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TERT FUSIONS

CLAIM GF PRIORITY

{86611 This application claims the benefit of U.S. Provisional Application No. 62/025,872,
filed Joly 17, 2014, which is incorporated here by reference in ifs entirety to provide continuity

of disclosure.

{8802] This invention relates to TERT (telomerase reverse transeriptase) gene fusions and
TERT fusion proteins. The mvention further relates to methods of diagnosing diseases or
disorders associated with TERT fusions, such as conditions mediated by TERT activity, or

conditions associated with aberrant TERT expression or activity, or overexpression of TERT.

{8603} Many forms of cancer arc caused by genctic lesions that give rise to tumor imitiation
and growth, Genetic lesions may include chromosomal aberrations, such as translocations,
mversions, deletions, copy number changes, gene expression level changes, and somatic and
germline muutations. Indeed, the presence of such genomic aberrations s a hallmark featore of
many cancers, including, for example, B cell cancer, hing 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.

[8804] Recent efforts by The Cancer Genome Atlas (TCGA), the International Cancer Genome
Consortium {ICGC), and dozens of other large-scale profiling efforts have generated an
enormous smount of new sequencing data for dozens of cancer types — this includes whole-
genome DNA, whole-exome DNA, and fuil-transeriptome RNA sequencing. These efforis
have led to the identification of new driver genes and fusion genes within multiple cancer
types. Fusions, particularly fusions involving 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 lymphoma kinase (ALK}, one of the receptor tyrosine kinases, is
known to become oncogenic when fused with various genes. Sge, e.g., M. Soda et al,
“Identification of the transforming EML4-ALK fusion gene in non-small-cell hung cancer,”
Nature 444:561-566 (2007).

188851 A need exasts for identifying novel genetie lesions assoeiated with cancer. For
cxample, the presence of fusions involving a gene in samples collected from more than one

source can indicate that the gene is an oncogenic driver. The identification of such fissions can
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be an effective approach to diagnosis of cancers and development of compounds, compositions,

methods, and assays for ovaluating and treating cancer patienis.

[888s] In one aspect, the invention provides methods for detecting the presence of a TERT
fusion in a bivlogical sample. The methods inchide the steps off () obtaining a biological
sample from a mammal; and (b) contacting the sample with a reagent that detects a TERT
fusion, to determine whether a TERT fusion is present in the biological sample. In some
embodiments, the sample can be from, e.g., a cancer patient, such as, e.g., a patient having
sarcoma. In some embodiments, the fusion can be, o.g., 3 TRIGTERT fusion. In some
cembodiments, the TRIOTHERT fusion has all or a part of the nucleotide and/or arvine acid
sequence (such as, e.g., the fusion junction) set forth i SEQ 1D NG: 1 and SEQ D NO:Z,

respectively.

1980671 In another aspect, the invention provides methods of diagnosing a patient having a
discase or disorder associated with aberrant TERT expression or activity, or overexpression of
TERT; the methods include: (2} obtaining a biological sample from the patient; and (b)
contacting the sample with a reagent that detects a TERT fusion to determine whether a TERT
fusion is present n the biclogical sample, whereby the detection of the TERT fusion indicates
the presence of a disorder associated with aberrant TERT expression or activity, or
overexpression of TERT,

BRIEF DESCRIPTION OF THE FIGURES
{8088} FIG. 1A, 1B, and 1C depict the nucleotide sequence of a TRIOTERT gene fusion
(SEQ 1D NO: 1) comprising a portion of the TRIO gene (NM_007118) up to and inchuding
exon 33 and a portion of the TERT gene (NM__198253) starting at exon 2. The underhined
codons at micleotides 45957-4959 and 4960-4962 encode the last amino acid of TRIO and the
first aminoe acid of TER'T, respectively. The slash after nucleotide 4959 jndicates the
breakpoint (fusion junction) where transiocation and in-frame fusion has occwrred.
18009] FiG. 2 depicts the ammo acid sequence of a TRIO:TERT fusion protein (SEQ 1D
NO:2). The slash between amino acids 1653 and 1654 indicates the breakpoint or fusion
junction between the TRIO and TERT proteins. Aming acids 1653 and 1654 comrespond to
nucleotides 4957-4959 and 4960-4962 in SEQ ID NG 1, resepctively.
{8618} FIG. 3 15 a graph showing TERT DNA copy number versus the mRNA expression in

sarcoma samples,
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EXEMPLARY EMBODIMENTS OF THE INVENTION

{8011} The invention is based, at least in part, on the discovery of novel recombination
ot translocation events In cancer patients that result in at least a fragment of a TERT gene
linked to a non-homologous promoter via a recombination or translocation event that may
result in abeorrant expression (2.g., in a location where TERT is not typically expressed) or
overexpression of the reverse transcriptase (RT) domain of the TERT gene and thus, an
mcrease in RT activity. Thus, a new patient population is identified, which is characterized by
the presence of a TERT fusion, e.g., a TERT gene fusion or fusion protein. This now patient
popufation suffers from or 15 susceptible to disorders mediated by aberrant TERT expression or
activity, or overcxpression of TERT, such as, e.g., a cancer. In another aspect of the invention,
a new subtype of cancer is identified, which is characterized by the presence of the TERT
fusions described hercin. In some embodiments, the new patient population suffers from o1 is
susceptible 10 a sarcomea characterized by the presence of a TERT fusion. New methods of

diagnosing the patient population and the TERT fusion cancer subiype ave also provided.

{8812] The term “THERT fusion” is used generically herein, and includes any fusion
molecule {¢.g., gene, gene product {e.g., cDNA, mRNA, or protein), and variants thereof) that
mclades a fragment of TERT, particularly the coding region for the RT domain of TERT, and a
fragment of a second, non-homologous gene. In some embodiments, the coding sequence for
the RT domain of TERT is under control of the promoter of the non-homologous gene. A
TERT fusion protein generally includes the RT domain of TERT. In some embodiments, the

TERT fusion is a TRIO:TERT fusion.

