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PENT FUSIONS

CLAIM OF PRIORITY
{88611 This apphcation claims the benefit of U.S. Provisional Application No. 62/410,256,
filed June 10, 2014, which is incorporated here by reference in iis entirety to provide continuity
of disclosure.
{8802] This invention relates to PKN1 (Protein Kinase N1 gene fusions and PKN1 fusion
proteins. The invention further relates to methods of diagnosing and treating discases or
disorders associated with PKN1 fusions, such as conditions mediated by aberrant PKN1
expression or activity, or conditions associated with overexpression of PRNL
188631 Many forms of cancer are caused by genetic lesions that give rise to fumor initiation
and growth. (enctic lesions may include chromosomal aberrations, such as translocations,
mversions, deletions, copy number changes, gene expression level changes, and somatic and
germiine nuatations. Indeed, the presence of such genomic aberrations s a hallmark featore of
many cancers, including, for example, B cell cancer, hmg 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 properties
required for tumorigenesis.
18084} Recont efforts by The Cancer Genome Atlas (TCGA), the International Cancer Genome
Consortium (HCGC), and dozens of other large-scale profiling offorts have generated an
enormous amount of new sequencing data for dozens of cancer types — this fncludes whole-
genome DNA, whole-exome DNA, and full-transcriptome RNA sequencing. These efforis
have led to the identification of new driver gencs and fusion genes within multiple cancer
types. Fusions, particularly fusions involving kinases, are of particular intevest, as such fusions
have been shown 1o be oncogenic, and have been successtully targeted by new therapeutics.
For example, anaplastic lymphoma kinase (ALK), one of the receptor tyrosing kinases, is
kunown to become oncogenic when fused with various genes. Sce, ¢.g., M. Soda ct al,
“Identification of the transforming EMLA-ALK fusion gene in non-small-cell hing 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 sanples collected from more than one
source can indicate that the kinase is an oncogenic driver. The identification of such fusions
can be an cffective approach to diagnosis of cancers and development of compounds,

compositions, methods, and assays for evaloating and freating cancer paticnts.



WO 2015/191667 PCT/US2015/035020

180086} In onc aspect, the invention provides methods for detecting the presence of a PKN1
fusion in a biological sample; the methods fnclude the steps oft {a) obtaining a biological
sample from a mammal; and {b) contacting the sample with a reagent that detects a PKN{
fusion, to determine whether 2 PKNT fusion is present in the biological sample. In some
embodiments, the sample can be from, e.g., 3 cancer patient. In some embodiments, the cancer
is lung cancer, such as, e.g., lung squamous cell carcinoma. In some embodiments, the cancer
is Hver cancer, such as, e.g., hepatocellular carcinoma. In some embodiments, the fusion can
be, e.g., a TECR:PKN1 fusion or an ANXA4:PKNI fusion. In some embodiments, the
TECR:PKNI fusion has all or a part of the nucleotide and/or amino acid sequence {such as,
¢.g., the fusion junction) set forth in SEQ ID NO: 1 and SEQ 1D NO:2, respectively, In some
embodiments, the ANXA4:PKN1 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:3 and SEQ 1D NO:4,
respectively.
{88471 In another aspect, the invention provides methods of diagnosing a patient having a
discase or disorder associated with aberrant PKN1 expression or activity, or overexpression of
PKINT; the methods include: (a) obtaining a biological sampic from the patient; and (b}
contacting the sample with a reagent that detects a PKN fusion to determine whether a PENT
fusion is present in the biological sample, wherein the detection of the PENT fusion indicates
the presence of a disorder associated with aberrant PKNT expression or activity, or
overexpression of PRKNT.
{8808} The invention also includes methods of determining a therapeutic vegimen for freating a
cancer in a human subject; methods of identifying a patient Hkely to respond to treatment with
a PKN1 inhibitor or a PKINT fusion inhibitor; methods of stratifying a patient population by
detecting 2 PXNT fusion; methods of treating a patient; methods of inhibiting the proliferation
of cells containing a PRN1 fusion; methods of reducing an activity of a PENT fusion; methods
of treating 8 condition modiated by aberrant PKINT expression or activity; methods of treating a
condition characterized by overexpression of PRKN1; methods of identifying an agent that
modalates the activity of a PKN1 fusion; and methods of monitoring disease burden in a
patient having a condition mediated by PKNI.

BRIEF DESCRIPTION OF THE FIGURES
{8088} FIG. 1 depicts the nucleotide sequence of a TECR:PKNT gene tusion (SEQ 1D NO:1}
comprising a portion of the TECR gene (NM_138501) up to and including exon | {amino acid
5} and a portion of the PKNI gene (NM_002741) starting at exon 10 {amino acid 474). The

underiined codons at nucleotides 13-15 and 16-18 encode the last amino acid of TECR and the
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first amino acid of PKN1, respectively. The slash between nucleotides 15 and 16 indicates the
breakpeint (fusion junction) where translocation and in-frame fision has occurred.
[8818] FIG. 2 depicts the amino acid sequence of a TECR:PENT fusion protein (SEQ D
NG:2). The slash between amino acids § and 6 indicates the breakpoint or fusion junction
between the TECR and PKNT proteins. Amine acids 5-6 correspond to nucleotides 13-15 and
16-18 10 SEQ H NO:1.
{8611} FiG. 3 depicts the nucleotide sequence of an ANXA4:PENI gene fusion (SEQ 1D
NO:3) comprising an ANXA4 gene {(NM_(01153) up to and including exon 2 {(amino acid 3}
and a portion of the PKNT gene (NM_002741) starting at exon 13 {(amino acid 578}, The
vnderhined codons at nuecleotides 7-9 and 10-12 encode the last amino acid of ANXA4 and the
first aming acid of PKNI, respectively. The slash between mucleotides 9 and 10 indicates the
breakpoint or fusion junction where translocation and in-frame fusion has occurred.
18012} FIG. 4 depicts the amino acid sequence of an ANXA4PKNT fusion protein (SEQ ID
N4y, The slash between amino acids 3 and 4 represents the location where the two proteins
are fused and comresponds to mucleotides 7-9 and 10-12 of SEQ ID NG:3.

EXEMPLARY EMBODIMENTS OF THE INVENTION
{8013} The invention is based, at least in part, on the discovery of novel recombination or
transiocation events in cancer patients that result in at least a fragment of a PKNI gene linked
to a2 non-homologous promoter via a recombination or transiocation event that may result in
aberrant expression {e.g., in 2 Jocation where the kinase is not fypically cxpressed) or
overexpression of the kinase domain of the PKNI gene and thus, an increase in kinase activity.
Thus, a new paticnt population is identified, which is characterized by the presence of a PKN|
fusion, ¢.g., a PKIN1 gene fusion or fusion protein. This new paticnt population suffers from or
is susceptible to disorders mediated by aberrant PKINT expression or activity, Ot overexpression
of PKNT, such as, e.g., a cancer. In another aspect of the invention, a new subtype of cancer is
identificd, which is characterized by the presence of the PKN1 fusions described herein. In
some cmbodiments, the new patient population suffers from or is susceptible to lung cancer
(such as, ¢.g., long squamous ccll carcinoma) or hiver cancer (such as, e.g., hepatocellular
carcinoma} characterized by the presence of a PENT fusion. New methods of diagnosing and
ireating the patient population and the PKN1 fusion cancer subtype are also provided.
18814} The torm "PRN1 fusion” is used generically herein, and includes any fusion molecule
(e.g., gene, gene product {e.g., cDNA, mBNA, or protein), and variants thereof) that includes a
fragment of PKN1, particularly the coding region for the kinase domain of PKNI, and the

coding region of a second, non-bomelogous gene and a promeoter sequence from the non-
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homologous gene, such that the coding sequence for the kinase domain of PKN1 is under
condrol of the promoter of the non-homologous gene. A PEKNT fuston protein generally
meludes the kinase domain of PRNL

PKNI Gene Fusions and Fusion profeins

{8015} PKN1 encodes a sering/threonine-protein kinase, which is a member of the protein
kinase C superfamily. It is believed to be mvolved in the Rho-dependent signaling pathway
and mediates insulin signals to the actin cyioskeleton. Proteolytic activation of this kinase by
caspasc-3 or related proteases during apopiosis suggests a role in signal transduction related to
apoptosis.

[881s] PKNI gene fusions are generated by a fusion between at least a part of the PRNIT gene
and a part of another gene as a result of a translocation (ncluding nversion) within 2
chromosome or between chromosomes. As a result of a translocation, the PKN1 gene may be
placed under the transcriptional control of the partner gene promoter, resulting 1 aberrant
PKN I expression or activity or overexpression of PKNI. The overexpression can lead to
certain cancers. Alternatively or additionally, the partner gene may inchude 8 dimerization
domain that causes PKN1 to become constitutively activated or the fusion event may delete an
autoregulatory region of PKNT leading to a constitutively activated kinase. As used herein, the
Sregion s upstream of, and the 3-region i1s downstream of, a fusion junction or breakpoint in
onc of the component genes. PKIN1 and the gene or protein that it is fused to is referred {0 as
“fusion partners.” Alternatively, they may be identified as 2 “PKN1 gene fusion” or 2 “PKNI
fusion protein” which are collectively termed “PKNT fusions.” The PKN{ fusions disclosed
herein have a kinase activity. The phrase "having a kinase activity” as used in this application
means having an activity as an enzyme phosphorylating the side chain of an amine acid, such
as serine of threonine. In some cmbodiments, the PKNT fusion may include PKNT non-coding
sequences (5"UTR), which, when fused in-frame to the fusion partner, results in transcription
of nucleotides that are not normally transcribed an introduce amine acids into the fusion protein
that are not part of PKNT or the fusion partner.

{86171 In some exemplary embodiments, the fusion partner is all or a portion of TECR (Vrans-
2,3-Enoyl-CoA Reduoctase}. In other exemplary embodiments, the fusion partnerisall or a
portion of ANXA4 (Anuexin A4).

