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GENOMIC REARRANGEMENTS ASSOCIATED WITH PROSTATE CANCER AND
METHODS OF USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of, and relies on the filing date of, U.S.
provisional paternit application number 61/921,780, filed 30 December 2013, the entire

disclosure of which is incorporated herein by reference.

GOVERNMENT INTEREST
[002]  This invention was made in part with Government support. The Govemment

has certain rights in the invention.

SEQUENCE LISTING

[003]  The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety, Said
ASCII copy, created on December 30, 2014, is named HMJ-149-PCT_SL.txt and is 205,868

bytes in size.

BACKGROUND

[004]  In 2013 an estimated 238,590 men will be diagnosed with carcinoma of the
prostate (CaP) and an estimated 29,720 men will die from the disease [1]. This malignancy is
the second leading cause of cancer-related death in men in the United States. In addition,
African American (AA) men have the highest incidence and mortality from CaP compared
with other races [1]. The racial disparity exists from presentation and diagnosis through
treatment, survival, and quality of life [2]. Researchers have suggested that socio-economic
status {SES) contributes significantly to these disparities including CaP-specific mortality [3].
As well, there 1s evidence that reduced access to care is associated with poor CaP outcomes,
which is more prevalent among AA men than Caucasian American (CA) men [4].

[005]  However, there are populations in which AA men have similar outcomes to
CA men. Sridhar and colleagues [5] published a meta-analysis in which they concluded that
when SES is accounted for, there are no differences in the overall and CaP-specific survival
between AA and CA men. Similarly, the military and veteran populations (systems of equal

access and screening) do not observe differences in survival across race [6], and differences
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in pathologic stage at diagnosis narrowed by the early 2000s in a veterans’ cohort [7]. Of
note, both of these studies showed that AA men were more likely to have higher Gleason
scores and PSA levels than CA men |6, 7].

[006]  While socio-economic factors may contribute to CaP outcomes, they do not
seem to account for all variables asseciated with the diagnosis and disease risk. Several
studies support that AA men have a higher incidence of CaP compared to CA men [1, §, 9].
Studies also show that AA men have a significantly higher PSA at diagnosis, higher grade
disease on biopsy, greater tumor volume for each stage, and a shotter PSA doubling time
before radical prostatectomy [10-12]. Bielogical differences between prostate cancers from
CA and AA men have been noted in the tumor microenvironment with regard to stress and
inflammatory responses [13]. Although controversy remains over the role of biological
differences, observed differences in incidence and disease aggressiveness at presentation
indicate a potential role for different pathways of prostate carcinogenesis between AA and
CA men.

[007]  Owver the past decade, much research has focused on alterations ot cancer
genes and their effects in CaP [14-16]. Variations in prevalence across ethnicity and race
have been noted in the TMPRSS2/ERG gene fusion that is overexpressed in CaP and is the
most common known oncogene in CaP [17, 18]. Accumulating data suggest that there are
ditferences of ERG oncogenic alterations across ethnicities [17, 19-21]. Significantly greater
FERG expression in CA men compared to AA men was noted in initial papers describing ERG
overexpression and EFRG splice variants [17, 21]. The difference is even more pronounced
between CA and AA (50% versus 16%) in patients with high Gleason grade (8-10) tumors.
[Ferrell et al., manuscript]. Thus, ERG 1s a major somatic gene alteration between these
ethnic groups. Yet beyond TMPRSS2/ERG, little is known regarding the genetic basis for
the CaP disparity between AA and CA men remains unknown [24].

[008]  Therefore, new biomarkers and therapeutic markers that are specific for
distinct ethnic populations and provide more accurate diagnostic and/or prognostic potential

are needed.

SUMMARY
[009]  The present disclosure provides a genomic arrangement that occurs in
chromosome region 3q13 and involves a ZBTB20 gene and an LSAMP gene and methods of

diagnosing and prognosing prostate cancer based on the detection of the ZBTB20/LSAMP

-



WO 2015/103287 PCT/US2014/072793

Customer No. 39,878
Attorney Docket No. HMI-149-PCT

genomic arrangement in a biological sample comprising prostate cells. The
ZBTB20/LSAMP genomic arrangement can be a gene fusion between the ZBTB20 gene and
the LSAMP gene, a gene inversion, a gene deletion, or a gene duplication.

[0010] Detecting the ZBTB20/LSAMP genomic rearrangement in prostate cells from
a subject indicates that the subject has prostate cancer or an increased likelihood to develop
prostate cancer or characterizes the prostate cancer in the subject as being an aggressive form
of prostate cancer or as having an increased risk of developing into an aggressive form of
prostate cancer. The ZBTB20/LSAMP gene rearrangements can be measured at either the
nucleic acid or protein level.

[0011] In one embodiment, prostate cancer from the subject does not express a gene
fusion between ERG and an androgen regulated gene, such as TMPRSS2. In another
embodiment, the subject is of African descent. In this way, the ZBTB20/LSAMP genomic
rearrangement can be used to prognose the severity of prostate cancer within a particular
ethnic group, as the examples show that subjects of African descent who possess the
ZBTB20/LSAMP genomic rearrangement in prostate cells, but not the TMPRSS2/ERG
fusion, consistently develop an aggiessive form of prostate cancer.

[0012]  Given the prognostic value of the ZBTB20/LSAMP genomic rearrangement,
the methods may further comprise a step of selecting a treatment regimen for the subject
based on the detection of the ZBTB20/LSAMP genomic rearrangement or of treating the
subject if the genomic rearrangement is detected in the biological sample obtained from the
subject. Alternatively, the methods may further comprise a step of increasing the frequency
of monitoring the subject for the development of prostate cancer or a more aggressive form of
prostate cancer.

[0013] Another aspect is directed to compositions for diagnosing or prognosing
prostate cancer. In one embodiment, the composition comprises a polynucleotide probe,
wherein the polynucleotide probe hybridizes under high stringency conditions to a junction of
a chimeric nucleic acid, wherein the chimeric nucleic acid comprises a {irst portion from a
ZBTB20 gene and a second portion from a LSAMP gene (“the ZBTB20/LSAMP
polynucleotide probe”). In one embodiment, the first portion comprises exon 1 of the
ZBTB20 gene and the second portion comprises exon 3* or exon 4 of LSAMP. In other
embodiments, the polynucleotide probe hybridizes under high stringency conditions to exon
3* of a LSAMP gene or a junction of a chimeric nucleic acid, wherein the chimeric nucleic

acid comprises a first portion from exon 3* of a LSAMP gene and a second portion from
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exon 4 of a LSAMP gene (“the exon 3%/exon 4 polynucleotide probe™). In other
embodiments, the polynucleotide probe hybridizes under high stringency conditions to exon
0* of a LSAMP gene or a junction of a chimeric nucleic acid, wherein the chimeric nucleic
acid comprises a first portion from exon 0* of a LSAMP gene and a second portion from
exon | of a LSAMP gene “the exon 0*/exon 1 polynucleotide probe”). The polynucleotide
probe is optionally labeled.

[0014]  Another aspect is directed to a kit comprising the composition with the
ZBTB20/LLSAMP polynucleotide probe, the exon 3*/exon 4 polynucleotide probe, or the
exon 0¥/exon 1 polynucleotide probe and a second composition comprising a polynucleotide
probe that hybridizes under high stringency conditions to a gene selected from COLI0AT,
HOXC4, ESPL1, MMP9, ABCA13, PCDHGAT1, and AGSK1. The polynucleotide probe is
optionally labeled. Alternatively, the kit comprises the composition with the
ZBTB20/LSAMP polynucleotide probe, the exon 3*/exon 4 polynucleotide probe, or the
exon 0*/exon 1 polynucleotide probe and a second composition comprising a polynucleotide
probe that hybridizes under high stringency conditions to a gene selected from ERG,
AMACR, PCA3, and PSA. The polynucleotide probe is optionally labeled.

[0015] Yetanother aspect is directed to a composition comprising a double stranded
oligonucleotide duplex, wherein the oligonucleotide duplex comprises a first nucleic acid
hybridized to a second nucleic acid, wherein the first nucleic acid comprises a first portion
from a ZBTB20 gene tused to a second portion from a LSAMP gene and wherein the second
nucleic acid is a polynucleotide probe that is hybridized to a junction between the first
portion from the ZBTB20 gene and the second portion from the LSAMP gene. In one
embodiment, the first portion comprises exon 1 of the ZBTB20 gene and the second portion
comprises exon 3* or exon 4 of LEAMP. In another embodiment, the first nucleic acid
comprises a first portion from exon 3* of a LSAMP gene tused to a second portion from exon
4 of a LSAMP gene and wherein the second nucleic acid is a polynucleotide probe that is
hybridized to a junction between the first portion from exon 3* of the LSAMP gene and the
second portion from exon 4 of the LSAMP gene. In another embodiment, the first nucleic
acid comprises a first portion from exon 0* ot a LSAMP gene fused to a second portion from
exon 1 of a LSAMP gene and wherein the second nucleic acid is a polyhucleotide probe that
is hybridized to a junction between the first portion from exon 0* of the LSAMP gene and the
second portion from exon 4 of the LSAMP gene. The polynucleotide probe is optionally

labeled.
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[0016] Another aspect is directed to an isolated antibody that binds to a polypeptide
encoded by a gene fusion, wherein the gene fusion has a first portion from a ZBTB20 gene
and a second portion from a LSAMP gene. In one embodiment the polypeptide is a truncated
LSAMP polypeptide. In another embodiment, the antibody binds to an epitope present in the
polypeptide encoded by the gene fusion that is not present in either the wild type ZBTB20
protein or the wild type LSAMP protein. The antibody is optionally labeled.

[0017] Another aspect is directed to a composition for amplifying a gene fusion,
wherein the gene fusion has a first portion from a ZBTB20 gene and a second portion from a
LSAMP gene. In one embodiment, the first portion comprises exon 1 of the ZBTB20 gene
and the second portion comprises exon 3% or exon 4 of LSAMP. In one embodiment, the
composition comprises a first and a second primer, wherein the first and the second primer
are capable of amplitying a nucleotide sequence from the gene fusion that spans the junction
between the first portion of the gene fusion from the ZBTB20 gene and the second portion of
the gene fusion from the LSAMP gene. In one embodiment, the first primer hybridizes to the
first portion of the gene fusion from the ZBTB20 gene and the second primer hybridizes to
the second portion of the gene fusion from the LSAMP gene.

[0018] Exon 3* of the LSAMP locus is a newly recognized LSAMP exon that arises
as a result of a genomic rearrangement of the ZBTB20 and LSAMP genes. Thus, another
aspect is directed to a composition for amplifying exon 3* of a LSAMP gene or a gene
fusion, wherein the gene fusion has a first portion from exon 3* of a LSAMP gene and a
second portion from exon 4 of a LSAMP gene. In one embodiment, the composition
comprises a first and a second primer, wherein the first and the second primer are capable of
amplifying a nucleotide sequence within exon 3* of LSAMP that is unique to exon 3* and is
not found in other gene sequences or a nucleotide sequence from the gene fusion that spans
the junction between a first portion from exon 3* of a LSAMP gene and a second portion
from exon 4 of a LSAMP gene.

[0019] Exon 0* of the LSAMP locus is a newly recognized LSAMP exon that arises
as a result of a genomic rearrangement ot the ZBTB20 and LSAMP genes. Thus, another
aspect is directed to a composition for amplifying exon 0* of a LSAMP gene or a gene
fusion, wherein the gene fusion has a first portion from exon 0* of a LSAMP gene and a
second portion from ¢xon 1-.of a LSAMP gene. In one embodiment, the composition
comprises a first and a second primer, wherein the first and the second primer are capable of

amplifying a nucleotide sequence within exon 0% of LSAMP that is unique to the 0% exon and
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18 not found in other gene sequences or a nucleotide sequence from the gene fusion that spans
the junction between a first portion from exon 0% of a LSAMP gene and a second portion
from exon 1 of a LSAMP gene.

[0020] Another genomic rearrangement of interest that is associated with prostate
cancer is the PTEN deletion. While the PTEN gene is a common tumor suppressor and its
deletion 1s knnown to be associated with cancer, it has been surprisingly discovered that the
PTEN deletion occurs with significantly different frequencies in different ethnic groups and
is markedly absent in subjects of African descent. Understanding the stratification of cancer-
related genomic rearrangements, such as the PTEN deletion, between different patient
populations provides important information to instruct treatment options for prostate cancer
patients.

[0021] Accordingly, one aspect is directed to a method of selecting a targeted prostate
cancer treatment for a patient of African descent, wherein the method comprises (a)
excluding prostate cancer therapy that targets the PI3K/PTEN/Akt/mTOR pathway as a
treatment option; and selecting an appropriate prostate cancer treatment. In one embodiment,
the method further comprises a step of testing a biological sample from the patient, wherein
the biological sample comprises prostate cells to confirm that the prostate cells to do not

contain a PTEN gene deletion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate certain embodiments, and together with the written description,
serve to explain certain principles of the antibodies and methods disclosed herein.

[0023] Figure 1 is a map of the wild type chromosome region 3q13, showing the
ZBTB20, GAP43, and LSAMP genes, as well genomic rearrangements of chromosome
region 3q13 identified in three different AA patients, all of whom developed an aggressive
form of prostate cancer.

[0024] Figure 2 shows the genomic arrangement of chromosome region 3q13 in
patient GP10 and provides the cDNA sequence of the junction between exon 1 of ZBTB20
and exon 4 of LSAMP that results from the genomic arrangement. Figure 2 discloses SEQ
ID NOS 49-50, respectively, in order of appearance,

[0025] Figure 3 shows a schematic diagram of a system according to some

embodiments of the invention. In particular, this figure illustrates various hardware,
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software, and other resources that may be used in implementations of computer system 106
according to disclosed systems and methods. In embodiments as shown, computer system
106 may include one or more processors 110 coupled to random access memory operating
under control of or in conjunction with an operating system. The processor(s) 110 in
embodiments may be included in one or more servers, clusters, or other computers or
hardware resources, or may be implemented using cloud-based resources. The operating
system may be, for example, a distribution of the Linux'™ operating system, the Unix '™
operating system, or other open-source or proprietary operating system or platform.
Processor(s) 110 may communicate with data store 112, such as a database stored on a hard
drive or drive array, to access or store program instructions other data.

[0026] Processor(s) 110 may further communicate via a network interface 108, which
in tum may communicate via the one or more networks 104, such as the Internet or other
public or private networks, such that a query or other request may be received from client
102, or other device or service. Additionally, processor(s) 110 may utilize network interface
108 to send information, instructions, workflows query partial workflows, or other data to a
user via the one or more networks 104. Network interface 104 may include or be
communicatively coupled to one or more servers. Client 102 may be, e.g., a personal
computer coupled to the internet.

[0027] Processor(s) 110 may, in general, be programmed or configured to execute
control logic and control operations to implement methods disclosed herein. Processors 110
may be further communicatively coupled (i.e., coupled by way of a communication channel)
to co-processors 114. Co-processors 114 can be dedicated hardware and/or firmware
comporents configured to execute the methods disclosed herein. Thus, the methods disclosed
herein can be executed by processor 110 and/or co-processors 114,

[0028] Other configurations of computer system 106, associated network connections,
and other hardware, software, and service resources are possible.

[0029] Figure 4A shows the hybridization of two PTEN FISH probes and two
chromosome 10 centromeric probes, indicating the presence of two (diploid) wild type PTEN
alleles on chromosome 10 in AD CaPs. Heterozygous PTEN deletion indicated by the loss of
one copy of PTEN (absence of one PTEN-specific FISH signal) in the nuclei of a CD CaP.

Deletion may occur on either or both the maternal or paternal chromosomes.
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[0030] Figure 4B shows heterozygous deletion between the ZBTB20-LSAMP region
indicated by the loss of one copy of the signal within the nuclei of an AD CaP. Centromeric
probes detect two copies of chromosome 3.

[0031] Figure 5 shows the exon (E) structure (in the 5” to 3” direction) of 10 different
7ZBTB20-LSAMP fusion transcripts and the exon structure of an alternatively spliced
LSAMP (LPCS1)transcript. E1, E1A, E1B, and E1C represent four variants of exon 1 of
7ZBTB20. EO0, E1., E2, E3, E3* E4, E5, E6, and E7 represent the exons of LSAMP. The
numbers in parentheses represent the number of nucleotides in each exon. The asterix

indicates previously unannotated exon variants.

DETAILED DESCRIPTION

[0032] Reference will now be made in detail to various exemplary embodiments,
examples of which are illustrated in the accompanying drawings. It is to be understood that
the following detailed description is provided to give the reader a fuller understanding of
certain embodiments, features, and details of aspects of the invention, and should not be
interpreted as a limitation of the scope of the invention.

