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Ber-Abl ¥4 AL #EW AXxgA vEZE=g ol ofEA Caspase
Cascades A 371 71AS &3 Apicidind] 23 STIH71 F%=
MEIALY F7}

STI571 Ber-Abl 4 AlEZe] MEXiAb f= 22 & 484
tyrosine kinase A|A|ZAl THA7] o] whA A MW ol Ao
= v Aol on STIH71 gk A
T4 WA Y] AFHA Q] dH o] Bl 9o,
W2 A7t JE A vk Apicidin histone deacetylase A4 9] = o
2 AMEF A B A5 28-S HolE AEE cyclic tetrapeptide®] Tt}
A= Ber-Abl YA MET (K562)9F Ber-Abl Y4 AR w1&® Alazed|A
apicidin®] STI571 %= AMEZIALE ZsiAZ 4 QeA Ldolrr|2 Y
K562 AEZFol A Ha 54 FE9 STHNS d5o2 Ak Ao nlstd
STIG713 apiciding 5] (STI571/apicidin) 48 Al17F EoF &3 Ax} nEE
tgjo} 4o Ads] STkl om (MEZEgo) ARt el et MEdE
9] Cytochrome C 4|2l ZF7}), caspase-3, -8, -99 poly (ADP-ribose)
polymerase (PARP)9] #&]9] F7Fet 34 MEaAt= F7istdnl v =54
Ay FA47] Sate] MEdy AFolAE H=3 AdE e AT 1Y
v HL-60, U937, Jurkat®} #©] Ber-AblS R &SR] &= AMXEFA A= o]t
A3E A& F gAY Caspase-3 JA#|¢l DEVD-CHO+= "i§- g3 o=
STI571/apicidin % A3E3LAFS} procaspase-3, -8, -99F PARP2] &35 A
3ttt STH71# apiciding @50 2= A|EALSY] A Tlo] o]sls= whulel
XIAP ©@9le] Fio S T4 K3t oLt 48 A1zt &<k STIS71/apicidin
AL Al osiAeE Ao ksl HA Hole XIAP wWo] AAEALL
caspase &7l WAlo® 29 kDal XIAP £d 4H=Eo] F7slgivh 1ga
STI571/apicidin A1 A gloll olsle] AlEAZ2] Smac/DIABLO 4|7} H23]
7kttt STIS71elY apiciding ©H50.® 24 Algtolu} 48 AJZE &3 A 2lat
Fe W= Ber-Abl @] Fio= A WU gllon 48 Akt st F



of A 8l3S wli= caspase 9]E4<] W20 & Ber-Abl ©¥e] FE7t A4 3]
Hashs daks A9k dEAor & Aqabs MEZEF0 ofEA caspase
cascades &4 T7h Ber-Abl ©@¥e] 7HA 18]3 XIAP w9 ?ﬂﬂﬂ ArE
&3lo] apicidin®] Ber-Abl ¥4 AlgE #&@W Alxo A STIH71 % AEIAL
5 7S BHs etk 2 A= Ber-Abl 4 A WEW ] Xm A

Al lelA apicidin¥}t STIS719] Wek Fojo ik o @2 A7k Za9
Al EL

to 1%

AN F = T STIH71, apicidin, histone deacetylase &##|, Ber-Abl, ™34



Ber-Abl ¥4 AL WY AXxgA vEZE=g o) ofEA Caspase
Cascades A 37} 71AS &3 Apicidind] 23 STIH71 F%=
M EIALS F7}
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Ber-Abl 94 v =54 W@W-E 1 Wl elA Ber-Abl % 3
Aol ejato] WAE tyrosine kinase®] 2 s AEI7E FH e FHohlC
Ber-Abl 4 W1EW AEES MEIAb A3e YERE, AAo] 1879
e okAlo = A3S Wlth'® Ber-Able] ¥de mEZE=g|olo] R
dojet MEd®e] Cytochrome C #HIE AGgFo A AZAL A3PAES
caspases®] &4 Asta, A AELAE AsA Ak

o]¢} o] Ber-Abl tyrosine kinaseo] 932 # 4 $kom, Ber-Abl
tyrosine kinaseg® AEH oz AAlst= EZY sEo] & Hojgirh FHT
Ber-Abl, c-kit, 28] 3 platelet-derived growth factor receptor kinases®l t)3k
AA A el STIG71o] thate] Adsl Balo] A= AUtk In vitro Aol =
STI571-> micromolar §%o4] Ber-Abl &4 #W1&® Ao A4S AA|sh=
a3 Bl FYAMETF STIHT16 mZo] 5w Wy A¥e] ¥
APZE F7behzd M o]tz Ber-Able] WE Al gAe] o5 W olye}, T
o AEE f3) desitte AE ongith. 7] I AldelA] STIHT1S B2
z719] v = EH oA st FAstA HellE B, oA

3]

)
£ e AT 197 ﬂ%H% R B
A
o

R

=
°olg FHalY] 9% we Awstk daEn glom P

5T1571er ‘%“fﬂ Ber-Abl Alad& AA 1 e A AAC sgsh= =2



= JAlGtE & ofAlE Wiete] AbgsteE A JpER old AFdE =
Eotel= Al =7F S5 vk

S8 AT VlAeA = STIE7IH -S4 Al 54 EdE53e ¥ o
© & Ber-Abl ¥4 #M8W Axe) uAl F4EE Bastd MY STI571v)
mitogen—activated  protein/extracellular signal regulated Kkinase kinase
(MEK)/mitogen-activated protein  kinase (MAPK) inhibitors,” arsenic
trioxide,” cyclin-dependent kinase inhibitor flavopiridol,® tumor necrosis
factor alpha-related apoptosis—inducing ligand,z4 phosphatidylinositol-3 Kinase
inhibitor,” suberoylanilide hydroxamic acid (SAHA),® %+ geldanamycin® =}
2o RS Bds 8 Fo A A A8l BasEal itk olefg A=
B3 AREE o] Ber-Abl AlsHY AAE FUHH R AT A
Ber-Abl 4 #@W Ax¢] STIS7L0 o3k AlEuAL 285 dsAZ 74

= ¥4 v &+ 3l

A2 (chromatin)oll U= nucleosomes% FTA Tl 3| aEe] ol E e}
ol dsts fAA wde] A glo] F83 9 P ArlHow &
ek FdAbE vg- obAlEstE FA S| aE ddte] Qlow witE golAd
sty B AEL AAL oA wWE FAA wE ek Aol JukPY opxd 3}
H AE9] 3]~EL histone acetyltransferases®} histone deacetylase (HDAC)
o FAo] olslel ARG HDAC JAA 23 3]~Ee] HolEs) &
L B35 Sy TS SAY S e, oy d 28 AlEFT
A, 52, a8 AE ALY 24 oA Fagh JTS sk A A
BFel HAL 24S Bald dojdria A k¥ A= HDAC oA
A apiciding ol ¢ AMEFo] FHI FA gL s g
Apicidine HL-60 W&8H AEZA%E AEXIALE FE8 & A= oz v
Ha dEd, AgAHQ Fas/Fas ligand® FE& <13t nEF =g ofo] Ao

