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A

AFZOAFFRA 2 MDD IIESBIEESSY > /X7 E & U TI957T4 1T Margoshes & Vallee
Eo TRAEINEZD, MTIZZOBRT X/ BOKIBE S ATA OREDTHED,
ZDIATA VRENETSHOREBTEET DI ENCELBREREEDBIITY
AWAANDDVEERELTNVS, MTO I PHIVAHAR PRRIZFEEICELS, MT&
FCSHE %A THGSHD10-100fETH B LWMEINTNSE @, £, MTIICd, Zn,
CoEDELBOEMBABROS)ZEAT HLFYEORETHEIND ZENHS
NTNBO, ZOXSRFENSEEIL. ) MT2EAKEHRTFEMBDOTTESRE
LOEE - BECTY—IVHNERITEETIHME, BLK, 2) HzaMTHEA
ERZTHELICMTHERFEZEAL LS L TB%E. LD THAN S OBFEMN
TN TEEZ, MTBEEFIIONWTII ZnlCET2ETNRDEATR Y., MTERE
FO_EFIC Zn JBEBELF], MRE (metal responsive element) INEET 5 Z EAREN TN
5@, £, npEICHEE T 5EERT. MTF (MRE-binding transcriptional factor)-1%
FZEINTNn3O, MTF-1ODNARETERIZZnlc K VEEERLING, 2dhD
ZoflIC & O MTF-1IEBT T 5D ENHSNICEINTR Y. ZnOMTHERFIL
STV TORANREE /R > TS, —H,. MTIZZoPSNCbEL Y1 M1 >
I ZNaaNFaA RRLFF RS DFEEIND, ZOMITBTIR
MR (LPS) #2570 & OERBRETEAFIEER: 03 19 - FHAFH 05 . [FEE 61D .
g A3 19« R A ML R 202D 72 XA QFRIBTHHBIND (Table 1) MTITEL
DEGETHFEINSD LEDBIRBEEEYD SBECH EHIES L TLESEPRIC
BENRBDOENDZENSE, MIBEFNTINE TRALSN TWRNERERKE %
7o LT B RIS 2 5B, . 199341 Michalskads & (XChoo @), 1904
IZMasters 5CIZ L > TMTRBT T AR TERINZ, INEITRITER
WZHRE - EHET % DD Michalskads K IXChooAWESR U 7= MTRIE < X D—ERIZId4k
EEMCEENRRDOND EHREINTNSE®, Zo®EB X, EMEENTBIT
SMTOEEMRZRBL T35,

MTIZMIRE S > /X7 B TH D ME CESBH ARSI US DA AN Dk
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EREL TERBHEICED TWA T EARINTERL, 19824 CBanerjee 525
& Danielson5 92 & o THR W TMTOR BELEEN#]E SN, BETIEMTE
FIEBFE OB RES. RAOEBTREEZN L TMIPBRENICRAGERENT
B & BHEE DD RBI CHNICEE L MTASKA OBBELET SR L
BHRNICRBEIND LETIRECONREINTNS, BRIZBITS MTORE &L T
ROS/M 5 ODNARBRE—ICBIT5NS. LML, BEOKRH - M DAMTOR
RENED SN T ENSEAMTADNARELSNIC DR - HRFENREEHZR
LUTWBHEEENE LGNS, ZOLIBRRNT. WS DDOHET N—ThE

MTRERE R F O DNAESIEE 2 BT % LHE SN MTOBEFRE RS RENIZE
TN, MTIC & > THEEBH 22T REERTELTCE. D Zn T4 2 H—%
5580 Spl. TFIIA, LA a2 L7y —%), BLXU2) L Ry Zfl#E%
2175 bDONF-xB)D2ENH D, MTODNARESTEHEMIER 2 RTEBRRIIEBIC
WED & A ZE AW invitro ¥ 27N B/DNA #E7 v A (electrophoretic
mobility shift assay; EMSA) REER TSRS E L R—F —BEFICEKELET IR
SREMALELVR—FI—T oA RERCEEES>TNS, DED, ERICEEN
TMTBEFREFAH 2T > TNB L NIRRT NWELZIZESN TR, LML

Table 1 Summary of MT-inducing agents and conditions

Chemicals
Heavy metals Cd, Zn, Cu, Hg efc.
Oxidative stress t-butylhydroperoxide, paraquat efc.
Anticancer agents cisplatin, doxorubicin efc.
Hormone glucocorticoid, leptin
Cytokines interleukin (IL)-1, IL-6
tumor necrosis factor (TNF)-a
interferon
Conditions Postulated mediator
Acute phase IL-6
Hepatic development glucocorticoid
Hepatic regeneration IL-6
Restraint glucocorticoid




RS, BEE TRMTIOKBENRD 5N TH3RICIIFEAER G530, XY
FEFHCDBHD, ZNSIRNIONOBEETFREAVBNICEGHL TS EEZ SN
BHRHTH D, Lt TERIERN TMTNEETRERGICED > TS AEE
HEE+2EZLE5NS,