18818} Reference to “all or a portion” or “all or part” of a PKN1 gene fusion or SEQ 15 NO:
ot 3, means that the nucleotide sequence comprises the entire PKNT gene fusion nucleotide
sequence or a fragment of that sequence that comprises the fusion junction or breakpoint

hetween PKNT and #ts fusion partoer (such as, ¢.g., TECR or AXNA4). The fragment may
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comprise 7, &, 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, 1006, 120, 150, 175, 200, 250, 300, or more nucleotides spanning the fusion junction
ofthe PKIN1T gene fusion. Reference to “all or a portion” or “all or part” of a PKN1 fusion
protein or SEQ 1D NO:2 or 4, means an amine acid sequence that comprises the entive PKN1
fusion protein amino acid sequence or a fragment of that sequence that comprises the fusion
sunction or breakpoint between PKNT and its fusion partoer (such as, e.g., TECR or ANXA4Y,
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, 73, or more amine acids spanning the fusion junction

(8818} In certain embodiments of the invention, a fusion includes an in-frame fusion of all or a
portion of the TECR gene (e.g., a TECR promotor or a functional fragment thereof, and one or
more exons encoding TECR or a fragment thereof) and an exon of the PRNT gene {e.g., onc or
more exons encoding a PKNIT kinase domain or a functional fragment thercof). Such a fusion
can be referred to as a TECR:PKN1 fusion. In one embodiment, the TECR:PKN1T fusion
comprises sufficient PKN1 sequence 1o drive expression of a fusion protein that has kinase
activity, e.g., has elevated activity as compared with wild type PKN1 in the same tissue or cell
{8028 In some embodiments, the invention provides a TECR:PKNT gene fusion comprising
the nucleotide sequence depicted in Figure 1 (SEQ 1D NO:1}, or a fragment thereof that
mclades the fusion pmetion. SEQ ID NO: 1 comprises TECR (NM__138501) op to and
ncluding exon 1 (amino acid vumber §) fused to PKNT {(NM 02741}, beginning at exon 10
{amino acid number 474}, In some embodiments the TECR:PKNT gene fusion comprises a
nucleotide sequence that is at least 85%, at lcast 90%, at least 95%, at least 97%, at least 989,
or at least 99% identical to all or part of SEQ D NO:1. In some embodiments, the
TECR:PENI genc fusion encodes a protein having the sequence deopicted in Figure 2 (SEQ ID
NO:2) or a sequence that is at least 85%, at least 0%, at least D5%, at loast 97%, at loast 98%,
or at least 99% identical to all or part of SEQ 1D NG:2.

16621} In other cmbodimenis of the invention, a fusion inchides an in-frame fusion of allora
portion of the ANXA4 gene {¢.g., an ANXA4 promotor or a functional fragment thercof, and
one or more exons encoding an ANXA4 or a fragment thereof) and an exon of the PEN1 gene
{e.g., one or more exens encoding 8 PKNI kinase domain or a fimetional fragment thereof).
Such a fusion can be referred to as an ANXA4:PEN] fusion. In one embodiment, the
ANXA4PKNT fusion comprises sufficient FKNT sequence to drive expression of a fusion
protein that has kinase activity, e.g., has elevated activity as compared with wild type PKN1 in

the same tissue or cell.
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18622} In some embodiments, the invention provides an ANXA4:PKNT gene fusion
comprising the nucleotide sequence depicted in Figure 3 (SEQ 1D NO:3), or a fragment thereof
that includes the fusion junction. SEQ D NG:3 comprises ANXA4 (NM_00153) up to and
mclading exon 2 (amino acid number 3) fused to PKNT (NM (02741}, beginning at exon 13
(amino acid nember 578). [n some embodiments the ANXA4:PKINT genc fosion comprises a
nuclootide sequence that is at least 85%, at least 50%, at feast 95%, at least 97%, at least 98%,
or at least 99% identical to all or part of SEQ D NO:3. In some embodiments, the
ANXA4PKNI gene fusion encodes a protein having the sequence depicted in Figure 4 (SEQ
1D NO:4) or a sequence that is at least 85%, at least 90%, at least 95%, at least 97%, at least
08%, or at least 99% identical to all or part of SEQ D NO:4.

{80623} The nucleic acid sequences of PKNT gene fusions may be used as prebes, primers, or
bait to identify nucleotides from a biclogical sample that inclade, flank, or hybridize to, PKNI
fusions, such as TECRIPKN] {e.g., all ot part of SEQ D NG: 1) or ANXA4PKNT (e.g., all or
part of SEQ H3 NQ:3}), at, e.g., the fusion junctions. In certain embodiments, the probe, primer,
or bait melecule is an oligonucleotide that allows capture, detection, and/or isolation of a PKNI
gene fusion in a blological sample. ln certain crabodiments, the probes or primers derived
from the nucleic acid sequences of PKNT gene fusions {e.g., from the fusion junctions) may be
used, for example, for polymerase chain reaction (PCR) amplification. The oligonucleotide
can comprise a nucieotide sequence substantially complementary (o a fragment of the PKN1
gene fusion nucleic acid molecules described herein. The sequence identity between the
nucleic acid fragment, e.g., the oligomucleotide and the target PKN1 gene fusion sequence,
need not be exact, so long as the sequences are sufficiently complementary to allow the
capture, detection, and/or 1solation of the target sequence. T onc cmbodiment, the nucleic acid
fragraent is a probe or primer that includes an oligonucleotide between about 5 and 25, ¢.g.,
between 10 and 20, or 18 and 15 nucleotides in length that includes the fusion junction of
TECR:PENI (e.g., all or part of SEQ ID NO: 1) or ANXA4:PKN1 {e.g., alf or part of SEQ 1D
NG:3). In other erubodiments, the nucleic acid fragment 15 a bait that includes an
oligonucleotide between about 100 1o 300 nucleotides, 130 and 230 nucleotides, or 150 and
200 nocleotides in length that inchudes the fusion junction of TECR:PKNI {(c.g., all or part of
SEQ ID NO: 1) or ANXA4:PKNT (e.g., all or part of SEQ 1D NO:3).

18024} In certain embodiments, the nucleic acid fragments hybridize to a nucleotide sequence
that inclades a breakpoint or fusion junction, e.g., a breakpoint or fusion junction as identified
by a slash (/) in FiGs. | and 3. For example, the mucleic acid fragment can hybridize o a

nucleotide sequence that includes the fusion junction between the TECR transcript and the
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PKIN{ transcript (¢.g., nucleotides 13-18 of SEQ 1D NO:1) or between the ANXA4 transcript
and the PKINT transcript (e.g., nucleotides 7-12 of SEQ 1D NGO:3), e, a rucleotide sequeonce
that inclodes a portion of SEQ ID NO: or 3. Examples inchude a nucleotide sequence within
exon 1 of a TECR gene and exons 10 to 22 of a PKNT gene (e.g., a portion of SEQ ID NG
comprising nucleotides 13-18, 11-29, 6-25, 1-30, 1-45) or a nuclectide sequonce within exons
1-2 of an ANX A4 gene and 13 to 22 of a PKN1 gene (e.g., a portion of SEQ 1D NO:3
comprising nucleotides 7-12, 5-185, 1-20, 1-30, or 1-45).

18625} In other embodiments, the nucleic acid fragment includes a bait that comprises 8
nucleotide sequence that hybridizes to a PKNT gene fusion nucleie 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 inclodes a binding entity or detection entity, ¢.g., an affinity fag or fluorescent label, that
allows detection, capture, and/or separation, e.g., by binding to a binding entity, of a hybrid
formed by a bait and a nucleic acid hybridized to the bait.

18826} In excmplary embodiments, the nucleic acid fragments hybridize to a nucleotide
sequence that tnchudes a fusion junction between the TECR transcript and the PXNI1 transcript,
e.g., a nucleotide sequence within SEQ D NO:T comprising nucleotides 13-18 (such as, e.g., a
sequence comprising nucleotides 11-20, 6-25, 1-30, or 1-45 of SEQ ID NG:1).

18027} In other cxemplary embodiments, the nucleic acid fragments hybridize to a nucleotide
sequence that inchudes a fusion junction between the ANXA4 transcript and the PKN1
transcript, e.8., a nucleofide sequence within SEQ ID NO:3 comprising nucleotides 7-12 (such
as, €.g., 4 sequence comprising nocleotides 5-15, 1-20, 1-30, or 1-450f SEQ ID N(:3)

18028} Another aspect of the invention provides PKNT fusion proteins (such as, ¢.g., a purified
or isolated TECRPKNT or ANXA4:PKN1 fusion protein), biologically active or antigenic
fragments thereof, and use of those polypeptides for detecting and/or modulating the biological
activity {such as tumorigenic activity) of a PKN1 fusion protein. Excmplary embodiments of
the PKNT fusion proteins comprise the amino acid sequeonce set forth in SEQ 1D NG:2 or 4,
and fragments of those sequences.

188251 In some embodiments, the PKNI fusion protein of the invention can inchude a fragment
of a TECR protein or an ANXA4 protein. In one cmbodiment, the PKNT fusion protein is
TECRPKNI fusion protein having the amino acid sequence of SEQ 1D NO:Z or a fragment
thereof, such as, e.g., amine acids 3-8, 1-10, 1-15, 1-20, 1-25, or [-30 of SEQ ID NO:2, In

other embodiments, the PKNT fusion protein s an ANXA4:PKNI fusion protein having the

~3



WO 2015/191667 PCT/US2015/035020

amine acid sequence of SEG 1D NO:4 or a fragment thereof, such as, ¢.g., aming acids 2-6, i~
10, 1-15, 1-20, 1-25, or 1-30 of SEQ 1D NO4.

