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CSNK1GS AS MODIFIERS OF THE p21 PATHWAY AND METHODS OF USE

REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. provisional patent application US
60/401,739 filed 8/7/2002. The content of the prior application is hereby incorporated in

its entirety.

BACKGROUND OF THE INVENTION

The p21/CDKN1/WAF1/CIP1 protein(El-Deiry, W. S.; et al. Cell 75: 817-825,
1993; Harper, J. W.; et al. Cell 75: 805-%16, 1993; Huppi, Ket al. Oncogene 9: 3017-3020,
1994) is a cell cycle control protein that inhibits cyclin-kinase activity, is tightly regulated
at the transcriptional level by p53, and mediates p53 suppression of tumor cell growth.
Along with p53, p21 appears to be essential for maintaining the G2 checkpoint in human
cells (Bunz, F.; Dutriaux, A.; et al. Science 282:1497-1501, 1998). Sequences of P21 are
well-conserved throughout evolution, and have been identified in species as diverse as
human ( Genbank Identifier 13643057), Drosophila melanogaster (GI# 1684911),
Caenorhabditis elegans (GI#4966283), and yeast (GI#2656016).

Casein kinase I is the most abundant serine/threonine kinase in eukaryotic cell
extracts, and preferentially phosphorylate acidic substrates using ATP as a phosphate
donor. Multiple isoforms of the enzyme exist. The gamma-1 isoform (CSNK1G1) is
involved in growth and morphogenesis of eukaryotic cells (Kusuda, J., et al (2000)
Cytogenet Cell Genet 90:298-302), the gamma-2 (CSNK1G2) and gamma-3 (CSNK1G3)
isoforms may play a role in signal transduction (Kitabayashi, A. N, et al. (1997)
Genomics 46, 133-7; Kusuda, J., et al (1998) Cytogenet Cell Genet 83:101-3).

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
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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 having underexpression (e.g. knockout) or
overexpression of a gene (referred to as a “genetic entry point”) that yields a visible
phenotype. 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 the genetic entry point is an ortholog of a human gene
implicated in a disease pathway, such as p21, 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 p21 pathway in Drosophila, and
identified their human orthologs, hereinafter referred to as casein kinase I gamma isoforms
(CSNK1G). The invention provides methods for utilizing these p21 modifier genes and
polypeptides to identify CSNK1G-modulating agents that are candidate therapeutic agents
that can be used in the treatment of disorders associated with defective or impaired p21
function and/or CSNK1G function. Preferred CSNK1G-modulating agents specifically
bind to CSNK1G polypeptides and restore p21 function. Other preferred CSNK1G-
modulating agents are nucleic acid modulators such as antisense oligomers and RNAI that
repress CSNK1G gene expression or product activity by, for example, binding to and
inhibiting the respective nucleic acid (i.e. DNA or mRNA).

CSNK1G modulating agents may be evaluated by any convenient in vitro or in
vivo assay for molecular interaction with a CSNK1G polypeptide or nucleic acid. In one
embodiment, candidate CSNK1G modulating agents are tested with an assay system
comprising a CSNK1G polypeptide or nucleic acid. Agents that produce a change in the
activity of the assay system relative to controls are identified as candidate p21 modulating
agents. The assay system may be cell-based or cell-free. CSNK1G-modulating agents
include CSNK1G related proteins (e.g. dominant negative mutants, and biotherapeutics);
CSNK1G -specific antibodies; CSNK1G -specific antisense oligomers and other nucleic

acid modulators; and chemical agents that specifically bind to or interact with CSNK1G or
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compete with CSNK1G binding partner (e.g. by binding to a CSNK1G binding partner).
In one specific embodiment, a small molecule modulator is identified using a kinase assay.
In specific embodiments, the screening assay system is selected from a binding assay, an
apoptosis assay, a cell proliferation assay, an angiogenesis assay, and a hypoxic induction
assay.

In another embodiment, candidate p21 pathway modulating agents are further
tested using a second assay system that detects changes in the p21 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 p21 pathway, such as an angiogenic, apoptotic, or cell
proliferation disorder (e.g. cancer).

The invention further provides methods for modulating the CSNK1G function
and/or the p21 pathway in a mammalian cell by contacting the mammalian cell with an
agent that specifically binds a CSNK1G polypeptide or nucleic acid. The agent may be a
small molecule modulator, a nucleic acid modulator, or an antibody and may be
administered to a mammalian animal predetermined to have a pathology associated the

p21 pathway.

DETAILED DESCRIPTION OF THE INVENTION

Genetic screens were designed to identify modifiers of the p21 pathway in
Drosophila, where a dominant loss of function screen was carried out to identify genes
that interact with the cyclin dependent kinase inhibitor, p21 (Bourne HR, et al., Nature
(1990) 348(6297):125-132; Marshall CJ, Trends Genet (1991) 7(3):91-95). Expression of
the p21 gene in the eye causes deterioration of normal eye morphology. Modifiers of the
eye phenotype were identified as members of the p21 pathway. The GISH (CG6963) gene
was identified as a modifier of the p21 pathway. Accordingly, vertebrate orthologs of
these modifiers, and preferably the human orthologs, CSNK1G genes (i.e., nucleic acids
and polypeptides) are attractive drug targets for the treatment of pathologies associated
with a defective p21 signaling pathway, such as cancer.

In vitro and in vivo methods of assessing CSNK1G function are provided herein.
Modulation of the CSNK1G or their respective binding partners is useful for

understanding the association of the p21 pathway and its members in normal and disease
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conditions and for developing diagnostics and therapeutic modalities for p21 related
pathologies. CSNK1G-modulating agents that act by inhibiting or enhancing CSNK1G
expression, directly or indirectly, for example, by affecting a CSNK1G function such as
enzymatic (e.g., catalytic) or binding activity, can be identified using methods provided
herein. CSNK1G modulating agents are useful in diagnosis, therapy and pharmaceutical

development.

Nucleic acids and polypeptides of the invention
Sequences related to CSNK1G nucleic acids and polypeptides that can be used in

the invention are disclosed in Genbank (referenced by Genbank identifier (GI) number) as
Gl#s 11545750 (SEQ ID NO:1), 16878051 (SEQ ID NO:2), 10439939 (SEQ ID NO:3),
21733126 (SEQ ID NO:4), 27375099 (SEQ ID NO:5), 21314777 (SEQ ID NO:6),
18088089 (SEQ ID NO:7), 2199528 (SEQ ID NO:8), 9956036 (SEQ ID NO:9), 4758079
(SEQ ID NO:10), 4590041 (SEQ ID NO:11), and 28837292 (SEQ ID NO:12) for nucleic
acid, and GH#s 11545751 (SEQ ID NO:13), 5579454 (SEQ ID NO:14), 21314778 (SEQ
ID NO:15), and 4758080 (SEQ ID NO:16) for polypeptides.

The term “CSNK1G polypeptide” refers to a full-length CSNK1G protein or a
functionally active fragment or derivative thereof. A “functionally active” CSNK1G
fragment or derivative exhibits one or more functional activities associated with a full-
length, wild-type CSNK1G protein, such as antigenic or immunogenic activity, enzymatic
activity, ability to bind natural cellular substrates, etc. The functional activity of CSNK1G
proteins, derivatives and fragments can be assayed by various 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 CSNK1G polypeptide is a CSNK1G derivative capable
of rescuing defective endogenous CSNK1G 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 CSNK1G, such as a kinase domain or 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 kinase domain (PFAM 00069) of CSNK1G
from Gl#s 11545751, 21314778, and 4758080 (SEQ ID NOs:13, 15, and 16, respectively)
is located respectively at approximately amino acid residues 44-312, 46-312, and 43-308.
Methods for obtaining CSNK1G polypeptides are also further described below. In some
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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 any one of SEQ ID NOs:13-16
(a CSNKI1G). In further preferred embodiments, the fragment comprises the entire kinase
(functionally active) domain.

The term "CSNK1G nucleic acid" refers to a DNA or RNA molecule that encodes
a CSNKI1G polypeptide. Preferably, the CSNK1G 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
CSNKIG. 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
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 et al., J. Mol. Biol. (1997) 215:403-410) with all
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the search parameters set to default values. The HSP S and HSP S2 parameters are
dynamic value;s and are established by the program itself depending upon the composition
of the particular sequence and composition of the particular database agairist which the
sequence of interest is being searched. A % identity value is determined 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 Waterman, 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."

Derivative nucleic acid molecules of the subject nucleic acid molecules include
sequences that hybridize to the nucleic acid sequence of any of SEQ ID NOs:1-12. 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.
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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 any one of SEQ ID NOs:1-12 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 s 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 lhin 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%
Ficéll, 1% BSA, and 500 pg/ml denatured salmon sperm DNA; hybridization for 18-20h
at 40° C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (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 CSNK1G Nucleic Acids and

Polypeptides
CSNKI1G nucleic acids and polypeptides are useful for identifying and testing

agents that modulate CSNK1G function and for other applications related to the
involvement of CSNKI1G in the p21 pathway. CSNK1G nuéleic 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
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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 CSNK1G protein for assays used to assess CSNK1G
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 ST and Hames BD (eds.) Protein Expression:
A Practical Approach, Oxford University Press Inc., New York 1999; Stanbury PF et al.,
Principles of Fermentation Technology, 2nd edition, Elsevier Science, New York, 1995;
Doonan S (ed.) Protein Purification Protocols, Humana Press, New J ersey, 1996; Coligan
JE et al, Current Protocols in Protein Science (eds.), 1999, John Wiley & Sons, New
York). In particular embodiments, recombinant CSNK1G is expressed in a cell line
known to have defective p21 function, such as HCT116 colon cancer cells, among others,
available from American Type Culture Collection (ATCC), Manassas, VA). The
recombinant cells are used in cell-based screening assay systems of the invention, as
described further below.

The nucleotide sequence encoding a CSNK1G polypeptide can be inserted into any
appropriate expression vector. The necessary transcriptional and translational si gnals,
including promoter/enhancer element, can derive from the native CSNK1G 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, etc.); 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 CSNK1G gene product, the expression vector can
comprise a promoter operably linked to a CSNK1G gene nucleic acid, one or more ori gins
of replication, and, one or more selectable markers (e.g. thymidine kinase activity,
resistance to antibiotics, efc.). Alternatively, recombinant expression vectors can be

identified by assaying for the expression of the CSNK1G gene product based on the
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physical or functional properties of the CSNK1G protein in in vitro assay systems (e.g.
immunoassays).

The CSNKI1G 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 et al., Nature (1984)
310:105-111).

Once a recombinant cell that expresses the CSNK1G 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 CSNK1G 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 CSNK1G or other genes associated with the p21
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 CSNK1G expression
may be used in in vivo assays to test for activity of a candidate p21 modulating agent, or to
further assess the role of CSNK1G in a p21 pathway process such as apoptosis or cell
proliferation. Preferably, the altered CSNK1G expression results in a detectable
phenotype, such as decreased or increased levels of cell proliferation, angiogenesis, or
apoptosis compared to control animals having normal CSNK1G expression. The
genetically modified animal may additionally have altered p21 expression (e.g. p21
knockout). Preferred genetically modified animals are mammals such as primates, rodents

(preferably mice or rats), among others. Preferred non-mammalian species include
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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, 1. ef 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 CSNK1G gene
that results in a decrease of CSNK1G function, preferably such that CSNK1G 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
of the gene to be 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 CSNK1G gene is
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used to construct a homologous recombination vector suitable for altering an endogenous
CSNK1G 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 e? 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) Scan J
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 CSNK1G gene, e.g., by introduction of additional
copies of CSNKI1G, or by operatively inserting a regulatory sequence that provides for
altered expression of an endogenous copy of the CSNK1G 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 et 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
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 p21 pathway, as animal models of disease and disorders implicating defective p21

function, and for in vivo testing of candidate therapeutic agents, such as those identified in
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screens described below. The candidate therapeutic agents are administered to a
genetically modified animal having altered CSNK1G function and phenotypic changes are
compared with appropriate control animals such as genetically modified animals that
receive placebo treatment, and/or animals with unaltered CSNK1G expression that receive
candidate therapeutic agent.

In addition to the above-described genetically modified animals having altered
CSNK1G function, animal models having defective p21 function (and otherwise normal
CSNK1G function), can be used in the methods of the present invention. For example, a
p21 knockout mouse can be used to assess, in vivo, the activity of a candidate p21
modulating agent identified in one of the in vitro assays described below. p21 knockout
mice are described in the literature (Umanoff H, et al., Proc Natl Acad Sci U S A 1995 Feb
28;92(5):1709-13). Preferébly, the candidate p21 modulating agent when administered to
a model system with cells defective in p21 function, produces a detectable phenotypic
change in the model system indicating that the p21 function is restored, i.e., the cells

exhibit normal cell cycle progression.

Modulating A gents

The invention provides methods to identify agents that interact with and/or
modulate the function of CSNK1G and/or the p21 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 p21 pathway, as well as in
further analysis of the CSNK1G protein and its contribution to the p21 pathway.
Accordingly, the invention also provides methods for modulating the p21 pathway
comprising the step of specifically modulating CSNK1G activity by administering a
CSNK1G-interacting or -modulating agent.

As used herein, an “CSNK1G-modulating agent” is any agent that modulates
CSNK1G function, for example, an agent that interacts with CSNK1G to inhibit or
enhance CSNKI1G activity or otherwise affect normal CSNK1G function. CSNK1G
function can be affected at any level, including transcription, protein expression, protein
localization, and cellular or extra-cellular activity. In a preferred embodiment, the
CSNK1G - modulating agent specifically modulates the function of the CSNK1G. The
phrases “specific modulating agent”, “specifically modulates”, etc., are used herein to
refer to modulating agents that directly bind to the CSNK1G polypeptide or nucleic acid,
and preferably inhibit, enhance, or otherwise alter, the function of the CSNK1G. These
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phrases also encompass modulating agents that alter thé interaction of the CSNK1G with a
binding partner, substrate, or cofactor (e.g. by binding to a binding partner of a CSNK1G,
or to a protein/binding partner complex, and altering CSNK1G function). In a further
preferred embodiment, the CSNK1G- modulating agent is a modulator of the p21 pathway
(e.g. it restores and/or upregulates p21 function) and thus is also a p21-modulating agent.
Preferred CSNK1G-modulating agents include small molecule compounds;
CSNK1G-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 less than 10,000, preferably less than 5,000, more
preferably less than 1,000, and most preferably less than 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 CSNK1G 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
CSNK1G-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).

