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METHODS OF INHIBITING TUMOR GROWTH USING TTK ANTAGONISTS

RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application No.
61/008,649, filed on December 21, 2007.
The entire teachings of the above application are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

Cancer is the second leading cause of death after heart disease and is the
primary cause of death in women between the ages of 35 and 74 in the United
States. Based on estimates of the National Institutes of Health, overall costs for
cancer in the year 2000 were 180.2 billion U.S. dollars. Cancer-related costs account
for about 10 percent of the total amount spent on disease treatment in the United
States. Thus, cancer is a major national burden.

Breast cancer is the most common cancer among American women, except
for skin cancers. In addition, breast cancer is the second leading cause of cancer
death in women, exceeded only by lung cancer. The chance of developing invasive
breast cancer at some time in a woman's life is about 1 in 8 (12%). Women living in
North America have the highest rate of breast cancer in the world and it is estimated
that about 178,480 new cases of invasive breast cancer will be diagnosed among
women in the United States in 2007.

Recent studies have led to the identification of classes, or sub-types, of breast
cancer that are defined by gene expression profiles and molecular features (Lonning
et al., Endocrine-Related Cancer 8:259-263 (2001)). These include Luminal A,
Luminal B, HER2-type, normal breast-like and basal-like breast cancers. Basal-like
breast cancers are high-grade cancers that are associated with rapid growth and poor
prognosis, including high risk for metastasis, recurrence, and death. There is no
definitive test or validated clinical assay at this time that accurately identifies basal-

like breast cancers. Accordingly, there is an urgent need to identify new markers
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that can be used to recognize basal-like breast cancer more readily and to develop
targeted treatments for this disease.

Human TTK protein kinase (TTK), also known as tyrosine threonine kinase,
dual specificity protein kinase TTK, Monopolar Spindle 1 (Mps1) and
Phosphotyrosine-Picked Threonine Kinase (PYT), is a conserved multispecific
kinase that is capable of phosphorylating serine, threonine and tyrosine residues
when expressed in E. coli (Mills et al., J. Biol. Chem. 22(5): 16000-16006 (1992)).
TTK mRNA is not expressed in the majority of physiologically normal tissues in
human (/d). TTK mRNA is expressed in some rapidly proliferating tissues, such as
testis and thymus, as well as in some tumors (TTK mRNA was not expressed in
renal cell carcinoma, was expressed in 50% of breast cancer samples, was expressed
in testicular tumors and ovarian cancer samples) (Id). TTK is expressed in some
cancer cell lines and tumors relative to normal counterparts(/d.; see also WO
02/068444 Al).

The yeast homolog of human TTK, Mpsl, is required for normal cell cycle
progression and has been shown to have a role in centrosome/spindle body
duplication, the mitotic spindle checkpoint and cytokinesis (Winey and Huneycutt,
Oncogene 21: 6161-6169 (2002)). Studies in Drosophila and vertebrates have
confirmed that several of these functions are conserved in higher eukaryotes,
including humans (Fisk and Winey, Curr. Biol. 14: R1058-1060 (2004); Fischer et
al., Curr. Biol. 14: 2019-2024 (2004); Fisk et al., PNAS 100(25): 14875-14880
(2003)). The specific biochemical role of TTK in cellular physiology is not
currently understood.

The requirement of normal TTK kinase activity for controlled cell cycle
progression in yeast, Drosophila, and vertebrates, including humans, combined with
the detection of TTK overexpression in some human cancer samples and cancer cell
lines indicates that TTK should be investigated further as a potential target for
therapeutic anti-cancer agents. However, the role of TTK in the pathology of breast
cancer and particular subtypes of breast cancer is not understood.

There is a need to determine whether TTK expression and/or activity is
associated with particular subtypes of breast cancer. In addition, there is a need to
identify and develop therapeutic agents that target TTK expression and/or activity to

treat breast cancer subtypes that are characterized by TTK overexpression.
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SUMMARY OF THE INVENTION

The present invention relates to a method for treating TTK positive non-
luminal breast cancer (e.g., a basal-like breast cancer, a HER-2 positive breast
cancer) in a mammalian subject. In the method of the invention, a therapeutically
effective amount of a TTK antagonist is administered to the mammalian subject.
The TTK positive non-luminal breast cancer can be a basal-like breast cancer or a
HER-2 positive breast cancer, such as a HER-2 positive, estrogen receptor (ER)
negative breast cancer. The TTK antagonist inhibits the expression and/or activity
of a TTK gene or gene product and can be, for example, an antibody, an antigen-
binding fragment of an antibody, a small interfering ribonucleic acid (siRNA), a
peptide, a peptidomimetic, an antisense oligonucleotide, or a small molecule. The
TTK antagonist can be administered with one or more other therapeutic agents,
including, but not limited to, a HER-2 antagonist, such as trastuzumab.

The invention also relates to a method for treating a TTK positive soft tissue
sarcoma in a mammalian subject. The method comprises administering a
therapeutically effective amount of a TTK antagonist to the mammalian subject.
Examples of TTK positive soft-tissue sarcomas that can be treated include TTK
positive fibrosarcomas, leiomyosarcomas, dedifferentiated liposarcomas,
pleiomorphic liposarcomas, malignant fibrous histiocytomas, round cell sarcomas
and synovial sarcomas. The TTK antagonist can be, for example, an antibody, an
antigen-binding fragment of an antibody, a small interfering ribonucleic acid
(siRNA), a peptide, a peptidomimetic, an antisense oligonucleotide, or a small
molecule, and can be administered with one or more other therapeutic agents.

The invention also relates to a method of treating a TTK positive basal-like
breast cancer tumor in 2 mammalian subject comprising administering a
therapeutically effective amount of a TTK antagonist to the mammalian subject.
The TTK antagonist can be, for example, an antibody, an antigen-binding fragment
of an antibody, a small interfering ribonucleic acid (siRNA), a peptide, a
peptidomimetic, an antisense oligonucleotide, or a small molecule, and can be
administered with one or more other therapeutic agents. Examples of TTK positive
basal-like breast cancer tumors that can be treated include TTK positive metastatic

tumors and carcinomas.
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The invention also provides a method of treating a TTK positive breast
cancer that is also HER-2 positive and ER negative in a mammalian subject. The
method comprises administering a therapeutically effective amount of a TTK
antagonist to the mammalian subject. The TTK antagonist can be, for example, an
antibody, an antigen-binding fragment of an antibody, a small interfering ribonucleic
acid (siRNA), a peptide, a peptidomimetic, an antisense oligonucleotide, or a small
molecule, and can be administered with one or more other therapeutic agents,
including, but not limited to, a HER-2 antagonist, such as trastuzumab.

The invention further relates to a composition comprising a TTK antagonist,
a HER-2 antagonist and a physiologically acceptable carrier. The HER-2 antagonist
can be, for example, trastuzumab.

The invention further relates to a method for identifying a candidate for an
anti-cancer therapy using a TTK antagonist. The method comprises providing a
suitable tumor sample obtained from a subject and assessing expression of TTK in
the tumor sample. According to the invention, expression of TTK by the tumor, or
increased expression of TTK by the tumor relative to a suitable control, indicates
that the subject is a candidate for an anti-cancer therapy using a TTK antagonist.

The invention also encompasses a method of diagnosing a non-luminal
breast cancer in a subject. The method comprises providing a suitable tumor sample
from breast tissue of the subject and assessing expression of TTK in said tumor
sample. Expression of TTK by the tumor, or increased expression of TTK by the
tumor relative to a suitable control, indicates that the subject has a basal-like breast
cancer.

The invention also relates to a method of determining the prognosis of a
subject who has a cancer. The method comprises providing a suitable tumor sample
from the subject and assessing expression of TTK in the tumor sample. According
to the invention, expression of TTK by the tumor, or increased expression of TTK
by the tumor relative to a suitable control, indicates reduced patient survival,
increased risk of metastases or increased risk of relapse.

The invention further provides a method for screening a breast cancer patient
as an aid for selecting aggressive cancer therapy. The method comprises providing a
suitable sample from a patient and determining TTK expression in the sample.

According to the invention, increased TTK expression in the sample from the patient
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as compared with a suitable control indicates the patient is a candidate for aggressive

cancer therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawings will be
provided by the Office upon request and payment of the necessary fee.

FIG. 1 is a microarray gene expression profile of 36 normal tissues
illustrating that only certain physiologically normal tissues in human express TTK
RNA.

FIG. 2A is a graph depicting TTK RNA expression in several normal breast
cell lines and breast cancer cell lines, as determined by quantitative polymerase
chain reaction (QPCR). TTK RNA is overexpressed in several breast cancer cell
lines.

FIG. 2B is a picture of a Western blot depicting increased expression of TTK
protein in breast cancer cell lines relative to normal breast cell lines. Hs578T,
MDA-MB-231, MDA-MB-435, and MDA-MB-468 are non-luminal breast cancer
cell lines and BT-474, MDA-MB-330, MDA-MB-453 and HCC1419 are luminal
breast cancer cell lines. B-actin levels serve as a loading control.

FIG. 3 is a graph depicting microarray expression data illustrating that TTK
RNA is overexpressed more frequently and to a greater extent in non-luminal breast
cancer cell lines than in luminal, non-malignant breast cancer cell lines, relative to
normal breast cell lines or non-malignant breast cells.

FIG. 4 is a microarray gene expression profile illustrating TTK RNA
overexpression in non-basal-like, BRCA 1-associated and basal-like cancer cell lines
relative to normal breast cell lines. TTK RNA expression is shown to be highest in
basal-like breast cancer cell lines.

FIG. 5 is a graph illustrating TTK RNA expression levels in different normal
soft tissue (normal, GIST) and soft tissue sarcoma samples (fibrosarcoma,
leiomyosarcoma, Lipo dediff, Lipo pleo, MFH, Round cell, Synovial sarcoma).
Increased TTK RNA levels were observed in sarcoma samples relative to samples

from physiologically normal tissues.
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FIG. 6 is a graph illustrating a strong association (p=3.7E-08) between high
TTK expression in breast and reduced patient survival in three data sets (NEJM,
Perou, PNAS).

FIG. 7 is a graph illustrating an association (p=0.014) between high TTK
expression in breast and increased risk of developing metastases.

FIGS. 8A and 8B are graphs illustrating the association between TTK
expression in breast and risk of relapse in two data sets (NEJM295, Perou). FIG. 8A
illustrates an association (p=5.9E-4) between high TTK expression and increased
risk of breast cancer relapse.

FIG.9A is a graph illustrating siRNA-mediated knockdown of TTK RNA
expression levels in MD-MB-468 breast cancer cells treated with one of four
different siRNAs that target human TTK (siRNA #1, siRNA #2, siRNA #3, siRNA
#4), as determined by quantitative polymerase chain reaction (QPCR).
siCONTROL is a non-targeting siRNA that targets firefly luciferase. siRNA POOL
is a combination of siRNA #1, siRNA #2, siRNA #3 and siRNA #4. siRNA #2 and
siRNA #3 display a TTK knockdown efficiency of greater than 70% (see downward
pointing arrows).

FIG. 9B is a picture of a Western blot depicting siRNA-mediated knockdown
of TTK protein expression in lysates of MD-MB-468 breast cancer cells treated with
one of four different siRNAs that target human TTK (siRNA #1, siRNA #2, siRNA
#3, siRNA #4). siCONTROL is a non-targeting siRNA that targets firefly
luciferase. siRNA POOL is a combination of siRNA #1, siRNA #2, siRNA #3 and
siRNA #4. B-actin levels serve as a loading control.

FIG. 10A-10C is a series of fluorescence histograms illustrating flow
cytometry analysis of MCF7 breast cancer cells treated with one of two TTK-
targeting siRNAs (TTK siRNA #2 (FIG. 10B), TTK siRNA #3 (FIG. 10C)) or non-
targeting control siRNA that targets firefly luciferase (siCONTROL) (FIG. 10A).
Treatment of the cells with TTK siRNA #2 or TTK siRNA #3, but not siCONTROL
siRNA, caused apoptosis of the cancer cells, indicated by increased G2/M and <G1
populations.

FIG. 11A is a graph illustrating a reduction in the number of colonies formed
in soft agar by T-47D breast cancer cells treated with TTK-targeting siRNAs
(siRNA #2 (FIG. 11C), siRNA #3 (FIG. 11D), siRNA POOL (FIG. 11E)), relative to
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T-47D breast cancer cells treated with non-targeting control siRNA that targets
firefly luciferase (siCONTROL) (FIG. 11B). Results are based on two independent
experiments.

FIG. 11B-11E is a series of photographs depicting a reduction in the number
and size of colonies formed in soft agar by T-47D breast cancer cells treated with
TTK-targeting siRNAs (siRNA #2, siRNA #3, siRNA POOL), relative to T-47D
breast cancer cells treated with non-targeting control siRNA that targets firefly
luciferase (siCONTROL). A 40 nM concentration of siRNA was used in each
transfection.

FIG. 12 is a graph illustrating reduced survival of breast cancer cells from
several different breast cancer cell lines following treatment with SP600125, a small
molecule antagonist of TTK.

FIG. 13A-13C depicts the chemical structures of SP6000125 (FIG. 13A) and
particular substituted derivatives of SP600125 (FIG. 13B-13C).

FI1G. 14A-14C depicts the chemical structures of cincreasin (FIG. 14A) and
particular cincreasin derivatives (FIG. 14B-14C).

FIGS. 15A and 15B show the human TTK ¢cDNA sequence (Genbank
Accession No. M86699).

FIG. 16 shows the human TTK protein sequence (Genbank Accession No.
NP003309).

FIG. 17A is a graph depicting normalized TTK transcript levels in MDA-
MB-468 cells infected with constructs expressing either control sShRNA (pSIREN-
shLUC) or TTK shRNA (pSIREN-shTTK). TTK transcript levels in MDA-MB-468
cells expressing TTK shRNA were reduced by about 50% relative to controls.

FIG. 17B is a graph depicting significant suppression of tumor growth in
mice that were injected with MDA-MB-468 cells infected with a construct
expressing TTK shRNA (pSIREN-shTTK) relative to mice injected with MDA-MB-
468 cells infected with a construct expressing control sShtRNA (pSIREN-shLUC);
2.5x10°® pSIREN-shLUC (control) and pSIREN-shTTK infected MDA-MB-468
cells were injected subcutaneously into the left and right hindlimb, respectively of

nude mice (n=5).

DETAILED DESCRIPTION OF THE INVENTION
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Definitions

As used herein, “TTK protein,” “TTK kinase,” or “TTK” refers to a naturally
occurring or endogenous TTK (e.g., mammalian, human) protein, and to proteins
having an amino acid sequence that is the same as that of naturally occurring or
endogenous TTK protein (e.g., recombinant proteins, synthetic proteins).
Accordingly “TTK protein,” “TTK kinase,” or “TTK” includes polymorphic or
allelic variants and other isoforms of a TTK protein (e.g., mammalian, human)
produced by, e.g., alternative splicing or other cellular processes, that occur
naturally in mammals (e.g., humans, non-human primates). Preferably, the TTK
protein is a human protein that has the amino acid sequence of SEQ ID NO: 2. (See,
Genbank Accession No. NP003309 and FIG. 16).

