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METHODS FOR TREATING CANCER
RELATED APPLICATIONS

[001] This application claims priority to, and the benefit of, U.S. provisional application Nos.
61/948,499 filed March 5, 2014; 61/951,622, filed March 12, 2014; and 61/990,477, filed May 8,

2014, the entire contents of each of which are incorporated herein by reference in their entireties.
FIELD OF INVENTION

[002] The present invention relates generally to the field of cancer treatment, and in

particular, the treatment of leukemia.
BACKGROUND OF THE INVENTION

[003] Discase-associated chromatin-modifying enzymes (e.g., DOT1L) play a role in diseases
such as proliferative disorders, metabolic disorders, and blood disorders. Thus, there is a need

for the development of small molecules that are capable of modulating the activity of DOTI1L.
SUMMARY OF THE INVENTION

[004] The disclosure relates to methods that include diagnosing if a subject has a partial tandem
duplication (PTD) of the MLL gene (MLL-PTD) and, if the subject has MLL-PTD, administering
a therapeutically effective amount of a DOT1L inhibitor to the subject.

[005] The present invention provides a method that includes steps of (i) providing a nucleic
acid sample from a biological sample obtained from a subject; (ii) detecting the presence of a
chromosomal rearrangement, wherein the chromosomal rearrangement is MLL-PTD; (iii)
identifying the subject as a candidate for treatment; and selecting a therapy that includes the
administration of a therapeutically effective amount of a DOTIL inhibitor to the subject
identified in step (iii).

[006] The present invention also provides a method that includes the steps of (1) providing a
nucleic acid sample from a biological sample obtained from a subject; (ii) contacting the nucleic
acid sample with at least one primer that specifically hybridizes to a nucleic acid sequence of the
MLL gene SEQ ID NO:61 and/or SEQ ID NO:62, a complement or a fragment thereof; (iii)

amplifying at least a portion of the nucleic acid sequence of the MLL gene, a complement or a
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fragment thereof; (iv) detecting the presence of the chromosomal rearrangement MLL-PTD by
detecting the presence of an amplified nucleic acid with molecular weight larger than the
molecular weight of an amplified nucleic acid of the corresponding wild type MLL gene; (v)
identifying the subject as a candidate for treatment; and (vi) selecting a therapy that includes the
administration of a therapeutically effective amount of a DOTIL inhibitor to the subject
identified in step (v).

[007] In some embodiments, the method further comprises administering a therapeutically
effective amount of a DOTI1L inhibitor to the subject.

[008] In some embodiments, the detecting step is carried out by polymerase chain reaction
(PCR), nested PCR, real-time PCR or multiplex ligation dependent probe amplification.

[009] In some embodiments, the detecting step comprises contacting the nucleic acid sample
with at least one primer that specifically hybridizes to a nucleic acid sequence of the MLL gene
SEQ ID NO:61 and/or SEQ ID NO:62, a complement or a fragment thereof.

[010] Insome embodiments, the detecting step further comprises amplifying at least a portion
of the nucleic acid sequence of the MLL gene, a complement or a fragment thereof. For
example, the amplification is carried out by polymerase chain reaction (PCR), nested polymerase
chain reaction (PCR), real-time PCR or multiplex ligation dependent probe amplification.

[011] In some embodiments, the primer is any one of SEQ ID NOs: 1-60.

[012] In some embodiments, the subject has a hematological cancer.

[013] Insome embodiments, the subject had at least one prior therapy to treat a hematological
cancer.

[014] In some embodiments, the hematological cancer is refractory to the prior therapy.

[015] In some embodiments, the hematological cancer shows recurrence following remission.
[016] In some embodiments, the subject received and failed all known effective therapies for
the hematological cancer.

[017] Insome embodiments, the hematological cancer is selected from the group consisting of
acute myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome, a
myeloproliferative disorder, and chronic myelogenous leukemia.

[018] In some embodiments, the hematological cancer is leukemia.

[019] In some embodiments, the subject has a leukemia characterized by MLL gene
rearrangement. For example, the MLL gene rearrangement is a partial tandem duplication of the

MLL gene.
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[020] In some embodiments, the subject is simultancously being treated with another therapy to
treat acute myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome, a
myeloproliferative disorder, or chronic myelogenous leukemia.

[021] In some embodiments, another therapy is standard of care for the treatment of acute
myeloid leukemia.

[022] In some embodiments, another therapy is standard of care for the treatment of acute
lymphoblastic leukemia.

[023] In some embodiments, the DOTI1L inhibitor used in any methods described herein is

Compound A2 (also called EPZ-5676) having the formula:

NH,
N B
N
)\ <’N | J
N
Y
"\H = 0
HO OH
O
N
H (A2).

[024] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. In the specification, the singular forms also include the plural unless the context clearly
dictates otherwise. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, suitable methods and
materials are described below. All publications, patent applications, patents and other references
mentioned herein are incorporated by reference. The references cited herein are not admitted to
be prior art to the claimed invention. In the case of conflict, the present specification, including
definitions, will control. In addition, the materials, methods and examples are illustrative only
and are not intended to be limiting.

[025] Other features and advantages of the invention will be apparent from the following

detailed description and claims.
DESCRIPTION OF THE FIGURES

[026] Figures 1A and 1B are diagrams showing mixed-lineage leukemia (MLL) chromosome:

Figure 1A is wild type and Figure 1B is rearranged chromosome indicating a partial tandem
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duplication (PTD) of the MLL gene. “Old” and “new” indicate old and new numbering of exons,
respectively.

[027] Figure 2 is a graph showing that EOL-1 (MLL-PTD") cells are sensitive to DOTIL
inhibitors. Inhibition of EOL-1 proliferation (graph to the left) correlates with DOT1L inhibitor
biochemical potency (table to the right).

[028] Figure 3 is a graph demonstrating that DOT1L inhibitor EPZ-5676 (i.e., Compound A2)
inhibits EOL-1 tumor growth treated by vehicle or by EPZ-5676 at various dosages
(70mg/kg/day continuous infusion for 21 days; 35mg/kg/day continuous infusion for 21 days and
17.5mg/kg/day continuous infusion for 21 days).

[029] Figures 4A-4D are multiple graphs showing results of each individual experiment of each
group shown in Figure 3. Figure 4A shows results of each individual experiment for vehicle
treated animals. Figure 4B shows results of each individual experiment for EPZ-5676 treated
animals (70mg/kg/day continuous infusion for 21 days). Figure 4C shows results of each
individual experiment for EPZ-5676 treated animals (35mg/kg/day continuous infusion for 21
days). Figure 4D shows results of each individual experiment for EPZ-5676 treated animals
(17.5mg/kg/day continuous infusion for 21 days).

[030] Figure 5 is a graph showing body weight change of animals treated by vehicle or EPZ-
5676 at various dosages.

[031] Figure 6 includes tables showing mean or median EPZ-5676 plasma levels in the treated
animals at different time points.

[032] Figures 7A-7D are multiple graphs demonstrating inhibition of H3K79 methylation in
EOL-1 surrogate tissue. EOL-1 tumored nude rats were treated with vehicle or with EPZ-5676
for 7 days at 17.5, 35, and 70 mg/kg/day by continuous infusion. At day 7, tumors, PBMCs and
bone marrow were harvested for analysis. Figure 7A shows H3K79me2 quantitative ELISA
results of tumor tissue. Figure 7B shows H3K79me2 quantitative ELISA results of bone
marrow. Figure 7C shows H3K79me?2 quantitative Western Blot results of PBMCs. Figure 7D
shows EPZ-5676 plasma concentration.

[033] Figures 8 A-8F are graphs showing tumor target gene expression in EOL-1 tumors.
Figure 8A shows expression of HOXA9. Figure 8B shows expression of MEIS2. Figure 8C
shows expression of TBP. Figure 8D shows expression of BCL. Figure 8E shows expression of
MEISI. Figure 8F shows expression of FLT3.

[034] Figures 9A-9C show examples of the MLL-PTD variants including their relative
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occurrence frequency. Exemplary PCR primer landing sites to detect the MLL-PTD variants are
indicated in Figures 9A-9C as well. Figure 9A shows exemplary primer landing sites for MLL-
PTD variant MLL-PTD 9-3. Figure 9B shows exemplary primer landing sites for MLL-PTD
variant MLL-PTD 10-3. Figure 9C shows exemplary primer landing sites for MLL-PTD variant
MLL-PTD 11-3.

DETAILED DESCRIPTION OF THE INVENTION

[035] The present invention is based upon the discovery that cells having a partial tandem
duplication (PTD) chromosome rearrangement of the mixed-lineage leukemia (MLL) gene are
sensitive to DOT1L inhibitors.

[036] Mixed lincage leukemia (MLL) is a genetically distinct form of acute leukemia that
constitutes over 70% of infant leukemia and approximately 10% of adult acute myeloid leukemia
(AML) (Hess, J. L. (2004), Trends Mol Med 10, 500-507; Krivtsov, A. V., and Armstrong, S. A.
(2007), Nat Rev Cancer 7, 823-833). MLL represents a particularly aggressive form of leukemia
and patients with this disease generally have poor prognoses; these patients often suffer from
carly relapse after treatment with current chemotherapies. MLL can be characterized by the
genetic lesions of the mixed-lineage leukemia (MLL) gene. Such genetic lesions include
chromosomal rearrangements, such as translocations, deletions, and/or duplications of the MLL
gene. MLL has been categorized or characterized as having a chimeric fusion of MLL, partial
tandem duplication of the MLL gene (MLL-PTD), or nonrearranged MLL.

[037] Genetic alterations of the MLL gene are commonly identified in acute leukemias. In acute
myeloid leukemia (AML), a partial tandem duplication (PTD) of MLL occurs in about 5-10% of
AML patients and is associated with adverse prognosis. The mutation leads to an in-frame
duplication of exons 5 to 11 resulting in the production of an aberrant MLL protein. Myeloid
leukemia cells with MLL-PTD are sensitive to pharmacological inhibition of the H3K79
methytransferase DOT1L. See e.g., Kuhn et al., ASH Annual Meeting 2013; Poster Abstract,
incorporated herein by reference. There is thus a great and present need for diagnosis and
treatment modalities for patient suffering with MLL-PTD.

[038] Accordingly, the present invention provides methods for treating or alleviating a
symptom of cancer in a subject in need of by first detecting the presence of chromosomal

rearrangement MLL-PTD in the subject.
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[039] In some embodiments, the present invention provides methods for identifying a subject
who is responsive to DOTI1L inhibitor treatment by (1) providing a nucleic acid sample from a
biological sample obtained from the subject; (i1) detecting the presence of a chromosomal
rearrangement, wherein the chromosomal rearrangement is MLL-PTD; and (iii) identifying the
subject as a candidate for treatment if MLL-PTD is detected.

[040] In some embodiments, the present invention provides methods that include steps of (i)
providing a nucleic acid sample from a biological sample obtained from a subject; (ii) detecting
the presence of a chromosomal rearrangement, wherein the chromosomal rearrangement is MLL-
PTD; (iii) identifying the subject as a candidate for treatment; and (iv) selecting a therapy that
includes the administration of a therapeutically effective amount of a DOTI1L inhibitor to the
subject identified in step (ii1).

[041] In some embodiments, the methods further comprise administering a therapeutically
effective amount of a DOT1L inhibitor to the subject identified in step (iii).

[042] In some embodiments, the nucleic acid sequence of the MLL gene (wild type) is SEQ ID
NO: 61 (NM_001197104.1). In some embodiments, the nucleic acid sequence of the MLL gene
(wild type) is SEQ ID NO: 62 (NM_005933.3).

Homo sapiens lysine (K)-specific methyltransferase 2A (KMT2A), transcript variant 1, mRNA

(SEQ ID NO: 61)
1

61
121
181
241
301
3601
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501

ctgcttcact
ccgggaccac
aacgcgtccc
cgccccectce
gggttccagg
cttcgtcatc
acgcggcgct
ttggggagag
cagatgaaga
gaaaacctcg
catctgtgtt
aagattctaa
tcaaaataac
tgaaaaaaat
taagagcagg
gaaggaaggqg
agaccccttc
acaaggaagg
gaaggattaa
agcaactctt
agctgcaggg
ttgtcagtgc
attatgaccc
ccccecgtectg
cttcagactc
ctgaggagat

tcacggggcy

cgggggcggce
ggccctgetg

ccccecceccggcet
gggagcggcc
gtcctcagcce
gcaggtctcg
cggcggggga
agtcagagtg
tgggagacct
ttccectceta
aagtatagaa
acatggaaag
taaaaggaca
taaactctct
ggtacaaatt
gggtctcctce
aacacctcca
gccagttagg
acagagggca
aagaaaggtg
tatctcctcg
tccaattaaa
tggatcttct
ctctcgatct
tcaggtactt

aacatggcgc
ggcggcgyggyg
cttcccececg
gtggcggccyg
gccgcctcag
tcttcagggce
gccgccatcg
ggcggcagcg
cgaagtccca
agaagtggct
aataaatcag
aagaagagag
gacatttcag
ccttctgcta
cctctcaagt
gtacgacgga
attaattctg
cttacaaaag
attattcctt
aaaaaggggyg
aagacacagg
cggatcatta
attgcccgat
gaaaaatcaa
agtagcccca
cctgaggagc

acagctgtcg
ggcgcecegyggyg
ggccccecggt
cggcggcegge
cagcctcctc
cggccctgcet
gcaccaacct
gagaggatga
caaggtctcc
ctgaccgaaa
agaccaaatc
gaagacctcc
agttaccaaa
cgtttcagca
ctaagtttaa
gaggaaggcc
aactggaaaa
aagataagac
cttcaaaaag
ctcaaaagaa
tcaaaaatat
agacccctcg
tagagtctac
gtgcagcttc
gtgttgatac
ggagcgatac

gtggcgcttc
cctagggggce
cggcggtggce
ggcgggaagce
gtcgtccgcece
ccgggtgggce
gcgcecggtte
gcaattctta
ttcagttaaa
ttcagctatc
tggagataag
caccttccct
gggaaacaaa
agccacaaag
gacagggaag
tccatcaaca
gccccagaaa
agttgtcaga
gacagatgca
aattgaaaaa
tcgacagttc
gcggtttata
accgaatagt
tcagcactcc
ctccacagac
ccctgaagtt

cccgceccgac
gccccgcgge
ggcccecegyggy
agcggggctyg
tcgtcttegt
ccgggcttcg
cgggccgtgt
ggttttggct
actagtcctc
ctctcagatc
atcaagaaga
ggagtaaaaa
gaagatagcc
attaaaaaat
cttcaaatag
gaaaggataa
gtccggaaag
caaagccctc
accattgcta
gaagcagctc
atcatgcctg
gaggatgagg
agattcagtg
tctcaaatgt
tctcaggctt
catcctccac
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1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2401
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981

tgcccatttc
tgtcggagag
cccagcagca
agccagcctc
catcaccatt
gagaaccgac
cctcagcaaa
cccctcecact
ctgcttcagc
ggagccctct
agtctgtaac
atagaaaaag
actccatgag
cgtcttctgt
acccaacttt
atcagagacc
ctcctctett
aggcccccga
gtagagagag
ggaaaaaggqg
aagagaaggt
ggaagaagtc
caacagctgt
acttggacct
ctccttecatc
cagacaagct
agctctgcaa
gtcaagaaag
gaagagcagc
tgagtgcctt
agtcatcaat
aacctgtcac
ggcggtgtgg
gcttagataa
aatgtcagaa
tgaaaaagaa
ttgtgaagaa
ccccaaagaa
aagggaatgt
agtcaagcaa
gaccgccaag
caccaccaga
tcccectgtaaa
atgcaggcac
ttccagcaga
atgtgtggga
tttgctttct
agcccttcca
attggtgttg
agcagctgct
actaccccac
gtaagagctg
tctcactgtg
acaaatgtta
gctgggtcca
tatctaatct
cagagtggcg
ctttgttgaa

ccagtcccca
aagttttgga
gacctcctcg
cagtatctct
tttgcctgcet
atttaggtgg
gtatgccaaa
aactcccgag
ccgattgttt
tctgagagct
cttgcctagt
gaaaagaaaa
gacaagaagt
ctcttccteg
tacttttcct
aaggaagcag
cccttggttt
ggagctgtcc
agaccgggag
atcagaaatt
tgttggtgaa
ttcatcacat
caaaaccaaa
cggcccaact
tagcactgtt
tccaatgact
gattgagaag
tgactcatca
tgttgccctt
accatgggaa
tgctggctca
tagaaacaag
gcagtgtccc
gcccaagttt
tctacaatgg
agagaaaaag
cgtggtggac
aagcagtagt
ctcggcccecct
gcaggtctcc
aaaagaagtt
atcaggtcca
acaaaaacca
tttgaacatc
tggagtccac
gatgggaggc
ctgtgccagt
caagttttgt
tcgtcgttge
ggagtgtaat
caaacccaca
tggatccaca
tcatgattgc
tgatgatgat
ttccaaatgt
gccagaaagt
actggccctt
ttctcggact

gaaaatgaga
tctagaacga
tctccacctc
gaccacacac
tccactgctc
acttctttaa
gaaggtctta
gacgttggct
tcgccactcc
ccaagattta
aatcgaactt
gtgtttagtc
ggaaggctta
ttaagcattt
tctcattccc
actagtgctc
accccaggct
aaagatcgag
agagaaaagg
cagagtagtt
gatgttgcca
gattctggga
atacttataa
gccccatcce
aaacattcca
gacaagaggqg
agtaagagtc
gagacctctg
ggccgaaaac
gaacgagaaa
gaagatgctg
gcaccccagg
ggctgccagg
ggtggtcgca
atgccttcca
tctaagacca
tctagtcaga
gagcctcctce
gggcctgaat
cagccagcac
cccaaaacca
gagcagagca
aaagaaaagg
ctcagcactc
aggatcagag
ttaggaatct
agtgggcatg
ttagaggaga
aaattctgtc
aagtgccgaa
aagaagaaga
actccaggca
gccaagctct
gactatgaga
gagaatcttt
gtggcctaca
gaaaaagagc
accagccatt

