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DNA SEQUENCES FOR HUMAN ANGIQOGENESIS GENES
Technical Field

The present invention relates to novel nucleic acid
sequences (“angiogenic genes”) involved in the process of
angiogenesis. Each of the angiogenic genes encode a
polypeptide that has a role in angiogenesis. In view of
the realisation that these genes play a role in
angiogenesis, the invention is also concerned with the
therapy of pathologies associated with angiogenesis, the
screening of drugs for pro- or anti-angiogenic activity,
the diagnosis and prognosis of pathologies associated with
angiogenesis, and in some cases the use of the nucleic
acid sequences to identify and obtain full-length

angiogenesis-related genes.

Background Art

The formation of new blood vessels from pre-existing
vessels, a process termed angiogenesis, is essential for
normal growth. Important angiogenic processes include
those taking place in embryogenesis, renewal of the
endometrium, formation and growth of the corpus luteum of
pregnancy, wound healing and in the restoration of tissue
structure and function after injury.

The formation bof new capillaries requires a co-
ordinated series of events mediated through the expression
of multiple genes which may have either pro- or anti-
angiogenic activities. The process begins with an
angiogenic stimulus to existing <vasculature, usually
mediated by growth factors such as vascular endothelial
growth factor or basic fibroblast growth factor. This is
followed by degradation of the extracellular matrix, cell
adhesion changes (and disruption), an increase in cell
permeability, proliferation of endothelial cells (ECs) and
migration of ECs towards the site of blood vessel
formation. Subsequent processes include capillary tube or
lumen formation, stabilisation and differentiation by the

migrating ECs.

SUBSTITUTE SHEET (RULE 26)
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In the {normal) healthy adult, angiogenesis is
virtually arrested and occurs only when needed. However, a
number of patheological situations are characterised by
enhanced, uncontrolled angiogenesis. These conditions
include cancer, rheumatoid arthritis, diabetic
retinopathy, psoriasis and cardiovascular diseases such as
atherosclerosis. In other pathologies such as ischaemic
limb disease or in coronary artery disease, growing new
vessels through the promotion of an expanding vasculature
would be of benefit.

A number of in vitro assays have been established
which are thought to mimic angiogenesis and these have
provided important tools to examine the mechanisms by
which the angiogenic process takes place and the genes
most likely to be involved.

Lumen formation is a key step in angiogenesis. The
presence of vacucles within ECs undergoing angiogenesis
have been reported and their involvement in lumen
formation has been postulated (Folkman and Haudenschild,
1980; Gamble et al., 1993). The general mechanism of lumen
formation suggested by Folkman and Haudenschild (1980),
has been that vacuoles form within the c¢ytoplasm of a
number of aligned ECs which are later converted to a tube.
The union of adjacent tubes results in the formation of a
continuous unicellular capillary lumen. However, little is
known about the changes in cell morphology leading to
lumen formation or the signals required for ECs to
construct this feature.

An in vitro model of angiogenesis has been created
from human umbilical vein ECs plated onto a 3 dimensional
collagen matrix (Gamble et al., 1993). In the presence of
phorbol myristate acetate (PMA) these cells form capillary
tubes within 24 hours. With the addition of anti-integrin
antibodies, the wusually unicellular tubes (thought to
reflect an immature, poorly differentiated phenotype) are
converted to form a multicellular lumen through the

inhibition of cell-matrix interactions and promotion of
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cell-cell interactions. This model has subsequently
allowed the investigation of the morphological events
which occur in lumen formation.

For the treatment of diseases associated with
angiogenesis, understanding the molecular genetic
mechanisms of the process is of paramount importance. The
use of the in vitro model described above (Gamble et al.,
1993), a model that reflects the critical events that
occur during angiogenesis in vivo in a time dependant and
broadly synchronous manner, has provided a tool for the
identification of the key genes involved.

A number of genes have been identified from this
model to be differentially expressed during the
angiogenesis process. Functional analysis of a subset of
these angiogenic genes and their effect on endothelial
cell function and proliferation is described in detail
below.

The isolation of these angiogenic genes has provided
novel targets for the treatment of angiogenesis-related

disorders.

Disclosure of the Invention

The present invention provides isolated nucleic acid
molecules, which have been shown to be regulated in their
expression during angiogenesis (see Tables 1 and 2).

In a first aspect of the present invention there is
provided an isolated nucleic acid molecule as defined by
SEQ ID Numbers: 1 to 20 and laid out in Table 1.

Following the realisation that these molecules, and
those listed in Table 2, are regulated in their expression
during angiogenesis, the invention provides isolated
nucleic acid molecules as defined by SEQ ID Numbers: 1 to
114, and laid out in Tables 1 and 2, or fragments thereof,
that play a role in an angiogenic process. Such a process
may include, but is not restricted to, embryogenesis,
menstrual cycle, wound repair, tumour angiogenesis and

exercise induced muscle hypertrophy.

JP 2005-505274 A 2005.2.24
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In addition, the present invention provides isolated
nucleic acid molecules as defined by SEQ ID Numbers: 1 to
114, and laid out in Tables 1 and 2 (hereinafter referred
to as T“angiogenic genes”, “angiogenic nucleic acid
molecules” or “angiogenic polypeptides” for the sake of
convenience), or fragments thereof, that play a role in
diseases associated with the angiogenic process. Diseases
may include, but are not restricted to, cancer, rheumatoid
arthritis, diabetic retinopathy, psoriasis, cardiovascular
diseases such as atherosclerosis, ischaemic limb disease
and coronary artery disease.

The invention also encompasses an isolated nucleic
acid molecule that is at least 70% identical to any one of
the angiogenic genes of the invention and which plays a
role in the angiogenic process.

Such wvariants will have preferably at least about
85%, and most preferably at least about 95% sequence
identity to the angiogenic genes. Any one of the
polynucleotide wvariants described above can encode an
amino acid sequence, which contains at least one
functional or structural characteristic of the relevant
angiogenic gene of the invention.

Sequence identity is typically calculated using the
BLAST algorithm, described in Altschul et al (1997) with
the BLOSUM62 default matrix.

The invention also encompasses an isolated nucleic
acid molecule which hybridises under stringent conditions
with any one of the angiogenic genes of the invention and
which plays a role in an angiogenic process.

Hybridisation with PCR probes which are capable of
detecting polynucleotide sequences, including genomic
sequences, may be used to identify nucleic acid sequences
which encode the relevant angiogenic gene. The specificity
of the probe, whether it is made from a highly specific
region, e.dg., the 5' regulatory region, or from a less
specific region, e.g., a conserved motif, and the

stringency of the hybridisation or amplification will

JP 2005-505274 A 2005.2.24
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determine whether the probe identifies only mnaturally
occurring sequences encoding the angiogenic gene, allelic
variants, or related sequences.

Probes may also be used for the detection of related
sequences, and should preferably have at least 50%
sequence identity to any of the angiogenic gene encoding
sequences of the invention. The hybridisation probes of
the subject invention may be DNA or RNA and may be derived
from any one of the angiogenic gene seguences or from
genomic sequences including promoters, enhancers, and
introns of the angiogenic genes.

Means for producing specific hybridisation probes for
DNAs encoding any one of the angiogenic genes include the
cloning of polynucleotide sequences encoding the relevant
angiogenic gene or its derivatives into vectors for the
production of mRNA probes. Such vectors are known in the
art, and are commercially available. Hybridisation probes
may be labelled by radionuclides such as *?P or %°s, or by
enzymatic labels, such as alkaline phosphatase coupled to
the probe via avidin/biotin coupling systems, or other
methods known in the art.

Under stringent conditions, ‘hybridisation with ?3°p
labelled probes will most preferably occur at 42°C in 750
mM NaCl, 75 mM trisodium citrate, 2% SDS, 50% formamide,
1X Denhart’s, 10% (w/v) dextran sulphate and 100 pg/ml
denatured salmon sperm DNA. Useful variations on these
conditions will be readily apparent to those skilled in
the art. The washing steps which follow hybridisation most
preferably occur at 65°C in 15 mM NaCl, 1.5 mM trisodium
citrate, and 1% SDS. Additional variations on these
conditions will be readily apparent to those skilled in
the art.

The nucleotide sequences of the present invention can
be engineered using methods accepted in the art so as to
alter angiogenic gene-encoding sequences for a variety of
purposes. These include, but are not 1limited to,

modification of the cloning, processing, and/or expression

JP 2005-505274 A 2005.2.24
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of the gene product. PCR reassembly of gene fragments and
the use of synthetic oligonucleotides allow the
engineering of angiogenic gene nucleotide sequences. For
example, oligonucleotide-mediated site-directed
mutagenesis can introduce mutations that create new
restriction sites, alter glycosylation patterns and
produce splice variants etc.

As a result of the degeneracy of the genetic code, a
number of polynucleotide sequences encoding the angiogenic
genes of the invention, some that may have minimal
similarity to the polynucleotide sequences of any known
and naturally occurring gene, may be produced. Thus, the
invention includes each and every possible variation of
polynucleotide sequence that could be made by selecting
combinations based on possible codon choices. These
combinations are made in accordance with the standard
triplet genetic code as applied to the polynucleotide
sequence of the naturally occurring angiogenic gene, and
all such variations are to be considered as being
specifically disclosed.

The polynucleotides of this invention include RNA,
cDNA, gencmic DNA, synthetic forms, and mixed polymers,
both sense and antisense strands, and may be chemically or
biochemically modified, as will be appreciated by those
skilled in the art. Such modifications include 1labels,
methylation, intercalators, alkylators and modified
linkages. In some instances it may be advantageous to
produce nucleotide sequences encoding an angiogenic gene
or its derivatives possessing a substantially different
codon usage than that of the naturally occurring gene. For
example, codons may be selected to increase the rate of
expression of the peptide in a particular prokaryotic or
eukaryotic host corresponding with the frequency that
particular codons are utilized by the host. Other reascns
to alter the nucleotide sequence encoding an angiogenic
gene or its derivatives without altering the encoded amino

acid sequence include the production of RNA transcripts

JP 2005-505274 A 2005.2.24
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having more desirable properties, such as a greater half-
life, than transcripts produced from the naturally
occurring sequence.

The invention also encompasses production of the
nucleic acid molecules of the invention, entirely by
synthetic chemistry. Synthetic sequences may be inserted
into expression vectors and cell systems that contain the
necessary elements for transcriptional and translational
control of the inserted coding sequence in a suitable
host. These elements may include regulatory seguences,
promoters, 5’ and 3’ untranslated regions and specific
initiation signals (such as an ATG initiation codon and
Kozak consensus sequence) which allow more efficient
translation of sequences encoding the angiogenic genes. In
cases where the complete coding sequence including its
initiation codon and upstream regulatory sequences are
inserted into the appropriate expression vector,
additional control signals may not be needed. However, in
cases where only coding sequence, or a fragment thereof,
is inserted, exogenous translational control signals as
described above should be provided by the vector. Such
signals may be of various origins, both mnatural and
synthetic. The efficiency of expression may be enhanced by
the inclusion of enhancers appropriate for the particular
host cell system used {(Scharf et al., 1894).

Nucleic acid molecules that are complements of the
sequences described herein may also be prepared.

The present invention allows for the preparation of
purified polypeptides or proteins. In order to do this,
host cells may be transfected with a nucleic acid molecule
as described above. Typically, said host cells are
transfected with an expression vector comprising a nucleic
acid molecule according to the invention. A variety of
expression vector/host systems may be utilized to contain
and express the sequences. These include, but are not
limited to, microorganisms such as bacteria transformed

with plasmid or cosmid DNA expression vectors; yeast

JP 2005-505274 A 2005.2.24
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transformed with yeast expression vectors; insect cell
systems infected with viral expression vectors (e.g.,
baculovirus); or mouse or other animal or human tissue
cell systems. Mammalian cells can also be used to express
a protein that is encoded by a specific angiogenic gene of
the invention using various expression vectors including
plasmid, cosmid and viral systems such as a vaccinia virus
expression system. The invention is not limited by the
host cell employed.

The polynucleotide sequences, or variants thereof, of
the present invention can be stably expressed in cell
lines to allow 1long term production of recombinant
proteins in mammalian systems. Sequences encoding any one
of the angiogenic genes of the invention can be
transformed into cell lines using expression vectors which
may contain viral origins of replication and/or endogenous
expression elements and a selectable marker gene on the
same or on a separate vector. The selectable marker
confers resistance to a selective agent, and its presence
allows growth and recovery of cells which successfully
express the introduced sequences. Resistant clones of
stably transformed cells may be propagated using tissue
culture techniques appropriate to the cell type.

The protein produced by a transformed cell may be
secreted or retained intracellularly depending on the
sequence and/or the vector used. As will be understocod by
those of skill in the art, expression vectors containing
polynucleotides which encode a protein may be designed to
contain signal sequences which direct sgecretion of the
protein through a prokaryotic or eukaryotic cell membrane.

In addition, a host cell strain may be chosen for its
ability to modulate expression of the inserted sequences
or to process the expressed protein in the desired
fashion. Such modifications of the polypeptide include,
but are not limited to, acetylation, glycosylation,
phosgphorylation, and acylation. Post-translational

cleavage of a "preprxo" form of the protein may alse be
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used to specify protein targeting, folding, and/or
activity. Different host cells having specific cellular
machinery and characteristic mechanisms for post-
translational activities (e.g., CHO or HelLa cells), are
available from the American Type Culture Collection (ATCC)
and may be chosen to ensure the correct modification and
processing of the foreign protein.

When large quantities of protein are needed such as
for antibody production, vectors which direct high levels
of expression may be used such as those containing the T5
or T7 inducible bacteriophage promoter. The present
invention also includes the use of the expression systems
described above in generating and isolating fusion
proteins which contain important functional domains of the
protein. These fusion proteins are wused for binding,
structural and functional studies as well as for the
generation of appropriate antibodies.

