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Apicidin, Histone Deacetylase Inhibitor0il 2|8t Human Promyelocytic
U937 MIZJA}
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ABSTRACT. Apicidin, a histone-deacetylase inhibitor, has been successfully used to inhibit the
growth of cancer cells. In this study, the apoptotic potential and mechanistic insights of apicidin were
investigated in human myeloid leukemia U937 cells. Treatment of U937 cells with apicidin resulted in
a decrease of cell viability with apoptotic characteristics, including chromatin condensation and ladder-
pattern fragmentation of genomic DNA. Apicidin converted the procaspase-3 protease to catalytically
active effector protease, resulting in subsequent cleavage of poly (ADP-ribose) polymerase (PARP)
and inhibitor of caspase-activated deoxyribonuclease (ICAD). In addition, apicidin induced the activa-
tion of caspase-9 protease and the cytosolic release of mitochondrial cytochrome ¢ with mitochon-
drial membrane potential transition. Moreover, apicidin transiently increased the expression of Fas and
Fas ligand proteins. Taken together, the results suggest that apicidin induces apoptosis of U937 cells
through activation of intrinsic caspase cascades and Fas/FasL system with mitochondrial dysfunction.
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3| AE(histone)e] o€zl g FAA] 7z W3l
£ 98 A gEzdo] ulds] Fasith A W
A B=ES] olmx W] TAEE 4l Al TV
(lysine residueje] Yshe obxlEstel] o|sle] F3}e]7
Y, goldsdeacetylation)® ©A S 7EAE 7t
Hkgo] EAjs=t]|, ol#dt ¥hg-& FEsk= histone
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acetyltransferase(HAT)®} histone deacetylase{HDAC)
= 498 ke dyzd 71ded FeftHCsordas,
1990; Grunstein, 1997). 3|A&E olddsle] <3t -4
A dkd 2 AW A Ay f3xbe] A ARy
e, B3] HDACE Aitas % AlXe 43l §
o} AN EHol Friste] AlE F AARIAY

i

O

BE e AA st MEL S48 Fe AEY 489
Balo] 29 Fd AxE AAF2 YrHWolffe, 19986).
L &

T3, HDAC AaliAle Mo F43 3 A oA
sl= E3HKwon 5, 1998)%} GAZ A XEALe] G238
o] B5o] JAtHGlick 5, 1999; Hoshikawa &, 1994).

28] hrHECl  apicidin,  [cyclo(N-O-methyl-L-
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tryptophanyl-L-isoleucinyl-D-pipecilinyl-L-2-amino-8-
oxodecanoyl)}& HDAC AsiAl2 L&A ot Apicidin
£ AE-& cyclic tetrapeptide® thFsh & A EF9) =
218 A3 (Han 5, 2000; Kwon &, 2002), =3 =
ZEZXoHprotozoall WE I 7IT=E A Ut
{Darkin-Rattray 5, 1996). Apicidin® MXZ5A 3R89
ik A 71382 £ o, obEstE 3|AE
Ha9l 24 a2)x AX gejo) AXF7)d 83 9e
3k A Al E S B AZAAES AAS
AXIAE 28 5 Jde 7FsAEC] AAHIL AT

A X7 Hapoptosisie THIE A2 BARAQ 7|H
s 2219) A R A Aedate) sy
2l AlEHE MEol F2({programmed cell death)o 24
HE AE g8 o3t Mz £5, Az 7%
st @4, Alxdue] Zg k9 FUF UAY 8,
endonuclease?] &4dslo] 213 DNAY Ajte] e
£, transglutaminase?] 43t 2 #o] oy} ol
E8 AA|(apoptotic body)e] dAdo] FukErHCohen,
1993). MEIAL ATAGAE Faset TNF 72+ Alxgt
GRS B3 ASHEAY v EFEotE B3 s
AR FEET. Axy deES B9 Asdgds
Fase} 7+& A X9t 4837} caspase-8 proteased] &
A3E =88 (Hu &, 1997), 8438 caspase-8 pro-
tease= Bid ©dE AWty HAE Bid(truncated
Bid: t-Bid’t FIEZE=E]olR o|Fdte WEFT=gol ¢
AAAE H3AIAA cytochrome ¢ W& ol& 213
caspase-9 protease®] &43tE F=FCHLI 5, 1997).
nEZzglolo| A XAZ WEHR]E cytochrome ¢
+ apoptotic protease activation factor-1{Apaf-1)} 2
&3l procaspase-9 protease® A3t FElE AFA
713, o] AhE M9 caspase-3 proteaseZ 4 g st
o MEIAT fFdvty dEH JArHCrynset Yuan,
1998; Zou &, 1999).

