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ARRAYS, KITS AND
CANCER CHARACTERIZATION METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims the benefit of U.S. Provisional Patent Application
No. 60/970,400, filed September 6, 2007, which is incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The process of metastasis is of great importance to the clinical management of
cancer since the majority of cancer mortality is associated with metastatic disease rather than
the primary tumor (Liotta et al., Principles of molecular cell biology of cancer: Cancer
metastasis (4th ed.), Cancer: Principles & Practice of Oncology, ed. S.H. V. DeVita and S. A.
Rosenberg, Philadelphia, PA: J.B. Lippincott Co., 134-149 (1993)). In most cases, cancer
patients with localized tumors have significantly better prognoses than those with
disseminated tumors. Since recent evidence suggests that the first stages of metastasis can be
an early event (Schmidt-Kittler et al., Proc. Natl. Acad. Sci. U.S.A4., 100 (13): 7737-7742
(2003)) and that 60—-70% of patients have initiated the metastatic process by the time of
diagnosis, a better understanding of the factors leading to tumor dissemination is of vital
importance. However, even patients that have no evidence of tumor dissemination at primary
diagnosis are at risk for metastatic disease. Approximately one-third of women who are
sentinel lymph node negative at the time of surgical resection of the primary breast tumor
will subsequently develop clinically detectable secondary tumors (Heimann et al., Cancer
Res., 60 (2): 298-304 (2000)). Even patients with small primary tumors and node negative
status (T1NO) at surgery have a significant chance (15-25%) of developing distant metastases
(Heimann et al., J. Clin. Oncol., 18 (3): 591-599 (2000)). The foregoing shows that there is a
need for a method of characterizing a tumor or a cancer in a subject, especially in terms of the

metastatic capacity of a tumor.
BRIEF SUMMARY OF THE INVENTION

[0003] The invention provides an array comprising a substrate and a set of addressable
elements, wherein each addressable element comprises (i) a polynucleotide that specifically
binds to a target molecule, (i1) a polypeptide that specifically binds to a target molecule, or

(ii1) a combination of (i) and (ii), wherein the target molecule is selected from the group of
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target molecules as defined herein, wherein the array comprises less than 38,500 addressable
elements.

[0004] The invention also provides a kit comprising a set of user instructions and (i) a set
of polynucleotides, (ii) a set of polypeptides, or (iii) a combination of (i) and (ii), wherein the
set of polynucleotides is specific for one or more of the target molecules selected from the
group of target molecules as defined herein, wherein the set of polypeptides is specific for the
target molecules selected from the group as defined herein.

[0005] The invention further provides a method of characterizing a tumor or cancer in a
subject comprising (i) detecting the expression levels of a set of target molecules in the
subject and (i1) comparing the expression level of the set of target molecules to a control set
of expression levels. In a first embodiment of the inventive method, the set of target
molecules comprises one or more of the target molecules selected from the group as defined
herein and the expression level is detected with the array or kit of the invention. In a second
embodiment of the inventive method, the set of addressable elements consists essentially of
the addressable elements that are specific for the target molecules described herein.

[0006] Further provided is the use of a compound with anti-cancer activity for the
preparation of a medicament to treat cancer in a subject for whom the expression levels of a
set of target molecules are determined. In a first embodiment of the inventive use, the set of
target molecules comprises one or more of the target molecules described herein and the
expression levels are determined with the array or kit of the invention. In a second
embodiment of the inventive use, the set of addressable elements consists essentially of the

addressable elements that are specific for the target molecules described herein.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0007] Figure 1A is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the GSE1456 breast cancer cohort in terms
of overall survival.

[0008] Figure 1B is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the GSE3494 breast cancer cohort in terms
of overall survival.

[0009] Figure 1C is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the GSE2034 breast cancer cohort in terms

of overall survival.
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[0010] Figure 1D is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the GSE4922 breast cancer cohort in terms
of overall survival.

[0011] Figure 1E is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the Rosetta breast cancer cohort (van ‘t Veer
et al., Nature 415: 530-536 (2002)) in terms of overall survival.

[0012] Figure 1F is a Kaplan Meier Curve of the Cox proportional analysis of the van ‘t
Veer gene expression signature described in van ‘t Veer et al., Nature 415: 530-536 (2002)
on the Rosetta breast cancer cohort in terms of overall survival.

[0013] Figure 2A is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the lymph node-negative patients of the
GSE3494 breast cancer cohort.

[0014] Figure 2B is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the lymph node-negative patients of the
Rosetta breast cancer cohort.

[0015] Figure 2C is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the lymph node-negative patients of the
GSE2034 breast cancer cohort.

[0016] Figure 2D is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the lymph node-negative patients of the
GSE4922 breast cancer cohort.

[0017] Figure 2E is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the estrogen receptor-positive patients of the
GSE3494 breast cancer cohort.

[0018] Figure 2F is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the estrogen receptor-positive patients of the
Rosetta breast cancer cohort.

[0019] Figure 2G is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the estrogen receptor-positive patients of the
GSE2034 breast cancer cohort.

[0020] Figure 2H is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Brd4 microarray gene expression signature on the estrogen receptor-positive patients of the

GSE4922 breast cancer cohort.



WO 2009/032915 PCT/US2008/075242

[0021] Figure 3A is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Anakin microarray gene expression signature on the GSE1456 breast cancer cohort in terms
of overall survival.

[0022] Figure 3B is a Kaplan Meier Curve of the Cox proportional analysis of the van’t
Veer 70-gene expression signature in terms of overall survival.

[0023] Figure 3C is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Anakin microarray gene expression signature on the lymph node-negative patients of the
Dutch Rosetta breast cancer cohort.

[0024] Figure 3D is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Anakin microarray gene expression signature on the lymph node-positive patients of the
Dutch Rosetta breast cancer cohort.

[0025] Figure 3E is a Kaplan Meier Curve of the Cox proportional analysis of the Mvt-
1/Anakin microarray gene expression signature on the estrogen receptor-positive patients of
the Dutch Rosetta breast cancer cohort.

[0026] Figure 3F is a Kaplan Meier Curve of the Cox proportional analysis of the van‘t
Veer microarray gene expression signature on the estrogen receptor-negative patients of the

Dutch Rosetta breast cancer cohort.
DETAILED DESCRIPTION OF THE INVENTION

[0027] The invention provides arrays which can be used for detecting the expression
levels of cancer-related target molecules. Each array comprises a substrate with which a set
of addressable elements is associated in a predetermined manner. The array of the invention
can, for example, be considered as a DNA chip, gene chip, or microarray.

[0028] As used herein, the term “addressable element” means an element that is attached
to the substrate of the array at a predetermined position and specifically binds to a known
target molecule, such that when target molecule-addressable element binding is detected,
information regarding the identity of the bound target molecule is provided on the basis of the
location of the element on the substrate. For the purposes of the invention, addressable
elements are considered “different” if they do not bind to the same target molecule and/or the
addressable elements are located at distinct positions within or on the substrate.

[0029] Generally, each of the addressable elements of the inventive arrays comprises a
polynucleotide or polypeptide specific for (e.g., which specifically binds or hybridizes to) a

target molecule. The polynucleotide or polypeptide may be referred to hereinafter as a
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“probe.” Generally, the probe is either a polynucleotide or polypeptide, depending on
whether the target molecule for which the addressable element is specific is a polynucleotide
or polypeptide. For example, if the target molecule is a nucleic acid target molecule (e.g.,
DNA, RNA, cDNA, etc.), and therefore is nucleotidic in nature, the addressable element can
comprise a polynucleotide probe that specifically binds or hybridizes to the target molecule.
Likewise, if the target molecule is a protein or polypeptide, the addressable element can
comprise a polypeptide probe which specifically binds to the target molecule. However, the
arrays of the invention are not so limited in this manner. The inventive arrays can, for
example, comprise an addressable element comprising a polynucleotide which specifically
binds to a polypeptide target molecule and/or comprise an addressable element comprising a
polypeptide which binds to a polynucleotide target molecule.

[0030] Each of the addressable elements of the inventive arrays can independently
comprise more than one copy of the polynucleotide or polypeptide probe. For instance, an
addressable element can comprise multiple copies of a given polynucleotide or polypeptide
probe having the same nucleotide or amino acid sequence. Additionally or alternatively, each
of the addressable elements can independently comprise more than one different probe,
provided that the probes selectively bind to the same target molecule. For example, an
addressable element can comprise a first polynucleotide probe comprising a first sequence
and a second polynucleotide probe comprising a second sequence which is different from the
first sequence, wherein both the first and second probes bind to the same target molecule.
Additionally or alternatively, an addressable element can comprise a polynucleotide probe
and a polypeptide probe, each of which binds to the same target molecule.

[0031] In one embodiment of the invention, the array comprises a set of addressable
elements, each of which comprises (i) a polynucleotide that specifically binds to a target
molecule, (ii) a polypeptide that specifically binds to a target molecule, or (iii) a combination
of (1) and (i1), wherein the target molecule is selected from the group consisting of the target

molecules listed in Table 1.
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[0032] The expression level of each of the target molecules of Table 1 significantly
changes in cells when the cells overexpress the Anakin gene (also known in the art as
Ribosomal RNA Processing 1 Homolog (RRP1B), which gene encodes the mRNA sequence
of Accession No. NM_ 015056 (SEQ ID NO: 1) and encodes the amino acid sequence of
Accession No. NP_0055871 (SEQ ID NO: 2), both sequences of which are available herein
and from the GenBank database of the National Center for Biotechnology Information
(NCBI) website. Ectopic expression of Anakin reduces tumor growth and metastasis burden
in the highly metastatic Mvt-1 cell line. Therefore, the expression levels of the target
molecules of Table 1 are characteristic of a tumor or a cancer in a subject, e.g., are predictive
of whether a subject afflicted with cancer, e.g., breast cancer, will survive, as further
described herein.

[0033] In a preferred embodiment of the invention, the array comprises a set of
addressable elements, such that the set comprises an addressable element specific for each of
the target molecules of Table 1. In this regard, all of the target molecules of Table 1 are
detected by the array. Alternatively or additionally, the set of addressable elements can
consist essentially of addressable elements specific for cancer-related target molecules, as
described herein, such that cancer-related target molecules are predominantly detected by the
array. For example, the set of addressable elements can consist essentially of the addressable
elements that are specific for the target molecules of Table 1, in combination with one or
more addressable elements not listed in Table 1, e.g., a cancer-related target molecule (e.g.,
any of the target molecules listed in Table 2). Alternatively, the set can consist essentially of
the addressable elements specific for the target molecules of Table 1.

