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% DNA o|F 49 s}t TNF-e o] 93] 455 E AEn
Aot gale] gloksr g#{Al sphingomyelin A1 S D7 29 o
& Fol ANz k™ P Sphingomyeling- FAA 2]
2Jslo] ceramide® H3l|l¥l 3= stress-activated protein kinase
Clc-Tun N-terminal kinase (SAPK/ INK)E #Al3lsloe] wlolE
ZeglolzRE] AZEA WE cytochrome cZ WMl o]&
caspases®] ZAZE Flo] AEIAE doidta )

webA] B odld= ¢F A8 shiE ALEE ua
A z2Ae osle] fubEs AEAY ASALIA, E9
caspase”]] cysteine protease®] 2A3te} AEAl A=
Bel, @ Bax W7, Fas 9} Fas-L ©hje] wigiokdl gl A
EANES] cytochrome co] WEg ZABlo], wWAAzA]
o3k MEFAL AL st sk

M=z A gk
1. HL-60 M|ZS HYjQk

TAAEFTAANEY A EFY HL-60 (ATCC, CCL-240)
AEZZE  2x10° celyml WA 1x10° celyml EEZ 10%
fetal bovine serum (FBS:PAA Laboratories, Austria)o] E3}%
RPMI 1640 (Gibco BRL Co, Gaithersburg, MD, USA) Al Ex|]
FHeg CO, AIE udr]ollA(37TC, 5% COy wiksisict.
RPMI 1640 A|FEufokolg 4847 F712 sl on, mid-
log phaseol] gl A|Eol WAAS =A% H AEA 4
3} ool ApE AzeHA AYS FPeigich
2. YAMMZEAKIonzing radiation : IR)

MANZAE A37147)(MLEM, Mitsubishi, Japanyoll ]
ARE 6 MV XA olgele] ALelA Alsgsigich Ak
4719 2ARE 105 SAA PR2AS Adsgen], W
48719 Aol 10 om FAS 2A57 $AE 2%t
ARAE F2e] B F YTF o] Il 15 em
A A5 2AE ol huldwg RASIE WAL
ZA k= 35%35 e’ 3191om] 460 cGy/ming] AkgE
1.5 cm Zolo| Z+z} 2 Gy, 4 Gy, 8 Gy, 16 Gy, ¥ 32 Gy &
ZAgeh
3. NE MEE 5™

HL-60 A|E] AZ&S MIT (Sigma Co, St Louis, MO)
assayE o] &31gich AL wiokzh24-well plate)ol] 1x10° A
5 1 mle] wiekeliel] Yo] BFalo] 347k o|4 CO, AE 4l
@715klA QPRI &, Aol a3t 7 279 A4S

243 ohg, MIT £4(5 mgml in PBS}E #F-5E7} 100
pgimle] 55 YojFEgirl AEES I MIT A 4
AZ Fol Aolgle AITo] sl AR $E4e Heby
formazang £3)4|7)7] e} 10% sodium-dodesyl sulfate
(SDS)7} 33 001 N HCl £8L 1 mywelld H7ksle] 24
AlZE E3F 37C 5% CO, A|Eefg7lollA WAjsle =9] o
2, ELISA 24712 540 nme] oy F3=5 F4se
AR,

4. DNAFZE I MI|F9E

A Z9] DNA EA8ZE gobr] S13F genomic DNA 3
%2 Wizard genomic DNA purification kit (Promega Co,
Wisconsin Medicine, WI, USA)E o]-&3}¢ic) whAAo] =4
H AEE 53slo] nuclear lysis buffer (100 mM Nacl, 40
mM Tris - Cl, pH 74, 20 zM EDTA, 05% SDS)Z d7}sto]
AEE #1703k & RNaseE 37CollA 5 & Aelsle] RNAE
AAG F il HAdg 9FfBoz A AAsa
isopropanol XAl 2J3le] 2% DNAE 70% ollehSol A)
Ay ¥ AFA=VE Azsgictk o7ld] TE $5-8-4(10
mM Tris-HCl, pH 80, 1 mM EDTA, pH 8.0)% 7}slef DNA
AAAE L3lE 3 260 nm$} 280 nm 9] spectrophotometer
(Beckman, Du-7 Model, Palo Alto, CAY3}oll4] optical density
OD) 7+ ZAs}o] DNAS A% 3%k DNA Sugd 18%
agarose geloll4] 7] 9550 V, 2A7H& AAIZE ¥ ethidium
bromide® 3 Akste] ZHS]AS offolld DNA R4E W
oict

