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FULLY HUMAN ANTIBODIES AGAINST N-CADHERIN

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No.
61/113,042, filed on November 10, 2008, which is incorporated herein by reference.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] NIH/NCI SOMI Training Grant, R25 CA 098010, M. Phelps/A. Wu, Directors

NIH/NCI UCLA Prostate SPORE, P50 CA 092131, R. Reiter/A. Wu. The government has

certain rights in this invention.

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK

[0003] NOT APPLICABLE

BACKGROUND OF THE INVENTION
[0004] Prostate cancer is the most common malignancy and the second leading cause of
cancer-related death in American men. Prostate cancer is a biologically and clinically
heterogeneous disease. A majority of men with this malignancy harbor slow-growing tumors
that may not impact an individual's natural lifespan, while others are struck by rapidly
progressive, metastatic tumors. PSA screening is limited by a lack of specificity and an
inability to predict which patients are at risk to develop hormone refractory metastatic
disease. Recent studies advocating a lower PSA threshold for diagnosis may increase the
number of prostate cancer diagnoses and further complicate the identification of patients with
indolent vs. aggressive cancers (Punglia et al., N Engl J Med, 349: 335-342 (2003)). New

serum and tissue markers that correlate with clinical outcome or identify patients with
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potentially aggressive disease are urgently needed (Welsh et al., Proc Natl Acad Sci U S 4,
100: 3410-3415 (2003)).

[0005] Recent expression profiling studies suggest that expression signatures for metastatic
vs. non-metastatic tumors may reside in the primary tumor (Ramaswamy et al., Nat Genet,
33: 49-54 (2003); Sotiriou et al., Proc Natl Acad Sci U S 4, 100: 10393-10398 (2003)).
Additional features that predispose tumors to metastasize to specific organs may also be
present at some frequency in the primary tumor (Kang et al., Cancer Cell, 3: 537-549
(2003)). These recent observations suggest that novel markers of pre-metastatic or pre-
hormone refractory prostate cancer may be identified in early stage disease. These markers
may also play a role in the biology of metastatic or hormone refractory prostate cancer
progression. Recent examples of genes present in primary tumors that correlate with
outcome and play a role in the biology of prostate cancer progression include EZH2 and LIM
kinase (Varambally et al., Nature, 419: 624-629 (2002); Yoshioka et al., Proc Nat! Acad Sci
US A, 100: 7247-7252 (2003)). However, neither of these two genes 1s secreted.

[0006] In order to identify new candidate serum or tissue markers of hormone refractory
prostate cancer, we have previously compared gene expression profiles of paired hormone
dependent and hormone refractory prostate cancer xenografts. The LAPC-9 xenograft was
established from an osteoblastic bone metastasis and progresses from androgen dependence
to independence following castration in immune deficient mice (Craft et al., Cancer
Research, In Press (1999)). It has been used previously to identify candidate therapeutic
targets in prostate cancer. Differentially expressed genes were validated and then examined
for sequence homology to secreted or cell surface proteins. N-Cadherin has been 1dentified
as a marker of cancer. The identification, characterization and initial validation of N-

Cadherin, which is expressed in both hormone refractory prostate cancer and bladder cancer,

has been previously reported (W0O/2007/109347).

[0007] One type of cell movement than can be observed in embryogenesis requires the loss
of cell-cell contacts for the migration of individual cells or small group of cells through the
extracellular matix. This process is called epithelial to mesenchymal transition (EMT). EMT
also occurs in pathological situations, such as the acquisition of a motile and invasive
phenotype of tumor cells of epithelial origin. A hallmark of EMT, is the loss of E-cadherin
and the de novo expression of N-cadherin adhesion molecules. N-cadherin promotes tumor
cell survival, migration and invasion, and high levels of N-cadherin expression is often
associated with poor prognosis. N-cadherin is also expressed in endothelial cells and plays

an essential role in the maturation and stabilization of normal vessels and tumor-associated
2
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angiogenic vessels. Increasing experimental evidence suggests that N-cadherin is a potential

therapeutic target in cancer.

[0008] The function of N-cadherin has been studied at the molecular level. N-cadherin N-
terminal extracellular region (160 to 724 a.a) consists of 5 domains (ECD1-ECD3J). ECD1
and ECD2 are the minimal domains required for intracellular adhesion but if all extracellular
domains are involved, the level of adhesion is strengthened. In addition a study has shown

that a 69 amino acid portion of ECD4 was found to be essential in migration and mobility but

not in cellular adhesion (Kimet al. J Cell Biol 2000).

