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Abstract

To evaluate resveratrol as a prostate cancer preventive material, we investigated its anti—proliferative and
apoptotic effects in RC-58T/h/SA#4 primary human prostate cancer cells. Resveratrol significantly decreased
the number of viable RC-58T/h/SA#4 cells in a dose- and time-dependent manner. Resveratrol showed cytotox-
icity against RC-58T/h/SA#4, LNCaP, PC-3 human prostate cancer cells with ICsy values of 245, 320 and 340
1M, respectively. However the cytotoxic potential of resveratrol against normal RWPE-1 cells was lower
(IC50=982 uM). Resveratrol induced cell death as evidenced by the increased formation of apoptotic bodies, nuclear
condensation, sub-G1 phase, and DNA fragmentation. Resveratrol activated initiator caspases 8, and 9 as well
as effector caspase 3 in a dose-dependent manner. Furthermore, the general caspase inhibitor z—VAD-fmk sig-
nificantly inhibited resveratrol-induced apoptosis compared to cells without treatment. These results clearly
indicate that resveratrol-induced apoptosis was dependent on caspase activation. Further, resveratrol modulated
the down regulation of Bcl-2 (anti—apoptotic), and Bid. However, the level of Bax (pro-apoptotic) remained
unchanged. These results suggest that resveratrol induced apoptosis in RC-58T/h/SA#4 cells via a mitochon-
drial-mediated caspase-dependent pathway, suggesting therapeutic potential against prostate cancer.
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Tated oAgttha Baslal Qlok(12-14). 23y HEAY
Aol sk A= 54 AlZwE wrghe o] W= i
7128 AP & A= ARSE A ESQ LNCaP, PC-3
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primary 1A YA AIELQD RC-58T/h/SA#4 3 RWPE-
1 A3 A E+= Center for Prostate Disease Reserch(CPDR,
Washington, DC, USA)ZFE &< #to} 10% FBS(fetal
bovine serum)E 7} DMEM (Gibco, NY, USA) Hj A =
H7Vske] 37°C, 5% COy incubatoroll A A thujj kst A A
o)l AFE3FATE Resveratrol(Sigma Chemical Co., St.
Louis, MO, USA)& 743t DMSOZ &3afste] & A7t
A& AT
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5 37°C, 5% CO2 incubator(HERA cell 150, Heraeus,
Hanau, Germany)oll 4] 24417t &<t vl 3 $, resveratrol
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Sigma Chemical Co.) & cell counting ®Heoll 2|3l =A
SFATHI6).
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Resveratrol *]2]ol 2]&}4] apoptosis7F FF=% A 3E2] ¥l
S5 &<8t7] Adte] flow cytometry w45 AAI8HATH
Monolayer® v %3t A|ZFE 0.25% trypsin-EDTA £
o2 A} single cellZ THE ¥ HF HE7} 1x10°
cells/mL7} E| =& 3]43}a] 6 well platedl] F3F 3 244
ZF w938k & resveratrol< 50, 100, 300 % 500 pM FE==2
A 2lste] 2417 W3 A A Y. YHEE PBS(phosphate buf-
fered saline)2 23] A& 3 & 70% ol &t2-& H7}3ta 4°C
oA a7 St WA SIATE 1A E GAEZE PBSE Al H 3t
3 RNase(0.1 mg/mL)E 7}t 37°C 304 ¥H&A120 $
1 mg/mL<] Pl(propidium iodide) €% 2 30&3F &3
% Flow cytometer(EPICS XL, Backman Coulter,
California, USA)E o] &3t EA3H0H(16).
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Resveratroldll 2]3F DNA £Zo] dojup=A] Lol 7] 9
3] Wan 5(18)9] Wl wtg} RC-58T/h/SA#4 AL E
10 mm dishell 5x10° cells/10 mLZ ¥33}3L resveratrol<
300, 500 yM =2 A3 & 24|17 v Fst AT wkg-o]
TEY disholl A 353 AEE PBSE 33] A3 ¥ 459
S A AT M E lysis buffer(NET buffer, Proteinase K,
20% SDS)E #7Fate] 50°Col A 4A17F St WhEAIZl &
phenol bufferE ©]&3l DNAE FZ3F9 T 2% agarose
gelol X} A719% 3t DNA ladderZ <1353 th.
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Caspase®] &A1& Colorimetric assay kit(BioVison, CA,
USA, A% AR Az gl et S48kt =,
monolayer2 B3t AHA M EFZE 0.25% trypsin-
EDTA €402 A ste] &d AEZ vhe & wjgdoz
HAF %7} 1x10" cells/mL7F H =2 3] 218}o] 10 mm dish
9 seeding3t The 37°C, 5% CO. incubatorol| A 2447t vl <
StATh 24417 & 7 dishe] Bl A S A AT & st 5
=2 F8]3 Ag7F 8" A wjgtH g dishel H71ska
24N B WeAIZ T BEEo] SR disholl A 37 A2
£ PBSE 33] Al ¥ 453 AAZ AlZl 50 uL lysis
buffer® H7}ste] &3l3ta, 2+2+9] caspase 7123} 7
37°CoN A 2413 ¥4 S 2 incubationdlti . ¥ 7 &
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Resveratrolo] 93 A IAEZ(RC-58T/h/SA#4)2]
AP o] caspasedl] o3 oJEste] Aoy A& &8ty
181 RC-S8T/h/SAMeE] HF 557} 1x10° cells/mL7} &
T2 A5l 24 wello]l H71sE 3 241 7F v kst R o).
Resveratrol & *2]3}7] A9l caspase-family inhibitor(z-