Cytochrome C2] #H]¢} o]o] 2]&t caspase-99} caspase-32] 43S E3}o
ANEIALS fEetE Aoz Al 01439 A8 Al A apicidin® Ber-Abl
A A wWE A EFQ] K620 A R EE=gol AEIAF AR

IE0AE FEFS & 5 AN, EF Ber-Abl ©le)

3k zAo] TurEE 4 5 ALY ol#d AE w"oZ apicidin®]
Ber-Abl 4744 A W@ Ao A STIH71Y 2395 SUAZE + IS A2
2 gzar



oo ¥ A= Ber-Abl ¥ Al W EH A EXF9} A

d = HdH
w71 SRt A WEY A FollA mEZE=gol &4 AZIAE 2
groll $lelA apicidine] STIS719] Al 3EaiAbel ek &35 dsA7l=AE &4
stazp 3 HDAC A AIQ] apicidin® tyrosine kinase A AQ1 STIH719]
W AREol AlE BA FMER X5 dEe] syt d teAdE A2
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K562, HL-60, U937, Jurkat AlsF A|XFE A3, AlXFF American
Type Culture Collection (Manassas, VA, USA)oll A F4stA T AlXF= 10%
(v/v) heat-inactivated fetal bovine serum (FBS, HyClone Laboratories,
Logan, UT, USA), 1% penicillin/streptomycin, sodium pyruvate, MEM
essential vitamins, 2mM L-glutamine (Life Technologies, Grand Island, NY,
USA)E ¥33F RPMI-1640 (Life Technologies)oll Al ®jekatoich 3 =eo] whA

o5

4 NEY G497 BARRE FINE e Hd STHILS AHgs) ol%
dol  wzgelelq  wEY AEE  dold  Agsigith Wz gole
)=
RUN

Ficoll-Hypaque (Pharmacia Biotech, Uppsala, Sweden) 5% x}o]Z o] &3}

o R FElsldth AlEE gk ol o] MXEES high gradient magnetic cell

separation system/anti-CD3 monoclonal antibody (Miltenyi Biotech, Auburn,

CA, USA)E o]g3to] AzAtoll A Alzst Wrgol oste] T AX 28E 3t

th Fejst oz FaElE AE 95% o]/do] W@y AxEo|drt AFdd ARE

g AT Aol AlEE 03% trypan blue fdoz  FAE o
d

hemocytometerg ©]-§3slo] LS FAsF o SHEE 95% o]dol AT

2. Al <

STI5712 Novartis Pharmaceuticals (Basel, Switzerland)ol| 4] 7]5< Hdbol A}
4393, Hit dimethylsulfoxide (DMSO; Sigma, St. Louis, MO, USA)9l| 10
mM ¥ (stock solution) AElZ XAl Apicidin (cycloN-O-methyl-1 -
tryptophanyl-1 -isoleucinyl-p-pipecolinyl-1-2-amino-8-oxodecanoyl) )=
Calbiochem (San Diego, CA, USA)oA T3kt H1 DMSOo| 94 (1
mM)S ¥ -80TCAlA 3 7fde] @A A BEastdch vigAl wkx]2t DMSO
FTEE 01%E FA8I¥M A, o] wRe Al HAS Itk Caspase-3 AAIQ]
DEVD-CHO (Calbiochem, San Diego, CA)i= DMSOe°l| 53.0™, -70CoA €&
@ ) 7% wRErch w24 g8E Bio-Rad (Hercules, CA, USA)SIA
TH3FAT
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S Yol 22 G52 5oy (logarithmically) ¥ A4S H
Al (5<10° cells/ml) 10% FBSE ¥§3 2mle] RPMI-1640°] £o1%l
6 well plate®] Z} wellol]l a1, 24 T 48 A|ZF =9 apicidine] YAY ¢l
FEfell Al STIS71 =E A AT 5% CO9F 95% 3712 o] Fofx F=71
d7]el 37CE frAIstHA M wjFS okt vl 717ke] mpx|uto A=
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Annexin-V 42 A Z3]A} (PharMingen, San Diego, CA, USA)lA A A
gk ol ofate] Aldlstsith s Awshd, widE AMEE ol binding
buffer® A1Z3 o 5pLe annexin-V-FITCS ¥33 100pLe binding
bufferel] ¥ v A3ATE 32 propidium iodide (P thx GA3ATH AlE
JIAZE " AxEe] H]E&E FACSCalibur flow cytometer (Becton Dickinson,
San Jose, CA, USA)E ©o]&3sto] ZA3t% T

t}. DNA fragmentation 24

AE AAZE Ax10°AF)S AedA 15 27+ 200uL9] lysis buffer (0.5%
Triton X-100, 10mM EDTA, and 10 mM Tris-HCI, pH 8.0)°l 7 #f at9<
™ 16000g= 10 w3F 9482 stk 2 th39 phenol: chloroform (1:1)Z 2
3] DNAES FE31921, ethanol® IAA|Z7]aL Tris/EDTA buffer (10 mM
Tric-HCI, pH 80, and 1 mM EDTA)°l| AF-3tAth DNAE 2% agarose gel
A7195ox Fgste] A sHth

o mEZEgol AXY A9 24

nEFZ=gol AEY A9 (mitochondrial membrane potential, MMP):= 33—
dihexyloxacarbocyanine iodide (DIOC6)E AF-g-38te] o] el 7]&3h HHol o]3)o]



ZAetArk! ZHzke] 24 1x10° AEES 37T A 40nM DiOC6 (Calbiochem,
San Diego, CA) 1mloll ¥ir 15 &3+ ajstar, 1 tho FACSCalibur flow
cytometer?} CellQuest software (Becton Dickinson, San Jose, CA)E ©]-&3}]
AT MMPO] A4S gelshs tix A3 MMPE #ste w8 AlAl
@] carbamoyl cyanide m-chlorophenylhydrazone (Sigma, St. Louis, MO) 5pM
of MEES w=EAIAA AldsSit

g

al, S| AE Beeh opAEstE FAE HA WY

710 gl WES Abgslel (e APJ &<} apicidine]t STIS7T1E A
g3l T Ko62 MERFE | AES FE3TE Laemmli sample bufferol] 3
e B o L= e L B (IOug)g 10% SDS-PAGEZ #g]3}%aL,
nitrocellulose®  &71 % ofMEstE s|~E H4el tigk A9 enhanced
chemiluminescence (ECL) detection system (Amersham Pharmacia Biotech,
Piscataway, NJ, USA)E o]&3lo] &1ttt

