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MYC NUCLEIC ACIDS AND USES THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 62/317,140, filed

April 1, 2016, which application is incorporated herein by reference.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCH

copy, created on March 28, 2017 is named 45532-713 601 SE .txt and is 4,146 bytes in size.

BACKGROUND OF THE DISCLOSURE
[0003] Geue suppression by RNA-mduced gene silencing provides several levels of control:
transcription inactivation, small interfering RNA (siRNA)-induced mRNA degradation, and
sitRNA-induced transcriptional attenuation. In some instances, RN A mierference (RNAJ) provides
fong lasting effect over multiple cell divistons. As such, RNAI represents a viable method usefud

for drug target validation, gene function analysis, pathway analysis, and disease therapeutics.

SUMMARY OF THE DISCLOSURE
[0004] Disclosed herein, in certain embodiments, are molecules and pharmaceutical compositions
for modulating MYC function and/or expression in a cell.
[0005] Disclosed herein, in certain embodiments, is a polynucleic acid molecule that mediates
RNA interference against MYC, wherein the polynucleic acid molecule comprises at least one 2’
modified nucleotide, at least one modified internucleotide linkage, or at least one inverted abasic
moiety.
[0006] In some embodiments, the at least one 2’ modified nucleotide comprises 2°-O-methyl, 2’-
O-methoxyethyl (2’-O-MOE), 2’-O-aminopropyl, 2'-deoxy, T-deoxy-2'-fluoro, 2'-O-aminopropyl
(2'-O-AP), 2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-dimethylaminopropyl (2'-O-DMAP), T-
O- dimethylaminoethyloxyethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-O-NMA)
modified nucleotide. In some embodiments, the at least one 2’ modified nucleotide comprises
locked nucleic acid (LNA) or ethylene nucleic acid (ENA). In some embodiments, the at least one
inverted basic moiety is at at least one terminus. In some embodiments, the at least one modified

internucleotide linkage comprises a phosphorothioate linkage or a phosphorodithioate linkage.
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[0007] In some embodiments, the polynucleic acid molecule is at least from about 10 to about 30
nucleotides in length. In some embodiments, the polynucleic acid molecule is at least one of: from
about 15 to about 30, from about 18 to about 25, from about 18 to about 24, from about 19 to about
23, or from about 20 to about 22 nucleotides in length. In some embodiments, the polynucleic acid
molecule is at least about 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides in length.

[0008] In some embodiments, the polynucleic acid molecule comprises at least one of’ from
about 5% to about 100% modification, from about 10% to about 100% modification, from about
20% to about 100% modification, from about 30% to about 100% modification, from about 40% to
about 100% modification, from about 50% to about 100% modification, from about 60% to about
100% modification, from about 70% to about 100% modification, from about 80% to about 100%
modification, and from about 90% to about 100% modification.

[0009] In some embodiments, the polynucleic acid molecule comprises at least one of’ from
about 10% to about 90% modification, from about 20% to about 90% modification, from about
30% to about 90% modification, from about 40% to about 90% modification, from about 50% to
about 90% modification, from about 60% to about 90% modification, from about 70% to about
90% modification, and from about 80% to about 100% modification.

[0010] In some embodiments, the polynucleic acid molecule comprises at least one of: from
about 10% to about 80% modification, from about 20% to about 80% modification, from about
30% to about 80% modification, from about 40% to about 80% modification, from about 50% to
about 80% modification, from about 60% to about 80% modification, and from about 70% to about
80% modification.

[0011] In some embodiments, the polynucleic acid molecule comprises at least one of: from
about 10% to about 70% modification, from about 20% to about 70% modification, from about
30% to about 70% modification, from about 40% to about 70% modification, from about 50% to
about 70% modification, and from about 60% to about 70% modification.

[0012] In some embodiments, the polynucleic acid molecule comprises at least one of: from
about 10% to about 60% modification, from about 20% to about 60% modification, from about
30% to about 60% modification, from about 40% to about 60% modification, and from about 50%
to about 60% modification.

[0013] In some embodiments, the polynucleic acid molecule comprises at least one of: from
about 10% to about 50% modification, from about 20% to about 50% modification, from about

30% to about 50% modification, and from about 40% to about 50% modification.
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[0014] In some embodiments, the polynucleic acid molecule comprises at least one of: from
about 10% to about 40% modification, from about 20% to about 40% modification, and from about
30% to about 40% modification.

[0015] In some embodiments, the polynucleic acid molecule comprises at least one of: from
about 10% to about 30% modification, and from about 20% to about 30% modification.

[0016] In some embodiments, the polynucleic acid molecule comprises from about 10% to about
20% modification.

[0017] In some embodiments, the polynucleic acid molecule comprises from about 15% to about
90%, from about 20% to about 80%, from about 30% to about 70%, or from about 40% to about
60% modifications.

[0018] In some embodiments, the polynucleic acid molecule comprises at least about 15%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 99% modification.

[0019] In some embodiments, the polynucleic acid molecule comprises at least about 3, about 4,
about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14, about
15, about 16, about 17, about 18, about 19, about 20, about 21, about 22 or more modifications.
[0020] In some embodiments, the polynucleic acid molecule comprises at least about 1, about 2,
about 3, about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13,
about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22 or more
modified nucleotides.

[0021] In some embodiments, the polynucleic acid molecule comprises a single strand.

[0022] In some embodiments, the polynucleic acid molecule comprises two or more strands.
[0023] In some embodiments, the polynucleic acid molecule comprises a first polynucleotide and
a second polynucleotide hybridized to the first polynucleotide to form a double-stranded
polynucleic acid molecule.

[0024] In some embodiments, the second polynucleotide comprises at least one modification.
[0025] In some embodiments, the first polynucleotide and the second polynucleotide are RNA
molecules. In some embodiments, the first polynucleotide and the second polynucleotide are
siRNA molecules.

