VEBERERE R B - I L T I AT, &
no 7 a—VREOENFEFIEOFM, ‘RN

ERICKBBAZEZ TOEH L TSLEFD 5. 5)

X
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[7va— (AL) HE] &3, R GBEIZ5EDL) iI0h 2 BROKEIFEEOELFER EE X SN bH
BT, UTO&GZHT0ORET.

@ BROKEELE 1HFSGMISY/ —)Le0gULEORE (BEMKER) ZW\0W3 LY
ALDH2FERIBETIE, 1 H408 BEDERETH ALIEREZEZECUL5%.

@ ZFBICKD, IBEAST, ALT BKUy-CTPEDHSHICIIET .
®@ MRYAMIVAY—H—, {= IV RUTHE, IEREDVTFNBRIETHS.

BEUREDE

1. ZIb3d=JL&EBIGEF (Alcoholic fatty liver)
JFFRERRZE O DS, F/hED 30% DE (&fFFEoR 1/3 BLE) 1[2b /- 58t (fatty change) TH Y,

ZOIEPCREELHGEEN LR ERIRD SN,
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2. 7 b I =)L EFR#EEE (Alcoholic hepatic fibrosis)
AR E O EARA, OO FRIRE B M0 ML (perivenular fibrosis), @ B J& B o ML
(pericellular fibrosis), @FIRIED HBERICE D 5 ML (stellate fibrosis, sprinkler fibrosis) DV 3 h
B, ZWLTRTTH Y, KEMBRECHRBECIBEICL TS,

. ZIb3=L1%ERF2E (Alcoholic hepatitis)
R E DO M40, RO - B TH Y, 1) /AERLEZ2 AL LRl ZEH 20 (AL,

ballooning), 2) 4 OREOMIEEE., 3) v~ —K (73— VETE), BLU4) EEHMEKDOEHE
ERDBD.

BB, FRMEED 2 WIIHEE
ThI—VHEFREBHT5.

THoThH, 7ha— VEFROFEMGARSRE 2 5722,

. 2 3=VIEBFEZ (Alcoholic liver cirrhosis)
FEORBRRZE, ERBICI/NEHIE, EEENTHS. FEEOME - BEZNTRIESNE LD,
SRR, T BB X O M LR & BRI 7V 0 — VLIRS & SWiC X 5,

B. 7 b3—]Li{%#FE (Alcoholic hepatocellular carcinoma)

7 a— VEFEET, EERZN, IoGHSSE THEORRSELNZL 0T, MoFHRZRIITE R
bO# AL HIFE L 2T 5.
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Score

WBC (/ul)

Cr (mg/dl)

PT (INR)

Total Bil. (mg/dl)

Gl bleeding or DIC

Age (yo)
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1950 4D 6 1970 £RUTH T TROE T, 1
ANB72) D7V a—VEBEFZBICHEML TE
7o, FRCHEW, T a— VELERSE, BCRE
BEMLTWE I ENER BN, LRZDER
BARHTH - 72, 1971 FICRNEALRERESE
EHEDT v 7r— MRERTV, @FEEOZPIC
HOAHT NI — VHEFEZEOLIEIL 1961 4F 4
5.6%, 1966 4FEA511.0%, 1971 F4329.9% & 2
ML TwaZ e 2RI L7:. HEIEEARCH
e A v A (HCV) BPERENDETH o 7245,
29 L7BRRIRIL 2 B RICECRICH B BF£Y
A VA (HBV) FtkdE 0L WESEIZBWT D,
BUHFEBOBERE LTO7 VI — VIEFFEEICHE
HL Z0EBEZLETNETHDS LWV EIHE
EWNKEELTwo 2. 1976 E A RTFESE S Y ¥
RYTA[TVI—NVER] (F&: BRPHE, &
RPN, 1977 FHAMRHERY VRV T A [T
N a— )b & EALRR B ] (R & T I SCEA, R ),
1978 EFHARFBFERRBEINANT A A v v 3
YI7va-VERBEORKEFE] (A& W
HICEA) ICBWTHES I, b oime B
TV a— VEFFEEION S 5 BLAEEICIER L T
W 7z,

ZHLEBEREOD L, 1978 FICHER S N30
BRFBRAWIZE 7 v a— v & IBFZe3E (RNTE)

W&o T, BBV T, dTolTra—w
PP E OB Wi | DR S R S N7z (1)
(RNELRRIZA - HIHRE, 76 : 2178-85, 1979).
RAETEZOZHEEZHNTINEEDDL
1978 SED 10 £ O 7 Vv a—- VEFEEREOL
EERBRHELZ 7o, WENCE L TIIEREI TOR
KEEPLDD DR EDERODREENBEZIC
SN, ARMOFFREBREYZB L7z L TEESNT.
T3 — VR IR R & L CGRERES Y,
Re LT va— VR, 7va—VERFE,
TV aA—=VHEFHEENTNOBMEEICS HTIEE
LRWTVI—-VEREEE LORER TV, &
HEICBEL T, BHERRCOBERINTHSH
RECHBELCEH3IAMLE AR 548E
DkEE L7z [FEHKIER] &, BASEMUL, 10
FEULEOKIEL L2 TRER] TR ER TS,
O RBER] O [KIE] BFEERED ERFERHE
EZONLERADOARE TNV I—NVEITFEEE L2
EBRTANVARFRERLIBWEREL 2o T
5.

1986 fFICHAPEIC X Y, 1976 45 1985 4
D10 FFO TV a— VEFEEDERREITD
NizAs, 2o, Bk [ 7Vva—-VERFEEDS
WrEHE (1986 FYETHD ] (R2) SRR S (R
WEAEREA © BINRE 84 :1623-30, 1987). %
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DFWEETR S N/HE (7 v a— VIR -
JF4e - FFREZS) W2hnz, 7 ova— VIR, %
BHREROBUENFE FERELD 2 VIZIEEFS
Mz Bdz. ZAUHTEFRA LR o FER 2 AT IC &
D, RFZBVWTEBRKFE»SOMESNTVDET
N — VEERRIEIF - FF4 - FFRZE O 3 AN S T
DI VMBI E R TIEBI A % { RV T EATRE
N7:720THh5H. oIt UTHERTTFEAR
BLEERT7 VI VEREEZ STEET VI
BHFEES RSN, F2, BEIRTREEIR
BBV TIFAERDAKRGAT T b BRI L7
bOLZOERZEHMLARYIZED .

