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Clinical Implication of Hepatitis B Viral Variant

Kiyoshi HASEGAWA, Junko KATO, Nobuyuki TORII and Naoaki HAYASHI
Department of Gastroenterology, Tokyo Women’s Medical College

Hepatitis B virus (HBV) induced liver disease has wide range of type of disease, from acute
hepatitis, chronic hepatitis, liver cirrhosis and subsequently hepatocellular carcinoma. Previously,
these difference of disease type have been thought to be a result of host immune response towards
HBV-related protein. Since the method of polymerase chain reaction (PCR) was established, numerous
studies of sequence analysis of HBV DNA have been published. These studies revealed that some
mutations have a relationship with clinical outcome of hepatitis B virus-induced liver disease. For
example, a point mutation in the precore region causes an appearance of stop codon, resulting the
termination of HBe antigen production and the seroconversion of HBe antigen. Interestingly, in the
fulminant hepatitis (FH) patients, the same mutation in the precore region was found. In order to
study the significance of precore mutation in the pathogenesis of FH, we analyzed in vitro replication
capacity of HBV DNA from FH patients. As a result, HBV DNA from FH patients showed a high level
of replication compaired with the wild type HBV DNA. Site directed mutagenesis experiment revealed
that additional mutation(s) might be necessary for the high level of replication. To identify the
responsible mutation for fulminant hepatitis B, further experiment is needed.
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®1 BEFABEZEO THRIEOBRE

Percentage of various FH AH CH Controls
CD8 28.3+7.0 26.2+8.8 26.5+5.6 29.7+4.6
CD8+*CD11~ 25.246.5 18.0£7.1 14.0x4.4 19.3+4.1
CD8+*CD11* 3.240.6% 7.6+3.7 8.3%5.1 10.5%3.4
Ch4 42.4%8.2 | 42.1*+13.4 44.24+6.4 46.0+6.5
CD4*Leu8” 10.247.4 16.2+8.3 9.4%4.5 8.6+2.6
CD4*Leus* 32.2%5.1 26.0+15.7 33.1£4.6 37.8+6.9
CD8*CD11-/CD8*CD11* 8.0+1.6 2.6+1.3 1.7£1.3 2.1%£0.8

1 p<0.05 2 p<0.01,

]2 BIERKBEHZ RG2S CDSMHEMEL S E O ERERIR R

+ - + +
i, | R | ORI eogecpur-scop cpir

Case 1 1 31.8 4.3 7.40
2 20.5 4.4 4.66
4 25.1 12.8 1.96
12 22.3 13.2 1.69
Case 2 1 29.5 3.2 9.22
4 18.9 9.3 2.03

Control 18.8+4.1 10.4x3.2 2.14+0.8
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CTLo¥m%uiRdic, % ERCHIEME T M
(TYEDPZELLFA LT i, oD Ts DR,
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b, BER«oHETE, BHIFRLELhSE
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BB E &b, KM T HgsE L £ FRE L,
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WL T3, 4k, BEOESERE BIERF
KOBEOFHBCBELLT Vv ROy~
oy b, ME_EREEYHCTET L L Z
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» CTL 233X T, HBV EHIEBRHTHH N E
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%3 BHESWFEK BUEFRCRT S preCHEBOER
Case | Age | Days from* ALT** HBsAg HBeAg IgeM No. of clones
No. | Sex |  onset JAST | /antiHibs | /antiHBe | antiHBc | Outcome | “O 05 q nt. 1898 | nt. 1901
Fulminant hepatitis )
1 22F 7 1,010/1,870 —/+ -/ + survival 4 4A 4A
2 27F 4 879/2,925 +/- —/—= + death 4 4A 2A/2G
3 25F 5 5,080/4,165 +/- -/= + death 4 4A 1A/3G
4 |61F 5 1,084/650 +/— —/+ + death 3 3A 2A/1G
5 35M 5 1,182/1,712 +/+ +/— + death 3 3A 3A
Acute self-limited hepatitis
6 53M 8 2,427/2,550 +/— -/= + survival 4 4A 4G
7 |38M 15 715/1,287 +/= +/= + survival 3 1A/2G 3G
41M 23 355/542 +/— +/— + survival 3 3G 3G
9 |28F 15 386/639 +/— —/+ + survival 3 3G 3G
10 | 61M 20 312/831 +/- +/— + survival 3 1A/2G 3G
*Onset was defined as the beginning of jaundice.
**Peak levels of ALT and AST in IU/L.
x4 7 AV BB DEBRERERSC KT S preC EIH ORE
Age/ sAg/ IgM Risk Other PreC
Sex/race ALT/AST aHBs aHBc «HCV factors risk seq.
1 | 42M-Hisp 858/292 +/— + - IVDA ETOH WT
2 | 7IM-White 2,952/ND +/— + - TF ETOH WT
3 | 21 F-Black 4,490/6,260 +/—= + - - WT
4 | 33F-White | 3,361/3,086 +/= -+ - IVDA WT
5 | 37M-White 1,927/1,237 +/+ + - IVDA ETOH WT
b, 2MRFSEED CTL &, invivo T PHIGRTE DY, e PilkBEORRAL pre CER

