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MODULATORS OF HYPERSENSITIVITY REACTIONS

Technical Field
The invention relates to modulators of mast cell activation and in particular their
use in the treatment and prevention of hypersensitivity diseases and disorders. More
specifically, the invention relates to proteins and peptides capable of inhibiting and/or

preventing mast cell activation.

Background
. The prevalence of hypersensitivity-associated disorders has dramatically increased
in the industrialized world over the last decades. In particular, the most common type of
hypersensitivity-associated disorder, IgE-mediated hypersensitivity, already effects more
than 25% of the population in developing countries.

Hypersensitivity reactions are the result of immune responses acting inappropriately
and can be provoked by many antigens. They are produced by a combination of
inflammatory mediators released by several cell types. One form of hypersensitivity
occurs when an IgE response is directed against innocuous environmental antigens, such
as pollen or dust-mites. The resulting release of pharmacological mediators by IgE-
sensitized mast cells produces an acute inflainmatory reaction with symptoms such as
asthma or thinitis. Airway inflammation is central to the pathogenesis of asthma and
involves the recruitment and activation of mast cells, eosinophils, neutrophils, and
lymphocytes into lung tissue and bronchoalveolar space.

Mast cells are considered to be one of the key effectors in hypersensitivity
reactions. These cells are distributed throughout the body, in close proximity to blood
vessels, nerves, mucosal surfaces and skin. At those sites, they are well positioned to
detect allergens and to initiate the earliest phases of the allergic response by their ability
to release several inflammatory mediators. Mast cells are amongst the only cells in the
body to express a receptor specific for IgE, which is the immunogldbuiin responsible for
developing allergic responses and asthma.

Mast cells can be activated by vartous stimuli, however, the most specific is via the
interaction of the antigen with IgE bound to its high affinity receptor (FceRI) on the cell
surface. Antigen detection by FceRle-bound IgE leads to receptor cross-linking and
subsequent phosphorylation of the tyrosine residues in the ITAM motif of the § and vy

subunits of the same receptor. Consequently, aggregation of the FeeRI receptor induces



the activation of a complex intracellular pathway involving numerous protein interactions
which eventually lead to the release of preformed granules and the secretion of
eicosanoids, cytokines and chemokines. Mast cell activation leads to a series of
biochemical events causing the systemic and/or local effects which are typically observed
in allergic and anaphylactic reactions.

Current protocols used for the freatment of hypersensitivity-associated disorders
mainly comprise a combination of glucocorticoids and other symptom relieving
medications. Rather than directly targeting mast cells, these treatments are aimed at
interfering with the effects of downstream inflammatory mediators. Anti-inflatimatory
drugs such as corticoids influence a variety of cellular functions in a non-sclective
manner. Therefore, complications arising from long term steroid therapy have imposed-
limitations on its clinical use.

There is a need for pew therapeutic approaches for the treatment of -
hypersensitivity-associated diseases and disorders. In particular, a need exists for new
therapeutic approaches targeting mast cells in order to modulate the release of

inflammatory mediators associated with allergic responses.

Summary

Described herein are genes previously unknown to be mvoived in mast cell

activation and the onset of hypersensitivity reactions. The proteins encoded by those .

genes comprise at least one of a pleckstrin homology (PH), an Src homology 2 (SH2), or
an Src homology 3 (SH3) domain. These domains are believed to modulate mast cell
activation via specific interactions with receptors present on the mast cell surface. Certain
embodiments of the present disclosure thus relate to the modulation of mast cell \

. activation by administration of SH2/SH3/PH domain containing proteins. Also described
herein are peptides corresponding to SH3 and/or PH domain sequences capable of
modulating mast cell activation. The peptides described herein provide a means of
treating and preventing hypersensitivity diseases and disorders.

In a first embodiment, the present disclosure provides a peptide for modulating
mast cell activation, said peptide comprising an amino acid sequence corresponding to at
least a portion of:

(i) an Src homology 3 (SHS) domam, or

(ii) apleckstrin homology (PH) domain.



In one embodiment, the peptide comprises an amino acid set forth
in SEQ ID NO: 7.

In another embodiment, the peptide comprises an amino acid set
forth in SEQ ID NO: 8, or any one of SEQ ID NOs: 14-273.

In another embodiment, the peptide comprises an amino acid set
forth in SEQ ID NO: 11 or SEQ ID NO: 12, |

In one embodiment, the peptide compnses an.amino acid set forth
in SEQ ID NO: 10 or any one of SEQ ID NOs: 274-488.

In another embodiment, said modulating inhibits mast cell
activation.

In a first aspect, there is provided a polypeptide for modulating mast cell activation,
said polypeptide comprising a NEDD 9
Sre homoiégy 3 (SH3) domain sequence between 8 and 20 amino acid residues in length, or & varfant
of said NEDD 9 Src homology 3 (8H3) domain sequence, wherein:

{1 the variant NEDD 9 Src homology 3 (SH3) domain sequence consists of any one of
SEQ ID NOs: 16-17, 20-121, or 145-184; or,

(ii) the polypeptide consists of a sequence defined in any one of SEQ ID NOs: 8, 14-15,
18-19, 122-144, or 185-273.
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In a second embodiment, the present disclosure provides a method of mhibiting or
preventing mast cell activation in a subject, the method comprising administering to the
subject a therapeutically effective amount of a protein comprising at least one of:

(1)  an Src homology 2 (SH2) domain,

(ii) an Src homology 3 (SH3) domain,

(iil) a pleckstrin homology (PH) domain,

(iv) the peptide of any one of claims [ -5.

In one embodiment, the mast cell activation is IgE-mediated.

In another embodiment, the mast cell activation is non 1gE-
mediated. _

In a third embodiment, the present disclosure provides a method for treating or preventing a
hypersensitivity disease or disorder in a subject, the method comprising administering to the subject a
therapeutically effective amount of a protein comprising at least one of:

(i) an Src homology 2 (SH2) domain,

(ii) an Src homology 3 (SH3) domain,

(i)  a pleckstrin homology (PH) domain,

{iv) the peptide of any one of claims 1-5.

In one embodiment, the hypersensitivity disease or disorder
comprises mast cell activation.

In another embodiment, the hypersensitivity disease or disorder
comprises an inflammatory reaction.

In another embodiment, the hypersensitivity disease or disorder
may be anaphylaxis, drug reactions, skin allergy, eczema, allergic rhinitis, urticaria,

atopic dermatitis, allergic contact allergy, food allergy, allergic conjunctivitis, insect
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venom allergy and respiratory diseases and disorders. The respiratory disease or disorder
may be asthma, allergic asthma, intrinsic asthma, occupational asthma, acute respiratory
distress syndrome (ARDS) and chronic obstructive pulmonary disease (COPD).

In a fourth embodiment, the present disclosure provides a method of modulating an
immune response in a subject, the method comprising admintistering to the subject a
therapeutically effective amount of a protein comprising at least one oft

(iy an Src homology 2 (SH2) domain,

(1) an Src homology 3 (SH3) domain,

(iii)  a pleckstrin homology (PH) domain,

(iv) the peptide of any one of claims 1 -5.

In one embodiment, the protein is NEDD®S.

In one embodiment, the protein is PHLDAI.

In a fifth embodiment, the present disclosure provides a method of inhibiting or
preventing mast cell activation in a subject, the method comprising administering to the
subject a therapeutically effective amount of a peptide, the peptide comprising an
amino acid sequence corresponding to at least a portion of:

(i) an Src homology 3 (SH3) domain, or

(ii) a pleckstrin homology (PH) domain.

In a sixth embodiment, the present disclosure provides a method of treating or
preventing a hypersensitivity discase or disorder in a subject, the method comprising
administering to the subject a therapeutically effective amount of a peptide, the peptide
comprising an amino acid sequence corresponding to at least a portion of:

(i) an Src homology 3 (SH3) domain, or

(if) a pleckstrin homology (PH) domain.

In one embodiment, the hypersensitivity disease or disorder
comprises mast cell activation.

In another embodiment, the hypersensitivity disease or disorder
comprises an inflammatory reaction.

In an additional embodiment, the hypersensitivity disease or
disorder is selected from the group comprising anaphylaxis, drug reactions, skin allergy,
eczema, allergic rhinitis, urticaria, atopic dermatitis, allergic contact allergy, food allergy,
allergic conjunctivitis, insect venom allergy and respiratory diseases and disorders. The

respiratory discase or disorder may be asthma, allergic asthma, intrinsic asthma,



occupational asthma, acute respiratory distress syndrome (ARDS) and chronic obstructive
pulmonary disease (COPD).

In a seventh embodiment, the present disclosure provides a method of modulating
an immune response in a subject, the method comprising administering to the subject
a therapeutically effective amount of a peptide, the peptide comprising an amino acid
sequence corresponding to at least a portion of:

(i} an Src homology 3 (SH3) domain, or

(it) a pleckstrin homology (PH) domain.

In one embodiment, the peptide comprises the
amino acid sequence set forth in SEQ ID NO: 7 or a variant,

In an additional embodiment, the peptide comprises the amino acid sequence set
forth in SEQ ID NO: § or a variant.

In another embodiment, the peptide comprises
the amino acid sequence set forth in SEQ ID NO: 11.

In yet another embodiment, the peptide
comprises the amino acid sequence set forth in SEQ ID NO: 12 or a variant.

In an eighth embodiment, the present disclosure provides a method of inhibiting mast
cell activation, the method comprising inhibiting the binding of either of both of:

(i) aNEDDS® protein Src¢ homology 3 (SH3) domain

(i1) a PHLDAI protein pleckstrin homology (PH) domain
to a mast cell receptor. '

In a ninth embodiment, the present disclosure provides a method for treating or
preventing a hypersensitivity disease or disorder in a subject, the method comprising
inhibiting the binding of either of both of:

(i) aNEDD9 protein Src homology 3 (SH3) domain

(i1) a PHLDAI protein pleckstrin homology (PH) domain
to a mast cell receptor.

In one embodiment, the inhibiting comprises
administration of a peptide comprising an amino acid sequence corresponding to at least a
portion of the NEDD9 protein Src homology 3 (SH3) domain or the PHLDAI protem
pleckstrin homology (PH) domain. The peptide may comprise an amino acid sequence set
forth in SEQ ID NO: 7 or SEQ 1D NO:8. The peptide may comprise an amino acid
selected form the group consisting of SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID
NO:12.
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In a second aspect, there is provided a use of a polypeptide comprising:

(1) a NEDD 9 Src homology 2 (SH2) domain,
(i1} -a NEDD9 Src homology 3 (SH3) domain, or
(iii) a PHLLDAT pleckstrin homology (PH) domain,

in the manufacture of a medicament for inhibiting or preventing mast cell

activation in a subject.

In a third aspect, there 1s provided a use of a polypeptide comprising:

(1) a NEDD 9 Src homology 2 (SH2) domain,

(ii) a NEDD$9 Src homology 3 (SH3) domain, or

(iif) a PHLDAT1 pleckstrin homology (PH) domain,

in the manufacture of a medicament for freating or preventing a hypersensitivity

disease or disorder arising from mast cell activation in a subject.

In a fourth aspect, there is provided a use of a polypeptide comprising:

(1) a NEDD 9 Src homology 2 (SH2) domain,

(i)  a NEDD? Src homology 3 (SH3) domain, or

(iii) a PHLDAI pleckstrin homology (PH) domain, _

in the manufacture of a medicament for treating or preventing an allergic

disease or condition in a subject.



In a tenth embodiment, the present disclosure provides the use of a protein
comprising at least one of’
(i) an Src homology 2 (SH2) domain,
(ii) an Src homology 3 (SH3) domain,
(i) a pleckstrin homology (PH) domain,
(iv) the peptide of any one of claims 1-5.
for the manufacture of a medicament for the treatment of a hypersensitivity disease or
disorder.
In one embodiment, the protein is NEDD9.
In another embodiment, the protein is PHLDAL
In an eleventh embodiment, the present disclosure provides the use of a peptide
comprising an amino acid sequence corresponding to at least a portion of:
(i) an Src homology 3 (SH3) domain, or
(i) a pleckstrin homology (PH) domain,
~ for the manufacture of a medicament for the treatment of a hypersensitivity disease or
disorder.
In one embodiment, the peptide comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID
NO: 11 and SEQ ID NO: 12.
In one embodiment, the hypersensitivity disease or
disorder is selected from the group consisting of anaphylaxis, drug reactions, skin allergy,
eczema, allergic rhinitis, urticaria, atopic dermatitis, allergic contact allergy, food allergy,
allergic conjunctivitis, insect venom allergy and respiratory diseases and disorders. The
respiratory disease or disorder may be asthma, allergic asthma, intrinsic asthma,
occupational asthma, acute respiratory distress syndrome (ARDS) and chronic obstructive
pulmonary disease (COPD).
In a twelfth embodiment, the present disclosure provides a protein comprising at
least one oft
{1} an Src homology 2 (SH2) domain,
(it} an Src homology 3 (SH3) domain,
(1ii)  a pleckstrin homology (PH) domain,
(iv) the peptide of any one of claims 1 -5.
for the treatment of a hypersensitivity disease or disorder.
In a thirteenth embodiment, the present disclosure provides a peptide comprising an

amino acid sequence corresponding to at least a portion of:



(1) an Src homology 3 (SH3) domain, or
(i) apleckstrin homology (PH) domain,

for the treatment of a hypersensitivity disease or disorder.

In a fifth aspect, there is provided a method of identifying an agent that modulates

the activity of a mast cell comprising:

contacting a candidate agent with a polypeptide comprising at least one of:
(1) a NEDD?9 Src homology 2 (SH2) domain,
(ii) a NEDDS9 Src homology 3 (SH3) domain, or
(1i1) a PHLDA1 pleckstrin homology (PH) domain,
under conditions suitable to permit binding of the candidate agent with the
polypeptide; and
assaying the .activity of the mast cell in the presence of said polypeptide bound

to said candidate agent.



7a

In a fourteenth embodiment, the present disclosure provides a method of identifying
an agent that modulates the activity of a protein comprising at least one of an Src
homology 2 (SH2) domain, an Src homology 3 (SH3) domain, or a pleckstrin homology
(PH) domain, the method comprising:

(a) . contacting a candidate agent with the protein under conditions suitable to
permit interaction of the candidate agent with the protein; and

(b) assaying the activity of the protein.

In a fifteenth embodiment, the present disclosure provides a method for screening a
plurality of candidate agents to identify an agent that modulates the activity of a protein
comprising at least one of an Src homology 2 (SH2) domain, an Src homology 3 (SH3)
domain, or a pleckstrin homology (PH) domain, the method comprising:

{(a} contacting a plurality of candidate agents with the protein under conditions
suitable to permit interaction of the candidate agent with the protein; and

(b) assaying the activity of the protein.

In one embodiment, the protein is NEDD9 or
PHILDA]

In another embodiment, assaying the activity
of the protein comprises measuring the level of mast cell activation.

In an additional embodiment, the candidate
agent is an agonist of the protein.

In a further embodiment, the candidate agent

is an agonist of the protein.

Abbreviations
BMMC Bone marrow dérived mast cells
DEAE dextran  diethylaminoethyl dexfran
DNA deoxyribonucleic acid |
DNP-IgE anti-dinitrophenol immunoglobulin E
dsRNA double-stranded RNA

Fc _ constant fragment
FceRI Fc epsilon receptor I, high affinity IgE receptor
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FeeRla e-subunit of high-afﬁnity IgE receptor

FeyR Fc gamma receptor

Fyn tyrosine-protein kinase Fyn

IgE immunoglobulin E

IgG immunoglobulin G

1L-10 interleukin 10

ITAM immunoreceptor tyrosine-based activation motif

kg kilogram

LAMP-1 lysosome-associated membrane protein-1

LAMP-2 lysosome-associated membrane protein-1

Lck lymphocyte-specific protein tyrosine kinase

Lyn tyrosine-protein kinase Lyn

m meter

mg milligram

mRNA messenger ribonucleic acid

NEDDS neural precursor cell-expressed developmentally downregulated gene 9

PH pleckstrin homology

PHLDA1 pleckstrin homology-like domain family A member 1

PHRIP proline and histidine rich protein

RBL-2H3 cells rat basophilic leukaemia 2H3 cells

RNA ribonucleic acid

SDS-PAGE sodium dodecyl sulphate polyacrylamide gel electrophoresis

SH2 Src homology 2 domain

SH3 Src homology 3 domain

siRNA small inhibitory RNA

TDAGS51 T-cell death associated gene 51

Definitions

~ The following are some definitions that may be helpful in understanding the
description of the present invention. These are intended as general definitions and should
in no way limit the scope of the present invention to those terms alone, but are put forth
for a better understanding of the following description.
Unless the context requires otherwise or specifically stated to the contrary, integers,

steps, or elements of the invention recited herein as singular integers, steps or elements
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clearly encompass both singular and plural forms of the recited integers, steps or
elements.

Throughout this specification, unless the context requires otherwise, the word
“comprise”, or variations such as “‘comprises” or “comprising”, will be understood to
imply the inclusion of a stated step or element or integer or group of steps or elements or
integers, but not the exclusion of any other step or element or integer or group of elements
or integers. Thus, in the context of this specification, the term “comprising” means
“including principally, but not necessarily solely”.

As used herein, an “agent” includes within its scope any natural or manufactured
clement or compound. Accordingly, the term includes, but is not limited to any: chemical
elements and chemical compounds, nucleic acids, amino acids, poiypeptides, proteins,
antibodies and fragments of antibodies, and other substances that may be appropriate in
the context of the invention.

As used herein the terms “modulating”, “modulates” and variations thereof refer to
increasing or decreasing the level of activity, production, secretion or functioning of a
molecule in the presence of a particular modulatory molecule or agent of the invention
compared to the level of activity, production, secretion or other functioning thereof in the
absence of the modulatory molecule or agent. These terms do not imply quantification of
the increase or decrease. The modulation may be of any magnitude sufficient to produce
the desired result and may be direct or indirect. _

As used herein, the term “immunomodulator” refers to a molecular mediator
secreted by one or more cell types and which plays a role in the activation, maintenance,
maturation, inhibition, suppression or augmentation of an immune response.

As used herein, the term “SH2/SH3/PH domain containing protein” refers to a
protein containing one or more of:

(a) at least one Src homology 2 (SH2) domain,

(b) at least one Src homology 3 (SH3) domain,

(cy at teast one pleckstrin homology (PH) domain.

Hence, an SH2/SH3/PH domain containing protein encompasses a protein with one or
more SH?2 domains only, with one or more SH3 domains only, with one or more PH
domains only, with one or more SH2 domains and one or more SH3 domains, with one or
more SH3 domains and one or more PH domains, or with one or more SH2 and one or

more SH3 domains and one or more PH domains.
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As used herein, the term “mast cell activation pathway” includes within its scope all
components and steps in the biological processes occurring within or on the surface of a
mast cell leading to its activation. Generally, the activation of a mast cell may be initiated
by external stimuli, leading to an intracellular signaling cascade involving a series of
cellular proteins, for example, phosphatases, kinases and adaptor/regulatory factors,
causing activation of the mast cell.

As used herein, the term *“administering” and variations of ‘that term including
“administer” and “administration”, includes contacting, applying, delivering or providing
a compound or composition of the invention to an organism by any appropriate means.

