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— Abstract —

Induction of Apoptosis by Heavy Metals in HL-60 Cells

Nam Song Kim , Tae Ho Seong, Kwang Ho Cho*,
Jung Ho Youm™*, Dai Ha Koh**

Department of Preventive Medicine, College of Medicine, Wonkwang University,
Department of Neurology, Wonkwang University Hospital®, Department of Preventive Medicine,
College of Medicine, Chonbuk National University™™

Objectives : Apotosis induced by metals and metal-related deleterious conditions has
only recently been studied. Although the toxic effects of heavy metal are well described,
little is known about the mechanism of apoptosis by heavy metal toxicity. This study is
designed to define the induction of apoptosis by which heavy metals exert the cytotoxic
effect on human promyelocytic leukemic HL-60 cells.

Methods : After the incubation with CdCl2, Na2SeO3 and HgCl2, viability of the cells
were measured by MTT assay. DNA fragmentation was analyzed by electrophoresis. For
measurement of caspase 1 and 3-like proteases activity, the whole lysates were subjected to
the proteolytic cleavage and then measured by using fluorospectrometry. ¢-JUN N-termi-
nal kinase (JNK) activity was detected by an in vitro kinase assay. Transcriptional activi-
ties of activating protein-1 (AP-1) and nuclear factor-kB (NF-kB) were measured by elec-
trophoresis mobility shift assay (EMSA).

Results : Cadmium (1204M) and selenium (304M) induce the apoptosis of HL-60 cells
which is characterized by the ladder pattern of DNA fragmentation. Cadmium and seleni-
um induce the activation of caspase-3 in a time dependent manner. They also increase the
phosphotransferase activities of ¢-JUN N-terminal kinase (JNK) in cadmium and selenium
treated HL-60 cells, Furthermore, cadmium and selenium increase the activation of tran-
scriptional factors including AP-1 and NF-kB.

Conclusions : These results suggest that cadmium and selenium induce the apoptotic
death of HI-60 cells via activation of DEVD-specific caspase, JNK and transcriptional fac-
tors such as AP-1 and NF-kB.

Key Words @ Apoptosis, Cadmium, Selenium, Caspase, JNK, AP-1, NF-kB
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H
Els
okt (Agarwal, 1988; Goyer, 1996).
AAdapslel s QESNAH &5 AR F
of gt AU =4 % wkgo] Falo] Mol
ded, 53 Ad gab wolzgd A A
Z2A24-E FYPIe WAAAANMY T35
e S8t WoEy 9 =484 Ao giddel

SH ¥ Fed ¥ FFEY =5

d 2 AAe) mAE Gkl Ul AR AT
o} g7 of7 €ajA]A] ghe FE&e] A 7H
A3 AqEe] o] whe &)
o, FEEe MESAZIAN ggaEd o] Ax
Al 2 A ZA AL A} Folgrhe o8 A 2
HE (Azzouri %, 1994; Beyersmann®} Hech-
tenberg, 1997; Wang¥® Templeton, 1998)°]
BnEwA, Jled 2 S TEE FHEE5Y A
EEA] B2 A ZARee] FHAo) digk Falel A
2} oA 5L Sl

HT FEde AXEd ulgh 5471 A EnA
(apoptosig) 7t TR AT = AF HFHE
(Lohmann¥ Beyersmann, 1993; Azzouri &,
1994; Shenker &, 1997; Habeebu &, 1998)
AXN AN, FFEo] AELAL vAe G 5
Aol AEZAL F= 7)Ao digh Ao Be B4
o] HFH Stk MEIALE THIE PP A A
AgAQ] 71de] Edd 239 g fAle B
Hol Al de] el MESY AFHE =3 (pro-
grammed cell death)& @&t (Wyllie, 1980).
A E3ARE YAl (necrosis) e ©HE 553 PH <
ARl BAE FRkele Al E40] 93t
ZzAwE YeHPeg, AEF 2% (cellular
shrinkage), chromatin® %, A|XE%e] %3}
4 9 DNAS #4(internucleosomal DNA
fragmentation) §°] HtE &, o8 4 &
doVIAw AERFS B3 Asdgads

[¢]
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AXA Ak (Wyllie, 1980; Cohen, 1993; Klaus
¢} Davide, 1999).

