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K562 HHE{M MIZFOAM 2AIMO] 2l5] REEIE
ApoptosisOl O|X|= PTK Inhibitors2| 2i&t

OlA* - 282" - slaF" - 347" - Fas' oFH’ - AYn® - ypFt

8 H: yapMol| ofs FTEE apoptosisoil LHAIS 7HA MER °+a17<l K562 MEZE thAte 2 PTK inhibitors®!

herbimycin A%} genisteing Ol &3+ BfAkMol 2|3 apoptosisel WA 2|M g oApstnx} stich
CHAF 9 UM -6 MV A2 X-M ZAK x|27|E 0|8510{ 200~300 cGy/mm-—I MBFEZ 10 Gyo X-ME8 AMizZol
*‘.%_!o}?ﬂ "AF tdck Apoptosise HEHe agarose gel electrophoresisS 0| 835101 DNA frgmentatione| x| #2! ladder

£ TESIAD, TUNEL HM S o|8sltod Mak EAS AIASIICE Western blot WH 2 & apoptosis 2421 774 £l
°J bel-2, bcl—XL % baxEo| W g HASIUCE WA AL 2 42 M| Fo ME F7| 242 flow cytometry2
M5l
Z 3 : Agarose gel electrophoresis
4BA[ZHl ZXN 12412 2H2Hez
0t MESOME SYsH siMS
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AN S ZARSHA| 42 K562 M Z Q| WAIME 10 Gy A8 MEE
agmentation® RHaHE = gidch ol2{Et #HA2 genisteing
T AUXITE MM AL £ herbimycin AR FO0IE MEEMAME 48

A2 ik DNA fragmentationS £ AUck 0/E TUNEL assayolA HEHH o=z Eolsiich rAMat

XAM MZE3 ¢AM 3L genistein 4841 7bw 2hEbst M ZE0ME 10% 0/2te| apoptosis 2HM MlZ 2|

E BEE = UAAUXC, WA ZAL F herbimycin AS F0{st MIZEO|ME= 30~35% BIEZ apoptosis 2 Al

[ BHE=UCE Western blot analysistl Al bel-22 Z2 AN E ZALSHR| td =0l dlsto] Hx A2l

JHE| AR QF BhARM 2 ok Zke| whelel Xio|= GIRUCh 2 9 be-X B baxc WEZOf s AR

“E°4°I Ao|E e = Ach K562 MZol AP E 10 Gy ZABINE o WE= ME F7|2

2ol EEP b MExel G2M bIock°I 2742 23ch olg{st A2 genisteing FHHE FPol=

BOo|X| X[t herbimycin AZ SIS ZPE 12MWEE G2M blocko| AAEHAM M7}

i -’.v_‘-gFoPt %“éig HAT, 48AIZIW ESH A= G2M blockol Mol AAME Mg wUch
EM{Z apoptosis TT‘E-Q-l'Q-I o5 AN E FFE + AJych

> herbimycin AE gHARMol olsll REZEE apoptosis7t M E KS62 MZOA apoptosis® R E = UUCK

gt = 7|0l apoptosis 2 R™ cHHECl bol-2, bol-X. X baxet HAE FEk2 PEHX YUch ME F

Mol G2M blocke| sHA2} apoptosis FZetel HBMS F3E mf, ME F7| A XS] i o7
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SAR0] : WAIM OfEEA A K562, PTK X 242

M B
o] EEE 1998UE Solueta e Ay zAuel olsiel @
THAE ApoptosisE AIES] 9%, AEA T3 o 5% 9
o EEE 1908Y UHAGUEAR AT Ash A P o mgoz b HAmeorsigohe T
4599 o= 0 9=
o =EE 20004 29 79 Wrete] 20009 38 149 AEs  HEE A ATAL JAes gEA Yok Apoptosis
& = A|E9] AFol L9} cytokines ¥hAl, AE EH Fas liga
ARJAAL: 0] P4, FolrfstuHiY R FuAbA . "
tion T WLALA. &} okl Sofl o3t DNA £4F E3 e
Tel : 051)240-5380, Fax: 051)254-5889 A © = -
E-mail : hyslee @ daunet.donga.ac.kr thokal A|Eol ol Aol g3 FEHAGT ok 4
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Oj2l4 2f 601 K562 MEH HIZFUAN AN Al REEl=

