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(57) Abstract: The cellular response to osmotic stress ensures that the concentration of water inside the cell is maintained within a
range that is compatible with biologic function. Single cell organisms are particularly dependent on mechanisms that permit adap-
tation to osmotic stress because each individual cell is directly exposed to the external environment. Mammals, however, limit
& osmotic stress by establishing an internal aqueous environment in which intravascular water and electrolytes are subject to sensitive
& and dynamic, organism-based homeostatic regulation. NFAT5/TonEBP is an essential mammalian osmoregulatory transcription fac-
tor, and this invention demonstrates the unexpected yet critical significance of cell-based osmotic regulation in vivo. The invention
highlights the fundamental importance of maintaining intracellular water homeostasis in the face of varying cellular metabolic ac-
tivity and distinct tissue microenvironments. Methods for treating, preventing, or inhibiting human diseases using the osmotic stress

pathway have been provided.
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METHODS FOR TREATING DISEASE
BY MODULATING AN OSMOTIC STRESS PATHWAY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority from U.S. Provisional Application Serial No.
60/576,419 filed on June 2, 2004, which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] This invention was made in part with Government support under National
Institutes of Health Grant GM59651. The Government has certain rights in the invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ON A COMPACT DISC
[0003] The Sequence Listing, which is a part of the present disclosure, includes a
computer readable form and a written sequence listing comprising nucleotide and/or amino
acid sequences of the present invention. The sequence listing information recorded in
computer readable form is identical to the written sequence listing. The subject matter of the
Sequence Listing is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0004] The current invention generally relates to osmotic stress pathways, the
molecules that play key roles in those pathways, as well as methods for screening,
diagnosing, inhibiting, and treating human diseases by targeting the molecular compounds
of the osmotic stress pathway.

2, Description of Related Art

[0005] Celis regulate osmolarity by controlling the solute concentrations inside the
cell. Changes in osmolarity can lead to potentially detrimental changes in cell volume and
ionic strength. In the living cell, changes in osmolyte concentration occurring either within or
outside the cell can lead to a rapid flow of water across the plasma membrane, resulting in
marked alterations in cell volume. Exposure of a cell to a hypertonic environment in which
the osmolality outside the cell is greater than that present within the cell results in the
osmotic efflux of water, a reduction in cell volume (i.e., cell shrinkage) and an increase in the
concentration of all intraceliular constituents. The resulting biochemical disequilibrium gives
rise to a wide spectrum of deleterious effects on cell function and, in the event biochemical
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homeostasis is not restored, ultimately results in apoptotic cell death.

[0006] Hyperosmotic stress in mammalian systems is known in the field as being
important to the physiology of the kidney -- the mechanisms involved in concentrating urine
through the regulated retention or excretion of water and electrolytes within the medulla of
the kidney take advantage of osmotic stress in their nomal functioning. However, the
osmolarity of nommal tissues is assumed to be identical to that of blood, and therefore, the
study of the osmotic stress pathway has not been well elucidated. NFAT5/TonEBP, a
transcription factor that contains the rel DNA binding domain also found in rel/NFKB/NFAT
family of transcription proteins which controls the transcription of genes, is the only known
osmo-sensitive mammalian franscription factor that is activated in response to hypertonicity.
NFATS/TonEBP is known to comprise three human isoforms of which “isoform a” has been
characterized by X-Ray crystallography.

[0007] Cancers and autoimmune diseases are well-known Killers. Much research
has been conducted to obtain a cure, or at least partially arrest cancers and aufoimmune
diseases, but success has been limited. What is needed, therefore, is a novel approach to
studying and providing treatments and therapeutics for the management of cancers and
autoimmune diseases.

BRIEF SUMMARY OF THE INVENTION

[0008] The invention provides a method for identifying a candidate anti-cancer or
immunosuppressive compound, the method comprising (a) culturing a first cell and a second
cell under conditions of hypertonic stress; (b) contacting the first cell with a test agent; and
(c) assaying the first cell and the second cell for cell growth or viability, wherein a decrease
in cell growth or viability in the first cell relative to the second cell indicates that the test agent
is a candidate anti-cancer or immunosuppressive compound. In various aspects, the first
and second cell can comprise an NFAT5/TonEBP polynucieotide or polypeptide. In various
other aspects, the first and second cell can comprise a NFAT5/TonEBP variant
polynucleotide. In yet another aspect, the first and second cell can comprise a
NFATS/TonEBP variant or fragment protein. The assay for cell growth or viability can
comprise an assay selected from the group consisting of a cell uptake assay, cell binding
assay, growth inhibition assay and any combination thereof.

[0009] In another aspect of the present invention, a method is provided for
identifying a candidate anti-cancer or immunosuppressive compound, the method
comprising: (a) contacting NFAT5/TonEBP or biologically-active fragment with a known
compound that binds NFAT5/TonEBP to form an assay mixture, and (b) contacting the
assay mixture with a test compound, and determining the ability of the test compound to
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interact with NFAT5/TonEBP.,

[0010] In another aspect of the present invention, a method is provided for
identifying a candidate anti-cancer or immunosuppressive compound, the method
comprising (a) performing a structure based drug design using a three dimensional structure
determined for a crystal of NFATS/TonEBP. The three dimensional structure can comprise
atomic coordinates of Protein Data Bank Accession No. 1IMH. The method may further
comprise (b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a
variant or fragment thereof; and (c) detecting inhibition of at least one activity of
NFATS/TonEBP, variant or fragment thereof. Alternatively, the method may further comprise
(b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a variant or
fragment thereof; (c) culturing the cell under condifons of hypertonic stress; (d) contacting
the cell with the candidate compound; and (e) assaying the cell for cell growth or viability. In
various aspects, the assay for cell growth or viability can comprise an assay selected from
the group consisting of a cell uptake assay, cell binding assay, growth inhibition assay and
any combination thereof.

[0011] In yet another aspectof the present invention, a metod is provided for
treating a cancer or an autoimmune disease in a subject, the method comprising
administering to a subject in need thereof a therapeutically effective amount of an inhibitor of
NFATS5/TonEBP. In various aspects, the inhibitor is selected by (a) culturing a first cell and a
second cell under conditions of hypertonic stress; (b) contacting the first cell with a test
agent; and (c) assaying the first cell and the second cell for cell growth or viability, wherein a
decrease in cell growth or viability in the first cell relative to the second cell indicates that the
test agentis an inhibitor of NFAT5/TonEBP. In various aspects, the first and second cell can
comprise an NFAT5/TonEBP polynucleofide or polypeptide. In various other aspects, the
first and second cell can comprise a NFAT5/TonEBP variant polynucleotide. In yet another
aspect, the first and second cell can comprise a NFAT5/TonEBP variant or fragment protein.
The assay for cell growth or viability can comprise an assay selected from the group
consisting of a cell uptake assay, cell binding assay, growth inhibition assay and any
combination thereof.

[0012] In another aspect of the present invention, the inhibitor is selected by: (a)
performing a structure based drug design using a three dimensional structure determined for
a crystal of NFAT5/TonEBP. The three dimensional structure can comprise atomic
coordinates of Protein Data Bank Accession No. 1IMH. The method may further comprise
(b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a variant or
fragment thereof; and (c) detecting inhibition of at least one activity of NFAT5/TonEBP,
variant or fragment thereof. Alternatively, the method may further comprise (b) contacting
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the candidate inhibitor with a cell comprising NFAT5/TonEBP or a variant or fragment
thereof; (c) culturing the cell under conditions of hypertonic stress; (d) contacting the cell with
the candidate compound; and (e) assaying the cell for cell growth or viability. In various
aspects, the assay for cell growth or viability can comprise an assay selected from the group
consisting of a cell uptake assay, cell binding assay, growth inhibition assay and any
combination thereof. In various aspects, the cell can comprise a NFAT5/TonEBP variant
polynucleotide or NFAT5/TonEBP variant or fragment protein. In various aspects, the
inhibitor is an antibody directed against NFAT5/TonEBP. In various aspects, the antibody
can be a monoclonal antibody. In various aspects, the inhibitor can be selected from the
group consisting of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and
aptamer. In various aspects, the cancer can be selected from the group consisting of
epithelial malignancies, sarcomas, and lymphomas. In various aspects, the autoimmune
disease can be selected from the group consisting of rheumatoid arthritis, systemic lupus
erythematosis, multiple sclerosis, and type | diabetes.

[0013] In yet another aspect of the presentinvention, a method is provided for
diagnosing a cancer or an autoimmune disease in a subject comprising (a) obtaining a
sample from the subject; (b) detecting NFAT5/TonEBP expression in the sample; and (c)
comparing to the expression of NFAT5/TonEBP of the sample to a control sample, wherein
an elevated expression of NFAT5/TonEBP in the sample is diagnostic for cancer. In various
aspects, (b) can comprise detecting NFAT5/TonEBP mRNA. Alternatively, (b) can comprise
detection of NFAT5/TonEBP protein.

[0014] in another aspect of the present invention, a method for treating a cancer or
an autoimmune disease is provided comprising decreasing the activity of NFAT5/TonEBP.
In various aspects, decreasing the activity can comprise decreasing the expression of
NFAT5/TonEBP. In various aspects, decreasing the expression comprises transforming a
cell to express a polynucleotide anti-sense to at least a portion of an endogenous
polynucleotide encoding NFAT5/TonEBP. In various aspects, decreasing the activity
comprises inhibiting, preventing, or reversing at least one activity of NFATS/TonEBP. In
various other aspects, decreasing the activity can comprise transforming a cell to express an
aptamer to NFAT5/TonEBP. In various aspects, decreasing the activity can comprise
introducing into a cell an aptamer to NFAT5/TonEBP. In a further aspect, decreasing the
activity can comprise administering to a cell an antibody that selectively binds
NFATS5/TonEBP. In various aspects, the cancer can be selected from the group consisting
of epithelial malignancies, sarcomas, and lymphomas. In various aspects, the autoimmune
disease can be selected from the group consisting of rheumatoid arthritis, systemic lupus
erythematosis, multiple sclerosis, and type | diabetes.
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[0018] In yet another aspect of the presentinvention, a method is provided for
determining whether a compound up-regulates or down-regulates the transcription of a
NFAT5/TonEBP gene, comprising contacting the compound with a RNA polymerase and
said gene, followed by measuring NFAT5/TonEBP gene transcription initiated by the RNA
polymerase acting on the gene, wherein measuring enhanced transcription is indicative of
up-regulation and measuring decreased transcription is indicéﬁve of down-regulation. in
various aspects, the contacting can occur in a cell. In another aspect, the compound can be
selected from the group consisting of a ribozyme, antisense compound, triplex-forming
molecule, siRNA, and aptamer.

[0016] In another aspect of the present invention, a method is provided for
determining whether a compound up-regulates or down-regulates translation of an
NFATS/TonEBP gene in a cell, comprising contacting the compound with the cell, the cell
further comprising the NFAT5/TonEBP gene, and measuring NFATS/TonEBP gene
translation, wherein measuring enhanced transiation is indicative of up-regulation and
measuring decreased translation is indicative of down-regulation. In various aspects, the
compound can be selected from the group consisting of a ribozyme, antisense compound,
triplex-forming molecule, siRNA, and aptamer.

[0017] In a further aspect of the present invention, a method is provided for
determining whether a compound is a NFAT5/TonEBP target gene inhibitor, comprising: (a)
culturing a first cell and a second cell under conditions of hypertonic stress; (b) contacting
the first cell with a test agent; and (c) assaying the first cell and the second cell for at least
one activity of a NFAT5/TonEBP target gene, wherein a decrease in activity of a
NFATS5/TonEBP target gene in the first cell relative to the second cell indicates that the test
agent is an NFAT5/TonEBP target gene inhibitor. In various aspects, the contacting can
occur in a cell. In another aspect, the compound can be selected from the group consisting
of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and aptamer. In
various aspects, the NFAT5/TonEBP target gene can be selected from the group consisting
of aldose reductase, sodium/myo-inositol cotransporter, sodium/chloride/betaine
cotransporter, urea transporter, taurine transporter, heat shock protein 70 gene, sodium-
coupled neutral amino acid transporter-2, osmotic stress protein of 94 kDa and aquaporin 2.

[0018] In yet another aspect of the present invention, a non-human transgenic
animal is provided, wherein at least one NFAT5/TonEBP gene comprised by the non-human
transgenic animal is disrupted. In various aspects, the NFAT5/TonEBP gene is not fully
expressed. In another aspect, the non-human animal can be selected from the group
consisting of a mouse, rat, dog, cat, cow, pig, horse, rabbit, frog, chicken, and sheep. In one
aspect, the non-human transgenic animal is a mouse.
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[0019] In a further aspect of the present invention, a polynucleotide is provided
comprising a nucleotide sequenceselected from the group consisting of SEQ ID NO: 2, SEQ
ID NO: 4, SEQID NO: 6, SEQ ID NO: 8, and SEQ ID NO: 10, and wherein the
polynucleotide lacks exons 6 and 7. In another aspect of the presentinvention, a
polynucleotide is provided comprising at least about 80% sequence identity to a
polynucleotide comprising a nucleotide sequence selected from the group consisting of SEQ
ID NO: 2, SEQID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, and SEQ ID NO: 10, and wherein
the polynucleotide encodes a polypeptide comprising at least one activity of an
NFAT5/TonEBP protein.

[0020] !n anotheraspect of the present invention, a polypeptide is provided which
is expressed from the polynucleotide provided above. In another aspect of the present
invention, a polypeptide is provided comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, and SEQ
ID NO: 9, and wherein the polypeptide lacks an amino acid sequence encoded by exons 6
and 7 of an NFAT5/TonEBP gene. In yet another aspect of the present invention, a
polypeptide is provided havingat least about 50% sequence identity to a polypeptide
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, and SEQ ID NO: 9, and wherein the
polypeptide comprises at least one activity of an NFAT5/TonEBP protein.

[0021] In a further aspect of the present invention, a vector is provided comprising
the polynucleotide provided above. In another aspect, a cell is provided comprising any of
the polynucleotides provided above. In yet another aspect, a tissue is provided comprising
the cell provided above. In another aspect, an organism is provided comprising the cell
provided above. In a further aspect, an organism is provided comprising a cell capable of
expressing the polypeptides of any of the polypeptides provided above.

[0022] In a further aspect of the present invention, an anti-cancer or
immunosuppressive compound is provided which is identified by the method comprising: (a)
culturing a first cell and a second cell under conditions of hypertonic stress; (b) contacting
the first cell with a test agent; and (c) assaying the first cell and the second cell for cell
growth or viability, wherein a decrease in cell growth or viability in the first cell relative to the
second cell indicates that the test agent is an anti-cancer or immunosuppressive compound.
In various aspects, the first and second cell can comprise an NFAT5/TonEBP polynucleotide
or polypeptide. In various aspects, the first and second cell comprise a NFAT5/TonEBP
variant polynucleotide. In various aspects, the first and second cell comprise a
NFAT5/TonEBP variant or fragment protein. In other aspects, the assay for cell growth or
viability can comprise an assay selected from the group consisting of a cell uptake assay,
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cell binding assay, growth inhibition assay and any combination therecf.

[0023] In yet another aspect of the present invention, an anti-cancer or
immunosuppressive compound is provided which is identified by the method comprising: (a)
performing a structure based drug design using a three dimensional structure determined for
a crystal of NFATS/TonEBP. In various aspects, the three dimensional structure can
comprise atomic coordinates of Protein Data Bank Accession No. 1IMH. In some aspects,
the method can further comprise: (b) contacting the candidate inhibitor with a cell comprising
NFAT5/TonEBP or a variant or fragment thereof; and (c) detecting inhibition of at least one
activity of NFAT5/TonEBP, variant or fragment thereof. Alternatively, the method can further
comprise: (b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a
variant or fragment thereof; (c) culturing the cell under conditions of hypertonic stress; (d)
contacting the cell with the candidate compound; and (e) assaying the cell for cell growth or
viability. In various aspects, the assay for cell growth or viability can comprise an assay
selected from the group consisting of a cell uptake assay, cell binding assay, growth
inhibition assay and any combination thereof. The compounds identified above can be a
pro-drug or pharmaceutically acceptable salt of the compound, or combination with a
phamaceutically acceptable carrier.

[0024] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description, examples and
appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0025] Figure 1. Depicted is a schematic representation of a gene-targeting
strategy for deletion of exons 6 and 7 of the Nfat5 gene by homologous recombination in
embryonic stem cells. The top line represents the wild type Nfatd gene with exons and
points of recombination indicated: A is Avrll, R is EcoRlI, X is Xhol, and M is Mscl. The
middle line represents a gene-targeting vector containing three loxP recombination sites and
a neomycin-selectable marker within a 12.4-kb genomic region encompassing exons 5-7.
The bottom line represents the resultant deletion mutant, Nfat5”.

[0026] Figure 2. Depicted is a schematic representation of wild type Nfat5,
indicating the points of the nucleotide sequence that map on to the DNA binding domain of
the expressed protkein (upper panel). The lower panel is a structural depiction of the region
of the NFAT5/TonEBP DNA-binding domain targeted for deletion. The targeted deletion
eliminates exons 6 and 7, which encode amino acids comprising the N-terminal DNA-binding
loop (1). Deleted amino acids are shown in green, the remainder of the DNA-binding
domain is blue, and DNA is colored red and yellow.
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[0027] Figure 3. Depicted are the results of PCR genotyping verification of Nfat5
and the deletion mutant mMRNA encoded by exons 5-8 (top panel) in MEF cell lines, and
Southern blot analysis of Nfat5 and the deletion mutant (lower panel), confirming germ line
transmission of the allele bearing the exon 6 and 7 deletion.

[0028] Figure 4. Depicted is RT-PCR analysis of RNA isolated from SV40 T
antigen-immortalized embryonic fibroblast (MEF) cell lines derived from Nfat5**, Nfat5** and
Nfat5"’* embryos (right panel). The left panel depicts schematic representations of both the
wild type and deletion mutants. The arrows above each graphic indicate the RT-PCR
analysis primers positioned as indicated relative to that portion of the NFAT5/TonEBP mRNA
encoded by exons 5-8.

[0029] Figure 5. Whole cell extracts from the Nfat5"*, Nfat5"2 and Nfat5* MEF
cell lines cultured under either standard or hypertonic (HI) culture conditions. The Western
immunoblot analysis was conducted using the indicated primary antisera. (ns) refers to the
control nonspecific bands.

[0030] Figure 6. Depicted are graphs representing luciferase reporter activity
(relative light units, RLU) in immortalized MEF cell lines derived from wild type, heterozygous
and homozygous deletion mutant embryos. The pictured data are representative of three
independentexperiments. (A) depicts data from experiments using the NFAT5/TonEBP
reporter and (B) depicts data from experiments using the hsp70.1 reporter. Both sets of data
were generated from celis under hypertonic(added NaCl) and isotonic (added raffinose) as
indicated.

[0031] Figure 7. Depicted are cell counts from the indicated tissue for wild type and
heterozygous mice.

[0032] Figure 8. Depicted is a Western Blot analysis of cells from Nfat5"2 and
Nfat5+/+ mice. (ns) refers to the control nonspecific bands.

[0033] Figure 9. Depicted are ELISA data showing relative antigen-specific
immunoglobulin levels of Nfat5" and Nfat5"* mice immunized with ovalbumin.

[0034] Figure 10. Depicted are data quantifying the proliferative responses of
Nfat5+/A lymphocytes in isotonic and hypertonic conditions. Anti-CD3/CD28 refers to
stimulation of T-cells, while LPS refers to stimulation of B cells. Figure 11. Shown is the
growth immortalized embryonic fibroblast (MEF) cell lines derived fom Nfat5**, Nfat5"* and
Nfat5** embryos under the indicated osmotic conditions.

[0035] Figure 12. Depicted are cell counts for MEF cell lines derived from the
indicated embryos at two different osmostic conditions.

[0036] Figure 13. Depicted is the osmolality of indicated mouse lymphoid tissues.

[0037] Figure 14. Depicted are cell doublings number for wild type (wt - filled
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squares), heterozygous (HT - filled diamond) and knockout (KO - open squares) MEF cell
lines derived from mouse embryos. '

[0038] Figure 15. Depicted is SDS-PAGE analysis of normal and malignant
prostate tissue.

[0039] Figure 16. Depicted is SDS-PAGE analysis of protein extracts of tumor
nodules from nude mice engrafted with U87 human glioma cancer cells.

[0040] Figure 17. Depicted is Western blot analysis of tissues extracted from mice.
A murine thymocyte cell suspension included as a control (lane 1, thy) can be compared to
test samples: lane 3, infiltrating ductal carcinoma; lane 5, adenocarcinoma (AdCa), likely
metastatic; lane 6, adenocarcinoma, unknown primary; lane 7, squamous cell carcinoma
(SCC); lane 8, metastatic SCC from the lung; lane 9, metastatic poorly differentiated
adenocarcinoma from the breast; lanes 11, 13, 15, 17, metastatic colorectal
adenocarcinoma. NL refers to normal adjacent tissue; ca refers to cancer tissue. F =
female; M = male.

[0041] Figure 18. Depicted are data representing mean tumor size in a xenograft
assay. Cell lines represent the indicated genotypes, and cell lines designated 2.1 were
generated independently (on a separate day) of those designated 2.2.

DETAILED DESCRIPTION OF THE INVENTION

[0042] Abbreviations and Definitions

[0043] To facilitate understanding of the invention, a number of terms and
abbreviations as used herein are defined below as follows:

[0044] To distinguish between genes (and related nucleic acids) and the proteins
that they encode, the abbreviations for genes are indicated by italicized text while
abbreviations for the proteins start with a capital letter'and are not italicized. Thus,
NFAT5/TonEBP refers to the nucleotide sequence that encodes NFAT5/TonEBP.

[0045] Abs: As used herein, the term “Abs” refers to antibodies whichmay be
single anti-NFAT5/TonEBP monoclonal Abs (including agonist, antagonist, and neutralizing
Abs), anti-NFAT5/TonEBP anfibody compositions with polyepitopic specificity, single chain
anti-NFAT5/TonEBP Abs, and fragments of anti-NFAT5/TonEBP Abs. A “monoclonal
antibody” refers to an antibody obtained from a population of substantially homogeneous
Abs, i.e., the individual Abs comprising the population are identical except for naturally-
occurring mutations that may be present in minor amounts

[0046] Active Polypeptide: As used herein, the term “active polypeptide” refers to a
NFATS/TonEBP, NFAT5/TonEBP fragment or NFAT5/TonEBP variant which retains a
biological and/or an immunological activity of native or naturally occurring NFAT5/TonEBP.
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Immunological activity refers to the ability to induce the production of an antibody against an
antigenic epitope possessed by a native NFAT5/TonEBP; biological activity refers to a
function, either inhibitory or stimulatory, caused by a native NFAT5/TonEBP that excludes
immunological activity. A biological activity of NFAT5/TonEBP includes, for example, its
regulation of target genes disclosed herein.

[0047] Control Sequences: As used herein, the term “control sequences” refers to
DNA sequences that enable the expression of an operably-linked coding sequence in a
particular host organism. Prokaryotic control sequences include promoters, operator
sequences, and ribosome binding sites. Eukaryotic cells utilize promoters, polyadenylation
signals, and enhancers.

[0048] Controlled-Release Component: As used herein, the term "controlled-
release component” refers to a composition or compound, including, but not limited to,
polymers, polymer matrices, gels, permeable membranes, liposomes, microspheres, or the
like, or a combination thereof, that facilitates the controlled-release of a composition or
composition combination.

[0049] Epitope Tag: As used herein, the term “epitope tag” refers to a chimeric
polypeptide fused to a “tag polypeptide”. Such tags provide epitopes againstwhich Abs can
be made or are available, but do not interfere with polypeptide activity. To reduce anti-tag
antibody reactivity with endogenous eptopes, the tag polypeptide is preferably unique.
Suitable tag polypeptides generally have at least six amino acid residues and usually
between about 8 and 50 amino acid residues, preferably between 8 and 20 amino acid
residues). Examples of epitope tag sequences include HA from Influenza A virus and FLAG.

[0050] Isolated: As used herein, the term “isolated,” when referred to a molecule,
refers to a molecule that has been identified and separated and/or recovered from a
component of its natural environment. Contaminant components of its natural environment
are materials that interfere with diagnostic or therapeutic use.

[0051] Isolated Nucleic Acid: As used herein, the term “isolated nucleic acid” refers
to a molecule purified from the setting in which it is found in nature and is separated from at
least one contaminant nucleic acid molecule. Isolated NFAT5/TonEBP molecules are
distinguished from the specific NFAT5/TonEBP molecule, as it exists in cells. However, an
isolated NFAT5/TonEBP molecule includes NFAT5/TonEBP molecules contained in cells
that ordinarily express the NFAT5/TonEBP where, for example, the nucleic acid molecule is
in a chromosomal location different from that of natural cells.

[0052] isolated or Purified Polypeptide, Protein or Fragment: As used herein, the
terms "isolated" or "purified" polypeptide, protein or biologically active fragment refer to those
items separated and/or recovered from a component of its natural environment.
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Contaminant components include materials that would typically interfere with diagnostic or
therapeutic uses for the polypeptide, and may include enzymes, hormones, and other
proteinaceous or non-proteinaceous materials. Preferably, the polypeptide is purified to a
sufficient degree to obtain at least 15 residues of N-terminal or internal amino acid
sequence. To be substantially isolated, preparations having less than 30% by dry weight of
non-NFATS/TonEBP contaminating material (contaminants), more preferably less than 20%,
10% and most preferably less than 5% contaminants. An isolated, recombinantly-produced
NFAT5/TonEBP or biologically active portion is preferably substantially free of culture
medium, i.e., culture medium represents less than 20%, more preferably less than about
10%, and most preferably less than about 5% of the volume of the NFAT5/TonEBP
preparation. Examples of contaminants include cell debris, culture media, and substances
used and produced during in vitro synthesis of NFAT5/TonEBP.

[0053] Operably Linked: As used herein, the tem “operably linked” refers to nucleic
acid when itis placed into a functional relationshipwith another nucleic acid sequence. For
example, a promoter or enhancer is operably-linked to a coding sequence if it affects the
transcription of the sequence, or a ribosome-binding site is operably-linked to a coding
sequence if positioned to facilitate translation. Generally, “operably-linked” means that the
DNA sequences being linked are contiguous, and, in the case of a secretory leader,
contiguous and in reading phase. However, enhancers do not have to be contiguous.
Linking is accomplished by conventional recombinant DNA methods.

[0054] Pharmaceutically Acceptable: As used herein, the term "pharmaceutically
acceptable” means approved by a regulatory agency of the Federal or a state government or
listed in the U.S. Pharmacopeia or other generally recognized phamacopeia for use in
animals, and more particularly in humans.

[0055] Pharmaceutically Acceptable Carrier: As used herein, the term
"phamaceutically acceptable carrier” refers to a diluent, adjuvant, excipient, or vehicle with
which a composition is administered. Such carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents. Water is a preferred carrier when a composition is
administered intravenously. Saline solutions and aqueous dextrose and glycerol solutions
can also be employed as liquid carriers, particularly for injectable solutions. Suitable
excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol,
propylene, glycol, water, ethanol and the like. A composition, if desired, can also contain
minor amounts of wetting or emuilsifying agents, or pH buffering agents such as acetates,
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citrates or phosphates. Antibacterial agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacefic acid; and agents for the adjustment of tonicity such as sodium
chloride or dextrose may also be a carrier.

[0056] Pharmaceutically Acceptable Salt: As used herein, the term
“pharmaceutically acceptable salt” includes those salts of a phamaceutically acceptable
composition formed with free amino groups such as those derived from hydrochloric,
phosphoric, acetic, oxalic, tartaric acids, and those formed with free carboxyl groups such as
those derived from sodium, potassium, ammonium, calcium, ferric hydroxides,
isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, and procaine. If the
composition is basic, salts may be prepared fram pharmaceutically acceptable non-toxic
acids including inorganic and organic acids. Such acids include acefic, benzene-sulfonic
(besylate), benzoic, camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic, glutamic,
hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic, methanesulfonic,
mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric acid, p-
toluenesulfonic, and the like. Particularly preferred are besylate, hydrobromic, hydrochiloric,
phosphoric and sulfuric acids. If the composition is acidic, salts may be prepared from
phamaceutically acceptable organic andinorganic bases. Suitable organic bases include,
but are not limited to, lysine, N,N'-dibenzylethylenediamine, chioroprocaine, choline,
diethanolamine, ethylenediamine, meglumine (N-methylglucamine) and procaine. Suitable
inorganic bases include, but are not limited to, alkaline and earth-alkaline metals such as
aluminum, calcium, lithium, magnesium, potassium, sodium and zinc.

[0057] Pro-Drug: As used herein, the term "pro-drug" refers to any composition
which releases an active drug in vivo when such a composition is administered to a
mammalian subject. Pro-drugs can be prepared, for example, by functional group
modification of a parent drug. The functional group may be cleaved in vivo to release the
active parent drug compound. Pro-drugs include, for example, compounds in which a group
that may be cleaved in vivo is attached to a hydroxy, amino or carboxyl group in the active
drug. Examples of pro-drugs include, but are not limited to esters (e.g., acetate, methyl,
ethyl, formate, and benzoate derivatives), carbamates, amides and ethers. Methods for
synthesizing such pro-drugs are known to those of skill in the art.

[0058] Purified Polypeptide: As used herein, the term “purified polypeptide” refers
to a molecule which is purified (1) to obtain at least 15 residues of N-terminal or internal
amino acid sequence using a sequenator, or (2) to homogeneity by SDS-PAGE under non-
reducing or reducing conditions using Coomassie blue or silver stain. Isolated polypeptides
include those expressed heterologously in genetically-engineered cells or expressed in vitro,
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since at least one component of the NFAT5/TonEBP natural environment will not be present.
Ordinarily, isolated polypeptides are prepared by at least one purification step.

[0059] Therapeutically Effective Amount: As used herein, the term “therapeutically
effective amount” refers to those amounts that, when administered to a particular subject in
view of the nature and severity of that subject’s disease or condition, will have a desired
therapeutic effect, e.g., an amount which will cure, prevent, inhibit, or at least partially arrest
or partially prevent a target disease or condition. More specific embodiments are included in
the Pharmaceutical Preparations and Methods of Administration section below.

[0060] Methods for Treating Disease by Modulating an Osmotic Stress
Pathway

[0061] The present invention utilizes the discovery that osmotic stress response is
a critical factor in the regulation of cancers and autoimmune diseases. The invention herein
provides amode of treating cancers and autoimmune diseases in human and other subjects
by identifying and administering an osmotic stress response, in particular a NFAT5/TonEBP,
inhibitor. The invention also provides polynucleotides, polypepfides, vectors, cells, tissues
and organisms useful in the identification and treatment of cancers and autoimmune
diseases. A number of desirable anti-cancer and immunosuppressive aspects are achieved
by various embodiments of the present invention.

[0062] The osmotic stress response pathway has been discovered to be necessary
for cellular proliferationand immune cell. Immune cells and are also dependent on this
pathway -- a mutation in the mouse genome results in either complete or partial loss of the
function of NFATS/TonEBP as a DNA binding transcription factor. While complete loss of
function resulted in late gestational/neonatal lethality and severe impairment of cell
proliferation under hyperosmotic culture conditions, animals exhibiting partial loss of function
were viable and demonstrated defects in adaptive immunity.

[0063] Direct measurements of NFAT5/TonEBP and osmotic stress reveal
lymphoid tissues to be hyperosmolar relative to serum. This discovery not only
demonstrates that NFAT5/TonEBP represents a critical component of the mammalian
osmotic stress response, but also provides new insight into the lymphoid tissue
microenvironment, thus highlighting the broader biologic signficance of osmotic stress and
the NFAT5/TonEBP osmotic stress response pathway in vivo.

[0064] The unique microenvironment within a tumor, characterized by a complete
absence of functional intra-tumor lymphatics, renders the growth and survival of malignant
cells in vivo critically dependent on the mammalian osmotic stress response pathway. The
osmotic stress response pathway represents a highly specific target for anticancer drug
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discovery. All normal tissues contain lymphatic vessels that allow for the removal of
membrane impermeable solutes (i.e., osmolytes) that accumulate within the interstitial
space. However, there are no functional lymphatics within tumors. Inhibition of the cellular
osmotic stress response pathway in tumor tissue results in cell death due to hypertonic
stress. In the absence of functional lymphatics, cell death exacerbates osmotic stress,
which enhances cell death, thus establishing an osmolytic feedback loop.

[0065] In addition, lymphoid tissue hypocellularity and impaired adaptive immune
response observed in Nfat5"™ mice (Fig. 7) indicate that NFAT5/TonEBP also plays a critical
role in the function of the adaptive immune system. The observed correlation between the
impaired lymphocyteresponses in vivo resulting from partial loss of NFATS/TonEBP function
and the impaired proliferative responses of Nfat5"™ lymphocytes ex vivo observed upon
culture under conditions of hyperosmotic stress (Fig. 10) provides that NFAT5/TonEBP
functions as part of an osmotic stress response pathway in lymphoid tissues. This
conclusion is supported by the observation that lymphoid tissues are hyperosmotic relative
to blood based on direct measurements of tissue asmolality (Fig. 13).

[0066] The late embryonic/neonatal lethality observed in both homozygous null and
homozygous Nfat5™ animals definitively demonstrates a critical role for NFAT5/TonEBP
outside the kidney. Therefore, those of skill in the art will recognize that NFAT5/TonEBP is a
target for drug discovery and designhing new treatments for cancers and autoimmune
diseases.

[0067] Accordingly, the invention provides a method for identifying a candidate
anti-cancer or immunosuppressive compound, the method comprising (a) culturing a first cell
and a second cell under condifions of hypertonic stress; (b) contacting the first cell with a
test agent, and (c) assaying the first cell and the second cell for cell growth or viability. The
decrease in cell growth or viability in the first cell relative to the second cell indicates that the
test agent is a candidate anti-cancer or immunosuppressive compound. In various aspects,
the first and second celi of the compound idenffication method comprise an NFAT5/TonEBP
polynucleotide or polypeptide as a mode for obtaining infomation on test agents which may
be identified as osmotic stress inhibitors, and thus anti-cancer or immunosuppressive
compounds.

[0068] The NFAT5/TonEBP polypeptide and polynucleotide sequences for human
(SEQ ID NOs: 1-6) and murine (SEQ ID NOs: 7-10) are provided. SEQ ID NOs: 1,3 and 5
provide human isoforms a, b and ¢ of NFAT5/TonEBP. SEQ ID NOs: 2, 4 and 6 provide
polynucleotide sequences, or genes, encoding human isoforms a, b and c¢. Likewise, SEQ
ID NOs: 7 and 9 provide murine isoforms a and b of NFAT5/TonEBP. SEQ ID NOs: 8 and
10 provide polynucleofide sequences encoding murine isoforms a and b.
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[0069] In one embodiment, an isolated NFAT5/TonEBP molecule can be used to
express NFATS/TonEBP (e.g., via a recombinant expression vector in a host cell in gene
therapy applications), to detect NFAT5/TonEBP mRNA (e.g., in a biological sample) or to
modulate an NFATS5/TonEBP activity. In addition, NFAT5/TonEBP polypeptides, e.g., SEQ
ID NOs: 1, 3,5, 7 and 9, can be used to screen drugs or cdmpounds that modulate the
NFATS5/TonEBP activity or expression as well as to treat disorders characterized by
insufficient or excessive production (such as cancer) of NFAT5/TonEBP or production of
NFATS/TonEBP forms that have decreased or aberrant activity compared to
NFATS/TonEBP wild-type protein, or modulate biological function that invoive
NFATS/TonEBP. In addition, the anti-NFAT5/TonEBP Abs of the invention can be used to
detect and isolate NFAT5/TonEBP and modulate NFAT5/TonEBP activity.

[0070] Accordingly, the present invention provides a method for identifying a
candidate anti-cancer or immunosuppressive compound, i.e., candidate or test compounds
or agents (e.g., peptides, peptidomimetics, small molecules or other drugs), and
combinations thereof, that effect NFAT5/TonEBP, a stimulatory or inhibitory effect, including
translation, transcription, activity or copies of the gene incelis. The present invention also
inciudes compounds identified in screening assays.

[0071] Testing for compounds that increase or decrease NFAT5/TonEBP activity
are desirable. A compound may modulate NFAT5/TonEBP activity by affecting: (1) the
number of copies of the gene in the cell (amplifiers and deamplifiers); (2) increasing or
decreasing transcription of the NFAT5/TonEBP (transcription up-regulators and down-
regulators); (3) by increasing or decreasing the translation of NFAT5/TonEBP mRNA into
protein (translation up-regulators and down-regulators); or (4) by increasing or decreasing
the activity of NFAT5/TonEBP itself (agonists and antagonists).

[0072] To identify compounds that affect NFAT5/TonEBP at the DNA, RNA and
protein levels, cells or organisms are contacted with a candidate compound and the
corresponding change in NFAT5/TonEBP DNA, RNA or protein is assessed. For DNA
amplifiers and deamplifiers, the amount of NFATSTonEBP DNA is measured, for those
compounds that are transcription up-regulators and down-regulators the amount of
NFATS/TonEBP mRNA is determined; for translational up- and down-regulators, the amount
of NFAT5/TonEBP polypeptides is measured. Compounds that are agonists or antagonists
may be identified by contacting cells or organisms with the compound.

[0073] Modulators of NFAT5/TonEBP expression can be identified in a method
where a cell is contacted with a candidate compound and the expression of NFAT5/TonEBP
mRNA or protein in the cell is detemined. The expression level of NFAT5/TonEBP mRNA
or protein in the presence of the candidate compound is compared to NFAT5/TonEBP



WO 2006/001981 PCT/US2005/019432
16

mRNA or protein levels in the absence of the candidate compound. The candidate
compound can then be identified as a modulator of NFAT5/TonEBP mRNA or protein
expression based upon this comparison. For example, when expression of NFAT5/TonEBP
mRNA or protein is greater (i.e., statistically significant) in the presence of the candidate
compound than in its absence, the candidate compound is identified as a stimulator of
NFATS/TonEBP mRNA or protein expression. Alternatively, when expression of
NFATS5/TonEBP mRNA or protein is less (statistically significant) in the presence of the
candidate compound than in its absence, the candidate compound is identified as an
inhibitor of NFAT5/TonEBP mRNA or protein expression. The level of NFAT5/TonEBP
mRNA or protein expression in the cells can be determined by methods described for
detecting NFAT5/TonEBP mRNA or protein.

[0074] Methods of making recombinant ceils and expressing cellular proteins such
as NFATS/TonEBP are well known in the art. For an infroduction to recombinant methods,
see, Berger, Sambrook, and Ausubel, supra. Culture of mammalian cell lines and cultured
cells from tissue or blood samples is well known in the art. Freshney (Culture of Animal
Cells, a Manual of Basic Technique, Third Edition, Wiley-Liss, New York (1994)) and the
references cited therein provides a general guide to the culture of animal cells. Culture of
piant cells is described in Payne et al. (1992) Plant Cell and Tissue Culture in Liquid
Systems, John Wiley & Sons, Inc., New York, N.Y. Additional information on cell culture,
including prokaryotic cell culture, is found in Berger, Sambrook, and Ausubel, supra. Cell
culture media are described in Atlas and Parks (eds) The Handbook of Microbiological
Media (1993) CRC Press, Boca Raton, Fla. Additional information is found in commercial
literature such as the Life Science Research Cell Culture catalogue (various ediions) from
Sigma-Aldrich, Inc. (St. Louis, Mo.) and, e.g., the Plant Culture Catalogue and supplement
(1997) also from Sigma-Aldrich, Inc. (St. Louis, Mo.).

[0075] Many other assays for screening candidate or test compounds that bind to
or modulate the activity of NFAT5/TonEBP or polypeptide or biologically active portion are
available to those o skill in the art. Test compounds can be obtained using any of the
numerous approaches in combinatoriai library methods, including: biclogical libraries;
spatially addressable parallel solid phase or solution phase libraries; synthetic library
methods requiring deconvolution; the “one-bead one-compound” library method; and
synthetic library methods using affinity chromatography selection. The biological library
approach is limited to peptides, while the other four approaches encompass peptide,
non-peptide oligomer or small molecule libraries of compounds.

[0076] Preparation and screening of combinatorial chemical libraries is well known
to those of skill in the art. Such combinatorial chemical libraries include, but are not limited
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to, peptide libraries (see, e.g., U.S. Pat. No. 5,010,175, Furka, Int. J. Pept. Prot. Res.
37:487-493 (1991) and Houghtonet al., Nature 354:84-88 (1991)). Other chemistries for
generating chemical diversity libraries are also opfionally used. Such chemistries include,
but are not limited to: peptoids (PCT Publication No. WO 91/19735), encoded peptides (PCT
Publication WO 93/20242), random bio-oligomers (PCT Publication No. WO 92/00091),
benzodiazepines (U.S. Pat. No. 5,288,514), diversomers such as hydantoins,
benzodiazepines and dipeptides (Hobbs et al., Proc. Nat. Acad. Sci. USA 90:6909-6913
(1993)), vinylogous polypeptides (Hagihara et al., J. Amer. Chem. Soc. 114:6568 (1992)),
nonpeptidal peptidomimetics with a-D-glucose scaffolding (Hirschmann et al., J. Amer.
Chem. Soc. 114:9217-9218 (1992)), analogous organic syntheses of small compound
libraries (Chen et al., J. Amer. Chem. Soc. 116:2661 (1994)), oligocarbamates (Cho et al.,
Science 261:1303 (1993)), and/or peptidyl phosphonates (Campbell et al., J. Org. Chem.
59:658 (1994)), nucleic acid libraries (see, Berger and Kimmel, Guide to Molecular Cloning
Techniques, Methods in Enzymology, volume 152, Academic Press, Inc., San Diego, Calif.
(“Berger”), Sambrook, supra, and Ausubel, supra; peptide nucleic acid libraries (see, e.g.,
U.S. Pat. No. 5,539,083), antibody libraries (see, e.g., Vaughn et al., Nature Biotechnology,
14(3):309-314 (1996) and PCT/US96/10287), carbohydrate libraries (see, e.g., Liang et al.,
Science, 274:1520-1522 (1996) and U.S. Pat. No. 5,593,853), small organic molecule
libraries (see, e.g., benzodiazepines, Baum C&EN, Jan. 18, page 33 (1993); isoprenoids,
U.S. Pat. No. 5,569,588, thiazolidinones and metathiazanones, U.S. Pat. No. 5,549,974
pyrrolidines, U.S. Pat. Nos. 5,525,735 and 5,519,134; morpholino compounds, U.S. Pat. No.
5,506,337, benzodiazepines, U.S. Pat. No. 5,288,514, and the like).

[0077] A "small molecule" refers to a composition that has a moiecular weight of
less than about5 kD and more preferably less than about 4 kD, and most preferable less
than 0.6 kD. Small molecules can be nucleic acids, peptides, polypeptides,
peptidomimetics, carbohydrates, lipids or other organic orinorganic molecules. Libraries of
chemical and/or biological mixtures, such as fungal, bacterial, or algal extracts, are known in
the art and can be screened with any of the assays of the invention.

[0078] Cell-Free Assays

[0079] In one embodiment, a cell-free assay is provided which comprises
contacting NFAT5/TonEBP or biologically-active fragment with a known compound that
binds NFAT5/TonEBP to form an assay mixture, contacting the assay mixture with a test
compound, and determining the ability of the test compound to interact with NFAT5/TonEBP,
where determining the ability of the test compound to interact with NFAT5/TonEBP
comprises determining the ability of the NFAT5/TonEBP to preferentially bind to or moduiate
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the activity of a NFAT5/TonEBP target molecule.

[0080] The cell-free assays of the invention may be used with both soluble and
membrane-bound forms of NFAT5/TonEBP. In the case of cell-free assays comprising the
membrane-bound form, a solubilizing agent to maintain NFATS/TonEBP in solution.
Examples of such solubilizing agents include non-ionic detergents such as n-octylglucoside,
n-dodecylglucoside, n-dodecylmaltoside, octanoyl-N-methylglucamide, decanoy!l-N-
methylglucamide, TRITON® X-100 and others from the TRITON® séries, THESIT®,
Isotridecypoly(ethylene glycol ether),, N-dodecyl-N,N-dimethyl-3-ammonio-1-propane
sulfonate, 3-(3-cholamidopropyl) dimethylamminiol-1-propane sulfonate (CHAPS), or 3-(3-
cholamidopropyl)dimethylamminiol-2-hydroxy-1-propane sulfonate (CHAPSO).

[0081] Immobilizing either NFAT5/TonEBP or its partner molecules can facilitate
separation of complexed from uncomplexed forms of one or both of the proteins, as well as
to accommodate high throughput assays. Binding of atest compound to NFAT5/TonEBP, or
interaction of NFAT5/TonEBP with a target molecule in the presence and absence of a
candidate compound, can be accomplished in any vessel suitable for containing the
reactants, such as microtiter plates, test tubes, and micro-centrifuge tubes. A fusion protein
can be provided that provides a domain that allows one or both of the proteins to be bound
to a matrix. Examples of such fusion proteins are provided in Table 3 below. For example,
GST-NFATS5/TonEBP fusion proteins or GST-target fusion proteins can be adsorbed onto
glutathione sepharose beads (SIGMA Chemical, St. Louis, MO) or glutathione derivatized
microtiter plates that are then combined with the test compound or the test compound and
either the non-adsorbed target protein or NFAT5/TonEBP, and the mixture is incubated
under conditions conducive to complex formation (e.g., at physiological conditions for salt
and pH). Following incubation, the beads or microtiter plate wells are washed o remove any
unbound components, the matrix immobilized inthe case of beads, complex determined
either directly or indirectly, for example, as described. Alternatively, the complexes can be
dissociated from the matrix, and the level of NFATS/TonEBP binding or activity determined
using standard techniques.

