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Metal and metallothionein levels in the livers of LEC rats and human hepatocellular carcinoma

: acceleration of cellular oxidative stress
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Long-Evans rats with cinnamon coat color (LEC rats) develop spontaneous hepatic injury assosiat-
ed with unusual accumulation of copper (Cu) in their livers, followed by the finding copper-metalloth-
ionein (Cu-MT). We have repoted that the reaction of the Cu-MT and hydrogen peroxide form
hydroxyl radicals (+OH) and that this reaction may cause the hepatic injury in LEC rat livers.
Likewise, Ebara et al. have reported that copper is accumulated in human livers with hepatocellular
carcinoma (HCC). Thus, we measured hepatic metal and MT levels, incidence of metal species found
in MT and oxidative stress to compared the parameters in the livers of LEC rats and human with
HCC. Cu and MT levels in the livers of LEC rats were increased age-dependently, and Zinc (Zn) lev-
els were increased at 32 weeks. Cu levels in human livers were increased with the development or the

progression of HCC, in contrast, Zn levels were significantly decreased. MT levels in human livers
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were decreased with the development of HCC, and then increased at the progression of HCC. The
chemical forms of MT, that separated from LEC rat livers, were Cu-MT. And that from normal human
livers were entirely Zn-MT, but those were changed from Zn-MT to Cu-MT via Cu, Zn-MT with the
development and progress of HCC. Likewise, hepatocellular oxidative stress in terms of thiobarbituric
acid assay or 8-hydroxy-2’-deoxyguanosine, which might be associated with the accumulation of Cu-
MT, were increased in both livers of LEC rats and human. On the basis of present results, we conclud-
ed that the development and/or progression of HCC might be understood with the advance of oxida-

tive stress associated with the accumulation of hepatic Cu and Cu-MT.

Long-Evans Cinnamon (LEC) 7 v MIIFBICE (Cu) 2EFELHRL, WRIOHFEBICESL —~EDOR
BEAKRET LY, BRICERLZCuREBRHEES Y N2 HTHEAYUFF R4 Y (MT) L#
HLTwE?, MTE Y A7 4 VRECELSTREY6000DESTF 5 v /0 BTh Y, HEBLTEY
RICESHFEL TS, TOEBNEHL LTEERA A Y OBES L CEEEMERE, 5V Vv EHE
BARESNTEY, BehR M LADSOMBEERT & LTHBRHIShEY, L Lars, ke
BAFRIZCut S K EUMT (Cu-MT) BRILKRLERELCe FRE v Vs Vs v ((OH) kEE
THIERRML, LECS v MFEKTIRZ O -OHDELEDTFRBDOREIZECHES LTWA LREL
72V =%, b MEERBOBHES TS CuLAVAF LR LTV EFEERESATVEY, 22T,
LECT v MiFlB L e MIFHIRBF O CuB L ' Cu-MT 5 5 WIZER{ER A b L ZAICDWTHEBRE L,
E MFHIRBORIED 5 WITETOMERE 2 KA 7,

b;] &

1. FEGPOEES LUMT LANIOER

LECZ v MFHER, b PEFFESRS LU MRS OB & HELBE Eh£h025M ¥ 3
BEBPCHREY A~ ML FHEGTOLBIIFT YA - b 2BRIKILLE, 79774 MEEFRE
ETEE L7z MTIZHREY A — P& 100 T2, ELISAKTER L.
2. MT OILERREORET

TFVAHEBIUR NS TT 4 = EFEY R — b % 105000g T 1HEEE LS BER, Superose 12 %k &
LC50RDT7 I 27 a IZHBE Lz, BoNiT75 7 va ry2ETHRNEE, ELISABICTEREB IO
MT L~y ZhThEg L, MT OfLERE s HE L7,
3. BM{EMYZ b L ZOFHE

BALB A F L A1iZ TBAESB & U°8hydroxy-2'-deoxyguanosine (8-OHdG) & CTiifi L72. TBAZENE
B, HEEZMCTRERICERIRD SNz, Folch bDEHEY % B T2 o ME % MM L7215,
TBAZETTBARSE#E&E L7, S$-OHAGIMBE» OB E 7 = / — VIETHM#E, ELISAETCEEL/,

