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(57) Abstract: The present invention relates to novel sequences for use in detection, diagnosis and treatment of cancers, especially

& lymphomas. The invention provides cancer-associated (CA) polynucleotide sequences whose expression is associated with cancer.

N The present invention provides CA polypeptides associated with cancer that are present on the cell surface and present novel thera-
peutic targets against cancer. The present invention further provides diagnostic compositions and methods for the detection of cancer.
The present invention provides monoclonal and polyclonal antibodies specific for the CA polypeptides. The present invention also
provides diagnostic tools and therapeutic compositions and methods for screening, prevention and treatment of cancer.
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NOVEL THERAPEUTIC TARGETS IN CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to the following U.S. Applications: U.S. Ser. No.
10/367,094, filed February 14, 2003; U.S. Ser. No. 10/388,838, filed March 14, 2003, U.S.
Ser. No. 10/417,375 filed April 15, 2003, U.S. Ser. No. 10/461,862, filed June 13, 2003, U.S.
Ser. No. 10/663,431 filed September 15, 2003, and U.S. Ser. No. 10/737,318 filed December

15, 2003, all of which are expressly incorporated herein by reference in their entirety.

DESCRIPTION OF ACCOMPANYING CD-ROMs

[0002] Tables 1-94 are filed herewith in CD-ROM in accordance with PCT section 801(a).
Three 1dentical copies (marked “Copy 1,” “Copy 2”” and “Copy 3”) of this CD-ROM are

submitted.

[0003] Contents of the CD-ROM disks submitted herewith are hereby incorporated by

reference into the Specification.
TECHNICAL FIELD OF THE INVENTION

[0004] This invention relates generally to the field of cancer-associated genes. Specifically,
it relates to novel sequences for use in diagnosis and treatment of cancer and tumors, as well as
the use of the novel compositions in screening methods. The present invention provides
methods of using cancer associated polynucleotides, their corresponding gene products and
antibodies specific for the gene products in the detection, diagnosis, prevention and/or

treatment of associated cancers.

BACKGROUND OF THE INVENTION

[0005] Oncogenes are genes that can cause cancer. Carcinogenesis can occur by a wide

variety of mechanisms, including infection of cells by viruses containing oncogenes, activation
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of protooncogenes in the host genome, and mutatioﬂs of protooncogenes and tumor Suppressor
genes. Carcinogenesis is fundamentally driven by somatic cell evolution (i.e. mutation and
natural selection of variants with progressive loss of growth control). The genes that serve as
targets for these somatic mutations are classified as either protooncogenes Or tumor suppressor

genes, depending on whether their mutant phenotﬁpes are dominant or recessive, respectively.

[0006] There are a number of viruses known to be involved in human cancer as well as in
animal cancer. Of particular interest here are viruses that do not contain oncogenes themselves;
these are slow-transforming retroviruses. They induce tumors by integrating into the host
genome and affecting neighboring protooncogenes in a variety of ways. Provirus insertion
mutation is a normal consequence of the retroviral life cycle. In infected cells, a DNA copy of
the retrovirus genome (called a provirus) is inte grated into the host genome. A newly
integrated provirus can aftect gene expression in cis at or near the integration site by one of
two mechanisms. Type I insertion mutations up-regulate transcription of proximal genes as a
consequence of regulatory sequences (enhancers and/or promoters) within the proviral Jong
terminal repeats (LTRs). Type II insertion mutations cause truncation of coding regions due to
either integration directly within an open reading frame or integration within an intron flanked

on both sides by coding sequences. The analysis of sequences at or near the insertion sites has

led to the identification of a number of new protooncogenes.

[0007] With respect to lymphoma and leukemia, retroviruses such as AKV murine leukemia
virus (MLYV) or SL3-3 MLV, are potent inducers of tumors when inoculated into susceptible
newborn mice, or when carried in the germline. A number of sequences have been identitfied as
relevant in the induction of lymphoma and leukemia by analyzing the insertion sites; see€
Sorensen et al., J. of Virology 74:2161 (2000); Hansen et al., Genome Res. 10(2):237-43
(2000); Sorensen et al., J. Virology 70:4063 (1996); Sorensen €t al., J. Virology 67:7118
(1993); Joosten et al., Virology 268:308 (2000); and Li et al., Nature Genetics 23:348 (1999);
all of which are expressly incorporated by reference herein. With respect to cancers, especially
breast cancer, prostate cancer and cancers with epithelial origin, the mammalian retrovirus,
mouse mammary tumor virus (MMTYV) is a potent inducer of tumors when inoculated into

susceptible newborn mice, or when carried in the germ line. Mammary Tumors in the Mouse,
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edited by J. Hilgers and M. Sluyser; Elsevier/North-Holland Biomedical Press; New York,
N.Y.

[0008] The pattern of gene expression in a particular living cell is characteristic of i1ts current

state. Nearly all differences in the state or type of a cell are reflected in the differences in RNA
levels of one or more genes. Comparing expression patterns of uncharacterized genes may
provide clues to their function. High throughput analysis of expression of hundreds or
thousands of genes can help in (a) identification of complex genetic diseases, (b) analysis of
differential gene expression over time, between tissues and disease states, and (c) drug
discovery and toxicology studies. Increase or decrease in the levels of expression of certain
genes correlate with cancer biology. For example, oncogenes are positive regulators of

tumorigenesis, while tumor suppressor genes are negative regulators of tumorigenesis.

(Marshall, Cell, 64: 313-326 (1991); Weinberg, Science, 254: 1138-1146 (1991)).

[0009] Accordingly, it is an object of the invention to provide polynucleotide and

polypeptide sequences involved in cancer and, in particular, in oncogenesis.

