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FGR FUSIONS

{8001} This applcation claims the beoefit of U.S. Provisional Application No. 62/025,854,
filed huly 17, 2014, which is fncorporated here by reference in ifs entirety to provide continuity

of disclosure.

18062} FGR (febine Gardner-Rasheed sarcoma viral oncogene homolog) fusions are described
herein. Further provided are methods of diagnosing and treating discases or disorders
assoctated with FGR fusions, such as conditions mediated by aberrant FGR expression or

activity, ot conditicns associated with overexpression of FGR.

{88031 Many forms of cancer are caused by genetic lesions that give rise to tomor initiation
and growth. Genetic lesions may include chromosomal aberrations, such as translocations,
wmversions, deletions, copy number changes, gene expression level changes, and somatic and
germline mutations. Indeed, the presence of such genomic aberrations is a hallmark feature of
many cancers, including, for example, 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 tumorigenssis.

18804} Recent cfforts by The Cancer Genome Atlas {TCGA), the International Cancer Genome
Consortium (HCGC), and dozens of other large-scale profiling efforts have generated an
enormous amount of new sequencing data for dozens of cancer types — this includes whole-
genome DNA, whole-exome DNA, and full-transcriptome RNA sequencing. These efforts
have led to the identification of new driver gencs and fusion genes within multiple cancer
types. Fosions, particularly fusions nvolving kinases, are of particular interest, as such fusions
have been shown to be oncogenic, and have been successfully targeted by new therapeutics.
For example, anaplastic [ymphoma 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 transforming EML4-ALK fusion gene in non-small-cell fung cancer,”

Nature 444:561-566 (2007).

[B0B5] A neoed exists for identifying novel genctic lesions associated with cancer. For
example, the presence of fusions involving a kinase in sampies 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 patients.
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18066} In onc aspect, the present disclosure provides a method for detecting the presence of an
FGR gene fusion in a biological sample. The method imciudes the steps oft {a} obtaining a
biclogical sample from a mammal; and (b} contacting the sample with a reagend that detects an
FQOR gene fasion, to determine whether an FGR gene fusion 1s present in the biological sample.
In some embodiments, the sample can be from, ¢.g., 3 cancer patient. In some embodiments,
the cancer can be selected from a lung, ovarian, skin, utering and esophageal cancer. In some
embodiments, the cancer is lung squarnous carcinoma, ovarian scrous cystadenocarcinoma,
skin cutaneous melanoma, gterine carcinosarcoma or esophageal carcinoma. In some
embodiments, the fusion can be, ¢.g., 8 WASFZ:FGR fusion. In some embodiments, the
WASF2:FGR fusion has all or a part of the vucleotide sequence (such as, ¢.g., the fusion

junction) set forth fn SEQ D NO:i.

#0071 In another aspect, the present disclosure provides a methed of diagnosing a patient
: & s

having a disease or disorder associated with aberrant FGR expression or activity, or

f=3 ]
overexpression of FGR; the method mchudes: (a) obtaining a biological sample from the
patient; and (b) contacting the sample with a reagent that detects an FGR gone fusion to
determine whether an FGR geoe fusion is present in the biological sample, whereby the
detection of the FGR gene fusion indicates the presence of a disorder associated with aberrant

FQGR expression or activity, or overexpression FGR.

18808} The present disclosure also includes a method of deternining a therapeutic regimen for
treating a cancer in a homan subject; a8 method of identifying a patient likely to respond to
reatment with an FGR inhibitor or an FGR fusion inhibitor; a method of stratifying a paticot
popufation by detecting an FGR fusion; a method of treating a paticnt; a method of inhibiting
the proliferation of cells containing an FGR fusion; a method of reducing an activity of an FGR
fusion; a method of treating a condition mediated by aberrant FOR expression or activity; a
method of treating a condition characierized by overexpression of FGR; a method of
identifying an agent that modulates the activity of an FGR fusion; and a method of monitoring
disease burden in a patient having a condition mediated by FGR.

BRIEF DESCRIPTION OF THE FIGURES
18009} Fig. 1 shows the nucleotide sequence of a WASF2:FGR gene fusion (SEQ 1D NO: 1)
comprising exon mumber 1 of the WASFE2 gone (Accession No. NM_006990) and cxon
numbers 2-13 of the FGR gene {Accession No, NM_005248). The slash after nucleotide 182
mdicates the breakpoint {fusion junction} where the fusion has occurred. The underhined
nucleotides are the start codon for FGR transcription.

2l
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{88181 Fig. 2 shows the aming acid sequence for FGR (SEQ 1D NG:2).

{8811} Fig. 3A is a graph showing FGR DNA copy number versus the mRNA expression in
lung squamous carcinoma {LUSC) samples; Fig. 3B is a graph showing FGR DNA copy
number versus mRNA expression in uterine carcinosarcoma (UCS) samples; Fig. 3C is a graph
showings FGR DINA copy number versus mRNA expression in skin cutancous melanoms
(SKCM) samples; Fig. 3D 1s a graph showings FOR DNA copy mumber versas mRNA
expression in ovarian serous cystadenocarcinoma (OV) samples; and Fig. 3E is a graph

showings FGR DNA copy number versus mRNA expression in esophageal carcinoma samples.

DETAILED DESCRIPTION

{8012} The invention is based, at least in part, on the discovery of novel recombination or
transiocation gvenis i cancer paticnts that result in at least a fragment of an FGR gene linked
to a non-homoelogous promoter via a recombination or translocation event that may result in
aberrant cxpression {¢.g., in a location where the kinasc is not typically expressed) or
overcxpression of FGR. Thus, a new patient population 1s identified, which is characterized by
the presence of an FGR fusion, such as, e.g., a WASF2:FGR gene fusion. This new patient
population suffers from or is susceptible to disorders mediated by aberrant FGR expression or
activity, or overexpression of FOR, such as, ¢.g., a cancer. In another aspect of the invention, a
new subtype of cancer is identified, which is characterized by the presence of the FOR fusions
described herein. In some embodiments, the new patient poepulation suffers from or is
susceptible to a lung, ovarian, skin, oterine or esophageal cancer characterized by the presence
of an FGR fusion. In some crobodiments, the cancer is lung squamous carcinoma, ovarian
serous cystadenocarcinoma, skin cutancous melanoma, uterine carcinosarcoma or csophageal
carcinoma. New methods of disgnosing and treating the patient population and the FGR fusion

cancer subtype are also provided.

