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The present invention provides compositions and methods for the use of antigenic peptides derived from the Fc portion of the

epsilon heavy chain of an Ig

= molecule as vaccines for the treatment and prevention of IgeE-mediated allergic disorders. In

particular, the invention provides compositions, methods for the treatment and prevention of IgE-mediated allergic disorders
comprising an immunogenic amount of one or more antigenic peptides derived from the CH3 domain or junction of Ch-3/CH4
domain of an Igk molecule and methods for the evaluation of IgE mediated allergies in dogs.
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Anti-IgE Vaccines
Abstract

The present invention provides compositions and methods for the use of antigenic

peptides derived from the Fc portion of the epsilon heavy chain of an IgE molecule as
vaccines for the treatment and prevention of IgE-mediated allergic disorders. In particular,
the invention provides compositions, methods for the treatment and prevention of IgE-
mediated allergic disorders comprising an immunogenic amount of one or more antigenic
peptides derived from the CH3 domain or junction of Ch-3/CH4 domain of an IgE molecule

and methods for the evaluation of IgE mediated allergies in dogs.

wcmw,“*mw“m: e




CA 02356124 2001-08-28

PC10761A

10

15

20

29

30

39

Anti-IgE Vaccines

Field of the Invention

The present invention relates to compositions and methods for the use of antigenic
peptides derived from the Fc portion of the epsilon heavy chain of an IgE molecule as
vaccines for the treatment and prevention of IgE-mediated allergic disorders. In particular,
the present invention relates to compositions comprising at least one antigenic peptide
derived from the CH3 domain or CH3-CH4 domain junction of an IgE molecule optionally
coupled to a heterologous carrier protein. The compositions of the present invention may
also comprise an adjuvant. The compositions of the present invention induce anti-Igk
antibodies, which bind to soluble (free) IgE in serum and other bodily fluids, but do not cross-
link receptor-bound IgE. The present invention further relates to methods of administering
compositions of the invention to animals, preferably mammals and most preferably humans,
for the treatment or prevention of IgE-mediated allergic disorders and methods for evaluating
vaccines and other therapies for the treating IgE-mediated allergic disorders.

Background of the Invention

Immune-mediated allergic (hypersensitivity) reactions are classified into four types (|-
V) according to the underlying mechanisms leading to the expression of the allergic
symptoms. Type | allergic reactions are characterized by IgE-mediated release of vasoactive
substances such as histamine from mast cells and basophils. The release of these
substances and the subsequent manifestation of allergic symptoms are initiated by the cross-
linking of allergen-bound IgE to its receptor on the surface of mast cells and basophils.

An IgE antibody is a complex molecule consisting of two identical heavy chains and
two identical light chains held together by disulfide bonds in a “Y” shape-configuration. Each
light chain consists of a variable (V.) domain linked to a constant domain (C.), and each
heavy chain consists of a variable domain (Vh) and four constant domains (CH1, CH2, CH3,

and CH4. also known as Ce1, Ce2, Ce3, and Ce4; respectively). The two arms of an IgE
antibody contain the site at which an IgE antibody binds to its specific antigen (allergen) and
each arm is referred to as a Fab (fragment-antigen-binding) fragment. The tail of an Igk
antibody is termed Fc (fragment-crystalline) as it can form crystals when separated from the
Fab fragments of the antibody under appropriate experimental conditions. The Fc fragment of
an IgE antibody consists of the Ce2, Ce3, and Ce4 domains and contains the biologically
active structures of the IgE antibody (e.g., receptor binding sites).

The production of IgE antibodies requires interactions and collaborations among
three cells; antigen presenting cells (APC), T lymphocytes (T helper cells; Th) and antibody
producing cells (B lymphocytes; B cells). When a foreign substance, an allergen, IS
introduced for the first time into the body of subjects (e.g., by inhalation of environmental

allergen, ingestion of certain foods, or via the skin), the allergen is taken up by APCs (e.g.,
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macrophages) which then digest or process the allergen into smaller fragments (epitopes).
These fragments are displayed on the surface of APCs in association with specific molecules
known as major histocompatibility complex proteins (MhC). The allergen fragment/MhC
complex displayed on the surface of APCs is recognized and bound by receptors on the
surface of specific T lymphocytes. This recognition and binding event leads to the activation
of T lymphocytes and the subsequent expression and secretion of cytokines such as
interleukin-4 (IL-4). These cytokines induce the muitiplication, clonal expansion and
differentiation of B cells specific for the allergen in question (i.e., B cell which express on their
surface immunoglobulin receptors capable of binding to the allergen) and ultimately lead to
the production of IgE antibodies from these B cells. A portion of the activated T lymphocytes
and IgE producing B cells eventually become committed to a pool of cells called T and B
memory cells, which are capable of faster recognition of allergen upon subsequent exposure
to the allergen.

In individuais suffering from type | allergic reactions, exposure to an allergen for a
second time leads to the production of high levels of IgE antibodies specific for the allergen as
a result of the involvement of memory B and T cells in the 3-cell interaction required for IgE
production. The high levels of IgE antibodies produced during the second exposure lead to
cross-linking of IgE receptors on mast cells and basophils by allergen-bound IgE, which in
turn leads to the activation of these cells and the release of the pharmacological mediators
that are responsible for the clinical manifestations of type | allergic diseases.

Two receptors with differing affinities for Igk have been identified and characterized.

The high affinity receptor (FceRI) is expressed on the surface of mast cells and basophiis.

The low affinity receptor (FceRIlI/CD23) is expressed on many cell types including B cells, T
cells, macrophages, eosinophils and Langerhan cells. The high affinity IgE receptor consists
of three subunits (alpha, beta and gamma chains). Several studies demonstrate that only the
alpha chain is involved in the binding of IgE, whereas the beta and gamma chains (which are

either transmembrane or cytoplasmic proteins) are required for signal transduction events.

The identification of IgE structures required for IgE to bind to the FceRI on mast cells and
basophils is of utmost importance in devising strategies for treatment or prevention of IgE-
mediated allergies. For example, the elucidation of the IgE receptor-binding site could lead to
the identification of peptides or small molecules that block the binding of IgE to receptor-
bearing cells in vivo.

Over the last 15 years, a variety of approaches have been utilized to determine the
FceRI binding site on IgE. These approaches can be classified into five different categories.
In one approach, small peptides corresponding to portions of the Fc part of an IgE molecule
were produced and analyzed for their ability to inhibit IgE from its receptors. See, for
example, Nakamura et al., EP0263655 published April 13,1988, Burt et al., 1987, European
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Journal of Immunology, 17:437-440, helm et al., 1988, Nature 331:180-183; helm et al., 1989,
PNAS 86:9465-9469: Vercelli et al., 1989, Nature 338:649-651; Nio et al.,, 1990, Peptide
Chemistry, 2: 203-208; Nio et al., 1993, FEBS Lett. 319:225-228,; and Nio et al.,, 1992, FEBS
Lett. 314:229-231. Although many of the peptides described in these studies were shown {0
inhibit the binding of IgE to its receptors, different studies reported different sequences as
being responsible for IgE binding.

helm et al. (1988, Nature 331:180-183) identified a 75 amino acid peptide that spans

the junction between C,h2 and C,h3 domains of IgE and showed that this peptide binds to the
IgE receptor with an affinity close to that of the native IgE molecule. On the other hand, Basu
et al. (1993, Journal of Biological Chemistry 268: 13118-13127) expressed various fragments
from IgE molecules and found that only those fragments containing both the CH3 and CH4
domains were able to bind IgE and that CH2 domain is not necessary for binding. Vangelista
et al. (1999, Journal of Clinical Investigation 103:1571-1578) expressed only the CH3 domain
of IgE and showed that this domain alone could bind to IgE receptor and prevent binding of
IgE to its receptor. The results of Basu et al. and Vangelista et al. are inconsistent and
conflict with those of helm et al. cited above.

In a second approach to identify the FcRI binding site on IgE, polyclonal antibodies
against peptides corresponding to parts of the CH2 domain, CH3 domain or CH4 domain
were produced and used to probe for receptor binding site on IgE (Robertson et al., 1988,
Molecular Immunol. 25:103-118). Robertson et al. concluded that the amino acid residues
defined by a peptide derived from the CH4 domain were not likely to be involved in receptor
binding, whereas amino acid residues defined by a peptide derived from the CH3 domain of
IgE were most likely proximal to the IgE receptor-binding site (amino acids 387-401).
however, the anti-CH3 peptide antibodies released histamine from IgE-loaded mast cells
indicating that the amino acids defined by the CH3 peptide did not define the bona fide IgE
receptor-binding site and that anti-CH3 peptide antibodies could cause anaphylaxis.

In a third approach to identify the FceRI binding site on IgE, several investigators
produced IgE mutants in an attempt to identify the amino acid residues involved in receptor
binding (see, e.g., Schwarzbaum et al., 1989, European Journal of Immunology 19:1015-
1023: Weetall et al., 1990, Journal of Immunology 145:3849-3854; and Presta et al., 1994,
Journal of Biological Chemistry 269:26368-26373). Schwartzbaum et al. demonstrated that a
mouse IgE antibody with the point mutation proline to histidine at amino acid residue 442 in
the CH4 domain has a two fold reduced affinity for the IgE receptor. Schwartzbaum et al.
concluded that the CH4 domain of an IgE antibody is involved in IgE binding to its receptor.
however, Schwartzbaum’s conclusion contradict Weetall et al.’s conclusion that the binding of
mouse IgE to its high affinity receptor involves portions of the CH2 and CH3 domains of the
IgE antibody, but not the CH4 domain. Further, Schwartzbaum et al.’s conclusions contradict
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Presta et al.’s conclusion that the amino acid residues of the IgE antibody important for

binding to the FceRI are located in the CH3 domain.

In a fourth approach to identify the FceRI binding site on IgE, chimeric IgE molecules

were constructed and analyzed for their ability to bind to the FceRIl. Weetall et al., supra
constructed a series of chimeric murine IgE-human IgG molecules and tested their binding to
the IgE receptor. Weetall et al., supra concluded that the CH4 domain does not participate In
receptor binding and that the CH2 and CH3 domains are both required for binding to the high
affinity receptor on mast cells. In another study, Nissim et al. (1993, Journal of Immunol
150:1365-1374) tested the ability of a series of human IgE-murine IgE chimera to bind to the
FceRl and concluded that only the CH3 domain is needed for binding to the FceRIl. The

conclusion by Nissim et al. corroborates the conclusion by Vangelista et al. that the CH3

domain of IgE alone binds to the FceRIl. however, the conclusions by Nissim et al. and

Vangelista et al. contradict the conclusions of Weetall et al. and Robertson et al.
Presta et al., supra produced chimeric human IgG in which the CH2 was replaced

with CH3 from human IgE. When tested for receptor binding, this chimera bound to the FceRI
albeit with a four-fold reduced affinity compared with native IgE. The results of Presta et al.
appear to corroborate with the results of Nissim et al., but conflict with those of Weetall et al.,
helm et al., and Basu et. al., cited above. In a further attempt to define the exact amino acid
residues responsible for the binding of IgE to its receptor, Presta et al. inserted specific amino
acid residues corresponding to CH2-CH3 hinge region and three loops from the CH3 domain
of human IgE into their analogous locations within human IgG and called these mutants
IgGEL. Unfortunately, when these IgGEL variants were tested for receptor binding, they
exhibited minimal binding compared to the native IgE or the 1gG in which the full length CH3
domain replaced the full length CH2 domain.

In a fifth approach to identify the FceRI binding site on IgE, monoclonal antibodies

have been developed and analyzed for their ability to block IgE binding to the FceRI. See, for
example, Del Prado et al., 1991, Molecular immunology 28:839-844; Keegan et al., 1991,
Molecular Immunology 28:1149-1154; hook et al., 1991, Molecular Immunology 28:631-639;
Takemoto et al., 1994, Microbiology and Immunology 38:63-71; and Baniyash et al., 1988,
Molecular Immunology 25:705-711. Although many monoclonal antibodies have been
developed, they have provided little information on the bona fide IgE receptor-binding site
because in many cases the amino acid sequence recognized by these monoclonal antibodies

have not or could not be identified. Further, the monoclonal antibodies developed may block

IgE from binding to its receptor by steric hindrance or induction of severe conformational
changes in the IgE molecule, rather than by the binding and masking of IgE residues directly

involved in receptor binding.
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It is apparent from the above discussion that approaches that have been devised to
identify the receptor binding site on IgE have produced conflicting resuits. The difficulty in the
identification of the amino acid residues of IgE responsible for receptor binding could be
further complicated by the possibility that the site on IgE used for binding to the receptor may
not be a linear sequence of amino acids, which could be mimicked by a synthetic peptide.
Rather, the binding site may be a conformational determinant formed by multiple amino acids
that are far apart in the IgE protein sequence which are brought into close proximity only in
the native three-dimensional structure of IgE. Studies with IgE variants, IgE chimera, and
monoclonal anti-IgE antibodies strongly suggest that the binding site is a conformational
determinant.

Currently, IgE-mediated allergic reactions are treated with drugs such as
antihistamines and corticosteroids which attempt to alleviate the symptoms associated with
allergic reactions by counteracting the effects of the vasoactive substances released from
mast cells and basophils. high doses of antihistamines and corticosteroids have serious side
effects such as renal and gastrointestinal toxicities. Thus, other methods for treating type |
allergic reactions are needed.

One approach to the treatment of type | allergic disorders has been the production of
monoclonal antibodies which react with soluble (free) IgE in serum, block IgE from binding to
its receptor on mast cells and basophils, and do not bind to receptor-bound IgE (i.e., they are
non-anaphylactogenic). Two such monoclonal antibodies (rhuMab E25 and CGP56901) are
in advanced stages of clinical development for treatment of IgE-mediated allergic reactions
(see, e.g., Chang, T.W,, 2000, Nature Biotechnology 18:157-62). The identity of the amino
acid residues of the IgE moiecule recognized by these monoclonal antibodies are not known
and it is presumed that these monoclonal antibodies recognize conformational determinants
on Igk.

Although early results from clinical trials with therapeutic anti-lgE monoclonal
antibodies suggest that these therapies arc effective in the treatment of atopic allergies, the
use of monoclonal antibodies for long-term treatment of allergies has some significant
shortcomings. First, since these monoclonal antibodies were originally produced in mice,
they had to be reengineered so as to replace mouse sequences with consensus human IgG
sequences (Presta et al., 1993, The Journal of Immunology 151:2623-2632). Although this
“humanization” process has led to production of monoclonal antibodies that contain 95%
human sequences, there remain some sequences of mouse origin. Since therapy with these
anti-IgE antibodies requires frequent administration of the antibodies over a long period of
time, some treated allergic patients could produce an antibody response against the mouse
sequences that still remain within these therapeutic antibodies. The induction of antibodies
against the therapeutic anti-IgE would negate the therapeutic impact of these anti-IgE
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antibodies at least in some patients. Second, the cost of treatment with these antibodies will
be very high since high doses of these monocional antibodies are required to induce a
therapeutic effect. Moreover, the frequency and administration routes with which these
antibodies have to be administered is inconvenient. A more attractive strategy for the
treatment of IgE-mediated disorders is the administration of peptides which induce the
production of anti-IgE antibodies.

