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(A) : CIBEFTED ()

SEBILTEY

p25
p22
p17 (HBe)
p21

pol
1 178 347 691 843

B2 O7 (C), S, pol DEY)&-tEeesE

(A) CEETFEY, FAWVBE preC-CL CD2D0TH 5D, BEXFINB AV IIBRAEBELB L
E5 BT B, p26 & preC-C MFIERA YL LTHIEL, NIOAWY 7 F 1 (—29 ~—9aa) (p22) & 150aa
PBEOZNE o CEREEN o A3 NTpl7T L LTHWE NG, I7RTOEEIZZ pzl Hhhbhd
Zibhd, (B) SEETFEY., SSEHAELBEL LT preS2 BMb o7 MS, & 51z preS1 2Mb o7z LS #
EE3INB, preS2 & SS O ClioORBEHEMNMEIA %2 RT, (C) HBV pol X8 O#RE#E, Niih 54
VIRT T T A IV TWEEC»hERRE N7, BEREEEEE IS AR——, BREERIES VIR
EEEEE, RNA MRS h 5 RNaseH S8E» 5% 3,

(785 L 0)

Hb, Thbb, LavA VABRBEE,
HRABARCHERERENHRI Y, BREY
2 2 A8 DNA & D R e flan
Fh, BETHE, FEBEENETTS,
—7%, HBV Tl BHLE, BEEYL LT
ERENI TV L RNA BRI TFE
BLBE CTHEREIETT 5, /2, HBV 0k
ERCRBEIREAKCHALATNZERIAR
B3 (BT HEOEERE CIER

HBV 7/ LBE#E OREH&E 2 R TH
FThb, 84baa Wi b4V, Rk
IR FRIE, tethering #83 (H L < i& spacer
i), TEEBRREEEE, RNaseH it
EVIERIAVPEBERENE LEZLN
% (B2B), sidnayixoizic@via
A WAD gag-pol BiE RSN Lk HicS

Oy 7 OEERES ESE R, HBV
POl BT/ AL A BRI TERAA VICHES
h, EREERETIAREREVEEZ LN
%S) 9)0

HBV (35 E8EBE% D DNA 7 A VAT
by, HEEEEZDBDODRNAVANVATD
U O YA VR DEER Y R ENDS

BRCHEARADR LI EEZEHLNTE
v, MHBETRLYINATANVAST ) LDEK

ELLE 557

Vs )

#EERAL D LTR (long terminal region) (248
3% DR (direct repeat) 15", 3’ OWHIC
UET 2 BERELE CHEICHEARSE
IBRILMHBENTB) Y,

LTR (longterminal region) DR (direct repeat)
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preS-S BETEY |

HBV M FABREBRTEEL I TH
%, Small S (SS & L < i HBs) % EEH4
& LT, preSt (108 ~ 120aa) FeREA D
Ky bBRENZE large S (LS, 389 ~
401aa), preS2 (55aa) BIERBEBE I Fov b
FERE 415 & middle S(MS), SS(226aa) &
FFEBEI NP HFRSNS & SSHELES
3 (@20, hbDE:RES DG
EZ»LBEINTREINLGLEEZLNT
V305, SSEI— KT BEEEYIEAN
KE\, SSIZEENBERTRTFEN - &M
BEDSH U, EHEE%E D Dane F LK
1,000 BFDETSSHF (D L < ZHBsHF)
ELTREIZHWMENS, o

Dane fFOFRIC I SS iz, LS s
BTHY, aTRNTFRZRNET 2 EETRFY
A XPHRED R, L EELRE ZHoTH
2L EbNB, MS i Dane RFEBEICHT
ULOHBBETRZVERDIE D, Sz R
TEHBBTEELTVEEEZLN, PR
v, LS, MS, SS O3 Dane S FER%
{23 2 b, subviral i F& LT OASWE
NEPDOERTRICZS>TWEDEEZLN
5‘ i3] 12)O

XEETED ]

HBV %/ LOEBEERFIVREI NI L &,
BEEER A OFR A Y & (ORF @ open
reading frame) & L THRES #1172, # 0.8kb
DOEEOCEEENNLIBRINE LEZLN

% (B1B) RN 7 VEEP, VALVA

BEESTOEEEE 2 BT 2 4
HFEINTVE, IHIVoREERTOER
KA NI, DHRBVIZ R X BEEFHEEYE
4 DHBV BE7 e VTR ADIFEEL R
WEICEE LR XERTRRELFEVALD
BETHL, ZE HRVX bS5 vV y

1. BERFR (1) BEFROUVAIAE

IRURATHEEVADRES NG P, HHE
ANSRFTANVATRERECRERFLS
EOWELDH LY, BERZOHIDIIHEND
B0h, GBEEEMICERYSH B 0% ER
ERAg =R AR

XENRTF Ik » 00, ¥
EMEERAVRB» O—BERRR»LE
BNz DTHBE ™, X 22 (IHFLER
FRATHHEBEETHY, EBOEREBROHT
EOREREL, ZOXRBECREE

CBEREL O, i ABCREISNLIER

BhoreTdl, ZRRE—EED VDI FER
D, EEAHHRI S D, FEIEIRE 20,

BV O&EER (R3) &EE (B4)

HBV 0 4&¥ERIE B &2, DHBV O35
EFFRBRFPEE LV TOBRERE A
VIR T RBICRRAD LI KEZLLNT
URP-SUR »

7, MEEEORENRREZEEENL
TfE - BAL, BEERRIEE¥E, HBVD
7 LEERO T {, O DNA D5 Ik
BA>%2 (pol) MEEREL TSN, T
NDSEL Y BeddL, &z, Rigx T [ESR
AEEOEBRIE TS MY 3735,
@8 DNA © RNA 754 v— 6B Y Fbh,
TEENMEEING, BENCRFry i
TRTEDRLS SIEESINT, FTAIFR
O BIR 2 & 88 DNA (covalently closed
circular DNA : cccDNA) &% 5, J D8R
i HBV pol S ENE I DL ERERD D
2LIA5THb,

cccDNA @ ¥F /LRy, HRVEE
mRNA (3.5kb mRNA : V4 L RNA(C,
poll, preC- 7 v 4 / L RNA (preC-C,
pol ?), 2.4kb mRNA (LS], 2.2kb mRNA
(MS], 2.1kb mRNA [SS], 0.8kb mRNA
XY PEEIHE (BB, 3), J0fticd,

