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MRBS AS MODIFIERS OF THE RB PATHWAY AND METHODS OF USE

REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. provisional patent applications 60/401,737
filed 8/7/2002 and 60/428,872 filed 11/25/2002. The contents of the prior applications are

hereby incorporated in their entirety.

BACKGROUND OF THE INVENTION

Retinoblastoma, a pediatric eye tumor, has served as an important model for the
heritable predisposition to cancer. The primary mechanism in the development of
retinoblastoma is loss or inactivation of both alleles of this gene (Murphree, A. L. and
Benedict, W.F. (1984) Science 223: 1028-1033). The high incidence of second primary
tumors among patients who inherit one retinoblastoma gene suggests that this cancer gene
plays a key role in the etiology of several other primary malignancies.

The retinoblastoma protein, RB, functions as a tumor suppressor by controlling
progression through the cell cycle which is achieved by sequestering a variety of nuclear
proteins involved in cellular growth. Thus, it acts as a signal transducer connecting the
cell cycle clock with the transcriptional machinery (Weinberg, R. A. (1995) Cell 81: 323-
330). RB regulates cell proliferation by restricting cell cycle progression at a specific
point in G1, by interaction with the E2F family of transcription factors to arrest cells in G1
(Goodrich, D. W. et al. (1991) Cell 67: 293-302; Zhang, H. S. et al. (1999) Cell 97 53-
61).

RB function is regulated primarily by its phosphorylation state, which is
determined by the complex interaction of multiple kinases and their inhibitors that
together form the 'Rb pathway' (DeCaprio, J. A. et al (1989) Cell 58: 1085-1095;
Buchkovich, K. et al (1989) Cell 58: 1097-1105; Chen, P.-L. et al. (1989) Cell 58: 1193-
1198). This pathway has been found to be functionally inactivated in almost all types of
cancer.

RB sequence is conserved in evolution, and exists in mouse (Bernards R et al
(1989) Proc. Natl. Acad. Sci. U.S.A. 86:6474-6478), rat (Roy NK et al. (1993) Nucleic
Acids Res. 21:170-170), Drosophila (Du W et al (1996) Genes Dev 10:1206-18), and C.
elegans (The C. elegans Sequencing Consortium (1998) Science 282:2012-2018).

The ability to manipulate the genomes of model organisms such as Drosophila

provides a powerful means to analyze biochemical processes that, due to significant
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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 T Cell Sci. 18: 19-33; Miklos GL, and Rubin GM. 1996 Cell
86:521-529; Wassarman DA, et al., 1995 Curr Opin Gen Dev 5: 44-50; and Booth DR.
1999 Cancer Metastasis Rev. 18:261-284). For example, a genetic screen can be carried
out in an invertebrate model organism or cell having underexpression (e.g. knockout) or
overexpression of a gene (referred to as a “genetic entry point™) that yields a visible
phenotype, such as altered cell growth. Additional genes are mutated in a random or
targeted manner. When a gene mutation changes the original phenotype caused by the
mutation in the genetic entry point, the gene is identified as a “modifier” involved in the
same or overlapping pathway as the genetic entry point. When inactivation of either gene
is not lethal, but inactivation of both genes results in reduced viability or death of the cell,
tissue, or organism, the interaction is defined as “synthetic lethal” (Bender, A and Pringle
J, (1991) Mol Cell Biol, 11:1295-1305; Hartman J et al, (2001) Science 291:1001-1004;
US PAT No:6,489,127). In a synthetic lethal interaction, the modifier may also be
identified as an “interactor”. When the genetic entry point is an ortholog of a human gene
implicated in a disease pathway, such as RB, 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 RB pathway in Drosophila cells, and
identified their human orthologs, hereinafter referred to as modifier of RB (MRB). The
invention provides methods for utilizing these RB modifier genes and polypeptides to
identify MRB-modulating agents that are candidate therapeutic agents that can be used in
the treatment of disorders associated with defective or impaired RB function and/or MRB

function. Preferred MRB-modulating agents specifically bind to MRB polypeptides and
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restore RB function. Other preferred MRB-modulating agents are nucleic acid modulators
such as antisense oligomers and RNAi that repress MRB gene expression or product
activity by, for example, binding to and inhibiting the respective nucleic acid (i.e. DNA or
mRNA).

MRB modulating agents may be evaluated by any convenient in Vitro or in vivo
assay for molecular interaction with an MRB polypeptide or nucleic acid. In one
embodiment, candidate MRB modulating agents are tested with an assay system
comprising a MRB polypeptide or nucleic acid. Agents that produce a change in the
activity of the assay system relative to controls are identified as candidate RB modulating
agents. The assay system may be cell-based or cell-free. MRB-modulating agents include
MRB related proteins (e.g. dominant negative mutants, and biotherapeutics); MRB -
specific antibodies; MRB -specific antisense oligomers and other nucleic acid modulators;
and chemical agents that specifically bind to or interact with MRB or compete with MRB
binding partner (e.g. by binding to an MRB binding partner). In one specific embodiment,
a small molecule modulator is identified using a binding assay. In specific embodiments,
the screening assay system is selected from an apoptosis assay, a cell proliferation assay,
an angiogenesis assay, and a hypoxic induction assay.

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

The invention further provides methods for modulating the MRB function and/or
the RB pathway in a mammalian cell by contacting the mammalian cell with an agent that
specifically binds a MRB 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 RB pathway.

DETAILED DESCRIPTION OF THE INVENTION
The Rb co-RNAj synthetic lethal screen was designed to identify modifier genes
that are synthetic lethal with the Drosophila Rbf gene (Du W et al (1996) supra), a
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Drosophila homolog of the human retinoblastoma (RB) gene. In addition to identifying
modifier genes with synthetic lethal interactions with Rbf, this screen identified modifier
genes that, when inactivated, preferentially reduced the viability of Rbf-deficient cells
relative to normal cells. Modifiers of the Rbf pathway were identified, followed by
identification of their orthologs. Accordingly, vertebrate orthologs of these modifiers, and
preferably the human orthologs, MRB genes (i.e., nucleic acids and polypeptides) are
attractive drug targets for the treatment of pathologies associated with a defective RB
signaling pathway, such as cancer. Table 1 (Example IT) lists the modifiers and their
orthologs.

In vitro and in vivo methods of assessing MRB function are provided herein.
Modulation of the MRB or their respective binding partners is useful for understanding the
association of the RB pathway and its members in normal and disease conditions and for
developing diagnostics and therapeutic modalities for RB related pathologies. MRB-
modulating agents that act by inhibiting or enhancing MRB expression, directly or
indirectly, for example, by affecting an MRB function such as binding activity, can be
identified using methods provided herein. MRB modulating agents are useful in

diagnosis, therapy and pharmaceutical development.

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

invention are disclosed in Genbank (referenced by Genbank identifier (GI) or RefSeq
number), and shown in Table 1.

The term “MRB polypeptide” refers to a full-length MRB protein or a functionally
active fragment or derivative thereof. A “functionally active” MRB fragment or derivative
exhibits one or more functional activities associated with a full-length, wild-type MRB
protein, such as antigenic or immunogenic activity, ability to bind natural cellular
substrates, etc. The functional activity of MRB 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 MRB polypeptide is
a MRB derivative capable of rescuing defective endogenous MRB 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 an MRB, such as a binding domain.
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Protein domains can be identified using the PEAM program (Bateman A., et al., Nucleic
Acids Res, 1999, 27:260-2). Methods for obtaining MRB polypeptides are also further
described below. In some embodiments, preferred fragments are functionally active,
domain-containing fragments comprising at least 25 contiguous amino acids, preferably at
least 50, more preferably 75, and most preferably at least 100 contiguous amino acids of
an MRB. In further preferred embodiments, the fragment comprises the entire
functionally active domain.

The term "MRB nucleic acid" refers to a DNA or RNA molecule that encodes a
MRB polypeptide. Preferably, the MRB 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 MRB. 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
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to achieve the maximum percent sequence identity, as generated by the program WU-
BLAST-2.0a19 (Altschul ez al., J. Mol. Biol. (1997) 215:403-410) with all the search
parameters set to default values. The HSP S and HSP S2 parameters are dynamic values
and are established by the program itself depending upon the composition of the particular
sequence and composition of the particular database against which the sequence of interest
is being searched. A % identity value is 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 an MRB. The stringency of
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hybridization can be controlled by temperature, jonic strength, pH, and the presence of
denaturing agents such as formamide during hybridization and washing. Conditions
routinely used are set out in readily available procedure texts (e.g., Current Protocol in
Molecular Biology, Vol. 1, Chap. 2.10, John Wiley & Sons, Publishers (1994); Sambrook
et al., Molecular Cloning, Cold Spring Harbor (1989)). In some embodiments, a nucleic
acid molecule of the invention is capable of hybridizing to a nucleic acid molecule
containing the nucleotide sequence of an MRB 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 SSCis
0.15 M NaCl, 0.015 M Na citrate; pH 7.0), 5X Denhardt's solution, 0.05% sodium
pyrophosphate and 100 pg/ml herring sperm DNA,; hybridization for 18-20 hours at 65° C
in a solution containing 6X SSC, 1X Denhardt's solution, 100 pg/ml yeast tRNA and
0.05% sodium pyrophosphate; and washing of filters at 65° C for 1h in a solution
containing 0.1X SSC and 0.1% SDS (sodium dodecyl sulfate).

In other embodiments, moderately stringent hybridization conditions are used that
are: pretreatment of filters containing nucleic acid for 6 h at 40° C in a solution containing
359% formamide, 5X SSC, 50 mM Tris-HCI (pH7.5), 5SmM EDTA, 0.1% PVP, 0.1%
Ficoll, 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-HCI (pH7.5),
5mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 pg/ml salmon sperm DNA, and
10% (wt/vol) dextran sulfate; followed by washing twice for 1 hour at 55° C in a solution
containing 2X SSC and 0.1% SDS.

Alternatively, low stringency conditions can be used that are: incubation for 8
hours to overnight at 37° C in a solution comprising 20% formamide, 5x SSC, 50 mM
sodium phosphate (pH 7.6), 5X Denhardt’s solution, 10% dextran sulfate, and 20 pi g/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 MRB Nucleic Acids and

Polypeptides
MRB nucleic acids and polypeptides, are useful for identifying and testing agents

that modulate MRB function and for other applications related to the involvement of MRB
in the RB pathway. MRB nucleic acids and derivatives and orthologs thereof may be

obtained using any available method. For instance, techniques for isolating cDNA or
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genomic DNA sequences of interest by screening DNA libraries or by using polymerase
chain reaction (PCR) are well known in the art. In general, the particular use for the
protein will dictate the particulars of expression, production, and purification methods.
For instance, production of proteins for use in screening for modulating agents may
require methods that preserve specific biological activities of these proteins, whereas
production of proteins for antibody generation may require structural inte grity 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). Ovérexpression
of an MRB protein for assays used to assess MRB function, such as involvement in cell
cycle regulation or hypoxic response, may require expression in eukaryotic cell lines
capable of these cellular activities. Techniques for the expression, production, and
purification of proteins are well known in the art; any suitable means therefore may be
used (e.g., Higgins SJ and Hames BD (eds.) Protein Expression: A Practical Approach,
Oxford University Press Inc., New York 1999; Stanbury PF et al., Principles of
Fermentation Technology, 2™ edition, Elsevier Science, New York, 1995; Doonan S (ed.)
Protein Purification Protocols, Humana Press, New Jersey, 1996; Coligan JE et al, Current
Protocols in Protein Science (eds.), 1999, John Wiley & Sons, New York). In particular
embodiments, recombinant MRB is expressed in a cell line known to have defective RB
function (e.g. SAOS-2 osteoblasts, BT549 breast cancer cells, and C33A cervical 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 an MRB polypeptide can be inserted into any
appropriate expression vector. The necessary transcriptional and translational signals,
including promoter/enhancer element, can derive from the native MRB 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 MRB gene product, the expression vector can comprise
a promoter operably linked to an MRB gene nucleic acid, one or more origins of

replication, and, one or more selectable markers (e.g. thymidine kinase activity, resistance
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to antibiotics, efc.). Alternatively, recombinant expression vectors can be identified by
assaying for the expression of the MRB gene product based on the physical or functional
properties of the MRB protein in in vitro assay systems (e.g. immunoassays).

The MRB 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 MRB 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 MRB 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 MRB or other genes associated with the RB
pathway. As used herein, mis-expression encompasses ectopic expression, over-
expression, under-expression, and non- expression (e.g. by gene knock-out or blocklng

expression that would otherwise normally occur).

Genetically modified animals

Animal models that have been genetically modified to alter MRB expression may
be used in in vivo assays to test for activity of a candidate RB modulating agent, or to
further assess the role of MRB in a RB pathway process such as apoptosis or cell
proliferation. Preferably, the altered MRB expression results in a detectable phenotype,
such as decreased or increased levels of cell proliferation, angiogenesis, or apoptosis
compared to control animals having normal MRB expression. The genetically modified
animal may additionally have altered RB expression (e.g. RB knockout). Preferred
genetically modified animals are mammals such as primates, rodents (preferably mice or
rats), among others. Preferred non-mammalian species include zebrafish, C. elegans, and

Drosophila. Preferred genetically modified animals are transgenic animals having a
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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 ez al.; for transgenic Drosophila see Rubin and Spradling, Science (1982)
718:348-53 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);136:375-3 830); for
microinjection procedures for fish, amphibian eggs and birds see Houdebine and
Chourrout, Experientia (1991) 47:897-905; for transgenic rats see Hammer ef al., Cell
(1990) 63:1099-1112; and for culturing of embryonic stem (ES) cells and the subsequent
production of transgenic animals by the introduction of DNA into ES cells using methods
such as electroporation, calcium phosphate/DNA precipitation and direct injection see,
e.g., Teratocarcinomas and Embryonic Stem Cells, A Practical Approach, E. J. Robertson,
ed., IRL Press (1987)). Clones of the nonhuman transgenic animals can be produced
according to available methods (see Wilmut, I et al. (1997) Nature 385:810-813; and PCT
International Publication Nos. WO 97/07668 and WO 97/07669).

In one embodiment, the transgenic animal is a “knock-out” animal having a
heterozygous or homozygous alteration in the sequence of an endogenous MRB gene that
results in a decrease of MRB function, preferably such that MRB 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., froma
human genomic clone) but more preferably is an ortholog of the human gene derived from
the transgenic host species. For example, a mouse MRB gene is used to construct a

homologous recombination vector suitable for altering an endogenous MRB gene in the
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mouse genome. Detailed methodologies for homologous recombination in mice are
available (see Capecchi, Science (1989) 244:1288-1292; Joyner et al., Nature (1989)
338:153-156). Procedures for the production of non-rodent transgenic mammals and other
animals are also available (Houdebine and Chourrout, supra; Pursel et al., Science (1989)
244:1281-1288; Simms et al., Bio/Technology (1988) 6:179-183). In a preferred
embodiment, knock-out animals, such as mice harboring a knockout of a specific gene,
may be used to produce antibodies against the human counterpart of the gene that has been
knocked out (Claesson MH et al., (1994) 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 MRB gene, €.g., by introduction of additional
copies of MRB, or by operatively inserting a regulatory sequence that provides for altered
expression of an endogenous copy of the MRB 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 RB pathway, as animal models of disease and disorders implicating defective RB
function, and for in vivo testing of candidate therapeutic agents, such as those identified in

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

In addition to the above-described genetically modified animals having altered
MRB function, animal models having defective RB function (and otherwise normal MRB
function), can be used in the methods of the present invention. For example, a mouse with
defective RB function can be used to assess, in vivo, the activity of a candidate RB
modulating agent identified in one of the in vitro assays described below. Transgenic
mice with defective RB function have been described in literature (Robanus-Maandag E et
al. (1998) Genes Dev 12:1599-609; Windle, J. J. et al (1990) Nature 343: 665-669).

Preferably, the candidate RB modulating agent when administered to a model
system with cells defective in RB function, produces a detectable phenotypic change in the
model system indicating that the RB function is restored, i.e., the cells exhibit normal cell

cycle progression.

Modulating Agents
The invention provides methods to identify agents that interact with and/or

modulate the function of MRB and/or the RB 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 RB pathway, as well as in
further analysis of the MRB protein and its contribution to the RB pathway. Accordingly,
the invention also provides methods for modulating the RB pathway comprising the step
of specifically modulating MRB activity by administering a MRB-interacting or -
modulating agent.