[0026] In some embodiments, the first polynucleotide comprises a sequence having at least 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to SEQ
ID NOs: 1-12. In some embodiments, the first polynucleotide consists of a sequence selected from
SEQ ID NOs: 1-12. In some embodiments, the second polynucleotide comprises a sequence

having at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%
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sequence identity to SEQ ID NOs: 1-12. In some embodiments, the second polynucleotide consists
of a sequence selected from SEQ ID NOs: 1-12.

[0027] In some embodiments, MYC is c-MYC gene, L-MYC gene, or N-MYC gene. In some
embodiments, MYC is c-MYC gene.

[0028] Disclosed herein, in certain embodiments, is a pharmaceutical composition comprising: a)
a molecule disclosed above; and b) a pharmaceutically acceptable excipient. In some embodiments,
the pharmaceutical composition is formulated as a nanoparticle formulation. In some
embodiments, the pharmaceutical composition is formulated for parenteral, oral, intranasal, buccal,
rectal, or transdermal administration.

[0029] Disclosed herein, in certain embodiments, is a method of treating a disease or disorder in a
patient in need thereof, comprising administering to the patient a composition comprising a
molecule disclosed above. In some embodiments, the disease or disorder is a cancer. In some
embodiments, the cancer is a solid tumor. In some embodiments, the cancer is a hematologic
malignancy. In some embodiments, the cancer comprises a MY C-associated cancer. In some
embodiments, the cancer comprises bladder cancer, breast cancer, colorectal cancer, endometrial
cancer, esophageal cancer, glioblastoma multiforme, head and neck cancer, kidney cancer, lung
cancer, ovarian cancer, pancreatic cancer, prostate cancer, or thyroid cancer. In some
embodiments, the cancer comprises acute myeloid leukemia, CLL, DLBCL, or multiple myeloma.
[0030] Disclosed herein, in certain embodiments, is a method of inhibiting the expression of
MYC gene in a primary cell of a patient, comprising administering a molecule disclosed above to
the primary cell. In some embodiments, the method is an in vivo method. In some embodiments,
the patient is a human.

[0031] Disclosed herein, in certain embodiments, is a kit comprising a molecule disclosed above.

DETAILED DESCRIPTION OF THE DISCLOSURE
[0032] The MYC family of proteins encompasses a group of basic-helix-loop-helix-leucine
zipper transcription factors that are involved in cell cycle progression, apoptosis and cellular
transformation. In mammals, there are three members of the MYC family--c-Myc, L-Myc, and N-
Myc, in which each member functions in a similar manner but display differences in potency. In
addition, each MYC gene is located at a different chromosome, N-MYC (2p24.1), C-MYC (8q24),
and L-MYC (1p34.3). In some instances, mutations in the MYC proteins (e.g., c-Myc, N-Myec, and
L-Myc) lead to constitutive expression of the MYC mutants, thereby leading to upregulation of
numerous genes involved in cell proliferation and to cancer. For example, the c-Myc mutants are

observed in a broad range of solid tumors and hematologic malignancies. In contrast, N-Myc
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mutants are generally observed in solid tumors of neural origin (e.g., neuroblastoma and glioma),
and L-Myc mutants are primarily observed in small cell lung carcinoma. In some cases,
amplifications of wild type Myc genes are also observed in cancer.

[0033] In some embodiments, disclosed herein are polynucleic acid molecules and
pharmaceutical compositions that modulate the expression of MYC'. In some cases, the MY( gene
is c-MYC, L-MYC, or N-MYC'. In some instances, the polynucleic acid molecules and
pharmaceutical compositions modulate the expression of c-MYC. In some instances, the
polynucleic acid molecules and pharmaceutical compositions modulate the expression of L-MYC.
In some instances, the polynucleic acid molecules and pharmaceutical compositions modulate the
expression of N-MYC. In some instances, the polynucleic acid molecules and pharmaceutical
compositions modulate the expression of wild type MYC gene (e.g., wild type c-MYC, N-MYC, or
L-MYC). In other instances, the polynucleic acid molecules and pharmaceutical compositions
modulate the expression of mutant MYC (e.g., mutant c-MYC, N-MYC, or L-MYC).

[0034] In some embodiments, the polynucleic acid molecules and pharmaceutical compositions
are used for the treatment of a disease or disorder (e.g., cancer or a MYC-associated disease or
disorder). In additional embodiments, the polynucleic acid molecules and pharmaceutical
compositions are used for inhibiting the expression of MYC (e.g., c-MYC, N-MYC, or L-MYC) gene
in a primary cell of a patient in need thereof.

[0035] In additional cases, also included herein are kits that comprise one or more of polynucleic

acid molecules and pharmaceutical compositions described herein.

Polynucleic Acid Molecule

[0036] In some embodiments, a polynucleic acid molecule described herein modulates the
expression of the MY(C gene. In some embodiments, the MYC gene is wild type MYC (e.g., c-MYC)
or MYC (e.g., c-MYC’) comprising one or more mutations. In some instances, MYC is wild type
MYC DNA or RNA. In some instances, MYC DNA or RNA comprises one or more mutations. In
some instances, the polynucleic acid molecule hybridizes to a target region of wild type MYC DNA
or RNA. In some instances, the polynucleic acid molecule is a polynucleic acid molecule that
hybridizes to a target region of MY(C DNA or RNA comprising a mutation (e.g., a substitution, a
deletion, or an addition).