GRF (open reading frame)

cceDNA (covalently closed circular DNA)
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o ¥

cccDNA

Pe= vl N / /
AN j] PgRNA {
AN - - s

BEE( - BONABEYL)

K3 HBVDEEE

HBV & BBROEEER LI, HBV BRETFREEI NI ZTERCESE, W
FEEL LRI YRV —ATERSSRIL, a7EFHBEE~RIATh
%, ITHTFREUANBREINBLEBINTVED, 2070w RATH ) LADNAD
Fyy 7REBEDLN, KHE W EBYHAINT, BATR TS A REOFR
WeeeDNA LR Z, TOZEY—LAREEEHESHETHY, HBVEEGESYMNIER
SNB. ) DERICEE SIS RNA & pgRNA Th Y, I 7HFOT L2 7Y —
ERBLUT, Ryr—IrF, BEERIGHETT S, S E i BE M HBV AT
OF) LIEER HBV 7 MMEE% 2 L > THEY, 8 DNA SREENFICELY A
FNBETERTLTVEEELLNT VS,

HBV : BERFTRD A NVA

CEETOBENDL preSIEMHFTATSSA4
A& N7z 2.3kb HitE D mRNA (BEsETREA)
BEINDY, LD mRNARTRTS
SRS R 5D DT, OBEIEY b DERERE
VMBEEPC@EALEN TRV, TV A
RNA BT LTAXEIYEL, B IHE
BEICR->TWVEIEMBETHY, Z
7z, WEREBEICARGRTHS,

TV LRNA D LERE Nz pol B
VE ) LRNA Q=90 7Y I ive
CREEL, 20754370k oTO
FEDNADERERGET 2 (HBVOEEE 63
BEOF OV VBT A RERORER
i 3) ({4A), e 5 DRI, & @Eﬂﬂ&i
TvH ) LRNA O I ICHTFEET R0,

(CCHR O & D )

CETERSNIOHEDNAR S LY A
RNAZ & EH DM LI HBEL T,
bz, 5 FTOWMKEOEE L REEDO
BDNARFRT 2, L7 LRNABKR
OEDNAGRVELICENLTpl BEED
RNaseH EHEIC L U 2RI 5D, 5 D DRI
% & O IRTIER 4 DSRALHTIC © 88 DNA 0
DR2 ICHHHHCES T2 LV DNA D
7?4\yﬁmﬁé O DNA M 5 ®DR1
WY TERI N D8 DNA & 3° © DRI
WERELT, S5ICOEDNAGREEDS,
T DO DNA BRI SEET ORF & X &
EFOORRAY TELELTV 3, HFHT
DEENRKELTL 32 EBEHEOU LD
HLikn® (B4B),

~796—
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1. BEPFR (1) BEFROUAINZE

M4 HBYNXwH—IDUTLdF ) () EHESEE AN A

(AYHBVHBV R r—Y 73T (e) RNAWK L 5N 5 pseudo-not R L 5 HEZ AT 5,
HBV pol K Z o/ BB THEBINDI LEFLLN TV, A 1 A#E 2 3B L & (bulge) DIRTOT 7
SV AMC HBV pol @ B3 BEHOF U YA T54 307803, B) HBVEHEAA=XL, © eh b
BB TEEEYIIS DRI A& L, @I DRI CKEETA L TEECHE DNA SRR E
3, @5 DR1TOHDNA SEANETT 510k bL, @ #57 pgRNA i HBV pol ® RNaseH ki & 9
BRSEBENS, Ty v #E~ DRl 23D 5 OV pgRNA X TE% DNA-RNA N, T Y v Fick bl
WizHAEE RN, JOSO RNAH 3 IE DR2 SERICHEENICEET 2 Z L TOHEHDNAEGRO /S5 4
T LTERETE (VIR TA VADOOHE DNA BRO T Z 47— &% 3 polypurine tract (ppt) K% T 3) .
® ©84 DNA &3O DNAS’ 2 T3, ® £0%, DRI CEET LT, @ & 5 @8 DNASHEY
#ie, ZORMEBRET, ® DREBOHEMYLEIZ S L ICRRILEEL & 5, OHDNAGRIBERL LIE
HEEIPTREVD, 50 ~80%L 5L IATERMELLTWE, AFTEERRS /7 2 UE:RF
LLTHWT WV A5S, HBV pol @B C MBI kD), RRA /7 ~EREBEREREOE DD
ZE LTHRELTWS,

HBV: BEIFE VA VA

(X@ko & v)

HBV OUEE (O DNAER) »HO# JLEELIATRFEER CATFESLTL

DNA &R E WS T-—E D HBV &/ LIEEDS LR VSZCNEEINTER 2BEL TR

AFRFRNTHFLPREEEZLNTRY, ¥ B SWMEhd EELENE, ITHTFD
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COWAD L AWOBRE ED & S %TE

LTV EOP, ZBEELOEO,
BB IBIE - HTEEL DD, IR
BT 5,

HBV 3D FE

HBV B 3 HRIC2~38A, DHHE
THWER IS0 FABRBRETZLELLNT
VWi, OO RERBREERY S F EE
TEREZRED, BEEEDOFTNT ) XA TH
EELDODHE, HBVEEFRDBEDIA
VA~ a2z & B seroconversion # B
BLIWEVRERETH Y, FREABENT
b, L7zdoT, HBVEEZ{Iz 5 Z &
FIRDFBH415 D3, L HBV HE$1 HIV #lO
leb OEILNFATEREKRE DV b T2 2
Thbo -

