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RANBP2 AS MODIFIER OF THE PTEN/IGF PATHWAY
AND METHODS OF USE

REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. provisional patent application 60/470,766
filed 5/14/2003. The contents of the prior applications are hereby incorporated in their

entirety.

BACKGROUND OF THE INVENTION

Somatic mutations in the PTEN (Phosphatase and Tensin homolog deleted on
chromosome 10) gene are known to cause tumors in a variety of human tissues. In
addition, germline mutations in PTEN are the cause of human diseases (Cowden disease
and Bannayan-Zonana syndrome) associated with increased risk of breast and thyroid
cancer (Nelen MR et al. (1997) Hum Mol Genet, 8:1383-1387; Liaw D et al. (1997) Nat
Genet, 1:64-67; Marsh DJ et al. (1998) Hum Mol Genet, 3:507-515). PTEN is thought to
act as a tumor suppressor by regulating several signaling pathways through the second
messenger phosphatidylinositol 3,4,5 triphosphate (PIP3). PTEN dephosphorylates the D3
position of PIP3 and downregulates signaling events dependent on PIP3 levels (Maéhama
T and Dixon JE (1998) J Biol Chem, 22, 13375-8). In particular, pro-survival pathways
downstream of the insulin-like growth factor (IGF) pathway are regulated by PTEN
activity. Stimulation of the IGF pathway, or loss of PTEN function, elevates PIP3 levels
and activates pro-survival pathways associated with tumorigenesis (Stambolic V et al.
(1998) Cell, 95:29-39). Consistent with this model, elevated levels of insulin-like growth
factors I and II correlate with increased risk of cancer (Yu H et al (1999) J Natl Cancer
Inst 91:151-156) and poor prognosis (Takanami I et al, 1996, J Surg Oncol 61(3):205-8).

PTEN sequence is conserved in evolution, and exists in mouse (Hansen GM and
Justice MJ (1998) Mamm Genome, 9(1):88-90), Drosophila (Goberdhan DC et al (1999)
Genes and Dev, 24:3244-58; Huang H et al (1999) Development 23:5365-72), and C.
elegans (Ogg S and Ruvkun G, (1998) Mol Cell, (6):887-93). Studies in these model
organisms have helped to elucidate the role of PTEN in processes relevant to
tumorigenesis. In Drosophila, the PTEN homolog (dPTEN) has been shown to regulate
cell size, survival, and proliferation (Huang et al, supra; Goberdhan et al, supra; Gao X et

al, 2000, 221:404-418). In mice, loss of PTEN function increases cancer susceptibility (Di
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Cristofano A et al (1998) Nature Genetics, 19:348-355; Suzuki A et al (1998) Curr. Biol.,
8:1169-78).

In addition, a member of the IGF/insulin receptor family exists in Drosophila and
has been shown to respond to insulin stimulation (Fernandez-Almonacid R, and Rozen
OM (1987) Mol Cell Bio, (8):2718-27). Similar to PTEN, studies in Drosophila (Brogiolo
W et al'(2001) Curr Biol, 11(4):213-21) and mouse (Moorehead RA et al (2003)
Oncogene, 22(6):853-857) establish a conserved role for the IGF/insulin pathway in
growth control. '

RAN is a small GTP-binding protein of the RAS superfamily that is associated
with the nuclear membrane and is thought to control a variety of cellular functions through
its interactions with other proteins. This gene encodes a very lafge RAN-binding protein
that immunolocalizes to the nuclear pore complex (Yokoyama, N, et al (1995) Nature 376:
184-188). The protein is a giant scaffold and mosaic cyclophilin-related nucleoporin
implicated in the Ran-GTPase cycle. The encoded protein directly interacts with the E2
enzyme UBC9 and strongly enhances SUMO1 transfer from UBC9 to the SUMOL target
SP100 (Pichler, A, et al (2002) Cell 108: 109-120). These findings place sumoylation at
the cytoplasmic filaments of the nuclear pore complex and suggest that, for some
substrates, modification and nuclear import are linked events. This gene is partially
duplicated in a gene cluster that lies in a hot spot for recombination on chromosome 2q.
RANBP?2 is differentially expressed in colon cancer (Dunican et al (2002) Oncogene
21:3253-3257).

The ability to manipulate the genomes of model organisms such as Drosophila
provides a powerful means to analyze biochemical processes that, due to significant
evolutionary conservation, have direct relevance to more complex vertebrate organisms.
Due to a high level of gene and pathway conservation, the strong similarity of cellular
processes, and the functional conservation of genes between these model organisms and
mammals, identification of the involvement of novel genes in particular pathways and
their functions in such model organisms can directly contribute to the understanding of the
correlative pathways and methods of modulating them in mammals (see, for example,
Mechler BM et al., 1985 EMBO J 4:1551-1557; Gateff E. 1982 Adv. Cancer Res. 37: 33-
74; Watson KL., et al., 1994 J Cell Sci. 18: 19-33; Miklos GL, and Rubin GM. 1996 Cell
86:521-529; Wassarman DA, et al., 1995 Curr Opin Gen Dev 5: 44-50; and Booth DR.
1999 Cancer Metastasis Rev. 18: 261-284). For example, a genetic screen can be carried

out in an invertebrate model organism or cell having underexpression (e.g. knockout) or
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overexpression of a gene (referred to as a “genetic entry point”) that yields a visible
phenotype, such as altered cell growth. Additional genes are mutated in a random or
targeted manner. When a gene mutation changes the original phenotype caused by the
mutation in the genetic entry point, the gene is identified as a “modifier” involved in the
same or overlapping pathway as the genetic entry point. When inactivation of either gene
is not lethal, but inactivation of both genes results in reduced viability or death of the cell,
tissue, or organism, the interaction is defined as “synthetic lethal” (Bender, A and Pringle
J, (1991) Mol Cell Biol, 11:1295-1305; Hartman J et al, (2001) Science 291:1001-1004;
US PAT No0:6,489,127). In a synthetic lethal interaction, the modifier may also be
identified as an “interactor”. When the genetic entry point is an ortholog of a human gene
implicated in a disease pathway, such as the IGF pathway, modifier genes can be
identified that may be attractive candidate targets for novel therapeutics.

All references cited herein, including patents, patent applications, publications, and
sequence information in referenced Genbank identifier numbers, are incorporated herein in

their entireties.

SUMMARY OF THE INVENTION

We have discovered genes that modify the PTEN/IGF pathway in Drosophila
cells, and identified their human orthologs, hereinafter referred to as RAN Binding Protein
2 (RANBP2). The invention provides methods for utilizing these PTEN/IGF modifier
genes and polypeptides to identify RANBP2-modulating agents that are candidate
therapeutic agents that can be used in the treatment of disorders associated with defective
or impaired PTEN/IGF function and/or RANBP?2 function. Preferred RANBP2-
modulating agents specifically bind to RANBP2 polypeptides and restore PTEN/IGF
function. Other preferred RANBP2-modulating agents are nucleic acid modulators such
as antisense oligomers and RNAI that repress RANBP2 gene expression or product
activity by, for example, binding to and inhibiting the respective nucleic acid (i.e. DNA or
mRNA).

RANBP2 modulating agents may be evaluated by any convenient in vitro or in
vivo assay for molecular interaction with a RANBP2 polypeptide or nucleic acid. In one
embodiment, candidate RANBP2 modulating agents are tested with an assay system
comprising a RANBP2 polypeptide or nucleic acid. Agents that produce a change in the
activity of the assay system relative to controls are identified as candidate PTEN/IGF

modulating agents. The assay system may be cell-based or cell-free. RANBP2-
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modulating agents include RANBP?2 related proteins (e.g. dominant negative mutants, and
biotherapeutics); RANBP2 -specific antibodies; RANBP2 -specific antisense oligomers
and other nucleic acid modulators; and chemical agents that specifically bind to or interact
with RANBP2 or compete with RANBP2 binding partner (e.g. by binding to a RANBP2
binding partner). In one specific embodiment, a small molecule modulator is identified
using a binding assay. In specific embodiments, the screening assay system is selected
from an apoptosis assay, a cell proliferation assay, an angiogenesis assay, and a hypoxic
induction assay.

In another embodiment, candidate PTEN/IGF pathway modulating agents are
further tested using a second assay system that detects changes in the PTEN/IGF pathway,
such as angiogenic, apoptotic, or cell proliferation changes produced by the originally
identified candidate agent or an agent derived from the original agent. The second assay
system may use cultured cells or non-human animals. In specific embodiments, the
secondary assay system uses non-human animals, including animals predetermined to
have a disease or disorder implicating the PTEN/IGF pathway, such as an angiogenic,
apoptotic, or cell proliferation disorder (e.g. cancer).

The invention further provides methods for modulating the RANBP2 function
and/or the PTEN/IGF pathway in a mammalian cell by contacting the mammalian cell
with an agent that specifically binds a RANBP2 polypeptide or nucleic acid. The agent
may be a small molecule modulator, a nucleic acid modﬁlator, or an antibody and may be
administered to a mammalian animal predetermined to have a pathology associated with

the PTEN/IGF pathway.

DETAILED DESCRIPTION OF THE INVENTION

The PTEN co-RNAi plus insulin synthetic lethal screen was designed to identify
modifier genes that are lethal or reduce proliferation in cells with a hyperstimulated
IGF/insulin pathway, but not in normal cells. We created cells with a hyperstimulated
IGF/insulin pathway by treatment with insulin and RNAi-mediated inactivation of dPTEN,
the Drosophila homologue of the human tumor suppressor PTEN. In addition to
identifying genes with synthetic lethal interactions in insulin-treated, PTEN-deficient cells,
this screen identified genes that, when inactivated, preferentially reduced the viability of
insulin-treated, PTEN-deficient cells relative to normal cells. The CG11856 gene was
identified as having a synthetic interaction with the IGF pathway. Accordingly, vertebrate
orthologs of CG11856, and preferably the human orthologs, RANBP2 genes (i.e., nucleic
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acids and polypeptides) are attractive drug targets for the treatment of pathologies
associated with a defective IGF signaling pathway, such as cancer.

In vitro and in vivo methods of assessing RANBP2 function are provided herein.
Modulation of the RANBP2 or their respective binding partners is useful for
understanding the association of the PTEN/IGF pathway and its members in normal and
disease conditions and for developing diagnostics and therapeutic modalities for
PTEN/IGF related pathologies. RANBP2-modulating agents that act by inhibiting or
enhancing RANBP2 expression, directly or indirectly, for example, by affecting a
RANBP?2 function such as enzymatic (e.g., catalytic) or binding activity, can be identified
using methods provided herein. RANBP2 modulating agents are useful in diagnosis,

therapy and pharmaceutical development.

Nucleic acids and polypeptides of the invention

Sequences related to RANBP2 nucleic acids and polypeptides that can be used in
the invention are disclosed in Genbank (referenced by Genbank identifier (GI) number) as
Gl#s 19718756 (SEQ ID NO:1), 924266 (SEQ ID NO:2), 10437982 (SEQ ID NO:3),
10438317 (SEQ ID NO:4), 10439992 (SEQ ID NO:5), and 624231 (SEQ ID NO:6) for
nucleic acid, and GI# 6382079 (SEQ ID NO:7) for polypeptide sequences.

The term “RANBP2 polypeptide” refers to a full-length RANBP2 protein or a
functionally active fragment or derivative thereof. A “functionally active” RANBP2
fragment or derivative exhibits one or more functional activities associated with a full-
length, wild-type RANBP2 protein, such as antigenic or immunogenic activity, enzymatic
activity, ability to bind natural cellular substrates, etc. The functional activity of RANBP2
proteins, derivatives and fragments can be assayed by variqus methods known to one
skilled in the art (Current Protocols in Protein Science (1998) Coligan et al., eds., John
Wiley & Sons, Inc., Somerset, New Jersey) and as further discussed below. In one
embodiment, a functionally active RANBP2 polypeptide is a RANBP2 derivative capable
of rescuing defective endogenous RANBP2 activity, such as in cell based or animal
assays; the rescuing derivative may be from the same or a different species. For purposes
herein, functionally active fragments also include those fragments that comprise one or
more structural domains of a RANBP2, such as a binding domain. Protein domains can be
identified using the PFAM program (Bateman A., et al., Nucleic Acids Res, 1999, 27:260-
2). For example, the RanBP1 domain (PFAM 00638) of RANBP2 from Gl# 6382079
(SEQ ID NO:7) is located at approximately amino acid residues 1285 to 1406, 1581 to

5
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1703, 1995 to 2112, and 2510 to 2637. Also, the zinc finger domain of the same protein
(PFAM 00641) ) is located at approximately amino acid residues 1734 to 1763, and 1854
to 1883. Methods for obtaining RANBP2 polypeptides are also further described below.
In some embodiments, preferred fragments are functionally active, domain-containing
fragments comprising at least 25 contiguous amino acids, preferably at least 50, more
preferably 75, and most preferably at least 100 contiguous amino acids of a RANBP2. In
further preferred embodiments, the fragment comprises the entire functionally active
domain.

The term "RANBP?2 nucleic acid" refers to a DNA or RNA molecule that encodes
a RANBP2 polypeptide. Preferably, the RANBP2 polypeptide or nucleic acid or fragment
thereof is from a human, but can also be an ortholog, or derivative thereof with at least
70% sequence identity, preferably at least 80%, more preferably 85%, still more
preferably 90%, and most preferably at least 95% sequence identity with human RANBP2.
Methods of identifying orthlogs are known in the art. Normally, orthologs in different
species retain the same function, due to presence of one or more protein motifs and/or 3-
dimensional structures. Orthologs are generally identified by sequence homology
analysis, such as BLAST analysis, usually using protein bait sequences. Sequences are
assigned as a potential ortholog if the best hit sequence from the forward BLAST result
retrieves the original query sequence in the reverse BLAST (Huynen MA and Bork P,
Proc Natl Acad Sci (1998) 95:5849-5856; Huynen MA et al., Genome Research (2000)
10:1204-1210). Programs for multiple sequence alignment, such as CLUSTAL
(Thompson JD et al, 1994, Nucleic Acids Res 22:4673-4680) may be used to highlight
conserved regions and/or residues of orthologous proteins and to generate phylogenetic
trees. In a phylogenetic tree representing multiple homologous sequences from diverse
species (e.g., retrieved through BLAST analysis), orthologous sequences from two species
generally appear closest on the tree with respect to all other sequences from these two
species. Structural threading or other analysis of protein folding (e.g., using software by
ProCeryon, Biosciences, Salzburg, Austria) may also identify potential orthologs. In
evolution, when a gene duplication event follows speciation, a single gene in one species,
such as Drosophila, may correspond to multiple genes (paralogs) in another, such as
human. As used herein, the term “orthologs” encompasses paralogs. As used herein,
“percent (%) sequence identity” with respect to a subject sequence, or a specified portion
of a subject sequence, is defined as the percentage of nucleotides or amino acids in the

candidate derivative sequence identical with the nucleotides or amino acids in the subject
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sequence (or specified portion thereof), after aligning the sequences and introducing gaps,
if necessary to achieve the maximum percent sequence identity, as generated by the
program WU-BLAST-2.0a19 (Altschul ez al., J. Mol. Biol. (1997) 215:403-410) with all
the search parameters set to default values. The HSP S and HSP S2 parameters are
dynamic values and are established by the program itself depending upon the composition
of the particular sequence and composition of the particular database against which the
sequence of interest is being searched. A % identity value is determinéd by the number of
matching identical nucleotides or amino acids divided by the sequence length for which
the percent identity is being reported. “Percent (%) amino acid sequence similarity” is
determined by doing the same calculation as for determining % amino acid sequence
identity, but including conservative amino acid substitutions in addition to identical amino
acids in the computation.

A conservative amino acid substitution is one in which an amino acid is substituted
for another amino acid having similar properties such that the folding or activity of the
protein is not significantly affected. Aromatic amino acids that can be substituted for each
other are phenylalanine, tryptophan, and tyrosine; interchangeable hydrophobic amino
acids are leucine, isoleucine, methionine, and valine; interchangeable polar amino acids
are glutamine and asparagine; interchangeable basic amino acids are arginine, lysine and
histidine; interchangeable acidic amino acids are aspartic acid and glutamic acid; and
interchangeable small amino acids are alanine, serine, threonine, cysteine and glycine.

Alternatively, an alignment for nucleic acid sequences is provided by the local
homology algorithm of Smith and Waterman (Smith and Waterm;m, 1981, Advances in
Applied Mathematics 2:482-489; database: European Bioinformatics Institute; Smith and
Waterman, 1981, J. of Molec.Biol., 147:195-197; Nicholas et al., 1998, "A Tutorial on
Searching Sequence Databases and Sequence Scoring Methods" (www.psc.edu) and
references cited therein.; W.R. Pearson, 1991, Genomics 11:635-650). This algorithm can
be applied to amino acid sequences by using the scoring matrix developed by Dayhoff
(Dayhoff: Atlas of Protein Sequences and Structure, M. O. Dayhoff ed., 5 suppl. 3:353-
358, National Biomedical Research Foundation, Washington, D.C., USA), and normalized
by Gribskov (Gribskov 1986 Nucl. Acids Res. 14(6):6745-6763). The Smith-Waterman
algorithm may be employed where default parameters are used for scoring (for example,
gap open penalty of 12, gap extension penalty of two). From the data generated, the

"Match" value reflects "sequence identity."
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Derivative nucleic acid molecules of the subject nucleic acid molecules include
sequences that hybridize to the nucleic acid sequence of a RANBP2. The stringency of
hybridization can be controlled by temperature, ionic strength, pH, and the presence of
denaturing agents such as formamide during hybridization and washing. Conditions
routinely used are set out in readily available procedure texts (e.g., Current Protocol in
Molecular Biology, Vol. 1, Chap. 2.10, John Wiley & Sons, Publishers (1994); Sambrook
et al., Molecular Cloning, Cold Spring Harbor (1989)). In some embodiments, a nucleic
acid molecule of the invention is capable of hybridizing to a nucleic acid molecule
containing the nucleotide sequence of a RANBP2 under high stringency hybridization
conditions that are: prehybridization of filters containing nucleic acid for 8 hours to
overnight at 65° C in a solution comprising 6X single strength citrate (SSC) (1X SSC is
0.15 M NaCl, 0.015 M Na citrate; pH 7.0), 5X Denhardt's solution, 0.05% sodium
pyrophosphate and 100 pg/ml herring sperm DNA; hybridization for 18-20 hours at 65° C
in a solution containing 6X SSC, 1X Denhardt's solution, 100 pg/ml yeast tRNA and
0.05% sodium pyrophosphate; and washing of filters at 65° C for 1h in a solution
containing 0.1X SSC and 0.1% SDS (sodium dodecyl sulfate).

In other embodiments, moderately stringent hybridization conditions are used that
are: pretreatment of filters containing nucleic acid for 6 h at 40° C in a solution containing
35% formamide, 5X SSC, 50 mM Tris-HCI (pH7.5), 5SmM EDTA, 0.1% PVP, 0.1%
Ficoll, 1% BSA, and 500 pug/ml denatured salmon sperm DNA; hybridization for 18-20h
at 40° C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCI (pH7.5),
5mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 pg/ml salmon sperm DNA, and
10% (wt/vol) dextran sulfate; followed by washing twice for 1 hour at 55° C in a solution
containing 2X SSC and 0.1% SDS.

Alternatively, low stringency conditions can be used that are: incubation for 8
hours to overnight at 37° C in a solution comprising 20% formamide, 5 x SSC, 50 mM
sodium phosphate (pH 7.6), 5X Denhardt’s solution, 10% dextran sulfate, and 20 pg/ml
denatured sheared salmon sperm DNA; hybridization in the same buffer for 18 to 20

hours; and washing of filters in 1 x SSC at about 37° C for 1 hour.

Isolation, Production, Expression, and Mis-expression of RANBP2 Nucleic Acids and

Polypeptides
RANBP2 nucleic acids and polypeptides are useful for identifying and testing

agents that modulate RANBP2 function and for other applications related to the
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involvement of RANBP2 in the PTEN/IGF pathway. RANBP2 nucleic acids and
derivatives and orthologs thereof may be obtained using any available method. For
instance, techniques for isolating cDNA or genomic DNA sequences of interest by
screening DNA libraries or by using polymerase chain reaction (PCR) are well known in
the art. In general, the particular use for the protein will dictate the particulars of
expression, production, and purification methods. For instance, production of proteins for
use in screening for modulating agents may require methods that preserve specific
biological activities of these proteins, whereas production of proteins for antibody
generation may require structural integrity of particular epitopes. Expression of proteins
to be purified for screening or antibody production may require the addition of specific
tags (e.g., generation of fusion proteins). Overexpression of a RANBP2 protein for assays
used to assess RANBP2 function, such as involvement in cell cycle regulation or hypoxic
response, may require expression in eukaryotic cell lines capable of these cellular
activities. Techniques for the expression, production, and purification of proteins are well
known in the art; any suitable means therefore may be used (e.g., Higgins SJ and Hames
BD (eds.) Protein Expression: A Practical Approach, Oxford University Press Inc., New
York 1999; Stanbury PF et al., Principles of Fermentation Technology, 2" edition,
Elsevier Science, New York, 1995; Doonan S (ed.) Protein Purification Protocols,
Humana Press, New Jersey, 1996; Coligan JE et al, Current Protocols in Protein Science
(eds.), 1999, John Wiley & Sons, New York). In particular embodiments, recombinant
RANBP?2 is expressed in a cell line known to have defective PTEN/IGF function. The
recombinant cells are used in cell-based screening assay systems of the invention, as
described further below.

The nucleotide sequence encoding a RANBP2 polypeptide can be inserted into any
appropriate expression vector. The necessary transcriptional and translational signals,
including promoter/enhancer element, can derive from the native RANBP2 gene and/or its
flanking regions or can be heterologous. A variety of host-vector expression systems may
be utilized, such as mammalian cell systems infected with virus (e.g. vaccinia virus,
adenovirus, efc.); insect cell systems infected with virus (e.g. baculovirus);
microorganisms such as yeast containing yeast vectors, or bacteria transformed with
bacteriophage, plasmid, or cosmid DNA. An isolated host cell strain that modulates the
expression of, modifies, and/or specifically processes the gene product may be used.

To detect expression of the RANBP2 gene product, the expression vector can

comprise a promoter operably linked to a RANBP2 gene nucleic acid, one or more origins
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of replication, and, one or more selectable markers (e.g. thymidine kinase activity,
resistance to antibiotics, etc.). Alternatively, recombinant expression vectors can be
identified by assaying for the expression of the RANBP2 gene product based on the
physical or functional properties of the RANBP2 protein in in vitro assay systems (e.g.
immunoassays).

The RANBP2 protein, fragment, or derivative may be optionally expressed as a
fusion, or chimeric protein product (i.e. it is joined via a peptide bond to a heterologous
protein sequence of a different protein), for example to facilitate purification or detection.
A chimeric product can be made by ligating the appropriate nucleic acid sequences
encoding the desired amino acid sequences to each other using standard methods and
expressing the chimeric product. A chimeric product may also be made by protein
synthetic techniques, e.g. by use of a peptide synthesizer (Hunkapiller ez al., Nature (1984)
310:105-111).

