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Inhibitrory Mechanisms of Bufalin and
Cinobufagin on the Growth of Human
Prostate Cancer Cell Lines

Paulus S. Wang
Society of Adaptive Science in Taiwan

ABSTRACT

Prostate cancer reveals the highest incidence in the United States, and
becomes the major concern in Asian countries. Bufadienolides are extracts
of toxic glands from toads, and used as anticancer agents mainly on
leukemia cells. In this study, the antiproliferative and the apoptotic
mechanism of bufalin and cinobufagin on the prostate cancer cells were
investigated. Cell proliferation of LNCaP, DU145 and PC3 cells was
measured by MTT assay, and calculated for the 50% inhibition
concentration (ICsy) and the doubling time (tD). The caspase 3 activity
was examined by colorimetric kit. The expressions of caspases and other
apoptotic-related proteins were determined by Western blot. To further
investigate whether Fas was the major mediator of bufalin- and
cinobufagin-induced cell apoptosis, transfection of siRNA-Fas and
immunofluorescent staining of cell membrane Fas were employed. Bufalin
and cinobufagin caused the changes of tD in three prostate cancer cell
lines, which were more significant than that in human mesangial cells
(HMC). After treatment, the caspase 3 activity and protein expressions of
caspase-3, -8, and -9 were elevated. Other expressions of apoptotic
modulators including mitochondrial Bax and cytosolic cytochrome ¢ were
also increased. However, expression of p53 was only enhanced in LNCaP
cells. Furthermore, the increased expression of Fas was more significant in
DU145 and PC3 cells with mutant p53 than LNCaP cells. Transfection of
siRNA-Fas restored the cell viability in bufadienolides-treated cells.

These results suggested that bufalin and cinobufagin suppressed the
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proliferation and caused cell apoptosis in prostate cancer cells via a
sequence of apoptotic modulators, including Bax, cytochrome c, and
caspases. The upstream mediators might be p53 and Fas in
androgen-dependent LNCaP cells and Fas in androgen-independent
DU145 and PC3 cells.

Keywords: Bufadienolides, Prostate cancer, Apoptosis, Fas
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)5] WH L SHRE cFEFRIFDRIEL > TAREPF oW 31J’J'$3[§’F,nf‘=m’?é
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s E R N R liwie > Fla Frd] o ngp‘mﬂe 4 £ gt PR e
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Hfmre phoen4l g3 kB (Nakagawa, et al., 1999) ; 2. tumor necrosis
factor (TNF)% Fas ligand (FasL)#73£ % cr7caspase fi¥ % i |23 *c (Baker
and Reddy, 1998);3. — & 4 £ F|3 % 'm¥ /9 % #rig = mﬁ:’ﬂj{%ﬁﬂ At
3 3F-v % Fenxsy (Budihardjo, et al., 1999; Sellers and Fisher, 1999) -
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P B T = AR RS - i oK JRAF R
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initiator caspases % effector caspases ° initiator caspasesdp A f ‘w2 %
= :’1’1@ 2P F B¥Rlere k- 4 > drcaspase 8 ~ 9 ; effector caspases

BRMRG AR AEEME R SRR T A EDNAGEE 0 e
caspase 3 ~ 6 ~ 7 (Thornberry and Lazebnik, 1998) o % 3t 4 d ‘w#z * & i]fu
@ K PF > caspases i M € X I dm e o ch— it adaptor A + 3 3y o
Fas-associated death domain (FADD) ¢ £ caspases®) = 4 & 4 m #-2_ /&
it 4p ¥t chinhibitor of apoptosis protein (IAPs)R| ¢ F#r+|caspases:ii#
{4 o ¥ ¢k > caspasesz. 4 € & {7 p A E 1Y 5 Gidecaspase 8 ~ 9~ 10 »
12 ¢ 7% it ™ #5éficaspase 3~ 6~ 7 ©
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Bcl-2 2% - Bel-2 kﬁé‘:ﬁfila\ 3t proapoptotic proteins 4 @ Bel-Xs ~
Bid ~ Bad ~ Bax > 3R 4 P> anti-apoptotic proteins 4- : Bel-2 ~
Bcl-X; ~ Bel-W i*i o § e k= g2 pF o Bax gd e HEAHS T Y IE
» ﬂ‘\’f_ﬂﬁwg b3+ (Goping, et al.,, 1998) » Bax ¢ i :“;jwf’ oh 9gEAs A
homodimer ] * 1. fehmFA73lag 2. o e 7 Il 2 F
ﬁi;i%ﬂ‘i”ﬂﬁﬁjiﬁ'bﬂ ° E‘ffﬂfi’;’jw%’ Sl TR ¢ B ’ﬁ'ﬁ*"”#—
P EFRITL A OEHF IV (voltage-dependent anion channel,
VDAC) » it & ff% cytochrome ¢~ 115 « £ A3 &1 2§ f 4
(Green and Reed, 1998) ; ¥ ¢t » 4 Bcl-2 j& fm s B & » ?ﬁi“’?%ﬁ’ “hagtts o
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(Oltvai, et al., 1993) - Jﬁ » 12 TNF % FasL # 377 erft j& ” X o B
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c g 7T e+ Apaf-l A E M {2 > BIF 8-~ ) H#-caspase 9 iF it >
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BRSSO R P RG] 0 AP E TR Y kAR 2 B
p % B Sigma (Sigma, St. Louis, MO, USA) 2 @ » a5~ %] 5 B0261 v
C1272 chib 4o T o

Z W 5:]9%:}%,@8?1%5 R S IE
= faw 7| Hﬁirl%,%m’?é tk = LNCaP (CCRC60088) » DU145 %2 PC3 >

WHp AT 9 &1 EH E Y T (Food Industry Research and
Development Institute, FIRDI) F#& %3 2 # % ¢ « (Culture Collection
and Research Center, CCRC) - LNCaP ‘w2 $k3% % % RPMI-1640 (Gibco
Laboratories, Buffalo, Grand Island, NY, USA )2 % # ; DU145 2 PC3
Pl ¥ % *% Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco
Laboratories, Buffalo, Grand Island, NY, USA)s £ L~ & A% 7 10 %
a2 i (fetal calf serum, FCS; KBH, Israel) » 100 ug/ml # f#& %
(penicillin, Sigma, St. Louis, MO, USA) 2 100 IU/ml 4& & 2
(streptomycin, Sigma, St. Louis, MO, USA) - 32 % % 8 2 37C » 5% CO,
&95% * F2BEEH - FZIA{H-IBELA FRFEF- TBEB
% o

SRR EL L ELAD SRR S

FI* 7 = 4p = £ B st (Nikon, Chiyoda-Ku, Tokyo, Japan)4z
#3 ®  (adaptor, optima) » £ ™ # = 4p % (Coolpix 995, Nikon,
Chiyoda-Ku, Tokyo, Japan) te & ¥ £ 3= 3 3 ~ L ¥ 5 & 3 2 2 ¥ FlJ2
T TED ) B ARSI A w0k AR o Y
BB 3 4 0% b B o

k- MR E BV LNCaP ~ DUI45 2 PC3 ‘% 7 i 2 %

_”%Ko
A LS L L A L R e R
‘m"?i'lﬁl" B
B 1 x10° R A 60mmEE R o F3t4e » 4ml 7 10% FCS
Z ¥ AR 48 | PELS o F e SN KRR ﬁ)"“/fiv“f?;fi v f e~ 4ml
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1.vehicle (& (T4 pe )

2.bufalin (107~10 M)

3.cinobufagin (107~10" M)

LY A8 12182 24 | PFo A AR T|EMF ) BN
e TR wre A T dp L o

T~ E 7 Bﬁuﬁyﬁmﬂéi‘a’f_ﬁ_& 152 -MTT assay

w4 £ ez § 1V * MTT [3-(4,5-dimethylthiazol-2-yle)
2,5-diphenyltetralozium bromide] (Sigma, St. Louis, MO, USA) % 17/ &
Bl MIT #3237 » R Fwe R R E2 AP 5755
dimethylsulfoxside (DMSO)% R § 4% ¢ 2. formazen ° st &4 4 fiF ™

EARY2 e P f 5 o

F o= R F 2 E4AH Y LNCaP~DU145 2 PC3 fm¥e 3 55 2. 1Csp0
Pooeh B G 2 B ARl B R R ik R 1 5
Rt LA B2 - S (C R R PFHER -

B2 x10 e £ 96 3L & 45 5 E 34 » 200 ul ¥ 10% FCS
2B ER A8 LS e oAt KR 0 /T‘i‘“ 7% 0 & 4 x 200
NIER TR > L

