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COMPOSITIONS AND METHODS FOR DIAGNOSING CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
[01] This application claims the benefit of U.S. Provisional Application No. 61/468,361, filed

March 28, 2011, the contents of which are incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[02] This disclosure relates generally to the field of cancer biology, and specifically, to the fields
of detection and identification of specific cancer cell phenotypes and correlation with relevant patient

prognosis.

BACKGROUND OF THE INVENTION
[03] Recurrent chromosomal translocations characterize a substantial proportion of leukemias,
resulting in the formation of unique fusion genes. The identification of particular fusion gene
abnormalities is of considerable diagnostic and prognostic importance. There is a need in the art
for reliable diagnostic compositions for the detection and diagnosis of leukemias and sub-types

of leukemias based on gene fusion.

SUMMARY OF THE INVENTION
[04] Leukemia is often accompanied by the formation of fusion genes. These chromosomal
abnormalities are caused by the reciprocal translocation of portions of genes at different
chromosomal locations forming a new gene characterized by the fusion of a nucleic acid
sequence from a first and a second gene. For example, the BCR-ABL fusion gene is caused by a
reciprocal translocation of parts of chromosome 9 and 22. Specifically, the translocated regions
are 9p34 and 22ql1. This joins a portion of the ABLI gene on chromosome 9 to a part of the
BCR (“breakpoint cluster region") of chromosome 22. The presence of this and other fusion
genes is correlated with the onset and progression of various types of leukemia. This disclosure
presents compositions and methods for the diagnosis and prognosis of leukemia based on the
detection of fusion genes.
[05] The disclosure provides a composition for the diagnosis of leukemia. In one

embodiment, this composition includes one or more target-specific nucleic acid probes. Each of
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the one or more target-specific probes includes a target-specific region that specifically binds to
one target nucleic acid analyte; and a region to which is attached a plurality of label monomers
that create a unique label for each target-specific probe. The label has a detectable signal that
distinguishes one target-specific probe which binds to a first target nucleic acid from another
target-specific probe that binds to a different second target nucleic acid. One or more targets of
the one or more target-specific probes include a fusion gene or mRNA transcribed from said
fusion gene. The fusion gene is the result of the fusion of two or more genes in a patient at the
onset of or during progression of leukemia.

[06] The fusion genes can be caused by the fusion of two or more genes at the onset of
leukemia. The fusion gene can be BCR-ABL, AML-ETO, CBFB-MYHI1, E2A-PBX1, MLL-AF4,
PML-RARA, or TEL-AMLI. The fusions can be between varying exons of the upstream and
downstream genes. The leukemia can be chronic myelogenous leukemia, acute myeloid
leukemia or acute lymphoblastic leukemia.

[07] In certain embodiments, at least one of the one or more target-specific probes has a target
that is the sequence of the junction where the two genes are fused. These target-specific probes
can also include a target-specific region with one or more mismatches to the target of the target-
specific region.

[08] In other specific embodiments, the label monomers can be a fluorochrome moiety, a
fluorescent moiety, a dye moiety or a chemiluminescent moiety. The unique label for each
target-specific probe can be composed of 4 or 5 label monomers.

[09] The disclosure also provides a composition for the diagnosis of leukemia and different
sub-types of leukemia. In one embodiment, the composition comprises a probe pair including a
first probe and a second probe. The first probe is made up, at least in part, of a complex
including a first molecule. The first molecule includes a first label attachment region to which
are attached one or more label monomers that emit light constituting a first signal. The first
molecule also includes a second label attachment region, which is non-overlapping with the first
label attachment region, to which are attached one or more label monomers that emit light
constituting a second signal. The first molecule also includes a first target-specific sequence
attached to the first molecule. The second probe is made up, at least in part, of a second
molecule including a second target-specific sequence and an affinity tag. The first target-specific

sequence and the second target-specific sequence bind to different regions of the same target
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molecule. The target molecule is a fusion gene or mRNA transcribed from said fusion gene.

The fusion gene is the result of the fusion of two or more genes in a patient at the onset of or
during progression of leukemia. Also, when said probe pair is bound to its target molecule, the
identity of the first and second signals and their locations relative to each other constitute at least
part of a code that identifies the target molecule.

[10] In certain embodiments, the fusion gene results from the fusion of at least a portion of a
first gene and at least a portion of a second gene. In this situation, the first target-specific
sequence can hybridize to a portion of the first gene and the second target-specific sequence can
hybridize to a portion of the second gene. The first target-specific sequence can hybridize to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the
fusion gene.

[11] In other embodiments, the first target-specific sequence can also hybridize to a portion of
the first gene and a portion of the second gene. In this situation, the first target-specific sequence
can hybridize to a sequence adjacent to a sequence that the second target-specific sequence
hybridizes to on the fusion gene. At least one of the target-specific sequences can include a
region with one or more mismatches to the target of the target-specific sequence.

[12] The second target-specific sequence can also hybridize to a portion of the first gene and a
portion of the second gene. In this situation, the first target-specific sequence can hybridize to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the
fusion gene. At least one of the target-specific sequences can include a region with one or more
mismatches to the target of the target-specific sequence.

[13] The leukemia can be chronic myelogenous leukemia, acute myeloid leukemia or acute
lymphoblastic leukemia. The fusion gene can be BCR-ABL, AML-ETO, CBFB-MYH11, E2A-
PBX1, MLL-AF4, PML-RARA, or TEL-AMLI.

[14] In certain embodiments, each of said label monomers can be a fluorochrome moiety, a
fluorescent moiety, a dye moiety or a chemiluminescent moiety. The unique label for each
target-specific probe can be composed of 4 or 5 label monomers.

[15] The disclosure also provides a method for diagnosing leukemia, a specific subtype of
leukemia or determining a genetic aberration underlying leukemia in a subject. In one
embodiment, the method includes providing a sample from the subject and contacting the sample

with one or more target-specific probes. Each of the one or more target-specific probes includes
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a target-specific region that binds to one target nucleic acid analyte; and a region to which is
attached a plurality of label monomers that create a unique label for each target-specific probe.
The label has a detectable signal that distinguishes one target-specific probe which binds to a
first target nucleic acid from another target-specific probe that binds to a different second target
nucleic acid. One or more targets of the one or more target-specific probes include a fusion gene
or mRNA transcribed from said fusion gene. The fusion gene is the result of the fusion of two or
more genes in a patient at the onset of or during progression of leukemia. When the fusion gene
is detected the subject is diagnosed with leukemia, a specific subtype of leukemia or the genetic
aberration underlying leukemia in a subject is determined.

[16] The fusion gene can be BCR-ABL, AML-ETO, CBFB-MYH11, E2A-PBX1, MLL-AF4,
PML-RARA, or TEL-AMLI. The leukemia can be chronic myelogenous leukemia, acute myeloid
leukemia or acute lymphoblastic leukemia.

[17] In certain embodiments, at least one of the one or more target-specific probes can have a
target that is the sequence of the junction of the two genes that are fused. The one or more
target-specific probes can include a target-specific region with one or more mismatches to the
target of the target-specific region.

[18] In other embodiments, each of the label monomers can be a fluorochrome moiety, a
fluorescent moiety, a dye moiety or a chemiluminescent moiety. The unique label for each
target-specific probe can be composed of 4 or 5 label monomers.

[19] The disclosure also provides a method for diagnosing leukemia, a specific subtype of
leukemia or determining a genetic aberration underlying leukemia in a subject. In one
embodiment, the method includes providing a sample from the subject and contacting the sample
with a probe pair. The probe pair includes a first probe and a second probe. The first probe is
made up, at least in part, of a complex including a first molecule with a first label attachment
region to which are attached one or more label monomers that emit light constituting a first
signal. The first probe also includes a second label attachment region, which is non-overlapping
with the first label attachment region, to which are attached one or more label monomers that
emit light constituting a second signal. The first probe also includes a first target-specific
sequence attached to the first molecule. The second probe is made up, at least in part, of a
second molecule, comprising a second target-specific sequence and an affinity tag. The first

target-specific sequence and the second target-specific sequence bind to different regions of the
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same target molecule. The target molecule is a fusion gene or mRNA transcribed from said
fusion gene. The fusion gene is the result of the fusion of two or more genes in a patient at the
onset of or during progression of leukemia. When said probe pair is bound to its target molecule,
the identity of the first and second signals and their locations relative to each other constitute at
least part of a code that identifies the target molecule. Also, when the fusion gene is detected the
subject is diagnosed with leukemia, a specific subtype of leukemia or the genetic aberration
underlying leukemia is determined.

