#£2 FFEEBEOARRTH

o RUBE LE JERE R
C BpFRE%E 61.3%+10.7 65.7+ 8.0 69.1+8.8
(n==368) (n=‘57) (n=J?O4) (n==‘207)
®
B RIBTIHEE 520+96 51.56+12.3 57.4+11.8
(n=68) (n=10) (n=25) (n=33)
7O VR 61.0 £ 125 _ _
(n=48) . (n=48)
* P<0.01
(LR —E 1997 ~ 2007 4E)

¥ 610+ 125 mThH o727, CEFEZE 368 flZ 1 HKEET 3 &L
FoKERE 57 61, 3IERWOSER 104 41, FEEKIERE 207 I
LARESER® T 5 &, £hh 613+£107 &, 65.7%80 %,
6901 +88 &, BREENSVIZEEETHY, TRENITHEIFER
HEEZE%TH - (p<001, Kruskal- Wallis- H-test, Mann - Whit-
ney-U-test with Bonferroni Correction) (82). KRFWETH 5 H
BAABET 2 HBEREDS IFFIRE 2 iR0 LT 58 0HER &
OEBIBBEPLERERTH Y, ABRRREHOEZZ ) LEBIGE
RET LRE~ETTAHMOBEVEZERT EEZ ONL. S HOKE
T, SRIEECCRFELZIZRMICER LAMELRL, SEEORE
B2k o THBITHEEIGEWYD A LRI NS, BEFREE 638 4l
TIXERIERE 10 B1, A EHE 25 B, EEKIER 33 6TV AR E
XAFENEN 520496 %, 51.5+123 %, 574118 Tho/z (E
2). BEIFRZIZCRL B UEECTHEE L 2572020 HIZ<
{, -5 HRAEAITORE TH o 7 OREIFHABE RO %
Dol hs, HRER, PERIERERICIBELEETH 72,

B CRUFRY LA (HOV) BB (R

CRUBMIFABE TOMIE, HHWIE HCV V7Y a »EBEMM~
DT NVIA—NEEIZL ) HCV OBIZEES NS & OHEIL .
Pession 5% @ C RIS IFJc B 233 Bl 110 Blo#iER (191 g/ #)




Tt HCV-RNA EiZ¥H 41meq- 10°ThH Y, FEEIERE 123
B TOFE 24meq - 10 LB LERICEETH o72. Romero-
Gomez 57 X 50 il CEVBWIFIEF BT, ko HCV-
RNA EZHZE LABEE L OBICEDCHBEZRD TS, McCartney
58 B XU Zhang 5% 1& HCV L7 a2 YHIlE~O 7V 2 — V%512
LD L7 a3y RNA (ZBERFEICEEISERIN, o7 va—
NOVEFICIZEE TIZY M 7 1 s P450 2E1 2%, #& Tik NF-«B &
WEHEEL LA FOBFBEAPLETHLE LTS, ZH) LT o
— WX % HCV OBHEITNT A A= A LDMEHEIVWE R+ i
EAWY, RENEERS 1 OOWEEE LTELONTWS.
Norkina 5 1% JAK / STAT #FE&%##l3 5 SOCSL/ SOCS3 D%
BAEAT7NVI—VEIICLVHERINL I EZHEL TS, T,
Szabo BW X7 NI — VIR, BEIRLPENMKME L S ofUERR
BEET 2N LRESEN THROGEEET &, IFNy OFEAKT,
A vy —uafFy (L)-10, IL-13 OEMEHREL T 5.

4 B IFNAEAD 7L I— L O RS

CHEMBMITBE K L IFN EE OB 2 a1 2 BRI, &,
W, MBRFERETE, HEME, YANVAR, Y( VA&, IFN &
ZVEPESEE, (ISDR) a7 ¥ vy ER, AHER E2BEIC
FHMliT AL L %Bd, BERBEENIZBEZEEL, b LHEEN
BETELZUNTEAZIRAEDLE L W) OF—RIEIIG L Bb
5. BAEETH TOREENTIBAEER2T2b2W/20, IFN 1§
& & BAIE ORI DOV T OICER b B L O E - ZEHE Y H OBE R
NOBEBIIOWTORFFITE AL THD. IFN HgEETcoHRE
D% 1%, BEOHIEE CTIEIEHIEE & B LEDRIME LR L
TW5A2MW, Anand 52 12X % IFNa2b- )N VEEHBEETOH
£TIE, 406 PloLEHKIER (6 /AL L/ H) TOEMEIT 19% T,
142 PIOIEEKBEFH TOERE 20% LEZZROLD o725, BEIKE
ReBEE 12y ARk e 12 AU EECOTTREI756 &, HIFE
TIE 40%, BET 26% LAEEZLZFOD TS, Chang 5P I2X 5
Peg-IFNa2b~ U /N EY ¥ BEABRE TOMRE TIE, 34 BIOERIEFEDOHA
EORBEEIIFY 10g/H, 81 PIOF FENHETIE 62g/HTHIE




EERFEEORMT &

#F3 PEG-IFN, UNED D HEEECS T 3EEFNOREDR EHERF

hE R SR I Pk

(h==15) (n=44) (h=70)
SVR & (%) 46.7 % 50.0 % 57.1 %
FEH 524+ 86 555%77 54.6 %+ 10.9

