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— Abstract —
Cadmium-induced Apoptosis in HL-60 Cells
Via Signal Transduction

Nam Song Kim, Gyung Jae Oh, Kwang Ho Cho, Mee Sun Hyun,
Yoo Chang Kim", Tae Ho Sung”, Jung Ho Youm", Keun Sang Kwon"

Department of Preventive Medicine and Public Health,
School of Medicine Wonkwang National University.,
Department of Preventive Medicine and Public Health,
School of Medicine Chonbuk National University"

Objectives : Apoptosis is a process of active cell death, distinct from necrosis and char-
acterized by specific morphological and biochemical features. Apoptosis induced by metals
and metal-related deleterious conditions has only recently been studied. Although the
toxic effects of heavy metals are well described, little is known about the mechanism of
apoptosis via cadmium toxicity. Therefore, this study is designed to define the induction
mechanism of apoptosis by which cadmium exerts its cytotoxic effect on human promyelo-
cytic leukemic HL-60 cells. The cytotoxic effects of cadmium on HL-60 cells are studied in
regards to apoptotic signal transduction pathways.

Methods @ The mode of cadmium-induced apoptosis was investigated in HL-60 cells.
HIL-60 cells were treated with various concentrations of cadmium and antioxidants after
which the viability of the cells were measured by MTT assay. The morphological features
of cadmium- induced apoptosis were evaluated by fluoromicroscopy and the DNA fragmen-
tation was analyzed using 1.5% agarose gel electrophorosis. Kinase activity was assayed by
autoradiography and activity of NF-#B and nuclear proteins were measured by EMSA.

Results : Cadmium (125 #M) induces the characteristic morphological features of apop-
tosis, which are characterized by a shrinkage of the cytoplasm and a condensation of
chromatin. In addition, cadmium induced the ladder pattern of DNA fragmentation.

Antioxidants(Sodium nitroprusside, glutathione and N-acethylcysteine). which were not
toxic to the cells, did not suppress apoptosis induced by cadmium.

Cadmium enhances the expression of several classes of genes at elevated cytotoxic con-
centrations. Poly(ADP-ribose) polymerase(PARP) was predominantly in the fragmented
form when doses of 125 #M were used. Since PARP is cleaved by CPP32 (caspase-3). we
next determined if cadmium was capable of effecting changes in CPP32 activity. The
results of these experiments showed that cadmium increased caspase-3 activity in a time
dependent manner, corresponding to the time of appearance of fragmented PARP.
Cadmium also increased the phosphotransferase activities of ¢c-JUN N-terminal kinase
(JNK). Furthermore, cadmium increased the activation of transcriptional factors includ-
ing the activation of protein-1 (AP-1) and NF-«B.

Conclusions : These results suggest that cadmium induces the apoptotic death of HI-
60 cells via the activation of a DEVD-specific caspase, JNK and transcriptional factors
such as AP-1 and NF-«B.
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ek = o 54 B wer ==
9w EBAGIN A4 P 8 2 5o =
Holup AzelAe] AE FH, ASE FUHY
=1 A=

2 Zaoe] FsAg ol JFHo] $rH(Cherian
. 1978: Eaton %, 1980; Dudley 5. 1982:
Agarwal, 1988: Goyer, 1996). 17ke] d4E5& +
2 7l=go] kst Asuk-S-(peroxidative chain
reaction)= A=38ted A AZMsH(lipid peroxida-
tion) & X8t o= 3] BJiAF(reactive
oxygen species)©] &443lE o] MEFAHS FEsle
Ao =w Husta JdtH(Fukuno 5, 1984: Halliwell
¥} Gutteridge, 1985: Oteiza, 1999).