HBV OBFR XS FEYENFEZ FMHEI
B3N, ZEEFOEREIHLNIZIITRE
7oo LL, INZ TOHENHBV OERER
BUANVAERE CF CTERICERL TS
DrEBRTE2LEND S, TabL, D
& HEEEMIRERA L2 in vitro BRER T,
WHRETHNE YT RAER A L EERRE
FANTOEIDBETH D, hbDERR
OBIEHRY OO A VAERHREIEBIC
BZH7, MEREEEBOREAD, T0EE
CHI L7 B0 BEA L RET S 2 L5
R 5,

ZIT, SBOHBVIIRREDS LT
LHREEBMESR2OHTTCEERLL, ©
- HBV BRESERZAH - FEL, 20HE®
5 b LoD, AR OEEL inviro, in
vivo BRRH#HIT5 2 L, @ HBV pol 0
B 7 v ¥4 %2 X % high-throughput $1
HBVHIAZ Y —= Vv TV AT L%HILT 5
ZED2HETHB, INHEDOEBRVA VA
BT I N REMTDH S,
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Fashitbl, A VARTFHEDES

HBV BREZEGOSE - HEL
BERRDWEL

TANVADFERP LT TIZRERESLT,
HBV OBESEEEIZDO» T 5 bbhoT
NRVICE L, RROBLEEEE
RT3 0%, FREEMRERO SRR
DA RIZE ASBRLEY, b5
Ao, BEEFFDSAMBBEDSTE 4 DIEE OFF 2B
FOBEEZHSL TR EREES R
%, IREEL MNTREMBOR TEFEDC
HBV BEh i & 13 4%, mENAHE, 5
BOEMRSEELL L, BEETOMEBICR
ol WAE,

CHIFFRY A VACEET 5 & Bbha T
bifohr BT & iz HepaRG &\ BT
DIAHEREDS HBV 10 b BB RZMERRT &
BEShi®, UL, BSERELDHIC
2~ 3EMBEDHLHEENREL L, &
REMBERIRATI0BEET, LrdbTqy
va 1 M%7=0 10 FAM T 2 M5
MTHE e ELLPAEIC 22y (8
TERER QS OBE CEE I TV 3), iPS
b EALERT-FHIROFE S U EDDT 4
FPTRHLhb LM, FOBERL
EROFEEEL 2 L, HBVHELDED X
MCHEIE - BEICHERATE 2 RIUTT R0,

FITREY, HBV BRSEEONE -
RAELZOBALE LTOBRLEROE BHE
FRREEZEZTODE, EI3E-TH, HiR
TEOFRETE oo S ELH o /clig&RT
b2, U4 NVABEEBOBEEREDLE
ZBIERBNRTAFTHBEE LS, b
ZoTHEYENTHEDL, Bt Ar ) —
VT RBEEEREL DD, UANVARKREOE
R > THELREEEERTI TS,

HBV pol 7 WA 2T L

BT TS5 A4 IV TBEED, Sy r—
UV Fve, ATRFOTRTY —
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ERBUTERT 5% EORKIEY, BH

7 OABEPRETH LR E, HRE
ARIGZRZ2HECHEEBLDL 3 7ED 5,
High-throughput/mass screening > A 7 .A
DRZE, STERBEED B in silico B 21T 12
LTHMEORVERMABIISHETH S,
OPICTEEFERLICREBTI OV o TR
2B5H, BAXOTATT%d L ICHTHER
BT T3S,

FLHBV V7 F U BHHEINT, bHETRE
FrB HBV BRIEICT 9 2 BED T 3070
by, HHECB T HBV OEREMRE T &
AEERZEDTLE . DOED 150 FA
BMOEE, BRCBBANOEBREZD>TL
T, BRBCESLTOLBRE TRV EE
2%, HBVD A VA4S HBVFFA, FFBAD
bbb Ths, —RED
DTHMLEIVANADESICAZZDH, HiZ
T A VAERH DG, L OREH
HOWBEOHELE LV, AUANVADE
R HERBRT2IED, LWAVAEE
WRCH =B R ETeh b L,
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B{ETFHAHBVA WYL & 74 — DR

P H B K

ZE|HEE  HBVR 2 & —, HBV psuedotype, HBVV ¥ 7' & —, HBVEZR

<N

=g BATEA

7 4 JU A (hepatitis B virus, HBV) BRI E N TH 5, F9LEEIEE

3L T3, BARICIESEBI307ARR, HEMICEIEADORREEENRRE
BT, AEEEOHEANETHRFERSE - TEELEVEWSTERE TR L
W, ZORAKREEEEOUV LD, BY A ZIEER in vitro B 5 W in vivo B

«7U77‘2\75>7§EL7:;L\ CIZXkBLEEDNS.

IO ERMICHBVEEL T2 -0

EeHATWELEDLNER, HARTERE I TWEE{ DT -2 DBAERICY
EbLPHIIEEZ IO THD. U A NAEMICE T I F DRI X AR
FEOMREE, BERERSTOFMEROERITZ, nvitrod 5\ X in vivo BERORBEN
WETHBEEZERD. LHLEMNS, 20X hBERETRL, HBVERL 74—
AR, BERAETTEIEL L0 DABTRSBELEDNS. ABTE, Zh
FTRE U TR HBV in vitro BHER, HBVERLV X7 & —ICB§ 5 HREREL,

SHOUBVRREL ¥ 7 8 — A% & RER T~ A REFRAHBV O L 2 h
ERWRLVET A - ORIERE 2T 5.