8 Fokd tES o|F3 v WAL, dusdtey 9
2 auoll o3 Boluks AL Aol apopiosisol] o2k
the Zlo] d7ElojA WA of Hololl B2 FAlo] AFH
Sick. ololl ik AFE Fato] 7IEe) WA o gt oA
o Agd & F3& ks Axe, A gt wA
o e} o A WHoE 2AHD e AT ol
8 2 goz fHukE| = apoptosis?] 714 W W4 71A o
slofic ol = kel FHEA B 9ok
AFAEL o|F3) thokdl A 3 protein tyrosine kinase
(PTK) inhibitorel] $4¢ 711 ATE Aeslgich. 2 AT
of] o]23} K562 Al|Ei= Philadelphia chromosome (Ph)-positive
chronic myeloid leukemia (CML) A2 A4l abl proteinol] H|
ste] PTKS #A%7} Z7b%¥l chimeric berfabl oncoprotein
0210y DRt = oyt PTKS] HAZE hemo
poietic AEE5E W2 Z cytokine withdrawl, Fas ligation 3}
T dE AE Sl A3 o] apoptosis FE AgollA
apoptosis®] FE& Al ATE Hushe, A CML 3
Ae) Azell B 2o VAsin Yo ? AFATE
WA el 213F apoptosisol]l B]d WiAlS 71 AlER 4
A e Ph (+) K562 AEE oz thFEAQ] PTIK inhi-
bitorsZ LA 9JF herbimycin A (HMA)®} genisteing o] &
& WAl % apoptosis $EE B, A0S BT
o] Mol oI apopisis®] Ul Fuel FFAE AR
et

CHAF 2 dhH
1. O A

K562 (ATCC CCL 243)A4|E£E 10% fetal bovine serum
(FBS, Hyclone Co., Logan, UT), 100 units/ml penicillin %} 100
pg/ml streptomycin (Gibeo/BRL, Grand Island, NY)& &g-3F
RPMI 1640 (Gibco/BRL, Grand Island, NY)HJA]E A}&a}o
37T, 5% CO, Ael9] incubatorol]4] wioksic}h. AL 25

Hlokg- ia}_aoﬂ 2x10%mLe] WEZ wjekslglen
/q] 9] AYEL Trypan blue dye wiA|HbH o2 abaloic)

2. WAMM ZAL Y A Az

6 MV ¢l X-4 HA4 X E7](CLinac 1800, Varian Co,
USA)E o] &30 200~300 cGy/min AZEZ 0.5 GyHE] A
Aste 2 Gy il 71 ARE Wil ¥ A9
712 A% 10 Gye| wAAS FUstA 2Aesc Her
bimycin A (Calbiochem, UK)®} genistein (Sigma, UK)-& dime-

apoptosisOll DIXl&= PTK inhibitorsel H&

thyl sulfoxide (DMSO, Sigma, UK)ol] o Algs)giow, 7]
Z AY HAE AX 242 500 M} 50 uMe] FEE X
Eyice

