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Iron and liver disease
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ABSTRACT
Free iron in the liver is believed to facilitate the formation of reactive oxygen species (ROS), including
hydroxyl radicals (¢OH), which cause oxidative damage of numerous cellular components such as lipids,
proteins, and nucleic acids, and also upregulate collagen synthesis. The ¢«OH radical is known to generate
promutagenic bases such as 8-hydroxy-2-deoxyguanosine (8-OHdG). In our studies in cases of chronic hepatitis
C, long-term iron reduction therapy reduced the activity of hepatitis, suppressed fibrosis, and prevented
hepatocarcinogenesis. In nonalcoholic steatohepatitis (NASH) livers, hepatic iron accumulation as well as
oxidative DNA damage significantly increased. Humoral factor(s) in the NASH serum may upregulate DMT1
expression in the small intestine. Iron reduction therapy for NASH patients has the potential to reduce
disease activity as well as hepatic oxidative damage. We found that an intronic single nucleotide
polymorphism (SNP) in the MUTYH gene was associated with increased risk for hepatitis C virus (HCV)-
induced hepatocellular carcinoma and MUTYH-null mice with iron-associated oxidative stress were
susceptible to development of liver tumors unless they were prevented by dietary anti-oxidants. These
findings may contribute to establish methods for preventing liver tumors.
(Accepted November 13, 2019)
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2. BRERFRIRICE B C BT REFE &L FREMHFHR

C & MERT 25 B3 O AR NI XA RIICEE L
TWDZ LR, HEL<PLMOLNTWD, BREFEIED A
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T LD, 16 %K 6 FIAEREIC, 2658
ALTfESOTUN LA FICTIR T L7z, 1 L% IE, 1ig
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DMT ; divalent metal transporter 1, IRP; iron regulatory protein, IRE; iron responsive element, FPN; ferroportin

ZEDHBEINTWS Z L n, RSN RS E 5
T THB FPN & DMTI1 @ mRNA 72 5 N E AR E
ZHI7E L7z, DMT1 mRNA iZ control #f & Z &8 72
o723, FPN mRNA & C BUEPERTF 25 838 THRIAN
JLEL TWic, FERICH =D FPN O g et T
S FPN OFBILEDRED Lz, 2% 0, +ZfEHE
FZHIBE T hepeidin 23 FPN & H O A 72 59, mRNA
VUL TRBLZRET L TW DRI RR S, #
Z T Caco-2/TC7 #ifd % transwell N CEHIREE
L2 LICE VIR EREOET VL 2D BB A F R
L, ~TYYURFPN & DMTI 125 % 5 8% Rk
L 7z. Caco-2 cell monolayers T (£ DMT1 mRNA
HHEIINT VUV ORBIZE DB ERD Do T
23, FPN mRNA RBLE I~ T ¥V BERGFEC
FREDIME SN TWz, BLEas, CHC EFEICRIT
LEEFIOJRK & U THRE D b OSKIRINTLED B E L
TEY, ZOEFL L TMES~NT TV URTICES
+ZHE R T O FPN R EUEHRA K TH 2 Z & &
AL 7210,

i C BV R EE B L TNnE—FT, JE
TV a— ERRIERT SR (NAFLD) S 258 L
T2, NAFLD iZAZ R Y v 7 v > K u—ADR
ETHY, BRFIL20~30% L HEF =4, ERHOHE
me & bicz TETWD, JET V3 — LIERRIRT 2
(NASH) X NAFLD O0EEMTH S, A& LTI,
AR ~DRERATLFE S Z A Z & THRIAITF 3 3SHE L,
BILA DL AZRIEERIFT T ) —F VNV EOERD
JFF i [ S5 BE IR A3 4o 5 Z & C NASH 23 FE - i@
L T\ < &9 % multiple-parallel hit hypothesis 2%
IR KEFEN TS, Hit ® 1 D& L CHNEEZERED

HEIN, FROBERERS T ROS D4R ZREL,
NASH 2B 1T 2L A M L AEIMORRF & L THEE
INTWD, — AT b EE ORFNERERE N
NAFLD BE TRDLND ETHREITZ VD, ZD
JRESCHERPER TR REHD L ZATHoT. 4

2 T UX NAFLD &3 o 5500 BT 8RR I F A3 A=
CLTWasZ xRl 61220 L L Tiron
regulatory protein (IRP) &MEA(kIC L5 DMTI1 FE
RN ZO—KRTHDZ E2HL L2, DMTI

mRNA /%3~ JEFIFRAEIKIC iron responsive element
(IRE) ZfbH, $RZARETIEHEMEL 2 IRP 23
IRE IZfEET 5 Z &I XY DMTI1 OFEHERE L ~)L
TIEE SN, SRINTTER 2L 3N D, IRP T
IRP1 & IRP2 @ 2 S FIEL, W& L& I8k
EOERWESICOARIRE AL, BEEOE WS
BICIIHRE Y 7 A2 —DIERICHE S fEEE i &

D IRE ~DOfEAREZ KV, mRNA B REENT 5.