AHFETRMIREYT ZZ2FHL. MTOBETFREFASGIEAN in vivo THREX
NBILERLE. 5T BEFRERAHZN L =MTOEEFEERICOWTHR
RDHDHRE/EDOTI IR ELTELDE, BB, HAETIE MTEL T4
DOAFE MTL I, 01, IV) R/ O0—-=273hTn36 38 39, chs05b
MTL. DA, BB, WEE. ERREBSBIOKEII D &7 2 £AENEERIC
I BEHETHIEESFETH D, MMONTFRE, bbb, MT-IIIKBLOENLT,
MTIVIZER KB O LR THERENRBRLTVWS, INSSTFEDSE, &
R TIIMTL, ODEuRELE,



Z S
B—E AYOFARA CREICEDRREHT 5BETORR

MTIZ & D BETREASER 2T 5REMERENTHW2EEREFIE, Zn 7
A4 H—%FTSBSpl, TFIIA, LA OF L7y —, BLVL Ry 7 X%
ZFANF-kBREEZIEICHES, LMALABNS, ZNSEERTFOENELGTFO
ROETEERELLAIETRL, BWORAEL ) ToRFBITOITHAEN., £k,
EfRZnT 4 D —2E T HEERTFOEEE MTAERNIT 2 EOHEITTRTMTZ
ZnF L —F — L U THEENEHETHERAI T TNIZBEY, MTOEENTORKEE
ERBRLTWEINERTH D, T TMIBELBETFREALHAG T 50D LK
BTHBEELZ, MTY U NI BELNIIVDBINIC LR T SHEFFBICY —F v b
EROMIRBIRKORRELES T H2BETERR L2,

= B EDifferential Displayi:ic & 2 BEFORR

Pk, REBCEOHDIEBLRTAIV—Z T IBFHRELTITI NS ar
% Differential Display (DD) iJEAVH WS NTER @0 4D, Zn S DFEBIIENEFE
TEBHBINTT NI a VERERTHIRNTEZMEEL TWIRE. #FMicEs
ESZBITIEARAMETH D, —F. DDEIEIBHREEZESA DI ENAETH BN
BEFHROSEBREEETI I EARARTHDIRE, BXORFABERIN TN
3, DHETEEBGCTFHIRNTEZEEL.,. BB OBMAEEEZDHEEZX DI &M

6T BRARDDED & R 7 1) —= > FEICRA Lz,

B—H EZBRMEBIUERGHE

KEREY



MTL EEFRETT ABIRZEOHBT T X (129/Sv< X)idJackson Laboratory
(Bar Harber, ME, USA) M5BAL. Z7O0—XRa0-—:LUTHT - #RFL %,
BIX120R Z L ITHMENEI 0 Bh 523 24°CICR =N BHATENTIT W, ERE)
VIR EBERENCE-2; HAZ LY, KR EKIZEHBICEBRI B, BT Z3LEEHE
RIDETHERTAIREF T —PTHE - KLk, SURIZIHAERZOHERE
EELE.

% B B Differntial Displayik

k B EIDifferential Display (DD) i:idKohroki & DS EICHEL TIT-724D, BT, #
YEREIRICEE T . THROBFEARMBIUMTRIBEY T AN SHIH U /& total RNA %2731
=dT7 5 4 < —(TEP; 5-GCG AGT CGA CCG TTT TTT TTT TTT TTVN-3") % B\ T
BE L. 288 DNAZER L TSau3AITREZHE L. TOXD T LU THRIEEAIRR?2
EDF Y IXY LFF B(5-CGG GTA AGG GGT CGA CAT GAG TGT-3, 5'-GAT CAC
ACT CAT GT-3)N6 BT Y T5— 2B Uiz, 75 745 —EkDNAKH 23 filic
EED 2 EEEMMU & FITC % TEP &7 ¥ 74 —7 51 Y —(AEP; 5-GTC GAC
ATG AGT GTG TGA TCNN-3') & TPCRZ1T\, F DA MBS 2R 25D
cDNAWTH DA ZHIBL 2., PCRIGVERWEBERET 7 UNT I BRIV THEE
FluorImager™(Molecular Dynamics, Sannyvale, CA, USA) TR HH L 7=,

Y7 ra—= 7 LEE

NV REZNMSE)0 H UEEIEE pBluescript T IZ70—227 L. EFIZRE
U7z, BLAST/ O/ 5 AZFH L. GeneBank/EMBL/DDBJF—% X— Z & O FH
EBRERLZ,

Northern blot f&#7

3, 7, 2LH@ B X USEB OB AEB X UOMTRIBY I AN SHIH U7z total RNA %
10%FRINVAT IV TE REF1.0%7 HO—ZX 5 )V TELKIKEEG. FA O A TS5
(Hybond-XL; Amersham Pharmacia Bioteck AB, Uppsala, Sweden)iZ k5 > A7 7 —L /=,

5.