T HBV &R W LTl CBEIR TV 572
¥, invitro ©h CTL {EMEZ R T2, B E
Uk, FORIENE DI in vitro TIRED
EAEbhiwbDEE 2SR, BbZ0l
Fw, CTLIEMCE L CENHEZND D L HE
Whsd, 2L, BIEFAEEOHRS, Ex0
CTL BB I T 500, HAH Wit CTL
DB A 2 b7 mass & LT CTL EHEH
BINT200nE 500 WE0L I ATHTH 5,
2 BIERFKE YA LA ER

B RIBIRERT 4B E o HBV i3, LiELiXpre
CHEBIEEREY ZXmbh T35, pre C
HEREO%E L, nt. 18960 G +H A ~NDERTH
D, TOERCIVKRE2 PV REL LD,
eHIENEEEhEL 5, Lﬁ:;b‘io T, By
O BIEH KOS E, TOEELZHENTLD
LediFBETH DD, Llﬁlm% BIEFFX1L, U
FLE e ABEOBRENDORPEI S &

LB ENMBLRI -7, pre CERIZ DO
T, FREOIHMEN WL DR bhin, Fok
DPET, BIEF£EETLEAEMD pre CER
HHO LR (F4)Y, BEFEEEKCD pre C
BENRLZLNEZ E(FEI)OND, pre CERIZ,
BIEF KO RBEWCHHATEI W EE L bR,
Fxix, pre CERDEBRI D WTHNS DI,
BIEERF R EELSHEIR L, pre CEREY &
HBV DNA #% in vitro T cH i c BEE
L, EEFEMARCIS v A7=2 LT, O
HRELRANT, TOBR, FBEKT, BFAbkE
DIXDEDIEEVCEEERY R LA, 2 TRIC, pre
ClRnHZEREBALICHEKC OV CRKCH
Nk B, b, BAEKEABOEMEY
RLI, 2D Enb, BUEF£OREE, v
AN ADEBTENES LTV B REEND B
2, pre CERZ, ZORRICIE - Thish o iz
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— 309 —



36

el
@)
o
-
=
@)
&

WT 1
WT 2
FHMT
MT 1
MT 2

RC —

SS —

3 HBVo&RZEEEMRICr S Vv A7 =2

b LT, #MAEA® replicative intermediate % X
7.
NC: #4574 7av re—n, WTl: BF4EH
(adw), WT2: BAK (ayw), FHMT : BIFEFF 4
BERKXD 27 v —v, MT1:nt. 189612 G 75 A ~
DERA S, MT2:nt. 18902 G 75 A ~DER
Z# %>, MT3:nt. 1896 & nt. 189912 G 7»H A ~D
EEx 0,