A, FIEFS HES FE5e dA uAE 9
g g BA471de Welr] Ag AFES o

1 2] AP a e, HIde F25 5 -
g AMEEAE7HT Bl Slo] endonucle-
aseE ZAZolAY XA F(reactive oxygen
species) @} 22 reactive-free radical & A4 3HA
Y(Nath %, 1996: Hultberg®t Andersson,
1998) AIXAZAGAAE 7 fFste AEA
(apoptosis) 7} 2.3k 9g-g Gt o3 A
2% E (Lohmann® Beyersmann, 1993
Azzouri &, 1994; Shenker &, 1997: Habeebu
. 1998: Hirata 5. 1998)¢] Ex¥x Ut} 2
2 olglg o8] dFRIE BTty =R
et 544712 obF] WeAA| ¢k dn

= 95FA 2] ®sle F438] dojut

E 558 559U FAHnecrosis) &= 22l AEU

S

Fol EAshe AYH 529 Z=a
gl MAIE AMZAA oJg] FHAAREC] TR ZH
dojutes TEAA FSoolvt. AXaA=

e 553 Fuo AsEEQl 5AS FRkete &
Az Aol ofste] 2ARtE A ol (Wyllie,
1980: Cohen, 1993). AEIALZ} M E2] AZ3h
del= Alxetel mhy) Alxe] A (swelling), &
3l (lysis) & 4l WhHd MlXuiles wE AX
el e Axe] &, Alxute] £33t ¥
%} (blebbing), MEAWS] ZF(calcium) =S
%7}, chromatin® -$%, endonucleased] 2743}
o o3 DNAY Althe] =eke] B4 A transg-
lutaminase® &3t % o] detd} ol X EE &
Al (apoptotic body)el S FWEH(Cohen,
1993: Klaus$t Davide, 1998).

o, AEZaAPE EE 7 7R = Al ZWRe] 53
g AlsAgIg S AXA HE dl(Wyllie, 1980:
Searle 5. 1982: Cohen, 1993: Klaus$t
Davide, 1998) ©]A-& FUXAFIAHtumor necro-
sis factor)ol 23t MEAPE A<} s dF 25
Ag7ide] geA A AZE AT Amer &, 1996:
1996). 17te] AFEolA A EZ3Ake]

o= caspasel cysteine proteases(caspase

Daniel %,

family cysteine proteases)tt MAP Kkinase
(mitogen activated protein kinase)$}e] #HA
o] AAE o (Blenis, 1993; Xia &, 1995;
Alnemri &5, 1996; Enari &, 1996: Klaus%
Davide, 1998), %3+ AP-1(activator protein-1),
NF-«Be} 22 z7] ¥kg f22} (early immedi-
ate gene)5<] AARIAH(transcriptional factor)<}
B #do] o] ¢eA Uk wEkA ol <l
5ol &3t ofF 9 ot dEATHA HES Al
T FEVAS Fste o] Fa3 A5E de
T A& Aeo|th

Ftego] AEZaAF e gk 27t AFES
1] olof tigt Fr AA] w5 A gH o]t (Corcoran
. 1994). dA7HAE] in vivo, in vitro A+E Z
TE AXF $85 =34 Z2F 2 A
Hold wa} b e IJAE dodle AR &
HA Jovt, O fFxrde dsiAe g4 W
vk glth(Beyersmann® Hechtenberg, 1997:
Wang® Templeton, 1998). ulzbd £ AtolA
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£ acute promyelocytic leukemia©lA 7|43k
HL-60 AIXE o] &3t 7l=gol 9 Ao Fy)
511—751 . Agg].zﬂ—xq o] tﬂ;;]__. Jq,zlzﬂ—oizyq 7],cﬁ-o] xﬂ
EA} o pX e S dolRa, FAE E
A (antioxidants)o] AETAL ZF | m|X& IS
AP E I caspase cysteine protease, c-Jun N-ter-
minal kinase(JNK) % ZARIZ}Htranscriptional
activator)ql AP-12} NF+«Be| 4485 3
o2Z4 =g AxaA 2 fF27d AFE ¢
71285 AlFstaAl st

