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PRKC FUSIONS
{8881} This apphcation claims the benefit of ULS. Provisional Application No. 62/025,8685,
filed July 17, 2014, which is incorporated here by reference in its entirety to provide continuity

of disclosure.

18062} This invention relates to PRKC {protein kinase C family) gene fusions and PRKC
fusion proteins. The invention further relates o methods of diagnosing and treating discases or
disorders associated with PREC fusions, such as conditions mediated by aberrant PRKC

expression or activity, ov conditions associated with overexpression of PRKC.

{8803} Many forms of cancer arc caused by genetic lesions that give rise to tomor initiation
and growth. Genetic lesions may include chromosoermal aberrations, such as translocations,
mversions, deletions, copy number changes, gene expression level changes, and somatic and
germline muiations. Indeed, the presence of such genomic aberrations is a hallmark feature of
many cancers, inchuding, for exanple, B cell cancer, lung cancer, breast cancer, ovarian cancer,
pancreatic cancer, and colon cancer. In some models, cancer represents the phenotypic end-
point of multiple genetic lesions that endow cells with a full range of biological propertics

required for tumorigenesis.

18064} Recent efforts by The Cancer Genome Atlas (TCGA), the International Cancer Genome
Consortium (ICGC), and dozens of other large-scale profiling efforts have generated an
enormeus amount of new sequencing data for dozers of cancer types — this fncludes whole-
genome DNA| whole-exome DNA, and full-transcriptome BRNA sequencing. These efforts
have led to the identification of new driver genes and fusion genes within multiple cancer
types. Fusions, particularly fusions mnvolving kinascs, are of particular intevest, as such fusions
have been shown to be oncogenic, and have been successtully targeted by new theorapeutics.
For example, anaplastic lymphoma kinase (ALK), one of the receptor tyrosine kinases, 18
known to become oncogenic when fused with various genes. See, e.g., M. Soda ¢t al,
“Identification of the transformoing EML4-ALK fusion gene in non-small-cell lung cancer,”

Nature 444:561-566 (2007).

{8805] A nced exists for identifying novel genctic lesions associated with cancer. For
example, the presence of fusions involving a kinase in samples collected from more than one
source can indicate that the kinase is an oncogenic driver. The identification of such fusions
can be an effective approach to diagnosis of cancers and development of compounds,

compositions, methods, and assays for evaloating and treating cancer paticuts.
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18066} In onc aspect, the invention provides a method for detecting the presence of a PRKC
fusion in a biological sample. The method includes the steps oft (a) obtaining a binlogical
sanple from a mammal; and (b) cordacting the sample with a reagent that detects a PRKC
fusion, to determine whether a PREKC fusion is present in the biological sample. The sample
can be from, e.g., a cancer patient. In some embodiments, the cancer can be a lung cancer,
such as, ¢.g., lung squamous cell carcinoma or lung adenccarcinoma. In some embodiments,
the fusion can be, ¢.g., an IGF2BP3:PRKCA fusion, a TANC2:PRKCA fusion, an
ADCY9:PRECE fusion, or an SPNS1T:PRKCB fusion. In some embodiments, the
IGF2BP3:PRKCA fusion has all or part of the nucleotide and/or amino acid sequence (such as,
¢.g., the fusion junction) set forth in SEQ 1D NO:1 and SEQ 1D NO:Z, respectively. In some
embodiments, the TANC2:PRECA fusion has all or part of the nucleotide and/or amino acid
sequence (such as, e.g., the fusion junction) set forth in SEQ ID NG:3 and SEQ 1D NO4,
respectively. In some cmbodiments, the ADCYS:PRKCEB fusion has all or part of the
nucleotide and/or amine acid sequence {such as, ¢.g., the fusion junction) set forth in SEQ 1D
NO:S and SEQ ID NGO:6, respectively. In some embodiments, the SPNS:IPRKCB fusion has
all or part of the nucleotide and/or aminoe acid sequence (such as, ¢.g., the fusion junction) set

forth in SEGQ 1D NO:7 and SEQ 1D NO:B, respectively,

{88071 In another aspect, the invention provides a method of diagnosing a patient having a
disease or disorder associated with aberrant PREKC expression or activity, or overexpression of
PRKC; the method inchudes: (a} obtaining a biological sample from the patient; and (b)
contacting the sample with 4 reagent that detects a PREC fusion to determine whether a PREC
fusion is present in the biological sample, whereby the detection of the PRKC fusion mndicates
the presence of & disorder associated with aberrant (e.g., constitutive) PRKC activity or

expression, or overexpression of PRKC,

{8808] The invention also includes a method of determining a therapeutic vegimen for ireating
a cancer in a human subject; 2 method of identitving a patient likely to respond to treatment
with a PREC inhibitor or 3 PRKC fusion inhibitor; a method of stratifying a patient population
by detecting a PREC fusion; a method of treating a patient; & method of inhibiting the
proliferation of cells containing 3 PRKC fusion; a method of reducing an activity of a PRKC
fusion; a method of treating a condition mediated by aberrant {e.g., constitutive) PRKC activity
or expression; a method of treating a condition characterized by overexpression of PRKC; a
method of identifying an agent that modulates the activity of 8 PRKC fusion; and a method of

monitoring discase burden in 2 patient having a condition mediated by PRXC.
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BRIEF DESCRIPTION OF THE FIGURES

18009] FiG. 1 depicts the nucleotide sequence of an IGF2BP3:PRKCA gene fusion (SEQ 1D
NGO 1) comprising a portion of the IGF2BP3 gene (NM_006547) up to and including exon 10
and a portion of the PRKCA gene (NM 02737} starting at exon 4. The anderlined codons at
nucleotides 1201-1203 and 1204-1206 encode the last amino acid of IGFZBP3 and the first

amino acid of PRKCA, respectively. The slash after nucleotide 1203 indicates the breakpont

{fusion junction) where translocation and in-frame fusion has cecurred.

18018} FIG. 2 depicts the smino acid sequence of an IGF2BP3:PRKCA fusion protein (SEQ
1D NO:2). The slash between amino acids 401 and 402 indicates the breakpoint or fusion
junction between the IGFZBP3 and PRKCA proteins. Amino acids 401-402 correspond to the

codons at mucleotides 1201-1203 and 1204-1206 10 SEQ 1D NG:1.

{8611} FiG. 3 depicts the nucleotide sequence of a TANCZ:PRECA gene fusion (SEQ 1D
NO:3) comprising a portion of the TANCZ gene (WM 025145} up to and including exon 2 and
a portion of the PRKCA gene (NM_002737) starting at exon 6. The underlined codous at
nucleotides 136-138 and 142-144 encode the last amino acid of TANC2 and the first amino
acid of PRKCA, respectively. The slash afier mucleotide 139 indicates the breakpoint (fusion
junction) where translocation and in-frame fusion has occurred. The shading at nucleotides
139-141 mdicates that nucleotides from both TANC? and PRKCA are fused in frame to forma

codon and encode an apunoe acid.

18812] FiG. 4 depicts the amino acid sequence of a TANCZ:PRKCA fusion protein (SEQ 1D
NO:4). The shaded amino acid at position 47 corresponds to nucleotides 139-141 in SEQ ID

NG:3. This amine acid is encoded by micleotides from both TANC2 and PRKCA.

[8813] FiIG, 8A & 5B depict the nucleotide sequence of an ADCY Y PRKCE gene fusion (SEQ
1D NO:5) comprising a ADCY 9 gene (NM_001116) up to and melading exon 2 and a portion
of the PREKCB gene (NM_002738) starting at exon 3. The underlined codons at mucleotides
1690-1692 and 1696-1698 cncode the last amino acid of ADCYY and the first amino acid of
PRECRE, respectively. The slash after nucleotide 1693 indicates the breakpoint (fusion
junction) where translocation and in-frame fusion has oecurred. The shading at nucleotides
1693-1695 indicates that nucleotides from both ADCYY and PRK.CB are fused in frame to

form a codon and encode an amino acid.

18814} FIG. 6 depicts the amino acid sequence of an ADCY 9. PRKCB fusion protein (SEQ 1D

NO:6). The shaded amino acid at position 5635 corresponds to the codon at nucleotides 1693-

(5]
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1695 in SEQ 1D NG:5. This amino acid 1s encoded by nucleotides from both ADCYS and
PRKCB.

{BO15] FIG. 7 depicts the nucleotide sequence of a SPNSTPRKCRE goene fusion (SEQ 1D
NGO:7) comprising a SPNSI gene (NM_001142451) up 10 and including exon 2 and a portion
of the PRKCB gene (NM_0D02738) starting at exon 3. The underlined codons at nucleotides
334-306 and 313-312 encode the last aming acid of SPNS1T and the first amino acid of PRECE,
respectively. The slash after nucleotide 307 indicates the breakpoint (fusion punction) where
ranslocation and in-frame fusion has cecurred. The shading at nucleotides 307-309 indicates
that nucleotides from both SPNST and PRKCB are fused in frame to form a codon and encode
an amino acid.
18016} FIG. 8 dopicts the amino acid sequence of an SPNST:PRKCUB fusion protein (SEQ ID
NO:R). The shaded amino acid at position 103 correspounds to the codon #t nucleotides 307-
309 in SEQ ID NG:7. This amino acid is encoded by nucleotides from both SPNST and
PRKCA.

EXEMPLARY EMBODIMENTS OF THE INVENTION
18017} The invention is based, at least in part, on the discovery of novel recombination or
transiocation gvenis in cancer paticots that result in at lcast a fragment of a PRKC gene linked
to 4 non-homelogous promoter via a recombination or translocation event that may result in
aberrant expression {(e.g., in a location where the kinase is not typically expressed) or
overcxpression of the kinase domain of the PRKC gene and thus, an increasce in kinase activity.
In some embodiments, the recombination or translocation may result in constitutive activation
of PRKC kinase activity. Thus, a new patient population is identified, which is characterized
by the presence of a PRKC fusion, ¢.g., a PRKC gene fusion or fusion protein. This new
paticnt population suffers from or is susceptible to disorders mediated by aberrant {e.g.,
constitutive) PRKC activity or expression, or overexpression of PRKC, such as, e.g., a cancer.
In another aspect of the invention, a new subtype of cancer is identified, which is characterized
by the presence of the PRKC fusions described herein. In some embodiments, the new pationt
population suffers from or 1s susceptible to a himg cancer (such as, e.g., lung squamous ccll
carcinoma or hing adenocarcinoma) characterized by the presence of 3 PRRC fusion. New
methods of diagnosing and treating the patient population and the PREC fusion cancer subtype
are also provided.
{8018} The term “PRKC fusion” is used generically herein, and includes any fusion molecule

{c.g., gene, gene product {e.g., cDNA, mRNA, or protein), and variants thercof) that includes a
4
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fragment of PREC, particularly the coding region for the kinase domain of PREC, and a
fragment of a second, non-homologous gene, such that the coding sequence for the kinase
domain of PRKC is under control of the promoter of the non-homologous gene. Insome
embodiments, the PREC fusion removes all or a portion of the coding region of the regulatory
domain of PREC, such as, e.g., the automhibitory pseudosubstrate segment. A PRKC fosion

nrotein generally includes the kinase domain of PRKC.
& J

PRKC Gene Fuasions and Fusion proteins

18819] PRKC 1s a family of protein kinase enzymes that are involved 1o controlling the
fumction of other proteins through the phosphoryiation of hydroxy! groups of serine and
threoning aming acid residues on these proteins, PREC in turn is activated by signals such as
increases in the cellular concentration of diacylglycerol (DAG) or caleium ions (Ca®') and
plays important reles fo several signal transduction cascades. The activity of PRKC itself is
also regulated by phosphorylation. The PREC family contains fifteen isozymes in humans,
which are divided ioto three subfamilies based on their sccond messenger requirements:
conventional (or classical), novel, and atypical. Isoforms o {protein kinase C, alpha (PRKCAY)
and f; and By (protein kinase C, beta (PRECR)) belong to the conventional subfamily. The
stracture of PRK.C contains a regulatory domain and a catalytic domain tethered together by a
hinge region. The regulatory domain at the N-tominus of PRKC includes the pseudosubstrate
segment, which is a small sequence of amino acids that mimic a substrate and bind the
substrate-binding cavity in the catalytic domain, keeping the enzyme inactive. When Ca” and
DAG are present in sufficient concentrations, they bind to the regulatory domain and recruit
PREC to the membrane. This interaction with the membrane resulis in release of the
pseudosubstrate segment from the catalytic site and activation of the enzyme. The catallytic
region inclodes the kinase domain of PRKC. Upon activation, PRKC is translocated to the
plasma membrane and carries out PRKC-mediated phosphoryiation of substrate proteins.
PRKC fusions have recently been described i papillary glioneuronal tumors (see Bridge, J. Al
et al, Brain Pathol Furich Switz. 23: 121-128 (2013)) and benign fibrous histiocytoma (sce

Plaszezycea, A. et al, Int. J. Biochem. Cell Biol doi:10.1016/1.biocel 2014.03.027 (2014)).

