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% 1 PEG-IFN & 2a #5 50 fio

o
g
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8

SEEIERS (RR) (65 BEBLL/5K )

"B (M/F)

FripaE(bazln (F1/F2/F3/F4)

ALT (U/D)
MRS (X 104/ 1)

HCV-RNA (37954794 LRE)
QBFTANVZ/TBEY A VR /28

PEG-IFN Bt 5 & (180 1g/90 ng, ¥ 1 E)

58.2411.4 (15/35)

24/26
17/11/9/13
83.1462.9
13.7+5.7
24/9/17

32/18

R 2 48 BERSPI LR IEHTOYRET O

48 HBEH] (n=42) | BPhES (n=8) | p-value
FEIER (65 RULE%) 58.6+11.2 (31%) 55.8+12.7 (25%) | NS (NS)
i A (M/F) 20/22 4/4 NS
gt b2t (F1/F2/F3/F4) 14/9/8/11 3/2/1/2 NS
ALT (U/D) 77.5+56.6 112.3487.9 NS
M/NRE (X 104/ ul) 13.2+5.3 16.1+7.7 NS
HCV-RNA (3794 794 LRB) 19/8/15 5/1/2 NS
QWETANRA/LEEY 4 VR /2 &)
FEEE (180 ug/90 vg, #B1E) 27/15 5/3 NS

T2o T —bRIT32hI20, PIEEERN, W
BeHUAL, AESEsN-BE L SF-36
Ver 1.2 (Acute iR) 2V TEHBERARTOR
BEE{To77,

Trr—rERIE, SF-36 237 v 7o
T LERBCTRAIT Y 7 %0, SF-36 %
T A7 —v 8 EB {HkHEE (PF), B89k H
HIREIEEE (RP), ADEH (BP), £hiyiaEs
B (GH), &7 (VT), #H<4&Etsss (SF),
TR 2 BB R EIHAE (RE), (L@ (MH))
% 0~100 B THEE L /-8, HRADERE®
BEzAulREESEANCBE L, @O
i3, B L ORRE & 2 1 D ROBER 21T0,
RITAPIW T« 2R XN )y 2 BER
Tolee BEERTECBHEY 7 JMP &
SAS 2FER L7z,

BEROEEE LTHRESI N T v 3 SF-36
2RV LORERE MHDYIZ DWW b kst

U7z, Yamazaki & DIRENCHE-T, 5THES
Mk (LA, MHI-5 $E89) 1369 SLF (F
H), 61~68 R ([EE| M Eo®rwn L idEsE
K, 53~60 F (PR LB W LIIE
ER), 52 SLF ((EE] o' m» LI BmER)
DAFCEA LTz, 351, 3EBEME (LR
MHI-3 £823) T, 15 S GE%), 14 &4
(EBE I Eo#zwv LIZEER), 13 2w L 12
RPEE] D EOB»LIREER), 114
BT ((&E] 082w UREER) 048008
B U 7z, MHI & 511k 3 o $ 589 B8 47 12 13,
MHI-5 Tz 61 S L E X 60 LT @28,
MHI-3 TId 14 SR E L 13 EUT O 2 B4y
TR ER AT,

Im # £

1. BEHEER &R
WRIE, FHER58.2111.4 58, Bk 24 4,
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B eEF - E5HEHEST 200658 55 : 763
% 3 PEG-IFN a 2a &5 0O BHFHNR ()%
HCV-RNA &1L ALT E#1L
ETR SVR TR ~ P6M
180 pg 15 BAARE | 21/32 (65.6) | 14/29* (48.3) | 21/32 (65.6) | 18/29* (62.1)
TlmEvarA | 612 60.0) | 0/ (@ | 712 (58.3) | 4/9% (44.4)
1BHEY A LA 5/7 (71.4) | 5/7  (7L.4) | 5/7 (71.4) | 5/7 (71.4)
g 10/13 (76.9) | 9/13  (69.2) | 9/13 (69.2) | 9/13  (69.2)
90 pg B 5 FINEE 6/18 (33.3) 3/17** (17.6) | 10/18 (55.6) 4/17 ** (23.5)
Clmmvara | 342 @50 | 1L @ | 612 (50.0) | /11 9.1
1 BE 7 A R /2 (0.0 | 1/2  (50.0) | 1/2 (50.0) | 1/2  (50.0)
2 & 2/4 (50.0) | 2/4  (50.0) | 3/4 (75.0) | 2/4  (50.0)