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 p21 pathway. The activity of candidate small

molecule modulating agents may be improved several-fold through iterative secondary
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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 vitro and in vivo assays to optimize

activity and minimize toxicity for pharmaceutical development.

Protein Modulators

Specific CSNK1G-interacting proteins are useful in a variety of diagnostic and
therapeutic applications related to the p21 pathway and related disorders, as well as in
validation assays for other CSNK1G-modulating agents. In a preferred embodiment,
CSNK 1G-interacting proteins affect normal CSNK1G function, including transcription,
protein expression, protein localization, and cellular or extra-cellular activity. In another
embodiment, CSNK1G-interacting proteins are useful in detecting and providing
information about the function of CSNK1G proteins, as is relevant to p21 related
disorders, such as cancer (e.g., for diagnostic means).

* A CSNK1G-interacting protein may be endogenous, i.e. one that naturally interacts
genetically or biochemically with a CSNK1G, such as a member of the CSNK1G pathway
that modulates CSNK1G expression, localization, and/or activity. CSNK1G-modulators
include dominant negative forms of CSNK1G-interacting proteins and of CSNK1G
proteins themselves. Yeast two-hybrid and variant screens offer preferred methods for
identifying endogenous CSNK1G-interacting proteins (Finley, R. L. et al. (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, Trends Genet (2000)
16:5-8).

An CSNK1G-interacting protein may be an exogenous protein, such as a
CSNK1G-specific antibody or a T-cell antigen receptor (see, e.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). CSNK1G antibodies are further discussed below.
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In preferred embodiments, a CSNK1G-interacting protein specifically binds a
CSNKI1G protein. In alternative preferred embodiments, a CSNK1G-modulating agent
binds a CSNK1G substrate, binding partner, or cofactor.

Antibodies

In another embodiment, the protein modulator is a CSNK1G specific antibody
agonist or antagonist. The antibodies have therapeutic and diagnostic utilities, and can be
used in screening assays to identify CSNK1G modulators. The antibodies can also be
used in dissecting the portions of the CSNK1G pathway responsible for various cellular
responses and in the general processing and maturation of the CSNK1G.

Antibodies that specifically bind CSNK1G polypeptides can be generated using
known methods. Preferably the antibody is specific to a mammalian ortholog of CSNK1G
polypeptide, and more preferably, to human CSNK1G. 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 CSNK1G which are particularly antigenic can be selected, for example, by
routine screening of CSNK1G 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 shown in any of
SEQ ID NOs:13-16. 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 CSNK1G or substantially
purified fragments thereof. If CSNKI1G fragments are used, they preferably comprise at
least 10, and more preferably, at least 20 contiguous amino acids of a CSNK1G protein.
In a particular embodiment, CSNK1G-specific antigens and/or immunogens are coupled to
carrier 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.
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The presence of CSNK1G-specific antibodies is assayed by an appropriate assay
such as a solid phase enzyme-linked immunosorbant assay (ELISA) using immobilized
corresponding CSNK1G polypeptides. Other assays, such as radioimmunoassays or
fluorescent assays might also be used.

Chimeric antibodies specific to CSNK1G 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) 312:604-608;
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).

CSNK1G-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
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
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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 CSNK1G-modulating agents comprise nucleic acid molecules,
such as antisense oligomers or double stranded RNA (dsRNA), which generally inhibit
CSNKI1G activity. Preferred nucleic acid modulators interfere with the function of the
CSNK1G nucleic acid such as DNA replication, transcription, translocation of the
CSNK1G RNA to the site of protein translation, translation of protein from the CSNK1G
RNA, splicing of the CSNK1G RNA to yield one or more mRNA species, or catalytic
activity which may be engaged in or facilitated by the CSNK1G RNA.
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In one embodiment, the antisense oligomer is an oligonucleotide that is sufficiently
complementary to a CSNK1G mRNA to bind to and prevent translation, preferably by
binding to the 5" untranslated region. CSNK1G-specific antisense oligonucleotides,
preferably range from at Ieast 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 CSNK1G 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); Tuschi, T. Chem. Biochem. 2, 239-
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).
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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) 14:54-65).
Accordingly, in one aspect of the invention, a CSNK1G-specific nucleic acid modulator is
used in an assay to further elucidate the role of the CSNK1G in the p21 pathway, and/or
its relationship to other members of the pathway. In another aspect of the invention, a
CSNK1G-specific antisense oligomer is used as a therapeutic agent for treatment of p21-

related disease states.

Assay Systems

The invention provides assay systems and screening methods for identifying
specific modulators of CSNK1G 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
CSNK1G nucleic acid or protein. In general, secondary assays further assess the activity
of a CSNK1G modulating agent identified by a primary assay and may confirm that the
modulating agent affects CSNK1G in a manner relevant to the p21 pathway. In some
cases, CSNK1G modulators will be directly tested in a secondary assay.

In a preferred embodiment, the screening method comprises contacting a suitable
assay system comprising a CSNK1G 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. kinase activity), which is based on the particular molecular event
the screening method detects. A statistically significant difference between the agent-
biased activity and the reference activity indicates that the candidate agent modulates
CSNKI1G activity, and hence the p21 pathway. The CSNK1G polypeptide or nucleic acid

used in the assay may comprise any of the nucleic acids or polypeptides described above.
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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), enzylﬁatic 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
CSNKI1G 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 CSNK1G-interacting
proteins are used in screens to identify small molecule modulators, the binding specificity
of the interacting protein to the CSNK1G protein may be assayed by various known
methods such as substrate processing (e.g. ability of the candidate CSNK1G-specific
binding agents to function as negative effectors in CSNK1G-expressing cells), binding
equilibrium constants (usually at least about 10'M7, preferably at least about 10 M7,
more preferably at least about 10° M), and immunogenicity (e.g. ability to elicit

CSNK1G specific antibody in a heterologous host such as a mouse, rat, goat or rabbit).
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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 CSNK1G polypeptide, a fusion protein thereof, or to cells or
membranes bearing the polypeptide or fusion protein. The CSNK1G polypeptide can be
full length or a fragment thereof that retains functional CSNK1G activity. The CSNK1G
polypeptide may be fused to another polypeptide, such as a peptide tag for detection or
anchoring, or to another tag. The CSNK1G polypeptide is preferably human CSNKI1G, or
is an ortholog or derivative thereof as described above. In a preferred embodiment, the
screening assay detects candidate agent-based modulation of CSNK1G interaction with a
binding target, such as an endogenous or exogenous protein or other substrate that has
CSNK1G —specific binding activity, and can be used to assess normal CSNK1G gene
function.

Suitable assay formats that may be adapted to screen for CSNK1G 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, and 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 CSNK1G
and p21 pathway modulators (e.g. U.S. Pat. No. 6,165,992 (kinase assays); U.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.

Kinase assays. In some preferred embodiments the screening assay detects the
ability of the test agent to modulate the kinase activity of a CSNK1G polypeptide. In
further embodiments, a cell-free kinase assay system is used to identify a candidate p21

modulating agent, and a secondary, cell-based assay, such as an apoptosis or hypoxic
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induction assay (described below), may be used to further characterize the candidate p21
modulating agent. Many different assays for kinases have been reported in the literature
and are well known to those skilled in the art (e.g. U.S. Pat. No. 6,165,992; Zhu et al.,
Nature Genetics (2000) 26:283-289; and WO0073469). Radioassays, which monitor the
transfer of a gamma phosphate are frequently used. For instance, a scintillation assay for
p56 (Ick) kinase activity monitors the transfer of the gamma phosphate from gamma p
ATP to a biotinylated peptide substrate; the substrate is captured on a streptavidin coated
bead that transmits the signal (Beveridge M et al., J Biomol Screen (2000) 5:205-212).
This assay uses the scintillation proximity assay (SPA), in which only radio-ligand bound
to receptors tethered to the surface of an SPA bead are detected by the scintillant
immobilized within it, allowing binding to be measured without separation of bound from
free ligand.

Other assays for protein kinase activity may use antibodies that specifically
recognize phosphorylated substrates. For instance, the kinase receptor activation (KIRA)
assay measures receptor tyrosine kinase activity by ligand stimulating the intact receptor
in cultured cells, then capturing solubilized receptor with specific antibodies and
quantifying phosphorylation via phosphotyrosine ELISA (Sadick MD, Dev Biol Stand
(1999) 97:121-133).

Another example of antibody based assays for protein kinase activity is TRF (time-
resolved fluorometry). This method utilizes europium chelate-labeled anti-
phosphotyrosine antibodies to detect phosphate transfer to a polymeric substrate coated
onto microtiter plate wells. The amount of phosphorylation is then detected using time-
resolved, dissociation-enhanced fluorescence (Braunwalder AF, et al., Anal Biochem 1996

Jul 1;238(2):159-64).

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 et 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
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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 CSNK1G, and that optionally has defective
p21 function (e.g. p21 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 p21
modulating agents. In some embodiments of the invention, an apoptosis assay may be
used as a secondary assay to test a candidate p21 modulating agents that is initially
identified using a cell-free assay system. An apoptosis assay may also be used to test
whether CSNK1G function plays a direct role in apoptosis. For example, an apoptosis
assay may be performed on cells that over- or under-express CSNK1G relative to wild
type cells. Differences in apoptotic response compared to wild type cells suggests that the
CSNK1G plays a direct role in the apoptotic response. Apoptosis assays are described
further in US Pat. No. 6,133,437.

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
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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 CSNK1G 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 CSNK1G may be stained with propidium iodide and evaluated in a flow
cytometer (available from Becton Dickinson), which indicates accumulation of cells in
different stages of the cell cycle.

Accordingly, a cell proliferation or cell cycle assay system may comprise a cell
that expresses a CSNK1G, and that optionally has defective p21 function (e.g. p21 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 p21 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 p21 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
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whether CSNK1G 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 CSNK1G relative to wild type cells. Differences in proliferation or cell
cycle compared to wild type cells suggests that the CSNK1G 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
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 CSNK1G, and that optionally has defective p21 function
(e.g. p21 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 p21 modulating agents. In some
embodiments of the invention, the angiogenesis assay may be used as a secondary assay to
test a candidate p21 modulating agents that is initially identified using another assay
system. An angiogenesis assay may also be used to test whether CSNK1G function plays
a direct role in cell proliferation. For example, an angiogenesis assay may be performed
on cells that over- or under-express CSNK1G relative to wild type cells. Differences in
angiogenesis compared to wild type cells suggests that the CSNK1G 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 CSNK1G in hypoxic conditions (such as with 0.1% 02, 5% CO2, and

balance N2, generated in a Napco 7001 incubator (Precision Scientific)) and normoxic
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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
CSNK1G, and that optionally has defective p21 function (e.g. p21 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 p21 modulating agents. In some embodiments of the
invention, the hypoxic induction assay may be used as a secondary assay to test a
candidate p21 modulating agents that is initially identified using another assay system. A
hypoxic induction assay may also be used to test whether CSNK1G function plays a direct
role in the hypoxic response. For example, a hypoxic induction assay may be performed
on cells that over- or under-express CSNK1G relative to wild type cells. Differences in
hypoxic response compared to wild type cells suggests that the CSNK1G 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 agents. 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 2.5g/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.
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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
include MatrigelTM (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 CSNK1G'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
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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
described above, a preferred assay system for migration/invasion assays comprises testing
a CSNK1G'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, J 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 900ul 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 ul 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.
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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 CSNK1G 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 CSNK1G-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 CSNK1G gene expression, preferably mRNA expression.
In general, expression analysis comprises comparing CSNK1G expression in like
populations of cells (¢.g., two pools of cells that endogenously or recombinantly express
CSNK1G) 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
TagMan®, PE Applied Biosystems), or microarray analysis may be used to confirm that
CSNK1G mRNA expre(ssion is reduced in cells treated with the nucleic acid modulator
(e.g., Current Protocols in Molecular Biology (1994) Ausubel FM et al., eds., John Wiley
& Sons, Inc., chapter 4; Freeman WM et al., Biotechniques (1999) 26:112-125;
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
CSNK1G 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 CSNK1G mRNA expression, may also be used

to test nucleic acid modulators.

Secondary Assays
Secondary assays may be used to further assess the activity of CSNK1G-

modulating agent identified by any of the above methods to confirm that the modulating
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agent affects CSNK 1G in a manner relevant to the p21 pathway. As used herein,
CSNK1G-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 CSNK1G.

Secondary assays generally compare like populations of cells or animals (e.g., two
pools of cells or animals that endogenously or recombinantly express CSNK1G) in the
presence and absence of the candidate modulator. In general, such assays test whether
treatment of cells or animals with a candidate CSNK1G—modulating agent results in
changes in the p21 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 p21 or

interacting pathways.

Cell-based assays

Cell based assays may use a variety of mammalian cell lines known to have
defective p21 function such as HCT116 colon cancer cells, among others, available from
American Type Culture Collection (ATCC), Manassas, VA). Cell based assays may
detect endogenous p21 pathway activity or may rely on recombinant expression of p21
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 p21 pathway may
be used to test candidate CSNK1G modulators. Models for defective p21 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 p21 pathway. Assays generally
require systemic delivery of the candidate modulators, such as by oral administration,
injection, etc.