5\

uh EEEelokst AEA #3

HNEES AFH3F] 4T phosphate-buffered saline (PBS)C.& A3k aL, Al

HAES 250mMe] sucrose®t proteinase A AE  E3Fsh= 300 pl9
buffer A (20mM HEPES-KOH, pH 7.5, 10mM MgCl,, 1 mM EDTA, 1 mM
EGTA, 1 mM dithiothreito)®l] #H-3}th &3} (homogenization) & 3+ ¥
of ZMAA] k& AE, Z A Eure] 27} dS 4ToA 1,000g= 1 w3 94
wEste] AASATE FEAL 4TA 10000g= 20 #7F HA4lEE] STk
nEIZegols xetes Alx HHELS 50pLe] TNC buffer (10mM Tris
acetate, pH 8.0, 0.5% Nonidet-40, 5 mM CaCl)oll =it} AFH-e 50,000 g =
2 A17F u dAalEg A AlEAS A%, Western blot F4]0) AL-&-3} T}

b

Al Western blot 4]

Aol kS Helg FHol|l HA AE HHAE (3x10° cells/condition)S PBS
2 23] AE3s9a, 50ule] PBSell A - 6& FHell 200uLe] 2x Laemmli buffer
(Ix = 30mM Tris-base (pH 6.8), 2% SDS, 2.83mM B-mercaptoethanol, and
10% glycero)& F7}slo] wolal 7bds] 53 313 (sonication) & dF T



Z3lE Gl Coomassie @ 41 AleF (Pierce, Rockford, IL, USA)S o|&
sto] s} stk % (20pg)e @S 10 w37 #olal SDS-PAGEE ©| &
3Fo] £ 3F F ol nitrocellulose?] & =7t @ e] olF3 FF Fal= Fels)

7] 918t 0.1% amido blacke.Z @3RN, 5% acetic acid= EAs}ATh
227C 4] PBS-Tween (PBS-T) (0.052%6)3 5 % $-frellAl 1 AlxE &<t 185
Hell Ad3s] gAE dAE Y 2T AAg mAdoA] 4 A7 5
stttk AF8E 3FA] S caspase-3, caspase-8, caspase-9°] w3t A=
PharMingen (San Diego, CA)C ZHE FY3}A 3L, cleaved caspase-3,
Cytochrome C, Bax, phospho-Akt/PKB (Serd73), Mcl-1, X-linked inhibitor of
apoptosis (XIAP), second mitochondrial activators of caspases (Smac)
/DIABLO, poly (ADP-ribose) polymerase (PARP)oll Wgt 3sta= Cell
Signaling Technology (Beverly, MA, USA)Z4%-8 G433t} Bel-xL2 Bel-2
of ™3l &A= Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA)e|A],
18] 31 HDAC-1, c-Abl, a-tubulin®} acetyl-histone H49l W3t &= Upstate
Biotechnology Incorporated (Lake Placid, NY, USA)ol| A 433t PBS-Tol
A5 B2 3 3 AR o 1:20002% 343 horseradish peroxidase-
conjugated secondary antibody (Bio—-Rad Laboratories, Hercules, CA)E Y1l
22TColA 1 Az Bk vl PBS-TolA 4 3] A& 3 thg, ECL
detection system (Amersham Pharmacia Biotech, Piscataway, NJ)< ©]-&3}o]
vhs WS HAEsiith Aol Ade 3 3] §HESlow dixato®
~tubuling AH8-3F3A .

4. A &4

Ad 27k Aol tigk o E FAs7] 9dte] two-tailled Student
t-tests ARSSIATE  FeAFEel didt 24 HFYH  Z=2 9 (Calcusyn;
Biosoft, Ferguson, MO, USA)< A}8-3t] median dose effect iA1H < ©o]&-3}
Aok
AR .



m. 2 3

1. STI5717 apicidin®] K562 A|X A P|EZEE o} &3 AL AL
AlE 9%

Apicidine] STI571 %= AlEatrbel] vxl= S FAs87] flsko], K562
A3 800 nME] apicidin®] AAY fl= el thekdl Hxo STHIS ¥
348 AZF Bt wE3AR F AEIA AEE ZAsh STIHT v oze
500 nM 9] FEo A= AEZILAb] wlg- A
off, STI571*9‘ 1uM o9 =5 AEst =
3} (Figure 1A). 184 ap1c1d1n (800 nM) ¥} STIH71S EA]o AFg3H
o= 50nM o]Ae] STIH71 sXolA AXEAZE Ads] S7Fskda, STIH719)
FEE 500nM ©]% /\}%f& 45 A<l 100%0) ol2= AXIAE #z & 4 o)
At} (Figure 1A). K562 Al¥+= 15uM ©]42] apicidin =04 5% o]&4 <l
WAl o 22 A EIAE 7R o 1uM ©]3Fe] apicidin FE=oA = Al XA}
o] AxE: B AR At (1 pMelA 4.6 %9 A*E1Ab (Figure 1B). 1
21} 500 nMe] STI5713 FA AR&3E 49-ol= 100nM ©]/32] apicidin &%=
N AEuAF A F7FEA AL, apicidin®] =S 500nM oA AR&3E 7
T A9 100%°) ol2% AxaAbE: BF & = A} (Figure 1B). K562 Al
o] 500nM STI5713 800nM apicidine =E=A|7]3, A|ZFEE A8 B2 24
AlZb M = A ZELALS] S77F Ao, 48 At A= s B Al LA
7F #FEAY (90.2%) (Figure 10). MEZ=glol Alx9 d9] A4 (Wm)=
SAste] AL A flollA L AEZALY] HEot AR AdE A
(Figure 1D).

of,
no 0%
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—0—8TI571 —o— Apicidin
—e— STI571+Apicidin-800 nM —e— Apicidin+STI571-500 M
100 100
_ 8 80
= =
é 60 § 60
g 3
S 40 2 40
< <
X 20 ® 20
0} 0
0  50nM 100nM 500nM 1uM  1.5uM 2uM 0  100nM 500nM 1uM 1.5uM 2uM 25uM
STI571 Dose Apicidin Dose
c E24h D E24h
M48h M48h
1007 =100
= 80} S sof
g 2
© 60f e 60
° =3
Q 40 < 40
3 )
i
N 3
[ mm T —
Control ~ STI571  Apicidin ~ STI571 Control ~ STI571  Apicidin  STI571
500nM 800 nM +Apicidin 500nM 800 nM +Apicidin
E F _
STI571-500nM ~~ Apoptosis
Apicidin-800nM —~—“Low" Ay,
@ 1.5
% 1.25 )
° Antagonism
£ 1
S Synergism
% 0.75
£
?, 0.5
0 0.25
0
0 0.2 0.4 0.6 0.8
Fraction Affected

Fig. 1. Apicidin potentiates STI571-induced apoptosis in K562 cells. (A)
Logarithmically growing K562 cells were exposed to the designated
concentrations of STI571 for 48h in the presence or absence of 800nM of
apicidin, after which the percentage of apoptotic cells was determined by
flow cytometric analysis, as described in Materials and Methods. (B) Cells
were exposed to the designated concentrations of apicidin for 48 h in the
presence or absence of 500 nM STI571, after which apoptosis was assessed.