i 26 2 TH B, Pl cid, F1/F2/
F3/F4 57 n#h 17/11/9/13 6, BtART ALT
i3 5 83.1-662.9U/1, BE#4 BT 0 /N R $03
13.7+5.7%104/ul, HCV-RNA %78 4 7 &
TANARTIE, 1HEVANVAE24H, 18
E7ANREIE, 2B 17HITH o7z, IR 50
£05%, 324 LTk 180 ug, A1 H, 18
£zt LT 90 ug, 581 ET PEG-IFN « 2a
DIRBEEZFIB L T2,

48 B EFH LB P I TOERRF O
®m (2 T, FHEk, FEXS (65 %
b/FREE), MR, FrRge{baeln, BEAET ALT,
BELARTIM /MRS, HCV-RNAY 754 7L
4 VAEKS, PEG-IFN BREHREED T T
CBWT, HEECEEZERASNE» 5T,

2. PEG-IFN « 2a #HE5EFADABENR

PEG-IFN #5 50 I D B ESIR 2 R 3w
T, MERTHR 6 HEO HCV-RNA 1t
(SVR) %, ALT OIEH{LEKIZ, 48:BRE5%
PEG-IFN « 2a ZEmESd, BiE54&THE
BREET O 4 FlefrnTEHEL 2.

HCV-RNA Y7 % 14 7, 74 VARBODE
ERE T, IBE Y A VAR TIE SVR Hl23 a4
SN roti. LEEY 4 VA BEE L 2 BIERIC
DV T, 180 ug BEEETH 70% D IGERNEH

— 1840 —

B L TREDOIHIEERL
UMEEL TREGO L HERL

H BTz, ek ke o 7 8 Blrh, 2 BT
S 6 4 BRIO ALT IEE{L2A s hiz,

3. BELART SF-36 RE1ES

PEG-IFN « 2a #5 50 filic DT, 48 B#
SH & schda -5 DO BERE] SF-36 RER S
DOHE#{To7 (R4, & 504, PEG-IFN
B 5 & 5 (180 g, B 1[8l, 90 ug, A 1D
LHiT, TRTDY TRy —NVREBAEE
ERALNZDo T,

4 . BRtART MHI-5 Bk & MHI-3 BRl%

AlehiEsE

MHI-5 DA 2 7o %FERL THIEERORK
B %177 (8 5), MHI-5 2 21 7 K43RID 1k
Tix, 69 8LLE 1 4/35 (11.5%), 61~68 & :
0/6 (0%), 53~60 s/ :3/6 (50.0%), 52 HLL
T :1/3(33.3%) &7z, MHI-5 237 61 55
BlEE, 60 ST O 2 BWH T TOFIEEORK
ST 61 S EOBICHEL T, 60 REITO
BHTREECHIEENEM -T2 (p=0.0203),

MHI-3 D 2 2 7 K43 Bl H 1k i& 15 s LA
1 4/32(12.6%), 14 & :2/10(20.0%), 12,
13 &0 1/5 (20.09%), 11 &RAT 0 1/3 (33.3%)
r %=tz MHI-3 1 2w € % MHI-5 & [F#
W, 4 A EE 13 AT O 28Tk
R L PEERELRERALN G DT,
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e