In a preferred embodiment, p21 pathway activity is assessed by monitoring
neovascularization and angiogenesis. Animal models with defective and normal p21 are
used to test the candidate modulator’s affect on CSNK1G in Matrigel® assays. Matrigel®

is an extract of basement membrane proteins, and is composed primarily of laminin,
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collagen IV, and heparin sulfate proteoglycan. It is 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
CSNK1G. 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
CSNK1G 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
CSNKI1G endogenously are injected in the flank, 1 x 10°to 1 x 107 cells per mouse in a
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 delivered 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
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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
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 CSNK1G-modulating agents are useful in a variety of diagnostic and
therapeutic applications where disease or disease prognosis is related to defects in the p21
pathway, such as angiogenic, apoptotic, or cell proliferation disorders. Accordingly, the
invention also provides methods for modulating the p21 pathway in a cell, preferably a
cell pre-determined to have defective or impaired p21 function (e.g. due to overexpression,
underexpression, or misexpression of p21, or due to gene mutations), comprising the step
of administering an agent to the cell that specifically modulates CSNK1G activity.
Preferably, the modulating agent produces a detectable phenotypic change in the cell
indicating that the p21 function is restored. The phrase “function is restored”, and

equivalents, as used herein, means that the desired phenotype is achieved, or is brought -
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closer to normal compared to untreated cells. For example, with restored p21 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 p21 function by administering a
therapeutically effective amount of a CSNK1G -modulating agent that modulates the p21
pathway. The invention further provides methods for modulating CSNK1G function in a
cell, preferably a cell pre-determined to have defective or impaired CSNK1G function, by
administering a CSNK1G -modulating agent. Additionally, the invention provides a
method for treating disorders or disease associated with impaired CSNK1G function by
administering a therapeutically effective amount of a CSNK1G -modulating agent.

The discovery that CSNK1G is implicated in p21 pathway provides for a variety of
methods that can be employed for the diagnostic and prognostic evaluation of diseases and
disorders involving defects in the p21 pathway and for the identification of subjects having
a predisposition to such diseases and disorders.

Various expression analysis methods can be used to diagnose whether CSNK1G
expression occurs in a particular sample, including Northern blotting, slot blotting,
ribonuclease protection, quantitative RT-PCR, and microatray analysis. (e.g., Current
Protocols in Molecular Biology (1994) Ausubel FM et al., eds., John Wiley & Sons, Inc.,
chapter 4; Freeman WM et al., Biotechniques (1999) 26:112-125; 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 p21 signaling that express a
CSNK1G, are identified as amenable to treatment with a CSNK1G modulating agent. In a
preferred application, the p21 defective tissue overexpresses a CSNKI1G 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 CSNK1G cDNA sequences as probes, can determine whether particular tumors
express or overexpress CSNK1G. Alternatively, the TagMan® is used for quantitative
RT-PCR analysis of CSNK1G 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 CSNK1G oligonucleotides, and antibodies directed against a
CSNK1G, as described above for: (1) the detection of the presence of CSNK1G gene
mutations, or the detection of either over- or under-expression of CSNK1G mRNA

relative to the non-disorder state; (2) the detection of either an over- or an under-
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abundance of CSNK1G gene product relative to the non-disorder state; and (3) the
detection of perturbations or abnormalities in the signal transduction pathway mediated by
CSNK1G.

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 CSNK1G expression,
the method comprising: a) obtaining a biological sample from the patient; b) contacting
the sample with a probe for CSNK1G expression; c¢) 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 a cancer as shown in TABLE

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

and not by way of limitation.

I.  Drosophila p21 screen

A dominant loss of function screen was carried out in Drosophila to identify genes
that interact with the cyclin dependent kinase inhibitor, p21 (Bourne HR, et al., Nature
(1990) 348(6297):125-132; Marshall CJ, Trends Genet (1991) 7(3):91-95). Expression of
the p21 gene from GMR-p21 transgene (Hay, B. A., et al. (1994) Development120:2121-
2129) in the eye causes deterioration of normal eye morphology, resulting in reduced,
rough eyes. Flies carrying this transgene were maintained as a stock (P 1025 F, genotype:
y w; P{p21-pExp-gl-w[+]Hsp70(3'UTR)-5}). Females of this stock were crossed to a
collection of males carrying piggyBac insertions (Fraser M et al., Virology (1985)
145:356-361). Resulting progeny carrying both the transgene and transposons were
scored for the effect of the transposon on the eye phenotype, i.e. whether the transposon
enhanced or suppressed (or had no effect) the eye phenotype. All data was recorded and
all modifiers were retested with a repeat of the original cross, and the retests were scored
at least twice. Modifiers of the eye phenotype were identified as members of the p21
pathway. GISH (CG6963) was an enhancer of the eye phenotype. Orthologs of the
modifiers are referred to herein as CSNK1G.

BLAST analysis (Altschul et al., supra) was employed to identify orthologs of

Drosophila modifiers.
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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, Adv. 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,
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 kinase
domain (PFAM 00069) of CSNK1G from GI#s 11545751, 21314778, and 4758080 (SEQ
ID NOs:13, 15, and 16, respectively) is located respectively at approximately amino acid

residues 44-312, 46-312, and 43-308.

II. High-Throughput In Vitro Fluorescence Polarization Assay

Fluorescently-labeled CSNK1G 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 CSNK1G activity.

III.  High-Throughput In Vitro Binding Assay.
33p_labeled CSNK1G peptide is added in an assay buffer (100 mM KCI, 20 mM
HEPES pH 7.6, 1 mM MgCl,, 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 p21

modulating agents.
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IV.  Immunoprecipitations and Immunoblotting
For coprecipitation of transfected proteins, 3 X 10® appropriate recombinant cells

containing the CSNK1G 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 ice in 1 ml of lysis buffer
containing 50 mM Hepes, pH 7.9, 250 mM NaCl, 20 mM -glycerophosphate, 1 mM
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
indicated 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. Kinase assay
A purified or partially purified CSNK1G is diluted in a suitable reaction buffer,

e.g., 50 mM Hepes, pH 7.5, containing magnesium chloride or manganese chloride (1-20
mM) and a peptide or polypeptide substrate, such as myelin basic protein or casein (1-10
pg/ml). The final concentration of the kinase is 1-20 nM. The enzyme reaction is
conducted in microtiter plates to facilitate optimization of reaction conditions by
increasing assay throughput. A 96-well microtiter plate is employed using a final volume
30-100 pl. The reaction is initiated by the addition of **P-gamma-ATP (0.5 yCi/ml) and
incubated for 0.5 to 3 hours at room temperature. Negative controls are provided by the
addition of EDTA, which chelates the divalent cation (Mg2" or Mn**) required for
enzymatic activity. Following the incubation, the enzyme reaction is quenched using
EDTA. Samples of the reaction are transferred to a 96-well glass fiber filter plate
(MuitiScreen, Millipore). The filters are subsequently washed with phosphate-buffered
saline, dilute phosphoric acid (0.5%) or other suitable medium to remove excess
radiolabeled ATP. Scintillation cocktail is added to the filter plate and the incorporated

radioactivity is quantitated by scintillation counting (Wallac/Perkin Elmer). Activity is
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defined by the amount of radioactivity detected following subtraction of the negative

control reaction value (EDTA quench).

VI. Expression analysis

Al 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/ul. 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 TaqMan 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 pl
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
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
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than 2 times the standard deviation of all normal samples (i.e., Tumor — average(all normal

samples) > 2 x STDEV(all normal samples) ).

Results are shown in Table 1. Number of pairs of tumor samples and matched

normal tissue from the same patient are shown for each tumor type. Percentage of the

5  samples with at least two-fold overexpression for each tumor type is provided. 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

10 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.

15

Table 1
8 11
17% 7%
30 30
12% 8%
33 36
5% 0%
20 20
0% 0%
32 35
26% 0%
19 19
Prostate [7% 7% 7%
hot s 14 15
Uterus _[5% 5% 5%
o o 19 19

VII. CSNKI1G functional assays

RNAI experiments were carried out to knock down expression of CSNK1Gs in

20  various cell lines using small interfering RNAs (siRNA, Elbashir et al, supra).
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Effect of CSNK1G RNAI on cell proliferation. BrdU and Cell Titer-Glo™ assays,
as described above, were employed to study the effects of decreased CSNK1G expression
on cell proliferation. The results of these experiments indicated that RNAi of CSNK1G of
SEQ ID NOs:1, 8, and 11 decreases proliferation in LX1 small cell lung cancer cells, and
in 231T breast cancer cells. MTS cell proliferation assay, as described above, was also
employed to study the effects of decreased CSNK1G expression on cell proliferation. The
results of this experiment indicated that RNAi of CSNK1G of SEQ ID NOs:1, 8, and 11
decreased proliferation in the above cell lines in addition to A549lung cancer cells.

Effect of CSNK1G RNAIi on apoptosis. Nucleosome ELISA apoptosis assay, as
described above, was employed to study the effects of decreased CSNK1G expression on
apoptosis. Results indicated that RNAi of SEQ ID NO:1 caused increased apoptosis in
A549 cells; RNAi of SEQ ID NO:8 did not have an affect on apoptosis; and RNAi of SEQ
ID NO:11 caused increased apoptosis in LX1 cells.
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WHAT IS CLAIMED IS:

1. A method of identifying a candidate p21 pathway modulating agent, said method
comprising the steps of:

(a) providing an assay system comprising a CSNK1G 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 p21 pathway modulating agent.

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

the CSNK1G polypeptide.

3. The method of Claim 2 wherein the cultured cells additionally have defective p21

function.

4. The method of Claim 1 wherein the assay system includes a screening assay
comprising a CSNK1G polypeptide, and the candidate test agent is a small molecule

modulator.

5. The method of Claim 4 wherein the assay is a kinase 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

CSNKI1G 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 CSNK1G nucleic acid and the candidate test agent is a nucleic acid

modulator.
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9. The method of claim 8 wherein the nucleic acid modulator is an antisense oligomer.
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 p21 pathway modulating agent identified in (c) to a
model system comprising cells defective in p21 function and, detecting a phenotypic

change in the model system that indicates that the p21 function is restored.

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

p21 function.

13. A method for modulating a p21 pathway of a cell comprising contacting a cell
defective in p21 function with a candidate modulator that specifically binds to a CSNK1G
polypeptide, whereby p21 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

p21 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 CSNK1G,

(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
p21 pathway modulating agent,

and wherein the second assay detects an agent-biased change in the p21 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 p21 pathway

gene.

20. A method of modulating p21 pathway in a mammalian cell comprising contacting the

cell with an agent that specifically binds a CSNK1G 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 p21 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 CSNK1G 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 cancer as shown in Table

1 as having >25% expression level.
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<110>
<120>
<130> EXO03

<150>
<151>

UsS 6
2002

<160> 16
<170>
<210> 1

<211> 1950
<212> DNA
<213>

<400> 1
aatatggtgc

tgtattgaag
gtaggatcat
tggcacaaag
ttatggtggg
tcagattagg
aatcacgtgc
gtgaaggtct
tggagctect
tgaagacggt
agaacctcat
agaaagagca
aaaccaaaaa
tgtctatcaa
gccatatgtt
cattaaaaga
tctgtgagaa
tctttgaaaa
aaggctacac
ggtcagttca

atcggccatce

EXELIXIS,

INC.

-057C-PC

0/401,739
-08-07

Homo sapiens

taaaagaact
agaggtatac
ggaccatcct
gagtgcacac
acccaacttc
taaaaatctc
tccacagett
cccacaggtyg
tggccctage
gttaatgata
ttaccgagat
tgttatacac
acacatacct
cacgcatctt
catgtatttc
gagatatcaa
ctttccagag
acctgattat
ctttgactat
cgtagattct

acaacagcag

SEQUENCE LISTING

PatentIn version 3.2

ccttaccttt
atactgaagc
agtagggaaa
tgctctegac
agggttggca
tacaccaatg
catttagagt
tattactttg
ttggaggact
gccatccagce
gtcaagccag
attatagact
tatagggaac
ggcaaagagc
cttcgaggca
aaaattggtg
gagatggcaa
gagtatttac
gcctatgatt
ggtgcatctg

cctettecgaa

ctctgactac
tacttgctgt
aggatgaaag
catctggctce
agaagatagg
aatatgtagc
acagatttta
gaccatgtgg
tgtttgacct
tgctttcteg
agaacttcct
ttggactggce
acaaaagttt
aaagccggag
gcctcecectg
acaccaaaag
cctacctteg
ggaccctcectt
gggttgggag
caataactcyg
atcagagcct

1

aatttatttg
actataggag
acaacggaca
ctcatcgtcce
atgtgggaac
aatcaaactg
taaacagctt
gaaatataat
ctgtgaccga
aatggaatac
gattggtecga
caaggaatac
aactggaact
agatgatttg
gcaaggactc
gaatactccce
atatgtcagg
cacagacctc
acctattcct
agaaagccac

taggactgtt

PCT/US2003/024551
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gacatacttt
actctgtcct
actaaaccca
tctggggtte
ttcggagagce
gaaccaataa
ggcagtgcag
gccatggtge
acatttactt
gtgcactcaa
caaggcaata
attgaccccyg
gcaagatata
gaagccctag
aaggctgaca
attgaagctc
cgactggact
tttgaaaaga
acthagtag
acacataggg

acagctgagce

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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attatgatgt
ctggacaaaa
atcatcagag
cctaacgtct
caatggagag
tcatgccgag
gaagaagact
gactctgact
gggggagggt
gcgggcagee
gtcccagagce
ccattgttta
<210> 2