5. Hoechst M

HAAZA 3 Az Jeity wHIkE dolir] 98t
o] Hoechst A& Algfsigict. LS =ARF AEES
4% F-ZYu|s]=(formaldehyde) HellA] 102 TAAZ &
e Ad<+(PBS, pH 74)F 23] AlX¥sla. Hoechst 33342
(Sigma Co. St. Louis, MO) J4jekg AdejA]ggol] 10 pMo]
HA g4sle] 147 dAa% 3 o] Aol Al
sto]  ¥3v] % (Leica, MPS 60, Germany)2 2 33313t}

6. Caspase] cysteine protease EMET ZH

HL-60 MERXx10%2 4TCol|A 1582 lysing buffer (1%
Triton X-100, 0.32 M sucrose, 5 mM EDTA, 1 mM PMSF, 1
pg/ml aprotinin, 1 wg/ml leupeptin, 2 mM dithiothreitol, 10
mM Tris/HCl, pH 80)oll4] &allskiL 20,000xg & 158 YA
el AR YEElste] 4 AlE sk A-2 bicinchroninic
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acid (BCA, Sigma, St. Louis, MO)] o2 clmizls Aekslw
AE ARG ANEE: 100 pg)s FAE F5EH(100 mM
Hepes, 10% sucrose, 0.1% Chaps, pH 7.5, 1 mM PMSF, 1 g/
ml aprotinin, 1 pg/ml leupeptin, 2 mM dithiothreitol)ol] 2] 4%
37133 37Tol4] 308 €H2X]71 & Fluorometer (Mole-
cular Devices Co, Sunnyvale, CA, USA)E ZA3lgc}). =]
caspase-17} caspase-39] ¥AZAHL 7zb 712 fluorogenic
substrateq] Ac-YVAD-AMC (Calbiochem, San Diego, CA, USA)
50 uM % Ac-DEVD-AMC (Calbiochem Co) 50  ME A4
313l om, o]E9] proteolytic cleavage® Z73}o] caspase ¥
As ARSI olule] AL excitation wavelength (380
nm) ¢} emission wavelength (460 nm)Z A+23}9Jc}. Caspase-6
HAYAL 71424 Ac-VEID-AMC (Calbiochem Co) 50

& Agslglon] o]E9 proteolytic cleavageS 380 nm
(excitation wavelength) 9} 460 nm (emission wavelength)®] =}
% slollA] ZA651c}. Caspase-2, Caspase-8 123 caspase-9
o] FA3Ae 747t 7|4 2A Z-VDVAD-AFC, ZIETD-AFC
(Calbiochem Co.) B Ac-LEHD-AFC (Calbiochem Co.) 50 M
< AL3oen] olE9 proteolytic cleavageE 400 nm
(excitation wavelength)9} 505 nm (emission wavelength)®] )3}
sl ZAigict

7. Western blotting

HL6O AZol BALE 24% DYAZ Fol ALE 2
#3lod, cold Hank’s balanced salt §-°§(HBSS)o 2 23] A%}
%k ¢lojzl A|E RIPA £9H(50 mM HEPES pH 7.4, 150
mM NaCl, 1% deoxy-cholate, 1 mM EDTA, 1 mM PMSF, 1
pgiml aprofinin) @2 o3& Lol 0% Easigich. Skl
AN A 1200 pg)ol] 2X sample buffer (100 mM
Tris - Cl, pH 6.8, 200 mM dithiothreitol 4% SDS (electropho-
resis grade), 0.2% bromophenol blue 20% glycerol)2} 41o] 10
0TollA 3% 9 ¥, 12.5% sodium dodesyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE)Z A|3¥3s}lgic). A7|dE
o] By gelo] AL pitrocellulose membrane 0.2 4C, 30
Voll 4l 16417k o417 % blocking buffer (10% skim milk)s
F2ollA 2417 wh-g-A1Zic}. Anti-poly (ADP-ribosyl) polymera-
se (Santa Cruz Co, CA, USA), anti-Bcl2 (Santa Cruz), anti-Bax
(Santa Cruz), anti-Fas (Santa Cruz) 12]3l anti-Fas-L (Santa
Cruz)e] FAE 005% (v/v)2 Tween-200] 345l Tris-buffer-
ed sample buffer (TBST)ol] 1:1000 © & 3]A}s}o] nitrocellulose
A2A 2AZF vEEAIZL F oAl anti-
rabbit IgG conjugated horse-radish peroxydase (HRP) (Santa

meml 3

ol
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C)E Aol A7 WHSAIZL ¥, enhanced chemi-
Iuminescence kit (ECL kit : Amersham)& o]-83to] HE] =
AR