[0082] Other techniques for immobilizing proteins on matrices can also be usedin
screening assays. Either NFATS/TonEBP or its target molecule can be immobilized using
biotin-avidin or biotin-streptavidin systems. Biotinylation can be accomplished using many
reagents, such as biotin-NHS (N-hydroxy-succinimide; PIERCE Chemicals, Rockford, IL),
and immobilized in wells of streptavidin-coated 96 well plates (PIERCE Chemical).
Alternatively, Abs reactive with NFAT5/TonEBP or target molecules, but which do not
interfere with binding of the NFAT5/TonEBP to its target molecule, can be derivatized to the
wells of the plate, and unbound target or NFAT5/TonEBP trapped in the welis by antibody
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conjugation. Methods for detecting such complexes, in addition to those described for the
GST-immobilized complexes, include immunodetection of complexes using Abs reactive with
NFATS/TonEBP or its target, as well as enzyme-linked assays that rely on detecting an
enzymatic activity associated with the NFAT5/TonEBP or target molecule.

[0083] Many other embodiments of such drug screening assays are available to
those of skill in the art. For example, the following references provide multiple screening
protocols which may be adapted for use with NFAT5/TonEBP: Sambrook et al. (1989)
Molecular Cloning--A Laboratory Manual (2nd ed.) Vol. 1-3, Cold Spring Harbor Laboratory,
Cold Spring Harbor Press, N.Y., (“Sambrook”); and Current Protocols in Molecular Biology,
F.M. Ausubel etal., eds., Current Protocols, a joint venture between Greene Publishing
Associates, Inc. and John Wiley & Sorns, Inc., (e.g., current through 1999, eg., at least
through supplement 37) (“Ausubel?)), each of which are incorporated herein by reference in
its entirety.

[0084] In one such embodiment, a screen based on the essential function of the
NFATS/TonEBP franscription factor in the mammalian osmotic stress response can involve
using the DNA sequence to which this transcription factor binds to generate a reporter
construct that is activated upon activation of the NFAT5/TonEBP transcription factor, which
occurs in response to hypertonic stress. Such binding sites are known in the art and may be
obtained in the following references, each of which is incorporated herein by reference in its
entirety -- Irarrazabal CE, Liu JC, Burg MB, Ferraris JD. ATM, a DNA damage-inducible
kinase, contributes to activation by high NaCl of the transcription factor TonEBP/OREBP.
Proc Natl Acad Sci U S A. 2004 Jun 8;101(23):8809-14; Ko BC, Lam AK, Kapus A, Fan L,
Chung SK, Chung SS. Fyn and p38 signaling are both required for maximal hypertonic
activation of the osmotic response element-binding protein/tonicity-responsive enhancer-
binding protein (OREBP/TonEBP). J Biol Chem. 2002 Nov 29;277(48):46085-92; and
Ferraris JD, Persaud P, Williams CK, Chen Y, Burg MB. cAMP-independentrole of PKA in
tonicity-induced transactivation of tonicity-responsive enhancet/ osmotic response element-
binding protein. Proc Natl Acad Sci U S A. 2002 Dec 24;99(26):16800-5.

[0085] The reporter construct could then be used in cell-based assays for drugs
that would inhibit the induction of reporter gene activity in response to hypertonic stress.
Such an assay would not only identify drugs that may specifically target and inhibit the
NFATS/TonEBP transcription factor, but would also identify drugs thatwould target and
inhibit any essential molecule that functions upstream of NFAT5/TonEBP in the osmotic
stress response pathway.

[0086] In addition, any component of the osmotic stress response pathway could
be used in such a screen. For example, a critical regulatory kinase whose function is
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essential to the activation of the pathway (e.g., for activation of the NFAT5/TonEBP
transcription factor) could also be used in homogenous (i.e., non-cell based) in vitro assays
to identify drugs that effect this pathway.

[0087] Agonists and antagonists

[0088] “Antagonist” includes any molecule that partially or fully blocks, inhibits, or
neutralizes a biological activity of endogenous NFAT5/TonEBP. Similarly, “agonist’ includes
any molecule that mimics a biological activity of endogenous NFAT5/TonEBP. Molecules
that can act as agonists or antagonists include Abs or Ab fragments, fragments or variants of
endogenous NFATS/TonEBP, peptides, antisense oligonucleofdes, smali organic
molecules, efc.

[0089] To assay for antagonists, NFAT5/TonEBP is added to, or expressed in, a
cell along with the compound to be screened for a particular activity. If the compound
inhibits the activity of interest in the presence of the NFAT5/TonEBP, that compound is an
antagonist to the NFAT5/TonEBP; if NFAT5/TonEBP activity is enhanced, the compound is
an agonist.

[0090] NFATS/TonEBP-expressing cells can be easily identified using any of the
disclosed methods. For example, antibodies that recognize the amino- or carboxy- terminus
of human NFAT5/TonEBP can be used to screen candidate cells by immunoprecipitation,
Western blots, and immunohistochemical techniques. Likewise, SEQ ID NOs: 2, 4, 6, 8 and
10 can be used to design primers and probes that can detect NFAT5/TonEBP mRNA in cells
or samples from cells.

[0091] Any molecule that alters NFAT5/TonEBP cellular effects is a candidate
antagonist or agonist. Screening techniques wellknown to those skilled in the art can
identify these molecules. Examples of antagonists and agonists include: (1) small organic
and inorganic compounds, (2) smail pepfides, (3) Abs and derivatives, (4) polypeptides
closely related to NFAT5/TonEBP, (5) antisense DNA and RNA, (6) ribozymes, (7) triple
DNA helices, (8) siRNAs and (9) nucleic acid aptamers.

[0092] Small molecules that bind to the NFAT5/TonEBP active site or other
relevant part of the polypeptide and inhibit the biological activity of the NFAT5/TonEBP are
antagonists. Examples of small molecule antagonists include small peptides, peptide-like
molecules, preferably soluble, and synthetic non-peptidyl organic or inorganiccompounds.
These same molecules, if they enhance NFAT5/TonEBP activity, are examples of agonists.

[0093] Almost any antibody that affects NFAT5/TonEBPs function is a candidate
antagonist, and occasionally, agonist. Examples of antibody antagonists include polyclonal,
monoclonal, single-chain, anti-idiotypic, chimeric Abs, or humanized versions of such Abs or
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fragments. Abs may be from any species in which an immune response can be raised.
Humanized Abs are also contemplated.

[0094] Alternatively, a potential antagonist or agonist may be a closely related
protein, for example, a mutated form of the NFAT5/TonEBP that recognizes a
NFATS/TonEBP-interacting protein but imparts no effect, thereby competitively inhibiting
NFATS/TonEBP action. Alternatively, a mutated NFAT5/TonEBP may be constitutively
activated and may act as an agonist

[0095] NFATS5/TonEBP polynucleotides

[0096] In various embodiments of the present invention, the methods for identifying
modulatory compounds can comprise the utilization of a NFAT5/TonEBP polynucleotide.
One aspect of the invention pertains to using isolated polynucleotides that encode
NFATS/TonEBP or biologically-active portions thereof, as well as fragments sufficient for use
as hybridization probes to identify NFAT5/TonEBP-encoding nucleic acids (e.g.,
NFATS/TonEBP mRNAs) and fragments for use as polymerase chain reaction (PCR)
primers for the ampilification and/or mutation of NFAT5/TonEBP molecules. A *nucleic acid
molecule” or polynucleotide includes DNA molecules (e.g., cDNA or genomic DNA), RNA
molecules (e.g., mRNA), analogs of the DNA or RNA generated using nucleotide analogs,
and derivatives, fragments and homologues. The nucleic acid molecule may be single-
stranded or double-stranded, but preferably comprises double-stranded DNA.

[0097] Probes

[0098] Probes are nucleic acid sequences of variable length, preferably between at
least about 10 nucleotides (nt), 100 nt, or many (e.g., 6,000 nt) depending on the specific
use. Probes are used to detect identical, similar, or complementary nucleic acid sequences.
Longer length probes can be obtained from a natural or recombinant source, are highly
specific, and much slower to hybridize than shorter-length oligomer probes. Probes may be
single- or double-stranded and designed to have specificity in PCR, membrane-based
hybridization technologies, or ELISA-like technologies. Probes are substantially purified
oligonucleotides that will hybridize under stringent conditions to at least optimally 12, 25, 50,
100, 150, 200, 250, 300, 350 or 400 consecutive sense strand nucleotide sequence of SEQ
ID NOs: 2, 4, 6, 8 and 10; or an anti-sense strand nucleotide sequence of SEQ ID NO: 2, 4,
6, 8 and 10; or of a naturally occurring mutant of SEQ ID NO: 2, 4, 6, 8 and 10.

[0099] The full- or partial-length native sequence NFAT5/TonEBP may be used to
“pull out” similar (homologous) sequences, such as: (1) full-length or fragments of
NFAT5/TonEBP c¢DNA from a cDNA library from any species (e.g., human, murine, feline,
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canine, bacterial, viral, retroviral, yeast), (2) from cells or tissues, (3) variants within a
species, and (4) homologues and variants from other species. See, Ausubel and Sambrook,
supra. To find related sequences that may encode related genes, the probe may be
designed to encode unique sequences or degenerate sequences. Sequences may also be
genomic sequences including promoters, enhancer elements and introns of native sequence
NFAT5/TonEBP.

[0100] Forexample, NFAT5/TonEBP coding region in another species may be
isolated using such probes. A probe of about 40 bases is designed, based on
NFATS5/TonEBP, and made. To detect hybridizations, probes are labeled using, for
example, radionuclides such as 32P or 35S, or enzymatic labels such as alkaline
phosphatase coupled to the probe via avidin-biotin systems. Labeled probes areused to
detect nucleic acids having a complementary sequence to that of NFAT5/TonEBP in libraries
of cDNA, genomic DNA or mRNA of a desired species.

[0101] Such probes can be used as a part of a diagnostic test kit for identifying
cells or tissues which misexpress a NFAT5/TonEBP, such as by measuring a level of a
NFAT5/TonEBP in a sample of cells from a subject e.g., detecting NFAT5/TonEBP mRNA
levels or detetmmining whether a genomic NFAT5/TonEBP has been mutated or deleted.

[0102] Isolated Nucleic Acids

[0103] Anisolated nucleic acid molecule or polynucleotide is separated from other
nucleic acid molecules that are present in the natural source of the nucleic acid. Preferably,
an isolated nucleic acid is free of sequences that naturally flank the nucleic acid (i.e.,
sequences located at the 5'- and 3'-termini of the nucleic acid) in the genomic DNA of the
organism from which the nucleic acid is derived. For example, in various embodiments,
isolated NFAT5/TonEBP molecules can contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb,
0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid molecule in
genomic DNA of the celiftissue from which the nucleic acid is derived (e.g., brain, heart, iiver,
spleen, etc.). Moreover, an isolated nucleic acid molecule, such as a cDNA molecule, can
be substantially free of other cellular material or culture medium when produced by
recombinant technigues, or of chemical precursors or other chemicals when chemically
synthesized.

[0104] A nucleic acid molecule of the invention, e.g., a nucleic acid molecule
having a nucleotide sequence of SEQ ID NOs: 2, 4, 6, 8 or 10, or a complement thereof, can
be isolated using standard molecular biology techniques and the provided sequence
information. Using all or a portion of the nucleic acid sequence of SEQ ID NO: 2, 4, 6, 8 or
10 as a hybridization probe, NFAT5/TonEBP molecules can be isolated using standard
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hybridization and cloning techniques. See, Ausubel and Sambrook, supra.

[0105] PCR amplification techniques can be used to amplify NFAT5/TonEBP using
cDNA, mRNA or alternatively, genomic DNA, as a template and appropriate oligonucleotide
primers. Such nucleic acids can be cloned into an appropriate vector and characterized by
DNA sequence analysis. Furthermore, oligonucleotides corresponding to NFAT5/TonEBP
sequences can be prepared by standard synthetic techniques, e.g., an automated DNA
synthesizer.

[0106] Oligonucleotides

[0107] An oligonucleotide comprises a series of linked nucleotide residues, which
oligonucleotide has a sufficient number of nucleotide bases to be used ina PCR reaction or
other application. A short oligonucleotide sequence may be based on, or designed from, a
genomic or cDNA sequence and is used to amplify, confirm, or reveal the presence of an
identical, similar or complementary DNA or RNA in a particular cell or tissue.
Oligonucleotides comprise portions of a nucleic acid sequence having about 10 nt, 50 nt, or
100 nt in length, preferably about 15 nt to 30 nt in length. In one embodiment of the
invention, an oligonucleotfde comprising a nucleic acid molecule less than 100 nt in length
would further comprise at least 6 contiguous nucleotides of SEQ ID NOs: 2, 4, 6, 8 or 10, or
a complement thereof. Oligonucleotides may be chemically synthesized and may also be
used as probes.

[0108] Complementary Nucleic Acid Sequences and Binding

[0109] In another embodiment, an isolated nucleic acid molecule that can be used
in the invention comprises a nucleic acid molecule that is a complement of the nucleotide
sequence shown in SEQ ID NOs: 2, 4, 6, 8 or 10, or a portion of one of the nucleotide
sequences (e.g., a fragment that can be used as a probe or primer or a fragment encoding a
biologically-active portion of a NFAT5/TonEBP). A nucleic acid molecule that is
complementary to the nucleotide sequence shown in SEQ ID NOs: 2, 4, 6, 8 or 10, is one
that is sufficiently complementary to the nucleotide sequence shown in SEQ ID NOs: 2, 4, 6,
8 or 10, that it can hydrogen bond with little or no mismatches to the nucleotide sequence
shown in SEQ ID NOs: 2, 4, 6, 8 or 10, thereby forming a stable dupliex.

[0110] “Complementary” refers to Watson-Crick or Hoogsteen base pairing
between nucleotides unis of a nucleic acid molecule, and the term “binding” means the
physical or chemical interaction between two polypeptides or compounds or associated
polypeptides or compounds or combinations thereof. Binding includes ionic, non-ionic, van
der Waals, hydrophobic interactions, and the like. A physical interaction can be either direct
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or indirect. Indirect interactions may be through or due to the effects of another polypeptide
or compound. Direct binding refers to interactions that do not take place through, or due to,
the effect of another polypeptide or compound, but instead are without other substantial
chemicai intermediates.

[0111] Nucleic acid fragments are at least 6 (contiguous) nucleic acids or at least 4
(contiguous) amino acids, a length sufficient to allow for specific hybridization in the case of
nucleic acids or for specific recognition of an epitope in the case of amino acids,
respectively, and are at most some portion less than a full-length sequence. Fragments may
be derived from any contiguous portion of a nucleic acid or amino acid sequence of choice.

[0112] Derivatives and Analogs

[0113] Derivatives are nucleic acid sequences or amino acid sequences formed
from the native compounds either directly or by modification or partial substitution. Analogs
are nucleic acid sequences or amino acid sequences that have a structure similar to, but not
identical to, the native compound but differ from it in respect to certain components or side
chains. Analogs may be synthetic or from a different evolutionary origin and may have a
similar or opposite metabolic activity compared to wild type. Homologues are nucleic acid
sequences or amino acid sequences of a particular gene that are derived from different
species.

[0114] Derivatives and analogs may be full length or other than full length, if the
derivative or analog contains a modified nucleic acid or amino acid, as described below.
Derivatives or analogs of the nucleic acids or proteins of the invention include, but are not
limited to, molecules comprising regions that are substantially homologous to the nucleic
acids or proteins of the invention, in various embodiments, by at least about 70%, 71%,
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,

88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, over a nucleic acid
or amino acid sequence of identical size or when compared to an aligned sequence in which
the alignment is done by a computer homology program known in the art, e.g., BLAST, or
whose encoding nuclet acid is capable of hybridizing to the complement of a sequence
encoding the aforementioned proteins under stringent, moderately stringent, or low stringent
conditions. See, Ausubel, supra.

[0115] Homology

[0116] A “homologous nucleic acid sequence” or “homologous amino acid
sequence,” or variations thereof, refer to sequences characterized by a homology atthe
nucleotide level or amino acid level as discussed above. Homologous nucleotide sequences
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encode those sequences coding for isoforms of NFAT5/TonEBP. Isoforms can be
expressed in different tissues of the same organism as a result of, for example, alternative
splicing of RNA. Without being boundto a particular theory, alternative splicing is though to
be the source of homologous human NFAT5/TonEBP isoforms a, b and ¢ and murine
isoforms a and b. Alternatively, different genes can encode isoforms. In the invention,
homologous nucleotide sequences include nucledtide sequences encoding for a
NFATS5/TonEBP of species other than humans, including, but not limited to: vertebrates, and
thus can include, e.g., frog, mouse, rat, rabbit, dog, cat, cow, horse, and other organisms.
Homologous nucleotide sequences also include, but are not limited to, naturally occurring
allelic variations and mutations of the nucleotide sequences set forth herein. A homologous
nucleotide sequence does not, however, include the exact nucleotide sequence encoding
human NFATS/TonEBP, e.g., SEQ ID NOs: 1, 3, and 5. Homologous nucleic acid
sequences include those nucleic acid sequences that encode conservative amino acid
substitutions in SEQ ID NOs: 1, 3, 5, 7 or 9, as well as a polypeptide possessing
NFATS/TonEBP biological activity.

[0117] Open Reading Frames

[0118] The open reading frame (ORF) of a NFATS/TonEBP gene encodes
NFAT5/TonEBP. An ORF is a nucleotide sequence that has a start codon (ATG) and
terminates with one of the three "‘stop" codons (TAA, TAG, or TGA). In this invention,
however, an ORF may be any part of a coding sequence that may or may not comprise a
start codon and a stop codon. To achieve a unique sequence, preferable NFAT5/TonEBP
ORFs encode at least 50 amino acids.
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[0119] NFATS5/TonEBP Hybridization

[0120] Homologues (i.e., nucleic acids encoding NFAT5/TonEBP derived from
species other than human) or other related sequences (e.g., paralogs) can be obtained by
low, moderate or high stringency hybridization with all or a portion of the particular human
sequence as a probe using methods well known in the art for nucleic acid hybridization and
cloning.

[0121] The specificity of single stranded DNA to hybridize complementary
fragments is determined by the “stringency’ of the reaction conditions. Hybridization
stringency increases as the propensity to form DNA dupiexes decreases. In nucleic acid
hybridization reactions, the stringency can be chosen to either favor specific hybridizations
(high stringency), which can be used to identify, for example, full-length clones from a library.
Less-specific hybridizations (low stringency) can be used to identify related, but not exact,
DNA molecules (homologous, but not identical) or segments.

[0122] DNA duplexes are stabilized by: (1) the number of complementary base
pairs, (2) the type of base pairs, (3) salt concentration (ionic strength) of the reaction mixture,
(4) the temperature of the reaction, and (5) the presence of certain organic solvents, such as
formamide which decreases DNA duplex stability. In general, the longer the probe, the
higher the temperature required for proper annealing. A common approach is to vary the
temperature: higher relative emperatures resulf in more stringent reaction conditions. See,
Ausubel, supra.

[0123] To hybridize under “stringent conditions" describes hybridization protocols in
which nucleotide sequences at least 60% homologous to each other remain hybridized.
Generally, stringent conditions are selected to be about 5°C lower than the thermal melting
point (Tm) for the specific sequence at a defined ionic strength and pH. The Tm is the
temperature (under defined ionic strength, pH and nucleic acid concentration) at which 50%
of the probes complementary to the target sequence hybridize to the target sequence at
equilibrium. Since the target sequences are generally present at excess, at Tm, 50% of the
probes are occupied at equilibrium.

[0124] “Stringent hybridization conditions” conditions enable a probe, primer or
oligonucleotide to hybridize only to its target sequence. Stringent conditions are sequence-
dependent and will differ. Stringent condifions comprise: (1) low ionic strength and high
temperature washes (e.g., 15 mM sodium chloride, 1.5 mM sodium citrate, 0.1 % sodium
dodecyl sulfate at 50°C); (2) a denaturing agent during hybridization (e.g., 50% (v/v)
formamide, 0.1% bovine serum albumin, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 50 mM
sodium phosphate buffer (pH 6.5; 750 mM sodium chloride, 75 mM sodium citrate at 42°C);
or (3) 50% formamide. Washes typically also comprise 5X SSC (0.75 M NaCl, 75 mM



WO 2006/001981 PCT/US2005/019432
27

sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x
Denhardt's solution, sonicated salmon sperm DNA (50 pg/mi), 0.1% SDS, and 10% dextran
sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium chloride/sodium citrate) and 50%
formamide at 55°C, followed by a high-stringency wash consisting of 0.1 x SSC containing
EDTA at 55°C. Preferably, the conditions are such that sequences at least about 65%, 70%,
75%, 85%, 90%, 95%, 98%, or 99% homologous to each other typically remain hybridized to
each other. These conditions are presented as examples and are not meant to be limiting.

[0125] “Moderately stringent conditions” use washing sdutions and hybridization
conditions that are less stringent, such that a polynucleotide will hybridize to the entire,
fragments, derivatives oranalogs of SEQ ID NOs: 2, 4, 6, 8 or 10. See Sambrook, supra.
One example comprises hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS and
100 mg/ml denatured salmon sperm DNA at 55°C, followed by one or more washes in
1X 8SC, 0.1% SDS at 37°C. The temperature, ionic strength, etc., can be adjusted to
accommodate experimental factors such as probe length. Other moderate stringency
conditions are described in Sambrook, supra.

[0126] “Low stringentconditions” use washing solutions and hybridization
conditions that are less stringent than those for moderate stringency, such that a
polynucleotide will hybridize to the entire, fragments, derivatives or analogs of SEQ ID NOs:
2,4,6,8o0r10. See Sambrook, supra. A non-limiting example of low stringency
- hybridization conditions are hybridization in 35% formamide, 5X SSC, 50 mM Tris-HCI (pH
7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 mg/ml denatured salmon
sperm DNA, 10% (wtivol) dextran suifate at 40°C, followed by one or more washes in 2X
S8C, 25 mM Tris-HCI (pH 7.4), 5 mM EDTA, and 0.1% SDS at 50°C. Other conditions of
low stringency, such as those for cross-species hybridizations are described in Ausubel,
supra.

[0127] NFATS5/TonEBP Nucleic Acid Variants

[0128] The invention further encompasses using nucleic acid molecules that differ
from the nucleotide sequences shown in SEQ ID NOs: 2, 4, 6, 8 and 10 due to degeneracy
of the genetic code and thus encode the same NFAT5/TonEBP as that encoded by the
nucleotide sequences shown in SEQ ID NOs: 2, 4, 6, 8 and 10. An isolated nucleic acid
molecule of the invention has a nucleotide sequence encoding a protein having an amino
acid sequence shown in SEQID NOs: 1, 3,5, 7 or 9.

[0129] Moreover, NFAT5/TonEBP from other species that have a nucleotide
sequence that differs from the sequence of SEQ ID NOs: 2, 4, 6, 8 or 10, are contemplated.
Nucleic acid molecules corresponding to natural allelic variants and homologues of the
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NFAT5/TonEBP c¢DNAs of the invention can be isolated based on their homology to the
NFAT5/TonEBP of SEQ ID NOs: 2, 4, 6, 8 or 10 using cDNA-derived probes to hybridize to
homologous NFAT5/TonEBP sequences under stringent conditions.

[0130] “NFATS5/TonEBP variant polynucleotide” or “NFATS/TonEBP variant nucleic
acid sequence” means a nucleic acid molecule which encodes an active NFAT5/TonEBP
that (1) has at least about 80% nucleic acid sequence identity with a nucleofide acid
sequence encoding a full-length native NFAT5/TonEBP, (2) a full-length native
NFAT5/TonEBP lacking the signal peptide, (3) an extracellular domain of a NFAT5/TonEBP,
with or without the signal peptide, or (4) any other fragment of a full-length NFAT5/TonEBP.
Ordinarily, a NFAT5/TonEBP variant polynucleotide will have at least about 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
or 99% nucleic acid sequence identity and yet more preferably at least about 99% nucleic
acid sequence identity with the nucleic acid sequence encoding a full-length native
NFAT5/TonEBP. A NFAT5/TonEBP variant polynucleotide may encode full-length native
NFATS5/TonEBP lacking the signal peptide, an extracellular domain of a NFAT5/TonEBP,
with or without the signal sequence, or any other fragment of a full-length NFAT5/TonEBP.
Variants do not encompass the native nucleotide sequence.

[0131] Ordinarily, NFAT5/TonEBP variant polynucleotides are at least about 30
nucleotides in length, often at least about 60, 90, 120, 150, 180, 210, 240, 270, 300, 450,
600 nucleotides in length, more often at least about 900 nucleofides in length, or more.

[0132] “Percent (%) nucleic acid sequence identity” with respect to
NFATS/TonEBP-encoding nucleic acid sequences identified hereinis defined as the
percentage of nucleotides in a candidate sequence that are identical with the nucleotidesin
the NFAT5/TonEBP sequence of interest, after aligning the sequences and introducing gaps,
if necessary, to achieve the maximum percent sequence idenfity. Alignment for purposes of
determining % nucleic acid sequence identity can be achieved in various ways that are
within the skill in the art, for instance, using publicly available computer software such as
BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled in the art can
determine appropriate parameters for measuring alignment, including any algorithms needed
to achieve maximal alignment over the full length of the sequences being compared.

[0133] When nucleotide sequences are aligned, the % nucleic acid sequence
identity of a given nucleic acid sequence C to, with, or against a given nucleic acid sequence
D (which can alternatively be phrased as a given nucleic acid sequence C that has or
comprises a certain % nucleic acid sequence identity to, with, or against a given nucleic acid
sequence D) can be calculated as follows:

%nucleic acid sequence identity = W/Z » 100
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where W is the number of nucleotides cored as identical matches by the sequence
alignment program’s or algorithm’s alignment of C and D and Z is the total number of
nucleotides in D.

[0134] When the length of nucleic acid sequence C is not equal to the length of
nucleic acid sequence D, the % nucleic acid sequence identity of C to D will not equal the %
nucleic acid sequence identity of D to C.

[0135] In addition to naturally-occurring allelic variants of NFAT5/TonEBP, changes
can be introduced by mutation into SEQ ID NOs: 2, 4, 6, 8 or 10 that incur alterations in the
amino acid sequences of the encoded NFAT5/TonEBP that do not alter NFAT5/TonEBP
function. For example, nucleotide substitutions leading to amino acid substitutions at
"non-essential" amino acid residues can be made in the sequence of SEQ ID NOs: 1, 3, 5, 7
or 9. A "non-essential” amino acid residue is a residue that can be altered from the wild-type
sequences of the NFAT5/TonEBP without altering their biological activity, whereas an
"essential" amino acid residue is required for such biological activity. For example, amino
acid residues that are conserved among the NFAT5/TonEBP of the invention are predicted
to be particularly non-amenable to alteration. Amino acids for which conservative
substitutions can be made are well known in the art.

[0136] Useful conservative substitutions are shown in Table 1. Conservative
substitutions whereby an amino acid of one class is replaced with another amino acid of the
same type fall within the scope of the subject invention so long as the substitution does not
materially alter the biological activity of the compound. The invention can use mutant or
variant NFATS/TonEBP, any of which bases may be changed from the corresponding base
shown in Table 2 while still encoding a polypeptide that maintains the activities and
physiological functions of the NFAT5/TonEBP fragment, or a fragment of such a nucleic
acid. If such substitutions result in a change in biological activity, then more substantial
changes, indicated in Table 2 as examples are infroduced and the products screened for
NFAT5/TonEBP polypeptide biological activity.

TABLE 1 -- Preferred Amino Acid Substitutions

Original residue [Exemplary substitutions Preferred substitutions
Ala (A) Val, Leu, lle Val
Arg (R) Lys, GIn, Asn Lys
Asn (N) Gln, His, Lys, Arg Gin
Asp (D) Glu Glu
Cys (C) Ser Ser
Gin (Q) Asn sn
Glu (E) Asp Asp
Gly (G) Pro, Ala Ala
His (H) Asn, Gln, Lys, Arg Arg
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ile (I) Leu, Val, Met, Ala, Phe, Norleucine Leu
Leu (L) Norleucine, lle, Val, Met, Ala, Phe lle
Lys (K) Arg, Gln, Asn Arg
Met (M) Leu, Phe, lle Leu
Phe (F) Leu, Val, lie, Ala, Tyr Leu
Pro (P) Ala Ala
Ser (S) Thr Thr
[Thr (T) Ser Ser
Trp (W) yr, Phe yr
Tyr (Y) p, Phe, Thr, Ser Phe
Val (V) lle, Leu, Met, Phe, Ala, Norleucine Leu

[0137] Non-conservative substitutions that affect (1) the structure of the
polypeptide backbone, such as a B-sheet or a-helical conformation, (2) the charge or (3)
hydrophobicity, or (4) the bulk of the side chain of the target site can modify NFAT5/TonEBP
polypeptide function or immunological identity. Residues are divided into groups based on
common side-chain properties as denoted in Table 2. Non-conservative substitutions entail
exchanging amember of one of these classes for another class. Substitutions may be
introduced into conservative substitution sites or more preferably into non-conserved sites.

TABLE 2 -- Amino acid classes

Class Amino acids

hydrophobic Norleucine, Met, Ala, Val, Leu, lle
neutral hydrophilic Cys, Ser, Thr

acidic Asp, Glu

basic Asn, GIn, His, Lys, Arg

disrupt chain conformation Gly, Pro

aromatic Trp, Tyr, Phe

[0138] The variant polypeptides can be made using methods known in the art such
as oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning and PCR
mutagenesis. Site-directed mutagenesis, cassette mutagenesis, restriction selection
mutagenesis or other known techniques can be performed on the cloned DNA to produce
the NFAT5/TonEBP variant DNA. See, e.g., Ausubel and Sambrook, supra.

[0139] In one embodiment, the isolated nucleic acid molecule comprises a
nucleotide sequence encoding a protein, wherein the protein comprises an amino acid
sequence at least about 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%,
56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% homologous to SEQ
IDNOs: 1,3,5,7or9.
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[0140] NFATS/TonEBP polypeptides

[0141] In yet another aspect of the present invention, the cells can comprise a
NFAT5/TonEBP variant or fragment protein. An NFAT5/TonEBP polypeptide includes the
amino acid sequence of NFAT5/TonEBP whose sequences are provided in SEQ ID NOs: 1,
3,5, 7 or9. The invention also includes a mutant or variant protein any of whose residues
may be changed from the corresponding residues shown in SEQ ID NOs: 1, 3, 5, 7 or 9,
while still encoding a protein that maintains its NFAT5/TonEBP activities and physiological
functions, or a functional fragment thereof.

[0142] In general, an NFATS/TonEBP polypeptide variant preserves
NFATS5/TonEBP-like function and includes any variant in which residues at a particular
position in the sequence have been substituted by other amino acids, and further includes
the possibility of inserting an additional residue or residues between two residues of the
parent protein as well as the possibility of deleting one or more residues from the parent
sequence. Any amino acid substitution, insertion, or deletion is encompassed by the
invention. In favorable circumstances, the substitution is a conservative substitution as
defined above.

[0143] An active NFAT5/TonEBP polypeptide or NFAT5/TonEBP polypeptide
fragment retains a biological and/or an immunological activity similar, but not necessarily
identical, to an activity of a naturaliy-occurring (wild-type) NFAT5/TonEBP polypeptide of the
invention, including mature forms. A particular biological assay, with or without dose
dependency, can be used to determine NFAT5/TonEBP activity. A nucleic acid fragment
encoding a biologically-active portion of NFAT5/TonEBP can be prepared by isolating a
portion of SEQ ID NOs: 2, 4, 6, 8 or 10 that encodes a polypeptide having a NFAT5/TonEBP
biological activity (the biological activities of the NFAT5/TonEBP are described below),
expressing the encoded portion of NFAT5/TonEBP (e.g., by recombinant expression in vitro)
and assessing the activity of the encoded portion of NFAT5/TonEBP. Immunological activity
refers to the ability to induce the production of an antibody against an antigenic epitope
possessed by a native NFAT5/TonEBP; biological activity refers to a function, either
inhibitory or stimulatory, caused by a native NFAT5/TonEBP that excludes immunological
activity.

[0144] “NFAT5/TonEBP polypeptide variant’ means an active NFAT5/TonEBP
polypeptide having at least: (1) about 80% amino acid sequence identity with a full-length
native sequence NFATS/TonEBP polypeptide sequence, (2)a NFAT5/TonEBP polypeptide
sequence lacking the signal peptide, (3) an extracellular domain of a NFAT5/TonEBP
polypeptide, with or without the signal peptide, or (4) any other fragment of a full-length
NFAT5/TonEBP polypeptide sequence. For example, NFAT5/TonEBP polypeptide variants
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include NFATS/TonEBP polypeptides wherein one or more amino acid residues are added
or deleted at the N- or C- terminus of the full-length native amino acid sequence. A
NFAT5/TonEBP polypeptide variant will have at least about 80% amino acid sequence
identity, preferably at least about 81% amino acid sequence identity, more preferably at least
about 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% amino acid sequence identity with a full-length native sequence
NFAT5/TonEBP polypeptide sequence. A NFAT5/TonEBP polypeptide variant may have a
sequence lacking the signal peptide, an extracellular domain of a NFAT5/TonEBP
polypeptide, with or without the signal peptide, or any other fragment of a full-length
NFATS/TonEBP polypeptide sequence. Ordinarily, NFAT5/TonEBP variant polypeptides are
at least about 10 amino acids in length, often at least about 20 amino acids in length, more
often at least about 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, or 300 amino acids in length,
or more.

[0145] “Percent (%) amino acid sequence identity” is defined as the percentage of
amino acid residues that are identical with amino acid residues in the disclosed
NFATS5/TonEBP polypeptide sequence in a candidate sequence when the two sequences
are aligned. To determine % amino acid identity, sequences are aligned and if necessary,
gaps are introduced to achieve the maximum % sequence identity; conservative
substitutions are not considered as part of the sequence identity. Amino acid sequence
alignment procedures to determine percent identity are well known to those of skill in the art.
Often publicly available computer software such as BLAST, BLAST2, ALIGN2 or Megalign
(DNASTAR) software is used to align peptide sequences. Those skilled in the art can
determine appropriate parameters for measuring alignment, including any algorithms needed
to achieve maximal alignment over the full length of the sequences being compared.

[0146] When amino acid sequences are aligned, the % amino acid sequence
identity of a given amino acid sequence A to, with, or against a given amino acid sequence B
(which can alternatively be phrased as a given amino acid sequence A that has or comprises
a certain % amino acid sequence identity to, with, or againsta given amino acid sequence
B) can be calculated as:

% amino acid sequence identity = X/Y ¢ 100
where X is the number of amino acid residues scored as identical matches by the sequence
alignment program’s or algorithm’s alignment of A and B and Y is the total number of amino
acid residues in B.

[0147] If the length of amino acid sequence A is not equal to the length of amino
acid sequence B, the % amino acid sequence identity of A to B will not equal the % amino
acid sequence idenfity of B to A.
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[0148] Biologically active portions of NFAT5/TonEBP include peptides comprising
amino acid sequences sufficiently homologous to or derived from the amino acid sequences
of the NFAT5/TonEBP (SEQ ID NOs: 1, 3, 5, 7 or 9) that include fewer amino acids than the
full-length NFATS5/TonEBP, and exhibit at least one activity of a NFAT5/TonEBP.
Biologically active portions comprise a domain or motif with at least one activity of native
NFATS/TonEBP. A biologically active portion of a NFAT5/TonEBP can be a polypeptide that
is, for example, 10, 25, 50, 100 or more amino acid residues in length. Other biologically
active portions, in which other regions of the protein are deleted, can be prepared by
recombinant techniques and evaluated for one or more of the functional activities of a native
NFAT5/TonEBP.

[0149] Biologically active portions of NFAT5/TonEBP may have an amino acid
sequence shown in SEQ ID NOs: 1, 3, 5, 7 or 9, or substantially homologous to SEQ ID
NOs: 1, 3, 5, 7 or 9, and retains the functional activity of the protein of SEQ ID NOs: 1, 3, 5,
7 or 9, yet differs in amino acid sequence due to natural allelic variation or mutagenesis.
Other biologically active NFAT5/TonEBP may comprise an amino acid sequence atleast
about 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% homologous to the amino acid sequence of
SEQID NOs: 1, 3, 5, 7 or 9, and retains the functional activity of native NFAT5/TonEBP.

[0150] Fusion polypeptides are useful in expression studies, cell-localization,
bioassays, and NFAT5/TonEBP purification. A NFAT5/TonEBP "chimeric protein" or "fusion
protein" comprises NFAT5/TonEBP fused to a non-NFAT5/TonEBP polypeptide. A non-
NFAT5/TonEBP polypeptide is not substantially homologous to NFAT5/TonEBP (SEQ ID
NOs: 1, 3,5, 7 or 9). A NFAT5/TonEBP fusion protein may include any portion to the entire
NFATS/TonEBP, including any number of the biologically active portions. NFAT5/TonEBP
may be fused to the C-terminus of the GST (glutathione S-transferase) sequences. Such
fusion proteins facilitate the purification of recombinant NFAT5/TonEBP. In certain host
cells, (e.g., mammalian), heterologous signal sequences fusions may ameliorate
NFAT5/TonEBP expression and/or secretion. Additional exemplary fusions are presented in
Table 3.

[0161] Other fusion partners can adapt NFAT5/TonEBP therapeutically. Fusions
with members of the immunoglobulin (Ig) protein family are useful in therapies that inhibit
NFATS5/TonEBP ligand or substrate interactions, consequently suppressing NFAT5/TonEBP-
mediated signal transduction in vivo. NFATS/TonEBP-Ig fusion polypeptides can also be
used as immunogens to produce anti-NFAT5/TonEBP Abs in a subject, to purify
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NFATS5/TonEBP ligands, and to screen for molecules that inhibit interactions of
NFAT5/TonEBP with other molecules.

[0152]

Fusion proteins can be easily created using recombinant methods. A

nucleic acid encoding NFAT5/TonEBP can be fused in-frame with a non-NFAT5/TonEBP
encoding nucleic acid, to the NFAT5/TonEBP NH,- or COO-terminus, or internally. Fusion

genes may also be synthesized by conventional techniques, including automated DNA

synthesizers. PCR amplification using anchor primers that give rise to compiementary

overhangs between two consecutive gene fragments that can subsequently be annealed

and reamplified to generate a chimeric gene sequence is also useful. See Ausubel, supra.

Many vectors are commercially available that facilitate sub-cloning NFATSTonEBP in-frame

to a fusion moiety.

TABLE 3 -- Useful non-NFAT5/TonEBP fusion polypeptides

phosphatase (SEAP)

bioluminescent,
chemiluminescent

Reporter in vitro in vivo Notes
Human growth Radioimmuno- none Expensive, insensitive,
hormone (hGH) assay narrow linearrange.
B-glucuronidase Colorimetric, colorimetric | sensitive, broad linearrange,
(GUS) fluorescent, or (histochemi | non-isotopic.
chemiluminescent | cai staining
with X-gluc)
Green fluorescent Fluorescent fluorescent | can be used in live cells;
protein (GFP) and resists photo-bleaching
related molecules
(RFP, BFP,
NFAT5/TonEBP,
efc.)
Luciferase (firefly) bioluminescent Bio- protein is unstable, difficult to
luminescent | reproduce, signal is brief
Chloramphenicol Chromatography, none Expensive radioactive
acetyltransferase differential subsirates, time-consuming,
(CAT) extraction, insensitive, narrow linear
fluorescent, or range
immunoassay
B-galactosidase colorimetric, colorimetric | sensitive, broad linearrange;
fluorescence, (histochemi | some cells have high
chemiluminscence | cal staining | endogenous activity
with X-gal),
bio-
luminescent
in live cells
Secrete alkaline colorimetric, none Chemiluminscence assay is

sensitive and broad linear
range; some cells have
endogenous akaline
phosphatase activity

[0153] The assay for cell growth or viability can comprise an assay selected from
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the group consisting of a cell uptake assay, cell binding assay, growth inhibition assay and
any combination theredf. A “cell uptake assay” comprises measurement of the uptake of a
membrane-permeable chemical probe and its intracellular conversion to a fluorescent or
colored compound by viable, metabolically active cells relevant to a control. Such an assay
also comprises measurement of the concentration of total cellular protein, DNA or RNA;
incorporation of a membrane-pemmeable radio-labeled or fluorescent biochemical precursors
by viable, metabolically active cells relevant to a control. Such an assay also comprises
measurement of the release of a biochemical marker by injured, dead or dying cells relevant
to a confrol. A “cell binding assay” comprises measurement of the uptake and binding of a
membrane-impermeable fluorescent or colored nucleic acid stain or dye by injured, dead or
dying cells. A “growth inhibition assay” comprises measurement of protein concentration,
which reflects cell growth or viability, using a protein-binding dye and spectrophotometric
quantitation relevant to a control. A. Monks et al. Feasibility of a high-flux anticancer drug
screen using a diverse panel of cultured human tumor cell lines. J Natl Cancer Inst. 1991
Jun 5;83(11):757-66. Such an assay also comprises measurement of cell number (i.e., a
cell count) relevantto a control. Other cell growth and viability assays are known b those of
skill in the art.

[0154] In another aspect of the present invention, a method is provided for
identifying a candidate anti-cancer or immunosuppressive compound, the method
comprising (a) performing a structure based drug design using a three dimensional structure
determined for a crystal of NFAT5/TonEBP. The three dimensional structure can comprise
atomic coordinates of Protein Data Bank Accession No. 1IMH, incorporated herein by
reference in its entirety.

[0155] Crystal Structure Docking

[0156] According to an aspect of the present invention, crystalline NFAT5/TonEBP
protein can be used to determine the ability of a compound of the present invention to bind
to an NFAT5/TonEBP protein in a manner predicted by a structure-based drug design
method of the present invention. In various aspects of the present invention, a
NFAT5/TonEBP protein crystal can be soaked in a solution containing a chemical compound
of the present invention. Binding of the chemical compound to the crystal is then determined
by methods standard in the art.

[0157] One aspect of the present invention is a therapeutic composition. A
therapeutic composition of the present invention comprises one or more therapeutic
compounds. In one aspect, a therapeutic composition is provided that is capable of
inhibiting osmotic stress that involves an NFAT5/TonEBP protein. For example, a
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therapeutic composition of the present invention can inhibit (i.e., prevent, block) binding of
an NFAT5/TonEBP protein on a cell to a molecule by interfering with the, e.g., DNA binding
site of the NFAT5/TonEBP protein. As used herein, the term "binding site" refers to the
region of a NFAT5/TonEBP protein to which a ligand or substrate specifically binds. In one
aspect of the presentinvention, a method is provided for inhibiting, e.g., cancer or
inflammation, in a subject comprising administering to the subject in need thereof a
therapeutically effective amount of a therapeutic composition of the present invention.

[01568] Suitable inhibitory compounds of the present invention are compounds that
interact directly with an NFAT5/TonEBP protein thereby inhibiting the binding of an
NFAT5/TonEBP ligand or substrate, e.g., DNA, to an NFAT5/TonEBP protein, by blocking
the ligand or substrate binding site of an NFAT5/TonEBP protein (referred to herein as
substrate analogs). An NFAT5/TonEBP substrate analog refers to a compound that
interacts with (e.g., binds to, associates with, modifies) the binding site of an
NFATS/TonEBP protein. An NFAT5/TonEBP substrate analog can, for example, comprise a
chemical compound that mimics the Rel- or Rel-like DNA binding domain or other ligand or
substrate binding site of an NFAT5/TonEBP protein.

[0159] According to the presentinvention, suitable therapeutic compounds of the
present invention include peptides or other organic molecules, and inorganic molecules.
Suitable organic molecules include small organic molecules. in various aspects, a
therapeutic compound of the presentinvention is not harmful (e.g., toxic) to an animal when
such compound is administered to an animal. Peptides refer to a class of compounds that is
small in molecular weight and yields two or more amino acids upon hydrolysis. A
polypeptide is comprised of two or more peptides. As used herein, a protein is comprised of
one or more polypeptides. Suitable therapeutic compounds to design include peptides
composed of "L" and/or "D" amino acids that are configured as normal or retroinverso
peptides, peptidomimetic compounds, small organic molecules, or homo- or hetero-polymers
thereof, in linear or branched configurations.

[0160] Therapeutic compounds of the present invention can be designed using
structure based drug design. Structure based drug design refers to the use of computer
simulation to predict a conformation of a peptide, polypeptide, protein, or conformational
interaction between a peptide or polypeptide, and a therapeutic compound. In the present
teachings, knowledge of the three dimensional structure of the NFAT5/TonEBP protein
provides one o skill in the art the ability to design a therapeutic compound that binds to
NFATS/TonEBP proteins, is stable and results in inhibition of a biological response. The
three dimensional structure of NFAT5/TonEBP protein isoform a (SEQ ID NO: 1) is disclosed
in the Protein Data Bank as Accession No. 1IMH. For example, and without limitation,
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knowledge of the three dimensional structure of the DNA binding site provides to a skilled
artisan the ability to design an analog of a ligand, substrate or polynucleotide which can
function as an inhibitor of an NFAT5/TonEBP protein.