[0034] As shown in Table 1, the target molecules of Table 1 are subdivided into different
groups. The target molecules of Group 1 are target molecules of Table 1 which exhibit the
same expression patterns (e.g., are either upregulated or downregulated in the same manner)
in patients of the van ‘t Veer breast cancer cohort (van ‘t Veer et al., Nature 415: 484-485
(2002)). Therefore, the expression levels of the target molecules of Group 1 are characteristic
of a tumor or a cancer in a subject, ¢.g., are predictive of whether a subject afflicted with
cancer, ¢.g., breast cancer, will survive, as described herein, especially if the tumor or cancer
of the subject is similar to the tumor or cancer of the patients of the van ‘t Veer breast cancer
cohort.

[0035] The target molecules of Group 2 are target molecules of Table 1 which exhibit the

same expression patterns (e.g., are either upregulated or downregulated in the same manner)
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in patients of the GSE1456 breast cancer cohort (Pawitan et al., Breast Cancer Res. 7: R953-
R964 (2005)). Therefore, the expression levels of the target molecules of Group 2 are
characteristic of a tumor or a cancer in a subject, e.g., are predictive of whether a subject
afflicted with cancer, e.g., breast cancer, will survive, as described herein, especially if the
tumor or cancer of the subject is similar to the tumor or cancer of the patients of the GSE1456
breast cancer cohort.

[0036] The target molecules of Group 3 are target molecules of Table 1 which exhibit the
same expression patterns (e.g., are either upregulated or downregulated in the same manner)
in patients of the GSE3494 breast cancer cohort (Miller et al., Proc. Natl. Acad. Sci. U.S.A.
102: 13550-13555 (2005)). Therefore, the expression levels of the target molecules of
Group 3are characteristic of a tumor or a cancer in a subject, e.g., are predictive of whether a
subject afflicted with cancer, e.g., breast cancer, will survive, as described herein, especially
if the tumor or cancer of the subject is similar to the tumor or cancer of the patients of the
GSE3494 breast cancer cohort.

[0037] The target molecules of Group 4 are target molecules of Table 1 which exhibit the
same expression patterns (e.g., are either upregulated or downregulated in the same manner)
in patients of the GSE4922 breast cancer cohort (Ivshina et al., Cancer Res. 66: 10292-10301
(2006)). Therefore, the expression levels of the target molecules of Group 4 are characteristic
of a tumor or a cancer in a subject, ¢.g., are predictive of whether a subject afflicted with
cancer, ¢.g., breast cancer, will survive, as described herein, especially if the tumor or cancer
of the subject is similar to the tumor or cancer of the patients of the GSE4922 breast cancer
cohort.

[0038] In one embodiment of the invention, the array comprises a set of addressable
elements specific for the target molecules listed in Group 1, Group 2, Group 3, Group 4, or
any combination thereof (e.g., Groups 1-4, Groups 1-3, Groups 1 and 2, Groups 2-4,

Groups 2 and 3, Groups 3 and 4).

[0039] In a preferred embodiment of the invention, the array comprises a set of
addressable elements, such that the set comprises an addressable element specific for each of
the target molecules of the Group(s). In this regard, all of the target molecules of the
Group(s) are detected by the array. Alternatively or additionally, the set of addressable
elements can consist essentially of addressable elements specific for cancer-related target
molecules, as described herein, such that cancer-related target molecules are predominantly

detected by the array. For example, the set of addressable elements can consist essentially of
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the addressable elements that are specific for the target molecules of the Group(s), in
combination with one or more addressable elements not listed in the Group(s), ¢.g., a cancer-
related target molecule (e.g., any of the target molecules listed in any of the other Group(s),
Table 2, or a combination thereof). Alternatively, the set can consist essentially of the
addressable elements specific for the target molecules of the Group(s).

[0040] The array of the invention can additionally or alternatively comprise a substrate
and a set of addressable elements, wherein each addressable element comprises (i) a
polynucleotide that specifically binds to a target molecule, (i1) a polypeptide that specifically
binds to a target molecule, or (iii) a combination of (i) and (ii), wherein the target molecule is

selected from the group consisting of the target molecules listed in Table 2.
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[0041] The expression level of each of the target molecules of Table 2 significantly
changes in cells when the cells overexpress the Brd4 gene, which gene encodes the mRNA
sequence of Accession No. NM 058243 (SEQ ID NO: 3) or NM_014299 (SEQ ID NO: 4)
and encodes the amino acid sequence of Accession No. NP_490597.1 (SEQ ID NO: 5) or
NP _055114.1 (SEQ ID NO: 6), which sequences are available from the GenBank database of
the NCBI website. Ectopic expression of the Brd4 gene in the highly metatstatic mouse
mammay tumor cell line Mvt-1 reduces cell invasiveness as well as the ability of the cells to
form extensions in a three-dimensional culture. Also, ectopic expression of Brd4 in Mvt-1
reduces tumor growth and pulmonary surface metastsis following subcutaneous implantation
of cells into FVB/NJ mice. Therefore, the expression levels of the target molecules of Table
2 are characteristic of a tumor or a cancer in a subject, ¢.g., are predictive of whether a
subject afflicted with cancer, e.g., breast cancer, will survive, as further described herein.
[0042] In a preferred embodiment of the invention, the array comprises a set of
addressable elements, such that the set comprises an addressable element specific for each of
the target molecules of Table 2. In this regard, all of the target molecules of Table 2 are
detected by the array. Alternatively or additionally, the set of addressable elements can
consist essentially of addressable elements specific for cancer-related target molecules, as
described herein, such that cancer-related target molecules are predominantly detected by the
array. For example, the set of addressable elements can consist essentially of the addressable
elements that are specific for the target molecules of Table 2, in combination with one or
more addressable elements not listed in Table 2, e.g., a cancer-related target molecule (e.g.,
any of the target molecules listed in any of Table 1). Alternatively, the set can consist
essentially of the addressable elements specific for the target molecules of Table 2.

[0043] The target molecules of Group 5 are target molecules of Table 2 which exhibit the
same expression patterns (e.g., are either upregulated or downregulated in the same manner)
in patients of the GSE1456 breast cancer cohort (Pawitan et al., Breast Cancer Res. 7:
R953-R964 (2005)). Therefore, the expression levels of the target molecules of Group 5 are
characteristic of a tumor or a cancer in a subject, e.g., are predictive of whether a subject
afflicted with cancer, e.g., breast cancer, will survive, as described herein, especially if the
tumor or cancer of the subject is similar to the tumor or cancer of the patients of the GSE1456
breast cancer cohort.

[0044] The target molecules of Group 6 are target molecules of Table 2 which exhibit the

same expression patterns (e.g., are either upregulated or downregulated in the same manner)
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in patients of the GSE2034 breast cancer cohort (Wang et al., Lancet 365: 671-679 (2005)).
Therefore, the expression levels of the target molecules of Group 6 are characteristic of a
tumor or a cancer in a subject, ¢.g., are predictive of whether a subject afflicted with cancer,
e.g., breast cancer, will survive, as described herein, especially if the tumor or cancer of the
subject is similar to the tumor or cancer of the patients of the GSE2034 breast cancer cohort.
[0045] The target molecules of Group 7 are target molecules of Table 2 which exhibit the
same expression patterns (e.g., are either upregulated or downregulated in the same manner)
in patients of the GSE3494 breast cancer cohort (Miller et al., Proc. Natl. Acad. Sci. U.S.A.
102: 13550-13555 (2005)). Therefore, the expression levels of the target molecules of
Group 7 are characteristic of a tumor or a cancer in a subject, e.g., are predictive of whether a
subject afflicted with cancer, e.g., breast cancer, will survive, as described herein, especially
if the tumor or cancer of the subject is similar to the tumor or cancer of the patients of the
GSE3494 breast cancer cohort.

[0046] The target molecules of Group 8 are target molecules of Table 2 which exhibit the
same expression patterns (e.g., are either upregulated or downregulated in the same manner)
in patients of the GSE4922 breast cancer cohort (Ivashina et al., Cancer Res. 66: 10292-
10301 (2006)). Therefore, the expression levels of the target molecules of Group 8 are
characteristic of a tumor or a cancer in a subject, e.g., are predictive of whether a subject
afflicted with cancer, e.g., breast cancer, will survive, as described herein, especially if the
tumor or cancer of the subject is similar to the tumor or cancer of the patients of the GSE4922
breast cancer cohort.

[0047] The target molecules of Group 9 are target molecules of Table 1 which exhibit the
same expression patterns (e.g., are either upregulated or downregulated in the same manner)
in patients of the Rosetta breast cancer cohort (van ‘t Veer et al., Nature 415: 530-536
(2002)). Therefore, the expression levels of the target molecules of Group 9 are characteristic
of a tumor or a cancer in a subject, ¢.g., are predictive of whether a subject afflicted with
cancer, ¢.g., breast cancer, will survive, as described herein, especially if the tumor or cancer
of the subject is similar to the tumor or cancer of the patients of the Rosetta breast cancer
cohort.

[0048] In one embodiment of the invention, the array comprises a set of addressable
elements specific for the target molecules listed in Group 5, Group 6, Group 7, Group 8,

Group 9, or any combination thereof (e.g., Groups 5-9, Groups 5-8, Groups 5-7, Groups 5
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and 6, Groups 6-9, Groups 6-8, Groups 6 and 7, Groups 7-9, Groups 7 and 8, and Groups 8
and 9.)

[0049] In a preferred embodiment of the invention, the array comprises a set of
addressable elements, such that the set comprises an addressable element specific for each of
the target molecules of the Group(s). In this regard, all of the target molecules of the
Group(s) are detected by the array. Alternatively or additionally, the set of addressable
elements can consist essentially of addressable elements specific for cancer-related target
molecules, as described herein, such that cancer-related target molecules are predominantly
detected by the array. For example, the set of addressable elements can consist essentially of
the addressable elements that are specific for the target molecules of the Group(s), in
combination with one or more addressable elements not listed in the Group(s), e.g., a cancer-
related target molecule (e.g., any of the target molecules listed in any of the other Group(s),
Table 1, or a combination thereof). Alternatively, the set can consist essentially of the
addressable elements specific for the target molecules of the Group(s).