18013} The feline Garduner-Rasheed sarcoma viral oncogene homolog (FGR) is a member of
the Src family of protein tyrosine kinases (PTKs). FOR is a known proto-oncogene, and
aberrant activity of FGR leads to a variety of disorders such as cancers. The encoded protein
localizes to plasma membrane ruffles, and functions as a negative regulator of cell migration
and adhesion triggered by the beta-2 integrin signal transduction pathway. Figs. 3A-3E show
the DNA copy number versus the mRNA expression (from TCGA) for lung squamous
carcinoraa (LUSC), uterine carcinosarcomsa (UCS), skin cutancous melanoma (SKCM),

ovarian serous cystadenocarcinoma (OV) and csophageal carcinoma; the arvow shows the

(5]
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sample in which an FGR fusion has occorred. In each case, the fusions ocour in samples with
near-diploid FGR copy number, and FGR mRNA expression is among the highest of that
cancer type. This is evidence that FGR fusions such as the ones described here lead to

overexpression of FGR.

{8014} The term “FGR fusion” is used generically herein, and inchides any fusion molecule
{e.g., gene, gene product {e.g., cDNA, mRNA, or protein), and variants thereof) that includes a
fragment from the FGR gene, particularly the coding region for the kinase domain of FGR, and
a fragment from a second non-homaologous gene, such that the coding sequence for the kinase
domain of FGR is under control of the promoter of the non-homologous gene. FOR fusions
can include, but not Hmited to, FOR gene fusions and FGR protein fusions. FGR and the gene
that it is fused to are referred to as “fusion partners.” Depending on where the fusion junction
1s, the fusion protein that is expressed may include at least the kinase domain of FGR. In some

embodiments, the protein that is expressed ncludes the full FGR protein sequence.

FGR Gene Fusions

[8818] FOR gene fusions are generated by a fusion between at least a part of the FGR gene and
a part of another gene as a result of a translocation (inchuiding nversion) within a chromosome
or between chromosomes. As a result of a translocation, the FGR gene may be placed under
the transcriptional control of the partner gene promaoier, resulting in aberrant FGR expression
or activity or overexpression of FGR. The FGR gene fusions disclosed herein can be
associated with certain cancers, such as, ¢.g., lung cancer, ovarian cancer, skin cancer, uterine
cancer or csophageal cancer. In some embodiments, the cancers associated with an FOR gene
fusion is lung squamous carcinoma, ovarian scrous cystadenocarcinoma, skin cutancous
melanoma, slerine carcinosarcoma or esophageal carcinoma. In some embodiments, the FGR
gene fusions disclosed herein can be associated with other disorders mediated by aberrant FGR

expression or activity, or overexpression of FGR.

18816 Reference to “all or a portion” or “all or part” of an FGR gene fusion or SEQ 1D NG,
means that the nucleotide sequence comprises the entire FGR gene fusion nucleotide sequence
or a fragment of that sequence that comprises the fusion junction or breakpoeint between FGR
and its fusion partner {such as, ¢.g., WASF2), The fragment may comprise 7, 8, 9, 10, 12, 14,
16, 18, 20, 21, 22, 23, 24, 25, 26, 27, 24, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 104, 120, 150,

175, 200, 250, 300, or more nucleotides spanning the fusion junction of the FGR gene fusion
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188171 In some exemplary embodiments, the fusion partner is all or a portion of WASF2
{Wiskott-Aldrich syndrome protein family, member 2). In one embodiment, a fusion inciudes
an exon of the gene WASFZ (e.g., one or more exons cucoding a WASFZ promoter or a
fimctional fragment thereof) and an exon of the FGR gene {e.g., one or more exons encoding a
kinase domain of FGR or a fonctional fragment thereof). Such a fusion can be referred toas a
WASFZ:FGR fusion. As used hercin, the 5-region is upsirecam of, and the 3'-region is
downstream of, a fusion point in one of the component geoes. In one embodiment, the
WASF2:FGR fusion causes the FGR protein (e.g., a kinase domain of FGR, or a functional
fragment thercof) to be over-expressed. In one embodiment, the WASFZ:FGR fusion causcs

the full-length (wild type) FGR protein to be over-expressed.

{8618} In a particular embodiment, the present disclosure provides a WASF2.FGR gene fusion
comprising the nucleotide sequence depicied in Figure 1 {SEQ ID NO:1), or a fragment thercof
that includes the fusion junction. SEQ 1D NO:1 comprises WASFZ up to exon number 1, in
the untranslated region of the WASF2 gene, fused to exon number 2 of FGR, i the
untransiated region of the FGR gene. In some embodiments, the WASFZ:FGR gene fusion
codes for wild-type FGR protein (SEQ 1D NO:2). In some embodimenis, the WASF2ZIFGR
gene fusion comprises a nucleotide sequence that is at least §5%, 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: 1.

[8819] The nucleic acid sequences of FGR gene fusions may be used as probes, primaers, or
bait to identify nucleotides from a bislogical sample that include, flank, or hybridize to FGR
fusions, such as WASF2Z:FGR (e.g., ali or part of SEQ ID NO: 1), at, ¢.z., the fusion junction.
In certain embodimerds, the probe, primer, or bait molecule is an oligonucleotide that allows
capture, detection, and/or 1solation of an FGR gene fusion in a sample. In certain
embodiments, the probes or primers derived from the nueleic acid sequences of FOR gene
fusions (c.g., from the fusion junctions) may be used, for example, for polymerase chain
reaction (PCR) amplification. The oligorucleootide can comprise a nucleotide sequence
substantially complementary to a fragment of the FGR gene fusion nucleic acid molecules
described herein. The sequence identity between the nucleie acid fragment, ¢.g., the
chigonucleotide and the target FOR gene fusion sequence, need not be exact, so long as the
sequences are sufficiently complementary to allow the capture, detection, and/or isolation of
the target sequence. In one embodiment, the nucleic acid fragment i3 a probe or primner that
includes an oligonuclectide between about 5 and 25, e.g., between 10 and 20, or between 10

and 15, nucleotides fo length that includes the tusion junction of an FGR fusion, such as e.g.,

wr
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WASF2:FGR (c.g., all or part of SEQ ID NG: 1), In other embodiments, the nucleic acid
fragment is a bait that includes an oligonucleotide between about 100 to 300 nucleotides, 130
and 230 nucleotides, or 156 and 200 nuclootides in length that inchudes the fusion junction of

an FOR fusion, such as e.g, WASF2:FGR (e.g., all or part of SEQ ID NG: 1),

18028} In cortain embeodiments, the nucleic acid fragments hybridize to a nucleotide sequence
that inchides a breakpoint or fusion junction, e.g., a breakpoint or fusion junction as identified
by a slash () in FIG. 1. For example, the nucleic acid fragment can hybridize to a nocleotide
sequence that includes the fusion junction between the WASF2 transcript and the FGR
tramseript, 1.¢., a nucleotide sequence that inchades a portion of SEQ 1D NO: 1 {e.g., nucleotides
181-184 of SEQ ID NO:1). In some embodiments, the nucleic acid fragment includes a
nucleotide sequence within exon | of a WASF2 gene and exons 2-13 of an FOR gene (e.g., 2
portion of SEQ 1D NO: | comprising nucleotides 181-184, such as, ¢.g., a sequence comprising

nucleotides 178-187, 173-192, 158-207, 133-232, 108-257, or 83-282 of SEQ ID NO: 1}

18621} In other embodiments, the nucleic acid fragment inclades a bait that comprises 8
nucleotide sequence that hybridizes to an FGR 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 inclodes a binding entity or detection entity, e.g., an affinity {ag or fluorescent fabel, 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. In exemplary embodiments, the
nucleic acid fragments used as bait comprise 3 mucleotide sequence within SEQ 1D NO:1
comprising nuciootides 181-184 (such as, ¢.g., a sequence comprising nucleotides 178-187,

173-192, 158-207, §133-232, 108-257, or §3-282 of SEQ 1D NO:1).