[0037] In some embodiments, MYC DNA or RNA comprises one or more mutations. In some
embodiments, MYC DNA or RNA comprises one or more mutation within one or more exons. In
some instances, MYC DNA or RNA comprises one or more mutations within exon 2 or exon 3. In

some instances, MYC DNA or RNA comprises one or more mutations at positions corresponding
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to amino acid residues 2, 7, 17, 20, 32, 44, 58, 59, 76, 115, 138, 141, 145, 146, 169, 175, 188, 200,
202, 203, 248, 251, 298, 321, 340, 369, 373, 374, 389, 395, 404, 419, 431, 439, or a combination
thereof. In some embodiments, MYC DNA or RNA comprises one or more mutations at positions
corresponding to amino acid residues selected from P2L, F7L, D17N, Q20E, Y32N, A44V, A44T,
T581, PSOL, A76V, F115L, F138S, A141S, V1451, S146L, S169C, S175N, C188F, N200S, S202N,
S203T, T248S, D251E, S298Y, Q321E, V340D, V369D, T373K, H374R, F389L, Q395H, K404N,
L419M, E431K, R439Q), or a combination thereof of the MYC polypeptide.

[0038] In some embodiments, a polynucleic acid molecule hybridizes to a target region of MYC
DNA or RNA comprising one or more mutations. In some embodiments, the polynucleic acid
molecule hybridizes to a target region of MYC DNA or RNA comprising one or more mutations
within an exon. In some embodiments, the polynucleic acid molecule hybridizes to a target region
of MYC DNA or RNA comprising one or more mutations within exon 2 or exon 3. In some
embodiments, the polynucleic acid molecule hybridizes to a target region of MYC DNA or RNA
comprising one or more mutations at positions corresponding to amino acid residues 2, 7, 17, 20,
32,44, 58, 59, 76, 115, 138, 141, 145, 146, 169, 175, 188, 200, 202, 203, 248, 251, 298, 321, 340,
369, 373, 374, 389, 395, 404, 419, 431, 439, or a combination thereof of the MYC polypeptide. In
some embodiments, the polynucleic acid molecule hybridizes to a target region of MYC DNA or
RNA comprising one or more mutations at positions corresponding to amino acid residues selected
from P2L, F7L, D17N, Q20E, Y32N, A44V, A44T, T581, P59L, A76V, F115L, F138S, A141S,
V1451, S146L, S169C, S175N, C188F, N200S, S202N, S203T, T248S, D251E, S298Y, Q321E,
V340D, V369D, T373K, H374R, F389L, Q395H, K404N, L419M, E431K, R439Q, or a
combination thereof of the MY C polypeptide.

[0039] In some embodiments, a polynucleic acid molecule comprises a sequence having at least
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to a sequence listed in Table 1. In some embodiments, the polynucleic acid molecule
comprises a sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NOs: 1-12. In some embodiments,
the polynucleic acid molecule comprises a sequence having at least 50% sequence identity to SEQ
ID NOs: 1-12. In some embodiments, the polynucleic acid molecule comprises a sequence having
at least 60% sequence identity to SEQ ID NOs: 1-12. In some embodiments, the polynucleic acid
molecule comprises a sequence having at least 70% sequence identity to SEQ ID NOs: 1-12. In
some embodiments, the polynucleic acid molecule comprises a sequence having at least 75%
sequence identity to SEQ ID NOs: 1-12. In some embodiments, the polynucleic acid molecule

comprises a sequence having at least 80% sequence identity to SEQ ID NOs: 1-12. In some
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embodiments, the polynucleic acid molecule comprises a sequence having at least 85% sequence
identity to SEQ ID NOs: 1-12. In some embodiments, the polynucleic acid molecule comprises a
sequence having at least 90% sequence identity to SEQ ID NOs: 1-12. In some embodiments, the
polynucleic acid molecule comprises a sequence having at least 95% sequence identity to SEQ ID
NOs: 1-12. In some embodiments, the polynucleic acid molecule comprises a sequence having at
least 96% sequence identity to SEQ ID NOs: 1-12. In some embodiments, the polynucleic acid
molecule comprises a sequence having at least 97% sequence identity to SEQ ID NOs: 1-12. In
some embodiments, the polynucleic acid molecule comprises a sequence having at least 98%
sequence identity to SEQ ID NOs: 1-12. In some embodiments, the polynucleic acid molecule
comprises a sequence having at least 99% sequence identity to SEQ ID NOs: 1-12. In some
embodiments, the polynucleic acid molecule consists of SEQ ID NOs: 1-12.

[0040] In some embodiments, a polynucleic acid molecule comprises a first polynucleotide and a
second polynucleotide. In some instances, the first polynucleotide comprises a sequence having at
least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%., 96%., 97%, 98%, 99%, or 100%
sequence identity to SEQ ID NOs: 1-12. In some cases, the second polynucleotide comprises a
sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity to SEQ ID NOs: 1-12. In some cases, the polynucleic acid
molecule comprises a first polynucleotide having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NOs: 1-12 and a
second polynucleotide having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NOs: 1-12.

[0041] In some embodiments, a polynucleic acid molecule described herein comprises RNA or
DNA. In some cases, the polynucleic acid molecule comprises RNA. In some instances, RNA
comprises short interfering RNA (siRNA), short hairpin RNA (shRNA), microRNA (miRNA),
double-stranded RNA (dsRNA), transfer RNA (tRNA), ribosomal RNA (rRNA), or heterogeneous
nuclear RNA (hnRNA). In some instances, RNA comprises shRNA. In some instances, RNA
comprises miRNA. In some instances, RNA comprises dSRNA. In some instances, RNA
comprises tRNA. In some instances, RNA comprises rRNA. In some instances, RNA comprises
hnRNA. In some instances, the RNA comprises siRNA. In some instances, the polynucleic acid
molecule comprises siRNA.