In order to express and purify the protein as a
fusion protein, the appropriate polynucleotide sequences
of the present invention are inserted into a vector which
contains a nucleotide sequence encoding another peptide
(for example, glutathionine succinyl transferase). The
fusion protein is expressed and recovered from prokaryotic
or eukaryotic cells. The fusion protein can then be
purified by affinity chromatography based upon the fusion
vector sequence and the relevant protein can subsequently
be obtained by enzymatic cleavage of the fusion protein.

Fragments of polypeptides of the present invention
may also be produced by direct peptide synthesis using
solid-phase techniques. Automated synthesis may be
achieved by using the ABI 4312 Peptide Synthesizer
(Perkin-Elmer). Various fragments of polypeptide may be
synthesized separately and then combined to produce the
full length molecule.

In instances where the isolated nucleic acid
molecules of the invention represent only partial gene

sequence, these partial sequences can be used to obtain
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the corresponding sequence of the full-length angiogenic
gene. Therefore, the present invention further provides
the use of a partial nucleic acid molecule of the
invention comprising a nucleotide sequence defined by any
one of SEQ ID Numbers: 70, 72 to 73, 78, 83 to 87, 89, 160
or 174 to identify and/or obtain full-length human genes
involved in the angiogenic process. Full-length angiogenic
genes may be cloned using the partial nucleotide sequences
of the invention by methods known per se to those skilled
in the art. For example, in silico analysis of sequence
databases such as those hosted at the National Centre for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/)
can be searched in order to obtain overlapping nucleotide
sequence. This provides a “walking” strategy towards
obtaining the full-length gene sequence. Appropriate
databases to search at this site include the expressed
sequence tag (EST) database (database of GenBank, EMBL and
DDBJ sequences from their EST divisions) or the non
redundant (nr) database (contains all GenBank, EMBL, DDBJ
and PDB sequences but does not include EST, STS, GSS, or
phase 0, 1 or 2 HTGS sequences). Typically searches are
performed using the BLAST algorithm described in Altschul
et al (1997) with the BLOSUM62 default matrix. In
instances where in silico “walking” approaches fail to
retrieve the complete gene sequence, additional strategies
may be employed. These include the use of “restriction-
site PCR” will allows the retrieval of unknown sequence
adjacent to a portion of DNA whose sequence is known. In
this technique universal primers are used to retrieve
unknown sequence. Inverse PCR may also be used, in which
primers based on the known sequence are designed to
amplify adjacent unknown sequences. These upstream
sequences may include promoters and regulatory elements.
In addition, various other PCR-based technigques may be
used, for example a kit available from Clontech (Palo
Alto, California) allows for a walking PCR technique, the
S’RACE kit (Gibco-BRL) allows isclation of additional 5’
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gene sequence, while additional 3’ sequence can be
obtained using practised techniques (for eg see Gecz et
al., 1997).

In a further aspect of the present invention there is
provided an isolated polypeptide as defined by SEQ ID
Numbers: 115 to 125 and laid out in Table 1.

The present invention also provides isolated
polypeptides, which have been shown to be regulated in
their expression during angiogenesis (see Tables 1 and 2).

More specifically, following the realisation that
these polypeptides are regulated in their expression
during angiogenesis, the invention provides isolated
polypeptides as defined by SEQ ID Numbers: 115 to 216, and
laid out in Tables 1 and 2, or fragments thereof, that
play a role in an angiogenic process. Such a process may
include, but is not restricted to, embryogenesis,
menstrual cycle, wound repair, tumour angiogenesis and
exercise induced muscle hypertrophy.

In addition, the present invention provides isolated
polypeptides as defined by SEQ ID Numbers: 115 to 216, and
laid out in Tables 1 and 2, or fragments thereof, that
play a role in diseases associated with the angiogenic
process. Diseases may include, but are not restricted to,
cancer, rheumatoid arthritis, diabetic retinopathy,
psoriasis, cardiovascular diseases such as
atherosclerosis, ischaemic limb disease and coronary
artery disease.

The invention also encompasses an isoclated
polypeptide having at least 70%, preferably 85%, and more
preferably 95%, identity to any one of SEQ ID Numbers: 115
to 216, and which plays a role in an angiogenic process.

Sequence identity is typically calculated using the
BLAST algorithm, described in Altschul et al (1997) with
the BLOSUM62 default matrix.

In a further aspect of the invention there is
provided a method of preparing a polypeptide as described
above, comprising the steps of:
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(1) culturing the host cells under conditions
effective for production of the polypeptide; and

(2) harvesting the polypeptide.

According to still another aspect of the invention
there is provided a polypeptide which is the product of
the process described above.

Substantially purified protein or fragments thexeof
can then be used in further biochemical analyses to
establish secondary and tertiary structure for example by
x-ray crystallography of the ©protein or by nuclear
magnetic resonance (NMR) . Determination of structure
allows for the rational design of pharmaceuticals to
interact with the protein, alter protein charge
configuration or charge interaction with other proteins,
or to alter its function in the cell.

The invention has provided a number of genes likely
to be involved in angiogenesis. As angiogenesis is
critical in a number of pathological processes, the
invention therefore enables therapeutic methods for the
treatment of all angiogenesis-related disorders, and may
enable the diagnosis oxr prognosis of all angiogenesis-
related disorders associated with abnormalities in
expression and/or function of any one of the angiogenic
genes.

Examples of such disorders include, but are not
limited to, cancer, rheumatoid arthritis, diabetic
retinopathy, psoriasis, cardiovascular dJdiseases such as
atherosclerosis, ischaemic limb disease and coronary
artery disease.

According to another aspect of the present invention
there is provided a method of treating an angiogenesis-
related disordexr as described above, comprising
administering a selective agonist or antagonist of an
angiogenic gene or protein of the invention to a subject
in need of such treatment.

still further there is provided the use of a

selective agonist or antagonist of an angiogenic gene or
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protein of the invention for the treatment of an
angiogenesis-related disorder as described above.

For the treatment of angiogenesis-related disorders
which result in uncontrolled or enhanced angiogenesis,
including but not limited to, cancer, rheumatoid
arthritis, diabetic retinopathy, psoriasis and
cardiovascular diseases such as atherosclerosgis, therapies
which inhibit the expanding vasculature are desirable.
This would involve inhibition of any one of the angiogenic
genes or proteins that are able to promote angiogenesis,
or enhancement, stimulation or re-activation of any one of
the angiogenic genes or proteins that are able to inhibit
angiogenesis.

For the treatment of angiogenesis-related disorders
which are characterised by inhibited or decreased
angiogenesis, including but not limited to, ischaemic 1limb
disease and coronary artery disease, therapies which
enhance or promote vascular expansion are desirable. This
would involve inhibition of any one of the angiogenic
genes or proteins that are able to restrict angiogenesis
or enhancement, stimulation or re-activation of any one of
the angiogenic genes or proteins that are able to promote
angiogenesis.

For instance, antisense expression of BNO69 and BNO96
has been shown to inhibit endothelial cell growth and
proliferation. Therefore, in the treatment of disorders
where angiogenesis needs to be restricted, it would be
desirable to inhibit the function of these genes.
Alternatively, in the treatment of disorders where
angiogenesis needs to be stimulated it may be desirable to
enhance the function of these genes.

For each of these cases, the relevant therapy will be
useful in treating angiogenesis-related disorders
regardless of whether there is a lesion in the angiogenic

gene.
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Inhibiting gene or protein function

Inhibiting the function of a gene or protein can be
achieved in a variety of ways. Antisense nucleic acid
methodologies represent one approach to inactivate genes
whose altered expression is causative of a disorder. In
one aspect of the invention an isolated nucleic acid
molecule, which is the complement of any one of the
relevant angiogenic nucleic acid molecules described above
and which encodes an RNA molecule that hybridises with the
mRNA encoded by the relevant angiogenic gene of the
invention, may be administered to a subject in need of
such treatment. Typically, a complement to any relevant
one of the angiogenic genes is administered to a subject
to treat or prevent an angiogenesis-related disorder.

In a further aspect of the invention there is
provided the use of an isolated nucleic acid molecule
which is the complement of any one of the relevant nucleic
acid molecules of the invention and which encodes an RNA
molecule that hybridises with the mRNA encoded by the
relevant angiogenic gene of the invention, in the
manufacture of a medicament for the treatment of an
angiogenesis-related disorder.

Typically, a vector expressing the complement of a
polynucleotide encoding any one of the relevant angiogenic
genes may be administered to a subject to treat or prevent
an angiogenesis-related disorder including, but not
limited to, those described above. Many methods for
introducing vectors intoc cells or tissues are available
and equally suitable for use in vivo, in vitro, and ex
vivo. For ex vivo therapy, vectors may be introduced into
stem cells taken from the patient and clonally propagated
for autologous transplant back into that same patient.
Delivery by transfection, by liposome injections, or by
polycationic amino polymers may be achieved using methods
which are well known in the art. (For example, see Goldman
et al., 1%897).
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Additional antisense or gene-targeted silencing
strategies may include, but are not limited to, the use of
antisense oligonucleotides, injection of antisense RNA,
transfection of antisense RNA expression vectors, and the
use of RNA interference (RNAi) or short interfering RNAs
(siRNA). Still further, catalytic mnucleic acid molecules
such as DNAzymes and ribozymes may be used for gene
silencing (Breaker and Joyce, 1994; Haseloff and Gerlach,
1988). These molecules function by cleaving their target
MRNA molecule rather than merely binding to it as in
traditional antisense approaches.

In a further aspect purified protein according to the
invention may be wused to produce antibodies which
specifically bind any relevant angiogenic protein of the
invention. These antibodies may be used directly as an
antagonist or indirectly as a targeting or delivery
mechanism for bringing a pharmaceutical agent to cells or
tissues that express the relevant angiogenic protein. Such
antibodies may include, but are not limited to,
polyclonal, monoclonal, chimeric and single chain
antibodies as would be understood by the person skilled in
the art.

For the production of antibodies, <various hosts
including rabbits, rats, goats, mice, humans, and others
may be immunized@ by injection with a protein of the
invention or with any fragment or oligopeptide thereof,
which has immunogenic properties. Various adjuvants may be
used to increase immunological response and include, but
are not limited to, Freund’s, mineral gels such as
aluminum hydroxide, and surface-active substances such as
lysolecithin. Adjuvants wused in humans include BCG
(bacilli Calmette-Guerin) and Corynebacterium parvum.

It is preferred that the oligopeptides, peptides, or
fragments used to induce antibodies to the relevant
angiogenic protein have an amino acid sequence consisting
of at least about 5 amino acids, and, more preferably, of

at least about 10 amino acids. It is also preferable that

JP 2005-505274 A 2005.2.24



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(64)

WO 03/027285 PCT/AU02/01282

10

15

20

25

30

35

- 16 -

these oligopeptides, peptides, or fragments are identical
to a portion of the amino acid sequence of the natural
protein and contain the entire amino acid sequence of a
small, naturally occurring molecule. Short stretches of
amino acids from these proteins may be fused with those of
another protein, such asg KLH, and antibodies to the
chimeric molecule may be produced.

Monoclonal antibodies to any relevant angiogenic
protein may be prepared using any technique which provides
for the production of antibody molecules by continuous
cell lines in culture. These include, but are not limited
to, the hybridoma technique, the human B-cell hybridoma
technique, and the EBV-hybridoma technigque. (For example,
see Kohler et al., 1975; Kozbor et al., 1985; Cote et al.,
1983; Cole et al., 1984).

Monoclonal antibodies produced may include, but are
not limited to, mouse-derived antibodies, humanised
antibodies and fully human antibodies.

Antibodies may also be produced by inducing in vivo
production in the Ilymphocyte population or by screening
immunoglobulin 1libraries or panels of highly specific
binding reagents as disclosed in the literature. (For
example, see Orlandi et al., 1989; Winter et al., 1991).

Antibody fragments which contain specific binding
sites for any relevant angiogenic protein may also be
generated. For example, such fragments include, F(ab’)2
fragments produced by pepsin digestion of the antibody
molecule and Fab fragments generated by reducing the
disulfide bridges of the F(ab’)2 fragments. Alternatively,
Fab expression libraries may be constructed to allow rapid
and easy identification of monoclonal Fab fragments with
the desired specificity. (For example, see Huse et al.,
1989).

Various immuncassays may be used for screening to
identify antibodies having the desired specificity.
Numerous protocols for competitive binding or

immunoradiometric assays using either polyclonal or
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monoclonal antibodies with established specificities are
well known in the art. Such immuncassays typically involve
the measurement of complex formation between a protein and
its specific antibody. A two-site, monoclonal-based
immunoassay utilizing monoclonal antibodies reactive to
two non-interfering epitopes is preferred, but a
competitive binding assay may also be employed.

In a further aspect, antagonists may include
peptides, phosphopeptides or small organic or inorganic
compounds. These antagonists should disrupt the function
of any relevant angiogenic gene of the invention so as to
provide the necessary therapeutic effect.

Peptides, phosphopeptides or small organic or
inorganic compounds suitable for therapeutic applications
may be identified using nucleic acids and polypeptides of
the invention in drug screening applications as described

below.

Enhancing gene or protein function

Enhancing, stimulating or re-activating a gene’s or
protein’s function can be achieved in a variety of ways.
In one aspect of the invention administration of an
isolated nucleic acid molecule, as described above, to a
subject in need of such treatment may be initiated.
Typically, any relevant angiogenic gene of the invention
can be administered to a subject to treat or prevent an
angiogenesis-related disorder.

In a further aspect, there is provided the use of an
isolated nucleic acid molecule, as described above, in the
manufacture of a medicament for the treatment of an
angiogenesis-related disorder.

