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CANINE ALLERGY THERAPEUTIC RECOMBINANT CHIMERIC ANTI-IGE

MONOCLONAL ANTIBODY

This application is a continuation of U.S. Application

Serial No. 60/179,629, filed February 1, 2000.

FIELD OF THE INVENTION

The present invention provides compositions and methods
for decreasing IgE levels and for alleviating allergic
symptoms 1n canines. The compositions comprise chimeric
canine anti-IgE mAbs and the methods are useful for treating

allergies in canines.

BACKGROUND ART

It is estimated that up to 30% of all dogs suffer from
allergies or allergy-related skin disorders. Specifically,
allergic dermatitis has been estimated to affect between 3%
and 15% of the entire canine population. Given the
prevalence of allergies in dogs, there is a need to develop
methods and compositions to properly diagnose and treat
canine allergies.

The substances most likely to cause an allergic
reaction vary from species to species. Common canine
allergens include fleas, pollens, molds and dust. Allergy

to fleas is believed to be the most common dog allergy.
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Typically, a flea's saliva is the allergen, and a single
fleabite can cause substantial itching. An additional form
of allergy in dogs is termed atopy. Atopy is a condition
where a dog is allergic to inhalants such as pollens, molds
or microscopic mites found in house dust. Current
treatments of canine allergies often focus on the use of
steroids which cause undesirable side effects or allergen-
mediated desensitization which requires a different
treatment for each type of allergy.

In mammals, antibody molecules are classified into
various isotypes referred to as IgJA, IgD, IgE, IgG, and IgM.
Antibody molecules consist of heavy and light chain
components. The heavy chains of molecules of a given
isotype have extensive regions of amino acid sequence
homology, and conversely have regions of difference from
antibodies belonging to other isotypes. The shared regions
of the heavy chains provide members of each isotype with
common abilities to bind to certain cell surface receptors
or to other macromolecules such as complement, and therefore
to activate particular immune effector functions.
Accordingly, separation of antibody molecules into isotypes
also serves to separate the antibodies according to a set of

effector functions that they commonly activate. In humans
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and dogs, Immunoglobulin E (IgE) is involved in allergy, and
recognizes antigen in immediate hypersensitivity reactions.

Furthermore, IgE is the antibody type that is
understood to be an important mediator of allergic response
in mammals, including Type I immediate hypersensitivity.

IgE molecules bind to receptors on mediator cells such as
mast cells. This binding occurs when the Fc region of the
IgE molecule is bound to Fc receptors on the mast cells.
When such cell-bound IgE antibodies then bind to an
allergen, the allergen cross-links multiple IgE antibodies
on the mast cell surface. This cross-linking mediates Type
I immediate hypersensitivity reactions and causes release of
histamines and other molecules that produce symptoms
associated with allergy.

In humans the serum level of total IgE is diagnostic of
allergic disease. To explore the possibility that the serum
level of IgE might also be diagnostic of allergy in dogs,
DeBoer and Hill performed additional studies. (Hill and
DeBoer, Am. J. Vet. Res. 55 (7):944-48 (1994)). They used
monoclonal antibody (“mAb”) D9 in an ELISA assay with the
following configuration: D9 was bound to a substrate,
antibodies were captured by D9 and then DS having a marker

was used to flag the captured antibody.
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The Hill and DeBoer ELISA was used to establish the
total amount of IgE in canine serum in an effort to diagnose
canine allergy. However, it was found that quantifying Igk
was not useful for diagnosing allergy in dogs. (See, e.9.,
Abstract and Discussion sections of Hill and DeBoer.) This
finding was in direct contrast to the situation in human
immunology. This result points out the difficulty of any
attempt to correlate data between animals of two different
genera.

This difficulty is further exemplified by the fact that
dogs can be allergic to a different set of antigens than
humans are. Allergies to fleas, fof instance, are a severe
problem for dogs but not humans. Furthermore, in instances
where dogs and humans appear to be allergic to the same
allergen extract, studies by doctors Esch and Greer of Greer
Laboratories (Lenoir, NC), have indicated that the specific
allergens in an allergen extract which produce canine
disease are not necessarily the same allergens that produce
disease in humans. For example, it is-known that the
immunodominant components of dust mite extracts are
different in dogs than in humans.

Adding to the difficulty of study across genera of
allergic mechanisms and response is that allergies in dogs

are primarily expressed in the skin, while humans primarily
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exhibit allergic symptoms in the respiratory system.
Additionally, eosinophilia is correlated to allergies in
humans, but not in dogs.

In considering the administration of a therapeutic
composition to treat a physiological condition, when
recombinant or chimeric molecules are administered in vivo
to an animal, they may be quickly cleared from that animal.
Recombinant IgG molecules have been used to increase the
half-life of recombinant molecules when the recombinants are
administered to an animal. E.g., Capon, D., Chame, S., et
al., “Designing CD4 immunoadhesins,” Nature 337:525 (1989) ;
Byrn, R., Mordenti, C., et al., “Biological Properties of a
cD4 Immunoadhesin,” Nature 344:667 (1990); Haak-Frendscho,
M., Ridgway, J., et al., “Human IgE Receptor Alpha-Chain
IgG Chimera Blocks Passive Cutaneous Anaphylaxis Reaction in
vitro,” Journal of Immunology 151:351-53 (1993); U.S. Patent
No. 5,116,964, issued May 26, 1992 to Capon, D. J., et al.
entitled "Hybrid Immunoglobulins”.

It is generally accepted that in humans IgG is the
immunoglobulin isotype with the longest serum half-life. 1In
dogs, the isotype with the longest half-life is not known.
Although the sequences that are believed to correspond to a
portion of exon 1 and 3 of at least two and possibly all

four heavy chain canine IgG immunoglobulin sequences have
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been reported in U.S. Patent No. 5,593,861 to Maeda et al.,
it is not known which of these heavy chain sequences is part

of the IgG structure with the longest half-life in dogs.

IgE levels are elevated in human patients experiencing
allergic disease, and IgE is believed to mediate allergic
sSymptoms . Although the levels of serum IgE may not
correlate with allergic disease in dogs, it may nevertheless
pe desirable to decrease IgE levels as a mechanism for
alleviating allergic symptoms.

Furthermore, there is a need for compositions and
methods for treatment of canine allergies which avoid the
disadvantages of the conventional compositions and methods,
yet provide effective treatment for canine allergies.

One object of the present invention is to provide
compositions and methods for treatment of canine allergies,
with substantially less side effects than those experienced
with steroid treatments.

Another object of the invention is to provide
compositions and methods of treatment for élleviating canine

allergy symptoms that are effective independent of the type
of allergen, and compositions and methods where treatment 1is
based on the presence of an allergic response rather than a

specific allergen.
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Another object of the present invention is to provide
compositions and methods of treatment for alleviating canine
allergy symptoms by targeting IgE synthesis.

These and other objects will be apparent to those
cskilled in the art from the following disclosure and

appended claims.

SUMMARY OF THE INVENTION

The present invention concerns compositions and methods
for treating allergy in dogs. More particularly, the
invention provides methods and compositions for
administration to dogs, which compositions actually bind the
dog’s immunoglobulin E molecules so that the binding of
free, serum IgE will inhibit this IgE from binding to the
high affinity IgE reéeptor on mast cells and basophils. The
compositions and methods provided may eliminate or reduce
ljevels of free serum IgE. Lower free serum IgE levels may
down regulate the synthesis and expression of the high
affinity IgE receptor on basophils and mast cells. The
result may be the reduction or elimination of free and/or
total serum IgE and the reduction or elimination of the IgE
response to allergen on skin mast cells. By “free serum
IgE” is meant that IgE which is able to pind to the high

affinity IgE receptor, and is unbound IgE in serum.
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We have demonstrated that sustained elimination of
detectable free and/or total serum IgE for 7 days and
possibly a shorter time period results in a negative,
feedback-loop that continues to SUppress IgE synthesis.
gustained suppression of IgE synthesis will result in the
elimination of a skin response to allergen.

