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(57) ABSTRACT 

The present invention provides methods for identi?cation of 
cancerous cells by detection of expression levels of TTK, as 
Well as diagnostic, prognostic and therapeutic methods that 
take advantage of the differential expression of these genes 
in mammalian cancer. Such methods can be useful in 
determining the ability of a subject to respond to a particular 
therapy, e.g., as the basis of rational therapy. In addition, the 
invention provides assays for identifying pharmaceuticals 
that modulate activity of these genes in cancers in Which 
these genes are involved, as Well as methods of inhibiting 
tumor groWth by inhibiting activity of TTK. 
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TTK IN DIAGNOSIS AND AS A THERAPEUTIC 
TARGET IN CANCER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. provi 
sional application serial No. 60/289,813, ?led Feb. 21, 2001, 
Which application is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The ?eld of the present invention relates to disease 
diagnosis and treatment of cancer and identi?cation of 
anti-cancer agents. 

BACKGROUND OF THE INVENTION 

[0003] Mitotic checkpoint genes have become Widely 
studied for their roles in development as Well as for their 
potential role in disease such as cancer. The mitotic check 
point involves a number of different mechanisms to ensure 
proper cellular division. For example, the spindle assembly 
checkpoint modulates the timing of anaphase initiation in 
response to the improper alignment of chromosomes at the 
metaphase plate. If defects are detected, a signal is trans 
duced to halt further progression of the cell cycle until 
correct bipolar attachment to the spindle is achieved. Ini 
tially identi?ed in budding yeast, several mammalian 
spindle checkpoint-associated proteins have recently been 
identi?ed and partially characteriZed. These proteins asso 
ciate With all active human centromeres, including neocen 
tromeres, in the early stages of mitosis prior to the com 
mencement of anaphase. The proteins associated With the 
checkpoint protein complex (BUB1, BUBR1, BUB3, 
MAD2), the anaphase-promoting complex (Tsg24, 
pSSCDC), and other proteins associated With mitotic check 
point control (ERK1, 3F3/2 epitope, hZW10), Were found to 
speci?cally associate With only the active centromere, sug 
gesting that only active centromeres participate in the 
spindle checkpoint. Saffery R et al., Hum Genet. 107:376-84 
(2000). 
[0004] Tyrosine threonine kinase (TTK), a protein kinase, 
phosphorylates serine, threonine, and tyrosine 
hydroxyamino acids (Mills et al,. Biol. Chem. 267:16000-6 
(1992)). The kinases most closely related to TTK include 
SPK1 serine, threonine, and tyrosine kinase, the Pim1, 
PBS2, and CDC2 serine/threonine kinases, and the TIK 
kinase (Mills et al. J. Biol. Chem. 267:16000-6 (1992)). The 
nucleotide and amino acid sequences of human TTK are 
provided at, for example, GenBank Accession No. M86699. 
Expression of TTK is markedly reduced or absent in resting 
cells and in tissues With a loW proliferative index (Hogg et 
al. Oncogene 9:89-96 (1994)). TTK mRNA is expressed in 
human testis, thymus, bone marroW, and other tissues that 
contain a large number of proliferating cells and is not 
detected in tissues that contain feW or no dividing cells. TTK 
expression Was detected in several rapidly proliferating cells 
lines, including various cancer cell lines. TTK expression 
Was also detected and in samples tissue samples from tWo 
patients With malignant ovarian cancer (Mills et al., ibid.; 
Schmandt et al. J. Immunol. 152196-105 (1994)). TTK 
expression is correlated With cell proliferation, and plays a 
role in cell cycle control (Hogg et al., ibid.). Very loW levels 
of TTK mRNA and protein are present in starved cells. 
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When cells are induced to enter the cell cycle, levels of TTK 
mRNA, protein, and kinase activity increase at the G1/S 
phase of the cell cycle and peak in G2/M. TTK mRNA 
levels, as Well as kinase activity, drop sharply in early G1, 
Whereas protein levels are largely maintained. TTK is a 
human homologue of the S. cerevesiae kinase mps1 and the 
S. pombe protein mph1, both of Which are involved in cell 
cycle spindle assembly checkpoint, thus indicating that TTK 
is a spindle checkpoint gene (see, e. g., Cahill et al. Genomics 
58:181-7 (1999). 

[0005] Although mitotic checkpoint impairment has been 
detected in human cancers (e.g., such impairment is present 
in about 40% of human lung cancer cell lines) mutations in 
the MAD mitotic checkpoint genes and the BUB gene 
family are infrequent. Haruki N et al., Cancer Lett. 162:201 
205 (2001); Mimori K et al., Oncol Rep. 8:39-42 (2001); 
Cahill et al., ibid.). There is thus a need for identi?cation of 
mitotic checkpoint genes that have a role in human cancers, 
as they can serve as informative diagnostic and/or prognos 
tic indicators, and therapeutic targets. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides methods for iden 
ti?cation of cancerous cells by detection of expression levels 
of TTK, as Well as diagnostic, prognostic and therapeutic 
methods that take advantage of the differential expression of 
these genes in mammalian cancer. Such methods can be 
useful in determining the ability of a subject to respond to a 
particular therapy, e.g., as the basis of rational therapy. In 
addition, the invention provides assays for identifying phar 
maceuticals that modulate activity of these genes in cancers 
in Which these genes are involved, as Well as methods of 
inhibiting tumor groWth by inhibiting activity of TTK. 