[0161] Suitable structures and models useful for structure-based drug design
include molecular replacement. Methods of molecular replacement are generally known by
those of skill in the art and are performed in a software program including, for example, X-
PLOR available from Accelerys (San Diego, Calif.). In various aspects of the invention, the
three dimensional structure of NFAT5/TonEBP protein useful in a method of molecular
replacement according to the present invention has an amino acid sequence that is at least
about 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%,
40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%,
56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
72%, 73%, 74%, 75%, 76%, T7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
the amino acid sequence of the search structure (e.g., NFAT5/TonEBP; SEQ ID NO: 1),
when the two amino acid sequences are compared using an alighment program such as
BLAST (supra). Models of target structures to use in a method of structure-based drug
design include models produced by any modeling method disclosed herein, such as, for
example, molecular replacement and fold recognition related methods which are well
understood in the art. In some aspects of the present invention, structure based drug design
can be applied to a structure of NFAT5/TonEBP in complex with a ligand or substrate, and to
a model of a target NFAT5/TonEBP structure.

[0162] One embodiment of the present invention is a method for designing a drug
which interferes with an activity of an NFAT5/TonEBP protein. In various configurations, the
method comprises providing a three-dimensional structure of a NFAT5/TonEBP protein
comprising at least one ligand of the protein, and designing a chemical compound which is
predicted to bind to the protein. The designing can comprise using physical modelé, such
as, for example, ball-and-stick representations of atoms and bonds, or on a digital computer
equipped with molecular modeling software. In some configurations, these methods can
further include synthesizing the chemical compound, and evaluating the chemical compound
for ability to interfere with an activity of the NFAT5/TonEBP protein.

[0163] Suitable three dimensional structures of a NFAT5/TonEBP protein and
models to use with the present method are disclosed herein. According to the present
invention, designing a compound can include creating a new chemical compound or
searching databases of libraries of known compounds (e.g., a compound listed in a
computational screening database containing three dimensional structures of known
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compounds). Designing canaiso include simulating chemical compounds having substitute
moieties at certain structural features. In some configurations, designing can include
selecting a chemical compound based on a known function of the compound. In some
configurations designing can comprise computational screening of one or more databases of
compounds in which three dimensional structures of the compounds are known. In these
configurations, a candidate compound can be interacted virtually (e.g., docked, aligned,
matched, interfaced) with the three dimensional structure of a NFATS/TonEBP protein by
computer equipped with software such as, for example, the AutoDock software package,
(The Scripps Research Institute, La Jolla, Calif.) or described by Humblet and Dunbar,
Animal Reports in Medicinal Chemistry, vol. 28, pp. 275-283, 1993, M Venuti, ed., Academic
Press. Methods for synthesizing candidate chemical compounds are known to those of skill
in the art.

[0164] Various other methods of structure-based drug design are disclosed in
references such as Maulik ef al., 1997, Molecular Biokchnology: Therapeutic Applications
and Strafegies, Wiley-Liss, Inc., which is incorporated herein by reference in its entirety.
Maulik et al. disclose, for example, methods of directed design, in which the user directs the
process of creating novel molecules from a fragment library of appropriately selected
fragments; random design, in which the user uses a genetic or other algorithm to randomly
mutate fragments and their combinations while simultaneously applying a selection criterion
to evaluate the fitness of candidate ligands; and a grid-based approach in which the user
calculates the interaction energy between three dimensional structures and small fragment
probes, followed by linking fogether of favorable probe sites.

[0165] In one aspect, a chemical compound of the present invention that binds
the DNA binding site can be a chemical compound having chemical and/or stereochemical
complementarity with an NFAT5/TonEBP protein, e.g., a Rel- or Rel-like DNA binding site.
In some configurations, a chemical compound that binds to the selected binding site can
associate with an affinity of at least about 10° M, at least about 107 M, or at least about 10
M' .

[0166] Drug design strategies as specifically described above with regard o
residues and regions of the ligand-complexed NFAT5/TonEBP crystal can be similarly
applied to other NFAT5/TonEBP protein structures. One of ordinary skill in the art, using the
art recognized modeling programs and drug design methods, many of which are described
herein, can modify the NFATS/TonEBP protein design strategy according fo differences in
amino acid sequence. For example, this strategy can be used to design compounds which
regulate osmotic stress in other NFAT5/TonEBP proteins or NFAT5/TonEBP variants. In
addition, one of skill in the art can use lead compound structures derived from one
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NFATS/TonEBP protein and take into account differences in amino acid residues in other
NFAT5/TonEBP proteins or variants.

[0167] In the present method of structure-based drug design, it is not necessary to
align a candidate chemical compound (i.e., a chemical compound being analyzed in, for
example, a computational screening method of the present invention) to each residue in a
target site. Suitable candidate chemical compounds can align to a subset of residues
described for a target site. In some configurations of the present invention, a candidate
chemical compound can comprise a conformation that promotes the formation of covalent or
noncovalent crosslinking between the target site and the candidate chemical compound. In
certain aspects of the invention, a candidate chemical compound can bind to a surface
adjacent to a target site to provide an additional site of interaction in a complex. For
example, when designing an antagonist (i.e., a chemical compound that inhibits the binding
of a ligand to an NFAT5/TonEBP protein by blocking a binding site or interface), the
antagonist can be designed to bind with sufficient affinity to the binding site or to
substantially prohibit a ligand (i.e., a molecule that specifically binds to the target site) from
binding to a target area. ltwill be appreciated by one of skill in the art that it is not necessary
that the complementarity between a candidate chemical compound and a target site extend
over all residues specified here.

[0168] In various aspects, the design of a chemical compound possessing
stereochemical complementarity can be accomplished by means of techniques that
optimize, chemically or geometrically, the "fit" between a chemical compound and a target
site. Such techniques are disclosed by, for example, Sheridan and Venkataraghavan, Acc.
Chem Res., vol. 20, p. 322, 1987: Goodford, J. Med. Chem., vol. 27, p. 557, 1984; Beddell,
Chem. Soc. Reviews, vol. 279, 1985; Hol, Angew. Chem., vol. 25, p. 767, 1986; and
Verlinde and Hol, Structure, vol. 2, p. 577, 1994, each of which is incorporated by this
reference herein in their entirety.

[0169] Some embodiments of the present invention for structure-based drug design
comprise methods of identifying a chemical compound that complements the shape of an
NFATS/TonEBP protein or a structure that is related to an NFAT5/TonEBP protein. Such
method is referred to herein as a "geometric approach”. In a geometric approach of the
present invention, the number of internal degrees of freedom (and the corresponding local
minima in the molecular conformation space) can be reduced by considering only the
geometric (hard-sphere) interactions of two rigid bodies, where one body (the active site)
contains "pockets" or "grooves" that form binding sites for the second body (the
complementing molecule, such as a ligand or substrate).

[0170] The geometric approach is described by Kuntz et al., J. Mol. Biol., vol. 161,
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p. 269, 1982, which is incorporated by this reference herein in its entirety. The algorithm for
chemical compound design can be implemented using a software program such as
AutoDock, available from The Scripps Research Institute (La Jolla, Calif.). One or more
extant databases of crystallographic data(e.g., the Cambridge Structural Database System
maintained by University Chemical Laboratory, Cambridge University, Lensfield Road,
Cambridge CB2 IEW, U.K. or the Protein Data Bank maintained by Rutgers University) can
then be searched for chemical compounds that approximate the shape thus defined.
Chemical compounds identified by the geometric approach can be modified to satisfy criteria
associated with chemical complementarity, such as hydrogen bonding, ionic inferactions or
Van der Waals interactions.

[0171] The crystal docking method may further comprise (b) contacting the
candidate inhibitor with a cell comprising NFAT5/TonEBP or a variant or fragment thereof:;
and (c) detecting inhibition of at least one activity of NFAT5/TonEBP, variant or fragment
thereof. Alternatively, the method may further comprise (b) contacting the candidate inhibitor
with a cell comprising NFAT5/TonEBP or a variant or fragment thereof; (c) culturing the cell
under conditions of hypertonic stress; (d) contacting the cell with the candidate compound;
and (e) assaying the cell for cell growth or viability. In various aspects, the assay for cell
growth or viability can comprise an assay selected from the group consisting of a cell uptake
assay, cell binding assay, growth inhibition assay and any combination thereof.

[0172] In yet another aspect of the presentinvention, a method is provided for
treating a cancer or an autoimmune disease in a subject, the method comprising
administering to a subject in need thereof a therapeutically effective amount of an inhibitor of
NFAT5/TonEBP. In various aspects, the inhibitor is selected by (a) culturing a first cell and a
second cell under conditions of hypertonic stress; (b) contacting the first cell with a test
agent, and (c) assaying the first cell and the second cell for cell growth or viability, wherein a
decrease in cell growth or viability in the first cell relative to the second cell indicates that the
test agent is an inhibitor of NFAT5/TonEBP. In various aspects, the first and second cell can
comprise an NFATS/TonEBP polynucleofide or polypeptide as described above. In various
other aspects, the first and second cell can comprise a NFAT5/TonEBP variant
polynucleotide as described above. In yet another aspect, the first and second cell can
comprise a NFAT5/TonEBP variant or fragment protein as described above. The assay for
cell growth or viability can comprise an assay selected from the group consisting of a cell
uptake assay, cell binding assay, growth inhibition assay and any combination thereof as
described above.

[0173] Prophylactic methods
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[0174] The invention provides a method for preventing, in a subject, a disease or
condition associated with an aberrant NFAT5/TonEBP expression or activity, by
administering an agent that modulates NFAT5/TonEBP expression or at least one
NFAT5/TonEBP activity. Subjects at risk for a disease that is caused or contributed to by
aberrant NFAT5/TonEBP expression or activity can be identified by, for example, any or a
combination of diagnostic or prognostic assays. Administration of a prophylactic agent can
occur prior to the manifestation of symptoms characteristic of the NFAT5/TonEBP
aberrancy, such that a disease or disorder is prevented or, alternatively, delayed in its
progression. Depending on the type of NFAT5/TonEBP aberrancy, for example, a
NFATS5/TonEBP agonist or NFATS/TonEBP antagonist can be used to treat the subject. The
appropriate agent can be determined based on screening assays.
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[0175] Therapeutic methods

[0176] Another aspect of the invention pertains to methods of modulating
NFAT5/TonEBP expression or activity for therapeutic purposes. The modulatory method of
the invention involves contacting a cell with an agent that modulates one or more of the
activities of NFAT5/TonEBP activity associated with the cell. An agent that modulates
NFATS5/TonEBP activity can be a nucleic acid or a protein, a naturally occurring cognate
ligand of NFAT5/TonEBP, a peptide, a NFAT5/TonEBP peptidomimetic, or other small
molecule. The agent may stimulate NFAT5/TonEBP activity. Examples of such stimulatory
agents include active NFAT5/TonEBP and a NFAT5/TonEBP nucleic acid molecule that has
been introduced into the cell. In another embodiment, the agent inhibits NFAT5/TonEBP
activity. Examples of inhibitory agents inciude antisense NFAT5/TonEBP nucleic acids and
anti-NFAT5/TonEBP Abs. Modulatory methods can be performed in vitro (e.g., by culturing
the cell with the agent) or, alternatively, in vivo (e.g., by administering the agentto a subject).
As such, the invention provides methods of treating an individual afflicted with a disease or
disorder characterized by aberrant expression or activity of a NFATS/TonEBP or nucleic acid
molecule. In one embodiment, the method involves administering an agent (e.g., an agent
identified by a screening assay), or combination of agents that modulates (e.g., up-regulates
or down-regulates) NFAT5/TonEBP expression or activity. In another embodiment, the
method involves administering a NFATS5/TonEBP or nucleic acid molecule as therapy to
compensate for reduced or abetrrant NFATS/TonEBP expression or activity.

[0177] In another aspect of the invention, proteases would be released within the
microenvironment of the tumor, either in combination with other therapeutic agents or alone,
to produce osmotic stress on the tumor cells which will ultimately result in tumor cell death.
Such proteases would include (but are not limited to): caspases, aspariginyl endopeptidase,
cathepsins, matrix metalloproteinases. The resultant tumor cell death in response to
osmotic stress will in furn cause the release of more protease, thus resulting in a cycle of
protease activity and cell death that will keep tumor growth in check. In another
embodiment, the proteases introduced to and released into the microenvironment of the
tumor will be biologically engineered to enable release of the proteases at a pre-determined
region of the tumor. Such bioengineering is wdl known in the art, and includes methods and
molecules in the following non-exhaustive list; “caging” the protease molecules within a
chemically or photo-labile molécule, in which the chemically or photo-labile molecule can be
triggered to disintegrate or otherwise release the proteases using a stimulus specific to the
molecule used as the “cage”. In another embodiment, the protease molecules are
genetically or otherwise biologically engineered to be expressed linked to an inactivating
molecule. Such techniques are also well known in the art, and could include attaching
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through an inert nucleotide linker,such linker capable of being enzymatically or photolytically
cleaved once the linked proteases have entered the microenvironment of the tumor.

[0178] Stimulation of NFAT5/TonEBP activity is desirable in situations in which
NFAT5S/TonEBP is abnomally down-regulated and/or in which increased NFAT5/TonEBP
activity is likely to have a beneficial effect.

[0179] Determination of the Biological Effect of the Therapeutic

[0180] Suitable in vitro or in vivo assays can be performed to determine the effect
of a specific therapeutic and whether its administration is indicated for treatment of the
affected tissue. In various specific embodiments, in vitro assays may be performed with
representative cells of the type(s) involved in the patient's disorder, to determine if a given
therapeutic exerts the desired effect upon the cell type(s). Modalities for use in therapy may
be tested in suitable animal model systems including, but not limited to rats, mice, chicken,
cows, monkeys, rabbits, and the like, prior to testing in human subjects. Similarly, for in vivo
testing, any of the animal model system known in the art may be used prior to administration
to human subjects.

[0181] Prophylactic and Therapeutic Uses of Compositions

[0182] NFAT5/TonEBP nucleic acids and proteins are useful in potential
prophylactic and therapeutic applications implicated in a variety of disorders including, but
not limited to cancers and autoimmune diseases. As an example, a cDNA encoding
NFATS/TonEBP may be useful in gene therapy, and the protein may be useful when
administered to a subject in need thereof. By way of non-limiting example, the compositions
of the invention will have efficacy for treatment of patients suffering from cancer and
autoimmune deseases.

[0183] NFATS/TonEBP nucleic acids, or fragments thereof, may also be useful in
diagnostic applications, wherein the presence or amount of the nucleic acid or the protein is
to be assessed. A further use could be as an anti-bacterial molecule (i.e., some peptides
have been found to possess anti-bacterial properties). These materials are further useful in
the generation of Abs that immunospecifically bind to the novel substances of the invention
for use in therapeutic or diagnostic methods.

[0184] In another aspect of the present invention, the inhibitor is selected by: (a)
performing a structure based drug design using a three dimensional structure determined for
a crystal of NFAT5/TonEBP. The three dimensional structure can comprise atomic
coordinates of Protein Data Bank Accession No. 1IMH as described above. The method
may further comprise (b) contacting the candidate inhibitor with a cell comprising
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NFATS/TonEBP or a variant or fragment thereof; and (c) detecting inhibition of at least one
activity of NFAT5/TonEBP, variant or fragment thereof. Alternatively, the method may
further comprise (b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP
or a variant or fragment thereof; (c) culturing the cell under conditions of hypertonic stress;
(d) contacting the cell with the candidate compound; and (e) assaying the cell for cell growth
or viability. In various aspects, the assay for cell growth or viability can comprise an assay
selected from the group consisting of a cell uptake assay, cell binding assay, growth
inhibition assay and any combination thereof. In various aspects, the cell can comprise a
NFATS5/TonEBP variant polynucleotide or NFAT5/TonEBP variant or fragment protein. In
various aspects, the inhibitor is an antibody directed againstNFAT5/TonEBP, preferably a
monocional antibody.

[0185] Anti-NFATS/TonEBP Abs

[0186] The invention makes use of Abs and antibody fragments, such as Fy, or
(Fap)2, that bind immunospecifically to any NFAT5/TonEBP epitopes. “Antibody” (Ab)
comprises single Abs directed against NFAT5/TonEBP (anti-NFAT5/TonEBP Ab; including
agonist, antagonist, and neutralizing Abs), anti-NFAT5/TonEBP Ab compositions with poly-
epitope specfficity, single chain anti-NFAT5/TonEBP Abs, and fragments of anti-
NFAT5/TonEBP Abs. A “monoclonal antibody” is obtained from a population of substantially
homogeneous Abs, i.e., the individual Abs comprising the population are identical except for
possible naturally-occurring mutations that may be present in minor amounts. Exemplary
Abs include polyclonal (pAb), monoclonal (mAb), humanized, bi-specific (bsAb), and
heteroconjugate Abs. Antibodies can be produced by any known method in the art or
obtained commercially.

[0187] Monovalent Abs

[0188] The Abs may be monovalent Abs that consequently do not cross-link with
each other. For example, one method involves recombinant expression of Ig light chain and
modified heavy chain. Heavy chain truncations generally at any point in the F, region will
prevent heavy chain cross-linking. Alternatively, the relevant cysteine residues are
substituted with another amino acid residue or are deleted, preventing crosslinking. /n vitro
methods are also suitable for preparing monovalent Abs. Abs can be digested to produce
fragments, such as F,, fragments.

[0189] Humanized and human Abs
[0190] Anti-NFATS5/TonEBP Abs may further comprise humanized or human Abs.
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Humanized forms of non-human Abs are chimeric Igs, Ig chains or fragments (such as F,,
Fan, Far, Fram)2 OF other antigen-binding subsequences of Abs) that contain minimal sequence
derived from non-human lg.

[0191] Generally, a humanized antibody has one or more amino acid residues
infroduced from a non-human source. These non-human amino acid residues are often
_ referred fo as “import” residues, which are typically taken from an “import” variable domain.
Humanization is accomplished by substituting rodent CDRs or CDR sequences for the
corresponding sequences of a human antibody. Such “humanized” Abs are chimeric Abs,
wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human species. In practice, humanized Abs are
typically human Abs in which some CDR residues and possibly some FR residues are
substituted by residues from analogous sites in rodent Abs. Humanized Abs include human
lgs (recipient antibody) in which residues from a complementary determining region (CDR)
of the recipient are replaced by residues from a CDR of a non-human species (donor
antibody) such as mouse, rat or rabbit, having the desired specificity, affinity and capacity.

In some instances, corresponding non-human residues replace F, framework residues of the
human Ig. Humanized Abs may comprise residues that are found neither in the recipient
antibody nor in the imported CDR or framework sequences. In general, the humanized
antibody comprises substantially all of at least one, and typically two, variable domains, in
which most if not all of the CDR regions correspond to those of a non-human Ig and most if
not all of the FR regions are those of a human Ig consensus sequence. The humanized
antibody optimally also comprises at least a portion of an Ig constant region (F.), typically
that of a human Ig.

[0192] Human Abs can also be produced using various techniques, including
phage display libraries and the preparation of human mAbs. Similarly, introducing human Ig
genes into fransgenic animals in which the endogenous Ig genes have been partially or
completely inactivated can be exploited to synthesize human Abs. Upon challenge, human
antibody production is observed, which closely resembles that seen in humans in all
respects, including gene rearrangement, assembly, and antibody repertoire.

[0193] Bi-specific mAbs

[0194] Bi-specific Abs are monoclonal, preferably human or humanized, that have
binding specificities for at least two different antigens. For example, a binding specificity is
NFATS/TonEBP; the other is for any antigen of choice, preferably a cell-surface protein or
receptor or receptor subunit. Traditionally, the recombinant production of bi-specific Abs is
based on the co-expression of two Ig heavy-chain/light-chain pairs, where the two heavy
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chains have different specificities. Because of the random assortment of ig heavy and light
chains, the resulting hybridomas (quadromas) produce a potential mixture of ten different
antibody molecules, of which only one has the desired bi-specific structure. The desired
antibody can be purified using affinity chromatography or other techniques.

[0195] To manufacture a bi-specific antibody, variable domains with the desired
antibody-antigen combining sites are fused to Ig constant domain sequences. The fusion is
preferably with an Ig heavy-chain constant domain, comprising at least part of the hinge,
CH2, and CH3 regions. Preferably, the first heavy-chain constant region (CH1) containing
the site necessary for light-chain binding is in at least one of the fusions. DNAs encoding the
Ig heavy-chain fusions and, if desired, the Ig light chain, are inserted into separate
expression vectors and are co-transfected into a suitable host organism.

[0196] The interface between a pair of antibody molecules can be engineered
maximize the percentage of heterodimers that are recovered from recombinant cell culture.
The preferred interface comprises at least part of the CH3 region of an antibody constant
domain. In this method, one or more small amino acid side chains from the interface of the
first antibody molecule are replaced with larger side chains (e.g., tyrosine or tryptophan).
Compensatory “cavities” of identical or similar size to the large side chain(s) are created on
the interface of the second antibody molecule by replacing large amino acid side chains with
smaller ones (e.g., alanine or threonine). This mechanism increases the yield of the
heterodimer over unwanted end products such as homodimers.

[0197] Bi-specific Abs can be prepared as full length Abs or antibody fragments
(e.g., Favy bi—specific Abs). One technique to generate bi-specific Abs exploits chemical
linkage. Intact Abs can be proteolytically cleaved to generate Fayy, fragments. Fragments
are reduced with a dithiol complexing agent, such as sodium arsenite, to stabilize vicinal
dithiols and prevent intermolecular disulfide formation. The generated F, fragments are
then converted to thionitrobenzoate (TNB) derivatives. One of the F,-TNB derivatives is
then reconverted to the Fay-thiol by reduction with mercaptoethylamine and is mixed with an
equimolar amount of the other F,,-TNB derivative to form the bi-specific antibody. The
produced bi-specific Abs can be used as agents for the selective immobilization of enzymes.

[0198] F.» fragments may be directly recovered from E. coli and chemically
coupled to form bi-specific Abs. For example, fully humanized bi-specific F(aw)2 Abs can be
produced by methods known to those of skill in the art. Each F,, fragment is separately
secreted from E. coli and directly coupled chemically in vitro, forming the bi-specific
antibody.

[0199] Various techniques for making and isolating bi-specific antibody fragments
directly from recombinant cell culture have also been described. For example, leucine
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zipper motifs can be exploited. Peptides from the Fos and Jun proteins are linked to the Fy
portions of two different Abs by gene fusion. The antibody homodimers are reduced at the
hinge region to form monomers and then re-oxidized to form antibody heterodimers. This
method can also produce antibody homodimers. The “diabody” technology provides an
alternative method to generate bi-specific antibody fragments. The fragments comprise a
heavy-chain variable domain (Vy) connected to a light-chain variable domain (V.) by a linker
that is too short to allow pairing betweenthe two domains on the same chain. The Vy and
VL domains of one fragment are forced to pair with the complementary V| and V;; domains of
another fragment, forming two antigen-binding sites. Another strategy for making bi-specific
antibody fragments is the use of single-chain F, (sF,) dimers. Abs with more than two
valences are also contemplated, such as tri-specific Abs.

[0200] Exemplary bi-specific Abs may bind to two different epitopes on a given
NFATS/TonEBP. Alternatively, cellular defense mechanisms can be restricted to a particular
cell expressing the particular NFAT5/TonEBP: an anti-NFAT5/TonEBP arm may be
combined with an arm that binds to a leukocyte triggering molecule, such as a T-cell
receptor molecule (e.g., CD2, CD3, CD28, or B7), or to F, receptors for IgG (F.yR), such as
FeyRI (CD84), FoyRII (CD32) and FeyRIll (CD16). Bi-specific Abs may also be used fo target
cytotoxic agents to cells that express a particular NFAT5/TonEBP. These Abs possess a
NFATS5/TonEBP-binding arm and an arm that binds a cytotoxic agent or a radionuclide
chelator.

[0201] Heteroconjugate Abs

[0202] Heteroconjugate Abs, consisting of two covalently joined Abs, have been
proposed to target immune system celis to unwanted cells and for freatment of human
immunodeficiency virus (HIV) infection. Abs prepared in vitro using synthetic protein
chemistry methods, including those involving cross-linking agents, are contemplated. For
example, immunotoxins may be constructed using a disulfide exchange reaction or by
forming a thioether bond. Examples of suitable reagents include iminothiolate and methyk-4-
mercaptobutyrimidate.

[0203] Immunoconjugates

[0204] Immunoconjugates may comprise an antibody conjugated fo a cytotoxic
agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically active toxin or
fragment of bacterial, fungal, plant, or animal origin), or a radioactive isotope (i.e., a
radioconjugate).

[0205] Useful enzymaticaily-active toxins and fragments include Diphtheria A
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chain, non-binding acfive fragments of Diphtheria toxin, exotoxin A chain from Pseudomonas
aeruginosa, ricin A chain, abrin A chain, modeccin A chain, a-sarcin, Aleurites fordii proteins,
Dianthin proteins, Phytolaca americana proteins, Momordica charantia inhibitor, curcin,
crotin, Sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,
enomycin, and the tricothecenes. A variety of radionuclides are availablefor the production
of radioconjugated Abs, such as 22 Bi, *'|, "*'|n, Y, and "**Re.

[0206] Conjugates of the antibody and cytotoxic agent are made using a variety of
bi-functional protein-coupling agents, such as N-succinimidyl-3-(2-pyridyldithiol) propionate
(SPDP), iminothiolane (IT), bi-functional derivatives of imidoesters (such as dimethyl
adipimidate HCI), active esters (such as disuccinimidyl suberate), aldehydes (such as
glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-
diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates
(such as tolyene 2,6- diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-
2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared by methods known
to those of skill in the art. "C-labeled 1-isothiocyanatobenzyl-3-methyldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugating
radionuclide to antibody.

[0207] In another embodiment, the antibody may be conjugated to a “receptor”
(such as streptavidin) for utilization in tumor pre-targeting wherein the antibody-receptor
conjugate is administered to the patient, followed by removal of unbound conjugate from the
circulation using a clearing agent and then administration of a streptavidin “ligand” (e.g.,
biotin) that is conjugated to a cytotoxic agent (e.g., a radionuclide).

[0208] Effector function engineering

[0209] The antibody can be modified to enhance its effectiveness in treating a
disease, such as cancer or an autoimmune disease. For example, cysteine residue(s) may
be introduced into the F; region, thereby allowing interchain disulfide bond formation in this
region. Such homodimeric Abs may have improved internalization capability and/or
increased complement-mediated cell killing and antibody-dependent cellular cytotoxicity
(ADCC). Homodimeric Abs with enhanced anti-tumor activity can be prepared using hetero-
bifunctional cross-linkers by methods known fo those of skill in the art. Alternatively, an
antibody engineered with dual F, regions may have enhanced complement lysis.

[0210] Diagnostic applications of Abs directed against NFAT5/TonEBP
[0211] Anti-NFAT5/TonEBP Abs can be used to localize and/or quantitate
NFATS/TonEBP (e.g., for use in measuring levels of NFAT5/TonEBP within tissue samples
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or for use in diagnostic methods, efc.). Anti-NFAT5/TonEBP epitope Abs can be utilized as
phamacologically active compounds and screened according to the methods of the present
invention.

[0212] Anti-NFATS5/TonEBP Abs can be used to isolate NFAT5/TonEBP by
standard techniques, such as immunoaffinity chromatography or immunoprecipitation.
These approaches facilitate purifying endogenous NFAT5/TonEBP antigen-containing
polypeptides from cells and tissues. These approaches, as well as others, can be used to
detect NFATS/TonEBP in a sample to evaluate the abundance and pattern of expression of
the antigenic protein Anti-NFAT5/TonEBP Abs can be used to monitor protein levels in
tissues as part of a clinical testing procedure; for example, to determine the efficacy of a
given treatment regimen. Coupling the antibody to a detectable substance (label) allows
detection of Ab-antigen complexes. Classes of labels include fluorescent, luminescent,
bioluminescent, and radioactive materials, enzymes and prosthetic groups. Useful labels
include horseradish peroxidase, alkaline phosphatase, R-galactosidase,
acetylcholinesterase, streptavidin/biotin, avidin/biotin, umbelliferone, fluorescein, fluorescein
isothiocyanate, rhodamine, dichlorotriazinylamine fiuorescein, dansyi chioride, phycoerythrin,
luminol, luciferase, luciferin, aequorin, and '%1, "*'|, **S or °H.

[0213] Antibody therapeutics

[0214] Abs of the invention, including polyclonal, monocional, humanized and fully
human Abs, can be used therapeutically. Such agents will generally be employed to treat or
prevent a disease or pathology in a subject. An antibody preparation, preferably one having
high antigen specificity and affinity generally mediates an effect by binding the target
epitope(s). Generally, administration of such Abs may mediate one of two effects: (1) the
antibody may prevent ligand binding, eliminating endogenous ligand binding and subsequent
signal transduction, or (2) the antibody elicits a physiological result by binding an effector site
on the target molecule, initiating signal transducion.

[0215] A therapeutically effective amount of an antibody relates generally to the
amount needed to achieve a therapeutic objective, epitope binding affinity, administration
rate, and depletion rate of the antibody from a subject. Common ranges for therapeutically
effective doses may be, as a nonlimiting example, from about 0.1 mg/kg body weight to
about 50 mg/kg body weight Dosing frequencies may range, for example, from twice daily
to once a week.

[0216] Pharmaceutical compositions for Abs
[0217] Anti-NFATS/TonEBP Abs, as well as other NFAT5/TonEBP interacting
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molecules (such as aptamers) identified in other assays, can be administered in
pharmaceutical compositions as disclosed, infra, to treat various disorders. Abs that are
internalized are preferred when whole Abs are used as inhibitors. Liposomes may also be
used as a delivery vehicle for intracellularintroduction. Where antibody fragments are used,
the smallest inhibitory fragment that specifically binds to the epitope is preferred. For
example, peptide molecules can be designed that bind a preferred epitope based on the
variable-region sequences of a useful antibody. Such peptides can be synthesized
chemically and/or produced by recombinant DNA technology. Formulations may also
contain more than one active compound for a particular treatment, preferably those with
activities that do not adversely affect each other. The composition may comprise an agent
that enhances function, such as a cytotoxic agent, cytokine, chemotherapeutic agent, or
growth-inhibitory agent.

[0218] The active ingredients can also be entrapped in microcapsules prepared by
coacervation techniques or by interfacial polymerization; for example,
hydroxymethylceliulose or gelatin-microcapsules and poly-(methyimethacrylate)
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nanoparticles, and nanocapsules) or in
macroemulsions. The formulations to be used for in vivo administration are highly preferred
to be sterile. This is readily accomplished by filtration through sterile filtration membranes or
any of a number of techniques.

[0219] Sustained-release preparations may also be prepared, such as semi-
permeable matrices of solid hydrophobic polymers containing the antibody, which matrices
are in the form of shaped articles, e.g., films, or microcapsules. Examples of sustained-
release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides, copolymers of L-glutamic acid and y ethyl-
L-glutamate, non-degradable ethylene-vinyi acetate, degradable lactic acid-glycolic acid
copolymers such as injectable microspheres composed of lactic acid-glycolic acid
copolymer, and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyi
acetate and lactic acid-glycolic acid enable release of molecules for over 100 days, certain
hydrogels release proteins for shorter time periods and may be preferred.

[0220] In various aspects, the inhibitor can also be selected from the group
consisting of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and
aptamer.

[0221] Ribozymes
[0222] Ribozyme molecules designed to catalytically cleave NFAT5/TonEBP
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mRNA transcripts can also be used to prevent translation of NFAT5/TonEBP mRNAs and
expression of a NFAT5/TonEBP protein (see, e.g., Wright and Kearney, Cancer Invest.
19:495, 2001; Lewin and Hauswirth, Trends Mol. Med. 7:221, 2001; Sarver et al. (1990)
Science 247:1222-1225 and U.S. Pat. No. 5,093,246). As one example, hammerhead
ribozymes that cleave mRNAs at locations dictated by flanking regions that form
complementary base pars with the target mMRNA might be used so long as the target mMRNA
has the following common sequence: 5-UG-3'. See, e.g., Haseloff and Gerlach (1988)
Nature 334:585-591. As another example, hairpin and hepatitis delta virus ribozymes may
also be used. See, e.g., Bartolome et al. (2004) Minerva Med. 95(1):11-24. To increase
efficiency and minimize the intracellular accumulation of non-functional mRNA transcripts, a
ribozyme should be engineered so that the cleavage recognition site is located near the 5’
end of the target NFAT5/TonEBP mRNA. Ribozymes within the invention can be delivered
to a cell using a vector as described herein.

[0223] Other methods can also be used to reduce NFAT5/TonEBP gene
expression in a cell. For example, NFAT5/TonEBP gene expression can be reduced by
inactivating or “knocking out” the NFAT5/TonEBP gene or its promoter using targeted
homologous recombination. See, e.g., Kempin ef al., Nature 389: 802 (1997); Smithies ef al.
(1985) Nature 317:230-234; Thomas and Capecchi (1987) Cell 51:503-512; and Thompson
etal. (1989) Cell 5:313-321. For example, a mutant, non-functional NFAT5/TonEBP gene
variant (or a completely unrelated DNA sequence) flanked by DNA hamologous to the
endogenous NFAT5/TonEBP gene (either the coding regions or regulabry regions of the
NFAT5/TonEBP gene) can be used, with or without a selectable marker and/or a negative
selectable marker, to transfect cells that express NFAT5/TonEBP protein in vivo.

[0224] NFATS/TonEBP gene expression might also be reduced by targeting
deoxyribonucleotde sequences complementary fo the reguiatory region of the
NFAT5/TonEBP gene (i.e., the NFAT5/TonEBP promoter and/or enhancers) to form triple
helical structures that prevent transcription of the NFAT5/TonEBP gene intarget cells. See
generally, Helene, C. (1991) Anticancer Drug Des. 6(6): 569-84; Helene, C., ef al. (1992)
Ann. N.Y. Acad. Sci. 660:27-36; and Maher, L.J. (1992) Bioassays 14(12): 807-15. Nucleic
acid molecules to be used in this technique are preferably single stranded and composed of
deoxyribonucleotides. The base composition of these oligonucleotides should be selected to
promote triple helix formation via Hoogsteen base pairing rules, which generally require
sizable stretches of either purines or pyrimidines to be presenton one strand of a duplex.
Nucleotide sequences may be pyrimidine-based, which will resultin TAT and CGC triplets
across the three associated strands of the resulting triple helix. The pyrimidine-rich
molecules provide base compiementarity to a purine-rich region of a single strand of the
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duplex in a parallel orientation to that strand. In addition, nucleic acid molecules may be
chosen that are purine-rich, e.g., containing a stretch of G residues. These molecules will
form a triple helix with a DNA duplex that is rich in GC pairs, in which the majority of the
purine residues are located on a single sfrand of the targeted duplex, resulting in CGC
triplets across the three strands in the triplex. The pofential sequences that can be targeted
for triple helix formation may be increased by creatinga so called “switchback” nucleic acid
molecule. Switchback molecules are synthesizedin an alternating 5'-3’, 3’-5’ manner, such
that they base pair with first one strand of a duplex and then the other, eliminating the
necessity for a sizable stretch of either purines or pyrimidines to be present on one strand of
a duplex.

[0225] The antisense RNA and DNA, ribozyme, and triple helix molecules of the
invention may be prepared by any method known in the art for the synthesis of DNA and
RNA molecules. These include techniques for chemically synthesizing
oligodeoxyribonucleofides and oligoribonucleotides well knownin the art such as for
example solid phase phosphoramide chemical synthesis. RNA molecules may be generated
by in vitro and in vivo transcription of DNA sequences encoding the antisense RNA
molecule. Such DNA sequences may be incorporated into a wide variety of vectors which
incorporate suitable RNA polymerase promoters. Alternatively, antisense cDNA constructs
that synthesize antisense RNA constitutively or inducibly, depending on the promoter used,
can be introduced stably into cell lines.

[0226] Anti-sense nucleic acids

[0227] Using antisense and sense NFAT5/TonEBP oligonucleotides can prevent
NFATS/TonEBP polypeptide expression. These oligonucieotides bind to target nucleic acid
sequences, forming duplexes that block franscription or translation of the target sequence by
enhancing degradafon of the duplexes, terminating prematurely transcription or translation,
or by other means.

[0228] Antisense or sense oligonucleofides are singe-stranded nucleic acids, either
RNA or DNA, which can bind target NFAT5/TonEBP mRNA (sense) or NFAT5/TonEBP DNA
(antisense) sequences. Anti-sense nucleic acids can be designed according to Watson and
Crick or Hoogsteen base pairing rules. The anti-sense nucleic acid molecule can be
complementary to the entire coding region of NFAT5/TonEBP mRNA, but more preferably,
to only a portion of the coding or noncoding regionof NFAT5/TonEBP mRNA. For example,
the anti-sense oligonucleotide can be complementary to the region surrounding the
translation start site of NFAT5/TonEBP mRNA. Antisense or sense oligonucleofides may
comprise a fragment of the NFAT5/TonEBP DNA coding region of atleast about 14
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nucleotides, preferably from about 14 to 30 nucleotides. In general, antisense RNA or DNA
molecules can comprise at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 100 bases in length or more. Methods to derive antisense or asense
oligonucleotides from a given cDNA sequence are known inthe art.

[0229] Examples of modified nucleotides that can be used to generate the anti-
sense nucleic acid include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil,
hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-
carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil,
beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-methylguanine, 1-
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine,
5-methylcytosine, N6-adenine, 7-methylguanine, 5-methylaminomethyluracil, 5-
methoxyaminomethyl-2-thiouracil, beta-D-mannosquueo_sine, 5'-
methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N8-isopentenyladenine, uracil-5-
oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-
thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracit-5-oxyacetic acid methylester, uracil-
5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w,
and 2,6-diaminopurine. Alternatively, the anti-sense nucleic acid can be produced
biologically using an expression vector into which a nucleic acid has been sub-cloned in an
anti-sense orientation such that the transcribed RNA will be complementary to a target
nucleic acid of interest.

[0230] To introduce antisense or sense oligonucleotidesinto target cells (cells
containing the target nucleic acid sequence), any gene transfer method may be used.
Examples of gene transfer methods include (1) biological, such as gene transfer vectors like
Epstein-Barr virus or conjugating the exogenous DNA to a ligand-binding molecule, (2)
physical, such as electroporation and injection, and (3) chemical, such as CaPO,
precipitation and oligonucleotide-lipid complexes.

[0231] An antisense or sense oligonucleotideis inserted into a suitable gene
transfer retroviral vector. A cell containing the target nucleic acid sequence is contacted with
the recombinant retroviral vector, either in vivo or ex vivo. Examples of suitable retroviral
vectors include those derived from the murine retrovirus M-MuL.V, N2 (a refrovirus derived
from M-MuLV), or the double copy vectors designated DCT5A, DCT5B and DCT5C. To
achieve sufficient nucleic acid molecule transcription, vector constructs in which the
transcription of the anti-sense nucleic acid molecule is confrolled by a strong pol Il or pol llI
promoter are preferred.

[0232] To specify target cells in a mixed populaton of cells cell surface receptors
that are specific to the target cells can be exploited. Antisense and sense oligonucleotides
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can be conjugated to a ligand-binding molecule. Ligands are chosen for receptors that are
specific to the target cells. Examples of suitable ligand-binding molecules include cell
surface receptors, growth factors, cytokines, or other ligands that bind to cell surface
receptors or molecules, Preferably, conjugation of the ligand-binding molecule does not
substantially interfere with the ability of the receptors or molecule to bind the ligand-binding
molecule conjugate, or block entry of the sense or antisense oligonucleoide or its
conjugated version into the cell.

[0233] Liposomes efficiently transfer sense or an antisense oligonucleotideto cells.
The sense or antisense oligonucleotide-lipid complex is preferably dissociated within the cell
by an endogenous lipase.

[0234] The anti-sense nucleic acid molecule of the invention may be an a-anomeric
nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific double-stranded
hybrids with complementary RNA in which, contrary to the usual a-units, the strands run
parallel to each other. The anti-sense nucleic acid molecule can also comprise a 2'-o-
methylribonucleotideor a chimeric RNA-DNA analogue.

[0235] Modifications of antisense and sense oligonucleotides can augment their
effectiveness. Modified sugar-phosphodiester bonds or other sugar linkages, increase in
vivo stability by conferring resistance to endogenous nucleases without disrupting binding
specificity to target sequences. Other modifications can increase the affinities of the
oligonucleotides for their targets, such as covalently linked organic moieties or poly-(L)-
lysine. Other attachments modify binding specificities of the oligonucleotides for their
targets, including metal complexes or intercalating (e.g., ellipticine) and alkylating agents.

[0236] For example, the deoxyribose phosphate backbone of the nucleic acids can
be modified to generate peptide nucleic acids. “Peptide nucleic acids” or "PNAs" refer to
nucleic acid mimics (e.g., DNA mimics) in that the deoxyribose phosphate backbone is
replaced by a pseudopeplide backbone and only the four natural nuclecbases are retained.
The neutral backbone of PNAs allows for specific hybridization to DNA and RNA under
conditions of low ionic strength. The synthesis of PNA oligomers can be performed using
standard solid phase peptide synthesis protocols known to those of skill in the art.

[0237] PNAs of NFAT5/TonEBP can be used in therapeutic and diagnostic
applications. For example, PNAs can be used as anti-sense or antigene agents for
sequence-specific modulation of gene expression by inducing transcription or translation
arrest or inhibiting replicaton. NFAT5/TonEBP PNAs may also be used in the analysis of
single base pair mutations (e.g., PNA directed PCR clamping; as artificial restriction
~ enzymes when used in combination with other enzymes, e.g., S; nucleases, or as probes or
primers for DNA sequence and hybridization.

4
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[0238] PNAs of NFAT5/TonEBP can be modified to enhance their stability or
cellular uptake. Lipophilic or other helper groups may be attached to PNAs, PNA-DNA
dimmers formed, or the use of liposomes or other drug delivery techniques. For example,
PNA-DNA chimeras can be generated that may combine the advantageous properties of
PNA and DNA. Such chimeras allow DNA recognition enzymes (e.g., RNase H and DNA
polymerases) to interact with the DNA portion while the PNA portion provides highbinding
affinity and specificity. PNA-DNA chimeras can be linked using Iinkers of appropriate
lengths selected in terms of base stacking, number of bonds between the nucleobases, and
orientation. The synthesis of PNA-DNA chimeras can be performed by methods known to
those of skill in the art. For example, a DNA chain can be synthesized on a solid support
using standard phosphoramidite coupling chemistry, and modified nucleoside analogs, e.g.,
5'-(4-methoxytrityl)amino-5'-deoxy-thymidine phosphoramidite, can be used between the
PNA and the 5' end of DNA. PNA monomers are then coupled in a stepwise manner to
produce a chimeric molecule with a 5' PNA segment and a 3' DNA segment. Alternatively,
chimeric molecules can be synthesized with a 5' DNA segment and a 3' PNA segment.

[0239] The oligonucleotide may include other appended groups such as peptides
(e.g., for targeting host cell receptors in vivo), or agents facilitating transport across the cell
membrane or the blood-brain barrier. In addition, oligonucleoides can be modified with
hybridization-triggered cleavage agents or intercalating agents. The oligonucleotide may be
conjugated to another molecule, e.g., a peptide, a hybridization triggered cross-linking agent,
a transport agent, a hybridization-triggered cleavage agent and the like.

[0240] Triple-Helix Molecules

[0241] To inhibit transcription, triple-helix nucleic acids that are single-stranded and
comprise deoxynudeotides are useful antagonists. These oligonucleotides are designed
such that triple-helix formation via Hoogsteen base-pairing rules is promoted, generally
requiring stretches of purines or pyrimidines.

[0242] Aptamers

[0243] Aptamers are short oligonucleotide sequences that can be used to
recognize and specificallyn bind almost any molecule. The systematic evolution of ligands by
exponential enrichment (SELEX) process (see, Ausubel, supra) is powerful and can be used
to find such aptamers. Aptamers have many diagnostic and clinical uses; almost any use in
which an antibody has been used clinically or diagnostically, aptamers too may be used. In
addition, are cheaper to make once they have been identified, and can be easily applied in a
variety of formats, including administration in pharmaceutical compositions, in bioassays,
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and diagnostic tests.

[0244] RNA interference (RNAI)

[0245] The use of short-interfering RNA (siRNA) is a technique knownin the art for
inhibiting expression of a target gene by introducing exogenous RNA into a living cell
(Elbashir et al. 2001. Nature. 411:494-498). siRNAs suppress gene expression through a
highly regulated enzyme-mediated process called RNA interference (RNAi). RNAi involves
multiple RNA-protein interactions characterized by four major steps: assembly of siRNA with
the RNA-induced silencing complex (RISC), activation of the RISC, target recognition and
target cleavage. Therefore, identifying siRNA-specific features likely to contribute to efficient
processing at each step is beneficial efficient RNAi. Reynolds et al. provide methods for
identifying such features. A. Reynolds et al., "Rational siRNA design for RNA interference",
Nature Biotechnology 22(3), March 2004. In that study, eight characteristics associated with
siRNA functionality were identified: low G/C content, a bias towards low internal stability at
the sense strand 3-terminus, lack of inverted repeats, and sense strand base preferences
(positions 3, 10, 13 and 19). Further analyses revealed that application of an algorithm
incorporating all eight criteria significantly improves potent siRNA selection. siRNA
sequences that contain internal repeats or palindromes may form internal fold-back
structures. These hairpin-like structures may exist in equilibrium with the duplex form,
reducing the effective concentration and silencing potential of the siRNA. The relative
stability and propensity to form internal hairpins can be estimated by the predicted melting
temperatures (Ty). Sequences with high Tm values would favor internal hairpin structures.

