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NEUTRALIZING HUMAN ANTIBODIES TO ANTHRAX TOXIN GENERATED
BY RECALL TECHNOLOGY

Background of the Invention

Field of the Invention

The present invention relates to the field of fully human monoclonal antibodies,
method of making same, and their use in preventive and therapeutic applications in
anthrax. More particularly, antibodies have binding specificity for anthrax protective
antigen (PA) toxin are provided.

Description of the Related Art

Anthrax is a zoonotic soil organism endemic to many parts of the world. The B.
anthracis organism was one of the first biological warfare agents to be developed and
continues to be a major threat in this regard. Although vaccine strains have been
developed, currently'there are concerns regarding their efficacy and availability. A
passive immunization strategy may be useful in conferring medium-term protection, and
can also have benefits for non-immunized patients who seek treatment after the point at
which antibiotic therapy alone is effective. Casadevall, A., Emerging Infectious Diseases,
8:8 (2002); Maynard, J. A et al., Nature Biotechnology, 20:597 (2002). After inhalation
by mammals, B. anthracis spores germinate in the alveolar macrophages, then migrate to
lymph nodes where they multiply and enter the bloodstream. The vegetative bacteria
excrete the tripartite exotoxin that is responsible for the etiology of the disease. In
addition to capsule, virulent strains of Bacillus anthracis secrete a set of three distinct
antigenic protein components: protective antigen (PA), edema factor (EF), and lethal
factor (LF). PA can bind either LF or EF, forming lethal toxin (LeTx) or edema toxin
(EdTx). Collectively these two toxins are seen as a complex exotoxin called anthrax
toxin. Each component of the toxin is a thermolabile protein with a molecular weight
exceeding 80kDa. Edema factor (EF) is an adenylate cyclase that is responsible for the
edema seen in anthrax infections. Lethal factor (LF) is a zinc-metalloprotease that is
essential for the lethal effect of the anthrax toxin on macrophages. Protective antigen
(PA) contains the binding domain of anthrax toxin, which binds to a recently identified
receptor on the cell surface and allows translocation of LF or EF into the cell by

endocytosis.
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Evidence that the hu-PBL-SCID system can be used to obtain recall antibody
responses dates from the original publication of the method by Mosier and co-workers.
Mosier et al., Nature 335:256 1988. In this report, tetanus toxoid was administered to
human PBL engrafted mice, and human antibodies to tetanus were found in the serum
post-immunization.  Since this original report, many investigators in various labs
worldwide have used the hu-PBL-SCID system to examine aspects of the human recall
antibody response to multiple antigens. Nonoyama, S. et al., J. Immunol., 151:3894
(1993); Walker, W. et al., Eur. J. Immunol., 25:1425 (1995); Else, K. J., and Betts. C. J.,
Parasite Immunology 19:485 (1997). However, reports describing the generation of
useful monoclonal antibodies from such engrafted mice have been sporadic. Satoh, N. et
al., Immunology Letters 47:113 (1995); Duchosal, M. A. et al., Letters To Nature:258
(1991); Smithson, S. L. et al., Molecular Immunology 36:113 (1999); Coccia, M. A., and
P. Brams, Amer. Assoc. Immunologists:5772 (1998); Nguyen, H. et al., Microbiol.
Immunol. 41:901 (1997); and Uchibayashi, N. et al., Hybridoma 14:313 (1995).

Accordingly, there still remains a need for an effective method to produce human
monoclonal antibodies that are specific to a particular antigen. Moreover, a need for a
human monoclonal antibody specific to the anthrax toxin still remains.

Summary of the Invention

It is an object of several embodiments of the present invention to provide
antibodies that bind to the PA component of the tripartite anthrax exotoxin. These
antibodies will provide protection either as single agents or combined in a cocktail. It is
another object to provide a method to generate a series of fully human anti-anthrax PA
toxin antibodies.

In one embodiment, a fully human monoclonal antibody or fragment thereof is
disclosed, which specifically recognizes at least a portion of an anthrax exotoxin. In one
variation, the portion of an anthrax exotoxin is selected from the group consisting of
protective antigen (PA), lethal factor (LF) and edema factor (EF).

In a preferred embodiment, a fully human immunoglobulin or fragment thereof,
that recognizes at least a portion of an anthrax exotoxin is disclosed, wherein the
immunoglobulin or fragment thereof comprises an immunoglobulin heavy chain
comprising the amino acid sequence shown in FIG. 5. In a variation, the immunoglobulin

or fragment thereof is encoded by the nucleotide sequence shown in FIG. 5.
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In another embodiment, the immunoglobulin or fragment thereof comprises an
immunoglobulin heavy chain comprising CDR1, CDR2, and CDR3; wherein the CDR1 is
comprised of the amino acid sequence, as shown in FIG. §; the CDR2 is comprised of the
amino acid sequence, as shown in FIG. 5; and the CDR3 is comprised of the amino acid
sequence, as shown in FIG. 5. In a variation, the CDR1, CDR2, and CDR3 regions of the
immunoglobulin are encoded by the nucleotide sequences, as shown respectively in FIG.
5.

In another preferred embodiment, a fully human immunoglobulin or fragment
thereof is disclosed, that recognizes at least a portion of an anthrax exotoxin, wherein the
immunoglobulin or fragment thereof comprises an immunoglobulin light chain
comprising the amino acid sequence shown in FIG. 6. In a variation, the immunoglobulin
or fragment thereof is encoded by the nucleotide sequence shown in FIG. 6.

In another embodiment, the immunoglobulin or fragment thereof comprises an
immunoglobulin light chain comprising CDR1, CDR2, and CDR3; wherein the CDR1 is
comprised of the amino acid sequence, as shown in FIG. 6; the CDR2 is comprised of the
amino acid sequence, as shown in FIG. 6; and the CDR3 is comprised of the amino acid
sequence, as shown in FIG. 6. In a variation, the CDR1, CDR2, and CDR3 regions of the
immunoglobglin are encoded by the nucleotide sequences, as shown respectively in FIG.
6.

In one preferred embodiment of the present invention, the fully human
immunoglobulin or fragment thereof is a single chain that recognizes at least a portion of
an anthrax exotoxin.

In one preferred embodiment, a fully human immunoglobulin or fragment thereof
is disclosed, that recognizes at least a portion of an anthrax exotoxin, wherein the
immunoglobulin or fragment thereof comprises an immunoglobulin heavy chain
comprising at least one complementary determining region selected from the group
consisting of CDR1, CDR2 and CDR3; wherein the CDR1 is comprised of the amino acid
sequence, as,shown in FIG. 5; the CDR2 is comprised of the amino acid sequence, as
shown in FIG. §; and the CDR3 is comprised of the amino acid sequence, as shown in
FIG. 5.

In one preferred embodiment, a fully human immunoglobulin or fragment thereof
is disclosed,. that recognizes at least a portion of an anthrax exotoxin, wherein the

immunoglobulin or fragment thereof comprises an immunoglobulin light chain
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comprising at least one complementary determining region selected from the group
consisting of CDR1, CDR2 and CDR3; wherein the CDR1 is comprised of the amino acid
sequence, as shown in FIG. 6; the CDR2 is comprised of the amino acid sequence, as
shown in FIG. 6; and the CDR3 is comprised of the amino acid sequence, as shown in
FIG. 6.

In another preferred embodiment, a fully human immunoglobulin or fragment
thereof is disclosed, that recognizes at least a portion of an anthrax exotoxin, wherein the
immunoglobulin or fragment thereof comprises an immunoglobulin heavy chain or light
chain comprising the amino acid sequence shown in FIG. 8.

In another preferred embodiment, a fully human immunoglobulin or fragment
thereof is disclosed, that recognizes at least a portion of an anthrax exotoxin, wherein said
immunoglobulin or fragment thereof comprises an immunoglobulin heavy chain or light
chain comprising the amino acid sequence shown in FIG. 9.

In aﬁother preferred embodiment, a fully human immunoglobulin or fragment
thereof is disclosed, that recognizes at least a portion of an anthrax exotoxin, wherein said
immunoglobulin or fragment thereof comprises an immunoglobulin heavy chain or light
chain comprising the amino acid sequence shown in FIG. 10.

In acc‘;ordance with other embodiments of the invention the nucleotide sequences
shown respectively in FIG. 5 and FIG. 6 are disclosed. These nucleotide sequences
encode a heavy chain variable region and a light chain variable region, respectively, of a
fully human immunoglobulin or fragment thereof, that recognizes at least a portion of an
anthrax exotoxin.

In accordance with other embodiments of the invention the nucleotide sequences
shown in FIG. 8 are disclosed. These nucleotide sequences encode a heavy chain
variable region and a light chain variable region, respectively, of a fully human
immunoglobulin or fragment thereof, that recognizes at least a portion of an anthrax
exotoxin.

In accordance with other embodiments of the invention the nucleotide sequences
shown in FIG. 9 are disclosed. These nucleotide sequences encode a heavy chain
variable region and a light chain variable region, respectively, of a fully human
immunoglobulin or fragment thereof, that recognizes at least a portion of an anthrax

exotoxin.
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In accordance with other embodiments of the invention the nucleotide sequences
shown in FIG. 10 are disclosed. These nucleotide sequences encode a heavy chain
variable region and a light chain variable region, respectively, of a fully human
immunoglobulin or fragment thereof, that recognizes at least a portion of an anthrax
exotoxin.

In another preferred embodiment of the present invention, a method is disclosed
for generating a fully human monoclonal antibody which specifically recognizes at least a
portion of an anthrax exotoxin. The method comprises administering peripheral blood
mononuclear cells from one or more human donors exposed to anthrax to an immuno-
compromised animal; isolating at least one lymphocytic cell from the animal; and fusing
the at least one lymphocytic cell with a hybridoma fusion partner, thereby generating a
fully human monoclonal antibody.