A apicidinol] 2j3 AETA} 71A-o) & Bt
O}, AZIALY] A5 AE Z 7P gig ATe
n) 53k APojrt. # dtolx= apicidinell ¢)gt U937
WL FAE MEIAL 71H B ASHE HRZE AT
st3iTt

e X

Nz

MESE Al A3 A8 M2 U937 ATCC
{(American Type Culture Collection)Z5-E] T+¢), Althul
Gl A AR

AleF 3 7171 RPMI1640, &84, trypsin 2 $-Ejo}
#3L GIBCO BRLAKGrand Island, NY, USA)ZH-H
TYUH o, vlU%E71(24 well plates} 10 cm dishi=
FalconAHBecton Dickinson, San Jose, CA, USA) A&
< AEERT. Methylthiazol-2-y1-2, B-diphenyl, tetra-
zolium bromide(MTT), bicinchoninic acid(BCA), Hoechst
33342, dimethyl sulfoxide{DMSO)= SigmaiHSt. Louis,
MI, USAKIA, JC-1& Molecular proberHEugene,
OR. USApPIA 389tt. Genomic DNA isolation kit
£ Promega*HMadison, WI, USARIELS A3,
caspase-3 protease?] 7]ZAQ0  Ac-DEVD-7-amino-4-
methyl-coumarintAMC) 2 caspase9 protease2] 71221
Ac-LEHD-7-amino-4-trifluorometer(AFCY=  Calbiochem
AHSan Diego, CA, USAIZHE )33t} Caspase-3
protease, poly{ADP-ribose) polymerase(PARP), Fas &
FasL 5ol tigt aAl= Santa CruzAHSanta Cruz, CA,
USAHIES AFE-SITt Apicidine BioVision*HMountain
View, CA, USAPIA Fdsisict

2y

U937 MIZ= HiF 3 A|FX2]: U937+ CO, Al EHjek
7U37°C, 5% CO,PIA 10% S-ejotdA o] ¥gd RPMI
1640 ¥R 0 2 mi3IR o, 2447k 1A o2 vl gAR S
HAES log phasedl A= A Eo) apiciding 2|3 H
A XA} 843 ole] Ao Asshy 48S Y31
t}. Apicidin® 1 mg/mlZ DMSQe 5o —70°Co] B
3t3lem, RPMI 1640 viA]ol| 3]4)ste] ARg-sl AT,

MZ HEB &Y. AX AEE2 MTT 4o =
ATt CO, AEsjg7] Qtolld AE widak(24-well
platejell 1 mi2 B33t 3717 ol eHstd Al E(1X
10° cells/mife Zzte] A¥x7 gt Ae)gk Fo o)
& Hule) 1/10 MTT §4(1 ug/ml in PBS}E H7}st
o 4AZF vk SDS(10% )7 38 0.01 N HCl
85 100 phiwell H7tste dolgle Axe] ofsf 44
# 24 formazang &3A1Z] TS, 96 well§ 43
SZA(THERMO max, USA}E ©]-83}4 540 nm I}7go]]
A FEEE AT A2 AEEE B dExEH
Hlazstod BE-5(%)2 EABIATH

DNA £ g M7[HE: DNA BEIANE 2AE] ¢
3} genomic DNA &2 Wizard Genomic DNA purifica-
tion kit(Promega Co.}& ©]-839t. DNA 10 ugs 1.5%
agarose geldlA 171952 AAIgE & ethidium bromide
2 FAste UV 58 |83l DNA 8¢ st

HoechstZ O|&3F 8 M.  Apiciding #2)g U937
AE(1x10°% TR WY phospate-buffered saline
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(PBS, pH 7.4)2 Al&E3 & cytospin{Shandon South-
ern Products Ltd., England)& 600 rpm, 327+ 34
Aste] SEtol= FEpie] RRAZAT SEol= 2
2o RAE A EE 4% formaldehyde &80 2 773,
PBS® AlXsled 10 uM Hoechst 33342% 1087 o
Ak § Al PBSE A3l P (Leica MPS
60, Germany}e ©]83la] DNAS] HHEALS A3}
R