AFEAel fx 713 FdAARIA (fumor
necrosis factor)oll 23 AFEAPE A9} A o
B Aadgr|de] wEAWHA AlREdEE, o %
Fell caspases cysteine proteases(caspase
family cysteine proteases)t MAP kinase
(mitogen activated protein kinase)2te] ##4
o] AAHZ H(Xia 5, 1995 Alnemri 7,
1996; Klaus$}t Davide, 1998)., X3k A EA}el
et B2 BAYESE A o] FAE WA, A
FuArke] 7ol AP-1(activator protein-1),
NF-kB9} 22 27] 98 3421 (early immedi-
ate gene) 9 HARIA(transcriptional factor)
o} B #Ho] glgo] gzt 1EE oled
AAE] &3} ARe FTFEe AXTAF AT
8% gA7t 2 ¢ U ol

FEEo] AEauAbel wiRle Pl wigh At
F ook AlREQ o whEbA] ofo] gk FR A
o) - AgtEo] sl AAolth (Corcoran 5, 1994).
HAA7A Y] At AEFE B AP A
24 T AZ7t FES wE3A EEFT A7
Ao uel HA} = AERAME dodlE Ao
g2 ok, 1 fE7PE 9 7K ffste &
Aol s g4s] #elzl vl gtk (Beyersmann
3} Hechtenberg, 1997; Wang¥®} Templeton,
1998). WAy B AFdMe FE59 FH,
3 =23ANE nEdte FEge] Qg AXEnAbeY
A3, AERAL Hgol| FskE caspase cys-
teine protease,
(JNK) 2 #ARQIAM(transcriptional activator) <l
AP-13} NF-kB & R-E fHTo2ZN Fa559
AEZIAL AFE 93 71228 E AlFstnat gt

Abbreviations used: JNK, ¢-JUN N-termi-
nal kinase; AP-1, activating protein-1; NF-
kB, nuclear factor kappa-B: EMSA, elec-
trophoretic mobility shift assay.

}Cx):_T:

c-Jun N-terminal kinase

Chat

1. HL-60 M= b2t

A B GAEF HL-60 & CO, Al SEH|F



71 (37 €, 5 % COy 10 % fetal bovine
serum (PAA Laboratories, Austria)o] X3h#
RPMI 1640(Gibco BRL Co, Gaithersburg,
MD, USA) uiA|ellA wlokaldct, <F 48412 F7]
2 RPMI 1640 #<f & wAgte] 1 log phase
ol e A FE 7t=H(cadmium chloride,
CdCl,, Sigma Chemical Co., St. Louis,
USA), A#%F (sodium selenite, Na,SeQs,
Sigma Chemical Co., St. Louis, USA) ¥ 4=
& (HgCl,, Sigma Chemical Co., St. Louls,
USA) & AHulgt 5 Alxe METAN AT o]
Add Aged A8E Pt

bS

(=]

"

2, M= goE

)

Axel Bz MTT(Sigma Chemical Co.,
St. Louis, MO, USA) assayZ °l&3ssict. 7+
71sha A E) g (96-well plate) ol AEES 200
M EF F, 3N CO, Al 7] gkA
sHgaiazl & AFo) "adt 74 R7e FE4E
A2l g MTTE 100 we/ml¥ EAFATE 44]
2t F Aolle AlEel osf AR EebA for-
mazan® A& 100 «9 10 % SDS7F 3%
0,01 N HCl &d9o=7 24A3F B9 37 © 5 %
CO, AT oA W21ek thg ELISA reader®
565 me] FFweA EH sk

3. CaspaseX| cysteine protease ML X

HLA60 AEE2x10° cells) 4 ColA 158 lysing
buffer(l % TritonX-100, 0.32 M sucrose, 5
mM EDTA, 1 mM PMSF, 1 we/ml aprotinin, 1
ug/ml leupeptin, 2 mM dithiothreitol (DTT), 10
mM Tris/HCl, pH 8 094l &38ista 20,000 x g
2 15% B 94ER AlFEh giEelse] de
AZol.e BCA (Bicinchoninic acid, Sigma
Chemical Co, St. Louis, MO, USA)H L& H&
3ty assay buffer (100 mM Hepes, 10 %
sucrose, 0.1 % Chaps, pH 7.5, 1 mM PMSF,
1 ug/ml aprotinin, 1 wg/ml leupeptin, 2 mM
DTD el #4e F5xEAE 712 (YVED-AMC %
€& DEVD-AMO) 3 37 ¢ollA 3087 ¥keA17l +
Fluorometer (Molecular Devices Co, Sunny-
vale, CA, USA)Z ZAsch ojwe A2