1964 £E1Z Blumberg 24 — 2 b 7 U 7 HIR
LT, BRTHD CHBVOEEERLT
250, FEEEINEAS D & LTWA. HBV
TETZE, FEZE, FHEOREICEDLIHEN
SREERINBEIALITHY, ZOTHR
Diz¥h, EEEERBEILTANAEN,
FEREEOMESER I TE

HBVIX, EEIcEEREL* S5, 32kb

DERA EBEHDNAIC I — F XNt ni-d

DEETT, FITHREOICFEGMRIC L
WTEEEEL Y TEUA L AENICLEER
BUANZITH B2, DTFEHENFEDH
ﬁkﬁiof,f/Aﬁnw:vf {EERE
AT, HBVEEBZ T B, R4 eR
@%ﬁ&k#@ﬁéﬂ 77%/@%%?4

va—7xuay, FLHVAIORBICE 5%
%ﬁ@L@%&thE%$%T§%.Zﬁ
Wo T BAEEICL, BBy L2ENIC

Keiji UEDA : Separation and identification of the hepatitis B virus receptors with recombinant HBV technology
PR E R AR RS EE Y A W AF [T 565-0871 AERFSKHETLE L 2-2]

FFRERE 65 (4) : 601-609, 2012 601

-800__



preS-S RNA

" X RNA~0.8 kb

|
B__F (A)n

r

1 HBVYV LB L BETEEEY ‘ ‘

ATHBVODY /) L& KHR, ABHRTR Y. O DNAKRER

YRiZpol I ET 3. DRIB XU DRRDIE

AL ZOREICHBVEEBEFEPROREOMATRT LTS, BEFIELRNIZ preCore-Core
(preC-C), preSS, pol, XD4DTH 3. 3.5kb mRNAH preC DATG % &334, preCore-Cored LT
BIERxh, DB TNRODWY 7 F NI K CRAIM & W THBeHUE 17 & 5 5. preCDATG
&% W42 pregenome RNA (pgRNA) Td 5. peRNAWRWEEDHEIL L 3 BB BEY D
E AR coreZEA, pol DEIFRICFIAH E NS, preSSEE T mRNADBRBHMOBNIZLD, 24kb
mRNAD blarge S (preSl-preS2-small S {SS]) (LS), 2.2 kb mRNA# 5middle S (preS2-SS) (MS), 2.1
kb mRNAZ 5 SSATRE NS, ZORRBEEEL LTEVDESSTH 5. XEETIXEH DmRNA

08kb)»bHEEREND. @IFF v v THEERT.

B poRNADHENE. WRIZEE L@ LA 5. DREF], /Sy r—v v sy s F+1(e), pldT T 4

VT AMNBERT.

[ S Sy

BEERRDRENTBR DS T=Dh, T

w@%,ai@mwwﬁﬁﬁ%m%%@% 
RTHo7=. LhrL, BELZBHAENIZH

13075 A, MR 368 ADE KBRIE
BT 5 NEE ER S AT N X ERYED

VDEOTHEY, FOEMMICREBVOAES

S FRAT T ¥ B in vitro B 5 M idin vivo B
WRNMIE LTHDBETHD, BERELE
U7 REEREREOREEE ThoicET<
%7 4 JL ZABERANENT 72 AR IR RO R R
PEETHELELTND.
HBVIZARDEFTHH L b EFELLLIETF
VISV =l MEBENRICL P ERSR

602 FTRERE 65845
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L, I b OPEERMEEHBVE
ZRE UTOREEE VA, TOFEEIIHE
RICBARTERITEL, TEZELTEZOF
BaZL5e, T8 BLOERCERICH
WHRBREER &30 A R,

RN IR Y 5 HBV % B8\ 7= animal
hepadnaviruses (7 © ABEIFF & 4 L 2
[duck hepatitis B virus = DHBV]®, &y F
F ¥ v 7 FF%& D 4 VX [woodchuck hepatitis
virus = WHV]?, #9 2FF%Y 4 L 2 [ground
squirrel hepatitis virus = GSHV]) # ) 7= 4
FUANZERT O —FE, BHIKELD
EEFHLMILTERLERY D, ZhiC
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LTd, BV v H—, BYER cccDNA
(covalently closed circudar DNA) & &5 & %
DHEFIERE, B8, Fifkl OEIE, HBV
NAF—E¥DT v AR, FEHLEES =
ZLBE, ESOBIBENSEEITH S,
HBVEEHV 7% — D48 - RER, 1%
¥& 7 ¢ VEFIBE (primary duck hepatocyte =
PDH) % F\W 7= DHBV 2 DI 5=,
HBVERERT 249, BREICHTohEH
T, BEAETLTIV VYT Z -9 b4
F 5T, gpl20?, gpl80 P E N Db 5
B, DR Uz & 9 ICREER OB
BoTWiEWw., IhEE TICHEE L HBVE
RUETE OG- BEICHITTEDK
S5%7Ta—-FRBEEO», BETFEA
HBVOEELE ZhaHnwkr v 74 —DFE
EEE A E Lz,

In vitro HBVEERZ

HIRO Z k<, BEREIC i vitro BELR
BEELEWT &2, HBVEREL & 7 & —
D5EE - FEICE - TRENGEES 5T
WA ERNS T TERNWD, i vitro HBV
R (UMREET R R OBEOE X
Mo Tws, BROI a6, HBV
BEEFEEMESRAEE2R L, BiEse
ERETLHI NG, TEEMEEREEZ
515 HepG2, HuH7 2 E D b FFEEEM
Falkr B e LCHENTE 2 2hb
DOMIZHBVOBEEY A S L EREL TR
FLUFHBVRBERI A - S VAT 2o
YaveahZEilkh, BREMNTEELE
FET ERbhoTVEEY, EKIZBNT
ORI EWES L OFEEMIICERT S
DOh2 B OrEnN, —BIOICERE
izl EstiREgIchrELO6NE T
b, InbOMigEATeAF, 42 Y

v, dimethyl sulfoxide (DMSO) % B\ T4
LB, BYEEREIRLZEVIRELSD
50, FhZhbOfige VT, ey
I EERIREE TE A AT HERETIENTES
BRI X 3 HBVERROBEOR
AL b BN, BREZNE aZA b7 r—7TV
AeE LB L HBVEER L UTOMERET
flig 5L LichnnbE 325N
—IRREEMRRERYR & LT, &E(E
WoTH, TTINNESEBT BB
N 7= HCVIRYEIFE » 5 37 X #17= HepaRG
%V HBVERR S E—T 5 5 L Bbh
W ZOfRE 2~4% DMSO TEER &
TLFET 5 & 20%EE D HBVERESF
BhnzLEhd. LhLhass, —BGk
BEEMEMRLNCAERTEEN 0m D
T4y Y2 TIOHARE T 5 McMET
B0, LT ABICHERTE 2@ CR A
V. cecDNATER R &, ARDRBEIY A
T LTV B L BbhsA, DanelblT
DFENRENTNE—, BYUERT 55k
BTEEWEEDOHEERE D D,
HBVEH LV ¥ 7 & — D4k - BED,b,
RPEROBEL BHETHE T2 DHepaRG
DERERBEHF IR TVWEY, REOH

