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FIG.1

AMINO ACID SEQUENCE OF EXEMPLARY
ANTI-RABIES HUMAN 17C7 ANTIBODY VARIABLE
REGION

heavy chain variable region (17C7 VH)

(SEQ ID NO: 1)

leader CDR 1
}IEFGLNWVFLVALLRGVQC%QVQLVESGGGVVQPGRSLRLSCAASGFTFS@VRQAP 60
CDR 2 (SEQ ID NO: 3)

GKGLEWVA'VV SYDGRTKDYAD SVKGIRFT ISRDNSKNTLYLOMNSLRTED TAVYFC 119
SEQ ID NO: 4
CDR 3 (SEQ © )

GQGTLVTVSSASTKGP 144

(SEQ ID NO: b)

light chain variable region (17C7 VL)
(SEQ ID NO: 2)
leader CDR 1

I}EAPAQLLFLLLLWLPDTTGEE IVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKP 60

CDR 2 (SEQ ID NO: G)CDR 3

GQAPRLLI - IPARFSGSGSGTDFTLTISSLEPEDFAVYSTFGG 120
(SEQ ID NO: 7) (SEQ ID NO: 8)

GTKVEIK 127
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FIG. 2

AMINO ACID SEQUENCE OF EXEMPLARY
ANTI-RABIES HUMAN 6G11 ANTIBODY VARIABLE
REGION

heavy chain variable region (6G11 VH)

(SEQ ID NO: 15)

leader CDR 1 CDR 2
[MEFGLSWVFLVALLRGVQOQVQLVESGGGVVQPGRSLRLSCAASGE TF SSYGMHWVRQAPGKGLEWVAVIL]
(SEQ ID NO: 17) (SEQ ID NO: 18)
CDR 3

[¥DGSNKHADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCRRIAPAGSAFDYWGOGTLVTVSSASTKGP

(SEQ ID NO: 19)

light chain variable region (6G11 VL)

(SEQ ID NO: 16)
leader CDR 1

]MDMMVPAQLLGLLLLWLPGARCA]IQLTQSPSSLSASVGDRVTITCRAWYQQKSGKAPKFLIY
(SEQ ID NO: 20)
CDR 2 CDR 3

[DASBLESGVPSRFSGSGSGTDFTLTISSLQPEDFATY YICQOFNSYPRTFGOGTKLEIK

(SEQ ID NO: 21) (SEQ ID NO: 22)
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FIG. 3

EPITOPE MAPPING OF RABIES VIRUS GLYCOPROTEIN

Schematic of Protein Structure

Signal peptide Transmembrane domain
NH;| 19 439 | 461 COOH
Epitope Mapping Data
7 a.a.
clone residues [P immunoblot
| [ T 1cocs2a 19524 + +
I | COG439 19439 +  +

I | COG422 19-422 + +
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FIG. 4

—O— hRIG 2mg/m!
25 1

—i— HuMab 17C7 2mg/ml

# of fields without infected cells

Dilution of Antibody



U.S. Patent Jul. 24, 2012 Sheet 5 of 9 US 8,226,952 B2

FIG.5
Bl
66kDa
c D.
200- ~o— ERA native 500
180+ -0 | borealis o
3 1604 ) @ 4004 codon optimized
S 1401 L. cinereus e ERA
@ 1204 non-rabies S
£ 1(2)8 ™ protein g 300
= (=)
Lt 80 2 200
= 40 2 100
20+
0 : - : : 0 - , ‘ : .
1 10 100 1000 0.1 1 10 100 1000

HuMab 17C7 (M) HuMab 17C7 (nM)



U.S. Patent Jul. 24, 2012 Sheet 6 of 9 US 8,226,952 B2

FIG. 6
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1
HUMAN ANTIBODIES AGAINST RABIES
AND USES THEREOF

RELATED INFORMATION

The application is a continuation of U.S. patent application
Ser. No. 11/890,317, filed on Aug. 2, 2007, now U.S. Pat. No.
7,727,532, which claims priority to PCT Application No.
PCT/US2006/003644 filed on Feb. 2, 2006, and U.S. Provi-
sional Patent Application No. 60/649,512, filed on Feb. 2,
2005, the entire contents of which are hereby incorporated by
reference.

The contents of any patents, patent applications, and ref-
erences cited throughout this specification are hereby incor-
porated by reference in their entireties.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted via EFS-Web and is hereby incorporated
by reference in its entirety. Said ASCII copy, created on Sep.
7,2010, is named MJIO03CN.txt, and is 41,384 bytes in size.