gtaatgatag
cgaaaaaatt
cacctctgct
cttggcttat
ctatgcaagg
agcattctag
ttcgcaaacc
ttgcatctgg
attctggaac
ctccaagtga
ctgctggaac
ctattcgatc
gtagttctga
ctgttagtcc
tgactcagtc
cggcagagcc
ctcagactga
atgctgacaa
agaataagcg
ctgctttgta
cttcatcttc
ctgatattac
agaaagggag
tggagaagga
cttcctcecat
ttgccagcct
ttaaacaaac
tgcgaggacc
gagctgtgtt
agattttgtc
aacctcttgc
aacctccagt
tgcctgagga
atataaagaa
aagcctacct
gtgaaaagaa
aacctacccc
cacgaaagcc
ccaaacaggc
tggtcatccc
ctcctagtga
aacagaaaaa
aaaaaccacc
tctccaatgg
tggactttaa
tgacttctgt
tagagtttgt
acgagcgccce
acgtttgtgg
acagctatca
aagtctggat
aagggtggga
ttgctaaagg
gtaagatgat
caggtacaga
cttgtgtgaa
tgcagatttc
tgctacgcta

gagaagcaga
atcaactcta
gactccaccg
gcctccaaca
gaagcgaaaa
gtcagagcca
aatatttgat
tttttctgca
aaggtttgat
ggctcactct
atcttcttca
tgaaccaaga
gctctcacct
tcttgccact
tggggaatct
attttcatca
aagagggaga
gagcgtggag
ggagtcaagg
tcctgtgggt
tgccaaaaaa
ttctgtgact
aggaaatctg
gaaaaccctc
aggctccatg
cctaaaaaag
cgaccagccc
ccggattaaa
tcctgatgac
ttccatgggg
tccacccatc
aaagaaagga
ctgtggtgtt
gcagtgctgce
gcagaagcaa
agacagcaaa
atcagcaaga
cgtcgaggaa
caccactcca
gcctcagcca
gcccaagaaa
agtggctccc
tccggtcaat
caatagttct
ggaggattgt
tcctataaca
gtattgccaa
tctggaggac
aaggcaacat
ccctgagtgce
ctgtaccaag
tgcacagtgg
aaacttctgc
gcaatgtgga
agatgagatg
ctgtactgag
tctgaagcaa
ccggcaggct

aggtattcag
caaagtgccc
ccaccactgc
atccccttag
tctattttgc
caatactttt
aatttccgac
tctggtaccg
atgcacaaaa
agaatatttg
ggagtatcca
tctecttete
ctcacccccc
agtgccttaa
gcagagaaaa
agtagtccta
aataaagaca
aaggacaaga
aaagagaaaa
agggtttcca
gcaacagggc
cttggggata
gaaaaaacca
tgcctttcca
ttggctcagg
gccaaagctc
aaagcacagg
catgtctgca
atgcccaccc
aatgatgaca
aaaccaatta
cgtcgatcga
tgtactaatt
aagatgagaa
gctaaagctg
gagagcagtyg
gaggatcctg
aagagtgaag
gcttccagga
cctactacag
aagcagcctc
cgcccaadta
aagcaggaga
aagcaaaaaa
gaagcagaaa
cccagggtgg
gtctgttgtg
cagctggaaa
caggctacaa
ctgggaccaa
tgtgttcgcet
tctcatgatt
cctctctgtg
aagtgtgatc
tatgagattc
cggcaccctg
gttctgacag
gccaagcctc
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5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461

cagacttaaa
atccaccagt
gagtcaagag
ttgtgaagat
ccaacagcat
gtgtcaaaaa
caaacgcagt
aaaacagcca
aaggtcctgg
gtactgatag
atagacagtg
tactatatat
tgtttgaaga
agctgagatg
gcaccagcaa
aaaaadgtata
gatttgaagt
ttctcaatgg
gcttaggaat
agtgttccag
agatagtgga
atgaaaacag
gtcaaaacac
cctctggctc
attctccaac
caaccactca
ttggctccag
tgtctccaat
ccgggaccgc
tgaattcaag
tggttactgt
agtccagtgc
tgctgagttc
aactggcccc
cctttgctga
tccatttgag
actcctctcc
gatcatccat
aaaaatcctg
gtcaggtgac
ctcctgagta
aaggcctttc
aggaattaca
aaaatgagag
tagagtcaac
tggcccaacc
atcttccagt
gctcttttaa
ggcttacccc
gctcaactgg
acttaagcac
cttcaggtgg
atcttccaaa
tcacagccac
cagagaactt
gttctgttgg
aaacacaggg
tccacacaag

tcccgagaca
tcttactgag
gaagatggac
cattcaagca
ggtcaagtcc
gtccaggttt
gcttccacct
cactgagcag
agaaccagac
gagtcgagaa
tgcgttatgt
tggccaaaat
tgatgacgga
tgaattctgc
ctatcacttc
ttgccaacga
tttcagaaga
cttggaacca
tctaaatgat
ggtatactgg
gtgccgtcect
gaccattgcc
agctgaaatt
ctgttattat
acagagatcc
tgaaatagtc
gcgtcacagt
gagaactggg
tactgatctt
tactagttta
aggcaataaa
ttcagacttg
caagagctca
acaggttcat
accctcttca
agggcaaagyg
agatgaagat
tatcaacgaa
taaagaaact
aactggtgag
tatgggccaa
tatgccagga
ggcaccacgg
tcaatccaaa
atctcccaca
aagccccaat
acaggacaga
aaggaggtat
actctatgga
gaagaagcga
ttcagatgaa
agaggaacga
aatctcacag
aacaaggaaa
aaagattgat
ccacaaaaat
acaagattcc
taccccctcce

gaggagagta
gtcagcaaac
caagggaatt
gccattaatt
ttcttcattc
tgggagccaa
tcacttgacc
cctcctttaa
tcaccaactc
gacagtccag
ttgacttatg
gagtggacac
tcactaaaga
caaaagccag
atgtgttccc
catcgggatt
gtgtttgtgg
gaaaatatcc
ctctccgact
agcaccacag
ccagtcgtag
catagtccaa
ataagtcctc
catgtcatct
cctggctgtc
acagtaggtg
acctcttcct
aatacttact
gaatcaagtg
gggcaaaaca
aacagtcact
gtgtccaaga
gagggatctg
aacacaacat
gtgtcgtttt
aatgatcgag
actgaagtca
catatgggat
ttcaaagaaa
gaaggaaact
cgaccatgta
gtccccaaag
aaacgcacag
aatgccctga
gaaccaattt
aatacctcat
aacctaatgc
ccccecgtcegcea
gtaagatcct
ggcaagagat
gacgacttat
ctggcatccc
ttggatggtyg
agcagccaga
agacctgaag
gagccaaaga
ttggaagctc
gacaaaaatt

taccttcccg
aggatgatca
acacatctgt
cagatggagg
ggcaaatgga
ataaagtatc
ataattatgc
tgaagaaaat
ctctgcatcc
agctgaaccc
gtgatgacag
atgtaaattg
atgtgcatat
gagccaccgt
gagccaagaa
tgatcaaagg
actttgaagg
acatgatgat
gtgaagataa
atgctcgcaa
agccggatat
catcttttac
catcaccaga
caaaggtccc
gaccgttgcc
atcctttact
tatcacccca
ctaggaataa
ccaaadgtagt
cttccacctc
tggatggatc
gctcctcettt
cacataatgt
ctagagaact
cttctaaaga
accaacacac
aaaccttgaa
ctagttccag
agcattccag
tgaagccaga
acaatgtttc
ctccacccat
tcaaagtgac
aagaaagtag
cagcctctga
gccaggattc
ttccagatgg
gtgccecgtge
atggtgaaga
cagctgaagg
actattacaa
ataatttatt
ttgatgatgg
ttccaaaaag
atgctgggga
tggataactg
agctcagctc
tactggacac

cagctccccc
gcagccttta
gttggagttc
acagccagaa
acgtgttttt
aagcaacagt
tcagtggcag
cattccagct
tcctacacca
acccccaggc
tgctaatgat
tgctttgtgg
ggctgtgatc
gggttgctgt
ctgtgtcttt
cgaagtggtt
aatcagcttg
tgggtctatg
gctctttecct
gcgctgtgta
caacagcact
agaaagttca
ccgacctcct
caggattcga
ttctgcagga
ctcctctgga
gcggtccaaa
tgtttcctca
tgatcatgtc
ttcaaatttg
ttcatcttca
aaagggagag
ggcttaccct
gaatgttagt
ggccctctcece
agattctacc
gctatctgga
agataggaga
taaatctttt
gtttatggat
ttctgataag
gcaagtagaa
actgacacct
tcctgcettece
aaatccagga
tcaaagtaac
ccccaaacct
acgttctaac
agacattcca
acaggtggat
cttcactaga
tcgggaggag
gacagagagt
aaatggtaaa
gaaagaacat
ccattctgta
attggagtca
ctataatact

gaaggacctg
gatctagaag
agtgatgata
attaaaaaag
ccatggttca
gggatgttac
gagcgagagg
cccaaaccca
ccaattttga
atagaagaca
gctggtcgtt
tcagcggaag
aggggcaagc
ctcacatcct
ctggatgata
cctgagaatg
agaaggaagt
acaatcgact
attggatatc
tatacatgca
gttgaacatg
tcaaaagaga
cattcacaaa
acacccagtt
agtcctaccc
cttcgaagca
ctccggataa
gtctccacca
ttagggccac
caaaggacag
gaaatgaagc
aagaccaaag
ggaattccta
aaaatcggct
ttcccacacc
caatcagcaa
atgagcaaca
cagaaaggga
ttggaacctg
gaggttttga
attggtgata
ggatctgcca
ctaaaaatgg
cctttgcaaa
gatggtccag
aactatcaga
caggaggatg
atgttttttg
ttctacagca
ggggccgatg
acagtgattt
gaacagtgtg
gatactagtg
gaaaatggaa
gtcactaaga
agcagagtta
agccgcagag
gagctcctga
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8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941

aatcagattc
tggactttgt
cttcatcaga
acatgggtct
gtgtctcttc
atctgtctgt
ctgttatctc
ctgaaagtga
ctcctgatca
gttcagtaga
gccttcaggt
ctactgatag
acctgaagcc
ttctccaaac
ctacacccag
cccttaccac
gcaaaggatt
aaagtagttt
ctcctceccgga
cagtagccac
agaataaaaa
ctaatatgac
atttggggtc
aatctagcat
ctgccacagc
ctgtgtctgg
caacccctac
ttggtacccc
tggggattca
ggacatcaca
cctccactca
atcagcttca
gtgatcttga
ctaatagcat
cctctcecctgg
tgccgggtcc
ggaatggcaa
cagaccaaga
agcaggatac
aagtcgctgt
cagaacctaa
ttcagcaaga
tttttgaaat
ggaagtcatt
catttgcagg
tcattgagca
cagaggaggc
tcaggaagtc
aatacaaccc
ctagcatgga
cagttggtgt
atgcaggtga
agcgggaaaa
cagaggtagt
agcctaactg
ccatgcgtaa
atgccagcaa
aaagctgctc

agacaataac
actaaagaat
actcctgaat
ttttgaagta
ctctatctca
cttgaccacc
agactcaggg
cccagcactg
ttttatccaa
gcaaggtcat
acctgtttcc
tcctggcececcg
agccactgag
tcttccaaat
tgtgatggag
aggactaaat
gctacccatg
cccaccaaac
tcceccaactt
tccatcctcect
acttgctccc
attgattaac
acttaatact
catgtatttt
ggcaggcaca
cttggcatcc
aagtagtgcg
agatattggc
ggaccagcct
gaccccctcect
gactacgggc
gcatgtgaac
ttctgcttca
gggactggag
gggttctcca
cactaaaccc
gaagcacaaa
aacgacatcc
agctagcgtg
tcttcecggaa
aacagtggaa
acaaaagcgg
ttccagtgat
gacagataaa
tgttaacggt
gctgtctggt
caatgaaccc
agcatttgac
caatgatgaa
tctgccaatg
ctacaggtct
gatggtgatt
gtattacgac
ggatgccacc
ctattctcgg
gatctaccga
caagctgccc
ttctcceccecca

aacagtgatg
actccatcca
cttggtgaag
ttttctcagc
gcagaggaac
cggagtccca
gagaagagag
ctgagcccag
ggacacatgg
ggcaacaatc
ccaactgttc
tctcagattt
aaactcatag
ggagtgaccc
acaaatactt
ccaagcttgc
tctcatcacc
atcagcaatc
ttggtttcag
ggactcaaga
tctagtaccc
ttcacaccct
tcatctcacc
gaaccggcac
tcaacaataa
agttcctctg
tcagttccag
tcaataagca
gtggctttac
actgctgcaa
ataacagccg
cagctccttg
gggcccecagg
cagaacaagg
tcctctecat
aaaccaaaaa
gtttcccatt
ctgacctcag
gagcagtcct
gttcaggtga
gaagaggaaa
aaggaaagca
gatggctttc
gtccaggaag
ttgaggatgc
gccaagcact
cccttgaacc
atgtttaact
gaagaggagg
cccatgcgcet
cccatccatg
gagtatgccg
agcaagggca
atgcatggaa
gtcatcaata
ggagaggaac
tgcaactgtg
gtgttggagt

actgtgggaa
tgcaggcttt
gattgggtct
agctgcctac
agtttgagtt
ctgtccccag
taaccatcac
gagtagatcc
atgcagacca
aggatttaac
ccatccagaa
ccaatgcagc
ttgttaacca
aaaaaatcca
cagtattggg
caacttctca
agcacttaca
ctccttcagg
aatccagcca
aaagacccat
cttcaaacat
cccagcttcc
gaactgtccc
ccctgttacc
gccaggatac
tcttgaatgt
gacacgtcac
atcttttaat
cgccaagttc
taacagcggc
cttcaccttc
ccagcaaaac
tatccaactt
ctttatcctc
cttctggaca
ccaaacggtt
tgcggaccag
gcacagggac
cccagaagga
cccaaaatcc
gtaatttcag
ttactgagaa
agatctgtgc
ctcgatcaaa
tggggattct
gtcgaaatta
ctcacggctc
tcctggcettce
aggtacagct
tccggcactt
gccggggtcet
gcaacgtcat
ttggttgcta
atgctgcacg
ttgatgggca
tcacttacga
gcgccaagaa
gcaaggaggc

tatcctgcct
gggtgagagc
tgacagtaat
aacagaacct
gcctctagag
ccagaatccc
agaaaaatct
aactcctgaa
catctctagc
taggaacagt
ccagaagtat
tgtccagacc
gaacatgcag
attgacctct
acccatggga
atctttgttc
ttcctteect
cctgcttatt
gaggacagac
atctcgtcta
tgcceccttet
taatcatcca
caacatcata
acagagtgtg
tagccacctc
tgtatccatg
cttaaccaac
caaagctagc
aggaatgttt
atctagcatc
tggggaagca
tgggattcat
tacccagacg
agctgtgcaa
gcggtcagca
tcagctgcct
ttcttctgaa
tccaggagca
gtgtgggcaa
agcaaatgaa
ctccccactg
aaaacccaag
agaaagtatt
tgcccgecta
ccatgatgca
caaattccgt
agccagggct
taaacatcgt
gaagtcagct
aaaaaagact
tttctgtaag
ccgctccatc
tatgttccga
cttcatcaat
gaagcacatt
ctataagttc
atgccggaag
ggggccatcc

tcagacatta
ccagagtcat
cgtgaaaaag
gtggatagta
ctaccatctg
agtagactag
gtagcctcct
ggccacatga
cctccttgtg
agcacccctg
gtgcccaatt
actccacccc
ccactttatg
tctgttagtt
ggtggtctca
ccttctgcta
gcagctactc
ggggttcage
ctcagtacca
cagacccgaa
gatgtggttt
agtctgttag
aaaagatcta
ggaggaactg
acatcagggt
caaactacca
ccaaggttgc
cagcagagcc
ccacaactgg
tgtgtgctcc
gacgaacact
tcttcccagce
gtagacgctc
gccagcccca
agcccttcag
ctagacaaag
gcacacattc
gaggctgagc
cctgcagggc
caagaaagtg
atgctttggc
aaaggacttg
gaagatgcct
aagcagctct
gttgtgttcc
ttccacaagc
gaagtccacc
cagcctcctg
cggagggcaa
tctaaggagg
agaaacattg
cagactgaca
attgatgact
cactcgtgtg
gtcatctttg
cccattgagg
ttcctaaact
aaagcaacgc
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12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041
14101
14161
14221
14281
14341
14401
14461
14521
14581
14641
14701
14761
14821
14881
14941
15001
15061
15121
15181
15241
15301
15361
15421

tgaaggcctt
gtgatggctyg
gacagagttg
ttgtttactg
tatagagggt
atcctcaggt
ggagggttgg
acaaacagag
gggagacagg
attaccaaac
cagccaatta
cttttcttcc
gggagactga
gttccctgag
agacagaatt
gcatgatttt
agagtatcac
ccccttgtta
aacactaatc
ctctgccacc
actccttagg
gagtcctgaa
atttaaggtt
gggagaagca
agatcggttt
tacacacaaa
ttaatgtgta
aataaatgga
aagctcctca
tctectttec
ctttcttact
ccatctgcct
gagaacccat
tctgaccact
gtagtccaag
gtctagcaaa
gtgccttcca
tgctggaaca
ggcagagact
cccagacctc
tccactagtg
tattcctatt
ttaatgcact
ggggggaact
cccctectcea
ttctecctgec
aaatgagaaa
gccagcaact
gcacagctat
caaaagtgca
caaatccctg
tatagctttg
taaccagaat
cttggccacc
gggggaagcc
caccctgctc
atttaaaaaa
taaaaaaaat