[20] In certain embodiments, the fusion gene can include the fusion of at least a portion of a
first gene and at least a portion of a second gene. The first target-specific sequence can hybridize
to a portion of the first gene and the second target-specific sequence hybridizes to a portion of
the second gene. The first target-specific sequence can also hybridize to a sequence adjacent to a
sequence that the second target-specific sequence hybridizes to on the fusion gene.

[21] In other embodiments, the first target-specific sequence can hybridize to a portion of the
first gene and a portion of the second gene. The first target-specific sequence can also hybridize
to a sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the
fusion gene. At least one of the target-specific sequences can include a region with one or more
mismatches to the target of the target-specific sequence.

[22] In other embodiments, the second target-specific sequence can hybridize to a portion of
the first gene and a portion of the second gene. The first target-specific sequence can also
hybridize to a sequence adjacent to a sequence that the second target-specific sequence
hybridizes to on the fusion gene. At least one of the target-specific sequences can include a
region with one or more mismatches to the target of the target-specific sequence.

[23] The leukemia can be chronic myelogenous leukemia, acute myeloid leukemia or acute
lymphoblastic leukemia. The fusion gene can be BCR-ABL, AML-ETO, CBFB-MYHI1, E2A-
PBX1, MLL-AF4, PML-RARA, or TEL-AMLI.

[24] Each of said label monomers can be a fluorochrome moiety, a fluorescent moiety, a dye
moiety or a chemiluminescent moiety. The unique label for each target-specific probe can be
composed of 4 or 5 label monomers.

[25] The disclosure also provides a kit. In one embodiment, the kit includes one or more

reporter probes and one or more capture probes. The reporter probe and the capture probe each
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bind specifically to a fusion gene. The fusion gene is the result of the fusion of two or more
genes in a patient at the onset of or during progression of leukemia.

[26] The fusion gene can be BCR-ABL, AML-ETO, CBFB-MYHI11, E2A-PBX1, MLL-AF4,
PML-RARA, or TEL-AMLI. The kit can include one or more reporter probes and one or more

capture probes from Table 2.

BRIEF DESCRIPTION OF THE DRAWINGS
[27] Figures 1A is a bar graph showing counts for probes for the BCR-ABL gene fusion when
exposed to gene fragments of the BCR-ABL gene fusion and non-specific targets.
[28] Figure 1B is a bar graph showing counts for probes for the E2A-PBXI gene fusion when
exposed to gene fragments of the E2A-PBXI gene fusion and non-specific targets.
[29] Figure 1C is a bar graph showing counts for probes for the TEL-AMLI gene fusion when
exposed to gene fragments of the TEL-AMLI gene fusion and non-specific targets.
[30] Figure 1D is a bar graph showing counts for probes for the PML-RARA gene fusion when
exposed to gene fragments of the PML-RARA gene fusion and non-specific targets.
[31] Figure 2A is a bar graph showing the relative expression of various gene fusions in the
SUP B13 cell line.
[32] Figure 2B is a bar graph showing the relative expression of various gene fusions in the
K562 cell line.
[33] Figure 2C is a bar graph showing the relative expression of various gene fusions in the
NB#4 cell line.
[34] Figure 2D is a bar graph showing the relative expression of various gene fusions in the
Kasumi cell line.
[35] Figure 2E is a bar graph showing the relative expression of various gene fusions in the
KCL-22 cell line.
[36] Figure 2F is a bar graph showing the relative expression of various gene fusions in the

MV4-11 cell line.

DETAILED DESCRIPTION OF THE INVENTION
[37] This disclosure describes compositions and methods for the diagnosis of leukemia,

diagnosis of the subtype of leukemia present in a subject and determination of the genetic
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aberration underlying leukemia in a subject. The onset and progression of leukemia is associated
with the formation of several fusion genes. These fusion genes include BCR-ABL, AML-ETO,
CBFB-MYHI11, E2A-PBX1, MLL-AF4, PML-RARA, or TEL-AMLI. The compositions disclosed
herein are nucleic acid probes used to detect the presence of these fusion genes.

[38] The detection of these fusion genes can be used to detect the presence of leukemia and
also what type of leukemia is present. For example, a BCR-ABL fusion gene is associated with
chronic myelogenous leukemia. AML-ETO, CBFB-MYH11, MLL-AF4, and PML-RARA fusion
genes are associated with acute myeloid leukemia. E2A-PBX1 and TEL-AMLI fusion genes are
associated with acute lymphoblastic leukemia. In addition, specific isoforms of a given fusion
may indicate a specific sub-type of disease.

[39] The presence of certain gene fusions in certain types of leukemia is associated with
differing prognoses in the outcome of the disease for a subject. Thus, the detection of various
gene fusions can be used to provide a prognosis for a subject with leukemia.

[40] Preferably, the nucleic acid probes used according to the methods of the disclosure are
nanoreporters. A fully assembled and labeled nanoreporter comprises two main portions, a
target-specific sequence that is capable of binding to a target molecule, and a labeled region
which emits a “code” of signals (the “nanoreporter code”) associated with the target-specific
sequence.

[41] Upon binding of the nanoreporter to the target molecule, the nanoreporter code identifies
the target molecule to which the nanoreporter is bound.

Nanoreporters

[42] Many nanoreporters, referred to as singular nanoreporters, are composed of one
molecular entity. However, to increase the specificity of a nanoreporter and/or to improve the
kinetics of its binding to a target molecule, a preferred nanoreporter is a dual nanoreporter
composed of two molecular entities, each containing a different target-specific sequence that
binds to a different region of the same target molecule. In a dual nanoreporter, at least one of the
two nanoreporter probes is labeled. This labeled nanoreporter probe is referred to herein as a
“reporter probe”. The other nanoreporter probe is not necessarily labeled. Such unlabeled
components of dual nanoreporters are referred to herein as “capture probes” and often have
affinity tags attached, such as biotin, which are useful to immobilize and/or stretch the complex

containing the dual nanoreporter and the target molecule to allow visualization and/or imaging of
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the complex. When both probes are labeled or both have affinity tags, the probe with more label
monomer attachment regions is referred to as the reporter probe and the other probe in the pair is
referred to as a capture probe.

[43] For both single and dual nanoreporters, a fully assembled and labeled nanoreporter probe
comprises two main portions, a target-specific sequence that is capable of binding to a target
molecule, and a labeled portion which provides a "code" of signals associated with the target-
specific sequence. Upon binding of the nanoreporter probe to the target molecule, the code
identifies the target molecule to which the nanoreporter is bound.

[44] Nanoreporters are modular structures. In some embodiments, the nanoreporter comprises
a plurality of different detectable molecules. In some embodiments, a labeled nanoreporter, is a
molecular entity containing certain basic elements: (i) a plurality of unique label attachment
regions attached in a particular, unique linear combination, and (ii) complementary
polynucleotide sequences attached to the label attachment regions of the backbone. In some
embodiments, the labeled nanoreporter comprises 2, 3, 4, 5, 6, 7, 8, 9, 10 or more unique label
attachment regions attached in a particular, unique linear combination, and complementary
polynucleotide sequences attached to the label attachment regions of the backbone. In some
embodiments, the labeled nanoreporter comprises 6 or more unique label attachment regions
attached in a particular, unique linear combination, and complementary polynucleotide
sequences attached to the label attachment regions of the backbone. A nanoreporter probe further
comprises a target-specific sequence, also attached to the backbone.

[45] The term label attachment region includes a region of defined polynucleotide sequence
within a given backbone that may serve as an individual attachment point for a detectable
molecule. In some embodiments, the label attachment regions comprise designed sequences.
[46] In some embodiments, the label nanoreporter also comprises a backbone containing a
constant region. The term constant region includes tandemly-repeated sequences of about 10 to
about 25 nucleotides that are covalently attached to a nanoreporter. The constant region can be
attached at either the 5' region or the 3' region of a nanoreporter, and may be utilized for capture
and immobilization of a nanoreporter for imaging or detection, such as by attaching to a solid
substrate a sequence that is complementary to the constant region. In certain aspects, the constant
region contains 2, 3, 4, 5, 6, 7, 8, 9, 10, or more tandemly-repeated sequences, wherein the repeat

sequences each comprise about 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,



WO 2012/135340 PCT/US2012/030940

26, 27, 28, 29, 30, or more nucleotides, including about 12-18, 13-17, or about 14-16
nucleotides.