BACKGROUND OF THE INVENTION

Rabies is an acute progressive encephalitis caused by
infection with an RNA virus of the family Rhabdoviridae
(genus lyssavirus). While human rabies fatalities are rare in
developed nations (there are usually fewer than 5 deaths in the
United States each year), significant numbers of deaths are
reported in, for example, India, where 50,000 die of the dis-
ease and more than 500,000 are treated. Even in the United
States, 15,000 to 40,000 people receive anti-rabies treatment
each year. Typically, dogs are the major reservoirs of the
disease but other mammals such as raccoon, skunk, bat, and
fox are frequent reservoirs. Transmission of the virus from an
animal reservoir to human usually occurs by a bite or scratch
that penetrates the skin. Since rabies in humans is almost
always fatal, even a suspected infection must be treated with
an aggressive post-exposure treatment regimen.

The post-exposure treatment of rabies in humans consists
of proper wound care, local administration of anti-rabies
serum immunoglobulin infiltrated into and around the wound,
and administration of multiple doses of rabies vaccine usually
over several days and weeks (for a review of prophylaxis
against rabies, see, e.g., Rupprecht and Gibbons et al., N Eng/
J Med 351:25 (2004)). Proper wound care can lessen the
amount of virus that survives to enter the patient. Infiltration
of the area with anti-rabies serum immunoglobulin can bind
to the rabies virus and help clear it thereby lessening the viral
load (by passive immunization). Administration of multiple
does of rabies vaccine (active immunization), usually in the
form of a first dose followed by subsequent booster doses,
allow for the patient to produce a vigorous active immunity,
including humoral and cellular responses. Current sources of
anti-rabies serum immunoglobulin are obtained from the
blood of vaccinated human donors. Other sources of anti-
rabies serum immunoglobulin, for example, equine or
murine, are considered unacceptable. Current sources of
rabies vaccines are produced in cell lines and chemically
inactivated and lyophilized. While these agents, when admin-
istered in time, are highly effective, certain obstacles remain.

For example, there are few manufacturers of these anti-
rabies agents and they remain relatively expensive, especially
in the developing world where they are most needed. In
addition, human anti-rabies serum immunoglobulin, because
it is harvested from the serum of human donors, must be
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highly purified to prevent the transmission of any adventi-
tious agents. Moreover, the anti-rabies vaccine requires labor
intensive cell culture and extensive inactivation and purifica-
tion steps. Accordingly, improved immunotherapies for treat-
ing and preventing rabies infection are needed.

SUMMARY OF THE INVENTION

The present invention solves the foregoing problems by
providing a recombinant fully human anti-rabies monoclonal
antibody that specifically binds a broad variety of rabies virus
isolates and inhibits the ability of the virus to infect cells.

In one embodiment, this is demonstrated by the antibodies
ability to neutralize (i.e., inhibit or block) rabies virus in vitro
(e.g., in a RFFIT assay). In another embodiment, this is dem-
onstrated by the antibodies ability to inhibit rabies virus
infectivity in vivo in a subject, such as an animal or a human.

Human monoclonal antibodies of the invention can be
made efficiently, in virtually unlimited amounts, in highly
purified form. Accordingly, the antibodies are suitable for
prognosing, diagnosing, and/or treating an individual
exposed or suspected of having been exposed to rabies. The
antibodies of the invention are particularly advantageous for
rabies post exposure prophylaxis (PEP) as they eliminate the
need for a donor source of human anti-rabies serum immu-
noglobulin. The antibodies can be produced using a variety of
techniques for making human antibodies known in the art. For
example, as exemplified herein, the antibodies can be gener-
ated in transgenic animals expressing human immunoglobu-
lin gene segments, e.g., transgenic mice comprising a human
Ig locus. Moreover, the antibodies can be administered alone
or in combination, e.g., with an anti-rabies virus vaccine or
other antibodies, to increase survival rates of subjects (e.g.,
animals and humans) infected with rabies virus.

Accordingly, the invention provides several advantages
that include, but are not limited to, the following:

a fully human recombinant anti-rabies antibody for prog-
nosing, diagnosing, and/or treating rabies virus or con-
ducting rabies virus post exposure prophylaxis (PEP) in
a subject, e.g., protect from or inhibit rabies virus-me-
diated morbidity or mortality in a subject;

a composition (e.g., pharmaceutical) and/or a kit compris-
ing one or more fully human recombinant anti-rabies
antibodies that can be used alone or in combination with
commercially available vaccines to treat rabies infection
and/or to conduct PEP in a subject; and

an improved method of passive immunotherapy for treat-
ing a subject infected with rabies virus (e.g., in need of
rabies virus post exposure prophylaxis (PEP)) which can
be used alone or in combination with active immuno-
therapy (rabies vaccine).