& 3

MT 3

BEHFFTH A, MOMEENDL T A LR
DEMLTEILLIERIRE IR TS, nt.
11831%, Pol # 1% » RT & RNase H D5 HizY
TeBEHIED, TR IDIERICL - T, B4
BREHEBLTIVEVCERENEI S Z L2 in
vitro DERIC BV THEREINT VB, Lich -
T, BIfEHREZCHRONS pre CERZ, v 1
NADZHICEBICHE R EL DD TH
h, THPBEFERFADORRFIC - T & F48
b, EBE pregenome RNA o pre C T,

€ LI BIMFEEY L 5Tk (K4), RNA
@ encapsidation DERIZ, signal sequence & LT
<o ENLBRTWEY, 0 e DEER LD
&, pre CoORRoOMHwE, HATsHEHEC
mismatch 2MFFET 5 DT, HEATTEL B
%, @ mismatch #{HA IS L 5 RERN R
HR I nBmbnEELLNS, (£-T, BUE
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ATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTT 'CAAGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGG ATGGACAT

MetGlnLeuPheHisLeuCysLeuIleIleSerCysSerCysProThrValGlnAlaSerLysLeuCysLeuGlyTrpLeuTrpGlyMetAspIl

S — i m\‘nb
HBY  al>cc VO J Y acc Py i
s Frats v G .
AU AU LG
cu cu et
cl c G UG
v g UG A6
C_ G clA et
c o Gu cGuU UALG
! A_C U~ A_C A G
Ul Ny UPCAu v o
G ~u G N 7 ~.
UG amy UCAX_ B
u — A U x (l
c—G c—G \
G—¢ HBV Mutant G—G t—=a—90
U@©-—A\ U G—=¢
G—C G—C—9( G2t
40— u—~ u—x AU
AL Al - (*_E
CG|— c—G -G
u—a 20 40—c—G 45—C—=G
U—A S U—A G—=u
G—C u ¢ U=a
O U-a G A o\
AN . NG 5 ¥
g 3 5 ¥

4 e OSSR T. eld, % hepadnavirus D TL < RFEEN TV 5,

— 310 —



4, 75+ viral persistence »“#2Z % 5 ?

BH LMK, FobTr—8rgElT
LH00, KEGIEBHALT S Ll BETS
FHREFOERBTHAH. Lich-T, WK,
FRAREEMCIMBEL 500, L AFEN
R4S, B~ EBATT B aEk 0 B 58I &0
FichAH, HBV 25, RS L, xR
ikt CTL A8 LG T2 &0, BHFE
DB EE 2 BT\ 5B, eI & £k
BEfR T X /D 2y, 0¥ viral persistence 23 2
HOPDOWTEE, FRTRHDOENSLWR, Zh
HHOLNETE L O0DRAN IR T V5,

EERO Y A v 2T PR & LT,
BHEREE, BlBHRVA L A &, MlaES
# T Ml (CTL) k5 BREMBEoOBREIE 2
na, Z05b, BEREDOLZ, FIFELED
i, oA ABRc@< b0 LE2LRD, &
oG E, —HiciikoER 5 glyco-
protein fIAFEMICEH L TCWBZ Lz h
Dy, BAHIED BT E DL Y, fEo T, B
R RO BB 2 Z e < v, —7, CTL &,
L AB-> THI0EBE D~ 75 PR
CEETHEGEHESFE I RSN, Zhid, fiEs
ZOBRBICELLELTHELI VXS]
W, IS0 ED, HBV O persistence %%
2556, MERLSLF v ) 7T EE I,
Pk b#kh 3 X 5, BEREOFRICE,
CTLOWE NS X 57y 1 A2 ADEAL
DRI -TVWBHE0EELZLNRD,