[0246] siRNA can be used either ex vivo or in vivo, making it useful in both
research and therapeutic settings. Unlike in other antisense technologies, the RNA used in
the siRNA technique has a region with double-stranded structure that is made identical fo a
portion of the target gene, thus making inhibition sequence-specific. Double-stranded RNA-
mediated inhibition has advantages both in the stability of the material to be delivered and
the concentration required for effective inhibition.

[0247] The extent to which thereis loss of function of the target gene can be
titrated using the dose of double stranded RNA delivered. A reduction or loss of gene
expression in at least 99% of targeted cells has been shown. See, e.g., U.S. Patent No.
6,506,559. Lower doses of injected material and longer times after administration of siRNA
may result in inhibition in a smaller fraction of cells. Quantitation of gene expression in a cell
show similar amounts of inhibition at the level of accumulation of target mRNA or translation
of target protein.

[0248] The RNA used in this technique can comprise one or more strands of
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polymerized ribonucleoides, and modification can be made to the sugar-phosphate
backbone as disclosed above. The double-stranded structure is often formed using either a
single self-complementary RNA strand (hairpin) ortwo complementary RNA strands. RNA
containing a nucleotide sequences identical to a portion of the target gene is preferred for
inhibition, although sequences with insertions, deletions, and single point mutations relative
to the target sequence can also be used for inhibiion. Sequence identity may be optimized
using alignment algorithms known in the art and through calculating the percent difference
between the nucleotide sequences. The duplex region of he RNA could also be described
in functional terms as a nucleotide sequence that is capable of hybridizing with a portion of
the target gene transcript.

[0249] siRNA can often be a more effective therapeutic tool than other types of
gene suppression due to siRNA’s potent gene inhibition and ability to target receptors with a
specificity can reach down to the level of single-nucleotide polymorphisms. Such specificity
generally results in fewer side effects than is seen in conventional therapies, because other
genes are not be affected by application of a sufficiently sequence-specific SIiRNA.

[0250] There are multiple ways to deliver siRNA to the appropriate target.
Standard transfection techniques may be used, in which siRNA duplexes are incubated wih
cells of interest and then processed using standard commercially available kits.
Electroporation techniques of transfection may also be appropriate. Cells or organisms can
be soaked in a solution of the siRNA, allowing the natural uptake processes of the cells or
organism to introduce the siRNA into the system. Viral constructs packaged into a viral
particle would both introduce the siRNA into the cell line or organism and also iniiate
transcription through the expression construct. Other methods known in the art for
introducing nucleic acids to cells may also be used, including lipidmediated carrier transport,
chemical-mediated transport, such as calcium phosphate, and the like.

[0251] For therapeutic uses, tissue-targeted nanoparticles may serve as a delivery
vehicle for sSiRNA These nanoparticles carry the siRNA exposed on the surface, which is
then available to bind to the target gene to be silenced. Schiffelers, et al., Nucleic Acids
Research 2004 32(19).e149. These nanoparticles may be introduced into the cells or
organisms using the above described techniques already known in the art. RGD peptides
have been shown to be effective at targeting the neovasculature that accompanies the
growth of tumors. Designing the appropriate nanoparticles for a particular illness is a matter
of determining the appropriate targets for the particular disease. In the case of diabetes and
pancreatic cancer, the present invention has already revealed potential targets for this
powerful therapy.

[0252] Other delivery vehicles for therapeutic uses in humans include
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pharmaceutical compositions, intracellular injection, and intravenous infroduction into the
vascular system. Inhibition of gene expression can be confirmed by using biochemical
techniques such as RNA solution hybridization, nuclease protection, Northern hybridization,
reverse transcription, gene expression monitoring with a microarray, antibody binding,
enzyme linked immunosorbent assay (ELISA), Western blotting, radioimmunoassay (RIA),
other immunoassays, and fluorescence activated cell analysis (FACS). For RNA-mediated
inhibition in a cell line or whole organism, gene expression may be assayed using a reporter
or drug resistance gene whose protein product can be easily detected and quantified. Such
reporter genes include acetohydroxyacid synthase (AHAS), alkaline phosphatase (AP), beta
galactosidase (LacZ), beta glucoronidase (GUS), chloramphenicol acetyltransferase (CAT),
green fluorescent protein (GFP), horseradish peroxidase (HRP), luciferase (Luc), nopaline
synthase (NOS), octopine synthase (OCS), and derivatives thereof. Multiple selectable
markers are availablethat confer resistance to ampicillin, bleomycin, chioramphenicol,
gentamycin, hygromycin, kanamycin, lincomycin, methotrexate, phosphinathricin, puromyecin,
and tetracyclin. These techniques are well known and easily practiced by those skilled in the
art. For in vivo use in humans, reduction or elimination of symptoms of illness wiil confirm
inhibition of the target gene’s expression.

[0253] In yet another aspect of the present invention, a method is provided for
diagnosing a cancer or an autoimmune disease in a subject comprising (a) obtaining a
sample from the subject; (b) detecting NFAT5/TonEBP expression in the sample; and (c)
comparing to the expression of NFAT5/TonEBP of the sample to a control sample, wherein
an elevated expression of NFAT5/TonEBP in the sample is diagnostic for cancer. In various
aspects, (b) can comprise detecting NFAT5/TonEBP mRNA. Alternatively, (b) can comprise
detection of NFAT5/TonEBP protein.

[0254] Detection Assays _

[0255] Portions or fragments of NFAT5/TonEBP cDNA sequences identified herein
(and the complete NFAT5/TonEBP gene sequences) are useful in themselves. By way of
non-limiting example, these sequences can be used to: (1) identify an individual from a
minute biological sample (tissue typing); and (2) aid in forensic identification of a biological
sample.

[0256] The NFATS/TonEBP sequences of the invention can be used fo identify
individuals from minute biological samples. In this technique, an individual's genomic DNA
is digested with one or more restriction enzymes and probed on a Southern blot to yield
unique bands. The sequences of the invention are useful as additional DNA markers for
“restriction fragment length polymorphisms” (RFLP).
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[0257] Furthermore, the NFAT5/TonEBP sequences can be used to determine the
actual base-by-base DNA sequence of targeted portions of an individual's genome.
NFATS/TonEBP sequences can be used to prepare two PCR primers from the 5'- and 3'
termini of the sequences that can then be used to amplify an the corresponding sequences
from an individual's gename and then sequence the amplified fragment.

[0258] Panels of corresponding DNA sequences from individuals can provide
unique individual identifications, as each individual wil have a unique set of such DNA
sequences due to allelic differences. The sequences of the invention can be used to obtain
such identification sequences from individuals and from tissue. The NFAT5/TonEBP
sequences of the invention uniquely represent portions of an individuafls genome. Allelic
variation occurs to some degree in the coding regions of these sequences, and to a greater
degree in the noncoding regions The allelic variation between individual humans occurs
with a frequency of about once ever 500 bases. Much of the allelic variation is due to single
nucleotide polymorphisms (SNPs), which include RFLPs.

[0259] Each of the sequences described herein can, to some degree, be used as a
standard against which DNA from an individual can be compared for identification purposes.
Because greater numbers of polymorphisms occur in noncoding regions, fewer sequences
are necessary to differentiate individuals. Noncoding sequences can positively identify
individuals with a panel of 10 to 1,000 primers that each yield a noncoding amplified
sequence of 100 bases. If predicted coding sequences, such as those in SEQ ID NOs: 2, 4,
6, 8 and 10 are used, a more appropriate number of primers for positive individual
identification would be 500-2,000.

[0260] Predictive Medicine

[0261] The invention also pertains to the field of predictive medicine in which -
diagnostic assays, prognostic assays, pharmacogenomics, and monitoring clinical trials are
used for prognostic (predictive) purpeses to treat an individua prophylactically. Accordingly,
one aspect of the invention relates to diagnostic assays for determining NFAT5/TonEBP
and/or nucleic acid expression as well as NFAT5/TonEBP activity, in the context of a
biological sample (e.g., blood, serum, cells, tissue) to determine whether an individual is
afflicted with a disease or disorder, or is at risk of developing a disorder, associated with
aberrant NFAT5/TonEBP expression or activity, including cancer. The invention also
provides for prognostic (or predictive) assays for determining whetheran individual is atrisk
of developing a disorder associated with NFAT5/TonEBP, nucleic acid expression or activity.
For example, mutations in NFAT5/TonEBP can be assayed in a biological sample. Such
assays can be used for prognostic or predictive purpose to prophylactically treat an
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individual prior to the onset of a disorder characterized by or associated with
NFATS/TonEBP, nucleic acid expression, or biological activity.

[0262] Another aspect of the invention provides methods for determining
NFATS5/TonEBP activity, or nucleic acid expression, in an individual to select appropriate
therapeutic or prophylactic agents for that individual (referred to herein as
"phammacogenomics”). Pharmacogenomics allows for the selection of modalities (e.g.,
drugs, foods) for therapeutic or prophylactic treatment of an individual based on the
individual’s genotype (e.g., the individual's genotype to determine the individual's ability to
respond fo a particular agent). Another aspect of the invention pertains to monitoring the
influence of modalities (e.g., drugs, foods) on the expression or activity of NFAT5/TonEBP in
clinical trials.

[0263] Diagnostic Assays

[0264] An exemplary method for detecting the presence or absence of
NFATS/TonEBP in a biological sample involves obtaining a biological sample from a subject
and contacting the biological sample with a compound or an agent capabie of detecting
NFATS/TonEBP or NFAT5/TonEBP nucleic acid (e.g., mMRNA, genomic DNA) such that the
presence of NFAT5/TonEBP is confirmed in the sample. An agent for detecting
NFAT5/TonEBP mRNA or genomic DNA is a labeled nucleicacid probe that can hybridize to
NFATS5/TonEBP mRNA or genomic DNA. The nucleic acid probe can be, for example, a full-
length NFAT5/TonEBP nucleic acid, such as the nucleic acids of SEQ ID NOs: 2, 4, 6, 8 and
10, or portions thereof, such as an oligonucleotide of at least 15, 30, 50, 100, 250 or 500
nucleotides in length and sufficient to specifically hybridize under sfringent conditions to
NFAT5/TonEBP mRNA or genomic DNA.

[0265] An agent for detecting NFAT5/TonEBP polypeptide is an antibody capable
of binding to NFAT5/TonEBP, preferably an antibody with a detectable label. Abs can be
polyclonal, or more preferably, monoclonal. An intact antibody, or a fragment (e.g., Fa, or
F(ab');) can be used. A labeled probe or antibody is coupled (i.e., physically linking) to a
detectable substance, as well as indirect detection of the probe or antibody by reactivity with
another reagent that is directly labeled. Examples of indirect labeling include defection of a
primary antibody using a fluorescently labeled secondary antibody and end-labeling of a
DNA probe with biotin such that it can be detected with fluorescently-labeled streptavidin.
The term "biological sample" includes tissues, cells and biological fluids isolated from a
subject, as well as tissues, cells and fluids present within a subject. The detection method of
the invention can be used to detect NFAT5/TonEBP mRNA, protein, or genomic DNA ina
biological sample in vitro as well as in vivo. For example, in vitro techniques for detection of
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NFATS/TonEBP mRNA include Northern hybridizations and in situ hybridizations. In vitro
techniques for detection of NFAT5/TonEBP polypeptide include enzyme linked
immunosorbent assays (ELISAs), Western blots, immunoprecipitations, and
immunofluorescence. In vitro techniques for detection of NFAT5/TonEBP genomic DNA
include Southern hybridizations and fluorescence in situ hybridization (FISH). Furthermore,
in vivo techniques for detecting NFAT5/TonEBP include introducing into a subject a labeled
anti-NFAT5/TonEBP antibody. For example, the antibody can be labeled with a radioactive
marker whose presence and location in a subject can be detected by standard imaging
techniques.

[0266] In one embodiment, the biological sample from the subject contains protein
molecules, and/or mRNA molecules, and/or genomic DNA molecules. A preferred biological
sample is blood. In another embodiment, the methods further involve obtaining a biological
sample from a subject to provide a control, contacting the sample with a compound or agent
to detect NFAT5/TonEBP, mRNA, or genomic DNA, and comparing the presence of
NFATS5/TonEBP, mRNA or genomic DNA in the control sample with the presence of
NFATS/TonEBP, mRNA or genomic DNA in the test sample.

[0267] The invention also encompasses kits for detecting NFAT5/TonEBP in a
biological sample. For example, the kit can comprise: a labeled compound or agent capable
of detecting NFAT5/TonEBP or NFAT5/TonEBP mRNA in a sample; reagent and/or
equipment for determining the amount of NFAT5/TonEBP in the sample; and reagent and/or
equipment for comparing the amount of NFAT5/TonEBP in the sample with a standard. The
compound or agent can be packaged in a suitable container. The kit can further comprise
instructions for using the kit to detect NFAT5/TonEBP or nucleic acid.

[0268] Prognostic Assays

[0269] The diagnostic methods described herein canfurthermore be utilized to
identify subjects having or at risk of developing a disease or disorder associated with
aberrant NFAT5/TonEBP expression or activity. For example, the assays described herein,
can be used to identify a subject having or at risk of developing a disorder associated with
NFATS5/TonEBP, nucleic acid expression or activity. Alternatively, the prognostic assays can
be used to identify a subject having or atrisk for developing adisease or disorder. The
invention provides a method for identifying a disease or disorder associated with aberrant
NFATS5/TonEBP expression or activity in which a test sample is obtained from a subject and
NFATS/TonEBP or nucleic acid (e.g., mRNA, genomic DNA) is detected. A testsampleis a
biological sample obtained from a subject. For example, a test sample can be a biological
fluid (e.g., serum), cell sample, or tissue.
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[0270] Prognostic assays can be used to determine whether a subject can be
administered a modality (e.g., an agonist, antagonist, peptidomimetic, protein, peptide,
nucleic acid, small molecule, food, efc.) to treat a disease or disorder associated with
aberrant NFAT5/TonEBP expression or activity. Such methods can be used to determine
whether a subject can be effectively treated with an agent for a disorder. The invention
provides methods for determining whether a subject can be effectively treated with an agent
for a disorder associated with aberrant NFAT5/TonEBP expression or activity in which a test
sample is obtained and NFAT5/TonEBP or nucleic acid is detected (e.g., where the
presence of NFATS/TonEBP or nucleic acid is diagnostic for a subject that can be
administered the agent to treat a disorder associated with aberrant NFAT5/TonEBP
expression or activity).

[0271] The methods of the invention can also be used to detect geheﬁc lesions in a
NFATS/TonEBP to determine if a subject with the genetic lesion is at risk for a disorder.
Methods include detecting, in a sample from the subject, the presence or absence of a
genetic lesion characterized by at an alteration affecting the integrity of a gene encoding a
NFATS/TonEBP polypeptide, or the misexpression of NFAT5/TonEBP. Such genetic lesions
can be detected by ascertaining: (1) a deletion of one or more nucleotides from
NFAT5/TonEBP; (2) an addition of one or more nucleofides to NFAT5/TonEBP; 3 a
substitution of one or more nucleotides in NFAT5/TonEBP, (4) a chromosomal
rearrangement of a NFAT5/TonEBP gene; (5) an alteration in the level of a NFAT5/TonEBP
mRNA transcripts, (6) aberrant modification of a NFAT5/TonEBP, such as a change
genomic DNA methylation, (7) the presence of a non-wild-type splicing pattern of a
NFATS/TonEBP mRNA transcript, (8) a non-wild-type level of NFAT5/TonEBP, (9) allelic
loss of NFAT5/TonEBP, and/or (10) inappropriate post-translational modification of
NFATS/TonEBP polypeptide. There are a large number of known assay techniques that can
be used to detect lesions in NFAT5/TonEBP. Any biological sample containing nucleaied
cells may be used.

[0272] In certain embodiments, lesion detection may use a probe/primer in a
polymerase chain reaction (PCR) (such as anchor PCR or rapid amplification of cDNA ends
(RACE) PCR, or, alternatively, in a ligation chain reaction (LCR). This method may include
collecting a sample from a patient, isolating nucleic acids from the sample, contacting the
nucleic acids with one or more primers that specifically hybridize to NFAT5/TonEBP under
conditions such that hybridization and amplification of the NFAT5/TonEBP (if present)
occurs, and detecting the presence or absence of an amplification product, or detecting the
size of the amplification product and comparing the length to a control sample. It is
anticipated that PCR and/or LCR may be desirable to use as a preliminary amplification step
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in conjunction with any of the techniques used for detecting mutations described herein.

[0273] Alternative ampilification methods include: self sustained sequence
replication, transcriptional amplification system; QB Replicase, or any other nucleic acid
amplification method, followed by the detection of the amplified molecules using techniques
well known to those of skill in the art. These detection schemes are especially useful for the
detection of nucleic acid molecules present in low abundance and are known to those of skill
in the art.

[0274] Mutations in NFAT5/TonEBP from a sample can be identified by alterations
in restriction enzyme cleavage patterns. For example, sample and control DNA is isolated,
amplified (optionally), digested with one or more restriction endonucleases, and fragment
length sizes are determined by gel electrophoresis and compared. Differences in fragment
length sizes between sample and control DNA indicates mutations in the sample DNA.
Moreover, the use of sequence specific ribozymes can be used to score for the presence of
specific mutations by development or loss of a ribozyme cleavage site.

[0275] Hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high-
density arrays containing hundreds or thousands of oligonucleotides probes, can identify
genetic mutations in NFAT5/TonEBP. For example, genetic mutations in NFAT5/TonEBP
can be identified in two-dimensional arrays containing light-generated DNA probes. Briefly,
a first hybridization array of probes can be used to scan through long stretches of DNA in a
sample and control to identify base changes between the sequences by making linear arrays
of sequential overlapping probes. This step allows the identification of point mutations. This
is followed by a second hybridization array that allows the characterization of specific
mutations by using smaller, specialized probe arrays complementary to all variants or
mutations detected. Each mutation array is composed of parallel probe sets, one
complementary to the wild-type gene and the other complementary to the mutant gene.

[0276] In yet another embodiment, any of a variety of sequencing reactions known
in the art can be used to directly sequence the NFAT5/TonEBP and detect mutations by
comparing the sequence of the sample NFAT5/TonEBP-with the corresponding wild-type
(control) sequence. Any of a variety of automated sequencing procedures can be used
when performing diagnostic assays including sequencing by mass spectrometry.

[0277] Other methods for detecting mutations in the NFAT5/TonEBP include those
in which protection from cleavage agentsis used to detect mismatched bases in RNA/RNA
or RNA/DNA heteroduplexes. In general, the technique of "mismatch cleavage” starts by
providing heteroduplexes formed by hybridizing (labeled) RNA or DNA containing the wild-
type NFAT5/TonEBP sequence with potentially mutant RNA or DNA obtained from a
sample. The double-stranded duplexes are treated with an agent that cleaves single-
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stranded regions of the duplex such as those that arise from base pair mismatches between
the control and sample strands. For instance, RNA/DNA duplexes can be treated with
RNase and DNA/DNA hybrids treated with S nuclease to enzymatically digest the
mismatched regions. In other embodiments, either DNA/DNA or RNA/DNA duplexes can be
treated with hydroxylamine or osmium tetroxide and with piperidine in order to digest
mismatched regions. The digested material is then separated by size on denaturing
polyacrylamide gels to determine the mutation site. The control DNA or RNA can be labeled
for detection.

[0278] Mismatch cleavage reactions may employ one or more profeins that
recognize mismatched base pairs in double-stranded DNA (DNA mismatch repair) in defined
systems for detecting and mapping point mutations in NFAT5/TonEBP cDNAs obtained from
samples of cells. For example, the mutY enzyme of E. coli cleaves A at G/A mismatches
and the thymidine DNA glycosylase from Hel a cells cleaves T at G/T mismatches.
According to an exemplary embodiment, a probe based on a wild-type NFAT5/TonEBP
sequence is hybridized to a cDNA or other DNA product from a test cell(s). The duplex is
freated with a DNA mismatch repair enzyme, and the cleavage produds, if any, can be
detected from electrophoresis protocols or the like.

[0279] Electrophoretic mobility alterations can be used to identify mutations in
NFATS/TonEBP. For example, single strand conformation polymorphism (SSCP) may be
used to detect differences in electrophoretic mobility between mutant and wild type nucleic
acids. Single-stranded DNA fragments of sample and control NFAT5/TonEBP nucleic acids
are denatured and then renatured. The secondary structure of single-stranded nucleic acids
varies according to sequence; the resulting alteration in electrophoretic mobility allows
detection of even asingle base charnge. The DNA fragments may be labeled or detected
with labeled probes. The sensitivity of the assay may be enhanced by using RNA (rather
than DNA), in which the secondary structure is more sensitive to a sequence changes. The
subject method may use heteroduplex analysis to separate double stranded heteroduplex
molecules on the basis of changes in electrophoretic mobility.

[0280] The migration of mutant or wild-type fragments can be assayed using
denaturing gradient gel electrophoresis (DGGE). In DGGE, DNA is modified to prevent
complete denaturation, for example by adding a GC clamp of approximately 40 bp of
high-melting GC-rich DNA by PCR. A temperature gradient may also be used in place of a
denaturing gradient to identify differences in the mobility of control and sample DNA.

[0281] Examples of other techniques for detecting point mutations include, but are
not limited to, selective oligonucleotide hybridization, selective amplification, or selective
primer extension. For example, oligonucieotide primers may be prepared in which he
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known mutation is placed centrally and then hybridized to target DNA under conditions that
permit hybridization only if a perfect match is found. Such allele-specific oligonucleotides
are hybridized to PCR-amplified target DNA or a number of different mutations when the
oligonucleofides are attached to the hybridizing membrane and hybridized with labeled
target DNA.

[0282] Alternatively, allele specific amplification technology that depends on
selective PCR amplification may be used. Oligonucleotide primers for specific amplifications
may carry the mutation of interest in the center of the molecule (so that amplification
depends ondifferential hybridization) or at the extreme 3'-terminus of one primer where,
under appropriate conditions, mismatch can prevent, or reduce polymerase extension.
Novel restriction site in the region of the mutation may be introduced to create cleavage-
based detection. Certain amplification may also be performed using Tagq ligase for
amplification. In such cases, ligation occurs only if there is a perfect match at the 3*-
terminus of the &' sequence, allowing detection of a known mutation by scoring for
amplification.

[0283] The described methods may be performed, for example, by using
pre-packaged kits comprising at least one probe (nucleic acid or antibody) that may be
conveniently used, for example, in clinical settings to diagnose patients exhibiting symptoms
or family history of a disease or iliness involving NFAT5/TonEBP.

[0284] Furthermore, any cell type or tissue in which NFAT5/TonEBP is expressed
may be utilized in the prognostic assays described herein.
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[0285] Pharmacogenomics

[0286] Agents, or modulators that have a stimulatory or inhibitory effect on
NFATS/TonEBP activity or expression, as identified by a screening assay can be
administered to individuals to treat, prophylactically or therapeutically, disorders. In
conjunction with such treatment, the phamacogenomics (i.e., the study of the relationship
between a subject’s genotype and the subject’s response to a foreign modality, such as a
food, compound or drug) may be considered. Metabolic differences of therapeutics can lead
to severe toxicity or therapeutic failure by altering the relation between dose and blood
concentration of the pharmacologically active drug. Thus, the phamacogenomics of the
individual pemits the selection of effective agents (e.g., drugs) for prophylactic or
therapeutic treatments based on a consideration of the individual's genotype.
Pharmacogenomics can further be used to determine appropriate dosages and therapeutic
regimens. Accordingly, the activity of NFATS5/TonEBP, expression of NFAT5/TonEBP nucleic
acid, or NFAT5/TonEBP mutation(s) in an individual can be determined to guide the
selection of appropriate agenti(s) for therapeutic or prophylactic treatment.

[0287] Phamacogenomics deals with clinically significant hereditary variations in
the response to modalities due to altered modality disposition and abnormal action in
affected persons. In general, two pharmacogenetic conditions can be differentiated: (1)
genetic conditions fransmitted as a single factor altering the interaction of a modality with the
body (altered drug action) or (2) genetic conditions transmitted as single factors altering the
way the body acts on a modality (altered drug metabolism). These pharmacogenetic
conditions can occur either as rare defects or as nucleic acid polymorphisms. For example,
glucose-6-phosphate dehydrogenase (G6PD) deficiency is a common inherited
enzymopathy in which the main clinical complication is hemolysis after ingestion of oxidant
drugs (anti-malarials, sulfonamides, analgesics, nitrofurans) and consumption of fava beans.

[0288] As an illustrative embodiment, the activity of drug metabolizing enzymes is a
major determinant of both the intensity and duration of drug action. The discovery of genetic
polymorphisms of drug metabolizing erzymes (e.g., N-acetyliransferase 2 (NAT 2) and
cytochrome P450 enzymes CYP2D6 and CYP2C19) explains he phenomena of some
patients who show exaggerated drug response and/or serious toxicity after taking the
standard and safe dose of a drug. These polymorphisms are expressed in two phenotypes
in the population, the extensive metabolizer (EM) and poor metabolizer (PM). The
prevalence of PM is different among different populations. For example, the CYP2D6 gene
is highly polymorphic and several mutations have been identified in PM, which all lead to the
absence of functional CYP2D6. Poor metabolizers due to mutant CYP2D6 and CYP2C19
frequently experience exaggerated drug responses and side effects when they receive
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standard doses. If a metabolite is the active therapeutic moiety, PM shows no therapeutic
response, as demonstrated for the analgesic effect of codeine mediated by its
CYP2D6-formed metabolite morphine. At the other extreme are the so-called ultra-rapid
metabolizers who are urresponsive to standard doses. Recently, the molecular basis of
ultra-rapid metabolism has been identfied to be due to CYP2D6 gene amplification.

[0289] The activity of NFAT5/TonEBP, expression of NFAT5/TonEBP nucleic acid,
or mutation content of NFAT5/TonEBP in an individual can be detemined to select
appropriate agent(s) for therapeutic or prophylactic treatment of the individual. In addition,
pharmacogenetic studies can be used to apply genotyping of polymorphic alleles encoding
drug-metabolizing enzymes to the identification of an individual's drug responsiveness
phenotype. This knowledge, when applied to dosing or drug selection, can avoid adverse
reactions or therapeutic failure and thus enhance therapeutic or prophylactic efficiency when
treating a subject with a NFATS/TonEBP modulator, such as a modulator identified by one of
the described exemplary screening assays.

[0290] In another aspect of the present invention, a method for treating a cancer or
an autoimmune disease is provided comprising decreasing the activity of NFATS/TonEBP.
In various aspects, decreasing the activity can comprise decreasing the expression of
NFATS/TonEBP. In various aspects, decreasing the expression comprises transforming a
cell to express a polynucleotide anti-sense to at least a portion of an endogenous
polynucleotide encoding NFAT5/TonEBP as described above. In various aspects,
decreasing the activity comprises inhibiting, preventing, or reversing at least one activity of
NFAT5/TonEBP as described above. In various other aspects, decreasing the activity can
comprise transforming a cell to express an aptamer to NFAT5/TonEBP as described above.
In various aspects, decreasing the activity can comprise introducing into a cell an aptamer to
NFATS/TonEBP as described above. In a further aspect, decreasing the activity can
comprise administering to a cell an antibody that selectively binds NFAT5/TonEBP as
described above.

[0291] Methods of treatment

[0292] The invention provides for both prophylactic and therapeutic methods of
treating a subject at risk of (or susceptible to) a disorder or having a disorder associated with
aberrant NFATS5/TonEBP expression or activity. Examples include disorders in which cell
metabolic demands (and consequently, demands on mitochondria and endoplasmic
reticulum) are high, such as during rapid cell growth. Examples of such disorders and
diseases include cancers, such as melanoma, breast cancer or colon cancer; autoimmune
diseases, such as diabetes; and those further described, infra.
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[0293] Treatment of Diseases and Disorders

[0294] Diseases and disorders that are characterized by increased
NFAT5/TonEBP levels or biological activity (such as cancer and autoimmune disease) may
be treated with therapeutics that antagonize (i.e., reduce or inhibit) activity. Antagonists may
be administered in a therapeutic or prophylactic manner. Therapeutics that may be used
include: (1) NFAT5/TonEBP peptides, or analogs, derivatives, fragments or homologues
thereof; (2) Abs to a NFAT5/TonEBP peptide; (3) NFATS/TonEBP nucleic acids; (4)
administration of antisense nucleic acid and nucleic acids that are “dysfunctional” (i.e., due
to a heterologous insertion within the coding sequences) that are used to eliminate
endogenous function of by homologous recombination; or (5) modulators (i.e., inhibitors,
agonists and antagonists, including additional peptide mimetic of the invention or Abs
specific to NFAT5/TonEBP) that alter the interaction between NFATS/TonEBP and its |
binding partner.

[0295] Diseases and disorders that are characterized by decreased
NFAT5/TonEBP levels or biological activity may be treated with therapeutics that increase
(i.e., are agonists to) activity. Therapeutics that upregulate activity may be administered
therapeutically or prophylactically. Therapeutics that may be used include peptides, or
analogs, derivatives, fragments or homologues thereof; or an agonist that increases
bioavailability.

[0296] Increased or decreased levels can be readily detected by quantifying
péptide and/or RNA, by obtaining a patient tissue sample (e.g., from biopsy tissue) and
assaying in vitro for RNA or peptide levels, structure and/or activity of the expressed
peptides (or NFAT5/TonEBP mRNAs). Methods include, but are not limited to,
immunoassays (e.g., by Western blot analysis, immunoprecipitation followed by sodium
dodecy! sulfate (SDS) polyacrylamide gel electrophoresis, immunocytochemistry, efc.)
and/or hybridization assays to detect expression of mRNAs (e.g., Northern assayé, dot blots,
in situ hybridization, and the like).

[0297] Cancer

[0298] The primary application of this invention would be to utilize the osmotic
stress response pathway as a means to screen for drugs that either inhibit or augment this
pathway. Inhibitory drugs would be useful to block the pathway, thus sensitizing cells to
hypertonic stress such that exposure to hypertonic stress would result in inhibition of cell
growth and cell death. An example in which such a drug would be useful would be in the
treatment of cancers. This invention demonstrates that cancer cells in vivo are exposed to
hypertonic s‘tressfand sighiﬁcanﬂy overexpress NFATS/TonEBP. Inhibition of the osmotic
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stress response pathway would thus induce growth inhibition and cell death specifically of
cancer cells, with minimal or no effects on normal cells, which express little or no
NFAT5/TonEBP. The cancer etiology is further discussed in the Examples and described in
the Figures.

[0299] In various aspects, the cancer can be selected from the group consisting of
epithelial malignancies, sarcomas, and lymphomas. Other cancers are treatable using the
inhibitors of the present invention as can be determined by those of skill in the art.

[0300] Inflammation ‘

[0301] The expression of NFATS5/TonEBP RNA has been identified in proliferating
synovial fibroblasts derived from the synovium of patients with rheumatoid arthritis via a
subtractive hybridization approach, and went on to demonstrate expression by in situ
hybridization using tissue sections. NFAT5/TonEB RNA was identified not only in fibroblast-
- like cells but also osteoclasts. Moreover, NFATS5 was pereferentially expressed in the
synovium of patients with rheumatoid arthritis and was not detectable in the synovium of
normal individuals.

[0302] Although no suggestion was made as to the mechanism underlying the
preferential expression of NFATS/TonEBP in the diseased synovium, these results are
consistent with the hypothesis proposed here that sites subject to an active acute
inflammatory response are likely exposed to significant hyperosmotic stress. In the same
manner that hypoxic stress is of relevance to not only cancer but to inflammatory processes
as well, it would thus seem reasonable that osmotic stress also plays a role in inflammation.

[0303] Given the observations provided in this invention that cell death and
degradation results in significant increase in the osmolality of the local environment, it is
highly likely that the local environment at the site of inflammation is hyperosmotic. This is
because a feature function of an acute inflammatory response is the elaboration of hydrolytic
enzymes, as mediated by neutrophiis in the site of acute inflammation. Therefore, one
means of inhibiting such an inflammatory response would be to inhibit the osmotic stress
response pathway. As a result, those cells most closely associated with the site of acute
inflammation, which are in fact those cells that mediate the acute inflammatory process,
would be rendered sensitive to hypertonicity induced cell death.

[0304] In various aspects, the autoimmune disease can be selected from the group
consisting of rheumatoid arthritis, systemic lupus erythematosis, multiple sclerosis, and type
| diabetes. Other autoimmune diseases are treatable using the inhibitors of the present
invention as can be determined by those of skill in the art.
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[0305] Other Diseases or Disorders

[0306] A drug (or non-drug) intervention that would enhance the osmotic stress
pathway would be useful to enhance the survival of cells otherwise exposed to a hypertonic
environment. An example in which such a drug would be useful would be in diseases
associated with cell death, such as acute cerebrovascular disease (siroke) or acute
myocardial infarction (heart attack) where the cell death resulting from the infarct increases
local tissue osmolality. Such an increase in local osmolality would have a detrimental effect
on adjacent non-infarcted but ischemically injured cells. A drug or intervention that would
enhance the ability of these cells to survive within this hypertonic environment would resuit in
a reduction in the overall area tissue damage associated with the initiating event.

[0307] In yet another aspect of the present invention, a method is provided for
determining whether a compound up-regulates or down-regulates the transcription of a
NFAT5/TonEBP gene, comprising contacting the compound with a RNA polymerase and
said gene, followed by measuring NFAT5/TonEBP gene transcription initiated by the RNA
polymerase acting on the gene, wherein measuring enhanced transcription is indicative of
up-regulation and measuring decreased transcription is indicative of down-regulation. In
various aspects, the contacting can occur in a cell. In another aspect, the compound can be
selected from the group consisting of a ribozyme, antisense compound, triplex-forming .
molecule, siRNA, and aptamer as described above. ,

[0308] In another aspect of the present invention, a method is provided for
determining whether a compound up-regulates or down-regulates translation of an
NFAT5/TonEBP gene in a cell, comprising contacting the compound with the cell, the cell
further comprising the NFAT5/TonEBP gene, and measuring NFAT5/TonEBP gene
translation, wherein measuring enhanced translation is indicative of up-regulation and
measuring decreased translation is indicative of down-regulation. In various aspects, the
compound can be selected from the group consisting of a ribozyme, antisense compound,
triplex-forming molecule, siRNA, and aptamer as described above.

[0309] In a further aspect of the present invention, a method is provided for
determining whether a compound is a NFAT5/TonEBP target gene inhibitor, comprising: (a)
culturing a first cell and a second cell under conditions of hypertonic stress; (b) contacting
the first cell with a test agent; and (c) assaying the first cell and the second cell for at least
one activity of a NFAT5/TonEBP target gene, wherein a decrease in activity of a
NFAT5/TonEBP target gene in the first cell relative to the second cell indicates that the test
agent is an NFAT5/TonEBP target gene inhibitor. In various aspects, the contacting can
occur in a cell. In another aspect, the compound can be selected from the group consisting
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of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and aptamer as
described above.

[0310] In various aspects, the NFATS/TonEBP target gene can be selected from
the group consisting of aldose reductase (AR) which catalyzes reduction of glucose to
sorbitol; sodium/myo-inositol cotransporter (SMIT) which transports myo-inositol across
plasma membrane using the Na+ Clelectrochemical gradient, sodium/chloride/betaine
cotransporter (BGT1) which transports betaine across plasma membrane using the Na+
Clelectrochemical gradient; urea transporter (UT-A) a vasopressin-regulated urea
transporter; expressed primarily in renal medulla; taurine transporter (TauT) a membrane
transporter for the amino acid taurine; heat shock protein 70 gene (HSP70-2) a molecular
chaperone; protects from urea induced apoptosis; sodium-coupled neutral amino acid
transporter-2 (ATA2, SNAT2) a system A neutral amino acid transporter; osmotic stress
protein of 94 kDa (Osp94) a putative molecular chaperone based on sequence homology to
heat shock proteins; and aquaporin 2 (AQP2) a plasma membrane water channel. The
following Table 4 provides relevant information:

TABLE 4 -- NFAT5/TonEBP Target Genes

Target gene ' Function References
aldose reductase {AR) catalyzes reduction of glucose to sorbitot {Ko et al., 1997, Lopez-Rodriguez
. etal., 2004)

sodium/myo-inositol cotransporter (SMIT) transports myo-inositol across plasma {Lopez-Rodriguez et al.. 2004; Rim
membrane using the Na+ Cl- etal., 1998)
electrochemical gradient

sodium/chloride/betaine cotransporter (BGT1) transports betaine across plasma {Lopez-Rodriguez et al., 2004,
membrane using the Na+ Ci- Miyakawa et al., 19998)
elacirochemical gradient

urea transporter (UT-A) vasopressin-regulated urea transporter, {Nakayama et al., 2000)
expressed primarily in renal medulla

taurine ransponter {TauT)? membrane transporter for the amino acid {Ito et al,, 2004)
taurine

heat shock protein 70 gene (MSP70-2) molecular chaperone; protects from urea- {Go et al,, 2004; Woo et &l , 2002)
induced apoptosis

sodium-coupled neultal amino acid system A neutral amino acid transporter {Trama et al,, 2002)

transporter-2 (ATA2, SNAT2) ?

osmotic stress protein of 94 kDa {Osp94) putative molecular chaperane based on {Kojima et al., 2004)

sequance homology to heat shock proteins

aguaporin 2 (AQP2) plasma membrane water channel {Kasono et al., 2005, Lopez-
Rodriguez et al., 2004)

' Unless otherwise noted, identification of a gene as an NFAT5/TonEBP target is based on a combination of genetic and cell-based
functional assays as well as direct DNA binding studies

2 Although ex vivo assays indicate that NFATS/TonEBP directly regulates the TauT gene (ito et af., 2004), NFATS null mice exhibit no
reduction 1n TauT expression in the kidney in conlrast to the signiticantly reduced expression of AR, SMIT and BGT1 {Lopez-
Rodriguez et al., 2004).

®) oss of NFATS function in vivo results n the impaired induction of ATA2 mRNA In response to hypertonicity, thus providing

functional genetic evidence that NFATS regulates ATA2 gene expression. However, direct regulation al the ATA2 gene by NFATS
fas nof as yet been demonstrated. The ATA2 gene s thus most accurately considered a potential NFATS-target gene
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[0311] In yet another aspect of the present invention, a2 non-human transgenic
animal is provided, wherein at least one NFAT5/TonEBP gene comprised by the non-human
transgenic animal is disrupted. In various aspects, the NFAT5/TonEBP gene is not fully
expressed. In another aspect, the non-human animal can be selected from the group
consisting of a mouse, rat, dog, cat, cow, pig, horse, rabbit, frog, chicken, and sheep. In one
aspect, the non-human transgenic animal is a mouse. Transgenic NFAT5/TonEBP animals,

[0312] “Transgenic animals” are non-human animals, preferably mammals, more
preferably a rodents such as rats or mice, in which one or more of the cells include a
transgene. Other transgenic animals include primates, sheep, dogs, cows, goats, chickens,
amphibians, etc. A “transgene” is exogenous DNA that is integrated into the genome of a
cell from which a transgenic animal develops, and that remains in the genome of the mature
animal. Transgenes preferably direct the expression of an encoded gene product in one or
more cell types or tissues of the transgenic animal with the purpose of preventing expression
of a naturally encoded gene product in one or more cell types or tissues (a “knockout”
transgenic animal; see the Examples), or serving as a marker or indicator of an integration,
chromosomal location, or region of recombination (e.g., cre/loxP mice). A “homoiogous
recombinant animal" is a non-human animal, such as a rodent, in which endogenous
NFAT5/TonEBP has been altered by an exogenous DNA molecule that recombines
homologously with endogenous NFAT5/TonEBP in a (e.g., embryonic) cell prior to
development the animal. Host cells with exogenous NFAT5/TonEBP can be used to
produce non-human transgenic animals, such as fertilized oocytes or embryonic stem cells
into which NFAT5/TonEBP-coding sequences have been introduced. Such host cells can
then be used to create non-human transgenic animals or homologous recombinant animals.

[0313] Approaches to transgenic animal production

[0314] A transgenic animal can be created by introducing NFATS5/TonEBP into the
male pronuclei of a fertilized oocyte (e.g., by microinjection, retroviral infection) and allowing
the oocyte to develop in a pseudopregnant female foster animal (pffa). The NFATS/TonEBP
sequences (SEQ ID NOs: 1, 3, 5, 7 or 9) can be introduced as a transgene into the genome
of a non-human animal. Alternatively, a homologue of NFATS/TonEBP can be used as a
transgene. Intronic sequences and polyadenylation signals can also be included in the
transgene to increase transgene expression. Tissue-specific regulatory sequences can be
operably-linked to the NFAT5/TonEBP transgene to direct expression of NFATS/TonEBP to
particular cells. Methods for generating transgenic animals via embryo manipulation and .
microinjection, particularly animals such as mice, have become conventional in the art.
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Other non-mice transgenic animals may be made by similar methods. A transgenic founder
animal, which can be used to breed additional transgenic animals, can be identified based
upon the presence of the transgene in its genome and/or expression of the transgene mRNA

in tissues or cells of the animals. Transgenic (e.g., NFAT5/TonEBP) animals can be bred to
other transgenic animals carrying other fransgenes.

[0315] Vectors for transgenic animal production

[0316] To create a homologous recombinant animal, a vector containing at least a
portion of NFAT5/TonEBP into which a deletion, addition or substitution has been introduced
to thereby alter, e.g., functionally disrupt, NFAT5/TonEBP. NFAT5/TonEBP can be a human
gene (SEQ ID NOs: 1, 3, 5, 7 or 9), or other NFAT5/TonEBP homologue. In.one approach,
a knockout vector functionally disrupts the endogenous NFATS/TonEBP gene upon
homologous recombination, and thus a non-functional NFATS/TonEBP protein, if any, is
expressed.

[0317] Alternatively, the vector can be designed such that, upon homologous
recombination, the endogenous NFAT5/TonEBP is mutated or otherwise altered but still
encodes functional protein (e.g., the upstream regulatory region can be altered to thereby
alter the expression of endogenous NFAT5/TonEBP). In this type of homologous
recombination vector, the altered portion of the NFAT5/TonEBP is flanked at its 5'- and 3'-
termini by additional nucleic acid of the NFAT5/TonEBP to allow for homologous
recombination to occur between the exogenous NFATS5/TonEBP carried by the vector and
an endogenous NFAT5/TonEBP in an embryonic stem cell. The additional flanking
NFAT5/TonEBP nucleic acid is sufficient to engender homologous recombination with
endogenous NFAT5/TonEBP. Typically, several kilobases of flanking DNA (both at the §'-
and 3'-termini) are included in the vector. The vector is then introduced into an embryonic
stem celi line (e.g., by electroporation), and cells in which the introduced NFAT5/TonEBP
has homologously-recombined with the endogenous NFAT5/TonEBP are selected.

[0318] Introduction of NFAT5/TonEBP transgene cells during development

[0319] Selected cells are then injected into a blastocyst of an animal (e.g., a
mouse) to form aggregation chimeras. A chimeric embryo can then be implanted into a
suitable pffa and the embryo brought to term. Progeny harboring the homologously-
recombined DNA in their germ cells can be used to breed animals in which all cells of the
animal contain the homologously-recombined DNA by germline transmission of the
transgene. Methods for constructing homologous recombination vectors and homelogous
recombinant animals are described.
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[0320] Alternatively, transgenic animals that contain selected systems that allow for
regulated expression of the transgene can be produced. An example of such a system is
the cre/loxP recombinase system of bacteriophage P1. Another recombinase system is the
FLP recombinase system of Saccharomyces cerevisiae. 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
produced as "double" transgenic animals, by mating an animal containing a transgene
encoding a selected protein to another containing a transgene encoding a recombinase.

[0321] Clones of transgenic animals can also be produced. In brief, a cell from a
transgenic animal can be isolated and induced to exit the growth cycle and enter Go phase.
The quiescent cell can then be fused to an enucleated oocyte from an animal of the same
species from which the quiescent cell is isolated. The reconstructed oocyte is then cultured
to develop to a morula or blastocyte and then transferred to a pffa. The offspring borne of
this female foster animal will be a clone of the “parent” transgenic animali.

[0322] In a further aspect of the present invention, a polynucleotide is provided
comprising a nucleotide sequence selected from the group consisting of SEQ ID NO: 2, SEQ
ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, and SEQ ID NO: 10, and wherein the
polynucleotide lacks exons 6 and 7 as described herein. In another aspect of the present
invention, a polynucleotide is provided comprising at least about 80% sequence identity to a
polynucleotide comprising a nucleotide sequence selected from the group consisting of SEQ
ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, and SEQ ID NO: 10, and wherein
the polynucleotide encodes a polypeptide comprising at least one activity of an
NFATS/TonEBP protein.