%8, ¢ MFHRBEOBMOETOREL U CHERZNSLEL By, S0 LB MRS S ho{bE,
BB RIRRE & 2 BT EMAEIT LTV B E R L7,
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# 2

1. FFEEBPOEES LTMT LANILOENRE

LECZ v MNP DO CubB LUMT LRI, BEEKENICHEEZICEML,, £72, Zn, FeB IV
Mn U-Ovid, 158G S THEELHEMIR O N2 o728%, 3288 TIIEEEICHEML (Fig. 1A),
—7%, & MFHETIE, CuLNVIGBORED L OEITICH LTHEML, Zn LAVIEEIZEEE IS
L7z (Fig. 1B)o Mn L NJVIZIEHHEMR & AR, WAL TEMLTEY, Fe L NIVIZEELERTE
WEAYE SN (data not shown)o MT L UVIZEORRERICEHZ IR LA, Z0HOFO#ST
R LTINS 2 A S h: (Fig 1B)o

DEXy, LEC7 v MiFiE & MFHREL OMT, ZOUVAVIZERIRONLZDHICCul VD
ER3BARLNI, LAL, MTRZn LRXVOBEIZIZRERENR SN,
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Fig.1 MT, Cu and Zn levels A) in the livers of LEC rats and B) at tumor (T) and juxta-tumor (J) por-

tion of human hepatocellular carcinoma against histological differentiation and those in normal livers (N).

*and ** : significant difference at the levels of *p< 001 and ** p<0.05, respectively.

2. FEBOMBMEEmIOSNVABIOT T S5T 4 — & MT LR

LEC7 v FB LUt MIHEBOMREE 25V AB70x b9 74 —2HCTMT 230 HEL,
MTESHIZEINIEBLANVEER L FYVABRY =78y - VR LEEZ S, MTOE—%
ECuNE—2H—HLTHEH, LECT v MFMT D{LEBREII CuMT ThHZ L #fFE L7 (data not

shown) o
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F#IZ, & MFESROMT OILFEREEZ S L2225, ¢ MEEFMEO MT OLEEEIZST L
FAERETIZB VT ZnMT Th o720 b MFHREEGKOMT I3 (Fig. 2) \RT & ) 12 24586 20
EF (83%) HCu-MTTH Y, 5%54EH (17%) ECu, ZnWEBEE L Cu, ZoMT Tholo &
BT L7 EH ORI Ze-MT R S e ot F72, MELERTIE 235 BT 1556 (65%) #%Cu,
Zn-MT T h, LT 6HER (26%) HCuMT, 2#EF (9%) HZn-MT Th o 720 FDHEITIIHT 55
B, BEBHOMT OIS BEZBITTA L, B, BRILITVTRLIBOETLEEIIIMTIZEEN
5 CultEoMmMs R 5h7: (data not shown)o

BEDZ EH 6, LECT v MFMT ORI CuMT TH Y, b TR B1F 5 MT DL
BIIHBEEROZIn L RXVOBL L Culb XVOBINZ LY, BORES X #1712 Zn-MT 5 5 Cu-
MTANEZBLT L EVHLNE R o7,
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Fig. 2 Incidence of metal species in MT found in the livers of normal human and tumor or juxta-

tumor portion of HCC.

3. BMEBIX b L XD#ES

H4ELECT v b 5B 5N 5 CuMT IBMILAEL KIEL, -OHREATZ I LEWMELLY,
L7235 T, SHEELNZE FFHIEEIC BT 5 Cu-MT 0BT BHBRICBILHA P L AZTLESET
WEDOTE VA LR Lo #2°C, TBARSH & U 8-OHAG DA E B& L L TELIA b L A% FE
fliL 7=