As used herein, an “MRB-modulating agent” is any agent that modulates MRB
function, for example, an agent that interacts with MRB to inhibit or enhance MRB
activity or otherwise affect normal MRB function. MRB function can be affected at any
Jevel, including transcription, protein expression, protein localization, and cellular or
extra-cellular activity. In a preferred embodiment, the MRB - modulating agent
specifically modulates the function of the MRB. The phrases “specific modulating agent”,
“specifically modulates™, etc., are used herein to refer to modulating agents that directly
bind to the MRB polypeptide or nucleic acid, and preferably inhibit, enhance, or otherwise

alter, the function of the MRB. These phrases also encompass modulating agents that alter
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the interaction of the MRB with a binding partner, substrate, Or cofactor (e.g. by binding to
a binding partner of an MRB, or to a protein/binding partner complex, and altering MRB
function). In a further preferred embodiment, the MRB- modulating agent is a modulator
of the RB pathway (e.g. it restores and/or upregulates RB function) and thus is also a RB-
modulating agent. _

Preferred MRB-modulating agents include small molecule compounds; MRB-
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 MRB 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 MRB-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)
151:1947-1943).

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

An MRB-interacting protein may be endogenous, i.e. one that naturally interacts
genetically or biochemically with an MRB, such as a member of the MRB pathway that
modulates MRB expression, localization, and/or activity. MRB-modulators include
dominant negative forms of MRB-interacting proteins and of MRB proteins themselves.
Yeast two-hybrid and variant screens offer preferred methods for identifying endogenous
MRB-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, €.g., Pandley A and Mann
M, Nature (2000) 405:837-846; Yates JR 3" Trends Genet (2000) 16:5-8).

An MRB-interacting protein may be an exogenous protein, such as an MRB-
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). MRB antibodies are further discussed below.
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In preferred embodiments, an MRB-interacting protein specifically binds an MRB
protein. In alternative preferred embodiments, an MRB-modulating agent binds an MRB

substrate, binding partner, or cofactor.

Antibodies

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

Antibodies that specifically bind MRB polypeptides can be generated using known
methods. Preferably the antibody is specific to a mammalian ortholog of MRB
polypeptide, and more preferably, to human MRB. 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 MRB which are particularly antigenic can be selected, for example, by routine
screening of MRB polypeptides for antigenicity or by applying a theoretical method for
selecting antigenic regions of a protein (Hopp and Wood (1981), Proc. Nati. Acad. Sci.
U.S.A. 78:3824-28; Hopp and Wood, (1983) Mol. Immunol. 20:483-89; Sutcliffe et al.,
(1983) Science 219:660-66) to the amino acid sequence of an MRB. 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 MRB or substantially purified fragments thereof. If MRB
fragments are used, they preferably comprise at least 10, and more preferably, at least 20
contiguous amino acids of an MRB protein. In a particular embodiment, MRB-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 MRB-specific antibodies is assayed by an appropriate assay such
as a solid phase enzyme-linked immunosorbant assay (ELISA) using immobilized
corresponding MRB polypeptides. Other assays, such as radioimmunoassays or
fluorescent assays might also be used.

Chimeric antibodies specific to MRB 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).

MRB-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. 5,859,2006;
WO0073469).

Nucleic Acid Modulators

Other preferred MRB-modulating agents comprise nucleic acid molecules, such as
antisense oligomers or double stranded RNA (dsRNA), which generally inhibit MRB
activity. Preferred nucleic acid modulators interfere with the function of the MRB nucleic
acid such as DNA replication, transcription, translocation of the MRB RNA to the site of
protein translation, translation of protein from the MRB RNA, splicing of the MRB RNA
to yield one or more mRNA species, or catalytic activity which may be engaged in or

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

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

Alternative preferred MRB nucleic acid modulators are double-stranded RNA
species mediating RNA interference (RNAi). RNAI is the process of sequence-specific,
post-transcriptional gene silencing in animals and plants, initiated by double-stranded
RNA (dsRNA) that is homologous in sequence to the silenced gene. Methods relating to
the use of RNAI to silence genes in C. elegans, Drosophila, plants, and humans are known
in the art (Fire A, et al., 1998 Nature 391:806-811; Fire, A. Trends Genet. 15, 358-363
(1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15, 485-490 (2001); Hammond,
S. M, et al., Nature Rev. Genet. 2, 110-1119 (2001); Tuschl, T. Chem. Biochem. 2, 239-
245 (2001); Hamilton, A. et al., Science 286, 950-952 (1999); Hammond, S. M.,, et al.,
Nature 404, 293-296 (2000); Zamore, P. D., et al., Cell 101, 25-33 (2000); Bernstein, E.,
et al., Nature 409, 363-366 (2001); Elbashir, S. M., et al.,, Genes Dev. 15, 188-200
(2001); WO0129058; W09932619; Elbashir SM, et al., 2001 Nature 411:494-498).

Nucleic acid modulators are commonly used as research reagents, diagnostics, and

therapeutics. For example, antisense oligonucleotides, which are able to inhibit gene
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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, an MRB-specific nucleic acid modulator is
used in an assay to further elucidate the role of the MRB in the RB pathway, and/or its
relationship to other members of the pathway. In another aspect of the invention, an
MRB-specific antisense oligomer is used as a therapeutic agent for treatment of RB-

related disease states.

Assay Systems
The invention provides assay systems and screening methods for identifying

specific modulators of MRB 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 MRB
nucleic acid or protein. In general, secondary assays further assess the activity of a MRB
modulating agent identified by a primary assay and may confirm that the modulating agent
affects MRB in a manner relevant to the RB pathway. In some cases, MRB modulators
will be directly tested in a secondary assay. ‘

In a preferred embodiment, the screening method comprises contacting a suitable
assay system comprising an MRB polypeptide or nucleic acid with a candidate agent
under conditions whereby, but for the presence of the agent, the system provides a
reference activity (e.g. binding activity), which is based on the particular molecular event
the screening method detects. A statistically significant difference between the agent-
biased activity and the reference activity indicates that the candidate agent modulates
MRB activity, and hence the RB pathway. The MRB 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 ncell-based" refers to assays using live cells, dead
cells, or a particular cellular fraction, such as a membrane, endoplasmic reticulum, or
mitochondrial fraction. The term "cell free” encompasses assays using substantially
purified protein (either endogenous or recombinantly produced), partially purified or crude
cellular extracts. Screening assays may detect a variety of molecular events, including
protein-DNA interactions, protein-protein interactions (e.g., receptor-ligand binding),
transcriptional activity (e.g., using a reporter gene), enzymatic activity (e.g., via a property
of the substrate), activity of second messengers, immunogenicty and changes in cellular
morphology or other cellular characteristics. Appropriate screening assays may use a wide
range of detection methods including fluorescent, radioactive, colorimetric,
spectrophotometric, and amperometric methods, to provide a read-out for the particular
molecular event detected.

Cell-based screening assays usually require systems for recombinant expression of
MRB 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 MRB-interacting proteins are used in
screens to identify small molecule modulators, the binding specificity of the interacting
protein to the MRB protein may be assayed by various known methods such as substrate
processing (e.g. ability of the candidate MRB-specific binding agents to function as
negative effectors in MRB-expressing cells), binding equilibrium constants (usually at
least about 10" M, preferably at least about 10® M!, more preferably at least about 10° M

1y, and immunogenicity (e.g. ability to elicit MRB specific antibody in a heterologous host
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such as a mouse, rat, goat or rabbit). For enzymes and receptors, binding may be assayed
by, respectively, substrate and ligand processing.

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

Suitable assay formats that may be adapted to screen for MRB 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 MRB and
RB pathway modulators (e.g. 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.

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
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15:4730-41). Other cell-based apoptosis assays include the caspase-3/7 assay and the cell
death nucleosome ELISA assay. The caspase 3/7 assay is based on the activation of the
caspase cleavage activity as part of a cascade of events that occur during programmed cell
death in many apoptotic pathways. In the caspase 3/7 assay (commercially available Apo-
ONE™ Homogeneous Caspase-3/7 assay from Promega, cat# 67790), lysis buffer and
caspase substrate are mixed and added to cells. The caspase substrate becomes fluorescent
when cleaved by active caspase 3/7. The nucleosome ELISA assay is a general cell death
assay known to those skilled in the art, and available commercially (Roche, Cat#
1774425). This assay is a quantitative sandwich-enzyme-immunoassay which uses
monoclonal antibodies directed against DNA and histones respectively, thus specifically
determining amount of mono- and oligonucleosomes in the cytoplasmic fraction of cell
lysates. Mono and oligonucleosomes are enriched in the cytoplasm during apoptosis due
to the fact that DNA fragmentation occurs several hours before the plasma membrane
breaks down, allowing for accumalation in the cytoplasm. Nucleosomes are not present in
the cytoplasmic fraction of cells that are not undergoing apoptosis. An apoptosis assay
system may comprise a cell that expresses an MRB, and that optionally has defective RB
function (e.g. RB 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 RB modulating agents.
In some embodiments of the invention, an apoptosis assay may be used as a secondary
assay to test a candidate RB modulating agents that is initially identified using a cell-free
assay system. An apoptosis assay may also be used to test whether MRB function plays a
direct role in apoptosis. For example, an apoptosis assay may be performed on cells that
over- or under-express MRB relative to wild type cells. Differences in apoptotic response
compared to wild type cells suggests that the MRB 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 ez
al., 1986, Int. J. Cancer 38, 369; Campana et al., 1988, J. Immunol. Meth. 107, 79), or by

other means.
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Cell proliferation is also assayed via phospho-histone H3 staining, which identifies
a cell population undergoing mitosis by phosphorylation of histone H3. Phosphorylation
of histone H3 at serine 10 is detected using an antibody specfic to the phosphorylated form
of the serine 10 residue of histone H3. (Chadlee,D.N. 1995, J. Biol. Chem 270:20098-
105). Cell Proliferation may also be examined using [*H]-thymidine incorporation (Chen,
1., 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 MRB 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.

TInvolvement 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 an MRB 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 an MRB, and that optionally has defective RB function (e.g. RB 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 RB modulating agents. In some embodiments of the
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invention, the cell proliferation or cell cycle assay may be used as a secondary assay to test
a candidate RB modulating agents that is initially identified using another assay system
such as a cell-free assay system. A cell proliferation assay may also be used to test
whether MRB 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 MRB relative to wild type cells. Differences in proliferation or cell cycle
compared to wild type cells suggests that the MRB 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 o1 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 an MRB, and that optionally has defective RB function (e.g.
RB 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 RB modulating agents. In some
embodiments of the invention, the angiogenesis assay may be used as a secondary assay to
test a candidate RB modulating agents that is initially identified using another assay
system. An angiogenesis assay may also be used to test whether MRB function plays a
direct role in cell proliferation. For example, an angiogenesis assay may be performed on
cells that over- or under-express MRB relative to wild type cells. Differences in
angiogenesis compared to wild type cells suggests that the MRB 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.
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Induction of such genes by hypoxic conditions may be assayed by growing cells
transfected with MRB in hypoxic conditions (such as with 0.1% 02, 5% CO2, and balance
N2, generated in a Napco 7001 incubator (Precision Scientific)) and normoxic conditions,
followed by assessment of gene activity or expression by Tagman®. For example, a
hypoxic induction assay system may comprise a cell that expresses an MRB, and that
optionally has defective RB function (e.g. RB 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 RB modulating agents. In some embodiments of the invention, the
hypoxic induction assay may be used as a secondary assay to test a candidate RB
modulating agents that is initially identified using another assay system. A hypoxic
induction assay may also be used to test whether MRB 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 MRB relative to wild type cells. Differences in hypoxic response
compared to wild type cells suggests that the MRB 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.
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Unbound cells are washed off, and bound cells are detected using a fluorescence plate
reader.

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

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

Tubulogenesis. Tubulogenesis assays monitor the ability of cultured cells,
generally endothelial cells, to form tubular structures on a matrix substrate, which
generally simulates the environment of the extracellular matrix. Exemplary substrates
include Matri gelTM (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 an MRB's response to a variety of factors,

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

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
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onto a matrix-coated porous lamina, with pore sizes generally smaller than typical cell
size. The matrix generally simulates the environment of the extracellular matrix, as
described above. The lamina is typically a membrane, such as the transwell polycarbonate
membrane (Corning Costar Corporation, Cambridge, MA), and is generally part of an
upper chamber that is in fluid contact with a lower chamber containing pro-angiogenic
stimuli. Migration is generally assayed after an overnight incubation with stimuli, but
Jonger 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
an MRB'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 900p1 of methocel-collagen solution and pipetted
into individual wells of a 24 well plate to allow collagen gel polymerization. Test agents
are added after 30 min by pipetting 100 pl 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 MRB 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 MRB-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 MRB gene expression, preferably mRNA expression. In
general, expression analysis comprises comparing MRB expression in like populations of
cells (e.g., two pools of cells that endogenously or recombinantly express MRB) 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 MRB mRNA expression
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) 26:1 12-125; 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 MRB 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 MRB mRNA expression, may also be used to

test nucleic acid modulators.

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

agent identified by any of the above methods to confirm that the modulating agent affects
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MRB in a manner relevant to the RB pathway. As used herein, MRB-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 MRB.

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

interacting pathways.

Cell-based assays

Cell based assays may use a variety of mammalian cell lines known to have
defective RB function (e.g. SAOS-2 osteoblasts, BT549 breast cancer cells, and C33A
cervical cancer cells, among others, available from American Type Culture Collection
(ATCC), Manassas, VA). Cell based assays may detect endogenous RB pathway activity
or may rely on recombinant expression of RB 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 RB pathway may be
used to test candidate MRB modulators. Models for defective RB 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 RB pathway. Assays generally require
systemic delivery of the candidate modulators, such as by oral administration, injection,
etc.

In a preferred embodiment, RB pathway activity is assessed by monitoring
neovascularization and angiogenesis. Animal models with defective and normal RB are

used to test the candidate modulator’s affect on MRB in Matrigel® assays. Matrigel® is
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an extract of basement membrane proteins, and is composed primarily of laminin, 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 MRB. The
mixture is then injected subcutaneously(SC) into female athymic nude mice (Taconic,
Germantown, N'Y) 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 MRB 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 MRB endogenously
are injected in the flank, 1 x 10%to 1 x 10 cells per mouse in a volume of 100 uL 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 trans genic animal,
usually a mouse, carrying a dominant oncogene oOr tumor suppressor gene knockout under
the control of tissue specific regulatory sequences; these assays are generally referred to as
transgenic tumor assays. Ina 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 Jarge 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 MRB-modulating agents are useful in a variety of diagnostic and

therapeutic applications where disease or disease prognosis is related to defects in the RB
pathway, such as angiogenic, apoptotic, or cell proliferation disorders. Accordingly, the
invention also provides methods for modulating the RB pathway in a cell, preferably a cell
pre-determined to have defective or impaired RB function (e.g. due to overexpression,
underexpression, or misexpression of RB, or due to gene mutations), comprising the step
of administering an agent to the cell that specifically modulates MRB activity. Preferably,
the modulating agent produces a detectable phenotypic change in the cell indicating that
the RB function is restored. The phrase “function is restored”, and equivalents, as used

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

The discovery that MRB is implicated in RB 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 RB 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 MRB
expression occurs in a particular sample, including Northern blotting, slot blotting,
ribonuclease protection, quantitative RT-PCR, and microarray 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 RB signaling that express an
MRB, are identified as amenable to treatment with an MRB modulating agent. Ina
preferred application, the RB defective tissue overexpresses an MRB 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 MRB cDNA sequences as probes, can determine whether particular tumors express
or overexpress MRB. Alternatively, the TagMan® is used for quantitative RT-PCR
analysis of MRB 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 MRB oligonucleotides, and antibodies directed against an MRB, as
described above for: (1) the detection of the presence of MRB gene mutations, or the
detection of either over- or under-expression of MRB mRNA relative to the non-disorder

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

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 MRB expression, the
method comprising: a) obtaining a biological sample from the patient; b) contacting the
sample with a probe for MRB expression; ¢) comparing results from step (b) with a
control; and d) determining whether step (c) indicates a likelihood of the disease or
disorder. Preferably, the disease is cancer. 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 RB screen
RNA interference (RNAi) was used to create Rbf-deficient cultured Drosophila

cells (Schneider S2 cells (Schneider, L. (1972) J. Embryol. Exp. Morph. 27, 363), adapted

to serum-free media, from Invitrogen Corp., Carlsbad, CA). Cells were treated for 3 days

_with Rbf double stranded RNA (dsRNA) or a control dsSRNA representing sequences from

an EGFP luciferase cDNA. Following pretreatment with Rbf or control dsRNA, cells
were plated in 96-well format and dsRNA representing approximately 6000 different
Drosophila genes were added to individual wells. A cell proliferation assay (ProCheck™
assay — Serological Corporation, Norcross, GA) was used to quantify cell viability after a
96-hour incubation. For each of the greater than 6000 dsRNA sequences tested in this
manner, cell viability data was obtained on Rbf-deficient cells (Rbf dsRNA-treated) and
control cells (EGFP luciferase dsSRNA-treated). Comparison of this data for each dsRNA
identified dsSRNA sequences that preferentially reduced the viability of Rbf-deficient cells.