[0010] Immunotherapy, or the use of antibodies for therapeutic purposes has been used in

recent years to treat cancer. Passive immunotherapy involves the use of monoclonal antibodies
in cancer treatments. See for example, Cancer: Principles and Practice of Oncology, 6
Edition (2001) Chapt. 20 pp. 495-508. Inherent therapeutic biological activity of these
antibodies include direct inhibition of tumor cell growth or survival, and the ability to recruit

the natural cell killing activity of the body’s immune system. These agents are administered

alone or in conjunction with radiation or chemotherapeutic agents. Rituxan® and Herceptin®,
approved for treatment of lymphoma and breast cancer, respectively, are two examples of such
therapeutics. Alternatively, antibodies are used to make antibody conjugates where the

antibody is linked to a toxic agent and directs that agent to the tumor by specifically binding to
the tumor. Mylotarg® is an example of an approved antibody conjugate used for the treatment

of leukemia.

[0011] Accordingly, it is another object of this invention to provide antigens (cancer-
associated polypeptides) associated with a variety of cancers as targets for diagnostic and/or

therapeutic antibodies. These antigens are also useful for drug discovery (e.g., small

molecules) and for further characterization of cellular re gulation, growth, and differentiation.

3
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SUMMARY OF THE INVENTION

[0012] In accordance with the objects outlined above, the present invention provides
methods for screening for compositions that modulate cancer, especially lymphoma and
leukemia. The present invention also provides methods for screening for compositions which
modulate carcinomas, especially mammary adenocarcinomas. Also provided herein are
methods of inhibiting proliferation of a cell, preferably a lymphoma cell or a breast cancer cell.

Methods of treatment of cancer, including diagnosis, are also provided herein.

[0013] In one aspect, a method of screening drug candidates comprises providing a cell that
expresses a cancer-associated (CA) gene or fragments thereof. Preferred embodiments of CA
genes are genes that are differentially expressed in cancer cells, preferably lymphatic, breast,
prostate or epithelial cells, compared to other cells. Preferred embodiments of CA genes used
in the methods herein include, but are not limited to the nucleic acids selected from Tables 1-
94 (human genomic sequences of SEQ ID NOS: 4, 12, 18, 24, 30, 40, 46, 52, 58, 64, 76, 32,
92, 100, 103, 109, 119, 125, 131, 137, 143, 151, 159, 165, 171, 183, 189, 199, 209, 215, 221,
227, 239, 245, 255, 265, 277, 290, 300, 316, 328, 340, 350, 356, 368, 382, 402, 412, 420, 428,
434, 444, 452, 462, 470, 478, 498, 506, 514, 524, 536, 548, 554, 564, 572, 580, 586, 594, 602,
610, 616, 638, 650, 660, 668, 676, 638, 704, 7 14, 726, 742, 748, 754, 764, 776, 782, 806, 814,
820, 826, 832, 344, 858, 870, and 878, and sequences of SEQ 1D NOS: 5, 7, 13, 19, 25, 31, 33,
35, 41,47, 53, 59, 65, 77, 83, 85, 87, 93, 95, 101, 104, 110, 112, 114, 120, 126, 132, 138, 144,
146, 152, 160, 166, 172, 174, 176, 178, 184, 190, 192, 194, 200, 202, 204, 210, 216,222, 228,
230, 232, 234, 240, 246, 248, 250, 256, 258, 260, 266, 268, 270, 272,278, 280, 282, 291, 293,
295, 301, 303, 305, 307, 309, 311, 317, 319, 321, 323, 329, 331, 333, 335, 341, 343, 345, 351,
357, 359, 361, 363, 369, 371, 373, 375, 371, 383, 385, 387, 389, 391, 393, 395, 397, 403, 4035,
407, 413, 415, 421, 423, 429, 435, 437, 439, 445, 447, 453, 455, 457, 463, 465, 471, 479, 481,
483, 485, 487, 489, 491, 499, 501, 507, 509, 515, 517, 525, 527, 529, 531, 537, 539, 541, 543,
549, 555, 557, 559, 565, 567, 573, 575, 581, 587, 589, 595, 597, 603, 605, 611, 617, 619, 621,
623, 625, 627, 629, 631, 633, 639, 641, 643, 651, 653, 661, 663, 669, 671, 677, 679, 681, 633,
689, 691, 693, 695, 697, 705, 707, 709, 715, 717, 719, 721, 727, 743, 749, 755, 157, 759, 763,
767,769,771, 777, 783, 785, 787, 789, 791, 793, 795, 797, 799, 801, 807, 809, 815, 821, 827,
833, 835, 845, 847, 849, 851, 853, 859, 361, 863,'865, 871, 879, and 881 corresponding 1o the
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human mRNAs generated therefrom). The methods further include adding a drug candidate to
the cell and determining the effect of the drug candidate on the expression of the CA gene.

[0014] In one embodiment, the method of screening drug candidates includes comparing the
level oJf expression in the absence of the drug candidate to the level of expression in the

preserice of the drug candidate.

[0015] Also provided hereinis a method of screening for a bioactive agent capable of
binding to a CA protein (CAP), the method comprising combining the CAP and a candidate
bioactive agent, and determining the binding of the candidate agent to the CAP.

[0016] Further provided herein is a method for screening for a bioactive agent capable of
modulating the activity of a CAP. In one embodiment, the method comprises combining the
CAP and a candidate bioactive agent, and determining the effect of the candidate agent on the

bioactivity of the CAP.

[0017] Also provided is a method of evaluating the effect of a candidate cancer drug
comprising administering the drug to a patient and removing a cell sample from the patient.
The expression profile of the cell is then determined. This method may further comprise

comparing the expression profile of the patient to an expression proﬁle of a healthy individual.