[0050] The addressable elements of the array may be specific for target molecules other
than the ones listed in Tables 1 and 2. For example, the addressable elements of the array
may be specific for other target molecules no listed in Table 1 or 2. By “cancer-related target
molecule” as used herein is meant any molecule, e.g., DNA, RNA, protein, for which the
expression level is significantly changed in a cancer cell as compared to a normal, non-
cancerous cell. For example, the array can advantageously comprise an addressable element
that binds to one of the cancer-related target molecules p53, Src, Ras, or a combination
thereof.

[0051] In a preferred embodiment of the invention, when the array of the invention is
specific for 5 or more of the target molecules listed in Table 3, the array is specific for at least

one target molecule listed in Table 1 and/or 2 and that is not listed in Table 3.
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TABLE 3
Entrez GenBank Accession No.
Target Molecule Gene
ID No. Nucleotide Amino acid
TSPYL5 (AL080059) 85453 NM _033512.2 (SEQ ID NO: 213) NP _277047.2
FLT1 2321 NM _002019.2 (SEQ ID NO: 214) NP _002010.1
MMP9 4318 NM_004994.2 (SEQ ID NO: 215) NP_004985.2
Cléorf6l (DC13) 56942 NM_020188.2 (SEQ ID NO: 216) NP _064573.1
EXT1 2131 NM_000127.2 (SEQ ID NO: 217) NP _000118.2
DIAPH3 (AL137718) 81624 NM _030932.2 (SEQ ID NO: 218) NP _112194.2
CDC42BPA (PK428) 8476 NM_014826.3 (SEQ ID NO: 219) NP _055641.3
NM_003607.2 (SEQ ID NO: 220) NP_003598.2
NDC80 (HEC) 10403 NM_006101.1 (SEQ ID NO: 221) NP _006092.1
ECT2 1894 NM_018098.4 (SEQ ID NO: 222) NP _060568.3
GMPS 8833 NM_003875.2 (SEQ ID NO: 223) NP_003866.1
UCHLS (UCH37) 51377 NM_015984.1 (SEQ ID NO: 224) NP _057068.1
EXOC7 (KIAA1067) 23265 NM_015219.2 (SEQ ID NO: 225) NP_056034.2
NM _001013839.1 (SEQ ID NO: 226) | NP_001013861.1

GNAZ 2781 NM_002073.2 (SEQ ID NO: 227) NP _002064.1
SERF1A 8293 NM _021967.1 (SEQ ID NO: 228) NP_068802.1
OXCT1 5019 NM_000436.2(SEQ ID NO: 229) NP _000427.1
ORC6L 23594 NM _014321.2 (SEQ ID NO: 230) NP _055136.1
DTL (L2DTL) 51514 NM _016448.1 (SEQ ID NO: 231) NP _057532.1
PRC1 9055 NM _199413.1 (SEQ ID NO: 232) NP _955445.1
NM_003981.2 (SEQ ID NO: 233) NP _003972.1
NM_199414.1(SEQ ID NO: 234) NP _955446.1
AYTL2 (AF052162) 79888 NM_024830.3 (SEQ ID NO: 235) NP _079106.3
COL4A2 1284 NM_001846.1 (SEQ ID NO: 236) NP _001837.1
MELK (KIAA0175) 9833 NM _014791.2 (SEQ ID NO: 237) NP_055606.1
RAB6B 51560 NM_016577.2 (SEQ ID NO: 238) NP _057661.2
DCK 1633 NM_000788.1 (SEQ ID NO: 239) NP_000779.1
CENPA 1058 NM_001809.2 (SEQ ID NO: 240) NP_001800.1
EGLNI1 (SM20) 54583 NM_022051.1 (SEQ ID NO: 241) NP _071334.1
MCM6 4175 NM_005915.4 (SEQ ID NO: 242) NP_005906.2
PALM2-AKAP2 445815 NM_007203.3 (SEQ ID NO: 243) NP _009134.1
NM_147150.1(SEQ ID NO: 244) NP 671492.1
RFC4 5984 NM _002916.3 (SEQ ID NO: 245) NP_002907.1
NM _181573.1 (SEQ ID NO: 246) NP_853551.1
SLC2A3 6515 NM_006931.1 (SEQ ID NO: 247) NP_008862.1
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Entrez GenBank Accession No.
Target Molecule Gene
ID No. Nucleotide Amino acid
MAP2K1IP1 (MP1) 8649 NM _021970.2 (SEQ ID NO: 248) NP_068805.1
C200rf46 (FLJ11190) 55321 NM_018354.1 (SEQ ID NO: 249) NP _060824.1
IGFBP5 3488 NM_000599.2 (SEQ ID NO: 250) NP_000590.1
CCNE2 9134 NM 057749.1 (SEQ ID NO: 251) NP_477097.1
NM_057735.1 (SEQ ID NO: 252) NP _477083.1
ESM1 11082 NM_007036.3 (SEQ ID NO: 253) NP_008967.1
NMU 10874 NM_006681.1 (SEQ ID NO: 254)
HRASLS (LOC57110) 57110 NM _020386.2 (SEQ ID NO: 255) NP _065119.1
PECI 10455 NM_006117.2 (SEQ ID NO: 256) NP _006108.2
NM _206836.1 (SEQ ID NO: 257) NP _996667.1
AP2B1 163 NM_001030006.1 (SEQ ID NO: 258) | NP_001025177.
NM_001282.2 (SEQ ID NO: 259) NP _001273.1
MS4A7 (CFFM4) 58475 NM _021201.4 (SEQ ID NO: 260) NP _067024.1
NM _206938.1 (SEQ ID NO: 261) NP _996821.1
NM_206939.1 (SEQ ID NO: 262) NP _996822.1
NM_206940.1 (SEQ ID NO: 263) NP _996823.1
TGFB3 7043 NM_003239.1 (SEQ ID NO: 264) NP_003230.1
STK32B (HSA250839) 55351 NM_018401.1 (SEQ ID NO: 265) NP _060871.1
GSTM3 2947 NM_000849.3 (SEQ ID NO: 266) NP_000840.2
BBC3 27113 NM 014417.2 (SEQ ID NO: 267) NP _055232.1
SCUBE2 (CEGP1) 57758 NM_020974.1 (SEQ ID NO: 268) NP _066025.1
WISP1 8840 NM_003882.2 (SEQ ID NO: 269) NP _003873.1
NM_080838.1 (SEQ ID NO: 270) NP _543028.1
ALDH4A1 (ALDH4) 8659 NM_003748.2 (SEQ ID NO: 271) NP _003739.2
NM_170726.1 (SEQ ID NO: 272) NP _733844.1
EBF4 (KIAA1442) 57593 XM _044921.7 (SEQ ID NO: 273) XP 044921.7
FGF18 8817 NM_003862.1 (SEQ ID NO: 274) NP _003853.1
Contig63649RC AWO014921 (SEQ ID NO: 281)
NUSAP1 (LOC51203) 51203 NM _016359.2 (SEQ ID NO: 275) NP _057443.1
NM_018454.5 (SEQ ID NO: 276) NP_060924.4

Contig46218RC - Al813331 (SEQ ID NO: 295)
Contig38288RC - AlI554061 (SEQ ID NO: 296)

AAS555029RC - SEQID NO: 1 of US 7171311
Contig28552RC - AA992378 (SEQ ID NO: 283)
Contig32185RC - AlI377418 (SEQ ID NO: 297)
Contig35251RC - Al283268 (SEQ ID NO: 287)
Contig55725RC - Al992158 (SEQ ID NO: 288)

Contig56457RC

Al741117 (SEQ ID NO: 289)
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Entrez GenBank Accession No.
Target Molecule Gene
ID No. Nucleotide Amino acid
GPR126 (DKFZP564D0462) 57211 NM_020455.4 (SEQ ID NO: 277) NP _065188.4
NM_198569.1 (SEQ ID NO: 278) NP _940971.1
NM_001032394.1 (SEQ ID NO: 279) | NP_001027566.1
NM_001032395.1 (SEQ ID NO: 280) | NP_001027567.1
Contigd0831RC - ATI224578 (SEQ ID NO: 290)
Contig24252RC - AW024884 (SEQ ID NO: 282)
Contig51464RC - AlI817737 (SEQ ID NO: 291)
Contig20217RC - AAS834945 (SEQ ID NO: 284)
Contig63102RC - ATI583960 (SEQ ID NO: 292)
Contigd6223RC - AAS528243 (SEQ ID NO: 285)
Contig55377RC - AT918032 (SEQ ID NO: 293)
Contigd8328RC - AT694320 (SEQ ID NO: 294)
Contig32125RC - AA404325 (SEQ ID NO: 286)
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[0052] The array also can include one or more elements that serve as a control, standard,
or reference molecule, such as a housekeeping gene (e.g., Porphobilinogen deaminase
(PBGD), glyceraldehyde-3-phosphatase dehydrogenase (GAPDH), and RNA transferase) to
assist in the normalization of expression levels or the determination of nucleic acid quality
and binding characteristics, reagent quality and effectiveness, hybridization success, analysis
thresholds and success, etc. These other common aspects of the arrays or the addressable
elements, as well as methods for constructing and using arrays, including generating,
labeling, and attaching suitable probes to the substrate, consistent with the invention are well-
known in the art. Other aspects of the array are as previously described herein with respect to
the methods of the invention.

[0053] It will be appreciated, however, that an array capable of detecting a vast number
of target moleculess (e.g., mRNA or polypeptide targets), such as arrays designed for
comprehensive expression profiling of a cell line (e.g., gene profiling) or the like, are not
economical or convenient for use as a diagnostic tool or screen for any particular condition,
e.g., cancer. Thus, to facilitate the convenient use of the array as a diagnostic tool or screen,
for example, in conjunction with the methods described herein, the array preferably
comprises a limited number of addressable elements and preferably comprises addressable
elements specific only for cancer-related target molecules.

[0054] In this regard, the array desirably comprises less than 38,500 addressable
elements. More desirably, the array comprises less than about 33,000 addressable elements
or less than about 14,500 addressable elements. Further desirably, the array comprises less
than about 8400 addressable elements, e.g., less than about 5000 addressable elements, less
than 2500 addressable elements, e.g., 1000, 500, 100.