[0323] In another aspect of the present invention, a polypeptide is provided which
is expressed from the polynuclectide provided above. In another aspect of the present
invention, a polypeptide is provided comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, and SEQ
ID NO: 9, and wherein the polypeptide lacks an amino acid sequence encoded by exons &
and 7 of an NFAT5/TonEBP gene. In yet another aspect of the present invention, a
polypeptide is provided having at least about 50% sequence identity to a polypeptide
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, and SEQ ID NO: 9, and wherein the
polypeptide comprises at least one activity of an NFAT5/TonEBP protein.

[0324] In a further aspect of the present invention, a vector is provided comprising
the polynucleotide provided above. In another aspect, a cell is provided comprising any of
the polynucleotides provided above. In yet another aspect, a tissue is provided comprising
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the cell provided above. In another aspect, an organism is provided comprising the cell
provided above. In a further aspect, an organism is provided comprising a cell capable of
expressing the polypeptides of any of the polypeptides provided above. NFAT5/TonEBP
recombinant expression vectors and host cells

[0325] Vectors are tools used to shuttle DNA between host cells or as a means to
express a nucleotide sequence. Some vectors function only in prokaryotes, while others
function in both prokaryotes and eukaryotes, enabling large-scale DNA preparation from
prokaryotes for expression in eukaryotes. Inserting the DNA of interest, such as
NFATS/TonEBP nucleotide sequence or a fragment, is accomplished by ligation techniques
and/or mating protocols well known to the skilled artisan. Such DNA is inserted such that its
integration does not disrupt any hecessary components of the vector. In the case of vectors
that are used to express the inserted DNA protein, the introduced DNA is operably-linked to
the vector elements that govern its transcription and translation.

[0326) Vectors can be divided into two general classes: Cloning vectors are
replicating plasmid or phage with regions that are non-essential for propagation in an
appropriate host cell, and into which foreign DNA can be inserted; the foreign DNA is
replicated and propagated as if it were a component of the vector. An expression vector
(such as a plasmid, yeast, or animal virus genome) is used to introduce foreign genetic
material into a host cell or tissue in order to transcribe and transiate the foreign DNA. In
expression vectors, the introduced DNA is operably-linked to elements, such as promoters,
that signal to the host cell to transcribe the inserted DNA. Some promoters are exceptionally
useful, such as inducible promoters that control gene transcription in response to specific .
factors. Operably-linking NFAT5/TonEBP or anti-sense construct to an inducible promoter
can control the expression of NFAT5/TonEBP or fragments, or anti-sense constructs.
Examples of classic inducible promoters include those that are responsive to a-interferon,
heat-shock, heavy metal ions, and steroids such as glucocorticoids and tetracycline. Other
desirable inducible promoters include those that are not endogenous to the cells in which the
construct is being introduced, but, however, is responsive in those cells when the induction
agent is exogenously supplied.

[0327] Vectors have many difference manifestations. A "plasmid” is a circular
double stranded DNA molecule into which additional DNA segments can be introduced.
Viral vectors can accept additional DNA segments into the viral genome. Certain vectors are
capable of autonomous replication in a host cell (e.g., bacterial vectors having a bacterial
origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) are integrated into the genome of a host cell upon introduction into the
host cell, and thereby are replicated along with the host genome. In general, useful
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expression vectors are often plasmids. However, other forms of expression vectors, such as
viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated
viruses) are contemplated.

[0328] Recombinant expression vectors that comprise NFAT5/TonEBP (or
fragments) regulate NFAT5/TonEBP transcription by exploiting one or more host cell-
responsive (or that can be manipulated in vitro) regulatory sequences that is operably-linked
to NFAT5/TonEBP. “Operably-linked" indicates that a nucleotide sequence of interest is
linked to regulatory sequences such that expression of the nucleotide sequence is achieved.

[0329] Vectors can be introduced in a variety of organisms and/or cells (Table 5).
Alternatively, the vectors can be transcribed and translated in vitro, for example using T7
promoter regulatory sequences and T7 polymerase.

TABLE 5 Examples of hosts for cloning or expression

| Organisms Examples
Prokaryotes

E. coli

K 12 strain MM294

X1776

W3110

K5 772

Enterobacter

Erwinia

Enterobacteriaceae | Klebsiella

Proteus

Salmonella (S. tyhpimurium)
Serratia (S. marcescans)
Shigella

Bacilli (B. subtilis and B. licheniformis)
Pseudomonas (P. aeruginosa)
Streptomyces

Eukaryotes
Yeasts : Saccharomyces cerevisiae
Schizosaccharomyces pombe
Kluyveromyces

K. lactis MW98-8C, CBS683, CBS4574
K. fragilis

K. bulgaricus

K. wickeramii

K. waltii

K. drosophilarum

K. thermotolerans

K. marxianus; yarrowia

Pichia pastoris

Candida

Trichoderma reesia
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Organisms Examples

Neurospora crassa

Torulopsis

Rhodotorula

Schwanniomyces (S. occidentalis)
Neurospora

Penicillium

Tolypocladium

Aspergillus (A. nidulans and A. niger)
Drosophila S2

Spodoptera Sf9

Chinese Hamster Ovary (CHO)
simian COS

COSs-7

HEK 293

Filamentous Fungi

Invertebrate cells

Vertebrate cells

[0330] Vector choice is dictated by the organism or cells being used and the
desired fate of the vector. Vectors may replicate once in the target cells, or may be “suicide”
vectors. In general, vectors comprise signal sequences, origins of replication, marker genes,
enhancer elements, promoters, and transcription termination sequences. The choice of
these elements depends on the organisms in which the vector will be used and are easily
determined. Some of these elements may be conditional, such as an inducible or
conditional promoter that is turned “on” when conditions are appropriate. Examples of
inducible promoters include those that are tissue-specific, which relegate expression to
certain cell types, steroid-responsive, or heat-shock reactive. Some bacterial repression
systems, such as the lac operon, have been exploited in mammalian cells and transgenic
animals. Vectors often use a selectable marker to facilitate identifying those cells that have
incorporated the vector. Many selectable markers are well known in the art for the use with

prokaryotes, usually antibiotic-resistance genes or the use of autotrophy and auxotrophy
mutants.

[0331] Antisense and sense NFAT5/TonEBP oligonucleotides

[0332] Using antisense and sense NFAT5/TonEBP oligonucleotides can prevent
NFAT5/TonEBP polypeptide expression. These oligonucleotides bind to target nucleic acid
sequences, forming duplexes that block transcription or translation of the target sequence by
enhancing degradation of the duplexes, terminating prematurely transcription or translation,
or by other means.

[0333] Antisense or sense oligonucleotides are singe-stranded nucleic acids, either
RNA or DNA, which can bind target NFAT5/TonEBP mRNA (sense) or NFAT5/TonEBP DNA
(antisense) sequences. According to the present invention, antisense or sense
oligonucleotides comprise a fragment of the NFAT5/TonEBP DNA coding region of at least
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about 14 nucleotides, preferably from about 14 to 30 nucleotides. In general, antisense RNA
or DNA molecules can comprise at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100 bases in length or more. Methods to derive antisense or a sense
oligonucleotides from a given cDNA sequence are well known in the art.

[0334] Modifications of antisense and sense oligonucleotides can augment their
effectiveness. Modified sugar-phosphodiester bonds or other sugar linkages increase in vivo
stability by conferring resistance to endogenous nucleases without disrupting binding
specificity to target sequences. Other modifications can increase the affinities of the
oligonucleotides for their targets, such as covalently linked organic moieties or poly-(L)-
lysine. Other attachments modify binding specificities of the oligonucleotides for their
targets, including metal complexes or intercalating (e.g., ellipticine) and alkylating agents.

[0335] Introduction of antisense or sense oligonucleotides into tafget cells

[0336] To introduce antisense or sense oligonucleotides into target cells (cells
containing the target nucleic acid sequence), any gene transfer method may be used and
are well known to those of skill in the art. Examples of gene transfer methods include 1)
biological, such as gene transfer vectors like Epstein-Barr virus or conjugating the
exogenous DNA to a ligand-binding molecule, 2) physical, such as electroporation, and 3)
chemical, such as CaPQ; precipitation and oligonucleotide-lipid complexes.

[0337] The terms "host cell" and "recombinant host cell" are used interchangeably.
Such terms refer not only to a particular subject cell but also to the progeny or potential
progeny of such a cell. Because certain modifications may occur in succeeding generations
due to either mutation or environmental influences, such progeny may not, in fact, be
identical to the parent cell, but are still included within the scope of the term.

[0338] Methods of eukaryotic cell transfection and prokaryotic cell transformation
are well known in the art. The choice of host cell will dictate the preferred technique for
introducing the nucleic acid of interest. Table 6, which is not meant to be limiting,
summarizes many of the known techniques in the art. Introduction of nucleic acids into an
organism may also be done with ex vivo techniques that use an in vitro method of
transfection, as well as established genetic techniques, if any, for that particular organism.

TABLE 6 -- Methods to introduce nucleic acid into cells

Cells Methods
Prokaryotes | Calcium chloride
(bacteria) Electroporation

Eukaryotes
Mammalian | Calcium phosphate transfection
cells Diethylaminoethyl (DEAE)-Dextran transfection
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Methods

Electroporation

Cationic lipid reagent transfection

Retroviral

Polybrene

Microinjection

Protoplast fusion

Insect cells
(in vitro)

Baculovirus systems

Yeast

Electroporation

Lithium acetate

Spheroplast fusion

Plant cells

Agrobacterium transformation

Biolistics (microprojectiles)

Electroporation (protoplasts)

Polyethylene glycol (PEG) treatment

Liposomes

in planta microinjection

Seed imbibition

Laser beam

Silicon carbide whiskers

[0339] Vectors often use a selectable marker to facilitate identifying those cells that
have incorporated the vector. Many selectable markers are well known in the art for the use
with prokaryotes, usually antibiotic-resistance genes or the use of autotrophy and
auxotrophy mutants. Table 7 lists often-used selectable markers for mammalian cell

transfection.

TABLE 7 -- Useful selectable markers for eukaryote cell transfection

Selectable Marker

Selection

Action

Adenosine deaminase
(ADA)

Media includes 9-B8-D-
xylofuranosyl adenine (Xyl-
A)

Conversion of Xyi-A to Xyl-ATP,
which incorporates into nucleic
acids, killing cells. ADA detoxifies

Dihydrofolate reductase
(DHFR)

Methotrexate (MTX) and
dialyzed serum (purine-free
media)

MTX competitive inhibitor of
DHFR. In absence of exogenous
purines, cells require DHFR, a
necessary enzyme in purine
biosynthesis.

Aminoglycoside
phosphotransferase
(KIAPHI), ltneo)l, HG41 8")

G418

G418, an aminoglycoside
detoxified by APH, interferes with
ribosomal function and
consequently, translation.

Hygromycin-B-

Hygromycin-B, an aminocyclitol

. detoxified by HPH, disrupts
E)th;[:;hotransferase hygromyain-B protein translocation and
promotes mistranslation.
Thymidine kinase (TK) Forward selection (TK+): Forward: Aminopterin forces cells

Media (HAT) incorporates

to synthesze dTTP from
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Selectable Marker Selection Action

aminopterin. thymidine, a pathway requiring
Reverse selection (TK-): TK.

Media incorporates 5- Reverse: TK phosphorylates
bromodeoxyuridine (BrdU). | BrdU, which incorporates into

nucleic acids, killing cells.

[0340] A host cell of the invention, such as a prokaryotic or eukaryotic host cell in
culture can be used to produce NFAT5/TonEBP. Accordingly, the invention provides
methods for producing NFATS/T onEB.P using the host cells of the invention. In one
embodiment, the method comprises culturing the host cell of the invention (into which a
recombinant expression vector encoding NFAT5/TonEBP has been introduced) in a suitable
medium, such that NFAT5/TonEBP is produced. In another embodiment, the method further
comprises isolating NFAT5/TonEBP from the medium or the host cell.

[0341] In a further aspect of the present invention, an anti-cancer or
immunosuppressive compound is provided which is identified by the method comprising: (a)
culturing a first cell and a second cell under conditions of hypertonic stress; (b) contacting
the first cell with a test agent; and (c) assaying the first cell and the second cell for cell
growth or viability, wherein a decrease in cell growth or viability in the first cell relative to the
second cell indicates that the test agent is an anti-cancer or immunosuppressive compound.
In various aspects, the first and second cell can comprise an NFATS/TonEBP polynucleotide
or polypeptide as described above. In various aspects, the first and second cell comprise a
NFAT5/TonEBP variant polynucleotide as described above. In various aspects, the first and
second cell comprise a NFAT5/TonEBP variant or fragment protein as described above. In
other aspects, the assay for cell growth or viability can comprise an assay selected from the
group consisting of a cell uptake assay, cell binding assay, growth inhibition assay and any
combination thereof as described above.

[0342] In yet another aspect of the present invention, an anti-cancer or
immunosuppressive compound is provided which is identified by the method comprising: (a)
performing a structure based drug design using a three dimensional structure determined for
a crystal of NFAT5/TonEBP. In various aspects, the three dimensional structure can
comprise atomic coordinates of Protein Data Bank Accession No. 1IMH as described above.
In some aspects, the method can further comprise: (b) contacting the candidate inhibitor with
a cell comprising NFAT5/TonEBP or a variant or fragment thereof; and (c) detecting
inhibition of at least one activity of NFAT5/TonEBP, variant or fragment thereof as described
above. Alternatively, the method can further comprise: (b) contacting the candidate inhibitor
with a cell comprising NFAT5/TonEBP or a variant or fragment thereof; (c) culturing the cell
under conditions of hypertonic stress; (d) contacting the cell with the candidate compound;
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and (e) assaying the cell for cell growth or viability as described above. In various aspects,
the assay for cell growth or viability can comprise an assay selected from the group
consisting of a cell uptake assay, cell binding assay, growth inhibition assay and any
combination thereof as described above.

[0343] In various embodiments, the compounds identified above can comprise a

pro-drug, pharmaceutically acceptable salt and can combine a pharmaceutically acceptable
carrier.

[0344] Pharmaceutical Preparations and Methods of Administration

[0345] The identified compositions treat, inhibit, control and/or prevent, or at least
partially arrest or partially prevent, diseases associated with osmotic stress and can be
administered to a subject at therapeutically effective doses for the inhibition, prevention,
prophylaxis or therapy for damage caused by such diseases. The compositions of the
present invention comprise a therapeutically effective dosage of an antibody, antisense
nucleic acid, a ribozyme, a triplex-forming molecule, a siRNA, an aptamer, and any
combination thereof, and other compounds which suppress the expression of
NFATS5/TonEBP protein, a term which includes therapeutically, inhibitory, preventive and
prophylactically effective doses of the compositions of the present invention and is more
particularly defined below. The subject is preferably an animal, including, but not limited to,
mammals, reptiles and avians, more preferably horses, cows, dogs, cats, sheep, pigs, and
chickens, and most preferably human.

[0346] Therapeutically Effective Dosage

[0347] Toxicity and therapeutic efficacy of such compositions can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals for determining
the LD, (the dose lethal to 50% of the population) and the EDs,, (the dose therapeutically
effective in 50% of the population). The dose ratio between toxic and therapeutic effects is
the therapeutic index that can be expressed as the ratio LDso/EDs,. Compositions that
exhibit large therapeutic indices are preferred. While compositions exhibiting toxic side
effects may be used, care should be taken to design a delivery system that targets such
compositions to the site affected by the disease or disorder in order to minimize potential
damage to unaffected cells and reduce side effects.

[0348] The data obtained from the cell culture assays and animal studies can be
used in formulating a range of dosages for use in humans and other mammals. The dosage
of such compositions lies preferably within a range of circulating plasma or other bodily fluid
concentrations that include the EDs, with littie or no toxicity. The dosage may vary within
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this range depending upon the dosage form employed and the route of administration
utilized. For any composition of the invention, the therapeutically effective dose can be
estimated initially from cell culture assays. A dosage may be formulated in animal models to
achieve a circulating plasma concentration range that includes the 1Czo (the concentration of
the test composition that achieves a half-maximal inhibition of symptoms) as determined in
cell culture. Such information can be used to more accurately determine useful dosages in
humans and other mammals. Composition levels in plasma may be measured, for example,
by high performance liquid chromatography.

[0348] The amount of a composition that may be combined with pharmaceutically
acceptable carriers to produce a single dosage form will vary depending upon the host
- treated and the particular mode of administration. It will be appreciated by those skilled in
the art that the unit content of a composition contained in an individual dose of each dosage
form need not in itself constitute a therapeutically effective amount, as the necessary
therapeutically effective amount could be reached by administration of a number of individual
doses. The selection of dosage depends upon the dosage form utilized, the condition being
treated, and the particular purpose to be achieved according to the determination of those
skilled in the art.

[0350] The dosage regime for treating a disease or condition with the compositions
and/or composition combinations of this invention is selected in accordance with a variety of
factors, including the type, age, weight, sex, diet and medical condition of the patient, the
route of administration, pharmacological considerations such as activity, efficacy,
pharmacokinetic and toxicology profiles of the particular composition employed, whether a
composition delivery system is utilized and whether the composition is administered as a
pro-drug or part of a drug combination. Thus, the dosage regime actually employed may
vary widely from subject to subject.

[0351] Formulations and Use

[0352] The compositions of the present invention may be formulated by known
methods for administration to a subject using several routes which include, but are not
limited to, parenteral, oral, topical, intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, and ophthalmic routes. The individual compounds may
also be administered in combination with one or more additional compounds of the present
invention and/or together with other biologically active or biologically inert agents
("compositions” or “combinations”). Such biologically active or inert agents may be in fluid or
mechanical communication with the composition(s) or attached to the composition(s) by
fonic, covalent, Van der Waals, hydrophobic, hydrophilic or other physical forces. It is
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preferred that administration is localized in a subject, but administration may also be
systemic.

[0353] The compounds or combinations may be formulated by any conventional
manner using one or more pharmaceutically acceptable carriers and/or excipients. Thus,
the compounds and their pharmaceutically acceptable salts and solvates may be specifically
formulated for administration, e.g., by inhalation or insufflation (either through the mouth or
the nose) or oral, buccal, parenteral or rectal administration. The composition or
composition combinations may take the form of charged, neutral and/or other
pharmaceutically acceptable salt forms. Exampies of pharmaceutically acceptable carriers
include, but are not limited to, those described in Remington's Pharmaceutical Sciences
(A.R. Gennaro, Ed.), 20th edition, Williams & Wilkins PA, USA (2000).

[0354] The compounds may also take the form of solutions, suspensions,
emulsions, tablets, pills, capsules, powders, controlled- or sustained-release formulations
and the like. Such compositions will contain a therapeutically effective amount of the
composition, preferably in purified form, together with a suitable amount of carrier so as to
provide the form for proper administration to the patient. The formulation should suit the
mode of administration.

[0355] Parenteral Administration

[0356] The compound or combination may be formulated for parenteral
administration by injection, e.g., by bolus injection or continuous infusion. Formulations for
injection may be presented in unit dosage form in ampoules or in multi-dose containers with
an optional preservative added. The parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of glass, plastic or the like. The compound
may take such forms as suspensions, solutions or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as suspending, stabilizing and/or dispersing
agents.

[0357] For example, a parenteral preparation may be a sterile injectable solution or
suspension in a nontoxic parenterally acceptable diluent or solvent (e.g., as a solution in 1,3-
butanediol). Among the acceptable vehicles and solvents that may be employed are water,
Ringer’s solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids
such as oleic acid may be used in the parenteral preparation.

[0358] Alternatively, the compound may be in powder form for constitution with a
suitable vehicle, such as sterile pyrogen-free water, before use. For example, a compound

SUBSTITUTE SHEET (RULE 26)



WO 2006/001981 PCT/US2005/019432
84

suitable for parenteral administration may comprise a sterile isotonic saline solution
containing between 0.1 percent and 90 percent weight per volume of the compound or
combination. By way of example, a solution may contain from about 5 percent to about 20
percent, more preferably from about 5 percent to about 17 percent, more preferably from
about 8 to about 14 percent, and still more preferably about 10 percent of the compound.
The solution or powder preparation may also include a solubilizing agent and a local
anesthetic such as lignocaine to ease pain at the site of the injection. Other methods of

parenteral delivery of compounds will be known to the skilled artisan and are within the
scope of the invention.

[0359] Oral Administration :

[0360] For oral administration, the compound or combination may take the form of
tablets or capsules prepared by conventional means with pharmaceutically acceptable
excipients such as binding agents, fillers, lubricants and disintegrants:

[0361] A. Binding Agents

[0362] Binding agents include, but are not fimited to, corn starch, potato starch, or
other starches, gelatin, natural and synthetic gums such as acacia, sodium alginate, aiginic
acid, other alginates, powdered tragacanth, guar gum, cellulose and its derivatives (e.g.,
ethyl cellulose, cellulose acetate, carboxymethyl cellulose caicium, sodium carboxymethyl
cellulose), polyvinyl pyrrolidone, methy! cellulose, pre-gelatinized starch, hydroxypropyl
methyl cellulose, (e.g., Nos. 2208, 2906, 2910), microcrystalline cellulose, and mixtures
thereof. Suitable forms of microcrystalline cellulose include, for example, the materials sold
as AVICEL-PH-101, AVICEL-PH-103 and AVICEL-PH-105 (available from FMC Corporation,
American Viscose Division, Avicel Sales, Marcus Hook, Pennsylvania, USA). An exemplary
suitable binder is a mixture of microcrystalline cellulose and sodium carboxymethyl celiulose
sold as AVICEL RC-581 by FMC Corporation.

[0363] B. Fillers

[0364] Fillers include, but are not limited to, taic, calcium carbonate (e.g., granules
or powder), lactose, microcrystalline cellulose, powdered cellulose, dextrates, kaolin,
mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures thereof.

[0365] C. Lubricants

[0366] Lubricants include, but are not limited to, calcium stearate, magnesium
stearate, mineral oil, light mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other
glycols, stearic acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil,
cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil, and soybean oil), zinc stearate,
ethyl oleate, ethyl laurate, agar, and mixtures thereof. Additional lubricants include, for
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example, a syloid silica gel (AEROSIL 200, manufactured by W.R. Grace Co. of Baltimore,
Maryland, USA), a coagulated aerosol of synthetic silica (marketed by Deaussa Co. of
Plano, Texas, USA), CAB-O-SIL (a pyrogenic silicon dioxide product sold by Cabot Co. of
Boston, Massachusetts, USA), and mixtures thereof.

[0367] D. Disintegrants ’

[0368] Disintegrants include, but are not limited to, agar-agar, alginic acid, calcium
carbonate, microcrystalline cellulose, croscarmellose sodium, crospovidone, polacrilin
potassium, sodium starch glycolate, potato or tapioca starch, other starches, pre-gelatinized
starch, other starches, clays, other algins, other celluloses, gums, and mixtures thereof.

[0369] The tablets or capsules may optionally be coated by methods well known in
the art. If binders and/or fillers are used with the compounds of the invention, they are
typically formulated.as about 50 to about 99 weight percent of the compound. Preferably,
about 0.5 to about 15 weight percent of disintegrant, preferably about 1 to about 5 weight
percent of disintegrant, may be used in the compound. A lubricant may optionally be added,
typically in an amount of less than about 1 weight percent of the compound. Techniques
and pharmaceutically acceptable additives for making solid oral dosage forms are described
in Marshall, Solid Oral Dosage Forms, Modern Pharmaceutics (Banker and Rhodes, Eds.),
7:359-427 (1979). Other less typical formulations are known in the art.

[0370] Liquid preparations for oral administration may take the form of solutions,
syrups or suspensions. Alternatively, the liquid preparations may be presented as a dry
product for constitution with water or other suitable vehicle before use. Such liquid
preparations may be prepared by conventional means with pharmaceutically acceptable
additives such as suspending agents (e.g., sorbitol syrup, cellulose derivatives or
hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles
(e.g., almond oil, oily esters, ethyl alcohol or fractionated vegetable oils); and/or
preservatives (e.g., methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations
may also contain buffer salts, flavoring, coloring, perfuming and sweetening agents as
appropriate. Preparations for oral administration may also be formulated to achieve
controlled release of the compound. Oral formulations preferably contain 10% to 95%
compound. In addition, the compounds of the present invention may be formulated for
buccal administration in the form of tablets or lozenges formulated in a conventional manner.
Other methods of oral delivery of compounds will be known to the skilled artisan and are
within the scope of the invention.

[0371] Controlled-Release Administration
[0372) Controlled-release (or sustained-release) preparations may be formulated to
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extend the activity of the compound or combination and reduce dosage frequency.
Controlled-release preparations can also be used to effect the time of onset of action or
other characteristics, such as blood levels of the compound, and consequently affect the
occurrence of side effects.

[0373] Controlled-release preparations may be designed to initially release an
amount of a compound that produces the desired therapeutic effect, and gradually and
continually release other amounts of the compound to maintain the level of therapeutic effect
over an extended period of time. In order to maintain a near-constant level of a compound in
the body, the compound could be released from the dosage form at a rate that will replace
the amount of compound being metabolized and/or excreted from the body. The controlied-
release of a compound may be stimulated by various inducers, e.g., change in pH, change in
temperature, enzymes, water, or other physiological conditions or molecules.

[0374] Controlled-release systems may include, for example, an infusion pump
which may be used to administer the compound in a manner similar to that used for
delivering insulin or chemotherapy to specific organs or tumors. Typicaily, using such a
system, the compound is administered in combination with a biodegradable, biocompatible
polymeric implant that releases the compound over a controlled period of time at a selected
site. Examples of polymeric materials include polyanhydrides, polyorthoesters, polyglycolic
acid, polylactic acid, polyethylene vinyl acetate, and copolymers and biends thereof. In
addition, a controlled release system can be placed in proximity of a therapeutic target, thus
requiring only a fraction of a systemic dosage.

[0375] The compounds of the invention may be administered by other controlled-
release means or delivery devices that are well known to those of ordinary skill in the art.
These include, for example, hydropropylmethyi celiulose, other polymer matrices, gels,
permeable membranes, osmotic systems, multilayer coatings, microparticles, liposomes,
microspheres, or the like, or a combination of any of the above to provide the desired
release profile in varying proportions. Other methods of controlied-release delivery of
compounds will be known to the skilled artisan and are within the scope of the invention.

[0376] Inhalation Administration

[0377] The compound or combination may also be administered directly to the lung
by inhalation. For administration by inhalation, a compound may be conveniently delivered
to the lung by a number of different devices. For example, a Metered Dose Inhaler ("MDI")
which utilizes canisters that contain a suitable low boiling point propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or
other stitable gas may be used to deliver a compound directly to the lung. MDI devices are
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available from a number of suppliers such as 3M Corporation, Aventis, Boehringer
Ingleheim, Forest Laboratories, Glaxo-Welicome, Schering Plough and Vectura.

[0378] Alternatively, a Dry Powder Inhaler (DPI) device may be used to administer
a compound to the lung. DPI devices typically use a mechanism such as a burst of gas to
create a cloud of dry powder inside a container, which may then be inhaled by the patient.
DP! devices are also well known in the art and may be purchased from a number of vendors
which include, for example, Fisons, Glaxo-Wellcome, Inhale Therapeutic Systems, ML
Laboratories, Qdose and Vectura. A popular variation is the multiple dose DP! ("MDDPI")
system, which allows for the delivery of more than one therapeutic dose. MDDPI devices
~ are available from companies such as AstraZeneca, GlaxoWellcome, IVAX, Schering
Plough, SkyePharma and Vectura. For example, capsules and cartridges of gelatin for use
in an inhaler or insufflator may be formulated containing a powder mix of the compound and
a suitable powder base such as lactose or starch for these systems.

[0379] Another type of device that may be used to deliver a compound to the lung
is a liquid spray device supplied, for example, by Aradigm Corporation. Liquid spray
systems use extremely small nozzle holes to aerosolize liquid compound formulations that
may then be directly inhaled into the lung. For example, a nebulizer device may be used to
deliver a compound to the lung. Nebulizers create aerosols from liquid compound
formulations by using, for example, ultrasonic energy to form fine particles that may be
readily inhaled. Examples of nebulizers include devices supplied by Sheffield/Systemic
Pulmonary Delivery Ltd., Aventis and Batelle Pulmonary Therapeutics.

[0380] In another example, an electrohydrodynamic ("EHD") aerosol device may
be used to deliver a compound to the lung. EHD aerosol devices use electrical energy to
aerosolize liquid compound solutions or suspensions. The electrochemical properties of the
compound formulation are important parameters to optimize when delivering this compound
to the lung with an EHD aerosol device. Such optimization is routinely performed by one of
skill in the art. Other methods of intra-pulmonary delivery of compounds will be known o the
skilled artisan and are within the scope of the invention.

[0381] Liquid compound formulations suitable for use with nebulizers and liquid
spray devices and EHD aerosol devices will typically include the compound with a
pharmaceutically acceptable carrier. In one exemplary embodiment, the pharmaceutically
acceptable carrier is a liquid such as alcohol, water, polyethylene glycol or a
perfluorocarbon. Optionally, another material may be added to alter the aerosol properties
of the solution or suspension of the compound. For example, this material may be a liquid
such as an alcohol, glycol, polyglycol or a fatty acid. Other methods of formulating liquid
compound solutions or suspensions suitable for use in aerosol devices are known to those
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of skill in the art.

[0382] Depot Administration

[0383] The compound or combination may also be formulated as a depot
preparation. Such long-acting formulations may be administered by implantation (e.g.,
subcutaneously or intramuscularly) or by intramuscular injection. Accordingly, the
compounds may be formulated with suitable polymeric or hydrophobic materials such as an
emulsion in an acceptable oil or ion exchange resins, or as sparingly soluble derivatives
such as a sparingly soluble salt. Other methods of depot delivery of compounds will be
known to the skilled artisan and are within the scope of the invention.

[0384] Topical Administration

[0385] For topical application, the compound or combination may be combined with
a carrier so that an effective dosage is delivered, based on the desired activity ranging from
an effective dosage, for example, of 1.0 uM to 1.0 mM. In one embodiment, a topical
compound is applied to the skin. The carrier may be in the form of, for example, and not by
way of limitation, an ointment, cream, gel, paste, foam, aerosol, suppository, pad or gelled
stick.

[0386] A topical formulation may also consist of a therapeutically effective amount
of the compound in an ophthalmologically acceptable excipient such as buffered saline,
mineral oil, vegetable oils such as corn or arachis oil, petroleum jelly, Miglyol 182, alcohol
solutions, or liposomes or liposome-like products. Any of these compounds may also
include preservatives, antioxidants, antibiotics, immunosuppressants, and other biologically
or pharmaceutically effective agents which do not exert a detrimental effect on the
compound. Other methods of topical delivery of compounds will be known to the skilled
artisan and are within the scope of the invention.

[0387] Suppository Administration

[0388] The compound or combination may also be formulated in rectal formulations
such as suppositories or retention enemas containing conventional suppository bases such
as cocoa butter or other glycerides and binders and carriers such as triglycerides,
microcrystalline cellulose, gum tragacanth or gelatin. Suppositories may contain the
compound in the range of 0.5% to 10% by weight. Other methods of suppository delivery of
compounds will be known to the skilled artisan and are within the scope of the invention.

[0389] Gene Therapy Administration
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[0390] The nucleic acid molecules of the invention can be inserted into vectors and
used as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for
example, intravenous injection, local administration (Nabel and Nabel, US Patent No.
5,328,470, 1994), or by stereotactic injection (Chen et al., 1994). The pharmaceutical
preparation of a gene therapy vector can include an acceptable diluent, or can comprise a
slow release matrix in which the gene delivery vehicle is imbedded. Alternatively, where the
complete gene delivery vector can be produced intact from recombinant celis, e.g., retroviral
vectors, the pharmaceutical preparation can include one or more cells that produce the gene
delivery system.

[0391] Other Systems of Administration

[0392] = Various other delivery systems are known in the art and can be used to
administer the compounds of the invention. Moreover, these and other delivery systems
may be combined and/or modified to optimize the administration of the compounds of the
present invention. Exemplary formulations using the compounds of the present invention
are described below (the compounds of the present invention are indicated as the active
ingredient, but those of skill in the art will recognize that pro-drugs and compound
combinations are also meant to be encompassed by this term):

[0393] Formulation 1 -- Hard gelatin capsules are prepared using the following
ingredients:

TABLE 8
Ingredients (mg/capsule)
Active Ingredient 250.0
Starch 305.0
Magnesium stearate 5.0

[0394] The above ingredients are mixed and filled into hard gelatin capsules in 560
mg quantities.

[0395] Formulation 2 -- A tablet formuia is prepared using the following ingredients:

TABLE 9
ingredients (mg/tablet)
Active Ingredient 250.0
Cellulose, microcrystalline 400.0
Colloidal silicon dioxide 10.0
Stearic acid 5.0

[0396] The components are blended and compressed to form tablets, each
weighing 665 mg.
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[0397] Formulation 3 -- A dry powder inhaler formulation is prepared containing the
following components:

TABLE 10
| Ingredients Weight %
Active ingredient 5
Lactose 95

[0398] The active ingredient is mixed with the lactose and the mixture is added to a
dry powder inhaling appliance.

[0399] Formulation 4 -- Tablets, each containing 60 mg of active ingredient, are
prepared as follows:

TABLE 11
Ingredients milligrams
Active ingredient 60.0
Starch 45.0
Microcrystalline cellulose 35.0
Polyvinylpyrrolidone (as 10% solution in water) 4.0
Sodium carboxymethyl starch 45
Magnesium stearate 0.5
Talc 1.0
Total 150.0

[0400] The active ingredient, starch and cellulose are passed through a No. 20
mesh U.S. sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is mixed with
the resultant powders which are then passed through a 16 mesh U.S. sieve. The granules
as produced are dried at 50-60 °C and passed through a 16 mesh U.S. sieve.  The sodium
carboxymethyl starch, magnesium stearate, and talc, previously passed through a No. 30
mesh U.S. sieve, are then added to the granules which, after mixing, are compressed on a
tablet machine to yield tablets each weighing 150 mg.

[0401] Formulation 5 -- Capsules, each containing 80 mg of active ingredient are
made as follows:

TABLE 12
| Ingredients milligrams
Active ingredient 80.0
Starch 109.0
Magnesium stearate 1.0
Total 190.0

[0402] The active ingredient, cellulose, starch, and magnesium stearate are
blended, passed through a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in
190 mg quantities.
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[0403] Formulation 6 -- Suppositories, each containing 225 mg of active ingredient,
are made as follows:

TABLE 13
Ingredients milligrams
Active Ingredient 225
Saturated fatty acid glycerides to 2000

[0404] The active ingredient is passed through a No. 60 mesh U.S. sieve and
suspended in the saturated fatty acid glycerides previously melted using the minimum heat
necessary. The mixture is then poured into a suppository mold of nominal 2.0 g capacity
and allowed to cool.

[0405] Formulation 7 -- Suspensions, each containing 50 mg of active ingredient
per 5.0 ml dose are made as follows:

TABLE 14
Ingredients
Active ingredient 50.0 mg
Xanthan gum 4.0 mg
Sodium carboxymethy! cellulose (11%)
Microcrystalline cellulose (89%) 50.0 mg
Sucrose 1759
Sodium benzoate 10.0 mg
Flavor q.v.
Color q.v.
Purified water to 5.0 ml

[0406] The active ingredient, sucrose and xanthan gum are blended, passed
through a No. 10 mesh U.S. sieve, and mixed with a previously made solution of the
microcrystalline cellulose and sodium carboxymethyl cellulose in water. The sodium
benzoate, flavor, and color are diluted with some of the water and added with stirring.
Sufficient water is then added to produce the required volume.

[0407] Formulation 8 -- Capsules, each containing 150 mg of active ingredient, are
made as follows:

TABLE 15
Ingredients milligrams
Active ingredient 150.0
Starch 407.0
Magnesium stearate 3.0
Total 560.0

[0408] The active ingredient, cellulose, starch, and magnesium stearate are
blended, passed through a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in
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560 mg quantities.

[0409] Packaging
[0410] The compounds may, if desired, be presented in a pack or dispenser device
which may contain one or more unit dosage forms containing the compound. The pack may

for example comprise metal or plastic foil, such as a blister pack. The pack or dispenser
device may be accompanied by instructions for administration.

[0411] Kits, Research Reagents, Diagnostics, and Therapeutics

[0412] The NFATS/TonEBP polynucleotides and NFAT5/T onEBP proteins
identified herein can be utilized for diagnostics, therapeutics, prophylaxis, as research
reagents and kits. Furthermore, antisense nucleic acid, a ribozyme, a triplex-forming
oligonucleotide, a siRNA, an aptamer, a probe, a primer, and the like may be provided in a
kit. |

[0413] For use in kits and diagnostics, the NFAT5/TonEBP polynucleotides and
proteins of the present invention, either alone or in combination with other compounds or
therapeutics, can be used as tools in differential and/or combinatorial analyses to elucidate
expression patterns of a portion or the entire complemént of genes expressed within cells
and tissues.

[0414] As one nonlimiting example, expression patterns within cells or tissues
treated with one or more NFAT5/TonEBP polynucleotides are compared to control cells or
tissues not treated with antisense NFAT5/TonEBP polynucleotides and the patterns
produced are analyzed for differential levels of gene expression as they pertain, for example,
to disease association, signaling pathway, cellular localization, expression level, size,
structure or function of the genes examined. These analyses can be performed on
stimulated or unstimulated cells and in the presence or absence of other compounds which
affect expression patterns.

[0415] Examples of methods of gene expression analysis known in the art include
DNA arrays or microarrays (Brazma and Vilo, FEBS Lett., 2000, 480, 17-24; Celis, et al.,
FEBS Lett., 2000, 480, 2-16), SAGE (serial analysis of gene expression)(Madden, et al.,
Drug Discov. Today, 2000, 5, 415-425), READS (restriction enzyme amplification of digested
cDNAs) (Prashar and Weissman, Methods Enzymol., 1999, 303, 258-72), TOGA (total gene
expression analysis) (Sutcliffe, et al., Proc. Natl. Acad. Sci. U.S.A., 2000, 97, 1976-81),
protein arrays and proteomics (Celis, et al., FEBS Lett., 2000, 480, 2-16; Jungblut, et al.,
Electrophoresis, 1999, 20, 2100-10), expressed sequence tag (EST) sequencing (Celis, et
al., FEBS Lett., 2000, 480, 2-16; Larsson, et al., J. Biotechnol., 2000, 80, 143-57),
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subtractive RNA fingerprinting (SuRF) (Fuchs, et al., Anal. Biochem., 2000, 286, 91-98;
Larson, et al., Cytometry, 2000, 41, 203-208), subtractive cloning, differential display (DD)
(Jurecic and Belmont, Curr. Opin. Microbiol., 2000, 3, 316-21), comparative genomic
hybridization (Carulli, et al., J. Cell Biochem. Suppl., 1998, 31, 286-96), fluorescent in situ
hybridization (FISH) techniques (Going and Gusterson, Eur. J. Cancer, 1999, 35, 1895-904)
and mass spectrometry methods (To, Comb. Chem. High Throughput Screen, 2000, 3, 235-
41).

[0416] Further, the present invention provides a kit for detecting the progression of
diseases of the invention. The kit comprises an NFAT5/TonEBP-specific antibody, whereby
the detection of an illness can be carried out using the antibody in an assay as described
above. The kit may comprise first and second antibodies specific to one or more
NFAT5/TonEBP proteins. The second antibody is preferably capable of binding to a
- -conjugate of the protein and the first antibody. For this purpose, for example, an antibody
that recognizes an epitope different from that recognized by the first antibody may be used
as the second antibody. It is provided that the first and second antibodies may be
monocional antibodies.

[0417] The kit of the present invention may further comprise a substance and/or a
device suitable for the detection of antibodies, the immobilization of antibodies, and the like.
To immobilize the antibodies, the kit may further comprise a carrier (e.g., a microtiter plate),
a solution for the immobilization (e.g., carbonate buffer) and a blocking solution (e.g., gelatin-
containing phosphate buffered saline (PBS)). For the detection of the antibodies, it is
preferable that the antibodies be labeled previously. In this case, the kit may further
comprise a detecting reagent for detecting the label. For example, when biotin is used as
the labeling substance, the detecting reagent may comprise a conjugate of streptavidin with
horseradish peroxidase (HRP) as well as a color-developing solution that is capable of
developing a color by the action of HRP.

[0418] The kit may further comprise instructions for performing the assays of the
present invention in any media, including but not limited to paper, CD-ROM, via the Internet
or other means of transmitting such instructions.

[0419] EXAMPLES
[0420] Without further elaboration, it is believed that one skilled in the art can,
using the preceding description, utilize the present invention to its fullest extent. The

following specific examples are offered by way of illustration and not by way of limiting the
remaining disclosure.
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[0421] EXAMPLE 1 - Targeted disruption of the Nfat5 gene

[0422] 129/SvJ genomic DNA BAC clones (Research Genetics) encompassing the
Nfat5 gene were utilized. The gene targeting vector used for homologous recombination in
ES cells (Fig. 1) consisted of a 12.4 kilobase region of the Nfat5 gene encompassing exons
5 through 7. A neomycin resistance cassette flanked by loxP recombination sites was
inserted at the Avrll site located 4.8 kilobases from the 5’ end of the targeted genomic
sequence, and an EcoRlI-containing loxP site was inserted at the Xhol site located 2.0
kilobases from the 3’ end. R1 (S129/SvJ) embryonic stem cells transfected with the targeting
vector were grown and selected with G418.

[0423] Homologous recombinants were identified by Southern blotting of EcoRI-
digested genomic DNA using &’ and 3’ external probes that encompassed exons 4 and 8,
respectively. Deletion of exons 6 and 7 was achieved by transfecting correctly targeted
Nfat5'P*"® ES cells with a cre recombinase expression vector and screening for cre-
mediated recombination by Southern blotting using both the 5’ and 3’ external probes. The
884 bp 5' probe was amplified from the genomic BAC clones containing the Nfat5 gene
using primers SH272.1 (TTCGCTACCATACTGGAAAAGG; SEQ ID NO: 11) and SH272.2
(GATTTGTGAACTGATTGCTTTCC,; SEQ ID NO: 12); the 672 bp 3’ probe was amplified
using primers SH273.1 (ACACTCAAGAATCAGAGGCAGG; SEQ ID NO: 13) and SH273.2
(TCTTGTTTCTGCTCCTAGTCCC; SEQ ID NO: 14).

[0424] PCR genotyping was performed using two sets of primers that span the
location of the downstream loxP site, thus allowing PCR amplification from either the
wildtype of knockout allele. The knockout allele was identified using primers SH274.1
(AACTTGCCCTGTCAGTCACC; SEQ ID NO: 15) and WG006.2
(GGGCTATAGACATGCACCACCACACAG; SEQ ID NO: 16); the wildtype allele was
identified using primers SH275.1 (A AGGGCTTCTTCCAGAATGG; SEQ ID NO: 17) and
WG006.2. Chimeric mice derived from blastocyst injections of gene-targeted Nfat5™ ES
cells were crossed to C57BL6 and germline transmission was assessed by coat color.

[0425] EXAMPLE 2 - Generation of MEF cell lines

[0426] Primary mouse embryonic fibroblasts (MEFs) were obtained from E13.5
embryos generated from matings of heterozygous Nfat5" mice that had been backcrossed
once to C57BL6. The cells were cultured in complete media consisting of DMEM with high
glucose supplemented with 10% fetal bovine serum, 100 U/ml penicillin, 100 ug/ml
streptomycin, 2 mM L-glutamine and 10 mM HEPES, pH 7.4. Immortalized MEF cell lines
were obtained by transfecting primary MEFs using the FuGene6 transfection reagent with an
SV40 T antigen expression plasmid that confers resistance to neomycin, and culturing the
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cells in media containing 1 mg/ml G418. The immortalized MEF cells represent polyclonal
cell lines. The cell lines were genotyped by both PCR and Southern blotting.

[0427] EXAMPLE 3 - Measurement of tissue osmolality

[0428] Tissue osmolality was measured using a vapor pressure osmometer
(Wescor model 5520). Tissue obtained from anesthetized, 6-8 week old C57BL/6 mice was
placed in a screw-cap microfuge tube and immediately frozen in a dry-ice/methanol bath. No
more than two tissues were obtained per animal to minimize tissue ischemia. Blood samples
were obtained by retro-orbital venipuncture. Osmolality measurements were made from filter
discs adsorbed with tissue fluid from frozen tissue that had been fragmented.

[0429] Osmolality readings of standards were obtained immediately prior and
subsequent to a tissue osmolality measurement to verify proper calibration of the instrument.
In control experiments, measurement of either tissue fluid adsorbed onto a filter disk or
tissue slices resulted in essentially identical results, and there was no difference in
osmolality measurements comparing fresh and frozen tissue. Osmolality measurements of
whole blood were essentially identical to those of serum.

[0430] EXAMPLE 4 - Lymphocyte cell culture

[0431] Purified splenocyte cell suspensions were prepared by density gradient
centrifugation using Lympholyte M lymphocyte separation media (Cedarlane Laboratories,
Hornby, Ontario) according to manufacturer specifications. Cells were cultured in complete
media consisting of RPMI 1640 supplemented as above with the addition of 50 uM 2-
mercaptoethanol. Cells were stimulated at a concentration of 1x10° cells/ml with 1 ug/ml
anti-TCR antibody (CD3 chain; clone 145-2C11), 25 ug/ml anti-CD28 antibody (clone 37.51;
BD Biosciences, San Diego, CA), or with 25 ug/ml LPS (Calbiochem, San Diego, CA). Cells
were pulsed with *H-thymidine (0.5 uCi/well; Amersham, Piscataway, NJ) during the final 12
hours of a 72 hour culture.

