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K562 Wauw] X)X XA] histone deacetylase ¢} A A| apicidin9)
| EFZC glo}-o] &AM caspase cascade B IE T MAIEAIEY F &

Histone deacetylase A A|<Q1 apicidin< A} 28 cyclic tetrapeptide 24 t}
Fe FF GAMEF diste ZEG F4AA &35 Yepdt o] 4
Zo] BAL apicidine] AEAPH] A3A4L A Ber-Abl @S uHE 3
= Al WEy AEFQ K562 MES AFAIEE 7= ¢ USAE
GolH 31, MEAPE-S FEgttd oW 7]&d| osl= .

K562 A& theksl H%9 apicidine 2 2-72A17H59F vE3A(Z1 X, A
FAbE 9] AL histone o} €3} nlEZ T Fo} &4 caspased] FAE L
Ber-Abl ©h¥ie] W] Ax 58 =AH3E L Apicidin K562 A EZ oA Al
-2 s5-gEH o7 N EAES FE8LA, histone H4S ol EEE ZF
7INZ T AEAPE S FEv AEAEAA YEbE AP e HH
M3}, DNA £323t2 ZgRlsigon, AFAE Ho| mEIZ=gol2FH
cytochrome 7} §-2l¥3, mlEZSelol @AY 2o waaTh
Apicidin& caspase-3, -8 ¥ -92] X3S FEIH oM, o|E caspased| &
A 3l= poly(ADP-ribose) polymeraseo] E3aje} FHEE YTl Caspase-3 & #|
Aol DEVD-CHOZ A x] & apicidindl] &3t H¥EAFE % procaspase-3
o] Raj7t $As AAEYOT, caspase-9 A LEHD-fmk = 2AH X
% apicidin®l] %t procaspase-3 L -89 37} HAFHTh Apicidin A X]
T K562 M)A 9] Fas R Fas ligand®] 2d A== WH36HA] FU2H,
Fas-blocking NOK-1 @& & A2 HA x| 39X apicidinol] 9|3k Al|EA}
H3} procaspase-39] FHE ASHA] KTt K562 AE9] Ber-Abl @
9 o] apicidin He] T dAS BaHPoH, A FHEAY
2 ZAAMY Bar-Abl mRNA 8% @43 7ad Zo| H2HYT

A2H o2, 9 22 AHES T8 E d, apicidinol] 2]F K562 Al
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) Al 5] = gt Apicidin, Histone deacetylase inhibitor, Apoptosis, Ber-Abl,
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A AAFO RN AMLETO 34 AAE 71 984 Az Bas
FEZ ¢+ g9od’, HDAC 9A]AS] sodium phenylbutyrateE all trans
retinoic acid(ATRA)¢]] wWH-&3lX] ¥F+= FA AZFA WEH sixlo Fd
ste] A BE FES 7k RuEr|E st HDAC AAA 9] F4
AEZeA Hgyolre gy Fdte ATRA A FABH, F2
WYy A ¥o B3g 453 o224 Yehdgn 448z o a3
w, 42 AN t(1517) G4 HA9E Hel: FA ATFAY NI
Al HDAC JA| A7} caspase-&|EA] A ZAPE-E 407 daxxE& Z4A
ke Ao) RIFHJY”. PZolFy FFYTA WY ATAAE
HDAC &AA] T2 MIAPHo] #ZEJ o™ olgjs Axse
s A5st=H YojA HDAC AAAE o8& + v 754 S
ol AT

K562 AlEFE p210 Bor-Abl $8ehul e washe Wy 254 W
HEFZA, ol dFBAA o AEF7E 39 FRe| BAK) A
A 53 ARYS AN Yoke Rl LA QX Az AR

%l tyrosine kinase €} A|A|¢] STI571& A& # oA Ber-Abl kA0 uly
g AZe 4L A, W FFA N¥®Y 27 DA A v

EHAQ XNE FAL HoFy Yy’ a3y, WA S5 ugy 3z
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1. Ao} 2 A

Apicidin[cyclo(N-O-methyl-L-tryptophanyl-L-isoleucinyl-D-pipecolinyl-L-2-
amino-8-oxodecanoyl)] (Calbiochem, San Diego, CA, USA)< dimethyl sulfoxide
(DMSO) (Sigma-Aldrich, St. Louis, MO, USA)o| &3A1H I mM X< A
Aoz TEo| 80T Huste 370 ool AFE-3FATE A u] <k
Holl A DMSO9] HF FE+ AFo FAo] gle ReE ¢#z =9l
0.1% mluto 2 A %2 3tgc}. Caspase-3 9A|#]S1 DEVD-CHO(Calbio-
chem)®} caspase-9 < A|AQ1 LEHD-fmk(Calbiochem)= DMSO9] £3j)A]A
AREAI A -T0C ol B3B3t} Fas-Fas ligand 43288 wHafsle] Fas
AN AGAAE IAS= NOK-1 @EHE A U procaspase-3, procaspase-
8, procaspase-99] w3t &A= PharMingen(San Diego, CA, USA)oll A ¢
sl E-3l ¥ caspase-3, caspase-8, caspase-93} cytochrome ¢, Fas ligand,
Bax®! poly(ADP-ribose) polymerase(PARP)e]] o3l &A= Cell Signaling
Technology(Beverly, MA, USA)dl A4 U3tk Bel-XL, Bel-2, c¢c-Abl ¥
Fasoll t)3t A= Santa Cruz Biotechnology Inc.(Santa Cruz, CA, USA)o]A]
HDACI, a-tubulin, acetyl-histone H4ol th3l 3}A= Upstate Biotechnology
Inc.(Lake Placid, NY, USA)o|A] T-olstch.