1989 4EIC HCV BAEHifAE L U HCV-RNA il
ERVHERSIN, KBEROFREBETHELC
HCV BEPRBOLNL Z LHEEINE L5 1Tk
h, FRLET VI VEFEEOSZE & HCV < —
H—BHEORBERFEERZ5H T 52 L& BRI
1990 E AR SRS (A) [TV
I— VHERFEZE - FRORE &R ICE T 2 BA
(EEP» b OFAEWSET) BFgE] (FHIE) 58K
Xh, 1991 £ [ 7V a— VIEFREED DKk
AR (F3) PRA SN (BHEIED : B
91:887-898, 1994). WHIEIC & 5[ BhrAMERE]
T, A LCI7ra—il iz, B GEBE
15 FULL) 1272 % BRI OEKIE RS O E 2R
WeEXONBHHBLERSIN, A TVI—V
B (B 7ha—v+ A VAE]BLU[C. 20
iz ens:, BHIEICIBTA 7V a— ikl
Tid, BEHRER (HAECHRELCLIHFEH3 S
DIB), F2R3KER (HARBEC|RELTLHPES

AL, 5 BRI LM Cmz, KETEHKER
2%2/3 BET, F7: ALDH2 WEHE/RIEE (ALDH2
BIET heterozygote) Ti, 3 AUTOKBETH 7
Va—VERFEEZELESL ZEFBRAIATY
5. ZLT, Thva—VvEFREEDHEERIOD
ELREMCERLA-CE, T a—VEFEEICHE
B — N —2RELL LM TH B, T 72,
[B.7Va— N+ A4 VAR BLIOTC. Zoi]
DEHZR, HERIA VA= —BHEFAORY
FNFLIZOVTHMICEERI N TS,

Zo®%, BAETIE, HCVY—7—280, fx
DRI A VAT =D —DUEBN—T 4+ VHREL
LTiTbNB LHITRY, EORRICBWTHITIR
MR 7 v a— VEFEEDOBRISRICZ o T
5. COBHBEODMEEREFER SN TH,D
204EDLERED, BRRO 7V a— VEFEEORR
EDOBEWRLBLENHBZ L, FRIA VAL
NOFBEEDOEHFOIRY L ORBA B2V &
2, PBHEOKBEEICOVWTHERTHILEND S
&R, TNOOFTWERE () OERICEDo T
&% OBRENFBE T ABEDOT Va—VES
RS G 7V a— Vv EFFEE]) I2Bw
TEBMPBHE L TIibhCwiz, E30E7 VI —
VERZEY T TESEERE S (20104F 11 A 250,
AER) T, REOBETH - -HHIOS TR
AELAET I EHFERICRESN, 207200
T—F T NV—T2RE, RELOOOBREH
B, B, RILTiTbns. ZokREEC, &
31 EARRAFEMES (201241 A 27 H, &R)
TOYYRIYT A [TV a—VEFREESHEED
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RELEFH-2HREIIBWT, [JASBRA 7va—
VEFREE OB R (2011 450 | BRASIRR X
iz, ZOVYRIY AT ABRECDRY,
NI TokE, MERZE—#HETsLLBT, &
B OBEEOBH L HwABOIITbI, RBECT
P2ty FHRICE 23V VAR ETY, &
REEERT 2 Z EFEGEEINL. IO O -
AV VHRED LICBIERBIE LR AR
BEEZEKICHE SN, [JASBRA 7V a2 — VTR
EFHERE Q011ER ] B~5H) BRESh, &
MR E LTHIR - RARTBICES 2. ZOFERD
FHIICDOWTIZ, 88 31 MIANI RS FMES T 0 I —
VU THMICARENS. TO2011FEHED &
2, 58, BEECBIL TV a—-VEFEEDE
AL YBEACRDE LI, FEAEREE 2o
WA AEERER - B 7 va—, ET -
YRRV 2 & OBIE, 7V a— VIR & PG
DBEZEP XY FERICH S PIC ko T 2 EH
W ns.

¥/, SEOBHEE I, ChIT-ELTHE

(v

MENTES, BRPEOT IV — VEIFEEDLW
B o BEFHFEES, RO CEIETRES L
TeBAERL T OV 2 — WHERF S5 B BB BR B 2
ERIRT LBRICLELEREESEIMZ b T
5. SEOHRE IR, BOEO TV a— VR
EET BRI LR TALBIL, &
DD, HOIMREMATT 7 I TF—V =
YEREITY, RBMEHEOA Yy — v THE
EBI2o T HSTHL. T, ABHEED
BHELWBATLT, Tha—VEFEEDSEEGSE L
LT, ZWEAEORMLINALE, X)) HEERICE
BLedw7rva—viEFEESROFIE D
EHHITbIE. CheRall, KEEL7Vva—
W EFIEO MR, MW, AiEEIER & OB,
ERREEEINER S, TVa—VEESHWE 5%
COMBERR, 5T 5B LTORELFH
LTWZIhEENDOETTH L. 2011 FHD
HEHZEZBC, ZLOBFPOORBWHEICHE LT
TRV P RWREEBT, ABWEESER YA,
HEALLBET B L 2B LTw 3.
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TP A—IVEFFEEDRZEREE crsanmEwamR [7IL0—/ILERF] FRIMERICED)

@ 7L a—)LiEaRRGRT

7 )L 3—)URERAIT & 1, :

a. BH, BNBCHREULTHEI I AL PH<Eb 5FMED [HEEER] T,
b. FHRZD=EAN HE & THOSH(CERD 5NBEERE (fatty change) T&HD,
c. ZILA—=)UD LD b OEFREEEZ SNDEER

@ 7 IL2—UIERFR

TPV EE, AELEBRD a. £b. XFa. & c. ORHZEBETHBDZENS .