[0432] EXAMPLE 5 - Flow Cytometry
[0433] Flow cytometry was performed on a FACScan flow cytometer using
CellQuest Software (BD Biosciences, Palo Alto, CA). Typically 40,000 total events or 20,000

gated events were analyzed. Monoclonal antibodies for flow cytometry were obtained from
BD Biosciences (San Diego, CA).

[0434] EXAMPLE 6 - In vivo Immune Response
[0435] Nfat5" mice and Nfat5'"* littermate controls (5-7 weeks old) were
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immunized subcutaneously with 50ug ovalbumin (Sigma, St. Louis, MO) plus 5ug LPS
(Calbiochem, San Diego, CA) emulsified in incomplete Freund's adjuvant (Sigma, St. Louis,
MO). Serum samples were obtained by retro-orbital venipuncture three weeks after
immunization and antigen-specific immunoglobulin was measured by ELISA using an
alkaline phosphatase-conjugated goat anti-mouse Ig kappa secondary antibody (clone, BD
Biosciences, San Diego, CA) detected in a fluorescence-based assay.

[0436] EXAMPLE 7 - Western inmunoblot analysis

[0437] Whole-cell lysates were subject to SDS-PAGE, transferred to PVDF
membranes and probed with rabbit polyclonal antisera directed against the DNA binding
domain (Trama et al., 2000), the N-terminus (Miyakawa et al., 1999) or the C-terminus (H.
M. Kwon, University of Maryland, unpublished) of the NFAT5/TonEBP protein. Equal protein
amounts were loaded based on determination of protein concentration by the Bradford dye-
binding assay (Biorad). Primary antibody binding was visualized using an HRP-conjugated
secondary antibody followed by enhanced chemiluminescence detection (Amersham,
Arlington Heights, IL).

[0438] EXAMPLE 8 - Reporter gene analysis

[0439] Reporter studies were performed by transfecting MEF cell lines with either
an NFAT5/TonEBP-responsive luciferase reporter gene (pGL3, Promega, Madison, WI)
containing two tandem hTonE sites within a minimal promoter derived from the human IL2
gene or with a luciferase reporter gene in which transcription is directed by a 4.1-kilobase
fragment of the mouse hsp70.1 gene promoter (referred to as HSP70-2).

[0440] EXAMPLE 9 - Impaired Immune function in Nfat5"® mutant mice

[0441] To define the biologic function of the NFATS/TonEBP transcription factor in
vivo, exons 6 and 7 of the murine Nfat5 gene were deleted by homologous recombination
and cre recombinase-dependent excision in embryonic stem cells (Fig. 1). These exons
encode amino acid residues 254-380, which comprise the amino-terminal portion of the DNA
binding domain (DBD). This region is not only involved in critical base-specific contacts with
DNA, but also forms one of two interfaces for dimerization within the DBD. The targeted
deletion thus eliminates a region of the NFAT5/TonEBP protein that is essential to its
function as a site-specific DNA binding transcription factor (Figure 2).The structural depiction
in the lower panel of Fig. 2 was generated using RASMOL; PDB 11H1, with the colors coded

as follows: green = deleted amino acids, blue = remainder of the DNA-binding domain, and
red and yellow = DNA.
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[0442] Germline transmission of the allele bearing the exon 6/7 deletion (hereafter
referred to as Nfat5") was verified by PCR and Southern genotyping (Fig. 3). Analysis of
NFATS5/TonEBP RNA and protein expression in Nfat5**, Nfat5™ and Nfat5** mouse
embryonic fibroblast (MEF) cell lines demonstrated that the Nfat5" allele encodes a mutant
protein containing an internal deletion of amino acid residues encoded by exons 6 and 7
(NFAT5/TonEBPA254-380), as expected based on the contiguous reading frame maintained
between exons 5 and 8 (Fig. 4 and 5). Targeted deletion of exons 6 and 7 was
accomplished using two sets of primers that span the site of insertion of the downstream
loxP site in both the wildtype and knockout alleles.

[0443] NFATS5/TonEBP immunoreactivity in Nfat5™ cells is nearly completely
eliminated using antisera directed against the DNA binding domain, and both constitutive. -
and hypertonicity-induced expression of wildtype NFAT5/TonEBP expression is significantly
reduced in Nfat5" cells (Fig. 5, upper panel). Moreover, antisera directed against either the
amino or carboxy termini demonstrate that upon hypertonic stimulation the mutant protein,
although induced in level of expression, does not undergo phosphorylation-dependent post-
translational modification given the absence of any reduction in mobility in SDS-PAGE
analysis (Fig. 5, lower panel). Whole-cell extracts from MEF cell lines were cultured under
either standard or hypertonic (H; complete medium plus additional 120 mM NaCl) culture
conditions for 16 hours. The extracts were subjected to immunoblot analysis with the
indicated antisera. The indicated nonspecific (ns) bands functioned as internal controls for
equal protein loading and transfer.

[0444] Based on deletion analysis of NFAT5/TonEBP dimerization and DNA
binding function, the NFAT5/TonEBPA254-380 protein expressed in Nfat5™ cells likely
functions to dominantly inhibit NFAT5/TonEBP function by forming dimers with wild type -
protein that are incapable of binding DNA in a sequence specific manner. To verify that the
Nfat5® allele conferred a loss of NFAT5/TonEBP function in not only the homozygous but
also the heterozygous states, the MEF cell lines were transfected with an NFATS reporter
gene and subject to culture under isotonic or hypertonic conditions (Fig. 6).

[0445] While Nfat5™ cells exhibited marked induction of NFAT5-dependent
reporter gene expression upon culture in either NaCl or raffinose, Nfat5™ cells showed no
. induction, and Nfat5'® cells exhibited significant but incomplete loss of NFAT5/TonEBP-
dependent reporter activity. Loss of NFAT5/TonEBP function was further demonstrated by
measurement of transcription mediated by the hsp70.1 promoter, a previously defined
NFAT5/TonEBP target gene (Woo et al., 2002). Remarkably, hypertonicity-induced reporter
gene expression mediated by the hsp70.1 promoter was completely eliminated in Nfat54/A
cells and markedly reduced in Nfat5"™ cells (Fig. 6). SV40 T antigen-immortalized embryonic
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fibroblast (MEF) cell lines derived from Nfat5™, Nfat5" and Nfat5"" embryos were
transfected with the indicated reporter gene. Approximately 24 hours after transfection the
cells were cultured in complete media with either NaCl or raffinose added to the indicated
concentration, and 16 hours later cell extracts were prepared for assay of reporter activity.
The results represent luciferase reporter activity normalized to correct for variation in
transfection efficiency, based on expression of a co-transfected constitutive secreted alkaline
phosphatase reporter gene

[0446] Thus the invention provides for not only a complete loss of NFATS/T onEBP
transcriptional function resulting from homozygous deletion of exons 6 and 7, but also -
provides that the NFAT5/TonEBPA254-380 protein functions to dominantly inhibit
NFAT5/TonEBP function in heterozygous Nfat5" cells. In addition, that the invention -
porvides that NFAT5/TonEBP is both necessary and sufficient for hypertonicity-dependent
induction of the hsp70.1 promoter.

[0447] EXAMPLE 10 - Impaired Immune Function in Nfat5"* Mutant Mice

[0448] The genotype of litters obtained from matings of heterozygous Nfat5™ mice
demonstrated that complete loss of NFAT5/TonEBP function due to homozygous deletion of
exons 6 and 7 results in perinatal lethality, consistent with the similar timing of lethality
observed in NFAT5/TonEBP null animals. The lethal phenotype associated with complete
loss of NFATS5 function thus limits analysis of the role of NFATS/T onEBP in regulating
immune function. However, given that expression of the Nfat5® allele confers partial loss of
NFATS5/TonEBP-dependent transcriptional activity in the heterozygous state (Fig. 6), studies"
of immune function in heterozygous Nfat5'"* animals were pursued. Remarkably, cellularity
of the thymus and spleen from Nfat5"*animals was reduced by 40% and 32% relative to
wildtype littermate controls (Fig. 7). Cell numbers were determined by manual cell counts
using a hemocytometer. Viable cells were distinguished by trypan blue dye exclusion.
Splenocytes were subject to density gradient centrifugation to remove red blood cells prior to
counting. The observed phenotype is very similar to that of transgenic animals in which
expression of a dominant negative form of NFAT5/TonEBP was targeted to T lymphocytes
using the CD2 promoter, although the hypocellularity is significantly greater in the
Nfat5"®mice. The observed reduction in cell number in thymuses from Nfat5" animals
correlated with reduced expression of the NFAT5/TonEB protein (Fig. 8). Whole cell extracts
of thymocytes from Nfat5" mice and Nfat5™ littermate controls were prepared and probed
for NFAT5/TonEBP expression by SDS-PAGE Western blot analysis using the carboxy-
terminal NFAT5/TonEBP antisera. The indicated non-specific (ns) band provides an internal
control for equal protein loading and transfer.
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[0449] Analysis of the composition of thymocyte subsets defined by the CD4 and
CD8 markers of thymic development showed no differences (data not shown), again
consistent with results obtained from the dominant negative NFAT5/TonEBP transgenic
mice. In addition, there were no differences in the percentages of mature T and B cells within .
the spleens of wildtype and heterozygous animals (data not shown), indicating that the
reduction in cell number was due to an equal reductions in the ébsolute number of both T
and B cells.

[0450] To determine whether partial loss of NFATS/TonEBP function resulted in
impaired lymphocyte function in vivo, a T cell-dependent B cell immune response was
induced by immunization with the protein antigen ovalbumin. Heterozygous Nfat5'"*animals-
were significantly impaired in their ability to mount an antigen-specific antibody response to
this nominal protein antigen, exhibiting a 44% reduction in antigen-specific antibody as
compared to wildtype controls (Fig. 9). Similarly reduced antibody responses were observed -
upon secondary immunizations (data not shown). In contrast, direct measurement of total
serum IgG and IgM showed no difference between Nfat5"™ and Nfat5™ animals, indicating
that the impaired response by Nfat5" A animals does not simply reflect a difference in overall
serum immunoglobulin concentration. The invention thus provides that a T cell-dependent B
cell response in vivo is dependent upon the function of NFATS/TonEBP.

[0451] EXAMPLE 11 - NFAT5/TonEBP and Cell Growth in a Hyperosmotic
Environment

[0452] To determine whether the impaired lymphocyte-dependent responses
observed in vivo were due to an inability to compensate for osmotic stress, proliferation of
splenocytes from Nfat5"* and Nfat5™ animals was measured ex vivo under isotonic and
hypertonic culture conditions. While there was no difference in the proliferative responses of
T and B cells from Nfat5™ and Nfat5"™ mice cultured under standard lymphocyte tissue
culture conditions (i.e., 290 mOsm), proliferation was significantly impaired upon culture
under hypertonic conditions (i.e., 370 mOsm; Fig. 10). The sensitivity of Nfat5'™ T cell
proliferation to hyperosmotic stress was not due to impairment in 1L-2 production, as
exogenously added IL-2 did not correct the defect (data not shown). Thus, the partial loss of
NFAT5/TonEBP function conferred by the Nfat5® allele results in an impaired osmotic stress
response in lymphocytes in ex vivo cultures.

[0453] The effect of complete loss of NFAT5/TonEBP function on cell growth was
determined by comparing the growth of immortalized Nfat5"*, Nfat5"™ and Nfat5" MEF cell
lines under normal versus hyperosmotic culture conditions. Remarkably, while there were
essentially no differences in cell growth under “normal” tissue culture conditions (~300
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mOsm), the growth of Nfat5** MEF cells under hyperosmotic conditions were markedly
impaired (Fig. 11, 12). The growth of heterozygous Nfat5"* MEF cells exhibited partial
impairment relative to wild type cells, consistent with the partial loss of function
demonstrated in NFAT5/TonEBP reporter gene studies (Fig. 6). The invention thus clearly
provides that NFAT5/TonEBP function is essential for normal cell proliferation under
conditions of hyperosmotic stress. Given the defect in lymphocyte proliferation observed
upon partial loss of NFATS/TonEBP function (Fig. 10), the invention potentially provides a
complete loss of function in an even more markedly impaired lymphocyte response.
Splenocytes from Nfat5'" mice and Nfat5"" littermate controls (5-8 weeks old) were cultured
under isotonic (~290 mOsm) conditions or subject to hypertonic stress (~370 mOsm)
through the addition of 80 mM raffinose to the culture media. The cells were stimulated with :
either anti-CD3 plus anti-CD28 to induce T cell proliferation or LPS to induce B cell
proliferation. Proliferation was measured by quantitation of *H-thymidine incorporation.

[0454] The defective proliferative response of Nfat5"2 lymphocytes cultured ex vivo
under conditions of hyperosmotic stress suggests that the impaired immune response
observed in vivo is similarly due to an inability of lymphocytes to compensate or adapt to
physiologic osmotic stress present within the lymphoid microenvironment. However, osmotic
stress within the lymphoid microenvironment remains completely undefined. To specifically
address this question, lymphoid tissue osmolality was measured directly by vapor pressure
osmometry. Remarkably, in contrast to brain and lung, lymphoid tissues were significantly
hyperosmolar relative to serum (Fig. 13).Hyperosmolality of lymphoid tissues relative to
blood was determined by vapor pressure osmometry. Statistically significant differences
between blood and tissue osmolality are indicated in Fig. 13 (*, p < 0.02; **, p <0.0001).
Liver tissue osmolality was also elevated. Thus the invention provides that lymphocytes are
exposed to physiologic hyperosmotic stress. Given that partial loss of NFAT5/TonEBP
function resuits in impaired lymphocyte function in vivo, it is likely that NFAT5/TonEBP
functions to optimize lymphocyte function in vivo by regulating transcriptional programs that
enhance the cells ability to compensate or adapt to osmotic stress present within the
lymphoid microenvironment.

[0455] EXAMPLE 12 - NFAT5 is essential for the growth of transformed cells
under hypertonic culture conditions

[0456] MEF cell lines were seeded in 24-well tissue culture dishes at 20,000 cells
per well and allowed to grow until ~80% confluence, at which time the cultures were
continued by re-seeding at 20,000 cells per well. Manual cell counts using a hemocytometer
were performed on the indicated days using trypan blue exclusion to identify viable cells.
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The culture media was replaced every three days. The data shown represent the mean of
cell counts from triplicate wells. Standard errors, which were less than 5% of the mean, are
not shown. These results are representative of at least four independent measurements of
cell growth.

[0457] Primary MEF cells from wildtype (WT), heterozygous (HT) or homozygous
(KO) embryos were transformed by stable transfection with a plasmid DNA vector directing
the bicistronic expression of an oncogenic ras cDNA and a cDNA encoding the SV40 small
and large T antigen, together with a neomycin-selectable marker. Neomycin-resistant cells
were cultured using either normal (Fig. 14, left panel) or hypertonic (Figure 14, right panel)
tissue culture media. The cells were cultured at 20,000 cells per well in 24-well tissue
culture dishes in either normal culture media (~340 mOsm) or media supplemented with 100
mM NaCl (~530-550 mOsm). At the indicated time points manual cell counts were performed
on friplicate wells using trypan blue dye exclusion to quantitate viable celis. Individual welis,
upon confluence, were split and the cells re-plated at 20,000 cells per well in a new plate on
the following days: isotonic cuitures — days 3 and 6; hypertonic cultures — day 7 for the wild
type cell line only. Media was replaced every three days.

[0458] EXAMPLE 13 - NFAT5/TonEBP is highly expressed in murine prostate
carcinoma

[0459] To determine expression of NFAT5/TonEBP in prostate carcinoma, normal
and malignant prostate tissue was prepared by polytron disruption in RIPA buffer. A total of
50 pg of protein extract per sample was fractionated by SDS-PAGE, and replicate blots were
probed as indicated (Fig. 15).

[0460] EXAMPLE 14 - Overexpression of NFAT5/TonEBP in human glioma
xenografts

[0461] Protein extracts of tumor nodules (1 cm) from nude mice engrafted with U87
human glioma cancer cells were prepared by polytron disruption in RIPA buffer. A total of 50
Mg of protein extract per sample was fractionated by SDS-PAGE, and replicate blots were
probed as indicated (Fig. 16).

[0462] EXAMPLE 15 - NFATS5 is over-expressed in human cancer tissue

[0463] Normal and cancerous tissue from surgical resection specimen were
obtained through the Cooperative Human Tissue Network (CHTN). Samples were analyzed
for NFAT5 expression by Western blotting using the C-terminal NFAT5 antiserum. Similar
results were obtained using the N-terminal NFAT5 antiserum (data not shown). Extract
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prepared from a murine thymocyte cell suspension was included (Fig. 17) as a control (lane
1, thy). The diagnoses of the samples analyzed include (Fig. 17): lane 3, infiltrating ductal
carcinoma; lane 5, adenocarcinoma (AdCa), likely metastatic; lane 6, adenocarcinoma,
unknown primary; lane 7, squamous cell carcinoma (SCC); lane 8, metastatic SCC from the
lung; lane 9, metastatic poorly differentiated adenocarcinoma from the breast; lanes 11, 13,
15, 17, metastatic colorectal AdCa. NL, normal adjacent tissue; ca, cancer tissue; F, female;
M, male. The CHTN identification numbers are listed together with the age, sex and race of
the patient from whom the samples were obtained, if available. The arrows indicate the:
mobility of full length NFATS. Multiple immunoreactive bands is likely a result of protein
degradation resulting from prolonged time required to obtain and process surgically resected
human tissue (note that similar degradation is not observed in murine tissues, which can be
rapidly obtained and processed). The use of independent antisera directed against different
regions of the NFATS5 protein validate the specificity of the observed reactivity.

[0464] EXAMPLE 16 - Tumor growth in vivo is critically dependent on NFAT5

[0465] Male C57BL& mice were injected subcutaneously with the indicated cell line
(700k cells per injection; 5 mice per group) and the formation and growth of tumor nodules
was measured over time (Fig. 18). The data shown represent the mean tumor size (tumor
nodule width, mm x length, mm) with experimental variation shown as standard error of the
mean. Mice with tumors larger than approximately 15x15 mm were euthanized (D/C). The
open squares connected by a dashed line represent tumor growth in individual mice (i.e.,
while all five animals injected with the WT 2.2 line exhibited persistent, detectable tumor
nodules, progressive tumor growth was observed in two of the five animals.

[0466] Other Embodiments

[0467] The detailed description set-forth above is provided to aid those skilled in
the art in practicing the present invention. However, the invention described and claimed
herein is not to be limited in scope by the specific embodiments herein disclosed because
these embodiments are intended as illustration of several aspects of the invention. Any
equivalent embodiments are intended to be within the scope of this invention. Indeed,
various modifications of the invention in addition to those shown and described herein will
become apparent to those skilled in the art from the foregoing description which do not
depart from the spirit or scope of the present inventive discovery. Such modifications are
also intended to fall within the scope of the appended claims.

[0468] References Cited
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[0469] All publications, patents, patent applications and other references cited in
this application are incorporated herein by reference in their entirety for all purposes to the -
same extent as if each individual publication, patent, patent application or other reference
was specifically and individually indicated to be incorporated by reference in its entirety for
all purposes. Citation of a reference herein shall not be construed as an admission that such
is prior art to the present invention. Specifically intended to be within the scope of the
present invention, and incorporated herein by reference in its entirety, is the following
publication: NFAT5/TonEBP mutant mice define osmotic stress as a critical feature of the
lymphoid microenvironment, Proc. Natl. Acad. Sci. U S A, 2004 Ju! 20,101(29):10673-8.
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CLAIMS
What is claimed is:
1. A method for identifying a candidate anti-cancer or immunosuppressive

compound, the method comprising:

(a) culturing a first cell and a second cell under conditions of hypertonic stress;

(b) contacting the first cell with a test agent; and

(c) assaying the first cell and the second cell for cell growth or viability,

wherein a decrease in cell growth or viability in the first cell relative to the second celi
indicates that the test agent is a candidate anti-cancer or immunosuppressive compound.

2. A method according to claim 1, wherein the first and second cell comprise.an
NFATS/TonEBP polynucleotide or polypeptide.

3. A method according to claim 2, wherein the first and second cell comprise a
NFATS/TonEBP variant polynucieotide

4. A method according to claim 2, wherein the first and second cell comprise a
NFATS/TonEBP variant or fragment protein.

5. A method according to claim 1, wherein the assay for cell growth or viability
comprises an assay selected from the group consisting of a cell count assay, cell uptake
assay, cell binding assay, growth inhibition assay and any combination thereof.

6. A method for identifying a candidate anti-cancer or immunosuppressive
compound, the method comprising:

(a) contacting NFAT5/TonEBP or biologically-active fragment with a known
compound that binds NFAT5/TonEBP to form an assay mixture,

(b) contacting the assay mixture with a test compound, and

(c) determining the ability of the test compound to interact with NFAT5/TonEBP.

7. A method for identifying a candidate anti-cancer or immunosuppressive
compound, the method comprising:

(a) performing a structure based drug design using a three dimensional structure
determined for a crystal of NFAT5/TonEBP.

8. A method according to claim 7, wherein the three dimensional structure
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comprises atomic coordinates of Protein Data Bank Accession No. 1IMH.

9. A method according to claim 7, wherein the method further comprises:

(b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a
variant or fragment thereof; and

(c) detecting inhibition of at least one activity of NFAT5/TonEBP, variant or fragment
thereof.

10. A method according to claim 7, wherein the method further comprises:

(b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a
variant or fragment thereof;

(c) culturing the cell under conditions of hypertonic stress;

(d) contacting the cell with the candidate compound; and

(e) assaying the cell for cell growth or viability.

11. A method according to claim 7, wherein the assay for cell growth or viability
comprises an assay selected from the group consisting of a cell count assay, cell uptake
assay, cell binding assay, growth inhibition assay and any combination thereof.

12. A method for treating a cancer or an autoimmune disease in a subject, the
method comprising administering to a subject in need thereof a therapeutically effective
amount of an inhibitor of NFAT5/TonEBP, a pharmaceutically acceptable salt or pro-drug
thereof, or combination with @ pharmaceutically acceptable carrier.

13. A method according to claim 12, wherein the inhibitor is selected by

(a) culturing a first cell and a second cell under conditions of hypertonic stress;

(b) contacting the first cell with a test agent; and

(¢) assaying the first cell and the second cell for cell growth or viability,

wherein a decrease in cell growth or viability in the first cell relative to the second cell
indicates that the test agent is an inhibitor of NFAT5/TonEBP.

14. A method according to claim 13, wherein the first and second cell comprise
an NFAT5/TonEBP polynucleotide or polypeptide.

15. A method according to claim 13, wherein the first and second cell comprise a
NFATS/TonEBP variant polynucleotide
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16. A method according to claim 13, wherein the first and second cell comprise a
NFAT5/TonEBP variant or fragment protein.

17. A method according to claim 13, wherein the assay for cell growth or viability
comprises an assay selected from the group consisting of a cell count assay, cell uptake
assay, cell binding assay, growth inhibition assay and any combination thereof.

18. A method according to claim 12, wherein the inhibitor is selected by:
(a) performing a structure based drug design using a three dimensional structure
determined for a crystal of NFAT5/TonEBP.

19. A method according to claim 18, wherein the three dimensional structure
comprises atomic coordinates of Protein Data Bank Accession No. 1IMH.

20. A method according to claim 18, wherein the method further comprises:
(b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a
variant or fragment thereof; and

(c) detecting inhibition of at least one activity of NFAT5/TonEBP, variant or fragment
thereof.

21. A method according to claim 18, wherein the method further comprises:

(b) contacting the candidate inhibitor with a cell comprising NFATS/TonEBP or a
variant or fragment thereof;

(c) culturing the cell under conditions of hypertonic stress;

(d) contacting the cell with the candidate compound; and

(e) assaying the cell for cell growth or viability.

22. A method according to claims 20 or 21, wherein the assay for cell growth or
. viability comprises an assay selected from the group consisting of a cell count assay, cell
uptake assay, cell binding assay, growth inhibition assay and any combination thereof.

23. A method according to claims 20 or 21, wherein the cell comprises a
NFATS/TonEBP variant polynucleotide

24, A method according to claims 20 or 21, wherein the cell comprises a
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NFATS/TonEBP variant or fragment protein.

25. A method according to claim 12, wherein the inhibitor is an antibody directed
against NFATS5/TonEBP.

26. A method according to claim 12, wherein the antibody is a monoclonal
antibody.

27. A method according to claim 12, wherein the inhibitor is selected from the

group consisting of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and
aptamer.

28. A method according to claim 12, wherein the cancer is selected from the
group consisting of epithelial malignancies, sarcomas, and lymphomas.

29. A method according to claim 12, wherein the autoimmune disease is selected
from the group consisting of rheumatoid arthritis, systemic lupus erythematosis, multiple
sclerosis, and type | diabetes.

30. A method for diagnosing a cancer or an autoimmune disease in a subject
comprising:

(a) obtaining a sample from the subject;

(b) detecting NFAT5/TonEBP expression in the sample; and

(c) comparing to the expression of NFAT5/TonEBP of the sample to a control
sample,

wherein an elevated expression of NFAT5/TonEBP in the sample is diagnostic for
cancer.

31. A method according to claim 30, wherein (b) comprises detecting
NFAT5/TonEBP mRNA.

32. A method according to claim 30, wherein (b) comprises detection of
NFATS/TonEBP protein.

33. A method for treating a cancer or an autoimmune disease comprising
decreasing the activity of NFAT5/TonEBP.
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34. A method according to claim 33, wherein decreasing the activity comprises
decreasing the expression of NFAT5/TonEBP.

35. A method according to claim 34, wherein decreasing the expression
comprises transforming a cell to express a polynucleotide anti-sense to at least a portion of
an endogenous polynucleotide encoding NFATS/TonEBP.

36. A method according to claim 33, wherein decreasing the activity comprises
~ inhibiting, preventing, or reversing at least one activity of NFAT5/TonEBP.

37. A method according to claim 33, wherein decreasing the activity comprises
transforming a cell to express an aptamer to NFAT5/TonEBP.

38. A method according to claim 33, wherein decreasing the activity comprises
introducing into a cell an aptamer to NFAT5/TonEBP.

39. A method according to claim 33, wherein decreasing the activity comprises
administering to a cell an inhibitor selected from the group consisting of a ribozyme,
antisense compound, triplex~-forming molecule, siRNA, aptamer, and antibody, wherein the
inhibitor selectively binds NFAT5/TonEBP.

40. A method according to claim 33, wherein the cancer is selected from the
group consisting of epithelial malignancies, sarcomas, and lymphomas.

41. A method according to claim 33, wherein the autoimmune disease is selected
from the group consisting of rheumatoid arthritis, systemic lupus erythematosis, multipie
sclerosis, and type | diabetes.

42. A method for determining whether a compound up-regulates or down-
regulates the transcription of a NFAT5/TonEBP gene, comprising

contacting the compound with a RNA polymerase and said gene, followed by
measuring NFAT5/TonEBP gene transcription initiated by the RNA polymerase acting on the
gene, wherein measuring enhanced transcription is indicative of up-regulation and
measuring decreased transcription is indicative of down-regulation.
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43. A method according to claim 42, wherein the contacting occurs in a cell.

44, A method according to claim 42, wherein the compound is selected from the

group consisting of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and
aptamer.

45. A method for determining whether a compound up-regulates or down-
regulates translation of an NFAT5/TonEBP gene in a cell, comprising

contacting the compound with the cell, the cell further comprising the
NFAT5/TonEBP gene, and measuring NFAT5/TonEBP gene translation, wherein measuring

enhanced translation is indicative of up-regulation and measuring decreased translation is
indicative of down-regulation.

46. A method according to claim 45, wherein the compound is selected from the

group consisting of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and
aptamer.

47. A method for determining whether a compound is a NFAT5/TonEBP target
gene inhibitor, comprising:

(a) culturing a first cell and a second cell under conditions of hypertonic stress;

(b) contacting the first cell with a test agent; and

(c) assaying the first cell and the second cell for at least one activity of a
NFATS/TonEBP target gene,

wherein a decrease in activity of a NFAT5/TonEBP target gene in the first cell relative
to the second cell indicates that the test agent is an NFAT5/TonEBP target gene inhibitor.

48. A method according to claim 47, wherein the contacting occurs in a cell.

49. A method according to claim 47, wherein the compound is selected from the

group consisting of a ribozyme, antisense compound, triplex-forming molecule, siRNA, and
aptamer.

50. A method according to claim 47, wherein the NFAT5/TonEBP target gene is
selected from the group consisting of aldose reductase, sodium/myo-inositol cotransporter,
sodium/chloride/betaine cotransporter, urea transporter, taurine transporter, heat shock
protein 70 gene, sodium-coupled neutral amino acid transporter-2, osmotic stress protein of
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94 kDa and aquaporin 2.

51. A non-human transgenic animal, wherein at least one NFAT5/TonEBP gene
comprised by the non-human transgenic animal is disrupted.

52. The non-human transgenic animal of claim 51, wherein the NFAT5/TonEBP
gene is not fully expressed.

53. The non-human transgenic animal of claim 51, wherein the non-human
animal is selected from the group consisting of a mouse, rat, dog, cat, cow, pig, horse,
rabbit, frog, chicken, and sheep.

54, A non-human transgenic animal according to claim 51, wherein the non-
human transgenic animal is a mouse.

55. A polynucleotide comprising a nucleotide sequence selected from the group
consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, and SEQ ID NO:
10, and wherein the polynucleotide facks exons 6 and 7.

56. A polynucleotide comprising at least about 80% sequence identity to a
polynucleotide comprising a nucleotide sequence selected from the group consisting of SEQ
ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, and SEQ ID NO: 10, and wherein
the polynucleotide encodes a polypeptide comprising at least one activity of an
NFATS5/TonEBP protein.

57. A polypeptide expressed from the polynucleotide of claim 55 or 56.

58. A polypeptide comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, and SEQ ID NO:
9, and wherein the polypeptide lacks an amino acid sequence encoded by exons 6 and 7 of
an NFAT5/TonEBP gene.

59. A polypeptide having at least about 50% sequence identity to a polypeptide
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, and SEQ ID NO: 9, and wherein the
polypeptide comprises at least one activity of an NFATS5/TonEBP protein.
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60. A vector comprising the polynucleotide of claim 55 or 56.
61. A cell comprising the polynucleotide of claim 55 or 56.
62. A tissue comprising the cell of claim 61.

63.  An organism comprising the cell of claim 62.

64. An organism comprising a cell capable of expressing the polypeptides of
claim 57, 58 or 59.

65.  An anti-cancer or immunosuppressive compound identified by the method
comprising:

(a) culturing a first cell and a second cell under conditions of hypertonic stress;

(b) contacting the first cell with a test agent; and

(c) assaying the first cell and the second cell for cell growth or viability,

wherein a decrease in cell growth or viability in the first cell relative to the second cell
indicates that the test agent is an anti-cancer or immunosuppressive compound.

66. A compound according to claim 65, wherein the first and second cell
comprise an NFAT5/TonEBP polynucleotide or polypeptide.

67. A compound according to claim 65, wherein the first and second cell
comprise a NFAT5/TonEBP variant polynucleotide.

68. A compound according to claim 65, wherein the first and second cell
comprise a NFAT5/TonEBP variant or fragment protein.

69. A compound according to claim 65, wherein the assay for cell growth or
viability comprises an assay selected from the group consisting of a cell uptake assay, cell
binding assay, growth inhibition assay and any combination thereof.

70.  An anti-cancer or immunosuppressive compound identified by the method
comprising:

(a) performing a structure based drug design using a three dimensional structure
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determined for a crystal of NFATS/TonEBP.

71. A compound according to claim 70, wherein the three dimensional structure
comprises atomic coordinates of Protein Data Bank Accession No. 1IMH.

72. A compound according to claim 70, wherein the method further comprises:
(b) contacting the candidate inhibitor with a cell comprising NFAT5/TonEBP or a
variant or fragment thereof; and

(c) detecting inhibition of at least one activity of NFAT5/TonEBP, variant or fragment
thereof.

73. A compound according to claim 70, wherein the method further comprises:

(b) contacting the candidate inhibitor with a cell comprising NFATS/TonEBP or a
variant or fragment thereof;

(c) culturing the cell under conditions of hypertonic stress;

(d) contacting the cell with the candidate compound; and

(e) assaying the cell for cell growth or viability.

74. A compound according to claim 73, wherein the assay for cell growth or
viability comprises an assay selected from the group consisting of a cell uptake assay, cell
binding assay, growth inhibition assay and any combination thereof.

75. A compound according to claims 65 or 70, wherein the compound is a pro-

drug, pharmaceutically acceptable salt of the compound, or combination of the compound
and a pharmaceutically acceptable carrier.
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<210> 2

<211> 5304

<212> DNA

<213> Homo sapiens

<400> 2
ggcggtggcg gecgaccgtca gttttcgctg aggagaaaca cgaaacggac cctttggetc 60

tccceccttee cctteececcgt cctgaaccece tetectggte accgagaatc agtcccegtg 120
gagttccccc tccacctcge catcgtttec tcggtcctcg gcccagtgga agtcactacc 180
ctcgaggagg aggcagcggce agcecgccctc gegtcgecge ccccggtteg gtgeccgegg 240
tcccggagag gaggtgecge cgccaccgec gectccceccce tceecgetgee ctcgggecgg 300
gctgggtcga gctgcgatgce cctcggactt catctcattg ctcagcgcgg acctagacct 360
ggaatcgccc aagtccctct actcgcgaga atctgtctat gatcttctcc caaaggagtt 420
acagttacct ccatctagag aaacatctgt agcatcaatg agtcagacaa gcggtggtga 480
ggcaggctcg cctcctccag ctgttgttge tgctggattt gcctctgaag cagggagtgf 540
ctgcattaaa aatgacctgt agttctctgc ttcatagatg cttcttcagc tccctcectct 600
tcctccatgg gcggtgettg cagctecttt accacctctt ccagccctac catttattct 660
acctcagtca ccgacagcaa ggctatgcaa gtggagagct gctcctcagc cgtgggggta 720
agtaacagag gggtaagtga aaagcagtta accagtaaca cagttcagca gcatccatca 780
acaccgaaga ggcacacagt cttgtacatc tcaccaccac ctgaggactt gctggataac 840
agtcggatgt cctgccagga tgaggggtgt ggattggaat ctgagcagag ctgcagtatg 900
tggatggagg attccccctc caacttcagt aacatgagca ccagttccta caatgataac 960
actgaggtac ctcgtaaatc acgaaaacga aatccaaagc agaggccggg ggtcaaacga 1020
cgagattgtg aagaatctaa tatggatata tttgatgccg acagtgccaa agcacctcac 1080
tatgtgcttt ctcagcttac cacggacaac aaaggcaact caaaagcggg aaatggaaca 1140

ttggaaaacc aaaaaggaac tggagtaaag aagagcccta tgttgtgtgg acaatatcct 1200
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Ser

Lys

Lys

Tyr

Tyr

val

Asn

Asn

345

Ser

Gly

Gln

Ser

Lys

Lys

Lys

Glu

Leu

250

Phe

val

GlIn

Asp

Asn

330

Ala

Thr

ser

Pro

val
410

Ala

ser

Leu

235

Thr

Pro

Phe

Ala

Ile

315

Met

Asp

Arg

Thr

Ala

395

Lys

Gly

Pro

220

Lys

Glu

Thr

val

Cys

300

Glu

Thr

val

Ala

Leu

380

Gly

Gly

Gly Thr Lys
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Asn

205

Met

Ile

Gly

val

Gly

Arg

Gly

Leu

Glu

Arg

Thr

val

Glu

val

Leu

190

Gly

Leu

val

ser

Lys

270

Asn

val

Thr

Ala

Ala

350

Leu

Leu

Pro

Glu

Ile

Ser
Thr
Cys
val
Arg
255
Leu
Asp
Thr
Thr
51
Arg
val
Gln
Glu
Glu

415

Phe
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Gln

Leu

Gly

GIn

240

Gly

Glu

Ser

Gly

val

320

Asp

Ile

Phe

Thr

Ile

400

val

GIn



Glu

Met

His

465

Thr

Asp

Ser

Lys

Leu

545

Thr

Thr

Asn

Pro

Pro

625

Thr

Leu

WO 2006/001981

Asn

Glu

450

Asp

Asn

Pro

ser

Thr

530

Met

Pro

Thr

Ile

Ser

610

Glu

Phe

Leu

val

435

Leu

Gln

Ala

Ala

Pro

515

Thr

Thr

Met

Lys

Ala

595

Glu

Thr

Pro

Gln

420

ser

Phe

His

Gly

Ala

500

Ala

Gly

Pro

Glu

Ser

580

Gly

Asn

Leu

Ala

GlIn
660

AsSp

His

Ile

485

Ala

Arg

Cys

Leu

val

565

val

Asn

Glu

Thr

val

645

Ala

Glu

Gln

Thr

470

Ser

Gly

Pro

Asn

Ile

550

Thr

Gly

Gly

Lys

Thr

630

Ser

Thr

Asn

Asn

455

Leu

His

Ala

Cys

Leu

535

Pro

Ala

ser

ser

Gln

615

Ile

Ala

GlIn

UC60021010.0051.5T25. txt

425

Ser Trp Lys Ser Glu

440

His

Pro

Asp

Leu

ser

520

Asp

ser

Glu

Thr

Phe

600

Gln

GlIn

ser

Phe

Leu

val

val

Asn

505

Phe

Lys

Ser

Lys

Gln

585

ser

Gln

Thr

Ser

GIn
665

Ile

Ser

Gln

490

val

Glu

val

Met

Arg

570

Gln

Ser

Ile

Glin

Gln
650

val

val

475

Pro

Asn

Glu

Asn

Ile

555

Ser

Thr

Pro

Gln

ASp

Leu

Lys

460

Gly

Phe

val

Ala

Ile

540

Lys

ser

Leu

Ser

Pro

620

Ile

Pro

Thr Arg Glu
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Ala

445

val

Ile

Thr

Lys

Met

525

Ile

Ser

Thr

Glu

Ser

605

Lys

ser

Asn

Thr

430

Glu

Pro

Tyr

Tyr

510

Lys

Pro

Glu

Ile

Asn

590

ser

Ala

Gln

ser

Gln
670

Ile

Pro

val

Thr

495

Glu

Ala

Asn

Asp

Phe

575

Ile

His

Tyr

Pro
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Asp

Tyr

val

480

Pro

Ile

Met

Ala

val

560

Lys

ser

Leu

Asn

Gly

640

Ala

Arg



Giu

Glu

Thr

705

val

Thr

Gln

Pro

Gln

785

ser

Arg

Gln

Met

Gln

865

Gln

Thr

Ala

WO 2006/001981

Lie Leu Gin ser

Ala

690

Leu

Ser

Gly

val

Asp

770

GlIn

Thr

Ala

Gln

val

850

ser

ser

Asn

val

675

Ser

Gln

Gln

Ser

Leu

755

Gly

val

Glu

Glu

Gln

835

Met

Glu

Pro

Glu

ser
915

Gln

Gln

Leu

Thr

740

Glu

Asn

ser

Pro

Ser

820

Gln

Glu

Leu

val

Gln

GlIn

Gln

725

Ala

Ala

Glu

GlIn

Thr

805

val

Gln

Met

Phe

Tyr

885

Met

Asn

ASD

Gln

Ile

710

Asn

Ser

Glin

Asn

Ile

790

val

His

GlIn

Gln

Pro

870

Gln

Gln

Glu

Gly

Gln

695

Ser

Thr

Gly

Glin

val

775

Gln

His

Pro

Gln

Gln

855

ser

Gln

Met

Thr
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Thr val val Asn Leu Ser Gln

680

Gln

ser

Ile

ser

Gln

760

Gln

Ser

Thr

Gln

Gln

840

ser

Thr

Thr

Gln

ser
920

Ser

Asn

Gln

ser

745

Leu

Glu

Gly

Arg

ser

825

Gln

Ile

Ala

Ser

Pro

Ile

GlIn

730

Gly

Ser

Gln

val

Pro

810

Glu

val

Cys

Ser

His

890

Glu

Leu

Phe

715

Leu

ser

ser

Leu

Ser

795

Asp

Asn

Met

Gln

Ala

875

Met

Leu

GIn

700

Pro

Gln

val

val

ser

780

Pro

Asn

Thr

Glu

Ala

860

Asn

Met

Phe

Thr Thr Thr
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685

Glu

Ser

Ala

Asp

Leu

765

Ala

Gly

Leu

Leu

Ser

845

Ala

Gly

Ser

Ser

GIn
925

Gln

Pro

Gly

Leu

750

Phe

Asp

Met

Leu

Ser

830

ser

Ala

Asn

Ala

Ser

910

Gln

Leu

Ala

Asnh

ser

735

val

Ser

Ile

Phe

Pro

815

Asn

Ala

Gln

Leu

Leu

895

Pro

val
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Thr

Gln

Ser

720

Phe

Gln

Ala

Phe

Ser

800

Gly

Ala

Ile

Gln

880

Ser

Pro

Ala



Thr

Glu

945

Met

Phe

Gln

Gln

Leu

Gln

His

Met

val

Pro

Phe

Ser

Ile

Gln

WO 2006/001981

Pro
930

Thr

val

Ser

Ser
1010

Phe
1025

Glu
1040

Ser
1055

Phe
1070

Pro
1085

Met
1100

Ala
1115

Glu
1130

Gln
1145

Gly Thr Thr Met
Gly Thr Gln Ala

950

GIn Met GIn His
965

Ser Thr Lys Ser
980

Gly Asn Gly Leu

995

Gly Asn Phe Leu

His Pro Gln Asn

Thr Gln Gly Ser

GIn Thr Ser Thr

His Ser Gln Ser

GlIn Asp Gln Gln

Asn Asn Leu Gln

Ala Pro Asn Ser

Gln GIn Ala Ala

Thr Pro Met Leu

Leu Phe Gln Pro

935

UC60021010.0051.ST25. txt
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Phe GlIn Thr Ser Ser 325 Gly Asp Gly Glu

Lys GIn ITle GIn Asn Ser val phe Gln Thr

955

960

Ser Gly Asp Ssn GIn Pro Gln val Asn Leu
70

Met

985

Phe Gln
1000

Gln
1015

Pro
1030

Leu
1045

Thr
1060

Thr
1075

ser
1090

Thr
1105

Ile
1120

Phe
1135

Ser
1150

Gln
1165

1005

975

Met Ser val GIn Asn Ser Gly Thr GIn

Gln Gly Asn Glu Met Met Ser Leu

GlIn Ser Ser His Ser Gln Ala Gln

Ile

Phe

Ser

Ile

Thr

Asn

ser

Gln

Gln

val

Ala

His

Ser

Ala

Asn

Thr

Pro

Glin

Glu

Ala

Asp Ala

ser Pro

Glu Gln

val Leu

ITe Phe

val Ala

Leu GIn

Gln Ala

Gln Ala

Leu Gly
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1020

GlIn
1035

Asnh
1050

Met
1065

Gln
1080

Leu
1095

Gln
1110

Ser
1125

Pro
1140

Gln
1155

Ser
1170

Asn

Pro

Gln

Gly

Ser

Glu

Thr

Ile

Pro

Leu

Leu

Ile

Pro

ser

GIn

Ala

ser

Ser

Pro

Pro

Ser

val

Pro

Ser

Ser

Phe

Asn

His

Glin

Pro
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Asn Pro Met Pro Gln Ser Gin Gln Gly Thr Met Phe GIn Ser Gln
1175 1180 1185

His ser Ile val Ala Met GIn Ser Asn Ser Pro Ser GIn Glu Gln
1190 1195 1200

GIn GIn GIn GIn GIn G1In GIn GIn GIn GIn GIn GIn GIn GIn GIn
1205 1210 1215

GIn Ser Ile Leu Phe Ser Asn GIln Asn Thr Met Ala Thr Met Ala
1220 1225 1230

Ser Pro Lys Gln Pro Pro Pro Asn Met Ile Phe Asn Pro Asn GlIn
1235 1240 1245

Ash Pro Met Ala Asn GIn Glu Gln Gln Asn Glh Ser Ile Phe His
1250 1255 1260

GIn GIn Ser Ash Met Ala Pro Met Asnh GIn Glu GIn Gln Pro Met
1265 1270 1275

Gln Phe GIn Ser GIn Ser Thr val Ser Ser Leu GIn Asn Pro Gly
1280 1285 1290

Pro Thr G1n Ser Glu Ser Ser GlIn Thr Pro Leu Phe His Ser Ser
1295 1300 1305

pro GIn Ile Gln Leu val Gln Gly Ser Pro Ser Ser Gln Glu Gln
1310 1315 1320

Gln val Thr Leu Phe Leu Ser Pro Ala Ser Met Ser Ala Leu Gln
1325 1330 1335

Thr Ser Ile Asnh Gin GIn Asp Met GIn Gln Ser Pro Leu Tyr Ser
1340 1345 1350

Pro Gln Asn Ash Met Pro Gly Ile Gln Gly Ala Thr Ser Ser Pro
1355 1360 1365

Gln Pro Gln Ala Thr Leu Phe His Asn Thr Ala Gly Gly Thr Met
1370 1375 1380 .