II.  Analysis of Table 1

BLAST analysis (Altschul et al., supra) was employed to identify orthologs of
Drosophila modifiers. The columns “MRB symbol”, and “MRB name aliases ” provide a
symbol and the known name abbreviations for the Targets, where available, from
Genbank. “MRB RefSeq_NA or GI_NA”, “MRB GI_AA”, “MRB NAME”, and “MRB

Description” provide the reference DNA sequences for the MRBs as available from
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National Center for Biology Information (NCBI), MRB protein Genbank identifier
number (GE#), MRB name, and MRB description, all available from Genbank,
respectively. The length of each amino acid is in the “MRB Protein Length” column.

Names and Protein sequences of Drosophila modifiers of RB from screen
(Example I), are represented in the “Modifier Name” and “Modifier GI_AA” column by
GI#, respectively.

Table 1
similar to [XM_116191{1 [20533870 (17 |similar 177 RpS6 (17737290
408 .1 to 40S
ribosomal ribosom
protein S6 al
(Phosphop protein
rotein S6
INP33) (Phosph
oprotein
INP33)
LOCI [similar to [XM_070395[2 (17448285 |18 [similar |na 299 RpS6 |17737290
37397 Rim2 .1 to Rim?2
protein protein
LOC1 [similar to [XM_061988(3 {17458725 |19 |similar |na 248 RpS6 (17737290
20318}40S .1 to 40S
ribosomal ribosom
protein S6 al
(Phosphop protein
rotein S6
NP33) (Phosph
oprotein
INP33)
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S6
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SAP61 | 3a, protein 61, a
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cerevisiae
PRP9
(spliceoso
me-
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6H |[SPT6| | 1{XM_0170 or of Ty 6 homolog, a
SPT6H| [37.3 6 putative
emb-5 | homolo {modulator of
KIAAO016 g (S. |chromatin
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suppressor ac) able to bind
of Ty histone H3, has a
(S.cerevisi highly acidic
ae) 6 amino terminus,
homolog | a degenerate
suppressor SH2 domain, and
of Ty 6 a predicted
homolog leucine zipper
(S.
cerevisiae)

III.  Hich-Throughput In Vitro Fluorescence Polarization Assay

Fluorescently-labeled MRB 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 MRB activity.

IV.  High-Throughput In Vitro Binding Assay.
33p_Jabeled MRB peptide is added in an assay buffer (100 mM KCl, 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 RB

modulating agents.

V. Immunoprecipitations and Immunoblotting

For coprecipitation of transfected proteins, 3 x 10 appropriate recombinant cells
containing the MRB 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
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mM Hepes, pH 7.9, 250 mM NaCl, 20 mM -glycerophosphate, 1 mM sodium
oythovanadatc, 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 pil 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).

VI. Expression analysis

All cell lines used in the following experiments are NCI (National Cancer Institute)
lines, and are available from ATCC (American Type Culture Collection, Manassas, VA
20110-2209). Normal and tumor tissues are obtained from Impath, UC Davis, Clontech,
Stratagene, Ardais, Genome Collaborative, and Ambion.

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

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

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

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

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

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

A modulator identified by an assay described herein can be further validated for
therapeutic effect by administration to a tumor in which the gene is overexpressed. A
decrease in tumor growth confirms therapeutic utility of the modulator. Prior to treating a
patient with the modulator, the likelihood that the patient will respond to treatment can be
diagnosed by obtaining a tumor sample from the patient, and assaying for expression of
the gene targeted by the modulator. The expression data for the gene(s) can also be used
as a diagnostic marker for disease progression. The assay can be performed by expression
analysis as described above, by antibody directed to the gene target, or by any other

available detection method.
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WHAT IS CLAIMED IS:

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

(a) providing an assay system comprising a MRB 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 RB pathway modulating agent.

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

the MRB polypeptide.

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

function.

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

modulator.

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

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

system, and a hypoxic induction assay system.

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

MRB 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 MRB nucleic acid and the candidate test agent is a nucleic acid modulator.

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

11. The method of Claim 1 additionally comprising:
(d) administering the candidate RB pathway modulating agent identified in (c) to a
model system comprising cells defective in RB function and, detecting a phenotypic

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

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

RB function.

13. A method for modulating a RB pathway of a cell comprising contacting a cell
defective in RB function with a candidate modulator that specifically binds to a MRB

polypeptide, whereby RB 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

RB 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 MRB ,

(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
RB pathway modulating agent,

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

gene.

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

cell with an agent that specifically binds a MRB 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 RB 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 MRB 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.
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<110>
<120>
<130>

<150>
<151>

<150>
<151>

<160> 32
<170>
<210> 1

<211> 534
<212> DNA
<213>

<400> 1
atgaagctga

gaacgcaaac
ctgggtgaag
ttcttgtttyg
aagcccttaa
gttactccac
aagaaaaaca
gctaaagaga
tctgettcta
<210> 2

<211> 900
<212> DNA

<213>

<400> 2
atgaaggaat

gagcaggtaa
ccaacctgtg
tattgccaaa
gttatgtggg
tggttttata

ctaagaaatg

EXELIXIS,
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EX03-052C-PC

Us 60/401,737
2002-08-07

US 60/428,872
2002-11-25

Homo sapiens

acagctcectt
ttecgtacttt
aatggaaggg
ttggtgggaa
acaaagaagg
gtgtcctgea
gggaagaggc
agcgcaagga

agtctgaatc

Homo sapiens

tcttcatttt
agaagatggg
gtatctgcca
caaagttctg
tatgtaattt
atagtggatc

aggaggcacc

SEQUENCE LISTING

PatentIn version 3.2

cctagecatt
ttatgagaag
ttatgtggtc
caacaagcag
taagaaacct
gcacaaacag
tgcagaatat
acaagttgtg

tagtcaggaa

taatagcata
agaagaatca
caaaacaaag
tgctcgttat
gtgccgaaaa
taatacacca

tcaggagaag

ggctgccaga
catatggcca
cgaatcagtg
gaagatgatg
aggaccaaag
cagcctattg
gctaaacttt
aagagacgca

aaagattttt

aaactgcatc
cagcaacagc
tttgctgatg
ggaggtcgag
caacaagaaa
cagcaacctg
aaaccaaaac

1

aactcattaa
cagaaattgc
gtgggaacaa
tctgccagta
cacccaagat
ctctgaagaa
cggccaagag
gactttcctce

tgagtaacaa

agcagtttga
aagaacagaa
gatgtggcca
tgtcattacg
tcctcactaa
atcaaaaggt

tacatgagca
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agtggaagat
tgcttatgcet
caaacaaggt
tgttgtaaga
tcagcatctt
gcagtgtact
aatgaaggag
tctgcgagct

ataa

aatgtataaa
gggtgatgceg
taactgttca
ctcaaacaag
atcaggagca
tcttcgaggyg

gacccagtte
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caaggaccct
tgcacttttt
tggaagggtt
aggggtgtct
ttgactgata
cttttcaatc
aaagaaggta
gtcctgeage
<210> 3

<211> 747
<212> DNA

<213>

<400> 3
atgaagctga

cacaaacttc
ggtaaagaat
aataaaaggc
cgtggttgca
gagaaggata
gctagcagaa
gtaagaaagg
tatcttgtta
agaattaagg
aaggaggcta
tgtttgtggg
aatttctgta
<210> 4

<211> 723
<212> DNA
<213>

<400> 4

cagccactgg
atgagaagca
atgtggtect
tgattcatgg
ctacgatgcc
tctctaaaga
agaaacctag

acaaatggtg

Homo sapiens

acatcttcct
atacttttta
ggaagggtta
atgcctgtta
ttgtggatgce
ttcctggact
tctgcaaact
ctttaaacaa
ctccacatgt
aaaataagga
aagagaagca
tgaagaataa

tcactgtgtg

Homo sapiens

ctgccagaaa
tatggccaca
aatcagtggt
ccgtgtecge
tcatcacctg
agatgatgtc
gaccaaagca

ccatattget

ggccactgcee
tgagaagtgt
tgtgggtgtce
cagaccaaga
caatctgagce
gactgatact
tttcagtctce
agaaggtaag
tctgecagcecac
agtagctgca
tcaagaacag
tctttgtttg

gacataa

ctcattgaag
gaagttgctg
gggaatgaca
ctgctaatga
gggcccaaaa
caccagtatg
cccaaaattc

ctggagaagc

tgccagaaac
atggccacag
ttgacccatg
agaactggaa
attctcaact
atggtgccectt
tctgaagatyg
aaacctagga
gaatggtggc
gaatatgcta
attgccaaga

gaacagaggc

tggatgataa
ctgatgctct
aacaatggtt
gagataaaaa
gagctagcag
ttgtaagaaa
agcgtcttat

agcatactaa

tcattgaagt
aagttgctgce
gccatgtcecca
aaagaaagca
tggttattgt
gtcatctcgg
atgatgtcca
ccaaagcacc
atattgctct
aacttttggce
gacgcagact

atttgatagce

PCT/US2003/024554
acgcaaactc 480
ggttgaagaa 540
ccccatgaag 600
tattccagga 660
aatccacaaa 720
gcctttaaac 780
tactccatgt 840
gaaaaattag 900
ggacaatgaa 60
tgatgctctg 120
cctgetgetg 180
aaaatctgca 240
aaaaaaagga 300
gcccaaaaga 360
ccagtgtgtt 420
cacgactaag 480
gaagaaacag 540
caagagaatg 600
gtcctctett 660
tactggagct 720

747

atgaagctga acatctcctt cccggtcact ggctgceccaga aactcattga agtggatgat

gaatgcaaac ttcgtacttt ttatgagaag cttatggcca cagaagttgc tgctgacact

ctgggtgaag aatggaaagg ttatgtggtc cgaatcagtg gtgggaacaa caaacaaggt

2
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tttcccatga
cattcctgtt
atagtggatg
aagaaggata
gctagcagaa
gtaagaaagc
catcttgtta
tgtactaaga
aaggaggcta
tga

<210> 5
<211> 829
<212>
<213>

<400> 5
cctecttttece

ttcccagceca
ttctatgaga
ggttatgtgg
gtcttgaccc
aggagaactg
agcgttctca
actacagtgc
ctctctaaag
aagaaaccta
cacaaacggc
gcagaatatg
caaattgcga
agtcagaaat
<210> 6

<211> 750

<212> DNA
<213>

DNA
Homo sapiens

agcagggtgt
acagaccaag
ccaatctgag
ttcctggact
tctgcaaact
cctcaaacaa
ctccacattt
aaaataagga

aagagaagcg

gtggecgectce
ctggctgeca
agcgtatggce
tccgaatcag
atggccgtgt
gagaaagaaa
acttggttat
ctcgecgect
aagatgatgt
ggaccaaagc
ggcgtattgce
ctaaactttt
agagacgcag

aagatttttt

Homo sapiens

cttgacccat
gagaactgga
cattctcaac
gactgatact
ttccaatcte
aggaggtaag
cctgcagcac
agaggctgca

ccaggaacaa

ggaggcgtte
gaaactcatt
cacagaagtt
tggtgggaac
ccgcectgeta
gagaaaatca
tgtaaaaaaa
gggccccaaa
ccgccagtat
acccaagatt
tctgaagaag
ggccaagaga
actttcctet

gagtaacaaa

ggcegtgtec
gaaagaaaga
ttgattattg
atggtgcctt
tctgaagaag
aaacctagga
aaagggcagc
gaatatgcta

attgcgaaga

agctgcttca
gaagtggacg
gctgctgacg
gacaaacaag
ctgagtaagg
gttcgtggtt
ggagagaagyg
agagctagca
gttgtaagaa
cagcgtcttg
cagcgtacca
atgaaggagg
ctgcgagett

taaataagat

acctgctact
gaaaatcagt
ttaaaaaaaa
gtegectggy
atgatgtccg
ccaaagcacc
atattgctet
aacttttagg

gacacagact

agatgaagct
atgaacgcaa
ctctgoggtga
gtttccccat
ggcattcctg
gcattgtgga
atattcctgg
gaatccgcaa
agcccttaaa
ttactccacyg
agaaaaataa
ctaaggagaa
ctacttctaa

cagactctg

PCT/US2003/024554
gagtaagggg 240
tegtggttge 300
aaaaaaagta 360
gcccaaaaaa 420
ccagtatgtt 480
caagattcag 540
gaagaagccg 600
caagggaatg 660
ttcctctetg 720

723
gaacatctcc 60
acttcgtact 120
agaatggaag 180
gaagcagggt 240
ttacagacca 300
tgcaaatctg 360
actgactgat 420
acttttcaat 480
taaagaaggt 540
tgtcctgecag 600
agaagaggct 660
gcgeccaggaa 720
gtctgaatcc 780

829
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<400>

6

atgaagctga
gagcgcaagc
cttggtgaag
tttcccatga
cattcctgtt
attgtggacg
attcctggac
atccgcaagce
cccttaaaca
actcctecgtg
aagaacaagd
aaagaaaagc
acttctaagt
<210> 7

<211i> 303
<212>
<213>

<400> 7
atgaagctga

cacaaacttc
gtgaagcatg
catgaagcag
gtcttcttta
taa

<210> 8
<211> 977
<212>

<213>

<400> 8
cagctatggce

cgetageggt
ggcccaaggyg
agatggcaat

tggaagaagt

DNA
Homo sapiens

DNA
Homo sapilens

acatctcctt
tccgeacctt
agtggaaggg
agcaaggtgt
acaggccaad
ctaatctcag
tgacagacac
tttttaatct
aagaaggtaa
tcctgcaaca
aggaggctgce
gccaggaaca

ctgagtccag

acatcttccc
gtagtttgta
gaagggttct
gaagagctag

gacgaagaag

agtggtgaag
caacatcagc
cacaatgaat
aataattact

caaaataagg

cceccgecacce
ctatgagaag
ttatgtggtc
tctgacccat
gagaactgga
tgttctcaac
tactgtgect
ctccaaagaa
gaagcccagyg
caaacgccga
agaatacgct
gattgccaag

tcaaaaatga

agccgetggce
tgagatgect
gtggtctgga
cagaatccgt

aagacgtcta

accctaaacc
ataatgcagg
atgcttgttt
gaaggatttg

aaagagatgg

ggctgtcaga
cgcatggcca
cggatcageg
ggcagagtgc
gagaggaagc
ttggtcattg
cgtcggttgg
gatgatgtcc
accaaagcac
cgtattgcetce
aaacttttgg

agacgtaggc

tgccagaagc
gtggccacag
tcagtggtgg
agacttttca

aatgttgaaa

ccaaggctga
gtctgcagga
ctggegetay
aagctgcaaa
acagggaaac

4

agctcatcga
cggaagtagc
gtgggaatga
gcetgetgtt
gcaagtctgt
taaagaaagg
gacctaaaag
gccagtatgt
ccaagattca
tgaagaagca
ccaagagaat

tgtcctcact

tcattgcagt
aagttgctgc
gaacgacaaa
atgtctctaa

tgttgaaatg

ggtggcccega
cgtgctggga
agacatcaadg
ggaaaaggcc

acttataaat
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ggtggatgac 60
cgctgatget 120
caagcaaggd 180
gagtaagggg 240
tcgtggatge 300
agagaaggat 360
ggctagtaga 420
tgtcaggaag 480
gcgacttgtt 540
acgcactaag 600
gaaggaagcc 660
gagagcttct 720

750
ggacgatgaa 60
tgatgctctc 120
caagccttcece 180
agaagacgac 240
tttcaaatgt 300

303
acggaggtgg 60
accaacctgg 120
cttactaaaa 180
cttcggtttt 240
gtggccagaa 300
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catctcttca
actccatttt
tggagatgaa
acggagcatg
ccaaagatgce
tgtttccagg
ccagtgtaaa
ttccaaaggt
aagcagaatg
tggtagcagc
cctgcactgt
tttctctgaa
<210> 9

