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ABSTRACT

An object of the present invention 1s to provide an antibody
inhibiting i1nfection with hepatitis C virus (HCV). The present
invention provides an anti-hepatitis C virus antibody that recognizes a
whole or a part of the conformation of a hepatitis C virus particle as
an epitope and binds thereto, so as to be able to inhibit the binding of

hepatitis C virus to the surface of a host cell and to i1nhibit HCV
infection, a humanized antibody thereof, and an inhibitory agent for

infection with hepatitis C virus.
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DESCRIPTION

ANTIBODY HAVING ACTIVITY OF INHIBITING HEPATITIS C

VIRUS (HCV) INFECTION AND USE THEREOF
Technical Field

[0001]
The present invention relates to an antibody having activity of

inhibiting hepatitis C virus (HCV) infection and use thereot.

Background Art
[0002]

The hepatitis C virus (which may be abbreviated as "HCV"
hereinafter) 1s an RNA virus that is classified as a member of the
genus Hepacivirus of the family Flaviviridae. It has been i1dentified
as a major causative virus of non-A and non-B hepatitis (non-patent
document 1). The HCV genome encodes a precursor protein that 1s
converted into 10 types of virus protein (1.e., Core, E1, E2, p7, NS2,
NS3, NS4A, NS4B, NS5A, and NS5B) via post-translational cleavage
by host-derived signal peptidase or HCV-derived proteases. Of these

virus proteins, Core, El1, E2, and p7 proteins are classified as

structural proteins, and NS2, NS3, NS4A, NS4B, NS5A, and NS5B
proteins are classified as non-structural proteins.

[0003]

HCV is mainly transmitted via blood transfusion. Highly
sensitive methods for detecting HCV have been established today, and
the number of new HCV patients because of blood transfusion has

dramatically decreased. However, at present, the number of HCV
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carriers including so-called virus carriers who have not yet developed
hepatitis symptoms is deduced to be over 2,000,000 in Japan, and 1s
over 170,000,000 in the world. This is mainly because the rate of
chronicity of hepatitis due to HCV infection is as high as 70% to 80%
and there are no effective antiviral agents other than interferons at
present. Further, chronic hepatitis C caused by HCV i1nfection would
become worse and lead to cirrhosis during the following some 20
years, finally resulting in liver cancer. Further, liver cancer 1s
known to result in relapse for many patients due to inflammation that

continuously occurs at noncancerous parts even if cancer 1s surgically

excised.
10004 ]

Therefore, development of antiviral drugs and vaccines with
beneficial effects has been desired for the purpose of preventing virus
carriers from developing the disease and eliminating viruses. For
this purpose, detailed information about the HCV life cycle should be
clarified, such as regarding the ways in which HCV invades, replicates,

grows in host cells, and HCV affects host cells.
0005 ]

The HCV life cycle involves the series of cycles described

below. First, HCV binds to a specific protein (virus receptor) on the
cell surface and is incorporated by endocytosis into the host cell.
Next, HCV genomic RNA is released into the host cytoplasm from
viral particles (uncoating). Subsequently, HCV protein precursors
encoded by the released HCV genomic RNA are translated. After
each virus protein has been generated by processing, the HCV genomic

RNA is replicated by RNA polymerase, which is one of the generated
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virus proteins. The thus replicated HCV genomic RNA 1s packaged
by the Core protein and envelope proteins (E1 protein and E2 protein),
which are structural proteins, so that new viral particles are formed.
Finally, viral particles break the host cell membranes and are then

released from the cells.
10006 ]

Therefore, 1t 1s important to develop a method for inhibiting at

least one of the above steps in the process of HCV 1nfection, 1n order
to prevent HCV carriers from developing the disease and to eliminate

the virus.
[0007]

HCV envelope proteins are considered to' play a key role 1n the
binding of HCV to cell surfaces. Thus, research has been conducted
for preparation of antibodies against envelope proteins 1n blood serum
samples of HCV patients. However, the percentage of HCV patients
exhibiting positive reactions with either the C100 antibody (the
NS4-NS-5 antibody) or the anti-core antibody, both of them or an
anti-envelope protein antibody was found to be approximately 10%.
Since only about 10% of HCV patients are naturally cured with a

neutralizing antibody (non-patent document 2), it is thought that as

few as 1% of all patients who are thought to be cured by the
anti-envelope protein antibody. This is thought to be due to the
presence of a mechanism that inhibits or suppresses the production of
antibodies against HCV envelope proteins (non-patent document 3)
[0008]

Meanwhile, non-patent document 4 discloses that when one of

the HCV envelope proteins, the E2 protein, is expressed in a mammal,
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the E2 protein specifically binds to CD81 existing on human cell
surfaces. Based on the experimental result, isolation of an antibody
that exhibits NOB (neutralization of binding) activity that inhibits the
binding between the E2 protein and CD81 from a hepatitis C patient
has been attempted. For example, through construction of an
antibody gene library from the bone-marrow lymphocytes of a chronic
hepatitis C patient affected by HCV of genotype la, followed by
employment of a phage display method, the above antibody has been
1solated (patent document 1). Moreover, an antibody exhibiting NOB
activity has also been i1solated by a method for preparing hybridomas
from peripheral B cells of a hepatitis C patient affected by HCV of
genotype 1b (non-patent document 5 and patent document 2).
However, with methods for preparing monoclonal antibodies from
HCV patients, 1t 1s difficult to obtain a variety of repertoires of
infection-inhibiting antibodies and to find antibodies useful as
anti1-HCV  agents, since only the patients having HCV
infection-inhibiting antibodies can be used herein. Also, it has been
reported that an antibody exhibiting NOB activity does not always

inhibit infection (non-patent document 8).

