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Resveratrol Induces the Apoptosis of Osteosarcoma Saos-2 Cells
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ABSTRACT : Resveratrol, a phytoalexin found in grapes, berries, and peanuts, is one of the most promis-
ing agents for cancer prevention. Recent studies show that the antiturmor activity of resveratrol occurs
through p53-mediated apoptosis. This study demonstrated the mechanism that resveratrol induced apop-
tosis in human osteosarcoma Saos-2 cells lacking p53. Treatment of osteosarcoma Saos-2 cells with res-
veratrol resulted in decrease of cell viability, which was revealed as apoptosis characterized by activation
of caspase-3 protease as well as cleavage of poly(ADP-ribose) polymerase (PARP) with change of mitochon-
drial membrane potential transition. These results suggest that resveratrol may be potentially useful to
treat osteosarcoma via activation of caspase protease and mitochondrial dysfunction.
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PER R EEESER PSR REE R
(Wyllie -, 1980; Searle 5-, 1982; Cohen, 1993; Schulze-

(Jang 5, 1997, Mgbonyebi 5, 1998; Jang¥} Pezzuto,
1999). ©] f’éli ae] &1, 2 Al s e Als
AZe] 4], 12|31 DNAS] AP &4 52
T B =] glvh(Sgambato &, 2001). =3+ HAM2LESS
AR ZAAAIA AR b el 2Re] FHE
iR 1 ofe] Sl g A7t SAH LR i
A ol Ff R Gl HA AoFARdeo|vt. T3t F ol =
A EtEZ0] 31514 Qlell}E = M| I3 H(apoptosis)
=710l 2J3to] B I1=|¢]o}H(Fontecave 5, 1998; Ragione
5, 1998). Thekst P T4 H BB S Al E3IAL
£ fresiolen, MEIAL F57]Aell p53e] Hesla
UTHL A glek(She &, 2001).

M EIRRE AR Ao 2lsle] 2 e

EET I

*To whom correspondence should be addressed

259

Osthoff 5, 1998).

p53< WA S A= HEA Q) FHAEA DNA
A}, kel A, AR A T AlEY 7leE
Foll o)sle} A3 h(Levine, 1997). p53-> Thokst &
HAt y-irradiation 5ol 28 FEHE HEIAL A
of B2 S rlAE Aoz duA glrHLowe F,
1993), p53ell g MEIA} F=7]H e it At
2h471- o] weAR] kokeh. wa ps3e duk ohM| ¥}
At MEoAA FF B E oA FA| Bl o
3 A3 7zt s7]= de}(Mahyar-Roemer 5, 2001).
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Carter, 1972).

F5% Saos-2 M Eoll= A4 AlZ] HE F7] F13)
Z03F o3& 3} ritinoblastoma protein®] non-func-
tional form®2 A} ¥ sz glal, sl p53e]
Aojd MEEA AEF7)9 A2} ps3el] HAdt AYH =
92 Jde] AM-EHT ¢lv}(Lauricella 5, 2001).

B A7l M Saos-2 Al Eel HAMElEES 23§
A E REE, caspase FA3} B n|EZ=zole] 71558
ZALele] HlametEES) o3 f=¥ M EIAL fer)A
£ 9s]31, vlEe] p53S P AlFl Saos-2 Ml EeA #
2u|2E ] 93t HESA} 7S AT

L X2 % Uy
1. MZZ Hfef

F8F A EFQ] Saos-2 M FEE = M EFZ3Y (KNCC,
Al A ok, A wokslEA] Az 9 Bt
AESA AHE s

Saos-2 M EX 10% $ejold o] E3= Dulbecco’s mo-
dified Eagle’s medium(DMEM) A E s} 22 5% CO,,
95% 7] Z2729] 37°C AE wjeFz)elA] wokslodct. 484
7t Z¥A2E trypsi/EDTAS AME-3le] Alt) wieks}s]on,
doFl-& WA|E F log phasedl| &= AEE AM-SIIT