<211>
<212>

<213>

<400> 9
gtcagccget

caagaacccc
cggagacgct
ttactatgaa
aatgaagaag
gaagaatcta
ccggataggt
ggccctgggt
ggataatgat
agactgggac
tgatttcaaa
actcatggat
aagaccagat
tcttccagca

ccaatcatta

1308
DNA
Homo sapiens

tactaaagtt
ggccattaaa
acataaatct
gcatcctgat
agtaagggat
tgctggtget
gggcagggca
tcttgatcag
ttcagaatca
agaagtaggc
gattgccacc

aggttga

gtccecttag
gacttgcgta
gcegtgegeyg
gccttgtgea
gcaaatgaag
ggagagagcyg
gacaaagagg
caccgattgg
ctcatcacac
aggagaaacc
caggcagctg
tataaaacat
ctcagggaaa
gttcggcagt

gecggttgtgg

catgctgaac
agacaagatg
gaaactgata
atgaagaaaa
ggcttgaggg
gtggaagtag
cagcttggag
aactctggtt
ggtcagcttg
atatgggata

aacattctct

ccgcgatgece
tcgegeaget
acgagctgat
aatccctcga
atgagttgaa
aaattcgcga
gagctctgac
atattgtatt
gaaacacaga
gcctaaaagdt
aactcttcct
ttgtgactta
aggtcattaa
atctgtttte

aacaggaaat

ttgcagatgc
aacctattga
caagcttaat
gggaccaaat
ctgtcaaaaa
caatggcaga
tccaagcatt
ttgaccttca
tgggtgtgga
actattgtgt

tggttgatga

gctggagaac
gcgettectg
ggcggecgtce
ctggcagata
gcgtttggat
tgcaatgatg
agcctttege
ctatctcctt
aaaggccaaa
gtatcagggt
tgacactgtt
tactgtctat
aggagcagag
actctatgaa

gaaaaaggac

cttaacagag
tctcttcatg
cagagggcett
aagtacacac
tcctattgat
agccctgatt
tgctgatgtyg
ggaaacatta
cctggataca
aaagaaacag

gatcatgcaa

ctggaggagg
ctcagcecetge
cgcgataaca
gacgtggacc
gaggagctgg
gcaaaggccg
aagacatatg
aggattggcet
agcttaatag
ctttattgtg
tcaacattta
gtcagtatga
attcttgaag
tgccgttact

tggctttttg

PCT/US2003/024554
gctgtagtgy 360
gttgtgatca 420
gttttggacc 480
tcactcaget 540
gagggctgty 600
aaatataagc 660
ttgctcatta 720
gttaaaattc 780
ggtgagccaa 840
cttcttcact 900
gctggaatgt 960

977
agggtctgece 60
ccgagcaccyg 120
acatggctcc 180
tactcaataa 240
aagatgcaga 300
agtacctctg 360
acaaaactgt 420
tattttatat 480
aagaaggagg 540
tggctattecg 600
catcctatga 660
ttgccttaga 720
tgttgcacag 780
ctgttttett 840
cccctecatta 900
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tcgatactat
gtcattaacc
ggaactgtcc
aatagtagaa
aggagatctg
tgtaactaac
caatgtgccc
<210>
<211>

<212>
<213>

10
925
DNA

<400> 10

ttttttetge
cggggggtcc
atccggegte
ggacctcagt
gatcctacgg
gtaccatgct
gccagatggt
ttcattcatg
acaccatggt
ttggtgtagce
ctctgetgcyg
tagtagaacg
aaatcgccac
actgggatat
ctgaagttgce
taaagtaaat
<210>
<211>

<212>
<213>

11
1012
DNA

<400> 11

actgctttct tgggaagatg gcggectgtgt cgyg

gtaagagaaa
cttggctata
aggtttattg
accaacagac
ctactaaaca
aaaggatttg

aggtcagcectg

Homo sapiens

taccgtgact
ggccccagga
tgcactttac
cctecggegtt
ctecettgget
gggtgcectet
gattgatgag

gctgaccagg

catcggaggc

ctatgaagcc
agaagttctg
ctgcatgcga
tgtcaccgaa
tgcccacatyg
cctactttta

aaattcttca

Homo sapiens

tgagaattca
tggcagaagc
ctgccgggag
ctgatagcaa
gagttcaaaa
ctttagagat

tataaaataa

aagatggaag
cagttttacc
agaggtccaa
aagttcgagg
cgttteccgeca
ggcgactacg
gagcttectgyg
gccatgtaca
tatgctgatg
ccttegectgg
gagaagcagc
gtgctgtact
aaaggtgttg
atcagtggct
actttgaact

aaatg

tgcatacagt
gtttggtgtt
actacactgc
gaactggcag
actttccaga
aattatttgg

atactgcatt

cgtttttggg
gcattccgte
tcacgcggac
gcggagtggt
acatctctcg
ctgatttcca
gagatggaca
gccggegetce
gagagagctt
ccactggtta
cagtgctaag
accgagatgce
aaatagaggg
ttgaatgaaa

tggctagttc

cagctgctgg
ggtgtggaat
aaaatagata
taccaagaaa
gtaattaata
aatttttata

gttgttte

gtcgeggtcec
cactcccgat
ccagaacccc
gattgccgea
cattatgcga
gtatttgaag
cagctatagt
gaagatgaac
cctcggttat
tggtgcatac
ccagaccgag
ccgttcttac
accattgtct
tacagatgca

aaagatagac

PCT/US2003/024554
aatcatatag 960
tcattgatca 1020
aagtgaatga 1080
ctatcaagaa 1140
tgtaaagcca 1200
gcttacttca 1260

1308

ggactttggy 60
tccttcatgg 120
atggtgaccg 180
gacatgctgg 240
gtcaacaaca 300
caagttcteg 360
cctagagcta 420
cctttgtgga 480
gtggacatgce 540
ttggctcage 600
gccecgegact 660
aaccggtttc 720
acagagacca 780
ttatccagaa 840
tcttcttttg 900
925

tgtatgc tccaccagtt ggaggcttct

60
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cttttgataa
agcttccaaa
tagttcttgg
caaaaataca
cagacatgac
gtcttceccag
gttacattgg
gcatctatcc
tggcagcaat
agaatctggt
acattgacct
ccaacaagaa
tcactgagaa
acacttcctg
aggcccagta
acaaaaacca
<210>
<211>

<212>
<213>

12

DNA
<400> 12

agacgtgaag
tcatcegecce
agcccegagg
tceccggggcet
tccaagacgg
acaagagctg
tagccgegga
tatctacggg
tcaggtacca
cgcagctcta
gctctggtca

tggaggctgc

1009

ctgccgeagg
ggtccggaaa
agcagataca
cttcatatct
aacccagcte
agttgtgaca
tgcagcccta
tcatggatca
ggctgtattt
gagcgaagcc
ctgcgtcecate
ggggaccagyg
aatcactcct
aatggcatca
agacactcat

aattgggcag

Homo sapiens

cctagcagag
gcgaccccta
gggcttctece
caaggtccecct
ggtcattctyg
cgagaagatc
cgccgagatg
ccgcgagecce
gggccacgtyg
cggcgtgeat
ggacgcggcec

tcaggggctg

aatgccgtcet
actggcacga
agagcaactg
cctaatattt
atttcttcca
gccaatcgga
gttttagggg
actgataagt
gaagataagt
atcgcagcetg
agcaagaaca
cttggcecggat
ctggagattg
gtgggtggcet
gtggctagtg

ctgaaaaaaa

gactttttag
atccectetg
ttcgagaact
cacgcacgca
ggcgccgata
cacttcatcg
accacacgga
cgegtggeca
ggtgcatcgce
cccecatgget
ctggcggtgce

ctggtggaag

tggaagccga
ccatcgctgg
aagggatggt
attgttgtgg
acctggagct
tgctgaagca
gagtagatgt
tggcttatgt
ttaggccaga
gcatcttcaa
agctggattt
acaggtgtga
aggtgctgga
ggccgeggtt
tttgccgaat

aaaaacaaaa

ctgctcactg
cctgeccecccaa
gccaaagaaa
agaccgggac
cgcgagccac
cccccaaaat
tggtggegte
cggtcacteg
tgatcgtggg
cctacagccg
tagaagaccg
ccgteaccge

7

ttttgcaaag
ggtggtctat
tgttgctgac
tgctgggaca
ccactcccte
gatgcttttce
tactggacct
caccatgggt
catggaggag
cgacctgggce
tctcegecca
gaaagggact
agaaacagtc
ctggaaggtg
gaaactcaac

aaaaaaaaaa

gcceccgettg
gatgctgaag
tgcatcattg
caccatcgcg
taacgattcg
ctactgctgt
caagatggag
catcctgcecge
cggcgtagac
tectgcccette
gttccagecg

cgggatcttg

PCT/US2003/024554
aggggataca 120
aaggatggca 180
aagaactgtt 240
gctgcagaca 300
tccactggee 360
aggtatcaag 420
cacctctaca 480
tctggcteet 540
gaggaagcca 600
tccggaagca 660
tacacagtgc 720
actgcagtcc 780
caaacaatgg 840
gtgagcattg 900
tcaataaaaa 960
aa 1012
tctggecgac 60
ccagcecctgg 120
gaacgcgtce 180
‘ggcctggtgt 240
gtcgtggcgg 300
ggggctggag 360
ctacacgcgt 420
cagacgctct 480
ctgactggac 540
acagccctgg 600
aacatgacgc 660
ggtgacctgg 720
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gcteceggggg
cactgagctc
ccacagctgt
tgcaggctat
cagaaaatac
<210>
<211>

<212>
<213>

13
957
DNA

<400> 13

atgccagatt
cccatccaag
tactttaggc
gagctcactg
gctgcagata
ataatcagtg
tttgtgatgg
ggtgtggaca
gttaccatga
gagcagattg
gtgaatcttg
agacactctg
gatctgagcet
tttagcttge
agtgttgaaa
gctgagatta
<210>
<211>

<212>
<213>

14
2733
DNA

<400> 14

caatgtggac
acccacagag
cctgacccag
ggaggtggag

agttaaacaa

Homo sapiens

accttggtgce
ttctggatga
agatcaagca
gtattaaaga
agcagacact
ctgattcaga
actttagtga
gaaataaata
tgcaggtgga
agaaattgcg
gcattgagcec
tgtgtgggca
gtacagaaat
ctgatctaga
gatatatcag

gaagtgtctg

Homo sapiens

gcatgtgtga
ccegtgaaga
acagtgaagc
taagctgagg

aaaaaaaaaa

ccatcagcegg
ggcggatatt
agtcgaagat
atctgacact
ccagagtaaa
ggacccaaaa
tcaggtggca
tcaaattcac
ggaaaaacct
agaagtagtt
tceccaagggce
gttgctaatc
atcactgatg
gggtcggacc
atttgaattg

cacagaagct

tcacaaagac
ggtctggeeg
cactaaccct
cttagagctt

aaaaaaaaaa

aagaccaaag
gccttgetga
ggcgttcage
ggcctggetce
caacctttac
tacattgtca
cccactgaca
attccattgce
gtcacataca
gaaaccccat
atgctgctcet
agactgatgc
aggccaggca
cacatcttta
ttagcacgac

ggtatgtttg

tggcgccaag
ctaccacttt
ggagctagtg
ggaacaaggd

aaaaaaaaa

atgatgagaa
aaacttatgg
aacttctcaa
caccagcact
aggttgccag
atgtaaagca
ttgaagaagg
ctcctaagac
gtgatgttgg
tacttcatce
ttaatccaéc
gtgcttcatt
gattagacag
agattcacgc
tgtgtccaaa

ccatcagagc

PCT/US2003/024554
ctgctgegga 780
gtgcctggaa 840
gaggaaactyg 900
ggaataaacc 960

1009
ggatgacaag 60
tcacagcact 120
gaaaattaat 180
ctgggatttg 240
gtgtacaaag 300
gtttgccaag 360
gatgagagta 420
tcacccaaca 480
tgactgtaag 540
agagaggttt 600
cagtacagga 660
cgagttattg 720
aaaaattgaa 780
tcattcaatg 840
tggcactgct 900
acggtga 957

aagggaagat ggagacaata ctggagcagc agcggegcta tcatgaggag aaggaacggce

tcatggacgt catggctaaa gagatgcetca ccaagaagtc cacgctececgg gaccagatca

attctgatca ccgcactcgg gccatgcaag ataggtatat ggaggtcagt gggaacctga

8

60

120

180
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gggatttgta
ccaatgagtt
acccaaatga
agaatccaag
gttatctcga
tggattatat
agaatgcaga
atagagtgaa
agaagaaatg
cccatgetgg
tgggtttgga
tagaagagcg
cctetttgtt
aagacattgc
gacatctcac
aagaggaaga
acaaccccaa
agcttcatgg
ggcccaaagc
tgggcatccc
tgtgggccaa
aatatgaaga
aaggactgct
agatctgctt
tcatggtcta
gtgttttatc
taaagcccag
ctcaccaact
aggtaaatct
attaccccag

agactaggag

tgatgataag
tgctgaattce
gatctgtgty
tgaagaggca
tctecatgac
cacatacctg
gtataagaga
gcctctccaa
ggagaatggg
agcccatett
cagattgaaa
agcccagaga
tgccaaaaat
ttttctagaa
tcatgaaaat
agagcagatc
aaacctgcca
cctaaatatc
ctteccagega
aaatactgct
actgaaattg
ctcaagtggg
ctagtgttga
tttctatttce
gcatgcatct
tgttttatat
ggttatggac
ttactagtag
gacctgacct
gatgaggtct

gatgagccag

gatggattac
tataatagac
ccaatgtcag
caaaacttgg
tgttacctca
tccatctttyg
tacctagaga
gatcagaatg
acctttcctg
gacctctectg
tctgetetet
ctattcagta
cccaagtcaa
gcccagatct
gtacagcgca
agtgagagtg
cttggctggg
aactacaact
cactttgcectg
cactttgcta
cagaaggctt
aatgttgtga
gggatgtagc
tcccaaccaa
tgtagaaaca
tttaaaagat
caactcagtg
ctgagattta
ctttcececcac
gccatcagcet

ggttgctact

gaaaggagga
tcaagcaaat
tggaatttga
tggagttcac
agtacattaa
accaattatt
tgctgettga
aactttttgg
gatggccgaa
cattctecte
tagctttagg
ccaaaggaaa
agggcaccaa
atgaatatgt
agcaagccag
agagtgaaga
atggcaaacc
gtgagatttg
aatggcgtca
atgtgacaca
cagaacgatg
ataagaagac
tcagcttttg
atcctcttaa
aggcatgctg
tctgccagaa
cttcaggtct
atgggcacct
cctectttgt
tagttagcca
aaggactaag

9

gctcaatgcc
aaaggaattc
ggaactcctg
agatgaggag
cctgaaggca
tgacattcct
gtaccttcag
gaagattcag
agagacaagc
ctgggaggag
cttgaaatgt
gtcecetggag
gcgagacact
agagattctc
gacaggagaa
tgaagagaac
tattccctac
tggaaactac
tgctcatggce
gattgaagat
gcagcctgac
atacgaggat
ggctagccca
agaccctttg
gcagattgca
aataaaacca
taatgcctcc
attatgctac
tgctgcttce
ttgatgcaaa

tgtegcacca

PCT/US2003/024554
atttcaggac 240
caccggaagc 300
aaggctcgag 360
ggatatggtc 420
tctgagaage 480
aaagaaagga 540
gattacacag 600
gctgagtttg 660
agtgccctga 720
ttggettetce 780
ggcgggacce 840
tcacttgata 900
gaaaggaaca 960
ggggaacagc 1020
gagcgagaag 1080
gagatcattt 1140
tggctgtata 1200
acctaccgag 1260
atgaggtgtt 1320
gctgtctect 1380
actgaggaag 1440
ctgaaaagac 1500
ggcttcccta 1560
ctatgtagtc 1620
gggttgagat 1680
gaccttgttc 1740
atacctctte 1800
atatcatgtt 1860
ctgaatgagt 1920
tactagggaa 1980
aggtttgecct 2040
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tttgtatttg
agctacttgg
accctgtctce
ctcaggagac
tatagtgagg
gaatgggect
ctaggtcaga
tgactgtaaa
gggtagagtt
ggcaaccagg
gcaggacagyg
tttaataaat
<210>
<211>