As used herein, the terms “antibody” and “antibodies” include IgG (including IgGl,
1gG2, 1gG3, and 1gG4), IgA (including JgAl and IgA2), IgD, IgE, or IgM, and IgY,
whole antibodies, including single-chain whole antibodies, and antigen-binding fragments
thereof. Antigen-binding antibody fragments include, but are not limited to, Fab, Fab' and
F(ab")2, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-linked Fvs (sdFv)
and fragments comprising either a VL or VH domain. The antibodies may be from any
animal origin. Antigen-binding antibody fragments, including single-chain antibodies,
may comprise the variable region(s) alone or in combination with the entire or partial of
the following: hinge region, CH1, CH2, and CH3 domains. Also included are any
combinations of variable region(s) and hinge region, CHI1, CH2, and CH3 domains.
Antibodies may be monoclonal, polyclonal, chimeric, multispecific, humanized, and
human monoclonal and polyclonal antibodies which specifically bind the biological
molecule. .

As used herein, the term “nucleic acid” refers to a deoxyribonucleotide or
ribonucleotide polymer in either single-or double-stranded form, and unless otherwise
Jimited, encompasses known analogues of natural nucleotides that hybridize to nucleic
acids in a manner similar to naturally oceurring nucleotides.

As used herein, the term “polypeptide™ or “peptide” means a polymer made up of
amino acids linked together by peptide bonds: The terms “polypeptide” and “peptide” are
used interchangeably herein, although for the purposes of the present invention a
“polypeptide” may constitute a portion of a fuull length protein.

As used herein, the term “polynucleotide” refers to a single- or double-stranded
polymer of deoxyribonucleotide, ribonucleotide bases or known analogues or natural

nucleotides, or mixtures thereof.
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As used herein, the term “mutation” as used throughout the specification is intended
to encompass any and all types of functional and/or non-functional nucleic acid changes,
including mutations and polymorphisms in the target nucleic acid molecule when
compared to a wildtype variant of the same nucleic acid region or allele or the more
common nucleic acid molecule present on the sample. Such changes, include, but are not
limited to deletions, insertions, translocations, inversions, and base substitutions of one or
more nucleotides.

As used herein, the term “polymorphism” refers to a variation in the sequence of a
gene in the genome amongst a population, such as allelic variations and other variations |
that arise or are observed. Genetic polymorphisms refer to the variant forms of gene
sequences that can arise as a result of nucleotide base pair differences, alternative mRNA
splicing or post- translational modifications, including, for example, glycosylation. Thus,
a polymorphism refers to the occurrence of two or more genetically determined
alternative sequences or alleles in a population. These differences can occur in coding and
non-coding portions of the genome, and can be manifested or detected as differences in
nucleic acid sequences, gene expression, including, for example transcription, processing,
translation, transport, protein processing, trafficking, DNA synthesis, expressed proteins,
other gene products or products of biochemical pathways or in post-transiational
modifications and any other differences manifested.

As used herein the term “treatment”, refers to any and all uses which remedy a
disease state or symptoms, or otherwise prevent, hinder, retard, or reverse the progression
of disease or other undesirable symptoms in any way whatsoever.

As used herein, the term “subject” includes humans and individuals of any
mamrmalian species of social, economic or research imporiance including but not limited
to members of the genus ovine, bovine, equine, porcine, feline, canine, primates, and
rodents. In one embodiment, the mammal is a human. '

As used herein the terms “effective amount” and “therapeutically effective amount”
include within their meaning a non-toxic but sufficient amount of an agent or compound
to provide the desired therapeutic effect. The exact amount required will vary from
subject to subject depending on factors such as the species being treated, the age and
general condition of the subject, the severity of the condition being treated, the particular
agent being administered and the mode of administration and so forth. Thus, it is not

possible to specify an exact “effective amount”. However, for any given case, an
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appropriate “effective amount” may be determined by one of ordinary skill in the art
using only routine experimentation.

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and modifications. The
invention also includes all of the steps, features, compositions and compounds referred to
or indicated in this specification, individually or collectively, and any and all
combinations or any two or more of said steps or features.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a context
for the present invention. It is not to be taken as an admission that any or all of these
matters form part of the prior art base or were common general knowledge in the field
relevant to the present invention before the priority date of this application. For the

purposes of description all documents referred to herein are incorporated by reference.

Brief Description of the Drawings _

Figure 1A shows a graph illustrating a timecourse of the relative gene expression of
NEDD9 in human mast cells in response to IgE stimulation.

Figure 1B shows a graph illustrating a timecourse of the relative gene expression of
PHLDA1 in human mast cells in response to IgE stimulation.

Figure 1C shows a graph illustrating a timecourse of the relative gene expression of
NEDD? in mouse mast cells in response to IgE stimulation.

Figure 1D shows a graph illustrating a timecourse of the relative gene expression of
PHLDA1 in mouse mast cells in response to IgE stimulation.

Figure 2A shows a graph illustrating relative NEDD9 mRNA expression in RBL~
2H3 cells in response to IgE stimulation. Results are expressed as relative fold change
over the values for untreated samples.

Figure 2B shows a graph illustrating relative NEDD9 mRNA expression in RBIL~
2H3 cells in response to ionomycin stimulation. Results are expressed as relative fold
change over the values for untreated samples.

Figure 2C shows a graph illustrating relative PHLDA] mRNA expression in RBL-
2H3 cells in response to IgE stimulation. Results are expressed as relative fold change

over the values for untreated samples.
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Figure 2D shows a graph illustrating relative PHLDA1 mRNA expression in RBL-
2H3 cells in response to ionomycin stimulation. Results are expressed as relative fold
change over the values for untreated samples.

Figure 3 shows a graph illustrating the percentage of mast cell degranulation in
RBL-2H3 cells incubated with IgE for 30 minutes in the presence of 3 different siRNAs
targeting NEDD9 gene expression. An additional siRNA not targeted to any gene was
used as a control,

Figure 4A shows a graph illustrating the degree of mast cell degranulation as
measured by Evan’s blue recovery in Lewis rats following administration of a
combination of siRNA for NEDD9 with DNP-IgE, compared to a negative siRNA/DNP-
IgE control. '

Figure 4B shows a graph illustrating the degree of mast cell degranulation as
measured by Evan’s blue recovery in Lewis rats following administration of a
combination of siRNA for PHLDA1 with DNP-IgE, compared to a negative siRNA/DNP-
IgE control. ,

Figure 5 shows an amino acid sequence alignment of the NEDD9 SH3 domain in
Homo sapiens (HS), Mus musculus (MM), Rattus norvegicus (RN), Pan troglodytes (PT),
Bos taurus (BT), Canis familiaris (CF) and gallus gallus (GG). Highlighted residues
indicate the putative active site (amino acids 9-28 in HS, MM, RN, PT and BT, amino
acid residues 41-60 in CF; amino acid residues 41-59 in GG).

Figure 6 is a histogram showing biotinylated MDD1 uptake in live RBL-2H3 cells,
detected by FACS following intracellular staining with strepatvidin-APC. Biotinylated
MDD1 was administered to cells at a concentration of 0.001mM MDD1 (2), 0.0lmM
MDD (3) or 0.1mM MDD (4). Control cells were administered PBS alone (1).

Figure 7 is a graph showing the effect of the MDD1 peptide on RBL-2H3 cell
degranulation following IgE receptor crosslinking. (1) IgE coating only (2) IgE coating +
IgE receptor crosslinking (3) MDD1 peptide (0.01mM) pre-treatment + IgE coating +
IgE receptor crosslinking (4) SCR peptide 0.01mM pre-treatment + IgE coating + IgE
receptor crosslinking.

Figure 8 provides graphs showing the effects of MDD1 peptides on lung function in
mice sensitized with ovalbumin antigen (OVA). Mice intranasally challenged with OVA
to induce asthma were co-administered MDD1 peptide (A) intravenously at 8mg/kg or
(B) intranasally by nebulisation at Img/ml. Lung resistance was measured by

plethysmography. RL: Lung resistance.
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Figure 9 provides graphs showing the level of the inflammatory response in OVA-
sensitized mice upon induction of asthma. Asthma was induced in OVA-sensitized mice
pre-treated with either saline, SCR control peptide or MDD1 peptide by challenge with p-
methacholine. (A) % Eosinophils in blood (B) Total cells in croncheolar lavage (C) TNF
expression at inflammatory foci and (D) levels of antigen-specific IgE in serum.

Figure 10 is a graph illustrating that topical administration of MDD1 peptide
stabilises skin mast cells derived from ear biopsies of IgE sensitized mice following IgE
receptor crosslinking. Left (L) ears from mice were treated with DMSQO-alone. Right (R)
ears were ftreated with a mixture of ecither MDDI peptide/DMSO or
dexamethasone/DMSO.

Figure 11 is a graph showing the effect of MPX741 and MPX742 peptides on RBL-
2H3 cell degranulation following IgE receptor crosslinking. (1) IgE coating only (2} IgE
coating + IgE receptor crosslinking (3) MPX741 peptide (0.01M) pre-treatment + IgE
coating + IgE receptor crosslinking (4) MPX742 peptide 0.01mM pre-treatment + IgE
coating + IgE receptor crosslinking.

Detailed Description

Intracellular signal transduction is an orchestrated cascade of events resulting in cell
activation. In most eukaryotic cells it is facilitated by a complex protein network mainly
composed of phosphatases, kinases and adaptor/regulatory factors. Adaptor molecules
play an indispensable role in intracellular signaling pathways by facilitating the
interaction of key signaling molecules. Specific domains within adaptor molecules are
responsible for facilitating protein interactions. These include Src homology (SH)
domains (for example Src homology 2 (SH2) and Src homology 3 (SH3) domains), and
pleckstrin homology (PH) domains. During intracellular signaling events, Src homology
domains bind to phosphotyrosine-containing proteins, triggering a series of events that
leads to the recruitment of pleckstrin homology (PH) domain containing proteins. The
recruitment of PH domain containing proteins in turn catalyses the production of
secondary messengers facilitating the continuation of the signalling cascade.

As described herein, the expression of a number of different genes encoding
SH2/SH3/PH domain containing proteins is altered during mast cell activation. Among
the genes determined to have altered expression during mast cell activation are NEDD9
and PHLDAL1, each of which is upregulated in activated bone-marrow derived human

mast cells compared to resting cells.
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The human NEDD9 gene (neural p'recursor' cell-expressed developmentally
downregulated gene 9) (GenBank IDs: NM_006403.2 and NM_182966.2, Ensémbl ID:
ENSG00000111859, Entrez gene ID 4739 and Uniprot ID Q14511), also known as CasL
(Crk-associated substrate lymphocyte type) and HEF1 (human enhancer of filamentation
1) encodes the expression of an unprocessed precursor protein of 834 amino acids.
NEDD?9 is a multifunctional docking protein involved in propagating intracellular signals
and is expressed in a wide variety of tissues in the nucleus, cytoplasm and structures such
as Golgi and lamellipodia. NEDD9 contains an SH3 domain and a domain rich in SH2-
binding sites. These domains facilitate high selectivity interactions with Lck, Lyn and
Fyn, three important intracellular players located downstream of surface receptors
including T cell, B cell and Fc receptors, as well as other intracellular partners.

PHLDAI (Pleckstrin homology-like domain, family A, member 1) (GenBank ID:
NM_007350, Ensembl gene ID: ENSG00000139289, Entrez gene ID: 22822) encodes the
protein PHLDA1 (Uniprot ID: Q8WV24), also known as PHLA1L, TDAGS5! {T-cell death
associated gene 51) and PHRIP (pfoline and histidine rich protein). PHLDAI] contains a
pleckstrin homology (PH) domain. PH domains bind with high affinity to
phosphoinositides (phosphorylated derivatives of phosphatidylinositol) which are
sequestered to cell membranes. By virtue of binding to phosphoinositides, PH domain
containing proteins are generally recruited to the cell membrane where they can then exert
their function in cell signaling.

In certain aspects and embodiments, the invention provides peptides capable of
modulating the activation of mast cells. The peptides comprise sequences corresponding
to at least a portion of an SH3 domain sequence and/or a PH domain sequence.
Preferably, the SH3 domain is a NEDD9 SH3 domain. Preferably, the PH domain is a
PHLDAI1 PH domain. In other aspects and embodiments of the invention, SH2/SH3/PH
domain containing proteins are provided that are also capable of modulating mast cell
activation.

Without being restricted to a particular mechanism, it is believed that SH2/SH3/PH
domain containing proteins (such as NEDD9 and PHLDA1) modulate mast cell activity
via the binding of their SH2 domains, SH3 domains, and/or PH domains to specific target
proteins with corresponding binding domains in the mast cell interior. Accordingly,
SH2/SH3/PH domain containing proteins and peptides of the invention may reduce,
enhancing, prevent or otherwise modify the interaction of SH2 domains, SH3 domains, or

PH domains with important intracellular players located downstream of mast cell surface
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receptors such as Lck, Lyn and Fyn. The peptides and SH2/SH3/PH domain contaiming
proteins of the invention may be thus be administered to modulate mast cell activation,

providing a means for the treatment and/or prevention of hypersensitivity diseases and

disorders.

SH2/SH3/PH domain containing proteins and competitor peptides

Described herein are SH2/SH3/PH domain containing proteins capable of
modulating mast cell activation. Proteins capable of modulating mast cell activation in
accordance with aspects and embodiments of the invention comprise at least one of an
SH?2, SH3 or PH domain. Examples of suitable SH2/SH3/PH domain containing proteins
include, but are not limited to NEDD9 and PHLDA1.

In the context of the present specification, it will be understood that a NEDD9
protein encompasses all variants and isoforms of that protein which comprise an SH3
domain. Isoforms of the NEDD9 protein include, for example, isoform 1 (Q14511)
(REFSEQ accession NM_006403.2), isoform 2 (UniProt: Q5XKIO), isoform CRA_a

_ (UniProt identifier Q5T9R4), and isoform CRA ¢ (REFSEQ: EAWS55302.1). Other
NEDDS protein variants are listed, for example, in the UniProt database including a
protein (UniProt: Q5STI59). NEDD9 proteins arising from post-translational modifications
such as isoform 1 proteins p115, p105, p65, and p55 are also contemplated.

Similarly, it will be understood that in the context of the present specification a
PHLDAT1 protein encompasses all variants and isoforms of that protein which comprise a
PH domain. Accordingly, a PHLDAI1 protein may be encoded by the PHLDA1 gene as
described by Entrez Gene ID 22822 (Pleckstrin homology-like domain family A member
1) the expression of which results in a transcript of 5913 nucleotides (see NCBI REFSEQ
accession NM_007350) and may be translated, for example into 2 protein set forth by
REFSEQ: NP 031376, REFSEQ: EAW97312.1 or UniProt identifier Q8WV24. The
PHLDA1 protein encoded by the variant PHLDA1 CRA_a (e.g. REFSEQ: AAH18929.3,
AAT10821.1 and AI26426.2) in the Entrez database is also contemplated.

An SH2/SH3/PH domain containing protein of the invention may have, but is
limited to, the polypeptide sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 4. The
polynucleotide sequence encoding an SH2/SH3/PH domain containing protein of the
invention may be as set forth in SEQ ID NO: 1 or SEQ ID NO: 3, or display sufficient
sequence identity thereto to hybridise to the sequences set forth in SEQ ID NO: 1 or SEQ
{D NO: 3. In alternative embodiments, the sequence of the polynucleotide encoding an



15

20

25

30

WO 2009/026622 PCT/AT2008/001250

17

SH2/SH3/PH domain containing protein of the invention may share at least 40%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identity with
the sequence set forth in SEQ ID NO: 1 and/or the sequence set forth in SEQ ID NO: 3.

In accordance with other aspects and embodiments, an SH2/SH3/PH domain
containing protein of the invention may have, but is not limited to, the polypeptide
sequence set forth in SEQ ID NO: 6. The sequence of the polynucleotide encoding an
SH2/SH3/PH domain containing protein of the invention may be as set forth in SEQ ID

NO: 5, or display sufficient sequence identity thereto to hybridise to the sequences of

SEQ ID NO: 5. In altermative embodiments, the nucleotide sequence of the
polynucleotide encoding an SH2/SH3/PH domain containing protein of the invention may
share at least 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identity with the sequence set forth in SEQ ID NO: 5.

Described herein are peptides comprising a sequence corresponding to at least a
portion of an SH3 domain. Preferably, the SH3 domain is a NEDD9 SH3 domain. Also
described herein are peptides comprising a sequence corresponding to at least a portion of
a PHLDA1 protein PH domain. The peptides of the invention may be considered to be
“competitor peptides” in that their sequence corresponds at least in part to some or all of
the NEDD9 SH3 domain, or some or all of the PHLDA1 PH domain. In accordance with
certain aspects and embodiments, a peptide of the invention may have a sequence as set
forth in SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12 and SEQ ID NO: 13.

In accordance with other aspects and embodiments, a peptide of the invcnfion may
have a sequence as set forth in any one of SEQ ID NOS: 14 -273.

In accordance with other aspects and embodiments, a peptide of the invention may
have a sequence as set forth in any one of SEQ ID NOS: 274 - 488.

In general, the proteins and of the invention are of an isolated or purified form.

It will be understood that included within the scope of the SH2/SH3/PH domain
containing proteins and peptides of the invention are variants and fragments thereof. The
term ““variant” as used herein refers to a substantially similar sequence. In general, two
sequences are “substantially similar” if the two sequences have a specified percentage of
amino acid residues or nucleotides that are the same (percentage of “sequence identity”),
over a specified region, or, when not specified, over the entire sequence. Accordingly, a

“variant” of a polynucleotide and polypeptide sequence disclosed herein may share at
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least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,83% 85%, 88%, 90%, 93%,
95%, 96%, 97%, 98% or 99% sequence identity with the reference sequence.

In general, sequence variants possess qualitative biological activity in common.
Polynucleotide sequence variants generally encode polypeptides which generally possess
qualitative biological activity in conunon. Also included within the meaning of the term
“variant” are homologues of SH2/SH3/PH domain containing proteins and competitor
peptides of the invention. A homologue is typically from a different family, genus or
species sharing substantially the same biological function or activity as the corresponding
SH2/SH3/PH domain containing protein or competitor peptide disclosed herein. For
example, SH2/SH3/PH domain containing protein or competitor peptide homologues may
include, but are not limited to those derived from other different species of mammals.

Further, the term “variant” also includes analogues of the SH2/SH3/PH domain
containing proteins and peptides of the invention. A polypeptide “analogue” is a
polypeptide which is a derivative of an SH2/SH3/PH domain containing protein or a
derivative of a peptide of the invention, which derivative comprises addition, deletion,
substitution of one or more amino acids, such that the protein/peptide retains substantiaily
the same function. The term “conservative amino acid substitution” refers to a
substitution or replacement of one amino acid for another amino acid with similar
properties within a polypeptide chain of an SH2/SH3/PH domain containing protein or a
peptide of the invention.