Chat 2
1. HL-60 MI=Z= dH2f

AV B8 A EF2 HL-60 = CO, Alazu]ek
71037 ¢, 5 % CO,) 10 % fetal bovine
serum(PAA Laboratories, Austria)e] Z3g¥
RPMI 1640(Gibco BRL Co, Gaithersburg,
MD, USA) wjA]ellA ikt oF 48412t 7]
2 RPMI 1640 wiF-e wAlste] 1 log phase
o Sle Axed F=F
CdCl,, Sigma Chemical Co.,
< X3k § AlE9] apoptosis A3
Aeled e st

(cadmium chloride,

St. Louis, USA)
olo Axd

2. Hoechst staining

Fl=F @5 & Sodium nitroprusside(SNP,
Sigma Chemical Co., St. Louis, USA), glu-
tathione(GSH, Sigma Chemical Co., St.
Louis, USA) ¥ N-acethylcysteine(NAC, Sigma
Chemical Co., St. Louis, USA)5< &4tsl &
A3y FAAZE AEES 4 % formaldehyde &
Ao uFPAZ F PBSE AolF3 Hoechst
33342 (Sigma Biosciences, St. Louis,
Missouri, USA) @4ekE PBSel|l 10 #Me] A
Aeto] 1083 g% F opA] PBSelA MoiA
FPEn| Aoz A&}

3. Mz BYE 5%

3

P

=

Ao @d== MTT(Sigma Chemical Co.,
St. Louis, MO, USA) assayg— o] &3t AE
Hl ¥ (96-well plate)oll AEZE 200 MA E53

E&°| Apoptosis &

T, 3AZIolE CO, MEufE7|bell A sz
HEBE ALS e MTTE 100 we/nl 4 ol
ATt 4A7F & Aolgle ]401] o] AHHE He}
AN formazan® #HZ2 100 42 10 % SDS7F =
std 0.01 N HCI QH,Q.E 24717 B 37T C 5
% CO, MR F7]lA WA th5 ELISA read-
er® 565 mo FFEo|A ST

A

4. Caspase”X| cysteine protease ME &H

HL-60 AIZ=(2 x 10° cells) 4ColA 158 F<t
lysing buffer(1 % TritonX-100, 0.32 M sucrose,
5 mM EDTA, 1 mMPMSF, 1 ug/ml aprotinin, 1
ug/ml leupeptin, 2 mM dithiothreitol(DTT), 10
mM Tris/HCl, pH 8.0)°14 gzllstz 20,000 X g
2 15% B 44l AT dAEEsEe] &
F%d& BCA (Bicinchoninic acid, Slgma
Chemical Co, St. Louis, MO, USA)Ho.2 % &}
o] 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 mMDTT)el| &4
H d3FuA49 714 (YVED-AMC && DEVD-
AMC) (Nicholson DWQ‘r Thornberry, 1997)% 37
CollA 3083t ¥H3-A171 = Fluorometer (Molecular
Devices Co, Sunnyvale, CA, USA)Z &3t}
olmje] AL excitation wavelength(380 mm)$}
emission wavelength(460 mm)E AR&SIcH 712

< CPP32-like caspase®] 7% fluorogenic sub-
strate 1 7-amino-4-coumarin (AMC)-
DEVD(Calbiochem Co, San Diego, CA, USA) 50 AV
< ICEHike caspase 7-amino-4-coumarin(AMOC)-
YVAD(Calbiochem, San Diego, CA, USA) 50
EIMZ AHg3le] o] 59| proteolytic cleavageE =

