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Margoshes & Vallee? 12 &> TV DBER
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EH5S, TAEMERBRED, NEBY, KatE
BASY D Z L LRI k- THFRAIIZ MT 44
KEhs,

BRoPRIZIZ, MFFOEMIIBIHOT
39, % -W¥iC LPS #4254 3 & i BN
HBOLIFABLOMIMAH5h %0, &S
X, ZOBLNBHEH, A MT onick
b0 EZ, BEMBPERVTLPSIZKS
MT H#¥DWFEEBRLTE2, LA L, LPS
PH TSR T, MR MT %
BRTEZLEITER D121,

4AE, ¥, LPSic& 3 RFMEaND
MT %%, LPSick->THI#&shizwr07
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TV ENRBEEhAPRIL->TH &R &
h32l VW5 EREBL-OTRETS. £/,
OMRIZEE MT D% %L, MT O primary
inducer T& 2 #4$3, dexamethasone iZ k3
MT DR & RS L 7.

BREFE

-
L

L2

7 M, Wistar %57 v b (hE250 g—
300g) #fEML . b MEEIFMARRE L THY
7= Chang liver cell i, /MBS L & 01
%213 7. [®Sl-cysteine (1 X10’Ci/mmole) i+
New England Nuclear (Boston, Massachusetts)
L DAL 7. Eagle's minimum essential
medium 2 B AR EN, iR MHE (fetal
calf serum) i3 Gibco Laboratories (Grand
Island, NY) &EH LA, RERITRTHR
EERALE. REEZBERTAIKIITTERKE
v/, LPS i3 Difco Laboratories (Detroit,
MID) 8, E. coli 0127 : B8 # H\» /-, casein
sodium H#& W trypsin IS A E T RN %
FRALE 37y 27 ARTF (1.092m) & §K
{t¥M %M/, ethylene diamine tetraacetate
disodium (LT EDTA &®) IXFE{Z{LER%
v/, ZnCl,130.005 MHCI {2, dexametha-
sone 1399.5% ethanol AWM IZIEMRL THEMAL
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. MBELY, FHEEFERLIVBALL
acrylamide (EXR & @A) 3 E—LEERL
D, N, N'-methylenebisacrylamide (E Xk &)
A), sodium dodesyl sulfate (LT SDS & %)
# & Uf 2-mercaptoethanol 13 ¥ #H L FE R
&9, £7-, N,N,N’, N'-tetramethylenediamine
(TEMED) i¥ Bio-Rad Laboratories (Rich-
mond, CA) L DBEAL /2. di-dithiothreitol
i% Sigma (St. Louis, MO) #4, iodoacetic
acid i Merck (Darmstadt, West Germany)
BMERWE A-bFVA ST 7 1 — PR
i# EN*HANCE ®#%# (New England Nuclear,
Boston, MA) #fHL Ak, #—-F53V 477
74 —HB X#7 4 V4% Kodak X-omat AR
7 4 V4 (Eastman Kodak Co., Rochester,
NY) %, #1%#%&!3 Kodak GBX developer, &
#Fiil: Kodak rapid fixer #Fwv /. HBESL
— ;iX, Nunc (Roskilde, Denmark) %4 90
mm (EHE 10mD, 60mm (& 4mbD LU
35mm (GZHE 2 ml) 7L— b 2ERALE 2
EB7405—13, 0.2um IYRT 7405 —
(Millex-PF, Millipore Corp., Bedford, MA)
#ERL -

IREE A ASE R B 1 54 MCO-165
B, FEFREERHE SR ERATS A A-640-12
B 57,3 bhA—%—|3 Bio-Rad Laboratories
(Richmond, CA) # Model 1650 % f#fi L 7.
VR