For example, the substitution of the charged amino acid glutamic acid (Glu) for the
similarly charged amino acid aspartic acid (Asp) would be a conservative amino acid
substitution. Amino acid additions may result from the fusion of a polypeptide of the
invention with a second polypeptide or peptide, such as a polyhistidine tag, maltose
binding protein fusion, glutathione S transferase fusion, green fluorescent protein fusion,
or the addition of an epitope tag such as FLAG or c-myc. _

In general, the properties and characteristics of the proteins and peptides described
herein may be modified in order to attempt to improve suitability for a particular
therapeutic application. Non-limiting examples of such properties and characteristics that
may be improved include but are not limited to solubility, chemical and biochemical
stability, cellular uptake, toxicity, immunogenicity and excretion of degradation products.
Methods and approaches by which the characteristics and properties of the peptides
described herein may be improved are well known in the art. For example, one approach

is to search for and identify particular amino acid residues that are either negative or
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positive determinants for a particular property. This maybe achieved, for example, by
using the technique of side-chain amputation, in which amino acids are substituted one at
a time by the profotypic residue, L-alanine, along the sequence of a peptide. Ascertaining
key determinant loci provides a basis for generating and testing variants with both
naturally occurring and unnatural amino acid substitutions at the loci identified. Lead
peptides that exhibit desirable features may be used as templates for the design of
peptidomimetic molecules with improved stability profiles and pharmacokinetic
properties. This approach employs structural modifications guided by rational design and
molecular modelling. These include but are not limited to conformationally restricted
building blocks and peptide bond isosteres (see, for example, Vagner et al, 2008,
“Peptidomimetics, a synthetic tool of drug discover”, Current Opinion in Chemical
Biology, 12: 292-296.)

The percentage of sequence identity between two sequences may be determined by
comparing two optimally aligned sequences over a comparison window. The portion of
the sequence in the comparison window may, for example, comprise deletions or
additions (i.e. gaps) in comparison to the reference sequence (for example, a the
polynucleotide or polypeptide sequence of an SH2/SH3/PH domain containing protein or
peptide disclosed herein), which does not comprise deletions or additions, in order to
alignment of the two sequences optimally. A percentage of sequence ide‘ntity may then be
calculated by determining the number of positions at which the identical nucleic acid base
or amino acid residue occurs in both sequences to vield the number of matched positions,
dividing the number of matched positions by the total number of positions in the window
of comparison and multiplying the result by 100 to yield the percentage of sequence
identity.

In the context of two or more nucleic acid or polypeptide sequences, the percentage
of sequence identity, refers to the specified percentage of amino acid residues or
nucleotides that are the same over a specified region, (or, when not specified, over the
entire sequence), when compared and aligned for maximum- correspondeiice over a.
comparison window, or designated region as measured using one of the following
sequence comparison algorithms or by manual aligmnent and visual inspection.

For sequence comparisen, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test
and reference sequences are entered into a computer, subsequence coordinates are

designated, if necessary, and sequence algorithm program parameters are designated.
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Default program parameters can be used, or alternative parameters can be designated. The
sequence comparison algorithm then calculates the percent sequence identities for the test
sequences relative to the reference sequence, based on the program parameters. Methods
of alignment of sequences for comparison are well known in the art. Optimal alignment of
sequences for comparison can be determined conventionally using known computer
programs, including, but not limited to: CLUSTAL in the PC/Gene program (available
from Intelligenetics, Mountain View, California); the ALIGN program (Version 2.0) and
GAP, BESTFIT, BLAST, FASTA, and TFASTA in the GCG Wisconsin Genetics
Software Package, Version 10 (available from Accelrys Inc., 9685 Scranton Road, San
Diego, Caiifomié, USA). The BESTFIT program (Wisconsin Sequence Analysis
Package, Version 8 for Unix, Genetics Computer Group, University Research Park, 575
Science Drive, Madison, .Wis. 53711). BESTFIT uses the local homology algorithm of
Smith and Waterman to find the best segment of homology between two sequences
(Advances in Applied Mathematics 2:482-489 (1981)). When using BESTFIT or any
other sequence alignment program to determine the degree of homology between
sequences, the parameters may be set such that the percentage of identity is calculated
over the full length of the reference sequence and that gaps in homology of up to 5% of
the total number of nucleotides or amino acid residues in the reference sequence are
allowed.

GAP uses the algorithm described in Needleman and Wunsch (1970) J. Mol. Biol.
48:443-453, to find the alignment of two complete sequences that maximizes the number
of matches and minimizes the number of gaps. GAP considers all possible alignments and
gap positions and creates the alignment with the largest number of matched bases and the
fewest gaps. It allows for the provision of a gap creation penelty and a gap extension
penalty in units of matched bases. GAP presents one member of the family of best
alignments.

Another method for determining the best overall match between a query sequence
and a subject sequence, also referred to as a global sequence alignment, can be
determined using the FASTDB computer program based on the algorithm of Brutlag and
colleagues (Comp. App. Biosci. 6:237-245 (1990)). In a sequence alignment the query
and subject sequences are both DNA sequences. An RNA sequence can be compared by
converting U's to T's. The result of said global sequence alignment is in percent identity.

The BLAST and BLAST 2.0 algorithms, may be used for determining percent

sequence identity and sequence similarity. These are described in Altschul et al. (1977}



10

15

20

25

30

WO 2009/026622 PCT/AU2008/001250

21

Nuc. Acids Res. 25:3389-3402, and Altschul et al (1990) J. Mol. Biol. 215:403-410,
respectively. Software for performing BLAST analyses is publicly available through the
National Center for Biotechnology Information. This algorithm involves first identifying
high scoring sequence pairs (HSPs) by identifying short words of length W in the query
sequence, which either match or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database sequence. T is referred to as the
neighbourhood word score threshold (Altschul et al, supra). These initial neighbourhood
word hits act as seeds for initiating searches to find longer HSPs containing them. The
word hits are extended in both directions along each sequence for as far as the cumulative
alignment score can be increased. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues; always > ()
and.N (penalty score for mismatching residues; always < 0). For amino acid sequences,
scoring matrix is used to calculate the cumulative score. Extension of the word hits in
each direction are halted when: the cumulative alignment score falls off by the quantity X
from its maximum achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue alignments; or the end of either
sequence is reached. The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences})
uses as defaults a wordlength (W) of 11, an expectation (E) or 10, M=5, N=-4 and a
comparison of both strands. For amino acid sequences, the BLASTP program uses as
defaults a wordlength of 3, and expectation (E) of 10, and the BLOSUM62 scoring matrix
(see Henikoff and Henikoff (1989) Proc. Natl, Acad. Sci. USA 89:10915) alignments (B)
of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands.

The BLAST algorithm also performs a statistical analysis of the similarity between
two sequences (see, for example, Karlin and Altschul (1993) Proc. Natl, Acad. 8d. USA
90:5873- 5787). One measure of similarity provided by the BLAST algorithm is 5 the
smallest sum probability (P(N)), which provides an indication of the probability by which
a match between two nucleotide or amino acid sequences would occur by chance. For
example, a nucleic acid is considered similar to a reference sequence if the smallest sum
probability in a comparison of the test nucleic acid to the reference nucleic acid is less
than about 0.2, more preferably less than about 0.01, and most preferably less than about
0.001.

The invention also contemplates fragments of the SH2/SH3/PH domain containing
proteins and peptides of the invention. A “fragment” is a polypeptide molecule that
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encodes a constituent or is a constituent of an SH2/SH3/PH domain containing protein
and/or peptide of the invention or variant thereof. Typically the fragment possesses
qualitative biological activity in common with the SH2/SH3/PH domain containing
protein and/or peptide of which it is a constituent. The peptide fragment may be between
about 3 to about 2000 amino acids in length, between about 3 to about 1750, between
about 3 to about 1500 amino acids in length, between about 3 to about 1250 amino acids
in length, between about 3 to about 1000 amino acids in length, between about 3 to about
950 amino acids in length, between about 3 to about 900 amino acids in length, between
about 3 to about 850 amino acids in length, between about 3 to about 800 amino acids in
length, between about 3 to about 750 amino acids in length, between about 3 to about 700
amino acids in length, between about 3 to about 650 amino acids in length, between about
3 to about 600 amino acids in length, between about 3 to about 550 amino acids in length,
between about 3 to about 500 amino acids in length, between about 3 to about 450 amino
acids in length, between about 3 to about 400 amino acids in length, between about 3 to
about 350 amino acids in length, between about 3 to about 300 amino acids in length, |
between about 3 to about 250 amino acids in length, between about 3 to about 200 amino
acids in length, between about 3 to about 150 amino acids in length, between about 3 to
about 125 amino acids in length, between about 3 to about 100 amino acids in length,
between about 3 to about 75 amino acids in length, between about 3 to about 50 amino
acids in length, between about 3 to about 40 amino acids in length, between about 3 to
about 35 amino acids in length, between about 3 to about 30 amino acids in length,
between about 3 to about 25 amino acids in length, between about 3 to about 20 amino
acids in length, between about 3 to about 15 amino acids in length, between about 3 to
about 10 amino acids in length, between about 3 to about 7 amino acids in length,
between about 5 to about 10 amino acids in length, between about 5 to about 15 amino
acids in length, between about 5 to about 20 amino acids in length, between about 5 to
about 25 amino acids in length, between about 5 to about 30 amino acids in length,
between about 5 to about 35 amino acids in length, between about 8 to about 12 amino
acids in length, between about 8 to about 15 amino acids in length, between about 8 to
about 20 amino acids in length, between about 8 to about 25 amino acids in length, and
between about § to about 30 amino acids in length.

Also contemplated are fragments of the polynucleotides disclosed herein. A
polynucleotide “fragment” is a polynucleotide molecule that encodes a constituent or is a

constituent of a polynucleotide of the invention or variant thereof. Fragments of a
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polynucieotide may or may not encode an SH2/SH3/PH domain containing protein or
peptide which retains biological activity. A biologically active fragment of an
SH2/SH3/PH domain containing protein or peptide used in accordance with the present
invention may typically possess at Jeast about 50% of the immunomodulatory activity of
the corresponding full length protein, more typically at least about 60% of such activity,
more typically at least about 70% of such activity, more typically at least about 80% of
such activity, more typically at least about 90% of such activity, and more typically at
least about 95% of such activity. The fragment may, for example, be useful as a
hybridization probe or PCR primer. The fragment may be derived from a polynucleotide
of the invention or alternatively may be synthesized by some other means, for example
chemical synthesis.

Variants of the SH2/SH3/PH domain containing proteins and peptides of the
invention can be generated by mutagenesis. Mutagenesis may be directed at the
SH2/SH3/PH domain containing protein or peptides of the invention, or, an encoding
nucleic acid, such as by random mutagenesis or site-directed mutagenesis using methods
well known to those skilled in the art. Such methods are described, for example in
Current Protocols In Molecular Biology (Chapter 9), Ausubel et al, 1994, John Wiley &
Sons, Inc., New York, the disclosure of which is incorporated herein by reference.
Variants and analogues as described herein also encompass polypeptides complexed with
other chemical moieties, fusion proteins or otherwise post-transitionally modified.
Further, the SH2/SH3/PH domain containing proteins, peptides and fragments or variants
thereof may possess other post-transiational modifications, including side-chain
modifications such as for example acetylation, amidination, carbamoylation, reductive
alkylation and other modifications as are known to those skilled in the art.

SH2/SH3/PH domain containing proteins, peptides and varianis or fragments
thereof may be obtained using any suitable method known in the art. For example,
SH2/SH3/PH domain containing proteins, peptides of the invention, and variants or
fragments thereof may be obtained, using standard recombinant nucleic acid techniques
or may be synthesized, for example, using conventional liquid or solid phase synthesis
techniques. SH2/SH3/PH domain containing proteins and peptides of the invention may
be produced, for example, by digestion of a polypeptide with one or more proteinases
such as endoLys-C, endoArg-C, endoGlu-C and staphylococcus V8-protease. The
digested peptide fragments can be purified by, for example, high performance liquid
chromatographic (HPLC) techniques. Recombinant protein production techniques will
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typically involve the cloning of a gene encoding an SH2/SH3/PH domain containing
protein or a sequence encoding a peptide described herein into a plasmid for subsequent
overexpression in a suitable microorganism.

Suitable methods for the construction of expression vectors or plasmids are
described in detail, for example, in standard texts such as Sambrook et al., Molecular
Cloning : A Laboratory Manual, Cold Spring Harbor, New York, 1989, and Ausubel et
al., Current Protocols in Molecular Biology, John Wiley and Sons, copyright 2007.
Methods for producing the recombinant SH2/SH3/PH domain containing proteins and
polypeptides of the invention are described in detail, for example, in standard texts such
as Coligan et al., Current Protocols in Protein Science, (Chapter 5), John Wiley and
Sons, Inc., copyright 2007, and Pharmacia Biotech., The Recombinant Protein Handbook
1994, Pharmacia Biotech.

Commonly used expression systems that may be used for the production of
SH2/SH3/PH domain containing proteins and peptides of the invention include, for
example, bacterial (e.g. E. coli), yeast (e.g. Saccharomyces cerevisiae Aspergillus; Pichia
pastorisis), viral (e.g. baculovirus and vaccinia), cellular (e.g. mammalian and insect) and
cell-free systems. Cell-free systems may be also used including eukaryotic rabbit
reticuloctye, wheat germ extract systems, and the prokaryotic E. coli cell-free system,
using methods described in, for example, Madin et al., Proc. Natl. Acad. Sci. US.A.
97:559-564 (2000), Pelham and Jackson, Eur. J. Biochem., 67: 247-256 (1976), Roberts
and Paterson, Proc. Natl. Acad. Sci., 70: 2330-2334 (1973), Zubay, Ann. Rev. Genet., 7.
267 (1973), Gold and Schweiger, Meth. Enzymol., 20: 537 (1971), Lesley et al., J. Biol.
Chem., 266(4): 2632-2638 (1991), Baranov et al., Gene, 84: 463-466 (1989) and Kudlicki
et al., Analyt. Biochem., 206: 389-393 (1992).

SH?/SH3/PH domain containing proteins and competitor peptides of the invention
(along with fragments and variants of each) may be synthesised using standard methods
of liquid and solid phase chemistry well known in the art (see for example, Hackeng et
al., Proc Natl Acad Sci USA. 96(18):10068-73 (1999), and Steward and Young, Solid
Phase Peptide Synthesis {2nd Edn.), Pierce Chemical Co., Illinois, USA (1984}. In
general, this synthesis method comprises the sequential addition of one or more amino
acids or suitably protected amino acids to a growing peptide chain. Typically, either the
amino or carboxyl group of the first amino acid is protected by a suitable protecting
group. The protected amino acid is then either attached to an inert solid support or utilised

in solution by adding the next amino acid in the sequence having the complimentary
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(amino or carboxyl) group suitably protected and under conditions suitable for forming
the amide linkage. The protecting group is then removed from this newly added amino
acid residue and the next (protected) amino acid is added, and so forth. Afier all the
desired amino acids have been linked, any remaining protecting groups, and if necessary
any solid support, is removed sequentially or concurrently to produce the final
polypeptide |

Changes to the amino acid sequence of SH2/SH3/PH domain containing proteins
and peptides of the invention may be affected by standard techniques in the art. For
example, amino acid changes may be effected by nucleotide replacement techniques
which include the addition, deletion or substitution of nucleotides (conservative and/or
non-conservative), under the proviso that the proper reading frame is maintained.
Exemplary techniques include random mutagenesis, site-directed mutagenesis,
oligonucleotide-mediated or polynucleotide- mediated mutagenesis, deletion of selected
region(s) through the use of existing or engineered restriction enzyme sites, and the
polymerase chain reaction. Testing of immunomodulatory activity for the purposes of the
present invention may be via any one of a number of techniques known to those of skill in
the art.

Purification of SH2/SH3/PH domain containing proteins and peptides of the
invention (along with fragments and variants of each) may be achieved using standard
techniques in the art such as those described in Coligan er al., Current Protocols in
Protein Science, (Chapter 6), John Wiley and Sons, Inc., copyright 2007. For example, if
the protein or peptide is in a soluble state, it may be isolated using standard methods such
as column chromatography. SH2/SH3/PH domain containing proteins and peptides
described herein may be genetically engineered to contain various affinity tags or carrier
proteins that aid purification. For example, the use of histidine and protein tags
engineered into an expression vector containing the SH2/SH3/PH domain containing
protein and/or peptide of the invention may facilitate purification by, for example by
metal-chelate chromatography (MCAC) under either native or denaturing conditions.
Purification may be scaled-up for large-scale production purposes.

The skilled addressee will appreciate that the invention is not limited by the method
of production or purification utilised, the methods and techniques described above being

provided for the purpose of exemplification only.
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Immune response modulation and inhibition of mast cell activation

Described herein is a method of modulating an immune response in a subject. The
method comprises administering to the subject a therapeutically effective amount of a
protein comprising at least one of: |

(i)  an Src homology 2 (SH2) domain,

(i) an Src homology 3 (SH3) domain,

(iii) a pleckstrin homology (PH) domain,

(iv) a peptide of the invention.

In one embodiment, the protein is NEDD9 or a fragment or variant thereof. In
another embodiment, the protein is PHLDAT or a fragment or variant thereof.

The immune response may be enhanced or inhibited by the methods of the
invention. For example, the administration an effective amount of an SH2/SH3/PH
domain containing protein or a peptide as described herein that negatively regulates the
mast cell activation pathway may result in the suppression of mast cell activation.
Consequently, a hypersensitivity response within the subject may be reduced or prevented
following administration.

Alternatively, the administration an effective amount of an SH2/SH3/PH domain
containing protein domain containing protein or a peptide as described herein that
positively regulates the mast cell activation may resuit in an enhancement of mast cell
activation. Consequently, a hyperéensitivity response within the subject may be increased
following administration.

Also provided herein are methods of inhibiting or preventing mast cell activation. In
certain aspects of the invention, the methods of inhibiting or preventing mast cell
activation comprise the administration of a protein comprising at least one of:

(i) an Src homology 2 (SH2) domain,

(ii) an Src homology 3 (SH3) domain,

(iit) a pleckstrin homology (PH) domain,

(iv) a peptide of the invention.

Preferably, the protein is NEDD9 or PHLDA1.

In other aspects of the invention, the methods of inhibiting or preventing mast cell
activation comprises the administration of a therapeutically effective amount of a peptide,
the peptide comprising an amino acid sequence corresponding to at least a portion of:

(i) an Src homology 3 (SH3) domain, or

(i) a pleckstrin homology (PH) domain.
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Preferably, the sequence of the peptide corresponds at least in part to the NEDD9
Src homology 3 (SH3) domain. Preferably, the sequence of the peptide corresponds at
least in part to PHLDA] pleckstrin homology (PI) domain.

In certain embodiments of the invention, the peptide corresponding at least in part
to the NEDD9 Src homology 3 (SH3) domain may have the amino acid sequence set forth
in SEQ ID NO: 7 or SEQ ID NO: 8. In other embodiments of the invention, the peptide
corresponding at least in part to the NEDD9 Src homology 3 (SH3) domain may have the
amino acid sequence set forth in any one of in SEQ ID NOS: 14 -273.

In certain embodiments of the invention, the peptide corresponding at least in part
to the PHLDA1 pleckstrin homology (PH) domain may have the amino acid sequence set
forth in SEQ ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 12. In other embodiments of the
invention, the peptide corresponding at least in part to the PHLDA1 pleckstrin homology
(PH) domain may have the amino acid sequence set forth in SEQ ID NO: 13, or any one
of SEQ ID NOs: 274-488.

The mast cell activation may arise through IgE dependant mechanisms, such as by
IgE crosslinking on the mast cell surface. Additionally or alternatively, the mast cell
activation may arise from IgE-independent mechanisms.