Typically, a vector <capable of expressing any
relevant angiogenic gene, or a fragment or derivative
thereof, may be administered to a subject to treat or
prevent a disorder including, but not 1limited to, those
described above. Transducing retroviral vectors are often

used for somatic cell gene therapy because of their high
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efficiency of infection and stable integration and
expression. Any relevant full-length gene, or portions
thereof, c¢an be cloned into a retroviral vector and
expression may be driven from its endogenous promoter or
from the retroviral 1long terminal repeat or from a
promoter specific for the target cell type of interest.
Other viral vectors can be used and include, as is known
in the art, adenoviruses, adeno-associated viruses,
vaccinia viruses, papovaviruses, lentiviruses and
retroviruses of avian, murine and human origin.

Gene therapy would be carried out according to
established methods (Friedman, 1991; Culver, 1996). A
vector containing a copy of any relevant angiogenic gene
linked to expression control elements and capable of
replicating inside the cells is prepared. Alternatively
the vector may be replication deficient and may require
helper cells for replication and use in gene therapy.

Gene transfer using non-viral methods of infection in
vitro can also be used. These methods include direct
injection of DNA, uptake of naked DNA in the presence of
calcium phosphate, electroporation, protoplast fusion or
liposome delivery. Gene transfer can also be achieved by
delivery as a part of a human artificial chromosome or
receptor-mediated gene transfer. This involves linking the
DNA to a targeting molecule that will bind to specific
cell-surface receptors to induce endocytosis and transfer
of the DNA into mammalian cells. One such technique uses
poly-L-lysine to 1link asialoglycoprotein to DNA. An
adenovirus is also added to the complex to disrupt the
lysosomes and thus allow the DNA to aveid degradation and
move to the nucleus. Infusion of these particles
intravenously has resulted in gene transfer into
hepatocytes.

Although not identified to date, it is possible that
certain individuals with angiogenesis-related disorders
contain an abnormality in any one of the angiogenic genes

of the invention. Therefore, in affected subjects that
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have decreased expression or activity of an angiogenic
gene, a mechanism of down-regulation may be due to
abnormal methylation of promoter regions of those
angiogenic genes which contain CpG islands. Therefore in
an alternative approach to therapy, administration of
agents that remove abnormal promoter methylation may
reactivate gene expression and restore normal function to
the affected cell,

In affected subjects that express a mutated form of
any one of the angiogenic genes of the invention it may be
possible tc prevent the disorder by introducing intoc the
affected cells a wild-type copy of the gene such that it
recombines with the mutant gene. This regquires a double
recombination event for the correction of the gene
mutation. Vectors for the introduction of genes in these
ways are known in the art, and any suitable vector may be
used. Alternatively, introducing another copy of the gene
bearing a second mutation in that gene may be employed so
as to negate the original gene mutation and block any
negative effect.

In a still further aspect, there is provided a method
of treating an angiogenesis-related disorder comprising
administering a polypeptide, as described above, or an
agonist thereof, to a subject in need of such treatment.

In another aspect the invention provides the use of a
polypeptide as described above, or an agonist thereof, in
the manufacture of a medicament for the treatment of an
angiogenesis-related disorder. Examples of such disorders
are described above.

In a further aspect, a suitable agonist may also
include peptides, phosphopeptides or small organic or
inorganic compounds that can mimic the function of any
relevant angiogenic gene, or may include an antibody to
any relevant angiogenic gene that is able to restore
function to a normal level.

Peptides, phosphopeptides or small organic or
inorganic compounds suitable for therapeutic applications
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may be identified using nucleic acids and polypeptides of
the invention in drug screening applications as described
below.

In further embodiments, any of the agonists,
antagonists, complementary sequences, nucleic acid
molecules, proteins, antibodies, or vectors of the
invention may be administered in combination with other
appropriate therapeutic agents. Selectieon of the
appropriate agents may be made by those skilled in the
art, according to conventional pharmaceutical principles.
The combination of therapeutic agents may act
synergistically to effect the treatment or prevention of
the various disorders described above. Using thig
approach, therapeutic efficacy with lower dosages of each
agent may be possible, thus reducing the potential for
adverse side effects.

Any of the therapeutic methods described above may be
applied to any subject in need of such therapy, including,
for example, mammals such as dogs, cats, cows, horses,

rabbits, monkeys, and most preferably, humans.

Drug screening

According to still another aspect of the invention,
nucleic "acid molecules of the invention as well as
peptides of the invention, particularly any relevant
purified angiogenic polypeptides or fragments thereof, and
cells expressing these are useful for screening of
candidate pharmaceutical compounds in a variety of
techniques for the treatment of angiogenesis-related
disorders.

still further, it provides the use wherein high
throughput screening techniques are employed.

Compounds that can be screened in accordance with the
invention include, but are not limited to peptides (such
as soluble peptides), phosphopeptides and small organic or
inorganic molecules (such as natural product or synthetic

chemical libraries and peptidomimetics).
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In one embodiment, a screening assay may include a
cell-based assay utilising eukaryotic or prokaryotic host
cells that are stably transformed with recombinant nucleic
acid molecules expressing the relevant angiogenic
polypeptide or fragment, in competitive binding assays.
Binding assays will measure for the formation of complexes
between the relevant polypeptide or fragments thereof and
the compound being tested, or will measure the degree to
which a compound being tested will interfere with the
formation of a complex between the relevant polypeptide or
fragment thereof, and its interactor or ligand.

Non cell-based assays may also be used for
identifying compounds that interrupt binding between the
polypeptides of the invention and their interactors. Such
assays are known in the art and include for example
AlphaScreen technology (PerkinElmer Life Sciences, MAa,
USA). This application relies on the use of beads such
that each interaction partner is bound to a separate bead
via an antibody. Interaction of each partner will bring
the beads into proximity, such that laser excitation
initiates a number of chemical reactions ultimately
leading to fluorophores emitting a light signal. Candidate
compounds that disrupt the binding of the relevant
angiogenic polypeptide with its interactor will result in
no light emission enabling identification and isolation of
the responsible compound.

High-throughput drug screening techniques may also
employ methods as described in WO084/03564. Small peptide
test compounds synthesised on a solid substrate can be
assayed through relevant angiogenic polypeptide binding
and washing. The relevant bound angiogenic polypeptide is
then detected by methods well known in the art. In a
variation of this technique, purified angiogenic
polypeptides can be coated directly onto plates to
identify interacting test compounds.

An additional method for drug screening involves the

use of host eukaryotic cell lines which carry mutations in
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any relevant angiogenic gene of the invention. The host
cell lines are also defective at the polypeptide level.
Other cell lines may be used where the gene expression of
the relevant angiogenic gene can be regulated (i.e. over-
expressed, under-expressed, or switched off). The host
cell lines or cells are grown in the presence of various
drug compounds and the rate of growth of the host cells is
measured to determine if the compound is capable of
regulating the growth of defective cells.

The angiogenic polypeptides of the present invention
may also be used for screening compounds developed as a
result of combinatorial library technology. This provides
a way to test a large number of different substances for
their ability to modulate activity of a polypeptide. The
use of peptide libraries is preferred (see WO 97/02048)
with such libraries and their use known in the art.

A substance identified as a modulator of polypeptide
function may be peptide or non-peptide in nature. Non-
peptide "small molecules” are often preferred for many in
vivo pharmaceutical applications. In addition, a mimic or
mimetic of the substance may be designed for
pharmaceutical use. The design of mimetics based on a
known pharmaceutically active compound (“lead” compound}
is a common approach to the development of novel
pharmaceuticals. This is often desirable where the
original active compound is difficult or expensive to
synthesise or where it provides an unsuitable method of
administration. In the design of a mimetic, particular
parts of the original active compound that are important
in determining the target property are identified. These
parts or residues constituting the active region of the
compound are known as its pharmacophore. Once found, the
pharmacophore structure is modelled according to its
physical properties using data from a range of sources
including =x-ray diffraction data and NMR. A template
molecule is then selected onto which chemical groups which

mimic the pharmacophore can be added. The selection can be
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made such that the mimetic is easy to synthesise, is
likely to be pharmacologically acceptable, does not
degrade in vivo and retains the biological activity of the
lead compound. Further optimisation or modification can be
carried out to select one or more final mimetics useful
for in vivo or clinical testing.

It is also possible to isolate a tarxget-specific
antibody and then sSolve its c¢rystal structure. In
principle, this approach yields a pharmacophore upon which
subsequent drug design can be based as described above. It
may be possible to avoid protein crystallography
altogether by generating anti-idiotypic antibodies (anti-
ids) to a functional, pharmacologically active antibody.
As a mirror image of a mirror image, the binding site of
the anti-ids would be expected to be an analogue of the
original binding site. The anti-id could then be used to
isolate peptides from chemically or biologically produced
peptide banks.

Another alternative method for drug screening relies
on structure-based rational drug design. Determination of
the three dimensional structure of the polypeptides of the
invention, or the three dimensional structure of the
protein complexes which may incorporate these polypeptides
allows for structure-based drug design to identify
biologically active lead compounds.

Three dimensional structural models can be generated
by a number of applications, some of which include
experimental models such as x-ray crystallography and NMR
and/or from in silico studies using information from
structural databases such as the Protein Databank (PDB).
In addition, three dimensional structural models can be
determined using a number of known protein structure
prediction technicques based on the primary sequences of
the polypeptides (e.g. SYBYL - Tripos Associated, St.
Louis, MO), de novo protein structure design programs
(e.g. MODELER - MSI Inc¢., San Diego, CA, or MOE - Chemical
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Computing Group, Montreal, Canada) or ab initio methods
(e.g. see US Patent Numbers 5331573 and 5579250).

Once the three dimensional structure of a polypeptide
or polypeptide complex has been determined, structure-
based drug discovery techniques can be employed to design
biologically-active compounds based on these three
dimensional structures. Such techniques are known in the
art and include examples such as DOCK (University of
California, San Francisco) or AUTODOCK (Scripps Research
Institute, La Jolla, California). A computational docking
protocol will identify the active site or sites that are
deemed important for protein activity based on a predicted
protein model. Molecular databases, such as the Available
Chemicals Directory (ACD) are then screened for molecules
that complement the protein model.

Using methods such as these, potential clinical drug
candidates can be identified and computationally ranked in
order to reduce the time and expense associated with
typical ‘wet lab’ drug screening methodologies.

Compounds identified from the screening methods
described above form a part of the present invention, as
do pharmaceutical compositions containing these and a

pharmaceutically acceptable carrier.

Pharmaceutical Preparations

Compounds identified from screening assays as
indicated above can be administered to a patient at a
therapeutically effective dose to treat or ameliorate a
disorder associated with angiogenesis. A therapeutically
effective dose refers to that amount of the compound
sufficient to result in amelioration of symptoms of the
disorder.

Toxicity and therapeutic efficacy of such compounds
can be determined by standard pharmaceutical procedures in
cell cultures or experimental animals. The data obtained
from these studies can then be used in the formulation of

a range of dosages for use in humans.
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Pharmaceutical compositions for wuse in accordance
with the present invention ¢an be formulated in a
conventional manner using one or more physiological
acceptable carriers, excipients or stabilisers which are
well known. Acceptable carriers, excipients or stabilizers
are non-toxic at the dosages and concentrations employed,
and include buffers such as phosphate, citrate, and other
organic acids; antioxidants including absorbic acid; low
molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobuling; binding agents including hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, arginine or 1lysine;
monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents
such as EDTA; sugar alcohols such as mannitol or sorbitol;
salt-forming counterions such as sodium; and/or non-ionic
surfactants such as Tween, Pluronics or polyethylene
glycol (PEG).

The formulation of pharmaceutical compositions for
use in accordance with the present invention will be based
on the proposed route of administration. Routes of
administration may include, but are not 1limited to,
inhalation, insufflation (either through the mouth or

nose), oral, buccal, rectal or parental administration.

Diagnostic and prognostic applications

Should abnormalities in any one of the angiogenic
genes of the invention exist, which alter activity and/or
expression of the gene to give rise to angiogenesis-
related disorders, the polynucleotides and polypeptides of
the invention may be used for the diagnosis or prognosis
of these disorders, or a predisposition to such disorders.
Examples of such disorders include, but are not limited
to, cancer, rheumatoid arthritis, diabetic retinopathy,
psoriasis, cardiovascular diseases such as

atherosclerosis, ischaemic 1limb disease and coronary
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artery disease. Diagnosis or prognosis may be used to
determine the severity, type or stage of the disease state
in order to initiate an appropriate therapeutic
intervention.

In another embodiment of the invention, the
polynucleotides that may be used for diagnostic or
prognostic purposes include oligonucleotide sequences,
genomic DNA and complementary RNA and DNA molecules. The
polynucleotides may be used to detect and quantitate gene
expression in biopsied tissues in which abnormal
expression or mutations in any one of the angiogenic genes
may be correlated with disease. Genomic DNA used for the
diagnosis or prognosis may be obtained from body cells,
such as those present in the blood, tissue biopsy,
surgical specimen, or autopsy material. The DNA may be
isolated and used directly for detection of a specific
sequence or may be amplified by the polymerase chain
reaction (PCR) prior to analysis. Similarly, RNA or cDNA
may also be used, with or without PCR amplification. To
detect a specific nucleic acid sequence, direct nucleotide
sequencing, reverse transcriptase PCR (RT-PCR),
hybridisation using specific oligonucleotides, restriction
enzyme digest and mapping, PCR mapping, RNAse protection,
and various other methods may be employed.
Oligonucleotides specific to particular sequences can be
chemically synthesized and 1labelled radiocactively or
nonradiocactively and hybridised to individual samples
immobilized on membranes or other solid-supports or in
solution. The presence, absence or excess expression of
any one of the angiogenic genes may then be visualized
using methods such as autoradiography, fluorometry, or
colorimetry.

