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r

K562 MIES| WAMM Z+M W0l Q&S 0lXE MSHEUX

L@z gHOl - FLA L BRAT - x@ET - £HST
RO - MAYET - 01gA' - HAF - YA - Hus

S H: 0 SN uigl N Zol K562 Aﬂ off tH&t apoptosisoll MatMd 2 JHRICEH
Moj

Rt od50l| A Ko62 M Z & ghAl , | 222 AHStURE SAbM AL}
EH F048t herbimycin A (HMAJo Iéfoi ghARMOf CH S apoptosis@t #2 AFMEtS0o| FE== BHH, genistein
of 2l5t0{ HrApMofl CH Sk apoptosis BHSOl XMs|El S &telsioict 2 o Fol M Efo| 24 Qlatatg A ofFol 2|3t
KS62 Ml Zo] uhalbd BISHEIE ZMsts MSHYAZE TAISIQICH

CHat 9 Bie: Kee2 MZE X3 Al7|9 MzZEDH MEISto] Aol 0| 25I%cH LA ZALE 6 MeV METIS
?|(Clinac 1800C, Varian)g 01830 200~300 cGy/min MBEZ 05~ 12 GyE TYsHA ZTAFSIUCE HVASH genis-
tein2 2t7t 0.25 uM, 25 uME FAMT ZAL & ZA| Fo{519ich ABolM MSHE AZ2 abl kinase, MAPK family,
NF-«B, c-fos, c-myc, thymidine kinase! (TK1) SollA{ 2| wHH = 23 g

Al | g5 ZAlbetRich ESE oA
Fofof w2 [FMX} el xol(differential gene expression)S ZALSHACE

Z I Apl kinase®l et I &M HSIE xAbsi oLt PTK Mool o3t eralMd R MIAtel Hatete] of

2 X2 7 Ut ME ME 3 Al»e MEHUHHOM F2 ZEIE QI MAPK family] 2H0{ 0f 5 &kelof A
A S 2 I8k SAPK/IUNKS] g stel R PJ?—_’;EIO*O'—F PTK ﬂoH?HIOiI EE}E H.szt flelend, £3k MAPK/

ERK2} p38 MAPK M2 ZE Z=Ho|A Hgt glo

B genisteing £ 08t 20l NF-«B &40| Z7t5t ‘ii

0'1E 0z

| FHAL L3 5l ChlA Shgo| STkskoich
Z B PTK 2ol o3 Koe2 MZo| gratMof et 2H8 #ehs bor-abl kinase AT PRSI Xd =0y,
MAPK family Z2 2|o| CI2 Z2E &%+ MARRIX} 2435} 2HH0| ‘H%Em USE 2HelSHAUcCt

SHAIBO: orM FM gy Ko M, WA R apoptosis, Herbimycin A, Genistein, Al ZTE

Soll 45 2EHe AL sh}E apoptosis?] §

M = %7 aAxw gk aeht @A o3 AngE W

AAol| Eo|Hol AFZAGARE Hudylz oS Aow

AZE AL 3ol 9= FHE S35 o] AHol  okelA] ek AT stress AL, AR A%, A A
eshe W& ﬂoi/ﬂ AE AAERE obe} 1 AlE 359 AZAGAHAZEY] FEFHoE FH5o] gk

7b &3 A9 B ARk WAKAS 23 gk dutd o2 HbAA ol fEEE o7 7FA §AzE

o] &A%} A ol protein kinase (PK)$] 2h-go] Fhodic)st

Eo?g_?E 20009 wotrlgal s At Mo o5t AT or A glck whAbAl] olslo] #AIE:= ofg] 7} PK

o TEe 20031 39 212 G4Eel 20034 74 289 2 5 Foll A= PKCe] Aol WsiAle Wol A7t e

A+

s . staurosporine®} 7+-& PKC A A7} chokst Ao A wvEA
HAAR A5, Folfstw o33 A7 A 2) . PO