21t
= e

op

S Z250 ofF HL-60 HE2| Apoptosis F5%

excitation wavelength (380 m) 2} emission
wavelength (460 mm) & A-&3tsict, 712 CPP32-
like caspase?] % fluorogenic substrate ¢ 7-
amino-4-coumarin (AMC)-DEVD (Calbiochem
Co, San Diego, CA, USA) 50 @M-& ICE-like
caspases> T-amino-4-coumarin (AMC)-YVAD
(Calbiochem, San Diego, CA, USA) 50 M=
AHgElo] ©o189] proteolytic cleavageE 2738l
caspase 495 dH A0

4. DNA%E 2 M7|S

DNA ¥A&AS dolrr) 218 genomic DNA
22 Wizard Genomic DNA purification kit
(Promega Co, Medison, WI, USA)E o}-&3}d
FEZ3h WA FFEo] AHA AXE 2
&lo] nuclear lysis bufferg #7iste] NEE o}
33k & RNase® 37 ColA 58 AHEstd RNAE
AAG T il e GF4AoR Tild S A
3 ¥ isopropanol Al oste] §&E DNA
€ 70 % Ao AXHY F AFA2r|2 Axe}
Ak, o7le)l TE £F8 (10 mM Tris-HC,
bl 8.0, 1 mM EDTA, pH 8.0)& 7}kl DNA
pellet-& 48l3 F 260 me} 280 nme] Spectro-
photometer (Beckman, Du-7 Model, Palo
Alto, CA, USA)3IA OD #& &% 3l DNA
2 &3y, DNA 5 ugd 1.8 % agarose gel
oA ArldE (B0 V, 2A17H-& HAAE F ethidi-
um bromide® @Aste] UVs stoll4 DNA £
de& #EsA.

LY

5. Western blotting

HlFE HL-60 Ao Fa5&5S Aelgh 47 At
%o AFHslel, cold Hank § balanced salt
solution(HBSS) = 23] A3t F& AXE=
RIPA & (50 mM HEPES pH 7.4, 150 mM
NaCl, 1 % deoxy-cholate, 1 mM EDTA, 1
mM PMSF, 1 w/ml aprotinin) &2 g &
ol &8 MEEFA] 2 x sample buffer
¢} 430 100 collA 387 22 &, 10 % sodium
dodesyl sulfate-poly acrylamide gel elec-
trophoresis (SDS-PAGE) & A&ttt 719 %
o] Tyt gele] ¢ AL nitrocellulose mem-
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Fig, 1, Cadmium and selenium decreased the viability of HL-60 cells
in a dose-dependent manner.

branel.Z 4 ¢, 30 Vel 16417t B¢t transfer
3} B blocking buffer(10 % skim milk) 2 A&
oA 2A17t ®EEAIZH T}, Phospho-p38(INEB Co,
Beverly, MA)dl tigt &RA& Tris-buffered
gsample salinecl 1:10002.2 3Xste] nitrocel-
lulose membrane®} &0 2A17F BEEAIZITY,
o]x+gH|9l anti-rabbit IgG conjugated horse-
radish peroxydase(TBS®Z 1:1,0000.2 3|4,
Amersham, England) ¢} g-&olA 1A17F #-g-A|
71 %, Enhanced chemiluminescence kit(ECL
kit: Amersham, England)& AMg3te] E 5o