ttccagcagc
agctctctta
aggtctcgaa
ttagaaagtg
tggttatgtt
tggccctttc
ttagattcct
gtctggtggt
attcctagca
attgagcctg
cctttcttga
tttcceectgt
ctgcctgctc
cctgtaagca
tggaaacatt
gtaggagagg
agccaggatg
agacatagga
agatttcaag
tgcgtgcaac
atgtggtcaa
cctgttaaat
ttataaatgt
cttatgacaa
ttaataattt
gtctggtttt
gcttgtttgt
gaaggaaggt
aaaggctaca
ggcgcaactt
tcagagttag
cataggccac
tgatcacctt
cacgataaag
tagagggtgg
gcaatacgac
tcctgggcectce
ttgtcactgt
tccttgtcat
acctcccttc
tctgctttcc
ttttttaaag
gatgggtcct
cagctaaata
ctctctacca
agctgcagat
ttcctettet
tgggggaata
ctccaaacac
gattgaggaa
aggagtaaca
ctgctagaac
agctgcatgg
caccacctct
ctggcagcta
gcctcececgtca
aataaaaaat
attctaatga

tgggagctcc
tgtcctatac
gaaaagatcc
ggaatggggt

gggagattgg
ccaagcactg

gacagtttgce
tttccctact
cctccggtgt
caggctttga
cagtaggagc
cttcatgcca
aaggacactc
ctccaggtgg
ttcataaagc
aaaaagatta
acccttgggt
agacttaatt
gcccacaact
ccacagctaa
aacagcatca
taagtcattg
aaatatattt
ggctattttt
tttattttca
tcctgcccaa
gccctgttga
cacccaactc
gtaatatctt
ccagagtggt
caaacaacaa
tctttecttt
gtgccctcett
cagatttttc
ggcacccttt
tcagcccagc
ccttctcectcece
tttcactgtc
catggagaag
ctccttttgce
tttattattg
aaaaaaaaaa
gaattcacct
gacctagtta
accctaaacc
ggtttgcctt
agctcagcct
agcgaaggtt
atctgagttc
ttgtgatggg
gctgcaaacc
ctgttgtggc
cgctgaccct
cgcacagccc
tacgttttca
aacccccggce
aaaaaaaaaa
atgtatcttt

cggattgcgt
tcacatcaga
atgatcggct
ccctagcaga
gcctgaattt
taagtgagtg
cagccaggcc
atcctcccac
caaaaggctg
gtgggagtgt
ggcttccecctce
ctgctttccc
cctgctgggce
ggaagtggac
tccatggaga
tttaaatagg
cccattccta
tttaaacggt
tggggactag
agtaaattca
aatgtttctt
gattttactc
tgtatatttt
taaaccgcgg
taggatgaag
cttcccectg
cataaatgtt
cattgggcca
gatacaacag
gggagacggc
gttgaatggc
ccctcectgcecce
ttggggcagc
tctgcctctg
tctcgceccgcea
actctctgcc
tgtgacctta
atgcagggag
tgccagcagg
ccatgaacaa
cactgtgtga
aaccttaagc
tgagaaagac
ctgccctgcet
ctgaggacag
gcctttcecac
tgagtccatt
tccctacaag
atttcaaaag
tcattcccaa
tggtcagttc
tgcatttcct
ttggccggaa
ctctgttttt
accagactcc
caatgcagtg
ggaaaaaaaa
ctaaaggact

ggcacagctg
catgtgatca
ttctecctggg
cttgcctgga
ctccacagaa
ggtcaggcaa
ccacctacag
tcgagagttc
tcatggggtt
tgcccccagg
tccecattceccce
atgcttcttt
ataggatgtg
aggagccatt
gttttaaaga
atttaaatca
agacatggtt
cagtgtccag
accaccttat
atgacactac
ctcttccttt
tgttctgttt
tctatgagaa
tattatccta
ttagagaaaa
gaaggtgtac
tcctgggttt
ctccecctect
attctcttct
aatctttaca
aacttgacat
accaagtcct
ctgttgaaac
ccacaaggtt
agaagcccat
ccaggactca
agaactttgt
cccagcactg
ggactgggaa
gatgcagtgg
ggtttttttg
tgcatttgtt
ccaaaggcca
aggccatgct
gggaggaacc
cccctaattg
gccaaatttt
agggaaagaa
tgaccaaggg
gaatccccca
tcagtgagag
ggtggccagt
cttggtctct
acaccaataa
tttgccggga
agcaccatgt
atacaacaca
gacgttcaat

aggggcctct
tagtcccaga
gcccctceccaa
aggagcctat
ataagttgcc
agccccaaat
cgtctgtcga
acttctggtt
gtgccaatta
agccttatct
tcttcactcc
cgggttgtag
cctgcaaaaa
ggtcataacc
aacatatgta
tgcaacaacg
actttatttt
ttgaaggcag
gttgagggaa
tgccctgatt
ccccaagaca
acagtttact
gcacttcata
atttaaaaga
tattcagctg
tttttgttgt
gctctttgac
tccectattg
ttccecgectce
tttccctcecat
ttttgcatca
catatctgca
tgaagcacag
tcagagtagt
tcctatggaa
tggctctgct
ctggtggctt
tggccaggat
aagcactcta
ccctaggggt
taaatccttg
actgaaatga
gtcagggggt
gtactgtgag
cacagcttcc
tcaaccacaa
cagcacacct
ggcaaaaacg
aatctccgca
aggggcatcc
ccagctcact
gacaactgtg
tggctccctc
caagaattaa
cccagcccgce
agctcccttg
cacacaaaaa
caaatatctg
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15481
15541
15601
15661
15721
15781
15841
15901
15961
16021
16081
16141
16201
16261
16321
16381
16441
16501
16561

aaaatactaa
tttttttaat
ctgggtgtaa
atggttttgt
tttgtttgtt
atgcaccatg
taaggattgt
ttcccgaaat
tcagagaaaa
tcagtacctg
atttagggga
tgtctttcaa
tttagtaaat
ttctagaaat
ttgtgttctt
taaagtccat
aaaaataata
tagttgtaaa
agtgatagtt

aggtcaaaac
agaaatcaag
ttttatgttt
gccgaatcat
ttggttttca
taacaaagcc
gttacagttg
ggggggaacc
atgcagacat
tcctecttgt
aaattgtgtt
ccaagaaaat
acaggtagtt
aagacatttt
ccaagcttct
cagtgttaac
atgctgaaag
aaaaaggagt
taattaataa

cttgtcagat
ttgtttttgt
catttccttc
gaatactagt
aataaatata
tagttcagtc
ctagtagcgg
tctaaccata
ggtgtcacct
ttctctattt
ctgtgctttc
agaattgtgg
gaataattgt
ttgacaactt
ggttagagaa
tccectgtgac
ctctctacga
ttttaaacat
acatgtcaag

gttaacttct
ttttaaggaa
attttaaagc
caagtcacac
aatatgatat
catggctttt
caggaagatg
aaggaatggt
ggattttttt
ttggttatga
ctggtatctt
tgtttctttt
ttcaagagct
tatcatgtat
aaagagaaaa
agggatgaag
aagactgaat
gtttattttc
tttaaaaaaa

aagttcggtt
aagcgggtca
aatacaaggt
actctggaaa
atataggaac
aattctctta
tcaggctcac
agaacagtcc
ctgcccatga
atgttggggt
gttccgaggt
attgaacttt
caacagatga
aacagatctg
aaaaaaaagg
gaaaatactt
gtaaaagtaa
tatgcacttt
aaaaaaaa

tgggattttt
ttgcaaaggg
tatggagcag
cttgcaactt
taatatagta
acactataga
tttcctectga
attcctcgga
atgttgccag
taccacctgc
actctagttc
taacagtctc
caagcttctt
ttttttttce
aaaatgtgtc
taatagttca
aaagtgtaca
tttttattta

Homo sapiens lysine

variant 2,
1

61l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

mRNA (SEQ
ctgcttcact
ccgggaccac
aacgcgtccc
cgccccectce
gggttccagg
cttcgtcatc
acgcggcgct
ttggggagag
cagatgaaga
gaaaacctcg
catctgtgtt
aagattctaa
tcaaaataac
tgaaaaaaat
taagagcagg
gaaggaaggqg
agaccccttc
acaaggaagg
gaaggattaa
agcaactctt
agctgcaggg
ttgtcagtgc
attatgaccc
ccccecgtectg
cttcagactc
ctgaggagat
tgcccatttc
tgtcggagag
cccagcagca
agccagcctc
catcaccatt
gagaaccgac
cctcagcaaa
cccctcecact
ctgcttcagc
ggagccctct

ID NO: 62)

tcacggggcyg

cgggggcggce
ggccctgetg

ccccecceccggcet
gggagcggcc
gtcctcagcce
gcaggtctcg
cggcggggga
agtcagagtg
tgggagacct
ttccectceta
aagtatagaa
acatggaaag
taaaaggaca
taaactctct
ggtacaaatt
gggtctcctce
aacacctcca
gccagttagg
acagagggca
aagaaaggtg
tatctcctcg
tccaattaaa
tggatcttct
ctctcgatct
tcaggtactt
ccagtcccca
aagttttgga
gacctcctcg
cagtatctct
tttgcctgcet
atttaggtgg
gtatgccaaa
aactcccgag
ccgattgttt
tctgagagct

aacatggcgc
ggcggcgyggyg
cttcccececg
gtggcggccyg
gccgcctcag
tcttcagggce
gccgccatcg
ggcggcagcg
cgaagtccca
agaagtggct
aataaatcag
aagaagagag
gacatttcag
ccttctgcta
cctctcaagt
gtacgacgga
attaattctg
cttacaaaag
attattcctt
aaaaaggggyg
aagacacagg
cggatcatta
attgcccgat
gaaaaatcaa
agtagcccca
cctgaggagc
gaaaatgaga
tctagaacga
tctccacctc
gaccacacac
tccactgctc
acttctttaa
gaaggtctta
gacgttggct
tcgccactcc
ccaagattta

(K) —specific methyltransferase 2A

acagctgtcg
ggcgcecegyggyg
ggccccecggt
cggcggcegge
cagcctcctc
cggccctgcet
gcaccaacct
gagaggatga
caaggtctcc
ctgaccgaaa
agaccaaatc
gaagacctcc
agttaccaaa
cgtttcagca
ctaagtttaa
gaggaaggcc
aactggaaaa
aagataagac
cttcaaaaag
ctcaaaagaa
tcaaaaatat
agacccctcg
tagagtctac
gtgcagcttc
gtgttgatac
ggagcgatac
gtaatgatag
cgaaaaaatt
cacctctgct
cttggcttat
ctatgcaagg
agcattctag
ttcgcaaacc
ttgcatctgg
attctggaac
ctccaagtga

(KMT223) ,

gtggcgcttc
cctagggggce
cggcggtggce
ggcgggaagce
gtcgtccgcece
ccgggtgggce
gcgcecggtte
gcaattctta
ttcagttaaa
ttcagctatc
tggagataag
caccttccct
gggaaacaaa
agccacaaag
gacagggaag
tccatcaaca
gccccagaaa
agttgtcaga
gacagatgca
aattgaaaaa
tcgacagttc
gcggtttata
accgaatagt
tcagcactcc
ctccacagac
ccctgaagtt
gagaagcaga
atcaactcta
gactccaccg
gcctccaaca
gaagcgaaaa
gtcagagcca
aatatttgat
tttttctgca
aaggtttgat
ggctcactct

transcript

cccgceccgac
gccccgcgge
ggcccecegyggy
agcggggctyg
tcgtcttegt
ccgggcttcg
cgggccgtgt
ggttttggct
actagtcctc
ctctcagatc
atcaagaaga
ggagtaaaaa
gaagatagcc
attaaaaaat
cttcaaatag
gaaaggataa
gtccggaaag
caaagccctc
accattgcta
gaagcagctc
atcatgcctg
gaggatgagg
agattcagtg
tctcaaatgt
tctcaggctt
catcctccac
aggtattcag
caaagtgccc
ccaccactgc
atccccttag
tctattttgc
caatactttt
aatttccgac
tctggtaccg
atgcacaaaa
agaatatttg

11




WO 2015/134603

PCT/US2015/018724

2161
2221
2281
2341
2401
2401
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581

agtctgtaac
atagaaaaag
actccatgag
cgtcttctgt
acccaacttt
atcagagacc
ctcctctett
aggcccccga
gtagagagag
ggaaaaaggqg
aagagaaggt
ggaagaagtc
caacagctgt
acttggacct
ctccttecatc
cagacaagct
agctctgcaa
gtcaagaaag
gaagagcagc
tgagtgcctt
agtcatcaat
aacctgtcac
ggcggtgtgg
gcttagataa
aatgtcagaa
tgaaaaagaa
ttgtgaagaa
ccccaaagaa
aagggaatgt
agtcaagcaa
gaccgccaag
caccaccaga
tcccectgtaaa
atgcaggcac
ttccagcaga
atgtgtggga
tttgctttct
agcccttcca
attggtgttg
agcagctgct
actaccccac
gtaagagctg
tctcactgtg
acaaatgtta
gctgggtcca
tgccagaaag
gactggccct
attctcggac
atcccgagac
ttcttactga
ggaagatgga
tcattcaagc
tggtcaagtc
agtccaggtt
tgcttccacc
acactgagca
gagaaccaga
ggagtcgaga

cttgcctagt
gaaaagaaaa
gacaagaagt
ctcttccteg
tacttttcct
aaggaagcag
cccttggttt
ggagctgtcc
agaccgggag
atcagaaatt
tgttggtgaa
ttcatcacat
caaaaccaaa
cggcccaact
tagcactgtt
tccaatgact
gattgagaag
tgactcatca
tgttgccctt
accatgggaa
tgctggctca
tagaaacaag
gcagtgtccc
gcccaagttt
tctacaatgg
agagaaaaag
cgtggtggac
aagcagtagt
ctcggcccecct
gcaggtctcc
aaaagaagtt
atcaggtcca
acaaaaacca
tttgaacatc
tggagtccac
gatgggaggc
ctgtgccagt
caagttttgt
tcgtcgttge
ggagtgtaat
caaacccaca
tggatccaca
tcatgattgc
tgatgatgat
ttccaaatgt
tgtggcctac
tgaaaaagag
taccagccat
agaggagagt
ggtcagcaaa
ccaagggaat
agccattaat
cttcttcatt
ttgggagcca
ttcacttgac
gcctecttta
ctcaccaact
agacagtcca

aatcgaactt
gtgtttagtc
ggaaggctta
ttaagcattt
tctcattccc
actagtgctc
accccaggct
aaagatcgag
agagaaaagg
cagagtagtt
gatgttgcca
gattctggga
atacttataa
gccccatcce
aaacattcca
gacaagaggqg
agtaagagtc
gagacctctg
ggccgaaaac
gaacgagaaa
gaagatgctg
gcaccccagg
ggctgccagg
ggtggtcgca
atgccttcca
tctaagacca
tctagtcaga
gagcctcctce
gggcctgaat
cagccagcac
cccaaaacca
gagcagagca
aaagaaaagg
ctcagcactc
aggatcagag
ttaggaatct
agtgggcatg
ttagaggaga
aaattctgtc
aagtgccgaa
aagaagaaga
actccaggca
gccaagctct
gactatgaga
gagaatcttt
acttgtgtga
ctgcagattt
ttgctacgct
ataccttccc
caggatgatc
tacacatctg
tcagatggag
cggcaaatgg
aataaagtat
cataattatg
atgaagaaaa
cctctgcatc
gagctgaacc

ctgctggaac
ctattcgatc
gtagttctga
ctgttagtcc
tgactcagtc
cggcagagcc
ctcagactga
atgctgacaa
agaataagcg
ctgctttgta
cttcatcttc
ctgatattac
agaaagggag
tggagaagga
cttcctcecat
ttgccagcct
ttaaacaaac
tgcgaggacc
gagctgtgtt
agattttgtc
aacctcttgc
aacctccagt
tgcctgagga
atataaagaa
aagcctacct
gtgaaaagaa
aacctacccc
cacgaaagcc
ccaaacaggc
tggtcatccc
ctcctagtga
aacagaaaaa
aaaaaccacc
tctccaatgg
tggactttaa
tgacttctgt
tagagtttgt
acgagcgccce
acgtttgtgg
acagctatca
aagtctggat
aagggtggga
ttgctaaagg
gtaagatgat
cagatgagat
actgtactga
ctctgaagca
accggcaggc
gcagctcccce
agcagccttt
tgttggagtt
gacagccaga
aacgtgtttt
caagcaacag
ctcagtggca
tcattccagc
ctcctacacc
cacccccagqg

atcttcttca
tgaaccaaga
gctctcacct
tcttgccact
tggggaatct
attttcatca
aagagggaga
gagcgtggag
ggagtcaagg
tcctgtgggt
tgccaaaaaa
ttctgtgact
aggaaatctg
gaaaaccctc
aggctccatg
cctaaaaaag
cgaccagccc
ccggattaaa
tcctgatgac
ttccatgggg
tccacccatc
aaagaaagga
ctgtggtgtt
gcagtgctgce
gcagaagcaa
agacagcaaa
atcagcaaga
cgtcgaggaa
caccactcca
gcctcagcca
gcccaagaaa
agtggctccc
tccggtcaat
caatagttct
ggaggattgt
tcctataaca
gtattgccaa
tctggaggac
aaggcaacat
ccctgagtgce
ctgtaccaag
tgcacagtgg
aaacttctgc
gcaatgtgga
gtatgagatt
gcggcaccct
agttctgaca
tgccaagcct
cgaaggacct
agatctagaa
cagtgatgat
aattaaaaaa
tccatggttc
tgggatgtta
ggagcgagag
tcccaaaccc
accaattttg
catagaagac