In a preferred embodiment, the specificity and
structure of a chimeric anti-IgE molecule of the present
invention may allow for direct targeting of the IgE+ B cell.
This binding may result in a reduction or elimination of IgE
synthesis either through negative stimulation of the mature
B cell or by destruction of the B cell by apoptosis or
complement -mediated lysis.

The present invention may therefore comprise an IgE
receptor molecule which comprises a chimera and which
specifically binds to canine IgE. The receptor molecule may
be an antibody molecule, preferably a monoclonal antibody
(“mAb”), and the mAb may preferably have an affinity for
exon 3 of canine IgE. The chimera may comprise canine and
mouse immunoglobulin. The chimera may further comprise
canine constant heavy and light domains fused to mouse heavy
and light chain variable regions. The receptors and
antibody molecules of the present invention may also

comprise IgG heavy chain sequences.
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The receptors and antibody molecules of the present
invention may prevent binding of IgE to a second IgE
receptor and the second IgE receptor may be located on oﬁe
or more of a mast cell or basophil. The receptors and
antibody molecules of the present invention may be comprised
of protein, peptides, or other organic molecules.

The present invention also provides methods of treating
canine allergies comprising administering to the canine a
receptor or monoclonal antibody which comprises a chimera of
the present invention and specifically binds to canine IgE.
The methods of the present invention may result in a
lowering of serum IgE levels in the treated canine, or in
the binding of IgE on B cells and the subsequent elimination
of clonal populations of B cells. The methods may also
result in binding of serum IgE in plasma, or in an
inhibition of IgE production in the treated canine. The
lowering of serum IgE levels of the present methods may be
caused by a disruption of blocking of interactions between
IgE and receptors for IgE which may be located on mast cells
or basophils.

The present invention further provides pharmaceutical
formulations containing therapeutic amounts of the receptors

of the present invention.
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DESCRIPTION OF FIGURES

Figure 1 depicts the ability of chimeric 15A.2 to
inhibit IgE from binding to the recombinant canine IgE
receptor.

Figure 2(a & b) depict time course data for (free and
total IgE) circulating IgE levels in 2 control and 3
experimental dogs following administrations of a recombinant
chimeric anti-IgE mAb designated cl5A.2. The mAb 15A.2 and
its specificity 1is disclosed in the pending patent
application Serial No. 09/281,760, filed on March 30, 1999.

Figure 3 depicts time course data for cl5A.2 activity
in dogs following a course of administration of chimeric
antibody.

Figure 4 depicts time course data for circulating IgE
complexed with cl5A.2 in 3 dogs following administration of
8 courses of chimeric antibody.

Figure 5 depicts time course data for anti-chimeric
15A.2 activity observed in the serum of the experimental
dogs over the course df administration of the chimeric
antibody.

Figure 6 depicts flow cytometric data from a dog,
double-stained with PE-labeled anti-exon 4 canine IgG mAb
14K.2 and FITC-labeled anti-canine IgE receptor mAb 9L.4

four days following a first course, three days following a

10
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second course and 5 days following a 5% course of
administration of chimeric anti-15A.2 mAb.

Figure 7 depicts time course data for Ragweed skin test
reactivity in dogs prior to, and 3 days and 7 days following
eight courses of administration of clSA.2 mAb.

Figure 8 depicts time course data for circulating free
IgE levels in dogs 1001 and 1002 following administrations
of a recombinant receptor-IgG antagonist designated cRclg.

Figure 9 depicts free and total IgE in experimental
dogs 1001 and 1002 over the time course of the experiment.

Figure 10 depicts the DNA sequence (SEQ. ID NO. 5) éf
the recombinant IgE receptor cRclg with corresponding
translation (SEQ. ID NO. 6). The four additional amino
acids at the bottom of the figure that lack the

corresponding nucleotides are SEQ ID NO 7.

DETAILED DESCRIPTION OF THE INVENTION

Definitions:

Affinity: an attractive force or binding strength
petween a ligand and its receptor or between two binding
moieties. Affinity also keeps the binding pair bound in
Aequilibrium.

Amino acids: Organic molecules containing an amino
group that can be combined in linear arrays to form
polypeptides, peptides or proteins. The 20 common amino

11
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acids are alanine, arginine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine,
proline, serine, threonine, tryptophan, tyrosine, and
valine. It will be recognized by those skilled in the art
that in embodiments of the invention with conservative
variants, any of the common amino acids, as well as others
not listed, may be used in the present invention.

Canine IgE Receptor: A recombinant or chimeric
receptor as defined herein, which exhibits affinity for
canine IgE, or otherwise has the result of removing IgE from
canine sera, in vivo or in vitro.

cDNA clone: A duplex DNA sequence representing an RNA,
carried in a cloning vector.

Chimeric mAb: An immunoglobulin molecule with a hybrid
amino acid seguence that has resulted from combining amino
acids from at least two different canine Ig sources.
Generally, the amino acid sequences are not normally found
together in nature. “mAb” indicates monoclonal antibody.

Cloning vector: A plasmid, phage DNA or other DNA
sequence, able to replicate in a host cell and capable of
carrying exogenously added DNA sequence for purposes of

amplification or expression of the added DNA seguence.

12
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Conservative variant: Conservative variants of
nucleotide sequences include nucleotide substitutions that
do not result in changes in the amino acid sequence, as wéll
as nucleotide substitutions that result in conservative
amino acid substitutions, or amino acid substitutions which
do not substantially affect the character of the polypeptide
translated from said nucleotides. FoOr example, polypeptide
character is not substantially affected if the substitutions
do not preclude specific binding of the peptide to canine
IgE receptor or other canine IgE ligands.

Conservative variants of amino acid sequences include
amino acid substitutions or deletions that do not
substantially affect the character of the variant
polypeptide relative to the starting peptide. For example,
polypeptide character is not substantially affected if the
substitutions or deletions do not preclude specific binding
of the variant peptide to a specific binding partner of the
starting peptide. Included in this definition are
glycosylated and other variants and derivatives that will be
apparent to those skilled in the art and are considered to
£fall within the scope of this invention. Also included in
this definition are amino acid insertions, substitutions,
deletions and truncations that do not substantially affect

the polypeptide character relative to the starting peptide.

13
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Expression control seguence: A DNA sequence of
nucleotides that controls and regulates expression of
structural genes when operatively linked to those genes.

Exon: A contiguous region of DNA encoding a portion of
a polypeptide. Reference to any exon, e.g. "DNA sequence of
exon 6", refers to the complete exon or any portion thereof.

Free IgE or Serum IgE: IgE in circulation in a patient
not complexed or bound with a native or administered
receptor having affinity for IgE or other IgE molecules.

Genome: The entire DNA of a substance. It includes,
among other things, the structural genes encoding for the
polypeptides of the substance, as well as operator, promoter
and ribosome binding and interaction sequences such as the
Shine-Dalgarno sequences.

Specific binding: Binding of one substance to another
at greater binding affinity than background binding. Two
substances that exhibit specific binding are referred to as
specific binding partners, Or as a specific binding pair.

An antibody and its antigen are one example of a Speciﬁic
binding pair.

Structural gene: A DNA sequence that encodes through
its template or messenger RNA ("mRNA") a sequence of amino

acids characteristic of a specific polypeptide.

14
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Therapeutic amount: A “therapeutic amount” 1is an
amount of mAb that decreases serum IgE levels or suppresses
IgE production or activity in the treated animal and has ﬁhe
effect of ameliorating or preventing symptoms of a disorder
or physiological condition.

Total IgE: By “total IgE” is meant total serum IgE,

whether bound or not by another molecule.