One of the most promising treatments for IgE-mediated allergic reactions is the active
immunization against appropriate non-anaphylactogenic epitopes on endogenous |IgE.
Stanworth et al. (U.S. Patent No. 5,601,821) described a strategy involving the use of a
peptide derived from the CH4 domain of the human IgE coupled to a heterologous carrier
protein as an allergy vaccine. however, this peptide has been shown not to induce the
production of antibodies that react with native soluble IgE. Further, hellman (U.S. Patent No.
5.653,980) proposed anti-IgE vaccine compositions based on fusion of full length CH2-CH3
domains (approximately 220 amino acid long) to a foreign carrier protein. however, the
antibodies induced by the anti-IgE vaccine compositions proposed by hellman will most likely
result in anaphylaxis since antibodies against some portions of the CH2 and CH3 domains of
the IgE molecule have been shown to cross-link the IgE receptor on the surface of mast cell
and basophils and lead to production of mediators of anaphylaxis (see, e.g., Stadler et al,,
1993, Int. Arch. Allergy and Immunology 102:121-126). Therefore, a need remains for
vaccines for the treatment of IgE-mediated allergic reactions, which do not induce
anaphylactic antibodies.

The significant concern over induction of anaphylaxis has resulted in the development
of another approach to the treatment of type | allergic disorders consisting of mimotopes that
could induce the production of anti-IgE polyclonal antibodies when administered to animals
(see, e.g., Rudolf, et al., 1998, Journal of Immunology 160:3315-3321). Kricek et al.
(international Publication No. WO 07/31948) screened phage-displayed peptide libraries with
the monoclonal antibody BSWI7 to identify peptide mimotopes that could mimic the
conformation of the IgE receptor-binding site. These mimotopes could presumably be used to
induce polyclonal antibodies that react with free native IgE, but not with receptor-bound IgE
as well as block IgE from binding to its receptor. Kricek et al. disclosed peptide mimotopes
that are not homologous to any part of the IgE molecule and are thus different from peptides
disclosed in the present invention.

A major obstacle facing the development of an anti-lIgE vaccine is the lack of
information regarding the precise amino acids representing non-anaphylactogenic IgE
determinants that could be safely used to immunize allergic subjects and induce non-
anaphylactogenic polyclonal antibodies (i.e., polyclonal anti-IgE antibodies that do not bind to
receptor-bound IgE). The peptide compositions of the present invention are selected to be
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non-anaphylactogenic; i.e., the peptide compositions do not result in production of anti-igk
antibodies that could cause cross-linking of IgE bound to mast cells or basophils. Thus
peptides of the present invention have superior safety profile and are differentiated by
sequence composition from disclosed vaccines based on full-length C2h-CH3 domains.

The safety and efficacy of therapies intended for treatment of IgE-mediated allergies
are usually evaluated in animal models such as mice, rats and dogs. A variety of mouse and
rat models have been developed for several types of IgE-mediated allergies such as asthma,
atopic dermatitis and food allergies (Xin-Min Li, et al.; J. Allergy Clin. Immunol 1999; 103:206-
214, Xui-Min et al.; J. Allergy Clin Immunol., 2001, 107:693-702). Although these models
have been useful in evaluation of small molecule-based treatment modalities, they are not
suitable for evaluation of vaccine-based treatments. This is because the IgE-derived peptide
epitope(s) that are used for development of a vaccine for non-rodent species e.g. dogs, can
be significantly different from those of mice and rats. Although naturally occurring canine
models of allergies are available (e.g. Ermel RW, et al.; Laboratory Animal Science 1997,
47:40-48), these models take a very long time to develop and only a limited number of
animals are available at one time. Furthermore, once these dogs are used for a vaccine trial,
they cannot be used for further trials. Although dogs can be experimentally sensitized to
allergens such as flea allergens (e.g. McDermott, MJ, et al.; Molecular Iimmunology, 2000;
37:361-375), the limitations discussed above still apply. Thus, an appropriate method to
induce high levels of IgE and clinical signs of Type | hypersensitivity in dogs is needed to
allow rapid evaluation of vaccines and other therapies for treatment of allergies in the desired
target species.

Ricin is a lectin found in castor beans which has been found to enhance IgE
production directed against a variety of antigens. For example, administration of ricin in
conjunction with an antigen can boost the production of IgE in rats that are inherently low In
IgE (e.g. Underwood, SL et al.; Immunology. 1995 ;85:256-61, Underwood, SL et al.; int Arch
Allergy Immunol. 1995;107:119-21 and Diaz-Sanchez D. et. al.; Immunology. 1991;72:297-
303). Several studies have determined that ricin enhances IgE responses by preferentially
inhibiting a population of activated CD8+ T lymphocytes. These CD8+ cells are thought to
express counter regulatory cytokines (e.g. interferon gamma) that down regulate the Th2
cytokines (IL-4, IL-10, and IL-5) released by CD4+ lymphocytes that provide class-switching
signals for B-lymphocytes to express IgE (Noble A, et al.; Immunology 1993, 80:326 and
Diaz-Sanchez, D. et. Al.; Immunology. 1993;78:226-236.). Previous studies also show that
IgE responses to bee venom phospholipase A2 were reduced by 90% in rats receiving an
adoptive transfer of the immunosuppressive CD8+ T lymphocytes (Diaz-Sanchez et al;
Immunology 1993, 78:226-236). Compared to CD4+ cells, this population of reguiatory CD8+
T lymphocytes has high affinity receptors for the ricin lectin. Following entry of the lectin into
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the activated cell, cellular protein synthesis is inhibited resuiting in killing of the cell. Rats
immunized with antigen and ricin show a dramatic increase in the CD4/CD8 ratio due to a
40% decrease in CD8+ T lymphocytes occurring between 7 and 21 days after immunization
((Diaz-Sanchez et al.; Immunology 1993, 78:226-236).

Thus to facilitate and accelerate the development of allergy models, there is a need
as provided in the method of the present invention, for induction of high levels of IgE and
concomitant induction of clinical signs of allergies in normal dogs following simultaneous
exposure to allergens and ricin. This method utilizes normal dogs, which are readily
available, and results in sensitization of the majority of dogs in a relatively short period of

time.
Summary of the Invention

The present invention provides compositions and methods for the use of antigenic
peptides derived from the Fc portion of the epsilon heavy chain of an IgE molecule as
vaccines for the treatment and prevention of IgE-mediated allergic disorders. In particular,
the invention provides compositions for the treatment and prevention of ige-mediated allergic
disorders comprising an immunogenic amount of one or more antigenic peptides derived from
the CH3 domain of an Igk molecule.

Preferably, compositions of the present invention comprise an immunogenic amount
of one or more antigenic peptides comprising the amino acid sequence of SEQ ID NO: 1,
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7.
Figures 3-9 depict such dog CH3/CH4 peptide sequences. Further preferred compositions of
the present invention comprise an immunogenic amount of one or more antigenic peptides
comprising the amino acid sequence of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14. Figures 10-16 depict such
human CH3/CH4 peptide sequences.

The antigenic peptides can be supplied by direct administration or indirectly as
“bro-drugs”™ using somatic cell gene therapy.

The present invention also provides pharmaceutical compositions comprising an
immunogenically effective amount of one or more antigenic peptides derived from the CH3
domain of an IgE molecule and one or more pharmaceutically acceptable carriers. In one
embodiment, a pharmaceutical composition of the invention comprises an immunogenically
effective amount of one or more antigenic peptides derived from the CH3 domain of an IgE
molecule and one or more pharmaceutically acceptable carriers. In another embodiment, a
pharmaceutical composition of the invention comprises an immunogenically effective amount
of one or more antigenic peptides derived from the junction of the CH3 and CH4 domains of

an IgE molecule and one or more pharmaceutically acceptable carriers.
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In a particular embodiment, a pharmaceutical composition of the invention comprises
one or more pharmaceutical carriers and an immunogenically effective amount of one or more
antigenic fusion proteins comprising an antigenic peptide derived from the CH3 domain of an
IgE molecule and a heterologous carrier protein. In another particular embodiment, a
pharmaceutical composition of the invention comprises one or more pharmaceutical carriers
and an immunogenically effective amount of one or more antigenic fusion proteins comprising
an antigenic peptide derived from the junction of the CH3 and CH4 domains of an gk
molecule and a heterologous carrier protein.

In a preferred embodiment, a pharmaceutical composition of the invention comprises
one or more pharmaceutical carriers and an immunogenically effective amount of one or more
antigenic peptides comprising the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7. In another
preferred embodiment, a pharmaceutical composition of the present invention comprises one
or more pharmaceutical carriers and an antigenic fusion protein comprising the amino acid
sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:, SEQ ID NO: 4, SEQ ID NO: 5, SEQ
ID NO: 6, or SEQ ID NO: 7 coupled to a heterologous carrier protein.

In a further preferred embodiment, a pharmaceutical composition of the invention
comprises one or more pharmaceutical carriers and an immunogenically effective amount of
one or more antigenic peptides comprising the amino acid sequence of SEQ ID NO: 8, SEQ
ID NO: 9. SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO:
14. In another preferred embodiment, a pharmaceutical composition of the present invention
comprises one or more pharmaceutical carriers and an antigenic fusion protein comprising
the amino acid sequence of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14 coupled to a heterologous carrier protein.

The present invention also provides pharmaceutical compositions comprising an
immunogenically effective amount of one or more antigenic peptides derived from the CH3
domain of an IgE molecuie, a pharmaceutically acceptable carrier, and an adjuvant.
Adjuvants encompass any compound capable of enhancing an immune response to an

antigen. Examples of adjuvants which may be effective, include, but are not limited to:

aluminum hydroxide, monophosphory! lipid A (MPLA)
-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-muramy!l-L-
alanyl-D-isoglutamine, N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1" -2"-

dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine, simple immunostimulatory
oligonucleotides, cytokines such as IL-12, IL-2 or IL-1, saponins, and microbial toxins such
as cholera toxin, heat labile toxin and genetically altered derivatives of them.

In one embodiment, a pharmaceutical composition of the invention comprises an

immunogenically effective amount of one or more antigenic peptides derived from the CH3
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domain of an IgE molecule, a pharmaceutically acceptable carrier, and an adjuvant. [n
another embodiment, a pharmaceutical composition of the invention comprises an
immunogenically effective amount of one or more antigenic peptides derived from the junction
of the CH3 and CH4 domains of an IgE molecule, a pharmaceutically acceptable carrier, and
an adjuvant. In another embodiment, a pharmaceutical composition of the invention
comprises a pharmaceutical carrier, an adjuvant and an immunogenically effective amount of
one or more antigenic fusion proteins comprising an antigenic peptide derived from the CH3
domain of an Igk molecule and a heterologous carrier protein. In yet another embodiment, a
pharmaceutical composition of the invention comprises a pharmaceutical carrier, an adjuvant
and an immunogenically effective amount of one or more antigenic fusion proteins comprising
an antigenic peptide derived from the junction of the CH3 and CH4 domains of an IgE
molecule and a heterologous carrier protein.

In a preferred embodiment, a pharmaceutical composition of the invention comprises
a pharmaceutical carrier, an adjuvant and an immunogenically effective amount of one or
more antigenic peptides comprising of the amino acid sequence of SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7. In
another preferred embodiment, a pharmaceutical composition of the present invention
comprises a pharmaceutical carrier, an adjuvant, and an immunogenically effective amount of
one or more antigenic fusion proteins comprising the amino acid sequence of SEQ ID NO: 1,
SEQ ID NO 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6 or SEQ ID NO: 7
coupled to a heterologous carrier protein.

In a further preferred embodiment, a pharmaceutical composition of the invention
comprises a pharmaceutical carrier, an adjuvant and an immunogenically effective amount of
one or more antigenic peptides comprising of the amino acid sequence of SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID
NO: 14. In yet another preferred embodiment, a pharmaceutical composition of the present
invention comprises a pharmaceutical carrier, an adjuvant, and an immunogenically effective
amount of one or more antigenic fusion proteins comprising the amino acid sequence of SEQ
ID NO: 8, SEQ ID NO 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13 or
SEQ ID NO: 14 coupled to a heterologous carrier protein.

The present invention also provides methods of administering compositions of the
invention to animals, preferably mammals and most preferably humans for the treatment or
prevention of IgE-mediated allergic disorders. The compositions of the present invention are
in suitable formulation to be administered to animals, preferably mammals such as
companion animals (e.g., dogs, cats, and horses) and livestock (e.g., cows and pigs), and
most preferably humans. The compositions of the invention are administered in an amount

effective to elicit an immune response, for example, the production of polyclonal antibodies
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with specificity for an IgE molecule. In one embodiment, the compositions of the invention are
administered in an amount effective to induce the production of polyclonal antibodies with
specificity for the Fc portion of an IgE molecule required for IgE to bind to its receptor (i.e., the
CH3 domain of an IgE molecule). In a preferred embodiment, the compositions of present
invention are administered in an amount effective to induce the production of anti-IgE
antibodies which bind to soluble (free) IgE in serum and other bodily fluids, prevent IgE from
binding to its high affinity receptors on mast cells and basophils, and do not cross-link
receptor-bound IgE. Accordingly, the compositions of the invention are administered in an
amount effective to induce the production of polyclonal antibodies which do not induce
anaphylaxis for the treatment or prevention of IgE-mediated allergic disorders.

The present invention also provides a method for evaluating the effect of anti-IgE
vaccines in dogs which comprises sensitization of the dogs to an allergen by concurrent
administration of the allergen and ricin in amountsl sufficient to induce hypersensitivity in the
dogs, followed by challenge with the allergen and observation of the resulting sensitivity of the
dogs to the challenge allergen. Specific embodiments of the method include those wherein
the allergen is a flea allergen or a food allergen such as an ascaris allergen. In one
embodiment of the method the hypersentivity is type | hpersensitivity. In another embodiment
of the method sensitization results in higher levels of IgE in the hypersensitized dogs than
found in non-hypersensitized dogs.

The present invention further provides a method for inducing high levels of IgE and
clinical signs of hypersensitivity in dogs for evaluating the effect of anti-lgk vaccines in the
dogs which comprises: sensitization of the dogs to an allergen sufficient to induce
hypersensitivity in the dogs by concurrent administration of amounts of the allergen and ricin
sufficient to to the dogs, followed by chalienge with the allergen and observation of the
resulting sensitivity of the dogs to the challenge alliergen.

Brief Description of the Figures

Figure 1 depicts the ELISA reactivity of sera obtained from rabbits immunized with
RBS peptides 1-4 (SEQ ID 1-4; respectively) against the respective RBS peptides coated
onto neutravidin plates.

Figure 2 depicts the ELISA reactivity of sera obtained from rabbits immunized with
RBS peptides 1-4 (SEQ ID 1-4, respectively) against the full-length canine IgE protein.

Figures 3-9 depict dog CH3/CH4 peptide sequences.

Figure 3 depicts SEQ ID NO: 1; Dog CH3/CH4 peptide sequence.

Figure 4 depicts SEQ ID NO: 2; Dog CH3/CH4 peptide sequence.

Figure 5 depicts SEQ ID NO: 3; Dog CH3/CH4 peptide sequence.

Figure 6 depicts SEQ ID NO: 4, Dog CH3/CH4 peptide sequence.

