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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 application 60/470,675
filed 5/14/2003. The contents of the prior application 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 arfest 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).
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The ability to manipulate the genomes of model organisms such as Drosophila
provides a powerful means to analyze biochemical processes that, due to significant
evolutionary conservation, have direct relevance to more complex vertebrate organisms.
Due to a high level of gene and pathway conservation, the strong similarity of cellular
processes, and the functional conservation of genes between these model organisms and
mammals, identification of the involvement of novel genes in particular pathways and
their functions in such model organisms can directly contribute to the understanding of the
correlative pathways and methods of modulating them in mammals (see, for example,
Mechler BM et al., 1985 EMBO J 4:1551-1557; Gateff E. 1982 Adv. Cancer Res. 37: 33-
74; Watson KL., et al., 1994 J Cell Sci. 18: 19-33; Miklos GL, and Rubin GM. 1996 Cell
86:521-529; Wassarman DA, et al., 1995 Curr Opin Gen Dev 5: 44-50; and Booth DR.
1999 Cancer Metastasis Rev. 18: 261-284). For example, a genetic screen can be carried
out in an invertebrate model organism or cell having underexpression (e.g. knockout) or
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, and
identified their human orthologs, hereinafter referred to as Modifiers 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
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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
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 an 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 an 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 with the RB pathway.
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DETAILED DESCRIPTION OF THE INVENTION

The Rb 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 Drosophila
homolog of the human retinoblastoma (RB) gene. Modifiers of the Rbf pathway were
identified. 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 si gnaling pathway, such as
cancer. Table 1 (Example II) 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 enzymatic (e.g., c‘atalytic)
or 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), shown in Table 1 and in the appended sequence listing.

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, enzymatic 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 an 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. Protein domains can be identified using the PFAM program (Bateman
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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 an
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 speciés 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 foilows speciation, a single gene in one species, such as Drosophila,
may correspond to multiple genes (paralogs) in another, such as human. As used herein,
the term “orthologs” encompasses paralogs. As used herein, “percent (%) sequence
identity” with respect to a subject sequence, or a specified portion of a subject sequence, is
defined as the percentage of nucleotides or amino acids in the candidate derivative
sequence identical with the nucleotides or amino acids in the subject sequence (or
specified portion thereof), after aligning the sequences and introducing gaps, if necessary

to achieve the maximum percent sequence identity, as generated by the program WU-

5



10

15

20

25

30

WO 2004/104168 PCT/US2004/014964

BLAST-2.0a19 (Altschul et 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

hybridization can be controlled by temperature, ionic strength, pH, and the presence of
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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 SSC is
0.15 M NaCl, 0.015 M Na citrate; pH 7.0), 5X Denhardt's solution, 0.05% sodium
pyrophosphate and 100 pg/ml herring sperm DNA; hybridization for 18-20 hours at 65° C
in a solution containing 6X SSC, 1X Denhardt's solution, 100 ug/ml yeast tRNA and
0.05% sodium pyrophosphate; and washing of filters at 65° C for 1h in a solution
containing 0.1X SSC and 0.1% SDS (sodium dodecyl sulfate).

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

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

denatured sheared salmon sperm DNA; hybridization in the same buffer for 18 to 20

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

Isolation, Production, Expression, and Mis-expression of 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

genomic DNA sequences of interest by screening DNA libraries or by using polymerase
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chain reaction (PCR) are well known in the art. In general, the particular use for the
protein will dictate the particulars of expression, production, and purification methods.
For instance, production of proteins for use in screening for modulating agents may
require methods that preserve specific biological activities of these proteins, whereas
production of proteins for antibody generation may require structural integrity of particular
epitopes. Expression of proteins to be purified for screening or antibody production may
require the addition of specific tags (e.g., generation of fusion proteins). Overexpression
of 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, nd edition, Elsevier Science, New York, 1995; Doonan S (ed.)
Protein Purification Protocols, Humana Press, New J ersey, 1996; Coligan JE et al, Current
Protocols in Protein Science (eds.), 1999, John Wiley & Sons, New York). In particular
embodiments, recombinant 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, efc.); insect cell systems infected with virgs (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

to antibiotics, efc.). Alternatively, recombinant expression vectors can be identified by
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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 ez 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 blocking

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

heterologous nucleic acid sequence present as an extrachromosomal element in a portion
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of its cells, i.e. mosaic animals (see, for example, techniques described by Jakobovits,
1994, Curr. Biol. 4:761-763.) or stably integrated into its germ line DNA (i.e., in the
genomic sequence of most or all of its cells). Heterologous nucleic acid is introduced into
the germ line of such transgenic animals by genetic manipulation of, for example, embryos
or embryonic stem cells of the host animal.

Methods of making transgenic animals are well-known in the art (for transgenic
mice see Brinster et al., Proc. Nat. Acad. Sci. USA 82: 4438-4442 (1985), U.S. Pat. Nos.
4,736,866 and 4,870,009, both by Leder et al., U.S. Pat. No. 4,873,191 by Wagner et al.,
and Hogan, B., Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., (1986); for particle bombardment see U.S. Pat. No., 4,945,050,
by Sandford et al.; for transgenic Drosophila see Rubin and Spradling, Science (1982)
218:348-53 and U.S. Pat. No. 4,670,388; for transgenic insects see Berghammer A.J. et
al., A Universal Marker for Transgenic Insects (1999) Nature 402:370-371; for transgenic
Zebrafish see Lin S., Transgenic Zebrafish, Methods Mol Biol. (2000);136:375-3830); for
microinjection procedures for fish, amphibian eggs and birds see Houdebine and
Chourrout, Experientia (1991) 47:897-905; for transgenic rats see Hammer ez al., Cell
(1990) 63:1099-1112; and for culturing of embryonic stem (ES) cells and the subsequent
production of transgénic 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. ez 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., from a
human genomic clone) but more preferably is an ortholog of the human gene derived from
the transgenic host species. For example, a mouse MRB gene is used to construct a
homologous recombination vector suitable for altering an endogenous MRB gene in the

mouse genome. Detailed methodologies for homologous recombination in mice are
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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, e.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

genetically modified animal having altered MRB function and phenotypic changes are
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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 an 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
level, 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

the interaction of the MRB with a binding partner, substrate, or cofactor (e.g. by binding to
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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 ig pharmaceutical compositions, for example, as compositions that may
comprise other active ingredients, as in combination therapy, and/or suitable carriers or
excipients. Techniques for formulation and administration of the compounds may be
found in “Remington’s Pharmaceutical Sciences” Mack Publishing Co., Easton, PA, 19"

edition.

Small molecule modulators

Small molecules are often preferred to modulate function of proteins with
enzymatic function, and/or containing protein interaction domains. Chemical agents,
referred to in the art as "small molecule" compounds are typically organic, non-peptide
molecules, having a molecular weight up to 10,000, preferably up to 5,000, more
preferably up to 1,000, and most preferably up to 500 daltons. This class of modulators
includes chemically synthesized molecules, for instance, compounds from combinatorial
chemical libraries. Synthetic compounds may be rationally designed or identified based
on known or inferred properties of the 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) 151:1947-1948).

Small molecule modulators identified from screening assays, as described below,
can be used as lead compounds from which candidate clinical compounds may be |
designed, optimized, and synthesized. Such clinical compounds may have utility in
treating pathologies associated with the RB pathway. The activity of candidate small
molecule modulating agents may be improved several-fold through iterative secondary
functional validation, as further described below, structure determination, and candidate

modulator modification and testing. Additionally, candidate clinical compounds are
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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, e.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.

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.
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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.

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.
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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 productioﬁ 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
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
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emitting lanthanide metals, chemiluminescent moieties, bioluminescent moieties,
magnetic particles, and the like (U.S. Pat. Nos. 3,817,837, 3,850,752; 3,939,350,
3,996,345; 4,277,437; 4,275,149; and 4,366,241). Also, recombinant immunoglobulins
may be produced (U.S. Pat. No. 4,816,567). Antibodies to cytoplasmic polypeptides may
be delivered and reach their targets by conjugation with membrane-penetrating toxin
proteins (U.S. Pat. No. 6,086,900).

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

Nucleic Acid Modulators

Other preferred 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.

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
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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 W0O99/18193; 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 Deyv. 15, 188-200
(2001); WO0129058; W09932619; Elbashir SM, et al., 2001 Nature 411:494-498).

Nucleic acid modulators are commonly used as research reagents, diagnostics, and
therapeutics. For example, antisense oligonucleotides, which are able to inhibit gene
expression with exquisite specificity, are often used to elucidate the function of particular
genes (see, for example, U.S. Pat. No. 6,165,790). Nucleic acid modulators are also used,
for example, to distinguish between functions of various members of a biological pathway.

For example, antisense oligomers have been employed as therapeutic moieties in the
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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 an 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.