As disclosed herein, a novel chimeric canine anti-IgE
mAb was produced and administered to ragweed sensitized
dogs. This chimeric molecule, designated cl5A.2, consists
of canine constant heavy and light domains fused to mouse
heavy and light variable regions. In all cases, such
administration led to a sustained decreaseAin circulating
free IgE levels to below the level of detectability. In
addition, total IgE, including that complexed with chimeric
15A.2 and still in circulation and detectable immediately
after administration of cl5A.2, was reduced over time.
After 28 days of administration, free clSA.2 was detectable
in serum, but both free and total serum IgE were
undetectable. The use of a humanized anti-IgE monoclonal
antibody as a therapeutic agent for human allergy was
disclosed in U.S. Patent No. 5,593,861 to Maeda et al. It

is believed that IgE removal by administration of

15



WO 01/57090
PCT/US01/02924

recombinant -anti-IgE mAb has not previously been shown in
dogs. The person of ordinary skill will realize that the
present invention and the discussion herein pertaining to
mAb is equally applicable to receptors which may comprise
parts of antibody molecules. Therefore, the discussion
herein is intended to relate to compositions of receptors,
not solely antibodies.

The canine anti-IgE mAb compositions of the present
invention may be recombinant oOTr chimeric structures of
canine and mouse immunoglobulins. The molecules may
encompass chimera made from canine IgG constant heavy and
light domains and murine immunoglobulin heavy and light
variable region domains that have an affinity for exon 3 of
canine IgE.

The terms anti-canine IgE mAb, chimeric mAb,
recombinant mAb, and receptor as used herein encompass any
and all conservative variants thereof and are considered to
be within the scope of the present invention.

It is a feature of the present invention that
administration of chimeric canine anti—IgE‘mAb or receptor
is useful in the method of treatment of canine allergies.
It is also a feature of the invention that administration of

compositions of the present invention lowers serum IgE

levels in canines.
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The chimeric canine anti-IgE mAbs and receptors of the
present invention are capable of disrupting or blocking the
interaction between IgE and its receptors. Generally, the
interference between IgE and its receptors is independent of
the type of allergen causing or likely to cause allergic
symptoms .

In embodiments of the present ipvention, chimeric
canine anti-IgE mAbs and receptors of the present invention
may act by blocking the binding of IgE to its receptors on
mast cells or basophils by blocking the binding site on IgE
molecules or otherwise interfering with the binding of IgE
to its receptor. The chimeric canine anti-Igk mAbs and
receptors of the present invention may also act by binding
soluble IgE in plasma which complex is then removed from
circulation by the body’s normal mechanisms. In other
embodiments of the present invention, the chimeric canine
anti-IgE mAbs or receptors may act by binding IgE on B-cells
and eliminating clonal populations of IgE+ B-cells. The
chimeric canine anti-IgE mAbs or receptors of the present
invention may also act by inhibiting IgE production. While
not wanting to be bound by any particular theory, it is
pelieved that the mAb or receptor may bind to B cells and
induce a cross-linking event which may induce apoptosis of

cells or lead to inhibitory signals which down-regulate or

17



WO 01/57090 PCT/US01/02924

eliminate IgE synthesis. Additionally, the binding of serum
IgeE, free IgE that is, may allow another regulatory molecule
which may normally bind serum IgE in the exon 3 region to
pind to IgE on the B cell and effect, subsequently, IgE
synthesis through negative signals associated with and
resulting from such binding.

In another embodiment, the chimeric canine anti-IgE
mAbs or receptors of the present invention may comprise or
be formulated with IgG heavy chain sequences to enhance the
half-life of the molecules in vivo or increase their
activity.

The method of treating dogs suffering allergic symptoms
or of preventing allergic symptoms in dogs generally may
comprise the administration of a therapeutic amount of a
chimeric canine anti-IgE mAb or receptor to the treated
animal. Precise dosages of chimeric canine anti-IgE mAb or
receptor and administration parameters will be established
in a manner consistent with that known to those of ordinary
skill in the art. This may involve taking into account one
or more of the following factors, although this list is
intended to be representative and is not intended to be
exclusive of other parameters which may be known or become
known to those of ordinary skill in the art: the presence

and severity of allergic symptoms, the species of dog, the

18
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condition of the individual patient, the site of delivery,
the method and length of administration, and other factors
known to those of ordinary skill in the art or which may
become known in the future.

Similarly, the dose of the chimeric canine anti-IgE mAb
or receptor administered may be dependent on consideration
of the properties of the IgE heavy chain isotypes used and
other factors. For example, these considerations may
include the binding activity and in vivo plasma half-life,
the concentration of the chimeric canine anti-IgE_mAb or
receptor in the formulation, the administration route, the
site and rate of dosage, and the clinical tolerance of the
patient involved. This 1ist is not intended to be limiting
and the person of ordinary skill in the art will realize
that other factors may also be relevant and advantageous to
consider.

The therapeutic amount of the instant chimeric canine
anti-IgE mAb or receptor may be administered in dosages and
for a period of time sufficient to alleviate Or suppress
allergic symptoms and/or to decrease serum IgE levels and/or
suppress IgE production or activity.

In general, the formulations of the present invention
may contain other components in amounts that do not

interfere with the preparation of stable and efficacious

19
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forms of the canine anti-IgE mAb or receptor. Any
additional components administered with the chimeric canine
anti-IgE mAb or receptor may be present in amounts suitable
for effective, safe pharmaceutical administration.
Pharmaceutical excipients known to those of ordinary skill
in the art may form a part of the subject compositions. For
example, such excipients may include saline and other
parenteral solutions, buffers and stabilizers, as well as
any of the various suitable bulking agents, buffering
agents, antioxidants, cosolvents and other ingredients known
to those of ordinary skill in the art as being advantageous
to include. 1In a preferred embodiment, the canine anti-IgE
mAb or receptor may be formulated as a solution of protein.
in sterile PBS.

The chimeric canine anti-IgE mAb or receptor of the
present invention may pe administered in a way which is
effective féf disrupting, blocking or otherwise interfering
with binding between IgGE and its receptor or in a way which
may enhance binding between the administered mAb or receptor
and IgE. These methods will be apparent to those of
ordinary skill in the art. In preferred embodiments, the
chimeric canine anti-IgE mAb or receptor may be administered
subcutaneously, intramuscularly or intravenously.

Alternatively, the mAb or receptor may pe formulated and

20
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administered via suspensions, tablets, capsules or

suppositories for oral, rectal or vaginal administration.
The following examples further illustrate the cloning,

expression, and purification of the 15A.2 mAb and are not

intended to be limiting.

Example I: Cloning of mouse 15A.2 variable region

Mouse monoclonal 15A.2 variable region was cloned by
RT-PCR from 15A.2 hybridoma cells. A commercially available
kit (Novagen, Madison, WI, Ig-Prime Kit) that consists of a
set of degenerate PCR primers for the reverse transcription
and amplification of IgVh and IgVl mRNA’'s from mouse
hybridoma cell lines was used as a source of primers to
clone the 15A.2 mRNA's encoding the light and heavy variable
domains. The 5’ and 3’ primers for the IgVh domain was
MuIgVhs’-B and MuIgMvh3’-1 respectively. MulgVh5'-B is a
mixture of two primers in one tube (provided by Novagene) ,
having the sequences GGGAATTCATGRAATGSASCTGGGTYWTYCTCTT
(SEQ. ID NO. 1) and ACTAGTCGACATGGACTCCAGGCTCAATTTAGTTTTCCT
(SEQ. ID NO. 2). MuIgMvh3’-1 has the seqguence
CCCAAGCTTACGAGGGGGAAGACATTTGGGAA. The 5’ and 3’ primers for
the IgVl domain was MuIgAVl5’ -A and MuIgAvl3’-1
respectively. The mRNA encoding the 15A.2  IgVh and IgVl
" variable domains was reverse transcribed, amplified and
cloned. Mulg(lambda)VlS’'-A has the sequence
GGGAATTCATGGCCTGGAYTYCWCTYWTMYTCT. Mng(lambda)VlB’-l has
the sequence CCCAAGCTTAGCTCYTCWGWGGAIGGYGGRAA.