1) ¥Ranitx

¥Ebizidy CRERE 10% % &1 Eagle's
minimum essential medium (V1 F FCS-MEM
EBE) BERAL. UTIZRR3TXTOMAE
BRI, BRER—5%C0, 37°C DREH X
ERGEHAVWTIT- 2., #RE%¥I2290mm 7
V—hMRFEAL, 1 X10MEICHMHET 2810
ADoW/E, ERIZEEL TIX60mm FL— b2
1335mm 7L— MIHIfa 2 EME L, 3 (FCS-
MEM) 1ml %729 1 X10°@IZHL & 25
TEER MG - MiaoUEIZIs, Ca*, Mg**
free-phosphate buffered saline (VL1 F PBS(—)
LB&) 120.1% trypsin, 0.02% EDTA %i&#R
LB efERL /-

2) v7u77—-YRAFOHAR

fil

vru77—Yi, Hk6WDHKIIHELT
ML 7=, PBS(=) IZBBEL/-2% ¥4
#10m] (A — b7 L~ 7HEEHE) 27 v FOK
MEiziEst, 7265R91% 2RI L, PBS(—)20ml
THERSR L ARRIE bR 2 BREX L 7=, Z D&l
PR % 500X g, 57MELL, MiakB~ B
Y 2k MERIZ0.2% NaCl T0RLEL, &
U7, FR&N1.6%NaCl #MM2EEEL
7-. Tk, ¥ka%k PBS(—) T2 [Ezkidik,
FCS-MEM T 3 X10°{8/ml 3% L, 90mm
7L — P TR L 2 REKR, SL-t
5 LiERkR &, PBS(—) C3E%kiHL, WmE
Miat~wrsa77—Y¢ Lk &b, w207
7=V DHEREIR, STy 7 ANFERREX
¥, ¥LAFRETHRILETHZZ L 2ERL
7.

v7a77—JARFEL~ESL—-MZLPS
100 ug/ml %# & FCS-MEM %10, 248%R
BELE BEREEZ2IVRT74L-12T
B, Bt <rso077—YEF Me+LPS)
L& FALPSE#MZY, =7u77-Y0
B TUEERIERE L - IR LERRICIEAL, 20
BHEE~v 707 7— VEhiEE FiE M¢-LPS)
L.

MT 3, ESBILL->THELRITEDT,
BB D, B, H, »FIVLOBELE
BIEFRESHZEIZ &> TRIZEL 7.

3) v7u7r—YVRAFICLKSMT HEEER

Chang liver cell # 60mm 7L — b 2§

L, FCS-MEM 2k > T L /-, #hasr'4
X10°E/ 7L~ ML E R, FL—Lt 2
SiEHERE, w707 7—VEF Me+LPS)
3ml, FCS-MEM 1 ml &5 xCi D [*S}-
cysteine 1%, &L/, B, w/u77
— VEER B M¢-LPS) 3 ml i FCS-MEM
Imlz2Mz7=7L—1b, FCS-MEM 4ml D&
EMZ/-7L— b (x$88), LPS HmiRim7L—
F (FCS-MEM 4 mi, LPS100 zg/ml) 7L—*},
BEFEM7L— b+ (FCS-MEM 4m], 0.01M
ZnCl, 40 ], 353D EERKIBEE 100 M) 7L —
PEERL, &L - MI5pCitTON[S)-
cysteine Zil z, %LU/, 188FRI%E, Zhb
D7V — ORI EUEL /-,
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4) v7u77-YRFDBEICL S MT HX
Chang liver cell #35mm 7L — b 23
L, FCS-MEM Iz k> T3 L 7=, #far2
X10°@/ 7V — MIELAL XL, 7L—F A
CIgHERE, Hitiivrsu T —YHAFEZ
hZh 0ml FEEHD 0 %), 0.4ml (20%), 0.6
ml (30%), 0.8ml (40%), 1.2ml (60%) &L U
1.6ml 80%) #& 7L — MizayiEL 7. [EIRRIC
4 uCi ® [*Sl-cysteine ¢3EIZ& 7L — b DL
BHrER2mlIc%3%9 12 FCS-MEM %10z
fo. 18BFRBIC AR L UL 2. w7077~
JHFOEBREIIOVWTFAL—- b EEhFh3
B OERL 2.
5) w7 u77—VAFILES MT FEDEes
FZEAt

Chang liver cell % 35mm 7L — MIZIgEREL,
FCS-MEM (2 & > THE# L 7=, MfaA*2 X10°
B/7V—FIZEBLAEEEIZ, 7= 51EH
¥k, 2, v 707 7—YVEFL.5m],
FCS-MEM 0.5 ml RV 4 «Ci ® [*Sl-cysteine
02 7= ARHRINGE, 3ERM, 6&RRI, 126%R9,
1685R9, 208%ME, 2485/ 0650 MR % NS
L7, RUVERRRIIZOWT 7L —MEZERhFh
IWMTOEAL .