7 0—=>% L7-DD¥i Fr % [0-32P]dCTP (111TBg/mmol; Amersham Pharmacia Bioteck)
PRAVWTERL, JO—TJEULTHEALEZ, AEEEELTYT X 18S RNA Z/K
HL. 7O—7& L T165bpHr 5203bpE TOMHEEEH W=,

BH EBRERBIUEEZR

MTIRIEI T A EZDORBIY T ADOTHRIFB TRRICEDH 2 BEFEHRE DD
EREOBRRLUMER. MT REBICKODREBELE TS 5 MO O— 2257 (Fig. 1.
FEBRTHWEMIREBY Y ADEERMMI, EEFIIZKREIRZ2I-KRT3
EFINBAINTNS, KEEDDETHWERIEER (Sau3Al) ORBELFI D3 K
BICHEARFIN S HERR MTI 1L, Hig LFER MTI BRTHEHRO/N RERR
A4 XDONY RELTRIEEND, BRERE ML (388 AB S HFREER B HRECS
DS KI/ANZH 0, ZEBRTIEE—HA1 XDODN RELTRHINSE ZENTRS
Nz, /00— OEERFIZREL T —FIN—ARBEINTNIEETFEOR
EODRRBETOEER, N2 RIBUABIUBIZTIZTH., ZEREMTIBLUEH
A RIMT1E99% DF R ERD 53177 (Table 2), EiRED 2D\ RWMBLNZ T

13247
— <1348 @@

< 1413A

| < 34447 ' € 4324A

e

TEP(VN) AG AC GC CG
AEP (N1N2) TC AG cc TC

Fig. 1. Electrophoretic gel display of improved DD. Adapter-ligated 3'-end
cDNA fragments were synthesized from 10 pg of total RNA isolated from wild
type (W) and MT-null (K) mice, and the fragments were subjected to DD-PCR.
PCR products were separated by PAGE and visualized by Fluorimager™.
Variable bases of TEP and AEP are indicated at the bottom of each lane.

-6~



L&D, FERRORUBENVHERINZ, MTF O XI7ELV)VIZ3HE, TRHBRE
BIZELANNTHD, TOBRRLICEASL, 21 HEBTHRRED 1/5-1/10, 8BET
1/10-120i2fE 5 5%, DDIEIZ7THE DY T X & AWNWTIT > 24%, Northern blotiEIZ
KO INOHEBOENERZED TERAD T2 EREZED T Fig. 2). T/aH5E, MT
REABNEVRHIIIMTREBOZENRSAND ENWSEREEE.

Table 2 Summary of clones identified by improved DD in MT-null mice

Change of

gene Accession
Clone expressiond Homology No.
1324A T metallothionein-1 (323/345: 94%)P V00835
1324B { metallothionein-I (323/324: 99%) V00835
1413A T transketolase (121/124: 97%) U90889
3444A T vanin-3 (183/183: 100%) AJ132103
4324A ! contrapsin (245/247: 99%) . X55147

@ Up arrows indicate gene expression up-regulated in MT-null mice compared
with wild-type mice; down arrows indicate gene expression down-reguiated in

MT-null mice compared with wild-type mice.

b The sequence of 1324A closely corresponds to that of MT-I mutant (343/345:
99%) oligonucleotide inserts (5'-CCG GAT AGG TAC CAA TTA T-3') encoding

in-frame stop codons.

MTRBIZEK O T FNBRENRERT BN R, 1413A, 3444A3 2N TN,
transketolase, vanin-3&-95%L2L L DMFENERD 57 (Table 2), Transketolaseid X >
N2V VEBREEBRTOBRO—DTH D, FRERIIR N—AE2EART S
LEBHITHIEANTETH E U TERT SNADPHZBATHRETHH D, Vanin-3i3
ZTNEHROBEEITRHETH DA, 20006, HUT7 7 I U—0 vanin-1993> M5 2B
UYLV, YATT I EEBRT S pantetheinase ThH 3 LG I Nz GY,
Vanin-3 [ vanin-1 @ GPI (FUIINERAT 7 FII)IA )T b=V 7 2 H—HEER
RETHD. 72 —BEUNOFEBOE Fidvanin-1 - MFEAE NG 46, Z Dk
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S B HEERREEY 5. vanin-3/dvanin-1 & [F#R D pantetheinase{E 2 H L T3 EE X
5%, Pantetheinasell K D EBRIND T AT 7 2 > b NADPHFEER, HiER{LIEA
EHETBRFTHD. DED, MTEWS FiBLRF ORI K D HilRLIEH IC B E
LizBHSRTHBNADPHEE L VAT T 2 VERMNTLEL TWA AR R E Nz,
INE2EEFORELMIIMIREBICHT 2REBBLESND, JBF - FEFD
MTHEEFICB L TIIAAENEE A EEA TR, E—DRRIZ 1986 4 DQuaife
5DMETH B, K513 1) BAEEIND metyrapone HBEIC X D Ifid )3 3)VF
I4 RNV 2R T TUIBF O MT mRNA LN)VAME TR 922 & 2) Z)baa
WF A RBEEFI 2 RELIEMTOE—F —OEEESBFHICED NN
ENS, BBIF - FIEFMIBEDO AT T—F—07)V23)yF 31 R THSFREHE
ERLTNS, —F, FAFHFBMIFEORBRCETIARIEETHD. £HO
BRNSEZS5ND, MTREBITHT 5 REEEOEEIIH EFFR MG LR
FELUTHERAL TR Z L ZRRTHEDTOHTH 5.

3D 7D 21D 8W
W K W K W K W K

Fig. 2. Northern hybridization
of MT-regulated genes during
development. Total RNAs were
isolated from gestational 3, 7,
21 days and 8 weeks of age in
wild type (W) and MT-null (K)
mice. Clones corresponding to
bands 1413A, 3444A and
4324A were used as probes
for transketolase, vanin-3, and
contrapsin, respectively.