<212>
<213>

15
913

<400> 15
aagggaagat

tcatggatgt
attctgatca
aggagctcct
cagatgaaga
acctgaaggc
ttgacattcc
agtaccttca
ggaagattca
aagagacaag
cctgggagga
gactgaaatg
agtccctaga
agtaagacac

tagagattct

DNA
Homo sapiens

cataaagaaa
gaggctgagg
attaaaaaaa
tgaggctaga
ccccatctea
gcagcccaac
atgagagact
agtagctaat
gagcagccgc
aaggcactga
atcccceccaga

ctacttttta

ggagacaata
catggccaaa
ctgcactcgg
gaaggctcga
gggatatggt
atctgagaag
taaagacagg
ggattacaca
ggctgaattt
cagtgctctg
gttggcctet
tggcaggatc
gtcacttgat
tgagaggaac

cggagaacag

ggagttggag
caggagggtt
aaaaaaaaag
agatcctttyg
aaaaaaaaaa
aaacaaggga
ggtgggtctg
actcacatgt
cccaggatcc
tetgecttat
gaccccattt

aaaaaaaaaa

ctggagcagc
gagatgctca
gccacgcaag
gagaatccaa
cgttacctcg
ctggattata
aggaatgcag
gatagagtga
gagaagaaat
acgcaggctg
ctgggtttgg
ccagaagagdc
acctctttgt
aaagacattg

cgacatctca

ctgggtgcag
gcttgagact
gcatggtggc
aacctaggag
aaagcggggyg
actaggaccg
tctacctgtt
tcteccaatcce
aaatgtggtyg
aagcacagtc
gcctctcecaac

ata

agcagtgcta
ctaaaaagtc
atatctatgt
gtgaagaggc
atctccatga
tcacatacct
agcataagag
agcctcectceca
gggagaatgg
gagcccatcet
acagattgaa
gagcccagag
ttgccaaaaa
cttttctaga

ctcatgaaaa

10

tggcttgtgce
agcctaggta
acgcactgta
tttgagacca
gggggagttyg
acagtgactt
tcttctacaa
caggtagcca
tctgaaatgg
atctgaaagt

actcagacct

tcatgaggag
catgctctgg
ggcaatgtca
acaaaactcg
ctgttgcctce
gtccatctta
atacctagag
agatcagaat
gatctttcct
tgacctctct
atcecgetcete
actattcagc
tcccaagtca
agcccaaatc

tgtacaacgc

PCT/US2003/024554
ctgtagtcce 2100
acatagtgag 2160
gtcccagcta 2220
gcctgggega 2280
ggctgtgttg 2340
caccagcttg 2400
gatccctatt 2460
tggtagagtt 2520
aaagaactaa 2580
caggcctget 2640
tcaactgttt 2700

2733
aaggaatggce 60
gaccagatca 120
gtggaatttyg 180
gtggagttca 240
aagtacatta 300
gaccaattat 360
atgctgcecttg 420
gaactttctg 480
ggatggcecga 540
gcattctecct 600
ttagctttag 660
accaaaggdaa 720
aagggcacca 780
tatgaatacg 840
gagcaagcaa 900
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ggacaggaga

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

le
6603
DNA

<400> 16

tgcttgcact
agtttcccecga
cgaataaccc
tgaatcagaa
ctgcgatgtg
atttttttga
caaatgagta
aaagaatgtg
ttgaaaaaaa
ggctteccectg
ccaaatttct
catctgcttce
ctcgetctgt
ctcecttggtt
cgccaccaca
ccaggatggt
ggattacagg
ggtgattcaé
ctggaggatg
caaaagtacc
ggcaaggagyg
gaagaagggc
gatgaggagt
cctaagtggc
atcttcggtg
ctggaggaag

aagaagacca

aga

Homo sapiens

cattttctecc
ggtctccceccea
cgtcttgggt
actcagggga
cactcaagtc
atgctttaat
aagaatttct
catgggcagy
attgatgttg
agcttcctgg
gcttcatcat
cttcacccta
tatccaggct
catgccatte
ccecggataat
ctcgatctce
catgagccac
aagatgatgt
atgattttga
ggcgtgtcaa
aacatgaaaa
aggaggccat
cagatattga
ggaaaaagct
tggactttga
agtatgagta

ccaagaagcg

actgccaccce
gccatgcaga
atttcttecat
tgaggcccat
tgagaactac
gaaccttatc
gcaaagtcac
tagaccatca
cttgatctga
gctaaggtag
cacagtgctc
agcttttttt
ggagtgcagt
tectgecctea
tttttgtatt
tgacctagtg
tgcgectgge
tggccacaag
cctcattgag
aaaaatgtca
agaagctatt
ggaggcccee
cgacttcatt
tcctggatac
ctatgatgaa
tgaggatgat

tgtgagcegt

tgtgaagagt
actatgagtc
agcagcatag
caatctgtgt
accagtaagt
tattttcctt
ttagggttca
gtaggttaga
tctcagctte
aagctcctgt
atcatactgc
tttttttttt
ggctccatct
gcectectgag
tttagtagag
atcecteeege
caccctaagc
aagagaaaac
gagaatttgg
gatgacgagg
gcggaagaaa
atggctecte
gtggatgatg
acagacgcgg
tttgagaaat
gaggctgagg
aggagcatct

11

tgccttecge
aatcaaatcc
gaatggacca
ttcaacaaga
gataataaat
gcaatgcecct
gcagaatccc
actcaagtcce
cagggcacct
cacattttcc
aaaaggtcta
tttttttttt
ccgetcactg
tagctgggac
acggggttte
ctcagactcc
ttagtgaggy
gcacctcttt
gtgtcaaagt
acgatgacga
tcttceccagga
cagaggagga
atggacagcc
ccctgecaaga
acaatgagta
gtgaaatccg

ttgaaatgta

PCT/US2003/024554
913

catgattgta 60
cctttcteca 120
acacacttcc 180
cttccaggga 240
atgacaacat 300
gggcttecte 360
aggtgtggcece 420
catgatggcet 480
cttcagggaa 540
cagaagcatt 600
tctgtttaat 660
gagacggagt 720
caagcteccge 780
tacagccacc 840
accctgttag 900
caaagtgttg 960
cagagactct 1020
tgatgaccgce 1080
caaaagagga 1140
ggaggaatat 1200
tggggaaggg 1260
ggaagaagat 1320
tctgaaaaaa 1380
agcccaggaa 1440
tgatgaagaa 1500
agtgcgcccece 1560
tgagcccagt 1620
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gagctagaaa
gagaggttcc
gaagctgact
tgtgattacc
attcagaaga
attgeccttcet
gtctggcagt
ctgtttgaga
cttgctgatg
tcaatggatg
cctaagatgce
ggagatgaag
aagcaagcct
gccaaaaagt
cggcacgaga
agccagttcc
attgceccgtg
ttaaatataa
tccttecaagt
atatgcctgg
gtggaaggct
gatgagttca
gctttacagce
gaagccaagg
gcaccctacc
gggaagggca
tgcgcecctgg
aaacggcgaa
ctaaagaaat
gacgcccaga

cagctgtecat

gcagccacct
agctccgetc
ggatctacag
tagaccgagg
tcaaagaggc
atcgaaagga
gggatgaaaa
agatgcaggc
gcatccgggce
agctgaaaga
agaacgccgce
aaggtgaagg
ctcgeccgaga
ttgggcttac
cagagcagtt
ctactccaga
agccccttgt
cccccaccaa
atttaaagaa
ctgaagacga
atggcaacga
gccaccaggt
agttcctcta
aatatgtcat
gaccagatca
ttcgagtcct
tcaatggtga
ctgcatggag
ttctectgaa
tgttgattga

ctattggggt

cacagatcag
catcccagtce
gaatgctttt
gcagccagcc
cctgggette
gtatgtggag
gtggacccag
ttatcagtat
tctggacacc
tgtctacaac
caaagctagc
tgacgaggca
catgtacacc
tcccgageag
tcecegeggag
agctgtgcta
ccggcaggtyg
gaaaggtaga
caagcctgtt
agggctcctc
ccagacatat
gcaggagtgg
tgtgcagatg
aaaggcctgt
gcaggtggaa
cggcattget
aggagaagtg
agaggaagad
taagaagcct
agatgtgaag

agagctggtt

gacaatgaaa
aagggggcty
gccacaccaa
agcagcttca
atgcgaaatc
cctgagttge
ctgcggatce
gaacagatct
actgacatgg
cattttettce
cgcaagaagc
gaagatgagg
atctgccaga
tttggggaga
cccttggage
gaaggcgecce
ctgaggcaaa
aaggatgtgg
aaggaactga
accactgaca
tttgaggaga
aaccggcagc
gccaaagaac
agtcgaaagc
gaagatgacg
ttctecctetyg
acagacttcc
cgggaaaaga
catgtagtga
cgcattgtac
gacaacgagt

12

tccgagccac
aagatgatga
ccatttctcect
gtcggaaagg
agcattttga
acatcaatga
gtaaagagaa
ctgctgaccce
agaggctcaa
tttattatgg
tgaagcgtgt
agcagagggyg
gtgctgggct
acctgcggga
tggccaagga
gctacatggt
cctteccaaga
atgaggccca
gagatgacca
tcagcataga
taaaacagtt
gcaccatggce
tcaagaacaa
tctacaattyg
actttatgga
ccagagatca
ttcgactgcece
aggctcaaga
cagttgcagg
atgagctgga

tggccattct

PCT/US2003/024554
tgacctgect 1680
actagaagaa 1740
ccaggaaagc 1800
gcccagecaca 1860
ggtgcctttt 1920
cctatggaga 1980
cctaacacgg 2040
tgacaaacct 2100
ggatgtccaa 2160
ccgagacatc 2220
cagggaagag 2280
gcctgagete 2340
agatggtctg 2400
tagctaccag 2460
ttacgtttgce 2520
agccctgcag 2580
gagagccaag 2640
ctatgcctat 2700
gtttctcaag 2760
tttgaaggga 2820
ttactaccga 2880
catcgaacgg 2940
gctgctgget 3000
gttgagagtg 3060
cgagaaccaa 3120
cectgtgtte 3180
ccattttacc 3240
cattgaaacg 3300
agagaacagg 3360
ccagggecag 3420
ctétatgaac 3480
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agcaagaagt
ctggcecgge
gacatcctgt
aacgccttgt
gccattgece
aaagggaccc
cagctggtca
aagatcgaca
tceegtgtec
tacgatgaat
ccagagcgac
tatggtgaca
gacctccgga
gaaacaccag
cacaggcgtc
tggcagtgcecc
tttgacagcyg
gtcaccgget
cgagtgaagg
agtgcagacc
cccaaagaca
atgaagcgga
cataatatca
attatccgac
ggcatctacc
gccactctgt
gtccagcceca
agcggtgggy
accttcatcc
taccagcccc

taccggggcc

cagaggcaga
gcatccagga
gtctcaagtt
actgtgaatt
acccttacag
acctcctgaa
ccatgtgcceca
cggcctecect
accctgagac
cagccgagga
tgaaagacct
aacacatcac
cagcctaccg
agaccttcta
cccagggtga
ccttetgtcea
gttcgtgecce
tcatccccac
tgggaatgac
tgacctgeceg
cctactatga
agcagcagcg
atttcaagca
caagcagcaa
agcatgtgga
ggatcaacag
tggcatccectt
accgcaagaa
cttatttcat
ggggtaaacc

agatcttccece

gttccgggat
ccctectgatt
tcaccccttg
tatcaaccga
ccaggccttg
gatcctgaag
catgggtccc
gggggacagc
ttatgagtgg
tgccaatcct
ggaccttgat
actctatgac
ctctccecaac
cattggaaag
gagctatgac
gcaggacaat
aggccaggcc
caaattcctc
tgttcactge
cacctcagac
ctttgatget
gaccacatac
agcagaaaag
gggcgagaac
tgtgcgggag
tgaggaattc
tgccegggac
attagaggag
ctgtgectge
caggatagaa

aaccgtgaat

tatcctccag
gaatttgccce
caggagcatg
gtcaatgagg
atccagtatg
cagaacaaca
aaagtcttca
actgactcat
gctaggaaga
gcaggagccc
gcctttgecag
atccgggcag
acagaggaga
ctcatcatct
caggcgatcce
ttccectgaac
atcggtgtca
agtgacaaag
cgcatcatga
ctcatggaca
gaagctgcag
atcaagagag
atgatggaga
cacctgacag
gagggcaagyg
gaagatttgg
cttctgaatc
ctgctcatca
aaggaactgc
tatgtaacgg
ggactgttta

13

tgctgagaca
aggtgtgcag
tggtgaaaga
tcggggtcga
tttgtggect
cceggetcecga
tgaattgtgce
atattgaagt
tggcagtgga
ttgaagaaat
aagagctgga
agctgagcetg
tcttcaatat
gcaatgtcac
gcaatgatga
taagcgaggt
aaacacggct
tggtaaagcyg
agattgacat
ggaacaatga
accacaagca
tgatcgcaca
ccatggacca
tgacctggaa
aaaatgccectt
atgagattgt
acaagtatta
aaactaagaa
ccggcaagtt
tgactccaga

gatggtttaa

PCT/US2003/024554
ggcecgtetece 3540
ttccgatgaa 3600
ggagctgctce 3660
tgtcaaccgt 3720
gggacctcgg 3780
gagccggacce 3840
tggcttecte 3900
ccttgatggt 3960
tgccctggaa 4020
cttggaaaac 4080
gaggcagggc 4140
tcgatataag 4200
gttaaccaaa 4260
tggcattgee 4320
gacagggctg 4380
gtggaaccac 4440
agacaatggt 4500
gccagaagaa 4560
tgagaagttc 4620
gtggaagectg 4680
ggaggaggac 4740
cccatcctte 4800
gggtgatgtg 4860
agtcagtgat 4920
cagcctggga 4980
tgctcgetat 5040
tcaggactgce 5100
ggagaagccc 5160
cctactggga 5220
gggattccgg 5280
ggatcactac 5340
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caggatcctg
atcaatgcta
cctcagaaca
aaccctaatg
ggcggcagcea
ctaatgaccc
caccagctcce
agctecccgge
aaaatggcgg
ctgacacctc
gatgccaccc
tacctctgag
tgtccataaa
ggctggatgg
gaccctcacc
aagaggaagg
acttctgecc
ccectagete
gggaaagtat
ggacacaggyg
ccgectteetyg
aaa

<210>
<211>

<212>
<213>

17
177
PRT

<400> 17

taccaggcat
ccecagecaa
tgacttcaca
ccaccccagce
gtgcttacca
ctagctacte
aggccagcac
aacggcagca
agcagtggct
ggccctccecce
cactcctgga
gctgggaaag
gtggcgtgaa
ccttgtgaac
gaccacctgt
tgagaatgag
tcaccggact
tegtggggag
ttctgaccecct
aagcactgcce

cctgtcattt

Homo sapiens

cacccctage
catcaacctt
gatgttcagt
ccagtgggcce
cgtattccca
ctacacgacc
caccccacag
gcagccaaag
gcaggaaaag
cagccccatg
cgagatggat
gectggetge
gtgagacgtt
ttgagctcag
cctgggacca
tagaacagtt
ctgggctgtg
agggatgcta
gatgccaaca
cagccccetge

gaataaacag

agcagcagca
gcagatctga
gccattgetg
tccageccagt
acgccagecce
ccaagccage
tcggcccagg
tccaacagcec
gaggcagaac
atcgaaagca
cggtaggggg
ccactgceccetce
ctctttggtg
tgtatgctag
ggctgggagg
ttgtattcta
actggggcac
tttattcagt
gcegggtgge
ctggctgeccece

tgtttctatt

ggacccggac
cacgggctgt
cggtgacagg
acgggtatgyg
agcagccagt
ccatcaccac
cccageccca
atgcagccat
ggcggaaaca
cceccatgte
cctgctecete
cctecectgece
gtcaacccgy
gcaacaattc
ggagtgtggc
ctccctacaa
caaactcagc
ttggggcagg
tgtccaagca
tttccececect

gaaaaaaaaa

PCT/US2003/024554
acctgcectcet 5400
gaatgccctg 5460
ccaaggacag 5520
cggcagtgga 5580
ggccacacca 5640
ccctcagtac 5700
gcectcettee 5760
cgactgggga 5820
gaagcagcgg 5880
cattgctggce 5940
ggactctggt 6000
cctecetttta 6060
atgggtgaca 6120
tccegetceea 6180
agggaggagg — 6240
gccattttga 6300
acatgagtct 6360
agggagagga 6420
ggattgcagg 6480
gctgctgeca 6540
aaaaaaaaaa 6600