2. AlefF 9 717]

A&ol] ARE3L #]2w|2kEE(trans-3,4',5-trihydroxystilbene;
TXE > 99%), 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenylte -
trazolium bromide(MTT), sodium dodesyl sulfate, dimethyl
sulfoxide(DMSO) 52 Sigma Chemical*HSt. Louis. MO,
USAPIAl #33315ct. DMEM, $ejo}addy, 344 =2
trypsin 52 MEujckol] HQ3 AF-S GIBCO BRLA
(Grand Island, NY, USA)2HE 3]s}l on], vjokgr|
(24 well plate2} 10 cm dishy= Falcon*l(Becton Dickinson,
San Jose, CA, USAYIA FYsle] AMEsiet. IC-12
Molecular probes*t2FE] 75}, Caspase-3 protease
71219] Ac-Asp-Glu-Val-Asp-7-amido-4-methyl coumarin (Ac-
DEVD-AMC))= CalbiochemA}(San Diego CA, USA)ZH-
Bl 74151812, p53, Fas, PARP 2 Bcl, So1 93} g4l
Santa CruzAH(Santa Cruz, CA, USA)EFE] -J3}oich

02

3. Mz M=EE =

H|E AZEE2 MIT assay(Kim 5, 1997)5 ARS-5lic).
Saos-2 MEZS 24 well AE sjofshel 1X10° cellsym/4

EF3led 1647 CO, wiek7lollA] F AR &, A g
A3 2+ 249 HawESS Helg & MTT 100
wWmis A7kt 3A17F HEEAIFTE Aol Al Ee) ¢
& MTTEXE A" B B84 formazans DMSO
2 438)8ted 540 nm oA 33354 (Thermomax,
USA)E F34=% Z4s1a}. 243 formazan A4 A
Ex A A&7 3 v|atste] wE-g2 BA 8

4. CaspaseM| cysteine protease BT HF

Sa0s-2 M| EZ- 4°CellA] 20% lysis buffer(1% Triton X-
100, 0.32 M sucrose, 5 mM ethylene diamine tetraacetic
acid, 1 mM phenylmethylmethylsulfonyl fluoride, 1 pg/m/
aptotinin, 1 ug/m/ leupeptin, 2 mM dithiothreitol, 10 mM
Tris/HCl, pH 8.0)Z £33} ¥ 14,000 ppmo3. 154 44
F2E sdet. ol 2eiRl AF9-2 bicinchroninic acid
(BCA) 243} 307 Wh3-A1A EFB=AE o] &3le 540
nmel| Al Aeksl o), Ml E s AL caspase assay buffer
(100 mM HEPES, 10% sucrose, 0.1% chaps, 1 mM PMSF,
1 ng/m! aprotinin, 1 pg/m/ leupeptin, 2 mM DTT, pH 7.5)
2 31X @7 |AF 37°CellA 30 ¥REAIZ] F fluoro-
meter® caspase TAAEZE A3}, Caspase-3 o &3
AMC-DEVD®] AwksHEL excitation wave length(380
nm)/emission wavelength(460 nm)el|A ZA]3}ic}.

5, O|EECc2|of 2Ne =X

u|EZ=gole] =AY W3S #EEIIA; JC-1(2 uM)
2 AEE At AawEtEES AElg X W)
oFl-S- A #& % ¥ phosphate bufferd saline(PBS, pH
792 AlABI L, JIC- 13 HE wF7]elM 208 W3
AlZ] o, PBSE. 33| A3t F A 3% 3Hu|H 2] 10
X40 wi&=2 ARlE el

6. Transfection

Saos-2 M Ee] GENE PULSER(Bio-Rad)yZ o|-&3}e]
p53 FAAE §313L 3= pcDNA-pS3 plasmidE- trans-
fectiond}g =}, Transfection® | ES5-2 29 (48 hr) 5t ¢t
A3}A1Z1 F, resveratrole B3t A¥S Pt
trasnfection®] 8- B-galactosidase expression plasmid