A3te] caspase BAS A
5. DNAFZE % MI|d=

DNA ¥484E

== 0

Zoti 7] 93] genomic DNA
=< Wizard Genomic DNA purification kit
(Promega Co, Medison, WI, USA)E o] &3}
FEaAn. 1A Ft=Fe] Aol Axg £
S}od nuclear lysis bufferg #H7}ste] AMEE I}
g T RNased 37ColA 5% Aelsle] RNAE
Al A 0}04 il g gsfdoa ThmAs A

gl
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3k % isopropanol 7

70 % olgtEel MAS & AFAaxr|=2 Azt
t}. oi7le] TE $%89 (10 mM Tris-HCl, pH
8.0. 1 mM EDTA. pH 8.0)Z 7}ste] DNA pellet<
£3g & 2609 280mme] Spectrophotometer
(Beckman, Du-7 Model, Palo Alto, CA, USA)3lel
A OD 32 =43l] DNAZS A Zslct. DNA 5
ugS 1.8 % agarose geldlA] A719%E (50 V, 2
AlIZH & A% & ethidium bromide® G A43le]
UVESUE) stollA] DNA £4& #2319

(T

el

6. Western blotting

HlekEl HL-60 Aol 7t=gS AEs 44 Azt
%o aA)# 3k, cold Hank s balanced salt solu-
tion(HBSS) 2.2 23] A& 3sit}.
RIPA €9(50 mM HEPES pH 7.4, 150 mM
NaCl, 1 % deoxy-cholate, 1 mM EDTA, 1
mM PMSF, 1 ug/ml aprotinin) 22 L5 &
efetart. gal MEFFA 2xsample bufferst
4o 100TColA 387 2 F. 10 % sodium
dodesyl sulfate-poly acrylamide gel elec—
trophoresis(SDS-PAGE)E Al&3sttt. #7149 %
o] & gele] @A S nitrocellulose membrane
o2 4%, 30 VelA 16717t B transferd ¥
blocking buffer (10 % skim milk)Z “F=cllA]
2417 &A1 Z vk, Phospho-p38(NEB Co,
Beverly, MA)dl W& A& Tris-buffered
sample saline®l 1:1000°2.2 3]443}e] nitrocellu-
lose membrane®} “F-2ollx 2A17F ¥HS-AIZ T}, o]
218+A41¢l anti-rabbit IsG conjugated horseradish
peroxydase(TBSZ 1:1,0002 34, Amersham,
England)$} Z-20llA 1A13F w+g-A1Z1 & Enhanced
chemiluminescence kit(ECL kit: Amersham,
England)& AH&-3le] ARl =EAI A

de AEE

7. In vitro kinase assay of JNK

ke HL-60A1 %o =8-S A2lgt 93 Azt
Fol AIZE RolA o]E cold HBSSE 23] H4lA
23 AE AAA 1 me Extraction
buffer(EB buffer)& 7Fsted 30% £3lA71 +
30% YA EE (12,000 rpm)3te] M ZFEFAS A
o}, o] MEFEFH anti-JNK(Santa Cruz CO.,

Santa Cruz, CA, USA) §HE 1 we? Y2 &

olA 1AIZF 30% RESAIFT ol 20-30% HE S

2 & E5oFAq. A7 10 % (v/v)9

Pansorbin(Calbiochem Co, San Diego, CA,

USA) £ 100 48 S ¥ & 5ol 1Az vt

SAFH e ol 208 FHHoZ ETEOFO HhEo]
4,

o d

-
2

4 JYPHTE FFct o] ¥HEHS 4000 rpm
oAl 5% AAMH st AEde WEa AdA= o

Al 549 EB buffer® s A2 & PAN buffer
(10 mM Pipes, pH 7.4, 0.1 M NaCl, 0.1 %
aprotinin) & AM&3le] 23] ¢ A3tk o7
1 ug GST-cJUN ©i &3} 2 pCie] »-32P ATP &
% 20 49 kinase reaction buffer(Tris-HCl
pH 7.5, 20 mM , MgCl, 20 mM, DTT 2 mM
. cold ATP 20 mM)ell ¥ R &3ted Al dgA|zl
T 37CAAA 107 WHgAIHT. A7l 20 M9
SDS-PAGE sample buffers €3 98ColA] 5%
7+ 3#9 F 12.5 %9 SDS-PAGECA oS &
g A/NAIAY. dildoe] 2EE gel2 gel drier
(Bio-Rad Co, Hercules, CA, USA)E °©]&35}d
w4l ¥ autoradiographyell 284 JNK<| phos-
photransferase FAFYEE =439tk JNK ¢
7142l GST-cJUN ©@¥d2 full sequence
cJUN cDNAS] olui=il ME 1-79714] & pGEX
2T vectorell A3l E. coli BL-21(DE3)lA
BAAZAT. E. coliolA ZdE GST-cJUN o
A& glutathione-conjugated Sepharose
beads(Pharmacia Co, Sweden)& °©]&3dke] <
gk & A &Fate] ALttt