2. AXF 2 WG =2

K562 4) 3 5=(American Type Culture Collection, Manassas, VA, USA)= 10
%(viv)el 7+E uj&Ad 3t F-Ello}& A (HyClone Laboratories, Logan, UT, USA),
100 U/ml penicillin, 100 pg/ml streptomycin % 2 mM L-glutamine(Life Tech-
nologies, Grand Island, NY, USA)e|] H7}l¥ RPMI-1640 v} x](Life Techno-
logies)| A 37°C, 5% COu 95% F7] BANA wjgsigic). BE 2Ag
A 6-well plateo]] 10% $-Ejo}dAES -3 RPMI-1640 viA] 3 mlE 21,
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2x10°719] &8t MEE B35, apiciding H7}

sho] uSAI 7T

3. MIEAFES] FH H7}

NEE Ca”, Mg’'o] Z3wx] 9L phosphate buffered saline(PBS)2. 2
2 A} &3l cytospin slideE THE 31 hematoxylin® 2 G A 3le] 38ha] o
Aoz pARAT AEY +=, g 33, do 2 2 apoptotic body
o YA ATALe] Fet FelZ B

4. Annexin V 94

AEES AZRALe] Az Ao okl fluorescein isothiocyanate(FITC)-con-
jugated Annexin V(Sigma-Aldrich)e} BH-2-A)171 & 302 propidium iodide(PI)
(Sigma-Aldrich)2 XMt FAIELAHOE AEAIE S doFl AE

o WEgs Tt

5. A EF7] 4

AZE PBSE 2¥ A|F3d 70% ethanol/PBSE 1A S & 0.1% saponin
o] gi¥ PBSo] &3]¥ 0.5mg/mle] RNase(Sigma-Aldrich)2 =} 3}o] 37
ColA 3087k W-3-A171 F, 20 ug/mle] PIZ 4TolA 3083+ G4tk
M| 2] DNA content= 1x10°7]2] 4 EZE FACSCalibur -84 E 541 7] (Bec-
ton Dickinson, San Jose, CA, USA)®} CellQuest software(Beckton Dickin-

som)Z A3}

6. DNA fragmentation -2

A X A1 X104 E)S 500u12] lysis buffer(0.5% Triton X-100, 10
mM EDTA, 10 mM Tris-HCI, pH 8.0)cl] AH-FA1H 204 1587 Eo}



£ 3 16,000 oA 1087+ YA E7]514 ) Phenol:chloroform(1:1)©. 2 DNA
== -2 AAAZ &, TE buffer(10 mM Tris-HCl, pH 8.0,
1 mM EDTA)o| AF-7AZ k. DNAE 1.5% agarose gel A7|9 52 A3
gt AT

7. Histone 2] X oA€Y 3} histone H49] WY A=

K562 S apicidino 2 A|HH A|7HESk WSA7l %, o|dle] FYg
Hhlol| whe} histone S 228tEtH . AAE Laemmli sample buffero] 3%
b AFRE & o423} histone H49l & AAS7| #dtq 15% SDS-

PAGEE A| 33|l H .

EFc o}l 9 9] (mitochondrial membrane potential) 2]
A

AEE A" A7 Fd $A3 A, 1x10°719] HEE  3,3-dihexyloxa-
carbocyanine iodide(DiOCs) (Calbiochem) 5 pg/ml3} 37Co| A 15527F HEg-A]
71 5 FACSCalibur #A|3EF4 7|04 £A43A T Al EZ =20} vhd ¢ o
2g ojv)alE DIOCE B Ydehlie Az MEge ojdd Bud
EERE L L

s

o

9. EZEZ]o} @ AMEQ 239 Fu

K562 A& A3} ice-cold PBSZE A& 3, A|E HAELS glucose 250
mM3} proteinase inhibitor cocktail(l mg/ml aprotinin, 10 mg/ml leupeptin, 1
mM [-glycerophosphate 2 1mM phenylmethylsulfonyl fluoride)o] X33
300 yle] buffer A(20 mM HEPES-KOH, pH 7.5, 10 mM MgCl,, 1 mM EDTA,
] mM EGTA, 1 mM dithiothreitol)ol] AAE-S-A|ZH). F23 A|7] To 7]A]
A 2 AE, & AEE 27 9 S 1,000gE 4TColA 183 ¢AET

dled AAS &, AAHAL 10,000 gF 4CAA] 2087 JAEFsAT) v
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EFZcgolsE IFst= HAE FFL2 S0ple] TNC buffer(l0 mM Tris
acetate, pH 8.0, 0.5% Nonidet-40, 5mM CaCh)ol La|AZt). AHAL
50,000 goll A 2A17H5¢t P RE S AEd 28 Ak 3x10°A
AE2REY A AT nEZsol 3oy F%e Buide 3

