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RECURRENT GENE FUSIONS IN CUTANEOUS CD30-POSITIVE
LYMPHOPROLIFERATIVE DISORDERS
CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the priority benefit of U.S. Provisional Patent
Application 62/110,034, filed January 30, 2015, which is incorporated by reference in its

entirety.

FIELD OF THE INVENTION

Provided herein are kits, compositions and methods for cancer diagnosis, research and
therapy, including but not limited to, cancer markers. In particular, the present invention
relates to recurrent gene fusions (e.g., recurrent translocations involving TYK2) as diagnostic
markers and clinical targets for cutaneous CD30-positive lymphoproliferative disorders (e.g.,

lymphomatoid papulosis; primary cutaneous anaplastic large cell lymphoma).

BACKGROUND OF THE INVENTION

Lymphoproliferative disorders (LPDs) refer to several conditions in which
lymphocytes are produced in excessive quantities. They typically occur in patients who have
compromised immune systems. Examples of LPDs include, but are not limited to, follicular
lymphoma, chronic lymphocytic leukemia, acute lymphoblastic leukemia, hairy cell
leukemia, lymphomas, multiple myeloma, Waldenstrom’s macroglobulinemia, Wiskott-
Aldrich syndrome, post-transplant lymphoproliferative disorder, autoimmune
lymphoproliferatieve syndrome (ALPS), lymphoid interstitial pneumonia, and CD30-positive
lymphoproliferative disorders. Examples of CD30-positive lymphoproliferative disorders
include lymphomatoid papulosis and primary cutaneous anaplastic large cell lymphoma.

Lymphomatoid papulosis (LYP) is characterized by multiple papules and nodules,
which regress spontaneously. Three histologic subtypes have been described, which represent
a spectrum with overlapping features and do not carry prognostic significance. Type A
lesions have a few tumor cells in a background of inflammatory cells including neutrophils,
eosinophils, and histiocytes. Type B lesions are characterized by epidermotropic lymphocytes
with cerebriform nuclei mimicking mycosis fungoides. Type C lesions have sheets of large
atypical lymphoid cells with only a few admixed inflammatory cells. The large atypical
lymphoid cells are thought to be of T cell origin. Various histologic types may be present in
individual patients at the same time. In LYP types A and C the large atypical cells express
CD30, CD3, and CD4. CD2 and CDS5 are usually expressed. These cells also express the
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cytotoxic markers TIA-1 and granzyme. The large atypical cells do not express CD8, CD7, or
CD56. The cells may lose expression of CD3. In LYP type B the atypical cells are usually
CD30 negative. Five year survival rates for LYP are 100%; however up to 20% of patients
develop LYP-associated malignant lymphomas (e.g., mycosis fungoides, Hodgkin
lymphoma, systemic or cutaneous CD30+ large T-cell lymphoma), which result in a fatal
outcome of 2% of patients.

Primary cutaneous anaplastic large cell lymphoma (ALCL) is composed of large
atypical to anaplastic appearing lymphoid cells. This disease mainly affects adults with a
peak in the sixth decade, but cases have been reported in children. It usually presents as a
solitary rapidly growing nodule. The skin overlying the lesion may ulcerate. Histologically
the cells grow in sheets. Mitotic figures are frequent. Clusters of small reactive lymphocytes
are found within and around the tumor cells. The malignant cells express CD2, CD3, CD4,
CD30, and cytotoxic markers including TIA-1, granzyme, and perforin. Loss of T-cell
antigen expression is not infrequent. The malignant cells do not express EMA or ALK. Five
year survival rates approach 90%. Interestingly, up to 40% of C-ALCL show spontaneous
regression similarly to LYP.

Improved methods for detecting, investigating, and treating CD30-positive
lymphoproliferative disorders (e.g., lymphomatoid papulosis; primary cutaneous anaplastic

large cell lymphoma) are needed.

SUMMARY OF THE INVENTION

The cutaneous CD30-positive lymphoproliferative spectrum of disorders (LPD)
includes lymphomatoid papulosis (LYP) and primary cutaneous anaplastic large cell
lymphoma (ALCL). Chromosomal translocations targeting tyrosine kinases in CD30-positive
LPD have not been described. Using whole transcriptome sequencing, experiments conducted
during the course of developing embodiments for the present invention identified a chimeric
fusion involving NPM1 (5q35) and TYK2 (19p13) which encodes an NPM1-TYK2 protein
containing the oligomerization domain of NPM1 and an intact catalytic domain in TYK2.
Fluorescence in situ hybridization revealed NPM1-TYK2 fusions in 2 of 47 (4%) primary
cases of CD30-positive LPDs and was absent in other mature T-cell neoplasms (n = 151).
Functionally, NPM1-TYK2 induced constitutive TYK2, STAT1, STAT3 and STATS
activation. Conversely, a kinase-defective NPM1-TYK2 mutant abrogated STAT1/3/5
signaling. In addition, shRNA-mediated silencing of TYK2 abrogated lymphoma cell growth.

Moroever, it was demonstrated that TYK2 is targeted by multiple different translocation
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partners in CD30-positive LPD. Such experiments indicate recurrent translocations involving
TYK2 and highlights therapeutic opportunities in the treatment of CD30-positive LPDs with
TYK2 translocations.

Accordingly, provided herein are kits, compositions and methods for cancer
diagnosis, research and therapy, including but not limited to, cancer markers. In particular,
the present invention relates to recurrent gene fusions (e.g., recurrent translocations involving
TYK2) as diagnostic markers and clinical targets for cutaneous CD30-positive
lymphoproliferative disorders (e.g., lymphomatoid papulosis; primary cutaneous anaplastic
large cell lymphoma).

In certain embodiments, the present invention provides, but is not limited to, methods,
compositions, and kits involving gene fusions having a 3' portion from a TYK2 gene and a 5'
portion from a TYK2-gene-fusion-partner.

Such embodiments (e.g., composition, methods, kits) are not limited to a particular
portion of a TYK2 gene.

In some embodiments, the portion of the TYK2 gene comprises any portion of TYK2
enabling tyrosine kinase activity upon expression as a polypeptide. In some embodiments, the
portion of the TYK2 gene comprises at least a portion (e.g., 1%, 10%, 25%, 50%, 75%, 80%,
95%, 99%, 100%) of the C-terminal kinase domain of TYK2. In some embodiments, the
portion of the TYK2 gene comprises the entire C-terminal kinase domain of TYK2. In some
embodiments, the portion of the TYK2 gene comprises at least a portion of the TYK2
pseudokinase domain. In some embodiments, the portion of the TYK2 gene comprises at
least a portion (e.g., 1%, 10%, 25%, 50%, 75%., 80%, 95%, 99%, 100%) of the C-terminal
kinase domain of TYK2 and/or at least a portion (e.g., 1%, 10%, 25%, 50%, 75%, 80%, 95%,
99%, 100%) of the TYK2 pseudokinase domain.

Such embodiments (e.g., composition, methods, kits) are not limited to a particular
TYK2-gene-fusion-partner.

In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide capable of having
constitutively activated tyrosine kinase activity when expressed in a cell.

In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide that when expressed in a
cell is capable of constitutively activating downstream targets of TYK2 (e.g., STATI,
STAT3, STATS5) within the cell.
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In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide that when expressed in a
cell results in increased cellular proliferation of that cell.

In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide, wherein 1) the
polypeptide is capable of having constitutively activated tyrosine kinase activity when
expressed in a cell, 2) expression of the polypeptide in a cell results in constitutive activation
of downstream targets of TYK2 (e.g., STAT1, STAT3, STATS), and 3) expression of the
polypeptide in a cell results in increased cellular proliferation of the cell.

In some embodiments, the TYK2-gene-fusion-partner is any portion of NPM1.

In some embodiments, the TYK2-gene-fusion-partner comprises at least a portion
(e.g.. 1%, 10%, 25%, 50%, 75%, 80%, 95%, 99%, 100%) of the NPM1 oligomerization
domain. In some embodiments, the TYK2-gene-fusion-partner comprises the entire NPM 1
oligomerization domain.

In some embodiments, the TYK2-gene-fusion-partner comprises at least a portion
(e.g.. 1%, 10%, 25%, 50%, 75%, 80%, 95%, 99%, 100%) of the NPM1 histone binding
domains. In some embodiments, the TYK2-gene-fusion-partner comprises the entire NPM1
histone binding domains.

In some embodiments, the TYK2-gene-fusion-partner comprises at least a portion
(e.g.. 1%, 10%, 25%, 50%, 75%, 80%, 95%, 99%, 100%) of the distal portion of the NPM1
DNA/RNA binding domains. In some embodiments, the TYK2-gene-fusion-partner
comprises the entire distal portion of the NPM1 DNA/RNA binding domains.

In some embodiments, the TYK2-gene-fusion-partner comprises the entire NPM1
oligomerization domain, the entire NPM1 histone binding domain, and the entire distal
portion of the NPM1 DNA/RNA binding domain.

In certain embodiments, the present invention provides methods for detecting
cutaneous CD30-positive lymphoproliferative disorders (e.g., lymphomatoid papulosis;
primary cutaneous anaplastic large cell lymphoma) in a subject (e.g., a human patient)
comprising, consisting essentially of, or consisting of: providing a sample from the patient;
and, detecting the presence or absence in the sample of a gene fusion having a 3' portion from
a TYK2 gene and a 5' portion from a TYK2-gene-fusion-partner, wherein the presence in the
sample of the gene fusion is indicative of a cutaneous CD30-positive lymphoproliferative
disorder (e.g., lymphomatoid papulosis; primary cutaneous anaplastic large cell lymphoma)

in the subject.
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In some embodiments, the sample includes biopsy tissue, tissue, blood, plasma,
serum, urine, stool, and/or cells.

Detecting the presence or absence in the sample of such a gene fusion may comprise
detecting chromosomal rearrangements of genomic DNA having a 5' portion from a TYK2-
gene-fusion-partner (e.g., NPM1) and a 3' portion from a TYK2 gene. A variety of techniques
may be used for detecting the chromosomal rearrangements of genomic DNA, including
nucleic acid sequencing, nucleic acid hybridization, and nucleic acid amplification. Nucleic
acid hybridization techniques include in situ hybridization (ISH), microarray, and Southern
blot. Nucleic acid amplification techniques include polymerase chain reaction (PCR), reverse
transcription polymerase chain reaction (RT-PCR), transcription-mediated amplification
(TMA), ligase chain reaction (LCR), strand displacement amplification (SDA), and nucleic
acid sequence based amplification (NASBA).

Detecting the presence or absence in the sample of such a gene fusion may
alternatively comprise detecting chimeric mRNA transcripts having a 5' portion from a
TYK2-gene-fusion-partner (e.g., NPM1) and a 3' portion from a TYK2 gene. A variety of
techniques may be used for detecting the chimeric mRNA, including nucleic acid sequencing,
nucleic acid hybridization, and, nucleic acid amplification. Nucleic acid hybridization
techniques include in situ hybridization (ISH) (e.g., Fluorescence in situ hybridization
(FISH)), microarray, and Northern blot). Nucleic acid amplification techniques include,
polymerase chain reaction (PCR), reverse transcription polymerase chain reaction (RT-PCR),
transcription-mediated amplification (TMA), ligase chain reaction (LCR), strand
displacement amplification (SDA), and nucleic acid sequence based amplification (NASBA).

Detecting the presence or absence in the sample of a gene fusion may also
alternatively comprise detecting an amino-terminally truncated TYK?2 protein resulting from
a fusion of a TYK2-gene-fusion-partner (e.g., NPM1) to a TYK2 gene, or detecting a
chimeric protein having an amino-terminal portion from a a TYK2-gene-fusion-partner (e.g.,
NPM1) and a carboxy-terminal portion from an TYK2 gene. A variety of techniques may be
used for detecting the truncated TYK?2 protein or chimeric protein: protein sequencing; and,
immunoassay. Immunoassay techniques include immunoprecipitation, Western blot, ELISA,
immunohistochemistry, immunocytochemistry, flow cytometry, and immuno-PCR.

The present invention further provides, but is not limited to, compositions and kits for
detecting / diagnosing cutaneous CD30-positive lymphoproliferative disorders (e.g.,
lymphomatoid papulosis; primary cutaneous anaplastic large cell lymphoma) in a subject

(e.g., human patient). The compositions and kits may comprise:
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a single labeled probe comprising a sequence that hybridizes to the junction at which
a 5' portion from a TYK2-gene-fusion-partner (e.g., NPM1) fuses to a 3' portion from a
TYK2 gene;

a pair of labeled probes wherein the first labeled probe comprises a sequence that
hybridizes to a TYK2-gene-fusion-partner (e.g., NPM1) and the second labeled probe
comprises a sequence that hybridizes to a TYK2 gene;

a pair of amplification oligonucleotides wherein the first amplification
oligonucleotide comprises a sequence that hybridizes to a TYK2-gene-fusion-partner (e.g.,
NPM1) and the second amplification oligonucleotide comprises a sequence that hybridizes to
aTYK2 gene;

an antibody to an amino-terminally truncated TYK2 protein resulting from a fusion of
a TYK2-gene-fusion-partner (e.g., NPM1) to a TYK2 gene; and/or,

an antibody to a chimeric protein having an amino-terminal portion from a TYK2-
gene-fusion-partner (e.g., NPM1) and a carboxy-terminal portion from a TYK2 gene.

In certain embodiments, the present invention provides methods for treating
cutaneous CD30-positive lymphoproliferative disorders (e.g., lymphomatoid papulosis;
primary cutaneous anaplastic large cell lymphoma) in a subject (e.g., a human patient)
comprising: administering to the patient an agent that inhibits at least one biological activity
of such a gene fusion having a 5' portion from a TYK2-gene-fusion-partner (e.g., NPM1) and
a 3’ portion from a TYK2 gene. In some embodiments, the agent inhibits tyrosine kinase
activity resulting from the gene fusion. In some embodiments, the agent inhibits STATI,
STATS3, and/or STATS activity resulting from the gene fusion. In some embodiments, the
agent inhibits increased cellular proliferation resulting from the gene fusion. In some
embodiments, the agent inhibits one or more of tyrosine kinase activity resulting from the
gene fusion, STAT1, STATS3, and/or STATS activity resulting from the gene fusion, and
increased cellular proliferation resulting from the gene fusion. In some embodiments, the
agent inhibits expression of the gene fusion. In some embodiments, the agent inhibits any
expression and/or activity resulting from the gene fusion. The agent may be a small molecule,
an siRNA, an antisense nucleic acid, or an antibody. In some embodiments, the agent is co-
administered with an additional agent known to treat cancer (e.g., an agent for treating
cutaneous CD30-positive lymphoproliferative disorders (e.g., lymphomatoid papulosis;
primary cutaneous anaplastic large cell lymphoma)).

In certain embodiments, the present invention provides kits for detecting gene fusions

associated with CD30-positive lymphoproliferative disorders (e.g., lymphomatoid papulosis;
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primary cutaneous anaplastic large cell lymphoma) in a subject, comprising or consisting
essentially of or consisting of detecting the presence of one or more gene fusions involving
TYK2. In some embodiments, such kits comprise, consist essentially of, or consist of
informative reagents for detecting a gene fusion having or resulting from the fusion of,
rearrangement of, or genomic deletion between, a 3' portion from a TYK family member
gene and a 5' portion from a TYK2-gene-fusion-partner (e.g., NPM1), wherein detecting the
presence in a sample (e.g., a sample from a human subject) (e.g., biopsy tissue, tissue, blood,
plasma, serum, urine, stool, and/or cells) of the gene fusion between a TYK?2 gene and a
TYK2-gene-fusion-partner (e.g., NPM1) identifies or characterizes cutaneous CD30-positive
lymphoproliferative disorders (e.g., lymphomatoid papulosis; primary cutaneous anaplastic
large cell lymphoma).

Such embodiments are not limited to a particular reagent(s). Examples include but are
not limited to, a probe that specifically hybridizes to the fusion junction of a TYK2 gene and
a TYK2-gene-fusion-partner (e.g., NPM1), a pair of primers that amplify a fusion junction of
a gene fusion between a TYK?2 gene and a TYK2-gene-fusion-partner (e.g., NPM1) (e.g., a
first primer that hybridizes to a TYK2 nucleic acid and second primer that hybridizes to
nucliec acid from a TYK2-gene-fusion-partner (e.g., NPM1)), an antibody that binds to the
fusion junction of a fusion polypeptide of TYK2 and a TYK2-gene-fusion-partner (e.g.,
NPM1) (e.g., a NPM1-TYK2 fusion polypeptide), a sequencing primer that binds to a fusion
between TYK2 and a TYK2-gene-fusion-partner (e.g., NPM1) (e.g., a NPM1-TYK2 fusion
polypeptide) and generates an extension product that spans the fusion junction of said gene
fusion between TYK?2 and a TYK2-gene-fusion-partner (e.g., NPM1) (e.g., a NPMI1-TYK2
fusion polypeptide), or a pair of probes wherein the first probe hybridizes to TYK2 gene and
the second probe hybridizes to a TYK2-gene-fusion-partner (e.g., NPM1).

Further embodiments of the present invention provide uses and methods for
characterizing / detecting / identifying cutaneous CD30-positive lymphoproliferative
disorders (e.g., lymphomatoid papulosis; primary cutaneous anaplastic large cell lymphoma)
in a subject (e.g., human subject) using the aforementioned kits or other components.

For example, in some embodiments, the present invention provides a method for
characterizing / detecting / identifying cutaneous CD30-positive lymphoproliferative
disorders (e.g., lymphomatoid papulosis; primary cutaneous anaplastic large cell lymphoma)
in a subject (e.g., human subject), comprising: (a) contacting a biological sample from a
subject (e.g., biopsy tissue, tissue, blood, plasma, serum, urine, stool, and/or cells) with a

nucleic acid or polypeptide detection assay comprising at least a first gene fusion informative
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reagent for identification of a NPM1-TYK2 gene fusion under conditions that the presence of
such a gene fusion is detected; and (b) characterizing / detecting / identifying cutaneous
CD30-positive lymphoproliferative disorders (e.g., lymphomatoid papulosis; primary
cutaneous anaplastic large cell lymphoma) in the subject when the NPM1-TYK2 gene fusion
is present in the sample.

In some embodiments, step (a) comprises detecting chromosomal rearrangements of
genomic DNA having a 5’ portion from NPM1 and a 3” portion from TYK2. In some
embodiments, step (a) comprises detecting chromosomal rearrangements of genomic DNA
using a nucleic acid sequencing technique. In some embodiments, step (a) comprises
detecting chromosomal rearrangements of genomic DN A using a nucleic acid hybridization
technique. In some embodiments, step (a) comprises detecting chromosomal rearrangements
of genomic DNA using a nucleic acid hybridization technique (e.g., including but not limited
to, in situ hybridization (ISH), microarray or Southern blot). In some embodiments, step (a)
comprises detecting chromosomal rearrangements of genomic DN A using a nucleic acid
amplification method (e.g., including but not limited to, polymerase chain reaction (PCR),
reverse transcription polymerase chain reaction (RT-PCR), transcription-mediated
amplification (TMA), ligase chain reaction (LCR), strand displacement amplification (SDA),
or nucleic acid sequence based amplification (NASBA)). In some embodiments, step (a)
comprises detecting chimeric mRNA transcripts having 5° portion from NPMI and a 3
portion from TYK2.

In some embodiments, step (a) comprises detecting chimeric mRNA transcripts using
anucleic acid sequencing technique. In some embodiments, step (a) comprises detecting
chimeric mRNA transcripts using a nucleic acid hybridization technique. In some
embodiments, step (a) comprises detecting chimeric mRNA transcripts using a nucleic acid
hybridization technique (e.g., including but not limited to, in situ hybridization (ISH),
microarray or Northern blot). In some embodiments, step (a) comprises detecting chimeric
mRNA transcripts using a nucleic acid amplification method (e.g., including but not limited
to, polymerase chain reaction (PCR), reverse transcription polymerase chain reaction (RT-
PCR), transcription-mediated amplification (TMA), ligase chain reaction (LCR), strand
displacement amplification (SDA), or nucleic acid sequence based amplification (NASBA)).

In some embodiments, the method further comprises the step of collecting the sample
from the subject. In some embodiments, the sample is, for example, biopsy tissue, tissue,

blood, plasma, serum, urine, stool, and/or cells.
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In some embodiments, the described methods further comprise the step of detecting
the level of expression of the gene fusion in the sample, wherein detecting an enhanced level
of expression of the gene fusion in the patient sample relative to the level of expression of the
gene fusion in a normal sample (e.g., relative to the level in normal cells, increase or decrease
in level relative to a prior time point, increase or decrease relative to a pre-established
thereshold level, etc.) indicates the presence of neoplastic cells or cells predisposed to the
onset of a neoplastic state in the sample.

Further embodiments provide the step of determining a treatment course of action
based on the presence or absence of the gene fusion. For example, in some embodiments, the
treatment course of action comprises administration of an inhibitor of activity resulting from
such a gene fusion (e.g., NPM1-TYK2) (e.g., tyrosine kinase activity resulting from the gene
fusion, STAT1, STAT3, and/or STATS activity resulting from the gene fusion, and increased
cellular proliferation resulting from the gene fusion) when the gene fusion is present in the
sample. In some embodiments, the agent inhibits expression of the gene fusion. In some
embodiments, the agent inhibits any expression and/or activity resulting from the gene fusion.
The agent may be a small molecule, an siRNA, an antisense nucleic acid, or an antibody.

In certain embodiments, the present invention provides a method for diagnosing a
neoplastic disorder or susceptibility to a neoplastic disorder comprising detecting the
presence of a NPM1-TYK2 gene fusion in a sample from a subject (e.g., a human patient),
wherein the NPM1-TYK2 gene fusion is a fusion between chromosome 5, exon 9 of NPM1
and chromosome 19, exon 15 of TYK2 (e.g., N5:;T19), and diagnosing the subject as having
or being susceptible to a neoplastic disorder when the gene fusion is present. In some
embodiments, the neoplastic disorder is a cutaneous CD30-positive lymphoproliferative
disorder (e.g., lymphomatoid papulosis; primary cutaneous anaplastic large cell lymphoma).

In certain embodiments, the present invention provides a method of determining the
NPMI1-TYK2 gene fusion status of a human by: (a) determining the presence or absence of
the N5;T19 gene fusion in both alleles of the of the NPM1-TYK2 fusion gene of the human
in a nucleic acid sample obtained from the human, and (b) identifying the human (i) as being
homozygous for N5;T19 gene fusion in the NPM1-TYK2 fusion gene when one of the gene
fusions is present in both alleles of the NPM1-TYK2 fusion gene, or (ii) as being
heterozygous for the N5;T19 gene fusion in the NPM1-TYK2 fusion gene when one of the
gene fusions is present in one of the alleles of the NPM1-TYK2 fusion gene, or (iii) as having
no alteration in the NPM1-TYK2 fusion gene caused by the N5;T19 gene fusion when each
of the gene fusions is absent from both alleles of the NPM1-TYK2 fusion gene.
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In some embodiments, the NPM1-TYK2 gene fusion is N5;T19. An NPM1-TYK2
gene fusion may be detected by amplifying any of SEQ ID NOs: 1, 2, 3, or 4, or diagnostic
fragments thereof. In one embodiment, the method includes detecting one or more additional
NPMI1-TYK?2 gene fusions in a sample from the subject.

The NPM1-TYK2 fusion may be detected by assessing sample nucleic acid by PCR,
RT-PCR, and/or nucleic acid hybridization. In one embodiment, the sample is amplified by
reverse transcriptase polymerase chain reaction (RT-PCR). In one embodiment, the
amplifying employs a detectably labeled primer. In one embodiment, the detecting is
accomplished with electrophoresis. In one embodiment, the detecting is accomplished using a
real-time PCR-based detection system, such as TagMan®.

The present invention also provides a method for diagnosing a neoplastic disorder or
susceptibility to a neoplastic disorder by detecting the presence or absence of an NPM1-
TYK2 fusion protein in a sample from a subject, wherein the NPM1-TYK2 fusion protein is a
fusion between exon 9 of NPM1 and exon 15 of ALK, and diagnosing the subject has having
or being susceptible to a neoplastic disorder when the fusion protein is present.

The invention also provides kits for detecting a NPM1-TYK2 fusion mutations which
include one or more oligonucleotides (e.g., a primer) for amplifying a fragment of a nucleic
acid sample which contains the N5;T19 mutation, if present. Optionally, the kit further
contains one or more mutation-specific oligonucleotide probes.

Additional embodiments of the present invention are provided in the description and

examples below.

DESCRIPTION OF THE FIGURES

FIG. 1: FISH Results and Clinical Data for Cutaneous CD30-Positive
Lymphoproliferative Disorders.

FIG. 2A-F: Identification of TYK2 translocations in cutaneous T cell lymphoma-
derived cell line and primary CD30 positive LPD patient samples. (A) Read support from
RNA sequencing illustrating the forward fragment reads spanning the breakpoint between 5
NPM1 (NM_002520 ¢.1016) component and 3° TYK2 (NM_003331 ¢.2554) component and
confirmation by Sanger sequencing. (B) Protein domain and exon diagram illustrating the
preservation of N-terminal oligomerization and histone and DN A/RNA binding domains of
NPMI1 and the C-terminal kinase domain of TYK2 in the NPM1-TYK2 fusion protein. (C)
Cloning of the genomic breakpoint of the t(5;19) fusion event at chr5:170,832,813 and
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chr19:10,469,815 and confirmation by Sanger sequencing. (D) The NPM1-TYK2 fusion
joins the positive strand of the NPM1 locus up to and including exon 9, with the inverted
negative strand of the TYK2 locus between exons 15 and 16. (E) FISH studies. A TYK2
break-apart assay shows a TYK2 rearrangement in the MyLa cell line and in a primary
cutaneous CD30-positive LPD (upper panel). NPM1-TYK?2 fusion FISH reveals that NPM1
is the partner gene in both. A case that is negative for TYK2 translocation is also illustrated
(lower panel). (F) NPM1-TYK2 fusion probe FISH assay shows the occurrence of t(5;19)
translocation in a cutaneous ALCL primary sample.

FIG. 3: Summary of RNAseq data for MyLa.

FIG. 4: SYBR Green- based qRT-PCR validation of NPM1-TYK2 fusion transcript
expression in MyLa and other hematological cell lines.

FIG. 5: Conventional gel based RT-PCR validation of NPM1-TYK2 fusion transcript
expression in MyLa and other hematological cell lines.

FIG. 6: Agarose gel electrophoresis of PCR products for genomic breakpoint mapping
from NPM1-TYK2 positive MyLa and the negative control HH. The cartoon depicts the
location of genomic breakpoint in NPM1 and TYK2 genes and their juxtaposition. The
bottom panel shows the Sanger sequencing of the PCR product which shows the exact
genomic fusion point.

FIG. 7A-F: Oncogenic potential of NPM1-TYK?2 fusion gene product. (A) Presence
of the NPM1-TYK2 fusion protein in MyLa and not in other T-cell lines. Individual NPM1
and TYK2 western blot assays show shift in the size of the protein in MyLa as a result of the
fusion. (B) Hyperactivation of TYK2 and elevated STAT pathway activation in MyLa cells
endogenously expressing NPM1-TYK2 fusion protein as compared with other T-cell lines.
The Macl1 cell line that has a JAK2 rearrangement is used as a positive control. HUT78 cell
line exhibits constitutive STATS activation. (C) Ectopic expression of NPM1-TYK2 fusion
protein in HEK293T cells reveals activation of STAT proteins in Western blot assays. Note
the significantly reduced levels of STAT activation in cells expressing NPM1-TYK2 kinase-
defective mutant K462R. (D) Exogenously expressed NPM1-TYK?2 fusion protein in
HEK293FT cells leads to transcriptional activation of STAT1/3/5. Cells expressing kinase-
defective mutant K462R NPM1-TYK2 fusion protein show reduced levels of STAT
activation indicating a specific effect of TYK2 kinase activity on downstream STAT
activation. (E) Diminished STAT pathway activation following knockdown of TYK2 protein
in MyLa cell line by shRNA knockdown. (F) ShRNA-mediated silencing of TYK2 reduces
proliferation of MyLa cells demonstrating oncogenic potential of NPM1-TYK2.
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FIG. 8: Immunohistochemical staining for NPM1 in primary patient samples. In the
absence of NPM1-TYK2, NPM1 expression is restricted to the nucleus (left panel). In a
patient with NPM1-TYK2 fusion, there is atypical cytoplasmic localization of NPM1 (right
panel). (Anti-NPM 1, 500x magnification).

FIG. 9: Immunofluorescence staining demonstrates a marked expression of
cytoplasmic and nuclear phosphorylated STAT 1/3/5 in NPM-TYK2 positive MyLa cell line
as compared to fusion negative HH cell line.

FIG. 10: Immunohistochemical staining for pSTATS in primary patient samples. In
the absence of NPM1-TYKZ2, there is weak expression of pSTATS, predominantly limited to
the cytoplasm (left panel). In a patient with NPM1-TYK2 fusion, expression of pSTATS is
stronger and increased nuclear expression is present (right panel). (Anti-pSTATS, 400x
magnification).

FIG. 11A-E: A) wild type cDNA sequence for TYK2; B) wild type ORF nucleic acid
sequence for TYK2; C) wild type amino acid sequence for TYK2; D) wild type nucleic acid
sequence for TYK2; and E) TYK2 nucleic acid intron involved in TYK2 translocation.

FIG. 12A-E: A) wild type cDNA sequence for NPM1; B) wild type ORF nucleic acid
sequence for NPM1; C) wild type amino acid sequence for NPM1; D) wild type nucleic acid
sequence for NPM1; and E) NPM1 nucleic acid intron involved in NPM1 translocation.

FIG. 13A-D: A) cDNA sequence for NPM1-TYK2 gene fusion; B) coding region for
NPMI1-TYK2 gene fusion; C) amino acid sequence for NPM1-TYK2 gene fusion product;
and D) NPM1-TYK2 introns involved in translocation.

DEFINITIONS

To facilitate an understanding of the present invention, a number of terms and phrases
are defined below:

As used herein, the term "gene fusion" refers to a chimeric genomic DNA, a chimeric
messenger RNA, a truncated protein or a chimeric protein resulting from the fusion of at least
a portion of a first gene to at least a portion of a second gene. The gene fusion need not
include entire genes or exons of genes.

As used herein, the term “sensitivity” is defined as a statistical measure of
performance of an assay (e.g., method, test), calculated by dividing the number of true

positives by the sum of the true positives and the false negatives.
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As used herein, the term “specificity” is defined as a statistical measure of
performance of an assay (e.g., method, test), calculated by dividing the number of true
negatives by the sum of true negatives and false positives.

As used herein, the term “informative” or “informativeness™ refers to a quality of a
marker or panel of markers, and specifically to the likelihood of finding a marker (or panel of
markers) in a positive sample.

As used herein, "TYK2" refers to a member of the Janus Kinase (JAK) family of
tyrosine kinases. An example of TYK2 polypeptide is the human polypeptide sequence
described in Genbank accession number P29597.3. An exemplary TYK2 coding sequence is
the human sequence described in Genbank accession number X54637. TYK2 also includes
species homologs, splice variants, polymorphic variants, and conservatively modified
variants of TYK2 that retain TYK?2 tyrosine kinase activity. Fig. 11 provides: A) human wild
type cDNA sequence for TYK2; B) human wild type ORF nucleic acid sequence for TYK?2;
C) human wild type amino acid sequence for TYK2; D) human wild type nucleic acid
sequence for TYK2; and E) human TYK2 nucleic acid intron involved in TYK2
translocation.

As used herein, "NPM1" refers to a gene which encodes a phosphoprotein which
moves between the nucleus and the cytoplasm. The gene product is thought to be involved in
several processes including regulation of the ARF/p53 pathway. An exemplary NPM1 coding
sequence is the human sequence described in Genbank accession number P06748. NPM 1
also includes species homologs, splice variants, polymorphic variants, and conservatively
modified variants of NPM1 that retain its wild type activity. Fig. 12 provides: A) human wild
type cDNA sequence for NPM1; B) human wild type ORF nucleic acid sequence for NPM1;
C) human wild type amino acid sequence for NPM1; D) human wild type nucleic acid
sequence for NPM1; and E) human NPMI1 nucleic acid intron involved in NPM1
translocation.

As used herein, “NPM1-TYK2” refers to a chimeric genomic DNA, a chimeric
messenger RNA, a truncated protein or a chimeric protein resulting from the fusion of at least
a portion of an NPM1 gene to at least a portion of a TYK2 gene. The gene fusion need not
include entire genes or exons of genes. Fig. 13 provides: A) cDNA sequence for NPM1-
TYK2 gene fusion; B) coding region for NPM1-TYK2 gene fusion; C) amino acid sequence
for NPM1-TYK2 gene fusion product; and D) NPM1-TYK2 introns involved in

translocation.
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As used herein, the terms “NPM1/TYK2 informative reagent™ refers to a reagent or
reagents that are informative for identification of gene fusions described herein. In some
embodiments, reagents are primers, probes or antibodies for detection of NPM1-TYKE2 gene
fusions described herein.

As used herein, the term “transcriptional regulatory region” refers to the non-coding
upstream regulatory sequence of a gene, also called the 5° untranslated region (5’UTR).

As used herein, the terms “detect”, “detecting”, or “detection” may describe either the
general act of discovering or discerning or the specific observation of a detectably labeled
composition.

As used herein, the term “inhibits at least one biological activity of a gene fusion”
refers to any agent that decreases any activity of a gene fusion of the present invention (e.g.,
including, but not limited to, the activities described herein), via directly contacting gene
fusion protein, contacting gene fusion mRNA or genomic DNA, causing conformational
changes of gene fusion polypeptides, decreasing gene fusion protein levels, or interfering
with gene fusion interactions with signaling partners, and affecting the expression of gene
fusion target genes. Inhibitors also include molecules that indirectly regulate gene fusion
biological activity by intercepting upstream signaling molecules.

