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Abstract Materials and Methods

Androgens via their receptor (AR) may play a role in prostate cancer Growth Response.LNCaP cells were seeded at410* cells/well in 24-well
etiology. This study focuses on the inhibitory effects of resveratrol on plates. After 2 days, they were treated with varying amounts of resveratrol with or
androgen action in the LNCaP prostate cancer cell line. We found that without 1 v Mib. Mib is a nonmetabolizable, synthetic androgen. One study
resveratrol represses different classes of androgen up-regulated genes atremoves the spent media after 24 h and replenishes the wells with fresh, untreated
the protein or mRNA level including prostate-specific antigen, human media. Then after 24 h, an MTS [3-(4,5-dimethyl-2-yl)-5-(3carboxymethoxyphi-
glandular kallikrein-2, AR-specific coactivator ARA70, and the cyclin-  nyl)-2-(4-sulphophenyl)-2H-tetrazolium] assay is performed (Promega Corp.Y

Le)

dependent kinase inhibitor p21. This inhibition is likely attributable to a  Madison, WI) as per manufacturer’s instructions. In other studies, 6 days aﬁeg
reduction in AR contents at the transcription level, inhibiting androgen-  treatment 40Qul of spent medium were collected and sent to the Mayo Immu- 8
stimulated cell growth and gene expression. This study suggests that nochemical Core facility and assayed for total hK2 and PSA levels. Then an MTTS,
resveratrol may be a useful chemopreventive/chemotherapeutic agent for assay was performed (Sigma Chemical Co., St. Louis, MO) for measuring celg
prostate cancer. viability. Four wells/treatment were used, and it was repeated twice. :z’
Western Blot Analysis. LNCaP cells were plated in 10-cm dishes at §

Introduction 9 X 1 cells/dish in RPMI 1640 (Mediatech, Herndon, VA) and 5% FCS 2
(Biofluids, Rockville, MD). After 48 h, the cells were treated with 110 Mib 5

Prostate cancer is the most commonly diagnosed cancer in ti@ varying concentrations of resveratrol. After 24 h, cells were collecteds

United States, and it is the second leading cause of cancer deathdeprding to Santa Cruz Biotechnology research applications. Protein leveld
American men. Androgens play an important role in the proliferatiomere measured with a DC protein assay (Bio-Rad, Hercules, CA) uGeof
differentiation, maintenance, and function of the prostate (1). Evirotein were loaded into precast 4-12% NuPage gels (Novex, San Diego, CAk
dence shows that androgens are also involved in the development H3dVith 4'm°rph°,|'”'?pmpa’_‘es“'fon'c acid buffer and transferred according t°§
progression of prostate cancer (2). The%i&the essential mediator the manufacturer’s mstructlons_ onto a nitrocellulose membrgne (_Bl_o-Radg

Hercules, CA). A Ponceau S stain was performed for total protein staining ang

for androgen action and a ligand-dependent transcription factor lE\)/les'ualized on a digital camera. The membranes were blocked overnight at 4°G

longing to the n_uplear ste_roid hormone receptor superfamily (3). ThySrpst [20 v Tris-HCI (pH 8.0), 137 mi NaCl, and 0.1% Tween 20] and §
the AR has a critical role in the development of prostate cancer. An@@ gry milk. The membranes were washed three times for 10 min each wittg
strategy in the fight against cancer is chemoprevention, which is thesT. primary antibody for AR and p21 (PharMingen, San Diego, CA) at a3
prevention or reduction of cancer risk by ingestion of natural @r2000 dilution was incubated at room temperature for 1 h. The membrane&
synthetic chemicals with low toxicity that are able to suppress, delayere washed three times for 10 min each with TBST. Antimouse horseradisty
or reverse carcinogenesis (4). Recently, the phytoalexin resverafiefoxidase secondary antibody (Amersham, Piscataway, NJ) used at @
has been shown to inhibit cancer initiation, promotion, and progrek10,000 dilution was also incubated fb h atroom temperature. The mem- &
sion (5). This is partly attributable to its antioxidant activities and it8ranes were washed again, and Renaissance chemiluminescence (DuPgnt
«Q
@