As defined herein, a “TTK antagonist” is an agent (e.g., nucleic acid, protein,
peptide, peptidomimetic, antibody, small molecule), which specifically and,
preferably, selectively binds a TTK protein and inhibits (e.g., reduces, prevents) one
or more activities of a TTK protein; or an agent that inhibits (e.g., reduces, prevents)
the expression of a TTK gene and/or protein. A TTK antagonist can inhibit the
activity of a TTK protein by, for example, inhibiting the binding of ATP, blocking
the active site of the protein’s kinase domain (e.g., amino acids 525-797 of SEQ ID
NO:2) and/or blocking the association of TTK with one or more of its substrates
(e.g., BLM helicase, CHK2/hCds1 protein kinase, Smad2, Smad3) inacell. A TTK
antagonist that inhibits the expression and/or activity of a TTK can be, for example,
a natural or synthetic nucleic acid or nucleic acid analog, antisense molecule, small
interfering RNA (siRNA), protein, peptide, antibody, small molecule, chemical
compound or the like.

As used herein, the term “peptide”, refers to a compound consisting of from
about 2 to about 100 amino acid residues wherein the amino group of one amino
acid is linked to the carboxyl group of another amino acid by a peptide bond. Such
peptides are typically less than about 100 amino acid residues in length and
preferably are about 10, about 20, about 30, about 40 or about 50 residues.

As used herein, the term “peptidomimetic”, refers to molecules which are not
polypeptides, but which mimic aspects of their structures. Peptidomimetic
antagonists can be prepared by conventional chemical methods (see e.g., Damewood

J.R. “Peptide Mimetic Design with the Aid of Computational Chemistry” in Reviews



WO 2009/079768 PCT/CA2008/002228

10

15

20

25

30

in Computational Biology, 2007, Vol. 9, pp.1-80, John Wiley and Sons, Inc., New
York, 1996; Kazmierski W.K., “Methods of Molecular Medicine: Peptidomimetic
Protocols,” Humana Press, New Jersey, 1999).

As defined herein, “therapy” is the administration of a particular therapeutic
or prophalytic agent to a subject (e.g., a mammal, a human).

As defined herein a “treatment regimen” is a regimen in which one or more
therapeutic or prophalytic agents are administered to a mammalian subject at a
particular dose (e.g., level, amount, quantity) and on a particular schedule or at
particular intervals (e.g., minutes, days, weeks, months).

As defined herein, “direct inhibition of tumor growth” refers to inhibited
tumor growth (e.g., reduced tumor cell proliferation, tumor cell death) caused by the
interaction of a therapeutic agent with a target in or on a tumor cell. Thus, a
TTK antagonist can directly inhibit tumor growth by binding a TTK protein
expressed by the cells of the tumor and inhibiting the activity of the TTK protein, for
example. In addition, a TTK antagonist can directly inhibit tumor growth by
inhibiting expression (e.g., decreasing nucleic acid (e.g., RNA) and/or protein) of a
TTK gene product or protein in the cells of the tumor.

As defined herein, a “therapeutically effective amount” is an amount
sufficient to achieve the desired therapeutic or prophylactic effect under the
conditions of administration, such as an amount sufficient to inhibit (i.e., reduce,
prevent) tumor cell growth (proliferation, size) and/or tumor progression (invasion,
metastasis) for a particular cancer. The effectiveness of a therapy (e. g., the
reduction/elimination of a tumor and/or prevention tumor growth) can be determined
by suitable methods (e.g., in situ immunohistochemistry, imaging (MRI, NMR), *H-
thymidine incorporation).

As defined herein, an “anti-tumor effective amount” is an amount sufficient
to directly inhibit tumor cell growth (e.g., proliferation) or survival.

As defined herein, an “anti-angiogenic effective amount” is an amount
sufficient to inhibit angiogenesis.

As used herein, “aggressive therapy” is the administration of a therapeutic
agent or agents at higher doses, more frequent doses, or a combination thereof, than
is normally administered in a typical therapeutic regime. Aggressive therapy can

also be the administration of a combination of therapeutic agents that are not
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typically administered in the same therapeutic regime. Aggressive therapy is often
at or near the limit of tolerance for a subject receiving such therapy. For example,
aggressive chemotherapy is sufficiently toxic that the subject’s bone marrow is
likely to fail (e.g., the bone marrow will no longer be able to produce hematopoeitic
cells after aggressive therapy). To get around this anticipated side effect of
aggressive therapy, the subject may receive an autologous bone marrow transplant,
or receive a tissue-type matched bone marrow transplant.

As described herein, TTK expression or overexpression is associated with
certain types of cancers, in particular non-luminal breast cancer subtypes, as well as
soft-tissue sarcomas. In particular, the inventor have determined that TTK gene
products (e.g., mRNA, protein) are expressed at higher levels in particular breast
cancer subtypes, such as basal-like breast cancer and HER-2 positive/estrogen
receptor negative breast cancer, relative to normal breast cells or tissues. In
addition, the inventor have shown that antagonists of TTK can directly inhibit
proliferation (e.g., by inducing apoptosis, by inducing cell cycle arrest, by inhibiting
anchorage-independent cell growth) of cancer cells that express TTK. Thus,
antagonists of TTK can be used to treat cancers, for example, by inhibiting tumor
growth and/or progression (e.g., in cancer patients). Accordingly, the invention
provides a method for the targeted treatment of a cancer (e. &., anon-luminal breast
cancer, a basal-like breast cancer tumor, a HER-2 positive and ER-negative breast
cancer tumor, a soft tissue sarcoma) that expresses TTK and, further, provides for a
pharmaceutical composition comprising a TTK antagonist. The invention also
provides a method of treating a non-luminal subtype breast cancer by administering
a TTK antagonist alone or in combination with one or more other therapeutic agents
(e.g., a HER-2 antagonist).

Inhibition of the expression or activity of a TTK protein provides an
effective and selective mechanism by which to treat cancers (e.g., tumors) that
express TTK. Thus, one aspect of the present invention relates to a method for
treating cancer in a mammalian subject comprising administering to the subject a

therapeutically effective amount of a TTK antagonist.

TTK antagonists
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The TTK antagonist can be an antibody or antigen-binding fragment thereof
that selectively binds a TTK protein. The term “antibody” is intended to encompass
all types of polyclonal and monoclonal antibodies (e.g., human, chimeric,
humanized, primatized, veneered, single chain, domain antibodies (dAbs)) and
antigen-binding fragments of antibodies (e.g., Fv, Fc, Fd, Fab, Fab’, F(ab’), dAb).
(See e.g., Harlow et al. , Antibodies A Laboratory Manual, Cold Spring Harbor
Laboratory, 1988). In a particular embodiment, the TTK-specific antibody is a
human antibody or humanized antibody. TTK-specific antibodies can also be
directly or indirectly linked to a cytotoxic agent.

Several antibodies that selectively bind TTK have been produced and are
commercially available (e.g., from Abgent, Abnova Corporation, ABR-Affinity
BioReagents, Bethyl laboratories, Cell Signaling Technology, GeneTex, Lifespan
Biosciences, Novus Biologicals, Proteintech Group, Inc., Santa Cruz Biotechnology,
Inc.). In addition, antibodies that selectively bind to and inhibit the activity of a
TTK protein include monoclonal antibodies N1, N2 and C1 described in Stucke et
al., EMBO J. 21(7):1723-1732 (2002).

Other antibodies or antibody fragments which selectively bind to and inhibit
the activity of a TTK protein can also be produced, constructed, engineered and/or
isolated by conventional methods or other suitable techniques. For example,
antibodies which are specific for a TTK protein can be raised against an appropriate
immunogen, such as a recombinant mammalian (e.g., human) TTK protein or
portion thereof (including synthetic molecules, e.g., synthetic peptides). A variety
of methods have been described (see e. g., Kohler et al. , Nature, 256: 495-497
(1975) and Eur. J. Immunol. 6: 511-519 (1976); Milstein et al. , Nature 266:
350-552 (1977); Koprowski et al. , U.S. Patent No. 4,172,124, Harlow, E. and D.
Lane, 1988, Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory:
Cold Spring Harbor, NY); Current Protocols In Molecular Biology, Vol. 2
(Supplement 27, Summer '94), Ausubel, F.M. ef al. , Eds., (John Wiley & Sons:
New York, NY), Chapter 11, (1991)). Antibodies can also be raised by immunizing
a suitable host (e.g., mouse) with cells that express TTK (e.g., cancer cells/cell lines)
or cells engineered to express TTK (e.g., transfected cells). (See e.g., Chuntharapai
etal. ,J. Immunol., 152:1783-1789 (1994); Chuntharapai e al. U.S. Patent No.

5,440, 021). For the production of monoclonal antibodies, a hybridoma can be



WO 2009/079768 PCT/CA2008/002228

10

15

20

25

30

12

produced by fusing a suitable immortal cell line (e.g., a myeloma cell line such as
SP2/0 or P3X63Ag8.653) with antibody producing cells. The antibody producing
cells can be obtained from the peripheral blood, or preferably, the spleen or lymph
nodes, of humans or other suitable animals immunized with the antigen of interest.
The fused cells (hybridomas) can be isolated using selective culture conditions, and
cloned by limited dilution. Cells which produce antibodies with the desired
specificity can be selected by a suitable assay (e.g., ELISA).

Antibody fragments can be produced by enzymatic cleavage or by
recombinant techniques. For example, papain or pepsin cleavage can generate Fab

or F(ab"), fragments, respectively. Other proteases with the requisite substrate
specificity can also be used to generate Fab or F(ab’), fragments. Antibodies can

also be produced in a variety of truncated forms using antibody genes in which one
or more stop codons has been introduced upstream of the natural stop site. For

example, a chimeric gene encoding a F(ab'), heavy chain portion can be designed to
include DNA sequences encoding the CH, domain and hinge region of the heavy

chain. Single chain antibodies, and human, chimeric, humanized or primatized
(CDR-grafted), or veneered antibodies, as well as chimeric, CDR-grafted or
veneered single chain antibodies, comprising portions derived from different
species, and the like are also encompassed by the present invention and the term
“antibody”. The various portions of these antibodies can be joined together
chemically by conventional techniques, or can be prepared as a contiguous protein
using genetic engineering techniques. For example, nucleic acids encoding a
chimeric or humanized chain can be expressed to produce a contiguous protein. See,
e.g., Cabilly et al. , U.S. Patent No. 4,816,567; Cabilly er al. , European Patent No.
0,125,023 B1; Boss et al. , U.S. Patent No. 4,816,397; Boss et al. , European Patent
No. 0,120,694 B1; Neuberger, M.S. et al. , WO 86/01533; Neuberger, M.S. et al. ,
European Patent No. 0,194,276 B1; Winter, U.S. Patent No. 5,225,539; Winter,
European Patent No. 0,239,400 B1; Queen et al. , European Patent No. 0 451 216
B1; and Padlan, E.A. et al. , EP 0 519 596 Al. See also, Newman, R. et al. ,
BioTechnology, 10: 1455-1460 (1992), regarding primatized antibody, and Ladner et
al., U.S. Patent No. 4,946,778 and Bird, R.E. et al., Science, 242: 423-426 (1988))

regarding single chain antibodies.
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Humanized antibodies can be produced using synthetic or recombinant DNA
technology using standard methods or other suitable techniques. Nucleic acid (e.g.,
cDNA) sequences coding for humanized variable regions can also be constructed
using PCR mutagenesis methods to alter DNA sequences encoding a human or
humanized chain, such as a DNA template from a previously humanized variable
region (see e.g., Kamman, M., ef al. , Nucl. Acids Res., 17: 5404 (1989)); Sato, K., et
al. , Cancer Research, 53: 851-856 (1993); Daugherty, B.L. et al. , Nucleic Acids
Res., 19(9): 2471-2476 (1991); and Lewis, A.P. and J.S. Crowe, Gene, 101: 297-302
(1991)). Using these or other suitable methods, variants can also be readily
produced. In one embodiment, cloned variable regions (e.g., dAbs) can be mutated,
and sequences encoding variants with the desired specificity can be selected (e.g.,
from a phage library; see e.g., Krebber et al. , U.S. 5,514,548; Hoogenboom et al. ,
WO 93/06213, published April 1, 1993).

Other suitable methods of producing or isolating antibodies of the requisite
specificity can be used, including, for example, methods which select a recombinant
antibody or antibody-binding fragment (e.g., dAbs) from a library (e.g., a phage
display library), or which rely upon immunization of transgenic animals (e.g., mice).
Transgenic animals capable of producing a repertoire of human antibodies are well-
known in the art (e.g., Xenomouse® (Abgenix, Fremont, CA)) and can be produced
using suitable methods (see e.g., Jakobovits et al. , Proc. Natl. Acad. Sci. US4, 90:
2551-2555 (1993); Jakobovits ef al. , Nature, 362: 255-258 (1993); Lonberg et al. ,
U.S. Patent No. 5,545,806; Surani et al. , U.S. Patent No. 5,545,807; Lonberg et al. ,
WO 97/13852).

A TTK antagonist can be a peptide (e.g., synthetic, recombinant, fusion or
derivatized) that specifically binds to, and inhibits (reduces, prevents, decreases) the
activity of, the TTK protein. The peptide can be linear, branched or cyclic, e.g., a
peptide having a heteroatom ring structure that includes several amide bonds. In a
particular embodiment, the peptide is a cyclic peptide.

Peptides, including cyclic peptides, that are selective for binding to a
particular domain (e.g., unique domain) of a TTK protein can be produced. A
peptide can be, for example, derived or removed from a native protein by enzymatic
or chemical cleavage, or can be synthesized by suitable methods, for example, solid

phase peptide synthesis (e.g., Merrifield-type synthesis) (see, e.g., Bodanszky et al.
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“Peptide Synthesis,” John Wiley & Sons, Second Edition, 1976). Peptides that are
TTK antagonists can also be produced, for example, using recombinant DNA
methodologies or other suitable methods (see, e.g., Sambrook J. and Russell D.W.,
Molecular Cloning: A Laboratory Manual, 3" Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, 2001). TTK antagonists can also
be fusion peptides fused, for example to a carrier protein (e.g., myc, his, glutathione
sulthydryl transferase) and/or tagged (e.g., radiolabeled, fluorescently labeled).

A peptide can comprise any suitable L-and/or D-amino acid, for example,
common o-amino acids (e.g., alanine, glycine, valine), non-a.-amino acids (e.g., B-
alanine, 4-aminobutyric acid, 6~aminocaproic acid, sarcosine, statine), and unusual
amino acids (e.g., citrulline, homocitruline, homoserine, norleucine, norvaline,
ornithine). The amino, carboxyl and/or other functional groups on a peptide can be
free (e.g., unmodified) or protected with a suitable protecting group. Suitable
protecting groups for amino and carboxyl groups, and methods for adding or
removing protecting groups are known in the art and are disclosed in, for example,
Green and Wuts, “Protecting Groups in Organic Synthesis”, John Wiley and Sons,
1991. The functional groups of a peptide can also be derivatized (e.g., alkylated)
using art-known methods.

Peptides can be synthesized and assembled into libraries comprising a few to
many discrete molecular species. Such libraries can be prepared using methods of
combinatorial chemistry, and can be screened using any suitable method to
determine if the library comprises peptides with a desired biological activity. Such
peptide antagonists can then be isolated using suitable methods.

The peptide can comprise modifications (e.g., amino acid linkers, acylation,
acetylation, amidation, methylation, terminal modifiers (e. g, cyclizing
modifications)), if desired. The peptide can also contain chemical modifications
(e.g., N-methyl-o-amino group substitution). In addition, the peptide antagonist can
be an analog of a known and/or naturally-occurring peptide, for example, a peptide
analog having conservative amino acid residue substitution(s). These modifications
can improve various properties of the peptide (e.g., solubility, binding), including its
TTK antagonist activity.

Peptidomimetics can be prepared that are TTK antagonists. For example,

polysaccharides can be prepared that have the same functional groups as peptides.
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Peptidomimetics can be designed, for example, by establishing the three
dimensional structure of a peptide agent in the environment in which it is bound or
will bind to a target molecule. The peptidomimetic comprises at least two
components, the binding moiety or moieties and the backbone or supporting
structure.