18026] The mvention provides novel PREC fusions that are associated with different types of
disorders. For example, the PRKC fusions disclosed herein can be associaied with certain
cancers, such as, ¢.g., a lung cancer. In some embodiments, the lung cancer associated with a

PRKC fusion is lung squamous carcinoma ot lung adenccarcinoma. In some embodimerds, the

wr
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PRKC fusions disclosed herein can be assoctated with other disorders mediated by aberrant

{e.g., constitutive) PRKC activity or expression, or overexpression of PRKC,

{8821} PRKC gene fusions are gencrated by a fusion between at least a part of the PRKC gene,
such as, e.g., PRKCA or PRKCB, and a part of another gene as a vesult of a translocation
(including inversion) within a chromosome or between chromosomes. As a result of a
transiocation, the PRKC gene may be placed under the transcriptional control of the parmer
gene promoter, resulting in aberrant PREC activity or expression or overexpression of PRKC.
Alternatively or additionally, the translocation may result in removal of all or a portion of the
regulatory domain of PRKC, such as, ¢.g, the sutoinhibitory pscudosubstrate segment, and
cause PREC to become constitutively activated. The overexpression and/or constitutive
activation can lead to certain cancers. As used herein, the 5'-region is upstream of, and the 3™~
region is downstream of, a fusion junction or breakpoint in one of the component gencs.
PRKC and the gene or protein that it 15 fused to 15 referred to as “fusion partners.”
Alternatively, they may be identified as a “PREC gene fusion” or a “PRKC fusion protein,”
which arc collectively termed “PRKC fusions.” The PRKC fusions disclosed herein have a
kinase activity. The phrase “having a kinasc activity” as used in this application means having
an activity as an enzyme phosphorylating the side chain of an amino acid, such as serme or
threonine. In some embodiments, the PRKC fusion may include an in-frame fusion of the
coding sequences of PRE.C and the fusion partner that introduces amino acids into the fusion

protein that are not part of PREKC or the fusion partner.

{8622} In some exemplary embodiments, the fusion partner is all or a portion of IGFZBP3
{(insulin-like growth factor 2 mRINA binding protein 3}. In other exemplary embodiments, the
fusion partner is all or a portion of TANC?2 (tetratricopeptide repeat, ankyrin repeat and coiled-
coil containing 2). In other exemplary embodiments, the fosion partner is all or a portion of
ADCY?Y {adenylate cyclase type 9). In yot other excmplary embodiments, the fusion partoer is

all or a portion of SPNST (spinster homolog 1), ¥n some embodiments, the PRKC gene is

PRKCA., In other embodiments, the PRKC gene is PRKCB.

{8623} Reference to “all or a portion” or “all or part” of a PREK.C geune fusion or SEQ D NO:1,
3, §, or 7, means that the nucleotide sequence comprises the entive PREC gene tusion
nucleotide sequence or a fragment of that sequence that comprises the fusion junction or
breakpoint between PRKC and its fusion partner (such as, ¢.g., IGF2BP3, TANC?2, ADCY9, or
SPNS1). The fragment may comprise 7, 8, 9, 10, 12, 14, 16, 18, 20, 21, 22, 23, 24, 25, 26, 27,

28,29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 150, 175, 200, 250, 300, or more
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nucleotides spanoing the fusion junction of the PREC gene fusion. Reference to “allora
portion” or “all or part” of 3 PRKC fusion protein or SEQ IDNO:2, 4, 6, or &, means an amino
acid sequence that comprises the entive PRKC fusion protein amino acid sequence or a
fragment of that sequence that comprises the fusion junction or breakpoint between PREC and
its fusion partner (such as, e.g., IGF2BP3, TANCZ, ADCY9Y, or SPNS1). The fragment may
comprise 8, 10, 12, 14, 15, 16, 18,20, 21, 22, 23,24, 25,26, 27, 28, 29, 30, 35, 40, 45, 50, 75,

oF motre amino acids spanning the fusion junction.

[8624] In certain embodiments of the invention, a fusion includes an in-frame fusion of all or a
portion of the IGF2BP3 gene {c.g., an IGF2BP3 promotor or a functional fragment thereof, and
one or more exons encoding IGF2BP3 or a fragment thereof) and an exon of the PRECA gene
(e.g., one or more exons encoding a PRKCA kinase domain or a functional fragment thereof).
Such a fusion can be referred to as an IGF2BP3:PRKCA fusion. In one embodiment, the
1GF2BP3:PRECA fusion comprises sufficient PRKCA sequence to drive expression of a
fusion protein that has kinase activity, e.g., has elevated activity as compared with wild type
PRKCA in the same tissue or cell. In some embodiments, the IGF2BP3:PRKCA fusion
removes all or a portion of the sequence encoding the regulatory domain of PRKCA, such as,
e.g., the autoinhibitory psedosubstrate segment, and results in expression of a fusion protein
that has constitutive kinase activity, ¢.g., has acitivty without upstream signaling or binding of

. 5 . 2
a ligand or second messenger, such as, e.g., DAG or Ca™,

18025} In some embodiments, the invention provides an IGF2BP3:PREC gene fusion
comprising the nucleotide sequence depicted in Figure 1 (SEQ 1D NO: 13, or 3 fragment thereof
that inchides the fuston junction. SEQ 1D NG:1 comprises {GF2ZBP3 (NM_ 006547} up to exon
10 fused to PRRCA (NM_002737), beginning at exon 4. In some embodiments, the
IGF2BP3:PRKCA gene fusion compriscs a nucleotide sequence that is at least 83%, at least
S(%, at loast 95%, at least 97%, at least 98%, or at least 99% ideuntical to all or part of SEQ ID
MO In some combodiments, the IGFZ2BP3:PRKCA gene fusion encodes a protein having the
sequence depicted in Figiwre 2 (SEQ H3 NO:2) or a sequence that is at least 85%, at least 90%,

at least 95%, at least 97%, at least 98%, or at least 99% identical to all or part of SEQ ID NG:2.

(8826} In other embodiments of the invention, a fusion includes an in-frame fusion of all or a
portion of the TANCZ gene (e.g., a TANC?Z promotor or a fimetional fragment thereof, and one
or more exons encoding a TANCZ or a fragment theroof) and an oxon of the PRKCA gene
{e.g., one or more exouns encoding a PRKCA kinase domain or a functional fragment thereof),

Such a fusion can be referred to as a TANCZ:PRECA fusion. In one embodiment, the
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TANCZ:PRKCA fusion comprises sufficient PRKCA sequence to drive expression of a fusion
protein that has kinase activity, ¢.g., has clovated activity as compared with wild type PRKCA
m the same tissue or cell. In some embodiments, the TANC2:PRKCA fusion removes all or a
portion of the sequence encoding the regulatory domain of PRKCA, such as, e.g., the
autoinhibitory pseadosubstrate segment, and results in expression of a fusion protein that has
constitutive kinase activity, ¢.2., has acitivty without upstream signaling or binding of a ligand

or second messenger, such as, e.g., DAG or Ca™'.

18027} In some cmbodiments, the invention provides an TANCZ:PRKCA gene fusion
comprising the nucleotide sequence depicted in Figure 3 (SEQ 1D NO:3), or a fragment thercof
that inclades the fusion junction. SEQ ID NO:3 comprises TANC2 (NM_02518S5)y up to exon 2
fused to PRKCA (NM 002737y, beginning at exon 6. In some embodiments, the
ANC2:PREKCA gene fusion comprises 8 nucleotide sequence that is at least 85%, at least
S%, at least 95%, at least 979, at least 98%, or at least 99% ideutical to all or part of SEQ ID
NO3. In some embodiments, the TANCZ:PRKCA gene fusion encodes a protein having the
sequence depicted in Figure 4 (SEQ 1D N(G:4) or a scquence that is at least 85%, at least 90%,

at least 95%, at least 97%, at least 98%, or at least 999 identical to all or part of SEQ 1D NO:4.

18828} In certain ecmbodiments of the invention, a fusion includes an in-frame fusion of ali or a
portion of the ADCY9 gene {c.g., an ADCYY promotor or a functional fragment thereof, and
one ot more exons cucoding an ADCYY or a fragment thereot) and an exon of the PRKCH
gene {e.g., one or more exons encoding a PRECE kinase domatn or a functional fragment
thereof). Such a fusion can be referred to as an ADCY9:PRKCE fusion. In some
embodiments, the ADCY9:PRKCH fusion comprises sufficient PRKCB seguence to drive
expression of a fusion protein that has kinase activity, e.g., has elevated activity as compared
with wild type PRKCB in the same tissue or cell. In some embodiments, the ADCY9.PRKCEB
fusion removes all or a portion of the sequence encoding the regulatory domain of PRKCB,
such as, ¢.g., the autoinhibitory psedosubstrate segment, and results in expression of a fusion
protein that has constitutive kinase activity, ¢.g., has acitivty without upstream signaling or

M M s - 2t
binding of a ligand or second messenger, such as, ¢.g., DAG or Ca™.

[8828] Tn some embodiments, the ADCY9:PRKCH fusion has the nucleotide sequence
depicted in Figure § (SEQ ID NG:5), or a fragment thereof that includes the fusion junction.
SE 1D NO:5 comprises ADCYS (NM_ 001116} up to and including exon 2 fused 1o PRKCB
(NM_002738), beginning at exon 3. Tn some embodiments, the ADCY9:PRKCE gene fusion

comprises a nucleotide sequence that s at least 85%, at least 90%, at least 5%, at least 97%, at
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least 98%, or at leat 99% identical to all or part of SEQ 1D NO:S. In some cmbodiments, the
ADCY9:PRKCE fusion encodes a proiein having the scquence depicted in Figure 6 (SEQ ID
3/

NO:6) or a sequence that is at least 85%, at least 0%, at least D5%, at loast 97%, at loast 98%,

ot at least 99% identical to all or part of SEQ 1D NO:6.

16838} In cortain embodiments of the invention, a fusion includes an in-frame fusion of allor a
portion of the SPNS1 gene {(e.g., an SPNST promotor or a functional fragment thereof, and one
or motre exons encoding an SPNST or a fragment thereof) and an exon of the PRKCHB gene
{e.g., ong or more exons encoding a PREKCB kinase domain or a functional fragment thereof),
Such a fusion can be referred 1o as an SPNS1:PRKCB fusion. In one embodiment, the
SPNSHPRECE fusion comprises sufficient PRKCB sequence to drive expression of 4 fusion
protein that has kinase activity, e.g., has elevated activity as compared with wild type PRKCB
in the same tissue or cell. In some embodiments, the SPNS1T:PRKCE fusion removes all or a
portion of the sequence encoding the regulatory domain of PRKCR, such as, c.g., the
autoinhibitory pscudosubstrate segment, and results in expression of a fusion protein that has
constitutive kinase activity, ¢.g., has acitiviy without upstream signaling or binding of a ligand

e Ot
or second messenger, such as, e.g., DAG or Ca™,

{80631} In some embodiments, the invention provides an SPNSTPRECE gene fusion
comprising the nucleotide sequence depicied in Figare 7 (SEQ 1D NG:7), or a fragment of
thercof that includes the fusion junction. SEQ 1D NO:7 comprises SPNS1 (NM_001142451)
ap to exon 2 fused to PRECE (NM_002738), beginning at exon 3. In some embodiments, the
SPINSTPRKCB gene fusion comprises a nucleotide sequence that is at least 5%, at least 90%,
at loast 95%, at least 97%, at least 98%, or at least 999 identical to all or part of SEQ 1D NO7.
{n some embodiments, the SPNSLPRICE gene fusion encodes a protein having the sequence
depicted in Figure 8 (SEQ ID N(G:8) or a sequence that is at least 85%, at least 90%, at least

95%, at least 97%, at least 98%, or at least 99% identical to all or part of SEQ ID NO:B,

18032} The nucleic acid sequences of PRKC gene fusions may be used as probes, primers, or
bait to identify nucleotides from a bislogical sample that inchide, flank, or hybridize to, PRKC
fusions, such as IGFZBP3.PRKCA (e.g., all or part of SEQ 1D NO: 1), TANCZ:PRKCA {e.g.,
all or part of SEQ 1D NG:3), ADCY 9 PRKCE (e.g., all or part of SEQ 1D NO:S), or
SPNSHPRKCHE (c.g., all or part of SEQ ID N(:7), at, ¢.g., the fusion junctions. In certain
embodiments, the probe, primer, or bait molecule is an oligonucleotide that allows capture,
detection, and/or isolation of a PRKC gene fusion in a biological sample. In certain

embodiments, the probes or primers derived from the nucleic acid sequences of PRKC gene

£
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fusions {e.g., from the fusion junctions) may be used, for example, for polymerase chain
reaction (PCR} amplification. The oligonucleotide can comprise a nucleotide sequence
substantially conplementary to a fragment of the PRKC gene fusion nucleic acid molecules
described herein. The scquence identity between the nucleic acid fragment, e.g., the
oligonucleotide and the target PRKC gene fusion sequence, need not be exact, so long as the
sequences are sufficiontly complementary to allow the capture, detection or isclation of the
target sequence. In one embodiment, the nucleic acid fragment is a probe or primer that
includes an oligonucleotide between about § and 25, e.g., between 10 and 20, or 10 and 15
nucleotides in fongth that includes the fusion junction of a PRKC fusion, such as, e.g.,
IGF2BP3:PRKCA {e.g., all or part of SEQ T NO: 1y, TANC2:PRKCA {c.g., all or part of
SEQ D NO:3), ADCYSPRRCB (e.g., all or part of SEQ D NO:S), or SPNSHPRKCB (c.g,
all or part of SEQ D NO:7). In other embodiments, the nucleie acid fragment is a bait that
ncludes an oligonucleotide between about 100 to 300 nucleotides, 130 and 230 nucleotides, or
150 and 200 nucleotides in length that includes the fusion junction of a PRKC fusion, such as,
c.g., IGF2BP3:PRKCA (c.g., all or part of SEQ ID NG: 1), TANCZ2:PRKCA {e.g., all or part of
SEQ ID NQO: 33, ADCY9:PRKCB (e.g., ali or part of SEQ 1D NO:S), or SPNSL:PRKCE (e.g.,
all or part of SEQ 1D NGO

[8833] In certain cmboediments, the nucleic acid fragments hybridize 1o a nucleotide sequence
that inclodes a breakpoint or fusion junction, ¢.g., a breakpoint or fusion junction as identified
by a slash (") in FiGs. 1, 3, 5, or 7. For exaraple, the nucleic acid fragment can hybridize to a
nucleotide sequence that includes the fusion junction between the IGF2BP3 franscript and the
PRKCA transcript {e.g., nucleotides 12011206 of SEQ 1D NO: 1), between the TANCZ
transcript and the PRECA transcript (e.g., nucleotides 136-144 of SEQ 1D NGO:3), between the
ADCY9 transcript and the PRKCEB transeript (e.g., nucleotides 1690-169% of SEQ 1D NO:S),
or between the SPNST transcript and the PRKCE transcript (e.g., nucleotides 304-312 of SEQ

1B NO:TY, 1.2, 8 nucleotide sequence that includes a portion of SEQ IDNO: | 3,5, or 7.