In a particular aspect, the nucleotide sequences of
the invention may be useful in assays that detect the
presence of associated disorders, particularly those
mentioned previously. The nucleotide sequences may be
labelled by standard methods and added to a £luid or
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tissue sample from a patient under conditions suitable for
the formation of hybridisation complexes. After a suitable
incubation period, the sample is washed and the signal is
guantitated and compared with a standard value. If the
amount of signal in the patient sample is significantly
altered in comparison to a control sample then the
presence of altered levels of nucleotide sequences in the
sample indicates the presence of the associated disorder.
Such assays may also be used to evaluate the efficacy of a
particular therapeutic treatment regimen in animal
studies, in clinical trials, or to monitor the treatment
of an individual patient.

In order to provide a basis for the diagnosis or
prognosis of an angiogenesis-related disorder associated
with a mutation in any one of the angiogenic genes of the
invention, the nucleotide sequence of the relevant gene
can be compared between normal tissue and diseased tissue
in order to establish whether the patient expresses a
mutant gene.

In order to provide a basis for the diagnosis of a
disorder associated with abnormal expression of any one of
the angiogenic genes of the invention, a normal or
standard profile for expression is established. This may
be accomplished by combining body fluids or cell extracts
taken from normal subjects, either animal or human, with a
sequence, or a fragment thereof, encoding the relevant
angiogenic gene, under conditions suitable for
hybridisation or amplification. Standard hybridisation may
be quantified by comparing the values obtained from normal
subjects with values from an experiment in which a known
amount of a substantially purified polynucleotide is used.
Another method to identify a normal or standard profile
for expression of any one of the angiogenic genes is
through quantitative RT-PCR studies. RNA isolated from
body cells of a normal individual, particularly RNA
isolated from endothelial cells, is reverse transcribed

and real-time PCR using oligonucleotides specific for the
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relevant gene is conducted to establish a normal level of
expression of the gene. Standard values obtained in both
these examples may be compared with values obtained from
samples from patients who are symptomatic for a disorder.
Deviation from standard values is used to establish the
presence of a disorder.

Once the presence of a disorder is established and a
treatment protocol is initiated, hybridisation assays or
quantitative RT-PCR studies may be repeated on a regular
basis to determine if the level of expression in the
patient begins to approximate that which is observed in
the normal subject. The results obtained from successive
assays may be used to show the efficacy of treatment over
a period ranging from several days to months.

According to a further aspect of the invention there
is provided the use of an angiogenic polypeptide as
described above in the diagnosis or prognosis of an
angiogenesis-related disorder associated with any one of
angiogenic genes of the invention, or a predisposition to
such disorders.

When a diagnostic or prognostic assay is to be based
upon any relevant angiogenic polypeptide, a variety of
approaches are possible. For example, diagnosis or
prognosis can be achieved by monitoring differences in the
electrophoretic mobility of normal and mutant proteins.
Such an approach will be particularly useful in
identifying mutants in which charge substitutions are
present, or in which insertions, deletions or
substitutions have resulted in a significant change in the
electrophoretic migration of the resultant protein.
Alternatively, diagnosis or prognesis may be based upon
differences in the proteolytic cleavage patterns of normal
and mutant proteins, differences in molar ratios of the
various amino acid residues, or by functional assays
demonstrating altered function of the gene products.

In another aspect, antibodies that specifically bind

the relevant angiogenic gene product may be used for the
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diagnosis or prognosis of disorders characterized by
abnormal expression of the gene, or in assays to monitor
patients being treated with the relevant angiogenic gene
or protein or agonists, antagonists, or inhibitors
thereof. Antibodies useful for diagnostic or prognostic
purposes may be prepared in the same manner as described
above for therapeutics. Diagnostic or prognostic assays
may include methods that utilize the antibody and a label
to detect the relevant protein in human body fluids or in
extracts of cells or tissues. The antibodies may be used
with or without modification, and may be 1labelled by
covalent or non-covalent attachment of a reporter
molecule.

A variety of protocols for measuring the relevant
angiogenic polypeptide, including ELISAs, RIAs, and FACS,
are known in the art and provide a basis for diagnosing
altered or abnormal levels of expression. Normal or
standard values for expression are established by
combining body fluids or cell extracts taken from normal
mammalian subjects, preferably human, with antibody to the
relevant protein wunder conditions suitable for complex
formation. The amount of standard complex formation may be
quantitated by various methods, preferably by photometric
means. Quantities of protein expressed in subject,
control, and disease samples from biopsied tissues are
compared with the standard values. Deviation between
standard and subject values establishes the parameters for
diagnosing disease.

Once an individual has been diagnosed or prognosed
with a disorder, effective treatments can be initiated, as
described above. In the treatment of angiogenesis-related
diseases which are characterised by uncontrolled or
enhanced angiogenesis, the expanding vasculature needs to
be inhibited. This would involve inhibiting the relevant
angiogenic genes or proteins of the invention that promote
angiogenesis. In addition, treatment may alsc need to

stimulate expression or function of the relevant
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angiogenic genes or proteins of the invention whose normal
role is to inhibit angiogenesis but whose activity is
reduced or absent in the affected individual.

In the treatment of angiogenesis-related diseases
which are characterised by inhibited or decreased
angiogenesis, approaches which enhance or promote vascular
expansion are desirable. This may be achieved using
methods essentially as described above but will involve
stimulating the expression or function of the relevant
angiogenic gene or protein whose normal role is to promote
angiogenesis but whose activity is reduced or absent in
the affected individual. Alternatively, inhibiting genes
or proteins that restrict angiogenesis may also be an

approach to treatment.

Microarray

in further embodiments, complete cDNAs,
oligonucleotides or longer fragments derived from any of
the polynucleotide sequences described herein may be used
as probes in a microarray. The microarray can be used to
monitor the expression level of large numbers of genes
simultaneously and to identify genetic variants,
mutations, and polymorphisms. This information may be used
to determine gene function, to understand the genetic
basis of a disorder, to diagnose or prognose a disorder,
and to develop and monitor the activities of therapeutic
agents. Microarrays may be prepared, used, and analysed
using methods known in the art. (For example, see Schena
et al., 1996; Heller et al., 1997).

Transformed hosts

The present invention also provides for the
production of genetically modified (knock-out, knock-in
and transgenic), non-human animal models transformed with
the nucleic acid molecules of the invention. These animals
are useful for the study of the function of the relevant

angiogenic gene, to study the mechanisms of disease as
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related to these genes, for the screening of candidate
pharmaceutical compounds, for the creation of explanted
mammalian cell cultures which express the protein or
mutant protein and for the evaluation of potential
therapeutic interventions.

Animal species which are suitable for use in the
animal models of the present invention include, but are
not limited to, rats, mice, hamsters, guinea pigs,
rabbits, dJdogs, cats, goats, sheep, pigs, and non-human
primates such as monkeys and chimpanzees. For initial
studies, genetically modified mice and rats are highly
desirable due to the relative ease in generating knock-in,
knock-out or transgenics of these animals, their ease of
maintenance and their shorter 1life spans. For certain
studies, transgenic yeast or invertebrates may be suitable
and preferred because they allow for rapid screening and
provide for much easier handling. For longer term studies,
non-human primates may be desired due to their similarity
with humans.

To create an animal model based on any one of the
angiogenic genes of the invention, several methods can be
employed. These include generation of a specific mutation
in a homologous animal gene, insertion of a wild type
human gene and/or a humanized animal gene by homologous
recombination, insertion of a mutant (single or multiple)
human gene as genomic or minigene cDNA constructs using
wild type or mutant or artificial promoter elements, or
insertion of artificially modified fragments of the
endogenous gene by homologous recombination. The
modifications include insertion of mutant stop codons, the
deletion of DNA sequences, or the inclusion of
recombination elements (lox p sites) recognized by enzymes
such as Cre recombinase.

To create transgenic mice in order to study gain of
gene function in vivo, any relevant angiogenic gene can be
inserted into a mouse germ line using standard technigques

such as oocyte microinjection. Gain of gene function can
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mean the overexpression of a gene and its protein product,
or the genetic complementation of a mutation of the gene
under investigation. For oocyte injection, one or more
copies of the wild type or mutant gene can be inserted
into the pronucleus of a just-fertilized mouse ooccyte.
This oocyte is then reimplanted into a pseudo-pregnant
foster mother. The liveborn mice can then be screened for
integrants using analysis of tail DNA for the presence of
the relevant human angiogenic gene sequence. The transgene
can be either a complete genomic sequence injected as a
YAC, BAC, PAC or other chromosome DNA fragment, a cDNA
with either the mnatural promoter or a heterologous
promoter, or a minigene containing all of the coding
region and other elements found to be necessary for
optimum expression.

To generate knock-out mice or knock-in mice, gene
targeting through homologous recombination in mouse
embryonic stem (ES) cells may be applied. Knock-out mice
are generated to study loss of gene function in vivo while
knock-in mice allow the study of gain of function or to
study the effect of specific gene mutations. Knock-in mice
are similar to transgenic mice however the integration
site and copy number are defined in the former.

For knock-out mouse generation, gene targeting
vectors can be designed such that they delete (knock-out)
the protein coding sequence of the relevant angiogenic
gene in the mouse genome. In contrast, knock-in mice can
be produced whereby a gene targeting vector containing the
relevant angiogenic gene c¢an integrate into a defined
genetic locus in the mouse genome. For both applications,
homologous recombination is catalysed by specific DNA
repair enzymes that recognise homoclogous DNA sequences and
exchange them via double crossover.

Gene targeting vectors are usually introduced into ES
cells using electroporation. ES cell integrants are then
isolated via an antibiotic resistance gene present on the

targeting vector and are subsequently genotyped to
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identify those ES cell clones in which the gene under
investigation has integrated into the locus of interest.
The appropriate ES cells are then transmitted through the
germline to produce a novel mouse strain.

In instances where gene ablation results in early
embryonic lethality, c¢onditional gene targeting may be
employed. This allows genes to be deleted in a temporally
and spatially controlled fashion. As above, appropriate ES
cells are transmitted through the germline to produce a
novel mouse strain, however the actual deletion of the
gene is performed in the adult mouse in a tissue specific
or time controlled manner. Conditional gene targeting is
most commonly achieved by use of the cre/lox system. The
enzyme cre 1is able to recognise the 34 base pair 1loxP
sequence such that 1loxP flanked (or floxed) DNA is
recognised and excised by cre. Tissue specific cre
expression in transgenic mice enables the generation of
tissue specific knock-out mice by mating gene targeted
floxed mice with cre transgenic mice. Knock-out can be
conducted in every tissue (Schwenk eE al., 1995) using the
‘deleter’ mouse or using transgenic mice with an inducible
cre gene (such as those with tetracycline inducible cre
genes), or knock-out ‘can be tissue specific for example
through the use of the CD19-cre mouse (Rickert et al.,
1997).

According to still another aspect of the invention
there is provided the use of genetically modified non-
human animals for the screening of candidate
pharmaceutical compounds.

It will be clearly understood that, although a number
of prior art publications are referred to herein, this
reference does not constitute an admission that any of
these documents forms part of the common general knowledge
in the art, in Australia or in any other country.
Throughout this specification and the c¢laims, the words
“comprise”, “comprises” and “comprising” are used in a

non-exclusive sense, except where the context requires
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otherwise.

Brief Description of the Drawings

Figure 1. Examples of the classes of expression
patterns of a number of angiogenic genes during
angiogenesis as confirmed by Virtual Northern expression
analysis. Each blot was probed with the control GAPDH1
gene to confirm loading of uniform cDNA amounts in blot
construction between the defined time points of the assay.

Figure 2. Detailed Virtual Northern expression
analysis of the BNO69 gene. The top panels indicate the
level of expression of BNO69 at varying time points in the
in vitro model following stimulation of human umbilical
vein endothelial cells (HUVECs) with phorbol myristate
acetate (PMA) plus or minus (02f31) antibody (AC11),
vascular endothelial growth factor {VEGF), basic
fibroblast growth factor (bFGF) or tumour necrosis factor
(TNF). The lower panel shows expression levels of BN0O69 in
a number of human cell lines including K562
(erythroleukaemia), KG-la (acute myelogenous leukaemia),
Jurkat (acute T cell leukaemia), HeLa {cervical
adenocarcinoma), HepG2 (liver tumour) , L1M12-15
(colorectal carcinoma), MDA-MB-231 (breast cancer), DUl45
(prostate cancer), HEK293 (embryonic kidney) , HUSMC
(primary umbilical vein smooth muscle cells) + P (PMA).
HUVEC TO and HUVEC T3 represent HUVECs harvested from the
3-D model of angiogenesis at time 0 hours and 3 hours
respectively.

Figure 3. Detailed Virtual Northern expression
analysis of the BNO96 gene. The top panels indicate the
level of expression of BNO96 at varying time points in the
in vitro model following stimulation of human umbilical
vein endothelial cells (HUVECs) with phorbol myristate
acetate (PMA) plus or minus (02B1) antibody (AC11),
vascular endothelial growth factor (VEGF), basic
fibroblast growth factor (bFGF) or tumour necrosis factor

(TNF) . The lower panel shows expression levels of BNO69 in

JP 2005-505274 A 2005.2.24



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(83)

WO 03/027285 PCT/AU02/01282

10

15

20

25

30

35

- 35 -

a number of human cell lines including K562
{erythroleukaemia), KG-la (acute myelogenous leukaemia),
Jurkat (acute T cell leukaemia), HeLa (cervical
adenocarcinoma), HepG2 (liver tumour), L1M12-15
(colorectal carcinoma), MDA-MB-231 (breast cancer), DU1l45
{prostate cancer), HEK293 (embryonic kidney), HUSMC
{primary umbilical vein smooth muscle cellg) * P (PMA).
HUVEC TO and HUVEC T3 represent HUVECs harvested from the
3-D model of angiogenesis at time 0 hours and 3 hours
respectively.