1.vehicle (& T4t P )

2.bufalin (10°~10° M)

3.cinobufagin (10°~10° M)

B 2448722 96 | PF o Ly R PR DR B
&R A s A3l x 50 ul A &R 2 MTT 3% (1 mg/ml)s#4 52
& 4] PERS o B R A 500 xg 2 iR A S A4 MR b iR
KPrFcts o & - %I 4e ~ 50 pl DMSO » #4r393 > UEEE LEA
17 Bl3# & (Microplate Reader » Dynatech Laboratories > Chantilly >
Virginia » USA)3f B~ £ 570 nm 2 ¥k (& 5 B 2@ » ¥ 17 & £ 630 nm
i ki A E BB 0 AR WD § 5 AILE
TR (P F X)) kBT LR 244872 % 96 /)
PFz v KB R A~ F a5 FarBcEl 5 ;g_ffﬁ #ic  (proliferation
index) -3 3 78 dp fclg Bl > PoH B AN A RS AR > BIF 4 B Y
MBS B 2448 ~T2 % 96 | PFid N ICso & B R o AR %R E-E
ALY 3
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dmPe B PR 2 B o

PR > B2 10 mrE R £ 96 3L £ 4 5 F 34~ 200 pl
7z 10% FCS 232 & % - 48 /] PF18 > & lmPe i3t RIR o 4 “fi% &R
A Aer200pl 77 Jl’“%ﬁ#ﬂﬁ’&%%f}’i’ :

1.vehicle (& (T4 PR &)

2.bufalin (107 M)

3.cinobufagin (107 M)

> B & T 244872 % 96 /) FE(S i&i%%i;’?%ﬁ%“,f » & L4
>S50 ul izt &R 2 MTT %% (1 mg/ml)#gr 2 4 ) FFis > B2
B 500 xg 2 HE e S A& MR R ERICE > F - B
&I4ex 50 ul DMSO: #:3=353 » Uiz £ d £ &~ 1703 &k (Microplate
Reader > Dynatech Laboratories > Chantilly » Virginia > USA):# P~ & &
570 nm 2 ¥k & L Pl EE o ¥ Uk £ 630 nm 2 Rk B L Y B oo i
EaF AT we D f 5 0 i%i\‘gf.%ﬁ&“ﬁﬂgi;é: B #2448 ~
72 % 96 /Jfﬁmﬂfﬁiﬁﬁilﬁ» TE AR AR S 0 B ~BiE '%i‘a
R > AT o AR BRMERL S 3%

I N A

el m e B 7w e o Kﬁ:t PR ¥rimre ik P2t > e k= Y
~ BT FL B e k= 2 - R A A2 R E o f mrit
T k= M ARPF 0 € K A Mt i p 2 fis (endogenous
endonucleases)i# i* » %4 ¢ $8 DNA £ {7+ 3] > m & 4 < £ chDNA %
Boo {7k dwmie? 244 1 DNA ¢ 4% 2 5 180-200bp 2. % £ ©
Mg d PpEp 2 fEertr d k2 DNA PB4 5 - polyA 2 H L k&
Boo Il pfEBEE > T ;%‘ TdT p% % (terminal deoxynucleotidyl
transferase) #-¥ % & 7 2. dUTP g},\ b2 HLEE - 2 {67 % ¥k
e R mie k= 35 &% ¥k mie RE " me k- 2R
FLRRARAT DNASTHABERGE L - wio ¥ Rl E 2d 2K
Promega = 7 (Promega Corporation » Madison > WI » USA)pE1F

F e DIEAF 2 FEH LF 5142 LNCaP ~ DUI45 2 PC3 iw% DNA
45 o
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PG A B LR R R A 2 )R
LER VS GCACIC RSN, S &)

#-1.5x10° fm 7z 35 % % 100 mm i3z o ¢ 48 ) FES 0 4o x5 5
VLT e g A R

1.vehicle (& (T4 PR &)

2.bufalin (107~10 M)

3.cinobufagin (107~10" M)

BP R 1224 3 48 | PFiS o T B dmPe 12 5 ml ski4 e PBS ik 2
oo B 1% B AR H T e 20 4480 BF 5 ml k4D
PBS /& 2 & » 4e » 5 ml e 70%2 f% 0 2-20C kit ¥ H 4] &

2 {8 Blmie g TR b ik 0 2 PBS ik 2 S0 NE S Mlw e

I 1S5mlicE g g P o4 2 80 pl 2 T R e (200 mM potassium
cacodylate; 25 mM Tris-HCl; 0.2 mM dithiothreitol DTT; 0.25 mg/ml
bovine serum albumin; 2.5 mM cabalt chloride) 28 F &+ & 5 ~ 45> 3
S TFR g e S0pl 2 TAT F S @3 R &4 o LR ES
oz T ETA R P R & 47 (50 uM fluoresencein-12-dUTP, 100 uM
dATP, 10 mM Tris-HCI, 1 mM EDTA,)»Z 2 1 pl TdT %% (25 U) -
C#EF KO0 ~42 1 > 4r » 75 20mM EDTA 2 PBS ¥ 1t F Z@ ’
EF Yo 300xg, 5 A48 F R iR 4e » 3 0.1% Triton X100, %
S5mg/ml 2 F-d i 2 PBS kS =t > A fd4e > 0.5ml 7 5 5 mg/ml
propidium iodie % 250 mg RNase 2. PBS #-‘m?2 w477 % 3+ 4°C ~ #F
BTRBL 2 T AT 30 4480 * F kRN e R0 A8 nm kL K g F ok
& o o 247 d fluorescein-dUTP #7428 41 2. 520 nm & & 3 b4k 5 &
% propidium iodie #7512 630 nm L £ 5 2 dcbfskag & o dt 2 A
L P FREHER LNCaP e 27 mfe = 220 » A9 shid
I 03X

= ~ Caspase 2. &
Caspases #_cysteine requiring aspartate-specific proteasesz. fj #i- o &
mie AR AR A AR PR AEF R hEd o F 2
WA R 4 B IEpE > e o ciadeath domain € - i B cicaspases S 1 E
v il mre k= e 4, o I AvcaspasesiE F 14 A B E M iR R
(pro-enzyme) 2] ;¢ 3 f > @ G v B A fE2Z G VA R E L o H
caspase—S » caspase-9 % caspase-3 BF i fmfe k- EALY AR AR
2 hd o AFRTLaRlicr R R L FIL BB R L R
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2 BP sl e k= AT T2k G o #-Western Blot LR
7| “’?’@?3‘? e i d B B IR 215 0 m ¥ P caspases Z. pro-enzyme ! %
cleavage formefi 4 JL 8 14 o ¥ $-E I8 4 2 (4 hiim e B R 4 18
caspase—8 ’ caspase—9 % caspase-3 = fifif A2 & - X FF R TE L -

L F A 3 & 4 4 B p-nitroanaline (p-NA)” > § igd & - [ Ak
caspases 4" )'ﬁ%i» B dip-NAtS » % k£ 405 nmz Jo;g 2f Berro sk
@k iE g + o Trilcaspasess @ Bl 2 p-NA4E 3 » % £ caspases
TRy B

kT :ifgi,é% b4 i}%,‘-a‘%é %> LNCaP~DU145 %2 PC3 ‘m*2 ¥ caspase-3,
8, -9 F 2R
p #%‘;ﬂfsi,é ZOEWER T A G R 2 LRI LS SR
fmPz ¥ caspase-3,-8,-9 &2 LA o

mh}i

#1.5x10% fmg 32 % >0 100 mm 32 % ¢ 5 48 o PBE{S F im e v
FURADLE KRR ZBARHE ST I UTEF LR

1.vehicle (& (T4 P& )

2.bufalin (107~10 M)

3.cinobufagin (107~10" M)

BAT 8121824 pFis > 3—:5—&%%??2%%% » 41 * saline #-‘w
oz ‘F Hem = 2 18 o JI * caspase kit’ & 35 caspase-3, -8, -9 (R&D System,
Inc., Minneapolis, MN, USA) B & 'm¥?z ¥ caspases /&7 L #¥-lme
B fEZ (s 0 £ 2 14000 xg e 10 A 48 o PI'J:%J ‘)'ﬁ"fﬁ » 41 * Bradford
assay &7 F-v F 7 £ A 47 o B~ 200 pg 2 Fv F o 4o r 50 pl 2
reaction buffer % caspase & — X B (substrate) » & J& 100 4 452 {5 > 14
it % 4 % & 783 &k (Microplate Reader » Dynatech Laboratories °
Chantilly » Virginia » USA)# P~& & 405 nm 2. s% K & 5 | T8 » 3 &
,é} B 0 F T caspasei‘}é'ri,ﬁr”‘s o AP HB-EAF LD 3 o