TERT Gene Fusions and Fusion proteins

{8013} TERT is a catalytic subunit of the enzyme telomerase, which, together with the
tclomerase RNA component {TERC), conprises the most important unit of the telomerase
complex. Telomerases are part of a distinet subgroup of RNA-dependent polymerases.
Telomerase lengthens chromosomes” telomeres, thereby allowing senescent cells that would
otherwise become postmitotic and undergo apopiosis o exceed the Hayflick hmit and become
potentially immortal, as is often the case with cancerous cells. TERT is responsible for
catalyzing the addition of nucleotides in a TTAGGG sequence to the ends of a chromosome’s
telomeres, Thig addition of repetitive DN A sequences provents degradation of the
chromosomal onds following multiple rounds of replication. Telomerase cxpression plays a
role in cellular senescence, as it is normally repressed n posinatal somatic cells, resulting in
progressive shortening of telomeres. Telomere deficiency is often linked to aging, cancers, and

1
-
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the conditions dyskeratosis congenita {(DKC) and Cri du chat. Meanwhile, overexpression of
TERT is often associated with cancers and tumor formation. Telomerase activity is a hallmark
of many cancers, and two other genetic mechamsms of TER'T reactivation have been described
previously; both somatic mutations in the promoter of the TERT gene and DNA copy munber
gains of TERT were shown to activate its transcription. See Huang, F. W, et al. “Highly
recurrent TERT promoter mutations in human melanoma,” Science 339: 957-959 (2013); see
also Zhang, A. et al. “Frequent amplhification of the telomerase reverse franscriptase gene in

human tumors,” Cancer Res. 6{: 62306235 (2000).

18814} The imvention provides novel TERT ftusiouns that are associated with differont types of
disorders. These findings provide a reasonable expectation that TERT fusions represent an
aiternative mechanism for telomerase reactivation in cancers. For example, the TERT fusions
disclosed hergin can be associated with certain cancers, such as, e.g., sarcoma. In some
embodiments, the sarcoma associated with a TERT fusion s liposarcoma. In some
embodiments, the TERT fusions disclosed herein can be associated with other disorders

mediated by aberrant TERT expression or activity, or overexpression of TERT.

[B018] TERT gene fusions are generated by a fusion between at least a part ofthe TERT gene
and a part of another gene as a resuldt of a translocation (including nversion) within 2
chromosome or between chromosomes. As a result of a translocation, the TERT genc may be
placed under the transcriptional control of the partner gene promaoter, ¢.g., TRIO, resulting in
aberrant TERT expression or acitivty, or overexpression of TERT. The overexpression can
lead to certain cancers. As used herein, the 5S'-region is upstream of, and the 3-region is
downstream of, a fusion junction or breakpoint in one of the component genes. TERT and the
gene or protein that it s fused to are referred to as “fusion partners.” Alternatively, they may
be identified as a “TERT gene fusion” or a “TERT fosion protein,” which are collectively
termed “TERT fusions.” The TERT fusions disclosed herein possess 2 RT activity., The
phrase “having & RT activity” as used in this application means having an activity as an
enzyme catalyzing the generation of complementary DNA (¢DNA) from an RNA template,
such as, ¢.g., having a telomerase RT activity, which means having an activity as an enzyme,
when together with the telomerase RNA component (TERC), catalyzing the addition of
nucleotides (e.g., a TTAGGG sequence) to the ends of a chromosome’s telomeres.

{8818] In some exemplary embodiments, the fusion partner is all or a portion of the DNA or
amino acid sequence for TRIO (irio Rho guanine nucleotide exchange factor). In certain

embodiments of the fnvention, 8 fusion inchides an in-frame fusion of all or a portion of the
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TRIO gene {e.g., a fragment of the TRIO gene comprising a2 TRIO promotor or a functional
fragment thercof, and one or more exons encoding TRIO or a fragment thereof) and an portion
of the TERT gene (¢.g., one or more exons encoding the RT domain or a functional fragment
thereof). Such a fusion can be referred to as a TRIO:TERT fusion. In one embodiment, the
TRIG:TERT fosion comprises sufficient TERT sequence to drive expression of a fusion protein
that has 2 RT activity. In some embodiments, the TRIO:TERT fusion drives expression of a
fusion protein that has elevated TERT activity as comapared with wild type TERT in the same
tissue or cell. In some embodiments, the TRIO:TERT fusion drives expression of a fusion
protein that confers a tissue or cell elevated RT activity as compared with a wild type tissue or
cell without such a fusion. In some cmobodiments, the TRIOTERT fusion comprises the non-
catalytic portion of TRIG kinase, which resulted in the upregulation of the transcription of

TERT.

188171 In some embodiments, the iovention provides a TRIOUTERT gene fusion comprising all
or a portion of the nucleotide sequence depicted in FIG. TA-1C (SEQ 1D NO: 1) that includes
the fusion junction. SEQ ID NO:1 comprises TRIO (NM_007118) up to exon 33fused to
TERT(NM_198253), beginrdog at ¢xon 2. In seme embodiments, the TRIOTERT gene
fusion comprises a mucleotide sequence that is at least 85%, at least 90%, at least 95%, at least
97%, at least 98%, or at least 99% identical to all or part of SEQ ID NO:1 or its complement.
Refercnce to “all or a portion” or “all or part” of a TRIG:TERT gene fusion, means that the
nucleotide sequence comprises the entire TRIO:TERT gene fusion nucleotide sequence or a
fragment of that sequence that comprises the fusion junction breakpoint point between TRIO
and TERT. The fragment may comprise 7, &, 9, 1, 12, 14, 16, 18, 20, 21, 22,23, 24, 25, 26
27,28, 29,30, 35, 40, 45, 50, 60, 7C, 80, 90, 100, 120, 150, 175, 200, 250, 300, or more
nucleotides spaning the fusion junction. An exemplary TRIO:TERT gene fusion junction is
wdentified by a slash (“77) in FIG. 1B. Unless specified, a reference to all or part of SEQ 1D

NO:1 encompasses cither the coding strand or the complementary strand, or both,

{8018} The nucleic acid sequences of TERT gene fusions may be used as probes, primers, or
bait to identify nucleotides from a bislogical sample that inchude, flank, or hybridize to TERT
fusions, such as TRIG:TERT {c.g., all or part of SEQ ID NG: 1), 8¢, ¢.g., the fusion junctions,
{n certain embodiments, the probe, primer, and/or bait molecule is an oligonucleotide that
allows capture, detection, or 1solation of a TERT gene fusion in a biological sample. In certain
embodiments, the probes or primers derived from the nucleic acid sequences of TERT gene

fusions {¢.g., from the fusion junctions) may be used, for example, for polymerase chain

wr
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reaction (PCR) amplification. The oligomicleotide can comprise a nucleotide sequence
substantially complementary to a fragment of the TERT gene fusion nucleic acid molecules
described herein. The sequence identity between the nucleie acid fragment, ¢.g., the
oligonucleotide and the target TERT 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 is a probe or primer that
meludes an oligomucleotide between about 5 and 25, c.g., between 10 and 20, or 10 and 15
nucleotides in length that inchudes the fosion junction of a TERT fusion, such as, e.g.,
TRIO:TERT (¢.g., all or part of SEQ ID NO: 1), In other embodiments, the nucleic acid
fragraent is a bait that includes an chigomucleotide between about 100 to 300 nucleotides, 130
and 230 nucleotides, or 150 and 200 nucleotides in length that includes the fusion junction of a

TERT gene fusion, such as, e.g., TRIGTERT (e.g., all or part of SEQ ID NG: 1)

18019} In certain embodiments, 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

£6 /Y
{

by a slash {*/7) in FIG. 1B, For cxample, the nucleic acid fragment can hybridize to a
nucleotide sequence that nchades the fusion junction between the TRIO transcript and the
TERT transeript (e.g., nuclectides 4957-4062 of SEQ 1D NO: 1), e.g., a nucleotide sequence
that tnclades all or a portion of SEQ ID NO:L In exemplary embodiments, the nucleic acid
fragments include or hybridize to a nucleotide sequence within exons 1-33 of a TRIO gene and
exouns 2-16 of a TERT gene {e.g., a portion of SEQ 1D NO: comprising nucleotides 4957-

4962, 4955-49064, 4950-4969, 4935-4984, or 4910-5009).