18834} In other embodiments, the nucleic acid fragment inclades a bait that comprises a
nucleotide sequence that hybridizes to a PRKC gene fusion nucleic acid molecule described
herein, and thereby allows the detection, capture, and/or isolation of the nucleic acid molecule.
In one embodiment, a bait is suitable for solution phase hybridization. In other embodiments, a
bait tnclades a binding entity or detection entity, ¢.g., an affinity tag or fluorescent label, that
allows detection, capture, and/or separation, ¢.g., by binding to a binding entity, of 3 hybrid

formed by a bait and a nucleic acid hybridized to the bait.
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18835} In exemplary embodiments, the nucleic acid fragments hybridize to a nucleotide
sequence that inchudes a fusion junction between the IGF2ZBP3 transcript and the PRKCA
transeript, ¢.g., & nucleotide sequence within SEQ 1D NO: 1 comprising nucleotides 1201-1206
(such as, ¢.g., a sequence comprising nucleotides 1199-1208, 1194-1213, 1179-1228, or 1154-

1253 of SEQ ID NC:1).

18836} In other exemplary embodiments, the nucleic acid fragments hybridize to a nucleotide
sequence that includes a fusion junction between the TANC? transcript and the PRKCA
ranscript, ¢.g., a nucleotide sequence within SEQ ID NO:3 comprising nucleotides 136-144
{such as, ¢.g., a sequonce comprising nucleotides 134-146, 129-151, 114-166, or §9-191 of

SEQ 1D NO:3).

188371 In other cxemplary embodiments, the nucleic acid fragments hybridize to a nucleotide
sequence that inchudes a fusion junction between the ADCY 9 transcript and the PRKCE
transcript, e.g., a nucleotide sequence within SEQ ID NO:S comprising nucleotides 1690-1698
{such as, ¢.g., a sequonce comprising nucleotides 1684-1700, 1683-1705, 1668-1720, or 1643-

1745 of SEQ 1D NO:3).

[8838] In other exemplary embodiments, the nucleic acid fragments hybridize to a nucleotide
sequences that includes a fusion junction between the SPNST transcript and the PRECE
transcript, ¢.g., a nucleotide sequence within SEQ 1D NO:7 comprising nucleotides 304-312
{such as, e.g., a sequence comprising nucleotides 302-314, 297-319, 282-334, or 257-35% of

SEQ ID NO:7).

[8839] Ancther aspect of the invention provides PREC fusion proteins {such as, e.g., a purified
or isolated IGF2BP3:PRECA, TANCZ:PREKCA, ADCY9:PRKCB, or SPNS1:PRKCB fusion
proiein), biologically active or antigenic fragments thereof, and use of those polypeptides for
detecting and/or modulating the biological activity (such as tamorigenic activity) of a PRKC
fusion protein. Exemplary embodiments of the PREC fusion proteins comprise the amino acid

sequence set forth in SEQ 1D NO:2, 4, 6, or 8, and fragments of those sequences.

{8048} In some embodiments, the PREC fusion protein of the invention can include a fragment
ot an IGF2BP3 protein, a TANCZ protein, an ADCY9 protein, or an SPNST protein, and a
fragment of a PRKC protein, such as, e.g., a PRKCA protein or a PRKCB protein. In one
embodiment, the PRKC fusion protein is an [GFZBP3:PRKCA fusion protein having the amino
acid sequence of SEQ 1D NO:2 or a fragment thereof, such as, e.g., amino acids 397-406, 392-
411, or 377-426 of SEQ 1D NO:2. In other embodiments, the PREC fusion proteinis a
TANCZPREKCA tusion protein having the amine acid sequence of SEQ 1D NO4 or 2 fragmont
11
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thereof, such as, ¢.g., amino acids 42-51, 37-56, or 22-71 of SEQ ID NG:4. In some
cembodiments, the PRKC fusion protein is an ADCY9:PRKCE fusion proicin having the amino
acid sequence of SEQ 1D NO:6 or o fragment thereof, such as, ¢.g., aminoe acids 560-569, 555-
574, or 543-589 of SEQ 1D NO:6. In other embodiments, the PRKC fusion protein is an

SPNS HPRKCHE fusion protein having the amino acid sequence of SEQ 1D NQG:8, or a fragment
thereof, such as, ¢.g., aming acids 98-107, 93-112, or 78-127 of SEQ 1D NG:K.

{8841} In some embodiments, the PRKC fusion protein is an IGF2BP3:PRECA fusion protein
comprising an aming acid sequence that is at least 85%, at least 9%, at least 95%, at least
D7%, at least 98%, or at least 99% identical to SEQ 1D NO:2 or a fragment thereof (¢.g., amino
acids 397-406, 392-411, or 377-426 of SEQ 13 NO:2). In other embodiments, the PREC
fusion protein is a TANCZ:PRKCA fusion protein comprising an amino acid sequence that is at
fcast 83%, at least 9G%, at lcasi 95%, at least 97%, at least 989%, or at least 99% identical to
SEQ D NO:4 or a fragment thereof (c.g., amino acids 42-51, 37-36, or 22-71 of SEQ ID
N4y Invet other embodiments, the PRKC fusion protemn 1s an ADCY 9 PRKCB fusion
protein comprising an amino acid sequence that is at icast 85%, at least 90%, at least 95%, at
least 97%, at least 98%, or at least 99% identical to SEQ 1D NO:6 or a fragment thereof {e.g.,
anmino acids 560-569, 355-574, or 340-589 of SEQ 1D NO:6). In some embodiments the
PREC fusion protein is an SPNSL:PRECE fusion protein comprising an amino acid sequence
that is at [east 5%, at least 90%, at keast 95%, at least 97%, at least 98%, or at least 99%
identical to SEQ 1D NO:8 or a fragment thereof (c.g., amino acids 98-107, 93-112, or 78-127
of SEQ 1D NO:3).

{8042} In certain embodiments, the PRKC fusion protein includes a functional kinase domain,
{n some embodiments, the PRKC fusion protein comprises elevated PRKC activity as
compared with wild type PRKC activity {(c.g., in a cancer cell, a non-cancer cell adjacent to the
cancer cell, or a non-cancer celf from a control sample, such as a cancer frce subjoct). in some
embodiments, the PRKC fusion protein removes all or a portion of the regulatory domain of
PRKC, such as, e.g., the autoinhibitory pscudosubstrate segment. In such embodiments, the
PRKC fusion protein comprises constitutive kinase activity, e.g., has acitivty without upstream
signaling or binding of a ligand or second messenger, such as, e.g., DAG or Ca®". Inone
exemplary embodiment, the PRKC fusion protein is an [GF2BP3:PRKCA fusion and inchides
a PREC serine/threonine kinase domain or a functional fragment thereof. In other exemplary
embodiments, the PREC fusion protein is a TANC2:PRECA fusion and includes a PRKC

serine/threonine kinase domain or a functional fragment thercof. In some excrmplary
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embodiments, the PRKC fusion protein is an ADCYS:PRECE fusion and inchides a PRKC
serine/threonine kinase domain or a functional fragment thereof, In yet other exemplary
cembodiments, the PRKC fusion protein 18 an SPNSTHPRKCE fusion and inclodes a PRKC

serine/threomine kinase domam or a functional fragment thereof.

{8843] In another embodiment, the PRKC fusion protein or fragment is a peptide, ¢.g., an
mnmunogenic peptide or protein, that contains a fusion junction with 8 heterologous protein as
described herein. Such tmamunogenic peptides or proteins can be used for vaceine preparation
for use in the treatment or prevention of cancers caused by or exacerbated by PRKC gene
fusions and PRKC fusion proteins. In other embodiments, such immunogenic poptides or
proteins can be used to raise antibedies specific 1o the fusion protein. In some embodiments,
the PRKC fusion protein is present in combination with or is further conjugated to one or more
adpuvant(s) or immunogen(s), ¢.g., a protein capable of enhancing an iramune response to the
PRKC fusion protein (c.g., a hapten, a toxeid, eic.). In sore embodiments, the PRKC fusion
protein is an JGFZBPI:PRKCA, TANCZ.PRKCA, ADCY9:PRKCH, or SPNST:PRKCE fusion
protein. in some embodiments, the PRK.C fusion protein comprises the fusion junction of SEQ

IDNOG:2, 4,6, 01 8,

[8844] Thes, another aspect of the imvention provides an antibody that binds to a PRKC fusion
profein {such as, ¢.g., an IGFZBP3.PRECA, a TANCZ:PRKCA, an ADCY9:PRKCE, oran
SPNST:PRKCB fusion protein) or a fragment thereof. In certain embodiments, the anttbody
recognizes & PRKC fusion protein but does not recogmize wild type PREC or the wild type
fusion partner (such as, e.g., IGF2BP3, TANCZ, ADCY9, or SPNS1). In some embodiments,
the auntibody binds to an epitope comprising the junction between PREC and the fusion partoer
{(e.g., the junction of IGF2BP3:PRKCA, TANCZ2:PRKCA, ABCYS:PRRCH, or
SPNSHPRKCRE). In one embodiment, the antibody binds to an IGFZBP3:PRKCA fusion
profein having the amino acid sequence of SEQ 1D NG:2 or a fragment thereof, such as, e.g.,
amino acids 397-406, 392-411, or 377-426 of SEQ 1D NO:2. In other embodiments, the the
antibody binds to a TANCZ:PRKCA fusion protein having the amino acid sequence of SEQ 1D
NO:4 or a fragment thereof, such as, ¢.g., aming acids 42-51, 37-56, or 22-71 of SEQ 1D NO:4,
In some embodiments, the the antibody binds to an ADCY3:PRKCR fusion protein having the
amino acid sequence of SEQ 1D NO:6 or a fragment thereof, such as, e.g., amino acids 560-
569, §55-574, or 540-589 of SEQ 1D NO:6. in other embodiments, the the antibody binds to
an SPNS1T:PRECE fusion protein having the amino acid sequence of SEQ ID NG 8 ora

fragment thereof, such as, ¢.g., amino acids 98-107, 93-112, or 78-127 of SEQ 1D NOS.
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{8845} In certain embodiments, the antibodies of the invention inhibit and/or neutralize the
biclogical activity of the PRKC fusion protein, and more specifically, in some cmbodiments,
the kinase activity of the PRKC fusion protein. In other embodiments, the antibodies may be
used to detect 8 PREC fusion protein or to diagnose a patient suffering from a disease or

disorder associated with the expression of a PRKC fusion protein.

Detection and Diasnostic Methods

{8846} In another aspect, the invention provides a methoed of detecting the presence of a PRKC
gene fusion or fusion protein, such as, e.g., an IGF2ZBP3PRECA, a TANCZ:PRKCA, an
ADCY9:PRKCE, or an SPNS1L:PRKCB fusion as described herein. The presence of a PRKC
fusion indicaies that the mammal providing the biological sample suffers from or is at risk of
developing a disorder mediated by aberrant {c.g., constitutive) PRK.C activily or expression, or
overexpression of PRKC, such as, ¢.g., a cancer. The presence of a PRKC fusion may also
indicate that the disorder is treatable with a PRKC inhibitor, such as, ¢.g., a kinase inhibitor or
an antibody specific to PREC, or a PRKC fusion inhibitor. in some cmbodiments, the cancer
is lung cancer. o some embodiments, the cancer is lung squamous cell carcinoma. In some
embodiments, the cancer is lung adenocarcinoma. In some emmbodiments, the PREC fusion
present in the sample 1s IGF2BP:PRKCA, TANCZ:PRKCA, or ADCY9:PRKCHB and the
cancer to be treated is lung squamous cell carcinoma. In other embodiments, the PRKC fusion

present in the sample is SPNST:PRKCH and the cancer 1o be treated is lung adenocarcinoma.

{8647} In one embodiment, the PRKC fusion detected is a mucleic acid molecule or a
polypeptide. The method includes detecting whether a PRK.C fusion nucleic acid molecule or
polypeptide is present in a cell {e.g., a circnlating cell or a cancer cell), a tissue (e.g., a tumor),
or a sample, ¢.g., a tumor sample, from a subject. In one embodiment, the sample 1s a nueleic
acid sample. In one cmbodiment, the nucleic acid sample comprises DNA, ¢.g., genomic DNA

or cDDNA, or RNA, e.g., mRNA. In other crobodiments, the sample is a protein sample.