S ek MY &R

K LERL “ﬁ% 7 F dn?E B e caspases & it 2 ko ﬂ‘f“;“%%’l# R
B hE BB E S G SR LA S § A RIS > do
Bel-2 #3% o Bel-2 R#2%3% 4 3t proapoptotic proteins 4r @ Bel-Xs ~
Bid ~ Bad ~ Bax > ¥ - %4 P| >t anti-apoptotic proteins 4- : Bel-2
Bel-X ~ Bel-W % o § fmoz k= 3 2 p5 > Bax ¢ d w7 FHES T ¥ F
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»ARIRAR PR E o Bax § e ij'\%f’ *b 3735 2 homodimer 1% 1. %t
et AR IVEE 20 R Gy RANE 2 R R R B o
§RORAL G S R § RO § R R e
it i (voltage-dependent anion channel, VDAC) » i& @ §# 3z cytochrome
CrME AL F 23 pd A ¥ g Bel-2 jfilmie T~k
AR CHACES o § 22 Bax A % heterodimer » #7] Bax i R 42
B Avefia) o B —‘F'T » 72 TNF % FasL #3 #ehis f5 5 % - 7% it 7 caspase
8 ¢ #- Bid 4 f22; = tBid (truncated Bid) > tBid d % F & # T %F:‘*_’?Jj{%ﬁ
+E @ a‘i’ﬁi’%ﬁ &% cytochrome ¢ ° § cytochrome c f*xi¢ § 7 254 +
Apaf-1 #L7E i {8 > P 7 i - ) H-caspase 9 i 1 » % it ik caspase 9 €
*7 | H T 5 caspase 30 @ caspase 8 » ¥ B f&7% 1t caspase 3 - Caspase
3R HX %‘rnf?* BT k= o

F % WEAR R EWEH Y LNCaP ~ DUL4S 2 PC3 w2 @ A 3rim
LERL RN SCIE g -

2 %ﬁ%%%iéﬁﬁﬁ%ﬁﬂém@ﬂ£ﬂwﬁr aE T
WA S AR Y AR o

- 1.5x10° w7z 12 %20 100 mm P F o ¢ o 48 /| PR {8 F e v
FNRAXEOBRRZBEREI T I N TEL R ELR

1.vehicle (& T4 BB )

2.bufalin (107~10" M)

3.cinobufagin (107~10" M)

ﬁ%ﬂS\U\B~M+%%’%g%ﬁﬁ%’ﬂﬂmMu@@
e 218 0 4v 2R fE o %e 073 % (RIPA lysis buffer: 50 mM
Tri-HCI [pH 7.4], 1 % NP-40, 0.25 % Na-deoxycholate, 150 mM NaCl, 1
mM EDTA, | mM phenylmethylsulfonyl fluoride, 1 pg/ml aprotinin, 1
ug/ml leupeptin I pg/ml pepstatin, I mM Na-orthovanadate, 1 mM
NaF)» & 4CT f£% 30 448> £ 12 14000 xg -~ 10 4~ 48 > Jc B i
o Bradford assay i& {7 3-v F 7 ® 4 47 o 4g 6 J1* SDS-PAGE
#edoo FikAFES ) BRELSFE L B SDS-PAGE F 2 }9 T
#% 3 PVDF 5 F o L% 5% #p 2+ w38 17 blocking 1 /] FFie > £ 4
B 22 Bax ~ p53 ~ cytochrome ¢ ~ caspase 3 ~ caspase 8 ~ caspase 9 2_ 4~ &
Pl A4 CaRB 27T F BIE &k o £ &% TBST(20 mM Tris-HCI
[pH 7.6], 135 mM NaCl; 0.1 % Tween 20)i & 3 = » % {5 &7 % = $2i¥
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anti-rabbit IgG 2 &_anti-mouse IgG - 4= ¥ J& 2 | pF » £ 2 TBST ji%
3 = 2_{é » 12 enhanced chemiluminescence detection (ECL) % %t i jB] 3~
BORNARE I A TR o AFHHBEAF L 3 o

F o= D EIAR R EEH 40 LNCaP ~ DU145 2 PC3 ‘m¥ 4 6 4 31
Fas (death receptor) s3> %8 o
P AR R 2 BRI R R (2 2L AR U

P % m Fas % 2> -

1LEAEF L —— i\ mie RER

IR e 2 2 x10° 2 e 3 100 F o wre s b 0 B
24 8 A8 LB 0 MR E RIS §F 0T 4 e ki

1.vehicle group
24EH & (10 M)
3.& 84 (10 uM)

B AL 18 4r 24 | Pris Btz > IR G E R ks 1 B
iz ¥~ % FufE (anti-human Fas monoclonal antibody, 1 ug/ml, BD
Transduction Laboratories, Franklin Lakes, NJ, USA)&" negative control
dhimouse IgG 3 % {4 #-lme 224 5 ¥ k- &gkl (FITC-conjugated
rat anti-mouse IgG, 10 ug/ml, eBioscience, San Diego, CA, USA) & 4C *
WRNRBF o MR EBRGAEL £ e ik (BD
FACSCalibur, BD, Franklin Lakes, NJ, USA)EL.2m"% % w F-v 1k IR
25 (Shimada, et al., 2003) -

2. REFRRI —— X EHEEARE
B AU e B e E R E 243V e pR (S
BARESZFUTHF TR R
1.vehicle group
2.etoposide (4x10 uM)
3£ F (10 uM)
4.2 4 (10 pM)
£ AJZ 18 r 24 /| pRis Rtmbe i » BT~ $TIF 6 0 1 Fas H
188 (1:50, BD Transduction Laboratories, Franklin Lakes, NJ, USA){r
FITC-conjugated goat anti-mouse IgG (1:50, Jackson Immunolab, West
Grove, PA, USA)F & - 2 ¢ mouse IgG 2. &JZ iF 5 negative control ;
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etoposide A&JZ R 5 positive control * DAPI B & 5 fm? 4% 2. 4 H] o jF

Mounting Medium (Vector laboratories, Burlingame, CA, USA) T 3¢ % >

#FhogoisfI* X &= & B 4l (confocal microscope, Leica TCS SP2,
Bannockburn, IL, USA)EL % % & 2% 1§ -

F %%~ fE7e Fas siRNA T 7 aJd® ik in & o Z 0k 4 3t LNCaP -
DUI145 ~ PC3 'm% % % Fas % JL{r Fas mRNA % 32 # 58 -

P e $R334& 7 Fas siRNA T @ is A & ot i 8.7 A fp e H%
R R AR S WA W a*p Mo 7 Hf]l«fé’q.:m f¢ ¥ Fas F-v Hir
mRNA z_ % 3| -

l.im* 4 & 3=v Fasz2 %%

5 ><10 R AT 243V R R4 > FAE 400 500 ul 7 F A E
ZRER > TRPERAERZR - A s i TR B

.48 78 2-3% 2B 71| siRNA & 4]

2.3% 78 sIRNA-Fas ‘e %]

WA A8 PEE > B R AL UT R e

.98 78 2 :fi f 71 siRNA & 5]

2.3% 78 siRNA-Fas & %

3.7 24 TR 7 sIRNA 2% + ik g (10 uM)

438 78 245 2 K 7| siRNA e w] + &iE4 (10 pM)

5.% 7 siRNA-Fas 2% + #£ia & (10 uM)

6.# 72 siRNA-Fas &% + ZiE4F (10 pM)

FAJE 18 fr 24 /| PF{S #-dmPe jFik ~ B X~ §TiF 16 0 1 Fas H &

#48 (1:50, BD Transduction Laboratories, Franklin Lakes, NJ, USA)4r
FITC-conjugated goat anti-mouse IgG (1:50, Jackson Immunolab, West
Grove, PA, USA)» J& - H ¥ mouse IgG 2. &2 i 5 negative control
DAPI B 5 w2 +% 2. 4] j§ + Mounting Medium (Vector laboratories,
Burlingame, CA, USA)* £+ % » &k jofe 1% £ &= & & ficdt (confocal
microscope, Leica TCS SP2, Bannockburn, IL, USA)BL % ¥ % B2 o

2.q7m% p Fas mMRNA z_ & 71
S X1 me 3 360 T medr > F 44 r S5ml 3§
dF2 AR PRERUEAZR L s LT A
1.3 78 -3 7 5 71| siRNA % 4]
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2.i# 78 siRNA-Fas e %