3. ®Jl 95

Apoptosis 4t §-5-2 AHAlzF o g Holslr] $sted apop-
tosisZ. {13k DNA A& DNA 7l A7) JF HollA s}
Sk AH 24 F QA i AEE H5ele] @
4 Belste le MAEE <A SEBS; phosphate
buffered saline)o.Z A&t & lysis buffer (10 mM Tris-HCI,
pH 74; 10 mM NaCl; 10 mM EDTA; proteinase K at 0.1
mg/mL; 1% sodium dodecyl sulfate)el] A& elslo] 48C +=
dlA] 14A)17F vH2A AL} o] lysateol] cold (4C) 5 M NaClg
A7yste] ZhslA] 15227 A9 = 1,000 gollA 57 94 £
Pstel 42U ole #, Eoke] dpropunolg F Tifelo]
20T oA shFulEgt wXjsle] DNAE AAAZch DNA
pellet2- 10,000 g °ﬂ/ﬂ 0—‘3‘7‘} A Fes ¥ A5AE e
3 dojZ DNA HAEE TE buffer (10 mM Tris-HCl, pH
74; 1 mM EDTA)ol] zﬂ o A7) the 02 mgmLe] DNase-
free RNaseS g7}slo] 37T oA 1A7F ¥F-3-A|H RNAE A
Asteh. 3EAQ] DNA &2 UV £ 35718 345
A260/A280S ZAslo] AAslgel 7+ 2|89 DNA 20 mL7}
DNA ¥F Ex}gk 3#)(123 bp ladder, GIBCO/BRL, Grand
Island, NY)Z A7| %3tk Z7] o4& TBE buffer (89
mM Tris base, 80 mM Boric acid, 2 mM EDTA)E- o]-£-3]o]
Alof| A AAsIg] o ethidium bromide® <34}t

80| |8+ DNA fragmentation Z&

1.5% agarose

et

4. TUNEL (TdT-mediated dUTP biotin nick

end-labelling) assay

DNA ZARAS AsgkAog HAs)l7] 9sle], fluorescein in

situ cell death detection kit (Beohringer Mannheim, USA)E o]
getod AEES EAstglon, A¥ BHLE AzA ARl
whe AAskee. 7Jr7—}91 A% 2AME 5x10° cellmL YA
BalE Bslo] 343t &, phosphate buffered saline (PBS)2.Z.
23] A&tk 500 ml 4% paraformaldehyde (PFAYE- A7}
sho) A golA 3087 WAL PBSZ 23] A % 200
ul permeabilization solution d7}sle] Q&L 2 Bk WX
3] :n_, 50 mL TUNEL reaction mixtureE H7}slo] 37C, 14]

T o2 273004 ukg-slele). PBSE 23] AlXsle] 250~
500 mL PBSZ Wt 3 yAlnlgez waeiglon, A
Al AESol ohg TUNEL b4 AZe] 4o wge A4
s giek
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5. MZFI| 24

FACSanflow cytometer (FacsConsort 40, Becton-Dickinson,
Bosion, MA)E o] &33ct. Ag=a o wiGAEE 47
o], 80% cold ethanol 10 mLE 4Col|A 74l ol 314
3 F, U4 EEsle] PBSE AMsta HEHOE 2 mL
PBSE ANE-53l9ich A3t AL E-G-oRoll 30 units®] DNase-
free RNase (Type 1-A, Sigma Chemical Co., St Louis, MO)&-
A7t &, 100 mLe) PI (Propium Iodide, Molecular Probes,
Eugene, OR) $o2 7piAl 411 422 o)5-¢ Aol
6027 HbSAIZLE 7 A8 2107708 AEelA P HP

£2 2Assin.

6. Western Blot Analysis

Stacking 747} separating 7> 4%9} 12% polyacrylamide2]
ZAog 19}t BSAE TF bl slo] Coomassie bril
liant blue ¥ oz 248 hlAS oF 2 mgmL HEE
Asto] 7+ Foll 20 mLA 93 323 27| %L 200 Volt
of| 4 45—‘?—£°P A3} tHBIO-RAD Mini-Protean II). %83
A2 SDS molecular weight markers kit (Sigma, MW-SDS-
70 L)a 1EeE 3igleh ArHes ArldEd AL
Mini transblot cell (IO-RAD Mini-Protean [1)& o] 835} 4T
ollA] 250 mA, 100 VEZ. 147} X9} nitrocellulose membrane.©.
2 oAk 1 % 3% BSA7} Z33 25T Blotto solution
(PH 74014 1A+ 52t blockingst & 7+ Az A%
ol 3k A7} EoIYUE 4T 02% tween20 in PBSol|A] uF
A ksl o] Z alkaline phosphatase conjugated anti-Ra-
bbit Immunoglobulins (Sigma, UK, A-2306)& 25CelA] 607}
HSAIZ|5L A8 & 3% 5-Bromo-4-chloro-3-indoylphosphate

A .