122 2] 8 =L o] A= A d

Tel: 051)240-5343, Fax: 051)242-7265 A AFAE SAARGT o]23F PKCo = dete A &

E-mait: kmyang@kcch.re.kr Al FANA tyrosine Q1AEE o7 gty ek wbAA
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g 3 9&o] EHulsll. PTK A& small GTP-
binding protein®] ras®] 7]5-& #A3}A)F]3L downstream]
serinefthreonine  kinase A1 ¥ 2 <173t}  Serine/threonine
kianse®] 5 727} MAPK familyE 7-f3lm, of7ldl&
p44/42 MAPK [ERK1/2, SAPK/INK, p38 MAPK (HOGI)
T 4#A ok A WAl A2 AT A B3}
o] £Q93¥}w, growth factor receptor tyrosine kinase,
heteromeric G-protein®} A#-H &4 gl Eo|Z el +44|
£ 402 HE ERK FEE $A4IA7LY Yo
T AET AE AR A, apoptosis F-L WA A
S Al AZe) Gl Bofebvd, AH, AT W3} S
A Eel] gk stress?} <A $HA G4l A A, lipo-
polysaccharide, 38418 o}7|s}+= cytokine 5 thok3dl #}
ol ozte] FASE}” MAPK A3E Elk-1, cojun,
ATF2, 59 AAAAZ olojA}'” mF NF- (B2
upstream ©. & MAPK familyol] €3 &A3l7} e 9o

O
1) :

2 o FAoA &= PTK 9A|AlQ] Herbimycin A (HMA)$}
genisteing- o] &-3lo] K562 A|E2] WALAd ot A EAE
ate] W3E g5 u 9k’ K562 A|ZEL blast crisis
Al 9] chronic myelogenous leukemia (CML) Zzlo)| A G2l
3 A EFo|ch” o] MTE 2291 G A|9] YR oM o
WA 2 translocation¥ Philadelphia chromosome (Ph)-& 7}3
o 24 PTKe #A =7} =7}E chimeric ber/abl onco-
protein (p210°*)g utddc}h. &M o7 2749 PTKS)
28X 317} cytokine withdrawl, Fas ligation 9] s}olekE 2 g
=o] 2]%}k apoptosis?] FEE AAslaL, A4 CML 2#9]
x goll Al @9lo QAS T Yot o] AT w g E
EAQ o2 p53o] Wold PFAL AR

Aol A5 PTKS] o AASS FALY 443 A4
< dsted ®el o] &5 3 9 A Eolth. HMAE non-
receptor PTKol] Aeld oz #Ag3ie], p210™™e] 3418
Afizte] PhE THAE AEY] TS $AHog AR
t}.'® Genistein-g- receptor-type PTKol] 4 €13

22 2gavl
berfabl oncoprotein-g W&l AL Z4A1S LAA o

AAskA) Fgeh " £ 742 PIK AAAE AL of
3 7442 wast G AT AT e} apoplosis FE
ol delHE It Kol E elhiich K562 Az WA
A drEzA] A4 e Hylow, WAl ofste]
S EHE A ZAEE oncotic necrosis, cytoplasmic apoptosis
5 mitotic catastropheE A1 = J& T £ 4 S
Ryt e HMAE BAA e gA Sohsh
AAdoll o3t MEAE S Z70% Pt oy, 274 {5
e AlEAE-e A¥HAQ apoptosisel] <J3k Zolict. Ht
w genistein® WA &k AMEAE L AQAH L

o9} 2 7| APANRE wig o g AR K562 Al
Fo) HMAS} genisteinel] SJste] G55 WA 44 2
MEAS] Wzlol] Fofsle AZAHD AAE LAk 313l
o} B QAo A= K562 A F9] apoptosis WA ol Bhodhe}
31 4#A E berabl A WA FA LS 4
Hog Fgsta, PTIK A3AZe] £ 29 MAPK family
bl o] wtds &4 aela AAUA NE«Be 24 H
3 AT BEE fAAL] HE XA =4
a3t