[47]1 The nanoreporters described herein can comprise synthetic, designed sequences. In some
embodiments, the sequences contain a fairly regularly-spaced pattern of a nucleotide (e.g.
adenine) residue in the backbone. In some embodiments, a nucleotide is spaced at least an
average of 8, 9, 10, 12, 15, 16, 20, 30, or 50 bases apart. In some embodiments, a nucleotide is
spaced at least an average of 8 to 16 bases apart. In some embodiments, a nucleotide is spaced at
least an average of 8 bases apart. This allows for a regularly spaced complementary nucleotide in
the complementary polynucleotide sequence having attached thereto a detectable molecule. For
example, in some embodiments, when the nanoreporter sequences contain a fairly regularly-
spaced pattern of adenine residues in the backbone, whose complement is a regularly-spaced
pattern of uridine (U) residues in complementary RNA segments, the in vitro transcription of the
segments can be done using an aminoallyl-modified uridine base, which allows the covalent
amine coupling of dye molecules at regular intervals along the segment. In some embodiments,
the sequences contain about the same number or percentage of a nucleotide (e.g. adenine) that is
spaced at least an average of 8, 9, 10, 12, 15, 16, 20, 30, or 50 bases apart in the sequences. This
allows for similar number or percentages in the complementary polynucleotide sequence having
attached thereto a detectable molecule. Thus, in some embodiments, the sequences contain a
nucleotide that is not regularly-spaced but that is spaced at least an average of 8, 9, 10, 12, 15,
16, 20, 30, or 50 bases apart. In some embodiments, 20%, 30%, 50%, 60%, 70%, 80%, 90% or
100% of the complementary nucleotide is coupled to a detectable molecule. For instance, in
some embodiments, when the nanoreporter sequences contain a similar percentage of adenine
residues in the backbone and the in vitro transcription of the complementary segments is done
using an aminoallyl-modified uridine base, 20%, 30%, 50%, 60%, 70%, 80%, 90% or 100% of
the aminoallyl-modified uridine base can be coupled to a detectable molecule. Alternatively, the
ratio of aminoallyl-modified uridine bases and uridine bases can be changed during the in vitro
transcription process to achieve the desired number of sites which can be attached to a detectable
molecule. For example, in vitro transcription process can take place in the presence of a mixture
with a ratio of 1/1 of uridine to aminoallyl-modified uridine bases, when some or all the
aminoallyl-modified uridine bases can be coupled to a detectable molecule.

[48] In some embodiments, the nanoreporters described herein have a fairly consistent melting
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temperature (Tm). Without intending to be limited to any theory, the Tm of the nanoreporters
described herein provides for strong bonds between the nanoreporter backbone and the
complementary polynucleotide sequence having attached thereto a detectable molecule,
therefore, preventing dissociation during synthesis and hybridization procedures. In addition, the
consistent Tm among a population of nanoreporters allows for the synthesis and hybridization
procedures to be tightly optimized, as the optimal conditions are the same for all spots and
positions. In some embodiments, the sequences of the nanoreporters have a 50%
guanine/cytosine (G/C), with no more than three G's in a row. Thus, in some embodiments, the
disclosure provides a population of nanoreporters in which the Tm among the nanoreporters in
the population is fairly consistent. In some embodiments, the disclosure provides a population of
nanoreporters in which the Tm of the complementary polynucleotide sequences when hybridized
to its label attachment regions is about 80° C, 85° C, 90° C, 100° C or higher. In some
embodiments, the disclosure provides a population of nanoreporters in which the Tm of the
complementary polynucleotide sequences when hybridized to its label attachment regions is
about 80° C or higher.

[49] In some embodiments, the nanoreporters described herein have minimal or no secondary
structures, such as any stable intra-molecular base-paring interaction (e.g. hairpins). Without
intending to be limited to any theory, the minimal secondary structure in the nanoreporters
provides for better hybridization between the nanoreporter backbone and the polynucleotide
sequence having attached thereto a detectable molecule. In addition, the minimal secondary
structure in the nanoreporters provides for better detection of the detectable molecules in the
nanoreporters. In some embodiments, the nanoreporters described herein have no significant
intra-molecular pairing under annealing conditions of 75° C, 1 X SSPE. Secondary structures can
be predicted by programs known in the art such as MFOLD. In some embodiments, the
nanoreporters described herein contain less than 1% of inverted repeats in each strand, wherein
the inverted repeats are 9 bases or greater. In some embodiments, the nanoreporters described
herein contain no inverted repeats in each strand. In some embodiments, the nanoreporters do not
contain any inverted repeat of 9 nucleotides or greater across a sequence that is 1100 base pairs
in length. In some embodiments, the nanoreporters do not contain any inverted repeat of 7
nucleotides or greater across any 100 base pair region. In some embodiments, the nanoreporters

described herein contain less than 1% of inverted repeats in each strand, wherein the inverted
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repeats are 9 nucleotides or greater across a sequence that 1100 base pairs in length. In some
embodiments, the nanoreporters described herein contain less than 1% of inverted repeats in each
strand, wherein the inverted repeats are 7 nucleotides or greater across any 100 base pair region.
In some embodiments, the nanoreporters described herein contain a skewed strand specific
content such that one strand is CT-rich and the other is GA-rich.

[50] The disclosure also provides unique nanoreporters. In some embodiments, the
nanoreporters described herein contain less that 1% of direct repeats. In some embodiments, the
nanoreporters described herein contain no direct repeats. In some embodiments, the
nanoreporters do not contain any direct repeat of 9 nucleotides or greater across a sequence that
1100 base pairs in length. In some embodiments, the labeled nanoreporters do not contain any
direct repeat of 7 nucleotides or greater across any 100 base pair region. In some embodiments,
the nanoreporters described herein contain less than 1% of direct repeats in each strand, wherein
the direct repeats are 9 nucleotides or greater across a sequence that 1100 base pairs in length. In
some embodiments, the nanoreporters described herein contain less than 1% of direct repeats in
each strand, wherein the direct repeats are 7 nucleotides or greater across any 100 base pair
region. In some embodiments, the nanoreporters described herein contain less than 85, 80, 70,
60, 50, 40, 30, 20, 10, or 5% homology to any other sequence used in the backbones or to any
sequence described in the REFSEQ public database. In some embodiments, the nanoreporters
described herein contain less than 85% homology to any other sequence used in the backbones or
to any sequence described in the REFSEQ public database. In some embodiments, the
nanoreporters described herein contain less than 20, 16, 15, 10,9, 7, 5, 3, 2 contiguous bases of
homology to any other sequence used in the backbones or to any sequence described in the
REFSEQ public database. In some embodiments, the nanoreporters described herein have no
more than 15 contiguous bases of homology and no more than 85% identity across the entire
length of the nanoreporter to any other sequence used in the backbones or to any sequence
described in the REFSEQ public database.

[51] In some embodiments, the sequence characteristics of the nanoreporter probes described
herein provide sensitive detection of a target molecule. For instance, the binding of the
nanoreporter probes to target molecules which results in the identification of the target molecules
can be performed by individually detecting the presence of the nanoreporter. This can be

performed by individually counting the presence of one or more of the nanoreporter molecules in
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a sample.

[52] The complementary polynucleotide sequences attached to a nanoreporter backbone serve
to attach detectable molecules, or label monomers, to the nanoreporter backbone. The
complementary polynucleotide sequences may be directly labeled, for example, by covalent
incorporation of one or more detectable molecules into the complementary polynucleotide
sequence. Alternatively, the complementary polynucleotide sequences may be indirectly labeled,
such as by incorporation of biotin or other molecule capable of a specific ligand interaction into
the complementary polynucleotide sequence. In such instances, the ligand (e.g., streptavidin in
the case of biotin incorporation into the complementary polynucleotide sequence) may be
covalently attached to the detectable molecule. Where the detectable molecules attached to a
label attachment region are not directly incorporated into the complementary polynucleotide
sequence, this sequence serves as a bridge between the detectable molecule and the label
attachment region, and may be referred to as a bridging molecule, e.g., a bridging nucleic acid.
[53] The nucleic-acid based nanoreporter and nanoreporter-target complexes described herein
comprise nucleic acids, which may be affinity-purified or immobilized using a nucleic acid, such
as an oligonucleotide, that is complementary to the constant region or the nanoreporter or target
nucleic acid. As noted above, in some embodiments the nanoreporters comprise at least one
constant region, which may serve as an affinity tag for purification and/or for immobilization
(for example to a solid surface). The constant region typically comprises two or more tandemly-
repeated regions of repeat nucleotides, such as a series of 15-base repeats. In such exemplary
embodiments, the nanoreporter, whether complexed to a target molecule or otherwise, can be
purified or immobilized by an affinity reagent coated with a 15-base oligonucleotide which is the
reverse complement of the repeat unit.