The PCR reactions were performed as follows:
Enzyme: Tag polymerase
21
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1) 94 °C 20 seconds 35 cycles
60 °C 58 seconds
72 °C 20 seconds
2) 4 °C Storage

guitable clones of rhe 15A.2 IgVh and Igvl variable
domains were identified using restriction endonuclease
analysis and DNA sequence analysis. Comparison of these DNA
sequences LO known mouse IgVh and IgVl genes verified them
as coding for the variable domains of a mouse monoclonal

antibody.

Example IT: Cloning of Canine IgG Constant Region

The canine immunoglobulin l1ight and heavy constant
regions were cloned by RT-PCR from dog lymphocyte cells.
PCR primers based on the sequence of the constant domain of
canine IgG was used for the reverse transcription and PCR
amplification of mRNA encoding the immunoglobulin constant
domains (disclosed in U.S. Patent No. 5,593,861 to Maeda et
al.). The PCR reaction was the same as listed above. PCR
products were cloned and subjected to DNA sequence analysis.
suitable clones of the immunoglobulin constant domains were
identified using restriction endonuclease analysis and DNA
sequence analysis. Comparison of these DNA sequences to
known immunoglobulin genes verified them as coding for the

constant domains of a canine immunoglobulin.

Example III: Cloning of full length mouse/canine chimeric
15A.2

The conventional process for the preparation of

chimeric monoclonal antibodies was used to construct a full
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length mouse/canine chimeric 15A.2 monoclonal antibody
genes. The mouse 15A.2 variable region encoding sequence
and the appropriate canine constant region coding seguence
were linked together via PCR and cloned. After verification
of the chimeric genes by DNA sequence analysis, a suitable
mouse/canine chimeric 15A.2 light chain gene and
mouse/canine 15A.2 heavy chain gene was selected for

expression and protein production of the chimeric protein.

Identification of functional clones

Functional clones of the 15A.2 chimeric heavy and light
chains were identified using a COS cell transient expression
system. The full-length heavy chain and the full-length
light chain were cloned downstream in correct orientation of
the CMV promoter on the pcDNA3.1l vector (Invitrogen,
Carlsbad, CA). The immunoglobulin leader signals on the
proteins would cause the proteins to be secreted out of the
cell into culture supernatant. Co-transfection of both DNAs
into COS cells allowed transient gene expression, protein
production and assembly of functional chimeric antibodies in
the cell. IgE binding ELISA and anti-canine IgG ELISA were
used to detect functional antibody activity in cell culture
supernatants. The clones which gave the best binding
activity were used to construct vectors for chimeric
monoclonal antibody production in a baculovirus expression
system. The sequences of both heavy chain and light chain

are shown as follows:

Chimeric 15A.2 heavy chain DNA sequence (SEQ. ID NO. 3)

ATGAAATGGAGCTGGGTTTTTCTCTTTCTCCTGTCAGTAACTGCGGGTGTGTTCT

CTGAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCCTGGGGCTTCAGTGAAGA

TATCCTGCAAGGCTTCTGGTTACTCATTTACTGACTACTTTATGAACTGGGTGATGCAGA

GCCATGGAAAGAGCCTTGAGTGGATTGGTCGTATTAATCCTTTCAATGGTGATCCTTTCT
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ACAACCAGAAGTTCAAGGGCAAGGCCACATTGACTGTAGACAAATCCTCTAGCACAGCCC
ACATGGAGCTCCGGAGCCTGGCATCTGAGGACTCTGCAGTCTATTATTGTGCAAGATTCT
ACTACGGACGTTACTATGCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCT
CAGCCTCCACCACGGCCCCCTCGGTTTTCCCACTGGACCCCAGCTGCGGGTCCACTTCCG
GCTCCACGGTGGCCCTGGCCTGCCTGGTGTCAGGCTACTTCCCCGAGCCTGTAACTGTGT
CCTGGAATTCCGGCTCCTTGACCAGCGGTGTGCACACCTTCCCGTCCGACCTGCAGTCCT
CAGGGCTCTACTCCCTCAGCAGCATGGTGACAGTGCCCTCCAGCAGGTGGTCCAGCGAGA
CCTTCACCTGCAACGTGGCCCACCCGGCCAGCAAAACTAAAGTAGACAAGCCAGTGCCCA
AAAGAGAAAATGGAAGAGTTCCTCGCCCACCTGATTGTCCCAAATGCCCAGCCCCTGAAA
TGCTGGGAGGGCCTTCGGTCTTCATCTTTCCCCCGAAACCCAAGGACACCCTCTTGATTG
CCCGAACACCTGAGGTCACATGTGTGGTGGTGGATCTGGGACCAGAAGACCCTGAGGTGC
AGATCAGCTGGTTCGTGGACGGTAAGCAGATGCAAACAGCCAAGACTCAGCCTCGTGAGG
AGCAGTTCAATGGCACCTACCGTGTGGTCAGTGTCCTCCCCATTGGGCACCAGGACTGGC
TCAAGGGGAAGCAGTTCACGTGCAAAGTCAACAACAAAGCCCTCCCATCCCCGATCGAGA
GGACCATCTCCAAGGCCAGAGGGCAGGCCCATCAGCCCAGTGTGTATGTCCTGCCGCCAT
CCCGGGAGGAGTTGAGCAAGAACACAGTCAGCTTGACATGCCTGATCAAAGACTTCTTCC
CACCTGACATTGATGTGGAGTGGCAGAGCAATGGACAGCAGGAGCCTGAGAGCAAGTACC
GCACGACCCCGCCCCAGCTGGACGAGGACGGGTCCTACTTCCTGTACAGCAAGCTCTCTG
TGGACAAGAGCCGCTGGCAGCGGGGAGACACCTTCATATGTGCGGTGATGCATGAAGCTC
TACACAACCACTACACACAGAAATCCCTCTCCCATTCTCCGGGTAAATGA

Chimeric 15A.2 light chain DNA sequence (SEQ. ID NO. 4)

ATGGCCTGGATTTCACTCTTATTCTCTCTCCTGGCTCTCAGCTCAGGGGCCATTT
CCCAGGCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTCACAC
TCACTTGTCGCTCAAGTACTGGGGCTGTTACAACTAGTAACTATGCCAACTGGGTCCAAG
AAAAACCAGATCATTTATTCACTGGTCTAATAGGTGGTCCCAACAACCGAGCTCCAGGTG
TTCCTGCCAGATTCTCAGGCTCCCTGATTGGAGACAAGGCTGCCCTCACCATCACAGGGG
CACAGACTGAGGATGAGGCAATATATTTCTGTGCTCTATGGTACAGCAACCATTGGGTGT
TCGGTGGAGGAACCAAACTGACTGTCCTAGGCCAGCCCAAGGCCTCCCCCTCGGTCACAC
TCTTCCCGCCCTCCTCTGAGGAGCTCGGCGCCAACAAGGCCACCCTGGTGTGCCTCATCA
GCGACTTCTACCCCAGCGGCGTGACGGTGGCCTGGAAGGCAAGCGGCAGCCCCGTCACCC
AGGGCGTGGAGACCACCAAGCCCTCCAAGCAGAGCAACAACAAGTACGCGGCCAGCAGCT
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ACCTGAGCCTGACGC CTGACAAGTGGAAATCTCACAGCAGCTT CAGCTGCCTGGTCACGC
ACGAGGGGAGCAC CGTGGAGAAGAAGGTGGCCCCCGCAGAGTGCTCTTAG

Example IV: Expression of Chimeric 15A.2 in Insect Cells

A baculovirus expression system was used for larger
scale production of the chimeric 15A.2 mouse/canine
monoclonal antibody. Baculovirus expression is a commonl
technique and the methods are well known to one of ordinary
skill in the art. The 15A.2 heavy chain DNA was cloned into
PharMingen’s (San Diego, CA) pAc LIC pbaculovirus transfer
vector for recombination into baculovirus. Chimeric 15A.2
light chain DNA was cloned into PharMingen'’s pAcHis NT-A™
baculovirus transfer vector for recombination into
baculovirus. Recombination and amplification of both virus
constructs were amplified in insect sf-9 cells. The
chimeric 15A.2 was expressed using insect High Five cells.