EAZT
6. In vitro kinase assay of JNK

e HL-60M o T35S Ml 94 Azt
Zo] MIXE TolM o]F cold HBSSZ 23] f41A
Akl ME AAA] 1 me Extraction
buffer (EB buffer) & 7}ste] 308 &3]A171 &,
308 9482 (12,000 rpm)dled A EZFE-FAE A
gtk o] AA A& BCA (Bicinchoninic acid,
Sigma) WHoR FHF3Act o] AER-FH (500
g StHA) ol anti-JNK(Santa Cruz CO.,
Santa Cruz, CA, USA) IHE 1 w?d €3 4
SollA 1A1ZE 308 RkeAIZTE oju 20~30% I
FoZ & ETEFUCE A4 10 %(v/v)9
Pansorbin (Calbiochem Co, San Diego, CA,

560

Al 29 EB buffer@ ¥ A3 I,
buffer (10 mM Pipes, pH 7.4, 0.1 M NaCl,
0.1 % aprotinin) & AM&-&te] 23] o A A3kt
o37)el 1 g GST-cJUN Az 2 uCi 2] y-32P
ATP & #% 20 49 kinase reaction buffer
(Tris-HC1 pH 7.5, 20 mM, MgCl2 20 mM,
DTT 2 mM, cold ATP 20 mM)ol ¥x #&s}
of A ARl F 37 ¢ A 108 ¥HSAFE o
71ell 20 42 SDS-PAGE sample bufferg& ¥i1
98 ¢ oA 58 T #A F 12.5 %9 SDS-PAGE
o] ©AE Fa H/MAAG. dido]l FgH
gel® gel drier(Bio-Rad Co, Hercules, CA,
USA) & o]&3dle] &3 I auto-radiographyel
&4l JNK¢ phosphotransferase S43=%
23kl INK 9 71489 GST-cJUN w2
full sequence cJUN cDNA®Q opn|wait Ad
1~797A & pGEX 2T vectorel A1) E.
coli BL~21(DE3)ollA &dAIZE E. colielA
LEE GST-cJUN ¥y -2 glutathione-conju-
gated Sepharose beads (Pharmacia Co,
Sweden) & o| &3] &R & A w3t AME

a3t



» SFE0 2| HL-60 ME2| Apoptosis &

Lane 1 2 3 4 5
Cd Hg Se

Mark Con

Fig. 2. Cadmium and selenium induced the ladder pattern
fragmentation of genomic DNA in HL-60 cells.

AEE 200 .M PMSF, 10 wsg/mi aprotinin,
20 #M pepstatin A, 100 #M leupeptin 2 100
#M antipaine] 91 & AT 318474 10
7 dgolA BEAZ ¥ Nonidet P-40% 0.1
%E)A W-SA7I 2500 RPMAA 94 et
AEZANTE MY T pellet?heE BobA A4FSt

a

IR CEEXE % uhe Hmel g9

o

1w
&

rlo

ol

BATEE FolA] FF F 510 wehHE EMSAC
ol &ttt ©Ae EFEETE BSA (bovine
serum albumin) & A&t Th

8. Electrophoretic mobility shift assay
(EMSA)

NF-kBe| &4% &3 & 9§ NF-kB9 con-
sensus binding site& 7} oligonucleotide
probetr 5 -ccg gCC GGT TAA CAG AGG
GGG CTT TCC GAG; 5 -ccg gCT CGG AAA
GCC CCC TCT GTT AAC CGGelw AP-1&
5 -AAG GCG CTT GAT GAC TCA GCC
GGA A; 5-AAG GTT CCG GCT GAG TCA
TCA AGC GE #43led 10 mM Tris-HCl £

{pH 8.0, 50 mM NaCl, 10 mM MgCl,, 1 mM
DTT ol 843 & 85 tollA 583 BAAR
% 42 M annealing® ¥ 100 ngS Rediprime
kit (Amersham, England)& ©]&3le] 32P& F
FAIZAY, BA Bk art 528 probew 5-10
ug®] Akl n A goA 3087 WA F W
AollA 4 % polyacrylamide gelel ol 0.5 X
TBE bufferg& #7]4Fatdct ©] gel 1z 3%
autoradiography WHo8 X-ray "E] A
of NF-kB & AP-18-4& =3 &3ich

o

9 EAEH HY

Aok 3819 SPAQ AAT] o5 B

il
e
o
o
2
'_\;‘,
A}
I
d
ro
(@3]
Do
(@21
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Caspase-1

Arbitrary units

e Cd
o I —.— e
e
3
1 L
©
5 |
<
O ! 1 L 1 1 1 | { |
0 05 1 3 6 9 12 18 24
Reaction timethr)
50

Caspase-3

—e— Cd

Reaction time(hr)

6 9 12 18 24

Fig, 3. Cadmium and selenium increased the activity of caspase 3-like cysteine

proteases in HL-60 cells.