Once a recombinant cell that expresses the RANBP2 gene sequence is identified,
the gene product can be isolated and purified using standard methods (e.g. ion exchange,
affinity, and gel exclusion chromatography; centrifugation; differential solubility;
electrophoresis). Alternatively, native RANBP2 proteins can be purified from natural
sources, by standard methods (e.g. immunoaffinity purification). Once a protein is
obtained, it may be quantified and its activity measured by appropriate methods, such as
immunoassay, bioassay, or other measurements of physical properties, such as
crystallography.

The methods of this invention may also use cells that have been engineered for
altered expression (mis-expression) of RANBP?2 or other genes associated with the
PTEN/IGF pathway. As used herein, mis-expression encompasses ectopic expression,
over-expression, under-expression, and non-expression (e.g. by gene knock-out or

blocking expression that would otherwise normally occur).

Genetically modified animals

Animal models that have been genetically modified to alter RANBP2 expression
may be used in in vivo assays to test for activity of a candidate PTEN/IGF modulating
agent, or to further assess the role of RANBP2 in a PTEN/IGF pathway process such as
apoptosis or cell proliferation. Preferably, the altered RANBP2 expression results in a
detectable phenotype, such as decreased or increased levels of cell proliferation,

angiogenesis, or apoptosis compared to control animals having normal RANBP2
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expression. The genetically modified animal may additionally have altered PTEN/IGF
expression (e.g. PTEN/IGF knockout). Preferred genetically modified animals are
mammals such as primates, rodents (preferably mice or rats), among others. Preferred
non-mammalian species include zebrafish, C. elegans, and Drosophila. Preferred
genetically modified animals are transgenic animals having a heterologous nucleic acid
sequence present as an extrachromosomal element in a portion of its cells, i.e. mosaic
animals (see, for example, techniques described by Jakobovits, 1994, Curr. Biol. 4:761-
763.) or stably integrated into its germ line DNA (i.e., in the genomic sequence of most or
all of its cells). Heterologous nucleic acid is introduced into the germ line of such
transgenic animals by genetic manipulation of, for example, embryos or embryonic stem
cells of the host animal.

Methods of making transgenic animals are well-known in the art (for transgenic
mice see Brinster et al., Proc. Nat. Acad. Sci. USA 82: 4438-4442 (1985), U.S. Pat. Nos.
4,736,866 and 4,870,009, both by Leder et al., U.S. Pat. No. 4,873,191 by Wagner et al.,
and Hogan, B., Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., (1986); for particle bombardment see U.S. Pat. No., 4,945,050,
by Sandford et al.; for transgenic Drosophila see Rubin and Spradling, Science (1982)
218:348-53 and U.S. Pat. No. 4,670,388; for transgenic insects see Berghammer A.J. et
al., A Universal Marker for Transgenic Insects (1999) Nature 402:370-371; for transgenic
Zebrafish see Lin S., Transgenic Zebrafish, Methods Mol Biol. (2000);136:375-3830); for
microinjection procedures for fish, amphibian eggs and birds see Houdebine and
Chourrout, Experientia (1991) 47:897-905; for transgenic rats see Hammer et al., Cell
(1990) 63:1099-1112; and for culturing of embryonic stem (ES) cells and the subsequent
production of transgenic animals by the introduction of DNA into ES cells using methods
such as electroporation, calcium phosphate/DNA precipitation and direct injection see,
e.g., Teratocarcinomas and Embryonic Stem Cells, A Practical Approach, E. J. Robertson,
ed., IRL Press (1987)). Clones of the nonhuman transgenic animals can be produced
according to available methods (see Wilmut, I. et al. (1997) Nature 385:810-813; and PCT
International Publication Nos. WO 97/07668 and WO 97/07669).

' In one embodiment, the transgenic animal is a “knock-out” animal having a
heterozygous or homozygous alteration in the sequence of an endogenous RANBP2 gene
that results in a decrease of RANBP2 function, preferably such that RANBP2 expression
is undetectable or insignificant. Knock-out animals are typically generated by

homologous recombination with a vector comprising a transgene having at least a portion
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of the gene to bé knocked out. Typically a deletion, addition or substitution has been
introduced into the transgene to functionally disrupt it. The transgene can be a human
gene (e.g., from a human genomic clone) but more preferably is an ortholog of the human
gene derived from the transgenic host species. For example, a mouse RANBP2 gene is
used to construct a homologous recombination vector suitable for altering an endogenous
RANBP2 gene in the mouse genome. Detailed methodologies for homologous
recombination in mice are available (see Capecchi, Science (1989) 244:1288-1292; Joyner
et al., Nature (1989) 338:153-156). Procedures for the production of non-rodent
transgenic mammals and other animals are also available (Houdebine and Chourrout,
supra; Pursel et al., Science (1989) 244:1281-1288; Simms et al., Bio/Technology (1988)
6:179-183). In a preferred embodiment, knock-out animals, such as mice harboring a
knockout of a specific gene, may be used to produce antibodies against the human
counterpart of the gene that has been knocked out (Claesson MH et al., (1994) ScanJ
Immunol 40:257-264; Declerck PJ et al., (1995) J Biol Chem. 270:8397-400).

In another embodiment, the transgenic animal is a “knock-in” animal having an
alteration in its genome that results in altered expression (e.g., increased (including
ectopic) or decreased expression) of the RANBP2 gene, e.g., by introduction of additional
copies of RANBP2, or by operatively inserting a regulatory sequence that provides for
altered expression of an endogenous copy of the RANBP2 gene. Such regulatory
sequences include inducible, tissue-specific, and constitutive promoters and enhancer
elements. The knock-in can be homozygous or heterozygous.

Transgenic nonhuman animals can also be produced that contain selected systems
allowing for regulated expression of the transgene. One example of such a system that
may be produced is the cre/loxP recombinase system of bacteriophage P1 (Lakso ez al.,
PNAS (1992) 89:6232-6236; U.S. Pat. No. 4,959,317). If a cre/loxP recombinase system
is used to regulate expression of the transgene, animals containing transgenes encoding
both the Cre recombinase and a selected protein are required. Such animals can be
provided through the construction of "double" transgenic animals, e.g., by mating two
transgenic animals, one containing a transgene encoding a selected protein and the other
containing a transgene encoding a recombinase. Another example of a recombinase
system is the FLP recombinase system of Saccharomyces cerevisiae (O'Gorman et al.
(1991) Science 251:1351-1355; U.S. Pat. No. 5,654,182). In a preferred embodiment,

both Cre-LoxP and Flp-Frt are used in the same system to regulate expression of the
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transgene, and for sequential deletion of vector sequences in the same cell (Sun X et al
(2000) Nat Genet 25:83-6).

The genetically modified animals can be used in genetic studies to further elucidate
the PTEN/IGF pathway, as animal models of disease and disorders implicating defective
PTEN/IGF function, and for in vivo testing of candidate therapeutic agents, such as those
identified in screens described below. The candidate therapeutic agents are administered
to a genetically modified animal having altered RANBP2 function and phenotypic changes
are compared with appropriate control animals such as genetically modified animals that
receive placebo treatment, and/or animals with unaltered RANBP2 expression that receive
candidate therapeutic agent.

In addition to the above-described genetically modified animals having altered
RANBP2 function, animal models having defective PTEN/IGF function (and otherwise
normal RANBP2 function), can be used in the methods of the present invention. For
example, a mouse with defective PTEN function can be used to assess, in vivo, the activity
of a candidate PTEN modulating agent identified in one of the in vitro assays described
below. Transgenic mice with defective PTEN function have been described in literature
(Di Cristofano et al, supra). Preferably, the candidate PTEN/IGF modulating agent when
administered to a model system with cells defective in PTEN/IGF function, produces a
detectable phenotypic change in the model system indicating that the PTEN/IGF function

is restored, i.e., the cells exhibit normal cell cycle progression.

Modulating Agents
The invention provides methods to identify agents that interact with and/or
modulate the function of RANBP2 and/or the PTEN/IGF pathway. Modulating agents

identified by the methods are also part of the invention. Such agents are useful in a variety
of diagnostic and therapeutic applications associated with the PTEN/IGF pathway, as well
as in further analysis of the RANBP2 protein and its contribution to the PTEN/IGF
pathway. Accordingly, the invention also provides methods for modulating the PTEN/IGF
pathway comprising the step of specifically modulating RANBP2 activity by
administering a RANBP2-interacting or -modulating agent.

As used herein, an “RANBP2-modulating agent” is any agent that modulates
RANBP2 function, for example, an agent that interacts with RANBP2 to inhibit or
enhance RANBP? activity or otherwise affect normal RANBP2 function. RANBP2

function can be affected at any level, including transcription, protein expression, protein
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localization, and cellular or extra-cellular activity. In a preferred embodiment, the
RANBP2 - modulating agent specifically modulates the function of the RANBP2. The

P11

phrases “specific modulating agent”, “specifically modulates”, etc., are used herein to
refer to modulating agents that directly bind to the RANBP2 polypeptide or nucleic acid,
and preferably inhibit, enhance, or otherwise alter, the function of the RANBP2. These
phrases also encompass modulating agents that alter the interaction of the RANBP2 with a
binding partner, substrate, or cofactor (e.g. by binding to a binding partner of a RANBP2,
or to a protein/binding partner complex, and altering RANBP2 function). In a further
preferred embodiment, the RANBP2- modulating agent is a modulator of the PTEN/IGF
pathway (e.g. it restores and/or upregulates PTEN/IGF function) and thus is also a
PTEN/IGF-modulating agent.

Preferred RANBP2-modulating agents include small molecule compounds;
RANBP2-interacting proteins, including antibodies and other biotherapeutics; and nucleic
acid modulators such as antisense and RNA inhibitors. The modulating agents may be
formulated in pharmaceutical compositions, for example, as compositions that may
comprise other active ingredients, as in combination therapy, and/or suitable carriers or
excipients. Techniques for formulation and administration of the compounds may be

found in “Remington’s Pharmaceutical Sciences” Mack Publishing Co., Easton, PA, 19™

edition.

Small molecule modulators

Small molecules are often preferred to modulate function of proteins with
enzymatic function, and/or containing protein interaction domains. Chemical agents,
referred to in the art as "small molecule" compounds are typically organic, non-peptide
molecules, having a molecular weight up to 10,000, preferably up to 5,000, more
preferably up to 1,000, and most preferably up to 500 daltons. This class of modulators
includes chemically synthesized molecules, for instance, compounds from combinatorial
chemical libraries. Synthetic compounds may be rationally designed or identified based
on known or inferred properties of the RANBPZ protein or may be identified by screening
compound libraries. Alternative appropriate modulators of this class are natural products,
particularly secondary metabolites from organisms such as plants or fungi, which can also
be identified by screening compound libraries for RANBP2-modulating activity. Methods
for generating and obtaining compounds are well known in the art (Schreiber SL, Science
(2000) 151: 1964-1969; Radmann J and Gunther J, Science (2000) 151:1947-1948).
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Small molecule modulators identified from screening assays, as described below,
can be used as lead compounds from which candidate clinical compounds may be
designed, optimized, and synthesized. Such clinical compounds may have utility in
treating pathologies associated with the PTEN/IGF pathway. The activity of candidate
small molecule modulating agents may be improved several-fold through iterative
secondary functional validation, as further described below, structure determination, and
candidate modulator modification and testing. Additionally, candidate clinical compounds
are generated with specific regard to clinical and pharmacological properties. For example,
the reagents may be derivatized and re-screened using in vifro and in vivo assays to

optimize activity and minimize toxicity for pharmaceutical development.

Protein Modulators

Specific RANBP2-interacting proteins are useful in a variety of diagnostic and
therapeutic applications related to the PTEN/IGF pathway and related disorders, as well as
in validation assays for other RANBP2-modulating agents. In a preferred embodiment,
RANBP2-interacting proteins affect normal RANBP2 function, including transcription,
protein expression, protein localization, and cellular or extra-cellular activity. In another
embodiment, RANBP2-interacting proteins are useful in detecting and providing
information about the function of RANBP2 proteins, as is relevant to PTEN/IGF related
disorders, such as cancer (e.g., for diagnostic means).

An RANBP2-interacting protein may be endogenous, i.e. one that naturally
interacts genetically or biochemically with a RANBP2, such as a member of the RANBP2
pathway that modulates RANBP2 expression, localization, and/or activity. RANBP2-
modulators include dominant negative forms of RANBP2-interacting proteins and of
RANBP2 proteins themselves. Yeast two-hybrid and variant screens offer preferred
methods for identifying endogenous RANBP2-interacting proteins (Finley, R L.etal
(1996) in DNA Cloning-Expression Systems: A Practical Approach, eds. Glover D. &
Hames B. D (Oxford University Press, Oxford, England), pp. 169-203; Fashema SF et al.,
Gene (2000) 250:1-14; Drees BL Curr Opin Chem Biol (1999) 3:64-70; Vidal M and
Legrain P Nucleic Acids Res (1999) 27:919-29; and U.S. Pat. No. 5,928,868). Mass
spectrometry is an alternative preferred method for the elucidation of protein complexes
(reviewed in, e.g., Pandley A and Mann M, Nature (2000) 405:837-846; Yates JR 3’d,
Trends Genet (2000) 16:5-8).

15



10

15

20

25

30

WO 2004/104171 PCT/US2004/015145

An RANBP2-interacting protein may be an exogenous protein, such as a
RANBP2-specific antibody or a T-cell antigen receptor (see, €.g., Harlow and Lane (1988)
Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory; Harlow and Lane
(1999) Using antibodies: a laboratory manual. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory Press). RANBP2 antibodies are further discussed below.

In preferred embodiments, a RANBP2-interacting protein specifically binds a
RANBP2 protein. In alternative preferred embodiments, a RANBP2-modulating agent
binds a RANBP2 substrate, binding partner, or cofactor.

Antibodies

In another embodiment, the protein modulator is a RANBP2 specific antibody
agonist or antagonist. The antibodies have therapeutic and diagnostic utilities, and can be
used in screening assays to identify RANBP2 modulators. The antibodies can also be used
in dissecting the portions of the RANBP2 pathway responsible for various cellular
responses and in the general processing and maturation of the RANBP2.

Antibodies that specifically bind RANBP2 polypeptides can be generated using
known methodsl. Preferably the antibody is specific to a mammalian ortholog of RANBP2
polypeptide, and more preferably, to human RANBP2. Antibodies may be polyclonal,
monoclonal (mAbs), humanized or chimeric antibodies, single chain antibodies, Fab
fragments, F(ab").sub.2 fragments, fragments produced by a FAb expression library, anti-
idiotypic (anti-Id) antibodies, and epitope-binding fragments of any of the above.
Epitopes of RANBP2 which are particularly antigenic can be selected, for example, by
routine screening of RANBP2 polypeptides for antigenicity or by applying a theoretical
method for selecting antigenic regions of a protein (Hopp and Wood (1981), Proc. Nati.
Acad. Sci. U.S.A. 78:3824-28; Hopp and Wood, (1983) Mol. Immunol. 20:483-89;
Sutcliffe et al., (1983) Science 219:660-66) to the amino acid sequence of a RANBP2.
Monoclonal antibodies with affinities of 10° M preferably 10° M to 10" M, or
stronger can be made by standard procedures as described (Harlow and Lane, supra;
Goding (1986) Monoclonal Antibodies: Principles and Practice (2d ed) Academic Press,
New York; and U.S. Pat. Nos. 4,381,292; 4,451,570; and 4,618,577). Antibodies may be
generated against crude cell extracts of RANBP2 or substantially purified fragments
thereof. If RANBP2 fragments are used, they preferably comprise at least 10, and more
preferably, at least 20 contiguous amino acids of a RANBP2 protein. In a particular

embodiment, RANBP2-specific antigens and/or immunogens are coupled to carrier
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proteins that stimulate the immune response. For example, the subject polypeptides are
covalently coupled to the keyhole limpet hemocyanin (KLH) carrier, and the conjugate is
emulsified in Freund’s complete adjuvant, which enhances the immune response. An
appropriate immune system such as a laboratory rabbit or mouse is immunized according
to conventional protocols.

The presence of RANBP2-specific antibodies is assayed by an appropriate assay
such as a solid phase enzyme-linked immunosorbant assay (ELISA) using immobilized
corresponding RANBP2 polypeptides. Other assays, such as radioimmunoassays or
fluorescent assays might also be used.

Chimeric antibodies specific to RANBP2 polypeptides can be made that contain
different portions from different animal species. For instance, a human immunoglobulin
constant region may be linked to a variable region of a murine mAb, such that the
antibody derives its biological activity from the human antibody, and its binding
specificity from the murine fragment. Chimeric antibodies are produced by splicing
together genes that encode the appropriate regions from each species (Morrison et al.,
Proc. Natl. Acad. Sci. (1984) 81:6851-6855; Neuberger et al., Nature (1984) 312:604-603;
Takeda et al., Nature (1985) 31:452-454). Humanized antibodies, which are a form of
chimeric antibodies, can be generated by grafting complementary-determining regions
(CDRs) (Carlos, T. M., J. M. Harlan. 1994. Blood 84:2068-2101) of mouse antibodies
into a background of human framework regions and constant regions by recombinant
DNA technology (Riechmann LM, et al., 1988 Nature 323: 323-327). Humanized
antibodies contain ~10% murine sequences and ~90% human sequences, and thus further
reduce or eliminate immunogenicity, while retaining the antibody specificities (Co MS,
and Queen C. 1991 Nature 351: 501-501; Morrison SL. 1992 Ann. Rev. Immun.
10:239-265). Humanized antibodies and methods of their production are well-known in
the art (U.S. Pat. Nos. 5,530,101, 5,585,089, 5,693,762, and 6,180,370).

RANBP2-specific single chain antibodies which are recombinant, single chain
polypeptides formed by linking the heavy and light chain fragments of the Fv regions via
an amino acid bridge, can be produced by methods known in the art (U.S. Pat. No.
4,946,778; Bird, Science (1988) 242:423-426; Huston et al., Proc. Natl. Acad. Sci. USA
(1988) 85:5879-5883; and Ward et al., Nature (1989) 334:544-546).

Other suitable techniques for antibody production involve in vitro exposure of
lymphocytes to the antigenic polypeptides or alternatively to selection of libraries of
antibodies in phage or similar vectors (Huse et al., Science (1989) 246:1275-1281). As
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used herein, T-cell antigen receptors are included within the scope of antibody modulators
(Harlow and Lane, 1988, supra).

The polypeptides and antibodies of the present invention may be used with or
without modification. Frequently, antibodies will be labeled by joining, either covalently
or non-covalently, a substance that provides for a detectable signal, or that is toxic to cells
that express the targeted protein (Menard S, et al., Int J. Biol Markers (1989) 4: 131-134).
A wide variety of labels and conjugation techniques are known and are reported
extensively in both the scientific and patent literature. Suitable labels include
radionuclides, enzymes, substrates, cofactors, inhibitors, fluorescent moieties, fluorescent
emitting lanthanide metals, chemiluminescent moieties, bioluminescent moieties,
magnetic particles, and the like (U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350,
3,996,345; 4,277,437, 4,275,149; and 4,366,241). Also, recombinant immunoglobulins
may be produced (U.S. Pat. No. 4,816,567). Antibodies to cytoplasmic polypeptides may
be delivered and reach their targets by conjugation with membrane-penetrating toxin
proteins (U.S. Pat. No. 6,086,900).

When used therapeutically in a patient, the antibodies of the subject invention are
typically administered parenterally, when possible at the target site, or intravenously. The
therapeutically effective dose and dosage regimen is determined by clinical studies.
Typically, the amount of antibody administered is in the range of about 0.1 mg/kg —to
about 10 mg/kg of patient weight. For parenteral administration, the antibodies are
formulated in a unit dosage injectable form (e.g., solution, suspension, emulsion) in
association with a pharmaceutically acceptable vehicle. Such vehicles are inherently
nontoxic and non-therapeutic. Examples are water, saline, Ringer's solution, dextrose
solution, and 5% human serum albumin. Nonaqueous vehicles such as fixed oils, ethyl
oleate, or liposome carriers may also be used. The vehicle may contain minor amounts of
additives, such as buffers and preservatives, which enhance isotonicity and chemical
stability or otherwise enhance therapeutic potential. The antibodies’ concentrations in
such vehicles are typically in the range of about 1 mg/ml to about10 mg/ml.
Immunotherapeutic methods are further described in the literature (US Pat. No. 5,859,206,
WO0073469).

Nucleic Acid Modulators
Other preferred RANBP2-modulating agents comprise nucleic acid molecules,

such as antisense oligomers or double stranded RNA (dsRNA), which generally inhibit

18



10

15

20

25

30

WO 2004/104171 PCT/US2004/015145

RANBP2 activity. Preferred nucleic acid modulators interfere with the function of the
RANBP?2 nucleic acid such as DNA replication, transcription, translocation of the
RANBP2 RNA to the site of protein translation, translation of protein from the RANBP2
RNA, splicing of the RANBP2 RNA to yield one or more mRNA species, or catalytic
activity which may be engaged in or facilitated by the RANBP2 RNA.

In one embodiment, the antisense oligomer is an oligonucleotide that is sufficiently
complementary to a RANBP2 mRNA to bind to and prevent translation, preferably by
binding to the 5” untranslated region. RANBP2-specific antisense oligonucleotides,
preferably range from at least 6 to about 200 nucleotides. In some embodiments the
oligonucleotide is preferably at least 10, 15, or 20 nucleotides in length. In other
embodiments, the oligonucleotide is preferably less than 50, 40, or 30 nucleotides in
length. The oligonucleotide can be DNA or RNA or a chimeric mixture or derivatives or
modified versions thereof, single-stranded or double-stranded. The oligonucleotide can be
modified at the base moiety, sugar moiety, or phosphate backbone. The oligonucleotide
may include other appending groups such as peptides, agents that facilitate transport
across the cell membrane, hybridization-triggered cleavage agents, and intercalating
agents.

In another embodiment, the antisense oligomer is a phosphothioate morpholino
oligomer (PMO). PMOs are assembled from four different morpholino subunits, each of
which contain one of four genetic bases (A, C, G, or T) linked to a six-membered
morpholine ring. Polymers of these subunits are joined by non-ionic phosphodiamidate
intersubunit linkages. Details of how to make and use PMOs and other antisense
oligomers are well known in the art (e.g. see W099/18193; Probst JC, Antisense
Oligodeoxynucleotide and Ribozyme Design, Methods. (2000) 22(3):271-281; Summerton
J, and Weller D. 1997 Antisense Nucleic Acid Drug Deyv. :7:187-95; US Pat. No.
5,235,033; and US Pat No. 5,378,841).