EOSHBESE - 200645 A

® 4 PEG-IFN a 2a #5REHID, 48 ME5.H) LR IE BT OO B4R SF-36 0 8 I8 F RIS 5 o) Hoie

(& 6] (=50
PF._T RP. T BP_T GH.T VT_T SF. T RE T MH_T
48 BB 5H)150.318.7 [54.047.5 | 56.347.6 |47.5+10.0151.310.8 51.2£10.1 54.3+5.6 | 51.8+8.0
(n=42)
BRI Sl | 43.4213.1(49.8+11.7| 54.045.8 |47.746.4 |50 949 4 53.5+£5.5 [ 55.4+1.0 | 51.7+8.7
(n=8)
p-value NS NS NS NS NS NS NS NS
(180 g B EBIMEEE] (n=32)
PF.T RP.T BP_T GH_T VT_T SF_T RE.T MH-T
48 BRSSP 149.749.1 |52.948.3 | 54.747.8 |47.2+9.5 |51 4+10.1{50.4+10 1 55.1+0.9 | 51.4+8.2
(n=27)
kgl 142 3+15.9|46.6+12.7| 55.5+6.0 |48.247.5 |49 44105 53.2%+6.3 | 55.1+1.1 | 48.4+7.9
(n=5)
p-value NS NS NS NS NS NS NS NS
[90 ng 5 BIAE] (n=18)
PF.T RP_T BP T GH_T VT T SF. T RE T MH_T
48R S5H) (51.248.2 [55.9:55.8 | 59.246.5 [48.2+11.0(51.2+12.3|52.6+10.3 52.7+9.3 | 52.6+7.8
(n=15)
BEHIEG | 46.140.8 |57.841.7 | 50.22+3.6 |46.5+44.6 |54.747.3 54.2+5.1 | 56.2+0.5 | 60.0+4.0
(n=3)
p-value NS NS NS NS NS NS NS NS

% 5 PEG-IFN o 2a #5 50 fiz 517 3 MHI-5, MHI-3 1z & % 2 2 7 Bk

MHI-5
69 SLLE 61~68 £ 53~60 = 52 FLTF
(n=35) (n=6) (n=6) (n=3)
gupm | 4/35 (11.5) 0/6 (O 3/6 (50.0) i 1/3 (33.3)
(%) 4/41 (9.8) 4/9 (44.4%)
L ]
p=0.0203
MHI-3
15 A 14 & 12, 13 & 11 |mMLF
(n=32) (n=10) (n=5) (n=3)
k3 4/32 (12.6) 2/10 (20.0) - 1/5 (20.0) 1/3 (33.3)
(%) 6/42 (14.3) 2/8 (25.0)
L |
NS
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R 6 PEG-IFN « 2a Be5H5000 MHI-5 (2 & 2 X 2 7 Bl bR
(180 ug B 5 B0ATE)
MHI-5
69 Ik 61~-68 1 53~60 43 52 BLF
(n=22) (n=4) (n=4) (n=2)
th 3 2/22 9.1 1 0/4 (0) 3/4 (75.0) 0/2 (0)
(%) 2/26 (71.7) 3/6 (50.0)
L ]
p=0.0211
[90 pg B BAsERE]
MHI-5
69 AL L 61~68 5 53~60 15 52 FULF
{n=13) (n=2) (n=2) (n=1)
dibsx | 2/13 (15.4) 0/2 (0) 0/2 (0) 1/1 (100
(%) 2/15 (13.3) 1/3 (33.3)
L I
NS
R 7 PEG-IFN ¢ 2a &5 ER5HE - B
£ (R) | B3| BIARER | chubiss th ik B MHI-5 MHI-3
41 M 180 ug IBW | 25ER 60 SLATF | 14 ABLE
52 M 180 ug 10W | HEREOES 60 SLATF | 13 ST
61 M 180 ug 4W | BB, BIPYE, TR 60 LT | 14 S E
44 M 90 ug IBW | FTHEOBA 60 LT | 13 HBLTF
63 F 90 ug 35W | BIME, EROME, WEEE | 61 AME | 14 ABE
72 F 90 ug I6W | 5%, BAsTE s 61 LA | 14 BB E
42 F 180 ug 10W | FFsE 0 880 Bk 61 ALLE | 14 ALk
(AST, ALT 1,000 U/! BiE)
71 F 180 ug 2TW | IREHIM 61 mLAE | 14 S F
MHI-5 22 7 K4 %, & 52 PEG-IFN B8 BRERAONZ BT,

BREERCH T TRHE 2T (356), 180
wg/E/EREETIE 69 SLLE :2/22 (9.1%),

5. PEG-IFN a 2a fhibRERS, T8
PEG-TFN Bt 5 &5 0 IEBEE, Bl

61~68 53 1 0/4(0%), 53~60 5 : 3/4(75.0%), HM(RDEAD &, 180 pg/El/BEREETH,
S2RELT10/2 (0%) L0, 61401 E 2/ MHI-5 2 27 61 sl k£ 2 B (FFHEEED &7
26 (7.7%) & 60 SLLT ©3/6 (50.0%) Db BAL D LB, BREEHIM 1 41), 60 SULF 31 (%