<211>

<212>
<213>

DNA
<400> 2

ggcacgaggce
acccaacttc
taaaaatctc
tccacagett
cccacaggtg
tggccctage
gttaatgata
ttaccgagat
tgttatacac
acacatacct
cacgcatctt
catgtatttc
gagatatcaa
ctttccagag

acctgattat

2066

taacaactca
gtcacatatg
cgccgaggag
cacttggctg
ctgaatgttg
gtggaggtag
gctcagcegece
caattgtacc
ggatatccaa
agggcctagt
tgctgttect

cagtgaaggt

Homo sapilens

tgctctegac
agggttggca
tacaccaatg
catttagagt
tattactttg
ttggaggact
gccatccage
gtcaagccag
attatagact
tatagggaac
ggcaaagagc
cttcgaggca
aaaattggtg
gagatggcaa

gagtatttac

gccatctgge
agcaagatca
agtgggaaat
cagaccgcca
atgatcccac
tggaggaagc
acaagtgacc
tgcagctect
actaaaaaga
gggtcattgg
ccactgcttg

gtcattcaca

catctggcectc
agaagatagg
aatatgtage
acagatttta
gaccatgtgg
tgtttgacct
tgctttcteg
agaacttcct
ttggactggc
acaaaagttt
aaagccggag
gcecteccectg
acaccaaaag
cctacctteg

ggaccctctt

acaggggaag
gaatagtagc
tcagcccage
tgggggatca
gggagcccac
taagtgctgc
agtgcctecece
gccatttcte
agaaaacaga
ccatctecge

cccatagggc

ctcatcgtcee
atgtgggaac
aatcaaactg
taaacagctt
gaaatataat
ctgtgaccga
aatggaatac
gattggtcga
caaggaatac
aactggaact
agatgatttg
gcaaggactc
gaatactccc
atatgtcagg

cacagacctc

aggcacctaa
agatgtaaaa
cggcagacca
gtgcaggtgg
tccaatgcac
tgtttcttta
aggagtccte
attggaaggyg
tgcccecccaga
ctgcctaagg

tgcectggttyg

tctggggtte
ttcggagagce
gaaccaataa
ggcagtgcag
gccatggtgce
acatttactt
gtgcactcaa
caaggcaata
attgacccceg
gcaagatata
gaagccctag
aaggctgaca
attgaagctc
cgactggact

tttgaaaaga

PCT/US2003/024551
acagattctt 1320
agcagaatgt 1380
atacctcata 1440
ttagctcaac 1500
caatcacagc 1560
agaggaaaag 1620
aggccctggg 1680
actcctettt 1740
aggggccagt 1800
ctctgagcag 1860
actctcecttce 1920
1950
ttatggtggg 60
tcagattagg 120
aatcacgtgc 180
gtgaaggtct 240
tggagctcct 300
tgaagacggt 360
agaacctcat 420
agaaagagca 480
aaaccaaaaa 540
tgtctatcaa 600
gccatatgtt 660
cattaaaaga 720
tctgtgagaa 780
tctttgaaaa 840
aaggctacac 900
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ctttgactat
cgtagattct
acaacagcag
tgatcccacg
ggaggaagct
caagtgacca
gcagctectg
ccaaaaagaa
ggtcattggce
cactgcttge
tcattcacaa
ttaccccacc
aaggagatca
ctggagaaga
gtgcctgtge
ctgtgaagtt
gttggcgtte
gttctaagca
aaaacaaaaa
aaaaaaaaaa
<210> 3

<211>

<212>
<213>

DNA
<400> 3

ggagacggtg
gaacctcatt
gaaagagcat
aaccaaaaaa
gtctatcaac
ccatatgttc
attaaaagag

ctgtgagaac

3552

gcctatgatt
ggtgcatctg
cctcttecgaa
ggagcccact
aagtgctget
gtgcctecca
ccatttctca
gaaaacagat
catctccgee
ccatagggcet
aaactcaagg
ctcaaccctce
agaggctggg
accttctecg
agcattcatc
acactgtagg
ttagcttttt
aaggaaagaa
catggcagat

aaaaaaaaaa

Homo sapiens

ttaatgatag
taccgagatg
gttatacaca
cacatacctt
acgcatcttg
atgtatttcc
agatatcaaa

tttccagagg

gggttgggag
caafaactcg
atcaggtggt
ccaatgcacc
gtttctttaa
ggagtcctceca
ttggaaggga
gcccccagaa
tgcctaaggce
gcctggttga
actgctattc
tccagcataa
ggtaaggcca
tatcccaggt
ccagctggcecc
acacaagctg
tgacaaactc
aactgacttt
gcaaaaaaaa

aaaaaa

ccatccagcet
tcaagccaga
ttatagactt
atagggaaca
gcaaagagca
ttcgaggcayg
aaattggtga

agatggcaac

acctattcct
agaaagccac
tagctcaacc
aatcacagct
gaggaaaagg
ggcectgggyg
ctecctetttg
ggggccagtyg
tctgagcagg
ctctecttece
tcettettec
aacctagtga
agaaggtagg
gtgcctggea
ttggggttca
tgagcaatct
ttttctcecag
gttgcacttt

aaaaaaaaaa

gctttectega
gaacttcctg
tggactggcec
caaaagttta
aagccggaga
cctececectgyg
caccaaaaggd
ctaccttcga

3

actccagtag
acacataggg
aatggagagc
catgccgagg
aagaagactg
actctgactc
ggggagggtg
cgggcagcca
tcccagagcet
cattgtttac
ccttagttta
gctaaaggct
aggaaaatgg
gtatggtttc
ggttecttcet
gcagtctact
gtagtaggac
tagttttttt

aaaaaaaaaa

atggaatacg
attggtcgac
aaggaataca
actggaactg
gatgatttgg
caaggactca
aatactccca

tatgtcaggc

PCT/US2003/024551
ggtcagttca 960
atcggccatce 1020
tgaatgttga 1080
tggaggtagt 1140
ctcagcgcca 1200
aattgtacct 1260
gatatccaaa 1320
gggcctagtyg 1380
gctgttecte 1440
agtgaaggtg 1500
ctectggttt 1560
ttgtctgcag 1620
cagacctggog 1680
ctctteectet 1740
tcecteecte 1800
gtccctgtgt 1860
aatgaaaatt 1920
aaaaaaaaca 1980
aaaaaaaaaa 2040
2066
tgcactcaaa 60
gaggcaataa 120
ttgaccccga 180
caagatatat 240
aagccctagg 300
aggctgacac 360
ttgaagctct 420
gactggactt 480
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ctttgaaaaa
aggctacacc
gtcagttcac
tcggecatca
gaatgttgat
ggaggtagtg
tcagcgecac
attgtacctg
atatccaaac
ggcctagtgg
ctgttccetcec
gtgaaggtgt
tcctggtttt
tgtctgcaga
agacctgggc
tcttectetg
ccctecectece
tccecgtgtg
atgaaaattg
aaaaaaacaa
acttttacct
agaggacatt
gtgtcattct
tctcagcage
aaacctagct
ctcatcccag
gggacttcca
aaacagccac
cctgceccagag
ctatctgccece

cttatgaaga

cctgattatg
tttgactatg
gtagattctg
caacagcagc
gatcccacgg
gaggaagcta
aagtgaccag
cagctcectge
caaaaagaag
gtcattggcece
actgcttgece
cattcacaaa
taccccaccc
aggagatcaa
tggagaagaa
tgectgtgea
tgtgaagtta
taggcgttet
ttctaagcaa
aaacaaaaac
gttttgaggg
ctcagtggaa
gagtgaacac
tgaagaatgt
ctccagaaca
agaaggagat
actagatagc
caccatattg
ggacctcagg
caatagctga

tcttctecceca

agtatttacg
cctatgattg
gtgcatctgce
ctettecgaaa
gagcccactce
agtgctgctg
tgcctececag
catttctcat
aaaacagatg
atctccgect
catagggctg
aactcaagga
tcaaccctcet
gaggctgggg
ccttctecgt
gcattcatcc
cactgtagga
tagctttttt
aggaaagaaa
atggcagatg
ggatggggec
agagtttgat
tcaggttggce
ccectgecaga
tgagatgagc
gcttaacaaa
catgtgacgt
ccattagtga
gtgtggcatt
gctgtageat

gcaggtccat

gaccctcttce
ggttgggaga
aataactcga
tcaggtggtt
caatgcacca
tttectttaag
gagtcctcag
tggaagggac
cccccagaag
gcctaaggcet
cctggttgac
ctgetattct
ccagcataaa
gtaaggccaa
atcccaggtg
cggctggect
cacaagctgt
gacaaactct
actgactttg
catattgtgt
ggccaagcca
ctgcagcacc
aagaaaacat
gcatcttgac
cagccgagcc
aaaaaattga
cctggtgact
aaaaaaagag
atagggccag
ttgggctggce
agcagtaggc

4

acagacctct
cctattecta
gaaagccaca
agctcaacca
atcacagctc
aggaaaagga
gccctgggga
tcectetttogg
gggccagtge
ctgagcaggt
tctecttece
ccttcttece
acctagtgag
gaaggtagga
tgcctggcag
tggggttcag
gagcaatctg
tttctececagg
ttgcactttt
ctggttatat
ttcagagaga
cagaagagaa
acttgaattt
ctaatcagct
agactgtgac
aattgtttec
tgagggaaaa
gacagtgaac
gaaaagaaaa
ctgccttatce

ttaggatgca

PCT/US2003/024551

ttgaaaagaa 540
ctccagtagg 600
cacataggga 660
atggagagct 720
atgccgaggt 780
agaagactgc 840
ctctgactca 900
gggagggtgyg 960
gggcagccad 1020
cccagagcetg 1080
attgtttaca 1140
cttagtttac 1200
ctaaaggctt 1260
ggaaaatggc 1320
tatggtttcce 1380
gttccttett 1440
cagtctactg 1500
tagtaggaca 1560
agttttttta 1620
tgggggtttt 1680
acatgggtcc 1740
gccaaactcg 1800
tcattcatct 1860
tacagtttga 1920
caggaaacag 1980
catgctgcca 2040
attagtgatg 2100
ctgcecttceca 2160
tcggtgtatce 2220
agaaaccaag 2280
gtatatgggg 2340
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ccgcatttaa
ggaatgaaag
tctaagcatg
acaactgtga
actcttctca
ttccageggt
agtagagagc
accatagaag
ggggatattt
gcagaaataa
gctagggaat
gtcatttcta
accccttecc
tacagcccta
actgtataga
gagggcagag
ccaaggcaag
accccgtete
cagctactcg
gagccgagat
aaaaaaaaaa
<210> 4

<211>

<212>
<213>

DNA
<400> 4

gcctcatttg
gacctagtga
attacaaaca
gacatacttt
actctgtcct

actaaaccca

4222

aaggagggaa
gtctgaaatt
tttttceccecag
aggatctggt
tgcccaattt
gacagaagag
taaccatgga
tcttcacctce
tctgatagtt
cattaacatg
atcatttcac
taaatgtttc
cacaaggact
tcactaaaat
aagtttaact
ggggggccag
tggatcatgt
tacaaaaaat
ggaggctgag
cgcaccactg

aa

Homo sapiens

cgeettgecag
ctacatttcc
aatatggtgce
tgtattgaag
gtaggatcat

tggcacaaag

agattgtttg
atcttctcaa
tatgccectag
tcctcattca
tcatttgagt
aaagggtcat
gcacagtggce
tggtttgagg
gccatttett
gatcagaggt
tggcatcaaa
tatatatgaa
gtgaatattg
ttacatcgtt
tttecctcacc
gtgcagtggce
gaggtcaaga
acaaaaatta
gcaggagaat

cactccagcce

cactgctgga
tacgggaaca
taaaagaact
agaggtatac
ggaccatcct

gagtgcacac

gtgctggaac
ttggactcct
gccteccecce
ctgtttgaca
ttagtggctt
ttacatcagg
tggtgggtga
tgcagggctyg
gaaaaattcc
actgggcttc
cctgettage
acataaagtg
ggatttatgt
tctcagttgg
cctgtataga
tcacgecctgt
gttcgagacc
gctgggcatg
cacttgagee

tgggcaacag

ccaggttaca
aataaatggt
ccttaccttt
atactgaagc
agtagggaaa

tgctctegac

attccaggga
tccagaaagg
atggtgtttt
agtctttcat
aaccaaacaa
aaagaggtct
cttagtctga
tcttttgtac
cttgatgtac
atctgttcca
ttatgaaaag
gcagggagat
ccttgceccatt
gatttgggca
aaatgccttg
aatcccagca
agcctggeca
gtggcatgct
tgggaggcag

agtgagactc

agatgttcac
ttttcatctc
ctctgactac
tacttgctgt
aggatgaaag

catctggcetce

PCT/US2003/024551
aaaggagact 2400
tggccgtgece 2460
catatgaggt 2520
gtgtggagtt 2580
tgactecctca 2640
tgtatctggg 2700
tggtttotgg 2760
tggagggtgt 2820
cttacacaga 2880
ttggaccttg 2940
atggtaatat 3000
acaatatcac 3060
acctagtggt 3120
ttgctaactt 3180
cctctcaaga 3240
gtttgggagg 3300
acatggtgaa 3360
ccegtagtece 3420
aagttgcagt 3480
tgtctaaaaa 3540
3552
ctaagattga 60
ccggagatac 120
aatttatttg 180
actataggag 240
acaacggaca 300
ctcatcgtcee 360
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tctggggttce
ttcggagagce
gaaccaataa
ggcagtgcag
gccatggtge
acatttactt
gtgcactcaa
caaggcaata
attgaccccyg
gcaagatata
gaagccecctag
aaggctgaca
attgaagctc
cgactggact
tttgaaaaga
actccagtag
acacataggg
aatggagagc
catgccgagg
aagaagactg
actctgactce
ggggagggtg
cgggcagcca
tcccagaget
cattgtttac
ccttagttta
gctaaaggct
aggaaaatgg
gtatggtttc
ggttcecttcet

gcagtctact

ttatggtggy
tcagattagg
aatcacgtgc
gtgaaggtct
tggagctcect
tgaagacggt
agaacctcat
agaaagagca
aaaccaaaaa
tgtctatcaa
gccatatgtt
cattaaaaga
tctgtgagaa
tctttgaaaa
aaggctacac
ggtcagttca
atcggccecatce
tgaatgttga
tggaggtagt
ctcagcgcecceca
aattgtacct
gatatccaaa
gggcctagtyg
gctgttecte
agtgaaggtg
ctcctggttt
ttgtctgcag
cagacctggg
ctcttecctet
tcecectececte

gtccctgtgt

acccaacttc
taaaaatctc
tccacagcett
cccacaggty
tggccctage
gttaatgata
ttaccgagat
tgttatacac
acacatacct
cacgcatctt
catgtatttce
gagatatcaa
ctttccagag
acctgattat
ctttgactat
cgtagattct
acaacagcag
tgatcccacg
ggaggaagct
caagtgacca
gcagctectg
ccaaaaagaa
ggtcattggc
cactgcttge
tcattcacaa
ttaccccacce
aaggagatca
ctggagaaga
gtgcctgtge
ctgtgaagtt