Primary Assays

The type of modulator tested generally determines the type of primary assay.
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Primary assays for small molecule modulators

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

Cell-based screening assays usually require systems for recombinant expression of
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 108 M™!, more preferably at least about 10° M
1, and immunogenicity (e.g. ability to elicit MRB specific antibody in a heterologous host
such as a mouse, rat, goat or rabbit). For enzymes and receptors, binding may be assayed
by, respectively, substrate and ligand processing.

The screening assay may measure a candidate agent’s ability to specifically bind to

or modulate activity of an MRB polypeptide, a fusion protein thereof, or to cells or
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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).

Peptidyl-prolyl isomerase (PPlase) proteins, which include cyclophilins, FK506
binding proteins and paravulins, catalyze the isomerization of cis-trans proline peptide
bonds in oligopeptides and are thought to be essential for protein folding during protein
synthesis in the cell. Spectrophotometric assays for PPlase activity can detect
isomerization of labeled peptide substrates, either by direct measurement of isomer-
specific absorbance, or by coupling isomerization to isomer-specific cleavage by
chymotrypsin (Scholz C et al., FEBS Lett (1997) 414:69-73; Janowski B et al., Anal
Biochem (1997) 252:299-307; Kullertz G et al., Clin Chem (1998) 44:502-8). Alternative
assays use the scintillation proximity or fluorescence polarization assay to screen for
ligands of specific PPlases (Graziani F et al., J Biolmol Screen (1999) 4:3-7; Dubowchik
GM et al., Bioorg Med Chem Lett (2000) 10:559-562). Assays for 3,2-trans-enoyl-CoA
isomerase activity have also been described (Binstock, J. F., and Schulz, H. (1981)
Methods Enzymol. 71:403-411; Geisbrecht BV et al (1999) J Biol Chem. 274:21797-

803). These assays use 3-cis-octenoyl-CoA as a substrate, and reaction progress is
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monitored spectrophotometrically using a coupled assay for the isomerization of 3-cis-
octenoyl-CoA to 2-trans-octenoyl-CoA.

Transcription factors control gene transcription. Electrophoretic mobility shift
assay (EMSA) or gel shift assay is one of the most powerful methods for studying protein-
DNA interactions. High throughput gel shift assays for transcription factors may involve
fluorescence (Cyano dye Cy5) labeled oligodeoxynucleotide duplexes as specific probes
and an automatic DNA sequencer for analysis (Ruscher K, et al., (2000) J Biotechnol
78:163-70). Alternatively high throughput methods involve colorimetric assays (Renard
P, et al. (2001) Nucleic Acids Res 29(4):E21), or homogeneous fluorescence assays for the
detection and quantification of sequence-specific DNA-binding proteins (Heyduk T, and

Heyduk E (2001) Nat Biotechnol 20:171-6.)

Apoptosis assays. Assays for apoptosis may be performed by terminal
deoxynucleotidyl transferase-mediated digoxigenin-11-dUTP nick end labeling (TUNEL)
assay. The TUNEL assay is used to measure nuclear DNA fragmentation characteristic of
apoptosis ( Lazebnik et al., 1994, Nature 371, 346), by following the incorporation of
fluorescein-dUTP (Yonehara et al., 1989, J. Exp. Med. 169, 1747). Apoptosis may further
be assayed by acridine orange staining of tissue culture cells (Lucas, R., et al., 1998, Blood
15:4730-41). Other cell-based apoptosis assays include the caspase-3/7 assay and the cell
death nucleosome ELISA assay. The caspase 3/7 assay is based on the activation of the
caspase cleavage activity as part of a cascade of events that occur during programmed cell
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
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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 et
al., 1986, Int. J. Cancer 38, 369; Campana et al., 1988, J. Immunol. Meth. 107, 79), or by
other means.

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

AQueous Non-Radioactive Cell Proliferation Assay (Cat.# G5421).
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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.

Involvement of a gene in the cell cycle may be assayed by flow cytometry (Gray
JW et al. (1986) Int J Radiat Biol Relat Stud Phys Chem Med 49:237-55). Cells
transfected with 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
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 or absence of angiogenesis enhancer or suppressors; and
tubule formation assays based on the formation of tubular structures by endothelial cells

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

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

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 Matrigel™ (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
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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, etc.

Cell Migration. An invasion/migration assay (also called a migration assay) tests
the ability of cells to overcome a physical barrier and to migrate towards pro-angiogenic
signals. Migration assays are known in the art (e.g., Paik JH et al., 2001, J Biol Chem
276:11830-11837). In a typical experimental set-up, cultured endothelial cells are seeded
onto a matrix-coated porous lamina, with pore sizes generally smaller than typical cell
size. The matrix generally simulates the environment of the extracellular matrix, as
described above. The lamina is typically a membrane, such as the transwell polycarbonate
membrane (Corning Costar Corporation, Cambridge, MA), and is generally part of an
upper chamber that is in fluid contact with a lower chamber containing pro-angiogenic
stimuli. Migration is generally assayed after an overnight incubation with stimuli, but
longer or shorter time frames may also be used. Migration is assessed as the number of
cells that crossed the lamina, and may be detected by staining cells with hemotoxylin
solution (VWR Scientific, South San Francisco, CA), or by any other method for
determining cell number. In another exemplary set up, cells are fluorescently labeled and
migration is detected using fluorescent readings, for instance using the Falcon HTS
FluoroBlok (Becton Dickinson). While some migration is observed in the absence of
stimulus, migration is greatly increased in response to pro-angiogenic factors. As
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.
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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 9001 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 p1 of 10-fold concentrated working dilution of the
test substances on top of the gel. Plates are incubated at 37°C for 24h. Dishes are fixed at
the end of the experimental incubation period by addition of paraformaldehyde. Sprouting
intensity of endothelial cells can be quantitated by an automated image analysis system to

determine the cumulative sprout length per spheroid.

Primary assays for antibody modulators

For antibody modulators, appropriate primary assays test is a binding assay that
tests the antibody's affinity to and specificity for the MRB protein. Methods for testing
antibody affinity and specificity are well known in the art (Harlow and Lane, 19838, 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,
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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) 26:112-125; Kallioniemi OP, Ann Med 2001,
33:142-147; Blohm DH and Guiseppi-Elie, A Curr Opin Biotechnol 2001, 12:41-47).
Protein expression may also be monitored. Proteins are most commonly detected with
specific antibodies or antisera directed against either the 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
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 cell lines known to have defective RB function (e.g.

SAOS-2 osteoblasts, BT549 breast cancer cells, and C33A cervical cancer cells, among
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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 R
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
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, NY) to support an intense vascular response. Mice with Matrigel® pellets
may be dosed via oral (PO), intraperitoneal (IP), or intravenous (IV) routes with the
candidate modulator. Mice are euthanized 5 - 12 days post-injection, and the Matrigel®
pellet is harvested for hemoglobin analysis (Sigma plasma hemoglobin kit). Hemoglobin
content of the gel is found to correlate the degree of neovascularization in the gel.

In another preferred embodiment, the effect of the candidate modulator on 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 105to 1 x 107 cells per mouse in a volume of 100 pL using a
27gauge needle. Mice are then ear tagged and tumors are measured twice weekly.

Candidate modulator treatment is initiated on the day the mean tumor weight reaches 100
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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
evaluation of the candidate modulator. Tumorogenicity and modulator efficacy may be
evaluated by assaying the quantity of viable cells present in the macrocapsule, which can
be determined by tests known in the art, for example, MTT dye conversion assay, neutral
red dye uptake, trypan blue staining, viable cell counts, the number of colonies formed in
soft agar, the capacity of the cells to recover and replicate in vitro, etc.

In another preferred embodiment, a tumorogenicity assay use a transgenic animal,
usually a mouse, carrying a dominant oncogene or tumor suppressor gene knockout under
the control of tissue specific regulatory sequences; these assays are generally referred to as
transgenic tumor assays. In a preferred application, tumor development in the transgenic
model is well characterized or is controlled. In an exemplary model, the "RIP1-Tag2"
transgene, comprising the SV40 large T-antigen oncogene under control of the insulin
gene regulatory regions is expressed in pancreatic beta cells and results in islet cell
carcinomas (Hanahan D, 1985, Nature 315:115-122; Parangi S et al, 1996, Proc Natl Acad
Sci USA 93: 2002-2007; Bergers G et al, 1999, Science 284:808-812). An "angiogenic
switch," occurs at approximately five weeks, as normally quiescent capillaries in a subset
of hyperproliferative islets become angiogenic. The RIP1-TAG2 mice die by age 14
weeks. Candidate modulators may be administered at a variety of stages, including just

prior to the angiogenic switch (e.g., for a model of tumor prevention), during the growth of
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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
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.,
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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. In a
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
relative to the non-disorder state; and (3) the detection of perturbations or abnormalities in
the signal transduction pathway mediated by MRB.

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

Thus, in a specific embodiment, the invention is drawn to a method for diagnosing
a disease or disorder in a patient that is associated with alterations in 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.
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I Drosophila RB screen
We performed a clonal screen in the fly eye to identify second-site mutations

which are synthetically lethal with Rbf1 null (Rbfl") cells, but allow Rbf1 wild type
(Rbf1*) cells to survive. Using the FLP/FRT system driven by ey FLP, we simultaneously
generated marked w™, Rbf1” homozygous clones and screened for their elimination by a
second site mutation. Selectivity of these potential synthetic mutations for Rbf1" cells was
demonstrated in a counterscreen on Rbf1* clones.