a. [HBYVER] T,

b. ERIDEEZ ZHE(C U TRMEDES O RIERZ R UTCAES] :

c. & TlE, & (1) ~ (B) DEBFFRDS5. 3IREZROHBIEL, HdWLE (1) ZZT 218
B7%d+ SHEB

() ZILO—)VEFE

(2) ZEHRMEROZBEZ D iR

(3) FHEREDEMERZEIL

(4) FFERERMORHIESE (pericellular fibrosis) #E & U T/NEFRIDESICHD
(5) BEMAME ' :

@ 7 LI — IV EFFEE

7V ) UMRTRER (.,

a. BH, BRNECBRELT L AL EOSEZ 10 FLILERITE, $DVFTNICHAT ORENEEZ
HID [KEBER] T,

b. FHRFIRIRIEIR, DD WIERER and/or FFERICKDFHERZ EEZIEN,

c. ZILO—=)UD LD b. OFFREREEX SNBHAER ‘

G 7iLdI—-ViEESE

FILTI-)VERRE L,

a. [HBIER] T,

b. D 1. 2. 3. OZMEEICH TIFTRSEVESR () T,
c. ZIVO—ILHFFEEDERRREER SNHIEH

(55) |EWICIE, 7LD VEREER SR CNEEENELDS
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| LT — LT REE OB (sss

[7Tha—ik] Lid, RABCH2BHOKEFFRBOELRZREREERONL B OT, HEEZEICH 4 O
FREERRP R AR DO O PR YEPRO LN DZRAL T 5.

I 77 )b~ ]ViERERGRT
a. #BH, BFECREL T 3 Rl EOsuEZ, 2ot 5 FULEREIDE [HBRER] T,
b. FHRZDEHEOFNEDK 1/3 LI E (ZFFHIIEOK 1/3 ML) [ChfzdiElht (fatty change) THD,
C. TDEDCIFBEESFHEFNERZRHEVBD.
CB) FRERDRIBE TIRBDE, ERBITEAICK > TPV I—IVEEBFE RIS NOERICOVTIE, BICZOEEEHTS.

O 73— 1%RF
a. [RBHWER] T,
b. BRIDOEEZZUEIC L CRIEDFFEEOHRRERZ R UTEFID S 5,
c. FFOMEFIRRNMTON, FFCIE, T 1 ~ 3 OE#IRDOS5 2 IEEL,U:*EEFEJSD%F .

OF7 )L I—IUREFE
@UFrhERR B & 4 D A ATIEIE
OHFfFRDEMEFZEL (ballooning)
GE) BREROSERT, D a & b DHREDSN, BERHICT LI~V EERS S BB ORI LTI, BICZOSERET 2.

I 7)b3=)VEFEE

a. Bl HXNHCRELT S AL LEOEESE 10 EL ERITZ, $DVIETNICEYT IBESES
ZEHIS [AOBR] T, :

b. BrEHERERAEIR, DDWVFEERTE and/or FFERD SFFEZ SB2HEN,

c. ZILO—=ILAED b DFFEREAEER HNDEER.
GH) CO>55, R HElEZOSELEHTD.
IV 7 U 3=) BTG HERE

a. [BEEER] T,

b. FRZED AN, O DEEIREDEML (pericentral fibrosis), @FMEEE 4D EHEL
(pericellular fibrosis), ® Glisson N SEFRICOU D ERMEE (stellate fibrosis) ODWLYTNH,
LR TTHD,

C. ZDIF MBS R REM A2 A HRRIZEIE ZER D IE LB D.

GE) BERSRTEE o Il (S BIEIT IR OERZTTICANS.

V EEEEROEMETH
a. [HEER] T,
b. FFIC (&, IS, RN EEDDWNET -0/ DRI —H U IBMRROFRENRO SNa L LIS,
C.HIXTE&E Uic [7)L—)Vi] Oz iEs.
G PILa—IUENDRENVEEENSERIZRATS.

VI JESE2T{LH D VIEIEERTF
a. [BBYER] T,
b. FFEEEREICERESRDDN, IR CE, HEZENICIHSEZE (nonspecific change), ©2W&
[FIFIEREDG UDHERD SHUSUVESR.
() EEZIVI—IVEFFEE BREERDEET, FEN 1 nBLNIC, BIEFREOERZETRTH
BBDWIFIEL UTAER
GE) BEMCIE, SRR O— VAN T NCINT 5.

10
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[7ova—niE] eid, B @EES5EDL) Xh28HOKEIFEEOELZRER L E R SNLKEET, D
TO&EMEHHIZTLOEIET.

A, TZIL3—-]bikl

@ FEWER (BEBEIHELT 1 B3GR, FFBR (HREICHEELT 1 HFS 5 ablE,
5 BLL GRS THD. 22U, THEDBEIE LEEEED 2/31BEETH. Fie, ALDH2 iEHIiE
Z (ALDH2 i%{ﬁ?@ heterozygote) Tl&, 3&UTOECETH, FILI—/VEREEREUED.

@ HBEICKLDOIEGOT, GPTEMAEBICHASHENEZRL, 4 BLURIICIFFERE (80 BT
ZEHRZETDHH, FEROED 100 BAULITOEEE 50 BULTZERZETD) [CKTTHETD.
fel2U, EERTILO—)UMER, B (MBPREER aftflldpiness.

@ MXROANWANY—hH— (HBsHIR, HCV EETE) (FEMTHS. 5B, HCV-RNA SRTHnE
KDOMBRTHD.

@ ROBEDSB, HiEED | DDBIUTDS.

1) BBICKDEX L/’Cb\ﬁ_ﬂntﬂ@@%ﬂﬂﬁ%ﬁd\ 4 BETREAEFBAZRH CTEELLED FFMED
R, 2D, BERMEB T O EDEXLLY). 2L, EREETILI—) VMR EKRE
SFHE Af?HﬁU'CO)EJEEjQ 3‘3‘5:Oﬁ?@*ﬁﬂt@ﬁﬁ%‘it‘(@ﬁ%}(&%%t"Q“/Z‘b RO N T
F8 (1 BLA) TERLEOT, FEEROBRRIEEZ CTHD.
2) BEICKDMBEy-CTPEMDBESHIFET (4 BEROENERLRD 1.5 BT, KEBR
BIDED 40% LIFETOTEZELZET D).