[0009] Accordingly, the invention provides compositions and methods which target N-
Cadherin in the diagnosis, prognosis, and treatment of cancers expressing N-Cadherin
including, but not limited to, prostate cancer and bladder cancer. Antibodies, and fragments

thereof, which are specific to the extracellular domains of N-cadherin, are also reported

herein.

BRIEF SUMMARY OF THE INVENTION
[0010] The present application provides fully human antibodies against N-Cadherin for

therapeutic and diagnostic methods in cancer, e.g., prostate and bladder cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1. Enrichment in anti-N-cadherin phage antibody through successive

panning rounds.

[0012] Figure 2. Al4, C7, E4 and D4 diabody staining of PC3 cells.

[0013] Figure 3. Binding of C7 diabody to N-cadherin negative cells.

[0014] Figure 4. Specific binding of E4 and D4 diabodies to N-cadherin expressing cells.
[0015] Figure 5. Tumor localization of 1241 1abeled D4 Db in LAPC9 Al tumors.

[0016] Figure 6. N-cadherin activates NF-KB.

[0017] Figure 7. N-cadherin activates NF-KB.

[0018] Figure 8. N-cadherin is expressed on cell surface of C1 cells.

[0019] Figure 9. NF-KB localizes to nucleus in N-Cadherin positive cells (C1).
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[0020] Figure 10. N-Cadherin expression results in induction of IL-6, IL-8, TGF (32, and
bcl-2.

[0021] Figure 11. Correlation of induced genes with N-Cadherin level.

[0022] Figure 12. N-Cadherin knockdown leads to downregulation of IL-6 and IL-8.
[0023] Figure 13. NF-KB activity after N-Cadherin antibodies treatment.

[0024] Figure 14. Ncad in PC3 cells: 48hr antibody incubation.

[0025] Figure 15. N-Cadherin knockdown leads to downregulation of activated Akt.

[0026] Figure 16. N-Cadherin specific antibodies activate, then downregulate Akt

activation.

DETAILED DESCRIPTION OF THE INVENTION
[0027] We report here the method of treating a cancer patient and the method of identifying
cancer stem cells, wherein the N-cadherin protein in the cancer cells is expressed at normal or
low levels, or is expressed by a subset of cancer cells and is not overexpressed. In addition,

we reported here antibodies, and fragments thereof, which are specific to the extracellular

domains of N-cadherin.

[0028] N-cadherin expression can contribute to prostate and bladder cancer invasion and
metastasis as well as the progression of prostate caner to hormone refractory disease. N-
Cadherin can be targeted therapeutically both alone and in combination with other small
molecule inhibitors of mTOR and EGFR. Targeting N-Cadherin can help prevent or control

invasive and metastatic prostate cancer.

[0029] This invention relates to the discovery that N-cadherin does not need to be
overexpressed compared to normal tissues to be a target for treatment and diagnosis. It can be
expressed at low levels and also can be expressed only by a subset of cells. We have found
that targeting N-cadherin even in 5% of prostate cancer cells is sufficient to block the

progression of prostate cancers to castration resistance.

[0030] This invention also relates to N-cadherin as a target in cancer stem cells. We have
found that targeting of N-cadherin in 5% or fewer cells 1s sufficient to block tumor
progression. This discovery is consistent with the hypothesis that N-cadherin is a marker of

cancer stem cells, and that inhibition of N-cadherin on these stem cells 1s sufficient to block

growth of the ftumor as a whole.
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[0031] This invention further relates to the discovery that N-cadherin expressing cells,
consistent with its being a cancer stem cell marker, are more tumorigenic than N-cadherin
non-expresing cells. N-cadherin positive cells can give rise to N-cadherin negative cells, also
consistent with the theory that N-cadherin is a novel marker of cancer stem cells. Finally,
tumors must upregulate or acquire N-cadherin in order to grow. That is, tumor stem cells

must acquire properties of epithelial to mesenchymal transition in order to be tumorigenic.