EHWTE, MEBREOERICED 2 R

D 18 & {2 # 2 i (basolateral membrane) il
5 HBVIEREY T 5. #IUEE L M FRR
(primary human hepatocyte = PHH) Tl &
WROEEM—EI/NEREY - 1Tk
% multidrug resistance protein 2 (MRP2) @
HEA L6, 8000 multiplicity of genome
equivalent (mge) Bl £ TIEIX100% D HBV
BREEMRLENDDIZH L, DMSOS{LEE
EHepaRG T, Bohz&ET528HBc
MRP2 DFEEAA LR, [H U mge % FHW=E
REE T OEFOEIEICHBVERNE

FFRERE 65345 - 2012410 7 603
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traﬁsiocaﬁon mo%;f (TLM)

: 2 preSOREEERS
preS1IADNE - BAIZ BB L EEERH(20~29a2), {THERIELEERLSI (accessory [B XV
ID & preS2ADBEABETCEELRTLM 2777

BENBHIER, ZOREVPECTATEEX
5, BEIOAHENGBENERTELLD
kB, ZeprbEIH IR ARIRIEE
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Many patients with coagulation disorders are
infected with hepatitis C virus (HCV) that
advances to end stage liver disease, resulting
in an increased number of deaths. The efficacy
of ribavirin and peginterferon combination
therapy for chronic HCV infection in patients
with coagulation disorders has not been clari-
fied fully. The aim of this study was to evalu-
ate the efficacy and tolerability of combination
therapy in this patient population compared
with patients who are infected with HCV and
do not have coagulation disorders. A total of
226 consecutive chronic hepatitis C patients
were treated with combination therapy and
divided into two groups: patients with (n = 23)
and without coagulation disorders (n = 203).
Clinical characteristics, sustained virological
response rates obtained by an intention-to-
treat analysis, and combination therapy dis-
continuation rates were compared between
the two groups. The sustained virological
response rates did not differ significantly be-
tween patients with and without coagulation
disorders (65.2% vs. 47.8% by intention-to-
treat analysis). According to a multivariate
analysis, age, alanine aminotransferase, gamma-
glutamyltransferase, and HCV genotype were
associated significantly with a sustained viro-
logical response, whereas whether a patient
had a coagulation disorder did not affect the
‘sustained virological response. In conclusion,
combination -therapy for chronic hepatitis C
was comparably effective between patients
with and without coagulation disorders and did
not result in adverse bleeding. J. Med. Virol.
85:228-234, 2013. © 2012 Wiley Periodicals, Inc.

© 2012 WILEY PERIODICALS, INC.

KEY WORDS: chronic hepatitis C; interferon;
ribavirin; coagulation disor-
ders; hemophilia

INTRODUCTION

Hepatitis C virus (HCV) infection is a widespread
viral infection that often leads to chronic hepatitis,
cirrhosis, and hepatocellular carcinoma. Until the
1980s, most patients with coagulation disorders
became infected with HCV because of the extensive
use of untreated factor concentrate. Some of these
patients were infected with both hepatitis C and hu-
man immunodeficiency virus (HIV) [Brettler et al,,
1990; Troisi et al., 1993; Yee et al., 2000; Franchini
et al., 2001]. These patients with liver diseases and
persistent abnormal transaminase progress to end
stage liver disease, resulting in an increased number
of liver disease-related deaths. In cases of co-infection
with the HIV, the progression of liver disease is more
rapid [Sanchez-Quijano et al., 1995; Soto et al., 1997
Benhamou et al.,, 1999; Ragni and Belle, 2001; De
Luca et al., 2002] with a higher mortality rate than
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Chronic Hepatitis C and Coagulation Disorders

during HCV monoinfection [Darby et al, 1997; Yee
et al., 2000]. The need for treating infection with HCV
in patients with coagulation disorders is increasing
worldwide.

Sustained virological responders who are negative
for serum HCV RNA 6 months after the end of treat-
ment with interferon (IFN) are likely to remain in
virological and biochemical remission with histologic
improvement [Marcellin et al., 1997; Shiratori et al.,
2000]. In addition, IFN therapy reduces the risk of he-
patocellular carcinoma among virological or biochemi-
cal responders [Imai et al., 1998; Ikeda et al., 1999;
Yoshida et al., 1999]. Ribavirin is now used generally
in combination with IFN or pegIFN to treat chronic
hepatitis C and combination therapy is more effective
than IFN monotherapy [Lai et al., 1996; McHutchison
et al., 1998; Poynard et al., 1998; Manns et al., 2001].

Previous studies have investigated the efficacy of
IFN monotherapy in patients with coagulation disor-
ders and chronic hepatitis C [Makris et al., 1991], and
the efficacy of combination therapy with ribavirin and
PegIFN in patients with coagulation disorders [Fried
et al., 2002a; Mancuso et al., 2006; Posthouwer et al.,
2007]. However, there are no reported comparisons of
this combination therapy between patients infected
with HCV with and without coagulation disorders. In
this study, the efficacy and tolerability of ribavirin
plus peglFN were evaluated retrospectively in
patients with coagulation disorders and chronic hepa-
titis C and the results were compared with the
responses of patients infected with HCV but without
coagulation disorders.