As used herein, the term "siRNAs" refers to small interfering RNAs. In some
embodiments, siRNAs comprise a duplex, or double-stranded region, of about 18-25
nucleotides long; often siRNAs contain from about two to four unpaired nucleotides at the 3'
end of each strand. At least one strand of the duplex or double-stranded region of a siRNA is
substantially homologous to, or substantially complementary to, a target RNA molecule. The
strand complementary to a target RNA molecule is the "antisense strand;" the strand
homologous to the target RNA molecule is the "sense strand," and is also complementary to
the siRNA antisense strand. siRNAs may also contain additional sequences; non-limiting
examples of such sequences include linking sequences, or loops, as well as stem and other
folded structures. siRNAs appear to function as key intermediaries in triggering RNA
interference in invertebrates and in vertebrates, and in triggering sequence-specific RNA
degradation during posttranscriptional gene silencing in plants.

The term "RNA interference" or "RNAi" refers to the silencing or decreasing of gene
expression by siRNAs. It is the process of sequence-specific, post-transcriptional gene
silencing in animals and plants, initiated by siRNA that is homologous in its duplex region to
the sequence of the silenced gene. The gene may be endogenous or exogenous to the

organism, present integrated into a chromosome or present in a transfection vector that is not
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integrated into the genome. The expression of the gene is either completely or partially
inhibited. RNAi may also be considered to inhibit the function of a target RNA; the function
of the target RNA may be complete or partial.

As used herein, the term "gene transfer system" refers to any means of delivering a
composition comprising a nucleic acid sequence to a cell or tissue. For example, gene
transfer systems include, but are not limited to, vectors (e.g., retroviral, adenoviral, adeno-
associated viral, and other nucleic acid-based delivery systems), microinjection of naked
nucleic acid, polymer-based delivery systems (e.g., liposome-based and metallic particle-
based systems), biolistic injection, and the like. As used herein, the term "viral gene transfer
system" refers to gene transfer systems comprising viral elements (e.g., intact viruses,
modified viruses and viral components such as nucleic acids or proteins) to facilitate delivery
of the sample to a desired cell or tissue. As used herein, the term "adenovirus gene transfer
system" refers to gene transfer systems comprising intact or altered viruses belonging to the
family Adenoviridae.

As used herein, the term "site-specific recombination target sequences"” refers to
nucleic acid sequences that provide recognition sequences for recombination factors and the
location where recombination takes place.

As used herein, the term "nucleic acid molecule" refers to any nucleic acid containing
molecule, including but not limited to, DNA or RNA. The term encompasses sequences that
include any of the known base analogs of DNA and RNA including, but not limited to,
4-acetylcytosine, 8-hydroxy-N6-methyladenosine, aziridinylcytosine, pseudoisocytosine,
5-(carboxyhydroxylmethyl) uracil, 5-fluorouracil, 5-bromouracil, 5-
carboxymethylaminomethyl-2-thiouracil, 5-carboxymethylaminomethyluracil, dihydrouracil,
inosine, N6-isopentenyladenine, 1-methyladenine, 1-methylpseudouracil, 1-methylguanine,
1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine,
5-methylcytosine, N6-methyladenine, 7-methylguanine, 5-methylaminomethyluracil, 5-
methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine,
5'-methoxy carbonylmethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine,
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid, oxybutoxosine, pseudouracil,
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, N-
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid, pseudouracil, queosine, 2-
thiocytosine, and 2,6-diaminopurine.

The term "gene" refers to a nucleic acid (e.g., DNA) sequence that comprises coding

sequences necessary for the production of a polypeptide, precursor, or RNA (e.g., IRNA,
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tRNA). The polypeptide can be encoded by a full length coding sequence or by any portion
of the coding sequence so long as the desired activity or functional properties (e.g., enzymatic
activity, ligand binding, signal transduction, immunogenicity, etc.) of the full-length or
fragment is retained. The term also encompasses the coding region of a structural gene and
the sequences located adjacent to the coding region on both the 5' and 3' ends for a distance
of about 1 kb or more on either end such that the gene corresponds to the length of the full-
length mRNA. Sequences located 5' of the coding region and present on the mRNA are
referred to as 5' non-translated sequences. Sequences located 3' or downstream of the coding
region and present on the mRNA are referred to as 3' non-translated sequences. The term
"gene" encompasses both cDNA and genomic forms of a gene. A genomic form or clone of a
gene contains the coding region interrupted with non-coding sequences termed "introns" or
"Intervening regions" or "intervening sequences." Introns are segments of a gene that are
transcribed into nuclear RNA (hnRNA); introns may contain regulatory elements such as
enhancers. Introns are removed or "spliced out" from the nuclear or primary transcript;
introns therefore are absent in the messenger RNA (mRNA) transcript. The mRNA functions
during translation to specify the sequence or order of amino acids in a nascent polypeptide.

As used herein, the term "heterologous gene" refers to a gene that is not in its natural
environment. For example, a heterologous gene includes a gene from one species introduced
into another species. A heterologous gene also includes a gene native to an organism that has
been altered in some way (e.g., mutated, added in multiple copies, linked to non-native
regulatory sequences, etc). Heterologous genes are distinguished from endogenous genes in
that the heterologous gene sequences are typically joined to DNA sequences that are not
found naturally associated with the gene sequences in the chromosome or are associated with
portions of the chromosome not found in nature (e.g., genes expressed in loci where the gene
is not normally expressed).

As used herein, the term "oligonucleotide," refers to a short length of single-stranded
polynucleotide chain. Oligonucleotides are typically less than 200 residues long (e.g.,
between 15 and 100), however, as used herein, the term is also intended to encompass longer
polynucleotide chains. Oligonucleotides are often referred to by their length. For example a
24 residue oligonucleotide is referred to as a "24-mer". Oligonucleotides can form secondary
and tertiary structures by self-hybridizing or by hybridizing to other polynucleotides. Such
structures can include, but are not limited to, duplexes, hairpins, cruciforms, bends, and

triplexes.
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As used herein, the terms "complementary" or "complementarity" are used in
reference to polynucleotides (i.e., a sequence of nucleotides) related by the base-pairing rules.
For example, the sequence "5'-A-G-T-3'," is complementary to the sequence "3'-T-C-A-5""
Complementarity may be "partial," in which only some of the nucleic acids' bases are
matched according to the base pairing rules. Or, there may be "complete” or "total"
complementarity between the nucleic acids. The degree of complementarity between nucleic
acid strands has significant effects on the efficiency and strength of hybridization between
nucleic acid strands. This is of particular importance in amplification reactions, as well as
detection methods that depend upon binding between nucleic acids.

The term "homology" refers to a degree of complementarity. There may be partial
homology or complete homology (i.e., identity). A partially complementary sequence is a
nucleic acid molecule that at least partially inhibits a completely complementary nucleic acid
molecule from hybridizing to a target nucleic acid is "substantially homologous." The
inhibition of hybridization of the completely complementary sequence to the target sequence
may be examined using a hybridization assay (Southern or Northern blot, solution
hybridization and the like) under conditions of low stringency. A substantially homologous
sequence or probe will compete for and inhibit the binding (i.e., the hybridization) of a
completely homologous nucleic acid molecule to a target under conditions of low stringency.
This is not to say that conditions of low stringency are such that non-specific binding is
permitted; low stringency conditions require that the binding of two sequences to one another
be a specific (i.e., selective) interaction. The absence of non-specific binding may be tested
by the use of a second target that is substantially non-complementary (e.g., less than about
30% identity); in the absence of non-specific binding the probe will not hybridize to the
second non-complementary target.

When used in reference to a double-stranded nucleic acid sequence such as a cDNA
or genomic clone, the term "substantially homologous" refers to any probe that can hybridize
to either or both strands of the double-stranded nucleic acid sequence under conditions of low
stringency as described above.

A gene may produce multiple RNA species that are generated by differential splicing
of the primary RNA transcript. cDNAs that are splice variants of the same gene will contain
regions of sequence identity or complete homology (representing the presence of the same
exon or portion of the same exon on both cDNAs) and regions of complete non-identity (for
example, representing the presence of exon "A" on cDNA 1 wherein cDNA 2 contains exon

"B" instead). Because the two cDNAs contain regions of sequence identity they will both
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hybridize to a probe derived from the entire gene or portions of the gene containing
sequences found on both cDNAs; the two splice variants are therefore substantially
homologous to such a probe and to each other.

When used in reference to a single-stranded nucleic acid sequence, the term
"substantially homologous" refers to any probe that can hybridize (i.e., it is the complement
of) the single-stranded nucleic acid sequence under conditions of low stringency as described
above.

As used herein, the term "hybridization" is used in reference to the pairing of
complementary nucleic acids. Hybridization and the strength of hybridization (i.e., the
strength of the association between the nucleic acids) is impacted by such factors as the
degree of complementary between the nucleic acids, stringency of the conditions involved,

the Ty, of the formed hybrid, and the G:C ratio within the nucleic acids. A single molecule

that contains pairing of complementary nucleic acids within its structure is said to be "self-
hybridized."

As used herein the term "stringency" is used in reference to the conditions of
temperature, ionic strength, and the presence of other compounds such as organic solvents,
under which nucleic acid hybridizations are conducted. Under "low stringency conditions" a
nucleic acid sequence of interest will hybridize to its exact complement, sequences with
single base mismatches, closely related sequences (e.g., sequences with 90% or greater
homology), and sequences having only partial homology (e.g., sequences with 50-90%
homology). Under 'medium stringency conditions," a nucleic acid sequence of interest will
hybridize only to its exact complement, sequences with single base mismatches, and closely
relation sequences (e.g., 90% or greater homology). Under "high stringency conditions," a
nucleic acid sequence of interest will hybridize only to its exact complement, and (depending
on conditions such a temperature) sequences with single base mismatches. In other words,
under conditions of high stringency the temperature can be raised so as to exclude
hybridization to sequences with single base mismatches.

"High stringency conditions" when used in reference to nucleic acid hybridization
comprise conditions equivalent to binding or hybridization at 42°C in a solution consisting of

5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH>PO4 H»O and 1.85 g/l EDTA, pH adjusted to 7.4 with

NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 ug/ml denatured salmon sperm DNA
followed by washing in a solution comprising 0.1X SSPE, 1.0% SDS at 42°C when a probe
of about 500 nucleotides in length is employed.

18



10

15

20

25

30

WO 2016/123517 PCT/US2016/015714

"Medium stringency conditions" when used in reference to nucleic acid hybridization
comprise conditions equivalent to binding or hybridization at 42°C in a solution consisting of

5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH>PO4 H»O and 1.85 g/l EDTA, pH adjusted to 7.4 with

NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 ug/ml denatured salmon sperm DNA
followed by washing in a solution comprising 1.0X SSPE, 1.0% SDS at 42°C when a probe
of about 500 nucleotides in length is employed.

"Low stringency conditions" comprise conditions equivalent to binding or

hybridization at 42°C in a solution consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH,PO4
H»>O and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.1% SDS, 5X Denhardt's reagent

[50X Denhardt's contains per 500 ml: 5 g Ficoll (Type 400, Pharamcia), 5 g BSA (Fraction
V: Sigma)] and 100 pg/ml denatured salmon sperm DNA followed by washing in a solution
comprising 5X SSPE, 0.1% SDS at 42°C when a probe of about 500 nucleotides in length is
employed.

Numerous equivalent conditions may be employed to comprise low stringency
conditions; factors such as the length and nature (DNA, RNA, base composition) of the probe
and nature of the target (DNA, RNA, base composition, present in solution or immobilized,
etc.) and the concentration of the salts and other components (e.g., the presence or absence of
formamide, dextran sulfate, polyethylene glycol) are considered and the hybridization
solution may be varied to generate conditions of low stringency hybridization different from,
but equivalent to, the above listed conditions. In addition, the conditions that promote
hybridization under conditions of high stringency (e.g., increasing the temperature of the
hybridization and/or wash steps, the use of formamide in the hybridization solution, etc.) (see
definition above for "stringency") can be utilized.

As used herein, the term “amplification oligonucleotide™ refers to an oligonucleotide
that hybridizes to a target nucleic acid, or its complement, and participates in a nucleic acid
amplification reaction. An example of an amplification oligonucleotide is a “primer” that
hybridizes to a template nucleic acid and contains a 3' OH end that is extended by a
polymerase in an amplification process. Another example of an amplification
oligonucleotide is an oligonucleotide that is not extended by a polymerase (e.g., because it
has a 3' blocked end) but participates in or facilitates amplification. Amplification
oligonucleotides may optionally include modified nucleotides or analogs, or additional
nucleotides that participate in an amplification reaction but are not complementary to or

contained in the target nucleic acid. Amplification oligonucleotides may contain a sequence
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that is not complementary to the target or template sequence. For example, the 5' region of a
primer may include a promoter sequence that is non-complementary to the target nucleic acid
(referred to as a “promoter-primer”). Those skilled in the art will understand that an
amplification oligonucleotide that functions as a primer may be modified to include a 5'
promoter sequence, and thus function as a promoter-primer. Similarly, a promoter-primer
may be modified by removal of, or synthesis without, a promoter sequence and still function
as a primer. A 3' blocked amplification oligonucleotide may provide a promoter sequence
and serve as a template for polymerization (referred to as a “promoter-provider”™).

As used herein, the term "primer" refers to an oligonucleotide, whether occurring
naturally as in a purified restriction digest or produced synthetically, that is capable of acting
as a point of initiation of synthesis when placed under conditions in which synthesis of a
primer extension product that is complementary to a nucleic acid strand is induced, (i.e., in
the presence of nucleotides and an inducing agent such as DNA polymerase and at a suitable
temperature and pH). The primer is preferably single stranded for maximum efficiency in
amplification, but may alternatively be double stranded. If double stranded, the primer is first
treated to separate its strands before being used to prepare extension products. Preferably, the
primer is an oligodeoxyribonucleotide. The primer must be sufficiently long to prime the
synthesis of extension products in the presence of the inducing agent. The exact lengths of
the primers will depend on many factors, including temperature, source of primer and the use
of the method.

As used herein, the term "probe" refers to an oligonucleotide (i.e., a sequence of
nucleotides), whether occurring naturally as in a purified restriction digest or produced
synthetically, recombinantly or by PCR amplification, that is capable of hybridizing to at
least a portion of another oligonucleotide of interest. A probe may be single-stranded or
double-stranded. Probes are useful in the detection, identification and isolation of particular
gene sequences. It is contemplated that any probe used in the present invention will be
labeled with any "reporter molecule," so that is detectable in any detection system, including,
but not limited to enzyme (e.g., ELISA, as well as enzyme-based histochemical assays),
fluorescent, radioactive, and luminescent systems. It is not intended that the present
invention be limited to any particular detection system or label.

The term "isolated" when used in relation to a nucleic acid, as in "an isolated
oligonucleotide" or "isolated polynucleotide" refers to a nucleic acid sequence that is
identified and separated from at least one component or contaminant with which it is

ordinarily associated in its natural source. Isolated nucleic acid is such present in a form or
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setting that is different from that in which it is found in nature. In contrast, non-isolated
nucleic acids as nucleic acids such as DNA and RNA found in the state they exist in nature.
For example, a given DNA sequence (e.g., a gene) is found on the host cell chromosome in
proximity to neighboring genes; RNA sequences, such as a specific mRNA sequence
encoding a specific protein, are found in the cell as a mixture with numerous other mRNAs
that encode a multitude of proteins. However, isolated nucleic acid encoding a given protein
includes, by way of example, such nucleic acid in cells ordinarily expressing the given
protein where the nucleic acid is in a chromosomal location different from that of natural
cells, or is otherwise flanked by a different nucleic acid sequence than that found in nature.
The isolated nucleic acid, oligonucleotide, or polynucleotide may be present in single-
stranded or double-stranded form. When an isolated nucleic acid, oligonucleotide or
polynucleotide is to be utilized to express a protein, the oligonucleotide or polynucleotide
will contain at a minimum the sense or coding strand (i.e., the oligonucleotide or
polynucleotide may be single-stranded), but may contain both the sense and anti-sense
strands (i.e., the oligonucleotide or polynucleotide may be double-stranded).

As used herein, the term "purified" or "to purify" refers to the removal of components
(e.g., contaminants) from a sample. For example, antibodies are purified by removal of
contaminating non-immunoglobulin proteins; they are also purified by the removal of
immunoglobulin that does not bind to the target molecule. The removal of non-
immunoglobulin proteins and/or the removal of immunoglobulins that do not bind to the
target molecule results in an increase in the percent of target-reactive immunoglobulins in the
sample. In another example, recombinant polypeptides are expressed in bacterial host cells
and the polypeptides are purified by the removal of host cell proteins; the percent of

recombinant polypeptides is thereby increased in the sample.

DETAILED DESCRIPTION OF THE INVENTION

Recurrent chromosomal translocations frequently underlie the pathogenesis of several
hematopoietic malignancies and often define molecular subtypes with distinct biological
behavior (see, e.g., Rowley JD, Nature reviews Cancer 2001;1:245-50; Mitelman F, et al.,
Nature reviews Cancer 2007;7:233-45). Frequently, these translocations target tyrosine
kinases resulting in constitutive activation and promotion of oncogenesis (see, e.g., Greuber
EK, et al., Nature reviews Cancer 2013;13:559-71). Cutaneous CD30-positive LPD
represents a clinicopathologic spectrum including lymphomatoid papulosis (LYP) and

primary cutaneous anaplastic large cell lymphoma (ALCL) (see, e.g., Swerdlow SH, Campo,
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E., Harris, N.L., Jaffe, E.S., Pileri, S.A., Stein, H., Thiele, J., Vardiman, J W, ed. WHO
Classification of Tumours of Haematopoietic and Lymphoid Tissues. Lyon: IARC; 2008).
Gene fusions targeting tyrosine kinases underlying the pathogenesis of CD30-positive LPD
have not been described.

Experiments conducted during the course of developing embodiments for the present
invention identified a novel recurrent NPM1-TYK2 gene fusion in CD30-positive LPD.
Functional support for NPM1-TYK2 in mediating activation of STAT1/3/5 signaling to
promote cell proliferation was provided. Functional inactivation of TYK2 was shown to
significantly diminish proliferation indicating TYK2 as an oncogenic driver kinase.
Additionally, FISH studies provided evidence that TYK?2 is targeted by translocation partners
other than NPM1. Taken together, such results indicate TYK2 as a therapeutic target in the
treatment of CD30-positive LPDs.

Accordingly, provided herein are kits, compositions and methods for cancer
diagnosis, research and therapy, including but not limited to, cancer markers. In particular,
the present invention relates to recurrent gene fusions (e.g., recurrent translocations involving
TYK2) as diagnostic markers and clinical targets for cutaneous CD30-positive
lymphoproliferative disorders (e.g., lymphomatoid papulosis; primary cutaneous anaplastic

large cell lymphoma).

L Gene Fusions

Embodiments of the present invention provide diagnostic, screening, research, and
therapeutic methods for detecting, diagnosing and characterizing cancer (e.g., cutaneous
CD30-positive lymphoproliferative disorders (e.g., lymphomatoid papulosis; primary
cutaneous anaplastic large cell lymphoma)) based on the presence of gene fusions including
TYK2 and a TYK2-gene-fusion-partner in a sample. In some embodiments, the gene fusion
comprises an intact catalytic domain in TYK2, although other regions are specifically
encopossed by embodiments of the present invention.

Such embodiments are not limited to a particular portion of a TYK2 gene.

In some embodiments, the portion of the TYK2 gene comprises any portion of TYK2
enables tyrosine kinase activity upon expression as a polypeptide. In some embodiments, the
portion of the TYK2 gene comprises at least a portion (e.g., 1%, 10%, 25%, 50%, 75%, 80%,
95%, 99%, 100%) of the C-terminal kinase domain of TYK2. In some embodiments, the
portion of the TYK2 gene comprises the entire C-terminal kinase domain of TYK2. In some

embodiments, the portion of the TYK2 gene comprises at least a portion of the TYK2
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pseudokinase domain. In some embodiments, the portion of the TYK2 gene comprises at
least a portion (e.g., 1%, 10%, 25%, 50%, 75%., 80%, 95%, 99%, 100%) of the C-terminal
kinase domain of TYK2 and/or at least a portion (e.g., 1%, 10%, 25%, 50%, 75%, 80%, 95%,
99%, 100%) of the TYK2 pseudokinase domain.

In some embodiments, the gene fusion is a NPM1-TYK2 gene fusion. In some
embodiments, gene fusions comprise the oligomerization domain of NPM1 and an intact
catalytic domain in TYK2, although other regions are specifically encopossed by
embodiments of the present invention.

Such embodiments are not limited to a particular TYK2-gene-fusion-partner.

In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide capable of having
constitutively activated tyrosine kinase activity when expressed in a cell.

In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide that when expressed in a
cell is capable of constitutively activating downstream targets of TYK2 (e.g., STATI,
STAT3, STATS5) within the cell.

In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide that when expressed in a
cell results in increased cellular proliferation of that cell.

In some embodiments, the TYK2-gene-fusion-partner is any gene such that upon
fusion with TYK2 the resulting gene fusion encodes a polypeptide, wherein 1) the
polypeptide is capable of having constitutively activated tyrosine kinase activity when
expressed in a cell, 2) expression of the polypeptide in a cell results in constitutive activation
of downstream targets of TYK2 (e.g., STAT1, STAT3, STATS), and 3) expression of the
polypeptide in a cell results in increased cellular proliferation of the cell.

In some embodiments, the TYK2-gene-fusion-partner is any portion of NPM1.

In some embodiments, the TYK2-gene-fusion-partner comprises at least a portion
(e.g.. 1%, 10%, 25%, 50%, 75%, 80%, 95%, 99%, 100%) of the NPM1 oligomerization
domain. In some embodiments, the TYK2-gene-fusion-partner comprises the entire NPM 1
oligomerization domain.

In some embodiments, the TYK2-gene-fusion-partner comprises at least a portion
(e.g.. 1%, 10%, 25%, 50%, 75%, 80%, 95%, 99%, 100%) of the NPM1 histone binding
domains. In some embodiments, the TYK2-gene-fusion-partner comprises the entire NPM1

histone binding domains.
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In some embodiments, the TYK2-gene-fusion-partner comprises at least a portion
(e.g.. 1%, 10%, 25%, 50%, 75%, 80%, 95%, 99%, 100%) of the distal portion of the NPM1
DNA/RNA binding domains. In some embodiments, the TYK2-gene-fusion-partner
comprises the entire distal portion of the NPM1 DNA/RNA binding domains.
In some embodiments, the TYK2-gene-fusion-partner comprises the entire NPM1
oligomerization domain, the entire NPM1 histone binding domain, and the entire distal
portion of the NPM1 DNA/RNA binding domain.

In some embodiments, the NPM1-TYK2 gene fusion is a fusion between chromosome

5, exon 9 of NPM1 and chromosome 19, exon 15 of TYK2 (e.g., N5.T19).

1L Antibodies

The gene fusion proteins of the present invention, including fragments, derivatives
and analogs thereof, may be used as immunogens to produce antibodies having use in the
diagnostic, research, and therapeutic methods described below. The antibodies may be
polyclonal or monoclonal, chimeric, humanized, single chain or Fab fragments. Various
procedures may be used for the production and labeling of such antibodies and fragments.
See, e.g., Burns, ed., Immunochemical Protocols, 3" ed., Humana Press (2005); Harlow and
Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory (1988); Kozbor et
al., Immunology Today 4: 72 (1983); Kohler and Milstein, Nature 256: 495 (1975).

III.  Diagnostic Applications

The present invention provides DNA, RNA and protein based diagnostic methods that
either directly or indirectly detect the gene fusions. The present invention also provides
compositions and kits for diagnostic purposes.

The diagnostic methods of the present invention may be qualitative or quantitative.
Quantitative diagnostic methods may be used, for example, to discriminate between indolent
and aggressive cancers via a cutoff or threshold level. Where applicable, qualitative or
quantitative diagnostic methods may also include amplification of target, signal or
intermediary (e.g., a universal primer).

An initial assay may confirm the presence of a gene fusion but not identify the
specific fusion. A secondary assay is then performed to determine the identity of the
particular fusion, if desired. The second assay may use a different detection technology than

the initial assay.
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The gene fusions of embodiments of the present invention may be detected along with
other markers in a multiplex or panel format. Markers are selected for their predictive value
alone or in combination with the gene fusions. Markers for other cancers, diseases,
infections, and metabolic conditions are also contemplated for includsion in a multiplex of
panel format.

The diagnostic methods of embodiments of the present invention may also be
modified with reference to data correlating particular gene fusions with the stage,
aggressiveness or progression of the disease or the presence or risk of metastasis. Ultimately,
the information provided by the methods of the present invention will assist a physician in

choosing the best course of treatment for a particular patient.

A, Sample

Any patient sample suspected of containing the gene fusions may be tested according
to the methods of the present invention. By way of non-limiting examples, the sample may
be tissue (e.g., a biopsy sample), blood, or a fraction thereof (e.g., plasma, serum, or cells).

In some embodiments, the patient sample typically requires preliminary processing
designed to isolate or enrich the sample for the gene fusions or cells that contain the gene
fusions. A variety of techniques may be used for this purpose, including but not limited:

centrifugation; immunocapture; cell lysis; and, nucleic acid target capture.

B. DNA and RNA Detection

The gene fusions of the present invention may be detected as chromosomal
rearrangements of genomic DNA or chimeric mRNA using a variety of nucleic acid
techniques, including but not limited to: nucleic acid sequencing; nucleic acid hybridization;

and, nucleic acid amplification.

1. Sequencing
Ilustrative non-limiting examples of nucleic acid sequencing techniques include, but
are not limited to, chain terminator (Sanger) sequencing and dye terminator sequencing.
Those of ordinary skill in the art will recognize that because RNA is less stable in the cell and
more prone to nuclease attack experimentally RNA is usually reverse transcribed to DNA
before sequencing.
Chain terminator sequencing uses sequence-specific termination of a DNA synthesis

reaction using modified nucleotide substrates. Extension is initiated at a specific site on the
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template DNA by using a short radioactive, fluorescent or other labeled, oligonucleotide
primer complementary to the template at that region. The oligonucleotide primer is extended
using a DNA polymerase, standard four deoxynucleotide bases, and a low concentration of
one chain terminating nucleotide, most commonly a di-deoxynucleotide. This reaction is
repeated in four separate tubes with each of the bases taking turns as the di-deoxynucleotide.
Limited incorporation of the chain terminating nucleotide by the DNA polymerase results in
a series of related DNA fragments that are terminated only at positions where that particular
di-deoxynucleotide is used. For each reaction tube, the fragments are size-separated by
electrophoresis in a slab polyacrylamide gel or a capillary tube filled with a viscous polymer.
The sequence is determined by reading which lane produces a visualized mark from the
labeled primer as you scan from the top of the gel to the bottom.

Dye terminator sequencing alternatively labels the terminators. Complete sequencing
can be performed in a single reaction by labeling each of the di-deoxynucleotide chain-
terminators with a separate fluorescent dye, which fluoresces at a different wavelength.

Some embodiments of the present invention utilize next generation or high-
throughput sequencing. A variety of nucleic acid sequencing methods are contemplated for
use in the methods of the present disclosure including, for example, chain terminator (Sanger)
sequencing, dye terminator sequencing, and high-throughput sequencing methods. See, e.g.,
Sanger et al., Proc. Natl. Acad. Sci. USA 74:5463-5467 (1997), Maxam et al., Proc. Natl.
Acad. Sci. USA 74:560-564 (1977); Drmanac, et al., Nat. Biotechnol. 16:54-58 (1998); Kato,
Int. J. Clin. Exp. Med. 2:193-202 (2009); Ronaghi et al., Anal. Biochem. 242:84-89 (1996);
Margulies et al., Nature 437:376-380 (2005); Ruparel et al., Proc. Natl. Acad. Sci. USA
102:5932-5937 (2005), and Harris et al., Science 320:106-109 (2008); Levene et al., Science
299:682-686 (2003); Korlach et al., Proc. Natl. Acad. Sci. USA 105:1176-1181 (2008);
Branton et al., Nat. Biotechnol. 26(10):1146-53 (2008); Eid et al., Science 323:133-138
(2009); each of which is herein incorporated by reference in its entirety.

In some embodiments, sequencing technology including, but not limited to,
pyrosequencing, sequencing-by-ligation, single molecule sequencing, sequence-by-synthesis
(SBS), massive parallel clonal, massive parallel single molecule SBS, massive parallel single
molecule real-time, massive parallel single molecule real-time nanopore technology, etc.
Morozova and Marra provide a review of some such technologies in Genomics, 92: 255
(2008), herein incorporated by reference in its entirety. Those of ordinary skill in the art will
recognize that because RNA is less stable in the cell and more prone to nuclease attack

experimentally RNA is usually reverse transcribed to DNA before sequencing.
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A number of DNA sequencing techniques can be used including fluorescence-based
sequencing methodologies (See, e.g., Birren et al., Genome Analysis: Analyzing DNA, 1,
Cold Spring Harbor, N.Y.; herein incorporated by reference in its entirety). In some
embodiments, the technology finds use in automated sequencing techniques understood in
that art. In some embodiments, the present technology finds use in parallel sequencing of
partitioned amplicons (PCT Publication No: W02006084132 to Kevin McKernan et al.,
herein incorporated by reference in its entirety). In some embodiments, the technology finds
use in DNA sequencing by parallel oligonucleotide extension (See, e.g., U.S. Pat. No.
5,750,341 to Macevicz et al., and U.S. Pat. No. 6,306,597 to Macevicz et al., both of which
are herein incorporated by reference in their entireties). Additional examples of sequencing
techniques in which the technology finds use include the Church polony technology (Mitra et
al., 2003, Analytical Biochemistry 320, 55-65; Shendure et al., 2005 Science 309, 1728-1732;
U.S. Pat. No. 6,432,360, U.S. Pat. No. 6,485,944, U.S. Pat. No. 6,511,803; herein
incorporated by reference in their entireties), the 454 picotiter pyrosequencing technology
(Margulies et al., 2005 Nature 437, 376-380; US 20050130173; herein incorporated by
reference in their entireties), the Solexa single base addition technology (Bennett et al., 2005,
Pharmacogenomics, 6, 373-382; U.S. Pat. No. 6,787,308; U.S. Pat. No. 6,833,246 herein
incorporated by reference in their entireties), the Lynx massively parallel signature
sequencing technology (Brenner et al. (2000). Nat. Biotechnol. 18:630-634; U.S. Pat. No.
5,695,934; U.S. Pat. No. 5,714,330, herein incorporated by reference in their entireties), and
the Adessi PCR colony technology (Adessi et al. (2000). Nucleic Acid Res. 28, E87; WO
00018957; herein incorporated by reference in its entirety).

Next-generation sequencing (NGS) methods share the common feature of massively
parallel, high-throughput strategies, with the goal of lower costs in comparison to older
sequencing methods (see, e.g., Voelkerding et al., Clinical Chem., 55: 641-658, 2009;
MacLean et al., Nature Rev. Microbiol., 7: 287-296; each herein incorporated by reference in
their entirety). NGS methods can be broadly divided into those that typically use template
amplification and those that do not. Amplification-requiring methods include pyrosequencing
commercialized by Roche as the 454 technology platforms (e.g., GS 20 and GS FLX), the
Solexa platform commercialized by Illumina, and the Supported Oligonucleotide Ligation
and Detection (SOLiD) platform commercialized by Applied Biosystems. Non-amplification
approaches, also known as single-molecule sequencing, are exemplified by the HeliScope

platform commercialized by Helicos BioSciences, and emerging platforms commercialized
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by VisiGen, Oxford Nanopore Technologies Ltd., Life Technologies/Ion Torrent, and Pacific
Biosciences, respectively.

In pyrosequencing (Voelkerding et al., Clinical Chem., 55: 641-658, 2009; MacLean
et al., Nature Rev. Microbiol., 7: 287-296; U.S. Pat. No. 6,210,891; U.S. Pat. No. 6,258,568;
each herein incorporated by reference in its entirety), template DNA is fragmented, end-
repaired, ligated to adaptors, and clonally amplified in-situ by capturing single template
molecules with beads bearing oligonucleotides complementary to the adaptors. Each bead
bearing a single template type is compartmentalized into a water-in-oil microvesicle, and the
template is clonally amplified using a technique referred to as emulsion PCR. The emulsion
is disrupted after amplification and beads are deposited into individual wells of a picotitre
plate functioning as a flow cell during the sequencing reactions. Ordered, iterative
introduction of each of the four ANTP reagents occurs in the flow cell in the presence of
sequencing enzymes and luminescent reporter such as luciferase. In the event that an
appropriate dNTP is added to the 3’ end of the sequencing primer, the resulting production of
ATP causes a burst of luminescence within the well, which is recorded using a CCD camera.
It is possible to achieve read lengths greater than or equal to 400 bases, and 10° sequence
reads can be achieved, resulting in up to 500 million base pairs (Mb) of sequence.