The binding moieties are the chemical atoms or groups which will react or
form a complex (e.g., through hydrophobic or ionic interactions) with a target
molecule, for example, with the amino acid(s) at or near the active site of the kinase.
For example, the binding moieties in a peptidomimetic can be the same as those in a
peptide or protein antagonist. The binding moieties can be an atom or chemical
group which reacts with the receptor in the same or similar manner as the binding
moiety in the peptide antagonist. For example, computational chemistry can be used
to design peptide mimetics of the ATP-binding site and/or active site of the
TTK protein, for instance. Examples of binding moieties suitable for use in
designing a peptidomimetic for a basic amino acid in a peptide include nitrogen
containing groups, such as amines, ammoniums, guanidines and amides or
phosphoniums. Examples of binding moieties suitable for use in designing a
peptidomimetic for an acidic amino acid include, for example, carboxyl, lower alkyl
carboxylic acid ester, sulfonic acid, a lower alkyl sulfonic acid ester or a
phosphorous acid or ester thereof.

The supporting structure is the chemical entity that, when bound to the
binding moiety or moieties, provides the three dimensional configuration of the
peptidomimetic. The supporting structure can be organic or inorganic. Examples of
organic supporting structures include polysaccharides, polymers or oligomers of
organic synthetic polymers (such as, polyvinyl alcohol or polylactide). It is
preferred that the supporting structure possess substantially the same size and
dimensions as the peptide backbone or supporting structure. This can be determined
by calculating or measuring the size of the atoms and bonds of the peptide and
peptidomimetic. In one embodiment, the nitrogen of the peptide bond can be
substituted with oxygen or sulfur, for example, forming a polyester backbone. In
another embodiment, the carbonyl can be substituted with a sulfonyl group or
sulfinyl group, thereby forming a polyamide (e.g., a polysulfonamide). Reverse
amides of the peptide can be made (e.g., substituting one or more-CONH-groups for
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a-NHCO-group). In yet another embodiment, the peptide backbone can be
substituted with a polysilane backbone.

These compounds can be manufactured by known methods. For example, a
polyester peptidomimetic can be prepared by substituting a hydroxyl group for the
corresponding a-amino group on amino acids, thereby preparing a hydroxyacid and
sequentially esterifying the hydroxyacids, optionally blocking the basic and acidic
side chains to minimize side reactions. Determining an appropriate chemical
synthesis route can generally be readily identified upon determining the chemical
structure.

Peptidomimetics can be synthesized and assembled into libraries comprising
a few to many discrete molecular species. Such libraries can be prepared using well-
known methods of combinatorial chemistry, and can be screened to determine if the
library comprises one or more peptidomimetics which have the desired activity.
Such peptidomimetic antagonists can then be isolated by suitable methods.

TTK antagonists can also be small molecules. Examples of small molecules
include organic compounds, organometallic compounds, inorganic compounds, and
salts of organic, organometallic or inorganic compounds. Atoms in a small molecule
are typically linked together via covalent and/or ionic bonds. The arrangement of
atoms in a small organic molecule may represent a chain (e.g. a carbon-carbon chain
or a carbon-heteroatom chain), or may represent a ring containing carbon atoms, e. g
benzene or a policyclic system, or a combination of carbon and heteroatoms, i.e.,
heterocycles such as a pyrimidine or quinazoline. Although small molecules can
have any molecular weight, they generally include molecules that are less than about
5,000 daltons. For example, such small molecules can be less than about 1000
daltons and, preferably, are less than about 750 daltons or, more preferably, are less
than about 500 daltons. Small molecules and other non-peptidic TTK antagonists
can be found in nature (e.g., identified, isolated, purified) and/or produced
synthetically (e.g., by traditional organic synthesis, bio-mediated synthesis, or a
combination thereof). See e.g. Ganesan, Drug Discov. Today 7(1): 47-55 (January
2002); Lou, Drug Discov. Today, 6(24): 1288-1294 (December 2001). Examples of
naturally occurring small molecules include, but are not limited to, hormones,

neurotransmitters, nucleotides, amino acids, sugars, lipids, and their derivatives.
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A small molecule TTK antagonist according to the present invention, and
physiologically acceptable salts thereof, can inhibit the kinase activity of TTK (e.g.,
by directly competing with ATP for binding to the ATP-binding pocket of TTK).
Suitable small molecule TTK antagonists for use in the methods of the invention
include, for example, anthrapyrazolone compounds and physiologically acceptable
salts thereof. Examples of specific anthrapyrazolone compounds useful in the
methods of the invention include anthra(1,9-cd)pyrazol-6(2H)-one 1,9-
pyrazoloanthrone (SP600125) (FIG. 13A), which is a reversible ATP-competitive
inhibitor TTK and Jun N-terminal family kinases (JNK), and particular substituted
derivatives of SP600125 (see, for example, FIG. 13B-13C) (Bennett et al., PNAS
98(24):13681-13686 (2001); Schmidt et al., EMBO Reports 6(9): 866-872 (2005)).
SP600125 is available commercially (A.G. Scientific, Inc.: Sigma-Aldrich; Biomol
International, LP; SuperArray Bioscience Corporation). Other examples of small
molecule TTK antagonists include cincreasin (FIG. 14A) and related compounds,
such as isocyanate and halogen-substituted derivatives (see, for example, FIG. 14B-
14C) of cincreasin (Dorer et al., Curr. Biol. 15:1070-1076 (2005)).

Agents having TTK binding specificity, including small molecules, can be
identified in a screen, for example, a high-throughput screen of chemical compounds
and/or libraries (e.g., chemical, peptide, nucleic acid libraries). Compounds or small
molecules can be identified from numerous available libraries of chemical
compounds from, for example, the Chemical Repository of the National Cancer
Institute and the Molecular Libraries Small Molecules Repository (PubChem), as
well as libraries of the Institute of Chemistry and Cell Biology at Harvard University
and other libraries that are available from commercial sources (e.g., Chembridge,
Peakdale, CEREP, MayBridge, Bionet). Such libraries or collections of molecules
can also be prepared using well-known chemical methods, such as well-known
methods of combinatorial chemistry. The libraries can be screed to identify
compounds that bind and inhibit TTK. Identified compounds can serve as lead
compounds for further diversification using well-known methods of medicinal
chemistry. For example, a collection of compounds that are structural variants of the
lead can be prepared and screened for TTK binding and/or inhibitory activity. This

can result in the development of a structure activity relationship that links the
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structure of the compounds to biological activity. Compounds that have suitable

binding and inhibitory activity can be developed further for in vivo use.

Agents that bind TTK can be evaluated further for TTK antagonist activity.
For example, a composition comprising a TTK protein can be used in a screen or
binding assay to detect and/or identify agents that bind and antagonize the
TTK protein. Compositions suitable for use include, for example, cells that
naturally express a TTK protein (e.g., one or more non-luminal breast cancer cell
line described herein), extracts of such cells, and recombinant TTK protein.

An agent that binds a TTK protein can be identified in a competitive binding
assay, for example, in which the ability of a test agent to inhibit the binding of TTK
to a reference agent is assessed. The reference agent can be a substrate, such as
ATP, an endogenous substrate (e.g., BLM helicase, CHK2/hCds1 protein kinase,
Smad2, Smad3), or an exogenous substrate (e.g., myelin basic protein) that is
phosphorylated by TTK. Suitable endogenous substrates for TTK include BLM
helicase, CHK2/hCds]1 protein kinase, Smad2 and Smad3. The reference agent can
be labeled with a suitable label (e.g., radioisotope, epitope label, affinity label (e. g,
biotin and avidin or streptavadin), spin label, enzyme, fluorescent group,
chemiluminescent group, dye, metal (e.g., gold, silver), magnetic bead) and the
amount of labeled reference agent required to saturate the TTK protein in the assay
can be determined. The specificity of the formation of the complex between the
TTK protein and the test agent can be determined using a suitable control (e.g.,
unlabeled agent, label alone).

The capacity of a test agent to inhibit formation of a complex between the
reference agent and a TTK protein can be determined as the concentration of test
agent required for 50% inhibition (ICs, value) of specific binding of labeled
reference agent. Specific binding is preferably defined as the total binding (e.g.,
total label in complex) minus the non-specific binding. Non-specific binding is
preferably defined as the amount of label still detected in complexes formed in the
presence of excess unlabeled reference agent. Reference agents suitable for use in
the method include molecules and compounds which specifically bind to TTK, e.g.,
an endogenous or exogenous substrate or an antibody specific for TTK (e.g., sc-540,

Santa Cruz Biotechnology).
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An agent that antagonizes a TTK protein can be identified by screening for
agents that have an ability to antagonize (reduce, prevent, inhibit) one or more
activities of TTK, such as, for example, a binding activity (e.g., the binding of TTK
to a substrate) or a kinase activity (e.g., the phosphorylation of a substrate by TTK).
Such activities can be assessed using an appropriate in vitro or in vivo assay.
Exemplary in vitro kinase assays for TTK activity have been described previously
(Stucke et al., EMBO J. 21(7):1723-1732 (2002); Wei et al., J. Biol. Chem. 280(9):
7748-7757 (2005)). For example, TTK protein (e.g., endogenous TTK protein that
is present in, or isolated from, a human cell extract, recombinant TTK protein) is
washed three times in TTK kinase buffer [50 mM Tris~HCI pH 7.5, 10 mM MgCl,,
0.5 mM dithiothreitol (DTT), 10 mM B-glycerophosphate, 100 uM NazVOs].
Kinase reactions are carried out for 30 min at 30°C in TTK kinase buffer
supplemented with 10 uM ATP, 2 pCi of [y?PJATP (Amersham) and 0.5 mg/ml of
myelin basic protein (MBP) as a substrate. Reactions are stopped by addition of gel
sample buffer and heating at 95°C for 5 min. Proteins are then resolved by SDS—
PAGE and 3?p incorporation is visualized by autoradiography. A particularly
suitable high-throughput ELISA based assay has also been described (CycLex®
Human Mps1/TTK kinase Assay/Inhibitor Screening Kit, Catalog # CY-1179,
CycLex Co., Ltd., Nagano, Japan). Exemplary assays for assessing TTK kinase
activity in vivo also have been described (See, for example, Leng et al., PNAS
103(31):11485-11490 (2006); Zhu et al., J. Biol. Chem. 282(25): 18327-18338
(2007)).

The ability of an agent that binds a TTK protein to antagonize one or more
activities of TTK can also be assessed by measuring one or more of the TTK-
mediated activities. Such TTK-mediated activities include inhibition of cell death of
cancer cells, inhibition of cell cycle arrest of cancer cells and anchorage-dependent
cell growth in vitro. Thus, assays for detecting these TTK-mediated activities can be
used to evaluate the antagonist activity of a test agent (e.g., the ability of a test agent
to inhibit one or more activities of TTK). Suitable assays include standard cell
proliferation assays (e.g., BrdU incorporation, 3H-thymidine incorporation; See e.g.,
Friedlander M. et al. Science 270:1500-1502, 1995; Klemke R.L., J. Cell. Biol.
131:791-805, 1995; Kerr J.S. et al. , Anticancer Res. 19:959-968, 1999), as well as
the SRB cell viability assay, the flow cytometry assay and the colony formation
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assay described herein (See Exemplification under Materials and Methods and
Example 3).

Once a TTK antagonist is identified, the ability of the TTK antagonist to
interefere with (e.g., reduce, inhibit, prevent) one or more biological functions or
properties associated with TTK kinase activity in a cell can be assessed, for
example, using a cell-based assay designed to measure a particular biological
function or property associated with TTK. Such biological functions and properties
that are known to be associated with TTK expression and/or activity include, but are
not limited to, centrosome duplication, mitotic checkpoint arrest, and localization to
kinetocohores (Winey and Huneycutt, Oncogene 21: 6161-6169 (2002)); Stucke et
al., EMBO J. 21(T): 1723-1732 (2002); Fisk et al., PNAS 100(25): 14875-14880
(2003)).

TTK antagonists are also agents that inhibit (reduce, decrease, prevent) the
expression of a TTK protein. Agents (small molecules, peptides, nucleic acids,
oligonucleotides) that inhibit TTK gene expression (e.g., transcription, nRNA
processing, translation) are effective TTK antagonists. For example, small
interfering ribonucleic acids (siRNAs) and, similarly, short hairpin ribonucleic acids
(shRNAs) which are processed into short siRNA-like molecules in a cell, can
prevent the expression (translation) of the TTK protein. siRNA molecules can be
polynucleotides that are generally about 20 to about 25 nucleotides long and are
designed to bind specific RNA sequence (e.g., TTK mRNA). siRNAs silence gene
expression in a sequence-specific manner, binding to a target RNA (e.g,an RNA
having the complementary sequence) and causing the RNA to be degraded by
endoribonucleases. siRNA molecules able to inhibit the expression of the TTK gene
product can be produced by suitable methods. There are several algorithms that can
be used to design siRNA molecules that bind the sequence of a gene of interest (sée
e.g., Mateeva O. et al. Nucleic Acids Res. 35(8):Epub, 2007; Huesken D. ef al. ,
Nat. Biotechnol. 23:995-1001; Jagla B. et al. , RNA 11:864-872, 2005; Shabalinea
S.A. BMC Bioinformatics 7:65, 2005; Vert J.P. et al. BMC Bioinformatics 7:520,
2006). Expression vectors that can stably express SiRNA or shRNA are available.
(See e.g., Brummelkamp, T.R., Science 296: 550-553, 2002, Lee, NS, et al. , Nature
Biotechnol. 20:500-505, 2002; Miyagishi, M., and Taira, K. Nature Biotechnol.
20:497-500, 2002; Paddison, P.J., et al. » Genes & Dev. 16:948-958, 2002; Paul,
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C.P., et al. , Nature Biotechnol. 20:505-508; 2002; Sui, G., et al. , Proc. Natl. Acad.
Sci. USA 99(6):5515-5520, 2002; Yu, J-Y, et al. , Proc. Natl. Acad. Sci. USA
99(9):6047-6052, 2002; Elbashir, SM, et al. , Nature 411:494-498, 2001.). Stable
expression of siRNA/shRNA molecules is advantageous in the treatment of cancer
as it enables long-term expression of the molecules, potentially reducing and/or
eliminating the need for repeated treatments.
Antisense oligonucleotides (e.g., DNA, riboprobes) can also be used as TTK

antagonists to inhibit TTK expression. Antisense oligonucleotides are generally
short (~13 to ~25 nucleotides) single-stranded nucleic acids which specifically
hybridize to a target nucleic acid sequence (e.g., mRNA) and induce the degradation
of the target nucleic acid (e.g., degradation of the RNA through RNase H-dependent
mechanisms) or sterically hinder the progression of splicing or translational
machinery. (See e.g., Dias N. and Stein C.A., Mol. Can. Ther. 1:347-355, 2002).
There are a number of different types of antisense oligonucleotides that can be used
as TTK antagonists including methylphosphonate oligonucleotides,
phosphorothioate oligonucleotides, oligonucleotides having a hydrogen at the 2'-
position of ribose replaced by an O-alkyl group (e.g., a methyl), polyamide nucleic
acid (PNA), phosphorodiamidate morpholino oligomers (deoxyribose moiety is
replaced by a morpholine ring), PN (N3'—P5’ replacement of the oxygen at the 3'
position on ribose by an amine group) and chimeric oligonucleotides (e.g., 2'-O-
Methyl/phosphorothioate). Antisense oligonucleotides can be designed to be
specific for a protein using predictive algorithms. (See e.g., Ding, Y., and
Lawrence, C. E., Nucleic Acids Res., 29:1034-1046, 2001; Sczakiel, G., Front.
Biosci., 5:D194-D201, 2000; Scherr, M., et al. , Nucleic Acids Res., 28:2455-2461,
2000; Patzel, V., et al. Nucleic Acids Res., 2 7:4328-4334,1999; Chiang, M.Y ., et al.
»J. Biol. Chem., 266:18162-18171,1991; Stull, R. A., et al. , Nucleic Acids Res.,
20:3501-3508, 1992; Ding, Y., and Lawrence, C. E., Comput. Chem., 23:387-
400,1999; Lloyd, B. H., et al. , Nucleic Acids Res., 29:3664-3673, 2001; Mir, K. U.,
and Southern, E. M., Nat. Biotechnol., 17:788-792,1999; Sohail, M., et al. , Nucleic
Acids Res., 29:2041 ~2051, 2001; Altman, R. K., et al. , J. Comb. Chem., 1:493-508
1999). The antisense oligonucleotides can be produced by suitable methods; for
example, nucleic acid (e.g., DNA, RNA, PNA) synthesis using an automated nucleic

acid synthesizer (from, e.g., Applied Biosystems) (see also Martin, P., Helv. Chim.

b
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Acta 78:486-504, 1995). Antisense oligonucleotides can also be stably expressed in
a cell containing an appropriate expression vector.