6) #4LH & U dexamethasone DEFIZ LS
MT %

Chang liver cell # 35mm 7L — M8 L,
FCS-MEM 2 &> Ti& L /=, #fas" 2 X10°
B/ 7v—PicELmE &I, TL—FL 5
R E, ¥7-12 4 uCi D [*Sl-cysteine ¥ & t»
FCS-MEM 2ml #i0% 7=, ¥ibrho BmENHEIS
BA, 2hZh 0 uM, 40 #M, 60 «M, 80 «M,
100 .M & 120eM Iz 5 K912, 0.01M
ZnCl, #i027-. [k, B dexame-
thasone #RIBE A, ZhZh 0«M, 0.001 «M
0.005 #«M, 0.01 #M, 0.1 M & 1 #M
12% 3 & 5 iZ ethanol 1Zi&#% L /- dexametha-
sone % i % 7-. ethanol M D FHKIBRE
120.5% 28z 20X AL A mHIE, 18
BRI ICHAaE XL . ESOBA L de-
xamethasone NP&L, FREIZODVWTTL
~ MI3WITOEAL /.

7) B8R H LU dexamethasone i2& 5 MT %

WOZERIEL
Chang liver cell # 35mm 7L — MZ#fEL,

FCS-MEM (2 & - T8 L &, Mz’ 2 X10°

B/7V—MIELAE &I, FL— 25

¥R E, #7212 4xCi 0 [*S)-cysteine 2 & {r

FCS-MEM 2ml M0 2 7=. [EI6FIZ, 201

0.01 M ZnCl, G BEAFRIBRE 100 M) £ /2

1320 1 ® 10 uM dexamethasone (% de-

xamethasone #8%E 0.1.M) 2002 7. RHH

URONTR, 3 EEMR, 6 BEM), 128%R3, 16RERd, 20

BER, 24BRRIDBEFMICHRZAUE L /2. &

MEERlIc OV T FL— MEZh Fh 3T ofE

HL7Z.

8) #ERRRZER LiE DA

UXFE U 72 Chang liver cell D#BAE 28 &I
500Xg, 5 ARIELL A LiFHERFIBREL,

LB =i % PBS (—) T2 [E%ki$HE, 0.01M

Tris-HCl #&7&#% (pH8.6) 200 1 1Z& L /=,

ZOREBEE Y, —T70°C I & A3AE, A% 2 M@,

BEROIE T 24T\, 15000rpm, 3 2EL

L, MiaEEALF2GL.

9) SDS-RY T 7 INLT I Ky VBRIKE-7
vAw 777 4 — (SDS-PAGE-Fluoro-
graphy) 243 MT 0 EE

MT D E &%, Andersen & Weser'? &
VAR SW OFEIiE- 7.