[0042] In some embodiments, a polynucleic acid molecule is from about 10 to about 50
nucleotides in length. In some instances, the polynucleic acid molecule is from about 10 to about
30, from about 15 to about 30, from about 18 to about 25, from about 18 to about 24, from about 19

to about 23, or from about 20 to about 22 nucleotides in length.
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[0043] In some embodiments, a polynucleic acid molecule is about 50 nucleotides in length. In
some instances, the polynucleic acid molecule is about 45 nucleotides in length. In some instances,
the polynucleic acid molecule is about 40 nucleotides in length. In some instances, the polynucleic
acid molecule is about 35 nucleotides in length. In some instances, the polynucleic acid molecule
is about 30 nucleotides in length. In some instances, the polynucleic acid molecule is about 25
nucleotides in length. In some instances, the polynucleic acid molecule is about 20 nucleotides in
length. In some instances, the polynucleic acid molecule is about 19 nucleotides in length. In some
instances, the polynucleic acid molecule is about 18 nucleotides in length. In some instances, the
polynucleic acid molecule is about 17 nucleotides in length. In some instances, the polynucleic
acid molecule is about 16 nucleotides in length. In some instances, the polynucleic acid molecule
is about 15 nucleotides in length. In some instances, the polynucleic acid molecule is about 14
nucleotides in length. In some instances, the polynucleic acid molecule is about 13 nucleotides in
length. In some instances, the polynucleic acid molecule is about 12 nucleotides in length. In some
instances, the polynucleic acid molecule is about 11 nucleotides in length. In some instances, the
polynucleic acid molecule is about 10 nucleotides in length. In some instances, the polynucleic
acid molecule is from about 10 to about 50 nucleotides in length. In some instances, the
polynucleic acid molecule is from about 10 to about 45 nucleotides in length. In some instances,
the polynucleic acid molecule is from about 10 to about 40 nucleotides in length. In some
instances, the polynucleic acid molecule is from about 10 to about 35 nucleotides in length. In
some instances, the polynucleic acid molecule is from about 10 to about 30 nucleotides in length.
In some instances, the polynucleic acid molecule is from about 10 to about 25 nucleotides in length.
In some instances, the polynucleic acid molecule is from about 10 to about 20 nucleotides in length.
In some instances, the polynucleic acid molecule is from about 15 to about 25 nucleotides in length.
In some instances, the polynucleic acid molecule is from about 15 to about 30 nucleotides in length.
In some instances, the polynucleic acid molecule is from about 12 to about 30 nucleotides in length.
[0044] In some embodiments, a polynucleic acid molecule comprises a first polynucleotide. In
some instances, the polynucleic acid molecule comprises a second polynucleotide. In some
instances, the polynucleic acid molecule comprises a first polynucleotide and a second
polynucleotide. In some instances, the first polynucleotide is a sense strand or passenger strand. In
some instances, the second polynucleotide is an antisense strand or guide strand.

[0045] In some embodiments, a polynucleic acid molecule is a first polynucleotide. In some
embodiments, the first polynucleotide is from about 10 to about 50 nucleotides in length. In some

instances, the first polynucleotide is from about 10 to about 30, from about 15 to about 30, from
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about 18 to about 25, from about 18 to about 24, from about 19 to about 23, or from about 20 to
about 22 nucleotides in length.

[0046] In some instances, a first polynucleotide is about 50 nucleotides in length. In some
instances, the first polynucleotide is about 45 nucleotides in length. In some instances, the first
polynucleotide is about 40 nucleotides in length. In some instances, the first polynucleotide is
about 35 nucleotides in length. In some instances, the first polynucleotide is about 30 nucleotides
in length. In some instances, the first polynucleotide is about 25 nucleotides in length. In some
instances, the first polynucleotide is about 20 nucleotides in length. In some instances, the first
polynucleotide is about 19 nucleotides in length. In some instances, the first polynucleotide is
about 18 nucleotides in length. In some instances, the first polynucleotide is about 17 nucleotides
in length. In some instances, the first polynucleotide is about 16 nucleotides in length. In some
instances, the first polynucleotide is about 15 nucleotides in length. In some instances, the first
polynucleotide is about 14 nucleotides in length. In some instances, the first polynucleotide is
about 13 nucleotides in length. In some instances, the first polynucleotide is about 12 nucleotides
in length. In some instances, the first polynucleotide is about 11 nucleotides in length. In some
instances, the first polynucleotide is about 10 nucleotides in length. In some instances, the first
polynucleotide is from about 10 to about 50 nucleotides in length. In some instances, the first
polynucleotide is from about 10 to about 45 nucleotides in length. In some instances, the first
polynucleotide is from about 10 to about 40 nucleotides in length. In some instances, the first
polynucleotide is from about 10 to about 35 nucleotides in length. In some instances, the first
polynucleotide is from about 10 to about 30 nucleotides in length. In some instances, the first
polynucleotide is from about 10 to about 25 nucleotides in length. In some instances, the first
polynucleotide is from about 10 to about 20 nucleotides in length. In some instances, the first
polynucleotide is from about 15 to about 25 nucleotides in length. In some instances, the first
polynucleotide is from about 15 to about 30 nucleotides in length. In some instances, the first
polynucleotide is from about 12 to about 30 nucleotides in length.

[0047] In some embodiments, a polynucleic acid molecule is a second polynucleotide. In some
embodiments, the second polynucleotide is from about 10 to about 50 nucleotides in length. In
some instances, the second polynucleotide is from about 10 to about 30, from about 15 to about 30,
from about 18 to about 25, from about 18 to about 24, from about 19 to about 23, or from about 20
to about 22 nucleotides in length.