[0009]

Furthermore, a method that involves inducing an antibody via
administration of a recombinant envelope protein to a mouse (patent
document 3) and a method that involves fusing lymphocytes to
myeloma cells to prepare antibody-producing hybridomas (thus
preparing an antibody against an envelope protein) have been
attempted (patent document 4 and non-patent document 6). However,

no effective antibody inhibiting HCV infection has been obtained to
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date. No antibody neutralizing HCV infection has been prepared by
immunizing an animal with an envelope protein. One of the
suggested reasons for this lack 1s that a recombinant envelope protein
to be used for immunization has a structure differing from that of the
virus’s original envelope protein. It has also been reported that
recombinant envelope proteins tend to aggregate so that they are
unable to maintain their original conformations (non-patent document
7).

10010]

Therefore, 1n view of treatment and prevention using HCV
antibodies, development of antibodies against envelope proteins that
are capable of 1nhibiting viral infection and a new method f{for
effectively inducing such antibodies have been desired.

0011 ]

Starting from the above background, technique for preparing
infectious HCV particles with a cell culture system has been recently
established (patent documents 5, 6, and 7). Unlike the above method,
which 1nvolves causing the expression of a recombinant envelope
protein by gene recombination techniques and using the resultant as an
antigen, HCV particles prepared using such a cell culture system are
infectious, and thus the conformation of the HCV antigen may be
maintained.

[0012]

The conformation of HCV is composed of an envelope

comprising envelope proteins (E1 protein and E2 protein) and a lipid

membrane. These E1 and E2 proteins are thought to bind to each

other, forming a complex (non-patent document 7).
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[0013]

On the other hand, envelope proteins of an AIDS virus form a
trimer. It has been revealed that an antibody recognizing the
conformation of the trimer as an epitope (antigenic determinant) is
effective against a wide range of AIDS viruses, compared with
conventional anti-AIDS virus antibodies, and has high neutralization
activity. This suggests that it is important for an antibody with such
neutralization activity to be able to recognize the conformation of a

viral antigen as an epitope (non-patent document 9).

Prior Art Documents

Patent Documents

[0014]

Patent document 1 JP Patent Publication (Kohyo) No. 2005-531286 A
Patent document 2 JP Patent Publication (Kohyo) No. 2006-504645A
Patent document 3 JP Patent Publication (Kohyo) No. 2004-500366 A
Patent document 4 JP Patent Publication (Kohyo) No. 6-505389 A
(1994)

Patent document 5 WOO05080575A1

Patent document 6 WO06022422A1

Patent document 7 WO06096459A2

[00135]

Non-patent document 1 Choo et al., Science, 1989, Vol. 244, p.
359-362

Non-patent document 2 Matsuura et al., J. Virol., 1992, Vol. 66, p.

1425-1431

Non-patent document 3 Saito et al., Experimental Medicine
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(JIKKEN-IGAKU; Japanese), 1991, Vol. 9, p. 2075-2080
Non-patent document 4 Pileri et al., Science, 1998, Vol. 282, p.

938-941

Non-patent document 5 Hadlock et al., J. Virol., 2000, Vol. 74, p.
10407-10416

Non-patent document 6 Suzuki et al., SAISHIN IGAKU (Japanese),
2003, Vol. 58, p. 2017-2022

Non-patent document 7 Op de Beeck et al., J. Gen. Virol., 2001, Vol.
82, p. 2589-2595

Non-patent document 8 Burioni et al., J. Virol., 2002, Vol. 76, p.
11775-11779

Non-patent document 9 Laura M. Walker et al., Science, 2009, Vol.

326, p. 285

Summary of the Invention

Problem to Be Solved by the Invention

[0016]

An object of the present invention 1s to provide an antibody

inhibiting HCV infection.

Means for Solving the Problem
[0017]
As a result of i1ntensive studies, the present 1nventors have

succeeded 1n obtaining a plurality of monoclonal antibodies having
activity of 1nhibiting HCV infection from antibody-producing
hybridomas prepared from mice to which i1nfectious HCV particles

have been administered. These monoclonal antibodies are anti-HCV
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antibodies that recognize the conformation of a complex consisting of
the HCV E1 protein and E2 protein, as an epitope. Such antibodies
capable of recognizing such a conformation as an epitope are
predicted to be effective against a wide range of HCV and not to lose

the infection-inhibiting capacity due to HCV mutation. The present

invention has been completed based on these findings, encompassing
the following (1) to (24).

10018}

(1) An anti-HCV antibody, which recognizes as an epitope the
conformation of a complex consisting of an E1 protein and an E2

protein of HCV particles, and has activity of inhibiting infection with

HCV.

[0019]

(2) The anti-HCV antibody according to (1), wherein the amino acid
sequences of the E1 protein and the E2 protein contain the amino acid
sequences shown 1n SEQ ID NO: 7 and SEQ ID NO: 8, respectively, 1n
the sequence listing.

[0020]

(3) The anti-HCV antibody according to (1) or (2), wherein the HCV

particles are produced from a chimeric HCV genome composed by

connecting portions of the genome of the HCV J6CF strain and JFH-1

strain, and the chimeric HCV genome 1s the following (1) or (11):

[0021]

(1) a chimeric HCV genome, 1n which 5 untranslated region, core
protein-coding sequence, El protein-coding sequence, E2
protein-coding sequence, and p7 protein-coding sequence derived from

J6CF strain, NS2 protein-coding sequence, NS3 protein-coding
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sequence, NS4A protein-coding sequence, NS4B protein-coding
sequence, NS3A protein-coding sequence, NS5B protein-coding
sequence, and the 3° untranslated region derived from the JFH-1 strain
are connected from the 5° side in this order; or

(11) a chimeric HCV genome, in which 5’ untranslated region, core
protein-coding sequence, E1 protein-coding sequence, E2
protein-coding sequence, p7 protein-coding sequence, and the amino
acid sequence encoding 16'"™ amino acid residues from the N-terminus
of an NS2 protein-coding region derived from the J6CF strain, amino
acid sequence following the 17" amino acid residue from the
N-terminus to the C-terminal amino acid residue of the NS2
protein-coding region, NS3 protein-coding sequence, NS4A
protein-coding sequence, NS4B protein-coding sequence, NS5A
protein-coding sequence, NS5B protein-coding sequence, and the 3°
untranslated region derived from the JFH-1 strain are connected from
the 5° side 1n this order.