(5] 73135‘ L,{'FUJTJDZI—)D'EQ:FEE(C*%EE’Q&%Z5*1%’)7—?3*73‘#%%2’51’1'(, ZOWVWTNHDEEHED
. BPHIFRDIEREES.

1) IM3& transferrin OWUNZEE D aE.

2) CT AF vV THEUHEENEN (BUdREEHCD 720cm3 BlL). U, FEREW
FrEZs, FHEaftald st

3) 7L O—)UEFREET A D4

4) I8 GDH & OCT jEN EBICEREEEZRL, Z0OH (GDH/OCT) H 0.6 It.

B. [ZIWd—=Ib+DUAIILAK]

FRDAIARY—H— (HBs IR, HCV BE&HifE, FIzld HCV-RNA) HEHT, $E&D GOT, GPT
DELZERE LEROFRHZRICTHECE TORRAG [PILI—ILEDAIVADEHR] THD. FEEZD
MEGOT, GPT DESHIHETCOWTIE, BE4 BROENEBIC 120 BUL T ZERETS. L2,
ERAOMEN 120 BAILITOATIE 70 BEALUTZERETS.

C. [Z0ft]

IEOREEBESEVESIE, RBRTHO>TH [ZILI-)ViE] FWUIE T7ILD—)0 + DA )L
CHEETHIEEFRRRTEIRETHSD. 2L, BEEROEEONTDICENCELFLED, 7ILTI—/UIERF
BE(CHANEBBAESINEBAICE [PILO—)VE], BOULE TPILO—IL+ O/ ILAK] &5,
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@ FFIEENZ(EE | KRITOREZELFC.
@ 7ILI—IUIRSHERT | BRAIEDEAECE U,

@ 77 IV )VIERTREE © RAECOIORIGHAIIOREELRU. RIE - BIREZ [N ‘Fﬂﬂ@&?ﬁ’@ﬂ?‘ﬁfﬂ
- EEFEEBRECEEFRD] (CEE.

@ 7IWI—)VIERTR : [FHEBRZOZ AN, FHROZEY - JETH O, 1) NERDESCRUVEH
DOEREEA (At : ballooning), 2) BADEEOIMRESE. 3) YOU—% HXU 4) %
HIEROREZRDHD. |

a.FEK: 1) ~4) DINTCERDHDD. 3) Ffeld4) ODLVFNHZERSBD.
b.IEEEN 1 3) &£ 4) OEEZERSEBD.
C. ZILO—)UMRFR (BRPRRY) : RAMIOEEEFU. (X #HIOEEZ—HEEL.)

@ EEZRT I I—)VERRE . BERIIORELFU. 22U, WHEICBMD DS THEXRGRHT L] ZEh.

G K ER)BESIBIERTHR | FFOEBRZFFIRED/NAEMRER (KU, HD2VEI—0Ov) CLEIDED
BHFXRZER) ZHIRETHD.

1) ZIWA=)VICKBDIEERRK : [7)LO—)UiE] OEEZFHZTHOD.
2) DAIVAICKDBERRET IV I—)RHREDEH - [7ILI—IL+DA VA OEEERCTBO.

@ 7)VI—)VERTRE - FFOMBIRZEE, BRI TGt BHEM TS, BERHOERDE D
T, HEEEEICOBETEVESIEYIRTEE ST D.

BEYE - KBARDIFEZE T HCV X—H—BHEAINZV. LichioT, FFERFRERNIIC [7IL3—
W] & TPILO=)b+DA)VR ] O 2B(CHTFEND.

FHEZ DR - EREFZNEHLEITSNEL< &b, BEERZE. RKRFTED SHEZOHVED [EREEZIN
OgETHD.

H@FHEAZR GECIIEE ERRN) T8,

HAERICIF R EIMUBMECHTET S, FFNEMFRETHE, ZILI—ILEDAILADWVFNHYRE
DEFICIE O TVBHEHI TEFWEINZ V. UlehioT, TOK DB TIE BRI B IMERTEE
EULT—EL, DANWAR—N—DERENTTD.

@ X&) ERITE.

BEE OBROETIE, HOV X—1—BIEANZWD, ZOTIEREZET CEELFINSL.
Uleh'io T, BEfRE2H. FEBFEBEZM CHEOMREDESIVCESICE, KERE O (4),
KBRIPE : D4R () O2B[CHF, DAIVXCDVNTIE, HCV Hh HBY ODWIFNTHSH 7=
FEICTD. TD, FHFEEZEHULT LWEWBITEZDERNE T S.

© 7V I—IVIEFFIEE (BRERHY) .

[PILO—IVEL B2V [FILO—Ib+94 LR OREEHZLTNDD, FERFIBNESN T,
Uh® LSOV TNDERARNREICHE UV D.

O 72— iEFEE (5.

HERODZELZTHCEIM TEFWVESTE, HOEBZNMREKIOBHIT N, ZILI—/VERES
[CHENEIR RO/ SNIBEVWEEBIELIEN. ZDOXSEFITIE, [ZILI—UE] BWLIE [7ILT—
W+DAIVAE] ZERLEDEDREPHELNSNE, TORNETD.

12
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-

kﬁﬁﬁ@ﬂ?fﬁﬂ@llﬁﬂﬁﬁftb‘%@@ 5ND . FIFEHBEITHSINTREL TWVS (KWVKED . jaik
REM5LAEAR (foamy fatty change) (KED) TEMUIVEREIHED G EICHFEUKIERRCAUE

T3 . KEREXME (hypdropic swelling cell) (4k58) TlIEBEDEALTVSH, BEOHSHE
BEIFEEH DL .
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ﬁ%&%@'@d\ﬁtP/E\%ODBHEBH@%lﬂlcﬂ?ﬁlﬁﬁﬁﬁﬁmmﬁl ERHSND . FFHRICEELIERONT, RIETHE
DERICHZD.




FFBREDIRERICH TN D ZOMIBORE S RIFPIE STNEMRBEN RO 5ND .