[0055] Also preferred is that the array comprises a number of addressable elements, such
that the expression levels of multiple cancer-related target molecules are detected. In this
regard, the array preferably detects the expression of at least 3 different target molecules, if
not 10 or more target molecules, e.g., 50, 100, 250, 500, 1000 or more target molecules.
[0056] The addressable element can comprise a detectable label, such as, for instance, a
radioisotope, a fluorophore (e.g., fluorescein isothiocyanate (FITC), phycoerythrin (PE)), an
enzyme (e.g., alkaline phosphatase, horseradish peroxidase), and element particles (e.g., gold
particles). The detectable label can be directly attached (either covalently or non-covalently)

to the polynucleotide or polypeptide probe of the addressable element. Alternatively, the
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detectable label can be indirectly attached to the polynucleotide or polypeptide probe of the
addressable element. For example, the detectable label can be attached via a linker.

[0057] With regard to the inventive arrays, the substrate can be any rigid or semi-rigid
support to which polynucleotides or polypeptides can be covalently or non-covalently
attached. Suitable substrates include membranes, filters, chips, slides, wafers, fibers, beads,
gels, capillaries, plates, polymers, microparticles, and the like. Materials that are suitable for
substrates include, for example, nylon, glass, ceramic, plastic, silica, aluminosilicates,
borosilicates, metal oxides such as alumina and nickel oxide, various clays, nitrocellulose,
and the like.

[0058] The polynucleotide or polypeptide probes of the addressable elements can be
attached to the substrate in a pre-determined 1-, 2-, or 3-dimensional arrangement, such that
the pattern of hybridization or binding to a probe is easily correlated with the expression of a
particular target molecule. Because the probes are located at specified locations on or in the
substrate, the hybridization or binding patterns and intensities thereof create a unique
expression profile, which can be interpreted in terms of expression levels of particular target
molecules and can be correlated with characteristics of the tumor or cancer, as further
described herein.

[0059] Polynucleotide and polypeptide probes can be generated by any suitable method
(see, ¢.g., Sambrook et al., Molecular Cloning: A Laboratory Manual, 2™ Ed., Cold Spring
Harbor Press, Cold Spring Harbor, N.Y., 1989). For example, polynucleotide probes that
specifically bind to the mRNA transcripts of the target molecules described herein can be
created using the target molecules themselves (or fragments thereof) by routine techniques
(e.g., PCR or synthesis) based on the nucleotide sequence of the target molecule. As used
herein, the term “fragment” means a contiguous part or portion of a polynucleotide sequence
comprising about 10 or more nucleotides, preferably about 15 or more nucleotides, more
preferably about 20 or more nucleotides (e.g., about 30 or more or even about 50 or more
nucleotides).

[0060] Alternatively, the polynucleotide probe can be designed based on the sequence of
the target molecule using probe design software, such as, for example, LightCycler® Probe
Design Software 2.0 (Roche Applied Science, Indianapolis, IN).

[0061] The exact nature of the polynucleotide probe is not critical to the invention; any
probe that will selectively bind the target molecule can be used. Typically, the

polynucleotide probes will comprise 10 or more nucleotides (e.g., 20 or more, 50 or more, or
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100 or more nucleotides). In order to confer sufficient specificity, it will have a sequence
identity to a compliment of the target sequence (or corresponding fragment thereof) of about
90% or more, preferably about 95% or more (¢.g., about 98% or more or about 99% or more)
as determined, for example, using the well-known Basic Local Alignment Search Tool
(BLAST) algorithm (available through the National Center for Biotechnology Information
(NCBI) website).

[0062] Similarly, polypeptide probes that bind to the protein or polypeptide target
molecules, or a fragment thereof, described herein can be created using the amino acid
sequences of the target molecules using routine techniques. As used herein, the term
fragment means a contiguous part or portion of any of a polypeptide sequence comprising
about 5 or more amino acids, preferably about 10 or more amino acids, more preferably about
15 or more amino acids (e.g., about 20 or more amino acids or even about 30 or more or 50
or more amino acids). For example, antibodies to the protein or polypeptide target molecules
can be generated in a mammal using routine techniques, which antibodies can be harvested to
serve as probes for the target molecules. The exact nature of the probe is not critical to the
invention; any probe that will selectively bind to the protein or polypeptide target molecule
can be used. Preferred probes include antibodies and antibody fragments (e.g., F(ab),'
fragments, single chain antibody variable region fragment (ScFv) chains, and the like).
Antibodies suitable for detecting the target molecules can be prepared by routine methods,
and are commercially available. See, for instance, Harlow et al., Antibodies: A Laboratory

Manual, Cold Spring Harbor Publishers, Cold Spring Harbor, NY, 1988.

[0063] The invention also provides a kit comprising a set of user instructions and (i) a set
of polynucleotides, (i1) a set of polypeptides, or (iii) a combination thereof, wherein the set of
polynucleotides is specific for the target molecules listed in any of Tables 1 and 2, Groups 1-
13, or a combination thereof, wherein the set of polypeptides is specific for the target
molecules listed in any of Tables 1 and 2, Groups 1-13, or a combination thereof.

[0064] The polynucleotides and polypeptides of the kit which may be referred to
hereinafter as “probes” are as previously described herein with respect to the polynucleotide
probes and polypeptide probes of the array. Indeed, the polynucleotides and/or polypeptides
of the kit can be provided in the form of an array. Alternatively, the probes of the kit can be
provided unattached to any substrate, ¢.g., provided as a solution or a solid (e.g., a lyophilate)
in one or more vials. The kit also can comprise probes specific for other cancer-related target

molecules known in the art. However, to facilitate convenient use in a method of
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characterizing a tumor or a cancer in a subject, such as any of the methods described herein,
the set of probes is preferably limited to a reasonable number. Thus, the kit preferably
comprises less than about 38,500 probes, ¢.g., less than about 33,000 probes, less than about
14,500 probes, less than about 8400 probes, and less than about 5000 probes.

[0065] Also preferred is that the kit comprises a number of probes, such that the
expression levels of multiple cancer-related target molecules are detected. In this regard, the
kit preferably minimally detects the expression of at least 3 different target molecules, if not
10 or more target molecules, e.g., 50, 100, 250, 500, 1000 or more target molecules.

[0066] The polynucleotides and polypeptides of the kit can comprise a detectable label,
such as, for instance, a radioisotope, a fluorophore (e.g., fluorescein isothiocyanate (FITC),
phycoerythrin (PE)), an enzyme (e.g., alkaline phosphatase, horseradish peroxidase), and
clement particles (e.g., gold particles). In preferred embodiments of the invention, the
detectable label is attached (either covalently or non-covalently) to the probes of the kit.
[0067] The kit also can comprise an appropriate buffer, suitable controls or standards as
described elsewhere herein, and written or electronic instructions. Other aspects of the kit are
as previously described with respect to the methods or the array of this invention.

[0068] The invention also provides methods of characterizing a tumor or cancer in a
subject. The method comprises detecting the expression levels of a set of target molecules in
the subject, wherein the set of target molecules comprises the target molecules listed in any of
Tables 1 and 2 or Groups 1-13. Preferably, the set of target molecules consists essentially or
consists of the target molecules of any of Tables 1 and 2, Groups 1-13, or a combination
thereof.

[0069] The inventive method of characterizing a tumor or cancer can include
characterizing one, two, or any number of tumor or cancer characteristics. Preferably, the
method characterizes the tumor or cancer in terms of one or more of metastatic capacity,
tumor stage, tumor grade, nodal involvement, regional metastasis, distant metastasis, tumor
size, and/or sex hormone receptor status.

[0070] The term "metastatic capacity” as used herein is synonymous with the term
"metastatic potential" and refers to the chance that a tumor will become metastatic. The
metastatic capacity of a tumor can range from high to low, e.g., from 100% to 0%. In this
respect, the metastatic capacity of a tumor can be, for instance, 100%, 90%, 80%, 75%, 60%,
50%, 40%, 30%, 25%, 15%, 10%, 5%, 3%, 1%, or 0%. For example, a tumor having a

metastatic capacity of 100% is a tumor having a 100% chance of becoming metastatic. Also,
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a tumor having a metastatic capacity of 50%, for example, is a tumor having a 50% chance of
becoming metastatic. Further, a tumor with a metastatic capacity of 25%, for instance, is a
tumor having a 25% chance of becoming metastatic.

[0071] "Tumor stage" as used herein refers to whether the cells of the tumor or cancer
have remained localized (e.g., cells of the tumor or cancer have not metastasized from the
primary tumor), have metastasized to only regional or surrounding tissues relative to the site
of the primary tumor, or have metastasized to tissues that are distant from the site of the
primary tumor.

[0072] "Tumor grade" as used herein refers to the degree of abnormality of cancer cells, a
measure of differentiation, and/or the extent to which cancer cells are similar in appearance
and function to healthy cells of the same tissue type. The degree of differentiation often
relates to the clinical behavior of the particular tumor. Based on the microscopic appearance
of cancer cells, pathologists commonly describe tumor grade by degrees of severity. Such
terms are standard pathology terms, and are known and understood by one of ordinary skill in
the art (see Crawford et al., Breast Cancer Research 8:R16; e-publication on March 21,
20006)).

[0073] "Nodal involvement" as used herein refers to the presence of a tumor cell within a
lymph node as detected by, for example, microscopic examination of a section of a lymph
node.

[0074] "Regional metastasis” as used herein means the metastasis of a tumor cell to a
region that is relatively close to the origin, i.c., the site of the primary tumor. For example,
regional metastasis includes metastasis of a tumor cell to a regional lymph node that drains
the primary tumor, i.¢., that is connected to the primary tumor by way of the lymphatic
system. Also, regional metastasis can be, for instance, the metastasis of a tumor cell to the
liver in the case of a primary tumor that is in contact with the portal circulation. Further,
regional metastasis can be, for example, metastasis to a mesenteric lymph node in the case of
colon cancer. Furthermore, regional metastasis can be, for instance, metastasis to an axillary
lymph node in the case of breast cancer.