8. Cytochrome ¢ WEXH

WAAE 243 AE AZAW cytochrome ¢ HHES
streptolysin 0% A-g-sh= Bary 579 #HS o7k HYA)
A, HA wlo|EZEelolel AFATHE JdE HAoZHE
AZFslgdet. A o] 2AE HL-60AZE 22| ¥ cold PBS
Z 23] Ak o] AHHR AEE 106MEF 60 unit®]
streptolysin O7} 100 x19] stabilization buffer (20 mM Hepes-
KOH, pH 7.5, 250 mM sucrose, 10 mM KCl, 1.5 mM MgCl,,
1 mM sodium EDTA, 1 mM sodium EGTA, 1 mM dithio-
threitol, 0.1 mM PMSF, 5 pg/ml pepstatin, 10 pg/ml leupeptin,
2 pg/ml aprotinin)ol] EOI7}=F ZA 3 o] 37Tl 208 Hb
& AlFch thioll 4T, 16000xg 3lollA] 308 fAAEelsto]
AEZAU cytochrome cF {3l AE5H the Udgict olo]
A AERNHol] 2X sample bufferE 4]0} 100CoA] 38 &
2l % 15% sodium dodesyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE)Z A|3¥3lgich. 0|39 TS Westem
blotting W& AH8-3lc}. olul] cytochrome c& ZZ3}7] 9
8l anti-cytochrome ¢ &A= Pharmigen (BD Pharmigen, CA,
UsAVhZ 3] TIsto] Agshalt

£ 1}

1. HAM ZALO 9|8 HL-60M|322] MEE
FRASFANEY AEF HL-609] AN =A4Fe]
H3lol] whE AES WIS dolir] Hsled 2 Gy, 4 Gy, 8
Gy, 16 Gy g 32 Gyo] WAS A F 247 3o 7
Z+e] AEES MIT ¥oz FA3I50ck Aike 747 15,
23, 50, 57, 75%2] AEE LS HYrKFg 1A). w3, 8ha)
Ael] ©J3t HL-60 A|EAHS] Aj7tol] ulE wislE A4s}y)
sle] 16 Gyo] WAAZES =AE & HL60 AE] PE&
S A7 E 2Asgich HL-60 AEQ AEEL 16 Gy
A z2A 47 FHE AT PR e wyoeR
FA3ck 4NRE] AEES] AAE A} Azl 16
AlZE o] Fell= HL-60 AlES] AEEo] 50%0] Z4sle]
A7t EH] BEE Z4E JEMISIcHFg. 1B).
2. DNA 83

SAAZA S8 HL60 AEABS s)He] AEA 7]
Aol oge galelr] o) AEDA Wikl EAa At
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Fig. 1. lonizing radiation decreased the viability of HL-60 cells in a dose and time-dependent manner.
(A), Dose-dependant effect of cell viability. Cells were irradiated with different doses of ionizing
radiation and cell viability was measured by MIT assay at 24 hours after irradiation. (B), Time
dependent effect of ionizing radiation (16 Gy) on the viability of HL-60 cells. Data represent the meant

SD from triplicates.

A
Dose (Gy)

M 0 2 4 8 16 32

B

Time (Hr)
M 0 4 8 12 16 20 24

Fig. 2. [onizing radiation induced the ladder pattern fragmentation of genomic DNA in HL-60 cells. (A),
Cells were irradiated with different doses of jonizing radiation for 24 hours. Soluble cytoplasmic DNA
was isolated and seperated on 15% agarose gel. DNA was stained with ethidium bromide and
visualized under UV light. (B), Cells were irradiated with 16 Gy of ionizing radiation and DNA
fragmentation was determined by agarose-gel electrophoresis in different times.