+TEEARBEHS0L1Z, 8% SDS £50%
glycerol # & ¢ 0.2M Tris-HC| ##& #% (pH

8.8)25ul, 0.2 M dithiothreitol 10 .1 %30 2,

S5AMEHREL, WHLAL ZOBEWHS 1M

iodoacetic acid (pH8.0, 1 M NaOH ##&kI12iA

)15l #MMZ T, 50°C TS MIRIG &4,

cysteine ZEND SHELEHIAKRF P X F 1L L

oo ZOANEFXFYAFNALEBRBKIZ0.2%

bromophenol blue E# 10l %M 2, ERK

AR L L _

Laemmli!¥ ®A*IZfEw, 0.1% SDS-15%

RYVTFI7ULTIFAZTYN 1.5mmE, 2

B L E10cm) #1ERL7Z. 188 H20 700l

BXNIHT-. 20V T 2 BEfik@EE, 46V T

1265f0kE) U 7=, k@R D 7 V13 10% trichlo-

roacetic acid/10% acetic acid/30% methanol

BT 1ERRHBIE L, Kikk, A —Fr52 7
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57 4 —FAMGHIC 1 BER, RiEs ek SN
i, Kk, ¥R A —-b53VXT774-R
X744 VvAlEHL, —T0°C TRESE,
—Am®k, 7ANVLERBLTINATST
LAEERLE 704Uy 5 L, BRANT
LILFV Y b A—5— Gl K 600nm, R
Yy FEO.2mmX 4 mm) %AW T linear scan
¥fTo7%. MTOREILX, &4 DREHIONT,
LBEIHT 3 MT /Y FOFB I &> THER
L7,

1) SDS-PAGE-Fluorography = & 3 MT
FRORT

7ntuys74—-0ERERLIZ, TV

AN —ORREX1HFEICRYT. MTOEE

12 345

-+=MT

Fig.1

m %

W7 I/ %Th 3 cysteine i¥, HIEFI X
FMEIZE>T2A FADOHEREAMEN, B
SAMIZE ST, DI V2 RP L REL S
RETEZ21), RENIRT, H{BHLTWS
Ny FHEMT CH3. w7u77—-JYEF Mg
+LPS) ik 3 MT #F¥is, x8 (FCS-MEM)
D# 3 &, 100 M BERTFMDKIT0% ThH - /-,
—%, wz7a7 77 HiE% Lif M¢—LPS),
LPS100 xg/ml &Mz i3 3 MT #Fi¥iL, xR
(FCS-MEM) # 2 h Fh1.3&, 0.5 Th - 7=,
EphDSBRELEZ 1 IIRT, v /a7y
—JEAF Mg+LPS) k=207 7—-VH
Mg B Mg—LPS) shEESR, 8, A F3
v LDOBER, hi i (FCS-MEM) & FH
LARNTH . '
2) w707 7—-YVEFDOREIZLS MT B

Electrophoretic analysis of carboxymethy-
lated [**S]cysteine-labeled cytosol proteins
from Chang liver cells.

Chang liver cells (4 X10° cells/plate) were labeled
with 5uCi of [**S]cysteine for 18h in (1) control
medium, (2) medium from M¢+LPS, (3)medium from
Mg¢—LPS, (4)control medium +LPS 100 zg/ml, and
(5)control medium+100 «M ZnCl,. The Chang cell
extracts were carboxymethylated and subjected
to electrophoresis on 15% polyacrylamide-0.1%
SDS slab gels. Fluorography and densitometry
was carried out as described in Materials and
Methods. The arrow indicates carboxymethylated
metallothionein. The relative density of MT band :
lane 1; 2.9: lane 2; 8.3: lane 3: 3.7: lane 4. 2.6:
lane 5;12:

Table 1 Metal concentrations of the medium («uM»?

Metal M¢+LPSP M¢—LPS¢ FCS-MEM*
Zn 4.4210.11 4.491+0.16 4.8110.40
Cu 0.651+0.13 0.591+0.22 0.6510.15
Cd N.D. N.D. N.D.

a Each value represents the mean+S.D. of at least three experiments.
b Macrophages were incubated in FCS-MEM with lipopolysaccharide (100 ug/mD for 24 h.
¢ Macrophages were incubated in FCS-MEM without lipopolysaccharide for 24 h

d MEM containing 10% FCS.
N.D.: not detectable.
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2707 7—YRAFORBREILLAZMTHX
NEERIRN2AD7VAT 75 41F7T. E
2BiX, M2A %27V b A—-%—-THHL,
BLBVARIHTIEFETERRALL. MT
FM vou7r-VEFOBEFENBIC
Liedt-> THIM L, 23R ND60% DR Tt
BOKIEOFZESFHELNE, w707 7—T
EFH 2B N80%DIBRETCII MT ML 5
EEN88% & MBS i,

3) vr7u77—-YEAFICL S MT BXDOLES

Fig.2 Dose-response analysis for metallothionein
(MT) induction by M¢+LPS.