JASBRA  Japanese Society for Biomedical Research on Alcohol 73— VRS TS 1,38
AL Alcohol T va—i 3
ALDH2 Aldehyde dehydrogenase 2 T b7 VTR REUKERESE 2 3,711
AST Aspartate transaminase TANGE VT I iR 3
ALT Alanine transaminase T5=vT 3R 3
y -GTP Gamma-glutamyl transpeptidase Yy - TN INWDTVARTFF—E 3,11
JAS Japan Alcoholic Hepatitis Score T a2 — AR RERERE 4
ALP Alkaline phosphatase TNHIERAT 75— 5
WBC White blood cell =ik 5
Cr Creatinine JVTF=Y 5
PT Prothrombin time ZA= RN =AY 5 5
INR international normalized ratio [ L 5
BiL Bilirubin By 5
GI bleeding Gastrointestinal bleeding THALE i 5
DIC Disseminated intravascular coagulation ETEVE IS PRI 5
yo years old =3 5
HCV Hepatitis C virus C BT A4 WA 6,11
HBV Hepatitis B virus BEJFLY A VA 6,12
GOT Glutamic oxaloacetic transaminase Ty I VB UBER NS VAT I F—F 11
GPT Glutamic pyruvic transaminase TNF I VBENY VRS 11
CT Computed tomography av¥a— ¥ Wi 11
GDH Glutamate dehydrogenase VOIZERG: i€ 5:=4 11
OoCT Ornitine carbamyl transferase FINmF ¥ ISEL NEEEREE 11
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Iron faqhtator L5081 reduces hypoxua-mduab!e
factor-1a protein and functions as anticancer agent
in hepatocellular carcinoma

Hiroki Tanaka,"” Zhen Li,? Katsuya lkuta,? Lynda Addo,? Hiroaki Akutsu,* Masao Nakamura,’ Katsunori Sasaki,’
Takaaki Ohtake,® Mikihiro Fujiya,® Yoshihiro Torimoto,® Jonathan Glass? and Yutaka Kohgo®

'Department of Gastrointestinal Immunology and Regenerative Medicine, Asahikawa Medical University, Asahikawa, Japan; 2Feist-Weiller Cancer
Center, Louisiana State University Health Sciences Center, Shreveport, Louisiana, USA; 3Division of Gastroenterology and Hematology/Oncology;
“Central Laboratory for Research and Education; *Department of Chemistry; ®Oncology Center, Asahikawa Medical University, Asahikawa, Hokkaido,

Japan
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Hypoxia inducible factor-1a (HiF-1&) has a central role in cellular
oxygen-sensing, and its overexpression in many types of cancer
is considered important in tumor progression. Thus, targeting
HIF-1a production and activity has been of great therapeutic
interest. In normoxic conditions, HIF-1a is hydroxylated by oxy-
gen-dependent prolyl-hydroxylases, which require ferrous iron
for its activity. The tumor suppressor protein von Hippel Lindau
binds to the hydroxylated HIF-1¢, which is then ubiquitinated
and degraded by proteasomes. We focused on the physiological
degradation machinery of HIF-1o mediated by prolyl hydroxylas-
es. Previously, we identified a small molecule, LS081, that is capa-
ble of stimulating iron uptake into cells. In the present study, we
aimed to inhibit the expression of HIF-1x protein and growth of
hepatocellular carcinoma by using the iron-facilitating activity
of LS081. In the human hepatocellular carcinoma cell lines Hep3B
and HepG2, a combination of LS081 and ferric ammonium citrate
(LS081/FeAC) inhibited HIF-1a protein expression but did not inhi-
bit HIF-1« mRNA expression. A mutated HIF-1a protein, which has
proline residues that were replaced with alanine and transfected
into HEK293 cells, was not affected by the combination of L5081
and FeAC. Furthermore, the iron-facilitating activity of LS081
resulted in Hep3B and HepG2 growth inhibition in vitro and
in vivo. These results indicate that the iron-facilitating activity
of LS081 inhibits HIF-1a expression through prolyl-hydroxylation
of HIF-1a and might have a therapeutic effect in the treatment of
hepatocellular carcinoma. (Cancer Sci 2012; 103: 767-774)

H ypoxia inducible factor-1 (HIF-1) is a transcription factor
that enhances the expression of many genes, including
those involved in angiogenesis, cell proliferation, glucose
metabolism, erythropoiesis and cell survival. HIF-1 is com-
posed of o and B subunits, where the B subunit is constitu-
tively expressed and the o subunit is degraded under normoxic
conditions despite the fact that it is continuously synthe-
sized.'? In the presence of oxygen, HIF-PHDI, 2 and 3
catalyze the iron-dependent hydroxylation of specific prolyl-
residues on HIF-lo. Once hydroxylated, HIF-1o. binds to von
Hippel Lindau tumor suppressor protein, is ubiquitinated and
then degraded by proteasomes. However, under hypoxic condi-
tions, HIF-1o is hydroxylated to a lesser extent and imported
into the nucleus, where it binds to HIF-1p and other transcrip-
tion factors and co-activators to transactivate a variety of genes
containing the hypoxia response element.®™® In most cancer
cells, HIF-1o is overexpressed via either hypoxia-dependent or
independent mechamsms resulting in increased HIF transcrip-
tional activity,’ " which helps the cancer cells to survive and
grow by enhancing angiogenesis, motility and glycolysis. HIF
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activities are also involved in resistance to chemotherapy and
radiation therapy.””” Therefore, inhibition of HIF activities
should be of importance in cancer treatment.

The iron-chelator deferoxamine deprives cells of iron and
upregulates the expression of HIF-lo protein,"? indicating
that cellular iron content has an essential role in regulating
HIF-1o protein degradation. In fact, FeCl3 alone or ferri-trans-
ferrin reduces HIF-lo expression in hypoxic conditions.!®
Based on these reports, we hypothesized that the facilitation of
iron uptake in cancer cells might downregulate the expression
of HIF-1a protein by enhancing the activity of PHD. Although
HIF-1 inhibitors have been identified,””"'* there have been no
reports to date on increasing HIF-1a protein degradation by
stimulating iron uptake.