[54] Nanoreporters, or nanoreporter-target molecule complexes, can be purified in two or
more affinity selection steps. For example, in a dual nanoreporter, one probe can comprise a first
affinity tag and the other probe can comprise a second (different) affinity tag. The probes are
mixed with target molecules, and complexes comprising the two probes of the dual nanoreporter
are separated from unbound materials (e.g., the target or the individual probes of the
nanoreporter) by affinity purification against one or both individual affinity tags. In the first step,
the mixture can be bound to an affinity reagent for the first affinity tag, so that only probes

comprising the first affinity tag and the desired complexes are purified. The bound materials are
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released from the first affinity reagent and optionally bound to an affinity reagent for the second
affinity tag, allowing the separation of complexes from probes comprising the first affinity tag.
At this point only full complexes would be bound. The complexes are finally released from the
affinity reagent for the second affinity tag and then preferably stretched and imaged. The affinity
reagent can be any solid surface coated with a binding partner for the affinity tag, such as a
column, bead (e.g., latex or magnetic bead) or slide coated with the binding partner.
Immobilizing and stretching nanoreporters using affinity reagents is fully described in U.S.
Publication No. 2010/0161026, which is incorporated by reference herein in its entirety.

[55] The sequence of signals provided by the label monomers associated with the various
label attachment regions of the backbone of a given nanoreporter allows for the unique
identification of the nanoreporter. For example, when using fluorescent labels, a nanoreporter
having a unique identity or unique spectral signature is associated with a target-specific sequence
that recognizes a specific target molecule or a portion thereof. When a nanoreporter is exposed to
a mixture containing the target molecule under conditions that permit binding of the target-
specific sequence(s) of the nanoreporter to the target molecule, the target-specific sequence(s)
preferentially bind(s) to the target molecule. Detection of the nanoreporter signal, such as the
spectral code of a fluorescently labeled nanoreporter, associated with the nanoreporter allows
detection of the presence of the target molecule in the mixture (qualitative analysis). Counting all
the label monomers associated with a given spectral code or signature allows the counting of all
the molecules in the mixture associated with the target-specific sequence coupled to the
nanoreporter (quantitative analysis). Nanoreporters are thus useful for the diagnosis or prognosis
of different biological states (e.g., disease vs. healthy) by quantitative analysis of known
biological markers. Moreover, the exquisite sensitivity of single molecule detection and
quantification provided by the nanoreporters described herein allows for the identification of new
diagnostic and prognostic markers, including those whose fluctuations among the different
biological states is too slight detect a correlation with a particular biological state using
traditional molecular methods. The sensitivity of nanoreporter-based molecular detection permits
detailed pharmacokinetic analysis of therapeutic and diagnostic agents in small biological
samples.

[S6] Many nanoreporters, referred to as singular nanoreporters, are composed of one

molecular entity. However, to increase the specificity of a nanoreporter and/or to improve the
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kinetics of its binding to a target molecule, a nanoreporter can be a dual nanoreporter composed
of two molecular entities, each containing a different target-specific sequence that binds to a
different region of the same target molecule. In a dual nanoreporter, at least one of the two
molecular entities is labeled. The other molecular entity need not necessarily be labeled. Such
unlabeled components of dual nanoreporters may be used as capture probes and optionally have
affinity tags attached, such as biotin, which are useful to immobilize and/or stretch the complex
containing the dual nanoreporter and the target molecule to allow visualization and/or imaging of
the complex. For instance, in some embodiments, a dual nanoreporter with a 6-position
nanoreporter code uses one 6-position coded nanoreporter (also referred to herein as a reporter
probe) and a capture probe. In some embodiments, a dual nanoreporter with a 6-position
nanoreporter code can be used, using one capture probe with an affinity tag and one 6-position
nanoreporter component. In some embodiments an affinity tag is optionally included and can be
used to purify the nanoreporter or to immobilize the nanoreporter (or nanoreporter-target
molecule complex) for the purpose of imaging.

[57] Insome embodiments, the nucleotide sequences of the individual label attachment
regions within each nanoreporter are different from the nucleotide sequences of the other label
attachment regions within that nanoreporter, preventing rearrangements, such recombination,
sharing or swapping of the label polynucleotide sequences. The number of label attachment
regions to be formed on a backbone is based on the length and nature of the backbone, the means
of labeling the nanoreporter, as well as the type of label monomers providing a signal to be
attached to the label attachment regions of the backbone. In some embodiments, the
complementary nucleotide sequence of each label attachment region is assigned a specific
detectable molecule.

[58] The disclosure also provides labeled nanoreporters wherein one or more label attachment
regions are attached to a corresponding detectable molecule, each detectable molecule providing
a signal. For example, in some embodiments, a labeled nanoreporter according to the disclosure
is obtained when at least three detectable molecules are attached to three corresponding label
attachment regions of the backbone such that these labeled label attachment regions, or spots, are
distinguishable based on their unique linear arrangement. A "spot," in the context of nanoreporter
detection, is the aggregate signal detected from the label monomers attached to a single label

attachment site on a nanoreporter, and which, depending on the size of the label attachment
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region and the nature (e.g., primary emission wavelength) of the label monomer, may appear as a
single point source of light when visualized under a microscope. Spots from a nanoreporter may
be overlapping or non-overlapping. The nanoreporter code that identifies that target molecule
can comprise any permutation of the length of a spot, its position relative to other spots, and/or
the nature (e.g., primary emission wavelength(s)) of its signal. Generally, for each probe or probe
pair described herein, adjacent label attachment regions are non-overlapping, and/or the spots
from adjacent label attachment regions are spatially and/or spectrally distinguishable, at least
under the detection conditions (e.g., when the nanoreporter is immobilized, stretched and
observed under a microscope, as described in U.S. Publication No. 2010/0112710, incorporated
herein by reference).

[539] Occasionally, reference is made to a spot size as a certain number of bases or nucleotides.
As would be readily understood by one of skill in the art, this refers to the number of bases or
nucleotides in the corresponding label attachment region.

[60] The order and nature (e.g., primary emission wavelength(s), optionally also length) of
spots from a nanoreporter serve as a nanoreporter code that identifies the target molecule capable
of being bound by the nanoreporter through the nanoreporter's target specific sequence(s). When
the nanoreporter is bound to a target molecule, the nanoreporter code also identifies the target
molecule. Optionally, the length of a spot can be a component of the nanoreporter code.

[61] Detectable molecules providing a signal associated with different label attachment
regions of the backbone can provide signals that are indistinguishable under the detections
conditions ("like" signals), or can provide signals that are distinguishable, at least under the
detection conditions (e.g., when the nanoreporter is immobilized, stretched and observed under a
microscope).

[62] The disclosure also provides a nanoreporter wherein two or more detectable molecules
are attached to a label attachment region. The signal provided by the detectable molecules
associated with said label attachment region produces an aggregate signal that is detected. The
aggregate signal produced may be made up of like signals or made up of at least two
distinguishable signals (e.g., spectrally distinguishable signals).

[63] Inone embodiment, a nanoreporter includes at least three detectable molecules providing
like signals attached to three corresponding label attachment regions of the backbone and said

three detectable molecules are spatially distinguishable. In another embodiment, a nanoreporter
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includes at least three detectable molecules providing three distinguishable signals attached to
three neighboring label attachment regions, for example three adjacent label attachment regions,
whereby said at least three label monomers are spectrally distinguishable.

[64] In other embodiments, a nanoreporter includes spots providing like or unlike signals
separated by a spacer region, whereby interposing the spacer region allows the generation of
dark spots, which expand the possible combination of uniquely detectable signals. The term
"dark spot" refers to a lack of signal from a label attachment site on a nanoreporter. Dark spots
can be incorporated into the nanoreporter code to add more coding permutations and generate
greater nanoreporter diversity in a nanoreporter population. In one embodiment, the spacer
regions have a length determined by the resolution of an instrument employed in detecting the
nanoreporter.

[65] In other embodiments, a nanoreporter includes one or more "double spots." Each double
spot contains two or more (e.g., three, four or five) adjacent spots that provide like signals
without being separated by a spacer region. Double spots can be identified by their sizes.

[66] A detectable molecule providing a signal described herein may be attached covalently or
non-covalently (e.g., via hybridization) to a complementary polynucleotide sequence that is
attached to the label attachment region. The label monomers may also be attached indirectly to
the complementary polynucleotide sequence, such as by being covalently attached to a ligand
molecule (e.g., streptavidin) that is attached through its interaction with a molecule incorporated
into the complementary polynucleotide sequence (e.g., biotin incorporated into the
complementary polynucleotide sequence), which is in turn attached via hybridization to the
backbone.

[67] A nanoreporter can also be associated with a uniquely detectable signal, such as a
spectral code, determined by the sequence of signals provided by the label monomers attached
(e.g., indirectly) to label attachment regions on the backbone of the nanoreporter, whereby
detection of the signal allows identification of the nanoreporter.