¥ DNA EA-Z genomic DNAE 1.5% agarose gel A7|AS
WHe g 2, 4, 8, 16, ¥ 32 Gyo] WAAZE =A% 2447
Fol] Elai3ich. 8 Gyo] WAE 24 2447 ol Arie
% DNA FAo] 3as]7] A&bsle] 16 Gy 9 32 Gy WA
F 24 Folle @A Aty DNA £A840] 2259
THFig. 2A). 3k WhAA ZAlel] 9J3t HL-60 AlEe] AEx
A e AIZHH wiE Yoty fste] 16 Gyl A
Fo 2AR F AT 7HH o2 DNA BAE4S BEslg)
t}. 16 Gyo] ®AAE =4 4X7F F Alveld DNA HAo)
WL 8A7F 9 12A7 olFdll= TS AAE Arte)

% DNA #4eo] §A= 3l chFig. 2B).

HAAZA 3 AEde] Feshy wizkE Yotir] 93t
o] 16 Gy2) WPAAZE HL-60 AEol] 2A8 & Hoechst
g Aegich B3ANAEE ol 83 A A vz HL-
G ATAE BRel LY WAT AT PPIAL 0
ERdl i, A 2ATE AN 24 1247 F Feo] of
2 z7zte 7 BAH Y AAL 3FY F dglen, o
g ol AAZA F 247kl TS AEA FEEA
thData not shown). ¢|&]3t Hat= vl zA ) 23 HL-60
AZe) AmEE AELA B slo] ARE L & 9
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AzARS 24 F ATl AEAIE T 5 IR

3. YAMMZEAP} caspase MO O|X|= Hat

AR Z A 913 HL602] AE2AT} caspases] BAo]
gt AAAE =AE7] $08to] caspased] cysteine proteases
ZollA ICE-like cysteine proteaseg}il dejAl
(YVAD- specific protease), caspase-2, CPP32-like cysteine pro-
tease2} 3 &%) caspase-3 (DEVD-specific cysteine protease),
caspase-6, FLICEZ}3l 2%l caspase-8 ~12]il caspase-92)
HAEA B4 S ol E caspases®] HF7|AE o] &sle] =43
Stk 16 Gy) PAMFS HL60 ATo] ZAG ¥ 47
Ao AT 37 caspaser] HAS) BHS AT G
L 28e FA¥3ct

Caspase- 1= izl wlszslo] WARZA 242744 A
2733l whE ol GAAMSE HolA Yokth Caspase-2
9 maH VAL BAARA A FRE Folslr) AR
sto] 16Xl thzoll wlslo] 27w9] Z7hd A& B
low A7l wiel ok7b ZhAslgich. Caspase-8-& HbA}
A=A RATAA] HoE wsks HolA ggkor) 1647
gl 24X7F ARTelA AR S7lste] 2447 Folle =
o vjste] 2uiAE FrhE Foll= vkE FAslgic). Caspase-
9 A=A AAZHRE] G4A P4l Flsiet 1647
Aell HX (2T 4200AE) D ow o|F AAz] 7+

caspase-1

6
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Al o} 24417 Folw
(Fig. 3A).

Caspase-3+= WA ZA 4A7HRE] 347 Z4o] F7tsl
o 1A Folls dizFol vlste] 15819 FrtE HAA
A4S He F A7 Aol e} Hasiglont 447 &
A= 10MRES F71E 348 G4& HlckFig 3B). &
8l caspase-3 Aol o3t AFEY] thiA 9 H3LE Westen
blotting-2- £} procaspase-3 2| proteolytic processing 3 2HA
3}¢l  caspase-39]  7]AQ poly (ADP-ibosyl) polymerase
(PARP) cleavage A S5 5’6]-01 #olslgdcl. A, procaspase-
3% 34 kDa®] BAERS JERH, o] ATAZRE A4
caspase, & Oﬂ o3 A = ol 20 kDad} 11
kDa2] 27112 processing ¥ fragmentsE VERNA ==d] 19
4AlAE procaspase-3Q] 34 kDa¥} o] ZHE]| Az & p20
7} pll-g HojFI Qlek. Caspase-39] 714F9] 34l PARP
E diokel] EANSHA £33 DNAETO| JH= izl
A AELAZL dojurd caspaseol] 23] 116 kDa =Z7]9] <k
o] Acixlo] 85 kDa I} 27 kDa 9] glH o g HulxA
=l PARP =gt BRAA zAL 4A17F FHE] 116 kDag] 24
g Pl ghiiAo] 85 kDaZ A= cHFig. 4B).