Detection and Digonostic Methods

186221 In another aspect, the present disclosure provides a method of detecting the presence of
an FGR gene fusion, such as, e.g., 8 WASF2:FGR fusion as described hercin, The presence of
an FGR fusion can indicate that the mammal providing the biclogical sample suffers from or is
at risk of developing & disorder mediated by aberrant FOR expression or activity, or
overexpression of FGR, such as, e.g., a cancer. The presence of an FGR gene fusion may also
indicate that the cancer is reatable with an FGR inhibitor (such as, ¢.g., a kinase inhibitor or an
antibody specific 1o FGR) or an FOR fusion inhibitor. n some embodiments, the FGR fusion

present in the sample is WASF2:FGR and the cancer to be treated is selected from a lung,
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ovarian, skin, uterine cancer and esophageal cancer. In some embodiments, the cancer is hmng
squamous carcinoma, ovarian serous cystadenccarcinoma, skin cutancous melanoma, uterine

carcinosarcoma or esophageal carcinoma,

18623} In one embodiment, the FGR fusion detected is 2 nucleic acid molecule. The method
inclades detecting whether an FGR fusion nucleic acid molecule is present ina cell {e.g., a
circulating cell or a cancer cell), a tissue {e.g., 3 tumor), or a sample, ¢.g., a tumor sample, from
a subject. In one embodiment, the sample is a nucleic acid sample. In one embodiment, the
nucleic acid sample comprises DNA, e.g., genomic DNA or ¢cDNA, or RNA, e.g., mRNA. In
some embodiments, the sample is from 2 mammalisn (e.g., human) cancer. In some
embodiments, the human cancer is selected from a lung, ovarian, skin, uterine cancer and
esophageal cancer. In some embodiments, the human cancer is hing squamous carcinoma,
gvarian serous cystadenocarcinoma, skin cutancous melanoma, uterine carcingsarcoma or

esophageal carcinoma.

{8624} The methods described herein may be employed to detect the presence of an FGR
fusion poelynucleotide in a biclogical sample of @ mammal. One such method comprises the
steps of obtaining a biological sample from the mammal and contacting that sample with at
least one reagent that detects an FGR fosion, to determine whether an FGOR fusion 1s present in
the biclogical sample. The sample can be chosen from one or more of sample types, such as,
for example, tissue, e.g., cancerous tissue (e.g., & tissue biopsy), whole blood, serum, plasma,
buccal scrape, sputum, saliva, cerebrospinal fluid, urine, stool, circulating tumor cells,

circulating nucleic acids, or bone marrow,

{8025} In some embodiments, the FGR fusion is detected in a nucleic acid molecule by one or
more methods chosen from: nucleic acid hybridization assays {c.g. tn situ hybridization,
comparative gonomic hybridization, microarray, Southern biot, northern blot), amplification-
based assays {e.g., PCR, PCR-RFLP assay, or real-time PCR), sequencing and genotyping (e.g.
sequence-specific primers, high-performance hquid chromatography, or mass-spectrometric
genotyping), and screening analysis (inchuding metaphase cytogenetic analysis by karvotype

mothods).

(1) Hybridization methods

18026} In some embodiments, the reagent hybridizes to an FGR gene fusion. To some
embodiments, the reagent hybridizes to a nucleotide sequence that inchudes the fusion junction
of an FGR gene fusion, such as, e.g., nucleotides 178-187, 173-192, 173-192, 158-207, 133-

232, 108-257, or 83-282 of SEQ ID NO: 1.



WO 2016/011141 PCT/US2015/040553

{88271 In one embodiment, the method includes: contacting a nucleic acid sample, ¢.g.,
genomic DNA sample (¢.g., a chromosomal sample or a fractionated, cnriched or otherwise
pre-treated sample} or a gene product (e.g., mRNA, or ¢DNA}, obtained from the subject, with
anucleic acid fragment, ¢.g., a probe or primer as described hevein (e.g., an exon-specific ov a
breakpoint-specific probe or primer), under conditions suitable for hybridization, and
determining the presence or absence of the FGR gene fusion, such as, ¢.g., WASFZ:FGR as

described herein.

18028} Hybridization, as described throughout the specification, may be carried out under
stringent conditions, e.g., medium or high stringency. See, e.g., 1. Sambreok, B.F. Fritsch, and
T. Mamatis, Molecular Cloning: 4 Laboratory Manual, Cold Spring Harbor Laboratory Pr;
Znd edition {(1989); T. Brown, Hybridization Analvsis of DNA Blois, Current Profocols in
Molecular Biology at 21:2.10.1-2.10.16 (Z001). 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 inchide hybridization in 4xsodivm chloride/sodivm citrate (SSC}, at 65 or 70°C,
ot hybridization in 4x55C plus 50% formamide at about 42 or 50°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 2+38C; 10xDenhardt selution (Fikoll
4O00+PEGHBSA; ratio 1:1:1); 0.1% 8DS; 5§ mM EDTA; 50 mM NaxHPCOy; 250 pg/mi of
herring sporm DNA; 50 pg/od of tRNA; or 0.25 M of sodium phosphate buffer, pH 7.2 1 mM
EDTA7% SDY at 60°C; followed by washing 2xSSC, (.1% SDS at 60°C.