[0007] In a ?rst embodiment, the present invention pro 
vides a method for identifying TTK levels in a sample of a 
subject suspected of having cancer (e.g., a lung, colon, 
prostrate or breast tissue biopsy) comprising quantifying the 
level of TTK in the sample. The identi?cation of increased 
levels of TTK in the sample provides an indication of 
impairment of the cell cycle checkpoint in the sampled cells. 

[0008] In another embodiment, the invention provides a 
method for determining the characteristics of a malignant or 
pre-malignant groWth comprising determining (either quali 
tatively or quantitatively) the level of TTK in the cells of the 
groWth, and comparing levels With knoWn levels in various 
stages of cancer and/or normal tissue. For example, to 
determine the characteristics of a particular subject’s colon 
cancer, a sample of the cancer may be removed, the levels 
of TTK in the cancer determined, and the levels compared 
to normal tissue and/or levels in various stage colon cancers 
derived from the same cell type. The levels of TTK identi 
?ed in the sample can thus be indicative of various charac 
teristics of the malignant or pre-malignant groWth, as deter 
mined by the characteristics of knoWn tissue and cancers. 
The TTK levels can be compared directly to the levels in 
other single samples, or may be compared to a standard that 
is derived from the data of multiple samples. 

[0009] In another embodiment, the TTK levels of a sample 
can be used as one index for determining the appropriate 
therapeutic intervention for a subject With a malignant or 
pre-malignant groWth. Highly increased levels of TTK, for 
example, can be indicative of the need for more aggressive 
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therapy, as it is indicative of a later stage cancer. Alterna 
tively, the level of TTK expression may be indicative of the 
responsiveness of a subject to a particular pharmaceutical, 
and in particular to a therapeutic intervention that affects the 
cancer via the mitotic checkpoint. 

[0010] In another embodiment, the invention features a 
method for identifying agents for inhibiting groWth of a 
tumor, particular by a breast or colon tumor, by contacting 
a cell expressing TTK With a candidate agent, and assessing 
the effect of the agent upon TTK activity. 

[0011] Accordingly, in one aspect the invention features a 
method of diagnosing cancer in a subject, the method 
comprising detection of TTK polynucleotide or polypeptide 
in a test sample obtained from a subject so as to determine 
a level of expression of the gene product; and comparing the 
level of expression of the TTK in the test sample to a level 
of expression in a normal cell corresponding to the same 
tissue; Wherein detection of an expression level of TTK in 
the test sample that is signi?cantly increased from the level 
of expression in a normal cell indicates that the test cell is 
cancerous. In speci?c embodiments, the cancer is other than 
ovarian cancer, With colon cancer and breast cancer being of 
particular interest. 

[0012] In another aspect, the invention features a method 
for determining the prognosis of a cancerous disease in a 
subject, the method comprising detecting expression of TTK 
in a test cell from the subject; and comparing a level of 
expression of TTK in the test cell With a level of TTK 
expression in a control cell; Wherein the level of expression 
of TTK in the test cell relative to the level of expression in 
the control cell is indicative of the prognosis of the cancer 
ous disease. For example, Where the control cell is a normal 
cell, an elevated level of TTK expression in the test cell 
relative to the normal cell is indicative of the continued 
presence of cancerous cells in the subject and thus a rela 
tively poorer prognosis than Where the level of TTK expres 
sion in the test cell is at a level comparable to that found in 
an normal (non-cancer) cell. In speci?c embodiments, 
progress of a cancer other than ovarian cancer is of particular 
interest, especially colon and breast cancer. 

[0013] In another aspect, the invention features a method 
for inhibiting groWth of a cancerous cell comprising intro 
ducing into a cell an antisense polynucleotide for inhibition 
of TTK expression, Wherein inhibition of TTK expression 
inhibits replication of the cancerous cell. 

[0014] In still another aspect, the invention features a 
method for assessing the tumor burden of a subject, the 
method comprising detecting a level of TTK expression in 
a test sample from a subject, the test sample suspected of 
comprising increased TTK expression; Wherein detection of 
the level of TTK expression in the test sample is indicative 
of the tumor burden in the subject, With an increased level 
of TTK expression in the test sample relative to a control 
non-cancer cell indicates the presence of a tumor in the 
subject. 

[0015] In yet another aspect, the invention features a 
method of identifying an agent having anti-TTK activity, the 
method comprising contacting a cancerous cell displaying 
elevated expression of TTK With a candidate agent; and 
determining the effect of the candidate agent on TTK 
activity; Wherein a decrease in TTK activity indicates that 
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the agent has anti-TTK activity. In speci?c embodiments, 
TTK activity is detected by detecting TTK expression or by 
detecting a biological activity of TTK 

[0016] In yet another aspect, the invention features an 
assay for identifying a candidate agent that inhibits groWth 
of a cancerous cell, comprising contacting a cell expressing 
TTK polypeptide With a candidate agent; and detecting 
activity of the TTK polypeptide, comparing the activity of 
the TTK polypeptide in the cell in the presence of the 
candidate agent to activity of a TTK polypeptide in a cell in 
the absence of the candidate agent; Wherein reduction of 
TTK activity in the presence of the candidate agent relative 
to TTK activity in the absence of the candidate agent 
indicates that the candidate agent reduces TTK activity and 
inhibits groWth of a cancerous cell. 

[0017] Aprimary object of the invention is to exploit TTK 
as a therapeutic target, eg by identifying candidate agents 
that modulate, usually that decrease, TTK activity in a target 
cell in order to, for example, inhibit cell groWth. 