In one embodiment, the human monoclonal antibodies or
antigen binding portions thereof of the invention specifically
bind to rabies virus G glycoprotein. Particular antibodies or
antigen binding portions thereof specifically bind to an
epitope within the N-terminal half of rabies virus G glyco-
protein. Other particular antibodies or antigen binding por-
tions thereof specifically bind to an epitope within the C-ter-
minal domain of rabies virus. Such epitopes can reside, for
example, within amino acids 1-50, 50-100, 100-150, 150-
200, 200-250, 250-300, 300-350, 350-400, 400-450, 450-
500, 500-524 of rabies virus G glycoprotein, or any interval,
portion or range thereof. In one embodiment, the antibodies
or antigen binding portions thereof specifically bind to an
epitope within the N-terminal half of rabies virus G glyco-
protein, i.e., between about amino acid residues 19-422. In
another embodiment, the epitope of the rabies G glycoprotein
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comprises amino acid residues 336-442. In one embodiment,
the rabies G glycoprotein comprises amino acid residue 336
as well as alterations thereof, such as substitutions or dele-
tions.

In a related embodiment, the rabies G glycoprotein epitope
comprises a linear epitope, conformational epitope, discon-
tinuous epitope, or combinations of such epitopes.

In another related embodiment, the rabies G glycoprotein
epitope consists of antigenic site I, antigenic site I1, antigenic
site 111, antigenic site minor A, or combinations of such anti-
genic sites, for example, antigenic site III and minor site A.

In other embodiments, the human monoclonal antibodies
or antigen binding portions thereof can be characterized as
specifically binding to rabies virus with a K, of less than
about 10x107% M. In a particular embodiment, the antibody or
antigen binding portion thereof specifically binds to rabies
virus (e.g., a rabies virus G glycoprotein) with a K, of at least
about 10x10~7 M, at least about 10x10™% M, at least about
10x10™° M, at least about 10x1071° M, at least about 10x
107! M, or at least about 10x107'> M or a K, even more
favorable.

In various other embodiments, the antibodies or antigen
binding portions thereof include a variable heavy chain
region comprising an amino acid sequence at least 80%, 85%,
90%, 95%, 98%, 99% or more identical to a variable heavy
chain region amino acid sequence of the antibody produced
by clone 17C7 (SEQIDNO: 1), 6G11 (SEQIDNO: 15), 5GS3,
2B10, or 1ES.

In other embodiments, the antibodies or antigen binding
portions thereof include a variable light chain region com-
prising an amino acid sequence at least 80%, 85%, 90%, 95%,
98%, 99% or more identical to a variable light chain region
amino acid sequence of the antibody produced by clone 17C7
(SEQIDNO: 2),6G11 (SEQID NO: 16), 5G5,2B10, or 1ES.

In still other embodiments, the antibodies or antigen bind-
ing portions thereof include both a variable heavy chain
region comprising an amino acid sequence at least 80%, 85%,
90%, 95%, 98%, 99% or more identical to a variable heavy
chain region amino acid sequence of the antibody produced
by clone 17C7 (SEQIDNO: 1), 6G11 (SEQIDNO: 15), 5GS3,
2B10, or 1E5), and a variable light chain region comprising
an amino acid sequence at least 80%, 85%, 90%, 95%, 98%,
99%, or more identical to a variable light chain amino acid
sequence of clone 17C7 (SEQ ID NO: 2), 6G11 (SEQ ID NO:
16), 5GS5, 2B10, or 1ES.

In certain other embodiments, the antibodies or antigen
binding portions thereof specifically bind to an epitope that
overlaps with an epitope bound by an antibody produced by
clone 17C7, 6G11, 5G5S, 2B10, or 1ES and/or competes for
binding to a rabies virus, or portion thereof with an antibody
produced by clone 17C7, 6G11, 5G5, 2B10, or 1ES.

The variable heavy and light chain regions of the antibod-
ies or antigen binding portions thereof typically include one
or more complementarity determining regions (CDRs).
These include the CDR1, CDR2, and CDR3 regions. In par-
ticular embodiments, the variable heavy chain CDRs are at
least 80%, 85%, 90%, 95%, or 99%, or more identical to a
CDR of'the antibody produced by clone 17C7 (SEQ ID NOs:
3,4,5),6G11 (SEQ ID NOs: 17, 18, 19), 5G5, 2B10, or 1E5
(also shown in Table 1). In other particular embodiments,
variable light chain CDRs are at least 80%, 85%, 90%, 95%,
or 99%, or more identical to a CDR of a variable light chain
region of the antibody produced by clone 17C7 (SEQ ID
NOs: 6,7,8),6G11 (SEQID NOs: 20,21, 22), 5G5, 2B10, or
1ES (also shown in Table 2).