B4 1411 38:6 26 : 44
l L * xl
#

TANZE (KIU/mi) 1682 + 1457 1598 £+ 1211 1628 £ 1253

y-GTP (IU/L) 104.7 il 74.2 . 58.7 :t‘ 36.2 48.0 1 34.3
E
ALT (U/L) 99.5+58.4 86.1 £ 65.1 87.7 £ 60.5
Pit (10°/m/) 14.5+5.0 14.31+47 15.0 £ 4.9
" P<0.01

v QLB S — N 2004 ~ 2008 9F)
BERE © AR OWTRI B

BEPHODTWS, L L, intention-to-treat T CIZEZ D /-
2%, BB E B\ 7z per-protocol AT CIIAEBELR L EEEL Tn
. NG 2008EPS, VY VEEEERE T, BEISERT
& LB EDOHIEEH BT D IEBRIEH) & Bt 2o WIEES R T
X57% SREBERIRERLMEETLEEZ SN,

KB L B IFN IGEIRENORBOFM D729, 2004 ~ 2008 4E
DRCHEBIITIHE VA VAED CREBEHFKIZH L T Peg-
IFNa2zb- U NE ) Y PEREELEA L7 129 fl%, BE0HKiHEES)
21 H 3EULEOKIERE, 3AKRMOVER, FFHKIERHO 3FEICHHE
LIRES L7z, &8 ClRERR oZBERE S W, SRIER 15 fiT
DERNRIL 467 %, L EW 44 FITIE 50%, FEERIBEE 70 HITI
57.1%TH Y, 3HBICEEREZEIRD o7z (F3). EHEL D
EHCRIFRBER LB LABCBENSE L, y-F VI VLT
A7 x5—¥ (y-GT) HIIKEHCHEH LERBER IR LAE
IEBETH o7, Fifh, VANVAE, 7T9=VT73I /bS5 RA729
—¥ (ALT) &, Mm/MEETIE 3 BRICEEE2RO o7, &
DFERD S, HWERABFOEEIHPE E N T IIEBREORKIERIZH



91 WARITHNO

PHOLTIRTA NVAKEPIFTEX S0, EHHEE TG
%ﬁw,%thﬁiﬁh@%@%mﬁv%wxﬁ&%&ﬁ#&g&
25,

7 A NVAEFRBE TIEEEIC X ) BETREOETSED &N,
EPWEDOTKERLH T E COMBMPEMENL EEZ 5N, $72, C
BB KIZBIT 5 Peg-TFNa2b- 1) Y'Y U HEEE CIIZHE O/
BEIZE D IERIERE LD Y Ly 4 VAR BESHFETE L. 2072
D, TRTCORATFT—VDBRMEY £V ARIFABRE CEE, FilEoigE
ZHIET H5NET, BEWRER CEBMIF A2 B W CIZRBIEN 2
IFN {6 DBEANEE L\,

HERW-OR A WoEAEE

5 iﬁ,ﬂi%ﬁﬂ' P — ) T&dr@,{fﬁ;&ﬂ/} i O)hklli]b’ﬂ%ﬁ? 2008 (BT~ W), pl6l. th
nowfwm #ﬁuﬂ@&%ﬁ £ SRS MUK, 2008
Tikg uﬁ”ﬁtk L bDEIC B fi8 6) Pessione F, et al: Effect of alcohol con-
: q e ic "'onv serum hepatxtls C Vll us RNA

3) I

brosxs prog1 essmn in patlents th, virus an , tenuates the ant wu‘al '1(11011 of

hepatitis C, Lancet 349 820—83’2 1997 interferon, ] Infect Dls 198 1766-1775,
4) Mdmeum P, et al Mmtahty 1elc1ted to 2008. ,

thomc: hepatitis B and chmmc hepautm C 9) Zcmg T, et al Alcohol potentmtes hepatms

in Fr ance Ev1dence for the role ‘of HIV C v1ruc; 1ephcon expressxon Hepatology

Lomfectlon and alcohol consumption, ' 38: 57-65, 2003 S

J hepatol 48 200-207, 2008, 10) Nokaa 0, et al Acyt&, alcohol mtakc in-

5 MA 12, ﬂL SRR o B IR 2 R, I duces SOCSI and SOCS3 and inhibits cy-




ANHE - BEFE

™A VAT —H—

\\ £ RFLEE L 3_’5,}‘;{: [

[ BEUPFNDERIICIE, HBs HiRE HBe FUADEETH D.

| HBs FiABRETH>TH, SEiIFl - (E2EEICKD B BUFFROBEEEALIC
& D BBFEMNTSENE B BUFFRDFET DT LB D.

(1 HCV FURIZIRED C BFFR YA VA (HCV) B & BEDRBSOmE THIEIC
A, REORREDEHICIE HCVRNA RENMNETHD.