18028} In other embodiments, the nucleic acid fragment includes a bait that comprises a
nucleotide sequence that hybridizes to a TERT 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, a2
hait includes a binding entity or detection eniity, ¢.g., an affintty tag 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.

18021} In cxeroplary crubodiments, the nucleic acid fragments used as bait hybridize to a
nucleotide sequence that inchudes a fusion jonction between the TRIO transcript and the TERT
transcript, ¢.g, a nucleotide sequence within SEQ 1D NO:1 comprising nucleotides 4957-4962
{such as, ¢.g., a sequence comprising nucleotides 4955-4964, 4950-4969, 4935-4984, or 4910-

5009 of SEQ 1D NO:1).
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180622} The nucleic acid fragments can be detectably labeled with, ¢.g., 2 radiclabel a
fluorescent label, a bioluminescent label, a chomiluminescent label, an enzyme label, a binding
pair label {c.g., biotin/streptaviding, an antigen label, or can include an affinity tag or identifier
{e.g., an adaptor, a barcode, or other sequence identifier). Labeled or unlabeled nucleic acids
and/or nucleic acid fragments may be used in reagents for detecting, capturing, or isolating

TERT gene fusions, , such as, ¢.g., TRIG:TERT {for example, all or part of SEQ ID NO: 1)

18023} Another aspect of the invention provides TERT fusion proteins (such as, e.g., a purified
or isolated TRIO:TERT fusion protein), biologically active or antigenic fragments thereof, and
use of those polypeptides for detecting the biological activity (such as tumorigenic activity) of
a TERT fusion protein. Exemplary embodiments of the TERT fusion protein is a TRIOTERT
fusion protein that comprises all or part of the aminoe acid sequence set forth in SEQ ID NG:2
that inclodes the fusion junction. In some embodiments, the TRIO:TERT gene fusion encodes
a protein having a sequence that is at least 85%, at least 90%, at loast 95%, at least 97%, at
feast 98%, or at least 99% identical to all or part of the sequence depicted m FIG. 2 (SEQ 1D
NO:2). Reference to “all or a portion” or “all or part” of a TERT fusion protein, means an
amimo acid sequence that comprises the entire TERT fusion protein aminoe acid sequence or a
fragment of that sequence that comprises the fusion junction breakpoint point between TERT
and its fusion pariner, ¢.g., TRIO. The fragment may comprise 8, 10, 12, 14, 15, 16, 1§, 20, 21,
22,23,24,25, 26,27, 28,29, 30, 35, 40, 45, 50, 75, or more amine acids spaning the fusion
junction. An example of a specitic TRIOGTERT fusion protein junction is identificd by a slash

() in FIG. 2.

18024} In other embodiments, the TERT fusion protein of the fovention can include a fragment
of a TRIO protein and a fragment of a TERT protein. In one embodiment, the TERT fusion
protein is 3 TRIGTERT fusion protein having the amino acid sequence of SEQID NG 2 ora
fragment thereof that includes the fusion junction, such as, ¢.g., aming acids 1649-1658, 1644-
1663, or 1629-1678 of SEQ D NO:2, Tn some embodiments, the TERT fusion proteinis a
TRIOUTERT fusion protein comprising an amino acid sequence that is at least 85%, at least
90%, at least 95%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:2 ora

fragment thercof (e.g., amino acids 1649-1658, 1644-1663, or 1629-1678 of SEQ 1D NO:2).

{8025} In certain embediments, the TERT fusion protein inchides 2 functional RT domain, In
some embodiments, the TERT fusion protein results in elevated TERT activity (e.g., elevated
activity in a cancer cell) as compared with wild type TERT activity (e.g., in a cancer cell, a

non-cancer celi adjacent 1o the cancer cell, or a non-cancer cell from a control sample, such as
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a cancer free subject). In one exemplary embodiment, the TERT fusion protemn is a

TRIO:TERT fusion and inchides a TERT RT domain or a functional fragment thereof,

{8026} In another embodiment, the TERT fusion protein or fragment is a peptide, ¢.g., an
mmunogenic peptide or protein, that contains a fusion junction with a heterologous protein as
described herein. Such immunogenic poptides or proteins can be used for vaccine preparation
for use in the treatment or prevention of cancers caused by or exacerbated by TERT gene
fusions and TERT fusion proteins. In other embodiments, such immunogenic peptides or
proteins can be used to raise antibodics specific to the fusion protein. In some embodiments,
the TERT fusion protein is present in combination with or is further conjugated fo one or more
adjuvant(s) or immunogen(s), e.g., a protein capable of enhancing an mwnune response to the
TERT fusion protein (e.g., a hapten, a toxoid, ete.). In some embodiments, the TERT fusion
profein is a TRIG:TERT fusion protein. In some embodiments, the TERT fusion protein

comprises the fusion junction of SEQ 1D NO:2

18027} Thus, another aspect of the invention provides an antibody that binds to 3 TERT fusion
protein {such as, ¢.g., a TRIOTERT fusion protein) or a fragment thercof. In certain
embodiments, the antibody recognizes a TERT fusion protein but does not recognize wild type
TERT or the wild type fusion partner (such as, e.g., TRIG). In some embodiments, the
antibody binds to an epitope comprising the junction between TERT and the fusion partner
{e.g., the junction of TRIOITERT). In one embodiment, the antibody binds to a TRIOTERY
fusion protein having the amine acid sequence of SEQ ID NG:2 or a fragment thereof, such as,

e.g., aming acids 1649-1658, 1644-1663, or 1629-1678 of SEQ ID NG:2.