In the Solexa/Illumina platform (Voelkerding et al., Clinical Chem., 55: 641-658,
2009; MacLean et al., Nature Rev. Microbiol., 7: 287-296; U.S. Pat. No. 6,833.246; U.S. Pat.
No. 7,115,400; U.S. Pat. No. 6,969,488; each herein incorporated by reference in its entirety),
sequencing data are produced in the form of shorter-length reads. In this method, single-
stranded fragmented DNA is end-repaired to generate 5'-phosphorylated blunt ends, followed
by Klenow-mediated addition of a single A base to the 3’ end of the fragments. A-addition
facilitates addition of T-overhang adaptor oligonucleotides, which are subsequently used to
capture the template-adaptor molecules on the surface of a flow cell that is studded with
oligonucleotide anchors. The anchor is used as a PCR primer, but because of the length of the
template and its proximity to other nearby anchor oligonucleotides, extension by PCR results
in the “arching over” of the molecule to hybridize with an adjacent anchor oligonucleotide to
form a bridge structure on the surface of the flow cell. These loops of DNA are denatured and
cleaved. Forward strands are then sequenced with reversible dye terminators. The sequence
of incorporated nucleotides is determined by detection of post-incorporation fluorescence,
with each fluor and block removed prior to the next cycle of INTP addition. Sequence read
length ranges from 36 nucleotides to over 50 nucleotides, with overall output exceeding 1

billion nucleotide pairs per analytical run.
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Sequencing nucleic acid molecules using SOLiD technology (Voelkerding et al.,
Clinical Chem., 55: 641-658, 2009; MacLean et al., Nature Rev. Microbiol., 7: 287-296; U.S.
Pat. No. 5,912,148; U.S. Pat. No. 6,130,073; each herein incorporated by reference in their
entirety) also involves fragmentation of the template, ligation to oligonucleotide adaptors,
attachment to beads, and clonal amplification by emulsion PCR. Following this, beads
bearing template are immobilized on a derivatized surface of a glass flow-cell, and a primer
complementary to the adaptor oligonucleotide is annealed. However, rather than utilizing this
primer for 3’ extension, it is instead used to provide a 5" phosphate group for ligation to
interrogation probes containing two probe-specific bases followed by 6 degenerate bases and
one of four fluorescent labels. In the SOLiD system, interrogation probes have 16 possible
combinations of the two bases at the 3’ end of each probe, and one of four fluors at the 5’ end.
Fluor color, and thus identity of each probe, corresponds to specified color-space coding
schemes. Multiple rounds (usually 7) of probe annealing, ligation, and fluor detection are
followed by denaturation, and then a second round of sequencing using a primer that is offset
by one base relative to the initial primer. In this manner, the template sequence can be
computationally re-constructed, and template bases are interrogated twice, resulting in
increased accuracy. Sequence read length averages 35 nucleotides, and overall output
exceeds 4 billion bases per sequencing run.

In certain embodiments, the technology finds use in nanopore sequencing (see, e.g.,
Astier et al., J. Am. Chem. Soc. 2006 Feb 8; 128(5):1705-10, herein incorporated by
reference). The theory behind nanopore sequencing has to do with what occurs when a
nanopore is immersed in a conducting fluid and a potential (voltage) is applied across it.
Under these conditions a slight electric current due to conduction of ions through the
nanopore can be observed, and the amount of current is exceedingly sensitive to the size of
the nanopore. As each base of a nucleic acid passes through the nanopore, this causes a
change in the magnitude of the current through the nanopore that is distinct for each of the
four bases, thereby allowing the sequence of the DN A molecule to be determined.

In certain embodiments, the technology finds use in HeliScope by Helicos
BioSciences (Voelkerding et al., Clinical Chem., 55: 641-658, 2009; MacLean et al., Nature
Rev. Microbiol., 7: 287-296; U.S. Pat. No. 7,169,560; U.S. Pat. No. 7,282,337; U.S. Pat. No.
7,482,120; U.S. Pat. No. 7,501,245; U.S. Pat. No. 6,818,395; U.S. Pat. No. 6,911,345; U.S.
Pat. No. 7,501,245; each herein incorporated by reference in their entirety). Template DNA is
fragmented and polyadenylated at the 3’ end, with the final adenosine bearing a fluorescent

label. Denatured polyadenylated template fragments are ligated to poly(dT) oligonucleotides
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on the surface of a flow cell. Initial physical locations of captured template molecules are
recorded by a CCD camera, and then label is cleaved and washed away. Sequencing is
achieved by addition of polymerase and serial addition of fluorescently-labeled dNTP
reagents. Incorporation events result in fluor signal corresponding to the ANTP, and signal is
captured by a CCD camera before each round of dNTP addition. Sequence read length ranges
from 25-50 nucleotides, with overall output exceeding 1 billion nucleotide pairs per
analytical run.

The Ion Torrent technology is a method of DNA sequencing based on the detection of
hydrogen ions that are released during the polymerization of DNA (see, e.g., Science
327(5970): 1190 (2010); U.S. Pat. Appl. Pub. Nos. 20090026082, 20090127589,
20100301398, 20100197507, 20100188073, and 20100137143, incorporated by reference in
their entireties for all purposes). A microwell contains a template DNA strand to be
sequenced. Beneath the layer of microwells is a hypersensitive ISFET ion sensor. All layers
are contained within a CMOS semiconductor chip, similar to that used in the electronics
industry. When a ANTP is incorporated into the growing complementary strand a hydrogen
ion is released, which triggers a hypersensitive ion sensor. If homopolymer repeats are
present in the template sequence, multiple INTP molecules will be incorporated in a single
cycle. This leads to a corresponding number of released hydrogens and a proportionally
higher electronic signal. This technology differs from other sequencing technologies in that
no modified nucleotides or optics are used. The per-base accuracy of the lon Torrent
sequencer 1s ~99.6% for 50 base reads, with ~100 Mb generated per run. The read-length is
100 base pairs. The accuracy for homopolymer repeats of 5 repeats in length is ~98%. The
benefits of ion semiconductor sequencing are rapid sequencing speed and low upfront and
operating costs.

The technology finds use in another nucleic acid sequencing approach developed by
Stratos Genomics, Inc. and involves the use of Xpandomers. This sequencing process
typically includes providing a daughter strand produced by a template-directed synthesis. The
daughter strand generally includes a plurality of subunits coupled in a sequence
corresponding to a contiguous nucleotide sequence of all or a portion of a target nucleic acid
in which the individual subunits comprise a tether, at least one probe or nucleobase residue,
and at least one selectively cleavable bond. The selectively cleavable bond(s) is/are cleaved
to vield an Xpandomer of a length longer than the plurality of the subunits of the daughter
strand. The Xpandomer typically includes the tethers and reporter elements for parsing

genetic information in a sequence corresponding to the contiguous nucleotide sequence of all
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or a portion of the target nucleic acid. Reporter elements of the Xpandomer are then detected.
Additional details relating to Xpandomer-based approaches are described in, for example,
U.S. Pat. Pub No. 20090035777, entitled “High Throughput Nucleic Acid Sequencing by
Expansion,” filed June 19, 2008, which is incorporated herein in its entirety.

Other emerging single molecule sequencing methods include real-time sequencing by
synthesis using a VisiGen platform (Voelkerding et al., Clinical Chem., 55: 641-58, 2009,
U.S. Pat. No. 7,329,492; U.S. Pat. App. Ser. No. 11/671956; U.S. Pat. App. Ser. No.
11/781166; each herein incorporated by reference in their entirety) in which immobilized,
primed DNA template is subjected to strand extension using a fluorescently-modified
polymerase and florescent acceptor molecules, resulting in detectible fluorescence resonance
energy transfer (FRET) upon nucleotide addition.

In some embodiments, capillary electrophoresis (CE) is utilized to analyze
amplification fragments. During capillary electrophoresis, nucleic acids (e.g., the products of
a PCR reaction) are injected electrokinetically into capillaries filled with polymer. High
voltage is applied so that the fluorescent DNA fragments are separated by size and are
detected by a laser/camera system. In some embodiments, CE systems from Life Technogies
(Grand Island, NY) are utilized for fragment sizing (See e.g., US 6706162, US8043493, each

of which is herein incorporated by reference in its entirety).

2. Hybridization

[ustrative non-limiting examples of nucleic acid hybridization techniques include,
but are not limited to, in situ hybridization (ISH), microarray, and Southern or Northern blot.

In situ hybridization (ISH) is a type of hybridization that uses a labeled
complementary DNA or RNA strand as a probe to localize a specific DNA or RNA sequence
in a portion or section of tissue (in situ), or, if the tissue is small enough, the entire tissue
(whole mount ISH). DNA ISH can be used to determine the structure of chromosomes.
RNA ISH is used to measure and localize mRNAs and other transcripts within tissue sections
or whole mounts. Sample cells and tissues are usually treated to fix the target transcripts in
place and to increase access of the probe. The probe hybridizes to the target sequence at
elevated temperature, and then the excess probe is washed away. The probe that was labeled
with either radio-, fluorescent- or antigen-labeled bases is localized and quantitated in the
tissue using either autoradiography, fluorescence microscopy or immunohistochemistry,
respectively. ISH can also use two or more probes, labeled with radioactivity or the other

non-radioactive labels, to simultaneously detect two or more transcripts.
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2.1 FISH

In some embodiments, fusion sequences are detected using fluorescence in situ
hybridization (FISH). The preferred FISH assays for the present invention utilize bacterial
artificial chromosomes (BACs). These have been used extensively in the human genome
sequencing project (see Nature 409: 953-958 (2001)) and clones containing specific BACs
are available through distributors that can be located through many sources, e.g., NCBI.
Each BAC clone from the human genome has been given a reference name that
unambiguously identifies it. These names can be used to find a corresponding GenBank
sequence and to order copies of the clone from a distributor. In some embodiments, the
detection assay is a FISH assay utilizing a probe for TYKZ2and/or a TYK2-gene-fusion-
partner (e.g., NPM1).

2.2 Microarrays

Different kinds of biological assays are called microarrays including, but not limited
to: DNA microarrays (e.g., cDNA microarrays and oligonucleotide microarrays); protein
microarrays; tissue microarrays; transfection or cell microarrays; chemical compound
microarrays; and, antibody microarrays. A DNA microarray, commonly known as gene chip,
DNA chip, or biochip, is a collection of microscopic DNA spots attached to a solid surface
(e.g., glass, plastic or silicon chip) forming an array for the purpose of expression profiling or
monitoring expression levels for thousands of genes simultaneously. The affixed DNA
segments are known as probes, thousands of which can be used in a single DNA microarray.
Microarrays can be used to identify disease genes by comparing gene expression in disease
and normal cells. Microarrays can be fabricated using a variety of technologies, including
but not limiting: printing with fine-pointed pins onto glass slides; photolithography using
pre-made masks; photolithography using dynamic micromirror devices; ink-jet printing; or,
electrochemistry on microelectrode arrays.

Southern and Northem blotting is used to detect specific DNA or RNA sequences,
respectively. DNA or RNA extracted from a sample is fragmented, electrophoretically
separated on a matrix gel, and transferred to a membrane filter. The filter bound DNA or
RNA is subject to hybridization with a labeled probe complementary to the sequence of
interest. Hybridized probe bound to the filter is detected. A variant of the procedure is the

reverse Northern blot, in which the substrate nucleic acid that is affixed to the membrane is a

32



10

15

20

25

30

WO 2016/123517 PCT/US2016/015714

collection of isolated DNA fragments and the probe is RNA extracted from a tissue and

labeled.

3. Amplification

Chromosomal rearrangements of genomic DNA and chimeric mRNA may be
amplified prior to or simultaneous with detection. Illustrative non-limiting examples of
nucleic acid amplification techniques include, but are not limited to, polymerase chain
reaction (PCR), reverse transcription polymerase chain reaction (RT-PCR), transcription-
mediated amplification (TMA), ligase chain reaction (LCR), strand displacement
amplification (SDA), and nucleic acid sequence based amplification (NASBA). Those of
ordinary skill in the art will recognize that certain amplification techniques (e.g., PCR)
require that RNA be reversed transcribed to DNA prior to amplification (e.g., RT-PCR),
whereas other amplification techniques directly amplify RNA (e.g., TMA and NASBA).

The polymerase chain reaction (U.S. Pat. Nos. 4,683,195, 4,683,202, 4,800,159 and
4,965,188, each of which is herein incorporated by reference in its entirety), commonly
referred to as PCR, uses multiple cycles of denaturation, annealing of primer pairs to opposite
strands, and primer extension to exponentially increase copy numbers of a target nucleic acid
sequence. In a variation called RT-PCR, reverse transcriptase (RT) is used to make a
complementary DNA (cDNA) from mRNA, and the cDNA is then amplified by PCR to
produce multiple copies of DNA. For other various permutations of PCR see, e.g., U.S. Pat.
Nos. 4,683,195, 4,683,202 and 4,800,159; Mullis et al., Meth. Enzymol. 155: 335 (1987);
and, Murakawa et al., DNA 7: 287 (1988), each of which is herein incorporated by reference
in its entirety.

Transcription mediated amplification (U.S. Pat. Nos. 5,480,784 and 5,399,491, each
of which is herein incorporated by reference in its entirety), commonly referred to as TMA,
synthesizes multiple copies of a target nucleic acid sequence autocatalytically under
conditions of substantially constant temperature, ionic strength, and pH in which multiple
RNA copies of the target sequence autocatalytically generate additional copies. See, e.g.,
U.S. Pat. Nos. 5,399,491 and 5,824,518, each of which is herein incorporated by reference in
its entirety. In a variation described in U.S. Publ. No. 20060046265 (herein incorporated by
reference in its entirety), TMA optionally incorporates the use of blocking moieties,
terminating moieties, and other modifying moieties to improve TMA process sensitivity and

accuracy.
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The ligase chain reaction (Weiss, R., Science 254: 1292 (1991), herein incorporated
by reference in its entirety), commonly referred to as LCR, uses two sets of complementary
DNA oligonucleotides that hybridize to adjacent regions of the target nucleic acid. The DNA
oligonucleotides are covalently linked by a DNA ligase in repeated cycles of thermal
denaturation, hybridization and ligation to produce a detectable double-stranded ligated
oligonucleotide product.

Strand displacement amplification (Walker, G. et al., Proc. Natl. Acad. Sci. USA 89:
392-396 (1992); U.S. Pat. Nos. 5,270,184 and 5,455,166, each of which is herein
incorporated by reference in its entirety), commonly referred to as SDA, uses cycles of
annealing pairs of primer sequences to opposite strands of a target sequence, primer extension
in the presence of a ANTPaS to produce a duplex hemiphosphorothioated primer extension
product, endonuclease-mediated nicking of a hemimodified restriction endonuclease
recognition site, and polymerase-mediated primer extension from the 3' end of the nick to
displace an existing strand and produce a strand for the next round of primer annealing,
nicking and strand displacement, resulting in geometric amplification of product.
Thermophilic SDA (tSDA) uses thermophilic endonucleases and polymerases at higher
temperatures in essentially the same method (EP Pat. No. 0 684 315).

Other amplification methods include, for example: nucleic acid sequence based
amplification (U.S. Pat. No. 5,130,238, herein incorporated by reference in its entirety),
commonly referred to as NASBA; one that uses an RNA replicase to amplify the probe
molecule itself (Lizardi et al., BioTechnol. 6: 1197 (1988), herein incorporated by reference
in its entirety), commonly referred to as QP replicase; a transcription based amplification
method (Kwoh et al., Proc. Natl. Acad. Sci. USA 86:1173 (1989)); and, self-sustained
sequence replication (Guatelli et al., Proc. Natl. Acad. Sci. USA 87: 1874 (1990), each of
which is herein incorporated by reference in its entirety). For further discussion of
amplification methods see Persing, David H., “In Vitro Nucleic Acid Amplification
Techniques™ in Diagnostic Medical Microbiology: Principles and Applications (Persing et al.,
Eds.), pp. 51-87 (American Society for Microbiology, Washington, DC (1993)).

4, Detection Methods
Non-amplified or amplified gene fusion nucleic acids can be detected by any means.
For example, the gene fusions can be detected by hybridization with a detectably labeled
probe and measurement of the resulting hybrids. Illustrative non-limiting examples of

detection methods are described below.
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One illustrative detection method, the Hybridization Protection Assay (HPA) involves
hybridizing a chemiluminescent oligonucleotide probe (e.g., an acridinium ester-labeled (AE)
probe) to the target sequence, selectively hydrolyzing the chemiluminescent label present on
unhybridized probe, and measuring the chemiluminescence produced from the remaining
probe in a luminometer. See, e.g., U.S. Pat. No. 5,283,174 and Norman C. Nelson et al.,
Nonisotopic Probing, Blotting, and Sequencing, ch. 17 (Larry J. Kricka ed., 2d ed. 1995, each
of which is herein incorporated by reference in its entirety).

Another illustrative detection method provides for quantitative evaluation of the
amplification process in real-time. Evaluation of an amplification process in “real-time”
involves determining the amount of amplicon in the reaction mixture either continuously or
periodically during the amplification reaction, and using the determined values to calculate
the amount of target sequence initially present in the sample. A variety of methods for
determining the amount of initial target sequence present in a sample based on real-time
amplification including methods disclosed in U.S. Pat. Nos. 6,303,305 and 6,541,205, each of
which is herein incorporated by reference in its entirety can be used. Another method for
determining the quantity of target sequence initially present in a sample, but which is not
based on a real-time amplification, is disclosed in U.S. Pat. No. 5,710,029, herein
incorporated by reference in its entirety.

Amplification products may be detected in real-time through the use of various self-
hybridizing probes, most of which have a stem-loop structure. Such self-hybridizing probes
are labeled so that they emit differently detectable signals, depending on whether the probes
are in a self-hybridized state or an altered state through hybridization to a target sequence.

By way of non-limiting example, “molecular torches™ are a type of self-hybridizing probe
that includes distinct regions of self-complementarity (referred to as “the target binding
domain™ and “the target closing domain™) which are connected by a joining region (e.g., non-
nucleotide linker) and which hybridize to each other under predetermined hybridization assay
conditions. In a preferred embodiment, molecular torches contain single-stranded base
regions in the target binding domain that are from 1 to about 20 bases in length and are
accessible for hybridization to a target sequence present in an amplification reaction under
strand displacement conditions. Under strand displacement conditions, hybridization of the
two complementary regions, which may be fully or partially complementary, of the molecular
torch is favored, except in the presence of the target sequence, which will bind to the single-
stranded region present in the target binding domain and displace all or a portion of the target

closing domain. The target binding domain and the target closing domain of a molecular
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torch include a detectable label or a pair of interacting labels (e.g., luminescent/quencher)
positioned so that a different signal is produced when the molecular torch is self-hybridized
than when the molecular torch is hybridized to the target sequence, thereby permitting
detection of probe:target duplexes in a test sample in the presence of unhybridized molecular
torches. Molecular torches and a variety of types of interacting label pairs are disclosed in
U.S. Pat. No. 6,534,274, herein incorporated by reference in its entirety.

Another example of a detection probe having self-complementarity is a “molecular
beacon.” Molecular beacons include nucleic acid molecules having a target complementary
sequence, an affinity pair (or nucleic acid arms) holding the probe in a closed conformation in
the absence of a target sequence present in an amplification reaction, and a label pair that
interacts when the probe is in a closed conformation. Hybridization of the target sequence
and the target complementary sequence separates the members of the affinity pair, thereby
shifting the probe to an open conformation. The shift to the open conformation is detectable
due to reduced interaction of the label pair, which may be, for example, a fluorophore and a
quencher (e.g., DABCYL and EDANS). Molecular beacons are disclosed in U.S. Pat. Nos.
5,925,517 and 6,150,097, herein incorporated by reference in its entirety.

Other self-hybridizing are, for example, probe binding pairs having interacting labels,
such as those disclosed in U.S. Pat. No. 5,928,862 (herein incorporated by reference in its
entirety) might be adapted for use in the present invention. Probe systems used to detect
single nucleotide polymorphisms (SNPs) might also be utilized in the present invention.
Additional detection systems include “molecular switches,” as disclosed in U.S. Publ. No.
20050042638, herein incorporated by reference in its entirety. Other probes, such as those
comprising intercalating dyes and/or fluorochromes, are also useful for detection of
amplification products in the present invention. See, e.g., U.S. Pat. No. 5,814,447 (herein

incorporated by reference in its entirety).

C. Protein Detection
The gene fusions of the present invention may be detected as truncated or chimeric
proteins using a variety of protein techniques, including but not limited to: protein

sequencing; and, immunoassays.

1. Sequencing
IMlustrative non-limiting examples of protein sequencing techniques include, but are

not limited to, mass spectrometry and Edman degradation.
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Mass spectrometry can, in principle, sequence any size protein but becomes
computationally more difficult as size increases. A protein is digested by an endoprotease,
and the resulting solution is passed through a high pressure liquid chromatography column.
At the end of this column, the solution is sprayed out of a narrow nozzle charged to a high
positive potential into the mass spectrometer. The charge on the droplets causes them to
fragment until only single ions remain. The peptides are then fragmented and the mass-
charge ratios of the fragments measured. The mass spectrum is analyzed by computer and
often compared against a database of previously sequenced proteins in order to determine the
sequences of the fragments. The process is then repeated with a different digestion enzyme,
and the overlaps in sequences are used to construct a sequence for the protein.

In the Edman degradation reaction, the peptide to be sequenced is adsorbed onto a
solid surface (e.g., a glass fiber coated with polybrene). The Edman reagent,
phenylisothiocyanate (PTC), is added to the adsorbed peptide, together with a mildly basic
buffer solution of 12% trimethylamine, and reacts with the amine group of the N-terminal
amino acid. The terminal amino acid derivative can then be selectively detached by the
addition of anhydrous acid. The derivative isomerizes to give a substituted
phenylthiohydantoin, which can be washed off and identified by chromatography, and the
cycle can be repeated. The efficiency of each step is about 98%, which allows about 50

amino acids to be reliably determined.

2, Immunoassays

[ustrative non-limiting examples of immunoassays include, but are not limited to:
immunoprecipitation; Western blot; ELISA; immunohistochemistry; immunocytochemistry;
flow cytometry; and, immuno-PCR. Polyclonal or monoclonal antibodies detectably labeled
using various techniques (e.g., colorimetric, fluorescent, chemiluminescent or radioactive) are
suitable for use in the immunoassays.

Immunoprecipitation is the technique of precipitating an antigen out of solution using
an antibody specific to that antigen. The process can be used to identify protein complexes
present in cell extracts by targeting a protein believed to be in the complex. The complexes
are brought out of solution by insoluble antibody-binding proteins isolated initially from
bacteria, such as Protein A and Protein G. The antibodies can also be coupled to sepharose
beads that can easily be isolated out of solution. After washing, the precipitate can be
analyzed using mass spectrometry, Western blotting, or any number of other methods for

identifying constituents in the complex.
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A Western blot, or immunoblot, is a method to detect protein in a given sample of
tissue homogenate or extract. It uses gel electrophoresis to separate denatured proteins by
mass. The proteins are then transferred out of the gel and onto a membrane, typically
polyvinyldiflroride or nitrocellulose, where they are probed using antibodies specific to the
protein of interest. As a result, researchers can examine the amount of protein in a given
sample and compare levels between several groups.

An ELISA, short for Enzyme-Linked ImmunoSorbent Assay, is a biochemical
technique to detect the presence of an antibody or an antigen in a sample. It utilizes a
minimum of two antibodies, one of which is specific to the antigen and the other of which is
coupled to an enzyme. The second antibody will cause a chromogenic or fluorogenic
substrate to produce a signal. Variations of ELISA include sandwich ELISA, competitive
ELISA, and ELISPOT. Because the ELISA can be performed to evaluate either the presence
of antigen or the presence of antibody in a sample, it is a useful tool both for determining
serum antibody concentrations and also for detecting the presence of antigen.

Immunohistochemistry and immunocytochemistry refer to the process of localizing
proteins in a tissue section or cell, respectively, via the principle of antigens in tissue or cells
binding to their respective antibodies. Visualization is enabled by tagging the antibody with
color producing or fluorescent tags. Typical examples of color tags include, but are not
limited to, horseradish peroxidase and alkaline phosphatase. Typical examples of
fluorophore tags include, but are not limited to, fluorescein isothiocyanate (FITC) or
phycoerythrin (PE).

Flow cytometry is a technique for counting, examining and sorting microscopic
particles suspended in a stream of fluid. It allows simultaneous multiparametric analysis of
the physical and/or chemical characteristics of single cells flowing through an
optical/electronic detection apparatus. A beam of light (e.g., a laser) of a single frequency or
color is directed onto a hydrodynamically focused stream of fluid. A number of detectors are
aimed at the point where the stream passes through the light beam; one in line with the light
beam (Forward Scatter or FSC) and several perpendicular to it (Side Scatter (SSC) and one or
more fluorescent detectors). Each suspended particle passing through the beam scatters the
light in some way, and fluorescent chemicals in the particle may be excited into emitting light
at a lower frequency than the light source. The combination of scattered and fluorescent light
is picked up by the detectors, and by analyzing fluctuations in brightness at each detector, one
for each fluorescent emission peak, it is possible to deduce various facts about the physical

and chemical structure of each individual particle. FSC correlates with the cell volume and
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SSC correlates with the density or inner complexity of the particle (e.g., shape of the nucleus,
the amount and type of cytoplasmic granules or the membrane roughness).
Immuno-polymerase chain reaction (IPCR) utilizes nucleic acid amplification
techniques to increase signal generation in antibody-based immunoassays. Because no
protein equivalence of PCR exists, that is, proteins cannot be replicated in the same manner
that nucleic acid is replicated during PCR, the only way to increase detection sensitivity is by
signal amplification. The target proteins are bound to antibodies which are directly or
indirectly conjugated to oligonucleotides. Unbound antibodies are washed away and the
remaining bound antibodies have their oligonucleotides amplified. Protein detection occurs
via detection of amplified oligonucleotides using standard nucleic acid detection methods,

including real-time methods.

D. Data Analysis

In some embodiments, a computer-based analysis program is used to translate the raw
data generated by the detection assay (e.g., the presence, absence, or amount of a given
marker or markers) into data of predictive value for a clinician. The clinician can access the
predictive data using any suitable means. Thus, in some preferred embodiments, the present
invention provides the further benefit that the clinician, who is not likely to be trained in
genetics or molecular biology, need not understand the raw data. The data is presented
directly to the clinician in its most useful form. The clinician is then able to immediately
utilize the information in order to optimize the care of the subject.

The present invention contemplates any method capable of receiving, processing, and
transmitting the information to and from laboratories conducting the assays, information
provides, medical personal, and subjects. For example, in some embodiments of the present
invention, a sample (e.g., a biopsy or a serum sample) is obtained from a subject and
submitted to a profiling service (e.g., clinical lab at a medical facility, genomic profiling
business, etc.), located in any part of the world (e.g., in a country different than the country
where the subject resides or where the information is ultimately used) to generate raw data.
Where the sample comprises a tissue or other biological sample, the subject may visit a
medical center to have the sample obtained and sent to the profiling center, or subjects may
collect the sample themselves and directly send it to a profiling center. Where the sample
comprises previously determined biological information, the information may be directly sent
to the profiling service by the subject (e.g., an information card containing the information

may be scanned by a computer and the data transmitted to a computer of the profiling center

39



10

15

20

25

30

WO 2016/123517 PCT/US2016/015714

using an electronic communication systems). Once received by the profiling service, the
sample is processed and a profile is produced (i.e., expression data), specific for the
diagnostic or prognostic information desired for the subject.

The profile data is then prepared in a format suitable for interpretation by a treating
clinician. For example, rather than providing raw expression data, the prepared format may
represent a diagnosis or risk assessment (e.g., likelihood of cancer being present) for the
subject, along with recommendations for particular treatment options. The data may be
displayed to the clinician by any suitable method. For example, in some embodiments, the
profiling service generates a report that can be printed for the clinician (e.g., at the point of
care) or displayed to the clinician on a computer monitor.

In some embodiments, the information is first analyzed at the point of care or at a
regional facility. The raw data is then sent to a central processing facility for further analysis
and/or to convert the raw data to information useful for a clinician or patient. The central
processing facility provides the advantage of privacy (all data is stored in a central facility
with uniform security protocols), speed, and uniformity of data analysis. The central
processing facility can then control the fate of the data following treatment of the subject.
For example, using an electronic communication system, the central facility can provide data
to the clinician, the subject, or researchers.

In some embodiments, the subject is able to directly access the data using the
electronic communication system. The subject may chose further intervention or counseling
based on the results. In some embodiments, the data is used for research use. For example,
the data may be used to further optimize the inclusion or elimination of markers as useful

indicators of a particular condition or stage of disease.

E. In vivo Imaging

The gene fusions of the present invention may also be detected using in vivo imaging
techniques, including but not limited to: radionuclide imaging; positron emission
tomography (PET), computerized axial tomography, X-ray or magnetic resonance imaging
method, fluorescence detection, and chemiluminescent detection. In some embodiments, in
vivo imaging techniques are used to visualize the presence of or expression of cancer markers
in an animal (e.g., a human or non-human mammal). For example, in some embodiments,
cancer marker mRNA or protein is labeled using a labeled antibody specific for the cancer
marker. A specifically bound and labeled antibody can be detected in an individual using an

in vivo imaging method, including, but not limited to, radionuclide imaging, positron
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emission tomography, computerized axial tomography, X-ray or magnetic resonance imaging
method, fluorescence detection, and chemiluminescent detection. Methods for generating
antibodies to the cancer markers of the present invention are described below.

The in vivo imaging methods of the present invention are useful in the diagnosis of
cancers that express the cancer markers of the present invention. In vivo imaging is used to
visualize the presence of a marker indicative of the cancer. Such techniques allow for
diagnosis without the use of an unpleasant biopsy. The in vivo imaging methods of the
present invention are also useful for providing prognoses to cancer patients. For example, the
presence of a marker indicative of cancers likely to metastasize can be detected. The in vivo
imaging methods of the present invention can further be used to detect metastatic cancers in
other parts of the body.

In some embodiments, reagents (e.g., antibodies) specific for the cancer markers of
the present invention are fluorescently labeled. The labeled antibodies are introduced into a
subject (e.g., orally or parenterally). Fluorescently labeled antibodies are detected using any
suitable method (e.g., using the apparatus described in U.S. Pat. No. 6,198,107, herein
incorporated by reference).

In other embodiments, antibodies are radioactively labeled. Sumerdon et al., (Nucl.
Med. Biol 17:247-254 [1990] have described an optimized antibody-chelator for the
radioimmunoscintographic imaging of tumors using Indium-111 as the label. Griffin etal., (J
Clin Onc 9:631-640 [1991]) have described the use of this agent in detecting tumors in
patients suspected of having recurrent colorectal cancer. Agents with paramagnetic ions as
labels for magnetic resonance imaging can be utilized (Lauffer, Magnetic Resonance in
Medicine 22:339-342 [1991]). The label used will depend on the imaging modality chosen.
Radioactive labels such as Indium-111, Technetium-99m, or Iodine-131 can be used for
planar scans or single photon emission computed tomography (SPECT). Positron emitting
labels such as Fluorine-19 can also be used for positron emission tomography (PET). For
MRI, paramagnetic ions such as Gadolinium (IIT) or Manganese (I1) can be used.

Radioactive metals with half-lives ranging from 1 hour to 3.5 days are available for
conjugation to antibodies, such as scandium-47 (3.5 days) gallium-67 (2.8 days), gallium-68
(68 minutes), technetiium-99m (6 hours), and indium-111 (3.2 days), of which gallium-67,
technetium-99m, and indium-111 are preferable for gamma camera imaging, gallium-68 is
preferable for positron emission tomography.

A useful method of labeling antibodies with such radiometals is by means of a

bifunctional chelating agent, such as diethylenetriaminepentaacetic acid (DTPA), as
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described, for example, by Khaw et al. (Science 209:295 [1980]) for In-111 and Tc-99m, and
by Scheinberg et al. (Science 215:1511 [1982]). Other chelating agents may also be used, but
the 1-(p-carboxymethoxybenzyl )EDTA and the carboxycarbonic anhydride of DTPA are
advantageous because their use permits conjugation without affecting the antibody's
immunoreactivity substantially.

Another method for coupling DPTA to proteins is by use of the cyclic anhydride of
DTPA, as described by Hnatowich et al. (Int. J. Appl. Radiat. Isot. 33:327 [1982]) for
labeling of albumin with In-111, but which can be adapted for labeling of antibodies. A
suitable method of labeling antibodies with Tc-99m which does not use chelation with DPTA
is the pretinning method of Crockford et al., (U.S. Pat. No. 4,323,546, herein incorporated by
reference).

A preferred method of labeling immunoglobulins with Tc-99m is that described by
Wong et al. (Int. J. Appl. Radiat. Isot., 29:251 [1978]) for plasma protein, and recently
applied successfully by Wong et al. (J. Nucl. Med., 23:229 [1981]) for labeling antibodies.

In the case of the radiometals conjugated to the specific antibodys, it is likewise
desirable to introduce as high a proportion of the radiolabel as possible into the antibody
molecule without destroying its immunospecificity. A further improvement may be achieved
by effecting radiolabeling in the presence of the specific cancer marker of the present
invention, to insure that the antigen binding site on the antibody will be protected. The
antigen is separated after labeling.

In still further embodiments, in vivo biophotonic imaging (Xenogen, Almeda, CA) is
utilized for in vivo imaging. This real-time in vivo imaging utilizes luciferase. The
luciferase gene is incorporated into cells, microorganisms, and animals (e.g., as a fusion
protein with a cancer marker of the present invention). When active, it leads to a reaction

that emits light. A CCD camera and software is used to capture the image and analyze it.

F. Compositions & Kits

Compositions for use in the diagnostic methods of the present invention include, but
are not limited to, probes, amplification oligonucleotides, and antibodies. Particularly
preferred compositions detect a product only when a gene fusion of TYK2 and a TYK2-gene-
fusion-partner (e.g., NPM1) is present in a sample (e.g., NPM1-TYK2). In some
embodiments, the compositions include a single labeled probe comprising a sequence that
hybridizes to the junction at which a 5° portion from a TYK2-gene-fusion-partner (e.g.,

NPM1) fuses to a 3 portion from a TYK2 gene (i.e., spans the gene fusion junction). In some
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embodiments, the compositions include a pair of amplification oligonucleotides wherein the
first amplification oligonucleotide comprises a sequence that hybridizes to a TYK2-gene-
fusion-partner (e.g., NPM1) and the second amplification oligonucleotide comprises a
sequence that hybridizes to TYK2 gene. In some embodiments, the compositions include an
antibody to a gene fusion between TYK?2 and a TYK2-gene-fusion-partner (e.g., NPM1).