FiZom e LTk, Carman H¥iC k g X
iz, 727 F ekt % escape mutant 232 5
ha, foomEc i, SREERETHO M
TEIhic 7 277 vick b, HBs Filkn EB L
i b bT, Fv ) 7L LK/PIED enve-
lope SR OEFFLFI 2 BN L /ciER, N Kb
145F B D7 1 VM Gly 235 Arg ~E{LL T
B ENRH E N, envelope D b iEV-HiE =
E - 7IR125F B 5146 H £ TOFHAKEOIT

7 (“a”’-loop) IWHFET D EHEND LR TE

D1 LUfohi T, Carman b @ escape mutant
i, oWGOERIZL ST, =€+~ FOPRE

37

EREL, TORRLLT, VI2FVRINE
EIRTHEDR, TR envelope BH % il
TEen b0 LR XN, THIEDIE,
M5FBHDOT 2 VB EEAYF T % envelope &
BEERL, “OTBEQOAEY 2 rv—F 17z HBs
PEEHCRIG LR E W ERRHL, in
vivo TOHRHFITIF LA, FHEO vaccine  in-
duced escape mutant IZ>\ T X, Harrison
B Fujii 5O L 5HELRbR, WThick
VT H145%F B o Gly s B Arg ~ D B #
escape DEEFTH A 5 LR LTV 5,
hbo@Er, Wihd, 77FvBERT
B> T NROFHRRERRE OB TH B, KADOHE
FhicRbhsd, SUREGELLERREOBITC
DWTIE, OB, ERBELMEIR TV
W, 7 7 F VO escape mutant (%, L& HIER
HIEDD TR, =~V AREBELLERMD, %
OHEMELIH N EBR LR TWBD, F T
Poxik, B BAEFFEL DR BT L 2
FDOFAFIC DT, S HEIHOEIHEET 2B L
722, Wb B4g " loop AR ChH T, TD
TEND, BADF v ) TALOBERE LTI, S D
NEMOEL Y b L A, TofiiticEls
Fig3 Pre-S BBROZEAL, 5\ 3, BEHEE
o HBs FUR SR T % RIBREDS, &< bbb T
WHLDEEZ LIS, K, UHEOILA L
¥, HBs 7 7 5~ v %3 % non-responder ® T
#RZ, high-responder @ Y v RO HFEE %
BEMCHSZET 2 HEE Tt & %
RHELTED, 2o X 57, HBs HRERHIE
T MIROFED, FIRERDF + ) 7L LBIEL
TWHDO: Lk,
CTLOBE LA S L 5 RERIZOWTI
KDL H5EE 26N B, Chisari b 74— 71X,
HBV @ envelope ® B D = 7 5 Ficl R i
CTLo 7 m—vafEHL, = b —-FDOREY
o7, ZofER, CTL =v + — 7RI, &
% class 10 % 1 7 (2 ¥ B 1 75 binding motif 23
BT 52 &My Te, 0 motif 13, CTL &
HoORRCEETHY, LT, o motif
W LR E 2B L 507 3 BEER R D ESE

— 311 —



38

D7 F Mk, CTL OB, bikh % & TFHlEh
5,
5. 2¢& 8
LLE@fRRTER L 51, HBV iKiZ2R T 5 fFE
ik, W OorDOlKERLLFEMIEET S
B, FOENHRETEELND, HLEEEY M1
ABEBEOME A DHETESL L SR TER,
5L, ShBOERDEMFH RBEICOWT,
I hEMmEErmzbh T WD EBbh
5.
X 73
1) Dudley FJ, Fox RA, Sherlock S: Cellular
immunity and hepatitis associated Australia
antigen liver disease. Lancet 1 : 723-726, 1972
2) Dienstag JL, Bhan AK: Enhanced in vitro
cell-mediated cytotoxicity in chronic hepatitis
B virus infection: Absence of specificity for
virus-expressed antigen on target cell mem-
branes. J Immunol 125 : 2269-2276, 1980

Thomson AD, Cochrane MAG, McFarlane IG
et al: Lymphocyte cytotoxicity to isolated