[0018] In a further aspect, a method for inhibiting the act1v1ty of a CA protein is provided.
Tn one embodiment, the method comprises administering to a patient an inhibitor of a CA
protein preferably selected from the group consisting of the sequences outlined in Tables 1-94
(SEQ ID NOS: 6, 8, 14, 20, 26, 32, 34, 36, 42, 48, 54, 60, 66, 78, 84, 86, 88, 94, 96, 102, 105,
111, 113, 115, 121, 127, 133, 139, 145, 147, 153, 161, 167, 173, 175, 177, 179, 185, 191, 193,
195, 201, 203, 205, 211, 217, 223, 229, 231, 233, 235, 241, 247,249, 251, 257, 259, 261, 267,
269, 271,273, 279, 281, 283, 292, 294, 296, 302, 304, 306, 308, 310, 312, 318, 320, 322, 324,
330, 332, 334, 336, 342, 344, 346, 352, 358, 360, 362, 364, 370, 372, 374, 376, 378, 384, 380,
388, 390, 392, 394, 396, 398, 404, 406, 408, 414, 416, 422, 424, 430, 436, 438, 440, 446, 4438,
454, 456, 458, 464, 466, 472, 480, 482, 484, 486, 488, 490, 492, 500, 502, 508, 510, 516, 518,
526, 528, 530, 532, 538, 540, 542, 544, 550, 556, 558, 560, 566, 568, 574, 576, 582, 588, 590,
596, 598, 604, 606, 612, 618, 620, 622, 624, 626, 628, 630, 632, 634, 640, 642, 644, 652, 654,
662, 664, 670, 672, 678, 680, 682, 684, 690, 692, 694, 696, 698, 706, 708, 710, 716, 718, 720,
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722,728,744,750,756,758,760,766,768,770,772,778,784,786,788,790,792,794,796,
798,800,802,808,810,816,822,828,834,836,846,848,850,852,854,860,862,864,866,
872, 880, and 882).

[0019] A method of neutralizing the effect of a CA protein, preferably a protein encoded by
a nucleic acid selected from the group of sequences outlined in Tables 1-94 (human genomic
sequences of SEQ ID NOS: 4,12, 18, 24, 30, 40, 46, 52, 58, 64, 76, 82, 92,100, 103, 109, 119,
125, 131, 137, 143, 151, 159, 165, 171, 133, 189, 199, 209, 215, 221, 227, 239, 245, 255, 265,
277, 290, 300, 316, 328, 340, 350, 356, 368, 382, 402, 412, 420, 428, 434, 444, 452, 462, 470,
478, 498, 506, 514, 524, 536, 548, 554, 564, 572, 580, 586, 594, 602, 610, 616, 633, 650, 660,
668, 676, 688, 704, 714, 726, 742, 748, 754, 764, 776, 782, 806, 814, 820, 826, 832, 844, 858,
870, and 878, and sequences of SEQ IDNOS: 5,7, 13, 19, 25, 31, 33, 35, 41, 47, 53, 59, 65,
77, 83, 85, 87, 93, 95, 101, 104, 110, 112, 114, 120, 126, 132, 138, 144, 146, 152, 160, 166,
172, 174, 176, 178, 184, 190, 192, 194, 200, 202, 204, 210, 216, 222, 228, 230, 232, 234, 240,
246, 248, 250, 256, 258, 260, 266, 268, 270, 272,278, 280, 282, 291, 293, 295, 301, 303, 305,
307, 309, 311, 317, 319, 321, 323, 329, 331, 333, 335, 341, 343, 345, 351, 357, 359, 361, 363,
369, 371, 373, 375, 377, 383, 385, 387, 389, 391, 393, 395, 397, 403, 405, 407, 413, 415, 421,
423, 429, 435, 437, 439, 445, 447, 453, 455, 457, 463, 465, 471, 479, 481, 483, 4385, 487, 489,
491, 499, 501, 507, 509, 515, 517, 525, 527, 529. 531, 537, 539, 541, 543, 549, 555, 557, 559,
563, 567, 573, 575, 581, 587, 589, 595, 597, 603, 605, 611, 617, 619, 621, 623, 625, 627, 629,
631, 633, 639, 641, 643, 651, 653, 661, 663, 669, 671, 677, 679, 681, 683, 689, 691, 693, 695,
697, 705, 707, 709, 715, 717, 719, 721, 727, 743, 749, 755, 757, 159, 765, 7167, 769, 771, 7717,
783, 785, 787, 789, 191, 793, 795, 797, 799, 801, 807, 809, 815, 821, 827, 833, 835, 845, 847,
849, 851, 853, 859, 861, 863, 865, 871, 879, and 881 corresponding to the human mMRNAS
generated therefrom), is also provided. Preferably, the method comprises contacting an agent

specific for said protein with said protein in an amount sufficient to effect neutralization.

[0020] Moreover, provided herein is a biochip comprising a nucleic acid segment which
encodes a CA protein, preferably selected from the sequences outlined in Tables 1-94 (SEQ 1D
NOS: 5, 7, 13, 19, 25, 31, 33, 35, 41, 47, 53, 59, 65,77, 83, 85, 87, 93, 95, 101, 104, 110, 112,
114, 120, 126, 132, 138, 144, 146, 152, 160, 166, 172, 174, 176, 178, 184, 190, 192, 194, 200,
202, 204, 210, 216, 222, 228, 230, 232, 234, 240, 246, 248, 250, 256, 258, 260, 266, 268, 270,
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272,278,280,282,291,293,295,301,303,305,307,309,311,317,319,321,323,329,331,
333,335,341,343,345,351,357,359,361,363,369,371,373,375,377,383,385,387,389,
391,393,395,397,403,405,407,413,415,421,423,429,435,437,439,445,447,453,455,
457,463,465,471,479,481,483,485,487,489,491,499,501,507,509,515,517,525,527,
529,531,537,539,541,543,549,555,557,559,565,567,573,575,581,587,589,595,597,
603,605,611,617,619,621,623,625,627,629,631,633,639,641,643,651,653,661,663,
669,671,677,679,681,683,689,691,693,695,697,705,707,709,715,717,719,721,727,
743,749,755,757,759,765,767,769,771,777,783,785,787,789,791,793,795,797,799,
801,807,809,815,821,827,833,835,845,847,849,851,853,859,861,863,865,871,879,
and 881).

[0021] Also provided herein 1s a method for diagnosing or determining the propensity to
cancers, especially lymphoma or leukemia or carcinoma by sequencing at least one carcinoma
or lymphoma gene of an individual. In yet another aspect of the invention, a method 1s

provided for determining cancer including lymphoma and leukemia gene copy numbers in an

individual.