{8828 In certain emboediments, the antibodies of the nvention inhibit and/or neutralize the
biological activity of the TERT fusion protein, and move specifically, in some embodiments,
the kinase activity of the TERT fusion protein. In other embodiments, the antibodies may be
used to detect a TERT fusion protein or to diagnose a patient suffering from a disease or

disorder associated with the expression of a TERT fusion protein

Detection and Diagnostic Methods

{8829 In another aspect, the invention provides a method of detecting the presence of a TERT
gene fusion or fusion protein, such as, ¢.g., a TRIO:TERT fusion as described herein. The
presence of a TER'T gene fusion indicates that the mammal providing the biological sanmple
suffers from or is at risk of developing a disorder mediated by aberrant TERT expression or
activity, or overexpression of TERT, such as, e.g., a cancer. The presence of a TERT gene
fusion may also indicate that the disorder is treatable with a TERT fusion inhibitor. In some

4
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embodiments the cancer is associated with aberrant TERT expression or activity, or
overcxpression of TERT. In some embodiments, the cancer is sarcoma. In some
cembodiments, the cancer is liposarcoma. o some embodiments, the TERT fusion present in

the sample 1s TRIO:TERT and the cancer to be treated is sarscroma, e.g., liposarcoma.

16638} In onc embodiment, the TERT fusion detected is a nucleic acid moleculc ora
polypeptide. The method inchudes detecting whether a TERT fusion nucleic acid molecule or
polypeptide is present in a cell {e.g., a circulating cell or a cancer cell}, a tissue (e.g., a tumor),
or a sample, ¢.¢., 8 tomor 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 ¢DNA, or RNA, e.g., mRNA. In other embodiments, the sample is a protein sample.

18031} The sample can be chosen from one or more sample types, such as, for example, tissue,
e.g., cancerous tissue {e.g., a fissue biopsy), whole blood, serum, plasma, buccal scrape,
sputum, saliva, cerchrospinal fhid, urine, stool, circulating tumor cells, circulating nucleic

acids, or bone marrow.

1. Methods for Detecting Gene Fusions

18832] In cortain crobodiments, the sanmple is acquired from a subject having or at visk of
having & cancer {c.g., a patient), or alicrnatively, the method further inclades acquiring a
sample from the subject. In some embodiments, the TERT fusion is detected in a nucleic acid
molecule by one or more methods chosen from: ¢.g., nucleic acid hybridization assay (¢.g. in
situ hybridization, comparative genomic hybridization, microarray, Southern blot, northem
blot), amplification-based assays {e.g., PCR, PCR-RFLP assay, or real-time PCR), sequencing
and genotyping (e.g. sequence-specific primers, high-performance hiquid chromatography, or
mass-spectrometric genotyping), and screening analysis (including metaphase cytogenetic

anabysis by karyotype methods.

{13 Hvbridization methods

{8033} In some embodiments, the reagent hvbridizes to a TERT gene fusion, such as, e.g.,
nucleotides 4957-4962, 4955-4964, 4950-4969, 4935-4984, or 4910-5009 of SEQ ID NO:1. In
one cmboediment, the method includes: contacting a nucleic acid sample, ¢.g., a genomic DNA
saraple {(c.g., a chromosomal sample or & fractionated, enriched or otherwise pre-treated
sample) or a gene product {e.g., mRMNA, or ¢PDNA), obtained from the subject, with a nucleic
acid fragment, e.g., a probe or primer as described herein {¢.g., an exon-specific or a

breakpoint-specific probe or primer), under conditions suitable for hybridization, and

£
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determining the presence or absence of the TERT gene fusion, such as, e.g. a TRIG:TERT gene
fusion. In an alternate embodiment, the method includes the steps of obtaining a sample;
exposing the sample 1o a nucleic acid probe which hybridizes to an mRENA or ¢cDNA encoding
a TERT fusion protein that comprises amine acids 1649-1658, 1644-1663, or 1629-1678 of

SEQ 1D NO:2

{18034} Hybridization, as described throughout the specification, may be carried out under
stringent conditions, e.g., medihun or high stringency. See, e.g., J. Sambrook, E.F. Fritsch, and
T. Maniatis, Molecular Cloning: 4 Laboratory Manual. Cold Spring Harbor Laboratory Pr;
2ud edition (1989, T. Brown, Hybridization Analysis of DNA Blots. Current Protocols in
Molecular Biology at 21:2.10.1-2.10.16 (2001}, High stringency conditions for hybridization
refer to conditions under which two nucleic acids must possess a bigh degree of base pair
homology to cach other in order to hybridize. Examples of highly stringent conditions for
hybridization include hybridization in 4xsodiam chioride/sodium citrate (S8C), at 65 o1 70° C,
or hybridization in 4xSSC plas 50% formamide at about 42 or 507 C,, followed by at least one,
at least two, or at least three washes in 1+88C, at 65 or 70° C. Another cxample of highly
stringent conditions includes hybridization in 2x58C; 10xDenhardt sohution (Fikoll
400+PEG+HBSA; vatio §:1:1); 0.1% SDS; 5 oM EDTA; 530 mM NagHPO,; 250 pg/ml of
herring sperm DNA; 50 pg/ml of tRNA; or .25 M of sodium phosphate buffer, pH 7.2; T mM
EDTA7% SBS at 60°C; followed by washing 2x8S85C, (.1% SDS at 60° C.

18838} In some embodiments, the nucleic acid fragments can be detectably labeled with, e.g., 2
radiolabel, a fluorcscent label, a bicluminescent label, a chemiluminescent label, an enzyme
label, a binding pair label (e.g., biotin/streptaviding, an antigen-label, or can include an affinity
tag or identitier (e.g., an adaptor, barcode or other sequence identifier). Labeled or unlabeled
nucleie acids and/or nucleic acid fragments may be used in reagents for detecting, capturing, or
isolating TERT gene fusions. Labeled or unlabeled nucleic acids and/or nucleic acid fragmenis
may be used inreagents for detecting, capturing, and/or isolating TERT gene fusions, such as,
e.z., TRIOTERT {e.g., all or part of SEQ 1D NG: 1), In some embodiments, the labeled
nucleic acid fragments can be detected using, e.g., autoradiography, microscopy (e.g.,
brightfield, fluorescence, or electron microscopy), enzyme-linked immunosorbent assay

(ELISA), or immunohistochemistry.

18836] In some embodiments, the method of determining the presence of a TERT gene fusion
(such as, ¢.g., TRIOITERT, as disclosed heren) in 2 mammal coraprises the steps of obtaining

a biological sample of the mammal (such as, e.g., from a human cancer); exposing the sample

10
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to a mucleic acid probe which hybridizes to a DNA which comprises a TERT gene fusion;
wherein hybridization of the probe to the DNA in the sample indicates the presence of a TERT
gene fusion in the mammal. In some embodiments, the human cancer is sarcoma. In some

embodiments, the human cancer is liposarcoma.