In variations to the above method, the method may further comprise screening the
generated an;[ibodies; transforming at least a portion of said lymphocytic cells with EBV;
characterizing the animal's immune response using a test bleed; administering one or
more booster injections of anthrax antigen to the animal; administering one or more
injections of anti-CDS8 to the animal; and using a double selection method to select against
undesirable cells, wherein the double selection method comprises using HAT selection or
using ouabain.

In further variations to the method, the human donor is an anthrax-vaccinated
donor and/or the human donor has been inadvertently exposed to anthrax.

In preferred embodiments, the animal is a SCID mouse.

Preferably, the hybridoma fusion partner is derived from a mouse myeloma
MOPC21. In one embodiment, the hybridoma fusion partner is a myeloma. In another
embodiment, the hybridoma fusion partner is P3x63Ag8.653.

In one preferred embodiment, the portion of an anthrax exotoxin is selected from
the group consisting of PA, LF and EF. ‘

In accordance with another preferred embodiment of the invention, a method is
disclosed for, inhibiting the assembly of the protective antigen (PA) of an anthrax
exotoxin on receptors in a human. Preferably, the method comprises administering to
such human the antibody of any of the immunoglobulins or fragments thereof described

above, including those desgjbed in FIGS. §, 6, 8, 9, and 10.
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A pharmaceutical composition for vaccinating a mammal against anthrax is
disclosed in accordance with another embodiment of the invention. The pharmaceutical
composition comprises the fully human monoclonal antibody of any of the
immunoglobulins or fragments thereof described above, including those described in
FIGS. 5,6, 8,9, and 10.

A pharmaceutical composition for treating a mammal exposed to an anthrax
exotoxin is disclosed in accordance with another embodiment of the invention. The
pharmaceutical composition comprises the fully human monoclonal antibody of any of the
immunoglobulins or fragments thereof described above, including those described in
FIGS. 5, 6, 8,9, and 10.

In another embodiment, a method of vaccinating a mammal against anthrax is
disclosed. The method comprises administering to the mammal an immunizing dose of
the fully human monoclonal antibody of any of the immunoglobulins or fragments thereof
described above, including those described in FIGS. 5§, 6, 8, 9, and 10.

A method of treating a mammal exposed to anthrax is also disclosed. The method
comprises administering to the mammal a therapeutic dose of the fully human monoclonal
antibody of any of the immunoglobulins or fragments thereof described above, including
those described in FIGS. 5, 6, 8, 9, and 10.

A method of identifying the presence of anthrax exotoxin in a sample is disclosed
in accordancs: with another embodiment of the present invention. The method comprises
contacting atv least a portion of the sample with the fully human monoclonal antibody of
any of the immunoglobulins or fragments thereof described above, including those
described in FIGS. 5, 6, 8,9, and 10; and determining binding of anthrax exotoxin with
the antibody, wherein the binding is an indicator of the presence anthrax in the sample.

A kit to identify the presence of anthrax exotoxin in a sample is also disclosed.
The kit comprises the fully human monoclonal antibody of any of the immunoglobulins or
fragments thereof described above, including those described in FIGS. 5, 6, 8, 9, and 10;
and an assay system to determine the binding of anthrax exotoxin with the antibody,
wherein the binding is an indicator of the presence anthrax in the sample.

In another preferred embodiment of any of the immunoglobulins or fragments
thereof described above, including those described in FIGS. 5, 6, 8, 9, and 10, the anthrax

exotoxin is tripartite. In a variation, the exotoxin is naturally-occurring or synthetic.
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Brief Description of the Drawings

Figure 1 shows a timeline of the engraftment of SCID mice with human PBMC
from anthrax-vaccinated donors.

Figures 2A-H show anti-anthrax toxin levels in donor plasma compared to the
engrafted mice.

Figure 3 shows testing of the presence of neutralizing PA bioactivity in donor and
HuPBL-SCID engrafted mice sera.

Figure 4 shows a dose-response curve of the inhibition of anthrax PA toxin
bioactivity with 21D9 MAD.

Figure 5 shows the full nucleotide sequence and amino acid sequence of the 21D9
MAD heavy chain variable region.

Figur:e 6 shows the full nucleotide sequence and amino acid sequence of the 21D9
MAD light chain variable region.

Figure 7 shows survival data in a rat protection model.

Figuré 8 shows the full nucleotide sequence and amino acid sequence of the 1C6
Mab VH and VK chain variable regions.

Figure 9 shows the full nucleotide sequence and amino acid sequence of the 4H7
Mab VH and. VL chain variable regions.

Figure 10 shows the full nucleotide sequence and amino acid sequence of the
22G12 Mab VH and VL chain variable regions.

Detailed Description of the Preferred Embodiment

Antibodies which bind to one or more components of the tripartite anthrax
exotoxin, the methods of making said antibodies, and the methods of using said
antibodies are provided. In several embodiments, the antibodies provide protection either
as single agents or combined in a cocktail. Anthrax, as defined herein, shall be given its
ordinary meaning and shall also include the tripartite anthrax toxin, synthetic or naturally-
occurring, and shall also be defined broadly to include one or more of the following
components, synthetic or naturally-occurring: protective antigen (PA), lethal factor (LF)
and edema factor (EF). Thus, antibodies to “anthrax” shall include antibodies to any
portion of one or more components of the anthrax toxin. Moreover, as used herein, the

TR I I
a

singular forms an”, and “the” include plural reference, unless the context clearly

dictates otherwise. Thus, for example, a reference to “a host cell” includes a plurality of

-7-
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such host cells, and a reference to “an antibody” is a reference to one or more antibodies
and equivalents thereof known to those skilled in the art.

As shown generally in FIG. 1, in one embodiment, a method of preparing a fully
human monoclonal antibody which specifically recognizes at least a portion of the
protective antigen (PA) of an anthrax exotoxin is provided. In one embodiment, this
method includes obtaining peripheral blood mononuclear cells from human donors.
After obtaining the peripheral blood mononuclear cells from donors, the blood cells are
administered to an immuno-compromised animal. The lymphocytic cells are isolated and
fused with a hybridoma fusion partner.

In a preferred embodiment, blood cells from donors who have been exposed to
anthrax are obtained. Such exposure may have occurred naturally through exposure, or
may have occurred by vaccination. Moreover, in one embodiment, exposure may have
occurred decades, years or days prior to obtaining the donor’s blood cells. In one
embodiment, the “memory” of said exposure is captured or recalled and is selectably
expanded by immunizing the engrafted SCID mice. Thus, in a preferred embodiment,
said recall technology is used to generate human monoclonal antibodies. In one
embodiment, the human donor has been vaccinated against anthrax. The use of human
blood cells that have been “pre-exposed” to anthrax, or another target antigen, yields
surprising and unexpected advantages. These advantages-include the generation of
antibodies with higher affinity, higher specificity, and more potent neutralization
capabilities.

In another embodiment, unexposed or naive blood cells are used. In one
embodiment, the unexposed blood cells are exposed to anthrax ex vivo or in vitro, prior to
engraftment in the immuno-deficient mouse. Thus, said initially unexposed cells are
transformed into exposed cells and can be used in accordance with the recall technology
described above.

In a preferred embodiment, peripheral blood mononuclear cells are obtained from
a donor. In another embodiment, other cell types are obtained, including but not limited
to lymphocytes, splenocytes, bone marrow, lymph node cells, and immune cells.

In one embodiment, the blood cells are administered to an immuno-compromised
or immuno-deficient animal. In one embodiment, the animal is a SCID mouse.

In one aspect of the invention, the animal’s immune response is characterized

using a test bleed. In another embodiment, the generated antibodies are screened and
-8-
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isolated. In yet another embodiment, the lymphocytic cells are transformed with EBV. In
one embodiment, one or more booster injections of anthrax antigen are administered to
the immuno-compromised animal. In another embodiment, one or more injections of
anti-human CD8 is administered to the animal. In yet another aspect, a double selection
method to select against undesirable cells is used, including, but not limited to using HAT
and ouabain. In one embodiment of the present invention, the hybridoma fusion partner is
the mouse myeloma P3x63Ag8.653. In another embodiment of the present invention, the
hybridoma fusion partner is derived from the mouse myeloma P3x63Ag8.653.

In one embodiment of the present invention, a series of human anti-anthrax PA
toxin antibodies is provided. In one embodiment, a monoclonal antibody (1J8:21D9, or
“21D9”) is provided. As illustrated in FIG. 4, antibody 21D9 was effective in RAW cell
assays in tokic inhibition. Antibody 21D9 was also shown to protect in vitro a mouse
macrophage ‘cell line from toxin challenge. The ICsp of 21D9 was found to be in the
picomolar range and in approximately equimolar stoichiometry with the input PA toxin.
The equilibrium dissociation constant (Kg) as determined - by BiaCore analysis revealed
this embodiment to bind antigen with high affinity in the picomolar range. Deduced
amino acid sequence from the 21D9 hybridoma heavy and light chain ¢DNA allowed
assignment to known VH and VL gene families, aithough significant mutation away from
these germline sequences was also observed thereby indicating the occurrence of somatic
hypermutation. In one embodiment, the mechanism by which 21D9 provides protection
is also provided. Antibody 21D9, and other antibodies described herein, can be used for
human use in vivo for prophylaxis and treatment of Anthrax Class A biowarfare toxins.
Thus, in several embodiments, a method for preventing anthrax infection is provided. In
one embodiment, a method for vaccinating mammals to prevent anthrax infection is
provided. In a further embodiment, a method to treat mammals who have been exposed
to anthrax is provided.

In one embodiment, antibody 22G12, and methods of making and using same, are
provided. In another embodiment, antibody 1C6, and methods of making and using same,
are provided In a further embodiment, antibody 4H7, and methods of making and using
same, are provided.

Preferred embodiments provide a fully human monoclonal antibody that
specifically binds to a component of an anthrax exotoxin or combinations of components

thereof. The anthrax exotoxin can be in tripartite form; and the anthrax toxin can be
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naturally-occurring or synthetic. In a tripartite form, the anthrax exotoxin comprises
protective antigen (PA), edema factor (EF), and lethal factor (LF).