gttggcgtte

agggttggca
tacaccaatg
catttagagt
tattactttg
ttggaggact
gccatccage
gtcaagccag
attatagact
tatagggaac
ggcaaagagc
cttcgaggca
aaaattggtg
gagatggcaa
gagtatttac
gcctatgatt
ggtgcatctg
cctettegaa
ggagcccact
aagtgctgct
gtgcctcecca
ccatttctca
gaaaacagat
catctccegee
ccatagggct
aaactcaagg
ctcaaccctc
agaggctggg
accttctecg
agcattcatc
acactgtagg

ttagecttttt

agaagatagg
aatatgtagc
acagatttta
gaccatgtgg
tgtttgacct
tgcttteteg
agaacttcct
ttggactggc
acaaaagttt
aaagccggag
gcctccectg
acaccaaaag
cctaccttecg
ggaccctcett
gggttgggag
caataactcg
atcaggtggt
ccaatgcacc
gtttctttaa
ggagtcctca
ttggaaggga
gcecccagaa
tgcctaagge
gcectggttga
actgctattc
tccagcataa
ggtaaggcca
tatcccaggt
ccagctggcece
acacaagctg

tgacaaactc

PCT/US2003/024551

atgtgggaac 420
aatcaaactg 480
taaacagctt 540
gaaatataat 600
ctgtgaccga 660
aatggaatac 720
gattggtcga 780
caaggaatac 840
aactggaact 900
agatgatttg 960
gcaaggactc 1020
gaatactccce 1080
atatgtcagg 1140
cacagacctce 1200
acctattect 1260
agaaagccac 1320
tagctcaacc 1380
aatcacagct 1440
gaggaaaagg 1500
ggccectgggg 1560
ctcctetttg 1620
ggggccagtyg 1680
tctgagcagg 1740
ctctecttee 1800
tccttettece 1860
aacctagtga 1920
agaaggtagg 1980
gtgcectggeca 2040
ttggggttca 2100
tgagcaatct 2160
ttttctccag 2220
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gtagtaggac
tagttttttt
ttgggggttt
aacatgggtc
agccaaactc
ttcattcate
ttacagtttg
ccaggaaaca
ccatgctgece
aattagtgat
cctgecttee
atcggtgtat
cagaaaccaa
agtatatggg
aaaaggagac
gtggcecgtge
tcatatgagg
tgtgtggagt
atgactcctc
ttgtatctgg
atggtttgtg
ctggagggtg
ccttacacag
attggacctt
gatggtaata
tacaatatca
tacctagtgg
attgctaact
gcctctcaag
agtttgggag

aacatggtga

aatgaaaatt
aaaaaaaaca
tacttttacc
cagaggacat
ggtgtcattc
ttctcagcag
aaaacctagc
gctcatcceca
agggacttcc
gaaacagcca
acctgccaga
cctatctgece
gcttatgaag
gccgcattta
tggaatgaaa
ctctaagcat
tactactgtg
tactecttctce
attccagecgg
gagtagagag
gaccatagaa
tggggatatt
agcagaaata
ggctagggaa
tgtcatttct
caccccettece
ttacagccct
tactgtatag
agagggcaga
gccaaggcaa

aaccccgtcet

gttctaagca
aaaacaaaaa
tgttttgagg
tectcagtgga
tgagtgaaca
ctgaagaatg
tctccagaac
gagaaggaga
aactagatag
ccaccatatt
gggacctcag
ccaatagcectg
atcttctecce
aaaggaggga
ggtctgaaat
gtttttccca
aaggatctgg
atgcccaatt
tgacagaaga
ctaaccatgg
gtcttcacct
ttctgatagt
acattaacat
tatcatttca
ataaatgttt
ccacaaggac
atcactaaaa
aaagtttaac
gggggggcca
gtggatcatg

ctacaaaaaa

aaggaaagaa
catggcagat
gggatggggc
aagagtttga
ctcaggttog
tccctaccag
atgagatgag
tgcttaacaa
ccatgtgacg
gccattagtg
ggtgtggcat
agctgtagcea
agcaggtcca
aagattgttt
tatcttctca
gtatgccceta
tteccteatte
ttcatttgag
gaaagggtca
agcacagtgg
ctggtttgag
tgccatttet
ggatcagadyg
ctggcatcaa
ctatatatga
tgtgaatatt
tttacatcgt
ttttecctcac
ggtgcagtgyg
tgaggtcaag

tacaaaaatt

aactgacttt
gcatattgtg
cggccaagcec
tctgcagcac
caagaaaaca
agcatcttga
ccagccgage
aaaaaaattg
tcctggtgac
gaaaaaaaga
tatagggcca
tttgggctgg
tagcagtagg
ggtgctggaa
attggactcc
ggcctcecece
actgtttgac
tttagtggct
tttacatcag
ctggtgggtg
gtgcagggcet
tgaaaaattc
tactgggctt
acctgcttag
aacataaagt
gggatttatg
ttctcagttg
ccctgtatag
ctcacgcecetg
agttcgagac

agctgggecat

PCT/US2003/024551

gttgcacttt 2280
tctggttata 2340
attcagagag 2400
ccagaagaga 2460
tacttgaatt 2520
cctaatcagce 2580
cagactgtga 2640
aaattgtttc 2700
ttgggggaaa 2760
ggacagtgaa 2820
ggaaaagaaa 2880
cctgecttat 2940
cttaggatge 3000
cattccaggg 3060
ttccagaaag 3120
catggtgttt 3180
aagtctttca 3240
taaccaaaca 3300
gaaagaggtc 3360
acttagtctg 3420
gtcttttgta 3480
ccttgatgta 3540
catctgttcce 3600
cttatgaaaa 3660
ggcagggaga 3720
tccttgeccat 3780
ggatttgggce 3840
aaaatgcctt 3900
taatcccagce 3960
cagcctggece 4020
ggtggcatgc 4080
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PCT/US2003/024551

tccecgtagte ccagctactc gggaggctga ggcaggagaa tcacttgagce ctgggaggca

gaagttgcag tgagccgaga tcgcaccact gcactccagce ctgggcaaca gagtgagact

ctgtctaaaa aaaaaaaaaa aa

<210> 5

<211> 1754
<212> DNA
<213> Homo

<400> 5
gacctagtga

attacaaaca
gacatacttt
actctgtcct
actaaaccca
tctggggatte
ttcggagagc
gaaccaataa
ggcagtgcag
gccatggtgce
acatttactt
gtgcactcaa
caaggcaata
attgacccceg
gcaagatata
gaagccctag
aaggctgaca
attgaagctc
cgactggact
tttgaaaaga
actccagtag
acacataggg
aatggagagc
catgccgagyg

tggtcacaaa

sapiens

ctacatttcc
aatatggtgc
tgtattgaag
gtaggatcat
tggcacaaag
ttatggtggg
tcagattagg
aatcacgtgc
gtgaaggtct
tggagctect
tgaagacggt
agaacctcat
agaaagagca
aaaccaaaaa
tgtctatcaa
gccatatgtt
cattaaaaga
tctgtgagaa
tctttgaaaa
aaggctacac
ggtcagttca
atcggccatce
tgaatgttga
tgggggtagt

gctcagetgt

tacgggaaca
taaaagaact
agaggtatac
ggaccatcct
gagtgcacac
acccaacttc
taaaaatctc
tccacagcett
cccacaggtg
tggccctage
gttaatgata
ttaccgagat
tgttatacac
acacatacct
cacgcatcett
catgtatttc
gagatatcaa
ctttccagag
acctgattat
ctttgactat
cgtagattcet
acaacagcag
tgatcccacg
ggaggaagct

gaaaatgaaa

aataaatggt
ccgtaccttt
atactgaagc
agtagggaaa
tgctctcgac
agggttggca
tacaccaatg
catttagagt
tattactttg
ttggaggact
gccatccage
gtcaagccag
attatagact
tatagggaac
ggcaaagagc
cttcgaggca
aaaattggtg
gagatggcaa
gagtatttac
gcctatgatt
ggtgcatctg
cctecttcgaa
ggagcccact
aaatgtataa
tttgtagtat

8

ttttcatctc
ctctgactac
tacttgctgt
aggatgaaag
catctggcectce
agaagatagg
aatatgtagc
acagatttta
gaccatgtgg
tgtttgacct
tgcttteteg
agaacttcct
ttggactggc
acaaaagttt
aaagccggag
gcectceeetg
acaccaaaag
cctacctteg
ggaccctett
gggttgggag
caataactcg
atcaggtggt
ccaatgcacc
tgtttcataa

ttttaaacat

ccggagatac
aatttatttg
actataggag
acaacggaca
ctcatcgtce
atgtgggaac
aatcaaactg
taaacagctt
gaaatataat
ctgtgaccga
aatggaatac
gattggtcga
caaggaatac
aactggaact
agatgatttg
gcaaggactc
gaatactccc
atatgtcagg
cacagacctc
acctattcct
agaaagccac
tagctcaacc
aatcacagct
accctggeac

gaatgtcaat

4140

4200

4222

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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ttcaagtgta
tctgcagagg
agagtagccc
tteccecagtt
tecttaccttt
<210> 6

<211>
<212>

<213>

<400> 6
gggatttgca

ttgacaagaa
ggggccggayg
gccccaactt
gaaagaatct
ccecgeaget
ctcaggtcta
ggcccagcect
tgatgatcgce
accgggacgt
ccatccacat
acatcccgta
cgcacctggg
tgtacttcect
ggtaccagaa
tcccagégga
ccgactatga
tcgactatga
ccgacctgece
cgttgaactc
ccececgatcac

tcaagaggag

2446
DNA
Homo sapiens

tttgaaatgg
aagtagcctt
atttcctagg
tggggaggaa

cttg

cggcagcaga
aggagggaaa
cagccacgge
ccgegtecgge
ctatacaaat
gcacctggag
ctacttcggt
ggaggacctg
catccagctyg
gaagcccgag
catcgacttc
ccgcgageac
caaggagcag
gcgecggecage
gatcggggac
gatggccacg
ctacctgcgg
gtacgactgg
ctcccagecet
caccaacggg
agcgcctgea

aaagagaaaa

ttcctecagg
ctttggagaa
gcaccatgga

aggactcagt

gtcaccgtgg
ggggagacgg
atccggagcect
aagaagatcg
gaatacgtgg
taccggttct
ccgtgeggga
ttcgacctgt
atcacgcgca
aacttcetgg
gggctggceca
aagagcctga
agccgeccgeyg
cteccectgge
accaaacgcg
tacctgcget
aagctcttca
gccgggaagce
cagctccggg
gagctgaatg
gaggtggagg

tcgctgecage

agagatttgt
aatggaaaat
aaacacaaat

ttgcaccctt

agaggccagg
aggagggccyg
cggggaccag
gctgeggeaa
ctatcaaatt
acaagcagct
attacaacgc
gcgaccggac
tggagtatgt
tgggcecgecece
aggagtacat
cgggcacggce
acgacctgga
aggggctcaa
ccacgceccat
atgtgcggcg
ccgacctett
ccctgeecgac
acaaaaccca
cggacgaccc
tggccgatga

gacacaagtg

gcaccattag
gggttctgat
gtgatcttta

tttgtatgta

gtatcacaaa
gagaatgtcc
ctecgggggte
ctteggggag
ggagccgatc
cagcgccaca
catggtgctg
cttcacgete
gcacaccaag
ggggaccaag
cgaccccgag
gcgctacatg
ggcgctgggce
ggccgacacg
cgaggtgcte
cctggacttce
cgaccgcagt
cceccategge
gccgeacagce
cacggecggce
aaccaaatgc

accctgggeg

PCT/US2003/024551
gaaaatcttc 1560
atgtgatctc 1620
agtatacctc 1680
aaataaaatg 1740

1754

cttatééatt 60
aaggcecggcg 120
ctgatggtgg 180
ctccgectag 240
aagtcccggg 300
gagggcgtec 360
gagctgctgg 420
aagacggtgce 480
agcctaatcet 540
cggcagecatg 600
accaagaagc 660
agcatcaaca 720
cacatgttca 780
ctcaaggagc 840
tgcgagaact 900
ttcgagaagce 960
ggcttegtgt 1020
accgtccaca 1080
aaaaaccagg 1140
cactccaacg 1200
tgctgtttct 1260
cgtgcageccc 1320
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cctgaatctt
cccacagegg
gcctggetea
gccgaaattt
aggaaaagag
ttgctgaagt
cccecgttag
gggagggcag
agggggacag
gggaaggcag
gctegggege
gggtgggcgc
cgcctggaac
cgegtggggce
gagacaaaac
gcggecctgg
ggagcagctt
tgtacagaaa
ttttttaaaa
<210> 7

<211>

<212>
<213>

DNA
<400> 7

gggatttgca
ttgacaagaa
ggggccggag
gccccaactt
gaaagaatct
ccccgeaget
ctcaggtcta
ggcccagect

tgatgatcgc

2446

ctcegtgeag
cccagggeca
ggcggecccca
ctacacctgt
gaaaaaaaaa
gagtagtgtg
cgtcataaag
gcceggectyg
gcattgttgce
gggtggggcc
cgcgggcacg
tgccaggcgg
ccgaggtggg
gcgtgggeac
gcecttaaage
actggcgggc
ggggccgtge
tggcatttac

aaataaaaga

Homo sapiens

cggcagcaga
aggagggaaa
cagccacggce
ccgegtegge
ctatacaaat
gcacctggag
ctacttcggt
ggaggacctg

catccagetg

cceecttgggyg
gaccctggct
cceccegggac
gtctagtecct
acagaggccc
atcctggagg
tccagecttgt
gaggggtgct
caggggtgag
gtggctgaag
gctgctgecag

gtgcttecteg

aggaccggtt.