8048} The sample can be chosen from one or more sample types, such as, for example, tissue,
¢.g., cancerous tissue {e.g., a tissue biopsy), whole blood, serum, plasma, buccal scrape,
sputum, saliva, cerebrospinal fluid, urine, stool, circulating tumor cells, circulating nucleie

acids, or bone marrow.
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1. Methods for Detecting Gene Fusions

{8049} In certain emboduments, the sample is acquired from a subject having or at risk of
having a cancer {¢.g., a patient), or alternatively, the method finther inclodes acquiring o
sample from the subject. In some embodiments, the PREC fusion is detected in a nucleic acid
molecule by a method chosen from one or more of: ¢.2., nucleic acid hybridization assay {¢.g.

v, Southern blot, northern

B

i situ hybridization, comparative genomic hybridization, microarra
blot}, amplification-based assays (e.g., PCR, PCR-RFLP assay, or real-time PCR), sequencing
and genotyping {c.g. sequence-specific primers, high-performance liquid chromatography, or
mass-spectrometric genotyping), and screening analysis (including metaphase cytogenetic

analysis by karyotype methods.

{1} Bybridization methods

{8658} In some embodiments, the reagent hybridizes to a PRKC gene fusion, such as, e.g.,
pucleotides 1201-1206, 1199-1208, 1194-1213, 1179-122%, or 1154-1253 of SEQ ID NG:1. In
alternate cmbodiments, the reagent detects the presence of nucleotides 136-144, 134-146, 129-
151, 114-166, or 89-191 of SEQ 1D NG:3, nucleotides 1690-1698, 1688-1700, 1683-17085,
1668-172{}, or 1643-1745 of SEQ ID NQG:5, or nuclestides 304-312, 302-314, 297-319, 282-
334, 0r 257-359 of SEQ ID NG:7. In one embodiment, the methed includes: contacting a
nucleie acid saraple, e.g., a genomic DNA sample {¢.g., & chromosomal sample or a
fractionated, enriched or otherwise pre-treated sample) or & gene product {e.g., mBNA, or
cDNA), obtained from the subject, with a nucleie acid fragment e.g., 3 probe or primer as
described herein {e.g., an exon-specific or a breakpount-specific probe or primer), under
conditions suitable for hybridization, and determining the presence or absence of the PREKC
gene fusion, such as, e.g. IGFZBP3:PREKCA, TANC2:PREKCA, ADCY9:PRKCE, or
SPNSHPRKCB. In an alternate embodiment, the method includes the steps of obtaining a
saraple; exposing the sample to a nucleic acid probe which hybridizes to an mRNA or ¢cDNA
encoding a PREC fusion protein that comprises amino acids 397-406, 392-411, or 377-426 of
SEQ ID NG:2, amino acids 42-51, 37-56, or 22-71 of SEQ 1D NO:4, amino acids S6(-569,
555-574, or 540-589 of SEQ ID NO:6, or amine acids 98-107, 93-112, or 78-127 of SEQ 1D
NOE,

18051} Hybridization, as described throughout the specification, may be carried out under
stringent conditions, e.g., medium or high stringency. See, e.g., J. Sambrook, E.F. Fritsch, and
T. Maniatis, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Pr;
2nd edition (1989, T. Brown, Hybridization Analysis of DNA Blots. Current Protocols in

]
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Molecular Biology at 21:2.10.1-2.10.16 {2001). High stringency conditions for hybridization
refer to conditions under which two nucleic acids must possess a high degree of base pair
homology to cach other i order to hybridize. Examples of bighly stringent conditions for
hybridization mclade hybridization in 47sodiom chloride/sodium citrate (SSC), at 63 or 70° C,
or hybridization in 4<58C phus 50% formamide at about 42 or S0° C,, followed by at least one,
at least two, or at least three washes in IXSSC, at 65 or 70° C. Another example of highly
stringent conditions includes hybridization in 2xSSC; 10xDenhardt solution (Fikoll
4004+PEGH+BSA; ratio 11111} 0.1% SDS; 5 mM EDTA; 50 mM NapyHPOy; 250 pg/mi of
herring sperm DNAL 50 pg/ml of iRNA; or 0.25 M of sodium phosphate buffer, pH 7.2; | mM
EDTATY% SDS at 60°C; tellowed by washing 2x58C, 0.1% SDS at 60° C.

[8852] The nucleic acid fragments can be detectably labeled with, e.g., a radiolabel, a
fluorescent label, a bicluminescent label, a chemiluminescent label, an enzyme label, 2 binding
pair label {c.g., biotin/streptaviding, an antigen label, or can include an affinity tag, ov identifier
{e.g., an adaptor, barcode or other sequence identifier). Labeled or unlabeled nucleic acids
and/or nucleic acid fragments may be used in reagents for detecting, captoring, or isolating
PREC gene fusions. Labeled or undabeled nucleic acids and/or nucleic acid fragments may be
used in reagents for detecting, capturing, and/or isolating PRIC gene fusions, such as, e.g.,
IGF2BP3:PRKCA (e.g., all or part of SEQ D NO: 1), TANCZ:PRKCA (e.g., all or part of
SEG I NO:3), ADCY9PRECB (e.g., sl or part of SEQ 1D NO:S), or SPNSTPRKCE {(e.g.,
all or part of SEQ 1D NO7). In some embodiments, the labeled reagent can be detected using,
e.g., autoradiography, microscopy (e.g., brightficld, floorescence, or electron microscopy),

enzyme-linked immuncsorbent assay (ELISA), or immonohistochemistry.

{8853 In some embodiments, the method comprises performing chromosome 1n situ
hybridization with chromosomal DNA from a biclogical sample to detect the presence of a
PRKC gene fusion (such as, e.g., HGFZBP3.PRKCA, TANCZ:PRKCA, ADCYS.PRKCB, or
SPNSHPRKCHE, as disclosed herein). In some embodiments, the chromosome iu sty
hybridization comprises the steps of: providing a chromosome (e.g., interphase or metaphase
chromosome) preparation {e.g., by attaching the chromosomes to a substrate (c.g., glass));
denaturing the chromosomal DNA (e.g., by exposure to formamide)} (o separate the double
strands of the polynucleotides from each other; exposing the nucleic acid probe to the
chromosomes wunder conditions to allow hybridization of the probe to the target DNA;
removing unhybridized or non-specifically hybridized probes by washing: and detecting the

hybridization of the probe with the target DNA. In some embodiments, the chromosome in sit
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hybridization is fluorescence in situ hybnidization (FISH). In some embodiments, the probe is
labeled directly by a fluorescent label, or indirectly by incorporation of a nucleotide containing
a tag or reporter molecule (¢.g., biotin, digoxigenin, or hapten) which afier hybridization to the
target DNA is then bound by thiovescently labeled affinity molecule (e.g., an antibody or
streptaviding. In some embodiments, the hybridization of the probe with the target DNA in

FISH can be visualized using a fluorescence microscope.

{8884} In other embodiments, the method comprises performing Southern blot with DNA
polynucleotides from a biclogical sampic to detect the presence of a PRKC gene fusion {such
as, ¢.g., IGF2BP3:PRKCA, TANCZ:PRKCA, ADCYSPRKCE, or SPNSTPRKCH, as
disclosed herein). In some embodiments, the Southern blot comprises the steps oft optionally
fragmenting the polynucleotides into smaller sizes by restriction endonucleases; separating the
polynucleotides by gel electrophoresis; denaturing the polynucieotides {c.g., by heat or alkali
treatment) to separate the double strands of the polyrucleotides from cach other; transforring
the polynucleotides from the gel to a membrane (e.g., a nylon or nitrocclulose membrane);
immobilizing the polynucleotides to the membrane {e.g., by UV light or heat); exposing the
nucleic acid probe to the pelynucieotides under conditions to allow hybridization of the probe
to the target DNA; removing unhybridized or non-specifically hybnidized probes by washing;

and detecting the hybridization of the probe with the target DNA.

{(2) Anwlification-based assavs

8055} In certain embodiments, the method of detecting the presence of a PREKC gene fusion,
comprises (a) performing & PCR amplification reaction with polynucieotides from a biological
sample, wherein the amphification reaction wtilizes a pair of primers which will amphify at least
a fragment of the PRKC gene fusion, wherein the fragment comprises the fusion junction,
wherein the first primer is in sensc orientation and the second primer is in antisensc oricntation;
and (b} detecting an amplification product, wherein the presence of the amplification product is
ndicative of the presence of a PRKC fusion polynucleotide in the sample. Tn specific
exemplary embodiments, the PRKC gene fusion is FGF2BP3:PRKCA, such as, e.g., the gene
fusion of SEQ ID NQO: 1 or a fragmoent thercof comprising nucleotides 1201-1206, 1199-1208,
1i94-1213, 1179-1228, or 1154-1253 of SEQ ID NO:1 In other exemplary embodiments, the
gene fusion is TANC2:PRKCA such as, ¢.g. the gene fosion of SEQ ID NO:3 or a fragment
thereof comprising nuclectides 136-144, 134-146, 129-151, 114-166, 0r 86-191 of SEQ ID
NG:3. Inother exemplary embodimonts, the gene fusion is ADCY 9 PRKCB such as, ¢.g. the

gene fusion of SEQ 1D NG:S or a fragment thereof comprising nucleotides 1690-1698, 1688-
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1700, 1683-1705, 1668-1720, or 16431745 of SEQ ID NO:S. In certain exemplary

embodiments, the gene fusion is SPNST:PRK.CE such as, ¢.g. the gene fusion of SEQ D NO:7

or a fragment thercot coraprising nucleotides 304-312, 302-314, 297-319, 282-334, or 257-359

of SEQ 1D NO:7.

18856] In some embodimenis, siep (a) of performing 3 PCR amplification reaction comprises:
(1) providing a reaction mixture comprising the polynucleotides {e.g., DNA or ¢DNA) from the
biclogical sample, the pair of primers which will amplify at least a fragment of the PRKC gene
fusion wherein the first primer is complemeniary to a sequence on the first sivand of the
polynucleotides and the second primer 18 complementary to 2 sequence on the second strand of
the polynucleotides, a DNA polymerase, and a plorality of free nucleotides comprising
adenine, thymine, cytosine, and guanine (dNTPs); (31) heating the reaction mixtore to a first
predetermined temperature for a first predetermined time to separate the double strands of the
polynucleotides from cach other; (i) cooling the reaction mixture to a second predetermined
temperature for a second predetermined time under conditions to allow the first and second
primers to hybridize with their complementary sequences on the first and sccond strands of the
polynucleotides, and to allow the DNA polyraerase to extend the primers; and (iv) repeating
steps (11) and (311) for a predetermined number of cycles {e.g., 10, 15, 20, 25, 30, 38, 40, 45, or

S8 ¢ycles).

188571 In some embodiments, the polynucieotides from the biclogical sample comprise RNA,
and the method firther comprises performing a RT-PCR amplification reaction with the RNA
io synthesize cDNA as the template for subsequent or sinmifiancous PCR reactions. In some
embodiments, the RT-PCR amplification reaction comprises providing a reaction mixfure
comprising the RNA, a primer which will amplify the RNA (e.g., a sequence-specific primer, a
random primer, or olige{dT)s), a reverse transcriptase, and dNTPs, and heating the reaction
mixture to a third predetermined teruperature for a third predetermined time under conditions o

allow the reverse transcriptase o extend the primer.

{3} Sequencinge and Genotyping

{8838] Anocther method for determining the presence of a PREC gene fusion molecule (such
as, ¢.g., HGFZBP3:PRKCA, TANC2:PREKCA, ADCYSPRKCB, or SPNSL:PRKCE, as
disclosed hergin) includes: sequencing a portion of the nucleic acid molecule (e.2., sequencing
the portion of the nucleic acid molecule that comprises the fusion junction of a PREC gene
fusion), therchy determining that the PRKC gene fusion is present in the nucleic acid molecule.
Optionally, the sequence acquired is compared to a reference sequence, or a wild type reference
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sequence. In one embodiment, the sequence is determined by a pext generation sequencing
method. In some embodiments, the sequencing is avtomated and/or bigh-throughput
sequencing. The method can further include acquiring, e.g., directly or fndirectly acquiring, a

sample, e.g., a tumor or cancer sample, from a patient.

{8859] In some embodiments, the sequencing comprises chain terminator sequencing {Sanger
sequencing), comprising: providing a reaction mixture comprising a nucleic acid molecule
from a biological sample, a primer complementary to a region of the template nocleic acid
molecule, a DNA polymerase, a plurality of free nucleotides comprising adenine, thyming,
cyiosine, and guanine (dNTPs), and at least one chain forminating nucleotide (e.g., at least one
di-deoxynucleotide (ddNTPs) chosen from ddATP, ddTTP, ddCTP, and ddGTP), wherein the
at least one chain terminating nucleotide is present in a low concentration so that chain
termination occurs randomly at any one of the positions containing the corresponding base on
the DNA strand; armealing the primer to 2 single strand of the nucleic acid molecule; extending
the primer to allow incorporation of the cham terminating nuecleotide by the DNA polymerase
{0 produce a serics of DINA fragmends that are terminated at positions where that particular
nucleotide is used; separating the polynucleotides by electrophoresis {e.g., gel or capillary
electrophoresis); and deternining the nucleotide order of the template nucleic acid molecule
based on the positions of chain termination on the DNA fragments. In some embodiments, the
sequencing is carried out with four scparaic base-specific reactions, wherein the primer or the
chain terminating nucleotide fn cach reaction is labeled with a separate fluorescent label. In
other embodiments, the sequencing is carried out in a single reaction, wherein the four chain
terminating nucleotides mixed in the single reaction are each labeled with a separate

fluorescent label.