[0032] Accordingly, N-Cadherin is an especially promising therapeutic target. It is found
on cell surfaces, expressed in many epithelial tumors, and is associated with mvasion,
metastasis and possibly androgen independence. Antibodies against N-cadherin therefore are
a particularly preferred agent for use in treating epithelial cancers, including but not limited
to urogenital cancers (bladder, prostate), and, more particularly, their invasive or
metastasized forms. In some embodiments, monoclonal antibodies directed against an
extracellular domain of N-cadherin are preferred. In further embodiments, the first
extracellular domain (EC1), portions of the first and second domains, first to third domains,
or fourth extracellular domain of N-cadherin are preferred in treating these cancers. In some
embodiments, use of a antibody directed toward the extracellular domain 4 is particularly
preferred in these treatments as this domain is found to be important in pro-motility and
invasive potential (see, Kim et al, J Cell Biol. 151(6):1193-206 (2000), incorporated by

reference in its entirety with respect to the definition of the various N-cadherin domains.

[0033] Here we describe the selection and characterization of human ScFvs specific to two
independent N-cadherin recombinant proteins: N-cadherin extracellular domains one to three
(ECD1-3) and N-cadherin forth domain (ECD4). The two independent screens were designed
in an effort to generate specific reagents able to affect the adhesion and migration phenotype
of this molecule as well as generating reagents to target N-cadherin expressing cells.
Individual phage clones from the fourth panning round were characterized by ELISA and
flow cytometry. Specific binders were sequenced and some of the selected clones were
reformatted into small bivalent antibody fragments (diabodies). The diabodies show specific

binding to N-cadherin expressing cells.

[0034] Anti-N-cadherin fragments, as described here, are the basic building block upon
which can be fabricated human whole antibodies or engineered antibodies of varying shapes
and sizes, the primary attribute of which is the ability to bind specifically to the N-cadherin
protein. These antibodies can be used for the treatment or diagnosis of prostate, bladder or
other cancers expressing the N-cadherin protein. It is important to note that N-cadherin

expression in the tumor can be by the tumor cells themselves or any of the surrounding
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stroma (muscle, fibroblasts, blood vessels etc). We have previously shown that N-cadherin 1s
an important biological determinant of invasion, growth, metastasis and pro gression of
prostate, bladder and other cancers and is a critical diagnostic, prognostic, and therapeutic
target. Murine monoclonal antibodies against N-cadherin are able to block tumor ogrowth,
metastasis, invasion and progression to androgen independence in animal models of cancer.
The discovery of human scFV’s that can easily be reformatted into whole or engineered
antibodies provides the ability to target cancers without inciting an immune response against

the antibodies.

[0035] To our knowledge, we describe the first human antibody fragments against N-
cadherin derived with the goal of prostate and other cancer diagnosis and treatment. The
invention is predicated on prior art developed by our group implicating N-cadherin in
prostate and bladder and other cancer progression, as well as the concept of targeting 1t
therapeutically. Phage display describes a well established technique for the isolation of
antibody fragments. The non-immune phage library used here was developed by Dr. JD

Marks at UC. San Francisco.

[0036] The invention describes the isolation and characterization of single chain fragments
that recognize N-cadherin. These can be use as single chain fragments or reformatted into

larger fragments, such as whole IgG, that can be used for the diagnosis or treatment of

Canccers.

[0037] As stated, the invention describes a number of candidate fragments with putative
diagnostic and therapeutic utility that can be reformatted into larger constructs and used to
recognize N-cadherin in prostate and other cancers. These antibodies can be used by
themselves (naked antibodies) or conjugated to radioisotopes, nanoparticles, liposomes, virus
or any other “payload” for delivery to tumors for therapy, imaging or other purpose. The
fragments can be used to increase the specificity of any therapy or imaging modality for N-

cadherin expressing tumors.

[0038] To our knowledge, we are the first to show that antibodies against N-cadherin have
therapeutic activity, superior to any other known means of targeting such tumors. The
advantage of this invention is that the antibody fragments are nonimmunogenic and human
and can be used in patients without additional modification. Also, fragments recognizing N-
cadherin have the advantage of flexibility, in that they can easily be engineered for almost

any purpose.