s YL WA Salsic

7. Western blotting

vkl Saos-2 Ml Ee) | AWELEESS AMElgt F ME



£ ¥#3 o2 lysis buffer(1% Triton X-100, 10 mM
Tris, pH 7.6, S0 mM NaCl, 5mM EDTA, 0.1% bovine
serum albumin, 1% aptotinin}Z &3} sl 4TelA 30%
a5k o2, 12,000 rpm, 4°C, 158 202 YA
sle] Q& AN BCAGA] 30 WHeAA s
Aepsiedet. Aakst A E5-F9-2 2Xsample buffers} &
sy 100°CellA] 3% 7dste] whials HAXT F,
12.5% sodium dodesyl suifate-poly acrylamide gel elec-
trophoresis(SDS-PAGEYE Alj3}sich. A7]°35<] ¥
gel®] P22 nitrocellulose membrane>Z 4°C, 30 V2
16X]7} transferdk ¥ blocking buffer(10% skim milk)2}
ARe-ol| A} 147} ¥H--A1F T}, Anti-poly(ADP-ribose) poly-
merase(PARP) & anti-p53 341 0.05%°] Tween-200]
5%l Tris-buffered sample saline(TBS-T)ell 1 :1,0002
=2 3]A8}ed nitrocellulose membranc®} AR-2-oflAf 2A]7F
Bh3-3} o} o]x}8kAl| 2l anti-rabbit IgG conhugated horse-
radish peroxidase(TBS-TZ 1 :3,00022. 3]A)e} Akl
A] 1A]7F B8 % enhanced chemiluminescence(ECL) kit
(Amersham, England)E- o]-8-3}ey s1A4F3lgict.

8. SAIxz2|

BAE A= 33 o]Ake) E]iAql AgAREA FA
28] Student’s t-testol] Falod 2|3}, p-value7t
=) 0.001 ©J3te] A9E Folgt AR FA s

L. & o}
1. YIAHZIESO] M= MZES0 ojXi= &3

Saos-2 A Eel| 50, 75 L 100 pM E=2) AW ES
L 4827 2BE F AE PEE(%E MTT W=
33t

B2t EES S} XAzt Hl#lste] Saos-2 Al
o] AEEE AT AFEe 50 75 uM #H2w)

EE2 AT 36X7F Fof| el ulasted oF 30%
ol Aag AE AEESE el =8 100 uM Bl
HBEE HElF 2477 30 30%, LBl 367)7) o
Foll A 50% oAt MEAEE AT VERATH(Fig. 1).

2. H|AH|2ZIEEO| caspase 4310 OjX|= HE

HAviEtEEFo] Saos-2 M E2] caspase family cysteine
protease-3, 8 & 9 protease®] EAA FAol X ofF
S odobrr] $18}ed Saos-2 A|Eel HAWIHEEZE 100
uM 2j2lgt ¥, A7 3ol w2 caspase S AR
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Fig. 1. Resveratrol decreased the viability of Saos-2 cells. Cells were
treated with various concentrations of resveratrol for 48 hrs. Then,
viability was determined by MTT assay. Results represent the
mean+standard deviation (SD) of quadruplicates. * p<0.001 by
compating to proportions.
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Fig. 2. Resveratrol induced the catalytic activation of caspase-3
protease. Cells were treated with 100 pM resveratrol for the different
time periods. Lysate was used to measure the activity of caspase family
proteases including caspase-3, caspase-8 and caspase-9 proteases by
using fluorogenic tetra peptides as substrates. Results represent the
mean (%)+SD of quardruplicates. * p<0.001 by compating to
proportions.

t}. Caspase-3 protease?] -2 #H2m2fEE X|2] 364
2b Fol) Z7¥sp7] AlAfsled 48A17kelle W 2tel] ularsled]
oF o] I FV1E EPH 2t caspase-8 2 caspase-9
protease TAl] F-of3t Wzh= AT & A (Fig. 2).
TEEL caspase-3 protease?] A EM A o FE Fls}y|
£} caspase-3 protease 7]°4¢] 3lel PARPY] #H &
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Fig. 3. Treatment with resveratrol resulted in cleavage of PARP of
Saos-2 cells. Cells were treated with 100 uM of resveratrol for the
indicated time periods. Lysate was separated on 12.5% SDS-PAGE and
proved for using anti-PARP antibody. The immunoreactive band was
visualized by ECL kit.