The infection conditions were as following:

High Five cell density for infection: 1.5 x 10°/ml
MOI for heavy chain virus infection: 10

MOI for light chain virus infection: 3

Time of protein expression: 72 hours

15A.2 was expressed and secreted into the cell culture

media.

purification of chimeric 15A.2 protein

The general purification scheme is as following:
1. cell clarification:
The cell culture supernatant containing 15A.2 protein

was harvested 72 hours after infection. The supernatant was
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filtered through Millipore’s (Bedford, MA) MILLIGUARD™

cartridge filtration system for cell clarification. Other

filtration systems which have a pore size of 0.2 um and are
high capacity filters with low protein binding, and are able
to withstand high pressure will also be suitable. The
clarified supernatant was then concentrated for column

chromatography.

2. Protein A column chromatography:

The concentrated sample was 1oaded onto a protein A
column equilibrated with PBS buffer. The 15A.2 protein was
eluted by pH gradient generated by mixing 4% glycerol, PBS,
pH 7.2 and 4% glycerol, 25 mM sodium citrate buffer, le2.5.
The protein was eluted at about pH 4.

3. Ion-exchange column chromatography:

The protein A purified 15A.2 was loaded onto the Q
Sepharose™ (Pharmacia, Uppsala, Sweden) column equilibrated
with 4% glycerol, PBS, PH 7.2 to remove contaminated
proteins, DNA, RNA, virus, etc. Similar ion exchange resin
which remove DNA, RNA, endotoxin and other negatively
charged materials from purified proteins may also be

utilized. The flow-through was collected.

4. Sterilization:

The Q flow-through 15A.2 was concentrated and
sterilized by filtering through 0.2 pm filter unit. The
final buffer component is as following:

0.7 x PBS

6.5 mM sodium citrate

4% glycerol

pH: =~ 7.0
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The protein has at least 95% purity as indicated by

SDS-PAGE protein gel and stored at - 80 °C for future use.

Example V: Recombinant Canine anti-IgE mAb, (cl5A.2):
Effects on IgE Activity in vitro and in vivo

purified cl5A.2 as obtained from Example IV was tested
for its ability to prevent the binding of canine IgE to the
canine IgE receptor in vitro (Figure 1). The amount of
c1SA.2 reguired to neutralize IgE in the sera of three dogs
designated 2002, 2003 and 2103 was determined by the serum
neutralization assay and is shown in Figure 8. The time
course and events for the 40 day experimental pericd are
summarized in Figures 2a and 2b. Dogs were sensitized to
ragweed at birth at Lovelace Respiratory Research Institute
(Albuquergue, NM) and used in studies to test the efficacy
assessed by the dogs’ ability to develop a subcutaneous skin
response following administration of allergen.

The cl5A.2 was administered to dogs 2002, 2003 and 2103
every five days for eight consecutive treatments. The
amount of administered c1SA.2 in the first treatment was
equivalent to 10x the concentration of measurable free serum
IgE concentration three days prior to the start of
administration. Doses 1 and 2 received 10x free serum IgE
concentration. All subsequent dosages were set at 5x free

serum IgE concentration. The test article was diluted into
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sterile PBS at the concentration required to deliver 10x or
5x serum LgE concentration by intravenous infusion over a 30
minute period.

Figure 2a follows the level of free and total serum IgE
in each dog versus time, based upon dosages of cl3A.2 mAb
administered. Additional cl5A.2 was then administered every
five days for a total of 40 consecutive days. Serum IgE
levels are assayed by standard ELISA techniques that are
well known to those of ordinary skill in the art. IgE
levels are generally considered to be undetectable in the
ELISA technique below about 1 ng/ml.

Figure 2a also shows that free IgE in the experimental
dogs dropped to undetectable levels within 60 minutes and
did not return during the entire 40 day-treatment period.
The levels of free serum IgE in control dogs 1101 and 1102
receiving only saline, did not change significantly during
this period (Figure 2b). The assay used in these
experiments consisted of an ELISA solid phase capture with
mouse 15A.2 antibody and detection with another HRPO-
conjugated mAb, 14K.2 which recognizes exon 4 of canine IgE.
The assay detects all serum IgE not bound by cl5A.2.

Total IgE bound by clSA.2 dropped more slowly than free
IgE in experimental dogs presumably because it recirculated

and was eventually cleared from circulation. The assay used
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here consisted of an ELISA capture with mAb 14K.2 and
detection with anéther anti-canine IgE mAb, which is not
inhibited from binding by cl5A.2. In dogs 2003 and 2103
free and total serum IgE has remained undetectable in assays
for greater than 60 days following the last dose of
administration of recombinant antibody. In dog 2002, 30
days after administration of chimeric antibody was halted,
free serum IgE was detectable at about 200 ng/ml and
remained at this level for the remaining 30 days of
observation.

These data show the effects of a recombinant antibody
of the present invention in: (1) clearing the serum of
circulating IgE; and (2) providing a method for affecting
the process by which IgE is replenished. These results are
surprising given that serum IgE is understood to have a
short half-life, probably on the order of about two days,
and that recombinant or chimeric molecules may likewise
exhibit relatively short half-lives in vivo. In untreated
animals, circulating serum IgE is believed to be entirely
replenished every 4 to 5 days, yet following administration
of a canine anti-IgE mAb 15A.2 of the present invention,
serum IgE levels remained suppressed below the level of
detection 18 days after administration of the chimeric

antibody.
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ExamEle VI: Clearance of the clBA.2

The presence of free chimeric 15A.2 in the serum of
dogs 2002, 2003 and 2103, was determined by ELISA using a
recombinant canine IgE solid phase with detection by a
polyclonal goat anti-canine IgG conjugate. Figure 3 shows
that the levels of cl5A.2 in serum rise and fall
consistently with the beginning and ending of each 5-day

administration period. Free Cc15A.2 is still detectable (X

pg/ml) in the serum of experimental dogs 24 days post-
infusion.

Immune complexes of cl5A.2 and canine IgE were measured
by ELISA on a 14K.2 solid phase and detected by polyclonal
anti-dog IgGfc conjugate. These data, summarized in Figure
4, show that complexed IgE is detected at high concentration
early in the time course of treatment, but the level of
complexes consistently falls over time. BY day 28 no immune
complexes are detected in dogs receiving c15A.2. This
result suggests that the complexes are cleared from the
circulating pool of serum immunoglobulin and that synthesis
of new IgE in this time frame is reduced or eliminated. No
changes were observed in control dogs. No immune response
to the chimeric monoclonal antibody cl5A.2 was observed in
dogs 2003 and 2103. At 28 days post primary infusion an
immune response to the test article was observed in dog
5002. Data in Figure 5 show that this response increases as
more chimeric 15A.2 1is administered and may play a role in
the shorter serum half-life of c15A.2 in dog 2002 (Figure
3).
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Example VII: Effect on Level of Expression of the High
Affinity IgE Receptor on Basophils upon
Administration of Canine anti-IgE mAb 15A.2
(c15A.2)

At five days, 14 days, and 29 days following the start
of the c15A.2 administration 10 ml of whole blood was
removed. Semi-purified populations of peripheral blood
leukocytes Qere prepared by density gradient centrification
and stained with reagents for two-dimensional flow
cytometric analyses. The reagents used in these experiments
were FITC-conjugated, anti-canine high-affinity IgE receptor
mAb 9L.4 and PE-conjugated 14K.2. The cells double staining
for these antibodies and resident in quadrant four (upper
right gquadrant) of the dot blot diagrams in Figure 6 are
basophils.