o 12% SDS-PAGEEZE A|3883}11, v} 2 Western blot 418 Al 859U}

10. Western blot A

K562 H}EE’J M E FZ=5-S protease inhibitor cocktaile] & 7}% cold RIPA
buffer(50 mM Tris, 5 mM EDTA, ;1% Triton X-100, 0.4% sodium cacodylate,
150 mM NaCl)oll AlZE B3MAA HEAT. AE TES AAS] A
sl AlEeEst &, A HE sdxdstol 4] SDS-PAGEE Aldstdit). o
9l 2] oF2 Coomassie protein assay reagent(Pierce, Rockford, IL; USA)E o]
gt 24stath A719% & @9de B4 WHO nitrocellu-
lose membrane(Schleicher and Schuell, Keene, NH, USA)o|| blotting 3} T}
Blot membrane& 1% Tween-20 X 7}8F 1% bovine serum albumin/ PBSo]
AeolA 142H5e Aestel AasAn, 2] AHe Azt FA 9 2
z} A2 wkgA]Z ). ECL chemiluminescence detection system(Amersham
Pharmacia Biotech, Piscataway, NJ, USA)3} ECL film& A}% Sted  nitro-
cellulose blotsel] Y+ EAH dW-E FA|SIAT

11. JAA FHRALAGSH vbs

Apicidin *2]3+ A|XEE RNeasy mini kit(Quiagen, Hilden, Germany)E- ©]
g3} AEe] WA RNAZ Eejaislch. 2t AHolA $U% Fo RNA
of] 5] Moloney murine leukemia virus reverse transcriptase(Perkin-Elmer, Nor-
walk, CT, USA)E o]&3}o] cDNAE A3ty ch 294 nested PCR ¥H-$-
& 3AMEY primerE A}E3F] A8t 1x RT-PCRo|| AFE-38F primer
HME+ Bl 5-GAAGTGTTTCAGAAGCTTCTCC-3; B3 5-ACCATCGTGGG
CGTCCGCAAGA-3; A3 5-TGATTATAGCCTAAGACCCGGA-39]|%] 31,

_9..



nested PCRO| A}89] primer AE= A4 5-ATCTOCACTGGOCACAAAATCATACA-3;
B2 5-TGGAGCTGCAGATGCTGACCAACTCG-3'; B4 5-AGATCTGGCCCA
ACGATGGCGAGGGC-30|3lth. A71%4 %5 & Al3)3ta ethidium bromide ¢
Mo PCR AHES EASHETH

1. 4 ¥}

1. Apicidinol] 9]3F K562 A|E 9] A EAME F%

Apicidin®o] K362 A XA AEAPEE [FEEAE FolR 7] 95k,
apicidin EEE 0120 M2 st Al7bdE Ae]d T Annexin V/PI
Ao 7 ANIAEE =A% A, apicidin® % -3 AIF- &40
K562 M3EZo] MIAIES FETE st tHFig. 1A). AFEE A|EE9
Je] H3LE Yolr 7] 23} hematoxylin A= A 3SR T. Apicidin
2 A3 MEEL A|EY = Mo =, sHol B 9 apoptotic body
o] FA 2L AFAHQ MEAPEY A4S YHEFHATHFE. 1B). DNA &
d BAL ME DNAZF 22 =719 DNA EAR9 &7} F715 0]
ladde- ring appearanceE H T¢I tHFig. 10). o3 AAES A EE/’\}‘:’E‘ o]

A YelhveE A3 A9 A9E =, apicidin® K562 A X 9 ;4] A} 4
oz 458 4 &L gt AXAES AXFY] BAoF &

A B3-S Wk B3t A3E HASUn 25 M T aplCldmﬂ\
A ZINA] eEAAE K562 Aﬂ%f—ﬂ AEF7] ExE 9Tl AN
L}, 48- 2A17F E9F w=EA17] & A EF7)7F Sub-Glol] Y= AT HE
o] A7k oJEHo® HA} %“-ﬂ‘@‘hﬂﬂﬁg- 1D).

2. Apicidin®] histone o}A|€slo] i3t g3

K562 M| AXAPET histone oFME 3] FAAAE Lot 7] $3t
o] apicidin®] MX U] o}ME 3} histone H4ol| wA&= G £330

...10...



K562 MAZE tst 5E9 apicidine® x2] & 3o 4] histoned ==
o] Western blot B4 Alsla}dt}. Fig 249 ZAsbo] UeEld = his-
tone H4¢] ojNEls AEE Fr-o&Hoz Zrlstgon, 251M E%
o apicidinol ] Hrje UEhAT, 7 o4 ¥EE EdE oxHs
histone H42] %¥o] 1] o] Z7latxE &%tk Apicidine HDACI ko)
A8E dos)A ko mR(Fig 24), histne obMPsle] TE Hd:
HDAC 2 A=9] sl ot Re ofiehe A2 & 4 Ao, 25
UM apicidin® = 2] % histone H4 o}A|€3}7} A|7E-&EAH o0 7 =78}
A THFig. 2B). o|l&{ st A3 EZFE apicidin®] histone o}A|E 3}l sl A
AW &+ apicidin®] A EAPEO] 3 g3} UHSHA Ao 9
ogg 28 4 k.