Males (yw;ey FLP) were treated with the mutagen SmM EMS and crossed to
females (w,Rbf’, pExp{3.5ey-FLP; FRT2.1[tbf", w*]}; P{ry[+t7.2]=neoFRT}42D; ry[605]
FRT 42-1, M53 pi-M /CyO). Using FRT mediated recombination we induced marked
homozygous clones in the eye for the mutant chromosome and scored their survival in
Rbf1" cells. Mutant chromosomes causiﬁg death of the Rbf cells were maintained in fly
stocks and were then counterscreened by testing induced clones against Rbf" cells.
Mutations that failed to kill clones of Rbf" but not Rbf” cells were designated as synthetic
lethals.

IL. 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
National Center for Biology Information (NCBI), MRB protein Genbank identifier
number (GI#), 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 1), are represented in the “Modifier Name” and “Modifier GI_AA” column by
GH#, respectively.
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Table 1
MRB |MRB name [MRB NA |[MRB AA [MRB |MRB MRB [Modifie [Modifier
symbol |aliases RefSeq_NA [SEQ |GI_AA |SEQ [NAME [Description [Protein ir Name [GI_AA
. or GI_NA ([ID 1D Length
NO NO
ELL [ELL |ELL [NM_006532|1 5729812 |6 ELL  |transcription [621 Ell 24667059
gene (11-19 gene  |CO-Iepressor;
lysine-rich (11-19 |positive
leukemia lysine- |transcription
gene) rich elongation
leukemi {factor;
a gene) [transcription
initiation
factor
antagonist
ELL2 [ELL2|ELL-[NM_0120812 6912354 |7 ELL- |na 640 Ell 24667059
related RNA related
polymerase RNA
1T, polymer
elongation ase 11,
factor elongati
on
factor
FLJ226 [FLJ22637 | [NM_025165{3 13376768 |8 hypothe [Pol II 397 Ell 24667059
37 hypothetical tical transcription
protein protein |elongation
FLJ22637 FLJ226 [factor
37
LOC284L.0C284674 |XM_2082354 27480831 (9 similar |na 190 Ell 24667059 |,
674 | similar to to RNA
RNA polymer
polymerase ase II
II elongation elongati
factor ELL2 on
| na factor
ELL2
KIAAOOKIAAQ073 | [NM_015342|5 24308049 |10  |[KTAAO [cis-trans 646 CG3511}19922912
73 KIAA0073 073 isomerase;
protein protein |peptidyl-
prolyl cis-
trans
isomerase

1. High-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.

35




10

15

20

25

30

WO 2004/104168 PCT/US2004/014964

IV.  High-Throughput In Vitro Binding Assay.
3P-labeled MRB peptide is added in an assay buffer (100 mM KCI, 20 mM
HEPES pH 7.6, 1 mM MgCl,, 1% glycerol, 0.5% NP-40, 50 mM beta-mercaptoethanol, 1

mg/ml BSA, cocktail of protease inhibitors) along with a test agent to the wells of a

Neutralite-avidin coated assay plate and incubated at 25°C for 1 hour. Biotinylated
substrate is then added to each well and incubated for 1 hour. Reactions are stopped by
washing with PBS, and counted in a scintillation counter. Test agents that cause a
difference in activity relative to control without test agent are identified as candidate 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
mM Hepes, pH 7.9, 250 mM NaCl, 20 mM -glycerophosphate, 1 mM sodium
orthovanadate, 5 mM p-nitrophenyl phosphate, 2 mM dithiothreitol, protease inhibitors
(complete, Roche Molecular Biochemicals), and 1% Nonidet P-40. Cellular debris is
removed by centrifugation twice at 15,000 x g for 15 min. The cell lysate is incubated
with 25 ul 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.
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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.

TagMan® reactions are carried out following manufacturer’s protocols, in 25 ul
total volume for 96-well plates and 10 pl total volume for 384-well plates, using 300nM
primer and 250 nM probe, and approximately 25ng of cDNA. The standard curve for
result analysis is prepared using a universal pool of human cDNA samples, which is a
mixture of cDNAs from a wide variety of tissues so that the chance that a target will be
present in appreciable amounts is good. The raw data 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 level 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
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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 an 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

an 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

an 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 an 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 an 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.

17. The method of claim 16 wherein the secondary assay system comprises cultured cells.
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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 an 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> EXEL
<120>
<130> EX04

<150>
<151>

Us60
2003

<160> 10
<170>
<210> 1

<211> 2805
<212> DNA
<213>

<400> 1
gatggtcgcea

gttagcgacg
gccttcecgaga
caaggaagcc
ttctecettet
cagcagtatg
aagatcacgg
gcggaggagg
ggcaagaagg
aagcgggcaa
agtgggggca
ctacggccect
gcggacaagg
ggcacgtgta
tcggaggggy
agcactggca
tcggectege
aagaaacccc
ggcgtgecca
accctcagcet

ctggccgatg

IXIS, INC.
-036C-PC

/470,675
-05-14

Homo sapilens

agatggcggce
gcagcaaggt
gctaccgegce
aagggcacat
acctctccaa
tctcecagtca
tgtgtgccac
agacgcggag
ttcagtttcg
cccecatcaa
gcggggtgte
accgcaaggc
acgcgcetgga
cactgcagga
accagcagcet
gccteettgg
ccccacagaa
ggatatcgca
atggccgtga
ccagcactca

tcagcaatga

SEQUENCE LISTING

PatentIn version 3.2

gctgaaggag
gtecggtgtte
cagacaggat
ctccatcccc
catcggcecge
tggggaagtt
cgacgactce
ccgaagtgece
gaaaccagcc
cttggcgagt
ccagaggccc
tgagctgctyg
tggcctecte
ctgcatgtac
gctgaagcgg
agaccctget
gcggcetgeag
cttcactcag
ggccttgcetg
cctgeeeecg

cctgggccac

gataggagcet
cacgtgaagc
tctgtttecac
cagcctgact
gacaacccce
cacctggact
taccagaagg
attgtcatca
ccaggtgcaa
gccatcagga
ttccgtgacc
ctgcgactgce
cagcaggtgg
aaggatgtgc
gtgctcgtee
gcctceccagece
cctectgatt
agagctcagce
cccacceegg
cggctggagce
agcggccgag

1

acgggctgte
tcaccgacag
tgaggccatc
gcececgecaga
agggcagcett
gcectgggcag
cgcggceagag
aggctggagg
cagacgcggt
agagtggtgc
gagtgctgca
agaaggacgg
ccaacatgag
agaaggactg
ggaagctgtg
ccececaggega
tcatcgaccce
ctgcegtcecaa
gcccaccagce
cceecgaggge

actgtgagca
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gtgcgggcgy
tgccectgagyg
tatccgattt
ggcgcggacyg
cgactgcatc
catacaggac
catggcccag
ccgetacctyg
gcecteecegy
cagtgcecgtg
cctectggea
cctgacgcag
tgctaaggac
gcctggctac
ccagccacag
gcgtgggcge
cctagecaac
cgggaagctyg
cagcacggac
ccacgacccc

cggagaggcyg
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gctgeccccag
agcaggccac
gacaaggaga
acccatgcececa
tccagtgtte
tcctecttegg
cgcgacctgce
cteccggeage
gaatatcgaa
tacctgcaca
ctgcaggctt
aaaaggcggt
ccagcaccgce
agcccacétc
gaagcccact
agactcctag
cttttagcecta
ttttctaaac
ctgcctgecag
tgggcaggtyg
tcctecttgg
gagaactcca
gcgeccecag
gtgctccaag
ttccecatttg
gctggectec
<210> 2