Chang liver cells (2 X10° cells/plate) were labeled
for 18h with 4uCi of [*Slcysteine per plate in the
presence of M¢+LPS at various percent of total
medium. At the end of labeling period, cells were
harvested and cell extracts were carboxymethy-
lated and analysed by SDS-PAGE and fluorography.
See details in Materials and Methods.
A) A fluorogram for MT induction by Mg¢+LPS.
M¢+LPS percent of total medium : lane (a, b, ¢);
0:lane(d, e, );20% :lane (g, h, 1), 30% : lane (, k,
D): 40% : lane (m, n, 0); 60% : lane (p, q, r); 80%:
The arrow indicates MT band.
B) Dose-response for MT induction by M¢+LPS.
Relative density of MT band in each lane was
analysed by densitometry. The densities averaged
over the triplicate data were expressed as percent
of the maximal induction.

%L
M3Ai=wr7u77—YEAFIZLS MT 5%
NDEBNENLEET 7L 0T TLTHB.
¥/, EI3BlE, 70073200 WEE
2R, w7077 —-YETFILLEMTOF
M SRR 2 AL AL,
20BR97% 1213 3 RERAR DK 31HIZINL /2. 24
BRI TIX 2085 RIRDM2% L MRl e h /-,
4) BEh#H kU dexamethasone DBEIZL S

MT i#X
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2%

M4 lzmd &), FERICK3 MT 0@,
0uM EDHSN, BENFELS L EIZHML,
120 uM Tz, *t88 (FCS-MEM) O# 7 %Dk
MyHLN. UL, 150:M T, #BRIZFE
B

X5 icam¥ & 512, dexamethasone iZ& 3
MT DE#E, 0.006uM £V& 50, 1uM £
THMUKET, 1M TIEIXBOWH 4 F0E4
AHbhnl, EEDBHE DL, dexamethasone D

Fig.3 Time dependence of metallothionein (MT)
induction by M¢é+LPS.

To start the experiment, cultures of Chang
cells (2 X10° cells/plate) were supplemented
with fresh medium containing 3ml of M¢+
LPS, 1 ml of FCS-MEM and 5 «Ci of [*S]cys-
teine. The cells were harvested at the indicated
time points, and cell extracts were carboxy-
methylated and analysed by SDS-PAGE and
fluorography. See details in Materials and
Methods. )
A) A fluorogram for time course of MT in-
duction by M¢+LPS. Sampling time: lane (a,
b,c):3h:lane (d, e f); 6h: lane (g, h, i); 12h:
lane (j, k, I); 16 h: lane (m, n, 0); 20h: lane (p,
q. r); 24 h: The arrow indicates MT band.’
B) Time course for MT induction by M¢+LPS.
Relative density of MT band in each lane was
analysed by densitometry. Each data is the
average of three plates.

BEL, MTOHEIZ, BLmwENIIxT 3
BOEILE->THERL L.
5) Hi¢h ¥ & U dexamethasone i2&3 MT 7%
HORIFIEL

B E S MT AEORREEL X6 IR
T. MT AT 6 B¥RIR, 1288RAR L 1ML,
168521213 SERRIR DM 2.5 NFMNS 5
h/-. 208%RAMRITIZ1685RIR D93%, 24B5RIHE
TIX87% LMl s/,
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Fig.4 Dose-response for metallothionein (MT)

induction by Zn*".