3. Apiciding] HlEZ 2o} Ao g &3}

MEAPES 7] HAoA BEHE vEIZZdol ALY AL
apicidin A 2] 2o ZAH3tAH YT} K562 A|EZE apicidin * 2] Fo =4
-7 982 DIOCse] vEZE=g ol HF &S A3t K562 Al X
= 25uM9| apicidinC = A2 & PlEZZEo)l A AAH MEE
A7 25.2%, 2470l 43.5% o] tHFig. 3A). o]# 3t A= K562 A
¥ ol A apicidino] MEAPEBE FEdHs 7]1HL vEZE= oS EaA 7
S+ A= HERYI T

4. Apicidino] Bax A9 ¥ cytochrome ¢ -§3]o] v]x]= &}

Ut Apicidin 2] & v|EFZE=go} Y Bax 4o A|7H-o]EH
ol #AFHAY. Y, AIEZ ] Bax @] k2 apicidin
AR = ME7E AL, 48A17F o] Fo [F-o3iAl Fadtes AL

zH = I tHFig. 3B).

Apicidino] Bax A9 2 cytochrome ¢ &l ®H|X&= GIFS
o

- 11 =
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Apoptosis (%)

100 + —=— Control
< DMSO

90 —A— 0.1 UM B
80 —<« 05uMm

—>— 1.0uM
0Fr o 25um
60 F —— 5.0uM

—=— 10 uM O hr 24 hr
0 o 20 um
40
30
20
10

2 4 6 8 16 24 48 72
Time (hr) D
50 m Control
M C 24hr 48hr ] Apicidin (2.5 uM)

Cells in sub-G, fraction (%)

Time (hr)

Fig. 1. Apicidin-induced apoptosis in K562 cells. (A) Proliferating K562 cells
(2% 10°%well) were treated with different concentrations of apicidin for the indicated
times, which were then stained with Annexin V/PI and analyzed by flow cytometry.
The data is expressed as a mean value of the percentage of apoptotic cells of three
independent experiments performed in duplicate. (B) The morphologic appearance of
apicidin-treated K562 cells. The cells were treated with 2.5 UM apicidin for the indi-
cated times, stained with hematoxylin, and then examined by a light microscope(X
400). (C) Agarose gel electrophoresis of DNA extracted from the K562 cells treated
with 2.5 UM apicidin for the indicated times. After extraction, the total genomic DNA
was separated on a 1.5% agarose gel, stained with ethidium bromide, and pho-
tographed under UV illumination. Lane M, DNA marker. (D) At the indicated time
points after treatment with 2.5 UM apicidin, the cells were harvested and fixed in
70% ethanol. After staining with PI, the apoptotic DNA content was analyzed by
flow cytometry. The number of apoptotic cells in the sub-G1 fraction is expressed
as a percentage of the total number of cells.
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Acetylated H4—

HDACI—

0 2 4 3 16 24 48 72

Acetylated H4—

HDACI—

kFig. 2. Effect of apicidin on acetylation of histone H4 of K562 cells.

K562 cells were treated with various concentrations of apicidin for 24 hr (A)
or treated with 2.5 pM apicidin for the indicated times (B). The histone frac-
tions were isolated, and 10 g of the protein were run on 15% SDS-PAGE
gel, blotted, and probed with antibodies against acetylated histone H4. In

addition, the HDACI expression level in the cell lysate was examined by Western
blot analysis with anti-HDACI antibodies. C, control(0.1% DMSO-treated) cells.
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Fig. 3. Apicidin induced mitochondrial membrane permeabilization. (A)
K562 cells were treated with 2.5 pM apicidin for the ndicated times and
analyzed by flow cytometry after being stained with Di1OCs. Values are
expressed as the mean percentage of cells exhibiting low mitochondrial
membrane potential, reflected by reduced levels of DiOCe uptake. (B) Effect
of apicidin on Bax and cytochrome c¢ ftranslocation. The cells were treated
with 2.5uM of apicidin for the mdicated times. Equal amounts of proten
from the cytosolic and mitochondrial fractions of 3% 10° cells were analyzed
by western blotting with anfibodies against Bax and cytochrome c¢, respec-
tively.
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T3t apicidino]] =2 ¥ cytochrome-c7} Al7ZH-&]&EF o2 Axza Y=
e He= Aol #ZFHJATHFig. 3B). Apicidin 7o § %7] 247 5
cytochrome ¢ AXA 0 F&7} 7187 A13sed], rlEZEg ol &

8l 9] cytochrome ci= apicidin o] 5 4817t o]%F dAA 3] A3 AT
5. Apicidinol] 2] 3l caspase-3, -8 2 -92] A3}

Apicidindl]l o3& =8 AEAPEA i 7[H S olslis}r] #ste o
caspase WHE-I Aol tlste] AstATE K562 AEE 2.5uM9] apicidin®
2 2-12A7H5 < W8 7] A, procaspase-37F EAIQl 19kDad] ¥ HEL
A AEG 0™, apicidin-+ % A|EAPE B¢t effector caspase-37} A SHE T
E AE BAFUTHFig. 4). Caspase-32] A|7H-o]EX Q] &/4d3sl= PARP7}
80 kDao] C-Z¢t #2=E FHvE AL SAHSAME AT = AL
™ (Fig. 4), PARP &322 A2} apicidind] =% 3 4847 o] Fd]
oJatAl F7FatR k. Apicidinol] ¢] &} caspase-37} #/d3tE = T|HE o2
371 ¢3l, apicidin®] procaspase-8 % -92] E3fo o FIgFS v A