<211> 3772
<212> DNA
<213>

<400> 2

cceccactgt
acggcagcéc
gggcggcetga
cceeccggage
ccacgtcecac
agcagcgcca
acgcccgeat
tcteccaggg
aaatcaaaaa
gcaagctggce
ggccctagee
gagagaggat
cggctttecag
ggcccteccet
gcctectecece
gceecttgggg
ctgctaatga
ctgtgccectcee
tattacagag
gecetetgetg
gcagggtctc
gectggtgecec
gcectgeectg
ttgagactcg
ttgctgctge

ctececgteccet

Homo sapiens

gcgectegge
ctecgcgeagce
ggacaagccce
cccagcagac
gtcggagacyg
gagctacaag
tgagcgecatc
ctcecgaggag
gaccaacacc
ccacatcaag
gcecteececg
ttatttaaaa
ggcageccecet
gcgecttectg
tggctgecage
tggcgegect
gacttgagtc
ctctectegg
gtcgtcgaaa
gtctctgget
tgctccagceca
ccagacagct
ctatttcagg
gccgecagegg
tgctcattcc

ctgtccactt

ctgcecctge
aagcccaaga
cgggccecage
accccaggtt
cctgactact
aacgacttca
acgcggeggt
tatgagacta
aactacagcc
aggctcatcg
atggcgggga
aaataaaccc
gcagacgtct
agcagtccect
ctcecggggtt
gccttttcta
tatttttgta
acacccaggyg
ggtgcagetg
ctacgtttag
agcaaacagyg
gctcagagec
ccctecagetg
cgtcagactt
acactgttga

gtgggtecctg

tgacggactg
agaagtccaa
ttccagactg
taaacggaac
tgctgaagta
atgccgagta
tcacccagcet
ctcgagggcea
aggagaagca
ccgagtacga
tctgggaggg
gaggaagatg
ggcecetggeg
gcttatgatg
cagcctectg
gttttataca
caaaagagaa
tctagceget
cgttctgagg
gcacccettt
gtggcccagg
aagggggdcag
tcgggggceca
ttctttgcga
gaccttgtgg

gggtc

PCT/US2004/014964
tgcccagecce 1320
gaagcacaaa 1380
tgcacctgece 1440
ctgcagegtt 1500
cgcagceccate 1560
cagcgagtac 1620
cgacgeccag 1680
gattttgcag 1740
ccgctgegag 1800
ccagcggcag 1860
tcgggggagce 1920
ctcatctgag 1980
ggtggctgea 2040
ggcteccccag 2100
tctecgecaga 2160
aagacagcca 2220
gcaaaatctt 2280
gcecetgggte 2340
gcgtggggaa 2400
ccecagecte 2460
tggctatttt 2520
agggctttca 2580
ctgtgtttct 2640
tgtcctecggt 2700
tctcgatget 2760
2805

agcgggataa gttggcgegt cacctagacg tcagecctctt acctetegga cgtcecgtec
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caggagcaaa
gggcggttcet
gggtggggeg
acgtcagcag
ccgcagtgga
gcggcggggy
ctggggcagy
ctcgagactt
ggactccacg
aacttttatt
caaacattct
attacagtgt
gaggaggaat
aaaagagtgc
aggtcaaccc
tctcagaggc
ccggagctac
ggagcaattce
gattatgttt
tcattggagt
cgttcagaat
ttggattcag
aacagagtac
ggccteccac
tatctgeccca
ccagaaggcc
tatgaggacc
tccgttectac
tccaaaaaga
actattgagg

tccagtccaa

actctagtga
gaagggaaca
ggtggcggeg
cgggatggee
ggctagagcce
ggacaggggyd
acaacatcac
accagagcca
ggcttgtcaa
tgtcaaatgt
ccagctctgg
gtgcaacaaa
ccecgcaaccyg
aaattcggaa
ccatgaaccc
catacaggga
ttgctagact
tgcaacaggt
ttaaagagct
cagtgctcte
ctcctgtatg
agtttattga
caccaacact
tgceecectge
tctcacatcece
gggggactca
agcaagacaa
taaagtgtcc
agtctaaaaa
aaaaggagga

attccagtgg

ctttgggccece
agaccaatga
gtggcagtcc
ctagcagtgg
ggagcggcgg
cctgegggag
cgtactgcat
caagaattta
aattcccaaa
gggcaaagac
agcctcccag
cgactcgtat
aagcacaaaa
agcacctcaa
tgcaaataca
cagggtgatt
ccagaaagat
agccaatctg
tcaaagagac
tagaaaacta
ttctagtaga
tcectttaatg
aaatggtcat
ggctgctgcee
tcctcagatt
agacctacct
atatacctct
aaagcctatg
acataaggaa
agatcttaag

aggagttaaa

gcccecegtga
gacgagcccy
gaggtctgge
cggecggetge
cggcggcggce
gagcagcgcet
gtgaagctca
attcctttte
aatgatcccce
aaccctcagg
ctcaattgcecce
cagatgacac
gttatcaaac
gctgtttcag
attcgaaaga
cacttactgg
ggtgtcaatc
aattctaagg
tggcctggat
aatccgtete
gatgctgtat
aataaaaaag
ttgaatccca
atccccaccce
gtaaattcta
gttgacagtt
aggacttctce
gaagaaaacc
aaggaccaaa
agagaagagg

gaggattgca

gagtggaggg
gggcggggcyg
tccgegeagt
agaagcccaa
accccgggga
atgggctgtce
ccgagacggce
gaccttcaat
tcaatgaagt
gcagctttga
tgggatttat
gagaaagaat
ccggtggacc
atacagttcc
cacatagcag
ccctgaaggce
aaaaagacaa
acctctcata
acagtgaaat
agaatgctac
cttctecctea
cccgaatate
ccagtgaaaa
ctccaccget
actccaactce
ttagtcaaaa
tggaaacctt
attcaatgtc
taaaaaagca
aaattgccaa

ctgccteecat
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cggccgatga
cggggccgga
atatgacagt
gcagccgegg
gtttaagatg
gtgcggacgg
gatccgggeyg
ccagttccaa
tcataacttt
ctgcatccag
acaagataaa
gacccaggca
atatgtaggg
tgagaggaaa
cagcaccatc
ctacaagaaa
gaactccctg
taccttaaag
agacagacgg
aggcaccagc
gaaacggcectt
tcacctgacg
atcggetgea
gccttcaace
ccctageact
cgatagtatc
acceccectggt
tcacaaaaag
cgacattgag
gctaaataac

ggaaccttca

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gcaattgaac
cagaattata
atggagactg
ggctcaaaag
cagtctagtc
gctcacatca
aactctgctt
gagttgctct
acttgagtta
tctggtectce
taggtattgg
tttgttatta
atgtgtttaa
cctattttet
tttgcacaaa
gtgtatagat
cgcectgeaa
atagtgtggt
ctgtggcceta
gatgtgagcg
aaacaactga
caaattgcta
ttattaatgt
acaaaattat
tgaagagaga
tttttecatec
tgattcatca
actgtcactt
gaattaatgt
ttgaaaaggg

gtgtctttaa

tcccagatta
aggatgactt
tagctagaag
agtatcagaa
ccaattacca
aaaggctaat
ggaccagaag
agattctaaa
ctttttecttt
cccaccacce
ggatccattg
gaaatgattt
aaaacaacaa
gacgtttctt
attaaaaaaa
tcacatacac
gttaaccccce
taatcattag
ccagcatctg
tgcatgaagg
cgagtgttac
cttttgttgt
tgggcaaaaa
aaaatgaaat
tatgcaaaga
tggtgccagg
aacagcacaa
gttttatcat
tgattcaagt
aagcattatg

taaagatgtt

tttgataaaa
caatgcagag
atttatcaaa
tgttcatgaa
tgaagaaaaa
aggtgaattt
atgtgaataa
aaggtgaaac
tccattttac
cacccccaag
tctatattte
tttagatatt
cagtaatgtg
aatgcaaact
taaacattgt
atatgtatat
cattgcaatg
ctacactget
gaagtgtgtyg
aaaaaaagct
tgtagggtgt
ggaagacaaa
ttgatatgtc
gtgtaggtaa
agctattacc
aatataaaaa
actttcattt
gtgggaacat
tgtattgtct
tttacaaatc

tgtctccage

tatatcgcta
tatgatgagt
ctagatgcac
gaagtcttac
tacagatgtg
gaccaacagc
acttaagctt
tttggectgtt
tttogcttecce
acttgtgttt
aaatcagttt
ggggatccag
caaggtgaaa
ctttgcctta
cttggagggt
acaggctgac
gttgccttaa
tceccacttga
ctcgatctgt
gctactccta
ttttttgttt
agcatttcca
atgaaaatga
cctatttata
tacataagag
agagtggata
catggagttt
aagttatgtg
tattgtattg
tgttttgaaa

atccagaaaa

tcgtetecta
acagagcttt
aaagaaagcyg
aagaatatca
aatatcttca
aagcagagtc
atttatttaa
gaaagtttca
tgcatttecga
gttaatagaa
tttttectea
tgtccacact
tgcttttgga
aatggtagaa
taaaaaatag
ttgatctaga
ggtgtttget
ttagagcaat
atgtgtgcag
gtaggccaaa
ttttgttttt
tttcaacgag
aacagatcta
tactgctata
gtatatttaa
tatttaacca
atctgttgac
gtcaaaaata
tcttttcaaa
tgtttgccaa

aaaaaaaaaa
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tgagcaacgc
gcatgccagyg
ccttteteca
gaagataaag
taacaagctg
atggtcctag
aattccaaat
gtattagtaa
agctgctcett
ataatttttt
aaaacttgtg
taaaagttgt
taaacgtaag
tatttagaaa
aaaggtgtat
acattaaatc
agttgtgtac
gggaagcata
aggtggtgtyg
cgctcaggtt
tttettectat
tttgtcagcet
tagttttogg
aagtattttt
agattttttt
taacatactg
attgatttaa
taaggatttt
gtgctgecag
aattttggta

aa

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

© 3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3772
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<210> 3
<211>
<212>
<213>