.z’éé‘ﬁ‘é'iﬁ‘ E‘é’:w’j‘z“Fﬁ,f’_ @A\“:ll"’?—-:@_i

.98 78 2 :fi E’»J' siRNA ‘& 1]

2.3% 78 siRNA-Fas % %

3.7 24 TR 7 sIRNA 2% + ik g (10 uM)

4.3& 76 2L 45 2 K 7)) sIRNA 2% + Zi4F (10 pM)

5.% 7 siRNA-Fas 2% + #£ia & (10 uM)

6.% 72 siRNA-Fas &2 %] + ZiE4 (10 pM)

Fdg 18 & | P¥ {8 #-%m 2 12 Trizol reagent (Invitrogen,
Carlsbad, CA, USA) FYeBdmte o - FB-2IVRNA o £ %
F i 4 ¥ mRNA 3‘@; = cDNA'cDNA £ £ Fas 2 5!+ - Tag DNA
ESIEITRE RS K 0 A NEFRL LRI foik
it z Z24z_(ethidium bromide) it #* {& » & UV R+ T B~ {7 > T F
FiEH P Ed2 (s mMRNA ch&TE c 2% 8121824 /| pFis » #-lw
¥z x> 41 * DEPC saline #-'m e /% % = (& 2 Ft 7 41 TRizol
reagent (Invitrigen, Carlsbad, CA, USA)Z B~ total RNA » # RNA z_ &
{6 » % E 2 RNA #4 5 cDNA > 11 “d dANTP 2 2 Fas & GAPDH
primers%@f’rPCR’zgi‘J APLERT AR T FGEL B

F R IR (S o w7 ’ﬁif&'p m”é’t‘ FastNA ek LA o AP B

T4 3 3 = o Fas gene (275 bp), 33 cycles, forward
5’-CTGTTTCAGGATTTAAGGTTGGAGATT-3" and reverse 5°-
GACCCAGAATACCAAGTGCAGATGTA-3’, annealing temperature 60
°C; housekeeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (230 bp), 25 cycles, forward
5’-TCAAGAAGGTGGTGAAGCAG-3" and reverse
5’-CTTACTCCTTGGAGGCCATG-3’, annealing temperature 55 °C.

F B4 59 FassiRNA AJT fs 404 § 2 E w4 %157 LNCaP ~ DU145
%2 PC3 P& 352 8 fg. o
B fFEA R S WM A E 5d Fas A4y Rif s 2bik
ﬁ';{ M 7| Hﬁif}%“‘m’?e =2 IR o
B8 X107 fmre 3 A5 963 AP B4 r 100 pl 3 742
ZanAR o PERUEAZR  cALBwe s LTS B
1.3 78 2L 4 T 5 7] siRNA % 5|
2.4% 78 SIRNA-Fas ‘& %)
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MY A48 PES s B bR E A ST e

1.4% 78 2 #* T 71| siRNA 2%

2.48 78 sIRNA-Fas ‘%

3.7 24 TR 7 siRNA 25 + kg (10 uM)

4.3 78 2L 45 2B 7 sIRNA %] + FiEH (10 uM)

5.% 72 siRNA-Fas &% + #£ir & (10 uM)

6.4 72 siRNA-Fas &% + ZE4 (10 uM)

MEBAE 24 )P o AR I ERF B %;‘M%Mf & FL A a
S0l i3 s &2 MTT 2 (1 mg/ml)d | PFis > #4524 4 12 500 x
g2 i S d o R E b FiR(s 0 & - 5 &3 4~ 50 pl DMSO >
¥im3m3 > npEE LB A 7Rl R (Powerwave X340, Bio-Tek
Instruments, Winooski, VT, USA):f B~& & 570 nm 2_ %k i@ 5 B T_iE >
Trlg £ 630 nm 2k iE S ST E o R EHF 0 H AP el
Pag -

A4

2, zag::};;i’—ﬂuii’—ﬂ + FEREL AT o AR AT
(ANOVA) FEMEF LM RBR&KRSPS EFSDLE > 11 P<0.05
ShEFALR P<0.0]l 215 %412 (Steel and Torrie, 1960) °
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S\ 25
— S HEIA G Z EHEH Y LNCaP ~ DU145 2 PC3 ‘% 4] i 2 §2 58 -
Fl- A7 = fBimoe GGt A § & 050 10 MOk & RS 1S > &7

kﬁﬁ%”@*ﬁ‘:ﬁﬁﬁﬁﬁwﬁ%ﬁAT@%WWﬂ*%
Yoo S filmre ph B RUR IS P e Bop R0 A, B P g
LR LR RN S ﬁmm"eﬁﬁ;p Al ke SR o - & RN
LNCaP m'r%’-’l/ﬁxﬂg Booom A PC3 e gt b enffmi s &% > & 7T
Fe 2 JPEZ 1S 0 A F ACR] AT S e b 20 e gt vb > A LNCaP
v F].i] ’JEF‘W &mi %#ﬁ@24/‘£¢?§’.§m’?ég%j§ﬂ

(round up) ¥ 5> T ¥ dmfe oI = EEZ 575 0 5 DUL4S > fmve 3
EFRIACeIR G 0 &4 F e WA R EE2 ) o b e FlAC 2 o e B0
? = E IR % B PC3 ‘m”é’t‘ 2 3Bt BEREAS e 2 REF o
Bz = dp g S T L AP LA

- S EA G A EHEHF 4 LNCaP ~ DUI45 2 PC3 w5 2. 1Cs o

# - A w47 LNCaP > DUI4S 2 PC3 L5 kR 5T
(LNCaP » 10°~10° M ; DU145 4= PC3 > 10°~107 M) ; &4 (LNCaP -
DU145 4= PC3 » 10'8~10'6M)f%@ﬂlT » - I A 4w MTT 2 )
Bk B KB A £ & N F A2 o & LNCaP > DU145
2 PC3 ¥ 7 RIFAEY B4 & TH’B*:'F'“ B A REF AR R . AR] .
FI s fF > A28 B E - X 2 [Csp (T + B i JL e %) i 78 3 dc
a¥rdlEz - LpEeri o aqﬁ;f;»;;é)g) » B drd o F r/% I e
LNCaP > DU145 % PC3 » $£iA § #7id = mICSO oL EEHE R
X EFLE (P<O0S) - "{FEH AL PR A T HHM A F -1 % e
22 ICso v % -2 ZlFALR (P<001)

AR 5 EWEH Y LNCaP ~ DU1I45 2 PC3 e B P F 2 R

LN CaP » DU145 » PC3 2 HMC 3 7k e > B 7
;{:% gj'ﬂg;:a#'i“'h_,_‘quﬁﬁ ﬁi’\ ’ “r'—‘,L'n %%F’&m
2% o ﬁi”gg’j\ ’i}?&ﬁ),é:ﬁ ,__Q:;Ei‘.m”ﬁ’ﬂ —"-'G\'mki‘gpf—'?ﬂ“i‘a%cm.,;;-‘}e e

TR R A EE R ASEER 5 107 M L MTT i3 f-
iR
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WeERRE R K
2 PC3 ¥ fgﬁ' Pk b S BEE 0 @ ¥ LNCaP e 8P| s o B e
A e ¥ T R e BRI G e ek o)

*"*-@*;}7";‘]"5 0 7| ’Jf]'\}ﬁ"p WP eiTH o

KRk B PR s PR 07 th DUL4S

w o HEIA R 5 B4 23 5142 LNCaP~DU145 2 PC3 ‘m* DNA 74 -

HEEFREFGL24 L R fBwmie 2 B A2 R - Bl
Bom = il e BT YRR F o E WA P 18 14 TUNEL 4v b B0 5
ot RATiBw VR BREAR o B ARAEEF AILZ e B
TR R AR R SRR AR R 2 R
Ve ¥ A& 5T e o B - B2 x #hit & propidium iodide (PT)2. ¥ % 3
B oy bR % flourescein 2. ¥ k3 & o Y fh¥ic @ ﬁ BN A e k- 4R