CaspaseH| cysteine protease BMT &H: Apicidin
S AT U937 AEE ¥ SAFENA(1% Triton X-
100, 0.32 M sucrose, 10 mM Tris/HCI, pH 8.0, 5 mM
EDTA, 2mM DTT, 1T mM PMSF 1 ug/ml aprotinin,
1 ug/ml leupeptin)& 2 15% =3k 13,000 rpmo=Z.
158 44 Bt 94 Bty 4 Mx g
BCA kitE o]&38le whilde A%s &, 74 458
{100 mM HEPES, pH 7.5, 10% sucrose, 1.0% CHAPS,
2mM DTT, 1 mM PMSF, 1 ug/ml aprotinin, 1 pg/ml
leupeptinl]l A8 FF71ds} 37°CoA] 30% ¥HA|
Zit}. Caspase-3 proteased] 43 44L& FF714<
Ac-DEVD-AMCE 50 uM ARMg-315er, o] 7129 pro-
teolytic cleavageell 93t AAE e AVE I
w33 2A(Molecular Devices Co, Sunnyvale, CA,
US.A)E 243l caspase protease?] 42 AA3}
At olwle] IS 380/460 nmiexcitation/emission)
E A3} caspase-9 protease 4L 71FE Ac-
LEHD-AFCS 50 uM ARE-3t9.eH, ojde] =42 400/
505 nme] it

Westem blot assay: Apiciding *&]3F U937 M E=
xF, W PBSE 23] M3 & 8N (50 mM HEPES,
pH 7.4, 150 mM NaCl, 1% deoxycholate, 1 mM EDTA,
1 mM PMSE 1 ug/ml aprotinin)@ 4°CollA 308 34
sk 94 £2](13,000 rpm, 202 )5 4 AE Tt
o] Thgo BCA kitE o]&3td ZFFrt Ax
sl (A 200 ugh T 2Xsample bufferst &
Fraled 100°CelA 387+ 7FE%E 5, 12.5% SDS-poly-
acrylamide gel electrophoresis(SDS-PAGE)E A|3)3}
S} F719%50] i geld] DAL 294 semi-dry
wHog el | o 0.8 mA AFE 247 HojFo]
nitrocellulose membrane’doll ©]FAIZ] Fof blocking
buffer(5% skim milk)2} “g2oiA A7 WA
Anti-caspase-3 protease, anti-PARP anti-ICAD
anti-cytochrome coll 3k &A= 0.05%(viviel tween-
200] EH-9 Tris-buffered salinol 1:1C002.2 )43}
nitrocellulose membranes} A-2oll4 2A]7F vF-A]Z T}
Anti-PARP antiHICAD 2 anti-Fasx= ©]x}34¢l  anti-

rabbit 19G conjugated HRP 3|2} AR2olA 1A]7}F wk
$A)F)3L, anti-caspase-3 proteases ©lxF&A|Sl anti-
mouse IgG conjugated HRP #A] 9} d-&o0lA] 1A]7+ ¥k
SAIZ1 5, enhanced chemilluminescence(ECL) kit
(Amersham, England)E ©]&38le BE =ZAI AT}

OEZ2E2i0} UVR(A} &FF: rEZTEol 29
(transmembrane potential}] W3S FALEl7]) ¢35k
JC-1 FAe Agsyict NEE PBSE 23] AH% &
10 ug/ml JC-1o] EFE RPMI 1640 wjx]oll 3]X sl
CO, AlZuj7]el] 208 vE3-A1Zl 3 ThA] PBSE A3}
I cytospin® & 600 rom, 3& 3|A EAlste] &dlol=
S FRAZG. sTols Fejie] FAE AEe
38 u| 7 (Leica MPS 60, Germany)o-& #2383t}

A XME: BAE A= 4 ol A AE
Aztold, o]E9] H(mean} TFH2Hstandard devia-
tion, S.D.J& A&, p<0.05 °les FAIH fol
Ado] oo BA AT

2 4

Apicidin0f| 2J8F U937 MEZE=4 ¥ o] EHB

U937 Az AEg] gt apiciding &= MTT
wo g zAEIGTE U937 AlEe] AEEL U 5
%9 apicidin M)A, FEEFQ A XS] HEEY
om(mPERgd), olnf apicidin(1 ug/ml}e A 3l
vlg|sle] AE AEE] A 2AE FEsHen, A
2] 24X7F Fof 40%, 36AI7F Fofl 50% Ze]iL 48Xk
Fofl= 60% o] ZHAEATHFg. 1A).