ggagtatcca
tctecttete
ctcacccccc
agtgccttaa
gcagagaaaa
agtagtccta
aataaagaca
aaggacaaga
aaagagaaaa
agggtttcca
gcaacagggc
cttggggata
gaaaaaacca
tgcctttcca
ttggctcagg
gccaaagctc
aaagcacagg
catgtctgca
atgcccaccc
aatgatgaca
aaaccaatta
cgtcgatcga
tgtactaatt
aagatgagaa
gctaaagctg
gagagcagtyg
gaggatcctg
aagagtgaag
gcttccagga
cctactacag
aagcagcctc
cgcccaadta
aagcaggaga
aagcaaaaaa
gaagcagaaa
cccagggtgg
gtctgttgtg
cagctggaaa
caggctacaa
ctgggaccaa
tgtgttcgcet
tctcatgatt
cctctctgtg
aagtgtgatc
ctatctaatc
gcagagtggc
gctttgttga
ccagacttaa
gatccaccag
ggagtcaaga
attgtgaaga
gccaacagca
agtgtcaaaa
ccaaacgcag
gaaaacagcc
aaaggtcctg
agtactgata
aatagacagt
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5701
5761
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5941
6001
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6121
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8641
8701
8761
8821
8881
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9001
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gtgcgttatg
ttggccaaaa
atgatgacgg
gtgaattctg
actatcactt
attgccaacg
ttttcagaag
gcttggaacc
ttctaaatga
gggtatactg
agtgccgtcc
ggaccattgc
cagctgaaat
cctgttatta
cacagagatc
atgaaatagt
ggcgtcacag
tgagaactgg
ctactgatct
gtactagttt
taggcaataa
cttcagactt
ccaagagctc
cacaggdttca
aaccctcttc
gagggcaaag
cagatgaaga
ttatcaacga
gtaaagaaac
caactggtga
atatgggcca
ctatgccagg
aggcaccacg
gtcaatccaa
catctcccac
caagccccaa
tacaggacag
aaaggaggdta
cactctatgg
ggaagaagcg
cttcagatga
gagaggaacg
aaatctcaca
caacaaggaa
taaagattga
gccacaaaaa
gacaagattc
gtaccccctce
cagacaataa
tactaaagaa
aactcctgaa
tttttgaagt
cctctatctc
tcttgaccac
cagactcagg
acccagcact
attttatcca
agcaaggtca

tttgacttat
tgagtggaca
atcactaaag
ccaaaagcca
catgtgttcc
acatcgggat
agtgtttgtg
agaaaatatc
tctctceccgac
gagcaccaca
tccagtcgta
ccatagtcca
tataagtcct
tcatgtcatc
ccctggcectgt
cacagtaggt
tacctcttcc
gaatacttac
tgaatcaagt
agggcaaaac
aaacagdtcac
ggtgtccaag
agagggatct
taacacaaca
agtgtcgttt
gaatgatcga
tactgaagtc
acatatggga
tttcaaagaa
ggaaggaaac
acgaccatgt
agtccccaaa
gaaacgcaca
aaatgccctg
agaaccaatt
taatacctca
aaacctaatg
tccecegtege
agtaagatcc
aggcaagaga
agacgactta
actggcatcc
gttggatggt
aagcagccag
tagacctgaa
tgagccaaag
cttggaagct
cgacaaaaat
caacagtgat
tactccatcc
tcttggtgaa
attttctcag
agcagaggaa
ccggagtccc
ggagaagaga
gctgagccca
aggacacatg
tggcaacaat

ggtgatgaca
catgtaaatt
aatgtgcata
ggagccaccg
cgagccaaga
ttgatcaaag
gactttgaag
cacatgatga
tgtgaagata
gatgctcgca
gagccggata
acatctttta
ccatcaccag
tcaaaggtcc
cgaccgttgc
gatcctttac
ttatcacccc
tctaggaata
gccaaagtag
acttccacct
ttggatggat
agctcctctt
gcacataatg
tctagagaac
tcttctaaag
gaccaacaca
aaaaccttga
tctagttcca
aagcattcca
ttgaagccag
aacaatgttt
gctccaccca
gtcaaagtga
aaagaaadta
tcagcctctg
tgccaggatt
cttccagatg
agtgcccgtg
tatggtgaag
tcagctgaag
tactattaca
cataatttat
gttgatgatg
attccaaaaa
gatgctgggg
atggataact
cagctcagct
ttactggaca
gactgtggga
atgcaggctt
ggattgggtc
cagctgccta
cagtttgagt
actgtcccca
gtaaccatca
ggagtagatc
gatgcagacc
caggatttaa

gtgctaatga
gtgctttgtg
tggctgtgat
tgggttgctg
actgtgtctt
gcgaagtggt
gaatcagctt
ttgggtctat
agctctttcc
agcgctgtgt
tcaacagcac
cagaaagttc
accgacctcc
ccaggattcg
cttctgcagg
tctcctectgg
agcggtccaa
atgtttcctc
ttgatcatgt
cttcaaattt
cttcatcttc
taaagggaga
tggcttaccc
tgaatgttag
aggccctctc
cagattctac
agctatctgg
gagataggag
gtaaatcttt
agtttatgga
cttctgataa
tgcaagtaga
cactgacacc
gtcctgcttce
aaaatccagg
ctcaaagtaa
gccccaaacc
cacgttctaa
aagacattcc
gacaggtgga
acttcactag
ttcgggagga
ggacagagag
gaaatggtaa
agaaagaaca
gccattctgt
cattggagtc
cctataatac
atatcctgcc
tgggtgagag
ttgacagtaa
caacagaacc
tgcctctaga
gccagaatcc
cagaaaaatc
caactcctga
acatctctag
ctaggaacag

tgctggtcgt
gtcagcggaa
caggggcaag
tctcacatcc
tctggatgat
tcctgagaat
gagaaggaag
gacaatcgac
tattggatat
atatacatgc
tgttgaacat
atcaaaagag
tcattcacaa
aacacccagt
aagtcctacc
acttcgaagc
actccggata
agtctccacc
cttagggcca
gcaaaggaca
agaaatgaag
gaagaccaaa
tggaattcct
taaaatcggc
cttcccacac
ccaatcagca
aatgagcaac
acagaaaggg
tttggaacct
tgaggttttg
gattggtgat
aggatctgcc
tctaaaaatg
ccctttgcaa
agatggtcca
caactatcag
tcaggaggat
catgtttttt
attctacagc
tggggccgat
aacagtgatt
ggaacagtgt
tgatactagt
agaaaatgga
tgtcactaag
aagcagagtt
aagccgcaga
tgagctcctg
ttcagacatt
cccagagtca
tcgtgaaaaa
tgtggatagt
gctaccatct
cagtagacta
tgtagcctcc
aggccacatg
ccctecttgt
tagcacccct

ttactatata
gtgtttgaag
cagctgagat
tgcaccagca
aaaaaagtat
ggatttgaag
tttctcaatg
tgcttaggaa
cagtgttcca
aagatagtgg
gatgaaaaca
agtcaaaaca
acctctggcet
tattctccaa
ccaaccactc
attggctcca
atgtctccaa
accgggaccyg
ctgaattcaa
gtggttactg
cagtccagtg
gtgctgagtt
aaactggccc
tcctttgcectyg
ctccatttga
aactcctctc
agatcatcca
aaaaaatcct
ggtcaggtga
actcctgagt
aaaggccttt
aaggaattac
gaaaatgaga
atagagtcaa
gtggcccaac
aatcttccag
ggctctttta
gggcttaccc
agctcaactg
gacttaagca
tcttcaggtyg
gatcttccaa
gtcacagcca
acagagaact
agttctgttg
aaaacacagg
gtccacacaa
aaatcagatt
atggactttg
tcttcatcag
gacatgggtc
agtgtctctt
gatctgtctg
gctgttatct
tctgaaagtg
actcctgatc
ggttcagtag
ggccttcagg
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tacctgtttc
gtcctggeccce
cagccactga
ctcttccaaa
gtgtgatgga
caggactaaa
tgctacccat
tcccaccaaa
atccccaact
ctccatcctc
aacttgctcc
cattgattaa
cacttaatac
tcatgtattt
cggcaggcac
gcttggcatc
caagtagtgc
cagatattgg
aggaccagcc
agaccccctc
agactacggg
agcatgtgaa
attctgcttc
tgggactgga
ggggttctcc
ccactaaacc
agaagcacaa
aaacgacatc
cagctagcgt
ttcttcececgga
aaacagtgga
aacaaaagcg
tttccagtga
tgacagataa
gtgttaacgg
agctgtctgg
ccaatgaacc
cagcatttga
ccaatgatga
atctgccaat
tctacaggtc
agatggtgat
agtattacga
tggatgccac
gctattctcg
agatctaccg
acaagctgcc
cttctccccce
tttccagcag
gagctctctt
gaggtctcga
gttagaaagt
ttggttatgt
ttggcccttt
gttagattcc
ggtctggtgg
gattcctagce
cattgagcct

cccaactgtt
gtctcagatt
gaaactcata
tggagtgacc
gacaaatact
tccaagcttg
gtctcatcac
catcagcaat
tttggtttca
tggactcaag
ctctagtacc
cttcacaccc
ttcatctcac
tgaaccggca
atcaacaata
cagttcctct
gtcagttcca
ctcaataagc
tgtggcttta
tactgctgca
cataacagcc
ccagctcctt
agggccccag
gcagaacaag
atcctctcca
caaaccaaaa
agtttcccat
cctgacctca
ggagcagtcc
agttcaggtg
agaagaggaa
gaaggaaagc
tgatggcttt
agtccaggaa
tttgaggatg
tgccaagcac
ccccttgaac
catgtttaac
agaagaggag
gcccatgecgce
tcccatccat
tgagtatgcc
cagcaagggc
catgcatgga
ggtcatcaat
aggagaggaa
ctgcaactgt
agtgttggag
ctgggagctc
atgtcctata
agaaaagatc
gggaatgggg
tgggagattg
cccaagcact
tgacagtttg
ttttccctac
acctccggtg
gcaggctttg

cccatccaga
tccaatgcag
gttgttaacc
caaaaaatcc
tcagtattgg
ccaacttctc
cagcacttac
cctccttcag
gaatccagcc
aaaagaccca
ccttcaaaca
tcccagcettce
cgaactgtcc
cccctgttac
agccaggata
gtcttgaatg
ggacacgtca
aatcttttaa
ccgccaagtt
ataacagcgg
gcttcacctt
gccagcaaaa
gtatccaact
gctttatcct
tcttctggac
accaaacggt
ttgcggacca
ggcacaggga
tcccagaagg
acccaaaatc
agtaatttca
attactgaga
cagatctgtg
gctcgatcaa
ctggggattc
tgtcgaaatt
cctcacggct
ttcctggcett
gaggtacagc
ttccggcact
ggccggggte
ggcaacgtca
attggttgct
aatgctgcac
attgatgggc
ctcacttacg
ggcgccaaga
tgcaaggagg
ccggattgcg
ctcacatcag
catgatcggc
tccctagcag
ggcctgaatt
gtaagtgagt
ccagccaggc
tatcctccca
tcaaaaggct

agtgggagtg

accagaadta
ctgtccagac
agaacatgca
aattgacctc
gacccatggg
aatctttgtt
attccttccc
gcctgecttat
agaggacaga
tatctcgtct
ttgccccttce
ctaatcatcc
ccaacatcat
cacagagtgt
ctagccacct
ttgtatccat
ccttaaccaa
tcaaagctag
caggaatgtt
catctagcat
ctggggaagc
ctgggattca
ttacccagac
cagctgtgca
agcggtcagc
ttcagctgcc
gttcttctga
ctccaggagc
agtgtgggca
cagcaaatga
gctccccact
aaaaacccaa
cagaaagtat
atgcccgcect
tccatgatgc
acaaattccg
cagccagggc
ctaaacatcg
tgaagtcagc
taaaaaagac
ttttctgtaa
tccgcectcecat
atatgttccg
gcttcatcaa
agaagcacat
actataagtt
aatgccggaa
cggggccatc
tggcacagct
acatgtgatc
tttctcctgg
acttgcctgg
tctccacaga
gggtcaggca
cccacctaca
ctcgagagtt
gtcatggggt
ttgcccccag

tgtgcccaat
cactccaccc
gccactttat
ttctgttagt
aggtggtctc
cccttcectget
tgcagctact
tggggttcag
cctcagtacc
acagacccga
tgatgtggtt
aagtctgtta
aaaaagatct
gggaggaact
cacatcaggg
gcaaactacc
cccaaggttg
ccagcagagc
tccacaactg
ctgtgtgctc
agacgaacac
ttcttcccag
ggtagacgct
agccagcccce
aagcccttca
tctagacaaa
agcacacatt
agaggctgag
acctgcaggg
acaagaaagt
gatgctttgg
gaaaggactt
tgaagatgcc
aaagcagctc
agttgtgttc
tttccacaag
tgaagtccac
tcagcctcct
tcggagggca
ttctaaggag
gagaaacatt
ccagactgac
aattgatgac
tcactcgtgt
tgtcatcttt
ccccattgag
gttcctaaac
caaagcaacg
gaggggcctc
atagtcccag
ggcccctcecca
aaggagccta
aataagttgc
aagccccaaa
gcgtctgtceg
cacttctggt
tgtgccaatt
gagccttatc

tctactgata
cacctgaagc
gttctccaaa
tctacaccca
acccttacca
agcaaaggat
caaagtagtt
cctcctececgg
acagtagcca
aagaataaaa
tctaatatga
gatttggggt
aaatctagca
gctgccacag
tctgtgtctg
acaaccccta
cttggtaccc
ctggggattc
gggacatcac
ccctccactc
tatcagcttc
cgtgatcttg
cctaatagca
acctctcctg
gtgccgggtce
gggaatggca
ccagaccaag
cagcaggata
caagtcgctg
gcagaaccta
cttcagcaag
gtttttgaaa
tggaagtcat
tcatttgcag
ctcattgagc
ccagaggagyg
ctcaggaagt
gaatacaacc
actagcatgg
gcagttggtyg
gatgcaggtyg
aagcgggaaa
tcagaggtag
gagcctaact
gccatgcgta
gatgccagca
taaagctgct
ctgaaggcct
tgtgatggct
agacagagtt
attgtttact
ttatagaggg
catcctcagg
tggagggttyg
aacaaacaga
tgggagacag
aattaccaaa
tcagccaatt
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12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041
14101
14161
14221
14281
14341
14401
14461
14521
14581
14641
14701
14761
14821
14881
14941
15001
15061
15121
15181
15241
15301
15361
15421
15481
15541
15601
15661
15721
15781
15841
15901
15961
16021

acctttcttg
ctttccecctg
actgcctgct
gcctgtaage
ttggaaacat
tgtaggagag
cagccaggat
aagacatagg
cagatttcaa
ctgcgtgcaa
gatgtggtca
acctgttaaa
tttataaatg
acttatgaca
tttaataatt
agtctggttt
agcttgtttg
agaaggaagyg
aaaaggctac
cggcgcaact
ttcagagtta
tcataggcca
ttgatcacct
tcacgataaa
gtagagggtyg
agcaatacga
atcctgggcet
attgtcactg
ttccttgtca
cacctccctt
gtctgctttce
tttttttaaa
tgatgggtcc
tcagctaaat
actctctacc
cagctgcaga
attcctcttc
ttgggggaat
tctccaaaca
agattgagga
gaggagtaac
gctgctagaa
tagctgcatg
ccaccacctc
cctggcagct
cgcctcecegtce
aaataaaaaa
tattctaatg
aaggtcaaaa
tagaaatcaa
attttatgtt
tgccgaatca
tttggttttc
gtaacaaagc
tgttacagtt
tggggggaac
aatgcagaca
gtccteccttg

acagtaggag
tcttcatgcc
caaggacact
actccaggtg
tttcataaag
gaaaaagatt
gacccttggg
aagacttaat
ggcccacaac
cccacagcta
aaacagcatc
ttaagtcatt
taaatatatt
aggctatttt
ttttattttc
ttcctgecca
tgccctgttyg
tcacccaact
agtaatatct
tccagagtgg
gcaaacaaca
ctcttteccectt
tgtgccctcect
gcagattttt
gggcaccctt
ctcagcccag
cccttcectcectce
ttttcactgt
tcatggagaa
cctccttttg
ctttattatt
gaaaaaaaaa
tgaattcacc
agacctagtt
aaccctaaac
tggtttgcct
tagctcagcc
aagcgaaggt
catctgagtt
attgtgatgg
agctgcaaac
cctgttgtgg
gcgctgaccce
tcgcacagcc
atacgttttc
aaacccccgg
taaaaaaaaa
aatgtatctt
ccttgtcaga
gttgtttttg
tcatttcctt
tgaatactag
aaataaatat
ctagttcagt
gctagtagcg
ctctaaccat
tggtgtcacc
tttctctatt

cggcttccct
actgctttcc
ccctgctggg
gggaagtgga
ctccatggag
atttaaatag
tccecattect
ttttaaacgg
ttggggacta
aagtaaattc
aaatgtttct
ggattttact
ttgtatattt
ttaaaccgcg
ataggatgaa
acttccccct
acataaatgt
ccattgggcc
tgatacaaca
tgggagacgg
agttgaatgg
tccectetgece
tttggggcag
ctctgcctcet
ttctcgecge
cactctctgc
ctgtgacctt
catgcaggga
gtgccagcag
cccatgaaca
gcactgtgtg
aaaccttaag
ttgagaaaga
actgccctgce
cctgaggaca
tgcctttcca
ttgagtccat
ttccctacaa
catttcaaaa
gtcattccca
ctggtcagtt
ctgcatttcc
tttggccgga
cctctgtttt
aaccagactc
ccaatgcagt
aggaaaaaaa
tctaaaggac
tgttaacttc
tttttaagga
cattttaaag
tcaagtcaca
aaatatgata
ccatggcttt
gcaggaagat
aaaggaatgg
tggatttttt
tttggttatg