Definitions
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[0039] “N-Cadherin and E-Cadherin” refer to nucleic acids, e.g., gene, pre-mRNA, mRNA,
and polypeptides, polymorphic variants, alleles, mutants, and interspecies homologs that: (1)
have an amino acid sequence that has greater than about 60% amino acid sequence 1dentity,
65%., 70%, 75%, 80%, 85%, 90%, preferably 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99% or greater amino acid sequence identity, preferably over a region of over a region of at

least about 25, 50, 100, 200, 500, 1000, or more amino acids, to a polypeptide encoded by a

‘respectively referenced nucleic acid or an amino acid sequence described herein, for example,

as depicted in Figure 7, 8, and 9, respectively; (2) specifically bind to antibodies, e.g.,
polyclonal antibodies, raised against an immunogen comprising a referenced amino acid
sequence as depicted in Figures 7, 8, and 9, respectively; immunogenic fragments
respectively thereof, and conservatively modified variants respectively thereof; (3)
specifically hybridize under stringent hybridization conditions to a nucleic acid encoding a
referenced amino acid sequence as depicted in Figure s 7, 8, and 9, respectively, and
conservatively modified variants respectively thereof; (4) have a nucleic acid sequence that
has greater than about 95%, preferably greater than about 96%, 97%, 98%, 99%, or higher
nucleotide sequence identity, preferably over a region of at least about 25, 50, 100, 150, 200,
250, 500, 1000, or more nucleotides, to a reference nucleic acid sequence as shown,
respectively, in Figures 7, 8, and 9. A polynucleotide or polypeptide sequence is typically
from a mammal including, but not limited to, primate, e.g., human; rodent, e.g., rat, mouse,
hamster; cow, pig, horse, sheep, or any mammal. The nucleic acids and proteins of the

invention include both naturally occurring or recombinant molecules.

[0040] “Cancer” refers to human cancers and carcinomas, sarcomas, adenocarcinomas,
lymphomas, leukemias, etc., including solid tumors and lymphoid cancers, kidney, breast,
lung, kidney, bladder, colon, ovarian, prostate, pancreas, stomach, brain, head and neck, skin,
uterine, testicular, esophagus, and liver cancer, lymphoma, including non-Hodgkin's and
Hodgkin's lymphoma, leukemia, and multiple myeloma. “Urogenital cancer” refers to human
cancers of urinary tract and genital tissues, including but not limited to kidney, bladder,

urinary tract, urethra, prostrate, penis, testicle, vulva, vagina, cervical and ovary tissues.

[0041] The cancer to be treated herein may be one characterized by excessive activation of
N-cadherin. Alternatively, the cancer to be treated herein may be one where the N-cadherin
protein is expressed at normal or low levels, or one where the N-cadherin protein 1s expressed
by a subset of cells, and where the N-cadherin protein is not overexpressed. In one
embodiment of the invention, a diagnostic or prognostic assay will be performed to determine

whether the patient's cancer is characterized by expression of N-cadherin. Various assays for

7



10

15

20

25

30

CA 02743122 2011-05-09
WO 2010/054377 PCT/US2009/063881

determining such amplification/express ion are contemplated and include the
immunohistochemistry, FISH and shed antigen assays, southern blotting, or PCR techniques.
Moreover, the N-cadherin expression or amplification may be evaluated using an in vivo
diagnostic assay, e.g. by administering a molecule (such as an antibody) which binds the
molecule to be detected and is tagged with a detectable label (e.g. a radioactive isotope) and

externally scanning the patient for localization of the label. In some embodiments, the cancer

to be treated is not yet invasive, but expresses N-cadherin.

[0042] “Therapy resistant” cancers, tumor cells, and tumors refers to cancers that have
become resistant or refractory to either or both apoptosis-mediated (e.g., through death
receptor cell signaling, for example, Fas ligand receptor, TRAIL receptors, TNF-R1,
chemotherapeutic drugs, radiation) and non-apoptosis mediated (e.g., toxic drugs, chemicals)
cancer therapies, including chemotherapy, hormonal therapy, radiotherapy, and

immunotherapy.