JRgey 4 VA, EICROBGT 5 A
RIFF2™ A4 WA (HAV), B EBIFRY A VA
(HEV) &, FlCmpRi«s 5 BEFEY
A4 VA (HBV), CEIEFHY A VA HCY),
D BRI ANVAHDV) B H S, Zhb
FRESE 4 VAR, WIS ML RIE
To70, Al A VAR BE
IR ThO RS D SHEICE LEYVH 5.
Db, AR BRI
TREL, BT sI 0w —H,
BRUFS, CHRIEF4:, D BIFKIZEMEAL
L, FHEEPRHENEERETAI LD DS
OTEBEILETHS. I, BRFFKIL
FLENREC e 5 LR L, AV
ZHHHES A Z LIZENTHBDITHL,
BB TORGeCTIRIABIFREREL, 7
A VAR & NG, F72, HDVIZ
HBV & FBHEGT 5%, HBV ¥+ U7
[CEERGT 5 DA T HBV OFFFEZ LIC
BTG Lz, $72 CEFFAICE,
Wh W b ALT 8t IE ¥ O 8% &
(PNALT) 2T 5 DD, % 3BEMH
FF%25ET 5. LaL, HBV, HCV W
FNDHIE EBBICEELTWA I P Dh,
BMEFEOBERE LT, HBV BXUHCY
RBWTHILIIMOTEETHA. S
A WAFREBEIFROTA VA=
— L BBWERIIRT(EL 2).

A BIIF13 HAV ORORKGCREC D,
W 2~ 6 EEOBROBREMEFL 5%
FET 5. NETIRIFREFIE LR WAENE
b ABNEHH, BATIEE 60~ 70% A
B RIFRERET S, 20OIH 1%RK
WOBMEIL T 525, % 1 —BikRkge Tt
EL, 18bda ik, & A B
KOMBFWBWNIL, IgM-HA Jikon
HAsR b EET, BT % & pfifusTd
5 HA Biikas Btk & 7 5. HA Hifkicid
IgM 2, TgA B, 1gG BIAs&rha7s, B
B &N DX IgG Bl HA HifkTH 4.

HBV 1341 & ) JRREs &2 5.
Thbh, YOBICBRYET 5 L ERRkL
A NAEX YT ERD, 0% IFEE
BBz X BbDEEL N, 198646 H
o, ABIC X 5RO HBs FURRE
¥, HBe BUERMEE X 0 ik LRI d
% HB 77 F > & HBIG 512 & 2 REH
BT LI Thh, BxpmiRol
KT HBV %% V) 7GR L7z —/)
BABIOBHS AT BIC X B ATE
BTh ), BT UGBS &
D—BERR R ERE L, bHE T
FTHILEENTHS. Lil, Bidk
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E4E MMETHEINS &R

=1 B (U RIOBE

[gM-HA 1gM-HBc HBs HUR HBc FifF HCV Hiff HCV RNA

s ETIREN
| - - - - - A BUZMERT R
+ - +- + - - HBVY F v U TP DM A BURFR
+ - — - + + HCV F v U7 D204 A BURFR
_ + +Eeld— - - - B BURERT R
— —Flld+ + + - - HBV F v+ UPHoORMFHIESIS
e
- ~ - - +&ld— + C BURMERTR
- + +&Eld - - + + HCV F v U7 DR B RURFR
— — 4 + +E el — F HBV F ¥ U7 DR C BIFFA
— — + + + + HBV BKXU HCY F+vUPHHD B
BAFRRELWV UG RIMEIEE
- - - - - - FE A JEB IE C RURMERTR
%2 BHEIFROEZH
HBs iR HBc ffiff  HCV ¥ifk
+ =+ — B VBT
| + + B BURFA - C BURF N BB
+ - B BB ERE o GBTEN)
&l + - JE B 3F ¢ BUBIERTR

— — _*.

THE A XA EEEFEELTBY, T
BB E o TV 5,

a +iBg %ﬁ)}?}%\’ HBs E]:ﬁ]ﬁg ..................
HBs PuEIZ HBY O3EIH (surface) [ZFFEFE
THEHT, ZOFEITHALED HBY &g
PEERL, ZhUTxd 5 HBs Biffid HBV
RGO RBRGEFEYURE LTEIL 720, BF
O HBV OREGe L i6E T BRT 5.

h HBe#HJ&E, HBebifk «oovevveeren
HBe U iZ, HBV O¥FEOBIZIAIC
WS NBTHEER T, HBefURE
HBV OBSEEERS 7 A WA B % T 5.
T%bL, HBe SUEBHOEEIX HBV &
%L, BEgEEITE L, WROGBEE S
v —7, SRR A HBe LR,
HBV DNA E DRI OEM LI
HIL L, < @ HBe#tJE @ seroconversion

C TUIBIERT R

IEROBEE SNTE L, 20
BBUE Y 4V AEINIERT DT B
BgDFER, HBV @ core-promoter (CP)
72> L pre-core (Pre-C) ICE B DA L,