Accordingly, particular antibodies or fragments of the
invention comprise a variable heavy chain region that
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includes one or more complementarity determining regions
(CDRs) that are at least 80%, 85%, 90%, 95%, or 99%, or
more identical to a CDR of a variable heavy chain region of
the antibody produced by clone 17C7 (SEQ ID NOs: 3, 4, 5),
6G11 (SEQ ID NOs: 17, 18, 19), 5G5, 2B10, or 1ES and a
variable light chain region that includes one or more CDRs
that are at least 80%, 85%, 90%, 95%, 99%, or more identical
to a CDR of a variable light chain region of the antibody
produced by clone 17C7 (SEQ ID NOs: 6, 7, 8), 6G11 (SEQ
ID NOs: 20, 21, 22), 5G5, 2B10, or 1E5

The variable heavy chain region of the antibodies or anti-
gen binding portions thereof can also include all three CDRs
that are at least 80%, 85%, 90%, 95%, or 99%, or more
identical to the CDRs of the variable heavy chain region of the
antibody produced by clone 17C7 (SEQ ID NOs: 3, 4, 5),
6G11 (SEQIDNOs: 17,18, 19),5GS5,2B10, or 1E5 and/or all
three CDRs that are at least 80%, 85%, 90%, 95%, 99%, or
more identical to the CDRs of the variable light chain region
of the antibody produced by clone 17C7 (SEQ ID NOs: 6, 7,
8), 6G11 (SEQ ID NOs: 20, 21, 22), 5G5, 2B10, or 1ES.

In another embodiment of the invention, the human anti-
bodies or antigen binding portions thereof (a) include a heavy
chain variable region that is encoded by or derived from (i.e.,
is the product of) a human VH 3-30-3 or VH 3-33 gene; and/or
(b) include a light chain variable region that is encoded by or
derived from a human Vi gene selected from the group con-
sisting of VL6, VkL11, VkL13, VkL15, or VkL19.

Human monoclonal antibodies of the present invention
include full-length antibodies, for example, that include an
effector domain, (e.g., an Fc domain), as well as antibody
portions or fragments, such as single-chain antibodies and
Fab fragments. The antibodies can also be linked to a variety
of'therapeutic agents (e.g., antiviral agents or toxins) and/or a
label.

In another aspect, the invention features isolated polypep-
tides that include an antigen binding portion of an antibody
produced by hybridoma clone 17C7, 6G11, 5G5S, 2B10, or
1ES (also referred to herein as “17C7”, “6G11”, “5G5”,
“2B10”, and “1E5”).

In another aspect, the invention features isolated nucleic
acids including a sequence encoding a antibody heavy chain
variable region which is at least 75%, 80%, 85%, 90%, 95%,
99%, or more identical to SEQIDNO: 13 or 23. The invention
also features isolated nucleic acids that include a sequence
encoding an antibody light chain variable region which is at
least 75%, 80%, 85%, 90%, 95%, 99%, or more identical to
SEQ ID NO: 14 or 24. The invention also features expression
vectors including any of the foregoing nucleic acids either
alone or in combination (e.g., expressed from one or more
vectors), as well as host cells comprising such expression
vectors.

Suitable host cells for expressing antibodies of the inven-
tion include a variety of eukaryotic cells, e.g., yeast cells,
mammalian cells, e.g., Chinese hamster ovary (CHO) cells,
NSO cells, myeloma cells, or plant cells.

In another aspect, the invention features compositions and
kits that include one or more isolated human monoclonal
antibodies or antigen binding portions thereof as described
herein that specifically bind to rabies virus and inhibit the
ability of the virus to infect mammalian cells. The composi-
tion or kit can further include one or more antibodies (e.g.,
human monoclonal or polyclonal antibodies) or antigen-
binding portions thereof that specifically bind to rabies virus.
In one embodiment, the polyclonal antibody or antigen bind-
ing portion thereof specifically binds to rabies virus G glyco-
protein. In a particular embodiment, the composition or kit
includes both (a) an isolated human monoclonal antibody that
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specifically binds to a first rabies virus isolate; and (b) an
isolated human monoclonal antibody that specifically binds
to a second rabies virus isolate.

The invention also features methods of treating rabies virus
diseasein a subject by administering to the subject an isolated
human monoclonal antibody or antigen binding portion
thereof as described herein (i.e., that specifically binds to
rabies virus) in an amount effective to inhibit rabies virus
disease, e.g., rabies virus-mediated symptoms or morbidity.