l

O

=X A5t Western blots2- A|8ste] 2tz s SHAlE= WHSA|A
& u}, apicidin *] X]7} procaspase-82 E A A<l 10kDas] EAIF o E F-3f
NF1E Aol #aE Qo v(Fig. 4), o2l BHAEL apicidin Fo] F 48
AlZE Foll AEE ATt Procaspase-89] -3l = procaspase-32| =l 2F A=
A1 Zke| HASER ). procaspase-9-2 Al7E- oEA Q] FF 2 E 35kDag|
3 41 1519} © H(Fig. 4), procaspase-9 TH H&o] £+ pro-

o
i
= r.lm

caspase-3 % -8¢] ©ul 23] T Asty & Sogkgt
AbE A o] caspase-37F ABHTFE AES Al &E1sH7] #6F] caspase-3
oA A A ¢l DEVD-CHO7Z} apicidinoll &3] =%+ AMIEAPEY Awet

o
1
P
o,
7
o
HT
X
H

i,

g u|xE=Xx dolrdrt K562 AEE 50uMe] DEVD-CHO=Z 2A|ZF
b HMAX] gk 3, apicidinel] &3t PARP 9 procaspase-39] &£3l7} ¢+d
AA =AW, MIEALHO] Fo3tA A THFig. 5A). ol 2
& apicidin-f-= A EAPE #A o) caspase-39] AU st A
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& HojF 3 gt} Caspase-9 A A1 LEHD-fmk7} apicidinol] ¢)8] f%

= caspase-3 R -89 FAst] nXE d&E Hrley] $1sted, K62
MEE 50uMe] LEHD-finkZ 2A|7H&<F AA A& 3}o] procaspase-9, -8,
R -39 a7 FdaEHe Aol #FHIJATHFig. 5B).

6. Apicidin®] Fas 8] A2 do] O3 g3k

Fig. 6A2] A3y K562 M EE apicidin® & ]+ & Fas =84 2
Fas‘ ligand d &< W37 ¢lgdch £, Fas-blocking NOK-1 ©HE &
T2 2 ]7&%“3& A2 X8} &, apicidinel] 2] A EA}

F o™, caspase-3 T3l = Y A|SFHA] Kol tiFig. 6B).

7. Apicidin ©] p210 Bcer-Abl @8l uld o) njx|+= 3}

Apicidino] A ZEAPE S A5t Ber-AblS W& sLE= K562 A ZAA Al
FAE S wEFH[oB R, apicidind] o3 ¥ ”#*}Uﬂ A F Ber-
Abl ©io] kol WETL YEAE HAMSEITE Ber-Abl ©@iie] -
apicidin 3@ 16A]7+ Fo @A3IA 7+ w(Fig. 7A), RT-PCR 23}
Ber-Abl mRNA 28 % 74459 Lo] #olwol(Fig. 7B), apicidino] |3
Ber-Abl ghlake] w3l Ber-Abl ghlle] Eafol] 2]3 Ao] ofydtE A
% O} o]ﬂ];]_
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Time (hr)

0 2 4 8 16 24 48 72

Procaspase- 3 37 kDa
Caspase-3 19 kDa
Procaspase-§ 59 kDa
Caspase-§ 10 kDa
Procaspase-9g 48 kDa
Caspase-9 39 kDa
PARP
A-tubuiin

Fig. 4. Apicidin-induced processing of caspase-3, -8, -9 and PARP.

After treatment of K562 cells with 2.5 uM apicidin for the indicated times,
the processing of procaspase-3, -8, -9, and PARP were examined by Western
blot analysis using the corresponding antibodies. Representative Western blots
indicate the time-dependent cleavage of procaspase-3 to the active 19 kDa
cleaved product, and the cleavage of procaspase-8 to its characteristic 10 kDa
active form. Procaspase-9 was cleaved to generate a 35kDa fragment. The

molecular masses of the intact PARP and the PARP cleavage fragments are
116 and 89 kDa, respectively.
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A Apicidin{2.5 uM) - + . +
DEVD-CHO(50 uM) - - + +

PARP —

Caspase-3 —

a-tubulin —

Apoptosis(%o)
B Apicidin(2.5 UM)
LEHD-fmk(uM)
116 kDa
PARP
- 89 kDa
Caspase-9 — 35 kDa
Caspase-8 — «— 10 kDa
(Caspase-3 — <« 19kDa

Apoptosis(%) 1.4 395 09 272 195 54

Fig. S. Effect of caspase inhibitor on the apicidin-induced apoptosis
and processing of caspases. (A) K562 cells were incubated with 50 uM
caspase-3 mhibitor DEVD-CHO for 2 hr and then treated with 2.5 UM apicidin
for 48 hr. PARP and procaspase-3 cleavage were examined by Western blot
analysis. Apoptotic cells were analyzed by flow cytometry after annexin V/PI
staming. The mean value of the percentage of apoptotic cells was shown in
the bottom line. (B) K562 cells were pretreated with 50 UM of caspase-9
inhibitor LEHD-fmk for 2 hr, followed by 2.5uM apicidin treatment for
further 48 hr. The cleavage of procaspase-3,-8 and -9 were examined by
Western blot analysis using the corresponding antibodies.
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FAS —

FAS Ligand —

B Apicidin25uM) - + i +
NOK-1(0.6 ug/ml)

Caspase-3 —

a-tubulin —

Apoptosis(%e) 1.3 403 L5 386

Fig. 6. Eftect of apicidin on Fas-Fas ligand pathway of K562 cells. (A)
After treating the K562 cells with 2.5 uM apicidin for the indicated times,
the expression of Fas and the Fas ligand were examined by Western blot
analysis using the appropriate antibodies. (B) The cells were pretreated with
0.6 ug/ml anti-Fas blocking NOK-1 antibodies for 2 hr, followed by a treat-
ment with 2.5 UM apicidn for a further 48 hr. Cleavage of procaspase-3 was
examined by Western blot analysis. Apoptotic cells were analyzed by flow
cytometry after annexin V/PI stammg. The mean value of the percentage of
apoptotic cells was shown in the bottom line.