Definitions

[0033] In order that the present invention may be more readily understood, certain
terms are first defined. Additional definitions are set forth throughout the detailed
description.

[0034] The term “of African descent” refers to individuals who self-identify as being
of African descent, including individuals who self-identify as being African-American, and
individuals determined to have genetic markers correlated with African ancestry, also called
Ancestry Informative Markers (AIM), such as the AIMs identitied in Judith Kidd et al.,
Analyses of a set of 128 ancestry informative single-nucleotide polymorphisms in a global set
of 119 population samples, Investigative Genetics, (2):1, 2011, which reference is
incorporated by reference in its entirety.

[0035] The term “of Caucasian descent” refers to individuals who self-identify as
being of Caucasian descent, including individuals who self-identify as being Caucasian-
American, and individuals determined to have genetic markers cotrelated with Caucasian
(c.g., European, North African, or Asian (Western, Central or Southern) ancestry, also called
Ancestry Informative Markers (AIM), such as the AIMs identified in Judith Kidd et al_,

Analyses of a set of 128 ancestry informative single-nucleotide polymorphisms in a global set
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of 119 population samples, Investigative Genetics, (2):1, 2011, which reference is
incorporated by reference in its entirety.

[0036] The term “antibody” refers to an immunoglobulin or antigen-binding
fragment thereof, and encompasses any polypeptide comprising an antigen-binding fragment
or an antigen-binding domain. The term includes but is not limited to polyclonal,
monoclonal, monospecific, polyspecific, humanized, human, single-chain, chimeric,
synthetic, recombinant, hybrid, mutated, grafted, and in vifro generated antibodies. Unless
preceded by the word “intact”, the term “antibody” includes antibody fragments such as Fab,
F(ab",, Fv, scFv, Fd, dAb, and other antibody fragments that retain antigen-binding function.
Unless otherwise specified, an antibody is not necessarily from any particular source, nor is it
produced by any particular method.

[0037] The terms “antigen-binding domain™ and “antigen-binding fragment” refer
to a part of an antibody molecule that comprises amino acids responsible for the specific
binding between antibody and antigen. For certain antigens, the antigen-binding domain or
antigen-binding fragment may only bind to a part of the antigen. The part of the antigen that
is specifically recognized and bound by the antibody is referred to as the “epitope” or
“antigenic determinant.” Antigen-binding domains and antigen-binding fragments include
Fab (Fragment antigen-binding); a F(ab'), fragment, a bivalent fragment having two Fab
fragments linked by a disulfide bridge at the hinge region; Fv fragment; a single chain Fv
fragment (scFv) see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al. (1988)
Proc. Natl. Acad. Sci. USA 85:5879-5883); a Fd fragment having the two Viyand Ciil
domains; dAb (Ward et al., (1989) Nature 341:544-546), and other antibody fragments that
retain antigen-binding function. The Fab fragment has Vi-Cyl and Vi-Cp domains
covalently linked by a disulfide bond between the constant regions. The F, fragment is
smaller and has Vi1 and Vi domains non-covalently linked. To overcome the tendency of
non-covalently linked domains to dissociate, a scF, can be constructed. The scF, contains a
flexible polypeptide that links (1) the C-terminus of Vi to the N-terminus of Vi, or (2) the
C-terminus of Vi to the N-terminus of V. A 15-mer (Gly,Ser); peptide (SEQ 1D NO:48)
may be used as a linker, but other linkers are known in the art. These antibody fragments are
obtained using conventional techniques known to those with skill in the art, and the
fragments are evaluated for function in the same manner as are intact antibodies.

[0038] The term “detecting” or “detection” means any of a variety of methods

known in the art for determining the presence or amount of a nucleic acid or a protein. As
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used throughout the specification, the term “detecting” or “detection” includes either
qualitative or quantitative detection.

[0039] The term “therapeutically effective amount” refers to a dosage or amount
that is sufficient for treating an indicated disease or condition.

[0040] The term “gene expression profile” refers to the expression levels of a
plurality of genes in a sample. As is understood in the art, the expression level of a gene can
be analyzed by measuring the expression of a nucleic acid (e.g., genomic DNA or mRNA) or
a polypeptide that is encoded by the nucleic acid.

[0041] The term “isolated,” when used in the context of a polypeptide or nucleic acid
refers to a polypeptide or nucleic acid that is substantially free of its natural environment and
is thus distinguishable from a polypeptide or nucleic acid that might happen to occur
naturally. Forinstance, an isolated polypeptide or nucleic acid is substantially free of cellular
material or other polypeptides or nucleic acids from the cell or tissue source from which it
was derived.

[0042] The terms “polypeptide,” “peptide,” and “protein” are used interchangeably
herein to refer to polymers of amino acids.

[0043] The term “polypeptide probe” as used herein refers to a labeled (e.g.,
isotopically labled) polypeptide that can be used in a protein detection assay (e.g., mass
spectrometry) to quantify a polypeptide of interest in a biological sample.

[0044] The term “primer” means a polynucleotide capable of binding to a region of a
target nucleic acid, or its complement, and promoting nucleic acid amplification of the target
nucleic acid. Generally, a primer will have a free 3' end that can be extended by a nucleic
acid polymerase. Primers also generally include a base sequence capable of hybridizing via
complementary base interactions either directly with at least one strand of the target nucleic
acid or with a strand that is complementary to the target sequence. A primer may comprise
target-specific sequences and optionally other sequences that are non-complementary to the
target sequence. These non-complementary sequences may comprise, for example, a
promoter sequence or a restriction endonuclease recognition site.

[0045] A “variation” or “variant” refers to an allele sequence that is different from
the reference at as little as a single base or for a longer interval.

[0046] The term “genomic rearrangement of the ZBTB20 and LSAMP genes” and
the like refers to any rearrangement of the ZBTB20 and LSAMP genes that is associated with

prostate cancer and can include a gene fusion between the ZBTB20 gene and the LSAMP
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gene, a gene inversion involving the ZBTB20 gene and the LSAMP gene, a gene deletion
involving the ZBTB20 and LSAMP genes (or a portion of one or both genes), or a gene
duplication involving the ZBTB20 and LSAMP genes.

[0047] The term “ERG” or “ERG gene” refers to Ets-related gene (ERG), which has
been assigned the unique Hugo Gene Nomenclature Committee (HGNC) identifier code:
HGNC:3446, and includes ERG gene fusion products that are prevalent in prostate cancer,
including TMPRSS2-ERG fusion products. Analyzing the expression of ERG or the ERG
gene includes analyzing the expression of ERG gene fusion products that are associated with
prostate cancer, such as TMPRSS82-ERG.

[0048] As used herein, the term “aggressive form of prostate cancer” refers to
prostate cancer with a primary Gleason score of 4 or 5 (also known as “poorly differentiated”
prostate cancer or prostate cancer that has metastasized or has recurred following
prostatectomy).

[0049]  As used herein, the term “Gleason 6-7” refers to Gleason grade 3 +3 and 3+4.

It is also referred to in the art as primary pattern 3 or primary Gleason pattern 3.

ZBTB20/LSAMP Genomic Rearrangement

[0050] Next generation sequencing techniques were used to identify new biomarkers
and therapeutic targets for CaP. High quality genome sequence data and coverage obtained
from histologically defined and precisely dissected primary CaP specimens (80-95% tumor,
primary Gleason pattern 3) was compared between cohorts of 7 patients of Caucasian descent
and 7 patients of African descent (28 samples total including matched controls from each
patient) to evaluate the observed disparities of CaP incidence and mortality between the two
ethnic groups. These data and analyses provide the first evaluation of prostate cancer
genomes from CaP patients of African descent (“AD”) and Caucasian descent (“CD”) that
have been matched for clinic-pathologic features.

[0051] Whole genome sequence analysis of these prostate cancer samples identified a
novel genomic rearrangement between the ZBTB20 (zinc finger and BTB containing 20) and
LSAMP (limbic system associated membrang protein) genes. Four of the 7 samples from
subjects of African descent were negative for the TMPRSS2/ERG fusion, the most prevalent
gene fusion identified to date in prostate cancer. The ZBTB20-LSAMP region was
rearranged or deleted in three of the four TMPRSS2/ERG negative samples from subjects of
African descent. All three of the ZBTB20/LSAMP positive, TMPRSS2/ERG negative
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subjects developed an aggressive form of prostate cancer, with two experiencing metastasis
and one developing recurrence, suggesting that the ZBTB20/LSAMP genoimic rearrangement
is an indicator of a more aggressive prostate cancer phenotype, particularly in patients who
do not express the TMPRSS2/ERG fusion. As patients of AD express the TMPRSS2/ERG
fusion at lower frequencies than patients of CD, the genomic rearrangement of the ZBTB20
and LSAMP genes, may represent a particularly useful biomarker for detecting a more
aggressive prostate cancer phenotype in patients of AD.

[0052] The unique identifier code assigned by HGNC for the LSAMP gene is
HGNC:6705. The Entrez Gene code for LSAMP is 4045. The nucleotide and amino acid
sequences of LSAMP are known and represented by the NCBI Reference Sequence
NM 0023383, GI:257467557 (SEQ 1D NO:9 and SEQ 1D NO:10), which sequences are
incorporated by reference in their entirety. The chromosomal location of the LSAMP gene is
3ql3.2-q21. The LSAMP gene encodes a neuronal surface glycoprotein found in cortical and
subcortical regions of the limbic system. LSAMP has been reported as a tumor suppressor
gene (Baroy etal,, 2014, Mol Cancer 28;13:93). For example, Kuhn ¢t al, reported a
recurrent deletion in chromosome region 3q13.31, which contains the LSAMP gene, ina
subset of core binding factor acute myeloid leukemia [29]. In osteosarcoma, chromosome
region 3q13.31 was identified as the most altered genomic region, with most alterations
taking the form of a deletion, including, in certain instances, deletion ot a region that contains
the LSAMP gene [30]. A chromosomal translocation (t1;3) with a breakpoint involving the
NORE!1 gene of chromosome region 1q32.1 and the LSAMP gene of chromosome region
3q13.3 was identified in clear cell renal carcinomas [31]. A chromosomal translocation in
epithelial ovarian carcinoma has also been identified [32]. Although single nucleotide
variations of LSAMP has been shown to be a significant predictor of prostate cancer-specific
mortality [33], genomic rearrangement of LSAMP has never been reported in prostate cancer
and has never been described as a fusion with ZBTB20 in any type of cancer.

[0053] The unique identifier code assigned by HGNC for the ZBTB20 gene 1s
HGNC:13503. The Entrez Gene code for ZBTB20 is 26137. ZBTB20 is a DNA binding
protein and is believed to be a transcription factor. There are at least 7 alternative transcript
variants. There are at least four distinct promoters that can initiate transcription from at least
four distinct sites within the ZBTB20 locus, producing four variants of exon | of ZBTB20:
El, E1A, E1B, and EI1C. Representative nucleotide and amino acid sequences of ZBTB20
variant 1 are known and represented by the NCBI Reference Sequence NM_001164342.1
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G1:257900532 (SEQ 1D NO:11 and SEQ 1D NO:12), which sequences are incorporated by
reference in their entirety. Variant 2 differs from variant 1 in the 5” untranslated region, lacks
a portion of the 5” coding region, and 1nitiates translation at a downstream start codon,
compared to variant 1. The encoded isoform (2) has a shorter N-terminus compared to
isoform 1. Variants 2-7 encode the same isoform (2). Representative nucleotide and amino
acid sequences of ZBTB20 variant 2 are known and represented by the NCBI Reference
Sequence NM 015642 .4, G1:257900536 (SEQ 1D NO:13 and SEQ ID NO:14), which
sequences are incorporated by reference in their entirety. The chromosomal location of the
ZBTB20 geneis 3q13.2.

[0054] Certain embodiments are directed to a method of collecting data for use in
diagnosing or prognosing CaP, the method comprising detecting in a biological sample
comprising prostate cells (or nucleic acid or polypeptides isolated from prostate cells) a
genomic rearrangement of the ZBTB20 and LSAMP genes. The method may optionally
include an additional step of diagnosing or prognosing CaP using the collected gene
expression data. In one embodiment, detecting a genomic rearrangement of the ZBTB20 and
LSAMP genes indicates the presence of CaP in the biological sample or an increased
likelihood of developing CaP. In another embodiment detecting a genomic rearrangement of
the ZBTB20 and L.SAMP genes indicates the presence of an aggressive form of CaP in the
biological sample or an increased likelihood of developing an aggressive form of CaP.

[0055] 1In one embodiment, the genomic rearrangement comprises a gene fusion
between the ZBTB20 gene and the LSAMP gene, such as a fusion between exon | (e.g., El,
El1A, E1B, or E1C) of the ZBTB20 gene and exon 4 of the LEAMP gene. In another
embodiment, the genomic rearrangement comprises a gene inversion involving the ZBTB20
gene and the LSAMP gene. In another embodiment, the genomic rearrangement comprises a
deletion in chromosome region 3q13, wherein the deletion spans both the ZBTB20 and
LSAMP genes (or a portion of one or both genes). In yet another embodiment, the genomic
rearrangement comprises a gene duplication involving the ZBTB20 and LSAMP genes.

[0056] The methods of collecting data or diagnosing and/or prognosing CaP may
further comprise detecting expression of other genes associated with prostate cancer,
including, but not limited to COL10A1, HOXC4, ESPL1, MMP9, ABCA13, PCDHGAL, and
AGSKI, The unique identifier codes assigned by HGNC and Entrez Gene for these genes

that are more frequently overexpressed in patients of African descent and the accession
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number of representative sequences are provided in Table 1, which sequences are hereby
incorporated by reference in their entirety.

[0057] Table 1

Gene HGNC | Entrez NCBI Reference SEQ ID NOs.
1)) Gene ID

COLIOAT | 2185 1300 NM_000493.3 GI1:98985802 17 and 18
HOXC4 5126 3221 NM 0146205 Gl1:546232084 19 and 20
ESPL1 16856 | 9700 NM_012291.4 Gl:134276942 21 and 22
MMP9 7176 4318 NM_004994.2 Gl1.74272286 23 and 24
ABCA13 14638 | 154664 | AY204751.1 GIL:30089663 25 and 26
PCDHGA1 | 8696 56114 NM_018912.2 GI1:14196453 27 and 28
AGSK1 N/A 80154 NR_026811 GIL:536293433 29-31

NR 0339363 GL:536293365

NR_103496.2 GI.536293435

[0058] In another embodiment, the methods of collecting data or diagnosing and/or
prognosing CaP may further comprise detecting expression of other genes associated with

prostate cancer, including, but not limited to ERG, PSA, and PCA3.

PTEN Deletion

[0059] PTEN (phosphatase and tensin homolog) is a known tumor suppressor gene
that is mutated in a large number of cancers at high frequency. The protein encoded by this
gene is a phosphatidylinositel-3,4 S-trisphosphate 3-phosphatase. It contains a tensin like
domain as well as a catalytic domain similar to that of the dual specificity protein tyrosine
phosphatases. Unlike most of the protein tyrosine phosphatases, PTEN preferentially
dephosphorylates phosphoinositide substrates. It negatively regulates intracellular levels of
phosphatidylinositol-3.4,5-trisphosphate in cells and functions as a tumor suppressor by
negatively regulating AKT/PKB signaling pathway. Activation of growth factor receptors by
binding of a growth factor to its receptor or by mutation of the growth factor receptor leads to
activation of the PI3K/PTEN/Akt/mTOR cascade, which, among other things, leads to the
activation of certain transcription factors [28], which reference s hereby incorporated by

reference in its entirety. PTEN normally acts to down regulate this pathway. Thus, in
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cancers that contain a PTEN gene deletion, the expression of the Akt gene and activation of
mTOR is frequently increased.

[0060] The unique identifier codes assigned by HGNC and Entrez Gene for the PTEN
gene are HGNC:9588 and Entrez Gene:5728, respectively. The accession number of
representative PTEN nucleic acid and polypeptide sequences is NM_000314.4,
G1:257467557 (SEQ 1D NO:15 and SEQ 1D NO:16), which sequences are incorporated by
reference in their entirety. The chromosomal location of the PTEN gene is 10g23.

[0061] Whole genome sequence analysis of CD and AD prostate cancer samples
disclosed a significant disparity between the genomic rearrangement of the PTEN locus in the
different ethnic groups. More specifically, PTEN deletion was detected only in patients of
Caucasian descent. Additional FISH analysis in a tissue microarray confirmed that PTEN
deletion is an infrequent event in the development of prostate cancer in AD men as compared
to CD men.