MATERIALS AND METHODS
Patients and Methods

A total of 226 consecutive patients with chronic hep-
atitis C and a high viral load (serum HCV RNA levels
greater than 100 kilo-international units [KIU]) were
treated with a combination of peglFN and ribavirin
between December 2004 and March 2007 at Nagoya
University Hospital and Ogaki Municipal Hospital.
These patients included 23 patients with coagulation
disorders (17 with hemophilia A, 4 with hemophilia B,
and 2 with von Willebrand disease). All patients were
under 75 years old, were anti-HCV antibody-positive,
and had serum HCV RNA levels greater than
100 KIU/ml by quantitative PCR assay (Amplicor GT-
HCV Monitor Version 2.0; Roche Molecular Systems,
Pleasanton, CA) within 12 weeks preceding the thera-
peutic period. Patients were excluded if they had pre-
treatment hemoglobin (Hb) levels <10 g/dl, tested
positive for serum hepatitis B surface antigen, a histo-
ry of drug addiction, alcohol abuse, autoimmune hepa-
titis, primary biliary cirrhosis, a serious psychiatric or
medical illness, or were pregnant. To exclude patient
bias, only complete cohorts from each hospital were
enrolled. HCV genotypes were determined by PCR
using genotype-specific primers [Okamoto et al., 1994;
Simmonds et al., 1994).

229

All patients were treated with 1.5 pg/kg of pegIlFN
a-2b (Peg-Intron®, MSD, Tokyo, Japan) once weekly
for 24 weeks in patients infected with HCV genotype
2 or 3 and for 48 weeks in patients infected with HCV
genotype 1 or 4. For the 17 patients infected with
HCV genotype 1, the treatment duration was extend-
ed to 72 weeks because of higher efficacy compared to
that obtained after 48 weeks of treatment, but only in
cases in which HCV RNA was positive at 12 weeks -
and negative at 24 weeks from the start of therapy.
Treatment was discontinued when a patient’s Hb con-
centration fell below 8.5 g/dl because of drug-induced
hemolytic anemia or when a patient’s white blood cell
count fell below 1,000/mm?®, neutrophil count fell be-
low 500/mm?, or platelet count fell below 50,000/mm?.
Some patients discontinued treatment because the vi-
rus could not be eradicated after 24 weeks, as deter-
mined by the physician. The pegIFN alfa-2b dose was
reduced to 50% of the assigned dose when the white
blood cell count was below 1,500/mm?, the neutrophil
count below 750/mm?® or the platelet count below
8,000/mm?®. Oral ribavirin (Rebetol®, MSD, Tokyo,
Japan) was administered for the same duration as
pegIFN at 600 mg/day for patients who weighed 60 kg
or less, 800 mg/day for those who weighed more than
60 kg but less than 80 kg, and 1,000 mg/day for those
who weighed more than 80 kg during the treatment
period. The ribavirin dose was reduced by 200 mg/day
when the patient’s Hb concentration fell below 10 g/dl
because of drug-associated. hemolytic anemia. Ribavi-
rin was discontinued when peglFN therapy was dis-
continued. Informed consent was obtained from each
patient and the study was performed in accordance
with the 1975 Declaration of Helsinki.

Liver Histology

Pretreatment liver biopsy specimens were classified
based on a fibrosis scale of F0O to F4 (F0, no fibrosis;
F1, portal fibrosis without septa; F2, few septa; F3,
numerous septa without cirrhosis; and F4, cirrhosis)
and in terms of necroinflammatory activity on a scale
of A0 to A3 (A0, no histological activity; Al, mild ac-
tivity; A2, moderate activity; and A3, severe activity)
[Bedossa and Poynard, 1996; Fried et al., 2002b]. In
patients with coagulation disorders, a liver biopsy was
performed using factor concentrate, provided the
patients gave informed consent.

Assessment of Efficacy

The virological response was assessed by a qualita-
tive HCV RNA assay with a lower sensitivity limit of
100 copies/ml (Amplicor HCV version 2.0; Roche Mo-
lecular Systems). According to the qualitative HCV
RNA results, responses were defined as a sustained
virological response if no HCV RNA was detected at
the end of the 24-week follow-up period after the
treatment was completed. A patient was considered to
have an end of treatment virological response if no
HCV RNA was detected at the end of treatment.

J. Med. Virol. DOI 10.1002/jmv
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- Comparison of Characteristics and Treatment
Efficacy Between Patients With and Without
Coagulation Disorders
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Sex ratio, age, buu_y vvmsuu, buu_y mass index \.u,w’_{.u
baseline serum alanine aminotransferase (ALT) lev-
els, gamma-glutamyltransferase (GGT), pretreatment
Hb level, platelet counts, HCV genotype and viral
load, histologic activity, and fibrosis were compared
between patients with and without coagulation dis-
orders. The sustained virological response rates
obtained by an intention-to-treat analysis and per-
protocol analysis, ribavirin and pegIlFN dose reduction
rates, and combination therapy discontinuation rates
were compared between the two groups. The end of
treatment virological response rate was obtained by
intention-to-treat and per-protocol analyses and then
compared between the two groups. Next, the variable
accession method in a multivariate analysis was used

to examine factors associated with a sustained viro-'

logical response after combination therapy, including
the following factors: sex, age, BMI, baseline serum
ALT, GGT, platelet counts, genotype, HCV RNA con-
centration, and presence of a coagulation disorder.

Because efficacy differed by the HCV genotype and
the patient age, and since all coagulation disorder
patients were male, the analysis focused on male,
age-matched patients infected with HCV genotype 1.
The characteristics and efficacy of treatment were
compared in males, and age-matched patients with
and without coagulation disorders who were infected
with HCV-genotype 1.

Statistical Analysis

Values are expressed as the means + SDs.
Between-group differences in mean quantitative val-
ues were analyzed by Student’s #-test, and differences
in nonparametric data were analyzed by the Mann—
Whitney U-test. Differences in proportions were
examined by the Chi-squared test. Multiple logistic
regression analysis was used to identify factors

Honda et al.

related to a sustained virological response. All statisti-
cal analyses were performed using SAS software (SAS
Institute, Cary, NC). All P values were two-tailed,
and P < 0.05 was considered statistically significant.