Other useful compositions, however, include: a pair of labeled probes wherein the
first labeled probe comprises a sequence that hybridizes to a TYK2-gene-fusion-partner (e.g.,
NPM1) and a second labeled probe comprises a sequence that hybridizes to an TYK2 gene.

Any of these compositions, alone or in combination with other compositions of the
present invention, may be provided in the form of a kit. For example, the single labeled
probe and pair of amplification oligonucleotides may be provided in a kit for the
amplification and detection of gene fusions of the present invention. Kits may further
comprise appropriate controls and/or detection reagents.

The probe and antibody compositions of the present invention may also be provided

in the form of an array.

IV.  Drug Screening Applications

In some embodiments, the present invention provides drug screening assays (e.g., to
screen for anticancer drugs). The screening methods of the present invention utilize cancer
markers identified using the methods of the present invention (e.g., including but not limited
to gene fusions between TYK2 and a TYK2-gene-fusion-partner (e.g., NPM1)). For
example, in some embodiments, the present invention provides methods of screening for
compounds that alter (e.g., decrease) the expression of cancer marker genes. The compounds
or agents may interfere with transcription, by interacting, for example, with the promoter
region. The compounds or agents may interfere with mRNA produced from the fusion (e.g.,
by RNA interference, antisense technologies, etc.). The compounds or agents may interfere
with pathways that are upstream or downstream of the biological activity of the fusion. In
some embodiments, candidate compounds are antisense or interfering RNA agents (e.g.,
oligonucleotides) directed against cancer markers. In other embodiments, candidate
compounds are antibodies or small molecules that specifically bind to a cancer marker
regulator or expression products of the present invention and inhibit its biological function.

In one screening method, candidate compounds are evaluated for their ability to alter
cancer marker expression by contacting a compound with a cell expressing a cancer marker

and then assaying for the effect of the candidate compounds on expression. In some
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embodiments, the effect of candidate compounds on expression of a cancer marker gene is
assayed for by detecting the level of cancer marker mRNA expressed by the cell. mRNA
expression can be detected by any suitable method. In other embodiments, the effect of
candidate compounds on expression of cancer marker genes is assayed by measuring the
level of polypeptide encoded by the cancer markers. The level of polypeptide expressed can
be measured using any suitable method, including but not limited to, those disclosed herein.

Specifically, the present invention provides screening methods for identifying
modulators, i.e., candidate or test compounds or agents (e.g., proteins, peptides,
peptidomimetics, peptoids, small molecules or other drugs) which bind to cancer markers of
the present invention, have an inhibitory (or stimulatory) effect on, for example, cancer
marker expression or cancer marker activity, or have a stimulatory or inhibitory effect on, for
example, the expression or activity of a cancer marker substrate. Compounds thus identified
can be used to modulate the activity of target gene products (e.g., cancer marker genes) either
directly or indirectly in a therapeutic protocol, to elaborate the biological function of the
target gene product, or to identify compounds that disrupt normal target gene interactions.
Compounds that inhibit the activity or expression of cancer markers are useful in the
treatment of proliferative disorders, e.g., cancer, particularly cutaneous CD30-positive
lymphoproliferative disorders (e.g., lymphomatoid papulosis; primary cutaneous anaplastic
large cell lymphoma).

In one embodiment, the invention provides assays for screening candidate or test
compounds that are substrates of a cancer marker protein or polypeptide or a biologically
active portion thereof. In another embodiment, the invention provides assays for screening
candidate or test compounds that bind to or modulate the activity of a cancer marker protein
or polypeptide or a biologically active portion thereof.

The test compounds of the present invention can be obtained using any of the
numerous approaches in combinatorial library methods, including biological libraries;
peptoid libraries (libraries of molecules having the functionalities of peptides, but with a
novel, non-peptide backbone, which are resistant to enzymatic degradation but which
nevertheless remain bioactive; see, e.g., Zuckennann et al., J. Med. Chem. 37: 2678-85
[1994]); spatially addressable parallel solid phase or solution phase libraries; synthetic library
methods requiring deconvolution; the 'one-bead one-compound' library method; and synthetic
library methods using affinity chromatography selection. The biological library and peptoid

library approaches are preferred for use with peptide libraries, while the other four
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approaches are applicable to peptide, non-peptide oligomer or small molecule libraries of
compounds (Lam (1997) Anticancer Drug Des. 12:145).

Examples of methods for the synthesis of molecular libraries can be found in the art,
for example in: DeWitt et al., Proc. Natl. Acad. Sci. U.S.A. 90:6909 [1993]; Erb et al., Proc.
Nad. Acad. Sci. USA 91:11422 [1994]; Zuckermann et al., J. Med. Chem. 37:2678 [1994];
Cho et al., Science 261:1303 [1993]; Carrell et al., Angew. Chem. Int. Ed. Engl. 33.2059
[1994]; Carell et al., Angew. Chem. Int. Ed. Engl. 33:2061 [1994]; and Gallop et al., J. Med.
Chem. 37:1233 [1994].

Libraries of compounds may be presented in solution (e.g., Houghten, Biotechniques
13:412-421 [1992]), or on beads (Lam, Nature 354:82-84 [1991]), chips (Fodor, Nature
364:555-556 [1993]), bacteria or spores (U.S. Pat. No. 5,223,409; herein incorporated by
reference), plasmids (Cull et al., Proc. Nad. Acad. Sci. USA 89:18651869 [1992]) or on
phage (Scott and Smith, Science 249:386-390 [1990]; Devlin Science 249:404-406 [1990];
Cwirla et al., Proc. Natl. Acad. Sci. 87:6378-6382 [1990]; Felici, J. Mol. Biol. 222:301
[1991]).

VI.  Therapeutic Applications

In some embodiments, the present invention provides therapies for cancer (e.g.,
cutaneous CD30-positive lymphoproliferative disorders (e.g., lymphomatoid papulosis;
primary cutaneous anaplastic large cell lymphoma)). In some embodiments, therapies
directly or indirectly target cancer markers (e.g., including but not limited to, gene fusions

between TYK2 and a TYK2-gene-fusion-partner (e.g., NPM1).

A, RNA Interference and Antisense Therapies

In some embodiments, the present invention targets the expression of cancer markers.
For example, in some embodiments, the present invention employs compositions comprising
oligomeric antisense or RNAi compounds, particularly oligonucleotides (e.g., those identified
in the drug screening methods described above), for use in modulating the function of nucleic
acid molecules encoding cancer markers of the present invention, ultimately modulating the

amount of cancer marker expressed.

1. RNA Interference (RNAi)
In some embodiments, RNALI is utilized to inhibit fusion protein function. RNAi

represents an evolutionary conserved cellular defense for controlling the expression of
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foreign genes in most eukaryotes, including humans. RNAI is typically triggered by double-
stranded RNA (dsRNA) and causes sequence-specific mRNA degradation of single-stranded
target RN As homologous in response to dSRNA. The mediators of mRNA degradation are
small interfering RNA duplexes (siRNAs), which are normally produced from long dsRNA
by enzymatic cleavage in the cell. siRNAs are generally approximately twenty-one
nucleotides in length (e.g. 21-23 nucleotides in length), and have a base-paired structure
characterized by two nucleotide 3'-overhangs. Following the introduction of a small RNA, or
RNAL, into the cell, it is believed the sequence is delivered to an enzyme complex called
RISC (RNA-induced silencing complex). RISC recognizes the target and cleaves it with an
endonuclease. It is noted that if larger RNA sequences are delivered to a cell, RNase III
enzyme (Dicer) converts longer dsRNA into 21-23 nt ds siRNA fragments. In some
embodiments, RN Ai oligonucleotides are designed to target the junction region of fusion
proteins.

Chemically synthesized siRN As have become powerful reagents for genome-wide
analysis of mammalian gene function in cultured somatic cells. Beyond their value for
validation of gene function, siRNAs also hold great potential as gene-specific therapeutic
agents (Tuschl and Borkhardt, Molecular Intervent. 2002; 2(3):158-67, herein incorporated
by reference).

The transfection of siRNAs into animal cells results in the potent, long-lasting post-
transcriptional silencing of specific genes (Caplen et al, Proc Natl Acad Sci U.S.A. 2001; 98:
9742-7; Elbashir et al., Nature. 2001; 411:494-8; Elbashir et al., Genes Dev. 2001;15: 188-
200; and Elbashir et al., EMBO J. 2001; 20: 687788, all of which are herein incorporated by
reference). Methods and compositions for performing RN Ai with siRNAs are described, for
example, in U.S. Pat. 6,506,559, herein incorporated by reference.

siRNAs are extraordinarily effective at lowering the amounts of targeted RNA, and by
extension proteins, frequently to undetectable levels. The silencing effect can last several
months, and is extraordinarily specific, because one nucleotide mismatch between the target
RNA and the central region of the siRNA is frequently sufficient to prevent silencing
(Brummelkamp et al, Science 2002; 296:550-3; and Holen et al, Nucleic Acids Res. 2002;
30:1757-66, both of which are herein incorporated by reference).

An important factor in the design of siRNAs is the presence of accessible sites for siRNA
binding. Bahoia et al., (J. Biol. Chem., 2003; 278: 15991-15997; herein incorporated by
reference) describe the use of a type of DNA array called a scanning array to find accessible

sites in mRNAs for designing effective siRNAs. These arrays comprise oligonucleotides
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ranging in size from monomers to a certain maximum, usually Comers, synthesized using a
physical barrier (mask) by stepwise addition of each base in the sequence. Thus the arrays
represent a full oligonucleotide complement of a region of the target gene. Hybridization of
the target mRNA to these arrays provides an exhaustive accessibility profile of this region of
the target mRNA. Such data are useful in the design of antisense oligonucleotides (ranging
from 7mers to 25mers), where it is important to achieve a compromise between
oligonucleotide length and binding affinity, to retain efficacy and target specificity (Sohail et
al, Nucleic Acids Res., 2001; 29(10): 2041- 2045). Additional methods and concerns for
selecting siRNAs are described for example, in WO 05054270, WO05038054A1,
WO03070966A2, J Mol Biol. 2005 May 13;348(4):883-93, J Mol Biol. 2005 May
13;348(4):871-81, and Nucleic Acids Res. 2003 Aug 1;31(15):4417-24, each of which is
herein incorporated by reference in its entirety. In addition, software (e.g., the MWG online
siMAX siRNA design tool) is commercially or publicly available for use in the selection of

siRNAs.

2, Antisense

In other embodiments, fusion protein expression is modulated using antisense
compounds that specifically hybridize with one or more nucleic acids encoding cancer
markers of the present invention. The specific hybridization of an oligomeric compound with
its target nucleic acid interferes with the normal function of the nucleic acid. This
modulation of function of a target nucleic acid by compounds that specifically hybridize to it
is generally referred to as "antisense." The functions of DNA to be interfered with include
replication and transcription. The functions of RNA to be interfered with include all vital
functions such as, for example, translocation of the RNA to the site of protein translation,
translation of protein from the RNA, splicing of the RNA to yield one or more mRNA
species, and catalytic activity that may be engaged in or facilitated by the RNA. The overall
effect of such interference with target nucleic acid function is modulation of the expression of
cancer markers of the present invention. In the context of the present invention,
"modulation" means either an increase (stimulation) or a decrease (inhibition) in the
expression of a gene. For example, expression may be inhibited to potentially prevent tumor
proliferation.

It is preferred to target specific nucleic acids for antisense. "Targeting" an antisense
compound to a particular nucleic acid, in the context of the present invention, is a multistep

process. The process usually begins with the identification of a nucleic acid sequence whose
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function is to be modulated. This may be, for example, a cellular gene (or mRNA transcribed
from the gene) whose expression is associated with a particular disorder or disease state, or a
nucleic acid molecule from an infectious agent. In the present invention, the target is a
nucleic acid molecule encoding a cancer marker of the present invention. The targeting
process also includes determination of a site or sites within this gene for the antisense
interaction to occur such that the desired effect, e.g., detection or modulation of expression of
the protein, will result.

Chimeric antisense compounds of the present invention may be formed as composite
structures of two or more oligonucleotides, modified oligonucleotides, oligonucleosides
and/or oligonucleotide mimetics as described above.

The present invention also includes pharmaceutical compositions and formulations

that include the antisense compounds of the present invention as described below.

B. Gene Therapy

The present invention contemplates the use of any genetic manipulation for use in
modulating the expression of cancer markers of the present invention. Examples of genetic
manipulation include, but are not limited to, gene knockout (e.g., removing the fusion gene
from the chromosome using, for example, recombination), expression of antisense constructs
with or without inducible promoters, and the like. Delivery of nucleic acid construct to cells
in vitro or in vivo may be conducted using any suitable method. A suitable method is one
that introduces the nucleic acid construct into the cell such that the desired event occurs (e.g.,
expression of an antisense construct). Genetic therapy may also be used to deliver siRNA or
other interfering molecules that are expressed in vivo (e.g., upon stimulation by an inducible
promoter).

Introduction of molecules carrying genetic information into cells is achieved by any
of various methods including, but not limited to, directed injection of naked DNA constructs,
bombardment with gold particles loaded with said constructs, and macromolecule mediated
gene transfer using, for example, liposomes, biopolymers, and the like. Preferred methods
use gene delivery vehicles derived from viruses, including, but not limited to, adenoviruses,
retroviruses, vaccinia viruses, and adeno-associated viruses. Because of the higher efficiency
as compared to retroviruses, vectors derived from adenoviruses are the preferred gene
delivery vehicles for transferring nucleic acid molecules into host cells in vivo. Adenoviral
vectors have been shown to provide very efficient in vivo gene transfer into a variety of solid

tumors in animal models and into human solid tumor xenografts in immune-deficient mice.
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Examples of adenoviral vectors and methods for gene transfer are described in PCT
publications WO 00/12738 and WO 00/09675 and U.S. Pat. Appl. Nos. 6,033,908, 6,019,978,
6,001,557, 5,994,132, 5,994,128, 5,994,106, 5,981,225, 5,885,808, 5,872,154, 5,830,730, and
5,824,544, each of which is herein incorporated by reference in its entirety.

Vectors may be administered to subject in a variety of ways. For example, in some
embodiments of the present invention, vectors are administered into tumors or tissue
associated with tumors using direct injection. In other embodiments, administration is via the
blood or lymphatic circulation (See e.g., PCT publication 99/02685 herein incorporated by
reference in its entirety). Exemplary dose levels of adenoviral vector are preferably 10® to

10" vector particles added to the perfusate.

C. Antibody Therapy

In some embodiments, the present invention provides antibodies that target cells that
express a cancer marker of the present invention (e.g., a gene fusion between TYK2 and a
TYK2-gene-fusion-partner (e.g., NPM1)). Any suitable antibody (e.g., monoclonal,
polyclonal, or synthetic) may be utilized in the therapeutic methods disclosed herein. In
preferred embodiments, the antibodies used for cancer therapy are humanized antibodies.
Methods for humanizing antibodies can be utilized (See e.g., U.S. Pat. Nos. 6,180,370,
5,585,089, 6,054,297, and 5,565,332; each of which is herein incorporated by reference).

In some embodiments, the therapeutic antibodies comprise an antibody generated
against a cancer marker of the present invention (e.g., a gene fusion between TYK2 and a
TYK2-gene-fusion-partner (e.g., NPM1)), wherein the antibody is conjugated to a cytotoxic
agent. In such embodiments, a tumor specific therapeutic agent is generated that does not
target normal cells, thus reducing many of the detrimental side effects of traditional
chemotherapy. For certain applications, it is envisioned that the therapeutic agents will be
pharmacologic agents that will serve as useful agents for attachment to antibodies,
particularly cytotoxic or otherwise anticellular agents having the ability to kill or suppress the
growth or cell division of endothelial cells. The present invention contemplates the use of
any pharmacologic agent that can be conjugated to an antibody, and delivered in active form.
Exemplary anticellular agents include chemotherapeutic agents, radioisotopes, and
cytotoxins. The therapeutic antibodies of the present invention may include a variety of
cytotoxic moieties, including but not limited to, radioactive isotopes (e.g., iodine-131, iodine-
123, technicium-99m, indium-111, rhenium-188, thenium-186, gallium-67, copper-67,

yttrium-90, iodine-125 or astatine-211), hormones such as a steroid, antimetabolites such as

49



10

15

20

25

30

WO 2016/123517 PCT/US2016/015714

cytosines (e.g., arabinoside, fluorouracil, methotrexate or aminopterin; an anthracycline;
mitomycin C), vinca alkaloids (e.g., demecolcine; etoposide; mithramycin), and antitumor
alkylating agent such as chlorambucil or melphalan. Other embodiments may include agents
such as a coagulant, a cytokine, growth factor, bacterial endotoxin or the lipid A moiety of
bacterial endotoxin. For example, in some embodiments, therapeutic agents will include
plant-, fungus- or bacteria-derived toxin, such as an A chain toxins, a ribosome inactivating
protein, a-sarcin, aspergillin, restrictocin, a ribonuclease, diphtheria toxin or pseudomonas
exotoxin, to mention just a few examples. In some preferred embodiments, deglycosylated
ricin A chain is utilized.

In any event, it is proposed that agents such as these may, if desired, be successfully
conjugated to an antibody, in a manner that will allow their targeting, internalization, release
or presentation to blood components at the site of the targeted tumor cells as required using
conjugation technology (See, e.g., Ghose et al., Methods Enzymol., 93:280 [1983]).

For example, in some embodiments the present invention provides immunotoxins
targeted to a cancer marker of the present invention (e.g., a gene fusion between TYK2 and a
TYK2-gene-fusion-partner (e.g., NPM1)). Immunotoxins are conjugates of a specific
targeting agent typically a tumor-directed antibody or fragment, with a cytotoxic agent, such
as a toxin moiety. The targeting agent directs the toxin to, and thereby selectively kills, cells
carrying the targeted antigen. In some embodiments, therapeutic antibodies employ
crosslinkers that provide high in vivo stability (Thorpe et al., Cancer Res., 48:6396 [1988]).

In other embodiments, particularly those involving treatment of solid tumors,
antibodies are designed to have a cytotoxic or otherwise anticellular effect against the tumor
vasculature, by suppressing the growth or cell division of the vascular endothelial cells. This
attack is intended to lead to a tumor-localized vascular collapse, depriving the tumor cells,
particularly those tumor cells distal of the vasculature, of oxygen and nutrients, ultimately
leading to cell death and tumor necrosis.

In preferred embodiments, antibody based therapeutics are formulated as
pharmaceutical compositions as described below. In preferred embodiments, administration
of an antibody composition of the present invention results in a measurable decrease in

cancer (e.g., decrease or elimination of tumor).

D. Pharmaceutical Compositions
The present invention further provides pharmaceutical compositions (e.g., comprising

pharmaceutical agents that modulate the expression or activity of gene fusions of the present
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invention (e.g., a gene fusion between TYK2 and a TYK2-gene-fusion-partner (e.g.,
NPM1))). The pharmaceutical compositions of the present invention may be administered in
anumber of ways depending upon whether local or systemic treatment is desired and upon
the area to be treated. Administration may be topical (including ophthalmic and to mucous
membranes including vaginal and rectal delivery), pulmonary (e.g., by inhalation or
insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal,
epidermal and transdermal), oral or parenteral. Parenteral administration includes
intravenous, intraarterial, subcutaneous, intraperitoneal or intramuscular injection or infusion;
or intracranial, e.g., intrathecal or intraventricular, administration.

Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and
powders. Pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may
be necessary or desirable.

Compositions and formulations for oral administration include powders or granules,
suspensions or solutions in water or non-aqueous media, capsules, sachets or tablets.
Thickeners, flavoring agents, diluents, emulsifiers, dispersing aids or binders may be
desirable.

Compositions and formulations for parenteral, intrathecal or intraventricular
administration may include sterile aqueous solutions that may also contain buffers, diluents
and other suitable additives such as, but not limited to, penetration enhancers, carrier
compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present invention include, but are not limited to,
solutions, emulsions, and liposome-containing formulations. These compositions may be
generated from a variety of components that include, but are not limited to, preformed
liquids, self-emulsifying solids and self-emulsifying semisolids.

The pharmaceutical formulations of the present invention, which may conveniently be
presented in unit dosage form, may be prepared according to techniques such as, for example,
bringing into association the active ingredients with the pharmaceutical carrier(s) or
excipient(s). In general the formulations are prepared by uniformly and intimately bringing
into association the active ingredients with liquid carriers or finely divided solid carriers or
both, and then, if necessary, shaping the product.

The compositions of the present invention may be formulated into any of many
possible dosage forms such as, but not limited to, tablets, capsules, liquid syrups, soft gels,

suppositories, and enemas. The compositions of the present invention may also be
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formulated as suspensions in aqueous, non-aqueous or mixed media. Aqueous suspensions
may further contain substances that increase the viscosity of the suspension including, for
example, sodium carboxymethylcellulose, sorbitol and/or dextran. The suspension may also
contain stabilizers.

In one embodiment of the present invention the pharmaceutical compositions may be
formulated and used as foams. Pharmaceutical foams include formulations such as, but not
limited to, emulsions, microemulsions, creams, jellies and liposomes. While basically similar
in nature these formulations vary in the components and the consistency of the final product.

Agents that enhance uptake of oligonucleotides at the cellular level may also be added
to the pharmaceutical and other compositions of the present invention. For example, cationic
lipids, such as lipofectin (U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and
polycationic molecules, such as polylysine (WO 97/30731), also enhance the cellular uptake
of oligonucleotides.

The compositions of the present invention may additionally contain other adjunct
components found in pharmaceutical compositions. Thus, for example, the compositions
may contain additional, compatible, pharmaceutically-active materials such as, for example,
antipruritics, astringents, local anesthetics or anti-inflammatory agents, or may contain
additional materials useful in physically formulating various dosage forms of the
compositions of the present invention, such as dyes, flavoring agents, preservatives,
antioxidants, opacifiers, thickening agents and stabilizers. However, such materials, when
added, should not unduly interfere with the biological activities of the components of the
compositions of the present invention. The formulations can be sterilized and, if desired,
mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers, wetting agents,
emulsifiers, salts for influencing osmotic pressure, buffers, colorings, flavorings and/or
aromatic substances and the like which do not deleteriously interact with the nucleic acid(s)
of the formulation.

Certain embodiments of the invention provide pharmaceutical compositions
containing (a) one or more antisense compounds and (b) one or more other chemotherapeutic
agents that function by a non-antisense mechanism. Examples of such chemotherapeutic
agents include, but are not limited to, anticancer drugs such as daunorubicin, dactinomycin,
doxorubicin, bleomycin, mitomycin, nitrogen mustard, chlorambucil, melphalan,
cyclophosphamide, 6-mercaptopurine, 6-thioguanine, cytarabine (CA), S-fluorouracil (5-FU),
floxuridine (5-FUdR), methotrexate (MTX), colchicine, vincristine, vinblastine, etoposide,

teniposide, cisplatin and diethylstilbestrol (DES). Anti-inflammatory drugs, including but not
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limited to nonsteroidal anti-inflammatory drugs and corticosteroids, and antiviral drugs,
including but not limited to ribivirin, vidarabine, acyclovir and ganciclovir, may also be
combined in compositions of the invention. Other non-antisense chemotherapeutic agents are
also within the scope of this invention. Two or more combined compounds may be used
together or sequentially.

Dosing is dependent on severity and responsiveness of the disease state to be treated,
with the course of treatment lasting from several days to several months, or until a cure is
effected or a diminution of the disease state is achieved. Optimal dosing schedules can be
calculated from measurements of drug accumulation in the body of the patient. The
administering physician can easily determine optimum dosages, dosing methodologies and
repetition rates. Optimum dosages may vary depending on the relative potency of individual

oligonucleotides, and can generally be estimated based on EC5(s found to be effective in in

vitro and in vivo animal models or based on the examples described herein. In general,
dosage is from 0.01 ug to 100 g per kg of body weight, and may be given once or more daily,
weekly, monthly or yearly. The treating physician can estimate repetition rates for dosing
based on measured residence times and concentrations of the drug in bodily fluids or tissues.
Following successful treatment, it may be desirable to have the subject undergo maintenance
therapy to prevent the recurrence of the disease state, wherein the oligonucleotide is
administered in maintenance doses, ranging from 0.01 pg to 100 g per kg of body weight,

once or more daily, to once every 20 years.

EXPERIMENTAL

The following examples are illustrative, but not limiting, of the compounds,
compositions, and methods of the present invention. Other suitable modifications and
adaptations of the variety of conditions and parameters normally encountered in clinical
therapy and which are obvious to those skilled in the art are within the spirit and scope of the

invention.

Example 1.

This example describes the methods for Examples 2 and 3.

RNAseq RNA was isolated from the MyLa cell lines using RNeasy kit from Qiagen
(Valencia, CA, USA) and quantitated using the Agilent 2100 bio-analyzer (Agilent
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Biotechnologies, Santa Clara, CA, USA). Samples with RNA integrity score (RIN) >6 were
used for preparing cDNA libraries for transcriptome sequencing. Paired-end libraries for
sequencing with Illumina Genome Analyzer I1 were prepared according to the protocol
provided by Illumina, with minor modifications, with the mRNA-seq sample prep kit
(Illumina). Sequence analysis was carried out using a combination of custom designed

bioinformatics tools and Chimerascan (see, e.g., [yer MK, Bioinformatics 2011;27:2903-4).

Clinical samples Clinical samples of primary cutaneous CD30-positive T-cell

lymphoproliferative disorders (n = 47); mycosis fungoides (n = 44); systemic ALK-negative
anaplastic large cell lymphoma (n = 44); ALK-positive anaplastic large cell lymphoma (n =
22); peripheral T-cell lymphoma, not otherwise specified (n = 24); angioimmunoblastic T-
cell lymphoma (n = 7); extranodal NK/T-cell lymphoma (n = 5); enteropathy-associated T-
cell lymphoma (n = 3); hepatosplenic T-cell lymphoma (n =1); cutaneous gamma/delta T-cell
lymphoma (n = 1) were obtained with IRB approval from the pathology archives of the
University of Michigan, the University of Texas MD Anderson Cancer Center, Henry Ford
Health System, and Seoul National University Hospital. Diagnoses were established by using
2008 World Health Organization criteria (see, e.g., Swerdlow SH, et al., WHO Classification
of Tumours of Haematopoietic and Lymphoid Tissues. Lyon: IARC; 2008). Patients with
CD30-positive T-cell lymphoproliferative disorders were further subclassified as having
either lymphomatoid papulosis or primary cutaneous anaplastic large cell lymphoma based
on the combination of histologic and clinical features (see, e.g., Bekkenk MW, et al., Blood
2000;95:3653-61). 1mm diameter cores were taken in triplicate from tumor-rich areas of each
formalin-fixed, paraffin-embedded specimen for tissue microarray construction and

subsequent immunohistochemical and fluorescence in situ hybridization analysis.

Clinical information Clinical information was available for four of the seven patients

demonstrating TYK2 translocations, including 1 patient with NPM1-TYK2 fusion (Fig. 1).
The patient with NPM1-TYK?2 fusion presented at the age of 71 with localized disease
diagnosed as LYP. Phototherapy resulted in 6 years of remission. The patient’s disease
recurred and was controlled with methotrexate. Another patient presented at the age of 40
with localized disease diagnosed as LYP. After initial treatment with radiation therapy, he
developed more widespread involvement that was currently controlled with methotrexate and
topical steroids. A third patient presented at the age of 49 with disease diagnosed as LYP.

Her disease was currently controlled with methotrexate. The fourth patient was diagnosed
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with LYP at the age of 31 which progressed to cutaneous ALCL. The patient received
radiation and methotrexate with stable disease. Of note, no difference in clinical behavior or

presentation was discernable between cases with and without a TYK2 rearrangement.

Fluorescence in situ hybridization (FISH) Interphase FISH was performed to assess

for TYK2 rearrangements and for specific NPM1-TYK?2 fusions. Fluorescently labeled BAC

clones were purchased from Empire Genomics, Buffalo, NY, USA. Tissue microarrays
containing clinical samples were sectioned at 4um and deparaffinized. The deparaffinized
tissue microarray and cytospin slides of MyLa cells were hybridized with the probes
overnight and assessed by fluorescent microscopy. BAC clones used for FISH included
TYK2 probes: RP11-177J4 labeled with ROX (5° of TYK2), RP11-347E20, labeled with
fluorescein (3° of TYK2) and NPM1 probe RP11-1072120, labeled with ROX (5° of NPM1).

Quantitative real time polvmerase chain reaction (QRT-PCR) validation Reverse

transcription. 1pug of total RNA was used for preparation of cDNA using SuperScript 11
reverse transcription kit (Life Technologies, Grand Island, NY, USA). The final product was
diluted to 100ul in nuclease free water. 1ul of this diluted cDNA was used for quantitative

real-time polymerase chain reaction (QRT-PCR) analyses.

SYBR green assay. qRT-PCR was performed using Power SYBR Green Mastermix

(Applied Biosystems, Carlsbad, CA, USA) on an Applied Biosystems StepOne Plus Real-
Time PCR System. All oligonucleotide primers were obtained from Integrated DNA
Technologies (Coralville, IA). Control primers were used to amplify the GAPDH
housekeeping gene. All assays were performed and repeated twice and results were plotted as
average fold change relative to GAPDH.

Primers used for validation of NPM1-TYK2 fusion transcripts in cell lines by SYBR
green assay:

NPM-TYK2 Q F1 S>ACTCAAAACCATCATCAACACCA3’ (SEQID NO: 1)

NPM-TYK2 Q R1 5GTTCCGGCCACACACATTAC3’ (SEQ ID NO: 2)

Sanger sequencing of NPM1-TYK?2 fusion chimera NPM1-TYK?2 fusion chimera was

amplified from MyLa T-cell line using two different primer sets for NPM1 and TYK2. The

primers were designed to amplify across the fusion chimera generating two different

amplicons (175 bp and 468 bp) using Phusion DNA polymerase (New England Biolabs,
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Ipswich, MA, USA) followed by conventional Sanger sequencing technology using BigDye
version 3.1 chemistry run on an Applied Biosystems 3730x] DNA Sequencer. The PCR
products were separated on a 1% agarose gel, bands excised and purified for Sanger

sequencing,

Genomic PCR for genomic breakpoint mapping To identify the genomic break point

in the index NPM1-TYK2 fusion event, a series of forward primers were designed that
spanned from last exon of NPM1 present in NPM1-TYK2 fusion to the end of the following
intron. Similarly, reverse primers were designed to span the region between the first exon of
TYK2 in NPM1-TYK?2 through the entire intron proximal to the exon. Genomic DNA was
isolated from MyLa and HH cells using QIAamp DNA extraction kit (Valencia, CA, USA).
40ng of genomic DNA was used as template for performing genomic PCR using High
Fidelity Phusion DNA Polymerase.

Primers used for amplifying across the juxtaposed NPM1 and TYK?2 introns:

NPMg F 5>’ACAGAGGGCGTATGAGACTTC3’ (SEQ ID NO: 3)

TYK2g R 5’CCATAGGGACAGCCAATGTGAAAA3’ (SEQ ID NO: 4)

Molecular cloning of NPM1-TYK2 full length fusion gene and transient expression in

HEK293FT cells The full length wild-type NPM1-TYK2 fusion gene was amplified from

MyLa cell line using high fidelity Phusion DNA polymerase. The amplified gene product was
then cloned into pLentilox IRES GFP mammalian expression Lenti virus vector (University
of Michigan Vector Core, MI, USA) between Xhol and Xbalrestriction sites. FLAG
sequences were artificially introduced at the N-terminal end of the gene by PCR. NPM1-
TYK2 K462R kinase dead mutant (see, e.g., Gauzzi MC, et al., The Journal of biological
chemistry 1996;271:20494-500was generated by performing site directed mutagenesis PCR
using mutant primers and wild type NPM1-TYK2 gene as template. Sequence verified clones
were transfected into HEK293FT cells and checked for expression of fusion protein after

48hrs post transfection using PolyJet (SignaGen, Rockville, MD, USA).

Cell culture The hematological cell lines used for such experiments were stocked and
HEK293FT cells were obtained from American Type Culture Collection (ATCC, Manassas,
VA, USA). T-cell derived cell lines were maintained in RPMI-1640 medium supplemented
with 20% FBS, L-glutamine and penicillin/streptomycin (Thermo Scientific, Waltham, MA,
USA). HEK293FT cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM)
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supplemented with 10%FBS, glutamine and penicillin/streptomycin. Stable TYK2
knockdown MyLa cell lines were generated by transducing the lentivirus supernatant
containing shRNAs for TYK?2 and selecting them with puromycin (1ug/mL) for 48hrs post

transduction.

Immunoblotting The levels of pSTATI, pSTAT3, pSTATS and pTYK2 were

analysed in cell lines after treating them with 1mM activated Na3V04 for 1hr prior
harvesting. The lysates used in the immunoblotting experiments were prepared from the cell
lines using RIPA buffer containing S0mM Tris HCI, pH 7.4; 1% NP-40; 0.25% Na-
deoxycholate; 150mM NaCl; 1mM PMSF; 1mM EDTA; 1mM Na;V04; ImM NaF; and 0.1%
SDS. The samples were incubated on ice for 30 min followed by centrifugation at 10,000x
for 15 min. The protein content of the supernatants was estimated using a protein BCA assay
kit (Pierce protein research products, Rockford, IL, USA). 20ug of protein extract was
separated on a high resolution SDS PAGE using MES SDS running buffer, and analyzed for
expression of proteins by immunoblotting using antibodies specific for monoclonal ANTI-
FLAG M2 (clone M2) antibody (Sigma, St. Louis, MO, USA). pSTAT1 (Y701), STATI,
pSTATS3 (Y705), STAT3, pSTATS (Y694), STATS, pTYK2 (Y1054/55) and TYK2
antibodies were purchased from Cell Signaling Technologies (Beverly, MA, USA) and used
in our study.