Figure 4. BNO6S in vitro regulation of human
umbilical vein endothelial cell (HUVEC) function using
retroviral-mediated gene transfer. The proliferation of
HUVECS was measured over a 3 day period by direct cell
counts. The mean + SEM is given. Over-expression of
antisense BNO69 (ASBNO69R) in HUVECs inhibits their
proliferation. EV: Empty vector control.

Figure 5. BNO69 in wvitro regulation of human
umbilical vein endothelial cell (HUVEC) function using
adenoviral-mediated gene transfer. Over-expression of
antisense BNO69 (ASBNO69A) in HUVECs leads to an
inhibitory effect on cell proliferationm.

Figure 6. BNO69 in vitro regulation of human
umbilical vein endothelial cell (HUVEC) function using
retroviral-mediated gene transfer. Cell morphology of
endothelial cells retrovirally transfected with either
empty vector (EV) control or antisense BNO69 (ASBNO6SR) is
shown.

Figure 7. Cell proliferation assay based on the over-
expression of antisense BNO96 in human umbilical vein
endothelial cells (HUVECs) using adenoviral-mediated gene
transfer. Cells were infected with either vector only
control (EV) or antisense BN0O96 (ASBNO96), and harvested
48 hours later. Cell proliferation was measured by the
colorimetric MTT assay performed 3 days after cell plating
{mean = SEM, n = 4).

Figure 8. Effect on cell migration as a result of
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over-expression of antisenge BNO96 in human umbilical vein
endothelial cells (HUVECs) using adenoviral-mediated gene
transfer. Cells were infected with either vector only
control (EV) or antisense BNO96 (ASBNO96) and migration of
cells towards either no agent (Nil) or the chemotactic
stimulant fibronectin (Fn) was measured after 18-24 hours.

Figure 9. Effect on capillary tube formation on
Matrigel as a result of over-expression of antisense BNO96
in human umbilical vein endothelial cells (HUVECs) wusing
adenoviral-mediated gene transfer. Cells were infected
with either vector only control (EV) or antisense BNO96
(ASBNO96) and assayed for tube formation over a 24 hour
time period. Photos were taken after 20 hours. A and B:
Low power photograph of tubes; C and D: High power
photograph of tubes.

Figure 10. Effect on capillary tube formation on
collagen gels as a result of over-expression of antisense
BNO96 in human umbilical vein endothelial cells (HUVECs)
using adenoviral-mediated gene transfer. Cells were
infected with either vector only control (EV) or antisense
BNO96 (ASBNO96) and assayed for tube formation over an 18-
24 hour time period. Photos were taken after 3 hours as
the cells were migrating through the gel. M: Migrated
cell. These appear flatter and less light refractive than
non-migrated c¢ells. NM: Non-migrated cell. These cells are
rounded and light refractive.

Figure 11. Effect on tumour necrosis factor (TNF)-
induced E-selectin expression as a result of over-
expression of antisense BNO96 in human umbilical vein
endothelial cells (HUVECs) using adenoviral-mediated gene
transfer. Cells were infected with either vector only
control (EV) or antisense BNOS6 (ASBNO96) and grown for 48
hours. TNF was added for 4 hours prior to staining for
cell surface E-selectin expression using an anti E-
selectin antibody. Detection was by phycoerythrin
conjugated anti mouse antibody. The mean fluorescence

intensity (MFI) is given.
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Modes for Performing the Invention

Example 1: In vitro capillary tube formation

The in vitro model of angiogenesis is essentially as
described in Gamble et al (1993). The assay was performed
in collagen under the stimulation of phorbol myristate
acetate (PMA) and the anti-integrin (a:B;) antibody,
RMACII. Human umbilical wvein endothelial cells (HUVECs)
were used in all experiments between passages 2 to 4.

Cells were harvested from bulk cultures (t=0),
replated onto the collagen gels with stimulation and then
harvested from the collagen gels at 0.5, 3.0, 6.0 and 24
hours after commencement of the assay. These time points
were chosen since major morphological changes occur at
these stages. Briefly, by 0.5 hours, cells have attached
to the collagen matrix and have commenced migration into
the gel. By 3.0 hours, small intracellular vesicles are
visible. By 6.0 hours, these vesicles are coalescing
together to form membrane bound vacuoles and the cells in
the form of short sprouts have invaded the gel. After this
time, these vacuoles fuse with the plasma membrane, thus
expanding the intercellular space to generate the lumen
(Meyer et al., 1997). The formation of these larger
vacuoles is an essential requirement of lumen formation
(Gamble et al., 1999). By 24 hours, the overall
anastomosing network of capillary tubes has formed and has

commenced degeneration.

Example 2: RNA isolation, cDNA synthesis and amplification

Cells harvested at the specified time points were
used for the isolation of total RNA using the Trizol
reagent (Gibco BRL) according to manufacturers conditions.
SMART (Switching mechanism at 5’ end of RNA transcript)
technology was used to convert small amounts of total RNA
into enough cDNA to enable cDNA subtraction to be
performed (see below). This was achieved using the SMART-
PCR ¢DNA synthesis kit (Clontech-user manual PT3041-1)

according to manufacturers recommendations. The SMART-PCR
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¢DNA synthesis protocol generated a majority of £full
length ¢DNAs which were subsequently PCR amplified for
cDNA subtraction.

Example 3: Suppression subtractive hybridisation (SSH)

SSH was performed on SMART amplified cDNA in order to
enrich for cDNAs that were either up-regulated or down-
regulated between the c¢DNA populations defined by the
selected time-points. This technique also allowed
"normalisation" of the regulated cDNAs, thereby making low
abundance c¢DNAs (ie poorly expressed, but important,
genes) more easily detectable. To do this, the PCR-Select
cDNA synthesis kit (Clontech-user manual PT3041-1) and
PCR-Select ¢DNA subtraction kit (Clontech-user manual
PT1117-1) were used based on manufacturers conditions.
These procedures relied on subtractive hybridisation and
suppression PCR amplification. SSH was performed between
the following populations: 0 - 0.5 hours; 0.5 - 3.0 hours;
3.0 - 6.0 hours; 6.0 - 24 hours.

Example 4: Differential screening of ¢DNA clones

Following SSH, the ¢DNA fragments were digested with
Eagl and cloned into the compatible unigue NotI site in
pBluescript KS* using standard techniques (Sambrook et al.,
1989). This generated forward and reverse subtracted
libraries for each time pexiod. A differential screening
approach outlined in the PCR-Select Differential Screening
Kit (Clontech-user manual PT3138-1) was used to identify
regulated cDNAs from non-regulated ones. To do this, cDNA
arrays were generated by spotting clone plasmid DNA onto
nylon filters in quadruplicate. Approximately 900
individual c¢lones were analysed by cDNA array. These

arrays were subsequently probed with:

a) unsubtracted time 1 ¢DNA (represents mRNAs present at
time 1)
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b) unsubtracted time 2 cDNA (represents mRNAs present at
time 2)

¢) forward subtracted cDNA (represents mRNAs upregulated at
time 2)

d) reverse subtracted cDNA (represents mRNAs upregulated at

time 1)

All hybridisations occurred at 42°C in ExpressHyb
solution {Clontech). Membranes were washed post-
hybridisation according teo kit instructions.

Those cDNA clones identified to be differentially
expressed based on CDNA array hybridisations were
subsequently sequenced. In silico database analysis was
then used to identify homology to sequences present in the
nucleotide and gene databases at the National Centre for
Biotechnology Information {NCBI) in order to gain
information about each clone that was sequenced. Selection
of clones for further analysis was based wupon the
predicted function as deduced from homology searches.

Tables 1 and 2 provide information on the
differentially expressed clones that were segquenced. Table
1 includes those clones which represent previously
uncharacterised or novel genes, while Table 2 includes
clones that correspond to previously identified genes
which have not before been associated with angiogenesis.
Also identified were a number of genes that have
previously been shown to be involved in the process of
angiogenesis. The identification of these clones provides
a validation or proof of principle of the effectiveness of
the angiogenic gene identification strategy employed and
suggests that the clones listed in Tables 1 and 2 are
additional angiogenic gene candidates.

An example from Table 1 is BNO69 which encodes a
novel protein of 655 amino acids. Analysis of the full-
length sequence of this clone indicated the presence of a
GTPase Activating Protein (GAP) domain. GAP domains are

found in a class of proteins that are key regulators of
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GTP binding proteins that include Ras, Rho, Cdc42 and Rac
GTPases. These GTPases participate in many physiological
processes which include cell motility, adhesion,
cytokinesis, proliferation, differentiation and apoptosis
(reviewed in Van Aelst and D’Souza-Schorey, 1997; Ridley,
2001). Rho-like GTPAses cycle between an inactive GDP
bound state and an active GTP bound state. The conversion
between the two forms is regulated primarily by two types
of proteins. They are up-regulated by the guanine exchange
factors (GEFs), which enhance the exchange of bound GDP
for GTP, and down-regulated by the GTPase-activating
proteins (GAPs) which increase the intringic rate of
hydrolysis of bound GTP. When loaded with GTP, Rho GTPases
gain the ability to bind a set of downstream effectors,
leading for example to various cytoskeletal
rearrangements.

An example from Table 2 is the BN0O96 gene. Sequencing
of ¢DNA clone 23 (BNO96) established that this clone was
identical to the gammal2 subunit (GNG12) of the G protein.
Heterotrimeric G proteins are involved in signal
transduction from cell surface receptors to cellular
effectors. The G proteins are composed of alpha (), beta
([5) and gamma (y) subunits. Upon stimulation the o subunit
dissociates from the complex and both the o and the fYy
subunits are able to activate multiple effectors to
generate many intracellular signals.

At present 6 different [} and 12 different y subunits
have been identified. Since the fy subunits are tightly
associated and form highly stable dimers, they have been
considered as a functicnal unit to date.

GNG1l2 has been reported to be widely expressed and
rich in fibroblasts and smooth muscle cells (Ueda et al.,
1999). GNGl2 is a substrate for protein kinase C and is
phosphorylated following stimulation with agents such as
PMA, LPA (lysophosphatidic acid), growth factors and serum
(Asano et al., 1998). GNG12 is also associated with F-
actin (Ueda et al., 1997).
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Previous reports have shown that over-expression of
GNG1l2 alone has no effect on NIH-3T3 fibroblasts.
However, over-expression of the [i1y:; dimer induced cell
rounding, disruption of stress fibres and enhancement of
cell migration. Phosphorylation of GNG12 is required for
its effects on cell motility (Yasuda et al., 1998).

Based on available information regarding the BNO69
and BNO96 genes, and given that both genes have been shown
to be differentially expressed during angiogenesis in the
present invention, there is the suggestion that the these
genes have features consistent with them performing
functions associated with angiogenesis and for this reason

they were analysed further.

Example 5: Virtual Northern Blot Analysis

Before functional analysis of selected clones, the
differential expression observed from the <¢DNA array
analysis of the clones listed in Tables 1 and 2 (including
BNO69 and BNO0O96) was confirmed by Virtual Northern
analysis.

Amplified CDNA from each time point was
electrophoresed on an agarose/EtBr gel and the c¢DNA was
transferred to a nylon membrane using Southern transfer
according to established techniques (Sambrook et al.,
1989). All cDNA clone inserts were labelled with *?P using
the MegaPrime DNA labelling system (Amersham Pharmacia
Biotech) and hybridisations were performed in ExpressHyb
solution {Clontech) according to manufacturers
specifications.

Based on the results, clones were grouped according
to their type of regulation pattern (Figure 1, and Tables
1 and 2). Of the 20 novel genes identified to date, 9 were
confirmed to be regulated during angiogenesis, 4 gave an
undetectable signal on Virtual Northern blots and the
remaining clones did not indicate regulation of expression
based on the Virtual Northern result. Similarly, of the 94

known genes not previously associated with angiogenesis,
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59 were confirmed to be differentially regulated from the
angiogenesis model. Those clones that did not display
differential expression {Class F) or did not give
detectable results on Virtual Northerns may still be
involved in angiogenesis however further characterisation

is needed.

Example 6: Cell and stimulation specificity

To further characterise the differentially expressed
clones and confirm their role in angiogenesis, wvirtual
Northern blots were again used to determine the cell type
expression specificity and their stimulation in monolayer
cultures with specific growth factors. Endothelial cells
were plated on a 2-dimensional (2-D) collagen matrix and
were stimulated for 0.5, 3.0, 6.0 and 24 hours with
vascular endothelial growth factor (VEGF), basic
fibroblast growth factor (FGF), tumour necrosis factor o
(TNFa), PMA + ACII, or PMA alone. Primary cultures of
endothelial cells, fibroblasts, smooth muscle cells,
together with tumour cell lines were collected. RNA was
prepared from all cells and the SMART-PCR c¢DNA synthesis
kit (Clontech-user manual PT3041-1) was used to generate
cDNA for virtual Northern preparation. Prepared blots were
then probed for regulation of the specific angiogenic gene
of interest. Results are shown in Tables 1 and 2.

Of the clones so far analysed, all were confirmed to
be expressed in endothelial cells. Of those clones listed
in Table 1, three of the six clones analysed for signal
specificity were shown to be influenced by the presence of
VEGF, FGF and PMA. Two clones showed no response following
the stimulation of endothelial cells in culture and the
remaining clone showed that the differential expression
was specific for the 3-dimensional and not 2-dimensional
collagen gels. Of those clones listed in Table 2, two of
the six clones analysed for signal specificity were shown
to be influenced by the presence of VEGF and FGF and one

clone was influenced by the presence of PMA only. One
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clone showed no response following the stimulation of
endothelial cells in culture and the remaining two clones
showed that the differential expression was specific for
the 3-dimensional and not 2-dimensional collagen gels.

