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ABSTRACT

Background: Hepatitis B virus (HBV) infection is one of the worldwide public health
problem affecting about 300 million people. The envelope protein of HBV consists of
three components known as preS1, preS2, and S antigen. According to the recent study,
anti-HBs Ab showed effective neutralization ability against HBV from chronic hepatitis
B and liver transplant patients, suggesting the possible development of therapeutic
antibody. Methods: Spleen cells immunized with S antigen of HBV were fused with
myeloma cell line to obtain HBsAg specific monoclonal antibodies. High affinity
antibodies against HBsAg (adr, ad and ay type) were selected by competitive ELISA
method. Nucleotide sequence of the variable regions of monoclonal antibodies was
analyzed by RT-PCR followed by conventional sequencing method. Results: We pro-
duced 14 murine monoclonal antibodies which recognize S antigen of HBV. Two of
them, A9-11 and C6-9 showed the highest affinity. The sequence analysis of A9-11
revealed that variable regions of the heavy chain and light chains are members of mouse
heavy chain I (B) and light chain lambda 1, respectively. Likewise, the sequence analysis
of C6-9 revealed that variable regions of the heavy chain and light chains are members
of mouse heavy chain II (B) and light chain kappa 1, respectively. Neutralization assay
showed that A9-11 and C6-9 effectively neutralize the HBV infection. Conclusion:
These results suggest that A9-11 and C6-9 mouse monoclonal antibodies can be used
for the development of therapeutic antibody for HBV infection. (Immune Network
2002;3(4):281-286)
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Table I. The characteristics of 14 murine monoclonal antibodies
directed against S surface antigen of HBV

Affinity
x10° M

Conformational

1 7
Name sotype /Linear

Specificity

A7-1 IgGi/x 176 Adr, ad, ay Linear
A7-11  IgGi/x  N.D  Adt, ad, ay  Linear
A82  IgGi/x 075  Ade
A9-11  IgGa/A 184  Adr
C2-3  IgGi/A 075  Adr
C6-9  IgGi/x 024  Adr

ad, ay  Linear

>

ad, ay  Conformational

)
ad, ay  Conformational
ad

>

, ad, ay  Conformational

C4-19  IgGa/x 047 Adr, ad Conformational
C1-5 IgGi/x 027 Adr, ay Linear
C2-17  IgGiy/A 081 Adr, ay Conformational
A6-6 IgGi/A 017 Adr Conformational
B8-4 IgGi/k  N.D  Adr Linear
C6-3 IgGa/x 0.81 Adr Conformational

C10-7 IgGi/x  0.88 Adr Linear

C19-1  IgGaz/x 073 Adr Conformational

1052 3438 t}S FastTrack 2.0 Kit (Invitrogen, Gron-
ingen, The Netherlands)S ©|-&3%}o] mRNARHS =4 &
233l cDNA 34 2Thermoscript RT-PCR kit (BRL,
Grand Island, NY, USA)S o]&3lo] dtAd &l ar, &hA| &
A} &L Ig Prime Kit (Novagen, Darmstadt, Germany)
= Agslod A9-11 E €699 71 Ff 1l A4l 547k
2 ZZ319 ch(Table ). A9-11 A F2) 7 $AA =
Zo|t(Vh5'c, Vh3)E 5-ACTAGTCGACATG
GCTGTCTTAGGGCTGCTCCTCTGCCTG-3" 3
5’-CCCAAGCTTCCAGGGGCCAGGGGATAGACGGAT
GG-3&, 744l 7bH FAA SF Zeto|# VIS -a)
VI3 )+ 5’-TTCATGGCCTGGATTTCACTTATATT CTCT
CTCCTGGCT-3’#} 5’-CCCAAGCTTAGCTC TTCAGTG
GAGGGTGGAAA-3'& A-&3l3lch. C6-9 Al F4l
Ate] ZE Zalo|w](Vhs'-e, Vh3’)E 5-CTAGTCGAC
ATGGGATGGAGCGGGGTC-3'¥} 5’CCCAAGCTTCCA
GGGGCCAA GGGATAG-3'E, A4 bl 94} ZF =
2ol M (kVIS'c, KVI3)E 5-ACTAGTCGACATGGTC
CTCATG-3’%} 5’-CCCAAGCTTACTGGATGGTGGG-3’
£ A&3irh PCR A 3THAIE Uio] 159l
95°Col|A] 5% &<t A1 AL, 2%k Al 94°CollA] 138
30, 55°Coll A 24, 72°CollA] 3E-& 303] X &P}l aL, 3
A= 94°Col| A 15 302, 55°CollA] 23, 72°Coll Al 105
o] 27102 13] At SEH F4l 9 A4l 7hi
4 2= Invitrogen”F2] Topo-TA cloning kit (Invitrogen,
Groningen, The Netherlands)S Ab-&3lo] 293 3
sequenase version II 7] E(USB, Cleveland, OH, USA)E- ©|
&3lo] A71A g BAS sk