oue,

1/

inhibition of Cox 1 and 2 (5, 6). Resveratrol is found in a multitude oNEN, Boston, MA) was used according to the manufacturer’s instructions.
. . . ! . JTransient Transfections. LNCaP cells were plated in 60-mm dishes until
dietary plants including grapes and peanuts (5). The high levelst éy reached a confluency of 50-70%. Cells were transiently transfected a8

r,esveratrOI n grap.e skin are synthesized in responsg to fungal 'nfsgécribed previously with the appropriate constructs (7). After 24 h, the ceII§
tions. Resveratrol is also able to forestall these infections. Grape jujgge treated with 50, 100, or 150m resveratrol with or without Mib. &
is a good source of resveratrol as well as wine, which has sofgole-cell extracts were prepared, and a luciferase assay was performe%
particularly high concentrations (1.5 to 3.0 mg/l; Ref. 5). We wantegtcording to the manufacturer's instructions (Promega) for the PSA promoterg
to explore whether resveratrol has the ability to inhibit the developuciferase or AR promoter/luciferase transfection. The hK2 ARE/minimal
ment of prostate cancer and to elucidate its mechanism for prostéanidine kinase promoter/CAT transfection used the CAT ELISA from
cancer prevention. We found that the growth of androgen-responsReehringer Mannheim as per the instructions. Cl@\gal expression vector
prostate cancer cells can be inhibited by resveratrol, attributable2gfl Parental vectors (pGL3 and pBLCAT2) as controls were also included in

least in part to a decrease in the expression and function of the Alpe above transfection-gal activity was assayed for normalization purposes
(7). Each transfection was done three times, and SDs were calculated.
] Northern Blots. LNCaP cells were treated with varying amounts of res-
Received 7/21/99; accepted 10/18/99. ) veratrol, 1 m Mib as indicated, and RNA was collected by the guanidine
The costs of publication of this article were defrayed in part by the payment of paPSe .
charges. This article must therefore be hereby magdxbrtisemenin accordance with [sothiocyanate met.hod (8). An RNA gel was run and transferred onto a nylon
18 U.S.C. Section 1734 solely to indicate this fact. membrane according to the GeneScreen protocol by New England Nuclear.

* This study is supported in part by NIH Grant CA70892 and United States Amifteen g of total RNA were loaded in each lane. cDNAs for ARA70 and
Medical Research and Material Command Grant DMAD 17-98-107-523. lyceraldehyde-3-phosphate dehydrogenase were used as probes labeled with

To whom requests for reprints should be addressed, at Department of Urology L. . .
Biochemistry/Molecular Biology, Mayo Clinic/Foundation, Guggenheim Building  PIdCTP by random. priming. The hybrldl.zal.tlor! was per.formed ac_cordlng to
1742B, 200 First Street SW, Rochester, MN 55905. Phone: (507) 284-9247; F&Xlontech protocols with ExpressHyb hybridization solution. The films were
(5037)Tr€84-§384" ‘ ) AR and M. mibol . autoradiographed at 70°C.
e abbreviations used are: , androgen receptor; Mib, mibolerone; , human e .

glandular kallikrein-2; PSA, prostate-specific antigen; MTT, 3-(4,5-dimethylthiazol-2-yl)- Hoechst 33258 St_alnlng for ApoptosisLNCaP cells W(_ere se_eded at
2,5-diphenyltetrazolium bromide; ARE, androgen response element; CAT, chloramph@nX 10° cells/10-cm dish for 48 h. Cells were then treated withviMib and
icol acetyltransferasgs-gal, B-galactosidase. 0, 50, 100 or 20Qum of resveratrol for 24 and 32 h. Then the plates were
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treated with Hoechst 33258 (1&/ml in PBS) for 5 min at 37°C. Cells were 1401 WO uM
washed carefully in PBS twice and visualized by fluorescence microscopy W E50 pM
using an Axioplan Il microscope (Zeiss, Inc.). An appropriate excitation filter 1204 @100 uM
was used (365 nm excitation; 420 nm emission). The number of apoptotic cells 1004 150 uM
per 500 total cells were counted and expressed as a percentage of the total. A
cell was counted as being apoptotic if nuclear fragmentation and chromatin 80+
condensation was observed (9). S 60 -
Results and Discussion @ 40 4