Transcriptional activation assay DNA constructs containing vector and NPM1-TYK2

wild type and K462R mutant were co-transfected along with luciferase reporter system
plasmids sensitive to appropriate STAT proteins (pGL4.52 luc2P/STATSRE; pGL4.45
luc2P/ISRE; Promega; Madison, WI, Cignal STAT3 reporter, SA Biosciences, Valencia, CA)
to HEK293FT cells. After 48hrs post transfection, the cells were lysed and transcriptional
activity of STAT proteins were measured by using the Dual Luciferase kit (Promega) and a
specially configured luminometer (Berthold Technologies; Germany). Western blotting was
performed using the extracts to ensure equal expression of different constructs (data not

shown).

Stable knockdown of TYK2 expression in MyLa Lenti-viral mediated gene
transduction was performed as described earlier (see, e.g., Sahasrabuddhe AA, et al.,
Oncogene 2014). Briefly, 293FT cells were co-transfected with lentiviral construct and

packaging vectors (Invitrogen). Virus-producing supernatant was harvested 48 h after
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transfection and supplemented with polybrene and used to infect MyLa cells. Lentiviral
mission ShRNA constructs targeting different region of TYK2 (TRCN0000003123-
5’CGTGAGCCTAACCATGATCTT3’ (SEQ ID NO: 5) and TRCN0000320620-
5’GAGTGCCTGAAGGAGTATAAGS3’ (SEQ ID NO: 6)) and Vector control (SHC201)
were purchased from Sigma (St.Louis, MO, USA).

Cell proliferation assav Cell proliferation assay was performed using water soluble

tetrazolium-1 (WST-1) procured from Roche Applied Sciences, Indianapolis, IN, USA, based
on manufacturer’s protocol (see, e.g., McDonnell SR, et al., Oncogene 2011). Briefly, equal
numbers of cells were plated in 96-well plates with growth media and 10ul of WST-1 reagent
was added at different time intervals (0, 12, 36, 48 hours). After addition of WST-1 reagent,
the plates were incubated at 37°C in an incubator with 5% CO, for 2 hours. Based on the
cleavage of the tetrazolium salt WST-1 by mitochondrial dehydrogenases in viable cells, the
intensities of the color developed in each well was determined by measuring the absorbance

at 440nm. The assay was performed in triplicate for all the samples at each time point.

Screening for somatic mutations in TYK2 by Sanger resequencing PCR fragments
targeting exon 14 to 16 and 20 to 23, were amplified from genomic DNA of CD30 positive
LPD samples (n=25). Genomic DNA was extracted using both the QIAGEN BioRobot EZ1
and QIAamp FFPE DNA extraction kits (QIAGEN). For all Sanger sequencing reactions,
PCR amplification was performed using Phusion DNA polymerase (New England Biolabs)
followed by conventional Sanger sequencing technology using BigDye version 3.1 chemistry
run on an Applied Biosystems 3730xI DNA Sequencer at the University of Michigan DNA
sequencing Core. All sequencing reactions were performed using nested sequencing primers.
Sequencing trace analysis was performed using Mutation Surveyor software. All mutations

were verified in at least two independent PCR amplification and sequencing reactions.

Immunostaining for NPM1 and pSTATS Immunohistochemical staining was
performed on formalin-fixed, paraffin-embedded tissue microarrays containing patient
samples using an automated immunostainer (Autostainer Link, Dako, Carpinteria, CA).
Following deparafinization and heat-induced epitope retrieval, the slides were incubated with
either anti-NPM1 (1:800 dilution, clone EP1848Y, Abcam, Cambridge, MA) or anti-pSTATS
(1:400 dilution, clone AX1, Advantex BioReagents LLC, Houston, TX) for 60 min. Staining

was visualized with Dako Envision detection system and diaminobenzadine chromagen.
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Immunofluorescence analysis Cultured suspension cells from HH and MyLa cell lines
were deposited onto glass slides by cytocentrifugation. Cells were fixed and permeabilized
with methanol/glacial acetic acid (3:1). After fixation, cells were first incubated with the
following primary antibodies (Cell Signaling Technology): Y701 phospho-STAT1 (clone
58D6, rabbit monoclonal I1gG), Y705 phospho-SATA3 (mouse monoclonal IgG1, clone
MOIC6) or Y694/Y 699 phospho-STATS monoclonal antibody (rabbit monoclonal IgG, clone
D47E7). The secondary antibodies were Alexa-conjugated donkey anti-rabbit IgG or Alexa-
conjugated goat anti-mouse IgG (Alexa594, Life Technologies). Coverslips were mounted on
standard slides with mounting media supplemented with 4°, 6’-diamidino-2-phenylindole
(DAPI). The images were captured and recorded using an Olympus BX-51 upright light

microscope equipped with an Olympus DP-70 camera.

Example 2.

Patient biopsy samples were obtained with institutional review board approval. RNA
was subjected to chimera analysis by producing paired end libraries sequenced on the
IMlumina Genome Analyzer II. Sequencing data was analyzed using custom bioinformatics
tools and Chimerascan software (see, e.g., lyer MK, et al., Bioinformatics 2011;27:2903-4).
Sequencing confirmation of NPM1-TYK2 fusion transcripts was achieved using SYBR
Green- based quantitative real-time polymerase chain reaction (QRT-PCR) assays and Sanger
sequencing of amplicons by reverse transcription (RT)-PCR. Fluorescence In Situ
Hybridization (FISH) was performed on tissue microarrays of primary patient samples using
standard methods. TYK2 break-apart FISH and NPM1-TYK?2 fusion FISH assays were
designed to detect TYK2 rearrangements and NPM1-TYK2 fusions, respectively.
Immunohistochemistry for pSTATS (AX1, Advantex BioReagents LLC, Houston, TX) and
NPMI1 (EP1848Y, Abcam, Cambridge, MA) was performed on primary patient samples.
Mutations in TYK?2 were assessed by targeted Sanger sequencing of the genomic DNA. The
NPM1-TYK2 fusion gene was amplified from MyLa cells and cloned into a mammalian
expression vector for functional studies. Stable MyLa cell lines depleted of TYK?2 were
generated using lenti-viral mediated gene transduction (see, e.g., Sahasrabuddhe AA, et al.,

Oncogene 2014) of shRNAs and used in cell proliferation assays.

Example 3.
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To discover novel gene fusions that may be involved in the pathogenesis of cutaneous
T-cell lymphoproliferative disorders, RNAseq was performed on the cutaneous T-cell
lymphoma-derived cell line MyLa. Interestingly, RNA sequencing analysis of MyLa revealed
803 total fragments representing a chimeric fusion between the N-terminal region of NPM1
and the C-terminal region of TYK2 (Fig. 2A, upper panel; Fig. 3). RT-PCR analysis
confirmed high levels and exclusive expression of the NPM1-TYK2 RNA chimera in MyLa,
but not in 11 other hematological cell lines (Fig. 4; Fig. 5). The fusion occurred at NPM1
NM_ 002520 ¢.1016 (exon 9) and TYK2 NM 003331 ¢.2554 (exon 16) and was confirmed
by Sanger sequencing (Fig. 2A, lower panel). The fusion gene was predicted to yield a
product comprising the entire oligomerization, histone binding domains and the distal portion
of the DNA/RNA binding domains of NPM1 and a small portion of the TYK2 pseudokinase
domain and the entire C-terminal kinase domain (Fig. 2B).

To precisely map the genomic breakpoints, a conventional PCR-based assay using a
series of forward primers starting from the C-terminal part of exon 9 through intron 10 of
NPMI1 (positive strand) and reverse primers located from exon 16 through intron 16 of TYK2
(negative strand) was designed. Bi-directional Sanger sequencing of the PCR product
revealed break points at position chr5:170,832,813 within the NPM1 gene and
chr19:10,469,817 in the TYK?2 gene (Fig. 1C; Fig. 1D; Fig. 6). TYK2 break-apart and
NPMI1-TYK2 fusion FISH assays confirmed the presence of the NPM1-TYK2 rearrangement
in MyLa (Fig. 2E).

Next the TYK?2 break-apart FISH assay was employed to screen for TYK2 gene
rearrangements in a large cohort of primary mature T-cell LPD/lymphomas (n=198). TYK2
rearrangements were identified in 7/47 (15%) primary CD30-positive LPD including 3/15
(20.0%) cases of LYP and 4/32 (12.5%) cases of primary cutaneous ALCL. Each of the 7
cases that were identified by TYK2 break-apart FISH was also evaluated with the NPM1-
TYK?2 fusion FISH assay. Two cases (1 LYP, 1 cutaneous ALCL) harbored the NPM -
TYK2 rearrangement (Fig. 2E; Fig. 2F). These results indicate that TYK2 is targeted by
multiple different translocation partners in CD30-positive LPD. This is not unexpected since
other prominent oncogenes are known to utilize multiple translocation partners (see, e.g.,
Mitelman F, et al., Nature reviews Cancer 2007;7:233-45; Chen YW, et al., Blood
2003;102:1931-2; author reply 2; Harper DP, et al., Cancer research 2008;68:10024-7;
Chiarle R, et al., Nature reviews Cancer 2008;8:11-23). Of note, TYK?2 translocations were
absent in all (n = 151) cases of other mature T-cell lymphomas including mycosis fungoides

(n = 44); systemic ALK-negative ALCL (n = 44) systemic ALK-positive ALCL (n = 22);
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peripheral T-cell lymphoma, not otherwise specified (n = 24); angioimmunoblastic T-cell
lymphoma (n = 7); extranodal NK/T-cell lymphoma (n = 5); enteropathy-associated T-cell
lymphoma (n = 3); hepatosplenic T-cell lymphoma (n = 1) and cutaneous gamma/delta T-cell
lymphoma (n = 1). To investigate whether point mutations may represent a mechanism for
activation of TYK?2, targeted sequencing of TYK2 pseudokinase and kinase domains
including previously reported mutations in T-lymphoblastic lymphoma cell lines was
performed (see, e.g., Sanda T, et al., Cancer discovery 2013;3:564-77). No mutations were
identified in TYK2 in 25 cases of CD30-positive LPD.

In the NPM1-TYK2 fusion reported herein, the 5 partner of the fusion protein NPM1
retained the oligomerization domain (Fig. 2B) which was hypothesized to lead to constitutive
activation of TYK2 through a mechanism similar to that observed with NPM1-ALK (see,
e.g., Pearson JD, et al., Journal of signal transduction 2012;2012:123253; Bischof D, et al.,
Molecular and cellular biology 1997;17:2312-25). The pTYK2 (Y 1054/1055) levels in the
NPM1-TYK2-positive MyLa cell line and in other T-cell lines were evaluated, and confirmed
high levels of pTYK2 in only MyLa indicating constitutive activation of TYK2 kinase (Fig.
7A). Notably, western blot analysis for NPMI1 and total TYK2 demonstrates the presence of a
fusion protein (81kD) supporting the expression of the NPM1-TYK2 fusion protein. Further,
immunostaining for NPM1 in NPM1-TYK2 fusion positive cases revealed cytoplasmic
reactivity and mislocalization of NPM1, a predominantly nuclear protein, indicating
abnormal subcellular localization (Fig. 8). To investigate whether the NPM1-TYK2 fusion
conferred constitutive activation of STAT signaling, western blot analysis and
immunofluorescence microscopy was performed which revealed that STAT-family members
(pSTATL, pSTATS3 and pSTATS) downstream of TYK2 are constitutively activated in the
MyLa cell line (Fig. 7B; Fig. 9). Importantly, constitutively activated STAT signaling was
confirmed in primary NPM1-TYK2 fusion positive CD30 positive LPD tissue samples (n=
2), where nuclear expression of pSTATS was observed compared to TYK?2 negative cases
(Fig. 10).

FLAG-tagged NPM1-TYK2 and NPM1-TYK2 (K462R) kinase-defective mutant
proteins were ectopically expressed in HEK293FT cells. Expression of NPM1-TYK2 protein
demonstrated constitutive TYK?2 autophosphorylation whereas the kinase-defective NPM1-
TYK2 (K462R) mutant completely abolished its phosphorylation (Fig. 7C). Similarly,
pSTATI, pSTAT3 and pSTATS were induced by the kinase-active NPM1-TYK2 while the
kinase-defective NPM1-TYK2 (K462R) mutant completely abrogated their phosphorylation.
Activation of STAT1/3/5 specifically by NPM1-TYK?2 was further corroborated by
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transcriptional activation (reporter) assays (Fig. 7D). Altogether, these results indicate that
expression of the NPM1-TYK2 fusion protein results in constitutive activation of the STAT
signaling pathway.

The oncogenic potential of NPM1-TYK2 was further assessed by examining the
effect of TYK2 knockdown on STAT1/3/5 activation and cell proliferation. Lentivirus-based
shRNA-mediated knockdown of TYK2 in MyLa resulted in decreased pSTAT]1, pSTAT3 and
pSTATS without affecting their total protein levels (Fig. 7E). Importantly, a significant
decrease (2.2 fold) in cell proliferation was observed compared to vector control (P<0.01)

(Fig. 7F).

Example 4.
In some embodiments, the following primers are used for cloning in pCAGGS:
NPM 1 exon 1 ecorl F

AAgaattcAGAAAGGAGTGGGGTTGAAAAGCGCTTG (SEQ ID NO: 7)
TYK2 exon 23 xhol R
AActcgagTCCAGCAGAGAAAACATGAGTTTATTACCAGATGG (SEQ ID NO: 8).

In some embodiments, the following primers are used for cloning in plentilox IRES
GFP:
NPM1 xhol flag F

AActcgagATGGACTACAAGGACGACGATGACAAGGAAGATTCGATGGACATGGAC
ATGAGCCC (SEQ ID NO: 9)

TYK2 xbal stop R
AAtctagaTCAGCACACGCTGAACACTGAAGGGGC (SEQ ID NO: 10).

In some embodiments, the following PCR primers are used for PCR amplification for

sequencing a NPM1-TYK2 gene fusion:
NPM1 PCR
AAGCGCCAGTGAAGAAATCT (SEQID NO: 11)

TYK2 PCR
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CCTCTCCGTCAAAGCAGATC (SEQ ID NO: 12).

In some embodiments, the following primers are used for NPM1-TYK2 Q-PCR:
NPM-TYK2 Q F1
ACTCAAAACCATCATCAACACCA (SEQID NO: 1)

NPM-TYK2 Q R1

GTTCCGGCCACACACATTAC (SEQ ID NO: 2)
NPM-TYK2 Q F2
CACCAAAAGGACCTAGTTCTGT (SEQ ID NO: 13)
NPM-TYK2 Q R2

CTCAGCTTGATGAAGGGGCT (SEQ ID NO: 14)
NPM-TYK2 Q F3
ACCATCATCAACACCAAGATCA (SEQID NO: 15)
NPM-TYK2 Q R3

GCCAGGATCACTCAGCTTGA (SEQ ID NO: 16).

In some embodiments, NPM1-TYK2 Q-PCR yields the following sequencing
result:
GCTGGAAAGTAGATGCTGGCTGTTGCTTGGTATTATAGGGAGGGCCAGGAGCCC
AGGAGTTCGAGACCAGCCTGGGCAACAGGGCGAGACCCCATCTTTTTTGTTTGTT
TTGTTTTAGGTGGAGTTTCGCCCTGTCACCCAGGCTGGAGTGCAATGGCATGATC
TCGGCTCACTGCAACCTTCGCCTCCCGGGTTCAAATGATTCTCCCGCCTCAGCCTC
CCAAGTAGCTGGGATTATAGGCTCCTGCCATCACGCCCAGCTAATTTTTGTATTTT
TAGTAGAGATGGGGTTTCACCATGTTGGTCAGGCTGGTCTCGAACTTCTGACCTC
GTGATCCATCCGCCTCAGCCTCCCAAAGTGCTGGGATTCCAGGCGTGAGCCACCA
CGCCCAGCTGGCCCCATCTTTTAAAAATAAACAAATAGCCAGGTGTGGTGGCTCA
TACCTGTAATCCCAGCAGTTTGGGAGGCCAAGGCGGGTGGATCACCTGAGGTCA
GGAGTTTGAGACCAGCCTGGCCAGTATGGCAAAACCTTGCCTCTACTAAAAATAC
AAAAAAAATTAGCCAATGTGGTAACTTGCACCTGTAGGCCGAGGTACTCAGGAA
GTTGAGGTGGGAGGATCACCTGAGCTCAGGAATTTGAGGCCGTAGTAAGCTATG
ATCACACCACTGCACCCCAGCCTGGGCAGCAGCATAGCTAGACCCCATCTCCACC
AAAAATTTAAGAATCAGCTAGGCTGTGGTGATGTGCACCTGTAATTCTCGCTACT
TGGAAGGCTTGAGCCCAGGAGTTTGAAGCTGCAGTGAGCTATGTTCGTGCCACTA
TACTCCAACCTGAAAGACAGAGTGAGACCCTGTCTT (SEQ ID NO: 17).

In some embodiments, the NPM1-TYK2 gene fusion break point on sequending is

provided:
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Gtgagtaaagttatcttaaaaaaactttgtctcceccctcaaattgcacgtgtetggtitgcatagacttgaatgtttcttgtttttttgtitgtett
ggotttaatatacttgectggticgtggtatgaattititcaaaaatttcttataaaacatttataatcgtgtctgtg gtgatttttgcatatgcaaaa
ttaaatatgccttatttticcattatgcaaggaacgtagtgcactggttgcaagataacattctgaccttccatgttaaaatagatcagtgaaa
accctttgcectattctggttgtaagatatgctagagaaccaacagagggcgtatgagacttcattaaaattacaaacagctggaaaagta
gatgctggctgttgctiggtattatagggaggegccaggageccaggagitcgagaccagectgggcaacagggcgagaccecatctt
ttttgtttgttttgttttaggtegagtitcgccctgtcacccaggetggagtecaatggeatgatctcggctecactgcaaccticgecteecg
ggttcaaatgattctccecgectcagecteccaagtagetgggattataggctectgecatcacgeccagcetaattittgtattittagtagag
atggggtttcaccatgttggtcaggctggtctcgaactictgacctegtgatccatccgectcagectcccaaagtgctgggattccagg
cgtgagccaccacgeccagetggcecccatctittaaaaataaacaaatagccaggtgtggtegctcatacctgtaatcccageagtitg
ggaggccaaggcgggtogatcacctgaggtcaggagtitgagaccagectggccagtatggcaaaaccttgcctetactaaaaatac
aaaaaaaattagccaatgtggtaacttigcacctgtaggecgaggtactcaggaagttgaggteggageatcacctgagetcaggaatt
tgaggccgtagtaagctatgatcacaccactgcaccecagectgggcageageatagetagaccccatctccaccaaaaatttaagaa
tcagctaggctgtggtgatgtgcacctgtaatictcgctactiggaaggcttgageccaggagtitgaagctgcagtgagetatgttcgte
ccactatactccaacctgagagacagagtgagaccctgtcttaaaaaaaaaaaaaaaaaaaaaaaacaagaaaaaaataacccecca
aaaaacaaaacagaaagaaacccagtgatagtcacagttgtecttttcacattggctgtcectatggggaccaggtitggoottogcgtc
tgtgcctctectgagtggccacaccecctctectgeccacctcag (SEQ ID NO: 18).

In some embodiments, the following primers are provided:
NPMg F1 exonic primer
CACCAAAAGGACCTAGTTCTGT (SEQ ID NO: 13)
NPMg F2
cttgectggttcgtggtatg (SEQ ID NO: 19)
NPMg F3
aaccaacagagggcgtatga (SEQ ID NO: 20)
NPMg F4
tcteatetgettgactggeg (SEQ ID NO: 21)
NPMg F5
gcaaatgtgggoteoteaaa (SEQ ID NO: 22)
NPMg F6
ttttagatgcccctececte (SEQ ID NO: 23)
NPMg F7
ttetgatttgecacccatge (SEQ ID NO: 24)
NPMg F8
ttctgecaaagteccttgga (SEQ ID NO: 25)
NPMg F9
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accgagttgccatgtttgtt (SEQ ID NO: 26)
NPMg F10

tctaaaggtatcteteteggtgt (SEQ ID NO: 27)
TYK2g R1

ggatggatcacgaggtcaga (SEQ ID NO: 28)
TYK2g exonic R2

PCT/US2016/015714

GTTCCGGCCACACACATTAC (SEQ ID NO: 2)

NPMg F1 exonic primer long

TYK2g exonic R2 long

TYK2 K930R F

GAAAAAACTCCTAAAACACCAA
AAGGACCTAGTTCTGTAGAAG (SEQ ID NO: 29)

GTAATGIGTGTGGCCGGAAC
ATCCTGCTGGCCCG (SEQ ID NO: 30)

ACTGGCGAGATGGTGGCGGTGAGAGCCCTCAAGGCAGACTGCGGC (SEQ ID NO:

31)
TYK2 K930R R

GCCGCAGTCTGCCTTGAGGGCTCTCACCGCCACCATCTCGCCAGT (SEQ ID NO:

32)
TYK2 Y1054Fe F

GCCGTGCCCGAAGGCCACGAGTTCTACCGCGTGCGCGAGGATGGGG (SEQ ID NO:

33)
TYK2 Y1054Fe R

CCCCATCCTCGCGCACGCGGTAGAACTCGTGGCCTTCGGGCACGGC (SEQ ID NO:

34)
TYK2 Y1054/55Fe F

GCCGTGCCCGAAGGCCACGAGTTCTTCCGCGTGCGCGAGGATGGGG (SEQ ID NO:

35)
TYK2 Y1054/55Fe R

CCCCATCCTCGCGCACGCGGAAGAACTCGTGGCCTTCGGGCACGGC (SEQ ID NO:

36).
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All publications, patents, patent applications and accession numbers mentioned in the
above specification are herein incorporated by reference in their entirety. Although the
invention has been described in connection with specific embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications and variations of the described compositions
and methods of the invention will be apparent to those of ordinary skill in the art and are

intended to be within the scope of the following claims.
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CLAIMS

We claim:

1. A method for diagnosing a neoplastic disorder or susceptibility to a neoplastic
disorder comprising detecting the presence of a gene fusion between TYK2 and a TYK2-
gene-fusion-partner in a nucleic acid sample from a subject, and diagnosing the subject as

having or being susceptible to a neoplastic disorder when the gene fusion is present.

2. The method of Claim 1, wherein the neoplastic disorder is a cutaneous CD30-positive

lymphoproliferative disorder.

3. The method of Claim 2, wherein the cutaneous CD30-positive lymphoproliferative

disorder is lymphomatoid papulosis.

4, The method of Claim 2, wherein the cutaneous CD30-positive lymphoproliferative

disorder is primary cutaneous anaplastic large cell lymphoma.

5. The method of Claim 1, wherein the gene fusion comprises as least of a portion of the

C-terminal kinase domain of TYK2.

6. The method of Claim 1, wherein the wherein the TYK2-gene-fusion-partner is NPM1.

7. The method of Claim 6, wherein the gene fusion is an NPM1-TYK2 gene fusion.

8. The method of Claim 7, wherein the NPM1-TYK2 gene fusion is a fusion between at
least a portion of exon 9 of NPM1 and at least a portion of exon 15 of TYK2.

9. The method of Claim 7, wherein the NPM1-TYK2 gene fusion comprises the

oligomerization domain of NPM1.

10. The method of Claim 7, wherein the NPM1-TYK2 gene fusion comprises the histone
binding domain of NPM1.
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11. The method of Claim 7, wherein the NPM1-TYK2 gene fusion comprises the
DNA/RNA binding domain of NPM1.

12. The method of Claim 7, wherein the NPM1-TYK2 gene fusion comprises the
pseudokinase domain of TYK?2.

13. The method of Claim 7, wherein the NPM1-TYK2 gene fusion comprises the kinase
domain of TYK2.

14. The method of Claim 7, wherein the NPM1-TYK2 gene fusion comprises one or more
of the following domains: the oligomerization domain of NPM 1, the histone binding domain
of NPM1, the DNA/RNA binding domain of NPM1, the the pseudokinase domain of TYK2,
and the kinase domain of TYK2.

15. The method of Claim 7, wherein the NPM1-TYK2 gene fusion is N5;T19.

16. The method of Claim 1, wherein the sample is selected from the group consisting of:

plasma, serum, and tissue.

17. The method of claim 1, wherein the detecting comprises amplifying SEQ ID NO: 1,
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, and/or a fragment thereof.

18. The method of claim 1, wherein the detecting comprises PCR, RT-PCR, or nucleic

acid hybridization.

19. The method of claim 1, wherein the detecting comprises reverse transcriptase PCR.

20. The method of claim 1, wherein the RT-PCR employs a detectably labeled primer.

21. The method of claim 1, wherein the detecting is accomplished with electrophoresis.

22. The method of claim 1, wherein the detecting is accomplished using a real-time PCR

detection system.
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23. A kit for detecting a NPM1-TYK2 gene fusion in a sample comprising at least one

oligonucleotide comprising the sequence of SEQ ID NOs: 1, 2, 3, 4, or complements thereof.

24, An antibody that specifically binds to the polypeptide encoded by a NPM1-TYK2

gene fusion.

25. A kit for detecting gene fusions associated with cutaneous CD30-positive
lymphoproliferative disorders in a subject, comprising: at least a first gene fusion informative

reagent for identification of a gene fusion between TYK2 and a TYK2-gene-fusion-partner.

26. The kit of claim 25, wherein said reagent is a probe that specifically hybridizes to the

fusion junction of a gene fusion involving TYK2 and a TYK2-gene-fusion-partner.

27. The kit of claim 25, wherein said reagent is a pair of primers that amplify a fusion

Junction of a gene fusion between TYK2 and a TYK2-gene-fusion-partner.

28.  The kit of claim 27, wherein said pair of primers comprise a first primer that
hybridizes to a TYK2 nucleic acid and second primer that hybridizes to nucliec acid from the

TYK2-gene-fusion-partner.

29. The kit of claim 25, wherein said reagent is an antibody that binds to the fusion
junction of a fusion polypeptide encoded by a gene fusion between TYK2 and a TYK2-gene-
fusion-partner.

30. The kit of claim 25, wherein the reagent is a sequencing primer that binds to a gene
fusion between TYK?2 and a TYK2-gene-fusion-partner and generates an extension product
that spans the fusion junction of said gene fusion.

31. The kit of Claim 30, wherein the gene fusion is NPM1-TYK2.

32. The kit of claim 31, wherein said regent comprises a pair of probes wherein said first

probe hybridizes to NPM1 and said second probe hybridizes to TYK2.
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33. The kit of claim 32, wherein the first probe comprises SEQ ID NO: 1 or a fragment
thereof, and the second probe comprises SEQ ID NO: 2, or a fragment thereof.

34, The kit of claim 32, wherein the first probe comprises SEQ ID NO: 3 or a fragment
thereof, and the second proble comprises SEQ ID NO: 4, or a fragment thereof.
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FIG. 11A

TYK2 cDNA 4262 bp

AAGCAGTAGCTACCCGCGGGAGCGGGGAGGGGTCCGGGTTCGAGCTTGTGTTCCCCCGGAAGGGTGAGTC
TGGACGCGGGCGCGGAAGGAGCGCGGCCGGAGGTCCTCAGGAAGAAGCCGCGGGGACTGGCTGCGCTTGA
CAGGCTGCACTTGGATGGGAGCACCTGGTGCCTCGGGACTGCTCCGATGCCCGGGTCTGTGCTGAATGTG
TAATATGCGGAACTATATTGAAACATTACAACCATCTTTTGATGGCAACACCCTGAGGACCTCCCTTTTC
CAGATGGGGAAACTGAGGCCCAGAATTGCTAAGTGGCTTGCTTGAGTTGACACAGGGAGCTCCAGGACTC
ACCCTCAGCTGAGCCACCTGCCGGGAGCATGCCTCTGCGCCACTGGGGGATGGCCAGGGGCAGTAAGCCC
GTTGGGGATGGAGCCCAGCCCATGGCTGCCATGGGAGGCCTGAAGGTGCTTCTGCACTGGGCTGGTCCAG
GCGGCGGGGAGCCCTGGGTCACTTTCAGTGAGTCATCGCTGACAGCTGAGGAAGTCTGCATCCACATTGC
ACATAAAGTTGGTATCACTCCTCCTTGCTTCAATCTCTTTGCCCTCTTCGATGCTCAGGCCCAAGTCTGG
TTGCCCCCAAACCACATCCTAGAGATCCCCAGAGATGCAAGCCTGATGCTATATTTCCGCATAAGGTTTT
ATTTCCGGAACTGGCATGGCATGAATCCTCGGGAACCGGCTGTGTACCGTTGTGGGCCCCCAGGAACCGA
GGCATCCTCAGATCAGACAGCACAGGGGATGCAACTCCTGGACCCAGCCTCATTTGAGTACCTCTTTGAG
CAGGGCAAGCATGAGTTTGTGAATGACGTGGCATCACTGTGGGAGCTGTCGACCGAGGAGGAGATCCACC
ACTTTAAGAATGAGAGCCTGGGCATGGCCTTTCTGCACCTCTGTCACCTCGCTCTCCGCCATGGCATCCC
CCTGGAGGAGGTGGCCAAGAAGACCAGCTTCAAGGACTGCATCCCGCGCTCCTTCCGCCGGCATATCCGG
CAGCACAGCGCCCTGACCCGGCTGCGCCTTCGGAACGTCTTCCGCAGGTTCCTGCGGGACTTCCAGCCGG
GCCGACTCTCCCAGCAGATGGTCATGGTCAAATACCTAGCCACACTCGAGCGGCTGGCACCCCGCTTCGG
CACAGAGCGTGTGCCCGTGTGCCACCTGAGGCTGCTGGCCCAGGCCGAGGGGGAGCCCTGCTACATCCGG
GACAGTGGGGTGGCCCCTACAGACCCTGGCCCTGAGTCTGCTGCTGGGCCCCCAACCCACGAGGTGCTGG
TGACAGGCACTGGTGGCATCCAGTGGTGGCCAGTAGAGGAGGAGGTGAACAAGGAGGAGGGTTCTAGTGG
CAGCAGTGGCAGGAACCCCCAAGCCAGCCTGTTTGGGAAGAAGGCCAAGGCTCACAAGGCAGTCGGCCAG
CCGGCAGACAGGCCGCGGGAGCCACTGTGGGCCTACTTICTGTGACTTCCGGGACATCACCCACGTGGTGC
TGAAAGAGCACTGTGTCAGCATCCACCGGCAGGACAACAAGTGCCTGGAGCTGAGCTTGCCTTCCCGGGL
TGCGGCGCTGTCCTTCGTGTCGCTGGTGGACGGCTATTTCCGCCTGACGGCCGACTCCAGCCACTACCTG
TGCCACGAGGTGGCTCCCCCACGGCTGGTGATGAGCATCCGGGATGGGATCCACGGACCCCTGCTGGAGC
CATTTGTGCAGGCCAAGCTGCGGCCCGAGGACGGCCTGTACCTCATTCACTGGAGCACCAGCCACCCCTA
CCGCCTGATCCTCACAGTGGCCCAGCGTAGCCAGGCACCAGACGGCATGCAGAGCTTGCGGCTCCGAAAG
TTCCCCATTGAGCAGCAGGACGGGGCCTTCGTGCTGGAGGGCTGGGGCCGGTCCTTCCCCAGCGTTCGGG
AACTTGGGGCTGCCTTGCAGGGCTGCTTGCTGAGGGCCGGGGATGACTGCTTCTCTCTGCGTCGCTGTTG
CCTGCCCCAACCAGGAGAAACCTCCAATCTCATCATCATGCGGGGGGCTCGGGCCAGCCCCAGGACACTC
AACCTCAGCCAGCTCAGCTTCCACCGGGTTGACCAGAAGGAGATCACCCAGCTGTCCCACTTGGGCCAGG
GCACAAGGACCAACGTGTATGAGGGCCGCCTGCGAGTGGAGGGCAGCGGGGACCCTGAGGAGGGCAAGAT
GGATGACGAGGACCCCCTCGTGCCTGGCAGGGACCGTGGGCAGGAGCTACGAGTGGTGCTCAAAGTGCTG
GACCCTAGTCACCATGACATCGCCCTGGCCTTCTACGAGACAGCCAGCCTCATGAGCCAGGTCTCCCACA
CGCACCTGGCCTTCGTGCATGGCGTCTGTGTGCGCGGCCCTGAAAATATCATGGTGACAGAGTACGTGGA
GCACGGACCCCTGGATGTGTGGCTGCGGAGGGAGCGGGGCCATGTGCCCATGGCTTGGAAGATGGTGGTG
GCCCAGCAGCTGGCCAGCGCCCTCAGCTACCTGGAGAACAAGAACCTGGTTCATGGTAATGTGTGTGGCC
GGAACATCCTGCTGGCCCGGCTGGGGETTGGCAGAGGGCACCAGCCCCTTCATCAAGCTGAGTGATCCTGG
CGTGGGCCTGGGCGCCCTCTCCAGGGAGGAGCGGGETGGAGAGGATCCCCTGGCTGGCCCCCGAATGCCTA
CCAGGTGGGGCCAACAGCCTAAGCACCGCCATGGACAAGTGGGGGTTTGGCGCCACCCTCCTGGAGATCT
GCTTTGACGGAGAGGCCCCTCTGCAGAGCCGCAGTCCCTCCGAGAAGGAGCATTTCTACCAGAGGCAGCA
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FIG. 11A (Cont.)