[8868] In some embodiments, the sequencing compriscs pyroseguencing (sequencing by
synthesis), comprising: (1) providing a reaction mixture comprising a nucleic acid molecule
from a biological sample, a primer complementary fo a region of the template nucleic acid
molecule, 2 DNA polymerase, a first enzyme capable of converting pyrophosphate mto ATP,
and a second enzyme capable using ATP to generates a detectable signal (0.z., 2
chemiluminescent signal, such as light) in an amount that is proportional to the amount of ATP;
(11) annealing the primer 10 a single strand of the nucleic acid molecule; (i) adding one of the
four frec nucleotides (dNTPs) to allow tncorporation of the correct, complementary dNTP onto
the teraplate by the DNA polymerase and relcase of pyrophosphate stoichiometrically; (iv)

converting the released pyrophosphate to ATP by the first enzyme; (v) generating a detectable
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signal by the second enzyme osing the ATP; (vi) detecting the gencerated signal and analyzing
the amount of signal generated in a pyrogram; {vii) removing the unincorporated nuciootides;
and (viii) repeating steps (i) to (vil). The method allows sequencing of a single strand of
DNA, one base pair at a fime, and detecting which basc was actually added at each step. The
solations of cach type of nucleotides are sequentially added and removed from the reaction.
Light is produced only when the nucleotide solution complements the first unpaired base of the
tenplate. The order of solutions which produce detectable signals allows the determination of

the sequence of the template.

8861} In some embodiments, the method of determining the presence of a PRKC fusion {such
as, e.g., IGF2BP3:PRKCA, TANC2:PRKCA, ADCYS:PRKCB, or SPNS1T:PRKCE, as
disclosed herein) comprises analyzing a nucleic acid sample (e.g., DNA, ¢cBNA, or RNA, oran
amplification product thereof) by HPLC. The method may comprise: passing a pressurized
hiquid sclution contaiming the sample through a colunm filled with a sorbent, wherein the
nucleic acid or protein components in the sample interact differently with the sorbent, causing
different flow rates for the different components; separating the components as they flow out
the columm at different flow rates. In some embodiments, the HPLC is chosen from, ¢.g.,

reverse-phase HPLC, size exclusion HPLC, ion-exchange HPLC, and bivatfinity HPLC.

18062} In some embodiments, the method of determining the presence of a PRK.C fusion {such
as, €.g., IGFZBP3:PRKCA, TANCZ:PRKCA, ADCY9:PRKCB, or SPNSTPRECE, as
disclosed herein) comprises analyzing a nucleic acid sample {e.g., DNA, ¢cDNA, or RNA, oran
amplification product thereof) by mass spectrometry. The method may comprise: ionizing the
components in the sample {e.g., by chemical or clectron ionization); accelerating and
subjecting the ionized components to an electric or magnetic field; separating the ionized
components based on their mass-to-charge ratios; and detecting the separated components by a

detector capable of detecting charged particles {c.g., by an clectron multiphicr}.

1. Methods for Detecting Fusion Proteins

18663} Another aspect of the invention provides a method of detecting the presence of a PRKC
fusion protein in a mammal. The method comprises the steps of obtaining a biological sample
of a mammal (such as, ¢.g., 2 human cancer), and exposing that sample to at least one reagent
that detects a PRKC fusion protein {e.g., an antibody that recognizes the PRKC fusion but does
not recognize the wild type PRKC or the wild type fusion partner) to determine whether a
PRKC fusion protein is present in the biclogical sample. The detection of a PRKC fusion

protein indicates the presence of a mutant PRKC in the mammal (sach as, e.g., in the uman
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cancer). In some embodiments, the PRKC fusion protein comprises an aming acid sequence
having at least 85%, 90%, 95%, 937%, 98%, or 99% identity with an amine acid sequence of all
ot part of any one of SEHQ 1D NQUs 2, 4, 6, or 8 or fragments thereof that include the fusion
junction. [n some embodiments the cancer is lung cancer. In some embodiments, the cancer is

lung squamous cell carcinoma. In some embodiments, the cancer is lung adenocarcinoma,

18064} In some embodiments, the reagent that detects a PREC fusion protein can be detectably
labeled with, ¢.g., a radiolabel, a fluorescent Iabel, a biochiminescent label, a chemiluminescent
label, an enzyme label, a binding pair label (e.z., biotin/streptavidin), 2o antigen label, or can
nclude an atfinity tag or identifier (c.g., an adaptor, barcode or other sequence identifier). In
some embodiments, the labeled reagent can be detected using, e.g., sutoradiography,
microscopy (e.g., brightficld, fluorescence, or glectron microscopy), ELISA, or
immunchistochemistry. In some cmbodiments, the PRK.C fusion protein is detected in a

biclogical sample by a method chosen from one or more of: antibody-based detection {¢.g.,

mass specirometryl, or profein sequencing.

{1} Antibody-based detection

{8865] In some embodiments, the method comprises performing a western blot with
polypeptides from a biological sample to detect the presence of a PRKC fusion protein (such
as, 2.g., IGF2BP3:PRIKCA, TANCZ:PRKCA, ADCY9:PRKCE, or SPNSTPRECHE, as
disclosed herein). In some cmbodiments, the western biot comprises the steps of: separating
the polypeptides by gel electrophoresis; fransferring the polypeptides from the gelto a
membrane {e.g., a nitrocellalose or polyvinylidene diffuoride (PVDF) membrane); blocking the
membrane to prevent nonspecific binding by tncubating the membrane in a dilute solotion of
profein {¢.g., 3-5% bovine serum albumin (BSA) or non-fat dry milk in Tris-Buffered Saline
(TBS) or I-Block, with a minute percentage {e.g., 0.1%:) of detergent, such as, e.g., Tween 20
or Triton X-100); exposing the polypeptides to at least one reagent that detects a PRKC fusion
protein (e.g., an antibody that recognizes the PRKC fusion but does not recognize the wild type
PREC or the wild type fusion partner}; removing unbound or non-specifically bound reagent
by washing; and detecting the binding of the reagent with the target protein. In some
embodiments, the method comprises two-step detection: exposing the polypeptides to a
primary antibody that specifically binds to a PRKC fusion protein; removing unbound or non-
specifically bound primary antibody by washing; exposing the polvpeptides to a secondary

antibody that recognizes the primary antibody; removing unbound or non-specifically bound
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secondary antibody by washing; and detecting the binding of the secondary antibody. In some
embodiments, the reagent that detects a PRKC fusion protein {(e.g., the fusion specific antibedy,
or the secoundary antibody) is directly labeled for detection. Tn other embodiments, the reagent
1s hinked to an enzyme, and the method further comprises adding a substrate of the enzyme to
the membrane; and developing the membrane by detecting a detectable signal produced by the
reaction between the cnzyme and the substrate. For exanple, the reagent may be linked with
horseradish peroxidase to cleave 2 chemilundnescent agent as a substrate, producing

himinescence in proportion to the amount of the target protein for detection.

8866 In some embodiments, the method comprises performing ELISA with polypeptides
from a biological sample to detect the presence of a PRKC fusion protein (such as, e.g.,
IGF2BP3:PRKCA, TANCZ:PRKCA, ADCY9:PRECE, or SPNST:PRECE, as disclosed
herein}). In some embodiments, the ELISA is chosen from, ¢.g., direct ELISA, indirect ELISA,

sandwich ELISA, and competitive ELISA.

{86671 In onc cmbodiment, the direct ELISA comprises the steps of! attaching polypeptides
from a biological sample to a surface; blocking the surface to provent nouspecific binding by
mecubating the surface in a dilute solution of proten; exposing the polypeptides to an antibody
that specifically binds to a PRKC fusion protein (e.g., an antibody that recognizes the PRKC
fusion (such as, c.g., IGF2BP3:PRECA, TANC2:PRKCA, ADCY9.PRKCR, or
SPNSHPRKCRE, as disclosed herein) but does not recogoize the wild type PREC or the wild
type fusion partner); removing unbound or non-specifically bound antibody by washing: and
detecting the binding of the antibody with the target protein. In some embodiments, the
antibody i directly labeled for detection. In other embodimerds, the antibody 1s buked to an
enzyme, and the method further comprises adding a substrate of the enzyme; and detecting a

detectable signal produced by the reaction between the enzyime and the substrate,

18868} In another embodiment, the fndireet ELISA comprises the steps off attaching
polypeptides from a biological sample to a surface; blocking the surface to prevent nonspecific
binding by incobating the surface in a dilute solotion of protein; exposing the polypeptides to a
primary antibody that specifically binds to a PRKC fusion protein {such as, e.g.,
IGF2ZBP3:PRKCA, TANC2:PRKCA, ADCYSPRECE, or SPNSTPRECE, as disclosed
herein); removing enbound or non-specifically bound primary antibody by washing; exposing
the polypeptides to a sccondary antibody that recognizes the primary antibody; removing
unbound or non-specifically bound sccondary antibody by washing; and detecting the binding

of the secondary antibody. In some embodiments, the secondary antibody is directly labeled
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for detection. In other embodiments, the secondary antibody is linked to an enzyme, and the
method further comprises adding a substrate of the enzyme; and detecting a detectable signal

produced by the reaction between the enzyme and the substrate.

[886%] In some embodiments, the method comprises performing immunohistochemistry with
polypeptides from a biological sample to detect the presence of a PRKC fusion protein {such
as, 2.g., IGF2BP3:PRIKCA, TANCZ:PRKCA, ADCY9:PRKCE, or SPNSTPRECHE, as
disclosed herein), In some embodiments, the immunohistochemistry comprises the steps of:
fixing a cell or a tissue section {c.g., by paraformaldehyde or formalin treatment);
permeabilizing the cell or tissue section to allow target accessibility; blocking the cell or tissue
section to prevent nonspecific binding; exposing the ccll or tissue section to at least one reagent
that detects a PRKC fosion protein {e.g., an antibody that recognizes the PRKC fusion but dogs
not recognize the wild type PRKC or the wild type fusion partner): removing unbound or non-
specifically bound reagent by washing; and detecting the binding of the reagent with the target
protein. In some embodiments, the reagent is directly labeled for detection. In other
cmbodiments, the reagent is linked to an enzyme, and the method further comprises adding a
substrate of the enzyme; and detecting a detectable signal produced by the reaction between the
enzyme and the substrate. In some embodiments, the immumohistochemistry may comprise the

two-step detection as in the indirect ELISA.

(23 Size-based detection methods

188781 In some embodiments, the method of determining the presence of a PRKC fusion (such
as, ¢.2., IGF2BP3:PRECA, TANC2:PRKCA, ADCYSPRKCE, or SPNS1:PRKCE, as
disclosed herein) comprises analyzing a protein sample by HPLC. The method may comprise:
passing a pressurized liquad solution containing the sample throogh a column filled with a
sorbent, wherein the nucleie acid or protein components i the sample interact differently with
the sorbent, causing differcnt flow rates for the different componerds; separating the
components as they flow out the column at different flow rates. In some embodiments, the
HPLC is chosen from, e.g., reverse-phase HPLC, sive exclusion HPLC, ion-exchange HPLC,
and biocaffinity HPLC,

{8671} In some embodiments, the method of determining the presence of a PREKC fusion (such
as, ¢.2., IGFZBP3:PRKCA, TANC2:PRKCA, ADCY9:PRKCB, or SPNS1:PRKCE, as
disclosed herein) coraprises analyzing a protein sample by mass spectrometry. The method
may comprise: ionizing the components in the sample {¢.g., by chemical or electron
ionization); accelerating and subjecting the ionized components to an electric or magnetic field;
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separating the ionized components based on their mass-to-charge ratios; and detecting the
separated components by a detector capable of detecting charged particles {¢.g., by an cleciron

mltiphier ).

[8872] Dotection of a PREKC gene fusion or a PRKC fusion protein in a patient can lead to
assignment of the patient o the newly identified patient population that bears the PRK.C fusion.
Because this patient population can suffer from or be susceptible to a disorder associated with
an aberrant {¢.g., constitutive) PRKC activity or expression, or overexpression of PRKC,
detection of the PRKC fusion can also lead to diagnosis of such disorder. Thus, a further
aspect of the fovention provides a method of stratifving a patient population (e.g., assigning a
patient, to a group ot class) and/or diagnosing a patient, comprising: obiaining a biological
sample from the patient, contacting the sample with at least one reagent that detects a PRKC
gene fusion or a PRKC fosion protein to determine whether a PREC fusion is present in the
biological sample. The detection of a PREC fusion indicates that the patient belongs to the
newly identified patient population that bears the PREC fusion, and/or the presence of a
disorder associated with aberrant (e.g., constitutive} PREKC activity or cxpression, or
overexpression of PRKC, such as, ¢.g., a cancer. The detection of a PRKC fusion also
identifies a new subtype of cancer, which is characterized by the presence of the PREC fusion.
In some embodiments, the cancer is hung cancer. In some embodiments, the caner is long
squamous cell carcinoma or hing adenocarcinoma. In certain embodiments, the PRKC fusion
is FGF2BP3:PRKCA, TANC2:PREKCA, ADCYSPRKCE, or SPNST:PRKCB. In some
embodiments, the IGF2BP3:PRECA fusion has all or part of the nucleotide and/or amino acid
sequence {(such as, ¢.g., the fusion junction) set forth in SEQ 1D NO:1 and SEQ 1D NG:2,
respectively. To some embodiments, the TANCZ:PRKCA fusion has all or part of the
nucleotide and/or amine acid sequence (such as, e.g., the fusion junction) set forth in SEQ 1D
NG:3 and SEQ 1D NO4, respectively. In some embodiments, the ADCYS:PRKCB fusion has
ail or part of the nucleotide and/or aming acid sequence {such as, ¢.g., the fusion junction) set
forth v SEQ 1D NOS and SEQ 1D NO:6, respectively. In some embodimerds, the
SPNS1:PRKCB fusion has all or part of the nucleotide and/or amino acid sequence (such as,
e.g., the fusion junction) set forth in SEQ ID N7 and SEQ ID NG:8, respectively.