11



(C) K562 cells were exposed to 500 nM STI571, 800 nM apicidin, or the
combination for 24 h () or 48h (M), after which the percentage of
apoptotic cells was determined. (D) Cells were exposed to the drugs
described in C, after which the loss of mitochondrial membrane potential (AY
m) was assessed in DIiOC6 treated specimens by flow cytometry, as
described in Materials and Methods. In each case, values represent the
means of three separate experiments performed in triplicate; bars, £ SD. (E)
K562 cells were exposed to 500nM STI571 or 800 nM apicidin, or to both
agents for 48h, after which total genomic DNA was extracted and resolved
on 2% agarose gel. Apoptotic DNA fragmentation was visualized by
ethidium bromide staining and photographed under UV illumination. (F) K562
cells were exposed to varying concentrations of STI571 and apicidin at a
constant ratio of 1:1.6 for 48 h, after which the percentage of apoptotic cells
or loss of was determined as above. The combination index for each fraction
affected was determined using a commercially available software program
(Median Dose-Effect Analysis). Values < 1.0 correspond to synergistic
interactions.

DNA fragmentation +4] A3} K562 A3l A apicidin®l -‘ﬂé}oﬂ STIH71
= DNA &3o] Astse A3E 2 (Figure 1E). K562 A5 500 nM]
STIG71olv 800nMe]  apicidin @ =02 48 A7+ =< AHgstd DNA
fragmentation®] AE+= Al #FHA| &drh T Tl FAY FAl
%S Al7IH DNA fragmentation®] A=E 543 718 235 Bd
(Figure 1E). o]¢} Zo] E3] A¥ Aol AL FE9 apicidin®] K562 A3
A ST e VEZE=gol &4 AEUANS AT F7F AF L, 48 AIgE
ot wjekst A9 2 #EE 4= AR th Median Dose Effect #4]H 02 48 Al
o MEIA AL}t mEZ=ol AlEEt A9 Ad HEE 71 ST
apicidin Abole] FEx-8e] 54E #AF A3 AEZARY] Fiol SlojA e
A &4 0 2 combination index values7} 1.0 PIREe. 2 FEE| oA o5 F 7}A] <F

A

Ao ool wg e om 283 st S & F AN (Figure 1F).

12



2. HL-60, U937, Jurkat A X F ¢} v+ F44 APy 3o Wiy A
¥ A STI571# apiciding ¥3 Z&

STIH71¥ apicidin®] 32835 Ko62 olele]l =38 A¥oA HEs}
(Figure 2A-D). 800 nM9] apicidin ©5 2 2= HL-60 A|EFo|A] A+
S X3, apicidin®] 500 nMe] STIG71 H7FeE A9 apicidin®] 54
1A= E39t (Figure 2A). HL-60 AlXEF2] ZA3}e} H|S5HA] Ber-AblS %
a2 ¢ o2 AXET (U937, Jurkat) ol M= AEIAL F=ol glojA] STIS7L
3} apicidin®] F524Q Fozge BEEA ekt (Figure 2B-C).

HhHof g 44 wEdw g47] SRR E AS WEH AEZE K562 Al

FHU tha STH7 AFe Hel= A%S Btk (Figure 2D). LEv)
500 nM<e] STI5713 800 nMe] apicidins 7 *2lgt A3} 48 A|7bkel] A EZILA}
T T8%NA #EE A ZHzte] okAlE T o® AMESIGS Wl Huh A
XA F7Hs Bt (Figure 2D). MEZE=glo} A¥e A9 22 (AYm)
= SA45te] @& AHE o]9f HE ARE AUk

N

[.a (

>

HL-60 B U937

100 @©24h _100f @m24h
T gol ™@48h 8 gof ™48h
8 £
‘g’i 60 Fg’ 60
= 40 <°°- 40
® 20 & 20

P L
0 0
Control STI571 Apicidin STI571 Control STI571 Apicidin STI571
500 nM 800 nM  +Apicidin 500 nM 800nM  +Apicidin

c Jurkat D Primary leukemic blasts from CML patients in BC

100f @24 h 1001 mygh
8 got ™W48h 3 80
L2 o
S 60 S 60
g g
§ 40 £ 40
® 20 ® 20

i o
0 0
Control STI571 Apicidin STI571 Control STI571 Apicidin STI571
500 nM 800 nM  +Apicidin 500 nM 800 nM  +Apicidin

Fig. 2. Cells were exposed to 500 nM STI571 + 800 nM apicidin for 24 or
48 h, after which the percentage of apoptotic cells was determined by flow
cytometric analysis. (A) HL-60; (B) U937, (C) Jurkat; (D) Primary leukemic
blasts obtained from patients with CML blast crisis (48h). Values represent
the means of three separate experiments performed in triplicate; bars, = SD.
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3. K662 A|XAA 3|2 oA el g STIS713 apicidin®] &3}

K562 A3 A STIS719] 5o W& apicidin®] AMXEY 3|28 H49l oA E
Slof] wx]= FaFe] tfste] Lol R k) 800 nMe] apicidin A 2]l ¢]slo] 3]
= H49l ofAlEst= 24 AJ7H-48 AIRF o] %o Ads] ksl o, apicidin
HDAC-19] %F¢] W3lE FdbA &ttt (Figure 3A-B).

A 24h B 48h
+ - + . + - + STI571-500 nM
+ + - - + + Apicidin-800 nM
kD
HDAC-1
60— o - R G N SRR
10 — ] _ -— - ‘ Acetylated H4
a- tubulin
[ e L. W QAN s

Fig. 3. Effect of STI571/apicidin on the acetylation of histone H4 in K562
cells. K562 cells were exposed to 500 nM STI571 or 800 nM apicidin, or to
both agents for 24 (A) or 48 (B) h, after which the histone fractions were
isolated, as described in Materials and Methods. Proteins (10ug) were
separated by 10% SDS-PAGE, transferred to nitrocellulose, and probed with
antibody against acetylated histone H4. In addition, the HDAC expression
level in the cell lysate was examined by Western blot analysis using
anti-HDAC-1 antibody.