[0043] “Overexpression” refers to RNA or protein expression of N-Cadherin, LY6-E, and
E-Cadherin in a test tissue sample that is significantly higher that RNA or protein expression
of N-Cadherin, LY6-E, and E-Cadherin, respectively, in a control tissue sample. In one
embodiment, the tissue sample is autologous. Cancerous test tissue samples (€.g., bladder,
prostate) associated with invasiveness, metastasis, hormone independent (e.g., androgen
independence), or refractoriness to treatment or an increased likelihood of same typically
have at least two fold higher expression of N-Cadherin or LY6-E mRNA or protein, often up
to three, four, five, eight, ten or more fold higher expression of N-Cadherin, or LY 6-E in
comparison to cancer tissues from patients who are less likely to progress to metastasis or to
normal (i.e., non-cancer) tissue samples. Such differences may be readily apparent when
viewing the bands of gels with approximately similarly loaded with test and controls samples.
Prostate cancers expressing increased amounts of N-Cadherin or Ly6-E are more likely to
become invasive, metastasize, or progress to androgen independent or treatment refractory
cancer. Various cutoffs are pertinent for N-Cadherin or Ly6-E positivity, since it is possible
that a small percentage of N-Cadherin or Ly6-E positive cells in primary tumors may identify
tumors with a high risk for recurrence and metastasis. The terms “overexpress,”
“overexpression” or “overexpressed” interchangeably refer to a gene that is transcribed or
translated at a detectably greater level, usually in a cancer cell, in comparison to a normal
cell. Overexpression therefore refers to both overexpression of protein and RNA (due to
increased transcription, post transcriptional processing, translation, post translational
processing, altered stability, and altered protein degradation), as well as local overexpression

8
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due to altered protein traffic patterns (increased nuclear localization), and augmented
functional activity, e.g., as in an increased enzyme hydrolysis of substrate. Overexpression
can also be by 50%, 60%, 70%, 80%, 90% or more in comparison to a normal cell or

comparison cell (e.g., a BPH cell).

[0044] The terms “cancer that expresses N-Cadherin” and “cancer associated with the
expression of N-Cadherin” interchangeably refer to cancer cells or tissues that express N-

Cadherin in accordance with the above definition.

[0045] The terms “‘cancer-associated antigen™ or “tumor-specific marker” or “tumor
marker” interchangeably refers to a molecule (typically protein, carbohydrate or lipid) that 1s
preferentially expressed in a cancer cell in comparison to a normal cell, and which 1s usetul
for the preferential targeting of a pharmacological agent to the cancer cell. A marker or
antigen can be expressed on the cell surface or intracellularly. Oftentimes, a cancer-
associated antigen is a molecule that is expressed or stabilized with minimal degradation in a
cancer cell in comparison to a normal cell, for instance, 2-fold expression, 3-fold expression
or more in comparison to a normal cell. Oftentimes, a cancer-associated antigen 1s a
molecule that is inappropriately synthesized in the cancer cell, for instance, a molecule that
contains deletions, additions or mutations in comparison to the molecule expressed on a
normal cell. Oftentimes, a cancer-associated antigen will be expressed exclusively in a
cancer cell and not synthesized or expressed in a normal cell. Exemplified cell surtace tumor
markers include the proteins c-erbB-2 and human epidermal growth factor receptor (HER) for
breast cancer, PSMA for prostate cancer, and carbohydrate mucins in numerous cancers,

including breast, ovarian and colorectal. Exemplified intracellular tumor markers include, for

example, mutated tumor suppressor or cell cycle proteins, including p53.

[0046] E-cadherin is conversely typically underexpressed in cancerous tissue samples 1n

tissue samples from cancer patients which are likely to become invasive, metastasize, or

progress to androgen independent or treatment refractory cancer. This underexpression may

be two-fold, three-fold, four-fold, or at least five-fold. Such differences may be readily
apparent when viewing the bands of gels with approximately similarly loaded with test and
controls samples. The combined N-cadherin/E-cadherin values in cancers which are likely to
become invasive, metastasize, or progress to androgen independent or treatment refractory
cancer, are therefore even greater and can be at least two-fold, three-fold, four-fold, five-fold,
ten-fold, or twenty-fold greater. Various cutoffs are pertinent for N-Cadherin positivity/e-
cadherin negativity, since it is possible that a small percentage of N-Cadherin positive cells in

primary tumors may identify tumors with a high risk for recurrence and metastasis.
9
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[0047] An “agonist” refers to an agent that binds to a polypeptide or polynucleotide of the
invention, stimulates, increases, activates, facilitates, enhances activation, sensitizes or up

regulates the activity or expression of a polypeptide or polynucleotide of the invention.

[0048] An “antagonist” refers to an agent that inhibits expression of a polypeptide or
polynucleotide of the invention or binds to, partially or totally blocks stimulation, decreases,

prevents, delays activation, inactivates, desensitizes, or down re gulates the activity of a

polypeptide or polynucleotide of the invention.