6603

Met Lys Leu Asn Ser Ser Phe Leu Ala Ile Gly Cys Gln Lys Leu Ile

1

5

10

15

Lys Val Glu Asp Glu Arg Lys Leu Arg Thr Phe Tyr Glu Lys His Met

20

25

30

Ala Thr Glu Ile Ala Ala Tyr Ala Leu Gly Glu Glu Trp Lys Gly Tyr

14
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35 40 45

val Val Arg Ile Ser Gly Gly Asn Asn Lys Gln Gly Phe Leu Phe val
50 55 60

Gly Gly Asn Asn Lys Gln Glu Asp Asp Val Cys Gln Tyr Val Val Arg
65 70 75 80

Lys Pro Leu Asn Lys Glu Gly Lys Lys Pro Arg Thr Lys Ala Pro Lys
85 90 95

Tle Gln His Leu Val Thr Pro Arg Val Leu Gln His Lys Gln Gln Pro
100 105 110

Tle Ala Leu Lys Lys Gln Cys Thr Lys Lys Asn Arg Glu Glu Ala Ala
115 120 125

Glu Tyr Ala Lys Leu Ser Ala Lys Arg Met Lys Glu Ala Lys Glu Lys
130 135 140

Arg Lys Glu Gln Val Val Lys Arg Arg Arg Leu Ser Ser Leu Arg Ala
145 150 155 160

Ser Ala Ser Lys Ser Glu Ser Ser Gln Glu Lys Asp Phe Leu Ser Asn
165 170 175

Lys

<210> 18

<211> 299

<212> PRT

<213> Homo sapiens

I
<400> 18

Met Lys Glu Phe Phe Ile Phe Asn Ser Ile Lys Leu His Gln Gln Phe
1 5 10 15

Glu Met Tyr Lys Glu Gln Val Lys Lys Met Gly Glu Glu Ser Gln Gln
20 25 30

Gln Gln Glu Gln Lys Gly Asp Ala Pro Thr Cys Gly Ile Cys His Lys
35 40 45

Thr Lys Phe Ala Asp Gly Cys Gly His Asn Cys Ser Tyr Cys Gln Thr
50 55 60

15
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Lys Phe Cys Ala Arg Cys Gly Gly Arg Val Ser Leu Arg Ser Asn Lys
65 70 75 80

Val Met Trp Val Cys Asn Leu Cys Arg Lys Gln Gln Glu Ile Leu Thr
85 90 95

Lys Ser Gly Ala Trp Phe Tyr Asn Ser Gly Ser Asn Thr Pro Gln Gln
100 105 110

Pro Asp Gln Lys Val Leu Arg Gly Leu Arg Asn Glu Glu Ala Pro Gln
115 120 125

@Glu Lys Lys Pro Lys Leu His Glu Gln Thr Gln Phe Gln Gly Pro Ser
130 135 140

Ala Thr Gly Cys Gln Lys Leu Ile Glu val Asp Asp Lys Arg Lys Leu
145 150 155 160

Cys Thr Phe Tyr Glu Lys His Met Ala Thr Glu Val Ala Ala Asp Ala
165 170 175

Leu Val Glu Glu Trp Lys Gly Tyr Val Val Leu Ile Ser Gly Gly Asn
180 185 190

Asp Lys Gln Trp Phe Pro Met Lys Arg Gly val Leu Ile His Gly Arg
195 200 205

vVal Arg Leu Leu Met Arg Asp Lys Asn Tle Pro Gly Leu Thr Asp Thr
210 215 220

Thr Met Pro His His Leu Gly Pro Lys Arg Ala Ser Arg Ile His Lys
225 230 235 240

Leu Phe Asn Leu Ser Lys Glu Asp Asp Val His Gln Tyr Val Val Arg
245 250 255

Lys Pro Leu Asn Lys Glu Gly Lys Lys Pro Arg Thr Lys Ala Pro Lys
260 265 270

Ile Gln Arg Leu Ile Thr Pro Cys val Leu Gln His Lys Trp Cys His
275 280 285

Ile Ala Leu Glu Lys Gln His Thr Lys Lys Asn

290 295
<210> 19
<211> 248

16
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<212> PRT
<213> Homo sapiens

<400> 19
Met Lys Leu Asn Ile Phe Leu Ala Thr Ala Cys Gln Lys Leu Ile Glu

1 5 10 15

Val Asp Asn Glu His Lys Leu His Thr Phe Tyr Glu Lys Cys Met Ala
20 25 30

Thr Glu Val Ala Ala Asp Ala Leu Gly Lys Glu Trp Lys Gly Tyr Val
35 40 45

Gly Val Leu Thr His Gly His Val His Leu Leu Leu Asn Lys Arg His
50 55 60

Ala Cys Tyr Arg Pro Arg Arg Thr Gly Lys Arg Lys Gln Lys Ser Ala
65 70 75 80

Arg Gly Cys Ile Val Asp Ala Asn Leu Ser Ile Leu Asn Leu val Ile
85 90 95

Val Lys Lys Gly Glu Lys Asp Ile Pro Gly Leu Thr Asp Thr Met val
100 105 110

Pro Cys His Leu Gly Pro Lys Arg Ala Ser Arg Ile Cys Lys Leu Phe
115 120 125

Ser Leu Ser Glu Asp Asp Asp Val His Gln Cys Val Val Arg Lys Ala
130 135 140

Leu Asn Lys Glu Gly Lys Lys Pro Arg Thr Lys Ala Pro Thr Thr Lys
145 150 155 160

Tyr Leu Val Thr Pro His Val Leu Gln His Glu Trp Trp His Ile Ala
165 170 175

Leu Lys Lys Gln Arg Ile Lys Glu Asn Lys Glu Val Ala Ala Glu Tyr
180 185 190

Ala Lys Leu Leu Ala Lys Arg Met Lys Glu Ala Lys Glu Lys His Gln
195 200 205

Glu Gln Ile Ala Lys Arg Arg Arg Leu Ser Ser Leu Cys Leu Trp Val
210 215 220

Lys Asn Asn Leu Cys Leu Glu Gln Arg His Leu Ile Ala Thr Gly Ala

17
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225 230 235 240

Asn Phe Cys Ile Thr val Trp Thr
245

<210> 20
<211> 240
<212> PRT

<213> Homo sapiens

<400> 20

Met Lys Leu Asn Ile Ser Phe Pro Val Thr Gly Cys Gln Lys Leu Ile
1 5 10 15

Glu Val Asp Asp Glu Cys Lys Leu Arg Thr Phe Tyr Glu Lys Leu Met
20 25 30

Ala Thr Glu Val Ala Ala Asp Thr Leu Gly Glu Glu Trp Lys Gly Tyr
35 40 45

val Val Arg Ile Ser Gly Gly Asn Asn Lys Gln Gly Phe Pro Met Lys
50 55 60

@ln Gly Val Leu Thr His Gly Arg val His Leu Leu Leu Ser Lys Gly
65 70 75 80

His Ser Cys Tyr Arg Pro Arg Arg Thr Gly Glu Arg Lys Arg Lys Ser
85 90 95

val Arg Gly Cys Ile Val Asp Ala Asn Leu Ser Ile Leu Asn Leu Ile
100 105 110

Ile Val Lys Lys Lys Lys Lys Val Lys Lys Asp Ile Pro Gly Leu Thr
115 120 125

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

Cys Lys Leu Ser Asn Leu Ser Glu Glu Asp Asp Val Arg Gln Tyr val
145 150 155 160

Val Arg Lys Pro Ser Asn Lys Gly Gly Lys Lys Pro Arg Thr Lys Ala
165 170 175

Pro Lys Ile Gln His Leu Val Thr Pro His Phe Leu Gln His Lys Gly
180 185 190

18
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Gln His Ile Ala Leu Lys Lys Pro Cys Thr Lys Lys Asn Lys Glu Glu
195 200 205

Ala Ala Glu Tyr Ala Lys Leu Leu Gly Lys Gly Met Lys Glu Ala Lys
210 215 220

Glu Lys Arg Gln Glu Gln Ile Ala Lys Arg His Arg Leu Ser Sexr Leu

225 230 235 240
<210> 21

<211> 249

<212> PRT

<213> Homo sapiens
<400> 21
Met Lys Leu Asn Ile Ser Phe Pro Ala Thr Gly Cys Gln Lys Leu Ile

1 5 10 15

Glu Val Asp Asp Glu Arg Lys Leu Arg Thr Phe Tyr Glu Lys Arg Met
20 25 30

Ala Thr Glu Val Ala Ala Asp Ala Leu Gly Glu Glu Trp Lys Gly Tyr
35 40 45

Val Val Arg Ile Ser Gly Gly Asn Asp Lys Gln Gly Phe Pro Met Lys
50 55 60

Gln Gly Val Leu Thr His Gly Arg Val Arg Leu Leu Leu Ser Lys Gly
65 70 75 80

His Ser Cys Tyr Arg Pro Arg Arg Thr Gly Glu Arg Lys Arg Lys Ser
85 90 95

Val Arg Gly Cys Ile Val Asp Ala Asn Leu Ser Val Leu Asn Leu Val
100 105 110

Ile Val Lys Lys Gly Glu Lys Asp Ile Pro Gly Leu Thr Asp Thr Thr
115 120 125

Val Pro Arg Arg Leu Gly Pro Lys Arg Ala Ser Arg Ile Arg Lys Leu
130 135 140

Phe Asn Leu Ser Lys Glu Asp Asp Val Arg Gln Tyr Val Val Arg Lys
145 150 155 160

Pro Leu Asn Lys Glu Gly Lys Lys Pro Arg Thr Arg Ala Pro Lys Ile
165 170 175

19



WO 2004/015072 PCT/US2003/024554

Gln Arg Leu Val Thr Pro Arg Val Leu Gln His Lys Arg Arg Arg Ile
180 185 190

Ala Leu Lys Lys Gln Arg Thr Lys LyS Asn Lys Glu Glu Ala Ala Glu
195 200 205

Tyr Ala Lys Leu Leu Ala Lys Arg Met Lys Glu Ala Lys Glu Lys Arg
210 215 220

Gln Glu Gln Ile Ala Lys Arg Arg Arg Leu Ser Ser Leu Arg Ala Ser
225 230 235 240

Thr Ser Lys Ser Glu Ser Ser Gln Lys
245

<210> 22
<211> 249
<212> PRT

<213> Homo sapiens

<400> 22

Met Lys Leu Asn Ile Ser Phe Pro Ala Thr Gly Cys Gln Lys Leu Ile
1 5 10 15

¢lu val Asp Asp Glu Arg Lys Leu Arg Thr Phe Tyr Glu Lys Arg Met
20 25 30

Ala Thr Glu Val Ala Ala Asp Ala Leu Gly Glu Glu Trp Lys Gly Tyr
35 40 45

val Val Arg Ile Ser Gly Gly Asn Asp Lys Gln Gly Phe Pro Met Lys
50 55 60

Gln Gly Val Leu Thr His Gly Arg Val Arg Leu Leu Leu Ser Lys Gly
65 70 75 80

His Ser Cys Tyr Arg Pro Arg Arg Thr Gly ¢lu Arg Lys Arg Lys Ser
85 90 95

val Arg Gly Cys Ile Val Asp Ala Asn Leu Ser Val Leu Asn Leu Val
100 105 110

Tle Val Lys Lys Gly Glu Lys Asp Ile Pro Gly Leu Thr Asp Thr Thr
115 120 125

val Pro Arg Arg Leu Gly Pro Lys Arg Ala Ser Arg Ile Arg Lys Leu
130 135 140

20
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Phe Asn Leu Ser Lys Glu Asp Asp Val Arg Gln Tyr Val Val Arg Lys
145 150 155 160

Pro Leu Asn Lys Glu Gly Lys Lys Pro Arg Thr Lys Ala Pro Lys Ile
165 170 175

Gln Arg Leu Val Thr Pro Arg Val Leu Gln His Lys Arg Arg Arg Ile
180 185 190

Ala Leu Lys Lys Gln Arg Thr Lys Lys Asn Lys Glu Glu Ala Ala Glu
195 200 205

Tyr Ala Lys Leu Leu Ala Lys Arg Met Lys Glu Ala Lys Glu Lys Arg
210 215 220

Gln Glu Gln Ile Ala Lys Arg Arg Arg Leu Ser Ser Leu Arg Ala Ser
225 230 235 240

Thr Ser Lys Ser Glu Ser Ser Gln Lys
245

<210> 23

<211> 100

<212> PRT

<213> Homo sapiens
<400> 23

Met Lys Leu Asn Ile Phe Pro Ala Ala Gly Cys Gln Lys Leu Ile Ala
1 5 10 15

Val Asp Asp Glu His Lys Leu Arg Ser Leu Tyr Glu Met Pro Val Ala
20 25 30

Thr Glu Val Ala Ala Asp Ala Leu Val Lys His Gly Arg Val Leu Trp
35 40 45

Ser Gly Ser Val Val Gly Thr Thr Asn Lys Pro Ser His Glu Ala Gly
50 55 60

Arg Ala Ser Arg Ile Arg Arg Leu Phe Asn Val Ser Lys Glu Asp Asp
65 70 75 80

val Phe Phe Arg Arg Arg Arg Arg Arg Leu Asn Val Glu Met Leu Lys
85 90 95

Cys Phe Lys Cys

21
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100
<210> 24
<211> 323
<212> PRT

<213> Homo sapiens

<400> 24

Met Ala Val Val Lys Thr Leu Asn Pro Lys Ala Glu Val Ala Arg Thr
1 5 10 15

Glu val Ala Leu Ala Val Asn Ile Ser Ile Met Gln Gly Leu Gln Asp
20 25 30

Val Leu Gly Thr Asn Leu Gly Pro Lys Gly Thr Met Asn Met Leu Val
35 40 45

Ser Gly Ala Gly Asp Ile Lys Leu Thr Lys Lys Met Ala Ile Ile Ile
50 55 60

Thr Glu Gly Phe Glu Ala Ala Lys Glu Lys Ala Leu Arg Phe Leu Glu
65 70 75 80

Glu vVal Lys Ile Arg Lys Glu Met Asp Arg Glu Thr Leu Ile Asn Val
85 20 95

Ala Arg Thr Ser Leu His Thr Lys Val His Ala Glu Leu Ala Asp Ala
100 105 110

Leu Thr Glu Ala Val Val Asp Ser Ile Leu Ala Ile Lys Arg Gln Asp
115 120 125

Glu Pro Ile Asp Leu Phe Met Val val Ile Met Glu Met Lys His Lys
130 135 140

Ser Glu Thr Asp Thr Ser Leu Ile Arg Gly Leu Val Leu Asp His Gly
145 150 155 160

Ala Trp His Pro Asp Met Lys Lys Arg Asp Gln Ile Ser Thr His Ser
165 170 175

Leu Ser Ser Lys Asp Ala Val Arg Asp Gly Leu Arg Ala Val Lys Asn
180 185 190

Pro Ile Asp Glu Gly Cys Val Phe Pro Gly Ala Gly Ala Val Glu Val
195 200 205

22
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Ala Met Ala Glu Ala Leu Ile Lys Tyr Lys Pro Ser Val Lys Gly Arg
210 215 220

Ala Gln Leu Gly Val Gln Ala Phe Ala Asp Val Leu Leu Ile Ile Pro
225 230 235 240

Lys Val Leu Asp Gln Asn Ser Gly Phe Asp Leu Gln Glu Thr Leu Val
245 250 255

Lys Ile Gln Ala Glu Cys Ser Glu Ser Gly Gln Leu Val Gly val Asp
260 265 270

Leu Asp Thr Gly Glu Pro Met Val Ala Ala Glu Val Gly Ile Trp Asp
275 280 285

Asn Tyr Cys Val Lys Lys Gln Leu Leu His Ser Cys Thr Val Ile Ala
290 295 300

Thr Asn Ile Leu Leu Val Asp Glu Ile Met Gln Ala Gly Met Phe Ser
305 310 315 . 320