MM olte] smelAe HL-60 Axe] &L=
feld walrt giglont, 125 A ol ael =g %
SolA AEge] ASH R Fasted 500 4Mel
TxolAM 9 %2 Fasidnt. s 7.82 #M o]
afel wmeld AMEAEE fold W} gsle
Lh, 15,62 #M9 FZolAM 38 %E AAdon,
% $E JEHoR ALHow ghstel 500 M
| w2 9 %2 Aasidr. Fee APBE
zAsel pEe] B7lo] WE fold WS Mol
| wsteh(Fig. 1.

2E&S ANYS u NEZFL FH0) AEn

e

W

562

AL 3ol e)ete] wiziE shedel AA =],
DNAEZ F&3lo] 1.5 % agarose gelol A714%
% DNA H4d#84% ethidium bromide 418
Eslo] zAle Aa, =g 120 oM, d#llE 30 ¢
M F=2 Z7F A 18412 F At 9 DNA
Ao] #EAHR o), 5 60 iM AT ot
FEoME DNA E4ol &= ¥skth(Fig. 2).
upet B dAtolA] 223 Cagpase, JNK, AP-1
UNF-kBebe] #aAdo) digh AL Alelakairt.

2, £8%0| Caspase &4stol| olx|= F&
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Jgt HL-60 Al322] Apoptosis S&

Cd JNK

Tin e 0 0.16 0.5 1 3 6 9 12 18 h)
Se JNK :

Tin e 0 016 05 1 9 12 18 )

Fig. 4, Cadmium and selenium increased the phosphotransferease activity of c-Jun N-terminal

kinase (JNK) in HL-60 cells.

FF4 Aol 23 METAPT caspased] 43}
& AV QEAE A3 A5 caspasedl
cysteine proteases o4 ICE-like cysteine
protease (YVED-specific protease) ¥ CPP32-
like cysteine protease (DEVD-specific cysteine
protease) 8] EA HEE ZASISITHFiE. 3). 7=
' 120 oM, A¥E 30 sM9] FEZ AZA cas-
pase-19] B2 A|zte] At we} fold WMelE
HolA] gstort, caspase-32 A& S=Fa A
#lw AelAl Fs 18417 242k 37.3 unit, 32.8
unit@ #Hzel &S Hol F(p<0.05) 242175
19.6 unit®} 24.1 unit2 A3 o) gl
Hgle] £& A4S 2 (Fig. 3, p<0.05).

3. E3£0| c-Jun N-terminal kinase EAds}of|

nlxle et

rr J

MAP kinase & AlE3AHe] AzAds gws)
t Aoz 433 ¢ JUN N-terminal
kinase (JNK) &) S5 23k 43S ZAbslSith
34 Y3 AZhdE HL-60 A¥25E JNKI
o] A E o]dld HAHAZL F 2 717l ¢JUN
N-terminal (cJUN N-terminal, 1-79 o}v]i=4h)
el s vEAIAA 7189 phosphotransferase

£ A3 Jl=F 120 M HElF JNKI1
42 1 A3 F5E Az k) Ak 124
1A wkgZ e wjstel gul Fze FAE FUME
Holtprb 184175 w227 Hr) 11.54) A% =
2 H3A FAEAHE BT (Fig. 4. deEw 30 #
g3 JNK &4-& 158 Foll @A4o] Alztgo]
BAIZA HHe-F7)0l BlEle] Hua] EAEAE Hol
7t ol F FAHEA &) AsHE A (Fig. 4).
Aol ALEE whiE el YRS FH3lo
SDS-PAGEE <33 % JNKI1 blottingg 3%
< ul, pd6, ph4el AR FHoE VeSS 9l
slodtH g oz AAIHA] 2ek2).