12 24 36 48 B ¢

2 24 36 48 € ¢

2
ok

AR E2EESI X 20005 18(1) :51~58

p-toluidine salt (BCIP)2} 0.015% p-nitroblue tetrazolium chloride
(NBT)7} S0]9+ carbonate buffer (0.1 M NaHCO;, 1.0 mM
MgCl;, pH 9.8)% 2317k

g 1
1. Agarose gel electrophoresis

K562 A|Zoll WAAE 10 Gy ZA3 F 4827l ZHH
12A7F 7 o2 FHE690-E o, DNA ladderE 83 <+ ¢l
oichFig. 1A). o8t T4 genisteing Foidt HEFolA
= Y8 948 AR JYAEg. 1B), AL =4
% herbimycing Foidt MEEAAE 367N A)=st
o] 48AJ7kAl #eddk DNA ladderS #48 4 USchFig.
10).

2. TUNEL assay

Hgsu|gslolA A5 ¥F& vehlle DNA frag
mentiono] Yol t MEE apotosis7} Yol AEZ 753},
o] & ok oz Alste] AAME Fol] i percentageE. 1}
bt AR =A% AEES WA genistein o
F 48270 e AL Sl DNA fragmentation®] T3

o] EQA(Fig 2A, B), 10% vj7+e] apoptosis kA A|EQ]
NS e = AT, WA ZA ¥ herbimycin AS
ot ATEAE 30~35% HISE apoptosis YA AEE
o] WAFHUTL ol &AL wF A7 AA TF
5 ¥odsllekFg. 2C, 3).

3. Western blot analysis

K62 A|El MAARE 2AR Z3 WAL 24 ol her

Fig. 1. Agarose gel electrophoresis of DNA extracts from K562 cells. A) Cells
irradiated with 10 Gy X-ray, B) 10 Gy irradiated cells incubated with 50 uM
genistein C) 10 Gy irradiated cells incubated with 500 nM herbimycin A.
Cells were incubated for 12, 24, 36 and 48 h after initiation of all treatment

C (Control).
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Fig. 2. Photomicrograph (400%x) of K562 cells stained with
TUNEL method. A) Cells irradiated with 10 Gy X-ray, B) 10
Gy irradiated cells incubated with 50 uM genistein, C) 10 Gy
rradiated cells incubated with 500 nM herbimycin A. Cells
were incubated for 48 h after initiation of all treatment.

bimycin A o Y genistein F-o3F2] anti-apoptosis THHE
el bel-29} bel-X 2}, promotor baxe] WS zFH
2 9 484700 BRI Wl28] A9 WARE ZASHA
A thzFoll nlste] HAHel W Zrls|dx|qr v
A4 B ekAIEe) whe] Aol gigich bel-Xi# baxe o
2ol wla) AR o oe) el HolE DAY 4
UScHFe 4. HE o] dFRle] BadlA o] 5ol

FOUA AL 2o RE&le apoptosisOl OIXIE PTK inhibitorsel S

100
20 } —a&— radiation
—@— radiation +herbimycin A
! —B— radiation +genistein
60

40

positive cell (%)

20

.l

0 24 48 72 96 120

Fig. 3. Percentage of apoptotic cells with TUNEL assay in
K562 cells treated with 10 Gy X-ray with genistein or her-
bimycin A. genistein was added 50 uM. herbimycin A was
added 500 nM. Cells were incubated for 48 h after initiation
of all treatment.