Chang liver cells (2 X10° cells/plates) were
labeled for 18 h with 4 «Ci of [**S]cysteine per
plate in the presence of different concentra-
tions of Zn**. At the end of labeling period, the
cells were harvested and treated as described
in Materials and Methods. The averaged
densities (triplicate) from fluorogram were
expressed as percent of maximal induction.
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Fig.5 Dose-response for metallothionein (MT)

induction by dexamethasone.
Chang liver cells (2 X10° cells/plate) were
labeled for 18 h with 4 »Ci of [**S]cysteine per
plate in the presence of different concentra-
tions of dexamethasone. At the end of labeling
period, the cells were harvested and treated
as described in Materials and Methods. The
averaged densities (triplicate) from fluorogram
were expressed as percent of maximal induction.
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Fig.6 Time course for metallothionein (MT)
induction by Zn**.
To start the experiment, cultures of Chang
liver cells (2 X10° cells/plate) were supple-
mented with fresh FCS-MEM containing 100
#M Zn™ and 4 uCi of [*S]cysteine. The cells
were harvested at the indicated time points,
and treated as described in Materials and
Methods. The value of each time point is the
average of three plates.
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Fig.7 Time course for metallothionein (MT)
induction by dexamethasone.

To start the experiment, cultures of Chang
liver cells (2 X10° cells/plate) were supple-
mented with fresh FCS-MEM containing 0.1
#M dexamethasone and 4 «Ci of [**S]cysteine.
At the indicated time points, the cells were
harvested and treated as described in Mate-
rials and Methods. The value of each time
point is the average of three plates.
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dexamethasone (2 & 3 MT FF#DEMFNE
ft#R 7 1R %. MT HKIE 6 BRIk, 12650
e, 126%R971213 38RO 4.3
AR 7. 16EERIM, 20MEMI, 24RERIMI
i, MT M3, 128B%OE 4, 101%, 107
%, 117%, LETHML 2.

% *®

k bOMEEABEIE, IEEERIZIE, DT
—EIRN TS (# 1 gg/ml) »°, MHERER
DOFZIZME P OEBIE, BBIE DT 3.
EH5IX, UATAS, BEEBRMEPIY MM
Yrvyay stk AEGRBIEBL, T
MIZLPS 235+ 5 &, MiFEB A DEIH
SLU, BF, &, WodghmEa g my
BILERELAY, LaL, BRMEIIEFVT,
i FER P HEEANEIRENEZLICET 5%
REBENERL, BKNERIVEZHLH
Tl .

EFEH513, ZOELHNEY, HBPOEHR
HAEA B MT) Otk eEZ,
LPSItk 2 MTHMDOKFLEBRL T& 1,
MT i3 glucocorticoid 2 &> TE%E 21330
T, LPS#5DLIBZAFVATTI, AL
Alzk 3M# glucocorticoid MHIMIZL->T
LEFMT i38ML 53, LAL, Durnam 59
{%, transgenic mouse # VW T LPSIc & 3
MT DEXH, glucocorticoid 2t & 2wk
2HREL, RO mediator DIFE R L 7=,

Chang liver cell Z A\ Ti%5 h /- 2ED#FS
£k, M1izRT&IIC, LPSTRIML ==
su7r—VEELR (w707 7 - VET) &
Mz7pensd, MTHERxhE £/, %
1IZRT &1L, v7u77—VEELEOS
Bk 13xt8 (FCS-MEM) LRIV TH -
722¢h5, LPSI&oTo7u77=V 4%
BAEML - 3EISNE Y, fE-T, LPS
ko ThHlgahizmsu7 7 -V h oM
h3HHEET A MT OSRIZ M5 L THp3L %
iohad. %5, Iy bwrsu7r—JVHkHA
FizkoT, b MERITHRIC MT % s h
52 eh5, ZOvsu7 77— VEFIIERE
HEiFLLVERHLRS,

i

vsu77—-YRAFHFMT FRIRIETHR
i, v7u77—-JYEFOEEY, 28EHN60
%Iz A THEIL, 2EHD0% T, &S
Hns8%icmlans (K2). 80%DBRET
R2pEIAHASNZLIE, TU—-PIMZ S
HME IO BIBO L2 L2k, MT®D
BRICHWSNAET I/ BOBIBPLEZL
itk EBEbh B,

vz7u77—YVEFIZE 3 MT M3, 2085
M cHmszons (M3)., ORI, M
265 0 in vivo 12 &1 3 B|EV T, T MF
MT »1865RI % ¢, W LEKEir 5 & IERE
UL TW3,