WEHHEOKTITIX, NASH AFIME L & biciEE Lz
Caco-2 #ifM 2B 1+ % DMT1 #3154 5 IRP 28
IRPI THAZ LEZR LT, 2L T, ZORIEICITE
B7ahro 72k, NASH BFEMFICE-HiE s 7 25—
DO EIHIT 2 X 9 72, IRPI &M% 504 2 ik
RFDFfEEZTR L (K2).

4. NASH £ & U NASH 5 DFFHEIZH T3 ROS

T, NASH 75 ORI oMb R s h b,
WL TIE, NASH 2~ 5 L 2ol (HCC) B
(NASH-HCC) 3RV} 2#EEs, JEEE O 8-OH-dG &%
fhoJRIKIC X5 HCC % 72 & N HMIMENEILAE (SS),
HCC AR % JiE D NASH £# (NASH without HCC)
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EF RN 31 2 Y iR EE O fE A 1 & L o5& O 2 Ye i B 2 5k L 72, Bars; X0.25+1.5(X0.75-X0.25), median,

X0.25-1.5(X0.75-X0.25)

DENG LT D Z LIk > T, NASH 5 D%
IR (LA DNA S ENBES L TWb Z & amRLic!?
(B4 3). NAFLD Ik A 0EENCHEO b D, EHH
ke R L TWRWEE S Z SFHEL, HCC ¥ ALK
CIIARIERTRIR DN EE T 5 2 EFNCHEIBE T2 2 L 03
TiE72v, FFAN 8-OH-dG &% M3 5 fliffi 72 ~ —
=D R EITX Y, 5% NAFLD 2> 5 O 58
fEREEZFIVIADKLER S D LEX NS,
FERibo Z L <, CHUBMAFRICKT 2 EHME D
BREFEE DT R EEEAL, ARME(LINH & IFRE I 2 b
o Z LI LNLER > TS, NASH BFI2H
WTHIBMBEEZIEIT L SN A s s 2, %9
L b NASHEHICEMBEENF R TIZ/e <, M7 =
U I @ SRR E AT PSR 72 LT X0 SR A
RENTZ—EBOFNTR N T DR, BEIEEN ALT %
BKTFEEDZEPMESN TN W, YRR
TlE, BFFIER X OEYRIERIGHE TEERI2 MR
SN 7z NASH JEFNIC R W T, Bk 4 £-Ich
720 ALT IR T 2742 &, MBPUER XOFRN
BB 5 ONTHT 8-OH-dG BEDRIICH ST L%
RUTz. 20505 X E IC SRR INAE 2018 T & 5 5k
DOBAFEIZ LY, NASH BH OHF 06 BREFFEIENPER) &
B2 B DRER BRI TE DR R S N 1.

5. FF3EfE & B{cE) DNA BIEEERER

8-OH-dG IZ & % DNA G 2 EE T 2 & L T,
MUTYH, OGG1 3 X UOMTHI 23%F5h 5. LaL,
JFZEE & A B BESRIE MR ZE DB E M 1T 5 2> TiX
2o 1. MUTYH, OGG1 ¥ X O MTHI ® 19 {#
® SNP IZD>WTIiPLEX 7 v & A ZH W T L 72
£ 25, MUTYH O rs3219487 123\ T D 2 THFH