'[0049] “Inhibitors,” “activators,” and “modulators” of expression or of activity are used to

refer to inhibitory, activating, or modulating molecules, respectively, identified using in vitro
and in vivo assays for expression or activity, €.g., ligands, agonists, antagonists, and their
homologs and mimetics. The term “modulator” includes inhibitors and activators. Inhibitors
are agents that, e.g., inhibit expression of a polypeptide or polynucleotide of the invention or
bind to, partially or totally block stimulation or enzymatic activity, decrease, prevent, delay
activation, inactivate, desensitize, or down regulate the activity of a polypeptide or
polynucleotide of the invention, e.g., antagonists. Activators are agents that, e.g., induce or
activate the expression of a polypeptide or polynucleotide of the invention or bind to,
stimulate, increase, open, activate, facilitate, enhance activation or enzymatic activity,
sensitize or up regulate the activity of a polypeptide or polynucleotide of the invention, e.g.,
agonists. Modulators include naturally occurring and synthetic ligands, antagonists, agonists,
small chemical molecules and the like. Assays to identify inhibitors and activators include,
e.g., applying putative modulator compounds to cells, in the presence or absence of a
polypeptide or polynucleotide of the invention and then determining the functional effects on
a polypeptide or polynucleotide of the invention activity. Samples or assays comprising a
polypeptide or polynucleotide of the invention that are treated with a potential activator,
inhibitor, or modulator are compared to control samples without the inhibitor, activator, or
modulator to examine the extent of effect. Control samples (untreated with modulators) are
assigned a relative activity value of 100%. Inhibition is achieved when the activity value of a
polypeptide or polynucleotide of the invention relative to the control is about 80%, optionally
50% or 25-1%. Activation is achieved when the activity value of a polypeptide or
polynucleotide of the invention relative to the control is 110%, optionally 150%, optionally
200-500%, or 1000-3000% higher.

[0050] The term “test compound” or “drug candidate” or “modulator” or grammatical
equivalents as used herein describes any molecule, either naturally occurring or synthetic,

e.g., protein, oligopeptide (e.g., from about 5 to about 25 amino acids in length, preferably
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from about 10 to 20 or 12 to 18 amino acids in length, preferably 12, 15, or 18 amino acids 1n
length), small organic molecule, polysaccharide, lipid, fatty acid, polynucleotide, RNAL,
siRNA, antibody, oligonucleotide, etc. The test compound can be in the form of a library of
test compounds, such as a combinatorial or randomized library that provides a sufficient
range of diversity. Test compounds are optionally linked to a fusion partner, e.g., targeting
compounds, rescue compounds, dimerization compounds, stabilizing compounds,
addressable compounds, and other functional moieties. Conventionally, new chemical
entities with useful properties are generated by identifying a test compound (called a “lead
compound”) with some desirable property or activity, €.g., inhibiting activity, creating
variants of the lead compound, and evaluating the property and activity of those variant

compounds. Often, high throughput screening (HTS) methods are employed for such an

analysis.

[0051] A “small organic molecule” refers to an organic molecule, either naturally occurring
or synthetic, that has a molecular weight of more than about 50 Daltons and less than about
2500 Daltons, preferably less than about 2000 Daltons, preferably between about 100 to
about 1000 Daltons, more preferably between about 200 to about 500 Daltons.

[0052] Cytotoxic agents include “cell-cycle-specific” or “antimitotic” or “cytoskeletal-
interacting” drugs. These terms interchangeably refer to any pharmacological agent that
blocks cells in mitosis. Such agents are useful in chemotherapy. Generally, cell-cycle-
specific-drugs bind to the cytoskeletal protein tubulin and block the ability of tubulin to
polymerize into microtubules, resulting in the arrest of cell division at metaphase.
Exemplified cell-cycle-specific drugs include vinca alkaloids, taxanes, colchicine, and
podophyllotoxin. Exemplified vinca alkaloids include vinblastine, vincristine, vindesine and

vinorelbine. Exemplifed taxanes include paclitaxel and docetaxel. Another example of a

cytoskeletal-interacting drug includes 2-methoxyestradiol.