[0018] An object of the present invention is to inhibit 
tumor groWth by inhibition of activity of a mitotic check 
point gene product, particularly though inhibition of TTK 
activity in the target tumor cell. 

[0019] Another object of the invention is to facilitate 
rational cancer therapy. For example, Where the cancer in the 
subject is associated With increased TTK activity levels, a 
therapeutic agent is selected accordingly so as to facilitate 
reduction of TTK activity levels. 

[0020] Another object of the present invention is to design 
clinical trials based on levels of TTK expression in a cancer, 
and more particularly to design clinical trials based on TTK 
expression in combination With other patient attributes. 

[0021] Yet another object of the invention is to identify the 
association of TTK expression and intervention attributes 
that yield ef?cacious changes in selected disease progression 
measures. 

[0022] An advantage of the invention is the ability to 
project disease progression based on expression of TTK in 
a malignant or pre-malignant groWth. 

[0023] Another advantage of the present invention is that 
it alloWs a more systematic approach for intervention of a 
cancerous disease based upon objective indicia. 

[0024] These and other objects, advantages, and features 
of the invention Will become apparent to those persons 
skilled in the art upon reading the details of the methods as 
more fully described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a bar graph illustrating expression of 
TTK in various normal tissue types as detected by PCR. 

[0026] FIG. 2 is a bar graph illustrating expression of 
TTK in various tumor cell lines as detected by PCR. 

[0027] FIGS. 3-6 are graphs illustrating expression pro 
?les for IGF2, MAPKAPKZ, TTK, and MARCKS in 
patients With colorectal carcinoma. 

[0028] FIGS. 7 and 8 are graphs illustrating groWth 
suppression of MDA-MB-231 cells folloWing antisense sup 
pression of TTK expression. 
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[0029] FIG. 9 is a graph illustrating growth suppression of 
SW620 cells following antisense suppression of TTK 
expression. 
[0030] FIG. 10 is a graph illustrating suppression of 
colony formation of SW620 cells in soft agar folloWing 
antisense suppression of TTK expression. 

[0031] FIG. 11 is a graph illustrating that antisense sup 
pression of TTK has no detectable effect on normal immortal 
?broblasts. 

[0032] FIG. 12 is a bar graph illustrating induction of cell 
death upon depletion of TTK from SW620 cells. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] Before the present invention is described, it is to be 
understood that this invention is not limited to particular 
methodologies described, and as such may, of course, vary. 
It is also to be understood that the terminology used herein 
is for the purpose of describing particular embodiments only, 
and is not intended to be limiting, since the scope of the 
present invention Will be limited only by the appended 
claims. 

[0034] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the context clearly dictates otherWise, 
betWeen the upper and loWer limits of that range is also 
speci?cally disclosed. Each smaller range betWeen any 
stated value or intervening value in a stated range and any 
other stated or intervening value in that stated range is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included or excluded in the range, and each range Where 
either, neither or both limits are included in the smaller 
ranges is also encompassed Within the invention, subject to 
any speci?cally excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges 
excluding either or both of those included limits are also 
included in the invention. 

[0035] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are noW described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the methods and/or mate 
rials in connection With Which the publications are cited. 

[0036] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “and”, and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to “a cell” includes 
a plurality of such cells and reference to “the agent” includes 
reference to one or more agents and equivalents thereof 
knoWn to those skilled in the art, and so forth. 

[0037] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
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the dates of publication provided may be different from the 
actual publication dates Which may need to be independently 
con?rmed. 

DEFINITIONS 

[0038] The terms “polynucleotide” and “nucleic acid”, 
used interchangeably herein, refer to a polymeric forms of 
nucleotides of any length, either ribonucleotides or deoxy 
nucleotides. Thus, these terms include, but are not limited to, 
single-, double-, or multi-stranded DNA or RNA, genomic 
DNA, cDNA, DNA-RNA hybrids, or a polymer comprising 
purine and pyrimidine bases or other natural, chemically or 
biochemically modi?ed, non-natural, or derivatiZed nucle 
otide bases. These terms further include, but are not limited 
to, mRNA or cDNA that comprise intronic sequences (see, 
e.g., NiWa et al. (1999) Cell 99(7):691-702). The backbone 
of the polynucleotide can comprise sugars and phosphate 
groups (as may typically be found in RNA or DNA), or 
modi?ed or substituted sugar or phosphate groups. Alterna 
tively, the backbone of the polynucleotide can comprise a 
polymer of synthetic subunits such as phosphoramidites and 
thus can be an oligodeoxynucleoside phosphoramidate or a 
mixed phosphoramidate-phosphodiester oligomer. Peyrottes 
et al. (1996) Nucl. Acids Res. 24:1841-1848; Chaturvedi et 
al. (1996) Nucl. Acids Res. 24:2318-2323. Apolynucleotide 
may comprise modi?ed nucleotides, such as methylated 
nucleotides and nucleotide analogs, uracyl, other sugars, and 
linking groups such as ?uororibose and thioate, and nucle 
otide branches. The sequence of nucleotides may be inter 
rupted by non-nucleotide components. A polynucleotide 
may be further modi?ed after polymeriZation, such as by 
conjugation With a labeling component. Other types of 
modi?cations included in this de?nition are caps, substitu 
tion of one or more of the naturally occurring nucleotides 
With an analog, and introduction of means for attaching the 
polynucleotide to proteins, metal ions, labeling components, 
other polynucleotides, or a solid support. 