Measurement and comparison of the level of activation in mast cells that have or
have not been administered an SH2/SH3/PH domain containing protein or peptide as
described herein may be performed using methods known in the art. For example, the
Jevel of mast cell activation can be measured by standard assays which detect factors
released upon the degranulation of activated mast cells. These factors may include, for
example, histamine, tryptase, serine protease tryptase, B-hexosaminidase, heparin,
chondroitin sulphate E, prostaglandin D2, Leukotriene B4 and C4, platelet activation
factor, or cytokine release including IL-3, IL-4, IL-5, Ii,—é, IL-8, IL-10, IL-13, GM-CSF,
TNF, CCL2, CCL3 and CCLS. Additionally or altenatively, the degree of mast cell
activation may be measured by changes in the expression of specific markers of mast cell
activation, for example, by flow cytometry or immunocytochemistry. Mast cells may be
identified using such techniques by the expression of various surface receptors known in
the art to be expressed by mast cells, including but not limited to CD9, CD29, CD33,
CDA43, CD44, CD45, CD46, CD51, CD54, CDS5, CD58, CD59, CD61, and CD117,
CDA47, CD48, CD4%d, CD53, CD60, CD63, CD81, CD82, CD84, CD87, CD92, CDY7,
CD98, and CD99, CD147, CD149, CD151, and CD157. The level of activation in the

mast cells so identified may be measured, for example, by the expression of a mast cell
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activation marker, for example CD107A (LAMP-1), CD107B (LAMP-2), tryptase and
PGD2.

As described herein in the accompanying Examples, it has been determined that the
administration of “competitor peptides” corresponding in sequence to specific regions
within the NEDD9 SH3 or PHLDA1 PH domains have the effect of desensitising mast
cells and inhibiting their activation upon IgE crosslinking. Without wishing to be
restricted to a particular mechanism, it is speculated that peptides corresponding to
NEDD9 SH3 exhibit this effect on mast cell activation by interfering with the normal
binding of the NEDD9 SH3 domain with SH3 binding domains of target proteins in the
mast cell interior. This is thought to alter high selectivity interactions with Lck, Lyn and
Fyn, three important intracellular players located downstream of these mast cell surface
receptors, thereby disrupting the activation pathway. Similarly, it is speculated that
peptides corresponding to the PHLDA1 PH domain inhibit mast cell activation by
interfering with the normal binding of the PHLDA1 PH domain with PH binding domains
present in target proteins within mast cells.

The present inventors have demonstrated that interfering with the binding of the
NEDD9 SH3 domain and/or the PHLDA1 PH domain to target proteins in mast cells
provides a means of modulating mast cell activation. In addition to the peptides
exemplified, a large number of peptides based on the NEDD9 SH3 domain or PHLDA1
PH domain sequences can be designed utilised, and it is to be understood that these are
included within the scope of the invention.

The invention also contemplates agents which may exert their modulatory effect on
the immune response of the subject by altering the expression of an SH2/SH3/PH domain
containing protein. In this case, such agents may be identified by comparing the
expression of SH2/SH3/PH domain containing protein in the presence of the candidate
agent with the level of expression of SH2/SH3/PH domain containing protein in }}15
absence of the candidate agent. The expression of a gene encoding an SH2/SH3/PH
domain containing protein may be increased by the agent, for example, by contacting a
regulatory sequence of the gene and thereby increase its transcription. Alternatively, the
expression of a gene encoding SH2/SH3/PH domain containing protein may be reduced
or inhibited by the agent, for example, by binding the gene in such a way or manner that
the access of a protein involved in the transcription machinery of the gene is hindered or

prevented from functioning.
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~ In addition, modulatory effects on the immune response and mast cell activation

may be achieved by reducing or inhibiting the production of an SH2/SH3/PH domain

" containing protein such as NEDD9 or PHLDA] by the administration of a homologous

antisense nucleic acid. Therapeutic or prophylactic use of such nucleic acids of at least 5
nucleotides, generally up to about 200 nucleotides, that are antisense to a gene of
complementary DNA (cDNA) encoding the SH2/SH3/PH domain containing protein
(such as NEDD9 or PHLDAL1) is also provided herein. Such an antisense nucleic acid
may be capable of hybridising to a portion of the RNA precursor (generally mRNA) of an
SH2/SH3/PH domain containing protein, by virtue of some sequence complementarity,
and generally under high stringency conditions. The antisense nucieic acid may be
complementary to a coding and/or non-coding region of the RNA precursor of the
SH2/SH3/PH domain containing protein. Absolute complementarily to the full RNA
precursor is not required. Antisense nucleic acids in this form have utility as therapeutics
that reduce or inhibit mast cell activation, and can be used in the treatment or prevention
of disease states as described herein.

The antisensc nucleic acids complementary to the RNA precursor of the
SH2/SH3/PH domain containing protein, such as NEDD9 or PHLDA1, may be of at least
five nucleotides and are generally oligonucleotides which range in length from 5 to about
200 nucleotides. For exampie, the anti-sense oligonucleotide is at least 10 nucleotides, at
least 15 nucleotides, at least 100 nucleotides, at least 125 nucleotides, at least 150
nucleotides, or at least 175 nucleotides. The oligonucleotides can be DNA or RNA or
chimeric mixtures or derivatives or modified versions thereof, single- stranded or double-
stranded.

The anti-sense nucleic acid complementary to the RNA precursor can be modified
at any position on its structure using substituents generally known in the art. The anti-
sense nucleic acid may include at least one modified base moiety which is selected from
the group including, but not limited to S-flucrouracil, 5-bromouracil, 5-chlorouracil, 5-
iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil,
5. carboxymethylaminomethyl-2-thiouridine,  5-carboxymethylaminomethyluracii,
dihydrouracil, beta-D-galactosylqueosine, inosine, 2,2-dimethylguanine, 2-methyl-
adenine, 2-methylguanine, 3-methylcytosine, 5-methyicytosine, N6-adenine, 7-
methylguanine, 5-methylaminomethyluracil, S-methoxyaminomethyl-2-thiouracil, beta-
D-mannosylqueosine, 5-methoxycarboxymethyluracil, pseudouracil, 2-thiocytosine, 5-

methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, S-methyluracil, uracil-5-oxyacetic acid
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methylester, uracil-5-oxyacetic acid (v), queosine, wybutoxosine, 5-methyl-2-thiouracil,
3- {3-amino-3-N-2-carboxypropyl} uracil, and 2,6-diaminopurine.

The anti-sense nucleic acid complementary to the RNA precursor may include at
least one modified sugar moiety, such as arabinose, 2-fluoroarabinose, xylulose, and
hexose. The antisense nucleic acid may also include at least one modified phosphate
backbone selected from a phosphorothioate, a  phosphorodithioate, a
phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a methylphosphonate,
an alkyl phosphotriester, and a formacetal or analogue thereof. The anti-sense nucleic
acid can be conjugated to another molecule, such as a peptide, hybridisation triggered
cross-linking agent, transport agent or a hybridisation- triggered cleavage agent.

Expression of the sequence encoding anti-sense nucleic acid complementary to the
RNA precursor of the SH2/SH3/PH domain containing protein (e.g. NEDD9 or
PHLDA1) can be by any promoter known in the art to act in mammalian, including
human, cells, and may include inducible or constitutive promoters.

RNA interference (RNAI1) (see, for example, Chuang ef al., Proc Natl Acad Sci USA
97: 4985-4990 (2000)) can be employed to inhibit the expression of a gene encoding an
SH2/SH3/PH domain containing protein such as NEDD9 or PHLDA1. Interfering RNA
(RNAI) fragments, particularly double-stranded RNA, can be used to cause loss of the
protein. Methods relating to the use of RNAI to silence genes in organisms are known, for
instance, Fire ef al., Nature 391; 806-811 (1998); Hammond ef al.,, Nature Rev, Genet. 2:
110-1119 (2001); Hammond et al., Nature 404: 293-296 (2000); Bemnstein et al., Nature
409: 363-366 (2001); Elbashir ef al., Nature 411: 494-498 (2001); International PCT
application No. WO 01/29058; and International PCT application No. WO 99/32619), the
disclosures of which are incorporated herein by reference.

Double-stranded RNA expressing constructs are introduced into a host using a
replicable vector that remains episomal or integrates into the genome. By selecting
appropriate sequences, expression of dsRNA can interfere with accumulation of

endogenous mRNA encoding an IL-10 homologue.

Treatment and/or prevention of hypersensitivity

In one aspect, the invention relates to a method for inhibiting or preventing a
hypersensitivity disease or disorder. The method comprises the step of administering a
therapeutically effective amount of a protein comprising at least one of:

(i)  an Src homology 2 (SH2) domain,
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(i1} an Src homology 3 (SH3) domain,

(tii) a pleckstrin homology (PH) domain,

(iv) apeptide of the invention.

Preferably, the protein is NEDD9 or a fragment or variant thereof. Preferably, the
the protein is PHLDA1 or a fragment or variant thereof.

Also described herein is a method of treating orl preventing a hypersensitivity
disease or disorder comprising administering a therapeutically effective amount of a
peptide comprising an amino acid sequence corresponding to at least a portion of:

(i) an Src homology 3 (SH3) domain, or

(i) a pleckstrin homology (PH) domain.

Preferably, the protein is NEDD9 or a fragment or variant thereof. Preferably, the
the protein is PHLDA or a fragment or variant thereof.

Preferably, the peptide comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID
NO: 12, and variants and fragments thereof.

In one embodiment, the peptide comprises an amino acid set forth in SEQ ID NOs:
14-273.

In another embodiment the peptide comprises an amino acid set forth in any one of
SEQ ID NOs: 274-488.

Also provided herein is a method for treating or preventing a hypersensitivity
disease or disorder comprising inhibiting the binding of either of both of:

(i) aNEDDS protein Src homology 3 (SH3) domain

(i} aPHLDAT1 protein pleckstrin homology (PH) domain
to a mast cell receptor.

The inhibition of binding may comprise the administration of a peptide comprising
an amino acid sequence corresponding to at least a portion of the NEDD$ protein Src
homology 3 (SH3) domain or the PHLDAI1 protein pleckstrin homology (PH) domain.

Preferably, the peptide comprises an amino acid sequence selected from the group
conszstmg of SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID
NO: 12, and variants and fragments thereof.

In one embodiment, the peptide comprises an amino acid set forth in SEQ ID NOs:
14-273.

In another embodiment the peptide comprises an amino acid set forth in any one of
SEQ ID NOs: 274-488.
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The hypersensitivity disease or disorder may arise wholly or partially from mast cell
activation. The mast cell activation may occur via IgE dependent or IgE independent
mechanisms. The hypersensitivity disease or disorder may comprise an inflammatory
reaction.

Examples of hypersensitivity diseases or disorders that may be prevented or treated
in accordance with the methods described herein include, but are not limited to
anaphylaxis, drug reactions, skin allergy, eczema, allergic rhinitis, urticaria, atopic
dermatitis, allergic contact allergy, food allergy, allergic conjunctivitis, insect venom
allergy and respiratory diseases and disorders such as asthma, allergic asthma, intrinsic
asthma, occupational asthma, acute respiratory distress syndrome (ARDS) and chronic
obstructive pulmonary disease (COPD).

The methods of treating or preventing hypersensitivity diseases or disorders may
further comprise the administration of at least one additional agent. The additional agent
may be an immunomodulator, which, in the context of the invention, is a molecular
mediator secreted by one or more cell types and which plays a role in the activation,
maintenance, maturation, inhibition, suppression or augmentation of an immune response.
In another embodiment, the immunomodulator may be a type I interferon.

In accordance with aspects and embodiments of the invention, a subject in need of
treatment may be administered with an effective amount of an SH2/SH3/PH domain
containing protein such as NEDD9 or PHLDAL, or a peptide (for example, SEQ ID NO:
7, SEQ 1D NO: 8, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12). Those of ordinary
skill in the art will appreciate that the SH2/SH3/PH domain containing protein may be
administered in a species-specific manner, such that the protein may be derived from the
species to be treated.

The proteins and peptides of the invention may be administered to a subject in the
form of a composition. In general, suitable compositions for use in accordance with the
methods of the invention may be prepared according to methods which are known fo
those of ordinary skill in the art and accordingly may include a pharmaceutically
acceptable carrier, diluent and/or adjuvant. Compositions of the invention may be
prepared comprising an SH2/SH3/PH domain contéining protein or a peptide alone,
mixtures of different SH2/SH3/PH domain containing proteins, mixtures of peptides, and
combinations of SH2/SH3/PH domain containing proteins and peptides are also

contemplated. Such compositions may be included in pharmaceutical compositions
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comprising a pharmaceutically acceptable carrier, adjuvant and/or diluent. Alternatively,
the compositions of the invention may also comprise an immunosuppressive agent.
Embodiments of the invention also contemplate the administration of
polynucleotides encoding SH2/SH3/PH domain containing proteins {such as NEDD?9 or
PHLDA1) and/or peptides comprising an amino acid sequence corresponding fo at least a

portion of an SH3 or PH domain. In such situations the polynucleotide is typically

-operably linked to a promoter such that the appropriate polypeptide sequence is produced

following administration of the polynucleotide to the subject. The polynucleotide may be
administered to subjects in a vector. The vector may be a plasmid vector, a viral vector, or
any other suitable vehicle adapted for the insertion of foreign sequences, their
introduction into eukaryotic cells and the expression of the introduced sequences. The
nucleic acid construct to be administered may comprise naked DNA or may be in the
form of a composition, together with one or more pharmaceutically acceptable carriers.
Typically the vector is a eukaryotic expression vector and may include expression
control and processing sequences such as a promoter, an enhancer, ribosome binding
sites, polyadenylation signals and transcription termination sequences. The expression of
a gene encoding an SH2/SH3/PH domain containing protein such as NEDD$ or
PHLDALI, or a peptide of the invention may be increased in the mast cells of a subject
using various methods of gene delivery known in the art. For example, an expression
vector comprising a nucleic acid sequence encoding an SH2/SH3/PH domain containing
protein regulator of a mast cell activation pathway operably linked to an expression
control sequence such as an inducible promoter may be administered to a subject to
increase the production of said protein in mast cells. Alternatively, viral vectors (for
example retroviral and adenoviral vectors) containing a nucleic acid sequence encoding
an SH2/SH3/PH domain containing protein and/or peptide of the invention may be
administered to a subject in order to elicit the production of said protein. The delivery of a
gene encoding an SH2/SH3/PH domain containing protein or peptide described herein
may also be achieved by extracting cells from a subject, administering a vector containing
the gene of interest, and then re-introducing the cells to the subject. The expression of the
gene encoding an SH2/SH3/PH domain containing protein or peptide of the invention by
gene delivery techniques can be used as a means to modulate the activation of mast cells
in a subject. Accordingly, such methods may also be suitable for the treatment and

prevention of hypersensitivity disease or disorder in a subject.
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Screeniﬁg for modulators

The invention also contemplates the use of agonists and antagonists of
SH2/SH3/PH domain containing proteins to modulate the immune response of a subject,
and provides methods for identifying such agonists and antagonists. Agonists and
antagonists of the SH2/SH3/PH domain containing proteins of the invention may be
specifically designed or screened according to their effect upon mast cell activation.

In one aspect, the invention relates to a method of identifying an agent that
modulates the activity of a protein comprising at least one of an Src homology 2 SH2)
dormain, an Src homology 3 (SH3) domain, or a pleckstrin homology (PH) domain. The
method comprises contacting a candidate agent with the protein under conditions suitable
to permit interaction of the candidate agent with the protein and then assaying the activity
of the protein.

In another aspect, the invention relates to a method for screening a plurality of
candidate agents to identify an agent that modulates the activity of a protein comprising at
least one of an Src homology 2 (SH2) domain, an Src homology 3 (SH3) domain, or a
pleckstrin homology (PH) domain. The method comprises contacting a plurality of
candidate agents with the protein under conditions suitable to permit interaction of the
candidate agent with the protein and assaying the activity of the protein.

In a further aspect, the invention relates to a method for screening a plurality of
candidate agents to identify an agent that modulates the activity of an SH2/SH3/PH
domain containing protein regulator of a mast cell activation pathway. The method
comprises the steps of contacting a plurality of candidate agents with an SH2/SH3/PH
domain containing protein regulator of a mast cell activation pathway under conditions
suitable to permit interaction of the candidate agent with the SH2/SH3/PH domain
containing protein regulator of a mast cell activation pathway, and assaying the activity of
said SH2/SH3/PH domain containing protein regulator of a mast cell activation pathway.

Preferably, the SH2/SH3/PH domain containing protein referred to in the methods
recited above is NEDD9 or PHLDAL. |

A variety of suitable methods may be used to determine whether a candidate agent
or plurality of candidate agents interacts or binds with an SH2/SH3/PH domain
containing protein such as NEDD9 or PHLDAL. Non limiting methods include the two-
hybrid method, co-immunoprecipitation, affinity purification, mass spectroscopy, tandem
affinity purification, phage display, label transfer, DNA microarrays/gene coexpression

and protein microarrays.
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For example, a two-hybrid assay may be used to determine whether a candidate
agent or plurality of candidate agents interacts or binds with an SH2/SH3/PH domain
containing protein of the invention. The yeast two-hybrid assay system is a yeast-based
genetic assay typically used for detecting protein-protein interactions (Fields and Song,,
Nature 340: 245-246 (1989)). The assay makes use of the muiti-domain nature of
transcriptional activators. For example, the DNA-binding domain of a known
transcriptional activator may be fused to the SH2/SH3/PH domain containing protein of
the invention and the activation domain of the transcriptional activator fused to the
candidate agent. Interaction between the candidate agent and the SH2/SH3/PH domain
containing protein will bring the DNA-binding and activation domains of the
transcriptional activator into close proximity. Subsequent transcription of a specific
reporter gene activated by the transcriptional activator allows the detection of an
interaction.

In a2 modification of the technique above, a fusion protein may be constructed by
fusing the SH2/SH3/PH domain containing protein of the invention with a detectable tag,
for example, alkaline phosphatase, and using 2 modified form of immunoprecipitation as
described by Flanagan and Leder (Flanagan and Leder, Cell 63:185-194 (1990))

Alternatively, co-immunoprecipation may be used to to determine whether a
candidate agent or plurality of candidate agents interacts or binds with an SH2/SH3/PH
domain containing protein of the invention, Using this technique, activated mast cells
may be lysed under nondenaturing conditions suitable for the preservation of protein-
protein interactions. The resulting solution can then be incubated with an antibody
specific for an SH2/SH3/PH domain containing protein of the invention and
immunoprecipitated from the bulk solution, for example by capture with an antibody-
binding protein attached to a solid support. Immunoprecipitation of the SH2/SH3/PH
domain containing protein by this method facilitates the co-immunoprecipation of an
agent associated with that protein. The identification an associated agent can be
established using a number of methods known in the art, including but not limited to
SDS-PAGE, western blotting, and mass spectrometry.

Alternatively, the phage display method may be used to to determine whether a
candidate agent or plurality of candidate agents interacts or binds with an SH2/SH3/PH
domain containing protein of the invention. Phage display is a test to screen for protein
interactions by integrating multiple genes from a gene bank into phage. Under this

method, recombinant DNA techniques are used to express numerous genes as fusions
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_with the coat protein of a bacteriophage such the peptide or protein product of each gene

is displayed on the surface of the viral particle. A whole library of phage-displayed
peptides or protein products of interest can be produced in this way. The resulting
libraries of phage-displayed peptides or protein products may then be screened for the
ability to bind an SH2/SH3/PH domain containing protein of the invention. DNA
extracted from interacting phage contains the sequences of interacting proteins.