Ch 2w
1. CHAN Mz

K562 A2 ShTAEF 23ollA FYsiglen, 103
olule] AlHuok& AXHA AxFA718 AxzET 49
sled A¥el] o] st AE vk 10% fetal bovine
serum, 100 U/ml penicillin, 100 zg/mL streptomycing- $H-§-8F
RPMI-1640 medium (GIBCO)E o}&-3}od 37C, 5% CO, &
Ao A At AEE 2x10°7mIE HFEehm A 150
2~33]4 Alulekslat, 10 & wAskgich

2. WAK ZA R 4E RO

A4ZA1719] AXel 6 MeV A3 7}<:7](Clinac 1800C,
Varian)Z o]-&3}o] 200~300 cGy/min AZEE 05~12
Gyo] WA S FYsHAl 24315 8ol A= &
Sk AIEE 37°CE FAAZIZ WA 2AE g ulfollit
20°C AglA zAstgeh WA Uk ATHS] s
Z §-5317] ¢33 HMA®} genistein (Calbiochem)-2 dimethyl-
sulfoxide (DMSO, Sigma)el] FZFEE Zo]i —70°Coll H
sl A Agol o] &atolct Aol K562 Al £ T4
S 50% oJAlsE 20 HMA 0.25 1M, genistein 25 xM-&
WA 24 3 FA] Folslgl o, DMSOY HF 55T
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0.1%% WA ES 2Rs3t
3. Western blot

AEZZ 35ste] 1 me] X7k PBSZ 12,000 g, 287

YAl Ee|sto] AEs}5L | mM phenyimethylsulfonyl fluoride
(PMSF, Sigma)7} £33l 1xlysis buffer (0.5% NP-40, 120
mM NaCl, 40 mM Tris-HCI, pH 8.0) 250 12 10]| 4] 4°C, 30% o]
& galstict AEHE 12,000 g, 3087 AAEelsle]
31932, Protein Assay Kit (Bio-Rad)& Ab-&slo] gludzS
AFsioict iAe T3 A 85 12% SDS-PAGEZ 7
7193 58}4i v}, [Mini-PROTEAN II Dual Slab Cell (Bio- Rad);
200 volts (Model 1000/500 Power Supply, Bio-Rad), 1X] 7}
uBAl uld] S (c-abl, phospho-tyrosine (PY99), phospho-INK,
phospho-ERK, phospho-p38, c-fos)x= ZHzbol| tJgt &}#f|(Santa
Cruz)E o] &3}o] enhanced chemiluminoscence (ECL, Amer-
sham)@ ®F3-A)7] o} Fujifilm luminescent analysis system
(LAS)-1000 Luminescent Image AnalyzerZ $§Alas}il Fujifilm
Image Gauge Version 3.11 softwares o]-g-slod EAsl9iv}.

4. Abl kinase M

1) c-abl immunoprecipitation % immunoblotting

Abl kinaseol] 2|3t ¢l AM3} A % o] £¢1.2 Kharbanda S 5
9] w1 wel AAsPon BlockingS 5% bovine
serum albumin (BSA)Z 3}9.2, Q:43lx=
tyrosine (PY99) 8lA| & o] X}glA)+= mouse immunoglobulin
HRPO-linked whole antibody 2 #}-91c}.

2) c-abl immunoprecipitation ¥ immune com-
plex kinase assay

Abl kinase 242 Dorsey JF £9] o) vje} 24+
Gt 479 BUR PHOR Wl BYAE FA0
w, Febo]= JAIE A= 100 uMS] abl Fefo] =
(EAIYAAPFAKKK MW=1366, NEB), 100:M ATP (Pro-
mega), 5 uCi [ 7-P]dATP (3000 Ci/mmol, Amersham)& abl
kinase buffer®} E3lslod 30°C, 1087 vl A1 ). vE-L2-0]
Ed vhg 25ulE phosphocellulose discs (Gibco BRL)O|
spottings} L 1% <1 AHSigma)e} o} E(Junsei) 0.2 A& gt
%ol] Beckman LS 5801 Liquid Scintillation System©.Z [H]-
thymidines] 73 ZAssict

anti-phospho-

5. MAPK family &

1) SAPK/INK Assay:= SAPK/INK Activity Assay Kit
(NEB)E o] gskol Alzbel Aol wet AAshiet