HBe FURDEEPKT 3 5720ICAh b5
BETHY, 47 LIFROEFHLEER
TAHLDTIERWT LD LN - Tn
5. B, CPER -Pre-CERDIRE

W RBREH & 2o T 5,
¢ HBcHBE(OI7EENE), HBc i
ST PO P PPN

HBc(z2 7)PEIZ HBV KNA S A&
BT, fERITNERETH 728, &l
a7 BETEE L U THE TS 2R
B AN, SN HEERERERY
BA-iEEP CHIRRICHEI N WY A
WABEIE R KBS 5720, IGESROT=
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¥ —\HERATHA. Tz, HBcHURITHT
% HBc i, ByuF i bl Sl
FICEHBEET 52 05, HBV B
D<w—h—& LTHWLNE. ¥, HBc
PiirDE M O%E 372 L 2 HBs L
B THoTH HBV F v ) 7 OWRe
R EWRT 5. FBENMEBEOREE,
HBV B2 BT 5. &L, s
B ALFEBREIC K D BIET 5 B BUIFAATIR
LT, BESZEEMERNOTA PS4
VASREN TS, HBs HUREMECTH HBs
PR 7213 HBe PURBREOH A1,
B - LSRRI X Y HBV OF &S
ALASEES Y, FOCMLERE B BT 5E
THEENDH DL Lh D, HBVDNA 7%
HIRELL L OBA3EIR 7 a7 3#ANC X
AHPLHBV EERIT) LRI LT
52,

d !gMHBC }ﬁ,1'$ ..........................

IgM-HBc #itfii, 2% B BUFRORG
RN C—BEICRIC T 5. 207D
B Hl& M F o BinicEORE & LCH
wWHhA, HBY $4 ) 7060 BEFFE
DREFESCSUMEOLAEICS, Bt
THIEDRDHBY, OBEOTRMEIE—
AR <, 2 HBc BB il %
R LD HENEETH 5.

HBV DNA £7° B HIFRORER 7,
BERIRFENCEECTH 5 C LINEEHL
MY, ZOWEBZEEREFEL WS
BC ALT IEE O FEFFEEBE OB T
HBV DNA &35 OMNL L7z fEkREF
T& b, HBV DNA 5 log copies/mL L |
T ERES 105 EE %25 2 &8
WEESNTEY?, BEFAFILTH
T A NVABNDOEEFEITRENT WS,
$hbhb, BRFAOBEEGL, ALT 31
PLET, HBe HURBEBN 5log copiesimL
Pl k, HBe PRSI T3 4 log copies/mL
PLE, FFREZEBICLE 3 log coples/mL P I

TH5.
F L DIIOIRT vorvermreremrermrenenin
ERoBEDIE), BEIRBER T
s, HBV B File HBV 9379V
HHEEREPHMETETH A, Thbh,
HBV OBEFEIIDZRES A~HD S
FEICHEEN, OHPETIEERETE B A5
10%, C4385%FES A LAHbLRTW
5. EEFHB O BEFKIE, HBe LR
@ seroconversion ASEfATFHEI C X HEL
KROENTFERI V. T2, BBT7TIus/ T
HBHITITVVIWNTHMRERTH S
HBV ® YMDD ZE2% BRI T4 &
HHEETH 5.

a HCV Hitk
HCV 513 HCV OIEEEH T
HPUET, BHOBHEIEL L, B
¥ 2 B CHMLL, TO%BERT A, L
2L, COPRITBRERFEPUE T % <,
BAED HCV DS & 8RO RRGBFE O™
BCHMECR B, EEIERIE TR,
BECHEIMERT 2 LBV, WE
DHEINIE HCV RNA BEPLETH 5.
b HCV RNA % .................... ereron
HCV RNA Ol ICt, BFE real-time
PCR & HCV a 7 ZHAE QW EENH
WwWhHNRTWw5, 74 VAEBOHIER, CH
FFeDiBimipss L InER R EICEET
H5b. $HZ real-time PCR T 5loglUMmL
Z\Ww i, HCV 2 7%&H 300 fmol/L 2L L
FET A VAR Eh, CRIBEFEOW
ERAEE LTA v ¥ —7 =0 VIRER1T)
B ANEY) VPR bNTWAS. F
72, real-time PCR = O M i BB 1% 1.2
JoglUmL & &, BEOWEHETIERD
BRETHS.
c HCV tOu—7, E{nril
HCV i3 BEFERICEL YA VATH
B72%, %L OBREFRIMEAET L. bY
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E4E MHMETHRIN I B

-
HBcHE
S s HBSHTR
A JVA e e
7—H— HBe B . HBedl (%
HBV DNA
HBV DNA HBV CP/PreCERHE
HBVEFLE#%

o hwn—

HBe ARG e B UABIERERS Y 7.
IR+ U 77 R SRGHEE EeE |
0 10 20 30 40 50 60 70
B ()

E1 BEFFRYAILAFvUTDERBE

Ecid, 1b, 2a, 2b BIPSEAEL, 1b AL
raZnv—">7"1 2al2bBEiZa s/ Nv—"72
%Y 5. 4 ¥ —7 20 IRERRE
BEFEICLVELRY, 2a2b BTIRIGHE
EIE L, 1bBITIRHEY. 2ok, b
BTSRRI R TFENC I TEE
ThoHY, HERERRTUETZ S0
HCV a7 )V —7 (FERHE) OATH 5.
d FOHEDARTS v

FOMoMAE L LT, HCV 1b NS5A
(ISDR) & HCV 1b-IFN/ U NE ) VAR
(a7 T7I/VBER)BHE. Db,
ISDR &, HCV O &5 (NS)SA 12
HFHET 540 7 /B o3 55T b B
OHCV DA v ¥ —7 21 VIR LB
B L 7-BEFEETHAY. oK
4D T X BERNPHIUL IFN B
B (24 ~ 48 ) THIRERIRIE L, 2
MU ETIZIFN + U/NE Y BRI 48
B CIEHENZED S Z EBH LT
BY, BEMICERTH A, BHEOLZ
AREBEA TR, —F, HCVvoaT