Ash GIn Leu Gln Asn Ser Pro Gly Ser Ser Gin Gln Thr Ser Gly
1385 1390 1395

Met Phe Leu Phe Gly Ile Gln Asn Asn Cys Ser GIn Leu Leu Thr
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1400

Ser
1415

Pro
1430

Leu
1445

Thr
1460

Asn

Gln
1475

<210> 4
<211>
<212>
<213>

<400> 4
tgcaacggaa

DNA

gttcttccte
ctgtttggaa
gtggattcac
tgccccagea
gaggggagtg
atacggtttg
atgcaaaccc
cccgggcecag
cctctecgett
ggctcgceege
ccacctccca
agcagcagcec
cgcctecccy
cgcctgegct
cggcgaccgt

cccctteeccec

Gly Pro Ala Thr Leu

Gly GlIn Pro GIn Asn

Ser Gln GIn Met Pro

Asn Gln Asn Ile

Asn Gln Gly Asn Asn

14177

Homo sapiens

acttttggct
catctttgcce
gagtagcgtt
atgatccaat
caatcagaga
ttaggggaga
ccatttccta
caaagggttg
ccaggcccgt
ctcteggetce
caccaggtcg
gcctceccecc
cgggcegegce
ccctecgggy
gtgccccacg
cagttttcgce

gtcctgaacc

s UC60021010.0051.5725. txt

1420

1435

1450

Glu
1465

1480

ccacgaacag
tagtccaaaa
gaggtttgct
tttttaattg
gatcgttttt
aagtacttta
attaagaaat
gcggcetgtcec
ccgecgeegg
tgtctectge
ttgcaaatac
ctcccaccct
cggcaggaag
gccgecacgg
9999cggggc
tgaggagaaa
cctectectgg

Pro Asp Gln Leu

Glu Gly GIn Pro

Glu Asn Ser Pro

Leu Thr Gly ser

Lys ITe Asp Leu

aaaagcaaga
ggaaaaaaaa
ttttacctgt
tcttctatgt
tttaaaaaaa
attaaaaatc
gggtttgaca
gggcgatgac
cctctggggt
gctcagctct
cttttccctc
ggcagcgggg
cgaggcccat
ctcttccgeg
tcagattcct
cacgaaacgg

tcaccgagaa

Met

Pro

Leu

1410

Ala Ile
1425

val Thr

1440

Ala sSer
1455

Leu Vval
1470.

Phe

gcaaaaactc
agaaacagaa
ttttcctcta
cccactccga
atttcagect
aataactcga
gtccctttgt
actccggtec
ccgtccecgg
gctcggggec
cceggggecc
cccttteccy
gttgctgctg
ctccecgggea
gtcagcggceg
accctttggce

tcagtccccy
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ser Gln

Thr Leu

ser Ile

Ser Leu

agttaaatgc
aaaagaaaaa
gaacagccag
ataacccgga
ccaaaggtag
ggtttttggg
acacactgct
cctgcgagac
ctcgegeaga
ggccgectca
cagcgcgegg
gctcaggaac
ttccctggcg
cccecctecg
gcggeggtgg
tctceccctt

tggagttcce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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cCrccaccte
ggaggcagcg
aggaggtgcc
gagctgcgat
ccaagtccct
ctggactatt
ctagagaaac
ctccagctgt
cttgcagctc
gcaaggctat
gtgaaaagca
cagtcttgta
aggatgaggg
cctccaactt
aatcacgaaa
ctaatatgga
ttaccacgga
gaactggagt
aggagctgaa
gcagccgtgg
gccataatga
cacatggatt
tggacattga
tggcggtgga
gaattgctgg
tgaggaaaga
agccagcagg
aagaagaagt
aaaatgtttc
atcagaatca
tgtcagtogg

cttacactcc

grcatcgtee
gcagccgccc
gcecgecaccd
gcectcggac
ctactcgcga
ggaagaatct
atctgtagca
tgttgctgct
ctttaccacc
gcaagtggag
gttaaccagt
catctcacca
gtgtggattg
cagtaacatg
acgaaatcca
tatatttgat
caacaaaggc
aaagaagagc
gatagttgta
ctcagtgaaa
acctgtagtg
ttatcaggcc
aggcactact
ctgcgtaggg
ttccaagaag
tggctccact
agtgccagaa
gtttttaatc
tgatgaaaac
tcttattgtg
aatatatgta

agacccagca
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reLeyyecct
tcgegtcgec
ccgcetececc
ttcatctcat
gattctctga
gtctatgatc
tcaatgagtc
gatgcttctt
tcttccagec
agctgctect
aacacagttc
ccacctgagg
gaatctgagc
agcaccagtt
aagcagaggc
gccgacagtg
aactcaaaag
cctatgttgt
caacctgaga
gatagaacac
ttgcaagtgt
tgcagagtaa
gttatagaag
atattgaaat
aaaagcactc
ttgacactgc
atcttaaaga
ggcaagaact
tcttggaagt
aaggttcctc
gtgacaaatg
gcagctggty

cggcccagtyg
gcceeceggtt
cctcecgety
tgctcagegc
agttacaccc
ttctcccaaa
agacaagcgg
cagctccctc
ctaccattta
cagccgtggg
agcagcatcc
acttgctgga
agagctgcag
cctacaatga

cgggggtcaa

ccaaagcacc
cgggaaatgg
gtggacaata
cacagcaccg
agcaaggctt
ttgtgggcaa
ctggacgaaa
tcggeccttga
tgaggaatgc
gtgccagatt
aaacaccctc
aaagcttgca
ttctgaaagg
cagaagctga
cctatcatga
ctggaagatc
ctttgaatgt

gaagtcacta
cggtgcecgc
ccctegggcec
ggacctagac
atcacagaat
ggagttacag
tggtgaggca
ctcttcctecc
ttctacctca
ggtaagtaac
atcaacaccg
taacagtcgg
tatgtggatg
taacactgag
acgacgagat
tcactatgtg
aacattggaa
tcctgttaaa
agctcggtac
tcctacagta
cgactctgga
tacaactcct
tcctagcaac
tgatgtcgaa
ggtttttcga
ttctccaatt
tagctgttca
aactaaagtt
aattgatatg
ccaacatata
tcatgatgtt

aaatgtgaag
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ccctcgagga 1080
ggtcccggag 1140
gggctgggtc 1200
ctggaatégc 1260
tttcatagag 1320
ttacctccat 1380
ggctcgectc 1440
atgggcggtg 1500
gtcaccgaca 1560
agaggggtaa 1620
aagaggcaca 1680
atgtcctgcc 1740
gaggattccc 1800
gtacctcgta 1860
tgtgaagaat 1920
ctttctcagc 1980
aaccaaaaag 2040
agtgagggaa 2100
ctgactgagg 2160
aagctggaag 2220
cgagtgaaac 2280
tgcaaagaag 2340
aacatgacac 2400
gccagaatag 2460
gttaatatca 2520
ttgtgtactc 2580
gtgaaaggag 2640
attttccaag 2700
gaactatttc 2760
actttgcctg 2820
caaccattca 2880
aaggaaatat 2940
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ctagtccagc
gtaatttaga
gtatgattaa
ctatttttaa
acatagcagg
daaaacagca
cccaggacat
acagcgatgc
agatattaca
aacagcagca
atatttttcc
cagggagttt
aagttttaga
agaatgttca
gtgtaagccc
tattacctgg
agcagcagca
tgcaacagag
cttcagcaaa
gtgcattgtc
cagtttctgg
ccatgtttca
ttcagaacag
aagttaacct
aacaaggtaa
ttttgcagca
atgctcagaa
tccacagtca
aaagtaccat
tatttctttc
tttttgcagce

aagaccttgc
taaggtaaat
gagtgaagat
gactacaaag
aaatggctct
gcagattcag
ctcacagcect
actattgcag
gtcagatggt
gtcaccacta
atcaccaaat
cacaggcagt
ggcacagcag
agagcagctt
tggaatgttt
aagagctgaa
gcagcagcaa
tatctgccag
tggaaacctt
taccaatgag
aaatgaaact
gacatcaagt
tgtctttcag
tttttcatcc
tggtttattc
gtcttctcat
cctttccecag
gacttctaca
tgctgtgtta
ccagagtccc

accgaactca
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tcttttgaag
attatcccta
gttactccaa
tctgttggat
ttttcatcac
cccaaggcat
ggtacttttc
caggctacac
acagtggtta
caagaacaag
agtgtgagtc
actgctagtg
cagttatctt

agtgcagata

tcctcaacag
agtgttcatc
cagcaagtga

gcagctgecc

_cagcaatcgce

gatatgcaaa
tctacaacta
tcaggagatg
accatggtcc
acaaaaagta
cagcaaggga
tcacaggcec
gaaactcaag
acctcctctg
cagggctctt
atgaataatc

atttctccac

aggccatgaa
atgccctgat
tggaagtaac
caactcagca
catcatcttc
acaacccaga
cagcagtttc
agtttcagac
atttgtcaca
cacagacttt
agcttcagaa
gcagcagtgg
cagttttatt
tttttcaaca
agccaacagt
cacagtctga
tggaatcttc
agattcagtc
cagtttacca
tgcagtgtga
ccacacagca
gagaagaaac
aaatgcaaca
tgatgagtgt
atgagatgat
aactttttca
gttctctectt
aacaaatgca
cagttcctcea
ttcagactaa

ttcagtcaac

agcaatgaaa
gactccactc
agcagaaaaa
aacattagaa
ccacctacct
gaccctgaca
tgcttctagt
aagagaaact
actgactgag
acagcagcag
tactattcag
aagtgttgac
ttctgcteca
agtcagtcaa
ccataccaga
aaacacgtta
agccgcaatg
agagttattc
gcagacttct
attgttttct
ggttgcaacc
tggaacacaa
tagtggggac
tcagaatagt
gtcacttcaa
tcctcaaaat
tcatagtcca
gcctccaatg
agaccagcag
cacagtagcc

atcaaacagt
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actactggat
ataccaagca
agatcttcca
aacatctcaa
tctgaaaatyg
actattcaaa
cagctgccca
cagtctagag
gcatcacaac
atttcatcaa
cagctgcaag
ttggtccaac
gatggtaatg
attcagagtg
ccagataatt
tctaatcaac
gtgatggaga
ccttcaactg
cacatgatga
tctectectg
cctggcacta
gCaaaacaga
aatcaacctc
ggtacccaac
tctggaaatt
cctattgcceg
aatcctattg
tttcactctc
tcaaccaaca
caagaagcat

gaacaacaag

3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
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ctgctttcca
aggcacaacc
ctaatccaat
ccatgcagag
agcagcagca
cgtctccaaa
atcaggagca
aagagcaaca
gtcctaccca
tggtacaagg
ccatgtctgce
cccctcagaa
ctttatttca
ctcagcagac
cctctggacc
aaaacgaggg
cactggcatc
tgcaaaacca
aaatcctgat
acaaaacaaa
aagagcacac
ttatattcct
attgttatta
ccactcagtt
ttttctttcc
aactaaggct
cttttttcag
cagataaaag
agctggaatg
aaggggttta
atatatgata

gaatgttttc

acagcaagct
cccgcagcag
gcctcaaagc
taactctcca
aCaacaacag
gcaaccacca
acagaaccag
gcccatgeaa
gtcggaatca
gtcacctagt
cttgcagacc
CaacathCt
caacacagca
atcaggaatg
agctacattg
Ccagccacct
ctctataaac
agggaacaac
tccaagatgt
atataaaaaa
ctatgctgct
aataacagtg
ttttcctagg
attattgcta
tgcattgttt
gtgatttttt
ttttattgga
tactcttgat
cttcttgatt
gccataactg
aattatgttc

ttcttaaccc
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ccaatatcac
ggtttatttc
caacaaggaa
tcccaggaac
agcattttat
ccaaacatga
tcaatttttc
tttcagagtc
tcacagaccc
tctcaagagc
agtataaatc
ggaattcaag
ggaggcacaa
ttcttatttg
cctgatcagt
gtgacaacac
accaaccaga
ttgactggct
cctgagatct
ctgtgtttga
tgttgcagta
atgactgaga
cgcaatttcc
ttagaaaata
tagtcaagta
tcaatataaa
gaaactgaag
ttaacacaaa
ttattttttc
tgcatagaaa
tgatatcctc

agtcttaggc

acatccagac
agcctcaggt
ccatgttcca
agcagcagca
tcagtaatca
tattcaaccc
accaacaaag
agtccacagt
ccttgttcca
agcaagtaac
aacaagatat
gagccacatc
tgaaccaact
gcattcaaaa
tgatggccat
ttctttctca
acatcgaaaa
ccttttaact
tgtggttcca
gtaaactgat
actaaccacc
atctatttga
ttaaacgtac
atatatcatg
atggcttttg
aggcacagct
ggtaacattc
ggcagatgat
agagagttgt
aataattatc
ctacagtagt
tggtattccc

tcctatgett
ggccctggge
gtcacagcac
gcagcaacag
gaataccatg
aaatcaaaat
taacatggcc
ttcctcactt
tagctctcct
tctcttctta
gcaacagtct
ttcgcctcaa
gcagaattct
taactgtagt
aagtcagcca
gcaaatgcca
gattgatttg
ggatataaat
tgagaattat
agattttact
aatgttaaca
gtttccagct
agtttaaatt
tttacttttg
aaaaagtaaa
gttggccaaa
taacaagtaa
acacttataa
tagttctctg
tgtaaaaaat
ttaaattgac

tttttatata
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tcccaagaac 4860
tcccttccac 4920
tcaatagttg 4980
cagcagcaac 5040
gctacaatgg 5100
ccaatggcta 5160
ccaatgaatc 5220
cagaacccag 5280
cagattcagt 5340
tctccageat 5400
cctctttatt 5460
ccacaggcta 5520
cctggctcat 5580
cagcttttaa 5640
ggccaaccac 5700
gagaattctc 5760
cttgtttcat 5820
tccacgaaga 5880
tactttaaaa 5940
ctgactgcaa 6000
tcttcatatt 6060
ggcagaatta 6120
caaggctgga 6180
ttcttcatta 6240
gttcaataat 6300
gtgaaggaat 6360
actgtatgtg 6420
aactgggaac 6480
ggtttctact 6540
gaaggggata 6600
agaaaaattt 6660
tatctatatt 6720
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acttttcacc
ccctgtagea
agagagtact
catgaacggt
tttaattaaa
agtgagtata
atggttccca
acttgtgtta
tagttataca
gtgtctggac
gtgtaaggcc
cgtttcattt
ctgttctttt
gtgttggttt
ttgttctttg
cctececaccec
gtacaggctt
taattttgaa
tcattttttt
actgagtgag
tettttttge
gtggcgtctyg
tatcttttga
gatgtcagta
agtgttagag
gccattcagt
taattggctt
gtaattttaa
aaccaaaagt
ccagtatagt

tgtaaaattc

tcttttteac
tctttggcca
gtcttaggaa
gctgttctga
aaaaaaaggc
aattcacttg
caagccttag
catctataaa
gttttggagty
acatgcttat
aacgtgtgtg
attttttaag
tttrtretett
tgtttacaca
aatgtgctct
tttctttctt
cttgccgata
tacagttttc
ggaaagctat
tacattggca
cacacatttt
ataacagtga
aacaaatgac
gtgggctaaa
tcaggaaacc
ctttgctcac
tctgtattct
taacattttt
attttcctca
tcaggttatg

taaccctaaa
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tttactttag
ctttaatcta
ttattaggag
agtcttcaaa
aaactaaaat
tcacctcagt
gctttacagg
gagcaaaata
ttcttgccac
gtctcatttt
tggcttctat
tgtacaaaaa
tttctatcct
gccagatttt
tttgtetttt
tctetetetg
tgaagggaac
aatcgttcaa
attttgtatt
taaatataga
tgtggtaaat
9g9999g99tgg
ctgttcatct
ggcagcttac
cattgaggca
tatatattta
atgcctttta
cccatcttgt
gtgtatctct
aggaggatca
gtagggttgg

agaactatta
gggtgaccta
ttgattcctg
tttttceccte
ttcttgaaat
gctttacagt
gttgtatcat
acacactcca
ccgtgggatg
ccttttggca
gtgttgagat
ataacctgtt
gtacatttag
tccttetttt
tetetttttt
attgagaggc
ttttcagaaa
gttttggatg
taggaaatgg
aatttatata
ttgtgagttt
ggtttgttat
gtggccattc
tgtgtgtttyg
atggcgtcaa
atattttatt
tttataaaga
aatatccaga
tctcecccag
gccacacaat

ttgaaatttc

atatactact
gcaatcctgc
agaaacaaca
taataggaaa
atcacttctc
ttgaagtggt
tgacttaaaa
gaacttggca
cctgcttcte
tgtggaaagc
aatgttttgg
aattgttgaa
ttgaactgtg
tgttttgtga
ctcatgtttt
attgaattac
gagacctact
gtttatatct
tatactattt
tatacatata
gtctgatgtt
gtctttattg
catcaggcag
ctggagcttt
atggtgtttc
attgttgtta
cactaagaaa
gctactttat
cccctattgg
ccagtgcttc

agacaaagca
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ggcttcatga
agcacagggc
catttttccc
cagtataaat
cctgatctgce
cacttacctg
tgaagaatta
gttgtagcat
actaccacct
tgtcaatgca
tatccttgtc
ggctactttt
cggaattgtg
tgatcttect
cttcccteca
gttttcagta
ctgggtcatt
aatgtgtgtt
tgctatttgt
tataaactat
ctaccacaac
agtatttaag
ttagttcctt
cactcagcca
acaagaatga
ttgttattat
acccatgttt
aaattctctg
gaaaaattac
agtttgaaaa

aacccagcag

6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
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gtataaaaag
ctaagagatt
gttaatactg
caagaggttt
tgttttataa
atggagacag
gtgctatgct
aaatgttcct
tacgaagagt
ttcctgatta
gccatagaaa
gccacctttt
aatgcttgga
gtgtgtgtot
gggtgacgat
taaagtatca
aacaagtttt
tcecctttect
ctttgtttct
ttcatccttc
attttattct
gtatcaaagg
gaccatttaa
aggaaagtga
ttaaagtctc
tcatttttct
attagcttte
atctgcatgce
taactcatag
gaggttttct
atgcagtaaa

gctctagtta

tagtataaat
acataggaga
cactgtggat
attgttatca
tatctaagtt
aaaacccgat
accatattct
tacccctaaa
attcatcttc
ctgttacaag
caacaattta
cttctttata
gcttatctct
gtgtgtgtgt
aattcaaagt
tgttatttag
taagggcttt
ccectecctg
ccttcectta
cttgcctttt
agtgcatttc
aaatgagaaa
gcctttataa
atctgttaga
aaatcaccat
gatgaagatt
ctctgcttta
cttagactgt
tatataccct
tctetgettg
tatcagaata

ctttacttct
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acaaatctgt
ctaaagaaat
gaagtggcga
aatgctaatt
tagaacagaa
ttttattctc
tgttcaataa
ggtcaatgtt
tttgaagctc
ttatagctac
ttaaatgtat
ttgttacatt
ttctctetet
gtttccttat
catattttgc
ccaatgcaaa
attatagaag
cctcecttct
ttcctcectce
atttttattt
ttgctcatca
gttgtatctg
atgcgttttg
tgcatcaaca
ggttatacat
tctgttccaa

‘tgaccacagg

gtggagggac
agtaagtggg
tttgtgtcac
atatctacaa

ttrttttttt

aagttatttt
Ctatctgttc
ctggcttotg
ggcaatgcca
tatatacctg
ataaattttg
taataggttt
aagtacaaca
agtggttgat
atatgggaga
ttatggcaga
taagtgttct
ctctctctct
tgtcattcca
ctctaagctt
tctgttttaa
aagtattaat
tcccttceat
cctectttcet
tttgtaatat
gaacctcagc
agtccctcca
accatttaag
aataatgacc
tttcaccaga
tatctgtttc
ttttatccct
tccatgaaga
ttagtagaat
tagagcaaaa
tatcatttgt

ttgagatgga
Page

tgaattttct
aagttctaat
tgctgacttc
agtcactgag
aactgtagtg
tggttattta
gttotttttt
ttctgaaaat
atttgtgcta
gactcagtga
aggacctaaa
tgctttcagce
ctctgtgtgt
ttatatatcc
gatcatgtta
aacaaatagt
gaaggacttt
ctcceccctec
cccttectte
cacatgtgct
taatctacct
gaactaagat
cctttataaa
aggacaaaac
aatagtaatc
ctaatagatt
aaccgagaca
aagaccatag
ctcataacat
ttgtagagat
ggatggtccc
gtcttgctct
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gaactttttt
taggatgatt
tgtggtttag

accaattttc

gtttgatcgg

tacaagggct
ttacattgtt
acaatttggc
ataatgcaat
gccagcaaag
taaactgtga
aactcacatt
gtgtgtgtat
acaccaacat
cctttatgat
ttaaaaaaag
ccttectecc
tccetgectt
ctttcttcca
gtagtttgga
aggaaaaata
aattcttttt
tgcttgtttt
gatttaataa
ttacaatttt
ttttaaatta
gctgtcttat
gttagaaaaa
gtattaaaaa
aatgctcata
aggtcccagt
gtctctcagg

8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
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ctagagcagt
cctgcctcag
ttttttgtat
tcctaacctc
gccaccacat
tcatttatta
tttatatcta
cactatttcc
atttaaacct
tgctagaatt
atataaacta
tgagaatttt
gtgttgaaag
aggtaaagcc
tgtacttctt
aaaaggttat
gatggagtgc
gtgcttaaag
gctttccecg
gcaatattct
tgctgtatag
ccttttecttt
tataggactt
acatcatttt
aattcattaa
atctttttct
accagctagt
ccagacatac
tccaggtgat
gatatagagt

cagcttaacc

gtgcgatctc
Ccctcccaagt
ttttttagta
cagtgatcca
ccggcctaat
ataaaattat
gatctaatgc
aaaaacacat
tcttttctcc
gtttctttgg
aatttgtctt
agcatctgtg
cattttctct
tgattatgcc
gtctatccte
atctgactcc
cttggttttt
aaaggatcat
tgctagtatt
taatacccta
tgatgattcc
tggatagcca
aagactttga
agaaacgtca
aaccagttgt
acatatgtag
atcagtatca
tgagtcagaa
tctgatgceac
ttttcttcca
tggttatcta
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agctcactgc
agccaggatt
gagatggggt
cctgcectegg
tacttcttta
gtttttactt
tatggaaaag
aaacaaatag
atttcttccc
gagagggtaa
catctcaacc
aaactccatg
gatgttaatt
actttttttt
agttaattta
ctccagacct
gttaattttg
cagcaacagg
tctgtgactg
ttgatattat
ttcctaatga
acttggtata
aatgtaattt
cattttagaa
ctatatattt
tatgtgcaac
cctgggaact
actctggaat
actttaaagt
ctcagactga

taatctttta

agcctccacc
acaggcaccc
tttgccatgt
cgtcccaaag
atccccattt
tctctttcag
tgccttttta
tttcagtagg
tttggcttaa
aagattacag
agctaatggt
caccagatgt
agatggaaat
aactagacag
cctagacaaa
aagataattc
cctctattecc
tcaggatagt
ttagtggcac
gcactttaat
attcatctta
aatgttatat
acttataagg
acattcagct
tgtgccatgt
cagtggttct
agttagaaat
agggccceccg
ttaggaacca
tatagttata

ttggcaaaag

tcccaggttc
tccactaggce
tggccaggcet
tgctaggatt
atttttatgc
gaaatttttt
tcatttataa
tcccagettt
gaataaaaga
aattagactg
aggtcttatc
gtgtaaattt
aaatcactaa
ggcaaagttg
aagtgtcaaa
cttttgatca
agctccttac
tctacctttg
tgaggactgc
cattccaaag
actatttaga
ggatttttct
ggaaataatt
tgctaaccta
atataagaac
cagagtatgg
gtaaattctt
caatctgttt
ctgggctaag
cattgttctt
ttaattctca
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aagcgattct
ccggctaatt
ggtttcgaac
acaggcatga
cattctagcc
aaattaatat
tttcattttt
tactttttcc
aaaggtacat
ttcagccttt
tgaatactca
caggaagaaa
aacatagttt
tttatgttag
ggaaatgaga
gatacagtca
cacagcggtg
ggatagggct
aaacttttat
aagccaagaa
atgttatgtc
aaaatgacta
atgctttage
catgtttggg
attacaatat
ttctcagece
tggccccatce
tcacaagccc

actctgttga

catgtaaatt’

gtactgccta

10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
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tagagataca
atttagtttg
tatataggtg
attgaccggt
tacaagcttt
gaccaaccct
acaagatggc
cttcaaaagt
ggagcttatg
tatacaattt
cacaagatag
taattgttct
aaaattcaca
gtctttectt
gcaaatacat
tttttctctt
ttctatttga
cctgcttgcet
catttgcctg
cctcaggaca
aagagtgggc
gtgacttgag
gaatgtgtct
ttgacaactt
ataatttcat
tttaatttta
gcaatgatat
ctgataccag
gctatctgtg
atactcgcaa

ddaadaaaaa

gtgtatttta
gcattttect
caatgttcta
gctaaagtct
cttttcattg
cagaacaaaa
tggccaggtc
agcttgcttt
tttcagacaa
gggcatttct
gtagattgat
aatcttcttc
tatcagaata
aatactagca
aggcaaactg
cctcacttta
ctcccacttg
tactcatatt
gtttgaaata
acgtctacac
ttggaatcag
tagttacaga
gcttaccttg
taaatgagtt
taacctgttc
tttgcttgag
aagggttaca
atattttcag
ataacttgtt
ctatatttct

ddaaada
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tgtacataca
accacttact
tgtttatttt
cctgtttatc
cctagtactt
tcatcattcc
aacatggcac
gtataagaac
gaattattta
cgtttctcaa
tcatttcatt
ccactgttta
aaaataaatg
gtggaaatgt
ttgggagctg
ttgcataaca
taataactcc
ctccctcect
ttttgtaggg
acacacacat
acttctgtgt
ctgattccag
tttcctttta
tcattcactt
tcaagtggtt
cacactgatc
tttttgtgta
tttgttctct
aaatattaaa

gtaaacagct

caattagtct
aaaaggttta
aattgttatg
cataaaatgg
taccagcaga
ttgtatttat
cttaacttat
taagctatca
ctaaaataaa
gtgtatgcat
ttaatctcct
caaattacca
tatactcact
aagtggctta
ctctagttac
tattcctgta
tttaaaaaat
ctcecccttec
attgcttatt
acatacacgc
ccagtaaaaa
tgaacttgat
attgataagc
cttttactta
tagctaccat
aaccactgaa
tatggctttc
gggggaattt
aagatatttt

gcagtcaaaa

aattcttgat
cattaaatga
acatttaagt
gtacattatg
ccacagtttt
atttgtatct
ttttttaata
gtatagatat
taataaacaa
catggtaaat
tgtgtaattc
gttaattaac
ttataaaaat
ctctacaaat
attcctccct
cccaaagcat
tccatgttta
tttctctctc
atattatttt
acacaaaatc
actcctgcac
ctaatttctt
tccaagtagt
atgttttaag
tctgccattt
ctgccttett
atagttggga
catttgcatc
gcttctattg

ataaaacact

Page 23

PCT/US2005/019432

aattcagtta
ctgatttaaa
agctaatata
ggcagtgtaa
gccctggceta
gagatagtaa
ggtaaaactt
agctatcctt
gataatgcat
ataaactaac
agtacctcca
tcgtgaaaga
caccactgct
tttggtgctg
tcttattccec
tctaccacag
accatatgac
ttccagaagt
agctgatgaa
tcagctgttg
tgaagtcatt
ttgatctaat
tgctaatttt
tatagtacca
ttaattttta
ccattgtcct
tttcagagca
tatgttttta
gaacatttgt

gaaagttaaa

12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14177
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<210>
<211>
<212>
<213>

<400>

5
1531
PRT
Homo

5

Met Pro Ser
1

Ser

Lys

ser

Ala

65

cys

val

Gly

val

Ser

145

Asp

Glu

Asp

Arg

Pro

Glu

Gln

50

Ala

Ser

Thr

val

Gln

130

Pro

Glu

Asp

Asn

Pro
210

Lys

Leu

35

Thr

Asp

Ser

Asp

Ser

115

Gln

Pro

Gly

ser

Thr

195

Gly

sapiens

Asp

ser

20

Gln

ser

Ala

Phe

ser

100

Asn

His

Pro

cys

Pro

180

Glu

val

Phe
5
Leu
Leu
Gly
Ser
Thr
85
Lys
Arg

Pro

Glu

Ser
val

Lys

Ile

Tyr

Pro

Gly

ser

70

Thr

Ala

Gly

Ser

Asn

Pro

Arg

Ser

Ser

Pro

Glu

55

Ala

Ser

Met

val

Thr

135

Leu

Glu

Phe

Arg
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Leu
Arg
ser
40

Ala
Pro
ser
Glin
Ser
120
Pro
Leu
Ser
ser
Lys
200

ASp

Leu

Glu

25

Arg

Gly

ser

Ser

val

105

Glu

Lys

ASp

Glu

Asn

185

Ser

cys

Ser

10

sSer

Glu

ser

Ser

Pro

20

Glu

Lys

Arg

Asn

Gln

170

Met

Arg

Giu

Ala

val

Thr

Pro

Ser

75

Thr

Ser

Gln

His

ser

155

ser

ser

Lys

Glu

AsSp

Tyr

ser

Pro

60

ser

Ile

Cys

Leu

Thr

140

Arg

cys

Thr

Arg

ser
220
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Leu

Asp

val

45

Pro

Met

Tyr

Ser

Thr

125

val

Met

Ser

Ser

Asn

205

Asn

Asp

Leu

30

Ala

Ala

Gly

Ser

Ser

110

ser

Leu

Ser

Met

Ser

190

Pro

Met

Leu
15

Leu
ser
val
Gly
Thr
95

Ala

'ASH

Tyr

cys

Lys

Asp
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Glu

Pro

Met

val

Ala

80

Ser

val

Thr

Ile

Gln

160

Met

Asn

Gln

Ile



Phe

225

Thr

Asn

Tyr

Glu

val

305

His

Arg

Asn

Glu

val

385

Ile

val

Ser

Lys

Leu
465
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Asp
Thr
Glin
Pro
Thr
290
Lys
Asn
val
Thr
val
370
Gly
Ala
Asn
Ser
Lys
450

Ile

Ala Asp ser Ala

Asp

Lys

val

275

Gln

Asp

Glu

Lys

Thr

355

Gly

Ile

Gly

Ile

Pro

435

ser

Gly

Asn

Gly

Lys

His

Arg

Pro

Pro

340

Pro

Leu

Leu

Ser

Met

420

Ile

Leu

Lys

Ser

Arg

Thr

val

325

His

cys

Asp

Lys

Lys

405

Arg

Leu

His

Asn

230

Gly

Gly

Glu

Ala

GlIn

310

val

Gly

Lys

Pro

Leu

390

Lys

Lys

cys

ser

Phe
470

Asn

val

Gly

Arg

Gln

Leu

Phe

Glu

Ser

375

Arg

Lys

Asp

Thr

Cys

455

Leu
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Ala Pro His Tyr val Leu Ser

Ser Lys Ala

Lys

Lys

280

Tyr

Gly

Gln

Tyr

val

360

Asn

Asn

ser

Gly

Gin

440

Ser

Lys

Lys

265

Glu

Leu

Phe

val

Gln

345

Asp

Asn

Ala

Thr

Ser

425

Pro

val

250

Ser

Leu

Thr

Pro

Phe

330

Ala

Ile

Met

Asp

Arg

410

Thr

Ala

Lys

235

Gly

Pro

Lys

Glu

Thr

315

val

Cys

Glu

Thr

val

395

Ala

Leu

Gly

Asn

Met

Ile

Gly

300

val

Gly

Arg

Gly

Leu

380

Glu

Arg

Thr

val

Gly Glu

Gly Thr Lys

475

460

val
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Gly

Leu

val

285

ser

Lys

Asn

val

Thr

365

Ala

Ala

Leu

Leu

Pro

445

Glu

Ile

Thr

cys

270

val

Arg

Leu

Asp

Thr

350

Thr

val

Arg

val

GIn

430

Glu

Glu

Phe

Gin

Leu

255

Gly

Gln

Gly

Glu

Ser

335

Gly

val

Asp

Ile

Phe

415

Thr

Ile

val

Gln
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Leu

240

Glu

Glin

Pro

sSer

Gly

Gly

Arg

Ile

Cys

Gly

Arg

Pro

Leu

Phe

Glu
480



Asn

Glu

Asp

Asn

Pro

545

ser

Thr

Met

Pro

Thr

625

Ile

Ser

Glu

Phe

Leu

705

Ile

WO 2006/001981

val
Leu
Gln
Ala
530
Ala
Pro
Thr
Thr
Met
610
Lys
Ala
Glu
Thr
Pro
690

Gln

Leu

Ser Asp Glu

Phe

His

515

Gly

Ala

Ala

Gly

Pro

595

Glu

Ser

Gly

Asn

Leu

675

Ala

Gln

Gln

His

500

Ile

Arg

Ala
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acaagggtca
gtctgccttg
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cctagttctce
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acagcaggag
ggaatgttct
acattgcctg
ccacctgtga
ataaacacca
aacaacttga
agatgtcctg
aaaaaactgt
gctgcttgtt
acagtgatga
cctaggcgea
ttgctattag
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ttrttttcaa
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cttgatttaa
ttgattttat
taactgtgca
atgttctgat
taacccagtc
tttcacttta
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aaggaaccat
aggaacagca
ttttattcag
acatgatatt
tttttcacca
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agaccccctt
aagagcagca
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ttcaaggagc
gcacaatgaa
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atcagttgat
caacacttct
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ctggctcctt
agatcttgtg
gtttgagtaa
gcagtaacta
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atttccttaa
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caagtaatgg
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ctgaagggta
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tttttcagag
tagaaaaata
atcctectac
ttaggctggt
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agttgttagt
attatctgta
agtagtttaa
attccctttt
ctattaatat

gacctagcaa
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cagcactcaa
caacagcagc
accatggcta
caaaatccaa
atggccccaa
tcacttcaga
tctcctcaga
ttcttatctc
cagtctcctc
cctcaaccac
aattctcctg
tgtagtcagc
cagccaggcc
atgccagaga
gatttgcttg
ataaattcca
aattattact
tttactctga
ttaacatctt
ccagctggca
taaattcaag
cttttgttct
agtaaagttc
gccaaagtga
aagtaaactg
ttataaaact
tctctgggtt
aaaaatgaag
attgacagaa
tatatatatc
actactggct

tcctgcagea

4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
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cagggcagag
tttccccatg
ataaatttta
atctgcagtg
tacctgatgg
gaattaactt
tagcattagt
ccacctgtgt
aatgcagtgt
cttgtccgtt
acttttctgt
attgtggtgt
cttcectttgt
cctccacctc
tcagtagtac
gtcatttaat
tgtgtttcat
atttgtactg
aactattctt
cacaacgtgg
tttaagtatc
ttccttgatg
cagccaagtg
gaatgagcca
tattattaat
atgtttgtaa
tctctgaacc
aattacccag
tgaaaatgta
cagcaggtat
ttttttctaa

agtactgtct
aacggtgctg
attaaaaaaa
agtataaatt
ttcccacaag
gtgttacatc
tatacagttt
ctggacacat
aaggccaacg
tcatttattt
tetrrttttt
tggttttgtt
tctttgaatg
cacccctttc
aggcttcttg
tttgaataca
ttttttggaa
agtgagtaca
ttttgccaca
cgtctgataa
ttttgaaaca
tcagtagtgg
ttagagtcag
ttcagtcttt
tggctttctg
ttttaataac
aaaagtattt
tatagttcag
aaattctaac
aaaaagtagt

gagattacat

UC60021010.0051.ST25.txt

taggaattat
ttctgaagtc
aaaggcaaac
cacttgtcac
ccttaggcett
tataaagagc
tgggtgttct
gcttatgtct
tgtgtgtggce
tttaagtgta
ttrttttttc
tacacagcca
tgctcttttg
tttctttctc
ccgatatgaa
gttttcaatc
agctatattt
ttggcataaa
catttttgtg
Ccagtgagggg
aatgacctgt
gctaaaggca
gaaacccatt
gctcactata
tattctatgc
atttttccca
tcctcagtgt
gttatgagga
cctaaagtag
ataaatacaa

aggagactaa

taggagttga
ttcaaatttt
taaaatttct
ctcagtgcett
tacagggttg
aaaataacac
tgccaccegt
cattttcctt
ttctatgtgt
caaaaaataa
tatcctgtac
gatttttcct
tctttttctc
tctctgattg
gggaactttt
gttcaagttt
tgtatttagg
tatagaaatt
gtaaatttgt
gggtggggtt
tcatctgtag
gcttactgtg
gaggcaatgg
tatttaatat
cttttattta
tcttgtaata
atctcttctc
ggatcagcca
ggttggttga
atctgtaagt

agaaatctat

ttcctgagaa
tccctctaat
tgaaatatca
tacagtttga
tatcattgac
actccagaac
gggatgcctg
ttggcatgtg
tgagataatg
cctgttaatt
atttagttga
tctttttgtt
ttttttctca
agaggcattg
cagaaagada
tggatggttt
aaatggtata
tatatatata
gagtttgtct
tgttatgtct
ccattccatc
tgtttgctgg
cgtcaaatgg
tttattattg
taaagacact
tccagagcta
ccccagcccc
cacaatccag
aatttcagac
tatttttgaa
ctgttcaagt
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acaacacatt
aggaaacagt
cttctccctg
agtggtcact
ttaaaatgaa
ttggcagttg
cttctcacta
gaaagctgtc
ttttggtatc
gttgaaggct
actgtgcgga
ttgtgatgat
tgttttctte
aattacgttt
cctactctgg
atatctaatg
ctattttgct
catatatata
gatgttctac
ttattgagta
aggcagttag
agctttcact
tgtttcacaa
ttgttattgt
aagaaaaccc
ctttataaat
tattgggaaa
tgcttcagtt
aaagcaaacc
ttttctgaac

tctaattagg

6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
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atgattgtta
gtttagcaag
attttctgtt
gatcggatgg
agggctgtgc
attgttaaat
tttggctacyg
tgcaatttce
gcaaaggcca
ctgtgagcca
cacattaatg
gtgtatgtgt
caacatgggt
tatgattaaa
aaaaagaaca
cctcecctecc
tgccttettt
cttccattca
tttggaattt
aaaatagtat
ctttttgacc
tgttttagga
taataattaa
aatttttcat
aaattaatta
tcttatatct
gaaaaataac
taaaaagagg
ctcataatgc
cccagtgctc
ctcaggctag

gattctcctg

atactgcact
aggtttattg
ttataatatc
agacagaaaa
tatgctacca
gttccttacc
aagagtattc
tgattactgt
tagaaacaac
ccttttcttc
cttggagctt
gtgtgtgtgt
gacgataatt
gtatcatgtt
agtttttaag
tttccteecc
gtttctectt
tccttectty
tattctagtg
caaaggaaat
atttaagcct
aagtgaatct
agtctcaaat
ttttctgatg
gctttcctct
gcatgcctta
tcatagtata
ttttcttctce
agtaaatatc
tagttacttt
agcagtgtgc

cctcagectc

H_»

uch

gtggatgaag
ttatcaaatg
taagtttaga
cccgattttt
tattcttgtt
cctaaaggtc
atcttctttg
tacaagttat
aatttattaa
tttatattgt
atctctttct
gtgtgtgttt
caaagtcata
atttagccaa
ggctttatta
tcecctgectc
cccttattcc
ccttttattt
catttcttgc
gagaaagttg
ttataaatgc
gttagatgca
caccatggtt
aagatttctg
gctttatgac
gactgtgtgg
taccctagta
tgcttgttty
agaataatat
acttcttttt
gatctcagct

Ccaagtagcc

tggcgactgg
ctaattggca
acagaatata
attctcataa
caataataat
aatgttaagt
aagctcagtg
agctacatat
atgtatttat
tacatttaag
ctctctctct
ccttattgtc
ttttgectct
tgcaaatctg
tagaagaagt
ccttecttecc
tcecteectc
ttattttttg
tcatcagaac
tatctgagtc
gttttgacca
tcaacaaata
atacattttc
ttccaatatc
cacaggtttt
agggactcca
agtgggttag
tgtcactaga
ctacaatatc
trttttttga
cactgcagcc

aggattacag
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cttgtgtgct
atgccaagtc
facctgaact
attttgtggt
aggtttgttg
acaacattct
gttgatattt
gggagagact
ggcagaagga
tgttcttgct
ctctctctct
attccattat
aagcttgatc
ttttaaaaca
attaatgaag
ttccatctcec
ctttectccct
taatatcaca
ctcagctaat
cctccagaac
tttaagcctt
atgaccagga
accagaaata
tgtttcctaa
atccctaacc
tgaagaaaga
tagaatctca
gcaaaattgt
atttgtggat
gatggagtct
tccacctecc

gcaccctcca
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gacttctgtg 8700
actgggacca 8760
gtagtggttt 8820
tatttataca 8880
ttttttttac 8940
gaaaatacaa 9000
gtgctaataa 9060
cagtgagcca 9120
cctaaataaa 9180
ttcagcaact 9240
gtgtgtgtgt 9300
atatccacac 9360
atgttacctt 9420
aatagtttaa 9480
gactttcctt 9540
ccctecctecce 9600
tccttecttt 9660
tgtgctgtag 9720
ctacctagga 9780
taagataatt 9840
tataaatgct 9900
caaaacgatt 9960
gtaatcttac 10020
tagatttttt 10080
gagacagctg 10140
ccataggtta 10200
taacatgtat 10260
agagataatg 10320
ggtcccaggt 10380
tgctctgtct 10440
aggttcaagc 10500
ctaggcccgg 10560
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ctaatttttt
tcgaactcct
gcatgagcca
ctagcctceat
taatatttta
atttttcact
ttttccattt
gtacattgct
gcctttatat
tactcatgag
aagaaagtgt
tagtttaggt
tgttagtgta
atgagaaaaa
cagtcagatg
gcggtggtge
agggctgctt
ttttatgcaa
caagaatgct
tatgtccctt
tgactatata
tttagcacat
tttgggaatt
caatatatct
cagcccacca
cccatcccag
aagccctcca
tgttgagata
taaattcagc
tgcctataga
cagttaattt

ttgtattttt
aacctccagt
ccacatccgg
ttattaataa
tatctagatc
atttccaaaa
aaaccttctt
agaattgttt
aaactaaatt
aattttagca
tgaaagcatt
aaagcctgat
cttcttgtct
ggttatatct
gagtgccttg
ttaaagaaag
tccecegtgcet
tattcttaat
gtatagtgat
ttcttttgga
ggacttaaga
cattttagaa
cattaaaacc
ttttctacat
gctagtatca
acatactgag
ggtgattctg
tagagttttt
ttaacctggt
gatacagtgt
agtttggcat
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ttagtagaga
gatccacctg
cctaattact
aattatgttt
taatgctatg
acacataaac
ttctccattt
ctttgggaga
tgtcttcatc
tctgtgaaac
ttctctgatg
tatgccactt
atcctcagtt
gactccctcec
gtttttgtta
gatcatcagc
agtatttctg
accctattga
gattccttcc
tagccaactt
ctttgaaatg
acgtcacatt
agttgtctat
atgtagtatg
gtatcacctg
tcagaaactc
atgcacactt
cttccactca
tatctataat
attttatgta

tttcctacca

tggggttttg
ccteggegtce

tctttaatcc
trtactttctc
gaaaagtgcc
aaatagtttc
cttccctttg
gggtaaaaga
tcaaccagct
tccatgeacc
ttaattagat
ttttttaact
aatttaccta

agacctaaga

attttgectc

aacaggtcag
tgactgttag
tattatgcac
taatgaattc
ggtataaatg
taatttactt
ttagaaacat
atattttgtg
tgcaaccagt
ggaactagtt
tggaataggg
taaagtttag
gactgatata
cttttattgg
catacacaat

cttactaaaa

ccatgttggce
ccaaagtgct
ccatttattt
tttcaggaaa
tttttatcat
agtaggtccc
gcttaagaat
ttacagaatt
aatggtaggt
agatgtgtgt
ggaaataaat
agacagggca
gacaaaaagt
taattccttt
tattccagct
gatagttcta
tggcactgag
tttaatcatt
atcttaacta
ttatatggat
ataaggggaa
tcagcttgcet
ccatgtatat
ggttctcaga
agaaatgtaa
ccececgcaat
gaaccactgg
gttatacatt
Caaaagttaa
tagtctaatt

ggtttacatt
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caggctggtt
aggattacag
ttatgccatt
ttttttaaat
ttataatttc
agcttttact
aaaagaaaag
agactgttca
cttatctgaa
aaatttcagg
cactaaaaca
aagttgttta
gtcaaaggaa
tgatcagata
ccttaccaca
cctttgggat
gactgcaaac
ccaaagaagc
tttagaatgt
ttttctaaaa
ataattatgc
aacctacatg
aagaacatta
gtatggttct
attctttggc
ctgttttcac
gctaagactc
gttcttcatg
ttectcagtac
cttgataatt

aaatgactga

10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
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tttaaatata
aatataattg
gtgtaataca
tggctagacc
tagtaaacaa
aaacttcttc
atccttggag
atgcattata
actaaccaca
cctccataat
gaaagaaaaa
actgctgtct
gtgctggcaa
attccctttt
ccacagttct
tatgaccctg
agaagtcatt
gatgaacctc
ctgttgaaga
gtcattgtga
tctaatgaat
aattttttga
gtaccaataa
tttttattta
tgtcctgceaa
agagcactga
tttttagcta
atttgtatac
gttaaaaaaa
<210>
<211>