[0062] Accordingly, one aspect is directed to using this discovery about the disparity
in the PTEN deletion across ethnic groups to make informed decisions about treatment
options available to a subject who has prostate cancer. In particular, given the disclosed
disparity in the PTEN deletion in prostate cancer from patients of Caucasian and African
descent, as a general rule, prostate cancer therapies that target the PI3K/PTEN/Akt/mTOR
pathway [28] should not be s¢lected for patients of African descent. Or, at a minimum, a
prostate cancer therapy that targets the PI3K/PTEN/Akt/mTOR pathway [28] should not be
considered for a patient of African descent unless it is first confirmed by genetic testing that
prostate cells from the patient contain the PTEN deletion. As such, one embodiment is
directed to a method of selecting a targeted prostate cancer treatment for a patient of African
descent, wherein the method comprises excluding a prostate cancer therapy that targets the
PI3K/PTEN/Akt/mTOR pathway [28] as a treatment option; and selecting an appropriate
prostate cancer treatment. In ene embodiment, the method further comprises a step of testing
a biological sample from the patient, wherein the biclogical sample comprises prostate cells
to confirm that the prostate cells to do not contain a PTEN gene deletion.

[0063] There are various inhibitors that target the PI3K/PTEN/Akt/mTOR pathway,
including PI3K inhibitors, Akt inhibitors, mTOR inhibitors, and dual PI3K/mTOR inhibitors.
PI3K inhibitors include, but are not limited to LY-294002, wortmannin, PX-866, GDC-0941,
CAL-10, XL-147, XL-756, IC87114, NVP-BKM120, and NVP-BYL719. Akt inhibitors
include, but are not limited to, A-443654, GSK690693, VQD-002 (a.k.a. API-2, triciribine),
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KP372-1, KRX-0401 (perifosine), MK-2206, GSK2141795, LY317615 (enzasturin),
erucylphosphocholine (ErPC), erucylphosphohomocholine (ErPC3), PBI-05204, RX-0201,
and XL-418. mTOR inhibitors include, but are not limited to, rapamycin, modified
rapamycins (rapalogs, e.g., CCI-779, afinitor, torisel, temsirolimus), AP-23573
(ridaforolimus), and RADOOL (afinitor, everolimus), metformin, OSI-027, PP-242,
AZDB05S, AZD2014, palomid 529, WAY600, WYE353, WYE687, WYE132, Ku0063794,
and OXA-01. Dual PI3K/mTOR inhibitors include, but are not limited to, PI-103, NVP-
BEZ235, PKI-587, PKI-402, PF-04691502, XL765, GNE-477, GSK2126458, and WIDOO0S.

Detecting ZBTB20/LSAMP or PTEN Deletion

[0064] Measuring or detecting the expression of a genomic rearrangement of the
7ZBTB20 and LSAMP genes in the methods described herein comprises measuring or
detecting any nucleic acid transcript (¢.g., mRNA, ¢cDNA, or genomic DNA) thercof or any
protein encoded by such a nucleic acid transcript. Thus, in one embodiment, detecting the
presence of the ZBTB20/LSAMP genomic rearrangement in the biological sample comprises
detecting a chromosomal rearrangement of genomic DNA having a first portion from the
ZBTB20 gene and a second portion from the LSAMP gene. In one embodiment, the
chromosomal rearrangement gives rise to a fusion between exon 1 (e.g., El1, E1A, E1B, or
E1C) of the ZBTB20 gene and exon3* or exon 4 of the LSAMP gene. In one embodiment,
the chromosomal rearrangement comprises the nucleotide sequence of SEQ ID NO:1.

[0065] In another embodiment, the chromosomal rearrangement results in the deletion
of the ZBTB20 and LSAMP genes. Thus, in one embodiment, detecting the presence of the
ZBTB20/LSAMP genomic rearrangement. in the biological sample comprises detecting a
deletion in chromosome region 3q13, wherein the deletion spans the ZBTB20 and LSAMP
genes.

[0066] In another embodiment, detecting the presence of the ZBTB20/LSAMP
genomic rearrangement in the biological sample comprises detecting a chimeric mRNA or
cDNA transcript having a first nucleic acid portion from the ZBTB20 gene and a second
nucleic acid portion from the LSAMP gene. In one embodiment, the chimeric mRNA or
cDNA transcript comprises a fusion between exon 1 (e.g., El, E1A, E1B, or E1C) of the
ZBTB20 gene and exon 4 of the LSAMP gene. For example, the chimeric mRNA or cDNA
transcript may comprise the nucleotide sequence of SEQ ID NO:4, SEQ ID NO:32, SEQ ID
NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:40.
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In another embodiment, the chimeric mRNA or cDNA transcript comprises a fusion between
exon 1 (e.g., E1, E1A, E1B, or E1C) of the ZBTB20 gene and exon 3* of the LSAMP gene.
For example, the chimeric mRNA or ¢cDNA transcript may comprise the nucleotide sequence
of SEQ 1D NO:33, SEQ ID NO:39, or SEQ ID NO:41.

[0067] Exon 3* (SEQ ID NO:45) represents a novel exon sequence from the LSAMP
locus that has not been previously annotated and has now been shown to arise following
genomic rearrangement of the ZBTB20 and LSAMP genes. Therefore, detecting the
presence of the ZBTB20/L.SAMP genomic rearrangement in the biological sample may
comprise detecting a mRNA or cDNA transcript corresponding to a region of exon 3% that is
not present in other genes and, thus, can be used to positively identify exon 3* of the LSAMP
gene. Altematively, detecting the presence of the ZBTB20/LSAMP genomic rearrangement
in the biological sample may comprise detecting a mRNA or cDNA transcript comprising
exon 3* and exon 4 of the LSAMP gene or a portion thereof that spans the junction between
exon 3* and exon 4 of LSAMP and is not present in other genes and, thus, can be used to
positively identify the transcript as coming from a tusion of exon 3* and exon 4 of LSAMP.

[0068] Exon 0* (SEQ ID NO:47) represents a novel exon sequence from the LSAMP
locus that has not been previously annotated and was identified in an alternatively spliced
transcript in a patient having a genomic rearrangement of the ZBTB20 and LSAMP genes.
Theretfore, detecting the presence of the ZBTB20/LSAMP genomic rearrangement in the
biological sample may comprise detecting a mRNA or cDNA transcript corresponding to a
region of exon 0% that is not present in other genes and, thus, can be used to positively
identify exon 0% of the LSAMP gene. Alternatively, detecting the presence of the
ZBTB20/LSAMP genomic rearrangement. in the biological sample may comprise detecting a
mRNA or ¢cDNA transcript comprising exon 0% and exon 1 of the LSAMP gene or a portion
thereof that spans the junction between exon 0* and exon | of the LSAMP gene and is not
present in other genes and, thus, can be used to positively identify the transcript as coming
from a fusion of exon 0* and exon 1 of LSAMP.

[0069] The expression of the ZBTB20/LSAMP genomic rearrangement can be
measured or detected by measuring or detecting one or more of the genomic sequences or
mRNA/cDNA transcripts corresponding to the genomic rearrangement of the genes, or to all
of the genomic sequences or mRNA/cDNA transcripts associated with the genomic

rearrangement of the ZBTB20 and LSAMP genes.
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[0070] Detecting a deletion in the PTEN gene comprises detecting a deletion in
chromosome region 10g23, wherein the deletion sparnis the PTEN gene or a portion thereof,
The PTEN deletion can be measured or detected by measuring or detecting one or more of
the genomic sequences or mRNA/CDNA transcripts corresponding to the PTEN deletion, or
to all of the genomic sequences or mMRNA/cDNA transcripts associated with the PTEN gene.

[0071] Chromosomal rearrangements can be detected using known techniques. For
example, fluorescent in siru hybridization (FISH) analysis can be used to detect chromosomal
rearrangements. In these embodiments, nucleic acid probes that hybridize under conditions
of high stringency to the chromosomal rearrangement, such as the ZBTB20/LSAMP
chromosomal rearrangement or PTEN deletion, are incubated with a biological sample
comprising prostate cells (or nucleic acid obtained therefrom). Other known in situ
hybridization techniques can be used to detect chromosomal rearrangements, such as
ZBTB20/LSAMP or the PTEN deletion. The nucleic acid probes (DNA or RNA) can
hybridize to DNA or mRNA and can be designed to detect genomic rearrangements in the
ZBTB20 and LSAMP genes or the PTEN gene, such as gene fusion events, amplifications,
deletions, or mutations.

[0072] Typically, gene expression can be detected or measured on the basis of mRNA
or cDNA levels, although protein levels also can be used when appropriate. Any quantitative
or qualitative method for measuring mRNA levels, cDNA, or protein levels can be used.
Suitable methods of detecting or measuring mRNA or ¢cDNA levels include, for example,
Northern Blotting, RNAse protection assays, microarray analysis, or a nucleic acid
amplification procedure, such as reverse-transcription PCR (RT-PCR) or real-time RT-PCR,
also known as quantitative RT-PCR (qRT-PCR). Such methods are well known in the art.
See e.g., Sambrook ¢t al., Molecular Cloning: A Laboratory Manual, 4™ Ed., Cold Spring
Harbor Press, Cold Spring Harbor, N.Y., 2012. Other techniques include digital, multiplexed
analysis of gene expression, such as the nCounter” (NanoString Technologies, Seattle, WA)
gene expression assays, which are further described in [22], [23], US20100112710 and
US20100047924, all of which are hereby incorporated by reference in their entirety.

[0073] Detecting a nucleic acid of interest generally involves hybridization between a
target (e.g. mRNA, cDNA, or genomic DNA) and a probe. One of skill in the art can readily
design hybridization probes for detecting the genomic rearrangement of the ZBTB20 and
LSAMP genes or deletion of the PTEN gene. See e.g., Sambrook et al., Molecular Cloning: A
Laboratory Manual, 4™ Ed., Cold Spring Harbor Press, Cold Spring Harbor, N.Y., 2012.

-18-



WO 2015/103287 PCT/US2014/072793

Customer No. 39,878
Attorney Docket No. HMI-149-PCT

Fach probe should be substantially specific for its target, to avoid any cross-hybridization and
false positives. An alternative to using specific probes is to use specific reagents when
deriving materials from transcripts (e.g., during cDNA production, or using target-specific
primers during amplification). In both cases specificity can be achieved by hybridization to
portions of the targets that are substantially unique within the group of genes being analyzed,
e.g. hybridization to the polyA tail would not provide specificity. If a target has multiple
splice variants, it is possible to design a hybridization reagent that recognizes a region
common to each variant and/or to use more than one reagent, each of which may recognize
one or more variants.

[0074] Stringency of hybridization reactions 1s readily determinable by one of
ordinary skill in the art, and generally is an empirical calculation dependent upon probe
length, washing temperature, and salt concentration. In general, longer probes require higher
temperatures for proper annealing, while shorter probes need lower temperatures.
Hybridization generally depends on the ability of denatured nucleic acid sequences to
reanngal when complementary strands are present in-an environment below their melting
temperature. The higher the degree of desired homology between the probe and hybridizable
sequence, the higher the relative temperature that can be used. As a result, it follows that
higher relative temperatures would tend to make the reaction conditions more stringent, while
lower temperatures less so. For additional details and explanation of stringency of
hybridization reactions, se¢ Ausubel et al., Current Protocols in Molecular Biology, Wiley
Interscience Publishers, (1995).

[0075] “Stringent conditions” or “high stringency conditions,” as defined herein, are
identified by, but not limited to, those that: (1) use low 1onic strength and high temperature
for washing, for example 0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium
dodecyl sulfate at 50°C; (2) use during hybridization a denaturing agent, such as formamide,
tor example, 50% (v/v) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3) use 50% formamide, 5XSS8C (0.75 M NaC(l,
0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate,
5X Denhardt's solution, sonicated salmon sperm DNA (50ug/ml), 0.1% SDS, and 10%
dextran sulfate at 42°C, with washes at 42°C in 0.2XSSC (sodium chloride/sodium. citrate)
and 50% formamide at 55°C, followed by a high-stringency wash consisting of 0.1XSSC
containing EDTA at 55°C. “Moderately stringent conditions” are described by, but not
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limited to, those in Sambrook et al., Molecular Cloning: A Laboratory Manual, New York:
Cold Spring Harbor Press, 1989, and include the use of washing solution and hybridization
conditions (e.g., temperature, ionic strength and % SDS) less stringent than those described
above. An example of moderately stringent conditions is overnight incubation at 37°C in a
solution comprising: 20% formamide, SXSSC (150 mM NaCl, 15 mM trisodium ¢itrate), SO
mM sodium phosphate (pH 7.6), 5X Denhardt's solution, 10% dextran sulfate, and 20 mg/mL
denatured sheared salmon sperm DNA, followed by washing the filters in 1XSSC at about
37-50°C. The skilled artisan will recognize how to adjust the temperature, ionic strength, etc.
as necessary to accommodate factors such as probe length and the like.

[0076] In certain embodiments, microarray analysis or a PCR-based method is used.
In this respect, measuring the expression of the genomic rearrangement of the ZBTB20 and
LSAMP genes or PTEN deletion in prostate cancer cells can comprise, for instance,
contacting a sample containing or suspected of containing prostate cancer cells with
polynucleotide probes specific to the ZBTB20/LSAMP genomic rearrangement or PTEN
deletion, or with primers designed to amplity a portion of the ZBTB20/LSAMP or PTEN
genomic rearrangement, and detecting binding of the probes to the nucleic acid targets or
amplification of the nucleic acids, respectively. Detailed protocols for designing PCR primers
are known in the art. See e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual, 4™
Ed., Cold Spring Harbor Press, Cold Spring Harbor, N.Y., 2012, Similarly, detailed
protocols for preparing and using microarrays to analyze gene expression are known in the art
and described herein.

[0077] Thus, one aspect is directed to a method of determining if a biological sample
comprising nucleic acid contains a gene fusion, where the gene fusion has a first portion from
a ZBTB20 gene and a second portion from a LSAMP gene, the method comprising:

[0078] combining the biological sample with at least a first and a second
polynucleotide primer under hybridizing conditions, wherein the first polvnucleotide primer
comprises a sequence that hybridizes to the first portion of the gene fusion from the ZBTB20
gene (¢.g., exon 1), and the second polynucleotide primer comprises a sequence that
hybridizes to the second portion of the gene fusion from the LSAMP gene (¢.g., exon 3* or
exon 4), wherein the first and second polynucleotide primers are capable of amplifying a
target sequence from the gene fusion that spans the junction between the first portion of the
gene fusion from the ZBTB20 gene and the second portion of the gene fusion from the

LSAMP gene;
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[0079] adding a polymerase activity under conditions that allow for the amplification
of the target sequence and production of an amplification product that comprises the target
sequence if the gene fusion is present in the biological sample; and

[0080] determining whether the biological sample contains the gene fusion based on
the presence or absence of the amplification product.

[0081] Another aspect 1s directed to a method of determining if a biological sample
comprising nucleic acid contains an mRNA or cDNA sequence corresponding to a region of
exon 3* that is not present in other genes or a gene fusion where the gene fusion has a first
portion from exon 3* of the LSAMP gene and a second porttion from exon 4 of the LSAMP
gene, the method comprising:

[0082] combining the biological sample with at least a first and a second
polynucleotide primer under hybridizing conditions,

(a) wherein the first polynucleotide primer comprises a sequence that
hybridizes to a first region of exon 3* and the second polynucleotide primer
comprises a sequence that hybridizes to a second region of exon 3*, wherein the first
and second polynucleotide primers are capable of amplifying a target sequence from
exon 3* that is unique to exon 3* of the LSAMP gene; or

(b) wherein the first polynucleotide primer comprises a sequence that
hybridizes to the first portion of the gene fusion from exon 3* and the second
polynucleotide primer comprises a sequence that hybridizes to the second portion of
the gene fusion from exon 4 of the LSAMP gene, wherein the first and second
polynucleotide primers are capable of amplifying a target sequence from the gene
fusion that spans the junction between the first portion of the gene fusion from exon
3* of the LSAMP gene and the second portion of the gene fusion from exon 4 of the
LSAMP gene;

[0083] adding a polymerase activity under conditions that allow for the amplification
of the target sequence and production of an amplification product that comprises the target
sequence if the gene fusion is present in the biological sample; and

[0084] determining whether the biological sample contains the mRNA or cDNA
sequence corresponding to a region of exon 3* that is not present in other genes or the gene
fusion based on the presence or absence of the amplification product.