A

e 1}

vk A9 g o}y w34 £4. WA
A e} 2% AZRY 85 53t BY 7+
229 S Frgdoll gt dUFE IAE AL 14
7Ne] sle] vl kul A EFE 2H s ch(Table I). 7 &
AZFZ A= adr, ad, aydoll N3 ELISAEA 4
western 415 AAg A3 671+ 49 A ¥ (linear) &
e AdAs, YA se dde YAl(conforma-
tional) e E AA s A E vpehydeh w3t & o}
g wbSA S EA% A 3% o AT, 2% 4Y
A, 28|al 15 Sl Aele AT g &
ek S A9 adr E}Yjoll thsk ELISA 247 7
A9-110] 1.8x10° M'& 714 =& 9712 Jelyc)
uk-§-& A9 F3eY 4. nfgs gAY F3heE
A& flsted 3% I (adr, ad, ay) E7oll 23 4
d AT F dE gA FulE A= A1,
C2-3, C6-9 &Aol|A] ELISA #Ao] 714 =& A9-117}
C6-95 AASATHC2-3 C6-9H T} 3HA| BAo] S
st A9-113} FUg 74l HrtA D& A-gste] AlLjst
Arh. =g A FelE AAs= AT-1, A7-11, A8-2%
A F A &Aool =2 AT-1, A82E AR sl AHE3)
Ak In vitro S35 Q7F ZHA| ] tist HBVE] 7
o oA o7 EAslgict HBV 7249 59, 2594 AF
A5l HBV 9l AAEHE 243 A3t A9-11210
ug, 1 ugml®] E50l|4 HBV 791 S Gt o g oAs)
o, €699 7% FEE10 ug/ml)olA e wlola]~
A TH A9-11 K} oA} ICs (5UA)S A9-11
Hep £ vebdehEFig. 1), 99 Ad FdE Q4
+ A A7-1, A8-22 HBV Hlo]& 2o th3t F353 o]
S Aoz Felxglr).

v A (A9-118} C6-9) 7P FAAL FF, A9-113}
C6-9¢] 7hH Fal 9 A FAAE vk A A
MNEFZHEE 253 cDNAE Ig Prime Kit (Novagen,
Darmstadt, Germany)& AR-83}o] 5343} cthFig. 2). 1
A3} A9-11 F3l= Vhe, 4= Wlaoll 93] %59
o, C6-9 F= Vhe, Z4ll= kVIb, kVie Zzlo]w o]
o) FEE = Ao vehth C6-9 74l7F 2 (xVib,
KVic)oll &Jsle] FE5 7L stolHilZul A|Ztel] A&
H F55AIE7F MOPC-21 R3] 735 749 7hst
7 wete] AEE FAAE WAAT|H o] fHAE
KVIb, kVlc Zglo]uo] oJsle] FTEE &= ALE 2]
w Folgb= B uel dx|etadchi6). C69 A A7)
FEH 2F(KVIb, kVIe)S] A2 A4S AR Az
KVIbE MOPC-21 §-# 715} 7he whelo] Z£x $4 74
o] ZZEglon kVicE MOPC-21 & 7Hgf 714
welo] ZA<sE G429 69 Al A §AAT) A
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Figure 1. RT-PCR amplification of the
variable regions of A9-11 and C6-9 (A)
PCR products of A9-11 by Vh primers(a,