[0048] In some instances, a second polynucleotide is about 50 nucleotides in length. In some
instances, the second polynucleotide is about 45 nucleotides in length. In some instances, the

second polynucleotide is about 40 nucleotides in length. In some instances, the second
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polynucleotide is about 35 nucleotides in length. In some instances, the second polynucleotide is
about 30 nucleotides in length. In some instances, the second polynucleotide is about 25
nucleotides in length. In some instances, the second polynucleotide is about 20 nucleotides in
length. In some instances, the second polynucleotide is about 19 nucleotides in length. In some
instances, the second polynucleotide is about 18 nucleotides in length. In some instances, the
second polynucleotide is about 17 nucleotides in length. In some instances, the second
polynucleotide is about 16 nucleotides in length. In some instances, the second polynucleotide is
about 15 nucleotides in length. In some instances, the second polynucleotide is about 14
nucleotides in length. In some instances, the second polynucleotide is about 13 nucleotides in
length. In some instances, the second polynucleotide is about 12 nucleotides in length. In some
instances, the second polynucleotide is about 11 nucleotides in length. In some instances, the
second polynucleotide is about 10 nucleotides in length. In some instances, the second
polynucleotide is from about 10 to about 50 nucleotides in length. In some instances, the second
polynucleotide is from about 10 to about 45 nucleotides in length. In some instances, the second
polynucleotide is from about 10 to about 40 nucleotides in length. In some instances, the second
polynucleotide is from about 10 to about 35 nucleotides in length. In some instances, the second
polynucleotide is from about 10 to about 30 nucleotides in length. In some instances, the second
polynucleotide is from about 10 to about 25 nucleotides in length. In some instances, the second
polynucleotide is from about 10 to about 20 nucleotides in length. In some instances, the second
polynucleotide is from about 15 to about 25 nucleotides in length. In some instances, the second
polynucleotide is from about 15 to about 30 nucleotides in length. In some instances, the second
polynucleotide is from about 12 to about 30 nucleotides in length.

[0049] In some embodiments, a polynucleic acid molecule comprises a first polynucleotide and a
second polynucleotide. In some instances, the polynucleic acid molecule further comprises a blunt
terminus, an overhang, or a combination thereof. In some instances, the blunt terminus is a 5’ blunt
terminus, a 3° blunt terminus, or both. In some cases, the overhang is a 5” overhang, 3’ overhang,
or both. In some cases, the overhang comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 non-base pairing
nucleotides. In some cases, the overhang comprises 1, 2, 3, 4, 5, or 6 non-base pairing nucleotides.
In some cases, the overhang comprises 1, 2, 3, or 4 non-base pairing nucleotides. In some cases,
the overhang comprises 1 non-base pairing nucleotide. In some cases, the overhang comprises 2
non-base pairing nucleotides. In some cases, the overhang comprises 3 non-base pairing
nucleotides. In some cases, the overhang comprises 4 non-base pairing nucleotides.

[0050] In some embodiments, the sequence of a polynucleic acid molecule is at least 40%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or 99.5% complementary to a
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target sequence described herein. In some embodiments, the sequence of the polynucleic acid
molecule is at least 50% complementary to a target sequence described herein. In some
embodiments, the sequence of the polynucleic acid molecule is at least 60% complementary to a
target sequence described herein. In some embodiments, the sequence of the polynucleic acid
molecule is at least 70% complementary to a target sequence described herein. In some
embodiments, the sequence of the polynucleic acid molecule is at least 80% complementary to a
target sequence described herein. In some embodiments, the sequence of the polynucleic acid
molecule is at least 90% complementary to a target sequence described herein. In some
embodiments, the sequence of the polynucleic acid molecule is at least 95% complementary to a
target sequence described herein. In some embodiments, the sequence of the polynucleic acid
molecule is at least 99% complementary to a target sequence described herein. In some instances,
the sequence of the polynucleic acid molecule is 100% complementary to a target sequence
described herein.

[0051] In some embodiments, the sequence of a polynucleic acid molecule has 5 or less
mismatches to a target sequence described herein. In some embodiments, the sequence of the
polynucleic acid molecule has 4 or less mismatches to a target sequence described herein. In some
instances, the sequence of the polynucleic acid molecule has 3 or less mismatches to a target
sequence described herein. In some cases, the sequence of the polynucleic acid molecule has 2 or
less mismatches to a target sequence described herein. In some cases, the sequence of the
polynucleic acid molecule has 1 or less mismatches to a target sequence described herein.

[0052] In some embodiments, the specificity of a polynucleic acid molecule that hybridizes to a
target sequence described herein is a 95%, 98%, 99%, 99.5% or 100% sequence complementarity
of the polynucleic acid molecule to a target sequence. In some instances, the hybridization is a high
stringent hybridization condition.

[0053] In some embodiments, a polynucleic acid molecule has reduced off-target effect. In some
instances, “off-target” or “off-target effects” refer to any instance in which a polynucleic acid
polymer directed against a given target causes an unintended effect by interacting either directly or
indirectly with another mRNA sequence, a DNA sequence or a cellular protein or other moiety. In
some instances, an “off-target effect” occurs when there is a simultaneous degradation of other
transcripts due to partial homology or complementarity between that other transcript and the sense
and/or antisense strand of the polynucleic acid molecule.

[0054] In some embodiments, a polynucleic acid molecule comprises natural, synthetic, or
artificial nucleotide analogues or bases. In some cases, the polynucleic acid molecule comprises

combinations of DNA, RNA and/or nucleotide analogues. In some instances, the synthetic or
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artificial nucleotide analogues or bases comprise modifications at one or more of ribose moiety,
phosphate moiety, nucleoside moiety, or a combination thereof.

[0055] In some embodiments, nucleotide analogues or artificial nucleotide base comprise a
nucleic acid with a modification at a 2’ hydroxyl group of the ribose moiety. In some instances, the
modification includes an H, OR, R, halo, SH, SR, NH2, NHR, NR2, or CN, wherein R is an alkyl
moiety. Exemplary alkyl moiety includes, but is not limited to, halogens, sulfurs, thiols,
thioethers, thioesters, amines (primary, secondary, or tertiary), amides, ethers, esters, alcohols and
oxygen. In some instances, the alkyl moiety further comprises a modification. In some instances,
the modification comprises an azo group, a keto group, an aldehyde group, a carboxyl group, a
nitro group, a nitroso, group, a nitrile group, a heterocycle (e.g., imidazole, hydrazino or
hydroxylamino) group, an isocyanate or cyanate group, or a sulfur containing group (e.g.,
sulfoxide, sulfone, sulfide, or disulfide). In some instances, the alkyl moiety further comprises a
hetero substitution. In some instances, the carbon of the heterocyclic group is substituted by a
nitrogen, oxygen, or sulfur. In some instances, the heterocyclic substitution includes but is not
limited to, morpholino, imidazole, and pyrrolidino.