(4) The anti-HCV antibody according to (3), wherein the chimeric
HCV genome 1s a nucleic acid consisting of the nucleotide sequence
shown 1in SEQ ID NO: 2 1n the sequence listing (and when the nucleic
acid 1s RNA, thymine (T) in the nucleotide sequence is read as uracil
(U)).

[10022]

(5) The anti-HCV antibody according to any one of (1) to (4) above,
wherein the activity of 1nhibiting HCV i1nfection 1s to 1inhibit the

binding of an HCV particle to the surface of a host cell.

10023

(6) The anti-HCV antibody according to any one of (1) to (5) above,
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which 1s produced by a hybridoma cell line deposited under Accession

No. FERM BP-11263.

10024 ]

(7) The anti-HCV antibody according to any one of (1) to (5) above,
which 1s produced by a hybridoma cell line deposited under Accession
No. FERM BP-11264.

]0025]

(8) The anti-HCV antibody according to any one of (1) to (5) above,
which 1s a humanized antibody.

[0026]

(9) A hybridoma cell line, the Accession No. of which is FERM
BP-11263.

[0027]

(10) A hybridoma cell line, the Accession No. of which 1s FERM
BP-11264.

[0028]

(11) An 1nhibitory agent for HCV infection, comprising the anti-HCV
antibody according to any one of (1) to (8) above as an active
ingredient.

10029]

(12) The anti-HCV antibody according to any one of (1) to (5) above,
comprising a heavy chain variable region that contains a
complementarity determining region containing the amino acid
sequences shown 1n SEQ ID NOs: 18, 20, and 22 1n the sequence
[1sting.

[0030]

(13) The anti-HCV antibody according to (12) above, comprising a
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heavy chain variable region that contains the amino acid sequence
shown in SEQ ID NO: 13 in the sequence listing.

|003 1]

(14) The anti-HCV antibody according to (1), (2), (3), (4), (5), (12),
or (13) above, comprising a light chain variable region that contains a
complementarity determining region containing the amino acid
sequences shown in SEQ ID NO: 25, 27, and 29 1n the sequence
l1sting.

|0032]

(15) The anti-HCV antibody according to (14) above, comprising a
light chain variable region that contains the amino acid sequence
shown 1in SEQ ID NO: 14 in the sequence listing.

[0033]

(16) The anti-HCV antibody according to any one of (1) to (5) above,
comprising a heavy <chain variable region that contains a
complementarity determining region containing the amino acid
sequences shown in SEQ ID NOs: 32, 34, and 36 1in the sequence
l1sting.

10034 ]

(17) The anti-HCV antibody according to (16) above, comprising a
heavy chain variable region that contains the amino acid sequence
shown in SEQ ID NO: 15 in the sequence listing.

[0035]

(18) The anti-HCV antibody according to (1), (2), (3), (4), (5), (16),
or (17) above, having a light chain variable region that contains a
complementarity determining region containing the amino acid

sequences shown in SEQ ID NO: 39, 41, and 43 1n the sequence
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listing.
[0036]
(19) The anti-HCV antibody according to (18) above, having a light

chain variable region that contains the amino acid sequence shown 1n

SEQ ID NO: 16 1n the sequence listing.

[0037]

(20) The antibody according to (12) to (19) above, 1 to 5 amino acids
in a framework region are deleted, substituted, inserted, or added 1n

the amino acid sequence of the above heavy chain variable region or

light chain variable region.

10038]

(21) The anti-HCV antibody according to any one of (12) to (20)
above, which 1s a humanized antibody.

[0039]

(22) A fragment of the anti-HCV antibody according to (1), (2), (3),
(4), (5), (6), (7), (8), (12), (13), (14), (15), (16), (17), (18), (19), (20),
or (21) above, which recognizes as an epitope the conformation of a
complex of the E1 protein and the E2 protein of HCV particles and has
activity of inhibiting HCV i1nfection.

10040 ]

(23) A polynucleotide, encoding the antibody according to (1), (2), (3),
(4), (5), (6), (7), (8), (12), (13), (14), (15), (16), (17), (18), (19), (20),

or (21) or a fragment of the antibody according to (22) above.

[0041 ]
(24) A vector containing the polynucleotide according to (23) above.

10042]

This description includes the contents of the descriptions

- -12



CA 02778568 2012-04-23

and/or drawings of Japanese Patent Application Nos. 2009-251165 and

2009-251341, which are priority documents of the present application.

Effects of the Invention
[0043]

The antibody having the activity of inhibiting HCV infection of
the present invention and use thereof can be used for treating or

preventing hepatitis C and studies for elucidation of the HCV

infection mechanism.

Brief Description of the Drawings
(0044 ]

Fig. 1 shows the activity of inhibiting HCV infection of IgG
fractions from the serum samples of mice to which J6/JFH-1-HCV
particles were administered.

Fig. 2 shows the activity of inhibiting HCV infection of the
P18-9E monoclonal antibody against J6CF infectious HCV-like
particles.

Fig. 3 shows the activity of inhibiting HCV infection of the

P19-7D monoclonal antibody against J6CF infectious HCV-like

particlés.

Fig. 4 shows the activity of inhibiting HCV infection of the
P18-9E monoclonal antibody against J6/JFH1 infectious HCV
particles.