Figure 7 depicts SEQ ID NO: 5; Dog CH3/CH4 peptide sequence.
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Figure 8 depicts SEQ ID NO: 6; Dog CH3/CH4 peptide sequence.
Figure 9 depicts SEQ ID NO: 7; Dog CH3/CH4 peptide sequence.
Figures 10-16 depict human CH3/CH4 peptide sequences.

Figure 10 depicts SEQ ID NO: 8; human CH3/CH4 peptide sequence.
Figure 11 depicts SEQ ID NO: 9; human CH3/CH4 peptide sequence.
Figure 12 depicts SEQ ID NO: 10; human CH3/CH4 peptide sequence.
Figure 13 depicts SEQ ID NO: 11; human CH3/CH4 peptide sequence.
Figure 14 depicts SEQ ID NO: 12; human CH3/CH4 peptide sequence.
Figure 15 depicts SEQ ID NO: 13; human CH3/CH4 peptide sequence.

Figure 16 depicts SEQ ID NO:
Figure 17 depicts SEQ ID NO:
Figure 18 depicts SEQ ID NO:
Figure 19 depicts SEQ ID NO:
Figure 20 depicts SEQ ID NO:
Figure 21 depicts SEQ ID NO:
Figure 22 depicts SEQ ID NO:
Figure 23 depicts SEQ ID NO:
Figure 24 depicts SEQ ID NO:
Figure 25 depicts SEQ ID NO:
Figure 26 depicts SEQ ID NO:
Figure 27 depicts SEQ ID NO:
Figure 28 depicts SEQ ID NO:
Figure 29 depicts SEQ ID NO:
Figure 30 depicts SEQ ID NO:

14; human CH3/CH4 peptide sequence.
15; Dog CH3/CH4 nucleotide sequence.
16; Dog CH3/CH4 nucleotide sequence.
17; Dog CH3/CH4 nucleotide sequence.
18; Dog CH3/CH4 nucleotide sequence.
19; Dog CH3/CH4 nucleotide sequence.
20; Dog CH3/CH4 nucleotide sequence.
21; Dog CH3/CH4 nucleotide sequence.
22; Dog CH3/CH4 nucleotide sequence.
23; Dog CH3/CH4 nucleotide sequence.
24; Dog CH3/CH4 nucleotide sequence.
25; Dog CH3/CH4 nucleotide sequence.
26; Dog CH3/CH4 nucleotide sequence.
27; Dog CH3/CH4 nucleotide sequence.
28; Dog CH3/CH4 nucleotide sequence.

Detailed Description of the Invention

The present invention provides compositions and methods for the use of antigenic
peptides derived from the Fc portion of the epsilon heavy chain of an IgE molecule as
vaccines for the treatment and prevention of IgE-mediated allergic disorders. In particular,
the present invention provides compositions comprising an immunogenic amount of an
antigenic peptide derived from the CH3 domain of an IgE molecule effective for treatment or
prevention of an IgE-mediated allergic disorder. Preferably, compositions of the present
invention comprise an immunogenic amount of one or more antigenic peptides comprising the
amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, or SEQ ID NO: 4, SEQ
ID NO: 5. SEQ ID NO: 6, or SEQ ID NO: 7 (Figures 3-9). Further preferred compositions of
the present invention comprise an immunogenic amount of one or more antigenic peptides
comprising the amino acid sequence of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 0, or SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO:14 (Figures 10-16).
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The antigenic peptides of the present invention comprise an amino acid sequence of
the CH3 domain of an IgE molecule or a fragment thereof and induce the production of anti-
IgE antibodies, which are not anaphylactic. The present invention also encompasses
antigenic peptides comprising an amino acid sequence of the junction of the CH3 and CH4
domains of an Igk molecule, which induce anti-Igk antibodies that are not anaphylactic. in
particular, the antigenic peptides of the present invention induce the production of anti-IgE
antibodies which bind to soluble (free) IgE in serum and other bodily fluids, prevent IgE from
binding to its high affinity receptors on mast cells and basophils, and do not cross-link
receptor-bound IgE. The antigenic peptides of the present invention may be coupled to one
or more heterologous peptides. The antigenic peptides of the invention can be supplied by

719y

direct administration or indirectly as ““pro-drugs™ using somatic cell gene therapy.
In one embodiment, an antigenic peptide of the invention comprises the entire CH3
domain of an IgE molecule of any species. In another embodiment, an antigenic peptide of

the invention comprises a fragment of the CH3 domain of an IgE molecule of any species,

- wherein the fragment is at least five amino acid residues long, preferably at least 10 amino

acid residues long, more preferably at least 15 amino acid residues long, at least 20 amino
acid residues iong, at least 25 amino acid residue long, or at least 30 amino acid residues
long. In a preferred embodiment, an antigenic peptide of the invention comprises an amino
acid sequence of a fragment of the CH3 domain of an IgE molecule that is between 28 and 31
amino acid residues. In another preferred embodiment, an antigenic peptide of the present
invention comprises an amino acid sequence of a fragment of the CH3 domain of an IgkE
molecule that does not possess two cysteine amino acid residues separated by 21 amino acid
residues, 22 amino acid residues, 23 amino acid residues, 24 amino acid residues, or 25
amino acid residues. In a specific embodiment, an antigenic peptide of the invention
comprises the junction of the CH3 and CH4 domains of an IgE molecule or a fragment
thereof, wherein the fragment is at least five amino acid residues long, preferably at least 10
amino acid residues long, more preferably at least 15 amino acid residues long, at least 20
amino acid residues long, at least 25 amino acid residue long, or at least 30 amino acid
residues long.

In a preferred embodiment, an antigenic peptide of the present invention comprises
the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7 (Figures 3-9) . In another preferred
embodiment, an antigenic peptide of the invention comprises the amino acid sequence of
SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, or SEQ ID NO: 14 (Figures 10-16).

The present invention also provides antigenic fusion proteins comprising an antigenic

peptide and a heterologous carrier protein. In a specific embodiment, an antigenic fusion
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protein comprises the entire CH3 domain of an IgE molecule and a heterologous carrier
protein. In another specific embodiment, an antigenic fusion protein comprises a fragment of
an Igk molecule coupled to a heterologous carrier protein, wherein the fragment of the CH3
domain is at least five amino acids long, preferably at least 10 amino acid residues long, more
preferably at least 15 amino acid residues long, at least 20 amino acid residues long, at least
25 amino acid residue long, or at least 30 amino acid residues long. In another embodiment,
an antigenic fusion protein of the present invention comprises the junction of the CH3 and
CH4 domains of an IgE molecule or a fragment thereof coupled to a heterologous carrier
protein. In a preferred embodiment, an antigenic fusion protein of the present invention
comprises the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQID

'NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7..In another preferred embodiment, an

antigenic fusion protein of the present invention comprises the amino acid sequence of SEQ
ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13.
or SEQ ID NO: 14,

The present invention also provides antigenic peptides or antigenic fusion proteins
comprising an amino acid sequence derived from a CH3 domain of an IgE molecule in which
one or more amino acid substitutions, additions or deletions has been introduced. Mutations
can be introduced by standard techniques known to those of skill in the art.

For example, one or more mutations at the nucleotide level which result in one or
more amino acid mutations can be introduced by site-directed mutagenesis or PCR-mediated
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more
predicted non-essential amino acid residues. A ““conservative amino acid substitution™ is
one in which the amino acid residue is replaced with an amino acid residue having a similar
side chain. Families of amino acid residues having similar side chains have been defined in
the art. These families include amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains
(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenyialanine, tryptophan, histidine). Alternatively, mutations can be
introduced randomly along all or part of the coding sequence, such as by saturation
mutagenesis, and the resultant mutants can be screened for their ability to induce anti-IgE
antibodies which do not cause anaphylaxis.

The present invention also provides methods for treating or preventing IgE-mediated
allergic disorders in animals, preferably mammals and most preferably humans, comprising
administering pharmaceutical compositions, which do not induce anaphylaxis. The

pharmaceutical compositions to be administered in accordance with the methods of the
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present Invention encompass antigenic peptides derived from the CH3 domain of IgE
molecule. The pharmaceutical compositions to be administered in accordance with the
methods of the present invention also include: (i) recombinant antigenic peptides comprising
an amino acid sequence of a CH3 domain of an IgE molecule or a fragment thereof: (i)
recombinant antigenic fusion proteins comprising an amino acid sequence of a CH3 domain
of an IgE molecule or a fragment thereof and a heterologous carrier protein; (iii) recombinant
antigenic peptides comprising an amino acid sequence of a junction of the CH3 and CH4
domains of an IgkE molecule or a fragment thereof; (iv) recombinant antigenic fusion proteins
comprising an amino acid sequence of a junction of the CH3 and CH4 domains of an igE
molecule or a fragment thereof, (v) plasmid compositions comprising polynucleotides
encoding an antigenic peptide having an amino acid sequence of a CH3 domain of an IgE
molecule or a fragment thereof, (vi) plasmid compositions comprising polynucleotides
encoding for antigenic fusion proteins comprising an amino acid sequence of a CH3 domain
of an IgE molecule or a fragment thereof and a heterologous carrier protein; (vii) plasmid
compositions comprising polynucleotides encoding an antigenic peptide having an amino acid
sequence of a junction of the CH3 and CH4 domains of an IgE molecule or a fragment
thereof; and (viii) plasmid compositions comprising polynucieotides encoding for antigenic
fusion proteins comprising an amino acid sequence of a junction of the CH3 and CH4
domains of an IgE molecule or a fragment thereof.

In one embodiment, a pharmaceutical composition of the present invention comprises
one or more antigenic peptides comprising the amino acid sequence of the entire CH3
domain of an IgE molecule. In another embodiment, a pharmaceutical composition of the
present invention comprises one or more antigenic peptides comprising the amino acid
sequence of a fragment of the CH3 domain of an IgE molecule, wherein the fragment is at
least five amino acid residues long, preferably at least 10 amino acid residues long, more
preferably at least 15 amino acid residues long, at least 20 amino acid residues long, at least
25 amino acid residue long, or at least 30 amino acid residues long. In a preferred
embodiment, a pharmaceutical composition of the present invention comprises one or more
antigenic peptides comprising the amino acid sequence of a fragment of the CH3 domain of
an IgE molecule that is between 28 and 31 amino acid residues. In another preferred
embodiment, pharmaceutical compositions of the present invention comprise one or more
antigenic peptides comprising the amino acid sequence of a fragment of the CH3 domain of
an Igk molecule that does not possess two cysteine amino acid residues separated by 21
amino acid residues, 22 amino acid residues, 23 amino acid residues, 24 amino acid
residues, or 25 amino acid residues. In accordance with these embodiments, the

pharmaceutical compositions may further comprise an adjuvant.
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In a specific embodiment, a pharmaceutical composition of the present invention
comprises one or more antigenic peptides comprising the amino acid sequence of a junction
of the CH3 and CH4 domains of an IgE molecule or a fragment thereof. In accordance with
this embodiment, the pharmaceutical composition may further comprise an adjuvant.
Preferably, the antigenic peptide comprising the amino acid sequence of a junction of the
CH3 and CH4 domains of an IgE molecule or a fragment thereof is between 28 and 31 amino
acid residues.

The present invention also provides pharmaceutical compositions comprising one or
more antigenic fusion proteins. In a specific embodiment, a pharmaceutical composition of
the present invention comprises one or more antigenic fusion proteins comprising an
antigenic peptide of the invention and a heterologous carrier protein. In accordance with this
embodiment, the pharmaceutical composition may further comprise an adjuvant.

As used herein the term “heterologous carrier protein” refers to a protein which does
not possess high homology to a protein found in the species that is receiving a composition of
the invention and elicits an immune response. A protein possesses high homology if it is at
least 75% identical, more preferably at least 85% identical or at least 90% identical to a
protein as determined by any known mathematical algorithm utilized for the comparison of
two amino acid sequences (see, e.g., Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA
87: 2264-2268, Karlin and Altschul, 1993, Proc. Natl. Acad. Sci. USA 90: o873-5877; Torellis
and Robotti, 1994, Comput. Appl. Biosci. 10: 3-5; and Pearson and Lipman, 1988, Proc. Nati.
Acad. Sci. 85: 2444-8). Preferably, the percent identity of two amino acid sequences is
determined by BLAST protein searches with the XBLAST program, score = 50, wordlength =
3. Examples of heterologous carrier proteins include, but are not limited to, KLh, PhoE, rmLT,
TraT, or gD from BhV-1 virus.

A heterologous carrier protein can be fused to the N-terminus or C-terminus of an
antigenic peptide of the invention. Antigenic fusion proteins of the invention can be produced
by techniques known to those of skill in the art, for example, by standard recombinant DNA
techniques. For example, a nucleotide sequence encoding an antigenic fusion protein can be
synthesized by conventional techniques including automated DNA synthesizers.
Alternatively, PCR amplification of nucleotide fragments can be carried out using anchor
primers which give rise to complementary overhangs between two consecutive nucleotide
fragments which can subsequently be annealed and reamplified to generate a nucleotide
sequence encoding an antigenic fusion protein (see, e.g., Ausubel et al.. infra). Moreover,
many expression vectors are commercially available that already encode a fusion moiety
(e.9., a GST polypeptide). A nucleic acid encoding an antigenic peptide of the invention can

be cloned into such an expression vector such that the fusion moiety is linked in-frame to the
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antigenic peptide of the invention. Further, a heterologous carrier protein can be fused to an
antigenic peptide by chemical methods known to those of skill in the art.

In a specific embodiment, a pharmaceutical composition of the present invention
provides an antigenic peptide having an amino acid sequence comprising amino acid
residues of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ
ID NO: 6, or SEQ ID NO: 7. In another embodiment, a pharmaceutical composition of the
present invention provides an antigenic fusion protein comprising the amino acid sequence of
SEQ ID NO: 1 coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID
NO: 2 coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 3
coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 4
coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 5 coupled
to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 6 coupled to a
heterologous carrier protein, or the amino acid sequence of SEQ ID NO: 7 coupled to a
heterologous carrier protein. In another specific embodiment, a pharmaceutical composition
of the present invention provides an antigenic fusion protein having the amino acid sequence
of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID
NO: 13, or SEQ ID NO: 14. In another embodiment, a pharmaceutical composition of the
present invention provides an antigenic fusion protein comprising the amino acid sequence of
SEQ ID NO: 8 coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID
NO: 9 coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 10
coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 11
coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 12
coupled to a heterologous carrier protein, the amino acid sequence of SEQ ID NO: 13
coupled to a heterologous carrier protein, or the amino acid sequence of SEQ ID NO: 14
coupled to a heterologous carrier protein. In accordance with these embodiments, the
pharmaceutical compositions may further comprise an adjuvant.

The pharmaceutical compositions of the present invention are in suitable formulation
to be administered to animals such as companion animals (e.g., dogs and cats) and livestock
(e.9., pigs, cows and horses) and humans for the treatment or prevention of IgE-mediated
allergic disorders. Preferably, a pharmaceutical composition of the invention comprises an
antigenic peptide derived from the CH3 domain of the IgE molecule of the same species
receiving the antigenic peptide to treat or prevent an IgE-mediated allergic disorder. IgE-
mediated allergic disorders include, but are not limited to, asthma, allergic rhinitis,
gastrointestinal allergies such as food allergies, eosinophilia, conjunctivitis, glomerular
nephritis and graft-versus-host disease. The pharmaceutical compositions of the invention
are administered to a subject (an animal) in an amount effective for the treatment, prevention

or inhibition of IgE-mediated allergic disorders, or an amount effective for iInducing an anti-IgE
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immune response (i.e., the production of anti-IgE polyclonal antibodies) that is not
anaphylactic, or an amount effective for inhibiting or reducing the release of vasoactive
substances such as histamine, or an amount effective for alleviating one or more symptoms
associated with an IgE-mediated allergic disorder.