\}}Ej’oﬂ IR g]-:—ﬁ "EFE Ik R e 0 = fAme 2%
S RRRART -

-9 /é :b‘_—_y\ ,fgﬁ °
Bz 5 LNCaP-DUI45 2 PC3 ‘5tis & & Zu 4 107~107 Mﬁ
LNCaP&DU145 (8 ~ 12 ~ 18 & 24 -] p¥) ; PC3 (18 ~ 24 ~ 36 & ﬂ?f)

g * & 4 4 caspases it & i 'Hﬁi?'li e Pk B ] .9_; 100%
b5 @ 12 Eo R R EIAF B LNCaP 2 DU145 ¥ #7i¢ = ificaspases
,ﬁT it e RS %iﬁ%wg\mﬁaﬁ kX APC3P > B A%
$ »Lé i3 Y ek SRz 2l 2 -1 &Eiii&
& LNCaP m%s ¢ » ifik g & 10° M ¥ 123 & caspase 3 - caspase 8
% caspase 9 ¥ EH 4 5 200%3 250% (P<0.01) > ® jE & md® 12
F‘é’:w)rb\: | Pl % o H ¥ 12 caspase3 F B~ T > @ caspase 8 3
Seent GlEc] S BEIRE 10 M ¥ i caspases fi¥ % & 23 4e 5 150% 3
200% (P<0. 05) Itk AR E 4 (5 6 12 ] g T8 1) o f caspase 3
L PR T b R g o] £ A I b
caspase 8 % caspase 9 RIf%Z S F A E e 2 A et > BB g
18 /| F*{s % i’"lﬂlfi_%%%ﬁﬁ, E i B A o EiEgE 4 LNCaP ‘¥
caspases fi¥ & /&R Ry F AR el BOALHE Ao Pt R VL AR T A M
& %185 o DUI45 £ LNCaP ¢h % 4p 07 -
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‘-hk-

Bt PC3 P > AR IER & 10°-10° M + i caspase 3%
“'Hi“‘g%c = 200%3 280% (P<O. 01) s ¥R E S I 18 F'é:*fy,ﬁ»?')g'
PG  F P AES IR 36 ] PFiSH e 5 B2 F o Caspase 3
ﬁ* FREAEEEFEY LA E mﬁg%:é» »Li‘géc » @ % caspase 8 %
caspase 9 P|f% & iE M e 2 v B fc) 7 A F TJ@-’ e caspase 8
1_.%47”/?@37 18 -] F¥ {3 % caspase 9 Jz TE‘l_48 Eﬁw €F L blarEFE
,};Jiiwmm % 5 H 42 2l (P<0.05) o wﬁe%m,ﬁa& 10°
10° M » EJ2 18 /| P57 ¢ caspase 3~8 % 9 fix% /& M e 5 200%
% 300% (P<0.01)» & 7 & &4 EJT 24 | B4 » caspase 3 2. %4 & 14
4 ia*h: % 200%3 300% » it Kﬁ%w SR g A o caspase 3 fif %
B A A e R B D T ’F’P’;__éi}&ﬁ@“’PC324 36 & 48]
Eﬁw » caspase 8 % caspase 9 fi¥F S LM fr it IR F DN E S
8 | P i AT Ae B fr E M T P M 4 et s 2 0 caspase 3 P &P o

AR 2 EHE ¥ LNCaP ~ DU145 2 PC3 fm% @ 3 47imoe b
= 2 Fev R ORPEE

BT A %7 S4B G S EiEH (0.1~10 M)AS2 LNCaP ~ DU145 »
8/ B PC3>24 | BF2 {8 > aB- BB imre 2 5P > 1 d > BF 2
(caspase 3~8F1* 15%%4 %8~ 47 caspase 9 |14 10%%% %8 » +7)ip| £
caspases fif % ¥-v B 4 JIFA) o & W% procaspase 3-8 2 9 fr/;« l
it 2_ caspase 3~8 2 9> ¥ ¢k » 12 -Actin 15 R4l o & LNCaP
mied o KB JE 18 ] S 0 T g T procaspases R )
B Sem b i g > A B2 aspases }}‘»w |5 L2k R 3 4
SRR AR R R REF LR (P<0.05) - DU145 % PC3 =«
¥ R T4 e
BI B 4o C A& 84750 % 8 2t (107~10° M)A
LNCaP>8~12 /] pF ; DU145>8~12 & 18 -] pF ; PC3 5 18 & 24 /] p&F
218 0 Aw| B H ﬂ‘ff_’gf]{%%é; 3 ;% ?{‘r,;&‘{ﬁ/fé » 1 > R EE (Bax
cytochrome ¢ 2 COX IV 1 * 15%%} %8 4 47 ; p53 B2 10%%3 %8 4 47)
B dnPE k- BT P caspases b 53 iy ]+ o4 pS3-Bax 2 cytochrome
C H9 F&RIMITA o ¥ ¢hiplg wre Tk ﬂ”ﬁ,fif ¥ COX IV (oxidative
phosphorylation complex V) 173 » COX IV £z > S p o5
FHEETF BEEN 2 F :‘?'Jﬂ 2V FE R R Hﬁwm fmre B Ry
AT 7 ﬂ*f}lﬁiﬁ?ﬁ%"ﬁ»\ Fray o LR COX IV = faw 7| ’JY]UE'F» ‘n P

“c /
Ve
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tR2. fnre )?/}E “iﬂni’ P RA (BEAER) AT 35—‘}‘“ ’9;]17?@3{ fm Pz
’F.‘U_E&_‘m/w\gg; BRI K > BRI F 2 EbE A T “‘Lﬁé e U
2030 A EH 4B EF v i gk £ oBax 2 cytochrome ¢
Z_ F-v %&T\;FLE £ ﬁ@‘m”?’]‘;‘\gg“ﬁ%ﬁﬁ,}éﬁﬁ’li\gﬁrﬁ*ﬁ“i\g
4r (P<0.05) > @ cytochrome C 2. 3o F 2 M E » € L F JLPF T el
4v @ i 4o o

AT E € B pS3 L AT e b Bl w i Pl
srd o 5 MBI pS3 ELE S BB IEN m‘frﬁ‘i)‘%ﬁéﬁ%mm’?é R
o BB E e 12 4o 18 /J‘E.ﬁéﬁLNCaP e Fen B0 d S B EEEA
17 p53 H-v %‘rm%\ﬁ{,(g]j C)-. ﬁﬁ‘y\ﬁ éiﬁf%@m 12 /] B*is >
p53 2 Fv HHIRE gi“gﬁc’mt“ﬁ{)@—,__@fﬂ_l8 RS g L P Ao

A& 2 WM T LNCaP ~ DU145 2 PC3 ‘% 4 & % 3 Fas
(death receptor) c7 3% 58 o

& 1 #F3t Fas i 5 p53 & p53 5 R %A 3w 7| B;j"\:fs'p‘fm’?é’ ¢
HF € X PR G irEit i flpn R R - 0 g &4 u ]
mrrdkm oy kAd (fmriR) e B F KL (=5 EE)
A N RBRGIEE P RIL 18 o B (LNCaP fo DU145) 24 /] p&
(PC3)is » Fas tim®e % & eh & LA, o B> AP > MmN imbe ik ep
BEEE T fs izt JH%%%HWN%@mWﬂ’Mﬁﬁ
AT S FEH (10 uM)AJZ 1 > fw e £ & Fas 03 40 595 5 1 & DU145
fmEe P S e 19%3 e 5 42% (AT ) fr37% ((EFHEH)
HAvB s B i 22 840 1.9 B 5 & PC3 e ¥ o Jidr 4] e i 7% 4o
w 25% (3BT ) fr 16% (Z8E4F ) » W4 Bl B 5 3.6 B4 23
oo gzl % ikif 4 LNCaP 'wre j8dr 4] 20 22%3 4e 5 31% (A
F) A0 26% (FeEf) > H B BAWE 1480127 ;rpwﬁn,Fas
Bov B X PR F o EE M b A 4 3 DUL4S e PC3 2 4

F oo

RS

Bl= B 5 SiBEid & S (10 pM)AILH - &2 e L4
e T EI g% o HP egatlve control _#-‘w*¢ 22 mouse IgG » &
@ #£ Fas 2. & - %nﬁ*" s AT Y 7L dp 21 # 4~ ctoposide » ¥ e
‘v Fas 'w" % o 3-v ch& m # % K wore k= (Shimada et al,

2003) # * §F % 2. positive control P|F]|* etoposide I 7 71| H?s)%j@m L
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s EBFLE N ’15—}1[‘3 ° “i@%i{*%f?%ﬁﬁ}@@ 18 g 2 'JEF"':?; ’
w2 A g i Fas (% d k) % F HAvh b > &0 mie RELZR G
BRI LI G A DUIAS fr PC3 fm¥e @ 1 & LNCaP iz ¢ B ¥ o

A~ 5 d Fas siRNA e {8 244 & 2 054 437 LNCaP ~ DU145 2
PC3 ‘w*2 % I Fas k¢ o Fas mRNA 2. #2458 -