[0022] The invention provides an isolated nucleié acid comprising at least 10, 12, 15, 20 or
30 contiguous nucleotides of a sequence selected from the group consisting of the

polynucleotide sequences SEQ ID NOS: 5,7, 13, 19, 25, 31, 33, 35, 41, 47, 53, 59, 65, 77, 83,
85, 87, 93, 95, 101, 104, 110, 112, 114, 120, 126, 132, 138, 144, 146, 152, 160, 166, 172, 174,
176, 178, 184, 190, 192, 194, 200, 202, 204, 210, 216, 222, 228, 230, 232, 234, 240, 246, 243,
250, 256, 258, 260, 266, 268, 270, 272, 278, 280, 282, 291, 293, 295, 301, 303, 305, 307, 309,
311, 317, 319, 321, 323, 329, 331, 333, 335, 341, 343, 345, 351, 357, 359, 361, 363, 369, 371,
373, 375, 377, 383, 385, 387, 389, 391, 393, 395, 397, 403, 405, 407, 413, 415, 421, 423, 429,
435, 437, 439, 445, 447, 453, 455, 457, 463, 465, 471, 479, 481, 483, 485, 487, 439, 491, 499,
501, 507, 509, 515, 517, 525, 527, 529, 531, 537. 539, 541, 543, 549, 555, 557, 559, 565, 567,
573, 575, 581, 587, 589, 595, 597, 603, 605, 611, 617, 619, 621, 623, 625, 627, 629, 631, 633,
639, 641, 643, 651, 653, 661, 663, 669, 671, 677, 679, 681, 683, 689, 691, 693, 695, 697, 7035,
707, 709, 715, 717, 719, 721, 727, 743, 749, 755, 757,759, 765, 767, 769, 171, 777,183, 785,
787, 789, 791, 793, 795, 797, 799, 801, 307, 300, 815, 821, 827, 833, 835, 845, 847, 849, 851,
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853, 859, 861, 863, 865, 871, 879, and 881 shown in Tables 1-94, or its complement, or an

expression vector comprising the isolated nucleic acids and host cells comprising them.

[0023] In some embodiments, the polynucleotide, or its complement or a fragment thereof,
further comprises a detectable label, is attached to a solid support, is prepared at least in part

by chemical synthesis, is an antisense fragment, is single stranded, is double stranded or

comprises a microarray.

[0024] The invention provides an isolated polypeptide, encoded within an open reading
frame of a CA sequence selected from the group consisting of the polynucleotide sequences of
SEQ ID NOS: 4, 12, 18, 24, 30, 40, 46, 52, 58, 64, 76, 82, 92, 100, 103, 109, 119, 125, 131,
137, 143, 151, 159, 165, 171, 183, 189, 199, 209, 215, 221, 227, 239, 245, 255, 265, 277, 290,
300, 316, 328, 340, 350, 356, 368, 382, 402, 412, 420, 428, 434, 444, 452, 462, 470, 478, 493,
506, 514, 524, 536, 548, 554, 564, 572, 580, 586, 594, 602, 610, 616, 638, 650, 660, 668, 676,
688, 704, 714, 726, 742, 748, 754,764,776, 7182, 306, 814, 820, 826, 832, 844, 858, 870, and
878 shown in Tables 1-94, or its complement. The invention provides an isolated polypeptide,
wherein said polypeptide comprises the amino acid sequence encoded by a polynucleotide
selected from the group consisting of SEQ 1D NOS: 5,7, 13,19, 25, 31, 33, 35,41, 47, 53, 59,
65.77. 83, 85, 87, 93, 95, 101, 104, 110, 112, 114, 120, 126, 132, 138, 144, 146, 152, 160,
166, 172, 174, 176, 178, 184, 190, 192, 194, 200, 202, 204, 210, 216, 222, 228, 230, 232, 234,
240, 246, 248, 250, 256, 258, 260, 266, 268, 270, 272, 278, 280, 282, 291, 293, 295, 301, 303,
305, 307, 309, 311, 317, 319, 321, 323, 329, 331, 333, 335, 341, 343, 345, 351, 357, 359, 361,
363, 369, 371, 373, 375, 377, 383, 385, 387, 389, 391, 393, 395, 397, 403, 405, 407, 413, 415,
421, 423, 429, 435, 437, 439, 445, 447, 453, 455, 457, 463, 465,471, 479, 481, 483, 485, 487,
489, 491, 499, 501, 507, 509, 515, 517, 525, 527, 529. 531, 537, 539, 541, 543, 549, 555, 557,
559, 565, 567, 573, 575, 581, 587, 589, 595, 597, 603, 605, 611, 617, 619, 621, 623, 625, 627,
629, 631, 633, 639, 641, 643, 651, 653, 661, 663, 669, 671, 677, 679, 681, 683, 6389, 691, 693,
695, 697, 705, 707, 709, 715, 717, 719, 721, 727, 743,749, 755, 757, 759, 165, 767, 769, 771,
777, 783, 785, 787, 789, 791, 793, 795, 797, 799, 801, 807, 809, 815, 821, 827, 833, 835, 845,
847, 849, 851, 853, 859, 861, 863, 865, 871, 879, and 881 shown in Tables 1-94. The
invention provides an isolated polypeptide, wherein said polypeptide comprises the amino acid

sequence encoded by a polypeptide selected from the group consisting of SEQ ID NOS: 6, 8,
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14,20,26,32,34,36,42,48,54,60,66,78,84,86,88,94,96,102,105,111,113,115,121,
127, 133, 139, 145, 147, 153, 161, 167, 173, 175, 177, 179, 185, 191, 193, 195, 201, 203, 203,
211, 217,223, 229, 231, 233, 235, 241, 247,249, 251, 257, 259, 261, 267, 269, 271,273,279,
281, 283,292, 294, 296, 302, 304, 306, 308, 310, 312, 318, 320, 322, 324, 330, 332, 334, 336,
342, 344, 346, 352, 358, 360, 362, 364, 370, 372, 374, 376, 378, 384, 336, 388, 390, 392, 394,
396, 398, 404, 406, 408, 414, 416, 422, 424, 430, 436, 438, 440, 446, 448, 454, 456, 458, 464,
466, 472, 480, 482, 484, 486, 488, 490, 492, 500, 502, 508, 510, 516, 518, 526, 528, 530, 332,
538, 540, 542, 544, 550, 556, 558, 560, 566, 568, 574, 576, 582, 588, 590, 596, 598, 604, 606,
612, 618, 620, 622, 624, 626, 628, 630, 632, 634, 640, 642, 644, 652, 654, 662, 664, 670, 672,
678, 680, 682, 684, 690, 692, 694, 696, 698, 706, 708, 710, 716, 718, 720, 722, 728, 744, 750,
756, 758, 760, 766, 768, 770, 772,778, 7 84, 786, 788, 790, 792, 794, 796, 198, 800, 802, 808,
810, 816, 822, 828, 834, 836, 846, 843, 850, 852, 854, 860, 862, 864, 866, 872, 880, and 382
shown in Tables 1-94.