[0085] Another aspect is directed to a method of determining if a bielogical sample

comprising nucleic acid contains an mRNA or cDNA sequence corresponding to a region of
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exon 0% of the LSAMP gene that is not present in other genes or a gene fusion where the
gene fusion has a first portion from exon 0% of the LSAMP gene and a second portion from
exon | of the LSAMP gene, the method comprising:

[0086] combining the biological sample with at least a first and a second
polynucleotide primer under hybridizing conditions,

(a) wherein the first polynucleotide primer comprises a sequence that
hybridizes to a first region of exon 0* and the second polynucleotide primer
comprises a sequence that hybridizes to a second region of exon 0%, wherein the first
and second polynucleotide primers are capable of amplifying a target sequence from
exon O* that is unique to exon 0* of the LSAMP gene; or

(b) wherein the first polynucleotide primer comprises a sequence that
hybridizes to the first portion of the gene fusion from exon 0* and the second
polynucleotide primer comprises a sequence that hybridizes to the second portion of
the gene fusion from exon 1 of the LSAMP gene, wherein the first and second
polynucleotide primers are capable of amplifying a target sequence from the gene
tusion that spans the junction between the first portion of the gene fusion from exon
0* of the LSAMP gene and the second portion of the gene fusion from exon 1 of the
LSAMP gene;

[0087] adding a polymerase activity under conditions that allow for the amplification
of the target sequence and production of an amplification product that comprises the target
sequence if the gene fusion is present in the biological sample; and

[0088] determining whether the biological sample contains the mRNA or cDNA
sequence corresponding to a region of exon 0% that is not present in other genes or the gene
fusion based on the presence or absence of the amplification product.

[0089] Alternatively or additionally, expression levels of the ZBTB20/LSAMP
genomic rearrangement can be determined at the protein level, meaning that when the
ZBTB20/LSAMP genomic rearrangement results in a truncated LSAMP protein or a
chimeric ZBTB20/LSAMP protein, the levels of such proteins encoded by the
ZBTB20/LSAMP genomic rearrangement are measured. Several methods and devices are
well known for determining levels of proteins including immunoassays such as described in
¢.g.. US. Pat. Nos. 6,143,576; 6,113,855, 6,019,944; 5985,579; 5,947,124 5,939,272,
5,922,615, 5,885,527, 5,851,776; 5,824,799, 5,679,526: 5,525,524; 5,458,852; and

5,480,792, each of which is hereby incorporated by reference in its entirety. These assays
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include various sandwich, competitive, or non-competitive assay formats, to generate a signal
that is related to the preserice or amount of a protein of interest. Any suitable immunoassay
may be utilized, for example, lateral flow, enzyme-linked immunoassays (ELISA),
radioimmunoassays (RIAs), competitive binding assays, and the like. Numerous formats for
antibody arrays have been described. Such arrays typically include different antibodies
having specificity for different proteins intended to be detected. For example, at least 100
different antibodies are used to detect 100 different protein targets, each antibody being
specific for one target. Other ligands having specificity for a particular protein target can also
be used, such as the synthetic antibodies disclosed in W0O/2008/048970, which is hereby
incorporated by reference in its entirety. Other compounds with a desired binding specificity
can be selected from random libraries of peptides or small molecules. U.S. Pat. No.
5,922,615, which is hereby incorporated by teference in its entirety, describes a device that
uses multiple discrete zones of immobilized antibodies on membranes to detect multiple
target antigens in an array. Microtiter plates or automation can be used to facilitate detection
of large numbers of different proteins.

[0090] One type of immunoassay, called nucleic acid detection immunoassay
(NADIA), combings the specificity of protein antigen detection by immunoassay with the
sensitivity and precision of the polymerase chain reaction (PCR). This amplified DNA-
immunoassay approach is similar to that of an enzyme immunoassay, involving antibody
binding reactions and intermediate washing steps, except the enzyme label is replaced by a
strand of DNA and detected by an amplification reaction using an amplification technique,
such as PCR. Exemplary NADIA techniques are described in U.S. Patent No. 5,665,539 and
published U.8. Application 2008/0131883, both of which are hereby incorporated by
reference in their entirety. Briefly, NADIA uses a first (reporter) antibody that is specific for
the protein of interest and labelled with an assay-specific nucleic acid. The presence of the
nucleic acid does not interfere with the binding of the antibody, nor does the antibody
interfere with the nucleic acid amplification and detection. Typically, a second {capturing)
antibody that is specitic for a different epitope on the protein of interest is coated onto a solid
phase (e.g., paramagnetic particles). The reporter antibody/nucleic acid conjugate is reacted
with sample in a microtiter plate to form a first immune complex with the target antigen. The
immune complex is then captured onto the solid phase particles coated with the capture
antibody, forming an insoluble sandwich immune complex. The microparticles are washed to

remove excess, unbound reporter antibody/nucleic acid conjugate. The bound nucleic acid
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label is then detected by subjecting the suspended particles to an amplification reaction (e.g.
PCR) and monitoring the amplified nucleic acid product.

[0091] Although immunoassays have typically been used for the identification and
quantification of proteins, recent advances in mass spectrometry (MS) techniques have led to
the development of sensitive, high throughput MS protein analyses. The MS methods can be
used to detect low concentrations of proteins in complex biological samples. For example, it
is possible to perform targeted MS by fractionating the biological sample prior to MS
analysis. Common techniques for carryving out such fractionation prior to MS analysis
include two-dimensional electrophoresis, liquid chromatography, and capillary
electrophoresis [25], which reference is hereby incorporated by reference in its entirety.
Selected reaction monitoring (SRM), also known as multiple reaction monitoring (MRM),
has also emerged as a useful high throughput MS-based technique for quantitying targeted
proteins in complex biological samples, including prostate cancer biomarkers that are
encoded by gene fusions (e.g., TMPRSS2/ERG) [26, 27], which references are hereby

incorporated by reference in their entirety.

Samples

[0092] The methods described in this application involve analysis of the genomic
rearrangement of the ZBTB20 and LSAMP genes or PTEN genge in cells, ingluding prostate
cells. These prostate cells are found in a biological sample, such as prostate tissue, blood,
serum, plasma, urine, saliva, or prostatic fluid. Nucleic acids or polypeptides may be isolated
from the cells prior to detecting gene expression.

[0093] In one embodiment, the biological sample comprises prostate tissue and is
obtained through a biopsy, such as a transrectal or transperineal biopsy. In another
embodiment, the biological sample is urine. Urine samples may be collected following a
digital rectal examination (DRE) or a prostate biopsy. In another embodiment, the sample 1§
blood, serum, or plasma, and contains circulating tumor cells that have detached from a
primary tumor. The sample may also contain tumor-derived exosomes. Exosomes are small
(typically 30 to 100 nm) membrane-bound particles that are released from normal, diseased,
and neoplastic cells and are present in blood and other bodily fluids. The methods disclosed
in this application can be used with samples collected from a variety of mammals, but

preferably with samples obtained from a human subject.
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Prostate Cancer

[0094] This application discloses certain chromosomal rearrangements between the
ZBTB20 and LSAMP genes that are associated with prostate cancer. Detecting a
ZBTB20/LSAMP genomic rearrangement in a biological sample can be used to identify
cancer cells, such as prostate cancer cells, in a sample or to measure the severity or
aggressiveness of prostate cancer, for example, distinguishing between well differentiated
prostate (WD) cancer and poorly differentiated (PD) prostate cancer and/or identifying
prostate cancer that has metastasized or recurred following prostatectomy or is more likely to
metastasize or recur following prostatectomy. This application also discloses that deletion of
the tumor suppressor gene, PTEN, occurs predominately, if not exclusively in subjects of
Caucasian descent. Conversely, the PTEN deletion is an infrequent event in prostate cancer
from subjects of African descent (AD), particularly in Gleason 6-7 prostate cancer from AD
subjects. Of note, Gleason 6-7 (also called primary pattern 3) CaP represents the most
commonly diagnosed form of CaPs in the PSA screened patient population.

[0095] When prostate cancer is found in a biopsy, it is typically graded to estimate
how quickly it is likely to grow and spread. The most commonly used prostate cancer grading
system, called Gleason grading, evaluates prostate cancer cells on a scale of 1 to 5, based on
their pattern when viewed under a microscope.

[0096] Cancer cells that still resemble healthy prostate cells have uniform patterns
with well-defined boundaries and are considered well differentiated (Gleason grades 1 and 2).
The more closely the cancer cells resemble prostate tissue, the more the cells will behave like
normal prostate tissue and the less aggressive the cancer. Gleason grade 3, the most common
grade, shows cells that are moderately differentiated, that is, still somewhat well-
differentiated, but with boundaries that are not as well-defined. Poorly-differentiated cancer
cells have random patterns with poorly defined boundaries and no longer resemble prostate
tissue (Gleason grades 4 and 5), indicating a more aggressive cancer.

[0097] Prostate cancers often have areas with different grades. A combined Gleason
score is determined by adding the grades from the two most common cancer cell patterns
within the tumor. For example, if the most common pattern is grade 4 and the second most
common pattern is grade 3, then the combined Gleason score is 4+3=7. If there is only one
pattern within the tumor, the combined Gleason score can be as low as 1+1=2 or as high as

5+5=10. Combined scores of 2 to 4 are considered well-differentiated, scores of 5 to 6 are
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considered moderately-differentiated and scores of 7 to 10 are considered poorly-
differentiated. Cancers with a high Gleason score are more likely to have already spread
beyond the prostate gland (metastasized) at the time they were found.

[0098] In general, the lower the Gleason score, the less aggressive the cancer and the
better the prognosis (outlook for cure or long-term survival). The higher the Gleason score,
the more aggressive the cancer and the poorer the prognosis for long-term, metastasis-free

survival.

Patient Treatment

[0099] This application describes methods of diagnosing and prognosing prostate
cancer in a sample obtained from a subject, in which gene expression in prostate cells and/or
tissues are analyzed. If a sample shows expression of a genomic rearrangement of the
ZBTB20 and LSAMP genes, then there is an increased likelihood that the subject has prostate
cancer or a more advanced/aggressive form (e.g., PD prostate cancer) of prostate cancer. In
the event of such a result, the methods of detecting or prognosing prostate cancer may include
one or more of the following steps: informing the patient that they are likely to have prostate
cancer or PD prostate cancer; performing confirmatory histological examination of prostate
tissue; and/or treating the subject.

[00100] Thus, in certain aspects, if the detection step indicates that prostate cells from
the subject have a genomic rearrangement of the ZBTB20 and LSAMP genes, the methods
further comprise a step of taking a prostate biopsy from the subject and examining the
prostate tissue in the biopsy (e.g., histological examination) to confirm whether the patient
has prostate cancer or an aggressive form of prostate cancer. Alternatively, the methods of
detecting or prognosing prostate cancer may be used to assess the need for therapy or to
monitor a response to a therapy (e.g., disease-free recurrence following surgery or other
therapy), and, thus may include an additional step of treating a subject having prostate cancer.

[00101] Prostate cancer treatment options include surgery, radiation therapy, hormone
therapy, chemotherapy, biological therapy, or high intensity focused ultrasound. Drugs
approved for prostate cancer include: Abiraterone Acetate, Cabazitaxel, Degarelix,
Enzalutamide (XTANDI), Jevtana (Cabazitaxel), Prednisone, Provenge (Sipuleucel-T),
Sipuleucel-T, or Docetaxel. Thus a method as described in this application may, after a
positive result, include a further step of surgery, radiation therapy, hormone therapy,

chemotherapy, biological therapy, or high intensity focused ultrasound.
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Computer-Implemented Models

[00102] In accordance with all aspects and embodiments of the invention, the methods
provided may be computer-implemented.

[00103] The status of the genomic rearrangement of the ZBTB20 and 1.SAMP genes or
the PTEN gene can be analyzed and associated with status of a subject (e.g., presence of
prostate cancer or severity of disease (e.g., WD or PD prostate cancer)) in a digital computer.
Optionally, such a computer is directly linked to a scanner or the like receiving
experimentally determined signals related to the expression of a genomic rearrangement of
the ZBTB20 and LSAMP genes or the deletion of the PTEN gene. Alternatively, expression
levels can be input by other means. The computer can be programmed to convert raw signals
into expression levels (absolute or relative), compare measured expression levels with one or
more reference expression levels, or a scale of such values. The computer can also be
programmed to assign values or other designations to expression levels based on the
comparison with one or more reference expression levels, and to aggregate such values or
designations for multiple genes in an expression profile. The computer can also be
programmed to output a value or other designation providing an indication of the presence or
severity of prostate cancer as well as any of the raw or intermediate data used in determining
such a value or designation.

[00104] A typical computer (see U.S. Pat. No. 6,785,613; FIGS. 4 and 5) includes a
bus which interconnects major subsystems such as a central processor, a system memory, an
mput/output controller, an external device such as a printer via a parallel port, a display
sereen via a display adapter, a serial port, a keyboard, a fixed disk drive and a port (e.g., USB
port) operative to receive an external memory storage device. Many other devices can be
connected such as a scanner via I/O controller, a mouse connected to serial port or a network
interface. The computer contains computer readable media holding codes to allow the
computer to perform a variety of functions. These functions include controlling automated
apparatus, receiving input and delivering output as described above. The automated
apparatus can include a robotic arm for delivering reagents for determining expression levels,
as well as small vessels, e.g., microtiter wells for performing the expression analysis.

[00105] A typical computer system 106 may also include one or more processors 110
coupled to random access memory operating under control of or in conjunction with an

operating system as set forth in Figure 3 and discussed above.
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[00106] In one embodiment, any of the computer-implemented methods of the
invention may comprise a step of obtaining by at least one processor information reflecting
whether a biological sample contains a genomic rearrangement of the ZBTB20 and LSAMP
genes or a deletion of the PTEN gene. In one embodiment, the biological sample is obtained
from a subject of African descent. In another embodiment, the biological sample is obtained
from a subject, wherein prostate cancer from the subject does riot express a TMPRSS2/ERG
gene fusion.

[00107] In another embodiment, any of the computer-implemented miethods of the
invention may further comprise a step of obtaining by at least one processor information
reflecting the expression level of at least 2, 3, 4, 5, 6, or 7 of the following human genes:
COL10AT, HOXC4, ESPL1, MMP9, ABCA13, PCDHGAT, and AGSKT in a biological
sample obtained from a patient of African descent.

[00108] In another embodiment ot the computer-implemented methods of the
invention, the methods may additionally comprise the steps outputting in user readable
format the information obtained in the obtaining step.

[00109] In another embodiment of the computer-implemented methods of the
invention, the methods may further comprise outputting in user readable format a
determination that the subject has prostate cancer or poorly differentiated prostate cancer

based on the information conveyed in the outputting step.

Compositions and Kits

[00110] The polynucleotide probes and/or primers or antibodies or polypeptide probes
that are used in the methods described in this application can be arranged in a composition or
a kit. Thus, one embodiment is directed to a composition for diagnosing or prognesing
prostate cancer comprising a polynucleotide probe for detecting a genomic rearrangement of
the ZBTB20 and LSAMP genes. In certain embodiments, where the genomic rearrangement
comprises a fusion between the ZBTB20 and LSAMP genes, such as a fusion between exon 1
(e.g., E1, E1A, EIB, or E1C) of the ZBTB20 gene and exon 3* or exon 4 of the LSAMP
gene, the polynucleotide probe hybridizes under high stringency conditions to a junction of a
chimeric nucleic acid, wherein the chimeric nucleic acid comprises a first portion from a
ZBTB20 gene (¢.g., all or part of exon |, which includes El, E1A, E1B, or E1C)and a
second portion from a LSAMP gene (¢.g_, all or part of exon 3% or exon 4). All ofthe

polynucleotide probes described herein may be optionally labeled.
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[00111] In one embodiment, the composition for diagnosing or prognosing prostate
cancer comprises a polynucleotide probe, wherein the polynucleotide probe is designed to
detect a chromosomal rearrangement of genomic DNA having a first portion from the
ZBTB20 gene (e.g., all or part of exon 1, which includes E1, E1A, E1B, or E1C) and a
second portion from the LSAMP gene (e.g., all or part of exon 3* or exon 4). In one
embodiment, the polynucieotide probe hybridizes under high stringency conditions to a
chromosomal rearrangement comprising the nucleotide sequence of SEQ 1D NO:1.

f00112] In another embodiment, the composition for diagnosing or prognosing prostate
cancer comprises a pelynucleotide probe, wherein the polynucleotide probe is designed to
detect a chimeric mRNA or cDNA transcript having a first nucleic acid portion from the
ZBTB20 gene and a second nucleic acid portion from the LSAMP gene. In one embodiment,
the chimeric mRNA or ¢DNA transcript comprises a fusion between exon 1 (e.g., El, E1A,
E1B, or E1C) of the ZBTB20 gene and e¢xon 4 of the LSAMP gene. For example, in certain
embodiments, the polynucleotide probe hybridizes under high stringency conditions to a
chimeric mRNA or cDNA transcript having the nucleotide sequence of SEQ ID NO:4, SEQ
ID NO:32, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
or SEQ ID NO:40. In another embodiment, the chimeric mRNA or ¢cDNA transcript
comprises a fusion between exon 1 (e.g., EL, E1A, EIB, or EI1C) of the ZBTB20 gene and
exon 3* of the LSAMP gene. For example, in certain embodiments, the polynucleotide probe
hybridizes under high stringency conditions to a chimeric mRNA or ¢DNA transcript having
the nucleotide sequence ot SEQ 1D NO:33, SEQ ID NQ:39, or SEQ ID NO:41.