PR F e 46 = X E Fas § FliEiA § o Bk gk
A H Ao 50 WP Fas 3d £F SRR B G E T PR
b= ehE & B3 #-50 nM 2 SiRNA-Fas #75 » = ki 75Uk e
¢ 5 r13md] Fas mRNA b > 2] e chim»e B 3 78 253 %5 51 2
SIRNA o 78 48 /] PFid » g2 10 pM 2 $E 04 F &% Z 0850 > 1 L 2§
kL F A peEEACE T R Fas v 2w i hEA R, B %
Bl = AT o BRI R R APR o TR R o E e (S 0 Fas B
vk ILE € M4 > & E A siRNA-Fas {5 £ 24 > Fas 3-v %
I e eFEA5 B < xR o

¥ ooby B ¥ edR B (s chi e T &~ 3 B~ mRNA 2 RT-PCR
17 VB w2 Fas mRNA eh4& & (Bl- B) - Z#E7 siRNA-Fas
{6 » FasmRNA £ L&z dlledpit > 3 23555 (lane 2) > Ei2iA R 'fr
FWAE DRJL § S F P R e 2 IFL Fas mRNA (lane 3 and 4) -
e (S enimie S B g2 > ¥ ¥r4] Fas mRNA 74 3. (lane 5 and
6) -

1 ~ 5 d Fas siRNA /JZ s bEih & 2 E WA 4 137 LNCaP ~ DU145 2
PC3 e 3, 2B f§5 °

Bl- C &1 > & 78 siRNA-Fas # e b2 i & fo 2054 d2 {5 > Fas
-9 fr mRNA % A 4o i FIpt i - R % M0 S8 dBis
s Fas 230> &7 ¢ 8w 7 HJTUEF» w2 e SR 4 0 Mk Fas fif
MFfrEEHE S wie ks i d o § e SR E AR IR
W MTT #RlZBE R Mm% 3iEa s > Z e > Bli@EA2EE A7
siRNA 2_ %> @ A58 E > B 5 &7 siRNA-Fas 2 2% » § &2 10
M 2_ b4k § 2 EdE4E 12 > LNCaP ~ DU145 e PC3 = fd w2 2_ 73 7% it
4 P B ST e 100%F 5 5 47% ~ 30%Fe 28% (P<0.01)(bars 2
and 3) o § RS R T BRI 0 B K F R4 IR % Rl F]
WP 3Rt A WM S 508 67% (LNCaP) ~ 60% (DU145)4- 63%
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(PC3)(bars 5 and 6) - & 7% % 78 siRNA-Fas ¢ 8 Bime chizida + (v
fibar 1 frbar4 > d 100%"% T ¥ 80% » P<0.05) - & &g > Fas ch%
T TR € 8 MbE A F o bha ATiE F hln e i3 05 T IR % (vE % bars
2,3 v bars 5,6 > P<0.01) »
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B h
)%M% i%ﬁ?waﬁﬂﬁ%m%
¥R Iweﬁ%ﬁ%ﬁ;ﬁ)%%%
S ERH § S DNA Ao caspases 145 it 4 7 EEEL
B (Z AR 2 BER Y A 7 Eﬁi'f%.sm’?ea.‘m”e = T
5’&%‘\2’ Afriwre k- ApM -9 & IR & 35 p53~Fas > Bax ~cytochrome
¢ fr caspases °
7 %‘i:}g ML FHELT LY K FRR A H%}gp‘mﬂéﬁ
LNCaP ~DU145 2 PC3 (McConkey, et al., 2000; Yeh, et al., 2001) - &>+
PR aE L B %#ﬂmi)&i/\gfrgﬁfﬁ ’ “f £9 ?Uﬁi'* %
R R LR 2 4’§imp Adp A G E G GRS A R
fmPe IR E S TR (Kawazoe, etal., 1999) » b4 e Fpimie + € ;‘%‘gi
# v AP-1 & 3 d c-Jun 7 N HBiEAF (c-Jun N-terminal protein
kinase, c-JNK)~Racl @ # Z Tiaml k% = n S lw? 0% = (Watabe, et
al., 1998) - #@ 3IJBﬁLJ§'g.3mPé tk LNCaP ~ DU145 2 PC3 ! > £ & %
A e fIEFRE & X BB o Y € IR e fr i k- i
(Yeh, et al., 2003) -
W IR e § & Na'-K'-ATPase » ¥ it 5 < 3 § s F - cni®
* P & (McConkey, et al, 2000) - ¥ A F v Z 4& 4 +
Mﬁf%ﬂmeﬁ%ﬂ@’jfgﬁﬁﬁﬂﬁﬁﬁﬁmﬁﬁékﬁﬁ
FACEFEES EREA L e F ¢ 4% %~ (Trump and
Berezesky, 1995; Furuya, et al., 1994) c & % E L w7 7 » :}% . £
PR ES R [9R T 2 N AT 3t & B # 4c (Lin, et al.,
2004; Yeh, et al., 2001, 2003) - “f Pe2och o MR e E AN L A 4r i B
##ﬁjﬁ II (topoisomerase II)erdr4| ] o 3 B Jfﬁiﬁ? I #4r (ThpEs
e P &4+ > G4 etoposide ~ adriamycin ~ genistein = ICRF-193 (Chen
and Lin, 1994) - %’%%‘*#‘P#' R AEps I E 1 > % DNA ¢ %74 &
i# =+ DNA 5 3 > DNA £ ff chim?z ¢ 758 m 4w b = o
WERRAT e bh § 2 EHEH A 107~10° MR B T 0§ = ik e
REFHFEFFT 2R E 2 em S 2P| a2 g T 0Bk
A ekt Sk ke (Yeh, etal., 2001) 0 # ¢ LNCaP ¥z 43
FIR A LB A EE o wre b RIFTAPE g 0 2 E 9 0
LNCaP w5 iy fieph i b o &7 o i Bl imve § T8 4 et
3 FlAcenfiiw > 23R % & PC3 2 DU145 Ta A %“%E‘Lm W Pe FR
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5

‘U

g BB (F- ). %5§%ﬁ%”‘ﬁm@ﬁﬂﬂQo
dod - ’?,11'%§'J“§{-§‘§£’$#‘;”i%%‘ R A T Al L Bk
Bomoig = dmie b il e e X %J&%#ﬂkiﬁm‘m”ﬁ%d MEF e
gﬂfjppc3 ~ DU145 2 LNCaP » 27 % | £ ‘me 8 5 ek % 4p 12 o
bR EL DR R B Ao “ch 4 A 0.8~2.0 ng/ml
(Panesar 1992) o dEdA T 22 L 10 F F 5 S enF Mo B - P& PIE
Mgfré%f%}f"‘ T 7| ’JfIL‘}E’p“m’?é‘frJ}_ ¥ A e eng o U7 R
Wed 2 10T MER » ¢ i (7 DU14S 2 PC3 im¥e 4850 3 3 7 crk 1 o
# LNCaP wre s § BEFoaurd| BR PR i®® > Bh A § T )5k
P HMC 1+ 822k € i3 = e Tﬁi“g%ﬁ)iﬁ?“ﬁ‘if% ) Tt e g 5’]’”?\
T dm i PRt Dlepdrd (% 28§ o Am g g Ag > S g BN
TFETE A e s L BF adrdeek (Yeh, et al, 2001) > ¥
ling EAL g ERFHRW LY NEPRE AP e > IF £33
= fn%e k= (Jing, etal. 1994) » 2881 1 bEA TR 2 EWEMH T U 4F R i
®phmre = o HAT Y e inE Bt o d MR e enlmie A T e
e S B "#7' ’15’#mqn FRAmaAFE 39 a0
RAL > RS B R L F e R end gk g Sy
#’J om @ F dmre s it ok BiE A j\jj‘/':d_ ¥ AR me 4 B
’ ri&@g = ‘*-@*#'ﬂ e Fem A B RE T 0 AP W ik
}{%pa B o 1),&51),/\11 - fARaE e o it 2 F= n%] S (Jing, et al,
1994) r(fj’ a7 H!j{[&»‘m”?i@}ﬁv e P € L HAT S R e PAE o
R IA R e EEAT T 4 K i i F g 1 SRR
¥

3;

=

‘_

‘ | 2 Al 0 ioe VoA AT A R Y RaEen
e 9rid & e DNA Tf; £ g L3 E S LNCaP ‘¥ 93k o B AR A

éﬁ"g&?"l ﬁ LERY YR '311’1'7.]_ ’#‘ A LK\FI mPe s B ;}'EL?/—HB ’ %iﬁ,%—fr%
%ﬁﬁ“i{iﬂmwm&m%fm%%i&%’@ﬁ“iéﬁwé