4. K562 A EA Cytochrome C #H]¢} Caspase Cascade E43}
g STI5713 apicidin®] &3}

K562 ATl A STIS71/apicidin % AMEILAR] Qo] AMEZILAL 7

25
Western blot &A1& AR&3to], o] Ao A BAYE ofe] G 18 Wsts
=A%t 4 K562 AENA 25uMe]  apicidin @@= A gl 93k

Cytochrome C, Bax, 2&]al ]| caspase &9 T3] Al7to] W& WH3ls =
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Attt MEDLALE FEs= 25uMel apicidin®] FXEoA A|ZF oJEH o T
nEZEgotol A AEFZe] Cytochrome Co| &H[Z} dofylth. AlxZ =]
Cytochrome C2] ¥#H]:= 16 A|7F o] ol dAA3| F7}saL, 24 A3t Ha= &
7hekatt olel FuHkEOlM  apicidin A2l 16 A|ZF o]Fo] wEZ=g|o}o]
Cytochrome Cx= 7+A3Iith mEFEE=golo A9 Bax ©@¥e] E7}= apicidin #|
2] 8 ARF o]FRE dAAS] FUIsIATE HEF apicidin 24 A|ZF A o] %
caspase-3 Fg]ol v]dsle] procaspase-3, -9, -89 Ha|o} zZtzte] FAlztE e
AHE2] g4 2 E2E PARP (89 kDa, 24 kDa)e] =771 #4252l tt (Figure 4).

Time (h)

kD 0 2 4 8 16 24 48

14 5| — e et o S QD S Cytochrome C (Cytosol)

_>| — — — S S -| Bax (Mitochondria)

55 —>| —— — e — 5 — |Procaspase-8
48 —>|_-‘- ‘ —— — |Procaspase-9

37 —>|—-

| Procaspase -3

116 —
u I e ——— i B

55 - | e m—— — —— T —. | a- tubulin

Fig. 4. The K562 cells were exposed to apicidin for the indicated times,
after which the protein fractions were subjected to Western blot analysis and
separated by SDS-PAGE. Each lane was loaded with 20 ug of protein. The
blots were probed with antibodies against Cytochrome C and Bax (first &
second lanes). The cytosolic and mitochondrial fractions were prepared as
described in Material and methods. The blots were also probed with
antibodies against procaspase-8, -9, -3, and PARP (third to sixth lanes).
After analysis, the blots were stripped and reproved for a-tubulin to ensure
an equal loading and protein transfer. The results of a representative study
are shown; two additional experiments produced equivalent results.
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ol9b= wHPE, FHA =A 2l 500 nMe STIh710lv 800 nM9] apicidin &
2O0F8E 24 AR EE L =EFSE W FElE AEXER
Cytochrome C #9R|u nEE=glol29] Bax ¢ B+ caspase 9, -3, -8, g
3 PARPS] &217F #2EH A ekt (Figure 5A-B). 281} K562 A 3Eo) 48 A7t
5<F 500 nMe] STI5717} 800 nM9] apiciding 74 *12]shH, Cytochrome C #
H], Bax®] A9, 12]al caspase-9, -3, -8¥} PARP2] #|7} wj-$¢ F=e|x Ax}
£ Ho]il (Figure 5B), 71 A¥= AlZtdel] wE AlEiAbe] Ao}l A8kt
(Figure 1C).

e}

RS

A B
24 h 48 h

+ - + - + - + STI571-500 nM

- + + - - + + icidin-
kD Apicidin-800 nM
15 — ; — — r— —— — —— Cytochrome C
22 5| g - - woan B e g| Bax
48 — | SN R W W L
35 — - - . Caspase- 9
32 | e m—— c— — ——— o — Caspase-3
19 — s | Cleaved caspase-3
ig - - e O L N - Caspase-8
116 — -
85 R — D D emme s | DARP

— e G S s (o-tubulin

Fig. 5. K562 cells were exposed to 500 nM STI571 + 800 nM apicidin for 24
(A) or 48 (B)h, after which the protein fractions were subjected to Western
blot analysis. After separation on SDS-PAGE, blots were probed with
antibodies against caspase-9, caspase-3, caspase-3 cleaved product,
caspase-8, and PARP. Each lane was loaded with 20 ug of protein, and after
analysis, blots were stripped and reproved for a-tubulin to ensure equal
loading and protein transfer. Alternatively, the cytosolic and mitochondrial
fractions were obtained, as described in Materials and Methods, and the
expressions of Cytochrome C and Bax protein probed, respectively. The
results of a representative study are shown, two additional experiments
produced equivalent results.

16



500 nM<e] STI5713 800 nM<e] apicidin®l 48 A]3F &<F =5 Ao
caspase-3 A|#¢] DEVD-CHO (100 uM)E Fojdte] M ETALS #2-sich
DEVD-CHO= "j-$ &3 o2 STI57l/apicidin f% MXEIAS HAAIH AL
(Figure 6A), HI& 1 AE& AAR nEZ=gol AlZuet A9 & (AWm)s
=243 Axx 1523k 232 B9} (Figure 6B). 3 DEVD-CHO9 A X
= STI571/apicidin®] ¢]ste] %% += procaspase-9, -3, -87 PARPe] #T]&
AA A=l (Figure 6C), ©l#8t A3}+= STI5713} apicidin®ll ]38k A3 311A}9]
F}A o] caspase cascades Aol o]EH o= RS ow]|dittar & 4 it

n

T

>
(2]

1007
_ 48h
S 8 + | + |STI571-500 nM
g e0f - + + | Apicidin-800 nM
o
o | - - + 100 uM DEVD-CHO
g4 kD
& 20 48 — | R @ |Caspase-9
m e
0 -= 1 1
Control STI571 STI571+Apicidin 32 — Caspase-3
B +Apicidin  +DEVD-CHO -_ - -
100
w 19 — _—— Cleaved caspase-3
o 80 =%
(]
S
< 55 — -
= 60 25 g & @ | Caspase-8
3 40
<
% 116 — | @p wws @ PARP
85 —
o 20
o
0  cn— e————— | 0- tUbulin
Control STI571 STI571+Apicidin