Caspase-6 &4FA A= WAL ZA 8XI7F o] FRE &
Ao ZIksiel caspase3 Hrhs Zg|Al 16A17kel] 3 31x]oll
2T 1203 %) dglon o|F FYo] FA3| il
thFig. 3B). o] ZI}i= caspase-89] #A4o] caspase-37}

2808 Z7hE AL Rad

caspase-9

B

16
—m— Caspase 3

14 - —g— Caspase 6
12

-~

g

€ 100

]

3

T st

=

!

s °r

hol
4
2r 0
0}

4

Time {(Ilours)

Fig. 3. Irradiation increased the catalytic activity of caspase family cystein proteases in HL-60 cells. Cells were
irradiated with 16 Gy ionizing radiation. Cell lysates were used to measure the enzymatic activation of caspases by
using fluorogenic substrate for caspase-1, 2, 8, 9 protease (A) and caspase-3, 6 proteases (B). Data represent the

mean+SD from triplicates.
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ZolE 2| 32 : SHTSLUEHH HL-60 MZF0A ZAHITA 248 MIZIADIE

caspase-9of] HJ3le] FZA Sk w3 UM ER vloFd
< ¢ F Yk
4. YAIMZEALJ} Cytochrome ¢ 2h&E0]| OjX|= HEk
AEIA AF Foll 43 nlo|EF=gole] membrane
permeability potential?] ®3}7} of7]=m, o|u] wlo]EFE =z
o}Z.RE] cytochrome ¢7} AEAUE vl=x]o] Apaf-1, dJATP
S complexE Asto] caspase-9 5o FAJ3lol] Fojdle}.
WAAzAC o8 HL-60 AERAFA] AZAYUZ Cyto
chrome c2] WEo] dolvh=A] zAsgIt) o] & ¢4 16 Gy
9 wAASE 2A% F AER 2 g de %
Western blottingS- ©]-83}0] AEAW whZE cytochrome c&
2elslie}. Fg. 59 Aol Ho|& nvle} Zo] cytochrome
C (40 kDa) 9| WE-g WAARA 308 FRE] A7l
e} Z71ke gl
5. WAL ZALY 2|8t Bel, 3 Bax CHMEl H13{0FA
AEY] BES 3l AZAEE dAlshe V5ol 93
A Belot AlEAVES ZA161= Bax whiiAe] uhdo] wbALA
24 o3 FEEE AE 2AS] Hsle] 16 Gy B4

A Time (Hours)

0 4 8 12 16

B Time (Hours)

0 4 8 12 16 20 24

W . S S Rk 9we: < 116 kDa

CHT G ik e el Wi <= 85 kDa

Fig. 4. Digestion of procaspase-3 and PARP by irradiation in
HL-60 cells. Cells were irradiated with 16 Gy ionizing
radiation for the various periods. Equal amount of protein
(200 pg) from cell lysate was subjected on 125% SDS-
PAGE, transfered onto nitrocellulose membrane and immu-
noblotted with anti-procaspase-3 (A), and anti-PARP anti-
bodies (B). The immunoreactive signals were visualized by
Enhanced chemiluminescence (ECL) kit.

A% HLOAE] 248 ¥ 24X7 52 42 BAez
AEE 78] Bp 4 Bax Wie] vhele] Wesem
blotiing Ale¥algich Bel, THAAQ9 kDS PANZA F
Aol ATl wet FasigdekFis 64). olohs WHlE
Bax S kDo) WAAZA ¥ AT vkt 0
o F7keke G4 WAL 4 UirHFg. 6B)

6. HARMZANN Ol3t Fas % FasL EMHE HEigh

Fas/Fas-L¢] 7Z¢H2 Fas-associated death domain (FADD) ¢
WS FA3A)7)AL, ol <dolo] caspase-82] HAJILE o]
o]A caspase cascade® BAZAIc}. HAAzA A I8 &
E¥+ HL-60 AE2A FAol|A] caspaseA] cysteine protease
9] BAs}s Bl WAAzA ¥ Fas 9 FasL 238
ol miXl& JekE ZABIGIct HL-60AEol 16 Gyo] WAb4
e 2A% ¥ AT HHoE AFEE FAs Fas g
Fas-L gl A o] thsled Western blotting-2- X|3§s}gic}. Fas gt
W45 kDa)#} Fas-L ©hilA40 kDa) 27 A=A & W
o] Frtsle e LY F YArHFg. 7A, TB).