VAD-fmk)E A 2]s}a 2417t F-of resveratrolE s E=EZ
7}k 24A)17F WHS & trypan blue S-S Edlo] =435}
A 9(19).
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Monolayer® w3t AEE 0.25% trypsin-EDTAE

©° 7 A3} single celli TE E ujgdo g HEFE T
7F 1x107 cells/mL7}F B =2 3]435}e] 10 mm dishell 27}
3k o}8 37°C, 5% COs incubatoroll Al 2441 7F vl &3} 53 o
24N ZE 2 7} dishe] WG Y-S AAST F bt FER FH|
s AlE7F 238 Al sl FdS disholl H7Fehar 48A17F Hf
WHEAI AT ¥hgo] Z 5 ¥ disholl A 353 A2 &5 PBSZ
33) A& & 500 L lysis buffer(50 mM Tris, 150 mM NaCl,
1 mM EDTA, 50 mM NaF, 30 mM NasP:0;, 1 mM PMSF,
2 pg/mL aprotinin)& F7Fste] dEoA &3lstAnh A=
23 0“5’4- 2xsample bufferE S0 2 210] 65°Col| 4] 587t
#9 & 12% sodium dodesyl sulfate—polyacrylamide gel
electrophoresis(SDS-PAGE)Z A3ttt A7]gFo] &
% gel®] @ A& nitrocellulose membrane® 2 transferdt
% blocking buffer(2.5%, 5% BSA)Z F&ol A 143t ¥k
A1Z1 & primary antibody(anti-Bax, anti-Bcl-2, anti-Bid)
£ 3 Aete] £°CoAlA aFF T w3 AT T-TBSE 14]
7+ o] Al é}al secondary anti-rabbit IgG conjugated
HRPE 3]|43to] 4°Coll A 1213t Wh-EAI A Y. W8 T8 F
membranes T-TBSZ 1A]7F o4 A& 3}al enhanced
chemiluminescence kit(ECL kit) & A}g&-3te] HE o] &4
A S dS s th8).
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FHo g =A3}7] 98] LNCaP, PC-3 ¥ RC-58T/h/

Table 1. IC5p values of resveratrol for 24 hr on prostate can—
cer cells

Cells ICs0 (uM)
RC-58T/h/SA#4 245+0.23
LNCaP 320£0.45
PC-3 3404+1.20
RWPE-1 98240.98