Alternative preferred RANBP2 nucleic acid modulators are double-stranded RNA
species mediating RNA interference (RNAi). RNAi is the process of sequence-specific,
post-transcriptional gene silencing in animals and plants, initiated by double-stranded
RNA (dsRNA) that is homologous in sequence to the silenced gene. Methods relating to
the use of RNAI to silence genes in C. elegans, Drosophila, plants, and humans are known
in the art (Fire A, et al., 1998 Nature 391:806-811; Fire, A. Trends Genet. 15, 358-363
(1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15, 485-490 (2001); Hammond,
S. M., et al., Nature Rev. Genet. 2, 110-1119 (2001); Tuschl, T. Chem. Biochem. 2, 239-
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245 (2001); Hamilton, A. et al., Science 286, 950-952 (1999); Hammond, S. M., et al.,
Nature 404, 293-296 (2000); Zamore, P. D., et al., Cell 101, 25-33 (2000); Bernstein, E.,
et al., Nature 409, 363-366 (2001); Elbashir, S. M., et al., Genes Dev. 15, 188-200
(2001); WO0129058; W09932619; Elbashir SM, et al., 2001 Nature 411:494-498).
Nucleic acid modulators are commonly used as research reagents, diagnostics, and
therapeutics. For example, antisense oligonucleotides, which are able to inhibit gene
expression with exquisite specificity, are often used to elucidate the function of particular
genes (see, for example, U.S. Pat. No. 6,165,790). Nucleic acid modulators are also used,
for example, to distinguish between functions of various members of a biological pathway.
For example, antisense oligomers have been employed as therapeutic moieties in the
treatment of disease states in animals and man and have been demonstrated in numerous
clinical trials to be safe and effective (Milligan JF, et al, Current Concepts in Antisense
Drug Design, J Med Chem. (1993) 36:1923-1937; Tonkinson JL et al., Antisense
Oligodeoxynucleotides as Clinical Therapeutic Agents, Cancer Invest. (1996) 1%:54-65).
Accordingly, in one aspect of the invention, a RANBP2-specific nucleic acid modulator is
used in an assay to further elucidate the role of the RANBP?2 in the PTEN/IGF pathway,
and/or its relationship to other members of the pathway. In another aspect of the
invention, a RANBP2-specific antisense oligomer is used as a therapeutic agent for

treatment of PTEN/IGF-related disease states.

Assay Systems

The invention provides assay systems and screening methods for identifying
specific modulators of RANBP?2 activity. As used herein, an "assay system" encompasses
all the components required for performing and analyzing results of an assay that detects
and/or measures a particular event. In general, primary assays are used to identify or
confirm a modulator's specific biochemical or molecular effect with respect to the
RANBP2 nucleic acid or protein. In general, secondary assays further assess the activity
of a RANBP2 modulating agent identified by a primary assay and may confirm that the
modulating agent affects RANBP2 in a manner relevant to the PTEN/IGF pathway. In
some cases, RANBP2 modulators will be directly tested in a secondary assay.

In a preferred embodiment, the screening method comprises contacting a suitable
assay system comprising a RANBP2 polypeptide or nucleic acid with a candidate agent
under conditions whereby, but for the presence of the agent, the system provides a

reference activity (e.g. binding activity), which is based on the particular molecular event
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the screening method detects. A statistically significant difference between the agent-
biased activity and the reference activity indicates that the candidate agent modulates
RANBP2 activity, and hence the PTEN/IGF pathway. The RANBP2 polypeptide or
nucleic acid used in the assay may comprise any of the nucleic acids or polypeptides

described above.

Primary Assays

The type of modulator tested generally determines the type of primary assay.

Primary assays for small molecule modulators

For small molecule modulators, screening assays are used to identify candidate
modulators. Screening assays may be cell-based or may use a cell-free system that
recreates or retains the relevant biochemical reaction of the target protein (reviewed in
Sittampalam GS et al., Curr Opin Chem Biol (1997) 1:384-91 and accompanying
references). As used herein the term "cell-based" refers to assays using live cells, dead
cells, or a particular cellular fraction, such as a membrane, endoplasmic reticulum, or
mitochondrial fraction. The term "cell free" encompasses assays using substantially
purified protein (either endogenous or recombinantly produced), partially purified or crude
cellular extracts. Screening assays may detect a variety of molecular events, including
protein-DNA interactions, protein-protein interactions (e.g., receptor-ligand binding),
transcriptional activity (e.g., using a reporter gene), enzymatic activity (e.g., via a property
of the substrate), activity of second messengers, immunogenicty and changes in cellular
morphology or other cellular characteristics. Appropriate screening assays may use a wide
range of detection methods including fluorescent, radioactive, colorimetric,
spectrophotometric, and amperometric methods, to provide a read-out for the particular
molecular event detected.

Cell-based screening assays usually require systems for recombinant expression of
RANBP2 and any auxiliary proteins demanded by the particular assay. Appropriate
methods for generating recombinant proteins produce sufficient quantities of proteins that
retain their relevant biological activities and are of sufficient purity to optimize activity
and assure assay reproducibility. Yeast two-hybrid and variant screens, and mass
spectrometry provide preferred methods for determining protein-protein interactions and
elucidation of protein complexes. In certain applications, when RANBP2-interacting

proteins are used in screens to identify small molecule modulators, the binding specificity

21



10

15

20

25

30

WO 2004/104171 PCT/US2004/015145

of the interacting protein to the RANBP2 protein may be assayed by various known
methods such as substrate processing (e.g. ability of the candidate RANBP2-specific
binding agents to function as negative effectors in RANBP2-expressing cells), binding
equilibrium constants (usually at least about 10" M, preferably at least about 108 M7,
more preferably at least about 10° MY, and immunogenicity (e.g. ability to elicit
RANBP2 specific antibody in a heterologous host such as a mouse, rat, goat or rabbit).
For enzymes and receptors, binding may be assayed by, respectively, substrate and ligand
processing.

The screening assay may measure a candidate agent’s ability to specifically bind to
or modulate activity of a RANBP2 polypeptide, a fusion protein thereof, or to cells or
membranes bearing the polypeptide or fusion protein. The RANBP2 polypeptide can be
full length or a fragment thereof that retains functional RANBP2 activity. The RANBP2
polypeptide may be fused to another polypeptide, such as a peptide tag for detection or
anchoring, or to another tag. The RANBP2 polypeptide is preferably human RANBP2, or
is an ortholog or derivative thereof as described above. In a preferred embodiment, the
screening assay detects candidate agent-based modulation of RANBP2 interaction with a
binding target, such as an endogenous or exogenous protein or other substrate that has
RANBP2 —specific binding activity, and can be used to assess normal RANBP2 gene
function.

Suitable assay formats that may be adapted to screen for RANBP2 modulators are
known in the art. Preferred screening assays are high throughput or ultra high throughput
and thus provide automated, cost-effective means of screening compound libraries for lead
compounds (Fernandes PB, Curr Opin Chem Biol (1998) 2:597-603; Sundberg SA, Curr
Opin Biotechnol 2000, 11:47-53). In one preferred embodiment, screening assays uses
fluorescence technologies, including fluorescence polarization, time-resolved
fluorescence, an(li fluorescence resonance energy transfer. These systems offer means to
monitor protein-protein or DNA-protein interactions in which the intensity of the signal
emitted from dye-labeled molecules depends upon their interactions with partner
molecules (e.g., Selvin PR, Nat Struct Biol (2000) 7:730-4; Fernandes PB, supra;
Hertzberg RP and Pope AJ, Curr Opin Chem Biol (2000) 4:445-451).

A variety of suitable assay systems may be used to identify candidate RANBP2
and PTEN/IGF pathway modulators (.S. Pat. Nos. 5,550,019 and 6,133,437 (apoptosis
assays); and U.S. Pat. Nos. 5,976,782, 6,225,118 and 6,444,434 (angiogenesis assays),

among others). Specific preferred assays are described in more detail below.
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Apoptosis assays. Assays for apoptosis may be performed by terminal
deoxynucleotidyl transferase-mediated digoxigenin-11-dUTP nick end labeling (TUNEL)
assay. The TUNEL assay is used to measure nuclear DNA fragmentation characteristic of
apoptosis ( Lazebnik ez al., 1994, Nature 371, 346), by following the incorporation of
fluorescein-dUTP (Yonehara et al., 1989, J. Exp. Med. 169, 1747). Apoptosis may further
be assayed by acridine orange staining of tissue culture cells (Lucas, R., et al., 1998, Blood
15:4730-41). Other cell-based apoptosis assays include the caspase-3/7 assay and the cell
death nucleosome ELISA assay. The caspase 3/7 assay is based on the activation of the
caspase cleavage activity as part of a cascade of events that occur during programmed cell
death in many apoptotic pathways. In the caspase 3/7 assay (commercially available Apo-
ONE™ Homogeneous Caspase-3/7 assay from Promega, cat# 67790), lysis buffer and
caspase substrate are mixed and added to cells. The caspase substrate becomes fluorescent
when cleaved by active caspase 3/7. The nucleosome ELISA assay is a general cell death
assay known to those skilled in the art, and available commercially (Roche, Cat#
1774425). This assay is a quantitative sandwich-enzyme-immunoassay which uses
monoclonal antibodies directed against DNA and histones respectively, thus specifically
determining amount of mono- and oligonucleosomes in the cytoplasmic fraction of cell
lysates. Mono and oligonucleosomes are enriched in the cytoplasm during apoptosis due
to the fact that DNA fragmentation occurs several hours before the plasma membrane
breaks down, allowing for accumalation in the cytoplasm. Nucleosomes are not present in
the cytoplasmic fraction of cells that are not undergoing apoptosis. An apoptosis assay
system may comprise a cell that expresses a RANBP2, and that optionally has defective
PTEN/IGF function (e.g. PTEN/IGF is over-expressed or under-expressed relative to wild-
type cells). A test agent can be added to the apoptosis assay system and changes in
induction of apoptosis relative to controls where no test agent is added, identify candidate
PTEN/IGF modulating agents. In some embodiments of the invention, an apoptosis assay
may be used as a secondary assay to test a candidate PTEN/IGF modulating agents that is
initially identified using a cell-free assay system. An apoptosis assay may also be used to
test whether RANBP2 function plays a direct role in apoptosis. For example, an apoptosis
assay may be performed on cells that over- or under-express RANBP2 relative to wild
type cells. Differences in apoptotic response compared to wild type cells suggests that the
RANBP2 plays a direct role in the apoptotic response. Apoptosis assays are described
further in US Pat. No. 6,133,437.
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Cell proliferation and cell cycle assays. Cell proliferation may be assayed via
bromodeoxyuridine (BRDU) incorporation. This assay identifies a cell population
undergoing DNA synthesis by incorporation of BRDU into newly-synthesized DNA.
Newly-synthesized DNA may then be detected using an anti-BRDU antibody (Hoshino et
al., 1986, Int. J. Cancer 38, 369; Campana et al., 1988, J. Immunol. Meth. 107, 79), or by
other means.

Cell proliferation is also assayed via phospho-histone H3 staining, which identifies
a cell population undergoing mitosis by phosphorylation of histone H3. Phosphorylation
of histone H3 at serine 10 is detected using an antibody specfic to the phosphorylated form
of the serine 10 residue of histone H3. (Chadlee,D.N. 1995, J. Biol. Chem 270:20098-
105). Cell Proliferation may also be examined using [3H]-thymidine incorporation (Chen,
J., 1996, Oncogene 13:1395-403; Jeoung, J., 1995, J. Biol. Chem. 270:18367-73). This
assay allows for quantitative characterization of S-phase DNA syntheses. In this assay,
cells synthesizing DNA will incorporate [*H]-thymidine into newly synthesized DNA.
Incorporation can then be measured by standard techniques such as by counting of
radioisotope in a scintillation counter (e.g., Beckman LS 3800 Liquid Scintillation
Counter). Another proliferation assay uses the dye Alamar Blue (available from
Biosource International), which fluoresces when reduced in living cells and provides an
indirect measurement of cell number (Voytik-Harbin SL et al., 1998, In Vitro Cell Dev
Biol Anim 34:239-46). Yet another proliferation assay, the MTS assay, is based on in
vitro cytotoxicity assessment of industrial chemicals, and uses the soluble tetrazolium salt,
MTS. MTS assays are commercially available, for example, the Promega CellTiter 96°
AQueous Non-Radioactive Cell Proliferation Assay (Cat.# G5421).

Cell proliferation may also be assayed by colony formation in soft agar (Sambrook
et al., Molecular Cloning, Cold Spring Harbor (1989)). For example, cells transformed
with RANBP2 are seeded in soft agar plates, and colonies are measured and counted after
two weeks incubation.

Cell proliferation may also be assayed by measuring ATP levels as indicator of
metabolically active cells. Such assays are commercially available, for example Cell
Titer-Glo™, which is a luminescent homogeneous assay available from Promega.

Involvement of a gene in the cell cycle may be assayed by flow cytometry (Gray
JW et al. (1986) Int J Radiat Biol Relat Stud Phys Chem Med 49:237 -55). Cells

transfected with a RANBP2 may be stained with propidium iodide and evaluated in a flow
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cytometer (available from Becton Dickinson), which indicates accumulation of cells in
different stages of the cell cycle.

Involvement of a gene in cell cycle may also be assayed by FOXO nuclear
translocation assays. The FOXO family of transcription factors are mediators of various
cellular functions including cell cycle progression and cell death, and are negatively
regulated by activation of the PI3 kinase pathway. Akt phosphorylation of FOXO family
members leads to FOXO sequestration in the cytoplasm and transcriptional inactivation
(Medema, R. H et al (2000) Nature 404: 782-787). PTEN is a negative regulator of PI3
kinase pathway. Activation of PTEN, or loss of PI3 kinase or AKT, prevents
phosphorylation of FOXO, leading to accumulation of FOXO in the nucleus,
transcriptional activation of FOXO regulated genes, and apoptosis. Alternatively, loss of
PTEN leads to pathway activation and cell survival (Nakamura, N. et al (2000) Mol Cell
Biol 20: 8969-8982). FOXO translocation into the cytoplasm is used in assays and screens
to identify members and/or modulators of the PTEN pathway. FOXO translocation assays
using GFP or luciferase as detection reagents are known in the art (e.g., Zhang X et al
(2002) J Biol Chem 277:45276-45284; and Li et al (2003) Mol Cell Biol 23:104-118).

Accordingly, a cell proliferation or cell cycle assay system may comprise a cell
that expresses a RANBP2, and that optionally has defective PTEN/IGF function (e.g.
PTENV/IGF is over-expressed or under-expressed relative to wild-type cells). A test agent
can be added to the assay system and changes in cell proliferation or cell cycle relative to
controls where no test agent is added, identify candidate PTEN/IGF modulating agents. In
some embodiments of the invention, the cell proliferation or cell cycle assay may be used
as a secondary assay to test a candidate PTEN/IGF modulating agents that is initially
identified using another assay system such as a cell-free assay system. A cell proliferation
assay may also be used to test whether RANBP2 function plays a direct role in cell
proliferation or cell cycle. For example, a cell proliferation or cell cycle assay may be
performed on cells that over- or under-express RANBP?2 relative to wild type cells.
Differences in proliferation or cell cycle compared to wild type cells suggests that the

RANBP?2 plays a direct role in cell proliferation or cell cycle.

Angiogenesis. Angiogenesis may be assayed using various human endothelial cell
systems, such as umbilical vein, coronary artery, or dermal cells. Suitable assays include
Alamar Blue based assays (available from Biosource International) to measure

proliferation; migration assays using fluorescent molecules, such as the use of Becton
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Dickinson Falcon HTS FluoroBlock cell culture inserts to measure migration of cells
through membranes in presence or absence of angiogenesis enhancer or suppressors; and
tubule formation assays based on the formation of tubular structures by endothelial cells
on Matrigel® (Becton Dickinson). Accordingly, an angiogenesis assay system may
comprise a cell that expresses a RANBP2, and that optionally has defective PTEN/IGF
function (e.g. PTEN/IGF is over-expressed or under-expressed relative to wild-type cells).
A test agent can be added to the angiogenesis assay system and changes in angiogenesis
relative to controls where no test agent is added, identify candidate PTEN/IGF modulating
agents. In some embodiments of the invention, the angiogenesis assay may be used as a
secondary assay to test a candidate PTEN/IGF modulating agents that is initially identified
using another assay system. An angiogenesis assay may also be used to test whether
RANBP?2 function plays a direct role in cell proliferation. For example, an angiogenesis
assay may be performed on cells that over- or under-express RANBP2 relative to wild
type cells. Differences in angiogenesis compared to wild type cells suggests that the
RANBP2 plays a direct role in angiogenesis. U.S. Pat. Nos. 5,976,782, 6,225,118 and

6,444 434, among others, describe various angiogenesis assays.

Hypoxic induction. The alpha subunit of the transcription factor, hypoxia
inducible factor-1 (HIF-1), is upregulated in tumor cells following exposure to hypoxia in
vitro. Under hypoxic conditions, HIF-1 stimulates the expression of genes known to be
important in tumour cell survival, such as those encoding glyolytic enzymes and VEGF.
Induction of such genes by hypoxic conditions may be assayed by growing cells
transfected with RANBP2 in hypoxic conditions (such as with 0.1% 02, 5% CO2, and
balance N2, generated in a Napco 7001 incubator (Precision Scientific)) and normoxic
conditions, followed by assessment of gene activity or expression by Tagman®. For
example, a hypoxic induction assay system may comprise a cell that expresses a RANBP2,
and that optionally has defective PTEN/IGF function (e.g. PTEN/IGF is over-expressed or
under-expressed relative to wild-type cells). A test agent can be added to the hypoxic
induction assay system and changes in hypoxic response relative to controls where no test
agent is added, identify candidate PTEN/IGF modulating agents. In some embodiments of
the invention, the hypoxic induction assay may be used as a secondary assay to test a
candidate PTEN/IGF modulating agents that is initially identified using another assay
system. A hypoxic induction assay may also be used to test whether RANBP2 function

plays a direct role in the hypoxic response. For example, a hypoxic induction assay may
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be performed on cells that over- or under-express RANBP2 relative to wild type cells.
Differences in hypoxic response compared to wild type cells suggests that the RANBP2

plays a direct role in hypoxic induction.

Cell adhesion. Cell adhesion assays measure adhesion of cells to purified
adhesion proteins, or adhesion of cells to each other, in presence or absence of candidate
modulating z;gents. Cell-protein adhesion assays measure the ability of agents to modulate
the adhesion of cells to purified proteins. For example, recombinant proteins are
produced, diluted to 2.5 g/mL in PBS, and used to coat the wells of a microtiter plate. The
wells used for negative control are not coated. Coated wells are then washed, blocked
with 1% BSA, and washed again. Compounds are diluted to 2x final test concentration
and added to the blocked, coated wells. Cells are then added to the wells, and the unbound
cells are washed off. Retained cells are labeled directly on the plate by adding a
membrane-permeable fluorescent dye, such as calcein-AM, and the signal is quantified in
a fluorescent microplate reader.

Cell-cell adhesion assays measure the ability of agents to modulate binding of cell
adhesion proteins with their native ligands. These assays use cells that naturally or
recombinantly express the adhesion protein of choice. In an exemplary assay, cells
expressing the cell adhesion protein are plated in wells of a multiwell plate. Cells
expressing the ligand are labeled with a membrane-permeable fluorescent dye, such as
BCECF, and allowed to adhere to the monolayers in the presence of candidate agents.
Unbound cells are washed off, and bound cells are detected using a fluorescence plate
reader.

High-throughput cell adhesion assays have also been described. In one such assay,
small molecule ligands and peptides are bound to the surface of microscope slides using a
microarray spotter, intact cells are then contacted with the slides, and unbound cells are
washed off. In this assay, not only the binding specificity of the peptides and modulators
against cell lines are determined, but also the functional cell signaling of attached cells
using immunofluorescence techniques in situ on the microchip is measured (Falsey JR et

al., Bioconjug Chem. 2001 May-Jun;12(3):346-53).

Tubulogenesis. Tubulogenesis assays monitor the ability of cultured cells,
generally endothelial cells, to form tubular structures on a matrix substrate, which

generally simulates the environment of the extracellular matrix. Exemplary substrates
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include Matrige]™ (Becton Dickinson), an extract of basement membrane proteins
containing laminin, collagen IV, and heparin sulfate proteoglycan, which is liquid at 4°C
and forms a solid gel at 37°C. Other suitable matrices comprise extracellular components
such as collagen, fibronectin, and/or fibrin. Cells are stimulated with a pro-angiogenic
stimulant, and their ability to form tubules is detected by imaging. Tubules can generally
be detected after an overnight incubation with stimuli, but longer or shorter time frames
may also be used. Tube formation assays are well known in the art (e.g., Jones MK et al.,
1999, Nature Medicine 5:1418-1423). These assays have traditionally involved
stimulation with serum or with the growth factors FGF or VEGF. Serum represents an
undefined source of growth factors. In a preferred embodiment, the assay is performed
with cells cultured in serum free medium, in order to control which process or pathway a
candidate agent modulates. Moreover, we have found that different target genes respond
differently to stimulation with different pro-angiogenic agents, including inflammatory
angiogenic factors such as TNF-alpa. Thus, in a further preferred embodiment, a
tubulogenesis assay system comprises testing a RANBP2's response to a variety of factors,

such as FGF, VEGF, phorbol myristate acetate (PMA), TNF-alpha, ephrin, etc.

Cell Migration. An invasion/migration assay (also called a migration assay) tests
the ability of cells to overcome a physical barrier and to migrate towards pro-angiogenic
signals. Migration assays are known in the art (e.g., Paik JH et al., 2001, J Biol Chem
276:11830-11837). In a typical experimental set-up, cultured endothelial cells are seeded
onto a matrix-coated porous lamina, with pore sizes generally smaller than typical cell
size. The matrix generally simulates the environment of the extracellular matrix, as
described above. The lamina is typically a membrane, such as the transwell polycarbonate
membrane (Corning Costar Corporation, Cambridge, MA), and is generally part of an
upper chamber that is in fluid contact with a lower chamber containing pro-angiogenic
stimuli. Migration is generally assayed after an overnight incubation with stimuli, but
longer or shorter time frames may also be used. Migration is assessed as the number of
cells that crossed the lamina, and may be detected by staining cells with hemotoxylin
solution (VWR Scientific, South San Francisco, CA), or by any other method for
determining cell number. In another exemplary set up, cells are fluorescently labeled and
migration is detected using fluorescent readings, for instance using the Falcon HTS
FluoroBlok (Becton Dickinson). While some migration is observed in the absence of

stimulus, migration is greatly increased in response to pro-angiogenic factors. As
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described above, a preferred assay system for migration/invasion assays comprises testing
a RANBP2's response to a variety of pro-angiogenic factors, including tumor angiogenic

and inflammatory angiogenic agents, and culturing the cells in serum free medium.

Sprouting assay. A sprouting assay is a three-dimensional in vitro angiogenesis
assay that uses a cell-number defined spheroid aggregation of endothelial cells
("spheroid"), embedded in a collagen gel-based matrix. The spheroid can serve as a
starting point for the sprouting of capillary-like structures by invasion into the
extracellular matrix (termed "cell sprouting”) and the subsequent formation of complex
anastomosing networks (Korff and Augustin, 1999, T Cell Sci 112:3249-58). In an
exemplary experimental set-up, spheroids are prepared by pipetting 400 human umbilical
vein endothelial cells into individual wells of a nonadhesive 96-well plates to allow
overnight spheroidal aggregation (Korff and Augustin: J Cell Biol 143: 1341-52, 1998).
Spheroids are harvested and seeded in 900p1 of methocel-collagen solution and pipetted
into individual wells of a 24 well plate to allow collagen gel polymerization. Test agents
are added after 30 min by pipetting 100 pul of 10-fold concentrated working dilution of the
test substances on top of the gel. Plates are incubated at 37°C for 24h. Dishes are fixed at
the end of the experimental incubation period by addition of paraformaldehyde. Sprouting
intensity of endothelial cells can be quantitated by an automated image analysis system to

determine the cumulative sprout length per spheroid.

Primary assays for antibody modulators

For antibody modulators, appropriate primary assays test is a binding assay that
tests the antibody's affinity to and specificity for the RANBP2 protein. Methods for
testing antibody affinity and specificity are well known in the art (Harlow and Lane, 1988,
1999, supra). The enzyme-linked immunosorbant assay (ELISA) is a preferred method
for detecting RANBP2-specific antibodies; others include FACS assays,
radioimmunoassays, and fluorescent assays.