RESULTS
Patient Characteristics

The patients included 127 men and 99 women aged
22-74 years (mean + SD, 54.7 & 11.6). The mean
age of patients without coagulation disorders was
56.3 £ 10.9 years and most patients were in their 50s
and 60s. In contrast, the mean age of patients with
coagulation disorders was 41.5 £ 9.8 years with an
age distribution ranging from 20 to 50 years. The clin-
ical characteristics of the two study groups are shown
in Table 1. All patients with coagulation disorders in
this study were male because of inherited, sex-linked
hemophilia, and two patients in this study had male
von Willebrand disease. Patients with coagulation dis-
orders were significantly younger than patients with-
out coagulation disorders (P < 0.0001). Although body
weight was not different between the two groups,
patients with coagulation disorders had a significantly
lower BMI than patients without coagulation disor-
ders. Patients without coagulation disorders were
infected with HCV genotypes that are not unique to
Japan, such as genotypes la, 3a, and 4a. Four
patients with coagulation disorders were infected with
human immunodeficiency virus and one of these
patients had achieved a sustained virological response.

Response to Therapy

The ribavirin dose reduction rate tended to be
higher in patients without coagulation disorders than
in patients with coagulation disorders (P = 0.0643).
The treatment discontinuation rate did not differ sig-
nificantly between the two groups. As a result, the
sustained virological response rate by an intention-to-
treat analysis did not differ significantly between the

TABLE I Clinical Characteristics of Patients Treated With Combination Therapy

Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 226) (n = 203) (n = 23) P value
Sex ratio (male/female) 127/99 104/99 23/0 <0.0001
Age (years) 54.7 £ 11.6 56.3 + 10.9 415+ 9.8 <0.0001
Body weight (kg) 60.2 £ 11.1 60.5 + 11.5 60.5 £ 8.1 0.9972
Body mass index 229431 23.1+ 3.1 215+25 0.0226
Baseline serum ALT IU/L) 63.3 £ 56.8 60.9 &+ 54.9 84.4 £+ 69.1 0.0598
GGT (IU/L) 54.2 + 63.9 51.4 + 62.2 78.6 + 744 0.0526
Hemoglobin (g/dl) 141+ 13 141+ 13 144 £ 1.3 0.2714
Platelets (x10*/ul) 17.8 £ 5.2 17.7 £ 5.2 19.0 £ 5.6 0.2597
Genotype (1a/1b/2a/2b/3a/4a) 7/160/40/15/3/1 0/150/39/14/0/0 7/10/1/1/3/1 <0.0001
HCV RNA (KIU/mD 1,898.0 + 1,448.3 1,923.1 + 1,464.5 1,676.6 + 1,305.1 0.4404
Activity (AD/A1/A2/A3) 2/108/71/11 2/101/64/11 0/7/7/0 0.3442
Fibrosis (FO/F1/F2/F3) 17/104/49/22 16/97/45/20 1/7/4/2 0.5351

ALT, alanine aminotransferase; GGT, gamma-glitamyltransferase; HCV RNA, hepatitis C virus RNA; KIU, kilo-international units.
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TABLE II. Efficacy of Combination Therapy

Patients without Patients with

Total patients coagulation disorders coagulation disorders

(n = 226) (n = 203) n = 23) P value
SVR rate (intention-to-treat) 49.6 (112/2286) 47.8 (97/203) 65.2 (15/23) 0.1130
SVR rate (per-protocol) 54.4 (111/204) 52.7 (97/184) 70.0 (14/20) 0.1405
ETR rate (intention-to-treat) 84.1 (190/226) 84.7 (172/203) 78.3(18/23) 0.4218
ETR rate (per-protocol) 89.1 (179/201) 89.6 (163/182) 84.2 (16/19) 0.4772
Ribavirin dose reduction rate 44.2 (100/226) 46.3 (94/203) 26.1 (6/23) 0.0643
PeglFN dose reduction rate 34.1 (77/226) 33.5 (68/203) 39.1 (9/23) 0.5891
Combination therapy discontinuation rate 9.8 (22/226) 9.4 (19/203) 13.0 (3/23) 0.5722

SVR, sustained virological response; ETR, end of treatment virological response; PegIFN, peginterferon.

two groups. The sustained virological response rate of
patients with coagulation disorders by a per-protocol
analysis was higher than that of patients without co-
agulation disorders, but there was no significant dif-
ference. In addition, based on both intention-to-treat
and per-protocol analyses, the end of treatment viro-
logical response rate did not differ significantly be-
tween the two groups (Table II).

Factors associated with a sustained virological re-
sponse in combination therapy were determined by a
multivariate analysis. HCV genotype 1 and 4 versus 2
and 8 (P = 0.001, odds ratio 4.353 [95% CI, 1.810-
10.469]), baseline serum GGT (P = 0.003, odds ratio
1.018 [1.006-1.030]), age (P = 0.006, odds ratio 1.053
[1.015-1.093]), and baseline serum ALT (P = 0.014,
odds ratio 0.991 [0.983-0.998]) were associated signifi-
cantly with a sustained virological response, but
whether or not a patient had a coagulation disorder
was not associated significantly with a sustained viro-
logical response.

Characteristics and Response of Male,
Age-Matched Patients Infected
With HCV Genotype 1

The clinical characteristics of the two study groups
in the male, age-matched patients infected with HCV
genotype 1 are shown in Table III. Body weight, BMI,
and Hb levels were significantly lower in patients

with coagulation disorders than patients without co-
agulation disorders (P = 0.0003, 0.0027, and 0.0103,
respectively).

The treatment discontinuation rate of patients with
coagulation disorders did not differ between the two
groups. The sustained virological response rate by in-
tention-to-treat and per-protocol analyses did not dif-
fer significantly between the two groups (Table IV).
Factors associated with a sustained virological re-
sponse in the male, age-matched, genotype 1 patients
treated with combination therapy were determined by
a multivariate analysis. BMI (P = 0.036, odds ratio
1.810 [1.041-3.145]) and baseline serum GGT
(P = 0.037, odds ratio 0.981 [0.963-0.999]) were asso-
clated significantly with a sustained virological re-
sponse, but whether or not a patient had a
coagulation disorder was not associated significantly
with a sustained virological response.