[0025] The invention further provides an isolated polypeptide, comprising the amino acid
sequence of an epitope of the amino acid sequence of a CA polypeptide selected from the
aroup consisting of SEQ ID NOS: 6, 8, 14,20, 26, 32, 34, 36, 42, 48, 54, 60, 66,78, 84, 86,
88. 94, 96, 102, 105, 111, 113, 115, 121, 127, 133, 139, 145, 147, 153, 161, 167, 173, 175,
177, 179, 185, 191, 193, 195, 201, 203, 205, 211, 217, 223, 229, 231, 233, 235, 241, 247, 249,
251, 257, 259, 261, 267, 269, 271, 273, 279, 281, 283, 292, 294, 296, 302, 304, 306, 308, 310,
312, 318, 320, 322, 324, 330, 332, 334, 336, 342, 344, 346, 352, 358, 360, 362, 364, 370, 372,
374, 376, 378, 384, 386, 388, 390, 392, 394, 396, 398, 404, 406, 408, 414, 416, 422, 424, 430,
436, 438, 440, 446, 448, 454, 456, 458, 464, 466, 472, 480, 482, 484, 486, 488, 490, 492, 500,
502, 508, 510, 516, 518, 526, 528, 530, 532, 538, 540, 542, 544, 550, 556, 558, 560, 566, 5638,
574, 576, 582, 588, 590, 596, 598, 604, 606, 612, 618, 620, 622, 624, 626, 628, 630, 632, 634,
640, 642, 644, 652, 654, 662, 664, 670, 672, 678, 680, 682, 684, 690, 692, 694, 696, 698, 706,
708, 710, 716, 718, 720, 722, 728, 744, 750, 756, 758, 760, 766, 768, 770, 772, 778, 784, 786,
788, 790, 792, 794, 796, 798, 800, 802, 308, 810, 816, 822, 828, 834, 836, 846, 848, 850, 852,
854, 860, 862, 864, 866, 872, 380, and 882 shown in Tables 1-94, wherein the polypeptide or
fragment thereof may be attached to a solid support. In one embodiment the invention provides

an isolated antibody (monoclonal or polyclonal) or antigen binding fragment thereof, that
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binds to such a polypeptide. The isolated antibody or antigen binding fragment thereof may be
attached to a solid support, or further comprises a detectable label.

[0026] In one embodiment, the invention provides a kit for diagnosing the presence of
cancer in a test sample, said kit comprising at least one polynucleotide that selectively
hybridizes to a CA polynucleotide sequence shown in Tables 1-94, or its complement. In
another embodiment. the invention provides an electronic library comprising a CA

polynucleotide, a CA polypeptide, or fragment thereof, shown in Tables 1-94.

[0027] Inone embodiment, the invention provides a method of screening for anticancer
activity comprising: (a) providing a cell that expresses a cancer associated (CA) gene encoded
by a nucleic acid sequence selected from the group consisting of the CA sequences shown 1n
Tables 1-94, or fragment thereof; (b) contacting a tissue sample derived from a cancer cell with
an anticancer drug candidate; (c) monitoring an effect of the anticancer drug candidate on an

expression of the CA polynucleotide in the tissue sample, and optionally (d) comparing the -

level of expression in the absence of said drug candidate to the level of expression in the

presence of the drug candidate.

[0028] In one embodiment, the invention provides a method for detecting cancer associated
with expression of a polypeptide in a test cell sample, comprising the stepé of: (i) detecting a

level of expression of at least one polypeptide selected from the group consisting of SEQ 1D

NOS: 6, 8, 14, 20, 26, 32, 34, 36, 42, 48, 54, 60, 66, 78, 84. 86, 88, 94, 96, 102, 105, 111, 113,
115, 121, 127, 133, 139, 145, 147, 153, 161, 167, 173, 175, 177, 179, 185, 191, 193, 195, 201,
203, 205, 211, 217, 223, 229, 231, 233, 235, 241, 247,249, 251, 257, 259, 261, 267, 269, 271,
273,279, 281, 283, 292, 294, 296, 302, 304, 306, 308, 310, 312, 318, 320, 322, 324, 330, 332,
334, 336, 342, 344, 346, 352, 358, 360, 362, 364, 370, 372, 374, 376, 378, 384, 386, 383, 390,
392, 394, 396, 398, 404, 406, 408, 414, 416, 422, 424, 430, 436, 438, 440, 446, 448, 454, 456,
458, 464, 466, 472, 480, 482, 484, 486, 488, 490, 492. 500, 502, 508, 510, 516, 518, 526, 528,
530, 532, 538, 540, 542, 544, 550, 556, 558, 560, 566, 568, 574, 576, 582, 588, 590, 596, 593,
604, 606, 612, 618, 620, 622, 624, 626, 628, 630, 632, 634, 640, 642, 644, 652, 654, 662, 664,
670, 672, 678, 680, 682, 684, 690, 692, 694, 696, 698, 706, 708, 710, 716, 718, 720, 722, 728,
744, 750, 756, 758, 760, 766, 768, 770, 772, 7783, 784, 786, 788, 790, 792, 794, 796, 798, 800,
302, 808, 810, 816, 822, 828, 834, 836, 846, 848, 850, 852, 854, 860, 862, 864, 866, 872, 830,

10
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and 882 shown in Tables 1-94, or a fragment thereof; and (ii) comparing the level of
expression of the polypeptide in the test sample with a level of expression of polypeptide in a
normal cell sample, wherein an altered level of expression of the polypeptide in the test cell
sample relative to the level of polypeptide expression in the normal cell sample is indicative of

the presence of cancer in the test cell sample.