Human monoclonal antibodies or portions thereof (and
compositions comprising the antibodies or portions thereof)
of the invention can be administered in a variety of suitable
fashions, e.g., intravenously (IV), subcutaneously (SC), and
preferably, intramuscularly (IM) to the subject. The antibody
or antigen-binding portion thereof can be administered alone
or in combination with another therapeutic agent, e.g., a sec-
ond human monoclonal antibody or antigen binding portion
thereof. In one example, the second human monoclonal anti-
body or antigen binding portion thereof specifically binds to
a second rabies virus isolate that differs from the isolate
bound to the first antibody. In another example, the antibody
is administered together with another agent, for example, an
antiviral agent. In another example, the antibody is adminis-
tered together with a polyclonal gamma-globulin (e.g.,
human gamma-globulin). In another example, the antibody is
administered before, after, or contemporaneously with a
rabies virus vaccine.

In another aspect, the invention features methods for mak-
ing an antibody or antigen binding portion thereof that spe-
cifically binds to a rabies virus. In one embodiment, the
method involves immunizing a transgenic non-human animal
having a genome comprising a human heavy chain transgene
and a human light chain transgene with a composition that
includes a rabies virus, e.g., live or inactivated virus and
isolating an antibody, antibody producing cell, or antibody
encoding nucleic acid from the animal. The rabies virus can
be inactivated, for example, by chemical treatment and/or
lyophilization. The method can further include evaluating
binding of the antibody to the rabies virus or rabies virus G
glycoprotein.

The invention also features methods for making the anti-
bodies or antigen binding portions thereof by expressing
nucleic acids encoding human antibodies in a host cell (e.g.,
nucleic acids encoding the antigen binding region portion of
an antibody). In yet another aspect, the invention features a
hybridoma or transfectoma including the aforementioned
nucleic acids.

The invention also features a method for making a hybri-
doma that expresses an antibody that specifically binds to a
rabies virus by immunizing a transgenic non-human animal
having a genome that includes a human heavy chain trans-
gene and a human light chain transgene, with a composition
that includes the rabies virus or rabies virus G glycoprotein;
isolating splenocytes from the animal; generating hybrido-
mas from the splenocytes; and selecting a hybridoma that
produces an antibody that specifically binds to rabies virus or
rabies virus protein thereof.

Treatment of humans with human monoclonal antibodies
offers several advantages. For example, the antibodies are
likely to be less immunogenic in humans than non-human
antibodies. The therapy is also rapid because rabies virus
inactivation can occur as soon as the antibody reaches sites of
infection and directly neutralizes the disease-causing rabies
virus. Human antibodies also localize to appropriate sites in
humans more efficiently than non-human antibodies. Further-
more, the treatment is specific for rabies virus, and is recom-
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6

binant and highly purified and, unlike traditional therapies,
avoids the potential of being contaminated with adventitious
agents.

Other features and advantages of the invention will be
apparent from the following detailed description, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the amino acid sequence of the heavy and
light chain variable region of a recombinant, anti-rabies
human antibody (i.e., clone 17C7). These sequences corre-
spond to SEQ ID NOs: 1 and 2, respectively. The comple-
mentarity determining regions (CDRs) for each chain are
indicated, corresponding to SEQ ID NOs: 3, 4, and 5 (of the
heavy chain) and 6, 7, and 8 (of the light chain).

FIG. 2 shows the amino acid sequence of the heavy and
light chain variable region of a recombinant, anti-rabies
human antibody (i.e., clone 6G11). These sequences corre-
spond to SEQ ID NOs: 15 and 16, respectively. The comple-
mentarity determining regions (CDRs) for each chain are
indicated, corresponding to SEQ ID NOs: 17, 18, and 19 (of
the heavy chain) and 20, 21, and 22 (of the light chain).

FIG. 3 is a schematic representation of the rabies virus G
recombinant glycoprotein indicating fragments that were
analyzed for epitope mapping studies. Human antibody 17C7
was determined to bind epitope(s) within amino acid residues
19-422 as determined by immunoprecipitation and immuno-
blot.

FIG. 4 shows HuMab 17C7 neutralizes rabies virus as
determined by RFFIT when diluted serially from 1:5 to
1:390625 as compared to human serum (hRIG).

FIG.5 ERA-N and ERA-CO glycoproteins were expressed
in 293T cells and readily expressed when codon optimized
(A) and capable of being bound by 17C7 (B-D) when
expressed on the surface of cells.

FIG. 6 shows that HuMab 17C7 recognizes the rabies G
ectodomain (A) and under non-reducing conditions (B) as
well as the G protein of strain ERA (C).

FIG. 7 shows that HuMab 17C7 recognizes N336K and
N336D mutant ERA glycoproteins (A) by ELISA and by
immunoblot (B).

FIG. 8 shows that HuMab 17C7 neutralizes ERA
pseudovirus infection of cells (A-B) and the consequences of
various mutations to the ERA G protein (C-D) regarding
17C7 binding thereto.