kVL b, ¢, d, e, f) and AVI primer (a) of

Mabocdefag

] Ig-prime kits (Material and Methods). The
variable region of the heavy and light
chains of A9-11 was amplified by Vh (a)
and AV] (a) primers, trespectively. (B)
PCR products of C6-9 by Vh primers (a,
b, ¢, d, e, f) and KVI primers (a, b, ¢, d,
e, f, @ of Ig-prime kits. The variable
region of the heavy and light chains of
C6-9 was amplified by Vh (e) and KVI (c)
primers, respectively. M indicates a DNA
control, whose molecular weights are given
on the left.
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560 —
A
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c —e—A9-11
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10 1 0.1 001 0001  0.0001

Antibody concentration [ug/ml]

s —o—A9-11
z —0—C6-9
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S

—A—AB-2

10 1 0.1 0.01 0.001  0.0001
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Figure 2. Neutralizing activity of mouse monoclonal antibodies. Various concentrations of the antibody were preincubated with virus
and the mixture was inoculated into cultured hepatocytes. After 5 days (A), and 25 days (B) post-infection, the HBsAg concentration

of the culture supernatant was determined.

ZZ5 715 #olsl9irh(data not shown).

uh$-& A(A9-119} C6-9) 7HHAI A S H7IAD £
A, A9-119] 7§44 47149 EA 73 Kabat &
(17,18)¢] A2l oJsle] Fall= k52 A BIF 1 (B),
ZsE ABIF lambda 101 Sr3l= Z o2 B A chFig.
3). =4l 7hHed ] Lok diversity (D) A1 joining (J)
Aol £4743} D A% DQS52 A%H (19,2090 &34
gk v, D 23 J A 7he] EShA3E dZel o]t
germline D Al G H o} #H2 F47F A9 S AT Aes

ubs)gle}, w3k J AL JHI Aol Sk Aoz Eal
59l o} THIZ vlzsle] 379 <d7]7} Aolsldon
479 717k AR Ao kst Aol Aol
I AR Adt 100% DX

C6-99] 7hd 1A LAA Fale vhg AEa
T (B) AR HARY T, N 2 kappa 1 A
2ol S3kE Ao UehgrhFig 4). F4 D AL
DSP22 A D% #1901} germline D At 21 A
Ag 2w glglom § AL JHe ALZ a2 <3717
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40

A CAG GTG CAG CTG AAG CAG TCA GGA CCT GGC CTA GTG CAG CCC TCA CAG AGC CTG TCC ATC 60

Q % Q L K Q S G P G L \% Q P S Q S L S
CDR1
ACC TGC ACA GTC TCT GGT TIC TCA TTA AGT ACC TAT GGT GTA CAG TGG GTT CGC CAG TCT 120
T C T \ S G F S L S T Y G v Q W % R Q S
CDR2

CCA GGA AAG GGT CTG GAG TGG CTG GGA GTG ATA TGG AGT GGT GGA AAC ACA GAC TAT AAT 180
P G K G L E w L G v | w S G G N T D Y N

GCA GCT TTC ATA TCC AGA CTG AGC ATC AGC AAG GAC AAC TCC AAG AAC CAA
A A F | S R L S | S K D N S K N Q

AAA GTG AAC AGT CTG CAA GCT GAT GAC ACA GCC ATA TAT TAT TGT GCC AGA
K N S L Q A D D T A [ Y Y C A R

TIC GAT GTC TGG GGC GCT GGG ACC ACG GTC ACC GTC TCC TCA
D v w G A G T T \ T S S

B CAG GCT GTT GTG ACT CAG GAA TCT GCA CTC ACC ACA TCA CCT GGT GAA ACA
Q A \ v T Q E S A L T T S P G E T
CDRI1
ACT TGT CGC TCA AGT ACT GGG GCT ATT ACA ACT AAT AAC TIT GCC AAC TGG
T C R S S T G A | T T N N F A N w
CDR2