+Apicidin  +DEVD-CHO

Fig. 6. (A) K562 cells were exposed to 500 nM STI571 plus 800 nM apicidin
for 48h in the presence or absence of the caspase-3 inhibitor DEVD- CHO
(100 pM), after which the percentage of apoptotic cells was determined by
flow cytometry. (B) Cells were treated as above, after which the loss of
mitochondrial membrane potential (A¥m) was assessed in DiOC6-treated
specimens by flow cytometric analysis, as described. In each case, values
represent the means of three separate experiments performed in triplicate;
bars, £ SD. (C) Cells were treated as above, after which proteins were
separated by SDS-PAGE, transferred to nitrocellulose, and probed with
antibodies against caspase-9, caspase-3, caspase-3 cleaved product,
caspase—8, and PARP. The results of a representative study are shown; two
additional experiments yielded similar results.
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5. K662 A XA 3 MEIAL @] F@ th STI5717 apicidin®]
24
Western blot #21-2 ©]-&3}o] apicidin®] & AlFE A} Thlo] F o] 1]z
FES AP e, STH7IH Add 28 ot a3& gRlsth 24 A
kel 48 AIZE st HA =4 FXEQl 500 nME] STIG71e]vt 800 nMe]
apiciding Z2H2} 98 49 & MXEA @l Bel-xLoly Bel-29] %3+

rBL

Aol AUATH (Figure 7A-B). H| = apicidin®] Mcl-1 @¥o] w55 Z5 <7}
ANAoY STIE719] 3712 o]2]d apicidin % Mcl-1 @9e] A5 248 &

A= ot (Figure 7A—B) STIS71°|4 apicidin @5 A2 =& Serd73 Akt
/PKB9] 4ksleo] s 2 Zsldrh 28y K562 Az 24~48 A7t &
¢F STIG713 ap1c1d1nﬁ S Wow A3t Serd73 Akt/PKB wha 214k3}e]
22 Bz & ¢ Atk (Figure 7A-B). STIH71°]4 apiciding @502 A}

N

&3t A5 XIAP @ilo] gdo vfg A JFS Btk v EA%E 48 Azt
5ot STI571% apiciding 374 A 2]dk 4% A< ¢bdst dA Zolo] XIAP
ol 4SS EE & Qla, o7l AdEste wElE XIAP 9] AbE

29 kDa =7]2] polypepetide S7Fe #2351t (Figure 7B). K562 A%

AlZE &9k STIS71e] AU §lE JElolA apicidine.® A2 sl3A /H]JX‘

Smac/DIABLOS] #H|E #X= 3}914« (Figure 7A-B), 48 AJZF &9t STI5713
apicidine 3t A gshd 433 Smac/DIABLOS] 71 F%=3+t}t (Figure
7B).
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24h 48h
- + - + - + - + | STI571-500 nM
KD - - + + - - + + | Apicidin-800 nM
30 — b @& ey e | Bol-xL
25— e e G s | Bcl-2
37 — - e O . | Mo-1
A
48 — e pAkt/PKB (Ser473)
53 — 8 - - XIAP
29 — . -
% — = Smac/DIABLO
—
- A A e | - tubulin

Fig. 7. K62 cells were exposed to 500 nM STI571 + 800nM apicidin for
24 (A) or 48 (B) h, after which the protein fractions were subjected to
Western blot analysis. After separation on SDS-PAGE, blots were probed
with antibodies against Bcl-xL, Bcl-2, Mcl-1, Serd73 phospho-Akt/PKB,
XIAP, and Smac/DIABLO. Each lane was loaded with 20ug of protein, and
after analysis, blots were stripped and reproved for a—tubulin to ensure equal
loading and protein transfer. The results of a representative study are
shown; two additional experiments produced equivalent results.

Al E3LAbl] ol El= caspases”t o2 AlaAE chal o)
U= HS 183k caspase-3 2 A|A1¢] DEVD-CHO®l| = STI571/ apicidin
A MEAAE & AEIAL G gt FAdg AHE AldstT) Figure 8
oA HelFE wiel o] Bel-xL¥ Bel-29] &> DEVD-CHO Ao 25t
geke whx gl ey XIAP w@e] ey AlEFE 2] Smac/DIABLO
#H S7h= DEVD-CHO®ll ¢Jste] A ulon, oleldh Auts = o5 &
o] gAJo] caspaseet ATA o] AL WEF 3L
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gE 722 7 3
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48 h

STI571-500 nM

+ +
. + Apicidin-800 nM
. 100 yM DEVD-CHO
kD - -

30 7 | e e e | 5CXL

2%~ | - - 5

26 > | e — Smac/DIABLO

53 —

- XIAP
v

a- tubulin

Fig. 8. K562 cells were exposed to 500 nM STI571 + 800 nM apicidin for 48
h in the presence or absence of DEVD-CHO (100 uM), after which proteins
were separated by SDS-PAGE, transferred to nitrocellulose, and probed with
antibodies against Bcl-xL, Bcl-2, Smac/DIABLO, and XIAP. Each lane was
loaded with 20 pg of protein, and after analysis, blots were stripped and
reproved with antibody directed against a-tubulin to ensure equal loading
and transfer. The results of a representative study are shown; two additional
experiments yielded equivalent results.

6. Bcr-Abl @® 9] 313k Ao 3§ STI571# apicidin®] &7}

24 AZF B 48 Al BeF K562 AMIAEE 500 nMe] STIS71¥ 800 nM<]
apiciding g7 AF&sle] A2t @37} Ber-Abl @9 T do] WX g}
ATdS FEBGATE 24 ARF E= 48 ARF B2t STIS7101 W apicidin 7
|O2= Ber-Abl ©¥ FHol] Ao F¥}s FA EstAt (Figure
9A-B). 12} K562 Ao 48 Alxt 5t STIS713 apiciding &7 A2 st
A S Ber-Abl ©¥e] A4 A3E R v So] o]2]sk STIS71/apicidin A
2 ¥ K562 Aol A €] Ber-Abl wile] steF 242 DEVD-CHO A2 9
ato] AAEAL, olegt Ay AA Ber-Abl @] Wbl o] Wb

caspase®} A#Ao] S w3t} (Figure 9C).
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24 h 48 h
+ - + - + - + STI571-500 nM
kD - - + + - - + + Apicidin-800 nM
210 — Pm— =
160 — g = | Ber-Abl
m - - . |
a- tubulin