got7] flell mA oAl (4
7127 Al AABAE PC 1285 H o
gstact. AZE 200 «M
PMSF, 10 wg/ml aprotinin, 20 #M pepstatin
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o
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= BSA (bovine serum albumin)< AR

oy

=
sk,

9. Electrophoretic mobility shift assay
(EMSA)

NF-#Be] S4= 4% % NF+B9 consen-
sus binding site< 7} oligonucleotide probe:=
5 -ccg gCC GGT TAA CAG AGG GGG CTT
TCC GAG: 5 -ccg gCT CGG AAA GCC CCC
TCT GTT AAC CGGelH AP-1& 5-AAG
GCG CTT GAT GAC TCA GCC GGA A: 5 -
AAG GTT CCG GCT GAG TCA TCA AGC
GE 33l 10 mM Tris-HCl €< (pH 8.0, 50
mM NaCl 10 mM MgCl,, 1 mM DTT &)dl

33 & 85 oA 5EZF WAl T A2 A
annealing3 ¥ 100 ng< Rediprime kit

(Amersham, England)< o]83le] 32P& F-3HA|
7k AR F9arE #2E probes 5-10uge]
kil gyl A 2oA 3027 BREAIZ T Ao

120

100 |
80+ o
£
£ wl
E
=
>
40+
0+ -
E
D 1 1 1 1 1 1 1 1 ]
0.0 78 156 313 B25 1250 250.0 5000
Cadmium{uM)
Fig. 1. The effects of cadmium on cell viability

in HLL-60 cells. HL.-60 cells were treated
with various concentrations of cadmium
for 18 hour and then viability of the
cells were measured by MTT assay.
Values are expressed as and S.D.
*Significantly different from the value of
control value at p<0.05 by ANOVA using
Tukey s multi-comparision procedures.
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Fteso] Mol AT
71 el oA wxel JtEEe Arlkek 18A3F +
AEES %78??} 23 31.3 #M olate] FrollA=
HL-60 Alxe] AE&e Folg s} glleon,
62.5 pM o9l =R TR v oEAH L

REE }

500 250

125 625 313 156 (nM)

Fig. 2A. Cadmium induced the ladder pattern
fragmentation of genomic DNA in HL-
60 cells.
various concentrations of cadmium for
18 hours.

analyzed by 1.5 % agarose gel elec-

The cells were treated with

DNA fragmentation was

trophorosis.
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2 AEEo] AHHoR 7 '3} 1 Al&Fete] 125 sM AFe] A1 d7do] #AE A (Fig. 2B).
o] A9 FxoAE & 1’5‘} | ZAaskth(Fig. 1).
NHeFS o8 F=2 18A17F A8e 3 DNA & 2. 8sl 2Zl(Antioxidant)o| FIEEO T
AYAFS BAs At A ZTHEFo] AA A ta Ml oAb o|x|= He
= 125 iM FEoA Altkelge] DNA Bdo] o ]
HE 125 P ArHege] DNA el H=g Aelel e S AT vAE 3
Ao} I o]9le] o FxoAE DNA & ‘ B R
ek o) w2 seka] o ATARER] I
Hol TR &dtH(Fig. 2A). Hoechst E4% & uAA] St 2o SNP. GSH NAC(F
arAnBos AAF AR AR A &2 e 120544 M3l EA Aea @li
= =4 3 = 3} b
& HLA60 AEE a7k 99lovt 125 aie] 7= & # °