[00113] In yet another embodiment, the composition for diagnosing or prognosing
prostate cancer comprises a polynucleotide probe, wherein the polynucleotide probe is
designed to detect a deletion in chromosome region 3q13, wherein the deletion spans the
ZBTB20 and LSAMP genes.

[00114] In other embodiments, the polynucleotide probe hybridizes under high
stringenecy conditions to exon 3% of a LSAMP gene (SEQ ID NO:45) or a junction of a
chimeric nucleic acid, wherein the chimeric nucleic acid comprises a first portion from exon
3* of a LSAMP gene and a second portion from exon 4 of a LSAMP gene.

[00115] In yet other embodiments, the polynucleotide probe hybridizes under high
stringency conditions to exon 0* of a LSAMP gene (SEQ 1D NG:47) or a junction of'a
chimeric nucleic acid, wherein the chimeric nucleic acid comprises a first portion from exon

0* of a LSAMP gene and a second portion from exon 1 of a LSAMP gene.
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[00116] The compositions for diagnosing or prognosing prostate cancer may also
comprise primers. In one embodiment, wherein the genomic rearrangement comprises a gene
fusion between the ZBTB20 and LSAMP genes, such as a fusion between exon 1 (e.g., El,
El1A, E1B, or E1C) of the ZBTB20 gene and exon 3* or exon 4 of the LSAMP gene, the
composition comprises primers for amplifying the ZBTB20/L.SAMP gene fusion and, in
particular, primers for amplifying a nucleotide sequence from the gene fusion that spans the
junction between a first portion of the gene fusion from the ZBTB20 gene (e.g., all or part of
exon 1, which includes E1, E1A, E1B, or E1C) and a second portion of the gene fusion from
the LSAMP gene (e.g., all or part of exon 3* orexon 4). In this way, the primers can be used
to specifically identify a gene fusion between the ZBTB20 and LSAMP genes. In one
embodiment, the composition comprises a first polynucleotide primer comprising a sequence
that hybridizes under high stringency conditions to a first portion of the gene fusion from the
ZBTB20 gene (¢.g., all or part of exon 1, which includes E1, E1A, EIB, or E1C); and a
second polynucleotide primer comprising a sequence that hybridizes under high stringency
conditions to the second portion of the gene fusion from the LSAMP gene (¢.g., all or part of
exon 3% or exon 4), wherein the first and second polynucleotide primers are capable of
amplifying a nucleotide sequence from the gene fusion that spans the junction between the
first portion of the gene fusion from the ZBTB20 gene and the second portion of the gene
fusion from the LSAMP gene. In certain embodiments, the composition comprises a first and
a second polynucleotide primer for amplifying a gene fusion between a ZBTB20 gene and an
LSAMP gene, wherein the first and the second polynucleotide primer are capable of
amplifying one or more of SEQ ID NOs 32-41 or a portion thereof that spans the junction
between a first portion of the gene fusion from the ZBTB20 gene and a second portion of the
gene fusion trom the LSAMP gene.

[00117] In one embodiment, the first portion of the gene fusion from the LSAMP gene
comprises the nucleotide sequence of SEQ ID NO:2 and the second portion of the gene
fusion from the ZBTB20 gene comprises the nucleotide sequence of SEQ ID NO:3. In
another embodiment, the first portion of the gene fusion from the ZBTB20 gene comprises
the nucleotide sequence of SEQ ID NO:5 and the second portion of the gene fusion from the
LSAMP gene comprises the nucleotide sequence of SEQ ID NO:6. In yet another
embodiment, the first polynucleotide primer comprises the nucleotide sequence of SEQ ID
NO:7 and the second polynucleotide primer comprises the nucleotide sequence of SEQ ID

NO:S.
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[00118] Exon 3* (SEQ ID NO:45) represents a novel exon sequence from the LSAMP
locus that has not been previously annotated and has now been found in fusion transcripts
resulting from the genomic rearrangement of the ZBTB20 and LSAMP genes. Therefore,
amplifying an mRNA/cDNA sequence corresponding to a region of exon 3* that is not
present in other genes provides yet another mechanism for detecting the genomic
rearrangement of the ZBTB20 and LSAMP genes. In one embodiment,the the composition
comprises a first polynucleotide primer comprising a sequence that hybridizes under high
stringency conditions to a first portion of exon 3* of LSAMP, and a second polynucleotide
primer comprising a sequence that hybridizes under high stringency conditions to a sequence
complementary to a second portion of exon 3* of LSAMP, wherein the first and second
portions of the exon 3* of LSAMP do not overlap and wherein the polynucleotide primers are
capable of amplifying a nucleotide sequence within exon 3* of LSAMP that is unique to the
3* exon and is not found in other gene sequences and, thus, can be used to positively identify
the amplified seqeuence as coming from exon 3* of LSAMP. In other embodiments, the
second polynucleotide primer hybridizes under high stringency conditions to a sequence
complementary to a region within exon 4 of LSAMP, such that the primer pair vields an
amplification product that spans the junction between exon 3* and exon 4 of LSAMP. The
second primer can also hybridize to a sequence complementary to a region with exon 5, 6, or
7 of LSAMP.

[00119] Exon 0* (SEQ ID NO:47) represents a novel exon sequence the LSAMP locus
that has not been previously annetated and was identified in an altematively spliced transcript
In a patient having a genomic rearrangement of the ZBTB20 and LSAMP genes. Therefore,
amplifying an mRNA/cDNA sequence corresponding to a region of exon 0% that is not
present in other genes provides yet another mechanism for detecting the genomic
rearrangement of the ZBTB20 and LSAMP genes. In one embodiment.the the composition
comprises a first polynucleotide primer comprising a sequence that hybridizes under high
stringeney conditions to a first portion of exon 0% of LSAMP, and a second polynucleotide
primer comprising a sequence that hybridizes under high stringency conditions to a sequence
complementary to a second portion of exon 0% of LSAMP, wherein the first and second
portions of exon 0* of LSAMP do not overlap and wherein the polynucleotide primers are
capable of amplifying a nucleotide sequence within exon 0* of LSAMP that is unique to the
0* exon and is not found in other gene sequences and, thus, can be used to positively identify

the amplified seqeuence as coming from exon 0% of LSAMP. In other embodiments, the
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second polynucleotide primer to hybridizes under high stringency conditions to a sequence
complementary to a region within exon 1 of LSAMP, such that the primer pair yields an
amplification product that spans the junction between exon 0* and exon 1 of LSAMP. The
second primer can also hybridize to a sequence complementary to a region with exon 2, 3, or
4 of LSAMP.

[00120] In anether embodiment, wherein the genomic rearrangement comprises a
deletion at chromosome region 3q13, wherein the deletion spans both the ZBTB20 and
LSAMP genes, the composition for diagnosing or prognosing prostate cancer comprises
primers for amplifying a chimeric junction created by the deletion. Thus, in one
embodiment, the composition comprises a first polynucleotide primer comprising a sequence
that hybridizes under high stringency conditions to a first nucleic acid that borders a 5° end of
the deletion; and a second polynucleotide primer comprising a sequence that hybridizes under
high stringency conditions to the second nucleic acid that borders a 3” end of the deletion,
wherein the first and second polynucleotide primers are capable of amplifying a nucleotide
sequence that spans the chimeric junction created by the deletion, wherein the deletion occurs
at chromosome region 3q13 and spans the ZBTB20 and LSAMP genes.

[00121] Another aspect is directed to a double stranded oligonucleotide duplex,
wherein the oligonucleotide duplex comprises a first nucleic acid hybridized to a second
nucleic acid, wherein the first nucleic acid comprises a first portion from a ZBTB20 gene
fused to a second portion from a LSAMP gene and wherein the second nucleic acid is a
polynucleotide probe that is hybridized to a junction between the first portion from the
ZBTB20 gene and the second portion from the LSAMP gene. The polynucleotide probe is
optionally labeled.

[00122] In another embodiment, the oligonucleotide duplex comprises a first nucleic
acid hybridized to a second nucleic acid, wherein the first nucleic acid comprises a first
portion from exon 3* of a LSAMP gene fused to a second portion from exon 4 of a LSAMP
gene and wherein the second nucleic acid is a polynucleotide probe that is hybridized to a
junction between the first portion from exon 3% of the LSAMP gene and the second portion
from exon 4 of the LSAMP gene. The polynucleotide probe is optionally labeled.

[00123] In yet another embodiment, the oligonucleotide duplex comprises a first
nucleic acid hybridized to a second nucleic acid, wherein the first nucleic acid comprises a
first portion from exon 0* of a LSAMP gene fused to a second portion from exon 1 of a

LSAMP gene and wherein the second nucleic acid is a polynucleotide probe that is
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hybridized to a junction between the first portion from exon 0% of the LSAMP gene and the
second portion from exon 4 of the LSAMP gene. The polynucleotide probe is optionally
labeled.

[00124] Another aspect is directed to kits for diagriosing or prognosing prostate cancer.
In one embodiment, the kit for diagnosing or prognosing prostate cancer comprises a first
composition comprising one or more polynucleotide probes and/or primers for detecting a
7ZBTB20/LSAMP genomic rearrangement, as discussed above, and a second composition
comprising a polynucleotide probe that hybridizes under high stringency conditions to a gene
selected from COLI10A1, HOXC4, ESPL1, MMP9, ABCA13, PCDHGAI, and AGSK1.

[00125] In anether embodiment, the kit for diagnosing or prognosing prostate cancer
comprises a first composition comprising one or more polynucleotide probes and/or primers
for detecting a ZBTB20/LSAMP genomic rearrangement, as discussed above, and a second
composition comprising a pelynucleotide probe that hybridizes under high stringency
conditions to a gene selected from ERG, AMACR, PCA3, and PSA.

[00126] The kit for diagnosing or prognosing prostate cancer may also comprise
antibodies. Thus, in one embodiment, the kit for diagnosing or prognosing prostate cancer
comprises an antibody that binds to a polypeptide encoded by a ZBTB20/LSAMP gene
fusion. The antibody may be optionally labeled. In another embodiment, the kit further
comprises one or more antibodics for detecting at least 1, 2. 3, 4, 5, 6, or 7 of the
polypeptides encoded by following human genes: COL10A1, HOXC4, ESPL1, MMP9,
ABCAI13, PCDHGAL1, and AGSKI1. In another embodiment, the kit further comprises one or
more antibodies for detecting ERG, AMACR, or PSA.

[00127] In one embodiment, a kit for diagnosing or prognosing prostate cancer
includes instructional materials disclosing methods of use of the kit contents in a disclosed
method. The instructional materials may be provided in any number of forms, including, but
not limited to, written form (e.g., hardcopy paper, etc.), in an electronic form (e.g., computer
diskette or compact disk) or may be visual (e.g., video files). The kits may also include
additional components to facilitate the particular application for which the kit is designed.
Thus, for example, the kits may additionally include other reagents routinely used for the
practice of a particular method, including, but not limited to buffers, enzymes (e.g.,
polymerase), labeling compounds, and the like. Such kits and appropriate contents are well
known to those of skill in the art. The kit can also include a reference or control sample. The

reference or control sample can be a biological sample or a data base.
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[00128] The polynucleoctide probes and antibodies described in this application are
optionally labeled with a detectable label. Any detectable label used in conjunction with
probe or antibody technology, as known by one of ordinary skill in the art, can be used. Ina
particular embodiment, the probe is labeled with a detectable label selected from the group
congsisting of: a fluorescent label, a chemiluminescent label, a quencher, a radioactive label,

biotin, mass tags and/or gold.

Antibodies that Bind to a Chimeric ZBTB20/LSAMP Fusion Protein

[00129] This disclosure provides antibodies that bind to the protein encoded by the
ZBTB20/LSAMP gene fusion. Antibodies, also known as immunoglobulins, are typically
tetrameric glycosylated proteins composed of two light (L) chains of approximately 25 kDa
gach and two heavy (H) chains of approximately 50 kDa each. Two types of light chain,
termed lambda and kappa, may be found in antibodies. Depending on the amino acid
sequence of the constant domain of heavy chains, immunoglobulins can be assigned to five
major classes: A, D, E, G, and M, and several of these may be further divided into subclasses
(isotypes), e.g., IgG, 12Go, 1gGs, 1gGa, IgA |, and IgA;. Each light chain includes an
N-terminal variable (V) domain (VL) and a constant (C) domain (CL). Each heavy chain
includes an N-terminal V domain (VH), three or four C domains (CHs), and a hinge region.
The CH domain most proximal to VH is designated as CH1. The VH and VL domains
consist of four regions of relatively conserved sequences called framework regions (FR1,
FR2, FR3, and FR4), which form a scaffold for three regions of hypervariable sequences
(complementarity determining regions, CDRs). The CDRs contain most of the residues
responsible for specific interactions of the antibody with the antigen. CDRs are referred to as
CDRI1, CDR2, and CDR3. Accordingly, CDR constituents on the heavy chain are referred to
as H1, H2, and H3, while CDR constituents on the light chain are referred to as L1, L2, and
L3. Identification and numbering of framework and CDR residues is as described by Chothia
et al., Structural determinants in the sequences of immunoglobulin variable domain, J Mol
Biol 1998, 278:457-79, which is hereby incorporated by reference in its entirety.

[00130] In one embodiment, the protein encoded by the ZBTB20/LSAMP gene fusion
1s a truncated LSAMP protein. In certain embodiments, the antibody that binds to the
truncated LSAMP protein binds to an epitope present in the truncated LSAMP protein but not
present in the wild type LSAMP protein. In one embodiment, the antibody binds to a

chimeric polypeptide encoded by a gene fusion between exon 1 of the ZBTB20 gene and
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exon 4 of the LSAMP gene. In certain embodiments, the antibody that binds to a.chimeric
polypeptide encoded by a gene fusion between exon 1 of the ZBTB20 gene and exon 4 of the
LSAMP gene, binds to an epitope present in the polypeptide encoded by the gene fusion that
1s not present in either the wild type ZBTB20 or wild type LSAMP protein. In another
embodiment, the gene fusion comprises the nucleotide sequence of SEQ 1D NO:4.

[00131] Methods of making antibodies, or antigen-binding fragments thereof, and
formulating the same for therapeutic administration are well known as discussed, for
example, in PCT/US2010/032714, which is hereby incorporated by reference in its entirety.

[00132] The antibodies described herein that bind to a polypeptide encoded by a
7ZBTB20/LSAMP gene fusion can be used in a variety of research and medical applications.
In one aspect, the disclosure provides a method of treating prostate cancer in a subject,
comprising administering to said subject a therapeutically effective amount of an antibody
that binds to a polypeptide encoded by a ZBTB20/LSAMP gene fusion formulated in a
pharmaceutically acceptable vehicle.

[00133] The disclosure also provides compositions comprising an antibody that binds
to a polypeptide encoded by a ZBTB20/LSAMP gene fusion. In certain embodiments, the
compositions are suitable for pharmaceutical use and administration to patients. These
compositions comprise an antibody that binds to a polypeptide encoded by a
ZBTB20/LSAMP gene fusion and a pharmaceutically acceptable excipient. The
compositions may also contain other active compounds providing supplemental, additional,
or enhanced therapeutic functions. The pharmaceutical compositions may also be included in
a container, pack, or dispenser together with instructions for administration. In one
embodiment, the composition comprises a monoclonal antibody that binds to a polypeptide
encoded by a ZBTB20/LSAMP gene fusion for use in treating prostate cancer.

[00134] A pharmaceutical composition of the invention is formulated to be compatible
with its intended route of administration. Methods to accomplish the administration are
known to those of ordinary skill in the art. This includes, for example, injections, by
parenteral routes such as intravenous, intravascular, intraarterial, subcutaneocus,
intramuscular, intratumor, intraperitoneal, intraventricular, intracpidural, or others as well as
oral, nasal, ophthalmic, rectal, or topical. Sustained release administration is also
specifically contemplated, by such means as depot injections or erodible implants. Localized
delivery is particularly contemplated, by such means as delivery via a catheter to one or more

arteries, such as the renal artery or a vessel supplying a localized tumor.
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[00135] Toxicity and therapeutic efficacy of the composition can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
determining the LDsg (the dose lethal to 50% of the population) and the EDs; (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LD so/EDs.
Antibodies that exhibit large therapeutic mdices may be less toxic and/or more
therapeutically effective.