{8073} In some embodiments, the PRK.C gene fusion or PRKC fusion protein is detected prior
to initiating, during, or after, a treatment of a patient with, e.g., a PRKC inhibitor or a PRKC
fusion inhibitor. In one embodiment, the PREC gene tusion or PREC fusion protein is

detected at the time the patient is diagnosed with a cancer. In other embodiment, the PRKC
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fusion is detected at a pre-determined nterval, ¢.g., a first point in time and at leastat a
subsequent point in time, In certain embodiments, in response to detection of a PRKC fusion,
such as, e.g., IGF2BP3.PREKCA, TANCZ:PREKCA, ADCY9PRKCHE, or SPNS1:PRKCH, the

method further includes one or more oft
(1} stratifving a patient population (e.g., assigning a paticnt, to a group or class);

(2} identifying or selecting the patient as likely or unlikely to respond o a treatment,
¢.g., a PRKC nhibitor treatment (e.g., a kinase inhibitor treatment or an anti-PRKC antibody

treatmenty, or a PRKC fusion inhibitor treatment as described herein;

3} selecting a treatment regimen, ¢.g., administering or not administering a preselected

therapeutic agent, such as, ¢.g., a PRI inhibitor, or 2 PRKC fusion inhibitor;

{4} prognosticating the time course of the disease in the patient {¢.g., evaluating the

likelihood of increased or decreased patient survival); or

{5} monitoring the effectiveness of treatment {¢.g., by detecting a reduction in the level

of PRKC gene fusion or fusion protein in a patient sample).

18074} In certain embodiments, upon detection of a PREKC gene fusion or PRKC fusion protein
i 4 patient’s biological sample, the patient is idennified as likely to respond to a treatment that
comprises a PRKC inhibitor, or a PRKC fusion inhibitor. In some embodiments, the PREC
fusion detected is an IGFZ2BP3:PRKCA fusion. In aliernate embodiments, the PRKC fusion
detected is a TANCZ:PRECA fusion. In some embodiments, the PRKC fusion detected 1s an
ADCY9PRKCE fusion. In some embodiments the PRKC fusion detected is an
SPNSLPRKCE fusion,

{86751 A firther aspect of the invention provides a method of selecting a treatment option by
detecting a PREC fusion. The method comprises obtaining a biological sample from a patient
and exposing the sample to at least one reagent that detects a PRKC gene fusion or fusion
protein to determine whether a PRKC fusion is present in the biclogical sample. The detection
ot the PRKC fusion indicates the likehhood of the patient responding to treatment with a
PRKC inhibitor, or a PRKC fusion inhibitor. The method may be augmented or personalized
by evaluating the effect of a variety of PRKC, or PRKC fusion inhibitors on the biological
sample shown to contain a PRKC fusion to determine the most appropriate inhibitor to
administer. In certain embodiments, the PREKC fusion is IGFZBP3:PREKCA, TANC2:PREKCA,
ADCYSPRKCE, or SPNS1:PRKCE. In some embodiments, the IGE2BP3:PRKCA fusion has

all or part of the rucleotide and/or amino acid sequence (such as, ¢.g., the fusion junction) sct

2
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forth in SEQ 1D NO:1 and SEQ ID NG:2, respectively. In some embodiments, the
TANCZ:PRECA fusion has all or part of the nucleotide and/or amino acid sequence (such as,
¢.g., the tusion junction) set forth in SEQ 1D NO:3 and SEQ 1D NO:4, respectively. n some
embodiments, the ADCYS:PRKCB fusion has all or part of the nucleotide and/or amino acid
sequence (such as, e.g., the fusion junction) set forth in SEQ ID NG:5 and SEQ 1D NO:6,
respectively. In some embodiments, the SPNS1:PRKCB fusion has all or part of the nucleotide
and/or ammo acid sequence (such as, c.g., the fusion junction) set forth in SEQ 1D NO:7 and

SEQ ID NO:8, respectively.

Methods of Treatment

[8076] Alternatively, or in combionation with the detection and diagnostic methods described
herein, the invention provides method for treating the nowly identified patient population and
the new PRIC fusion cancer subtype, which are characterized by the presence of a PREKC
fusion. The patient population and cancer sabtype can be associated with or predict the onset
of a condition mediated by aberrant (e.g., constitutive) PRKC activity or expression, or
overcxpression of PRKC, such as, ¢.g., a cancer or a tumor harboring a2 PRKC fusion. The
methods comprise adnunistering a therapeutic agent, e.g., a PRKC inhibitor, such as e.g., a
kinase inhibitor or an antibody specific to PRK.C; or a PREC fusion inhibitor, i.c., an inhibitor
that blocks the activity of the PRKC fusion but not wild type PRKC or wild type fusion partoer
(such as, ¢.g., IGF2BP3, TANCZ, ADCYY, or SPNS1), such as, ¢.g., an antibody specific to an
IGF2BP3:PRECA, a TANCZ:PREKCA, an ADCYS:PRKCH, or an SPNSTPRECE fusion
protein, ¢.g., any one of the antibodies described above; an agent that mimics the
pseudosubstrate scgment and binds the substrate-binding cavity in the catalytic domain of
PREC, keeping the enzyme mnactive; or an RNA inhibitor that recognizes PRKC or the fusion
junction of a PRKC gene fusion, incloding but not Hmited to siRNA, dsRNA, shRNA, or any
other antisense nucleic acid inhibitor, alone or in combination with ¢.g., other
chemotherapeutic agents or procedures, in an amoeund sufficient to treat a condition mediated by
aberrant (e.g., constitutive) PRKC activity or expression, or overexpression of PRKC by one or
more of the following: e.g., impeding growth of a cancer, causing a cancer to shrink by weight
or volume, extending the expected survival time of the patient, inhibiting tomor growth,
reducing tumor mass, reducing size or pumber of metastatic lesions, inhibiting the development
of new metastatic lesions, prolonging survival, prolonging progression- free survival,

prolonging time to progression, and/or enhancing quality of life.
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180771 As used herein, and unless otherwise specified, a “therapeutically effective amount” of
a compound is an amount sufficient to provide a therapeutic benefit in the treatment of
management of a condition mediated by aberrant PRKC expression or activity, or
overexpression of PRKC, such as, delaymg or minimizimg one or more symptoms associated
with a cancer or a tumor harboring a PREKC fusion {such as, ¢.g., IGF2BP3:PRKCA,
ANC2:PRKCA, ADCYO:PRKCE, or SPNS1:PRKCRB, as described herein). A
therapeutically effective amount of a compound means an amount of therapeutic agent, alone
or in combination with other therapeutic agents, which provides a therapeutic benefit in the
reatment or management of the cancer. The term “therapeutically effective amount” can
encompass an amount that improves overall therapy, reduces or avoids symiptoros or causes of
the condition mediated by aberrant PRKC expression or activity or overexpression of PRKC, or

enhances the therapeatic efficacy of another therapeutic agent.

18878} In certain crobodiments, the therapeutic agent is 2 PRKC inhibitor, or a PRKC fusion
inhibitor. In some embodiments, the therapeutic agent is a PRKC inhibitor, ¢.g., a compound,
biclogical or chemical, which inhibits, directly or indirectly, the expression and/or activity of
PREC. For example, the PREKC inhibitors may be an antibody (such as, ¢.g., antibodies
specific to PREC, e.g., PRECA or PRKCB) or a small molecule inhibitor. In some
embodiments, the inhibitors may act divectly on PREC itself, modify the activity of PRKC, or
inhibit the expression of PRKC. In other embodiments, the inhibitors may indirectly inhibit
PRKC activity by inhibiting the activity of proteins or molecules other than PRKC self. For
example, the inhibitors may modulate the activity of regulatory kinases that phosphorylate or
dephosphorylate PRKC, interfere with binding of ligands, or inhibit the activity of interacting
or downsiream proteins or molecules. Exemplary PRKC inhibitors also include kinase
mhibitors, which may be a pan-kinase inhibitor with activity agamst several different kinases or
a kinase-specific inhibitor {e.g., a sering/threoning kinase inhibitor, or an inhibitor specific to
the kinase activity of PRKC). In some embodiments, the PRKC inhibitor is a PRKC-specific

nhibitor.

{8078} In other embodiments, the therapeutic agent is a PRKC fusion inhibitor, e.g., a PRKC
gene fusion inhibitor or a PRKC protein fusion inhibitor. 1o some embodiments, the PRKC
fusion inlubitor inhibits the expression of nucleic acid encoding a PRKC fusion. Examples of
PREKC fusion inhibitors include nucleic acid molecules, for example, antisense molecules,
ribozymes, RNAG, or triple helix molecules, that hybridize to a nucleic acid encoding a PRKC

fusion {c.g., genomic DNA, or mRNA), or a transcription and/or translation regulatory region,
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and blocks or reduces mRNA and/or protein expression of a PRKC fosion. In some
cmbodiments, the antisense molecule recognizes the PRKC fusion junction, or an RNA
mhibitor, including but not limited to siRNA, dsRNA, and short-hairpin RNA specific to the
PREC fusion junction. n some embodiments, the PREC fusion 1s IGF2RBP3:PRKCA,
TANC2:PRECA, ADCYYSPRKCE, or SPNSI:PRKCB. Exemplary PREC fusion inhibitors
also include an antibody that recognizes the fusion protein, and/or dogs not recognize the wild
type fusion partners. In some erobodiments, the PRKC fusion inhibitors include an antibody
that recognizes IGF2BPI:PRKCA, TANCZ:PRKCA, ADCY9:PRKCRE, or SPNS1:PREKCH
fusion protein, and/or does not recognize wild type PRKC, e.g., PRKCA or PRKCRE, IGFZBP3,
TANCZ, ADCYS, or SPNS1. In some embodiments, the PREC fusion protein (such as, ¢.g.,
an IGF2BPI.PREKCA fusion protein, a TANC2:PRKCA fusion protein, an ADCY9:PRKCRB
fusion protein, or an SPNS1T:PREKCE fusion protein} is inhibited by an agent that mimics the
pseudosubstrate segment and binds the substrate-binding cavity in the catalytic domain of

PRKC, keeping the enzyme inactive.

{8088 In some embodiments, the patient to be treated is suffering from luong squamous cell
carcinoma or lung adenocarcinoma and the method for treating the condition comprises
administering to the patient a therapeutically effective amount of a PRKC inhibitor or a PRKC
fusion inhibitor. In some embodiments, the patient to be treated is suffering from long
squamous cell carcinoma, and the method for treating the condition comprises administering to
the paticnt 2 therapeutically effective amount of 2 PRKC inhibitor, or a PRKC gene fusion
mhibitor or a PRKC fusion protein inhibitor as described above. i some embodiments, the
patient to be treated is suffering from lang adenocarcinoma, and the method for treating the
condition comprises administering 1o the patient a therapeutically effective amount of a PRKC

mhibitor, or a PRKC gene fusion mhibitor or a PRKC fusion protein inhibitor.

Screeninz Methods

{8081} Therapeutic agents, such as, ¢.g., PRKC nhibitors, and PRKC fusion inhibitors {gene
fusion and fusion protein), used in the therapeutic methods of the invention can be evaluated
using the screening assays described herein. Thus, the invention provides a method of
identifying an agent useful for treating # condition mediated by aberrant {¢.g., constitutive)
PREC activity or expression, or overexpression of PREC, such as, e.g., a cancer or 8 tumor
harboring a PRK.C fusion, such as, ¢.g., fung squamous cell carcinoma or fung
adenocarcinoma, comprising contacting a cell expressing a PRKC gene fusion or PRKC fusion

protein with a candidate agent and using one of the detection methods referenced above o
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determine whether the expression level of the fusion is decreased or a biological function
associated with the fusion is altered. In one embodiment, therapeutic agents can be evaluated
in a celi-free system, ¢.g., a cell lysate or in a reconstituted system. In other embodimends, the
therapeutic agents are evaluated in a cell in calture, e.g., 2 ccll expressing a PRKC fusion {e.g.,
a mammalian cell, a tumor cell or cell line, a recombinant cell). In yet other embodiments, the
therapeutic agents are evaluated in a cell in vivo {c.g., a PRKC fusion-expressing ccll present in

a subjoct, e.gz., an animal subject {c.g., an in vivo animal model).

{8682} Excemplary paramcters to ovahiate in determining the efficacy of a therapeutic agent for
treating & condition mediated by aberrant (e.g., constitutive) PRKC activity or expression, or
overexpression of PRKC, such as, e.g., a cancer ov a tumor harboring a PREC fusion include

gne or more of:

(1) a change n binding activity, e.g., direct binding of the candidate agent to a2 PREKC
fusion protein or a binding competition between a known ligand and the candidate agent to
a PRKC fusion protein;

{11} a change in kinase activity, e.g., phosphoryiation levels of a PRKC fusion protein
{c.g., an increased or decreased phosphorylateion or astophosphorylation) or a change in
phosphorylation of a target of a PRK.C kinasc -- in certain embodiments, a change in kinase
activity, €.g., phosphorviation, is detected by any of Western blot {e.g., using an anti-
PREC antibody; or a phosphor-specific antibody, detecting a shift in the molecular weight
ot a PRKC fusion protein}, mass spectrometry, tnpnumoeprecipitation,
mmmunchistochenustry, foununomagnetic beads, among others;

{(i11) a change in an activity of a cell containing a PRKC fusion {c.g., a tumorcell or a

ecombinant cell), €.g., a change in proliferation, morphology, or tumorigenicity of the cel;

{iv) a change in tumor present in an anmimal subject, e.g., size, appearance, or
profiferation of the tumor;

{v} a change in the level, ¢.g., expression level (transcription and/or translation), of a
PRKC fusion protein or nucleic acid molecule; or

{vi} a change in an activity of a signaling pathway involving PRKC, e.g.,
phosphorylation or activity of an interacting or downstream target, or expression level of a
target gene.