Antisense oligonucleotides can be taken up by target cells (e.g., tumor cells)
via the process of adsorptive endocytosis. Thus, in the treatment of a subject (e.g.,
mammalian), antisense TTK oligonucleotides can be delivered to target cells (e.g.,
tumor cells) by, for example, injection or infusion. For instance, purified
oligonucleotides or siRNA/shRNA, can be administered alone or in a formulation
with a suitable drug delivery vehicle (e.g., liposomes, cationic polymers, (e.g., poly-
L-lysine PAMAM dendrimers, polyalkylcyanoacrylate nanoparticles and
polyethyleneimine) or coupled to a suitable carrier peptide (e.g., homeotic
transcription factor, the Antennapedia peptide, Tat protein of HIV-1, ESCA peptide).

Ribozymes can also be used as TTK antagonists to inhibit TTK expression.
Ribozymes are RNA molecules possessing enzymatic activity. One class of
ribozymes is capable of repeatedly cleaving other separate RNA molecules into two
or more pieces in a nucleotide base sequence specific manner. See Kim et al., Proc
Natl Acad Sci USA, 84:8788 (1987); Haseloff & Gerlach, Nature, 334:585 (1988);
and Jefferies et al., Nucleic Acid Res, 17:1371 (1989). Such ribozymes typically
have two functional domains: a catalytic domain and a binding sequence that guides
the binding of ribozymes to a target RNA through complementary base-pairing.
Once a specifically-designed ribozyme is bound to a target mRNA, it enzymatically
cleaves the target mRNA, typically reducing its stability and destroying its ability to
directly translate an encoded protein. After a ribozyme has cleaved its RNA target,
it is released from that target RNA and thereafter can bind and cleave another target.
That is, a single ribozyme molecule can repeatedly bind and cleave new targets.

In accordance with the present invention, a ribozyme may target any portion
of the mRNA encoding TTK. Methods for selecting a ribozyme target sequence and
designing and making ribozymes are generally known in the art. See e. g., U.S. Pat.
Nos. 4,987,071; 5,496,698; 5,525,468; 5,631,359; 5,646,020; 5,672,511 and
6,140,491, each of which is incorporated herein by reference in its entirety. For
example, suitable ribozymes may be designed in various configurations such as
hammerhead motifs, hairpin motifs, hepatitis delta virus motifs, group I intron
motifs, or RNase P RNA motifs. See e. 8., U.S. Pat. Nos. 4,987,071; 5,496,698;
3,525,468; 5,631,359; 5,646,020; 5,672,511; and 6,140,491; Rossi et al., AIDS Res
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Human Retroviruses 8:183 (1992); Hampel & Tritz, Biochemistry 28:4929 (1989),
Hampel et al., Nucleic Acids Res, 18:299 (1990); Perrotta & Been, Biochemistry
31:16 (1992); and Guerrier-Takada et al., Cell, 35:849 (1983).

Ribozymes can be synthesized by the same methods used for normal RNA
synthesis. For example, suitable methods are disclosed in Usman ef al., J Am Chem
Soc, 109:7845-7854 (1987) and Scaringe et al., Nucleic Acids Res, 18:5433-5441
(1990). Modified ribozymes may be synthesized by the methods disclosed in, e.g.,
U.S. Pat. No. 5,652,094; International Publication Nos. WO 91/03162; WO
92/07065 and WO 93/15187; European Patent Application No. 92110298.4; Perrault
et al., Nature, 344:565 (1990); Pieken et al., Science, 253:314 (1991); and Usman &
Cedergren, Trends Biochem Sci, 17:334 (1992).

Methods of Therapy

Using the methods of the invention, cancer can be treated by inhibiting tumor
growth (e.g., directly inhibited) using a TTK antagonist (e.g., antibodies, siRNA
molecules, small organic molecules, antisense oligonucleotides, chemical
compounds, peptides, peptide mimetics).

Accordingly, one aspect of the invention relates to a method for treating a
TTK positive non-luminal breast cancer in a mammalian subject comprising
administering to the subject a therapeutically effective amount of a TTK antagonist.
The non-luminal breast cancer (e.g., non-luminal breast cancer tumor) can be any
estrogen-receptor (ER)-negative breast cancer (e.g., a HER-2 positive breast cancer,
a basal-like breast cancer) that expresses TTK. Ina particular embodiment, the non-
luminal breast cancer treated is a HER-2 positive non-luminal breast cancer. In a
more particular embodiment, a TTK positive basal-like breast cancer (e.g,aTTK
positive basal-like breast cancer tumor) is treated by administering a TTK
antagonist.

In another aspect, the invention relates to a method for treating a
TTK positive soft tissue sarcoma (e.g., malignant tumor) in a mammalian subject
comprising administering to the subject a therapeutically effective amount of a TTK
antagonist. The soft tissue sarcoma can be derived from any soft tissue, such as a
soft tissue that connects, supports, or surrounds various structures and organs of the

body, including, but not limited to, smooth muscle, skeletal muscle, tendons, fibrous
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tissues, fatty tissue, blood and lymph vessels, perivascular tissue, nerves,
mesenchymal cells and synovial tissues. In a particular embodiment, the soft tissue
sarcoma is a fibrosarcoma, a gastrointestinal sarcoma, a leiomyosarcoma, a
dedifferentiated liposarcoma, a pleimoprhic liposarcoma, a malignant fibrous
histiocytoma, a round cell sarcoma, or a synovial sarcoma.

In a particular aspect of the method, a TTK antagonist inhibits tumor growth
directly by inducing the death (e.g., apoptosis) of the cells of the tumor or by
inhibiting the growth (e.g., proliferation) of the cells of the tumor.

A therapeutically effective amount of the TTK antagonist is administered in
the methods of the invention. In one aspect, an “anti-tumor effective amount” of a
TTK antagonist is administered to a patient in need thereof. For example, agents
which directly inhibit tumor growth (e.g., chemotherapeutic agents) are
conventionally administered at a particular dosing schedule and level to achieve the
most effective therapy (e.g., to best kill tumor cells). Generally, about the maximum
tolerated dose is administered during a relatively short treatment period (e.g., one to
several days), which is followed by an off-therapy period. In a particular example,
the chemotherapeutic cyclophosphamide is administered at a maximum tolerated
dose of 150 mg/kg every other day for three doses, with a second cycle given 21
days after the first cycle. (Browder et al. Can Res 60:1878-1886, 2000). Similarly,
the anti-HER-2 monoclonal antibody, trastuzumab, is administered to HER-2
positive breast cancer patients in one larger initial dose (4 mg/kg) given over period
of about 90 minutes, followed by smaller weekly maintenance doses (2 mg/kg) that
are administered over a shorter period of time, about 30 minutes. When
administered in conjunction with other adjuvant cancer therapies (e. g,
chemotherapy, hormone therapy), the anti-HER-2 monoclonal antibody is
administered on the same or similar cycles as the other cancer therapy.

An anti-tumor effective amount of TTK antagonist that directly inhibits the
expression or activity of a TTK protein in a tumor cell (e. g., inhibitory small
molecules, neutralizing antibodies, inhibitory nucleic acids (e.g., siRNA, antisense
nucleotides)) can be administered, for example, in a first cycle in which about the
maximum tolerated dose of the antagonist is administered in one interval/dose, or in
several closely spaced intervals (minutes, hours, days) with another/second cycle

administered after a suitable off-therapy period (e. &., one or more weeks). Suitable
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dosing schedules and amounts for a TTK antagonist can be readily determined by a
clinician of ordinary skill. Decreased toxicity of a particular TTK antagonist as
compared to chemotherapeutic agents can allow for the time between administration
cycles to be shorter. When used as an adjuvant therapy (to, e.g., surgery, radiation
therapy, other primary therapies), an anti-tumor effective amount of a

TTK antagonist is preferably administered on a dosing schedule that is similar to
that of the other cancer therapy (e.g., chemotherapeutics), or on a dosing schedule
determined by the skilled clinician to be more/most effective at inhibiting (reducing,
preventing) tumor growth. A treatment regimen for an anti-tumor effective amount
of a TTK antagonist, for example, a small molecule, can be 0.001 mg/kg to about
100 mg/kg, from about 0.01 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to
about 10 mg/kg, from about 0.01 mg/kg to about 1 mg/kg, every 1 to 7 days over a
period of about 4 to about 6 months. In addition, treatment regimen for an anti-
tumor effective amount of a TTK antagonist, for example, an antibody, can be from
about 0.01 mg/kg to about 300 mg/kg body weight per treatment and preferably
from about 0.01 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 10
mg/kg, from about 1 mg/kg to about 10 mg/kg every 1 to 7 days over a period of

about 4 to about 6 months.

Accordingly, one aspect of the invention also relates to a method for directly
inhibiting the growth of a tumor that expresses a TTK protein comprising
administering to a patient with the tumor a therapeutically effective amount (e.g,an
anti-tumor effective amount) of a TTK antagonist. In one embodiment, the
TTK antagonist directly inhibits the growth of the tumor by inducing the apoptosis
of the tumor cells or by inhibiting the proliferation of the tumor cells. The
TTK antagonist can inhibit the expression (e.g., siRNA, antisense oligonucleotides)
or activity (e.g., antibody, small molecule (e.g., SP600125, cincreasin), peptide,
peptide mimetic) of a TTK protein, thereby directly inhibiting the growth of the cells
of the tumor.

In another aspect, a TTK antagonist can be administered in a metronomic
dosing regime, whereby a lower dose is administered more frequently relative to
maximum tolerated dosing. A number of preclinical studies have demonstrated

superior anti-tumor efficacy, potent antiangiogenic effects, and reduced toxicity and
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side effects (e.g., myelosuppression) of metronomic regimes compared to maximum
tolerated dose (MTD) counterparts (Bocci, et al., Cancer Res, 62:6938-6943, (2002);
Bocci, et al., Proc. Natl. Acad. Sci., 100(22):12917-12922, (2003); and Bertolini, e#
al., Cancer Res, 63(15):4342-4346, (2003)). Metronomic chemotherapy appears to
be effective in overcoming some of the shortcomings associated with chemotherapy.
A TTK antagonist can be administered in a metronomic dosing regime to
inhibit (reduce, prevent) angiogenesis in a patient in need thereof as part of an anti-
angiogenic therapy. Such anti-angiogenic therapy may indirectly affect (inhibit,
reduce) tumor growth by blocking the formation of new blood vessels that supply
tumors with nutrients needed to sustain tumor growth and enable tumors to
metastasize. Starving the tumor of nutrients and blood supply in this manner can
eventually cause the cells of the tumor to die by necrosis and/or apoptosis. Previous
work has indicated that the clinical outcomes (inhibition of endothelial cell-mediated
tumor angiogenesis and tumor growth) of cancer therapies that involve the blocking
of angiogenic factors (e.g., VEGF, bFGF, TGF-a, IL-8, PDGF) or their signaling
have been more efficacious when lower dosage levels are administered more
frequently, providing a continuous blood level of the antiangiogenic agent. (See
Browder et al. Can. Res. 60:1878-1886, 2000; Folkman J., Sem. Can. Biol. 13:159-
167,2003). An anti-angiogenic treatment regimen has been used with a targeted
inhibitor of angiogenesis (thrombospondinl and platelet growth factor-4 (TNP-470))
and the chemotherapeutic agent cyclophophamide. Every 6 days, TNP-470 was
administered at a dose lower than the maximum tolerated dose and
cyclophophamide was administered at a dose of 170 mg/kg. Id. This treatment
regimen resulted in complete regression of the tumors. Jd. In fact, anti-angiogenic
treatments are most effective when administered in concert with other anti-cancer

therapeutic agents, for example, those agents that directly inhibit tumor growth (e.g.,

chemotherapeutic agents). /d.

Other therapies

A therapeutically effective amount of a TTK antagonist can be administered
alone, as an adjuvant therapy to a primary cancer therapy (surgery, radiation), with
anti-angiogenic therapies (e.g., avastatin, endostatin, tumstatin, angiostatin) or as a

primary therapy with other adjuvant therapies (e.g., chemotherapeutic, hormone).
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The effectiveness of a therapy (e.g., the reduction or elimination of a tumor,
the prevention or inhibition of tumor growth, the treatment or prevention of an
angiogenesis disorder, and/or the prevention or treatment of cancer metastasis) can
be determined by any suitable method (e.g., in situ immunohistochemistry, imaging
(MRI, NMR), 3H-thymidine incorporation).

The methods described herein comprise administering a TTK antagonist.
The TTK antagonist may be administered to the individual in need thereof as a
primary therapy (e.g., as the principal therapeutic agent in a therapy or treatment
regimen); as an adjunct therapy (e.g., as a therapeutic agent used together with
another therapeutic agent in a therapy or treatment regime, wherein the combination
of therapeutic agents provides the desired treatment; “adjunct therapy” is also
referred to as “adjunctive therapy™); in combination with an adjunct therapy; as an
adjuvant therapy (e.g., as a therapeutic agent that is given to the subject in need
thereof after the principal therapeutic agent in a therapy or treatment regimen has
been given); or in combination with an adjuvant therapy (e.g., chemotherapy (e.g.,
dacarbazine (DTIC), Cis-platinum, cimetidine, tamoxifen, cyclophophamide),
radiation therapy, hormone therapy (e.g., anti-estrogen therapy, androgen
deprivation therapy (ADT), luteinizing hormone-releasing hormone (LH-RH)
agonists, aromatase inhibitors (Als, such as anastrozole, exemestane, letrozole),
estrogen receptor modulators (e.g., tamoxifen, raloxifene, toremifene)), or biological
therapy). Numerous other therapies can also be administered during a cancer
treatment regime to mitigate the effects of the disease and/or side effects of the
cancer treatment including therapies to manage pain (narcotics, acupuncture), gastric
discomfort (antacids), dizziness (anti-veritgo medications), nausea (anti-nausea
medications), infection (e.g., medications to increase red/white blood cell counts)
and the like, all of which are readily appreciated by the person skilled in the art.