4, ZF50| MARRIXL AP-1 4 NF-kB &Adslof|

oAl e

AAMEER1AR] AP-1 @ NF-kB& Alxe] owt
Al 7 AExzAbet AFEe] Ao FFEE A
2 & HFEE4A AP-1 2 NF-kBe 8488
electroporetic mobility shift assay (EMSA) ®
WE Balo] AR Geongdt Jue, 1997). 7F
ZE 120 oM A8 F HL-60M X9 AP-19 €4
& Z7|Hgo) wHlgte) kg 308 FotE BAHE
olthy} o] F ZhAadlgom, Ay 30 M XelF

fz
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Time 001605 13 6 9 12 18(h)

Time (01605 1 3 6 9 12 18(h)

e

AP-1
complex

Cd AP-1 Se AP-1

Fig, 5. Cadmium and selenium transiently increased the transcriptional activity of AP-1

Cd NF-B

Tin e 0 0.16 05 1 3 6 9 12 (h)

Se NF-xB

Tin e 0 0.16 05 1 3 6 9 12()

Fig. 6. Cadmium and selenium transiently increased the transcriptional activity of NI KB,
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AP-1 48 Z7¥kgo] Hlste] A[Zte] H o)
wel F7ketohrt vk 64170 HE e fdaste
&< B (Fig. 5)

Fa4 A8 § NF-kBe #494%E EMSA
g A Lot A, 7l=F AgF NF-kB
o gL whEZ7]o] vt ARl A=
F7hd 284S Holtt olF F4% HAE B
ser, Addy AMF NF-kBe &4d& whe
2710l Hlgte] 1213} 747 S7he 84& Holv}
7} ol % st AEFE B (Fig. 6).

oY

2k

o

A E3ALl gt ATE ot FF&e Ax
E4714E Welr] g A7t Al=mE L glevt
ol Wg FEE wF AIH glow
(Corcoran %, 1994), 2 F=71d 2 7=
Fogte B dEiM e F48 Bz b gl
% (Beyersmann® Hechtenberg, 1997;

Wang® Templeton, 1998). Fa&o| AF1ALE
dedlede FEEe TR w2/t FastA &
g3ivy, Tal, 4>, oldul e HETH deFs
HEA AEIAME fdsht g A4 AEaAL
7b obd A #FEEhA ¥t (Buja 5, 1993;
Hagq %, 1995). 7l=%, 28 % 4480 2L F
FEE AEXuA AAE BT fEdhed, dRky
07 A Z2A] NXIALE A Z2A] DAtg)
Bl 3tk (Buja 7, 1993). =3I F

a4k FE2
=il

3 =] oI
of et AZALY FEe] Bold 71HE VEhlE
o, old& AZALE AAgtet] Fao3 JES 3

e 58422, endonucleosomal £} 143
2 A Z89 (cytolysis) & WA et MEuALE A
o2 ofd APA] Holdate] AAR AEA}
dojuAl B}k (Sunder-man, 1995). LA AE
< DNA¢ A3 243l DNA-ZE BEFAE &
Aoz Fagd 93 ® e JeAde AEn
Al fFE71AE AAstn 9t (Blankenship %,
1994).

FE&d o AxaAte B4 R U FEE
710l A7 $hedl, A& EW T AFA A
¥4k #¥H endonuclease® FEFITHEXR
(Rao %, 1993), Azre] A g ZFZAl Ca”,

2

or
on
O

=20 ost HL-60 MZXe| Apoptosis S5

Mg” 2]& endonuclease® SAAAH AERALES
et (Lu &5, 1994). Jl=ge #dg 71E3E
2319 endonuclease® &4 311]7) =8 (Azzouri,
1994), A=W g W3l 2535 ZAd o8 &
LE = AEnAlet ##EE endonuclease Al
g At " the FEVIHE AEE 2E

pd%}

(oxidative stress) A1 WESA A5 Fro)
Y eSS S2E A B 84
(reactive oxygen species)® #& reac-
tive-free radical& AAdste] HEIAE FEI=
ez AWET(Nath 5, 1996; Hultbergeh
Andersson, 1998).