Figures 2 and 3 provide a detailed summary of the
cell and stimulation specificity results for the BNO69 and
BNO96 genes respectively. These results indicate that both
genes are up-regulated at the 3-hour time-point of the 3-
dimensional (3-D) in vitro model. While the BNO69 gene is
expressed in response to FGF, VEGF and PMA, expression of
the BNO96 gene occurs only in response to PMA. Both genes
are expressed in several cell types including endothelial
cells.

Example 7: Analysis of the angiogenic genes

The genes identified by this study to be implicated
in the angiogenesis process, as listed in Tables 1 and 2,
may be used for further studies in order to confirm their
role in angiogenesis in vitro. To do this, full-length
coding sequences of the genes can be cloned into suitable
expression vectors such as retroviruses or adenoviruses in
both sense and anti-sense orientations and used for
infection into endothelial cells {ECs) . Retrovirus
infection gives long-term EC lines expressing the gene of
interest whereas adenovirus infection gives transient gene
expression. Infected cells can then be subjected to a
number of EC assays including proliferation and capillary
tube formation to confirm the role of each gene in
angiogenesis.

As an example, the effect of BNO62 and BNO96 on in
vitro regulation of EC function has been determined and is

described below.

In vitro regulation of EC function - BNO69

The effect of BNO69 on endothelial cell function and
angiogenesis involved transfection of the antisense of
BNO69 into endothelial cells by retroviral or adenoviral
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mediated gene transfer. Human umbilical wvein endothelial
cells (HUVECs) at passage 1 or 2 were used for the
overexpression experiments. Initially, the BNO69 gene was
cloned into the replication defective retrovirus pRufNeo
(Rayner and Gonda, 1994). The commercially available cell
line BING was used for transfection and production of
viral supernatant. HUVEC clones infected with the
retrovirus and expressing the antisense BN0O69 gene were
selected for neo resistance using G418 and pooled together
for further growth and analysis. The proliferation of the
pooled clones was measured over a 3 day period by direct
cell counts. Results of these experiments indicated that
cells that had been infected with the antisense construct
of BNO69 showed a decrease in their proliferative
potential (Figure 4).

Subsequent experiments using adenoviral-mediated
expression of antisense BNO69 in HUVECs showed a similar
effect on cell proliferation as that observed in the
retroviral system. HUVECsS were infected with either vector
only control or antisense BN0O6%9 and were harvested 24
hours after infection and plated onto microtitre plates in
complete growth medium. Cell proliferation was measured by
the colorimetric MTT assay as described previously (Xia et
al., 1999). The assay was performed 3 days after cell
plating. Results of these experiments showed that the
proliferation of HUVECs was inhibited by adenoviral-
mediated expression of antisense BNO69 (Figure 5).

In addition, in both the retrovirus and adenovirus
infection systems, a major feature of the cells infected
with the antisense construct to BNO69 was the change in
cell morphology. Cells appeared enlarged in size, with an
increase in the extent of the cytoplasm (Figure 6). The
increase in cell size was confirmed by analysis on a
fluorescence activated cell sorter where a measurement of
both the forward scatter and side scatter gives
information on the size and granularity of the cells

respectively. In both retrovirus and adenovirus systems
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these parameters were changed. In retrovirus infected
cells, forward scatter was 385 (EV) and 522 (ASBNO69R)
while side scatter measured 289 (EV) and 508 (ASBNO69R).
In the adenovirus infected cells the measurements for
forward scatter were, 444 (EV) and 533 (ASBNO69R) while
side scatter measured 417 (EV) and 500 (ASBNO6SR).

In vitro regulation of EC function -~ BNO96
The effect of BNO96 on endothelial cell function and
angiogenesis involved transfection of the antisense of

BNO96 into endothelial cells by adenoviral gene transfer.
Initially, antisense BNO96 was produced as a recombinant
adenoviral plasmid employing homologous recombination in
bacteria (essentially as outlined in
http://coloncancer.org/protocol.htm). The resultant
plasmids were transfected into the mammalian packaging
cell line 293 for expansion of virus, and the virus was
subsequently purified by caesium chloride gradients.
Transfection efficiency was assessed by green fluorescent
protein and plagque forming units as given in the protocol
above.

Initially, the effect on endothelial cell
proliferation of antisense BNO96 was determined. Human
umbilical vein endothelial cells (HUVECs) were infected
with either vector only contrel or antisense BNO96 and
were harvested 48 hours later. Cell proliferation was
measured by the colorimetric MTT assay as described
previously (Xia et al., 1999). The assay was performed 3
days after cell plating (mean * SEM, n = 4). Infection of
HUVECs with antisense BNO96 was found to inhibit cell
proliferation (Figure 7) when cells were cultured in full
growth medium.

Another feature of the angiogenic in vitro model is the
migration of endothelial cells into the matrix. To test
the effect that BN096 plays on this process, cell
migration experiments were next conducted. Human umbilical

vein endothelial cells (HUVECs) were infected with either
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vector only control or antisense BNO96 and migration of
cells towards either no agent or the chemotactic stimulant
fibronectin was measured. The migration assay was
performed as previously described (Leavesley et al.,
1993). Briefly, fibronectin at 50 ug/ml was coated on the
under-side of 8.0 um Transwell filters to act as a
chemotactic gradient. Cell migration was assessed after
18-24 hours. Results from these experiments showed that
antisense BNO96-infected cells were inhibited from
migrating towards fibronectin as a chemotactic stimulant
(Figure 8).

An essential feature of the angiogenic process is the
formation of capillary tubes. The role that BN0O96 plays in
this process was measured using the Matrigel and collagen
gel models. In the Matrigel system, human umbilical vein
endothelial cells (HUVECs) were infected with either
vector only control or antisense BN0O96 and assayed for
tube formation as previously described (Cockerill et al.,
1994). Briefly, 140 ul of 3x10° cells/ml wexe plated onto
the Matrigel and cell recrganisation and tube formation
was assessed over a 24 hour time periocd. The antisense
BNO96~infected cells failed to make capillary tubes in the
Matrigel capillary tube assay (Figure 9).

In the collagen gel model, HUVECs were again infected
with either vector only control or antisense BNO96 and
assayed over an 18-24 hour time period for tube formation
as previously described (Gamble et al., 1993). Expression
of antisense BNO96 resulted in inhibition of cell
migration (and subsegquent tube formation) into the
collagen gel (Figure 10).

The next experiment addressed the question of whether
the inhibition of BN0Q96 produces endothelial cell changes
that are specific for functions associated with
angiogenesgis. E-gselectin is an endothelial specific
adhesion molecule that is induced by inflammatory
cytokines such as TNF and IL-1 and mediates neutrcophil-

endothelial cell interactions. The effect on E-selectin
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expression as a result of over-expression of antisense
BNO96 in human umbilical vein endothelial cells (HUVECs)
was therefore determined. Methods used were as described
in Litwin et al (1997). Briefly, HUVECsS were infected with
either vector only control or antisense BNO96 and grown
for 48 hours. Following this, cells were transferred to
24-well trays and incubated overnight. Tumour necrosis
factor (TNF) at 0.5 ng/ml was added for 4 hours prior to
staining for cell surface E-selectin expression using an
anti E-selectin antibody. Detection was by phycoerythrin
conjugated anti mouse antibody. The result of these
experiments showed that cells over~expressing the
antisense BNO96 gene still responded in a normal fashion
to the pro-inflammatory stimulant, tumour necrosis factor,
to induce the adhesion molecule E-selectin (Figure 11).
This suggests that the effect of antisense BN096 on
endothelial cell function is selective.

The capacity of antisense BN0O96 to inhibit cell
proliferation, migration and capillary tube formation but
not TNF induced E-selectin expression may suggest that
knockdown of the BNO96 gene specifically affects the
angiogenic capacity of endothelial cells. Other cell
functions such as their ability to participate in
inflammatory reactions would appear to be normal (as far
as those measured to date). The BNO96 gene may therefore
play a defining role in the angiogenesis process and is a
target for the development of therapeutics for the

treatment of angiogenesis-related pathologies.

Protein interaction studies

The ability of any one of the angiogenic proteins of
the invention, including BNO69 and BNOS6, to bind known
and unknown proteins can be examined. Procedures such as
the yeast two-hybrid system are used to discover and
identify any functional partners. The principle behind the
yeast two-hybrid procedure is that many eukaryotic

transcriptional activators, including those in yeast,
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consist of two discrete modular domains. The first is a
DNA-binding domain that binds to a specific promoter
sequence and the second is an activation domain that
directs the RNA polymerase II c¢omplex to transcribe the
gene downstream of the DNA binding site. Both domains are
required for transcriptional activation as neither domain
can activate transcription on its own. In the yeast two-
hybrid procedure, the gene of interest or parts thereof
(BAIT), is cloned in such a way that it is expressed as a
fusion to a peptide that has a DNA binding domain. A
second gene, or number of genes, such as those from a <¢DNA
library (TARGET), is cloned so that it is expressed as a
fusion to an activation domain. Interaction of the protein
of interest with its binding partner brings the DNA-
binding peptide together with the activation domain and
initiates transcription of the reporter genes. The first
reporter gene will select for yeast cellg that contain
interacting proteins (this reporter is usually a
nutritional gene reguired for growth on selective media).
The second reporter is used for confirmation and while
being expressed in response to interacting proteins it is
usually not required for growth.

The nature of the interacting genes and proteins can
also be studied such that these partners can also be
targets for drug discovery.

Structural studies

Recombinant angiogenic proteins of the invention can
be produced in bacterial, yeast, insect and/or mammalian
cells and used in crystallographical and NMR studies.
Together with molecular modeling of the protein,

structure-driven drug design can be facilitated.
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Claims
1. An isolated nucleic acid molecule comprising the
sequence set forth in one of SEQ ID Numbers: 1 to 20.

2. An isolated nucleic acid molecule comprising the
sequence set forth in one of SEQ ID Numbers: 1 to 114, or
a fragment thereof, and which encodes a polypeptide that
plays a role in an angiogenic process.

3. An isolated nucleic acid molecule that is at least
70% identical to a nucleic acid molecule comprising the
sequence set forth in one of SEQ ID Numbers: 1 to 114, and
which encodes a polypeptide that plays a role in an

angiogenic process.

4. An isolated nucleic acid molecule as claimed in claim

3 that is at least 85% identical.

5. An isolated nucleic acid molecule as claimed in claim
3 that is at least 95% identical.

6. An isolated nucleic acid molecule as c¢laimed in any
one of claims 3 to 5 wherein sequence identity is
determined using the BLAST algorithm with the BLOSUM 62

default matrix.

7. An isolated nucleic acid molecule that encodes a
polypeptide that plays a role in an angiogenic process,
and which hybridizes under stringent conditions with a
nucleic acid molecule comprising the nucleotide sequence
set forth in one of SEQ ID Numbers: 1 to 114.

8. An isolated nucleic acid molecule as claimed in claim
7 wherein the stringent conditions comprise hybridization
at 42°C in 750 mM NacCl, 75 mM trisodium citrate, 2% SDS,
50% formamide, 1X Denhart’s, 10% w/v) dextran sulphate and

100 ug/ml denatured salmon sperm DNA.
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9. An isolated nucleic acid molecule as claimed in any
one of claims 1 to 8, which encodes a polypeptide that
plays a role in diseases associated with angiogenesis
including but not restricted to cancer, rheumatoid
arthritis, diabetic retinopathy, psoriasis, cardiovascular
diseases such as atherosclerosis, ischaemic limb dJdisease

and coronary artery disease.

10. An isolated nucleic acid molecule consisting any one
of the nucleotide sequences set forth in SEQ ID Numbers: 1
to 20.

11. Use of a nucleic acid molecule selected from the
group consisting of DNA molecules having the sequence set
forth in SEQ ID Numbers: 70, 72 to 73, 78, 83 to 87, 89,
160 or 174 to identify and/or obtain full-length human

genes involved in an angiogenic process.

12. Use as claimed in claim 11 wherein a full-length

human gene is identified by in silico database analysis.

13. Use as claimed in either one of claims 11 or 12
wherein additional sequence is obtained using
hybridisation with one or more of said nucleotide
molecules, inverse PCR, restriction site PCR, PCR walking

techniques or RACE.

14. A gene when identified by the use of a DNA molecule
selected from any one of SEQ ID Numbers: 70, 72 to 73, 78,
83 to 87, 89, 160 or 174.

15. An isolated polypeptide comprising the sequence set
forth in one of SEQ ID Numbers: 115 to 125.

16. An isolated polypeptide comprising the sequence set
forth in one of SEQ ID Numbers: 115 to 217, or a fragment

thereof, that plays a role in an angiogenic process.
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17. An isolated polypeptide that plays a role in an
angiogenic process, and having at least 70% identity with
the amino acid sequence set forth in SEQ ID Numbers: 115
to 217.

18. An isolated polypeptide as claimed in claim 17 with
at least 85% sequence identity.

19. An isolated polypeptide as claimed in c¢laim 17 with
at least $5% sequence identity.

20. An isolated polypeptide as claimed in any one of
claims 17 to 19 wherein sequence identity is determined
using the BLAST algorithm with the BLOSUM 62 default

matrix.

21. An isolated polypeptide as claimed in any one of
claims 15 to 20 that plays a role in diseases associated
with an angiogenic process including but not restricted to
cancer, rheumatoid arthritis, diabetic retinopathy,
psoriasis, cardiovascular diseases such as
atherosclerosis, ischaemic limb disease and coronary

artery disease.

22. An isolated polypeptide consisting any one of the
amino acid sequences set forth in SEQ ID Numbers: 115 to
125.

23. An isolated polypeptide complex that plays a role in
an angiogenic process, said polypeptide complex comprising
a polypeptide as defined in any one of claims 15 to 22.