Alternatively, affinity chromatography may be used to to determine whether a
candidate agent or plurality of candidate agents interacts or binds with an SH2/SH3/PH
domain containing protein of the invention. For exaruple, an SH2/SH3/PH domain
containing protein may be immobilised on a support (such as sepharose) and cell lysates
passed over the column. Proteins binding to the immobilised SH2/SH3/PH domain
containing protein may then be eluted from the column and identified, for example by N-
terminal amino acid sequencing.

Methods for determining whether the interaction or binding of a candidate agent to
an SH2/SH3/PH domain containing protein of the invention modulates the activity said
protein rhay be determined by measuring the degree of mast cell activation after
stimulation. For'exampie, the level of activation in mast cells administered the candidate
agent may be measured and compared to the level of activation in mast cells not
administered the candidate agent.

The uptake of a candidate agent into a mast cell may occur by natural diffusion, or
may be induced by various methods known in the art, including but not limited to
microinjection, electroporation, fusion of the protein with one or more viral protein
transduction domains (PTDs), and cationic lipid delivery. Alternatively, production of the
candidate agent may be induced within the mast cell, for example, by introducing a
plasmid expression vector or virus containing a gene encoding the candidate agent into
the mast cell. Methods of transfecting cells with plasmids are well known in the art and
include, for example, calcium phosphate coprecipitation, DEAE dextran facilitated
transfection, electroporation, microinjection and cationic liposomes.

Mast cell activation may then be induced by a variety of methods, for example, by
incubation with IgE followed by crosslinking with DNP/albumin. Various other IgE
independent triggers of mast cell activation may also be used, for exampie, activation may
be induced via the FcyR, Toll-like receptors (TLRs) or by the administration of

ionomycyin.
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Measurement and comparison of the level of activation in mast cells that have or
have not been administered a candidate agent may be achieved by methods known in the
art. The level of mast cell activation can be measured by standard assays which detect
factors released upon the degranulation of activated mast cells, for example, histamine,
tryptase, serine protease tryptase, B-hexosaminidase, heparin, chondroitin sulphate E,
prostaglandin D2, Leukotriene B4 and C4, platelet activation factor, or cytokine release
including IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, IL-13, GM-CSF, TNF, CCL2, CCL3 and
CCL5. Alternatively, the degree of mast cell activation may be measured by changes in
the expression of specific markers of mast cell activation, for example, by flow cytometry
or immunocytochemistry. Mast cells may be identified using such techniques by the
expression of various surface receptors known in the art to be expressed by mast cells,
including but not limited to CD9, CD29, CD33, CD43, CD44, CD45, CD46, CD51,
CD54, CD55, CD58, CD59, CD61, and CD117, CD47, CD48, CD49d, CD33, CD60,
D63, CD81, CD82, CD84, CD87, CD92, CD97, CDI98, and CDY9, CD147, CD149,
CD151, and CD157. The level of activation in the mast cells so identified could be
measured, for example, by the expression of a mast cell activation marker, for example
CD107A (LAMP-1), CD107B (LAMP-2), tryptase and PGD2.

It will be appreciated that the methods described above are merely examples of the
types of methods that may be utilised to identify agents that are capable of interacting
with, or modulating the activity of SH2/SH3/PH domain containing proteins of the
invention (such as NEDD9 and PHLDA1) described herein. Other suitable methods will
be known by persons skilled in the art and are within the scope of this invention.

Using the methods described above, an agent may be identified that is an agonist of
an SH2/SH3/PH domain of the invention. Agents which are agonists enhance one or more
of the biological activities of an SH2/SH3/PH domain containing protein of the invention.
Alternatively, the methods described above may identify an agent that is an antagonist of
an SH2/SH3/PH domain containing protein of the invention. Agents which are
antagoriists retard one or more of the biological activities of an SH2/SH3/PH domain of
the invention.

Potential modulators of the acti\}ity of an SHZ/SHS/PH domain containing protein
such as NEDD9 or PHLDA1 may be gencrated for screening by the above methods by a
number of techniques known to those skilled in the art. For example, methods such as X-
ray crystallography and nuclear magnetic resonance spectroscopy may be used to model

the structure of SH2/SH3/PH domain containing protein of the invention, thus facilitating
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the design of potential modulating agents using computer-based modelling. Various forms
of combinatorial chemistry may also be used to generate putative modulators.

Antibodies may act as agonists or antagonists of SH2/SH3/PH domain containing
protein of the invention. Preferably suitable antibodies are prepared from discrete regions
or fragments of the SH2/SH3/PH domain containing protein polypeptide. An antigenic
SH2/SH3/PH domain containing polypeptide contains at least about 5, and preferably at
least about 10, amino acids.

Methods for the generation of suitable antibodies will be readily appreciated by
those skilled in the art. For example, a monoclonal antibody specific for an SH2/SH3/PH
domain containing protein or a peptide of the invention, typically containing Fab portions,
may be prepared using the hybridoma technology described in Antibodies-4 Laboratory
Manual, Harlow and Lane, eds., Cold Spring Harbor Laboratory, N.Y. (1988).

In essence, in the preparation of monoclonal antibodies directed toward
SH2/SH3/PH domain containing proteins or peptides of the invention, any technique that
provides for the production of antibody molecules by continuous cell lines in culture may
be used. These include the hybridoma technique originally _dcv'eloped by Kohler et al.,
Nature, 256:495-497 (1975), as well as the trioma technique, the human B-cell hybridoma
technique (Kozbor et al., Immunology Today, 4:72 (1983)), and the EBV-hybridoma
technique to produce human monocional antibodies (Cole er al, Monoclonal
Antibodies and Cancer Therapy, pp. 77- 96, Alan R. Liss, Inc., (1985)). Immortal,
antibody-producing cell lines can be created by techniques other than fusion, such as
direct transformation of B lymphocytes with oncogenic DNA, or transfection with
Epstein-Barr virus. See, for example, M. Schreier et al., “Hybridoma Techniques” Cold
Spring Harbor Laboratory, (1980); Hammerling et al., “Monoclonal Antibodies and T-
cell Hybridomas” Elsevier/North-Holland Biochemical Press, Amsterdam (1981);
Kennett ef al., “Monoclonal Antibodies”, Plenum Press (1980).

In summary, a means of producing a hybridoma from which the monoclonal
antibody is produced, a myeloma or other self-perpetuating cell line is fused with
Jymphocytes obtained from the spleen of a mammal hyperimmunised with a recognition
factor-binding portion thereof, or recognition factor, or an origin-specific DNA-binding
portion thereof. Hybridomas producing a monoclonal antibody useful in practicing this
invention are identified by their ability to immunoreact with the present recognition

factors and their ability to inhibit specified transcriptional activity in target cells.
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A monoclonal antibody useful in practicing the invention can be produced by
initiating a monoclonal hybridoma culture comprising a nutrient medium containing a
hybridoma that secretes antibody molecules of the appropriate antigen specificity. The
culture is maintained under conditions and for a time period sufficient for the hybridoma
to secrete the antibody molecules into the medium. The antibody-containing medium is
then collected. The antibody molecules can then be further isolated by well- known
techniques,

Similarly, there are various procedures known in the art which may be used for the

“ production of polyclonal antibodies. For the production of polyclonal antibodies against

an SH2/SH3/PH domain containing protein of the invention such as NEDD9 or PHLDAI,
or a peptide of the invention, various host animals can be immunized by injection with the
protein, including but not limited to rabbits, chickens, mice, rats, sheep, goats, etc.
Fuﬁher, the polypeptide or fragment or analogue thereof can be conjugated to an
immunogenic carrier, €.g., bovine serum albumin (BSA) or keyhole limpet hemocyanin
(KLH). Also, various adjuvants may be used to increase the immunological response,
including but not limited to Freund's (complete and incomplete), mineral gels such as
aluminium hydroxide, surface active substances such as rysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, keyhole limpet hemocyanins, dinitrophenol, and
potentially useful human adjuvants such as BCG (bacille Calmette-Guerin) and
Corynebacterium parvum.

Screening for the desired antibody can also be accomplished by a variety of
techniques known in the art. Assays for immunospecific binding of antibodies may
include, but are not limited to, redioimmunoassays, ELISAs (enzyme-linked
immunoéorbent assay), sandwich immunoassays, immunoradiometric assays, gel
diffusion precipitation reactions, immunodiffusion assays, in situ immunoassays, Western
blots, precipitation reactions, agglutination assays, complement fixation assays,
immunofluorescence assays, protein A assays, and immunoelectrophoresis assays, and the
like (see, for example, Ausubel ef al., Current Protocols in Molecular Biology, Vol. 1,
John Wiley & Sons, Inc., New York (1994)). Antibody binding may be detected by virtue
of a detectable label on the primary antibody. Alternatively, the antibody may be detected
by virtue of its binding with a secondary antibody or reagent which is appropriately
jabelled. A variety of methods for detecting binding in an immunoassay are known in the

art and are included in the scope of the present invention.
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The antibody (or fragment thereof) raised against an SH2/SH3/PH domain
containing protein or peptide of the invention has binding affinity for that protein.
Preferably, the antibody {or fragment thereof) has binding affinity or avidity greater than
about 10° M!, more preferably greater than about 10¢ M}, more preferably still greater
than about 107 M and most preferably greater than about 108M7.

In terms of obtaining a suitable amount of an antibody according to the present
invention, one may manufacture the antibody(s) using batch fermentation with serum free
medium. After fermentation the antibody may be purified via a multistep procedure
incorporating chromatography and viral inactivation/removal steps. For instance, the
antibody may be first separated by Protein A affinity chromatography and then treated
with solvent/detergent to inactivate any lipid enveloped viruses. Further purification,
typically by anion and cation exchange chromatography may be used to remove residual
proteins, solvents/detergents and nucleic acids. The purified antibody may be further
purified and formulated into 0.9% saline using gel filtration columns. The formulated

bulk preparation may then be sterilised and viral filtered and dispensed.

Diagnosis of predisposition to hypersensitivity

In a further aspect, the invention relates to a method of diagnosing a predisposition
to develop a hypersensitivity associated disease or disorder in a subject. The method
comprises the steps of obtaining a nucleic acid sample from the subject and analysing the
nucleic acid sample for the presence or absence of at least one mutation in a nucleic acid
encoding an SH2/SH3/PH domain containing protein of the invention. Preferably, the
SH2/SH3/PH domain containing profein is NEDDS or PHLDA]1.

Hypersensitivity associated diseases or disorders that may be diagnosed by the
methods of the invention include, but are not limited to, anaphylaxis, drug reactions, skin
allergy, eczema, allergic rhinitis, urticaria, atopic dermatitis, allergic contact allergy, food
allergy, allergic conjunctivitis, insect venom allergy and respiratory diseases associated
with afrway inflammation.

The respiratory diseases associated with airway inflammation may include, but are
not limited to, asthma, allergic asthma, intrinsic asthma, occupational asthma, acute
respiratory distréss syndrome (ARDS) and chronic obstructive pulmonary discase
(COPD).

Nucleic acids for diagnosis may be obtained from the cells derived from various

sources in a subject including but not limited to blood, urine, saliva, tissue biopsy and
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autopsy material. A variety of techniques have been used to identify sequence variations
in nucleic acids. For example, Hi-Res Melting, a post-PCR technique for homogeneous
mutation scanning and genotyping (Hi-Res LightScanner), Restriction Fragment Length
Polymorphism (RFLP) analysis which detects restriction sites generated by mutations or
alterations in nucleotide sequences (see Kan et al., Lancet 2(8096):910, (1978)),
denaturing gradient gel electrophoresis and single stranded DNA electrophoretic mobility
studies which identify nucleotide sequence differences through alterations in the mobility
of bands in electrophoresis gels (see Myers et al., Nature 313:495, (1985); Orita et al.,
Proc. Natl. Acad. Sci. USA 86:2766, (1989)), chemical cleavage analysis which identifies
mismatched sites in heteroduplex DNA (see Cotton, Proc. Natl. Acad. Sci. USA 85:4397,
(1988)), and RNase cleavage analysis which identifies mismatched sites in RNA-DNA or
RNA-RNA heteroduplexes (see Myers et al., Science 230:1242, (1985); Maniatis ef al.,
1.S. Pat. No. 4,946,773).

Muﬁations may be detected at the level of DNA using a variety of techniques known
in the art. Genomic DNA may be used directly for detection or may be amplified
enzymatically using the polymerase chain reaction (PCR) (Saiki et al., Nature 324:163-
166 (1986)) prior to analysis. RNA or cDNA may also be used for this purpose. As an
example, PCR primers complementary to the nucleic acid encoding the SH2/SH3/PH
domain containing protein of the invention can be used to identify and analyse mutations.
For example, deletions and insertions may be detected by a difference in the size of the
amplified product in comparison to that of a wild-type genotype. Point mutations may be
identified by hybridizing amplified DNA to radiolabeled RNA encoding the SH2/SH3/PH
domain containing protein or alternatively, radiolabeled antisense DNA sequences.
Perfectly matched sequences can be distinguished from mismatched duplexes by RNase
A digestion or by differences in melting temperatures,

Mutations may also detected by an alteration in electrophoretic mobility of nucleic
acid fragments or proteins in gels with or without denaturing agents. Small sequence
deletions and insertions can be visualized by high resolution gel electrophoresis. Nucleic
acid fragments of different sequences may be distinguished on denaturing formamide
gradient gels in which the mobilities of different fragments are retarded in the gel at
different positions according to their specific melting or partial melting temperatures (for
example see Myers ef al., Science 230:1242 (1985)).
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Sequence changes at specific Jocations may also be revealed by nuclease protection
assays, such as RNase and S1 protection or the chemical cleavage method (for example
see Cotton ef al., Proc. Natl. Acad. Sci. (USA) 85:4397-4401 (1985)).

Thus, the detection of a specific DNA sequence may be achieved by methods such
as hybridization, RNase protection, chemical cleavage, direct DNA. sequencing or the use
of restriction enzymes, (for example Restriction Fragment Length Polymorphisms
(RFLP)) and Southern blotting of genomic DNA. In addition to more conventional gel-
electrophoresis and DNA sequencing, mutations can also be detected by in situ analysis.

In accordance with the present invention, kits containing a means for obtaining a
nucleic acid sample from a subject and a means for analysing the nucleic acid sample for
the presence or absence of at least one mutation that modulates the activity of an
SH2/SH3/PH domain containing protein of the invention may be prepared.

Such kits may be used, for example, for the diagnosis of a predisposition to
developing an allergic disease or condition in a subject. Kits of the invention comprise
one or more means for obtaining a nucleic acid sample from the cells of a subject. Cells
may be derived from various sources in a subject including but not limited to blocd, urine,
saliva, tissue biopsy and autopsy material. Additionally, kits of the invention comprise a
means for analysing the nucleic acid sample for the presence or absence of at least one
mutation that modulates the activity of an SH2/SH3/PH domain containing protein of the
invention such as NEDD9 or PHLDA1. Examples of such mutations include, but are not
limited to deletions, insertions, translocations, inversions, and base substitutions of one or
more nucleotides.

Kits according to the invention may also include other components required to
conduct the methods of the present invention, such as buffers and/or diluents. The kits
typically include containers for housing the various components and instructions for using

the kit components in the methods of the invention.

Compositions and routes of administration

The present invention contemplates the use of compositions comprising an
SH2/SH3/PH domain containing protein such as NEDD9 or PHLDAI, a peptide of the
invention, mixtures of different SH2/SH3/PH domain containing proteins, mixtures of
peptides, and combinations of SH2/SH3/PH domain containing proteins and peptides.
The compositions may be included in a pharmaceutical composition comprising a

pharmaceutically acceptable carrier, adjuvant and/or diluent. Additionally or alternatively,
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the compositions of the invention may comprise an immunosuppressive agent, for
example an anti-inflammatory compound or a bronchodilatory compound.

In other embodiments, the immunosuppressive agents tay be cyclosporines,
tacrolimus, sirolimus, mycophenolate mofetil, methotrexate, chromoglycalates,
theophylline, leukotriene antagonist, and antihistamine, or a combination thereof.

The immunosuppressive agent may also be an immunosuppressive drug or a
specific antibody directed against B or T lymphocytes, or surface receptors that mediate
their activation. For example, the immunosuppressive drug may be cyclosporine,
tacrolimus, sirolimus, mycophenolate mofetil, methotrexate, chromoglycalates,
theophylline, leukotriene antagonist, and antihistamine, or a combination thereof.

In addition, the pharmaceutical composition for use in accordance with the
invention may still further comprise a steroid, such as a corticosteroid.

In another embodiment, the composition further comprises a steroid.

The invention also relates to a method for treating or preventing a hypersensitivity
disease or disorder in a subject comprising the administration of an effective amount of
the composition.

Further embodiments of the invention provide for the use of a protein comprising at
least one of an Src homology 2 (SH2) domain, an Src homology 3 (SH3) domain, or a
pleckstrin homology (PH) domain, for the manufacture of a medicament for the treatment
of a hypersensitivity disease or disorder. Preferably, the protein is NEDD9 or a fragment
or variant thereof. Preferably, the protein is PHLDA1 or a fragment or variant thereof.

Also described herein is the use of a peptide comprising an amino acid sequence
corresponding to at least a portion of:

(i)  an Src homology 3 (SH3) dbmain, or

(ii) apleckstrin homology (PH) domain,
for the manufacture of a medicament for the treatment of a hypersensitivity disease or
disorder. Preferably, the peptide comprises an amino acid sequence selected from the
group consisting of SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12, and variants and fragments thereof.

In one embodiment, the peptide comprises an amino acid set forth in SEQ ID SEQ
ID NOs: 14-273.

In another embodiment, the peptide comprises an amino acid set forth in any one of
SEQ ID NQs: 274-488.



20

25

30

WO 20069/026622 PCT/AU2008/001230

44

Compositions may be administered by standard routes. In general, the compositions
may be administered by the parenteral (e.g., intravenous, intraspinal, subcutaneous or
intramuscular). More preferably the compositions may be administered topically, orally,
or intra nasally. Administration may be systemic, regional or local. The particular route of
administration to be used at any given time will depend on a number of factors, including
the nature of the condition to be treated, the severity and extent of the condition, the
required dosage of the particular composition to be delivered and the potential side-
effects of the composition.

The carriers, diluents and adjuvants must be “acceptable” in terms of being
compatible with the other ingredients of the composition, and not deleterious to the
recipient thereof. Examples of pharmaceutically acceptable carriers or diluents are
demineralised or distilled water: saline solution; vegetable based oils such as peanut oil,
safflower oil, olive oil, cottonseed oil, maize oil, sesame oils such as peanut oil, safflower
oil, olive oil, cottonseed oil, maize oil, sesame oil, arachis oil or coconut oil; silicone oils,
including polysiloxanes, such as methyl polysiloxane, phenyl polysiloxane and
methylpheny! polysolpoxane; volatile silicones; mineral oils such as liquid paraffin, soft
paraffin or squalane; cellulose derivatives such as methyl cellulose, ethyl cellulose,
carboxymethylcellulose, sodium carboxymethylcellulose or
hydroxypropylmethylcellulose; lower alkanols, for example ethanol or iso-propanol;
lower aralkanols; lower polyalkylene glycols or lower alkylene glycols, for example
polyethylene glycol, polypropylene glycol, ethylene glycol, propylene glycol, 1,3-
butylene glycol or glycerin; fatty acid esters such as isopropyl palmitate, isopropyl
myristate or ethyl oleate; polyvinylpyrolidone; agar; gum tragacanth or gum acacia, and
petroleum jelly. Typically, the carrier or carriers will form from 10% to 99.9% by weight
of the compositions.