T3, 60 SUAT DHREEICHIEENE -7
(p=0.0211), 90 ug/El/BEESEEZDOWLT b
S Z2{To7zH, MHI-5 2 2 7[K4} & thib 52

SR 16, MEEEOER 14, B 5
Wi, TR L1E) Thotz, 90 ug/E/BiRS
BTk, MHI-5 227 61 SLLE 2§ (P95,
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£ 8 (65L& MHI-5 227wk 3k (%)

MHI-5
&= % Total -
61A4BLE 1 60 BT
65 BULE (n=15) | 2/15 (13.3) | 2/14 (14.3) | 0/1 (0)
65 &R (n=35) | 6/35 (17.1) | 2/27 (71.4) i 4/8 (50.0)
MHI-5 .
180 pg S HARE Total .
61 ALt 60 AT
5 EIELL (n=5) | 1/5 (20.0) | 1/4 (25.0) | 0/1 (0)
65 Eski (n=27) | 4/27 (14.8) | 1/22 (4.5) | 3/5 (60.0)
MHI-5
90 pg W5 FRE Total
61- =LA L 60 ALAT
65 mLLE (1=10) | 1/10 (10.0) | 1/10 (10.0) | 0/0 (0)
65 KM (n=8) | 2/8 (25.0) | 1/5 (20.0) i 1/3 (33.3)

RO O 1, FSPIRE, SER O, KRR
= 1), 60 ALLT 1L BI(THROBEA) TH-
776

serthep @l s OEETIE, HCV-RNA
DLz eF A 5 ke, FikE 6 v AE
® ALT EEALH 2 BT H o Tco FILEIIE
v, FEEOZREMI L 3T L T
IFN OF#&5%21T> 72,

6. SBHETORE - Pk

65 Bk & 65 Ll O EEE TORIEED
T (388) Tid, ETO 65 EEMOPIEE
1 6/35 (17.1%), 65 BB LT 2/15(13.3%)
Thotr, &5, MHI-5 % 61 sl k& 60 /&
PTFo28wcsidchib®E %245, MHIS
23 61 AL ETIE 65 BRI - 2/27 (7.4%), 65
Ll b D 2/14 (14.3%) &, 65RAKMICHEL
T EOERETITIEEREL>T
Wizhs, BELEERA SR 5o, MHI-S 4
0 AT oW T, 65U EoBBE T ]
BIL iz h o Tz,

PEG-IFN Ets# 5825w 50 TR HIE
EEEtT 5 &, 180 ug/E/BREF TR, 65
Bk W 4/27 (14.8%), 65 Bl £ 11/

5 (20.0%) 7D, 90 pg/[El/BIREETIX 65
Bk 12/8 (25.0%), 65F B b 11/
10 (10.0%) ¥ 72 o720 & Biz MHI-5 T 2 8z
ST, WTROBEbLER L PIERCEE
nEEH SN DT,

m = £

C B MAT % Tk PEG-IFN o 22 8 5 % 5
HBLT 72 SRR U 50 flim DT, EeBEl
HEERIC & 315 0@ RIS & & SRR

_@@%%ﬁQOL#%%MﬁW%#Eiﬂ@%

BTtz SEE DY 7 X7 — % 48 BERE5H)
rEthb o 2 BETHE LY TRER
EZaabhEhol, RERSAE, BAADE
EEEEEPEWS I LItk > THHEE LTS
LTw3H00, FF T A7 —VvOHHHRH
BINTWREWZHTH D,

L L, BE5RGEHOLOBERERTH S
MHI-5 % AT 60 ST (FEE] LD
) OREPIEEE 61 SUE (EE] Zv LI [E
B | OB OGBS THET 2L, 60 &
PTOBTHEREIEEICE B> T, &
5 R HaET MHI-5 23 60 ST O HEER v
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THHTEBCHRRZ COFEA, €5BRLRLE
DI B BRSBTS STV e,

HARA BT 38520 URBEEROEE R
3.5%90 5 5%V ERBEAHERIC L > TRERE
WEb o5 b, MHI-5 A w7z A4 A 4,500
ATOBE U EOBEROEE L 37%, [F
S| PES UREHEER TV Y, SH,
PEG-IFN T L 72 50 ok Eaio MHI-5
A 37 T TRE ) L E OB 30%, [$%F
B DA EOBRERYS 18% 1238 i, 1FIFEL:
BB TH- T, BEOMZ TR LIBEK
wr COBBERERED SN TRV,

