F2 EEHBEFFEE, NiH, AASLD, EASLOHA NS4 o OHE

SN - (EREEEIC KD RIET % B BUAFROBEER(L

BESHERER

HBs ME (+

B8

YO BRIE LT, H9 1 VA%

(ToFHEL) B4H,

BRELT, U1 NRE
EA,

HBY DNANYR~ZF L XD
B BUFROEE, WY

BEIE LT, MIANIE
E06H,

REBEEV(12 AL
Ras, 7379 %40

HBV DNAGY LAIVIZh b
5, H A AEEHE,
HBV DNA B7 % <, i
JZ7HhhWEBE T,

A IWZE(F/RKEN, I telbivudine 2EETES, FITVT+H45,
PFAENE )RR AEPEArEVES, T2 HBYDNANZUVES, EY
EppE, FHENELRTFREN EFEL, WP EVT
EEMOBEVBEFAE s FEELWICFHEN LFHELMELRF/RE
UTDEE, 7379, BEOMEr$3).1 4~ NEHETS,
TFRE LD FRRE, 70 EEENHBRED
BETHTANETHS,
HBs#BE(—)T, HBV DNA(H)DIB&:H AT HBVDNA#EEZE L3 ICBEE{FEI3, ALT &£ HBV DNA #3E%
HBcHifk(-H) &k “ANAE(ILTFHEN) (EZ4ULT,HBVDNA FHHREAHETE3EE (EZqULY,
I¥ HBs it (+) %8, PEREETAE Bo1 OBEr LV, HBV DNA #BBtEbT fid
OBE HBV DNA(—) D& 1 HBY ZXE&H#H, (ALTIE BB LTV VB
DNAZBREZ4YL7.lE HL, BLL RUREN T), BOAIVAEERA,
MAEL A5, MM XE $IRE (HEBHE) Pe3E
(I FHEN) BB, AU E SR E AL 251
FFEE, I NIED
FERE LT C & EiE
LThEu,
EFEERIETH  (EEEERTHIEES —B0C, {E2EAR TS, (CEENHBYDNA<2000 {ESFRETH, 125 A

12 BR#HEL, oMk
HARS R, ALT #IE%1L, HBV
DNA »HE#EMLELTY
3BEE, MY IED
REIRT DRSS HATEE,

FriEETE# 122 BiE
BEICRBEET S, HBY
DNAVIRHBELLEIC K -
5, BEICREEERT 5,

2~6n BRI INREGE
Wi s,

TRk S Hub®, BEElL
PREZBZEX, ME#ED
CEC3ZLbH 3. TS
SEERTTEINES D
JEES LR TOEL,

WML OBE I, LFEE
¥T#, 65BTHRE%E
BETNETHD,
{EEFEARTHBY DNA>2,000
UmL OBEE, AEOIT
SRRSU R EERTSE
T, BHETRETH2,

w15,

FrEggeRE & 2530 L R WIKET O

D%EEE1T) o HBV DNA HTHHT

EoTwd, $/z, HBc Bk

M7 o 7 EHOFRES L, #
BesisE BB CH - 7285, 20114 9
H22HIZBPEIs & LTI ve it
VBN, FHTREE 2o Twnh,
2) HBs FIEEM OGS

HBc Hifk & HBs Hifkz Ml L, &
5 5P WEETCHIVIEERILD Y
27 HdDHEHWF LT, HBV DNA

HIUL, FLrANAEE L TEBRT
Fu s BEHOTHEG AT . BE
(B EEDLF) Thhid, HBV DNA
EHATE= s LS, Bk
L bBEmT o r8Hoks %
Bih§ 5. Z® HBV DNA®DE =
1y rrd, 20114 9 H22 B IR
WIS E T 5 E500ETH ) EEnhE
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P 4V AEDO TG ORTIC
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T IE S A b 5%
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TR LHIZ
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HA KT 2 OB S 7z
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B I fF 4% universal vaccination ~~\\]l13C

mE o RV HEYP AT FEE

i HEEY WA

=i FWY M MmEY HR

WE R OREC PRSP
;:Pﬂﬁ %§Z7)

HHERT  HED
0 M BT ER Soh

HE FfIAY  EH EFC ME TRY U BT #wLb R

EE BENFEY 57 VIEENETIIAERCENBEE 2 22NNV 2 F U TH D,
L LaWoBPECIEEREE (V271702 F 52— ay) LihoThY, BREYE
BilkDBEDHRT 7 F  EEISREBERBR T N—-E N T w5,

IHL LI F 4TI F A=Y a v OATEREYPEO BRFALZHET S 2 L IZHET

H5b.

IR TP 2345 6 H 2 HIZH 47 B HAFEYS (MBAZESE) BWTiThbhizv—
7 ¥ a v 7B B4 universal vaccination ~NEIF CIDWNEZB/AL 2D S, o N—H )17

7FR—Ya VIZBELTE LD TAHIZN,
FRE|HEE

De novolfF#

YV TFATIIFR—a v
HBYV Genotype

1) WHEAZEEZRIFR AP E S

2) BB L RFREREEDRRRBER S

3) ENREEEIEY v 7 —PIRR B P S R

4) EMKFEERHELEAR

5) EEMRERNIEL Y ¥ -k - RENEE Y ¥ —

6) I BRFRERERESR SRR S TRRHIHA
B

7) RESHRTEREEbSER

8) KM L RFEFEIHKRFEBEE ZOFER T R E A
R

9) HAE—RTEmbEiE L

10) =Y 7 v FERRFHEE - FFRAE

11) & ERFEE LR B L AR

12) KIRAFSL2MEN - REEEL v ¥ —/NER

13) FEASHEREEIRRS &b & v & — R b2

14) o BHIEABH BRI

15) Blik#ESEEZHFRILEZ AR

16) FEBRFRZREZHFERE LIRS

17) EvmERBRIGERY v ¥ — BRI 5 —

*Corresponding author: hyotsu-tky@umin.ac.jp

SRR L W E2MSD(BR), #ahEEE (k)

JUE A=Al Bl ()
<ZAFH20114E10H 1280 > <R H20114E12F29H >

(S IS 2

1 BEBFROBEERLIEFR
1) BPEICH T BRUERALESE
1972 212 HBs JUROBRIEDIE AT B L 91Tk D,
B AUSM AR ED BAEPERIH S STV /.
B ROENIIREERELND 5 & LFI» S
bhro T, 0% B HBs HERETH 2 Z &
AHB LAY, /2, BRFAYANVAS Y Y TIiE@ED
LAEFNAIRO 20~30% PRSI TS LA
HoZENRK, Z0ke, BAED BREFANED
KREBAFIEERGOERICBEINLZ LI o /.
1975 4, HBs FUR 0 HIE0 b A Fh /2 BhdE

WHRERICBITT A 2k, 29 LEMOS (I3
Tk  HAERRICERT 2 2 L IS,
7, PRI BAT T BHERDIT & A £ HBe HLR
BiEThH Y, HBe HUEBRMOE AT AR LR S
THEEDAIPF YU TATEILEM/THEI LD
HB LY. 2070, HBe UEBEOBEPLET I
=B 5T E L HBs & Mgy v 7))~ (HBIG)
% T HBs SUR OB, & OEERRG: % B L
I v aRATh N2 HBIG 2549 1 EM GRS
LT EI3I8E HBs LR TH - 7275, dikd 2
LR C HBs URREEE 2 2 8B4 L, SBIRESZT
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50 - 118 FF 4

TR HBV ¥ v J 7L 2 &I ST L ASTE %
W EDEH S PITT 5 72Y0.