[0039] The terms “polypeptide” and “protein”, used inter 
changeably herein, refer to a polymeric form of amino acids 
of any length, Which can include coded and non-coded 
amino acids, chemically or biochemically modi?ed or 
derivatiZed amino acids, and polypeptides having modi?ed 
peptide backbones. The term includes fusion proteins, 
including, but not limited to, fusion proteins With a heter 
ologous amino acid sequence, fusions With heterologous and 
homologous leader sequences, With or Without N-terminal 
methionine residues; immunologically tagged proteins; and 
the like. 

[0040] As used herein “TTK polynucleotide” and “TTK 
polypeptide” encompass polynucleotides and polypeptides 
having sequence similarity or sequence identity to the 
human TTK (having GenBank accession number M86699; 
SEQ ID NO:13 and 14), or the S. cerevesiae kinase mps1 
gene and gene products (SEQ ID NO:29 and 30), the S. 
pombe protein mph1 gene and gene products (SEQ ID 
NO:31 and 32), and other genes and gene products related 
to TTK, such as SPK1 (SEQ ID NO:15 and 16), Pim1 (SEQ 
ID NO:17 and 18), PBS2 (SEQ ID NO:19 and 20), CDC2 
(SEQ ID NO:21 and 22), and TIK (SEQ ID NO:23 and 24) 
of at least about 65%, preferably at least about 80%, more 
preferably at least about 85%, and can be about 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more. 
Sequence similarity and sequence identity are calculated 
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based on a reference sequence, Which may be a subset of a 
larger sequence, such as a conserved motif, coding region, 
?anking region, etc. A reference sequence Will usually be at 
least about 18 nt long, more usually at least about 30 nt long, 
and may extend to the complete sequence that is being 
compared. In general, percent sequence identity is calculated 
by counting the number of residue matches (e.g., nucleotide 
residue or amino acid residue) betWeen the query and test 
sequence and dividing total number of matches by the 
number of residues of the individual sequences found in the 
region of strongest alignment. Thus, Where 10 residues of an 
11 residue query sequence matches a test sequence, the 
percent identity above Would be 10 divided by 11, or 
approximately, 90.9%. Algorithms for computer-based 
sequence analysis are knoWn in the art, such as BLAST (see, 
e.g., Altschul et al., J. Mol. Biol., 215:403-10 (1990)), 
particularly the Smith-Waterman homology search algo 
rithm as implemented in MPSRCH program (Oxford 
Molecular). For the purposes of this invention, a preferred 
method of calculating percent identity is the Smith-Water 
man algorithm, using the folloWing. Global DNA sequence 
identity must be greater than 65% as determined by the 
Smith-Waterman homology search algorithm as imple 
mented in MPSRCH program (Oxford Molecular) using an 
af?ne gap search With the folloWing search parameters: gap 
open penalty, 12; and gap extension penalty, 1. The human 
TTK cDNA is represented by the polynucleotide sequence 
of SEQ ID NO:13 and the human TTK polypeptide is 
represented by the sequence of SEQ ID NO:14. 

[0041] “Antisense polynucleotide” or “antisense oligo 
nucleotide” are used interchangeably herein to mean an 
unmodi?ed or modi?ed nucleic acid having a nucleotide 
sequence complementary to a given polynucleotide 
sequence (e.g., a polynucleotide sequence encoding TTK) 
including polynucleotide sequences associated With the tran 
scription or translation of the given polynucleotide sequence 
(e.g., a promoter of a polynucleotide encoding TTK), Where 
the antisense polynucleotide is capable of hybridiZing to a 
TTK-encoding polynucleotide sequence. Of particular inter 
est are antisense polynucleotides capable of inhibiting tran 
scription and/or translation of a TTK-encoding polynucle 
otide either in vitro or in vivo. 

[0042] The term “cDN ” as used herein is intended to 
include all nucleic acids that share the arrangement of 
sequence elements found in native mature mRNA species, 
Where sequence elements are exons (e.g., sequences encod 
ing open reading frames of the encoded polypeptide) and 3‘ 
and 5‘ non-coding regions. Normally mRNA species have 
contiguous exons, With the intervening introns removed by 
nuclear RNA splicing to create a continuous open reading 
frame encoding TTK. 

[0043] A “variant” as used in the context of a “variant 
polypeptide” refers to an amino acid sequence that is altered 
by one or more amino acids relative to a reference amino 
acid sequence. The variant can have “conservative” changes, 
Wherein a substituted amino acid has similar structural or 
chemical properties, e.g., replacement of leucine With iso 
leucine. More rarely, a variant can have “nonconservative” 
changes, e.g., replacement of a glycine With a tryptophan. 
Similar minor variations can also include amino acid dele 
tions or insertions, or both. Guidance in determining Which 
and hoW many amino acid residues may be substituted, 
inserted, or deleted Without abolishing biological or immu 
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nological activity can be found using computer programs 
Well knoWn in the art, for example, DNAStar softWare. 

[0044] A “deletion” is de?ned as a change in either amino 
acid or nucleotide sequence in Which one or more amino 

acid or nucleotide residues, respectively, are absent as 
compared to reference amino acid sequence or nucleotide 
sequence. Deletions can be of any length, but are preferably 
approximately 50, 20, 15, 10, 5 or 3 amino acids or nucle 
otides in length. 

[0045] An “insertion” or “addition” is that change in an 
amino acid or nucleotide sequence Which has resulted in the 
addition of one or more amino acid or nucleotide residues, 
respectively, as compared to a reference amino acid 
sequence or nucleotide sequence. Insertions or additions can 
be of any length, but are preferably approximately 50, 20, 
15, 10, 5 or 3 amino acids or nucleotides in length. 