188371 In some embodiments, the method comprises performing chromosome in sty
hybridization with chromosomal DNA from a biological sample to detect the presence of a
TERT gene fusion (such as, e.g., TRIG:TERT, as disclosed herein}. In some embodiments, the
chromosome in situ hybridization comprises the steps of: providing a chromosome (e.2.,
mierphase or metaphase chromosome) preparation {e.g., by attaching the chromosomes to a
substrate (e.g., glass)); denaturing the chromosomal DNA (e.g., by exposure to formamide) to
separate the double strands of the polynucleotides from each other; exposing the nucleic acid
probe to the chromosomes under conditions (o allow hybridization of the probe to the target
DNA; removing unhybridized or nou-specifically hybridized probes by washing; and detecting
the hybridization of the probe with the target DNA. In some embodiments, the chromosome in
situ hybridization is fluorescence in situ hybridization (FISH). In some embodiments, the
probe is labeled directly by a tluorescent label, or indirectly by incorporation of a nucleotide
contaiming a tag ot reporter molecule {e.g., biotin, digoxigenin, or hapten) which after
hybridization to the target DNA is then bound by fluorescently labeled affinity molecule (e.g.,
an antibody or streptaviding. In some embodiments, the hybridization of the probe with the

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

{8638} In other embodiments, the method comprises performing Scouthern blot with DNA
polynucleotides from a biclogical sample to detect the presence of a TER'T gene fusion {such
as, e.g., TRIO:TERT, as disclosed herein). In some embodiments, the Southern blot comprises
the steps oft optionally fragmenting the polynocieotides into smaller sizes by restriction
endonucleases; separating the polypucieotides by gel clectrophoresis; denaturing the
polynucleotides (c.g., by heat or alkali treatment) to separate the double strands of the
polynucleotides from each other; transferring the polynucleotides from the gel to 8 membrane
{c.g., a nylon or mitrocelhilose membrane); immobilizing the polynaclestides to the membrane
{e.g., by UV hight or heat}; exposing the nucleic acid probe to the polynucicotides 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
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(23} Amplification-based assavs

8039} In certain emboduments, the method of deternrining the presence of a TERT gene
fusion, comprises {a) performing a PCR amplification reaction with polynucleotides from 4
biological sample, wherein the amplhification reaction utilizes a pair of primers which will
amplify at least a fragment of the TERT gene fusion, wherein the fragment conmprises the
fusion junction, wherein the first primer is in sense orientation and the second primer is in
antisense orientation; and (b) detecting an amphification product, wherein the presence of the
amplification product is indicative of the presence of @ TERT fusion polynucleotide in the
saople. In specific exemplary embodiments, the TERT gene tusion is TRIOTERT, such as,
e.g., the gene fusion of SEQ 1D NO: | or a fragment thereof comprising nucleotides 4957-

4962, 4955-4964, 4950-4969, 4935-4984, or 4910-5009 of SEQ 1D NO:1

18848] In some embodiments, step (a} of performing a PCR amplification reaction comprises:
(i) providing a reaction mixture comprising the polynuocleotides (e.g., DMNA or ¢DNA) from the
biclogical sample, the pair of primers which will amplify at least a fragment of the TERT gene
fusion wherein the first primer is complemendary 1o a sequence on the first strand of the
polynucleotides and the second primer s complementary to a sequence on the second strand of
the polynucleotides, a DNA polymerase, and a plorality of free nucleotides comprising
adenine, thymine, cytosine, and guanine {(dNTPs); (ii) heating the reaction mixture to g first
predetermained temperature for a first predetermined time o separate the double strands of the
polynucleotides from each other; (i1} cooling the reaction mixture to a second predetermined
temperature for a sccond predetermined time vnder conditions to allow the first and second
primers to hybridize with their complementary scguences on the first and sccond strands of the
polynucleotides, and to allow the DNA polymerase to extend the primers; and (iv) repeating
steps (i1} and (i13) for 2 predetermined number of cyeles (e.g., 10, 15, 20, 25, 30, 35, 40, 45, or

50 cycles).

{88411 In some embodiments, the polynuclectides from the biclogical sample comprise RNA,
and the method finther comprises performing 8 RT-PCR amplification reaction with the RNA
to synthesize cDNA as the teroplate for subscguent or simultancous PCR reactions. Tn some
embodiments, the RT-PCR amplification reaction comprises providing a reaction mixture
comprising the RNA, a primer which will amplify the RNA (2.g., a sequence-specific primer, a
random primer, or oligo{dT s}, a reverse transcriptase, and dNTPs, and heating the reaction
mixture to a third predetermined teroperature for a third predetermined time under conditions to

allow the reverse transcriptase 0 extend the primer.

12
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{3} Sequencing and Genotyping

8842] Another method for determining the presence of a TERT gene fusion molecule {such as,
e.g., TRIGTERT, as disclosed herein) includes: sequencing a portion of the nucleic acid
molecule {¢.g., sequencing the portion of the nucleic acid molecule that comprises the fusion
sunction of a TERT gene fusion), thereby determining that the TERT gene fusion 1s present in
the nucleie acid molecule. Optionally, the sequence acquired 1s compared to a reference
sequence, or a wild type reference sequence. In one embodiment, the sequence is determined
by a next generation scquencing method. In some embodiments, the sequencing is automated
and/or high-throughput sequencing. The method can further include acquiring, ¢.g., divectly or

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

{8843] In some embodiments, the sequencing comprises chain terminator sequencing {Sanger
sequencing), comprising: providing a reaction mixture comprising a nucleic acid molecule
from a biological sample, a primer complementary to a region of the template nocleic acid
molecule, a DNA polymerase, a plurality of free nucleotides comprising adenine, thyming,
cyiosine, and guanine (dNTPs), and at least one chain forminating nucleotide (e.g., at least one
di-deoxynucleotide (ddNTPs) chosen from ddATP, ddTTP, ddCTP, and ddGTP), wherein the
at least one chain terminating nucleotide is present in a low concentration so that chain
termination occurs randomly at any one of the positions containing the corresponding base on
the DNA strand; armealing the primer to 2 single strand of the nucleic acid molecule; extending
the primer to allow incorporation of the chain terminating nucleotide by the DNA polymerase
{0 produce a serics of DINA fragmends that are terminated at positions where that particular
nucleotide is used; separating the polynucleotides by electrophoresis {e.g., gel or capillary
electrophoresis); and deternining the nucleotide order of the template nucleic acid molecule
based on the positions of chain termination on the DNA fragments. In some embodiments, the
sequencing is carried out with four scparaic base-specific reactions, wherein the primer or the
chain terminating nucleotide fn cach reaction is labeled with a separate fluorescent label. In
other embodiments, the sequencing is carried out in a single reaction, wherein the four chain
terminating nucleotides mixed in the single reaction are each labeled with a separate

fluorescent label.