CCGGCTGCCCGAGCCCTCCTGCCCACAGCTGGCCACACTCACCAGCCAGTGTCTGACCTATGAGCCAACC
CAGAGGCCATCATTCCGCACCATCCTGCGTGACCTCACCCGGCTGCAGCCCCACAATCTTGCTGACGTCT
TGACTGTGAACCCGGACTCACCGGCGTCGGACCCTACGGTTTTCCACAAGCGCTATTTGAAAAAGATCCG
AGATCTGGGCGAGGGTCACTTCGGCAAGGTCAGCTTGTACTGCTACGATCCGACCAACGACGGCACTGGC
GAGATGGTGGCGGTGAAAGCCCTCAAGGCAGACTGCGGCCCCCAGCACCGCTCGGGCTGGAAGCAGGAGA
TTGACATTCTGCGCACGCTCTACCACGAGCACATCATCAAGTACAAGGGCTGCTGCGAGGACCAAGGCGA
GAAGTCGCTGCAGCTGGTCATGGAGTACGTGCCCCTGGGCAGCCTCCGAGACTACCTGCCCCGGCACAGC
ATCGGGCTGGCCCAGCTGCTGCTCTTCGCCCAGCAGATCTGCGAGGGCATGGCCTATCTGCACGCGCAGC
ACTACATCCACCGAGACCTAGCCGCGCGCAACGTGCTGCTGGACAACGACAGGCTGGTCAAGATCGGGGA
CTTTGGCCTAGCCAAGGCCGTGCCCGAAGGCCACGAGTACTACCGCGTGCGCGAGGATGGGGACAGCCCCC
GTGTTCTGGTATGCCCCAGAGTGCCTGAAGGAGTATAAGTTCTACTATGCGTCAGATGTCTGGTCCTTCG
GGGTGACCCTGTATGAGCTGCTGACGCACTGTGACTCCAGCCAGAGCCCCCCCACGAAATTCCTTGAGCT
CATAGGCATTGCTCAGGGTCAGATGACAGTTCTGAGACTCACTGAGTTGCTGGAACGAGGGGAGAGGCTG
CCACGGCCCGACAAATGTCCCTGTGAGGTCTATCATCTCATGAAGAACTGCTGGGAGACAGAGGCGTCCT
TTCGCCCAACCTTCGAGAACCTCATACCCATTCTGAAGACAGTCCATGAGAAGTACCAAGGCCAGGCCCC
TTCAGTGTTCAGCGTGTGCTGAGGCACAATGGCAGCCCTGCCTGGGAGGACTGGACCAGGCAGTGGCTGC
AGAGGGAGCCTCCTGCTCCCTGCTCCAGGATGAAACCAAGAGGGGGATGTCAGCCTCACCCACACCGTGT
GCCTTACTCCTGTCTAGAGACCCCACCTCTGTGAACTTATTTTTCTTTCTTGGCCGTGAGCCTAACCATG
ATCTTGAGGGACCCAACATTTGTAGGGGCACTAATCCAGCCCTTAAATCCCCCAGCTTCCAAACTTGAGG
CCCACCATCTCCACCATCTGGTAATAAACTCATGTTTTCTCTGCTGGAAAAAAAAAAAAAAA (SEQ ID
NO: 90)
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FIG. 11B

TYK2 ORF 3564 bp

ATGCCTCTGCGCCACTGGGGGATGGCCAGGGGCAGTAAGCCCGTTGGGGATGGAGCCCAGCCCATGGLTG
CCATGGGAGGCCTGAAGGTGCTTCTGCACTGGGCTGGTCCAGGCGGCGGGGAGCCCTGGGTCACTTTCAG
TGAGTCATCGCTGACAGCTGAGGAAGTCTGCATCCACATTGCACATAAAGTTGGTATCACTCCTCCTTGC
TTCAATCTCTTTGCCCTCTTCGATGCTCAGGCCCAAGTCTGGTTGCCCCCAAACCACATCCTAGAGATCC
CCAGAGATGCAAGCCTGATGCTATATTTCCGCATAAGGTTTTATTTCCGGAACTGGCATGGCATGAATCC
TCGGGAACCGGCTGTGTACCGTTGTGGGCCCCCAGGAACCGAGGCATCCTCAGATCAGACAGCACAGGGG
ATGCAACTCCTGGACCCAGCCTCATTTGAGTACCTCTTTGAGCAGGGCAAGCATGAGTTTGTGAATGACG
TGGCATCACTGTGGGAGCTGTCGACCGAGGAGGAGATCCACCACTTTAAGAATGAGAGCCTGGGCATGGC
CTTTCTGCACCTCTGTCACCTCGCTCTCCGCCATGGCATCCCCCTGGAGGAGGTGGCCAAGAAGACCAGC
TTCAAGGACTGCATCCCGCGCTCCTTCCGCCGGCATATCCGGCAGCACAGCGCCCTGACCCGGCTGCGCC
TTCGGAACGTCTTCCGCAGGTTCCTGCGGGACTTCCAGCCGGGCCGACTCTCCCAGCAGATGGTCATGGT
CAAATACCTAGCCACACTCGAGCGGCTGGCACCCCGCTTCGGCACAGAGCGTGTGCCCGTGTGCCACCTG
AGGCTGCTGGCCCAGGCCGAGGGGGAGCCCTGCTACATCCGGGACAGTGGGGTGGCCCCTACAGACCCTG
GCCCTGAGTCTGCTGCTGGGCCCCCAACCCACGAGGTGCTGGTGACAGGCACTGGTGGCATCCAGTGGTG
GCCAGTAGAGGAGGAGGTGAACAAGGAGGAGGGTTCTAGTGGCAGCAGTGGCAGGAACCCCCAAGCCAGC
CTGTTTGGGAAGAAGGCCAAGGCTCACAAGGCAGTCGGCCAGCCGGCAGACAGGCCGCGGGAGCCACTGT
GGGCCTACTTCTGTGACTTCCGGGACATCACCCACGTGGTGCTGAAAGAGCACTGTGTCAGCATCCACCG
GCAGGACAACAAGTGCCTGGAGCTGAGCTTGCCTTCCCGGGCTGCGGCGCTGTCCTTCGTGTCGCTGGTG
GACGGCTATTTCCGCCTGACGGCCGACTCCAGCCACTACCTGTGCCACGAGGTGGCTCCCCCACGGCTGG
TGATGAGCATCCGGGATGGGATCCACGGACCCCTGCTGGAGCCATTTGTGCAGGCCAAGCTGCGGCCCGA
GGACGGCCTGTACCTCATTCACTGGAGCACCAGCCACCCCTACCGCCTGATCCTCACAGTGGCCCAGCGT
AGCCAGGCACCAGACGGCATGCAGAGCTTGCGGCTCCGAAAGTTCCCCATTGAGCAGCAGGACGGGGCCT
TCGTGCTGGAGGGCTGGGGCCGGTCCTTCCCCAGCGTTCGGGAACTTGGGGCTGCCTTGCAGGGCTGCTT
GCTGAGGGCCGGGGATGACTGCTTCTCTCTGCGTCGCTGTTGCCTGCCCCAACCAGGAGAAACCTCCAAT
CTCATCATCATGCGGGGGGCTCGGGCCAGCCCCAGGACACTCAACCTCAGCCAGCTCAGCTTCCACCGGG
TTGACCAGAAGGAGATCACCCAGCTGTCCCACTTGGGCCAGGGCACAAGGACCAACGTGTATGAGGGCCG
CCTGCGAGTGGAGGGCAGCGGGGACCCTGAGGAGGGCAAGATGGATGACGAGGACCCCCTCGTGCCTGGC
AGGGACCGTGGGCAGGAGCTACGAGTGGTGCTCAAAGTGCTGGACCCTAGTCACCATGACATCGCCCTGG
CCTTCTACGAGACAGCCAGCCTCATGAGCCAGGTCTCCCACACGCACCTGGCCTTCGTGCATGGCGTCTG
TGTGCGCGGCCCTGAAAATATCATGGTGACAGAGTACGTGGAGCACGGACCCCTGGATGTGTGGCTGCGG
AGGGAGCGGGGCCATGTGCCCATGGCTTGGAAGATGGTGGTGGCCCAGCAGCTGGCCAGCGCCCTCAGCT
ACCTGGAGAACAAGAACCTGGTTCATGGTAATGTGTGTGGCCGGAACATCCTGCTGGCCCGGCTGGGGTT
GGCAGAGGGCACCAGCCCCTTCATCAAGCTGAGTGATCCTGGCGTGGGCCTGGGCGCCCTCTCCAGGGAG
GAGCGGGTGGAGAGGATCCCCTGGCTGGCCCCCGAATGCCTACCAGGTGGGGCCAACAGCCTAAGCACCG
CCATGGACAAGTGGGGGTTTGGCGCCACCCTCCTGGAGATCTGCTTTGACGGAGAGGCCCCTCTGCAGAG
CCGCAGTCCCTCCGAGAAGGAGCATTTCTACCAGAGGCAGCACCGGCTGCCCGAGCCCTCCTGCCCACAG
CTGGCCACACTCACCAGCCAGTGTCTGACCTATGAGCCAACCCAGAGGCCATCATTCCGCACCATCCTGC
GTGACCTCACCCGGCTGCAGCCCCACAATCTTGCTGACGTCTTGACTGTGAACCCGGACTCACCGGCGTC
GGACCCTACGGTTTTCCACAAGCGCTATTTGAAAAAGATCCGAGATCTGGGCGAGGGTCACTTCGGCAAG
GTCAGCTTGTACTGCTACGATCCGACCAACGACGGCACTGGCGAGATGGTGGCGGTGAAAGCCCTCAAGG
CAGACTGCGGCCCCCAGCACCGCTCGGGCTGGAAGCAGGAGATTGACATTCTGCGCACGCTCTACCACGA
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GCACATCATCAAGTACAAGGGCTGCTGCGAGGACCAAGGCGAGAAGTCGCTGCAGCTGGTCATGGAGTAC
GTGCCCCTGGGCAGCCTCCGAGACTACCTGCCCCGGCACAGCATCGGGCTGGCCCAGCTGCTGCTCTTCG
CCCAGCAGATCTGCGAGGGCATGGCCTATCTGCACGCGCAGCACTACATCCACCGAGACCTAGCCGCGLG
CAACGTGCTGCTGGACAACGACAGGCTGGTCAAGATCGGGGACTTTGGCCTAGCCAAGGCCGTGCCCGAA
GGCCACGAGTACTACCGCGTGCGCGAGGATGGGGACAGCCCCGTGTTCTGGTATGCCCCAGAGTGCCTGA
AGGAGTATAAGTTCTACTATGCGTCAGATGTCTGGTCCTTCGGGGTGACCCTGTATGAGCTGCTGACGCA
CTGTGACTCCAGCCAGAGCCCCCCCACGAAATTCCTTGAGCTCATAGGCATTGCTCAGGGTCAGATGACA
GTTCTGAGACTCACTGAGTTGCTGGAACGAGGGGAGAGGCTGCCACGGCCCGACAAATGTCCCTGTGAGG
TCTATCATCTCATGAAGAACTGCTGGGAGACAGAGGCGTCCTTTCGCCCAACCTTCGAGAACCTCATACC
CATTCTGAAGACAGTCCATGAGAAGTACCAAGGCCAGGCCCCTTCAGTGTTCAGCGTGTGCTGA (SEQ
ID NO: 91)
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TYK2 protein (~134 kD)

MPLRHWGMARGSKPVGDGAQPMAAMGGLKVLLHWAGPGGGEPWVTESESSLTAEEVCIHIAHKVGITPPC
FNLFALFDAQAQVWLPPNHILEIPRDASLMLYFRIRFYFRNWHGMNPREPAVYRCGPPGTEASSDQTAQG
MQLLDPASFEYLFEQGKHEFVNDVASLWELSTEEETHHFKNESLGMAFLHLCHLALRHGIPLEEVAKKTS
FKDCIPRSFRRHIRQHSALTRLRLRNVFRREFLRDFQPGRLSQOMVMVKYLATLERLAPRFGTERVPVCHL
RLLAQAEGEPCYIRDSGVAPTDPGPESAAGPPTHEVLVIGTGGIQWWPVEEEVNKEEGSSGSSGRNPQAS
LFGKKAKAHKAVGQPADRPREPLWAYFCDEFRDITHVVLKEHCVSIHRQDNKCLELSLPSRAAALSEVSLV
DGYFRLTADSSHYLCHEVAPPRLVMSIRDGIHGPLLEPEVQAKLRPEDGLYLTITHWSTSHPYRLILTVAQR
SQAPDGMQSLRLRKEFPIEQQDGAFVLEGWGRSEFPSVRELGAALQGCLLRAGDDCESLRRCCLPQPGETSN
LIIMRGARASPRTLNLSQLSFHRVDQKEITQLSHLGQGTRTNVYEGRLRVEGSGDPEEGKMDDEDPLVPG
RDRGQELRVVLKVLDPSHHDIALAFYETASLMSQVSHTHLAFVHGVCVRGPENIMVTEYVEHGPLDVWLR
RERGHVPMAWKMVVAQQLASALSYLENKNLVHGNVCGRNILLARLGLAEGTSPFIKLSDPGVGLGALSRE
ERVERIPWLAPECLPGGANSLSTAMDKWGEFGATLLEICEDGEAPLQSRSPSEKEHEFYQRQHRLPEPSCPQ
LATLTSQCLTYEPTOQRPSFRTILRDLTRLOPHNLADVLTVNPDSPASDPTVFHKRYLKKIRDLGEGHFGK
VSLYCYDPTNDGTGEMVAVKALKADCGPQHRSGWKQEIDILRTLYHEHIIKYKGCCEDQGEKSLOLVMEY
VPLGSLRDYLPRHSIGLAQLLLFAQQICEGMAYLHAQHYIHRDLAARNVLLDNDRLVKIGDEGLAKAVPE
GHEYYRVREDGDSPVFWYAPECLKEYKFYYASDVWSFGVTLYELLTHCDSSQSPPTKFLELIGTAQGOMT
VLRLTELLERGERLPRPDKCPCEVYHLMKNCWETEASFRPTFENLIPILKTVHEKYQGQAPSVESVC&
(SEQ ID NO: 92)
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FIG. 11D

TYEZ

ARG T RS T OGS ARG R CT COE G I TR GC T TET ST TCC CO A A ERTSAGTCTEEACGE
e A A e A DeRaaS T T ER G R S A AR S e GA T T o TRCRC T TEACAS S TRCACTIRG
AT AR ACC TS TROC T GRERC TEC IO G GEGCthgggtgcacatcccagttccﬂgccgttg:cggccggg
tttagdagg tttLggggggaggacatgggggcgtgcagoottoccagitycaagcttoact cogacootgtocttoasa
gotaggtetgggtecagtgggdacga gaaaggadgaaggagga agtaggotoogcgasagjooccat coecgggatot
catctataacatgaataggtattaatggoaaaggoctaattaagogottactgtataccayacactttototgocton
tcgcgttaaatcctcccagcagccttttgaggtagacactgttacatgcccattttccagatgaggaaaccagcaa
catgggtygaagtgacagococtocoa sttoCatactggogoco toagde ggotocaggcos tggattggggggatag
agotggacatasactotoctaggott tggogagtoaa caggdga cogaggtcact catgygggtaar tgLgyoagay
Jagasbtytgyoct gaRagadgacat CACEE cOat s aactaa taanas tha bt LAt Ee L EOEE L EQUEEA AL
JLTotLTT ogtgtg tdnetdaateagBeICTETECTEARTGTE TARTAT GOGER M TATATTEARRCRTTAC AATCR
ToT T IeR TEa oL R Cr T B eaR O T oo T T T AR Ta G COE A L O TE LA OO O AR AT T T ARG TGO TTES
TTEAGTIGA ARG SRR T CORGEE CTCACICTOAgratgt ttgaccacatotgootgtot gyt tat bt L agoga
ggtgtgtteagagcagattttoattttacttthtatt tatttatttatt tatttatttat ttatttattgtatttta
gtagagatggggtttcacca tgttggtoRragatgytotmaatoctooagacctegtgatet ghoogoottggoetoce
aaagtgctgggattacagtcatgagccaccgﬁgcctggccctttupatatatttttattattt&tttatttatt;at
ttatttatatttttagagtoagggtotoact ohgtcacocagyotggaatocagtggtgogatocactgoctoactaca
goctecasctoctoggotcaggagat coticcacticagooticeodagt aJettgagta cagatgtgoacooocan
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gcctggctaaattttaaaaatttcttgtagaggccgggcacagtggctcacgcctgtaatcccag:actttgggagg
c;gaggcgggtggatcacctgaggtcagaggttsaagaccagc;tggccaacatggcaaaaccstgtctgtactaaa
gatacaaaaattagcocoggtytagtggeaggogocagotactcaggadg ctgaggtagyagaatoacttagaconay
Jaggcagaggttgtagtgegcaagattdtaccattgocactocagoctgdgoaacasgajigasact cbgtoboaasa
gtasgataagataagataagataagataagataajataagataagatataasataagacgtottgtagasacagggt
cttactatatggoctaggot gobotogagotoctgggyotoaagcaatoctottgoortcaacatoooaaadtostaay
attagaqgcgtg&gccactgtaccnggccaga@bagatttttatatctgtgtcaatttgtggaaagagaggagggtt
cagtgttattgttgangagagatctaggtggggatgcataccccaa:cﬁtgtccaataaatgtggaaaacgagactc
agagagggaatcgggtctctaatgtcatgccaagatgggagccdagaatcttcccctcaggcctt&gctggggtggg
tggasggt tgaaga gotaataggagt chotgggotaa gacttgdgagotJacagat tytocoottt ceagCTGRGOT
A TGOS GeLECA TECC T T e ACT O G TG GO A GG CaC A ST A MO C Ce T TS ACRATEE BEOCCA RIS
TESCIE A TR A e TE RGeS Te O T T T R A TR GO TEe T L AR GO G SRR O TS TCACT T TEART
SRGT AT TGA A TER SRR AT E TR TCCAC A TTECREATEARETTEqL gagtot ggggog ELggoa coatyg Ky
gggRctgIIOiggd sULgcR aTCagCIChd §T00C 2RO EOCTLCt 2500 COCROCAA0O0E BOCROCDACTD qEX:
atocacocachoat oratooatnoal coatocacrca toraco cancoatotac ool oo aartascoatocatosa
cocoacccaoocatooatcoaootatgoatcoatocatootoooatocacoratocoacocoaocooattocaccocacocat
tcactcatccacccaccctttcacCcatccacccatccacccattcatccacc:acccacccacccatccatcsacc
cacgcatccatccacccacccacccacccatcc&tccacccacgcatccatccatacatccacccacccactcatcc
atccaccoacoratcoacctatorat foanC Lactea CoranC Catora oCaC ELa Lo aCoCaC CRacoC atora
CCoCALCCa TOCRCCCRCOCA LA CALCE AL CCAt CoATOCACCOa L AT toCA TACCOACOCAtL oA LCS
atcocaccoatooal ooaCoTaCCCET Coacc oyt oratooaccocatocatocat teatooatocat Scatccacooca
coceaccoatocatoraccce cocanooatoratoocat ooatooatooaccraccocastocaooract CADCoa CoLat
ccatgcatccatccatccacccacccatccatﬁctcccacccattcatccatctatccatccatccatccatccatc
catccatccatccatccaccgacccacCcacctattcatccatctatﬁcatccatccatscanccatﬁcanccatcc
atcratocatcoatocacoogitodt toggt gascat ttLgtaagoato tactototgocagctgcaaateachgae
tttatagagctgasattbtadtaggg adgacagcaadaaatat aatasda toagaaaact tggoocagotacagtagct
gacacttgtaatcccagtacttgaggaggcccaggcaggaggattgcttgaggccagtagttggagaccagcctggq
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caacatagggagaccttgtctcaacaaaataatttttagaaattagccaggcatggtggtacatgcctgtagtcecca
gcaacttgagagcctgaggcaagaggatcgcecttgagecccaggagttcaagectgcaatgaggtatggtttegtcact
gcactccagcctgggtgacagagtgagacccagtgtcattaaaaaaagaaagtcaggceccgggcgecggtggetcecatge
ctgtaatcccagcactttgggaggctgaggctggtggatcacttgaggtcagaagtttgagagcagectggccaaca
tggcaaaactccagctctactaaaaatacaaaaactagccgggcegtggggtgcgcacctgtaattccagetactcag
gaggctgaggcaggagaatagcttgaacctgggacatggaggttgcagtgagccgagatcacagcactgcactccag
gctgggtgacagagctagactccgtttcaaaaataaaaaaaggccaggtgcggtggectcatgectgtaatceccaaca
ctttcagaggctgaggcgggcagatcacctgagatcaggagttcaagaccagcecctggeccaatgtagtgaaaccgecat
ctctactaaaaatacaaaatgtagccaggcatggtggcaggtgcecctgcaatcccagectactcagaaggctgaggcag
gagaatagcttgaacctgggacatggaggttgcagtgagccgagatcacagcactgcactccaggctgggtgacaga
gctagactccgtttcaaaaataaaaaaaggccaggtgcggtggectcatgectgtaatecccaacactttcagaggetyg
aggcgggcagatcacctgagatcaggagttcaagaccagcctggccaatgtagtgaaaccgcatctctactaaaaat
acaaaatgtagccaggcatggtggcaggtgcctgcaatcecctagectactcaggaggctgaggcaggagaattgettga
acttgggaggtggaggctgcagtgagctgagatcgtgccattgtactccagectgggcaacaagagcgaaacteccat
ctcaaagaaaaaaaaaaaaaaaaaagaaagaaaggctttccctectectgcacaggaaattgcacttccaaatatat
ctactacagtctttctttttttecttttttttgagatggagtctegctectgtecccaggetgaagtgcaatggcgcaat
ctcagctaactgcaacctccgecteccgggttcaagecgattectecggectcagecteccgagtagetgggactacag
gtgtgtgccaccatgcccecggctagattttttttttttttttgtatttttagtagaggtggggtttcaccgtgttage
caggatggtcttgatctcecctgacctecgtgatcectgeccgecteggecctceccaaagtgetgggattacaggtgtgagee
accatgcccggcecccaattttetttttttaatgacatagggtctcactectgtcacccaggectggagtgcagtggtgtyg
acctcagctcactgcaacctccatgtcccaggttcaagceccattcectectgectcagecgectgagtagetggaattac
aggtgcacaccccacgcccggctagtttttatatttttagtagagectggagttttgecatgttggeccaggetggtet
cgaacttctgacctcaagtgatccacctgecctcagectceccaaagtgectgggattacaggecgtgageccaccatgece
aaccaaggaaaggcctttctaaggcggectttggttacatataccttectccagaaactectcettaccteccccatte
ccagctttccatgactggatgggggcattgtaatcaatttttataacacttecctacttcecccattgatggetgagte
tttttttttttttctttegtagagacagtctectectecttgecccaggctgaaatgcagtggtgcaatcatgacgecattyg
cagcctctaactgcccaggctcaagtgattttcectgectcagtectcecccaaatagetggggectacaggcacatgtcac
cacacccggataatttttgtattttttgcatgttgectcatgectggtcectcaaactcectgggctcaagccatceccacce
gccecttggettceccaaagtgttgggaggcatgagecatecgegectggecatgactgattttttttttttttttgaaac
gaagtctcgctcagtcctcaaagctggagtgcaatggcacaatcecttggctcactgcaacctcecgectecegggttet
agcgatcctcecctgcectcagectectgagtagetgggattacaggegectgceccaccacgceccagctaatttttgtatt
tttagtagagacggggtttcaccatgttggtcaggctggtcttgaacatgcatgectgttecccectgecteggectet
caaagtgctgggatgacaggtgtgagccaccgtgeccecggettttttttttttttttttttttgagacggagtctcge
tctgtcacccaggctggagtgcagtggtgtgatctcggctcactgcaacctecgectececgggttcaagtgattcecte
ctgcctcagcecctcectgagtagetgggattacaggecgeccaccaccacacctggctaatttttgtattttcagtagag
acgggggtttcaccatgttggccaggctggtctcgaactcecctgacctcaagtgatccacctgectcagactcecccaaa
gtgttgggattacaagtgtgcaccctcgagectggceccatggectgattectttgttttgttttgttgtgttgtttgaga
cagagtctcgctctgtcgceccaggctggagtgcagtggecgecgatcectcagectcactgcaagecteecgecttecgggtte
acgccattctcctgectcecagecteccgaggagcectgggactataggcacccaccaccacgectggcectaattttttgta
tttttagtagagacagggtttcactgtgctagccaggatggtctecgatctectgacctecgtgateccgeccacctecag
cctcccaaagtgctgggattacaggtgtgageccactgtgecccgeccceccatgactgattattaaaggattcagacagyg
tgtgcgggtgatgtgaaacacgctcagcagagggaacagcatgcatggaggecccggagagecttgatetgtttgagga
agcgaaagaccttcagggtgactggggtatcaattttgagagtttggaaggggaagtaacaattgaaattggggcat
agcaggcaaaagccagggtgggggtactcagaatcaagggtcaaggggttgggcattctceccgggagcaatggggagce
catggaaggtttaagccagagagtgaagcagtctgactagttecttttatttttattttttatttttgactggttctt
taagaagttgtctcaagccaggcacagtgggtcacgectgtaatcecccagecactttgggaggctgaggecgggcagate
acttgaggttaggagtttgagaccagcatggccaacatggtgaaaccccgtctctactaaaaatataaaaattaget
gggcgtggtgacgcacatcccagctacttgggaggctgaggcaggagaatcacttaaacctgggaggecggagttgeca
gtgagccgagatcgcaccactgcactccagectgggtgacagagactcggtctcaaaaaacaaaaatatgaaacatt
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ggccaggtgccgtagctcacacttgtaatceccecttgegecttagggaggccaaggcgggtggatcacttgaggtcaggag
ttggagaccagtctggtcaacatgatgaaaccccatctctactgaaaatacaaaaaattageccgggegtggtggcgyg
gcgcctgtaatcccagctactcaggaggctgaggcaggagaategcttgaacccagggggtggaggttacagtgage
cgagatcacgccactgcactccagcecctgggcaacaagagcaaaaactctatccaaaaaaaaaaaaaatacaaaaaat
tagctgggcatggtggcacatgcecctgtagtcecccagctactcaggaggctgagacaggagaatgacttgaacctgaaa
ggcagaagttgcggtgaaccaagattgcaacattgcactccagtctgggtgactccatctaaaaaaaatatatattyg
tttcacagggaggtatcctceccttcacagaggggcagtataattccatggtgtgactttggagagtgatttgataac
acagtcaaagctggatgcagtggctcacgcctgcaatcccagcagttttggaggctaagegtggaggatcacttgag
cccaggagttcaagatcagcctgggcaacatcgcgaaaccceccgtectcectactaaaaatacaaaaaattageccaggtgt
gctgtgtgctggtgtgcacctgtagtcccagcectactcaggaggctgaggtgggaggatcacttgageccgggaggtt
gaagctacagtgatcatgccactgcccttcagectaggtgacagagcaagatgctgtctcaaaaaaaaaaaaaaaaa
aaaaaatatatatatatatatatatatatatagctgtgtgtggtggcgtgttcctgtatttcccagetactcaggag
actgaggcaggaggactgcttgagccagggaggtcatggctgcactgageccatgattgcaccactgtatteccagect
atatgtcagagcaagatcctgcttcaaaaaaaaaaaaaaacccaggccgggcgecgtggetcacgectgtaatecca
gcactttgggaggctgaggtgggcgaatcatgaggtcaggagattgcgaccgtectggctaacacggtgaaaccccyg
tctctactaaaaaaatacaaaaaaattagctgggcatggtggcgggcegectgtagteccagctactegggaggectga
ggcaggagaatggcgtgaacccaggaggcagagcttgcagtgagecggagattgagccaccacactccagectgggeyg
acagatcgagactccgtctcaaaaaaaaaaacaaaaactcagaaacatcttccecctgaggeccatatagttceccactect
ggacagtgacagtcactctataaacagtcagctcatgtgctcccagggacacttatgagaatgtttagagecgectt
gtttatcatatggaaaaggggagaccattgcaaagtccctcaataagagactgcecctaagtaaattgcaatctggttyg
aatactggactactgcgcagccgggagaaggaatttaaccagaattactcatgtcattctgcatgaagectttataac
ctctecgtagcecctgaaaaagcacattgcagagggacgtctgcagtataataccacacatttacagttcataacttttt
tttttttgagacagagtttcgectectgttgeccaggttggagtgcaatagcacgatctcagctcaccgcaacctceca
cctcccaggttcaattctectgectcagecteccgagtagetgggattacaggcatgegecaccacgeccagctaat
tttgtatttttagtagagacggggtttctccattttggtcaggctggtctcgaactecccgacctcaggtgateccgee
tccctecagectceccaaagtgetgggattacaggegtgageccactgtgeccagecacagttcataacatttaaggcecta
gattgtagaggatatgaaaattataaacactacttcagggcagagcacactggcttatgectgtaatcccagecactt
tggaggctgagtagctcagcctcecccagcectactcaggaggctgaggtgggaggatcacttgagectaggagtttgaga
ccagcctggacaacatggtgagacccecttcectcectacaaaaactacaaaaatcagectgggcatggtggegtgegectgt
agtcccagctcecttgggaggctgaggcaggaggattgetttageccagtaagtcgagggtgcagtgagecatgatca
caccactgcactccagccacacctggctaatttattttatttttagtttttttagagatgaggggtctcactatgtt
gcttaggctggtcttgaactcectaggttcaagtgattctcecceccecgecttagectcecccaaagtgectgggattacagatgt
gagccaccatacccagctttagataaaattatttatttcattttattattatttttttagacagagectcactettt
cacccaggctggagcgcagtggcgtgatcteggectcactgcaacctetgectceccaggttcaagcaattectettgect
cagcctgctgagtagctgcgattacaggtgctcacccceccacacccagctaatttttgtatttttagtagagacgagyg
ttttgctctggtggccaggctggtctcaaactcecctgecctcaagtgecttcacctgectcagettecgaaagtgetgyg
gactataggcatgggccactgcacccagccagataccatttttttttttttttttgagacagtcttgetgtgtegee
aggctggagtgcagtggcacaatctcggctcactgcaccctcecaccteccgggttcaagegattgtectgegtcaac
ctccggagtagctgggactaaaggtgcaccccaccatggceccageccaatttttttttttcagatctcactetgecgee
caggctggagctcagtggcacgatcttggctcactgcaacctcececgectcececgggttcaagcagtectectgectecag
cctcccaagtagctggaattacaggcacatgccaccaggtccagetatttttttttttaatagagatgggatttcac
catgctggccacgctggtctcecgaactcecctgacctcaagtgatceccacctgectcagactcecccaaagtgttgggattac
aagtgtgcaccctcgagcectggceccatggectgattetttgttttgttttgttgtgttgtttgagacagagtectegete
tgtcgcccaggctggagtgcagtggcgcaatcteggctcactgcaagttccacctectgaattcacaccattectett
gcctcagectceccaagtagcectgggactacaggcatcecgecaccatgectggcectaattttttgtattttttagtagag
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tqtatEtatttatttattthaatggaatcttgct:tgtcacccaqﬁcngaﬁcacagtgaﬁgtgatct*ggctcac
tgcaacctccacctcccaugtﬁcaagcaahcctcccacgtcaﬂcctcccaagtagcnuagattacaagcatgtucaa
ceatgoeoggotaatthtigtatitt tagtagaggtggygttt tgcoat gt tggecagdotgghoct caaact cLaga
‘cctcaaatgatutatctgcttcaacctccaaaattgctaggattacagﬂcgtgaﬁccactgcguctﬂarctcctnaa
tgttttgtctggggngagacacaactt;tttgganuagagaattagacyactgcagttttttntttutt tttazaaa
agttttgtattgttototttazaaaattastatgototitttbotittttEtgagacydagtotcantotat tacca
ggctagagtaragtggtgcaatottggctoactgoaa ootcodtoroosaggttcaadtaattytoctgoct cagon
tcctgggtagcngggactacaggcgcccascacaacgccggg:taattttngtatttttagtagagacgggaattca
'cﬂatgttggccaggatggtctcagtctcttqacctcgtgatccacccgzctcggcctcccaaagtgstgggattaaa
gacatgagocactyoootgacctat tttor tEEtEEtttor ttob bt ChEttEtEE Lttt gagatggagrtte
gctcttgttgcacaggctggagtgcaatggcacgatctcggcccactgcaacctccgcctcctgggttcgagcaatt
ctcctacctwagcctccuaaatagctgggattacaggcgtccaccaccacacccagctaatttttgtatttttagta~
gagacogggtttoactgtgt tggota ggotggtoteaaactoo tyacct caggtgatcoa oot ectcagoo toooa
augtgttgggattauaggcgtgagrcnrcacgﬂccgguctaatafgucuttttrgactggtuatatcEPatttttct
ttocteottttttgttttasagactaggtocttgotgtgttgococaggoaggagtgtggtogt tattocagaggoacgate
atggctoactgoagootgagactont ggget ctagggatoct cotgont cggoctoocaaagtgot Jggat tacagy
tgtgagocaccacgooctggooagtit CECToLEL ot Ctatgaaatatotgtgooototac CoCEELCLoggasactio
cagat gtcagg‘t-tt LLCLgLLLTCECTLTEL 0% g o g o o 0 4 P P P P agacagtgboLcLoigt
gacccagactcactqcagcctcaaaaﬂtcctgggchcaaacgatcct:“tauctcagcctcctqagtagctgggacc
aﬂagguatﬂcaccaccacacctggataat:tttttttttaactthtttgtagagagguﬁgtttcacﬂatﬂttﬂtcca
qgctggtrttgaactcccgggrtﬂaagtgatcttcccgcctcggcctcﬂcaaacaggtgtuagttttgauﬁcagcca
actctgcatcattttgtacaataagtggactctttcagctgttqcagggaaaagttttcttacutﬂtagaatuggatv
_cctgqggtagctgtgﬁctggctttgtgactcccaagtgtggg:ctgctggggaaaggatcggggtcaggcctttacc
cacogoaactottecagAIC TIRCTRACETC TTERC T ETCAR CORERE TLACU GROETL GanCCC TACGET TTTOC
ARSI TATTTGARRR A A TOCGRER TUT 5 ”ﬁﬁﬁuatgagqgacﬂﬂqcﬂtqagctgctaaaagacccgcctgat
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FIG. 11D (Cont.)