Adverse Events

The reasons for discontinuing combination therapy
and the times at which the therapy was discontinued
are shown in Table V. Once treatment was discontin-
ued, therapy was not restarted even after the initial
symptoms or illness disappeared. There were no
bleeding episodes in the patients with coagulation
disorders, including patients who received a liver
biopsy.

TABLE III. Clinical Characteristics of Male, Age-Matched Patients With Genotype 1 Treated With Combination Therapy

Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 36) (n =18) (n=18) P value
Age (years) 42.8 + 8.0 449+ 59 40.7 + 9.3 0.1136
Body weight (kg) 66.1 £ 11.0 734+ 93 60.4 + 8.7 0.0003
Body mass index 22.7T+ 2.8 24.3 £ 2.3 214+ 2.5 0.0027
Baseline serum ALT (IU/L) 69.8 + 54.3 63.5 + 31.7 76.2 £ 70.5 0.4919
GGT (JU/L) 72.7 £ 64.2 74.3 + 71.1 71.2 = 58.5 0.8869
Hemoglobin (g/dl) 149+ 12 154+ 10 144 +12 0.0103
Platelets (x10%ul) 19.3 £ 54 18.8 £ 4.5 19.8 £ 5.6 0.5773
HCV RNA (KIU/ml) 2,060.8 £ 1,273.4 2,322.8 + 1,249.1 1,778.8 £ 1,273.5 0.2044
Activity (A0/A1/A2/A3) 0/12/11/0 0/6/5/0 0/6/6/0 0.6723
Fibrosis (FO/F1/F2/F3) 2/11/8/2 1/5/4/1 1/6/4/1 0.9392

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCV RNA, hepatitis C virus RNA; KIU; kilo-international unit.
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TABLE IV. Efficacy of Combination Therapy in Male, Age-Matched Patients With Genotype 1

Patients without Patients with

Total patients coagulation disorders coagulation disorders

(n = 36) (n=18) (n = 18) Pvalue
SVR rate (intention-to-treat) 58.3 (21/36) 61.1(11/18) 55.6 (10/18) 0.7353
SVR rate (per-protocol) 69.0 (20/29) 64.7 (11/17) 75.0 (9/12) 0.5551
ETR rate (intention-to-treat) 77.8 (28/36) 83.3 (15/18) 72.2 (13/18) 0.4227
ETR rate (per-protocol) 93.1 (27/29) 88.2 (15/17) 100.0 (12/12) 0.2182
Ribavirin dose reduction rate 22.2 (28/36) 16.7 (3/18) 27.8 (5/18) 0.7175
PegIFN dose reduction rate 36.1 (13/36) 27.8 (5/18) 44 4 (8/18) 0.2979
Combination therapy discontinuation rate 5.6 (2/36) 0 (0/18) 16.7 (3/18) 0.0704

SVR, sustained virological response; ETR, end of treatment virological response; PegIFN, peginterferon.

DISCUSSION

A previous randomized trial in patients infected
with HCV with inherited bleeding disorders showed
that the sustained virological response rate improved
significantly for patients who were treated with IFN
and ribavirin compared to those treated with IFN
alone [Fried et al., 2002a]. In addition, both chronic
hepatitis C patients with and without coagulation dis-
orders responded similarly to pegIFN and ribavirin
combination therapy [Franchini et al., 2006; Post-
houwer et al., 2006]. However, the efficacy and tolera-
bility of this combination therapy differed based on
the HCV genotype as well as the age, gender, and
race of the patients; therefore it is difficult to compare
patients with and without coagulation disorders un-
der the same conditions. No report has examined that
patients infected chronic hepatitis C with and without
coagulation disorders at the same institution and
during the same observation period. In addition, there
are no reports on the efficacy of combination therapy
in patients with chronic hepatitis C with and without
coagulation disorders in age-matched patients infected
with HCV genotype 1. Therefore, a retrospective

study was conducted to evaluate the efficacy and tol-
erability of ribavirin plus pegIFN in chronic hepatitis
C patients with and without coagulation disorders.
In the per-protocol analysis, there were no significant
differences, but the sustained virological response
rate was higher in patients with coagulation disorders
than in patients without coagulation disorders.
Mancuso et al. [2006] reported that combination ther-
apy with peglFN alfa-2b plus ribavirin is highly
efficacious in hemophiliacs with chronic hepatitis C.
In an overall analysis, patients with coagulation dis-
orders had a lower mean age than patients without
coagulation disorders. In addition, the BMI of the
patients with coagulation disorders was lower than
that of patients without coagulation disorders. A mul-
tivariate analysis showed that the HCV genotype,
baseline serum GGT, age, and baseline ALT were fac-
tors associated significantly with a sustained virologi-
cal response and whether patients had coagulation
disorders was not associated with a sustained virologi-
cal response. Age, especially younger than 40 years
old, was a good predictive factor for a sustained
virological response, as was reported previously
[Poynard et al., 2000; Fried et al., 2002b].

TABLE V. Reasons for Discontinuing Combination Therapy

Reason Number Weeks after starting treatment
Patients with coagulation disorders
Peritonitis due to appendicitis 1 16
Pneumoniae 1 18
No HCV eradication 3 24, 28, 29
IDDM 1 44
Patients without coagulation disorders
Fatigue 5 1,2,4.9,19
Bleeding from duodenal varies 1 8
Dizziness 1 12
Palpitation 1 13
Cholecystitis 1 16
Symptom of Parkinson’s disease 1 16
Fundal hemorrhage 1 17
Hepatocellular carcinoma 2 19,21
Suspicion of Interstitial pneumonia 1 20
Gastric cancer 2 21, 36
Self-discontinuation 1 24
Neutropenia 1 25
Eruption 1 25
No HCV eradication 7 24, 25, 25, 27, 28, 29, 29
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