In preferred embodiments, a monoclonal antibody is produced by rescuing the
genes encoding antibody variable region from the antibody-producing cells and
establishing stable recombinant cell lines producing whole IgG/kappa or IgG/lambda. In
one embodiment, antibody-producing cells recovered from the immunized animal are
subjected to cell fusion with an appropriate fusion partner. The resulting hybridomas are
then screened in terms of the activity of the produced antibodies. The hybridomas
subjected to selection are screened first in terms of the binding activity to a component of
the tripartite anthrax exotoxin. In one embodiment, the hybridomas are selected based on
ability to bind to PA, LF and/or EF proteins in an immunoassay, such as an ELISA test
and also a bioassay. In one embodiment, the hybridoma shows protection in the bioassay.
The cells from positive wells are used to isolate mRNA. From the mRNA, cDNA is
reverse transcribed. Using either primers for the CH1 domain or the frame work 4 of the
light chains and reverse primers the variable domains are PCR amplified.

In one embodiment, the amino acid sequences constituting the variable regions of
the antibodies having a desired binding activity to PA, LF and/or EF and the nucleotide
sequences encoding the same is provided. Several embodiments provide immunoglobulin
variable regions containing the amino acid and nucleotide sequences shown in FIGS. 5, 6,
8,9, and 10. FIG. S shows the nucleotide sequence and amino acid sequence of the 21D9
MADb heavy chain variable region. FIG. 6 shows the 1 nucleotide sequence and amino
acid sequence of the 21D9 MAD light chain variable region. In a further embodiment,
cDNA encoding the immunoglobulin variable regions containing the nucleotide
sequences shown in FIG. 5 and FIG. 6 is provided. In one embodiment, these amino
acid sequences or cDNA nucleotide sequences are not necessarily identical but may vary
so long as the specific binding activity to PA, LF and/or EF is maintained. In another
embodiment, variation in nucleotide sequence is accommodated. As will be later
described, in several embodiments, the site corresponding to CDR is highly variable. In
the CDR region, even entire amino acids may vary on some occasions.

In one embodiment, each immunoglobulin molecule consists of heavy chains
having a larger molecular weight and light chains having a smaller molecular weight. The
heavy and light chains each carries a region called “a variable region” in about 110 amino

acid residues at the N-terminus, which are different between the molecules. Variable
-10-
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regions of a heavy chain and a light chain are designated VH and VL, respectively. The
antigen—binding site is formed by forming a dimer through electrostatic interaction
between the heavy chain variable region VH and the light chain variable region VL. The
variable region consists of three complementarity determining regions (CDRs) and four
frameworks. The CDR forms a complementary steric structure with the antigen molecule
and determines the specificity of the antibody. The three CDRs inserted between the four
framework regions (FRs) are present like a mosaic in the variable region (E. A. Kabat et
al., Sequences of proteins of immunological interest, vol. I, 5th edition, NIH Publication,
1991). The amino acid sequences of FRs are well conserved, but those of CDR are highly
variable and may thus be called hypervariable regions. Among the amino acid sequences
of the antibody specifically recognizing PA, LF and/or EF, a CDR that determines the
binding activity to antigens is provided in some embodiments. Preferred embodiments
provide CDRs shown in FIG. § and FIG. 6 and labeled accordingly on the figures.

The ¢cDNAs bearing the nucleotide sequences coding the variable regions in
immunoglobulin molecules can be cloned from hybridomas that produce the monoclonal
antibody to PA, LF and/or EF of the tripartite anthrax exotoxin. To amplify the
sequences, PCR can be performed. To identify active clones, ELISA can be used to
determine binding to PA, LF and/or EF of the tripartite anthrax exotoxin. Further studies
on affinities of an antibody that can bind to PA, LF and/or EF of the tripartite anthrax
exotoxin can be determined with kinetic and thermodynamic studies using apparatus, such
as BiaCore (Biacore, Piscataway, NJ) surface plasmon resonance apparatus for measuring
binding affinity and binding kinetics. Thus, in one embodiment, specific cDNA
sequences are provided.

In one embodiment, a monoclonal antibody that can block oligomerization of the
PA component of anthrax exotoxin is provided. Accordingly, a monoclonal antibody of
preferred embodiments can have preventive or therapeutic uses. A preferred monoclonal
antibody can be used in a pharmaceutical composition as a vaccination for a mammal
against anthrax or as a treatment for a mammal exposed to anthrax exotoxin.
Accordingly, preferred embodiments provide methods of vaccinating a mammal against
anthrax and/or treating a mammal exposed to anthrax.

A monoclonal antibody of several embodiments can be administered as a
pharmaceutical composition. Thus, in one embodiment, the antibody can be administered

by several different routes, including but not limited to: orally, parenterally and topically.
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The term “parenterally”, as used herein, shall be given its ordinary meaning and shall also
include subcﬁtaneous, intravenous, intraarterial, injection or infusion techniques, without
limitation. The term “topically”, as used herein, shall be given its ordinary meaning and
shall also eﬁcompasses administration rectally and by inhalation spray, as well as the
more common routes of the skin and the mucous membranes of the mouth and nose. One
skilled in the art will understand the appropriate dosage to be administered. Actual
dosage levels of preferred antibody in a pharmaceutical composition may be varied so as
to administef an amount of a preferred antibody that is effective to achieve the desired
therapeutic response for a particular patient. The selected dosage level will depend upon
the activity of the particular compound, the route of administration, the severity of the
condition bei,'ng treated, and the condition and prior medical history of the patient being
treated. However, it is within the skill of the art to start doses of the compound at levels
lower than required to achieve the desired therapeutic effect and to gradually increase the
dosage until the desired effect is achieved. If desired, the effective daily dose may be
divided into multiple doses for purposes of administration, e.g., two to four separate doses
per day. It will be understood, however, that the specific dose level for any particular
patient will depend upon a variety of factors including the body weight, general health,
diet, time and route of administration, combination with other drugs and the severity of
the particular disease being treated. According to several embodiments of the present
invention, the pharmaceutical formulation can be in a variety of forms, including, but not
limited to, injectable fluids, suppositories, powder, tablets, capsules, syrups, suspensions,
liquids and elixirs.

Preferred embodiments of the present invention provide a kit for identifying the
presence of anthrax exotoxin in a sample. In a preferred kit, there is a monoclonal
antibody which specifically recognizes at least a portion of a component of an anthrax
exotoxin. A sample is contacted with a monoclonal antibody which specifically
recognizes at least a portion of a component of an anthrax exotoxin. If an anthrax
exotoxin is present, then the binding of the anthrax exotoxin with the monoclonal
antibody can be determined.

The disclosure below is of specific examples setting forth preferred methods for
making compounds according to several embodiments of the present invention. These
examples are not intended to limit the scope, but rather to exemplify preferred

embodiments, For example, although the following examples describe the generation of
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antibodies to anthrax, antibodies to other antigens can also be made by following the
examples set forth below. Various adaptations and modifications to adapt the protocols
described herein will be understood by those skilled in the art.
“" EXAMPLE 1
INDIRECT ELISA

Flat bottom microtiter plates (Nunc F96 Maxisorp) were coated with 50ul of
Bacillus anthracis Protective Antigen (PA) and Lethal Factor (LF)(List Biological
Laboratories.(City, State)) at a concentration of 1ug/mL in PBS overnight at 4°C. Plates
were washed four times with PBS with Tween 20 at 0.1% and 50 pl of diluted sera was
added to the wells for one hour at room temperature. Plates were washed as before and
50ul of secondary antibody, Goat anti-Human IgG, Fcy specific, -HRP (Jackson Immuno
Research 109-036-098) or Goat anti-Human IgM, FeSp specific, -HRP (Jackson Immuno
Research 109-036-043) added and incubated for one hour at room temperature. After
another wash step, 100puL of a substrate solution containing 0.4mg/mL. OPD (O-
phenlenediamine dihydrochloride) in citrate buffer (.025 M at pH 5.0) was added; after 15
minutes, 25@1 of 3N HCI was added to stop the reaction and plates were then read on a
Microplate reader (VersaMax, Molecular Devices, Sunnyvale, CA) at 490 nm.

EXAMPLE 2
RAW 264.7 CELL LINE IN VITRO BIOASSAY

[0038] The presence of neutralizing (protective) antibody to anthrax toxins PA
and or LF in the antisera were determined using an in vitro protection bioassay with the
mouse macrophage RAW 264.7 target cell line. Hanna, P. et al., Microbiology 90:10198
(1993). PA (100 ng/ml) and LF (50 ng/ml) were pre-incubated with the indicated
dilutions of antiserum for 30 minutes at 37°C in a working volume of 100 ul of DMEM
medium supplemented with 10% fetal calf serum, 2 mM L-glutamine, 100 IU/ml
penicillin and 100pg/ml streptomycin. This 100ul volume was subsequently transferred
into a 96 well flat bottom tissue culture plate containing 1x10* RAW 264.7 cells/well in
100 pl of the same medium. The culture was incubated for 3 hours at 37°C. The wells
were washed twice with media. The Residual attached cells were lysed and the released
Lactate dehydrogenase (LDH) levels were measured using a  CytoTox 96 Kkit
(Cat#PAG1780 Promega, Madison, WI). Briefly, 10 ul Lysis Solution was added to 100

pl media per well and the mix Incubated 45 minutes in a humidified chamber at 37C, 5%
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CO2. An aliquot of the lysed material (50 pl ) was transferred to a new plate and 50 pl
assay buffer added. The plate was incubated for 30 minutes. Prior to adding 50 ul stop
solution. The plates were read at 490 nm using a Tecan Spectra Fluor (Zurich,
Switzerland) reader.
EXAMPLE 3
ENGRAFTMENT OF SCID MICE WITH HUMAN PBMC FROM ANTHRAX-
VACCINATED DONORS

Peripheral blood mononuclear cells were enriched from whole blood of anthrax-
vaccinated donors by density gradient using Histopaque, 1077-1 (Sigma, St. Louis, MO).
One of skill in the art will understand that other types of cells can also be used in
accordance with several embodiments of the present invention. Typically, one unit of
blood from donors was obtained. Female SCID/bg 12 week old mice were each engrafted
(via i.p. inoculation) with 2.5¢7 isolated human PBMC. They were treated concomitantly
1.p. with a volume of conditioned medium from the OKT8 mouse hybridoma grown in
Ex-cell 620 hybridoma serum free medium (JRH, KS) and 2mM L-glutamine which
contained 0.2 mg of the anti-CD8 antibody (used directly without further purification).
The mice were immunized with a combination of PA and LF (i.p.) 2pg each adsorbed to
Alum (Imject®, Pierce, Rockford, IL) and subsequently boosted (i.p.) on day 7, 19 and
day 26. Mice were inoculated with 0.5 ml of EBV obtained from spent conditioned
culture medium of the B95-8 marmoset cell line on day 7. Test bleeds were obtained
from the orbital sinus on days 14 and 29. Two consecutive i.p. and iv boosts with PA and
LF were administered (5 pg via each route on day 40 and 41, both in saline) prior to
harvesting cells for fusion on day 42, also at which time an additional test bleed sample
was obtained.