1984 4EICEED HB 7 7 F V2 X B REBI RN ER
THE & 72 0, HBIG & ORI X 2 BEBIETHNID
X5l o 72" 1985 FEIIIEA LB BT8R
Bii-ZEsE | MR 3, HBe HUEBED R 5 1986
£1 A1 HPBEBAE LRI L T2E/IC HBIG &
HBV 727523 % BEIF AT REEES BT 572
(1995 SEIHEBRBETTFH 2179 L H I o 72BE T,
x5 1E HBe FUE B/ 2 M 379X T HBs R
B OBBRICHA SN, I OBEEEHNHO HBs
TEBEAROEB IV OPHREINTNEY, L0
HETOIHTRBREEIRECEDS LT B 72, /b
B B EFFMBEORENEA L2 & dEabiEs
N2 e —EOERITHRIE O LEEE, AR
B, BERARE, MEREOEESEATZLDOTHY,
BAEEOFELRERRTH 5.

2) BEBICH T DREEBAIESR

HED HBs FUEBERITH AR L BRTIE B 0ICEL
(15~20%), R 2 KT LI LFAFETH-o 7
ZD7=0, HBs PUEBHOB#E» S EF N HE RS
HHBRIZI984FEIZHB T 7 F VA S hiz®. 1986
FLZRBEEONEST N TOFHFER IO 7
7F CEEONRITEA ST S, 1991 2 20
BARBMOTXCOERYNY 2 F Vv EON R L o7z
E 512 HBs HUEBEOBE» S £ T h/- 81, HaE
KEIC HBIG #5447 bN b & ) 12k o 7217,

ZORR, 22N H VT 7SR - a VEA L0
SERBITIE, NE 1 (6 5%) © HBs HURBEEDNT105%
PO I7% CETET LAY, 4 6805 U4EOF
o 10 5 A&7z ) o FFHIIERE DS A E13, 1981~1986
SEQORARD 0.70 5 5 1990~1994 0 0.36 ~ & HHAR T
KB L7,

3) TAUBICE TS RBEEBLLER

TAYATIXHB 7 7 F A 1981 FER L EbNS X
Iz ofedd, MMIWERIHRE LTHEASNT
W7z, 1991 4 Advisory Committee on Immunization
Practices (ACIP) ® Immunization Practices Advisory
Committee 25 L I A Y F—a YHPFH I, HBs
PUR RS iR 2 & 4 F 172 1812% LT HBIG & HB
ToFrERRATAIENPEDONLY. FOHBTRT
DOFHER, 9FKBOFDE, NA VR EEEERE
BCEERA R AT b T v o 72, Z DfF 5 2005 412
1%, 19 RO TR FPEDORBRGRIT 96% B L

53% 2% (2012)

7z.

L2LAD6 19RUETIET76% ORASICE T -
20 ZRIEBADT 7 F rEEREMEV D EE XS
niz.

4) ZOMOEICH T B BEHIESR

45y 7, RE, ¥4, FrE7HEEZIZN—Y
NI TFrERNEMSEALTEZETHS. &
5 L7=ETda3 L &ili% HBIG 2 A T&7zblf
TiREWY, BRO HBV BEEE% 70% BERD 3¢
A EICHEIL TV 5. LRI O KRGO
IEFREELNEY, ZHLI-FEL LT, WHO
I EROBIREYE T & LC1oN— VHB 7/ F
VERERLTWAEY. 1992 £ T_TO WHO ¥
ENzxt LT, 19974E F TIZBEIIFH T 7 F ~ % Expanded
Program on Immunization (EPI : PRI K70 S
T L) ICHAAND L) EIESHEN TN ED,

2 wLIFsTIUFR—YgrEanN—-HIb

T7FF—=a>

2007 SEDB BT WHO 0% 213 ANT, L2
FA4TITIF R~ a rw2fToTnb01k, BEET
Fa—-av 0728 (Fre—2, 74578,
TARGYE, ¥5V%, JVIIL— ATz—FV
AFYR) LHROATHE. TANT v FIZERD
HBV ¥ ¥ U 7325 2% KT TH o 72%%, BROWINS
STD R HATI R ) gt DI % B, BFEMED
ZEIZAN ETI998 EDP LNV T 7 F V%
%)‘\Lf:ﬂ)ﬂ).

RV T4 TIIF A= a vid, B EIFRIOERGEY
BHHEENECADORERNRE LTT 7 F VEELIT
HAFETH L. ChETOEZHEEDP S, ERO HBs
PUEBYERATRE 2% 25 8%) D LoBaii,
EREEZHRICLIL=N—HF VT I F 2 —Ta v
PERALZHEPHRIE EN TS, F/z, BRO HBs
BB R IME 2% R HaiE, 1=/8—%y
PFER—Tavof, NMUIRAZITV=-TENRIZL
Tk L I F 4TI F R =2 a VAR EIRTWY
623).

NAYATZ T =T c R R/EPEHE. L0 X
I RERIPI -0y T AETEV I T4 T F R —
Y a YORNRIZENTWED % Table 1 IR L7 BF
IR IE ITHZE L DNA ) A7 TN — T H BB
ORNBREENTWELI EDbN5. BB RFRY A
VA X% ) 7 ORBREREHRESEEE (IVdrug
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L=N—Y I BRFRT 7 F v

51:119

Table 1 Selective vaccination EEENZ BT 57 7 F L EEN G

HB ¥ x U7 RWETIZRVAH

= Fry7 EEHH REAEERE N WEISEIL J
BRI SR maes plRo oMy ) 2o wrmee 2OARE SIS
OHAR BESLHRE LELEEL £ § HEOTFHS @"@'}E D33 B A
TFIR—=7 Yes Yes Yes Yes No Yes No No No
AR AN Yes Yes Yes No Yes Yes No No Yes
TARAG VR Yes Yes Yes Yes Yes Yes No No No
TANGVF Yes Yes Yes Yes Yes Yes No Yes No
Fouy Yes Yes Yes Yes Yes Yes Yes No Yesskk
NI z— Yes Yes Yes Yes Yes Yes Yes Yes Yes
ATz—FY  Yes Yes Yes Yes Yes Yes Yes (2005-) Yes No
*HE Yes Yes Yes Yes Yes Yes Yes No Yes
B4 No No Yes No No No No No No

* REBRE, BE2COBHBGE, ARWPHRE, BRELSTEH FREOFE, HRBYEE. 715 FTIRHBY

77 F rEEIERE CHENHS.

TBESMNE BREHFABREORME, sex/S—MF—, R FHEA

TEEERE BEFE LRREE

§ BWERE D sex /3— b —/FHt/FRBA. MSM (men who have sex with men), D sex /S— b+ —%2FTHA. WA,
HEFEZRER, BREHELISOBEI ZIBRERB~OKRITE
S EREHEFSOBROT LY, BREHIRDILOBTLZORFELSLRIK

user), MSM (men who have sex with men) 135X T
OETRBERONE L SNTW 22, HAROXEBIK
(REERRBR DD OREDF v ) THIRGICES L Tw
BOEIIRELENDS.

CHOIICHARRZINETHLWEHTRE LR
ELPCELMRATIMAELETH S, ZOHBIIR
FREGB L HE O ERERID TR o 7oh b & HEH
ENB. ZOFERIE, 1ZLALOMENEERET
fTbNns 2 &, BIRHAFE//NEREICHFRYR5 L3
EOHEFTHFMRLZ L, AB~NOT 7 F U ERBICR
BARBRLTHo722 8, BROFHEIHT BRI S
ol b DD 5.