Apicidindl] &3+ Mlx AEES] At AlZAt 71
o oJstd Wil rhsAe] AAHEU7] HEel(Han &,
2000; Kwon &, 2002), MEIAL @Ae] FesH] 54
o] Bl site) FERYE #Fslr] #ste] agarose
gel electrophoresisE AldalIthFig. 1B). thst 5=
9] apiciding 36A17F A2 U937 AlEL] genomic
DNAE 0.5 ug/miel sxolrfe Alcke] meke] it
o] AFFYLH X Fxo] vtk oS AR
Z7}2 JePtHFig. 1B). %3, apicidindl <8 A5
Al @4ke] Fejsrd 548 AERIs] Qlste U937 Al
X2o] DNA B&Z Hoechst gAog gelsigct A4
& U937 MEHR-E ey 2738 Feje] #2835 3
3 A Uehllet, apicidin(1 pg/miye 2447+ Az
3 AFToME U937 Al do] oy xzte g BA
H 3% AU A2Y S AUTHFg. 10). 03] A=
oA apicidinell 218k U937 AlEEAH-E Al EIA} 7]A )
o5l w7 E-E RIS = AU
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Apicidin (ug/ml)
A) B)™M 0 o1 05 1 2

Viability(%)
& o®
> =3
b3
*

0 6 12 24 36 48

Time (hr)

Fig. 1. Apicidin induced the death of U937 cells and nuclear
fragmentation in a dose-dependent manner. A, Cells were
treated with 1 pg/ml apicidin for various periods and then,
the viability was determined by MTT assay. Data represent
the mean+S.D. of quadraplicates. * indicate significant differ-
ence at p<0.05 levels when compared with the control
group. B, Cells were treated with various concentrations of
apicidin for 36 hr and DNA fragmentation was determined
by 1.5% agarose-gel electrophoresis. Extracted DNA was
stained with ethidium bromide and visualized under UV light.
C, Cells were treated with 1 ug/ml apicidin for 24 hr, stained
with Hoechst dye 33342, and observed under florescence
microscope. (a), control cells. (b), apicidin-treated cells.

Apicidin®ll 2|8t U937 MIXE caspase-3 protease2| #
s}

Apicidinell 23 U937 MEEZEAo] MEZALY] EAF
3l @l At BEE F=slr] i 2 874
8013}l7] 9sled caspase family cysteine protease®l
e zARIATE. U937 M X4l 1 ug/ml apiciding 48
A7y Fot elsld caspase-3 proteased E4F &4
o] gae] AFY 713 I HJ=E Western blot
assay® 18IS th. Caspase-3 protease 4L apici-
din Ag] BAIZHRE F71l7] Al&Ete] 24A17bo) FH 1A
(2ol Hlaste 4uf o= FVlsiglen, o2 3
2} asle] 48X AEdE A e o B
BIATHFig. 2A).

T3t caspase-3 protease?] AEY A4S o137
218t procaspase-3 protease, PARP @ ICAD9] &
< Western blot #4133t} Apicidin *2]24A]7F o] %
B8 U937 M9 35kDa procaspase-3 proteases

= Apicidin
o Media

—~

>

A
>

w
v

Caspase-3 activity
(Fold induction)
- ~
¥
s

<

0 6 1z 24 35 48
Time (hr)
Apicidin(1pg/ml)

224

hr)

(B)

<— Procaspase-3
(35kDa)

(8] €— PARP (116kDa)
i | € Cieaved PARP
(85kDa)

<—[CAD
(45kDa)

Fig. 2. Apicidin increased the catalytic activity of caspase-3
protease of U937 cells in a time-dependent manner. Cells
were treated with 1 pug/ml apicidin for the indicated periods.
A, Lysate was incubated with DEVD-AMC to measure the
activity of caspase-3 protease. Data represent the meant
S.D. of quadraplicates with statistic significance difference at
p<0.05. The equal amounts of protein from cell lysate were
subjected on 12% SDS-PAGE, transferred onto nitrocellu-
lose membrane and immunoblotted with anti-procaspase-3
protease (B), anti-PARP (C), anti-ICAD (D) antibodies. The
immunoreactive signals were visualized by ECL.