The compositions of the invention may be in a form suitable for administration by
injection, in the form of a formulation suitable for oral ingestion (such as capsules,
tablets, caplets, elixirs, for example), in the form of an ointment, cream or lotion suitable
for topical administration, in a form suitable for delivery as an eye drop, in an aerosol
form suitable for administration by inhalation, such as by intranasal inhalation or oral
inhalation, in a fqrm suitable for parenteral administration, that is, subcutaneous,

inframuscular or intravenous injection.
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For administration as an injectable solution or suspension, non-toxic parenterally
acceptable diluents or carriers can include, Ringer's solution, isotonic saline, phosphate
buffered saline, ethanol and 1,2 propylene glycol.

Some examples of suitable carriers, diluents, excipients and adjuvants for oral use
include peanut oil, liquid paraffin, sodium carboxymethylcelluiose, methylcellulose,
sodium alginate, gum acacia, gum tragacanth, dextrose, sucrose, sorbitol, mannitoi,
gelatine and lecithin. In addition these oral formulations may contain suitable flavouring
and colourings agents. When used in capsule form the capsules may be coated with
compounds such as glyceryl monostearate or glyceryl stearate which delay disintegration.

Adjuvants typically include emollients, emulsifiers, thickening agents;
preservatives, bactericides and buffering agents.

Solid forms for oral administration may contain binders acceptable in human and
veterinary pharmaceutical practice, sweeteners, disintegrating agents, diluents,
flavourings, coating agents, preservatives, lubricants and/or time delay agents. Suitable
binders include gum acacia, gelatine, comn starch, gum tragacanth, sodium alginate,
carboxymethylcellulose or polyethylene glycol. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include corn
starch, methylcellulose, polyvinylpyrrolidone, guar gum, xanthan gum, bentonite, alginic
acid or agar. Suitable diluents include lactose, sorbitol, mannitol, dextrose, kaolin,
cellulose, calcium carbonate, calcium silicate or dicalcium phosphate. Suitable flavouring
agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry flavouring.
Suitable coating agents include polymers or copolymers of acrylic acid and/or
methacrylic acid and/or their esters, waxes, fatty alcohols, zein, shellac or gluten. Suitable
preservatives include sodium benzoate, vitamin E, alpha-tocopherol, ascorbic acid,
methyl paraben, propyl paraben or sodium bisulphite. Suitable Iubricants include
magnesium stearate, stearic acid, sodium oleate, sodium chloride or talc. Suitable time
delay agents include glyceryl monostearate or glycery! distearate.

Liquid forms for oral administration may contain, in addition to the above agents, a
liquid carrier. Suitable liquid carriers include water, oils such as olive oil, peanut oil,
sesame oil, sunflower oil, safflower oil, arachis oil, coconut oil, liquid paraffin, ethylene
glycol, propylene glycol, polyethylene glycol, ethanol, propanol, isopropanol, glycerol,
fatty alcohols, triglycerides or mixtures thereof.

Suspensions for oral administration may further comprise dispersing agents and/or

suspending agents. Suitable suspending agents include sodium carboxymethylcellulose,
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methylcellulose, hydroxypropylmethyl-cellulose, poly-vinyl-pyrrolidone, sodium alginate
or acetyl alcohol. Suitable dispersing agents inchude lecithin, polyoxyethylene esters of
fatty acids such as stearic acid, polyoxyethylene sorbitol mono-or di-oleate, -stearate or-
laurate, polyoxyethylene sorbitan mono-or di-oleate, -stearate or-laurate and the like.

The emulsions for oral administration may further comprise one or more
emulsifying agents. Suitable emulsifying agents include dispersing agents as exemplified
above or natural gums such as guar gum, gum acacia or gum tragacanth.

Methods for preparing parenterally administrable compositions are apparent to
those skilled in the art, and are described in more detail in, for example, Remington's
Pharmaceutical Science, 15th ed., Mack Publishing Company, Easton, Pa., hercby
incorporated by reference herein.

The topical formulations of the present invention, comprise an active ingredient
together with one or more acceptable carriers, and optionaily any other therapeutic
ingredients. Formulations suitable for topical administration include liquid or semi-liquid
preparations suitable for penetration through the skin to the site of where treatment is
required, such as liniments, lotions, creams, ointments or pastes, and drops suitable for
administration to the eye, ear or nose.

Drops according to the present invention may comprise sterile aqueous or oily
solutions or suspensions. These may be prepared by dissolving the active ingredient in an
aqueous solution of a bactericidal and/or fungicidal agent and/or any other suitable
preservative, and optionally including a surface active agent. The resulting solution may
then be clarified by filtration, transferred to a suitable container and sterilised.
Sterilisation may be achieved by: autoclaving or maintaining at 90°C-100°C for haif an
hour, or by filtration, followed by transfer to a container by an aseptic technique.
Examples of bactericidal and fungicidal agents suitable for inclusion in the drops are
phenylmercuric nitrate or acetate (0.002%), benzalkonium chloride (0.01%) and
chlorhexidine acetate (0.01%). Suitable solvents for the preparation of an oily solution
include glycerol, diluted alcohol and propylene glycol.

Lotions according to the present invention include those suitable for application to
the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally
containing a bactericide and may be prepared by methods similar to those described
above in relation to the preparation of drops. Lotions or liniments for application to the
skin may also include an agent to hasten drying and to cool the skin, such as an alcohol or

acetone, and/or a moisturiser such as glycerol, or oil such as castor oil or arachis oil.



15

20

25

30

WO 2009/026622 PCT/AU2008/001250

47

Creams, ointments or pastes according to the present invention are semi-solid
formulations of the active ingredient for external application. They may be made by
mixing the active ingredient in finely-divided or powdered form, alone or in solution or
suspension in an aqueous or non-aqueous fluid, with a greasy or non-greasy basis. The
basis may comprise hydrocarbons such as hard, soft or liquid paraffin, glycerol, beeswax,
a metallic soap; a mucilage; an oil of natural origin such as almond, corn, arachis, castor
or olive oil, wool fat or its derivatives, or a fatty acid such as stearic or oleic acid together
with an alcohol such as propylene glycol or macrogols.

The composition may incorporate any suitable surfactant such as an anionic,
cationic or non-ionic surfactant such as sorbitan esters or polyoxyethylene derivatives
thereof. Suspending agents such as natural gums, cellulose derivatives or inorganic
materials such as silicaceous silicas, and other ingredients such as lanolin, may also be
included. |

The compositions may also be administered in the form of liposomes. Liposomes
are generally derived from phospholipids or other lipid substances, and are formed by
mono-or multi-lamellar hydrated liquid crystals that are dispersed in an aqueous medium.
Any non-toxic, physiologically acceptablc'and metabolisable lipid capable of forming
liposomes can be used. The compositions in liposome form may contain stabilisers,
preservatives, excipients and the like. The preferred lipids are the phospholipids and the
phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form liposomes
are known in the art, and in relation to this specific reference is made to: Prescott, Ed.,
Methods in Cell Biology, Volume XIV, Academic Press, New York, N.Y. (1976}, p.33 et

seq., the contents of which is incorporated herein by reference.

Dosages

Suitable compositions for use in accordance with the methods of the invention of
the invention may be administered as compositions either therapeutically or preventively.
In a therapeutic application, compositions are administered to a patient already suffering
from a disease or condition, in an amount sufficient to cure or at least partially arrest the
disease or condition and its complications. The composition should provide a quantity of
the agent sufficient to effectively treat the patient.

The therapeutically effective dose Jevel for any particular patient will depend upon
a variety of factors including: the disorder being treated and the severity of the disorder;

activity of the compound or agent employed; the composition employed; the age, body
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weight, general health, sex and diet of the patient; the time of administration; the route of
administration; the rate of sequestration of the agent or compound; the duration of the
treatment; drugs used in combination or coincidental with the treatment, together with
other related factors well known in medicine.

One skilled in the art would be able, by routine experimentation, to determine an
effective, non-toxic amount of agent or compound which would be required to treat
applicable diseases. -

Generally, an effective dosage is expected to be in the range of about 0.0001img to
about 1000mg per kg body weight per 24 hours; typically, about 0.001mg to about 750mg
per kg body weight per 24 hours ; about 0.0lmg to about 500mg per kg body weight per
24 hours; about 0.Img to about 500mg per kg body weight per 24 hours; about 0.lmg to
about 250mg per kg body weight per 24 hours; about 1.0mg to about 250mg per kg body
weight per 24 hours. More typicaily, an effective dose range is expected to be in the range
about 1.0mg to about 200mg per kg body weight per 24 hours; about 1.0mg to about
100mg per kg body weight per 24 hours; about 1.0mg to about 50mg per kg body weight
per 24 hours; about 1.0mg to about 25mg per kg body weight per 24 hours; about 5.0mg to
about 50mg per kg body weight per 24 hours; about 5.0mg to about 20mg per kg body

-weight per 24 hours; about 5.0mg to about 15mg per kg body weight per 24 hours.

Alternatively, an effective dosage may be up to about SOOmg/mz. Generally, an
effective dosage is expected to be in the range of about 25 to about 500mg/m?, preferably
about 25 to about 350mg/m2, more preferably about 25 to about 300mg/m?, still more
preferably about 25 to about 250mg/m?, even more preferably about 50 to about
250mg/m>, and still even more preferably about 75 to about 150mg/m®,

Typically, in therapeutic applications, the treatment would be for the duration of the
disease state or condition. Further, it will be apparent to one of ordinary skill in the art
that the optimal quantity and spacing of individual dosages will be determined by the
nature and extent of the disease state or condition being treated, the form, route and site of
administration, and the nature of the particular individual being treated. Also, such
optimum conditions can be determined by conventional techniques.

It will also be apparent to one of ordinary skill in the art that the optimal course of
treatment, such as, the number of doses of the composition given per day for a defined
number of days, can be ascertained by those skilled in the art using conventional course

of treatment determination tests.
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The invention will now be described with reference to specific examples, which

should not be construed as in any way limiting the scope of the invention.

Examples
Example 1: Identification of putative SH2/SH3/PH domain containing
proteins involved in mast cell activation

A computer based approach was used to identify novel genes in activated mast cells
that encode for intracellular signaling products. This was achieved by screening gene
expression data obtained from resting and activated bone-marrow derived human mast
cells for genes encoding SH2 and/or SH3 and/or PH domains.

Bone marrow derived mast cells (BMMC) were generated as described in Liu et al.
(J Allergy Clin Immunol 118:496-503, (2006)), mRNA was isolated from resting and IgE
cross-link-stimulated BMMC and gene expression arrays were performed following the
Affymetrix standard protocol explained in Lui et al. (J Allergy Clin Immunol 118:496-
503, (2006)). '

Domain sequence searches were performed using a LINUX based platform for gene
sequence scanning to identify SH2/SH3/PH domain containing proteins expressed by
BMMC. Of the nearly 15000 Affymetrix probes found to be expressed in mast cells, 207
genes encode proteins that have SH2, SH3 and/or PH domains and 23 (11%) of them
were found to be either upregulated or downregulated upon FceR1 cross linking.

A number of genes encoding molecules previously unidentified as members of the
mast cell IgE signaling pathway were considered as possible players in mast cell
activation process, based on their reported gene sequence characteristics and biological
function in other cells types. Among them, NEDD9 (neural precursor cell-expressed
developmentally downregulated gene 9), and PHLDA1 were selected for further study on

the basis of their structural characteristics and biological activity.

Example 2: Role of NEDD9%and PHLDA1 in mast cell activation
(i) NEDDS$ a highly selective docking protein involved in signal transduction

The human NEDD9 gene (neural precursor cell-expressed developmentally
downregulated gene 9) (GenBank, IDs: NM_006403.2 and NM_182966.2, Ensembl ID:
ENSGO00000111859, Entrez gene ID 4739 and Uniprot ID Q14511), also known as CasL
(Crk-associated substrate Iymphocyte type) and HEF1 (human enhancer of filamentation
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1) encodes the expression of an unprocessed precursor protein of 834 amino acids.
NEDD$ contains an SH3 domain and a domain rich in SH2-binding sites.

NEDD?9 isoform 1 has the UniProt identifier Q14511 and is identical to isoform
CRA_b (UniProt identifier Q5ST9R4). NEDD?Y isoform 1 has a SH3 domain at position
10-64, a CC motif at position 633-656, three phosphorylation sites at positions 92, 166,
177 and 189 and a cleavage site at position 363.

Isoform CRA a (UniProt identifier Q5T9R4) is also an 834 amino acid protein
that differs from isoform 1 at sequence positions 2, 3 and 4. It belongs to the Cas family
and, like all of the family members, features an N-terminal SH3 domain comprising 60
amino acids that correspond to residues 7 to 66 in the sequence defined by REFSEQ
accession NM_006403.2, which is isoform 1 (Q14511). It also contains a central domain
incorporating multiple potential SH2-binding sites and a C-terminal domain that has a
divergent helix-loop-helix (HLH) motif. The SH2-binding sites putatively bind CRK,
NCK and ABL SH2 domains. The HLH motif confers specific interaction with the HLH
proteins ID2, B12 and E47. Post-translational modifications that arise from cell cycle-
regulated processing produces four proteins from isoform 1: pl115, p105, p65, and p55.
Protein isoform 1 p115 arises from isoform 1 p105 phosphorylation and appears later in
the cell cycle. Isoform 1 pS5 arises from isoform 1 p105 as a result of cleavage at a
caspase cleavage-related site and it appears specifically at mitosis:

Splice variance in the transcripts of the human NEDD9 gene may give rise 1o
protein isoform 2 (UniProt: Q5XXI0), isoform CRA_c (REFSEQ: EAW55302.1) and
isoform CRA_d (REFSEQ: EAWS55303.1). The HEF1 protein isoform CRA_c comprises
800 amino acids and is similar to isoforms 1 and CRA_a, differing by loss of a small
number of potential ligand motifs in the central SH2-motif rich domain. The transcript
for CRA_d encodes a protein of 688 amino acids that lacks the N-terminal SH3 domain.
Isoform 2 by contrast is only a 174 amino acid protein that is identical to the N-terminal
residues 1 through 154 of HEF1 isoform 1 and is essentially only the SH3 domain and a
drastically reduced SH2-ligand domain. Additional human NEDD9-encoded protein
variants are listed in the UniProt database including a protein (UniProt: Q3Ti5%)
truncated after residue Pro-148, which is essentially a slightly smaller version of isoform
2.

With the exception of the CRA_d isoform, the N-terminal SH3 domain is present in
gach of the NEDD9 isoforms referred to above.
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NEDD9 is a multifunctional docking protein involved in propagating intracellular
signals and is expressed in a wide variety of tissues in the nucleus, cytoplasm and
structures such as Golgi and lamellipodia. The SH3 domain (aa 2-64) and coiled-coil
domain (aa 633-656) of NEDD9 confer to the potential to interact with high selectivity
with Lck, Lyn and Fyn, three signal transduction molecules downstream of cell surface
receptors. Other protein interaction motifs are a Serine-rich domain (aa 400-558) and a
conserved C-terminal domain containing a helix-loop-helix (HLH) motif (aa 710-760).
The SH3 fold of NEDD9 consists of two anti-paralle] beta sheets that lie at right angles to
each other. Within the fold, there are two variable loops, referred to as RT and n-Src
loops. When SH3 binds to its ligand, the proline rich ligand adopts a poly-L-proline type
11 helix conformation, with the PPII helical structure recognised by a pair of grooves on
the surface of the SH3 domain that bind turns of the helix. The SH3 grooves are formed
by a series of nearly parallel, well-conserved aromatic residues.

NEDD 9 has been identified to interact with several intracellular proteins involved
in cell signailing. Table 1 describes the interacting protein, type of interaction and

experimental method used for identification.

Table 1

Name of Interactor Experiment Type Type
ABL In Vivo ; In Vifro Direct
Breast cancer anti estrogen resistance 3 In Vivo Direct
CRK In Vivo ; In Vitro Direct
CRK associated substrate In Vivo ; Yeast 2 Hybrid Direct
CRKL In Vivo ; In Vitro Direct
Cadherin 1 In Vitro Direct
CasL interacting molecule In Vivo ; In Vitro Direct
Choline acetyltransferase In Vivo Direct
FAK In Vivo ; In Vitro ; Yeast 2 Hybrid Direct
Inhibitor of DNA binding 2 In Vivo ; Yeast 2 Hybnd Direct
Ttchy homolog E3 ubiguitin protein lizase In Vivo ; In Vitro ; Yeast 2 Hybrid Direct
Lck ' In Vitro Direct
Lyn In Vivo Direct
NCK 1 In Vivo ; In Viiro Direct
PTK2B protein tyrosine kinase 2 beta In Vivo Birect
Paxillin In Vivo Direct
Protein tyrosine phosphatase noureceptor type 12 In Vitio Direct
SH2D3C In Vivo ; In Vitro Direct
SHP2 In Vivo ; In Vitro Direct
SMAD, mothers against DPP homolog 2 In Vivo Drirect
{Drosophila)

SMAD3 In Vivo ; In Vitro ; Yeast 2 Hybrid Direct
Sma and Mad related protein 1 in Vivo ; Yeast 2 Hybrid Digect
Thyroid hormone receptor interactor 6 Yeast 2 Hybrid Direct
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Transcription factor 3 Yeast 2 Hybrid Drirect
Zyxin In Vivo ; In Vitro ; Yeast 2 Hybrid Direct
Enhancer of filamentation 1 In Vivo ; In Vitro ; Yeast 2 Hybrid Direct
Epididymal sperm binding protein 1 | Yeast 2 Hybrid Direct
HSA9761 Yeast 2 Hybrid Direct
Fyn In Vivo ; In Vitro Direct
Guamine nucleotide releasing factor 2 In Vivo ; In Vitro Direst

(i) PHLDA1 a molecule involved in intracellular signaling downstream receptor binding

The human PHLDA1 gene (Entrez Gene ID 22822; Pleckstrin homology-like
domain family A member 1) also known as TDAGS51 (T cell death associated gene 51),
encodes the expression of a transcript of 5913 nucleotides, NCBI REFSEQ accession
NM_007350, and cDNA sequences have been reported that may be translated into
proteins of 401 (REFSEQ: NP_031376) or 400 (REFSEQ: EAW97312.1) amino acids.
The preferred name for the protein encoded by the PHLDA1 gene is Pleckstrin
homology-like domain family A member 1 (PHLDA1) and has the UniProt identifier
Q8WV24. PHLDAI is expressed in a wide variety of tissues in the cytoplasm,
cytoplasmic vesicle membrane, nucleus and nucleolus, and features an N-termirnal
pleckstrin homology, or PH, domain comprising 133 amino acids that correspond to
residues 9 to 141 in the sequence defined by REFSEQ accession NP_031376. PHLDAL1
also incorporates a 15 (prolylglutaminyl-) repeat sequence immediately followed by a 14
(prolylhistidyl-) repeat sequence toward the C-terminus. The PH domain itself includes
either a 15 (NP_031376) or 14 (EAW97312.1) residue poly(glutamine) element.