60

GTT TIC TIT 240
% F F 80

CDR3
GCA CGG TAC 300
A R Y 100

342
114

GTC ACA CTC 60
\% T L 20

GTC CAA GAA 120
% E

AAA  CCA GAT CAT TTA TIC ACT GGT CTA ATA GGT GAT ACC AAC AAC CGA GTT
K P D H L F T G L | G D T N N R v

CCT GCC AGA TIC TCA GGC TCC CTG ATT GGA GAC AAG GCT GCC CTC ACC ATC
P A R F S G S L | G D K A A L T |

CCG GGT GTT 180
P G

ACA GGG GCA 240
T G A 80

CDR3
CAG ACT GAA GAT GAG GCA ATA TAT TIC TGT GCT CTA TGG TAC AAC AAC TGG
Q T E D E A | Y F C A L w Y N N w

GGA GGA ACC AAA CTG ACT GTC CTA GGC
G G T K L T v L G

616 TIC GGT 30 Figure 3. Nucleotide and deduced amino

V. F G 100 acid sequences of the cDNA coding variable
327 region of the heavy (A) and light chains (B)
] of A9-11. CDRs are undetlined.

CAG GTC CAG CTG GTG CAG TCT GGA GCT GAG GTG AAA AAG CCC GGG GCT TCA
Q v Q L v Q S G A E \ K K P G A S
CDR1
TCC TGC AAG GCT TCC GGA TAC ACC TIC ACT AAT CAC TTG ATA GAG TGG GTA
S C K A S G Y T F T N H L | E W v

CCT GGA CAG GGC CTT GAG TGG ATG GGA GTG ATT AAT CCT GGA AGT GGT GGT
P G Q G E w M G v N P G S G G

GTC AAG GTG 60
\% K \% 20

AGG CAG GCG 120
Q A

R 40

CDR2
ACT AAC TAC 180
T N Y 60

AAT GAG AAG TTC AAG GGC AGG GTA ACA ATA ACT GCA GAC ACA TCC ACC AGT
N E K F K G R \% T | T A D T S T S

ATG GAA CTC AGC AGC CTG AGA TCT GAA GAC ACT GCG GTC TAT TAC TGT GCA
M E L S S L R S E T A v Y Y C A

CDR3
ACA TTT TTA GGT GAG GGC TAT GCT ATG GAC TAC TGG GGT CAA GGT ACC TTA
T F L G E G Y A M D Y w G Q G T L

TCC TCA 366
S s 122

B GGA CAT TGT GAT GTC ACA GTC TCC ATC CTC CCT AGC TGT GTC AGT TGG AGA
D | \ M S Q S P S L A \ S \

ACC GCC TAC 240
T A Y 80

AGA ATG ACA 300
R M T 100

GTC ACC GTC 360
\% T \ 120

GAA GGT TAC 60
% T

S G E K 20

CDR1
TAT GAG CTG CAA GTC CAG TCA GAG CCT TIT ATA TAG TGG CAA TCA AAA GAA CTA CTT GGC 120
M S Cc K S S Q S L L Y S G N Q K N Y L A 40

CTG GTA CCA GCA GAA ACC AGG GCA GTC TCC TGA ACT GCT GAT TTA CTG GGC
w Y Q K P G S P E L L | Y W A

GGA ATC TGG GGT CCC TGA TCG CTT CAC AGG CAG TGG ATC TGG GAC AGA TIT
G v P D R T G S G S G T D

CDR2
ATC CAC TAG 180
S T R 60

CAC TCT CAC 240
T L T 80

CDR3 i i i
A TAG OTA 30 Figure 4. Nucleotide and deduced amino

F
CAT CAG CAG TGT GAA GGC TGA AGA CCT GGC AGT TTA TTA CTG TCA GCA ATA
[ S S v K A E D L A \ Y Y C Q Q Y

TCG GAC GTT CGG TGG AGG CAC CAA GCT GGA AAT CAA ACG
R T F G G G T K L E R

=

Y s Y 10 acid sequences of the cDNA coding variable
a9 region of the heavy (A) and light chains (B)
of C6-9. CDRs are undetlined.