The LNCaP cell line is a well-established, androgen-responsive 2 20
prostate cancer cell line obtained from a lymph node metastasis of a % 0 .
prostate cancer patient (10). LNCaP cells express an AR and a number < pGL3 Basic PSA Promoter
of androgen-inducible genes.¢., PSAandhK?2), and their growth is g
stimulated by androgens. We first examined the effects of resveratrol a 607
on androgen-stimulated growth and gene expression in LNCaP cells. ‘&

. Q 50 - —

It was observed that resveratrol-treated cells showed a decrease in the 2
cell number, indicating decreased cell growth with a statistically S 40
significant P< 0.05 (Fig. 1). Spent medium was collected for assays = o
of total PSA and hK2 proteins. The normalized data in Flyshows 301 2
the dramatic decrease in both PSA and hK2 in the presence of 20 - g
androgens and resveratrol. 3

Given the large decrease in two androgen-inducible proteins, we 10 4 g
transfected a construct containing a 6-kb PSA promoter fragment in ;é
front of a luciferase reporter gene into LNCaP cells with or without 0 - ' 8
Mib to test whether resveratrol can directly affect androgen-mediated CAT2 ARE 2
transcriptional activity of th&SAgene. Mib is a synthetic androgen Fig. 2. Transcriptional regulation ¢¥SAandhK2 genes by resveratraTop panela é
that is not metabolized in cell culture. Thpper panebf Fig. 2 shows transient transfection in LNCaP cells using a 6-kb PSA promoter with or without Mib. &

. . . Lower panel,a transient transfection in LNCaP cells with a plasmid containing three g
the fold of andrOgemC induction of empty control vector, pGL3 baSIgopies of an ARE with or without Mib. Results were normalized v@thal activities. The

result is given as the activity with androgen divided by the activity without androgen and§

=20}

presents as the fold androgenic induction for each concentration of resveratrol used. Eagh
a 7 1 transfection was performed three timésys, SD. %
1.6 1 ;:
£ qod versugthe 6-kb PSA promoter. As is usually seen in Mib-treated cellsé
g the PSA promoter gives a strong androgenic induction of the Iuciferg
< 081 ase activity. However, resveratrol treatment abolishes the androgentg
0.4 I . l induction of the PSA promoterP( > 0.05). To further examine g
whether the AR binding site, referred to as an ARE, is the actual targeg
0 - T T T in androgen-inducible genes, thawver panelshows a transfection §
b with a construct that contains three copies of an ARE inserted in fron{S
g 7507 of a minimal thymidine kinase promoter with@AT reporter gene. %
2 500+ LNCaP cells were treated with or without Mib, and fold androgen
j\i induction is depicted compared with the empty control vector CAT2.&
E 4507 Once again, treatment with resveratrol is sufficient to completelys
g 300 A abolish androgen induction. ‘C;
s 150 1 The abov_e t_rqqsfections suggest that the AR must be involved i@
A resveratrol inhibition of LNCaP cells. Therefore, a Western blot wasy
0 . I e performed to see whether AR protein levels changed with resveratro¥
C treatment (Fig. 8). Fig. 3a shows that AR protein levels are decreased
£ 6000 1 in a dose- and time-dependent manner with resveratrol treatment.
j 4500 1 A recent_stydy showed that resveratrol can affect gene express_ion at
= the transcriptional level (11). The above results demonstrate that is the
%D 3000 1 case for the androgen-regulated genes. To determine whether resvera-
f trol can also affect the AR at the transcriptional level, gene transfer
¥ 1500 1 assays were performed with an AR promoter. Transient transfections
of an AR promoter luciferase construct (Fid))3how a significant
0 A decrease in the transcription activity of the AR promoter by resvera-
0 100 125 150 trol treatments R < 0.05).
uM Resveratrol We have demonstrated that resveratrol can inhibit the expression of