{8883} In some embodiments, the PREKC fusion s an IGF2BP3:PRKCA fusion, a
ANC2:PRECA fusion, an ADCY9:PRKCB fusion, or an SPN51:PRKCE fusion.
29
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{8884} In onc embodiment, a change i the activity of a PRKC fusion, or interaction of a
PREC fusion with a downstream Hgand delected in a cell free assay in the presence of a
candidate agent indicates that the candidate agent will be effective as a therapeutic agent for
treatment of a condition mediated by aberrant {e.g., constitutive} PREC activity or expression,

or overexpression of PRKC, such as, e.g., a cancer or a tumgor harboring a PREC fusion.

{8685} In other embodiments, a change 1n an activity of a cell expressing a PRKC fusion, such
as, ¢.g., IGF2BPI.PRKCA, TANCZ.PRKCA, ADCYSPRKCE, or SPNSHPRECH, as
described herein, (o.g., 3 mammalian cell, a tumor cell or cell ling, a recombinant cell) is
detected in a cell in culture. In one embodiment, the cell is a recombinant cell that is modified
to express a PRKC fusion nucleie acid, e.g., 18 a recombinant cell transfected with a PREC
fusion nucleic acid. The transfected cell can show a change in response to the expressed PREKC
fusion, ¢.g., increased profiferation, changes in morphology, increased tumorigenicity, and/or
acquired a transformed phenotype. A change n any of the activities of the cell, ¢.g., the
recombinant cell, in the presence of the candidate agent can be detected. For example, a
decrease in one or more of: proliferation, fumorigenicity, or transformed morphology, in the
presence of the candidate agent can be indicative of an inhibitor of a PRKC fusion. In other
embodiments, a change in binding activity or phosphorylation of PRKC or its interacting or

downstream proteins or melecules as described herein is detected.

18086] In yet other embodiment, a change in a tumor present 1n an animal subject {e.g., an in
vivo animal model} is detected. In one embodiment, a tumor containing animal or a xenograft
comprising cells expressing a PRKC fusion (e.g., tumorigenic cells expressing a PRKC fusion)
is coployed. The therapeutic agents can be administered to the animal subject and a change in
the tumor 18 evaliated. In one embodiment, the change 1o the tumor includes one or more of 2
tamor growth, fumor size, tumor burden, or survival is evaluated. A decrease i one or more of
tomor growth, tumor size, tomor burden, or an increased survival is indicative that the

candidate ageut is an indibitor or modulator.

18087} In another aspect of the invention provides a method or assay for screening for agents
that modulate (e.g., inhibit) the expression or activity of a PRKC fusion as described herein.
The mcthod includes contacting e.g., a PRKC fusion, or a cell expressing a PREC fusion, with
a candidate agent; and detecting a change in a parameter assoctated with a PREC fusion, e.g., a
change in the expression or an activity of the PRKC fusion. The method can, optionally,
mehude comparing the freated parameter to a reference value, €.g., a control sample (¢.g.,

comparing a parameter obtained from a sample with the candidate agent to a parameter
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obtained from a sample without the candidate agent). In one embodiment, it a decrease in
expression or activity of the PRKC fusion is detected, the candidate agent is identified as an
inhibitor. In ancther embediment, if an increase in expression or activity of the PRKC fusion is
detected, the candidate agent is identified as an activator, In certain embodiments, the PRKC
fusion is a PREC gene fusion or PRKC fusion protein, such as, e.g., an IGF2BP3.PRKCA

fusion, a TANC2:PRKCA fusion, an ADCY9:PRKCB fusion, or an SPNS1:PRKCB fusion.

{8088} In onc embodiment, the contacting step is detected in a cell-frec system, e.g., a cell
lysate or in a reconstituted sysiem. In other embodiments, the contacting step is detected in a
cellin culture, e.g., a cell expressing @ PREC fusion (e.g., 2 manumalian cell, & tumor cell or
cell line, a recombinant cell}. In yet other embodiments, the contacting step is detected in a cell
1 vivo {e.g., a PRKC expressing cell present in a subject, ¢.g., an animal subject (e.g., an in

vivo animal model)).

188891 Exemplary parameters evaluated in identifying an agent that modulates the activity of a
PRI fusion, e.g., a PRKC fusion (e.g., an IGFZBP3:PRKCA fusion, a TANCZ:PRKCA
fusion, an ADCY9:PRKCB fusion, or an SPNS1:PRKCB fusion} include one or more of

(1) a change in binding activity, e.g., divect binding of the candidate agent to a PRKC
fusion protein; a binding competition between a known ligand and the candidate ageni (o a

PRKC fusion protein;

{ii} a change in kinase activity, ¢.g., phosphoryiation levels of a PRKC fusion protein
(e.g., an increased or decreased phosphorylation or avtophosphoryiation} or a change in
phosphorylation of a target of a PREC kinase -- in certain embodiments, a change in kinase
activity, e.g., phosphorylation, is detected by any of Western blot {e.g., using an anti-
PRK.C antibody; or a phosphor-specific antibody, detecting a shift in the molecular weight
of a PRK.C fusion protein}, 1oass spectrometry, Bununoprecipitation,

mmunohistochemisiry, impumomagnetic beads, among others;

{111} a change n an activity of a cell containing a PRKC fusion (¢.g., atumor cell or g
recombinant cell), e.g., a change in proliferation, morphelogy or tumorigenicity of the cell;

{(iv) a change in tumor present in an snimal subicct, ¢.g., size, appearance, proliferation,
of the tumor;

{v} a change in the level, e.g., expression level (transcription and/or translation), of a

PRKC fusion protein or nucleic acid molecule; or
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{vi} a change in an activity of a signaling pathway involving PRKC, e.g.,
phosphorylation or activity of an interacting or downstream target, or expression level of a
target gene.

Methods for Vahdating PRKC Fusions

18098} PRKC gene fusions, such as, ¢.g., PRKC gene fusions {¢.g., IGF2BP3.PRKCA gene
fusion, TANCZ:PRKCA gene fusion, ADCY9:PRKCE gene fusion, or SPNSTPRECE gene
fusion) may be evaluated to ensure that the breakpoints are in-frame and can produce a protein
product containing the full kinase domain, i.c., that the breakpoint occurs such that complete
triplet codons are intact, and that the RNA seguence will produce a viable protein. The PREC
gene fusion can be transfected into cells to confirm that the protein is functionally active with
respect to kinase activity and oncogenie activity. ¢DNA encoding the PRKC fosion protein can
be produced by standard solid-phase DINA synthesis. Alternatively the PRKC fusion cDNA
can be produced by RT-PCR using tumor mRNA extracted from samples containing the gene
fusion. The DNA amplified can be subcloned nto an appropriate vector and characterized by

DNA scquence analysis or in vitro/in vive expression analyses.

{8891} Expression vectors containing the PREC gene fusion (such as, e.g., a PRKC gene
fusion, e.g., an IGF2BPI:PRKCA gene fusion, a TANCZ:PRKCA genc fusion, an
ADCYS:PRKCB gene tusion, or an SPNSHPRKCB gene fusion} can be introduced into host
cells to thereby produce a PRKC fusion protein (such as, e.g., 2 PREKC fusion protein, ¢.g., an
IGF2BP3:PRECA fusion protein, a TANCZ2:PRKCA fusion protein, an ADCYS:PRECE
fusion protein, or an SPNS1:PRKCB fusion protein). The PREC fusion protein expression
veeter can be a yeast expression vector, a vector for expression ininsect celis, e.g., a
baculovirus expression vector, or a vector suitable for expression in mammalian cells. Vector
DNA can be introdoced into host cells via conventional transformation or transfection
techiriques. As used herein, the terms “fransformation” and “transfoction” are intended to refer
1o a variety of art-recognized techniques for fntroducing foreign nucleic acid (e.g., DNA) into a

host cell

8092 Cells harboring the expression vector carrying the recombinant PRIC gene fusion can
then be tested for production of the unique fusion protein via standard Western blotting using
either an antibody probe that deteets the gene product itself or that recognizes a tag peptide
(e.g., FLAG tag) that can be added to the gene product via the expression vector (using
standard, commercially available reagents). Western blotting can be used to confur the

ectopic expression of the encoded PRKC fusion protein by comparing the samples from cells
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ransfected with the vector containing the PREKC gene fusion ¢DNA to cells transfected with
the empty expression vector. The functional activity can be assessed by measuring the level of
phosphorylation on the kinase or substrate. Comparison of the level of phosphorylation
activity between the wild type (normal) form of PRKC and the PREC fusion protein can
mdicate if the PREC fusion protein has elevated activity that could drive oncogenic activity.
Whether the PRKC gene fusion is oncogenic can be assessed by measuring capacity of the
expressed PRKC fusion protein to transform cells, that is, to enable cells to grow and
proliferate under conditions which are not permissive for growth of normal cells. One
commonly used method of measuring the transforming activity of a kinasc is by assessing if
expression of the gene product can allow BaF3 cells to grow in the absence of the growth
factor TL3, which is required for the survival and growth of BaF3 cells. Another assay for
measuring transforming activity is a soft agar growth assay. This is another standard method
which tests the capacity of an introduced gene product to confer the ability to grow ina soft
agar matrix, or anchorage-independont conditions. These methods and others can be used to
test the oncogenic activity of a PREC gene fusion (soch as, e.g., an IGF2BP3:PRKCA gene
fusion, a TANCZ:PRKCA gene fusion, an ADCY9:PRKCE gene fusion, or an SPNST:PRK(CB
gene fusion} and provide a level of validation of a PRKC fusion protein (such as, e.g., an
IGF2BP3:PRKCA fusion protein, a TANCZ:PRECA fusion protein, an ADCY9:PRKCB
fusion protein, or an SPNST:PRECE fusion protein) as a potential target for treating patients

that harbor these fusions.

180931 A change in an activity of a cell can be detected in a cell in culture, e.g., acell
expressing a fusion (2.g., a mammalian cell, a tumor cell or cell ling, a recombinant cell). The
transfected cell can show a change inresponse to the expressed fusion, e.g., increased
proliferation, changes fn morphology, increased tamorigenicity, and/or an acquired transtormed

phenatype.

18094} To further validate the biological implication of the gene fusion, a change inany of the
activities of the cell, e.g., the recombinant cell, m the presence of a known inhibitor of one of
the fusion partners, ¢.g., a PRKC mhibitor, can be detected. For example, a decrease in one or
more of: proliferation, tumorigenicity, and transformed morphology, in the presence of the
PREC inhibitor can be indicative of an inlubitor of a fusion. In other embodiments, a change
1 binding activity or phosphorylation of PRKC or its interacting or downstream proteins or

molecules is detected.

N
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188951 All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as if cach individual publication or patent was specifically and individually
ndicated to be incorporated by reference. To the extent publications and patents or patent
applications incorporated by reference contradict the disclosure contained in the specification,
the specification will sepersede any contradictory material. Unless otherwise required by
context, singular terms shall inchude the plural and plural terms shall include the singular. The
use of “or” means “snd/or” unless stated otherwise. The use of the term “including,” as well as
other forms, such as “mchides” and “included,” is not lmiting. Al ranges given in the
application encompass the endpoinis unless stated otherwise.

{8096} Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

described berein. Such equivalents are intended to be encompassed by the following claims.
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We claim:
1. A method for detecting the presence of a PRKC fusion in a biological sample,

comprising the steps of!
(3) obtaining a biclogical sample from 2 mammal; and

{(b) contacting the sample with a reagent that detects a PRKC fusion to determine whether

a PREC fusion is present in the biological sample,
wherein the detection of the PRKC fusion indicates the presence of a PRI.C fusion in the
biological sample.
2. A method of diagnosing a patient, the method comprising:
{(a) obiaining a biological sample from a patient; and

{b) contacting the sample with a reagent that detects a PREC fusion to determine whether

a PRKC fusion is present in the biological sample,
wherehy the detection of the PREC fusion indicates the presence of or susceptibility to a
disorder associated with aberrant PRKC expression or activity, or overexpression of PRKC.
3. A method of determining a therapeutic regimen for treating a cancer in 8 human
subject, the method comprising:
{a}) obtaining a biclogical sample from a tumor in the subject;

(b} contacting the sample with a reagent that detects a PRKC fusion to determine whether

a PRKC fusion is present in the biological sample; and
(¢} determining the therapoutic regimen based on the presence or absence of a PRKC
fusion in the sample.
4. A method of identifying a patient likely to respond to treatment with a PREC
mnhibitor or a PRKC fusion inhibitor, the method comprising:
{a) obtaining a bivlogical sample from the patient
{b) contacting the sample with a reagent that detecis 2 PRKC fusion to determine whether
a PREC fusion 1s present in the biological sample,
wherein the detection of the PREC fusion indicates the likelihood of the patient

responding to treatment with a PREKC inhibitor or a PRKC fusion inhibitor.