H e k= it § &5 ¢ 4E cisplatin pachtaxel camptothecin
etoposide {r all-trans-retinoic acid » #%7 4% § % B 5 Uk E 5 > F 542
Pl A RIS ESHF LMW m%? ¥ ¥ B (van Brussel, et al.,
1999) e %0 A T T 4 NIEA T Z FWEMH T U KoK e K2 Flw
R - F A TR H%)ﬁ% (Jing, et al., 1994; Yeh, et al., 2003) > I‘f 7 %,}L L e
K LESE- S C I R €3l e k= o dmve k- HiF 42 ¥ ¢ fabo - g
¢ caspases > &/ *7 B DNA T i = m¥e 7 = > bEIA & 2 EbE 97 =
emPe k= 4 F caspases /& it eI % (Yeh, etal.,, 2003) o % LNCaP %
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DU145 ¥ ¢ > i}%i{:ﬁ % i& & caspases jE P H Al oA KT
o 2 AEFRE 12 P VRIEFOH A APCIRGRE
& 18 ) pFE ‘J P B EF M gy o ik ank & A caspases
F-v hi IFL?E_.} » VOUBLET] o d 3 caspases it F vk A T AU R
frcryfe i o § BB e B AR5V (8 0 R € AR PET] S 2 H A
0o B fgihcaspases P € ST WA T P AN EFH PN mZ fiw
P2 th 2. procaspases ¢ FlMEIA T Z B E L e k- RIS R EF
Dk B B AvbrAB R b 0 K 205 1Y fE 2. caspases B F 3 4r chs g o
1b AR e g R 0 BEIA K ¥ caspase 3 b P52 caspase 9 F hih
W e B 0 4o caspase 8 X ritm A i’“‘%ﬂﬁi%ﬁi 1 Bax % ’ﬁ'\%"’
ST T fm e T eh cytochrome € &3 ff 30 BB gJT (S ik R
Ao FREAAI0 Al R? Y ¢ XD ES O g HAcH £
RE A TYERGE RN EEERR A L FhBax &4
Bk Eljl%@"'rﬁﬂ - 1% 1F Bax é_;ff_ﬂfjl%ﬁ ¢k 3+ A5 = homodimer » i
= };ﬁwm =@ g ﬁ‘fiﬁ'\%ﬁ i E e cytochrome ¢ 8 2 T] v fe BT
¥ (Goping, et al 1998; Green and Reed, 1998) - 3% 3 BAX £ ] & i
9 % p53 (Huang, etal., 2000)> * £ BAX A F]+ 3 pS3 ehig & =% -
:ﬁ% p53 # DNA F-v #ific is (DNA protein kinase, DNA-PK)@&?F; it
Titm st BT 54 %] 0 4o BAX 2 p21 (Karpinich, et al., 2002)  p53
g Flimie £ P4l o B ~ F VRS~ KF BT P @ we
DNA £ 5| % » # ¥ pS3 € 4 ¢ T d & Flhop2l chi& R i2a s &
o ¥ ¥ G, arrest (Bunz, et al., 1998)> % ¥_DNA # s 3% (¥ ~ g€ > p53
Al ¢ 2 751 BAX & 8¢ bz k= > FIp LS p53 = fdlmie tRIG#
B A o MR R RS W BSOS e e F §
3 caspase % ¢ (Lin, et al., 2004; Yeh, et al., 2003, 2001) » & £ 5 %=
N Bt LN MG
caspase & 1“7 A0 0 BT A B R B B o LNCaP
e ¢ % 4 3] (wild type) p53 0 &2 g A is AR FLR
(prostate specific antigen, PSA) » gt it fr #F5 fd 7 R %3] p53 2
% 5 s;jug»p e % BacR (Li, et al, 2003) » # % & 4 DNA €472 &
MO B4R PE > pS3 € Mgt L iR SR B /T 0 @i T caspases @
i# =+ w7 k= (Vogelstein, et al., 2000) /& it f5 e p53 € ALBERL L > 1
i# Bax #& 4 1|44 48 {- cytochrome ¢ 7§ x (Goping, et al., 1998) > [l
T CHEET o pS3 ik 52 i ih Fio B 4 3 cnim e B = s ? o
WM RO R T RAAL P AR E w7 ’”jlf}%‘f‘m et S
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SRR NG, RS LR Jg;ﬁqwg}h— LN
T m B2 (T ¥ m:%ﬁi!#ﬂ Moo L F R ES § FH a e -t Na'-K'
ATPase &fr4]& » @ 3 = fwie P\ G ek R o R 5d WmiE st ih
A~ ATHE S L HEFLiE A R e o odT A S kR 35‘.— g = me A
= (McConkey, et al., 2000; Yeh, et al., 2001) > I > 4fdgg+ kR = 3 ¢
PO e ih G 2 W AT N W R e e 2

(Yeh, etal., 2003) o fm¥z p 4T 4+ L 74 23 € R imoz p 27 5 30 4 B
BT 2 B 0 s e imre iﬂ}#ft AFLILE > FHES wep sk
RGE S ORIREE 0 £ 35 B8 KRR 0 Prok fRpE 0 v g
(Nicotera and Orrenius, 1998) » ig i ¥ % iE M2 3 4o A3 5 2ad = e
&= 42 F]% (Trump and Berezesky, 1995)° ] & izt -k f2A% 5 &
Bl e A me R BRI R BN BRI L e AE
he# iR B TR RS e e R 2 PR Fla
B RS ERmE A= o

Fo g4 fEEFRE L FES S 0 i

Eﬁi‘ﬁiﬁ' ] Na"™-K" ATPase R W*‘Jﬁ“ﬁl"ﬁ vd ¥ F]FE it 5 trophoblast

m Pz 5 e Na"-K" ATPase tri; 4 > fe §_7 €3¢ 2 mie v (Ho et
al ,2000) > Flpt o bEIA T B EREM AT 2 P B o 8 T oA 5 d
4] Na'-K" ATPase 1/ ¢F e, f2 38 322 0 7 A mﬁﬁiffﬁ A )&»‘mﬁe xt;‘i;-
FeniTH T € R - A Flodrg AL Fleh4 4e Ras £ pb3 s §
Ras /& i* {4 » 2 T s MAPKK - MAPK % Raf-1 e 14+ gi%”c ' e PEF
e ke CAMP 5 BEBIE Y o i i X T SR TR AL
L Fad Bcl-Z T2 0 Bt id = P k= (Watabe, et al., 1996) -

AP R Er AL R r* e 5 - IR ATFER ¥R E
EWEHS BB WRE DR 2 BARE Y 2 5 - iR éf’?ﬁ;p
TR RS 5 ”ﬁiﬁ%’ B AT HEPERT 2 B
PR o ve cpE | B R > 3 2 R F R m e k= o B8
2 BB N AT ER F D h g (Yeh, et al, 2003) 0 AFT G
2 g YA R B AT A e e ’“{flaléﬁ,sm’?ep\-—@g
caspases fi¥ % & svervg it eb o H P 5 € 5 pS3 Fov F I 4r > A T
i Bax # 45 I ﬂ‘fiﬂl]wﬁi v B 1R_fe ﬁ:’ﬁ&%ﬁ i 9 b e cytochrome ¢ 8 2%
Ilimte B¢ > JHFE T caspases fif & i FR e k- o

b e W *,a 5 B in% % ch ® 0 CD 95 (Fas/APO-1) 14 %
TNFR-1 > izd % B 30 tumor necrosis receptor eNH3%E o gt X B
21 ligands $EPF > g B me M F T b+ A4 LT IER > Spfe i

~h
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A= B 7o g & F 5 Fas-associated death domain (FADD) 2 2
TNFR1-associated death domain (TADD) - FADD ™ 2 TADD # 7 death
domain 2 % death effector domain = < $% 4 (Muzio, et al., 1996) - £
FADD _} &7 death domain 4% ligand 7% i F¥ » 3% % procaspase 8 P ¢ &
death effector domain % & 7} = death-inducing signal complex (DISC) >
1%%‘\?* #- procaspase 8 *» & @ % i (Boldin, et al.,, 1996) » & it &9
caspase 8 ¢ E 4&/& 1" caspase 3 & %L%%’v} Tk MR i > i
cytochrome ¢ @ # 3k 'm? = (Wolf and Green, 1999) -

d 3% p53 A F|H - B rEPr4] L F] (tumour suppressor gene) 0 B
Fpmie o 507 JE¥TIm e F S RS A o U e 4 s JRpmre PO RE R
Pl AT R RePFI-0 §AL3 F I o 0 pS3 K F A & [1]. pS3 &
DNA % £ =% ch3 8 5 [2]. p53 C #3044 2 5 [3]. p53 #r4 515 (Mdm
2)cr 4o 5 [4]. #-pS3 | iwre F ¢ (Vogelstein, et al., 2000) » + ift
AV g S pS3 g mre pochrt g B Y o DUL4S e AR ¥
Al pS53 > @ PC3 w2 ¥ 0 p53 2 null 3|3% > p53 #73 drenim e -
BT 0 fin i G B 5 ﬁl-‘}%j@m’?é Pl BEFiT*  (Carroll, et
al.,, 1993) F]yt » L2 & p53 R FenZbied Z R iE (w7 H}j&fl%fém LEA
WA FArEE i B F ¢ 53 Fas ejg v R mie B o