1413A |
3444A f

4324A

18S rRNA

MTRIBIZEK D 7 FIVRENEDTS/)N R4324A30ELY > 70577 —EA1
> £ E# —®Dcontrapsin&99% DFHEE R 537z, ContrapsintIMT[E KR, =HEHIC
FEIND, Contrapsin B FD LFEFININEEREINTRSE T, EORBER
RFICLORAFH N TNI2ONEOEBRAARRL TS, MIREBIZED
contrapsinDRIENE T T 5 Z ENOMTIC L B EEFEELEEOEENTFEINS,
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BE NME

FETR, FEFHCMIREBICKVREEHTIRETFERNWE L. AHEN
B OMEMEL )L TMTRIBICK D RBELE T 2 BETER LD TOHTH 5.
MTidk F 2 I CH R BEEY D SBECHENICES X TESEFERROLNS T
EMSEMBENIHEDI ONIBETHBEEZOSNTWZR, TOREFRER
TANEEICRE - BT 5 EHEINLE® 2D, Zo@Ee2T. £ OMFEET
FASDOREFEBCIOMIRBICLIBEN L AFa—E3NTWBEER T, HIX
¥, Cu/Zn-superoxide dismutase (SOD) RIE 7 A1 MTEL I OFENTLEL T B,
NI Cu/Zn-SODRIBIZ K HHIBILEESI DIET 2 MTAEi > T3 D L Bb 5,
UL LUZds, MIREIY U ZAMMER SN THERDOREICE > TH, MTREBONRE
BEBOGFEIIRINEN -7, FETHRELEZMIRBICLVREE LA TS 28ER
Fid, LHITHBLERALEECH IBETTH ok, XRRZBYOREMEL X))
TMTRBIZ LK VRREETHEETERLELETICELEES T, MTREOAEE
BOBHEEZRBLIEGDTOHTH S,

EROBEFICMATMIRER L DRREINBATIRETFORE L, ZOEE
T34 > /37 & (acute phase protein; APP) D—D., contrapsin TH o7z, =t
bELFEFHREE. MTORRET R TS 2. MT BB LT APP BEFOR
RERGTI2LVIHERKORBRIISETERAMTH > LR MEHKIE  (acute  phase
reaction; APR) {8 ZMTOEA ZBHENITT D2FENND IR S EHFEINS,



BB AYOFFTRA & BEBERFMIF-1 0% R

BB TIEIMTRBIZK D BHRET I 3EETFE L TAPPTH ScontrapsinZ [FE L.
MTIC X B EETFREALERBOBFEEERB L, ContrapsiniB =T OFMIZIZ L A
EEATHEST, 7O0E—F —FHBOEFCEHEERHICEET 5EERTICETS
BRIIBETHD. LHLENS, ZLOBPEEETORRILERZEEEELOR
RTHD. FHEKOIMTI K Z2EERTFEECERCEDVRETH S HEEEZE
ZTHREEfT o7, MTZZokE &I DNV B TH B EEDRXITIHINVAIRL VHER
BELTWBIENE, MTIRE SEAFAS 22T 5BEERTFOBRBEELT 1) ZnT 4
SH—2ETEZHD, BLXU2) VR I AHHEZTZHDD 2 DRFET NS,
ZD3B L Ry AHZEZ T 2EERT TH D NF-BPLAP-172 Z13E OFE I
FIABLIREBOTIEIZ X DIENT S @®,  Contrapsin I MT RIBIZ K D RHIME TS
ZBETTHD. MIRBICE > THENBLCREBNTTEL THD EEX D5 LEER
FOFEEEBEFRALAND—BLARN, —F, InT 4 VH—&F 3585/ T
3Zn & DS > TERE LS. MTHAEIEEL THENZ2 BB ARTSHI &
IXEADEETH D 9, MTREBIR L 5MBEAZnZ DR THAMTIRBIZX 5B ETF
REOET 25 ERITELMMBEINDG, FETIE, MK 22N LzBETF
RGAGREBOFEEEZRIT ZL2ENEL .

i TORMNFRIIUEBEICXBFBMIF-1ODNAESENE LR, BLUAGPH
HEEAOMTOEE &

HEMES X CHHOEEL RNV TESBHERORERTF LU TREL TICH
HINTVWSHDIE. MTF-1(ELEIENE; WAEWICHEDR). Acel (CulbEH:; B R
ICHRH) 60, BLUZapl ZninE; BERICRER) OV O3B TH . WABMITBNT
BEFMERINTVEHDIEIMIF-10#TH S, 72/ZL. & FMTF-1IZIE1Y X /B
BERENEEL. FNENMTIF-1 (J&MTF-1a), ZRF (zinc regulatory factor; 3] MTF-

-10-



1) EMFEN TS 2, £, MTHBEICEEL THIRENZENERT 3 Z LB
DEETH B0, BE—FT, APPD contrapsin & MTRIBICK D REET I 58 E
FELUTHARELEZDT, MTBEREE LU TAPREZER TS T R AP 2A
W, MTHEORFE Z 2N ZaB OB MAMTF-10{E (L2 U TERTFRE %2
T BAIREE R RA L .