Karin 541817 |3 HeLa cell # VT, &
A+ XU dexamethasone 2k 5 MT Di5# %
WEFL Tw 3,

BERDBEIZL S MT DiEMis, Chang liver
cell Tix, 40M—120uM L BOHTHEVRET
LAh@Ebshlhor, 150 M TR Tix, #ifa
FER L =4, Zhit, BERoMiaSicks e
Exbha ThonRE, Karin 5 DREY
LIZIE—FL T3, —F, dexamethasone
BEIZLS MT MiEXiL, Chang liver cell T
21 M CHMUEET T03Di25t L, Hela
cell'® i3, 0.01uM TERIZ 7T b—128L T
w3, ZOMEEZETsEEBN—oIL, Chang
liver cell & HeLa cell ?, glucocorticoid 12
#$T3LE 7y —HOBEVIZEZLDELEbN
3.

BRIz L 3 MT R 0ErEmE{LI3, Chang
liver cell TIX16BFRIRE ML KL 7=, %
7z, 4BREIBR T RMEI & A H, 168%RIH%
NDB1%ThH-7. LH»L, HelLa cell” Tit,
GEFRIEE THML 24, LIEgRSICESL,
24BFRIE TI, 6BFRIED60% & %> TV 3.
—7, dexamethasone |2 & % MT 5 DEEEE
#Z&ELiE, Chang liver cell Ti¥, 128%M% T
DL, Lik24esiatk E TR AWML
#3722, LA L, HelLa cell'” T3, 6B¥RIL
B7I7r—12BL TS, FE L Karin 508
Rk 2HHRIE, ITOBRICKZ3LEZS
h3, EEOERERIE, H3MItslss
TOMTOERKELEFBOBHNTHS, —7h,
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Karin 5 D& R13, B CIERMaLEMT
XTCHNVAFIRVTEZLILEH>THBLNK
RTHBINDT, ZNBESIZHIT 3 MT OERR
BEERTEDTH A,

2797 7—JVEAFICLS MT OFHIL, &
BHRE & UEHRHELDOFT NIz TS EER,
dexamethasone & 2 D/5% — VAR L > TW
3. £-T, w7u77—-YVEFR, BLEDH
33 glucocorticoid 1M 2T, MT #Miz &
H3H3NHBRAFTHEILETEL TS,

BE, Karin 52, miE® interleukin-1
(LUF IL-1 &88) &, b higsflanic MT %
BETILVIEEERELAE, w7077 —
IHLPSIL- TR Ehd L~vru77—-Y
PoMAOMEFBEENBZY, IL-16%2D1
2ThH3EH, EESOERD Tit, IL-11c&
57T, Chang liver cell i MT 33%¥ & h#%
ol DURERPCIY MYy 3972
B3, FFC2MERAER (acute phase protein)
AR EhAY, ZoSMmEAIR, IL-112k
STHEASN 33D, L rl, BMHEBEADD
5T, C reactive protein ®#5¥(3, IL-1iZ
Mz THBRFELELT 3%, £/, LPSIC
KoThligEhivru7 72— HRET 2
KDV &> TdH 3 hepatocyte-stimulating
factorid, FF#ERRIZfEAL, a.-macroglobulin,
a,-antichymotrypsin, a;-acid glycoprotein,
a,~cysteine proteinase inhibitor, haptoglobin
# L U fibrinogen #8154, IL-1 LiZR
2ABMERTFTHILEREShTRAEBY,

MT R 2MHHMERICLSBEIATV VS, &
MR CRMICE S h3EATH 3.
fE->T, MT 28+ 52707 7—JVEFIC
20T, IL-1, hepatocyte-stimulating factor
LORRENNMZ, ZOERE L UBBEAFOR
HALETHBD,

Keller 5% i, LPS T#li#tL 7= Kupffer cell
PIEMEROEASK EMEITILEREL,
Kupffer cell »*i&tk{b s h 2 LiF 2 EEF 22
& %R 7. %7 Sankari & Pekkanen® I3,
LPS %35 L /-5 v b THFOB™ILIEK H1H0
FTAZLERL, T/FFXV Va9 71lE
i} AHFREEICIE, EHEEIFEboTVRSZ L