¢ R24 RH24 RG24 R48 RH48 RG48
- G " o9 oy B e

bel-X, e g o qm S™ ey

bel-2

bax s TR e WAER  Sees W

Fig. 4. Western blot analysis for bcl-2, bd-Xi and bax protein
expression in K562 cells incubated for 24 and 48 h with: R
Cells irradiated with 10 Gy X-ray, RG; 10 Gy irradiated cells
incubated with 50 uM genistein, RH; 10 Gy irradiated cells
incubated with 500 nM herbimycin A.

bel2 W A chale] e} apoptosisehe] AW Harw
AT At gAh B QoA 348 herbimycin A
2o} 39 apoptosis W&} bel-2 familye} AHAE 2] ¥
Sk

4. Cell cycle analysis

K562 AEol WMAAE 10 Gy 243198 ol Jehle Al
E F7)9) wizhe Fig SAclA FAse wie 7ol Azke]
7Aool whel AHQ GYM blocke] £74-¢ Bk ol
3 £AL genisteing FIPE Agolle FHE HIE
o]Z 9A"HFig. 5B), herbimycin AG TIPS HfolE 12
AZASEl GM blocke] £AHWEA METF AE F71E
A el S Holw, 48X B LAAE
G2M blocke] A9] AR b4 wlw of2]d £72 apop
tosis?] FE7t Polvke AlZtdel YA £2E BEE
T AArHFig. 50).
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CHEr AL Z2ESIR) 20005 18(1) :51~58

oy goe
ssssss

2o
A

48 hr

Fig. 5. Variations in cell cycle distribution of K562 cells incubated for 12,
24 and 48 h with: A) Cells irradiated with 10 Gy Xray B) 10 Gy
irradiated cells incubated with 50 uM genistein C) 10 Gy irradiated cells
incubated with 500 nM herbimycin A (Markers M1, 2, 3 and 4 in the
plots correspond to cells and cells in GO/Gl, S, and G2/M phases,

respectively).

ok gl A=

WA gJste] FERE ofg] 7HA fHAE] 8438 3t
7ol protein kinase (PK)2] 2h-go] Hofdivkn ¢eiA glo
o, Hallahan 5% staurosporines} 22 PK JAl2l5 o8-}
of FFAZAA WAL g A TR AR
€ Hazle) PKO| A gt A4 =24 AxEA 9
TS Basigick G osle] BA43tEE o A
PK Sl A% protein kinase C (PKC)9} 2 &ol} thafod = W
A Azl Haw s, WAL o3k PKCY 843+ A
A ZANA tyrosine phosphorylationg e 2 we}> 0 w
3 WAL ol] 9J3lo] c-Abl tyrosine kinase7} ¥4 31E|w, CML
] molecular hallmarkq] p210°""Z AEGA=} Aol o}
o] T8k AEs A4 Ao njste] WAl distel =
2 WS Helde dF AHE Rasl, AlE A4
2 A Fo PTK7L AL digt WAel Fadt J%L
3 P&e AR Nishii 572 BaF3 AEE of
Ao WA =A EE etoposide XX| Foll 3 apop

tosis®] &% Algdol|A] p210 mutant®] 2HA13} apoptosis®]
EE gAS K 1slo] chimeric protein®] anti-apoptosis 7]
2 B

olz}a PTKe] WAHAlell <13 WA BAH apoptosis &
58 QT Ao & AFAZe] F5Y PIK inhibiost
hetbimycin A (HMA)®} genisteino]t}. HMAT cell-permeable
potent PTK inhibitor 2. bone resorptionol] & F csrcE GA|
3}, non-receptor protein kinasesoll 4142|191 antagonist® %
#4 k™™ Genistein® soybean ¥ tofucl] F3-3] 349
receptor-type protein kinases®] A1#}%] antagonist® 44 ¢l
o9 B ool PaE apoptosis®] A, A EAA,
A 24 & g3 4 QIR apoptosis7t HMA Fof ¥
)= A= HMA7} berfabl 9 sre genesol] 2|8l encoded
H PIKE v7l9dog AActs 28 5 It o)y
3} A= Okabe ' o] immune complex kinase assayol]A]
HMAZ AX|& Ph (+) K562 A Z9] p210°""9] FA%7} &
ARe DAY AT Ae} FUsgIch Riordan 5
AL zALeE A el Hagh HMAS] E5& K562 Al
Fol|2] tyrosine residuesel] 1443} Aelle] WAl AE F&
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(o)

