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ABSTRACT : Cadmium, a human carcinogen, can induce toxicity in various cell lines and organs. Despite
extensive research, the mechanisms of cadmium-induced cell toxicity and estrogenic potential in human are not
clear. This study was performed to investigate cadmium-induced toxicity on human breast cancer cells : MCF-7
cells, an estrogen receptor (ER) positive breast cancer cells, and MDA-MB-231 cells, an ER negative breast can-
cer cells. MCF-7 cells was proved to be more sensitive than the other cell lines (IC50 =50 uM at MCF-7 cells
and 120 pM at MDA-MB-231). The expression of JNK and AP-1 transcription factors such as c-Jun and c-Fos
dependent transcription were increased by cadmium treatment. Inhibition of ER activation by ER antagonist
(tamoxifen or ICI 182,780) significantly recovered the viablity and inhibited apoptotic cell death. This suggested
that cadmium-induced cell death in ER (+) cells was mediated by JNK/AP-1 pathway and this pathway was
more stimulated by ER activated by cadmium. Co-treatment of antioxidants such as selenium (Se), butylated
hydroxyanisole (BHA), glutathione (GSH), or N-acetyl-L-cysteine (NAC) recovered the cadmium-induced cell
death in MCF-7 cells. Cadmium-induced lipid peroxidation was decreased by GSH, NAC, or BHA in MCF-7
cells. The expression of SOD protein was decreased by cadmium (100 uM) but recovered by GSH, NAC, BHA,
or Se. Our data showed that the cadmium-induced cell toxicity in human breast cancer cells could be protected
by the antioxidants (Se, BHA, NAC, GSH, or NAC) and ER antagonist (tamoxifen or ICI 182,780). Therefore,
toxicity of cadmium in breast cancer were mediated by oxidative stress and ERa.
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2000). 7= dubx oz n|EZx=glol cytosol W2
apoptosis 3l J’P?‘_ 42k BClx &g ZHaA| 7w,
Cytochrome ¢2| W& 59} caspase9 A3 = Eﬁﬂ o=
o] A ZAA | 2EH 2 apoptosisE FLAIA 4 3= A
22 BWuHgt} (Kondoh er al, 2002; Li ef al, 2000).
ARG Sl 1 27 3 2R Gl B
o] F-E- o] Fr}, o3} 7I=FO] ASL AE
T “}°] o] Foix ghent 7}‘:13*"1] Sk viﬂ% *ﬂi ‘41
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(signal transduction pathway)ell <33FS Fvl (Allen and
Tresini, 2000). A3} AEg2of o3 Alx W w2
cytokine, AAQIA} F 220 2R84 Fu|e] 24, o] ¢
£90] g3k AALe] W3} apoptosis® VFFel A ™ (Lander,
1997), EAFPEAIM ] AEe 712 dA A ket
Z 71 wo] AFHI gl= AEAE AA= MAPK AA
g} NFKB 41342 AAE & 4 U=} (Allen and Tresini,
2000; Bowie and O'Neill, 2000). MAPK Al3A41g AA =
extracellular signal-regulated knase (ERK), c-Jun N-terminal
kinase/stress-activated protein kinase (JNK/SAPK), p38% T
AEle] glom, N E JF-EHEL] A=5E Qx|sle] M2
47, A, 23}, Abd 55 243eh INKRE heat shock,
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o 3 AF PR Fo4 25t e SIS S
F 54 737 7R Agt I8 A 3 skt sl

Al
=

i

T

AlEEE

2 AFd AMS-E A PEAQ 7F=F (CdClL), BHA,

NAC, GSH, Se % 7|e} duFA| 2k Sigma (St. Louis,
MO, USApPIA] F4ske] XR&alodom | ICI 182,780 A2k
TORIS (Avonmouth Bristol, UK)ellA] +is}ed AR&315d).
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MCF-7 A%, MDA-MB-2312 7}7Z- American Type
Culture Collection (ATCC} 3= A| £ 23 (KCLB)%
2HE Bk Uit} MCF-7 Al 29 MDA-MB-231 M 25
2% 10% fetal bovine serum (FBS)®} 1% penicillin/
streptomycine®] 3% RPMI 1640 wiR]Z- A3 5%
CO,, 37°C8] Z71ol|A wijekatsict.