The pharmaceutical compositions of the invention can be used with any known
method of treating IgE-mediated allergic disorders. In one embodiment, one or more
pharmaceutical compositions of the invention and one or more antihistamines are
administered to an animal for the treatment or prevention of an IgE-mediated allergic disorder.
In another embodiment, one or more pharmaceutical compositions of the invention and one or
more corticosteroids are administered to an animal for the treatment or prevention of an IgE-
mediated allergic disorder. |n yet another embodiment, one or more pharmaceutical
compositions of the invention and one or more anti-IgE monoclonal antibodies (e.g., BSW17)
are administered to an animal for the treatment or prevention of an IgE-mediated allergic

disorder.

an Ige molecule can be obtained from scientific literature, Genbank. or using cloning
techniques known to those of skill in the art. In particular, the present invention encompasses
polynucleotide sequences encoding human and canine the CH3 domain of an IgE molecule
the disclosed in Genbank Accession Number AAB59424.1 and AAA56797 .1: respectively, are
incorporated herein by reference. The present invention further encompasses antigenic
peptides comprising an amino acid Sequence of a junction of the CH3 and CH4 domains of an
IgE molecule or a fragment thereof encoded by the polynucleotide Sequence of any species.
The polynucleotide sequence of a junction of the CH3 and CH4 domains of an IgE molecule
can be obtained from scientific literature, Genbank, or using cloning techniques known to
those of skill in the art.

The present invention also encompasses antigenic fusion proteins comprising an
antigenic peptide encoded by a polynucleotide sequence of any species and a heterologous
carrier protein encoded by a polynucleotide sequence of a different species from the antigenic
peptide. The polynucleotide sequence of a heterologous carrier protein can be obtained from
scientific literature, Genbank, or using cloning techniques known to those of skill in the art.
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The polynucleotide sequence encoding an antigenic peptide or an antigenic fusion
protein of the invention can be inserted into an appropriate expression vector, i.e., a vector
which contains the necessary elements for the transcription and translation of the inserted
protein-coding sequence. The necessary transcriptional and transiational signals can also be
supplied by the native IgE genes or its flanking regions. A variety of host-vector systems may
be utilized to express the protein-coding sequence. These include but are not limited to
mammalian cell systems infected with virus (e.g., vaccinia virus. adenovirus, etc.); insect cell
systems infected with virus (e.g., baculovirus): microorganisms such as yeast containing
yeast vectors, or bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosmid
DNA. The expression elements of vectors vary in their strengths and specificities.
Depending on the host-vector system utilized, any one of a number of suitable transcription
and translation elements may be used.

Any of the methods previously described for the insertion of DNA fragments into a
vector may be used to construct expression vectors containing polynucleotides encoding
antigenic peptides or antigenic fusion proteins, and appropriate transcriptional and
translational control signals. These methods may include in vitro recombinant DNA and
synthetic techniques and in vivo recombinants (genetic recombination). Expression of the
nucleic acid sequence encoding an antigenic peptide or an antigenic fusion protein of the
invention may be regulated by a second nucleic acid sequence so that the antigenic peptide
or the antigenic fusion protein is expressed in a host transformed with the recombinant DNA
molecule. For example, expression of an antigenic peptide or an antigenic fusion protein of
the invention may be controlled by any promoter or enhancer element known in the art.
Promoters which may be used to control the expression of an antigenic peptide or an
antigenic fusion protein of the invention include, but are not limited to, the Cytomeglovirus
(CMV) immediate early promoter region, the SV40 early promoter region (Bernoist and
Chambon, 1981, Nature 290: 304-310), the promoter contained in the 3" long terminal repeat
of Rous sarcoma virus (Yamamoto, et al., 1980, Cell 22: 787-797), the herpes thymidine
kinase promoter (Wagner et al., 1981, Proc. Natl. Acad. Sci. USA 78 1441-1445), the
regulatory sequences of the metallothionein gene (Brinster et al., 1982, Nature 296: 39-42);

prokaryotic expression vectors such as the 3-lactamase promoter (Villa-Kamaroff et al., 1978,
Proc. Natl. Acad. Sci. USA 75: 3727-3731), or the tac promoter (DeBoer et al., 1983, Proc.
Natl. Acad. Sci. USA 80: 21-25); see also ““Useful proteins from recombinant bacteria™ in
Scientific American, 1980, 242: 74-94; plant expression vectors comprising the nopaline
synthetase promoter region (herrera-Estrella et al., Nature 303: 209-213) or the cauliflower
mosaic virus 35S RNA promoter (Gardner et al., 1981. Nucl. Acids Res. 9: 2871), and the
promoter of the photosynthetic enzyme ribulose biphosphate carboxylase (herrera-Estrella et

al., 1984, Nature 310: 115-120); promoter elements from yeast or other fungi such as the Gal
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regions, which exhibit tissue specificity and have been utilized in transgenic animals: elastase
| gene control region which is active in pancreatic acinar cells (Swift et al., 1984, Cell 38 639-
646; Ornitz et al., 1986, Cold Spring harbor Symp. Quant. Biol. 50 399-409; MacDonald,
1987, hepatology 7:425-515); insulin gene control region which is active in pancreatic beta
cells (hanahan, 1985, Nature 315 115-122); immunoglobulin gene control region which is
active in lymphoid cells (Grossched! et al.. 1984, Cell 38: 647-658; Adames et al.,, 1985,
Nature 318: 533-538: and Alexander et al., 1987 Mol. Cell. Biol. 7: 1436-1444); mouse
mammary tumor virus control region which is active in testicular, breast, lymphoid and mast
cells (Leder et al., 1986, Cell 45 485-495); albumin gene control region which is active in liver
(Pinkert et al., 1987, Genes and Devel. 1: 268-276); alpha-fetoprotein gene control region
which is active in liver (Krumlauf et al., 1985 Mol. Cell Biol. 5: 1639-1648: and hammer et al.,
1987, Science 235: 93-58); alpha 1-antitrypsin gene control region which is active in the liver
(Kelsey et al., 1987, Genes and Devel. 1: 161-171); beta-globin gene control region which is
active in myeloid cells (Mogram et al., 1985, Nature 315 338-340; and Kollias et al., 1986,
Cell 46: 89-94); myelin basic protein gene control region which is active in oligodendrocyte
cells in the brain (Readhead et al., 1987, Cell 48: 703-712); myosin light chain-2 gene control
region which is active in skeletal muscle (Sani, 1985, Nature 314 283-286); swine alpha-

Biotechnology 9: 101-120) ;and gonadotropic releasing hormone gene control region which is
active in the hypothalamus (Mason et al., 1986, Science 234: 1372-1378).

In a specific embodiment. a vector Is used that comprises a promoter operably linked
to an antigenic peptide-encoding nucleic acid, one or more origins of replication, and,
optionally, one or more selectable markers (e.g., an antibiotic resistance gene). In another
specific embodiment, a vector is used that comprises a promoter operably linked to an
antigenic fusion protein-encoding nucleic acid, one or more origins of replication, and,
optionally, one or more selectable markers (e.g., an antibiotic resistance gene).

Expression vectors containing gene inserts can be Identified by three general
approaches: (a) nucleic acid hybridization; (b) presence or absence of ““marker™ gene
functions; and (c) expression of inserted sequences. In the first approach, the presence of
antigenic peptide-encoding polynucleotides or antigenic  fusion protein-encoding
polynucieotides inserted in an expression vector(s) can be detected by nucleic acid
hybridization using probes comprising sequences that are homologous to the inserted
polynucleotide sequence. In the second approach, the recombinant vector/host system can
be identified and selected based upon the presence or absence of certain “marker™ gene
functions (e.g., thymidine kinase activity, resistance to antibiotics, transformation phenotype,
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occlusion body formation in baculovirus, etc.) caused by the insertion of the gene(s) in the
vector(s). For example, if a nucleic acid molecule encoding an antigenic peptide or an
antigenic fusion protein is inserted within the marker gene sequence of the vector,
recombinants containing the nucleic acid molecule encoding the antigenic peptide or the
antigenic fusion protein insert can be identified by the absence of the marker gene function.
In the third approach, recombinant expression vectors can be identified by assaying the gene
product expressed by the recombinant. Such assays can be based, for example, on the
physical or functional properties of an antigenic peptide or an antigenic fusion protein in in
vitro assay systems, e.g., binding of an antigenic peptide or an antigenic fusion protein with
an anti-Igk antibody.

Once a particular recombinant DNA molecule is identified and isolated, several
methods known in the art may be used to propagate it. Once a suitable host system and
growth conditions are established, recombinant expression vectors can be propagated and
prepared in quantity. As previously explained, the expression vectors which can be used
include, but are not limited to, the following vectors or their derivatives: human or animal
viruses such as vaccinia virus or adenovirus; insect viruses such as baculovirus: yeast
vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA vectors, to name
but a few.

444

The term ™host cell™ as used herein refers not only to the particular subject cell into
which a recombinant DNA molecule is introduced but also to the progeny or potential progeny
of such a cell. Because certain modifications may occur in succeeding generations due to
either mutation or environmental influences, such progeny may not, in fact, be identical to the
parent cell, but are still included within the scope of the term as used herein.

A host cell strain may be chosen which modulates the expression of the inserted
sequences, or modifies and processes the gene product in the specific fashion desired.
Expression from certain promoters can be elevated in the presence of certain inducers: thus,
expression of the genetically engineered may be controlled. Furthermore, different host celis
have characteristic and specific mechanisms for the translational and post-translational
processing and modification (e.g., glycosylation, phosphorylation of proteins). Appropriate
cell lines or host systems can be chosen to ensure the desired modification and processing of
the foreign protein expressed. For example, expression in a bacterial system can be used to
produce an unglycosylated core protein product. Expression in yeast will produce a
glycosylated product. Expression in mammalian cells can be used to ensure “native™
glycosylation of an antigenic peptide or antigenic fusion protein of the invention. Furthermore.
different vector/host expression systems may effect processing reactions to different extents.

For long-term, high-yield production of recombinant proteins, stable expression is

preferred. For example, cell lines which stably express an antigenic peptide or an antigenic
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fusion protein of the invention may be engineered. Rather than using expression vectors
which contain viral origins of replication, host cells can be transformed with DNA controlled by
appropriate expression control elements (e.g., promoter, enhancer. sequences, transcription
terminators, polyadenylation sites, etc.), and a selectable marker. Following the introduction
of the foreign DNA, engineered cells may be allowed to grow for 1-2 days in an enriched
media, and then are switched to a selective media. The selectable marker in the recombinant
plasmid confers resistance to the selection and allows cells to stably integrate the plasmid
into their chromosomes and grow to form foci which in turn can be cloned and expanded into
celi ines. This method may advantageously be used to engineer cell lines which express an
antigenic peptide or an antigenic protein of the invention. Such engineered cell lines may be
particularly useful in the screening and evaluation of anti-IgE antibodies or other agents (e.qg.,
organic molecules, inorganic molecules, organic/inorganic complexes, polypeptides, peptides,
peptide mimics, polysaccharides, saccharides, glycoproteins, nucleic acids, DNA and RNA
strands and oligonucleotides, etc.) that affect binding of an IgE molecule to its receptor.

A number of selection systems may be used, including but not limited to the herpes
simplex virus thymidine kinase (Wigler et al., 1977, Cell 11: 223), hypoxanthine-guanine
phosphoribosyltransferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. USA 48
2026), and adenine phosphoribosyitransferase (Lowy et al., 1980, Cell 22: 817) genes can be
employed in tk', hgprt” or aprt’ cells, respectively. Also, antimetabolite resistance can be used
as the basis of selection for dhfr, which confers resistance to methotrexate (Wigler et al.,
1980, Proc. Natl. Acad. Sci. USA 77: 3567; O”hare et al., 1981, Proc. Natl. Acad. Sci. USA
78: 1327), gpt, which confers resistance to mycophenolic acid (Mulligan & Berg, 1981, Proc.
Natl. Acad. Sci. USA 78: 2072); neo, which confers resistance to the aminoglycoside G-418
(Colberre-Garapin et al., 1981, J. Mol. Biol. 150: 1); and hygro, which confers resistance to
hygromycin (Santerre et al., 1984, Gene 30: 147) genes.

In a specific embodiment, one or more nucleic acid molecules comprising a
polynucleotide sequence encoding an antigenic peptide of the invention, are administered to
treat or prevent IgE-mediated allergic disorders, by way of gene therapy. In another specific
embodiment, one or more nucleic acid molecules comprising a polynucleotide sequence
encoding an antigenic fusion protein, are administered to treat or prevent IgE-mediated
allergic disorders, by way of gene therapy. In yet another specific embodiment, one or more
nucleic acid molecules comprising a polynucleotide sequence encoding an antigenic peptide
of the invention, and one or more nucleic acid molecules comprising a polynucleotide
sequence encoding an antigenic fusion protein of the invention are administered to treat or
prevent IgE-mediated allergic disorders, by way of gene therapy. Gene therapy refers to
therapy performed by the administration to a subject of an expressed or expressible nucleic

acid. In this embodiment of the invention, the nucleic acids produce their encoded antigenic
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peptides or antigenic fusion proteins that mediate a therapeutic effect by eliciting an immune
response such as the production of anti-IgE antibodies.

Any of the methods for gene therapy available in the art can be used according to the
present invention. Exemplary methods are described below.

For general reviews of the methods of gene therapy, see Goldspiel et al., 1993
Clinical Pharmacy 12: 488-505; Wu and Wu, 1991, Biotherapy 3: 87-95; Tolstoshev, 1993
Ann. Rev. Pharmacol. Toxicol. 32: 573-596; Mulligan, 1993, Science 260: 926-932: and
Morgan and Anderson, 1993, Ann. Rev. Biochem. 62: 191-217; May, 1993, TIBTECh
11(5):155-215). Methods commonly known in the art of recombinant DNA technology which
can be used are described in Ausubel et al. (eds.), 1993, Current Protocols in Molecular
Biology, John Wiley & Sons, NY; and Kriegler, 1990, Gene Transfer and Expression, A
Laboratory Manual, Stockton Press, NY.