{8044} 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 fo a region of the template nucleic acid

molecule, 2 DNA polymerase, a first enzyme capable of converting pyrophosphate mto ATP,
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and a second enzyme capable using ATP o generates a detectable signal (0.g., 2

chemiluminescent signal, such as light) in an amount that is proportional to the amount of ATP;

(i1} annealing the primer 1o a single strand of the nucleic acid molecule; (i) adding one of the
four free mucleotides (dNTPs) to allow incorporation of the correct, complementary ANTP onto
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 generated signal and analyzing
the amount of signal generated in a pyrogram; {vit} removing the unincorporated nuclootides;
and (viii) repeating steps (i) to {vii}. The method allows sequencing of a single strand of
DNA, one basc pair at a time, and detecting which base was actually added at cach step. The
solations of cach type of nucleotides are sequentially added and removed from the reaction.
Light is produced only when the nucleotide solation complements the first anpaired base of the
template. The order of solutions which produce detectable signals allows the determination of

the sequence of the template.

18045} In some cmbodiments, the method of determining the presence of a TERT fusion (such
as, e.g., TRIOITERT, as disclosed herein) conprises analyzing a nucleic acid sample {(c.g.,
DNA, ¢cDNA, or RNA, or an amplification product theveof) by HPLC, The method may
comprise: passing a pressurized liquid solution containing the sample through a column filied
with a sorbent, wherein the nuocleic acid or protein components in the sample interact
differcutly with the sorbent, causing differcot tlow rates for the different components;
separating the components as they flow out the colurn at different flow rates. In some
embodiments, the HPLC is chosen from, e.g., reverse-phase HPLC, sive exclusion HPLC, ion-

exchange HPLC, and bicaffinity HPLC.

[8848] In some embodiments, the method of determining the presence of a TERT fusion (such
as, ¢.g., TRIG:TERT, as disclosed herein} comprises analyzing a nucleic acid sample (e.g.,
DNA, cDNA, or RNA, or an amplification product thereof) by mass spectrometry. The method
may comprise: ionizing the components in the sample {¢.g., by chemical or electron
ionization); accelerating and subiecting the tonized 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

multiplier).
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1. Methods for detecting Fusion Proteins

18847] Another aspect of the invention provides a method of detecting the presence of a THRT
fusion protein (such as, e.g., TRIOGTERT, as disclosed herein), in a mammal, The method
comprises the steps of obtaining a biological sample of a mammal (such as, e.g., from a haman
cancer), and exposing that sample to at least one reagent that detects a TERT fusion protein
{e.g., an antibody that recognizes the TERT fusion but does not recognize the wild type TERT
or the wild type fusion partner) to determine whether a TERT fusion protein is present in the
biclogical sample. The detection of 3 TERT fusion protein indicates the presence of a mutant
TERT in the mammal (such as, e.g., in the human cancer). In some embodiments, the TERT
fusion protein comprises an amino acid sequence having at least 859, 90%, 93%, 97%, 98%,
or 99% identity with an amino acid sequence of all or part of SEQ ID NG 2 that includes the
fusion junction. In some embodiments, the cancer is sarcoma. o some embodiments, the

cancer is liposarcoma.

18048} In some cmbodiments, the reagent that detocis 2 TERT fusion protein can be detectably
labeled with, ¢.g., a radiolabel, a fluorescent label, a bioluminescent 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), ELISA, ot
immunohistochentistry. In some embodiments, the TERT fusion protein can be detected in a
biclogical sample by one or more methods chosen from: such as, ¢.g., antibody-based detection
{western blot, ELISA, immunochistochemistry), size-based detection methods {e.g., HPLC, or

mags spectrometry), or profein sequencing.

{1} Antibody-based detection

{88491 In some embodiments, the method comprises performing a western blot with
polypeptides from a biglogical sampie to detect the presence of a TERT fusion protein (such as,

c.g., TRIOITERT, as disclosed herein). In some embodiments, the western blot comprises the

7}

teps of: separating the polypeptides by gel clectrophoresis; transferring the polypeptides from
the gel to a membrane (e.g., a mitrocellulose or polyvinyhidene difluoride (PVDF) membrane);
blocking the membranc to prevent nonspecific binding by mncubating the membrane in a dilute
solution of protein {(c.g., 3-3% bovine scrum albumin (BSA) or noo-fat dry mlk in Tris-
Buffered Saline (TBS) or I-Block, with a minute percentage (e.g., 0.1%) of detergent, such as,
e.g., Tween 20 or Triton X-100); exposing the polypeptides to at least one reagent that detects a

]

o
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TERT fusion protein {e.g., an antibody that recognizes the TERT fusion but does not recognize
the wild type TERT or the wild type fusion partner}; removing unbound or non-specifically
bound reagent by washing; and detecting the binding of the reagent with the target protein. In
some embodiments, the method comprises two-step detection: exposing the polypeptides to a
primary antibody that specifically binds to a TERT fusion protein; removing vnbound or non-
specifically bound primary antibody by washing; cxposing the polypeptides to a secondary
antibody that recognizes the primary antibody; reroving unbound or non-specifically bound
secondary antibody by washing; and detecting the binding of the secondary antibody. In some
embodiments, the reagent that detects a TERT fusion protein {(¢.2., the fusion specific antibody,
or the secoundary antibody) is directly labeled for detection. Tn other embodiments, the reagent
1s hinked to an enzyme, and the method further comprises adding a substrate of the enzyme to
the membrane; and developing the membrane by detecting a detectable signal produced by the
reaction between the cnzyme and the substrate. For exanple, the reagent may be linked with
horseradish peroxidase to cleave 2 chemilundnescent agent as a substrate, producing

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

{8058} In some embodiments, the method comprises performing ELISA with polypeptides
from a biological sample to detect the presence of a TERT fusion protein {such as, e.g.,
TRIG:TERT, as disclesed hersin). In some embodiments, the ELISA is chosen from, ¢.g.,

direct ELIS A, indirect ELISA, sandwich ELISA, and competitive ELISA.

18051} In onc embodiment, the direct ELISA comprises the sieps oft attaching polypeptides
from 3 biological sample to a surface; biocking the surface to prevent nonspecific binding by
ncubating the surface in a dilute solution of protein; exposing the polypeptides to an antibody
that specifically binds to a TERT fusion protein {e.g., an antibody that recognizes the TERT
fusion {such as, e.g., TRIO:TERT, as disclosed herein} but does not recognize the wild type
TERT or the wild type fusion partner); removing unbound or non-specifically bound antibody
by washing; and detecting the binding of the antibody with the target protein. Tn some
embodiments, the antibody 1s directly labeled for detection. In other embodiments, the
antibody 18 linked to an enzyme, and the method further compriscs adding a substrate of the
enzyme; and detecting a detectable signal produced by the reaction between the enzyme and

the substrate.