[0046] A “substitution” results from the replacement of 
one or more amino acids or nucleotides by different amino 
acids or nucleotides, respectively, as compared to a refer 
ence amino acid sequence or nucleotide sequence. Substi 
tutions can be of any length, but are preferably approxi 
mately 50, 20, 15, 10, 5 or 3 amino acids or nucleotides in 
length. 
[0047] The terms “single nucleotide polymorphism” and 
“SNP” refer to polymorphisms of a single base change 
relative to a reference sequence. 

[0048] The term “biologically active” refers to gene prod 
uct, usually a polypeptide, having structural, regulatory, or 
biochemical functions of a naturally occurring gene product, 
e.g., protein. “Immunologically active” de?nes the capabil 
ity of the natural, recombinant, or synthetic polypeptide, or 
any oligopeptide thereof, to elicit a speci?c immune 
response in appropriate animals or cells and to bind With 
speci?c antibodies. 

[0049] The term “derivative” as used herein refers to the 
chemical modi?cation of a nucleic acid or amino acid 
sequence relative to a reference nucleic acid or amino acid 
sequence. Illustrative of such modi?cations Would be 
replacement of hydrogen by an alkyl, acyl, or amino group. 
A nucleic acid derivative generally encodes a polypeptide 
Which retains essential biological characteristics of the 
polypeptide encoded by the reference nucleic acid (e.g., the 
“parent” molecule). 
[0050] As used herein the term “isolated” is meant to 
describe a compound of interest (e.g., either a polynucle 
otide or a polypeptide) that is in an environment different 
from that in Which the compound naturally occurs. “Iso 
lated” is meant to include compounds that are Within 
samples that are substantially enriched for the compound of 
interest and/or in Which the compound of interest is partially 
or substantially puri?ed. 

[0051] As used herein, the term “substantially puri?ed” 
refers to a compound (e.g., either a polynucleotide or a 
polypeptide) that is removed from its natural environment 
and is at least 60% free, preferably 75% free, and most 
preferably 90% free from other components With Which it is 
naturally associated. 

[0052] “Stringency” typically occurs in a range from about 
Tm —5° C. (5° C. beloW the Tm of the probe or antibody) to 
about 20° C. to 25° C. beloW Tm. As Will be understood by 
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those of skill in the art, a stringency hybridization can be 
used to identify or detect identical polynucleotide sequences 
or to identify or detect similar or related polynucleotide 
sequences. 

[0053] The term “hybridization” as used herein shall 
include “any process by Which a strand of nucleic acid joins 
With a complementary strand through base pairing” 
(Coombs, Dictionary of Biotechnology, Stockton Press, 
NeW York NY. (1994)). Ampli?cation as carried out in the 
polymerase chain reaction technologies is described in Dief 
fenbach et al., PCR Primer, a Laboratory Manual, Cold 
Spring Harbor Press, Plainview NY. (1995). 

[0054] The term “transformation” as used herein refers to 
a permanent or transient genetic change, induced in a cell 
folloWing incorporation of neW DNA (i.e., DNA exogenous 
to the cell). Genetic change can be accomplished either by 
incorporation of the neW DNA into the genome of the host 
cell, or by transient or stable maintenance of the neW DNA 
as an episomal element. Where the cell is a mammalian cell, 
a permanent genetic change is generally achieved by intro 
duction of the DNA into the genome of the cell. 

[0055] The term “construct” as used herein refers to a 
recombinant nucleic acid, generally recombinant DNA, that 
has been generated for the purpose of the expression of a 
speci?c nucleotide sequence(s), or is to be used in the 
construction of other recombinant nucleotide sequences. 

[0056] As used herein, the term “differentially expressed” 
generally refers to a polynucleotide that is expressed at 
levels in a test cell that differ signi?cantly from levels in a 
reference cell, e.g., mRNA is found at levels at least about 
25%, at least about 50% to about 75%, at least about 90% 
increased or decreased, generally at least about 1.2-fold, at 
least about 1.5-fold, at least about 2-fold, at least about 
5-fold, at least about 10-fold, or at least about 50-fold or 
more increased or decreased in a cancerous cell When 
compared With a cell of the same type that is not cancerous. 
The comparison can be made betWeen tWo tissues, for 
example, if one is using in situ hybridiZation or another 
assay method that alloWs some degree of discrimination 
among cell types in the tissue. The comparison may also be 
made betWeen cells removed from their tissue source. “Dif 
ferential expression” refers to both quantitative, as Well as 
qualitative, differences in the genes’ temporal and/or cellular 
expression patterns among, for example, normal and neo 
plastic tumor cells, and/or among tumor cells Which have 
undergone different tumor progression events. 

[0057] The terms “correspond to” or “represents” as used 
in, for example, the phrase “polynucleotide corresponds to a 
differentially expressed gene” are used to refer to the rela 
tionship betWeen a given polynucleotide and the gene from 
Which the polynucleotide sequence is derived (e.g., a poly 
nucleotide that is derived from a coding region of the gene, 
a splice variant of the gene, an exon, and the like) or to 
Which the polynucleotide hybridiZes to under stringer con 
ditions. 