<400> 3
gtgccaacca

gctgcettgea
ccggetetge
tgccetgegg
aggccaccga
agtgtcccag
cctcaggtct
ttgggcagcce
agatgccaga
atcacagcca
aggacagtca
gacccatgtt
tctggacaag
aactctgecect
agaagattgg
tcaagaagat
ggccatccac
tgaataccgc
agcagagatt
aatccaggaa
ctgtgagtac
aaagaacagg
aaaggaacaa
cactggagtc
tattaatttt
gaaaagtgac
gagaaatgac

aattttagcc

1798
DNA
Homo sapiens

aaccctgaac
ctcgaactcg
ttcacgcaag
gcgctgcaag
gggtatctga
tgttgtcagg
gggcctaaca
atggattcta
catcctgaéa
cagatggcac
ctecccaggat
ccaaacagag
aaacgttcag
ttagtgccaa
gagcaagaag
tctgaatcce
agtgcagaac
atcctgecatg
aaaagagttc
tataaaaagt
cttcaccaga
ggcagctgaa
agcagctata
catggtggea
tagggtatgg
agaggcttgg
atcatcttca

tggtagcectce

agaggaggtg
tcgccatgga
ctgceccecggac
agtgtcagcg
gactcccagyg
agggcgctgg
gccteccactg
tcccageccece
gttggcagaa
tagaggaggt
cctcaaggga
aacctgttca
tgcctgtage
gccccectaca
atgaggacat
caagtcctga
agcaacatgce
ccegtgttgg
ggcgaggaac
tcaggaagca
aattgtccca
gttatcaagg
aactaaatag
agtagagagc
gcactgtgca
cttttttacc
ggataaaata

tctaaggaaa

gcggtggtgyg
ggagctccag
tagcctcetta
gcaacaggta
ccctggttgg
tggtagcttg
cctgggetea
atcatcagtt
cacaggaggce
gtcagtgtca
gcacatggca
ggcactgcct
cactgtagaa
aggcctgacc
ggaccccaga
agatatacca
ctatgagcag
gactgcaagc
tccagaatac
gtacccaagt
cattaaaggt
gaatttttga
aatgcaacta
tgctctaggt
aagactccat
tttagttecag
atgaggacat
cagtaataat

5

ccectegectyg
gagcctctga
ctgctcaggce
cggccggtga
tcetgectet
gaccttgtgt
ctcagggagce
cagggacaca
tattctgaag
gatccactgg
cagtgggaag
tcctetgeca
ctggaagaaa
aatcaggatt
ttagaacaca
gactacctcce
gactttgaga
caaaggttca
aaggtcectgg
tacagagaag
ctecatcctgg
gcetetgett
tctgetttte
tcttgaggtt
agctgtgcct
ccaagtcatt
tagacaaacc

aacttctgat
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tggcecececgt
gaggacagcect
tcaacgacgc
ttgctttcca
tctectteat
gccaacgcett
gecteattat
acctgactga
gagatgcagt
caagcaacca
tgagaagcca
gccggaaacyg
agaggttcag
tacaagaggg
gttectecagt
tgcaatacag
cagattatgce
tagagctggg
aagacaagat
aaaagcgtcg
agtttgagga
agtgaaacac
ttatgctgac
tggttttcat
aggagtctag
ttcaagtcct
aaactaagtg

aagagttaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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PCT/US2004/014964

agaacttgta gcatacctgg atataatggg aaagggcctg ggtgttaccc atgtactgaa

aatgaacttt taccaacatg gctaaaaaat taaaaaaaaa aaaaaaaaaa aaaaaaaa

<210> 4

<211> 3697
<212> DNA
<213>

<400> 4
ctcttacctce

ccgtgaaagt
gcectggggeyd
ctggetecge
gctgcagaag
gcacctectgg
tcgtgcggac
gcgatccagg
attcagttcc
gttcataact
gactgcgtcce
atacaagata
acgacccagg
ccatatgtag
cctgagagga
agcagcagcyg
gcctacaaga
aggaactccc
tatacttcaa
atagacactt
gcaggcacca
cagacacggc
tctcacctga
aaatctgctg

cttgccttca

Homo sapiens

tcggacgtcec
ggagggcggce
gggcgcgggy
gcagtatatg
cccaagcagce
gagtttaaga
ggctggggea
cgctccagac
aaagactcca
ttaactttta
agcaaacatt
aaattacagt
cagaggagga
ggaaaagagt
aaaggtcaac
tctctcagaa
aaccggagct
tgggagcaat
aggattatgt
ggtcattgga
gcegttcaga
ttttggatte
cgagcagagt
caggcctecc

acccatctgce

agtcccagga
cgatgaggac
ccagagggtg
acagtacgcecce
tgcggecegea
tgtcgggggt
ggacaacatc
ttaccagagc
ggagcttgtce
tttgtcaaat
ctccagetcet
gtgtgcaaca
atccecgeaac
gcaaattcgg
ccccatgaac
gccatacagg
acttgctaga
tctgcaacag
ttttaaagag
gtcaatgctc
atctccagta
agagtttatt
accaccaaca
tctgceecct

cggtttcaca

gcaaaactcc
ggttctgagg
gggcaggtgg
agcagcggga
gtggaggctg
gggggggtcg
accgtactge
cacaagaatt
aaaattccca
gtgggcaaag
ggagccteccece
aacgactcgg
cgaagcacag
aaagcacctc
cctgcaaatc
gacagggtgg
ctccagaaag
gtagccaatc
cttcagagag
tctagaaaac
tgttctagta
gatcatttaa
ctaaatggtc
gcagctgetg

tectecteag

agcgactttg
gaactagacc
cggcgatggce
tggccectage
gagctggact
cggggcagcyg
atgtgaagct
taatttecttt
aaaatgatcc
acaaccctea
agctcaattg
atcagatgac
aagttatcaa
aagctgtttc
caattcgata
ttcacttact
atggtgtcaa
tgaatcctaa
actggcctgyg
taaatccatc
gaaacgctgt
tggataaaaa
atttgaatcc
ccatccceac

attgtaaatt

ggceccegece
aatgagacta
agtccgaggt
agtggcggeyg
ggcggcggcyg
ctatgggcte
caccgagtcyg
tcgacctteca
cctcaatgaa
gggcagettt
cctgggattt
acgagaaaga
acccggtgga
agatacagtt
gacacacagc
ggccctgaag
tcaaaaagac
ggacctcteg
atacagtgaa
tcagaatgcet
atcttctect
agcccgaata
caccagtgaa
ccctecaceg

ctaactccaa

1740

1798

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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ttcecectage
aacaatagta
ttacccectg
tctcacaaaa
cacgacattg
aagctaaata
atggaacctt
tatgagcaac
ttgcatgcecca
cgcectttete
cggaagataa
cataacaagc
tcatggccct
aaaattccaa
cagtattagt
aaagctgcetc
aaataatttt
aacttgtgtt
aaagttgtat
aacgtaagcc
tttagaaatt
aggtgtacgt
attaaatcca
ttgtgtatat
gaagcatatt
gcggtgtgga
tcaggttaaa
ctatcaaatt
agctttatta
tgggacaaaa

tttttgaaga

actccagaag
tctatgagaa
gttcagttct
agtccaaaaa
agactattga
actccagtcce
cagcaattga
gcecggaatta
ggatggagac
caggctcaaa
agcagtctag
tggcectcacat
agaactectgce
atgagttgcect
aaacttcagt
tttctggtte
ttaggaattg
tgttattaga
gtgtttaaaa
tattttectga
tgcacaaaat
gtatagattc
ccctgcaagt
agtgtggtta
ttggcctace
tgtgagcgtyg
caactgacga
gcaacttttg
atgttgggceca
ttataaaatt

gagatatgca

gceggggget

ccaacaagac
attaaagtgt
gaagtctaaa
ggaaaaggag
aaattccagt
actcccagat
taaagatgac
tgtagctaga
agagtatcag
tcccaattac
caaaaggcta
ttggaccaga
ctagattcta
tactttttct
tcececaccac
gggatccatt
aataattttt
aacaacaaca
cctttettaa
taaaaaaata
acatacacat
taacccccca
atcactaget
agcatctgga
catgaaggaa
gtgttactgt
ttgtggaaga
aaaattgata
aaatgtgtag

aagaagctat

caagacctac
aagtatacct
ccaaagccta
aaacataagg
aaagatctta
ggaggagcta
tatttgataa
gtcagtgcag
agatttatca
aatgttcatg
catgaagaaa
ctaggcgaat
acatgtgaat
aaaaggtgaa
tttccatttt
cccaccaceyg
gtctatattt
tagatattgg
gtagtgtgca
tgcaaactct
aacattgtct
atgtatatac
ttgcaatggt
acactgttte
agtgtgtgct
aaaagctget
agggtgtttt
caaaagcatt
tgtcatgaaa
gtaacctatt

tacctacata

ctgttgacag
ctaggacttc
tggaagaaaa
aaaaggacca
agagagaaga
aagaggattg
aatatattgc
agtatgatga
aactagatgc
aagaagtctt
aatacagatg
ttgaccaaca
aaacttaagc
actttggctg
actttgcttc
agacttgtgt
caaatcattt
ggatccagtg
aggtgagatg
ttgccttaaa
tggagggtta
aggctgactt
tgccttaagg
ccacttgatt
caatctgtat
actcctagta
tttgttttgt
tccatttcaa
atgaaacaga
tatatactgc

agatgtatac

PCT/US2004/014964

ttttagtcaa
tctggaaacc
ccattecagtg
aataaaaaag
ggaaattgcc
cactgectece
tatcatctcce
gtacagagct
acaaagaaag
acaagaatat
tgaatatctt
gcaggcagag
ttatttattt
ttgaaagttt
cctgecatttce
ttgttaatgg
tttcctcaaa
tccacactta
cttttgaata
tggtaggata
aaaaatagaa
gatctagaac
tatttgctag
agagcaatgg
gtgtgcagag
ggccaaacgc
tttgtttttt
cgagtttgtc
tctatagttt
tgtaaagtat

ttaaagattt

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360
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ttttttecatc
gtgattcatce
aactgtcact
tgaactaata
gttgaaaagg
agtgtcttta
<210> 5