70%E N FBOT I JBERENIFN + 1
N B EREOIRER RICEET A C
EASRENTHY, ISDRV0ZVWL 11
EROEHTH-ThH, 27 0EFDT 3
DR ERI(R: TAEZY)THEE, A
BEREPEB LN T EH LRI T W
39,

4

ZDIFAy, D ERFROBEICIE HDV $i
1k, EEBTFAOZIICIE HEV Bifk, HEV
RNA # ] & ¥ 5. HDV iZ HBV %
helper 7 A4 WA L H72%0, BHTIRREG
9 HBV OFFE F COMEGT 5. HDV
PEERGT S & B BT 0BEbT 5 &
EDERESNTBY, BEBNENAORER
WMBIWCLEREEYHSH. F/z, HEVIZ
SUFREOERE LTERILER ShTBY,
BN CoORIBIe, AB@ERgsE L LT
LEIFEAOERD 1 DLEZ5NTWA.
L2 L, BHEFRIAEERESTTET S
Z &R HEV HiEh T 56 2 &6 BAY
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FF 4% @ 2 W12 1% IgM-HEV $i4k % HEV

RNA 2SHwH6NA.

1) Kimura T, et al: J Clin Microbiol 2003 ; 41
(5): 1901-1906

2) PEREL, 3 B 2009 5 50(1) : 38-42

3) Chen, CJ, et al: JAMA 2006 ; 295(1) : 65-73

4) Enomoto N, et al: N Engl J Med 1996 ; 334 :
77-81

5) AR, 32 HAMLESRE
106 : 485-492,

SHERE 2009 ;

BT BRI AT 2% A 8
LBk ERPTRL S SR AS 1 SR (LR AEAEE
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144 Py IR

N R

RITESE - 64% - 15

/’;

GO E T

=SV N

VAR, AV ARSI B IR RIS REERY
ZHERL, FORBEERBEMELOOHE. L
L, RO, vy —7 20y (IFN)
BEOBRALE, REZMERIZRENTHD,
CNSDOMBERERT A7DICE, FrIANV
2 WE NG T B BT TV & VIR
MRnnEThHs. LrLAEMREYET VI
WEPHIEShTELTY, ZOERRE LTHE
DA NVADE hEF RV LRSS
WEERHB, FUNr VBN A
VARG F WA ) B, WHEE - BEN
R EARBERAZ TS, LoT, F Ny
Vb by Al o/ R 72 LY
ERRW L BRE FUDNNETHDL, FFRI AN
At MFERICEB L TWAREERENLT
BB EELIONTBY, BEOTY A
KA NVAEEELTHREIRD SNV,
—%, b MEHRF ATy ASFBIAEER
v MR ER SN AT T ATHY, i
A AG¥EIL LY, BEEhe bFE
DRGEDTEETH A, ST, b MFs
AFey Ak BWI T A VA OEY T
2B L S HBOBEIIOWTENS,

b NFHEREE A S v A DR

b MR A 9wy RE A e b O
BTEBEINLYTATHY, w7 AL M
MR E AL CTERT L, Zovy Ak, BiE
L7zt MRS B RIS & - TS NT

* IRBRFRFREREER IR
G- F IR BRI AR 2
R R

v NI A S AR WY A v AR

e u Y I
KW —®

IZHFE R CHBET R TH A LENDH Y, o
W A B & O FFHIE 4 TR T B LENH 5.
ZCTC, REARLED SCID v X EFREE
BHTH uPA VNI vy ARV =y 2wy ARENT
£h¥T uPA/SCID =¥ ADMEE &N, &
® uPA/SCID < A DEEIC ¢ N AFHIIE % 7
ATHZET,  MFfilax A o< Y A2 /E
L7z (B1)., ¥29< 7 AOEO b T
FA~OBHEE, ¢ MFHRCEERN IR T
HOHE FTNTI VHMFIC L BRERE, B
K=y A v VT VIBEICLIVERL
7o, FORER, 90% LiEAte bIFHIRL TER
SN F AT ARSI,

BRIFFA ™ 1)L X (HBV) B~ 2

IR 2 5w 22 BRI R B E IE
EERAEST5E, B 2BBIYITTR
I HBV DNA Wi %56, 20, IH
HBV DNA I ZRECEHL, 5 titer DV A
AMESRAEICb- VR0 ohs (F2)2.
HBV B4~ 2 OFFR % B de il THRE
THE, B RTATI vBEEOe TS
HBe UBBETH 72, —F, <7 AFME
& HBc HiEBETHY), B h/-v T
FBICHEREMIC HBV 2% L Tw5 2 &% HERR
an/- (F3)2 HBV B~ RIHEET T
07 R REORS T 5L, i HBV DNA OF
HRZETr RN (K2), HBV BREvw
AWPT A NAEOFMICERTH B 2 LI
mENhT,