ctcccattcc
catgcttctt
cataggatgt
caggagccat
agttttaaag
gatttaaatc
aagacatggt
tcagtgtcca
gaccacctta
aatgacacta
tctcttectt
ctgttctgtt
ttctatgaga
gtattatcct
gttagagaaa
ggaaggtgta
ttcctgggtt
actcccctcc
gattctcttc
caatctttac
caacttgaca
caccaagtcc
cctgttgaaa
gccacaaggt
aagaagccca
cccaggactc
aagaactttg
gcccagcact
gggactggga
agatgcagtg
aggttttttt
ctgcatttgt
cccaaaggcc
taggccatgc
ggggaggaac
ccccecctaatt
tgccaaattt
gagggaaaga
gtgaccaagg
agaatccccc
ctcagtgaga
tggtggccag
acttggtctc
tacaccaata
ctttgccggg
gagcaccatg
aatacaacac
tgacgttcaa
taagttcggt
aaagcgggtc
caatacaagg
cactctggaa
tatataggaa
taattctctt
gtcaggctca
tagaacagtc
tctgcccatg

aatgttgggg

ctcttcactc
tcgggttgta
gcctgcaaaa
tggtcataac
aaacatatgt
atgcaacaac
tactttattt
gttgaaggca
tgttgaggga
ctgccctgat
tccccaagac
tacagtttac
agcacttcat
aatttaaaag
atattcagct
ctttttgttg
tgctctttga
ttccectatt
tttccecgect
atttccctca
tttttgcatc
tcatatctgc
ctgaagcaca
ttcagagtag
ttcctatgga
atggctctgc
tctggtggct
gtggccagga
aaagcactct
gccctagggg
gtaaatcctt
tactgaaatg
agtcaggggg
tgtactgtga
ccacagcttc
gtcaaccaca
tcagcacacc
aggcaaaaac
gaatctccgce
aaggggcatc
gccagctcac
tgacaactgt
ttggctccct
acaagaatta
acccagcccg
tagctccctt
acacacaaaa
tcaaatatct
ttgggatttt
attgcaaagg
ttatggagca
acttgcaact
ctaatatagt
aacactatag
ctttcctctg
cattcctcgg
aatgttgcca
ttaccacctg

ccttttecttce
ggggagactg
agttccctga
cagacagaat
agcatgattt
gagagtatca
tccecettgtt
gaacactaat
actctgccac
tactccttag
agagtcctga
tatttaaggt
agggagaagc
aagatcggtt
gtacacacaa
tttaatgtgt
caataaatgg
gaagctcctc
ctctcctttc
tctttcttac
accatctgcc
agagaaccca
gtctgaccac
tgtagtccaa
agtctagcaa
tgtgccttcc
ttgctggaac
tggcagagac
acccagacct
ttccactagt
gtattcctat
attaatgcac
tggggggaac
gcccecctecte
cttctcctgce
aaaatgagaa
tgccagcaac
ggcacagcta
acaaaagtgc
ccaaatccct
ttatagcttt
gtaaccagaa
ccttggccac
agggggaagc
ccaccctgcet
gatttaaaaa
ataaaaaaaa
gaaaatacta
ttttttttaa
gctgggtgta
gatggttttg
ttttgtttgt
aatgcaccat
ataaggattg
attcccgaaa
atcagagaaa
gtcagtacct
catttagggg

15




WO 2015/134603

PCT/US2015/018724

16081
16141
16201
16261
16321
16381
16441
16501
16561

aaaattgtgt
accaagaaaa
tacaggtagt
taagacattt
tccaagcttc
tcagtgttaa
aatgctgaaa
aaaaaaggag
ttaattaata

tctgtgcecttt
tagaattgtg
tgaataattg
tttgacaact
tggttagaga
ctccctgtga
gctctctacg
tttttaaaca
aacatgtcaa

cctggtatct
gtgtttcttt
tttcaagagc
ttatcatgta
aaaagagaaa
cagggatgaa
aaagactgaa
tgtttatttt
gtttaaaaaa

tgttccgagg
tattgaactt
tcaacagatg
taacagatct
aaaaaaaaag
ggaaaatact
tgtaaaagta
ctatgcactt
aaaaaaaaa

tactctagtt
ttaacagtct
acaagcttct
gttttttttc
gaaaatgtgt
ttaatagttc
aaaagtgtac
ttttttattt

ctgtctttca
ctttagtaaa
tttctagaaa
cttgtgttct
ctaaagtcca
aaaaaataat
atagttgtaa
aagtgatagt

[043] Detection of a MLL-PTD chromosomal rearrangement can be performed by any method
known in the art. For example, PCR, reverse transcriptase PCR, real-time PCR, nested PCR,
multiplex ligation dependent probe amplification (DNA-MLPA), FISH (fluorescence in situ
hybridization) or DNA sequencing methods known in the art such as Sanger sequencing, de novo
sequencing, shotgun sequencing, or next generation sequencing methods or any standard method
for detecting translocations (such as utilizing sequence specific probes) may be used. In some
embodiments, MLL-PTD is detected by real-time PCR. For example, PCR has been described in
Dohner et al. J. Clin Oncol. 2002; 20: 3254-61, which is incorporated herein by reference. For
example, nested PCR has been described in Caligiuri et al., Cancer Res 1996; 56: 1418-25;
Schnittger et al., Blood 1998; 92(5):1728-34; Schnittger et al., Leukemia 2000; 14: 796-804;
Shiah et al., Leukemia 2002; 16: 196-202; Dohner et al., Journal of Clinical Oncology 2002; 20:
3254-61; Weisser et al., Haematologica 2005; 90: 881-9; Fermandez et al., The New England
Journal of Medicine 2009; 361: 1249-59; and Patel et al., The New England Journal of Medicine
2012; 366: 1079-89, all of which are incorporated herein by reference. For example, real-time
PCR has been described in Ross et al., Blood 2004, 104: 3679-87; Whitman et al., Blood 2005;
106: 345-52; and Santamaria et al., Blood 2009; 114: 148-52, all of which are incorporated
herein by reference. DNA-MLPA has been described in Balgobind et al., European Journal of
Cancer 2010; 46: 1892-9, which is incorporated herein by reference.

[044] Exemplary primers or probes that can be used in detection are listed in the tables A-C

below.
Table A. Forward Primer
SEQ
ID Start Stop
Forward Primer (5'-3') NO [ NM_001197104.1 | NM_001197104.1
CCACCACCAGAATCAGGTCC 4020 4039
AGTCAAGCAAGCAGGTCTCC 3901 3920
AAGCCCGTCGAGGAAAAGAG 3816 3835
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CAGCACTCTCTCCAATGGCA 7 4163 4182
TAGTGAGCCTCCTCCACGAA 9 3797 3816
GCCCAAGAAAAAGCAGCCTC | 11 4001 4020

GAGCCCAAGAAAAAGCAGCC | 13 3999 4018
TGTGGGAGATGGGAGGCTTA | 15 4264 4283
GGGAGATGGGAGGCTTAGGA | 17 4267 4286
CAGCAGATGGAGTCCACAGG | 19 4204 4223
CTGGGACCAAACTACCCCAC | 21 4551 4570
TGAATCCAAACAGGCCACCA | 23 3866 3885
GGATCCACAACTCCAGGCAA | 25 4632 4651
ACCACTCCTAGTGAGCCCAA | 27 3987 4006
TCTGTTGTGAGCCCTTCCAC 29 4372 4391
GTCTGTTGTGAGCCCTTCCA 31 4371 4390
AGAAAAAGCAGCCTCCACCA | 33 4006 4025
CCAAGTCTGTTGTGAGCCCT | 35 4367 4386
TTTAGAGGAGAACGAGCGCC | 37 4400 4419
TCAGCACTCTCTCCAATGGC 39 4162 4181
GCCGAAACAGCTATCACCCT | 41 4525 4544
GTGCCAGTAGTGGGCATGTA | 43 4333 4352
CCTGGGCCTGAATCCAAACA | 45 3858 3877
CCACCTCCGGTCAATAAGCA | 47 4116 4135
ACCTACTACAGGACCGCCAA | 49 3950 3969
[045]
Table B. Reverse Primer
SEQ
ID Start Stop
Reverse Primer (5'-3') NO | NM_001197104.1 | NM_001197104.1
TACTCCAGGGAAGGTGGGAG 2 476 457
GTGGCTTGCTGAAACGTAGC 4 586 567
CCGGACTTTCTGGGGCTTTT 6 776 757
CGGTCAGAGCCACTTCTAGG 8 337 318
AGCCACTTCTAGGTCTCCCA 10 330 311
TTACTCCAGGGAAGGTGGGA | 12 477 458
TGGGGCTTTTCCAGTTCAGA 14 766 747
TACTCCAGGGAAGGTGGGAG | 16 697 678
TCTGGGGCTTTTCCAGTTCA 18 768 749
GCCACTTCTAGGTCTCCCAC 20 329 310
CGGACTTTCTGGGGCTTTTC 22 775 756
CTTTCCGGACTTTCTGGGGC 24 780 761
GTGGCTTGCTGAAACGTAGC | 26 807 788
AATGAGGAGACCCGAAGGGG | 28 743 724
TCTTTGTGGCTTGCTGAAACG | 30 591 571
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TGCTGAAACGTAGCAGAAGGT | 32 580 560
TTTCCGGACTTTCTGGGGC 34 779 761
CCGGACTTTCTGGGGCTTT 36 776 758

GCTGAATTTCGGTCAGAGCC 38 346 327

TTTACTCCAGGGAAGGTGGGA | 40 478 458

GACCCGAAGGGGTCTTTATCC | 42 735 715

TACTCCAGGGAAGGTGGGAG | 44 697 678

CGGTCAGAGCCACTTCTAGG | 46 558 539

AGCCACTTCTAGGTCTCCCA 48 551 532

TTACTCCAGGGAAGGTGGGA | 50 698 679

[046]
SEQID

Table C. Other Primers NO
AGGAGAGAGTTTACCTGCTC 51
GGAAGTCAAGCAAGCAGGTC 52
ACACAGATGGATCTGAGAGG 53
GTCCAGAGCAGAGCAAACAG 54
GCCTTGTTTCTAGTGACAGG 55
GGAAGTCAAGCAAGCAGGTC 56
GGAGCAAGAGGTTCAGCATC 57
GTCCAGAGCAGAGCAAACAG 58
CGCACTCTGACTTCTTCATC 59
GTCCAGAGCAGAGCAAACAG 60

[047] In some embodiments, MLL-PTD variants include any partial tandem duplication (PTD)
of MLL gene, including, but are not limited to, Exon9/Exon 3 duplication, Exon10/Exon 3
duplication, Exon 11/Exon 3 duplication, Exon 12/Exon 3, Exon 9/Exon 5, Exon 8/Exon 3 and
Exon 8+ (See e.g., Balgobind et al., European J. of Cancer 2010; 46: 1892-199; Caligiuri et al.,
Cancer Res 1996; 56: 1418-1425 (with old numbering), Dohner et al. 2002; 20: 3254-3261;
Schnittger et al., Leukemia 2000; 14: 796-804 and Shiah et al. Leukemia 2002; 16: 196-202,
which are all incorporated herein by reference). Figures 9A-9C show examples of the MLL-
PTD variants including their relative occurrence (See also the references cited in this paragraph).
Exemplary PCR primer landing sites to detect the MLL-PTD variants are indicated in Figure 9 as
well. As indicated in Figure 1, there are old and new two numbering systems for the exons of
the MLL gene.

[048] In some embodiments, the detecting step may comprise contacting the nucleic acid
sample with at least one primer that specifically hybridizes to a nucleic acid sequence of the MLL

gene, a complement or a fragment thereof.

18



WO 2015/134603 PCT/US2015/018724

[049] In some embodiments, the hybridization step is followed by an amplification step where
the nucleic acid sequence of the MLL gene, a complement or a fragment thereof is amplified. The
presence of an amplified nucleic acid with molecular weight larger than the molecular weight of
an amplified nucleic acid of the corresponding wild type MLL gene indicates the presence of the
chromosomal rearrangement MLL-PTD. In other words, the presence of an amplified nucleic
acid that comprises a duplicate of at least a portion of one or more exons of the MLL gene
indicates the presence of the chromosomal rearrangement MLL-PTD. For example, the presence
of an amplified nucleic acid that includes (from 5’ to 3°) at least a portion of a higher numbered
exon followed by at least a portion of a lower numbered exon of the MLL gene (such as a portion
of Exon 9 followed by a portion of Exon 3 for Exon9/Exon 3 duplication variant) indicates the
presence of the chromosomal rearrangement MLL-PTD.

[050] In another aspect, the present invention provides a method that includes the steps of (1)
providing a nucleic acid sample from a biological sample obtained from a subject; (ii) contacting
the nucleic acid sample with at least one primer that specifically hybridizes to a nucleic acid
sequence of MLL gene, a complement or a fragment thereof; (iii) amplifying the nucleic acid
sequence of MLL gene, a complement or a fragment thereof; (iv) detecting the presence of the
chromosomal rearrangement MLL-PTD by detecting the presence of an amplified nucleic acid
with molecular weight larger than the molecular weight of an amplified nucleic acid of the
corresponding wild type MLL gene; and (vi) selecting a therapy that includes the administration
of a therapeutically effective amount of a DOTI1L inhibitor to the subject identified in step (v).
In other words, the presence of an amplified nucleic acid that comprises a duplicate of at least a
portion of one or more exons of the MLL gene indicates the presence of the chromosomal
rearrangement MLL-PTD in step (iv). For example, the presence of an amplified nucleic acid
that include (from 5’ to 3”) at least a portion of a higher numbered exon followed by at least a
portion of a lower numbered exon of the MLL gene (such as a portion of Exon 9 followed by a
portion of Exon 3 for Exon9/Exon 3 duplication variant) indicates the presence of the
chromosomal rearrangement MLL-PTD. In some embodiments, the method further comprises
administering a therapeutically effective amount of a DOTI1L inhibitor to the subject identified in
step (V).

[051] As used herein, a “subject” or “subject in need thereof” is a subject having cancer,
hematologic cancer or leukemia or a subject having an increased risk of developing such disorder

relative to the population at large. For example, the leukemia is acute myeloid leukemia, acute
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lymphoblastic leukemia, acute mixed lineage leukemia, myelodysplastic syndrome, a
myeloproliferative disorder, or chronic myelogenous leukemia. For example, the subject has a
leukemia involving MLL-PTD. In certain embodiments the subject is the subject is unable to
receive other therapy to treat the cancer due to age or intercurring illness. In certain embodiments
the subject is at least 50 years old, or at least 60 years old, or at least 65 years old, or at least 70
years old or older.

[052] In some embodiments, the subject in need thereof had at least one prior therapy to treat
acute myeloid leukemia, acute lymphoblastic leukemia, acute mixed lineage leukemia,
myelodysplastic syndrome, a myeloproliferative disorder, or chronic myelogenous leukemia.
[053] Insome embodiments, the subject has refractory cancer. Refractory cancer is a
malignancy for which surgery is ineffective, which is either initially unresponsive to chemo- or
radiation therapy, or which becomes unresponsive over time.

[054] In some embodiments, the subject has hematological cancer recurrence following
remission.

[055] In some embodiments, the subject is not a candidate for allogeneic stem cell
transplantation.

[056] Insome embodiments, the subject is simultancously being treated with another therapy to
treat acute myeloid leukemia, acute lymphoblastic leukemia, acute mixed lineage leukemia,
myelodysplastic syndrome, a myeloproliferative disorder, or chronic myelogenous leukemia.
Additional therapies and agents that can be used to treat these cancers are known to the skilled
artisan; and are described in U.S. Provisional Application No. 61/785,446, the contents of which
are incorporated herein by reference in their entireties. In certain embodiments the patient is
treated with the standard of care treatment as described in the most current National
Comprehensive Cancer Network (NCCN) guidelines. For example, for the treatment of AML
such therapy may include all-trans retinoic acid (ATRA), cytaribine (Ara-C), daunorubicin,
idarubicine, arsenic trioxide (ATO, 6-mercaptopurine and/or methotrexate. For example, for the
treatment of ALL the standard of care may include vincristine, corticosteroids such as
prednisone, and/or methotrexate.

[057] In some embodiments, the subject received and failed all known effective therapies for
the hematological cancer that the subject has or is suffering from.

[058] In some embodiments, a subject in need thereof may have a secondary cancer as a result

of a previous therapy. “Secondary cancer” means cancer that arises due to or as a result from
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previous carcinogenic therapies, such as chemotherapy. In some embodiments, the secondary
cancer is a hematologic cancer, such as leukemia.

[059] In some embodiments, the subject has increased mRNA, protein, and/or activity level of
at least one protein selected from the group consisting of HOXA9, FLT3, MEIS1, MEIS2, TBP,
BCL, and DOTI1L.

[060] A “subject” includes a mammal. The mammal can be e.g., any mammal, e.g., a human,
primate, bird, mouse, rat, fowl, dog, cat, cow, horse, goat, camel, sheep or a pig. Preferably, the
mammal is a human.

[061] As used herein, the term “responsiveness” is interchangeable with terms “responsive”,
“sensitive”, and “sensitivity”, and it is meant that a subject is showing therapeutic responses
when administered an DOT1L inhibitor, e.g., tumor cells or tumor tissues of the subject undergo
apoptosis and/or necrosis, and/or display reduced growing, dividing, or proliferation. This term
is also meant that a subject will or has a higher probability, relative to the population at large, of
showing therapeutic responses when administered an DOT1L inhibitor, e.g., tumor cells or tumor
tissues of the subject undergo apoptosis and/or necrosis, and/or display reduced growing,
dividing, or proliferation.

[062]  As used herein, the term “increase in activity” refers to increased or a gain of function
of a gene product/protein compared to the wild type. In one aspect of the present invention,
increased activity can be caused by increased mRNA and/or increased protein levels. Increased
mRNA levels can be caused by gene amplification and increased transcription, for example.
Increased protein levels can be caused by increased stability, inhibition of degradation pathways,
or increased transcription. Alternatively, increased activity levels can be caused by a gain of
function mutation resulting from a point mutation (e.g., a substitution, a missense mutation, or a
nonsense mutation), an insertion, and/or a deletion, or a rearrangement in a polypeptide selected
from the group consisting of HOXA9, FLT3, MEIS1, MEIS2, TBP, BCL, and DOTIL, or a
nucleic acid sequence encoding a polypeptide selected from the group consisting of HOXA9,
FLT3, MEIS1, MEIS2, TBP, BCL, and DOTI1L. The mutations referred herein are somatic
mutations. The term "somatic mutation" refers to a deleterious alteration in at least one gene
allele that is not found in every cell of the body, but is found only in isolated cells. A
characteristic of the somatic mutations as used herein is, that they are restricted to particular
tissues or even parts of tissues or cells within a tissue and are not present in the whole organism

harboring the tissues or cells. The term "wild-type" refers to a gene or gene product that has the
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characteristics of that gene or gene product when isolated from a naturally occurring source. A
wild-type gene is that which is most frequently observed in a population and is thus arbitrarily
designed the "normal"” or "wild-type" form of the gene.