LEC 7 v bAF##8o TBARS i3 BEMEAMIZHINL TH Y (Fig 3A), BILWA b L 21 Cu® Cu-MT
OWIMER & —F L TWwWize —7, 8O0HIG L ANVIZ10EBCHEMEEZRL, LIRISEERTIZ 1088 &t
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REAPR LN R d» o7 (data not shown)e TP &IiF8OHAGHOBEKREICL D, 8-OHIGDARK &
BEDNPFHLTWLEEZ bR,

b PO TBARS BT IEE AR, FRLM, BHOBIIE L, BICI2BEMA L ADTLHE
MRS /e (Fig 3B)e 7z, TBARSLMEEF Cul XNV OMEE AL L 2MMERL, Culb UM
{&1F 1L iE TBARSHE I @B L, 12 Cud™ B L RV 7% % & TBARSHEIZ#A L7 (data not
shown)o —7, 8-OHIGEIZCu L XV DX Y BWEEHICE W THEMELR L7 (data not shown)o
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Fig. 3 Cellular oxidative stress evaluated by TBA assay in the livers of A) LEC rat and B) human
with or without HCC.
*and ** significant difference at the levels of * p <001 and *x p <005, respectively.

Z &=

LECT v Tk 4 VY ViFRETF (ATP7B) RIBIZLZMBECu L XV OEMABRETWD EEZX
bz, — IS, EFRNTECuU LY ZndE {, MTIREZZnICE ARG IhTwELEbR, 201t
#HRES InMTCThoESbNTV2", LAL, LECT v MFM#TIBR L CunEKICL Y, MT
VELFEAREN, TEFBELCOMT THEEEL SN2, —F, & MFHRMHEIZBIF2MT D
IEERBEOENMICOVWTIRUTOL I ICHERENL, HBZn L XUV OBAITL Y MT LRV T 5
o5, BOETLICCub VA LR L, MTPHFEERINDo Zn LAV ORI OBBILFRIC L b
ZONBEBORTICED TV T I VARBMET T2 LHEETLEELONS, Tbb, MHT
VTIVLRVOBETICED, TV7IVPBET L Evwbh5 Zn OBERIUIME Sh, M Zn L
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NUBRY L, RO Zn LAV BET T2 &£ 2 507, MT O{b#BEOZE(LE Cu/Zn O ZEAL
CEBEEZOND, 72, MT OEBOBEMMIE Zn L ) CuDFFHBWZ epmohTna”, Lz
HoT, CuBLUZnDEMNARE(LE BAEOENC X D ILEBEN Zo-MT 225 CaMT~NE L L2 &
HEIN,

RIZHBALWH A P L AIZDWT, LECT v M ClERKAFMIC, & bIFMIE CIZBIbIc X ) BRIE A
PUARTELTWAE I EFREEN, RLAIEINETICLECT v RSB S5 Cu-MT 1388
fEAFERKBL, -OHAEAET AL v BELTERY, ZORKIMEOMEESICL > THLHER,
CuMTIZBILWA P VAR TLET L EEZOND, TRODHAIE, & FIFHIETMT O bERB RN
CuMT~ZELT 2 L HICHILA P L AP TTHE L TS HOKRETH LTS, LirL, LECT v
MIFSOD LAWIEZ L L2V LY, v MFERBEATIET LW L) Ess WY, &
LA M VADTEIIZ TN O OEFOREN AN LETH L LELOND, T/, B MIBITS
BALEI A P L AL Cud OBRIZOWTIE, Cub B, Fel XVOEWEHTL D B\ 8-0HdG
VARVERRONZEHhS, MUBLMA L AZRETLEEZONSECuk FeTIECuDHEA LY
EENICKICHEEL S AL EZbN/, —7, TBARSE Cul )V EMBEMEEERL, Cu b NVt
KiIFIECu B & 1 TBARSRIZBBICHMT 2 Z LAVRIB &S Rz, LA L, Cud’E L VIZHTRE
T5ECuDHMIC L Y MASEIEL, TBARSERBRAI TR LEZ bR/,

DED#HREY, LECT v MFE - L e MFHREOMICEEBLMTOBRBICHRIR WD
P, ZBELTCuMTOBMEZNICL DL ) LEZONSBEMA PV ADTENR NIz, LAt
T, WHROREF 7213 #ETITECul CeMTOHEMICE DR HIBILMA P L 2O FESFEFEE L TWDH T
AR E iz,
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