{8038} In some embodiments, the PRNT fusion protein is a TECR:PKNI fusion protein
comprising an amino acid sequence that 15 at least §5%, at least 90%, at least 95%, at least
G7%, at fcast 98%, or at lcast 99% identical to SEQ 1D NO:2Z or a fragment thercof {e.g., amino
acids 3-8, 1-10, 1-15, 1-20, 1-25, or 1-30 of SEQ 1D NG:2). In other embodiments, the PRN1
fusion protein is an ANXA4:PENI1 fusion protein comprising an amino acid sequence that is at
lcast 85%, at least 90%, at least 95%, at feast 97%, at least 98%, or at least 99% identical to
SEQ 1D NO:4 or a fragment thoreof (e.g., amino acids 2-6, 1-10, 1-15, 1-20, 1-25, or 1-30 of
SEQ D NO:4).

{80631} In certain embediments, the PKNI fusion protein inchides a functional kinase domain.
In some embodiments, the PKNT fusion protein comprises elevated PKN1 activity as compared
with wild type PKNT activity {e.g., in a cancer coll, a non-cancer cell adjacent to the cancer
cell, or a non-~cancer cell from a control sample, such as a cancer free subject). In one
exemplary embodiment, the PKNT fusion protein is a TECR:PKNI fusion and inchides a
PKN1 serine/threonine kinase domain or a functional fragment thereof. In other exemplary
embodiments, the PEN1 fusion protein 1s an ANXA4PKNT fusion and fncludes a PENI
serine/threonine kinase domain or a functional fragment thereofl

{8832] In another embodiment, the PKNT fosion protein or fragment is a peptide, ¢.g., an
mmmunoegenic peptide or protein, that contains a fusion junction with a heterologous protein as
described herein. Such immunogenic peptides or proteins can be used for vaceine preparation
for ase in the treatment or prevention of cancers caused by or exacerbated by PKNT gene
fusions and PKN1 {fusion proteins. In other embodimenis, such immunogenic peptides or
proteins can be used to raise antibedies specific 1o the fusion protein. In some embodiments,
the PKN{ 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
PKN 1 fusion protein (¢.g., 8 hapten, a toxoid, etc.). In some cmbodiments, the PKNT fusion
protein is 2 THCRIPRNT or ANXA4:PKNT fusion protein. In some embodiments, the PKNI
fusion protein comprises the fusion junction of SEQ ID NO:2 or 4.

18033} Thus, another aspect of the invention provides an antibody that binds to a PKN1 fusion
protein {such as, c.g., a TECR:PKNI or an ANXA4:PKNT fusion protein) or a fragmend
thereof. In certain embodiments, the antibody recognizes a PKN1 fusion protein but does not
recognize wild type PKINT or the wild type fusion partoer (such as, ¢.g., TECR or ANXA4). In

some cmbodiments, the antibody binds 1o an epitope comprising the junction between PN
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and the fusion pariner (e.g., the junction of TECR:PKNT or ANXA4:PKNI). Inone
cmbodiment, the antibody binds to a THCR:PKNT fusien protein having the amino acid
sequence of SEQ D NO:2 or a fragment thereof, such as, e.g., amino acids 3-8, 1-10, 1-15, 1-
28, 128, or 1230 of SEQ 1D NG:2. In other emboediments, the the antiboedy binds to an
ANXA4:PKN1 fusion protein having the amino acid sequence of SEQ 1D NO:4 or a fragment
thereof, such as, ¢.g., amino acids 2-6, 1-10, 1-15, 1-20, 1-25, or 1-30 of SEQ 1D NO:4.
18834} In certam embodiments, the antibodies of the invention inhibit and/or neutralize the
biclogical activity of the PKN1 fusion protein, and more specifically, in some embodiments,
the kinase activity of the PKN1 fusion protein. In other embodiments, the antibodies may be
used to detect 8 PRNT fusion protein or to diagnose a patient suffering from a disease or
disorder associated with the expression of a PKN1 fusion protein.

Detection and Diagnostic Methods

18838} In another aspect, the invention provides a methed of determining the presence of a
PKN{ gene fusion or fusion protein, such as, e.g., a TECR:/PENT or an ANXA4:PRNI fusion
as described herein, The presence of a PKNI fusion indicates that the mammal providing the
biclogical sample suffers from or is at risk of developing a disorder mediated by aberrant
PKNT expression or activity, or overexpression of PKN1, such as, e.g., a cancer. The presence
ot a PKN1 fusion may also indicate that the cancer is treatable with 8 PKNI inhibitor (such as,
¢.g., a kinase inhibitor or an antibody specific to PKN1) or a PKNI fusion inhibitor.. In some
embodiments, the cancer is lung cancer. In some embodiments, the cancer is fiver cancer. In
some embodiments, the PKN1 fusion present in the sample is TECRPENT and the cancer to
be treated is hmg squamous cell carcinoma, In other embodiments, the PKNT fusion present in
the sample is ANXA4:PENT and the cancer to be ireated is hepatocellular carcinoma.

[8836] In onc cmbodiment, the PKNT fusion detected is a nucleic acid molecule or a
polypeptide. The methed includes detecting whether a PKN1 fusion nucleic acid melecule or
polypeptide is present in a cell (e.g., a circulating cell or a cancer cell), a tissue {e.g., a tumor),
or a sanaple, ¢.g., a tuor sample, from 2 subject. [n one crubodiment, the sample is 2 nucleic
acid sample. In one embediment, the nucleic acid sample comprises DNA, e.g., genomic DNA
or cDNA, or RNA, e.g., mRNA. In other embodiments, the sample is a protein sample.

18037} The sample can be chosen from one or more sample types, such as, for example, tissue,
¢.g., cancerous tissue {2.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

8038} 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 PKNT fusion is detected in 2 nucleie acid
molecule by a method chosen from one or more of: nucleic acid hybridization assay {e.g. in situ
hybridization, corgparative genomdic hybridization, microarray, Southem blot, northern blot),
amplification-based assays (e.g., PCR, PCR-RFLP assay, or real-time PCR), sequencing and
genotyping {c.g. sequence-spectfic primers, high-performance liquid chromatography, or mass-
spoctrometric genotyping), and screening analysis (including metaphase cytogenetic analysis

by karyotype methods).

{1} Hybridization methods

18039} In some embodiments, the reagent hybridizes to a PKN1 gene fusion, such as, ¢.g.,
nucleotides 13-18, 11-20, 6-25, 1-30, or 1-45 of SEQ ID NO:1. In alternate embodiments, the
reagent detects the presence of nucleotides 7-12, 5-15, 1-20, 130, or 1-450f SEQ 1D NO:3. In
one erabodiment, the method includes: contacting a nucleic acid sample, ¢.g., 2 genomic DNA
sample (e.g., a chromosomal sample or a fractionated, enriched or otherwise pre-treated
sample) or a gene product {mRNA, ¢DNA), obtaingd from the subject, with a nucleic acid
fragment ¢.g., a probe or primer as described herein {c.g., an cxon-specific or a breakpoint-
specific probe or primer} under conditions suitable for hybridization, and determining the
presence or absence of the PKNT gene fusion, such as, e.g. TECR:PENT or ANXA4:PENL In
an alternate embodiment, the method inclades the steps of obtaining a sample; exposing the
sample to & nucleic acid probe which hybridizes to an mRNA or cDNA encoding a PKNI
fusion protein that comprises amino acids 3-8, 1-18, 1-15, 1-20, 1-25, or 1-30 of SEQ D N2,
or amino acids 2-6, 1-10, 1-15, 1-20, 1-25, or 1-30 of SEQ ID NG:4.

18048} 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 {1989y T. Brown, Hybridization Analysis of DNA Blots. Current Protocols in
Molecuiar 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 each other in order to hybridize. Examples of highly stringent conditions for
hybridization inclede hybridization in 4xsodiom chloride/sodium citrate (SS5C), at 65 or 707 |
or hybridization in 4xSSC plus 50% formamide at about 42 or 50° C,, followed by at least one,
at least two, or at least three washes in [X88C, at 65 or 70° C. Another example of highly
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stringent conditions includes hybridization in 2x55C; 10xDenhardt sohution (Fikoll
400+PEGHBSA; ratio 1:1:1 0.1% SD5; 5 mM EDTA; 50 mM NayHPO4250 pg/ml of herring
sperm DNA; 50 pg/ml of t(RNA; or (.25 M of sodium phosphate buffer, pH 7.2;1 mM
EDTAT% SDS at 60° C; followed by washing 2xS8SC, 3.1% SDS at 60° C.

18041} The nucleic acid fragments can be detectably labeled with, e.g., a radiolabel, a
fluorescent label, a bioluminescent label, a chemiluminescent label, an enzyme label, a binding
pair label {c.g., biotin/streptavidin), an antigen label, or can include an affinity tag, or identifier
{e.g., an adaptor, barcode or other sequence identifier). Labeled or unlsbeled nucleic acids
and/or nucleic acid fragments may be used 1o reagents for detecting, capturing, ot isolating
PKNI1 gene fusions. Labeled or unlabeled nucleic acids and/or nucleic acid fragments may be
used in reagents for detecting, capturing, and/or isolating PKNT gene fusions, such as, e.g.,
TECR:PENIT (e.g., all or part of SEQ 1D NO: 1) or ANXA4:PKN1 {e.g., alf or part of SEQ 1D
MNO:3). Insome ombodiments, the labeled reagent can be detecied using, ¢.g., avtoradiography,
microscopy {e.g., brightfield, thuorescence, or electron microscopy), enzyme-linked
immunosorbent assay (ELISA), or immmmohistochemistry.

8842} In some embodiments, the method comprises performing chromosome in situ
hybridization with chromosomal DNA from a biological sample to detect the presence of a
PEN1 gene fusion {such as, e.g., TECR:PKNI or ANXA4:PKNI, as disclosed herein). In
some embodiments, the chromosome in situ hybridization comprises the steps of: providing a
chromosome (e.g., interphasce or metaphase chromosome) preparation (e.g., by attaching the
chromosomes to a substrate {e.g., glass)); denanring the chromosomal DNA {e.g., by exposure
to formamide} to separate the double strands of the polynacieotides from each other; exposing
the nucleic acid probe to the chromosomes under conditions to aflow hybridization of the probe
to the target DNA; removing unhybridized or non-specitically hybridized probes by washing;
and detecting the hybridization of the probe with the target BDNA. In some embodiments, the
chromosome in situ hybridization is flucrescence in sitn hybridization (FISH). Insome
embodiments, the probe is labeled directly by a fluerescent label, or fndirectly by incorporation
of a nucleotide containing a tag or reporter molecule {e.g., biotin, digoxigenin, or hapten)
which after hybridization to the target DNA is then boond by fluorescently labeled affinity
molecuole (e.g., an antibody or streptavidin}. In some embodiments, the hybridization of the
probe with the target DN A in FISH can be visualized using a fluorescence microscope.