- < 210 kDa Bcer-Abl

§ < a-tubulin

<— 303bp Bcr-Abl

weppepewrnl <— [ -microglobulin

Fig. 7. Eftect of apicidin on Ber-Abl protein and mRNA expression. (A)

After treating the K562 cells with 2.5 uM apicidin for the indicated times,
the expressi()n of the p210 Bcer-Abl protein was examined by Western blot
analysis using anti-c-Abl antibody. (B) The Bcr-Abl mRNA expression level

was simultaneously determmed by RT-PCR as described in Materials and
Methods.
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IVv. 1 &

o] AT apicidino] Ber-Able W= Alge] K562 #Wjas A ¥ ol
A A7 E FEYEFHOE MEANEHS FEES HAFTAH. K562 Al
Y E apicidin® 2 A X3 & AES= A|ES] 71 4=, DNA 4
slo] AEs} Z7tEQon, ATAEAA B AYYA Fo) Wai)
FEJa, ol AYELS FolHEstE histone H42] FHII AU =3
o] Hlste] WAyt Tl Histone H4 o} ME3}e] v ARk B FE-9
EHo g Fr71s e, apicidin® 2 A X|stA] &3S wi= oA E I}
histone H47} HE’J #ZE =] Fekr). o]8 3t &3+ apicidine] HDACI &
ol oled PFS vAX EoROEL, HDAC B8 AR W
ot A G}‘d Ao Z Y. AYNEE T3 HH, apicidin®| histone
olA|E sl sl s+ plcldm-J A EAE] 3k 3o EHSHA o
Asjo} glogle} 228 4 vk

o] Aol M, apicidind] o3 AEARE Baxe] vEZE oz RE
A9le} gEY vEZZ=golodl A9 cytochrome c& 2], PEZEE=E] o}
o olo] o] WA Ueld T wrAle Aow ubeH on, apicidin
%] X] = caspase-3, -8 T -9¢ FAIE FE3HTE K562 AMET effector
caspase-3¢] BASHE Fo| ATARo] FEFOW, PARP £3l7} Fub
o] FAHATE. HEE caspase &A|A|Q] DEVD-CHO= # 3] %] 3}, apicidin
o 93 S-EFH+ A EZAE, PARP £3] 2 procaspase 37} &#3] <
AFS BEsATE webA, o2 e AHEEFE apicidind] 23 5=
M EAPE 3o &= caspase-32] A3Vt 83t A &+ UUTH

AZEAE L §53817] Y3t caspase A3l F 71X A=V dvh=
7ol &4 ot} A WA HAZE Fase death receptorol| A A] =g oh,
Fas ligand”} Fas death receptordl] ZA3S 3lA| ™ < ZA(adaptor) FAHS!
FADD7} =84 H9 & T Y=o procaspase-82] Z23% % w¥lEFEsirl A
oJUbA =31, A caspase-80] AP &4 3+E caspase-8-2 effector
caspase(caspase-3, -6 L -7)E A AP T WA AZdAE o

l
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F3 A FAIES 7EY F A AzEo vEZ=got oA FE
5 o], cytochrome cZ& A X2 Y= 714l €t} Cytochrome ¢ A ¥
A oA Apaf-1, dATP, procaspase-93} E-3ti|(apoptosome)S 3 A1,
caspase-9-2 A SIA| 7111, o] DAY A& caspase cascadeE A 3}A
A, Ao M EAIEE FPs}= caspase-35 A A AH AEAIE S 2T
P o] At A apicidin X 2] K562 A} Eo|A] cytochrome c7} A]7H-2]&
Hog A Y2 FEHe o] #EEFHIUoH, nEEZ=gol 29
AT BAES T Apicidin A 2] 2A17F SHE AEXA Yol cytochrome ¢
o] 77 #FEHIEH, o]= cytochrome ¢ 727} caspase &AJ3tol| <F
XAl doju signaling cascade®| Z7] dAboj#teE AE UEHTL A&
Ao Z  apicidinol] 213 K562 A|E o] AMFEAHOA wEZ=glo}lr] A4

A g s dvkE As & 7 Atk Caspase2, 3, 6, -7, 8 X

o
i)
>
U

A
108 FAE M EFZE(cell-free extracts)o] A] cytochrome col] #HS-3}o]
gEtt= Aol Bud vl Yo} . Caspase-3= caspases-2, -6, -8 = -10