[68] In other embodiments, a nanoreporter also includes an affinity tag attached to the reporter
probe backbone, such that attachment of the affinity tag to a support allows backbone stretching
and resolution of signals provided by label monomers corresponding to different label
attachment regions on the backbone. Nanoreporter stretching may involve any stretching means

known in the art including but not limited to, means involving physical, hydrodynamic or
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electrical means. The affinity tag may comprise a constant region.

[69] In other embodiments, a nanoreporter also includes a target-specific sequence coupled to
the backbone. The target-specific sequence is selected to allow the nanoreporter to recognize,
bind or attach to a target molecule. The nanoreporters described herein are suitable for
identification of target molecules of all types. For example, appropriate target-specific sequences
can be coupled to the backbone of the nanoreporter to allow detection of a target molecule.
Preferably the target molecule is DNA (including cDNA), RNA (including mRNA and cRNA), a
peptide, a polypeptide, or a protein.

[70] One embodiment of the disclosure provides increased flexibility in target molecule
detection with label monomers described herein. In this embodiment, a dual nanoreporter
comprising two different molecular entities, each with a separate target-specific region, at least
one of which is labeled, bind to the same target molecule. Thus, the target-specific sequences of
the two components of the dual nanoreporter bind to different portions of a selected target
molecule, whereby detection of the spectral code associated with the dual nanoreporter provides
detection of the selected target molecule in a biomolecular sample contacted with said dual
nanoreporter.

[71] The disclosure also provides a method of detecting the presence of a specific target
molecule in a biomolecular sample comprising: (i) contacting said sample with a nanoreporter as
described herein (e.g., a singular or dual nanoreporter) under conditions that allow binding of the
target-specific sequences in the dual nanoreporter to the target molecule and (ii) detecting the
spectral code associated with the dual nanoreporter. Depending on the nanoreporter architecture,
the dual nanoreporter may be labeled before or after binding to the target molecule.

[72] The uniqueness of each nanoreporter probe in a population of probe allows for the
multiplexed analysis of a plurality of target molecules. For example, in some embodiments, each
nanoreporter probe contains six label attachment regions, where each label attachment region of
each backbone is different from the other label attachment regions in that same backbone. If the
label attachment regions are going to be labeled with one of four colors and there are 24 possible
unique sequences for the label attachment regions and each label attachment region is assigned a
specific color, each label attachment region in each backbone will consist of one of four
sequences. There will be 4096 possible nanoreporters in this example. The number of possible

nanoreporters can be increased, for example, by increasing the number of colors, increasing the
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number of unique sequences for the label attachment regions and/or increasing the number of
label attachment regions per backbone. Likewise the number of possible nanoreporters can be
decreased by decreasing the number of colors, decreasing the number of unique sequences for
the label attachment regions and/or decreasing the number of label attachment regions per
backbone.

[73] In certain embodiments, the methods of detection are performed in multiplex assays,
whereby a plurality of target molecules are detected in the same assay (a single reaction
mixture). In a preferred embodiment, the assay is a hybridization assay in which the plurality of
target molecules are detected simultaneously. In certain embodiments, the plurality of target
molecules detected in the same assay is, at least 2, at least 5 different target molecules, at least 10
different target molecules, at least 20 different target molecules, at least 50 different target
molecules, at least 75 different target molecules, at least 100 different target molecules, at least
200 different target molecules, at least 500 different target molecules, or at least 750 different
target molecules, or at least 1000 different target molecules. In other embodiments, the plurality
of target molecules detected in the same assay is up to 50 different target molecules, up to 100
different target molecules, up to 150 different target molecules, up to 200 different target
molecules, up to 300 different target molecules, up to 500 different target molecules, up to 750
different target molecules, up to 1000 different target molecules, up to 2000 different target
molecules, or up to 5000 different target molecules. In yet other embodiments, the plurality of
target molecules detected is any range in between the foregoing numbers of different target
molecules, such as, but not limited to, from 20 to 50 different target molecules, from 50 to 200
different target molecules, from 100 to 1000 different target molecules, from 500 to 5000
different target molecules, and so on and so forth.

[74] In certain embodiments, nanoreporters for detecting the presence of fusion genes contain
both a reporter probe and a capture probe that hybridize to the fusion gene at different positions.
In one embodiment, the target-specific regions of the capture and reporter probe hybridize to
sequences on either side of the border of the fusion between the two fused genes. Optionally, the
target-specific regions hybridize to regions adjacent to each other on either side of the border of
fusion. The sequences to which the target-specific regions of the reporter and capture probes
hybridize can also be 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more

base pairs apart.
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[75] In another embodiment, the reporter probe’s target-specific region hybridizes to a
sequence that spans the fusion junction while the target-specific region of the capture probe
hybridizes to a sequence upstream or downstream of the reporter probe’s target. In another
embodiment, the capture probe’s target-specific region hybridizes to a sequence that spans the
fusion junction while the target-specific region of the reporter probe hybridizes to a sequence
upstream or downstream of the reporter probe’s target. Optionally, the target sequences of the
reporter and capture probes are adjacent. The sequences to which the target-specific regions of
the reporter and capture probes hybridize can alsobe 1, 2,3, 4,5, 6, 7, 8§, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20 or more base pairs apart. In certain embodiments, the target-specific
region of a probe has 1, 2, 3, 4, 5 or more mismatches introduced into the target-specific
sequence. The sequences which come together to form the junction of a fusion gene can be GC
rich, resulting in a high melting temperature for the probe on both sides of the junction. Thus, in
certain situations, the probe has an increased propensity to cross-hybridize with isoforms
containing the same sequence as only one side of the junction, rather than requiring the presence
of both sequences for successful hybridization. Introduction of certain mismatches into the
probe produces a decreased melting temperature and higher specificity. In preferred
embodiments, probes that hybridize to a sequence that encompasses the junction of the fusion
genes have 1, 2, 3, 4, 5, or more mismatches. Additional disclosure regarding nanoreporters can
be found in International Publication Nos. WO 07/076129 and WO 07/076132, the contents of
which are incorporated herein in their entireties. Further, the term nucleic acid probes and
nanoreporters can include the rationally designed (e.g. synthetic sequences) described in
International Publication No. WO 2010/019826, incorporated hefein by reference in its entirety.
[76] Examples of various probes and their targets are provided below in Table 1.

Table 1

19



WO 2012/135340 PCT/US2012/030940
SEQ
Gene Fusion | Isoform Reporter Probe ID NO:
BCR-ABL b2a2 TGGCCGCTGAAGGGCTT CTTCCTTATTGATGGTCA !
BCR-ABL b3a2 TGGCCGCTGAAGGGCTT TTGAACTCTGCTTAAATC 2
BCR-ABL ela2 TGGCCGCTGAAGGGCTT CTGCATCTCCATGGAAGG (*) 3
BCR-ABL el9a2 TGGCCGCTGAAGGGCTT TGACGTCGAAAGCTGCCT (¥) 4
BCR-ABL b3a3 GACCCGGAGCTTTTCAC TTGAACTCTGCTTAAATC >
BCR-ABL b2a3 GACCCGGAGCTTTTCAC CTTCCTTATTGATGGTCA 6
BCR-ABL ela3 GACCCGGAGCTTTTCAC CTGCATCTCCATGGAAGG (*) 7
AML-ETO CTTCACATCCACAGGTGAGTCTGGCATTGTGGAGTGCTTCTCAGTACGAT (+) 8
f\:/lli{ﬁlil 1 e5el2 TCCAGGGCCCGCTTGGACTTCTCCAGCTCATGGAC (+) ’
I?/I]i(FI—tl)i 1 eSe8 CGGCCTCGTTAAGCATCCCTGTGACGCTCTCAACTTCATT (+) 0
f/g{l?;l 1 eSe7 AGCGTCTGCTTATTCTTGTCTAGGTTCGCCTTGGC (+) !
el3-insertion- 12