&9 oz BAHE A4 1 A%e Kl Ad=
gelxgom 29 d7|vke] ok E As & 2191‘4.
A9 ll-V)r C6-99] AR BAAN} AF7HA BalEA] ¢k

AZE FARE B5Io), Genbankel 5 Fehet
(A9-11 Z4] 7P AR Accession No. GI 9944968,
A9-11 734} 7} A Accession No. GI 9944970, C6-9
=3 71§ A Accession No. GI 15705832, C6-9 73 2H
74 A2 Accession No. 15705834).
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‘/]’”V] 8719] Sl 9] A HelE AA = Ao

s Zlc) ek, A WheAlS ok of . B gt
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1Z(@droll Agsts 2Fo g FEEYL 2F 3%
ZAgtsE 4709 3HA|(AT-1, A8-2, A9-11, L] 2L C6-9)°]]
i3t Fos A S AABIR AL, SEE e A HeElE

2 i 4
S
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Ei
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=
2
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E?ﬁ
ot
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AABE= A9-117}F C6-9%Fe] HBV F3hsEe] e Ao
2 Uehsdeh B3 34 A%-118 1 ug/mle] 8A] EEo
A X HBV Hlo|HAE g3H o2 JAst= 2oz 1
eyt on ulo]g 2ol tgt 35 7|Eol Had
g HBs gA¢} 553 ¢ AoE 1=k
olZ{3t A= HBVOl F3tsdo] e L &
HBs A7} A Fel & Aok o1(14,22,23) 2
‘@ AARZI7E FIEAE FEY T dvte i}
A3l Fde HoFHch
7H §AAL A7) BT A A9-119] F4 7}
M vk A B 1 (B), 44 7HH2 lambdal A9
o] el Ao E vehskom, gl C6-99] F2ff 7ol
uh-$-22 A H15 11 (B), 734l 7FH o] kappa 1 A9 A
o g gel=loieh. w3t A A9-113 C6-9 CDR A 7t
o] obu| At vl £ Ans FAA 0] glgloH, 5%
7t gAl 54l CDR3 A9 A& & Ald F44
(DQ52, DSP2.2)E AH-&3to] olu] At A 5l F7]0l|A]
B Aol & Wt o]H3t Avhe, 7|Eoll HaH g
HBs 3#(23-25)2] CDR Aol tgt olu| it 4 A
ol A9} o] 7} @A) 2] CDR A7}k obw| At f-AL
o] gl Zl o0& Ho}, HBV ulo]H 9] § Fw ol
slo] Agtsl= A ES] CDR A o] ull$- thakslA|
= AL AT F Ak
AEH 0 Z A9-11 9 C6-9 n}-$2 A= HBV S EH
ol Al 7)Eol HasA] o2 AZE A Z
1& A9 &L4723 99 71 FAAE o] &3}
of F]ul|el A B QI73} x| 9] te] rhssle] A
B¥ 7t A1) X8 E Hvte] &34 A o 4

il

o & oX

1. Chisari FV, Ferrari C: Hepatitis B virus immunopathogenesis.
Annu Rev Immunol 13;29-60, 1995

2. Blumberg BS: Auatralia antigen and the biology of Hepatitis
B. Science 197;17-25, 1977

3. Dreesman GR, Hollinger FB, Suriano JR, Fujika RS,
Brunschwig JP, Melnick JL: Biophysical and biochemical
heterogeneity of purified hepatitis B antigen. ] Virol 10;
469-476, 1972

4. Tiollais P, Charnay P, Vyas GN: Biology of hepatitis B virus.
Science 213;406-411, 1981

5. Heermann KH, Goldmann U, Schwartz W, Seyffarth T,
Baumgarten H, Gerlich WH: Large surface proteins of
hepatitis B virus containing the pre-S sequence. ] Virol 52;
396-402, 1984

6. Leo K, Marjolijin K, Iain M. L, Jon CC, Peter K, Arie JJ:
Pre-S proteins in Hepatitis B. ] Med Virology 28;47-51, 1989

7. Michel ML, Pontisso P, Sobczak E, Malpiece Y, Streeck RE,
Tiollais P: Synthesis in animal cells of hepatitis B sutface
antigen particles carrying a receptor for polymerized human
serum albumin. Proc Natl Acad Sci USA 81;7708-7712, 1984

8. Datrell L. P, Narapendra N, Francisco G: Structure of
Hepatitis B surface antigen: Correlation of subtype with am-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ino acid sequence and location of the carbohydrate moiety.