FIG. 9 shows the consequences of various mutations to the
ERA G protein (A-B) regarding 17C7 binding thereto.

DETAILED DESCRIPTION OF THE INVENTION

In order to provide a clear understanding of the specifica-
tion and claims, the following definitions are conveniently
provided below.

Definitions

As used herein, the term “rabies virus” refers to the virion
or portion thereof, for example protein portion, such as rabies
virus G glycoprotein that is encoded by the RNA of rabies
virus.

The term “anti-rabies virus antibody” is an antibody that
interacts with (e.g., binds to) a rabies virus or a protein,
carbohydrate, lipid, or other component produced by or asso-
ciated with rabies virus. A “rabies virus G glycoprotein anti-
body” is an antibody that binds a G glycoprotein of rabies
virus or a fragment thereof. An anti-rabies virus or G glyco-
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protein antibody may bind to an epitope, e.g., a conforma-
tional or a linear epitope, or to a portion or fragment of the
virus or component thereof.

The term “human antibody” is an antibody that has variable
and constant regions derived from human germline immuno-
globulin sequences. The human antibodies described herein
may include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations intro-
duced by random or site-specific mutagenesis in vitro or by
somatic mutation in vivo).

An anti-rabies virus antibody, or antigen-binding portion
thereof, can be administered alone or in combination with a
second agent. The subject can be a patient infected or sus-
pected to be infected with rabies virus or having a symptom of
rabies virus-mediated disease (e.g., an neuropathology,
encephalomyelitis, or anti-rabies immunoglobulin serum
titer). The treatment can be used to cure, heal, alleviate,
relieve, alter, remedy, ameliorate, palliate, improve, or affect
the infection and the disease associated with the infection, the
symptoms of the disease, or a predisposition toward the dis-
ease. For the clinical management of rabies virus infection,
“treatment” is frequently understood to mean the prophylaxis
or prevention of a productive infection before the onset of
illness.

An amount of an anti-rabies virus antibody effective to
treat a rabies virus infection, or a “therapeutically effective
amount” is an amount of the antibody that is effective, upon
single or multiple dose administration to a subject, in inhib-
iting rabies virus infection, disease, or sequelae thereof, in a
subject. A therapeutically eftective amount of the antibody or
antibody fragment may vary according to factors such as the
disease state, wound site, rabies virus strain or isolate, animal
vector of rabies virus, age, sex, and weight of the individual,
and the ability of the antibody or antibody portion to elicit a
desired response in the individual. A therapeutically effective
amount is also one in which any toxic or detrimental effects of
the antibody or antibody portion is outweighed by the thera-
peutically beneficial effects. The ability of an antibody to
inhibit a measurable parameter can be evaluated in an animal
model system predictive of efficacy in humans. For example,
the ability of an anti-rabies virus antibody to protect hamsters
from lethal challenge with rabies virus can predict efficacy in
humans, as described in the Examples. Alternatively, this
property of an antibody or antibody composition can be
evaluated by examining the ability of the compound to modu-
late rabies virus/cell interactions, e.g., binding, infection,
virulence, and the like, by in vitro by assays known to the
skilled practitioner. In vitro assays include binding assays,
such as ELISA, and neutralization assays.

An amount of an anti-rabies virus antibody effective to
prevent a disorder, or a “prophylactically effective amount,”
of the antibody is an amount that is effective, upon single- or
multiple-dose administration to the subject, in preventing or
delaying the occurrence of the onset or recurrence of rabies
virus, or inhibiting a symptom thereof. However, if longer
time intervals of protection are desired, increased doses or
more frequent doses can be administered.

The terms “antagonize”, “induce”, “inhibit”, “potentiate”,
“elevate”, “increase”, “decrease”, or the like, e.g., which
denote quantitative differences between two states, refer to a
difference, e.g., a statistically or clinically significant difter-
ence, between the two states.

The term “specific binding” or “specifically binds to”
refers to the ability of an antibody to bind to a rabies virus, or
portion thereof, with an affinity of at least 1x107% M, and/or
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bind to a rabies virus, or portion thereof, with an affinity that
is at least two-fold greater than its affinity for a nonspecific
antigen.

An “antibody” is a protein including at least one or two,
heavy (H) chain variable regions (abbreviated herein as VH),
and at least one or two light (L) chain variable regions (abbre-
viated herein as VL). The VH and VL regions can be further
subdivided into regions of hypervariability, termed “comple-
mentarity determining regions” (CDRs), interspersed with
regions that are more conserved, termed “framework regions™
(FR). The extent of the framework region and CDRs has been
precisely defined (see, Kabat, E. A., et al. Sequences of Pro-
teins of Immunological Interest, Fifth

Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242, 1991, and Chothia, C. et al., J.
Mol. Biol. 196:901-917, 1987, which are incorporated herein
by reference). Preferably, each VH and VL is composed of
three CDRs and four FRs, arranged from amino-terminus to
carboxy-terminus in the following order: FR1, CDR1, FR2,
CDR2, FR3, CDR3, FRA4.