{8843 In other embodiments, the method comprises performing Southern blot with DNA
polynucleotides from a biological sample to detect the presence of a PKN1 gene fusion {such

as, ¢.g., TECRIPKNT or ANXA4:PKNI, as disclosed hercin). In some embodiments, the
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Southern blot comprises the steps of: optionally fragmenting the polynucleotides into smaller
sizes by restriction codonucleases; separating the pelynucieotides by gel electrophoresis;
denaturing the polynucleotides (e.g., by heat or alkali treatment) to separate the double strands
ot the polynucieotides from each other; transferring the polymucleotides from the gelto a
membrane {¢.g., a8 nylon or nitroceilulose membrane); immobilizing the polynucieotides to the
membrane {¢.g., by UV light or heat); exposing the nucleic acid prebe 1o the polyoucleotides
under conditions to allow hybridization of the probe to the target DNA; removing anhybridized
or non-specifically hybridized probes by washing; and detecting the hybridization of the probe

with the target DNA,

(2) Amplification-based assavs

{8844} In cortain crobodiments, the method of determining the presence of a PKNT gene
fusion, comprises {(a) performing a PCR amplification reaction with pelynucieotides from a
biclogical sample, wherein the amplification reaction utilizes a pair of primers which will
amplify at least a fragment of the PENT gene fusion, wherein the fragment comprises the
fusion junction, wherein the first primer 18 in scusc orientation and the second primer is in
antisense orientation; and (b) detecting an amplification product, wherein the presence of the
amplification product is indicative of the presence of 2 PKN1 fusion polynucleotide in the
sample. In specific excrplary embodiments, the PKN1 gene fusion is TECRIPKNI, such as,
e.g., the gene fusion of SEQ 1D NO: 1 or a fragment thereof conprising nucleotides 13-18, 11-
20, 6-25, 1-30, or 1-45 of SEQ ID NO:1 In other exemplary embodiments, the gene fusion s
ANXA4:PKNI such as, e.g. the gene fusion of SEQ 1D NO:3 or a fragment thereof comprising
nucleotides 7-12, §-15, 1-20, 1-30, or 1-45 of SEQ 1D NG:3.

[8845] In some embodiments, step (a} of performing a PCR amphification reaction comprises:
(i) providing a reaction mixture comprising the polynucleotides {e.g., DNA or ¢cDNA) from the
biclogical sample, the pair of primers which will amplify at least a fragment of the PKN1T gene
fusion wherein the first primer is complementary to a scquence on the first strand of the
polynucleotides and the second primer is complementary to a sequence on the second strand of
the polymicleotides, a DNA polymerase, and a phirality of free nucleotides comprising
adenine, thymine, cytosine, and guanine (dNTPs); (ii) heating the reaction mixture to a first
predetermined temperature for a first predetermined time to separate the double strands of the
polynucleotides from each other; (it} cooling the reaction muxtire to 8 second predetermined
temperature for a second predetermined time under conditions to allow the first and second
primers to hybridize with thetr complomentary sequences on the first and second strands of the
polynucleotides, and to allow the DNA polymerase 1o extend the primers; and {(iv) repeating
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steps (i1} and {(i1i) for a predetermined number of cycles {e.g., 10, 1§, 20, 25, 30, 35, 40, 45, or
30 cycles).

[8848] In some embodiments, the polymuclectides from the biological sample comprise RNA,
and the method further comprises performing a RT-PCR amplification reaction with the RNA
to synthesize ¢cDNA as the tempiate for subsequent or simultancous PCR reactions. In some
embodiments, the RT-PCR amplification reaction comprises providing a reaction mixture
comprising the BNA, a primer which will amphfy the RNA {c.g., a sequence-specific primer, a
random primer, or oligo{dT)s), a reverse transcriptase, and ANTPs, and heating the reaction
mixture {0 a third predetermined temperature for a third predetermined time wnder conditions to

allow the reverse transcriptase to extend the primer.

(3} Sequencing and Genotvping

188471 Another method for determining the presence of a PKN1 gene fusion molecule (such as,
e.g., TECR:PKNT or ANXA4:PKNI, as disclosed herein} includes: sequencing a portion of the
nucleic acid molecule {e.g., sequencing the portion of the nucleic acid molecule that comprises
the fusion junction of a PKN1 gene fusion), thereby detormining that the PKN1 gene tusion is
present in the nucleie acid molecule. Optionally, the sequence acquired is compared to a
reference sequence, or a wild type reference sequence. In one embodiment, the sequence is
determined by a next generation sequencing method. In some embodiments, the sequencing is
automated and/or high-throughput sequencing. The method can turther include acquiring, ¢.g.,
directly or indirectly acquiring, a sample, ¢.g., 2 fumor or cancer sample, from a patient.

8848} In some cmbodiments, 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 1o a region of the template nucleic acid
molecule, 8 DNA polymerase, a phurality of free nucleotides comprising adenine, thymine,
cytosine, and guanine (dNTPs}, and at least onc chain terminating nucleotide {(e.g., at feast one
di-deoxyoucleotide (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 ocours randomly at any one of the positions containing the corresponding base on
the DNA strand; annealing the primer (o a single strand of the nueleic acid molecule; extending
the priver to allow incorporation of the chain termdnating nucleotide by the DNA polymerase
to produce a series of DNA fragments that ave terminated at positions where that particular
nucleotide is used; separating the polynucleotides by electrophoresis (e.g., gel or capillary
electrophoresis); and determining the nucleetide order of the tenplate nucleic acid molecule
based on the positions of chain termination on the DNA fragments. In some embodiments, the
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sequencing is carried out with four separate basc-specific reactions, wherein the primer or the
chain terminating vucleotide in cach reaction is labeled with a separate fluorescent fabel. In
other embodiments, the sequencing s carried out in a single reaction, wherein the four chamn
terminating nucleotides mixed in the single reaction are cach labeled with a separate
floorescent label.

188491 In some embodiments, the sequencing comprises pyrosequencing (sequencing by
synthesis}, comprising: (1) providing a reaction mixture comprising a nucleic acid molecule
from: a biological sample, a primer complementary to a region of the terapiate nucleic acid
molecule, a DNA polvmerase, a first enzyme capable of converting pyrophosphate into ATP,
and a second enzyme capable using ATP to generates a detectable signal (e.g., a
chemilominescent signal, such as lighty in an amount that is proportional to the amount of ATP;
(i1} annealing the primer to a single strand of the nucleic acid molecule; (i) adding one of the
four free nucleotides (dNTPs) to allow tucorporation of the correct, complementary dNTP ounto
the template by the DNA polymerase and release of pyrophosphate stoichiometrically; (iv)
converting the released pyrophosphate to ATP by the first enzyme; (v} generating a detectable
signal by the second enzyme using the ATP; (vi) detecting the gencrated signal and analyzing
the amount of signal generated in a pyrogram; (vil) removing the unincorporated nucleotides;
and (viil) repeating steps (i) to (vii). The method allows sequencing of a single strand of
DINA, one basc pair at a time, and detecting which base was actually added at cach step. The
solutions of cach type of nucleotides are sequentially added and removed from the reaction.
Light is produced only when the nucleotide solution complements the first umpaived base of the
template. The order of sohutions which produce detectable signals allows the determination of
the sequence of the template.

18838 In somme embodiments, the method of determining the presence of a PKN1 fusion (such
as, ¢.2., TECR:PKNI or ANXA4:PKNI, as disclosed herein) comprises analyzing a nucleic
acid sample {c.g., BDNA, ¢cDNA, or RNA, or an amplification product thercof) by HPLC. The
method may comprise: passing a pressurized liquid solution cordaining the sample through a
colomm filled with a sorbent, wherein the nucleic acid or protein components in the sample
mteract difforently with the sorbent, causing different flow rates for the different components;
separating the compounents as they {low out the column at different flow rates. In some
embodiments, the HPLC is chosen from, ¢.g., reverse-phase HPLC, size exclusion HPLC, ion-
exchange HPLC, and bicaffinity HPLC.

{8851} In some embodiments, the method of determining the presence of a PKINT fusion (such

as, ¢.g., TECRPKNI or ANXA4:PKNI, as disclosed herein) comprises analyzing a nucleic
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acid sample (e.g., DNA, cDNA, or RNA, or an amplification product thereof) by mass
spocirometry. The method may comprise: ionizing the components in the sample (e.g., by
chemical or electron ionization); aceclerating 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 detecior capable of detecting charged

particles {c.g., by an clectron multiplicr).

1. Methods for Detecting Fusion Proteins

8052} Another aspect of the invention provides a method of determining the presence of 2
PKNI fusion protein in a mammal., The method comprises the steps of obtaning a biclogical
sample of @ mammal (soch as, e.g., a human cancer), and exposing that sample to at least one
reagent that detects a PKN1 fusion protein {(e.g., an antibody that recognizes the PKN1 fusion
but does not recognize the wild type PKN1 or the wild type fusion partner) to determine
whether a PKNI fusion protein is present in the biclogical sample. The detection of a PKNI
fusion protein indicates the prescnee of & mutant PKNT in the mammeal (such as, e.g., in the
human cancer). In some embediments, the PKNT fusion protein comprises an aming acid
sequence having at least 85%, 9%, 95%, 97%, 98%, or 99% identity with an amino acid
sequence of all or part of SEQ ID NG:2 or 4 or fragments thergof that include the fusion
junction, In some embodiments the cancer is ung cancer (such as, ¢.g., hung squamous cell
carcinorea). In some embodimerds, the cancer is liver cancer (such as, e.g., hepatocellular
Carcinoma).