Data in Figure 6 are for dog 2002 and are
representative. The number of double staining cells in
quadrant decreases OVer the time course of administration of
c15A.2. The data suggest that the level of expression of
high affinity IgE receptors in basophils is reduced by over
90% after 295 days of administration of cl5A.2 to the
experimental dog 2002. Elimination of serum IgE over time
leads to a reduction in expression of receptors for IgE on

basophils and may reflect a similar response in skin mast

cells. A reduced mast cell expression of high affinity IgE
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receptors will lead to a reduction or elimination of skin

test reactivity to allergen.

Example VIII: Effect on Ragweed Skin Test Reactivity of
Administration of Canine Anti-IgE mAb 15A.2

Ragweed sensitized dogs were infused with a 0.5%
solution in PBS of Evans Blue Dye at 0.2 ml/kg and then
challenged with allergen 10 minutes later. Five, 10-fold
serial dilutions of ragweed allergen in PBS starting at 1000
PMU/ml were prepared and 100 pl injected subcutaneously in a
shaved section of the torso. galine (PBS) served as a
negative control and histamine (100 pl of an 0.275 pug/ml
dilution of histamine in pBS) served as a positive control.
Reactivity was measured 10 minutes later as the swelling and
blue-dye diffusion in the skin compared with the histamine
control. A rating of two was given to an allergen dilution
in which the reaction was equivalent in size and color to
the histamine reaction. A rating of 1 was given for a
reaction that was half of the histamine control and a rating
of zero was given when the reaction was eguivalent to the
saline negative control. Three experimental, 2002, 2003 and
2103 and two control, 1101 and 1102, dogs were skin tested
as described above 1 week prior to administration of cl5A.2,

and then at 3 days and 7 days following the last
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administration. Figure 7 shows that in control dogs the
skin response to ragweed allergen was similar throughout the
study. In control dog 1102 the ragweed skin response
actually increased over time. 1In experimental dogs 2003 and
2103 the ragweed sensitivity after administration of cl5A.2
for 40 days was completely absent for at least 7 days. Only
dog 2002 showed any ragweed sensitivity at the highest
ragweed concentration on day 3 post-infusion and that
response was given a rating of 1 because of the spread of
dye. It did not have the characteristic swelling seen in a
1 rating observed and recorded for the control dogs. At 7
days post-infusion for dog 2002 a response rating of 1 was
given to the spots with 1000 PMU/ml, 100 PMU/ml and 10
PMU/ml. Again there was only color diffusion and no
swelling. Given the fact that dog 2002 had no detectable
free or total IgE during this skin-testing period, it seems
likely that the skin reactions observed may not have been
due to cross-linking of IgE on the mast cell high affinity
IgE receptors. They may have been the result of some other

skin reaction associated with the testing procedure.

Example IX: Chimeric Canine anti-IgE mAb Engineered for Long
Serum Stability, Loss of Immunogenicity and for
IgE+ B-cell Targeting

33



WO 01/57090
PCT/US01/02924

The person of ordinary skill in the art will realize
that one may also provide the canine anti-IgE mAb of the
present invention in a form which comprises a greater
portion of the molecule as Ig taken from the dog sequence,
and therefore should be expected to have greater serum
stability, loss of immunogenicity and more effectively
target IgE+ B cells.

Therefore, in another example a chimeric canine anti-
IgE mAb that is engineered for long serum stability and an
inability to induce an immune response against it is
administered to a dog. This mAb binds to IgE in serum and
to IgE on the surface of IgE-producing B-cells but not to
IgE on mast cells or basophils. IgE synthesis is
consequently reduced or eliminated. The resulting reduced
IgE levels cause reduction in mast cell IgE receptor

expression and reduction in associated allergic reactivity.

Example X: Recombinant Canine IgE Receptor Designated cRclg
- Cloning and Expression in Insect Cells

The sequence that is believed to correspond to at least
part of the a-subunit of the canine IgE receptor is set

forth in the GENBANK database under Assession No. D16413.
The cRclg receptor is comprised of the alpha domain of

the receptor which binds IgE linked to exons 2 and 3 of
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canine IgE. The IgG heavy chain sections of the receptor
are the same as exons 2 and 3 of the cl5A.2.

DNA encoding the chimeric IgE receptor cRcIg was
introduced into a baculovirus genome using standard
procedures. High five insect cell cultures were infected
with baculovirus producing cRclg. The cRclg protein was
purified from the cell culture medium by chromatography on
protein A, followed by removal of contaminating proteins by
ion exchange chromatography. The DNA sequence of the
recombinant IgE receptor cRcIg with corresponding
translation is shown in Figure 10.

The IgE receptor used in the study was a recombinant
chimeric receptor-body, named cRclg, composed of the soluble
high affinity IgE receptor alpha unit fused with the canine
IgG CH2 and CH3 domain. The soluble alpha subunit, which
lacks the trans-membrane domain, was cloned by PCR using the
information available in GeneBank. The IgG CH2 and CH3
domain was part of sequence of DE94 as claimed by the Chemo-
Sero patent. The soluble receptor and DE94 CH2/CH3 were
connected by PCR to form the full length cRclg.

The full length cRclg was cloned into PharMingen'’'s
baculovirus pAcHisTNA vector. The virus was amplified using
sf-9 cells. The cRclIg protein was produced in a secret form

and was expressed in High five cells for 48 hours with MOI

35



WO 01/57090
PCT/US01/02924

(multiplicity of infection) at 5. The protein was purified
pased on the CH2/CH3 domain’s binding to Protein A column.
Detailed purification scheme is the same as that of 15A.2 as
illustrated in Example IV.

The purified cRclg was concentrated to 2.9 mg/ml, and
sterilized by filtering through 0.2 pm filter unit. The
final buffer component is as follows:

0.7 x PBS
6.5 mM sodium citrate
15% glycerol
pH: about 7.0
The protein has at least 95% purity as indicated by

SDS-PAGE protein gel and stored at -80°C for future use.

Example XI: Recombinant Canine IgE Receptor Effects on IgE
Activity in vitro and in vivo :

Serum IgE level was determined by ELISA as described
previously. purified cRclg as obtained from Example X was
tested for its ability to prevent the binding of canine IgE
to the canine IgE receptor in vitro. The amount of cRclg
'required to neutralize serum IgGE was measured by titration
of purified cRcIg against dog sera in vitro. Purified cRclg

was then administered through I.V. injection as a bolus.

36



WO 01/57090
PCT/US01/02924

The recombinant canine IgE receptor cRclg was therefore
administe;ed intravenously as a bolus to dogs 1001 and 1002.
This amount of cRcIg was equivalent to 10x (141 mgs; 7.08 ml
@ 2 mg/ml in dog 1002) or 20x (220 mgs; 11.04 ml @ 2 mgs/ml
in dog 1001) the amount needed for 50% neutralization of
recombinant receptor binding in vitro. Additional cRclg was
then administered at the dosage of 5 ml @ 2 mg/ml as a bolus
to each dog for five consecutive days, on days 13-17.

Figure 9 follows the level of free serum IgE in each dog
versus time. In both dogs, IgE returned rapidly to the
circulation after the initial dose of cRcIg on Day 0. Serum
IgE levels are generally assayed by standard ELISA
techniques well known to those of ordinary skill in the art.
IgE levels are generally considered to be undetectable in
the ELISA technigue below about 1 ng/ml.

In dog 1001, serum IgE was undetectable by assay for

greater than two months following the last dose of
recombinant IgE receptor. In dog 1002, serum IgE levels
returned to detectable levels over a period of days
following the final administration of the recombinant
receptor. It is to be noted however, that although serum
IgE levels increased in dog 1002 they did not return to the
elevated levels which were present prior to the
administration of the recombinant receptor on day 0. Figure
10 shows total and free serum IgE levels in each of the dogs
during the course of the experiment. These data show that

circulating IgE was not immediately removed from serum. Free
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serum IgE is unavailable but total IgE, presumably that
complexed with cRclg, was still in circulation.