J Bio Chem 257;10414-10420, 1982

. Leenders W, Glansbeek H, De Bruin W, Yap S: Binding of

the major and large HBsAg to human hepatocytes and liver
plasma membranes: Putative external and internal receptors
for infection and secretion of hepatitis B virus. Hepatology
12;141-147, 1990

Mehdi H, Kaplan M, Anlar F, Yang X, Bayer R, Sutherland
K, Peeples M: Hepatitis B virus surface antigen binds to
apolipoprotein H. ] Virol 68;2415-2424, 1994

Hertogs K, Leenders W, Depla E, De Bruin W, Mcheus L,
Raymackers ], Moshage H, Yap S: Endonexin II, present on
human liver plasma membranes, is a specific hepatitis B virus
(HBV) envelope protein. Virology 197;549-557, 1993
Magnitus LO, Norder H: Subtypes, Genotypes and molecular
epidemiology of the hepatitis B virus as reflected by sequence
variability of thee S-gene. Intervirology 38;24-34, 1995
Kim KT, Hyun SW, Kim YS, Rho HM: Complete nucleotide
sequence of hepatitis B virus (subtype adr). Korean Biochem
J 21;319-331, 1988

Ogata N, Ostberg L, Ehrlich PH, Wong DC, Miller RH,
Purcell RH: Markedly prolonged incubation petiod of
hepatitis B in chimpanzee passively immunized with a human
monoclonal antibody to 'a' determinant of hepatitis B surface
antigen. Proc Natl Acad Sci USA 90;3014-3018, 1993
Gripon P, Diot C, Guguen-Guillouzo C: Reproducible high
level infection of cultured adult human hepatocytes by
hepatitis B virus. Virology 192;534-540, 1993

Carroll WL, Mendel E, Levy S: Hybridoma fusion cell lines
contain an aberrant kappa transcript. Mol Immunol 25;
991-995, 1988

Kabat EA, Wu TT, Perry HM: Sequences of Proteins of
immunological interest, fifth ed, National Institutes of
Health, Public Health Service, Bethesda, MD, 1991

Harris I, Bajorath J: Profiles for the analysis of immu-
noglobulin sequences: Comparison of V gene subgroups.
Protein Science 4;306-310, 1995

Blomberg B, Tonegawa S: DNA sequences of the joining
regions of mouse light chain immunoglobulin genes. Proc
Natl Acad Sci USA 79;530-533, 1982

Sakano H, Kurosawa Y, Weigert M, Tonegawa S: I-
dnetification and nucleotide suquence of a diversity DNA
segment (D) of immunoglobulin heavy-chain genes. Nature
290;562-565, 1981

Ryu CJ, Gripon P, Park HR, Park SS, Hong HJ: In vitro
neutralization of hepatitis B virus by monoclonal antibodies
against the viral surface antigen. ] Med Virology 52;226-233,
1997

Lohman K, Kieber ET, Kennedy R: Molecular charactetization
and structural modeling of immunoglobulin vatiable regions
from murine monoclonal antibodies specific for hepatitis B
virus sutface antigen. Mol Immunol 30;1295-1306, 1993
Fernandez M, Diaz T, Galvan A, Valdez R, Gonzalez E,
Ayala M, Diaz J, Bestagno M, Burrone O, Gavilondo ]:
Antigen trecognitin characteristics and comparative perfor-
mance in immunoaffinity purification of two monoclonal
antibodies specific for the hepatitis B virus surface antigen.
J Biotechnol 56;69-80, 1997

Bhatnager PK, Papas E, Blum HE, Milich DR, Nitecki D,
Kareb MJ, Vyas GN: Immune response to synthetic peptide
analogues of HbsAg specific for the a detrminant. Proc Natl
Acad Sci USA 79;4723-4727, 1982

Ryu CJ, Jin BR, Chung HK, Han MH, Hong H]J: Cloning
and characterization of cDNAs coding for heavy and light
chains of a monoclonal antibody specific for the S antigen
of hepatitis B virus. Gene 144;313-314, 1994