{8852] In another embodiment, the mndirect ELISA comprises the steps oft attaching
polypeptides from a biological sanpie to a surface; blocking the surface to prevent nonspecitic

binding by incubating the surface i a dilute solution of protein; exposing the polypeptides to a
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primary antibody that specifically binds to a TERT fosion protein (such as, e.g., TRIOTERT,
as disclosed hereiny; removing unbound or non-specifically bound primary antibody by
washing; exposing the polypeptides 1o a secondary antibody that recoguizes 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. In other embodiments, the sccondary antibody is
linked 1o an enzyme, and the method further comprises adding a substrate of the enzyme; and

detecting a detectable signal produced by the reaction between the enzyme and the substrate.

8853} In some embodiments, the method comprises performing foununohistochemistry with
polypeptides from a biclogical sample to detect the presence of a TERT fusion protein (such as,
g.g., TRIG:TERT, as disclosed herein). In some embodiments, the immunohistochenistry
comprises the steps of: fixing a cell or a tissue section {¢.g., by paraformaldehyde or formalin
treatment); permeabilizing the cell or tissue section to allow target accessibility; blocking the
cell or tissue section to prevent nonspecific binding; exposing the cell or tissue seetion to at
least one reagent that detects a TERT fusion protein (c.g., an antibody that recognizes the
TERT fusion but does not recognize the wild type TERT 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 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; and detecting a detectable signal produced by the
reaction between the enzyme and the substrate. In some embodiments, the

immunohistochemistry may comprise the two-step detection as in the indirect ELISA.

{2) Size-based detection methods

18854] In some embodiments, the method of determining the presence of a TERT fusion (such
as, ¢.g., TRIG:TERT, as disclosed herein) comprises analyzing a protein sample by HPLC.
The method may comprise: passing a pressurized Hauid solution containing the sample through
a column filled with a sorbent, wherein the nucleic acid or protein components in the sample
mteract 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 is chosen from, e.g., reverse-phase HPLC, size exclusion HPLC, ion-
exchange HPLC, and bicaffinity HPLC.

{8855} In some embodiments, the method of deternuning the presence of 2 TERT fusion (such
as, ¢.g., TRIO:TERT, as disclosed herein) comprises analyzing a protein sample by mass
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spectrometry. The method may comprise: ionizing the components in the sample (e.g., by
chemical or clectron ionization}; accelerating and subjecting the ionized componenis {0 an
clectric or magnetic field; separating the ionized comapoeneuts based on their mass-to-charge
ratios; and detecting the separated components by & detector capable of detecting charged

particles {c.g., by an electron muiltipler).

{8836} Detection of a TERT gene fusion or a TERT fusion protein in a patient can lead to
assignment of the patient to the newly identified patient population that bears the TERT fusion.
Because this patient population can suffer from or be susceptible to a disorder associated with
an aberrant TERT expression or activity, or overexpression of TERT, detection of the TERT
fusion can also lead to diagnosis of such disorder. Thus, a further aspect of the invention
provides a method of stratifying a patient population {e.g., assigning a patient to a group or
classy and/or diagnosing a paticnt, comprising: obtaining a biological sample from the patient,
contacting the sample with at least oune reagent that detects a TER'T gene fusion or a TERT
fusion protein to determine whether a TERT fusion is present in the biological sample. The

ctection of 8 TERT fusion indicates that the patient belongs to the newly identified pationt
popufation that bears the TERT fusion, and/or the presence of a disorder associated with
aberrant TERT expression or activity, or overcxpression of TERT, such as, e.g., a cancer. The
detection of a TERT fusion also identifies a new subtype of cancer, which is characterized by
the presence of the TERT fusion. In some embodiments, the cancer is sarcoma. [n some
embodiments, the caner is Hposarcoma. In certain cmbodiments, the TERT fusion is
TRIOQ:TERT. fnsome embodiments, the TRIO:TERT fusion comprises all or part of the
nucleotide and/or aming acid sequence {such as, e.g., the fusion junction) set forth in SEQ 1D
NO:1 and SEQ 1D NO:2, respectively.

Methods for Vahdating TERT Fusions

{8857 TERT gene fusions (such as, ¢.g., a TRIG:TERT gene fusion) may be evaluated to
ensure that the breakpoids are in-frame and can produce a protein product containing the full
RT domatn, 1.c., that the breakpoint occurs such that complete triplet codons are intact, and that
the RNA sequence will prodoce a viable protein. The TERT gene fusion can be transfected
inte cclls to confirm that the protein is functionally active with respect to RT activity and
oncogenic activity. ¢DNA encoding the TERT fusion protein can be produced by standard
solid-phase DNA synthesis. Alternatively the TERT fusion ¢ DNA can be produced by RT-

PCR using tumor mRNA extracted from samples containing the gene fusion. The DNA
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amplified can be subcloned into an appropriate vector and characterized by DNA sequence

analysis or in vitro/in vivo expression analyses.

[B038] Expression vectors containing the TERT gene fusion (such as, e.g., a TRIGTERT gene
fusion} can be introduced into host cells to thereby produce a TERT fusion protein (such as,
e.g., 38 TRIO:TERT fusion protein). The TERT fusion protein expression vector can be a yoast
expression vector, a vector for expression in insect cells, ¢.g., a baculovirus expression vector,
or a vector suitable for expression in mammalian cells. Vector DNA can be introduced into
host celis via conventional transformation or transfection techniques. As used herein, the terms
“transtormation” and “transfoction” are intended to refer to a variety of art-recognized

techniques for mtroducing foreign nucleic acid (e.g., DNA) futo a host cell.

18859] Cells harboring the expression vector carrying the recombinant TERT 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 TERT fusion protein by comparing the samples from cells
transfected with the vector containing the TERT gene fusion ¢DNA to cells transfected with the
empty expression vector. The functional activity can be assessed by measuring the level of RT
activity, ¢.g., telomere length. Comparison of the level of RT activity between the wild type
{normal} form of TERT and the TERT fusion protein can indicate if the TERT fosion protein
has clovated activity that could drive oncogenic activity. Whether the TERT gene fusion is
oncogenic can be assessed by measuring capacity of the expressed TERT fusion protein to
transform cells, that s, to enable cells to grow and proliferate under conditions which are not
permissive for growth of normal cells. For example, one method of measuring the
transforming activity of the fusion is by assessing if expression of the gene product can allow
BaF3 cells to grow in the absence of the growth factor L3, 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 to test the oncogenic activity of a TERT
gene fusion (such as, e.g., a TRIO:TERT gene fusion) and provide a level of validation of a
TERT fusion protein (such as, ¢.g., a TRIG:TERT fusion protein) as a potential target for

treating patients that harbor these fusions.
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[8868] A change in an activity of a cell can be detected 1n a cell in culture, e.g., acell
cxpressing a fusion (2.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
proliferation, changes fn morphology, increased tamorigenicity, and/or an acquired transtormed

phenatype.