coggoasgragt ity gUagttyagyat santt cotadetaagrt gattet cagoa gatoLagotdgoacooto et o

tgagggagdacetaggtacoaaggagtciias tagagoggagtagdcygggoctyJugtat tocgaaaggatotgoot
ggaggagnggcccgggaaﬁtcgggggEtggggagtggtgcagggatpggggaggEQQEQGEQEGCCtCQBUGgGPCC
cgaccagEElACT TOGE R A TR GO T TS TAC TR Ta oA T OO SR A A ER ORI CTOEO R G TEET HEOES
T O C TR A G AR TEOEECCCC e A Go A e CTCeaG U TEoAR SOACE AR TTEACATTC TECECACECTE
Tﬁﬂﬁ&ﬂ@iﬁﬁéﬁéTE&TCAAGTEE&EEGGETQﬁTﬁCﬁﬁﬁﬁéﬂﬂéﬁﬁgtgggcgggacccggcgagtcctagagactt
gaggaogcgtaatt agagoa tagat g togecttotoggoggogocadtotyoo tagocaattagagactot oaace
'ccﬁggﬂtgc&gtacgcggttcttggtatctgggtg&gcgtggctgggctgcctcsttcccatctggggggtgctacc

tgctggggccaggatgqacgggagccaccagcagctccctcaagtgagaatgﬁggntctggatgggtccatcuéacc

tgagaactgggtctagtgtgcgcgggtcttggccttcc;tcccgaccttggaggggctctgctgqgcﬁcaaggtagg

Srgtoocoggocol oSt ot 3t eI o etoca Cogggg cogooc oL C oS OO a0ttER SARG T GUTRIAGCTSS.
‘TC&TSE&GTEﬁETECEﬁCTEGEEAQCQTGEGAEAEI&CCTSﬁEEEGSEREEEﬁETCwEEﬁTEEQCE%EﬁTESTGSTC

TICSCEEEECAEAIﬁTGCE&GgttggtcggcEccgcccctgcttctggagcttgccccttcctcttcagcctqggﬂt
ggcctgagcgatécggtgcagtctgctctcacgctccgcccctgcthtttgaccaggctgtcttgtccttgcactg
acctcﬂgaactgtttggcttgcttggﬂcacaccccﬁtcctccﬂaaggqaccaggcacagccggctcgqcccctccca
'actcgccctcctgcccagctttgcﬁcgtctagccccgtccczqctttﬁtggctcaqcctccttttgcttggtgcaac
‘gtgccatcﬁqgccctctccagcggccgggt&gccaccggcctgacctqactgtcccccagccct:ctgqétgctcag
gtoctgoogcogonoooegde cgrace cogoo coact gas scteacgago cotJo coogt o oocagtECRTER OO TAT
T A A A T A T O A O e A T S O G R A TR TR TR AR AT CA AGE CTESTCARGAT
COEEERC T T TGO T CC A RGO E TR S AGGC O G TR TAC CE e T A A A CRRTEE BCACRACOIDS
TETTCTEgtgaccaggogggd gLgcag totgaaggggt gotggggtocact tygaacaggyragygtggagtagacggat

goctaggtatocatgataggaoatgatcocoagtagagogogacggggcctagegotgogaggatgggacctatggaggs:

@aggggcggtgtatagagtgoggcottggect ggtgggoggggt taacocoggoct agocaa tgagoggoctagocaat
gagdatatcaccccgctcaggctgcgctcttaagggtqggtcccaﬁctgagcccaqagqgtccttcagtctcaggtg
agggcttcagcctggtctgatccccaagccctcagtgcagccccccgtggcctgagtgcccccctccccctagEIAI
SO AR TR T AR SR BTATE R T T T A T TR C AT O AG A TR T T SO T C T TR SS STRACC CTETRTREGCT
PTIGQEGCEQIETE&ﬁTﬂCAECEﬁS&GCCCCCEC%EGgtgagagccaggcccgcagccccaccgggagtttqctaga
gcaattagaaaggcataggctgggccaggcgcggtggctcaaﬁcctgtaatcccagcactttgggaggccgaggcgg
geggatcacgagdt caggagatogagaccad Sotggotadcacrggigas acocglctCtACt2ada abICRaARES S
attagccagacgtggtggogggogoctgtaghcooagotectcaggagactgaggcaggagaatagcatgas cooag
‘gajgcgdagctigoagtgadocgada totecogactycactocagotggotgacagagogagactoogroiaagaca
ggac&ggacqgagagagagagaaagaaaagaaaggaa&gaaaggcataggccgggcgcggtggﬁtgacacctgtaat
ﬁgcagcactttgggaggccgaggcgggcagatcaﬁgaggtcaggagatggagaccagcctqgﬁﬁaacatggtgaaaq
cccqtctctactaaaaatacaéaaattagﬁcgqgcgtggtggcaggtﬁcctgtaatccaagctathaggcggctga
ggcaggdagasttgotigas cooggt 2ggog aaggttgoagtg agorgagatoatgosactgoact chagoobaddt
gaaagagcgagagactgtctcaaaaaaaaaattctggacggtaagaacaatctgctgtgaggcttaataataacggc
azdcacciyacicacgortacioratgdatattagri tadogr roacagtaatoocaggt ggoiaga tyrtattacoo

tattttacggatgagasarcagdococadagasdtgaactoasattcagagtcacacagctgagaagtotasgaggng:

goattdgarcosatgoEgtcgatttoatgaagttgcagagtgattitottttoortithtgagatqgagtiteacact
tgtatcﬁcaqgctggagtgcaatggcacaatctcggctcactqcaacctccgcstcccaggttﬁagacgatactcct
geoctoagootoccaadtago tgggantacgdgogoctgocattatgoocaqotaatittttattt ttagtagagat
goggtttoaccatgtiggoceggotggtoctogaactoctgacotoaggtgatooacooaccicagocktocaaagtyg
ctgggattacaggcatgagocacegigoctgoctttoattgectottgaasagagettghottgtt tatactgtagh

AT T T TR T AT AR AT T T C ARG TEACE TERCAST T TG AL T AT TR T TR T 2 U CAGEEEG

QEEETECCéCGGCﬂCEEE&EEIETCEETGTEﬁﬁgtgagacttcctttgtctttccctgaccccactattctgcuqtg
dJagagggcadorococaccad ooctgg bEt it oottt ag S To T AT ATC TOR TS 2 2GR RO TR TOS GRGATR BRGET
STCCT I T GOC R COTTO G RGO TR TR A T T TEA NG AR RTC CATEA GRRS TR COR RS LU RRSCOCCTT

EEGTETTEEE&GTETﬁﬂTﬁ&E@CﬁﬂRéIﬁﬁC&EEECIGCCTEQE%EGQETGQAﬂEASGCAG’SGCTGEAEEGSQ&GE'

T T e T e T R e e T AR B B s A e G A TR T A SCC TC A OO R RCORTE TECCTT A TOCTSICTA
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FIG. 11D (Cont.)

GAGACCCCACCTCTGTGAACTTATTTTTCTTTCTTGGCCGTGAGCCTAACCATGATCTTGAGGGACCCAACATTTGT
AGGGGCACTAATCCAGCCCTTAAATCCCCCAGCTTCCAAACTTGAGGCCCACCATCTCCACCATCTGGTAATAAACT
CATGTTTTCTCTGCTGGA (SEQ ID NO: 93)
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FIG. 11E

Intron involved in TYK2 translocation

gtgtgtggcctgtgtgtggggecctgggtcggtcagggagggccaggagecccaggagttcgagaccagectgggcaac
agggcgagaccccatcttttttgtttgttttgttttaggtggagtttecgecctgtcacccaggectggagtgcaatgyg
catgatctcggctcactgcaaccttcgecteccgggttcaaatgattctecceccgectecagecteccaagtagectggga
ttataggctcctgccatcacgcccagctaatttttgtatttttagtagagatggggtttcaccatgttggtcagget
ggtctcgaacttctgacctcgtgatccatcececgectcagecteccaaagtgectgggattccaggegtgagecaccacyg
cccagctggccccatcecttttaaaaataaacaaatagccaggtgtggtggctcatacctgtaatecccagcagtttggyg
aggccaaggcgggtggatcacctgaggtcaggagtttgagaccagcctggccagtatggcaaaaccttgectctact
aaaaatacaaaaaaaattagccaatgtggtaacttgcacctgtaggccgaggtactcaggaagttgaggtgggagga
tcacctgagctcaggaatttgaggccgtagtaagectatgatcacaccactgcaccceccagectgggcagcagcatage
tagaccccatctccaccaaaaatttaagaatcagctaggctgtggtgatgtgcacctgtaattctcgectacttggaa
ggcttgagcccaggagtttgaagctgcagtgagectatgttecgtgecactatactccaacctgagagacagagtgaga
ccctgtcttaaaaaaaaaaaaaaaaaaaaaaaacaagaaaaaaataaccccccaaaaaacaaaacagaaagaaacce
agtgatagtcacagttgtccttttcacattggctgtcecctatggggaccaggtttggggttggegtetgtgectcete
ctgagtggccacaccccctectectgeccacctcag (SEQ ID NO: 94)
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FIG. 12A

NPM 1 cDNA 1449 bp

AGAAAGGAGTGGGGTTGAAAAGCGCTTGCGCAGGACGGCTACGGTACGGGGGTGGGAGGGCTTCGGAGCA
CGCGCGCGGAGGCGGGACTTGGGAAGCGCTCGCGAGATCTTCAGGGTCTATATATAAGCGCGGGGAGCCT
GCGTCCTTTCCCTGGTGTGATTCCGTCCTGCGCGGTTGTTCTCTGGAGCAGCGTTCTTTTATCTCCGTCC
GCCTTCTCTCCTACCTAAGTGCGTGCCGCCACCCGATGGAAGATTCGATGGACATGGACATGAGCCCCCT
GAGGCCCCAGAACTATCTTTTCGGTTGTGAACTAAAGGCCGACAAAGATTATCACTTTAAGGTGGATAAT
GATGAAAATGAGCACCAGTTATCTTTAAGAACGGTCAGTTTAGGGGCTGGTGCAAAGGATGAGTTGCACA
TTGTTGAAGCAGAGGCAATGAATTACGAAGGCAGTCCAATTAAAGTAACACTGGCAACTTTGAAAATGTC
TGTACAGCCAACGGTTTCCCTTGGGGGCTTTGAAATAACACCACCAGTGGTCTTAAGGTTGAAGTGTGGT
TCAGGGCCAGTGCATATTAGTGGACAGCACTTAGTAGCTGTGGAGGAAGATGCAGAGTCAGAAGATGAAG
AGGAGGAGGATGTGAAACTCTTAAGTATATCTGGAAAGCGGTCTGCCCCTGGAGGTGGTAGCAAGGTTCC
ACAGAAAAAAGTAAAACTTGCTGCTGATGAAGATGATGACGATGATGATGAAGAGGATGATGATGAAGAT
GATGATGATGATGATTTTGATGATGAGGAAGCTGAAGAAAAAGCGCCAGTGAAGAAATCTATACGAGATA
CTCCAGCCAAAAATGCACAAAAGTCAAATCAGAATGGAAAAGACTCAAAACCATCATCAACACCAAGATC
AAAAGGACAAGAATCCTTCAAGAAACAGGAAAAAACTCCTAAAACACCAAAAGGACCTAGTTCTGTAGAA
GACATTAAAGCAAAAATGCAAGCAAGTATAGAAAAAGGTGGTTCTCTTCCCAAAGTGGAAGCCAAATTCA
TCAATTATGTGAAGAATTGCTTCCGGATGACTGACCAAGAGGCTATTCAAGATCTCTGGCAGTGGAGGAA
GICTCTTTAAGAAAATAGTTTAAACAATTTGTTAAAAAATTTTCCGTCTTATTTCATTTCTGTAACAGTT
GATATCTGGCTGTCCTITTTTATAATGCAGAGTGAGAACTTTCCCTACCGTGTTTGATAAATGTTGTCCAG
GTTCTATTGCCAAGAATGTGTTGTCCAAAATGCCTGTTTAGTTTTTAAAGATGGAACTCCACCCTTTGCT
TGGTTTTAAGTATGTATGGAATGTTATGATAGGACATAGTAGTAGCGGTGGTCAGACATGGAAATGGTGG
GGAGACAAAAATATACATGTGAAATAAAACTCAGTATTTTAATAAAGTA (SEQ ID NO: 95)



WO 2016/123517 PCT/US2016/015714
35/52

FIG. 12B

NPM1 ORF 885 bp

ATGGAAGATTCGATGGACATGGACATGAGCCCCCTGAGGCCCCAGAACTATCTTTTCGGTTGTGAACTAA
AGGCCGACAAAGATTATCACTTTAAGGTGGATAATGATGAAAATGAGCACCAGTTATCTTTAAGAACGGT
CAGTTTAGGGGCTGGTGCAAAGGATGAGTTGCACATTGTTGAAGCAGAGGCAATGAATTACGAAGGCAGT
CCAATTAAAGTAACACTGGCAACTTTGAAAATGTCTGTACAGCCAACGGTTTCCCTTGGGGGCTTTGAAA
TAACACCACCAGTGGTCTTAAGGTTGAAGTGTGGTTCAGGGCCAGTGCATATTAGTGGACAGCACTTAGT
AGCTGTGGAGGAAGATGCAGAGTCAGAAGATGAAGAGGAGGAGGATGTGAAACTCTTAAGTATATCTGGA
AAGCGGTCTGCCCCTGGAGGTGGTAGCAAGGTTCCACAGAAAAAAGTAAAACTTGCTGCTGATGAAGATG
ATGACGATGATGATGAAGAGGATGATGATGAAGATGATGATGATGATGATTTTGATGATGAGGAAGCTGA
AGAAAAAGCGCCAGTGAAGAAATCTATACGAGATACTCCAGCCAAAAATGCACAAAAGTCAAATCAGAAT
GGAAAAGACTCAAAACCATCATCAACACCAAGATCAAAAGGACAAGAATCCTTCAAGAAACAGGAAAAAA
CTCCTAAAACACCAAAAGGACCTAGTTCTGTAGAAGACATTAAAGCAAAAATGCAAGCAAGTATAGAAAA
AGGTGGTTCTCTTCCCAAAGTGGAAGCCAAATTCATCAATTATGTGAAGAATTGCTTCCGGATGACTGAC
CAAGAGGCTATTCAAGATCTCTGGCAGTGGAGGAAGTCTCTTTAA (SEQ ID NO: 96)
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FIG. 12C

NPM protein (~35kD)

MEDSMDMDMSPLRPONYLFGCELKADKDYHFKVDNDENEHQLSLRTVSLGAGAKDELHIVEAEAMNYEGS
PIKVTILATLKMSVQPTVSLGGFEITPPVVLRLKCGSGPVHISGQHLVAVEEDAESEDEEEEDVKLLSISG
KRSAPGGGSKVPQKKVKLAADEDDDDDDEEDDDEDDDDDDEFDDEEAEEKAPVKKSIRDT PAKNAQKSNQN
GKDSKPSSTPRSKGQESEFKKQEKTPKTPKGPSSVEDIKAKMQASIEKGGSLPKVEAKFINYVKNCERMTD
QEAIQDLWQWRKSL (SEQ ID NO: 97)
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FIG. 12D

Homo sapliens nucleophosmin {macleclar phosphoprotein B23, mumatrin) {(NEM1),
transcript -variant 15 mHRA
NCBI Beference Seguence: N 002520.8

ACAARCCAGTGEEETT GARRAGC GO T TR GCAGCACGE CTACGETACBEECETEEGAGS
GCTFTCGGAGCACGCEREUGEAGECEECGAC TTEEEAAGCGCT CHC GAGATCTTCAGEGTE
TATATATARAGCEC GEEGACCCTELGTCCTTTCCCT T ETGATT CCETCC TEUEDEETT
CTTC PP EEAGCAGCETTC T TP T AT ToC BT CCEC T TCTC PrC TAC CTARGT GG TED
CGCCACC CEATEERAGATTCGAT SCACAT GGACAT GAGUCC CCT GAGGUT CURGEALTA
TCTTTTCGgtaactgotggggggagotggagogaggecgagoeggggociggiggeggtg
agggtgggggtoaggggcgggaateoggoctgoaacogigtociggtggagaccgccagac
cgacgggaggcctgagﬂgggtgggaagagctgcctgagccatggacctggagggattgg
agccgcggggggagccggtggcgtgaagggggaggagacgagaggcctgaagcgtctgg
ggcgtgagoggtcogaggeocggggoctgaggtaaagtggaaceggecgoctggaagtt
cggocottigecggoggatacgiggoggagotocaggogtgoittatit tetaacggogot
ggttcocatagocittoctgatgecaggeoeocgggt tggtggtoctggagygctgggttocaccy
gdasgcatgggoctgoctitgt tggagogggtagatgcacagoctggogttatictggoct
cagagcctggagetgooggacgtagacttacctogogtgettoggocagttactggggg
tggggaggogoggogeggeg tgaggaggeogeaaccgotgggagcacgtggtigocacy
tggttgggggagggaggggggtgtgggogotacatocgggactoaccggogtgttgeca
ctogtgagocagggatgotgtggotctgt tgaagtgggaaatgt taagaggctggtage
aﬂtagggttﬂtggaggtﬁtttgttcagtgﬂttagagcatgtactgtgatggcagctatﬂ
attttittgageococttitectgtctoactgoggtaggtggagoctagecocactitgeay
atgaggatactggigcccagagataaactcacttaacgaaggttgtacttagtaaagge
aataagagactaaatﬂtaaaﬁcaagacgcttgaetGcgtagctgctgcttcgtgaatat
taatgaggottegttttagggggacgtcotogcatgecgecatttgtgoggoatigace
aaacthttttctaaatacaaga&aﬁaagtagaqtqttcggtttgagtCagatCaagaﬂ
ctaagactattcogeoagaattitgggagoaccacoccecctogacttgoggtagtoctgoo
ccaaaaaggagagtoccacttgggtttttgatctocagtaggattaattgcagaagocta
atctttgtactatteoagactitgaagtaaatgoaaatectacogtgaattttatettgt
tcattatccqtgctqagatttgttaattaaacgtﬁtgttcacatttaagcatgtatatg
tattggtaacggttagatgatagitaaatggaatcattitaaaatttitatictgacagt
gttttgaagaattttgooccattcatggagtgagagtagacatatgtaticasaacatta
aggotttaattectagttattttgyatagetgagaattotggtaaatttatateagtac
tttttg&taactatﬂggaaaqaaCcctﬁcttgtctt&aacataatttﬂtgaatatagtt
tgaggogtatgtoactitetgtigotttaaagagtggagtgttgateccigtagcaaac
.ttcggttcttttacttttgtcattt tsttttgtaatagtaagetattcatgtttgtaa
cogtictcatticgaaattgocatitgggaattiaggiaggiaaatcagotgttttaaa
tagtgggaaacttaaﬂattggacattacatttggtttcagataattgcttcaggttgag
atttactaaaccattgagcocttgtitatgoagaataacagtacotatcagegtagttaga
gatga=atatggtatgatgagagaatggaatiatagtictittatgggtgtctgtagagy
rTitctgttcaagaaatctaggaatigatecatictgottitgooctictggtagoctaaaata

AT
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gtgaaaaactagttcazaaagttagacctgacctttttggttacccacacttaagtttea
gtgttatttttctocttgttagagttgotitittottoatttacagSTTGTCARCTARLD
GO G AR N P AT A T T T A A TEEATAATCATCARARATCACCACCACTTATCTT
Tﬁﬁﬁﬁﬁcthacttaaactttcaaaataaactacttaacﬂctagttgatttcagacttt
-tagtttatattcatgtggcttgagactttttttﬂctttgCtgaGtgcttataaaataat
atttcttacacttgggtattgtgtgtacctcactgtctgtacatﬂtttgaaqaacttgg
catctataccactcatttggtazocoatgtaaattccagicacactgitoaacttgectt
attttcttcagttgaatiacaaagoocttgtasaaggeatogataatotttoatgtecta
cEagaqactagccttctgﬁtﬁaaﬂttagaagttgctcaataaatatgttaggtggtcta
tattgtgtgtatgoatatttatgecatttottaaatttiotgaatatgagasactgattt
goocaagatcacasaacctgaggacaacattgeacaaatttgttttocagggtaatagty
agaggtttatacttgttitttaaaaaaatcacagtocatgtgocteattgoaactgotygy
gtocaacagatggatogcatatacaatggtggtocccatasagattattatacoctatt it
aatatacctttﬂgtgtttttttttttctttggaggantgtagatctgtcacﬂcaggct
ggagtgcagtggtgtaatotocggoteactgeaacetetgatttocgagtt caagtaatt
coctgoctcaccotooccgagtagctgggattacaggocatgtgocaccacacctggetaa
tttttgbgtttttagtagagacgaggttgttaceatgttgtecaggotggtotoaaact
cctgacctoatgatotgocecgectcagootooctaagtgitgggattacaggoatgags

cacCaageooggoootttoctatgettagatgoacaaatactgtgtitoggitgottac

agtatteocagtacagtaacactgtacaggtitgtagooctaggigigtgtagtaggoctata
cecatctaggtttgtatazgeacaticttatgattgtacaaagatgaaattgtotaacas
cacatitctcagaacctagoococtgbggttaagtgacgoatgoctgoatat aacatttag

Lgggggggtgtaaaataggiggaactcaaaagitgaagtagtattittittitgitcac

ageTCAGTTTAGGGGCTEET SCARAGGAT CAGTTGCACATTGTT CAACCAGAGLCAATG

AﬁTTﬁCGBAGGCBGTCERETTEREGTERERETGGG%AGTTTGﬂ%ﬁﬁTGTCTGTACAGCG_

AfCGgtaagggcacttacatacttiggatgttgtgtoaaggtitaattotghtttaagy

taggtttggtgteatttagtigtgecaagogagatagazagtggttetttatottotgte

actggagttcocgatggtcaactottgaacatgggggctictgetgotacttttatcagayg
gtggasazacaggticactggtitgttgatitggotiatgtgtttgcctgtaatgttta
ttgttcattttcttcacatgtttagtgatgaaaaatttctoocttotagGTTECCCTTE
GEEECTTTERAAT ARCACCR CCAGTEETCTTRAACCTTGRAGTET GET TCAGGEICATTE
CATATTAGTGCACAGCACTTACTAGgtatgttatttttatatattatactacttagttt
gtcctctttagtgcagttgcttggttccc&gtttggaﬁttaaagﬁatgggtatagtact
éctgtctttttaatagqttcﬁaatgtgagtctagaaattggagaggacaaataaatttt

-tggggcgggggggagaggaaatcttgatgtcaaccaggctagagtacagtggﬂacgatc;
ttggctcactggaacctotcogggaticaagogatoctooctgtctcagectonooagta

gotggggocacagacgtgoaccaccaagtocagtigegtitecatagttatagtagagaa
ggggtitegtgatgtiggoccaggecgatottgaactootggoctiaacgtgatctgoac
-chctqgcctctcaaagtgctagtattacacgtgtcagccactgtgcatggcctaaaaa
ttattitttaatasagacagtcticattataacggotyggagtgocagtgatgtgatoatag
‘EttgﬂtatatECtegaéctgﬁtaﬂtgggttcacctcagcctctggaatagﬂtagaacta
caggcacactocacgectggctaatttttittgtatatgtgcagatggogtotecagtat
gttgocccagattggactotiggooctcaagigytocgootiggoctooccaaagtgagat
tacaggoatgagocacooctocccaggottocttgoatitaaaacctgycagtyaacatia
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gucctcaaaatactittgttaaaaagttcotiticoccatgtgoctcttttL L ELLLET
ttieaatagaatagaagictocaghittiagagiattiactatecagtgitotti ettt
Ctgabt:cttgctgcttgagttttataatgtctaataaattgtattttagCTGTGGAG
CARGATGCAGAGTCAGARGATERAGAGCAGGACCATETCARACTCTTARG TATATCTS
GAAAGCGEICTEI CCCTCEAGET GETAGCAAGETTCCACAGyLagagatggoaatt L
attataggtttigtattatagotttiagittggtgatagaacagebotigttcatgagt
acgtatCttttcttttaaaaQERRRAQETRRAECTTGCTGCTGATGRAE&TC&TGACG
ATGATEATG%AC&PCRTCETCATC&RGRQtaagtatgattttagaaacttgatatact
cqqaatﬂttcacaaaanaaggaatttq “ataqttatatgcqtgagqgtpttataa
adg;cQtttac aazageccatoctatgtaatagtitataatasaagggcaggtggtcat
ctgttgtcagtitaagttasatgagctgagitygaaaggatatigggtotgigagocttt
acaatgctgtgacttgtgac:cttcadaaggqtag“ﬁtmtagtgtttqtgaagt+tgat
batgt cottitgtfctgaagatit gtggqtqtgutmtacccat czagootggtatgtt
ftauggﬂqqgcagttaatgagatkgggttgaaagaaaatatgattaaatagutc Catat
cattttacaagttgttactcaaggtttgttatiooctaasaagyattttgtettatggt
tttmtgtagmtatttattgaCm&a&ataag&utut zaagggatattaagattticttyg
gngttaaaatatggttqgamacaatqtttgatgactttmtattaaac+agmtca act
attgttacaaacagttaatacgceCactggtataaagtﬂctgtttataattggthttmt
qtghgﬂcagtaccagtaatucmtbgaataﬁtttgatttgchtctcag tttgtocttea
gttctqmggttqgtccmtntgcabttattqaa acmaatataagaacntg actttzas
mgagmacctgcatgaaagatcaaattgggmguttaggttttmagctggtggutcttaaa
aatctttgagcatgacgatgaaggaagaaaaaaggaaaaaggcﬁgaaagagécgaamgc
+taaaaattcaaagtatgaﬁcaggcgcagtgﬁttﬁaﬁqccﬁgtaatﬁﬁtaaca::caqﬂ
caagatgagaggatctocttgaggocagooocggicaazatagoaagacocaatoicaza
gazaaat aaaaattcaaagtncttgcatqtcaaacttatma&tgaacquaaactraaag
gtagtattigactgitgotgittttgEtttot EE ottt EL et tELttttigagatgy
agtotocagttgetecaggoctggagtgeggtggegocatoctoggoticaccacaacot oty
cotoctgggbicaagogatigtoctgoectcagoctoocggygtagcigggachycaggot
cgggacacocatgooctgoctaattttigtattitagtagagacagggttteagtatgttgyg
tcoggotggtottgaactecctaacctogtgatetacchtgoctoggtotococaaagiget
gggattgcagatgtgaaccactgcgcccagccaaatttttgtatttttaatagacatgg
ggtttcachacgttggﬁtaggctattctcaéactcctaaCctcgggtgatCtggtCacc
teatortoccazagtgotgggattacagqyoatgagocacoytgoocoggocactttt Tt
Cttgugmtggtgttttac"atgctactcggnstgq cttgaatctoctgggoacaagota
coctbooccte teagautstgaaguaggtggqqtta“agqag ataaccaageccagott
gtttggttat actittzagaaltatiis togttagtaagaattgasatacatto cazaga
gadqaaquqaaacaqqct&aaaabaLdaattagaaataqqgatggtatgguthgatt
ggtttagtﬁtqattttgagtLacctttgta“aaq*ttmtaaaataaqtqtt‘ atagca
tte ﬂcqaggﬂtcggggacaagcQatccgttcaagaa;guatttggag taggaccigat
tgbagtatigacccigttggggcttiggaagatibocttttttaaaaattgatataatt
aggocaggoatggtggotecacgectgtaateocageactityggaggotgaggtgggty
gatcacttgaggtcaggaqttcaagaccagcctggccaacatggtgaéaaccggtatct
actaazaatacaaazattagectgggtatogtgginectgoctattggtoooagitactt
aggaggttgagtcaggagaatbgocttgaacctigggaggtggagygitgoagcaagocaag
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aatgcgccaccgtgttccatcecctgggcaacagagggagactcecceccatctcagaaaaatgg
gtataaattcatgatgtaaccacaatgtaattttgtttgtectttaagttgggcattgat
aggaatgaaaagtgtagatatcaaggtccaaatcagtacctggttttttttgtgggatt
ttttttttttecggcaagtctcgectecttgtgececccaggetggtgtgcaatggtatgatet
ctgctcecgcectgcaacctctgcectteccaggttcaagtgattctectgecteggectecaga
gtagcttggattacaggcacttgccaccacgcecctggctaagttttgtatttttagtaga
gacggggtttcaccatgttggccaagctggtctcgaactccaaagtgectgggattacag
gcgtgagccaccatgcaccgceccgcaagttttcatataagttgaagaaagtgtactaagg
tctgcatagtagtaaaggatgccttgagggaaacaaatattaatagaaacttcagtggt
gagatggcaagggcccagcatagatagatggcaatgaaaatgcaaagaggtgcatgaag
gttcgttatagttacttagaaatctaaccttttgaacacagatcaaaggggaatttggt
tcetttttgaggatggaatgggtatatggtgtgggectcagatgactcttgatttaagea
agaaaggctatgtaatgtgcatagtgctgatgtatactatacatagatgtatgtaatac
gttgatagtatgtggcceccttaaatgtcttttttaatttttggggaatttcttaagtaaa
gctgaatttttttttttttttttggagacagtctctgttgecececggectgaagtgecattyg
ttggctaggctggagtgcagtggtgcaatcatggctcactgtaacttctgectecececggyg
ttcaagtgattctectgectcagecteccaagtagetgggattacaggcatgtgecage
atgccaggctaattttttgtatttttaatagagatggggtttcgeccatgttggtcagge
tagtcttgaactcctgacctcaggtgatctgeccacceccagecteccagagtgetgaga
ttacaggtgtgagccaccacaccctgceccagtaaagetgttttgatagtagttttgatag
ctattttgatagtagtttaatagacttgttttaacaaataagaaaaaatgtttaaaaaa
agcattctcatcttgtttctagcacaggggaggcacctgcagggattgggttctaatge
cagaaacttgtactgacaaaatcactgttaaaaagccacttgaagggctatttgtgaca
gectttttaagttatgatactttttctaaatacagcaaatatttecttcggtattggaaag
ataggtgtttcttacatgaagttgctgtattgggatttagagaccagtacgttcagttyg
ttgaattaaacgtgaaccceccecttggtatttgctaatagagacttctgectgacttgecect
ccagtgactcgatttgattactcceccectecattgtttacctattaacagttcacacctgt
aatcccagcactttgggtggtcgatgcgggcagatcacctgaggtcaggagttgaagac
cagcctggccaatatggtgaaacccecegtetectgcectaacatacagetgggtgtgatggtyg
ggcgcttgcaatcccagetgectggggaggctgaggcaggagaattgettgaacccggga
ggcggaggttgcagtgagccgagatcgcaccattgcattccagattgggcaacaagagt
aaaactcaaaaaaaaatagtgtgcagttcagtggttttagtatgcatagttgtgtagece
atcaccataatcaattttagaacatttcatcacctcaatgagaaatcgtactctatagg
tattacccctecatgectettcagectctagtcaaccacgaatgaactttgtctataggttt
cctgtecctecatattttgcacgaatggacttectgtgactgttttettagecacagtgttt
tcaagtttcatccatgttatagcattatcagtactceccatttatttatatggttgaatac
attgtatgggtatgtttggttattcatcagttggtgagcatttgagttgcttctacttyg
ttgactgctatgaacgcttgtagacatgtcattttacttggatgtacacctaaagcaga
gtggctcacccattgtattcecccactagcagtgtatggggettectgatttcactceccaace
tactgatttcactacaccctcacttgceccattatctgactctaatecctggtggtatgaag
tgctgattgtgggtttgattgcgtctececctgtggactaataatgagcatcttttcatgt
attcattggccatatatctttggagaaatgtttttgecccacttaaatccatttacttet
ctttgtctttactaagttgtaagaattecttttttettttttctttttgatatgattttt
gtatttttagtagagaaggggttttgccatgttggccaggectgttecttaaactectgte
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ttteottoatasattacocaatotoaggtagitobtetbnbbteEtrtoathttatttat
ttattrtattbatotbhtatottatbLEEbtbttaatttattbtitttatbgataathct
togotgtttotocacagagggagaettiggocagggtocatgggacaatagtgyagaggaaggt
cagcagataaacaagtgaaﬂaaaggtﬁtctggttttcctaggcagaggaccctgcggcc
ttococgeagtgtitgtgtacctgattactigagattagggattggtgatgactotaacy
agcatgobgoocticaagoatoctgtttaacaaagracatcitgoacogooctbaatocat
ttaaccctgagtgqacacagcacatqtttcagagaqcacagggttgggggtaaggtcac
aqarcaaEaggatcpcadqgcagagqaaut%ttc ag%gcaqaacaaaa;gqaaagtc
toccatghtcotactictitotacacagacacggcaaccatoogattictcaatoctttton
ccacotbbootgoocptbotattoocacaasgorgocatogicatoctggocogtbotoaa
tgagocbgttygggoacacctooccagacyggytggtggocgyg cagagggge toctoactt
cocagtaggggoggcbgggoagaggeg cecctocacctecoggacggggoggotggoogg
gcagggggggtgaccccﬁcﬂcacctc¢ctcccggacggggcgggtggcﬂaggcgggggg
chgaccocococacctococtoooggacadygoyocggc ocggaodaqggycigacsococ
cacctccctcccggacggggcggﬂtggccgggcagaggggctcctcacttcccagtagg
googgoocgiyoagaggogocococicaccicocagacgygqoggotgyo cgygogda ggao
tgacoccoocacoctococbococoggacogggoggocggocagy oggggggot taocooooco
acctoococicooggacagggoeggoebggoogggt gggggggotgaccocococat choceyg
arggggtggetggoegggoigaggggetecteact toccag taggggoggooggycaga
ggcaaccctcacctcccggacggggcggctggccgQchgggggctgacccccccacct
ccctCLQggaDggcauggctggccaqgtggggggc*gacuccccuacctccctcccgga
bggcacggchggccggccggggggqccgaccccccacctchctccuagatagggcggcH
'ggchggchgggqgutgatcuacccgcacctccctccaggacggggbggﬁtgctgggcq
‘gagatgctootocactboocoagatggggiggotgyoogggoggagaggetoctoact tota