3 BEFFROKFEBREFFLEIEETH D
1) 3L4hIRHAD KT RESRSIE
LR O BRFA~NORBREICH L TR E TR
BicbzyREdfrbn T & k. BFEEESOEE
FHABICHL TR I (FEATWE Z AR —2
YavITHHR () bIZLVHEShS #oT
BF B RIE R BB 0% L, HiRFOBHOREE
FHRETHHRABEETHS.
ZO—FTXPREFLE T ERABREDR O DRBRYLH
BRI EBA L IZIZAERD SN LYY B

(3CHK 69 % —HRELE)

BUFFJE A VR % % 1) 7 OIS IS 2 378> HBV
PBEENDEZEHPESEMALIZX VLM S NIzD
RF B FORIENBIEORE RFER L Bbh s,

DUFIZal~< 5% X HICAHo BRAKFL£OEHI
Genotype A 12 ) 203 D, Genotype A @ HBV
Fx ) 7TI2HD LS DEIMERICH 7. Zhidg—
Oy 2SI B BIERIRGED 95% 12K ERERIC L B &
I BELELST DY, 555113 T Genotype ADHBV
F v ) 72 b AL RADOIK PG AT 5 TR
BHb.

BBy BEFRYAVAE Y ) 7ORBRER
WA TRABBROGERE 2o TEBY, KBV T
DEAICKHREIULETH L. T2, HEHRETOK
FREDIDEMOREORR L LTHEE % 5%,
2) STD (sexually transmitted diseases) & L TD B

BI2MFROFE

BARBRENUREO BRSBRFRDIZL A LIIWHE
& o TEET 5. HWRBOSBLICE, RFES
BoOBRMELOURE, BEMTOWRRBIEZTET
BY, PEUEEEDTWED,

BfEO BRSEIARES (BEROEZIED) &
ERER 11,000 ABRE L #EE SN TS (). fERE
A3 5 BREISENXIZED S Genotype A DEIE 1T
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52 1120 lixg 4

MMERNCH A5, FEOT—27 ¥ a vy T THEREE
3 5 BRISHEIF RO LD Genotype A DRI &
5N BEOEE (B A P H) 256
WESNz, o TREFESHRORE L OUKTH, 5
MR COMURBIC L 5 B BB (€ D% 45 Geno-
type A)IZEER 3000 ALLEZ EosdbnLiEEEns.

IHEL R O P& LU B BIAMEIF 408 2%
BBIFEILS 5 & ENRTWAEI™, BED B BRAKF
£ S OREELS, FBTHD D5 Z &N L, BH
BIZX o THEEI N, F72, Genotype A ® B HEIEH:
JFHD 1 HRiHE;BE, BHALTHIEPHLMCE
NoDOH 23, SEDT—2 3 ay 7 ThZOBEA
FILTHbHZ LD, HEN, P HREOREERTHLD
12 E N7, Genotype A @ B EUBMEIF 40 HARBIZIZR
7% R0 5575 FHEE/ PRI E S EAOS&1X
-y RERT I THEEREI LI &, Geno-
type A & D DEBIFEBEDOAHRIZKRE ZEN VT
LW & EZ DL /R EET 20058 %E
EThHZ LBV RZVWEBRDNS.

A L7EEREZSHESTD & LTHBESHTR
2T FUCFHTHAILEBEERILTHS. W
2HIESTD & LT BEAERFROFHICIX 11-12
BTOLZZN=F VT2 F U BFPRIGTH D L OHE
BB, BESHFRRLLE LI ICZOERBOYEE
BERIZILBHFEME Y. 72, HPV 727 F v OFfE
WIHAE, FLLTHFREIEEDPLBR I FEOLTIC
FULATbR TS, SHRAFTOHREEDSERER
WL HB 72 F v OBRER R 2088 H A 5.
3) De novo FF&XDFEh

VYR ITTPEREND L) o TR BET
REERRGB 2 5 O HBV BEHALAE L G sha &
Iz o e RIFORIF E FETIE B BT L RGRH
D 12% HEB SR ON L LHEIRTE YD, &
SICKHMLEEREDBELA RN L RFE RO E
LCETHTHE. VY F T2 EHT a8
OB ARTEES Y SISz "B - {1k
FEIC XL D EET 5 BEIFSESRA A Mo A4 9 0%8
AN sZep% L BRFAOBRFEIRON L %o
TVBH, RERPEECZHEOBRRAP PP T 5.
¥ 7z, TNF-o IEE L 80 FERNEIC L 2 BEELO
HEDREH L TETRE9,

29 L-BEELoI0z01z, BN L2F
BRIZHB 727 F 12L& ) BEIFFRY £V ANDRBGZ
DBDERIETHILTHS.

53% 2% (2012)

4) BMOERROFRE

B OBRIFFRA 7 1) —= > 713207~ VNAT
(Nucleic Acid Amplification Test) TIThbh T3, &
DHETIE 74 ¥ Py (R¥# HBV DNA 25k &
%5 X TORH) RHFRBER I ICHECHFET
B4 NVAERBTERCEARH Y, HIEDEH 10
FIREOHIME B BRI FE L T3 (http//ww
w.jrc.or.jp/vems_lf/iyakuhin_yuketuj1010-125_10102
9pdf). MIMBEFROBFIEDZDIZIEHB 7 7 F VI &
DBEIFRIA NI T HRELERLTB{IL
PROFTH 5.

4 EFBEOAR

SROT—2 > 3y STRENBREERMEL Y ¥ —
RBRYRERE, RERGEREMEOBREEEREICL 25
FHEMITON. TORFRUTOBY TH 5.

(D) 7AU2%FLD, BEEZIILDE LEL
DE & T N—FIVHB I 7 F U AEAINT VS
A, HRIZHB 7 27 5 v 2 &0, EHERICHAAND
NTWRWEELRT 7 F VAMBOEEE & H_TH.

(2) TAVATRI 7 FrOREeN, $HE%E ACIP
(Advisory Committee on Immunization Practices) 5Et
A& AE U TR, FEINEEICE DB TEMEL T
BY, ArVa—VEORBEIIKELHEEAERLLT
W5 HETLZOL) BHOBRENIZINS.

(3) 77 F v THETREZ BREICE L CiE, £H
DERERE LT 5 Z LIk o THEEAD Z O RYE

ZEER D (EFSE, Herd Immunity), TR

BARERD 5 VIEATRE 2T AR - AR EmRE
ERRBEZHONLERTFLI LN TEL. TOEL
THB 727 F BN TN N T I F o T
WEKELHEHTHS.

(4) HANERZRERESZSE LRI LY 2
F Y27V a— ) (http//www.jpeds.or.jp/saisin/sai
sin_110427.pdf) Z FE L7z, TOHRTIRHB 7 75
I OHBREIC T 2 v LRI EITINET U
2FVERBESTONTWE. T2, AR OEHE
BT o Tz 10 A EOZEICH LT, K F g
FRD7-dD HB 77 F v % AA/NER S L L CHE
THEHEIhTWA.

5 =033y TREBEIfThNEZOMORE
1) HIV/HBV S R%%
B BT 5 O Bk s, MSM Asi8ln Looh s b %

— 267 —



LNy BEIFRT 7 F

250, BRESWHFRICIE HIV BIEZ &6+ 2T
BEVED D B, MHEE, &IE (B—) S BRSMEFL 34
Bl 7 61 (21%) ASHIV & OBEBRYGIZEHER L.
F7z, WEH D6 HIV EHERE 59 &9 6 %75 HBs
PEBMETH S L2 RE L. BRAKITROFHE
BN L CBEOTREFETCHIVAZ ) —= v 7K
ERfFH e ET L. 2B, HIVAHFICHTS
Iy FHENEREE, HIV EHRMEEFRET 5Tk
FEEOT, BMTOFERIGHTE2ETHEI LN
HA4F5 4y THEERTWS (http//www.hivip.o
rg/guidebook/hiv_14.pdf).

2) BHALOFHILTIRED ?