B—E ERMEBIUERSE

B ER

MTL, IEETRETT A (B E13129/Sv) 13Jackson Laboratory, C57BL/6] X
JARBEZ LT (KR DSEALRE. MT RIETD A ECSTBLOIR Y A 23E L
THH72129/Sv x C5TBLI6) YU AFE L2 I SICRE L. TORBEFEERRICA W,
MTEREF O IEIMT-IEET 288 T 5 2D A L 7= DNAEL S % 2 €451 % PCR
WL VEEL (E> AT 54 < —; 5-CAC GAC TTC AAC GTC C-3', 7> FE AT
F A ¥—; 5§-CGG TCC CAA CTT GGT A-3"), ZOHEBEHOTA X2RUT 7 VI
7 RENVBKKBICE DWW T A LI DT, FAFIS 12K Z & ITBHMERN
WD D 228324 CITR=NBWFRETZENTITW, BERFEE (CE2) LXKIZERICE
RE®=,.

BEMBIUMTRET T Z (8-12i88:, M) I LPS (from Escherichia coli 026:B5;
Difco, Detroit, MI, USA) %1.0 mg/kg., BEMENIE Uz, #5224 HIRIC T —F )V FRER
T, FBEfME L7z, Total RNAZHIHT 3720 ICFBO—MEMEA L. R0 3%H
HRORBMEMTERICHA W2, MTBERIPCINE/OEL Y T4 =F 4 =T vt
A& DHEE LG,

BHHROTRBEB IO N7 T v i1

BRI Dalton 5 D HHEIHE > THRE L 2CY, FBIEIDTT (1 mM), PMSF (1
mM), O XTF> (1pgml), RTZAFF A1 pg/ml), 7 FI)8A 2 (0.3 pg/ml) 7
EF ok, FI3TRT vkl EMSA) ORAREE. HOEER (12 oM

~11-



HEPES, pH 7.9, 5 mM MgCl,, 60 mM KCI, 0.5 mM DTT) iZ 2 pg poly(dI-dC),
5-10 fmol 32PEEEMREsA 1) T X 7 L 4 F K (upper strand; 5'-GAT CCA GGG AGC TCT
GCA CAC GGC CCG AAA AGT A-3), #KHIHR (& >\ H 20 pg HEB)Z A
BHRATEE 20 pl EL T 2. KETI00DA > FaX— Mgk, ¥ /N7E-DNA
BEkE 6% FEHRUTZUNT I RIIVTERIKE (15V/em, 40 L5REL 7z,
FITERE, EHREAEEBAS system (7T 4 )Vh, EROICKOBRHELE, £,
BEAHEEBICIIZ R E MREs (mutMREs; upper strand; 5'-GAT CCA GGG AGC TAA TTA
CTC CGC CCG AAA AGT A-3) BEU Spl AU ITX 7 L AF K (upper strand; 5'-GAT
CCC GGC CCC GCC CAT CCC CGG CCC CGC CCA TCC A-3") 2Rz,

Northern blot #2#7
B, B—EICBLTTok, o -BEREY > NJE (AGP) D T7—T7&LTT
™7 ZAGP-1 cDNA®DA451bp/ 5613bpE TOEREMH L 7=

BH BRBIUEER

AEHOMTEENMTF-IERO LR 2259 2 RTEHRN TMIRERY A &2
AW TLPS# 58 O MTF-1ODNAFE S TEHE ZEMSAICK DRI L7z, AR U AR/
B SRR L KR E 2PEMMREs E 2IEATAZI LKV EONZBHED
INEWINY RIZ200fEOHE#R T O — T HH TIIHEE SN2, FEEH mutMREs B
LU Spl THEAINAEN-> = (Fig. 3C), EMSAIZBWT, JO—7&EELTH
25 NI B ERETDIIIFHRICEDIZ—/NN— T N REBEETHONE
BITHB, LHLaNS, BEDEI A MTF-I/MREsESEKEZA—/N—T7 RT3
MTE-15iEO&HEILRN, MRESIER T35 N7 B EL TidE—MIF-1234 541
WBHZ L, BERERONY KRAHMREICSBMICHES L TN EM5, Bt
DN RIEMTF-I/MRESERHN RTH B EE AT, BFERTT A TIILPSEE 24
R B2 ICMTHE E B K UMTF-10DNARE STE R DB INEED 5 17z (Fig. 3A,B), Z0
MTF-HEHLIILPSHE 5 I L DB ZInE BOHEMICE 20D TH B EEZA5ND

-12-



MTF-1IZE&BLSMCEE A L A THIEEILI NS 64 59, LPSEEIIFBZnE
EZWINT2—FTRILMA N X2EETEC0Z NS, BEARITITRDS
NTMTF-HEMALALPS B S IT K DEELRIA L ACER T A gEEdH 5, LML
BN S, MT REBX T A TIE LPS #5112 XK 5 MTF-HEMRELNERD 5 izd - 7z (Fig.
3A), LPS#EEICK OMTRIBY Y ZIZBHARTY ZFEE. &L <ITZNL EOBEEH
ARVARZREHEINDZDHDEEZ LGNS, LIZAHS>T, HFEBEITIATRO LN
MTF-1FEH#EIE. MTEEORERE L TEIMLZZIZEZ2H5DTH B EEA 5N,
RIT, BEHET TMTF-1XEDAPPOREENMIRBICK 5EEEZIT 2 L2
2T 5 = DMTF-137EL D APPD B % Northern blot j£IZ K D FiX7=, Contrapsin &%
FOBTIIIFZEAEEATE ST, TO0E—F —EEBOEFS contrapsin Bz T
KEETAHEERTICEAT BRIV, £I T, YOE—F —HEIZ MREEFIN
HB2MEHY NI BDOVOED, AGPOFEH & Northern blot i IZ K D FARz, ZDHE