[0075] The term "distant metastasis" as used herein refers to metastasis of a tumor cell to
a region that is non-contiguous with the primary tumor (e.g., not connected to the primary
tumor by way of the lymphatic or circulatory system). For instance, distant metastasis can be
metastasis of a tumor cell to the brain in the case of breast cancer, a lung in the case of colon

cancer, and an adrenal gland in the case of lung cancer.
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[0076] "Sex hormone receptor status" as used herein means the status of whether a sex
hormone receptor is expressed in the tumor cells or cancer cells. Sex hormone receptors are
known in the art, including, for instance, the estrogen receptor, the testosterone receptor, and
the progesterone receptor. Preferably, when characterizing certain cancers, such as breast
cancer, the sex hormone receptor is the estrogen receptor or progesterone receptor.

[0077] As the metastatic capacity, tumor stage, tumor grade, nodal involvement, regional
metastasis, distant metastasis, tumor size, and sex hormone receptor status are factors when
considering whether a subject will survive from the cancer, the inventive method of
characterizing a tumor or cancer in a subject desirably predicts whether the subject will
survive from the cancer.

[0078] Further, as, for instance, the metastatic capacity, tumor stage, tumor grade, nodal
involvement, regional metastasis, distant metastasis, tumor size, and sex hormone receptor
status are factors considered when determining a treatment for a subject afflicted with a
tumor or cancer, the inventive method of characterizing a tumor or cancer in a subject
desirably determines a treatment for a subject afflicted with a tumor or a cancer.

[0079] The expression of target molecules can be detected or measured by any suitable
method. For example, the expression of target molecules can be detected or measured on the
basis of the expression levels of the mRNA or protein encoded by the target molecules.
Suitable methods of detecting or measuring mRNA include, for example, Northern Blotting,
reverse-transcription PCR (RT-PCR), and real-time RT-PCR. Such methods are described in
Sambrook et al., Molecular Cloning: A Laboratory Manual, 2™ Ed., Cold Spring Harbor
Press, Cold Spring Harbor, N.Y., 1989. Of these methods, real-time RT-PCR is used. In
real-time PCR, which is described in Bustin, J. Mol. Endocrinology 25: 169-193 (2000),
PCRs are carried out in the presence of a labled (e.g., fluorogenic) oligonucleotide probe that
hybridizes to the amplicons. The probes can be double-labeled, for example, with a reporter
fluorochrome and a quencher fluorochrome. When the probe anneals to the complementary
sequence of the amplicon during PCR, the Taq polymerase, which possesses 5' nuclease
activity, cleaves the probe such that the quencher fluorochrome is displaced from the reporter
fluorochrome, thereby allowing the latter to emit fluorescence. The resulting increase in
emission, which is directly proportional to the level of amplicons, is monitored by a
spectrophotometer. The cycle of amplification at which a particular level of fluorescence is
detected by the spectrophotometer is called the threshold cycle, Cr. It is this value that is

used to compare levels of amplicons. Probes suitable for detecting mRNA levels of the target
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molecules described herein are commercially available and/or can be prepared by routine
methods, such as methods discussed elsewhere herein.

[0080] Suitable methods of detecting protein levels in a sample include Western Blotting,
radio-immunoassay, and Enzyme-Linked Immunosorbent Assay (ELISA). Such methods are
described in Nakamura et al., Handbook of Experimental Immunology, 4" ed., Wol. 1,
Chapter 27, Blackwell Scientific Publ., Oxford, 1987. When detecting proteins in a sample
using an immunoassay, the sample is typically contacted with antibodies or antibody
fragments (e.g., F(ab),' fragments, single chain antibody variable region fragment (ScFv)
chains, and the like) that specifically bind the protein or polypeptide target molecule.
Antibodies and other polypeptides suitable for detecting the target molecules in conjunction
with immunoassays are commercially available and/or can be prepared by routine methods,
such as methods discussed elsewhere herein (e.g., Harlow et al., Antibodies: A Laboratory
Manual, Cold Spring Harbor Publishers, Cold Spring Harbor, NY, 1988).

[0081] The immune complexes formed upon incubating the sample with the antibody are
subsequently detected by any suitable method. In general, the detection of immune
complexes is well-known in the art and can be achieved through the application of numerous
approaches. These methods are generally based upon the detection of a label or marker, such
as any radioactive, fluorescent, biological or enzymatic tags or labels of standard use in the
art. U.S. Patents concerning the use of such labels include U.S. Patent Nos. 3,817,837,
3,850,752, 3,939,350, 3,996,345, 4,277,437, 4,275,149 and 4,366,241.

[0082] For example, the antibody used to form the immune complexes can, itself, be
linked to a detectable label, thereby allowing the presence of or the amount of the primary
immune complexes to be determined. Alternatively, the first added component that becomes
bound within the primary immune complexes can be detected by means of a second binding
ligand that has binding affinity for the first antibody. In these cases, the second binding
ligand is, itself, often an antibody, which can be termed a "secondary” antibody. The primary
immune complexes are contacted with the labeled, secondary binding ligand, or antibody,
under conditions effective and for a period of time sufficient to allow the formation of
secondary immune complexes. The secondary immune complexes are then washed to
remove any non-specifically bound labeled secondary antibodies or ligands, and the
remaining label in the secondary immune complexes is then detected.

[0083] Other methods include the detection of primary immune complexes by a two-step

approach. A second binding ligand, such as an antibody, that has binding affinity for the first
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antibody can be used to form secondary immune complexes, as described above. After
washing, the secondary immune complexes can be contacted with a third binding ligand or
antibody that has binding affinity for the second antibody, again under conditions effective
and for a period of time sufficient to allow the formation of immune complexes (tertiary
immune complexes). The third ligand or antibody is linked to a detectable label, allowing
detection of the tertiary immune complexes thus formed. A number of other assays are
contemplated; however, the invention is not limited as to which method is used.

[0084] In a preferred embodiment of the inventive method, the expression levels are
detected with one of the arrays or kits of the invention.

[0085] The inventive methods of characterizing a tumor or a cancer in a subject can be
performed in vitro or in vivo. Preferably, the method is carried out in vitro.

[0086] Also, the invention provides use of a compound with anti-cancer activity for the
preparation of a medicament to treat or prevent cancer in a subject for whom the expression
levels of a set of target molecules have been determined, wherein the set of target molecules
comprises the target molecules listed in any of Tables 1 and 2, Groups 1-13, or a combination
thereof. Preferably, the set of target molecules consists essentially or consists of the target
molecules of any of Tables 1 and 2, Groups 1-13, or a combination thereof. In a preferred
embodiment of the inventive method, the expression levels are detected with any of the
arrays or kits of the invention.

[0087] The anti-cancer activity can be any anti-cancer activity, including, but not limited
to the reduction or inhibition of any of uncontrolled cell growth, loss of cell adhesion, altered
cell morphology, foci formation, colony formation, in vivo tumor growth, and metastasis.
Suitable methods for assaying for anti-cancer activity are known in the art (see, for example,
Gong et al., Proc Natl Acad Sci U S A, 101(44):15724-15729 (2004) - Epub 2004 Oct 21).
[0088] The compound having anti-cancer activity can be any compound, including, but
not limited to a small molecular weight compound, peptide, peptidomimetic, macromolecule,
natural product, synthetic compound, and semi-synthetic compound. The compound can be a
compound known to have anti-cancer activity, such as, for instance, asparaginase, busulfan,
carboplatin, cisplatin, daunorubicin, doxorubicin, fluorouracil, gemcitabine, hydroxyurea,
methotrexate, paclitaxel, rituximab, vinblastine, vincristine, etc.

[0089] For purposes herein, the cancer can be any cancer. As used herein, the term
"cancer" is meant any malignant growth or tumor caused by abnormal and uncontrolled cell

division that may spread to other parts of the body through the lymphatic system or the blood
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stream. The cancer can be any cancer, including any of acute lymphocytic cancer, acute
myeloid leukemia, alveolar rhabdomyosarcoma, bone cancer, brain cancer, breast cancer,
cancer of the anus, anal canal, or anorectum, cancer of the eye, cancer of the intrahepatic bile
duct, cancer of the joints, cancer of the neck, gallbladder, or pleura, cancer of the nose, nasal
cavity, or middle ear, cancer of the oral cavity, cancer of the vulva, chronic lymphocytic
leukemia, chronic myeloid cancer, colon cancer, esophageal cancer, cervical cancer,
gastrointestinal carcinoid tumor. Hodgkin lymphoma, hypopharynx cancer, kidney cancer,
larynx cancer, liver cancer, lung cancer, malignant mesothelioma, melanoma, multiple
myeloma, nasopharynx cancer, non-Hodgkin lymphoma, ovarian cancer, pancreatic cancer,
peritoneum, omentum, and mesentery cancer, pharynx cancer, prostate cancer, rectal cancer,
renal cancer (e.g., renal cell carcinoma (RCC)), small intestine cancer, soft tissue cancer,
stomach cancer, testicular cancer, thyroid cancer, ureter cancer, and urinary bladder cancer.
[0090] The cancer can be an epithelial cancer. As used herein the term "epithelial
cancer” refers to an invasive malignant tumor derived from epithelial tissue that can
metastasize to other areas of the body, ¢.g., a carcinoma. Preferably, the epithelial cancer is
breast cancer. Alternatively, the cancer can be a non-epithelial cancer, e.g., a sarcoma,
leukemia, myeloma, lymphoma, neuroblastoma, glioma, or a cancer of muscle tissue or of the
central nervous system (CNS).

[0091] The cancer can be a non-epithelial cancer. As used herein, the term "non-
epithelial cancer" refers to an invasive malignant tumor derived from non-epithelial tissue
that can metastasize to other areas of the body.

[0092] The cancer can be a metastatic cancer or a non-metastatic (e.g., localized) cancer.
As used herein, the term "metastatic cancer” refers to a cancer in which cells of the cancer
have metastasized, ¢.g., the cancer is characterized by metastasis of a cancer cells. The
metastasis can be regional metastasis or distant metastasis, as described herein. Preferably,
the cancer is a metastatic cancer.