A2 Q) 1106 KBE2 MEL ZAtS 24 BBI9 MEHE

2) p44/42 MAPKinase Assay< p44/42 MAPKinase Activity
Assay Kit (NEB)E o] &&}o] Alzx}e] AH o wla} A5}
e

3) p38 MAPKinase Activity Assayy p38 MAPKinase
Activity Assay Kit (NEB)E o|-&3to] AlzA+9 A%l ul
o 4459

6. c-myc sl

A= 1x10708] AEE 3]<sta PBSE AlH3 ob&
Ultraspec-II RNA Isolation System (Biotecx Laboratories)g

24850] Total RNAZE 2lslgdvt. oA A2 Reverse
Transcription System (Promega)& o] -&s}glow Hhg 23}

2 42Col|A 1A7H WA 3, 99°CAA 552k Fhedst
o HhE BRARAZE

A WA FREE Akl AERATL 100
(o} AES 9480 o) F 00 PORE A £

Ee HFRs) 10041} HE
v}, Tag DNA polymerase (Pro-

mega), 1 mM MgCl,, 10xreverse transcription buffer, forward

.
DNAZ Ageigieh. e
% vheo] zAoR Fuls

o, r}ok

9} reverse primer (ZhZF 50 pmoles, Bioneer). Hh-3-E3E-2

04 5 27 Theld F vhge] 20 Fu Ao
WS-8 30 cycles A A8k T). 94°C, 18, 50°C, 18, 72°C, 3
B2, ogs npAwe g 72°C, 104, 1 cycle. PCR vk
Perkin Elmer 2400 PCR machines A+8-3l992m, 1.5%
sgarose A A7 GE0 2 Belsich. BELAL $lajo]
house keeping gene B-acting] WdE& ZA3 9k PCR
primers] 917]44e che3t 7k

* c-myc (292 bp)
sense; 5-TCGGAAGGACTATCCTGCTG-3’
antisense; 5°-GCTTTTGCTCCTCTGCTTGG-3

* B-actin (250 bp)
sense; 5'-CGTGGGCCGCCGCCCTAGGCACCA-3’

antisense; 5’ -TTGGCCTTAGGGTTCAGGGGGG-3

Northern hybridization-2 22} 3} Aol vz} AlHsiaivt.
pBR322 vectorell c-myc (insert size, 9 Kb, ATCC 41010
pHSR-1) A7} F2YE E coli 752 HE] Wizard Plus
SV Miniprep Plasmid DNA Purification System (Promega)&-
o] &3}o] plasmid DNAE 2] A Asglch #2l5 DNAE
23 0 @ AccuPower PCR PreMix (Bioneer)& ©]-8&}o] PCR
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5 AR|EHe) PCR A5 1.5% agarose gel A7) o) E-5]0]
2ot & QIAEX II Gel Extraction Kit (Qiagen)S- o]-£&}o]
A As}gi}t. Probe labellinge rediprime Random Primer La-
belling Kit (Amersham)E o]-£&}t}.