ZAksldeh. Saos-2 MES] PARPE: #AMIZIEE Ag)
48%)7F F 116 kDa®] 2H113k 3efe] =hfde] 86 kDaZ
FA=AcHFe. 3).

Fig. 4. Resveratrol induced the changes of the mitochondrial
membrane potential transition. Cells were treated with (B) or without
100 pM resveratrol (A), for 24 hr. Then, cells were stained with JC-1
for 30 min and visualised under inverted fluorescent microscope
(10x40).

4, A HI2lE20| O E2C=2|otel otXe| WAl O
A= Ygk

g2 BtEZ] o8 =% Saos2 AES) AEE 7}
29} m|EZ=g]ofe] HRH sk} ARAS 2Alsl| ¢
gle] JC-192 MEE QNT F FP3nHos nER
Zxfole} A9} wEE Sl

By AES] AY vEZ=Rol= HEA F2 27
¥ (punctuated form)22 H-EF o] glom JC-12] 3Fo)
22 =3 QA THFig. 4A), 100 uM 2 H|THEEL
A28k 244]2F - A A X9 v|EZ =g olr} s A)
FA-o| FUd3HA w5k (diffuse form)S 2 HEs}m HA
o 3oz AstshglcFig 4B). o149 A3k 2w
SREEof| o3 v|EZTe]oke] uhdg) Wzl U=l
< uslsi.

5. p5S32 transfectionA|Z! Saoes-2 MIZO|A] B|AH|2}
EE0| o8t MEZMEES| Za

p53 null typed] Saos-2 Al Eell p53 F-HA= transfection
AR F HaeEtEERS Ot BE2 AEsle] MTT
assay®- M X S-S EA3 ). Saos-2 A FE) ps3 F
Z22] transfectiond 48417t 73} ¥ Western blotting -
2 Elsle] ps53 whiAle) Wy ZU1E #helsledoh(Fig.
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Fig. 5. Transfection of Saos-2 cells with p53 (wt) enhanced the
cytotoxicity of resveratrol. Expression of p53 in Saos-2 transfectant as
measured by Western blotting with specific antibodies for wild type
p33 (A). Cells were treated with various concentrations of resveratrol
for the indicated periods (B). Viability was measured by MTT assay.
Results represent as the means +SD of quadruplicates. * p <0.001 by
compating to proportions.



5A). =3} ) 2F Saos-2 MZ$} p53 transfected Saos-2
AE HawES] A YEES v|asH. ps3
transfected Saos-2 Al E= HAWHEE A FXol 34
glo] NZEF Saos-2 HEFel Hlmsled o8t &89
45 Jelck(Fig. 5B). o4 A= p53 Ak
Wo] gavetEEe] o3 NEEAE FTHIAE &R

a3t

6. p532 transfectionA|Z! Saos-2 M ZZO|A 2| A2}
E&O| caspase M0 O|X= &

p53% transfection 27! Saos-2 M| EQ] #HAHW|ZEEZ]
that M EEA Z712} caspase family cystein protease 2]
A te) AFAS FARSIATE 2T Saos-2 Ml X2} p53
transfected Saos-2 M| EFIA #FAW2EE 100 uMS- A
218t F ookl A|7F F4} caspase-3 protease®] TS &
Aslode). dlamizle s Ml 1227 AP caspase-3
protease®] -2 T M| EFONM ARSI} 244 7F o] F
HE]:= p53 transfected Saos-2 M| E7-2] caspase-3 protease
o] v A o] AT A el vlasle] FoI7 F7HE
e e (Fig. 6). &3 p53 transfected Saos-2 A E7-2)
PARP®] 242 tEF Saos-2 MFol| v]laLsle] ©fL- wi
£ Alzkel 36417 AdTel A B (Fig. 7). o1
A= ps3ol) 93t dlavlEtESe] MEZAY] S 3
HH O 2 caspase-3 proteased] T3l 7]Ql8lH S-S A
AFslsiTt.
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Fig. 6. Overexpression of p53 augmented the catalytic activity of
caspase-3 protease by resveratrol in Saos-2 cells. Cells transfected with
p53 were treated with 100 uM resveratrol for the different time
periods. Lysate was used to measure the catalytic activity of caspase-3
protease using fluorogenic peptide Ac-DEVD-AMC as a substrate.
Results represent as the mean(%)+SD of quadruplicates. * p <0.001
by compating to proportions.
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Fig. 7. PARP cleavage was early detected in p53-transfected Saos-2
cells. Cells were treated with 100 uM of resveratrol for the various
periods. Lysate was separated on 12.5% SDS-PAGE. PARP was
probed with anti-PARP antibody and immunoreactive band was
visualized by ECL kit.