A WT KO C X MREs
X mutMREs | 200%
x| Sp1 competitor
n. extracts
<« MTF-1
(0]
@
- 01
ge,
B -
o 30
2
o 201
g
£ 10
=
s O

0 24 0 24 (h)

Fig. 3. Effects of LPS on MTF-1 DNA-binding activity and MT level in wild type and MT-null
mice. WIid type (WT) and MT-null (KO) mice were administrated LPS (1.0 mg/kg, ip.). A,
Nuclear extracts from liver were prepared and analyzed by EMSA. Graph indictes the
quantification of MTF-1 DNA-binding band. B, Hepatic MT concentrations were measured by
109Cd/hemoglobin affinity assay. C, Competition of MTF-1 specific binding were performed by
200-fold molar excess of non-labeled oligonucleotides. These experiments were repeated 3
times independently, and similar results were obtained. The results of one representative
experiment are shown.
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Fig. 4. Effect of LPS on AGP mRNA level in wild type and MT-null mice. Wlid
type (WT) and MT-null (KO) mice were administrated LPS (1.0 mg/kg, i.p.). Total
RNAs were then isolated and analyzed by Northern blot analysis. A nucleotide
451-613 of the mouse AGP-1 cDNA sequence and a nucleotide 165-203 of
mouse 18S rRNA were used as mouse AGP and 18S rRNA probes, respectively.
Graph indictes the quantification of the AGP mRNA levels. Intensities of the AGP
mRNA signals were normalzed with those of 18S rRNA-derived signals. This
experiment was repeated 3 times independently, and similar results were
obtained. The results of one representative experiment are shown.

E, HER MIREIYVATERRBTORFIIFEL NNV THo7H, LPS#524
R EICBWTAGPRBRICENRD 5Nz (Fig. 4) » HEBRIT T A TIEILPSHEITX
D AGPRIENHII4FITHEIML 72A%, MTREY U A TR MEDEMITIBE RN 72,
FEETEEEHCBVWTIMIRBIZEVRRETT2BEFTHDICHEDS T,
BB TEHFEFHIIMIRBICL D RELZETIRETFEL TRES RN,
B—BTAZU—Z27%ke L TAWKEE DDi%EIIcDNAZ HIFRBER TR 2L
L TAEU B3 KW Z2PCRTHEIEL TRIHT 2. Lzdi> T, REE3 Rimflb
BB B A2 BETIIRERAETHZLNIREAEFL TN, RIETH
W5 HIFREBER II4EE B DSau3AITH 2 D THEH YA X 256 bp DU AET 4%,
AGPEETIX 24 bpD3' KifkiF 24EL 2, ZDRDICAGPHMTREBICKVELT
HEETFELTRESINAEN 72O TRARNWNEEZEZS5ND, AGPHEIILPSHIF
Kkoxro7y—PRMABRENSEEINZ IL-6ANHFEEMBRICERTS I L
KLV I B, Lz T, MIREIYY ZICBNTIL-6EAEPIL-OEEEMET U
P DICREIIIIMTRIBICK DAGPRENME T LZAREESE I 5N, LMALR
M5, Rofe5IIMTF-1XE TIZ7RWAPPO—D, 74 T ) —45 U REDLPSIHE
NEFAER, MTREITATENRD SNBM>EEBMEL TS O, Zhszh
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E93L, REHICED SNAIMTHEOKERE Z 5 BZrE B DB IHIMTE-1 DNA
HEAEEELRL. BETFREZERLISZEEZENS,

BE_H MREZNT 5L HR—F—BETFRENDILL-OEE

BE—HTIHRAEHOMTHEEICEE LU TMTF- 10 EE LI s REEE2RUE. L
DLRNS, LPSEZRBEEER2H T 52O REORF DB TII LPS OMTHE
DA DIERNMTIF-1IEHE 2B ERI L TWA AR EZEE TERWN, TIT. ¥
U AL RV TR MR L X)L TRIROBERDED 5NN ES DR L.

B—EH EBMBBIUERGE

U2 EF > e L6 (thIL-6; 5.2 x 10° U/mg) i8INSt L D 5N
2z,

MifasEE L BETEA

bt hMFERERE. HepG2 flifald 10% 7 RgJEIuiE (FBS; Filtron, Brooklyn, Australia)
EEY NNy aEEA — 7 )V (DMEM; HKEEE, ER) ITTHRE - &7 7,
BETEAIY CBANSULARCEDTo k., BETEAR, LREEEEL. €
D% thIL-6 (500U/ml) &FFHAF Y > (Dex; 1 uM) TSR U 72, MURLIAMEIE
EREL. BRERFONT T 25— EEEEII ) A—F— EG & G Berthold, Bed
Wildbad, Germany) THIE L7z, VI 7z 5—FERIIFY O NIEBTHELE. £
2. MEAMTEEIZI®CINETOES T T4 ZF 4 =T v M ICKDERL G,