In a preferred aspect, a pharmaceutical composition comprises nucleic acid
sequences encoding an antigenic peptide of the invention, said nucleic acid sequences being
part of expression vectors that express the antigenic peptide in a suitable host. In particular,
such nucleic acid sequences have promoters operably linked to the antigenic peptide coding
regions, said promoters being inducible or constitutive, and, optionaily, tissue-specific. In
another preferred aspect, a pharmaceutical composition comprises nucleic acid sequences
encoding an antigenic fusion protein of the invention, said nucleic acid sequences being part
of expression vectors that express the antigenic fusion protein in a suitable host. In particular,
such nucleic acid sequences have promoters operably linked to the antigenic fusion protein
coding regions, said promoters being inducible or constitutive, and, optionally, tissue-specific.
In another particular embodiment, nucleic acid molecules are used in which the coding
sequences of an antigenic peptide of the invention and any other desired segquences are
flanked by regions that promote homologous recombination at a desired site in the genome,
thus providing for intrachromosomal expression of the nucleic acids encoding the antigenic
peptide (Koller and Smithies, 1989, Proc. Natl. Acad. Sci. USA 86:8932-8935: and Zijlstra et
al., 1989, Nature 342:435-438). In another particular embodiment. nucleic acid molecules are
used in which the coding sequences of an antigenic fusion protein of the invention and any
other desired sequences are flanked by regions that promote homologous recombination at a
desired site in the genome, thus providing for intrachromosomal expression of the nucleic
acids encoding the antigenic protein.

Delivery of the nucleic acids into a patient may be either direct, in which case the
patient is directly exposed to the nucleic acid or nucleic acid-carrying vectors, or indirect. in
which case, cells are first transformed with the nucleic acids in vitro, then transplanted into the

patient. These two approaches are known, respectively, as in vivo or ex vivo gene therapy.
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In a specific embodiment, the nucleic acid sequences are directly administered in
vivo, where it is expressed to produce the encoded product. This can be accomplished by
any of numerous methods known in the art, e.g., by constructing them as part of an
appropriate nucleic acid expression vector and administering it so that they become
intracellular, e.g., by infection using defective or attenuated retrovirals or other viral vectors
(see U.S. Patent No. 4,980,286), or by direct injection of naked DNA. or by use of
microparticle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or cell-
surface receptors or transfecting agents, encapsulation in liposomes, microparticles, or
microcapsules, or by administering them in linkage to a peptide which is known to enter the
nucleus, by administering it in linkage to a ligand subject to receptor-mediated endocytosis
(see, e.g., Wu and Wu, 1987, J. Biol. Chem. 262: 4429-4432) (which can be used to target
cell types specifically expressing the receptors), etc. In another embodiment, nucleic acid-
ligand complexes can be formed in which the ligand comprises a fusogenic viral peptide to
disrupt endosomes, allowing the nucleic acid to avoid lysosomal degradation. In yet another
embodiment, the nucleic acid can be targeted in vivo for cell specific uptake and expression,
by targeting a specific receptor (see, e.g., PCT Publications WO 92/06180 dated April 16,
1992 (Wu et al.); WO 92/22635 dated December 23, 1992 (Wilson et al.); WO92/20316 dated
November 26, 1992 (Findeis et al.); WO93/14188 dated July 22, 1993 (Clarke et al.); and WO
93/20221 dated October 14, 1993 (Young)). Alternatively, the nucleic acid can be introduced
intracellularly and incorporated within host cell DNA for expression, by homologous
recombination (Koller and Smithies, 1989, Proc. Nati. Acad. Sci. USA 86: 8932-8935: Zijlstra
et al.,, 1989, Nature 342: 435-438).

In specific embodiments, viral vectors that contain nucleic acid sequences encoding
antigenic peptides or antigenic fusion proteins are used. For example, a retroviral vector
containing nucleic acid sequences encoding an antigenic peptide or an antigenic fusion
protein can be used (see, e.g., Miller et al., 1993, Meth. Enzymol. 217: 981-599). These
retroviral vectors have been to delete retroviral sequences that are not necessary for
packaging of the viral genome and integration into host cell DNA. The nucleic acid
sequences encoding antigenic peptides or antigenic fusion proteins to be used in gene
therapy are cloned into one or more vectors, which facilitates delivery of the gene into a
patient. More detail about retroviral vectors can be found in Boesen et al., 1994, Biotherapy
6: 291-302, which describes the use of a retroviral vector to deliver the mdr1 gene to
hematopoietic stem cells in order to make the stem cells more resistant to chemotherapy.
Other references illustrating the use of retroviral vectors in gene therapy are: Clowes et al.,
1994, J. Clin. Invest. 93: 644-651; Kiem et al., 1994, Blood 83: 1467-1473; Salmons and
Gunzberg, 1993, human Gene Therapy 4: 129-141; and Grossman and Wilson. 1993, Curr.
Opin. in Genetics and Devel. 3: 110-114.
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Adenoviruses are other viral vectors that can be used in gene therapy. Adenoviruses
are especially attractive vehicles for delivering genes to respiratory epithelia. Adenoviruses
naturally infect respiratory epithelia where they cause a mild disease. Other targets for
adenovirus-based delivery systems are liver, the central nervous system, endothelial cells,
and muscle. Adenoviruses have the advantage of being capable of infecting non-dividing
cells. Kozarsky and Wilson, 1993. Current Opinion in Genetics and Development 3: 499-503
present a review of adenovirus-based gene therapy. Bout et al., 1994, human Gene Therapy
5! 3-10 demonstrated the use of adenovirus vectors to transfer genes to the respiratory
epithelia of rhesus monkeys. Other instances of the use of adenoviruses in gene therapy can
be found in Rosenfeld et al., 1991, Science 252: 431-434; Rosenfeld et al., 1992, Cell 68:
143-155; Mastrangeli et al., 1993, J. Clin. Invest. 91- 225-234; PCT Publication WO084/12649;
and Wang, et al., 1995, Gene Therapy 2: 775-783. In a preferred embodiment, adenovirus
vectors are used. Adeno-associated virus (AAV) has also been proposed for use in gene
therapy (see, e.g, Walsh et al., 1993. Proc. Soc. Exp. Biol. Med. 204: 289-300; and U.S.
Patent No. 5,436,146).

Another approach to gene therapy involves transferring a nucleic acid molecule to
cells in tissue culture by such methods as electroporation, lipofection, calcium phosphate
mediated transfection, or viral infection. Usually, the method of transfer includes the transfer
of a selectable marker to the cells. The cells are then placed under selection to isolate those
cells that have taken up and are expressing the transferred gene. Those cells are then
delivered to a patient.

In this embodiment, the nucleic acid molecule is introduced into a cell prior to
administration in vivo of the resulting recombinant celi. Such introduction can be carried out
by any method known in the art, including but not limited to transfection, electroporation,
microinjection, infection with a viral or bacteriophage vector containing the nucleic acid
sequences, cell fusion, chromosome-mediated gene transfer, microcell-mediated gene
transfer, spheroplast fusion, etc. Numerous techniques are known in the art for the
Introduction of foreign nucleic acid molecules into cells (see, e.g., Loeffler and Behr, 1993,
Meth. Enzymol. 217: 599-618; Cohen et al.. 1993, Meth. Enzymol. 217: 618-644- Cline, 1985,
Pharmac. Ther. 29: 69-92) and may be used in accordance with the present invention,
provided that the necessary developmental and physiological functions of the recipient cells
are not disrupted. The technique should provide for the stable transfer of the nucleic acid to
the cell, so that the nucleic acid is expressible by the cell and preferably heritable and
expressible by its cell progeny.

The resulting recombinant cells can be delivered to a subject by various methods

known in the art. Recombinant blood cells (e.g., hematopoietic stem or progenitor cells) are
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preferably administered intravenously. The amount of cells envisioned for use depends on
the desired effect, subject’s state, etc., and can be determined by one skilled in the art.

Cells into which a nucleic acid can be introduced for purposes of gene therapy
encompass any desired, available cell type, and include but are not limited to epithelial cells,
endothelial cells, keratinocytes, fibroblasts, muscle cells, hepatocytes; blood cells such as
T lymphocytes, B lymphocytes, monocytes, macrophages, neutrophils, eosinophils,
megakaryocytes, granulocytes; various stem or progenitor cells, in particular hematopoietic
stem or progenitor cells, e.g., as obtained from bone marrow, umbilical cord blood, peripheral
blood, fetal liver, etc.

In a preferred embodiment, the cell used for gene therapy is autologous to the
subject.

In an embodiment in which recombinant cells are used in gene therapy, nucleic acid
sequences encoding the antigenic peptides or antigenic fusion proteins of the invention are
introduced into the cells such that they are expressible by the cells or their progeny, and the
recombinant cells are then administered in vivo for therapeutic effect. In a specific
embodiment, stem or progenitor cells are used. Any stem and/or progenitor cells which can
be isolated and maintained in vitro can potentially be used in accordance with this
embodiment of the present invention (see e.g., PCT Publication WO 94/08598, dated April 28,
1994; Stemple and Anderson, 1992, Cell 71: 973-985; Rheinwald, 1980, Meth. Cell Bio. 21A:
229, and Pittelkow and Scott, 1986, Mayo Clinic Proc. 61: 771).

In a specific embodiment, the nucleic acid to be introduced for purposes of gene
therapy comprises an inducible promoter operably linked to the coding region, such that
expression of the nucleic acid is controllable by controlling the presence or absence of the
appropriate inducer of transcription.

The invention also relates to methods for producing an antigenic peptide of the
invention or an antigenic fusion protein of the invention comprising growing a culture of the
cells of the invention in a suitable culture medium, and purifying the protein from the culture.
For example, the methods of the invention include a process for producing an antigenic
peptide or an antigenic fusion protein of the invention in which a host cell (i.e., a prokaryotic or
eukaryotic cell) containing a suitable expression vector that includes a polynucleotide
encoding an antigenic peptide or an antigenic fusion protein is cultured under conditions that
allow expression of the encoded antigenic peptide or the encoded antigenic fusion protein.
The antigenic peptide or the antigenic fusion protein can be recovered from the culture,
conveniently from the culture medium, and further purified. The purified antigenic peptides or
antigenic fusion proteins can be used in in vitro immunoassays which are well known in the
art to identify anti-IgE antibodies which bind to the antigenic peptides or the antigenic fusion

proteins.
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The protein may also be produced by operably linking the isolated polynucieotide of
the invention to suitable control sequences in one or more insect expression vectors, and
employing an insect expression system. Materials and methods for baculovirus/insect cell
expression systems are commercially available in kit form from, e.g., Invitrogen, San Diego,
Calif., U.S.A. (the MaxBat.RTM. kit), and such methods are well known in the art, as
described in Summers and Smith, Texas Agricultural Experiment Station Bulletin No. 1555
(1987), incorporated herein by reference. As used herein, an insect cell capable of expressing
a polynucleotide of the present invention is “transformed.”

Alternatively, an antigenic peptide of the invention or an antigenic fusion protein of the
invention may also be expressed in a form which will facilitate purification. For example, an
antigenic peptide may be expressed as fusion protein comprising a heterologous protein such
as maltose binding protein (MBP) glutathione-S-transferase (GST) or thioredoxin (TRX) which
facilitate purification. Kits for expression and purification of such fusion proteins are
commercially available from New England BiolLab (Beverly, Mass.), Pharmacia (Piscataway,
N.J.) and In Vitrogen, respectively. The protein can also be tagged with an epitope and
subsequently purified by using a specific antibody directed to such epitope. One such epitope
(“‘Flag™) is commercially available from Kodak (New haven, Conn.).

The antigenic peptides of the invention or the antigenic fusion proteins of the
invention may also be expressed as a product of transgenic animals, e.g., as a component of
the milk of transgenic cows, goats, pigs, or sheep which are characterized by somatic or germ
cells containing a nucleotide sequence encoding the antigenic peptide or the antigenic fusion
protein.

Any method known to those of skill in the art can be used to produce an antigenic
peptide or an antigenic fusion protein of the invention At the simplest level, the amino acid
sequence can be synthesized using commercially available peptide synthesizers. This is
particularly useful in producing small peptides and fragments of larger polypeptides. The
isolated antigenic peptides and antigenic fusion proteins of the invention are useful, for
example, in generating antibodies against the native polypeptide.

One skilled in the art can readily follow known methods for isolating peptides and
proteins in order to obtain one of the isolated antigenic peptides or antigenic fusion proteins of
the present invention. These include, but are not limited to, immunochromatography, high
performance liquid chromatography (hPLC), reverse-phase high performance liquid
chromatography (RP-hPLC), size-exclusion chromatography, ion-exchange chromatography,
and immuno-affinity chromatography. See, e.g., Scopes, Protein Purification: Principles and
Practice, Springer-Verlag (1994), Sambrook et al., in Molecular Cloning: A Laboratory

Manual; Ausubel et al., Current Protocols in Molecular Biology.
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An antigenic peptide or an antigenic fusion protein of the invention is ™isolated™ or
“nurified™ when it is substantially free of cellular material or other contaminating proteins
from the cell or tissue source from which the protein is derived, or substantially free of
chemical precursors or other chemicals when chemically synthesized. The language
“substantially free of cellular material™ includes preparations of protein in which the protein is
separated from cellular components of the cells from which it is isolated or recombinantly
produced. Thus, protein that is substantially free of cellular material includes preparations of
protein having less than about 30%, 20%, 10%, or 5% (by dry weight) of a contaminating
protein. When an antigenic peptide or an antigenic fusion protein of the invention is
recombinantly produced, it is also preferably substantially free of culture medium, /.e., cuiture
medium represents less than about 20%, 10%, or 5% of the volume of the protein
preparation. When an antigenic peptide or an antigenic fusion protein of the invention is
produced by chemical synthesis, it is preferably substantially free of chemical precursors or
other chemicals, i.e., it is separated from chemical precursors or other chemicals which are
involved in the synthesis of the antigenic peptide or the antigenic fusion protein. Accordingly
such preparations of the protein have less than about 30%, 20%, 10%, 5% (by dry weight) of
chemical precursors or compounds other than the antigenic peptide or the antigenic fusion
protein.

The compositions of the invention are preferably tested in vitro, and then in vivo for
the desired therapeutic or prophylactic activity, prior to use in humans. For example, in vitro
assays which can be used to determine whether administration of a specific composition is
indicated, include in vitro cell culture assays in which a patient tissue sample is grown in
culture, and exposed to or otherwise administered a composition, and the effect of such
composition upon the tissue sample is observed.

The expression of an antigenic peptide or an antigenic fusion protein can be assayed
by the immunoassays, gel electrophoresis followed by visualization, or any other method
known to those skilled in the art.

In various specific embodiments, in vitro assays can be carried out with
representative cells of cell types invoived in a patient”s disorder, to determine if a composition
has a desired effect upon such cell types. In accordance with the present invention, the
functional activity of an antigenic peptide or an antigenic fusion protein can be measured by
its ability to induce anti-IgE antibodies that inhibit IgE from binding to its receptor on mast
cells or basophils in vitro without inducing the release of vasoactive substances such as
histamine.

Compositions for use in therapy can be tested in suitable animal model systems prior

to testing in humans, including but not limited to pigs, chicken, cows or monkeys.
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The invention provides methods of treatment (and prophylaxis) by administration to a
subject of an effective amount of a composition of the invention to elicit the production of anti-
IgE antibodies which do not cause anaphylaxis. In a preferred aspect, a composition of the
Invention is substantially purified (e.g., substantially free from substances that limit its effect or
produce undesired side-effects). The subject is preferably an animal, including but not limited
to animals such as cows, pigs, horses, chickens, cats, dogs, etc., and is preferably a
mammal, and most preferably human.