In a previous study, we reported that in mouse HCC models,
HIF-1o. was overexpressed and inhibition of HIF-loo mRNA
expression resulted in remarkable growth reduction.!"
Furthermore, tumor vascularization, which is significantly
observed in typical HCC tissues compared to tumors in other
organs, proves that the inhibition of HIF-la could greatly
affect the treatment of HCC. We also reported that a novel
iron facilitator, LS081, inhibited HIF-1o expression in prostate
cancer, cell lines and the growth of these cells in cell cul-
ture.""> However, neither the mechanism of HIF-1o, inhibition
nor the effect of LS081 on tumor xenografts was determined.
In this study, we present data that 1.S081 leads to increased
activity of PHD, a resulting increase in hydroxylation of HIF-1
and consequent decrease of HIF-1 protein expression, and that
L.S081 markedly affects the growth of HCC xenografts.

Materials and Methods

Cell culture. Human HCC cell lines, Hep3B and HepG2, and
the human embryonic kidney cell line, HEK293 were obtained
from ATCC (Rockville, MD, USA). The cells were cultured in
DMEM (Wako, Tokyo, Japan), supplemented with 10% FCS
and penicillin-streptomycin (Wako). HEK293 cells were trans-
fected with expression vectors with Lipofectamine LTX (Invi-
trogen, Carlsbad, CA, USA), and then stable clones were
established by treatment with G418 (Sigma-Aldrich, St. Louis,
MO, USA). For normoxic cell cultures, the cells were main-
tained at 37°C in a humidified atmosphere containing 5% CO,
and 21% O,. For hypoxic cell cultures, the cells were main-
tained at 37°C in a humidified atmosphere containing 5% CO,
and 1% O, at a hypoxia workstation (Ruskinn Technology,

"To whom correspondence should be addressed.
E-mail: hiroki-t@asahikawa-med.ac.jp

Cancer Sci | April 2012 | vol. 103 | no.4 | 767-774

— 433 —



Pencoed, UK). The cells were treated with a growth medium
containing FeAC, LS081 (TimTec, Neward, DE, USA) and
MG132 (Enzo Life Sciences, Farmingdale, NY, USA) as indi-
cated for each of the experiments.

Iron uptake measurements by atomic absorption speciropho-
tometry. Hep3B and HepG2 cells were incubated with LS081
at concentrations of 0—30 uM in the presence of 10-uM FeAC
for 1 h. The cells were removed from the plates with trypsin,
washed extensively with HEPES-buffered saline, and enumer-
ated; after lysis with 0.1% SDS, the iron content (fmol/cell)
was measured by atomic absorption spectrophotometry with an
Hitachi Z8100 Atomic Absorption Spectrophotometer (Hitachi,
Tokyo, Japan).

Western blot analysis. Cell and tissue samples were lysed in
Radio-Immunoprecipitation Assay (RIPA) Buffer, separated
with polyacrylamide gel and electro-transferred to nitrocellu-
lose membranes. After the membranes were blocked with 5%
nonfat dry milk in PBST buffer (PBS containing 0.05%
Tween-20), the membranes were probed with anti-HIF-1a anti-
body (Novus Biological, Littleton, CO, USA), anti-FLAG anti-
body (Sigma-Aldrich), anti-actin antibody (BD Biosciences,
Franklin Lakes, NJ, USA), and anti-histone H1 antibody (Santa
Cruz, Santa Cruz, CA, USA). They were then incubated in
HRP-conjugated anti-mouse IgG secondary antibody (R&D
Systems, Minneapolis, MN, USA). Antibody binding was then
visualized with SuperSignal West Pico Chemiluminescent Sub-
strate (Thermo Scientific, Waltham, MA, USA).

Real-time RT-PCR. Total RNA was isolated from cells with
RNA purification system PureLink RNA Mini Kit (Invitrogen)
and reverse transcribed with a high-capacity complementary
DNA reverse transcription kit (Applied Biosystems, Carlsbad,
CA, USA). Real-time RT-PCR was then performed using ABI
7300 system (Applied Biosystems) with TagMan probes for
human HIF-1ao mRNA (Applied Biosystems). 18S ribosomal
RNA was analyzed as an internal control, and the ratio of
HIF-1a to 18S ribosomal RNA was calculated.

Immunohistocytometry. Hep3B cells were cultured under
hypoxic conditions for 18 h and fixed with 4% paraformalde-
hyde solution. The cells were then incubated first with the
anti-HIF-1oo monoclonal antibody (Novus) and then with the
Alexa Fluora 488 conjugated anti-mouse IgG antibody (Invi-
trogen); this was followed by nuclear staining with DAPIL

Cell growth assay. Hep3B and HepG2 cells were cultured
both in normoxic and hypoxic conditions with LS081 and/or
FeAC for 24 and 48 h. Cell numbers were enumerated by the
MTT assay (Promega, Madison, WI, USA) according to the
manufacturer’s protocol. Absorbance was measured at 490 nm
with a Powerscan HT (DS Pharma, Osaka, Japan), and
the ratio against the control at 24 h was calculated.

Expression vectors. To establish an expression vector that
expresses N-terminal FLAG-tagged, wild-type HIF-la
(pCI-neo-3 x FLAG HIF-1a), complementary DNA of human
HIF-1oo was subcloned into pCI-neo-3 x FLAG, which was
constructed by inserting oligonucleotides encoding the
3 x FLAG epitope into the pCI-neo mammalian expression
vector (Promega). Additionally, the DNA sequences corre-
sponding to the proline residues at amino acids 402 and 564 of
HIF-1o were replaced by site-directed mutagenesis, and a vec-
tor expressing N-terminal FLAG-tagged HIF-1o, with proline
residues replaced by alanine residues (pCl-neo-3 x FLAG
HiF-1a P402/564A), was established.

Xenografis. Hep3B cells were inoculated into the subcutane-
ous tissue of the back of Balb/c nude mice (Clea Japan,
Tokyo, Japan), and when the tumor volume reached approxi-
mately 400 mm?, daily intraperitoneal injections with LS081
(5 and 25 mg/kg/day) were started. The controls were treated
with vehicle alone (30% polyethyleneglycol in PBS). Tumor
diameters were measured with calipers, and the tumor volume
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was calculated using the formula: volume = d3 , x b These
mice were killed on day 7 of treatment with the collzection of
serum and tissues. All experimental procedures performed
were approved by the animal experiments committee of
Asahikawa Medical University (Hokkaido, Japan) based on the
guidelines for the protection of animals.