48 h

STI571-500 nM
+ | Apicidin-800 nM
kD - - + 100 uM DEVD-CHO

210 — p—
160 — E = | Bcr-Abl

a- tubulin

Fig. 9. Effect of STI571/apicidin on Ber-Abl protein expression. K562 cells
were exposed to 500nM STI571 or 800 nM apicidin, or to both agents for 24
(A) or 48 (B) h, after proteins were extracted, and subjected to Western
blot analysis to monitor the expression of Bcr—Abl protein using antibody
against c-Abl. (C) Cells were exposed to 500nM STI571 +800nM apicidin
for 48 h in the presence or absence of DEVD-CHO (100 pM), after which
proteins were separated by SDS-PAGE, transferred to nitrocellulose, and
probed with antibodies against c—-Abl. Each lane was loaded with 20 pg of
protein, blots were subsequently stripped and reproved for the expression of
a-tubulin to ensure equivalent loading and transfer.
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¥ e HDAC o AA49] apicidin®l STIS713+ w4 %49l o
2k-g-3to] Ber-Abl ¥4 AbgE =54 WEH Ao AXIANE
AT M2 w2 wEgelA STITIS 27] A4 2
o] o} P okl g o] w3 HSo] FA7Ie FAtol
| YERHEA B Bl AHa] drk dA] ol g Aax
9] = Ber-Abl Y4 #EH ¥}
fo] vkt Al ar Qlth

HoAqto A HojFE STIH713 apicidin®] A4 A¥EaL
oA wlg- T A¥E HoFth 53] Ber-Abl YA
XEAo] Ao o Fwo] STIH71Y apicidin®] WE Foo
| e A olefdt Adet MlxEate] St diste] 7
As AN AL we FuEE ZAiolnh. AEIALE
apicidin ©+5o) 23 Ber-Abl %A K562 AlEL] A E 1AL
25uMe] apicidin®] =F¥ $ 16 At nlEZ=glole] A8t (MEAR ]
Cytochrome C¢] #H|9} Baxe wEZ=do}l W&o o]%)7} #EAaL, o]
o]%o)| caspase pathway? &A3}lel PARPS E817F eSS & & AdAdch
nEFZEg ol Alxut Hde9 337 HEE Cytochrome C 19} X5k T
ol#lsk A¥= & u apicidin @50l 23} Ber-Abl 94 K562 A|ES] AE
IAME sk 7142 Ber-Abl @ Fxe] IAE s nEZEgo &
’d3}9} caspase pathway®] &4d3t2 A8E 4 AU

H = HL-60 W&W M¥oA = apicidine] AY& o2 Fas/Fas ligande] +%=
9} v EZ=glolo 2] Cytochrome C2| H#4H], caspase-99} -39 &A3=E &
e MEIAF S22 st g A o ¥ Ber-Abl %A wiEE A Lol A
AFELAL Frieoll SlolA STIS71# apicidin® #A] tisfix = defxl w7t ‘Si
o} o]z el Hare] efab K562 AlaEelA 500nMe] STIS71e] 48 A7F E<t =
o] FE& wf ¢F 20% AMES AFEIALS} A caspase-92] A3} /‘ﬂi@iﬂ
Cytochrome C¢] #mH]9} PARPS] ¥e]7} Z71gtta ahgleh! 2 oA
nEZ=gol AEu HAQje] w3 AlEAe] Cytochrome Co =4, caspase-9,
-3, -89 &/d3te} PARPY #&7}F w5 @& =4 %29 STH71 (< 500 nM)
ot} apicidin (£ 1 uM)& T ARESE oA = FAE vhel JE=dnt 17
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X

L Ber-Abl ¥4 K562 AlES} wHA] 4 7] Skatol A A2 u
gy AXE v$ e 54 v STH71# ap1c1d1n A Aeetis o
AL aALeE A mEZ=gol AET Hele] 3], A EH ] Cytochrome C,
caspase-9, -3, -89 &/Jste} PARPO FE|7F 498l F7kekh olelst Ax
+ HL-60, U937, Jurkat M|3EEAA= B2 A ZFgom AEHo= STIHT/
apicidin®l] 2]k A 3ALS] 5242 %7} Ber-Abl tyrosine kinaseES ¥ 33}
© Wy ArxdAwr 89S on|sit) K562 AXEE caspase-3 S A|AQ]
DEVD-CHO=Z A %] gt -9 STI571/apicidinel|] o]t MEZIAZF 7 3sHA o
A=A, mEZ=gol AlEut o] 33 caspase-9, -3, -89 &3] %
g3 PARPO] #E]7F Al AAEHUAT ol A= KH62  AlEOlA
STI571/apicidin®l] &g+ M EAMF n|EZ =g o}l o]F&A] caspase cascades &
4 S7F 714 Edto] dolds ongitt

K562 A¥EE STIH71/apicidin®. %2 * 2] 3Fo] caspase-99} -39 Ay} Aws
caspase-39] #oE FE3 AL T2 Aio|t} Caspase-8°9 A 3t= w]

EZ o} A4S %3 procaspase-99] TS E3 A XA} trE 2o
st Ao delA Ao, Ho| HaldlAE o|2]g caspase-89] £/
3} Al Cytochrome C ¢F AdAE AFEAbo] Tosh= Ao HuE T
caspase-3¥ -89] caspase-9= E3tel= FH WY FZE ag]o IOl RS
#2 grk®® oAl weld 9] apoptosome’ol#E AIEA S c-Apaf

-

o.>|:
z
o
ol
lo

mw“

(apoptotic protease activating factor)-1-caspase-9 E-3rAol] 2]3}o] WTJ‘-E"]
caspase-32] A2 caspase-8% FE|sta EAIAZ 4 Ut dHA 9
WM A8 Aol A K562 MZoA caspase-9 5ol oAl LEHfomk/]
A Aol e]sto] apicidinell 2]§F procaspase-3¥ -8¢] £#7F AAES & F
&)L}

ola/dol A Wil Ber-Abl o] mHEZE=gol FaAd ol
Cytochrome C2] #H]E Ao &M caspase-32] EA3Ie} AEIALS A
A Pk’ STIB716] =Z5HW tyrosine kinase® &84S 7F2A17)1F Ber-Abl
FEe FaAIA BT delA Joht B APAE ug we B4 Fn
] 500 nM¢] STI571olY 800 nM$E| apicidinge ©5 AFS3H AgodAe
Ber-Abl @] S=Fo] HAsHA] dth ey K562 MEE STIS71/apicidin
o2 AHegk A3 AASHA Ber-Abl @ 9] o] AEAT oy d STIH7
of o8t A EiAte] M A= apicidin® A5 E3E Ber-Abl 24 ®EH A X