Time (Hours)

15k

Fig. 5. Irradiation induced the release of cytochrome ¢ from
HL-60 cells in a time dependent manner. Cells were irradiat-
ed with 16 Gy ijonizing radiation for the various periods.
Cytoplasmic extracts were prepared by the methods describ-
ed in "Materials and Methods", and measured the released
cytochrome ¢ by Western blotting using anti-cytochrome ¢
antibody.

Time (Hours)

0 4 8 12 16 20 24

29 kDa

Time (Hours)

23 kD

Fig, 6. The degradation of Bcl; as well as expression of Bax
in irradiated HL-60 cells at the various periods after 16 Gy
ionizing radiation. The expression of Bcl, and Bax were
detected by Western blotting analysis using anti-Bcl; (A) and
anti-Bax antibodies (B) (Santa Cruz Co, CA, USA).
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A Time (Hours)
0 4 $ 12 16 20 24
R TN
B Time (Hours)
0o 4 8 12 16 20 24
I ——— = 40 k

Fig. 7. Induction of Fas/Fas-L in irradiated HL-60 cells at the
various periods after 16 Gy ionizing radiation. The expression
of Fas and Fas-L was detected by Western blotting analysis
using anti-Fas antibody (A) and anti-Fas-L antibody (B) (Santa
Cruz Co, CA, USA).
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[ W=

T
AT $% 29leBt ofn) AXE T 4 g
FA4 RAAZN} Sxslolsly Soly AL} F
7}5] 31, transforming growth factor-8 (TGF-B), &84, 3
AL, BAAZAA L AEIANE dod|= Aos geA
SIS 2 TN ASH HL6O AET o5 JALZ
Aol o] AZA Fgo] GG AELA H4te
% ShIQ) Ackeisl DNA 23 Hoechst 34 31
o 47 PAARE o] ZUY 5 et
AEsAe] ZE7|HOZE  FasfFas-L  system,
myelinjceramide 742, Z7|Wd-8-HxHearly immediate gene)
9, ALTADY DB H29 caspaser] cystene pro
tease, DNA ZHuHg Uo7+ endonuclease S-o] #odsh= A
o2 Busa k™ ® L4 #Aell4] DNA £4e) 7}
% 228 %8 ot ZoE WL Y AT
spaseA] cysteine protease® S 4= Qlr}. Caspaser| cysteine
proteaseis SOl EGEZe) AL FE WY
A olge Stk Tked R4 AL ol BB
Su4 YUz EAkbl ALTA 45 AT A B4k
c}. ol2idt caspasets AF7HA| 145571 LA Yok
Caspase-12 4% pro-interleukin (IL)-13E- processing 3}
of 843 182 9hgo] FAU thE caspaseSoll 23
24599 ¥ ATH T2 DUASe Aoksel ALLAS
FEScha A gk a2t A2 Wason 502 A
o A AYEE AT AFEaAA] BABE caspase-1

A

o

& 4

sphingo-

DSt ARSI Z2E8EEIX| 2001:19(2):153~162

o] A E 1A E(antiapoptotic role)= Y T YIS K
Tk £ dTelA BAdzA el 2%t caspase-19] ¥4
H3LE sl ort WALZA F caspase-19] M=
vehtAl gkghel

Caspase-29] T8-S chofst AEo|A AZIAE Fs}
U EDCPI 91T AEFNA kel Aol <)
3l AEAPHA] caspase-22] antisenseS @0}3F0] caspase-29]
o] A= AERAE Aeigo] Haslo] glo] caspa-
2] AETARZNAS q8E 2 Angelm Yok
3t 3T caspase2v AT prodomain F-9]7} TNFRI1
comlexE 73-f3llA Ldolube AEAE N34T el T
slar gJrkar 94edA death adaptor molecule RAIDDS} Z s}
2 Yokz Husgick® &8 Harvey $792 ciobdt AZEm
A ==l 23l procaspase-27} EAI$}Elo] active caspase-2 2
processing 5w o]2]dt T2 caspase-38] A3t} vl
dofvhs AFHE #Rlstn Huslglek ¥ ddollA] caspase-
29] A2 HAZA I 16X 70l dl=Toll vl 2.59
ool AFIIE ANl