‘agacggggeagobgoogyggoggaggggetoctcacticteagacggggiggo tgocagy
cagagggtctcctcact+cucagacggggcgqcaaggcagagacghtccfcaactccca

gacggggtctcgqccgggcagaggcgcucctcahauccuagatggggcgguggqguaga
ggcgcpccbcacatctcagaugatgggcggﬂcgggcagagacgcbccucaﬁ tootaga
tgtgatggoggotgggaagaggogotocteacttoctagatgggatggeggoogggcgg
'agacgctcctcactttccagactgggdagccaggcagaggggctgctcacattccagac
gatgggoggctaggcagagacact oot cacttcocagacyyggt gyoggoocgggcagay
.gﬁtgcaatctcggcactttgggaggccaaggCaggcggctgggagqtgtaggttgtagt
gagocgagat cacgocacktgoactocagoctyggcaccattgagcactgagi gaacyay
actcrgbcfgcccfgattrccft“uutgaaCugac tagtactgtgocataasagoaaac
toocaagtbachotttit bt tiatttasagage tggygtggoctactot bgotoagqyt
tgaagtacagtggtatgateatagoctcactacagoctocagotgctgggotbaagoaat
cﬂtgﬁtgccttagcctcctgagtagﬁtgggattacaggcatgcaccacﬁatgcctagct
agtroatcttaticottocttaasggaaagattttaageacaaaattatatggeogbyaat
Thattgatgataattoccagtogtataatitagotttataagggagtitog-tgagaatats
tgaggaaatccagacagaatgggititaattaggaattgtacttattocttatgacctic
tggaaattoatbCot EEt CoaqEGROR AR ATCCTTCAACADRCAGEANARRACTCCTA
AR A AL G A TR G TR TR C ARCAC AT T AR CCA R ATECAR GCARGTATA

Ghiahhgtgagtazagitatottasasassctitgiciococooctogaattgoacgigt
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gooctggbbogtggtatgaatbtitioaaaaatbtottatasascatitataatogigoc

rgfggtqaft*ttqcatafgcaaaattaaauatgcct*azttECbattatgcaaggiac

gtngtgcactgg§Lgcaagataacatuc gaccttozat gttnaaauagatuagtgama

acactftgacfattﬂtggttgtaagatatgctagaqaaccaacagagggcgtatgaqac

ttocattaaast ‘tacaaacaget ggaaaagtagatgﬂuggCuqtfgctuggﬁatta agt

taataftcargabtgaCﬁuua hcaqaaghqautr cagcagattgagacatftc ot gyl s
rgccc;ttacaﬂcaagttgbﬂaacagttaabacabgtagbaatagctagattfcg Jaa

tgactastaggcttaaatbchagtl tcctbttqtctLaaataahggaaabgtgggaagagv

ggbtaggzctczcatc*gc*tqactqggggabzhqaguaggatauggaafaaatgq
aaaugcctbggaaqca atttgagagaagcttfaabtcbatgaauautahtttuagacu

gcaaﬂbabtqagagcaaaLgrqggg#ggtgaaaaat%gccaaﬂtﬂabttccccabqbtu

ttootgtaat cuatngattftucgtggﬂt:cagtugattccttgtacagugauaaguuﬁ
aahgqaaaaagaabtHtagaaﬂmgqaacﬁtatt ﬁbttmagtcacacugtaaacact

;agccrtcﬂtggtta:cactgatt;rtqthcc*tggatacaatqcraaaatgaﬂaLcttt:
tagaugcccctccacLccatttzaatutgguccua Ecﬂttggctza_ttgcaggﬂgu

aftgaacagrccrgggcact&catgtaaaftaagcﬂcaaaga tggggagasaggasaag

gagggacaaatagagtchatactgagtgtcaucaacuatccagahcgaagzcgtc att
ttaatotoaatocooctibtet qatttgcmacccagqc&tcbtﬂaggﬂuagaaaﬁaatﬂu.
ttggttﬂuctaaaguacttucttctgactgﬂmgtgattuagfgaacat“gccct tge
,ghcbcaccbgacaaﬁgttttaaatcgccbttgtatctcc;

£ tetattahttgugcau
ttagﬁtgctcad%aaaraLt%qaatqcaucaazpaagaatg%mtgtgacaabaat:tug

aaatggaaattgigaggt tattttac#aggttutagﬂagghagutaag*ttcttaatgi

c%ataccbgafzctqacaaagtccs*tggacazttanaaccutttcaatcE:ttaaaa

jatgcabaaaagatac%tagaqggaaaggtutbaattaaa%uuag%maaqacaaatagat.
?ﬂaargctrtaaarucgaaagtagrgauaaavacaaacabttﬂaagatatttgcaataq

taatgtitigasattttggbtacaaagtoacaggtoctigooaatactyttgtagtttot
tgectatatoogtaatttgaaggsaatggtgagagtgatiagagsagtgtaattactgt

aatthtttccc%a'Vgtagttbcttgcgtqzakcaataaftbgaaggaaabggtaaga=
gtgatuagtqaaatgtaattactguaaLtttttccccattcaactttatmuatca:taa~
ﬂtgatqaccagabﬂatrg tgitotgaacocagttbgiggtcageaagigb b tgbgygy

%uttgutug tgtutttaaagaauagbttggg%C¢C%tgacatggfuctﬂﬂaanggga

tgttatgggtigtatttggttotgggtgataacegyacttgttagataa ttagataagc

aacﬂaagttgccatgtftg*ttgtcgaatctaaagtghagpttata ttahgutaata
gagaggttqthagggaagatttgachcttEQQCaaatcugttugaauaqagatacuagc
gaLgctguccaa?aqggcutrcLQQCEC gaaaaaqataﬂggagtaLrcttgg&aagtt

guaggqaaaaagaagaaacfgmtchatgtmguagcapgcagatta tgaqqaat Ttk

aaaggtatctocbotoggige attzctctaﬂttacﬂbgmaataa*gﬂttttgtc taatsa
gEE ”GFTTC”Cm“EuCﬁﬂéCTGEP.FCC&&EE TCR PCALTTATG TEAAGRATTEUTICL
GERT C“””.QCCA@Cﬁthaactgqattt:mtgqggacatgattaaatchaaghuchh
tgbgatttattatgatictgoctttacoohttttaagtgttggotet ittt taaaaagt
Ectaacﬁacagabagtatttcatttaatgaaauaccpgaaaauthatgtatt:aa Jaa
a#gﬂa%gaagaabaﬂagttggeag totgagatgataact! ragtaha tfttc¢cagau

ttootatagtiggtaaattatttortggit a:tgaatfcagttf%actt tttggtact

atgﬁtggttaaggaaathgctgxgg:?tzﬂﬂttgcpgtuccatfagacbgcﬁtggggca
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gtcbggbottggotbbttgggagrtggtagagatcthbtttootbottoooctagatet
tatgggaaatacattatgocasaatcatoctaacatgasatctggaageaagacactaa

attgfggc*acfaccagatacataagcttgagtt&gctg*taQatt*tacagtfagtac.

atgigasagtcot tagbcaacataaagattatgeat tbatttitgotctlatttacagit
gacbcanaagMgcaaggacaatguaaaagtggttaaataggg_tgtuagguatcgbgbg

gagaacggatgcfgcapttaagggbctTtaggctrccfgxggrcagctttrtLcaaa¢a

attaggasastttggoasttagotggttttbttttotgooatagtattttgocacttoast

'tatttaattgcacttcaatttttagttttcgggttcgtaaaaccctgataatggﬁtaat'

tttgagbtttagotitgtgasagttgtagbgatgggetataagatgatcagghtoagoo

ttggttgctgttétgttttttuncuaCattEgaatCLuaaagcttaaagtgtgaguttb
gggagtttatttggazatactaaacattgattaatcataaattatttigazactoogegt
tatgoaactgtttatttaatatigaazatagiggasagicagacatasataacocageat
gtactzacagctaagocagcataagagatgcattcttecaactactgocaaggaaagtgat
gatzaatttaatgattaagttgoagtagtottotgtactttataacasaggotigtage

tacaaagtcttgtagoctattagattactgaaccagoactictaoaagaagtattr et

EftataanasagtatbtbitggocaggitggboctEgaactociggoctcaagoagtectce
cﬁtcttttcctaccaaagtgct&ggattacagqcaagagccaccttgcccagcctacca
gaagtatt:EtttgctctagaattgaaagﬁgttctgaagtgtﬁagaatgaaatttGtgg
aataaatagtaaatgtitaataacttgaactigaattgotgttacagagattatcaaaa
'ctaaatgc*tcctgttfttgada*agagatgcatgatgcaagcaacgacaatgtata*t
tgtitgascoctgatgataagatototygoigggogiggtagitocatgectataatooca
gcaht‘tgggaggcaacauggcaaaahtctgdcwctmctdaaaauachaaatutdgctg
ggcatggtggoatgbacctgtaatcocacctactcaagqaggoggaggocaggaggatogo
tﬁgaaﬂctgggaggcagaggttgcagtgachccactqcaG*Cﬂaqtctgggtqgcaga
gtgagagtctatctocagaaagazagatttotatgatatttaatattggoattoggtatt

cagttaactugtacctgagaacccat%ggatgbgaaacagtgacagchgagagaazccf

gagucafc;catttctagt‘ ggtgaacuuctggacttttcttcagaaccaccztgc-

Gatgttggﬂcaggarggtcttgaactcctgucﬂzcuauggtgutccaauacct:ggccu
cttaaagtgetgggatiacaggeatyagocaccatgooctgyocagotgtt bkt gt
ggbbtgt bt tigttttggtaccocatcigtagighgatctbggotcactgocaaccichy
cotoctbtgogotocaggoagtocctooccacoctoagoctococtgqagtagocbgggoot oot gtag
tfgoacaccaccaagoctggotaatittigoattttbagtagacagggrttoacoatgt
tgcccaggctggtctcaaattcctgagctgaagtgatctgcccgcctcagtctcccaaa
gtgtaggga*tacaggcgtgagccaccafgcctagcctcagcafatagttttttctaaa
tgtacacatgoococaggocacacatgoacagygoaattcagaataagittotggigtitatg
taactttatttgccaaatctggocaactoctaaagotgatetcgygagatgaagtiggaa
gtaacattggocatatggoiototgtictbtotgitgatitocttaagtaaataatgot
aaactattaaataattattagta"'utgrtﬂacattrttatgacrgatuaaagtqtttg

gaattzaattacatctgagtataaattttctiggagtoatatotttatetagagttaac

;ctctggtggtagaafgaaaaafagatgtfgaag%atgcaaagagacattfaatLta%f
gatgbcktat gaagtgutgtggttcatbaaccacac ctobittittitttitoocagGlTa
_T”CA&C&TCTCLGGEQBTCC&SﬁAEP“E;ETTTﬁﬁCA&EETEETTTAAﬁﬁﬁpiTTCTTﬁ
AR N T T IR T YT CA Ty N GIR A AT I TR T TG TCTC LTI TR TATE
ATCCAGREICACRACTEFCCCTRCCOTGIED REAAATST”C’CC&EG”TCT“”TQCC&
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AGAATGTGTTGTCCAAAATGCCTGTTTAGTTTTTAAAGATGGAACTCCACCCTTTGCTT
GGTTTTAAGTATGTATGGAATGTTATGATAGGACATAGTAGTAGCGGTGGTCAGACATG
GAAATGGTGGGGAGACAAAAATATACATGTGAAATAAAACTCAGTATTTTAATAAAGTA
(SEQ ID NO: 98)
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FIG. 12E

Intron involved in NPMl translocation

gtgagtaaagttatcttaaaaaaactttgtctcccececcctcaaattgcacgtgtcectggtt
tgcatagacttgaatgtttcttgtttttttgtttgttttggtttaatatacttgecctgg
ttcgtggtatgaattttttcaaaaatttcttataaaacatttataatcgtgtectgtggt
gatttttgcatatgcaaaattaaatatgccttattttccattatgcaaggaacgtagtyg
cactggttgcaagataacattctgaccttccatgttaaaatagatcagtgaaaacccett
tgcctattectggttgtaagatatgctagagaaccaacagagggcegtatgagacttecatt
aaaattacaaacagctggaaaagtagatgctggctgttgcttggtattatagttaatat
tcatgattgaccctagtcagaagtgattttcagcagattgagacatttctetttgecect
ttacaccaagttgtcaccagttaatacatgtagtaatagctagatttcgtgaatgacta
ataggcttaaatctagtttcecttttgtcttaaataatggaaatgtgggaagagggttag
gtctctcatctgcttgactgggggatttgagtaggatatggaataaatggtttaaatge
cttggaagcacatttgagagaagctttaattctatgaataatacttttagactccaact
attgagagcaaatgtggggtggtgaaaaattgccaactcatttccecceccatgtttttettyg
taatctatagatttttcgtggcttcagtagatteccttgtacagtgataagtccactgga
aaaagaattttagaactggaacatatttcttttagtcacactgtaaaccctttagectt
cctggttatcactgatttttgtcecttggatacaatgctaaaatgacatecttttagatyg
ccececteccectecattttaatatggtectatectecttggtttaattgcaggegecattgaa
cagtcctgggcactacatgtaaattaagcccaaagatggggagaaaggaaaaggagaga
caaatatagtccatactgagtgtcatcaacaatccagactgaagtcttectattttaate
tcaatccececttttetgatttgecaccecatgectettcaggetggaaacaatctettggt
tcecctaaagecactttettetgactgectgtgattcagtgaaccttgecctttgettteta
ttacttgtgcatttgcctcacctgacaatgttttaaatcgectttgtatctecttaget
gctcaataaatatttgaatgcatcaattaagaatgtatgtgacaataattttgaaatygg
aaattgtgaggtttattttactaggttattggaggcagttaagtttcttaatgctatac
ctgattctgccaaagtcccttggacatttgaaaaccttttcaatcttttaaaaatgcecat
aaaagatacttagagggaaaggtattaattaaatttagtaaaaacaaatatattcaatg
ctttaaattccaaagtagtgataaatacaaacatttcaagatatttgcaatagtaatgt
tttgaaattttggttacaaagtcacaggtcttgccaatactgttgtagtttcttgecta
tatccgtaatttgaaggaaatggtgagagtgattagagaagtgtaattactgtaatttt
ttcecectattgtagtttettgectgtateccataatttgaaggaaatggtaagagtgatt
agtgaaatgtaattactgtaattttttccccattcaactttatatatctttaactgatyg
accagatcattgttgttctgaaccagtttgtggtcagcaagtgttttgtggggttttgt
ttgtttgtttttaaagaacagtttgggtcacttgacatggttctccaaagggatgttat
gggttgtatttggttctgggtgataaccgacttgttagataatttagataagcaaccga
gttgccatgtttgtttgtcgaatctcaagtgtagecttatattttatgttecctagagagyg
ttgtcagggaagatttgaccctttggcaaatctgtttgaatagagatactageccatget
gcccaatagggcetttectggecctgaaaaagatacggagtattettggaaagttgaaggg
aaaaagaataaactgatccatgtagtagcatgcagattattgaggaattttctaaaggt
atctctctecggtgtatttctctacttacctgtaataatgecttttgtcttaatag (SEQ
ID NO: 99)
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FIG. 13A

NPM1/TYK2 c¢DNA 2711 bp

AGAAAGGAGTGGGGTTGAAAAGCGCTTGCGCAGGACGGCTACGGTACGGGGGTGGGAGGGCTTCGGAGCA
CGCGCGCGGAGGCGGGACTTGGGAAGCGCTCGCGAGATCTTCAGGGTCTATATATAAGCGCGGGGAGCCT
GCGTCCTTTCCCTGGTGTGATTCCGTCCTGCGCGGTTGTTCTCTGGAGCAGCGTTCTTTTATCTCCGTCC
GCCTTCTCTCCTACCTAAGTGCGTGCCGCCACCCGATGGAAGATTCGATGGACATGGACATGAGCCCCCT
GAGGCCCCAGAACTATCTTTTCGGTTGTGAACTAAAGGCCGACAAAGATTATCACTTTAAGGTGGATAAT
GATGAAAATGAGCACCAGTTATCTTTAAGAACGGTCAGTTTAGGGGCTGGTGCAAAGGATGAGTTGCACA
TTGTTGAAGCAGAGGCAATGAATTACGAAGGCAGTCCAATTAAAGTAACACTGGCAACTTTGAAAATGTC
TGTACAGCCAACGGTTTCCCTTGGGGGCTTTGAAATAACACCACCAGTGGTCTTAAGGTTGAAGTGTGGT
TCAGGGCCAGTGCATATTAGTGGACAGCACTTAGTAGCTGTGGAGGAAGATGCAGAGTCAGAAGATGAAG
AGGAGGAGGATGTGAAACTCTTAAGTATATCTGGAAAGCGGTCTGCCCCTGGAGGTGGTAGCAAGGTTCC
ACAGAAAAAAGTAAAACTTGCTGCTGATGAAGATGATGACGATGATGATGAAGAGGATGATGATGAAGAT
GATGATGATGATGATTTTGATGATGAGGAAGCTGAAGAAAAAGCGCCAGTGAAGAAATCTATACGAGATA
CTCCAGCCAAAAATGCACAAAAGTCAAATCAGAATGGAAAAGACTCAAAACCATCATCAACACCAAGATC
AAAAGGACAAGAATCCTTCAAGAAACAGGAAAAAACTCCTAAAACACCAAAAGGACCTAGTTCTGTAGAA
GACATTAAAGCAAAAATGCAAGCAAGTATAGAAAAAGAGAACAAGAACCTGGTTCATGGTAATGTGTGTG
GCCGGAACATCCTGCTGGCCCGGCTGGGGTTGGCAGAGGGCACCAGCCCCTTCATCAAGCTGAGTGATCC
TGGCGTGGGCCTGGGCGCCCTCTCCAGGGAGGAGCGGGTGGAGAGGATCCCCTGGCTGGCCCCCGAATGC
CTACCAGGTGGGGCCAACAGCCTAAGCACCGCCATGGACAAGTGGGGGTTTGGCGCCACCCTCCTGGAGA
TCTGCTTTGACGGAGAGGCCCCTCTGCAGAGCCGCAGTCCCTCCGAGAAGGAGCATTTCTACCAGAGGCA
GCACCGGCTGCCCGAGCCCTCCTGCCCACAGCTGGCCACACTCACCAGCCAGTGTCTGACCTATGAGCCA
ACCCAGAGGCCATCATTCCGCACCATCCTGCGTGACCTCACCCGGCTGCAGCCCCACAATCTTGCTGACG
TCTTGACTGTGAACCCGGACTCACCGGCGTCGGACCCTACGGTTTTCCACAAGCGCTATTTGAAAAAGAT
CCGAGATCTGGGCGAGGGTCACTTCGGCAAGGTCAGCTTGTACTGCTACGATCCGACCAACGACGGCACT
GGCGAGATGGTGGCGGTGAAAGCCCTCAAGGCAGACTGCGGCCCCCAGCACCGCTCGGGCTGGAAGCAGSG
AGATTGACATTCTGCGCACGCTCTACCACGAGCACATCATCAAGTACAAGGGCTGCTGCGAGGACCAAGG
CGAGAAGTCGCTGCAGCTGGTCATGGAGTACGTGCCCCTGGGCAGCCTCCGAGACTACCTGCCCCGGCAC
AGCATCGGGCTGGCCCAGCTGCTGCTCTTCGCCCAGCAGATCTGCGAGGGCATGGCCTATCTGCACGCGC
AGCACTACATCCACCGAGACCTAGCCGCGCGCAACGTGCTGCTGGACAACGACAGGCTGGTCAAGATCGG
GGACTTTGGCCTAGCCAAGGCCGTGCCCGAAGGCCACGAGTACTACCGCGTGCGCGAGGATGGGGACAGC
CCCGTGTTCTGGTATGCCCCAGAGTGCCTGAAGGAGTATAAGTTCTACTATGCGTCAGATGTCTGGTCCT
TCGGGGTGACCCTGTATGAGCTGCTGACGCACTGTGACTCCAGCCAGAGCCCCCCCACGAAATTCCTTGA
GCTCATAGGCATTGCTCAGGGTCAGATGACAGTTCTGAGACTCACTGAGTTGCTGGAACGAGGGGAGAGG
CTGCCACGGCCCGACAAATGTCCCTGTGAGGTCTATCATCTCATGAAGAACTGCTGGGAGACAGAGGCGT
CCTTTCGCCCAACCTTCGAGAACCTCATACCCATTCTGAAGACAGTCCATGAGAAGTACCAAGGCCAGGC
CCCTTCAGTIGTTCAGCGTGTGCTGAGGCACAATGGCAGCCCTGCCTGGGAGGACTGGACCAGGCAGTGGC
TGCAGAGGGAGCCTCCTGCTCCCTGCTCCAGGATGAAACCAAGAGGGGGATGTCAGCCTCACCCACACCG
TGTGCCTTACTCCTGTCTAGAGACCCCACCTCTGTGAACTTATTTTTCTTTCTTGGCCGTGAGCCTAACC
ATGATCTTGAGGGACCCAACATTTGTAGGGGCACTAATCCAGCCCTTAAATCCCCCAGCTTCCAAACTTG
AGGCCCACCATCTCCACCATCTGGTAATAAACTCATGTTTTCTCTGCTGGA (SEQ ID NO: 100)
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FIG. 13B

NPM1/TYK2 coding region (2160 bp)

ATGGAAGATTCGATGGACATGGACATGAGCCCCCTGAGGCCCCAGAACTATCTTTTCGGTTGTGAACTAA
AGGCCGACAAAGATTATCACTTTAAGGTGGATAATGATGAAAATGAGCACCAGTTATCTTTAAGAACGGT
CAGTTTAGGGGCTGGTGCAAAGGATGAGTTGCACATTGTTGAAGCAGAGGCAATGAATTACGAAGGCAGT
CCAATTAAAGTAACACTGGCAACTTTGAAAATGTCTGTACAGCCAACGGTTTCCCTTGGGGGCTTTGAAA
TAACACCACCAGTGGTCTTAAGGTTGAAGTGTGGTTCAGGGCCAGTGCATATTAGTGGACAGCACTTAGT
AGCTGTGGAGGAAGATGCAGAGTCAGAAGATGAAGAGGAGGAGGATGTGAAACTCTTAAGTATATCTGGA
AAGCGGTCTGCCCCTGGAGGTGGTAGCAAGGTTCCACAGAAAAAAGTAAAACTTGCTGCTGATGAAGATG
ATGACGATGATGATGAAGAGGATGATGATGAAGATGATGATGATGATGATTTTGATGATGAGGAAGCTGA
AGAAAAAGCGCCAGTGAAGAAATCTATACGAGATACTCCAGCCAAAAATGCACAAAAGTCAAATCAGAAT
GGAAAAGACTCAAAACCATCATCAACACCAAGATCAAAAGGACAAGAATCCTTCAAGAAACAGGAAAAAA
CTCCTAAAACACCAAAAGGACCTAGTTCTGTAGAAGACATTAAAGCAAAAATGCAAGCAAGTATAGAAAA
AGAGAACAAGAACCTGGTTCATGGTAATGTGTGTGGCCGGAACATCCTGCTGGCCCGGCTGGGGTTGGCA
GAGGGCACCAGCCCCTTCATCAAGCTGAGTGATCCTGGCGTGGGCCTGGGCGCCCTCTCCAGGGAGGAGC
GGGTGGAGAGGATCCCCTGGCTGGCCCCCGAATGCCTACCAGGTGGGGCCAACAGCCTAAGCACCGCCAT
GGACAAGTGGGGGTTTGGCGCCACCCTCCTGGAGATCTGCTTTGACGGAGAGGCCCCTCTGCAGAGCCGC
AGTCCCTCCGAGAAGGAGCATTTCTACCAGAGGCAGCACCGGCTGCCCGAGCCCTCCTGCCCACAGCTGG
CCACACTCACCAGCCAGTGTCTGACCTATGAGCCAACCCAGAGGCCATCATTCCGCACCATCCTGCGTGA
CCTCACCCGGCTGCAGCCCCACAATCTTGCTGACGTCTTGACTGTGAACCCGGACTCACCGGCGTCGGAC
CCTACGGTTTTCCACAAGCGCTATTTGAAAAAGATCCGAGATCTGGGCGAGGGTCACTTCGGCAAGGTCA
GCTTGTACTGCTACGATCCGACCAACGACGGCACTGGCGAGATGGTGGCGGTGAAAGCCCTCAAGGCAGA
CTGCGGCCCCCAGCACCGCTCGGGCTGGAAGCAGGAGATTGACATTCTGCGCACGCTCTACCACGAGCAC
ATCATCAAGTACAAGGGCTGCTGCGAGGACCAAGGCGAGAAGTCGCTGCAGCTGGTCATGGAGTACGTGC
CCCTGGGCAGCCTCCGAGACTACCTGCCCCGGCACAGCATCGGGCTGGCCCAGCTGCTGCTCTTCGCCCA
GCAGATCTGCGAGGGCATGGCCTATCTGCACGCGCAGCACTACATCCACCGAGACCTAGCCGCGCGCAAC
GTGCTGCTGGACAACGACAGGCTGGTCAAGATCGGGGACTTTGGCCTAGCCAAGGCCGTGCCCGAAGGCC
ACGAGTACTACCGCGTGCGCGAGGATGGGGACAGCCCCGTGTTCTGGTATGCCCCAGAGTGCCTGAAGGA
GTATAAGTTCTACTATGCGTCAGATGTCTGGTCCTTCGGGGTGACCCTGTATGAGCTGCTGACGCACTGT
GACTCCAGCCAGAGCCCCCCCACGAAATTCCTTGAGCTCATAGGCATTGCTCAGGGTCAGATGACAGTTC
TGAGACTCACTGAGTTGCTGGAACGAGGGGAGAGGCTGCCACGGCCCGACAAATGTCCCTGTGAGGTCTA
TCATCTCATGAAGAACTGCTGGGAGACAGAGGCGTCCTTTCGCCCAACCTTCGAGAACCTCATACCCATT
CTGAAGACAGTCCATGAGAAGTACCAAGGCCAGGCCCCTTCAGTGTTCAGCGTGTGCTGA (SEQ ID
NO: 101)
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FIG. 13C

NPM-TYK2 protein (~81 kD)

MEDSMDMDMSPLRPONYLFGCELKADKDYHFKVDNDENEHQLSLRTVSLGAGAKDELHIVEAEAMNYEGSPIKVTLA
TLKMSVQPTVSLGGFEITPPVVLRLKCGSGPVHISGOHLVAVEEDAESEDEEEEDVKLLSISGKRSAPGGGSKVPQOK
KVKLAADEDDDDDDEEDDDEDDDDDDFDDEEAEEKAPVKKSIRDTPAKNAQKSNONGKDSKPSSTPRSKGQESFKKQ
EKTPKTPKGPSSVEDIKAKMOAS IEKENKNLVHGNVCGRNILLARLGLAEGTSPFIKLSDPGVGLGALSREERVERT
PWLAPECLPGGANSLSTAMDKWGEFGATLLEICEFDGEAPLOSRSPSEKEHFYQROHRLPEPSCPQLATLTSQCLTYEP
TORPSFRTILRDLTRLOPHNLADVLTVNPDSPASDPTVFHKRYLKKIRDLGEGHFGKVSLYCYDPTNDGTGEMVAVK
ALKADCGPOHRSGWKQEIDILRTLYHEHIIKYKGCCEDQGEKSLOLVMEYVPLGSLRDYLPRESIGLAQLLLFAQQT
CEGMAYLHAQHYIHRDLAARNVLLDNDRLVKIGDFGLAKAVPEGHEYYRVREDGDSPVEFWYAPECLKEYKEFYYASDV
WSFGVTLYELLTHCDSSQOSPPTKFLELIGIAQGOMTVLRLTELLERGERLPRPDKCPCEVYHLMKNCWETEASEFRPT
FENLIPILKTVHEKYQGQAPSVEFSVC (SEQ ID NO: 102)
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FIG. 13D

NPM-TYK2 introns involved in translocation (3332 bp)

Gtgagtaaagttatcttaaaaaaactttgtctcccecceccecctcaaattgcacgtgtetggtt
tgcatagacttgaatgtttcttgtttttttgtttgttttggtttaatatacttgecctgg
ttcgtggtatgaattttttcaaaaatttcttataaaacatttataatcgtgtectgtggt
gatttttgcatatgcaaaattaaatatgccttattttccattatgcaaggaacgtagtyg
cactggttgcaagataacattctgaccttccatgttaaaatagatcagtgaaaacccett
tgcctattectggttgtaagatatgctagagaaccaacagagggcecgtatgagacttecatt
aaaattacaaacagctggaaaagtagatgctggctgttgcttggtattata

gttaatattcatgattgaccctagtcagaagtgattttcagcagattgagacatttcte
tttgccecctttacaccaagttgtcaccagttaatacatgtagtaatagctagatttegtyg
aatgactaataggcttaaatctagtttccttttgtcttaaataatggaaatgtgggaag
agggttaggtctctcatctgcttgactgggggatttgagtaggatatggaataaatggt
ttaaatgccttggaagcacatttgagagaagctttaattctatgaataatacttttaga
ctccaactattgagagcaaatgtggggtggtgaaaaattgccaactcattteccececatgt
ttttecttgtaatctatagatttttcgtggecttcagtagatteccttgtacagtgataagt
ccactggaaaaagaattttagaactggaacatatttcttttagtcacactgtaaaccct
ttagccttcecctggttatcactgatttttgtcecttggatacaatgctaaaatgacatcet
tttagatgcceccectececceccectecattttaatatggtectatectecttggtttaattgcagge
gcattgaacagtcctgggcactacatgtaaattaagcccaaagatggggagaaaggaaa
aggagagacaaatatagtccatactgagtgtcatcaacaatccagactgaagtcttceta
ttttaatctcaatceceecttttctgatttgecaccecatgectecttcaggectggaaacaat
ctcttggttcectaaagcactttettetgactgectgtgattcagtgaaccttgeeecttt
gectttctattacttgtgecatttgectcacctgacaatgttttaaatecgectttgtatet
ccttagctgctcaataaatatttgaatgcatcaattaagaatgtatgtgacaataattt
tgaaatggaaattgtgaggtttattttactaggttattggaggcagttaagtttcttaa
tgctatacctgattctgccaaagtcecceccecttggacatttgaaaaccttttcaatecttttaa
aaatgcataaaagatacttagagggaaaggtattaattaaatttagtaaaaacaaatat
attcaatgctttaaattccaaagtagtgataaatacaaacatttcaagatatttgcaat
agtaatgttttgaaattttggttacaaagtcacaggtcttgccaatactgttgtagttt
cttgcctatatccgtaatttgaaggaaatggtgagagtgattagagaagtgtaattact
gtaattttttccecctattgtagtttcecttgectgtatccataatttgaaggaaatggtaa
gagtgattagtgaaatgtaattactgtaattttttccccattcaactttatatatcttt
aactgatgaccagatcattgttgttctgaaccagtttgtggtcagcaagtgttttgtgg
ggttttgtttgtttgtttttaaagaacagtttgggtcacttgacatggttctccaaagyg
gatgttatgggttgtatttggttctgggtgataaccgacttgttagataatttagataa
gcaaccgagttgccatgtttgtttgtcgaatctcaagtgtagettatattttatgttce
tagagaggttgtcagggaagatttgaccctttggcaaatctgtttgaatagagatacta
gccatgctgcecccaatagggetttectggecctgaaaaagatacggagtattettggaaag
ttgaagggaaaaagaataaactgatccatgtagtagcatgcagattattgaggaatttt
ctaaaggtatctctctcggtgtatttectctacttacctgtaataatgettttgtecttaa
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FIG. 13D (Cont.)

taggtgtgtggcctgtgtgtggggectgggtcggtcagggagggccaggagcccaggag
ttcgagaccagcecctgggcaacagggcgagacccecatettttttgtttgttttgttttag
gtggagtttcgccecctgtcacccaggctggagtgcaatggcatgatctcecggetcactgcea
accttcecgcectececcgggttcaaatgattcectecegectecagecteccaagtagetgggatt
ataggctcecctgceccatcacgceccagcectaatttttgtatttttagtagagatggggtttcea
ccatgttggtcaggctggtctcgaacttctgacctecgtgatccateccgectecagectee
caaagtgctgggattccaggcgtgagccaccacgceccagctggecccatecttttaaaaa
taaacaaatagccaggtgtggtggctcatacctgtaatcccagcagtttgggaggccaa
ggcgggtggatcacctgaggtcaggagtttgagaccagcecctggeccagtatggcaaaacce
ttgcctctactaaaaatacaaaaaaaattagccaatgtggtaacttgcacctgtaggece
gaggtactcaggaagttgaggtgggaggatcacctgagctcaggaatttgaggecgtag
taagctatgatcacaccactgcaccccagectgggcagcagcatagctagacceecatet
ccaccaaaaatttaagaatcagctaggctgtggtgatgtgcacctgtaattctegetac
ttggaaggcttgagcccaggagtttgaagectgcagtgagectatgttcgtgecactatac
tccaacctgagagacagagtgagaccctgtcttaaaaaaaaaaaaaaaaaaaaaaaaca
agaaaaaaataaccccccaaaaaacaaaacagaaagaaacccagtgatagtcacagttg
tcettttecacattggectgtecctatggggaccaggtttggggttggegtectgtgectet
cctgagtggccacaccccectetectgeccacctcag (SEQ ID NO: 103)
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