[00136] Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art.  Although
methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods and materials are described
below. In case of conflict, the present specification, including definitions, will control. In
addition, the materials, methods, and examples are illustrative only and not intended to be

limiting.

EXAMPLES

[00137] Example 1. Comparative Genomic DNA Analysis

[00138] A comparative full genome analysis was conducted using primary prostate
tumors and corresponding normal tissue (blood) in a cohort of seven AA and seven CA CaP
patients (28 specimens). The cohort was selected based on the following criteria: primary
treatment radical prostatectomy, no neo-adjuvant treatment, Gleason 6-7 (aka, primary
pattern 3 or Gleason grade 3 +3 and 3+4, which represents the majority of PSA-screened CaP
at diagnosis/primary treatment), frozen tumor tissue with 80% or more tumor cell content,
dissected tumor tissue yielding over 2 ug high molecular weight genomic DNA, availability
of corresponding blood genomic DNA and patient clinico-pathological data.

[00139] 28 samples were sent to [llumina Inc. (UK) for sequencing. Sequences from
tumor samples were mapped to the reference genome using lllumina’s ELAND alignment
algorithm. Sequencing reported good coverage (average 37). Variant calling for single
nucleotide polymorphisms (SNPs), small insertions and deletions (InDels), copy number
variants (CN'Vs), and structural variants (S§Vs) was performed concurrently using the Strelka
algorithm. All ¢stablished CaP mutations (TMPRSS2/ERG, SPOP, CHDI, and PTEN) were
identified at expected frequencies in this cohort. A genome sequence coverage summary of

the 14 patients is presented in Table 2.
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Sample ID GRid GPBY GRD?  GPEE  GP12  GRA3 GPIS  GPOE  GRAD GRS GRO?  GROL GROS GRIT
Ethnicity 1) AR Ah AR AR A A& & ¢} €A CA Ca £A {a
TMPRSS2-ERG Status ¥ + 3 " 3 + (.
Tumge: estimated purity 9 30 80 30 59 & 8t 95 9 88 iy a3 80 &
{7
Tumor Differentigtion WDS5S WDOS WD W0 WD WDBE2 WD WDIS WD WDE WD WD WD whos
{%) PEE  FDE  108 I i PDE W PR 1 PRDIE ID0 PDE PDS PDS
Tumer Gleason Ti3a8) M) B363) 6293} 5(3+3) T{3:d) 60393} T3ed) 6343} T {33l T 7048 7(3:4}
Tumor: bases sequenced 4385 167 1147 1167 1128 1076 1147 1235 W7F 1086 10&S 175 1Lg 13
ardl aligned {in Gh)
Tumos: haplold coverage 382 383 373 3B§  3RI MA@l 41 3 3/ ®WE B I OB6
Coverage-% Positions>=ly 98 ¥ 88 % 8 9% %8 %\l o®  B % B 8 8
Normal: basessequenced 1115 1118 1122 3024 1177 1134 10B3 1135 1088 IS8 1219 104 1083 1122
and slizned {in Gb}
Normsk haploid coverage 371 3.5 373 31 32 378 36 375 364 3]s 483 344 3/™2 374
Coverage-% Positionse=ly 98 82 §8 88 93 98 881 88 88 83 14 Ui 83 98
Mutation rate/Mb 39 Q3% S8 b9 472 088 07 LYY 4B LP3 474 233 Ll L1
Non-silent point mutations 23 i 25 i g i3 i} 38 i3 2 bt 18 i5 £

{»25% read coverage)

[00141] Thirty one genes (including known mutations) with SNP, CNV or InDel

somatic mutations in at least two of 14 patients were identified: AC0914352; APC;
ASMTL; ASMTL-ASI; CDC73; CHDI1, CSF2RA; EYS; FRG1; FRG1B; HK2; IL3RA;
KLLN; LIPF; LOC100293744; MT-ATP6; MT-BD4; MT-COl; MT-CYB; MT-ND2; MT-
ND3; MUC16;, MUC6; NOX3; PDHA2; PTEN; SLC25A6; SLC9BI1; SPOP; TRAV20; and
USH2A. The top SVs and CNVs (highest confidence) present in at least 2 of 14 patients are

set forth in Table 3:
[00142] Table 3

Gene Structural and Copy Number Ethnicity  Score
Variants
ZBTB20-LSAMP | Structural and Copy Number Variation | AD 17
TMPRSS2-ERG* Structural Variation (Gene Fusion) CD>AD 27
HLA-DRB5 Structural Variation AD>CD 42
MLL3-BAGE Structural Variation No 30
HLA-B Structural Variation AD>CD 19
FOXP1 Structural and Copy Number Variation | No 19
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Gene Structural and Copy Number Ethnicity  Score
Variants
CHD1* Copy Number Variation No 9
TRAV20 Structural and Copy Number Variation | AD>CD 8
PTEN* Copy Number Variant CD>AD 5
PRDM2-VS13D Structural and Copy Number Variation | No 3
RPL11-SLC30A2 | Structural Variation AD 5
SLC45A3 Structural Variation No 5
PCDHI10 Structural and Copy Number Variation | AD 4
* Known gene alteration in CaP
African descent = AD; Caucasian descent=CD

[00143] In Table 3, the “Score” is the sum of individual scores of maximum 5 for SV
or 4 for CNV for each patient (theoretical maximum score for the 14 patients is 14 x 5 =70
for SV, or 14 x4 =56 for CNV). A scoreof 1,4 or 5 is given for SV (where 5 means SV is
supported with RNA data, 4 means SV with splice reads, and 1 if no splice reads or RNA
data is available), and a score of 2 or 4 is given for CNV (2 if it is predicted by one algorithm,
and 4 if it is predicted by more than one algorithm).

[00144] Certain SNV, CNYV or InDel somatic mutations exhibited a preferred
association with a specific ethnic group (AD {African Descent), CD (Caucasian Descent),
AD>CD, or CD>AD). In particular, the absence of PTEN deletions in AA patients was
unexpected. PTEN deletion was detected in 4-0f 7 CD, indicating the potential exclusivity of
PTEN deletions in CD cases.

[00145] Example 2. Stratification of ZBTB20/LSAMP and PTEN Genetic
Alterations Based on Ethnicity

[00146] Established prostate cancer genomic defects (TMPRSS2/ERG, PTEN) as well
as a novel recurrent rearrangement affecting the ZBTB20/LSAMP loci on chromosome 3q13
were identified in this cohort of 14 patients. All three (ZBTB20/LSAMP (GP10),
TMPRSS2/ERG (GP1-14), and PTEN (GP1-14)) were validated by RT-PCR or FISH

analyses.
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[00147] Table 4

Sample Ethnicity TMPRSS2Z ZBTB20 PTEN

D ERG LSAMP Deletion
GP-02 AA - + -
GP-04 AA - + .
GP-10 AA - + .
GP-18 AA - - -
GP-12 AA + - -
GP-13 AA + - -
GP-15 AA + - -
GP-06 CA - - -
GP-11 CA - - +
GP-16 CA - - +
GP-01 CA + - +
GP-07 CA ¥ - .
GP-09 CA + - .
GP-17 CA + - +

+ indicates presence; - indicates absence

[00148] The PTEN deletion was not observed in any of the AD patients (0 of 7). It
was detected only in CID patients (4 of 7), suggesting that PTEN loss is an infrequent event in
CaP development of men of AD. Activation of ERG (via gene fusion with androgen
regulated genes, such as TMPRSS2), which has been associated with PTEN deletion, are also
less frequent in CaP patients of AD [20]. The observed association of PTEN deletion with
CD ethnicity was apparent and similar only to the ERG rearrangement when compared to
other structural (SV) or copy number (CNV) variations (see Table 3 above).

[00149] PTEN deletions identified by whole genome sequencing were independently
confirmed by FISH assay in identical tumor foci in consecutive sections of whole mount
prostates from the 7 AD and 7 CD. Figure 4A.

[00150] To validate these findings PTEN deletions were assessed by FISH assay in a
tissue microarray (TMA) of 41 AD and 58 CD cases representing Gleason 6, Gleason 7 or
Gleason 8-10 tumors. Multiple samples including different tumor foci from each case were

represented in the TMA. Examining all cores in the TMA, a significantly lower overall
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frequency of PTEN deletion was observed in AD (19.5%) when compared to CD (62.1) cases
(Table 5A). Consistent with the indicated low frequency of PTEN deletion from the whole-
genome sequences of Gleason 6-7 tumors of AD CaPs, PTEN deletions were found in only 1
out of 15 (6.7%) Gleason sum 6 and only 4 out of 15 (27%) Gleason sum 7 AD cases (Table
5B). This is in sharp contrast to PTEN deletion frequencies found in 10 out of 19 (52.6%)
Gleason sum 6 and 14 out of 21 (66.7%) Gleason sum 7 CD CaPs. Taken together, these
results validate the finding that PTEN loss is an infrequent event in CaPs of AD. Ethnic
disparities noted in CaP include higher genomic frequencies of PTEN deletion in CD when
compared to Asian men [34]. Recent reports have shown lower frequency of PTEN deletions
in AD CaP patients in comparison to CD CaP patients [35, 36].

[00151] Table SA

PTEN deletion
Race No Yes P value
AD, N=41 33 (80.5) 8 (19.5)
CD, N=58 22 (37.9) 36 (62.1) <0001
[00152] Table 5B
Overall (N=91) AD (N=39) CD (N=45)
PTEN PTEN PTEN
Worst PTEN PTEN PTEN
Gleason no | 4 no P no
Sum deletion | deletion | value | deletion | deletion | value | deletion | deletion value
23 11 14 1 10
6orless | (67.6) (32.4) (93.3) (6.7%) 947.4) | (52.6)
18 18 11 14
7 (50.0) (50.0) (73.3y | 4(26.7) 7(33.3) | (66.7)
11 11
8to 10 (50.0) (50.0) | 0.2571 | 7(70.0) | 3(30.0) | 0.3185 | 4(33.3) | 8(66.7) 0.6055

[00153] In patients of AD with ERG negative CaP (i.e., no ERG/TMPRSS2 fusion),
genomic rearrangements of the ZBTB20 - LSAMP chromosomal loci (Chr. 3q13) was noted
in 3 of 4 patients. Detailed analysis of the affected loci and RNA-Seq data revealed three

-40-




WO 2015/103287 PCT/US2014/072793

Customer No. 39,878
Attorney Docket No. HMI-149-PCT

different genomic rearrangements of the 3q13 loci.

[00154] Detailed analysis of the affected loci and RNA-Seq data indicated that in one
instance, the genomic rearrangement of the 3q13 loci involved a tandem duplication giving
rise to a fusion between exon 1 of ZBTB20 and exon 4 of LSAMP. Figures 1 and 2. More
specifically, the genomic rearrangement gave rise to a fusion between

f001551 (a) a portion of the LSAMP gene having the sequence:

v

AGAGTCTCTTCTTTGGGTCTCTTCCACATAGCTTGTTTGTAATCTCCAAGAAAGAC
TTCACATTACAGGCTGAAAAGAATCACCTACGGTTTCCATATTTTGAAAGAAATT
TTTAAAAACCATGAAAACAAACAAACAAAAATCCTAGTTTCCTTTATAAAATAGC
AAAGGAAAGTTCTCTCTCCTGTCACCAGGAATATGATTATGATCAGTTGGTTATT

TAGGTCACATGTGAAAGAAATGAAAGAGGAGGCATGGGAATGTAAGGGAGAAT

AGTAGTCTGCCCTCAAGTCTGCAAACG (SEQ ID NO:2); and

[00156] (b) a portion of the ZBTB20 gene having the sequence:

CTCGAGAACAGTGAGCAATAAATTTTTCTTTATACATTACCCAGTCTGTGGTATTC
TGTTATGGCAACACAAAATAAACTAAGACAGTATTATGTATTTTTTCTTTTGTTTT
ACATTTTACTAAGTGCCGACTTATTCGAAAAGGTAATTAGCTTTGGTTAATTATC
AAAGTTTTGTCTTTCCTTTCCTACTTTTIGTCCCACTAAGCAAAAAACAAAACAATG
AGCATTGACCTTTACCTTTCTCTGGTAAGGGAGTATGGAAGGTTTTCTACTACTTT
GTAAAAATACTGCTACAGATGG (SEQ ID NO:3).

[00157] When combined, the genomic rearrangement of the ZBTB20 and LSAMP

genes, in this one instance, had the following sequence:
CTCGAGAACAGTGAGCAATAAATTTTTCTTTATACATTACCCAGTCTGTGGTATTC
TGTTATGGCAACACAAAATAAACTAAGACAGTATTATGTATTTTTTCTTTTGTTTT
ACATTTTACTAAGTGCCGACTTATTCGAAAAGGTAATTAGCTTTGGTTAATTATC
AAAGTTTTGTCTTTCCTTTCCTACTTTTIGTCCCACTAAGCAAAAAACAAAACAATG
AGCATTGACCTTTACCTTTCTCTGGTAAGGGAGTATGGAAGGTTTITCTACTACTTT
GTAAAAATACTGCTACAGATGGAGAGTCTCTTCTTTGGGTCTCTTCCACATAGCT
TGTTTGTAATCTCCAAGAAAGACTTCACATTACAGGCTGAAAAGAATCACCTACG
GTTTCCATATTTTGAAAGAAATTTTTAAAAACCATGAAAACAAACAAACAAAAA
TCCTAGTTTCCTTTATAAAATAGCAAAGGAAAGTITCTCTCTCCTGTCACCAGGAA
TATGATTATGATCAGTTGGTTATTTAGGTCACATGTGAAAGAAATGAAAGAGGA
GGCATGGGAATGTAAGGGAGAATAGTAGTCTGCCCTCAAGTCTGCAAACG (SEQ
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IDNO:1)

[00158] A ¢DNA sequence of the ZBTB20/LSAMP gene fusion resulting from this
genomic rearrangement was identified as:

[00159] CACAACATCAAGAGCAGGAAAATGGACTCATTAGGGAGGCAGGCA
GTCATTACCACTCACACTGTACTTCCAGGGAGACACCGATTATAAGAAGAGAAA
CTCAGCGCTGGGGAAGAAGGAAGGGAATTTGAAGGAGAAGAAGAATATCTGGA
GATCCTTGGCATCACCAGGGAGCAGTCAGGCAAATATGAGTGCAAAGCTGCCAA
CGAGGTCTCCTCGGCGGATGTCAAACAAGTCAAGGTCACTGTGAACTATCCTCCC
ACTATCACAGAATCCAAGAGCAATGAAGCCACCACAGGACGACAAGCTTCACTC
AAATGTGAGGCCTCGGCAGTGCCTGCACCTGACTTTGAGTGGTACCGGGATGAC
ACTAGGATAAATAGTGCCAATGGCCTTGAGATTAAGAGCACGGAGGGCCAGTCT
TCCCTGACGGTGACCAACGTCACTGAGGAGCACTACGGCAACTACACCTGTIGTG
GCTGCCAACAAGCTGGGGGTCACCAATGCCAGCCTAGTCCTTTTCAGACCTGGGT
CGGTGAGAGGAATAAATGGATCCATCAGTCTGGCCGTACCACTGTGGCTGCTGG
CAGCATCTCTGCTCTGCCTTCTCAGCAAATGTTAA (SEQ ID NO:4).

[00160] In this ZBTB20/LSAMP gene fusion, the following sequence was derived
from exon | of ZBTB20:
CACAACATCAAGAGCAGGAAAATGGACTCATTAGGGAGGCAGGCAGTCATTACC
ACTCACACTGTACTTCCAGGGAGACACCGATTATAAGAAGAGAAACTCAGCGCT
GGGGAAGAAG (SEQ ID NO:5), with the remainder of the sequence (SEQ ID NO:6)
derived from exons 4-7 of LSAMP.

[00161] One of ordinary skill in the art can design primers for amplifying this
ZBTB20/LSAMP gene fusion. In one embodiment, the forward primer comprises the
nucleotide sequence of SEQ ID NO:5 or a sequence complementary thereto and the
reverse primer comprises the nucleotide sequence of SEQ ID NO:6 or a sequence
complementary thereto. The following exemplary primers were designed to amplify this
particular ZBTB20/LSAMP gene fusion:

[00162] ZBTB20/LSAMP Forward Primer:

[00163] GCAGGCAGTCATTACCACTC (SEQ ID NO:7)

[00164] ZBTB20/LSAMP Reverse Primer:

[00165] TGACTTGTTTGACATCCGCC (SEQ) ID NO:8)

[00166] In another instance, the genomic rearrangement of the 3q13 loci involved a

deletion, giving rise to a fusion between the ZBTB20 gene and the LSAMP gene. Figure 1.
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In the third instance, the genomic rearrangement of the 3g13 loci involved a large deletion of
at least 22.7 Mb, spanning both the ZBTB20 and LSAMP genes. Figure 1. Strikingly, two of
the 3 patients with the chromosome 3q13 rearrangement developed metastasis (the only two
metastasis in this cohort), and the third had biochemical recurrence of CaP (1 of 3 in the
cohort), indicating that the ZBTB20/LSAMP genomic rearrangement is associated with an
aggressive form of prostate cancer or an increased likelihood to develop an aggressive form
of prostate cancer. Figure 1.