Leu Lys Gly

<210> 25

<211> 389

<212> PRT

<213> Homo sapiens

<400> 25
Met Pro Leu Glu Asn Leu Glu Glu Glu Gly Leu Pro Lys Asn Pro Asp

1 5 10 15

Leu Arg Ile Ala Gln Leu Arg Phe Leu Leu Ser Leu Pro Glu His Arg
20 25 30

Gly Asp Ala Ala Val Arg Asp Glu Leu Met Ala Ala Val Arg Asp Asn
35 40 45

Asn Met Ala Pro Tyr Tyr Glu Ala Leu Cys Lys Ser Leu Asp Trp Gln
50 55 60

TIle Asp Val Asp Leu Leu Asn Lys Met Lys Lys Ala Asn Glu Asp Glu
65 70 75 80

Leu Lys Arg Leu Asp Glu Glu Leu Glu Asp Ala Glu Lys Asn Leu Gly
85 90 95

23
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@lu Ser Glu Ile Arg Asp Ala Met Met Ala Lys Ala Glu Tyr Leu Cys
100 105 110

Arg Ile Gly Asp Lys Glu Gly Ala Leu Thr Ala Phe Arg Lys Thr Tyr
115 120 125

Asp Lys Thr Val Ala Leu Gly His Arg Leu Asp Ile Val Phe Tyr Leu
130 135 140

Leu Arg Ile Gly Leu Phe Tyr Met Asp Asn Asp Leu Ile Thr Arg Asn
145 150 155 160

Thr Glu Lys Ala Lys Ser Leu Ile Glu Glu Gly Gly Asp Trp Asp Arg
165 170 175

Arg Asn Arg Leu Lys Val Tyr Gln Gly Leu Tyr Cys Val Ala Ile Arg
180 185 190

Asp Phe Lys Gln Ala Ala Glu Leu Phe Leu Asp Thr Val Ser Thr Phe
195 200 205

Thr Ser Tyr Glu Leu Met Asp Tyr Lys Thr Phe val Thr Tyr Thr Val
210 215 220

Tyr Val Ser Met Ile Ala Leu Glu Arg Pro Asp Leu Arg Glu Lys Val
225 230 235 240

Ile Lys Gly Ala Glu Ile Leu Glu Val Leu His Ser Leu Pro Ala Val
245 250 255

Arg Gln Tyr Leu Phe Ser Leu Tyr Glu Cys Arg Tyr Ser Val Phe Phe
260 265 270

Gln Ser Leu Ala Val Val Glu Gln Glu Met Lys Lys Asp Trp Leu Phe
275 280 285

Ala Pro His Tyr Arg Tyr Tyr Val Arg Glu Met Arg Ile His Ala Tyr
290 295 300

Ser Gln Leu Leu Glu Ser Tyr Arg Ser Leu Thr Leu Gly Tyr Met Ala
305 310 315 320

Glu Ala Phe Gly Val Gly Val Glu Phe Ile Asp Gln Glu Leu Ser Arg
325 330 335

Phe Ile Ala Ala Gly Arg Leu His Cys Lys Ile Asp Lys Val Asn Glu

24
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340 345 350

Tle Val Glu Thr Asn Arg Pro Asp Ser Lys Asn Trp Gln Tyr Gln Glu
355 360 365

Thr Ile Lys Lys Gly Asp Leu Leu Leu Asn Arg Val Gln Lys Leu Ser
370 375 380

Arg Val Ile Asn Met

385

<210> 26
<211> 264
<212> PRT

<213> Homo sapiens

<400> 26

Met Glu Ala Phe Leu Gly Ser Arg Ser Gly Leu Trp Ala Gly Gly Pro
1 5 10 15

Ala Pro Gly Gln Phe Tyr Arg Ile Pro Ser Thr Pro Asp Ser Phe Met
20 25 30

Asp Pro Ala Ser Ala Leu Tyr Arg Gly Pro Ile Thr Arg Thr Gln Asn
35 40 45

Pro Met Val Thr Gly Thr Ser Val Leu Gly Val Lys Phe Glu Gly Gly
50 55 60

val Val Ile Ala Ala Asp Met Leu Gly Ser Tyr Gly Ser Leu Ala Arg
65 70 75 80

Phe Arg Asn Ile Ser Arg Ile Met Arg Val Asn Asn Ser Thr Met Leu
85 90 95

Gly Ala Ser Gly Asp Tyr Ala Asp Phe Gln Tyr Leu Lys Gln Val Leu
100 105 110

Gly Gln Met Val Ile Asp Glu Glu Leu Leu Gly Asp Gly His Ser Tyr
115 120 125

Ser Pro Arg Ala Ile His Ser Trp Leu Thr Arg Ala Met Tyr Ser Arg
130 135 140

Arg Ser Lys Met Asn Pro Leu Trp Asn Thr Met Val Ile Gly Gly Tyr
145 150 155 160

25



WO 2004/015072 PCT/US2003/024554

Ala Asp Gly Glu Ser Phe Leu Gly Tyr Val Asp Met Leu Gly val Ala
165 170 175

Tyr Glu Ala Pro Ser Leu Ala Thr Gly Tyr Gly Ala Tyr Leu Ala Gln
180 185 190

Pro Leu Leu Arg Glu Val Leu Glu Lys Gln Pro Val Leu Ser Gln Thr
195 200 205

Glu Ala Arg Asp Leu Val Glu Arg Cys Met Arg vVal Leu Tyr Tyr Arg
210 215 220

Asp Ala Arg Ser Tyr Asn Arg Phe Gln Ile Ala Thr Val Thr Glu Lys
225 230 235 240

Gly Val Glu Ile Glu Gly Pro Leu Ser Thr Glu Thr Asn Trp Asp Ile
245 250 255

Ala His Met Ile Ser Gly Phe Glu
260

<210> 27

<211> 277

<212> PRT

<213> Homo sapiens

<400> 27
Met Ala Ala Val Ser Val Tyr Ala Pro Pro Val Gly Gly Phe Ser Phe
1 5 10 15

Agp Asn Cys Arg Arg Asn Ala val Leu Glu Ala Asp Phe Ala Lys Arg
20 25 30

Gly Tyr Lys Leu Pro Lys Val Arg Lys Thr Gly Thr Thr Ile Ala Gly
35 40 45

val Val Tyr Lys Asp Gly Ile Val Leu Gly Ala Asp Thr Arg Ala Thr
50 55 60

Glu Gly Met Val val Ala Asp Lys Asn Cys Ser Lys Ile His Phe Ile
65 70 75 80

Ser Pro Asn Ile Tyr Cys Cys Gly Ala Gly Thr Ala Ala Asp Thr Asp
85 90 95

Met Thr Thr Gln Leu Ile Ser Ser Asn Leu Glu Leu His Ser Leu Ser
100 105 110

26
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Thr Gly Arg Leu Pro Arg Val Val Thr Ala Asn Arg Met Leu Lys Gln
115 120 125

Met Leu Phe Arg Tyr Gln Gly Tyr Ile Gly Ala Ala Leu Val Leu Gly
130 135 140

Gly Vval Asp Val Thr Gly Pro His Leu Tyr Ser Ile Tyr Pro His Gly
145 150 155 160

Ser Thr Asp Lys Leu Pro Tyr Val Thr Met Gly Ser Gly Ser Leu Ala
165 170 175

Ala Met Ala Val Phe Glu Asp Lys Phe Arg Pro Asp Met Glu Glu Glu
180 185 190

Glu Ala Lys Asn Leu Val Ser Glu Ala Ile Ala Ala Gly Ile Phe Asn
195 200 205

Asp Leu Gly Ser Gly Ser Asn Ile Asp Leu Cys Val Ile Ser Lys Asn
210 215 220

Lys Leu Asp Phe Leu Arg Pro Tyr Thr Val Pro Asn Lys Lys Gly Thr
225 230 235 240

Arg Leu Gly Arg Tyr Arg Cys Glu Lys Gly Thr Thr Ala Val Leu Thr
245 250 255

Glu Lys Ile Thr Pro Leu Glu Ile Glu Val Leu Glu Glu Thr Val Gln
260 265 270

Thr Met Asp Thr Ser

275
<210> 28
<211> 273
<212> PRT

<213> Homo sapiens

<400> 28

Met Leu Lys Pro Ala Leu Glu Pro Arg Gly Gly Phe Ser Phe Glu Asn
1 5 10 15

Cys Gln Arg Asn Ala Ser Leu Glu Arg Val Leu Pro Gly Leu Lys Val
20 25 30

Pro His Ala Arg Lys Thr Gly Thr Thr Ile Ala Gly Leu Val Phe Gln
35 40 45

27
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Asp Gly Val Ile Leu Gly Ala Asp Thr Arg Ala Thr Asn Asp Ser Val

vVal Ala Asp Lys Ser Cys Glu Lys Ile Hig Phe Ile Ala Pro Lys Ile
65 70 75 80

Tyr Cys Cys Gly Ala Gly Val Ala Ala Asp Ala Glu Met Thr Thr Arg
85 90 95

Met Val Ala Ser Lys Met Glu Leu His Ala Leu Ser Thr Gly Arg Glu
100 105 110

Pro Arg Val Ala Thr Val Thr Arg Ile Leu Arg Gln Thr Leu Phe Arg
115 120 125

Tyr Gln Gly His Val Gly Ala Ser Leu Ile Val Gly Gly Val Asp Leu
130 135 140

Thr Gly Pro Gln Leu Tyr Gly Val His Pro His Gly Ser Tyr Ser Arg
145 150 155 160

Leu Pro Phe Thr Ala Leu Gly Ser Gly Gln Asp Ala Ala Leu Ala Val
165 170 175

Leu Glu Asp Arg Phe Gln Pro Asn Met Thr Leu Glu Ala Ala Gln Gly
180 185 190

Leu Leu Val Glu Ala Val Thr Ala Gly Ile Leu Gly Asp Leu Gly Ser
195 200 205

Gly Gly Asn Val Asp Ala Cys Val Ile Thr Lys Thr Gly Ala Lys Leu
210 215 220

Leu Arg Thr Leu Ser Ser Pro Thr Glu Pro Val Lys Arg Ser Gly Arg
225 230 235 240

Tyr His Phe Val Pro Gly Thr Thr Ala Val Leu Thr Gln Thr Val Lys
245 250 255

Pro Leu Thr Leu Glu Leu Val Glu Glu Thr vVal Gln Ala Met Glu Val
260 265 270

Glu
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<210> 29

<211> 318

<212> PRT

<213> Homo sapiens

<400> 29

Met Pro Asp Tyr Leu Gly Ala His Gln Arg Lys Thr Lys Asp Asp Glu

1 5 10 15

Lys Asp Asp Lys Pro Ile Gln Val Leu Asp Glu Ala Asp Ile Ala Leu
20 25 30

Leu Lys Thr Tyr Gly His Ser Thr Tyr Phe Arg Gln Ile Lys Gln Val
35 40 45

Glu Asp Gly Val Gln Gln Leu Leu Lys Lys Ile Asn Glu Leu Thr Gly
50 55 60

Ile Lys Glu Ser Asp Thr Gly Leu Ala Pro Pro Ala Leu Trp Asp Leu
65 70 75 80

Ala Ala Asp Lys Gln Thr Leu Gln Ser Lys Gln Pro Leu Gln Val Ala
85 90 95

Arg Cys Thr Lys Ile Ile Ser Ala Asp Ser Glu Asp Pro Lys Tyr Ile
100 105 110

Val Asn Val Lys Gln Phe Ala Lys Phe Val Met Asp Phe Ser Asp Gln
115 120 125

val Ala Pro Thr Asp Ile Glu Glu Gly Met Arg Val Gly Val Asp Arg
130 135 140

Asn Lys Tyr Gln Ile His Ile Pro Leu Pro Pro Lys Thr His Pro Thr
145 150 155 160

val Thr Met Met Gln Val Glu Glu Lys Pro Val Thr Tyr Ser Asp Val
165 170 175

Gly Asp Cys Lys Glu Gln Ile Glu Lys Leu Arg Glu Val val Glu Thr
180 185 190

Pro Leu Leu His Pro Glu Arg Phe Val Asn Leu Gly Ile Glu Pro Pro
195 200 205

Lys Gly Met Leu Leu Phe Asn Pro Pro Ser Thr Gly Arg His Ser Val
210 215 220
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Cys Gly Gln Leu Leu Ile Arg Leu Met Arg Ala Ser Phe Glu Leu Leu
225 230 235 240

Asp Leu Ser Cys Thr Glu Ile Ser Leu Met Arg Pro Gly Arg Leu Asp
245 250 255

Arg Lys Ile Glu Phe Ser Leu Pro Asp Leu Glu Gly Arg Thr Hig Ile
260 265 270

Phe Lys Ile His Ala His Ser Met Ser Val Glu Arg Tyr Ile Arg Phe
275 280 285

Glu Leu Leu Ala Arg Leu Cys Pro Asn Gly Thr Ala Ala Glu Ile Arg
290 295 300

Ser Val Cys Thr Glu Ala Gly Met Phe Ala Ile Arg Ala Arg
305 ’ 310 315

<210> 30

<211> 501

<212> PRT

<213> Homo sapiens

<400> 30
Met Glu Thr Ile Leu Glu Gln Gln Arg Arg Tyr His Glu Glu Lys Glu
1 5 10 15

Arg Leu Met Asp Val Met Ala Lys Glu Met Leu Thr Lys Lys Ser Thr
20 25 30

Leu Arg Asp Gln Ile Asn Ser Asp His Arg Thr Arg Ala Met Gln Asp
35 40 45

Arg Tyr Met Glu Val Ser Gly Asn Leu Arg Asp Leu Tyr Asp Asp Lys
50 55 60

Asp Gly Leu Arg Lys Glu Glu Leu Asn Ala Ile Ser Gly Pro Asn Glu
65 70 75 80

Phe Ala Glu Phe Tyr Asn Arg Leu Lys Gln Ile Lys Glu Phe His Arg
85 90 95

Lys His Pro Asn Glu Ile Cys Val Pro Met Ser Val Glu Phe Glu Glu
100 105 110

Leu Leu Lys Ala Arg Glu Asn Pro Ser Glu Glu Ala Gln Asn Leu Val
115 120 125
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Glu Phe Thr Asp Glu Glu Gly Tyr Gly Arg Tyr Leu Asp Leu His Asp
130 135 140

Cys Tyr Leu Lys Tyr Ile Asn Leu Lys Ala Ser Glu Lys Leu Asp Tyr
145 150 155 160

Tle Thr Tyr Leu Ser Ile Phe Asp Gln Leu Phe Asp Ile Pro Lys Glu
165 170 175

Arg Lys Asn Ala Glu Tyr Lys Arg Tyr Leu Glu Met Leu Leu Glu Tyr
180 185 190

Leu Gln Asp Tyr Thr Asp Arg Val Lys Pro Leu Gln Asp Gln Asn Glu
185 200 205

Leu Phe Gly Lys Ile Gln Ala Glu Phe Glu Lys Lys Trp Glu Asn Gly
210 215 220

Thr Phe Pro Gly Trp Pro Lys Glu Thr Ser Ser Ala Leu Thr His Ala
225 230 235 240

Gly Ala His Leu Asp Leu Ser Ala Phe Ser Ser Trp Glu Glu Leu Ala
245 250 255

Ser Leu Gly Leu Asp Arg Leu Lys Ser Ala Leu Leu Ala Leu Gly Leu
260 265 270

Lys Cys Gly Gly Thr Leu Glu Glu Arg Ala Gln Arg Leu Phe Ser Thr
275 280 285

Lys Gly Lys Ser Leu Glu Ser Leu Asp Thr Ser Leu Phe Ala Lys Asn
290 295 300

Pro Lys Ser Lys Gly Thr Lys Arg Asp Thr Glu Arg Asn Lys Asp Ile
305 310 315 320

Ala Phe Leu Glu Ala Gln Ile Tyr Glu Tyr val Glu Ile Leu Gly Glu
325 330 335

Gln Arg His Leu Thr His Glu Asn Val Gln Arg Lys Gln Ala Arg Thr
340 345 350

Gly Glu Glu Arg Glu Glu Glu Glu Glu Glu Gln Ile Ser Glu Ser Glu
355 360 365
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Ser Glu Asp Glu Glu Asn Glu Ile Ile Tyr Asn Pro Lys Asn Leu Pro
370 375 380

Leu Gly Trp Asp Gly Lys Pro Ile Pro Tyr Trp Leu Tyr Lys Leu His
385 390 395 400

Gly Leu Asn Ile Asn Tyr Asn Cys Glu Ile Cys Gly Asn Tyr Thr Tyr
405 410 415

Arg Gly Pro Lys Ala Phe Gln Arg His Phe Ala Glu Trp Arg His Ala
420 425 430

His Gly Met Arg Cys Leu Gly Ile Pro Asn Thr Ala His Phe Ala Asn
435 440 445

val Thr Gln Ile Glu Asp Ala Val Ser Leu Trp Ala Lys Leu Lys Leu
450 455 460 '