IFN BB BHERE L TRV S WS,
Tz Y OBERY» S, HERERZEOERR
BIfERCE2 S ZBEERAPHREEI L TY
27, BHEROREBE R, AROARRELR
retrospective 72 BIE B FEAEIRE TR 0.1~2.4
% T, prospective \LET X M EERL
ToHRE T, 4.6~40% £V, ZDEDRIES
DEQERE LT, WRIOBEER CIIEME
RN EEr S ERBIENL &R, [FN GE
TRE—BEOIBIER S A S5 I EHERES
NnTwa,

Am, #EERELEMTCRWTIRLLHES
LEBERERD > TWwiwY, BBREIO
MHI-5 2 a 72ZH T [hEE | L EOBOFE
BHHEIEN TV Z Lid, BUBREY2EE
BOFEIE L FECEEL TH I TREENS
Ve SHRIFMBZOA TR, MHIS KL BT ¥
ry—rREELEBEL, [FEE I EOBER,
Sbn 2 FER O IFN {BEC H 7> TR
Ex Xk 5EBERNAK L > T, FkicE
BERAEDLTHES T LI EED ol
EEZ T3,

£ r MHI-5 DWW Tid, 65 M Lo
21k MHI-5 23 60 ST OEFHE 1510 &
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Introduction

. Approximately 350 million people in the world are
chronically infected with hepatitis B virus (HBV), the
main cause of hepatocellular carcinoma (HCC) espe-
cially in many Asian countries. Recent advances in mo-
lecular biology have expanded our knowledge of the
biology of HBV, the mechanisms of liver disease, and
the development of HCC associated with HBV infec-
tion. Eight genotypes have been discovered!~ that have
an uneven geographical distribution.>¢ It has also been
_clarified that intertypic recombination was noted in
genotypes A, B, and others.’

Recently, new nucleos(t)ide analogues and long-
acting interferon (pegylated interferon) were intro-
duced to treat chronic hepatitis B, but there is no
consensus on the treatment of chronic hepatitis B. The
main aim when treating chronic hepatitis B is to sup-
press persistent virus replication. Interferon (IFN) was
first introduced as an antiviral agent and recently
nucleos(t)ide analogues such as lamivudine #'? adefovir
dipivoxil,"- and entecavirs as well as the long-acting
IFN peginterferon's!” have become available in many
countries, but they show low rates of sustained response
and are associated with various adverse events. There is
a possibility that combination therapy has additive or
synergistic antiviral effects and decreases the rate at
which resistant viruses develop.'#2* However, the data
for these combination therapies are still short term.

Recent advances in molecular biology have also clari-
fied the clinical significance of the HBV genotype?
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and the mutation of precore and core promoter re-
gions.”? Most HBV carriers in Asian countries have
resulted from maternal transmission of the infection
during early childhood, and around 80% of the carriers
show natural seroconversion from a hepatitis B e
antigen (HBeAg)-positive state to an HBe antibody
(HBeAb)-positive state before 25 years of age. Further-
more, HBeAg to HBeAb seroconversion frequently
occurs in chronic hepatitis patients with a high serum
alanine aminotransferase (ALT) level. Thus, it is impor-
tant to clarify the natural course of HBYV carriers before
antiviral treatment. This article focuses on the recent
advances in basic research of HBV and suggests a strat-
egy of antiviral therapy for chronic hepatitis B patients.

HBYV genotype

There are currently eight HBV subgroups based on
genetic differences. HBV genotypes A, B, C, and D
were first classified by an intergroup divergence of more
than 8%.! HBV genotypes E and F were then identi-
fied,? followed by recent reports of genotypes G and
H.3¢ One cannot discriminate these genotypes by four
serological subtypes (adw, adr, ayw, ayr) of HBV, which
are classified by antigenic determinants of the hepatitis
B surface antigen, but a there is a partial correlation
between genotypes and serotypes (Table 1). There are
also a few reports on a serological method for determin- -
ing HBV genotypes using several monoclonal antibod-
ies to preS2 and S proteins These HBV genotypes
show a close relation to ethnicity (Table 1); more impor-
tantly, recent investigations have revealed associations
between HBV genotypes and clinical features of the
infection.