<211> 2110
<212> DNA

<213>

<400> 5
aacatggcgg

gaggaaccgg
caggagaacyg
ctggccaaga
gcatccatgt
aaaacagatt
gaagagggaa
gcagttagcet
tttgatgtag
tgtgagtgga
acaggaaaaa
aaactccata
tcttctgaca
cccaaaaatg
aaggcttatc
tctgatagaa
gaatcactaa
tttggcegac
aatatagttt
gttataaatg
gtgatgcaat

gaaatgaaag

ctggtgccag
aagcagcaca
tgttttatca
ctgattcaat
gaagcattat

ataaagatgt

Homo sapiens

cggaaagtygyg
aaaaaacaga
atgaggagaa
agaggaaagt
atgagcgcag
ttattattac
ttgaatttgt
ctgagggagc
tgaactttga
tctattgcececce
ttttcattta
catcacctct
aatctgggat
tgaactggga
caaccagcgt
aagttagaat
gcatgtttac
gaatggctgt
ttgatgaaac
tagagacaaa
tggctttgtt

cttctgaaaa

gaatataaaa
aactttcatt
tgtgggaaca
ttgcattgtc
gtttacaaat

ttgtcteccag

tagcgatttt
actcagcgaa
cgaagagcgce
cttagagttt
ttacatgcat
tgccagtcat
taaacatttt
attgttectgt
catgatcaac
aggggatgca
tgatggccga
tactcagata
gattgaatac
atataaaact
atgtttttca
tttcagattt
tgaactgcaa
agaacgtgag
tggacacttce
ccggtgtgtg
ccaggggata

tcetgttett

aagaétggat
tcatgcagtt
taagttatgt
ttattgtatt
ctgttttgaa

catccag

cagcagagac
agagagctgg
tgggttggac
gaaagagtct
agagatgtta
gatggacatg
cgtagtcacc
tctgtgggtg
atgctgaaac
atttcttcag
ggagataacc
cggctaaacc
tggactgggce
gacactgatt
ccagatggga
gtaactggaa
cagatgaggc
ttggagaagg
gtgctgtatg
cggattttag
gccaaaaagc

cagaatattc

8

atatttaacc
tatgtgttga
ggtcaaaaat
gtcttttcaa

atgtttgcca

gtagaaggcg
cagtagcagt
ctttacctgt
atcttgataa
tcacccatgt
tcaagttctg
tgggagttat
atgataaagc
ttggctattt
ttgctgette
agccacttca
cagtttacaa
ctectecatga
tatatgaatt
agaaaatagc
aactcatgag
aacagttacc
ttgatgctgt
gaacaatgct
gcaaacaaga
atcgtgcectge

aagctgaccc

PCT/US2004/014964
ataacatact 3420
cgttgattta 3480
ataaggattt 3540
agtgctgcca 3600
aaattttggt 3660
3697
ccgggacceg 60
ggcggtgtce 120
ggaggcaaca 180
tctecceecagt 240
ggtatgcacc 300
gaaaaaaata 360
tgagagtatt 420
aatgaaggtg 480
tcctggacag 540
cgaaaagagt 600
tatttttgac 660
agcagtagtg 720
atataaattc 780
tgccaagtgt 840
tactattggt 200
agtctttgat 960
agacatggaa 1020
aagattaatt 1080
gggcattaaa 1140
aaatattaga 1200
aactactata 1260
aacaatagtc 1320
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tgtacatcat
aaaagtgcag
gcagctactce
atgggagaca
tgtgttcaca
tttatgattc
ggagaatttg
atggctaacg
ccttggcettg
cagaggatct
atcataaata
acaatattaa
tgtttcaaag
aaaaaaaaaa
<210> 6
<211> 621
<212> PRT
<213> Homo
<400> 6
Met Ala Ala

1

Val Ser Asp

Ala Leu

35

Ser

Leu
50

Ser Arg

Ile
65

Pro Gln

Leu Ser Asn

Gln Gln Tyr

8

tcaaaaagaa
attctgatcg
aagctgaagg
ttcacaccaa
gcagaaatgg
agactggaga
aagatgaatt
cgggatcaaa
ataataagca
ccaacgtcaa
ttactgtcaa
acagattatt

atacagtatt

sapiens

Leu Lys

Gly Ser

20

Arg Ala

Pro Ser
Pro Asp
Ile

Gly

val Ser

Glu

Lys

Phe

Ile

Cys

70

Arg

Ser

tagattttat
agatgttttt
acctaaacga
actttttect
ttattataat
tccaacaggt
tcattcaaca
tactaatgga
tacagtattt
agtcaatccc
gtaaaataag
ttacattagg

tttgtatttt

Asp Arg

Val Ser

Glu Ser

40

Arg Phe

55

Pro Ala

Asn

Asp

Gly

Ser

vVal

25

Tyr

Gln

Glu

Pro

Glu

atgtttacca
aatgagaaac
gtttcggaca
gttgagtgce
gggcatacat
actggtatgg
ttacgacatg
tcccagtttt
ggacgagtga
aaaacagata
atttgtttta
aagcttagga

ttattaaagg

Tyr Gly

10

Phe His

Arg Ala

Gly Ser

Ala Arg

75

Gln
90

Gly

val His

aacgagaacc
cttctaaaga
gtgccattat
ctaagacagt
ttcaccgtat
gaggagaaag
acaggccgta
tcataacggt
ctaaaggaat
agccctatga
atgtacttge
cttgctgaat

ctatttttta

Leu Ser Cys

val Leu

30

Lys

Gln
45

Arg Asp

Gln
60

Gly His

Thr Phe Ser

Ser Phe Asp

Leu Asp Cys

PCT/US2004/014964
agaagatacg 1380
agaagtcatg 1440
ccacaccage 1500
ggaaaacttce 1560
aattaagggc 1620
catatgggga 1680
cacactcagc 1740
agtaccaacg 1800
ggaagttgta 1860
ggatgtcagc 1920
aaataaaaat 1980
atacagatca 2040
aaaaaaaaaa 2100
2110

Gly Arg

15

Thr Asp

Ser Vval

Ile Ser

Phe Tyr

80

Cys Ile

95

Leu Gly
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100 105 110

Ser Ile Gln Asp Lys Ile Thr Val Cys Ala Thr Asp Asp Ser Tyr Gln
115 120 125

Lys Ala Arg Gln Ser Met Ala Gln Ala Glu Glu Glu Thr Arg Ser Arg
130 135 140

Ser Ala Ile Val Ile Lys Ala Gly Gly Arg Tyr Leu Gly Lys Lys Val
145 150 155 160

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

Lys Arg Ala Thr Pro Ile Asn Leu Ala Ser Ala Ile Arg Lys Ser Gly
180 185 190

Ala Ser Ala Val Ser Gly Gly Ser Gly Vval Ser Gln Arg Pro Phe Arg
195 200 205

Asp Arg Val Leu His Leu Leu Ala Leu Arg Pro Tyr Arg Lys Ala Glu
210 215 220

Leu Leu Leu Arg Leu Gln Lys Asp Gly Leu Thr Gln Ala Asp Lys Asp
225 230 235 240

Ala Leu Asp Gly Leu Leu Gln Gln Val Ala Asn Met Ser Ala Lys Asp
245 250 255

Gly Thr Cys Thr Leu Gln Asp Cys Met Tyr Lys Asp Val Gln Lys Asp
260 . 265 270

Trp Pro Gly Tyr Ser Glu Gly Asp Gln Gln Leu Leu Lys Arg Val Leu
275 280 285

Val Arg Lys Leu Cys Gln Pro Gln Ser Thr Gly Ser Leu Leu Gly Asp
290 295 300

Pro Ala Ala Ser Ser Pro Pro Gly Glu Arg Gly Arg Ser Ala Ser Pro
305 310 315 320

Pro Gln Lys Arg Leu Gln Pro Pro Asp Phe Ile Asp Pro Leu Ala Asn
325 330 335

Lys Lys Pro Arg Ile Ser His Phe Thr Gln Arg Ala Gln Pro Ala Val
340 345 350

10
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Asn Gly Lys Leu Gly Val Pro Asn Gly Arg Glu Ala Leu Leu Pro Thr
355 360 365

