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Abstract The constitutive expression of metallothionein (MT) gene has been shown in human
placenta and fetal membranes. The MT in the placenta plays an important role in the transfer of
essential metals as well as in limiting transfer of cytotoxic heavy metals.such as cadmium but the
function of MT in the fetal membranes remains unknown. In the present study we found a different
response of MT mRNA to various stresses and the effect of the intracellular glutathione (GSH) on
the stress-induced MT gene expression in a cultured cell line of human amniotic cell line (WISH).
The mRNA level of MT-II, a major isoform of MT genes, increased in a concentration-dependent
manner when WISH cells were incubated with CdCl, at various concentrations (0.5—15¢M) for 6 h.
The mRNA level of MT-II was increased more than 20-fold in WISH cells exposed to 15uM CdCl,
for 6 h. Although the treatment of WISH cells with hydrogen peroxide (0.5—2mM), which generates
reactive oxygen species, also increased the expression of MT-II gene, the level of MT-I mRNA
showed only a 2.5-fold increase in the cells exposed to 0.5mM hydrogen peroxide for 9 h. Heat
shock treatment of WISH cells at 42°C for 30 min, which increased the gene expression of heat shock
protein 70 (HSP70), did not cause an increase in MT-II gene expression. When WISH cells had been
treated with diethyl maleate which depletes intraceliular GSH, the induction of MT-I mRNA by
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CdCl, was not affected. On the other hand treatment of cells with N-acetyl-L-cysteine, which
increases intracellular GSH, suppressed the induction of MT-1II mRNA in cells exposed to CdCl,. We
suggest that metallothionein was involved in protecting against heavy metals and oxidative stresses
in a human amniotic cell line, but it did not have any effect in protecting against heart stress.
Furthermore, the intracellular GSH level may regulate the gene expression of metallothionein in

cells exposed to cadmium.
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1. BEEEMRT L AR

t b F B H kA fE 2k (WISH) i3, American
Type Culture Collection(ATCC) 2» & 157z, #Hifa
1%, 10% fetal calf serum &2mM glutamine %
&t MEM 328 % FvwT37°C(95% air, 5%
CO,) TEEE L -, N-Acetyl-L-cysteine (NAC) &
diethyl maleate (DEM) {%, Sigma Chemical Co.
(St. Louis, MO) & b, CdCl, & BER{LAEIL,
Wako Pure Chemical Industries Ltd.(Tokyo) &
DEEAL .

2. RNA i & Northern blot analysis

Total RNA i, guanidine thiocyanate % fv>
T, WISH #fgh St U729, 1% D agarose gel
TH&LV—>20ug O total RNA 2EZKEL,
nylon membrane & blotting # L 7z, Membrane
% prehybridization @ #, nick-translation ¥ T
2p % 7~ L7z ¢cDNA % A \» T hybridization
 {To7z. ¢cDNA & L T, metallothionein-II
(MT-IIA) (human) HindIl fragment (3.0kb) " &
Hsp70 (human) BamHI-EcoRI fragment (0.8
kb)®%Hwv 7z, &% mRNA OFH L~ id, meth-
ylene blue T#fh L 7228S RNA @ density % &t
U CTHIIEL 7.

3. 754 (GSH) BEHIE

MWL © GSH & B 1, o-phthalaldehyde
(OPT) Z AW - N REEIC L - THIE L 72,

4, HEEFEROEE

96-well plate & WISH #ifa % 1well 2472 D2 X
103 3° D split LT, 24FffIRWCEELRARL /2
CdCl, (1~1,000uM) &ML, 5 FefEEEET 3.
PBS T## L7-#, fresh medium T37°C, 24FF
floE#E SNz, MTS assay kit(CellTiter 96
AQ Assay . Promega Co., Madison, MI)ic X D
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BA LA E LT CACL (1~1,0004M) % 5 BRI B
BERCHIL, PBS THila 2 80k, 2485
¥E#FEMAZ, MTS assay B £ D fildEGEER%
ML (1), CACLOEE100uM LI, 5K
MID8EEE Cix WISH g 3 s fifasE s
5k hol, RiZ, 0.5~15uMDEE D
CdCl, % 6 BFfEI -1, metallothionein-II (MT-
I)mRNA & » Northern blot analysis Tk '
U7 (& 2).CdCLz & 2 MT-I mRNA 0z%H %% 3 & o 12 15 18 20
3, BEKENCHENE LR (K24A), 154M
CdCL &z £ 2 MT-. mRNA OFHE » &EER
WRRETT % &, CACL#E 6 FFEittic £ — 7 &
L, control Wb T20fFLA EogmE R LTz, £
DELBIEEEOFEOME 2RO 7 (K 2B).

B{iEA ML RELT, BEEKFHE0.5~2mM)
% WISH Mg 5298 4 BRRIGRI L ¢, @81
KEBEOEICL S MT-I mRNA OFHEE2HK
L7 (K3), @ bAEL.OmMBEMO & i
BLBEWHEELR L, control WHARTHT
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Relative MT-II mRNA levels

Incubation time {h)
2 CdChLiz & 3 MT-I. mRNA FEOREAT
A I CdCL(0.5~15uM, 6 EFEDBEEILICL 2
MT-ImRNAZFE, B:CACL15uM)iz & 5 MT-I
mRNA DOERIZEL.
A,B L HERIZ 2ETOITY, 20 bIUEKLE
BERLTWS,