[0029] In another embodiment, the invention provides a method for detecting cancer
associated with expression of a polypeptide in a test cell sample, comprising the steps of: (1)
detecting a level of activity of at least one polypeptide selected from the group consisting of
SEQ ID NOS: 6, 8, 14, 20, 26, 32, 34, 36, 42, 43, 54, 60, 66, 78, 84, 86, 88, 94, 96, 102, 105,
111, 113, 115, 121, 127, 133, 139, 145, 147, 153, 161, 167, 173, 175,177, 179, 185, 191, 193,
195, 201, 203, 205, 211, 217, 223, 229, 231, 233, 235, 241, 247, 249, 251, 257, 259, 261, 267,
269, 271,273,279, 281, 283, 292, 294, 296, 302, 304, 306, 308, 310, 312, 318, 320, 322, 324,
330, 332, 334, 336, 342, 344, 346, 352, 358, 360, 362, 364, 370, 372, 374, 376, 378, 384, 380,
388, 390, 392, 394, 396, 398, 404, 406, 408, 414, 416, 422, 424, 430, 436, 438, 440, 446, 443,
454, 456, 458, 464, 466, 472, 480, 482, 484, 486, 488, 490, 492, 500, 502, 508, 510, 516, 515,
526, 528, 530, 532, 538, 540, 542, 544, 550, 556, 558, 560, 566, 568, 574, 576, 582, 588, 590,
596,598,604,606,612,618,620,622,624,626,628,630,632;634,640,642,644,652,654,
662. 664, 670, 672, 678, 680, 682, 684, 690, 692, 694, 696, 698, 706, 708, 710, 716, 718, 720,
722, 728, 744, 750, 756, 758, 760, 766, 768, 770, 772,778, 784, 786, 788, 790, 792, 794, 7196,
798, 800, 802, 808, 810, 816, 822, 828, 834, 836, 846, 848, 850, 852, 854, 860, 862, 864, 866,
872, 880, and 882 shown in Tables 1-94, or a fragment thereof, wherein said activity
corresponds to at least one activity for the polypeptide listed in Table 96; and (ii) comparing
the level of activity of the polypeptide in the test sample with a level of activity of polypeptide
in a normal cell sample, Whereiﬁ an altered level of activity of the polypeptide in the test cell
sample relative to the level of polypeptide activity in the normal cell sample is indicative of the

presence of cancer in the test cell sample.

detecting a level of an antibody against an antigenic polypeptide selected from the group
consisting of SEQ ID NOS: 6, 8, 14, 20, 26, 32, 34, 36, 42, 48, 54, 60, 66, 78, 84, 86, 88, 94,

11
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96, 102, 105, 111, 113, 115, 121, 127, 133, 139, 145, 147, 153, 161, 167, 173, 175, 177, 119,
185, 191, 193, 195, 201, 203, 205, 211, 217, 223, 229,231, 233, 235, 241, 247, 249, 251, 257,
259, 261, 267, 269, 271,273,279, 281, 283, 292, 294, 296, 302, 304, 306, 308, 310, 312, 313,
320, 322, 324, 330, 332, 334, 336, 342, 344, 346, 352, 358, 360, 362, 364, 370, 372, 374, 376,
378, 384, 386, 388, 390, 392, 394, 396, 398, 404, 406, 408, 414, 416, 422, 424, 430, 436, 438,
440, 446, 448, 454, 456, 458, 464, 466, 472, 430, 482, 484, 486, 488, 490, 492, 500, 502, 508,
510, 516, 518, 526, 528, 530, 532, 538, 540, 542, 544. 550, 556, 558, 560, 566, 568, 574, 576,
582, 588, 590, 596, 598, 604, 606, 612, 618, 620, 622, 624, 626, 628, 630, 632, 634, 640, 642,
644, 652, 654, 662, 664, 670, 672, 678, 680, 632, 684, 690, 692, 694, 696, 698, 706, 708, 710,
716, 718, 720, 722, 728, 744, 750, 756, 758, 760, 766, 768, 770, 772, 778, 784, 786, 788, 790,
792, 794, 796, 798, 800, 802, 808, 810, 816, 822, 828, 834, 836, 846, 848, 850, 852, 854, 860,
862, 864, 866, 872, 880, and 882 shown in Tables 1-94, or antigenic fragment thereof; and (11)
comparing said level of said antibody 1n the test sample with a level of said antibody in the
control sample, wherein an altered level of antibody in said test sample relative to the level of

antibody in the control sample 1s indicative of the presence of cancer in the test serum sample.

[0031] The invention provides a method for screening for a bioactive agent capable of
modulating the activity of a CA protein (CAP), wherein said CAP 1s encoded by a nucleic acid
comprising a nucleic acid sequence selected from the group consisting of the polynucleotide
sequences SEQ ID NOS: 5, 7, 13, 19, 25, 31, 33, 35,41, 47, 53, 59, 65, 77, 83, 85, 87, 93, 95,
101, 104, 110, 112, 114, 120, 126, 132, 138, 144, 146, 152, 160, 166, 172, 174, 176, 178, 184,
190, 192, 194, 200, 202, 204, 210, 216, 222, 223, 230, 232, 234, 240, 246, 248, 250, 256, 258,
260, 266, 268, 270, 272, 278, 280, 282, 291, 295, 295, 301, 303, 305, 307, 309, 311, 317, 312,
321, 323, 329, 331, 333, 335, 341, 343, 345, 351, 357, 359, 361, 363, 369, 371, 373, 375, 377,
383, 385, 387, 389, 391, 393, 395, 397, 403, 405, 407, 413, 415, 421, 423, 429, 435, 437, 439,
445. 447, 453, 455, 457, 463, 465, 471, 479, 481, 483, 485, 487, 489, 491, 499, 501, 507, 509,
515, 517, 525, 527, 529, 531, 537, 539, 541, 543, 549, 555, 557, 559, 565, 567, 573, 575, 581,
587, 589, 595, 597, 603, 605, 611, 617, 619, 621, 623, 625, 627, 629, 631, 633, 639, 641, 643,
651, 653, 661, 663, 669, 671, 677, 679, 631, 683, 689, 691, 693, 695, 697, 705, 707, 709, 715,
717,719, 721, 727, 743, 749, 755, 757,759, 765, 767,769, 771,777,783, 785, 787, 789, 791,
793, 795, 797, 799, 801, 807, 809, 815, 821, 827, 833, 835, 845, 847, 849, 851, 853, 859, 861,
863, 865, 871, 879, and 881 shown in Tables 1-94, said method comprising: a) combining said