%R L T3, —7%, Thornalley & Vasak?
i3, electron spin resonance # B> T, MT
#%, superoxide dismutase & [EfgE», &3
wizZhil ki superoxide anion %X hydroxyl
radical ? scavenger TH 3 Z L ®#RL /-,
UELNERL TNV a3y o8
ZH3 3 MT DOBREEZRDEIIELS. LY
FrFI vy a9 788212, EPLPSICE-
T, w7u77—Y%, Kupffer cell® &
IR ANEML S h, ENEESREL, B
#BL-MEARMERCITHE 2 MET S, L
L, FERIOERSNABGEEFIZE-T, BF
MERaRIC R an MT &%, EMEELRET
3LBbh3a. fiE-T, MT I3, £FpEO—
RieloTwasEILSNS,

& ]

1) LPSi2&3 MT D54 % Chang liver cell
DEERMVTRI LA Z0OKE, MT i
LPSEM T X xNT, LPS 2Nz 2~
7u77—VEELRE (7077 -V EF)
12k 5> TH#A, Chang liver cell HIZs5¥ &
hi %7, wr7u7 77—k Lighod
BiRE 1328 (FCS-MEM) LRIV ARLTH
27,

2) MTHXIIRIFTT~707 7—-YVRAFOB
BLZOERBNELERITL 2. ZOKER,
v7u77—-JVRAFOBEIFLIEHRD60%
DBRETHRLEVFAS B SN T, B
0BEMR I SRR 3EOREHFEL S
hi-.

3) MT ¥ 2R ITTHSR, dexamethasone
DREL ZDRBNELERF L. 208
R, w907 7-YVEAFIZES MT AED/Y
¥ — i3, WA+ LU dexamethasone D
EBR, SEHELDfht LR E2-oTWwE,
ZNZER, wru7r—YEFHIFMT FH
D BEHRFTHEZ L ERL TV,

n 3

WMEMZ 5B, #ERDL5, HEY, A
PI%ERBY & L 2FIWAZELLREL - BREERED
MRZERBIICRMBL £ ¥, /2, FAAEED
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Induction of metallothionein synthesis in cultured cells by
endotoxin activated macrophages
Tooru TAKAHASHI
Department of Anesthesiology and Resuscitology, Okayama University Medical School

(Director : Prof. F. Kosaka)

In order to elucidate the mechanism of metallothionein (MT) induction by bacterial
endotoxin during acute phase alteration, I investigated direct and indirect inducers of MT
by measuring the induced uptake of [**S] cysteine into cultured cells. Although zinc or
dexamethasone induce MT directly when added to the culture medium of human hepatic
(Chang) cells, endotoxin added to the culture medium was found to be ineffective in inducing
MT synthesis. Since MT was induced during acute phase alteration, I focussed on the role
of macrophages. I found that the conditional medium from endotoxin-activated macro-
phages (“M@+LPS”) induced MT synthesis in Chang cells, while the incubation medium
of nonactivated macrophages did not. Primary induction by zinc, copper or cadmium in
“M¢é+LPS” was denied, because the concentrations of these metals in ‘“M¢+LPS" were
almost the same as in the control medium. To clarify the details of the process of MT
induction, the kinetics of MT synthesis by “M¢+LPS” in Chang cells were studied and
compared with the kinetics of MT synthesis by zinc and dexamethasone in Chang cells.
“M¢+LPS” induces MT synthesis, proportionally to the concentration of “M¢+LPS”,
whereas zinc and dexamethasone induce MT sigmoidally and biphasically, respectively. On
the other hand, the time course of MT induction by “M¢+LPS" is similar to that by zinc,
but different from that by dexamethasone. I conclude that: 1. Macrophages activated by
endotoxin release a new factor which induces MT synthesis in human hepatic cells. 2. The
new factor is different from dexamethasone and zinc.