BEJFRBECEIHB T ok s5h, £R
OB & 2 BATHHEEVHE L 2o T
b, IhHOMBEREETA-OIE, AR
WA DEBREPHEAAAIZY 4V ARG
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(2009,1) PEY TR 145

I UPA/SCID 2B UL MEFHRRRE BV 2 % £ 5 5 A D{EELE
(Hepatoday 10 : 3, 2005 & H2eZ&B|H)

uPA NS U AV v oA SCID <7 A
i }

t

uPA/SCID <9 A+
B

b bR
b MFHRE B

JFE R
IR T4

v MFHREF A T A

2 MEHFBWETDAAD HBY B
{copy/mi)

10" 737V 0me/ke/B |
10° 5. o Titrae,
10° a RN
10 o Y
| X X
10° .
10* e
D e T e D

HBV DNA

(copy/mi)

10})
10"
10°
108
107
10°
10°
10*
< 103 L ) 3 1 1 i

HBV DNA

BITAVLETHE. 02D, 14 RO HEMCER T MERERLZ. H4EHO
HBV 7/ b & ABAAIETI AT FRERL, YMDD #REMBFIC, IV VWETH S
HepG2 Mgl HE MRS, LFEHIZ HBY = YVDD #ReEHEICENT 5 Mg d/ER L 7=,
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146 heE w7 A BETEY - 64% - 1%

3 HBV B~ 7 AT HER

A D HE Bt
B . SR (Bl HBe HUEHUE)
C e ik b7 T LR

M4 BEFEEEVETYIIAND HBY B

(copy/mi)
10t I 7 37V 30mg/kg/ H l
10"+
10° ¢
10° PP PREE R LR
< - e
o)
>
=
g
2 4 6 8 10 12 GE)

IHEDERFFETFATITIANEET S HBV BE~v A I 7Y 2 RkOKRET
b, BAEMB L O YVDD #E G2 HBV B b, BAMRRYeY Y 2 Tl HBV DNA @
DHER SN, NTRICERLALEEY A VA KTHRD LN, YVDD HEHR~< 7 AT
B Loy A0S (H4). 2hb IR T 2O hho/ (HW4)., O LI,
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(2009, 1)

PEw TR 147

5 70— %B0ETYIAD HCV B

{copy/ml)
108

107

T

10°F

HCV RNA
=

IFNo
1,000 Bfz/g/H

CV-H77¢ (la)
HCV-KT9 (1b)

JFH-1 (2a)

Beyeld 7 0 — v & v/ HBV B~ v 2 H88
HOMBHBECEHATHLILEZRL T A.
COFFEEHCTEHROT I 7Y ViR OF
b TEETHYY, HBV BEFEHBTHOY 4
VA RRYE - EEE, MR LOBVWIEEINT
WB,

CERIBFFRY 1A (HCV) B~y

v MRS A 5w 22 HCV BB E O
mErsHESET2E, v AMPICE titer @
HCV RNA »PEHM#EE I B9 2o HCV
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Chapter Forty-Four

Natural killer cells and

hepatitis C virus infection
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What is of supreme importance in
war is to attack the enemy's strategy.

Sun Tzu

If you want to understand the
immune system, look to the viruses—
they have been studying it for eons
Michael T. Lotze

ABSTRACT

interference with host innate immune response, in
particular natural killer (NK) cells, may set the stage for
subsequent ineffective adaptive immune response and
viral persistence.

Viral NS3/4a protease interferes with hepatocyte type
| interferon (IFN) production via several mechanisms.

NSS5A protein may also interfere with this pathway via

IL-8 upregulation. These and related changes, along

with suboptimal dendritic cell {DC) response, possibly
contributed to by IL-15 deficit, may impair NK cell
activation. Viral E2 protein can directly engage NK cells
via cellular CD81 and inhibit NK cell response to activation
signals. HCV core protein upregulates hepatocyte HLA
class | expression, serving as a likely deterrent of NK cell
cytotoxicity. Core protein can also upregulate HLA-E on
hepatocytes, and interaction of this molecule with inhibitory
NKG2A receptors may downregulate NK cell activity.

In chronic HCV infection, both NK cells and DCs may
produce increased IL-10, skewing the adaptive immune
response towards Th2 type. in this condition, Cytotoxic
CD56%™ NK celis may be decreased, and cytokine-
praducing CD56>9™ NK cells may be Increased. Population
studies of polymorphisms affecting cytokine production or
NK cell inhibitory receptor binding have shown associations
with viral clearance, suggesting that these represent
important factors of the host immune response.

Many current efforts towards control of HCV infection
focus on antiviral agents or T-cell response. However,
the virus itself seems to have expended a great deal
of evolutionary effort in attempting to evade multiple
aspects of the host innate immune response. A greater
understanding of the role of NK cells may lead to
interventions that facilitate early viral clearance and
subsequently decrease the frequency of chronic infection.

KEY WORDS

Hepatitis C virus {(HCV) infects more than 170 million
people, 80% of whom develop chronic disease. Viral

Hepatitis C virus (HCV), Natural killer (NK) cells, Innate
immune response
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Introduction

1t is currently estimated that about 170 million people,
representing 3% of the world’s population, are infected
with hepatitis C virus (HCV) (1999). These individu-
als are at significant risk for the development of cirrho-
sis, the emergence of hepatocellular carcinoma and the
possibilities of other complications such as cryoglob-
ulinemia or renal disease. The incidence of infection is
expected to rise in the immediate future, underscoring
the fact that this virus represents a significant world
public health problem.