(O8]
o
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5. A method of stratifying a patient population by detecting a PRKC fusion, the method

comprising:
{a) obtaining a biological sample from each patient in the population;

{b) contacting cach of the samples with a reagent that detects a PRKC fusion to determine

the presence or absence of a PRKC fusion; and

{c} sclecting patients having PREKC fusion for treatment with a PRI inhibitor or a

PRKC fusion udubitor.

6. The method of any one of claims 1-5, wherein the method of detecting a PRKC
fusion in the biological sample comprises one or more assays selected from: in situ
hybridization, comparative genomic hybridization, microarray, Southern blot, northern blot,
PCR, PCR-RFLP assay, real-time PCR, sequence-specific primers, high-performance liguid
chromatography, or mass-spectrometiric genotyping, and metaphase cytogonetic analysis by

karyotype methods.

7. The methed of any one of claims 1-6, wherein the method comprises:

(a) performing a PCR amplification reaction with polynucleotides from the biological

sample,

wherein the amplification reaction utilizes a pair of primers which will amphify at

least a fragment of a PRKC fusion comprising a fusion junction, and
wherein the first primer is in sense orientation and the second primer s m anfisense
orientation; and

(b) detecting an amplification product, wherein the presence of the amplification product

is tndicative of the presence of a PREKC fusion polynucleotide in the sample.

8. The method of claim 7, wherein the step of performing a PCR amplification reaction

cCOmprises:

(1) providing a reaction mixture comprising polynucleotides from the biological sample,
the pair of primers which will amphfy at least a fragment of a PRKC gene fusion comprising 2
fusion junction, wherein the first primer is complementary to a sequence on the first strand of
the polynucleotides and the second primer is complementary to a sequence on the second
strand of the polynucleotides, a DNA polymerase, and a plorality of free nucleotides

comprising adenine, thymine, cytosine, and guanine (ANTPs);
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(i1} heating the reaction mixture to a first predetermined temperature for a first

predetermined time {0 separate the double strands of the polynucieotides from cach other;

{(111) cooling the reaction mixture to a second predetermined temperature for a second
predetermined time under conditions to allow the first and second primers to hybndize with
their complementary sequences on the first and second strands of the polymucleotides, and to

allow the DNA polymerase to extend the primers; and

{iv}) repeating steps (it} and (itl) for a predetermined number of cycles.

9. The method of any one of claims 1-8, where in the method employs a probe or
primer that is detectably labeled with a radiolabel, a fluorescent label, a bioluminescent label, a
chemiluminescent label, an enzyme label, a binding pair label, an antigen-label, a reporter

molecuole, an affmity tag, an adaptor, a barcode, or a sequence identifier.

1. The method of claim 9, wherein the labeled probe or primer 15 detected using
autoradiography, microscopy, brightfield microscopy, fluorescence microscopy, electron

microscopy, enzyme-linked immuonosorbent assay (ELISA), or imnwenohistochemisiry.

11, The method of any one of claims 1-10, wherein the biological sample is selected
from tissue, whole blood, serum, plasma, buccal scrape, sputum, saliva, cerebrospinal fluid,

urine, stool, circulating tumor cells, eirculating nucleie acids, or bone marrow.

12. The method of any one of claims 1-11, wherein the biological sample is from a

human cancer.
13. The method of claim 12, wherein the human cancer s lung cancer.

14. The method of claim 12, wherein the buman cancer is Jung sqguamous cell

carcimona.
15, The method of claim 12, wherein the human cancer 15 lung adenocarcinoma.

16. The method of any of claims 1-15, wherein the PRKC gene fusion is an

IGF2BP3:PRECA gene fusion.

t7. The method of claim 16, wherein the IGF2BP3.PRKCA gene fusion comprises all

or part of the nucleotide sequence set forth in SEQ [T NO:1 comprising the fusion junction.

18, The method of any of claims 1-15, wherein the PRKC gene fusionis a
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TANCZ:PRKCA gene fusion.

19, The method of claim 18, wherein the TANC2:PRKCA gene fusion comprises all or

part of the nucleotide sequence set forth in SEQ 1B NO:3 comprising the fusion junction.

20. The method of any of claims 1-15, wherein the PRKC gene fusion is an

ADCY9:PRKCE gence fusion.

21. The method of claim 20, wherein the ADCY$:PRECE gene fusion comprises all or

part of the nucleotide sequence set forth in SEQ 1B NO:§ comprising the fusion junction.

22. The method of any of claims i-15, wherein the PRKC gene fusion is an

SPNSTPREKCB gene fusion.

23. The method of claim 22, wherein the SPNST:PRKCB gene fusion comprises all or

part of the nucleotide sequence set forth in SEQ 1D NO:7 comprising the fision junction.

24, The method of any of clavms 1-23, wherein the reagent is a probe ot primer that
hybridizes to the fusion junction of a PRK.C fusion.
25. The method of any of claims 1-24, wherein the reagent hybridizes to

(a) nucleotides 12011206, 1199-1208, 1194-1213, 1179-1228, or 1154-1253 of SEQ ID
NGO

(b} nucleotides 136-144, 134-146, 129-151, 114-166, or §9-191 of SEQ ID NG:3;

{c) nucleotides 1690-1698, 1688-1700, 1683-1705, 1668-1720, or 1643-1745 of SEQ 1D
NO:5; or

{d) nucleotides 304-3172, 302-314, 297-31%, 282-334, or 257-35% of SEQ 1D NG 7.

26. The method of any of claims 1-25, wherein the reagent detects an mRNA or cDNA

encoding & PREC fusion protein.

27. The method of any one of claims 1-5, whercin the reagent detects a PRKC fusion

protein but does not detect wild type PREC or wild type fusion partner.

28. The method of any one of claims 1-5 and 27, where in the reagent is detectably
fabeled with a radiolabel, a fhuorescent label, a bioluminescent label, a chemiluminescent label,

an enzyme label, a binding pair label, an antigen-label, a reporter molecule, an affinity tag, an
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adaptor, barcode, or a sequence identifier,

29, The method of claim 28, wherein the labeled reagent is detected using one or more
of auioradiography, microscopy, brightficld microscopy, flucrescence microscopy, electron
microscepy, enzyme-linked immunosorbent assay (HLISA), direet ELIS A, inditect BLISA,
sandwich ELISA, competitive ELISA, immunohistochemistry, western blot, HPLC, and mass

spectrometry.

30, The method of any one of ¢laims 1-5 and 27-29, wherein the reagent comprises an
antibody specific to a PRKC fusion protein.
31. The method of any one of claims 27-30, wherein the PRKC fusion protein is an

IGF2BP3:PRKCA fusion protein,

32. The method of claim 31, wherein the IGF2BP3:PRECA fusion proiein comprises

ail or part of the amino acid sequence set forth in SEQ 1D NO:Z comprising the fusion junction.

33. The method of any one of claims 27-30, wherein the PRKC fosion protein is a

TANCZ:PREKCA fusion protein.

34. The method of claim 33, whercin the TANCZ:PRKCA fusion protein compriscs all

or part of the amino acid sequence set forth in of SEQ 13 NO:4 comprising the fusion junction.

35. The method of any one of claims 27-30, wherein the PRKC fusion protein is an

ADCY9:PRKCB fusion protein.

36. The method of claim 35, wherein the ADCY 9 PRKCHE fusion protein comprises all

or part of the amine acid sequence set forth in of 3EQ 13 NO:6 comprising the fusion junction,

37. The method of any one of claims 27-30, wherein the PRKC fusion protein s an

SPNSTPRKCE fusion profein.

38. The method of ¢laim 37, wherein the SPNSTPRECE fusion protein comprises all
or part of the aming acid sequence set forth in of SEQ 1D NO:R comprising the fusion junction.
39. The method of any of claims 1-S and 27-38, wherein the reagent reacts with
(a) amino acids 397-406, 392-411, or 377-426 of SEQ D NO:2;

{b) amino acids 42-51, 37-56, or 22-71 of SEQ ID NG:4;
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{¢) amino acids 560-56Y, 555-574, or 540-589 of SEGQ ID NG:6; or

{d) amino acids 98-107, 93-112, or 78-127 of SEQ 1D NGO,

~
‘
7

40, The method of any of claims 27-39, wherein the biological sample is from a human

cancer.
41, The method of claim 44, wherein the human cancer is lung cancer.

42. The method of claim 40, wherein the human cancer is fung squamous ccl

carcimona.
43. The method of claim 40, whercin the human cancer is lung adenocarcinoma.

44. A method of treating a paticnt, the method comprising acquiring knowledge about
the presence of & PRKC fusion, and then administering to the patient a therapeutically effective

amount of a PRKC mhbitor or a PRKC fusion mhibitor.

45. The method of claim 44, whercin the knowledge abowt the presence of a PREC

fusion is acquired by the method of any one of claims 1-43.
46. The method of claim 44 or 45, wherein the patient is suffering from a cancer.
47. The method of claim 46, wherein the cancer is tung cancer.
48. The method of claim 46, wherein the cancer is hung squamous cell carcinoma.
49, The method of claim 46, wherein the cancer is tung adenocarcinoma.

50. A method of inhibiting the proliferation of celis containing a PRKC fusion, the

method comprising contacting the cells with 2 PRKC inhibitor or a PRK.C fusion inhibitor,

31, A method of reducing an activity of a PRKC fusion comprising contacting the

PREC fusion with an agent that fnhibits an activity or expression of PRKC.
52. The method of claim 30 or 51, wherein the contacting step is eftected in viiro.

33. The method of claim 50 or 51, wherein the contacting step is effected incells in

culture,

54. The method of claim 30 or 51, wherein the contacting step s effected in vivo.
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55. The method of any one of claims 51-54, wherein the agent that inhibits an activity

or expression of PRKC is a PRKC inhibitor or a3 PRKC fusion inhibitor,

56. A method of treating a condition mediated by aberrant PRKC expression or
activity, the method comprising administering to a subject a therapeutically offective amount of

a PRKC inhibitor or a PREC fusion inhibitor.

57. A wmethod of treating a condition characterized by overexpression of PRKC, the
method comprising administering to a subject a therapeutically effective amount of a PRKC

inhibhitor or a PRKC fusion inhibitor.

58. A method of treating a cancer, the method comprising administering to a subject a

therapeutically effective amount of 3 PRKC mhibitor or a PRK.C fusion inhibitor.
§9. The method of claim 58, wherein the cancer is luong cancer.
60. The method of claim 58, wherein the cancer is lung squamous cell carcinoma.
51. The method of claim 58, whercin the cancer is lung adenocarcinoma.

62. The method of any of claims 44-61, wherein the agend that inhibits an activity or

expression of PRKC or the PRKC mhibitor is a kinase inhibitor,

653. The method of any of claims 44-61, wherein the agent that inhibits an activity or

expression of PRKC or the PREC inhibitor is an anti-PREC antibody.

64. The method of any one of claims 44-61, wherein the agent that inhibits an activity

or expression of PREKC or the PRKC inhibitor is a PRKC fusion inhibitor,

65. The method of claim 64, wherein the PRKC {osion inhibitor is an antibody that

recognizes the fusion junction of a PREKC fusion.

66. The method of any one of claims 44-65, wherein the PREC fusion is an

IGF2BP3:PREKCA, TANC2:PRKCA, ADCYS:PRIKCRB, or SPNS1:PRKCRB fusion.
67. The method of any one of claims 44-66, wherein the PRKC fusion inhibitor is an
antibody that binds to

(a) a fragment of an IGF2BP3.PRKCA fusion comprising amino acids 397-406, 392-411,

or 377-426 of SEQ 1D NO:Z;
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(b) a fragment of a TANC2:PRKCA fusion comprising amino acids 42-51, 37-56, or 22-

71 of SEQ ID NQ:4;

{¢) a fragment of an ADCY9:PRECR fusion comprising aminoe acids 560-569, 555-574,
or 540-589 of SEQ ID NO:6; or

{(d) a fragment of an SPNSL:PRKCB fusion comprising amino acids 98-107, 93-112, or

78-127 of SEQ 1D NO:S.

658. A method of identifying an agent usefid for treating lung squamous cell carcinoma,
the method comprising contacting a cell expressing a PREC fusion with a candidate agent and
determining whether the expression level of the fusion is decreased or a biclogical function

assoctated with the fusion is altered,

6%, A method of identitying an ageunt useful for treating lang adenocarcinoms, the
method comprising contacting a cell expressing a PRXC fusion with a candidate agent and
determining whether the expression level of the fusion is decreased or a biological function

associated with the fusion is altered.

70. A method of identifying an agent that modulates the activity of a PRKC fusion,
comprising contacting a PRKC fusion with a candidate agent; and detecting a change ina

parameter associated with a PRIC fusion.

71. The method of any of claims 68-7{), wherein the PRKC fusion is an

IGF2BP3:PRECA, TANC2PRECA, ADCY9:PRKCE, or SPNS1T:PRKCE fusion.
72. The method of any one of claims 68-71, wherein the PRKC fusion comprises alf of
part of

{a) the nucleotide sequence set forth in SEQ TD NO:L, 3, 5, or 7 compriging the fusion

junction; or

(b} the amino acid sequence set forth in SEQ ID NQ:2, 4, 6, or § comprising the fusion

junction.
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vAAu“VTT”H AwwwﬂTTTTT CACCCGCCAT CCACCAGTCC TAACACCTCC CGACCAGGAA 2040
GTCATCAGSA ATATTGACCA ATCAGAATTC GAAGGATTTT CCTTTETTAD CTCTGAATTT 2100
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