18028} The nucleic acid fragments can be detectably labeled with, ¢.g., a radiolabel, a
fluorescent label, a bioluminescent label, a chemiluwminescent label, an enzyme label, a binding
pair label {e.g., blotin/streptaviding, an antigen label, or can include an affinmity tag, or identifier
(e.g., an adaptor, barcode or other sequence identifier). Labeled or uniabeled nucleic acids
and/or nucleic acid fragments may be used in reagents for detecting, capturing, or isolating
FGR gene fusions, Labeled or umlabeled nucleic acids and/or nucleie acid fragments may be
ased in reagents for detecting, captwing, and/or isolating FOR gene fusions, such as, e.g.,
WASF2:FGR {e.g., all or part of SEQ ID NG: 1), In some embodiments, the labeled reagent
can be detected using, e.g., autoradiography, microscopy {¢.g., brightfield, fluorescence, or
electron microscopy), enzyme-linked mmunosorbent assay (ELISA), or

immunohistochemistry,
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{88381 In some cmbodiments, the method comprises performing chromosome in situ
hybridization with chromosomal DNA from a biological samaple to detect the presence of an
FGR gene fusion (such as, e.g., WASF2IFGR, as disclosed herein). In some embodiments, the
chromosome in situ hybridization comprises the steps of! providing a chromosome {e.g.,
mterphase or metaphase chromosome) preparation (e.g., by attaching the chromosomes to a
substrate (c.g., glass)); denaturing the chromosomal DNA {(c.g., by exposure to formamide) to
separate the double strands of the polynucleotides from cach other; exposing the nucleic acid
probe to the chromosomes under 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 DNAL In some cmbodiments, the chromosome in
situ hybridization is fluorescence in sito hybridization (FISH). In some embodiments, the
probe is labeled divectly by a fluorescent label, or indirectly 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 bound by fluorescently labeled affinity molecule (c.g.,
an antibody or streptaviding. In some embodiments, the hybridization of the probe with the

target DNA in FISH can be visualized using a fluorcscence microscope.

{8831 In other embodiments, the method comprises performing Southern blot with DNA
polynucleotides from a biological sample to detect the presence of an FGR gene fusion (sach
as, ¢.2., WASFZ2:FGR, as disclosed herein). In some embodiments, the Southern blot
comprises the steps of: optionally fragmenting the polyoucleotides jnto smaller sizes by
restriction endonmucleases; separating the polynucleotides by gel electrophoresis; denataring the
polynucleotides (e.g., by heat or alkali treatment) to separate the double strands of the
polynucleotides from cach other; transferring the polynucleotides from the gel to a membrane
(e.g., a nylon or nitrecellulose membrane); immobilizing the polymucleotides to the membrane
(e.g., by UV light or heat}; exposing the nucleic acid probe to the polynucieotides under
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.

{2} Amplification-based assayvs

[8832] In certain embodiments, the method of determining the presence of an FOR gene
fusion, comprises {a) performing a PCR amplification reaction with polynucleotides from a
biclogical sample, wherein the amplification reaction utilizes a pair of primers which will

amplify at least a fragment of the FGR gene fusion, wherein the fragment comprises the fusion

£
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junction, 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 product is indicative of the presence of an FGR. fusion polynucleotide inthe
sample. In specific exemplary embodiments, the FOR gene fusion is WASF2Z:FGR, such as,
e.g., the gene fusion of SEQ ID NO: 1, or a fragment thereof comprising mucleotides 181-184,
178-187, 173-192, 158-207, 133-232, 108-257, or 83-282 of SEQ 1D NO:1.

188331 In some ecmbodiments, step (a) of performing 8 PCR amplification reaction comprises:
{1} providing a reaction mixiure comprising the polynucleotides (c.g., DNA or ¢DNA) from the
biological sample, the pair of primers which will amplify at least a fragment of the FGR gene
fusion 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, thyming, cytosine, and guanine {dNTPs); (i) heating the reaction mixture to a first
predetermined temperature for a first predetermined time to separate the double strands of the
polynucleotides from cach other; (it} cooling the reaction mixture to a second predetermined
temperature for a sccond predetermined time under conditions to allow the first and second
primers to hybridize with theiv complementary scquences on the fivst and second strands of the
polynucleotides, and to allow the DNA polymerase to extend the primers; and (iv) repeating
steps {ii}) and (iii) for 3 predetermined number of cycles (e.g., 10, 15, 20, 25, 30, 35, 40, 45, or

50 cycles).

{8634} In some embodiments, the polynucicotides 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 teroplate for subsequent or simultancous PCR reactions. fn some
embodiments, the RT-PCR amplification reaction comprises providing a reaction mixture
comprising the RNA, a primer which will amplify the RNA {e.g., a sequence-specific primer,
random primer, or olige{dTs), a reverse transcriptase, and dNTPs, and heating the reaction
mixture to a third predetermined temperature for a third predetermined time under conditions to

allow the reverse transcriptase to extend the primer.

{3) Sequencing and Genotyping

18835] Ancther method for determining the presence of an FGR gene fusion molecule {such as,
e.g., WASF2FGR, as disclosed herein) inchudes: sequencing a portion of the nucleic acid
molecule {e.g., sequencing the portion of the nucleic acid molecule that comprises the fusion
junction of an FGR gene fusion), thereby determining that the FOR gence fusion is present in

10
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the nucleic 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 further include acquiring, e.g., divectly or

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

18836} 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 terapiate nucleic acid
molecule, a DNA polymerase, a plurality of free nucleotides comprising adenine, thymine,
cytosine, and guanine (dANTPs), and at least one chain terminating nucleotide {e.g., at least one
di-deoxynucleotide (ddNTPs) chosen from ddATP, ddTTP, ddCTP, and dAGTP), 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; annealing the primer to a single strand of the nucleic acid molecule; extending
the primer o allow incorporation of the chain terminating nucleotide by the DNA polymerase
te produce a series of DNA fragments that are terminated at positions where that particular
nucleotide is used; separating the polynucleotides by electrophoresis {(e.g., gel or capillary
electrophoresis); and determining the nocleotide 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 separate 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 cach labeled with a separate

fluorescent label.

180371 In some embodiments, the sequencing comprises pyrosequeoncing {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
muolecule, a DNA polymerase, a first enzyme capable of converting pyrophosphate into ATP,
and a second enzyme capablc using ATP {0 generates a detectable signal (e.g., 2
chemilominescent signal, such as light) in an amount that is proportional to the amount of ATP;
(i) anncaling the primer to a single strand of the nucleic acid molecule; (i) adding one of the
four free mucleotides {dNTPs) to allow incorporation of the correct, complementary dNTP onto

the template by the DNA polymerase and release of pyrophosphate stoichiometrically; (iv)

i1
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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 generated signal and analyzing
the amount of signal generated in a pyrogram; {(vil) removing the unincorporated nucleotides;
and (viil) repeating steps (1) to (vil). The method allows sequencing of a single strand of
DNA, one base pair at a time, and detecting which base was actually added at each 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 fivst unpaired base of the
template. The order of sohutions which produce detectable signals allows the determination of

the sequence of the template.