Caspase-3% protease cascade®] sPiel] $X|sled ol8] ME
AR 27 R Tk $o% ARE ATEARY
B ZA3ls]d DNA E1e} AEgAda YA GAe &
A3}t 7l5fAl F238 PARPE H3llsto] AEAol 2§
#h w3 Nicholson $7& AZTAR L] AEA F5ET
737k8 g 0|3k cell free system B caspase-3 WAHE o
Algl knockout mice A¥ Fol|A] caspase-3 7} AELA FE
off 54AglE FEslgich 3, Fas 32 TNF wisliy AlE
A M S caspase-32] B4 caspase-8ol| 2jzlo] mizfEch
2 Bass gok® B AFol|A] caspase-39] B4 WAA
zA4 AF ST ARl A7 x| vlsie
15eiA s S71E Fsla, o]#f3h caspase-38] FAE
Z7h= caspase-97H 71 9] FAlol|l A|AE o7, caspase-6 T
caspase-8- ot} FEAl Frbele d4E BRY YA
t} o]2fdt caspase®] BAHII} A7 ol whE AE A
E& W3S vzl & o, AARA 23 HL-604|E9)
AZIAE caspase-99) caspase-39] FAI3r} WA Poluin
olg9 FAE F7t A5Vt F2 AEg AoE FAHG

PARPE= 4% DNAS-ol| Jejsl chld 2] AEaA)
34 F caspasecl] 9J3A AeAE Ao Baso] o
PARP Hh2- AIEA S4bollA] DNA 2276l HdQl
Aoz Aztzlo] ghtor) FHTolli= DNA A&} PARP Agh
e Az FuAEHo|AE ke Bk kY B o)
2 16 Gy WA ZAF 4X]7F o] 3 HE] PARP7] 85 kDakkH o
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E ARAE Aol W) ol WAIzA 93 HL-
602] AE3Atol| FAI3LE caspase-3o)] 2JefA] PARP7} Ah
A A7le AFJ AZAD71Ae] Foidg ulsigict

Bchye AEre] @ EZF(human follicular lymphomas)s} -§-5%
3 MPAREA A BRIk 26 kDaolW, thE
AR Eel AEFHdle BofslA] gu AEAEY o
Alsol Bojgitn iAok’ Behy 433k (redox
cycle) Bei=A, AFZW o] 22 FE=A, caspaser] cysteine
protease &4, o] EFEelol 29, ¥ DNA £43}, 2B
dizoll 23k AlEIA ATHLAONK 9 p3g)e] S4=4
Y 715E B3l AEE FLoztE HIigta ¥
A ook BaxghiA-e- Behohs 2] AEIAE FAAT =
7155 sty dEA ot B dFelE Bz e
ARl v} Zaslglem, o9k HItHE Bax W¥Y
F7kle e IS F SNk o] A= WAL zAN)
o3k MFE31A o) Beh®) Bax7} Bodsila-g AASIL Qictk

Cytochrome c= AAH o2 nlo|EETglol] ujelut
Aolol] Exso] respiratory chainol| Ao} ARARAL] g
Feidict. aeu AEIAA] cytochrome c7b Z7]oll AJEA
g =y WBEd cytochrome ¢ Apaf-1, dATPST} 37
caspase98 BASAZL™ of2}3t cytochrom co) WEIA
ol tid A obF FE3l welAd IA FAT B2 ¥
Bel-XL(4A#l) 28la Bax(PEZFZD)5oll 93] z2As=
Aoz Az Yub® olojA] BABH caspase 9= thS
HAI9] caspase-35 GAIIHE FAd B AT A= WA
AzAG) olelo] B WAL 9 Bax LTIk ol wh
2 7ol AEAZS) cytochrome co] Yol Yol X
o155 olo} caspased 3 caspase:3s] RAIB} W ¢
T etk