BRZHF KOS EZTFRML, HIET 52 L35
BEETHA BF FWH) 513 HBsHLE K U HBer
HEOEETTFNIDHLBENRTHLILEREL
f:33)‘

3) BMENT 7 F > TEE S Genotype O HBV X7
TFLIRT—TERBOBESHETIETSH S D
BEHNOIEF AT AEHAVZinvivo R T, HER

(FIA) 51 in vitro OHIKIRERER THRE 217\, Geno-

type DE 5 HBV ke T 7 F ¥ TR — RO

LHEETRTH L EOBBER LD, 2721, i

BEICHL CRRENEIEMEILETH L. Jik

HEAMRNEAIE Y A VA DFBREE S IIEHETE

TN EERBETIRBDIHINTEIY, 97 F 08

LY TohiklizEsZ 2T Ly, R

DV VYL Y FOFRTIRT Ay — TERRDERIC

MBS 2 EPEGERBRIN(EH), KFEEDOT

RED EOASBOBEPLEL Bbh:.

4) HBIG (CEEL T
HBIG i #EEH <H H, BiEiZIT HBs Prfifiids s

IEGHORMENLETHS. DL 2ftmnEz

R 512137 7 5V HEHEE OH T HBs Htik D RG2S

B FOMABLERTTRCH 20, 7o F v ER

HPRD BRI R ILE OMRPEECRE Y 0D

b, ESIZIEEFHARENMFEDO—BE LT, HBs

YRR B HB 7 27 »#5 L, HBsPilkhffi% b

FERBRALF I V7272 v ) REBRY, FeBIRIE

% HARSFH L OXFEFRTHD TV ED5, FFEFIC

EE% HBIG OHRIRE 7 2 WS SH 5.

6 BAEARES  FEEBICHTITI— b
DR
2009 4ENT—2 5y 7 [2=—FVHB 72 F

53:121

VoM ) kL, HARTIREARE - R
BagBic L7 vy or— s 2MTbh, #ESAAESR
TwBY SEBRE/ROT v or— MNeER L2 7 or—
MEH % Table 2 (<R3 BRI &R T 40% (86/214)
ThHoiz. '

BRI o=V 2 F o OEAEE D ED 2

B I8%, EHLTHRV2%, Thotz.

BRI 2 =NV 7T OEENSEIES T
~E D

AR BEESE 3%, JLBOA 21%, FVED
H6%, Thotz.

3 (AR REOESELEELHE) AR,
FLEDOEDL Oh HRET 50

[FIRFICBRARET % 61%, FHEHRS 23%, AKR»S
16%, Thoi:.

B4 AR OBEEHOEEIZLED

DETH 5 45%, EH5TH I 37%, LER:16%,
FOM2%, THoiz.

H 5 - FAEANEET 2542 ORI O SES S

12/ 69%, 158 27%, 20M4%, ThHorz.

BRM6: 7o FrERTHIEL o7/ HBs Hulko N
EAMET L723a, 72 F v O8Iks (7F—2 5 —)
LB

RECHD 4%, EHLHLEDEZ RV 3T%, LET
H519%, Thol:.

ZOMDOER

* PR AL L 22ERC T 2 HER TR 5 —D
R (BEEHCOPFREZHCOD) BHBIZLT
FLw.

*UV OEANEHEROBRED 2 LB W, HET
BEEERETH 70754088y LTnAI L, SR
HoOKPEEZ LR VEELZOND I, FEMMUE
DrI)yA4T ADBRIEDDTCHEETXERNCTD
AT, Ehs, TTEFEMHIOBBLT, KIZ
FOLEEEFBRLZET, LRE~ERT S 2B
B TS TR A5 D 2

*FRBT 2 F OB THHA LAY, BEMET
BERIIF DL BA VR P OHBFY i—
VEELWE RIFAEERIIBONEVERS o
T, HOWRFETERTLEL LI, FEMING
TOHBIRLHREEZ S,

* LRI T 7 F L B FOEI PG = v
7oBETHINET -5 =T F U8R, w0
B RTHELIH?
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FF B 53%2% (2012)

Table 2 HBY 7 F VIC@THT7 v 7r— 1+

ZZN=F VT FNDEAE L TREDTER BRI ET X v,
FTaw, DTFbEMSETT.)

a. B
b. FExf
c. EHE5THRn
2N H VT T F U RTIEEOBREHIIVOITRETLI Y
a AYROAZWEETH
b. EVEDIERE LTS
c. AHR, ELEOTHFH B LTS

3 QTclBEROREDR) AR, FLEOEELPOHBTNETL LI
a. HYRDSEET S
b. FELENISHBT S
c. FIERIZBEIGT B
4 FIRCT Iy FUERETONES, BAEOCEEMYE CQH A% 3HH% 5HAR)
HEW, 17A#% 6 78%) ik, BERE EFIRETHLLEV)ERDFD
LS BELTTA
a. BEOEEBHHoTE LN
b, BHEBHAEEIRETHS
c. EHELTHIn
d 20l (UTIZBEETEWV.)
5 FLEANOEBETIBHE, ARISEETLL )2
a 128 UNEREEED BV IZHFRASE)
b. 158 (hEEEEED L WVIZESERAFE)
c. 187 (BESREERD D VIIKEAEE)
d. Zofh ( %)
6 FLLRHIZT 7 F o BEE ST, HBs R LS E,
a. LETHAH
b. RETHA
c. EHEHEBFRR.
7 FOMBEREESIUZDTICBEVWE LY

(Ehh—22OTHAT

%E 5(6
UR- S A

SEHOBMFEEELETL &9 2.

#*BAIDAL LT, ABFFEIIOVTYH, 1=/3—
FLVEET CHRETTHE 2w,

* AFROBUITFAOEBHEL THEERABEEL L
T TENFEF L,

*HBZEEROT I F KT HEFEPILETH 5.
Z 07D HARFBESSERE o TERES L
TI)ITEDVEENEERS.

*EHOMHROBELATIC L 5 RERICBITEE
W HBe fitkB 2 Z 2 MELESICB W THBY
ORPEV A PBFEET AL RZHELITHY, TVT,
KER D LT HEEOEREEICEbE, RITIH
WTHRRICEATRELEY.

L ZN—H T 7 F UANIEIT 100% 1T
denovo FRLIMHTE LI TTH 5.

* UPETH HBV ORMENFKIC L 0 BlEL L, M

PRS0, BT LY T 2EMSERE L TL 5.
SO HB 77 F v DERE BV LW
AMECHERLC7 v — FOENEREr 7200
O (FTE 65%), L= N—H ) HB 7 7 F >~ DFEAIIK
T AERIZ o7z 16% A==V HB 7 2
FUEENTH -7z 2F/M LR, ZREE, FHER
DEZHFICEPRONE Z EDRHA T

7 70 av7hE50RE
UEDT7T v r—ERRUBEABEED LI, T—
7Y ay TORKERCEEENP LI ZN—FVT S
FURELTUTORSEZIT). &8, CORSIET—
7T ay THHARRLAREZESERPRREIULD
THRETL, BRT2LDTHD. SBERNTHERL
TELAVERSHLEEbNRS.
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2oN— NV BEFRD 2 F

2%

B sRA s EBLTHAEL
Fig. 1 2= 8—%N7 7 F 2 QBEACHE, L B

~HHRMNS aBFBLESD  »FERICRKETS
Fig. 3 fLOHE, FLEQLELLHLMBT 55

1 $RCOERNFHB Y2 F U 2 BT A1 —
PN T s FrOEEZRHERT 5.