In some cases, screening assays described for small molecule modulators may also

be used to test antibody modulators.

Primary assays for nucleic acid modulators
For nucleic acid modulators, primary assays may test the ability of the nucleic acid

modulator to inhibit or enhance RANBP2 gene expression, preferably mRNA expression.
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In general, expression analysis comprises comparing RANBP2 expression in like
populations of cells (e.g., two pools of cells that endogenously or recombinantly express
RANBP2) in the presence and absence of the nucleic acid modulator. Methods for
analyzing mRNA and protein expression are well known in the art. For instance, Northern
blotting, slot blotting, ribonuclease protection, quantitative RT-PCR (e.g., using the
TaqMan®, PE Applied Biosystems), or microarray analysis may be used to confirm that
RANBP2 mRNA expression is reduced in cells treated with the nucleic acid modulator
(e.g., Current Protocols in Molecular Biology (1994) Ausubel FM ez al., eds., John Wiley
& Sons, Inc., chapter 4; Freeman WM et al., Biotechniques (1999) 26:112-125;
Kallioniemi OP, Ann Med 2001, 33:142-147; Blohm DH and Guiseppi-Elie, A Curr Opin

‘Biotechnol 2001, 12:41-47). Protein expression may also be monitored. Proteins are most

commonly detected with specific antibodies or antisera directed against either the
RANBP2 protein or specific peptides. A variety of means including Western blotting,
ELISA, or in situ detection, are available (Harlow E and Lane D, 1988 and 1999, supra).
In some cases, screening assays described for small molecule modulators,
particularly in assay systems that involve RANBP2 mRNA expression, may also be used

to test nucleic acid modulators.

Secondary Assays

Secondary assays may be used to further assess the activity of RANBP2-
modulating agent identified by any of the above methods to confirm that the modulating
agent affects RANBP2 in a manner relevant to the PTEN/IGF pathway. As used herein,
RANBP2-modulating agents encompass candidate clinical compounds or other agents
derived from previously identified modulating agent. Secondary assays can also be used
to test the activity of a modulating agent on a particular genetic or biochemical pathway or
to test the specificity of the modulating agent's interaction with RANBP2.

Secondary assays generally compare like populations of cells or animals (e.g., two
pools of cells or animals that endogenously or recombinantly express RANBP2) in the
presence and absence of the candidate modulator. In general, such assays test whether
treatment of cells or animals with a candidate RANBP2-modulating agent results in
changes in the PTEN/IGF pathway in comparison to untreated (or mock- or placebo-
treated) cells or animals. Certain assays use “sensitized genetic backgrounds”, which, as
used herein, describe cells or animals engineered for altered expression of genes in the

PTEN/IGEF or interacting pathways.
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Cell-based assays

Cell based assays may detect endogenous PTEN/IGF pathway activity or may rely
on recombinant expression of PTEN/IGF pathway components. Any of the
aforementioned assays may be used in this cell-based format. Candidate modulators are
typically added to the cell media but may also be injected into cells or delivered by any

other efficacious means.

Animal Assays

A variety of non-human animal models of normal or defective PTEN/IGF pathway
may be used to test candidate RANBP2 modulators. Models for defective PTEN/IGF
pathway typically use genetically modified animals that have been engineered to mis-
express (e.g., over-express or lack expression in) genes involved in the PTEN/IGF
pathway. Assays generally require systemic delivery of the candidate modulators, such as
by oral administration, injection, etc.

In a preferred embodiment, PTEN/IGF pathway activity is assessed by monitoring
neovascularization and angiogenesis. Animal models with defective and normal
PTEN/IGF are used to test the candidate modulator’s affect on RANBP2 in Matrigel®
assays. Matrigel® is an extract of basement membrane proteins, and is composed
primarily of laminin, collagen IV, and heparin sulfate proteoglycan. Itis provided as a
sterile liquid at 4° C, but rapidly forms a solid gel at 37°C. Liquid Matrigel® is mixed
with various angiogenic agents, such as bFGF and VEGF, or with human tumor cells
which over-express the RANBP2. The mixture is then injected subcutaneously(SC) into
female athymic nude mice (Taconic, Germantown, NY) to support an intense vascular
response. Mice with Matrigel® pellets may be dosed via oral (PO), intraperitoneal (IP), or
intravenous (IV) routes with the candidate modulator. Mice are euthanized 5-12 days
post-injection, and the Matrigel® pellet is harvested for hemoglobin analysis (Sigma
plasma hemoglobin kit). Hemoglobin content of the gel is found to correlate the degree of
neovascularization in the gel.

In another preferred embodiment, the effect of the candidate modulator on
RANBP2 is assessed via tumorigenicity assays. Tumor xenograft assays are known in the
art (see, e.g., Ogawa K et al., 2000, Oncogene 19:6043-6052). Xenografts are typically
implanted SC into female athymic mice, 6-7 week old, as single cell suspensions either
from a pre-existing tumor or from in vitro culture. The tumors which express the

RANBP2 endogenously are injected in the flank, 1 x 10°to 1 x 10" cells per mouse in a
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volume of 100 pL using a 27gauge needle. Mice are then ear tagged and tumors are
measured twice weekly. Candidate modulator treatment is initiated on the day the mean
tumor weight reaches 100 mg. Candidate modulator is délivered IV, SC, IP, or PO by
bolus administration. Depending upon the pharmacokinetics of each unique candidate
modulator, dosing can be performed multiple times per day. The tumor weight is assessed
by measuring perpendicular diameters with a caliper and calculated by multiplying the
measurements of diameters in two dimensions. At the end of the experiment, the excised
tumors maybe utilized for biomarker identification or further analyses. For
immunohistochemistry staining, xenograft tumors are fixed in 4% paraformaldehyde,
0.1M phosphate, pH 7.2, for 6 hours at 4°C, immersed in 30% sucrose in PBS, and rapidly
frozen in isopentane cooled with liquid nitrogen.

In another preferred embodiment, tumorogenicity is monitored using a hollow fiber
assay, which is described in U.S. Pat No. US 5,698,413. Briefly, the method comprises
implanting into a laboratory animal a biocompatible, semi-permeable encapsulation device
containing target cells, treating the laboratory animal with a candidate modulating agent,
and evaluating the target cells for reaction to the candidate modulator. Implanted cells are
generally human cells from a pre-existing tumor or a tumor cell line. After an appropriate
period of time, generally around six days, the implanted samples are harvested for
evaluation of the candidate modulator. Tumorogenicity and modulator efficacy may be
evaluated by assaying the quantity of viable cells present in the macrocapsule, which can
be determined by tests known in the art, for example, MTT dye conversion assay, neutral
red dye uptake, trypan blue staining, viable cell counts, the number of colonies formed in
soft agar, the capacity of the cells to recover and replicate in vitro, etc.

In another preferred embodiment, a tumorogenicity assay use a transgenic animal,
usually a mouse, carrying a dominant oncogene or tumor Suppressor gene knockout under
the control of tissue specific regulatory sequences; these assays are generally referred to as
transgenic tumor assays. In a preferred application, tumor development in the transgenic
model is well characterized or is controlled. In an exemplary model, the "RIP1-Tag2"
transgene, comprising the SV40 large T-antigen oncogene under control of the insulin
gene regulatory regions is expressed in pancreatic beta cells and results in islet cell
carcinomas (Hanahan D, 1985, Nature 315:115-122; Parangi S et al, 1996, Proc Natl Acad
Sci USA 93: 2002-2007; Bergers G et al, 1999, Science 284:808-812). An "angiogenic
switch," occurs at approximately five weeks, as normally quiescent capillaries in a subset

of hyperproliferative islets become angiogenic. The RIP1-TAG2 mice die by age 14
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weeks. Candidate modulators may be administered at a variety of stages, including just
prior to the angiogenic switch (e.g., for a model of tumor prevention), during the growth of
small tumors (e.g., for a model of intervention), or during the growth of large and/or
invasive tumors (e.g., for a model of regression). Tumorogenicity and modulator efficacy
can be evaluating life-span extension and/or tumor characteristics, including number of

tumors, tumor size, tumor morphology, vessel density, apoptotic index, etc.

Diagnostic and therapeutic uses
Specific RANBP2-modulating agents are useful in a variety of diagnostic and

therapeutic applications where disease or disease prognosis is related to defects in the
PTEN/IGF pathway, such as angiogenic, apoptotic, or cell proliferation disorders.
Accordingly, the invention also provides methods for modulating the PTEN/IGF pathway
in a cell, preferably a cell pre-determined to have defective or impaired PTEN/IGF
function (e.g. due to overexpression, underexpression, or misexpression of PTEN/IGF, or
due tb gene mutations), comprising the step of administering an agent to the cell that
specifically modulates RANBP2 activity. Preferably, the modulating agent produces a
detectable phenotypic change in the cell indicating that the PTEN/IGF function is restored.
The phrase “function is restored”, and equivalents, as used herein, means that the desired
phenotype is achieved, or is brought closer to normal compared to untreated cells. For
example, with restored PTEN/IGF function, cell proliferation and/or progression through
cell cycle may normalize, or be brought closer to normal relative to untreated cells. The
invention also provides methods for treating disorders or disease associated with impaired
PTEN/IGF function by administering a therapeutically effective amount of a RANBP2 -
modulating agent that modulates the PTEN/IGF pathway. The invention further provides
methods for modulating RANBP2 function in a cell, preferably a cell pre-determined to
have defective or impaired RANBP2 function, by administering a RANBP2 -modulating
agent. Additionally, the invention provides a method for treating disorders or disease
associated with impaired RANBP2 function by administering a therapeutically effective
amount of a RANBP2 -modulating agent.

The discovery that RANBP?2 is implicated in PTEN/IGF pathway provides fora
variety of methods that can be employed for the diagnostic and prognostic evaluation of
diseases and disorders involving defects in the PTEN/IGF pathway and for the

identification of subjects having a predisposition to such diseases and disorders.
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Various expression analysis methods can be used to diagnose whether RANBP2
expression occurs in a particular sample, including Northern blotting, slot blotting,
ribonuclease protection, quantitative RT-PCR, and microarray analysis. (é. g., Current
Protocols in Molecular Biology (1994) Ausubel FM et al., eds., John Wiley & Sons, Inc.,
chapter 4; Freeman WM et al., Biotechniques (1999) 26:1 12-125; Kallioniemi OP, Ann
Med 2001, 33:142-147; Blohm and Guiseppi-Elie, Curr Opin Biotechnol 2001, 12:41-47).
Tissues having a disease or disorder implicating defective PTEN/IGF signaling that
express a RANBP2, are identified as amenable to treatment with a RANBP2 modulating
agent. In a preferred application, the PTEN/IGF defective tissue overexpresses a
RANBP?2 relative to normal tissue. For example, a Northern blot analysis of mRNA from
tumor and normal cell lines, or from tumor and matching normal tissue samples from the
same patient, using full or partial RANBP2 cDNA sequences as probes, can determine
whether particular tumors express or overexpress RANBP2. Alternatively, the TagMan®
is used for quantitative RT-PCR analysis of RANBP2 expression in cell lines, normal
tissues and tumor samples (PE Applied Biosystems).

Various other diagnostic methods may be performed, for example, utilizing
reagents such as the RANBP2 oligonucleotides, and antibodies directed against a
RANBP2, as described above for: (1) the detection of the presence of RANBP2 gene
mutations, or the detection of either over- or under-expression of RANBP2 mRNA relative
to the non-disorder state; (2) the detection of either an over- or an under-abundance of
RANBP?2 gene product relative to the non-disorder state; and (3) the detection of
perturbations or abnormalities in the signal transduction pathway mediated by RANBP2.

Kits for detecting expression of RANBP2 in various samples, comprising at least
one antibody specific to RANBP2, all reagents and/or devices suitable for the detection of
antibodies, the immobilization of antibodies, and the like, and instructions for using such
kits in diagnosis or therapy are also provided.

Thus, in a specific embodiment, the invention is drawn to a method for diagnosing
a disease or disorder in a patient that is associated with alterations in RANBP2 expression,
the method comprising: a) obtaining a biological sample from the patient; b) contacting
the sample with a probe for RANBP2 expression; ¢) comparing results from step (b) with
a control; and d) determining whether step (c) indicates a likelihood of the disease or
disorder. Preferably, the disease is cancer, most preferably pancreatic cancer. The probe

may be either DNA or protein, including an antibody.
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EXAMPLES
The following experimental section and examples are offered by way of illustration

and not by way of limitation.

L Drosophila PTEN/IGF synthetic cell lethal screen

RNA interference (RNAi) was used to create dPTEN-deficient cultured Drosophila
cells (Schneider S2 cells (Schneider, 1. (1972) J. Embryol. Exp. Morph. 27, 363), adapted
to serum-free media, from Invitrogen Corp., Carlsbad, CA). Cells were treatéd for 3 days

with dPTEN double stranded RNA (dsRNA) or a control dsRNA representing sequences

from a Renilla luciferase cDNA. After a 3 day dsRNA pretreatment, 1 M bovine insulin
was added to cells treated with dPTEN dsRNA to provide additional stimulation of the
IGF/insulin pathway. PTEN-deficient, insulin-stimulated cells and control cells were
plated in 384-well format and dsRNA representing approximately 6000 different
Drosophila genes were added to individual wells. A cell proliferation assay
(AqueousOne™ assay — Promega Corp, Madison, WI) was used to quantify cell viability
after 96-hours incubation. For each of the greater than 6000 dsRNA sequences tested in
this manner, cell viability data was obtained on dPTEN-deficient, insulin-stimulated cells
(insulin and dPTEN dsRNA-treated) and control cells (Renilla luciferase dsRNA-treated).
Comparison of this data for each dsRNA identified dsRNA sequences that preferentially
reduced the viability of insulin and dPTEN dsRNA treated cells. CG11856 reduced the
viability of insulin and dPTEN dsRNA treated cells. Orthologs of the CG11856 are
referred to herein as RANBP2.

BLAST analysis (Altschul et al., supra) was employed to identify orthologs of
Drosophila CG11856. For example, representative sequence from RANBP2, GH#
6382079 (SEQ ID NO:7), shares 27% amino acid identity with CG11856.

Various domains, signals, and functional subunits in proteins were analyzed using
the PSORT (Nakai K., and Horton P., Trends Biochem Sci, 1999, 24:34-6; Kenta Nakai,
Protein sorting signals and prediction of subcellular localization, Adyv. Protein Chem. 54,
277-344 (2000)), PFAM (Bateman A., et al., Nucleic Acids Res, 1999, 27:260-2),
SMART (Ponting CP, et al., SMART: identification and annotation of domains from
signaling and extracellular protein sequences. Nucleic Acids Res. 1999 Jan 1;27(1):229-
32), TM-HMM (Erik L.L. Sonnhammer, Gunnar von Heijne, and Anders Krogh: A hidden
Markov model for predicting transmembrane helices in protein sequences. In Proc. of

Sixth Int. Conf. on Intelligent Systems for Molecular Biology, p 175-182 Ed J. Glasgow,
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T. Littlejohn, F. Major, R. Lathrop, D. Sankoff, and C. Sensen Menlo Park, CA: AAAI
Press, 1998), and clust (Remm M, and Sonnhammer E. Classification of transmembrane
protein families in the Caenorhabditis elegans genome and identification of human
orthologs. Genome Res. 2000 Nov;10(11):1679-89) programs. For example, the RanBP1
domain (PFAM 00638) of RANBP2 from GI# 6382079 (SEQ ID NO:7) is located at
approximately amino acid residues 1285 to 1406, 1581 to 1703, 1995 to 2112, and 2510 to
2637. Also, the zinc finger domain of the same protein (PFAM 00641) is located at
approximately amino acid residues 1734 to 1763, and 1854 to 1883.

1I. High-Throughput In Vitro Fluorescence Polarization Assay

Fluorescently-labeled RANBP2 peptide/substrate are added to each well of a 96-
well microtiter plate, along with a test agent in a test buffer (10 mM HEPES, 10 mM
NaCl, 6 mM magnesium chloride, pH 7.6). Changes in fluorescence polarization,
determined by using a Fluorolite FPM-2 Fluorescence Polarization Microtiter System
(Dynatech Laboratories, Inc), relative to control values indicates the test compound is a

candidate modifier of RANBP2 activity.

I11. High-Throughput In Vitro Binding Assay.
33p_labeled RANBP2 peptide is added in an assay buffer (100 mM KCl, 20 mM
HEPES pH 7.6, 1 mM MgCly, 1% glycerol, 0.5% NP-40, 50 mM beta-mercaptoethanol, 1

\

mg/ml BSA, cocktail of protease inhibitors) along with a test agent to the wells of a
Neutralite-avidin coated assay plate and incubated at 25°C for 1 hour. Biotinylated
substrate is then added to each well and incubated for 1 hour. Reactions are stopped by
washing with PBS, and counted in a scintillation counter. Test agents that cause a
difference in activity relative to control without test agent are identified as candidate
PTEN/IGF modulating agents.

IV. Immunoprecipitations and Immunoblotting

For coprecipitation of transfected proteins, 3 X 10° appropriate recombinant cells
containing the RANBP2 proteins are plated on 10-cm dishes and transfected on the
following day with expression constructs. The total amount of DNA is kept constant in
each transfection by adding empty vector. After 24 h, cells are collected, washed once
with phosphate-buffered saline and lysed for 20 min on icein 1 ml of lysis buffer
containing 50 mM Hepes, pH 7.9, 250 mM NaCl, 20 mM -glycerophosphate, 1 mM
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sodium orthovanadate, 5 mM p-nitrophenyl phosphate, 2 mM dithiothreitol, protease
inhibitors (complete, Roche Molecular Biochemicals), and 1% Nonidet P-40. Cellular
debris is removed by centrifugation twice at 15,000 x g for 15 min. The cell lysate is
incubated with 25 pl of M2 beads (Sigma) for 2 h at 4 °C with gentle rocking.

After extensive washing with lysis buffer, proteins bound to the beads are
solubilized by boiling in SDS sample buffer, fractionated by SDS-polyacrylamide gel
electrophoresis, transferred to polyvinylidene difluoride membrane and blotted with the
indiéated antibodies. The reactive bands are visualized with horseradish peroxidase
coupled to the appropriate secondary antibodies and the enhanced chemiluminescence

(ECL) Western blotting detection system (Amersham Pharmacia Biotech).

V. Expression analysis
All cell lines used in the following experiments are NCI (National Cancer Institute)

lines, and are available from ATCC (American Type Culture Collection, Manassas, VA
20110-2209). Normal and tumor tissues were obtained from Impath, UC Davis, Clontech,
Stratagene, Ardais, Genome Collaborative, and Ambion.

TagMan® analysis was used to assess expression levels of the disclosed genes in
various samples.

RNA was extracted from each tissue sample using Qiagen (Valencia, CA) RNeasy
kits, following manufacturer’s protocols, to a final concentration of 50ng/pl. Single
stranded cDNA was then synthesized by reverse transcribing the RNA samples using
random hexamers and 500ng of total RNA per reaction, following protocol 4304965 of
Applied Biosystems (Foster City, CA).

Primers for expression analysis using TagMan® assay (Applied Biosystems,
Foster City, CA) were prepared according to the TagMan® protocols, and the following
criteria: a) primer pairs were designed to span introns to eliminate genomic contamination,
and b) each primer pair produced only one product. Expression analysis was performed
using a 7900HT instrument.

TagMan® reactions were carried out following manufacturer’s protocols, in 25 ul
total volume for 96-well plates and 10 pl total volume for 384-well plates, using 300nM
primer and 250 nM probe, and approximately 25ng of cDNA. The standard curve for
result analysis was prepared using a universal pool of human cDNA samples, which is a

mixture of cDNAs from a wide variety of tissues so that the chance that a target will be
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present in appreciable amounts is good. The raw data were normalized using 18S rRNA
(universally expressed in all tissues and cells).

For each expression analysis, tumor tissue samples were compared with matched
normal tissues from the same patient. A gene was considered overexpressed in a tumor
when the level of expression of the gene was 2 fold or higher in the tumor compared with
its matched normal sample. In cases where normal tissue was not available, a universal
pool of cDNA samples was used instead. In these cases, a gene was considered
overexpressed in a tumor sample when the difference of expression levels between a
tumor sample and the average of all normal samples from the same tissue type was greater
than 2 times the standard deviation of all normal samples (i.e., Tumor — average(all normal
samples) > 2 x STDEV (all normal samples) ).

RANBP2 (SEQ ID NO:1) was overexpressed in 50% of pancreatic cancer samples
(12 matched tumor sets). A modulator identified by an assay described herein can be
further validated for therapeutic effect by administration to a tumor in which the gene is
overexpressed. A decrease in tumor growth confirms therapeutic utility of the modulator.
Prior to treating a patient with the modulator, the likelihood that the patient will respond to
treatment can be diagnosed by obtaining a tumor sample from the patient, and assaying for
expression of the gene targeted by the modulator. The expression data for the gene(s) can
also be used as a diagnostic marker for disease progression. The assay can be performed
by expression analysis as described above, by antibody directed to the gene target, or by

any other available detection method.

VI. RANBP2 functional assays
RNAi experiments were carried out to knock down expression of RANBP2 (SEQ

ID NO:1) in various cell lines using small interfering RNAs (siRNA, Elbashir et al,

supra).

Effect of RANBP2 RNAI on cell proliferation and growth. BrdU and Cell Titer-
Glo™ assays, as described above, were employed to study the effects of decreased
RANBP2 expression on cell proliferation. The results of these experiments indicated that
RNAi of RANBP2 decreases proliferation in 231T breast cancer and HCT116 colon
cancer, and PC3 prostate cancer cells. MTS cell proliferation assay, as described above,
was also employed to study the effects of decreased RANBP2 expression on cell
proliferation. The results of this experiment indicated that RNAi of RANBP2 decreased

proliferation in PC3 prostate cancer and A549 lung cancer cells. Standard colony growth
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assays, as described above, were employed to study the effects of decreased RANBP2
expression on cell growth. Results indicated a decrease in cell growth in A549 lung
cancer, PC3 prostate cancer, HCT116 colon cancer, SW480 colon cancer, and RD1
Rhabdomyosarcoma cells.

Effect of RANBP2 RNAI on apoptosis. Nucleosome ELISA apoptosis assay, as
described above, was employed to study the effects of decreased RANBP2 expression on
apoptosis. RANBP2 RNAi caused apoptosis in A549 lung cancer cells.

RANBP2 FOXO nuclear translocation assays. FOXO nuclear translocation assays,
as described above, were employed to assess involvement of RANBP2 in the PTEN/IGF
pathway. In these experiments, cells with reduced expression of RANBP2 by RNAi were
transiently transfected with a plasmid expressing GFP-tagged FOXO. Automated imaging
of cellular components, such as nucleus and cytoplasm were then carried out to assess |
translocation of FOXO. Results indicated that reduced expression of RANBP2 caused
nuclear retention of FOXO, similar to lack of AKT. These results suggest involvement of

RANBP2 in the PTEN/IGF pathway.
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WHAT IS CLAIMED IS:

1. A method of identifying a candidate PTEN/IGF pathway modulating agent, said
method comprising the steps of:

(a) providing an assay system comprising a RANBP2 polypeptide or nucleic acid,;

(b) contacting the assay system with a test agent under conditions whereby, but for
the presence of the test agent, the system provides a reference activity; and

(c) detecting a test agent-biased activity of the assay system, wherein a difference
between the test agent-biased activity and the reference activity identifies the test agent as

a candidate PTEN/IGF pathway modulating agent.