AFE3ALE AAbebe the 558 e gYsist
Al 54E Fisle f3A 4 ofste] 24w
' Aelag etk (Wyllie, 1980; Cohen, 1993).
Aty o AEI} A2 ABlE AUE Aol
s Aabe AlxEEre] #tF, Axe #A
(swelling), &3l (lysis) & Fwtalch, whHe] AE
AL @S mE AEFEFEAY

of¥

B ko

Ol»‘N ol

2

>~_lm

)

P

g
of og Axe +
%, AxEere] £33t @4 (blebbing), AZZW

FRe

Zt (calcium) %7}, chromatin®] %%,
endonuclease?] A slol] 23 DNAS] Ajche] =
%] ¥A ¥4, transglutaminase?] 43 %
o] Attt ol FEE A (apoptotic body) e &
A& FWEt (Cohen, 1993; Klaus¢t Davide,
1998). ¥ dFNME FF& a4 acute
promyelocytic leukemiadls #2213 HL-60 A X
AN MEIAZL Lol & F AMTh l=F
120 AMZ} e 30 AME AFo] ARE w Al
FAEE] asr A Axurle EAF )
Q1 DNA #3o] #&AHA(Fig. 2). F55 9
3 A2 DNA #deo] Huse o= AR
dutrg oz 2F4E uFxE2 A AdHdAe
AZDAZE ofd ZAE deog|A By, ajeR
2 Ay Jehus DNA #4& S35 9
ZHAQ] FgHTE AXUe e ATHdGNAE
3 dojue AYE & 4 Uk B AgelM 4
&2 60 M AT At FEAAME AlttelE e
DNA #4deo] #&EHA gsirh a2y ¥rlee
B/uME AFAN T Ar] NEAEES FHas)
DNA ¥#Ho] ##¥ Duncan-Achanzer &
(1996) @] AT} F7]14& T Aol MlA AE

=
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3Ake) Z718 HQl Shenker 5(1997) 2] A+
golgt 2ol & Ko, 42&0] HL-60 A Eo] A ¥Ex
AL obd MEAAE doFg 7heAdE AAEH
FF o AEE ol&d At 87E oz A}
a¥h

MEDALE A Aaddr| e F93

AR BF cysteine & A2 e w
WA el aagn AF7kAl 1471470 dela] Qe
W o|5 caspase-3(CPP32, Yama)g &) oj
A g A7t MgEa itk (Allen &, 1998;
Widmann¥® Gibson, 1998). Caspase® #-§&
E4 714 (substrate) ol uwhek olv| Al wld S
DEVDE <dala dwhsle CPP32-like cas-
pase(caspase-3) ¢t YVADE <1434 ddsie
ICE-like caspaseZ ¥}, Ut caspase-37}
g3yt =W poly (ADP-ribose) polymerase
(PARP), lamin, MAPK/ERK kinase kinase
(MEKK), 3 %2 caspasess o8] T# oz
of 2+&siA 7153 EAdshd BELAEE frdl]
AZEUe] o2 AFAE-E 2T (Allen &,
1998; Widmann®} Gibson, 1998). ¥ <17tojA
T 7= B3 AuES HL-60 Al¥ol xa]A] Alzke]
Aol wel caspase-12 F2lg HMalyl gidlon,
caspase-3¢] 84 AT 18212 @A3HA 5
Vg Hel (Fig. 3) S840l 2@ AZxnAl 7y
o) CPP32-like cysteine protease’} #oi3tg <&
4= 9ok,
JNK+ UVHA, interleukin-1, TNF-a, %
CD28 59 A=l <fdlA] &4zldct(Reap 5,
1997). MAPK/ERK kinase kinase
(MEKK), JNK-activating kinaseZ a4
711 fibroblastollA X|ALERZL 93, ZE g Ax
IAL RFEEAQJ] TNF-e7} JNKE g2431A17]7]
2, B APdMs JNKe| 233:gd 713e] &=
o ola) FREE AEDAN #Ajdd £x g}
FEEr, JNK g43tds MEK4/SEKe ¢
&t Thr-183, Tyr-185¥1A1o 2719 <U4kslzt Ha
s}, &Ase JNKE transcription 91AF1 -
Jun, ATF-2, Elk-15% Qlilairgiezxn ol&
& @AsAIZIT(Hai®t Curran, 1991; Verheij
T, 1998). ek HL-60 AlXEoAM F5e 28]