5]
o] BAJ3tol| HQst, E3 caspase-97 A ' (feedback) T3
2oz #Fdsta o o] dFoNAE apicidin A E] F-of, cytochrome c
wre|o] ©]o] procaspase-33} -8¢] W37} Al dojdtiE AE HAF
AT} Apicidindl| 9]t procaspase-32} -8 Fal7} 22 AlZbe] dojdti=
Z»i—%, o] 5 7}A| caspaseZ} o3 FLI M8 ALz, =, procaspase-99]
o ola] AR s Ao I Sojuki=th UAZ, caspase-9
Rﬂ A9l LEHD-fmk= Z x| x| & 3}%¥ procaspase-39} -82 #3l7} & A3}
= 7o BEAHAUT 18| 2 =Z, caspase-3¢} -8 apicidin 2] X] o]
" vEZEZot BEE T 2 EY Y4 E AT
Apicidin A X] & K562 A XA Fas 849} Fas ligande] W& AS
= W37 g9l o, K562 A|3XE NOK-1 anti-Fas blocking antibody® 7
x| x|t = apicidin®l] 2J3] FE=+E A EAFE I procaspase-39] A=
AAd + glves Aol #EAHJUT o]t Z3&3 apicidine] 7|52 <l
Fas system= W&3}A] = K562 A|EoA A A EAIES {23t

= AMAE £3H8] E i, apicidinol] 93] FEEH = A EAIES Fas death

(L

L
O

d
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receptor2 W/ 5= A3 o= FASITE ES A8 F UMY
okx] 713t tiE apicidin 5o & MEXZA Y cytochrome c¢7} A7t
zxHoz Zylstgrh a#d), nEE=gel B8 U9 cytochrome co
Fo apicidin NP F BAWAAE 2 W} Ak AR BA 2
g 2748 el o2 Ane ofvtk H|E nEZ=go} 9
wto] F3}= o] cytochrome ¢ 7t 7hs st A AN, W= apicidin A
Z ASA A SAFA Folgly]l WEY 7hsAe] stk PIEEE
o} Wl cytochrome c7} FoldE AL olvli, apicidin 22 & Z7]|
EEsae} Ay Azt Mzd Ae A% A% ABHA 9L 7}
=x40] Qth M ZAIE S FEF & de AFEC] 78X, BaxZl A
Ao A nEZ=golz AYHE Ao cytochrome c& V| EZEZ|OLET
B SgA7 1, nEZ=gol T gle] A4S fstet oM HAS
ol eAlElE Aol dA Y. o] AFAME K562 AEE apicidin®
2 2g 3T dAgE mEZ=gohfe Baxyl AlZR-oEACE HA F
et ol BAHUG. £ Aol FASFAE BRAT, K562 AL
= p53 whale] wEo] glus Aol o ATolME HARIHMNY. o A%
]

O

Aot AL & & ARtk A3 g, AEF Y Bax G2 apicidin

% Z W3y} gen, 48A17F o|Fe AlE£Z Y Baxd
kol A3 7ZHAH= Aoz Jehdth Apicidin A% § HEZ U Bax
2 wlEZc g ol U9 cytochrome c7} Folde @dAdo] Ber-Abl @ of
o3t Zo] ofdx sl AL HE F Utk Ber-Abl HEHS A2}
AFAFE S §ug 5 Qe thrd zige] =2HAL o AEF o Bax”
¥ pD|EEZrx g o} cytochrome c’ol Z7] AYES AAEta, vEZ=g o}
oty 9)e] 7has} caspase BAEE AT Abdol Mad wh QlTh
K562 A 2FE i8] AEEA A5 Huy 159 WS Hol
=, ol olvhE Ber-Abl @3} ps3 ©rHje] AYPo] FEHT] WT
Aoz Aztslm Yol K562 AE FAA-frE= AFANEC] d
e e GaM7ld AEZFIE ZAANAY, nEEsdol A i
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X cytochrome ¢ #2|& HAGFLEHN, o|F-2] caspase SA]3}e} A EZAPE S
Aske o A ATPS 9 WA e 2o, KSAE
= cytochrome-col| &3+ caspase-93} -39} ZAJ3}ol| = Aol qlgo] B
# vp Y. ¥ apicidine] K562 M9 AEAPES F9Ho R $E5
7= sl oy, apicidin A x| & z7|o] mEFZZ=glolo|A]2] cytochrome c
A9ish HEDAA S Bax A7} AAHE How Hole W] B
Fom, MEA U cytochrome ¢ Z7}2} H|nwE o) caspase-3, -8 F -99]
%= AdH TS AR YERRT o] dTtolA Ber-Abl @Y

o] B&ol apicidin A X F 16A[7F o] Fo] @A 3| Thdte ALE UE
Uth Ailol]l FABIA = ¥k oL} caspase’} Ber-Abl thiiel ZhAao) o33

= A olrr] Y8l apicidin A2 Ao DEVD-CHOE A 7}359
i+, DEVD-CHO+= Ber-Abl @9}l ZAE AJASHR] ottt o] &gt
HEL apicidine] 2]3+ Ber-Abl G E‘*A A7} apicidin-fr = A EAME
ko] Ber-Abl @] F3fjo o3k AHo] opgl= AR S EO%‘T‘E} o
¥ apicidin®] Ber-Abl ©@Hao]] gl & 37} HA} 3-9] modificationol] 2|3k
AAl AARA Al 2)7 ALIA] o] &3] 317] #18F Ber-Abl mRNA 2
2 S4[OS, RT-PCR ZA3= Ber-Abl mRNA 2E % apicidin %] &
o &S HAFAT o] &2 AFHEL apicidin A2 & YE}
L= Ber-Abl @ 9] AT HAR Ao 9ilttkE AE AlAFgHTE Bax o}
cytochrome ¢ #¥ 2] W3}, caspase?] A3} histone H42] ofxEl3s} =7}
o} 72 FHAFEo] Ber-Abl TR A sle)l A|7MR o2 Z dX|ete] vERd
e AR K562 A3l A9 apicidin-v+5 A|EAPE I} HDAC 2147} Ber-
Abl zZhaot HAHSHA A#EH AeE AAs vk I8 Y, apicidin
Ber-AblS 3312 &= UhE Hﬂ%‘ﬂg AEFEANAE HEAEE %E‘%’*