[0093] As used herein, the term "subject" is meant any living organism. Preferably, the
subject is a mammal. The term "mammal” as used herein refers to any mammal, including,
but not limited to, mammals of the order Rodentia, such as mice and hamsters, and mammals
of the order Logomorpha, such as rabbits. It is preferred that the mammals are from the order
Carnivora, including Felines (cats) and Canines (dogs). It is further preferred that the
mammals are from the order Artiodactyla, including Bovines (cows) and Swines (pigs) or of

the order Perssodactyla, including Equines (horses). It is further preferred that the mammals
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are of the order Primates, Ceboids, or Simoids (monkeys) or of the order Anthropoids
(humans and apes). An especially preferred mammal is the human.

[0094] With respect to the inventive methods and uses, the set of target molecules for
which the expression levels are detected can be from a sample obtained from the subject.
The sample can be any suitable sample. The sample can be a liquid or fluid sample, such as a
sample of body fluid (e.g., blood, plasma, interstitial fluid, bile, lymph, milk, semen, saliva,
urine, mucous, etc.), or a solid sample, such as a hair or tissue sample (e.g., liver tissue or
tumor tissue sample), which can be processed prior to use. A sample also may include a cell
or cell line created under experimental conditions, which is not directly isolated from a
subject or host, or a product produced in cell culture by normal, non-tumor, or transformed
cells (e.g., via recombinant DNA technology).

[0095] As used herein, the term “detect” with respect to the expression of target
molecules means to determine the presence or absence of detectable expression of a target
molecule. Thus, detection encompasses, but is not limited to, measuring or quantifying the
expression level of a target molecule by any method. Preferably, the method involves
detecting or measuring the expression of the target molecule in such a way as to facilitate the

comparison of expression levels between samples.
EXAMPLES

[0096] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.
EXAMPLE 1

[0097] This example demonstrates the microarray analysis of mouse Mvt-1 cell lines
ectopically expressing Brd4.

[0098] Affymetrix microarrays are used to compare gene expression in four Mvt-1 clonal
isolates ectopically expressing Brd4 (Mvt-1/Brd4) and three Mvt-1 clonal isolates ectopically
expressing f-galactosidase (Mvt-1/ f-galactosidase). Total RNA from the clonal isolates is
extracted using TRIzol Reagent (Life Technologies, Inc.) according to the standard protocol.
Total RNA samples are subjected to DNase I treatment, and sample quantity and quality
determined as described above. Purified total RNA for each clonal isolate are then pooled to

produce a uniform sample containing 8 ug.
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[0099] Double stranded cDNA is synthesized from this preparation using the SuperScript
Choice System for cDNA Synthesis (Invitrogen, Carlsbad, California) according to the
protocol for Affymetrix GeneChip Eukaryotic Target Preparation. The double stranded
cDNA is purified using the GeneChip Sample Cleanup Module (Qiagen, Valencia,
California). Synthesis of biotin-labeled cRNA is obtained by ir vitro transcription of the
purified template cDNA using the Enzo BioArray High Yield RNA Transcript Labeling Kit
(T7) (Enzo Life Sciences, Inc., Farmingdale, New York). cRNAs are purified using the
GeneChip Sample Cleanup Module (Qiagen). Hybridization cocktails from each
fragmentation reaction are prepared according to the Affymetrix GeneChip protocol. The
hybridization cocktail is applied to the Affymetrix GeneChip Mouse Genome 430 2.0 arrays,
processed on the Affymetrix Fluidics Station 400, and analyzed on an Agilent GeneArray
Scanner with Affymetrix Microarray Suite version 5.0.0.032 software. Normalization is
performed using the BRB-Array Tools software (Yang et al., Clin. Exp. Metastasis 21:
719-735 (2004) and Yang et al., Clin. Exp. Metastasis 22: 593-603 (2005)).

[0100] CEL files are analyzed using the Affymetrix GeneChip Probe Level Data RMA
option of BRB ArrayTools 3.5.0. Genes with <1.5 fold-change from the gene's median value
in 50% of samples, or a log-ratio variation P>0.01 are eliminated from analyses. To identify
a Brd4 expression signature, the Class Comparison tool of BRB ArrayTools is performed,
using a two-sample t-test with random variance univariate test. P-values for significance are
computed based on 10,000 random permutations, at a nominal significance level of each
univariate test of 0.0001. A total of 2,577 probe sets pass these criteria.

[0101] Examples of probe sets significantly up regulated and down regulated according

to these criteria are listed in Tables 4 and 5, respectively.
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[0102] Gene ontological (GO) analysis is performed using BRB ArrayTools, and reveal
that 149 classes of genes are modulated in response to ectopic expression of Brd4 at the

nominal 0.005 level of the LS permutation test or KS permutation test. Examples of the 149

classes of genes are shown in Table 6.
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[0103] Examination of the complete list of gene classes reveals that ectopic expression of
Brd4 in Mvt-1 cells modulates expression of genes involved in processes such as cellular
proliferation, cell cycle progression and chromatin structure. Furthermore, it is apparent that,
at least in this cell line, Brd4 also regulates a number of processes that are critical to
metastasis (e.g. cytoskeletal remodeling, cell adhesion, extracellular matrix expression).
[0104] This example identified genes of which the expression levels change in response

to ectopic expression of Brd4.
EXAMPLE 2

[0105] This example demonstrates that the Mvt-1/Brd4 signature predicts outcome in
multiple breast cancer expression datasets.

[0106] A high confidence human transcriptional signature of BRD4 gene expression
signature is generated by mapping the most significantly differentially regulated genes
(P<107") from mouse array data to human Affymetrix and the Rosetta probe set annotations.
Specifically, 638 probe sets, whose differential expression demonstrated P<107, are selected.
A gene list representing the probes is developed and used to map to the probe sets of the
human U133 Affymetrix GeneChip using the Batch Search function of NetAffx located on
the Affymetrix website. A human signature of 971 probe sets representing more than 350

genes is identified and is shown in Table 7.
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[0107] The Brd4 signature for the Dutch Rosetta cohort is generated by matching the
gene symbols from the mouse dataset to the published Hu25K chip annotation files.

[0108] Analysis of tumor gene expression from breast cancer datasets is performed using
BRB ArrayTools. Affymetrix datasets are downloaded from the NCBI Gene Expression
Omnibus (GEO). The Dutch data set is downloaded from the Rosetta Company website.
Expression data are loaded into BRB ArrayTools using the Affymetrix GeneChip Probe
Level Data option or the Data Import Wizard. Data are filtered to exclude any probe set that
is not a component of the Brd4 signature, and to eliminate any probe set whose expression
variation across the data set was P>0.01.

[0109] The resulting gene signature for the five data sets consequently varies from
235-346 probe sets. Human BRD4 profiles are then used for unsupervised clustering of
publicly available datasets into two groups representing high and low levels of BRD4
activation in patient samples. Specifically, unsupervised clustering of ecach dataset is
performed using the Samples Only clustering option of BRB ArrayTools. Clustering is
performed using average linkage, the centered correlation metric and center the genes
analytical option. Samples are assigned into two groups based on the first bifurcation of the
cluster dendogram, and Kaplan-Meier survival analysis performed using the Survival module
of the software package Statistica to investigate whether there was a survival difference
between the two groups. Significance of survival analyses is performed using the Cox F-test.
[0110] The Brd4 signature consistently and robustly predicts survival and/or relapse in
four separate breast cancer microarray datasets performed on Affymetrix GeneChips. A
significant difference in the overall likelihood of survival is observed in the GSE1456 dataset
with 8-year survival being 95.9% vs. 65.5% for the good and poor prognosis Brd4 signatures,
respectively (Figure 1A). A similar effect is observed in the GSE3494 dataset with 12-year
survival being 80.6% vs. 57.5% for the good and poor prognosis Brd4 signatures,
respectively (Figure 1B). The endpoint for the GSE2034 and GSE4922 differ in that disease-
free survival is measured. A similar effect is seen in both cohorts with 10-year disease free
survival being 68.9% vs. 54.2% in the GSE2034 dataset (Figure 1C), and 71.3% vs. 47.6% in
the GSE4922 dataset (Figure 1D) for the good and poor prognosis Brd4 signatures,
respectively.

[0111] The Brd4 signature is also highly predictive of overall survival in the Dutch
Rosetta dataset, with the overall survival being estimated to be 78.5% vs. 45.1% for the good

and poor prognosis Brd4 signatures, respectively (Brd4 signature hazard ratio = 5.50, 95%
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confidence interval [CI] = 3.12-9.69; Figure 1E). Indeed, it would appear that the Brd4
signature possesses a slightly greater ability to predict survival in this dataset than the 70-
gene signature described by van’t Veer et al (van't Veer et al., Nature 415: 530-536 (2002);
Figure 1F). Specifically, the survival for the good and poor prognosis 70-gene signatures are
estimated to be 72.6% vs. 47.0%, respectively (70 gene signature hazard ratio = 4.49, 95% CI
=2.65-7.61).

[0112] Characterization of Brd4 signature genes associate with survival in each of the
breast cancer datasets reveal overlapping, but not identical gene expression signatures (Table

8).
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[0113] The vast majority of Brd4 signature probes are predictive of survival in at least
two of the four Affymetrix cohorts, and hazard ratios displayed the same directionality of
effect for over 99% of probes when a probe is predictive of survival in more than one cohort.
The Dutch Rosetta cohort does have a number of unique predictive signature genes. Such
variations likely reflect microarray platform differences, as well as population and tumor
heterogeneity. Nevertheless, it is argued that in view of the overlapping nature of the Brd4
signatures in the five cohorts, as well as the finding that the Brd4 signature is the only
consistent predictor of outcome on multivariate Cox proportional analysis in all of the cohorts
(Table 9), that the net effect of the Brd4 signature is both consistent and robust. Table 8 lists

the Brd4 signature genes predicting survival in all 5 human breast cancer cohorts.
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[0114] This example demonstrated that the expression levels of the target molecules of

Table 8 correlate with cancer survival.
EXAMPLE 3

[0115] This example demonstrates that the Brd4 signature sub-stratifies patients with
node-negative and ER-positive primary tumors into good and poor outcome groups based on
tumor gene expression.