[0058] “Differentially expressed polynucleotide” as used 
herein refers to a nucleic acid molecule (RNA or DNA) 
comprising a sequence that represents or corresponds to a 
differentially expressed gene, e.g., the differentially 
expressed polynucleotide comprises a sequence (e.g., an 
open reading frame encoding a gene product; a non-coding 
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sequence) that uniquely identi?es a differentially expressed 
gene so that detection of the differentially expressed poly 
nucleotide in a sample is correlated With the presence of a 
differentially expressed gene in a sample. “Differentially 
expressed polynucleotides” is also meant to encompass 
fragments of the disclosed polynucleotides, e.g., fragments 
retaining biological activity, as Well as nucleic acids 
homologous, substantially similar, or substantially identical 
(e.g., having about 90% sequence identity) to the disclosed 
polynucleotides. 

[0059] “Diagnosis” as used herein generally includes 
determination of a subject’s susceptibility to a disease or 
disorder, determination as to Whether a subject is presently 
affected by a disease or disorder, prognosis of a subject 
affected by a disease or disorder (e.g., identi?cation of 
pre-metastatic or metastatic cancerous states, stages of can 
cer, or responsiveness of cancer to therapy), and theramet 
rics (e.g., monitoring a subject’s condition to provide infor 
mation as to the effect or ef?cacy of therapy). 

[0060] As used herein, the term “a polypeptide associated 
With cancer” (e.g., as in polypeptide associated With colon 
cancer) refers to a polypeptide that is present at relatively 
higher or loWer levels in a cancer cell relative to a normal 
cell of the same type. 

[0061] The term “biological sample” encompasses a vari 
ety of sample types obtained from an organism and can be 
used in a diagnostic or monitoring assay. The term encom 
passes blood and other liquid samples of biological origin, 
solid tissue samples, such as a biopsy specimen or tissue 
cultures or cells derived therefrom and the progeny thereof. 
The term encompasses samples that have been manipulated 
in any Way after their procurement, such as by treatment 
With reagents, solubiliZation, or enrichment for certain com 
ponents. The term encompasses a clinical sample, and also 
includes cells in cell culture, cell supernatants, cell lysates, 
serum, plasma, biological ?uids, and tissue samples. 

[0062] The terms “treatment”, “treating”, “treat” and the 
like are used herein to generally refer to obtaining a desired 
pharmacologic and/or physiologic effect. The effect may be 
prophylactic in terms of completely or partially preventing 
a disease or symptom thereof and/or may be therapeutic in 
terms of a partial or complete stabiliZation or cure for a 
disease and/or adverse effect attributable to the disease. 
“Treatment” as used herein covers any treatment of a disease 

in a mammal, particularly a human, and includes: (a) pre 
venting the disease or symptom from occurring in a subject 
Which may be predisposed to the disease or symptom but has 
not yet been diagnosed as having it; (b) inhibiting the disease 
symptom, i.e., arresting its development; or relieving the 
disease symptom, i.e., causing regression of the disease or 
symptom. Thus “treatment of cancer” thus encompasses one 
or more of inhibition of cellular proliferation, inhibition of 
metastasis, and the like. 

[0063] The terms “individual,”“subject,”“host,” and 
“patient,” used interchangeably herein and refer to any 
mammalian subject for Whom diagnosis, treatment, or 
therapy is desired, particularly humans. Other subjects may 
include cattle, dogs, cats, guinea pigs, rabbits, rats, mice, 
horses, and so on. 

[0064] The phrase “speci?c binding pair” as used herein 
comprises a speci?c binding member and a binding partner 
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Which have a particular speci?city for each other and Which 
bind to each other in preference to other molecules under 
stringent conditions. Examples of speci?c binding pairs are 
antigens and antibodies, molecules and receptors and 
complementary nucleotide sequences. Other examples of 
binding pairs Will be apparent to one skilled in the art upon 
reading the present disclosure. Further, the term “speci?c 
binding pair” is also applicable Where either or both of the 
speci?c binding member and the binding partner comprise a 
part of a larger molecule. In embodiments in Which the 
speci?c binding pair are nucleic acid sequences, they are 
preferably betWeen 10 to 200 nucleotides long, more pref 
erably greater than 15 to 100 nucleotides long. 

[0065] By “antibody” is meant an immunoglobulin protein 
Which is capable of binding an antigen. Antibody as used 
herein is meant to include the entire antibody as Well as any 
antibody fragments (e.g., F(ab‘)2, Fab‘, Fab, Fv) capable of 
binding the epitope, antigen, or antigenic fragment of inter 
est. 

[0066] Antibodies of the invention are immunoreactive or 
immunospeci?c for and therefore speci?cally and selec 
tively bind to a protein of interest, e.g., human TTK protein. 
Antibodies Which are immunoreactive and immunospeci?c 
for human TTK are preferred. Antibodies for human TTK 
are preferably immunospeci?c—i.e., not substantially cross 
reactive With related materials, although they may recogniZe 
TTK homologs across species. The term “antibody” encom 
passes all types of antibodies (e.g., monoclonal and poly 
clonal). 
[0067] By “binds speci?cally” is meant high avidity and/ 
or high affinity binding of an antibody to a speci?c polypep 
tide, e.g., epitope of a TTK protein. Antibody binding to its 
epitope on this speci?c polypeptide is stronger than binding 
of the same antibody to any other epitope, particularly those 
Which may be present in molecules in association With, or in 
the same sample, as the speci?c polypeptide of interest. 
Antibodies Which bind speci?cally to a polypeptide of 
interest may be capable of binding other polypeptides at a 
Weak, yet detectable, level (e.g., 10% or less of the binding 
shoWn to the polypeptide of interest). Such Weak binding, or 
background binding, is readily discernible from the speci?c 
antibody binding to the compound or polypeptide of interest, 
e.g., by use of appropriate controls. 