SNP. GSH, NAC &%, 7l=g &5 A= A&
AW Al ZAHZEE(Fig. 3A) 2 AlXnAte] St
2 WgtE 3| EA7IA] Ksta AEaAbE FEEA
HFig. 3B).

e A 4% *1] %9 $Z(shrinkage)d a4
A (chromatin)¢l $=(condensation) & A|¥xx1

(1) (2)

3. Caspase &4istof| o|x|= L&

Ft=8 A 2& AEZnAL7} caspasedl A3}
oF AV U=AE G5t Asted Algre] A el
wE caspase-17} caspase-39] ZAHEE AR
A, Fl=F 125 M A F caspase-19] &4
Ak w2 foj3k Wsle Holx] @9kom cas-
pase-39] &AL Alzte] Azl wel Jl=gE A
18A1ZFE 37.3 unit® H 1o FAHAS HA %

Fig. 2B. Morphologlcal eyal}latlon of cadmium (p<0.05) 24X17k4 19.6 unit® 7-}4‘0}% Ao
induced apoptosis in HL-60 cells(pho-

tographs by fluoromicroscopy). (1), (Fig. 4A)

untreated HL-60 cells after 6 hours of =5 A2lF DNAS] &4l et 35l o]
incubation. (2), a representative view 3dl7|%= 3dlx HHlZ DNA 335 237 |= e
of HL-60 cells treated with 125 pM cad- <} (FRHE)A S Ad PARPS Atho| 6AIZFE UE}

mium for 10 hours. U] Alzksle] 12413k @A e LFERt caspase-

Fig. 3B. The effects of antioxidants (SNP, GSH. NAC) on cadmium induced apoptosis in HL-60
cells(photographs by fluoromicroscopy) which were treated with cadmium with or without
antioxidants for 10 hours. (1), nontreatment. (2), treated with 125 @M cadmium. (3), treated
with 100 pM SNP and 125 @M cadmium. (4), treated with 1 mM GSH and 125 #M cadmium.
(5), treated with 1 mM NAC and 125 #M cadmium.
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ske] 27 & AXstaL deH(Fig. 4B).

4. NF-+«B gdstof| o|x|= I

EMSAE
&Aooz Zrete] 6AIZHA Hae &4& B
Al 7Aoo (Fig. 5A), 7F

°
e

Arbitury units
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Fig.
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62.5 M A2lF NF«Bel 24cl32
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Caspase-1 -e- Control
-m- Cadmium

.0 0.5 1.0 3.0 6.0 8.0 120 18.0 24.0

Reaction time(hr)

Caspase—3 *

-e- Control
-m- Cadmium

a os 1.0 30 E.0 a0 120 180 24.0

Reaction time(hr)

4A. Cadmium increased the activity of cas-

pase-3, whereas, did not increase the
activity of caspase-1 in HL-60 cells.
The cells were treated with cadmium
(125 #M) for 24 hours. The whole
lysates (200 ug protein) were subjected
to the proteolytic cleavage of fluoro-
genic substrates including 200 M 7-
amino-4-coumarin (AMC)-DEVD or
YVAD motif-specific peptides and AMC
as a standard. Values are expreesed as
mean and S.D. *Significantly different-
ly from the values of control (0 #M) at
p<0.05 by t-test.

Ugs SN U NS

S¢et 7I1=&2| Apoptosis &

1jo

-

2] s=& AEste] 6A1A NF«Be] &4& 2A
& 23 wx St e AskdAde dA=
FARERNCY 31.3 oM °]3e] F=F FEAAME
ashe FE 2Avh(Fig. 5B).