Fig. 5 shows SEQ ID NOs of the amino acid sequences of
complementarity determining regions (CDRs) and framework regions

(FRs) in the heavy chain and light chain variable regions of the
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P18-9E monoclonal antibody and the P19-7D monoclonal antibody.
Fig. 6 shows the result of enzyme immunoassay (EIA) for the
8D10-3 monoclonal antibody using plates on which the recombinant

E1 and E2 proteins were immobilized.

Fig. 7 shows the result of EIA for the 8D10-3 monoclonal
antibody and the P18-9E monoclonal antibody using plates on which
HCV-like particles (HCV-VLP) were immobilized.

Fig. 8 shows the result of EIA for the 8D10-3 monoclonal

antibody and the P19-7D monoclonal antibody using plates on which

HCV-like particles (HCV-VLP) were immobilized.

Embodiments for Carrying Out the Invention
[10045]

The embodiments of the present invention are as described 1n
detail below. The present 1nvention can be 1mplemented via
conventional molecular biological and 1mmunological techniques
within the technical scope in the art. Such techniques are thoroughly
explained 1n, for example, Sambrook et al., Molecular Cloning: A
[Laboratory Manual, Cold Spring Harbor Laboratory (Third Edition,
2001) or Ed Harlow et al., Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, 1988.

[10046]
All publications, patents, and patent applications cited herein
are incorporated herein by reference 1n their entirety.
10047 ]
1. Anti-HCV antibody and fragment thereof

An embodiment of the present invention relates to an anti-HCV
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antibody or a fragment thereof, which reacts with an HCV particle as
an antigen and has activity of inhibiting HCV infection.
[0048]
1-1. Ant1-HCYV antibody and fragment thereof
The term “anti-HCV antibody” 1n the present invention refers to

an antibody that is induced using an HCV particle produced from a
chimeric HCV genome (described later) as an antigen. Such an
anti-HCV antibody 1s namely a neutralizing antibody that recognizes
and binds to the conformation in HCV particles as an epitope, and has
activity of inhibiting infection of host cells with HCV. Examples of
the anti-HCV antibody of the present invention include polyclonal
antibodies or monoclonal antibodies. The anti-HCV antibody 1s
preferably a monoclonal antibody. The term “monoclonal antibody”
as used herein refers to a polypeptide that contains a single
immunoglobulin, or a framework region thereof (hereinafter, referred
to as “FR”), and a complementarity determining region (hereinafter,
referred to as “CDR”), and 1s capable of specifically binding to and
recognizing an HCV particle as an antigen. Examples of the known
antibody classes of the above immunoglobulin include IgG, IgM, IgA,
[gE, and IgD. The antibody of the present invention may be of any
class. An IgG antibody 1s preferable.

[0049]

Specific examples of the anti-HCV antibody of the present
invention include antibodies comprising CDRs that contain the amino
acid sequences shown in SEQ ID NOs: 18, 20, and 22, or SEQ ID NOs:
32, 34, and 36 in a heavy chain variable region (H chain V region:

hereinafter, referred to as “VH”). An example thereof 1s an antibody
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having VH that contains the amino acid sequence shown in SEQ ID

NO: 13 or 15.
[10050]

Also, specific examples of the anti-HCV antibody of the present
invention include antibodies comprising CDRs that contain the amino
actd sequences shown in SEQ ID NOs: 25, 27, and 29, or SEQ ID NO:
39, 41, and 43 1n a light chain variable region (L chain V region:
hereinafter, referred to as “VL”). An example thereof is an antibody
having VL that contains the amino acid sequence shown in SEQ ID
NO: 14 or 16.

[0051]

The amino acid sequence of the antibody of the present
invention, a variable region (hereinafter, referred to as “V region”) of
a fragment thereof (described later), or particularly FR contained in
the region may contain a mutation as long as it can maintain the
activity of specifically binding to HCV particles. Specifically, 1 to 5,
preferably 1 to 4, more preferably 1 to 3, further preferably 1 or 2
amino acids 1n the amino acid sequence of FR may be deleted,
substituted, inserted, or added. The reason for this i1s as follows.
Since FR 1s the region composing the skeleton of a V region and thus
1S not directly involved in the antigen-binding specificity of the
antibody, the activity of specifically binding to HCV particles is
highly likely maintained even when the above mutation 1s introduced
into the relevant region. On the other hand, introduction of a
mutation 1nto CDR highly likely causes a change 1n the
antigen-specific binding activity, and thus is generally not preferable.

However, there 1s a known example that introduction of a mutation
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into CDR may significantly enhance the binding activity of an
antibody. Therefore, 1n the present invention, the above mutation
may be within CDR. In this case, CDR may contain a deletion, a
substitution, an 1nsertion, or an addition of 1 to 3, and preferably 1 or
2 amino acids. For such introduction of a mutation, a phage vector
described later can be used. A phage vector can be conveniently used
for screening for an antibody containing a mutation that retains the
activity of specifically binding to HCV particles or enhances such
specific activity, since 1t enables rapid expression of an 1ntroduced
antibody 1n a large amount, and 1s capable of expressing the antibody
molecules 1n sufficient amounts on the host bacterial cell surfaces.
[0052]

The term “a fragment thereof” 1n the present invention refers to
a partial region of the above anti-HCV antibody that 1s a polypeptide
chain having activity substantially equivalent to the antigen-specific
binding activity of the relevant antibody or a complex thereof. An
example thereof 1s an antibody portion containing at least one antigen
binding site, that 1s, a polypeptide chain having at least one VL and at
least one VH or a complex therecof. Specific examples thereof

include many sufficiently characterized antibody fragments resulting

from cleavage of immunoglobulin with various peptidases. More

specific examples thereof include Fab, F(ab’)z, and Fab'. Fab 1s a

fragment that is generated by cleaving an IgG molecule with papain at

a position closer to the N-terminal side than the position of the
disulfide bond in the hinge region, which is composed of a
polypeptide consisting of VH and H chain C region (heavy chain

constant region: hereinafter, referred to as “CH”) 1 adjacent to VH
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among 3 domains (CH1, CH2, and CH3) composing CH and a light
chain. F(ab’):2 1s a Fab' dimer that is generated by cleaving an IgG
molecule with pepsin at a position closer to the C-terminal side than
the position of the disulfide bond in the hinge region. Fab' has the H
chain that 1s slightly longer than that of Fab since it contains the
hinge region, but has a structure substantially equivalent to that of