AEERS 2|

FF=F (0.1 uM~400 uM)2- DMSO (dimethylsulphoxide)
o) o] Hgslsdct. o, GSH, NAC, Se % BHA (0.1,
1, 10, 25, 50, 100, 150, 200 uMy= WA 32 DMSOe]l
o 7h=FT W-8AY st

MTT assay

MCF-7 Aﬂ:?_ MDA-MB-231 A EZZ 1X10°/mlZ 96
well platedl] B3} 2447t QHAEAIRL ol wE HE
DMSOe] 54l 7F=fS F R A Eol| Alaldet. o=
& DMS0Y] =7} 0.5%7F H =% sgivh. o] A=
B AEES 1222 wikg F MTT (SmgmhE 15 pl¥
o] 4A]7F Fok wksAlZ e MTT 31 B8 27] 913}
of wjekel& W] DMSO £ 100 utE 7sted A|EY
o] MTT SIEAS $8lA1Z] ¥ 570 nmelA] ELISAR
=S SAE

Apoptotic bodiesZtEl (DAPIRA4)

MCF-7 A, MDA-MB-231 AlZZ 6 well platesl] 2.5
X10%/mIZ. BF3)ed 244]7F o 38}l 7k =F-2 50 pM
SAZAI S 4 28]l 12417 ¥ 4% paraformaldehyde
2 377 B A F 4'6-diamidino-2-phenylindole (DAPI)
2 gAsle] Hau|g oz sl

Apoptotic cell death £& (DNA frogmeniaﬁon)

Apoptosisel] 2|8t HEALE Els)7] 913l 7t=g &5
wx A E B4 Heg MCF-7 cellsol A DNA
fragmentations &<l3l}h. CellsE lysis buffer [10 mM
Tris/HCl, IM NaCl, 10mM EDTA, 0.6% (w/v) SDS,
pH 8012 4°CellA] ovemightdt ¥ DNAZ- phenol: chloro-
form: isoamyl alcohol (25:24:1)3} isopropyl alcohol2



14 e - 7 - A - FRF - AR - oodF - 23] - 3 - g

120 120
A.

100 ] ' " 100
e
S 80 80
(5]
£ 60 60
é- .
g 40 IC 5 40
> 5

20 50MM 5 20

0 ‘ 0 s

0 1 25 40 50 75 100 150 0 60 80 100 120 140 160 180 200

Fig. 1. The viability of MCF-7 cells (A) and MDA-MB-231 cells (B) determined by MTT assay after 12 hrs exposure to
cadmium. The IC50 lies in the center of the inflection of the curve.
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Fig. 2. Cell cycle analysis of untreated or cadmium (25uM, 50 pM, 100 pM or 150 pM) treated for 12hrs in MCF-7 (A) and
MDA-MB-231 (B) cells.

o] g3 F&3lct. F249 pellets RNase (10 ug/ml= o -4, A F, FHE ethidium bromideE E 3}
37°CellA 30 min%} incubationdled RNAES #)7 sl 1.5% agarose gel2 %7193 3}l DNA ladders= UV

DNAS 70% o&HE&= A3 F el ¥o] FREAZ light (312 nm)Z- °]-8-3}e] FAsI.
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Fig. 3. Estrogen receptor-dependent ERE signaling was sig-
nificantly increased by cadmium (1 uM, 50uM) and E2 (I nM)
treated groups (A) and blocked by ER antagonist (B).
MCF-7 cells were transfected with ERE-Luc plasmid, and
ERE dependent transcription was measured by luciferase
reporter gene assay. Transiently transfected cells were incu-
bated with 50M CdCl, in the presence or absence of 107 M
tamoxifen or ICI 182,780. Values were expressed as means
=SD from three independent experiments. Asterisk (*) repre-
sents significant difference from the control group; sharp (#)
represents  significant difference from the group treated with
50 mM CdCl, alone (p <0.05).