AaA 7w 8EE Gt fAR, of2ldt A4S AHE-
E& o] chimeric berjabl huie] PTK #A43tel] 7]1s)
rhe oA A}, ookt CML AlEF6lj4 HMA7L apop-
tosisE FEIHE 5L A EFS9] phosphotyrosyl proteins2]
basal level®} Hinj#l[slw], o]= HMA7} phosphotyrosyl proteins
o qastel st HUd ABAE ARY 4 Urke
o7 A 9 K562 AIEE HMASH 3 eiok AIZE o im-
mune complex kinase assayol]d PTK activity®: HAls=dl &
FHE HVAS] SEE apopiosis® FEHEE] 27HE ¥
£9 $AE odd b GF AnE Edz HMAY
K562 AlEA AN 24 Fol p210°™9] PTKS] A
2 AT RN apopiosis?] FEE ZARIH: Fhs) 2
=5 ARSIt B AFollA genisteinol] 2|3t apoptosis®]
45 Avle] B genistein® p210°"ell w4 eHQ
PTK inhibitor ©]2.2 K562 A)|%i|A] phosphotyrosyl proteing-
&shA £ 2k oluie} apopiosis®] $E Y Ao A
o7 FEsI3ch ‘
HMA~7} K562 AEol|A] HhAA ZAF Zol] apoptosis®] w1
fxsle 714 A7Y Yo AFAES apoptosis F
4 o 5 AZ 709 wstel FEGICE A o
7ol bl Bl 94 Thle) wHsh apoptosisdhe] olTke
I8l A9 A3y B, anti-apoptotic p“rotein.‘li bel-29}
bel-Xp & 53R baxe}t 72 promotors?]. Bl(ratio)7} 23
Aol &g Frfm Bazglek®? B T4 HMAY
Zgol] whE 77 bS] BIshE bel2 familyd ABAE F
7] €59t Zhm S P berfabl transgenes®] HHE-E bel-2
o] B& Z7AZItka Basle], HMAE anti-apoptotic ge-
nesS downregulationste] F23 0 2 p210™9] PTKS] 3
AEE dAlkle 71de 7Hdez slo A5 APelgich
Ak AL 24T & AEET HMAE Fo8 AEE
AolollA] 2 apoptosis®} THF FH bl WEHL) XolE
48 4 gk olE Nishii T Hwat p1™g
#s1= BaF3 Al¥oll4] apoptosis®} A bel-2 #&H 47
ae) W2 TR 5 sleivhe Hush SAl 2 o
79 Z3} =3 K562 cellsol] 2J¥F apoptosis®] FE& o]2]dk
apoptosis 7 ) wste] 4TALS ulekirin AZ
Ag & Ak

AE 719 BAGIAE B4 ATl PAAE 24
gk Afolle Gl AIEFTollA AE] AAo] e Hdol
ol A vehde, o] #Agell c-abl tyrosine kinaser} o]
ok WPt o) A ZATAAE BAY 24 of
# Gl blocko] &A=& 2g WEE, oldk d-dx v