[00167] To validate the association of the ZBTB20/LSAMP fusion transcript with AA
ethnicity, negative ERG status, and adverse disease outcome, 20 additional CaP tumors and
24 CaP tumor-derived cell lines of AA and CA descent were evaluated using PCR and the
primers described above. Of the 20 AA tumor samples analyzed, one contained the same
ZBTB20/LSAMP fusion transcript, which was present in GP10 specimen. This patient had an
ERG negative, aggressive form of prostate cancer (poorly difterentiated with progression to
metastasis). The ZBTB20/L.SAMP genomic rearrangement was not detected in mRNA or
genomic DNA of 34 normal samples (20 normal prostate tissue specimens and constitutional
DNA from 7 CA and 7 AA patients). A ZBTB20/LSAMP rearrangement was detected in one
CaP cell line (CPDR R(C92), which was derived from a patient of AD with poorly
differentiated prostate cancer.

[00168] ZBTB20-LSAMP deletions, identified in the tumor genome of two AD cases,
were validated by FISH assay by probing the genomic region of chromosome 3 (from the
7BTB20 prometer upstream sequences through the GAP43 gene to the LSAMP locus 3°
adjacent region) Figure 4B. One of the AD cases harbored ZBTB20-LSAMP duplication
rearrangement predicting an inactivating gene fusion between the promoter and first exon of
ZBTB20 and LSAMP coding sequences. This gene fusion was confirmed by 5°-RACE
metheod defining complete cDNA sequences of the 5° fusion partner, first exon of ZBTB20,
the fusion junction, and the 3° fusion partner, LSAMP exon 4. The fusion transcript
eliminates the natural translation initiation (ATG) of the LSAMP gene leading to the
premature truncation of LSAMP protein.

[00169] To validate the findings a tissue microarray (TMA) was assessed by FISH
assay for detecting the absence or presence of a DNA region between the ZBTB20 and
LSAMP gene loci in 23 AD and 7 CD cases representing Gleason 6, Gleason 7 or Gleason 8-
10 tumors. A deletion was detected in 26% (6 out of 23) of AD cases, whereas, the deletion

was observed in only 1 out of 7 (14%) in CD cases (Table 6A). Among the seven cases with
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deletion, six had biochemical recurrence (Table 6B). ERG expression rearrangement was
found only in two of the seven patients with the deletion in the ZBTB20-LSAMP region.
PTEN deletion was found in only one case out of seven (Table 6B). Six of the seven patients
having the deletion in the ZBTB20-LSAMP region experienced biochemical recurrence
(BCR) or metastisis (Met) (Table 6B). These data support our original discovery showing an
association of a significantly higher proportion of ZBTB20-LSAMP region deletions in AD
CaP patients with poor prognosis (biochemical recurrence after prostatectomy or metastis).

[00170] Table 6A

AD CD
Deletion 6 (26.09%) 1 (14.29%)
No deletion 17 (73.91%) 6 {85.71%)
Total 23 7

[00171] Table 6B

Ethnicity | ERG PTEN BCR/Met
AD Negative wit Yes

AD Negative wt No

AD Negative wit Yes

AD Positive wi Yes/Yes
AD Negative wit Yes

AD Positive wt Yes

CD Negative deletion | Yes

[00172] Evaluation of the affected 3q13 loci and RNA-Seq data indicated that the
genomic rearrangement in one AD ERG negative case involved a tandem duplication giving
rise to 5°-ZBTB20-LSAMP-3’ fusion transcripts. The 5’-ZBTB20-LSAMP-3” fusion
transcripts from this ADD ERG negative case were also assessed by the “Rapid Amplification
of cDNA Ends” {(RACE) method. The sequence of RACE products were cloned inan M13
sequencing vector and confirmed by forward and reverse DNA sequencing for six clones for

gach RACE c¢DNA products. Ten prototypical CaP-associated fusion cDNA were identified,

-44-



WO 2015/103287 PCT/US2014/072793

Customer No. 39,878
Attorney Docket No. HMI-149-PCT

ZBTB20-LSAMP Fusion Type 1-to 10, respectively and one alternatively spliced cDNA of
the LSAMP locus (LSAMP prostate cancer altematively spliced form Type 1: LPCS1),
Figure 5. The sequences of these transcripts are set forth below with bold text indicating the
portion from the ZBTB20 gene, and underlining indicating a sequence that was used as a
reverse primer in the RACE method. A universal 5 RACE sequence was used as the
forward primer in these amplification methods, The exons of the fusion transcripts and
LPCS1 altemate between normal text and italicized text.

[00173] Type 1: ZBTB20-E1-LSAMP-£4-E5-£6-E7
AGAGTACATGCGGCGGGGGGAAGTTTAGGAGT TGAGGAAAGAAGATTARRGAGCGCGAGGAG
GAAGGGAATTTGAAGGAGAAGAAGAATATCTGGAGATCCTTGGCATCACCAGGGAGCAGTCA
GGCAAATATGAGTGCAAAGCTGCCAACGAGGTCTCCTCGGCGGATGTCAAACAAGT CAAGGT
CACTGTGAACTATCCTCCCACTATCACAGAATCCAAGAGCAATGAAGCCACCACAGGACGAC
AAGCTTCACTCAAATGTGAGGCCTCGGCAGTGCCTGCACCTGACTTTGAGTGGTACCGGGAT
GACACTAGGATAAATAGTGCCAATGGCCTTGAGATTAAGAGCACGGAGGGCCAGTCTTCCCT
GACGGTGACCAACGTCACTGAGGAGCACTACGGCAACTACACCTIGTGTIGGCTGCCAACAAGC
TGGGGGTCACCAATGCCAGCCTAGTCCTTTITCAGACCTGGGTCGCGTGAGAGGAATARATGGA
TCCATCAGTCTGGCCGTACCACTGTGGCTGCTGGCAGCATCTCTGCTCTGCCTTCTCAGCAA
ATGTTAATAGAATARARATTTAAAAATAATTTAAAAAACACACAAAAATGTGTCACACAGAA
TACAGAGAGAGAGAGACAGAGAGAGAGAGAGAGAGAGAGATGGGGGAGACCGTTTATTTCAC
AACTTTGTGTGTTTATACATGRAGGGGGARATAAGAAAGTGAAGAAGAAAATNACAACATTT
ARAACAATTTTACAGTCCATCATTAAARATTTATGTATCATTCAGGATGGAGAAGGTTCTAC
TGGGATATGTTTATATCTACTAAGCAAATGTATGCTGTGTAAAGACTACACCACACTAAGGA
CATCTGGATGCTGTAAAAATAAGAGAAGAACCAGATGGATATTAAGCCCCCCAACACACACT
TTATCCTTCCTTCCTTCATCTTTTTTCATCTGTGGGGAAGAARATAAGGTCTTGCCTTTGGT
GTTTATATTTCCATAACCTTTTAATTCTATTTTTCATTTGAGCTGACTTGTAGCCACTTCAG
ACTATCAATGGAATCTTATGTTGAGCCTTTCTCTGGCTTTCCTTCCTCCACTATCTCTCCAA
CTTTAGAGATCATCCCCTCTCCCTCCAGTGCGTTCTATCTCCCCCACACCCACCCAA (SEQ
ID NO:32)

[00174] Type 2: ZBTB20-E1C LSAMP E3A4-E4-E5-E6-E7
ACATGGGGAGGTTGCAGTGTGTGTATATACACAACATCAAGAGCAGGAAAATGGACTCATTA

GGGAGGCAGGCAGTCATTACCACTCACACTGTACTTCCAGGGAGACACCGATTATAAGAAGA
GAAACTCAGCGCTGGGGAAGAAGATTAACTTACTCTTAATGATCTTCCAACACTTGAGAAGG
TCAGTAGCCCTCCATCTGTCATTCTCCAAGTTCACCAACAGCTTATCCACCCATCAAAGGTG
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CTTTTGTAACAAAATCCATGCATAATGAAACCAAGAAAGGARGGGAATTTGAAGGAGAAGAA
GAATATCTGGAGATCCTTGGCATCACCAGGGAGCAGTCAGGCAAATATGAGTGCAAAGCTGC
CAACGAGGTCTCCTCGGCGGATGTCARAACAAGTCAAGGTCACTGTGAACTATCCTCCCACTA
TCACAGAATCCAAGAGCAATGAAGCCACCACAGGACGACAAGCTTCACTCAAATGTGAGGCC
TCGGCAGTGCCTGCACCTGACTT TGAGTGGTACCGGGATGACACTAGGATARATAGTGCCAA
TGGCCTTGAGATTAAGAGCACGGAGGGCCAGTCTTCCCTGACGTGACCAACGTCACTGAGAG
GNGAGCACTACGGCAACTACACCTGTGTGGCTGCCAACAAGCTGGGEGTCACAATGCCAGCC
TAGTCCTTTTCAGACNTGGRY SGTGAGAGGAATAAATGGATCCATCAGTCTGGCCGTACCAC
TNGTGGCTGCTGGCAGCAATNNT CTCTGCTCTGCCGTCTCAGCAAATGTTAATAGAATAAAA
ATTTAAAAATAATTTAAAAAACACACAAAAATGCGTCACACAGAATACAGAGAGAGAGAGAC
AGAGAGAGAGAGAGAGAGAGAGATGGGGGAGACCGTTTATTTCACAACTTTGTGTGTTTATA
CATGAAGGGGGAAATAAGAAAGTGAAGAAGAAAATACAACATTTAAAACAATTTTACAGTCC
ATCATTAAAAATTTATGTATCATTCAGGATGGAGAAGGTTCTACTGCGGATATGTTTATATCT
ACTAAGCAAATGTATGCTGTGTAAAGACTACACCACACTAAGGACATCTGGATGCTGTAAAA
ATAAGAGAAGAACCAGATGGATATTAAGCCUCCCAACACACACTTTATCCTTCCTTCCTTCA
TCTTTTTTCATCTGTGGGGAAGAAAATAAGGTCTTGCCTTTGGTGTTTATATTTCCATAACC
TTTTAATTCTATTTTTCATTTGAGCTGACTTGTAGCCACTTCAGACTATCAATGGAATCTTA
TGTTGAGCCTTTCTCTGGCTTTCCTTCCTCCACTATCTCTCCAACTTTAGAGATCATCCCCT
CTCCCTCCAGTGCGTTCTATCTCCCCCACACCCACCCAAGCTTGGCGTAATC (SEQ ID

NO:33)

[00175] Type 3. ZBTB20-E1C LSAMP-E4-E5-E6-E7
CAACGCAGAGTACATGGGACACAACATCAAGAGCAGGAAAATGCGACTCAT TAGGGAGGCAGG
CAGTCATTACCACTCACACTGTACTTCCAGGGAGACACCGATTATAAGAAGAGABRACTCAGC
GCTGGGGAAGAAGGAAGGGAATTTGAAGGAGAAGAAGAATATCTGGAGATCCTTGGCATCAC
CAGGGAGCAGTCAGGCAAATATGAGTGCAAAGCTGCCAACGAGGT CTCCTCGGCGGATGTCA
AACAAGTCAAGGTCACTGTGAACTATCCTCCCACTATCACAGAATCCAAGAGCAATGAAGCC
ACCACAGGACGACAAGCTTCACTCAAATGTGAGGCCTCGGCAGTGCCTGCACCTGACTTTGA
GTGGTACCGGGATGACACTAGGATAAATAGTGCCAATGGCCTTGAGATTAAGAGCACGGAGG
GCCAGTCTTCCCTGACGGTGACCAACGTCACTGAGGAGCACTACGGCAACTACACCIGIGTG
GCTGCCAACAAGCTGGGGGTCACCAATGCCAGCCTAGTCCTTTTCAGACCTGGGTCGGTGAG
AGGRAATAAATGGATCCATCAGTCTGEGCCGTACCACTGTGGCTGCTGGCAGCATCTCTGCTCT
GCCTTCTCAGCAAATGTTAATAGAATAAAAATTTAARAATAATTTAAAAAACACACARARAT
GCGTCACACAGAATACAGAGAGAGAGACAGAGAGAGAGAGAGAGAGAGAGAGATGGGGGAGA
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CCGTTTATTTCACAACTTTGTGTGTTTATACATGAAGGGGGAAATAAGAAAGTGAAGAAGAA
AATACAACATTTAAAACAATTTTACAGTCCATCATTAAAAATTTATGTATCATTCAGGATGG
AGAAGGTTCTACTGGGATATGTTTATATCTACTAAGCAAATGTATGCTGTGTAAAGACTACA
CCACACTAAGGACATCTGGATGCTGTAAARATAAGAGAAGAACCAGATGGATATTAAGCCCC
CCAACACACACTTTATCCTTCCTTCCTTCATCTTTTTTCATCTGTGGGGAAGRARATAAGGT
CTTGCCTTTGGTGTTTATATTTCCATAACCTTTTAATTCTATTTTTCATTTGAGCTGACTTG
TAGCCACTTCAGACTATCAATGGAATCTTATGTTGAGCCTTTCTCTGGCTTTCCTTCCTCCA
CTATCTCTCCAACTTTAGAGATCATCCCCTCTCCCTCCAGTGCGTTCTATCTCCCCCACALCC

CACCCAAGCTTGGCGTAATC (SEQ ID NO:34)

[00176] Type 4. ZBTB20-E1-E{4-E1B-LSAMP-E4
ACATGGGGAAGTTTAGGAGTTGAGGAAAGAAGATTAAAGAGCGCGAGGAGATTTTATAGACC
AGTGGAATACAGCCCTIGTGCATATGAAGATCAGGTGACAAGTTTGSTGCCTACCAGCCTCC
ACAGCAATATGCCCTTTCACGAGTCCCTATCGCCCAGGCTGGAGTGCAGTGGCGTGATCTCT
GCTCACTGCAACCTCCGCCTCCCGGGTTCAAGTGATTCTCTTGCCTCAGCCTCCCGAGTAGC
TGGGATTACAGGAAGGGAATTIGAAGGAGAAGAAGAATATCTGCGAGATCCTTGGCATCACCA
GGGAGCAGTCAGGCAAAAGCTTGGCGTAATC (SEQ ID NO:35)

[00177] Type S ZBTB20-E1*A-LSAMP-E4
ACATGGGGGAGGAAAGAAGATTARAAGAGCGCGAGGAGATTTTATAGACCAGTGGAATACAGG

CCTTGTGCATATGAAGATCAGGTGACAAGTTTGCTGCCTACCAGCCTCCACAGCAATATGCC
CTTTCACGGAAGGGAATTTGAAGGAGAAGAAGAATATCTGGAGATCCTTGGCATCACCAGGG

AGCAGTCAGGCAAAAGCTTGGCGTAATC (SEQ ID NO:36)
[00178] Type 6: ZBTB20-E1-E1B-LSAMP-E4
ACATGGGGGAGCAAAGAAGATTARAGAGCGCCGAGCAGACAGAGTCCCTATCGCCCAG

GCTGGAGTGCAGTGGCGTGATCICTGCTCACTGCAACCTCCGCCTCCCGGGTTCAAGTGATT
CTCTTGCCTCAGCCTCCCGAGTAGCTGGGATTACAGGAAGGGAATTTGAAGGAGAAGAAGAA
TATCTGGAGATCCTTGGCATCACCAGGGAGCAGTCAGGCAAAAG (SEQ ID NO:37)
[00179] Type 7: ZBTB20-E1-LSAMP-E4
ACATGGGGAAGTTTAGGAGTTGAGGAAAGAAGATTAAAGAGCGCGAGGAGGAAGGGAATTTG

AAGGAGAAGAAGAATATCTGGAGATCCTTIGGCATCACCAGGGAGCAGTCAGGCAAAAGCTTGE

GSGTAATC {(SEQ ID NO:38)