orl
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FolA= #AFEA] Zoron o]3& STVl e vEIZE=gol 43
caspase cascades®] &A3}o] apicidine] A5E&HES Holx= ZHo] F
Ber-Abl u}uug 7L/\g_ oﬂz]—o] ol 0 74 =1 {]'Er%]q- JzJ:‘z.oﬂ
SAHAZF K562 A3EAA Ber-Abl ©@le] =35 slgF x4
t}% 0] 712 Ber-Able] A 7b-tyrosine 14Fsle] 7hAe) ¢dito
o} A ZE Al #oslE caspase’t T AE AY dhle] RyE
T AtkE Aol FHE T, caspase-3 AA¢l DEVD-CHOS A}
STI571/apicidin - A& AXA 22 AdS Al sk 2 Aol
STI57/apicidin 2] Aol A s}k 4% Ber-Abl @] DEVD-CHO®l| ¢
sto] FEAo®R IEES Hol Fa, ol A= Ber-Abl W o] 7HATL
o 238t caspasedt Aol A& W EHh Apicidine] FobAlE st
H4E 7MY E AS vds 29, 1 71 dS 251K kAWt caspase-33F
A¥kE Ber-Abl @¥le] 33 #AE S7HA717] $lskel HDAC 2A17F 2ok
Fedess ST e9< 72 5 o =48 5+ ok "=
STI571/apicidin®] ¢]$+ Ber-Abl ©¥ & 9] 747} caspase-3 A Aol 717+
gkl o, proteasome®] EH7F A o] HA] HAYS TS MAT F=
sith L 71do] Fololex], & A¥e] A apicidin? HE F&9] STHI1S
SHA AEste Aol nEF=glol oA caspase cascades?] S F35Ho]
Ber-Abl @ o] fdo] hAaEs TF 1ElE G THsds =9 Tk
Ber-Abl =4 244 o]2jol] Ber-Abl sH- Alsdd AAl] A= oJe] £

Ber-Abl ¥4 AZe] AES F7HAZ & dE ow deA ekt Hojx
Fi4 o 2= STIh7]/apicidin®] o1& FAE= AT AL o 1d9] 518k %=
Fae Eg].oi xl—B.r‘sL 7}‘:.}\4 o] ohq_ Bcr—AblOﬂ 45} uﬂsﬂaﬂ 034 R /H]HL
TALE oAskE Akt/PKB kinase ZE%E9] F717F #el@dtin & A ek’
Fang &< STI571°] Akt/PKB kinased &&%EE 9AstE Ao H s

g B oA i 54 29 ST Serd73 Akt/PKB 14tshe] A
Toli= gee FA &gl aE 24 AlZbellA 48 AJRE Fot K624 E9
STIE713 apiciding FA] 9 ﬂ?ﬂé}‘ﬂ HE O Ak BX A9 dA45
Serd73 Akt/PKB @ e] QlAikstrt sttt K562 AlEZE 200-500 nMe]
STIG7100] 48 A|F &9 =EA AL "ﬂ—I—LH g A ETAL TIQ] Bel-2+= WSHA]
ggoh! BelxLe ks o d#A vk B Aol STI57C]
apicidin®] 3 7}7} Bel-29F Bel-xLell 938 54 %L, ol8gt Ax= Bel-29F
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7t S Aol|th HlE apicidin @5 Ao oldiH =
Mcl-1 ©¥e]  Fdo] x5 F7etlod, apicidindl STIS71S 3 71sko]
apicidin®l] ¢Jsle] ek Zd = Mcl-1 "/‘rH“O] Al AaE AT STIH71/apicidin
Al MEzAA Mcl-1 @ile] e AHE7F STIH71 @5 A Az A &b 2o
7F gloe=g Mcl-1 e STI571/ap1c1dm°ﬂ o5k A5AQ AXEIA FE
o= A&etA s AoE AZET

XIAPE AMXIA} GAIZHe] &3t sa3k "oty XIAPE caspase—3,
-7, -8, 183 99 AL A FEEY XIAP7 ¢lOoW caspases®] EA-S
$ Z71et} e STIS71S XIAPSE c-IAPE 3taF zdattn dejd okl
B AFoAE K62 AlEA XIAPZF H A& A %9 STH71°)Y apicidin
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Abstract

Apicidin Potentiates the STI571-Induced Apoptosis of
Bcr-Abl-Positive Human Leukemia Cells by Enhancing the
Activation of Mitochondria-Dependent Caspase Cascades

Jin Seok Kim
Department of Medicine,
Graduate School, Yonsei University

(Directed by Professor Yoo Hong Min)

Although initial clinical trials in CML with STI571 were extremely
encouraging, the development of drug resistance and the limited
responsiveness of patients with blast crisis presented persistent challenges
and needs for the development of new therapeutic strategies. Apicidin, a
histone deacetylase inhibitor, is a novel cyclic tetrapeptide with potent
broad-spectrum antiproliferative activity against various cancer cell lines. I
examined if apicidin potentiates the STIS71-induced apoptosis of Ber-Abl-
positive human leukemia cells. In K562 cells, the coadministration of
minimally toxic concentrations of STI571 and apicidin (STI571/apicidin) for
48h resulted in a prominent increase in mitochondrial damage (e.g.,
diminished mitochondrial membrane potential and enhanced Cytochrome C
release into the cytosol), the processing of caspase-3, -8, -9, and poly
(ADP-ribose) polymerase (PARP), and the apoptosis. Similar interactions
were observed in leukemic blasts obtained from patients with chronic
myelogenous leukemia in blast crisis, but not in the leukemic cell lines that
do not express Ber-Abl (e.g.,, HL-60, U937, and Jurkat). The caspase-3
inhibitor DEVD-CHO was highly effective at abolishing the STI571/apicidin-
induced apoptosis and the cleavage of procaspase-3, -8 and -9, and PARP.
Neither STI571 nor apicidin alone affected the levels of XIAP protein.

However, STI571/apicidin cotreatment for 48 h resulted in a near complete
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loss of the full-length XIAP protein, and a corresponding increase in the
levels of a 29 kDa XIAP cleavage product in a caspase-dependent manner.
STI571/apicidin cotreatment markedly increased Smac/DIABLO release into the
cytosol. The administration of STI571 or apicidin individually for 24 or 48h
resulted in little change in Bcr-Abl protein levels. However, the
coadministration of these agents for 48 h resulted in marked declines in
Ber-Abl protein levels in a caspase-dependent manner. In summary, the data
presented here indicate that apicidin potentiates the STI571-induced apoptosis
of Ber—Abl-positive human leukemia cells through the enhanced activation of
the mitochondria—dependent caspase cascades, the downregulation of Bcr—Abl
and a pronounced reduction in the level of XIAP. These findings generate a
rationale for the further investigation of apicidin and STI571 as a potential

therapeutic strategy in Ber—Abl-positive human leukemias.

Key Words: STI571, apicidin, histone deacetylase inhibitor, Bcr—Abl, leukemia
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