{8038} In some embodiments, the method of determining the presence of an FGR fusion (such
as, ¢.g., WASF2:FGR, as disclosed herein) comprises analyzing a nucleie acid sample {(¢.2.,
DINA, cDNA, or RNA, or an amplification product thereof) by HPLC. The method may
comprise: passing & pressurized liquid solution containing the sample theough a columm fitled
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 column at different flow rates. fn some
embodiments, the HPLC 1s chosen from, ¢.g., reverse-phase HPLC, size exclusion HPLC, ion-

exchange HPLC, and bioaffinity HPLC.

18839 In some embodiments, the method of determining the presence of an FGR fusion (such
as, e.g., WASF2:FGR, as disclosed herein) comprises analyzing a mucleic acid sample (e.g.,
DNA, ¢cDNA, or RNA, or an amplification product thercof) by mass spectrometry. The method
may conprise: ionizing the coroponents 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 {¢.g., by an electron

multiphier).

{88481 Detection of an FOR gene fusion in a paticnt can lead to assignment of the paticnt to the
newly identificd patient population that bears the FGR gene fusion. Because this paticnt
population can suffer from or be susceptible to a disorder associated with aberrant FGR
gxpression or activity, or overexpression of FGR, detection of an FGR gene fusion can alsg
lead to diagnosis of such disorder. Thus, a further aspect of the present disclosure provides a
method of stratifving a patient population {c.g., assigning a paticent, to 2 group ot class} and/or

diagnosing a patient, comprising: obtaining a biological sample from the patient, contacting the

12
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sample with at least one reagent that detects an FGR gene fusion to determine whether an FGR
fusion is present in the biclogical sample. The detection of an FGR fusion indicates that the
paticnt belongs to the newly identified patient population that bears the FGR gene fusion,
and/or the presence of a disorder associated with aberrant FGR expression or activity or
overexpression of FOR, such as e.g., a cancer. The detection of an FGR fusion also identifies a
new subtype of cancer, which is characterized by the presence of the FGR fusion. In some
embodiments, the cancer is lung cancer, ovarian cancer, skin cancer, uterine cancer or
esophageal cancer. In some embodiments, the cancer is chosen from, ¢.g., lung squamous
carcinoma, ovarisn sgrous cystadenocarcinoma, skin cutancous melanoma, uterine
carcinosarcoma and csophageal carcinoma. Iu certain cmibodiraents, the FGR fusion is
WASF2:FGR. In some embodiments, the WASFZ:FGR fusion has all or a part of the

nucleotide sequence (such as, ¢.g., the fusion junction) set forth in SEQ 1D NG: 1.

18841} In some embodiments, the FGR gene fusion s detected prior to initiating, during, or
after, a treatment of a patient with, e.g., an FGR inhibitor or an FGR fusion inhibitor. In one
cmbodiment, the FGR gene fusion is detected at the fime the patient is diagnosed with a
disorder, e.z., a cancer. o othor embodiment, the FGR fusion is detected at a pre-determined
mierval, ¢.g., a fivst point in time and at least at a subsequent point In time.  In certain
embodiments, in response to detection of an FGR fusion, such as, ¢.g., WASF2:FGR, the
method forther inchudes one or more oft

(1} stratifving a patient population (e.g., assigning a paticnt, 0 a group ot class);

(2} identifying or selecting the patient as likely or unlikely to respond 1o a treatment,
¢.g., an FOR inhibitor treatment (e.g., a kinase inhibitor treatment) or an FOR fusion inhibitor
treatment as described herein;

(3} selecting a treatment regimen, ¢.g., administering or not administering a preselected
therapeutic agent, such as, e.g., an FGOR inhibitor or an FGR fusion inhibitor;

(4} prognosticating the time course of the discasc in the pationt (e.g., evaluating the
likelihood of tncreased or decreased paticnt survival); or

{5} monitoring the cffectivencss of treatment {(e.g., by detecting 2 reduction in the level

of FGR fusion in a patient sample).

{8842 In certain embodiments, upon detection of an FGR gene fusion in a patient’s biological
sample, the patient is identified as hkely to respond to a treatment that comprises an FGR
inhibitor or an FGR fusion inhibitor. In some embodiments, the FGR fusion detected is a

WASFZFGR fusion.
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188431 A fiwther aspect of the present disclosure provides a method of selecting a treatment
option by detecting an FGR fusion. The method comprises obtaining a biclogical samplc from
a paticnt and exposing the sample to at least one reagent that detecis an FGR gene fusion to
determine whether an FGR fusion is present in the biological sample. The detection of the
FGR gene fusion imndicates the likelibood of the patient responding to treatment with an FGR
inhibitor or an FGR fusion inhibitor. The method may be augmented or personalized by
evaluating the cffect of a variety of FGR inhibitors or FGR fuston inhibitors on the biological
sample shown to contain an FOR fusion to determine the most appropriate inhibitor to
administer. In certain embodiments, the FGR fusion is WASF2:FGR. In some embodiments,
the WASFZ:FGR fusion has all or a part of the nucleotide sequence (such as, ¢.g., the fusion
junction) set forth fn SEQ D NO:i.

Methods of Treatment

1844} Alicrnatively, or in combination with the detection and diagnostic methods described
hevein, the present disclosure provides methods for treating the newly identified patient
popufation and the new FGR fusion cancer subtype, which are characterized by the presence of
an FGR fusion. The patient population and cancer subtype can be associated with or predict
the onset of a condition mediated by aberrant FGR. expression or activity, or overexpression of
FQGR, such as, e.g., a cancer o1 a tumor harboring an FGR fusion. The methods comprise
administering a therapeutic agent, ¢.g., an FGR inhibitor, such a5 e.g., a kinase inhibitor oran
antibody specific 1o FGR, or an FGR fusion inhibitor, such as, e.g., an RNA inhibitor that
recognizes FGR or the fusion junction of an FOR gene fusion, meluding but not limited to
SiRNA, dsRNA, shRNA, or any other antisense nucleic acid nhibitor, as deseribed hergin,
alone or in combination with e.g., other chemotherapeutic agents or procedures, in an amount
sufficient to treat a condition mediated by aberrant FGR expression or activity, or
overexpression of FGR, by one or more of the following: ¢.g., impeding growth of a cancer,
causing a cancer to shrink by weight or volome, extending the cxpected survival time of the
patient, inhibiting tumor growth, reducing fumor 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.
{8045} In certain embodiments, the FGR fusion of the invention may be inhibited by an FGR
inhibitor gr an FGR fosion inhibitor. In some embodiments, the therapeutic agent is an FGR
inhibitor, such as, e.g., a compound, biological or chemical, which inhibis, directly or

mdirectly, the expression and/or activity of FGR. For example, the FGR. inhibitors may be an
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antibody (such as, ¢.g., an anti-FOR antibody) or a8 small molecule inhibitor (suchas, eg., 8
kinase inhibitor). In some embodiments, the inhibiiors may act directly on FGR itself, modify
the activity of FGR, or inhibit the expression of FGR. In other embodiments, the inhibitors
may indirectly inhibit FGR activity by inhibiting the activity of proteins ov molecules other
than FGR itself. For example, the inlubitors may modulate the activity of regulatory kinases
that phosphorylate or dephosphorylate FGR, interfere with binding of ligands, or inhibit the

activity of interacting or downstream proteins or molecules.