17 2 10kDao 2 Ed9g &2 4 IYJAtHFig. 2B).
Caspase-3 protease®] 238 Axu] 7122 PARP &
iAo 116 kDaollA] 85 kDal2 EAFF e, = t&
714Q1 ICAD= 45 kDao] #3l=lo] Alxy o] 34
3] 4] AATHFig. 2C 2 D). o] A= apici-
dine] F8 MIIA} AEAG B2 caspase-3 pro-
tease2] EAL Fale] U937 AlEF2] ALITAE F=
505 A= A R o =

Apicidin0ll 2|8t 0|EZ=2|0t 7|5 st} caspase-9
protease2| &M

Caspase cascades MEIAL AT HGA X caspase-
3 protease®] &2 AXur 82 Fas-L/Fass} 7%
Hog AYE caspase-8 protease & nEZEgo}
9} A= caspase-Q protease?] B0l ol 2EW
tHHu %, 1997; Li % 1997). @i, apicidinol] &3k
U937 M EIANA mEFE=2lole] o] R E &3]
7] 5l mEZ=gol AR W3 mitochondria



The Mechanism of Apoptosis Induced by Apicidin in Myeloleukemia U937 Cells 201

A)

Apicidin (1ug/ml)

(B)

0 6 12 24 36 (hr)

o emn @» - o 4—Mitochondria

e D e <— Cytosol

anti-cytochromec

(C) L = - Apicidin|

s ° Media

—
<

Caspase-9 activity
(Fold induction)

S N A
T T T v

0 6 12 24 36 48
Time (hr)

Fig. 3. Apicidin induced the activation of caspase-9 pro-
tease with mitochondrial dysfunction in U937 cells. Cells
were treated with 1 pg/ml apicidin for 24 hr (A) or the indi-
cated periods (B, C). A, Apicidin-treated cells were stained
with 10 ug/ml of JC-1 (10x40) and visualized the mitochon-
drial membrane potential transition under fluorescent micro-
scope. (a), control cells. (b), apicidin-treated cells. B, Lysate
was fractionated into mitochondrial and cytosolic proteins
which was subjected on 15% SDS-PAGE to probe cyto-
chrome c¢. C, Lysate was incubated with DEVD-AMC to
measure the activity of caspase-9 protease. Data represent
the meantS.D. of quadraplicates with statistic significance
difference at p<0.05.

membrane potential transition}s &21&}7] 2%l JC-
122 AZY rEZ=ols g3 & JJHn| S ol
St #ASATHRg. 3A) 2 Ax B4 dlzE U937
A Ee] nEFZEgols edlA] FFo] AxAe Mg &
Hl(punctuated form)2 EXEEHA 2L}, apicidin(1 pg/ml)
< 24M7F HEg Mo mEZ=Eols AEZ ES
E3hek AE AA vy (diffuse form)eZ A3l
= PFow AAHAUT)

=t E“JOP 2 Q)R W= cytochrome ¢ HX
A Uz WEe FE38kd cytochrome c/Apaf-1/dATPS}
3 BIAQ] apoptosomeE B/J3le] caspase-9 pro-
tease?] AG3IE FE3HZou &, 1999). & dFolA
apicidinoll 23+ U937 M| 32| w|EZ=glo} 29z}
312 #915l9l7] w&el cytochrome ¢9] AEd WE

o]%F& Western blote2 FASFEtHFig. 3B). Apicidin
(1 pg/miy Al US37 AlEe] A3 cytochrome ¢
I g A A7l BldEete FrRReH HE F
24X730l H gL Vel o]t Axk= apicidine]
U937 AE caspase9 proteased] B4dol| 9L mA 7}
TAE YuEiHy] W& olF ERIsr] U937 AlxEe
1 ug/ml apiciding 48A17F &9t =8l caspase-9
protease?] &4 448 FAKSISItHFg. 3C). Caspase-
9 protease 432 apicidin Azl BAI7HRE] F71817] A
Zhate] 24A17bol FH X (T] ol B RSt 9.5H) )R F
7l e, o]F2 A} At oo Aol
apicidinoll 23k U937 M X9 mEZ=gel 75 Hale
caspase-9 protease?] AsAIZ o, E45HE o] &
47} caspase-3 proteases FAIE FEIIACIL #