Formulations and methods of administration that can be employed when the
composition comprises a nucleic acid are described above; additional appropriate
formulations and routes of administration can be selected from among those described herein

below.

the invention, e.g., encapsulation in liposomes. microparticles, microcapsules, recombinant
cells capable of expressing the composition, receptor-mediated endocytosis (see, e.g., Wu
and Wu, 1987, J. Biol. Chem. 262 4429-4432), construction of a nucleic acid as part of a
retroviral or other vector, etc. Methods of Introduction include but are not limited to
intratumoral, intradermal, Intramuscular, intraperitoneal, intravenous, subcutaneous,
Intranasal, epidural, and oral routes. The compositions may be administered by any
convenient route, for example by infusion or bolus injection, by absorption through epithelial
or mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and may be
administered together with other biologically active agents. Administration can be systemic or
local. In addition, pulmonary administration can be employed, e.g., by use of an inhaler or
nebulizer, and formulation with an aerosolizing agent.

In a specific embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment; this may be achieved
by, for example, and not by way of limitation, local infusion, topical application. injection, or by
means of an implant, said implant being of a porous, non-porous, or gelatinous material,
Including membranes, such as sialastic membranes, or fibers. In one embodiment,
administration can be by direct Injection at the site (or former site) of an allergic reaction.

In another embodiment, a composition of the invention can be delivered in a vesicle,
in particular a liposome (see, e.g., Langer, 1990. Science 249: 1527-1533: Treat et al., in
Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler
(eds.), Liss, New York pp. 353-365 (1989); and Lopez-Berestein, ibid.. pp. 317-327; see
generally ibid.)

In yet another embodiment, a composition of the invention can be delivered in a
controlled release system. In one embodiment, a pump may be used (see, e.g., Langer,
supra; Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14: 201; Buchwald et al., 1980, Surgery 88:
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°07; and Saudek et al., 1989, N. Engl. J. Med. 321: 574). In another embodiment, polymeric
materials can be used (see Medical Applications of Controlled Release, Langer and Wise
(eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug Bioavailability, Drug Product
Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and
Peppas, 1983, J. Macromol. Sci. Rev. Macromol. Chem. 23: 61; see also Levy et al., 1985,
Science 228: 190: During et al., 1989, Ann. Neurol. 25 351; and howard et al.,1989,
J. Neurosurg. 71: 105). In yet another embodiment, a controlled release system can be
placed in proximity of the therapeutic target, thus requiring only a fraction of the systemic
dose (see, e.g., Goodson. in Medical Applications of Controlled Release, supra, vol. 2, Pp.
115-138 (1984)).

Other controlled release systems are discussed in the review by Langer (1990,
Science 249: 1527-1533).

In a specific embodiment where the composition of the invention is a nucleic acid
encoding an antigenic peptide or an antigenic fusion protein of the invention, the nucleic acid
can be administered in vivo to promote expression of its encoded antigenic peptide or
antigenic fusion protein, by constructing it as part of an appropriate nucleic acid expression
vector and administering it so that it becomes intracellular, e.g., by use of a retroviral vector
(see U.S. Patent No. 4,980,286), or by direct injection, or by use of microparticle
bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or cell-surface
receptors or transfecting agents, or by administering it in linkage to a homeobox-like peptide
which is known to enter the nucleus (see e.g., Joliot et al., 1991, Proc. Natl. Acad. Sci. USA
88: 1864-1868), etc. Alternatively, a nucleic acid can be introduced intracellularly and
incorporated within host cell DNA for expression, by homologous recombination.

The present invention also provides pharmaceutical compositions. Such
compositions comprise a therapeutically effective amount of an antigenic peptide or an
antigenic fusion protein of the invention, and a pharmaceutically acceptable carrier. In a
specific embodiment, the term “pharmaceutically acceptable™ means approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or
other generally recognized pharmacopeia for use in animals. and more particularly in
humans. The term ““carrier” refers to a diluent, excipient, or vehicle with which the
therapeutic is administered. Such pharmaceutical carriers can be sterile liquids, such as
water and olls, including those of petroleum, animal, vegetable or synthetic origin, such as
peanut oil, soybean oil, mineral oil, sesame oil and the like. Water Is a preferred carrier when
the pharmaceutical composition is administered Intravenously. Saline solutions and agueous
dextrose and glycerol solutions can also be employed as liquid carriers, particularly for
Injectable solutions. Suitable pharmaceutical excipients include starch, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, giycerol monostearate,
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talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like.
The composition, if desired, can also contain minor amounts of wetting or emulsifying agents,
or ph buffering agents. These compositions can take the form of solutions, suspensions,
emulsion, tablets, pills, capsules, powders, sustained-release formuiations and the like. The
composition can be formulated as a suppository, with traditional binders and carriers such as
triglycerides. Oral formulation can include standard carriers such as pharmaceutical grades
of mannitol, lactose, starch, magnesium stearate, sodium saccharine, celluiose, magnesium

dés

carbonate, etc. Examples of suitable pharmaceutical carriers are described in ““Remington’s
Pharmaceutical Sciences™ by E.W. Martin. Such compositions will contain a therapeutically
effective amount of the antigenic peptide or the antigenic fusion protein, preferably in purified
form, together with a suitable amount of carrier so as to provide the form for proper
administration to the patient. The formulation should suit the mode of administration.

In a preferred embodiment, the composition is formulated in accordance with routine
procedures as a pharmaceutical composition adapted for intravenous administration to
human beings. Typically, compositions for intravenous administration are solutions in sterile
isotonic aqueous buffer. Where necessary, the composition may also include a solubilizing
agent and a local anesthetic such as lignocaine to ease pain at the site of the injection.
Generally, the ingredients are supplied either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or water free concentrate in a hermetically
sealed container such as an ampoule or sachette indicating the quantity of active agent.
Where the composition is to be administered by infusion, it can be dispensed with an infusion
bottie containing sterile pharmaceutical grade water or saline. Where the composition is
administered by injection, an ampoule of sterile water for injection or saline can be provided
so that the ingredients may be mixed prior to administration.

The antigenic peptides or antigenic fusion proteins of the invention can be formulated
as neutral or salt forms. Pharmaceutically acceptable salts include those formed with free
amino groups such as those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric
acids, etc., and those formed with free carboxyl groups such as those derived from sodium,
potassium, ammonium, calcium, ferric hydroxides, isopropylamine, triethylamine, 2-
ethylamino ethanol, histidine, procaine, etc.

The amount of the compound of the invention which will be effective in the treatment
of cancer can be determined by known clinical techniques. In addition, in vitro assays may
optionally be employed to help identify optimal dosage ranges. The precise dose to be
employed in the formulation will further depend on the route of administration and the severity
of the disease or disorder. however, suitable dosage ranges for intravenous administration
are from about 20 to about 500 micrograms of active compound per kilogram body weight.

Suitable dosage ranges for intranasal administration are from about 0.01 pg/kg body weight to
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about 1 mg/kg body weight. Effective doses can be extrapolated from dose-response curves
derived from in vitro or animal model test systems.

The invention also provides a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredients of the pharmaceutical compositions of the
invention. Optionally associated with such container(s) can be a notice in the form prescribed
by a governmental agency regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the agency of manufacture, use or sale
for human administration.

Examples

1. Selection of peptides and conjugation to KLh
The CH3 domain of canine IgE as well as the junction between CH3 and CH4

domains formed the basis for selection of peptide vaccine candidates. Various nested and
overlapping peptides were selected using computer programs for determination of appropriate
antigenic properties including hydrophilicity, surface probability, flexibility, antigenic index,
amphiphilic helix, amphiphilic sheet, and secondary structures. The peptides were
synthesized and conjugated to KLh at Zymed Laboratories Inc. (San Francisco, CA) using
cysteine-directed coupling method. The KLh-conjugated peptides were used to immunize
rabbits at Zymed Laboratories Inc (South San Francisco). Peptides were also synthesized at
W.M. Keck Biotechnology Resource Center (New haven, CT) with an N-terminal biotin
residue without conjugation to KLh to provide material for use in ELISA to detect anti-peptide
antibodies induced in animals immunized with the KLh-peptide conjugates. Preferred
peptides of the present invention include peptides of Seq. ID# 1 to Seq ID# 14 and their
homologous sequences from other IgE species.

2: Reactivity of rabbit anti-peptide antibodies with IgE-derived peptides

To test the ability of rabbit antisera to react with peptides of the present invention, an

ELISA assay was developed as follows: Biotinylated IgE peptides were diluted to five ug/ml in
coating buffer (Sodium Bicarbonate ph 9.0). Diluted peptides were added to the wells of a
neutravidin plate (Pierce Chemical Co. Rockford, IL) at 100 pl /well and incubated at 4°C
overnight. Plates were washed 3X with phosphate-buffered saline containing 0.05% Tween-
20 (PBST). Blocking buffer (2% skim milk in PBST) was added to each well at 200 ul /well

and the plates were incubated at room temperature (RT) for 60 minutes. Plates were washed

3X with PBST. An 100 ul/well of 1:100 dilution of appropriate rabbit antisera were added to the
top row of the appropriate wells and serum samples diluted 10 fold to the appropriate plate
position. Plates were incubated at RT for 60 minutes. Plates were washed 3X with PBST.
An 100pl/well of a 1:20,000 dilution of a horse-radish peroxidase conjugated goat anti-rabbit
IgG (KPL Laboratories, Gaithersburg, MD) were added to each well and the plates incubated
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at RT for 60 minutes. Plates were washed 3X with PBST. A 100ul/well of TMB microwell
substrate (KPL, Gaithersburg, MD) was added to each well and the plates incubated for 10-20

minutes at RT to allow for color development. The color development reaction was stopped

with 50ul/well of 0.18M sulfuric acid. The optical density (O.D.) of all wells was determined at
wavelength of 450 nm using ELISA plate reader (Thermo Max; Molecular Devices,
Sunnyvaie, CA). As shown in figure 1, sera obtained from rabbits after immunization with the
indicated peptides had a much higher reactivity to the respective peptides than that obtained

by sera from rabbits prior to immunization with peptides of the present invention.

3. Reactivity of rabbit anti-peptide antibodies with canine IgE

Canine IgE monoclonal antibodies (Bethyl laboratories; Montgomery; TX) was
dispensed in the wells of 96-well piates at 1ug/well in a volume of 100 ul. Plates were
incubated at 4°C overnight. Plates were washed 3X with PBST and 100 ul of blocking buffer
(2% Skim milk in PBST) was added to each well and incubated at room temperature (RT) for
60 minutes. Plates were washed 3X with PBST and 100ul/well of 1:200 dilution of

appropriate rabbit antisera were added to the top row of the appropriate wells. Plates were

incubated at RT for 60 minutes. Plates were washed 3X with PBST and100ul/well of a
1:10,000 dilution of a horseradish peroxidase conjugated goat anti-rabbit IgG (KPL

| aboratories) was added to all wells. Plates were incubated at RT for 60 minutes. Plates
were washed 3X with PBST and 100ul/well of TMB substrate was added to each well. Color

reaction was allowed to develop for 10-20 minutes. Color reaction was stopped by adding

S50ul/well of 0.18M sulfuric acid. Optical density of all wells was determined at 450 nm in an
ELISA plate reader as above. As shown in figure 2, sera obtained from rabbits after
immunization with the indicated peptides had a much higher reactivity to canine Igk than that
obtained by sera from rabbits prior to immunization with peptides of the present invention.

4. In Vitro Degranulation Inhibition Assay

The development of an IgE vaccine rests on the identification of IgE peptides that
induce antibodies which bind to soluble (free) IgE in serum and other bodily fluids, but do not
cross-link receptor-bound IgE or release histamine from mast cells or basophils (i.e., non-
anaphylactogenic antibodies). In order to assess the anaphylactogenic potential of antibodies
raised against nested or overlapping sets of IgE-derived peptides such as those of the
present invention, we developed an in vitro canine-specific degranulation assay based on rat
basophilic cell line RBL-2h3 transfected with the high affinity receptor for canine Ige. When
canine Igk is allowed to bind to its receptor on RBL2h3 cells and the receptor-bound IgE is
incubated with anti-canine IgE antibodies, the receptor may be cross-linked (if anti-igEk
antibodies bind to receptor-bound IgE) and this receptor cross-linking results in the release of
histamine from rat cells. The amount of histamine released is a measure of the anaphylactic

potential of anti-IgE antibodies. Conversely, the lack of histamine release indicates that the

o e pdmiet £ ne  p an e . i e e bt e A T L | (F My 1 ¢ Bt Nt MRS oy e am o e s ee T e emsbae e e e 80 demaiht ta thaibeeah i1 AVARATE o S RS ALY IR k) I AT I 14 e U] 41 dem e s e S e R B T e e i
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anti-dog IgE antibodies do not cross-link receptor bound-Igk and the peptide that induced the
formation of these antibodies is suitabie for use as a vaccine provided that the anti-peptide
antibodies react with free IgE (e.g., IgE in serum or other fluids). Thus, the potential of any
anti-IlgE antibodies including antibodies raised against peptides of the present invention to
effect release of histamine would be easily measured using this assay.

The gene encoding the high affinity receptor for dog IgE was assembled by the
Polymerase Chain Reaction at ATG laboratories Inc (Eden Prairie, MN.) and cloned into the
pCDNAG6 expression vector (In Vitrogen;, CA ). Rat RBL2h3 cell line (ATCC, Rockville MD)
was transfected with the pCDNAG6 plasmid containing the gene encoding the canine IgE
receptor using Fugene transfection reagent according to the manufacturer’'s recommendation
(Beohringer Mannheim). RBL-2h3 cell lines expressing the dog high affinity receptor was
selected and maintained in media containing 10ug/ml blasticidin. The ability of canine IgE to
bind to the transfected rat cells was confirmed by various assays inciuding Flow cytometry
and cell-based ELISA.

5. Ascaris sensitization and immunization

The effect of vaccination with peptides of the present invention on IgE-mediated
reactions was evaluated in a study of IgE-mediated skin wheal reactivity induced in animals
following sensitization to ascaris extract. The study design is outlined in table 1 and the study

was conducted according to the following procedures:

1) Pre-sensitization procedures: Prior to commencement of the study (day —7), 5 mi
of blood samples were collected from the jugular vein of each dog into serum separator tubes
(SST). Serum was stored at -20 C. Skin tests were performed on all dogs by intradermal (ID)
injection of Asc-1 allergen (Greer laboratories). ID injections were carried out on the shaved
side/belly of each dog. Each animal received 6 injections representing 10-fold serial dilution
of Asc-1 allergen (50 pug-0.5 ng), one injection of 0.1 nug histamine (positive control) and one
injection of phosphate-buffered saline (PBS; negative control). Each injection is in a volume
of 100 ul. Skin response was based on size of the area of wheal reaction. The wheal area
was outlined, and the maximal dimension (major axis) and the dimension perpendicular to
that (minor dimension) in millimeter are mulitiplied to calculate the wheal area.  Skin
responses were determined using metric rulers at 15 minutes following intradermal injection
of allergen. To help visualize the wheal reaction, each dog was injected |I/V with S ml of 1.0 %
solution of sterile Evan’s blue dye approximately 5 minutes prior to skin tests.

2) Sensitization Schedule: Animals were injected with a mixture of 10 ug of Asc-1
and 2 mg of Rehydrogel (0.5 ml volume) and the mixture injected subcutaneously (S/C). At

the same time, animals were injected with 500 ng of Ricin (0.5 ml volume) intraperitoneally
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(I/P). The above injection regimens was repeated 5 more times; once every 2 weeks. Asc-1
and Ricin were dissolved in sterile PBS.