W 2 HIE L e C BUEBMEIFRAEE (n=20) LFAEL T
720 C BB MERFREE (0=20) & DOFHIIC genotype [ D
BFREELZRD. GIABETEIL, GGHEMLETIE L
LT, HCCRAEV 27 BNEro T, dR &AL,
BEYERTFZEOMITLIZE A, NS %2 35E
L7 B8 TIXARICERBE L, /MR8 >
72, 1rs3219487 s iz Ui, AFAMIEE 2 FAE L 72 &
FICBWTANAERZITCGABGF AxFvy ) T)
DEEICGIG XS otz ZHHOEFITON
TEEEBBINT 2T A, B AXx ) TH
FEAB R 8 2E OIS U T2 fERR IR - & L Tl S e,
X 5lz, HCC » 10 1 o B ¥ 4 i, G/IG D
17.6% L EEE LT, AXx % U7 T380%EEmN-o T2,
Cox Y — REIJFET LT, P<0.1 KDL
Bk, S, /MR X OMUTYHE G TH -
7o, MERI, FENR L O/ IMRE AR L RIS E R
RN 24T o7& 2 A, Ax v ) 7H HCC Z4E DML
fafRAF & U T &z, KRR B ERA I o
MUTYH mRNA L~L1E, A+ U 758 GG T~
THEWIMELS (p=0.0157), HBFLSNP A v kr v
SNPTHAHLDOD, AFx v ) TITBWTHILT A
ELDHbDEEZ LN, 22T, BEFHICKIET
AV NV EROEBE T o —2—T v AITLY
Mat U7z, rs3219487 ® A ¥ % — 7 L VELS L BRE
BAth . &V 2KBOELYI % & Lop-2KB+ IVS6+ 35GI,
Huh7 i fd 3 £ O HepG2 M fE 12 38 T rs3219487
D~ A F—7T VVEF & E T p-2KB+ IVS6+ 35A
KU LEBEIEMEDE <, rs3219487T DA YV ¥ —T L
JVERH] & BR B RARE S LV 1KB ORI % & T p-1 KB+
IVS6+ 35G & rs3219487 O~ A F+—7 L IVELF| %
&t p-1KB+ IVS6+ 35A ITIEIEFE L WEHEZRL T2
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4. MUTYH / w7 bR IRIZEIT 5B BIZ K ZFHE

Z 5, 1s3219487 43 -2KB 52 6 -1KB O &1 12 77
T2 nE—4%—ESICTFHT 52 LT, MUTYH
FHEOKTRERLINDI LD LEZ LN,
INHORERIZONTIX, MUTYH / v 7 77 b
<~ AZHWZ in vivo EBRIC X > THREELTZ. 6 »
RO AC XY, SEREIEZ 5 2 o~ 7 AR TR
I E O AFREIAL & RAEMARE AT, 12 7 A
DAL BN TEORENRERL TWiz, IiE ALT
fEi% 6 » A D A TR B ICE W TEERRIC
gL CEREmERY, 12 ADNMATIZLVE
BEICEFA L7z, genotype ICHEEITRD bgdro
2. ko I 7o TN — e fTolz b 2 A
12 7 A9 A% o SR AR T2 8ILE 3 iR
TE, MigoskEREL, ShEREHETEREICHEML T
Wiz, 6 # HDMATIE, WD mice ITBWTH
RPN b o7, 12 » H O AT,
MUTYH / v 77U b~ 7 2OBFEIEEET 12 FilF
4 BUCHFIERE 38D bz, F4E LS, Wit
HARETELREL TRV, HE 6 TIE N/C Lo K
&R AR IRBLHI DGR B, BRIAILAE 20 536
ShEA I, EETITWTR L AFP Jeafgit <

HY, b MFME L FEORHREFTRTH o7 (X4).

BHEITEML 2Hile k3 (N-acetyl cysteine; NAC)
W&V, MUTYH~7T r~<7 2B L OMUTYH / v
JTYURTTRICRBNTS, 12 7 H OSBRI A
X o THEBITRD bR Rol. LER-T,
PR 20k o FTRBEFICRIT 5 MUTYH IEEE T
i, HREOLKRATTHY, HibEICKE2%ET
B D FTREMEASRIR S 72 19,

BhYIC

FHPRRR 8RR 38 L 12 & 2 $GBBEE O £ B e AZ RO i 2%
D1>5ThH5. CHEUEBMHAFAS NAFLD 128\ T,
BHERFEEOMER L2055, 20X 5 ERIC
XBRERIERE R TH D AREMEN D D, R ICTEAERTE
FRIEDRESL L Ty, NAFLD I28W T, $kiii
BT T DN T T IR TR EE DB M - D
NAFLD BEEPHEINO—&E Tz EoTWnWbHZ & XY,
LSBT OB L ARSI, BRREREEOH A
T & BFISIE D T IAEDOFESL N AT L ST b . iFN
BEIL A b L 2 DHELZCHR{LE DNA B EEERIG T
KT 2359 ORI Th D RIEEMERH Y, T
#% H L7 NASH FHEO P EIRE S LS.
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