EXAMPLE 4
GENERATION OF HUMAN HYBRIDOMAS

Splenocytes, as well as large cell lymphomas (LCL) tumors were harvested on day

42 from those mice showing positive test bleeds in indirect ELISA. Human hybridomas
were generated from these in separate fusions using a murine myeloma P3x63Ag8.653
with PEG-1500 (Sigma, St. Louis, MO) as described by Kearney JF, Radbruch A,
Liesegang B, Rajewski K (1979, with the modification that the
P3x63Ag8.653:lymphocyte ratio for fusion was between 1:3-1:5. A mouse myeloma cell
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line that has lost immunoglobulin expression, but permits the construction of antibody-
secreting hybridoma cell lines. J Immunol 123: 1548-1558.

Although P3x63ag8.653 was used in this exemplary method, one skilled in the art
will understand that several fusion partners can be used in accordance with various
embodiments of the current invention, including, but not limited to, cells derived from the
mouse myeloma MOPC21, triomas, etc. Double selection to select against the EBV-LCL
and the unfused P3x63ag8.653 fusion partner was carried out using a combination of
HAT selection and ouabain. A concentration of 8 uM ouabain (Sigma, St. Louis, MO)
was used. One skilled in the art will appreciate that other poisons or toxins that interfere
with the Na+/K+ ATPase can also be used in accordance with several embodiments of the
present invention. In addition, one skilled in the art will understand that other selection
methods can also be used.

EXAMPLE 5
TREATMENT AND SUBCLONING OF 21D9 HYBRIDOMA CELLS

16 days after fusion, hybridoma supernatants from 96 well plates were tested in
indirect ELISA. Approximately 17 out of 1248 wells (13 plates) showed an initial
positive ELISA signal on PA. All of them were chosen for further analysis and were
subcloned at 5 cells/well on a feeder layer of irradiated NHLF (Cat# CC-2512, Cambrix,
Baltimore, MD) in RPMI (Omega, San Diego, CA) supplemented with 10% FBS, 20%
hybridoma cloning factor (IGEN, Gaithersboug, MD), Sng/ml human IL6 (I-188, Leico),
Ix HT (Sigma), 1x Vitamins (Omega), 1x Sodium pyruvate (Omega), 1x NEAA
(Omega), 2x L-glutamine (Omega) and without antibiotics. The subcloning plates were
tested in indirect ELISA after 10 days. Individual colonies from highly positive wells
were hand-picked under a microscope using Pasteur pipets drawn out to fine points. After
2 weeks, individually picked clones were retested in indirect ELISA. Positive cells were
recovered and the transcript mRNA encoding the immunoglobulins were reverse
transcribed to form cDNA. Although the methodology for antibody 21D9 is described
herein, one of skill in the art will understand that the exemplary methodology described
herein can also be used to make and test the other antibodies described and claimed

herein.
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EXAMPLE 6
VARIABLE REGION 21D9 IGG AND IGK cDNA CLONING AND EXPRESSION
Total RNA was prepared from specific ELISA positive hybridomas using RNeasy
Mini Kit (Qiagen, Valencia, CA). Mixture of VH and VL ¢cDNAs were synthesized and

amplified in a same tube using One-Step RT-PCR Kit (Qiagen, Valencia, CA). Cycling
parameters were 50 °C for 35min, 95 °C for 15min, 35 cycles of 94°C for 30 sec, 52 °C for
20 sec and 72 °C for 1 min 15sec, and 72 °C for Smin.

Primers were used for RT-PCR. These primers used for RT-PCR were:

For VHy
Forward
a. CVH2 TGCCAGRTCACCTTGARGGAG
b. CVH3 TGCSARGTGCAGCTGKTGGAG
c. CVH4 TGCCAGSTGCAGCTRCAGSAG
d. CVH6 - TGCCAGGTACAGCTGCAGCAG
e. CVH1257 TGCCAGGTGCAGCTGGTGSARTC

Reverse (located at 5° of CHI region)

a. Cyll GCCAGGGGGAAGACSGATG

For VLk
Forward
a. VKIF GACATCCRGDTGACCCAGTCTCC
b. VK36F . GAAATTGTRWTGACRCAGTCTCC
c. VK2346F GATRTTGTGMTGACBCAGWCTCC
d. VKSF GAAACGACACTCACGCAGTCTC

Reverse (located in constant region)

a. Ck543 GTTTCTCGTAGTCTGCTTTGCTCA
For VLA

Forward

a. VL1 CAGTCTGTGYTGACGCAGCCGCC

b. VL2 CAGTCTGYYCTGAYTCAGCCT
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c. VL3 TCCTATGAGCTGAYRCAGCYACC
d. VL1459 CAGCCTGTGCTGACTCARYC
e. VL78 CAGDCTGTGGTGACYCAGGAGCC

f. VL6 AATTTTATGCTGACTCAGCCCC

Reverse (located in constant region)

a. CL2 AGCTCCTCAGAGGAGGGYGG

The RT-PCR was followed by nested PCR with High Fidelity Platinum PCR Mix
(Invitrogen, Carlsbad, CA). A micro liter of RT-PCR products was used for VHy, VL or
VLA specific cDNA amplification in the separate tube. At substantially the same time,
restriction enzyme sites were introduced at both ends. Cycling parameters were 1 cycle of
94°C for 2 minutes, 6 °C for 30 seconds and 68°C for 45 seconds, 35 cycles of 94°C for
40 sseconds, 54 °C for 25 seconds and 68°C for 45 seconds, and 68°C for 5 minutes.

Each specific PCR product was separately purified, digested with restriction
enzymes, and subcloned into appropriate mammalian full-length Ig expression vectors as
described below.

EXAMPLE 7
SUBCLONING INTO VECTORS

Primers for nested PCR were used. These primers were as follows:

For VH y
Forward (adding BsrGI site at 5’ end)
a. BsrGIVHF2 AAAATGTACAGTGCCAGRTCACCTTGARGGAG
b. BstGIVHF3 AAAATGTACAGTGCSARGTGCAGCTGKTGGAG
c. BsrGIVHF4 AAAATGTACAGTGCCAGSTGCAGCTRCAGSAG
d. BsrGIVHF6 AAAATGTACAGTGCCAGGTACAGCTGCAGCAG

e. BstGIVHF1257 AAAATGTACAGTGCCAGGTGCAGCTGGTGSARTC

Reverse (including native Apal site)

a.CyER GACSGATGGGCCCTTGGTGGA
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VHyPCR products are digested with BstG I and Apa I and ligated into pEEG1.1

vector that is linearlized by Spl I and Apa, I double digestion.

For VLx
Forward (adding Agel site, Cys and Asp at 5’end)
a. AgelVKIF TTTTACCGGTGTGACATCCRGDTGACCCAGTCTCC
b. AgeIVK36F TTTTACCGGTGTGAAATTGTRWTGACRCAGTCTCC
c. AgeIVK2346F TTTTACCGGTGTGATRTTGTGMTGACBCAGWCTCC
d. AgelVKSF TTTTACCGGTGTGAAACGACACTCACGCAGTCTC

Reverse (adding Spll site, located between FR4 and 5’ of constsnt region)
a. SplKFR4R12 TTTCGTACGTTTGAYYTCCASCTTGGTCCCYTG

b. SpIKFR4R3 TTTCGTACGTTTSAKATCCACTTTGGTCCCAGG
c. SpIKFR4R4 TTTCGTACGTTTGATCTCCACCTTGGTCCCTCC
d. SpIKFR4R5 TTTCGTACGTTTAATCTCCAGTCGTGTCCCTTG

VL PCR products are digested with Age I and Spl I and ligated into pEEKI.1

vector linearlized by Xma I and Spl I double digestion.

For VLA
Forward (adding Apal site at 5’ end)
a. Apal VLI ATATGGGCCCAGTCTGTGYTGACGCAGCCGCC
b. ApalVL2 ATATGGGCCCAGTCTGYYCTGAYTCAGCCT
c. ApalVL3 ATATGGGCCCAGTATGAGCTGAYRCAGCYACC
d. ApalVL1459 ATATGGGCCCAGCCTGTGCTGACTCARYC
e. ApalVL78 ATATGGGCCCAGDCTGTGGTGACYCAGGAGCC
f. ApalVL6 ATATGGGCCCAGTTTTATGCTGACTCAGCCCC

Reverse (adding Avr I site, located between FR4 and 5’ of constant region)
a. AvrllVLIIR  TTTCCTAGGACGGTGACCTTGGTCCCAGT
b. AvrllVL237IR  TTTCCTAGGACGGTCAGCTTGGTSCCTCCKCCG

c. AvrlIVL6IR TTTCCTAGGACGGTCACCTTGGTGCCACT
-18-
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d. AvilIVLmixIR ~ TTTCCTAGGACGGTCARCTKGGTBCCTCC

VLAPCR products are digested with Apa I and Avr II and ligated into pEELg
vector linearlized by Apa I and Avr II double digestion. The positive clones were
identified after transient co-transfection by determining expression in the supernatants by
indirect ELISA on PA coated plates. CHO K1 cells were transfected with different
combinations of IgG and IgK cDNAs using Lipofectamine-2000 (Invitrogen, Carlsbad,
CA). The supernatants were harvested about 48 hours to about 72 hours after
transfection. Multiple positive clones were sequenced with the ABI 3700 automatic
sequencer (Applied Biosystems, Foster City, CA) and analyzed with Sequencher v4.1.4
software (Gene Codes, Ann Arbor, MI).