[0056] In some instances, the modification at the 2° hydroxyl group is a 2’-O-methyl
modification or a 2’-O-methoxyethyl (2’-O-MOE) modification. In some cases, the 2’-O-methyl
modification adds a methyl group to the 2° hydroxyl group of the ribose moiety whereas the 2°O-
methoxyethyl modification adds a methoxyethyl group to the 2’ hydroxyl group of the ribose
moiety. Exemplary chemical structures of a 2’-O-methyl modification of an adenosine molecule

and 2’O-methoxyethyl modification of a uridine are illustrated below.
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[0057] In some instances, the modification at the 2° hydroxyl group is a 2’-O-aminopropyl
modification in which an extended amine group comprising a propyl linker binds the amine group
to the 2° oxygen. In some instances, this modification neutralizes the phosphate derived overall
negative charge of the oligonucleotide molecule by introducing one positive charge from the amine
group per sugar and thereby improves cellular uptake properties due to its zwitterionic properties.
An exemplary chemical structure of a 2’-O-aminopropyl nucleoside phosphoramidite is illustrated

below.
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2’-O-aminopropyl nucleoside phosphoramidite

[0058] In some instances, the modification at the 2° hydroxyl group is a locked or bridged ribose
modification (e.g., locked nucleic acid or LNA) in which the oxygen molecule bound at the 2’
carbon is linked to the 4’ carbon by a methylene group, thus forming a 2'-C,4'-C-oxy-methylene-
linked bicyclic ribonucleotide monomer. Exemplary representations of the chemical structure of
LNA are illustrated below. The representation shown to the left highlights the chemical
connectivities of an LNA monomer. The representation shown to the right highlights the locked 3'-

endo (E) conformation of the furanose ring of an LNA monomer.

:

LNA (Locked Nucleic Acids)

[0059] In some instances, the modification at the 2° hydroxyl group comprises ethylene nucleic
acids (ENA) such as for example 2°-4’-ethylene-bridged nucleic acid, which locks the sugar

conformation into a C;’-endo sugar puckering conformation. ENA are part of the bridged nucleic
acids class of modified nucleic acids that also comprises LNA. Exemplary chemical structures of

the ENA and bridged nucleic acids are illustrated below.
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[0060] In some embodiments, additional modifications at the 2° hydroxyl group include 2'-deoxy,
T-deoxy-2'-fluoro, 2'-O-aminopropyl (2'-O-AP), 2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-
dimethylaminopropyl (2'-O-DMAP), T-O- dimethylaminoethyloxyethyl (2'-O-DMAEOQOE), or 2'-O-
N-methylacetamido (2'-O-NMA).

[0061] In some embodiments, nucleotide analogues comprise modified bases such as, but not
limited to, S-propynyluridine, 5-propynylcytidine, 6- methyladenine, 6-methylguanine, N, N, -
dimethyladenine, 2-propyladenine, 2-propylguanine, 2-aminoadenine, 1-methylinosine, 3-
methyluridine, 5-methylcytidine, S-methyluridine and other nucleotides having a modification at
the 5 position, 5- (2- amino) propyl uridine, 5-halocytidine, S-halouridine, 4-acetylcytidine, 1-
methyladenosine, 2-methyladenosine, 3-methylcytidine, 6-methyluridine, 2- methylguanosine, 7-
methylguanosine, 2, 2-dimethylguanosine, 5- methylaminoethyluridine, S-methyloxyuridine,
deazanucleotides (such as 7-deaza- adenosine, 6-azouridine, 6-azocytidine, or 6-azothymidine), 5-
methyl-2-thiouridine, other thio bases (such as 2-thiouridine and 4-thiouridine and 2-thiocytidine),
dihydrouridine, pseudouridine, queuosine, archaeosine, naphthyl and substituted naphthyl groups,
any O-and N-alkylated purines and pyrimidines (such as N6-methyladenosine, 5-
methylcarbonylmethyluridine, uridine 5-oxyacetic acid, pyridine-4-one, or pyridine-2-one), phenyl
and modified phenyl groups such as aminophenol or 2,4, 6-trimethoxy benzene, modified cytosines
that act as G-clamp nucleotides, 8-substituted adenines and guanines, 5-substituted uracils and
thymines, azapyrimidines, carboxyhydroxyalkyl nucleotides, carboxyalkylaminoalkyi nucleotides,
and alkylcarbonylalkylated nucleotides. Modified nucleotides also include those nucleotides that
are modified with respect to the sugar moiety, as well as nucleotides having sugars or analogs
thereof that are not ribosyl. For example, the sugar moieties, in some cases are, or are based on,
mannoses, arabinoses, glucopyranoses, galactopyranoses, 4'-thioribose, and other sugars,
heterocycles, or carbocycles. The term nucleotide also includes what are known in the art as
universal bases. By way of example, universal bases include but are not limited to 3-nitropyrrole,
S-nitroindole, or nebularine.

[0062] In some embodiments, nucleotide analogues further comprise morpholinos, peptide

nucleic acids (PNAs), methylphosphonate nucleotides, thiolphosphonate nucleotides, 2’-fluoro N3-
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P5’-phosphoramidites, 1°, 5°- anhydrohexitol nucleic acids (HNAs), or a combination thereof.
Morpholino or phosphorodiamidate morpholino oligo (PMO) comprises synthetic molecules whose
structure mimics natural nucleic acid structure but deviates from the normal sugar and phosphate
structures. In some instances, the five member ribose ring is substituted with a six member
morpholino ring containing four carbons, one nitrogen and one oxygen. In some cases, the ribose
monomers are linked by a phosphordiamidate group instead of a phosphate group. In such cases,
the backbone alterations remove all positive and negative charges making morpholinos neutral
molecules capable of crossing cellular membranes without the aid of cellular delivery agents such

as those used by charged oligonucleotides.