TS5 A3 ROBE
BEFEAIZHNWS 7523 RliZ minimal SV40 FOF—F—3EEDORNT7 F—,
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PGV-P2 (REA >, HR) MOEELZ, MREXED LR —F —#EFiISv407 T
E—F —D LI MREd (X7 AMTI 7 & — 4 —D-160bp» 5-128bp X TOEIR) B
FE4OE—EETHILIRK VB TRTOTITRAI RIIEEIENERL., &
bty AEENERNECKOEHM L,

BH BRBIUVER

BHPMTAEO BRI AT 4 T—F —THBIL-6 19 BMTF-EELE B ST
Z & %PGV-P2 MREM4 DO—@HEREREZRNTHITL . KB TMREEFIELUTH
Wz MREd 13X A MTI 7O0E—F —@ 8, ZAOZbEEEZRY LFHlINT
WAMRERFITH 5@, £/, PGV-P2 MREM4 7' Zn [GEMERT Z EITHRBETH
%, IL-6M24RRNEICE OMTS 27 BITH1ABICHEEI N Fig. 5C) . SV40
TOE—F—DHEERELZLR—F—TFZAIF PGV-P2) DOEMHEI IL-6 1TX 5
B2 Z T 2h% PGV-P2 MREM 1T IL-6 12 & - TRREDOEE LB D SN
(Fig. 5B). FHOKFICI D, SEH MTFEOBRKRKRAT L T—F—TH2 IL-6
DOEBERICK D MREFEENSZE5INB I ENHEN LR, L6 7T
IZIdRas KR RE & IRIKFRRIE D 2R BNEFTET D, RastKFFRERE TIL IL-6 R ERas
K771 MAP kinase 1 27— RIZ K > TEERE FNF-IL62 U » B L2 2T TEENE
XN 5068, RasIEfkERRIE TIISTAT (signal transducers and activators of transcription)
3 A% JAK (Janus kinase) I K D ERY VB{L2Z T, REF M Y—2BHAL THEER
MR HETH I LRI VBEMNEEELEIN S ), ZOLSRIL-61EZICHK
ZREFORBE2FET 5, MTHEERIL-6DEEEELERO—DICHBET., &
DR DA TIIMTEE EMREFRLVEE L ZRFTH B LEEFWTINLZL, Ly
LERS, ZHOHERIIPRL EBMTF-EREPIL-62N L EBRSTH D Z LER
BL TS, £z, LPSIKKOMTF-12NEHRML I N, T OFEHRIEAMTIREBIZEDH
RTHLENIFHORRERET S L, B EHMTHEIMIF-1FERLZSIZRIL
T3 EBEZALNS,

-16-



PGV-P2
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Fig. 5. Effect of IL-6 on MRE-drived gene expression in
HepG2 cells. A, schematic representation of the reporter
plasmid. B, relative luciferase activities in HepG2 cells
transiently transfected with PGV-P2 or PGV-P2 MREd4 C,
MT concentrations in HepG2 cells. These cells were
treated with rhiL-6 (500 U/ml) plus Dex (1 pM). These
experiments were repeated 3 times independently, and
similar results were obtained. The results of one
representative experiment are shown. *Significantly
different from control group (p < 0.01).

B=E NE

REDOHERIIBEHOMTEENMTE-1IERELZ 5T I EEZREL TNWS, MT
FEICMAHEL THENZENERTZZE GO N5, MTHEEOKERFIERIIh
SHENZnEOEMAMTIF-1DEELEN L TEBEFREZAETSIENWSET IV
%% %2 - (Fig. 6) MTIEETFOFRHE LRICK D& BEHESEMT@oMT)NER I N5,
Z DapoMTIZ 72725 IR D Zn & #EET 5. Znld TN S+ HEE S N5 D TMT
BEIIHIEN Zn D EFZEFIEREZT., TOBRELTHEND Zn 7—)VANEML.,
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Fig. 6. Postulated mechanism of MT-mediated MTF-1 activation during acute-
phase reaction.

MTE- 103 E 5D, EWVWDIETFINTH D,
MTF-1136fE O E: Lz C2H2BIZn 7 4 > H—2FB L TR, ZDEELN DNAKE
A THDZENREINTNBEOD, ZDZn T4 > H—DDH N REHD 4 DDZn

Table 3 Comparison of the MRE in the promoters of the MTF-1 targeting genes

Gene MRE sequence and location
MRE core sequence TGCRCN
MT-I (mouse) -174 CTGTGCACACTG -163

-149 CTCTGCACTCCG -138
-131 AAGTGCGCTCGG -120
-56 GTTTGCACCCAG -67

-54 CTTTGCGCCCGG -43

Zn transporter-1 (mouse) -103 GTCTGCAAAGGA -92

-122 GAGTGCAAAGCA -111
v¥glutamylcysteine synthetase (human) _132 CCTTGCACACGC -127
Cu/Zn-SOD (rat) -277 CCAGGCGCGCAC -267
AGP-1 (mouse) -592 CTGTGCACAGAC -581