Fig. 1. Growth response and the expression of PSA and hK2 proteins affectedt tye AR and its functions, _InCIUdlng gene induction and cell prolifer
resveratrol in LNCaP cellsa, growth response of LNCaP cells with treatment ofation. To further ascertain that resveratrol has a broad effect on
resveratrol as indicated. After 6 days, an MTT assay was performed in quadmp“C%ﬁdrogen—regulated genes, Northern or Western analysis was per-
bars, SD. Total PSA ) and total hK2 ¢) assays were performed to quantitate specifigr d t heth diff t cl f th d B lated
protein levels in spent medium from These protein levels were then normalized to th ormed to see wnetner difrerent classes o € androgen-regulate
above MTT measurements. genes are affected. Figc3hows that the AR-specific coactivator
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24h 72h intact protein levels may enhance apoptosis (16). The authors of the
a) = o = o above report (15) suggested that the increase in p21 by androgens may
Resveratrol (uM) © % = =& o % = 2B facilitate LNCaP cell proliferation. A Western blot of LNCaP cells
_— treated with 0, 100, or 20Qum resveratrol for p21 protein was
AR P —— performed. Fig. 4 shows that resveratrol indeed decreases p21 in a
Ponceau S > ’ . oW B DY Bt W dose-dependent manner. Our study seems to suggest that the reduction
- of p21 by resveratrol may be at least in part because of the repression
120 of AR. Moreover, the higher the concentrations of resveratrol, the
= 10 more profound effects it has on p21 levels. This may not solely be
g &0 from the repression effect on the AR. Also, it will be interesting to
S e determine whether any other factors can be affected by resveratrol that
“§ 40 subsequently reduce the expression of p21.
& 2 We further examined the growth-inhibitory effect of resveratrol on
0
b) 30 OpGL3 bosic a)
??1, 25 B AR Promoter
==
5 g 8
E X Resveratrol (yM) © = &
E 15
5 p21 -
2 10
20
A g PonccauS —P ot ¢
O d 120
0 100 150 -E 100
uM Resveratrol 5 .
St
o o
o o R o
c) Resveratrol (M) © o & S 0 .
Mibolerone = + + + +
ARATO  —» b)

GAPDH —>

% of Control

Fig. 3. Effects of resveratrol on AR actioa, Western blot of the AR from LNCaP
cells treated with varying amounts of resveratrol at 24- and 72-h treatments. The Ponceau
S-stained protein band was used for normalization. The graph shows the normalized 0 50 100 200
densitometric results as a percentage of control (no resveratrol treatigtrgnsient
transfection in LNCaP cells with the AR promoter region. The cells were treated with the
indicated amounts of resveratrol for 24 h. Luciferase activities were normalizgeday C)
activities and presented as relative light units/milliunitspefjial. The transfection was
repeated three timebars, SD. ¢, Northern blot analysis of the AR coactivator ARA70 in 120

8
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LNCaP cells treated with resveratrol and Mib. Glyceraldehyde-3-phosphate dehydrogen-
ase GAPDH) was used for normalization, as depicted in the graph.

ARA70 mRNA level is decreased with resveratrol treatment. The
graph shows the normalization data as a percentage of the Mib-treated
control. It seems that the maximal reduction of ARA70 mRNA is
achieved at 10w resveratrol. It has been suggested that the decrease
in ARA70 could affect AR-mediated gene expression and cellular
processes (12—-14). Therefore, it is possible that the repression of the
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expression of ARA70 may further enhance the inhibitory effects of rig. 4. Resveratrol action on p24, decrease in p21 protein levels in a Western blot.

resveratrol on androgen action.