180661} All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as if cach individeal publication or patent was specifically and individually
indicated 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 supersede any contradictory material, Unless otherwise required by
context, singular terms shall inclade the phural and plural terms shall include the singular. The
use of “or” means “and/or” unless stated otherwise. The use of the term “inciuding,” as well as

29

other forms, such as “includes” and “included,” is not Limiting. All ranges given in the

application encompass the endpoints unless stated otherwise.
{8062} Those skilled 1n the art will recognize, or be able 1o ascertain using 1o more than
routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following clatms,
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We claim:
1. A method for detecting the presence of a TERT fusion in a biclogical sample,
comprising the steps of!
(3) obtaining a biclogical sample from 2 mammal; and
{(b) contacting the sample with a reagent that detects a TERT fusion to determine whether
a TERT fusion is present in the biological sample,
wherein the detection of the TERT fusion indicates the presence of a TERT fusion in the

biological sample.
2. A method of diagnosing a patient, the method comprising:
{(a) obiaining a biological sample from a patient; and

(b) contacting the sample with a reagent that detects a TERT fusion to deterniine whether

a TERT fusion is present in the biological sample,

wherehy the detection of the TERT fusion indicates the presence of or susceptibility to a

disorder associated with aberrant TERT expression or activity, or overexpression of TERT.

3. The method of any one of claims 1-2, wherein the method of detecting a TERT
fusion in the biological sample comprises one or more assays selected from: in situ
hybridization, comparative genomic hybridization, microarray, Southern blot, northern blot,
PCR, PCR-RFLP assay, real-time PCR, sequence-specitic primers, high-performance liquid
chromatography, or mass-spectrometric genotyping, and metaphase cytogenetic analysis by

karyotype methods.

4. The method of any one of claims 1-3, wherein the method comprises:

{a) performing & PCR amplification reaction with pelynucleotides from the biclogical

sample,

wherein the amplification reaction utilizes 8 pair of primers which will amplify at

feast 4 fragment of a TERT fusion comprising a fusion junction, and

wherein the first primer is in sensg orientation and the second primer is in antisense

orientation; and

{b} detecting an amplification product, wherein the presence of the amplification product

1g indicative of the presence of a TERT fusion polynucleotide in the sample.
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5. The method of claim 4, wherein the step of performing a PCR ampiification reaction

cOmprises:

(1) providing a reaction mixture comprising polynucleotides from the biological sample,
the pair of primers which will amplhify at least a fragment of a TERT 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);

{11} heating the reaction mixtare to a first predetermined temperature for a first

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

(111 cooling the reaction mixture to a second predetermrined temperature for a sccond
predetermined time under conditions to allow the first and second primers to hybridize with
their compicmentary sequences on the first and second strands of the polynucieotides, and to

allow the DNA polymerase to extend the primers; and

{(iv) repeating steps (i1} and (ii1) for a predetermined number of cycles.

6. The methed of any one of claims -5, where in the method employs a probe or
primer that is detectably labeled with a radiolabel, a fluorescent label, a bioluminegscent label, a

chemiluminescent 1abel, an enzyme label, a binding pair label, an antigen-label, a reporter

molecule, an affinity tag, an adaptor, a barcode, or 8 sequence 1dentifier.

7. The methed of claim 6, wherein the labeled probe or primer is detected using
autoradiography, microscopy, brightfield microscopy, fluorescence microscopy, electron

picroscopy, enzyme-Huked immunosorbent assay (ELISA), or immumohistochemistry.

8. The methed of any one of claims 1-7, wherein the biological sample is selected from
tissue, whole blood, serum, plasma, buccal scrape, sputom, saliva, cerebrospinal floid, uring,

stool, circulating tumor cells, eirculating nucleic acids, or bone marrow,

9. The method of any one of claims 1-%, wherein the biclogical sampic is froma

human canger,
10. The method of claim 9, wherein the buman cancer is sarcroma.
11, The method of claim 9, wherein the human cancer is iposarcroma.,

22
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12. The method of any of claims 1-11, wherein the TERT gene fusion is a TRIO:TERT

gene fusion.

13. The method of claim 12, wherein the TRIO:TERT gene fusion comprises all or part

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

14. The method of any of clatms 1-13, wherein the reagent is & probe or primer that

hybridizes to the fusion junction of a TERT fusion.

15. The method of any of claims 1-14, wherein the reagent hybridizes to nucleotides

4057-4962, 4955-4964, 4950-4969, 4935-4984, or 4910-5009 of SEQ D NO:1.

16. The method of any of claims 1-15, wherein the reagent detects an mRNA or ¢DNA

encoding a TERT fusion protein

17. The method of claim 1 or 2, wherein the reageunt detects 2 TERT fusion protein but

does not detect wild type TERT or wild type fusion partner.

18. The method of any one of claims 1, 2, and 17, where in the reagent is detectably
abeled with a radiolabel, a fluorescent label, a biolhuminescent label, a chemiluminescent label,
an enzyme label, a binding pair label, an antigen-label, a reporter molecule, an affinity tag, an

adaptor, barcode, or a sequence identificr,

19, The method of claim 18, wherein the labeled reagent is detected using one or more
of autoradiography, microscopy, brightfield microscopy, fluorescence microscopy, electron
microscopy, enzyme-ltinked immunosorbent assay (ELISA), direct ELISA ) indirect ELISA,
sandwich ELISA, competitive ELISA, immunohistochemistry, western blot, HPLC, and mass

spectrometry.

20. The method of any one of claims 1, 2, and 17-19, wherein the reagent comprises an

antibody specific to a TERT fusion protein.

21. The method of any one of claims 17-20, wherein the TERT fusion profein is a

TRIOTERT fusion protein.

22, The method of claim 21, wherein the TRIG: TERT fusion protein comprises all or

part of the amino acid sequence set forth in SEG ID NG:2 comprising the fusion junction.
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23, The method of any of claims 1, 2, and 17-22, wherein the reagent reacts with amino

acids 1649-1658, 1644-1663, or 1629-1678 of SEQ ID NO:2.

24. The method of any of claims 17-23, wherein the biological sample 1s from a human

CanCer,
25. The method of claim 24, wherein the human cancer is sarcroma.

26. The method of claim 24, wherein the homan cancer is Hposarcroma.
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