2 ZZAN—HLNT I FrORRITILETHBA, A
WRECT 7 F V22T hir o7z IR T ORE LN
XYy v F 7y TERECETT A C OWERBEIC
LB RRICHET A 2 EAE T L.,

3 FxvF7T v 7O 12 8 (N6 4F4)
E5B. F 2BMEISEUTORET 12 BEIC
FrvF Ty TEET b oBIR 15 B (P 3ELE)
BicEFy vy F7 v 72479,

4 ALROBEBRIICE L TRBANIRERR2 L
HEZELSBIMET LTV L.

55:123

HHROH aBFLEOH sHHRRUFILE

Fig. 2 2= N—% NV HB Y FroEEISEIIY
I FTREH

2%

= WEGL gbETHD aEBLTIHEL
F Dt e BT —sh HIS
Fig. 4 ILYROBHERHOLE I LT

5 HBs#EDBMED oBEICELLFEeEDT— A
F—BROLEWICEL TIREERORETERIT 5.

8 AZN—HYITIFLETS ETORES
BRIFADOBIRE 22— F VT ¥ F  DLE R 3
WY ARSI HAHEESTOEETOA TS, D
TlEL 2N =N T 7 F  DBANH 7o THRE DD
BELRMETH .

1) BEFERICETAERLERT - 20NE

B EIEMIF &R HEUZ, 2003 £ OF RS E
TTRASk, FEBER & K& A Lz BRISHF &
BYEE: L 5 ERYYESHILBRBICED LR TEY,
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56 : 124 BT &

S 125% B155% 218%%

BBEETHEREEOMI
BEDH o pr i omIo AT <

Fig. 5 FAOENEETLHEZ0OBHIIVOANE Y

ERIZW 7 AUPICRIT 2 Z L AHBE ST shTw
A, TOZEVFEMEINRTwRWDEEbs.
BEEWTEATART 5 BE% DPC CIEB L BREHF
R 5B, BEFEOWBISZHEND & BER
WS B RA, BRNE OB & BERZHNT 2
RAEDBAT TIAThNTWAED, BIFHIESHR
THISTEMHEZ BEROTIBIITE 2., FHBRER
CEBHALPIDEZ TuaA 28 pRIEBT A5 Z L IFE
BRIl THY, LHEMLRT— 52 NETLETN,
EHBEAMEIEL2ENPUNETHSE. /2, BEO
Fy ) TERIIEEL L TEBIMERS SHEFFEN TV S,
R RS T SN2 5 IR0 F v ) TET
b5, BESHPLTHEBEOBRELEZAALT, H
RIS SN X v ) 7TREHNT S 2 L 2 RET
RETH5.
2) 79FORBMRICEAT I8

7 7 F TS L PR PURRIBA e v R 41T
BT LTwL . JLBH oS CHEE L TURMEIMET
L7238, 725 v OBMEBREIC L) HMZ LR
5728, ARBICIZ NNV T 7 F 2 &7 125E
T IKFRYERIE D 7D I I EFEL TBINERE %175
CENEFLWEOERYFHY, ERIIIOL ) b
BrfToTwasELHA. 775 ORMEE LUK
AL L BEOBICE L TESHEOT v — b
TLERPGINIZEIATHY, SHORTHPLE
TH5.

53% 2% (2012)

S WWBTHD BFRETHD mLbbLiIEXALN.
o AEiIZ&LD
CIBIMERICKD

Fig. 6 HBs PR T ORI T — R & — T

3) TIUFRICEICHT BHE
BAEBRCIBETHARL LN 7 F V2
BEPFETLOATHS. LB SFEHILT
TOERTII 2% BEOT 2 F Y RISFIAH 5 T REH:
BEHY, 9 L-EMICHT 2 8MERORE &,
FER ECHWT 2REAPLETH 5.
4) 77 F > OFHE, BIRISA OIS
BAEBARICITKED ACIP ICHLT BT 7 F v OF
M%EAT ) BEMBEIEELS, THRIETR S~
BTN TS, SHIIBEEEE HELLL
T 7 F v OFFE, BEUS~ORIE % B IR
BNAT S A BE L T 2 EPE T Lw,
5) BT ORF AR R DMk
HHICBRZ X512, BAROBTREPMFRZITXR
ERBREERT. CNTHERO HBV N0
HBIG TF &, HBIG THHITE Lh o2y 4 VA &
5P ROFRER AR ORFREOFE % HB 7 7 F
YTIT) L v ZEBEO B HAT b T T
B 2 L Thotr, LoNX—H LT ZF L ORTIRE
FREGTSE AT T & v, fEkE Y HBIG & HB
77 F YR BEE Lo BT RGBT A BES D
5.

9 X2 b
AKI—2Yay TTIHELHEREEDI XV M 3d o
oo TAVPOWNEIZUTO®RY TH 5.
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Workshop 4 : B BUfT% Universal vaccination N\[F (}
<

BHEIF# YA VA (HBV) &, 1964 4£iZ Blumberg
WEWRRINBELERL, 20727 TV HRER
N Eb LT, BED AP TH 4 BA ORI
Yo (HB carrier) ME7E L, 4B 50-70 75 A b %8
TLTW3 EHEEEN TS ARME LHRGICEE
TRETHDY.

HB carrier D7 Y7 « 770 AHIRICEEL
TWb. fEo TARDIBEHIRD T V7 #ETIE—#
ERDO# 10% LLED HB carrier 295 B EAE WIS
SEbHST, AL HEEITHBV HECKIILAEE L
THRABIZAMONR TS,

ZOREDORE RER R/ LIZOPHB T 7 F 0D
FAERNORBIREATH L. AHEH L LTS &,
2000 £ O R 5 TEEH T O HB carrier 1349 067%,
50 L ETH 1.2%, 25 LT Tt 0017% & 7% 5> Tw»
5. ZDEHCHEFEOBRERPET L0E, WET
DFENDEEDEERE - 74 VAEWHFRIZLD,
HBV OFAEEFEICHEEREICLEZE2HLICL

LR EW, FLT, ZOREL LTHRIFTIL 1986
FEDELSEHETEEIC X 22RO HBs fUROEE
& HBsAg B 6 F N AHER~OER AR L
WO B I liHt HBs ¥k v 7)) > (HBIG) &£ HB 7 7
F v #5- (Selective vaccination : SV BU) 287b i 3
EIih ot —F, AELIZIZRAUEHHICEHAR
~OHB 77 F &5 %FBL, HBV BRETFRHICKE
BER % TV % (Universal vaccination : UV BGR).

SV, UV OWBR L d HBV BTtk s LTidn
WA ERELEZ D726 LS, fThh /B
Ripo BB, YROMEOHBEFOECIILL L
Bbhs HADEE, 14K EET S F U ORHE
HEx =YX VERICY 7 F Y BAWEN D - 72
Zk, 2)1980 R D HB 7 2 F ¥ OB OFES 2
FTLALEWICHL N ThhoZ &, 3)EFRE R
HBsAg A% T EoMAE#IC HBIG HB V7 5~
AT T LA RE % ZEMATBOERAYER LT 2
E, DENLOBERE VR RBICEOREND -
2k, HEDEMM S SV ISERSI WA, BE,S
RCEBOEDL LDOBERAFIE L2 o 2, ik
EIREADEOEREDENILEILETHY, &
TLIELEDOTONEZ L TIIEVNEEDbRS.