ggagcttect
ccececggecca
ggttccccag
ccagggceggt
gtttctectga

aaaatgaaac

gtcaccgtgg
ggggagacgg
atccggaget
aagaagatcg
gaatacgtgg
taccggttct
ccgtgcggga
ttcgacctgt

atcacgcgeca

cgcgaccttg
ggaagccaga
gtggggtcac
ccectecaag
gcectaccce
cceeccggec
ctccectegat
gtggagctgt
gcegtgeecee
ccggctccéc
tctettecca
acgcacttgce
ggtgtcacce
gcctetgete
gcecectgcagyg
tggggtgccce
ggctgtgagt
tgctcecttyg

caaaaaaaaa

agaggccagyg
aggagggccyg
cggggaccag
gctgcggcaa
ctatcaaatt
acaagcagct
attacaacgc
gcgaccggac
tggagtatgt

10

tgcgaggccce
acgcagactg
tteccttecatg
agcattaact
actcctgcecec
tggccecgece
ccaaaggccg
cttgcccagyg
aggcctcccece
aaccaaaatg
gcctggeect
tceccggaggce
tgctcggecce
cgacacccgyg
tatattgcag
tggaggctgc
ctagtttttg
aagccataga

aaaaaa

gtatcacaaa
gagaatgtcc
ctcgggggte
ctteggggag
ggagccgatce
cagcgccaca
catggtgcetg
cttcacgcetce

gcacaccaag

PCT/US2003/024551
tcggggeccca 1380
caggggccgce 1440
taagactttg 1500
atttaaaaca 1560
ctcegtttet 1620
ccgccagecyg 1680
ttttctcgag 1740
ccectectgog 1800
gaaaccaaag 1860
ctgcaccaaa 1920
ggcaaggggc 1980
tgcgcecegg 2040
tcagccetge 2100
caagcagccg 2160
gggcctgggg 2220
cgggcagagt 2280
ctttaccaag 2340
atttaggggce 2400
2446
cttatggatt 60
aaggccggceyg 120
ctgatggtgg "180
ctccgectag 240
aagtcccggg 300
gagggcgtcce 360
gagctgctgg 420
aagacggtgc 480
agcctaatct 540
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acégggacgt
ccatccacat
acatcccgta
cgcacctggg
tgtacttcct
ggtaccagaa
tcccagagga
ccgactatga
tcgactatga
ccgacctgec
cgttgaactc
ccecgatcac
tcaagaggag
cctgaatctt
cccacagcgg
gcctggcetca
gccgaaattt
aggaaaagag
ttgctgaagt
cccecgttag
gggagggcag
agggggacag
gggaaggcag
gctcgggcegc
gggtgggcgce
cgcectggaac
cgegtgggge
gagacaaaac
gceggecetgg
ggagcagctt

tgtacagaaa

gaagcccgag
catcgacttc
ccgcgagceac
caaggagcag
gcgeggeage
gatcggggac
gatggccacg
ctacctgcgg
gtacgactgg
cteccagect
caccaacggg
agcgcctgeca
aaagagaaaa
ctccgtgecag
cccagggeca
ggcggcccca
ctacacctgt
gaaaaaaaaa
gagtagtgtyg
cgtcataaag
gceccggeetg
gcattgttge
gggtggggcc
cgcgggcacyg
tgccaggcgg
ccgaggtggyg
gcgtgggeac
gccttaaage
actggcgggc
ggggcegtgc

tggcatttac

aacttcctgg
gggctggeea
aagagcctga
agccgececgeg
ctcececetgge
accaaacgcg
tacctgcget
aagctcttcea
gccgggaagce
cagcteccggg
gagctgaatg
gaggtggagyg
tcgctgcage
cceettgggyg
gaccctgget
ccceegggac
gtctagtcct
acagaggccc
atcctggagyg
tccagettgt
gaggggtgct
caggggtgag
gtggctgaag
gctgetgecag
gtgcttctecg
aggaccggtt
ggagcttcct
cceceggecca
ggttccceccag

ccagggceggt

gtttctctga

tgggccgecce
aggagtacat
cgggcacggce
acgacctgga
aggggctcaa
ccacgcccecat
atgtgcggeyg
cecgacctett
ccetgecgac
acaaaaccca
cggacgaccce
tggccecgatga
gacacaagtg
cgcgaccttg
ggaagccaga
gtggggtcac
cccctecaag
gccctaccce
ccecceeggec
ctcectegat
gtggagetgt
gcecgtgececce
ccggetcecce
tctcttecca
acgcacttge
ggtgtcaccc
gcctcectgete
gccctgecagg
tggggtgcecce
ggctgtgagt
tgctcecttg

11

ggggaccaag
cgaccccgag
gcgctacatg
ggcgetggge
ggccgacacyg
cgaggtgcte
cctggactte
cgaccgcagt
ccccategge
gccgcacagce
cacggccgge
aaccaaatgc
accctgggcg
tgcgaggccce
acgcagactg
ttccttcatg
agcattaact
actcctgecc
tggceccecgcec
ccaaaggccg
cttgcccagg
aggcctececc
aaccaaaatg
gcctggeect
tcceggaggce
tgctcggecce
cgacacccgg
tatattgcag
tggaggctgce
ctagtttttg

aagccataga

PCT/US2003/024551

cggcagcatg 600
accaagaagc 660
agcatcaaca 720
cacatgttca 780
ctcaaggagc 840
tgcgagaact 900
ttcgagaagce 960
ggcttecgtgt 1020
accgtccaca 1080
aaaaaccagg 1140
cactccaacg 1200
tgctgtttct 1260
cgtgcagecc 1320
tcggggccca 1380
caggggcege 1440
taagactttg 1500
atttaaaaca 1560
ctcegtttet 1620
ccgecagecyg 1680
ttttctecgag 1740
cccteectggg 1800
gaaaccaaag 1860
ctgcaccaaa 1920
ggcaaggggc 1980
tgcgeccccgyg 2040
tcageccctge 2100
caagcagccyg 2160
gggcctgggg 2220
cgggcagagt 2280
ctttaccaag 2340
atttaggggc 2400
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ttttttaaaa aaataaaaga aaaatgaaac caaaaaaaaa aaaaaa

<210> 8

<211> 2773
<212> DNA
<213>

<400> 8
cggcacgagce

cagcgcggece
ccecgeccacce
agacttggga
tggattttga
ccggcggggg
tggtgggecc
gcectagtgceca
caaaggcccg
ttggcgagca
agagggacgg
cagtgcttgg
ggaagagcta
ggagggcgtyg
cacagcacca
ttttgggcgg
gaaggacacg
ctaaaacttc
cagtggctca
gtcaggagtt
aaaattagcc
gagaatcgct
ccagcctggg
aaaaataaaa
ctctatacaa

ctgcacctgg

Homo sapiens

agcagaatgt
tggcecggecce
ggccgcagtg
tttgcacggce
caagaaagga
ccggagceagce
caacttccge
gagtagaaga
cccatcaaga
teccgecectgee
tgtagcacac
tggtcagcac
cacagccgtg
cctcaagggce
ggcgggcaca
ggaagggggg
caaatgctgg
aaacctgggg
cgcctgtaat
cgagaccagc
aggttgatgg
tgaacccagg
caacagaacg
tggaccggtyg
atgaatacgt

agtaccggtt

ctcectgeece
gaacgcctge
atgttctagc
agcagagtca
gggaaagggyg
cacggcatcc
gtcggcaaga
gccgggaagyg
cgctgecaag
cgtcagggag
aggcgagggc
gtgactgaca
ttcgeccggaa
agatgggcaa
cgcagcacga
atgaatccac
actgaacctg
cagtgtccectg
cccaacactt
ctggacaaca
tgcctgectyg
aggcagaggt
agactctget
gatggtagect
ggctatcaaa

ctacaagcag

cgagagcgac
gtctcagtag
cacagaggag
ccgtggagag
agacggagga
ggagctcggg
agatcggctyg
accccatcac
agcatgaggc
ccacagctgg
ttgtccetect
ctttgccgga
ctecgetetg
accaaacccce
cacggcgagyg
tgtgaatccce
cagctgattce
agctctaaaa
tgggaggctg
tggagaaagc
taattccage
tccagtgage
ccaaaaagaa
gtgaggatgg
ttggagccga

ctcagcgceca

12

cccgaggeca
ctgggagcca
ccaagacctce
gccagggtat
gggccggaga
gaccagctcg
cggcaacttc
catcagatgc
cagccaggcet
atgatacatc
cagcctgggg
gaaggggacyg
gagagtcaga
atcctcceccectg
agcccaccgce
acctcecgaag
agggggcagt
cttcgaaatc
atgtgggcgyg
ccatctctag
tactcaggag
cgtgatcgecg
aaaaactttg
accgtgtggce
tcaagtccecg

cagagggcegt

PCT/US2003/024551
2446
ctgagaagag 60
cgggcccacg 120
aggtttccag 180
cacaaactta 240
atgtccaagg 300
ggggtcctga 360
ggggagctce 420
atcagagctt 480
ggggaggacg 540
gacagacagc 600
gagcgcagcet 660
gctgcccgea 720
actggagacg 780
tgagcecgegyg 840
aggggcagcec 900
ggcagcgcag 960
gtcctgaget 1020
tgaccaggca 1080
atcacctgac 1140
taaaaataca 1200
gctgaggcag 1260
ccagtgcact 1320
aaatccctet 1380
aggaaagaat 1440
ggccccgeag 1500
ccctecaggtce 1560
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tactacttcg
ctggaggacc
gccatccage
gtgaagccecg
atcatcgact
taccgcgagce
ggcaaggagc
ctgcgeggea
aagatcgggyg
gagatggcca
gactacctgc
gagtacgact
cccteccage
tccaccaacg
acagcgcctg
agaaagagaa
ttctecegtge
ggcccagggc
caggcggeec
ttctacacct
aaaaaaaaaa
<210> 9

<211>

<212>
<213>

DNA
<400> 9

agtacatcga
gcacggcgceg
acctggaggc
ggctcaaggc
cgcccatcga
tgcggcgect

acctcttcga

1615

gtcegtgegyg
tgttcgacct
tgatcacgcg
agaacttcct
tecgggetgge
acaagagcct
agagccgecg
geccteccetyg
acaccaaacg
cgtacctgeg
ggaagctctt
gggccgggaa
ctcagctecyg
gggagctgaa
cagaggtgga
aatcgctgca
agcccettgg
cagaccctgg
cacccceggyg
gtgtctagtc

aaa

Homo sapiens

ccccgagace
ctacatgagc
gctgggecac
cgacacgctce
ggtgctctge
ggacttcttc

ccgeagtgge

gaagtacaac
gtgcgaccgg
catggagtat
ggtgggcege
caaggagtac
gacgggcacyg
cgacgacctg
gcaggggctce
cgccacgcec
ctatgtgcag
caccgacctce
gccectgecg
ggacaaaacc
tgcggacgac
ggtggccgat
gcgacacaag
ggcgcgacct
ctggaagcca
acgtggggte

ctccecteca

aagaagcaca
atcaacacgc
atgttcatgt
aaggagcggt
gagaacttcc
gagaagcccyg

ttcgtgtteg

gccatggtge
accttcacgce
gtgcacacca
ccggggacca
atcgaccccg
gcgcgetaca
gaggcgcetgg
aaggccgaca
atcgaggtgce
cgecctggact
ttcgaccgceca
acccccateg
cagccgcaca
cccacggecg
gaaaccaaat
tgaccctggg
tgtgcgaggc
gaacgcagac
acttccttca

agagcattaa

tceegtaccyg
acctgggcaa
acttectgeg
accagaagat
cagaggagat
actatgacta
actatgagta

13

tggagctget
tcaagacggt
agagcctaat
agcggcagca
agaccaagaa
tgagcatcaa
gccacatgtt
cgctcaagga
tctgecgagaa
tcttcgagaa
gtggcttegt
gcaccgtcca
gcaaaaacca
gccactccaa
gctgctgttt
cgecgtgcage
cctecggggcce
tgcaggggcc
tgtaagactt

ctatttaaaa

cgagcacaag
ggagcagagc
cggcagcecte
cggggacacce
ggccacgtac
cctgcggaag

cgactgggcc

PCT/US2003/024551
ggggcccagce 1620
gctgatgatc 1680
ctaccgggac 1740
tgccatccac 1800
gcacatcceg 1860
cacgcacctg 1920
catgtacttc 1980
gcggtaccag 2040
cttcccagag 2100
gcccgactat 2160
gttcgactat 2220
caccgacctyg 2280
ggcgttgaac 2340
cgcccegate 2400
cttcaagagg 2460
ccecctgaatce 2520
cacccacagce 2580
gcgecetgget 2640
tggccgaaat 2700
caaggaaaaa 2760
2773
agcctgacgg 60
cgccgegacyg 120
ccctggcagyg 180
aaacgcgcca 240
ctgcgetatg 300
ctettcaccy 360
gggaagcccec 420
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tgccgaccce
aaacccagcce
ctcggggcecce
gcaggggccyg
gtaagacttt
tatttaaaac
cctecegttte
cccgceeagcece
gttttctega
gccctectgg
cgaaaccaaa
gctgcaccaa
tggcaagggyg
ctgcgecceg
ctcagcceccectyg
cggcaagcag
caggggcctg
tgccgggcag
ttgctttacc
agaatttagg
<210>
<211>