[0116] The effect of the Brd4 signature gene expression upon survival in node-negative
patients is determined when clinical data are available. Signature gene expression has a
modest but statistically significant effect upon survival in GSE3494 node-negative patients,
with overall 12-year survival being 88.0% in the good prognosis group and 66.8% in the poor
prognosis group (Figure 2A). A more dramatic effect is observed in the other three node-
negative datasets. Overall survival in the Dutch Rosetta node-negative patients is 83.9% vs.
38.5% for the good and poor prognosis Brd4 signatures, respectively (Figure 2B). Similar
effects are seen in the GSE2034 lymph node negative dataset with 10-year disease free
survival being 68.9% vs. 54.2% in the good and poor prognosis Brd4 signatures, respectively
(Figure 2C), and in GSE4922 node-negative patients being 75.3% vs. 52.3% for the good and
poor prognosis Brd4 signatures, respectively (Figure 2D).

[0117] A similar stratification effect by tumor Brd4 signature gene expression is observed
in ER-positive patients when sufficient clinical data are available. Signature gene expression
has a modest but statistically significant effect upon survival in GSE3494 ER-positive
patients, with overall 12-year survival being 79.3% in the good prognosis group and 54.3% in
the poor prognosis group (Figure 2E). Signature gene expression has a stronger effect in two
of the three ER-positive datasets, with an overall survival in the Dutch Rosetta ER-positive
patients being 78.4% vs. 54.4% for the good and poor prognosis Brd4 signatures, respectively
(Figure 2F). Furthermore, disease-free survival in GSE2034 ER-positive patients is
estimated as being 68.4% vs. 48.5% for the good and poor prognosis Brd4 signatures,
respectively (Figure 2G). The GSE4922 dataset contains insufficient numbers of ER positive
subjects and are subsequently too underpowered to detect any significant effect of signature
gene expression upon disease-free survival (Figure 2H).

[0118] This example demonstrated that detection of the gene expression levels of genes

of Table & correlate with certain tumor characteristics.
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EXAMPLE 4

[0119] This example demonstrates the microarray analysis of mouse Mvt-1 cell lines
ectopically expressing Anakin.

[0120] Affymetrix microarrays are used to compare gene expression in four Mvt-
1/Anakin clonal isolates and three Mvt-1/B-galactosidase clonal isolates. An Anakin
expression signature is identified using the Class Comparison tool of BRB ArrayTools is
performed, using a two-sample t-test with random variance univariate test. P-values for
significance are computed based on 10,000 random permutations, at a nominal significance
level of each univariate test of 0.0001. A total of 1,739 probe sets representing 1346 genes
passed these conditions. Examples of significantly up-regulated and down-regulated probes

according to these criteria are listed in Tables 10 and 11, respectively.
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o R NN N R W -

0.002 1430162 at  3830417A13Rik RIKEN cDNA 3830417A13 gene

e e e e e i
A N A W N = o

17

18
19

20

21
22
23
24
25
26
27
28
29
30
31

0.018 1415983 at Lepl lymphocyte cytosolic protein 1
0.032 1418004 a at 1810009MO1Rik RIKEN cDNA 1810009M01 gene
0.033  1448160_at Lepl lymphocyte cytosolic protein 1
0.036  1416666_at Serpine2 serine (or cysteine) proteinase inhibitor, clade E, member 2
0.043 1450678 _at Itgh2 integrin beta 2
0.045 1423909 at 0610011104Rik  RIKEN cDNA 0610011104 gene
0.049 1418664 at Mpdz multiple PDZ domain protein
0.058 1417848 at MGI:2180715  glucocorticoid induced gene 1
0.062 1453152 at Mamdc2 MAM domain containing 2
0.063 1434442 at D5Ertd593e DNA segment, Chr 5, ERATO Doi 593, expressed
0.063 1428891 at  9130213BO05Rik RIKEN cDNA 9130213B05 gene
0.066 1426858 at Inhbb inhibin beta-B
0.068 1434465 x at Vidlr very low density lipoprotein receptor
0.073 1450107 a at Renbp renin binding protein
0.074 1448303 _at Gpnmb glycoprotein (transmembrane) nmb
solute carrier family 40 (iron-regulated transporter), member
0.075 1417061 at Slc40al 1
0.088 1451461 a at Aldoc aldolase 3, C isoform
0.090 1434920 a at Evl Ena-vasodilator stimulated phosphoprotein
small nuclear ribonucleoprotein N /// SNRPN upstream
0.094 1421063 s at  Snrpn// Snurf  reading frame
0.097 1450044 _at Fzd7 frizzled homolog 7 (Drosophila)
0.100 1416855 at Gasl growth arrest specific 1
0.104 1434372 at
0.106 1436838 x at Cotll coactosin-like 1 (Dictyostelium)
0.112 1420851 at Pardo6g par-6 partitioning defective 6 homolog gamma (C. elegans)
0.116 1449896 at Miph melanophilin
0.116 1417900 _a_at Vidlr very low density lipoprotein receptor
0.119 1434191 at  A530016006Rik RIKEN cDNA A530016006 gene
0.124 1450455 s at Akrlcl2 aldo-keto reductase family 1, member C12
0.125 1445597 s at Hrasls3 HRAS like suppressor 3
0.127 1418910 _at Bmp7 bone morphogenetic protein 7
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[0121] A human Anakin gene expression signature is generated by mapping the
differentially regulated genes from mouse array data to human Rosetta probe set annotations
(van’t Veer et al., Nature 415: 530-536 (2002)). One hundred and ninety six genes from the
mouse data can be mapped to the available Rosetta Hu25K chip annotations. The 295
samples of the Rosetta data set (van’t Veer et al., 2002, supra) are clustered into one of two
groups representing high and low levels of Anakin activation in primary tumor samples in an
unsupervised manner based on the 196 significantly differentially expressed Anakin signature
genes on the Hu25K chip.

[0122] Of the 196 genes, 33 genes (Table 12) are identified as predictive of cancer
survival in the van ‘t Veer breast cancer cohort (van ‘t Veer et al., 2002, supra), 16 genes
(Table 13) are identified as predictive of cancer survival in the GSE1456 breast cancer
cohort, 8 genes (Table 14) are identified as predictive of cancer survival in the GSE3494
breast cancer cohort, and 3 genes (Table 15) are identified as predictive of cancer survival in
the GSE4922 breast cancer cohort. The genes of Tables 12-15 correlate with the genes of
Groups 1-4 of Table 1.
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TABLE 12

Parametric p-value FDR Hazard Ratio | SD of log ratios Unique id Target Molecule
1 | <1e-07 < 1le-07 56.154 0.169 NM_001605 AARS
2 | 1.1e-05 0.0005325 | 5.669 0.275 NM_004207 SLC16A3
3 | 1.63e-05 0.0005325 | 0.125 0.205 NM_001280 CIRBP
4 | 2.2e-05 0.000539 | 0.26 0.331 NM_014246 CELSRI1
5 | 6.2e-05 0.0012152 | 9.327 0.176 NM_003498 SNN
6 | 0.0001228 0.0020057 | 0.181 0.243 AI819706 Contigl1951
7 | 0.0001724 0.0024136 | 5.296 0.245 AF035284 FADSI1
8 | 0.0002729 0.003343 | 0.146 0.232 NM_014456 PDCD4
9 | 0.0006509 0.0070844 | 5.828 0.183 NM_020166 MCCC1
10 | 0.0007229 0.0070844 | 3.319 0.306 NM_005165 ALDOC
11 | 0.0015771 0.0140505 | 0.219 0.266 NM_000824 GLRB
12 | 0.0020862 0.016009 | 0.117 0.179 D25304 ARHGEF6
13 | 0.0022688 0.016009 | 0.38 0.377 NM_000930 PLAT
14 | 0.002287 0.016009 | 5.716 0.188 NM_003056 SLCI19A1
15 | 0.0027271 0.0178171 | 4.245 0.205 S40706 DDIT3
16 | 0.004977 0.0304841 | 2.657 0.282 NM_016577 RAB6B
17 | 0.0061899 0.035683 | 4.603 0.188 NM_001550 IFRDI
18 | 0.0067291 0.0366362 | 0.465 0.382 NM_000931 PLAT
19 | 0.0079349 0.0409274 | 0.234 0.206 NM_004126 GNG11
20 | 0.0101124 0.0494517 | 0.294 0.253 AL079298 MCCC2
21 | 0.0105968 0.0494517 | 0.189 0.162 NM_001560 IL13RAL1
22 | 0.0160849 0.0716509 | 0.245 0.181 NM_003894 PER2
23 | 0.018496 0.078809 | 2.035 0.358 NM_001885 CRYAB
24 | 0.0219223 0.0895161 | 0.344 0.306 NM_002147 HOXBS5
25 | 0.0242353 0.0950024 | 3.99 0.194 Al970292 Contigd45049_RC
26 | 0.0252599 0.0952104 | 0.297 0.199 AL117599 DKFZp56410463
27 | 0.0297937 0.1081401 | 2.774 0.253 NM_003234 TFRC
28 | 0.0319726 0.1119041 | 0.341 0.214 NM_003505 FZD1
29 | 0.0336773 0.113806 | 2.75 0.237 NM_002298 LCP1
30 | 0.0361845 0.1182027 | 0.387 0.241 NM_000690 ALDH2
31 | 0.0375725 0.1187776 | 2.43 0.165 NM_004775 B4GALT6
32 | 0.0408441 0.1248585 | 4.558 0.186 NM_012257 HBP1
33 | 0.0420442 0.1248585 | 4.106 0.164 NM_013995 LAMP2
34 0.3 NM_173872.2 | CLCN3
35 4.0 NM_002033.2 | FUT4
36 0.2 NM_014236.1 | GNPAT
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TABLE 13
Parametric FDR Hazard | SD oflog Probe set Anno- Description Gene
p-value Ratio intensities tations symbol

1 1.2e-06 0.0003311 | 0.223 0.549 217707 _x_at | Info SWI/SNF related, SMARCA2
matrix associated,
actin dependent
regulator of
chromatin, subfamily
a, member 2

2 | 2.2e-06 0.0003311 | 0.318 0.585 206542 s at | Info SWI/SNF related, SMARCA2
matrix associated,
actin dependent
regulator of
chromatin, subfamily
a, member 2

3 | 4.5¢-06 0.0004515 | 5.194 0.399 201000_at Info alanyl-tRNA AARS
synthetase

4 | 4.94¢-05 0.0030702 | 0.234 0.424 201648 at Info Janus kinase 1 (a JAK1
protein tyrosine
kinase)

5 | 5.1e-05 0.0030702 | 4.726 0.452 219575 s at | Info peptide deformylase- | PDF ///
like protein /// COG8
component of
oligomeric golgi
complex 8