2. The method of claim 1 wherein the assay system comprises cultured cells that express

the RANBP2 polypeptide.

3. The method of claim 2 wherein the cultured cells additionally have defective

PTEN/IGF function.

4. The method of claim 1 wherein the assay system includes a screening assay comprising

a RANBP2 polypeptide, and the candidate test agent is a small molecule modulator.
5. The method of claim 4 wherein the assay is a binding assay.

6. The method of claim 1 wherein the assay system is selected from the group consisting
of an apoptosis assay system, a cell proliferation assay system, an angiogenesis assay

system, and a hypoxic induction assay system.

7. The method of claim 1 wherein the assay system includes a binding assay comprising a

RANBP2 polypeptide and the candidate test agent is an antibody.

8. The method of claim 1 wherein the assay system includes an expression assay
comprising a RANBP2 nucleic acid and the candidate test agent is a nucleic acid

modulator.

9. The method of claim 8 wherein the nucleic acid modulator is an antisense oligomer.
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10. The method of claim 8 wherein the nucleic acid modulator is a PMO.

11. The method of claim 1 additionally comprising:

(d) administering the candidate PTEN/IGF pathway modulating agent identified in
(c) to a model system comprising cells defective in PTEN/IGF function and, detecting a
phenotypic change in the model system that indicates that the PTEN/IGF function is

restored.

12. The method of claim 11 wherein the model system is a mouse model with defective

PTEN/IGF function.

13. A method for modulating a PTEN/IGF pathway of a cell comprising contacting a cell
defective in PTEN/IGF function with a candidate modulator that specifically binds to a
RANBP2 polypeptide, whereby PTEN/IGF function is restored.

14. The method of claim 13 wherein the candidate modulator is administered to a
vertebrate animal predetermined to have a disease or disorder resulting from a defect in

PTEN/IGF function.

15. The method of claim 13 wherein the candidate modulator is selected from the group

consisting of an antibody and a small molecule.

16. The method of claim 1, comprising the additional steps of:

(e) providing a secondary assay system comprising cultured cells or a non-human
animal expressing RANBP2 ,

(f) contacting the secondary assay system with the test agent of (b) or an agent
derived therefrom under conditions whereby, but for the presence of the test agent or agent
derived therefrom, the system provides a reference activity; and

(g) detecting an agent-biased activity of the second assay system,

wherein a difference between the agent-biased activity and the reference activity of
the second assay system confirms the test agent or agent derived therefrom as a candidate
PTEN/IGF pathway modulating agent,

and wherein the second assay detects an agent-biased change in the PTEN/IGF

pathway.
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17. The method of claim 16 wherein the secondary assay system comprises cultured cells.

18. The method of claim 16 wherein the secondary assay system comprises a non-human

animal.

19. The method of claim 18 wherein the non-human animal mis-expresses a PTEN/IGF

pathway gene.

20. A method of modulating PTEN/IGF pathway in a mammalian cell comprising
contacting the cell with an agent that specifically binds a RANBP2 polypeptide or nucleic

acid.

21. The method of claim 20 wherein the agent is administered to a mammalian animal

predetermined to have a pathology associated with the PTEN/IGF pathway.

22. The method of claim 20 wherein the agent is a small molecule modulator, a nucleic

acid modulator, or an antibody.
23. A method for diagnosing a disease in a patient comprising:
(a) obtaining a biological sample from the patient;
(b) contacting the sample with a probe for RANBP2 expression;
(c) comparing results from step (b) with a control;
(d) determining whether step (c) indicates a likelihood of disease.

24. The method of claim 23 wherein said disease is cancer.

25. The method according to claim 24, wherein said cancer is a pancreatic cancer.
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<110>

<120>

<130>

<150>
<151>

<160> 7
<170>
<210> 1
<211>

<212>
<213>

DNA
<400> 1

cacagtggtc
gaagtggcga
ggcgcgatga
acccegtege
gctaaagaat
gatcccaaag
gccgttgaat
aagattgcag
gaaagagcag
ctagattgtg
tatgtaagac
aaaagattga
tcaagtttag
cagtgtttgg
tatgctaatce
ctgcaaagtt
tcagctactt
aagatgggtc
tgctatctca
ggacaaaatc

ctaaacttaa

EXELIXIS, INC.

EX04-037C-PC

US 60/470,766
2003-05-14

10697

Homo sapiens

ctcecgeegge
ctgctgecggg
ggcgcagcaa
ctcgacagaa
atgatcttgc
ctcacagatt
gttacaggcg
aattgctttg
ccaaactttt
aaggtgaaga
ctgatgacgt
aggatgctgt
aatggaattc
agtctgataa
ttatgcttet
ttgatagtgce
tcttagaaat
agcatagtag
tagcatttca
tgctggaaat

gtcgtggecaa

SEQUENCE LISTING

PatentIn version 3.2

tacggcgcetg
cctgageget
ggctgacgtg
gtcaatgaaa
taaaaaatac
tctgggtcett
ttcagtggaa
taaaaatgat
cccaggaagt
tggatggaat
ccatgtgaac
ggcccactgce
gtgtgttagta
aagtgactgg
tacgctttce
tcttcagtct
gaaaggacat
taatgttcaa
ggttccaaga
gatggcecctgt

gcaagatttt

cgtcactggt
ggtctcacgce
gagcggtaca
ggattctatt
atatgtactt
ctttatgaat
ttaaacccaa
gttactgatg
cctgcaattt
aaactttttg
atccggctag
catgaggcag
cagaccctta
cgagcaacca
actagagatg
gtgaaatctt
ttctacatge
tggcgagctce
ccaaagatta
gaccgactga
ttaaaagaga

1

ttgcaggcgce
gcctegggag
tcgecteggot
ttgcaaagct
acattaatgt
tggaagaaaa
cacaaaaaga
gaagagcaaa
ataaactaaa
acttgattca
tggaggtgta
agaggaacat
aggaatatct
atacagactt
tgcaggaaag
tgggtggaaa
atgctggttc
tttctgagcet
aattaataaa
gccaatcagg

ttgttgaaac
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tttecctettyg
ccaggttggce
gcagggctcc
gtattatgaa
gcaagagagg
cacagacaaa
tcttgtgttg
atactggcectt
ggaacagctt
gtcagaactt
tcgectcaact
agctttgcegt
ggagtcttta
actgctggcec
tagagaatta
tgatgaactg
tctgcttttg
ggctgcattg
aggtgaagct
gcacatgttg

ttttgccaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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aaaagcgggc
tcttttettg
ttgactagat
tggcttgget
cagcttttcc
atatgtattt
ttaaaggaga
gtgtgtaaac
attcacagaa
ataaacactc
gcagaatgcc
atagggagaa
aagaacagta
caggcatcag
gcagtaaatg
tcttattgga
ctttctectg
ataaagatta
ctggagtctg
ggaggtcctce
acaccgtctc
acaccacctc
gaggccatta
catcgttgge
cagacatttc
cagtcaccag
aagggcccag
caacagatgce
tatggtectce
gatgattact

ggatatttca

agtctgcatt
gtagcgatgé
acgatgttgg
tacagtggaa
atcatttgcc
tagatcttga
aatgtaattc
agctttgtac
aagcagtacc
taagagccca
ttcagaaaac
gtgttcatta
ttectgaacce
aaattgttga
gaaatataga
atcttgcact
aagaacaaga
tagatgacag
taaaagagat
tctataaaaa
ctaccaaata
gatgggcaga
agaaagaaat
ccacagagaa
atggggctec
catataattc
tctatggcat
acacaccgcc
ctgcattgeg
ttaattacaa

caaaacctcc

atatgatgct
tattggaaac
tgctattcga
ttcattgcect
ccatgaaacc
agtatttctce
tcaccacagce
agaaagacaa
tggaaacgta
ggaaaaacat
gggcageggt
ttggaagaaa
tattgatcct
atatgaagaa
agatgctgtg
gatttttcac
agaatgcaaa
tgattcaaat
gcttaattca
tggttectttg
ttcactatca
agatcagaat
gcaggagttg
ttatggacca
actaacagtt
ccagtatctt
gaataggctt
agtgcaaagc
ttttgagtct
tgttcaacag

gattgcagcet

ctgttttcta
attgatgtac
gcacataatg
gctttacctg
tcaaggettg
cttggagtag
tcctatcage
aaatcttggt
gcaaaattga
ggccttcaac
cttaattctt
gttttgccat
ctgtttaaac
gacgcacaca
actgcttttg
aggaaggcag
aattatctga
ctttcagtgg
gtcatgcagg
cgaaatgcag
ccaagtaaaa
tctttactga
aaactaaata
gactcggtgce
gcaactactg
ctcagaccag
ccaccccaac
tcatctgett
éctgcaacgg
acaagcacaa

catgcttcaa

2

gtcagtcacc
gagaaccaga
gtagtcttca
gaatccgaaa
aaacaaatgc
tatataccag
cgttatgect
gggatgcggt
gacttctagt
ctgctectget
tttatgatca
tgttgaagat
attttcatag
taacttttgce
aatctataaa
aagacattga
gaaagaccag
tcaagaaatt
aactcgaaga
attcagaaat
gttacaagta
aaatgatttg
gcagtaactc
ctgatggata
gceeccttecagt
cagctaatgt
agcatattta
gtatgttctc
gaattctatc
atccaccttt

gatctgcaga
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taaggataca 1320
gcttgaagat 1380
gcaccttact 1440
atggctaaaa 1500
acctgaatca 1560
ccacttacaa 1620
gccecctteet 1680
ttgtactctg 1740
tcagcatgaa 1800
tgtacattgg 1860
acgagaatac 1920
aataaaaaag 1980
tgtagacatt 2040
tatattggat 2100
aagtgttgtt 2160
aaatgatgcc 2220
ggactaccta 2280
gcctgtgece 2340
ctatagtgaa 2400
aaaacattct 2460
ttctcccaaa 2520
ccaacaagta 2580
agcatcccet 2640
tcaggggtca 2700
atattatagt 2760
tactcccaca 2820
tgcctatecg 2880
tcaggagatg 2940
gcccaggggt 3000
gccagaacca 3060
atctaagact 3120
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atagaatttg
ttgccaacac
tcaaatgatg
gcttacagta
gatggctata
ttcaattttg
cagcaaaaga
aaatcagtat
ggaagtgccce
cctgataaga
gcgaaattgt
gtaaaaatac
gtattgaaaa
ggatcagaca
gaacaacttg
gaagaagccc
gctgtcagaa
gctggaaacc
aacagctgcet
aacccaagca
accagcccag
tgggattgta
cagaatacaa
tttggccagg
aaggaaggac
tgtgctgett
gcctcectttta
atgtttgcta
aaﬁgctacaa
ccagcteccetg

tttgagggaa

ggaaaactaa
aagcacacac
gtgacttcac
acagtgaaag
gtggagccaa
gaagcaaaaa
attctggttt
ttggaacacc
atggggatga
ttgaagtaaa
ttcgtttcga
tgaggcataa
tctgtgcaaa
gatcttttgt
ctattaggtt
agagcatttt
ttgtaaaaga
tgaattttga
cattaaagaa
ataaagagct
agaatgttca
gtatttgttt
aatctgctaa
gagatcttcce
agtgggattg
gtcagaatcc
agtttggtac
agaaggaagyg
gatgtgttgce
cctcttttaa

tgttcactaa

ttttgttcag
aacacagcca
gttttcctca
ccttttaggt
accaattcct
tgtgtctgga
tcggcgaagt
cactttagag
tgatgatgac
aactggtgag
tgtagaatcc
aacatctggt
tcattacatc
atggcatgcce
caaaactcct
aaaagcccca
acccacaagt
atttcaggtt
tgcttcaact
cgttggccca
agatcgattt
agtaagaaat
caaaagtgga
taaacctatt
cagtgcatgt
gagaaaacag
ttcagagaca
acagtgggat
ttgtcagaat
gtttggtact

gaaggaggga

cccatgecgg
actcctttta
ccacaggttg
ctecctgactt
ggtggtcaaa
atttcattta
gatgatatgt
acagcaaaca
ggtcctcact
gaagatgaag
aaagaatgga
aaaattcgcee
agtccagata
cttgattatg
gaggaagcag
ggaacaaatg
catgataaca
gcaaagaaag
gctaagaaat
ccattagctg
gcattggtga
gaacctactg
tcttecatttg
aacagtgatt
ttggtacaaa
agtctacctg
agtaaaactc
tgcagttcat
ccggataaac
tcagagacaa
cagtgggatt

3

gtgaaggatt
aatttaactc
tgacacagcce
cagataaacc
ccattgggcce
cagaaaacat
ttactttcca
agaatcatga
ttgagcctgt
aagaattctt
aagaacgtgg
ttctaatgag
tgaaattgac
cagatgagtt
cactttttaa
tagccatggce
aggatatttg
aagggtcttg
gtgtatcatg
aaactgtttt
ctccaaagaa
tatctaggtg
ttcatcaagc
tcagatctgt
atgaggggag
ctacttctat
taaaaagtgg
gcttagtgeg
caagtccatc
gcaaggctcce

gcagtgtgtg
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aaggccatct 3180
aaatttcaaa 3240
ccectectgea 3300
cttgcaagga 3360
tcgaaataca 3420
ggggtcgagt 3480
tggtccaggg 3540
gacagatgga 3600
agtacctctt 3660
ttgcaaccgce 3720
gattggcaat 3780
acgagagcaa 3840
accaaatgct 3900
gccaaaacca 3960
atgcaagttt 4020
gtcaaatcag 4080
caaatctgat 4140
gtggcattgt 4200
ccaaaatcta 4260
tactcctaaa 4320
agaaggtcac 4380
cattgcgtgt 4440
ttcatttaaa 4500
tttttctaca 4560
ctctacaaaa 4620
tccaacacct 4680
atttgaagac 4740
aaatgaagca 4800
tacttctgtt 4860
aaagagcgga 4920
cttagtaaga 4980
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aatgaagcca
acttctgcag
gagggaatgt
gaagccagtg
tctgcagttt
ggaatgttca
gccagtgcta
atttcaacac
ttcatcagga
ttaaaatgtg
tcagcttteca
acaggattta
ttcaaatttyg
aatacagaat
aaatttggca
ggtactggct
ggccaaacaa
tttcagtttg
ttctcatcac
gatgatgatg
atgcccgaaa
cgggtaaaac
aacttaaaaa
caagtactaa
tctggatcag
ctagagcagt
tttgaggaat
gatactggca
gatttcaaaa
tcaggtacag

gggcccacat

gtgctaccaa
tttcaacacc
tcactaagaa
ctaccaaatg
caacacctgc
ctaagaagga
ccaaatgtat
ctgectcette
aaggacagtg
tggcttgtga
cactgggctc
aaagtaattt
ggcatgtgga
ttaagtcaac
tttcggaacc
tccaggctceca
gtagcacttt
gcaaaaaaga
aatacggtaa
cctataagac
aagtagaact
tatttagatt
ttctcaaaaa
aagtgtgtgce
atagagcatg
tggcagcaaa
gccagcegget
gagctgccaa
catttttgac
gtgcggcegg

tagaatggga

atgtattgcet
tgcctcectteca
ggagggacag
tattgecttgt
ctcttcagag
aggacagtgg
tgcttgtcag
ggagataagc
ggattgtagt
tgcctctaaa
agaaatgaag
ctcagaaaaa
tcaagaaaat
caaagaagga
aggaaatcaa
ggatattagt
tacatttgca
ccccaattte
aatggccaat
tgaggacagc
tgtaacagga
tgatgctgag
cgaggtcaat
taatcattgg
gatgtggtta
atttaaaaca
tctgttagac
gttaatacag
aaatgatcaa
tgcctecagac

taactatgat

tgtcagaatc
gagacaagca
tgggattgca
cagaatccad
acaagcaagyg
gattgcagtg
tgtccaagta
aaggctccaa
gtttgctotg
ccaactcata
ttgcatgact
gcttctaagt
tcaccttcat
ttttccatcecc
gaaaagaaaa
ggccagaaga
gatcttgcaa
aagggatttt
aaagcaaaca
gatgacatcc
gaagaagatg
gtaagtcagt
ggcaaactaa
ataacgacta
gccagtgatt
ccagagctgg
ataccacttc
agagctgaag
acaaaagtca
acaacaataa
ttaagggaag

4

caggtaaaca
aggctccaaa
gtgtgtgcett
gtaaacaaaa
ctccaaagag
tgtgcttagt
aacaaaatca
agagtggatt
tacaaaatga
aacctattge
cttctggaag
ttggcaatac
ttatgtttca
ctgtgtctge
gtgaaaagcc
atggcegtgyg
aatcaacttc
caggtgctgg
cttccggtga
attttgaacc
aaaaagttct
ggaaagaaag
gaatgctgat
cgatgaacct
tctctgatgg
ctgaagaatt
aaactcccca
aaatgaagag
ctgaggaaga
aacccaatcc

atgctttgga

PCT/US2004/015145
\

aaatcaaact 5040
gagcggattt 5100
agtaagaaat 5160
tcaaactact 5220
cggatttgag 5280
aagaaatgaa 5340
aacaactgca 5400
tgaaggaatg 5460
gagttcttce 5520
agaagctcct 5580
tcaggtggga 5640
agagcaagga 5700
gggttcttect 5760
tgatggattt 5820
tcttgaaaat 5880
tgtgattttt 5940
aggagaagga 6000
agaaaaatta 6060
ctttgagaaa 6120
agtagttcaa 6180
gtattcacag 6240
gggcttgggg 6300
gcgaagagaa 6360
gaagcctctce 6420
tgatgccaaa 6480
caagcagaaa 6540
taaacttgta 6600
tggactgaaa 6660
aaataagggt 6720
tgaaaacact 6780
tgatagtgte 6840
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agtagtagct
cgttttggtg
aagtctcctg
gttactcaag
ctagttgaag
ctctacagat
attttacaga
aaactttgtg
gaaagagtat
ttagctgttce
gcaaaaacag
cccagagagt
aggacagatg
agcacatctg
gagtctgtta
tcagccactyg
gaaactagtt
ctgtcaaaga
tccttteccaa
gagaagaaaa
actccaaccg
tgctacaaga
acagctgtca
ttggaagaaa
acagttgaag
gtctgtagtyg
aaagttcagg
tatacaggtg
attaccaaat
ttgtcaacta

tcatttggat

cagtacatgc
agtcaacaac
ccaagttgaa
aagaagagag
tatccagtgg
atgataaaga
attatgataa
ccaatcacag
ggttgtggac
gttttaaact

cccaggaaaa

caccatgtgg.

ttattcaggg

aaacaacacc

‘aaagcatttt

ggtctttgtt
cagtagccca
actctgatat
cggaagaatc
aacctgaaga
ctgagcagaa
atagaccaga
agaaacttaa
atacagcaga
agaaggcaaa
atactgatga
aagctcaaaa
ggactgaagt
ccattagttce
gaaaggaaat

ttggaagtag

ttctccattg
aggatttaac
tcagagtggg
agatggacag
tgaggaaaat
tgttggtcaa
taagcaagtt
aataactcca
tgcatgtgat
acaggatgtt
agattctttg
caaaattgct
tgatgatgta
aaaagcagtg
tagtagtgaa
tggatttagt
gagtggatct
cgaacagtct
ttcaatcaac
ttctecectea
agcccttgea
ttatgttagt
tggaaaacta
taatgagaaa
agcagatacg
agacaatgga
atctcagaca
gatggtacct
accatctgtt
tgatacagat

cacagggctce

gcaagtagcecce
ttcagtttta
acttcagttg
tactttgaac
gaacaagttg
tggaaagaaa
cgtatagtga
gacatgactt
tttgcagatg
gcagactcgt
ataacacctc
gtagctgtat
gcagatgcaa
gtttctecte
aaatcaaaac
tttaatgcac
gaaagcaaag
tcagatagca
tacacattta
gatgatgatg
accaaactta
gaagaagagg
tatttggatg
gaatgtatta
ttaaaacttc
aatggggaag
gaagaaataa
tctttctgta
tcectctgaaa
tctacaagece
tcatttgcag

5

ctgtgagaaa
aatctgcttt
gcactgatga
ctgttgttcc
tttttagtca
ggggcattgg
tgagaaggga
tgcaaaatat
gagaaagaaa
ttaagaaaat
atgtttcteg
tagaagaaac
cttcagaagt
caaagtttgt
catttgcatt
ctttgaaaag
tggaacctaa
aagtcaaaaa
aaacaccaga
ttctcattgt
aacttcctce
aggatgatga
gctcagaaaa
ttgtttggga
cacctacatt
actttcaatc
ctagcacaac
aatctgaaga
ctatggacaa
aaggggaaag

acttggcttce

PCT/US2004/015145
aaatcttttc 6900
gagtccatct 6960
agaatctgat 7020
tttacctgat 7080
cagggcaaaa 7140
tgatataaag 7200
ccaagtatta 7260
gaaagggaca 7320
agtagagcat 7380
ttttgatgaa 7440
gtcaagcact 7500
cacaagagag 7560
tgaagtgtcet 7620
atttggttca 7680
cggcaacagt 7740
taacaatagt 7800
aaaatgtgaa 7860
tctetttget 7920
aaaggcaaaa 7980
atatgaacta 8040
aactttcttc 8100
agatttcgaa 8160
atgtagaccc 8220
aaagaaacca 8280
tttttgtgga 8340
agagcttcaa 8400
tgacagtgta 8460
acctgattct 8520
acctgtagat 8580
caagatagtt 8640
cagtaattcect 8700
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ggagattttg
gtgtttggaa
ggtagtgatg
ccagaggtag
aaactttata
aagattcttt
tttaaagtgt
tcaaataatg
cagcttgcag
gaatgtcagc
tcaaaggaga
cggataacta
ctatgcactg
gattttgttt
tatggagaca
tccatggcececa
gcagaacatt
gtgaaaaaga
acagaatgtg
gttggattga
tttccgattt
aattgacctt
gtttatgtac
ctcaaactat
ggacttcctyg
attttaggtt
gactcgttta
tagaatcttt
ccttaaaata
aacaagttga

tacctcagaa

cttttggttc
cacagtcagt
aagaagtagt
aagtaaaatc
gatgggatcg
ggcatacaat
gtgcaaacca
ctttagtttg
tgagatttaa
agaatttaat
ccaatcctgt
tggaattatt
gagagaaagg
gccaaggagyg
aatttgaaga
atcaaggcca
tggactttaa
ttgaatcatt
gacagatata
agcttagcta
acaaatgtaa
gcatggtgtg
tcctgacgta
tgaaggaata
catggatata
tgaaatatat
tgaatgggta
acacctcctg
tctagcttec
ctatttcctt

actgcagett

taaagataaa
cggaacccag
tcataatgaa
tggagaagaa
ggatgtcagt
gaagaattat
cgttattact
gactgcctca
aactaaagaa
gaaactccag
ggtgtttttt
ttcaaacatt
ctttggtttce
agatatcacc
tgaaaatttt
gaataccaat
gcatgtagta
tggttctccc
aaatcattgt
ttacaatttg
aattgcagct
aaataaaagt
ttaaaatgga
tgatatatgce
cttaccattt
ttggtaatct
gagccacaga
tgtggttaca
tgtgceecttt
taggggtttt

ggttctgatg

aatttccaat
tcagccggta
gatatccatt
gatgaagaaa
cagtggaagg
taccggatcce
aaaacaatgg
gattatgctg
gtagctgatt
aaaggacatg
gatgtttgtg
gttcctegga
aagaattcca
aaacatgatg
gatgtgaaac
aattctcaat
tttgggtttg
aaégggtctg
tgttcataga
atagttatgt
tatagectgtt
ttaaacactg
ataatactaa
aatttaattt
gaataaaggg
taactattgg
acgtatagag
agttaacttt
catagatatt
gtttcaaact
atagaaattg