<212>
<213>

10

DNA
<400> 10

gaattcaaag
tcagatgata
tcttecategt
tgtggcaatt
attaagttgg
aagcagttag

tacaatgcta

2421

catcggcacc
ccctgaatcet
acccacagcg
cgcctggcete
ggccgaaatt
aaggaaaaga
tttgctgaag
gcccecgtta
ggggagggca
gagggggaca
ggggaaggca
agctcgggcg
cgggtgggcg
gcgectggaa
ccgegtgggg
ccggagacaa
ggggcggcecc
agtggagcag
aagtgtacag

ggctttttta

Homo sapiens

tggagtaccg
gaatggcacg
ctggagtttt
ttggagaatt
agcccatgaa
gatctggaga

tggtgctgga

gtccacaccyg
tctecegtgea
gceccagggcec
aggcggecce
tctacacctyg
ggaaaaaaaa
tgagtagtgt
gcgtcataaa
ggcccggect
ggcattgttg
ggggtggggc
ccgegggeac
ctgccaggceg
ccecgaggtgg
cgcgtgggca
aacgccttaa
tggactggcg
cttggggecg
aaatggcatt

aaaaaaataa

caaacttgat
acctagtggt
aatggttgga
acgattaggg
atcaagagca
tggtatacct

actgctggga

acctgccecte
gcecceccttggg
agaccctggce
acccecggga
tgtctagtce
aacagagécc
gatcctggag
gtccagcttg
ggaggggtge
ccaggggtga
cgtggctgaa
ggctgctgea
ggtgcttete
gaggaccggt
cggagcttece
agcccecgge
ggcggttecce
tgcccagggce
tacgtttcte

aagaaaaatg

atggaaaata
cgatcgggac
cctaacttta
aaaaatttat
ccacagctac
caagtttact

cctagtttgg

14

ccagcectcag
gcgcgacctt
tggaagccag
cgtggggtca
tccectcecaa
cgeccctacce
gcececeecegge
tctcectega
tgtggagctg
ggccgtgecce
gccggetece
gtctcttecce
gacgcacttg
tggtgtcacc
tgcctectetg
ccagcectge
cagtggggtyg
ggtggctgtyg
tgatgctccc

aaaccaaaaa

aaaagaaaga
acaacactcg
gagttggaaa
acacaaatga
atttggaata
atttcggecce

aagacttgtt

PCT/US2003/024551

ctccgggaca 480
gtgcgaggcce 540
aacgcagact 600
cttccttecat 660
gagcattaac 720
cactcctgece 780
ctggccecge 840
tccaaaggcce 900
tcttgececag 960
caggcectcece 1020
caaccaaaat 1080
agcctggeccece 1140
ctccecggagy 1200
ctgctecggece 1260
ctccgacacce 1320
aggtatattg 1380
ccectggagge 1440
agtctagttt 1500
ttgaagccat 1560
aaaaa 1615
caaggacaaa 60
aggaactggg 120
aaaaattgga 180
atatgtggca 240
cagattctat 300
ttgtggtaaa 360
tgacttgtgt 420
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gacagaacat
gaatatgtcce
ggacgaccaa
gaatatattg
ggaacagcta
gatttagaag
ggcttaaagg
acaccaatag
agaaggctag
ttgtttgatc
cctactccag
caacacagag
gactcccagce
ggctcggtac
ggacgttcaa
tgctgectget
acacagacag
tctctgtagt
atcatactte
cctttatgga
atggaccaat
ctgttgtaga
tttataactt
acagagaaaa
ttgtgacatc
acattctcte
tgggttcgge
gcttttgttyg
taaaaatgca
acagcaagaa

aggagaggta

tttctcttaa
attcaaagaa
gaaacaaaac
atccggagac
gatatatgag
ctttaggtca
ctgacacatt
aagtgttatg
atttttttga
gaaaaggata
tgggtgcagt
ataagatgca
aggcaaatcc
aggttgtaag
atgcacccat
ttttcaaacg
atcctgggga
gaccacgtat
attttgtggt
agctttaaag
gaggtggtat
aagcagtaca
ctgtaagagc
cagagttgcc
tgcattgatt
cgtgaaatca
agatggtggt
catcactatg
aaatatttgt
atgaatactt

gtaaatgtga

aacagttctc
cttgatatac
ccagcaagtt
aaagaaacac
cataaacaca
tatgttcatg
aaaggagagg
tgaaaatttt
aaaaccagac
tatgtttgat
tcagcaagat
acaatccaaa
ccaccatttg
ttctacaaat
cacagceccct
aaggaaaagg
gttacttaca
attttcaagg
tgtcttacat
ttttgtcaaa
caatgaatat
gtatcttaag
ataatcaaac
caaatattta
tcagtattac
tggtacagtc
ggtaaaatga
tgaagtactg
acaatgtaac
taaaaagtga

accttgttgce

atgatagcta
agagatgtaa
attcacatta
ataccataca
catttaggaa
tattttctga
tatcagaaaa
ccagaaatgg
tatgaatact
tatgaatatg
cctgectetgt
aaccagtcgg
agagctcacc
ggagagttaa
actgaagtag
aaaaccatac
tgttcatctg
actcactctt
tctttttett
acatgagtgc
agttccatag
tgtcaaccag
aggaattttce
aaagaagtta
tgatggtact
actgcccaga
atcttaagga
tgttgcagaa
tttatgctte
tatatgttgyg

agtgtataag

15

tacaactgat
aacctgagaa
tagattttgg
gagaacacaa
aagaacaaag
gaggcagtct
ttggagatac
caacatatct
taagaaagct
actggattgg
catcaaacag
cagaccacag
ttgcagcaga
acacagatga
aagtgatgga
agcgccacaa
ctgtettgtyg
agaaacaaaa
ttttttttte
tttgcecate
aacattttcc
ttatatacct
ttttctcagt
ttcecttgaga
gttattcata
ggtactgagg
gtgtggtaaa
gtggcaaaag
caaataataa
agttataaag

gtggaagcct

PCT/US2003/024551

ttctcgeatg 480
cttcttaata 540
tttggcaaag 600
gagccttaca 660
tagaagagac 720
tcettggcaa 780
aaaacgggct 840
tcgttatgta 900
ttttactgac 960
taaacagttg 1020
agaagcacat 1080
ggcagcttgg 1140
cagacatggt 1200
ccccaccgea 1260
tgaaaccaag 1320
atgactctgg 1380
attasaatca 1440
atgtcatact 1500
tctaatttaa 1560
agtgaatgga 1620
agaagttctt 1680
aatctggttt 1740
ggataataca 1800
agttcatatt 1860
agtcatatta 1920
aaaagcaata 1980
tatgtgctcce 2040
cgcttatttt 2100
tgtatgttag 2160
aaatacacta 2220
aaagaaatct 2280
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PCT/US2003/024551

caccgaaact tactgctgaa tgattacatt ctcccttaag cagaaaactt tggatgtgec

atgcaatggt gtctgtgtaa ttattttgcet ctttgattaa aaaaaagacc cccagcaata

aaaagtgggt cactctatgc c

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

11
2453
DNA

<400> 11

gaattcaaag
tcagatgata
tcttcatcgt
tgtggcaatt
attaagttgg
aagcagttag
tacaatgcta
gacagaacat
gaatatgtcc
ggacgaccaa
gaatatattg
ggaacagcta
gatttagaag
ggcttaaagg
acaccaatag
agaaggctag
ttgtttgatc
cctactccag
caacacagag
gactcccagce
ggctcggtac
ggacgttcaa
tgccagaaag
atacagcgcc

tctgetgtcet

Homo sapiens

tggagtaccyg
gaatggcacg
ctggagtttt
ttggagaatt
agcccatgaa
gatctggaga
tggtgctgga
tttctcttaa
attcaaagaa
gaaacaaaac
atccggagac
gatatatgag
ctttaggtca
ctgacacatt
aagtgttatg
atttttttga
gaaaaggata
tgggtgcagt
ataagatgca
aggcaaatcc
aggttgtaag
atgcacccat
tgttgaacat
acaaatgact

tgtgattaaa

caaacttgat
acctagtggt
aatggttgga
acgattaggg
atcaagagca
tggtatacct
actgctggga
aacagttctc
cttgatatac
ccagcaagtt
aaagaaacac
cataaacaca
tatgttcatg
aaaggagagygd
tgaaaatttt
aaaaccagac
tatgtttgat
tcagcaagat
acaatccaaa
ccaccatttg
ttctacaaat
cacagcccct
gtggtgctge
ctggacacag

atcatctctg

atggaaaata
cgatcgggac
cctaacttta
aaaaatttat
ccacagctac
caagtttact
cctagtttgg
atgatagcta
agagatgtaa
attcacatta
ataccataca
catttaggaa
tattttctga
tatcagaaaa
ccagaaatgg
tatgaatact
tatgaatatg
cetgetetgt
aaccagtcgg
agagctcacc
ggagagttaa
actgaagtag
tgctttttca
acagatcctg
tagtgaccac

16

aaaagaaaga
acaacactcg
gagttggaaa
acacaaatga
atttggaata
atttcggccee
aagacttgtt
tacaactgat
aacctgagaa
tagattttgg
gagaacacaa
aagaacaaag
gaggcagtet
ttggagatac
caacatatct
taagaaagct
actggattgg
catcaaacag
cagaccacag
ttgcagcaga
acacagatga
aagtgatgga
aacgaaggaa
gggagttact

gtatattttc

caaggacaaa
aggaactggg
aaaaattgga
atatgtggca
cagattctat
ttgtggtaaa
tgacttgtgt
ttctcgecatg
cttcttaata
tttggcaaag
gagccttaca
tagaagagac
tcecttggcaa
aaaacgggct
tcgttatgta
ttttactgac
taaacagttg
agaagcacat
ggcagcttgyg
cagacatggt
ccccaccgcea
tgaaaccaac
aaggaaaacc
tacatgttca

aaggactcac

2340

2400

2421

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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tcttagaaac
tetttttttt
gtgctttgee
atagaacatt
ccagttatat
tttcttttet
gttattcett
tactgttatt
cagaggtact
aggagtgtgg
agaagtggca
cttccaaata
ttggagttat
taaggtggaa
taagcagaaa
ttaaaaaaaa
<210>
<211>

<212>
<213>

12

DNA
<400> 12

gctttectee
tgacggactg
tgagctctet
ctgaaaagac
cctactgcaa
ttttcacaat
gcaaacttga
gacctagtgg
taatggttgg
tacgattagg

aatcaagagc

2717

aaaaatgtca
tttctctaat
catcagtgaa
ttccagaagt
acctaatctg
cagtggataa
gagaagttca
cataagtcat
gaggaaaagc
taaatatgtg
aaagcgctta
ataatgtatg
aaagaaatac
gcctaaagaa
actttggatg

gacccccagce

Homo sapiens

tceggeegec
ggggcgeege
atcaatatca
actaagaaaa
tttgaatgtt
accctgttte
tatggaaaat
tcgatcggga
acctaacttt
gaaaaattta

accacagcta

tactatcata
ttaaccttta
tggaatggac
tcttectgttyg
gttttttata
tacaacagag
tattttgtga
attaacattc
aatatgggtt
ctcegetttt
tttttaaaaa
ttagacagca
actaaggaga
atctcaccga
tgccatgcaa

aataaaaagt

ggcgggtgtg
ccgegeecgg
gctcacatca
attttacgaa
aacattaccc
agtgtgettg
aaaaagaaag
cacaacactc
agagttggaa
tacacaaatg

catttggaat

cttcattttg
tggaagcttt
caatgaggtg
tagaaagcag
acttctgtaa
aaaacagagt
catctgcatt
tctecegtgaa
cggcagatgg
gttgcatcac
tgcaaaatat
agaaatgaat
ggtagtaaat
aacttactgce
tggtgtctgt

gggtcactct

atgtgcecgee
gaccgacccec
ttgaaaagat
tgggatgaac
atctggtaca
tcttgattaa
acaaggacaa
gaggaactgg
aaaaaattgg
aatatgtggc

acagattcta

17

tggttgtctt
aaagttttgt
gtatcaatga
tacagtatct
gagcataatc
tgcccaaata
gatttcagta
atcatggtac
tggtggtaaa
tatgtgaagt
ttgtacaatg
actttaaaaa
gtgaaccttg
tgaatgatta
gtaattattt

atgccecctetg

gcecgetgecce
tctgectegeg
aattttgaag
atgctccagt
gttacctagt
agaattcaaa
atcagatgat
gtcttcatcg
atgtggcaat
aattaagttg

tgagcagtta

PCT/US2003/024551

acattctttt 1560
caaaacatga 1620
atatagttcc 1680
taagtgtcaa 1740
aaacaggaat 1800
tttaaaagaa 1860
ttactgatgg 1920
agtcactgcece 1980
atgaatctta 2040
actgtgttge 2100
taactttatg 2160
gtgatatatg 2220
ttgcagtgta 2280
cattctcect 2340
tgctctttga 2400
tgc 2453
ccgecggege 60
gccgegecett 120
acatgttttg 180
taattgacta 240
gatgtaccta 300
gtggagtacc 360
agaatggcac 420
tctggagttt 480
tttggagaat 540
gagcccatga 600
ggatctggag 660
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atggtatacc
aactgctggg
aaacagttct
acttgatata
cccagcaagt
caaagaaaca
gcataaacac
atatgttcat
taaaggagag
gtgaaaattt
aaaaaccaga
atatgtttga
ttcagcaaga
aacaatccaa
ccgcaggacg
ccaactgcca
aaaccataca
gttcatctge
ctcactctta
ctttttettt
aacatgagtg
tagttccata
gtgtcaacca
caggaatttt
aaaagaagtt
ctgatggtac
cactgcccag
gaatcttaag
tgtgttgcag
actttatgct

gatgtatgtt

tcaagtttac
acctagtttg
catgatagct
cagagatgta
tattcacatt
cataccatac
acatttagga
gtattttctyg
gtatcagaaa
tccagaaatg
ctatgactac
ttatgaatat
tcectgetetg
aaaccaggtt
ttcaaatgca
gaaagtgttg
gcgccacaaa
tgtcttgtga
gaaacaaaaa
ttttttttet
ctttgcccat
gaacattttce
gttatatacc
cttttctcag
attccttgag
tgttattcat
aggtactgag
gagtgtggta
aagtggcaaa
tccaaataat

ggagttataa

tatttcggcece
gaagacttgt
atacaactga
aaacctgaga
atagattttg
agagaacaca
aaagaacaaa
agaggcagtc
attggagata
gcaacatate
ttaagaaagc
gactggattg
tcatcaaaca
gtaagttcta
cccatcacag
aacatgtggt
tgactctgga
ttaaaatcat
tgtcatactt
ctctaattta
cagtgaatgg
cagaagttct
taatctggtt
tggataatac
aagttcatat
aagtcatatt
gaaaaagcaa
aatatgtgct
agcgcttatt
aatgtatgtt

agaaatacac

cttgtggtaa
ttgacttgtg
tttctcgeat
acttcttaat
gtttggcaaa
agagccttac
gtagaagaga
ttcecttggea
caaaacgggc
ttcgttatgt
tttttactga
gtaaacagtt
gagaagcaca
caaatggaga
cccctactga
gctgctgttt
cacagacaga
ctectgtagtyg
tcatacttca
acatttatgg
aatggaccaa
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ttttataact
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tgacagaaca
ggaatatgtc
aggacgacca
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ctgcattgat
ccgtgaaatc
gcagatggtyg
tgcatcacta
caaaatattt
aaatgaatac

tagtaaatgt
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atggtgctgg 720
ttttctctta 780
cattcaaaga 840
ggaaacaaéa 900
gatccggaga 960
agatatatga 1020
gctttaggte 1080
gctgacacat 1140
gaagtgttat 1200
gatttttttg 1260
cgaaaaggat 1320
gtgggtgcag 1380
gataagatgc 1440
gatgacccca 1500
atggatgaaa 1560
aggaaaagga 1620
ttacttacat 1680
ttttcaagga 1740
gtcttacatt 1800
gttttgtcaa 1860
tcaatgaata 1920
agtatcttaa 1980
cataatcaaa 2040
ccaaatattt 2100
ttcagtatta 2160
atggtacagt 2220
gtggtaaaat 2280
tgtgaagtac 2340
gtacaatgta 2400
tttaaaaagt 2460
gaaccttgtt 2520
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Glu Tyr Ile Asp Pro Glu Thr Lys Lys His Ile Pro Tyr Arg Glu His
195 200 205