EXAMPLE 8
STABLE CELL LINE ESTABLISHMENT

Ig heavy chain or light chain expression vector were double digested with Not I
and Sal L, and then both fragments were ligated to form a double gene expression vector.
CHO-K1 cel:ls in 6 well-plate were transfected with the double gene expression vector
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA). After 24 hrs transfection cells were
transferred to 10 c¢cm dish with selection medium (D.MEM supplemented with 10%
dialyzed FBS, 50 uM L-methionine sulphoximine (MSX), penicillin/streptomycin, GS
supplement).A Two weeks later MSX resistant transfectants were isolated and expanded.
Anti-PA antibody high producing clones were selected by measuring the supernatant with
PA specific ELISA assay. MSX concentration was increased from 50 uM to 100 uM to
enhance the antibody productivity.

EXAMPLE 9
SERUM FREE ADAPTATION PROCEDURE

Cells were thawed out from liquid nitrogen storage, the cells were in 10% FBS in
ExCell 302 Serum Free Medium (JRH, cat# 14312-1000M) with Ix GS (JRH, cat#
58672-100M) and 25-100mM L-Methionine Sulphoximine(Sigma, cat.# M5379). Cells
were treated with trypsin (OMEGA, cat.# TE-91) and split by 1:5. The culture medium
was switched to 5% FBS containing media and the cells cultured 2 days. When the cells
adapted to growing in 5% FBS containing media, the media was changed to 100% of
serum free media + 2.5% di FBS for 1-2 days, then to 100% of serum free media. At this

point, the cells were in suspension. The cells were expanded from to Integra flasks for
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small scale production in serum free media. Purification was carried out by filtering the
spent culture media through a 0.2p filter and then loaded directly to a HiTrap Protein A
column (Pharmacia), followed by washing with 20 mM Sodium phosphate pH 7.4, and
the antibody eluted with 0.1M glycine HCI pH3.4 and immediately neutralized with 1/10
volume of 1M Tris-HCl pH 8.0. The fraction protein content was determined by
absorbance at 280 nm, the fractions containing antibody were pooled and dialyzed against
phosphate buffered saline pH 7.4 (2x 500 volumes) and filter sterilized through 0.2 p
filter. The antibody was further characterized by SDS-PAGE and the purity exceeded
95%.
EXAMPLE 10
AFFINITY DETERMINATIONS

Affinity constants were determined using the principal of surface plasmon
resonance (SAPR) with a Biacore 3000 (Biacore Inc.). A Biacore CMS chip was used
with affinity purified goat anti-human IgG+A+M (Jackson ImmunoResearch) conjugated
to two flowcells of the CM5 chip according to manufacturer’s instructions. An optimal
concentration of an antibody preparation is first introduced into one of the two flowcells,
and is captured by the anti-human Ig. Next, a defined concentration of antigen is
introduced into both flowcells for a defined period of time, using the flowcell without
antibody as a reference signal. As antigen binds to the captured antibody of interest, there
is a change in the SPR signal, which is proportional to the amount of antigen bound.
After a defined period of time, antigen solution is replaced with buffer, and dissociation
of the antigen from the antibody is then measured, again by the SPR signal. Curve-fitting
software provided by Biacore generates estimates of the association and dissociation rates,
and affinities.

The results from this study are summarized in Table 1, below. The equilibrium
dissociation constant (Kg4) for recombinant form of the 21D9 MAb was determined by
BiaCore analyses. The rate constants k,, and ko were evaluated directly from the

sensogram in the BiaCore analysis and the K4 was deduced.
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- Dissociation | Association | Dissociation
Antibody Constant Rate Rate
(Ko) M (Kon) (Kotf)
AVP-21D9 8.21 x 10™" 1.80 x 10° 1.48 x 10°°
AVP-1C6 7.11x 107 1.85 x 10° 1.31 x10*
AVP-4H7 1.41 x 10™° 1.74 x 10° 2.45x10°
AVP-22G12 5.12x 107" 1.01 x 10° 517 x 10

Table 1. Aﬁ”mity determination of antibody 21D9 and other antibodies on PA (83 Kd)

EXAMPLE 11
HUMAN IGG QUANTIFICATION BY IMMUNOENZYMETRIC ASSAY

Flat bottom microtiter plates (Nunc F96 Maxisorp) were coated overnight at 4°C
with 50ul of Goat anti-Human IgG, Fcy specific, (cat# 109-005-098, Jackson Immuno
Research, West Grove, Pennsylvania) at 1ug/mL in PBS. Plates were washed four times
with PBS-0.1% Tween 20. Meanwhile, in a separate preparation plate, dilutions of
standards (in duplo) and unknowns were prepared in 100 pl volume of PBS with 1 mg/ml
BSA. A pufiﬁed monoclonal human IgG1K myeloma protein (cat# [-5154 Sigma, St.
Louis, MO) was used as the standard and a different IgG1K myeloma protein (Athens
Research, Athens, Georgia) served as an internal calibrator for comparison. Diluted test
samples (50 j1l) were transferred to the wells of the assay plate and incubated for one hour
at room temperature. Plates were washed as before and 50 pl of the detecting antibody
(1:4000 in PBS with Img/ml BSA.) Goat anti-Human Kappa-HRP (Cat. # 2060-05
Southern Biotechnology Associates, Inc., Birmingham, Alabama) was added and
incubated for one hour at room temperature. After another wash step, 100 pL of a
substrate solution containing 0.4 mg/mL OPD (O-phenlenediamine dihydrochloride) in
citrate buffer (.025 M at pH 5.0) was added. Following a 15 minute substrate incubation,
25ul of 3N HCl stop solution was added and plates were read on a Microplate reader
(VersaMax, Molecular Devices, Sunnyvale, Ca) at 490 nm. Unknowns were interpolated

from standard curve values using SoftMaxPro v 4.0 software (Sunnyvale, CA).
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EXAMPLE 12
RESULTS

Testbleeds from mice engrafted with human PBMC from an anthrax-vaccinated
donor and further boosted via immunization in vivo were obtained. FIG. 2A-H shows
comparison results of the anti-anthrax toxin levels in the donor plasma as compared to the
sera of engrafted mice. FIG. 2A-H shows that the mouse sera level of functional
immunoreactive (Indirect ELISA) antibody is considerably greater higher than that
observed in the donor. A range of levels of immunoreactive antibody was observed in the
engrafted mice. Test bleeds from engrafted mice were also evaluated for the presence of
anti-PA/LF protective antibody in the mouse macrophage RAW cell bioassay (Figure 3).
In this bioassay, the translocation of PA/LF complex into the cell triggers signal
transductionvevents (MAPKK mediated) that lead to cell death, and a lower bioassay
signal. The presence of protective antibody reverses this. The original donor plasma did
not appear to contain detectable levels of protective antibody (even when tested at a lower
dilution) in comparison with the engrafted mice. Both the increase in immunoreactive
(ELISA) antibody and the appearance of seroprotection in the engrafted mice show the
amplification of a seroprotective immune response to anthrax toxin elicited by repeated
immunization of human PBMC-engrafted SCID mice. In one embodiment, the presence
of appropriate seropositivity is one preferred criterion for selecting appropriate animals
for fusion to generate human hybridomas.

A series of 14 individual fusions was carried out with cells obtained from various
compartments (either peritoneal wash (PW), spleen (SP), or LCL tumors (TU) within the
peritoneal cavity) of the engrafted mice. In several fusions, the cells were pooled from
several engrafted mice determined to be producing specific anti-anthrax toxin antisera by
Indirect ELISVA and RAW Cell bioassay prior to fusion. A summary of the fusion results

is shown in Table 2.
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Cell Positive
Plate # Mouse # Sources Partner Wells Subcloned

4034/35/37/38/40/

1 41 PW P3X 0 -
4034/35/37/38/40/

2 41 PW P3X 0 -
4034/35/37/38/40/

3 41 PW P3X 0 -

4 4037/38 SP P3X 0 -

5 4034/45 SP P3X 6 +

6 4034/45 SP P3X 10 +

7 4035/40 SP P3X 0 -

8 4035/40 SP P3X 0 -

9 4035/40 SP P3X 0 -

10 4035/40 SP P3X 0 -

11 4035/40 SP P3X 1 +

12 4035/38/40 TU P3X 0 -

13 4035/38/40 TU P3X 0 -

14 4034/45 TU P3X 0 -

Table 2 Origin of resulting hybridomas obtained
in 1J-8 Anti-Anthrax Toxin Study

Hybridomas were initially selected based on ability to bind to PA (83kD) protein
adsorbed to polystyrene microtiter plate wells in an indirect ELISA. A wide range of
values for the relative amount of specific anti-PA antibody in the supernatants was
observed. In parallel, each of the supernatants was tested individually at a in the Anthrax
toxin protection RAW cell bioassay.

A dose-response curve of hybridoma-derived 21D9 in the RAW cell bioassay was
used to evaluate the effective in vitro ICsy protective concentration using a cocktail of the
PA (83kD) and LF toxins. An antibody ICsy of 0.21nM was observed (FIG. 5).

The 21D9 antibody was found to bind to the intact (83kD) form as well as the
cleaved (63kD) form of the PA toxin, but to a lesser degree the heptamer using BiaCore
(Pharmacia, Peapack, NJ). Additionally, there was no evidence that the antibody was able
to inhibit LF binding to PA (63 kD) heptamer as determined by sequential incubations in
the BiaCore. This finding potentially implicates the domain 2 on the PA toxin as the
epitope blocked by this antibody.