Data values were expressed as mean+SD (n=3).
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340 pMeo] e E3] RC-58T/h/SA#4 FAHEANA ICx &
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Resveratrol2] I1C52] &4do] 7 =& RC-58T/h/SA#4
Al o] F2lof PXe S XA $38tke] 50, 100, 300
= 500 uM FEE H7Fse] 24, 48 H 72413 FoF ukg-
5 SHE FAE 4% A3%= Fig. 13 2t = resvera-
trol A2 FE7t F7METE T EXOE FoHQI Al
S2o] 74319t Resveratrololl &) 3F M| 521 7HA
resveratrol 100 pM =2 X2 & A4A|IZHEEH YEls
™ A|7ro] ZAaglel] whet A F2 FAhe US A ‘/}
B}t thH(Fig. 1A). B3 trypan blue G < & é ﬁa-"}‘ ] A=
Fig. 1A Ao} o] & 2 A7k JEF o2 gk
TE pastgon, A% AL 57}3}% 7)4\ §]-o]tﬂ—
+ AATHFig. 1B). Resveratrolg 100, 300 tM 552 X7
3te] 24417 & 94 dAv|F o2 #Ee A7 HAE ]
S 40l astgl o, culture plateZ -8 2] 5 of v gl

et AlZe 9 RS ¢ A7 o AMEEE
= g A AH(Fig. 10).
Aziz 5(20)2 resveratrolS LNCaP HAHA AEZe}
HPEC A4 FgAEe 1,25 25 2 50 M SEZ 244]
7+ A3k trypan blue exclusion @ MTT Wi o & AXE
A% A EHE v G A7} LNCaP AHA dAlE=
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o AL AdAH o g AA s adE FYAT vtk
resveratrol- > HA| R Mejx o7 283l AP gt
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Fig. 1. Effect of resveratrol on the viability of RC-58T/h/
SA#4 human prostate cancer cells. (A) Cells were treated with
resveratrol (0~500 pM) for 24, 48 and 72 hr after which cell
growth was measured by SRB assay. Data values were expressed
as mean=®SD (n=3). Significant differences were compared with
the control at ‘p<0.05 using the Student's f~test. (B) Cells were
treated with resveratrol (0~500 uM) for 24, 48 and 72 hr after
which the viability of cells was determined by trypan blue ex-
clusion assay. Data values were expressed as mean=+SD (n=3).
Significant differences were compared with the control at “p<0.05
using the Student’s #-test. (C) After 24 hr incubation with 100
or 300 uM resveratrol, cell morphology was visualized by inverted
microscopy. Magnification, x 200.
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A g Al sub-Gl HelFo] v& JEHOF FrIsgon,
100 uM F= o4 20% o4 1 ko] Z7}+819th(Fig. 2B).
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Fig. 2. Effect of resveratrol on apoptosis in RC-58T/h/SA#4
human prostate cancer cells for 24 hr. (A) Apoptotic body for—
mation was observed under a fluorescent microscope after
Hoechst 332580 staining (magnification x 400). (B) Sub-G1 con-
tent was detected by flow cytometry after propidium iodide
staining. Significant differences were compared with the control
at "p<0.05 using the Student’s #test. (C) DNA fragmentation
was observed by 2% agarose gel electrophoresis. M refers to the
100 bp DNA marker.
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Fig. 3. Caspase activity in RC58T/h/SA#4 cells treated with
resveratrol. (A) caspase-3 activity, (B) caspase-8 activity, (C)
caspase—9 activity. Data values were expressed as mean=+SD
(n=3). Significant differences were compared with the control at
“p<0.05 by Student’s ¢-test.
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Fig. 4. Effect of caspase inhibitor (Z-VAD-fmk) on cell
death induced by resveratrol. RC58T/h/SA#4 cells were pre-
incubated with 10 yM Z-VAD-fmk for 2 hr and then treated with
various concentrations of resveratrol. Data values were expressed
as mean+SD (n=3). Significant differences were compared with
the control at p<0.05 by Student’s ¢-test.
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Fig. 5. Effect of resveratrol on the levels of Bcl-2 family
proteins in RC58T/h/SA#4 cells. RC58T/h/SA#4 cells were in-
cubated with 100, 300 uM resveratrol for 24 hr after which cells
were harvested and lysed. Protein lysates were subjected to 12%
SDS-PAGE and then immunoblotted with corresponding anti-
bodies.
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