12
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CAP and a candidate bioactive agent; and b) determining the effect of the candidate agent on
the bioactivity of said CAP. According to the method the bioactive agent: affects the
expression of the CA protein (CAP); affects the activity of the CA protein (CAP), wherein

such activity is selected from the activities listed in Table 96.

[0032] In one embodiment, the invention provides a method for diagnosing cancer
comprising: a) determining the expression of one or more genes comprising a nucleic acid
sequence selected from the group consisting of the human genomic and mRN A sequences
outlined in Tables 1-94, in a first tissue type of a first individual; and b) comparing said
expression of said gene(s) from a second normal tissue type from said first individual or a
second unaffected individual; wherein a difference in said expression indicates that the first

individual has cancer.

[0033] In another embodiment the invention provides a method for treating cancers
comprising administering to a patient a bioactive agent modulating the activity of a CA protein
(CAP), wherein said CAP 1s encoded by a nucleic acid comprising a nucleic acid sequence
selected from the group consisting of the human nucleic acid sequences in Tables 1-94 and
further wherein the bioactive agent binds to the CA protein, wherein the CA protein has a
sequence shown in Tables 1-94 and has an activity selected from the group consisting of;
tumor suppressor, low density lipoprotein receptor, G protein coupled receptor, apoptosis
inhibitor, ion transport, calcium binding, cell adhesion, signalling, protein kinase receptor,

signal transduction and any other activity disclosed in Table 95.

[0034] The invention provides monoclonal antibodies that preferentially binds to a CA.
protein (CAP) that 1s expressed on a cell surface, wherein the CA protein selected from the
group consisting of SEQ 1D NOS: 6, 8, 14, 20, 26, 32, 34, 36, 42, 48, 54, 60, 66, 78, 84, 86,
88, 94, 96, 102, 105, 111, 113, 115, 121, 127, 133, 139, 145, 147, 153, 161, 167, 173, 175,
177, 179, 185, 191, 193, 195, 201, 203, 205, 211,217, 223, 229, 231,233, 235, 241, 247, 249,
251, 257, 259, 261, 267, 269, 271, 273, 279, 281, 283,292, 294, 296, 302, 304, 306, 308, 310,
312, 318, 320, 322, 324, 330, 332, 334, 336, 342, 344, 346, 352, 358, 360, 362, 364, 370, 372,
374, 376, 378, 384, 386, 388, 390, 392, 394, 396, 398, 404, 406, 408, 414, 416, 422, 424, 430,
436,438,440,446,448,454,456,458,464,466,472,480,482,484,486,488,490,492,500,
502, 508, 510, 516, 518, 526, 528, 530, 532, 538, 540, 542, 544, 550, 556, 558, 560, 566, 568,

13
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574, 576, 582, 588, 590, 596, 598, 604, 606, 612, 618, 620, 622, 624, 626, 628, 630, 632, 634,
640,642,644,652,654,662,664,670,672,678,680,682,684,690,692,694,696,698,706,
708, 710, 716, 718, 720, 722, 728, 744, 750, 756, 758, 760, 766, 768, 770, 772, 718,784, ] 86,
788. 790, 792, 794, 796, 798, 800, 802, 803, 810, 816, 822, 828, 834, 836, 846, 843, 850, 852,
854. 860, 862, 864, 866, 872, 830, and 882; preferably to the extracellular domain of the CA
protein; preferably to a CA protein differentially expressed on a cancer cell surface relative to
2 normal cell surface or preferably to at least one human cancer cell line; preferably linked to a
therapeutic agent; or preferably humanized. Kits and pharmaceutical compositions for
detecting a presence or an absence of cancer cells in an individual, and comprising such

antibodies are also provided.

[0035] The invention also provides a method for detecting a presence or an absence of
cancer cells in an individual, the method comprising: contacting cells from the individual with
the antibody according to the invention; and detecting a complex of a CAP from the cancer
cells and the antibody, wherein detection of the complex correlates with the presence of cancer
cells in the individual. In one embodiment the invention provides a method for inhibiting
srowth of cancer cells in an individual, the method comprising: administering to the individual
an effective amount of a pharmaceutical composition according to the invention. In another
embodiment the invention provides a method for delivering a therapeutic agent to cancer cells
in an individual, the method comprising: administering to the individual an effective amount of

a pharmaceutical composition according to according to the invention.

[0036] Novel sequences associated with cancer are also provided herein. Other aspects of
the invention will become apparent to the skilled artisan by the following description of the

invention.

BRIEF DESCRIPTION OF THE FIGURES

[0037] Figure 1 depicts PCR amplification of host-provirus junction fragments.

[0038] Figure 2 shows an example of average threshold cycle (Ct) values for a housekeeper

gene and target gene.

14
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[0039] Figure 3 shows an example of the calculated ditference (AACt) between the Cr

values of target and housekeeper genes (ACy) for various samples.

[0040] Figure 4 shows the AACy and comparative expression level for each sample from

Figure 3.