Gln Lys Ala Ser Glu Arg Trp Gln Pro Asp Thr Glu Glu Glu Tyr Glu
465 470 475 480

Asp Ser Ser Gly Asn Val Val Asn Lys Lys Thr Tyr Glu Asp Leu Lys
485 490 495

Arg Gln Gly Leu Leu

500
<210> 31
<211> 258
<212> PRT

<213> Homo sapiens
<400> 31

Met Glu Thr Ile Leu Glu Gln Gln Gln Cys Tyr His Glu Glu Lys Glu
1 5 10 15

Trp Leu Met Asp Val Met Ala Lys Glu Met Leu Thr Lys Lys Ser Met

TLeu Trp Asp Gln Ile Asn Ser Asp His Cys Thr Arg Ala Thr Gln Asp
35 40 45

Ile Tyr Val Ala Met Ser Val Glu Phe Glu Glu Leu Leu Lys Ala Arg
50 55 60

Glu Asn Pro Ser Glu Glu Ala Gln Asn Ser Val Glu Phe Thr Asp Glu
65 70 75 80
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Glu Gly Tyr Gly Arg Tyr Leu Asp Leu His Asp Cys Cys Leu Lys Tyr
85 90 95

Ile Asn Leu Lys Ala Ser Glu Lys Leu Asp Tyr Ile Thr Tyr Leu Ser
100 105 110

Ile Leu Asp Gln Leu Phe Asp Ile Pro Lys Asp Arg Arg Asn Ala Glu
115 120 125

His Lys Arg Tyr Leu Glu Met Leu Leu Glu Tyr Leu Gln Asp Tyr Thr
130 135 140

Asp Arg Val Lys Pro Leu Gln Asp Gln Asn Glu Leu Ser Gly Lys Ile
145 150 155 160

Gln Ala Glu Phe Glu Lys Lys Trp Glu Asn Gly Ile Phe Pro Gly Trp
165 170 175

Pro Lys Glu Thr Ser Ser Ala Leu Thr Gln Ala Gly Ala His Leu Asp
180 185 190

Leu Ser Ala Phe Ser Ser Trp Glu Glu Leu Ala Ser Leu Gly Leu Asp
195 200 205

Arg Leu Lys Ser Ala Leu Leu Ala Leu Gly Leu Lys Cys Gly Arg Ile
210 215 220

Pro Glu Glu Arg Ala Gln Arg Leu Phe Ser Thr Lys Gly Lys Ser Leu
225 230 235 240

Glu Ser Leu Asp Thr Ser Leu Phe Ala Lys Asn Pro Lys Ser Lys Gly
245 250 255

Thr Lys
<210> 32
<211> 1603
<212> PRT

<213> Homo sapiens

<400> 32

Met Ser Asp Asp Glu Asp Asp Asp Glu Glu Glu Tyr Gly Lys Glu Glu
1 5 10 15

His Glu Lys Glu Ala Ile Ala Glu Glu Ile Phe Gln Asp Gly Glu Gly

20 25 30
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Glu Glu Gly Gln Glu Ala Met Glu Ala Pro Met Ala Pro Pro Glu Glu
35 40 45

Glu Glu Glu Asp Asp Glu Glu Ser Asp Ile Asp Asp Phe Ile Val Asp
50 55 60

Asp Asp Gly Gln Pro Leu Lys Lys Pro Lys Trp Arg Lys Lys Leu Pro

Gly Tyr Thr Asp Ala Ala Leu Gln Glu Ala Gln Glu Ile Phe Gly Val
85 90 95

Asp Phe Asp Tyr Asp Glu Phe Glu Lys Tyr Asn Glu Tyr Asp Glu Glu
100 105 110

Leu Glu Glu Glu Tyr Glu Tyr Glu Asp Asp Glu Ala Glu Gly Glu Ile
115 120 125

Arg Val Arg Pro Lys Lys Thr Thr Lys Lys Arg Val Ser Arg Arg Ser
130 135 140

Ile Phe Glu Met Tyr Glu Pro Ser Glu Leu Glu Ser Ser His Leu Thr
145 150 155 160

Asp Gln Asp Asn Glu Ile Arg Ala Thr Asp Leu Pro Glu Arg Phe Gln
165 170 175

Leu Arg Ser Ile Pro Val Lys Gly Ala Glu Asp Asp Glu Leu Glu Glu
180 185 190

Glu Ala Asp Trp Ile Tyr Arg Asn Ala Phe Ala Thr Pro Thr Ile Ser
195 200 205

Leu Gln Glu Ser Cys Asp Tyr Leu Asp Arg Gly Gln Pro Ala Ser Ser
210 215 220

Phe Ser Arg Lys Gly Pro Ser Thr Ile Gln Lys Ile Lys Glu Ala Leu
225 230 235 240

Gly Phe Met Arg Asn Gln His Phe Glu Val Pro Phe Ile Ala Phe Tyr
245 250 255

Arg Lys Glu Tyr Val Glu Pro Glu Leu His Ile Asn Asp Leu Trp Arg
260 265 270
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Val Trp Gln Trp Asp Glu Lys Trp Thr Gln Leu Arg Ile Arg Lys Glu
275 280 285

Asn Leu Thr Arg Leu Phe Glu Lys Met Gln Ala Tyr Gln Tyr Glu Gln
290 295 300

Ile Ser Ala Asp Pro Asp Lys Pro Leu Ala Asp Gly Ile Arg Ala Leu
305 310 315 320

Asp Thr Thr Asp Met Glu Arg Leu Lys Asp Val Gln Ser Met Asp Glu
325 330 335

Leu Lys Asp Val Tyr Asn His Phe Leu Leu Tyr Tyr Gly Arg Asp Ile
340 345 350

Pro Lys Met Gln Asn Ala Ala Lys Ala Ser Arg Lys Lys Leu Lys Arg
355 360 365

vVal Arg Glu Glu Gly Asp Glu Glu Gly Glu Gly Asp Glu Ala Glu Asp
370 375 380

Glu Glu Gln Arg Gly Pro Glu Leu Lys Gln Ala Ser Arg Arg Asp Met
385 390 395 400

Tyr Thr Ile Cys Gln Ser Ala Gly Leu Asp Gly Leu Ala Lys Lys Phe
405 410 415

Gly Leu Thr Pro Glu Gln Phe Gly Glu Asn Leu Arg Asp Ser Tyr Gln
420 425 430

Arg His Glu Thr Glu Gln Phe Pro Ala Glu Pro Leu Glu Leu Ala Lys
435 440 445

Asp Tyr Val Cys Ser Gln Phe Pro Thr Pro Glu Ala Val Leu Glu Gly
450 455 460

Ala Arg Tyr Met Val Ala Leu Gln Ile Ala Arg Glu Pro Leu Val Arg
465 470 475 480

Gln Val Leu Arg Gln Thr Phe Gln Glu Arg Ala Lys Leu Asn Ile Thr
485 490 495

Pro Thr Lys Lys Gly Arg Lys Asp Val Asp Glu Ala His Tyr Ala Tyr
500 505 510

Ser Phe Lys Tyr Leu Lys Asn Lys Pro Val Lys Glu Leu Arg AsDp Asp
515 520 525
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Gln Phe Leu Lys Ile Cys Leu Ala Glu Asp Glu Gly Leu Leu Thr Thr
530 535 540

Asp Ile Ser Ile Asp Leu Lys Gly Val Glu Gly Tyr Gly Asn Asp Gln
545 550 555 560

Thr Tyr Phe Glu Glu Ile Lys Gln Phe Tyr Tyr Arg Asp Glu Phe Ser
565 570 575

His Gln Val Gln Glu Trp Asn Arg Gln Arg Thr Met Ala Ile Glu Arg
580 585 590

Ala Leu Gln Gln Phe Leu Tyr Val Gln Met Ala Lys Glu Leu Lys Asn
595 600 605

Lys Leu Leu Ala Glu Ala Lys Glu Tyr Val Ile Lys Ala Cys Ser Arg
610 615 620

Lys Leu Tyr Asn Trp Leu Arg Val Ala Pro Tyr Arg Pro Asp Gln Gln
625 630 635 640

Val Glu Glu Asp Asp Asp Phe Met Asp Glu Asn Gln Gly Lys Gly Ile
645 650 655

Arg Val Leu Gly Ile Ala Phe Ser Ser Ala Arg Asp His Pro Val Phe
660 665 670

Cys Ala Leu Val Asn Gly Glu Gly Glu Val Thr Asp Phe Leu Arg Leu
675 680 685

Pro His Phe Thr Lys Arg Arg Thr Ala Trxp Arg Glu Glu Glu Arg Glu
690 695 700

Lys Lys Ala Gln Asp Ile Glu Thr Leu Lys Lys Phe Leu Leu Asn Lys
705 710 715 720

Lys Pro His val val Thr Val Ala Gly Glu Asn Arg Asp Ala Gln Met
725 730 735

Leu Ile Glu Asp Val Lys Arg Ile Val His Glu Leu Asp Gln Gly Gln
740 745 750

Gln Leu Ser Ser Ile Gly Val Glu Leu Val Asp Asn Glu Leu Ala Ile
755 760 765 ’
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Leu Tyr Met Asn Ser Lys Lys Ser Glu Ala Glu Phe Arg Asp Tyr Pro
770 775 780

Pro Val Leu Arg Gln Ala Val Ser Leu Ala Arg Arg Ile Gln Asp Pro
785 790 795 800

Leu Ile Glu Phe Ala Gln Val Cys Ser Ser Asp Glu Asp Ile Leu Cys
805 810 815

Leu Lys Phe His Pro Leu Gln Glu His Val Val Lys Glu Glu Leu Leu
820 825 830

Asn Ala Leu Tyr Cys Glu Phe Ile Asn Arg Val Asn Glu Val Gly Val
835 840 845

Asp Val Asn Arg Ala Ile Ala His Pro Tyr Ser Gln Ala Leu Ile Gln
850 855 860

Tyr Val Cys Gly Leu Gly Pro Arg Lys Gly Thr His Leu Leu Lys Ile
865 870 875 880

Leu Lys Gln Asn Asn Thr Arg Leu Glu Ser Arg Thr Gln Leu Val Thr
885 890 895

Met Cys His Met Gly Pro Lys Val Phe Met Asn Cys Ala Gly Phe Leu
900 905 910

Lys Ile Asp Thr Ala Ser Leu Gly Asp Ser Thr Asp Ser Tyr Ile Glu
915 . 920 925

vVal Leu Asp Gly Ser Arg Val His Pro Glu Thr Tyr Glu Trp Ala Arg
930 935 940

Lys Met Ala val Asp Ala Leu Glu Tyr Asp Glu Ser Ala Glu Asp Ala
945 950 955 960

Asn Pro Ala Gly Ala Leu Glu Glu Ile Leu Glu Asn Pro Glu Arg Leu
965 970 975

Lys Asp Leu Asp Leu Asp Ala Phe Ala Glu Glu Leu Glu Arg Gln Gly
980 985 990

Tyr Gly Asp Lys His Ile Thr Leu Tyr Asp Ile Arg Ala Glu Leu Ser
995 1000 1005

Cys Arg Tyr Lys Asp Leu Arg Thr Ala Tyr Arg Ser Pro Asn Thr
1010 1015 1020
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Glu Glu TIle Phe Asn Met Leu Thr Lys Glu Thr Pro Glu Thr Phe
1025 1030 1035

Tyr Ile Gly Lys Leu Ile Ile Cys Asn Val Thr Gly Ile Ala His
1040 1045 1050

Arg Arg Pro Gln Gly Glu Ser Tyr Asp Gln Ala Ile Arg Asn Asp
1055 1060 1065

Glu Thr Gly Leu Trp Gln Cys Pro Phe Cys Gln Gln Asp Asn Phe
1070 1075 1080

Pro Glu Leu Ser Glu Val Trp Asn His Phe Asp Ser Gly Ser Cys
1085 1090 1095

Pro Gly Gln Ala TIle Gly Val Lys Thr Arg Leu Asp Asn Gly Val
1100 1105 1110

Thr Gly Phe Ile Pro Thr Lys Phe Leu Ser Asp Lys Val Val Lys
1115 1120 1125

Arg Pro Glu Glu Arg Val Lys Val Gly Met Thr Val His Cys Arg
1130 1135 1140

Ile Met Lys Ile Asp Ile Glu Lys Phe Ser Ala Asp Leu Thr Cys
1145 1150 1155

Arg Thr Ser Asp Leu Met Asp Arg Asn Asn Glu Trp Lys Leu Pro
1160 1165 1170

Lys Asp Thr Tyr Tyr Asp Phe Asp Ala Glu Ala Ala Asp His Lys
1175 1180 1185

Gln Glu Glu Asp Met Lys Arg Lys Gln Gln Arg Thr Thr Tyr Ile
1190 1195 1200

Lys Arg Val Ile Ala His Pro Ser Phe His Asn Ile Asn Phe Lys
1205 1210 1215

Gln Ala Glu Lys Met Met Glu Thr Met Asp Gln Gly Asp Val Ile
1220 1225 1230

Ile Arg Pro Ser Ser Lys Gly Glu Asn His Leu Thr Val Thr Trp
1235 1240 1245

38



WO 2004/015072 PCT/US2003/024554

Lys Val Ser Asp Gly Ile Tyr Gln His Val Asp Val Arg Glu Glu
1250 1255 1260

Gly Lys Glu Asn Ala Phe Ser Leu Gly Ala Thr Leu Trp Ile Asn
1265 1270 1275

Ser Glu Glu Phe Glu Asp Leu Asp Glu Ile Val Ala Arg Tyr Val
1280 1285 1290

Gln Pro Met Ala Ser Phe Ala Arg Asp Leu Leu Asn His Lys Tyr
1295 1300 1305

Tyr Gln Asp Cys Ser Gly Gly Asp Arg Lys Lys Leu Glu Glu Leu
1310 1315 1320

Leu Ile Lys Thr Lys Lys Glu Lys Pro Thr Phe Ile Pro Tyr Phe
1325 1330 1335

Ile Cys Ala Cys Lys Glu Leu Pro Gly Lys Phe Leu Leu Gly Tyr
1340 1345 1350

@ln Pro Arg Gly Lys Pro Arg Ile Glu Tyr Val Thr Val Thr Pro
1355 1360 1365

Glu Gly Phe Arg Tyr Arg Gly Gln Ile Phe Pro Thr Val Asn Gly
1370 1375 1380

Leu Phe Arg Trp Phe Lys Asp His Tyr Gln Asp Pro Val Pro Gly
1385 1390 1395

Ile Thr Pro Ser Ser Ser Ser Arg Thr Arg Thr Pro Ala Ser Ile
1400 1405 1410

Asn Ala Thr Pro Ala Asn Ile Asn Leu Ala Asp Leu Thr Arg Ala
1415 1420 1425

Val Asn Ala Leu Pro Gln Asn Met Thr Ser Gln Met Phe Ser Ala
1430 1435 1440

Ile Ala Ala val Thr Gly Gln Gly Gln Asn Pro Asn Ala Thr Pro
1445 1450 1455

Ala Gln Trp Ala Ser Ser Gln Tyr Gly Tyr Gly Gly Ser Gly Gly
1460 1465 1470

Gly Ser Ser Ala Tyr His Val Phe Pro Thr Pro Ala Gln Gln Pro
1475 1480 1485
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val Ala Thr Pro Leu Met Thr Pro Ser Tyr Ser Tyr Thr Thr Pro
1490 1495 1500

Ser Gln Pro Ile Thr Thr Pro Gln Tyr His Gln Leu Gln Ala Ser
1505 1510 1515

Thr Thr Pro Gln Ser Ala Gln Ala Gln Pro Gln Pro Ser Ser Ser
1520 1525 1530

Ser Arg Gln Arg Gln Gln Gln Pro Lys Ser Asn Ser His Ala Ala
1535 1540 1545

Ile Asp Trp Gly Lys Met Ala Glu Gln Trp Leu Gln Glu Lys Glu
1550 1555 1560

Ala Glu Arg Arg Lys Gln Lys Gln Arg Leu Thr Pro Arg Pro Ser
1565 1570 1575

Pro Ser Pro Met Ile Glu Ser Thr Pro Met Ser Ile Ala Gly Asp
1580 1585 1590

Ala Thr Pro Leu Leu Asp Glu Met Asp Arg
1595 1600
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