Bl- &1 > Fas o fdfih § 87 Zaf o frag = chlmbe F = BV
PEBPE S o PR e pS3 R F R Hjﬂs}%:sm
o s BE o WEA R EEM Y S dRd B s DL enfrd A o eF S0
R % 4 b4 etoposide » 3B fEAF |4 345 L W AT § 4 ) > etoposide
AT R e A= ¥ 4 F & Fas ligand #0% ¥ (Fukazawa, et al.,
1999) » # % %7 pS3 i 7l imre ¥ o T AJFd A1 INK i
@ ¢ Fas B g s > A= DISC & ¢ = % %~ (Toyoshima, et al.,
1997) - % % Fasligand e14-22 p| ¥ iy 3% 522 #RiThm e e 3 1% &
#ikwre k= (Chen,etal., 1998)c b2 A & fo 2 bE 4 #73d = chlm e k=
Tl > £ P 4 4] p53 22 LNCaP ‘wm? ¢ » R ¥ %3 p53 @A irs &
Fas 2 ¥ et = > F]pt LNCaP ‘% i1 Fas % A8 4 o ¥
siRNA-Fas {& » b2iA & fo bt 4 #7345 % 9 Fas mRNA frd-v & 54
4l (Bl= AfeB)> 12 MTT = VLR mbe ez iS58 0§ #r 4
7 Fas ch& IR FlEA R fosibH E R we = IR %L BFEF] 0 R
$ch o BT % A DUL4S fo PC3 % @ s 8% (B= C) o &t p53
RGN A BT SR ¢ > Fas Bifi o FIEH A H
e k- RESIFER LT o
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M e p53 % % DUI4S 40 PC3 fwe ¥ > Fas RI450F 1 B 45w k=
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Wik f e FWEA SR R M s R 2 S A FE S 0 B
JRE T 3 R E F R BT F %R0 A A BPRRKROR
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* W
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Table 1. The ICsy of bufalin or cinobufagin on LNCaP, DU145 and PC3

cells. The incubation period was from 1 to 4 days. ICs, was
calculated from the regression equation of the proliferation
index each incubation day. The data were presented as mean =+
SEM. ° P<0.05 compared with cinobufagin treatment, ¢ P<0.01
compared with incubation of time day 1.

Incubation Bufalm, Cmobutagin,
Time (day) ICs0 (nM) ICsy (nM)
LNCaP 1 832.22+28.49 1061.71 £ 44 .81
2 208.46 +£24 497 299.80+28.22"
3 90.51 £19.74" 128.74 £ 16.86"
4 63.71 £8.43" 7490+ 761"
DU145 1 85.76 £2.41 108.76 £ 1.67
2 15.12+£2.71° 30.86 £ 1.547
3 1428+ 151" 27.88+1.47"
4 1359 +232" 2525+1.20"
PC3 1 92.68 £ 4.60 100.11 £2.01
2 1273 +£2.227 2156+ 1.397
3 10.10£0.79" 1892+1.16"
4 8.96 4 1.24" 17.46 £1.537
* P<0.01 compared with incubation time of day 1
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Fig. 1. Effects of bufalin or cinobufagin on the morphology of LNCaP,

24h

DU145 and PC3 cell lines.
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Fig. 2. Effects of bufalin and cinobufagin on the change of doubling time
in LNCaP, DU145, PC3 and HMC cells. Cells were treated with
bufalin and cinobufagin at the concentration of 0.1 uM following
an incubation period from 1 to 4 days. The doubling time was
calculated from the regression equation of the proliferation index.
The applied equation was y=log(ODy/OD)=(log2/tD)t, where OD;
and OD, represented the optical density at day t or at day O,
respectively; tD stood for doubling time. The doubling time was
calculated by tD=Log2/S (days), where S was the slope of the
regression line. Each value represents mean + SEM.
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Yehicde

Fig. 3. Effects of bufalin and cinobufagin on the DNA fragmentation in
LNCaP, PC3 and DUI45  cells.Contour  diagramof
fluorescein-dUTP/PI flowcytometry of LNCaP, DU145, and PC3
cells after bufalin or cinobufagin treatment at various doses.Cell
populationsin the upper left and right quadrants of each panel
represent the apoptotic cells.
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and 9 in LNCaP (A), DU145 (B) and

PC3 (C) cell lines after administration of bufalin or cinobufagin.

*
341

+

caspase-3° 8 % 9 2 E

and 10 uM for 8, 12, 18, and 24 h in LNCaP and DU145 cell lines,

and for 18, 24, 36 and 48 h in PC3 cells. Each value represents

and was determined after treatment at the concentration of 0, 0.1, 1,
mean + SEM. Control value = 100%.

Activities of caspase 3, 8 and 9 was assayed by a colorimetric kit,

Fig. 4. Activities of caspase 3, 8,
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Fv 2 LI

The protein expression of apoptosis-related molecules in LNCaP,
DU145, and PC3 cell lines after administration of bufalin or
cinobufagin. (A) After the treatment of bufalin or cinobufagin for
18 h (LNCaP and DU145) or 24 h (PC3), cell lysates were sized in
10% (caspase 9) or 15% (caspase 3, and 8) SDS-PAGE. (B) Cell
lysates were separated into mitochondrial and cytosolic fractions
and subjected to 15% SDS-PAGE and analyzed by Western
blotting. Each lane was loaded with 40 pg protein of samples. (C)
LNCaP cells were treated with bufalin or cinobufagin at the
concentration of 0, 0.1, 1, and 10 uM for 12 h and 18 h. Whole cell
lysates were sized in 10% SDS-PAGE. Similar results were

obtained in three other experiments. BF, bufalin; CB, cinobufagin.
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7| Hijlf)%,fém e %o v~ &% B (death receptor, Fas) % I2_ B2 58 o
The expression of Fas on cell surface of bufalin- and
cinobufagin-treated prostate cancer cells. (A) Prostate cancer cells
were incubated with bufalin or cinobufagin at the concentration of
10 uM for 18 h (LNCaP and DU145) or 24 h (PC3). Cells were
washed and incubated with mouse anti-human Fas monoclonal
antibody or with anti-mouse IgG as negative control at 4 °C for 2 h.
After washing twice, cells were further incubated with
FITC-conjugated rat anti-mouse IgG and analyzed by flow
cytometry. Similar results were obtained in three other experiments.
(B) After administration, cancer cells on the cover slips were fixed
and permeabilized. Cover slips were then sequentially incubated
with anti-Fas antibody and FITC-conjugated goat anti-mouse IgG.
Fluorescent image was observed by confocal microscope. Cells
treated with etoposide were considered as the positive control
group. Scale bar = 20 um; BF, bufalin; CB, cinobufagin.
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Fig. 7. The Fas expression and cell viability in siRNA-Fas- transfected prostate cancer
cells after the treatment of bufalin and cinobufagin. (A) Cells were transfected
with 50 nM siRNA for 48 h, and then treated with bufalin or cinobufagin at the
concentration of 10 uM for 18 h (LNCaP and DU145) or 24 h (PC3). The
protein expression of Fas induced by bufalin and cinobufagin were inhibited
after siRNA-Fas transfection. Scale bar = 20 um. (B) The mRNA of transfected
cells were extracted and analyzed by RT-PCR. The mRNA expression of Fas
elevated by bufalin and cinobufagin were downregulated. (C) Cell viability was
measured by MTT assay. Bufalin and cinobufagin were added in the medium
after a 48 h-transfection. White columns represent non-specific
siRNA-transfected group; hatched columns indicated siRNA-Fas-treated group.
Control value = 100%; *, P<0.05, ** P<0.01 versus non-specific
siRNA-control group; #, P<0.05, ##, P<0.01 versus non-specific siRNA plus
BF or CB groups; BF, bufalin. CB; cinobufagin.
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