These data document the effects of a recombinant
receptor of the present invention in: (1) clearing the serum
of circulating IgE; and (2) providing a method for affecting
the process by which IgE is replenished.

Example XII: Peptides Which Bind to Canine IgE and Prevent
Binding to the IgE Receptor and/or Bind to IgE
on B cells and Affect Synthesis of IgE

The person of ordinary skill in the art will realize
that peptides may be derived from combinatorial peptide
libraries and comprise sequences of amino acids which when
combined with IgE prevent binding to the IgE receptor. They
are, then, peptides of any sequence of amino acids capable
of binding to IgE, preferably exon 3 of IgE, and of
preventing this IgE from binding to the IgE receptor. They
may also bind to IgGE on B cells.

Therefore, in another example peptides which bind to
canine IgE are administered to a dog. The peptides bind IgE
in serum and IgE on the surface of IgE-producing B-cells but
not IgE on mast cells or basophils. IgE synthesis is
reduced or eliminated. The resulting reduced IgE levels
cause reduction in mast cell IgQE receptor expression and

reduction in associated allergic reactivity.
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Example XIV: Small Molecules Which Bind to Canine IgE and
Prevent Binding to the IgE Receptor and/or Bind
to IgE on B Cells and Affect Synthesis of IgE

The person of ordinary skill in the art will realize
that small organic molecules may be derived from
combinatorial libraries and are screened in assays whereby
the small organic molecules are isolated by their ability to
inhibit IgE from binding to the IgE receptor. They,
rherefore may bind to IgE, preferably at a region within
exon 3, and inhibit binding to the IgE receptor.

In another example a small molecule is administered to
a dog. The small molecule binds IgE in serum and IgE on the
surface of IgE-producing B-cells but not IgE on mast cells
or basophils. IgE synthesis is consequently reduced or
eliminated. The resulting reduced IgE levels cause
reduction in mast cell IgE receptor expression and reduction

in associated allergic reactivity.

Closing

It must be noted that as used herein and in the
appended claims, the singular forms “a,” vand,” and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to va formulation”
includes mixtures of different formulations and reference to

vthe method of treatment” includes reference to equivalent
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steps and methods known to those skilled in the art, and so
forth.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar to or equivalent to those described herein can be
used in the practice or testing of the invention, the
preferred methods and materials are described herein. All
publications mentioned herein are fully incorporated herein

by reference.
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CLAIMS

An exogenous receptor molecule which specifically

binds to canine IgE.

The receptor molecule of claim 1 wherein the

receptor molecule is an antibody.

The antibody of claim 2 wherein the antibody is a

monoclonal antibody.

The receptor molecule of claim 1 wherein the
receptor molecule is a chimera of canine and

mouse immunoglobulin.

The receptor molecule of claim 4 comprising a
chimera of canine constant heavy and light
domains fused to mouse heavy and light chain

variable regions.

The receptor molecule of claim 1 wherein the
receptor molecule has an affinity for exon 3 of

canine IgE.

The receptor molecule of claim 8 wherein the

antibody is C15A.2.

The receptor molecule of claim 1, wherein the
receptor molecule prevents binding of IgE to a
second receptor and wherein the second receptor
is located on a cell selected from one or more of
the group consisting of: B cells, mast cells, and

basophils.

The receptor molecule of claim 1 wherein the

receptor is an organic molecule.
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The receptor molecule of claim 9 wherein the

receptor 1s a protein or a peptide.

The receptor molecule of claim 10 wherein the
receptor molecule further comprises at least a

portion of an IgG heavy chain.

The receptor molecule of claim 1 wherein the
receptor molecule comprises a chimeric monoclonal
antibody which binds to IgE, and wherein the
monoclonal antibody is a chimera of canine and

mouse immunoglobulin.

The monoclonal antibody of claim 12 wherein the
monoclonal antibody comprises canine constant
heavy and light domains fused to mouse heavy and

light chain variable regions.

The monoclonal antibody of claim 13 wherein the
monoclonal antibody has an affinity for exon 3 of

canine IgE.

The monoclonal antibody of claim 14 wherein the
monoclonal antibody prevents binding of IgE to a
receptor and wherein the receptor is located on a
cell selected from one or more of the group
consisting of: B cells, mast cells, and
basophils.

A method of treating canine allergies comprising:

administering to the canine an exogenous
receptor molecule which specifically binds to

IgE.
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18.

19.

20.

21.

22.

23.

24.

25.

The method of claim 16 wherein the receptor
molecule is a chimera of canine and mouse

immunoglobulin.

The receptor molecule of claim 17 wherein the

receptor is a monoclonal antibody.

The method of claim 18 wherein the receptor
molecule comprises a chimera of canine constant
heavy and light domains fused to mouse heavy and

light chain variable regions.

The method of claim 16 wherein the receptor
molecule has an affinity for exon 3 of canine

IgE.

The method of claim 20 wherein the receptor

molecule is C15A.2.

The method of claim 16 wherein the administration
of the receptor molecule results in a lowering of

serum IgE levels in the treated canine.

The method of claim 16 wherein the administration
of the receptor molecule results in binding of
IgE on B cells and the subsequent elimination of

clonal populations of B cells.

The method of claim 16 wherein the administration
of the receptor molecule results in the binding

of IgE in plasma.

The method of claim 16 wherein the administration
of the receptor molecule results in an inhibition

of IgE production in the treated canine.
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26.

27.

28.

29.

30.

31.

32.

The method of claim 16 wherein the receptor
molecule further comprises IgG heavy chain

sequences.

The method of claim 22 wherein the lowering of
serum IgE levels is caused by disruption or
blocking of interactions between IgE and

receptors for IgE.

The method of claim 27 wherein the receptors for

IgE are located on mast cells.

The method of claim 27 wherein the receptors for

IgE are located on basophils.

A pharmaceutical formulation for treating

allergies in a canine, comprising:

a therapeutically effective amount of an
exogenous receptor molecule, which exogenous
receptor molecule specifically binds to canine

IgE.

The pharmaceutical formulation of claim 30
wherein the exogenous receptor molecule comprises

a chimeric monoclonal antibody.

The pharmaceutical formulation of claim 31
wherein the chimeric monoclonal antibody
comprises a chimera of canine constant heavy and
light domains fused to mouse heavy and light
chain variable regions and has an affinity for

exon 3 of canine IgE.
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33.

34,

The pharmaceutical formulation of claim 30,
further optionally comprising one or more
components selected from the group consisting of:
saline or other parenteral solutions, buffering
agents, stabilizers, bulking agents,

antioxidants, and co-solvents.

The pharmaceutical formulation of claim 31 in a
form suitable for administration by one or more
of the following methods: intravenous
administration, subcutaneous administration, and

intramuscular administration.
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DOG /D WEIGHT BLOOD VOL. IgE LEVEL  TOTAL FREE IgE 10X c15A2
@) (ml) (ug/mli) (mg) (mg)
2002 9,300g 558 mi 1.61 0.898mg 8.98mg
2003 12,200g 732ml 9.71 7.11mg 71.1mg
2103 8,000g 480mi 8.14 3.91mg 39.1mg
TOTAL 119.18mg
** DOG BLOOD VOLUME: 6% OF BODY WEIGHT

FIG. 8

Free IgE Level in cRclg - Treated Dogs
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SEQUENCE LISTING

<110> IDEXX LABORATORIES, INC.