<212>
<213>

PRT
Mus

7
1458

taggtgcaat
accggtgcta
agctttcttt
aaccctcaga
gatggctggc
aaaagtagct
cttatgtttc
caatttgggc
agataggtag
tgttctaatc
ttcacatatc
ftccttaata
atacataggc
tctecttectce
atttgactcc
cttgcttact
tgcctggttt
aggacaacgt
gtgggcttgg
cttgagtagt
gtgtctgctt
caactttaaa
tttcattaac
attttatttg
tgatataagg
taccagatat
tctgtgataa
tcgcaactat

daaadadaaaa

musculus
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gttctatgtt
aagtctcctg
tcattgccta
acaaaatcat
caggtcaaca
tgctttgtat
agacaagaat
atttctegtt
attgattcat
ttcttcccac
agaataaaaa
ctagcagtgg
aaactgttgg
actttattgc
cacttgtaat
catattctcc
gaaatatttt
ctacacacac
aatcagactt
tacagactga
accttgtttc
tgagtttcat
ctgttctéaa
cttgagcaca
gttacatttt
tttcagtttg
cttgttaaat
atttctgtaa

daa

tattttaatt
tttatccata
gtactttacc
cattccttgt
tggcacctta
aagaactaag
tatttactaa
tctcaagtgt
ttcattttaa
tgtttacaaa
taaatgtata
aaatgtaagt
gagctgctct
ataacatatt
aactccttta
ctccctctec
gtagggattg
acacatacat
ctgtgtccag
ttccagtgaa
cttttaattg
tcacttcttt
gtggtttagce
ctgatcaacc
tgtgtatatg
ttctctggygg
attaaaaaga

acagctgcag

gttatgacat
aaatgggtac
agcagaccac
atttatattt
acttattttt
Ctatcagtat
aataaataat
atgcatcatg
tctecttgtg
ttaccagtta
ctcactttat
ggcttactct
agttacattc
cctgtaccca
aaaaattcca
ccttcetttce
cttattatat
acacgcacac
taaaaaactc
cttgatctaa
ataagctcca
tacttaatgt
taccattctg
actgaactgc
gctttcatag
gaatttcatt
tattttgctt

tcaaaaataa
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ttaagtagct
attatgggca
agttttgccc
gtatctgaga
ttaataggta
agatatagct
aaacaagata
gtaaatataa
taattcagta
attaactcgt
aaaaatcacc
acaaattttg
ctceccttett
aagcattcta
tgtttaacca
tctctcttec
tattttagct
aaaatctcag
ctgcactgaa
tttcttttga
agtagttgct
tttaagtata
ccatttttaa
cttcttcecat
ttgggatttc
tgcatctatg
ctattggaac

aacactgaaa

12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14123
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- UC60021010.0051.ST25. txt
<400> 7
Met Gly Gly Ala Cys Ser Ser Phe Thr Thr Ser Ser Ser Pro Thr Ile
1 5 10 .15

Tyr Ser Thr ger val Thr Asp Ser 5ys Ala Met GIn val Glu Ser Cys
0 5 30

Ser Ser Ala val Gly val Ser Asn Arg Gly val Ser Glu Lys Gln Leu
35 40 45

Thr Gly Asn Thr val GIn GIn His Pro Ser Thr Pro Lys Arg His Thr
50 55 60

val Leu Tyr Ile Ser Pro Pro Pro Glu Asp Leu Leu Asp Asn Ser Arg
65 70 75 80

Met Ser Cys Gln Asp Glu Gly Cys Gly Leu Glu Ser Glu GIn Ser Cys
85 90 95

Ser Met Trp Met Glu Asp Ser Pro Ser Asn Phe Ser Asn Met Ser Thr
100 105 110

Ser Ser Tyr Asn Asp Asn Thr Glu val Pro Arg Lys Ser Arg Lys Arg
115 120 125

Asn Pro Lys Gln Arg Pro Gly val Lys Arg Arg Asp Cys Glu Glu Ser
130 135 140

Asn Met Asp Ile Phe Asp Ala Asp Gly Ala Lys Ala Pro His Tyr val
145 150 155 160

Leu Ser GIn Leu Thr Thr Asp Asn Lys Gly Asn Thr Lys Ala Gly Ash
165 170 175

Gly Thr Leu Asp ser GIn Lys Gly Thr Gly val Lys Lys Ser Pro Met
180 185 190

Leu Cys Gly Gln Tyr Pro val Lys Ser Glu Gly Arg Glu Leu Lys Ile
195 200 205

val val GlIn Pro Glu Thr GIn His Arg Ala Arg Tyr Leu Thr Glu Gly
210 215 - 220

Ser Arg Gly Ser val Lys Asp Arg Thr GIn Gln Gly Phe Pro Thr val
225 230 235 240
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Lys
Asn
val
Thr
Ala
305
Ala
Leu
Leu
Pro
%
Ile
Glu
Pro
Tyr
Asn

465

Glu

WO 2006/001981

Leu

Asp

Thr

Thr

290

Glu

Argd

val

Gln

Glu

370

Glu

Phe

Ile

Pro

val

450

Thr

Ile

Glu Gly His

Ser

Gly

val

Asp

Ile

Phe

Thr

355

Ile

val

Gln

Asp

Tyr

435

val

Pro

ser

Gly
260
Arg
Ile

Cys

Gly

Leu

Phe

Glu

Met

420

His

Thr

Asp

ser

245

Arg

Asnh

Glu

val

Ile

325

val

ser

Lys

Leu

Asn

405

Glu

Asp

Asn

Pro

Pro
485

Asn

val

Thr

val

Gly

Ala

Asn

Ser

Lys

Ile

390

val

Leu

Gln

Ala

Ala

470

Ala

Glu

Lys

Thr

Gly

Ile

Gly

Ile

Pro

Ser

375

Gly

Ser

Phe

His

Arg

uC60021010.0051.5T25. txt
Pro val val Leu GIln val Phe

Pro

Pro

280

Leu

Leu

Ser

Thr

Ile

360

Leu

Lys

Asp

His

ITe

440

Arg

Gly

Pro

His

265

Cys

Asp

Lys

Lys

His

Asn

Glu

GlIn

425

Thr

Ser

Ala

Cys

250

Gly

Lys

Pro

Leu

Lys

Lys

Cys

sSer

Phe

Asn

410

Asn

Leu

His

Leu

Ser
490

Phe

Glu

Ser

315

Lys

Asp

Thr

Cys

Leu

395

ser

His

Pro

Asp

Asn

475

Leu

Tyr

val

Asn

300

Asn

ser

Gly

Gln

ser

380

Lys

Trp

Leu

val

val

460

val

Glu

Page 39

Gin

Asp

Asn

Ala

Thr

Ser

Pro

365

val

Gly

Lys

Ile

Ser

445

Gln

Asn

Glu

Ala

270

Ile

Met

Asp

Arg

Thr

350

Ala

Lys

Thr

Ser

val

430

val

Pro

val

Ala

val

255

Ccys

Glu

Thr

val

Ala

335

Leu

Gly

Gly

Lys

Glu

415

Lys

Gly

Phe

Lys

Met
495

PCT/US2005/019432

Gly

Arg

Gly

Leu

Glu

320

Arg

Thr

val

Glu

val

400

Ala

val

Ile

Thr

Lys

Lys



Ala

Asn

ASp

Phe

545

Ile

ser

Ala

Gln

Ser

625

Gln

Leu

Gln

ser

Phe

705

Gln

Thr

WO 2006/001981

Met

Ala

val

530

Gln

Ser

His

Tyr

Pro

610

Asp

Ser

Thr

Thr

val

690

Thr

Gln

Pro

Lys

Leu

515

Thr

Thr

Asn

Leu

Ser

595

Gly

Ala

Arg

Glu

Leu

675

ser

Gly

val

Asp

Thr

500

Ile

Pro

Thr

ITe

Thr

580

Pro

Thr

Leu

ASp

Ala

660

Gln

Gln

ser

Leu

Gly

Thr

Thr

Met

LysS

Ala

565

Pro

Glu

Phe

Leu

Thr

645

ser

Gln

Leu

Ala

Glu

725

Asn

Gly

Pro

Glu

Ser

550

Gly

Glu

Thr

Pro

Gln

630

Ile

GIn

GIn

GlIn

Ala

710

Ala

Glu

cys
Leu
val
535
Ile
Gly
Ser
Leu
Ala
615
Glin
GIn
GlIn
Ile
Ser
695
Gly

Gln

Asn
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Asn

Ile

520

Thr

Gly

Ala

Glu

Thr

600

val

Ala

ser

Gln

Pro

680

Thr

Gly

Gln

val

5

ser

ser

ser

Pro

Asn

585

Thr

ser

Thr

Asp

Gln

665

Ser

Ile

Arg

GIn

Gln
745

Ser

Glu

Thr

Phe

570

Gln

Ile

Ala

GIn

Thr

650

Ser

Asn

Gln

Ser

Leu
730

Ser

Lys

Glin

555

Ser

Gln

Gln

Ala

Phe

635

val

Pro

Ile

Gln

Met

Arg

540

Glin

ser

Gln

Ala

ser

620

Gln

‘Va1

Leu

Phe

Leu

700

ser

Thr

Glu GIn Leu

Page 40

val Asp Lys val Thr
05

Ile

525

Ser

Thr

Pro

Leu

GlIn

605

GIn

Thr

Asn

GIn

Pro

685

Gln

val

val

Asn

Ile

510

Lys

Ser

Leu

Ser

GlIn

590

Asp

Leu

Arg

Leu

Glu

670

Ser

Ala

Asp

Leu

Ala
750

Leu

Thr

Pro

Glu

Ser

575

Pro

Ile

Pro

Glu

ser

655

Gln

Pro

Gly

Leu

Phe

735

ASp

PCT/US2005/019432

Pro

Glu

Ile

Thr

560

Ser

Lys

ser

Ser

Ala

640

Gin

Ala

Ser

ser

val

720

Ser

Ile



Phe

ser

Arg

Gin

Met

GIn

Gln

Thr

865

Ala

Thr

Glu

Met

Phe

945

Gln

Gln

Phe

WO 2006/001981

Gln

Ala

770

Ala

Gln

val

Ser

Ser

850

Asn

Ala

Pro

Thr

val

930

ser

Glin

Ser

His

val

755

Glu

Asp

Gln

Met

Glu

835

Pro

Glu

ser

Gly

Ser

Gly

Gly

Pro

Ser

ser

ser

GIin

Glu

820

Leu

val

Asp

Gly

ser

900

Ala

Met

Thr

Asnh

Ash

980

Gln

GlIn

Ala

val

Gln

805

Met

Phe

Tyr

Met

Asn

885

Thr

Gin

Gin

Lys

Ser

965

Phe

Asn

Ile

val

His

790

GlIn

Gln

Pro

Gln

Gln

870

Glu

Met

Ala

Arg

Asn

950

Leu

Leu

Pro

Gln

His

775

GIn

Gln

Gln

Ser

Gln

855

Met

Thr

Phe

Lys

Ser

935

Ile

Phe

Gln

Ile
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Ash Ser val Ser Pro Gly Met

760

Thr

Gin

Gln

sSer

Ala

840

Pro

Gln

ser

Gln

Gln

920

Gly

Met

Gln

Gln

Ala

Arg

Thr

Gln

Ile

825

Ala

ser

Cys

Thr

Thr

905

Ile

Asp

Ser

Gln

ser
985

Asp Ala GIn Asn Leu

Pro

Glu

val

810

cys

Ser

His

Glu

Thr

890

Pro

Gln

Ser

val

Gly
970

Asp

Asn

795

Met

Gln

Ala

Met

Leu

875

Thr

ser

Asn

Gln

Gln

955

ser

Asn

780

Thr

Glu

Ala

ser

Met

860

Phe

Thr

ser

ser

Pro

940

Asn

Glu

Ser His ser
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765

Leu

Leu

Ser

Ala

Gly

Ser

Ser

Pro

Gly

val

925

Gln

Asn

val

GlIn

Leu

Ser

Ser

Ala

830

Ser

Ala

Ser

Gln

val

Gly

Met

Ala
990

Phe

Pro

Asn

Ala

815

Gln

Leu

Leu

Pro

val

895

Gly

Gln

Asn

Thr

ser

975

GlIn
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ser

Gly

GlIn

800

Ala

Ile

Glin

Pro

Pro

880

Ala

Glu

Thr

Leu

GlIn

960

Leu

Leu

Ser Gln Glu
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995 1000 1005

Thr GIn Gly Ser Ile Phe His Ser Pro Asn Pro Ile Vval His Ser
1010 1015 1020

Gln Thr Ser Thr Ala Ser Ser Glu GIn Leu GIn Pro Ser Met Phe
1025 1030 1035

His Ser GlIn Asn Thr Ile Ala Vval Leu GIn Gly Ser ser val Pro
1040 1045 1050

Gln Asp Gln Gln Ser Pro Asn 1Ile Phe Leu Ser GIn Ser Ser Ile
1055 1060 1065

Asn Asn Leu GIn Thr Asn Thr val Ala Gln Glu Glu Gln Ile Ser
1070 1075 1080

Phe Phe Ala Ala GIn Asn Ser Ile Ser Pro Leu GIn Ser Thr Ser
1085 1090 1095

Asn Thr Glu GIn GIn Ala Ala Phe Gln GIn GIn Pro Pro Ile Pro
1100 1105 1110

His ITe GIn Thr Pro Ile Leu Ser GlIn Glu Gln Ala GIn Pro Ser
1115 1120 1125

GIn GIn Gly Leu pPhe GIn Pro Gln val Ala Leu Gly Ser Leu Pro
1130 1135 1140

Pro Asn Pro Met Pro Gln Asn’ GlIn Gln Gly Pro Ile Phe Gln Thr
1145 1150 1155 ’

GIn Arg Pro Ile val Gly Met &GlIn Ser Asn Ser Pro Ser Gln Glu
1160 1165 1170

GIn GIn GIn GIn Gln GIn GIn GIn Gln GIn GIn GIn Gin GIn Gln
1175 1180 1185

Gln GIn GIn GIn GIn Ser Ile Leu Phe Ser Ash GIn Asn Ala Met
1190 1195 1200

Ala Thr Met Ala Ser GIn Lys GIin Pro Pro Pro Asn Met Met Phe
1205 1210 1215

Ser Pro Asn GIn Asn Pro Met Ala Ser GIn Glu GIn Gln Asn Gln
1220 1225 1230
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Ser Ile Phe His GIn GIn Ser Asn Met Ala Pro Met Asn Gln Glu
1235 1240 1245

GIn Gln Pro Met GIn Phe Gln Asn Gln Pro Thr val Ser Ser Leu
1250 1255 1260

Gln Asn Pro Gly Pro Thr Gln Ser Glu Ser Pro GIn Thr Ser Leu
1265 1270 1275

Phe His Ser Ser Pro GIn Ile GIn Leu val Gln Gly Ser Pro Ser
1280 1285 1290

Ser GIn Asp GIn Gln val Thr Leu Phe Leu Ser Pro Ala Ser Met
1295 1300 1305

Ser Ala Leu Gln Thr Ser Ile Asn GIin Pro Asp Met &In Gln Ser
1310 1315 1320

Pro Leu Tyr Ser Pro Gln Asn Asn Ile Pro Gly Ile Gln Gly Ser
1325 1330 1335

Thr Ser Ser Pro Gln Pro GIn Ala Thr Leu Phe His Asn Thr Thr
1340 1345 1350

Gly Gly Thr Ile Asn GIn Ile GIn Asn Ser Pro Gly Ser Ser Gln
1355 1360 1365

Gln Thr Ser Gly Met Phe Leu Phe Gly Ile Gln Asn Asn Cys Ser
1370 1375 1380

Gln Leu Leu Thr Ser Gly pro Ala Thr Leu Pro Gln Leu Met

Asp
1385 1390 1395

Ala I1e Asn Gln Gln Gly Gln Pro Gln Asn Glu Gly Gln Ser Ser
1400 1405 1410

val Thr Thr Leu Leu Ser GIn Gln Met Pro Glu Thr Ser Pro Leu
1415 1420 1425

Ala Ser Ser val Asn Ser Ser GIln Asn Met Glu Lys Ile Asp Leu
1430 1435 1440

Leu val Ser Leu GIn Ser GIn Gly Asn Asn Leu Thr Gly Ser Phe
1445 1450 1455

<210> 8
<211> 13040
<212> DNA
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<213> Mus

<400> 8
ctagacctygg

cagacttttc
ttacagttac
gaggcaggct
gtctgcatta
cttcctcecat
ctacctcagt
taagtaacag
caaccccgaa
acagtcggat
tgtggatgga
acactgaggt
gacgagattg
actatgtgct
cattggacag
cggttaaaag
ccecggtacct
ctacggtgaa
attctggtcg
caactccctyg
ctagcaacaa
atgttgaagc
tttttcgggt
ccceccatttt
gctgttcagt
ctaaagttat
ttgacatgga
aacatataac
atgatgttca

tgaaaaagga

muscutus

aatcgcccaa
atagagctgg
ctccacctag
cgcctectcc
aaaatgacct
gggcggtget
caccgacagc
aggggtaagt
gaggcacaca
gtcctgccag
ggattccccc
acctcgtaaa
tgaagagtct
ttctcagett
ccaaaaggga
tgaggggagg
gacagagggc
gctggaaggce
agtaaaacca
caaagaagtg
catgacactg
cagaattgga
taatatcaca
atgcactcag
gaaaggagag
tttccaggaa
gttattccat
tttgcctgta
gccatttacg

gatatctagt

UC60021010.0051.ST25. txt

gtcectgtac
actattggaa
agaaacatct
agctgcagtt
gtagttctct
tgcagctect
aaggctatgc
gaaaagcagt
gttttgtaca
gatgaggggt
tccaacttca
tcacgaaaac
aatatggata
accacggaca
actggagtaa
gagctgaaga
agccgagget
cataatgaac
catggattct
gacattgaag
gcggaggact
attgctggat
aggaaagatg
ccggcaggag
gaagaagtat
aatgtttctg
cagaaccatc
tcagtgggaa
aacactccgg

ccagcaagac

tcgcgagatt
gaatctgtct
gtagcatcaa
gctgctggat
gcttcataga
ttaccacctc
aagtggagag
taaccggtaa
tctcaccacc
gtggattgga
gtaacatgag
gaaatccaaa
tatttgatgc
acaaaggcaa
agaagagccc
tagtggtaca
ctgtaaaaga
cagtggtgtt
atcaggcctg
gtaccactgt
gtgttggaat
ctaagaaaaa
gctectactct
ttcectgagat
ttttaattgg
atgaaaactc
ttattgtgaa
tatatgttgt
atccagcagce

cttgctctct

ctctgaagtt
atgatcttct
tgagtcagac
ttgcctctga
tgcttcttea
ttccagecct
ctgctcctca
cacagttcag
acctgaggac
atctgagcag
caccagttcc
gcagaggccyg
cgacggtgcc
cacaaaagct
tatgttgtge
gcctgaaacc
cagaacacag
gcaggtattt
tagagtaact
tatagaagtt
attgaagctg
gagcactcgt
gacattgcag
cttaaagaaa
gaaaaacttt
ttggaaatca
ggttcctecg
gaccaatgct
tggtgctttyg

tgaagaagcc
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acacccatca
cccaaaggag
aagcggtggt
agcagggagt
gctcectect
accatttatt
gccgtggyggg
cagcatccat
ttgctggata
agctgcagta
tacaatgata
ggggtcaaac
aaagcacctc
ggaaatggaa
ggacagtatc
caacaccgag
caaggctttc
gtgggcaatg
gggcgaaata
ggtcttgatc
aggaatgccg
gccagattgg
acaccttctt
agcttgcata
ctgaaaggaa
gaagctgaaa
tatcatgacc
ggaagatctc
aatgtaaatg

atgaaagcaa

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
1740
1800
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tgaaaacgac
cactcatatc
aaaaaagatc
tagaaactat
acttaactcc
ccctgacaac
ctgctagtca
gagaagctca
ctgaagcatc
agataccatc
agcagctgca
atttggtcca
cagatgggaa
ttcaaaatag
cagataactt
ctaatcagca
tgatggagat
cttcagctgc
acatgatgag
ctccecectgce
ctggctccac
caaaacagat
gccaacctca
gtacccagca
ctgggaactt
ctattgctga
atcctattgt
ttcactctca
cacccaacat
aagaagagca
caaacactga

ctattctttc

tggatgtaac
aagcagtatg
ttccccaatt
ttctaacata
tgaaagtgag
tatccaggca
gctgcccage
gtccagagac
acagcagcag
aaatattttt
agcaggaagt
gcaggtttta
tgagaatgtt
tgtaagcect
actacctggg
gcagcagcaa
gcagcagagc
ttcagcaagt
tgcactgcect
agcttctgga
catgtttcag
‘tcagaacagc
agtaaacctc
acaagggaat
tttgcagcag
tgctcagaac
ccacagtcaa
gaataccatt
atttctttcc
gatttcattt
gcagcaagct

ccaggaacag

UC60021010.0051.ST25. txt

gtagataagg
attaagactg
tttcagacta
gcggggggty
aatcagcagc
caggacatct
agcgatgcac
acaatacagt
caatccccac
ccatcgccaa
ttcacaggca
gaggcacaac
caagaacagc
ggaatgtttt
agggctgaca
cagcagcagc
atttgtcaag
ggaagccttc
accaacgagg
aacgaaactt
acaccaagtt
gtctttcaga
ttttcatcta
agcttgttcc
tcctctecatt
ctttcccagg
acttccacag
gctgtgttac
caaagttcta
tttgcagcac
gctttccaac

gcacaaccct

tgactatcct
aagatgttac
caaagagcat
cacccttctc
agcttcagcec
cacagcccgg
tactgcagca
cagatacagt
tacaagaaca
gcagtgtcag
gcgetgetgg
agcagttatc
ttaatgcaga
cttcagcgga
gcgtccatca
agcaagtgat
cagctgccca
agcagtctcc
acatgcagat
ccacaaccac
caggagatgg
caatggtcca
caaaaaatat
agcaagggag
cacaggctca
aaactcaagg
catcctctga
agggctcttc
tcaataatct
agaactcaat
agcagcctcc

ctcagcaagg

tcctaatgec
tccaatggaa
tggatcaacc
ctcaccgtcg
caaggcatac
gacctttccc
ggcaacacag
ggttaacttg
agcacaaacg
ccagctccag
cggcaggagt
gactgttctg
cattttccaa
gtctgcagtt
acagactgaa
ggagtcatca
gatccagtca
agtttaccag
gcagtgtgag
cacgccacag
agaagaaact
aatgcagcgc
aatgagtgtt
cgaggtgatg
gctctttcat
ttcaattttt
acaactgcag
agttcctcaa
tcaaactaac
ttctccactt
aatcccacac

gttatttcag
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ctgatcactc 1860
gtaacttcag 1920
cagcaaacct 1980
tcatcttccc 2040
agcccagaga 2100
gcagtttctg 2160
tttcagacaa 2220
tcacagttaa 2280
ttacagcagc 2340
agtactattc 2400
ggaagcgttg 2460
ttttctacte 2520
gtcagtcaaa 2580
cacactagac 2640
aatacactgt 2700
gctgcaatgg 2760
gagctgtttc 2820
cagccttctc 2880
ctgttctcgt 2940
gtggcaaccc 3000
ggagcacaag 3060
agtggtgaca 3120
cagaataatg 3180
tcacttcagt 3240
cctcaaaatc 3300
catagtccaa 3360
ccttcaatgt 3420
gaccagcagt 3480
acagtagccc 3540
cagtcaacat 3600
atccagaccc 3660
cctcaggtag 3720
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cccttggctce
cacagcgccc
aacagcagca
gtaatcagaa
ttagcccaaa
agcaaagtaa
ctacggtttc
tgttccatag
aagtaacact
cagacatgca
gcacttcttc
accaaataca
ttcaaaataa
tggccataaa
tttctcagca
tggaaaagat
tttagtgaga
tgtggttcca
tttcctgget
ttttgtttct
ttgcttgtgt
gaaatcatat
agtagtggct
aaaaaacgtyg
aggagtaatt
' agcagatgac
agagttgtta
ttgttctatg
gtagcttaaa
tcccttctta

aatattctac

cctgectect
aatagttggc
acagcagcag
tgccatggcet
ccagaaccca
tatggcccca
ctcacttcag
ctctectcag
cttectctet
gcagtctcct
accccagcca
aaattctcct
ttgtagtcag
tcagcagggc
aatgccagag
tgatttgctt
taaattccat
taaagattat
ataagagtac
aataacagtg
cctctgtttg
ttgtcatgtt
taggacaacg
gctgttggcec
tagctgtatt
atgcctgcaa
gttctctgta
aaaatgaagg
ctgacagtac
tgtgcatcac

tggctttctg

UC60021010.0051.ST25.tXt

aatccaatgc
atgcagagta
cagcaacagc
acaatggcct
atggctagtc
atgaaccaag
aacccaggtc
atccagttgg
ccagcatcca
ctttattccc
caggctactt
ggctcatctc
cttttaacct
caaccacaaa
acttccccac
gtttcattgc
gaagaattct
tgaactctgg
acccatgctg
atgactgaga
taactgcaag
tacttatatt
taaagtccag
aaagtgaagg
aggaactctg
aactggttac
tttctactaa
gggtgatata
tttgagcctyg
ctgtattgtg

accctgtagg

ctcaaaacca
actctccatc
aacaacaaca
cccagaagca
aggagcagca
agcagcagcec
ctacgcagtc
ttcaagggtc
tgtctgeatt
cgcagaacaa
tatttcacaa
agcagacttc
ccggaccagce
atgagggcca
tggcctectc
aaagccaagg
gtaacagtga
tgaagaacta
cctgttgeag
gcctgttaga
gctgggectc
cttacttcct
tagtgactaa
agtttectttt
cagatctgag
agctgggaag
gggatttagc
tgatgtgtta
ttgtcttctt
ttgtctgcat

aattagagaa

gcaaggtcca
ccaggagcag
gcaacagagc
gccaccacca
gaaccagtca
catgcaattt
tgagtcacca
acctagttct
gcaaaccagt
catccctgga
cactacagga
aggaatgttc
tacattgcca
atcttctgtg
tgtgaacagc
gaacaattta
ttccaagata
tgtttgagta
tgatttgcca
ttttccagcet
tcagttatta
ttcctgeatt
ggctgtgctt
agttttcatg
gactcctcct
ttattgagtt
cataactgca
cgttctcata
gcccagegtt
tttttcttcg

ggcagccaca
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attttccaaa
cagcagcagc
attttattca
aacatgatgt
atttttcacc
cagaatcagc
cagacctccc
caagatcagc
ataaaccaac
atccaaggaa
ggcacaataa
ttatttggca
gatcagctga
acaacacttc
agtcagaaca
accggctcect
tcctgagaac
aatggataga
ccaatgtgct
gacagcattg
ttgctattag
attttaatca
ttgttgatgt
gagaagctga
cécacacaca
catttttcag
taaaaatatt
gtctcctccg
aggctagtat
tagttttatt

ttgatccagt

3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
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gacctggcag
cctgggaaaa
aaattctecc
aacatttctc
tcagtgettt
agggtcatag
ttacacactc
cccgtgggat
atctttggca
tgttgacatg
cagttcatgg
cacatgtgtt
ttgggactct
ttctecectct
tagtacaggc
ttaattttga
ttcattrrttt
tactaagtga
ataaactatt
taccacaacg
aagcaccttt
.atgttattag
atgttaaagc
agccactctg
ttaattggct
ttgtaatttt
aaaccaaaag
cccaacatag
agtaaaacag
tttaggaaaa
tttgtgagat
gtttgacact

tcagcagcac
aaccattctc
tctgctgata
daactattac
acagttgaag
cattgattta
cagaacttgc
gcectgecttct
tgtgggaagt
ctttggtttc
ttgttgectt
gaactgtgtg
tcctttgtta
gccctggecc
ttcttgccaa
aaacagtttt
tggaaagcta
gtacattggc
cttttttgcec
tggcgtctga
tgaagcaaat
ggagctgaag
gcaaggaaat
tctttgttca
ttctgtatcc
aataacattt
tatttcctca
ttcgggttac
acagacacta
acagaagtca
catgtagaag
gccatgcetgg

oy

----- tha
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aggccaggaa tactctttta ggagttattg

tttttttett
aatagcagta
ttctccccac
tggtcactta
aaaggaagag
atttgtagca
cactaccacc
gtcaatgcag
ctgttcaatt
tttccttact
gagcttggty
tttgactgtg
ttcctttccc
tatgaaggga
caatcgttca
tattttatat
ataaatatag
acacattttt
taacagtgag
ggcctgttta
ggcgactgac
tcatttgagyg
ctatatattt
tatgcctttt
ccccatcttt
agatctcctt
aagaagggtc
gagtgttgtc
aagtttaata

actcaggaaa

ggatgacgtg

ccatgaacgg
tacattttaa
gctgcagtga
catgatggtt
ttaactgtgt
ttagttgtag
tacatctgga
cgttagccca
cttttacttt
tttcctttca
ttggtttagt
gttcttgtca
tctctgagag
actttccaga
agttttggat
ttaggaaatg
aaatttatat
gtggtaaatt

gggggtttgt
tctgtageca

tgtgtgtttg-

cagtgtgtca
aatattttat
atttataaag
taatatccag
tctecccccca
agccacacaa
cagagcatca
ccacatttac
tctgtttctt

gcagcaggaa

gtgctgttct
ttttacaaac
ctgtttacat
cccacagcect
tgcatctaca
agttttgggt
cacgtgctta
tcatgtatgc
ctaagctttt
gtttttctcc
ttatatggcc
tctgtttctt
gcattggatt
aagagaccta
ggtttatatc
gtatactatt
atatatatat
tgtgagtttg
tatgtctttc
ttccatcagg
ctggatcttc
aatggtgttt
tattgttgtt
acactaaaaa
agctacttta
gttcctatag
ttcagtgctt
tagaaagcag
ttctgagttt
caccaagatc

gcectggeteg
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ggatttgatt
gaagtcttca
aaggcaaaca
gtcagtcagce
tgggctccac
gagagcaaaa
gtccttacca
tgtctcattt
agcttctata
aaaaattagc
ccctatectc
agatcctgct
ctctttgtcce
acgttttcag
ctctggtcat
taatgtgtgt
ttgctatttg
atatacatat
tctgatgttc
ttgagtattt
cagttcctcg
actcagtgag
gacaagaatg
gttgttgtta
aaaaccatgt
taaattctct
ggaaaaatca
cagttttaaa
acctagcaga
tctgaattac
aagttagaat
tgtggtggct

5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140

7200

7260
7320
7380
7440
7500
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tctggtegtt
ccgggaccaa
gtgctttgag
ttatacaagg
tttctcgcat
atatatgatt
atttgtgcta
ctcaataagc
gacctaaata
caattcacag
ctctctctct
cctcectety
cctctctctce
ctccctecttt
gtgtgtgtgt
tgtcatttca
tttctgatte
ttagaccaag
ctttccctec
atttataatt
aaaaatagaa
gaccttttga
gggcctgcetg
ttttgggaaa
aattattatt
ggcattggat
aggacctctg
taattcttaa
tttcctagta
ggagaacttg
cactttatat

ctggactagc
tttctgtttt
aggatggagg
gctgtgctgt
tgttaaatgt
tggttacaaa
agatgcagct
cagcaaaggc
aactgtgaac
aaatgcttgg
ctgtctctcc
tcccteecte
tccctetetce
cccteecttce
gtgtgtgtgt
caccaaggag
tagcatcatg
tgttaaaagg
cattctccca
gcattatagt
ggaagaaatt
gtgtttgttt
gtatgaagca
atgaaatctg
atttttgtat
cccattacaa
ggaaagcaat
attcagcaga
aaattttttg
tggctttact
ctgggtcctt
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agcttatcct
ataatgttta
tggaaacccc
gctaccatat
tccttgeccc
aagtatgtct
tcccagttac
cttgaaaatc
tacattgtat
agctctctct
ccteccettec
tacatccttt
cctcectctce
ctctttccat
gtgtgtatgt
aagatattac
ttgctatttg
gcttttatta
tcetttettg
agatttattg
gtgcatctgt
ttattttttc
ccttaccggg
tcagcaaata
tttttctgta
atggttttga
cagttctctt
gttatactta
ttatccctat
ttgcatctct

tgggttacct

tataaaatgc
agtttagaac
cattttcagt
tcctgctcga
taaaggtcca
tcttattgaa
tgttacaagt
atgatttatt
tcctttgtta
ctctctctct
tctctcectt
ccttectcte
tactctccca
ccacacacac
gtgtgtgtgt
atactttttt
gtatttagcc
atagaagcag
ccecectettt
cctatcagaa
cccttcagaa
agcaaggttg
accccttttt
agaaccaaaa
cattgacact
gccagcaagt
aaccactgtg
ctcacagggg
ttcctgattg
agcacaggct

ggaggggctc
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1375

GIn
1390

Phe
1405

Ala
1420

Pro
1435

Gin
1450
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Pro

ser

Met

Gln

Glu

Leu

Phe

Gln

Ile

Thr

Asn

Gly

Thr

Gln

Met

Pro

Gln

Ala

Pro

Ser

val

Leu

Pro

Pro

Leu

ser

Ile

Leu

Asn

Pro

Pro

Glu

Pro

Thr

Pro

Gln

Ser

Asp

Gly

Phe

Pro

Gln

Pro

Glu

Glu

Asn

Gln

Met

val

Gln

Gly

Pro

Met

Ile

His

Gly

Asn

Asp

Gly

Thr

.ST25.

1230

Met
1245

Gln
1260

Asn
1275

ser
1290

Thr
1305

ser
1320

Ala
1335

Gln
1350

Gln
1365

Asnh
1380

ser
1395

Asn
1410

Gln
1425

Gln
1440

ser
1455
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txt

Met

Asn

Gln

sSer

ser

Pro

ser

Gln

Gly

Thr

ser

cys

Leu

ser

Pro

Phe

Gln

Glu

Leu

Leu

ser

Met

ser

ser

Thr

Gln

ser

Met

Ser

Leu
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Ser

Ser

GIn

Gln

Phe

Ser

Ser

Pro

Thr

Gly

Gln

Gln

Ala

val

Ala



WO 2006/001981

Ser Ser
1460

val Ser
1475

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

<400> 10
gggagatgaa

cgagattctc

10
4653
DNA

tctgtctatg
gcatcaatga
gctgatgctt
acctcttcca
gagagctgct
ggtaacacag
ccaccacctg
ttggaatctg
atgagcacca
ccaaagcaga
gatgccgaca
ggcaactcaa
agccctatgt
gtacagcctg
aaagacagaa
gtgttgcagg
gcctgtagag
actgttatag
ggaatattga
aaaaagagca
actctgacat
gagatcttaa
attgggaaaa

musculus

gtccgagggce
tgaagttaca
atcttctccc
gtcagacaag
cttcagctcc
gccctaccat
cctcagcegt
ttcagcagca
aggacttgct
agcagagctg
gttcctacaa
ggccgggggt
gtgccaaagce
aagctggaaa
tgtgcggaca
aaacccaacé
cacagcaagg
tatttgtggy
taactgggcg
aagttggtct
agctgaggaa
ctcgtgecag
tgcagacacc
agaaaagctt

actttctgaa

UC60021010.0051.5T25.txt

1465

atcgcagctc
cccatcacag
aaaggagtta
cggtggtgag
ctcctettec
ttattctacc
gggggtaagt
tccatcaacc
ggataacagt
cagtatgtgg
tgataacact
caaacgacga
acctcactat
tggaacattg
gtatccggtt
ccgagecegg
ctttcctacg
caatgattct
aaatacaact
tgatcctage
tgccgatgtt
attggttttt
ttcttececc
gcatagctgt

aggaactaaa

Leu Gln Ser Gln Gly Asn Asn Leu Thr
1480

gacctggaat
acttttcata
cagttacctc
gcaggctcgce
tccatgggceg
tcagtcaccg
aacagagggg
ccgaagaggc
cggatgtcct

atggaggatt

gaggtacctc

gattgtgaag
gtgctttcte
gacagccaaa
aaaagtgagg
tacctgacag
gtgaagctgg
ggtcgagtaa
ccctgcaaag
aacaacatga
gaagccagaa
cgagttaata
attttatgca
tcagtgaaag
gttattttcc

val Asn Ser Ser Gln Asn Met Glu Lys Ile Asp

1470

Gly Ser
1485

cgcccaagtc
gagctggact
cacctagaga
ctcctccagce
gtgcttgcag
acagcaaggc
taagtgaaaa
acacagtttt
gccaggatga
cceectecaa
gtaaatcacg
aatctaatat

agcttaccac

agggaactgg
ggaaggagct
agggcagccg
aaggccataa
aaccacatgg
aagtggacat
cactggcggt
ttggaattgc
tcacaaggaa
ctcagccagc
gagaggaaga
aggaaaatgt
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Leu Leu

phe

cctgtactcg
attggaagaa
aacatctgta
tgtagttgct
ctcctttacc
tatgcaagtg
gcagttaacc
gtacatctca
ggggtgtgga
cttcagtaac
aaaacgaaat
ggatatattt
ggacaacaaa
agtaaagaag
gaagatagtg
aggctctgta
tgaaccagtg
attctatcag
‘tgaaggtacc
ggactgtgtt
tggatctaag
agatggctct
aggagttect
agtattttta

ttctgatgaa

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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aactcttgga
gtgaaggttc
gttgtgacca
gcagctggtg
tcttttgaag
atccttccta
gttactccaa
agcattggat
ttctectcac
cagcccaadg
cccgggacct
cagcaggcaa
acagtggtta
gaacaagcac
gtcagccagc
gctggcggcea
ttatcgtctg
gcagacattt
gcggagtctg
catcaacaga
gtgatggagt
gcccagatcc
tctccagttt
cagatgcagt
accaccacgc
gatggagaag
gtccaaatgc
aatataatga
gggagcgaga
gctcagetct

caaggttcaa

aatcagaagc
ctccgtatca
atgctggaag
ctttgaatgt
aagccatgaa
atgccctgat
tggaagtaac
caacccagca
cgtecgtcatc
catacaaccc
ttccegeagt
cacagtttca
acttgtcaca
aaacgttaca
tccagagtac
ggagtggaag
ttctgtttte
tccaagtcag
cagttcacac
ctgaaaatac
catcagctge
agtcagagct
accagcagcc
gtgagctgtt
cacaggtggc
aaactggagc
agcgcagtgg
gtgttcagaa
tgatgtcact
ttcatcctca

tttttcatag

uC60021010.0051.ST25. tXt

tgaaattgac
tgaccaacat
atctcatgat
aaatgtgaaa
agcaatgaaa
cactccactc
ttcagaaaaa
aaccttagaa
ttcccactta
agagaccctg
ttctgcetgcet
gacaagagaa
gttaactgaa
gcagcagata
tattcagcag
cgttgatttg
tactccagat
tcaaattcaa
tagaccagat
actgtctaat
aatggtgatg
gtttccttca
ttctcacatg
ctcgtctecc
aacccctggce
acaagcaaaa
tgacagccaa
taatggtacc
tcagtctgag
aaatcctatt

tccaaatcct

atggagttat
ataactttgc
gttcagccat
aaggagatat
acgactggat
atatcaagca
agatcttccc
actatttcta
actcctgaaa
acaactatcc
agtcagctgce
gctcagtcca
gcatcacagc
ccatcaaata
ctgcaagcag
gtccagcagg
gggaatgaga
aatagtgtaa
aacttactac
cagcagcagc
gagatgcagc
gctgcttcag
atgagtgcac
cctgecagctt
tccaccatgt
cagattcaga
cctcaagtaa
cagcaacaag
aactttttgc
gctgatgcetce

attgtccaca

tccatcagaa
ctgtatcagt
ttacgtacac
ctagtccagc
gtaacgtaga
gtatgattaa
caatttttca
acatagcggg
gtgagaatca
agacacagga
ccagcagcga
gagacacaat
agcagcaatc
tttttccatc
gaagtttcac
ttttagaggc
atgttcaaga
gccctggaat
ctgggagggc
agcaacagca
agagcatttg
caagtggaag
tgcctaccaa
ctggaaacga
ttcagacacc
acagcgtctt
acctcttttc
ggaatagctt
agcagtcctc
agaacctttc

gtcaaacttc
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ccatcttatt 1560
gggaatatat 1620
tccggatcca 1680
aagaccttgc 1740
taaggtgact 1800
gactgaagat 1860
gactacaaag 1920
gggtgcaccc 1980
gcagcagctt 2040
catctcacag 2100
tgcactactg 2160
acagtcagat 2220
cccactacaa 2280
gccaagcagt 2340
aggcagcgct 2400
acaacagcag 2460
acagcttaat 2520
gttttcttca 2580
tgacagcgtc 2640
gcagcagcaa 2700
ccaagcagct 2760
ccttcagcag 2820
cgaggacatg 2880
aacttccaca 2940
aagttcagga 3000
tcagacaatg 3060
atctacaaaa 3120
gttccagcaa 3180
tcattcacag 3240
ccaggaaact 3300
cacagcatcc 3360
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tctgaacaac
tcttcagttc
aatcttcaaa
tcaatttctc
cctccaatct
caagggttat
aaccagcaag
ccatcccagg
caacagcaac
aagcagccac
cagcagaacc
cagcccatgc
cagtctgagt
gggtcaccta
gcattgcaaa
aacaacatcc
cacaacacta
acttcaggaa
ccagctacat
ggccaatctt
tcctetgtga
caagggaaca
11

22
DNA

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

<220>
<223> 884

<400> 11
ttcgctacca

12
23
DNA

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

<220>

tgcagccttc
Ctcaagacca
Cctaacacagt
cacttcagtc
cacacatcca
ttcagcctca
gtccaatttt
agcagcagca
agagcatttt
caccaaacat
agtcaatttt
aatttcagaa
caccacagac
gttctcaaga
ccagtataaa
ctggaatcca
caggaggcac
tgttcttatt
tgccagatca
ctgtgacaac
acagcagtca

atttaaccgg

Artificial

bp NFAT 5°'

tactggaaaa

Artificial

UC60021010.0051.5T25.txt

aatgtttcac
gcagtcaccc
agcccaagaa
aacatcaaac
gacccctatt
ggtggccctt
ccaaacacag
gcagcaacag
attcagtaat
gatgtttagc
tcaccagcaa
tcagcctacg
ctcgttgttc
tcagcaagta
ccaaccagac
aggaagcact
aataaaccaa
tggcattcaa
gctgatggec
acttctttct
gaacatggaa

ctccttttag

probe

99

tctcagaata
aacatatttc
gagcagattt
actgagcagc
ctttcccagg
ggctccctgce
cgcccaatag
cagcaacagc
cagaatgcca
ccaaaccaga
agtaatatgg
gtttcctcac
catagctctc
acactcttcc
atgcagcagt
tcttcacccc
atacaaaatt
aataattgta
ataaatcagc
cagcaaatgc
aagattgatt
tga

ccattgctgt
tttcccaaag
cattttttgce
aagctgcttt
aacaggcaca
ctcctaatcc
ttggcatgca
agcagcagca
tggctacaat
acccaatggc
Ccccaatgaa
ttcagaaccc
ctcagatcca
tctctecage
ctcctcttta
agccacaggc
ctcctggcte
gtcagctttt
agggccaacc
cagagacttc

tgcttgtttc
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gttacagggc
ttctatcaat
agcacagaac
ccaacagcag
accctctcag
aatgcctcaa
gagtaactct
acagcaacaa
ggcctcccag
tagtcaggag
ccaagagcag
aggtcctacg
gttggttcaa
atccatgtct
ttcceccgeag
tactttattt
atctcagcag
aacctccgga
acaaaatgag
cccactggcec

attgcaaagc

3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4653

22
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UC60021010.0051.ST25. txt
<223> 884 bp 5' probe

<400> 12
gatttgtgaa ctgattgctt tcc

<210> 13

<211> 22

<212> DNA

<213> Artificial

<220>
<223> 672 bp NFAT 3' probe

<400> 13
acactcaaga atcagaggca gg

<210> 14

<211> 22

<212> DNA

<213> Artificial

<220>
<223> 672 bp NFAT 3' probe

<400> 14
tcttgtttct gctcctagte cc

<210> 15

<211> 20

<212> DNA

<213> Artificial

<220>
<223> NFAT knockout allele primer

<400> 15
aacttgccct gtcagtcacc

<210> 16

<211> 27

<212> DNA

<213> Artificial

<220>
<223> NFAT knockout allele primer

<400> 16
gggctataga catgcaccac cacacag

<210> 17

<211> 20

<212> DNA

<213> Artificial

<220> .
<223> NFAT wildtype allele primer

<400> 17
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23

22

22

20

27
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UC60021010.0051.ST25. txt
aagggcttct tccagaatgg 20
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