[0068] The terms “cancer”, “neoplasm”, “tumor”, and the 
like are used interchangeably herein to refer to cells Which 
exhibit relatively autonomous groWth, so that they exhibit an 
aberrant groWth phenotype characteriZed by a signi?cant 
loss of control of cell proliferation. In general, cells of 
interest for detection or treatment in the present application 
include pre-malignant (e.g., benign hyperplasiac), malig 
nant, metastatic, and non-metastatic cells. 

[0069] “TTK activity” as used herein refers to activity of 
the TTK polypeptide in phosphorylation of a recipient 
substrate. 

[0070] “Modulation of TTK activity” as used herein refers 
to an increase or decrease in TTK activity that can be a result 
of, for example, interaction of an agent With a TTK polypep 
tide (e.g., reversible or irreversible binding of an inhibitory 
agent so as to interfere With TTK polypeptide interaction 
With a donor molecule or a recipient (acceptor) molecule in 
the phosphorylation activity of TTK), inhibition of TTK 
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transcription and/or translation (e.g., through antisense inter 
action With the TTK gene or TTK transcript, through modu 
lation of transcription factors that facilitate TTK expres 
sion), and the like. Modulation of TTK activity that results 
in a decrease of TTK activity is of particular interest in the 
invention. In this context, TTK activity can be decreased by 
an inhibitory agent at least 10%, 25%, 50%, 75%, 85%, 
90%, up to 100% relative to TTK activity in the absence of 
an agent. TTK activity can be assessed by assaying enZy 
matic activity, by assessing TTK polypeptide levels, or by 
assessing TTK transcription levels. Comparisons of TTK 
activity can also be accomplished by comparing TTK activ 
ity assessed (either qualitatively or quantitatively) in a test 
sample to a standard TTK activity (e.g., a level of TTK 
activity in the absence of an inhibitory agent or agonist, that 
is associated With a normal cell, a level of TTK activity of 
a cancerous cell of a selected tissue type, and the like). 

[0071] OvervieW 

[0072] Human TTK is a mitotic checkpoint gene Which 
encodes an 857 amino acid protein that exhibits activity of 
a mixed speci?city (tyr/thr) kinase. TTK is expressed in 
rapidly proliferating tissues such as testis and thymus. See, 
e.g., Mills G B et al.,JBi0l Chem. 267:16000-6 (1992). The 
present invention is based upon the ?nding that TTK is 
differentially expressed in colon tumor cells relative to 
normal colon cells as detected by microarray analysis. 
Differential expression Was con?rmed in cell lines derived 
from various forms of cancer, indicating that the involve 
ment of TTK in cancer as a more general mechanism. In 

addition, disruption of TTK function using antisense oligo 
nucleotides to “knock-out” TTK message decreased prolif 
eration, inhibited anchorage independent groWth, and 
induced apoptosis of cancer cell lines, including a metastatic 
breast cancer cell line (MDA-MB-213) and a colorectal 
carcinoma cell line (SW620). These data indicate that TTK 
can be a therapeutic target for chemotherapy in cancers in 
Which TTK is overexpressed. 

[0073] The identi?cation of the association of TTK With 
cancer, and the con?rmation that inhibition of TTK activity 
(e.g., by reducing TTK expression) serves as the basis for the 
materials and methods of the invention, such as are disclosed 
and discussed herein, for use in, for example, diagnosing 
cancer of a patient, particularly a cancer that is susceptible 
to treatment by decreasing activity of TTK. The invention 
also provides for planning and selection of appropriate 
therapeutic and/or prophylactic treatment, permitting 
streamlining of treatment by targeting those most likely to 
bene?t. The invention also provides for treatment of a cancer 
associated With aberrant TTK levels (e.g., associated With 
overexpression or overproduction of TTK), eg by inhibi 
tion of gene product production (e.g., decreasing levels of 
transcription and/or translation), by decreasing TTK activity 
(e.g., by decreasing TTK gene product production (e.g., at 
the level of transcription or translation) and/or by reducing 
one or more of TTK’s kinase activities). 

[0074] Various aspects of the invention Will noW be 
described in more detail. 

[0075] Diagnostic Methods 

[0076] In one aspect the invention is based on the discov 
ery that TTK activity is present at higher levels in cancerous 
cells (particularly in colon cancer and breast cancer) than in 
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normal cells of the same cell type. This discovery serves as 
the basis for identi?cation of cancerous cells, as Well as 
identi?cation of tumors that are susceptible to therapy by 
inhibiting activity of TTK, e.g., by inhibiting TTK expres 
sion at the level of transcription or translation or both, by 
inhibiting TTK activity, and the like. 

[0077] TTK gene products eg TTK encoding mRNA or 
TTK polypeptides are of particular interest as markers (e.g., 
in bodily ?uids (such as blood) or in tissues) to detect the 
earliest changes along the carcinogenesis pathWay (e.g., to 
differentiate cancerous tissue from non-cancerous tissue) 
and/or to monitor the ef?cacy of various therapies and 
preventive interventions. For example, a relatively increased 
level of expression of TTK compared to normal cells or 
tissues of the same type can be indicative of a poorer 
prognosis, and therefore Warrant more aggressive therapy 
(e.g., chemo- or radio-therapy) for a patient or vice versa. 
The correlation of surrogate tumor speci?c features With 
response to treatment and outcome in patients can de?ne 
prognostic indicators that alloW the design of tailored 
therapy based on the molecular pro?le of the tumor. These 
therapies include antibody targeting, antagonists (e.g., small 
molecules), and gene therapy. Determining TTK expression 
and comparison of a patient’s pro?le With knoWn expression 
in normal tissue and variants of the disease alloWs a deter 
mination of the best possible treatment for a patient, both in 
terms of speci?city of treatment and in terms of comfort 
level of the patient. Surrogate tumor markers, such as 
polynucleotide expression, can also be used to better clas 
sify, and thus diagnose and treat, different forms and disease 
states of cancer. TWo classi?cations Widely used in oncology 
that can bene?t from identi?cation of TTK expression levels 
are staging of the cancerous disorder, and grading the nature 
of the cancerous tissue. 