-149 AGCTGCACAAAG -138
C-reactive protein (mouse) -210 TTTTGCTTCCCT -199
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T4 H—I3BEE D DNAKEICEE L. CREHD 20D Zn 74 > H—MWNZnic X
HEMEHEICED TNWBEEXENTNS 6L, Fi=. Hilid 5 WIIEMOME
LX)V TMTF-1 2{EHE LT 2RI E L TRESBLBLENA NV X H,0,. -
butylhydroquinone) 231 5 1Tz 6459, —F, MT B FHRE LFH MTF-1 21§
LT3 2 LR BT BARITAE TR L LS Palmiter DBENDH S5 6,
BNAR Y —EiEME BHK #ifIC MEI BEFRERZ¥—& MRE 27 0E—
I —ERICEFZLZLR—F—TSAI REBRERBL. SEEBED ZnFETT
® MRE &2 FE L7z, BHIFO Zn BEN 10 pM &0V EFREETICBITD
MRE EHIZY FO— VB TRAERED 1% KETHBDITH L. MTI FERME
TR 10% THoEWMEL TS, MTF-1 XEBEETFICIE MT DA REEOEET
M S (Table 3), ZnZHIREMMN SANEAHT kT > AR —F —T&H SZn transporter-
169, MERL Ry 7 AREBEOMIFIZEED S y-glutamylcysteine synthetase© & Cu/Zn-
SOD 6, APP T3 % AGP & C-reactiveprotein 6V TdH 5, 1) MTAAaHHlIcEE I N
52 &, 2) MTF-1'APPOREBZAH L TNWB Z &, 3) HAEFHICMTRIESD Zn I
KDREE LF TS APP, contrapsin DFEBRZE T I3 I LA ENS MTHHDRERSI
ERZ INSHIAN Zn BOEMN MTF-1FERL 2N U TBEFRREZAET I &0
SEFINORLYENS NNZ B, £z, MIF-1ONREHICBERLEIND I 2R
L2 &ickD, MIF-INESBB LUV A ML ABHHI AT LAIZBED ST
TRLRERBICHEETHAEEERLEZDDEEX S,
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FE=E A OFFRA VKD BEETFREFEL 2 U 72 BB RS
—BEFRET IV ERWRR -

MTAEMEIC, B CHESNTHBRZnEZEBNT 2 I EdEHE NS5
Tz, LMLERNEZOEEMERICEL T, 1) Zn2fFRICER L ZnBERRR &
KZnZ BT 2720 2) RERIGIEIBIEA L RAICHHT 207 EOHRIRE
SNTEEN, WINBRFOFEH TR, ZOFEKOMEIL. 19964 DRofe
S5I2EBbDNHE—TH 507, #H5i1d TMIREBIZK D EAEMOBERMELITHT
DZHRISEENME T T 2] EHEL TR0, BEREICHED 2 ZnBERA D Zoftiz DR EN
COBRZOFEERTIIEWNEEZE L2, MTOZnBER DIE S 2B 5 mIREMEILLART
MSIEFHINTH Y, aldorase = carbonic anhydrase &M AD MT DELFIER DY in vitro
ERRATHARNSNTNBEO®, —F, APPIIMSNDOB TRERGEHAETTSLEE X
5NTN3, LNLARNS, TOBBNHBITIREINTNBRHIIDE<, YTRIZ
PBWTIZIAGPIZEE 515, AGPIZY T LARMEEBGICH L CHERICERT2® &

KAEFRAETNICBNTERBFEERZH> T30 Z EAVREINTN S,
LPS & D-H 57 MY (GalN) OEFRREIFEOR /70— A 2HEL. EEZ

E T D R e
LPS—P» Kupffer cell
| Sinusoids '

TNF-o
Transmigration

PMN
-’\ ‘ -l‘ . Endothelial cell .

Fig. 7. Postulated mechanism of LPS/GalN-induced liver injury and
lethality.

Hepatocyte
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FRIZES LD ZREFRETINTH 2D Fig. 7)o TOBD AT 4 T—F —iITNF-a
EINTVWBTD, LPSHIEICE D 7 v /Nl &, /07y —DRMEN 5K
H S NZTNF-o [3FFROEZEMICER LT R b— X251 ER T, ZoT7 R
M= 2ANB &S &0, FHER (polymorphonuclear leukocytes: PMN) 233 XV 1 K
NEHBANEBET 509, PMNIZROSZHH LIFBEEE TS, AGPIZZDET
VEBWTTR =P XEMHTHILICLD, BREI BRI O0—YAEHT
ERFSNTNS, LER>T, AGPERODOETIE. LPS/GaNEEBFEH K U
ERZHEIIET LI ENTHINDG, RETIE. MTRBIZKZ2ZInEEBOELND
b TAPPEGFREADETNERICKITTEELRHNL .

B—H LPS/GaNEREBIFEIERNDInDHE

MTHEIZL D AGPEBR L NP ERETAEEROVEDEEZ SNDFIBZaE DE
IOASLPS/GaINEEB A 2B L D BN EIDRF L=, '

B—EH ZEBRMEBIUERGE

BER

EBRFYIIE—E, E-HICECE,

C57BL/6I D A (8-10iE k&R, #EE) I2Zn (20 mg/kg, s.c.) &5 L. ZDO3EFEEIZ LPS
(5 ug/kg) &GalN (700 mg/kg; Sigma, St. Louis, MO, USA) ZEREN#KE Uiz, HEERE
LPS/GalN#: 5245t £ THE L =,

BT T
A FE#R [ IKaplan-Meieri% (Product-limiti%) 125 0 BEAERZEH L, logrankT X
WWE-oTEEEREEF >, p<0.05 2t ENERE LT,
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