Western analysis

MCF-H 25 2x10%/mI2 B53}e] 39] ubiel] ma} e
g M ZEe] lysis buffer (50mM Tris-HCL, 150 mM NaCl,
1% NP-40, 1mM EDTA, 1mM NaF, 1mM phenylme-
thylsulfonyl fluoride (PMSF), aprotinin, pH 7.4) & ¥ o}
& syringe2 2 M EZ T3l 12,000 pm, 1527 4°C
oA EsIe] 4302 e B S dsich gl
< Bradford®}¥] (Bio Rad Protein Assay Kit)S o] £3}o]
S8 el M) FREZ Esiel A% Sde). Ao D
20 pg/ uks 10% SDS PAGE®] %7} 90V, ©]% 100 V& |
Az Fk A7E sdeh AANAIZ] gel& PVDF
membrane (Bio Rad)e] 35V, 4°CollA 24217} ]} transfer
AZAT. 5% skim milk (PBS, 0.1% Tween 2002 3 B3t
£°Col A 423 THFSte] blocking 3 ¥ 3% skim milkel]
mouse monoclonal SOD-1, mouse monoclonal ERa, rabbit
rabbit polyclonal c¢-Fos (Santa Cruz
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Fig. 4. Effects of cadmium on the protein expression lev-
els of ER-a in MCF-7 cells.

Biotechnology, Inc.), mouse monoclonal Cyclin Bl (Santa
Cruz Biotechnology, Inc.), mouse monoclonal NFkB (Cell
Signal Technology, Inc.)®} mouse monoclonal actin
primary antibody2 ZFzF 1:500, 1:1000, 1:5002% 3]4)
dlod 4°Cel| A BHF-F<t Famt sle] Eoli PBSTZ 33
1082+ AJA31830). Horseraddish peroxidase (HRP)E E4]€
secondary antibodyS- 3% skim milkel] 1:1000°2 3]s}

- A7 ERF A2ellA B3l PBSTR 33] 1087} Al s}

%ich. ©]F Enhanced Chemiluminescence (ECL kityS AMg-
Blo] SEZF HbSAIZ] ¥ Xray Sl EA]A whial wbe]
W3 A e IR

ERE EAM5t =X

ERE reporter gene?l luciferase geneS E381= plasmid
(ERE-Luc)(Promega, USAYS MCF-7 M Edl] 33} 7}
=% A Al ERE ¥ A IE uciferase assayS 3
A3}t

I}

7iEE =0 thet SMH5

7P:1a<>ﬂ Nt MEZA FIEE 9] AERA £ 8AE
et Az ASME (MCF-7 A E)9) ol ~EA
T%xu 2 1A e 7ML ASHE (MDA-MB-
231 A Z)ell wig ICTXS AN A3} MCF-7 Al E
MDA-MB-231 M ZE8] ICs, %)%= 22} 50 uM, 120 pME
W HEF| weh B Aol & Bode) B8], MCF-7 ol
B2 4AE TR AP} TIEE 40 0
] o4 o] wizksle (Fig. 1)

FIEE &0 s MZSF7| '=Uq

HE2F719} Fste] MCF-7 M ZE 12 hr, 7EEH50 uM
o] 4] Fxof|A] apoptosis signal3l Sub-Gloﬂ/\i cell popu-
lation 2718 Vel em) | S71olA cell arrestZ} -82EE 9l
MDA-MB-231 A Eo|Xe G2/M71olA cell populatione]
ki Z7HE HedH (Fig. 2).
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Fig. 5. Effects on SOD-1 expression in MCF-7 cells treated with cadmium in concentration-dependent manner. A representative
blot (A), time-dependent manner (B) and co-treated 50 uM CdCl, with antioxidants such as GSH 200 uM, NAC 200 uM, BHA

200 uM, Se 200 pM (C).

tes Fu st AEZA 28 =H NS
of a2y 01-r ol

Fr=Fo] i3l AERA X gHE AR Hsle
ERE-luciferase 48 2Aletdet 71=F 1uM 2 50
uM EZoA tiz7o] vl of 3#) FX ERE-luciferase
%é Vel om o ~AEZA antagoniste] tamoxifend}

ICIE 77t 5] A] 7k=F< 2|8 F=%l ERE &4do] 2
=itk (Fig. 3). 7F=HF 50 uM o|AFe] oA o AERA
484 a thilA uHlo| 24 02 714t (Fig. 4).