ARIBTIE HBV ST % SV BOROBRIIC X v, BUE
T 25 LT OFEM Tl HB carrier i3 0.017% 2% o

57 1 125

7o, ZORER, TNHOEET HBV IS8 LTIIREY
Y—JREL R -2 B THAETIER V. ZORKE,
WA DEGDBEIM L, 4512 STD & L T O RREEABEN
L, BUETIRRIETH4EMA 10000 A b EGEL TV 5
EHEMSNLRPE 25TV B,

1980 4E4% LARED PCR #4m2tE ) HBV ICB$ 5% 4
NV AER - BRRIGATZEED L <, HBY IS § 28
&1, “Changing concept of HBV" & IEiEh 513 &K
&{BfEL 7

% DH—27%% HBV Genotype D& DFEN. T 5171,
Iz &Y, A3 TARIBICIITFFE Lish o 72 HBV geno-
type ADRALTWAB I E, ZNICE B LETICIZE 2
5 o oA ORIREE D & OB BEOME
Lo TETWAIEIHBLE LiL, T0%EE
BATLOHLA»TIEL L, BHLEY, EED Sher-
lock X H - D EEREVEERD 5 10% & LTWBH, K -
HTIE3~30% LHMEICL YV REL B TB YO,
—EOFRII/ONLTWR,

ZOHOHFH A, HBV IC X 5 BBERF KO M
TH 5. #3k, HBV IZ X 5 BEFREARITICIZS WA
BRICIED B BVH I NERTH o 72 RBOB%R
#3i£13, HBV DNA @ precore % core promoter DZH
PRMERRICEE T L 2B LA, HC
IS DZERIT HBV genotype W2 & ) FOMHENR L
Y, ARFIZE - genotype BR C 12 <, BRKICEZW
genotype A I3 E BB LM LAY,

INLOMAIE, RAD HBV WIEH3IZ & A L0%H
RGBT L, BELLZV2SFHT2LENENET
LRRDEZNCRELEREHTITLI L E o

ZOB O ke L LT HBY OFEELAHE S 5
123N Z & 5H 5. 1994 4 Chazouilleres 5 ASHFEH#H
B % HBs FLE 23 #x{b L 72 20 51 7 6 51 7% HBc
PRBHE F -0 0B THL I EEHLMIL
OPBIT Y THAHY. ZOHEER, 1997 4 Uemoto
5 7%, HBc PufEBalE K9 — 16 Bl 6 iM% 2172 &
LB, HBIG TFH LAICH b 59 HBV Bgeh’
B L7 Z e 2 BME L2 LIC X DREE L 2o 727
LALERES, ShoolEESETHBMEE WD
R TORBEIH T COREF L L TREZEZ ONT
wiz, ’

—77, 1998 4E Yotsuyanagi & B RI&MIT4% £ fol-
low L HBsAg F&tAb# 3 Itz HBVDNA 2557 5
Z & &%, 2003 4 Yuki ZiZFEIBRIC B RIS E 5K
954 follow L, M < fF#ll#%k+ |2 HBVDNA 2SfF7E
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L, BFHERSIC cccDNA SFFELTWAR I L EHL D
WL, oI T Ch v — AT —F HBV I
35 &, HBsAglelt b o7z LTHEHICHRY
HBVDNA BN o Tnwb I 2R

S HICHRERTH o 7201, 2006 F Hui 575, HBsAg
et H > HBc $UikBE ¥ Diffuse large B cell lymphoma
(DLBCL) (23 L THOBEERFIETH 5 5 FENIHE
@ Rituximab #5142 & ) HBsAg BHEICHEEREET %
ZEERWLPIILAZETH LY. COBHBEEITH
HBE o TWAIL2HA bHERLL. TOBROEKIIC
B B L£EFAETD Rituximab % &L A LFBIEE
WCEERIFRZRI L7z 111 £ 50 BiAS HBsAg Btk
S DOFEERAFITH 25 BT L, £0 25 BlFN
19 PIDEER R TH o722 EDHELRIT o 720,

NS ORI, HBYV O#EFWICHIEERRIHF
T 5 Z L EEZNUIMEOW CERT, BBV L
HBsAg P L COFHEBCIEEL LETHS
PHILTWw5BZ &, HEHHT CIIES I EEHEL
LH)BIERRLTVS, EBIIZ0DL) huExlE
B 295 FICEREEITNT 2 B BA TR R 4
ERBEENTEY, FhIch) BEEslbiie L8
HEENTWSZ L H %O DLBCL @ Rituximab 12X %
BEEEHEL T 5,

HBV &7 28aP BN L —FH, HEEF0B 0D
LD HBV EPEICEE L RIZLTWE. TOKE LR
ERE W CHTAEREOET Y TH L. LXK,
AT ‘B, HCERdyE (STD) dBtREb 0
L LT T &7, HIVOREDREIT I e its
D—ERE L TRBMICEED, ALY AHR, —#iC
HOoDOBMEEEZ B2 LT, STD DBEIAER S
L) HRERE RN E > TWwb . HBV & HIV
L DFEBERENPBH DL ZORNOFTEZ S LMNE
TE, AHEBZOREBHWNOFIZH B, 5T, #
kDMEE TOBEH IS ICLETH B, Fh
P CRBREIERER CZ LR TELRVWRARRIS
BILIROELEBEVERDNS.

HEAWELDD ) —2DOKELERIL, BHED globali-
zation & Z U BEBRZROEMCH 5. HERD X9
WETEENTHEEL, MEICHET 2 BRICHBED
BULEEAEIZS TS, £@TosETOERER
TEFIZ RS 2\ & R ORFIIRY L% %o T
W B DOHEIRT, £/ 700~800 HADOAEASAE
L, #2000 FADBARAFEBIHIHEL TS, L
LERDEL BTV THETHE. TOMHE, Forif

53% 2% (2012)

FTELLICED LT HBV ICBed A88&0 s 5 =
Eidn I ETH R,

HBV BIEANZE L CELERORBIZT 75 £
DL DOOEMENH S, HBV OERFEE L  O#IETF
DIERFEFEL T 5 &5 10000 55 5., ELITHBV
A% quasispecies THET L I L2 Z L NUL, Tolz—
DOHB 7 7 F v u— 25 LT vaccine induced
escape mutant (VEM) 28T & % Z L I3RS ICTHEETE
B, BB REC MR RREORBIIEICE L Sh
TWBSHIROT I /B EFEH,IS 156 T TOVD
B 3% oloop FIUIHENICERT 5. oloop HIMDER
BT 2 RO HE T 1990 4 Carman 5 IC & 5 145
FEHO7 I VBOER (GlyldsArg) 7255, 20HO
BE T2 OBEBOMOERLHE S, ZIUAE) VEM
PEHREZINTVBEY LirL, FOHEERHE
L OBRFEIIDVTOLEMLZREN S H VDRI
R HhBETATHA.

FIZE&L F— 7B DLNRVDOHFER S genotype
BMTOHBY 2 F v OMRICHET M TH L. KT
i3 HBV genotype C ¥kHID OB 7 75~ &M L TR
THL T 575, BEBEM L 223 5 HBV genotype A
Y BT RIC OV TRERF IR T
WEEB-TLBETERY. Lad, RE3HD New
England Journal Medicine @ Stramer & DI L 5
L HB 7 7 5 > 05 % 2\ ) 7201 AT partner 205
HBV IS L2 ENTWEY. ZoMEICILER
% % genotype \ZH 3 B FREEIRILF U genotype (25
FTHHMRIVEALEDNE. EHIZIOHRILTI,
“Our findings show the efficacy of the HBV vaccine for
the prevention of clinical diseases but not infection” &
BRENTWS, b, HB 77 F VBB TFTE
ERELONTWREFAOFIZE, ERERFED
IZHBV 2B LT nE bR Tn B ERIE
NTWLTEENEY. L, 29 ThhE, HBsAg
Fatt: B> HBc PLEBEIERD b O BEELZ B C720ic
X ¥ 7% 2D universal vaccination TIIART572L v
5T B.