The nucleotide sequences of the 21D9 MAb heavy and light chains variable
regions were determined (FIG. 5 and FIG. 6).

The alignment of variable regions using V BASE DNAPLOT software (18)
showed that 21D9 heavy chain used VH gene from VH3 family (3-43 locus), D region
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segment 6-19 (in first reading frame) with N region addition and JH4b. 21D9 light chain
was from VKI family (L12 locus), and used JKI1 region segment. The number of
mutations from most closely related germline were 26 (heavy chain) and 14 (light chain).
Comparisons with germline V genes suggest that the 21D9 V regions had undergone
extensive somatic mutations characteristic of an Ag-driven immune response.
EXAMPLE 11
HUMAN MONOCLONAL ANTIBODIES FROM IMMUNIZED DONORS ARE
PROTECTIVE AGAINST ANTHRAX LETHAL TOXIN IN VIVO.

‘Anthrax exotoxins, the dominant virulence factors produced by Bacillus anthracis
are a tripartite combination of protective antigen (PA), lethal factor (LF) and edema factor
(EF). These toxins are thought to have a critical role in anthrax pathogenesis; initially to
impair the .immune system, permitting the anthrax bacterium to evade immune
surveillance to disseminate and reach high concentrations; and later in the infection the
toxins may contribute directly to death in the host animals including humans. Antibodies
that neutralize the PA component of the exotoxin could provide an effective protection
from anthrax toxin exposure, early and potentially late in the infection. In one
embodiment, the generation of a panel of very potent fully human anti-PA neutralizing
antibodies derived from PBMCs obtained from vaccinated donors is provided.

The antibodies were generated through the combined use of in vivo immunization
of SCID mice reconstituted with human PBMC (U.S. Patent Nos. 5,476,996 5,698,767
5,811,524, 5,958,765, 6,413,771, 6,537,809), subsequent recovery of human B cells
expressing anti-PA antibodies and immortalization via cell fusion with the mouse
myeloma cells. Human immunoglobulin cDNAs were isolated and subcloned into the
mammalian expression vector. Recombinant antibodies were first screened by in vitro
neutralization assay using RAW264.7 mouse macrophage cell line. Furthermore, selected
antibodies were evaluated for neutralization of lethal toxin in vivo in the Fisher 344 rat
bolus toxin challenge model.

Analysis of the variable regions indicated that antibodies recovered from SCID
mice were diverse and hyper-mutated. = Among these antibodies, a single IV
administration of AVP-21D9 or AVP-22G12 was found to confer full protection with
only 0.5x (AVP-21D9) or 1x (AVP-22G12) molar excess relative to PA in the rat toxin
challenge prophylaxis model. Aglycosylated PA neutralizing antibodies also protected

rats from lethal toxin challenge. Although not wishing to be bound by the following
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theory, it is believed that the PA toxin neutralizing activity in vivo is not depended on Fc¢
mediated effector functions.

In one embodiment, these potent fully human anti-PA toxin-neutralizing
antibodies generated may be used for in vivo human use for prophylaxis and/or treatment
against Anthrax Class A bioterrorism toxins.

EXAMPLE 12
CHARACTERIZATION OF A PANEL OF POTENT ANTHRAX TOXIN
NEUTRALIZING HUMAN MONOCLONAL ANTIBODIES FROM IMMUNIZED
DONORS

In one embodiment, antibodies that bind to the PA component of the tripartite
anthrax-toxin and which provide protection as single agents are provided. In one
embodiment, antibody 21D9 is provided. In another embodiment, antibody 22G12 is
provided. In a further embodiment, antibody 1C6 is provided. In one embodiment, these
antibodies are used as single agent in preventing and/or treating anthrax infection. In
other embodiments, combination of two or more of these antibodies are used to treat
mammals who have been exposed to aerosolized Bacillus anthracis spores, or exposed to
other forms of anthrax.

In oné embodiment, antibodies that bind to PA with a range of high affinities,
from about 82 pM to about 700 pM, as determined by surface plasmon resonance
(BiaCore 3000), is provided. Experimental data showed that antibodies 1C6, 21D9 and
22G12, that recognize unique non-competing sites and also do not appear to interfere with
PA recognition of soluble TEM-8 are provided. ~ The biological efficacy of these three
antibodies were determined in an in vitro anthrax lethal toxin neutralization assay. All
three antibodies protected RAW 264.7 cell from toxin induced cell death and provided
50% neutralization at sub-equimolar ratio of antibody to toxin.

While a number of preferred embodiments of the invention and variations thereof
have been described in detail, other modifications and methods of use will be readily
apparent to those of skill in the art. Accordingly, it should be understood that various
applications, modifications and substitutions may be made of equivalents without

departing from the spirit of the invention or the scope of the claims.
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WHAT IS CLAIMED IS:
1. A fully human monoclonal antibody or fragment thereof which specifically

recognizes at least a portion of an anthrax exotoxin.

2. The fully human monoclonal antibody or fragment thereof of Claim 1, wherein
said portion of an anthrax exotoxin is selected from the group consisting of protective
antigen (PA), lethal factor (LF) and edema factor (EF).

3. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin heavy chain comprising the amino acid sequence shown in
FIG. 5.

4. The immunoglobulin of Claim 3, wherein said immunoglobulin or fragment
thereof comprises an immunoglobulin heavy chain comprising CDR1, CDR2, and CDR3;
wherein

said CDR1 is comprised of the amino acid sequence, as shown in FIG. §;

said CDR2 is comprised of the amino acid sequence, as shown in FIG. 5,
and

said CDR3 is comprised of the amino acid sequence, as shown in FIG. 5.

5. The immunoglobulin of Claim 3, wherein said immunoglobulin or fragment
thereof is encoded by the nucleotide sequence shown in FIG. S.

6. The immunoglobulin of Claim 4, wherein said CDR1, CDR2, and CDR3 are
encoded by the nucleotide sequences, as shown respectively in FIG. 5.

7. The immunoglobulin of Claim 3, wherein said portion of an anthrax exotoxin
is selected from the group consisting of PA, LF and EF.

8. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin light chain comprising the amino acid sequence shown in
FIG. 6.

9. The immunoglobulin of Claim 8, wherein said immunoglobulin or fragment
thereof compﬁses an immunoglobulin light chain comprising CDR1, CDR2, and CDR3;
and,

said CDR1 is comprised of the amino acid sequence, as shown in FIG. 6;
said CDR2 is comprised of the amino acid sequence, as shown in FIG. 6;

and
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said CDR3 is comprised of the amino acid sequence, as shown in FIG. 6.

10. The immunoglobulin of Claim 8, wherein said immunoglobulin or fragment
thereof is encoded by the nucleotide sequence shown in FIG. 6.

11. The immunoglobulin of Claim 9, wherein said CDR1, CDR2, and CDR3 are
encoded by the nucleotide sequences, as shown respectively in FIG. 6.

12. The immunoglobulin of Claim 8, wherein said portion of an anthrax exotoxin
is selected from the group consisting of PA, LF and EF.

13. The fully human immunoglobulin or fragment thereof of Claim 1, which is a
single chain Ehat recognizes at least a portion of an anthrax exotoxin.

14. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin heavy chain comprising at least one complementary
determining region selected from the group consisting of CDR1, CDR2 and CDR3; and

said CDR1 is comprised of the amino acid sequence, as shown in FIG. §;
- said CDR2 is comprised of the amino acid sequence, as shown in FIG. §;
and
said CDR3 is comprised of the amino acid sequence, as shown in FIG. 5.

15. A:fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin light chain comprising at least one complementary
determining region selected from the group consisting of CDR1, CDR2 and CDR3; and

said CDR1 is comprised of the amino acid sequence, as shown in FIG. 6;
- said CDR2 is comprised of the amino acid sequence, as shown in FIG. 6;
and
- said CDR3 is comprised of the amino acid sequence, as shown in FIG. 6.

16. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin heavy chain comprising the amino acid sequence shown in
FIG. 8.

17. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin light chain comprising the amino acid sequence shown in

FIG. 8.
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18. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin heavy chain comprising the amino acid sequence shown in
FIG. 9.

19. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin light chain comprising the amino acid sequence shown in
FIG.9.

20. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin heavy chain comprising the amino acid sequence shown in
FIG. 10.

21. A fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin, wherein said immunoglobulin or fragment thereof
comprises an immunoglobulin light chain comprising the amino acid sequence shown in
FIG. 10.

22. A nucleotide sequence, shown in FIG. 5, encoding a heavy chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin.

23. A nucleotide sequence, shown in FIG. 6, encoding a light chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin.

24. A nucleotide sequence, shown in FIG. 8, encoding a heavy chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin.

25. A nucleotide sequence, shown in FIG. 8, encoding a light chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin.

26. A nucleotide sequence, shown in FIG. 9, encoding a heavy chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a

portion of an anthrax exotoxin.
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27. A nucleotide sequence, shown in FIG. 9, encoding a light chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin.

28. A nucleotide sequence, shown in FIG. 10, encoding a heavy chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin.

29. A nucleotide sequence, shown in FIG. 10, encoding a light chain variable
region of a fully human immunoglobulin or fragment thereof, that recognizes at least a
portion of an anthrax exotoxin.

30. A method of generating a fully human monoclonal antibody which specifically
recognizes at least a portion of an anthrax exotoxin comprising:

administering peripheral blood mononuclear cells from one or more human
donors exposed to anthrax to an immuno-compromised animal,

isolating at least one lymphocytic cell from said animal; and

fusing said at least one lymphocytic cell with a hybridoma fusion partner,
thereby generating a fully human monoclonal antibody.

31. The method of Claim 30, further comprising screening the generated
antibodies.

32. The method of Claim 30, further comprising transforming at least a portion of
said lymphocytic cells with EBV.

33. The method of Claim 30, further comprising characterizing the animal's
immune response using a test bleed.

34. The method of Claim 30, further comprising administering one or more
booster injections of anthrax antigen to the animal.