[063] Accordingly, an increase in mRNA or protein expression and/or activity levels can be
detected using any suitable method available in the art. For example, an increase in activity level
can be detected by measuring the biological function of a gene product, such as the histone
methyltransferase activity of DOTIL (i.e., methylation of histone substrates such as H3K79 by
immunoblot); transcriptional activity of HOXA9 or MEIS1 (i.e., expression levels of HOXA9 or
MEISI target genes by RT-PCR); or phosphorylation activity of FLT3 (i.e., phosphorylation
status of FLT3 targets by immunoblot or radioimmunoassay). Alternatively, a gain of function
mutation can be determined by detecting any alternation in a nucleic acid sequence encoding a
protein selected from the group consisting of HOXA9, FLT3, MEIS1 and DOTIL. For
example, a nucleic acid sequence encoding HOXA9, FLT3, MEIS1 and DOTI1L having a gain of
function mutation can be detected by whole-genome resequencing or target region resequencing
(the latter also known as targeted resequencing) using suitably selected sources of DNA and
polymerase chain reaction (PCR) primers in accordance with methods well known in the art.
The method typically and generally entails the steps of genomic DNA purification, PCR
amplification to amplify the region of interest, cycle sequencing, sequencing reaction cleanup,
capillary electrophoresis, and/or data analysis. Alternatively or in addition, the method may
include the use of microarray-based targeted region genomic DNA capture and/or sequencing.
Kits, reagents, and methods for selecting appropriate PCR primers and performing resequencing
are commercially available, for example, from Applied Biosystems, Agilent, and NimbleGen
(Roche Diagnostics GmbH). Detection of mRNA expression can be detected by methods known
in the art, such as Northern blot, nucleic acid PCR, and quantitative RT-PCR. Detection of
polypeptide expression (i.e., wild-type or mutant) can be carried out with any suitable
immunoassay in the art, such as Western blot analysis.

[064] By “sample” it means any biological sample derived from the subject, includes but is not
limited to, cells, tissues samples, body fluids (including, but not limited to, mucus, blood,
plasma, serum, urine, saliva, and semen), tumor cells, and tumor tissues. Preferably, the sample
is selected from bone marrow, peripheral blood cells, blood, plasma and serum. Samples can be
provided by the subject under treatment or testing. Alternatively samples can be obtained by the

physician according to routine practice in the art.
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[065] “Risk” in the context of the present invention, relates to the probability that an event will

2 (13

occur over a specific time period and can mean a subject’s “absolute” risk or “relative” risk.
Absolute risk can be measured with reference to either actual observation post-measurement for
the relevant time cohort, or with reference to index values developed from statistically valid
historical cohorts that have been followed for the relevant time period. Relative risk refers to the
ratio of absolute risks of a subject compared either to the absolute risks of low risk cohorts or an
average population risk, which can vary by how clinical risk factors are assessed. Odds ratios,
the proportion of positive events to negative events for a given test result, are also commonly
used (odds are according to the formula p/(1-p) where p is the probability of event and (1- p) is
the probability of no event) to no-conversion.

[066] In some embodiments, the DOTI1L inhibitor used in any method described herein is
Compound A2 (also called EPZ-5676) having the formula:

NH,
N X
N
)\ <’N L
N
O
.\\H ) !
HO OH
N Y
N
H (A2).

[067] Alternatively, the DOTIL inhibitor used in any method described herein is Compound T
(i.e., Compound D16 or EPZOO4777) having the formula

NH,

"

O g
O Wt

(D16).

[068] As used herein, “monotherapy” refers to the administration of a single active or
therapeutic compound to a subject in need thereof. Preferably, monotherapy will involve
administration of a therapeutically effective amount of a single active compound. For example,
cancer monotherapy with one of the compound of the present invention, or a pharmaceutically
acceptable salt, to a subject in need of treatment of cancer. In one aspect, the single active
compound is a compound of the present invention, or a pharmaceutically acceptable salt.

[069] As used herein, “treating” or “treat” describes the management and care of a patient for

the purpose of combating a disease, condition, or disorder and includes the administration of a
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compound of the present invention, or a pharmaceutically acceptable salt, to alleviate the
symptoms or complications of a disease, condition or disorder, or to eliminate the disease,
condition or disorder.

[070] A compound of the present invention, or a pharmaceutically acceptable salt, can also be
used to prevent a disease, condition or disorder. As used herein, “preventing” or “prevent”
describes reducing or eliminating the onset of the symptoms or complications of the discase,
condition or disorder.

[071] As used herein, the term "alleviate” is meant to describe a process by which the severity
of a sign or symptom of a disorder is decreased. Importantly, a sign or symptom can be
alleviated without being eliminated. In a preferred embodiment, the administration of
pharmaceutical compositions of the invention leads to the elimination of a sign or symptom,
however, elimination is not required. Effective dosages are expected to decrease the severity of
a sign or symptom. For instance, a sign or symptom of a disorder such as cancer, which can
occur in multiple locations, is alleviated if the severity of the cancer is decreased within at least
one of multiple locations.

[072] As used herein, the term "severity" is meant to describe the potential of cancer to
transform from a precancerous, or benign, state into a malignant state. Alternatively, or in addition,
severity is meant to describe a cancer stage, for example, according to the TNM system
(accepted by the International Union Against Cancer (UICC) and the American Joint Committee
on Cancer (AJCC)) or by other art-recognized methods. Cancer stage refers to the extent or
severity of the cancer, based on factors such as the location of the primary tumor, tumor size,
number of tumors, and lymph node involvement (spread of cancer into lymph nodes).
Alternatively, or in addition, severity is meant to describe the tumor grade by art-recognized
methods (see, National Cancer Institute, www.cancer.gov). Tumor grade is a system used to
classify cancer cells in terms of how abnormal they look under a microscope and how quickly the
tumor is likely to grow and spread. Many factors are considered when determining tumor grade,
including the structure and growth pattern of the cells. The specific factors used to determine
tumor grade vary with each type of cancer. Severity also describes a histologic grade, also
called differentiation, which refers to how much the tumor cells resemble normal cells of the
same tissue type (see, National Cancer Institute, www.cancer.gov). Furthermore, severity
describes a nuclear grade, which refers to the size and shape of the nucleus in tumor cells and the

percentage of tumor cells that are dividing (see, National Cancer Institute, www.cancer.gov).
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[073] In another aspect of the invention, severity describes the degree to which a tumor has
secreted growth factors, degraded the extracellular matrix, become vascularized, lost adhesion to
juxtaposed tissues, or metastasized. Moreover, severity describes the number of locations to
which a primary tumor has metastasized. Finally, severity includes the difficulty of treating
tumors of varying types and locations. For example, inoperable tumors, those cancers which have
greater access to multiple body systems (hematological and immunological tumors), and those
which are the most resistant to traditional treatments are considered most severe. In these
situations, prolonging the life expectancy of the subject and/or reducing pain, decreasing the
proportion of cancerous cells or restricting cells to one system, and improving cancer
stage/tumor grade/histological grade/nuclear grade are considered alleviating a sign or symptom
of the cancer.

[074] As used herein the term "symptom" is defined as an indication of disease, illness, injury,
or that something is not right in the body. Symptoms are felt or noticed by the individual
experiencing the symptom, but may not easily be noticed by others. Others are defined as non-
health-care professionals.

[075] As used herein the term "sign" is also defined as an indication that something is not right
in the body. But signs are defined as things that can be seen by a doctor, nurse, or other health
care professional.

[076] Treating cancer can result in a reduction in size of a tumor. A reduction in size of a tumor
may also be referred to as “tumor regression”. Preferably, after treatment, tumor size is reduced
by 5% or greater relative to its size prior to treatment; more preferably, tumor size is reduced by
10% or greater; more preferably, reduced by 20% or greater; more preferably, reduced by 30%
or greater; more preferably, reduced by 40% or greater; even more preferably, reduced by 50%
or greater; and most preferably, reduced by greater than 75% or greater. Size of a tumor may be
measured by any reproducible means of measurement. The size of a tumor may be measured as
a diameter of the tumor.

[077] Treating cancer can result in a reduction in tumor volume. Preferably, after treatment,
tumor volume is reduced by 5% or greater relative to its size prior to treatment; more preferably,
tumor volume is reduced by 10% or greater; more preferably, reduced by 20% or greater; more
preferably, reduced by 30% or greater; more preferably, reduced by 40% or greater; even more
preferably, reduced by 50% or greater; and most preferably, reduced by greater than 75% or

greater. Tumor volume may be measured by any reproducible means of measurement.
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[078] Treating cancer results in a decrease in number of tumors. Preferably, after treatment,
tumor number is reduced by 5% or greater relative to number prior to treatment; more preferably,
tumor number is reduced by 10% or greater; more preferably, reduced by 20% or greater; more
preferably, reduced by 30% or greater; more preferably, reduced by 40% or greater; even more
preferably, reduced by 50% or greater; and most preferably, reduced by greater than 75%.
Number of tumors may be measured by any reproducible means of measurement. The number
of tumors may be measured by counting tumors visible to the naked eye or at a specified
magnification. Preferably, the specified magnification is 2x, 3x, 4x, 5x, 10x, or 50x.

[079] Treating cancer can result in a decrease in number of metastatic lesions in other tissues or
organs distant from the primary tumor site. Preferably, after treatment, the number of metastatic
lesions is reduced by 5% or greater relative to number prior to treatment; more preferably, the
number of metastatic lesions is reduced by 10% or greater; more preferably, reduced by 20% or
greater; more preferably, reduced by 30% or greater; more preferably, reduced by 40% or
greater; even more preferably, reduced by 50% or greater; and most preferably, reduced by
greater than 75%. The number of metastatic lesions may be measured by any reproducible
means of measurement. The number of metastatic lesions may be measured by counting
metastatic lesions visible to the naked eye or at a specified magnification. Preferably, the
specified magnification is 2x, 3x, 4x, 5x, 10x, or 50x.

[080] Treating cancer can result in an increase in average survival time of a population of
treated subjects in comparison to a population receiving carrier alone. Preferably, the average
survival time is increased by more than 30 days; more preferably, by more than 60 days; more
preferably, by more than 90 days; and most preferably, by more than 120 days. An increase in
average survival time of a population may be measured by any reproducible means. An increase
in average survival time of a population may be measured, for example, by calculating for a
population the average length of survival following initiation of treatment with an active
compound. An increase in average survival time of a population may also be measured, for
example, by calculating for a population the average length of survival following completion of a
first round of treatment with an active compound.

[081] Treating cancer can result in an increase in average survival time of a population of
treated subjects in comparison to a population of untreated subjects. Preferably, the average
survival time is increased by more than 30 days; more preferably, by more than 60 days; more

preferably, by more than 90 days; and most preferably, by more than 120 days. An increase in
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average survival time of a population may be measured by any reproducible means. An increase
in average survival time of a population may be measured, for example, by calculating for a
population the average length of survival following initiation of treatment with an active
compound. An increase in average survival time of a population may also be measured, for
example, by calculating for a population the average length of survival following completion of a
first round of treatment with an active compound.

[082] Treating cancer can result in increase in average survival time of a population of treated
subjects in comparison to a population receiving monotherapy with a drug that is not a
compound of the present invention, or a pharmaceutically acceptable salt thereof. Preferably, the
average survival time is increased by more than 30 days; more preferably, by more than 60 days;
more preferably, by more than 90 days; and most preferably, by more than 120 days. An increase
in average survival time of a population may be measured by any reproducible means. An
increase in average survival time of a population may be measured, for example, by calculating
for a population the average length of survival following initiation of treatment with an active
compound. An increase in average survival time of a population may also be measured, for
example, by calculating for a population the average length of survival following completion of a
first round of treatment with an active compound.

[083] Treating cancer can result in a decrease in the mortality rate of a population of treated
subjects in comparison to a population receiving carrier alone. Treating cancer can result in a
decrease in the mortality rate of a population of treated subjects in comparison to an untreated
population. Treating cancer can result in a decrease in the mortality rate of a population of
treated subjects in comparison to a population receiving monotherapy with a drug that is not a
compound of the present invention, or a pharmaceutically acceptable salt thereof. Preferably, the
mortality rate is decreased by more than 2%; more preferably, by more than 5%; more
preferably, by more than 10%; and most preferably, by more than 25%. A decrease in the
mortality rate of a population of treated subjects may be measured by any reproducible means.

A decrease in the mortality rate of a population may be measured, for example, by calculating for
a population the average number of disease-related deaths per unit time following initiation of
treatment with an active compound. A decrease in the mortality rate of a population may also be
measured, for example, by calculating for a population the average number of disease-related

deaths per unit time following completion of a first round of treatment with an active compound.

27



WO 2015/134603 PCT/US2015/018724

[084] Treating cancer can result in a decrease in tumor growth rate. Preferably, after treatment,
tumor growth rate is reduced by at least 5% relative to number prior to treatment; more
preferably, tumor growth rate is reduced by at least 10%; more preferably, reduced by at least
20%; more preferably, reduced by at least 30%; more preferably, reduced by at least 40%; more
preferably, reduced by at least 50%; even more preferably, reduced by at least 50%; and most
preferably, reduced by at least 75%. Tumor growth rate may be measured by any reproducible
means of measurement. Tumor growth rate can be measured according to a change in tumor
diameter per unit time.

[085] Treating cancer can result in a decrease in tumor regrowth. Preferably, after treatment,
tumor regrowth is less than 5%; more preferably, tumor regrowth is less than 10%; more
preferably, less than 20%; more preferably, less than 30%; more preferably, less than 40%; more
preferably, less than 50%; even more preferably, less than 50%; and most preferably, less than
75%. Tumor regrowth may be measured by any reproducible means of measurement. Tumor
regrowth is measured, for example, by measuring an increase in the diameter of a tumor after a
prior tumor shrinkage that followed treatment. A decrease in tumor regrowth is indicated by
failure of tumors to reoccur after treatment has stopped.

[086] Treating or preventing a cell proliferative disorder can result in a reduction in the rate of
cellular proliferation. Preferably, after treatment, the rate of cellular proliferation is reduced by at
least 5%; more preferably, by at least 10%; more preferably, by at least 20%; more preferably,
by at least 30%; more preferably, by at least 40%; more preferably, by at least 50%; even more
preferably, by at least 50%; and most preferably, by at least 75%. The rate of cellular
proliferation may be measured by any reproducible means of measurement. The rate of cellular
proliferation is measured, for example, by measuring the number of dividing cells in a tissue
sample per unit time.

[087] Treating or preventing a cell proliferative disorder can result in a reduction in the
proportion of proliferating cells. Preferably, after treatment, the proportion of proliferating cells
is reduced by at least 5%; more preferably, by at least 10%; more preferably, by at least 20%;
more preferably, by at least 30%; more preferably, by at least 40%; more preferably, by at least
50%; even more preferably, by at least 50%; and most preferably, by at least 75%. The
proportion of proliferating cells may be measured by any reproducible means of measurement.

Preferably, the proportion of proliferating cells is measured, for example, by quantifying the
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number of dividing cells relative to the number of nondividing cells in a tissue sample. The
proportion of proliferating cells can be equivalent to the mitotic index.

[088] Treating or preventing a cell proliferative disorder can result in a decrease in size of an
arca or zone of cellular proliferation. Preferably, after treatment, size of an area or zone of
cellular proliferation is reduced by at least 5% relative to its size prior to treatment; more
preferably, reduced by at least 10%; more preferably, reduced by at least 20%; more preferably,
reduced by at least 30%; more preferably, reduced by at least 40%; more preferably, reduced by
at least 50%; even more preferably, reduced by at least 50%; and most preferably, reduced by at
least 75%. Size of an area or zone of cellular proliferation may be measured by any reproducible
means of measurement. The size of an area or zone of cellular proliferation may be measured as
a diameter or width of an area or zone of cellular proliferation.

[089] Treating or preventing a cell proliferative disorder can result in a decrease in the number
or proportion of cells having an abnormal appearance or morphology. Preferably, after treatment,
the number of cells having an abnormal morphology is reduced by at least 5% relative to its size
prior to treatment; more preferably, reduced by at least 10%; more preferably, reduced by at least
20%; more preferably, reduced by at least 30%; more preferably, reduced by at least 40%; more
preferably, reduced by at least 50%; even more preferably, reduced by at least 50%; and most
preferably, reduced by at least 75%. An abnormal cellular appearance or morphology may be
measured by any reproducible means of measurement. An abnormal cellular morphology can be
measured by microscopy, e.g., using an inverted tissue culture microscope. An abnormal cellular
morphology can take the form of nuclear pleiomorphism.