Fab (see Fundamental Immunology, Paul ed., 3d ed. 1993). Fab' can

be obtained by reduction of F(ab’)2 under mild conditions to cleave

disulfide bond in the hinge region. These antibody fragments contain
antigen binding sites, being capable of specifically binding to
antigens (that is, HCV particles in the present invention).
[0053]

The anti-HCV antibody or a fragment thereof of the present

invention can be modified. Examples of modification mentioned

herein include both functional modification required for the antibody
or a fragment thereof of the present invention to have activity of
specifically binding to HCV particles (e.g., glycosylation) and
labeling required for detection of the antibody or a fragment thereof
of the present invention. Examples of labeling of the above antibody
include labeling with fluorescent dyes (FITC, rhodamine, Texas Red,
Cy3, and Cy5), fluorescent proteins (e.g., PE, APC, and GFP),
enzymes (e€.g., horseradish peroxidase, alkaline phosphatase, and
glucose oxidase), or biotin or (strepto)avidin. Also, glycosylation of
the antibody of the present invention may be modified to adjust the
affinity of the antibody for a target antigen. Such a modification
may be achieved by, for example, changing one or more glycosylated

sites within the sequence of an antibody. This 1s more specifically
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explained as follows. For example, one or more amino acid
substitutions are i1ntroduced into an amino acid sequence composing
one or more glycosylated sites within FR to remove the glycosylated
sites, so that the sites can be deglycosylated. Such deglycosylation
1s effective for enhancing the affinity of an antibody for an antigen
(U.S. Patent Nos. 5714350 and 6350861).

[0054]

The anti-HCV antibody or a fragment thereof of the present
invention preferably has high affinity, such that the dissociation
constant between the antibody (or a fragment thereof) and HCV
particles is 5.0 e°M or less, preferably 1.0 e’M or less, more
preferably 5.0 e ''M or less, 1.0 e'"M or less, 5.0 e ' 'M or less, 1.0

e ''"M  or less, 5.0 e 1M or less, or 1.0 e '*M or less. The

dissociation constant can be measured using techniques known in the

art. For example, dissociation constant may also be measured using
rate assessment kit software of a BIAcore system (GE Healthcare
Bioscience). In addition, dissociation constant 1s preferably
measured 1n the presence of 0.3M sodium chloride for precise
measurement. Such conditions may be appropriately determined.
[0055]

The anti-HCV antibody or a fragment thereof of the present
invention is an antibody or a fragment thereof derived from an
arbitrary organism, and preferably derived from a mammal or a
fragment thereof. When the anti-HCV antibody or a fragment thereof
of the present invention i1s administered to a human for the purpose of

inhibiting HCV i1nfection, it 1s desirably a human antibody, or a

recombinant antibody synthesized chemically or by a recombination
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DNA method. This 1s because the constant region (hereinafter
referred to as “C region”) of an anti-HCV antibody derived from a
non-human organism has immunogenicity in a human body, so that
immune reaction 1s induced against the antibody, and thus the above
purpose cannot be achieved.
[0056]

The above “recombinant antibody” as used herein refers to a

chimeric antibody, humanized antibody, or a synthetic antibody, for

example.
[0057]

The term “chimeric antibody” refers to an antibody resulting
from substitution of the C region of an antibody with the C region of
another antibody. An example thereof is an antibody resulting from
substitution of the C region in a mouse monoclonal antibody (P18-9E
or P19-7D) having activity of inhibiting HCV infection described later
with the C region of a human antibody. This can alleviate immune
reaction against the antibody within a human body. A more specific
example of a chimeric antibody in the present invention is an antibody
wherein VL contains the amino acid sequence shown in SEQ ID NO:
14 or 16 derived from an anti-HCV mouse monoclonal antibody and
the L chain C region (light chain constant region: hereinafter, referred
to as “CL”) contains an amino acid sequence 1n CL of an arbifrary
human antibody, and/or VH contains the amino acid sequence shown 1n
SEQ ID NO: 13 or 15 derived from an anti-HCV mouse monoclonal
antibody and CH contains an amino acid sequence 1n CH of an

arbitrary human antibody.

[0058]
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The term “humanized antibody” is also referred to as a reshaped
human antibody, such antibody is a mosaic antibody obtained by
grafting CDR of an antibody of a non-human mammal (e.g., a mouse)
into the CDR of a human antibody, for example. Mainly CDR groups
in the V regions are responsible for the antigen-binding specificity of
antibodies. Therefore, when a recombinant antibody having binding
properties similar to those of a specific antibody is prepared, there is
no need to obtain the full-length amino acid sequence of the antibody.
Through the use of an existing recombination DNA technique, a
mosaic antibody 1is prepared by substituting the DNA sequence
encoding each CDR region derived from the antibody with a DNA
sequence encoding a human antibody-derived CDR corresponding
thereto, and then causing the expression of the resultants. Thus, a
recombinant antibody with properties of such a specific antibody can
be obtained through simulation thereof. A general gene
recombination technique for preparation of a humanized antibody is
also known (European Patent Application Publication No. EP 125023).
An example thereof 1s a method that involves designing a DNA
sequence to ligate CDR of a mouse antibody against FR of a human
antibody and then synthesizing the DNA sequence by a PCR method
using several oligonucleotides as primers so as to have overlap
portions at terminal regions of both CDR and FR. In the present
invention, CDRs of anti-HCV mouse monoclonal antibodies (P18-9E

and P19-7D) were revealed. Hence, a humanized antibody can be

prepared by the following method, for example.
]0059]