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

Pro Pro Arg Leu Glu Pro Pro Arg Ala His Asp Pro Leu Ala Asp Val
385 390 395 400

Ser Asn Asp Leu Gly His Ser Gly Arg Asp Cys Glu His Gly Glu Ala
405 410 415

Ala Ala Pro Ala Pro Thr Val Arg Leu Gly Leu Pro Leu Leu Thr Asp
420 425 430

Cys Ala Gln Pro Ser Arg Pro His Gly Ser Pro Ser Arg Ser Lys Pro
435 440 445

Lys Lys Lys Ser Lys Lys His Lys Asp Lys Glu Arg Ala Ala Glu Asp
450 455 460

Lys Pro Arg Ala Gln Leu Pro Asp Cys Ala Pro Ala Thr His Ala Thr
465 470 475 480

Pro Gly Ala Pro Ala Asp Thr Pro Gly Leu Asn Gly Thr Cys Ser Val
485 490 495

Ser Ser Val Pro Thr Ser Thr Ser Glu Thr Pro Asp Tyr Leu Leu Lys
500 505 510

Tyr Ala Ala Ile Ser Ser Ser Glu Gln Arg Gln Ser Tyr Lys Asn Asp
515 520 525

Phe Asn Ala Glu Tyr Ser Glu Tyr Arg Asp Leu His Ala Arg Ile Glu
530 535 540

Arg Ile Thr Arg Arg Phe Thr Gln Leu Asp Ala Gln Leu Arg Gln Leu
545 550 555 560

Ser Gln Gly Ser Glu Glu Tyr Glu Thr Thr Arg Gly Gln Ile Leu Gln
565 570 575 -

Glu Tyr Arg Lys Ile Lys Lys Thr Asn Thr Asn Tyr Ser Gln Glu Lys
580 585 590

His Arg Cys Glu Tyr Leu His Ser Lys Leu Ala His Ile Lys Arg Leu

11
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595 600 605

Ile Ala Glu Tyr Asp Gln Arg Gln Leu Gln Ala Trp Pro

610 615 620
<210> 7
<211> 640
<212> PRT

<213> Homo sapiens

<400> 7

Met Ala Ala Gly Gly Thr Gly Gly Leu Arg Glu Glu Gln Arg Tyr Gly
1 5 10 15

Leu Ser Cys Gly Arg Leu Gly Gln Asp Asn Ile Thr Val Leu His Val
20 25 30

Lys Leu Thr Glu Thr Ala Ile Arg Ala Leu Glu Thr Tyr Gln Ser His
35 40 45

Lys Asn Leu Ile Pro Phe Arg Pro Ser Ile Gln Phe Gln Gly Leu His
50 55 60

Gly Leu val Lys Ile Pro Lys Asn Asp Pro Leu Asn Glu Val His Asn
65 70 75 80

Phe Asn Phe Tyr Leu Ser Asn Val Gly Lys Asp Asn Pro Gln Gly Ser
85 90 95

Phe Asp Cys Ile Gln Gln Thr Phe Ser Ser Ser Gly Ala Ser Gln Leu
100 105 110

Asn Cys Leu Gly Phe Ile Gln Asp Lys Ile Thr Val Cys Ala Thr Asn
115 120 125

Asp Ser Tyr Gln Met Thr Arg Glu Arg Met Thr Gln Ala Glu Glu Glu
130 135 140

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

Gly Lys Arg Val Gln Ile Arg Lys Ala Pro Gln Ala Val Ser Asp Thr
165 170 175

Val Pro Glu Arg Lys Arg Ser Thr Pro Met Asn Pro Ala Asn Thr Ile
180 185 190

12
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Arg Lys Thr His Ser Ser Ser Thr Ile Ser Gln Arg Pro Tyr Arg Asp
195 200 205

Arg Val Ile His Leu Leu Ala Leu Lys Ala Tyr Lys Lys Pro Glu Leu
210 215 220

Leu Ala Arg Leu Gln Lys Asp Gly Val Asn Gln Lys Asp Lys Asn Ser
225 230 235 240

Leu Gly Ala Ile Leu Gln Gln Val Ala Asn Leu Asn Ser Lys Asp Leu
245 250 255

Ser Tyr Thr Leu Lys Asp Tyr Val Phe Lys Glu Leu Gln Arg Asp Trp
260 265 270

Pro Gly Tyr Ser Glu Ile Asp Arg Arg Ser Leu Glu Ser Val Leu Ser
275 280 285

Arg Lys Leu Asn Pro Ser Gln Asn Ala Thr Gly Thr Ser Arg Ser Glu
290 295 300

Ser Pro Val Cys Ser Ser Arg Asp Ala Val Ser Ser Pro Gln Lys Arg
305 310 315 320

Leu Leu Asp Ser Glu Phe Ile Asp Pro Leu Met Asn Lys Lys Ala Arg
325 330 335

Ile Ser His Leu Thr Asn Arg Val Pro Pro Thr Leu Asn Gly His Leu
340 345 350

Asn Pro Thr Ser Glu Lys Ser Ala Ala Gly Leu Pro Leu Pro Pro Ala
355 360 365

Ala Ala Ala Ile Pro Thr Pro Pro Pro Leu Pro Ser Thr Tyr Leu Pro
370 375 380

Ile Ser His Pro Pro Gln Ile Val Asn Ser Asn Ser Asn Ser Pro Ser
385 390 395 400

Thr Pro Glu Gly Arg Gly Thr Gln Asp Leu Pro Val Asp Ser Phe Ser
405 410 415

Gln Asn Asp Ser Ile Tyr Glu Asp Gln Gln Asp Lys Tyr Thr Ser Arg
420 425 430

Thr Ser Leu Glu Thr Leu Pro Pro Gly Ser Val Leu Leu Lys Cys Pro
435 440 445

13
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Lys Pro Met Glu Glu Asn His Ser Met Ser His Lys Lys Ser Lys Lys
450 455 460

Lys Ser Lys Lys His Lys Glu Lys Asp Gln Ile Lys Lys His Asp Ile
465 470 475 480

Glu Thr Ile Glu Glu Lys Glu Glu Asp Leu Lys Arg Glu Glu Glu Ile
485 490 495

Ala Lys Leu Asn Asn Ser Ser Pro Asn Ser Ser Gly Gly val Lys Glu
500 505 510

Asp Cys Thr Ala Ser Met Glu Pro Ser Ala Ile Glu Leu Pro Asp Tyr
515 520 525

Leu Ile Lys Tyr Ile Ala Ile Val Ser Tyr Glu Gln Arg Gln Asn Tyr
530 535 540

Lys Asp Asp Phe Asn Ala Glu Tyr Asp Glu Tyr Arg Ala Leu His Ala
545 550 555 560

Arg Met Glu Thr Val Ala Arg Arg Phe Ile Lys Leu Asp Ala Gln Arg
565 570 575

Lys Arg Leu Ser Pro Gly Ser Lys Glu Tyr Gln Asn Val His Glu Glu
580 585 590

Val Leu Gln Glu Tyr Gln Lys Ile Lys Gln Ser Ser Pro Asn Tyr His
595 600 605

Glu Glu Lys Tyr Arg Cys Glu Tyr Leu His Asn Lys Leu Ala His Ile
610 615 620

Lys Arg Leu Ile Gly Glu Phe Asp Gln Gln Gln Ala Glu Ser Trp Ser

625 630 635 640
<210> 8

<211> 397

<212> PRT

<213> Homo sapiens

<400> 8

Met Glu Glu Leu Gln Glu Pro Leu Arg Gly Gln Leu Arg Leu Cys Phe
1 5 10 15

Thr Gln Ala Ala Arg Thr Ser Leu Leu Leu Leu Arg Leu Asn Asp Ala

14
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20 25 30

Ala Leu Arg Ala Leu Gln Glu Cys Gln Arg Gln Gln Val Arg Pro Val
35 40 45

Ile Ala Phe Gln Gly His Arg Gly Tyr Leu Arg Leu Pro Gly Pro Gly
50 55 60

Trp Ser Cys Leu Phe Ser Phe Ile Val Ser Gln Cys Cys Gln Glu Gly
65 70 75 80

Ala Gly Gly Ser Leu Asp Leu Val Cys Gln Arg Phe Leu Arg Ser Gly
85 90 95

Pro Asn Ser Leu His Cys Leu Gly Ser Leu Arg Glu Arg Leu Ile Ile
100 105 110

Trp Ala Ala Met Asp Ser Ile Pro Ala Pro Ser Ser Val Gln Gly His
115 120 125

Asn Leu Thr Glu Asp Ala Arg His Pro Glu Ser Trp Gln Asn Thr Gly
130 135 140

Gly Tyr Ser Glu Gly Asp Ala Val Ser Gln Pro Gln Met Ala Leu Glu
145 150 155 160

Glu Val Ser Val Ser Asp Pro Leu Ala Ser Asn Gln Gly Gln Ser Leu
165 170 175

Pro Gly Ser Ser Arg Glu His Met Ala Gln Trp Glu Val Arg Ser Gln
180 185 190

Thr His Val Pro Asn Arg Glu Pro Val Gln Ala Leu Pro Ser Ser Ala
195 200 205

Ser Arg Lys Arg Leu Asp Lys Lys Arg Ser Val Pro Val Ala Thr Vval
210 215 220

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

Leu Gln Gly Leu Thr Asn Gln Asp Leu Gln Glu Gly Glu Asp Trp Glu
245 250 255

Gln Glu Asp Glu Asp Met Asp Pro Arg Leu Glu His Ser Ser Ser Val
260 265 270

15
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Gln Glu Asp Ser Glu Ser Pro Ser Pro Glu Asp Ile Pro Asp Tyr Leu
275 280 285