Two major genotypes, HBV/B and HBV/C, prevail
in East Asia including Japan. HBV genotype C was
more prevalent than genotype B in cirrhotic patients in
Japan,’? China,” and Taiwan.® Another study from
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Table 1. Correlation between HBV subtypes and genotypes and their geographic distribution

HBYV genotype HBYV subtypes Geographic distribution

A adw?, aywl Europe, North and South America, Central Africa, Philippines
B adw2, aywl East Asia

C adr, adw2, ayr East Asia

D ayw2, 3 Mediterranean area, Middle East, South Africa

E aywd West Africa

F adw4 Native Americans, Central and South America

G adw?2 USA, France

H adwd Central America

Japan found that the risk of progression to cirrhosis and
HCC was similar in patients with genotypes B and C,
. but those with genotype B showed slower progression
of liver disease.® A study in the United States also
demonstrated a low frequency of decompensated cir-
rhosis among those with genotype B.?” These studies
have been corroborated by several observations that
showed a lower HBeAg-positive rate®#2-3 and higher
prevalence of HBeAg seroconversion??- with geno-
type B than with genotype C.

A cross-sectional study from Taiwan reported an as-
sociation of genotype B with the development of HCC
in young people (<35 years old).?® However, a recent
cohort study from the same group failed to confirm this
association in HBsAg-positive children. Further studies
are needed to clarify the relation between HBV geno-
types and HCC.*

Regarding HBV genotypes A and D, there was a
report from India that genotype D is associated with
more severe liver disease than genotype A% A study
from Spain demonstrated that HBsAg clearance oc-
curred more often in patients chronically infected with
genotype A than in those with genotype D. A study
from Switzerland reported that acute infection is more
likely to develop into a chronic infection in patients with
genotype A than in those with genotype D.* Several
reports from Japan also support this tendency toward
chronicity from acute horizontal infection with geno-
type A3 Taken together, these reports suggest that
HBV genotype A causes mild but persistent liver dis-
ease that shows a good response to antiviral therapy.
These characteristics contrast sharply with those of an
HBYV genotype C infection.

Clinical significance of HBY gene mutation

Mutations that affect HBeAg production

The precore/core region of HBV encodes for hepatitis
B core antigen (HBcAg) and HBeAg. One point
mutation at the precore region (G1896A; eW28X)

that aborts HBeAg production has been identified par-
ticularly in anti-HBe-positive HBV carriers.* Later
studies revealed that this G1896A mutation occurs in a
genotype-dependent manner.24

The precore region of the HBV pregenomic RNA
forms a stem loop structure where nucleotides at 1896
and 1858 couple. In genotypes A and F, a G1896A
mutation rarely occurs because a C residue at 1858 in
these genotypes favors a G at 1896. In contrast, in geno-
types B, D, and most of C, a T (U in RNA) residue at
1858 can pair more covalently after a G to A mutation.
In the usual HBV infection course, loss of HBeAg
means low viral replication and an inactive inflamma-
tion state. In some HBYV carriers, however, chronic ac-
tive hepatitis occurs after HBeAg seroconversion, with
a G1896A mutation often observed in these patients.
This type of HBeAg-negative hepatitis is frequently
seen in Asia and the Mediterranean area, where HBV
genotypes C and D are prevalent.

Core promoter variants are other naturally occurring
mutations that can affect HBeAg production. The most
common oné involves a dual mutation at A1762T and
G1764A. Several in vitro studies demonstrated that
this double mutation appears to reduce HBeAg expres-
sion and enhance viral replication.* [t is suggested
that alterations in transcription factors bound to the
mutated core promoter region mediate a decrease
in precore mRNA and an increase in pregenomic
RNA'47.48