£
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JNK7F @43} flrhd o] 2lsxde] ofs) o2 o
Wyo| Ay Ee] o] AR whlz o] M EIAL] o
Fe A F dvkn Mg & Atk (Matsuoka st
Igisu, 1998). & <AdFlr= HL-60 A& 7l=
B AdEs Aelgds o l=ES oF 1240 &,
Ayl w2 3A17F & INK7F 8tA d48d-g &3
& 4 Itk (Fig. 4). ol& 7HEES AAE A
218k & 30%elA 8AIZAA] dAIA S JNKe| 24
38 B Matsuoka®t Igisu(1998) 9] AT-94%
AR5l Fg& HelA] HL-60ME] A EaA &
4& MAP kinased JNK @&Ao| 2|slo] wj7)e
< < 4 Sl

AL AR AP-1& ¢ JUN family®l
homodimer & ¢JUN % c¢FOS families®]
heterodimere] 28|A T U} (Angelst
Karin, 1991). ¥ A79] Fig. 4°A F5& 2
A JNKe &4317} ol R0l H 7] wjfo] HAEA
lzlel AP-19] &R E z:AEIcH(Fig. 5).
Ao SegFd duEs HEAl AP-1& 27
o S HlF Azke] Aol whel Al
oAl AAlelatel NF-kBE p50/p65 F 1) sub-
unite. = ojFojzl whid g TNF-e, IL-1, IL-
6, IL-8, GM-CSF, G-CSF, M-CSF& ¥9%vkg
of #E FHAte] WY EAE 2Edte TS
ge}h, g NF-kBe 2b7] o8 a4Fel ogia] &
Aste MEaA] AGYE Jehlle Aoz Bn
Hi dek, NF-kBeE 2l=0] §1& wde 9A
Aol kBa} = TkB-A2 Agstn o),
re g ofFaba] RaA|ny, AAE Azrt da=Ew
kB-evt = TkB-A7F #2islol NF-kB7F 243t
7} A}, NF-kB2l p65 subunit7} #AHE 944
gE H M ge METUAL HAo] dojde
oldgl A& siwtddEl £ul(Beg9 Baltimore,
1996). & AgdMx HL-60 AXd 345 A
218 % NF-kBe #4114 @do] z7]e Z7he
3 Azke| Ao wiel Hdaghg #Ed = 9l
(Fig. 6), 5& 2% NF-kBe| #4387} HL-
60 AlFel AEDAME A7 Aol 9S A
o8 AYzpEnt,

ol4e]l AFHHNE FH3IH, FaHo oJd A=
TAkE CPP32-like cysteine protease, JNK ¥
AARIAR] AP-17F NF-kB 5& w2 & 234
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&, MAP kinase A2% JNK °|&e] w3,
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wsla velrl AEnAL 248 B dWel o
4 XFoz 8% 4 e AV E e Aoz
ArsE
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&0 wA e 9F&FE apoptotic signaling
pathwayg E3lo] dol2 3} caspase, JNK %
AAL EA9x¢l AP-1, NF-kB 59 84& 5%
AN

g ouekg A E lew, dds 2 5
A2l g F MTT assayE ol 88te] AlXe] &4
E3son, DNA £d& Ards HAAF
gl UVE stollA #haslgl em, Caspased
%+ fluorometer® proteolytic cleavageZ
sl AReEsint. JNK $AEE in vitro kinase
assay of JNKE of43lsler, AP-1 % NF-kB
o] FA &= EMSAE ol 43l F4start

2 3 =R 120 aME AdF 30 pME HL-
60 AEel HEe W ATYEES et A
AME ALl §AF9] ] DNA Fdo] =l
=, ol FE5e g AHAA MxEgoler]
Hobe AzAGAAE A3 252 Aztdo, 71
EET dHES HL-60ME Azl A3te] A
o] me} caspase-37t EAFA Frlet FEE
2|3t METAL Il CPP32-like cysteine pro-
tease?t TAFE & § UATE A =Eol Fl=FFH
AdlE A& JNKe g 24318 #3d 5 gl
o] FF<4 Al HL-60AIEL] AEmAL #AL
MAP kinaseZ JNK #Ael 9|dte] oifE &
T AAT TS AR AP-13 NF-kB=
A A3 SR BN, FFEd 97 AP-
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