6

gggcaaatac
aagttggtga
ttgaaccaat
ttttgtttaa
agcgcggtgt
taatgagaag
aattaaagcc
atggagaagc
gtttcaagaa
tatcactggc
cggacggtga
ctgctgagaa
tttttcacag
gaacaggcgg
atactggtcc
ttgttataac
ttaaggatgg
tttgtcgaag
aaatttcatc
tcagcttttg
gtcacttttt
gtgatttcag
tcttgttaaa
taattcecttt
accacaactt
tgtactcatt
ttaaccaaag
gtaagtagcg
cgattaattt
tttctgtcat

aatttttcct

PCT/US2004/015145
tggagcagct 8760
agatgaagat 8820
agtgtcacta 8880
agagagagcce 8940
tggagatata 9000
agaccaggtt 9060
cttaaatgtt 9120
aaaagtagaa 9180
aacatttgaa 9240
agcagaatta 9300
acctctaggg 9360
cttcagagca 94290
agtaattcca 9480
acagtccatt 9540
tggtttacta 9600
actgaagaaa 9660
catggatact 9720
aataactatc 9780
tgtataagca 9840
aaaatggacg 9900
aatgtgttat 9960
gtgtacttgt 10020
agcaatagac 10080
taagatattt 10140
ggataattta 10200
tatgcataga 10260
tgctettcte 10320
taccttcctt 10380
ttacatttta 10440
ctgtetctac 10500
tgtagttatt 10560
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gtgataaagt atgaatattt ttagaaagtc tataccatgt tctttcgtta aagatttgcect 10620

ttatacaaga ttgttgcagt acctttttct ggtaaatttt gtagcagaaa taaaatgaca

attcctaaga

<210> 2
<211>
<212>
<213>

DNA
<400> 2

acacagtggt
ggaagtggcg
cggcgcgatg
caccccgteg
agctaaagaa
ggatcccaaa
agccgttgaa
gaagattgca
tgaaagagca
tctagattgt
ttatgtaaga
taaaagattg
ttcaagttta
acagtgtttg
ctatgctaat
actgcaaagt
gtcagctact
gaagatgggt
gtgctatcectce
tggacaaaat
gctaaactta
caaaagcggg
atcttttectt

tttgactaga

gccaaaa

10005

Homo sapiens

ccteecgecgg
actgctgegg
aggcgcagca
cctcgacaga
tatgatcttg
gctcacagat
tgttacaggce
gaattgcttt
gccaaacttt
gaaggtgaag
cctgatgacyg
aaggatgctg
gaatggaatt
gagtctgata
cttatgette
tttgatagtg
ttcttagaaa
cagcatagta
atagcatttc
ctgctggaaa
agtcgtggea
cagtctgecat
ggtagcgatg

tacgatgttg

ctacggcgcet
gcctgagege
aggctgacgt
agtcaatgaa
ctaaaaaata
ttctgggtcet
gttcagtgga
gtaaaaatga
tcccaggaag
atggatggaa
tccatgtgaa
tggcccactg
cgtgtgttgt
aaagtgactg
ttacgctttce
ctcttcagtc
tgaaaggaca
gtaatgttca
aggttccaag
tgatggcctyg
agcaagattt
tatatgatgce
atattggaaa

gtgctattcg

gcgtcactgg
tggtctcacg
ggagcggtac
aggattctat
catatgtact
tctttatgaa
attaaaccca
tgttactgat
tcctgcaatt
taaacttttt
catccggeta
ccatgaggca
acagaccctt
gcgagcaacc
cactagagat
tgtgaaatct
tttctacatg
atggcgagct
accaaagatt
tgaccgactg
tttaaaagag
tctgttttcet
cattgatgta

agcacataat

tttgcaggeg
cgcectecggga
atcgcctegg
tttgcaaagce
tacattaatg
ttggaagaaa
acacaaaaag
ggaagagcaa
tataaactaa
gacttgattc
gtggaggtgt
gagaggaaca
aaggaatatc
aatacagact
gtgcaggaaa
ttgggtggaa
catgctggtt
ctttctgagce
aaattaataa
agccaatcag
attgttgaaa
agtcagtcac
cgagaaccag

ggtagtctte

ctttectett
gccaggttgg
tgcagggctce
tgtattatga
tgcaagagag
acacagacaa
atcttgtgtt
aatactggct
aggaacagct
agtcagaact
atcgctcaac
tagctttgeg
tggagtcttt
tactgctggc
gtagagaatt
atgatgaact
ctctgetttt
tggctgcatt
aaggtgaagc
ggcacatgtt
cttttgccaa
ctaaggatac
agcttgaaga

agcaccttac

10680

10697

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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ttggcttgge
acagctttte
aatatgtatt
attaaaggag
tgtgtgtaaa
gattcacaga
aataaacact
ggcagaatgc
catagggaga
gaagaacagt
tcaggcatca
tgcagtaaat
ttcttattgg
cctttetect
aataaagatt
cctggagtcet
aggaggtecct
tacaccgtct
aacaccacct
agaggccatt
tcatcgttgg
acagacattt
tcagtcacca
aaagggccca
gcaacagatg
gtatggtcct
téatgattac
aggatatttc
tatagaattt
tttgccaaca

atcaaatgat

ttacagtgga
catcatttgce
ttagatcttg
aaatgtaatt
cagctttgta
aaagcagtac
ctaagagccc
cttcagaaaa
agtgttcatt
attcctgaac
gaaattgttg
ggaaatatag
aatcttgcac
gaagaacaag
atagatgaca
gtaaaagaga
ctctataaaa
cctaccaaat
cgatgggcag
aagaaagaaa
cccacagaga
catggggctc
gcatataatt
gtctatggca
cacacaccgc
cctgeattge
tttaattaca
acaaaacctc
gggaaaacta
caagcacaca

ggtgacttca

attcattgcce
cccatgaaac
aagtatttct
ctcaccacag
cagaaagaca
ctggaaacgt
aggaaaaaca
cgggcagedgg
attggaagaa
ctattgatcc
aatatgaaga
aagatgctgt
tgatttttca
aagaatgcaa
gtgattcaaa
tgcttaattce
atggttcttt
attcactatc
aagatcagaa
tgcaggagtt
attatggacc
cactaacagt
cccagtatct
tgaataggct
cagtgcaaag
gttttgagtc
atgttcaaca
cgattgcagce
attttgtteca
caacacagcé

cgttttcecte

tgctttacct
ctcaaggctt
ccttggagta
ctcctatcag
aaaatcttgg
agcaaaattg
tggccttcaa
tcttaattct
agttttgcca
tctgtttaaa
agacgcacac
gactgectttt
caggaaggca
aaattatctg
tctttcagtyg
agtcatgcag
gcgaaatgca
accaagtaaa
ttctttactg
gaaactaaat
agactcggtg
tgcaactact
tctcagacca
tccaccccaa
ctcatctgcet
tcctgcaacyg
gacaagcaca
tcatgctteca
gccecatgecg
aactcctttt

accacaggtt

ggaatccgaa
gaaacaaatg
gtatatacca
ccgttatgec
tgggatgcgg
agacttctag
cctgectctge
ttttatgatc
ttgttgaaga
cattttcata
ataacttttg
gaatctataa
gaagacattg
agaaagacca
gtcaagaaat
gaactcgaag
gattcagaaa
agttacaagt
aaaatgattt
agcagtaact
cctgatggat
ggccctteag
gcagctaatg
cagcatattt
tgtatgttet
ggaattctat
aatccacctt
agatctgcag
ggtgaaggat
aaatttaact

gtgacacagc

PCT/US2004/015145
aatggctaaa 1500
cacctgaatc 1560
gccacttaca 1620
tgccecttece 1680
tttgtactct 1740
ttcagcatga ’1800
ttgtacattyg 1860
aacgagaata 1920
taataaaaaa 1980
gtgtagacat 2040
ctatattgga 2100
aaagtgttgt 2160
aaaatgatgc 2220
gggactacct 2280
tgcctgtgece 2340
actatagtga 2400
taaaacattc 2460
attctcccaa 2520
gccaacaagt 2580
cagcatcccce 2640
atcaggggtc 2700
tatattatag 2760
ttactcccac 2820
atgcctatcce 2880
ctcaggagat 2940
cgcccagggag 3000
tgccagaacc 3060
aatctaagac 3120
taaggccatc 3180
caaatttcaa 3240
cccctectge 3300
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agcttacagt
agatggctat
attcaatttt
tcagcaaaag
gaaatcagta
aggaagtgcce
tcctgataag
cgcgaaattg
tgtaaaaata
agtattgaaa
tggatcagac
agaacaactt
tgaagaagcc
ggctgtcaga
tgctggaaac
taacagctgce
aaacccaagc
aaccagccca
ctgggattgt
tcagaataca
atttggccag
aaaggaagga
atgtgctgcet
tgcctetttt
catgtttget
aaatgctaca
tccagcetect
atttgaggga
aaatgaagcc
tacttctgca

tgagggaatyg

aacagtgaaa
agtggagcca
ggaagcaaaa
aattctggtt
tttggaacac
catggggatg
attgaagtaa
tttcgtttcg
ctgaggcata
atctgtgcaa
agatcttttg
gctattaggt
cagagcattt
attgtaaaag
ctgaattttg
tcattaaaga
aataaagagc
gagaatgttc
agtatttgtt
aaatctgcta
ggagatcttc
cagtgggatt
tgtcagaatc
aagtttggta
aagaaggaag
agatgtgttg
gcctetttta
atgttcacta
agtgctacca
gtttcaacac

ttcactaaga

gcecttttagg
aaccaattcc
atgtgtctgg
ttcggcgaag
ccactttaga
atgatgatga
aaactggtga
atgtagaatc
aaacatctgg
atcattacat
tatggcatgce
tcaaaactcc
taaaagcccc
aacccacaag
aatttcaggt
atgcttcaac
tcgttggceccee
aagatcgatt
tagtaagaaa
acaaaagtgg
ctaaacctat
gcagtgcatg
cgagaaaaca
cttcagagac
gacagtggga
cttgtcagaa
agtttggtac
agaaggaggyg
aatgtattgce
ctgcctette

aggagggaca

tctectgact
tggtggtcaa
aatttcattt
tgatgatatg
gacagcaaac
cggtectcac
ggaagatgaa
caaagaatgg
taaaattcgc
cagtccagat
ccttgattat
tgaggaagca
aggaacaaat
tcatgataac
tgcaaagaaa
tgctaagaaa
accattagct
tgcattggtg
tgaacctact
atcttcattt
taacagtgat
tttggtacaa
gagtctacct
aagtaaaact
ttgcagttca
tccggataaa
ttcagagaca
acagtgggat
ttgtcagaat
agagacaagc

gtgggattgce

tcagataaac
accattgggce
acagaaaaca
tttactttece
aagaatcatg
tttgagcctg
gaagaattct
aaagaacgtg
cttctaatga
atgaaattga
gcagatgagt
gcacttttta
gtagccatgg
aaggatattt
gaagggtcett
tgtgtatcat
gaaactgttt
actccaaaga
gtatctaggt
gttcatcaag
ttcagatctg
aatgagggga
gctacttcta
ctaaaaagtg
tgcttagtge
ccaagtccat
agcaaggctc
tgcagtgtgt
ccaggtaaac
aaggctccaa

agtgtgtgcet

PCT/US2004/015145
ccttgcaagg 3360
ctcgaaatac 3420
tggggtcgag 3480
atggtccagg 35490
agacagatgg 3600
tagtacctct 3660
tttgcaaccyg 3720
ggattggcaa 3780
gacgagagca 3840
caccaaatgc 3900
tgccaaaacc 3960
aatgcaagtt 4020
cgtcaaatca 4080
gcaaatctga 4140
ggtggcattg 4200
gccaaaatct 4260
ttactcctaa 4320
aagaaggtca 4380
gcattgcgtyg 4440
cttcatttaa 4500
ttttttctac 4560
gctctacaaa 4620
tteccaacacc 4680
gatttgaaga 4740
gaaatgaagc 4800
ctacttctgt 4860
caaagagcgg 4920
gcttagtaag 4980
aaaatcaaac 5040
agagcggatt 5100
tagtaagaaa 5160
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tgaagccagt
ttctgcagtt
gggaatgttc
agccagtget
aatttcaaca
gttcatcagg
cttaaaatgt
ttcagctttce
aacaggattt
attcaaattt
taatacagaa
taaatttggce
tggtactggce
tggccaaaca
atttcagttt
attctcatca
agatgatgat
aatgcccgaa
gcgggtaaaa
gaacttaaaa
acaagtacta
ctctggatca
actagagcag
atttgaggaa
agatactggc
agatttcaaa
ttcaggtaca
tgggcccaca
cagtagtagc
ccgttttggt

taagtctect

gctaccaaat
tcaacacctg
actaagaagg
accaaatgta
cctgectett
aaaggacagt
gtggcttgtg
acactgggct
aaaagtaatt
gggcatgtgg
tttaagtcaa
atttcggaac
ttccaggetce
agtagcactt
ggcaaaaaag
caatacggta
gcctataaga
aaagtagaac
ctatttagat
attctcaaaa
aaagtgtgtg
gatagagcat
ttggcagcaa
tgccagcggce
agagctgcca
acatttttga
ggtgcggecy
ttagaatggg
tcagtacatg
gagtcaacaa

gccaagttga

gtattgcttg
cctecttcaga
aaggacagtg
ttgcttgtca
cggagataag
gggattgtag
atgcctctaa
cagaaatgaa
tctcagaaaa
atcaagaaaa
ccaaagaagg
caggaaatca
aggatattag
ttacatttgce
accccaattt
aaatggccaa
ctgaggacag
ttogtaacagg
ttgatgctga
acgaggtcaa
ctaatcattg
ggatgtggtt
aatttaaaac
ttctgttaga
agttaataca
caaatgatca
gtgcctcaga
ataactatga
cttetccatt
caggatttaa

atcagagtgg

tcagaatcca
gacaagcaag
ggattgcagt
gtgtccaagt
caaggctcca
tgtttgctgt
accaactcat
gttgcatgac
agcttctaag
ttcaccttca
attttccatc
agaaaagaaa
tggccagaag
agatcttgca
caagggattt
taaagcaaac
cgatgacatc
agaagaagat
ggtaagtcag
tggcaaacta
gataacgact
agccagtgat
accagagctg
cataccactt
gagagctgaa
aacaaaagtc
cacaacaata
tttaagggaa
ggcaagtagc
cttcagtttt

gacttcagtt

10

ggtaaacaaa
gctccaaaga
gtgtgcttag
aaacaaaatc
aagagtggat
gtacaaaatg
aaacctattg
tcttctggaa
tttggcaata
tttatgtttc
cctgtgtectg
agtgaaaagc
aatggccgtg
aaatcaactt
tcaggtgctg
acttccggtyg
cattttgaac
gaaaaagttc
tggaaagaaa
agaatgctga
acgatgaacc
ttctectgatg
gctgaagaat
caaactccce
gaaatgaaga
actgaggaag
aaacccaatc
gatgctttgg
cctgtgagaa
aaatctgcett

ggcactgatg

PCT/US2004/015145
atcaaactac 5220
gcggatttga 5280
taagaaatga 5340
aaacaactgc 5400
ttgaaggaat 5460
agagttcttce 5520
cagaagctcc 5580
gtcaggtggg 5640
cagagcaagg 5700
agggttcttce 5760
ctgatggatt 5820
ctcttgaaaa 5880
gtgtgatttt 5940
caggagaagg 6000
gagaaaaatt 6060
actttgagaa 6120
cagtagttca 6180
tgtattcaca 6240
ggggcttggg 6300
tgcgaagaga 6360
tgaagcctct 6420
gtgatgccaa 6480
tcaagcagaa 6540
ataaacttgt 6600
gtggactgaa 6660
aaaataaggg 6720
ctgaaaacac 6780
atgatagtgt 6840
aaaatctttt 6900
tgagtccatc 6960
aagaatctga 7020
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tgttactcaa
tctagttgaa
actctacaga
gattttacag
aaaactttgt
agaaagagta
tttagctgtt
agcaaaaaca
tcccagagag
gaggacagat
tagcacatct
agagtctgtt
ttcagccact
tgaaactagt
actgtcaaag
ttccttteca
agagaagaaa
aactccaacc
ctgctacaag
aacagctgtc
cttggaagaa
aacagttgaa
agtctgtagt
aaaagttcag
atatacaggt
tattaccaaa
tttgtcaact
ttcatttgga
tggagatttt
tgtgtttgga

tggtagtgat

gaagaagaga
gtatccagtg
tatgataaag
aattatgata
gccaatcaca
tggttgtgga
cgttttaaac
gcccaggaaa
tcaccatgtg
gttattcagg
gaaacaacac
aaaagcattt
Qggtctttgt
tcagtagceccc
aactctéata
acggaagaat
aaacctgaag
gctgagcaga
aatagaccag
aagaaactta
aatacagcag
gagaaggcaa
gatactgatg
gaagctcaaa
gggactgaag
tccattagtt
agaaaggaaa
tttggaagta
gcttttggtt
acacagtcag

gaagaagtag

gagatggaca
gtgaggaaaa
atgttggtca
ataagcaagt
gaataactcc
ctgcatgtga
tacaggatgt
aagattcttt
gcaaaattgce
gtgatgatgt
caaaagcagt
ttagtagtga
ttggatttag
agagtggatc
tcgaacagtc
cttcaatcaa
attctcccte
aagcccttge
attatgttag
atggaaaact
ataatgagaa
aagcagatac
aagacaatgg
aatctcagac
tgatggtacc
caccatctgt
ttgatacaga
gcacagggct
ctaaagataa
tcggaaccca

ttcataatga

gtactttgaa
tgaacaagtt
atggaaagaa
tcgtatagtg
agacatgact
ttttgcagat
tgcagactcg
gataacacct
tgtagctgta
agcagatgca
ggtttctect
aaaatcaaaa
ttttaatgca
tgaaagcaaa
ttcagatagce
ctacacattt
agatgatgat
aaccaaactt
tgaagaagag
atatttggat
agaatgtatt
gttaaaactt
aaatggggaa
agaagaaata
ttctttetgt
ttcctetgaa
ttctacaagce
ctcatttgca
aaatttccaa
gtcagccggt

agatatccat

11

cctgttgtte
gtttttagtc
aggggcattg
atgagaaggg
ttgcaaaata
ggagaaagaa
tttaagaaaa
catgtttctc
ttagaagaaa
acttcagaag
ccaaagtttg
ccatttgcat
cctttgaaaa
gtggaaccta
aaagtcaaaa
aaaacaccag
gttctcattg
aaacttccectce
gaggatgatg
ggctcagaaa
attgtttggg
ccacctacat
gactttcaat
actagcacaa
aaatctgaag
actatggaca
caaggggaaa
gacttggett
tgggcaaata
aaagttggtg

tttgaaccaa

PCT/US2004/015145
ctttacctga 7080
acagggcaaa 7140
gtgatataaa 7200
accaagtatt 7260
tgaaagggac 7320
aagtagagca 7380
tttttgatga 7440
ggtcaagcac 7500
ccacaagaga 7560
ttgaagtgtc 7620
tatttggttc 7680
tcggcaacag 7740
gtaacaatag 7800
aaaaatgtga 7860
atctctttgce 7920
aaaaggcaaa 7980
tatatgaact 8040
caactttctt 8100
aagatttcga 8160
aatgtagacc 8220
aaaagaaacc 8280
ttttttgtgg 8340
cagagcttca 8400
ctgacagtgt 8460
aacctgattc 8520
aacctgtaga 8580
gcaagatagt 8640
ccagtaattce 8700
ctggagcagc 8760
aagatgaaga 8820
tagtgtcact 8880
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accagaggta
caaactttat
aaagattctt
ttttaaagtyg
ttcaaataat
acagcttgca
agaatgtcag
atcaaaggag
gcggataact
actatgcact
agattttgtt
ttatggagac
atccatggcece
agcagaacat
tgtgaaaaag
cacagaatgt
agttggattg
gttteccgatt
taattgacct
<210> 3

<211>

<212>
<213>

DNA
<400> 3

gtaaatctga
aaactatgga
gccaagggga
cagacttggce
aatgggcaaa
gtaaagttgg
attttgaacc
aaattttgtt

aggagcgcgyg

2208

gaagtaaaat
agatgggatc
tggcatacaa
tgtgcaaacc
gctttagttt
gtgagattta
cagaatttaa
accaatcctg
atggaattat
ggagagaaag
tgccaaggag
aaatttgaag
aatcaaggcc
ttggacttta
attgaatcat
ggacagatat
aagcttagct
tacaaatgta

tgcatggtgt

Homo sapiens

agaacctgat
caaacctgta
aagcaagata
ttccagtaat
tactggagca
tgaagaagaa
aatagtgtca
taaagagaga

tgttggagat

ctggagaaga
gggatgtcag
tgaagaatta
acgttattac
ggactgcctc
aaactaaaga
tgaaactcca
tggtgttttt
tttcaaacat
getttggttt
gagatatcac
atgaaaattt
agaataccaa
agcatgtagt
ttggttctcé
aaaatcattg
attacaattt
aaattgcagc

gaaataaaag

tctattacca
gatttgtcaa
gtttcatttyg
tctggagatt
gctgtgtttyg
gatggtagtg
ctaccagagg
gccaaacttt

ataaagattc

agatgaagaa
tcagtggaag
ttaccggatc
taaaacaatg
agattatgct
agtagctgat
gaaaggacat
tgatgtttgt
tgttcctegg
caagaattcc
caaacatgat
tgatgtgaaa
taattctcaa
atttgggttt
caaagggtct
ttgttcatag
gatagttatg
ttatagctgt

tttaaacact

aatccattag
ctagaaagga
gatttggaag
ttgcttttgg
gaacacagtc
atgaagaagt
tagaagtaaa
atagatggga
tttggcatac

12

attttgttta
gagcgeggtyg
ctaatgagaa
gaattaaagc
gatggagaag
tgtttcaaga
gtatcactgg
gcggacggtyg
actgctgaga
atttttcaca
ggaacaggcyg
catactggtce
tttgttataa
gttaaggatg
gtttgtcgaa
aaaatttcat
ttcagectttt
tgtcactttt

ggtgt

ttcaccatct
aattgataca
tagcacaggg
ttctaaagat
agtcggaacc
agttcataat
atctggagaa
tcgggatgte

aatgaagaat

PCT/US2004/015145
aagagagagc 8940
ttggagatat 9000
gagaccaggt 9060
ccttaaatgt 9120
caaaagtaga 9180
aaacatttga 9240
cagcagaatt 9300
aacctctagg 9360
acttcagagc 9420
gagtaattcc 9480
gacagtccat 9540
ctggtttact 9600
cactgaagaa 9660
gcatggatac 9720 .
gaataactat 9780
ctgtataagc 9840
gaaaatggac 9900
taatgtgtta 9960