{8883} In some ecmbodiments, the reagent that detects a PKN1 fusion protein can be detectably
abeled with, ¢.g., a radiclabel, a fluorescent label, a bichiminescent label, a chemiluminescent
label, an enzyme label, a binding pair label (e.g., biotin/streptavidin), an antigen label, or can
mclade an affinity tag or identifier {¢.g., an adaptor, barcode or other sequence identifier). In
some cmbodiments, the labeled reagent can be detected using, ¢.g., autoradiography,
microscepy (e.g., brightficld, fluorescence, or electron microscopy), BLISA, or
mnmunehistochemistry. In some embodiments, the PKN1 fusion protein is detected in a
bivlogical sample by a method chosen from one or more of! antibody-based detection {e.g.,
western blot, ELISA, immunohistochemistry), size-based detection methods {e.g., HPLC or

mMass spectrometry), or profein sequencing.

{1} Antibody-based detection

18854} In some embodiments, the method comaprises performing a western blot with

polypeptides from a biclogical sample to detect the presence of a PKNI fusion protein (such as,

i
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e.g., TECR:PKNI or ANXA4:PKNT, as disclosed herein). In some embodiments, the western
blot comprises the steps of! separating the polypeptides by gel clectrophoresis; transferring the
polypeptides from the gel to a membrane (e.g., a nitrocelbulose or polyvinyhdene difluonide
(PVDF) membranc); blocking the membrane to prevent nonspecific binding by incubating the
membranc in a dilote solution of protein {e.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., 1.1%) of
detergent, such as, ¢.g., Tween 20 or Triton X-100); exposing the polypeptides to at least one
reagent that detects a PKN1 fusion protein (2.g., an antibody that recognizes the PENT fusion
but does not recognize the wild type PKNT or the wild type fusion partner}; removing unbound
ot 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 3 PKN1 fusion protein; removing
unbound or nou-specifically bound primary antibody by washing; exposing the pelypeptides to
a secondary antibody that recognizes the primary antibody; removing smbound or non-
specifically bound secondary antibody by washing; and detecting the binding of the secondary
antibody. In some embodiments, the reagent that detects a PKN1 fusion protein (e.g., the
fusion specific antibody, or the secondary antibody) is divectly labeled for detection. In other
embodiments, the reagent is linked 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 cuzyme and the substrate. For example,
the veagent may be linked with horservadish peroxidase to cleave a chermniluminescent agent as a
substrate, producing luminescence n proportion to the amount of the target protein for
detection,

{8055} In some embodiments, the method comprises performing ELISA with polypeptides
from a biological sample to detect the presence of a PKNI fusion protein {(such as, e.g.,
TECR:PENT or ANXA4:PKNI, as disclosed herein). In some embodiments, the ELISA i
chosen from, e.g., divect ELISA, indivect ELISA, sandwich ELISA, and competitive ELISA.
{8636} In one embodiment, the direct ELISA comprises the steps of! attaching polypeptides
from a biological sample to a surface; biocking the surface to prevent nonspecific binding by
incubating the surface in a dilute solution of protein; exposing the polypeptides to an antibody
that specifically binds to a PKN1 fusion protein (e.g., an antibody that recognizes the PKN
fusion {such as, e.g., TECR:PKNT or ANXA4:PKNI, as disclosed herein) but does not
recognize the wild type PKINT or the wild type fusion partner); removing vobound or non-

specifically bound antibody by washing; and detecting the binding of the antibody with the
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target protein. o some embodiments, the antibody is directly labeled for detection. In other
cmbodiments, the antibody 18 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 sobstrate.

{88571 In another embodiment, the mndirect ELISA comprises the steps oft aitaching
polypeptides from a biclogical saople to & surface; blocking the surface to proverd nonspecitic
binding by incubating the surface in a dilute solution of protein; exposing the polypeptides to a
primary auntibody that specifically binds to a PKN1 fusion protein (such as, e.g., TECR:PKNI
or ANXA4:PKNI, as disclosed herein); removing vnbound or non-specitically bound primary
antibody by washing; exposing the polypeptides to a secondary antibody that recognizes the
primary antibody; removing unbound or non-specifically bound secondary antibody by
washing; and detecting the binding of the secondary antibody. In some embodiments, the
secondary antibody is directly labeled for detection. T other embodiments, the secondary
antibody 18 finked to an enzyme, and the method further compriscs adding a substrate of the
enzyme; and detecting a detectable signal prodaced by the reaction between the enzyme and
the substrate,

[8838] In some embodiments, the method comprises performing fmmunohistochemistry with
polypeptides from a biological sample to detect the presence of a PKNI fusion protein (such as,
e.g., TECR:PKNIT or ANXA4:PKNI, as disclosed herein). In some embodiments, the
mmmunohistochemistry comprises the steps of! fixing a cell or a tissue section {¢.g., by
paraformaldehyde or formalin treatment); permeabilizing the cell or fissue section to allow
target aceessibility; blocking the cell or tissae section to prevent nonspecific binding; exposing
the ccll or tissue section to at least one reagent that detects a PKN1 fusion proiein {c.g., an
antibody that recognizes the PRN1 fusion but does not recognize the wild type PKN1 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 embodiments, the reagent is linked to an
enzyme, and the method further comprises adding & substrate of the enzyme; and detecting a
detectable signal prodoced by the reaction between the enzyme and the subsirate. In some
cmbodiments, the immunohistochemistry may comprise the two-step detection as in the

mdirect ELISA.

(2) Size-based detection methods

18859] In some embodiments, the method of determining the presence of a PKINT fusion (such
as, ¢.g., TECR:PKNI or ANXA4:PKNI, as disclosed herein) comprises analyzing a protein
1
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sample by HPLC. The method may comprise: passing a pressurized hiquid solution containing
the sample through a column filled with 2 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 cohuun at different
flow rates. In some cmbediments, the HPLC is chosen from, e.g., reverse-phase HPLC, size
exclusion HPLC, jon-exchange HPLC, and bioaffinuy HPLC.

{8868} In some embodiments, the method of deternuning the presence of a PKNT fusion (such
as, ¢.g2., TECR:PKNI or ANXA4:PKNI, as disclosed hercin) comprises analyzing a protein
sample by mass spectrometry. The methed may comprise: wonizing the componenis i the
sample (e.g., by chemical or electron ionization); acceleratimg 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 {e.g., by an electron multiphier).

{88611 Detection of a PKNI gene fusion or a PKNI fusion protein in a patient can lead to
assignment of the patient to the newly identified patient population that bears the PKNT fusion.
Because this patient population can suffer from or be susceptible to a disorder asseciated with
an aberrant PKN1 expression or activity or overexpression of PRN1, detection of the PEN1
fusion can also lead to diagnosis of such disorder. Thus, a further aspect of the invention
provides a method of stratifying a patient population {c.g., assigning a patieni, to a group of
classy and/or diaguosing a paticnt, coraprising: obtaining a biolegical sanple from the patient,
contacting the sample with at feast one reagent that detects a PKN1 gene fusion or a PKN1
fusion protein to determine whether @ PKNT fosion is present in the biological sample. The
detection of 3 PKINT fusion indicates that the patient belongs to the newly identified patient
popufation that bears the PKN1 fusion, and/or the presence of a disorder associated with
aberrant PKN1 expression or activity or overexpression of PKNI, such as e.g., a cancer. The
detection of a PKINT fusion also identifics a new subtype of cancer, which is characterized by
the presence of the PKINT fusion. In some embodiments, the cancer is lang cancer (such as,
e.z., g squamous cell carcinoma). In some embodiments, the cancer is liver cancer {such as,
e.g., hepatoceliular carcinoma). Thus, the method may further comprise diagnosing the
disorder as treatable with a PKIN1 inhibitor or a PKN1 fusion inhibitor if the PKNT fusion is
detected. in certain embodiments, the PKN1T fusion 1s TECR:PKNI. In other embodiments,
the PKN1T fusion 1s ANXA4:PKNI. In some embodiments, the TECR:PKNT fusionhas all or a
part of the nucleotide and/or amine acid sequence (such as, ¢.g., the fusion junction) set forth in

&

SEQ IDNO:1 and SEQ 1D NO:2, respectively. Tn some embodiments, the ANXA4:PENI
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fusion has all or part of the nucleotide and/or amine acid sequence {such as, e.g., the fusion
junction) set forth jn SEQ 1D NO:3 and SEQ 1D NO4, respectively.

[8862] In some embodiments, the PENI gene fusion or PRN1 fusion protein is detected prior
to initiating, during, or after, a treatment of a pationt with, e.g., 2 PKN1 inhibitor or a PKN1
fusion inhibitor. In one cmbodiment, the PKN1T gene fusion or PKN1 fusion protein is detected
at the time the paticnt is diagnosed with a cancer, In other embodiment, the PKNT fusion is
detected at a pre-determined interval, e.g., a first point In time and at least at a subsequent point
in time, In certain embodiments, in response to detection of a PKN1 fusion, such as, e.g.,
TECR:PKNI or ANXA4:PKNI, the method further includes one or more off

{1} stratifying a patient population (c.g., assigning a patient, to a group or class);

(2} identifying or selecting the paticnt as likely or unlikely to respond to a treatment,
¢.g., a PKN1-specific inhibitor treatment {c.g., a kinase inhibitor treatment), or a PKNI fusion
mhibitor treatment as described herein;

{3} selecting a treatment regimen, e.g., administering or not administering a preselected
therapeutic agent, such as, e.g., a PKN1 inhibitor, or a PKNI fusion inhibitor;

{4} prognosticating the tume course of the discase in the patient (e.g., evaluating the
likelihood of increased or decreased patient survival); or

(5} monttoring the effectiveness of treatment {¢.g., by detecting a reduction in the level
of PKNT gene fusion or fusion protein in a patient sample).