Iv. 1 &

I 5 AAENM 23 damiztEEe] 38HY 4
g Ih= 2T go] R uE T gle). TRoFst S ESoIA
davZEES] PUEAS AT A dHBESS
223t A FollA NEA}L 7171] BAIste} AV QL
(Fontecave 5, 1998; Ragione 5, 1998), 53] AH|Ei}
7130l ps53e] e o= 3] HAAde] diibe]k(She
%, 2001; Mahyar-Roemer %-, 2001).

£ AT ME ps3e] Hed Saos-2 M Eel H2mtE
28 Azl HauetES] &3] =5 caspase &
o) wzle} mEEErole] 7S F MEIAL
A8 e8|} sfode). WA HawlgE Sl 23 Saos-
2 N EE A7 B E MR AEEC] FasiiH. €
2WZEEE 100 uME #]2]3F Saos-2 M|l EolA caspase-3
protease?] o] 48A|17tel Folsle AL WAL,
34 3k%]l caspase-3 proteasel PARP2] cleavageE =
slgie), o] HawlEtEE &gt M ETALA caspase-
3 protease”} A3E = B Aol AX|3H(Pervaiz,
2001). Caspase-3 protease2] BAdol] Fodd= caspase 4
v} §49) caspase-87} caspase-9 protease®] A2 W}
2 W3 BES 5 ok AE7HA R A7AkR
2)a Saos-2 A|ES] M ETA]| caspase-3 protease]
A3t PARPY| cleavage: B il¥|o] ¢] 21} o}E caspase
9] Ao I3 A7 Bz il £ d7oMx
caspase-3 protease®] TS A|9)gt E caspasesd] &
AL AR 335192 PARPE cleavage: 13k
o}, HAuZPEES #2]F Sacs-2 M XM n|EZ==]o}
o] AR M3 [ES & Ui

HawetEgol gk A ES) A EA}L 7)Aol p53e]
ol =] o ¥-F HAs)7] $18F p53 transfected Saos-2
Mxo] N¥E PEE AYL 272 Saocs-2 MEel v
slod oF 20% AHE v ZhAst AANE K2, caspase-
3 protease®] o] Fo o] & Alzlel| F7181%1 L PARP
9] cleavage %3} 36A17H5H F=9S W 4

o|Abe] A¥ATE e AnetEESS] 28 Saos-2 A E:
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caspase B3] WiEpel n|EZ=g|ole] FTA R <l
A FESAL o] FoAE & 4 9Jel, p53S transfection
3 Bl gt A2 =88 s £ glgi

THFE Zo) /P E3 o B EA AF38Fo)
1} A 850l v]3) alkaline phosphatase®] o] &2
U AEE 7Y SR A Z25E 7990 el o
e A el A ot AH e n)Ralyl T
A 2 2ANA 7)dE e A o2 AT ek (Pucci 5,
1999; Orme 5, 2000; Meyers®} Gorlick, 1997; Bruland
<} Pihl, 1997; Davis %5, 1994). o] -2 T I e
= Ad3A] 4T FFREATE AASRE ABHe] AlE
Ha= glovt A F5HF R 40% oA o] X
BRleE X8HA geot F, vE|E Aehfol & B ol
2t Ajute] A= F AB3P] e Ado|r)

wetA] 55 Al EA A F3AL 7)) AR RS
gt A7F F ol Fe] Achd AE Al 23 R o)
Aula}l X5l S8 4 S AR AlEHH.
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