There are no post-translational modifications to the protein listed in the UniProt
Knowledgebase. The UniProt Knowledgebase describes only a 259 amino acid protein
(Q8WV24) circumscribed as the variant, PHLDA1 CRA_a (e.g. REFSEQ: AAH18929.3,
AAI10821.1 and Al26426.2) in the Entrez database. This protein lacks a 141 residue
sequence from the N-terminus of the predicted longer forms and differs from NP_031376
by having a single glutamine residue deletion at the beginning of the poly(glutamine)
repeat sequence in the PH domain, which is 14 residues in length in this form. The
protein name PHLDA! commonly refers to this 259 residue shorter form. A c¢DNA
sequence (REFSEQ: AAI30428) is predicted to encode a protein of 312 residues with
the PH domain being encompassed by residues 62 to 194.

The PH domain is present in all of the isoforms described above and typically

comprises about 100 amino acids. PH domains have a common structure consisting of
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two perpendicular anti-parallel beta sheets, followed by a C-terminal amphipathic helix.
The loops connecting the beta-strands differ greatly in length, making the PH domain
relatively difficult to detect. There are three members of the pleckstrin homology-like
domain family A, PHLDA1 to PHLDA 3, each of which differs significantly in the amino
acid sequence of the constituent PH domain. PHLDATL differs from the other A family
members in that it incorporates an additional 43 amino acid insertion into the loop that
includes the poly(glutamine) element.

Table 2 below lists some of the molecules known to interact with the PHLDAI
gene product PHLDALI, along with and type of interaction and experimental method used

for identification.
Table 2
Name of Interactor Experiment Type Type
EIF387 In Vivo ; In Vitro ; Yeast 2 Hybrid Direct
Keratin associated protein 4-12 Yeast 2 Hybrid Direct
MyoD) family inhibitor Yeast 2 Hybrid Direct
Phospholipid scramblase 1 Yeast 2 Hybrid Direct
Poly(A) binding protein 4 In Vivo : In Vitro ; Yeast 2 Hybrid Direct
Ribosomal protein L14 In Vivo ; In Vitro ; Yeast 2 Hybrid Direct

Example 3: Expression kinetics of NEDDS after IgE stimulation in human
and mouse mast cells

The expression kinetics of NEDD9 was assessed after [gE stimulation of human and
mouse mast cells (derived from human or mouse bone marrow stem cells). Cells were
incubated with anti DNP/IgE mab {10-500ng/ml) for 2 hours and FceRI activation by

_ crosslink with a DNP/albumin solution (100ng/ml) for the specified length of time (O to 4

hours). Gene expression was measured by quantitative real-time PCR using NEDD9
specific primers for both species and analysis was performed using relative quantification
comparative Ct method (see Livak and Schmittgen, Methods 25:402-408, (2001)). -
NEDD9 was upregulated carly after human mast cell IgE crosslinking, peaking at 2.5
hours and decreasing 5 hours later to reach a steady expression just above baseline
expression (Figure 1A). NEDD9 was upregulated early after human mast cell IgE
crosslinking, peaking at 2.5 hours and decreasing 5 hours later to reach a steady
expression just above baseline expression (Figure 1A). Expression levels of PHLDALI
were also found upregulated in response to IgE crosslinking in human mast cells,

reaching the peak 5 hours after IgE stimulation (Figure 1B). Similarly, an early
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upregulation of NEDD9 and PHLDAI expression was observed soon after IgE
stimulation of mouse mast cells reaching the peak at 1 hour for NEDD9 and 30 minutes
for PHLDAL after IgE stimulation and decreasing, in both cases, to baseline by 6 hours
(Figures 1C and 1D).

Example 4: NEDD9 and PHLDA1 expression kinetics in a RBL-2H3 cells in
response to FceRI crosslinking and ionomycin stimulation

The expression kinetics of NEDD9 and PHLDA was assessed in RBL-2H3 cells, a
rat mast cell line expressing FceRI. Gene expression was measured by SYBR-Green-
based quantitative real-time PCR using specific primers for each gene. Each experimental
sample was assayed using three replicates for each primer, including the -actin specific
primer that was used as an internal standard. Negative controls lacking the ¢cDNA
template were run with every assay to assess specificity. Primer Express software
(Applied Biosystems) was used for primer design. A threshold cycle (Ct) was determined
for each sample. PCR assays showing non-specific products at the end point were
excluded from further data analysis. Relative quantification using comparative Ct method
was used for analysing results (see Livak and Schmittgen, Methods 25:402-408, (2001)).
The expression of NEDD9 and PHLDA1 was significantly upregulated in response to cell
activation via FceRI crosslinking (Figures 2A and 2C). Briefly, 5%x10° RBL-2H3 cells
were incubated with anti DNP/IgE mab (100ng/ml) for 2 hours in F135 tissue culture
medium supplemented with 5% foetal calf serum, L-glutamine, penicillin/streptomycin.
The FeeRI was then crosslinked with DNP/albumin solution (100ng/ml) for the specified
length of time. Analysis of the expression kinetics following FceRI crosslinking showed
both genes act early after stimulation suggesting its involvement in modulating the
cascade of events leading to mast cell activation. -

Although the most specific mast cell activation pathway involves the aggregation of
FceRI bound IgE on the cellular surfaces, mast cells can also be activated by various
means, including FcyR, Toll-like receptors (TLRs) and other IgE independeht triggers.
Accordingly, it was assessed whether NEDD9 and PHLDAI are involved ‘in other
intracellular signaling cascades apart from the one resulting from FceRI crosslinking.
Jonomycin is an ionophore that translocates calcium from the extracellular the
intracellular space, leading to the rise in intracellular free calcium, and the subsequent
stimulation of mast cell effector functions, including the release of the comtent in

preformed granules. Mast cells were incubated with 1uM jonomycin and the expression
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ievels of NEDD9 and PHLDAT1 were analysed at different time points by QRT-PCR. In
both cases, gene expression levels were found upregulated in response to ionomycin at afl
time points analysed (30, 60 and 120 min) (Figures 2B and 2D). Similar to activation via
FceRI crosslinking, analysis of expression kinetics in response to ionomycin showed
NEDD9 and PHLDA! appear to act early after stimulation again supporting their

involvement in modulating the cascade of events leading to mast cell activation.

Example 5: Increased mast celt degranulation following silencing of NEDDS
expression in-vitro and in-vivo

A mast cell degranulation assay was used to assess whether silencing of NEDD9
expression could influence the effector functions of mast cells in vifro. RBL-2H3 rat mast
cells were incubated with DNP-IgE for 30 minutes in the presence of 3 different siRNAs
targeting NEDD9 gene expression which were specifically designed to interfere with
NEDDS9 expression. siRNA. were purchased from AMBION Silencer Validated siRNAs

and transfection was performed using the recommended protocol (www.ambion.com). An

additional siRNA not targeted to any gene was used as a control. After overnight

incubation with IgE/DNP, the FceRI was activated via crosslinking with DNP/albumin
conjugate. Mast cell degranulation was then calculated by B-hexosaminidase release and
used as an indicator of mast cell effector function in response to FceRI crosslinking. As
shown in Figure 3, suppression of NEDD9 protein expression by siRNA resulted in an
increase in the percentage of mast cell degranulation compared to siRNA negative
controls.

The effect of decreasing NEDD9 and PHLDA] expression was then assessed in-
vivo using the passive cutaneous anaphylaxis (PCA) reaction. Lewis rats were injected
subcutaneously in the base of the ears with a combination of NEDD9 siRNAs or
PHLDALI siRNAs (silencer validated siRNAs from AMBION) and IgE-DNP. Control
siRNA/DNP-IgE was injected in the left ear. FceRIl crosslinking was induced by
challenging intravenously with DNP/albumin 24 hours later. Ear mast cell degranulation
was measured 30 minutes later by Evan’s blue recovery. Local administration of NEDD9
or PHLDA1 siRNA to the right ear resulted in increased degranulation compared to the
left ear treated with siRNA control (Figures 4A and 4B).
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Example 6: Peptides targeting the SH3 domain of NEDD9 neutralise mast
cell activation in-vitro and in-vivo

MATERIALS AND METHODS
(i) Peptide design

SH3 domains recognise proline rich linear motifs involved in assembling
intracellular signalling complexes and regulatory processes in signal transduction and cell
activation. The SH3 domain of NEDD9 is conserved across species from humans to flies
(Homologene NCBI and Figure 5) suggesting its importance in signal transduction
activity. The sequence of the N-terminal SH3 domain corresponds to residues 7 to 66 in
the sequence defined by REFSEQ accession NM_006403.2 (HEF1 isoform 1 UniProt:
Q14511).

Residues 7-66 of HEF! isoform1 (UniProt: Q14511.1), the N-terminal SH3 domain
encoded by human NEDD9 (Entrez Gene ID 4739)

MARALYDNVP,;  ECAEELAFRK;  GDILTVIEQN;  TGGLEGWWLCy
SLHGRQGIVPs; GNRVKLLIGP¢
(SEQ ID NO: 7)

NEDD9 competitor peptides were constructed to specifically interrupt the binding
of the NEDD9 SH3 domain with target ligands. Peptides were synthesised chemically at
the Australian National University Australian Cancer Research Foundation Biomoleculér
Resource Facility. Solid-phase synthesis on Rink resin, 4-(2°,4’-dimethoxyphenyl-Fmoc-
aminoethyl)-phenoxy polystyrene, was performed on a Symphony Peptide Synthesiser
(Rainin  Instrument Company Oakland CA) using standard Fmoc (5-
fluorenylmethyloxycarbonyl) protocols and purified by reverse-phase HPLC. The identity
of the purified products was confirmed by mass spectrometry.

A 20-mer peptide (MDD1) was constructed corresponding to residues 3-22 of the
human sequence (HS) of the NEDD9 SH3 domain depicted in Figure 5. The peptide
MDD1 was chosen first for activity testing because it includes the cluster of negatively
charged residues in the RT (variable) loop of the SH3 domain. The MDDI peptide is
specific for NEDD9 as confirmed by peptide blast against all species. The sequence of

MDD1 is conserved in mammals including homo sapiens, mus musculus, rattus
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norvegicus, pan troglodytes, bos taurus, canis familiaris as well as gallus gallus (Figure
5 - see highlighted sequence).

A peptide containing the same amino acids in a scrambled sequence (MDD 1gum)
was also synthesised to determine the necessity for preserving the native sequence. They
were synthesised in the form of N-acetyl o-carboxamides to both suppress terminal
ionisation and degradation by exopeptidases. Biotynalated forms were also produced.
The peptides sequences are detailed below:

MDD1 peptide: RALYDNVPECAEELAFRKGD (SEQ ID NO: 8)
MDD nm EALPGEDCAFRKDANRLVEY (SEQ ID NO: 9)

Two further analogues, MDD1510 and MDD1A10 both lacking a cysteine residue

at position 10, were also synthesised:

(ii) MDD1 uptake by RBL-2H3

RBL-2H3 cells were grown in F15 medium supplemented with 10% of fetal calf
serum (FCS) and antibiotics. Cells were carefully detached from the culture flask with a
cell scraper and plated at a concentration of 5 x 10° cells/well in a 96 well microtiter plate.
Cells were incubated with various concentrations of biotinylated MDD1 (0.1, 0.01 and
0.001mM) overnight. Biotinylated MDD1 uptake by live cells was detecied using
streptavidin-APC in single-cell suspensions previously treated with a combined
cytofix/cytoperm fixation and permeabilization solution kit following manufacture’s
instructions (Becton Dickinson, BD). Cells were then analysed using a BD FACscan flow

cytometer,

(iii) RBL-2H3 degranulation assay

Mast cell degranulation was measured using the B-hexosaminidase release method.
RBL-2H3 cells were grown in F15 medium supplemented with 10% of fetal calf serum
(FCS) and antibiotics. Cells were carefully detached from the culture flask with a cell
scraper and plated at a concentration of 5x10° cells/well in a 96 well microtiter plate and
incubated in the presence of MDD1 or SCR peptide overnight. RBL-2H3 cells were then
incubated with 500ng/ml anti-DNP IgE mb (SIGMA) for 2 hours at 37°C. After washing,
cells were stimulated with 100ng/m! DNP/albumin for 30 minutes. For non IgE specific

stimulation 1nM Ionomycin only was added to the cultures for 30 minutes. Supernatants
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were then collected and cell lysates were prepared using 0.1% Triton X-100. Lysate and
supernatant samples (10pl) were transferred into 96-well plates and 50ul 1mM p-
nitrophenyl-N-acetyl-B-D-glucopyranoside in 50mM citrate buffer was added to each well
and incubated for 1 hour at 37°C in the dark. The reaction was stopped by adding 100 pl
0.1M NaHCO5:/0.1M N32C03 into each well and the absorbance measured at 405 nm.
Percentage degranulation was calculated by the following formula: OD supernatant / (OD

supernatant + OD lysate} x 100.

(iii) OVA-induced asthma model

C57BL/6 mice were sensitised with 10ug ovalbumin antigen (OVA) in saline
intraperitoneally seven times given on alternate days. 40 days after first sensitisation dose,
mice were challenged with intranasal OVA (20ul in each nostril of a sélution of Smg/ml
of OVA in saline). Mice received two additional challenges of intranasal OVA at days 3
and 6 after the first challenge with OVA. Control mice were sensitised with OVA, but
challenged intranasally with saline. Groups of mice receiving parenteral MDD] treatment
were intravenously injected with 8mg/Kg of MDD1 three times, 6 hours prior to each
OVA challenge. Nebulised MDD1 or MDDseam (SCR) peptide was given 6 hours prior to
each OVA challenge by nebulising 5 mice per cage with 8m! of 1mg/ml MDD1 or control
peptide,

Functional lung studies and organ collection was performed one day after the final
OVA challenge. Lung resistance was measured in anesthetized mice after increasing
doses of B-methacholine. Tracheas were surgically exposed, cannulated, and connected to
a rodent ventilator (flexivent; Scireq). Mice were allowed to stabilize and challenged with
a saline acrosol followed by increasing concentrations of methacholine. Lung resistance
was measured by plethysmography, using an apparatus and software supplied by Buxco.
Lung resistance values are expressed as an average of each group of mice for each
methacholine dose. For each mouse, individual values were calculated by averaging

collected data (every 5 seconds during 5 minutes) for each methacholine dose.

Immunostaining, cytokine expression

Blood smears were prepared and the percentage of eosinophils was calculated by
morphological criteria after May-Griinwald Giemsa-staining. Bronchoalveolar lavage
(BAL) was recovered by lavaging aifways twice with 1ml HANKS solution via the

tracheal cannula while gently massaging the thorax. Lung lower left lobe was collected -
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and homogenised. Cells were filtered through a cell strainer and cell suspensions prepared
in staining medium (PBS with 1% FCS). BAL and lung samples were incubated with
anti-CD11b, anti-CCR3, anti-CD4 and antiB220 mab markers for flow cytometric
analysis using a FACScan equipped with CellQuest software.

Lung upper right lobe was collected and homogenised on ice. Total RNA was

~ prepared using Trizol (GIBCO, Invitrogen). Purity of the RNA was determined by

A260/A280. Spg RNA for each sample was reverse transcribed into cDNA using
Omniscript RT kit (Qiagen). Cytokine specific predesigned TagMan gene expression
assay (Applied Biosystems) were used to measure cytokine relative gene expression
following the manufacturer’s instructions (Applied Biosystems). Each experimental
sample was assayed in three replicates. B-actin specific primers were used as an internal
standard. Negative controls with blank ¢cDNA template were run with every assay to
assess specificity. The cycling conditions were as follows: one cycle at 95°C for 10
minutes, followed by 40 cycles of PCR amplification, each consisting of 95°C for 15
seconds and 60°C for 45 seconds. Sequence Detection Software (SDS v 1.2.2, Applied
Biosystems) was used for analysis of the results. A threshold cycle (Ct) was determined
for each sample. PCR assays showing non-specific products at the end point were
excluded from further data analysis. Relative quantification using comparative Ct method
was used for analysing results, The results were expressed as relative fold change over the

values for non-allergic mice.

Serum Ig levels

OV A-specific IgE detection: 96-well maxisorp plates were coated overnight at 4°C
with anti-mouse IgE. 2% skim milk was used for unspeciﬁc binding blockade. Prediluted
serum samples were incubated overnight, plates were loaded with OVA-biotin for 1.5
hours and a colometric reaction was developed using ABTS following manufacture’s
instructions. For OV A-specific IgG, 96-well maxisorp microtiter plates were pretreated
with 0.2% glutaraldehyde and were coated with 10 pg/mi of OVA in 10 mM carbonate
buffer (pH 9.6) for 3 hours at 37°C. Wells were blocked with 2% BSA in 10 mM
carbonate buffer (pH 9.6) overnight at 4°C in a humidified chamber. Serum samples were
incubated at 37°C for 1 hour. Peroxidase-conjugated anti-rat IgG followed by ABTS was
used to develop the colorimetric reaction. Optical density was read in a microplate reader

using a 405 nm filter. Levels of IgE and IgG were expressed as OD umts.
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Passive cutaneous anaphylaxis assay (PCA) in mice

Left ears were treated with DMSO and right ears with 0.2% MDD1 or 0.1%
dexamethasone in DMSO twice daily for four days. Mice were then sensitised with anti
DNP-20ul IgE antibody administered to the ears by intradermal injection using an insulin
syringe. Local mast cell activation was measured by dye recovery in response to FceRI
crosslink 24 hours post-injection: 100ug DNP-albumin/1% Evans blue in PBS was
injected intravenously and ear biopsies taken after 30 minutes were incubated at 80°C in

1ml formamide for 2 hours. The absorbance supernatant was measured at 620 nm.

RESULTS
(i) MDD peptide is biologically active in-vitro

MDD1 peptide was found to penetrate the cellular membrane. MDD1 peptide was
directly conjugated to biotin and administered to RBL-2H3 mast cells. MDD1 peptide
uptake was detected by intracellular FACS staining using streptavidin APC as a
flusrochrome. All cells were positive for MDD1 peptide and the levels were observed to

increase with peptide concentration (Figure 6).

(i) MDDI peptide inhibits degranulation in RBL-2H3 cells following IgE receplor
crosslinking

MDD1 peptide (SEQ ID NO: 8) was observed to inhibit mast cell activation after
IgE receptor crosslinking as well as after non-specific stimulation (data not shown). RBL-
2H3 cells not pre-treated with MDD1 peptide degranulated after IgE receptor crosslinking
(Figure 7). However, pretreatment of RBL-2H3 cells with MDD1 peptide was observed
to inhibit degranulation upon IgE receptor crosslinking (Figure 7). Pretreatment of RBL-
2H3 cells with a scrambled peptide MDDlypm (SEQ ID NO: 9) had only a minor
inhibitory effect on degranulation following IgE receptor crosslinking (Figure 7).

(iii) MDD peptide improves lung function in OVA-sensitised mice following challenge
with f-methacholine

The efficacy of MDD1 peptide in controlling asthmatic responses was tested in a
mouse model of asthma driven by mast cell activation. Lung inflammation and asthmatic
responses in this model are dependent on mast cell activation since mice lacking mast

cells do not develop the disease.
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OV A-sensitised mice treated with MDD1 at the time of antigen exposure had
improved lung function after challenge with B-methacholine compared to mice treated
with control peptide (Figure 8). Lung resistance in OV A-sensitized mice treated with
either MDD1 peptide or control (SRC) peptide was measured following increasing doses
of B-methacholine. Lung resistance (RL) was reduced in mice treated with MDD1 peptide

compared to mice treated with the control peptide. This effect was observed when

- peptides were administered intravenously (Figure 8A), or administered locally to the

lungs using a nebulised intranasal route (Figure 8B).