3) Post-sensitization skin test: Following the sensitization phase all dogs are
evaluated for skin reactions. Skin tests were performed on all dogs as outlined under pre-
sensitization skin test described above.

4) Vaccination: Animals in group F were not vaccinated. Animals in groups A,

B,C,D, and E were vaccinated as described in table X. Animals are Injected intramuscularly
(I/M) with 1 ml of appropriate vaccine containing 50 ug of corresponding antigen.

0) Post-vaccination skin test: 14 days after the last vaccination, dogs were evaluated
for skin reactions. Skin tests are performed on all dogs as outlined under pre-sensitization
procedures.

6. Dog anti-peptide antibodies

The induction of antibodies in dogs vaccinated with specific peptides of this invention

IS evaluated with an ELISA assay as follows: Peptides were diluted to 5 ug/ml in coating
buffer (Sodium Bicarbonate ph 9.0) and dispensed at 100 ul/well of neutravidin plates
(Pierce). Plates were incubated at 4°C overnight. Plates were washed 3X with PBST and 200
pl of blocking buffer (2% skim milk in PBST) was added to each well. Plates were incubated
at RT for 60 minutes. Plates were washed 3X with PBST and 100ul/well of 1:100 dilution Of

appropriate dog antisera was added to the top row of the appropriate wells. Serum samples
were then diluted 10 fold to the appropriate plate position. Plates were incubated at RT for 60

minutes. Plates were washed 3X with PBST and 100ul/well of a 1:20,000 dilution of a horse-
radish peroxidase conjugated goat anti-dog IgG were added to each well. Plates were

was read at 450nm in ELISA Reader as above. As shown in table 2, sera obtained from dogs
after immunization with the indicated peptides had a much higher reactivity to canine IgE than
that obtained by sera from dogs prior to immunization with peptides of the present invention.

/. Skin wheal reactivity

The efficacy of peptides of the present invention in ameliorating IgE-mediated skin

wheal reaction was determined by comparing the number of vaccinated animals in which
there was a reduction or complete remission of the skin wheal reaction relative to the skin

wheal reaction of the same animals prior to vaccination. The skin wheal reactivity of dogs
following intradermal injection of ascaris extract is determined by injection of 100 ul of serial
10 fold dilutions (50 nug to 0.5 ng) of ascaris extracts as well as PBS and histamine (0.1

ug/site). The size of the wheal reaction is determined as the product of the major and minor
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vaccination of animals with a cocktail of peptides derived from the CH3/CH4 domains

(SeqiD1-4) result in complete remission of skin wheal reaction in approximately 60% of

animals.
Table

Group

1: Experimental design

Sensitization
Asc-1

Asc-1
Asc-1

Vaccination

RBS-1 (SEQ ID NO: 1)
RBS-3 (SEQ ID NO: 3)
RBS-4 (SEQ ID NO: 4)

RBS-COC (SEQ ID NOS. 1-4)
R PES)

Table 2: ELISA reactivity of dogs following immunization with IgE peptides

# of dogs

L_Gﬁap | IgE peptide | Pre-vaccination titer | Post-vaccination titer
A |[RBS-1 <100 — [1000 o T
'B | RBS-2  [<100 -~ 200 o

C | RBS3 [ <100 1000

D l RBS-4 <100 1000 T -

E RBS-COC | <100 for RBS-1,2.3and 4 | 1:1000 for RBS-1.2.3, and 4

F TPBS <100 " <100 O

Table 3. Skin wheal reactivity of dogs immunized with IgE peptides:

Group Antigen ~ | Remission of skin wheal reaction
A RBS-1 (SEQID NO: 1) 0/7 -
I_B— RBS-2 (SEQID NO: 2) o7 - -
' C RBS-3 (SEQIDNO:3) [2i7 T ]
D RBS-4 (SEQ ID NO:4) | 2/7 - o

'E RBS-COC (SEQIDNOS.:1-4 | 4/7 T

[ None (PBS) o o S

[—m

kb o Pt Pbiindw- PP .

8.

Food allergy model:

_

In order to develop a food allergy model to evaluate the effect of the anti-IgE vaccines

of the present invention, fifty dogs were sensitized to ascaris antigens following injection of

ascaris extract and ricin and then challenged orally with ascaris extract as follows:

1.

Pre-sensitization procedures: Skin tests were performed on all dogs by

intradermal (ID) injection of Asc-1 allergen (Greer laboratories). ID injections were carried out

on the shaved side/belly of each dog. Each animal received 6 injections representing 10-fold

serial dilution of Asc-1 allergen (50 nug-0.5 ng), one injection of 0.1 pg histamine (positive

[ L T L VI ST —
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control) and one Injection of phosphate-buffered saline (PBS; negative control). Each
injection is in a volume of 100 ul. Skin response was based on size of the area of wheal
reaction. The wheal area was outlined, and the maximal dimension (major axis) and the
dimension perpendicular to that (minor dimension) in millimeter are multiplied to calculate the
wheal area. Skin responses were determined using metric rulers at 15 minutes following
intradermal injection of allergen. To help visualize the wheal reaction, each dog was injected
I/ with 5 mi of 1.0 % solution of sterile Evan’s blue dye approximately 5 minutes prior to skin
tests

2. Sensitization Schedule: Animals were injected with a mixture of 10 pg of Asc-
1 and 2 mg of Rehydrogel (0.5 ml volume) and the mixture injected subcutaneously (S/C). At
the same time, animals were injected with 500 ng of Ricin (0.5 ml volume) intraperitoneally
(I/P). The above injection regimens was repeated 4 more times, once every 2 weeks. Asc-1
and Ricin were dissolved in sterile PBS.

3. Post-sensitization skin test: Following the sensitization phase all dogs were
evaluated for skin reactions. Skin tests were performed on all dogs as outlined under pre-
sensitization skin test described above.

4. Oral challenge: 14 dayé foliowing the last skin test, dogs were given 2 mg of
ascaris extract dissolved in 1 ml of distilled water via the oral route. Dogs were observed for
signs of food allergy including vomiting and diarrhea. The results of oral challenge show that
approximately 50% of sensitized dogs respond with clinical signs of allergy with every oral

challenge. |
Q. Flea allergy model:

To evaluate the capacity of ricin to accelerate the development of flea allergy
dermatitis in dogs, a sensitization protocol in which dogs are sensitized to flea allergens in
presence or absence of ricin is conducted as follows:

1. Five dogs are used as non-flea infested controls

2. Five dogs are exposed to fleas on a continual basis by infesting each dog
with 16 fleas on day 0 and then 16-17 more fleas every other day for 12 weeks (last
infestation day 84). Total flea exposure is 709 fleas.

3. Fifteen dogs are exposed to fleas episodically by infesting dogs with 109
fleas on day 0 and then 100 fleas every other week for 12 weeks (709 total fleas). Following
a 48-hour infestation/exposure period fleas are removed. This. allows for a 12-day
nonexposure period between each reinfestation. Fleas are removed from dogs by the oral
administration of nitenpyram (Capstar: Novartis Animal health; dogs <11.4 kg administered a
11.4mg tablet, dogs >11.4 kg administered a 57 mg tablet.) Studies have determined that the
product produces 100% mortality of fleas on dogs within 4 hours and is then rapidly

eliminated from dogs with a T2 (half-life) of 2.8 hours.
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4. Fifteen dogs are exposed to fleas episodically by infesting dogs with 109
fleas on day O and then 100 fleas every other week for 12 weeks (709 total fleas). Following a
48-hour infestation/exposure period fleas are removed. This allows for a 2-day nonexposure
period between each reinfestation. Fieas are removed from dogs by the oral administration of
nitenpyram as described above. In addition to flea exposure all dogs receive an
intraperitoneal injection of ricin (500 ng in 0.5 ml of sterile saline from a 1 mg/ml stock
solution) on day 0. Dogs not showing a significant rise in serum IgE titers (on Day 14) from
presensitization levels (prior to flea exposure) are given a second injection of ricin on day 28.
Ricin injection may be repeated as necessary to induce anti-Fleas IgE in dogs.

All of references cited herein are which incorporated herein in their entirety by
reference.

The present invention is not to be limited in scope by the specific embodiments
described which are intended as single illustrations of individual aspects of the invention, and
functionally equivalent methods and components are within the scope of the invention.
Indeed various modifications of the invention, in addition to those shown and described herein
will become apparent to those skilled in the art from the foregoing description and

accompanying drawings. Such modifications are intended to fall within the scope of the
claims.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: PFIZER PRODUCTS INC.
(ii) TITLE OF INVENTION: ANTI-IGE VACCINES
(111) NUMBER OF SEQUENCES: 28
(iv) CORRESPONDENCE ADDRESS:
SMART & BIGGAR
STATION D

(A) ADDRESSEE:
(B) STREET: P.0O. BOX 2999,
(C) CITY: OTTAWA
(D) STATE: ONT
(E) COUNTRY: CANADA
(F) ZIP: K1P 5Y6
(v) COMPUTER READARLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: ASCII (text)
(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: CA 2,356,124
(B) FILING DATE: 28-AUG-2001
(C) CLASSIFICATION:
PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: SMART & BIGGAR
(B) REGISTRATION NUMBER:
(C) REFERENCE/DOCKET NUMBER:
(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (613)-232-2486
(B) TELEFAX: (613)-232-8440

(vii)

64680-1272

(2) INFORMATION FOR SEQ ID NO.: 1:
(1) SEQUENCE CHARACTERISTICS

)

(A) LENGTH: 30
(B) TYPE: amino acid
(C}) STRANDEDNESS:
(D) TOPOLOGY:

(ii) MOLECULE TYPE: polypeptide

(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 PEPTIDE SEQUENCE

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 1:

Cys Ser Glu Ser Asp Pro Arg Gly Val Thr Ser Tyr Leu Ser Pro Pro

1 5 10 15

Ser Pro Leu Asp Leu Tyr Val His Lys Ala Pro Lys Ile Thr
20 25 30

(2) INFORMATION FOR SEQ ID NO.: 2
(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 31

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY:

60

MOLECULE TYPE: polypeptide
ORIGINAL SOURCE:
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(A} ORGANISM: DOG CH3/CH4 PEPTIDE SEQUENCE

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 2:
Cys Leu Val Val Asp Leu Ala Thr Met Glu Gly Met Asn Leu Thr Trp
1 5 10 15

Tyr Arg Glu Ser Lys Glu Pro Val Asn Pro Gly Pro Leu Asn Lys
20 25 30

(2) INFORMATION FOR SEQ ID NO.: 3:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 28
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(ii) MOLECULE TYPE: polypeptide
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 PEPTIDE SEQUENCE

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 3:
Lys Asp His Phe Asn Gly Thr Ile Thr Val Thr Ser Thr Leu Pro Val
1 5 10 15

Asn Thr Asn Asp Trp Ile Glu Gly Glu Thr Tyr Tyr
20 25

(2) INFORMATION FOR SEQ ID NO.: 4
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 25
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(11) MOLECULE TYPE: polypeptide
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 PEPTIDE SEQUENCE

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 4:
Cys Arg Val Thr His Pro His Leu Pro Lys Asp Ile Val Arg Ser Ile
1 5 10 15

Ala Lys Ala Pro Gly Lys Arg Ala Pro
20 25

INFORMATION FOR SEQ ID NO.: 5:

(2
(i) SEQUENCE CHARACTERISTICS

)
1
(
(
(

)

A) LENGTH: 28

B) TYPE: amino acid
C) STRANDEDNESS:

(D) TOPOLOGY :

(ii) MOLECULE TYPE: polypeptide
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 PEPTIDE SEQUENCE

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 5:
Leu Ser Pro Pro Ser Pro Leu Asp Leu Tyr Val His Lys Ala Pro Lys
1 5 10 15

Tle Thr Cys Leu Val Val Asp Leu Ala Thr Met Glu
20 25

=~ Pra w1 *adl Al s raMbe . at.and sl di ot A A
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(2) INFORMATION FOR SEQ ID NO.: 6:

(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 34

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY :

(ii) MOLECULE TYPE: polypeptide

(vi) ORIGINAL SOURCE:

(A) ORGANISM: DOG CH3/CH4 PEPTIDE SEQUENCE
(X1) SEQUENCE DESCRIPTION: SEQ ID NO.: 6 :

Cys Gly Met Asn Leu Thr Trp Tyr Arg Glu Ser Lys Glu Pro Val Asn

1

5 10 15

Pro Gly Pro Leu Asn Lys Lys Asp His Phe Asn Gly Thr Ile Thr Val

20 25 30
Thr Ser
(2) INFORMATION FOR SEQ ID NO.: 7 :
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 26
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(ii) MOLECULE TYPE: polypeptide
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 PEPTIDE SEQUENCE
(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 7

Thr Leu Pro Val Asn Thr Asn Asp Trp Ile Glu Gly Glu Thr Tyr Tyr

1

5 10 15

Cys Arg Val Thr His Pro His Leu Pro Lys

20 25

(2) INFORMATION FOR SEQ ID NO.: 8 :

(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 30

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY:

(1i) MOLECULE TYPE: polypeptide

(vi) ORIGINAL SOURCE:

(A) ORGANISM: HUMAN CH3/CH4 PEPTIDE SEQUENCE
(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 8 :

Cys Ala Asp Ser Asn Pro Arg Gly Val Ser Ala Tyr Leu Ser Arg Pro

1

5 10 15

Ser Pro Phe Asp Leu Phe Ile Arg Lys Ser Pro Thr Ile Thr

20 25 30

(2) INFORMATION FOR SEQ ID NO.: 9.