HBeAg is not essential for replication and, based on
several clinical and virological studies, is thought to be
an immunological tolerogen. Investigations of vertical
transmission cases have demonstrated that neonates
born to HBeAg-negative mothers frequently developed
a transient acute (sometimes severe) hepatitis, whereas
neonates born to HBeAg-positive mothers became
chronic virus carriers.*=! Precore and core promoter
variants have been found in association with fulminant
hepatitis. % These facts suggest an aggressive immune
response in individuals who do not have circulating
HBeAg. Furthermore, a recent in vitro study demon-
strated that HBeAg, but not HBcAg, could elicit an
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immune tolerance in double- and triple-transgenic mice
expressing an HB V-specific T cell receptor and HBcAg
with or without HBeAg.® It is somewhat intriguing that
HBeAg-defective mutants are selected during chronic
infection even though HBeAg is a tolerogen. As a
possible explanation, Milich and Liang proposed that
HBeAg has dual roles: It acts as a tolerogen when se-
creted, whereas cytosolic HBeAg may be a target for
the host’s immune system.®

Mutations in X gene

Mutations at basal core promoters (A1762T and
G1764A) simultaneously affect codon 130 and 131 of
the X gene (xK130M and xV131I). Several studies have
demonstrated that these mutations were found more
frequently in patients with HCC than in those with
chronic hepatitis B.#-% Because these core promoter
variants may result from a long-lasting immune re-
sponse and may be associated with more severe liver
disease, it is unclear if the core promoter mutations
or X protein alterations are directly involved in
hepatocarcinogenésis. However, a recent report sug-
gested that they could at least be viewed as a predictor
of the development of HCC.®

Yeh et al. reported that the mutation at codon 31
(xS31A) was frequently found in association with HCC
in Taiwan.t¢ However, as there are no other reports at
present, studies in other countries and genotypes are
needed.

Mutations in S gene

The S region encodes for the major B cell epitopes (“a”
determinant) of HBsAg. Mutations in this “a” determi-
nant are known as vaccine escape mutants.”

The preS region contains cytotoxic T-lymphocyte
epitopes, and mutations in this region are often selected
as a result of host immune pressure. Deletion mutants
of the preS region are detected in around 10% of indi-
viduals with chronic hepatitis B infection, particularly
along with acute exacerbation of inflammation. %"
These preS defective mutants tend to be retained in
the cytoplasm and possibly modify virion formation
probably to escape the host’s immune response.® 7"
They usually coexist with wild-type viruses to be
encapsidated into the virion and secreted.”” The asso-
ciation of preS deletion mutants with HCC has recently
been reported’ and is discussed later.

Recently Hass et al. reported a novel mutation in the
S region that decreased HBsAg production via a unique
mechanism.” The study reported a point mutation at a
splicing donor site in the S region in an immunodeficient
patient who showed reactivation of chronic hepatitis B.
It proved that this splicing donor site is necessary for

persistence and cytoplasmic transport of the preS2/S
mRNA, and a point mutation at this donor site could
abolish HBsAg production.

Molecular mechanism of the development of
hepatocellular carcinoma

Epidemiological evidence has revealed a close relation
between HBV infection and the development of
HCC.5 Like other cancers, HBV-related carcinogen-
esis is thought to involve a multistep process, but a
precise molecular mechanism remains to be elucidated.
However, several viral mechanisms may correspond to
each carcinogenic step, including cis and trans activation
of cellular genes by viral proteins, antiapoptotic action,
induction of genomic instability, and insertional mu-
tagenesis.”**' In addition, indirect hepatocarcinogenesis
by HBV-induced chronic necroinflammation appears to
play an important role.”#

In this review we focus on direct carcinogenesis re-
lated to HBx protein, HBs protein, and HBYV integra-
tion into the host genome.

HBx and hepatocarcinogenesis

HBx is the smallest protein encoded by HBV. It is not
indispensable for viral replication, but it may enhance
viral transcription in cultured cells.* Whereas mamma-
lian hepadnaviruses such as HBV and woodchuck hepa-
titis virus (WHV) encode X protein and cause HCC in
affected animals, avian hepadnaviruses, which do not
cause HCC, lack X protein. Furthermore, development
of HCC was observed in transgenic mice that express X
protein.® These facts prompted an interest in HBx in
relation to hepatocarcinogenesis.

X protein does not act by directly binding DNA, but
it associates with several components of the transcrip-
tional apparatus, such as TFIIB, TFIIH, and RPBS,
through protein—protein interaction. Other studies sug-
gest that X protein can stimulate several cytoplasmic
signal transduction pathways, such as the Ras-Raf-
MAP kinase and JAK-STAT pathways, in an Src
kinase-dependent manner™®® (Table 2). Although
these results were first demonstrated by in vitro
overexpression of X protein, a recent report proved that
Wnt/B-catenin signal is activated only in hepatoma cell
lines with HBV integration. This Wnt signal activa-
tion was also Src kinase-dependent and was observed
in hepatoma cell lines without HBV infection by
overexpression of HBx* When overexpressed, HBx
can interact with many other proteins, including p53,
UVDDB (a DNA repair protein), and proteasomes.®8!