The term “synthetic antibody” refers to an antibody or an
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antibody fragment synthesized chemically or via a recombination DNA
method. Examples thereof include a monomeric polypeptide molecule
prepared by artificially ligating one or more VLs and one or more VHs
of a specific antibody via a linker peptide or the like having an
appropriate length and sequence and a polymeric polypeptide thereof.
Specitic examples of such a polypeptide include single-stranded Fv
(scFv: single chain Fragment of variable region) (see Pierce Catalog

and Handbook, 1994-1995, Pierce Chemical Co., Rockford, IL), a

diabody, a triabody, a tetrabody and the like. In an immunoglobulin
molecule, VL and VH are generally located on different polypeptide
chains (light chain and heavy chain). Single-stranded Fv 1s a
synthetic antibody fragment having a structure in which these V
regions existing on the two polypeptide chains are linked via a
flexible linker with a sufficient length, and said two V regions are
contained 1n a single polypeptide chain. Both V regions within the
single-stranded Fv can form one functional antigen binding site
through self assembly thereof. Single-stranded Fv can be obtained by
incorporating recombinant DNA encoding the Fv into a phage genome
with a known technique, followed by expression thereof. A diabody

1S a molecule having a structure based on the dimeric structure ot

single-stranded Fv (Holliger et al., 1993, Proc. Natl. Acad. Sci1. U.S.A.
90: 6444-6448). For example, when the above linker has a length
shorter than about 12 amino acid residues, two variable sites within
single-stranded Fv cannot perform self assembly. However, through
the formation of a diabody, specifically, through interaction between
the two single-stranded Fvs, the assembly of the VL of one Fv chain

with the VH of the other Fv chain becomes possible, so that two
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functional antigen binding sites can be formed (Marvin et al., 2005,
Acta Pharmacol. Sin. 26:649-658). Moreover, through addition of
cysteine residues to the C-termini of single-stranded Fvs, disulfide
bond between the two Fv chains can be formed, so that a stable
diabody can also be formed (Olafsen et al., 2004, Prot. Engr. Des. Sel.
17: 21-27). As described above, a diabody is a divalent antibody
fragment. However, the antigen binding sites thereof are not
required to bind to the same epitopes and may have bispecificity so
that they recognize different epitopes for specific binding. For
example, one of the antigen binding sites may be composed of VH that
comprises CDRs containing the amino acid sequences shown in SEQ
ID NOs: 18, 20, and 22 (corresponding to CDR1, CDR2, and CDR3,
respectively, in VH of P18-9E) and VL that comprises CDRs
containing the amino acid sequences shown in SEQ ID NOs: 25, 27,
and 29 (corresponding to CDR1, CDR2, and CDR3, respectively, in VL
of P18-9E), and the other antigen binding site may be composed of VH
that comprises CDRs containing the amino acid sequences shown in
SEQ ID NOs: 32, 34, and 36 (corresponding to CDRI1, CDR2, and
CDR3, respectively, in VH of P19-7D) and VL that comprises CDRs

containing the amino acid sequences shown 1n SEQ ID NOs: 39, 41,

and 43 (corresponding to CDR1, CDR2, and CDR3, respectively, 1n
VH of P19-7D). A triabody and a tetrabody have a trimeric structure
and a tetrameric structure, respectively, based on the single-stranded
Fv structure, similarly to a diabody. A triabody and a tetrabody may
be a trivalent antibody fragment and a tetravalent antibody fragment,
respectively, and may also be multi-specific antibodies. Furthermore,

the above term “a fragment thereof” refers to an antibody fragment
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1identified using a phage display library (e.g., see McCafferty et al.,
1990, Nature Vol. 348: 552-554) and having antigen binding capacity.
In addition, for example, see Kuby, J., Immunology, 31d Ed., W.H.
Freeman & Co., New York (1998).

10060 ]

The term “HCV infection” refers to a process during which
HCV particles bind to the cell surfaces of host cells, are proliferated
in the host cells, and then are released outside the cells. Therefore,
the term “inhibiting (inhibition of) HCV infection” as used herein
refers to inhibition or suppression of at least one of the above series
of steps of HCV infection. Preferably, a pathway for HCV to bind to

virus receptors on the surfaces of host cells and/or a pathway for an

HCV genome to enter the host cells i1s inhibited.

(0061]

1-2. HCV particles as antigens
The anti-HCV antibody 1n the present invention is characterized
by reacting with an HCV particle produced from a chimeric HCV

genome as an antigen.

10062 ]
The term “HCV particles” refers to HCVs comprising HCV

envelope proteins and the HCV genome packaged therein.

[0063]

The term “chimeric HCV genome” refers to an HCV genome
derived from two or more different HCV genomes. For example, the
HCV genome 1s generally composed of RNA consisting of, from the 5°
side to the 3’ side, the 5 untranslated region, the core protein-coding

sequence (hereinafter, referred to as “core sequence”), the EI
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protein-coding sequence (hereinafter, referred to as “El sequence”),
the E2 protein-coding sequence (hereinafter, referred to as “E2
sequence’’), the p7 protein-coding sequence (hereinafter, referred to as
“p7 sequence”), the NS2 protein-coding sequence (hereinafter,
referred to as “NS2 sequence”), the NS3 protein-coding sequence
(hereinafter, referred to as “NS3 sequence™), the NS4A protein-coding
sequence (hereinafter, referred to as “NS4A sequence”), the NS4B
protein-coding sequence (hereinafter, referred to as “NS4B sequence™),
the NS5A protein-coding sequence (hereinafter, referred to as “NS5A
sequence”), the NS5B protein-coding sequence (hereinafter, referred
to as “NSS5B sequence”), and the 3’ untranslated region. Therefore,
the “chimeric HCV genome” is characterized in that each of the above
regions composing the HCV genome is composed of regions derived
from two or more different HCV strains.