Serum assays for hepatic function, transferrin, and iron con-
tent. Serum analysis for GOT, GPT, serum iron and UIBC
was performed with the automatic serum analyzer LABO-
SPECT 008 (Hitachi). Assay reagents used were as follows:
L-type wako GOT-J2 (Wako) for GOT, L-type wako GPT-J2
(Wako) for GPT, quick auto neo Fe (Sino Test, Tokyo, Japan)
for serum iron, and quick auto neo UIBC (Sino Test) for
UIBC. Analysis for NTBI was performed using HPLC, with a
minor modification as previously reported by our labora-
tory.!'®

Mass spectrophotometry. Liquid chromatography-mass spec-
trometry was performed using NanoFrontier eL.D (Hitachi).
L.S081 and/or FeAC were first dissolved in ultrapure water and
then further diluted in ultrapure methanol. Infusion analysis for
these samples was accomplished with a micro syringe at 3 pl/
min flow speed with negative electrospray ionization. The
spectra of samples were compared with the virtual spectra
simulated by system software.

Statistics. The Student paired #-test was used. P < 0.05 was
considered statistically significant.

Results

LS081 and iron inhibits HiF-1a protein but not mRNA expres-
sion in HCC cell lines. The iron facilitating activity of LS081 in
Hep3B and HepG2 cells was verified by atomic absorption
spectrophotometry. Figure 1(a) shows that in the presence of
10-uM FeAC, iron uptake was facilitated by LS081 treatment
at a dose of 5-30 uM in both cell lines. To determine whether
iron facilitation by LS081 inhibits HIF-1a expression in HCC
cells, Hep3B and HepG2 cells were cultured both under norm-
oxic and hypoxic conditions with FeAC and/or LS081. The
data showed that a combination of LS081 and FeAC signifi-
cantly inhibited HIF-1a protein expression (Fig. 1b). Nuclear
HIF-1o protein also disappeared when FeAC and L.S081 were
added to the culture medium under hypoxic conditions
(Fig. 1c). The presence of HIF-1o protein as detected by im-
munohistocytometry also showed that the expression of HIF-
1o protein both in the cytosol and nucleus was decreased when
the cells were treated with LS081 and FeAC (Fig. 1d). In con-
trast, HIF-1ao mRNA expression was not significantly affected
by FeAC and/or L.S081 under normoxic or hypoxic conditions
(Fig. le). These results indicate that LSO81-dependent iron
facilitation post-transcriptionally inhibits HIF-1a expression.

Iron facilitation by LS081 enhances HIF-1a prolyl-hydroxyl-
ation. We hypothesized that the reduction in HIF-1o protein
expression was caused by increased HIF-prolyl-hydroxylases
activity with subsequent increased ubiquination and HIF-1a
proteosomal degradation. Figure 2(a) shows that in the pres-
ence of the proteasome inhibitor MG132, HIF-lew protein
reduction was no longer observed. To determine whether the
iron-facilitating activity of 1.S081 decreases HIF-1a protein by
enhancing HIF-prolyl-hydroxylation, we established HEK293
cell lines that stably express FLAG-tagged, wild-type HIF-1a
(293 HIF-1o0 WT) and FLAG-tagged HIF-1o with proline resi-
dues that were replaced with alanine (293 HIF-1a P402/564A)
(Fig. 2b). These cell lines were then treated with L.S081 and
FeAC for 24 h. As seen in Figure 2(c), culture in the presence
of the combination of LS081 and FeAC decreased wild-type
HIF-1o. protein but had no effect on HIF-la P402/564A
expression. Interestingly, the mutated-HIF-1o that lost proline
residues did not decrease. These data are consistent with iron
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facilitation mediated by LS081, thus increasing PHD activity
and prolyl-hydroxylation of HIF-1ot.

Treatment with LS081 and iron inhibits cell growth in HCC.
Because HIF-1o ftranscriptional activity upregulates many
kinds of growth factors and anti-apoptotic factors, inhibition of
HIF-1o by LS081 might cause both growth arrest and apopto-
sis. To investigate the effect of LS081 on cell growth, Hep3B
and HepG2 cells were cultured with LS081 and/or FeAC in
normoxia and hypoxia for 24 and 48 h, and the cell numbers
were enumerated (Fig. 3). Growth of Hep3B cells was not
affected by LSO081, slightly inhibited by FeAC alone, and
markedly inhibited by the combination of LS081 and FeAC
both under normoxia and hypoxia (Fig. 3a). The combination
of LS081 and FeAC inhibited cell growth only under hypoxic
conditions in HepG2 cells (Fig. 3b). These observations corre-
spond to the results that HIF-1o protein expression was detect-
able even under normoxia in Hep3B cells while HIF-la
protein was detectable only in hypoxia in HepG2 celis
(Fig. 1a). As the fold changes of the combination of LS081
and FeAC were lower than the controls and time dependently
reduced, this treatment may have induced both growth arrest
and apoptosis. The data further suggest that LS081 itself does
not have a cytotoxic effect on cell growth while a combination

Tanaka et al.

of LS081 and iron inhibits cell growth corresponding to HIF-
1ot expression.

LS081 treatment inhibits tumor growth of Hep3B xenograft in
nude mice. Hep3B xenografts were initiated, and when the
tumors reached about 400 mm>, LS081 was given intraperito-
neally in the absence of any supplemental iron. Growth curves
of the xenografts show that LSO81 significantly inhibited
tumor growth (Fig. 4a). Western blot analysis after treatment
showed that 1.S081 reduced HIF-la expression in the tumor
tissue (Fig. 4b). LSO81 treatment caused hemorrhagic necrosis
in the tumor tissue, indicating that the treatment induced
destruction of intratumoral vessels (Fig. 4c). LS081-treated
mice showed neither significant body weight change, hepatic
damage nor aberrant iron overload in histological analysis
(data not shown). Furthermore, the levels of serum hepatic
enzymes were not affected by LSO81 treatment (Fig. 4d),
which is consistent with a lack of hepatic damage by LS081.
These results suggest that LS081 might play a role as an anti-
cancer agent without hepatic toxicity, despite being active
against hepatomas.