HCV was identified in 1989 as a specific agent respon-
sible for what had been known up to that time as non-A,
non-B hepatitis (NANBH] (Choo et al., 1989). Its discov-
ery entailed construction of a ¢cDNA library from plasma
derived from a chimpanzee with a high infectious titre of
the then unknown virus, This library was used to express
polypeptides that were in turn screened with serum from
a NANBH patient. An assay derived from this approach
showed that approximately 8% of patients with chronic
transfusion-associated NANBH had antibody to HCV
(Kuo et al., 1989},

As is the case with most viruses, a dynamic inter-
play exists between pathogen and host, with a variety
of moves and countermoves by both partners. The suc-
cess of the virus in this regard is reflected in the fact
that approximately 80% of patients will fail to con-
trol the primary infection and go onto chronic disease
(Bode et al., 2007). This chapter will briefly review the
makeup and life cycle of HCV, outline some aspects of
the host: viras interaction and discuss the role of natural
killer (NK) cells in this venue.

Hepatitis C virus

Classification and viral genome

HCV is an enveloped RNA virus classified as a distinct
genus Hepacivirus in the family Flaviviridae. It is divided
into 6 genotypes and more than 50 subtypes based on
genomic variability (Bukh et al., 1995}. The virus has a
single-stranded positive-sense genome of around 9600
nucleotides with a single open reading frame flanked on
either end by conserved untranslated regions (UTRs)}.
The 5 UTR is highly conserved and contains an inter-
nal ribosome entry site (IRES) that allows the virus to
usurp the cell translation machinery (Otto and Puglisi,
2004). The efficiency of translation control varies among
different genotypes and quasispecies (Honda et al., 1999;
Laporte et al., 2000; Soler et al., 2002). The 3’ UTR is
considered essential for viral replication (You and Rice,
2008) and has an additional role in enhancing the transla-
tion of viral RNA mediated by the 5 UTR IRES (Song
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et al., 2006). It interacts with the cellular La and polypy-
rimidine tract-binding proteins (Domitrovich et al., 2005)
and, in one study, was found to bind more than 70 host
proteins (Harris et al., 2006).

The bulk of the genome is comprised of a single open
reading frame that encodes a 3010 amino acid polypep-
tide that is cleaved in a cotranslational and posttrans-
lational fashion to give rise to 10 viral proteins {core,
El, E2, p7, NS2, NS3, NS4A, NS4B, NS5A, NSSB)
(Dubuisson, 2007). In addition, a frameshift involving
the core region gives rise to an alternate reading frame
protein known as F protein (Branch et al,, 2005).

HCV proteins and structure

The mature HCV core protein ranges from 19kDa to
21 kDa molecular weight and is thought to comprise the
viral nucleocapsid. This RNA-binding protein is mainly
found attached to the endoplasmic reticulum, in asso-
ciation with lipid droplets (Dubuisson, 2007). The pro-
tein is thought to have a role in hepatocyte steatosis and
to render the host cell more susceptible to injury and
carcinogenesis. Core protein contains epitopes recog-
nized by both T cells and B cells (Barban et al., 2000;
Beld etal., 1999; Jackson et al., 1999; Nattermann
et al,, 2005; Pirisi et al., 1995). A direct modulating
effect on the T-cell response is likely. Yao et al. (2007)
concluded that this protein led to an inhibition of T-cell
function, Separately, Chung et al. (2001) suggest that it
may cause an accelerated inflammatory response. HCV
core protein acts as a ligand for toll-like receptor 2
(TLR-2) (Dolganiuc et al,, 2004; Duesberg et al., 2002),
and this may contribute to monocyte/macrophage acti-
vation in chronic infection (Dolganiuc et al, 2007].
Ciccaglione et al. (2007} found that this protein was
capable of inhibiting interferon (IFN) regulatory factor I
(IRF-1) expression, leading to repression of subsequent
target genes such as IL-12 and I1-15. It has been sug-
gested that some of the effects attributed to the core
protein may be due in part or in whole to an overlapping
alternate reading frame protein expressed during natural
HCV infection (Branch et al., 2005).

The glycoproteins E1 (gp31) and E2 (gp70) have
been demonstrated on the surface of HCV virions
{Kaito et al., 2006), confirming their role as major enve-
lope glycoproteins. E1 and E2 form heterodimers and
are found largely in the endoplasmic reticulum. E2 con-
tains a hypervariable region HVRI that can form qua-
sispecies during the course of infection, possibly due to
immune pressure leading to the development of escape
mutants. E2 is thought to represent the main ligand of
the mature virion for cell susface binding and has been
found in vitro to link CD81 (tetraspanin} and SR-Bl
(scavenger receptor class B type I}, two putative cell
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receptors for HCV (Heo et al,, 2006). The interaction
with CD81 is also thought to affect dendritic cell {DC})
function during HCV infection (Nattermann et al,
2006; Zhao et al,, 2007).

