation and induction of apoptosis for
p53-wt/functional cancer cells than p53-mutant/null cancer
cells (Table I and Figure 2A-C); ii) CHO27 activated the
p53-p21€iPT pathway (Figure 3A); and iii) blocking of the
p53 pathway abolished or attenuated CHO27-induced cell
cycle arrests and apoptosis (Figure 3C-F).

p53 function is negatively-regulated by MDM?2, a primary
E3 ubiquitin ligase binding to p53 to form an MDM?2-p53
complex leading to proteosomal degradation of p53 and
inhibiting p53 transactivation activity (40-44). Disrupting
the MDM2-p53 complex leads to increased p53 stability and
transactivation activity of p53, which consequently restore
the protective and therapeutic potential of p53. Several
reports have suggested a direct action of select chalcones on
the p53-MDM2 complex (45, 46). Stoll et al. have
experimentally demonstrated that chalcones could bind
competitively to the p53-binding cleft of the MDM?2 (46).
Our computational modeling predicted binding affinity of
CHO27 to the p53 binding cleft of the MDM?2 (data not
shown), implying a potential direct action of CHO27 on
p53-MDM?2 complex. However, other indirect mechanisms
through which CHO27 activates p53, such as
genotoxic/ROS stress, cannot be excluded. The precise
mechanisms of CHO27 activating p53 merit more
investigation in the future.

Although the present study suggested p53 as a molecular
target of CHO27, additional molecular targets may also be
involved in the inhibitory actions of CHO27, in that blocking of
the p53 pathway did not completely restore the proliferation
and survival of the cells exposed to CHO27 (Figure 3C-F) and
the growth of p53-null PC-3 cells was suppressed by CHO27,
albeit at higher levels than required for the p53 wt/functional
cells. Consistent with this hypothesis, several reports have
suggested the NF-KB pathway (14, 47, 48) and Bcl-2 families
(24,49, 50) as additional molecular targets of chalcones.

In summary, the present study showed that CHO27 exerted
strong cytotoxicity against PCa cells in vitro, in part through
activating the p53-signaling pathway. The in vivo efficacy of
CHO27 against an aggressive model of PCa in a chemotherapy
context suggested its potential as a prototype lead compound
for development of new therapeutic agents for PCa.
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