[0053] An “siRNA” or "RNAI" refers to a nucleic acid that forms a double stranded RNA,
which double stranded RNA has the ability to reduce or inhibit expression of a gene or target
gene when the siRNA expressed in the same cell as the gene or target gene. “siRNA™ or
"RNAI" thus refers to the double stranded RNA formed by the complementary strands. The
complementary portions of the siRNA that hybridize to form the double stranded molecule
typically have substantial or complete identity. In one embodiment, an siRNA refers to a
nucleic acid that has substantial or complete identity to a target gene and forms a double
stranded siRNA. Typically, the siRNA is at least about 15-50 nucleotides in length (e.g.,

each complementary sequence of the double stranded siRNA is 15-50 nucleotides in length,
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and the double stranded siRNA is about 15-50 base pairs in length, preferable about
preferably about 20-30 base nucleotides, preferably about 20-25 or about 24-29 nucleotides
in length, e.g., 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides 1n length.

[0054] The design and making of siRNA molecules and vectors are well known to those of
ordinary skill in the art. For instance, an efficient process for designing a suitable siRNA 1s
to start at the AUG start codon of the mRNA transcript (e.g., see, Figure 5) and scan for AA
dinucleotide sequences (see, Elbashir et al. EMBO J 20: 6877-6888 (2001). Each AA and
the 3' adjacent nucleotides are potential siRNA target sites. The length of the adjacent site
sequence will determine the length of the siRNA. For instance, 19 adjacent sites would give
a 21 Nucleotide long siRNA siRNAs with 3' overhanging UU dinucleotides are often the
most effective. This approach is also compatible with using RNA pol III to transcribe hairpin
siRNAs. RNA pol III terminates transcription at 4-6 nucleotide poly(T) tracts to create RNA
molecules having a short poly(U) tail. However, siRNAs with other 3' terminal dinucleotide
overhangs can also effectively induce RNAI and the sequence may be empirically selected.
For selectivity, target sequences with more than 16-17 contiguous base pairs of homology to
other coding sequences can be avoided by conducting a BLAST search (see,

www.ncbi.nlm.nih.gov/BLAST).

[0055] The siRNA can be administered directly or an siRNA expression vectors can be
used to induce RNAi can have different design criteria. A vector can have inserted two
inverted repeats separated by a short spacer sequence and ending with a string of T's which
serve to terminate transcription. The expressed RNA transcript is predicted to fold into a
short hairpin siRNA . The selection of siRNA target sequence, the length of the inverted
repeats that encode the stem of a putative hairpin, the order of the inverted repeats, the length
and composition of the spacer sequence that encodes the loop of the hairpin, and the presence
or absence of 5'-overhangs, can vary. A preferred order of the siRNA expression cassette 1S
sense strand, short spacer, and antisense strand. Hairpin siRNAs with these various stem
lengths (e.g., 15 to 30) can be suitable. The length of the loops linking sense and antisense
strands of the hairpin siRNA can have varying lengths (¢.g., 3 to 9 nucleotides, or longer).
The vectors may contain promoters and expression enhancers or other re gulatory elements
which are operably linked to the nucleotide sequence encoding the siRNA. The expression
"control sequences" refers to DNA sequences necessary for the expression of an operably
linked coding sequence in a particular host organism. The control sequences that are suitable
for prokaryotes, for example, include a promoter, optionally an operator sequence, and a
ribosome binding site. Eukaryotic cells are known to utilize promoters, polyadenylation
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signals, and enhancers. These control elements may be designed to allow the clinician to turn

off or on the expression of the gene by adding or controlling external factors to which the

regulatory elements are responsive.

[0056] Construction of suitable vectors containing the desired therapeutic gene coding and
control sequences employs standard ligation and restriction techniques, which are well
understood in the art (see Maniatis et al., in Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, New York (1982)). Isolated plasmids, DNA sequences, or

synthesized oligonucleotides are cleaved, tailored, and re-ligated in the form desired.

[0057] Nucleic acid is "operably linked" when it is placed into a functional relationship
with another nucleic acid sequence. For example, DNA for a presequence or secretory leader
is operably linked to DNA for a polypeptide if it is expressed as a preprotein that participates
in the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the sequence; or a ribosome binding site 1s operably
linked to a coding sequence if it is positioned so as to facilitate translation. Generally,
"operably linked" means that the DNA sequences being linked are near each other, 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 ligation at convenient restriction sites. If such

sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance

with conventional practice.