i alo

o
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ot

o

[&al 2| 60! : Ko2 WHEW MM SAHI0 26l SEEE apoptosistl OIXlE PTK inhibitorsl &

Aol ik WA Aolol] ABAL AAele HaE 7z
2 3oich. B AFolA] K562 AT Ay nlol] oupd 10
Gye] WA =4 ¥ G1 719 AEe A9 328 5 ol
3L kgt G2/M blocke] Z7do] 481Zk7tA] A=)t
olZjgt 4L genisteing FoI3t AYNNE FUE AANE
Ayt Eolgt 4732 herbimycin AE Foldt AE SO
12AZAEE] G2M blocke] A sliaslE I tEo
AT AZ F719 A £X7} o|FojAE £AE
A 4 gigie) oleldt 47 & apoptosis®] WA ods}
23l £ u), GJM blocke] 4 FL Gl blocke] 3]83}
apoptosis?] FE2}S] @IS FFT F Jlod, ol AT
250 A pH 48]98 SCK AEAE apoptosis?] o o]
2E AE F719 Wil dBsA DR 6k dPh?
=3 PIKol| SolFoz 2h83l= AIAY herbimycin A
K562 A\ES FAlg dAlslHA GGl phasecilA] ME2] =
Ag g 2a% 729k of, PTKS o9} AT A
3AG Aol AH=o] gg Foz A7 As A
A9 WY olsls WAl o3 =% apoptosisol
g WA S5 gF A7 IRz gAE
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—— Abstract

Radiation-induced Apoptosis is Differentially
Modulated by PTK Inhibitors in K562 Cells

Hyung Sik Lee, M.D.", Chang Woo Moon, M.D.", Won Joo Hur, M.D.”
Su Jin Jeong, M.S.T, Min Ho Jeong, M.D.", Jeong Hyeon Lee, M.D."
Young Jin Lim, M.D.? and Heon Joo Park, M.D., Ph.D.}

*Department of Radiation Oncology, 'Microbiology, *Parasitology,
College of Medicine, Dong—~A University, Pusan, Korea
$Department of Microbiology, College of Medicine, Inha University, Incheon, Korea

Purpose : The effect of PTK inhibitors (herbimycin A and genistein) on the induction of radiation-induced
apoptosis in Ph—positive K562 leukemia cell line was investigated.

Materials_and Methods : K562 cells in exponential growth phase were irradiated with a linear accelerator
at room temperature. For 6 MV X-ray irradiation and drug treatment, cultures were initiated at 2x10°
cells/ml. The cells were iradiated with 10 Gy. Stock solutions of herbimycin A and genistein were
prepared in dimethyl sulphoxide (DMSO). After incubation at 37°C for 0~48 h, the extent of apoptosis
was determined using agarose gel electrophoresis and TUNEL assay. The progression of cells through the
cell cycle after irradiation and drug treatment was aiso determined with flow cytometry. Western blot
analysis was used to monitor bcl-2, bcl-X,. and bax protein levels.

Results : Treatment with 10 Gy X-irradiation did not result in the induction of apoptosis. The HMA alone
(500 nM) also failed to induce apoptosis. By contrast, incubation of K562 cells with HMA after irradiation
resulted in a substantial induction of nuclear condensation and fragmentation by agarose gel electro-
phoresis and TUNEL assay. Genistein failed to enhance the ability of X-irradiation to induce DNA
fragmentation. Enhancement of apoptosis by HMA was not attributable to downregulation of the bcl-2 or
bel-X. anti-apoptotic proteins. When the cells were irradiated and maintained with HMA, the percentage of
cells in G2/M phase decreased to 30~40% at 48 h. On the other hand, cells exposed to 10 Gy X-
irradiation alone or maintained with genistein did not show marked cell cycle redistribution.
Conclusion : We have shown that nanomolar concentrations of the PTK inhibitor HMA synergize with
X-irradiation in inducing the apoptosis in Ph (+) K562 leukemia cell line. While, genistein, a PTK inhibitor
which is not selective for p210°™ failed to enhance the radiation induced apoptosis in K562 cells. It is
unlikely that the ability of HMA to enhance apoptosis in K562 cells is aftributable to bcl-2 family. 1t is
plausible that the relationship between cell cycle delays and cell death is essential for drug development
based on molecular targeting designed to modify radiation-induced apoptosis.
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