[090] As used herein, the term “selectively” means tending to occur at a higher frequency in
one population than in another population. The compared populations can be cell populations.
Preferably, a compound of the present invention, or a pharmaceutically acceptable salt thereof,
acts selectively on a cancer or precancerous cell but not on a normal cell. Preferably, a
compound of the present invention, or a pharmaceutically acceptable salt thereof, acts selectively
to modulate one molecular target (e.g., a target protein methyltransferase) but does not
significantly modulate another molecular target (e.g., a non-target protein methyltransferase).
The invention also provides a method for selectively inhibiting the activity of an enzyme, such as
a protein methyltransferase. Preferably, an event occurs selectively in population A relative to
population B if it occurs greater than two times more frequently in population A as compared to

population B. An event occurs selectively if it occurs greater than five times more frequently in
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population A. An event occurs selectively if it occurs greater than ten times more frequently in
population A; more preferably, greater than fifty times; even more preferably, greater than 100
times; and most preferably, greater than 1000 times more frequently in population A as
compared to population B. For example, cell death would be said to occur selectively in cancer
cells if it occurred greater than twice as frequently in cancer cells as compared to normal cells.
[091] A compound of the present invention, or a pharmaceutically acceptable salt thereof, can
modulate the activity of a molecular target (e.g., a target protein methyltransferase). Modulating
refers to stimulating or inhibiting an activity of a molecular target. Preferably, a compound of
the present invention, or a pharmaceutically acceptable salt thereof, modulates the activity of a
molecular target if it stimulates or inhibits the activity of the molecular target by at least 2-fold
relative to the activity of the molecular target under the same conditions but lacking only the
presence of said compound. More preferably, a compound of the present invention, or a
pharmaceutically acceptable salt thercof, modulates the activity of a molecular target if it
stimulates or inhibits the activity of the molecular target by at least 5-fold, at least 10-fold, at
least 20-fold, at least 50-fold, at least 100-fold relative to the activity of the molecular target
under the same conditions but lacking only the presence of said compound. The activity of a
molecular target may be measured by any reproducible means. The activity of a molecular target
may be measured in vitro or in vivo. For example, the activity of a molecular target may be
measured in vitro by an enzymatic activity assay or a DNA binding assay, or the activity of a
molecular target may be measured in vivo by assaying for expression of a reporter gene.

[092] A compound of the present invention, or a pharmaceutically acceptable salt thereof, does
not significantly modulate the activity of a molecular target if the addition of the compound does
not stimulate or inhibit the activity of the molecular target by greater than 10% relative to the
activity of the molecular target under the same conditions but lacking only the presence of said
compound.

[093] As used herein, the term “isozyme selective” means preferential inhibition or stimulation
of a first isoform of an enzyme in comparison to a second isoform of an enzyme (e.g.,
preferential inhibition or stimulation of a protein methyltransferase isozyme alpha in comparison
to a protein methyltransferase isozyme beta). Preferably, a compound of the present invention,
or a pharmaceutically acceptable salt thereof, demonstrates a minimum of a fourfold differential,
preferably a tenfold differential, more preferably a fifty fold differential, in the dosage required

to achieve a biological effect. Preferably, a compound of the present invention, or a
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pharmaceutically acceptable salt thereof, demonstrates this differential across the range of
inhibition, and the differential is exemplified at the ICs, i.e., a 50% inhibition, for a molecular
target of interest.

[094] Treating cancer or a cell proliferative disorder can result in cell death, and preferably, cell
death results in a decrease of at least 10% in number of cells in a population. More preferably,
cell death means a decrease of at least 20%; more preferably, a decrease of at least 30%; more
preferably, a decrease of at least 40%; more preferably, a decrease of at least 50%; most
preferably, a decrease of at least 75%. Number of cells in a population may be measured by any
reproducible means. A number of cells in a population can be measured by fluorescence
activated cell sorting (FACS), immunofluorescence microscopy and light microscopy. Methods
of measuring cell death are as shown in Li et al., Proc Natl Acad Sci U S A. 100(5): 2674-8,
2003. In an aspect, cell death occurs by apoptosis.

[095] Preferably, an effective amount of a compound of the present invention, or a
pharmaceutically acceptable salt thereof, is not significantly cytotoxic to normal cells. A
therapeutically effective amount of a compound is not significantly cytotoxic to normal cells if
administration of the compound in a therapeutically effective amount does not induce cell death
in greater than 10% of normal cells. A therapeutically effective amount of a compound does not
significantly affect the viability of normal cells if administration of the compound in a
therapeutically effective amount does not induce cell death in greater than 10% of normal cells.
In an aspect, cell death occurs by apoptosis.

[096] Contacting a cell with a compound of the present invention, or a pharmaceutically
acceptable salt thereof, can induce or activate cell death selectively in cancer cells.
Administering to a subject in need thereof a compound of the present invention, or a
pharmaceutically acceptable salt thereof, can induce or activate cell death selectively in cancer
cells. Contacting a cell with a compound of the present invention, or a pharmaceutically
acceptable salt thereof, can induce cell death selectively in one or more cells affected by a cell
proliferative disorder. Preferably, administering to a subject in need thereof a compound of the
present invention, or a pharmaceutically acceptable salt thereof, induces cell death selectively in
one or more cells affected by a cell proliferative disorder.

[097] The present invention relates to a method of treating or preventing cancer by
administering a compound of the present invention, or a pharmaceutically acceptable salt thereof,

to a subject in need thereof, where administration of the compound of the present invention, or a
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pharmaceutically acceptable salt thereof, results in one or more of the following: accumulation of
cells in G1 and/or S phase of the cell cycle, cytotoxicity via cell death in cancer cells without a
significant amount of cell death in normal cells, antitumor activity in animals with a therapeutic
index of at least 2, and activation of a cell cycle checkpoint. As used herein, “therapeutic index”
is the maximum tolerated dose divided by the efficacious dose.

[098] One skilled in the art may refer to general reference texts for detailed descriptions of
known techniques discussed herein or equivalent techniques. These texts include Ausubel et al,,
Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (2005); Sambrook et al.,
Molecular Cloning, A Laboratory Manual (3" edition), Cold Spring Harbor Press, Cold Spring
Harbor, New York (2000); Coligan et al., Current Protocols in Immunology, John Wiley &
Sons, N.Y.; Enna et al., Current Protocols in Pharmacology, John Wiley & Sons, N.Y.; Fingl et
al., The Pharmacological Basis of Therapeutics (1975), Remington's Pharmaceutical Sciences,
Mack Publishing Co., Easton, PA, 18" edition (1990). These texts can, of course, also be
referred to in making or using an aspect of the invention

[099] The present invention relates to use of the compounds disclosed herein in preparation of a
medicament for treating or preventing cancer. Preferably, the cancer is leukemia. More
preferably, the cancer is acute myeloid leukemia, acute lymphocytic leukemia or mixed lincage
leukemia.

[0100] The present invention also provides pharmaceutical compositions comprising a
compound disclosed herein in combination with at least one pharmaceutically acceptable
excipient or carrier.

[0101] A “pharmaceutical composition” is a formulation containing the compounds of the
present invention in a form suitable for administration to a subject. In one embodiment, the
pharmaceutical composition is in bulk or in unit dosage form. The unit dosage form is any of a
variety of forms, including, for example, a capsule, an IV bag, a tablet, a single pump on an
acrosol inhaler or a vial. The quantity of active ingredient (e.g., a formulation of the disclosed
compound or salt, hydrate, solvate or isomer thereof) in a unit dose of composition is an effective
amount and is varied according to the particular treatment involved. One skilled in the art will
appreciate that it is sometimes necessary to make routine variations to the dosage depending on
the age and condition of the patient. The dosage will also depend on the route of administration.
A variety of routes are contemplated, including oral, pulmonary, rectal, parenteral, transdermal,

subcutaneous, intravenous, intramuscular, intraperitoneal, inhalational, buccal, sublingual,

32



WO 2015/134603 PCT/US2015/018724

intrapleural, intrathecal, intranasal, and the like. Dosage forms for the topical or transdermal
administration of a compound of this invention include powders, sprays, ointments, pastes,
creams, lotions, gels, solutions, patches and inhalants. In one embodiment, the active compound
is mixed under sterile conditions with a pharmaceutically acceptable carrier, and with any
preservatives, buffers, or propellants that are required.

[0102] As used herein, the phrase “pharmaceutically acceptable” refers to those compounds,
materials, compositions, carriers, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

[0103] “Pharmaceutically acceptable excipient” means an excipient that is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes excipient that is acceptable for veterinary use as well as
human pharmaceutical use. A “pharmaceutically acceptable excipient” as used in the
specification and claims includes both one and more than one such excipient.

[0104] A pharmaceutical composition of the invention is formulated to be compatible with its
intended route of administration. Examples of routes of administration include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical), and
transmucosal administration. Solutions or suspensions used for parenteral, intradermal, or
subcutaneous application can include the following components: a sterile diluent such as water
for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or
other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for
the adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can
be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic.
[0105] A compound or pharmaceutical composition of the invention can be administered to a
subject in many of the well-known methods currently used for chemotherapeutic treatment. For
example, for treatment of cancers, a compound of the invention may be injected directly into
tumors, injected into the blood stream or body cavities or taken orally or applied through the skin

with patches. The dose chosen should be sufficient to constitute effective treatment but not as
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high as to cause unacceptable side effects. The state of the disease condition (e.g., cancer,
precancer, and the like) and the health of the patient should preferably be closely monitored
during and for a reasonable period after treatment.

[0106] The term “therapeutically effective amount”, as used herein, refers to an amount of a
pharmaceutical agent to treat, ameliorate, or prevent an identified disease or condition, or to
exhibit a detectable therapeutic or inhibitory effect. The effect can be detected by any assay
method known in the art. The precise effective amount for a subject will depend upon the
subject’s body weight, size, and health; the nature and extent of the condition; and the
therapeutic selected for administration. Therapeutically effective amounts for a given situation
can be determined by routine experimentation that is within the skill and judgment of the
clinician. In a preferred aspect, the disease or condition to be treated is cancer. In another aspect,
the disease or condition to be treated is a cell proliferative disorder.

[0107] For any compound, the therapeutically effective amount can be estimated initially either
in cell culture assays, e.g., of neoplastic cells, or in animal models, usually rats, mice, rabbits,
dogs, or pigs. The animal model may also be used to determine the appropriate concentration
range and route of administration. Such information can then be used to determine useful doses
and routes for administration in humans. Therapeutic/prophylactic efficacy and toxicity may be
determined by standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
EDs, (the dose therapeutically effective in 50% of the population) and LDs (the dose lethal to
50% of the population). The dose ratio between toxic and therapeutic effects is the therapeutic
index, and it can be expressed as the ratio, LDso/EDso. Pharmaceutical compositions that exhibit
large therapeutic indices are preferred. The dosage may vary within this range depending upon
the dosage form employed, sensitivity of the patient, and the route of administration.

[0108] Dosage and administration are adjusted to provide sufficient levels of the active agent(s)
or to maintain the desired effect. Factors which may be taken into account include the severity
of the disease state, general health of the subject, age, weight, and gender of the subject, diet,
time and frequency of administration, drug interaction(s), reaction sensitivities, and
tolerance/response to therapy. Long-acting pharmaceutical compositions may be administered
every 3 to 4 days, every week, or once every two weeks depending on half-life and clearance rate
of the particular formulation.

[0109] The pharmaceutical compositions containing active compounds of the present invention

may be manufactured in a manner that is generally known, e.g., by means of conventional
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mixing, dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping, or lyophilizing processes. Pharmaceutical compositions may be formulated in a
conventional manner using one or more pharmaceutically acceptable carriers comprising
excipients and/or auxiliaries that facilitate processing of the active compounds into preparations
that can be used pharmaceutically. Of course, the appropriate formulation is dependent upon the
route of administration chosen.

[0110] Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporanecous preparation of
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be
fluid to the extent that casy syringeability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and
liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be achieved by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as
manitol and sorbitol, and sodium chloride in the composition. Prolonged absorption of the
injectable compositions can be brought about by including in the composition an agent which
delays absorption, for example, aluminum monostearate and gelatin.

[0111] Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle that contains a basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, methods of preparation are vacuum drying and
freeze-drying that yields a powder of the active ingredient plus any additional desired ingredient

from a previously sterile-filtered solution thereof.
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[0112] Oral compositions generally include an inert diluent or an edible pharmaceutically
acceptable carrier. They can be enclosed in gelatin capsules or compressed into tablets. For the
purpose of oral therapeutic administration, the active compound can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Oral compositions can also be
prepared using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier
is applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjuvant materials can be included as part of the composition. The
tablets, pills, capsules, troches and the like can contain any of the following ingredients, or
compounds of a similar nature: a binder such as microcrystalline cellulose, gum tragacanth or
gelatin; an excipient such as starch or lactose, a disintegrating agent such as alginic acid,
Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant such as
colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent
such as peppermint, methyl salicylate, or orange flavoring.

[0113] For administration by inhalation, the compounds are delivered in the form of an aerosol
spray from pressured container or dispenser, which contains a suitable propellant, e.g., a gas such
as carbon dioxide, or a nebulizer.

[0114] Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally known in the art, and include, for
example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the active compounds are formulated into
ointments, salves, gels, or creams as generally known in the art.

[0115] The active compounds can be prepared with pharmaceutically acceptable carriers that
will protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art. The materials can also be obtained
commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions

(including liposomes targeted to infected cells with monoclonal antibodies to viral antigens) can
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also be used as pharmaceutically acceptable carriers. These can be prepared according to
methods known to those skilled in the art, for example, as described in U.S. Pat. No. 4,522,811.
[0116] It is especially advantageous to formulate oral or parenteral compositions in dosage unit
form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for
the dosage unit forms of the invention are dictated by and directly dependent on the unique
characteristics of the active compound and the particular therapeutic effect to be achieved.

[0117] In therapeutic applications, the dosages of the pharmaceutical compositions used in
accordance with the invention vary depending on the agent, the age, weight, and clinical
condition of the recipient patient, and the experience and judgment of the clinician or practitioner
administering the therapy, among other factors affecting the selected dosage. Generally, the dose
should be sufficient to result in slowing, and preferably regressing, the growth of the tumors and
also preferably causing complete regression of the cancer. Dosages can range from about 0.01
mg/kg per day to about 5000 mg/kg per day. In preferred aspects, dosages can range from about
1 mg/kg per day to about 1000 mg/kg per day. In an aspect, the dose will be in the range of
about 0.1 mg/day to about 50 g/day; about 0.1 mg/day to about 25 g/day; about 0.1 mg/day to
about 10 g/day; about 0.1 mg to about 3 g/day; or about 0.1 mg to about 1 g/day, in single,
divided, or continuous doses (which dose may be adjusted for the patient’s weight in kg, body
surface area in m’, and age in years). An effective amount of a pharmaceutical agent is that
which provides an objectively identifiable improvement as noted by the clinician or other
qualified observer. For example, regression of a tumor in a patient may be measured with
reference to the diameter of a tumor. Decrease in the diameter of a tumor indicates regression.
Regression is also indicated by failure of tumors to reoccur after treatment has stopped. As used
herein, the term “dosage effective manner” refers to amount of an active compound to produce
the desired biological effect in a subject or cell.

[0118] The pharmaceutical compositions can be included in a container, pack, or dispenser
together with instructions for administration.

[0119] The compounds of the present invention are capable of further forming salts. All of these

forms are also contemplated within the scope of the claimed invention.
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[0120] As used herein, “pharmaceutically acceptable salts” refer to derivatives of the compounds
of the present invention wherein the parent compound is modified by making acid or base salts
thereof. Examples of pharmaceutically acceptable salts include, but are not limited to, mineral or
organic acid salts of basic residues such as amines, alkali or organic salts of acidic residues such
as carboxylic acids, and the like. The pharmaceutically acceptable salts include the conventional
non-toxic salts or the quaternary ammonium salts of the parent compound formed, for example,
from non-toxic inorganic or organic acids. For example, such conventional non-toxic salts
include, but are not limited to, those derived from inorganic and organic acids selected from 2-
acetoxybenzoic, 2-hydroxyethane sulfonic, acetic, ascorbic, benzene sulfonic, benzoic,
bicarbonic, carbonic, citric, edetic, ethane disulfonic, 1,2-ethane sulfonic, fumaric,
glucoheptonic, gluconic, glutamic, glycolic, glycollyarsanilic, hexylresorcinic, hydrabamic,
hydrobromic, hydrochloric, hydroiodic, hydroxymaleic, hydroxynaphthoic, isethionic, lactic,
lactobionic, lauryl sulfonic, maleic, malic, mandelic, methane sulfonic, napsylic, nitric, oxalic,
pamoic, pantothenic, phenylacetic, phosphoric, polygalacturonic, propionic, salicyclic, stearic,
subacetic, succinic, sulfamic, sulfanilic, sulfuric, tannic, tartaric, toluene sulfonic, and the
commonly occurring amine acids, e.g., glycine, alanine, phenylalanine, arginine, etc.

[0121] Other examples of pharmaceutically acceptable salts include hexanoic acid, cyclopentane
propionic acid, pyruvic acid, malonic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, 4-
chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic
acid, 4-methylbicyclo-[2.2.2]-oct-2-ene-1-carboxylic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, muconic acid, and the like. The present invention
also encompasses salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, tricthanolamine,
tromethamine, N-methylglucamine, and the like.

[0122] It should be understood that all references to pharmaceutically acceptable salts include
solvent addition forms (solvates) or crystal forms (polymorphs) as defined herein, of the same
salt.

[0123] The compounds, or pharmaceutically acceptable salts thereof, are administered orally,
nasally, transdermally, pulmonary, inhalationally, buccally, sublingually, intraperintoneally,

subcutaneously, intramuscularly, intravenously, rectally, intrapleurally, intrathecally and
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parenterally. In one embodiment, the compound is administered orally. One skilled in the art
will recognize the advantages of certain routes of administration.

[0124] The dosage regimen utilizing the compounds is selected in accordance with a variety of
factors including type, species, age, weight, sex and medical condition of the patient; the severity
of the condition to be treated; the route of administration; the renal and hepatic function of the
patient; and the particular compound or salt thereof employed. An ordinarily skilled physician or
veterinarian can readily determine and prescribe the effective amount of the drug required to
prevent, counter, or arrest the progress of the condition.

[0125] Techniques for formulation and administration of the disclosed compounds of the
invention can be found in Remington: the Science and Practice of Pharmacy, 19" edition, Mack
Publishing Co., Easton, PA (1995). In an embodiment, the compounds described herein, and the
pharmaceutically acceptable salts thereof, are used in pharmaceutical preparations in
combination with a pharmaceutically acceptable carrier or diluent. Suitable pharmaceutically
acceptable carriers include inert solid fillers or diluents and sterile aqueous or organic solutions.
The compounds will be present in such pharmaceutical compositions in amounts sufficient to
provide the desired dosage amount in the range described herein.