E2A-PBX1 n27-e2 AAAAGGTTCCAGGTGACCGAACACTTTCAT CACTG
E2A-PBX1 el3e2 TCCTCGGATACTCAAAA CACTGTAGGAGTCGGGAG 13
MLL-AF4 e8e7 AGATGTATCATATTGTT CTGATTCTGGTGGTGGAG 14
MLL-AF4 | e9e5 CATGAATGGGTCATTTC CTTTTCTITTGGTTTTTG 15
MLL-AF4 eded TCATTGGAGTAGGTCTG CTTTTCTTTTGGTTTTTG 16
MLL-AF4 el0e5 CATGAATGGGTCATTTC CTTAAAGTCCACTCTGAT 17
MLL-AF4 el0ed TCATTGGAGTAGGTCTG CTTAAAGTCCACTCTGAT 18
MLL-AF4 elle5 CATGAATGGGTCATTTC CTATACATGCCCACTACT (¥) 19
MLL-AF4 elled TCATTGGAGTAGGTCTG CTATACATGCCCACTACT (*) 20
PML-RARA | berl (e6e3) TCTGGGTCTCAATGG CTGACTCCCAAGCGCCACTG (%) i
PML-RARA | ber3 (e3e3) TCTGGGTCTCAATGG CTTTCCACTGGGTGATGCAA (*) 2
PML-RARA ?ec6r;2>artial_e3) GCTCTGGGTCTCAATGG TTCCTATGACGGGACTCC (*) >
TEL-AML1 [ e5¢2 TCCCCTAGGGCCACCAC CTGCTATTCTCACAATGG (*) i
TEL-AML1 | eSe3 CAGAGTGAAGCTTTTCC CTGCTATTCTACCAATGG (*) 5
Gene Fusion | Isoform Capture Probe fl])a I%O:
BCR-ABL b2a2 GCGGAATGCTGTGGACAGTCTGGAGTTTCACACACGAGTT 2
BCR-ABL b3a2 CAGTGGCTGAGTGGACGATGACATTCAGAAACCCATAGAGCCCCGGAGAC 2
BCR-ABL ela2 CGCCCTCGCCATCGTTGGGCCAGATCTGCCCGGTCTTGCG 28
BCR-ABL el9a2 TCAGTGCCTGGATGTCCGTGGCCACACCGGACACG »
BCR-ABL b3a3 CAGTGGCTGAGTGGACGATGACATTCAGAAACCCA 30
BCR-ABL b2a3 GCGGAATGCTGTGGACAGTCTGGAGTTTCACACAC 31
BCR-ABL ela3 CGCCCTCGCCATCGTTGGGCCAGATCTGCCCGGTCTTGCG 32
AML-ETO TTCGAGGTTCTCGGGGCCCATCCACTGTGATTTTGATGGCTCTGTGGTAG 33
E/I]i{F}tl)i 1 e5el2 CAGTTACTGCCAGCAGCTGTGAAACTCTCACCTCCATTTC *
ISI]?{FI}I); 1 e5e8 CAGTTACTGCCAGCAGCTGTGAAACTCTCACCTCCATTTC »
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ISIEIF}?I 1 eSe7 CAGTTACTGCCAGCAGCTGTGAAACTCTCACCTCCATTTC *
el3-insertion- 37
E2A-PBX1 n27-e2 TAGGAGTCGGGAGGCCGAGACAGGTCAGGGAGGGT
E2A-PBX1 el3e2 GCCGAGACAGGTCAGGGAGGGTGCCTGGCTGGCTG 3
MLL-AF4 e8e’ GCTGCTTTTTCTTGGGCTCACTAGGAGTGGTTTTG 39
MLL-AF4 e9e5 TTTTACAGGGATACTTGGGCGGGGAGCCACTTTTT 40
MLL-AF4 e9e4 TTTTACAGGGATACTTGGGCGGGGAGCCACTTTTT 4l
MLL-AF4 el0e5 CCTGTGGACTCCATCTGCTGGAATTTTTTGCTTAG 2
MLL-AF4 el0e4 CCTGTGGACTCCATCTGCTGGAATTTTTTGCTTAG 43
MLL-AF4 elles GGCACAGAGAAAGCAAACCACCCTGGGTGTTATAG 44
MLL-AF4 elle4 GGCACAGAGAAAGCAAACCACCCTGGGTGTTATAG 45
PML-RARA | berl (e6e3) GCCACGTGGTTGCTGTTGGGCAGGAAGACCTCACTTCCTAT 46
PML-RARA | ber3 (e3e3) GAGCTGAGGTCCTGCAGGCGCACCTTGAACTCGTCGAAGC 47
PML-RARA ?ecGrﬁartial_eB) TGGGGCTAGGCGGTCCATCCAGGTGGGGTGGTGAG *
TEL-AMLI | e5e2 GCATGGCGTGCTCTTCAGGCGGGGAGACAGAGACC 49
TEL-AML1 | e5e3 GCATGGCGTGCTCTTCAGGCGGGGAGACAGAGACC 30

[77] Probes in Table 1 marked with (*) are mismatch junction probes that hybridize to the
sequence across the gene fusion junction. Each has one, two or three mismatches shown
underlined. These mismatches stop the probe from inappropriately hybridizing to a transcript
which has only half of the relevant target sequence (for example, the wild-type transcript of one
of the fusion genes), by lowering the amount of partial sequence complementarity so that stable
hybridization can only occur with the true target. Such mismatches are only necessary in cases
where the Tm of the sequence of one exon at the junction is high enough to be stable under
standard hybridization conditions, and the sequence cannot simply be shortened because the
shorter probe will not retain enough sequence specificity.

[78] Probes in Table 1 marked with (+) are border probes. These probes do not hybridize to a
sequence that crosses the gene fusion junction. The target sequence of these reporter probes is
adjacent to the target sequence of the capture probes. Each probe only hybridizes to a sequence
on one side of the gene fusion junction. The probe pair (capture and reporter) meets at the
border of the fusion, with the capture probe sitting in the upstream exon and the reporter probe
sitting fully in the downstream exon.

[791 The unmarked sequences in Table 1 are probes with target sequences that cross the gene
fusion junction, but do not have mismatches. The sequences of this class of probes are the exact

reverse complement of the target sequence. Gaps in the sequence represent the fusion border;
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the probe sequence is actually contiguous across this gap. In these probe pairs, the reporter
probe spans the fusion junction, and the capture probe sits adjacent in the upstream exon.

[80] The disclosure also describes a panel of probes. These probes include probes for the
detection of fusion genes from several gene families from various leukemia subtypes. The panel
can contain probes for detection of 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25 or more fusion genes. The genes can be from 1, 2, 3, 4, 5, 6, 7 or more gene families.
The fusion genes can be present in any leukemia subtype including CML, AML or ALL.

[81] The fusion events, or translocations, usually involve only one of the pair of each
chromosome, leaving one intact copy, or “wild-type” copy, of each gene also present in the cell.
The panel of probes can also include probes specific for mRNAs produced by the wild-type
copies of the relevant genes, allowing the level of expression of the intact version of each gene
involved in the translocation to be determined. The panel can include probes specific for 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, 13, 14, 15 or more wild-type mRNAs.

[82] The panel of probes can also include probes specific for mRNAs that are clinically
relevant for the detection and diagnosis of leukemia. These markers for leukemia can include
WT1, FLT3, BAALC, PRAME, MLLT11, ERG, MN1, RHAMM, HOX11L2, EVI1, N-RAS,
RB1 and TP53.

[83] The panel of probes can also include probes specific for housekeeper mRNAs. The
results produced from these probes can be used as an internal control to estimate the amount of
sample present in the assay. Probes for 1, 2, 3, 4 or more housekeeper mRNAs can be included
in the panel.

[84] An example of a panel of probes for the detection and/or diagnosis of leukemia or

specific subtypes of leukemia is shown below in Table 2.
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nCounter® Analysis System overview

[85] The basis of the nCounter® Analysis system is the unique code assigned to each gene to
be assayed (International Patent Application No. PCT/US2008/059959 and Geiss et al. Nature
Biotechnology. 2008. 26(3): 317-325; the contents of which are each incorporated herein by
reference in their entireties). The code is composed of an ordered series of colored fluorescent
spots which create a unique barcode for each target to be assayed. A pair of probes is designed
for each target, a biotinylated capture probe and a reporter probe carrying the fluorescent
barcode. |

[86] Specific reporter and capture probes are synthesized for each target. Briefly, sequence-
specific DNA oligonucleotide probes are attached to code-specific reporter molecules. Capture
probes are made by ligating a second sequence-specific DNA oligonucleotide for each target to a
universal oligonucleotide containing biotin. Reporter and capture probes are all pooled into a
single hybridization mixture, the “probe library”.

[87] The expression levels of all targets are measured in a single multiplexed hybridization
reaction. The sample is combined with the probe library, and specific hybridization of the
reporter and the capture probes to their target molecules occurs in solution. After hybridization,
the tripartite hybridized complexes are purified in a two-step procedure using magnetic beads
linked to oligonucleotides complementary to universal sequences present on the capture and
reporter probes. This dual purification process allows the hybridization reaction to be driven to
completion with a large excess of target-specific probes, as they are ultimately removed, and,
thus, do not interfere with binding and imaging of the sample. All post hybridization steps are
handled robotically on a custom liquid-handling robot (Prep Station, NanoString Technologies).
[88] Purified reactions are deposited by the Prep Station into individual flow cells of a sample
cartridge, bound to a streptavidin-coated surface via the capture probe, electrophoresed to
elongate the reporter probes, and immobilized. After processing, the sample cartridge is
transferred to a fully automated imaging and data collection device (Digital Analyzer,
NanoString Technlogies). The expression level of a target is measured by imaging each sample
and counting the number of times the code for that target is detected. For each sample, typically
600 fields-of-view (FOV) are imaged (1376 X 1024 pixels) representing approximately 10 mm?
of the binding surface. Typical imaging density is 100-1200 counted reporters per field of view

depending on the degree of multiplexing, the amount of RNA, and overall target expression
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levels. Data is output in simple spreadsheet format listing the number of counts per target, per
sample.