Total RNA 30 g5 1.5% agarose-formaldehyde 7 A 7]<d&
gk v} Sambrook 59 #Holl wle} Hybond N-Plus mem-
brane (Amersham) o 2. capillary HHHoll &sled o) FAJZT).
Membranes- Spectrolinker XL-1000 UV crosslinker (Spectro-
nics)yE o]&slo] 314813t} MembraneZ hybridization buff-
er (DIF 5 ml, 1 M phosphate buffer, pH 7.2 1.25 ml, 20% SDS
3.5 ml, 5M NaCl 0.5 mi/10 ml)o]] @31 42°Cel|A] 24)7F Z<qt
AEA 3t REE-5 AATslde A2 bufferZ As}aL 95°C
oA 527+ 7}d3t [ ¢- PldCTPE A% ¢DNA probed #
7¥sle] 42°Coll A &F5ut whSA|A EA3kst3ir}. Membrane
A2 42°Cel|A] 2XSSC (17.53% sodium chloride, 8.82%
sodium citrate, pH 7.0)/0.1% SDS, 1xSSC/0.1% SDS, w}A|=t
2.2 0.1Xx8SC/0.1% SDS2] =Alz Z+7h 584 23] A
oS W AT Xoay BEOE —80°CoNA A7 BBA
7 ¥ Fuji FPM 1200 ®Abs ARsd471 2 443t

7. NF-«B &AM

NE B #4) & Electrophoresis mobility shift assay (EMSA)
g o] 83lo] ZAelgitt Adel A-£% NE B consensus

sequences= o3 2t}

5’-AGTTGAGGGGACTTTCCCAGGC-3
3*-TCAACTCCCCTGAAAGGGTCCG-5’

] A5 100 volisellA] 2087} prerunning3t 5% polyacry-
lamide native geloll 7}s}od 100 voltsell A 2F 4~5X| 71 A 7]
dEsliddct AL freldo 2R e 2448 Felsle] A
71Z7] (Hoeffer)oll A A#& & Xray film (Kodak) o 2 —
80°Coll A 124 7F Zsdsla Fuji FPM 1200 W45 AHEd
471 & ksl

8. Differential gene expression

1) Subtraction hybridization> PCR-Select ¢cDNA Subtrac-
tion Kit (Clontech)-& Ab-gs}o] A=A} 2 H ol whe} 214
Sieh.

2) DNA Z24-L PCR-sclected cDNA subtraction®. & 5
B £Z = cDNAE pGEM-T easy vector system (Promega)&
SERE S

3) PCR-selected dot hybridization= PCR-Selected Differ-
ential Screening Kit (Clontech) & A-&3to] A|=zA}19] A3 o
we} AA|shsl

4) DNA sequencingS- A% F-EZL5ol4] plasmid DNAE
FZ]9] o, Wizard Plus SV Minipreps DNA Purification
System (Promega)-g- ©]-838}93t}. ALPexpress AutoCycle Se-
quencing Kit (Pharmacia Biotech)-& o]-83}0] G744 & &
Aslod 0w DNA 7| A G EA el A4-&F primere] 74
e vhgst P

* ARFred M13~40 primer
5’-cyanine-CGCCAGGGTTTTCCCAGTCACGAC-3’

* ALFred MB Reverse primer
5’-cyanine-TTTCACACAGGAAACAGCTATGAC-3’

2% DNA2] <74 9-2 EMBL#} GenBank databaseol]
A zARe] 2 AEAE vl

5) Northern hybridization-2- Probe?] A|ZE $jslo] A1H
¥ FEEL LB AxulA o] vjekdl v}, Wizard Plus SV
Minipreps DNA Purification System (Promega)g ©]-8-3}¢
plasmid DNAZ Yelstgich. olF A4S A4d visl 2

o
9. Thymidine Kinasel (TK1)e| Z2MEH

Chang ZF 9] viddl] wral A1t Cytosolic gk
Wl 30 ugd 90uM thymidine (Sigma), 5 mM ATP
(adenosine triphosphate), 2 ¢Ci ['H] thymidine (Sigma) (25
Ci/mmol; Amersham)S- kinase buffer®} E%}s}o] FZE R3]
€ 100 £12 2As}5 37°Coll A 3027 vH-g-3lich whe-&
-2 phosphocellulose disc (Gibco BRL)l spottings}3 1%
phosphoric acid (Sigma)®} ZHF2 A%]%}9ich. Beckman
LS 5801 Liquid Scintillaion System< A}-83}e] [’Hl-thymi-
dine®] Z3re A3t

d

1. Abl kinase2] s U gM

K562 A|¥®+& p210 ber-abl# pld5 c-abl -+ 7}A] PTKE
25 dE8agek. o] E9 WEly HMAS} genisteinol] oJ3}
of AlsIA Sskov, WAM G524 W WAL PIK
A A WA R & ¥stE HolA okokel. Hat
ofv]g} p210 ber-ably} pl45 c-able] QAS} AET el
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ol E BT 4 gldr). ol F Hio FAHEE ZHstn
2} Abl kinase activity ®£3F A3 A#E B9 oh(Fig. 1).
upebAl B Age] PTK A Aol <3k K562 A 2] whAA