The lower band is the Ponceau S for normalization purposes, and the graph shows the

Recently, it has been reported that &T/Cipl, a cyclin-dependent normalized results. Ib, LNCaP cells were treated with varying amounts of resveratrol for

24 and 32 h and then incubated with Hoescht dye. The number of apoptotic bodies were

kinase inhibitor, is also an androgen up-regulated gene (15). p21 Bafted as a percentage of total cells and graphed. A total of 500 cells were caynted.
been reported as a powerful cell proliferation inhibitor or cell deatgiowth response of LNCaP cells treated with resveratrol. After 24 h, the medium was

facilitator (16). On the other hand, in many cases it has been shoyy

removed, and fresh medium was added for another 24 h; then a Cell Titer 96,AQ
radioactive cell proliferation assay was performed. The experiment was performed in

that this protein can protect cells from death (17), and reducing #sadruplicatepars, SD.
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LNCaP cells after 24 h treatment. We found that a L@0treatment 2. Ross, R. K., Bernstein, L., Judd, H., Hanisch, R., Pike, M., and Henderson, B. Serum
of resveratrol caused inhibition of cell growth in the presence of testosterone levels in young black and white men. J. Natl. Cancer T6s¥45—-48,

- . : 1986.
andiogens with I|tt!e detectlon. of apoptosis, Whereasmoesvera' 3. Evans, R. M. The steroid and thyroid hormone receptor superfamily. Science (Wash-
trol induced massive apoptotic cell death (Fifp).4Thus, from the ington DC),240: 889895, 1988.
study we intend to suggest that the reduction of p21 may be related 4oAquilina, J. W., Lipsky, J. J., and Bostwick, D. G. Androgen deprivation as a strategy

. f tat h tion. J. Natl. Cancer B@t.689—696, 1997.
negative growth effects of resveratrol, and that the occurrence gf f;n%m,aag;afceagesmogege”S'i‘(’)cving kv Thort e (:6|: Booshor G W. W

either growth inhibition or apoptosis depends on the degree of the rong, H. H. S., Farnsworth, N. R., Kinghom, A. D., Mehta, R. G., Moon, R. C., and
extent of p21 reduction. Further study of whether and how the Pezzuto, J. M. Cancer chemopreventive activity of resveratrol, a natural product
reduction of p21 by resveratrol indeed can negatively affect thg derived from grapes. Science (Washington DEJ5: 218220, 1997.

i 3 R . Subbaramaiah, K., Chung, W. J., Michaluart, P., Telang, N., Tanabe, T., Inoue, H.,
growth of prostate cancer cells will be needed to clarify our points. jang, M., Pezzuto, J. M., and Dannenberg, A. J. Resveratrol inhibits cyclooxygen-

To study whether the effects of resveratrol are reversible, LNCaP ase-2 transcription and activity in phorbol ester-treated human mammary epithelial
cells were treated with resveratrol for 24 h, and then the treated ¢ells- J. Biol. Chem.273:21875-21882, 1998.

di d df h di dded. Eishd Zhang, S., Hsieh, M. L., Zhu, W., Klee, G. G., Tindall, D. J., Young, C. Y. F.
medium was removed and fresh medium was added. ighdws Interactive effects of triiodothyronine and androgens on prostate cell growth and gene

that with up to the 10Qum concentration of resveratrol, the growth-  expression. Endocrinology40: 1665-1671, 1999.
inhibitory effects on the cells can be reversédz( 0.06). However, 8. Chomczynski, P., and Sacchi, N. Single-step method of RNA isolation by acid

at 150#«"" the cells are still inhibited and similar to effects without guanidinium thiocyanate-phenol-chloroform extraction. Anal. Biochdi®2;: 156—
! 159, 1987.

medium removalR < 0.05). Because these studies were conductegl young, C. Y. F., Murtha, P. E., and Zhang, J. Tumor-promoter phorbol ester-induced
without Mib, it shows that at high concentrations, resveratrol could cell death and gene expression in a human prostate adenocarcinoma cell line. Onctg;
inhibit cell growth. Res. 0 203-210, 1994. _
. 10. Horoszwicz, J. S., Leoung, S. S., Kawinski, E., Karr, J. P., Rosenthal, H., Chu, T. M.,
Androgens are important regulators of the prostate gland. Andro- Mirand, E. A., and Murphy, G. P. LNCaP model of human prostatic carcinoma.
gens are so essential in the carcinogenesis of prostate cancer that itancer Res43: 1809-1818, 1983.