[89] In certain embodiments the analysis system used herein also used a reference sample as a
control. The reference samples are known quantities of nucleic acid fragments with sequences
that correspond to one or more fusion genes. For example, a reference sample with a sequence
corresponding to a specific fusion gene is used with a nanoreporter with a target-specific probe
that specifically binds to a sequence on the same fusion gene. When multiple nanoreporters are
used for multiple fusion genes, the reference sample may contain multiple target nucleic acids
which correspond to the sequences that the target specific probes of the nanoreporters
specifically bind to.

Kits

[90] | The present disclosure also describes kits useful for detecting and diagnosing leukemia.
These kits comprise a set of probes described above. For example, the kit may include any
number of probes described in Table 2, above. The kit may further comprise a computer
readable medium.

[91] In another embodiment, the kit includes probes that may be provided in a lyophilized or
reconstituted form, or may be provided as a set of nucleotide sequences. In one embodiment, the
probes are provided in a microplate format, where each probe set occupies a well (or multiple
wells, as in the case of replicates) in the microplate. The kit may further comprise reagents and

instructions sufficient for the detection of the various target sequences described above.

EXAMPLE

[92] Example 1. Functional performance of fusion probes showing specificity for fusion
gene isoforms on synthetic gene fragments.

[93] A multiplexed collection of nanoreporters containing probes to all the isoforms of BCR-
ABL, E2A-PBX1, TEL-AML1 and PML-RARA listed in Table 1 was used to detect synthetic
transcripts of sequences corresponding with each of these gene fusions. An nCounter® leukemia
fusion gene expression assay was performed as described below, and some of the resulting
counts for each probe are shown in log2 scale in Figure 1. Cross-hybridization for each

individual probe to non-specific targets was below 1%.
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[94] The leukemia fusion gene expression assay was run on the nCounter® Analysis system
(NanoString). Each sample was hybridized to the multiplexed nanoreporters in solution,
followed by post-hybidization sample processing on the nCounter® Prep Station and data
collection on the nCounter® Digital Analyzer.

[951 Hybridization Protocol

[96] Each hybridization reaction contained the following components: 10 uL. Reporter
CodeSet, 10 uL hybridization buffer, 5 pL synthetic RNA target to a final concentration of 1 pM,
and 5 pL. Capture ProbeSet.

[97] Aliquots of both the Reporter CodeSet and Capture ProbeSet reagent were removed from
the freezer and thawed on ice. The aliquots were inverted several times to mix well. The reagent
was briefly spun down at <1000 rpm.

[98] A master mix was created containing 130 pL of the Reporter CodeSet and 130 pL of
hybridization buffer by adding the hybridization buffer to the tube containing the Reporter
CodeSet. The master mix was inverted to mix and spun down, and 20 pL of master mix was
added to each of 12 tubes.

[99] Samples of synthetic target transcripts were denatured 85°C for 5 minutes and quick-
cooled on ice before being added to each tube and mixed. Targets were added to a final
concentration of 1 pM.

[100] The thermocycler was pre-heated to 65°C. 5 uL of Capture ProbeSet were added to each
tube and mixed well before placing immediately at 65°C. Hybridization assays were incubated
at 65°C overnight.

[101] Hybridizations were left at 65°C until ready for processing. Once removed from 65°C,
the assay proceeded immediately to post-hybridization processing on the nCounter® Prep
Station.

[102] Post-Hybridization Processing and Data Collection

[103] After hybridization, an automated protocol on the nCounter® Prep Station was used to
wash away excess probes and bind the captured probe/target complexes onto a cartridge, and
then stretch and immobilize the captured nanoreporters in preparation for imaging. The
purification procedure involved a two-step magnetic beadbased affinity purification. Magnetic
beads derivatized with short nucleic acid sequences that were complementary to the Capture

Probes and the Reporter Probes were used sequentially. First, the hybridization mixture
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containing target/probe complexes was allowed to bind to magnetic beads complementary to
sequences on the Capture Probe. Wash steps were performed to remove excess Reporter Probes.
After washing, the Capture Probes and target/probe complexes were eluted off the beads and
hybridized to magnetic beads complementary to sequences on the Reporter Probe. An additional
wash was performed to remove excess Capture Probes. Finally, the purified Capture
Probe/target/Reporter Probe complexes were eluted off the beads and the captured nanoreporters
were bound, stretched and immobilized on a cartridge for data collection.

[104] Automated data collection was carried out in the nCounter® Digital Analyzer. Digital
images of 600 fields of view of the bound nanoreporters were processed and the counts for each

nanoreporter barcode were tabulated in a comma separated value (CSV) format.

[105] Example 2. Leukemia Fusion Gene Panel Tested on total RNA isolated from cell
lines.
[106] Figures 2A-F show results from a Leukemia Fusion Gene Panel tested on total RNA
isolated from 5 cell lines. The assay was performed as described in Example 1 with 100ng of
input RNA. Probes included in the CodeSet identified their respective targets expressed in the
different cell lines: the BCR-ABL ela2 isoform expressed in cell line SUP B13 (A), the BCR-
ABL b3a2 isoform expressed in cell line K562 (B), the PML-RARA ber1 isoform expressed in
cell line NB4 (C), the AML-ETO fusion gene transcript expressed in the Kasumi cell line (D),
the BCR-ABL b2a2 isoform expressed in cell line KCL-22 (E) and the MLL-AF4 €95 isoform
expressed in cell line MV4-11 (F).

OTHER EMBODIMENTS
[107} While the disclosure has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the
disclosure, which is defined by the scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.
[108] The patent and scientific literature referred to herein establishes the knowledge that is
available to those with skill in the art. All United States patents and published or unpublished
United States patent applications cited herein are incorporated by reference. All published foreign
patents and patent applications cited herein are hereby incorporated by reference. Genbank and
NCBI submissions indicated by accession number cited herein are hereby incorporated by

reference. All other published references, documents, manuscripts and scientific literature cited
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herein are hereby incorporated by reference.

[109] While this disclosure has been particularly shown and described with references to preferred
embodiments thereof, it will be understood by those skilled in the art that various changes in
form and details may be made therein without departing from the scope of the disclosure

encompassed by the appended claims.
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CLAIMS

What is claimed is:
1. A composition for the diagnosis of leukemia or the identification of a subtype of
leukemia comprising one or more target-specific nucleic acid probes wherein each of the one or
more target-specific probes comprises

(1) a target-specific region that specifically binds to one target nucleic acid analyte; and

(ii) a region to which is attached a plurality of label monomers that create a unique label
for each target-specific probe, said label having a detectable signal that distinguishes one target-
specific probe which binds to a first target nucleic acid from another target-specific probe that
binds to a different second target nucleic acid,

wherein one or more targets of the one or more target-specific probes comprise a fusion
gene or mRNA transcribed from said fusion gene and wherein the fusion gene is the result of the

fusion of two or more genes in a patient at the onset of or during progression of leukemia.

2. The composition of claim 1, wherein the fusion gene is selected from the group
consisting of BCR-ABL, AML-ETO, CBFB-MYHI11, E2A-PBX1, MLL-AF4, PML-RARA, or TEL-
AMLI.

3. The composition of claim 1, wherein the leukemia is selected from the group consisting

of chronic myelogenous leukemia, acute myeloid leukemia and acute lymphoblastic leukemia.

4. The composition of claim 1, wherein at least one of the one or more target-specific

probes has a target that is the sequence of the junction of the two genes that are fused.

5. The composition of claim 1, wherein at least one of the one or more target-specific
probes comprises a target-specific region with one or more mismatches to the target of the target-

specific region.

6. The composition of claim 1, wherein each of said label monomers are selected from the
group consisting of a fluorochrome moiety, a fluorescent moiety, a dye moiety or a

chemiluminescent moiety.
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7. The composition of claim 6, wherein each of said label monomers comprise a fluorescent
moiety.
8. The composition of claim 1, wherein the unique label for each target-specific probe is

composed of 4 label monomers.

9. The composition of claim 1, wherein the unique label for each target-specific probe is

composed of 5 label monomers.