<120> CANINE ALLERGY THERAPEUTIC RECOMBINANT
CHIMERIC ANTI-IgE MONOCLONAL ANTIBODY

<130> 036040036PCO1

<140> TO BE ASSIGNED
<141> 2001-01-30

<150> 09/592,998
<151> 2000-06-12

<160> 10
<170> FastSEQ for Windows Version 3.0

<210> 1
<211> 34
<212> DNA
<213> Mouse

<400> 1
gggaattcat graattgsac tgggtywtyc tctt 34

<210> 2
<211> 39
<212> DNA
<213> Mouse

<400> 2
actagtcgac atggactcca ggctcaattt agttttcct 39

<210> 3
<211> 32
<212> DNA
<213> Mouse

<400> 3
cccaagctta cgagggggaa gacatttggg aa 32

<210> 4
<211> 33
<212> DNA
<213> Mouse

<400> 4
gggaattcat ggcctggayt ycwctywtmy tct 33

<210> 5
<211> 35
<212> DNA



WO 01/57090

<213>

<400>

Murine

5

cccaagctta gctcytcwgw ggatggyggy ggraa

<210>
<211>
<212>
<213>

<400>
aaa tgg
ttc tct
ggg gct
gac tac
tgg att
aag ttc
gcc cac
tat tgt
ggt caa
tcg gtt
gtg gcc
gtg tcc
tce gac
gtg ccc
cac ccg
aat gga
gaa atg
gac acc
gat ctg
ggt aag
aat ggc
tgg ctc
cca tcc
cag ccc
aac aca
att gat
tac cgc
tac agc
ttc ata
aaa tcc

atg
gtg
cct
act
gag
cag
aca
tat
tgg
ccce
acg
act
ccg
aca
gcc
gaa
cct
aag
gtg
gac
ttc
gac
ctc
cat
aag
gac
aag
ctg
acc
cag

<210>
<211>
<212>
<213>

<400>
atggcctgga
gctgttgtga
tgtcgctcaa
ccagatcatt
gccagattct
actgaggatg
ggaggaacca
ccgcectect
ttctacccca

6
1425
DNA
Mouse

agc
gag
tca
ttt
ggt
aag
atg
gca
gga
ttc
ctg
tgg
ctg
tcc
gcc
aga
ctg
ctc
gga
cag
acc
aag
ccg
agt
gtc
gtg
acg
aag
tgt
cte

tgg
gtt
gtg
atg
cgt
ggc
gag
aga
acc
cca
gcc
aat
cag
agc
agc
gtt
gga
ttg
cca
atg
tac
999
atc
gtg
agc
gag
acc
ctc
gcg
tce

7

705
DNA
Mouse

7
tttcactctt
ctcaggaatc
gtactggggc
tattcactgg
caggctccct
aggcaatata
aactgactgt
ctgaggagct
gcggegtgac

gtt
cag
aag
aac
att
aag
cte
ttc
tca
ctg
tgc
tcc
tcc
agg
aaa
cct
gg99
att
gaa
caa
cgt
aag
gag
tat
ttg
tgg
ccg
tct
gtg
cat

ttt
ctg
ata
tgg
aat
gcc
cgg
tac
gtc
gac
ctg
ggc
tca
tgg
act
cgc
cct
gcc
gac
aca
gtg
cag
agg
gtc
aca
cag
ccc
gtg
atg
tct

ctc
cag
tcc
gtg
cct
aca
agc
tac
acc
ccce
gtg
tce
g99
tcc
aaa
cca
tcg
cga
cct
gcc
gtc
ttc
acc
ctg
tgc
agc
cag
gac
cat
ccg

attctctctce
tgcactcacc
tgttacaact
tctaataggt
gattggagac
tttectgtgct
cctaggccag
cggcgccaac

ggtggcectgg

ttt
cag
tgc
atg
ttc
ttg
ctg
gga
gtc
agc
tca
ttg
ctc
agc
gta
cct
gtc
aca
gag
aag
agt
acg
atc
ccg
ctg
aat
ctg
aag
gaa
ggt

ctc
tct
aag
cag
aat
act
gca
cgt
tcc
tgc
ggc
acc
tac
gag
gac
gat
ttc
cct
gtg
act
gtc
tgc
tcc
cca
atc
gga
gac
agc
gct
aaa

ctg
gga
gct
agc
ggt
gta
tct
tac
tca
g99
tac
agc
tcc
acce
aag
tgt
atc
gag
cag
cag
ctc
aaa
aag
tcc
aaa
cag
gag
cgc
cta
tga

ctggctctca
acatcacctg
agtaactatg
ggtcccaaca
aaggctgccc
ctatggtaca
cccaaggcct
aaggccaccc

aaggcaagcg

2/17

act
ctg
tac
aag
ttc
tcc
tct
atg
acc
tcce
gag
cac
agc
tgc
ccc
tgc
cecg
tgt
tgg
gag
g99
aac
999
gag
ttc
cct
tcc
cgg
cac

tca
cct
tct
cat
gat
gac
gag
tat
gcc
tce
tte
ggt
ctc
tte
cca
cce
ttt
gtc
atc
cct
cce
gtc
gcc
cgg
gac
cag
gac
tgg
cac

gta
gag
ggt
gga
cct
aaa
gac
gct
tcce
act
ccc
gtg
agc
acc
gtg
aaa
ccce
aca
agce
cgt
att
aac
aga
gag
ttec
gag
gg99
cag
aac

gctcaggggce
gtgaaacagt
ccaactgggt
accgagctcc
tcaccatcac
gcaaccattg
ccececteggt
tggtgtgcct
gcagccccgt

ggt
aag
ttt
ctt
aac
agc
gtc
tac
gcc
tcc
gta
ttc
gtg
gtg
aga
gcc
ccc
gtg
gtg
cag
cag
gcc
gcc
agc
cct
agc
ttc
gac
aca

gcg
gtg
tca
agc
tac
tct
gca
gac
acg
ggc
cct
acc
atg
aac
aaa
cca
aaa
gtg
ttc
gag
cac
aaa
cag
ttg
cca
gag
tac
gga
tac

catttcccag
cacactcact
ccaagaaaaa
aggtgttcct

aggggcacag
ggtgttcggt
cacactcttc
catcagcgac
cacccagggc

PCT/US01/02924

35

48
96
144
192
240
288
336
384
432
480
528
576
624
672
720
768
816
864
912
960
1008
1056
1104
1152
1200
1248
1296
1344
1392
1425

60
120
180
240
300
360
420
480
540



gtggagacca ccaagccctc caagcagagc aacaacaagt acgcggccag cagctacctg
agcctgacgc ctgacaagtg gaaatctcac agcagcttca gctgcctggt cacgcacgag

WO 01/57090

gggagcaccg tggagaagaa ggtggccccc gcagagtgct cttag

ctg
Leu
15

aca
Thr

gtg
Val

gtg
Val

gac
Asp

gaa
Glu
95

gag
Glu

agc
Ser

gtg
vVal

ttc
Phe

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>
ccgcecgag atg

ctg
Leu

gtg
Val

act
Thr

tgg
Trp

atc
Ile
80

aat

Asn

tgg
Trp

ttc
Phe

acce
Thr

aac
Asn

Met
1

ctc
Leu

tce
Ser

ctt
Leu

ctc
Leu
65

aat
Asn

aga
Arg

ctg
Leu

ctc
Leu

tac
Tyr
145

atc
Ile

8
1300
DNA

Baculovirus

CDs

(8)...(1300)

Cani

8
cct
Pro

tcc
Ser

atg
Met

aca
Thr
50

cac
His

aaa
Lys

tcc
Ser

atc
Ile

atc
Ile
130

tac

Tyr

tce
Ser

ne IgE

gct tcc
Ala Ser

tct cca
Ser Pro
20

aac ccg
Asn Pro
35

tgt act
Cys Thr

aac aac
Asn Asn

gcc caa
Ala Gln

atc ctg
Ile Leu
100

ctt caa
Leu Gln
115

agg tgc
Arg Cys

aag gat
Lys Asp
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