Lys Ser Leu Thr Gly Thr Ala Arg Tyr Met Ser Ile Asn Thr His Leu
210 215 220

Gly Lys Glu Gln Ser Arg Arg Asp Asp Leu Glu Ala Leu Gly His Met
225 230 235 240

Phe Met Tyr Phe Leu Arg Gly Ser Leu Pro Trp Gln Gly Leu Lys Ala
245 250 255

Asp Thr Leu Lys Glu Arg Tyr Gln Lys Ile Gly Asp Thr Lys Arg Asn
260 265 270

Thr Pro Ile Glu Ala Leu Cys Glu Asn Phe Pro Glu Glu Met Ala Thr
275 280 285

Tyr Leu Arg Tyr Val Arg Arg Leu Asp Phe Phe Glu Lys Pro Asp Tyr
290 295 300

Glu Tyr Leu Arg Thr Leu Phe Thr Asp Leu Phe Glu Lys Lys Gly Tyr
305 310 315 320

Thr Phe Asp Tyr Ala Tyr Asp Trp Val Gly Arg Pro Ile Pro Thr Pro
325 330 335

Val Gly Ser Val His Val Asp Ser Gly Ala Ser Ala Ile Thr Arg Glu
340 345 350

Ser His Thr His Arg Asp Arg Pro Ser Gln Gln Gln Pro Leu Arg Asn
355 360 365

@ln Ser Leu Arg Thr Val Thr Ala Glu His Tyr Asp Val Asn Asn Ser
370 375 380

Ala Ile Trp His Arg Gly Arg Gly Thr

385" 390
<210> 14
<211> 415

<212> PRT
<213> Homo sapiens

<400> 14
Met Asp Phe Asp Lys Lys Gly Gly Lys Gly Glu Thr Glu Glu Gly Arg

20
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1 5 10 15

Arg Met Ser Lys Ala Gly Gly Gly Arg Ser Ser His Gly Ile Arg Ser
20 25 30

Ser Gly Thr Ser Ser Gly Val Leu Met Val Gly Pro Asn Phe Arg Val
35 40 45

Gly Lys Lys Ile Gly Cys Gly Asn Phe Gly Glu Leu Arg Leu Gly Lys
50 55 60

Asn Leu Tyr Thr Asn Glu Tyr Val Ala Ile Lys Leu Glu Pro Ile Lys
65 70 75 80

Ser Arg Ala Pro Gln Leu His Leu Glu Tyr Arg Phe Tyr Lys Gln Leu
85 90 95

ser Ala Thr Glu Gly Val Pro Gln Val Tyr Tyr Phe Gly Pro Cys Gly
100 105 110

Lys Tyr Asn Ala Met Val Leu Glu Leu Leu Gly Pro Ser Leu Glu Asp
115 120 125

Leu Phe Asp Leu Cys Asp Arg Thr Phe Thr Leu Lys Thr Val Leu Met
130 135 140

Ile ala Ile Gln Leu Ile Thr Arg Met Glu Tyr Val His Thr Lys Ser
145 150 155 160

Leu Ile Tyr Arg Asp Val Lys Pro Glu Asn Phe Leu Val Gly Arg Pro
165 170 175

Gly Thr Lys Arg Gln His Ala Ile His Ile Ile Asp Phe Gly Leu Ala
180 185 190

Lys Glu Tyr Ile Asp Pro Glu Thr Lys Lys His Ile Pro Tyr Arg Glu
195 200 205

His Lys Ser Leu Thr Gly Thr Ala Arg Tyr Met Ser Ile Asn Thr His
210 215 220

Leu Gly Lys Glu Gln Ser Arg Arg Asp AsD Leu Glu Ala Leu Gly His
225 230 235 240

Met Phe Met Tyr Phe Leu Arg Gly Ser Leu Pro Trp Gln Gly Leu Lys
245 250 255
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Ala Asp Thr Leu Lys Glu Arg Tyr Gln Lys Ile Gly Asp Thr Lys Arg
260 265 270

Ala Thr Pro Tle Glu Val Leu Cys Glu Asn Phe Pro Glu Glu Met Ala
275 280 285

Thr Tyr Leu Arg Tyr Val Arg Arg Leu Asp Phe Phe Glu Lys Pro Asp
290 295 300

Tyr Asp Tyr Leu Arg Lys Leu Phe Thr Asp Leu Phe Asp Arg Ser Gly
305 310 315 320

Phe Val Phe Asp Tyr Glu Tyr Asp Trp Ala Gly Lys Pro Leu Pro Thr
325 330 335

Pro Tle Gly Thr Val His Thr Asp Leu Pro Ser Gln Pro Gln Leu Arg
340 345 350

Asp Lys Thr Gln Pro His Ser Lys Asn Gln Ala Leu Asn Ser Thr Asn
355 360 365

Gly Glu Leu Asn Ala Asp Asp Pro Thr Ala Gly His Ser Asn Ala Pro
370 375 380 :

Ile Thr Ala Pro Ala Glu Val Glu Val Ala Asp Glu Thr Lys Cys Cys
385 . 390 395 400

Cys Phe Phe Lys Arg Arg Lys Arg Lys Ser Leu Gln Arg His Lys
405 410 415

<210> 15

<211> 415

<212> PRT

<213> Homo sapiens

<400> 15
Met Asp Phe Asp Lys Lys Gly Gly Lys Gly Glu Thr Glu Glu Gly Arg
1 5 10 15

Arg Met Ser Lys Ala Gly Gly Gly Arg Ser Ser His Gly Ile Arg Ser
20 25 30

Ser Gly Thr Ser Ser Gly Val Leu Met Val Gly Pro Asn Phe Arg Val
35 40 45

Gly Lys Lys Ile Gly Cys Gly Asn Phe Gly Glu Leu Arg Leu Gly Lys
50 55 60
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Asn Leu Tyr Thr Asn Glu Tyr Val Ala Ile Lys Leu Glu Pro Ile Lys
65 70 75 80

Ser Arg Ala Pro Gln Leu His Leu Glu Tyr Arg Phe Tyr Lys Gln Leu
85 90 95

Ser Ala Thr Glu Gly Val Pro Gln Val Tyr Tyr Phe Gly Pro Cys Gly
100 105 110

Asn Tyr Asn Ala Met Val Leu Glu Leu Leu Gly Pro Ser Leu Glu Asp
115 120 125

Leu Phe Asp Leu Cys Asp Arg Thr Phe Thr Leu Lys Thr Val Leu Met
130 135 140

Tle Ala Tle Gln Leu Ile Thr Arg Met Glu Tyr Val His Thr Lys Ser
145 150 155 160

Leu Ile Tyr Arg Asp Val Lys Pro Glu Asn Phe Leu Val Gly Arg Pro
165 170 175

Gly Thr Lys Arg Gln His Ala Ile His Ile Ile Asp Phe Gly Leu Ala
180 185 190

Lys Glu Tyr Ile Asp Pro Glu Thr Lys Lys His Ile Pro Tyr Arg Glu
195 200 205

His Lys Ser Leu Thr Gly Thr Ala Arg Tyr Met Ser Ile Asn Thr His
210 215 220

Leu Gly Lys Glu Gln Ser Arg Arg Asp Asp Leu Glu Ala Leu Gly His
225 230 235 240

Met Phe Met Tyr Phe Leu Arg Gly Ser Leu Pro Trp Gln Gly Leu Lys
245 250 255

Ala Asp Thr Leu Lys Glu Arg Tyr Gln Lys Ile Gly Asp Thr Lys Arg
260 265 270

Ala Thr Pro Ile Glu Val Leu Cys Glu Asn Phe Pro Glu Glu Met Ala
275 280 285

Thr Tyr Leu Arg Tyr Val Arg Arg Leu Asp Phe Phe Glu Lys Pro AsD
290 295 300
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Tyr Asp Tyr Leu Arg Lys Leu Phe Thr Asp Leu Phe Asp Arg Ser Gly
305 310 315 320

Phe Val Phe Asp Tyr Glu Tyr Asp Trp Ala Gly Lys Pro Leu Pro Thr
325 330 335

Pro Ile Gly Thr val His Thr Asp Leu Pro Ser Gln Pro Gln Leu Arg
340 345 350

Asp Lys Thr Gln Pro His Ser Lys Asn Gln Ala Leu Asn Ser Thr Asn
355 360 365

Gly Glu Leu Asn Ala Asp Asp Pro Thr Ala Gly His Ser Asn Ala Pro
370 375 380

Ile Thr Ala Pro Ala Glu Val Glu Vval Ala Asp Glu Thr Lys Cys Cys
385 390 395 400

Cys Phe Phe Lys Arg Arg Lys Arg Lys Ser Leu Gln Arg His Lys

405 410 415
<210> 16
<211> 447
<212> PRT

<213> Homo sapiens
<400> 16

Met Glu Asn Lys Lys Lys Asp Lys Asp Lys Ser Asp Asp Arg Met Ala
1 5 10 15

Arg Pro Ser Gly Arg Ser Gly His Asn Thr Arg Gly Thr Gly Ser Ser
20 25 30

Ser Ser Gly Val Leu Met Val Gly Pro Asn Phe Arg Val Gly Lys Lys
35 40 45

Ile Gly Cys Gly Asn Phe Gly Glu Leu Arg Leu Gly Lys Asn Leu Tyr

Thr Asn Glu Tyr Val Ala Ile Lys Leu Glu Pro Met Lys Ser Arg Ala
65 70 75 80

Pro Gln Leu His Leu Glu Tyr Arg Phe Tyr Lys Gln Leu Gly Ser Gly
85 90 95

Asp Gly Ile Pro Gln Val Tyr Tyr Phe Gly Pro Cys Gly Lys Tyr Asn
100 105 110
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Ala Met Val Leu Glu Leu Leu Gly Pro Ser Leu Glu Asp Leu Phe Asp
115 120 125

Leu Cys Asp Arg Thr Phe Ser Leu Lys Thr Val Leu Met Ile Ala Ile
130 135 140

Gln Leu Ile Ser Arg Met Glu Tyr Val His Ser Lys Asn Leu Ile Tyr
145 150 155 160

Arg Asp Val Lys Pro Glu Asn Phe Leu Ile Gly Arg Pro Arg Asn Lys
165 170 175

Thr Gln Gln Val Ile His Ile Ile Asp Phe Gly Leu Ala Lys Glu Tyr
180 185 190

Tle Asp Pro Glu Thr Lys Lys His Ile Pro Tyr Arg Glu His Lys Ser
195 200 205

Leu Thr Gly Thr Ala Arg Tyr Met Ser Ile Asn Thr His Leu Gly Lys
210 215 220

Glu Gln Ser Arg Arg Asp Asp DLeu Glu Ala Leu Gly His Met Phe Met
225 230 235 240

Tyr Phe Leu Arg Gly Ser Leu Pro Trp Gln Gly Leu Lys Ala Asp Thr
245 250 255

Leu Lys Glu Arg Tyr Gln Lys Ile Gly Asp Thr Lys Arg Ala Thr Pro
260 265 270

Ile Glu Val Leu Cys Glu Asn Phe Pro Glu Met Ala Thr Tyr Leu Arg
275 280 285

Tyr Val Arg Arg Leu Asp Phe Phe Glu Lys Pro Asp Tyr Glu Tyr Leu
290 295 300

Arg Lys Leu Phe Thr Asp Leu Phe Asp Arg Lys Gly Tyr Met Phe Asp
305 310 315 320

Tyr Glu Tyr Asp Trp Ile Gly Lys Gln Leu Pro Thr Pro Val Gly Ala
325 330 335

val Gln Gln Asp Pro Ala Leu Ser Ser Asn Arg Glu Ala His Gln His
340 345 350

Arg Asp Lys Met Gln Gln Ser Lys Asn Gln Ser Ala Asp His Arg Ala
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355 360 365

Ala Trp Asp Ser Gln Gln Ala Asn Pro His His Leu Arg Ala His Leu
370 375 380

Ala Ala Asp Arg His Gly Gly Ser Val Gln Val Val Ser Ser Thr Asn
385 390 395 400

Gly Glu Leu Asn Thr Asp Asp Pro Thr Ala Gly Arg Ser Asn Ala Pro
405 410 415

Ile Thr Ala Pro Thr Glu Val Glu Val Met Asp Glu Thr Lys Cys Cys
420 425 430

Cys Phe Phe Lys Arg Arg Lys Arg Lys Thr Ile Gln Arg His Lys
435 440 445
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