B Somns .
¥ : H v e
e RN
")ﬁ o Hase

teteit”

Morpholine

[0063] In some embodiments, peptide nucleic acid (PNA) does not contain sugar ring or
phosphate linkage and the bases are attached and appropriately spaced by oligoglycine-like
molecules, therefore, eliminating a backbone charge.
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[0064] In some embodiments, one or more modifications optionally occur at the internucleotide
linkage. In some instances, modified internucleotide linkage includes, but is not limited to,
phosphorothioates; phosphorodithioates; methylphosphonates; 5'- alkylenephosphonates; 5'-
methylphosphonate; 3'-alkylene phosphonates; borontrifluoridates; borano phosphate esters and
selenophosphates of 3'-5'linkage or 2'-5'linkage; phosphotriesters; thionoalkylphosphotriesters;
hydrogen phosphonate linkages; alkyl phosphonates; alkylphosphonothioates;

arylphosphonothioates; phosphoroselenoates; phosphorodiselenoates; phosphinates;
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phosphoramidates; 3'- alkylphosphoramidates; aminoalkylphosphoramidates;
thionophosphoramidates; phosphoropiperazidates; phosphoroanilothioates; phosphoroanilidates;
ketones; sulfones; sulfonamides; carbonates; carbamates; methylenehydrazos;
methylenedimethylhydrazos; formacetals; thioformacetals; oximes; methyleneiminos;
methylenemethyliminos; thioamidates; linkages with riboacetyl groups; aminoethyl glycine; silyl or
siloxane linkages; alkyl or cycloalkyl linkages with or without heteroatoms of, for example, 1 to 10
carbons that are saturated or unsaturated and/or substituted and/or contain heteroatoms; linkages
with morpholino structures, amides, or polyamides wherein the bases are attached to the aza
nitrogens of the backbone directly or indirectly; and combinations thereof.

[0065] In some instances, the modification is a methyl or thiol modification such as
methylphosphonate or thiolphosphonate modification. Exemplary thiolphosphonate nucleotide
(left) and methylphosphonate nucleotide (right) are illustrated below.

0 Base
"

[0066] In some instances, a modified nucleotide includes, but is not limited to, 2’-fluoro N3-P5’-

phosphoramidites illustrated as:

‘cm%wﬁ“
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[0067] In some instances, a modified nucleotide includes, but is not limited to, hexitol nucleic

acid (or 1’, 5’- anhydrohexitol nucleic acids (HNA)) illustrated as:
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[0068] In some embodiments, one or more modifications further optionally include modifications
of the ribose moiety, phosphate backbone and the nucleoside, or modifications of the nucleotide
analogues at the 3’ or the 5° terminus. For example, the 3’ terminus optionally includes a 3’
cationic group, or by inverting the nucleoside at the 3 -terminus with a 3°-37 linkage. In another
alternative, the 3 ~-terminus is optionally conpugated with an aminoalkyl group, e.g, a3’ C5-
aminoalkyl dT. In an additional alternative, the 3" -terminus is optionally conjugated with an abasic
site, e.g., with an apurinic or apyrimidinuc site. To some jnstances, the 5 -terninus 15 conjugated
with an aminoalkyl group, e.g., 8 5’-O-alkvlamine substituent. In some cases, the 5" -terminus is
conjugated with an abasic site, e.g., with an apurinic or apyrinudinic site.
[0069] In some embodiments, a polynucleic acid molecule comprises one or more artificial
nucleotide analogues described herein. In some instances, the polynucleic acid molecule comprises
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 25, or more artificial nucleotide
analogues described herein. In some embodiments, the artificial nucleotide analogues include 2’-
O-methyl, 2’-O-methoxyethyl (2’-O-MOE), 2’-O-aminopropyl, 2'-deoxy, T-deoxy-2'-fluoro, 2'-O-
aminopropyl (2'-O-AP), 2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-dimethylaminopropyl (2'-
O-DMAP), T-O- dimethylaminoethyloxyethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-
O-NMA) modified, LNA, ENA, PNA, HNA, morpholino, methylphosphonate nucleotides,
thiolphosphonate nucleotides, 2’-fluoro N3-P5’-phosphoramidites, or a combination thereof. In
some instances, the polynucleic acid molecule comprises 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 20, 25, or more of the artificial nucleotide analogues selected from 2°-O-methyl, 2’-
O-methoxyethyl (2’-O-MOE), 2’-O-aminopropyl, 2'-deoxy, T-deoxy-2'-fluoro, 2'-O-aminopropyl
(2'-O-AP), 2'-O-dimethylaminoethyl (2'-O-DMAOQE), 2'-O-dimethylaminopropyl (2'-O-DMAP), T-
O- dimethylaminoethyloxyethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-O-NMA)
modified, LNA, ENA, PNA, HNA, morpholino, methylphosphonate nucleotides, thiolphosphonate
nucleotides, 2’-fluoro N3-P5’-phosphoramidites, or a combination thereof. In some instances, the
polynucleic acid molecule comprises 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20,
25, or more of 2’-O-methyl modified nucleotides. In some instances, the polynucleic acid molecule
comprises 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 25, or more of 2’-O-

methoxyethyl (2’-O-MOE) modified nucleotides. In some instances, the polynucleic acid molecule
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comprises 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 25, or more of
thiolphosphonate nucleotides.