B,

Apicidindll 2|8t U937 MZE Fas 8|2} FasL tHYE
us F74

Mxur gz e =35 ] EIAL 71-e) A TNF family

o] £3R= Faste L #]7+=9] FasLel 238l caspase-
8 proteaseE 43} LE‘r Fulda 5, 1997). Z.2jA &
A= apicidinell ojgk U937 A|Ee] ZAFE/G]
Fas/FasL F&AAE B3t vPlsle=x1g ERlshr] A3}
of o] wA ] AL Western blot HA4108 FALS)
Atk U937 M| EoA Fas @] &L apicidin(1 pg/
mi}e A7l e)EFow Zrbsle] 7] A7k b

ERtb7] AlRbsle] 36A17F Bl #AFS = AUTHFg.
(A) Apicidin(1ug/m1)
0 6 12 24 36 (hr)
A o s | €— Fas
(B) Apicidin (1pg/ml)

0 6 12 24 36 (hr)

<4— FasL

Fig. 4. Apicidin increased the expression of Fas and FasL
proteins in U937 cells. Cells were treated with 1 ug/mi apici-
din for various periods. The equal amounts of protein from
lysate were subjected on 12% SDS-PAGE, transferred onto
nitrocellulose membrane and immunoblotted with anti-Fas
(A) and anti-FasL (B) antibodies. The immunoreactive sig-
nals were visualized by ECL.
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4A). T apicidin® FasL #3¥E FE3k 24717 B
367 ARENAN AR IASHJATHFg. 4B). T
U937 AlEM apicidine] Fas/FasL 3hgell {Xsh=
caspase-8 protease?] HAZA @A) tig Fe #F
& 5 QIATHHILE BH). ool Ad= apicidindl ¢
8t U937 A E3IAV} FasfFasL Aed2AE ARE 7t
3L AL Ut

oo

AAAE DNAE 3]2E octamer(H2A, H2B, H3, H4)
ol 9714 dide] 23] 7HA lomA] F& Ul 7
4=, A=} rl 4EE DNA9 3R = &83
7] 91ete] NEE GAA 128 WY, 23T 5 Ue 7]
Aol Yo datEe] gt 2o, nucleosome F+&
2 w3sla] AARIZIS DNA%e] H2AE 77
chromatin remodeling factore} 3|AE2] oixds}t A
g2 2A3H= histone acetyltransferases(HAT) 2 his-
tone deacetylases(HDACY} 8.8 f4d2F 28 24U
A2 $r8#HHCsordas, 1990; Grunstein, 1997).

3| A8 olAEsE 3} chromatint-Z H3l= Y
#HE B3 fAx w2 e Aol o, AR
HAT 4% 7He A 841822131 CREB(cAMP-
response element binding proteinfe SHE7E, A%
A% 2 oMFYY F2 2 RubinsteinTaybis$ &
o] gl §AA=ZE dHA JrhHPetrij &, 1995). AZ &
Ao] 23 7)%50] AE HDACS FAxF &d AARIAZE
xe) AL ojFlsh=d 03 ATUidY Bt of,
N2 A Mo FHARAZME o¢ FoETH
HDAC A&|Alel sodium n-butyrate, trapoxin B, tri-
chostatin A(TSA), depudecin, FR901288, oxamflatin,
2 MS-27-257 52 3L oMAESLE e, AX
9] 228 Az ot EA4S Rt ¢eA Ut
(Glick %, 1999; Han &, 2000; Hoshikawa, 1994,
Kwon %, 1998). @A FEAFA Hold et 84&
Uellls HDAC A8, FRO01288% MS-275% =t
FHLATFANCIEIA G o] 8 Folth

Z HDAC A&flAl2 €& apicidinel] )3k A XA}
71Ae] B3 B37b derkHan 5, 2000; Kwon %,
2002), = Aget ME3Abe] AsdeE Ae B 7Pde] h
3 A3 ¢ vES Aotk £ AFAX = apicidin
o] &3 AEIAL 7IA R AeHG FAERE AR 9
Shed W A ES, U937 Ao AEE, caspase pro-
tease A%, MEE=Fo} 7%, L3 Fasst FasL &
o mlHe JFTFS FASPS 3 AF apicidine

U937 AEfAM A7k ej&H o2 AT BEES A
om AFTIA) EAQ MFAHA AkE] Y DNA
A, Al 35 ¢ 8 EEo] 4FEHI.