A st HMASL genistein®] abl kinase < A& 3ol

913 el ohd g o & itk

OO

A

p210bcr-abl-
p145c-abl-

B con R RH RG H G

210- |
145.

C 5000
4000

= 3000

CcP

2000

1000

Blank Control R RH RG H G

Fig. 1. Expression and activity of abl kinase in K562 cells. Cells
were exposed to 10 Gy of X-rays (R) and treated with 250 nM
of herbimycin A (RH) or 25 #M of genistein (RG). The reaction
mixture was incubated for the indicated time. Western blot anal-
ysis (A), immunoprecipition with anti-c-abl and immunoblotting
with anti-phospho-tyrosine (B) and activity by immune complex
assay (C) are shown.

R (time)
con 10m 30m 1h 3h 6h 12h 24h

Of
=4

ok

2 2] 1100 Kb62 MIZS TAd 2l W oY

2. Phospho-tyrosine kinase

Abl-kinase ©]9]¢] PTKel] thgt 2h-&o{ 55 2Qlslax
QlAbkslstod #AJ3lE ¥ elel phospho-tyrosine kinases
ASGEE A DB A 106l 2] 244171747 W3
WA AT ATl wE FUHE E T Uk BA
A e AT A7l HMAS) genisteing ol 5
W3 7] WheolA] Aol § WakotAl
4217} 2] phospho-tyrosine kinases ZA}gH
S A)s) vlzelo] oFEg Wi Folth H ol
Aol & #AL 5 glgich. HMAS} genistein T
e A om 24t de Ro) shesel

PTK A A2 9] 7]5-2 Fels]olvkFg. 2).

b

i N

il
=)

R

+

o

>

X
(%o

o i OF

~m
£
>,
2

3. MAPK family &4

SAPK 8418 WEAA 5244 S718k.00), HMAS)
genisteing =X g 1S
TU T, AT A e FoIgk 7l
O U CENEC A R ! =

SAPKS] $42 oby AT OR 453

Aelgk Az A4z vaste] wig @2 FEolvk

o3
=
fr
oF
>
22
20
e
BN
>
>
o

37} ek Fig. 3). ol Xl )
oA 1PS] AThe} 23kl

ok

western blotting

4. c-mycQ| gl

LA gl HRARA I HMA $-2 genisteing 12, 24, 4847}

24 hrs
G R RH RG

Fig. 2. Western blot anal-
ysis of phospho-tyrosine
protein in K562 cells. Cells
were exposed to 10 Gy of
X-rays (R} and treated with
250 nM of herbimycin A
(RH) or 25 uM of genistein
(RG). The reaction mixture
was incubated for the indi-
cated time. The bands were
detected by electrochemilu-
minescence system.
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A. Immunoblot B. Kinase assay

con R RH RG

p-JNK

Fig. 3. MAPK family activity of K562 cells. Cells were exposed to 10 Gy of X-rays (R) and treated with 250 nM of herbimycin A (RH)
or 254M of genistein (RG). Western blot analysis (A) and kinase assay (B) are shown. The bands were detected by electro-

chemiluminescence system.