B BFRDONFIIZLU LD X 5 ICH - FERLHED
BEL ERRLEENEAD > TnhH T & BT
EThHb. I HEORHOREREIrOEZ TS
HOBH (FEBEEMAINLELHESINLTYS) %
-4~ 5 universal vaccination # BAL L) & T57%5,
FRICES-MESEZ TELZTRBICHLIICT S
VEYRH 5.
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Hepatitis B virus-induced lipid alterations contribute to
natural killer T cell-dependent protective immunity

Sebastian Zeissig!?, Kazumoto Murata®, Lindsay Sweet?, Jean Publicover’, Zongyi Hu?, Arthur Kaser!?,
Esther Bosse?, Jahangir Igbal®, M Mahmood Hussain®’, Katharina Balschun®, Christoph Rocken®,
Alexander Arlt?, Rainer Giinther?, Jochen Hampe?, Stefan Schreiber?, Jody L Baron®, D Branch Moody?,

T Jake Liang>!? & Richard S Blumberg!1

In most adult humans, hepatitis B is a self-limiting disease leading to life-long protective immunity, which is the consequence of
a robust adaptive immune response occurring weeks after hepatitis B virus (HBV) infection. Notably, HBV-specific T cells can be
detected shortly after infection, but the mechanisms underlying this early immune priming and its consequences for subsequent
control of viral replication are poorly understood. Using primary human and mouse hepatocytes and mouse models of transgenic
and adenoviral HBV expression, we show that HBV-expressing hepatocytes produce endoplasmic reticulum (ER)-associated
endogenous antigenic lipids including lysophospholipids that are generated by HBV-induced secretory phospholipases and that
lead to activation of natural killer T (NKT) cells. The absence of NKT cells or CD1d or a defect in ER-associated transfer of lipids
onto CD1d results in diminished HBV-specific T and B cell responses and delayed viral control in mice. NKT cells may therefore
contribute to control of HBV infection through sensing of HBV-induced modified self-lipids.

Conventional T and B cells have a crucial role in HBV infection!-5.

In contrast, the contribution of cells at the interface between innate
and adaptive immunity, such as NKT cells, remains controversial®.
NKT cells respond in a T cell receptor (TCR)-restricted manner
to lipid antigens presented by CD1d on professional and nonpro-
fessional antigen-presenting cells and show pronounced cytokine
secretion within hours of cognate antigen recognition, which ena-
bles broad effects on activation of other innate (NK) and adaptive
(T and B) immune cells”8. Given the central role of NKT cells in
both direct and indirect modulation of the immune system, NKT
cells have been shown to be crucial in the defense against a variety
of microbial pathogens®.

Analysis of liver gene expression in chimpanzees 2 weeks after HBV
infection has shown evidence for a lack of induction of immune-
related genes, suggesting that HBV acts a stealth virus that escapes
innate immune responses during early infection®. However, studies
in HBV-infected humans and chimpanzees have demonstrated the
presence of HBV-specific T and B cells within weeks of infection, con-
sistent with successful priming of an adaptive immune response’!®:11,
These observations suggest that HBV might be susceptible to recog-
nition by the immune system directly after infection. Accordingly,
recent studies in animal models of Hepadnaviridae infection and

in HBV-infected humans have shown activation of NKT cells at
very early time points following infection!9-12. Thus, infection of
woodchucks with woodchuck hepatitis virus led to hepatic NKT cell
infiltration within 48 h, which correlated with interferon-y (IFN-y)
secretion and temporary suppression of viral replication!?. These
findings are consistent with the observation that pharmacological
stimulation of invariant NKT (iNKT) cells, a subset of NKT cells
defined by expression of the Vo14-Joi18 TCR in mice and Vo24-Jo.18
TCR in humans, leads to rapid IFN-y-dependent inhibition of viral
replication in transgenic mice expressing replication-competent HBV
genomes'3. Similarly, a study of humans during the incubation phase
of HBV infection showed increased levels of peripheral NK cells con-
sistent with innate immune activation early after HBV infection!®.
Most notably, a recent report on two humans with HBV demonstrated
very early activation of peripheral natural T cells, a population of
cells that phenotypically resemble classical NKT cells. Natural T cell
activation preceded activation of NK and conventional T cells and
was associated with subsequent control of HBV infection!?. These
studies demonstrate a correlation between viral control and NKT
cell activation. To investigate whether NKT cells are an important
checkpoint that contributes to control of HBV infection, we studied
various in vitro and in vivo models of HBV infection.
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Figure 1 NKT cells become activated in response to
Ad-HBV and contribute to adaptive immune responses.
(a—f) Expression of the indicated markers on hepatic
iNKT cells (a~¢, aGalCer-CD1d-tetramertCD3+) and
non-invariant NKT cells (d-f, 4Get x Jal8 KO) 2 d
after intravenous administration of PBS (no virus),
Ad-HBV or Ad-LacZ as determined by flow cytometry. &
In a—c, H-Mttp~= (H-Mttp KO) and wild-type mice
are shown. (g—i) NK (CD3-NK1.1%) and conventional
(aGalCer-CD1d-tetramer~) CD8* and CD4+* T cell
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activation 5 d after virus injection as described above. Shown is the mean fluorescence intensity (MF1). For all panels, data are means + s.e.m.
of 4-6 mice per group. Results are representative of three independent experiments.

RESULTS

Early activation of NKT cells in response to Ad-HBV

To study NKT cell responses, we investigated a mouse model that
overcomes the nonpermissiveness of mouse hepatocytes to HBV
through adenoviral delivery of a replication-competent HBV genome
under the control of its endogenous promoters!*-16. Injection of
1 x 10° HBV-expressing adenoviral particles (Ad-HBV), a dose
shown by us (Supplementary Fig. 1a) and others'® to induce an
immune response against HBV but not the adenoviral carrier, led to
HBV replication (Supplementary Fig. 1b) followed by a rapid drop
in hepatic HBV DNA and serum HBV surface antigen (HBsAg) that
preceded hepatitis (Supplementary Fig. 1b,c). A control adeno-
virus expressing f-galactosidase (Ad-LacZ) did not lead to hepa-
titis, confirming HBV-dependent inflammation (Supplementary
Fig. 1a)!4-16. As Ad-HBV infection in mice resembles the course
of natural HBV infection in humans!’, we further studied NKT cell
responses in this model.

Notably, the entire population of liver but not splenic iNKT cells
showed activation and IFN-v secretion as early as 1 d after Ad-HBV
but not Ad-LacZ administration and thus before histological inflam-
mation and the rise in serum alanine aminotransferase (ALT)
levels (Fig. 1a—c and Supplementary Fig. 2). Similar to iNKT cells,
hepatic but not splenic noninvariant NKT cells, an NKT cell popula-
tion expressing a rather diverse set of TCRs that were detected by
a reporter model developed for these studies (see Supplementary
Data and Supplementary Fig. 3), showed pronounced activation and
IFN-ysecretion in response to Ad-HBV (Fig. 1d-f and Supplementary
Fig. 4). In contrast, activation of NK and T cells was not observed
until 3 d after Ad-HBV challenge (Fig. 1g-i and data not shown)
and thus followed activation of NKT cells, similar to observations in
patients with HBV10,

NKT cells contribute to the immune response against HBV

To investigate whether NKT cells contribute to innate and adap-
tive immune responses against HBV, we analyzed activation of liver
mononuclear cells (LMNCs) in response to Ad-HBV in mice lacking

invariant NKT cells (Jo18-deficient mice) or all NKT cells (CD1d-
deficient mice). In wild-type mice, hepatic NK, CD4* and CD8*
T cells showed strong activation and IFN-y secretion in response to
infection with Ad-HBYV, but not Ad-LacZ (Fig. 1g-i and data not
shown). In contrast, CD1d-deficient mice showed significantly
diminished NK, CD4* and CD8" T cell activation, whereas Joi18
deficiency predominantly affected CD4* T cell activation (Fig. 1g-i).
Viral transduction of hepatocytes was similar in all mouse strains
(Supplementary Fig. 5).