10. A composition for the diagnosis of leukemia comprising a probe pair comprising a first
probe and a second probe, said first probe comprising a complex comprising:
(a) a first molecule, comprising:

(i) a first label attachment region to which are attached one or more label
monomers that emit light constituting a first signal;

(i) a second label attachment region, which is non-overlapping with the first label
attachment region, to which are attached one or more label monomers that emit light constituting
a second signal; and

(b) a first target-specific sequence attached to the first molecule,
said second probe comprising a second molecule, comprising
(i) a second target-specific sequence; and
(i1) an affinity tag
wherein the first target-specific sequence and the second target-specific sequence bind to
different regions of the same target molecule, wherein the target molecule is a fusion gene or
mRNA transcribed from said fusion gene, wherein the fusion gene is the result of the fusion of
two or more genes in a patient at the onset of or during progression of leukemia and wherein
when said probe pair is bound to its target molecule, the identity of the first and second signals
and their locations relative to each other constitute at least part of a code that identifies the target

molecule.
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11. The composition of claim 10, wherein the fusion gene comprises the fusion of at least a

portion of a first gene and at least a portion of a second gene.

12. The composition of claim 11, wherein the first target-specific sequence hybridizes to a
portion of the first gene and the second target-specific sequence hybridizes to a portion of the

second gene.

13.  The composition of claim 12, wherein the first target-specific sequence hybridizes to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the

fusion gene.

14.  The composition of claim 11, wherein the first target-specific sequence hybridizes to a

portion of the first gene and a portion of the second gene.

15.  The composition of claim 14, wherein the first target-specific sequence hybridizes to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the

fusion gene.

16.  The composition of claim 14, wherein at least one of the target-specific sequences

comprises a region with one or more mismatches to the target of the target-specific sequence.

17.  The compositioﬁ of claim 11, wherein the second target-specific sequence hybridizes to a

portion of the first gene and a portion of the second gene.

18.  The composition of claim 17, wherein the first target-specific sequence hybridizes to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the

fusion gene.

19. The composition of claim 17, wherein at least one of the target-specific sequences

comprises a region with one or more mismatches to the target of the target-specific sequence.
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20.  The composition of claim 10, wherein the leukemia is selected from the group consisting

of chronic myelogenous leukemia, acute myeloid leukemia and acute lymphoblastic leukemia.

21.  The composition of claim 10, wherein the fusion gene is selected from the group
consisting of BCR-ABL, AML-ETO, CBFB-MYH11, E2A-PBX1, MLL-AF4, PML-RARA, or TEL-
AMLI.

22. The composition of claim 10, wherein each of said label monomers are selected from the
group consisting of a fluorochrome moiety, a fluorescent moiety, a dye moiety or a

chemiluminescent moiety.

23.  The composition of claim 22, wherein each of said label monomers comprise a

fluorescent moiety.

24.  The composition of claim 22, wherein the unique label for each target-specific probe is

composed of 4 label monomers.

25.  The composition of claim 22, wherein the unique label for each target-specific probe is

composed of 5 label monomers.

26. A method for diagnosing leukemia, a specific subtype of leukemia or determining a
genetic aberration underlying leukemia in a subject comprising
(a) providing a sample from the subject; and
(b)  contacting the sample with one or more target-specific probes wherein each of the
one or more target-specific probes comprise
(i) a target-specific region that binds to one target nucleic acid analyte; and
(ii) a region to which is attached a plurality of label monomers that create a
unique label for each target-specific probe, said label having a detectable signal that
distinguishes one target-specific probe which binds to a first target nucleic acid from

another target-specific probe that binds to a different second target nucleic acid,
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wherein one or more targets of the one or more target-specific probes comprise a fusion
gene or mRNA transcribed from said fusion gene that is the result of the fusion of two or more
genes in a patient at the onset of or during progression of leukemia and wherein when the fusion
gene is detected the subject is diagnosed with leukemia, a specific subtype of leukemia or the

genetic aberration underlying leukemia is determined.

27.  The method of claim 26, wherein fusion gene is selected from the group consisting of

BCR-ABL, AML-ETO, CBFB-MYHI1, E2A-PBX1, MLL-AF4, PML-RARA, or TEL-AMLI.

28. The method of claim 26, wherein the leukemia is selected from the group consisting of

chronic myelogenous leukemia, acute myeloid leukemia and acute lymphoblastic leukemia.

29. The method of claim 26, wherein at least one of the one or more target-specific probes

has a target that is the sequence of the junction of the two genes that are fused.

30.  The method of claim 26, wherein at least one of the one or more target-specific probes
comprises a target-specific region with one or more mismatches to the target of the target-

specific region.

31. The method of claim 26, wherein each of said label monomers are selected from the
group consisting of a fluorochrome moiety, a fluorescent moiety, a dye moiety or a

chemiluminescent moiety.

32.  The method of claim 31, wherein each of said label monomers comprise a fluorescent

moiety.

33.  The method of claim 26, wherein the unique label for each target-specific probe is

composed of 4 label monomers.

34.  The method of claim 26, wherein the unique label for each target-specific probe is

composed of 5 label monomers.
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35. A method for diagnosing leukemia, a specific subtype of leukemia or determining a
genetic aberration underlying leukemia in a subject comprising:
(a) providing a sample from the subject; and
(b) contacting the sample with a probe pair comprising a first probe and a second
probe, said first probe being a complex comprising:
(i) a first molecule, comprising:

(1) a first label attachment region to which are attached one or more label
monomers that emit light constituting a first signal;

(2) a second label attachment region, which is non-overlapping with the
first label attachment region, to which are attached one or more label monomers that emit light
constituting a second signal; and

(ii) a first target-specific sequence attached to the first molecule,

said second probe comprising a second molecule, comprising

(1) a second target-specific sequence; and

(2) an affinity tag

wherein the first target-specific sequence and the second target-specific sequence bind to

different regions of the same target molecule, wherein the target molecule is a fusion gene or
mRNA transcribed from said fusion gene, wherein the fusion gene is the result of the fusion of
two or more genes in a patient at the onset of or during progression of leukemia and wherein
when said probe pair is bound to its target molecule, the identity of the first and second signals
and their locations relative to each other constitute at least part of a code that identifies the target
molecule and wherein when the fusion gene is detected the subject is diagnosed with leukemia, a

specific subtype of leukemia or the genetic aberration underlying leukemia is determined.

36.  The method of claim 35, wherein the fusion gene comprises the fusion of at least a

portion of a first gene and at least a portion of a second gene.

37.  The method of claim 35, wherein the first target-specific sequence hybridizes to a portion
of the first gene and the second target-specific sequence hybridizes to a portion of the second

gene.
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38.  The method of claim 37, wherein the first target-specific sequence hybridizes to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the

fusion gene.

39. The composition of claim 35, wherein the first target-specific sequence hybridizes to a

portion of the first gene and a portion of the second gene.

40.  The method of claim 39, wherein the first target-specific sequence hybridizes to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the

fusion gene.

41. The method of claim 39, wherein at least one of the target-specific sequences comprises a

region with one or more mismatches to the target of the target-specific sequence.

42. The method of claim 35, wherein the second target-specific sequence hybridizes to a

portion of the first gene and a portion of the second gene.

43. The method of claim 42, wherein the first target-specific sequence hybridizes to a
sequence adjacent to a sequence that the second target-specific sequence hybridizes to on the

fusion gene.

44,  The method of claim 42, wherein at least one of the target-specific sequences comprises a

region with one or more mismatches to the target of the target-specific sequence.

45.  The method of claim 35, wherein the leukemia is selected from the group consisting of

chronic myelogenous leukemia, acute myeloid leukemia and acute lymphoblastic leukemia.

46.  The method of claim 35, wherein the fusion gene is selected from the group consisting of

BCR-ABL, AML-ETO, CBFB-MYHI1, E2A-PBX1, MLL-AF4, PML-RARA, or TEL-AMLI.
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47. The method of claim 35, wherein each of said label monomers are selected from the
group consisting of a fluorochrome moiety, a fluorescent moiety, a dye moiety or a

chemiluminescent moiety.

48. The method of claim 47, wherein each of said label monomers comprise a fluorescent
moiety.
49. The method of claim 35, wherein the unique label for each target-specific probe is

composed of 4 label monomers.

50.  The method of claim 35, wherein the unique label for each target-specific probe is

composed of 5 label monomers.
51. A kit comprising one or more reporter probes and one or more capture probes, wherein
the reporter probe and the capture probe each bind specifically to a fusion gene that is the result

of the fusion of two or more genes in a patient at the onset of or during progression of leukemia.

52. The kit of claim 51, wherein the fusion gene is selected from the group consisting of

BCR-ABL, AML-ETO, CBFB-MYHI1, E2A-PBX1, MLL-AF4, PML-RARA, or TEL-AMLI.

53. The kit of claim 51, comprising one or more reporter probes and one or more capture

probes from Table 2.
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