10005
gttcecctetyg 60
gattctacaa 120
ctctcatttg 180
aaaaatttcc 240
cagtcagccyg 300
gaagatatcc 360
gaagatgaag 420
agtcagtgga 480
tattaccgga 540
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tcctaatgag
tggaattaaa
ctgatggaga
attgtttcaa
atgtatcact
gtgcggacgg
ggactgctga
ccatttttca
atggaacagg
aacatactgg
aatttgttat
ttgttaagga
ctgtttgtcg
agaaaatttc
tgttcagcett
gttgtcactt
ctggtgtatt
ctaatcttgt
attttaattc
agggaccaca
ttggtgtact
agagttaacc
ctttgtaagt
tattcgatta
‘aacttttctg
attgaatttt
atgttcttte
ttttgtagca
<210> 4

<211> 4208

<212> DNA
<213>

aagagaccag
gcccttaaat
agcaaaagta
gaaaacattt
ggcagcagaa
tgaacctcta
gaacttcaga
cagagtaatt
cggacagtcce
tcctggttta
aacactgaag
tggcatggat
aagaataact
atctgtataa
ttgaaaatgg
tttaatgtgt
tcaggtgtac
taaaagcaat
cttttaagat
acttggataa
catttatgca
aaagtgctct
agcgtacctt
atttttacgt
tcatctgtct
tcettgtagt
gttaaagatt

gaaataaaat

Homo sapiens

gtttttaaag
gtttcaaata
gaacagcttg
gaagaatgtc
ttatcaaagg
gggcggataa
gcactatgca
ccagattttg
atttatggag
;tatccatgg
aaagcagaac
actgtgaaaa
atcacagaat
gcagttggat
acgttteccga
tataattgac
ttgtgtttat
agacctcaaa
atttggactt
tttaatttta
tagagactcg
tctctagaat
ccttecttaa
tttaaacaag
ctactacctc
tattgtgata
tgctttatac

gacattccta

tgtgtgcaaa
atgctttagt
cagtgagatt
agcagaattt
agaccaatcc
ctatggaatt
ctggagagaa
tttgccaagg
acaaatttga
ccaatcaagg
atttggactt
agattgaatc
gtggacagat
tgaagcttag
tttacaaatg
cttgcatggt
gtactcctga
ctattgaagg
cctgcatgga
ggtttgaaat
tttatgaatg
ctttacacct
aatatctagc
ttgactattt
agaaactgca
aagtatgaat
aagattgttg

agaaaaaaaa

13

ccacgttatt
ttggactgcce
taaaactaaa
aatgaaactc
tgtggtgttt
attttcaaac
aggctttggt
aggagatatc
agatgaaaat
ccagaatacc
taagcatgta
atttggttct
ataaaatcat
ctattacaat
taaaattgca
gtgaaataaa
cgtattaaaa
aatatgatat
tatacttacc
atatttggta
ggtagagcca
cctgtgtaggt
ttcctgtgece
cctttagggg
gcttggttcet
atttttagaa
cagtaccttt

aaaaaaaa

PCT/US2004/015145
actaaaacaa 600
tcagattatg 660
gaagtagctg 720
cagaaaggac 780
tttgatgttt 840
attgttccte 900
ttcaagaatt 960
accaaacatg 1020
tttgatgcga 1080
aataattctc 1140
gtatttgggt 1200
cccaaagggt 1260
tgttgttcat 1320
ttgatagtta 1380
gcttataget 1440
agtttaaaca 1500
tggaataata 1560
atgcaattta 1620
atttgaataa 1680
atcttaacta 1740
cagaacgtat 1800
tacaagttaa 1860
ctttcataga 1920
ttttgtttca 1980
gatggtagaa 2040
agtctatacc 2100
ttctggtaaa 2160

2208
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<400> 4
ttggcatttc

ctggcttcca
aaacaagtag
agtttggcaa
catcacaata
atgatgccta
ccgaaaaagt
taaaactatt
taaaaattct
tactaaaagt
gatcagatag
agcagttggce
aggaatgcca
ctggcagagce
tcaaaacatt
gtacaggtgc
ccacattaga
gtagctcagt
ttggtgagtc
ctcctgccaa
ctcaaggaga
ttgaagtatc
acagatatga
tacagaatta
tttgtgccaa
gagtatggtt
ctgttcgttt
aaacagccca
gagagtcacc

cagatgttat

ggaaccagga
ggctcaggat
cacttttaca
aaaagacccc
cggtaaaatg
taagactgag
agaacttgta
tagatttgat
caaaaacgag
gtgtgctaat
agcatggatg
agcaaaattt
gcggcttetyg
tgccaagtta
tttgacaaat
ggceggtgec
atgggataac
acatgcttct
aacaacagga
gttgaatcag
agagagagat
cagtggtgag
taaagatgtt
tgataataag
tcacagaata
gtggactgca
taaactacag
ggaaaaagat
atgtggcaaa

tcagggtgat

aatcaagaaa
attagtggcc
ttcgcagatc
aatttcaagg
gccaataaag
gacagcgatg
acaggagaag
gctgaggtaa
gtcaatggca
cattggataa
tggttagcca
aaaacaccag
ttagacatac
atacagagag
gatcaaacaa
tcagacacaa
tatgatttaa
ccattggcaa
tttaacttca
agtgggactt
ggacagtact
gaaaatgaac
ggtcaatgga
caagttcgta
actccagaca
tgtgattttg
gatgttgecag
tctttgataa
attgctgtag

gatgtagcag

agaaaagtga
agaagaatgg
ttgcaaaatc
gattttcagg
caaacacttc
acatccattt
aagatgaaaa
gtcagtggaa
aactaagaat
cgactacgat
gtgatttctc
agctggctga
cacttcaaac
ctgaagaaat
aagtcactga
caataaaacc

gggaagatgc

‘gtagccctgt

gttttaaatc
cagttggcac
ttgaacctgt
aagttgtttt
aagaaagggyg
tagtgatgag
tgactttgca
cagatggaga
actcgtttaa
cacctcatgt
ctgtattaga

atgcaacttc

14

aaagcctcett
ccegtggtgtyg
aacttcagga
tgctggagaa
cggtgacttt
tgaaccagta
agttctgtat
agaaaggggc
gctgatgcga
gaacctgaag
tgatggtgat
agaattcaag
tccccataaa
gaagagtgga
ggaagaaaat
caatcctgaa
tttggatgat
gagaaaaaat
tgctttgagt
tgatgaagaa
tgttecttta
tagtcacagg
cattggtgat
aagggaccaa
aaatatgaaa
aagaaaagta
gaaaattttt
ttctcggtca
agaaaccaca

agaagttgaa

PCT/US2004/015145
gaaaatggta 60
atttttggcee 120
gaaggatttc 180
aaattattct 240
gagaaagatg 300
gttcaaatgce 360
tcacagcggg 420
ttggggaact 480
agagaacaag 540
cctctectetg 600
gccaaactag 660
cagaaatttg 720
cttgtagata 780
ctgaaagatt 840
aagggttcag 900
aacactgggc 960
agtgtcagta 1020
cttttcecgtt 1080
ccatctaagt 1140
tctgatgtta 1200
cctgatctag 1260
gcaaaactct 1320
ataaagattt 1380
gtattaaaac 1440
gggacagaaa 1500
gagcatttag 1560
gatgaagcaa 1620
agcactccca 1680
agagagagga 1740
gtgtctagca 1800
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catctgaaac
ctgttaaaag
ccactgggtce
ctagttcagt
caaagaactc
ttccaacgga
agaaaaaacc
caaccgctga
acaagaatag
ctgtcaagaa
aagaaaatac
ttgaagagaa
gtagtgatac
ttcaggaagce
caggtgggac
ccaaatccat
caactagaaa
ttggatttgg
attttgcettt
ttggaacaca
gtgatgaaga
aggtagaagt
tttatagatg
ttectttggeca
aagtgtgtge
ataatgcttt
ttgcagtgag
gtcagcagaa
aggagaccaa
taactatgga

gcactggaga

aacaccaaaa
catttttagt
tttgtttgga
agcccagagt
tgatatcgaa
agaatcttca
tgaagattcect
gcagaaagcc
accagattat
acttaatgga
agcagataat
ggcaaaagca
tgatgaagac
tcaaaaatct
tgaagtgatg
tagttcacca
ggaaattgat
aagtagcaca
tggttctaaa
gtcagtcgga
agtagttcat
aaaatctgga
ggatcgggat
tacaatgaag
aaaccacgtt
agtttggact
atttaaaact
tttaatgaaa
tcctgtggtg
attattttca

gaaaggcttt

gcagtggttt
agtgaaaaat
tttagtttta
ggatctgaaa
cagtcttcag
atcaactaca
ccctcecagatg
cttgcaacca
gttagtgaag
aaactatatt
gagaaagaat
gatacgttaa
aatggaaatg
cagacagaag
gtaccttctt
tctgttteccet
acagattcta
gggctctcat
gataaaaatt
acccagtcag
aatgaagata
gaagaagatg
gtcagtcagt
aattattacc
attactaaaa
gcctcagatt
aaagaagtag
ctccagaaag
ttttttgatg
aacattgttce

ggtttcaaga

ctcctccaaa
caaaaccatt
atgcaccttt
gcaaagtgga
atagcaaagt
catttaaaac
atgatgttct
aacttaaact
aagaggagga
tggatggctce
gtattattgt
aacttccacc
gggaagactt
aaataactag
tctgtaaatc
ctgaaactat
caagccaagg
ttgcagactt
tccaatgggce
ccggtaaagt
tccattttga
aagaaatttt
ggaaggagcyg
ggatcctaat
caatggaatt
atgctgatgg
ctgattgttt
gacatgtatc
tttgtgcgga
ctcggactge

attccatttt

15

gtttgtattt
tgcattcggce
gaaaagtaac
acctaaaaaa
caaaaatctc
accagaaaag
cattgtatat
tccteccaact
tgatgaagat
agaaaaatgt
ttgggaaaag
tacatttttt
tcaatcagag
cacaactgac
tgaagaacct
ggacaaacct
ggaaagcaag
ggcttccagt
aaatactgga
tggtgaagat
accaatagtg
gtttaaagag
cggtgttgga
gagaagagac
aaagccctta
agaagcaaaa
caagaaaaca
actggcagca
cggtgaacct
tgagaacttc

tcacagagta

PCT/US2004/015145
ggttcagagt 1860
aacagttcag 1920
aatagtgaaa 1980
tgtgaactgt 2040
tttgcttcct 2100
gcaaaagaga 2160
gaactaactc 2220
ttcttctget 2280
ttcgaaacag 2340
agacccttgg 2400
aaaccaacag 2460
tgtggagtcet 2520
cttcaaaaag 2580
agtgtatata 2640
gattctatta 2700
gtagatttgt 2760
atagtttcat 2820
aattctggag 2880
gcagctgtgt 2940
gaagatggta 3000
tcactaccag 3060
agagccaaac 3120
gatataaaga 3180
caggttttta 3240
aatgtttcaa 3300
gtagaacagc 3360
tttgaagaat 3420
gaattatcaa 3480
ctagggcgga 3540
agagcactat 3600
attccagatt 3660



WO 2004/104171

ttgtttgeca
gagacaaatt
tggccaatca
aacatttgga
aaaagattga
aatgtggaca
gattgaagct
cgatttacaa
gaccttgcat
aaaaaaaa

<210> 5

<211>

<212>
<213>

DNA
<400> 5

caacaagtag
gcatccecte
caggggtcac
tattatagtc
actcccacaa
gcctatcecege
caggagatgt
cccaggggtyg
ccagaaccag
tctaagacta
aggccatcett
aatttcaaat
cctecctgeag
ttgcaaggag
cgaaatacat
gggtcgagte
ggtccaggga

acagatggag

2146

aggaggagat
tgaagatgaa
aggccagaat
ctttaagcat
atcatttggt
gatataaaat
tagctattac
atgtaaaatt

ggtgtgaaat

Homo sapiens

aggccattaa
atcgttggcc
agacatttca
agtcaccagc
agggcccagt
aacagatgca
atggtcctcc
atgattactt
gatatttcac
tagaatttgg
tgccaacaca
caaatgatgg
cttacagtaa
atggctatag
tcaattttgg
agcaaaagaa
aatcagtatt

gaagtgccca

atcaccaaac
aattttgatg
accaataatt
gtagtatttg
tctcccaaag
cattgttgtt
aatttgatag
gcagcttata

aaaagtttaa

gaaagaaatg
cacagagaat
tggggctcca
atataattcc
ctatggcatg
cacaccgccea
tgcattgcgt
taattacaat
aaaacctccg
gaaaactaat
agcacacaca
tgacttcacg
cagtgaaagc
tggagccaaa
aagcaaaaat
ttctggtttt
tggaacaccc

tggggatgat

atgatggaac
tgaaacatac
ctcaatttgt
ggtttgttaa
ggtctgtttg
catagaaaat
ttatgttcag
gctgttgtea

acactggtgt

caggagttga
tatggaccag
ctaacagttg
cagtatcttc
aataggcttc
gtgcaaagct
tttgagtctc
gttcaacaga
attgcagcectc
tttgttcage
acacagccaa
ttttcctcac
cttttaggtc
ccaattcctyg
gtgtctggaa
cggcgaagtyg
actttagaga
gatgatgacg

16

aggcggacag
tggtecctggt
tataacactg
ggatggcatg
tcgaagaata
ttcatctgta
cttttgaaaa
ctttttaatg

aaaaaaaaaa

aactaaatag
actcagtgcc
caactactgg
tcagaccagc
caccccaaca
catctgecttg
ctgcaacggg
caagcacaaa
atgcttcaag
ccatgccggg
ctccttttaa
cacaggttgt
tcctgacttce
gtggtcaaac
tttcatttac
atgatatgtt
cagcaaacaa

gtcctcactt

PCT/US2004/015145
tccatttatg 3720
ttactatcca 3780
aagaaagcag 3840
gatactgtga 3900
actatcacag 3960
taagcagttg 4020
tggacgtttc 4080
tgttataatt 4140
aaaaaaaaaa 4200

4208
cagtaactca 60
tgatggatat 120
cccttcagta 180
agctaatgtt 240
gcatatttat 300
tatgttctcect 360
aattctatcg 420
tccacctttg 480
acctgcagaa 540
tgaaggatta 600
atttaactca 660
gacacagccc 720
agataaaccc 780 .
cattgggcect 840
agaaaacatg 900
tactttccat 960
gaatcatgag 1020
tgagcctgta 1080
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gtacctcttce
tgcaaccgeg
attggcaatg
cgagagcaag
ccaaatgctyg
ccaaaaccag
tgcaagtttg
tcaaattagg
aaatctgatg
tggcattgta
caaaatétaa
actcctaaaa
gaaggtcact
attgcgtgtce
tcatttaaat
ttttctacaa
tctacaaaat
ataaaaaaaa
<210> 6

<211>

<212>
<213>

DNA
<400> 6

cggtgccgea
ggataactat
tgcttcteca
aacaggattt
gaatcagagt
gagagatgga
tggtgaggaa
agatgttggt

taataagcaa

1026

ctgataagat
cgaaattgtt
taaaaatact
tattgaaaat
gatcagacag
aacaacttgc
aagaagccca
ctgtcagaat
ctggaaacct
acagctgcte
acccaagcaa
ccagcccaga
gggattgtag
agaatacaaa
ttggccaggg
aggaaggaca
gtgctgettg

aaaaaaaaaa

Homo sapiens

gacacaccaa
gatttaaggg
ttggcaagta
aacttcagtt
gggacttcag
cagtactttyg
aatgaacaag
caatggaaag

gttcgtatag

tgaagtaaaa
tcgtttcgat
gaggcataaa
ctgtgcaaat
atcttttgta
tattaggttc
gagcatttta
tgtaaaagaa
gaattttgaa
attaaagaat
taaagagctc
gaatgttcaa
tatttgttta
atctgctaac
agatcttect
gtgggattgce
tcagaatccg

aaaaaaaaaa

taaaacccaa
aagatgcttt
gccctgtgag
ttaaatctgc
ttggcactga
aacctgttgt
ttgtttttag
aaaggggcat

tgatgagaag

actggtgagg
gtagaatcca
acatctggta
cattacatca
tggcatgceccec
aaaactcctg
aaagccccag
cccacaagtce
tttcaggttyg
gcttcaactg
gttggcccac
gatcgatttg
gtaagaaatg
aaaagcggat
aaacctatta
agtgcatgtt
agaaaacaga

aaaaaaaaaa

tcctgtaaac
ggatgatagt
aaaaaatctt
tttgagtcca
tgaagaatct
tcectttacct
tcacagggca
tggtgatata

ggaccaagta
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aagatgaaga
aagaatggaa
aaattcgect
gtccagatat
ttgattatge
aggaagcagc
gaacaaatgt
atgataacaa
caaagaaaga
ctaagaaatg
cattagctga
cattggtgac
aacctactgt
cttecatttgt
acagtgattt
tggtacaaaa
gtctacctge

aaaaaa

actgggccca
gtcagtagta
ttccgttttg
tctaagtcte
gatgttactc
gatctagttg
aaactctaca
aagattttac

ttaaaacttt
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agaattcttt 1140
agaacgtggg 1200
tctaatgaga 1260
gaaattgaca 1320
agatgagttg 1380
actttttaaa 1440
agccatggcg 1500
ggatatttgce 1560
agggtcttgg 1620
tgtatcatgce 1680
aactgttttt 1740
tccaaagaaa 1800
atctaggtgce 1860
tcatcaagct 1920
cagatctgtt 1980
tgaggggagce 2040
acgacaacac 2100

2146
cattagaatg 60
gctcagtaca 120
gtgagtcaac 180
ctgccaagtt 240
aagaagaaga 300
aagtatccag 360
gatatgataa 420
agaattatga 480
gtgccaatca 540
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cagaataact ccagacatga ctttgcaaaa tatgaaaggg
gactgcatgt gattttgcag atggagaaag aaaagtagag
actacaggat gttgcagact cgtttaagaa aatttgtgat
aaaagattct ttgataacac ctcatgtttc tecggtcaage
tggcaaaatt gctgtagectg tattagaaga acccacaaga
gggtgatgat gtagcagatg caacttcaga agttgaagtg
accaaaagca gtggtttctc ctccaaagtt tgtatttgge
ttttagtagt gaaaaatcaa acccatttgc attcggcaac
gtgtgg
<210> 7
<211> 3224 ’
<212> PRT
<213> Homo sapiens
<400> 7
Met Arg Arg Ser Lys Ala Asp Val Glu Arg Tyr
1 5 10
Gly Ser Thr Pro Ser Pro Arg Gln Lys Ser Met
20 25
Ala Lys Leu Tyr Tyr Glu Ala Lys Glu Tyr Asp
35 40
Ile Cys Thr Tyr Ile Asn Val Gln Glu Arg Asp
50 55
Phe Leu Gly Leu Leu Tyr Glu Leu Glu Glu Asn
65 70 75
Glu Cys Tyr Arg Arg Ser Val Glu Leu Asn Pro
85 90
Val Leu Lys Ile Ala Glu Leu Leu Cys Lys Asn
100 105
Arg Ala Lys Tyr Trp Leu Glu Arg Ala Ala Lys
115 120
Pro Ala Ile Tyr Lys Leu Lys Glu Gln Leu Leu
130 135
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acagaaagag
catttagctg
gaagcaaaaa
actcccagag
gagaggacag
tctagcacat
tcagagtctyg

agttcagcca

Ile Ala Ser

Phe
30

Lys Gly

Ala
45

Leu Lys

Pro Ala

60

Lys

Thr Asp Lys

Thr Gln Lys

Thr
110

Asp Val

Phe
125

Leu Pro

Asp Glu

140

Cys
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tatggttgtg 600
ttegttttaa 660
cagcccagga 720
agtcaccatg 780
atgttattca 840
ctgaaacaac 900
ttaaaagcat 960
ctgggtettt 1020

1026
(

val Gln

15

Tyr Phe

Lys Tvr

His Arg

Ala Val

80

Asp Leu

95

Asp Gly

Gly Ser

Gly Glu
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Asp Gly Trp Asn Lys Leu Phe Asp Leu Ile Gln Ser Glu Leu Tyr Val
145 150 155 160

Arg Pro Asp Asp Val His Val Asn Ile Arg Leu Val Glu Vval Tyr Arg
165 170 175

Ser Thr Lys Arg Leu Lys Asp Ala Val Ala His Cys His Glu Ala Glu
180 185 190

Arg Asn Ile Ala Leu Arg Ser Ser Leu Glu Trp Asn Ser Cys val val
195 200 205

Gln Thr Leu Lys Glu Tyr Leu Glu Ser Leu Gln Cys Leu Glu Ser Asp
210 215 220

Lys Ser Asp Trp Arg Ala Thr Asn Thr Asp Leu Leu Leu Ala Tyr Ala
225 230 235 240

Asn Leu Met Leu Leu Thr Leu Ser Thr Arg Asp Val Gln Glu Ser Arg
245 250 255

Glu Leu Leu Gln Ser Phe Asp Ser Ala Leu Gln Ser Val Lys Ser Leu
260 265 270

Gly Gly Asn Asp Glu Leu Ser Ala Thr Phe Leu Glu Met Lys Gly His
275 280 285 '

Phe Tyr Met His Ala Gly Ser Leu Leu Leu Lys Met Gly Gln His Ser
290 295 300

Ser Asn Val Gln Trp Arg Ala Leu Ser Glu Leu Ala Ala Leu Cys Tyr
305 310 315 320

Leu Ile Ala Phe Gln Val Pro Arg Pro Lys Ile Lys Leu Ile Lys Gly
325 330 335

Glu Ala Gly Gln Asn Leu Leu Glu Met Met Ala Cys Asp Arg Leu Ser
340 345 350

Gln Ser Gly His Met Leu Leu Asn Leu Ser Arg Gly Lys Gln Asp Phe
355 360 365

Leu Lys Glu Ile Val Glu Thr Phe Ala Asn Lys Ser Gly Gln Ser Ala
370 375 380

Leu Tyr Asp Ala Leu Phe Ser Ser Gln Ser Pro Lys Asp Thr Ser Phe
385 390 395 400
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Leu Gly Ser Asp Asp Ile Gly Asn Ile Asp Val Arg Glu Pro Glu Leu
405 410 415

Glu Asp Leu Thr Arg Tyr Asp Val Gly Ala Ile Arg Ala His Asn Gly
420 425 430

Ser Leu Gln His Leu Thr Trp Leu Gly Leu Gln Trp Asn Ser Leu Pro
435 440 445

Ala Leu Pro Gly Ile Arg Lys Trp Leu Lys Gln Leu Phe His His Leu
450 455 460

Pro His Glu Thr Ser Arg Leu Glu Thr Asn Ala Pro Glu Ser Ile Cys
465 470 475 480

Ile Leu Asp Leu Glu Val Phe Leu Leu Gly Val Val Tyr Thr Ser His
485 490 495

Leu Gln Leu Lys Glu Lys Cys Asn Ser His His Ser Ser Tyr Gln Pro
500 505 510

Leu Cys Leu Pro Leu Pro Val Cys Lys Gln Leu Cys Thr Glu Arg Gln
515 520 525

Lys Ser Trp Trp Asp Ala Val Cys Thr Leu Ile His Arg Lys Ala Val
530 535 540

Pro Gly Asn Val Ala Lys Leu Arg Leu Leu vVal Gln His Glu Ile Asn
545 550 555 560

Thr Leu Arg Ala Gln Glu Lys His Gly Leu Gln Pro Ala Leu Leu val
565 570 575

His Trp Ala Glu Cys Leu Gln Lys Thr Gly Ser Gly Leu Asn Ser Phe
580 585 590 ’