10064 ]

I'wo or more different HCV strains composing each region in
the above chimeric HCV genome are not particularly limited.
Examples thereof include the JFH-1 strain (genotype 2a), the J6CF
strain (genotype 2a), and the TH strain (genotype 1b). Also, original
HCYV strains from which regions constituting the chimeric genomes are
derived and combinations thereof are not particularly limited. This
1s specifically explained below. Such a chimeric HCV genome
comprises, tor example, (1) the 5° untranslated region, the core
sequence, the E1 sequence, the E2 sequence, the p7 sequence, and the
NS2 sequence, which may be derived from strains other than the JFH-1
strain, and (11) the NS3 sequence, the NS4A sequence, the NS4B

sequence, the NS5SA sequence, the NS5SB sequence, and the 3°
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untranslated region, which may be derived from the JFH-1 strain.
Alternatively, such a chimeric HCV genome comprises (i) the 5’
untranslated region, the core sequence, the El1 sequence, the E2
sequence, and the p7 sequence, which may be derived from strains
other than the JFH-1 strain, and (ii) the NS2 sequence, the NS3
sequence, the NS4A sequence, the NS4B sequence, the NS5A sequence,
the NS5B sequence, and the 3’ untranslated region, which may be
derived from the JFH-1 strain.

[0065]

In one embodiment, such a chimeric HCV genome comprises,
from the 5° side to 3’ side, (i) the 5’ untranslated region, the core
sequence, the E1 sequence, the E2 sequence, and the p7 sequence,
which are derived from the J6CF strain, and (ii) the NS2 sequence, the
NS3 sequence, the NS4A sequence, the NS4B sequence, the NSS5A
sequence, the NS5B sequence, and the 3’ untranslated region, which
are derived from the JFH-1 strain. Preferably, such a chimeric HCV
genome comprises (1) the 5° untranslated region, the core region, the
E1l region, the E2 region, the p7 region, and the sequence encoding 16
amino acid residues from the N-terminal side of the NS2 region, which
are derived from the J6CF strain, and (ii) the sequence encoding 17"
amino acid residue from the N-terminal side and the following amino
acid residues of the NS2 region, the NS3 region, the NS4A region, the
NS4B region, the NSS5A region, the NS5B region, and the 3’
untranslated region, which are derived from the JFH-1 strain. Such a
chimeric genome has been cloned into J6/JFH-1 consisting of the
nucleotide sequence of SEQ ID NO: 2. Furthermore, such a chimeric

genome may comprise the 5° untranslated region derived from the
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JFH-1 strain, the core sequence, the E1 sequence, the E2 sequence,
and the p7 sequence, which are derived from the TH strain (Wakita, T.
et al., J. Biol. Chem., 269, 14205-14210, 1994, JP Patent Publication
(Kokai) No. 2004-179), and the NS2 sequence, the NS3 sequence, the
NS4A sequence, the NS4B sequence, the NS5A sequence, the NS5B

sequence, and the 3’ untranslated region, which are derived from the
JFH-1 strain. Preferably, such a chimeric genome may comprise
preferably the 5° untranslated region derived from the JFH-1 strain,
the core sequence, the E1 sequence, the E2 sequence, the p7 protein,
and the sequence encoding 33 amino acid residues from the N-terminal
side of the NS2 region, which are derived from the TH strain, the
sequence encoding the 34" amino acid residue from the N-terminal
side and the following amino acid residues of the NS2 region, the NS3
sequence, the NS4 A sequence, the NS4B sequence, the NS5A sequence,

the NS5B sequence, and the 3’ untranslated region, which are derived

from the JFH-1 strain.
[0066]

Also, 1in one embodiment, HCV particles produced from the
chimeric HCV genome as described herein are inactivated by a method

described later, so that the HCV particle can also be used as a vaccine.

Inoculation of the vaccine to a human according to a method known in
the art makes 1t possible to directly produce the anti-HCV antibody of

the present invention in vivo 1n the inoculated subject.
10067 ]
1-3. Preparation of HCV particles
Infectious HCV particles to be used as antigens in the present

invention can be prepared with a cell culture system. Basic
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techniques for preparation of infectious HCV particles are described

in WO04104198A1, WO06022422A1, WO06096459A2, Wakita, T. et
al., Nat. Med. 11: 791-796, 2005, Lindenbach, BD. et al., Science 309:
623-626, 2005, and Pietschmann, T. et al., Proc. Natl. Acad. Sci. USA.
103:7408-7413, 2006. Preparation of infectious HCV particles is
specifically described below.
|]0068 ]
1-3-1. Chimeric HCV genome

A chimeric HCV genome as described in the above section, “1-2.
HCV particle as antigen,” can be used for preparation of HCV
particles. For example, a nucleic acid having the nucleotide
sequence shown in SEQ ID NO: 2 can be used. Also, a chimeric HCV
genome to be used herein may be either RNA or DNA. However,
when a nucleic acid is RNA, “thymine (T)” in the above nucleotide
sequence 1S read as “uracil (U).” In this description, the same
applies to other nucleotide sequences.
10069]
1-3-2. Preparation of chimeric HCV genome RNA

HCV particles can be prepared by synthesizing chimeric HCV
genome RNA from an expression vector constructed by ligating the

cDNA of full-length chimeric HCV genome RNA downstream of a
transcription promoter so as to enable expression (e.g., a vector
resulting from insertion of a chimeric HCV genome under control of
I'7 promoter), and then introducing the genomic RNA into host cells.
Techniques known in the art may be used for synthesizing such
genomic RNA. For example, when the above expression vector is

used, genomic RNA can be synthesized by an in vitro RNA synthesis
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method. Various kits for which such an in vitro RNA synthesis
method 1s employed are commercialized by manufacturers relating to
lite science (e.g., MEGAscript T7 kit; Ambion). Genomic RNA may
be synthesized using such a kit.
[0070]
1-3-3. Host cell