[00180] Type 8: ZBTB20-E1-LSAMP-E3*- E4
ACATGGGGGGGCGCEEEGGAAGTTTAGGAGT TGAGGAAAGAAGATTARAGAGCGCGAGGAGAT
TAACTTACTCTTAATGATCTTCCAACACTTGAGAAGGTCAGTAGCCCTCCATCTGTCATTCT
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CCAAGTTCACCAACAGCTTATCCACCCATCAAAGGTGCTTTTGTAACAAAATCCATGCATAA
TGAAACCAAGAAAGGAAGGGAATTTGAAGGAGAAGAAGAATATCTGGAGATCCTTGGCATCA
CCAGGGAGCAGTICAGGCAARAAGCTTGGCGTAARTC (SEQ ID NO:39)

[00181] Type 9: ZBTB20-ELC LSAMP-E4
ACATGGGGAAGAGCAGGAAAATGGACTCATTAGGGAGGCAGGCAGTCATTACCACTCACALCT
GTACTTCCAGGGAGACACCGATTATAAGAAGAGAAACTCAGCGCTGGGGAAGARGCAAGGGA
ATTTGAAGGAGAAGAAGAATATCTGGAGATCCTTGGCATCACCAGGGAGCAGTCAGGCAAAA
GCTTGGCGTAATC (SEQ ID NO:40)

[00182] Type 10: ZBTB20-E1C-1.SAMP-E3*E4
ACATGGGGAGTACATGGGGATATACACAARCATCAAGAGCAGGAAAATGGACTCATTAGGGAG
GCAGGCAGTCATTACCACTCACACTGTACTTCCAGGGAGACACCGATTATAAGBAGAGARAC
TCAGCGCTGGGGARGRAGATTAACTTACTCTTAATGATCTTCCAACACTTGAGAAGGT CAGT
AGCCCTCCATCTGTCATTCTCCAAGTTCACCAACAGCTTATCCACCCATCAAAGGTGCTTTT
GTAACAAAATCCATGCATAATGAAACCAAGAAAGGAAGGGAATTTGAAGGAGARGAAGAATA

TCTGGAGATCCTTGGCATCACCAGGGAGCAGTCAGGCARAAAGCTTGGCGTAATC (SEQ ID

NO:41)

[00183] LPCS1: LSAMP-EO*-E/-E2-E3-FE4
GGAGGAGGATAGGAAGCAGGAAAGCGGGAGAGCTCGAGGGACAAGGGGGCTCGGTGTGTTTA
CACCAGGCACGGGCTACGAGCGTCCATCCLCGGCCCCTGGCTTGCECTCCCGAAGAGGAGAGC
AAGGCTGTTCTGGGATCCGGCCGTCGTCGCGGCAAGAGGCTTGTCTGTCCGGGTTGCCGGAAC
CAGGAGAACCCAGAGGGAARCCGAGGGAAAGGAGCGGLGCGTTTTACTAGAGAGAGCGLGAG
CGGRAAGAGGCGAGAGCAGGAGCGCGLCGAGGGAGCATCGAGCGCAGCGGAGACATGAGGALCCT
ACTGGCTGCACAGCGTCTGGGTGCTGGGCTTTTTCCTGTCCCTCTTCTCATTGCAAGGACTG
CCTGTTCGCAGCGTGGATTTTAACCGAGGCACGGACAACATCACCGTGAGGLCAGGGGGACAC
AGCCATCCTCAGETGCGTTGTAGAAGACAAGAACTCARAGGTGGCCTGGTTGAACCGTTCTG
GCATCATTTTTGCTGGACATGACAAGTGGTCTCTGGACCCACGGGTTGAGCTGGAGARACGC
CATTCTCTGGAATACAGCCTCCGAATCCAGAAGGTGGATGTCTATGATGAGGGTTCCTACAC
TTGCTCAGTTCAGACACAGCATGAGCCCAAGACCTCCCAAGTTTACTTGATCGTACAAGTCC
CACCAAAGATCTCCAATATCTCCTCGGATGTCACTGTGAATGAGGGCAGCAACGTGACTCTG
GTCTGCATGGCCAATGGCCGTCCTGAACCTGTTATCACCTGGAGACACCTTACACCAACTGG
AARGGGAATTTGAAGGAGAAGAAGAATATCTGGAGATCCTTGGCATCACCAGGGAGCAGTCAG
GCAAAAGCTTGGCGTAATCC (SEQ ID NO:46)
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[00184] All cDNA sequences were distinct from the wild type LSAMP and ZBTB20
sequences. Seven of the ten fusion transcripts involved a fusion between exon 1 of ZBTB20
and exon 4 of LSAMP. Figure 5. The remaining three fusion transcripts involved a fusion
between exon 1 of ZBTB20 and exon 3* of LSAMP. Figure 5. Exon 3* represents a novel
exon sequence from the LSAMP locus that has net been previously annotated and that is
associated with the genomic rearrangement of the ZBTB20 and LSAMP genes. The
nucleotide sequence of exon 3* corresponds to SEQ 1D NO:45. Open reading frame (ORF)
searches predicted severe N-terminal truncation of the LSAMP protein or the absence of ORF
in the LSAMP cDNA.

[00185] One of ordinary skill in the art can design primers for amplifving these
ZBTB20/LSAMP gene fusion transcripts. In one embodiment, the forward primer is
designed to hybridize to a region of exon 1 of ZBTB20 (e.g., E1, E1A, E1B, or E1C) and
the reverse primer is designed to hybridize to exon 3* or exon 4 of LSAMP. In another
embodiment, the primers are designed to amplify an amplification product that
comprises a first region from exon 1 of ZBTB20 (e.g., El, EIA, EIB, or EIC)and a
second region from exon 3* or exon 4 of LSAMP, wherein detecting the amplification
product indicates the presence of a ZBTB20/LSAMP gene fusion transcript. In certain
embodiments, the forward primer hybridizes under conditions of high stringency to a
region within E1 of the ZBTB20 gene and the reverse primer (e.g., SEQ ID NO:44)
hybridizes under conditions of high stringency to a region within exon 4 of LSAMP.
Exon 4 of LSAMP corresponds to nucleotides 1022-1156 of SEQ 1D NO:10. These
primers could be used to amplify, for example, the Type 1, 4, 5, 6, 7, and 8 fusion
transcripts in Figure 5. In other embodiments, the forward primer hybridizes under
stringent conditions to a region within E1C of the ZBTB20 gene and the reverse primer
(e.g.. SEQ ID NO:44) hybridizes under stringent conditions to a region within exon 4 of
LSAMP. These primers could be used to amplify, for example, the Type 2, 3, 9, and 10
fusion transcripts in Figure 5. In certain embodiments, the reverse primer (e.g., SEQ ID
NO:42 or SEQ 1D NO:43) hybridizes to a region within exon 7 of LSAMP or a sequence
complementary thereto. Because exon 3* is a unique LSAMP exon associated with the
genomic arrangement of the ZBTB20 and LEAMP genes, it is also possible to design
primers to amplify unique regions of exon 3#* ora unique region that spans the junction
between exon 3* and exon 4 of LSAMP and, thus, can be used to specifically identify

the genomic arrangement of the ZBTB20 and LSAMP genes.
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[00186] LPCS1 (SEQ ID NO:46) represents an alternatively spliced cDNA of the
LSAMP locus and includes exon 0%, a novel exon sequence from the LSAMP locus that has
not been previously annotated and that is associated with the genomic rearrangement of the
ZBTB20 and LSAMP genes. The nucleotide sequence of exon 0% corresponds to SEQ 1D
NO:47. Because exon 0% is a unique LSAMP exon associated with the genomic
arrangement of the ZBTB20 and LSAMP genes, one of skill in the art can design primers
to amplify unique regions of exon 0* or a unique region that spans the junction between
gxon 0% and exon 1 of LSAMP and, thus, can be used to specifically identify the
genomic arrangement of the ZBTB20 and LSAMP genes.

[00187] All patents, patent applications, and published references cited herein are
hereby incorporated by reference in their entirety. While this invention has been particularly
shown and described with references to preferred embodiments thereof, it will be understood
by those skilled in the art that various changes in form and details may be made therein

without departing from the scope of the invention encompassed by the appended claims.
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What is claimed:

1.

b

A method of identifying or characterizing prostate cancer in a subject, the methed
comprising detecting the presence or absence of a genomic rearrangement in a
biological sample obtained from the subject, wherein the biological sample comprises
prostate cells or nucleic acid or polypeptides isolated from the prostate cells and
wherein the genomic rearrangemerit occurs in chromosome region 3q13 and involves
a ZBTB20 gene and an LSAMP gene and wherein detecting the genomic
rearrangement identifies prostate cancer in the subject or characterizes the prostate
cancer in the subject as being an aggressive form of prostate cancer or as having an

increased risk of developing into an aggressive form of prostate cancer.

The method of claim 1, wherein the biological sample comiprises prostate cells or

nucleic acids or polypeptides isolated therefrom.

The method of claim 1 or 2, wherein the genomic rearrangement is a gene fusion, a

gene inversion, a gene deletion, or a gene duplication,

The method of any on¢ of claims 1-3, wherein prostate cancer from the subject does
not express a TMPRSS2/ERG gene fusion.

The method of any one of claims 1-4, wherein the subject is of African descent.

The method of claim 1 or 2, wherein detecting the presence of the genomic
rearrangement in the biological sample comprises detecting a chromosomal
rearrangement of genomic DNA having a first portion from the ZBTB20 gene and a

second portion from the LSAMP gene.

The method of ¢laim 1 or 2, wherein detecting the presence of the genomic
rearrangement in the biological sample comprises detecting a chimeric mRNA or
cDNA transcript having a first nucleic acid portion from the ZBTB20 gene and a

second nucleic acid portion from the LSAMP gene.
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The method of claim 7, wherein the first nucleic acid portion 1s exon 1of the ZBTB20

gene and the second nucleic acid portion is exon 3* or exon 4 of LSAMP.

The method of claim 1 or 2, wherein detecting the presence of the genomic
rearrangement in the biological sample comprises detecting a deletion in chromosome

region 3q13, wherein the deletion spans the ZBTB20 and LSAMP genes.

The method of claim 1 or 2, wherein detecting the presence of the genomic
rearrangement in the biological sample comprises detecting a mRNA or cDNA
transcript comprising exon 0¥ (SEQ 1D NO: 47) or exon 3* (SEQ ID NO:45).

The method of any one of claims 1-10, further comprising measuring the expression
of one or more of the following genes: COLI10A1, HOXC4, ESPL1, MMP9,
ABCAI13, PCDHGAI, or AGSKI1.

The method of any one of claims 1-11, further comprising measuring the expression
of one or more of the following genes: ERG, AMACR, PCA3, or PSA.

. The method of any one of claims 1-12, further comprising a step of selecting a

treatment regimen for the subject based on the detection of the genomic

rearrangement.

The method of any one of claims 1-13, further comprising a step of treating the
subject if the genomic rearrangement is detected in the biological sample obtained

from the subject.

A composition comprising a polynucleotide probe, wherein the polynucleotide probe
hybridizes under high stringency conditions to a junction of a chimeric nucleic acid,
wherein the chimeric nucleic acid comprises:

(a) a first portion from a ZBTB20 gene and a second portion from a LSAMP

gene;
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(b) a first portion from exon 3% of a LSAMP gene and a second portion from
exon 4 of a LSAMP gene; or

(c) a first portion from exon 0* of a LSAMP gene and a second portion from
exon 1 of a LSAMP gene.

The composition of ¢laim 15, wherein the first portion is exon 1of the ZBTB20 gene

and the second portion is exon 3* or exon 4 of LSAMP.

The composition of ¢laim 15 or 16, wherein the polynucleotide probe is labeled.

A kit comprising the composition of claim 17 and a second composition comprising a
polynucleotide probe that hybridizes under high stringency conditions to a gene
selected from COL10A1, HOXC4, ESPL1, MMP9, ABCA13, PCDHGAL, and
AGSKI1,

A kit comprising the composition of claim 17 and a second composition comprising a
polynucleotide probe that hybridizes under high stringency conditions to a gene
selected from ERG, AMACR, PCA3, and PSA.

. A composition comprising a double stranded oligonucleotide duplex, wherein the

oligonucleotide duplex comprises:

(a) a first nucleic acid hybridized to a second nucleic acid, wherein the first
nucleic acid comprises a first portion from a ZBTB20 gene fused to a second portion
from a LSAMP gene and wherein the second nucleic acid is a polynucleotide probe
that is hybridized to a junction between the first portion from the ZBTB20 gene and
the second portion from the LSAMP gene;

(b) a first nucleic acid hybridized to a second nucleic acid, wherein the first
nucleic acid comprises a first portion from exon 3* of a LSAMP gene fusedto a
second portion from exon 4 of a LSAMP gene and wherein the second nucleic acid is
a polynucleotide probe that is hybridized to a junction between the first portion from
exon 3* of the LSAMP gene and the second portion from exon 4 of the LSAMP gene;

or
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(c) a first nucleic acid hybridized to a second nucleic acid, wherein the first
nucleic acid comprises a first portion from exon 0% of a LSAMP gene fused to a
second portion from exon 1 of a LSAMP gene and wherein the second nucleic acid is
a polynucleotide probe that is hybridized to a junction between the first portion from

exon 0% of the LSAMP gene and the second portion from exon 1 of the LSAMP gene

The composition of claim 20, wherein the first portion i1s exon 1of the ZBTB20 gene

and the second portion is exon 3* or exon 4 of LSAMP.

The composition of claim 20 or 21, wherein the polynucleotide probe is labeled.

. An isolated antibody that binds to a truncated LSAMP polypeptide encoded by a gene

tusion, wherein the gene fusion has a first portion from a ZBTB20 gene and a second

portion from a LSAMP gene.

A composition for amplifying a gene fusion, wherein the gene fusion has a first
portion from a ZBTB20 gene and a second portion from a LSAMP gene, the

composition comprising:

a) a first polynucleotide primer comprising a sequence that hybridizes to the first

portion of the gene fusion from the ZBTB20 gene; and

b} asecond polynucleotide primer comprising a sequence that hybridizes to the

second portion of the gene fusion from the LSAMP gene,

wherein the first and second polynucleotide primers are capable of amplifying a
nucleotide sequence from the gene fusion that spans the junction between the first
portion ot the gene fusion from the ZBTB20 gene and the second portion of the

gene fusion from the LSAMP gene.

The method of claim 24, wherein the first portion of the gene fusion is exon 1of the
ZBTB20 gene and the second portion of the gene fusion is exon 3* or exon 4 of

LSAMP.
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26. A composition for amplifying a gene fusion, wherein the gene fusion has a first
portion from exon 3* of a LSAMP gene and a second portion from exon 4 of a

LSAMP gene, the composition comprising:

a) a first polynucleotide primer comprising a sequence that hybridizes to the first

portion of the gene fusion from exon 3% of the LSAMP gene; and

b) a second polynucleotide primer comprising a sequence that hybridizes to the

second portion of the gene fusion from exon 4 of the LSAMP gene,

wherein the first and second polynucleotide primers are capable of amplifying a
nucleotide sequence from the gene fusion that spans the junction between the first
portion of the gene fusion from exon 3* of the LSAMP gene and the second

portion of the gene fusion from exon 4 of the LSAMP gene.

27. A composition for amplifying a gene fusion, wherein the gene fusion has a first
portion from exon 0* of a LSAMP gene and a second portion from exon 1 of a

LSAMP gene, the composition comprising:

a) a first polynucleotide primer comprising a sequence that hybridizes to the first

portion of the gene fusion from exon 0* of the LSAMP gene; and

b} a second polynucleotide primer comprising a sequence that hybridizes to the

second portion of the gene fusion from exon 1 of the LSAMP gene,

wherein the first and second polynucleotide primers are capable of amplifying a
nucleotide sequence from the gene fusion that spans the junction between the first
portion of the gene fusion from exon 0* of the LSAMP gene and the second portion

of the gene fusion from exon 1 of the LSAMP gene.

28. A method of selecting a targeted prostate cancer treatment for a patient of African

descent, wherein the method comprises:

(a) excluding a prostate cancer therapy that targets the

PI3K/PTEN/Akt/mTOR pathway as a treatment option: and
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(b) selecting an appropriate prostate cancer treatment.

29. The method of 28, further comprising a step of testing a biological sample from the
patient, wherein the biological sample comprises prostate cells to confirm that the

prostate cells to do not contain a PTEN gene deletion.
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Genomic structure of the Z-L fusion
(chromosome 3913, negative strand)

/BTB20 GAP43  LSAMP

wr ={{II )\

Ethnicity: ERG type: Outcome:

O\ AA  negative [metastasis

Z-L fusion junction (cDNA)
Fusion junction
ZBTB20 exon1 7 LSAMP exon4

5' .AAGATTAAAGAGCGCGAGGAGGAAGGGAATTTGAAGGAGA- 3'

Z-L fusion sequence read
(reverse orientation)
TCTCCTTCAAATTCCCTTCCTCCTCGCGCTCTTTAATCTI
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