[0078] TTK polynucleotides, as Well as their encoded 
gene products, can be useful to monitor patients having or 
susceptible to cancer to detect potentially malignant events 
at a molecular level before they are detectable at a gross 
morphological level. In addition, detection of TTK gene 
products can be useful as therametrics, e.g., to assess the 
effectiveness of therapy by using the polynucleotides or their 
encoded gene products, to assess, for example, tumor burden 
in the patient before, during, and after therapy. 

[0079] Furthermore, a polynucleotide identi?ed as corre 
sponding to a gene that is differentially expressed in, and 
thus is important for, one type of cancer can also have 
implications for development or risk of development of 
other types of cancer, e. g., Where a polynucleotide represents 
a gene differentially expressed across various cancer types. 
Thus, for example, expression of a polynucleotide corre 
sponding to a gene that has clinical implications for meta 
static colon cancer can also have clinical implications for 
stomach cancer or endometrial cancer. 

[0080] In making a diagnosis, prognosis, risk assessment, 
or measurement of tumor burden based on the enZymatic 
activity of TTK or the expression levels of TTK polypeptide 
or TTK encoding polynucleotides, activity or expression 
levels may be compared to those of suitable cancerous or 
non-cancerous control samples. For example, a diagnosis of 
cancer can be made if TTK activity is increased at by 25%, 
50%, 75%, 90%, up to 100%, or, alternatively by 5-fold, 
10-fold, 50-fold, or more than 100-fold relative to a normal 
non-cancerous cell of the same tissue type. 
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[0081] Other gene products that are differentially 
expressed in cancerous cells relative to, for example, non 
cancer cells of betWeen cancer cells of differing malignant 
potential (e.g., non-malignant tumor cells versus cells of 
high potential malignancy) can also be assayed in addition 
to TTK for differential expression in a test cell. Such 
exemplary gene products include, but are not necessarily 
limited to MAPKAP kinase 2 (SEQ ID. No. 33 and 34), 
MARCKS (SEQ ID NO:35 and 36) and/or IGF2 (SEQ ID 
NO:37 and 38). 

[0082] Staging. Staging is a process used by physicians to 
describe hoW advanced the cancerous state is in a patient. 
Staging assists the physician in determining a prognosis, 
planning treatment and evaluating the results of such treat 
ment. Staging systems vary With the types of cancer, but 
generally involve the folloWing “TNM” system: the type of 
tumor, indicated by T; Whether the cancer has metastasiZed 
to nearby lymph nodes, indicated by N; and Whether the 
cancer has metastasiZed to more distant parts of the body, 
indicated by M. Generally, if a cancer is only detectable in 
the area of the primary lesion Without having spread to any 
lymph nodes it is called Stage I. If it has spread only to the 
closest lymph nodes, it is called Stage II. In Stage II, the 
cancer has generally spread to the lymph nodes in near 
proximity to the site of the primary lesion. Cancers that have 
spread to a distant part of the body, such as the liver, bone, 
brain or other site, are Stage IV, the most advanced stage. 

[0083] The differential expression level of TTK can facili 
tate ?ne-tuning of the staging process by identifying markers 
for the aggressiveness of a cancer, eg the metastatic poten 
tial, as Well as the presence in different areas of the body. 
Thus, a Stage II cancer With a large differential level of 
expression of TTK can signify a cancer With a high meta 
static potential and can be used to change a borderline Stage 
II tumor to a Stage III tumor, justifying more aggressive 
therapy. 

[0084] Grading of cancers. Grade is a term used to 
describe hoW closely a tumor resembles normal tissue of its 
same type. The microscopic appearance of a tumor is used 
to identify tumor grade based on parameters such as cell 
morphology, cellular organiZation, and other markers of 
differentiation. As a general rule, the grade of a tumor 
corresponds to its rate of groWth or aggressiveness, With 
undifferentiated or high-grade tumors generally being more 
aggressive than Well differentiated or loW-grade tumors. The 
folloWing guidelines are generally used for grading tumors: 
1) GX Grade cannot be assessed; 2) G1 Well differentiated; 
G2 Moderately Well differentiated; 3) G3 Poorly differenti 
ated; 4) G4 Undifferentiated. TTK activity levels (e.g., 
expression levels) can be especially valuable in determining 
the grade of the tumor, as they not only can aid in deter 
mining the differentiation status of the cells of a tumor, they 
can also identify factors other than differentiation that are 
valuable in determining the aggressiveness of a tumor, such 
as metastatic potential. 

[0085] Detection of colon cancer. Polynucleotides and 
polypeptides corresponding to TTK can be used to detect 
colon cancer in a subject. Colorectal cancer is one of the 
most common neoplasms in humans and perhaps the most 
frequent form of hereditary neoplasia. Prevention and early 
detection are key factors in controlling and curing colorectal 
cancer. Colorectal cancer begins as polyps, Which are small, 
























































































