R RH RG
M con 12 24 48

12 24 48

c-myc(292bp)

12 24 48

-285

-18S

Fig. 4. Expression of c-myc mRNA in K562 cells. Cells were exposed to 10 Gy of X-rays (R) and treated with 250 nM of herbimycin
A (RH) or 25uM of genistein (RG). RT-PCR {(A) and Northern hybridization at 24 hrs after irradiation (B) are shown.

control R RH RG

Fig. 5. NF- ¢ B activity in K562 cells by EMSA. Cells were exposed
to 10 Gy of X-rays (R) and treated with 250 nM of herbimycin
A (RH) or 25uM of genistein (RG). The reaction mixture was
incubated for 1 hr.

A2l AlZel tste] RT-PCRE ALt HMAS ¥
@Ael Al 247 A3} T Y ZohE BRY & 9)
glt}t. o]+ Northern hybridizationd %£3}o] zlg-elx et
(Fig. 4).

5. NF-«B %M

PAY DBLAAG} HMASE BHAP NS AL s
Al ovh, genisteint WAl Aol i3 Zheheich
(Fig. 5).

6. Subtraction hybridization

WA =

Sz AHFS ‘driver & A4 T HMA
32 genisteing WA |G AATS 2 ‘tester’ & A3}
9At}. Driver} tester?] mRNAZRE] €A% Z+7Fe] ¢DNA
o F Ale)l EAHE LAY b A% ARk ol PR
& AAJsle] PCR AHES 3 &3¢t T/A vectorel] F24
o] F2EE A3 v} Nested PCR primer 13} 2R-&
Agsto] PCRE AAshol AR DNAZ sholehalch
PCR AFEol| thslo] dot blottingS AA|sled 7427k 6772}
o] A FEEE AEan. 448 2E
S DNA 371493 BAsto] blast A4sto] SAAS
2 shelshsich AT HMAZ Aol digt 3ol

— 232 —



UL 2 1102 KB62 M2 AN 24 B9 MSHG

RG4-37
Thymidine

RG4-37
Thymidine

(R AR

RG4-37
Thymidine

0RO

GTACCACTCCGTGTGTCGGCTCTGCTACTTCAAGAAGGCCTCAGGCCAGCCTGCCGGGCC
GTACCACTCCGTGTGTCGGCTCTGCTACTTCAAGAAGGCCTCAGGCCAGCCTGCCGGGCC

siokekekekeioioeioiokokokokolkolok ok skokok siokoioRrsiok kiR ok skskokskoksiorskslokelokskoeloksloiokekelokekolok

GGACAACAAAGAGAACTGCCCAGTGCCAGGAAAGC-AGGGGAAGCCGTGGCTGCCAGGAA
GGACAACAAAGAGAACTGCCCAGTGCCAGGAAAGCCAGGGGAAGCCGTGGCTGCCAGGAA

sieskesiestesiostolokokslokok skelolokskokok kool sikoksioksieoksisikleoiok  siolkokoskosiokokosieotokesiolesiosiesioloksioleokololkoksk

GCTCTTTGCCCCACAGCAGATTCTGCAATGCAGCCCTGCCAACTGAGG
GCTCTTTGCCCCACAGCAGATTCTGCAATGCAGCCCTGCCAACTGAGG

sieoieiekoeiokokoiokelokiosisiorioeRrsR sk iRk skk sk R SRk kKR sfekekekekokkekok

Fig. 6. Sequences comparison of differential expressed genes.

TK1

Fig. 7. Northern hybridization analysis of differential expressed
genes. Cells were untreated (C), 10 Gy X-ray irradiated (R),
treated with irradiation and 250 nM HMA (RH) and treated with
irradiation and 25 M genistein (RG).

= 5HE 429 wEe] YehdA gkghr). vb whaA
3} genisteing WX 23 Ao AL thymidine kinase (TK)
19} =& A%A-L JeldiglthFg. 6). Northern hybridiza-
tiong E¥te] A 7EA 2717+ mRNA &S vlaslglch

F AT genisteing B §HA 2| Ao 71
A W] Eg%om, HMAS WA 2le AolA 714 o

7. Thymidine kinase 19| ZA

B4R EE=AAS WAL HMAS FAA A9
TK18) 242 A9 wishr} giolet A4z HMAS] W3t
H2IA] A ZHRE 961 774A AL HH & FASIAR, ¥
AR HEAE AL 4827k 7ha Eheh AT geni-
stein®] FA|FJA = s A9 2yt velyk) A
2R whet Frbstglem 104 AL Wt
YR ok 24R17H0E) F7ke}r) Al zhete] 7247kl 2 31X
£ Ueh gl chFg. 8).