24. An expression vector comprising a nucleic acid

molecule as defined in any one of claims 1 to 10.
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25. A cell transformed with an expression vector of claim
24.

26. A cell as claimed in claim 25 which is an eukaryotic
cell.

27. A method of preparing a polypeptide comprising the
steps of :

(1) culturing cells as claimed in either one of
claims 25 to 26 under conditions effective for
polypeptide production; and

(2) harvesting the polypeptide.

28. A polypeptide prepared by the method of claim 27.

29. A method of modulating angiogenesis comprising
modulating the expression or activity of a polypeptide in
a cell, wherein the polypeptide is encoded by a nucleic

acid sequence as claimed in any one of claims 1 to 10.

30. The method of claim 29 wherein the nucleic acid
sequence is selected from the group consisting of SEQ ID
Numbers: 1 to 20.

31. The method of c¢laim 29 wherein the polypeptide
comprises an amino acid sequence as claimed in any one of
claims 15 to 22, or an active fragment thereof.

32, The method of c¢laim 31 wherein the polypeptide
comprises an amino acid sequence selected from the group
consisting of SEQ ID Numbers: 115 to 125.

33. The method of c¢laim 29 wherein the polypeptide forms
part of a polypeptide complex.

34. The method of c¢laim 29 wherein the expression or
activity of the polypeptide is modulated by introducing
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into the cell an antagonist or agonist of a nucleic acid
molecule as defined in any one of claims 1 to 10 or a
polypeptide as claimed in any one of claims 15 to 22 or

claim 27.

35. The method of claim 29 wherein the expression or
activity of the polypeptide is modulated by introducing
into the cell an antisense to an isolated nucleic acid

molecule as claimed in any one of claims 1 to 10.

36. The method of claim 29 wherein the expression or
activity of the polypeptide is modulated by introducing
into the cell a nucleic acid molecule which is the
complement of at least a portion of a nucleic acid
sequence as claimed in any one of claims 1 to 10 and is
capable of modulating expression or levels of said nucleic

acid sequence.

37. The method of claim 36 wherein the nucleic acid
molecule is an RNA molecule that hybridizes with the mRNA
encoded by a nucleic acid sequence as claimed in any one

of claims 1 to 10.

38. The method of c¢laim 36 wherein the nucleic acid
molecule is a catalytic mnucleic acid molecule that is
targeted to a nucleic acid sequence as claimed in any one
of claims 1 to 10.

39. The method of claim 38 wherein the catalytic nucleic

acid molecule is a DNAzZyme.

40. The method of claim 38 wherein the catalytic nucleic

acid molecule is a ribozyme.

41. The method of claim 29 wherein the polypeptide
expression or activity is modulated by an antibody capable

of binding the polypeptide.
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42. The method of claim 41 wherein the antibody is a fully
human antibody.

43. The method of c¢laim 41 wherein the antibody is
selected from the group consisting of

a monoclonal antibody, a humanised antibody, a chimaeric
antibody or an antibody fragment including a Fab fragment,
(Fab'), fragment, Fv fragment, single chain antibodies and

single domain antibodies.

44. The method of claim 29 wherein the polypeptide
expression or activity is modulated by introducing into
the cell a nucleic acid molecule comprising a nucleic acid
sequence as claimed in any one of claims 1 to 10, or an

active fragment or variant thereof.

45. The method of claim 44 wherein the nucleic acid
molecule is introduced by way of an expression vector as

claimed in claim 24.

46. The method of claim 29 wherein the polypeptide
expression or activity is modulated by introducing into
the cell a polypeptide comprising an amino acid sequence

as claimed in any one of claims 15 to 22 or claim 27.

47. The method of any one of c¢laims 29 to 46 wherein

angiogenesis is uncontrolled or enhanced.

48. The method of any one of claims 29 to 46 wherein

angiogenesis is inappropriately arrested or decreased.

49. A method for the treatment of an angiogenesis-related
disorder, comprising modulating the expression or activity
of a polypeptide encoded by a nucleic acid sequence as
claimed in any one of claims 1 to 10.
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50. The method of claim 49 wherein the nucleic acid
sequence is selected from the group consisting of SEQ ID
Numbers: 1 to 20.

51. The method of claim 49 wherein the polypeptide
comprises an amino acid sequence as claimed in any one of

claims 15 to 22, or an active fragment thereof.

52. The method of c¢laim 51 wherein the polypeptide
comprises an amino acid seguence selected from the group
consisting of SEQ ID Numbers: 115 to 125.

53. The method of claim 49 wherein the polypeptide forms
part of a polypeptide complex.

54. The method of claim 49 wherein the expression or
activity of the polypeptide is modulated by introducing
into the cell an antagonist or agonist of a nucleic acid
molecule as defined in any one of claims 1 to 10 or an
antagonist or agonist of a polypeptide as claimed in any
one of claims 15 to 22 or claim 27.

55. The method of claim 49 wherein the expression or
activity of the polypeptide is modulated by introducing
into the cell an antisense to an isolated nucleic acid

molecule as claimed in any one of claims 1 to 10.

56. The method of claim 49 wherein the expression or
activity of the polypeptide is modulated by introducing
into the cell a nucleic acid molecule which is the
complement of at least a portion of a nucleic acid
sequence as claimed in any one of claims 1 to 10 and is
capable of modulating expression or levels of said nucleic

acid sequence.

57. The method of claim 56 wherein the nucleic acid
molecule is an RNA molecule that hybridizes with the mRNA
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encoded by a nucleic acid sequence as claimed in any one
of claims 1 to 10.

58. The method of claim 56 wherein the nucleic acid
molecule is a catalytic nucleic acid molecule that is
targeted to a nucleic acid sequence as claimed in any one

of claims 1 to 10.

59. The method of claim 58 wherein the catalytic nucleic

acid molecule is a DNAzyme.

60. The method of claim 58 wherein the catalytic nucleic

acid molecule is a ribozyme.

61. The method of claim 49 wherein the polypeptide
expression or activity is modulated by an antibody capable
of binding the polypeptide.

62. The method of claim 61 wherein the antibody is a full
human antibody.

63. The method of c¢laim 61 wherein the antibody is
selected from the group consisting of a monoclonal
antibody, a humanised antibody, a chimaeric antibody or an
antibody fragment including a Fab fragment, (Fab').
fragment, Fv fragment, single chain antibodies and single

domain antibodies.

64. The method of claim 49 wherein the polypeptide
expression or activity is modulated by introducing into
the cell a nucleic acid molecule comprising a nucleic acid
sequence as claimed in any one of claims 1 to 10, or an

active fragment or variant thereof.

65. The method of claim 64 wherein the nucleic acid
molecule is introduced by way of an expression vector as

claimed in claim 24.
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66. The method of claim 49 wherein the polypeptide
expression or activity is modulated by introducing into
the cell a polypeptide comprising an amino acid sequence

as claimed in any one of claims 15 to 22 or claim 27.

67. The method of any one of claims 49 to 66 wherein the
angiogenesis-related disorder involves uncontrolled or
enhanced angiogenesisis, or is a disorder in which a

decreased vasculature is of benefit.

68. The method of claim 67 wherein the disorder is
selected from the group consisting of cancer, rheumatoid
arthritis, diabetic retinopathy, psoriasis and

cardiovascular diseases such as atherosclerosis.

69. The method of any one of claims 49 to 66 wherein the
angiocgenesis-related disorder involves inappropriately
arrested or decreased angiogenesisis, or is a disorder in

which an expanding vasculature is of benefit.

70. The method of claim 69 wherein the disorder is
selected from the group consisting of ischaemic limb

disease or coronary artery disease.

71. Use of a modulator of expression or activity of a
polypeptide encoded by a nucleic acid sequence as claimed
in any one of c¢laims 1 to 10 in the manufacture of a
medicament for the treatment of an angiogenesis-related

disorder.

72. The use of claim 71 wherein the nucleic acid sequence
is selected from the group consisting of SEQ ID Numbers: 1
to 20.

73. The use of claim 71 wherein the polypeptide comprises
an amino acid sequence as claimed in any one of claims 15

to 22, or an active fragment thereof.
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74. The use of claim 73 wherein the polypeptide comprises
an amino acid sequence selected from the group consisting
of SEQ ID Numbers: 115 to 125.

75. The use of claim 71 wherein the polypeptide forms part
of a polypeptide complex.

76. The use of claim 71 wherein the expression or activity
of the polypeptide is modulated by introducing into the
cell an antagonist or agonist of a nucleic acid molecule
as defined in any one of claims 1 to 10 or an antagonist
or agonist of a polypeptide as claimed in any one of

claims 15 to 22 or claim 27.

77. The use of claim 71 wherein the expression or activity
of the polypeptide is modulated by introducing into the
cell an antisense to an isolated nucleic acid molecule as

claimed in any one of claims 1 to 10.

78. The use of claim 71 wherein the expression or activity
of the polypeptide is modulated by introducing into the
cell a nucleic acid molecule which is the complement of at
least a portion of a nucleic acid sequence as claimed in
any one of claims 1 to 10 and is capable of modulating

expression or levels of said nucleic acid sequence.

79. The use of claim 78 wherein the nucleic acid molecule
is an RNA molecule that hybridizes with the mRNA encoded
by a nucleic acid sequence as claimed in any one of claims
1 to 10.

80. The use of claim 78 wherein the nucleic acid molecule
is a catalytic nucleic acid molecule that is targeted to a
nucleic acid sequence as claimed in any one of claims 1 to
10.
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81. The use of claim 80 wherein the catalytic nucleic acid

molecule is a DNAzyme.

82. The use of claim 80 wherein the catalytic nucleic acid

molecule is a ribozyme.

83, The wuse of «claim 71 wherein the polypeptide
expression or activity is modulated by an antibody capable
of binding the polypeptide.

84. The use of claim 83 wherein the antibody is a full

human antibody.

85. The use of claim 83 wherein the antibody is selected
from the group consisting of a monoclonal antibody, a
humanised antibody, a chimaeric antibody or an antibody
fragment including a Fab fragment, (Fab'); fragment, Fv
fragment, single <chain antibodies and single domain

antibodies.

86. The |use of ¢laim 71 wherein the polypeptide
expression or activity is modulated by introducing into
the cell a nucleic acid molecule comprising a nucleic acid
sequence as claimed in any one of c¢laims 1 to 10, or an

active fragment or variant thereof.

87. The use of claim 86 wherein the nucleic acid molecule
is introduced by way of an expression vector as claimed in

claim 24.

88. The use of claim 71 wherein the polypeptide expression
or activity is modulated by introducing into the cell a
polypeptide comprising an amino acid sequence as claimed

in any one of claims 15 to 22 or claim 27.

89. The use of any one of claims 71 to 88 wherein the

angiogenesis-related disorder involves uncontroclled or
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enhanced angiogenesisis, or is a disorder in which a

decreased vasculature is of benefit.

90. The use of claim 89 wherein the disorder is selected
from the group consisting of cancer, rheumatoid arthritis,
diabetic retinopathy, psoriasis and cardiovascular

diseases such as atherosclerosis.

91. The use of any one of claims 71 to 88 wherein the
angiogenesis-related disorder involves inappropriately
arrested or decreased angiogenesisis, or is a disorder in

which an expanding vasculature is of benefit.

92. The use of claim 91 wherein the disorder is selected
from the group consisting of ischaemic limb disease or

coronary artery disease.

93. The use of a nucleic acid molecule as claimed in any
one of claims 1 to 10 for the screening of candidate
pharmaceutical compounds useful in the treatment of

angiogenesis-related disorders.

94. A compound useful in the treatment of angiogenesis-
related disorders when identified by the use of a nucleic

acid molecule as claimed in any one of claims 1 to 10.

95. The use of a polypeptide as claimed in any one of
claims 15 to 22 or claim 27, or a polypeptide complex as
claimed in claim 23 for the screening of candidate
pharmaceutical compounds useful in the treatment of

angiogenesis-related disorders.

96. A compound useful in the treatment of angiogenesis-
related disorders when identified by the use of a
polypeptide as claimed in any one of claims 15 to 22 or
claim 27, or a polypeptide complex as claimed in claim 23.
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97. The use of a cell as claimed in either one of claims
25 or 26 for the screening of candidate pharmaceutical
compounds useful in the treatment of angiogenesis-related

disorders.

98. A compound useful in the treatment of angiogenesis-
related disorders when identified@ by the use of a cell as

claimed in either one of claims 25 or 26.

99. A method of screening for a candidate pharmaceutical
compound useful in the treatment of angiogenesis-related
disorders comprising the steps of:
(1) providing a polypeptide as claimed in any one of
claims 15 to 22 or claim 27, or a polypeptide
complex as claimed in claim 23;
(2) adding a candidate pharmaceutical compound to
said polypeptide; and
(3) determining the binding of said candidate
compound to said polypeptide;
wherein a compound that binds to the polypeptide or
polypeptide complex is a candidate pharmaceutical

compound .

100. A method of screening for candidate pharmaceutical
compound useful in the treatment of angiogenesis-related
disorders comprising the steps of:
(1) providing a cell, as claimed in either one of
claims 25 or 26;
(2) adding a candidate pharmaceutical compound to
said cell; and
(3) determining the effect of said candidate
pharmaceutical compound on the functional
properties of said cell;
wherein a compound that alters the functional
properties of said cell is a candidate pharmaceutical

compound .
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101. A method of screening for a candidate pharmaceutical
compound useful in the treatment of angiogenesis-related
disorders comprising the steps of:
(1) providing a cell, as claimed in either one of
claims 25 or 26;
(2) adding a candidate pharmaceutical compound to
said cell; and
{3) determining the effect of said candidate
pharmaceutical compound on the expression of the
nucleic acid molecule that is part of the
expression vector in said cell;
wherein a compound that alters the expression of the
nucleic acid molecule that is part of the expression
vector in said cell is a candidate pharmaceutical

compound.