Thus, a TTK antagonist can be administered as an adjuvant therapy (e. g,
with another primary cancer therapy or treatment). As an adjuvant therapy, the TTK
antagonist can be administered before, after or concurrently with a primary therapy
like radiation and/or the surgical removal of a tumor(s). In some embodiments, the
method comprises administering a therapeutically effective amount of a TTK
antagonist and one or more other therapies (e.g., adjuvant therapies, other targeted

therapies). An adjuvant therapy (e.g., a chemotherapeutic agent) and/or the one or
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more other targeted therapies (e.g., a PLK1 antagonist) and the TTK antagonist can
be co-administered simultaneously (e.g., concurrently) as either separate
formulations or as a joint formulation. Alternatively, the therapies can be
administered sequentially, as separate compositions, within an appropriate time
frame (e.g., a cancer treatment session/interval such as 1.5 to 5 hours) as determined
by the skilled clinician (e.g., a time sufficient to allow an overlap of the
pharmaceutical effects of the therapies). The adjuvant therapy and/or one or more
other targeted therapies (e.g., a PLK1 antagonist) and the TTK antagonist can be
administered in a single dose or multiple doses in an order and on a schedule
suitable to achieve a desired therapeutic effect (e.g., inhibition of tumor growth,
inhibition of angiogenesis, and/or inhibition of cancer metastasis).

One or more agents that are a TTK antagonist can be administered in single
or multiple doses. Suitable dosing and regimens of administration can be
determined by a clinician and are dependent on the agent(s) chosen, pharmaceutical
formulation and route of administration, various patient factors and other
considerations. With respect to the administration of a TTK antagonist with one or
more other therapies or treatments (adjuvant, targeted, cancer treatment-associated,
and the like) the TTK antagonist is typically administered as a single dose (by e.g.,
injection, infusion, orally), followed by repeated doses at particular intervals (e.g.,
one or more hours) if desired or indicated.

The amount of the TTK antagonist to be administered (e.g., a therapeutically
effective amount, an anti-tumor effective amount, an anti-angiogenesis effective
amount, an anti-metastasis effective amount) can be determined by a clinician using
the guidance provided herein and other methods known in the art and is dependent
on several factors including, for example, the particular agent chosen, the subject’s
age, sensitivity, tolerance to drugs and overall well-being. For example, suitable
dosages for a small molecule can be from about 0.001 mg/kg to about 100 mg/kg,
from about 0.01 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 10
mg/kg, from about 0.01 mg/kg to about 1 mg/kg body weight per treatment.
Suitable dosages for antibodies can be from about 0.01 mg/kg to about 300 mg/kg
body weight per treatment and preferably from about 0.01 mg/kg to about 100
mg/kg, from about 0.01 mg/kg to about 10 mg/kg, from about 1 mg/kg to about 10
mg/kg body weight per treatment. Where the TTK antagonist is a polypeptide
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(linear, cyclic, mimetic), the preferred dosage will result in a plasma concentration
of the peptide from about 0.1 pg/mL to about 200 ug/mL. Determining the dosage
for a particular agent, patient and cancer is well within the abilities of one of skill in
the art. Preferably, the dosage does not cause or produces minimal adverse side
effects (e.g., immunogenic response, nausea, dizziness, gastric upset, hyperviscosity

syndromes, congestive heart failure, stroke, pulmonary edema).

HER-2 positive tumor therapy

Breast cancers that are positive for HER-2 expression represent a breast
cancer subtype that is characterized by rapid, aggressive tumor growth and
progression, a high-grade appearance under the microscope and is associated with a
poor clinical outcome and poor prognosis. Despite the negative attributes associated
with HER-2 positive cancers, a number of therapeutic agents have been developed
which have some efficacy in the treatment of such cancers. For example, in HER-2
positive breast cancers, a therapeutic agent that inhibited HER-2 activity (e.g., an
anti-HER-2 antibody), when used in conjunction with adjuvant therapies (e.g.,
chemotherapy, hormone therapy) reduced the risk of cancer recurrence or death by
about half (Romond E.H. et al. N. Engl. J Med. 353(16):1673-1684, 2005).
Therapeutic agents that target HER-2 expression or activity include, for example,
monoclonal antibodies (e.g., trastuzumab (Herceptin®, Genetech, Inc.)), small
molecule compounds and antisense HER-2 oligonucleotides. An indication for a
treatment involving administration of an anti-HER-2 agent can be confirmed using
any suitable methods such as fluorescence in situ hybridization (F ISH) which can be
used to detect the presence of excess copies of the HER-2 gene in the tumor cells, or
immunohistochemistry. However, as shown herein, there is a strong association
between TTK expression in breast tumors and HER-2 positive breast cancer (see,
e.g., Example 3).

Accordingly, in one embodiment of the method for treating cancer in a
mammalian subject by administering to the subject a therapeutically effective
amount of a TTK antagonist further comprises administering a HER-2 antagonist,
such as trastuzumab.

Another aspect of the invention provides for a method of treating a TTK

positive, HER-2 positive tumor comprising administering to 2 mammalian subject a
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therapeutically effective amount of a TTK antagonist and a therapeutically effective
amount of a HER-2 antagonist, such as trastuzumab. As defined herein, HER-2
positive tumors are tumors overexpressing the HER-2 protein, generally due to the
presence of extra copies of the HER-2 gene in the tumor cells. Overexpression of
the HER-2 protein, which can be determined immunohistochemically in cultured,
biopsied or surgical tumor tissue samples (or using other suitable methods). Ina
particular embodiment, the tumor is a HER-2 positive breast cancer tumor that also
expresses TTK. Several types of breast cancer tumors (e.g., carcinoma) can be
treated with a combination of anti-HER-2 and anti-TTK antagonists, including
tumors associated with ductal breast cancer, lobular breast cancer and nipple breast
cancer.

Another aspect of the invention provides for a method of treating a TTK
positive, HER-2 positive, estrogen receptor negative tumor comprising
administering to a mammalian subject a therapeutically effective amount of a TTK
antagonist and a therapeutically effective amount of a HER-2 antagonist, such as
trastuzumab. In a particular embodiment, the tumor is a HER-2 positive breast
cancer tumor that also expresses a TTK. Several types of breast cancer tumors (e.g.,
carcinoma) can be treated with a combination of anti-HER-2 and anti-

TTK antagonists, including ductal breast cancer, lobular breast cancer and nipple
breast cancer.

In yet another aspect, the invention provides for a composition comprising a
TTK antagonist and a HER-2 antagonist. In one embodiment, the composition
comprises a TTK antagonist, a HER-2 antagonist and a physiologically or
pharmaceutically acceptable carrier. In another embodiment, the composition
comprises trastuzumab, a TTK antagonist and a physiologically or pharmaceutically
acceptable carrier. In another embodiment, the composition comprises a small
molecule which selectively binds a TTK protein, a HER-2 antagonist and a
physiologically or pharmaceutically acceptable carrier. In yet another embodiment,
the composition comprises trastuzumab, a small molecule which selectively binds a
TTK protein and a physiologically or pharmaceutically acceptable carrier.

Pharmaceutical compositions and formulations are discussed herein.

Basal-like breast cancer tumor therapy
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Basal-like breast cancer represents another breast cancer subtype that is
characterized by rapid, aggressive tumor growth and progression, a high-grade
appearance under the microscope and is associated with a poor clinical outcome and
poor prognosis. In general, basal-like breast cancers are estrogen receptor negative
and express normal amounts of HER-2 protein, making these cancers particularly
difficult to treat and diagnose. Thus, basal subtype breast cancers cannot be treated
with ER-targeted or HER2 targeted therapies. As a result, basal subtype breast
cancer is primarily treated with chemotherapy. Carey, L.A., Breast Cancer
Research, 9(Suppl 1):S13 (2007). Basal-like breast cancer is common in women
who have a BRCA gene mutation, in particular a BRCA1 gene mutation. Basal-like
breast cancers typically express genes that are characteristic of basal breast cells,
including basal cytokeratins (e.g., cytokeratin 5/6, cytokeratin 17), laminin, B4,
HER1 and ¢-KIT, among others (Nielsen ef al., Clinical Cancer Research 10:5367-
5374 (2004)). Expression of genes that are characteristic of basal breast cells can be
determined immunohistochemically in cultured, biopsied or surgical tumor tissue
samples (or using other suitable methods). As shown herein, there is a strong
association between TTK expression and basal-like breast cancer tumor samples and
cell lines (see, e.g., Example 3).

Accordingly, in one aspect, the invention provides for a method of treating a
TTK positive basal-like breast cancer tumor comprising administering to a
mammalian subject a therapeutically effective amount of a TTK antagonist. The
method can further comprise administering one or more other therapeutic agents

used for the treatment of basal-like breast cancer.

Methods for Administration

According to the methods of the invention, a therapeutically effective
amount (anti-tumor effective amount, anti-angiogenesis effective amount) is
administered to a mammalian subject to treat cancer. The term “mammalian
subject” is defined herein to include mammals such as primates (e.g., humans) cows,
sheep, goats, horses, dogs cats, rabbits, guinea pigs, rats, mice or other bovine,
ovine, equine, canine feline, rodent or murine species.

TTK antagonists can be administered in single or multiple doses. Suitable

dosing and regimens of administration can be determined by a practitioner and are
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dependent on the agent(s) chosen, pharmaceutical formulation and route of
administration, various patient factors and other considerations. With respect to the
administration of a TTK antagonist with one or more other therapeutic agents
(adjuvant, targeted, cancer treatment-associated), the antagonist is typically
administered as a single dose (by e.g., injection, infusion), followed by repeated
doses at particular intervals (e.g., one or more hours) if indicated or desired.

The amount of the TTK antagonist to be administered (e.g., therapeutically
effective amount, anti-tumor effective amount, anti-angiogenesis effective amount)
can be determined by a clinician using the guidance provided herein and other
methods known in the art and is dependent on several factors including, for example,
the particular agent chosen, the subject’s age, sensitivity, tolerance to drugs and
overall well-being. For example, suitable dosages for a small niolecule can be from
about 0.001 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 100 mg/kg,
from about 0.01 mg/kg to about 10 mg/kg, from about 0.01 mg/kg to about 1 mg/kg
body weight per treatment. Suitable dosages for antibodies can be from about 0.1
mg/kg to about 300 mg/kg body weight per treatment and preferably from about
0.01 mg/kg to about 100 mg/kg body weight per treatment. Preferably, the dosage
does not cause, or produces minimal, adverse side effects (e. £, immunogenic
response, nausea, dizziness, gastric upset, hyperviscosity syndromes, congestive
heart failure, stroke, pulmonary edema). Where the TTK antagonist is a polypeptide
(linear, cyclic, mimetic), the preferred dosage will result in a plasma concentration
of the peptide from about 0.1 pg/mL to about 200 pg/mL. Determining the dosage
for a particular agent, patient and cancer is well within the abilities of one of skill in
the art.

A variety of routes of administration can be used including, for example,
oral, dietary, topical, transdermal, rectal, parenteral (e. &, intravenous, intraaterial,
intramuscular, subcutaneous injection, intradermal injection), intravenous infusion
and inhalation (e.g., intrabronchial, intranasal or oral inhalation, intranasal drops)
routes of administration, depending on the agent and the particular cancer to be
treated. Administration can be local or systemic as indicated. The preferred mode
of administration can vary depending on the particular agent chosen; however, oral

or parenteral administration is generally preferred (e.g., to administer small molecule
TTK antagonists).



WO 2009/079768 PCT/CA2008/002228

10

15

20

25

30

33

The TTK antagonist can be administered to a mammalian subject as part of a
pharmaceutical or physiological composition, for example, as part of a
pharmaceutical composition comprising an antagonist of TTK and a
pharmaceutically acceptable carrier. Formulations or compositions comprising a
TTK antagonist or compositions comprising a TTK antagonist and one or more
other targeted therapies (e.g., a HER-2 antagonist) will vary according to the route
of administration selected (e.g., solution, emulsion or capsule). Suitable
pharmaceutical carriers can contain inert ingredients which do not interact with the
TTK antagonist. Standard pharmaceutical formulation techniques can be employed,
such as those described in Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, PA. Suitable pharmaceutical carriers for parenteral
administration include, for example, sterile water, physiological saline, bacteriostatic
saline (saline containing about 0.9% mg/ml benzyl alcohol), phosphate-buffered
saline, Hank’s solution, Ringer’s lactate and the like. Formulations can also include
small amounts of substances that enhance the effectiveness of the active ingredient
(e.g., emulsifying, solubilizing, pH buffering, wetting agents). Methods of
encapsulation compositions (such as in a coating of hard gelatin or cyclodextran) are
known in the art. For inhalation, the agent can be solubilized and loaded into a
suitable dispenser for administration (e.g., an atomizer or nebulizer or pressurized
aerosol dispenser).

For example, nucleic acid-based TTK antagonists (e.g., siRNAs, antisense
oligonucleotides, natural or synthetic nucleic acids, nucleic acid analogs) can be
introduced into a mammalian subject of interest in a number of ways. For instance,
nucleic acids may be expressed endogenously from expression vectors or PCR
products in host cells or packaged into synthetic or engineered compositions (e.g.,
liposomes, polymers, nanoparticles) that can then be introduced directly into the
bloodstream of a mammalian subject (by, e.g., injection, infusion). Anti-

TTK nucleic acids or nucleic acid expression vectors (e. g., retroviral, adenoviral,
adeno-associated and herpes simplex viral vectors, engineered vectors, non-viral-
mediated vectors) can also be introduced into a mammalian subject directly using
established gene therapy strategies and protocols (see e. g., Tochilin V.P. Annu Rev
Biomed Eng 8:343-375, 2006; Recombinant DNA and Gene Transfer, Office of
Biotechnology Activities, National Institutes of Health Guidelines).
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Similarly, where the agent is a protein or polypeptide, the agent can be
administered via in vivo expression of recombinant protein. J»n vivo expression can
be accomplished by somatic cell expression according to suitable methods (see, e.g.,
U.S. Patent No. 5,399,346). Further, a nucleic acid encoding the polypeptide can
also be incorporated into retroviral, adenoviral or other suitable vectors (preferably,
a replication deficient infectious vector) for delivery, or can be introduced into a
transfected or transformed host cell capable of expressing the polypeptide for
delivery. In the latter embodiment, the cells can be implanted (alone or in a barrier
device), injected or otherwise introduced in an amount effective to express the

polypeptide in a therapeutically effective amount.

Diagnostic and Prognostic Methods

The present invention encompasses diagnostic and prognostic methods that
comprise assessing expression of TTK in a suitable tumor sample from a subject.
For diagnostic methods of the invention, expression of TTK by the tumor, or
increased expression of TTK by the tumor relative to a suitable control, indicates
that the subject has a non-luminal breast cancer and/or that the subject is a candidate
for an anti-cancer therapy using a antagonist and/or the subject is a candidate for an
aggressive cancer therapy.

For prognostic methods of the invention, expression of TTK by the tumor, or
increased expression of TTK by the tumor relative to a suitable control, indicates a
poor prognosis. The prognosis can be a prognosis for patient survival, a prognosis
for risk of metastases and/or a prognosis for risk of relapse. As described herein, a
strong association exists between high TTK expression in breast cancer samples and
reduced patient survival, increased risk of metastases and increased risk of relapse
(see, e.g., Example 2).