{88631 In cortain embodiments, upon detection of a PRNT gene fusion or PN tfusion protein
i 4 patient’s biological sample, the patient is idennified as likely to respond to a treatment that
comprises a PKINT inhibitor or a PKN1 fusion inhibitor. In some embodiments, the PKNI
fusion detected is 2 TECR:PKN1 fusion. In aliernate cmbediments the PKNT fusion detected
is an ANXA4PKN] fusion.

{8064} A further aspect of the invention provides a method of selecting a treatment option by
detecting a PKN1 fusion. The method comprises obtaining a biological sample from a patient
and cxposing the sample to at least one reagent that detects a PKNT gene fusion or fusion
protein to determine whether a PKNT fusion 1s present in the biclogical sample. The detection
of the PKNT fusion indicates the likelihood of the patient responding to treatment with a PKN1
inhibitor, or a PKN1 fusion inhibitor. The method may be augmented or personalized by
cvaltuating the effect of a varicty of kinase, PKINT or PKN1 fusion inhibitors on the biological
sample shown to contain a PKN1 fusion to determine the most appropriate inhibitor to
administer. In ceriain cmbodimenis, the PKINT fusion is TECR:PKINI. In other cmbodimenis,

the PKNT fusion is ANXA4:PKN1. In some embodiments, the TECR:PKNT fusion has all or a
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part of the nucleotide and/or amine acid sequence (such as, ¢.g., the fusion junction) set forth in
SEQ 1D NO: and SEQ 1D NO:2, respectively. In some embodiments, the ANXA4:PKNI
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 N(G:3 and SEQ 1D NO4, respectively.

Methods of Treatment

18865] Alicrnatively, or in combination with the detection and diagnostic methods described
herein, the mvention provides method for treating the newly identified patient population and
the new PRNI fusion cancer subtype, which are characterized by the presence of 2 PKNI
fusion. The paticnt population and cancer subtype can be associated with or predict the onset
such as, €.g., a cancer or a tumor harboring @ PKNT fusion. The methods comprise
administering a therapeutic agent, ¢.g., a PKN1 inhibitor, such as ¢.g., a kinasc inhibitor or an
antibody specific to PKNI1; or a PKN1 fusion inhibitor, i.c., an inhibitor that blocks the activity
of the PKNT fusion but not wild type PENT or wild type fusion partner (e.g., TECR or
ANXA4Y, such as, e.g., an antibody specific to a TECR:PENT or an ANXA4:PKNI fusion
protein, ¢.g., any oue of the antibedies described above, or an RNA mhibitor that recognizes
PENT or the fusion junction of a PKN{ gene fusion, including but not Hmited to siRNA,
dsRINA, shRNA, or any other antisense nucleic acid inhibitor, alone or in combination with
¢.g., other chemotherapeutic agents or procedures, in an amount sufficiont {0 treat a condition
mediated by aberrant PKNT expression or activity, or overcxpression of PKNI by one or more
of the following: impeding growth of a cancer, causing a cancer to shrink by weight or volume,
extending the expected survival time of the patient, inhibiting tumor growth, reducing tumor
mass, reducing size or number 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.

{88686] In certain crobodiments, the PKNT fusion of the invention may be inhibited by a PKNI
wmhibitor or a PKN1 fusion inhibitor. Insome embodiments, the therapeutic agent 15 2 PKNI
mhibitor, such as, e.g., a compound, biological or chemical, which mhibits, direetly or
mdirectly, the expression and/or activity of PKN1. For example, the PKNT inhibitors may be
an antibody (such as, e.g., antibodics specific to PKN1) or a simall molecule inhibitor (such as,
¢.g., a kinase inhibitor). In some ermbodiments, the inhibitors may act divectly on PKN1 itself,
modify the activity of PKN1, or inhibit the expression of PKNI. In other embodiments, the
inhibitors may indirectly inhibit PKN1 activity by inhibiting the activity of proteins or

molecules other than PKN1 itself. For example, the inhibitors may modulate the activity of
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egulatory kinases that phosphorylate or dephosphorylate PKNI, interfere with binding of
Higands, or inhibit the activity of interacting or downstream profeins or molecules,

as, ¢.2., an antibody that recognizes all or part of 8 PENI fusion (such as, e.g., TECR:PKN! or
ANXA4PKNI, as described herein) but does not recognize wild type PKN1T or wild type
fusion partner {e.g., TECR or ANXA4). In some embodiments, the PKNT fusion protein (such
as, ¢.g., TECR:PKNI or ANXA4:PKNI, as described herein) 15 inhibited by an agent that
inhibits transcription or translation of the fusion protein, ¢.g., an RNA inhibitor that recognizes
the PKN1 coding sequence, the binding partner {e.g., TECR or ANXA4), or the binding
partner: PKNT fusion junction, including but not imited to small interforing RNA (siRNA),
double stranded RNA (dsRNA), short-hairpin RNA (shRNA), or any other antisense nucleie
acid inhibitor. In some embodiments, the PKN1 fusion inhibited 1s selected from all or a
portion of any one of SEQ 1D NOs: 1-4.

{8068} 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 or
management of a condition mediated by aberrant PKN1 expression or activity, or
overexpression of PKNI, such as, delaying or minimizing one or more symptoms associated
with a cancer o1 a tumor harboring a PRNT fusion (such as, e.g., TECR:PKNI or
ANXA4:PKNI, 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 weatment or management of the cancer. The term
"therapeutically effective amount” can encompass an amount that improves overall therapy,
reduces or avoids symptoms or causes of the condition mediated by aberrant PKNT cxpression
or activity or overcxpression of PKIN1, or enbances the therapeutic efficacy of another
therapeutic agent.

18069} In certain cmbediments, the cancer or tumor harboring a PKINT fusion is hung cance
{such as, ¢.g., lung squamous cell carcinoma.} In some embodiments the cancer or tumor
harboring a PKNT fusion 1s biver cancer (such as, e.g., hepatocelular carcinoma).

188781 In some cmbodiments, the patient to be treated is suffering from long cancer (e.g., lung
squamous cell carcinoma), and the mothod for treating the condition comprises administering
te the patient a therapeutically effoctive amount of a PEKNT inhibitor or 2 PKN1 fusion inhibitor
as deseribed above. In some embodiments, the patient 1o be treated 1s suffering from liver

cancer {¢.g., hepatocellular carcinoma), and the method for freating the condition comprises
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administering to the patient a therapeutically effective amount of a PKNT inhibitor or a PRKNI

fusion inhibitor as described above,

Screening Methods
{8871} Therapeutic agents, such as, ¢.g., PKN1 inhibitors, and PKN1 fusion inhibitors {gene
fusion and fusion protein), used in the therapeutic methods of the invention can be evaluated
gsing the screening assays described herein, Thus, the invention provides a method of
identifying an agent usefisl for treating a condition mediated by aberrant PKN1 cxpression or
activity, or overexpression of PKN1, such as, ¢.g., cancer or a turnor barboring a PKN1 fusion,
such as, e.g., lung squamous cell carcinoma or hepatocellular carcinoma, comprising contacting
a cell expressing a PKIN1 gene fusion or PKN1 fusion protein with a candidate agent and using
one of the detection methods referenced above to determine whether the expression level of the
fusion is decreased or a bioclogical function associated with the fusion is altered. In one
embodiment, therapeutic agents can be evaloated in a cell-free system, ¢.g., acell lysate orina
reconstituted systern. In other embodiments, the therapeutic agents are evaluated in a cellin
culture, e.g., a cell expressing a PKN1 fusion {e.g., 2 mammalian cell, 2 tomor cell or cell ling,
avecombinant cell). In yet other embodiments, the anti-cancer agents are evaluated in a cell in
vivo {a PKINI fusion-expressing cell present in a subject, e.g., an animal subject {¢.g., anin
vive animal model).
18672} Excmplary parameters to evaluate in determining the efficacy of a therapeutic agent for
treating a condition mediated by aberrant PKNT expression or activity, or overexpression of
PKNI, such as, e.g., a cancer or a tumor harboring a PKN1 fusion include one or more of!
{1) a change in binding activity, ¢.g., direct binding of the candidate agent to a PKN1
fusion protein or a binding competition between a known ligand and the candidate agent to
a PKINI fusion protein;
(i1} a change in kinase activity, ¢.g., phosphorylation levels of a PKN1 fusion protein
{e.g., an increased or decreased phosphorylation or autophosphorylation) or a change in
phosphorylation of a target of & PKNI kinase -- in certain embodiments, a change in kinase
activity, e.g., phosphorylation, is detected by any of western blot {e.g., using an anti-PENI
antibody or a phosphor-specific antibody, detecting a shift in the molecular weight of a
PRN1 fusion protein), mass spectrometiry, immunoprecipitation, immunohistochemistry,
imnumomagnetic beads, among others;
(i1} a change in an activity of a cell containing a PKNI fision {e.g., a tomorcellor a

recombinant cell), ¢.g., a change in preliferation, morphology, or fumorigenicity of the cell;
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{iv) a change in tomor present in an animal subject, ¢.g., size, appearance, or

proliferation of the fumor;

(v} a change in the level, e.g., expression level, of a PKNT fusion protein or nucleic acid
maolecule; or
{(vi) a change in an activity of a signaling pathway tvolving PKN1, c.g,,

phosphorylation or activity of an interacting or downstream tavget, or expression level of a

target gene.
(8873} In some embodiments, the PKN1T fusion is a TECR:PKNT fusion or an ANXA4:PKNI
fusion.
{8074} In one embodiment, a change in the activity of a PKN1 fusion, or interaction of a PKNI
fusion with a downstream ligand detected in a coll free assay in the presence of a candidate
agent fndicates that the candidate agent will be effective as a therapeutic agent for freatment of
a condition mediated by aberrant PKNT expression or activity, or overexpression of PKN,
such as, ¢.g., a cancer or a fumor harboring a PKNT fusion.
18875] In other embodiments, a change in an activity of a cell exprossing a PKN1 fusion, such
as, e.g., TECRPKNT or ANXA4:PKNI, as described herein, {e.g., a mammalian cell, a umor
cell or cell line, 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 PKNT fusion nucleic acid, cg, is a
recombinant cell transfected with a PKNT fusion nucleic acid. The transfected cell can show a
change n response to the expressed PRNT fusion, e.g., increased proliferation, changes m
morphology, increased tumornigenicity, and/or acquired a transformed phenotype. A change in
any of the activitics of the celi, c.g., the recombinant cell, in the presence of the candidate agent
can be detected. For example, a decrease in one or more of: proliferation, tumorigenicity, or
transformed morphology, o the presence of the candidate agent can be indicative of an
inhibitor of a PKN1 fusion. In other embodiments, a change in binding activity or
phosphorylation of PKN1 or its interacting ot dowustream proteins or molecules as described
herein is detected.
18876} In vet other embodiment, a change in a tumor present in 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 PRN1 fusion {e.g., tumorigenic cells expressing a PKNT fusion)
1s employved. The therapeutic agents can be administered to the animal subject and a change in
the tumor is evaluated. In one embodiment, the change in the tumor ncludes one or more of a

tmor growth, tumor size, tumor burden, or survival is evaluated. A decrease in one or more of

[y
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fumor growth, fumor size, tmor burden, or an increased survival is indicative that the
candidate agend is an inhibitor or modulator.