Caspase family cysteine protease= E%5H3 2 Al
FIAL FEo] A TS T3 TN, B
Hoz AE Yo B&4st el EAlsitrt 2 F &
Fol ¢sle] FAstEtHAInemri, 1997). Caspase-3 pro-
teasex caspase cascade2] FHahgel X3, o
AEIAL AZARI} FBOE ARishe $8% ol
243l caspase-3 protease= PARP DNA-dependent
protein kinase(DNA-PK), actin, fodrin, lamin, ® ICAD
S0 AXY 7)AS dddhs £424, o5 71-9 &
Ae AxHow FEHe FHE op7|drhKaufmann
%, 1993). PARPE caspase-3 protease] Z82<1 714
24 caspase Ae) 2yt H lew, ICAD= CAD
o} A3t chaperoned BAIsPAAM caspase?] €4
o &% DNase2 A& AAsh=d] AXLIAL Z7]0
GAste caspase protease’} ICADE 121302 £3
AlA CAD7} AH-EA go=E o]F3ld chromosomal
DNAZ ¥&led 4 JtMEpari 5, 1998; Sakahira &,
1998). B ATl apiciding U937 A|X2} caspase-3
proteased] &EFH EHL FT/MA AEX W 71
PARPS} ICADS] #4& sttt

AZIAL] 2-d Fa8 A8 Gl AUe PE
Zo ool et H 2ol oJhd nEEsglole] V)%
Z4Le MEAE PEEE cytochrome c2F 7ol caspase
activators, BFA¢1=}e] W3l 18]lal Bel-2 family &
So] Aosh= Ao deA UrHDesagherst Martinou,
2000; Green¥t Reed, 1998). £3| n|EZ=2|ololA] A
¥A2 W25 o= cytochrome c& Bel-2 family ©
Ao o8] zHFR=H, AEZ cytochrome c&
Apaf-1, dATPS} A3, caspase-1 protease, caspase-
2 protease, caspase-9 protease 1Z]3L caspase-8
protease®] caspase recruitment domain(CARD)Z<]
Age 3] gAsldo] caspase-3 proteased] &3}
=3t} Apicidinel 91gk U937 MZ AL @/dolA
nEZcgole] ¥WalE #EAL 5 UJYct Apicidin
nEZsglole] TR} wsiel MEAUHZE cyto-
chrome ¢9 W& F3k9 ) o= apicidine] PIEE
=golE AR AEIAL Al E caspase9 protease
o Auslgedst FHHALH, AR B dTolA
caspase-9 protease®] &4& &AJo] apicidinell <}l
AA FTrsiaT.

MEIAL AledE B2 5 &Rl death receptor
Z~8-A+= TNF/nerve growth factor{NGF) receptor family

o H1 i
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o ¥ =8-A)o] A¥d =u¢l{cytoplasmic do-
mainje] £A31= death domain(DD}E Eaf A|EIA}
A3 AGsitt A TNF receptor-1, CD95(Fas/APO-
1) 2 TRAIL 1/2¢} 7+& death receptor7t €=l Utk
(Ashkenazi®} Dixit, 1998; Schulze-Osthoff, 1998). ]
E FEAe = AFsE 84 s JeE 84
slElo] M EFe] EAlsl= adaptor ©Az AFEHA
Hr}. olE adaptor TA-L caspase protease 72
gekst AITAPE AZAY AAS BT )= Re=
d#HA rHFulda &, 1997). & A7lM apiciding
U937 M| E7ANA Faset FasLe) @& Z7MAZAA| R
Fas/FasL &A%} 9Z4¥ caspase-8 protein®] &4l&
1% At

ol ite] AdE F3EHH apiciding® U937 Al e] vE
FogolE A3l intrinsic caspase cascaded] &4
3o} Fas/FasL FEAAE 53t AXIAE F=8FY

=& AT AU
#Alel 2

B dvE AT A vwrle7eke) A A
A3k WP aTIETRE A1R1(00014876)] A|9E whot
TSI

HIOE8
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