The VH or VL regions of the antibody can further include
all or part of a heavy or light chain constant region. In one
embodiment, the antibody is a tetramer of two heavy immu-
noglobulin chains and two light immunoglobulin chains,
wherein the heavy and light immunoglobulin chains are inter-
connected by, e.g., disulfide bonds. The heavy chain constant
region includes three domains, CH1, CH2 and CH3. The light
chain constant region is comprised of one domain, CL. The
variable region of the heavy and light chains contains a bind-
ing domain that interacts with an antigen. The constant
regions of the antibodies typically mediate the binding of the
antibody to host tissues or factors, including various cells of
the immune system (e.g., effector cells) and the first compo-
nent (Clq) of the classical complement system. The term
“antibody” includes intact immunoglobulins of types IgA,
1gG, IgE, IgD, IgM (as well as subtypes thereof), wherein the
light chains of the immunoglobulin may be of types kappa or
lambda.

The term “immunoglobulin” refers to a protein consisting
of'one or more polypeptides substantially encoded by immu-
noglobulin genes. The recognized human immunoglobulin
genes include the kappa, lambda, alpha (IgAl and IgA2),
gamma (1gG1, 1gG2, IgG3, 1gG4), delta (IgD), epsilon (IgE),
and mu (IgM) constant region genes, as well as the myriad
immunoglobulin variable region genes. Full-length immuno-
globulin “light chains™ (about 25 K, and 214 amino acids) are
encoded by a variable region gene at the NH,-terminus (about
110 amino acids) and a kappa or lambda constant region gene
at the COOH-terminus. Full-length immunoglobulin “heavy
chains” (about 50 K, and 446 amino acids), are similarly
encoded by a variable region gene (about 116 amino acids)
and one of the other aforementioned constant region genes,
e.g., gamma (encoding about 330 amino acids). The term
“immunoglobulin” includes an immunoglobulin having:
CDRs from a human or non-human source. The framework of
the immunoglobulin can be human, humanized, or non-hu-
man, e.g., a murine framework modified to decrease antige-
nicity in humans, or a synthetic framework, e.g., a consensus
sequence. A mature immunoglobulin/antibody variable
region is typically devoid of a leader sequence. Immunoglo-
bulins/antibodies can be further distinguished by their con-
stant regions into class (e.g., IgA, IgD, IgE, IgG, or IgM) and
subclass or isotype (e.g., IgG1, 1gG2, 1gG3, or IgG4).

The term “antigen binding portion” of an antibody (or
simply “antibody portion,” or “portion™), as used herein,
refers to a portion of an antibody that specifically binds to a
rabies virus or component thereof (e.g., G glycoprotein), e.g.,
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a molecule in which one or more immunoglobulin chains is
not full length, but which specifically binds to arabies virus or
component thereof. Examples of binding portions encom-
passed within the term “antigen-binding portion” of an anti-
body include (i) a Fab fragment, a monovalent fragment
consisting of the VL., VH, CL. and CH1 domains; (ii) a F(ab’),
fragment, a bivalent fragment comprising two Fab fragments
linked by a disulfide bridge at the hinge region; (iii) a Fd
fragment consisting of the VH and CH1 domains; (iv) a Fv
fragment consisting of the VL. and VH domains of a single
arm of an antibody, (v) a dAb fragment (Ward et al., Nature
341:544-546, 1989), which consists of a VH domain; and (vi)
an isolated complementarity determining region (CDR) hav-
ing sufficient framework to specifically bind, e.g., an antigen
binding portion of a variable region. An antigen binding por-
tion of a light chain variable region and an antigen binding
portion of aheavy chain variable region, e.g., the two domains
of'the Fv fragment, VL. and VH, can be joined, using recom-
binant methods, by a synthetic linker that enables them to be
made as a single protein chain in which the VL and VH
regions pair to form monovalent molecules (known as single
chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-
426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA
85:5879-5883). Such single chain antibodies are also encom-
passed within the term “antigen binding portion” of an anti-
body. These antibody portions are obtained using conven-
tional techniques known to those with skill in the art, and the
portions are screened for utility in the same manner as are
intact antibodies.

The term “monospecific antibody” refers to an antibody
that displays a single binding specificity and affinity for a
particular target, e.g., epitope. This term includes a “mono-
clonal antibody” or “monoclonal antibody composition,”
which as used herein refer to a preparation of antibodies or
portions thereof with a single molecular composition.