(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 33

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY:
(ii) MOLECULE TYPE: polypeptide
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(vi) ORIGINAL SOURCE:
(A) ORGANISM: HUMAN CH3/CH4 PEPTIDE SEQUENCE

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 9.
Cys Leu Val Val Asp Leu Ala Pro Ser Lys Gly Thr Val Asn Leu Thr
1 5 10 15

Trp Ser Arg Ala Ser Gly Lys Pro Val Asn His Ser Thr Arg Lys Glu

20 25 30
Glu
(2) INFORMATION FOR SEQ ID NO.: 10:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 27
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(ii) MOLECULE TYPE: polypeptide
(vi) ORIGINAL SOURCE:
(A) ORGANISM: HUMAN CH3/CH4 PEPTIDE SEQUENCE
(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 10:
Lys Gln Arg Asn Gly Thr Leu Thr Val Thr Ser Thr Leu Pro Val Gly
1 5 10 15

Thr Arg Asp Trp Ile Glu Gly Glu Thr Tyr Gln
20 25

(2) INFORMATION FOR SEQ ID NO.: 11:
(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 26

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY:
MOLECULE TYPE: polypeptide

(vi) ORIGINAL SOURCE:
(A) ORGANISM: HUMAN CH3/CH4 PEPTIDE SEQUENCE
(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 11:
Cys Arg Val Thr His Pro His Leu Pro Arg Ala Leu Met Arg Ser Thr
1 5 10 15

Thr Lys Thr Ser Gly Pro Arg Ala Ala Pro
20 25

(2) INFORMATION FOR SEQ ID NO.: 12:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 27

(B) TYPE: aminoc acid

(C) STRANDEDNESS:

(D) TOPOLOGY :

(ii) MOLECULE TYPE: polypeptide
(vi) ORIGINAL SOURCE:

(A} ORGANISM: HUMAN CH3/CH4 PEPTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 12:

Ser Arg Pro Ser Pro Phe Asp Leu Phe Ile Arg Lys Ser Pro Thr Ile

1

5 10 15
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Thr Cys Leu Val Val Asp Leu Ala Pro Ser Lys
20 25

(2) INFORMATION FOR SEQ ID NO.: 13:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 34
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(ii) MOLECULE TYPE: polypeptide
(vi) ORIGINAL SOURCE:
(A) ORGANISM: HUMAN CH3/CH4 PEPTIDE SEQUENCE

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 13:
Gly Thr Val Asn Leu Thr Trp Ser Arg Ala Ser Gly Lys Pro Val Asn
1 5 10 15

His Ser Thr Arg Lys Glu Glu Lys Gln Arg Asn Gly Thr Leu Thr Val
20 25 30

Thr Ser

(2) INFORMATION FOR SEQ ID NO.: 14 :

(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 28

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY:

(ii) MOLECULE TYPE: polypeptide

(vi) ORIGINAL SOURCE:

(A) ORGANISM: HUMAN CH3/CH4 PEPTIDE SEQUENCE

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 14:
Thr Leu Pro Val Gly Thr Arg Asp Trp Ile Glu Gly Glu Thr Tyr Gln
1 5 10 15

Cys Arg Val Thr His Pro His Leu Pro Arg Cys His
20 25

(2) INFORMATION FOR SEQ ID NO.: 15:

(i) SEQUENCE CHARACTERISTICS

(A) LENGTH: 84

(B) TYPE: nucleic acid

(C) STRANDEDNESS:

(D) TOPOLOGY:
(ii) MOLECULE TYPE: DNA

(vi) ORIGINAL SOURCE:

(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 15:

TGCTCTGACC CGCGTGGTGT TACCTCTTAC CTGTCTCCGC CGTCTCCGCT GGACCTGTAC 60

GTTCACAAAG CTCCGAAAAT CACC

(2) INFORMATION FOR SEQ ID NO.: 16:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 93
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
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(ii) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 16:
TGCCTGGTAG TGGACCTGGC CACCATGGAA GGCATGAACC TGACCTGGTA CCGGGAGAGC 60
AAAGAACCCG TGAACCCGGG CCCTTTGAAC AAG 93
(2) INFORMATION FOR SEQ ID NO.: 17:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 87
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY :
(ii) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 17:
TGCAAGGATC ACTTCAATGG GACGATCACA GTCACGTCTA CCCTGCCAGT GAACACCAAT 60
GACTGGATCG AGGGCGAGAC CTACTAT 87
(2) INFORMATION FOR SEQ ID NO.: 18:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 75
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(ii) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 18:
TGCAGGGTGA CCCACCCGCA CCTGCCCAAG GACATCGTGC GCTCCATTGC CAAGGCCCCT 60
GGTAAGCGTG CcCcCcCcC 75
(2) INFORMATION FOR SEQ ID NO.: 19:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 84
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY :
(ii) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 19:
CTGTCTCCGC CGTCTCCGCT GGACCTGTAC GTTCACAAAG CTCCGAAAAT CACCTGCCTG 60
GTAGTGGACC TGGCCACCAT GGAA 84
(2) INFORMATION FOR SEQ ID NO.: 20:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 102
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(ii) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 20:
TGCGGCATGA ACCTGACCTG GTACCGGGAG AGCAAAGAAC CCGTGAACCC GGGCCCTTTG 60
AACAAGAAGG ATCACTTCAA TGGGACGATC ACAGTCACGT CT 102
(2) INFORMATION FOR SEQ ID NO.: 21:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 78
(B) TYPE: nucleic acid
10 (C) STRANDEDNESS:
(D) TOPOLOGY:
(1ii) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 21:
ACCCTGCCAG TGAACACCAA TGACTGGATC GAGGGCGAGA CCTACTATTG CAGGGTGACC 60
CACCCGCACC TGCCCAAG 78
20 (2) INFORMATION FOR SEQ ID NO.: 22:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 90
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY:
(1i) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 22:
30 TGCGCGGACA GCAACCCGACG AGGGGTGAGC GCCTACCTAA GCCGGCCCAG CCCGTTCGAC 60
CTGTTCATCC GCAAGTCGCC CACGATCACC 90
(2) INFORMATION FOR SEQ ID NO.: 23:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 99
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY :
40 (1i) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 23:
TGTCTGGTGGC TGGACCTGGC ACCCAGCAAG GGGACCGTGA ACCTGACCTG GTCCCGGGCC 60
AGTGGGAAGC CTGTGAACCA CTCCACCAGA AAGGAGGAG 99
(2) INFORMATION FOR SEQ ID NO.: 24:
(i) SEQUENCE CHARACTERISTICS
50 (A) LENGTH: 81

60

O LA dphhny MPLLE , L' d  ALLAY WD TP ar 3 0% 0 . L

(B) TYPE: nucleilic acid

(C) STRANDEDNESS:

(D) TOPOLOGY :
(ii) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:

(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE

(xi1i) SEQUENCE DESCRIPTION: SEQ ID NO.: 24:
AAGCAGCGCA ATGGCACGTT AACCGTCACG TCCACCCTGC CGGTGGGCAC CCGAGACTGG 60
ATCGAGGGGG AGACCTACCA G 81
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(2) INFORMATION FOR SEQ ID NO.: 25 :

(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 78

(B) TYPE: nucleic acid

(C) STRANDEDNESS:

(D) TOPOLOGY :

(11i) MOLECULE TYPE: DNA

(vi) ORIGINAL SOURCE:

(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 25:

TGCAGGGTGA CCCACCCCCA CCTGCCCAGG GCCCTCATGC GGTCCACGAC CAAGACCAGC 60
GGCCCGCGTG CTGCCCCG 78

(2) INFORMATION FOR SEQ ID NO.: 26:
(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 81
(B) TYPE: nucleic acid
(C)} STRANDEDNESS:
(D) TOPOLOGY :
(11) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 26:
AGCCGGCCCA GCCCGTTCGA CCTGTTCATC CGCAAGTCGC CCACGATCAC CTGTCTGATG 60
GTGGACCTGG CACCCAGCAA G 81
(2) INFORMATION FOR SEQ ID NO.: 27:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 102
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY :
(11) MOLECULE TYPE: DNA
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 27:

GGGACCGTGA ACCTGACCTG GTCCCGGGCC AGTGGGAAGC CTGTGAACCA CTCCACCAGA 60

AAGGAGGAGA AGCAGCGCAA TGGCACGTTA ACCGTCACGT CC

102

(2) INFORMATION FOR SEQ ID NO.: 28:

(1)
(A)
(B)

SEQUENCE CHARACTERISTICS

LENGTH : 78

TYPE: nucleic acid
STRANDEDNESS :
TOPOLOGY :
MOLECULE TYPE:
ORIGINAL SQURCE:
ORGANISM: DOG CH3/CH4 NUCLEOTIDE SEQUENCE
SEQUENCE DESCRIPTION: SEQ ID NO.: 28:

DNA

ACCCTGCCGG TGGGCACCCG AGACTGGATC GAGGGGGAGA CCTACCAGTG CAGGGETGACC 60
CACCCCCACC TGCCCAGG 78
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CLAIMS:
1. An isolated antigenic peptide comprising an amino acid sequence of SEQ ID

NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ
ID NO: 13, or SEQ ID NO: 14 that induces an anti-IgE immune response that does not cause
anaphylaxis when administered to an animal.

2. An isolated antigenic fusion protein comprising an amino acid sequence of
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12. SEQ ID NO: 13, or SEQ ID NO: 14 that induces an anti-IlgE immune response that does
not cause anaphylaxis when administered to an animal.

3. An isolated polynucleotide sequence encoding an antigenic peptide
comprising an amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4. SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID
NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14, wherein said
antigenic peptide inducing an anti-igE immune response that does not cause anaphylaxis
when administered to an animal.

4. An isolated polynucleotide sequence encoding an antigenic fusion protein
comprising an amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4. SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID
NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14, wherein said
antigenic fusion protein inducing an anti-Ige immune response that does not cause
anaphylaxis when administered to an animal.

S. A genetically engineered host cell that contains the polynucleotide sequence
of claim 3 or 4.

6. A genetically engineered host cell that contains the polynucleotide sequence
of claim 3 or 4 in operative association with a nucleotide regulatory sequence that controls
expression of the polynucleotide sequence in the host cell.

1. A pharmaceutical composition for inducing an anti-IgE immune response that
does not cause anaphylaxis comprising one or more antigenic peptides having an amino acid
sequence comprising amino acid residues of a CH3 domain of an IgE molecule or a fragment
thereof.

8. The pharmaceutical composition of claim 7, wherein at least one antigenic
peptide has the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ
ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14,
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S. A pharmaceutical composition for inducing an anti-IgE immune response that
does not cause anaphylaxis comprising one or more antigenic fusion proteins having an
amino acid sequence comprising amino acid residues of a CH3 domain of an IgE molecule or
a fragment thereof and a heterologous carrier protein.

10. The pharmaceutical composition of claim 9, wherein at least one antigenic
fusion protein has the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4. SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14.

11. The pharmaceutical composition of claim 9, wherein the heterologous carrier
orotein is selected from the group consisting of KLh, PhokE, rmLT, TraT, and gD from BhV-1
VIrus.

12. The pharmaceutical composition of claim 7 or 9, wherein the anti-Igk immune
response is the production of anti-IgE antibodies which bind to soiuble IgE in serum and other
bodily fluids, prevent IgE from binding to its high affinity receptors on mast cells and

basophils, and do not cross-link receptor-bound IgE.

13. The pharmaceutical composition of claim 7 or 9 further comprising an
adjuvant.
14. A pharmaceutical composition for inducing an anti-IgE immune response that

does not cause anaphylaxis comprising one or more polynucleotide sequences encoding an
antigenic peptide having an amino acid sequence comprising amino acid residues of a CH3
domain of an IgE molecule or a fragment thereof.

15. The pharmaceutical composition of claim 14, wherein at least one
polynucleotide sequence encodes an antigenic peptide having the amino acid sequence of
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7, SEQ |ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12. SEQ ID NO: 13, or SEQ ID NO: 14.

16. A pharmaceutical composition for inducing an anti-Igk immune response that
does not cause anaphylaxis comprising one or more polynucleotide sequences encoding an
antigenic fusion protein having an amino acid sequence comprising amino acid residues of a
CH3 domain of an IgE molecule or a fragment thereof and a heterologous carrier protein.

17. The pharmaceutical composition of claim 16, wherein at least one
polynucleotide sequence encodes an antigenic fusion protein having the amino acid
sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14
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18. The pharmaceutical composition of claim 16, wherein the heterologous
carrier protein is selected from the group consisting of KLh, Phok, rmLT, TraT, and gD from
BhV-1 virus.

19. A method for the treating or preventing an IgE-mediated allergic disorder
comprising administering to an animal in which such treatment or prevention is desired a
immunogenically effective amount of one or more antigenic peptides having an amino acid
sequence comprising amino acid residues of a CH3 domain of an IgE molecule or a fragment
thereof.

20. The method of claim 19, wherein at least one antigenic peptide has the
amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ
ID NO: 5. SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14.

21. A method for the treating or preventing an IgE-mediated allergic disorder
comprising administering to an animal in which such treatment or prevention is desired a
immunogenically effective amount of one or more antigenic fusion protein having an amino
acid sequence comprising amino acid residues of a CH3 domain of an IgE molecule or a
fragment thereof and a heterologous carrier protein.

22. The method of claim 21, wherein at least one antigenic peptide has the
amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ
ID NO: 5. SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ |ID NO: 14.

23. A method for the treating or preventing an Igk-mediated allergic disorder
comprising administering to an animal in which such treatment or prevention is desired a
immunogenically effective amount of one or more polynucleotide sequences encoding one or
more antigenic peptides having an amino acid sequence comprising amino acid residues of a
CH3 domain of an IgE molecule or a fragment thereof.

24. The method of claim 23, wherein at least one antigenic peptide has the
amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ
ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14.

295. A method for the treating or preventing an IgE-mediated allergic disorder
comprising administering to an animal in which such treatment or prevention is desired a
immunogenically effective amount of one or more polynucleotide sequences encoding one or
more antigenic fusion proteins having an amino acid sequence comprising amino acid
residues of a CH3 domain of an IgE molecule or a fragment thereof and a heterologous

carrier protein.
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26. The method of claim 25, wherein at least one antigenic peptide has the
amino acid sequence of SEQ ID NO: 1, SEQ |ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ
ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14.

27. The method of claim 19, 21, 23 or 25 in which the animal is human.

28. The method of claim 19, 20, 21, 22, 23, 24, 25 or 26 in which the animal is a
dog.

29. The method of claim 19, 20, 21, 22, 23, 24, 25 or 26, wherein the IgE-
mediated allergic disorder is asthma, allergic rhinitis, gastrointestinal allergies such as food
allergies, eosinophilia, conjunctivitis, or glomerular nephritis.

30. An isolated polynucleotide sequence comprising the polynucleotide sequence
of SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID
NO: 20, or SEQ ID NO: 21.

31. An isolated polynucleotide sequence comprising the poiynucleotide sequence
of SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26 SEQ ID
NO: 27, or SEQ ID NO: 28.

32. A method for evaluating the effect of anti-IgE vaccines in dogs which
comprises sensitization of the dogs to an allergen by concurrent administration of the allergen
and ricin in amountsl sufficient to induce hypersensitivity in the dogs, foilowed by challenge
with the allergen and observation of the resulting sensitivity of the dogs to the challenge
allergen.

33. A method for inducing high levels of IgE and clinical signs of hypersensitivity
in dogs for evaluating the effect of anti-lgk vaccines in the dogs which comprises:
sensitization of the dogs to an allergen sufficient to induce hypersensitivity in the dogs by
concurrent administration of amounts of the allergen and ricin sufficient to to the dogs,
followed by challenge with the allergen and observation of the resulting sensitivity of the dogs

to the challenge allergen.

34. The method of claim 32 or 33 wherein the allergen is a flea allergen.

35. The method of claim 32 or 33 wherein the allergen is a food allergen.

36. The method of clam 32 or 33 wherein the food allergen is an ascaris
allergen.

37. The method of clam 32 or 33 wherein the hypersentivity is type |
hpersensitivity.

38. The method of claim 32 or 33 wherein sensitization results in higher levels of
IgE in the hypersensitized dogs than found in non-hypersensitized dogs.

39. An isolated antigenic peptide comprising an amino acid sequence of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID

TSI PO
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NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ

ID NO: 13, or SEQ ID NO: 14 or a fragment thereof, that induces an anti-Igg immune
response that does not cause anaphylaxis when administered to an animal.

40. An isolated antigenic fusion protein comprising an amino acid sequence of

5 SEQID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 86,

SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:

12, SEQ ID NO: 13, or SEQ ID NO: 14 or a fragment thereof that induces an anti-IgE immune
response that does not cause anaphylaxis when administered to an animal.

41. A pharmaceutical kit comprising one or more containers filled with one or

10  more of the ingredients of the pharmaceutical compositions of claim 7, 9,14 or 16.
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