FlEF0 ofgh s LY F490 SOD X L=
A A 2 NFko THUZE 2HE 3
7]' =i iioﬂ CL]»—— }‘].:‘i'_ "H 3‘]'/‘]'31]—2-]] ZH F49 SOD

4 sl e W3S palel A pROEH R FhaH
Pom, FIEH T 100 uM o]4e] FEexe} xF 24

hr o] Foll A} v WreEks vehiet 7EEFE 100 uM =

oA 24417} =3 F AF F Al GSH (glutathion),
NAC (N-acetyl-L-cysteine), BHA (butylated hydroxyanisole),
Se (selenium) 200 M2 77+ 54 Al g A 7t=F
o ej3 SOD hiln 4 Wk H¥sel9e By

(Fig. 5). 3+, Absky ~Eda 33 sl NFkbe|
Az wkgoe] 50uM o] A FEelA F7HE uehlnt
(Fig. 6).

EASINOf 2lft FIER SN EZ =l

ZH 50 M 55 oJAtel A c-Jun, c-Fos, INK T2
wyo) ooz Zrkslglen (Fig 7, 8), 3kl
GSH, NAC, BHA, Seell 93] 2d 7448 viepdoh
ApoptosisE DAPI GAS o]83led ZASH A¥ 7l=H
50 uM %ol A apoptoic bodies’} IHAE|S] ., AL
ol GSH, NAC, BHA, Se 200puM FE2 #4342 A
apoptosis’} H28-E FISAH (Fig. 9). £3], 7k=F 50
uM EolA] DNA fragmentation =7} $1¢} 22 At
Aol o3l zFAFT el o AASAl 2lgk A E
=4 AREAE 2l sl (Fig. 10).
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Fig. 6. Effects of cadmium on the protein expression lev-
els of NFkb in MCF-7 cells. A representative blot (A) and
densitometic analysis (B).
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Fig. 7. Effects of cadmium on the protein expression lev-
els of c-Jun and c-Fos in MCF-7 cells. A representative
blot (A) and densitometic analysis (B).
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Fig. 8. Effects of cadmium on the expression levels of p-
INK in MCF-7 cells. A representative blot (A) and densito-
metic analysis (B).

caspase-9 SIS Fal| U ABAA ] EH o A
RS A e ol e BT H (Yuan e
al., 2000; Burw et al, 2001; Li et al., 2002). A3 <
:ILQJ’MWE 7| 2 g o8 fdEE A EAR)
A AT 347} 9lom, v EE=e]o} A3 AR 9l
o] caspase FA3E T FUEE S s w3,
AR Al ofds) Bl amEhE S o3 ‘ﬂff—*} fre] o)
Hx 3“@} T Fagie] 3EH: S Bkl o,
Fh=Fo] Qlzb-ukel AMAE 1l o7} AN fuk Al E

A MESAE FEFE s (ol5A 5, 2002,
2003). B2 9)elAd 3}FHEA (xenobiotics) THAAE] redox
cyclingsl] 2j3] AAdEe]zl ROSE AME W AbRpY &44&
Rkl Ao odeA gled (Bagehi er al, 1995
Zimmermann et al., 2001), ROS®= DNA mutationg %
H3ted  genomic DNAS] E=AS U= 3hd,
protooncogene®] A7} tumor suppressor gened H-2A 3}
A17]171% gef =3h ROSel 213 DNA HAF <1z}
protein kinase cascade ®¥ o2 <la] AHAFHQ cell
signalings Walig-o24 w|AAF= Q] HEYGT) L35 B
g MEA 9 ocell arrestZ %2 317]1= goh (Chao and
Yang, 2001). ¥ A-7Ae) oJsid NEF7)e} Agsted
MCF-7 Aﬂif S71e1A cell arrest7}t -fPE= 919, MDA-
MB-231 Al Z|ME G2M71eIA cell arrest?} 25t
TR A ES] o AE2A $8A] A of Fol whe} Al
F71eX] cell arrest F7 Ao Zjo]E Bolow, £3
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Fig. 9. Apoptosis cells death observed by DAPI staining under fluorescence microscope (x400) in MCF-7 cells co-treated 50 pM
CdCl, with antioxidants such as BHA 200uM (C), Se 200uM (D), GSH 200uM, NAC 200uM (E) and without (B) for
12 hr. Arrows indicate apoptotic bodies.
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Fig. 10. Effects of antioxidants on the expression levels of c-Jun and c-Fos in MCF-7 celis. A representative blot (A) and
densitometic analysis (B) and DNA fragmentation (C).
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|t =] AERAA Al BE ApgHd ) fATE
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