100 7
—a— R
—e— RH
801 —=— RG
. 60
X
40
20 1
O T T T T 1
Oh 10h 24h 48h 72h
Time

Fig. 8. Thymidine kinase 1 activity of K562 cells. Cells were
irradiated with 10 Gy (R) and treated with 250 nM Herbimycin

A (RH) or 25 M genistein (RG), and incubated for indicated
time.
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K562 A|E= kA
e o] Fol 15% ber-abl 8- 217}
BaEo] glgo] A gk ey B
© WA ZAA] AbL kinase®] 3} 24
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—— Abstract

Signal Transduction Factors on the Modulation of
Radiosusceptibility in K562 Cells

Kwang Mo Yang, M.D.* Seon-Min Youn, M.D.", Soo-Jin Jeong, Ph.D.”, Ji-Yeon Jang, B.S.",
Wol-Soon Jo, B.S.", Chang-Ho Do, M.D.", Yeo-Jin Yoo, M.D.", Young-Cheol Shin, M.D.",
Hyung Sik Lee, M.D.*, Won Joo Hur, M.D.}, Young-Jin Lim, M.D." and Min-Ho Jeong, M.D."

*Korea Institute of Radiological & Medical Sciences, Seoul, Korea, TDepartment of Radiation Oncology,
Eulji University School of Medicine, Daejeon, Korea, 'The Institute of Medical Science (BK21 program),
§Department of Radiation Oncology, Dong—A University Hospital, College of Medicine, Pusan, Korea

Purpose: The human chronic myelogenous leukemia cell line, K562, expresses the chimeric bcr—-abl oncopro-
tein, whose deregulated protein tyrosine kinase activity antagonizes the induction of apoptosis via DNA
damaging agents. Previous experiments have shown that nanomolar concentrations of herbimycin A (HMA)
coupled with X-irradiation have a synergistic effect in inducing apoptosis in the Ph-positive K562 leukemia cell
line, but genistein, a PTK inhibitor, is non selective for the radiation-induced apoptosis of p210b°’/ab' protected
K562 cells. In these experiments, the cytoplasmic signal transduction pathways, the induction of a number of
transcription factors and the differential gene expression in this model were investigated.

Materials and Methods: K562 cells in the exponential growth phase were used in this study. The cells were
irradiated with 0.5-12 Gy, using a 6 MeV Linac (Clinac 1800, Varian, USA). Immediately after irradiation, the
cells were treated with 0.25 «M of HMA and 25 «M of genistein, and the expressions and the activities of abl
kinase, MAPK family, NF- «B, ¢-fos, c-myc, and thymidine kinase! (TK1) were examined. The differential gene
expressions induced by PTK inhibitors were also investigated.

Results: The modulating effects of herbimycin A and genistein on the radiosensitivity of K562 cells were not
related to the bcr-abl kinase activity. The signaling responses through the MAPK family of proteins, were not
involved either. In association with the radiation-induced apoptosis, which is accelerated by HMA, the expre—
ssion of c-myc was increased. The combined treatment of genistein, with irradiation, enhanced NF-«B activity
and the TK1 expression and activity.

Conclusion: The effects of HMA and genistein on the radiosensitivity of the K562 cells were not related to the
ber-abl kinase activity. In this study, another signaling pathway, besides the MAPK family responses to radiation
to K562 cells, was found. Further evaluation using this model will provide valuable information for the optional
radiosensitization or radioprotection.

Key Words: Chronic myelogenous leukemia, K562 cell, Radiation-induced apoptosis, Herbimycin A, Genistein,
Signal transduction
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