does not develop unless a man produces and uses androgens (18’119‘7.endurth|, U. R., Williams, J. T., and Rao, L. V. M. Resveratrol, a polyphenolic 3

. . . ._compound found in wine, inhibits tissue factor expression in vascular cells a possibles
One Important question not yet addressed is whether resveratrol Ismechanism for the cardiovascular benefits associated with moderate consumption 3

able to accumulate in tissues such as the prostate at concentrations agne. Arterioscler. Thromb. Vasc. Bioll9: 419—426, 1999.
high as 100 and ZOQ,M. No conclusive human studies have beeh2. Gregory, C. W., Hamil, K. G., Kim, D., Hall, S. H., Pretlow, T. G., Mohler, J. L., and
executed. Other chemically related compounds, such as green tegrench, F. S. Androgen receptor expression in androgen-independent prostate cancgr
) . N Is associated with increased expression of androgen-regulated genes. Can&s:Res., &
polyphenols, appear in the blood stream at relatively low concentra- 57155724, 1998
tions after oral administration (20). Theim vitro concentrations to 13. Yeh, S., and Chang, C. Cloning and characterization of a specific coactivator
achieve biological effects are often much higher than those in p|asma_ARA7O, for the androgen receptor in human prostate cells. Proc. Natl. Assoc. Sci
h . L . . USA, 93: 5517-5521, 1996.
However, theiin vivoadministration seems to be able to show Certa'ﬂl. Miyamoto, H., Yeh, S., Wilding, G., and Chang, C. Promotion of agonist activity of
biological effects, as predicated in timevitro system. For example, in antiandrogens by the androgen receptor coactivator, ARA70, in human prostaté
a very recent report (2:]_)7 green tea p0|ypheno|s seem to show acancer DU145 cells. Proc. Natl. ASSOC. Sci. U%; 7379-7384, 1998. . :
repressive effect on androgen action in mice. Further studty wito 15. Lu, S Liu, M., Epner, D'. E'.’ Tsal, S. Y., and Tsai, M. J. Androgen regulation of the
. cyclin dependent kinase inhibitp21 gene through an androgen response element in
effects of resveratrol on the expression of the AR and subsequentie proximal promoter. Mol. EndocrinolL3: 376384, 1999.
androgen action will clarify this question. Nevertheless, in this studg. Levkar, B., Koyama, H., Raines, E. W., Clurman, B. E., Herren, B., Orth, K., Roberts,
we have shown a novel aspect of resveratrol that presents as a potent M- and Ross, R. Cleavage of p21Cipl/Wafl and p27 Kipl mediates apoptosis i
L . . endothelial cells through activation of cdk2: role of caspase cascade. Mol.1Cell,
inhibitor for androgen action in prostate cancer cells. We showed that gg3 543, 1998
the inhibition of androgen action by resveratrol is mediated via the. Gorospe, M., Wang, X., Guyton, K. Z., and Holbrook, N. J. Protective role of p21 g
reduced expression of several important genes SUGRRASARAT0, Wafl/Cipl against prostaglandin A2-mediated apoptosis of human colorectal carci_ﬁ
. noma cells. Mol. Cell. Biol.16: 6654—6660, 1996.
andp2l This study strongly suggests that resveratrol can modulate

. ; - . Imperato-McGinley, J., Guerrero, L., Gautier, T., and Peterson, R. E. Stexeid 5
AR-mediated action in the prostate. It has the potential to become areductase deficiency in man: an inherited form of male pseudohermaphroditism
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chemopreventive and/or chemotherapeutic agent for prostate cancerscience (Washington DC),86: 1213-1215, 1974. &
19. Wilding, G. Endocrine control of prostate cancer. Cancer SR8:.43-62, 1995. S
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