35. The method of Claim 30, further comprising administering one or more
injections of anti-CDS$ to the animal.

36. The method of Claim 30, further comprising using a double selection method
to select against undesirable cells.

37. The method of Claim 36, wherein the double selection method comprises
using HAT selection.

38. The method of Claim 36, wherein the double selection method comprises

using ouabain.
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39. The method of Claim 30, wherein the human donor is an anthrax-vaccinated
donor.

40. The method of Claim 30, wherein the human donor has been inadvertently
exposed to anthrax.

41. The method of Claim 30, wherein the animal is a SCID mouse.

42. The method of Claim 30, wherein the hybridoma fusion partner is derived
from a mouse myeloma MOPC21.

43, The method of Claim 30, wherein the hybridoma fusion partner is a myeloma.

44. The method of Claim 30, wherein the hybridoma fusion partner is
P3x63Ag8.653.

45. The method of Claim 30, wherein said portion of an anthrax exotoxin is
selected from the group consisting of PA, LF and EF.

46. A method for inhibiting the assembly of the protective antigen (PA) of an
anthrax exotoxin on receptors in a human, the method comprising administering to such
human the antibody of any of Claims 1-21.

47. A pharmaceutical composition for vaccinating a mammal against anthrax,
comprising the fully human monoclonal antibody of any of Claims 1-21.

48. A pharmaceutical composition for treating a mammal exposed to an anthrax
exotoxin, comprising the fully human monoclonal antibody of any of Claims 1-21.

49. A. method of vaccinating a mammal against anthrax, comprising:

 administering an immunizing dose of the fully human monoclonal
antibody of any of Claims 1-21 to said mammal.

50. A method of treating a mammal exposed to anthrax, comprising:

. administering a therapeutic dose of the fully human monoclonal antibody
of any of Claims 1-21 to said mammal.

51. A method of identifying the presence of anthrax exotoxin in a sample,
comprising: .

contacting at least a portion of said sample with the fully human
monoclonal antibody of any of Claims 1-21; and

determining binding of anthrax exotoxin with said antibody, wherein said
binding is an indicator of the presence anthrax in said sample.

52. A kit to identify the presence of anthrax exotoxin in a sample, comprising:

the fully human monoclonal antibody of any of Claims 1-21; and
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an assay system to determine the binding of anthrax exotoxin with said
antibody, wherein said binding is an indicator of the presence anthrax in said
sample.
53. The immunoglobin of Claims 1-21, wherein the anthrax exotoxin is tripartite.
54. The immunoglobin of Claims 1-21, wherein the anthrax exotoxin is naturally-

occurring or synthetic.
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FIG.2A  \orepmes
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Log Serum Titers

FIG . 2B IgG Response to

PBS
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—&— 4035 - <.01ug/ml
3- —v— 4036 - <.01ug/ml
g —o— 4037 - <01 ug/ml
g 2- —e— 4038 - .01 ug/ml
8 . —0— 4039 - <.014g/ml
§ —o— 4040 - <.01ug/ml
M 0- —o —O . ~—o— 4045 - <.01ug/ml
—u— 4034 - <0lpg/ml
-1 Y Y T — y —o— Donor X064-004b
-3.00 -2.75 -2.50 -2.25 -2.00 -1.75 0.2/2g/mL
Log Serum Titers
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FIG' 2C IgG Response to
PAS83
Bleed 2 X040-042
4..
m 4034-62.8ug/ml
3 a 4035-20.5ug/ml
g v 4036 -21.3ug/ml
§ 24 ¢ 4037-60.6ug/ml
8 e 4038-102.7ug/ml
S 1 o 4039-6.25ug/ml
= 0 a 4040 -153ug/ml
v 4045-46.4ug/ml
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5 4 3 2 1 2.1ug/mL
Log Serum Titers

FIG' 2D ' IgG Response to

PBS
Bleed 2 X040-042
9
—u— 4034 - <.01ug/ml
31 —a— 4035 - <.01ug/ml
g —v— 4036 - 2.4ug/ml
& 29 —o— 4037 - <.01pg/ml
8 —e— 4038 - <.01ug/ml
§ 17 —0— 4039 - <.01pg/ml
B ;;:é —— 4040-<.01sg/ml
—o— 4045~ 1.204g/ml
1 : Y — : , —o— Donor X064-004b
300 275 250 225 200 175 0.2ug/mL

Log Serum Titers
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FIG * 2E IgG Response to
PA83
Bleed 1 X040-043
4
® 4151-2.2ug/ml
3 A 4152-163ug/ml
g | v 4156-0.7ug/ml
& 2 o 4166-<.01ug/ml
8 o 4175-4.1ug/ml
é 17 o 4176-0.1ug/ml
=N a 4177-0.6ug/ml
v 4178-<.01ug/ml
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5 4 3 2 -1 3.9ug/ml
Log Serum Titers
FIG * 2F IgG Response to
PBS
Bleed 1 X040-043
d
—a— 4151 - <.01ug/mi
3 —a— 4152 - .01g/ml
g —v— 4156 - <.01ug/ml
& 2 —e— 4166 - <.01ug/ml
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%‘ —0— 4176 - <.01g/ml
CH : —a—4177-<.01ug/ml
—o— 4178 - <.01ug/ml
-1 r Y Y T y —0— Donor X064-019 -
300 275 250 225 200 -L75 0.0ug/mL
Log Serum Titers

SUBSTITUTE SHEET (RULE 26)



WO 2005/056052 PCT/US2003/036555

5/12
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v 4178-9.2ug/ml
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FIG . 2H IgG Response to

PBS
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21D9 Mab heavy chain variable region cDNA and the deduced amino acid sequence

Q VQL Q QS GGA VYV QP GG S L R L
CAGGTACAGC TGCAGCAGTC TGGGGGAGCC GTGGTGCAGC CTGGGGGGTC CCTCAGACTC
CDR1
§$ C AA $ GF T LD DY AM HWV R QV
TCCTGTGCAG CCTCTGGATT CACGCTTGAT GATTATGCCA TGCACTGGGT CCGACAAGTT
: ' CDR2
$ G K6 L EW Vv cCcUL VS WD G H A T H Y
TOGGGGAAGG GTCTGGAGTG GGTCTGCCTT GTCAGTTGGG ATGGTCATGC CACCCACTAT

A DSV KGR FTITIT §RDN § RN § L F
GCAGACTCTG TGAAGGGTCG ATTCACCATC TCCAGAGACA ACAGCAGAAA CTCCCTGTTT

L QMD GLR P EDTALY Y CV K AF

CTGCAAATGG ACGGTCTGAG ACCTGAGGAC ACCGCCTTGT ATTACTGTGT AAAAGCATTIT
CDR3

§ S GW s D A F HPF WGQG TUL V T V §

AGTAGTGGCT GGTCTGATGC TTTTCACTTC TGGGGCCAGG GAACCCTGGT CACCGTCTCC

S
TCA

FIG. 5

21D9 Mab light chain variable region cDNA and the deduced amino acid sequence

B 1 VL. TQS P S§T LS AS VGD R VI
GAAATTGTGT TGACVCAGTC TCCTTCCACC CTGTCTGCGT CTGTAGGGGA CAGAGTCATT
CDR1
I T CR A S Q R I R NEL A WY Q QKP
ATCACTTGCC GGGCCAGTCA GAGGATTCGT AACGAGTTGG CCTGGTATCA GCAGAAACCA
CDR2
G K AP KVL I YK A S TL E S G V P §
GGGAAAGCCC CTAAAGTCCT GATCTATAAG GCGTCTACTT TAGAAAGTGG GGTCCCATCA

R P $ G 8 68 GTZE FTULT I § 8 L Q P
AGGTTCAGCG GCAGTGGATC TGGGACAGAA TTCACTCTCA CCATCAGCAG CCTGCAGCCT

CDR3
DDFA TYY CQQ Y S GL WTT F GQG
GATGATTTTG CAACTTATTA CTGCCAACAA TATAGTGGTT TGTGGACGTIT CGGCCAGGGG

T X L E I K
ACCAAGCTGG AAATCAAA

FIG. 6
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Q VL Q QS GGG LV QP GG §
CAGGTACAGC TGCAGCAGTC TGGGGGAGGC TTGGTCCAGC CTGGGGGGTC

S C AA $ GF TPF S DS A1 HWY
TCCTGTGCAG CCTCTGGGTT CACCTTCAGT GACTCTGCTA TTCACTGGGT

$ G K G L EW VGR IR S K ANG
TCCGGGAAAG GGCTGGAGTG GGTTGGCCGT ATTAGAAGCA AAGCTAACGG

A YTA 8$ VK GRPF TTIT SR DD S
GCATATACTG CGTCGGTGAA AGGCAGGTTC ACCATCTCCA GAGATGATTC

A YLQ MNJS LKXKTEDTA A VY Y
GCGTATCTGC AAATGAACAG CCTGAAAACC GAGGACACGG CCGTGTATTA

HDST TWU F L RD VFDTI WGQ
CACGATAGCA CCACCTGGTT CTTGAGAGAT GTTTTTGATA TCTGGGGCCA

vV T VvV § §
GTTACCGTCT CTTCA

D1 QV TQ S P S § L S A S V GD
GACATCCAGG TGACCCAGTC TCCATCCTCC CTGTCTGCAT CTGTCGGAGA

I TCR A S Q GI D RAL A WYQ
ATCACTTGCC GGGCAAGTCA GGGCATTGAC AGAGCTTTAG CCTGGTATCA

G RPP KLL I YD AS S L E § G
GGTAGACCTC CTAAGCTCCT GATCTATGAT GCCTCCAGTT TAGAAAGTGG

R F S G 8 G S8 6TD FTULT I § 8§
AGGTTCAGCG GCAGTGGATC TGGGACAGAT TTCACTCTCA CCATCAGCAG

EDFA TYY CQQ YK S§ Y L R E
GAAGATTTTG CGACTTATTA CTGTCAACAG TATAAAAGCT ACCTTCGAGA

G GGT KV E 1 K

* GGOGGAGGGA CCAAGGTGGA GATCAAA

FIG. 8
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Q VQL LES GPG LVKXKZP §EBET
CAAGTGCAGC TGTTGGAGTC TGGCCCAGGA CTGGTGAAGC CTTCGGAGAC