The 3’ terminal of the X region is frequently deleted
when HBV is integrated into the host genome. Some
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Table 2. Interaction between HBx and host factors

HBx can activate transcription from DNA binding domain of NF-xB, AP-1, AP-2, c-EBP, ATF/CREB, NF-AT, RNA pol [,
RNA pol I1I (HBx does not directly bind to DNA but acts through protein-protein interaction.)

HBx can activate the transcription factors CREB, TFIIB, TFIIH, RPBS, c-EBPa, NF-xB
HBx can activate the signal transduction pathway Ras-Raf-MAP kinase, JAK-STAT

Other cellular molecules that interact with HBx:

p53
UvVDDB
HVDAC3

Proteasome

controversial reports exist

related to DNA repair

related to cation channel of mitochondria
related to degradation of transcription factor (?)

Table 3. Cancer and clonal proliferation in association with insertional mutagenesis by integration of oncogenic viruses

Species Viruses Notes References
Mouse Murine leukemia virus Common integration sites in leukemia and 90, 91
malignant lymphoma
Woodchuck Woodchuck hepatitis virus Common integration into N-myc in hepatocellular Reviewed in 79, 81
(WHV) carcinoma (HCC)
Mouse Type B leukemogenic virus Common integration into Rorgamma region in 92
malignant lymphoma :
Sheep Jaagsiekte sheep retrovirus Common integration sites in lung cancer 93
Mouse Murine leukemia virus Insertional activation of clonal proliferation of 94
hematopoietic stem cell
Mouse Murine stem cell virus Common integration sites in soft tissue tumor 95
and osteosarcoma
Human Retrovirus vector Insertional activation of clonal proliferation of T 96
lymphocytes
Human Hepatitis B virus Common integration sites in HCC 98-103
(HBV)
Human Human papillomavirus Common integration sites in uterine cervical 101
(HPV) cancer

studies have demonstrated that carboxyl terminal-
truncated X protein could inhibit cell cycle arrest and
apoptosis in vitro.## One or several of these properties
of X protein may play some role in hepatocar-
cinogenesis, but further investigation is needed.

HBs and hepatocarcinogenesis

Transgenic mice expressing HBs protein have been
found to develop HCC.2 It has been reported that
C-terminally truncated preS2 protein in an HBV-
related hepatoma cell line activated protein kinase C
pathway. More recently, naturally occurring preS2 dele-
tion protein was reported to up-regulate cyclin A ex-
pression in vivo and in vitro.” Thus, it is suggested that
HBs protein or its modified form is a transactivator and
is potentially related to hepatocarcinogenesis in some
cases.

HBYV integration and hepatocarcinogenesis

Hepatitis B virus shares with oncogenic retroviruses a
unique replication strategy through reverse transcrip-
tion and a characteristic life cycle that includes integra-

tion into the host genome. Studies during the 1980s and
1990s demonstrated a few cases where HBV integration
occurred near genes closely related to cell proliferation,
such as retinoic acid receptor beta® and cyclin A
However, in many other cases, HBV integration
seemed to occur randomly, and one could not find any
preferred sites or genes.®

With recent information on the human genome and
progress in strategies to identify viral-host junctions,
growing evidence demonstrates that viral insertional
mutagenesis is an important oncogenic mechanism for
mammalian tumor viruses, such as retroviruses, human
papillomavirus (HPV), and hepadna virus (Table 3).
Analyses of retrovirus integration revealed many com-
mon integration sites near genes related to carcino-
genesis and stem cell renewal. % In woodchucks,
WHV-related HCCs frequently show WHYV insertion
into the N-myc gene.®

For HBV integration, Brechot and colleagues
developed a polymerase chain reaction (PCR)-based
approach using a human Alu repeat, allowing a large
number of rapid analyses on HBV flanking host se-
quences.” With HBV-Alu PCR, they demonstrated that
HBYV insertion into cellular genes occurred in around
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