8046} In other embodiments, the therapeutic agent is an FGR fusion inhibitor that irdibits the
expression of nucleic acid encoding an FGR fusion. Exaroples of FGR fusion inhibitors
melude nucieic acid molecules, for example, antisense molecules, ribozymes, RNAL or iriple
helix molecules, that hybridize to a nucleie acid encoding an FGR fusion (e.g., genomic DNA,
or mRINA), or a transcription and/or translation regulatory region, and blocks or reduces
mENA and/or protein expression of an FGR fusion. In some embodiments, the antisense
molecule recognizes the WASF2:FGR fusion junction, or an RNA mhibitor, including but not
Himited to small interfering RNA (siRNA), double stranded RNA (dsRNA), and short-hairpin
RNA (shRINA}, or any other antisense nucleic acid wnhibitor, specific to the WASF2Z.FGR

fusion junction.

180471 As used hergin, and unless otherwise specified, a “therapeutically effective amount” of
a compound is an amount sufficient to provide & therapeutic benefit in the troatment or
management of a condition mediated by aberrant FGR expression or activity, or overexpression
of FGR, such as, delaying or minimizing one or more symptoms associated with a cancer or a
tumor harboring an FGR fusion (such as, e.g., WASFZFGR, as described hereiny, A
therapeutically effective amount of a compound means an amount of therapeutic agent, alone
or in combination with other therapeutic agents, which provides a therapeotic benefit in the
treatment or management of the condition. The term “therapeutically effective amount” can
encompass an amount that improves overall therapy, reduces or avoids symptoms or causes of
the condition mediated by sberrant FGR expression or activity or overexpression of FGR, or

enhances the therapeutic efficacy of another therapeutic agent.

{8048} In certain embodiments, the cancer or tumor harboring an FGR fusion is lung cancer,
gvarian cancer, skin cancer, uterine cancer or esophageal cancer. In some embodiments, the
cancer or tumor harboring an FGR fusion is chosen from, ¢.g., lung squamous carcinoma,

ovarian serous cystadenocarcinoma, skin cutancous melanoma, uterine carcinosarcoma, and

esophageal carcinoma.

ot
o



WO 2016/011141 PCT/US2015/040553

8049} In some embodiments, the patient to be treated is suffering from a condition mediated
by aberrant FGR expression or activity, or overexpression of FGR, ¢.g., cancer or a tumor
harboring an FOR fusion (such as, ¢.g., lung squamons carcinoma, Ovarian serous
cystadenocarcinoma, skin cutaneous melanoma, uterine carcinosarcoma o esophagesal
carcinoma). The method for treating the condition comprises administering to the patient a
therapeutically effective amount of an FGR inhibitor or an FGR fusion inhibifor as described
above.

Screenine Methods

{8058} Therapeutic agents, such as e.g., FOR inhibitors or FGR fusion inhibitors, used in the
therapeutic methods of the present disclosure can be evaluated using the screening assays
described herein. Thus, the present disclosure provides a method of identifying an agent usefil
for treating a condition mediated by aberrant FGR expression or activity, overexpression of
FGR, e.g., cancer or a fumor harboring an FGR fusion, which in some embodimends is sclected
from a lung, ovarian, skin, uterine cancer and esophageal cancer (such as e.g., lung squamous
carcinoma, ovarian serous cystadenocarcinoma, skin cutancous melanoma, wterine
carcinosarcoma or esophageal carcinoma), comprising contacting a cell expressing an FGR
gene fusion with a candidate agent and using the methods deseribed herein to determine
whether the expression level of the fusion is decreased or a biological fanction associated with
the fusion is altered. In one embodiment, therapeutic agents can be evaluated in a cell-free
system, ¢.g., a cell lysate or in a reconstituted system. In other embodiments, the therapeutic
agents are evabuated 1n a cell in culture, e.g., a cell expressing an FGR fusion (e.g., a
mammalian cell, a tumor cell or cell fine, a recombinant cell). In yet other embodiments, the
therapeutic agents are evaluated in a cell in vive, ¢.g., an FGR tusion-expressing cell present in

a subject, e.g., an animal subject {e.g., an in vive animal model).

{8851} Excmplary parameters to evaluate in determining the efficacy of a therapeutic agent for
treating & condition mediated by aberrant FGR expression or activity, or overcxpression of
FOR, such as, e.g., a cancer or a tumor harboring an FGR fusion, include one or more of!

(i) a change in an activity of a cell containing an FOR fusion {e.g., a tumor cellor a
recombinant cell), €.g., a change in proliferation, morphology, migration, adhesion, or
tumorigenicity of the cell;

(i1} a change in tumor present in an animal subject, e.g., size, appearance, proliferation,

or metastasis of the tumor;

16



WO 2016/011141 PCT/US2015/040553

{iil) a change in the level, e.g., expression level (franseription and/or translation} of an
FGR gene fusion; or

{iv} a change in ag activity of a signaling pathway involving FGR (e.g., the beta-2
mtegrin signaling pathway), ¢.g., phosphorylation or activity of an interacting or

downstream protein, or expression of a downstream gene.
168321 In some embodiments, the FGR fusion s 8 WASF2:FGR fusion.

{18653} In other embodiments, a change in an activity of a cell expressing an FGR fusion, such
as, ¢.g., WASF2:FGR, as described herein, {¢.g., a manumalian cell, a tumor cell or cell ling, a
recombinant cell) is detected in a cell mn culture. Tn one embodiment, the cell is a recombinant
cell that 1s modified to express an FOR fusion nucleic acid, e.g., is a recombinant cell
transfected with an FGR fusion nucleic acid. The transfected cell can show a change in
response to the expressed FGR fusion, e.g., increased proliferation, tncreased migration,
decreased adhesion, changes in morphology, increased tumorigenicity, and/or acquired 2
ransformed phenotype. A change in any of the activities of the cell, e.g., the recombinant cell,
in the presence of the candidate agent can be detected. For example, a decrease in one or more
oft e.g., proliferation, migration, tumorigenicity, transformed morphology, in the presence of
the candidate agent can be indicative of an inhibitor of an FOR fusion. In other embodiments,
a change in binding activity or phosphorylation of FGR or its interacting or downsiream

proteins or molecules as described hercin s detected.