Suitable tumor samples for these methods include a tissue sample, a
biological fluid sample, a cell(s) (e.g., a tumor cell) sample, and the like. Any
means of sampling from a subject, for example, by blood draw, spinal tap, tissue
smear or scrape, or tissue biopsy can be used to obtain a sample. Thus, the sample
can be a biopsy specimen (e.g., tumor, polyp, mass (solid, cell)), aspirate, smear or
blood sample. The sample can be from a tissue that has a tumor (e.g., cancerous

growth) and/or tumor cells, or is suspecting of having a tumor and/or tumor cells.
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For example, a tumor biopsy can be obtained in an open biopsy, a procedure in
which an entire (excisional biopsy) or partial (incisional biopsy) mass is removed
from a target area. Alternatively, a tumor sample can be obtained through a
percutaneous biopsy, a procedure performed with a needle-like instrument through a
small incision or puncture (with or without the aid of a imaging device) to obtain
individual cells or clusters of cells (e.g., a fine needle aspiration (FNA)) or a core or
fragment of tissues (core biopsy). The biopsy samples can be examined
cytologically (e.g., smear), histologically (e.g., frozen or paraffin section) or using
any other suitable method (e.g., molecular diagnostic methods). A tumor sample
can also be obtained by in vitro harvest of cultured human cells derived from an
individual's tissue. Tumor samples can, if desired, be stored before analysis by
suitable storage means that preserve a sample's protein and/or nucleic acid in an
analyzable condition, such as quick freezing, or a controlled freezing regime. If
desired, freezing can be performed in the presence of a cryoprotectant, for example,
dimethyl sulfoxide (DMSO), glycerol, or propanediol-sucrose. Tumor samples can
be pooled, as appropriate, before or after storage for purposes of analysis. The
tumor sample can be from a patient who has a TTK positive cancer, for example, a
TTK positive non-luminal breast cancer (e.g., a basal-like cancer, a HER-2 positive
cancer).

Suitable assays can be used to assess the presence or amount of a TTK in a
sample (e.g., biological sample). Methods to detect a TTK protein or peptide can
include immunological and immunochemical methods like flow cytometry (e.g.,
FACS analysis), enzyme-linked immunosorbent assays (ELISA), including
chemiluminescence assays, radioimmunoassay, immunoblot (e.g., Western blot),
and immunohistology, or other suitable methods such as mass spectroscopy. For
example, antibodies to TTK can be used to determine the presence and/or expression
level of TTK in a sample directly or indirectly using, for instance, immunohistology.
For instance, paraffin sections can be taken from a biopsy, fixed to a slide and
combined with one or more antibodies by suitable methods.

Methods to detect a TTK gene or expression thereof (e.g., DNA, mRNA)
include TTK nucleic acid amplification and/or visualization. To detect a TTK gene
or expression thereof, nucleic acid can be isolated from an individual by suitable

methods which are routine in the art (see, e.g., Sambrook et al. 1989). Isolated
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nucleic acid can then be amplified (by e.g., polymerase chain reaction (PCR) (e.g.,
direct PCR, quantitative real time PCR, reverse transcriptase PCR), ligase chain
reaction, self sustained sequence replication, transcriptional amplification system, Q-
Beta Replicase, or the like) and visualized (by e.g., labeling of the nucleic acid
during amplification, exposure to intercalating compounds/dyes, probes). TTK gene
or expression thereof can also be detected using a nucleic acid probe, for example, a
labeled nucleic acid probe (e.g., fluorescence in situ hybridization (FISH)) directly
in a paraffin section of a tissue sample taken from, e.g., a tumor biopsy, or using
other suitable methods. TTK gene or expression thereof can also be assessed by
Southern blot or in solution (e.g., dyes, probes). Further, a gene chip, microarray,
probe (e.g., quantum dots) or other such device (e.g., sensor, nanonsensor/detector)
can be used to detect expression and/or differential expression of a TTK gene.

In one embodiment, a TTK positive non-luminal breast cancer can be
diagnosed by detecting expression of a TTK gene product (e.g., TTK mRNA, TTK
protein) in a sample from a patient. Thus, the method does not require that TTK
expression in the sample from the patient be compared to the expression of TTK in a
control. The presence or absence of TTK can be ascertained by the methods
described herein or other suitable assays. In another embodiment, an increase in
expression of TTK can be determined by comparison of TTK expression in the
sample to that of a suitable control. Suitable controls include, for instance, a non-
neoplastic tissue sample from the individual, non-cancerous cells, non-metastatic
cancer cells, non-malignant (benign) cells or the like, or a suitable known or
determined standard. The control can be a known or determined typical, normal or
normalized range or level of expression of a TTK protein or gene (e.g., an
expression standard). Thus, the method does not require that expression of the

gene/protein be assessed in a suitable control. TTK expression can be compared to a

known or determined standard.

The present invention will now be illustrated by the following Examples,

which are not intended to be limiting in any way.
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EXEMPLIFICATION
Material and Methods
siRNAs and reagents: The following siRNAs targeting the human TTK

protein kinase gene (SEQ ID NO:1) (Genbank Accession No. M86699, see also
FIGS. 13A-13B) were used:

siRNA1: 5°-GCAAUACCUUGGAUGAUUA-3’ (SEQ ID NO:3);

siRNA2: 5’-GGUAUUAACUGCCCAAGAA-3’ (SEQ ID NO:4);

siRNA3: 5’-GCACGUGACUACUUUCAAA-3’ (SEQ ID NO:5);

siRNA4: 5’-GAUAAGAUCAUCCGACUUU-3’ (SEQ ID NO:6).
Non-targeting control siRNA (siCONTROL), which targets a firefly luciferase gene

sequence, was purchased from Dharmacon. Transfection reagent Lipofectamine
2000 was purchased from Invitrogen Canada, Burlington, ON, Canada. The reagents
for the Sulforhodamine B (SRB) cell viability assay were from Sigma Canada,
Oakville, ON, Canada. TTK antibody (C-19) was purchased from Santa Cruz
Biotechnology, Inc., and B-actin antibody (A2066) was purchased from Sigma-
Aldrich Co.

TTK QPCR: Total RNA (tRNA) was prepared using Trizol Reagent
(Invitrogen Corporation) according to manufacturer’s instructions. tRNA was
DNase treated at room temperature for 15 min. Primers were designed to amplify
short segments of target cDNA (amplicon) with a size range of 100-150 bp.
Quantitative real time PCR (QRT-PCR) reactions were performed using One Step
SYBR QPCR Kit (Invitrogen Corporation, Cat #117146-100) according to
manufacturer’s instructions, Direct detection of the PCR product was monitored by
measuring the increase in fluorescence caused by the binding of SYBR Green I dye
to the double-stranded (ds) DNA product using the RealPlex4 System (Eppendorf).
The conditions for the assay were 53°C for 20 min, 95°C for 5 min, followed by 42
cycles of 95°C for 15 sec, 60°C for 30 sec and 72°C for 30 sec. All PCR
efficiencies were above 95%. Relative quantification of gene expression was
performed using the standard curve method comprising six serial dilution points
(ranging from 0.32 ng to 1000 ng). Each tRNA sample was analyzed by calculating
the average C, values from triplicate PCR reactions. B-Actin gene expression was
used for data normalization. Data were expressed as a mean + SD. Amplification

primers for TTK are 5’- TGATGGCAAACAACCCAGAGG-3’ (forward) (SEQ ID
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NO:7) and 5’~- TTGCTTGACTGTAACGACCAAT-3’ (reverse) (SEQ ID NO:8),
and B-Actin are 5’-GGCACTCTTCCAGCCTTCCTT-3’ (forward) (SEQ ID NO:9)
and 5’-TCTCCTTCTGCATCCTGTCG-3’ (reverse) (SEQ ID NO:10).

TTK Western: Whole cell lysates (40 pg) were resolved by SDS-PAGE and
transferred to nitrocellulose membranes (Invitrogen Corporation) for immunoblot
analysis using TTK (1/500) and B-actin (1 pg/ml) rabbit polyclonal antibodies. For
the detection, peroxidase-Goat Anti-Rabbit IgG (1/5000; Amersham Biosciences)
conjugated antisera was used. The proteins were visualized using ECL (Pierce).

TTK Microarray expression profiling: All gene expression analyses were
done in three individual datasets and in a combined dataset. The datasets were
combined after normalizing expression values, e.g. logratios, of each gene by mean
and standard deviation in each dataset. Regression models in the combined dataset
contained a dataset term in addition to the logratio term. To verify that results did
not depend on normality assumption, another combined dataset was assembled using
logratio ranks, computed separately in each dataset and scaled to vary from 0 to 1.
The same analyses were performed and general agreement with the results from the
normalized log ratio dataset was verified.

Transfection of siRNAs into normal breast and breast cancer cell lines:
Different normal breast and breast cancer cell lines were used for siRNA
transfection. Cells were seeded at various concentrations, ranging from 1500 to 6000
per well according to cell growth rate, into 96 well plates. 40nM individual siRNAs
or 40nM siRNA pool including four individual siRNAs at 10nM each were
transfected into cells using Lipofectamine2000 24 hrs after cell seeding. Cells were
then incubated at 37°C for five days before cell viability assay were conducted.

Sulforhodamine B (SRB) assay: SRB assay was performed to assess cell
survival. SRB is a water-soluble dye that binds to the basic amino acids of the
cellular proteins. Thus, colorimetric measurement of the bound dye provides an
estimate of the total protein mass and is related to the cell number. The cells were
fixed in situ by gently aspirating off the culture media and adding 50 pl ice cold
10% Tri~chloroacetic Acid (TCA) per well and incubate at 4°C for 30-60 min. The
plates were washed with tap water five times and allowed to air dry for 5 min. 50 ul
of 0.4%(w/v) Sulforhodamine B solution in 1% (v/v) acetic acid was added per well

and incubated for 30min at RT for staining. Following staining, plates were washed
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four times with 1% acetic acid to remove any unbound dye and then allowed to air
dry for 5 min. The stain was solubilized with 100 ul of 10 mM Tris pH 10.5 per
well. Absorbance was read at 570 nm. The cell survival percentage after each
siRNA(s) knock down was calculated over the non-silencing control siCTRL or
siPOOL as well as siTOX as a transfection efficiency control.

Colony formation in soft agar: Colony formation in soft agar: Cells were
transfected with 40 nM individual siRNAs, 40 nM siRNA pool including four
individual siRNAs at 10 nM each or 40 nM non-silencing control siCONTROL
using Lipofectamine 2000 Transfection Reagent (Invitrogen Corporation), mixed
with culture medium containing 0.7% agar in 6-well plates and cultured at 37°C.
After 2 weeks, the top layer of the culture was stained with 0.2% p-
iodonitrotetrazolium violet and colonies were counted using a Sorcerer Colony
Counter (Optomax).

SP600125 experiment: Compound SP600125 was purchased from Biomol
International (PA, USA). 10mM stock was prepared in 100% DMSO. Cells were
seeded at various numbers, ranging from 1500 to 4000 per 80 ul in each well
according to cell growth rate, into 96 well plates, 24 hours before compound
overlay. The 10mM SP600125 compounds stock in 100% DMSO was diluted with
Opti-MEM I Reduced-Serum Medium (Invitrogen, Burlington, ON, Canada) to
concentrations range from 50 nM to 250 uM. 20 pl from each concentration was
overlay to cells to make the final concentrations range from 10 nM to 50 uM. The
cells were cultured for 5 days before Sulforhodamine B assay. SRB assay is
performed to assess cell survival. SRB is a water-soluble dye that binds to the basic
amino acids of the cellular proteins. Thus, colorimetric measurement of the bound
dye provides an estimate of the total protein mass that is related to the cell number.
the cells are fixed in situ by gently aspirating off the culture media and adding 50 pl
ice cold 10% Tri-chloroacetic Acid (TCA) per well and incubate at 4°C for 30-60
min, The plates are washed with tap water five times and allowed to air dry for 5
min. Add 50 pl 0.4%(w/v) Sulforhodamine B solution in 1% (v/v) acetic acid per
well and incubate for 30min at RT for staining, F ollowing staining, plates are
washed four times with 1% acetic acid to remove any unbound dye and then allowed
to air dry for 5 min. Stain is solubilized with 100ul of 10mM Tris pH 10.5 per well.

Absorbance is read at 570 nm. The cell survival percentage in each compound
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concentration was calculated over the cell DMSO control, which was growing in the
presence of 0.1% DMSO (0.5% in the case of 50 uM compounds). The Glso were
calculated using GraphPad PRISM software.

EXAMPLE 1: TTK expression in normal and cancer cells

Microarray expression analysis revealed that expression of TTK RNA in
physiologically normal human tissues is restricted to fetal liver, placenta, testis,
thymus and uterus (FIG. 1). Little detectable expression was observed in normal
breast tissue. However, TTK RNA (FIG. 2A) and protein (FIG. 2B) was found to be
expressed in several different breast cancer cell lines, with non-luminal breast cancer
cell lines displaying the highest levels of TTK protein (FIG. 2B).

These results indicate that TTK is a target for breast cancer therapy.

EXAMPLE 2: High TTK expression is associated with poor prognosis in breast
cancer patients

The association between TTK expression and survival in patients with breast
cancer was evaluated using three data sets NEJM 295 (Hu, et al., The molecular
portraits of breast tumors are conserved across microarray platforms. BMC
Genomics 7:96 (2006)), Perou (van di Vijver, M.J., et al., A gene-expression
signature as a predictor of survival in breast cancer. N Engl. J. Med. 34 7(25):1999-
2009 (2002)), and PNAS (Miller, L.D., ef al. An expression signature for pS3 status
in human breast cancer predicts mutation status, transcriptional effects, and patient
survival. Proc. Natl. Acad. Sci. U S 4 102(38):13550-5) (2005)). A strong
association between high TTK expression and reduced survival was discovered in

each of the three data sets (FIG. 6). The Cox regression p value for the combined
data set was 3.7¢-08.

In addition, the association between TTK expression and risk of developing
metastases was also evaluated in patients with breast cancer. High TTK expression
was associated with an increased risk of metastasis (FIG. 7). The Cox regression p
value for the data set was 0.014.

The association between TTK expression and risk of relapse was also
evaluated using two data sets (NEJM295, Perou) (FIGS. 8A-8B). High TTK

expression was associated with an increased risk of breast cancer relapse in the
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NEJM295 data set (FIG. 8A). The Cox regression p value for this data set was

0.00059.

Survival analysis was performed using Cox regression of survival times vs.
gene expression log ratios, followed by the estimation of false discovery rates by
Benjamini and Hochberg's method. NEJM 295 dataset provided data on recurrence
and survival; Perou dataset on recurrence, metastasis, and survival; PNAS dataset on
survival only; the combined dataset could be analyzed for survival, i.e., risk of
death, only. High expression of TTK was associated with higher risks of recurrence,
metastasis, and death in all datasets where such data were available, as well as in the
combined dataset (P<0.05). These associations were observed in all cancers
combined and in ER-positive cancers as a subgroup. A strong association of TTK
expression with poor survival was also observed in p53™ cancers in the PNAS
dataset (P<0.05).

Tumor gene expression profiles were classified into subtypes defined by Hu
et al. (2006). The classification of the NEJM 295 dataset was provided by its
authors; Perou and PNAS datasets were classified into Luminal A, Luminal B,
Basal-like and HER2+/ER- subtypes using the intrinsic gene set defined by Hu et al.
Different subtypes were compared to each other and, where available, to normal
controls.

NEJM 295 dataset was the only one that contained a normal control group.
All cancers as a group and individual subtypes were compared to the control group
using t tests. Significantly higher than normal expression of TTK, with p values <
0.05 and false discovery rates < 0.1, was detected in all cancers as a group and in
Basal-like, Luminal B, and HER2+/ER- subtypes. The over-expression was the
highest and most significant in the basal-like subtype, where it was, on average, 8-
fold higher than normal.