Tyr Asp Gln Arg Glu Tyr Ile Gly Arg Ser val His Tyr Trp Lys Lys
595 600 605

val Leu Pro Leu Leu Lys Ile Ile Lys Lys Lys Asn Ser Ile Pro Glu
610 615 620

Pro Ile Asp Pro Leu Phe Lys His Phe His Ser Val Asp Ile Gln Ala
625 630 635 640
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Ser Glu Ile Val Glu Tyr Glu Glu Asp Ala His Ile Thr Phe Ala Ile
645 650 655

Leu Asp Ala Val Asn Gly Asn Ile Glu Asp Ala Val Thr Ala Phe Glu
660 665 670

Ser Ile Lys Ser vVal Val Ser Tyr Trp Asn Leu Ala Leu Ile Phe His
675 680 685

Arg Lys Ala Glu Asp Ile Glu Asn Asp Ala Leu Ser Pro Glu Glu Gln
690 695 700

Glu Glu Cys Lys Asn Tyr Leu Arg Lys Thr Arg Asp Tyr Leu Ile Lys
705 710 715 720

Ile Ile Asp Asp Ser Asp Ser Asn Leu Ser Val Val Lys Lys Leu Pro
725 ' 730 735

val Pro Leu Glu Ser Val Lys Glu Met Leu Asn Ser Val Met Gln Glu
740 745 750

Leu Glu Asp Tyr Ser Glu Gly Gly Pro Leu Tyr Lys Asn Gly Ser Leu
755 760 765

Arg Asn Ala Asp Ser Glu Ile Lys His Ser Thr Pro Ser Pro Thr Lys
770 775 780

Tyr Ser Leu Ser Pro Ser Lys Ser Tyr Lys Tyr Ser Pro Lys Thr Pro
785 790 795 800

Pro Arg Trp Ala Glu Asp Gln Asn Ser Leu Leu Lys Met Ile Cys Gln
805 810 815

Gln Val Glu Ala Ile Lys Lys Glu Met Gln Glu Leu Lys Leu Asn Ser
820 825 830

Ser Asn Ser Ala Ser Pro His Arg Trp Pro Thr Glu Asn Tyr Gly Pro
835 840 845

Asp Ser Val Pro Asp Gly Tyr ‘Gln Gly Ser Gln Thr Phe His Gly Ala
850 855 860

Pro Leu Thr Val Ala Thr Thr Gly Pro Ser Val Tyr Tyr Ser Gln Ser
865 870 875 880

Pro Ala Tyr Asn Ser Gln Tyr Leu Leu Arg Pro Ala Ala Asn Val Thr
885 890 895

21



WO 2004/104171 PCT/US2004/015145

Pro Thr Lys Gly Pro Val Tyr Gly Met Asn Arg Leu Pro Pro Gln Gln
900 905 910

His Ile Tyr Ala Tyr Pro Gln Gln Met His Thr Pro Pro vVal Gln Ser
915 920 925

Ser Ser Ala Cys Met Phe Ser Gln Glu Met Tyr Gly Pro Pro Ala Leu
930 935 940

Arg Phe Glu Ser Pro Ala Thr Gly Ile Leu Ser Pro Arg Gly Asp Asp
945 950 955 960

Tyr Phe Asn Tyr Asn Val Gln Gln Thr Ser Thr Asn Pro Pro Leu Pro
965 970 975

Glu Pro Gly Tyr Phe Thr Lys Pro Pro Ile Ala Ala His Ala Ser Arg
980 985 990

Ser Ala Glu Ser Lys Thr Ile Glu Phe Gly Lys Thr Asn Phe Val Gln
995 1000 1005

Pro Met Pro Gly Glu Gly Leu Arg Pro Ser Leu Pro Thr Gln Ala
1010 1015 1020

His Thr Thr Gln Pro Thr Pro Phe Lys Phe Asn Ser Asn Phe Lys
1025 1030 1035

Ser Asn Asp Gly Asp Phe Thr Phe Ser Ser Pro Gln Val val Thr
1040 1045 1050

@ln Pro Pro Pro Ala Ala Tyr Ser Asn Ser Glu Ser Leu Leu Gly
1055 1060 1065

Leu Leu Thr Ser Asp Lys Pro Leu Gln Gly Asp Gly Tyr Ser Gly
1070 1075 1080

Ala Lys Pro Ile Pro Gly Gly Gln Thr Ile Gly Pro Arg Asn Thr
1085 1090 1095

Phe Asn Phe Gly Ser Lys Asn Val Ser Gly Ile Ser Phe Thr Glu
1100 1105 1110

Asn Met Gly Ser Ser Gln Gln Lys Asn Ser Gly Phe Arg Arg Ser
1115 1120 1125
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Asp Asp Met Phe Thr Phe His Gly Pro Gly Lys Ser Val Phe Gly
1130 1135 1140

Thr Pro Thr Leu Glu Thr Ala Asn Lys Asn His Glu Thr Asp Gly
1145 1150 1155

Gly Ser Ala His Gly Asp Asp Asp Asp Asp Gly Pro His Phe Glu
1160 1165 1170

Pro Val Val Pro Leu Pro Asp Lys Ile Glu val Lys Thr Gly Glu
1175 1180 - 1185

Glu Asp Glu Glu Glu Phe Phe Cys Asn Arg Ala Lys Leu Phe Arg
1190 1195 1200

Phe Asp Val Glu Ser Lys Glu Trp Lys Glu Arg Gly Ile Gly Asn
1205 1210 1215

val Lys Ile Leu Arg His Lys Thr Ser Gly Lys Ile Arg Leu Leu
1220 1225 1230

Met Arg Arg Glu Gln Val Leu Lys Ile Cys Ala Asn His Tyr Ile
1235 1240 1245

Ser Pro Asp Met Lys Leu Thr Pro Asn Ala Gly Ser Asp Arg Ser
1250 1255 1260

Phe Val Trp His Ala Leu Asp Tyr Ala Asp Glu Leu - Pro Lys Pro
1265 1270 1275

Glu Gln Leu Ala Ile Arg Phe Lys Thr Pro Glu Glu Ala Ala Leu
1280 1285 1290

Phe Lys Cys Lys Phe Glu Glu Ala Gln Ser Ile Leu Lys Ala Pro
1295 1300 1305

Gly Thr Asn Val Ala Met Ala Ser Asn Gln Ala Val Arg Ile Vval
1310 1315 1320

Lys Glu Pro Thr Ser His Asp Asn Lys Asp Ile Cys Lys Ser Asp
1325 1330 1335

Ala Gly Asn Leu Asn Phe Glu Phe Gln Val Ala Lys Lys Glu Gly
1340 1345 1350

Ser Trp Trp His Cys Asn Ser Cys Ser Leu Lys Asn Ala Ser Thr
1355 1360 1365
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Ala Lys Lys Cys Val Ser Cys Gln Asn Leu Asn Pro Ser Asn Lys
1370 1375 1380

Glu Leu Val Gly Pro Pro Leu Ala Glu Thr Val Phe Thr Pro Lys
1385 1390 1395

Thr Ser Pro Glu Asn Val Gln Asp Arg Phe Ala Leu Val Thr Pro
1400 1405 1410

Lys Lys Glu Gly His Trp Asp Cys Ser Ile Cys Leu Val Arg Asn
1415 1420 1425

Glu Pro Thr Val Ser Arg Cys Ile Ala Cys Gln Asn Thr Lys Ser
1430 1435 1440

Ala Asn Lys Ser Gly Ser Ser Phe Val His Gln Ala Ser Phe Lys
1445 1450 1455

Phe Gly Gln Gly Asp Leu Pro Lys Pro Ile Asn Ser Asp Phe Arg
1460 1465 1470

Ser Val Phe Ser Thr Lys Glu @Gly Gln Trp Asp Cys Ser Ala Cys
1475 1480 1485

Leu Val @Gln Asn Glu Gly Ser Ser Thr Lys Cys Ala Ala Cys Gln
1490 1495 1500

Asn Pro Arg Lys Gln Ser Leu Pro Ala Thr Ser Ile Pro Thr Pro
1505 1510 1515

Ala Ser Phe Lys Phe Gly Thr Ser Glu Thr Ser Lys Thr Leu Lys
1520 1525 1530

Ser Gly Phe Glu Asp Met Phe Ala Lys Lys Glu Gly Gln Trp Asp
1535 1540 1545

Cys Ser Ser Cys Leu Val Arg Asn Glu Ala Asn Ala Thr Arg Cys
1550 1555 1560

Val Ala Cys Gln Asn Pro Asp Lys Pro Ser Pro Ser Thr Ser Val
1565 1570 1575

Pro Ala Pro Ala Ser Phe Lys Phe Gly Thr Ser Glu Thr Ser Lys
1580 1585 1590

24



WO 2004/104171 PCT/US2004/015145

Ala Pro Lys Ser Gly Phe Glu Gly Met Phe Thr Lys Lys Glu Gly
1595 1600 1605

Gln Trp Asp Cys Ser Val Cys DLeu Val Arg Asn Glu Ala Ser Ala
1610 1615 1620

Thr Lys Cys Ile Ala Cys Gln Asn Pro Gly Lys Gln Asn Gln Thr
1625 1630 1635

Thr Ser Ala Val Ser Thr Pro Ala Ser Ser Glu Thr Ser Lys Ala
1640 1645 1650

Pro Lys Ser Gly Phe Glu Gly Met Phe Thr Lys Lys Glu Gly Gln
1655 1660 1665

Trp Asp Cys Ser Val Cys Leu Val Arg Asn Glu Ala Ser Ala Thr
1670 1675 1680

Lys Cys Ile Ala Cys Gln Asn Pro Gly Lys Gln Asn Gln Thr Thr
1685 1690 1695

Ser Ala Val Ser Thr ProjAla Ser Ser Glu Thr Ser Lys Ala Pro
1700 1705 1710

Lys Ser Gly Phe Glu Gly Met Phe Thr Lys Lys Glu Gly Gln Trp
1715 1720 1725

Asp Cys Ser Val Cys Leu Val Arg Asn Glu Ala Ser Ala Thr Lys
1730 1735 1740

Cys Ile Ala Cys Gln Cys Pro Ser Lys Gln Asn Gln Thr Thr Ala
1745 1750 1755

Ile Ser Thr Pro Ala Ser Ser Glu Ile Ser Lys Ala Pro Lys Ser
1760 1765 1770

Gly Phe Glu Gly Met Phe Ile Arg Lys Gly Gln Trp Asp Cys Ser
1775 1780 1785

Val Cys Cys Val Gln Asn Glu Ser Ser Ser Leu Lys Cys Val Ala
1790 1795 1800

Cys Asp Ala Ser Lys Pro Thr His Lys Pro Ile Ala Glu Ala Pro
1805 1810 1815

Ser Ala Phe Thr Leu Gly Ser Glu Met Lys Leu His Asp Ser Ser
1820 1825 1830
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Gly Ser Gln Val Gly Thr Gly Phe Lys Ser Asn Phe Ser Glu Lys
1835 1840 1845

Ala Ser Lys Phe Gly Asn Thr Glu Gln Gly Phe Lys Phe Gly His
1850 1855 1860

Val Asp Gln Glu Asn Ser Pro Ser Phe Met Phe Gln Gly Ser Ser
1865 1870 1875

Asn Thr Glu Phe Lys Ser Thr Lys Glu Gly Phe Ser Ile Pro Val
1880 1885 1890

Ser Ala Asp Gly Phe Lys Phe Gly Ile Ser Glu Pro Gly Asn Gln
1895 1900 1905

Glu Lys Lys Ser Glu Lys Pro Leu Glu Asn Gly Thr Gly Phe Gln
1910 1915 1920

Ala Gln Asp Ile Ser Gly Gln Lys Asn Gly Arg Gly Val Ile Phe
1925 1930 1935

Gly Gln Thr Ser Ser Thr Phe Thr Phe Ala Asp Leu Ala Lys Ser
1940 i 1945 1950

Thr Ser Gly Glu Gly Phe Gln Phe Gly Lys Lys Asp Pro Asn Phe
1955 1960 1965

Lys Gly Phe Ser Gly Ala Gly Glu Lys Leu Phe Ser Ser Gln Tyr
1970 1975 1980

Gly Lys Met Ala Asn Lys Ala Asn Thr Ser Gly Asp Phe Glu Lys
1985 1990 1995

Asp Asp Asp Ala Tyr Lys Thr Glu Asp Ser Asp Asp Ile His Phe
2000 2005 2010

@lu Pro Val Val Gln Met Pro Glu Lys Val Glu Leu Val Thr Gly
2015 2020 2025

@Glu Glu Asp Glu Lys Val Leu Tyr Ser Gln Arg Val Lys Leu Phe
2030 2035 2040

Arg Phe Asp Ala Glu Val Ser Gln Trp Lys Glu Arg Gly Leu Gly
2045 2050 2055
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Asn Leu Lys Ile Leu Lys Asn Glu Val Asn Gly Lys Leu Arg Met
2060 2065 2070

Leu Met Arg Arg Glu Gln Val Leu Lys Val Cys Ala Asn His Trp
2075 2080 2085

Ile Thr Thr Thr Met Asn Leu Lys Pro Leu Ser Gly Ser Asp Arg
2090 2095 2100

Ala Trp Met Trp Leu Ala Ser Asp Phe Ser Asp Gly Asp Ala Lys
2105 2110 2115

Leu Glu Gln Leu Ala Ala Lys Phe Lys Thr Pro Glu Leu Ala Glu
2120 2125 2130

Glu Phe Lys Gln Lys Phe Glu Glu Cys Gln Arg Leu Leu Leu Asp
2135 2140 2145

Ile Pro Leu Gln Thr Pro His Lys Leu Val Asp Thr Gly Arg Ala
2150 2155 2160

Ala Lys Leu Ile Gln Arg Ala Glu Glu-Met Lys Ser Gly Leu Lys
2165 2170 2175

Asp Phe Lys Thr Phe Leu Thr Asn Asp Gln Thr Lys Val Thr Glu
2180 2185 2190

@lu Glu Asn Lys Gly Ser Gly Thr Gly Ala Ala Gly Ala Ser Asp
2195 2200 2205

Thr Thr Ile Lys Pro Asn Pro Glu Asn Thr Gly Pro Thr Leu Glu
2210 2215 2220

Trp Asp Asn Tyr Asp Leu Arg Glu Asp Ala Leu Asp Asp Ser val
2225 2230 2235

Ser Ser Ser Ser Val His Ala Ser Pro Leu Ala Ser Ser Pro Val
2240 2245 2250

Arg Lys Asn Leu Phe Arg Phe Gly Glu Ser Thr Thr Gly Phe Asn
2255 2260 2265

Phe Ser Phe Lys Ser Ala Leu Ser Pro Ser Lys Ser Pro Ala Lys
2270 2275 2280

Leu Asn Gln Ser Gly Thr Ser Val Gly Thr Asp Glu Glu Ser Asp
2285 2290 2295
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Val Thr Gln Glu Glu Glu Arg Asp Gly Gln Tyr Phe Glu Pro Val
2300 2305 2310

Val Pro Leu Pro Asp Leu Val Glu Val Ser Ser Gly Glu Glu Asn
2315 2320 2325

Glu Gln Val val Phe Ser His Arg Ala Lys Leu Tyr Arg Tyr Asp
2330 2335 2340

Lys Asp Val Gly Gln Trp Lys Glu Arg Gly Ile Gly Asp Ile Lys
2345 2350 2355

Ile Leu Gln Asn Tyr Asp Asn Lys Gln Val Arg Ile Val Met Arg
2360 2365 2370

Arg Asp Gln Val Leu Lys Leu Cys Ala Asn His Arg Ile Thr Pro
2375 2380 2385

Asp Met Thr Leu Gln Asn Met Lys Gly Thr Glu Arg Val Trp Leu
2390 2395 2400

Trp Thr Ala Cys Asp Phe Ala Asp Gly Glu Arg Lys Val Glu His
2405 2410 2415

Leu Ala Val Arg Phe Lys Leu Gln Asp Val Ala Asp Ser Phe Lys
2420 ‘ 2425 2430

Lys Ile Phe Asp Glu Ala Lys Thr Ala Gln Glu Lys Asp Ser Leu
2435 2440 _ 2445

Ile Thr Pro His Val Ser Arg Ser Ser Thr Pro Arg Glu Ser Pro
2450 2455 2460

Cys Gly Lys Ile Ala val Ala Val Leu Glu Glu Thr Thr Arg Glu
2465 2470 2475

Arg Thr Asp Val Ile Gln Gly Asp Asp Val Ala Asp Ala Thr Ser
2480 2485 2490

Glu Val Glu Val Ser Ser Thr Ser Glu Thr Thr Pro Lys Ala Val
2495 2500 2505

val Ser Pro Pro Lys Phe Val Phe Gly Ser Glu Ser Val Lys Ser
2510 2515 2520
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Ile Phe Ser Ser Glu Lys Ser Lys Pro Phe Ala Phe Gly Asn Ser
2525 2530 2535

Ser Ala Thr Gly Ser Leu Phe Gly Phe Ser Phe Asn Ala Pro Leu
2540 2545 2550

Lys Ser Asn Asn Ser Glu Thr Ser Ser Val Ala Gln Ser Gly Ser
2555 2560 2565

Glu Ser Lys Val Glu Pro Lys Lys Cys Glu Leu Ser Lys Asn Ser
2570 2575 2580

Asp Ile Glu Gln Ser Ser Asp Ser Lys Val Lys Asn Leu Phe Ala
2585 2590 2595

Ser Phe Pro Thr Glu Glu Ser Ser Ile Asn Tyr Thr Phe Lys Thr
2600 2605 2610

Pro Glu Lys Ala Lys Glu Lys Lys Lys Pro Glu Asp Ser Pro Ser
2615 2620 2625

Asp Asp Asp Val Leu Ile vVal Tyr Glu Leu Thr Pro Thr Ala Glu
2630 2635 2640

Gln Lys Ala Leu Ala Thr Lys Leu Lys Leu Pro Pro Thr Phe Phe
2645 2650 2655

Cys Tyr Lys Asn Arg Pro Asp Tyr Val Ser Glu Glu Glu Glu Asp
2660 2665 2670

Asp Glu Asp Phe Glu Thr Ala Val Lys Lys Leu Asn Gly Lys Leu
2675 2680 2685

Tyr Leu Asp Gly Ser Glu Lys Cys Arg Pro Leu Glu Glu Asn Thr
2690 2695 2700

Ala Asp Asn Glu Lys Glu Cys Ile Ile val Trp Glu Lys Lys Pro
2705 2710 2715

Thr Val Glu Glu Lys Ala Lys Ala Asp Thr Leu Lys Leu Pro Pro
2720 2725 2730

Thr Phe Phe Cys Gly Val Cys Ser Asp Thr Asp Glu Asp Asn Gly
2735 2740 2745

Asn Gly Glu Asp Phe Gln Ser Glu Leu Gln Lys Val Gln Glu Ala
2750 2755 2760
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Gln Lys Ser Gln Thr Glu Glu Ile Thr Ser Thr Thr Asp Ser Val
2765 2770 2775

Tyr Thr Gly Gly Thr Glu Val Met Val Pro Ser Phe Cys Lys Ser
2780 2785 2790

Glu Glu Pro Asp Ser Ile Thr Lys Ser Ile Ser Ser Pro Ser Val
2795 2800 2805

Ser Ser Glu Thr Met Asp Lys Pro Val Asp Leu Ser Thr Arg Lys
2810 2815 2820

Glu Ile Asp Thr Asp Ser Thr Ser Gln Gly Glu Ser Lys Ile Val
2825 2830 2835

Ser Phe Gly Phe Gly Ser Ser Thr Gly Leu Ser Phe Ala Asp Leu
2840 2845 2850

Ala Ser Ser Asn Ser Gly Asp Phe Ala Phe Gly Ser Lys Asp Lys
2855 2860 2865

Asn Phe Gln Trp Ala Asn Thr Gly Ala Ala Val Phe Gly Thr Gln
2870 2875 2880

Ser Val G@Gly Thr Gln Ser Ala Gly Lys Val Gly Glu Asp Glu Asp
2885 2890 2895

Gly Ser Asp Glu Glu Val Val His Asn Glu Asp Ile His Phe Glu
2900 2905 2910

Pro Ile Val Ser Leu Pro Glu Val Glu Val Lys Ser Gly Glu Glu
2915 2920 2925

Asp Glu Glu Ile Leu Phe Lys Glu Arg Ala Lys Leu Tyr Arg Trp
2930 2935 2940

Asp Arg Asp Val Ser Gln Trp Lys Glu Arg Gly Val Gly Asp Ile
2945 2950 2955

Lys Ile ©Leu Trp His Thr Met Lys Asn Tyr Tyr Arg Ile Leu Met
2960 2965 2970

Arg Arg Asp Gln Val Phe Lys Val Cys Ala Asn His Val Ile Thr
2975 2980 2985

30



WO 2004/104171 PCT/US2004/015145

Lys Thr Met Glu Leu Lys Pro DLeu Asn Val Ser Asn Asn Ala Leu
2990 2995 3000

Val Trp Thr Ala Ser Asp Tyr Ala Asp Gly Glu Ala Lys Val Glu
3005 3010 3015

Gln Leu Ala Val Arg Phe Lys Thr Lys Glu Val Ala Asp Cys Phe
3020 3025 3030

Lys Lys Thr Phe Glu Glu Cys Gln Gln Asn Leu Met Lys Leu Gln
3035 3040 3045

Lys Gly His Vval Ser Leu Ala Ala Glu Leu Ser Lys Glu Thr Asn
3050 3055 3060

Pro Val Val Phe Phe Asp Val Cys Ala Asp Gly Glu Pro Leu Gly
3065 3070 3075

Arg Ile Thr Met Glu Leu Phe Ser Asn Ile Val Pro Arg Thr Ala
3080 3085 3090

Glu Asn Phe Arg Ala Leu Cys Thr Gly Glu Lys Gly Phe Gly Phe
3095 3100 3105

Lys Asn Ser Ile Phe His Arg Val Ile Pro Asp Phe Val Cys Gln
3110 3115 3120

Gly Gly Asp Ile Thr Lys His Asp Gly Thr Gly Gly Gln Ser Ile
3125 3130 3135

Tyr Gly Asp Lys Phe Glu Asp Glu Asn Phe Asp Val Lys His Thr
3140 3145 3150

Gly Pro Gly Leu Leu Ser Met Ala Asn Gln Gly Gln Asn Thr Asn
3155 3160 3165

Asn Ser Gln Phe vVal Ile Thr Leu Lys Lys Ala Glu His Leu Asp
3170 3175 3180

Phe Lys His Val Val Phe Gly Phe Val Lys Asp Gly Met Asp Thr
3185 3190 3195

Val Lys Lys Ile Glu Ser Phe Gly Ser Pro Lys Gly Ser Val Cys
3200 3205 3210

Arg Arg Ile Thr Ile Thr Glu Cys Gly Gln Ile
3215 3220
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