{88841 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, & tumor containing ardmal or & xenograft
comprising cells expressing an FGR fusion (e.g., tumorigenic cells expressing an FOR fusion}
1s employed. 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 tumeor includes one or more of,
e.g., amor growth, tumor size, tumor burden, tumor metastasis, or survival is evaloated. A
decrease in one or more of tumor growth, tumor size, tumor burden, or tumoer metastasis, or an
mcreased survival is indicative that the candidate agent is an inhibitor.

[B8058] Anocther aspect of the present disclosure provides a method or assay for screening for
agents that modulate (e.g., inhibit) the expression or activity of an FOR fusion as described
herein. The method includes contacting e.g., an FOR fusion, or a cell expressing an FGR
fusion, with a candidate agent; and detecting a change in a parameter associated with an FGR
fusion, e.g., @ change in the expression or an activity of the FGR fusion. The method can,
optionally, include comparing the treated parameter to a reference value, e.g., a contrgl sample
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{c.g., comparing a parameter obtained from a sample with the candidate agent to a parameter
obtained from a sample without the candidate agent). In one embodiment, if a decrease in
expression or activity of the FGR fusion is detected, the candidate agend is identificd as an
mhibitor. In another embediment, if an ncrease in expression or activity of the FGOR fusion is
detected, the candidate agent is identified as an activator. In certain embodiments, the fosion is

an FGR gene fusion, ¢.g., a WASFZ:FGR fusion.

8056} 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
cell in culture, ¢.g., a coll expressing an FGR fusion {c.g., a mammalian cell, a tumor cell or
cell line, a recombinant cell}. In yet other embodiments, the contacting step is detected in a cell
1 vivo, e.g., an FOR expressing cell present in a subjoct, e.g., an animal subject {e.g., anin

vive animal model).

188871 Exemplary parameters evahuated in identifying an agent that modulates the activity of
an FGR fusion {(e.g., @ WASF2:FGR fusion) include ong or more oft
(i) a change n an activity of a cell containing an FGR fusion {e.g., atumorcelior a
recombinant cell), e.g., a change in proliferation, morphelogy, migration, adhesion, or
tumorigenicity of the cell;

(i1} a change in tumor present in an animal subject, e.g., size, appearance, proliferation,
or metastasis of the tumor;

{iil) a change in the level, e.g., expression level (franseription and/or translation} of an
FGR fusion; or

{iv} a change in ag activity of a signaling pathway involving FGR (e.g., the beta-2
mtegrin signaling pathoway), ¢.g., phosphorylation or activity of an interacting downstream

protein, or expression of a downstream gene.

Methods for Validating FGR Fusions

{8058} FGR gene fusions (such ag, e.g., WASF2:FGR gene fusion) may be evahiated to ensure
that the breakpoints are in-frame and can produce a protein product containing the full kinase
domain, 1.¢., that the breakpoint occurs sach that complete triplet codons are intact, and that the
RNA sequence will produce a viable protein. The FGR gene fusion can be transfected mto
cells to confirm that the protein is functionally active with respect to kinase activity and
oncogenic activity. ¢DNA encoding the FGR protein can be produced by standard solid-phase
DNA synthesis. Alternatively the FGOR fusion ¢cDNA can be produced by RT-PCR using tumor

mBRNA extracted from samples containing the gene fusion. The DNA amplified can be
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subcloned into an appropriate vector and characterized by DNA sequence analysis or in vitro/in

vivo expression analyses,

{8059 Expression vectors containing the FGR gene fusion (such as, e.g., WASF2:FGR gene
fusion) can be introduced into host cells to thereby produce an FGR protein. The FOR protein
gxpression vector can be a yeast expression vector, a vector for expression in insect cells, e.g.,
a baculovirus expression vector, or a vector suitable for expression in mammabian celis. Vector
DNA can be introduced into host cells via conventional transformation or transfection
techniques. As used herein, the terms "transformation” and "transfection” arc intended to refer
te a variety of art-recoguized techniques for introducing foreign nucleic acid {c.g., DNA) into &

host cell.

{8868} Cells harboring the expression vector carrying the recombinant FGR gene fusion can
then be tested for production of the unigue fusion protein via standard Western blotting using
cither an antibody probe that detects the gene product itself or that recognizes a tag peptide
{c.g., FLAQG tag) that can be added to the gene product via the expression vecior (using
standard, conmmercially available reagents). Western blotting can be used to confirm the
ectopic expression of the encoded FGR protein by comparing the samples from cells
transfected with the vector containing the FGR gene fusion ¢cDNA 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.  Whether the FGR geoe fusion is oncogenic can be
assessed by measwing capacity of the expressed FGR protein to transform cells, that is, to
cnable cells to grow and proliferate under conditions which are not permissive for growth of
normal cells. One conuronly used method of meassuring the transforming activity of a kinase is
by assessing if expression of the gene product can allow BaP3 cells to grow in the absence of
the growth factor IL3, 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 in a
soft agar matrix, or anchorage-independent conditions.  These methods and others can be used
i test the oncogenic activity of an FGR gene fusion (such as, e.g., WASF2:FGR gene fusion)
as a potential target for treating patients that harbor these fusions.

{88611 A change in an activity of a cell can be detected in a cell in culture, e.g., acell
expressing a fusion {c.g., a mammalian cell, 8 tumor cell or cell line, a recombinant cell). The

transtected cell can show a change in response to the expressed fusion, e.g., increased
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proliferation, changes tn morphology, increased tumorigenicity, and/or an acquired transformed

phenotype.

[8862] To further validate the biological implication of the gene fusion, a change 1 any of the
activities of the cell, e.g., the recombinant cell, in the presence of a known inhibitor of one of
the fusion partmers, ¢.g., an FGR inhibitor, can be detected. For example, a decrease in one or
more of: proliferation, tumorigenicity, and transtormed morphology, i the presence of the
BETA inhibitor can be indicative of an inhibitor of a fusion. In other embodiments, a change
in binding activity or phosphorylation of FGR or its interacting or downsiream proteins or

molecules is detected,

{88631 All publications and patents mentioned hercin are hereby incorporated by reference in
their entirety as if each individual publication or patent was specifically and individually
mdicated to be incerporated by reference. To the extent publications and patents or patent
applications incorporated by reference contradict the disclosure contained in the specification,
the specification will supersede any contradictory material. Unless otherwise required by
condext, singular torms shall include the plural and plural terms shall include the singular. The

52k

use of “or” means “and/or” unless stated otherwise. The use of the term “inclading,” “having”,
and “containing,” as well as other forms, such as “includes” and “included,” “has” and “had,”
and “contains” and “contained,” is not lmiting. All ranges given in the application eocompass

the endpoints unless stated otherwise.