[0126] All percentages and ratios used herein, unless otherwise indicated, are by weight. Other
features and advantages of the present invention are apparent from the different examples. The
provided examples illustrate different components and methodology useful in practicing the
present invention. The examples do not limit the claimed invention. Based on the present
disclosure the skilled artisan can identify and employ other components and methodology useful
for practicing the present invention.

[0127] In the synthetic schemes described herein, compounds may be drawn with one particular
configuration for simplicity. Such particular configurations are not to be construed as limiting
the invention to one or another isomer, tautomer, regioisomer or stereoisomer, nor does it
exclude mixtures of isomers, tautomers, regioisomers or stereoisomers.

[0128] All publications and patent documents cited herein are incorporated herein by reference
as if each such publication or document was specifically and individually indicated to be
incorporated herein by reference. Citation of publications and patent documents is not intended
as an admission that any is pertinent prior art, nor does it constitute any admission as to the
contents or date of the same. The invention having now been described by way of written

description, those of skill in the art will recognize that the invention can be practiced in a variety
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of embodiments and that the foregoing description and examples below are for purposes of
illustration and not limitation of the claims that follow.

[0129] Example 1 Cell Culture

[0130] Human leukemia cell line EOL-1 (Catalog # ACC-386) was purchased from DSMZ and
were grown in Roswell Park Memorial Institute medium (RPMI) with 10% Fetal Bovine Serum
(FBS). Cells were kept in log growth as outlined in the technical data sheet provided by the
vendor.

[0131] Exponentially growing EOL-1 cells were plated in 96-well plates at a density of 3x10
viable cells/well. Each treatment was seeded in triplicate with a final well volume of 150 pLs.
Cells were incubated with increasing concentrations of DOT1L inhibitor up to50 uM. Viable
cell number was determined every 3 — 4 days for 11 days using the Guava Viacount assay
(Millipore # 4000-0040) and analyzed on a Guava EasyCyte Plus instrument according to the
manufacturer’s protocol. On the days of cell counts, growth media and inhibitor were
replenished and cells maintained in log phase culture by reseeding at a density of 5x10" viable
cells/well. Total cell number was expressed as split-adjusted viable cells per well. For each cell
inhibitor IC50 values were determined from concentration-dependence curves at day 11. All
calculations were done using GraphPad Prism, version 5.00 for Windows, GraphPad Software,
San Diego California USA (graphpad.com).

[0132] Example 2 Histone Extraction of Cell Pellets

[0133] Frozen pellets were allowed to thaw briefly on ice and then lysed by a 5 minute
incubation on ice with 250 pl nuclear extraction buffer (10 mM Tris-HCI, pH 7.6, 10 mM MgCl,,
25 mM KCl, 1% Triton X-100, 8.6% Sucrose, plus a Roche protease inhibitor tablet
1836153001). Nuclei were collected by centrifugation at 600 g for 5 minutes at 4°C and washed
once in Tris/EDTA buffer (pH 7.4). Supernatant was removed and histones extracted for one
hour with 60 pl 0.4 N cold sulfuric acid. Extracts were clarified by centrifugation at 10,000 g for
10 minutes at 4°C and transferred to a fresh microcentrifuge tube containing 600 ul ice cold
acetone. Histones were precipitated at -20° C for 2 hours, pelleted by centrifugation at 10,000 g
for 10 minutes and resuspended in 60 pl distilled water (DI water). Total protein of the acid
extracts was assessed using a bicinchoninic acid (BCA) protein quantification assay with a
bovine serum albumin (BSA) standard (Pierce Biotechnology).

[0134] Example 3 H3K79me2 Immunoblot

[0135] For immunoblot analysis of the H3K79me2 inhibition by EPZ-5676, exponentially
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growing EOL-1 cells were seeded at 2x10° cells/mL and incubated in the presence of increasing
concentrations of EPZ-5676 for 4 days. Following incubation, cells (2-3x10°) were harvested
and histones extracted as described. Histones (400 ng) were fractionated on a 10-20% Tris HCI
gels (Bio-Rad) with Tris-Glycine SDS running buffer (Invitrogen) under denaturing conditions
and transferred to a nitrocellulose filter. The filter was incubated for 1 hour in blocking buffer
(Odyssey blocking buffer, Li-cor, 927-40000) at RT and then incubated overnight at 4°C in
blocking buffer containing a antibody specific for H3K79me2 (1:5000 dilution, abcam ab3594).
Filters were washed 3 times for 5 minutes with wash buffer (PBST) and incubated with infrared
tagged secondary antibody (Alexa Flour 680 goat anti-rabbit IgG (1:20,000), Invitrogen A-
21076) at RT for 1 hour. Filters were washed in PBST and reprobed for 1 hour at RT with the
appropriate total histone antibody control (mouse anti-histone H3 (1:20,000), CST 3638, or
mouse anti-histone H4 (1:10,000), CST 2935). Filters were washed again in PBST and incubated
with infrared tagged secondary antibody (IRDye 800Cw donkey-anti-mouse IgG (1:20,000), Li-
Cor 926-32212) at RT for 1 hour. After a final wash in PBST, filters were scanned using the
Odyssey infared imager (Li-cor). Signal intensities specific for each methyl-specific antibody
was quantified using Odyssey software and normalized to that of the appropriate total histone
control signal on the same filter by dividing the methyl-specific antibody signal intensity by the
total histone control signal intensity.

[0136] Example 4 Quantitative Real-Time PCR

[0137] Exponentially growing EOL-1 cells were plated in a 12 well plate at 2x10° cells/mL.
Cells were incubated in the presence of increasing concentrations of EPZ-5676 up to 10 uM. On
day 4, cells were maintained in log phase culture by reseeding at 5x10° cells/mL and compound
was replenished. At day 6 cells were washed twice with PBS and pelleted by centrifugation at
200 X g. Cell pellets were lysed in 300 uL. RLT buffer (Qiagen) and total RNA was isolated
using the RNeasy total RNA isolation kit (Qiagen 74106). Total RNA (1 ug) was reverse
transcribed using a high capacity cDNA reverse transcription kit (Applied Biosystems 4368813).
RNA isolation and cDNA synthesis were carried out according to the manufacturer’s protocol.
Predesigned labeled primer and probe sets for HOXA9 (Hs00365956), MEIST (Hs00180020) and
FLT3 (Hs00975659) were purchased from Applied Biosystems. Quantitative real-time PCR
(qPCR) reactions contained 50 ng cDNA, 1X labeled primer and probe set, and 1X Tagman
universal PCR master mix (Applied Biosystems 4304437). Samples were run on a 7900 HT Fast
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Real Time PCR machine (Applied Biosystems 4351405) with cycling conditions of 2 min 50°C,
10 min 95°C, 40 cycles at 15 sec 95°C and 1 min 60°C. Target gene cycle numbers were
normalized to the house keeping gene f2-microglobulin (Applied Biosystems 4333766) to get a
ACT value. Percent of DMSO control was calculated with the equation (2'AACT)* 100 where the
AACT is the difference between normalized target gene and DMSO control (ACT sample — ACT
control = AACT).

[0138] Example 5 Rat EOL-1 xenograft studies

[0139] All studies performed were conducted after review by the appropriate animal care and
use committee at Charles River Discovery Research Services (North Carolina). EOL-1 (1 X 10)
cells resuspended in 100% Matrigel (BD Biosciences) were implanted subcutaneously into
female athymic nude rats (rnu/rnu, Harlan). Tumors were measured by calipers and rats were
randomized according to tumor size into treatment groups before the initiation of dosing with
EPZ-5676. EPZ-5676 was delivered by IV infusion into the femoral vein continuously for 21
days in 5% hydroxypropyl-B-cyclodextrin (HPBCD) in saline. The dosing rate was fixed at 7
mlL/animal/day in all groups, and dosing concentrations were adjusted for the last recorded
weights of individual animals. For efficacy studies 10 animals were randomized into each
treatment group when tumor volumes reached approximately 500 mm’. Rats were weighed and
tumors measured with calipers twice weekly until the end of the study. Each test animal was
cuthanized when its neoplasm reached the predetermined endpoint volume or on the last day of
the study, whichever came first. Optimal tumor volume endpoints were chosen based the growth
characteristics of the EOL-1 xenograft model in pilot studies. Significance of treatment
compared to control was measured using the repeated measures ANOV A with Dunnet post test
versus the vehicle treated group. For pharmacokinetic studies, blood samples (0.2 mL) were
drawn from the saphaneous vein, flash frozen and subsequently analysed for EPZ-5676 levels by
HPLC/MS/MS. For the pharmacodynamic study, 5 animals were randomized in each treatment
group when tumors volumes reached approximately 1000 mm® and then animals were dosed by
continuous IV infusion for 7 days. On day 7 animals were euthanized and tumors, peripheral
blood mononuclear cells and bone marrow cells were isolated and flash frozen. A detailed
description of tissue isolation and processing for PBMC whole cell lysates, tumor and bone
marrow histones and tumor RNA can be found below.

[0140] Whole cell lysate preparation from rat PBMCs

[0141] Rats were euthanized at the end of infusion by terminal cardiac puncture under CO,

42



WO 2015/134603 PCT/US2015/018724

anesthesia and sampled for full blood volume. PBMCs were isolated from whole blood by
centrifugation over Ficoll-Paque Plus (GE Healthcare) and treatment with ACK lysis buffer
(Gibco). PBMC pellets were flash frozen and stored at —80 °C. PBMC whole cell lysates were
prepared by thawing pellets and adding 50 pL Tris-Glycine SDS protein sample buffer
(Invitrogen, LC2676) containing 1% 2-Mercaptoethanol. Lysate was mixed by pipet and
incubated at 95°C for 2 minutes.

[0142] Histone isolation from tumor xenografts

[0143] Rats were euthanized as described above and tumors were harvested, snap frozen in
liquid nitrogen, pulverized using a mortar and pestle and stored at -80°C. 30 mg of tumor powder
was lysed in 500 pL nuclear extraction buffer (10 mM Tris-HCI, pH 7.6, 10 mM MgCl,, 25 mM
KCl, 1% Triton X-100, 8.6% Sucrose, plus a Roche protease inhibitor tablet 1836145). After 5
minutes in extraction buffer the samples were homogenized using a handheld homogenizer (Cole
Parmer, R-04727-11). Nuclei were collected by centrifugation at 600 % g for 5 minutes in a 4°C
rotor and washed once in ice cold PBS. Supernatant was removed and histones extracted for one
hour following addition of 0.4 N cold sulfuric acid at a ratio of 1 uL per 0.6 mg powder. Extracts
were clarified by centrifugation at 10,000 x g for 10 minutes at 4°C and transferred to a fresh
microcentrifuge tube containing ice cold acetone at a 10 X volume of the sulfuric acid. Histones
were precipitated at -20°C for 2 hours, pelleted by centrifugation at 10,000 x g for 10 minutes at
4°C and resuspended in water with a volume equal to that used in the extraction step. Histone
protein concentrations were measured using a bicinchoninic acid protein quantification assay
with a BSA standard (Pierce Biotechnology).

[0144] Histone isolation from rat bone marrow tissue

[0145] Rats were euthanized as described above and, bone marrow cells were flushed from rat
tibia, femur and hip bones using ice cold PBS. Cell pellets were flash frozen and stored at —80
°C. Histones were extracted from cell pellets following lysis in 500 pls of nuclear extraction
buffer (10 mM Tris-HCI, 10 mM MgCl2, 25 mM KCl, 1% Triton X-100, 8.6% Sucrose, plus a
Roche protease inhibitor tablet 1836145). Nuclei were collected by centrifugation at 600 g for 5
minutes at 4° C and washed once in TE buffer (pH 7.4). Supernatant was removed and histones
extracted for one hour with 0.4 N cold sulfuric acid. Extracts were clarified by centrifugation at
10000 g for 10 minutes at 4°C and transferred to a fresh microcentrifuge tube containing 10 x
volume of ice cold acetone. Histones were precipitated at -20° C for 2 hours, pelleted by

centrifugation at 10000 g for 10 minutes and resuspended in 75 pls water. Histones were
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quantified using the BCA protein assay (Pierce 23225).

[0146] RNA isolation from tumor xenografts

[0147] Rats were euthanized and tumors were collected and powdered as described above. 10
mg of powdered tumor was lysed in 600 pL RLTlysis buffer (Qiagen) and homogenized in a
TissueLyser (Qiagen, 85210). Supernatant was collected and total RNA was isolated using the
RNeasy Total RNA isolation kit (Qiagen 74106) according to manufacturer’s instructions.
[0148] Example 6

[0149] An exemplary method according to the disclosure:

[0150] Step 1: obtaining a biological sample from a subject. Any biological sample derived
from the subject can be used in the assay. For example, cells, tissues samples, body fluids
(including, but not limited to, mucus, blood, plasma, serum, urine, saliva, and semen), tumor
cells, and tumor tissues. Preferably, the sample is selected from bone marrow, peripheral blood
cells, blood, plasma and serum. Samples can be provided by the subject under treatment or
testing. Alternatively samples can be obtained by the physician according to routine practice in
the art.

[0151] Step 2: isolating a nucleic acid sample (DNA or mRNA) from the biological sample
obtained from a subject according to any known method in the art.

[0152] Step 3: carrying out PCR, real time PCR, nested PCR or multiplex ligation dependent
probe amplification assay according to the standard protocol available in the art utilizing the
isolated nucleic acid as the template and one or more primers (SEQ ID NO: 1-60) described
herein.

[0153] Step 4: determining the molecular weight (size) of the amplified nucleic acid by, for
example, running an electrophoresis gel. If the molecular weight of at least some of the
amplified nucleic acid is larger than the molecular weight of an amplified nucleic acid of the
corresponding wild type MLL gene, the tested subject has chromosomal rearrangement MLL-

PTD and could be treated with a DOT1L inhibitor (e.g., Compound A2).

[0154] The entire disclosure of each of the patent documents and scientific articles referred to
herein is incorporated by reference for all purposes.

[0155] The invention can be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing embodiments are therefore to be considered in
all respects illustrative rather than limiting on the invention described herein. Scope of the

invention is thus indicated by the appended claims rather than by the foregoing description, and
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all changes that come within the meaning and range of equivalency of the claims are intended to

be embraced therein.
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CLAIMS

What is claimed is:

3.

A method comprising steps of:

(1)
(ii)

(iii)
(iv)

providing a nucleic acid sample from a biological sample obtained from a subject;
detecting the presence of a chromosomal rearrangement, wherein the chromosomal
rearrangement is partial tandem duplication of MLL (MLL-PTD);

identifying the subject as a candidate for treatment; and

selecting a therapy that includes the administration of a therapeutically effective

amount of a DOT1L inhibitor to the subject identified in step (iii).

A method comprising steps of:

(1)
(ii)

(ii1)

(iv)

(vi)

providing a nucleic acid sample from a biological sample obtained from a subject;
contacting the nucleic acid sample with at least one primer that specifically
hybridizes to a nucleic acid sequence of the MLL gene SEQ ID NO:61 and/or
SEQ ID NO:62, a complement or a fragment thereof;

amplifying the nucleic acid sequence of the MLL gene, a complement or a fragment

thereof;

detecting the presence of the chromosomal rearrangement MLL-PTD by detecting

the presence of an amplified nucleic acid with molecular weight larger than the

molecular weight of an amplified nucleic acid of the corresponding wild type MLL

gene;

identifying the subject as a candidate for treatment; and

selecting a therapy that includes the administration of a therapeutically effective

amount of a DOT1L inhibitor to the subject identified in step (v).

The method of claim 1 or claim 2, further comprising administering a therapeutically

effective amount of a DOTI1L inhibitor to the subject.
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4. The method of any preceding claim, wherein the DOT1L inhibitor is Compound A2

having the formula

NH,
N N N
< 1
P\ o N
N/
o\ H ) !
HO OH
¥ Y
N
H (A2) or a pharmaceutically acceptable salt thereof.
5. The method of claim 1, wherein the detecting step comprises contacting the nucleic acid

sample with at least one primer that specifically hybridizes to a nucleic acid sequence of the MLL

gene SEQ ID NO:61 and/or SEQ ID NO:62, a complement or a fragment thereof.

6. The method of claim 5, wherein the detecting step further comprises amplifying at least a

portion of the nucleic acid sequence of the MLL gene, a complement or a fragment thereof.

7. The method of claim 6, wherein the amplification is carried out by polymerase chain
reaction (PCR), nested polymerase chain reaction (PCR), real-time PCR or multiplex ligation

dependent probe amplification.

8. The method of claim 1, wherein the detecting step is carried out by polymerase chain

reaction (PCR), nested PCR, real-time PCR or multiplex ligation dependent probe amplification.

9. The method of any preceding claim, wherein the primer is any one of SEQ ID NOs: 1-60.

10.  The method of any preceding claim, wherein the subject has a hematological cancer.

11.  The method of any preceding claim, wherein the subject had at least one prior therapy to

treat a hematological cancer.

12.  The method of claim 11, wherein the hematological cancer is refractory to the prior

therapy.
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13.  The method of claim 11, wherein the hematological cancer shows recurrence following
remission.
14.  The method of claim 10, wherein the subject received and failed all known effective

therapies for the hematological cancer.

15.  The method of claim 10, wherein the hematological cancer is selected from the group
consisting of acute myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome,

a myeloproliferative disorder, and chronic myelogenous leukemia.
16.  The method of claim 10, wherein the hematological cancer is leukemia.

17.  The method of claim 16, wherein the subject has a leukemia characterized by MLL gene

rearrangement.

18.  The method of claim 17, wherein the MLL gene rearrangement is a partial tandem

duplication of the MLL gene.

19.  The method of claim 1, wherein the subject is simultaneously being treated with another
therapy to treat acute myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic

syndrome, a myeloproliferative disorder, or chronic myelogenous leukemia.

20.  The method of claim 19, wherein the another therapy is standard of care for the treatment

of acute myeloid leukemia.

21.  The method of claim 19, wherein the another therapy is standard of care for the treatment

of acute lymphoblastic leukemia.
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