DETAILED DESCRIPTION OF PREFERRED EMB ODIMENTS

[0041] The present invention ‘s directed to a number of sequences associated with cancers,
especially lymphoma, breast cancer or prostate cancer. The relatively tight linkage between
clonally-integrated proviruses and protooncogenes forms "provirus tagging", in which slow-
transforming retroviruses that act by an insertion mutation mechanism are used to isolate
protooncogenes. In some models, uninfected animals have low cancer rates, and infected
animals have high cancer rates. It is known that many of the retroviruses involved do not carry
transduced host protooncogenes or pathogenic trans-acting viral genes, and thus the cancer
-rcidence must therefore be a direct consequence of proviral inte gration effects into host
protooncogenes. Since proviral inte gration is random, rare integrants will "activate" host
protooncogenes that pfovide a selective growth advantége, and these rare events result in new
proviruses at clonal stoichjbmetries i1 tumors. In contrast to mutations caused by chemicals,
radiation, or spontaneous errors, protoonco géne insertion mutations can be easily located by
virtue of the fact that a convenient-sized genetic marker of known sequence (the provirus) 1s
present at the site of mutation. Host sequences that flank clonally integrated proviruses can be
cloned using a variety of strategies. Once these sequences are in hand, the tagged
protooncogenes can be subsequently identified. The presence of provirus at the same locus in
two or more independent tumors is prima facie evidence that a protooncogene 1s present at or
very near the provirus integration sites. This is because the genome is too large for random
integrations to result in observable clustering. Any clustering that is detected 1s unequivocal
evidence for biological selection (i.e. the tumor phenotype). Moreover, the pattern of proviral
integrants (including orientations) provides compelling positional information that makes
localization of the target gene at each cluster relatively simple. The three mammalian

retroviruses that are known to cause cancer by an insertion mutation mechanism are FeLLV
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(leukemia/lymphoma in cats), MLV (leukemia/lymphoma in mice and rats), and MMTV

(mammary cancer in mice).

[0042] Thus, the use of onco genic retroviruses, whose sequences insert into the genome of
the host organism resulting in cancer, allows the identification of host sequences involved in
cancer. These sequences may then be used in a number of different ways, including diagnosis,
prognosis, screening for modulators (including both agonists and antagonists), antibody
generation (for immunotherapy and imaging), etc. However, as will be appreciated by those in
the art, oncogenes that are identified in one type of cancer such as lymphoma or leukemia have
a strong likelihood of being involved in other types of cancers as well. Thus, while the
sequences outlined herein are initially identified as correlated with Jymphoma, they can also be

found in other types of cancers as well, outlined below.

Definitions

[0043] Accordingly, the present invention provides nucleic acid and protein sequences that
are associated with cancer, herein termed “cancer associated™ or “CA” sequences. In one
embodiment, the present invention provides nucleic acid and protein sequences that are
associated with cancers that originate in lymphatic tissue, herein termed “lymphoma
associated,” “leukemia associated” or “LA™ sequences. In another embodiment, the present
invention provides nucleic acid and protein sequences that are associated with carcinomas

which originate in breast tissue, herein termed “breast cancer associated” or “BC” sequences.

[0044] Suitable cancers that can be diagnosed or screened for using the methods of the
present invention include cancers classified by site or by histological type. Cancers classified
by site include cancer of the oral cavity and pharynx (lip, tongue, salivary gland, floor of
mouth, gum and other mouth, nasopharynx, tonsil, oropharynx, hypopharynx, other
oral/pharynx); cancers of the digestive system (esophagus; stomach; small intestine; colon and
rectum; anus, anal canal, and anorectum; liver; intrahepatic bile duct; gallbladder; other biliary;
pancreas; retroperitoneum; peritoneum, omentum, and mesentery; other digestive); cancers of
the respiratory system (nasal cavity, middle ear, and sinuses; larynx; lung and bronchus;
pleura; trachea, mediastinum, and other respiratory); cancers of the mesothelioma; bones and

joints; and soft tissue, including heart; skin cancers, including melanomas and other non-
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epithelial skin cancers; Kaposi's sarcoma and breast cancer; cancer of the female genital
system (cervix uteri; corpus uteri; uterus, nos; ovary; vagina; vulva; and other female genital);
cancers of the male genital system (prostate gland; testis; penis; and other male genital);
cancers of the urinary system (urinary bladder; kidney and renal pelvis; ureter; and other
urinary); cancers of the eye and orbit; cancers of the brain and nervous system (brain; and
other nervous system); cancers of the endocrine system (thyroid gland and other endocrine,
including thymus); lymphomas (Hodgkin's disease and non-Hodgkin's lymphoma), multiple
myeloma, and leukemias (lymphocytic leukemia; myeloid leukemia; monocytic leukemia; and

other leukemias).

[0045]  Other cancers, classified by histological type, that may be associated with the
sequences of the invention include, but are not limited to, Neoplasm, malignant; Carcinoma,
NOS; Carcinoma, undifferentiated, NOS; Giant and spindle cell carcinoma; Small cell
carcinoma, NOS; Papillary carcinoma, NOS; Squamous cell carcinoma, NOS;
Lymphoepithelial carcinoma; Basal cell carcinoma, NOS; Pilomatrix carcinoma; Transitional
cell carcinoma, NOS; Papillary transitional cell carcinoma; Adenocarcinoma, NOS;
Gastrinoma, malignant; Cholangiocarcinoma; Hepatocellular carcinoma, NOS:; Combined
hepatocellular carcinoma and cholangiocarcinoma; Trabecular adenocarcinoma; Adenoid
cystic carcinoma; Adenocarcinoma in adenomatous polyp; Adenocarcinoma, familial
polyposis coli; Solid carcinoma, NOS; Carcinoid tumor, malignant; Bronchiolo-alveolar
adenocarcinoma; Papillary adenocarcinoma, NOS; Chromophobe carcinoma; Acidophil
carcinoma; Oxyphilic adenocarcinoma; Basophil carcinoma; Clear cell adenocarcinoma, NOS;
Granular cell carcinoma; Follicular adenocarcinoma, NOS; Papillary and follicular
adenocarcinoma; Nonencapsulating sclerosing carcinoma; Adrenal cortical carcinoma;
Endometroid carcinoma; Skin appendage carcinoma; Apocrine adenocarcinoma; Sebaceous
adenocarcinoma; Ceruminous adenocarcinomas, Mucoepidermoid carcinoma;
Cystadenocarcinoma, NOS; Papil<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>