L5081 mainly affects NTBL. In the animals bearing the
xenografts, LS081 treatment did not affect either serum iron
levels (i.e. primarily ferri-transferrin) or UIBC (i.e. apo or
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unsaturated transferrin), while LS081 reduced NTBI, which
exists as a minor component of body iron (Fig. 5). These
results indicate that LSO081 may primarily increase serum
NTBI into tissues without affecting transferrin bound iron.
LS081 directly binds to free iron. Based on serum analysis,
we speculated that LS081 binds to free iron and transports the
chelated iron into the cell, but it has a lesser effect on uptake
of iron from transferrin. LS081 chelates were analyzed by
mass spectrometry of in vitro mixtures of LS081 and FeAC
(Fig. 6). The spectrum of LSO081 shows LS081 to have
predominant isotopes with a mass of 363.0725 and 365.0713

770

Fig. 2. (a) Western blot analysis for HIF-1a and
actin (loading control) in Hep3B cell treated with
10-uM LS081, 10-uM FeAC and 10-uM MG132 under
hypoxic conditions. (b) A schematic illustration of
the expression vectors used in this study showing
that with the loss of the proline residues FLAG-HIF-
1o, P402/564A could not be hydroxylated by PHD.
() Left panel: Western blot analysis for FLAG-
tagged HIF-1o. and actin (loading control) in
HEK293 cells treated with LS081/FeAC. Right panel:
The ratio of FLAG-HIF-1o to the actin loading
control by densitometric analysis. The columns
represent the mean + SD of three independent
experiments. *P < 0.05, compared with control (HIF-
1o WT without treatment). FeAC, ferric ammonium
citrate; HIF, hypoxia inducible factor; PHD, prolyl-
hydroxylases; WT, wild type.
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Fig. 3. MTT assay in (a) Hep3B and (b) HepG2 cells
cultured with 10-uM LS081, 10-uM FeAC, or 10-uM
LS081 and FeAC under normoxic and hypoxic
conditions for 24 and 48 h. Left panel: normoxia,
Right panel: hypoxia. The columns represent the
mean + SD of three independent experiments.
*P < 0.05, compared with control. Cont., control;
FeAC, ferric ammonium citrate.
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daltons (Fig. 6a). However, in the mixture of LS081 and
FeAC, the spectrum shifted to a larger mass of about 781 dal-
tons (Fig. 6b). The observed spectra were quite similar to that
predicted by computer simulation and are consistent with two
molecules of LS081 binding one molecule of iron.

Discussion

Although there have been considerable efforts to identify
inhibitors of HIF-1 transcriptional activity, there have been no
reports that directly focus on modifying the physiological
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Fig. 4. (a) The change in tumor volume during the
treatments. Each point represents the mean + SD
for four mice. (b) Western blot analysis for HIF-1a
and actin (loading control) in the tumor lysates. (c)
H&E staining of tumor tissue after the treatment
(original magnification x 100). (d) The levels of
serum hepatic enzymes after the treatment. The
columns represent the mean £ SD for four mice.
Cont.,, control; GOT, glutamic oxaloacetic
transaminase; GPT, glutamic pyruvate transaminase;
HIF, hypoxia inducible factor.

degradation machinery of HIF-1o as mediated by PHD or that
suggest that increased intracellular iron could be manipulated
to increase PHD activity and, hence, decrease HIF-1 expres-
sion. Our previous report and current studies were undertaken
to determine if compounds that stimulated iron uptake would,
in fact, affect HIF expression and alter cancer cell prolifera-
tion. In fact, iron facilitation by LSO81 significantly decreased
HIF-1a protein in a prolyl-hydroxylation—dependent manner
and, presumably as a consequence, inhibited growth of HCC.
In some cancer cells, hypoxia-independent overexpression of
HIF-1o has been observed.®'" This phenomenon is thought
to be caused by abnormal activation of HIF-la translation
mediated by oncogenic signaling through the intracellular
signal pathway mediated by phosphoinositide 3-kinase (PI3
kinase)/Akt/mammalian target of Rapamycin (mTOR) path-
way. Furthermore, the status of a well-known tumor suppres-
sor, p53, may influence HIF-1o downregulation. In our study,
detectable levels of HIF-1a protein were observed in Hep3B
cells (p53 null) grown under normoxic conditions, whereas it
was undetectable in HepG2 (p53 wild). These levels were
significantly decreased by treatment with LS081/FeAC, sug-
gesting that iron facilitation might have a therapeutic advan-
tage in targeting HIF-1 in some cancers even when normoxic
conditions prevail.

Iron content is lower in human hepatomas than in normal
tissue.!” In animal models, liver tumors contain reduced
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amounts of iron and resist iron accumulation."*?% Further-
more, a key regulator of iron uptake, transferrin receptor 1,
which is also known as a transcriptional target of HIF-1, is
increased in HCC.®® In many other cancers, a similar eleva-
tion of transferrin receptor 1 expression and decreased cellular
iron content is present, which is consistent with an iron defi-
ciency phenotype. This decrease could then result in reduced
activity of PHD with HIF-1a protein upregulation.?"*? Iron
depletion observed in HCC may therefore be a cause of HIF-
1o upregulation. Oxygen- and iron-dependent PHD, which are
key factors in HIF-1o degradation, are also known to be tran-
scriptional targets of HIF-1.*29 Thus, HIF-1-dependent
upregulation of PHD might contribute to a negative feedback
control of HIF-1a upregulation. Even with sufficient oxygen
levels in tumor tissues, limited iron content would interfere
with the negative feedback control mediated by PHD. Iron
facilitation in this situation may help to reduce HIF-1o expres-
sion by enhancing the activity of PHD. In our present study,
the LSO081 succeeded in reducing HIF-lo protein levels of
HCC both in cell culture and animal models. We provided iron
facilitation as a novel approach for HIF-1-targeting treatment
in HCC. ) ‘
Iron is an essential metal for hemoglobin synthesis in ery-
throcytes, oxidation—reduction reactions, and cellular prolifera-
tion, whereas iron-overload causes organ dysfunction throug;l
the production of reactive oxygen species production.?%%7
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