{8077} In another aspect of the invention provides a method or assay for screening for agents
that modulate (c.g., inhibit) the expression or activity of a PKN1 fusion as described herein.
The method includes contacting ¢.g., a PKN1 fusion, or a cell expressing a PKN1 fusion, with
a candidate agent; and detecting a change in a parameter associated with a PKN1 fusion, e.g., &
change m the expression or an activity of the PKN1 fusion. The methoed can, optionally,
inchide comparing the treated parameter to a reference value, ¢.g., a controd sample {e.g.,
comparing a parameter obtained from a sample with the candidate agent to a pavameter
obtained from a sample without the candidate agent). In one embodiment, if a decrease in
gxpression or activity of the PKINT fusion is detected, the candidate agent is identified as an
nhibitor. In another cmbediment, if an increase in expression or activity of the PKN1 fusion is
detected, the candidate agent is iderdified as an activator. [u certain cmbodirnents, the PKN]
fusion is a PKNI gene fusion or PKN1 fusion protein, such as, e.g., a THCR:PKNI fusion or an
ANXA4:PKNI fusion.

{8078} In onc embodiment, the contacting step is detected in a cell-free system, ¢.g., a cell
lysate or in a reconstituted system. [n other embodiments, the contacting step is detected n a
cell in cultire, e.g., a cell expressing a PKNI fusion {¢.g., a mammalian cell, 2 tumor cell or
cell line, a recombinant cell}. In yet other embodiments, the contacting step is detected in a cell
m vivo (a PKNT expressing ccll present in a subject, ¢.g., an animal subject {¢.g., an in vive
amimal model).

188791 Exemplary parameters evaluated in identifying an agent that modulates the activity of a
PKINI fusion (e.g., a TECR:PKN1 fusion or an ANXA4:PKINT fusion,} include one or more of!
(i) a change n binding activity, e.g., divect binding of the candidate agent to a PKN1
fusion protein; a binding competition between a known Hgand and the candidate agentto a
PKIN1 fusion profein;

(i1} a change in kinase activity, e.g., phosphorylation levels of a PKN1 fusion profein
{(e.g., an increased or decreased phosphorylation or agtophosphorylation) or a change in
phosphorylation of a target of a PKNI kinase -- in certain cmbodiments, a change in kinase
activity, ¢.g., phosphorylation, is detected by any of Western blot {e.g., using an anti- PKN1
antibody, or a phosphor-specific antibody, detecting a shift in the molecular weight of &
PENT fusion protein), mass spectrometry, imnmoprecipitation, immunochistochemistry,

immunomagoetic beads, among others;
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{iil} a change in an activity of a cell containing 3 PKN1 fusion {c.g., a tumorcellora
recorabinant cell), e.g., a change in proliferation, morphelogy or fumorigenicity of the cell;
{iv) a change in tumor present in an animal subject, e.g., size, appearance, proliferation,

of the tumor;

{v} a change in the level, e.g., expression level, of a PKNI1 fusion protein or nucleic acid
molecule; or

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

target gene.

Methods for Validating PKN1 Fusions

16088] PKN1 gene fusions (e.g., TECRPKNI gene fusions or ANXA4PENI gene fusions)
may be evaluated to ensure that the breakpoints are in-frame and can produce a protein product
containing the full kinase domain, i.¢e., that the breakpoint sccurs such that complete triplet
codons are mtact, and that the RNA sequence will produce a viable protein. The PKN1 gene
fusion can be transfected into cells to confirm that the protein 1s fimetionally active with
respect to kinase activity and oncogenic activity. ¢DNA encoding the PKN{ fusion protein can
be produced by standard solid-phase DNA synthesis. Alternatively the PKN1 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 sequence analysis or in vitro/in vivo expression analyses.

8081} Expression vectors containing the PRNT gene fusion (such as, ¢.g., a PKNI gene
fusion, e.g., a TECR:PKNI gene fusion or an ANXA4:PKNT gene fusion) can be introduced
mto host cells 1o thereby produce a PKNI fision protein (sach as, e.g., a PKN1 fusion protein,
e.g., 38 TECR:PKNT fusion protein or an ANXA4PKNT fusion protein). The PKNI fusion
protein expression vector can be a yeast expression vector, a vector for expression in insect
cells, e.g., a baculoviras expression vector, or a vector suitable for expression in mammalian
cells. Vector DNA can be introduced into host cells via conventional transformation or
ransfoction techuiques. As used herein, the torms "transformation” and "transfection” are
ntended to refer to a variety of art-recognized techniques for introducing foreign nucleic acid
{(e.g., DNA} info a host cell.

18882} Cells harboring the expression vector carrying the recombinant PKN1 gene fusion can
then be tested for production of the unigue fusion protein via standard Western blotting using

either an antibody probe that detects the gene product itself or that recognizes a tag peptide
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{c.g., FLAQG tag) that can be added to the gene product via the expression vector {(using

r

standard, conmmercially available reagents). Western blotting can be used to confirm the
transfected with the vector containing the PKNI 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 PENT and the PENI fusion protein can
imdicate if the PKIN1 fusion protein has clevated activity that could drive oncogenic activity.
Whether the PKN1 gene fusion is oncogenic can be assessed by measuring capacity of the
profiferate under conditions which are not permissive for growth of normal cells. Une
commoniy used method of measuring the transforming activity of a kinase is by assessing if
expression of the gene product can allow BaF3 cells to grow in the absence of the growth
factor 1.3, which 1s vequired 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 infroduced gene product to confer the ability to grow in a soft
agar matrix, or anchorage-independent conditions. These methods and others can be used to
test the oncogenie activity of a PKN1 gene fosion (such as, e.g., a TECR:PKN! gene fusion or
an ANXA4 PKNI gene fusion) and provide s lovel of validation of 3 PKN1 fusion protein
(such as, ¢.g., a TECR:PKN]T fusion protein or am ANXA4 PKN1 fusion protein} as a potential
target for treating patients that harbor these fusions.

{88831 A change in an activity of a cell can be detected 1n a cell in culture, e.g., acell
cxpressing a fusion (e.g., 3 mammalian cell, a tumor cell or cell line, a recombinant cell). The
transfected cell can show a change inresponse to the expressed fusion, e.g., increased
profiferation, changes in morphology, increased tumorigenicity, and/or an acquired transformed
phenotype.

18084} To further validate the biological implication of the gene fusion, a change in any of the
activities of the cell, e.g., the recombinant cell, m the presence of a known inhibitor of one of
the fusion partners, e.g., 8 PKNT inhibitor, can be detected. For example, a decrease in one or
more of: proliferation, tumorigenicity, and transformed morphelogy, in the presence of the
BETA inhibitor can be indicative of an inhibitor of a fusion. In other embodiments, a change
m binding activity or phosphorylation of PKNI or its interacting or downstream proteins or

molecules is detected.
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{8685} All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as if cach individual publication or patend was specifically and individually
mdicated 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 sapersede any contradictory material. Unless otherwise required by
context, singular terms shall include the plural and plural termas shall include the singular. The

o R,

use of “or” means “and/or” unless stated otherwise. The use of the term “inchiding,” as well as
other forms, such as “inchides”™ and “included,” is not Himiting. Al ranges given in the
application encompass the endpoinis urdess stated otherwise.

{B8086] Those skilled in the art will recognize, or be able 1o 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.

o]
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We clainy
1. A method for detecting the presence of 2 PKN1 fusion in a biclogical sample,

comprising the steps of:
{a} obtaining a biclogical sample from a mammal; and

{(b) contacting the sample with a reagent that detects a PKN1 fusion to determine whether

a PKN1 fusion is present in the biological sample,
wherein the detection of the PKN1 fusion indicates the presence of a PKNI fusion in the
bioclogical sample.
2. A method of diagnosing a patient, the method comprising:
{a) obtaining a biclogical sample from a patient; and

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

a PKN1 fusion is present in the biological sample,

whereby the detection of the PKN1 fusion indicates the presence of or susceptibility 1o a
disorder associated with aberrant PKNI expression or activity, or overexpression of PKNL

3. A method of determining a therapeatic reghmen for treating a cancer in 8 human
subject, the method comprising:

{a) obtaining a biclogical sample from 4 tumor in the subject;

(b} contacting the sample with a reagent that detects a PKNT fusion o determine whether

a PKN fusion is present in the biological sample; and
(¢} determining the therapeutic regimen based on the prescnce or absence of a PKN1
fusion in the sample.
4. A method of identifying a patient likely to respond to treatment with a PKN1
inhibitor or a PKIN1 fusion indibitor, the method comprising:
{a} obtaining a bivlogical sample from the patient

{(b) contacting the sample with a reagent that detects a PKN1 fusion to determine whether

a PKN1 fusion is present in the biclogical sample,

wherein the detection of the PKNT fusion indicates the likelihood of the patient

respending to treatment with a PKNT mhibitor or a PKNT fusion inhibitor.