(iv) MDD peptide reduces inflammatory responses during asthmatic reaction in OVA-
sensitized mice following challenge with f-methacholine

MDD1 peptide reduced the overall inflammatory response in the asthmatic reaction
as demonstrated by decreased eosinophilia in blood (Figure 9A), cellularity in broncho-
alveolar lavages (Figére 9B), cytokine production in inflammatory foci (Figure 9C) and
levels of antigen-specific IgE in serum of allergic mice compared to control treated mice
(Figure 9D). MDD peptide outperformed dexamethasone treatment (2mg/kg ip.) in

some of the parameters tested (Figure 9).

(v) Topical administration of MDD peptide reduces allergic responses

Atopic dermatitis and other allergic skin conditions are thought to be driven by mast
cell responses. Topical administration of MDD1 peptide was demonstrated to stabilise
skin mast cells. A 0.2% MDD] peptide/DMSO preparation was topically applied to one
ear of each mouse prior to IgE local sensitisation with anti DNP IgE antibody. Mast cells
in biopsies from ears treated with MDD1 peptide/DMSO were found to have reduced
Jevels of activation following IgE receptor crosslink, as determined by dye extravasation
compared to contralateral ears treated with DMSO only (Figure 10). MDD1 peptide
acted locally with minimal systemic effects while local (icxamethasone treatment resulted

in systemic immunosuppresion.

Example 7: Peptide competitors of the PH domain of the PHLDA1 gene
product neutralise mast cell activation

MATERIALS AND METHODS
(i) Peptide design
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The PH domain of PHLDA1 comprises 133 amino acids and ranging from amino
acid residues 9 to 141 in the sequence defined by REFSEQ accession NM_006403.2. The
sequence is highly conserved in mammalia. The PHLDAI PH domain includes a large

loop insertion as shown below (see bold italicised sequence: residues 37 to 79).

Residues 9-141 of PHLDA1 (UniProt: Q8WV24.1), the PH domain encoded by human
PHLDAL1 (Entrez Gene ID 22822)

ALKEGVLEKR g SDGLLQIL.WKKzp KCCILTEEGLag LLIPPKQOLOH 40
000000000050  LOCOPGOGPAg EPSQPSGPAV ASLEPPVKILKgo
ELHFSNMKT Vg DCVERKGKYM ¢ YFTVVMAEGK,;y EIDFRCPQDQi20
GWNAEITLQMi3  VQY

(SEQ ID NO: 10)

The sequence variation in both human isoforms and between mammalian species flanks
the poly(glutamine) element and, the length of that homopolymeric sequence is also
variable,

To specifically interfere with the activity of the PH domain of PHLDAI1, two
competitor peptide sequences were designed and synthesized (MPX741, MPX742 and

~ MPX743). The design of competitor peptides was based on sequences upstream (i.e. N-

terminal) and downstream (ie. C-terminal) to the poly(glutamine) repeat element.
MPX741 corresponds o a sequence N-terminal to the poly(glutamine) element (the
predicted binding site for phosphatidylinositol lipids), MPX742 corresponds to a
sequence approximately in the centre of the PHLDA1 PH domain, while MPX743
corresponds to C-terminal sequence to the poly(glutamine) element. The peptides were
synthesised in the form of N-acetyl o-carboxamides to suppress terminal ionisation and

degradation by exopeptidases. The peptides are detailed below.

MPX741 KRSDGLLQLWKKKCCILTEEGLLLIPPK (SEQ ID NO: 11)
MPX742 LEPPVKLKELHFSNMKTVD (SEQ ID NO: 12)
MPX743 PQDQGWNAEITLQMVQY (SEQ ID NO: 13)
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MPX741 corresponds to residues 9 to 36 of the PH domain set forth in SEQ ID
NO: 11 and differs by 15 of its constituent amino acids from the PH domain of the other
PHI.DA family members. MPX742 corresponds to residues 73 to 91 of the PH domain set
forth in SEQ 1D NO: 12 and shares only 4 of its constituent amino acids with the PH
domain of the other PHLDA family members. The N-terminal 5 amino acids of MPX742
correspond to the C-terminus of the unique PHLDAL1 loop insertion (which is unique to
the PH domain of PHLDA1). MPX743 corresponds to residues 117 to 130 of the PH
domain set forth in SEQ ID NQO: 13 and differs by 11 of its constituent amino acids from
the PH domain of the other PHLD A family members.

The peptides were synthesised chemically at the Australian National University
Australian Cancer Research Foundation Biomolecular Resource Facility. Solid-phase
synthesis on Rink resin, 4-(2’,4’-dimethoxyphenyl-Fmoc-aminoethyl)-phenoxy
polystyrene, was performed on a Symphony Peptide Synthesiser (Rainin Instrument
Company Oakland CA) using standard Fmoc (9-fluorenylmethyloxycarbonyl) protocols
and purified by reverse-phase HPLC. The identity of the purified products was confirmed

by mass spectrometry.

(ii) RBL-2H3 degranulation assay

Mast cell degranulation was measured using the $-hexosaminidase release method.
RBL-2H3 cells were grown in F15 medium supplemented with 10% of fetal calf serum
(FCS) and antibiotics. Cells were carefully detached from the cuiture flask with a cell
scraper and plated at a concentration of 5x10° cells/well in a 96 well microtiter plate and
incubated in the presence of MPX741 peptide or MPX742 peptide overnight. RBL-2H3
cells were then incubated with 500ng/ml anti-DNP IgE mb (SIGMA) for 2 hours at 37°C.
After washing, cells were stimulated with 100ng/m! DNP/albumin for 30 minutes. For
non IgE specific stimulation InM Ionomycin only was added to the cultures for 30
minutes. Supernatants were then collected and cell lysates were prepared using 0.1%
Triton X-100. Lysate and supernatant samples (10ul) were transferred into 96-well plates
and 50p1 ImM p-nitrophenyl-N-acetyl-B-D-glucopyranoside in S0mM citrate buffer was
added to each well and incubated for 1 hour at 37°C in the dark. The reaction was stopped
by adding 100 pl 0.1M NaHCO3/0.1M Na;COs into each well and the absorbance
measured at 405 nm. Percentage degranulation was calculated by the following formula:
OD supernatant / (OD supernatant + OD lysate) x 100.
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RESULTS
(i) MPX741 and MPX742 neutralises mast cell activation

MPX743 (SEQ ID NO: 13} was observed to be poorly soluble and thus requires
modification prior to further testing. MPX741 (SEQ ID NO: 11) and MPX742 (SEQ ID
NO: 12) were demonstrated to to significantly reduced degranulation following IgE
receptor crosslink k(Figure 11). Thus, treatment of RBL-2H3 cells with either MPX741 or
MPX742 significantly inhibited mast cell activation.

Example 8: Additional NEDD 9 SH3 domain competitor peptides

Peptide MDD1 is demonstrated herein to be an inhibitor of mast cell activation, and
hence administration of the peptide provides a means of treating and/or preventing
hypersensitivity reactions. As described above in Example 6 above, MDDI is a
competitor peptide corresponding to residues 3-22 of the human sequence of the NEDD9
SH3 domain (shown in Figure 5).

It is envisaged that variants produced by modification of one or more amino acid
residues in the MDD1 peptide will in many cases emulate or improve one or more
properties of the peptide such as, for example, the ability to desensitise mast cells,
solubility, chemical and biochemical stability, cellular uptake, toxicity, immunogenicity
and excretion of degradation products. Variants of the MDD1 peptide with similar or
improved properties were designed by identifying particular amino acid residue/s in the
MDD1 peptide sequence that may be either negative or positive determinants for a
particular propert/ies of interest. The functional activity of those MDD1 peptide variants
will be tested using methods similar to those described in Example 6 above, and other
methods generally known in the art. | ‘

For example, side-chain amputation will be utilised to substitute amino acids one at
a time with alanine, along the sequence of the MDD1 peptide (as described in, for
example, Gautam et al, 1995, “Binding of an invariant-chain peptide, CLIP, to I-A major
histocompatibility complex class II molecules” Proc Natl Acad Sci USA, 92: 335-9).
MDD peptide variants to be tested by this method include those set forth in SEQ ID NOs
33-49. Futher, alanine will be substituted at multiple residues along the MDD1 peptide,
and in particular at positions where negatively-charged residues exist (see SEQ ID NOs:
24-26).

It is also envisaged that increasing or reducing the length of the MDD1 peptide will

also in many cases emulate or improve one or more properties of the pepfide. Accordingly
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MDD1 variants of reduced length will be tested for their effects on mast cell activation
and hypersensitivity using methods described herein and/or other methods generally
known in the art. Exemplary sequences of such MDD1 peptide variants are set forth in
SEQ ID NOs: 18-19 and 122-144).

Additional MDD1 peptide variants were designed and will be tested and these
include those in which the cysteine residue at position 10 of the MDD1 peptide sequence
is substituted with a serine (SEQ ID NO: 16) or an alanine (SEQ ID NO: 17). Length
variants of the MDD1 peptide comprising a serine or alanine substitution at residue 10
will also be tested (i.e. length variants of SEQ ID NO: 16 and SEQ ID NO: 17) using the
sequences set forth in SEQ ID NOs: 20-23 and 145-184. In addition, a further series of
MDD1 variant peptides will be tested with the cysteine residue at position 10 substituted
(as in SEQ ID NO: 16 or SEQ ID NO:17) along with single/ multiple alanine substitutions
at other residue/s along the chain, as per the sequences set forth in SEQ ID NOs: 90-121.

It is also envisaged that competitor peptides corresponding the full NEDDY SH3
domain (SEQ I NO: 7) and other specific regions in the NEDD9 SH3 domain will be
capable of modulating mast cell activation and thereby influence hypersensitivity
reactions. A series of overlapping 20-mer peptides (SEQ ID NOs 14, 15 and 185-225) and
12-mer peptides (SEQ ID NOs: 226-273) will be tested using metheds similar to those
described in Example 6 above and/or other additional methods generally known in the art.
Variants of those peptides with single/multiple alanine substitutions along the chain
including variants with sequences set forth in SEQ ID NOs: 50-89).

Exemplary peptide sequences corresponding to at least a portion of the NEDD9
SH3 domain (and variants thereof) that will be synthesised and tested for effects on mast
cell activation/influence on hypersensitivity are set forth in SEQ ID NOs; 14-273.

Example 9: Additional competitor peptides derived on the NEDD 9 SH3
domain

Peptides MPX741 and MPX742 are demonstrated herein to be inhibitors of mast
cell activation, and hence administering these peptides provides a means of treating
and/or preventing hypersensitivity reactions. As described above in Example 7 above,
MPX741 and MPX742 are competitor peptides corresponding to residues 9-36 and
residues 73-91 respectively of the PH domain the human sequence of the PHLDA1 PH

domain.
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It is envisaged that variants produced by modification of one or more amino acid
residues in the either of the MPX 741 and MPX742 peptides will in many cases emulate or
improve one or more properties of the peptide such as, for example, the ability té
desensitise mast cells, solubility, chemical and biochemical stability, cellular uptake,
toxicity, immunogenicity and excretion of degradation products, Variants of the MPX741
and MPX742 peptides with similar or improved properties were designed by identifying
particular amino acid residue/s in their sequence that may be either negative or positive
determinants for a particular propert/ies of interest. The functional activity of such
MPX741 and MPX742 peptide variants will be tested using methods similar to those
described in Example 6 above, and methods generally known in the art.

For example, side-chain amputation will be utilised to substitute amino acids one at
a time with alanine along the sequence of the MPX741 and MPX742 peptides (as
described in, for example, Gautam et al. 1995, “Binding of an invariant-chain peptide,
CLIP, to I-A major histocompatibility complex class I molecules” Proc Natl Acad Sci
USA, 92: 335-9). MPX741 and MPX742 peptide variants to be tested by this method
include those set forth in SEQ ID NOs 274-320. Further, alanine will be substituted at
multiple residues along the MPX741 and MPX742 peptides, and in particular at positions
where negatively-charged residues exist.

It is also eﬁvisaged that increasing or reducing the length of the MPX741 and
MPX742 peptides will also in many cases emulate or improve one or more properties of
the peptide. Accordingly MPX741 and MPX742 variants of reduced length will be tested
for their effects on mast cell activation and hypersensitivity using methods described
herein and/or other methods generally known in the art. Exemplary sequences of such
MDD peptide variants are set forth in SEQ ID NOs: 321-374.

It is also envisaged that competitor peptides corresponding to the full PHLDA1 PH
domain (SEQ ID NO: 10) and other specific regions of the PHLDAI PH domain will be
capable of modulating mast cell activation and thereby influence hypersensitivity
reactions. A series of overlapping 20-mer peptides (SEQ 1D NOs 14, 15 and 185-225) and
12-mer peptides (SEQ ID NOs: 375-488) will be tested using methods similar to those
described in Example 6 above and/or other additional methods generally known in the art.
Variants of those peptides with single/multiple alanine substitutions along the chain will
also be tested.
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Exemplary peptide sequences (and variants thereof) corresponding to the PHLDAL1
PH domain that will be synthesised and tested for their effect on mast cell activation/
hypersensitivity are set forth in SEQ ID NOs:274-488. |

Example 10: Compositions
(i) Injectable Parenteral Composition

A pharmaceutical composition of this invention in a form suitable for
administration by injection may be prepared by mixing 0.005mg to 5g of one more
suitable agents or compounds of the invention in 10% by volume propylene glycol and

water.

(ii) Composition for oral administration

A composition of one more suitable agents or compounds of this invention of the
.invention in the form of a capsule may be prepaied by filling a standard two-piece hard
gelatin capsule with 0.005mg to 5g of the agent or compound, in powdered form, 100 mg

of lactose, 35 mg of talc and 10 mg of magnesium stearate.

(iii) Composition for Inhalation Administration

For an aerosol container with a capacity of 20-30 mlL.: a mixture of 0.005mg to 5g
of one more suitable agents or compounds of the invention, 0.5-0.8% by weight of a
lubricating agent, such as polysorbate 85 or oleic acid, is dispersed in a propellant, such
as freon, and put into an appropriate aerosol container for either intranasal or oral

inhalation administration.
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CLAIMS:

1.A polypeptide for moduiating mast cell activation, said polypeptide comprising a NEDD 9
Src homology 3 (SH3) domain sequence between 8§ and 20 amino acid residues in length, or a variant
of said NEDD 9 Sre homology 3 (SH3) domain sequence, wherein:

() the variant NEDD 9 Src homology 3 (SH3) domain sequence consists of any one of
SEQ ID NOs: 16-17, 20-121, or 145-184; or,

(ii} the polypeptide consists of a sequence defined in any one of SEQ ID NOs: 8, 14-15,
18-19, 122-144, or 185-273.

2.The polypeptide according to claim 1, wherein the variant NEDD 9 Sre homology 3 (SH3)
domain sequence consists of an amino acid set forth in SEQ 1D NO: 16 or SEQ ID NO: 17,

3.The polypeptide according to claim 1, wherein the polypeptide consists of an amino acid set
forth in any one of SEQ ID NO: §, SEQ [D NO: 14 or SEQ ID NO: 15,

4.The polypeptide according to claim 1 or claim 3, wherein the polypeptide consists of an amino

acid set forth in SEQ 1D NO: 8.
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5. Use of a polypeptide comprising:

(1) a NEDD 9 Src homology 2 (SH2) domam,

(ii) a NEDD9 Src homology 3 (SH3) domain, or

(iii) a PHLDAT pleckstrin homology (PH) domain,

in the manufacture of a medicament for inhibiting or preﬁenting mast cell
activation in a subject.

6. Use of a polypeptide comprising:

(1) a NEDD 9 Src homology 2 (SH2) domain,

(i1) a NEDD9 Src homology 3 (SH3) domain, or

{i11) a PHLDAT1 pleckstrin homology (PH) domain,

in the manufacture of a medicament for treating or preventing a hypersensitivity
disease or disorder arising from mast cell activation in a subject.

7. The use according to claim 6, wherein the hypersensitivity disease or
disorder arising from mast cell activation comprises an inflammatory reaction.

g The use according to claim 6 ot claim 7, wherein the hypersensitivity
disease or disorder arising from mast cell activation is selected from the group

consisting of
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anaphylaxis, drug reactions, skin allerey, eczema, allergic rhinitis, urticaria, atopic
dermatitis, allergic contact allergy, food allergy, allergic conjunctivitis, insect venom
allergy and respiratory diseases and disorders.

9. The use according to claim 8, wherein the respiratory disease or
disorder is selected from the group consisting of asthma, allergic asthma, intrinsic
asthma, occupational asthma, acute respiratory distress syndrome {ARDS) and
chronic obstructive pulmonary disease (COPD).

10, Use of a polypeptide comprising:

(1) a NEDD 9 Src homology 2 (SH2) domain,

(i1) a NEDD9 Src homology 3 (SH3) domain, or

(111) a PHLDA1 pleckstrin homology (PH) domain,

in the manufacture of a medicament for treating or preventing an allergic
disease or condition in a subject.

1. The use according to claim 10, wherein the allergic disease or
condition is selected from the group consisting of anaphylaxis, allergic drug reactions,
skin allergy, eczema, allergic rhinitis, urticaria, atopic dermatitis, contact allergy,
food allergy, allergic conjunctivitis, insect venom allergy and allergic respiratory
diseases or disorders.

12. The use according to claim 11, wherein the allergic respiratory disease
or disorder is allergic asthma.

I3. The use according to any one of claims 5 to 12, wherein said
polypeptide comprises an amino acid set forth in SEQ ID NO: 7.

14. The use according to any one of claims 5 to 12, wherein said
polypeptide comprises an amino acid set forth in any one of SEQ ID NOs: 14-15, 18-
19, 122-144, or 185-273.

15. The use according to any one of claims 5 to 12, wherein said
polypeptide comprises an amino acid set forth in any one of SEQ ID NOs: 16-17, 20-
121, or 145-184.

16. The use according to any one of claims 3 to 12, wherein said
polypeptide consists of an amino acid set forth in SEQ ID NO: 8.

i7. The use according to any one of claims 5 to 12, wherein said
polypeptide comprises an amino acid set forth in SEQ ID NO: 10.

18. The use according to any one of claims 5 to 12, wherein said

polypeptide comprises an amino acid set forth in any one of SEQ ID NOs: 5320-488.
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19. The use according to any one of claims 5 to 12, wherein said

polypeptide comprises an amino acid set forth in any one of SEQ ID NOs; 274-319.

20. The use according to any one of claims 5 to 12, wherein said
polypeptide consists of an amino acid set forth in SEQ ID NO: 11 or SEQ ID NO: 12.
21. The use according to any one of claims 5 to 12, wherein said

polypeptide is the polypeptide of any one of claims 1 to 4.
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22. A method of identifying an agent that modulates the activity ol a mast
cell comprising:
contacting a candidate agent with a polypeptide comprising at least one of
{1 a NEDD9 Src homology 2 (SH2) domain,
{ii) a NEDD9 Src homology 3 (SH3) domain, or
(iii) a PHLDA! pleckstrin homology (PH) domain,
under conditions suitable to permit binding of the candidate agent with the
polypeptide; and
assaying the activity of the mast cell in the presence of said polypeptide bound
to said candidate agent.
23. The method according to claim 22, wherein assaying the activity of the
mast cell comprises measuring the level of mast cell activation.
24, The method according to claim 22 or claim 23, wherein the candidate
agent is an agonist of mast cell activity.
25. The method according to claim 22 or claim 23, wherein the candidate

agent is an antagonist of mast cell activity.