5. c-Jun N-terminal kinase &Aisiof| o|x|=

MAPK kinaseZ AlExAte] AzALS dds)
= Aoz 4uizl INKe 848 AR 23, Azt
o] Azlo| uwel Fl=F 125 .M HEF 1A ZHEE
AA8l F7kelr] AlRbete] BAIZMAl H e 24
BT AA3] FHadhe AdE BAok(Fig. 6). 4

0 1 6 12 18 (hr)
@ G S - (13 kD2
e < 89 kDa

Fig. 4B. PARP cleft by caspase-3 occured when
the HL-60 cells were treated with 125 ¢
M cadmium for 18 hours. The same
amount of protein (200 pg/experiment)
was resolved on 12 % SDS-PAGE,
transferred onto nitrocellulose mem-
brane, and blotted for PARP. The
membrane was then visualized by ECL
detection system.

0 016 05 1 3 6 9 12 (hn

Ty

Fig. 5A. Cadmium induced NF-«B activation in
HIL-60 cells(time kinetics). HL-60 cells
were treated with cadmium(62.5 pM) for
12 hr and the transcriptional activity of
NF-«B was measured by electrophoresis
mobility shift assay(EMSA). The oligonu-
coleogtide probe of NF+#B containing IgG
chain binding site(NF+«B : 5 -CCG GTT
AAC AGA GGG GGG TTT CCG AG-3)
was annealed and labeled with [e-32P)-
dCTP using random primer labeling kit.
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gl AHe

PAGEE <33 & JNKI1 blotting }Ma o

p46 p54‘4 AR FEFEoR YEbgS 1A

(data not shown).

0 78 156 313 625 125 250 500 (pM)

NF-xB
complex

Free
Probe

—

Fig 5B. Dose reponse of Cd-induecd NF-«B acti-
vation in HL-60 cells. HL-60 cells were
treated with various concentrations of
Cd (0, 7.8, 15.6. 31.3 62.5, 125, 250,
and 500 #M) for 6 hr. Their nuclear
extracts were assayed for NF-«B activa-
tion as described in Fig 5A.

0 016 05 1 3 6 9

Fig. 6. Cadmium increased the phosphotrans-

12 (hr)

ferase activity of c-Jun N-terminal
kinase (JNK) in HL-60 cells. HL-60 cells
were treated with cadmium (125 #M) for
12hr. The cell lysates (500 pg protein)
were imm unoprecipitated with lgg of
anti-JNK antibody on ice for lhr and
then imm une complex was precipitated
with 10 % formalin-fixed Staphylococcus
aureus on ice for lhr. JNK activity was
detected by phosphorylation of GST-cJun
N-terminus1-79 fusion proteins in an in
vitro kinase assay and was assessed by
incorporation of (»-*P] ATP (1 pCi/sam-
ple) with 1 #g of GST-cJun N-terminus
protein as a substrate. The proteins were
separated on 10 % SDS-PAGE and *P-
labeled GST-cJun N-terminus was
detected by autoradiography.

2 w9y 3goe) 9E Akl SpS-

6. AP-1 gdstof| o|x|= dE

ARG AP-19] B4 thzie] Hsle] 64
27 Alzke] Aol wet S7ksgon o)% 7k
ahe A ultHFig. 7).

T

Fig 7. Cadmium-induced AP-1 activation in HL-
60 cells (time kinetics). HL-60 cells were

0 016 05 3 6 9 12 (hr)

hihiiu

treated with cadmium (62.5 #M) for 12hr
and the transcriptional activity of AP-1
was measured by electrophoresis mobility
shift assay (EMSA).
strands of AP-1 oligonucleotide were
annealed and labeled with(a-"P]-dCTP
using terminal trasnferase labeling Kkit.

Two complementary

Nuclear extracts (5 mg) were reacted with
2-5 ng of the radio-labeled or AP-1 probes
(50,000-100,000 cpm/ng).
products were subjected onto 4 % polyacry-

The reaction

lamide gel electrophoresis and then the
gels were dried under vacuum for 1 hr.
DNA binding activity for AP-1 was mea-
sured by using Phosphorlmager analyzer.
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fridete] DNA 22 348AY (Rao 5, 1993:
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