NKT-dependent activation was also observed for HBV-specific
CD8" T cell responses among liver mononuclear cells (LMNCs)
against envelope (HBsAg, S, amino acids 190-197; VWLSVIWM)
and HBV core (HBcAg, C, amino acids 93-100; MGLKFRQL) anti-
gens analyzed ex vivo but not in response to phytohemagglutinin
(Fig. 2a and Supplementary Fig. 6a,b). Analysis of LMNC responses
to pools of peptides spanning the entire HBV envelope!® revealed pro-
nounced defects in the magnitude but not diversity of HBV-specific
CD8" T cell responses in HBV envelope-transgenic x Ragl™~ x
CD1d-deficient mice (HBVEnv Ragl~~ CD1d-deficient mice) that
received, by adoptive transfer, wild-type splenocytes (Fig. 2b and
Supplementary Fig. 6c). The adaptive immune defects extended
to B cells, as levels of HBsAg-specific antibodies were lower in
Ad-HBV-challenged CD1d-deficient and Jou18-deficient mice com-
pared to wild-type mice(Fig. 2¢) and in HBVEnv Ragl™~ CD1d-
deficient mice compared to HBVEnv Ragl ™~ mice (Fig. 2d), resulting
inlack of sustained HBsAg clearance from serum (Fig. 2e). These data
show that NKT cells contribute to activation of NK, T and B cells in
different HBV mouse models.

In accordance with a central role of NKT cells in HBV-induced
hepatitis'®?0, CD1d-deficient and Jo.18-deficient mice showed
reduced peak levels of serum ALT (Fig. 2f), liver IFN-y (Fig. 2g)
and hepatic immune cell infiltration (data not shown). However,
CD1d-deficient and Jo18-deficient mice developed chronic low-
grade inflammation that persisted at least to day 30 (Fig. 2fh), the
end of the observation period. This was associated with delayed
clearance of serum HBsAg (Fig. 2i) and serum and liver HBV DNA
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Figure 2 NKT cells contribute to control of Ad-HBV and prevent chronic hepatitis. (a) IFN-y secretion by LMNCs after in vitro stimulation with HBsAg
S$190-197 peptide (VWLSVIWM) 14 d after injection of the indicated viruses. (b) IFN-y-secreting cells as detected by enzyme-linked immunospot
(ELISPOT) among LMNCs obtained 8 d after wild-type splenocyte transfer into HBV envelope x Ragl~~ (HBVEnv Ragl~-) and HBVEnv Ragl-- CD1d-
deficient mice (C57BL/6 background) and re-stimulation in the presence of the indicated HBV envelope peptide pools. (c¢) Anti-HBsAg level in wild-type
mice 30 days after injection of the indicated viruses. (d,e) HBsAg-specific antibody (HBsAb) titers (d) and percentage of HBsAg-positive mice (e) at the
indicated time after transfer of wild-type splenocytes into the indicated HBsAg-transgenic mouse strains. MIU, milli-international units. (f-j) Serum ALT (f),
IFN-y mRNA in liver tissue as determined by qPCR (g, day 5 after virus injection), histological grading of liver inflammation# (h, day 30 after virus
injection), serum HBsAg (i) and serum HBV DNA (j, day 7 after virus injection). In f and i, significance levels as indicated by asterisks (* P < 0.05,
**P<0.01, ***P < 0.001) reflect from top to bottom Jal8 KO, CD1d KO, H-Mttp KO versus control wild-type mice at each relevant time point. Mean +
s.e.m. is shown in all panels (6-8 mice per group). Results are representative of two independent experiments.

(Fig. 2j and Supplementary Fig. 7d,e), consistent with defects in viral
control leading to chronic inflammation. Consistent with a crucial
role of CD8* T cells in the antiviral response against HBV!, NKT
cells were necessary but not sufficient for viral control, as Tapl ™/~
mice Jacking CD8* T cells also showed severe defects in HBV clear-
ance (Supplementary Fig. 7). These results show that NKT cells
contribute to the initiation of antiviral immune responses against
HBYV and to viral control and prevention of chronic viral replication
in the Ad-HBV model.

HBV-infected human and mouse hepatocytes activate NKT cells
To identify the cell type responsible for NKT cell activation upon
Ad-HBYV challenge, we studied activation of NKT cell hybridomas
in response to T cell-depleted liver and spleen mononuclear cells
and primary hepatocytes obtained from Ad-HBV-infected mice.
Ad-HBV-transduced hepatocytes but not T cell-depleted mononuclear
cells induced activation of NKT cells (Fig. 3a, Supplementary Fig. 8a
and data not shown). We observed similar activation of NKT cells upon
in vitro exposure of primary hepatocytes to Ad-HBV (Supplementary
Fig. 8b; for purity and transduction of primary hepatocytes see
Supplementary Fig. 9). )

NKT activation by Ad-HBV-infected hepatocytes was CD1d
restricted (Fig. 3b) and limited to NKT cells, as demonstrated by
unaffected major histocompatibility complex (MHC) class I presen-
tation and CD8* T cell activation (Fig. 3c). Activation was specific
for a subset of invariant (24.7 cell line) and noninvariant (14S.6 cell
line) mouse NKT cell hybridomas (Fig. 3a) and could also be dem-
onstrated with human primary hepatocytes infected with Ad-HBV
or a primary (nonadenoviral) HBV isolate (Fig. 3d,e). These data
reveal an unanticipated role of hepatocytes in HBV-dependent NKT
cell activation.

NKT cell activation is dependent on lipid transfer

Microsomal triglyceride transfer protein (MTP) is an ER-resident
protein that transfers endogenous phospholipids onto CD1d and
is crucial for CD1d function?!-%°, To delineate the role of hepato-
cyte MTP and CD1d in Ad-HBYV infection, we generated mice with
hepatocyte-specific deletion of Mttp, which codes for MTP
(H-Mttp~=26, Supplementary Fig. 10a). MTP deficiency led to
severe defects in the presentation of endogenous and exogenous
lipid antigens that were specific for hepatocytes and limited to CD1d
(Supplementary Fig. 10b-e).

Consistent with a key role of MTP in HBV-induced and CD1d-
restricted antigen presentation, primary hepatocytes from H-Mttp~/~
mice showed impaired activation of NKT cells in response to Ad-HBV
in vitro (Fig. 3f,g and Supplementary Fig. 10). We made similar
observations upon chemical inhibition of MTP (Supplementary
Fig. 11) and in human hepatocytes infected with a primary HBV
isolate (Fig. 3e). These results were confirmed by in vivo experi-
ments, in which NKT cells from Ad-HBV-challenged H-Mttp~~ mice
showed reduced activation and impaired IFN-y secretion (Fig. 1a—c).
Accordingly, NKT cell-dependent activation of NK cells and HBV-
specific T and B cells was impaired in H-Mttp~~ mice (Fig. 1g-i,
Fig. 2a,c and Supplementary Fig. 6a). H-Mttp~'~ mice showed dimin-
ished acute hepatitis, delayed viral control and chronic low-grade
inflammation upon Ad-HBV challenge (Fig. 2 and Supplementary
Fig. 7). These data confirm that hepatocytes are the antigen-presenting
cells responsible for NKT cell activation and show that this effect is
dependent upon hepatocyte expression of MTP and CD1d.

Alterations in hepatocyte lipids upon Ad-HBYV infection
Ad-HBV-induced NKT cell activation was not the consequence of
altered CD1d expression or trafficking (Supplementary Fig. 12a,b).
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