The term “recombinant™ antibody, as used herein, refers to
antibodies that are prepared, expressed, created, or isolated
by recombinant means, such as antibodies expressed using a
recombinant expression vector transfected into a host cell,
antibodies isolated from a recombinant, combinatorial anti-
body library, antibodies isolated from an animal (e.g., a
mouse) that is transgenic for human immunoglobulin genes
or antibodies prepared, expressed, created, or isolated by any
other means that involves splicing of human immunoglobulin
gene sequences to other DNA sequences. Such recombinant
antibodies include humanized, CDR grafted, chimeric, in
vitro generated (e.g., by phage display) antibodies, and may
optionally include constant regions derived from human ger-
mline immunoglobulin sequences.

The term “substantially identical” (or “substantially
homologous™) refers to a first amino acid or nucleotide
sequence that contains a sufficient number of identical or
equivalent (e.g., with a similar side chain, e.g., conserved
amino acid substitutions) amino acid residues or nucleotides
to a second amino acid or nucleotide sequence such that the
first and second amino acid or nucleotide sequences have
similar activities. In the case of antibodies, the second anti-
body has the same specificity and has at least 50% of the
affinity of the first antibody.

Calculations of “homology” between two sequences are
performed as follows. The sequences are aligned for optimal
comparison purposes (e.g., gaps can be introduced in one or
both of a first and a second amino acid or nucleic acid
sequence for optimal alignment and non-homologous
sequences can be disregarded for comparison purposes). The
length of a reference sequence aligned for comparison pur-
poses is at least 50% of the length of the reference sequence.
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The amino acid residues or nucleotides at corresponding
amino acid positions or nucleotide positions are then com-
pared. When a position in the first sequence is occupied by the
same amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are iden-
tical at that position (as used herein amino acid or nucleic acid
“identity” is equivalent to amino acid or nucleic acid “homol-
ogy”). The percent identity between the two sequences is a
function of the number of identical positions shared by the
sequences, taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal
alignment of the two sequences.

The comparison of sequences and determination of percent
homology between two sequences can be accomplished using
a mathematical algorithm. The percent homology between
two amino acid sequences is determined using the Needle-
man and Wunsch, J. Mol. Biol. 48:444-453, 1970, algorithm
which has been incorporated into the GAP program in the
GCG software package, using a Blossum 62 scoring matrix
with a gap penalty of 12, a gap extend penalty of 4, and a
frame shift gap penalty of 5.

As used herein, the term “hybridizes under low stringency,
medium stringency, high stringency, or very high stringency
conditions” describes conditions for hybridization and wash-
ing. Guidance for performing hybridization reactions can be
found in Current Protocols in Molecular Biology, John
Wiley & Sons, N.Y. 6.3.1-6.3.6, 1989, which is incorporated
herein by reference. Aqueous and nonaqueous methods are
described in that reference and either can be used. Specific
hybridization conditions referred to herein are as follows: 1)
low stringency hybridization conditions: 6x sodium chloride/
sodium citrate (SSC) at about 45° C., followed by two washes
in 0.2xSSC, 0.1% SDS at least at 50° C. (the temperature of
the washes can be increased to 55° C. for low stringency
conditions); 2) medium stringency hybridization conditions:
6xSSC at about 45° C., followed by one or more washes in
0.2xSSC, 0.1% SDS at 60° C.; 3) high stringency hybridiza-
tion conditions: 6xSSC at about 45° C., followed by one or
more washes in 0.2xSSC, 0.1% SDS at 65° C.; and 4) very
high stringency hybridization conditions: 0.5 M sodium
phosphate, 7% SDS at 65° C., followed by one or more
washes at 0.2xSSC, 1% SDS at 65° C.

It is understood that the antibodies and antigen binding
portions thereof described herein may have additional con-
servative or non-essential amino acid substitutions, which do
not have a substantial effect on the polypeptide functions.
Whether or not a particular substitution will be tolerated, i.e.,
will not adversely affect desired biological properties, such as
binding activity, can be determined as described in Bowie et
al., Science, 247:1306-1310, 1990. A “conservative amino
acid substitution” is one in which an amino acid residue is
replaced with an amino acid residue having a similar side
chain. Families of amino acid residues having similar side
chains have been defined in the art. These families include
amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., glycine, alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan), beta-
branched side chains (e.g., threonine, valine, isoleucine) and
aromatic side chains (e.g., tyrosine, phenylalanine, tryp-
tophan, histidine).

A “non-essential” amino acid residue is a residue that can
be altered from the wild-type sequence of a polypeptide, such
as a binding agent, e.g., an antibody, without substantially