102. A method of screening for a candidate pharmaceutical
compound useful in the treatment of angiogenesis-related
disorders comprising the steps of:
(1) providing a cell, as claimed in either one of
claims 25 or 26;
(2) adding a candidate pharmaceutical compound to
said cell; and
(3) determining the effect of said candidate
pharmaceutical compound on the expression or
activity of the polypeptide encoded by the
nucleic acid molecule that is part of the
expression vector in said cell;
wherein a compound that alters the expression or
activity of polypeptide encoded by the nucleic acid
molecule that is part of the expression vector in said

cell is a candidate pharmaceutical compound.

103. A compound when identified by the method of any one
of claims 100 to 102.
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104. A pharmaceutical composition comprising a compound as
claimed in 103 and a pharmaceutically acceptable carrier.

105. An antibody which is immunologically reactive with an
isolated polypeptide as claimed in claim 15.

106. An antibody as claimed in claim 105 which is a fully

human antibody.

107. An antibody as claimed in claim 105 which is selected
from the group consisting of a monoclonal antibody, a
humanised antibody, a chimaeric antibody or an antibody
fragment including a Fab fragment, (Fab'), fragment, Fv
fragment, single chain antibodies and single domain

antibodies.

108. A catalytic nucleic acid targeted to a nucleic acid

sequence as claimed in claim 1.

109. A catalytic nucleic acid of claim 108 which is a

DNAzyme.

110. A catalytic nucleic acid of claim 108 which is a

ribozyme.

111. Use of a nucleic acid molecule as claimed in any one
of claims 1 to 10 in the diagnosis or prognosis of an

angiogenesis-related disorder.

112. Use of a polypeptide as claimed in any one of claims
15 to 22 or claim 27 in the diagnosis or prognosis of an

angiogenesis-related disorder.

113. Use of an antibody as claimed in any one of c¢laims
105 to 107 or an antibody to a polypeptide as claimed in
claim 16 in the diagnosis or prognosis of an angiogenesis-
related disorder.
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114. A method for the diagnosis of an angiogenesis-related
disorder comprising the steps of:

{1) establishing a profile for normal expression
and/or activity of a gene as claimed in any one
of claims 1 to 10, in unaffected subjects;

{2) measuring the level of expression and/or
activity of the gene in a person suspected of
abnormal expression and/or activity of the gene;
and

(3) comparing the measured level of expression
and/or activity with the profile for mnormal
expression and/or activity;

wherein an altered 1level of expression and/or

activity in said subject is an indication of an
angiogenesis-related disorder, or a predisposition

thereto.

115. A method as claimed in claim 114 wherein reverse
transcriptase PCR is employed to measure levels of

expression.

116. A methed as claimed in claim 114 wherein a
hybridisation assay using a probe derived from the gene,
or a fragment thereof, is employed to measure levels of

expression.

117. A method for the diagnosis of an angiogenesis-related
comprising the steps of:

{1) obtaining DNA from a subject corresponding to a
nucleic acid sequence as claimed in any one of
claims 1 to 10; and

(2) comparing the DNA from said to the DNA of the
corresponding wild-type gene;

wherein altered DNA properties in said subject is an

indication of an angiogenesis-related disorder, or a

predisposition thereto.
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118. A method as claimed in claim 117 wherein the DNA of
the gene is sequenced and the sequences compared.

119. A method as claimed in claim 117 wherein the DNA of
the gene is subjected to SSCP analysis.

120. A method for the diagnosis of an angiogenesis-related
disorder comprising the steps of:

(1) establishing a physical property of a wild-type
polypeptide as claimed in any one of claims 15
to 22;

(2) obtaining the polypeptide from a person
suspected of an abnormality of that polypeptide;
and;

(3) measuring the property for the polypeptide
expressed by the person and comparing it to the
established property for wild-type polypeptide;

wherein altered polypeptide properties in said

subject is an indication of an angiogenesis-related
disorder, or a predisposition thereto.

121. A method as claimed in c¢laim 120 wherein the property

is the electrophoretic mobility.

122. A method as claimed in claim 120 wherein the property

is the proteolytic cleavage pattern.

123. A genetically modified non-human animal transformed
with an isolated nucleic acid molecule as defined in any

one of claims 1 to 10.

124. A genetically modified non-human animal as claimed in
claim 123 in which the animal is selected from the group
consisting of rats, mice, hamsters, guinea pigs, rabbits,
dogs, cats, goats, sheep, pigs and non-human primates such
as monkeys and chimpanzees.
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125. A genetically modified non-human animal as claimed in

claim 123 wherein the animal is a mouse.

126. Use of a genetically modified non-human animal as
defined in any one of claims 123 to 125 in screening for
candidate pharmaceutical compounds useful for the

treatment of angiogenesis-related disorders.

127. The use of any one of claims 93 to 98 or claim 126
wherein the angiogenesis-related disorder involves

uncontrolled or enh ed angio igis, or is a disorder

in which a decreased vasculature is of benefit.

128, The use of claim 127 wherein the disorder is selected
from the group consisting of cancer, rheumatoid arthritis,
diabetic retinopathy, psoriasis and cardiovascular

diseases such as atherosclerosis.

129. The use of any one of claims 93 to 98 or claim 126
wherein the angiogenesis~related disorder involves
inappropriately arrested or decreased angiogenesisis, or
is a disorder in which an expanding vasculature is of
benefit.

130. The use of claim 129 wherein the disorder is selected
from the group consisting of ischaemic limb disease or

coronary artery disease.
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International application No.
PCT/AU02/01282

A, CLASSIFICATION OF SUBJECT MATTER

It.CL™  CI2N15/11

According to International Patent Classification (IPC) or (o both national cla

and IPC

B. FIELDS SEARCHED

SEE BELOW

Minimurn documentation scarched (classification system followed by classification symbols)

SEE BELOW

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched

Swiss Prot: SEQ ID Nos 1-10
GenBank: SEQ ID Nos 1-10

Electronic data base consulted during the international scarch {name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
PX Genome Res 11, pp 422435 (2001) Wiemann et al "Towards a catalog of human genes | 1-10 and 24
and proteins: sequencing and analysis of 500 novel complete protein coding human
cDNAs"; and EMBL Accession No AL136646; 20.03.2002; relevant to SEQ ID No 1
X EMBL Accession Number AL031428 "Human DNA sequence from clone RP-1-18419 1-10 and 24
on chromosome 1p35.1-36.12". 07.02.2000; relevant to SEQ ID No 2
X Genome Res 8, pp 1097-1108 (1998) "Toward a complete human genome sequence"; 1-10 and 24
and GenBank Accession No AC004892; 21.12.1999; relevant to SEQ ID Nos 3, 5 and 9

- Further documents are listed in the continuation of Box C

l:‘ See patent family annex

* Special categorics of cited documents:

"A"  document defining the gencral statc of the art
which is not considered to be of particular
relevance

“E" earlier application or patent but published on or
after the intemational filing date

“L"  document which may throw doubts on priority
claim(s) or which is cited 10 establish the
publication date of another citation or other special
reason (as specified)

“0"  document referring to an oral disclosure, use,

exhibition or other means

document published prior to the intemational filing

date but later than the priority date claimed

o

B

oy

later document published after the international filing date or priority date
and not in conflict with the application but cited to understand the principle
or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is combined
with one or more other such documents, such combination being obvious to
a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
31 October 2002

Date of mailing of the intemational search report

08 Nov 2002

Name and mailing address of the ISA/AU

AUSTRALIAN PATENT OFFICE

PO BOX 200, WODEN ACT 2606, AUSTRALIA
E-mail address: pet@ipaustralia.gov.au

Facsimile No, (02) 6285 3929

Authorized officer

MADHU K. JOGIA
Telephone No : (02) 6283 2512

Form PCT/ISA/210 (second sheet) (July 1998)
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International application No.

PCT/AU02/01282
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
X EMBL Accession Number AL049796 "Human DNA sequence from clone RP4-561L24 | 1-10 and 24
on chromosome 1p22-31.1". 25.05.2000; relevant to SEQ ID No 4
PX Gene 293, pp 47-57 (2002) Rupp et al "Identification, genetic organization and mRNA 1-10 and 24
expression of CRELDI, the founding member of a unique family of matriceliular
proteins”; and GenBank AF 452623; 05.07.2002; relevant to SEQ ID No 6
BEX GenBank Accession No AK056493. "NEDO human cDNA sequencing project”. 1-10 and 24
01.08.2002; relevant to SEQ IDNo 7
PX GenBank Accession No AC097639 "Homo sapiens chromosome 3 clone RP11-384L8, 1-10 and 24
complete sequence”. 30.04.2002; relevant to SEQ ID No 8
X GenBank Accession No AC098482. " Homo sapiens chromosome 3 clone RP11- 1-10 and 24

839L21, complete sequence”. 18.05.2002; relevant to SEQ ID no 10

Form PCT/ISA/210 (continuation of Box C) (July 1998)
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International application No.

PCT/AU02/01282

INTERNATIONAL SEARCH REPORT

Box1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos :

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

2. |:| Claims Nos :

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

3. D Claims Nos :

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

Box 11 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

SEQ ID Nos 1-114 constitute 11 different inventions, according to current practice. The applicant on invitation has
identified as the first invention SEQ ID Nos 1-10.

1. As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims
2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite

payment of any additional fcc.

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

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report
is restricted to the invention first mentioned in the claims; it is covered by claims Nos.:Related to SEQ ID Nos 1-10;
see Supplemental Box

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

D No protest ied the payment of addi 1 search fees.

Form PCT/ISA/210 (continuation of first sheet(1)) (July 1998)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/AU02/01282

Supplemental Box
(To be used when the space in any of Boxes I to VIII is not sufficicnt)

Continuation of Box No: IT

The international application does not comply with the requirements of unity of invention because it does not relate to
one invention or to a group of inventions so linked as to form a single general inventive concept. The fundamental test
for unity of invention is specified in Rule 13.2 of the Regulations under the PCT.

"Where a group of inventions is claimed in one and the same international application, the requirement of unity of
invention referred in Rule 13.1 shall be fulfilled only where there is a technical relationship among those inventions
involving one or more of the same or corresponding special technical features. The expression “special technical
feature” shall mean those technical features that define a contribution which each of the claimed inventions,
considered as a whole, make over the prior art.”

The problem addressed by the present application is the identification of genes to be differentially expressed
during the angiogenesis process. The solution provided by the claims resides in the use of 114 polynucleotide
sequences and 101 polypeptide sequences. These sequences fall within a vast number of groups ( based on at
least 60 different gene type groups) as illustrated in Tables 1 and 2 of the present application.

The general concept underlying the present application appears to reside in the nucleic acid molecules
encoding a polypeptide that has a role in angiogenesis. However, these molecules can only be considered to
constitute a special technical feature if these molecules, considered as a single group, make a substantial
contribution over the prior art. There is no indication in the present application that the isolation of the
molecules encoding the proteins or the protein per se is inventive.

The following selection of documents disclose the study of genes and proteins displaying properties
associated with angiogenesis:

T Cell Biochem 53(4), pp 360-72 (1993) Mallery et al "Modulation of human microvascular endothelial cell
bioenergetic status and glutathione levels during proliferative and differentiated growth"

Int T Cancer 93 (4), pp 497-506 (Aug 2001) Rozic et al "Cyclooxygenase inhibitors retard murine mammary
tumor progression by reducing tumor cell migration, invasiveness and angiogenesis"

Gen Pharmacol 35(5), pp 277-85 (2000) Wahl et al "Effects of microenvironmental extracellular pH and
extracellular matrix proteins on angiostatin's activity and on intracellular pH.

These documents disclose genes which are differentially expressed during angiogenesis (Mallery et al),
models for determining proteins linked with such processes (Rozic et al) and that angiogenic agents target
migratory and proliferative cells (EC) in the process of forming new vessels, resulting in growth inhibition or
ccll death. While the present invention appears to rely on screening of genes for angiogenesis activity, these
techniques are well known in the art and cannot be considered to be an inventive concept. Furthermore, the
present invention does not provide any advantage, produce any unexpected result or overcome any difficulty
associated with the use of these techniques.

.ctd..
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International application No.
PCT/AU02/01282

INTERNATIONAL SEARCH REPORT

Supplemental Box
{To be used when the space in any of Boxes I to VIl is not sufficient)

Continunation of Box No: IT

Since there is no obvious special technical feature, it is appropriate to use the Markush approach to analyse
the present set of claims. Claims 1, 2, 11, 15 and 16 in particular define alternatives, in a so-called Markush
style of drafting, The application of the test of Markush claims gives the following results:

(A) the common property is molecules encoding proteins or ¢laims to proteins, per se;

(B) (1) no common structure is evident from the disclosure of sequences 1-114;

(B) (2) there is no single r ised class of compounds embracing all of the molecules, as the molecules appear to
belong to different classes eg, see Tables 1 and 2, each carrying out different biological functions.

It is contrary to normal classification to group together such different molecules, consisting of a vast number of groups
resulting in a vast number of different inventions.

As a service to the applicant, multiple inventions, as specified by the applicant, will be searched for a single
search fee with the proviso that the total number of nucleic acid scquences or proteins associated with the
combination of inventions is no greater than 10. Examples of such combinations which would be acceptable
as these contain no more than 10 molecules would be (with reference to Tables 1 and 2 of the present
application):

SEQ ID Nos 1-10, 11-20, 21-30, etc

This offer is independent of unity consideration and is provided solely as a service to the applicant. Included
in any such search fee would be the polypeptide encoded by the nucleic acid molecules. All of the 114 nucleic
acid sequences would be searched for the payment of 10 additional search fees.

For the initial search fee the following inventions will be searched:

SEQ ID Nos 1-10.

Form PCT/ISA/210 (extra sheet (2))(July 1998)
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