APO-1 %2 CD95ERE YA Qe Fas I o]9] ligand
9l Fas-L-& AZ3A AT E Hdds]- activation-induced cell
death (AICD)®] mediatorg}sr ¥4 Qlct. B3] wHub-$-S
P3FAFI AL cytotoxic T MIES] 4 F-2 AN EE
HAAA ZoRNEE AASH=Y] FasFas-L systemS 32
siebar @i glch w3 2ol o] FF9 et XAl
7} FasfFas-L system$ §3lo] AERA 435 Adgicls
23d vt glon] Fas 82 FasLo 3ol goio] Al
EuA 34 435 FADDol| Hds}i FADDE H|E43 &
BlQ) initiator caspaseq! caspase-8& ¥ oz AIA)ctn
¢eiA Yok B A7l E WA zA ol 23 Fas 9 FasL
o] BAF7HE T 4 U, Fas Y Fas-Lo] Wdo] Z
7HR o]Fol] caspase-89] HAlo] FulslE LS IR & 4

SEBLHNUHE HL-60 HIEF0A ZALEZAIN 2I8H MIEDADIN

pivic g

ol4e] AFATE sl WAA=AIE HL60 AZel
Al ARAzZAAGT 24 F A gEH R A
IAE fATIE, olEdr AEY AHY wALd=A}
Bel29] w¥zt4 9 Baxd] A7) dHAEC] woleZ=
glojollA] AEAUZ cytochrome cF HWEAIA caspase-99}
caspase-39] FAEE FF AIZ A, ol A3 caspase-3
caspase-69] FAEE $FAY)5 PARPE A& #UY
g Jsith =3 Fas 9 FasL el &S ZIHIA
caspase-8& Thi: F7HAIZ 01, caspase29] A4 FUHE ER)
g 5 gtk welA] WA zA] o3k HL-609] AlEaA
E AT AFEzA &ALV F caspased] cysteine
proteases®] <A HARE FEAA o|FolAm ol
Bel2e] w3Z71el Baxo] ZA Foll 7193 cytochrome c9f
AEANze HERHE Fslo] o|FojAw, Fas, Fas-L7}
Fodsle= ATADH R GRS A= YAt
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— Abstract

A Study on Apoptotic Signaling Pathway in
HL-60 Cells Induced by Radiation

Hye Jung Kim, M.D.*, Sung Keun Moon, M.D.%,
Jae Hoon Lee, M.D.* and Sun Rock Moon, M.D., Ph.D.""

*Medical Science Institute, TDepartment of Radiation Oncology
Wonkwan_g University School of Medicine, lksan, Korea

Purpose : The mechanical insights of death of cancer cells by ionizing radiation are not yet cleary
defined. Recent evidences have demonstrated that radiation therapy may induce cell death via activation
of signaling pathway for apoptosis in target cells. This study is designed whether ionizing radiation may
activate the signaling cascades of apoptosis including caspase family cysteine proteases, Bcly/Bax,
cytochrome ¢ and Fas/Fas-L in target cells.

Materials and Methods : HL-60 cells were irradiated in vitro with 6 MV X-ray at dose ranges from 2 Gy
to 32 Gy. The cell viability was tested by MTT assay and the extent of apoptosis was determined using
agarose gel electrophoresis. The activities of caspase proteases were measured by proteolylic cleavages
of substrates. Western blot analysis was used to monitor PARP, Caspase-3, Cytochrome-c, Bcl-2, Bax,
Fas and Fas-L.

Results : lonizing radiation decreases the viability of HL-60 cells in a time and dose dependent manner.
lonizing radiation—induced death in HL-60 cells is an apoptotic death which is revealed as characteristic
ladder-pattern fragmentation of genomic DNA over 16 Gy at 4 hours. lonizing radiation induces the act-
vation of caspase-2, 3, 6, 8 and 9 of HL-60 cells in a time-dependent manner. The activation of
caspase-3 protease is also evidenced by the digestion of poly (ADP-ribose) polymerase and procaspase-
3 with 16Gy ionizing irradiation. Anti-apoptotic Bcl2 expression is decreased but apoptotic Bax expression
is increased with mitochondrial cytochrome ¢ release in a time- dependent manner. In additon, expression
of Fas and Fas-L is also increased in a time dependent manner.

Conclusion : These data suggest that ionizing radiation-induced apoptosis is mediated by the activation of
various signaling pathways including caspase family cysteine proteases, Bcl/Bax, Fas and Fas-L in a
time and dose dependent manner.

Key Words : HL-60, Apoptosis, Radiation
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