3

N

hepatocyte in chronic active hepatitis. Nature
252 1 721-722, 1974

4) Hasegawa K, Yamauchi K, Furukawa T et al :
Dual color fluorescence analysis of peripheral
T cell subsets in hepatitis B virus-induced liver
disease. Hepatology 8 . 1134-1137, 1988

5 RENE, XHTF, FEREE»  BUERFAAR
FHORMIM K OCFEBRER Y v REEF O
—WHEREETH BN, FR 30!
1652-1657, 1989

6) Nayersina R, Fowler P, Guilhot S et al:
HLA A2 restricted cytotoxic T lymphocyte
responses to multiple hepatitis B surface
antigen epitopes during hepatitis B virus infec-
tion. J Immunol 150 : 4659-4671, 1993

7) Liang TJ, Hasegawa K, Rimon N et al: A
hepatitis B virus mutant associated with an
epidemic of fulminant hepatitis. N Eng J Med
324 1 1705-1709, 1991

8) Okuda K: Is fulminant B hepatitis more com-
mon among infants born to e antigen-negative
carrier mothers ? Hepatology 7 . 974-976, 1987

9 Liang TJ, Hasegawa K, Munoz SJ et al:
Hepatitis B virus precore mutation and ful-
minant hepatitis in the USA: a PCR-based
assay for the detection of specific mutation. J
Clin Invest 93 . 550—555, 1994

10) Hasegawa K, Huang JK, Wands JR et al:

—312 —

1D

12)

13

14)

15)

16)

17

18)

19

200

21

Association of hepatitis B viral precore muta-
tions with fulminant hepatitis B in Japan.
Virology 185 . 460-463, 1991

Faruqi AF, Roychoudhury S, Greenberg R et
al: Replication-defective missense mutations
within the terminal protein and spacer/intron
regions of the polymerase gene of human hepa-
titis B virus. Virology 183 : 764-768, 1991
Junker-Niepmann M, Bartenschlager R,
Schaller H: A short cis-acting sequence is
required for hepatitis B virus pregenome encap-
sidation and sufficient for packaging of foreign
RNA. EMBO J 9 : 3389-3396, 1990

Oldstone MBA, Buchmeier MJ: Resticted
expression of viral glycoproten in cells of per-
sistently infected mice. Nature 300 : 360-362,
1983

Oldstone MBA, Nerenberg M, Southern P et
al: Virus infection triggers insulin dependent
diabetes mellitus in a transgenic model : role of
antiself (virus) immune response. Cell 65 :
319-331, 1991

Carman WF, Zanetti AR, Karayiannis P et
al: Vaccine-induced escape mutant of hepati-
tis B virus. Lancet 336 © 325-329, 1990
Howard CR, Stirk HJ, Brown SE et al:
Towards the development of synthetic hepati-
tis B vaccines. In Viral Hepatitis and Liver
Disease (Zuckerman AJ ed) ppl094-1101, Alan
R Liss, New York (1988)

Waters JA, Kennedy M, Voet P et al: Loss
of the common “a” determinant of Hepatitis B
surface antigen by a vaccine-induced escape
mutant. J Clin Invest 90 @ 2543-2547, 1992
Harrison TJ, Hopes EA, Oon CJ et al: In-
dependent emergence of a vaccine-induced
escape mutant of hepatitis B virus. ] Hepatol
13 . S105-S107, 1991 }

Fujii H, Moriyama K, Sakamoto N et al:
Gly 145 to Arg substitution in HBs antigen of
immune escape mutant of hepatitis B virus.
Biochem Biophys Res Commun 184 :
1152-1157, 1992 .

Chiou S8, Yamauchi K, Nakanishi T et al:
Nature of immunological non-responsiveness
to hepatitis B vaccine in healthy individuals.
Immunology 64 . 545-550, 1988

Nayersina R, Fowler P, Guilhot S et al:
HLA A2 restricted cytotoxic T lymphocyte
responses to multiple hepatitis B surface
antigen epitopes during hepatitis B virus infec-
tion: J Immuno! 150 © 4659-4671, 1993