An additional analysis was performed on the NEJM 295 dataset to determine
if a fraction of cancers expressed a gene significantly outside of the normal range.
This analysis was designed to detect over-expression in a subset of a potentially
heterogeneous population of cancers. The normal range was defined as the mean +/-
3 standard deviations of the normal control group. The fractions of tumor samples

that fell above and below this range were recorded as percentages of the total
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number of tumors, in all cancers as a group and in individual subtypes. TTK was
found to be over-expressed in 38% of all tumors and in 85% of basal-like tumors.
To verify over-expression of TTK in cancers compared to normal controls,

we performed similar analyses in an additional dataset (Richardson ef al., X

5  chromosomal abnormalities in basal-like human breast cancer. Cancer Cell 9: 121-
132 (2006)) that contained a normal control group. In the Richardson dataset, TTK
appeared to be over-expressed, on average, 20-fold in all cancers and 37-fold in
basal-like cancers; 100% of basal-like cancers expressed TTK above the normal
range.

10 Different tumor subtypes were compared to each other using one way
ANOVA and pair-wise t tests in all three datasets. There were statistically
significant differences in TTK expression between different tumor subtypes in all 3
datasets, with estimated false discovery rates in 10°-103! range for the ANOVA p
values. Expression was highest in basal-like tumors and lowest in normal controls

15 in NEJM 295 dataset. Therefore, higher TTK expression was associated with more

aggressive subtypes of breast cancer.

EXAMPLE 3: Validation of TTK as a target for breast cancer therapy
To validate TTK as a target for breast cancer therapy, the biological effects

of TTK antagonists were investigated.

20  A. siRNA antagonists
TTK expression was inhibited using RNA interference. MD-MB-468 breast
cancer cells were transfected with a 40 nM concentration of one of four individual
siRNAs that target different TTK mRNA sequences (siRNA #1, siRNA #2, siRNA
#3, siRNA #4), a pool of the four TTK-targeting siRNAs (siRNA POOL), or a non-
25  targeting control siRNA (siCONTROL) that targets firefly luciferase mRNA. Total
RNA was isolated 48 hours post-transfection and TTK mRNA levels were
determined by quantitative reverse-transcriptase polymerase chain reaction. TTK
mRNA levels were normalized over beta-actin mRNA levels. Of the four TTK-
targeting siRNAs, siRNAs #2 and #3 showed greater than 70% knockdown
30 efficiency (FIG. 9A).
In addition, Western blot analysis of TTK protein levels in lysates of MD-
MB-468 breast cancer cells that had been transfected with siRNA revealed that
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transfection with any of the four TTK -targeting siRNAs, as well as the siRNA
POOL, but not the siCONTROL siRNA, resulted in significantly reduced levels of
TTK protein (FIG. 9B).

To assess the effects of TTK knockdown on the viability of breast cancer
cells, various breast cancer cell lines were transfected with each of the four TTK-
targeting siRNAs individually, the pooled siRNA containing all four of the TTK-
targeting siRNAs, or the siCONTROL siRNA, all at a concentration of 40 nM. At
day 5 post-transfection, the viability of the cells was determined using the SRB
assay described herein. TTK expression levels post-transfection with the targeting
siRNA were normalized over TTK levels following transfection with the non-
silencing control. siRNA-mediated depletion of TTK levels substantially inhibited
the viability of breast cancer cells in 7 out of 12 different breast cancer cell lines,

including 3 basal-like breast cancer cell lines (Table 1).
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To assess the effects of TTK knockdown on the physiology of normal breast
and breast cancer cell lines, luminal (MCF7) or basal-like (MDA-MB-435, MDA-
MB-468) breast cancer cell lines, a lung cancer cell line (A549) and a normal breast
cell line (184A1) each were transfected with 40 nM of TTK -targeting siRNA #2,
siRNA #3, the pooled siRNA containing all four of the TTK-targeting siRNAs, or
the siCONTROL siRNA. At day 3 post-transfection, the cell cycle profile of the
transfected cells was analyzed by flow cytometry to determine the effects of TTK
knockdown on cell cycle arrest and cell death. The results are presented in Table 2
and FIG. 10. Depletion of TTK in cells transfected with TTK-targeting siRNAs
caused significant cell cycle arrest and cell death.

To determine the effects of siRNA-mediated knockdown of TTK gene
expression on anchorage-independent cell growth in breast cancer cells, T-47D
breast cancer cell line was transfected with either the siRNA#2 or siRNA#3 TTK-
targeting siRNA, the siRNA POOL containing 4 TTK-targeting siRNAs or the
siCONTROL non-targeting siRNA. Following transfection colony formation in soft
agar was assessed. Transfection of T-47D cells with siRNA#2, siRNA#3 or the
siRNA POOL resulted in a reduction in both colony size and number, relative to the
siCONTROL-transfected cells, in two independent experiments (FIGS. 11A-1 1B).

Table 2. TTK knockdown induces cell cycle arrest and cell death in some cancer

cell lines, but not in normal cell lines.

siCONTROL TTK siRNA #2 TTK siRNA #3
CELL | (Neg. Control)
LINE
G2M <Gl | G2M <Gl G2/M <Gl
MCE-7
(Luminal) 16.17  2.11 | 25.18 12.03 | 65.23 5.61
MDA-
MB-435 | 18.77 0.85 | 19.89 4.69 40.08 2.66
(Basal)
MDA-
MB-468 | 20.59  4.09 | 15.72 15.10 | 28.41 11.12
(Basal)
184A1
(Normal) 10.35 1.03 | 27.75 5.35 17.49 3.92
A549
10.57 0.84 . . . .
(Lung) 20.58 6.03 | 2487 11.38
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B. Small molecule antagonist

To assess the effects of inhibition of TTK activity on the viability of breast
cancer cell lines, varying concentrations of SP600125, a small molecule TTK
antagonist (Schmidt et al., EMBO Reports 6(9): 866-872 (2005)), in 0.1% DMSO,
were added to the culture media of several different breast cancer cell lines 24 hr
after the cells were seeded. Cell viability was assessed using the SRB assay
described herein, which was performed 5 days after the addition of SP600125 to the
culture media. Prism software was used to calculate GIso (concentration of the
compound required to achieve 50% growth inhibition) (Table 3). Treatment of
multiple cancer cell lines with compound SP600125 inhibited proliferation of cancer
cells in a dose dependent manner with a Glsy at low uM levels, suggesting TTK
antagonists have anti-cancer activity.
Table 3. Concentrations of compound SP600125 required to achieve 50% growth

inhibition (Gls) for various cell lines.

Cell MDA- | MDA- | MDA-

line | CAMA-L | HsS78T [ MCF-7 | e P | MDA JokBRo3
GII\? N/A 1.839 0.6715 | 0.8938 | 0.8225 | 0.4834 | 0.8119
Cell MDA- | MDA-

line T47D HCC1419 MB-453 | MB-330 BT474 | 184A

Glsp

2.516 10.04 2.2 7. . .

(M) 0 99 016 8.585 1.59

EXAMPLE 4: TTK overexpression in basal-like breast cancer cells

The inventor have discovered an association between TTK overexpression
and basal-like breast cancers and soft-tissue sarcomas. In particular, overexpression
of TTK was detected in non-luminal (e.g,, basal-like, non-basal-like, HER-2
positive/ER-negative) breast cancer cells more frequently than in luminal (e.g.,
luminal A, luminal B) or non-malignant breast cells (FIG. 3). Of the non-luminal
breast cancer cell lines evaluated, TTK overexpression was detected most frequently

in basal-like breast cancer cells (Table 4), which also displayed the highest levels of
TTK protein expression (FIG. 4).
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Table 4. TTK is overexpressed in different breast cancer subtypes

V‘go R’R LUBZ:SX ‘VR°2'}‘ERJ % A LUMINAL A% N LUMINAL B

38 85 38 6 18

TTK
6g14.1
Perou Dataset: % increase in tumors vs. normal samples.

Microarray expression analysis revealed elevated TTK gene expression in
several soft-tissue sarcoma samples derived from various tissues, as compared to

5 TTK gene expression in physiologically normal tissues (FIG. 5).
These results indicate that TTK is a target for cancer therapy, particularly

basal-like breast cancer therapy and soft tissue sarcoma therapy.

EXAMPLE 5: RNAI silencing of TTK suppresses tumor growth in vivo
10
A double-stranded oligonucleotide encoding a human TTK gene-specific
shRNA (sense insert sequence 5’-GCAGUCAUGCCCAUUUGGAA-3’ (SEQID
NO:11)) was ligated into the RNAi-Ready-pSIREN-RetroQ-ZsGreen retroviral
vector (Clontech). Amphotropic-Phoenix packaging cells (ATCC, Manassas, VA)

15 were transiently transfected with either control RNAi-Ready-pSIREN-RetroQ-
ZsGreen-shLUC (Clontech) or RNAi-Ready-pSIREN-RetroQ-ZsGreen-shTTK
using FuGENE 6 transfection reagent (Roche Diagnostics, Indianapolis, IN).
Culture supernatants were collected 2 days after transfection and filtered through
0.45-pm pore-size filters. MDA-MB-468 breast cancer cells (ATCC, Manassas, VA)

20  were infected with retroviruses by culturing the cells for 24 hours in 1:1 Phoenix
conditioned media (Dulbecco's Modified Eagle’s Media, 10% FCS, supplemented
with 8 pg/ml Polybrene; Sigma-Aldrich). This transfection process was repeated
three times to increase the transfection efficiency. One day after the final infection,
the RNAi-Ready-pSIREN-RetroQ-ZsGreen-shL UC and RNAi-Ready-pSIREN-

25 RetroQ-ZsGreen-shTTK infected cancer cells were trypsinized, counted and injected
subcutaneously into the left and right hindlimb, respectively, of nude mice at
concentrations of 2.5x10° cells (5 mice per group). The infected cells were also
analyzed for TTK expression by RT-PCR using TTK-specific primers. The tumors
were measured and viable tumor area was calculated twice weekly for

30  approximately 10 weeks.
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Infection of MDA-MB-468 cells with the TTK shRNA-encoding construct
led to the reduction of TTK expression in these cells by approximately 50%
compared to that of the control cells (FIG. 17A). Furthermore, reduction of TTK
mRNA levels resulted in a significant suppression of tumor growth in a mouse
xenograft model (FIG. 17B). Taken together, these results suggest that inhibition of
TTK activity in cancer cells inhibits tumor growth in tumors that express TTK.

The teachings of all patents, published applications and references cited
herein are incorporated by reference in their entirety.

While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

10.

11.

A method for treating TTK positive non-luminal breast cancer in a
mammalian subject, comprising administering to the subject a therapeutically

effective amount of a TTK antagonist.

The method of Claim 1, wherein said cancer is selected from the group

consisting of basal-like breast cancer and HER-2 positive breast cancer.

The method of Claim 1, wherein said TTK antagonist is selected from the
group consisting of an antibody, an antigen-binding fragment of an antibody,
a small interfering ribonucleic acid (siRNA), a peptide, a peptidomimetic, an

antisense oligonucleotide, and a small molecule.

The method of Claim 1, further comprising administering one or more other

therapeutic agents.

The method of Claim 4, wherein said non-luminal breast cancer is a HER-2

positive breast cancer and a HER-2 antagonist is also administered.
The method of Claim 5, wherein said HER-2 antagonist is trastuzumab.

The method of Claim 5, wherein said HER-2 positive breast cancer is

estrogen receptor (ER) negative.

The method of Claim 1, wherein said mammalian subject has a tumor.
The method of Claim 8, wherein said tumor is a metastatic tumor.

The method of Claim 8, wherein said tumor is a HER-2 positive tumor.

The method of Claim 10, wherein said HER-2 positive tumor is estrogen
receptor (ER) negative.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

50

A method for treating a TTK positive soft tissue sarcoma in a mammalian
subject, comprising administering to the subject a therapeutically effective

amount of a TTK antagonist.

The method of Claim 12, wherein said sarcoma is selected from the group
consisting of a fibrosarcoma, a leiomyosarcoma, a dedifferentiated
liposarcoma, a pleiomorphic liposarcoma, a malignant fibrous histiocytoma,

a round cell sarcoma and a synovial sarcoma.

The method of Claim 12, wherein said TTK antagonist is selected from the
group consisting of an antibody, an antigen-binding fragment of an antibody,
a small interfering ribonucleic acid (siRNA), a peptide, a peptidomimetic, an

antisense oligonucleotide, and a small molecule.

The method of Claim 12, further comprising administering one or more other

therapeutic agents.

A method of treating a TTK positive basal-like breast cancer tumor in a
mammalian subject comprising administering to the subject a therapeutically

effective amount of a TTK antagonist.

The method of Claim 16, wherein the TTK antagonist is selected from the
group consisting of an antibody, an antigen-binding fragment of an antibody,
a small interfering ribonucleic acid (siRNA), a peptide, a peptidomimetic, an

antisense oligonucleotide, and a small molecule.
The method of Claim 16, wherein said tumor is a metastatic tumor.
The method of Claim 16, wherein said tumor is a carcinoma.

The method of Claim 16, further comprising administering one or more other

therapeutic agents.

A method of treating a TTK positive breast cancer in a mammalian subject,

wherein said breast cancer is HER-2 positive and ER negative, comprising
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administering to the subject a therapeutically effective amount of a TTK

antagonist.

The method of Claim 21, wherein the TTK antagonist is selected from the
group consisting of an antibody, an antigen-binding fragment of an antibody,
a small interfering ribonucleic acid (siRNA), a peptide, a peptidomimetic, an

antisense oligonucleotide, and a small molecule.

The method of Claim 21, further comprising administering a HER-2

antagonist.
The method of Claim 23, wherein the HER-2 antagonist is trastuzumab.

A composition comprising a TTK antagonist, a HER-2 antagonist and a

physiologically acceptable carrier.

The composition of Claim 25, wherein said HER-2 antagonist is
trastuzumab.

A method for identifying a candidate for an anti-cancer therapy using a TTK
antagonist comprising:
a) providing a suitable sample obtained from a subject with a tumor;
and
b) assessing expression of TTK in said sample,
wherein expression of TTK in said sample, or increased expression of
TTK in said sample relative to a suitable control, indicates that the subject is

a candidate for an anti-cancer therapy using a TTK antagonist.

The method of Claim 27, wherein the sample is a tumor sample.

A method of diagnosing a non-luminal breast cancer in a subject,
comprising;:
a) providing a suitable sample from a subject with a breast tumor; and

b) assessing expression of TTK in said sample,
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wherein expression of TTK in said sample, or increased expression of TTK
in said sample relative to a suitable control, indicates that the subject has a

non-luminal breast cancer.
The method of Claim 29, wherein the sample is a tumor sample.

A method of determining the prognosis of a subject having a cancer,

comprising:
a) providing a suitable sample from a subject with a tumor; and
b) assessing expression of TTK in said sample,

wherein expression of TTK in said sample, or increased expression of TTK
in said sample relative to a suitable control, indicates a prognosis selected
from the group consisting of reduced patient survival, increased risk of

metastases and increased risk of relapse.
The method of Claim 31, wherein the sample is a tumor sample.

A method for screening a breast cancer patient as an aid for selecting
aggressive cancer therapy of said patient, comprising:

(@  providing a suitable sample from said patient; and

(b)  determining TTK expression in said sample;

wherein increased TTK expression in said sample as compared with a
suitable control indicates the patient is a candidate for aggressive cancer

therapy of said patient.

The method of Claim 33, wherein the sample is a tumor sample.