Leu Gln Tyr Arg Ala Ile His Ser Ala Glu Gln Gln His Ala Tyr Glu
290 295 300

Gln Asp Phe Glu Thr Asp Tyr Ala Glu Tyr Arg Ile Leu His Ala Arg
305 310 315 320

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

Arg Val Arg Arg Gly Thr Pro Glu Tyr Lys Val Leu Glu Asp Lys Ile
340 345 350

Ile Gln Glu Tyr Lys Lys Phe Arg Lys Gln Tyr Pro Ser Tyr Arg Glu
355 360 365

Glu Lys Arg Arg Cys Glu Tyr Leu His Gln Lys Leu Ser His Ile Lys
370 375 380

Gly Leu Ile Leu Glu Phe Glu Glu Lys Asn Arg Gly Ser

385 390 395
<210> 9

<211> 190

<212> PRT

<213> Homo sapiens

<400> 9

Met Glu Glu Asn His Ser Val Ser His Lys Lys Ser Lys Lys Lys Ser
1 5 10 15

Lys Lys His Lys Glu Lys Asp Gln Ile Lys Lys His Asp Ile Glu Thr
20 25 30

Ile Glu Glu Lys Glu Lys Asp Leu Lys Arg Glu Glu Glu Ile Ala Lys
35 40 45

Leu Asn Asn Ser Ser Pro Asn Ser Ser Gly Gly Ala Lys Glu Asp Cys
50 55 60

Thr Ala Ser Met Glu Pro Ser Ala Ile Glu Leu Pro Asp Tyr Leu Ile
65 70 75 80

Lys Tyr Ile Ala Ile Ile Ser Tyr Glu Gln Arg Arg Asn Tyr Lys Asp
85 90 95

16
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Asp Val Ser Ala Glu Tyr Asp Glu Tyr Arg Ala Leu His Ala Arg Met
100 105 110

Glu Thr val Ala Arg Arg Phe Ile Lys Leu Asp Ala Gln Arg Lys Arg
115 120 125

Leu Ser Pro Gly Ser Lys Glu Tyr Gln Asn Val His Glu Glu Val Leu
130 135 140

Gln Glu Tyr Arg Lys Ile Lys Gln Ser Ser Pro Asn Tyr His Glu Glu
145 150 155 160

Lys Tyr Arg Cys Glu Tyr Leu His Asn Lys Leu Ala His Ile Lys Arg
165 170 175

Leu Leu-Gly Glu Phe Asp Gln Gln Gln Ala Glu Ser Trp Pro

180 185 190
<210> 10
<211> 646
<212> PRT

<213> Homo sapiens
<400> 10

Met Ala Ala Glu Ser Gly Ser Asp Phe Gln Gln Arg Arg Arg Arg Arg
1 5 10 15

Arg Asp Pro Glu Glu Pro Glu Lys Thr Glu Leu Ser Glu Arg Glu Leu
20 25 30

Ala Val Ala Val Ala val Ser Gln Glu Asn Asp Glu Glu Asn Glu Glu
35 40 45

Arg Trp Val Gly Pro Leu Pro Val Glu Ala Thr Leu Ala Lys Lys Arg
50 55 60

Lys Val Leu Glu Phe Glu Arg Val Tyr Leu Asp Asn Leu Pro Ser Ala

Ser Met Tyr Glu Arg Ser Tyr Met His Arg Asp Val Ile Thr His Val
85 90 95

Val Cys Thr Lys Thr Asp Phe Ile Ile Thr Ala Ser His Asp Gly His
100 105 110

Val Lys Phe Trp Lys Lys Ile Glu Glu Gly Ile Glu Phe Val Lys His
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115 120 125

Phe Arg Ser His Leu Gly Val Ile Glu Ser Ile Ala Val Ser Ser Glu
130 135 140

Gly Ala Leu Phe Cys Ser Val Gly Asp Asp Lys Ala Met Lys Val Phe
145 150 155 160

Asp Val Val Asn Phe Asp Met Ile Asn Met Leu Lys Leu Gly Tyr Phe
165 170 175

Pro Gly Gln Cys Glu Trp Ile Tyr Cys Pro Gly Asp Ala Ile Ser Ser
180 185 190

Val Ala Ala Ser Glu Lys Ser Thr Gly Lys Ile Phe Ile Tyr Asp Gly
195 200 205

Arg Gly Asp Asn Gln Pro Leu His Ile Phe Asp Lys Leu His Thr Ser
210 215 220

Pro Leu Thr Gln Ile Arg Leu Asn Pro Val Tyr Lys Ala Val Val Ser
225 230 235 240

Ser Asp Lys Ser Gly Met Ile Glu Tyr Trp Thr Gly Pro Pro His Glu
245 250 255

Tyr Lys Phe Pro Lys Asn Val Asn Trp Glu Tyr Lys Thr Asp Thr Asp
260 265 270

Leu Tyr Glu Phe Ala Lys Cys Lys Ala Tyr Pro Thr Ser Val Cys Phe
275 280 285

Ser Pro Asp Gly Lys Lys Ile Ala Thr Ile Gly Ser Asp Arg Lys Val
290 295 300 .

Arg Ile Phe Arg Phe Val Thr Gly Lys Leu Met Arg Val Phe Asp Glu
305 310 315 320

Ser Leu Ser Met Phe Thr Glu Leu Gln Gln Met Arg Gln Gln Leu Pro
325 330 335

Asp Met Glu Phe Gly Arg Arg Met Ala Val Glu Arg Glu Leu Glu Lys
340 345 350

Val Asp Ala Val Arg Leu Ile Asn Ile Val Phe Asp Glu Thr Gly His
355 360 365

18



WO 2004/104168 PCT/US2004/014964

Phe Val Leu Tyr Gly Thr Met Leu Gly Ile Lys Val Ile Asn Val Glu
370 375 380

Thr Asn Arg Cys Val Arg Ile Leu Gly Lys Gln Glu Asn Ile Arg Val
385 390 395 400

Met Gln Leu Ala Leu Phe Gln Gly Ile Ala Lys Lys His Arg Ala Ala
405 410 415

Thr Thr Ile Glu Met Lys Ala Ser Glu Asn Pro Val Leu Gln Asn Ile
420 . 425 430

Gln Ala Asp Pro Thr Ile Val Cys Thr Ser Phe Lys Lys Asn Arg Phe
435 440 445

Tyr Met Phe Thr Lys Arg Glu Pro Glu Asp Thr Lys Ser Ala Asp Ser
450 455 460

Asp Arg Asp Val Phe Asn Glu Lys Pro Ser Lys Glu Glu Val Met Ala
465 470 475 480

Ala Thr Gln Ala Glu Gly Pro Lys Arg Val Ser Asp Ser Ala Ile Ile
485 490 495

His Thr Ser Met Gly Asp Ile His Thr Lys Leu Phe Pro Val Glu Cys
500 505 510

Pro Lys Thr Val Glu Asn Phe Cys Val His Ser Arg Asn Gly Tyr Tyr
515 520 525

Asn Gly His Thr Phe His Arg Ile Ile Lys Gly Phe Met Ile Gln Thr
530 535 540

Gly Asp Pro Thr Gly Thr Gly Met Gly Gly Glu Ser Ile Trp Gly Gly
545 550 555 560

Glu Phe Glu Asp Glu Phe His Ser Thr Leu Arg His Asp Arg Pro Tyr
565 570 575

Thr Leu Ser Met Ala Asn Ala Gly Ser Asn Thr Asn Gly Ser Gln Phe
580 585 590

Phe Ile Thr Val Val Pro Thr Pro Trp Leu Asp Asn Lys His Thr Val
595 600 605

Phe Gly Arg Val Thr Lys Gly Met Glu Val Val Gln Arg Ile Ser Asn
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610 615 620

Val Lys Val Asn Pro Lys Thr Asp Lys Pro Tyr Glu Asp Val Ser Ile
625 630 635 640

Ile Asn Ile Thr Val Lys
645
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