The p7 polypeptide is found either as a C-terminal
portion of the E2 glycoprotein or as a separate pro-
tein (Major et al.,, 2001}. In vitro studies show that it
is membrane-localized and forms ion channels (StGelais
et al., 2007} that can be inhibited by amantadine, This
protein is necessary for infectivity in a chimpanzee
model and has been found to be important for the effi-
cient assembly and release of virions (Steinmann et al,,
2007). The ability to enhance virus production varies
among different isolates, suggesting that it may function
as a virulence factor (Steinmann et al., 2007).

The NS2 protein is a membrane protein localized
within the endoplasmic reticulum. A role in virus assem-
bly and release has been proposed (Dubuisson, 2007}, and
a recent study found the protease domain of NS2 to be
necessary for viral infectivity (Jones et al,, 2007). NS2 has
been shown to inhibit apoptosis mediated by the hepato-
cyte CIDE-B protein in vitro (Erdtmann et al., 2003).

The NS3 region is responsible for encoding a serine
protease activity that cleaves the HCV polyprotein at
multiple sites, in conjunction with a protein from the
NS4 region. NS3 also encodes for RNA helicase and
NTPase activity. Thoren et al. (2004) demonstrated that
this protein was capable of inducing oxygen radical for-
mation in mononuclear and polymorphonuclear phago-
cytes, which were then able to induce dysfunction or
apoptosis in T cells, NK cells, and NK T cells. The NS3/4
protease also plays a role in the response of the virus to
host type 1 IFN production (Hiscott et al., 2006).

The NS4 region encodes viral proteins NS4A and
NS4B. NS4A is a cofactor that enhances the activity
of the protease encoded by NS3. It also joins with viral
proteins NS4B and NS5A to form a stable heterotrimer.

NS4B contains a nucleotide binding motif with
GTPase activity that appears to be important for effi-
cient  RNA replication (Einav etal, 2004). It also
induces a ‘membranous web’ comprised of vesicles in a
membrane matrix that is thought to represent the viral
replication complex (Egger et al,, 2002). It may also
contribute, along with NS3/4 A, to interference with
hepatocyte type I IFN production (Tasaka et al., 2007).

The NS5 region encodes viral proteins NSSA and
NS5B. NS5A is thought to play a role in replication
of RNA and exists as hypophosphorylated and hyper-
phosphorylated forms. The hypophosphorylated form
appears to support efficient viral replication in vitro,
whereas the hyperphosphorylated form is inhibitory
{Neddermann etal., 2004) Of interest, the mTOR
inhibitor Rapamycin reduces the phosphorylation sta-
tus of NSSA (Coito et al,, 2004). NSSA has a separate
domain referred to as the IFN sensitivity-determining

region that inhibits the action of IFN-induced protein
kinase PKR, an effector of IFN-induced antiviral activity
(Gale et al., 1997).

NSSB protein contains the RNA-dependent RNA
polymerase activity that is essential for viral replication
(Luo etal,, 2000), and it is likely that the interaction
of this protein with the 3’ terminus of the viral genome
leads to the synthesis of negative strand RNA. It may also
serve to modulate the phosphorylation status of NSSA
{McCormick et al., 2006). Choi et al. (2006) demonstrated
that this protein may modulate TNFo: signalling pathways.

The HCV virion has a spherical appearance and is
approximately $50nm in diameter. It is enveloped, and,
in the peripheral blood, is found in probable association
with LDL, and in another form either free or complexed
with immunoglobulin, as determined by sucrose gradi-
ent centrifugation (Hijikata et al., 1993; Kanto et al,,
1995). It is thought that association with LDL may pro-
tect against antibody neutralization.

Life cycle of HCV

Until recently, there was not an effective cell culture
system for HCV (Lindenbach et al., 2005; Yi et al,
2006)}. Thus, most studies were performed using either
standard mammalian cell expression in vitro or in vivo
with chimpanzees, as the chimpanzee is the only ani-
mal model that mimics most but not all aspects of the
human infection. The development of permissive cell
culture models has allowed progress in the study of the
viral life cycle and has facilitated the testing of drugs
and neutralizing antibodies against HCV.

HCV generally is spread through parenteral routes
and reaches the liver via the bloodstream. Virions
may circulate as free particles or-as particles bound
to immunoglobulins, low density or very low density
lipoproteins (Nielsen et al., 2006). The viral surface
protein E2 can bind cellular CD81 (tetraspanin) as well
as scavenger receptor class B type 1 (SR-BI} (Zeisel
et al., 2007), both of which are found on hepatocytes
and appear to function in viral entry. The LDL receptor
(Nahmias et al., 2006) and the lectins L-SIGN and DC-
SIGN (Lozach et al., 2004} may also facilitate entry of
the virus into the hepatocyte. Further entry is depend-
ant upon the presence of claudin-1, 6 or 9 (Meertens
et al., 2008), and the virion is endocytosed into clath-
rin-coated pits. Viral surface membrane and endo-
somal fusion occur in the context of acidification, and
the nucleocapsid is released into the cytoplasm where
uncoating occurs. The positive strand RNA initiates
translation by means of an internal ribosomal entry site
(IRES) that is located in the 5’ noncoding region and
binds the 40S ribosome. This leads to the formation
of a single polyprotein that is processed into individual
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