28
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3. A method of stratifying a patient population by detecting a PKNI fusion, the method

comprising:
{a) obtaining a bivlogical sample from each patient in the population;
{b) contacting cach of the samples with a reagent that detects a PKN1 fusion to deterraine
the presence or absence of a PKN1 fusion; and
{c} sclecting patienis having PKN1 fusion for treatment with a PKN1 inhibitor or 2 PKN1

fusion inhibitor.

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

karyotype methods.

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

{a) performing & PCR amplification reaction with polynucicotides from the biological

sample,

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

feast a fragment of a PKIN1 fusion comprising a fusion junction, and
f=3 =
wherein the first primer is in sense orientation and the second primer is in antisense
orientation; and
(b} detecting an amplification product, wherein the presence of the amplification produoct

is indicative of the presence of a PKN1 fusion polynuciestide in the sample.

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

cOmprises:

(1) providing a reaction mixture comprising polynucleotides from the biological sample,
the pair of primers which will amphfy at least a fragment of a PKN1 gene fusion comprising a
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 guaning (dANTPs);

249
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{i1) heating the reaction mixture to a first predetermined tomperature for a first

predetermined time to separate the double strands of the polynucieotides from each other;

(i11) cooling the reaction mixture to a sceond 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 second strands of the polynucleotides, and to

allow the DNA polymerase {o extend the primers; and

{iv} repeating steps (31} and (i1} for a predetermined number of cycles.

9. The methed 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
chemiliminescent label, an enzyme label, a binding pair label, an antigen-label, a reporter

molecule, an affinity tag, an adaptor, a barcode, or a sequence identifier.

14, The method of claim 9, wherein the labeled probe or primer is detected using
autoradiography, microscopy, brightfield microscopy, fluorescence microscopy, electron

mieroscepy, enzyme-inked immunosorbent assay (FLISA), or tunwnohistochemistry.

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

vring, stool, circulating tumor cells, eircolating nucleic acids, or bone marrow.

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

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

14. The method of claim 12, wherein the buman cancer is lung squamous cell

carcinoma.

15. The method of ¢laim 12, wherein the human cancer is Hver cancer.

-

16. The method of claim 12, wherein the haman cancer is hepatocellular carcinoma.

17. The method of any of clatms 1-16, whercin the PKN1 gene fusion is a

TECR:PKNI gene fusion.

18, The method of claim 17, wherein the TECR:PENT gene fusion comprises all or
part of the nucleotide sequence set forth in SEQ ID NGO:1 comprising the fusion junction.
36
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19, The method of any of claims 1-16, wherein the PKINT gene fusion is an

ANXA4PKNT gene fusion.

20, The method of claim 19, wherein the ANXA4:PKN1 gene fusion comprises all or

part of the nucleotide sequence set forth in SEQ 1D NGO:3 comprising the fusion junction.

21. The method of any of clavms 1-20, wherein the reagent is a probe ot primer that

hybridizes to the fusion junction of a PKN1 fusion.

22. The method of any of claims 1-21, wherein the reagent hybridizes to
{a) nucleotides 13-18, 11-20, 6-25, 1-30, or 1-45 of SEQ ID NO: 1 or

(b) nucleotides 7-12, 5-15, 1-20, 1-30, or 1-45 of SEQ 1D NG:3.

23. The method of any of claims 1-22, wherein the reagent detects an mRNA or cDNA

encoding a PENI fusion protein.

24, The method of any one of claims 1-5, wherein the reagent detects a PKN| fusion

protein but does not detect wild type PKNT or wild type fusion partuer.

25. The method of any one of claims 1-5 and 24, where in the reagent is detectably
ifabeled with a radiolabel, a flucrescent label, a bicluminescent label, a chemiluminescent label,
an enzyme label, a binding pair label, an antigen-label, a reporter molecule, an atfinity tag, an

adaptor, barcode, or a sequence identifier.

26. The method of claim 25, wherein the labeled reagent is detected using one or more
of autoradiography, microscopy, brightfield microscopy, fluorescence microscopy, electron
picroscopy, enzyme-tinked immunosorbent assay (ELISA), direct ELISA, indirect ELISA,
sandwich ELISA, competitive ELISA, immunchistochemisiry, western blot, HPLC, and mass

spectrometry,

27. The method of any one of claims 1-5 and 24-26, wherein the reagent comprises an

antibody specific to a PENT fusion protein.
24, The method of any one of claims 24-27, wherein the PKN1 fusion protein is 2
TECR:PKNI fusion protein.

part of the amino acid sequence set forth in SEQ 1D NO:Z comprising the fusion junction,
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30. The method of any one of claims 24-27, wherein the PKN1 fusion protein is an

ANXA4PKNT fusion protein.

31. The method of claim 30, whercin the ANXA4:PKN1 fusion protein comprises all

or part of the amino acid sequence set forth in of SEQ 13 NO:4 comprising the fusion junction.
32. The method of any of clatms 1-5 and 24-31, wherein the reagent reacts with
(a} amine acids 3-8, 1-10, 1-15, 1.20, 1.25, or 1-30 of SEQ ID NG:2; or
{b) amino acids 2-6, 1-10, 1-15, 1-20, 1-25, or 1-30 of SEQ 1D NO:4.
33. The method of any of clatms 24-32, whercin the biological sample is from a human
CATICET.
34. The method of claim 33, wherein the human cancer is Jung cancer,

35. The method of claim 33, wherein the luman cancer is lung squamaous col

N

carcinoma.

36, The method of claim 33, wherein the human cancer is liver cancer.

Crd
~J

. The method of claim 33, wherein the human cancer 18 hepatocellalar carcinoma.

A method of treating a patient, the method comprising acquiring knowledge about

(43
jee)

the presence of & PKN1 fusion, and then aduunistering to the patient a therapeutically effective

amount of a PKN1 mhibitor or a PKN1 fusion infubitor.

39, The method of claim 38, wherein the knowledge about the presence of a PENI

fusion is acquired by the method of any one of claims 1-37.
40. The method of claim 38 or 39, wherein the patient is suffering from a cancer.
41, The method of claim 40, wherein the cancer is lung cancer.
42, The method of claim 40, wherein the cancer is lung squamous cell carcinoma.
43, The method of claim 40, wherein the cancer is liver cancer.
44, The method of claim 40, wherein the cancer is hepatocellular carcinoma.

45, A method of nhibiting the proliferation of cells containing a PENI fusion, the

oL
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method comprising contacting the cells with a PKNT inhibitor or a PKNI fusion inhibitor,

46. A method of reducing an activity of a PKNI fusion comprising contacting the

PKN1 fusion with an agent that inhibits an activity or expression of PKN1.
47. The method of claim 45 or 46, wherein the contacting step is effecied in vitro.

48. The method of claim 45 or 46, wherein the contacting step is effected in cells in

culture.
49, The method of claim 45 or 46, wherein the contacting step is effected in vive.

SO. The method of any one of claims 46-49, wherein the agent that inhibits an activity

or expression of PKN1 is a PKN1 inhibitor or a PKN1 fusion inhibitor.
51. A method of treating 8 condition mediated by aberrant PKN1 expression or

activity, the method compristng administering to a subject a therapeutically effective amount of

52. A method of treating a condition characterized by overexpression of PKINT, the
method comprising administering to a subject a therapeutically effective amount of a PKN|

inhibitor or a PKN1T {usion inhibitor.

S3. A method of treating a cancer, the method comprising administering to a subject a

therapeutically effective amount of a PKIN1 inhibitor or a PKIN1 fusion inhibitor.
54. The method of claim 53, wherein the cancer is hung cancer.
S5. The method of claim 53, wherein the cancer is long squamous cell carcinoma.
536. The method of claim 53, wherein the cancer 1s hver cancer.
37. The method of claim 53, wherein the cancer is bepatocellular carcinoma.

58. The method of any of claims 38-57, wherein the agend that inhibits an activity or

expression of PKNT or the PKN1 inhibitor is a kinase nhibitor.

39, The method of any of clatms 38-37, whercin the ageut that inkibits an activity or

expression of PKNT or the PKN{ inhibitor is an anti-PENT antibody.

(5]
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60. The method of any one of claims 38-57, whercin the agent that inhibits an activity

ot expression of PKNT or the PKN1T inbhibitor is a PKN1 fusion inhibitor.

61. The method of claim 60, whercin the PKN1 fusion inhibitor is an antibody that

recognizes the fusion junction of a PN fusion.

62. The method of any one of claims 38-61, wherein the PRKN1 fusionis a

TECRPKNMNI or ANXA4PKNT fasion.

63. The method of any one of claims 38-62, wherein the PKINT fusion inhibitor is an

antibody that binds to

{a} a fragment of a TECR:PKNI1 fusion comprising amino acids 3-8, 1-10, 1-15, 1-20, 1-
25, 0r 1-30 of SEQ D NO:2Z; or

() a fragment of an ANXA4PKN]1 fusion comprising amino acids 2-6, 1-14, 1-15, 1-20,

1-25, or 1-30 of SEQ D NO:4.

64. A method of identitying an ageunt usefid for treating lung squamous cell carcinoma,
the method comprising contacting a cell expressing a PENI 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.

65. A method of identifving an agent uscful for treating hepatocelhular carcinoma, the
method comprising contacting a cell expressing a PRKN1 fusion with a candidate agent and
determining whether the expression level of the fusion 1s decreased or a biological function

associated with the fusion is altered.

66. A method of wdentifying an agent that modulates the activity ofa PKNT fusion,
comprising contacting a PKNT fosion with a candidate agent; and detecting a change in a

parameter associated with a PKNT fusion.

67. The method of any of claims 62-64, wherein the PKN1 fusion is a TECRIPENT or
ANXA4:PKNT fusion.
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68. The method of any one of claims 62-64, wherein the PKN1 fusion comprises all of
part of

{(a} the nuclectide sequence set forth in SEQ ID NO:1 or 3 comprising the fusion
junction; or

{b} the amino acid sequence set forth in SEQ 1D NO:2 or 4 comprising the fusion

junction.

(5]
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