T 9}_0-?% apicidin©| Ber-AblS WHE A7 S39tOE T A|ZAPE
e =d] 834 oluX = 3 “'}7\1 ort}. Anti-sense ollgonucleotlde_—-
o] &3t o|He AHAY AFEL Ber-Abl HHE AAFIOZE= A EAE S
=S F Ue A=l dutE MEAES ]3}"‘] 7= &5t
Re HAFoy*
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Apicidin®| proteasel} endonucleaseZd-2 M| FAPE S A= z Aoz}
So) wdol} B4 FFE 1A F YeAE BAGH 2. Apicidn-
e AEAIEOA vEZ=golEtt A ATSL wauy] 93
ME B0 B A7 Fastth BerAbld] o8 wi/lEE A ZAFE
ek X244 Bel-XL up-regulationy} GA#AgthE 237k 9lom® Bel2
protein family 2] antiapoptotic memberE-& v EZC g|o}o /ﬂ cytochrome ¢
22 gAY a8, K562 A Eo /’\1 aplcldln Fo % Bcl-24 Bel-
XL wilao] $olgh Wshs BBEA 29k

H, o] AF¢ AFNEL apicidino] K562 A|Eo||A] =l
S &% caspase BAZLE FI EHH R AIFAIEES fEdTl= A
&

o
HoFloh T3 apicidin $¢ 3 p210 Ber-Abl ©ilo] A s)A 7k 3
Che AS BT Algte] gy AXFO K562 AEE ofgd o
4949 ATE apicidine] FAl-Ug W E4y WE SolA Mgl

....24...



Apicidin® A 28 HDAC A AZA e FH7Y dAEF sk
7=kl -—-—"“91 l Eﬂ-—‘?‘“ 7}21'7 Art. o] A9 FA2 apicidin®| Ber-

-
T <
H3l= Aolth Apiciding A EAPEHO] #3412 Ber-Able: &

A EZcg|o}-o]&A] caspase cascade EA3ME F-8h ﬁﬂZJ, o
2 AZAIE S RIS o Auh Apicidin® M| EZAPEA] A ¥

AblS W3l MEH M EY AIAIES aiHoF FEstRE, e W
g X gA|2A e 7HsAdS AT
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Abstract

Induction of apoptosis by apicidin, a histone
deacetylase inhibitor, through activation of
mitochondria-dependent caspase cascade in K562
leukemia cell line

So Young Chong

Department of Medical Science
The Graduate School, Yonser University

(Directed by Professor Yoo Hong Min)

Apicidin, a histone deacetylase inhibitor, is a novel cyclic tetrapeptide that
exhibits potent antiproliferative activity against various cancer cell lines. The
aim of this study was to investigate the potential of apicidin to induce apop-
tosis in human Bcr-Abl-expressing K562 leukemia cells and to determine the
apoptosis-inducing mechanism.

K562 leukemia cells were exposed to various concentrations of apicidin for
2-72 hr, after which the level of apoptosis, histone acetylation, mitochondral
damage, caspase activation, and Bcer-Abl protein expression were assessed.

Apicidin induced the apoptosis of K562 cells in a time- and dose-depen-
dent manner. Induction of apoptosis was confirmed by the typical apoptotic
nuclear changes and DNA fragmentation, which were preceded by the mito-
chondrial release of cytochrome ¢, and the disruption of the mitochondral
membrane potential. Apicidin induced an increase in the acetylation of
histone H4 in a time- and dose-dependent manner. Apicidin-induced activation
of caspase-3, -8, and -9 was accompanied by PARP degradation. Pretreatment
with a caspase-3 inhibitor, DEVD-CHO, completely inhibited the apicidin-
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induced apoptosis, and procaspase-3 cleavage. Pretreating the K562 cells with
the caspase-9 inhibitor, LEHD-fimk, decreased the procaspase-3 and -8 clea-
vage induced by apicidin. The level of Fas and Fas ligand expression m the
K562 cells were unchanged by apicidin. Preincubation with Fas-blocking
NOK-1 monoclonal antibody did not interfere with the apicidin-induced apop-
tosis, and procaspase-3 cleavage. Bcr-Abl protein expression was notably
decreased with apicidin treatment. RT-PCR demonstrated that the Bcer-Abl
mRNA expression levels also notably decreased.

Taken together, these results suggest that the apoptosis in K562 cells indu-
ced by apicidin is based on the activation of a mitochondria-dependent cas-
pase cascade. Since apicidin effectively induces the cell death of the apop-

tosis-resistant Ber-Abl-expressing leukemia cells, its potential as a therapeutic
agent should be further validated.

Key Words: Apicidin, Histone deacetylase inhibitor, Apoptosis, Ber-Abl,
K562 leukemia cell line | '
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