18864} Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents fo the specific embodiments of the invention

described herein. 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 an FGR fusion in a biological sample,

comprising the steps of!
{a) obtaining a bivlogical sample from 2 mammal; and

{(b) contacting the sample with a reagent that detects an FGR fusion to deternune whether

an FGR fusion is present in the biological sample,
wherein the detection of the FGR fusion indicates the presence of an FGR 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 an FOGR fusion to determine whether

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

(b) contacting the sample with a reagent that detects an FGR fusion to determine whether

an FOR fuston is present in the biological sample; and
(¢} determining the therapeoutic regimen based on the presence or absence of an FGR
fusion in the sample.
4. A method of identifying a patient likely to respond to treatment with an FGR
mhibitor or an FGR fusion inhibitor, the method comprising:
{a) obtaining a bivlogical sample from the patient

{b) contacting the sample with a reagent that detects an FGR fusion to deternune whether

an FGR fusion is present in the biological sample,

wherein the detection of the FGR {usion indicates the likelihood of the patient

responding to treatment with an FGR inhibitor or an FGR fusion inhibitor,
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5. A wmethod of stratifying a patient population by detecting an FGR 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 an FGR fusion to determine

the presence or absence of an FOR fusion; and

{c} sclecting patients having FGR fusion for treatment with an FGR inhibitor or an FGR

fusion inhibitor.

6. The method of any one of claims 1-5, wherein the method of detecting an FGR
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 liguid
chromatography, or mass-spectromuetric genotyping, and motaphase cytogenetic 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 an FGR fusion comprising a fusion junction, and
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 product

is tndicative of the presence of an FGR fusion polymucleotide 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 amph{y at least a fragment of an FOR 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 plarality 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 polynucleotides, and o

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 1s lung squamous carcinoma.

14. The method of claim 12, wherein the human cancer is ovarian serous

cystadenocarcinoma.
15. The method of ¢laim 12, wheren the human cancer is skin cutancous melanoma,
16. The method of claim 12, wherein the human cancer is uterine carcinosarcoma.
17. The method of claim 12, wherein the human cancer is esophageal carcinoma.

18. The method of any of claims 1-17, wherein the FOR gene fusion is a WASF2Z:FGR

gene fusion
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19. The method of claim 18, wherein the WASF2:FGR gene fusion comprises all or

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

20. The method of any of claims 1-19, wherein the reagent is a probe or primer that

hybridizes to the fusion junction of an FGR fusion.

21. The method of any of claims 1-20, wherein the reagent hybridizes to nucleotides

178-187, 173-192, 158-207, 133-232, 10G8-257, or §3-282 of SEQ I NO: 1.

22. A method of treating a paticot, the method comprising acquiring knowledge about
the presence of an FOR fusion, and then admindstering to the patient a therapeutically effective

amount of an FGR mmhibitor or an FGR fusion inhibitor.

23, The method of claim 22, wherein the knowledge about the presence of an FGR

fusion is acquired by the method of any one of claims 1-21.
24. The method of claim 21 or 22 whercein the patient is saffering from a cancer.
25. The method of claim 24, wherein the cancer 1s lung squamous carcinoma.
26. The method of claim 24, whercin the cancer is ovarian serous cystadenocarcinoma.
. The method of claim 24, wherein the cancer is skin cutancous melanoma.
28. The method of claim 24, wherein the cancer is utering carcincsarcoma.
29. The method of claim 24, wherein the homan cancer is csophageal carcinoma.

30. A method of inhibiting the proliferation of cells containing an FGR fusion, the

method comprising contacting the cells with an FGR inhibitor or an FGR fusion inhibitor.

31. A method of reducing an activity of an FGR fusion comprising contacting the FGR

fusion with an agent that inhibits an activity or expression of FGR.
32. The method of claim 30 or 31, wherein the contacting step is effected in vitro.

33. The method of claim 30 or 31, wherein the contacting step 1s effected in cells in

culture.
34. The method of claim 30 or 31, wherein the contacting step is effected in vivo.
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35. The method of any one of claims 32-34, wherein the agent that inhibits an activity

or expression of FGR is an FGR inhibitor or an FGR fusion inhibitor.

36. A method of treating a condition mediated by aberrant FGR cxpression or activity,
the method comprising administering to 2 subject a therapeutically effective amount of an FGR

mhibitor or an FGR fusion mhibitor.

37. A method of treating a condition characterized by overexpression of FGR, the
method comprising administering to a subject a therapeutically effective amount of an FGOR

inhibitor or an FGR fusion inhibitor.

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

therapeutically effective amount of an FGR inhibitor or an FGR fusion inhibitor.

The method of claim 38, wherein the cancer is lung sqoamous carcinoma.

|98
ND

40. The method of claim 3§, wherein the cancer is ovarian serous cystadenocarcinoma.
41, The method of ¢laim 38, wherem the cancer 18 skin cutancous melanoma.,

42. The method of claim 38, wherein the cancer is uierine carcinosarcoma.

43. The method of claim 3%, wherein the homan cancer is lung squamous carcinoma.

44, The method of any of claims 21-40, wherein the agent that inhibits an activity or

expression of FGR or the FGR inhibitor is a kinase inhibitor.

45. The method of any of claims 22-42, wherein the agent that inhibits an activity or

expression of FGR or the FOR inhabitor is an anti-FGR antibody.

46. The method of any one of claims 22-42, wherein the agent that inhibis an activity

or expression of FGR or the FGR inhibitor 15 an FGR fusion mhibitor.

47. A method of identifying an agent usefud for treating lung squamous carcinoma, the
method comprising contacting a cell expressing an FGR 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,

48. A method of identifying an agent useful for treating ovarian serous
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cystadenocarcinoma, the method comprising contacting a cell expressing an FOR fusion with a
candidate agent and determining whether the expression levei of the fusion is decreased or a

biclogical function associated with the fusion is altered.

49, A method of identifying an agent useful for treating skin cutancous melanoma, the
method comprising contacting a cell expressing an FGR fusion with a candidate agent and
determining whether the expression level of the fusion is decreased or a biological fimetion

associated with the fusion is aliered.

SO, A method of identifying an agent usefuld for treating vterine carcinosarcoma, the
method comprising contacting a ccll cxpressing an FGR fusion with a candidate agent and
deternining whether the expression level of the fusion s decreased or a biological function

assoctated with the fusion is aliered.

S1. A method of identifying an agent that modulates the activity of an FGR fusion,
comprising contacting an FOR fusion with a candidate agent; and detecting a change in a

parameter associated with an FGR fusion,

52, The method of any of claims 22-50, wherein the FGR fusion is 8 WASF2:FGR

fusion.

53. The method of any one of claims 22-31, wherein the FGR fusion comprises all of

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