[0058] “Determining the functional effect” refers to assaying for a compound that increases
or decreases a parameter that is indirectly or directly under the influence of a polynucleotide
or polypeptide of the invention, e.g., measuring physical and chemical or phenotypic effects.
Such functional effects can be measured by any means known to those skilled in the art, e.g.,
changes in spectroscopic (e.g., fluorescence, absorbance, refractive index), hydrodynamic
(e.g., shape), chromatographic, or solubility properties for the protein; measuring inducible
markers or transcriptional activation of the protein; measuring binding activity or binding
assays, e.g. binding to antibodies; measuring changes in ligand binding affinity; measurement
of calcium influx; measurement of the accumulation of an enzymatic product of a
polypeptide of the invention or depletion of an substrate; changes in enzymatic activity, €.g.,
kinase activity, measurement of changes in protein levels of a polypeptide of the invention;
measurement of RNA stability; G-protein binding; GPCR phosphorylation or
dephosphorylation; signal transduction, e.g., receptor-ligand interactions, second messenger
concentrations (e.g., cCAMP, IP3, or intracellular Ca2+); identification of downstream or

reporter gene expression (CAT, luciferase, 8-gal, GFP and the like), e.g., via
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chemiluminescence, fluorescence, colorimetric reactions, antibody binding, inducible

markers, and ligand binding assays.

[0059] Samples or assays comprising a nucleic acid or protein disclosed herein that are
treated with a potential activator, inhibitor, or modulator are compared to control samples
without the inhibitor, activator, or modulator to examine the extent of inhibition. Control
samples (untreated with inhibitors) are assigned a relative protein activity value of 100%.
Inhibition is achieved when the activity value relative to the control is about 80%, preferably
50%, more preferably 25-0%. Activation is achieved when the activity value relative to the
control (untreated with activators) is 110%, more preferably 150%, more preferably 200-

500% (i.e., two to five fold higher relative to the control), more preferably 1000-3 000%
higher.

[0060] “Biological sample” includes sections of tissues such as biopsy and autopsy
samples, and frozen sections taken for histological purposes. Such samples include blood
and blood fractions or products (e.g., serum, plasma, platelets, red blood cells, and the like),
sputum, tissue, cultured cells, e.g., primary cultures, explants, and transformed cells, stool,
urine, etc. A biological sample is typically obtained from a eukaryotic organism, most
preferably a mammal such as a primate e.g., chimpanzee or human; cow; dog; cat; a rodent,

e.g., guinea pig, rat, Mouse; rabbit; or a bird; reptile; or fish.

[0061] A “biopsy” refers to the process of removing a tissue sample for diagnostic or
prognostic evaluation, and to the tissue specimen itself. Any biopsy technique known 1n the
art can be applied to the diagnostic and prognostic methods of the present invention. The
biopsy technique applied will depend on the tissue type to be evaluated (i.e., prostat, lymph
node, liver, bone marrow, blood cell), the size and type of the tumor (i.e., solid or suspended
(i.e., blood or ascites)), among other factors. Representative biopsy techniques include
excisional biopsy, incisional biopsy, needle biopsy, surgical biopsy, and bone marrow biopsy.
An “excisional biopsy” refers to the removal of an entire tumor mass with a small margin of
normal tissue surrounding it. An “incisional biopsy” refers to the removal of a wedge of
tissue that includes a cross-sectional diameter of the tumor. A diagnosis or prognosis made
by endoscopy or fluoroscopy can require a “core-needle biopsy” of the tumor mass, or a
“fine-needle aspiration biopsy” which generally obtains a suspension of cells from within the

tumor mass. Biopsy techniques are discussed, for example, in Harrison’s Principles of

Internal Medicine, Kasper, et al., eds., 16th ed., 2005, Chapter 70, and throughout Part V.
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[0062] The terms “identical” or percent “identity,” in the context of two or more nucleic
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the
same or have a specified percentage of amino acid residues or nucleotides that are the same
(i.e., about 60% identity, preferably 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or higher identity over a specified region, when compared and
aligned for maximum correspondence over a comparison window or designated region) as
measured using a BLAST or BLAST 2.0 sequence comparison algorithms with default
parameters described below, or by manual alignment and visual inspection (see, e.g., NCBI
web site http://www.ncbi.nlm.nih.gov/BLAST/ or the like). Such sequences are then said to
be “substantially identical.” This definition also refers to, or may be applied to, the
compliment of a test sequence. The definition also includes sequences that have deletions
and/or additions, as well as those that have substitutions. As described below, the preferred
algorithms can account for gaps and the like. Preferably, identity exists over a region that 1s
at least about 25 amino acids or nucleotides in length, or more preferably over a region that 1s

50-100 amino acids or nucleotides in length.

[0063] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, 1f
necessary, and sequence algorithm p