6 | 7.04e-05 0.0033562 | 6.876 0.37 218107 at Info WD repeat domain 26 | WDR26

7 | 7.93e-05 0.0033562 | 4.621 0.382 202188 at Info nucleoporin 93kDa NUP93

8 | 8.92e-05 0.0033562 | 2.817 0.667 201584 s at | Info DEAD (Asp-Glu-Ala- | DDX39
Asp) box polypeptide
39

9 | 0.0001162 0.0038862 | 5.956 0.362 203612 at Info bystin-like BYSL

10 | 0.0002035 0.0061254 | 0.447 1.09 218087 s at | Info sorbin and SH3 SORBS1
domain containing 1

11 | 0.0003349 0.0091641 | 0.16 0412 213306 _at Info multiple PDZ domain | MPDZ
protein

12 | 0.0003808 0.0095517 | 0.467 0.797 221748 _s at | Info tensin 1 /// tensin 1 TNS1

13 | 0.000467 0.0108128 | 0.465 0.809 212226 s at | Info phosphatidic acid PPAP2B
phosphatase type 2B

14 | 0.0007256 0.0156004 | 0.417 0.641 200810 s at | Info cold inducible RNA CIRBP
binding protein

15 | 0.00098 0.0186996 | 0.408 0.649 205251 at Info period homolog 2 PER2
(Drosophila)

16 | 0.000994 0.0186996 | 0.496 0.944 209047 _at Info aquaporin 1 (channel- | AQPI
forming integral
protein, 28kDa)
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TABLE 14
Parametric FDR Hazard SD of log Probe set Anno- Description Gene
p-value Ratio intensities tations symbol
1.61e-05 0.0047012 | 2.421 0.681 204900 x_at | Info sin3-associated SAP30
polypeptide, 30kDa
0.0002015 0.0262341 | 0.321 0.446 203758 _at Info cathepsin O CTSO
0.0002713 0.0262341 | 0.324 0.474 203261 _at Info dynactin 6 DCTN6
0.0004705 0.0262341 | 3.538 0.338 204899 s at | Info sin3-associated SAP30
polypeptide, 30kDa
0.0005355 0.0262341 | 0.484 0.714 204451 _at Info frizzled homolog 1 FZD1
(Drosophila)
0.0005618 0.0262341 | 1.644 0.841 202856_s_at | Info solute carrier family 16 | SLC16A3
(monocarboxylic acid
transporters), member 3
0.0006289 0.0262341 | 0.365 0.518 221747 at Info Tensin 1 /// Tensin 1 TNS
0.0007515 0.0274297 | 2.681 0.392 219573 at Info leucine rich repeat LRRCI16
containing 16
TABLE 15
p-value % CV Probe set Description Anno- Gene
Support tations symbol
0.000494 97.99 201584 s _at | DEAD (Asp-Glu-Ala-Asp) box Info DDX39
polypeptide 39
0.000701 9438 204900 _x_at | sin3-associated polypeptide, 30kDa Info SAP30
0.000957 49.4 202856_s_at | solute carrier family 16 (monocarboxylic | Info SLC16A3
acid transporters), member 3
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[0123] Kaplan-Meier survival analysis is performed to investigate whether there is a
survival difference between groups. A significant survival difference is observed implying
that the level of activation of Anakin or Anakin-associated pathways within a tumor,
presumably because of either somatic mutation or germline polymorphism, is an important
determinant of the overall likelihood of relapse and/or survival (Fig. 3A). Further analysis
indicates that survival is associated primarily because of the effects of thirty-three genes
(which genes form Group 6 as indicated in Table 1). The degree of survival difference
represented by the 33-gene Anakin-induced gene expression signature is similar to the
original 70-gene signature described by van't Veer and colleagues (van’t Veer et al., 2002,
supra) (Fig. 3B).

[0124] Patient samples are stratified by estrogen receptor (ER) and lymph node (LN)
status, two clinically relevant prognostic markers, to determine whether the Anakin signature
might provide additional clinical stratification. Expression of the Anakin signature in bulk
primary tumor tissue predicts outcome in both LN negative and LN positive patients and
patients with ER positive tumors (Figs. 3C, 3D & 3E, respectively). ER negative patients do
not show a significant survival benefit (Fig. 3F). However, this may be due to the limited
sample size and needs to be clarified with additional studies.

[0125] This example demonstrated the generation of a human Anakin gene expression
signature and further suggests its relevance as a diagnostic and prognostic tool.

[0126] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0127] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods

described herein can be performed in any suitable order unless otherwise indicated herein or
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otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-claimed
clement as essential to the practice of the invention.

[0128] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIM(S):

1. An array comprising a substrate and a set of addressable elements, wherein
cach addressable element comprises (i) a polynucleotide that specifically binds to a target
molecule, (ii) a polypeptide that specifically binds to a target molecule, or (iii) a combination
of (1) and (i1), wherein the target molecule is selected from the group consisting of the target
molecules listed in Table 1, wherein the array comprises less than 38,500 addressable
elements, wherein, when the array is specific for the target molecules in Table 3, the array is

specific for at least one target molecule listed in Table 1 that is not listed in Table 3.

2. The array of claim 1, comprising less than about 33,000 addressable elements.
3. The array of claim 2, comprising less than about 14,500 addressable elements.
4. The array of claim 3, comprising less than about 8400 addressable elements.
5. The array of claim 4, comprising less than about 5000 addressable elements.
6. The array of any of claims 1 to 5, wherein the set of addressable elements is

specific for one or more of the target molecules of any of Groups 1 to 4, or a combination

thereof.

7. The array of any of claims 1 to 6, wherein the set consists essentially of
addressable elements specific for the target molecules of Table 1 or of any of Groups 1 to 4,

or a combination thereof.

8. An array comprising a substrate and a set of addressable elements, wherein
cach addressable element comprises (i) a polynucleotide that specifically binds to a target
molecule, (ii) a polypeptide that specifically binds to a target molecule, or (iii) a combination
of (1) and (i1), wherein the target molecule is selected from the group consisting of the target
molecules listed in Table 2, wherein the array comprises less than 38,500 addressable
elements, wherein, when the array is specific for the target molecules in Table 3, the array is

specific for at least one target molecule listed in Table 2 that is not listed in Table 3.
9. The array of claim 8, comprising less than about 33,000 addressable elements.

10.  The array of claim 9, comprising less than about 14,500 addressable elements.
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11.  The array of claim 10, comprising less than about 8400 addressable elements.
12.  The array of claim 11, comprising less than about 5000 addressable elements.
13.  The array of any of claims 8 to 12, wherein the set of addressable elements is

specific for one or more of the molecules of any of Groups 5 to 9, or a combination thereof.

14.  The array of any of claims 8 to 13, wherein the set consists of addressable
elements specific for one or more of the target molecules of Table 2 or of any of Groups 5 to

9, or a combination thereof.

15. A kit comprising a set of user instructions and (i) a set of polynucleotides, (ii)
a set of polypeptides, or (iii) a combination of (i) and (i1), wherein the set of polynucleotides
is specific for one or more of the target molecules listed in Table 1, wherein the set of
polypeptides is specific for one or more of the target molecules listed in Table 1, wherein the
kit is specific for less than 38,500 target molecules, wherein, when the kit is specific for the
target molecules in Table 3, the kit is specific for at least one target molecule listed in Table 1

that is not listed in Table 3.

16. A kit comprising a set of user instructions and (i) a set of polynucleotides, (ii)
a set of polypeptides, or (iii) a combination thereof, wherein the set of polynucleotides is
specific for one or more of the target molecules listed in any of Table 2, wherein the set of
polypeptides is specific for one or more of the target molecules listed in any of Table 2,
wherein the kit is specific for less than 38,500 target molecules, wherein, when the kit is
specific for the target molecules in Table 3, the kit is specific for at least one target molecule

listed in Table 2 that is not listed in Table 3.

17. A method of characterizing a tumor or cancer in a subject comprising (i)
detecting the expression levels of a set of target molecules in the subject, wherein the set of
target molecules comprises one or more of the target molecules listed in Table 1 or 2, or any
of Groups 1 to 9, or a combination thereof, wherein the expression levels are detected with

the array of any of claims 1 to 14 or the kit of claim 15 or 16.

18. The method of claim 17, wherein the set of target molecules consists of all the

target molecules of any of Groups 1 to 9 or a combination thereof.
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19. A method of characterizing a tumor or cancer in a subject comprising (i)
detecting the expression levels of a set of target molecules in the subject, wherein the set of
target molecules consists of all the target molecules listed in Table 1 or 2, or any of Groups 1
to 9, or a combination thereof, and (ii) comparing the expression levels of the set of target

molecules to a control set of expression levels.

20. The method of any of claims 17 to 19, wherein the method characterizes the
tumor or cancer in terms of metastatic capacity, tumor stage, nodal involvement, regional

metastasis, distant metastasis, tumor size, and/or sex hormone receptor status.

21. The method of any of claims 17 to 20, further comprising predicting whether

the subject will survive from the cancer.

22. The method of any of claims 17 to 21, further comprising determining a

treatment for the subject.

23. The method of any of claims 17 to 22, wherein the cancer is an epithelial

cancer.
24, The method of claim 23, wherein the cancer is breast cancer.

25. The method of any of claims 17 to 24, wherein the subject is Swedish, Dutch,

or Singaporean.

26.  Use of a compound with anti-cancer activity for the preparation of a
medicament to treat cancer in a subject for whom the expression levels of a set of target
molecules are determined, wherein the set of target molecules comprises one or more of the
target molecules listed in Table 1 or 2, wherein the expression levels are determined with the

array of any of claims 1 to 14 or the kit of claim 15 or 16.

27.  Use of a compound with anti-cancer activity for the preparation of a
medicament to treat cancer in a subject for whom the expression levels of a set of target
molecules have been determined, wherein the set of target molecules consists of the target

molecules listed in any of Table 1 or 2, or a combination thereof.
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FIG. 1C
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FIG. 1D
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FIG. 1F
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FIG. 2A
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FIG. 2B
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FIG. 2D
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FIG. 2E
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FIG. 2F
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FIG. 3A
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FIG. 3B
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FIG. 3C
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FIG. 3D
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FIG. 3F
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