PCT/CA2008/002228

WO 2009/079768

1/19

L "Old

1IN3S8Y = |[eD uondsiad uim ues -
1N3SEY = {[eD uolaalaq Yum snjea
apdwes ay) uiypm sued auadied =

sajijoid 03O wnoa (jauueys ajbuls) =

b bpsh FY) brorew ue|b

5 _vn_..... ae | o vﬁﬁ Eu‘uaa:o Buny| Joay ___n.m_zu ey Bunj saAy |ureig| sn uny o 2 | eeplP _3

v tm..,Lu_nD._ a0y I e : 10:3&, odany| fe19)| [e}ast [e1a) dio: J0[0NqwI o auoq _o_o.m_nw.ac.—m uape

zlzl=zlz|2izlzlzlzlglz|z2|= zl=zlzlzlzlglz|8|2lzl2|z|l=|slslsi2l21|2]|s

EIE|E|E|BIE|B|E|E|E(E|B\E|2\E|E(E(5|E B B E B E|E 2 |E(E(BIEIEIE 18112

&l Eldlsimlolalalsols sla|sla]|N|® slaldlslella|io|a b : 5]

D.mwm,am_m,/mu.mu%muw_wmauwmﬂm_u_mmm%mm%wmm.mmw
£ w oy ™ ¥ 2 3 B v r £ 3 v - x - r Y v r w 4 > " ™

. ; .

mm,:mmw—-:w LEL g SRR - 4N 1= T} o P [P 9 .................................................. e ﬁ\ ...........

P : 9NN = K .

0s .I mDE\f—l—f—l ............................................................................................................ mm>—1— ...................... w:.—:m"_ .............................................................................
G Bt i e B e e L L e e e e s s e e e ....... ...........................................................................................
" gis3alL
%001

aseuny uiajoid Y11 /187228102 / 9501LSAD

A anssy

D51
e
sk

Qaa



WO 2009/079768

FIG. 2A

QPCR

2/19

V-OIH

il
005100H

viviga

NORMAL BREAST CELLS

9651L00H
ZE6LOOH

0e-SLMZ

I-VINVD

LeZ-anN-van

WESTERN (Lysate)

2%

a1

240N
89r-aN-vaN
+/+£5d 9LL.LOH
-+e5d 9LLLOH

T 1 7 1T 71 1

T T T T
NROINTROINO
[N =N-]

v O

N3O YEAS

NV3IW A3ZITVYINION

PCT/CA2008/002228

6lY1O0H
eS-anN-van
oce-dN-VaiN

viv-19

O-03-ANH
O-03WH
g-O3WH
V-O3WH
1vy8lL

NORMAL BREAST CELLS

airi

€188
897-aiN-VaW
Ser-aiN-vVanW
LEC-aN-VAN

40N

18.SSH
L'VINVD



WO 2009/079768 PCT/CA2008/002228

3/19

YZl-40W
YOi-40W
J3WH

cavsl
STTANS
061ANS
89r-gN-vaW
SEr-gN-YON
SEV-EA-YON
ETENVON
251-HW-VOW
18£58H
0Z30H
8EJOH
£51230H
#56100H
2E6LO0H
908190H
6651 00H
€351 30H
G6ELOOH
281100H
EVILI00H
Si9v0nQ
¥28-0109
15T¥3
67518
0c-18
0esLHZ
1GLHI
£68-00WN
218:00vN
ZELQOVN
a¥L
E¥EAS
£5F-0N-YON
SIF-EW-VYOWN
L9E-BW-YON
QEE-GW-VaW
SL1-GN-YON
VEL-BAVOW
240N

1dA
8IZCIOH
¢0ZO0H
005130H
61¥1O0H
V6l W43
61-W43
IYWYO
7i¥-18

NON-LUMINAL

FIG. 3

m -_I -l = B l ll
i |'-'|"||"l||'|' L
IS

| yminal
= Non-luminal
=8 Non-malignant

5
0.0
-0.5

0

onelbol




WO 2009/079768

BASAL

NON-BASAL

OISO

6BHGEOUST

DPSOUSH

8PSl lég

1S9

QHLRLISO

e CoLISO

OPSOUSH

Z8PGBlISH

teraeIsD

ABPGARLISA

6 £ PURLISL)

QL PCOMSO

LLPEBLSO

—— 5 £ P SE1I5 D

LPGBIHST

PLPSLEBUSD

€ LHpCO1ISO

6PSBUSD

TEPSOLSO

TSCBMSO

(¥ 1S9

NTCCR IS

[remer— L g’
: o

00SSOMLSO

-t 0OGSBLISO

9GSS8LISO

GOGGALISH

HOLLHIISY

ICOCCQLSO

w 20CCBLISO

{ ————] 0 0S GBS

setmismen) TOSWSWSO

BEPGBISD

6 HCalISO

L6PGBUWSO

ae————— 06 ¥ SOHCO

CEPEBLISS

PEYSBISD

FARPCRLIST

T

(DS2250_f 204872 at / TTK protein k:.nase

pr— R AT R ]

AL
iated
ser

F

mon-hasal-like cancer

w8 TLOOWSO
+L TSGRMWSO
S TSSBMSO
wn{GTGGRWSAH
il P TSWBWSO

anC TROBUWSO

norsal

Jsar-provided count

L.

§.92

[l
[y

454

u3
Wy
o4

diseas? state

W(sirgle-crannelt .og2 o

GEO Profiles

spot compared to all otrer spots vithin that sample

yeroertile ranked and bimed valwe of &

PCT/CA2008/002228

FIG. 4



WO 2009/079768 PCT/CA2008/002228

5/19

| pLlodleS |BIAQUAG

[ |33 punoy
—~ H4W
_ 09|d odn

- Jipap odr

FIG. 5

| eW02JeSCALIDIET

— 1519

| ewoIesolgy

| |eLuou

I [ I I
o o o o
o o o~

|
o o
] o
o o ~ —
=

anjea Alisusiul



PCT/CA2008/002228

WO 2009/079768

6/19

9 Old

sieah

Gl Ol G

- -

MO| SWNd
ybly S¥Nd - -
ANO| NDJRY —mr
ybiy noiad -~ -
IAO| SEEZNMEN —

By GEZWraAN -~

80-27 € = anjeA d U0ISSaJpad X0D }3S8Iep PauIquiod

ML.L SA JeAIAINS juaned syaselep ¢

L0 90 G0

60 80

Ol

sjusfed BUIAIAINS JO UOIOBY



PCT/CA2008/002228

WO 2009/079768

7/19

L Old

SIEDA

Gl oL S 0

| | |
A=~ —— -, —

G0

MLl HOIH

r—————d

90

s)uslied 9a1)-SISEISEIR JO UOIE)

MLL AMD]
i1l uBly  — —

¥ 10 0 = 2nBA d uoIssa.ibal Xo0D

BLEECOO WN 3qoud * M1 1 "SA sise)sel}awl G6ZINr3N



PCT/CA2008/002228

WO 2009/079768

8/19

Z g G 174 1> c L 0
1 1 | | 1 1
-+t ;
MLLHOIH =
H o
b e
H | ©
mw .o—l t +— mt
MLL MO - 2
l*.l‘- 11

= f s
DAL e —— W~

19 0 = anjsA d uoissaibal Xod

S00006¥00°0 €222 3qoid * M1l 10} SdM holad

sieeh
Sl ot S 0
1 1 1
B e
MLL HOIH; - =
ey

" L o
v <N
. =
V8 Ol4d D >
=
~J
=
<o
MLl AMO| — .
bl uby — - o

65000 0 = 8neA d Uo|ssaibal X0

8LEEL00 NN 2qoud “ M1 1l "SA Sdd S6ZINr3N

sjuslied ssl-esdejel O UoLIBY

sjuaied asl-esdejsl Jo Uogoel



WO 2009/079768 PCT/CA2008/002228

9/19

FIG. 9A
FIG. 9B

siRNA POOL
LYSATE

siRNA #4

aTTK
ap-ACTIN

siRNA #3

siRNA #2

siRNA #1

siCONTROL-

Untreated

® N © YT 0N O
o © O O o O O o

NIFHO ¥ULAS
NV3IN A3ZITVWAION



PCT/CA2008/002228

WO 2009/079768

10/19

e/ VNYIS ML

CH YNYIS MLL

jos3uojis

[=To= T I 5

[=T=1"1 [=T=1=1 [=T=1"4

lllll”ll(l'l11l]1|lil1l

[~T-1-N%
s

oo
2

ll|llill|ll]ll

oo
N

cos [=1-1-1
2

lves=

19>

L1911 = W/ZO

LLEL =
¥1'89 =

S
19

1ll||||l]1llll

oz
o
[=1=]
os

[=T<]

[=T=N

[=l=T=1

[=T=74

%

oK

o
i
Ji

ek

elagw

s

a0l Ol4

dol old

Vol Olid



PCT/CA2008/002228

WO 2009/079768

11/19

Vil Old

diL1 Ol daill old oLl 9Old

700d VNS €# VNUIS C# YNAIS

dli Old

TOY1INODIS

saJjawosdiwl 00L< i sajjaswioldiw 66-08 =

sanawiodiw g2-09 W

ol
Sl
0¢
- [A
0¢

d39INNN ANOTO0D



PCT/CA2008/002228

WO 2009/079768

12/19

vv8lL

v.iv14d
diN-van
€Sv-dN-vdin
6171 O0H
alvli
€-9aMs
89¥-aN-vAIN
Sey-aN-vadn
LEC-aIN-VAN
L40N
182GSH
L-VINVO

D 4> 6 0 X + &

* ®

>

o¢-

S 0OV SV
A A [

¢l Old

(nw)6o
0'S- §S- 09- §9- 0L Sl 08 S8 06
[ ] 2 2 [ 1 2 [ ] [ ]

000

= G20

- 050

- SL0

SC'L

[eAInIng abejuadiad



PCT/CA2008/002228

WO 2009/079768

13/19

. o€l Ol

del oOld

Vgl Ol




WO 2009/079768 PCT/CA2008/002228

14/19

Cl

FIG. 14A
FIG. 14B
FIG. 14C



WO 2009/079768

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241

ggaattcctt
caatggcaca
ctcagecctct
cttttctatt
acctcaggtg
tgcectggctg
aggctggagt
gatcctcccea
ctaatttttg
ctcctggact
agtcaccatg
ggtcctcaca
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ggatgatgat
tttggtttaa
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tgcagttttce
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gatttgctga
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ctactaaagc
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ttttttttet
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ttcggttaaa
ggtatttcag
agaagcagat
acaacaacac
ctacatggta
cattgatcca
ccatcaacat
aatgctaaag
tgttaaagat
gtcttectcce
gtccttagga
taatcagatt
tattccagag
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ttgttggcca
ggttcaagcg
cacccctgge
aggctggtct
ggattacagc
agggtctccc
tccacctect
gcgtgcacca
ttggccaggce
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ctggtccatt
ttaacttcat
taagcccact
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tggatacatt
ccatctttte
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aaatgaagac
ctcgggaact
gttgctcaaa
tggtcgttac
ttttgctaga
acgtgactac
ttttgcacaa
agctgtagaa
cctccaaaaa
attaactgcecce
ttgtgattcc
acaagatgca
atgcccattt
agatgattca
tttggttgtg
gtctgttcaa
tattattact
agaagaaact
agctaagaga
gattccggag
tgtctttteca
atctatttgt
tccagttgta
tgecctgttte
tttagcatct
aaagcagata
gatatatgct
ccggaacgaa
ttatgattat
tcttaatagt
gaaaaatatg
taaaccagct
aaaccaaatg
ttatatgcca
gtcaaagata
ttacgggaaa
tgatcctaat
aaagtgttgt

ggctggagtg
attctcctge
taactaattt
tgaactcctg
cgtgaaactg
ttggtcgcee
ggtttcaagt
ccacacccgg
tgttctcaaa
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tcttecttag
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atttccccag
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cagcagcaac
tcttecagcaa
ggaagtggag
ataaaatatg
atagcttatt
gaaatcacgg
tggcttaaaa
ttagaggcag
aactttctga
caaccagata
ccagaagcaa
agccccaaaa
acaccattte
catgaaattg
ttaaaaaggg
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acccaaaaca
ctcatccagt
aacttgttgg
actatagtgg
gaaaaaaatg
gttatactct
atcagcaaaa
ttatggcact
ttgacatcat
taaataaagt

gaggatatcc
taaccaaatg
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tggtgaaagt
atttgcagtt
tgaatccctg
aaaattcagt
gtatatattg
tttactcttg
tttgtggcta
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attcctgagce
gccaagggaa
cctaactcca
cataattctt
attcgtaatg
tggaaatcta
gagattatct
tagacttgtt

gaatagtggg

aaatga (SEQ ID NO:

FIG. 15B

tcctggcetcea
ccactgaaga
ttttgaaagc
catcctccaa
tcagatagga
catttgaaga
ttaaaagaaa
ttctetgttt
tggatagcaa
1)
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tccatatgtt
aatgaaatat
tgctaaaact
gacttttgaa
ggtataaaat
caacatcact
actgtaaaaa
tatgctcttg
gtatattcta

caaattcaaa
gttctgggcece
ttatatgaac
aaaaaaaggg
atattggact
ctgaagtgtt
tagcaaccac
tgtaatctac
aaaaactttg
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2)
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“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

11 February 2009 (11-02-2009)

Date of mailing of the international search report

23 March 2009 (23-03-2009)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 001-819-953-2476

Authorized officer

Scott Gurd 819- 994-4157

Form PCT/ISA/210 (second sheet ) (July 2008)

Page 4 of 7




INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2008/002228

Classification of subject matter continued:

C12Q 1/48 (2006.01) , C12Q 1/68 (2006.01) , GOIN 33/574 (2006.01) , GOIN 33/68 (2006.01)
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [X] Claim Nos. 1 1-24,27-34
because they relate to subject matter not required to be searched by this Authority, namely :
Claims 1-24 and 27-34 are directed to methods of medical treatment and diagnostic methods practised on the human or animal

body which the International Search Authority is not required to search. However, this Authority has carried out a search based on
the alleged effects or purposes/uses of the product defined in claims 1-24 and 27-34.

2. | ] Claim Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically :

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

See extra sheet

1. [ ] Asallrequired additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. [X] Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. [ ] Asonlysome of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. | ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant’s protest and, where applicable,

the payment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2008) Page 3 of 7
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Continuation of Box III:

Group 1: Claims 1-11, 16-26, 29, 30, 33, 34 (completely) and claims 27, 28, 31, 32 (partially) are directed methods and compositions for
treating tyrosine threonine kinase (TTK) positive non-luminal breast cancer and methods for the diagnosis and prognosis of non-luminal
breast cancer comprising the assessment of TTK expression levels in cancer cells or tissues.

Group 2: Claims 12-15 (completely) and 27, 28, 31, 32 (partially) are directed to methods for treating TTK positive soft tissue sarcomas
and methods for the diagnosis and prognosis of cancer comprising the assessment of TTK expression levels in cancer cells or tissues.

The above groups of inventions all involve TTK in the diagnosis of cancer and as a therapeutic target in cancer. However, diagnostic,
prognostic, and therapeutic methods which take advantage of the differential expression of TTK in mammalian cancers have been disclosed
in PCT application WO 02/068444 (D1). Since the use of TTK for the diagnosis, prognosis, and treatment of cancer is known in the art, the
methods involving non-luminal breast cancer and soft tissue sarcomas do not possess unity a posteriori and are thus treated as separate
inventions.

Form PCT/ISA/210 (extra sheet) (July 2008) Page 6 of 7
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Patent Document Publication Patent Family Publication

Cited in Search Report  Date Member(s) Date

WO 02/068444 Al 06-09-2002 US20050063974 A1~ 24-03-2005
US20050059630 Al 17-03-2005
US20050058627 A1~ 17-03-2005
NZ0527421 A 27-05-2005
JP2004526716 T2 02-09-2004
EP1377596 Al 07-01-2004
EP1377596 A4 13-07-2005
CN1492875 A 28-04-2004
CA2438092 AA 06-09-2002
AU2244112 BB 10-05-2007
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