BRI L2 TARTH B L, IEEBCE LR,
FHEERL, H2.5FEL (K 3B).
AZOFA 3L OB MV RAKIET BILE

PISEEBEOFTEEMTH-(H3A), &6
2, B L AREO.5SmM 5% 0 MT-I mRNA

PR3 272012, 42°CO water bath 1230434,
WISH #ifg % &tr plate &V, 37CD CO,1 >~
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B DT DA,
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= A FaR—v g rEfrot,
§ 1z diethyl maleate (DEM) % fjv>7>. DEM 0.2
;,i 2001 mM % WISH fif3OREER IR T % & 4 K5
g ®izix, Ml GSH BEIZHS 0 1 icEd L
< 1001 72 (K 5A). % Z T, WISH g0 ##%ic DEM
% 0.2mM Z ML, 303#iCX 512 CdCL % B
o ERZTHRMUI:, 6D v Far—v g
= 2170, % CACLIEE 151 % MT-T mRNA %

0 T T T T T T
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Incubation time (h)

3 BEEAKFEIC L5 MT-I mRNA FH O
A EEE(EARE(0.5~2mM, 4B OBEEL{b
&% MT-Il mRNA ¥, B 8E{LAFE0.5mM)
124 %5 MT-I mRNA OB,

A, B L HIZEERIZ 20T 21T, 705 bAEKMNE
BRERLTHS,

F aR—% T2 KEEEDEIC RNA 2HiH L 72
(B4), BBA PV AR L THFEHEE L BT70kDa
D#Ey 3 v 7 FEHE (HSP70) 13, WISH fifgic B8
WCHZOEEGFRESTED, Lirl, MT-
mRNA 1, SEERELZEBHEA MV A TRFHY
DR EFBD Lo Tz,

—HRiZ, EEBAPVRACHLTAY O FF A
vEeRCHER VY F 4 S (GSH) L BHEMN
DEFICIFRCEELRBRESR LT3, 22
THF Iy AEROEE, WISH il GSH &
EH MT-II mRNA OFHICKRIZTEEICOWT
S L7:, WISH #ildN® GSH # A &+ 37

HORBEXHBKRE L. CACLEMMEL 727
NV—7t DEM L8 # CACLAAE L /- 7V — 71
BiF% MT-Il mRNA OFH W IZK X 2HE&EIZFE
oo/ (K 5B), 7272 L CdCl, %2 15uM &
Nl 72354, DEM ALE U /- #ifgic MT-I mRNA
DETFTOFHEEMEAD .

Rz, MiIANGSH BEXHMI L LFEED
CdCLic & 52 MT-. mRNA OFHEOZEAL kst
L7z, %72, Ml GSH iz ofbd R + v R
i2& 5 MT-I mRNA OFH iz KIZTHEEZOWL
TOHHETL 72 (E6). HIlEAN GSH =Nz ¥ 5
7z 12, N-acetyl-L-cysteine(NAC)30mM %
WISH Ml 0igER I 2 BFEEmL 72, NAC i
L0 WISH#IlEN © GSH 3 #3. 158 mL
72. NAC 30mM ZEEBR ML T 2 Befi#,
MR2DA ML A% WISH figic 5 2 7z, CdCl, 50
uM O 3 BB X > TH 8 fZwc THmL
72. MT-I mRNA 3, NAC O##LE Iz & b 2Hq
WZOFEEPMF I (6, v—>7&8).
1EE{LASE (ImM, 2 BFR) 2L - fifgic BWv
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6 BL2AMVRLS3MT-I mRNAZFHICK
134+ NACOFE, N-Acetyl-L-cysteine (NAC) 30
mM 2 BEEIBCEFNThOA N X EB5 272,
B bAkE(mM, 2 BFR) ; 2ULE (42°C, 3043H1&,
37°C, 2 BfR) ; CdCl, (50 M, 3 HEHE).

MT-II mRNA levels (% of control)
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bhibhi, BB IT A OF A 340D
FIRBER I DT b b FEBESK#Lk (WISH) =
A That L7z,

ERBAPMVARAERFIDETEZEZD0R LA MY
A ZERBBRMECES 2 &S, MT-I mRNA
BARFRITARNLTIRDEWHEEEL R L, B
A D VATH L BEBILARICLTH MT-II
BIGEE2RLBE IR, A FI7AEHAS
LHEFICOT O RFEThoN, A FL A
VEBEFOLEHEIZE W DD metal respon-
sive elements (MREs) D3 fEfE L T V> 510, HHER=®
ARITVLAREZEBAYOF X 24 VBLETFD
EEDOFEER, ThoDE&BW L-> THEEEIN
7z metal transcriptional factor-1(MTF-1)452
OMREKZHEE TS 2wk vHAIEA T
LW —FH LA N ARERZEBAYOF A X
A VEGTFOEEEEOREBEEE, Y EH
BT, AZaFtid YBEFOERE

¥ antioxidant responsive element(ARE :
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% AP-1 binding site DIEEEF|(TGACTCA) *
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SElOpE T, HSP70 mRNA 23FE ¢ 518
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heat shock factor(HSF)#35A b v 2112 X b &M
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MTF-103ER b E W L En s, KT
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L2 X5 MT-I. mnRNA OFE X, filEAN GSH
DA TR EI W EHHEIL 2, bhvb
I LARL, B C WISH g2 WA F I U AR
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MENIC 5L Twa 2 LS LIS,
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BrmE&hole, TOIE XY, HREREFICHAE
HOELBPEILA PV AOBRBICHL T, FEBHE
FIRTRA Y aF 434 0358« BEEXN, HO
Mo E & b ICBEANREORECES L Ty
ZAlREtERIR E Nz, & 5L, EEMIIIZB L
THIFEN GSH BE», A FITvAICk3 A% 0
FA XA CEETHEBEOHEICEE L TWws Ik
BRI NI,
BEEZBCBL, HiEgEwi P EEERKAE -
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