Examples of host cells, into which the thus synthesized
chimeric HCV genome RNA is introduced, are not particularly limited,
as long as these cells allow formation of HCV particles. Examples
thereof include cultured cells such as Huh7, HepG2, IMY-N9, Hela,
HEK293, and the like more preferably liver-derived cultured cells
such as Huh7, and further preferably derivative strains of Huh7, such
as Huh7.5 and Huh7.5.1. The term “derivative strain” in the present
invention refers to a cell line that is induced from a cultured cell and
differs from its original strain. Also, in Huh7, HepG2, IMY-N9,
HelLa, or HEK293 cells, 1in which the CD81 gene and/or the Claudinl
gene 1S expressed, can also be used.
[0071]
1-3-4. Method for introducing chimeric HCV genome RNA into host
cell

As a method for introducing chimeric HCV genome RNA into
the above host cells, any known method can be employed. Examples
thereot 1nclude calcium phosphate coprecipitation, a DEAE dextran
method, lipofection, microinjection, and electroporation. Preferable

examples thereof include lipofection and electroporation and an even

more preferable example thereof is electroporation.
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T'he capacity of host cells, in which chimeric HCV genome RNA
has been 1ntroduced, for viral particle production can be evaluated by
a technique known in the art. For example, such capacity can be
confirmed by ELISA (Enzyme-Linked Immuno Sorbent Assay) method,
western blotting, or the like with the use of an antibody reacting with
a protein that constitutes HCV particles, such as the core protein, the
El protein, or the E2 protein released in the culture solution. Also,
chimeric HCV genome RNA contained in the HCV particles in the
culture solution may be amplified via RT-PCR using specific primers

for detection to indirectly detect the presence of HCV particles.

[0073]
1-3-5. Verification of infectious ability of HCV particles

Whether or not the prepared HCV particles are infectious can
be confirmed by a method for evaluation of viral infection, which is
known 1n the art. For example, a supernatant obtained by culturing
cells 1into which chimeric HCV genome RNA has been introduced 1is
further added to new HCV permissive cells (e.g., Huh7 cells), and
then culturing cells for appropriate time period (e.g., 48 hours).
Subsequently, the <cells are sufficiently washed, and then
immunostained with an antibody that recognizes an HCV-specific
protein such as anti-core antibody to count the number of i1nfected
cells. Alternatively, evaluation can be carried out by extracting a
protein from the above cells, subjecting the extract to electrophoresis

on SDS-polyacrylamide gel, and then detecting the HCV-specific

protein via western blotting.

(0074]

1-3-6. Purification of HCV particles
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I'he thus obtained HCV particles are preferably purified before
use as antigens. HCV particles can be purified by removing cells
and/or cell residues from a solution (virus solution) containing
infectious HCV particles obtained by culturing the above cells into
which the chimeric HCV genome RNA has been introduced, carrying
out column chromatography or density-gradient centrifugation or a
combination of the two in any order. Cells and residues thereof can
be removed by centrifugation and/or filtration, for example. [f
necessary, a virus solution from which residues have been removed
can be concentrated approximately 10- to 100-fold wusing an

ultrafiltration membrane with a molecular weight cut off ranging from

100,000 to 500,000.
|0075]

Examples of the above column chromatography include gel
filtration chromatography, ion exchange chromatography, and affinity
chromatography. A pretferable example of gel filtration
chromatography is chromatography using a cross-linked polymer of
allyl dextran and N,N'-methylenebisacrylamide as the gel matrix. A
more preferable example thereof is chromatography comprising
Sephacryl (registered trademark) S-300, S-400, and S-500. An
example of 1on-exchange chromatography is a method wusing
Q-Sepharose (registered trademark) as an anion exchange resin and SP
Sepharose (registered trademark) as a cation exchange resin. For
atfinity chromatography, a resin binding heparin, sulfated cellulofine,
lectin, and a substrate selected from various dyes bound thereto as a
ligand can be used as a support. A preferable example thereof is

affinity chromatography using HiTrap Heparin HP (registered
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trademark), HiTrap Blue HP (registered trademark), HiTrap
Benzamidine FF (registered trademark), and sulfated Cellulofine, and
a support to which LCA, ConA, RCA-120, and WGA have been bound.
More preferably, HCV  particles are purified by atfinity
chromatography using sulfated Cellulofine as a support. With the use
of this method, HCV particles can be purified 30-fold or more 1n terms

of the ratio of the HCV RNA copy number to the total protein amount

in the solution.
[0076]

As a solute for the formation of density gradient 1n
density-gradient centrifugation, cesium chloride, sucrose, Nycodenz
(registered trademark), and a sugar polymer such as Ficoll (registered

trademark) and Percoll (registered trademark) can be used. Sucrose

can be further preferably used. As a solvent, preferably, water or a
buffer, such as phosphate, Tris, acetate, or glycine buffer, can be used
to be used for density-gradient centrifugation. The centrifugal force
that is employed upon purification via density-gradient centrifugation
preferably ranges from 1 Xx 10° g to 1 x 10” g, more preferably ranges
from 5 x 10" g to 1 x 10’ g, and most preferably ranges from 5 x 10 ¢
to 5 x 10° g

(0077}

The temperature for purification of the above HCV particles
preferably ranges from 0°C to 40°C, more preferably ranges from 0°C
to 25°C, and most preferably ranges from 0°C to 10°C.

[0078]
When purification 1s carried out via density-gradient

centrifugation in combination with column chromatography, preferably,
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HCV particles are first purified through a plurality of chromatography
columns followed by density-gradient centrifugation. More
preferably, a fraction containing HCV particles obtained via anion
exchange column chromatography followed by affinity
chromatography 1is subjected to purificati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>