T ¢ TV S GA 5§18 TKJSY § WG
ACCTGCACTG TCTCTGGTGC CTCCATCAGC ACTAAGAGTT ATTCCTGGGG

P PG KGL EWI GI AY NS G
CAGCCCCCAG GGAAGGGGCT GGAATGGATT GGTATCGCCT ACAATAGTGG

F NPS LKS RVYTISVD TS K
TTCAATCCGT COCTCAAGAG TCGAGTCACC ATATCCGTGG ACACGTCCAA

S L QL TS VY TAA DTS A Y F C
TCCCTGCAAC TTACCTCTGT GACCGCCGCA GACACGTCTG CATATTTCTG

R I T T FGV VTH YGMD VWG
CGTATTACAA CATTCGGAGT GGTCACTCAT TACGGTATGG ACGTCTGGGG

T v T V § 8§
ACGGTCACCG TCTCCTCA

Q svL. TQ?®P?P PS§S§ YV §V AP GTT
CAGTCTGTGT TGACGCAGCC GCCCTCGGTG TCAGTGGCCC CAGGAACGAC

T CAG NNVPF A S K NV HW Y Q Q
ACCTGTGCGG GGAACAACTT TGCAAGTAAA AATGTGCACT GGTATCAGCA

APV L VYV S A D SDIRU&P § B I
CAGGCCCCTG TGCTGGTCGT CTCTGCTGAT AGCGACCGGC CCTCCGAAAT

F S AS 8§ TG NTA TULTTI S RV
TTTTCTGCCT CCAGCACTGG GAACACGGCC ACACTGACCA TCAGCAGGGT

D EAD Y YC V W DS S R D DR
GATGAGGCCG ACTATTATTG TCAGGTTTGG GACAGTAGTC GTGATGATCG

F GGG TKUL TV L G
TTCGGCGGAG GCACCAAGCT GACCGTCCTA GGT

"FIG. 9
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L § L
CCTGTCCCTC

W I R
CTGGATCCGC

R T Y
GCGCACCTAC
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GAACCGCTTC
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TGTGAGTAGT
R G T
CCGAGGGACC

A R 1
GGCCAGAATT

K P G
GAAGCCAGGC

P E R
CCCTGAGCGA
D A G
CGACGCCGGG

F v V
TTTTGTGGTT
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22G12VH

Q VQL QS GGG LVKZP GGS L RL
1 CAGGTACAGC TGCAGCAGTC TGGGGGAGGC TTGGTCAAGC CTGGAGGGTC CCTGAGACTC

$s C TA S GPF I F S DYYM S W I R QA
61 TCCTGTACAG CCTCTGGATT CATCTTCAGT GACTACTATA TGAGTTGGAT CCGCCAGGCT

P G K G LEW VSY MKNS DGS K YY
121 CCAGGGAAGG GCCTGGAGTG GGTTTCATAC ATGAAAAATA GTGATGGTAG CAAATACTAC

A DSYVY KGR FTI1 SRDN AKN 5 LY
181 GCAGACTCTG TGAAGGGCCG GTTCACCATC TCCAGGGACA ACGCCAAGAA CTCATTGTAT

LQMN SLR AGDTAVY YCV RDL
241  CTGCAGATGA ACAGCCTGAG AGCCGGGGAC ACGGCTGICT ATTACTGTGT GAGAGATCTT

DY YD RSG Y HR WFEDP WGQ G TL
301  GACTACTATG ATAGGAGTGG TTACCACCGG TGGTTCGACC CCTGGGGCCA GGGAACCCTG

vV TV S S
31  GTCACCGTCT CCTICA

22G12 VL

$ VL TQEP PSV 8§VSP GQT A S 1
1  CAGTCTGTGT TGACGCAGCC GCCCTCAGTG TCCGTGTCCC CAGGACAGAC AGCCAGCATC

T CS$S G DKL GHEK Y ACW YQQ K PG
61 ACCTGCTCTG GAGATAAATT GGGACATAAA TATGCTTGTT GGTATCAGCA GAAGCCAGGC

s PVY L VI YRDNIEKU RP 8 GI P ER
121 CAGTCCCCTG TACTGGTCAT CTATCGAGAT AACAAGCGGC CCTCAGGGAT CCCTGAGCGA

F $ GS NS G HTA TLT1 §G6GT Q AL
181 TTCTCTGGCT CCAACTCTGG GCACACAGCC ACTCTGACCA TCAGCGGGAC CCAGGCTCTG

D EAD YYC QAW DS ST HV I F GG
241 GATGAGGCTG ACTATTACTG TCAGGCGTGG GACAGCAGCA CCCATGTGAT ATTCGGCGGA

G TKUL T VL G
301 GGCACCAAGC TGACCGTCCT AGGT

FIG. 10
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novelty (Rules 4.17(v) and application
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matter claimed in this international
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M

VIil-5-1 | Date of disclosure: 15 May 2003 (15.05.2003)

(i)

VIiI-5-1 | Title of disclosure: A Powerful Platform for Accessing Human
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Potent Protective Human Monoclonal
Antibody Against Anthrax PA

VIll-5-1 | Place of disclosure: Cambridge, MA, USA

(iv)
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Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet)
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. [

This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claim Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claim Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

Claim Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box II Observations where unity of invention is lacking (Continuation of Item 2 of first sheet)

. X

This International Searching Authority found multiple inventions in this international application, as follows:
Please See Continuation Sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite
payment of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-7, 13, 14, 47, 48, 53 and 54
(Specie Figure 5)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

[:] No protest accompanied the payment of additional search fees.
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BOX I1. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I, claim(s) 1-21, 47, 48, 53 and 54 drawn to fully human monoclonal antibodies that bind to at least a portion of an anthrax
exotoxin.

Group 11, claim(s) 22-29, drawn to nucleic acids encoding monoclonal antibodies and fragments thereof.
Group 111, claim(s) 30-45, drawn to methods of making fully human monoclonal antibodies.

Group 1V, claim(s) 46, 49-50, drawn to methods of treatment using fully human monoclonal antibodies that bind to at least a portion of
an anthrax exotoxin.

Group V, claim(s) 51, drawn to methods for identification of the presence of an anthrax exotoxin using the fully human monoclonal
antibodies.

Group VI, claim(s) 52, drawn to kits for the identification of the presence of an exotoxin using the fully human monoclonal antibodies.

This application contains claims directed to more than one species of the generic invention. These species are deemed to lack unity of
invention because they are not so linked as to form a single general inventive concept under PCT Rule 13.1.

In order for more than one species to be examined, the appropriate additional examination fees must be paid. The species are as follows:

Group I:
Specie A- Figure 5 sequence,
Specie B - Figure 6 sequence,
Specie C - Figure 8 sequence,
Specie D - Figure 9 sequence and
Specie E - Figure 10 sequence.

Group II:
Specie A- Figure 5 sequence,
Specie B - Figure 6 sequence, '
Specie C - Figure 8 sequence, '
Specie D - Figure 9 sequence and
Specie E - Figure 10 sequence.

Group I1I
Specie A- Protective antigen,
Specie B - Lethal toxin and
Specie C - edema factor.

Group IV:
Specie A- Figure 5 sequence,
Specie B - Figure 6 sequence,
Specie C - Figure 8 sequence,
Specie D - Figure 9 sequence and
Specie E - Figure 10 sequence.

Group V:
Specie A- Figure 5 sequence,

Form PCT/ISA/210 (second sheet) (July 1998)




PCT/US03/36555
INTERNATIONAL SEARCH REPORT

Specie B - Figure 6 sequence,
Specie C - Figure 8 sequence,
Specie D - Figure 9 sequence and
Specie E - Figure 10 sequence.

Group VI:
Specie A- Figure 5 sequence,
Specie B - Figure 6 sequence,
Specie C - Figure 8 sequence,
Specie D - Figure 9 sequence and
Specie E - Figure 10 sequence.

The following claim(s) are generic: 1, 2, 7, 13 and 30-44.

The inventions listed as Groups I-VI do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Under PCT Rule 13.1, the technical feature that links the groups of inventions must be a single general inventive concept.
Under PCT Rule 13.2 where the requirement of unity of invention referred to in Rule 13.1 is only fulfilled when there is a technical
relationship among those inventions involving one or more corresponding special technical features. Special technical features are
defined as a contribution that the claimed inventions make over the prior art. It is noted that the technical feature of Group I, claim 1 is
anticipated by Choi et al (Abstracts of the Interscience Conference on Antimicrobial Agents and Chemotherapy, 43:277, September 14-
17, 2003) who teaches a number of human monoclonal antibodies that bind protective antigen or Solla-Panzer, S. (CRISP Data Base
National Institutes of Health, 2002) that teaches production and use of human monoclonal anti-toxins against protective antigen of
anthrax. As such, the technical feature of the first invention does not provide a contribution over the art and is therefore not “special”
within the meaning of PCT Rule 13.2. Therefore, the Groups of inventions lack unity of invention because the technical feature is not
“special” .

The species listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2, the
species lack the same or corresponding special technical features for the following reasons:

The species listed above lack unity of invention because they are not linked by a “special technical feature” as defined in PCT Rule 13.2
for the reasons set forth for the groups of invention supra. '

Continuation of B. FIELDS SEARCHED Item 3:

WEST, DIALOG, EMBASE.
SEARCH TERMS: monoclonal antibod?, immunoglobulin, mab, ab, single chain, fab', fragment, anthrax, exotoxin, toxin, protective
antigen, lethal factor, edema factor, pa, If, ef, anthrasis, human
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