[0070] In some instances, a polynucleic acid molecule comprises at least one of: from about 5%
to about 100% modification, from about 10% to about 100% modification, from about 20% to
about 100% modification, from about 30% to about 100% modification, from about 40% to about
100% modification, from about 50% to about 100% modification, from about 60% to about 100%
modification, from about 70% to about 100% modification, from about 80% to about 100%
modification, and from about 90% to about 100% modification. In some instances, the polynucleic
acid molecule is a polynucleic acid molecule of SEQ ID NOs: 1-12.

[0071] In some cases, a polynucleic acid molecule comprises at least one of: from about 10% to
about 90% modification, from about 20% to about 90% modification, from about 30% to about
90% modification, from about 40% to about 90% modification, from about 50% to about 90%
modification, from about 60% to about 90% modification, from about 70% to about 90%
modification, and from about 80% to about 100% modification. In some instances, the polynucleic
acid molecule is a polynucleic acid molecule of SEQ ID NOs: 1-12.

[0072] In some cases, a polynucleic acid molecule comprises at least one of: from about 10% to
about 80% modification, from about 20% to about 80% modification, from about 30% to about
80% modification, from about 40% to about 80% modification, from about 50% to about 80%
modification, from about 60% to about 80% modification, and from about 70% to about 80%
modification. In some instances, the polynucleic acid molecule is a polynucleic acid molecule of
SEQ ID NOs: 1-12.

[0073] In some instances, a polynucleic acid molecule comprises at least one of: from about 10%
to about 70% modification, from about 20% to about 70% modification, from about 30% to about
70% modification, from about 40% to about 70% modification, from about 50% to about 70%
modification, and from about 60% to about 70% modification. In some instances, the polynucleic
acid molecule is a polynucleic acid molecule of SEQ ID NOs: 1-12.

[0074] In some instances, a polynucleic acid molecule comprises at least one of: from about 10%
to about 60% modification, from about 20% to about 60% modification, from about 30% to about
60% modification, from about 40% to about 60% modification, and from about 50% to about 60%
modification. In some instances, the polynucleic acid molecule is a polynucleic acid molecule of
SEQ ID NOs: 1-12.

[0075] In some cases, a polynucleic acid molecule comprises at least one of: from about 10% to

about 50% modification, from about 20% to about 50% modification, from about 30% to about
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50% modification, and from about 40% to about 50% modification. In some instances, the
polynucleic acid molecule is a polynucleic acid molecule of SEQ ID NOs: 1-12.

[0076] In some cases, a polynucleic acid molecule comprises at least one of: from about 10% to
about 40% modification, from about 20% to about 40% modification, and from about 30% to about
40% modification. In some instances, the polynucleic acid molecule is a polynucleic acid molecule
of SEQ ID NOs: 1-12.

[0077] In some cases, a polynucleic acid molecule comprises at least one of: from about 10% to
about 30% modification, and from about 20% to about 30% modification. In some instances, the
polynucleic acid molecule is a polynucleic acid molecule of SEQ ID NOs: 1-12.

[0078] In some cases, a polynucleic acid molecule comprises from about 10% to about 20%
modification. In some instances, the polynucleic acid molecule is a polynucleic acid molecule of
SEQ ID NOs: 1-12.

[0079] In some cases, a polynucleic acid molecule comprises from about 15% to about 90%,
from about 20% to about 80%, from about 30% to about 70%, or from about 40% to about 60%
modifications. In some instances, the polynucleic acid molecule is a polynucleic acid molecule of
SEQ ID NOs: 1-12.

[0080] In additional cases, a polynucleic acid molecule comprises at least about 15%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, or 99% modification. In some instances, the polynucleic
acid molecule is a polynucleic acid molecule of SEQ ID NOs: 1-12.

[0081] In some embodiments, a polynucleic acid molecule comprises at least about 1, about 2,
about 3, about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13,
about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22, or more
modifications. In some instances, the polynucleic acid molecule is a polynucleic acid molecule of
SEQ ID NOs: 1-12.

[0082] In some instances, a polynucleic acid molecule comprises at least about 1, about 2, about
3, about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about
14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22 or more
modified nucleotides. In some instances, the polynucleic acid molecule is a polynucleic acid
molecule of SEQ ID NOs: 1-12.

[0083] In some instances, about 5 to about 100% of a polynucleic acid molecule comprise an
artificial nucleotide analogue described herein. In some instances, about 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% of
a polynucleic acid molecule comprise an artificial nucleotide analogue described herein. In some

instances, about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
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75%, 80%, 85%, 90%, 95%, or 100% of a polynucleic acid molecule of SEQ ID NOs: 1-12
comprise an artificial nucleotide analogue described herein. In some instances, about 5% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 10% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 15% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 20% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 25% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 30% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 35% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 40% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 45% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 50% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 55% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 60% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 65% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 70% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 75% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 80% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 85% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 90% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 95% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 96% of a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprise an artificial nucleotide analogue described herein. In some instances, about 97% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue

described herein. In some instances, about 98% of a polynucleic acid molecule of SEQ ID NOs: 1-
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12 comprise an artificial nucleotide analogue described herein. In some instances, about 99% of a
polynucleic acid molecule of SEQ ID NOs: 1-12 comprise an artificial nucleotide analogue
described herein. In some instances, about 100% of a polynucleic acid molecule of SEQ ID NOs:
1-12 comprise an artificial nucleotide analogue described herein. In some embodiments, the
artificial nucleotide analogue comprises 2’-O-methyl, 2’-O-methoxyethyl (2’-O-MOE), 2°-O-
aminopropyl, 2'-deoxy, T-deoxy-2'-fluoro, 2'-O-aminopropyl (2'-O-AP), 2'-O-dimethylaminoethyl
(2'-O-DMAOE), 2'-O-dimethylaminopropyl (2'-O-DMAP), T-O- dimethylaminoethyloxyethyl (2'-
O-DMAEOQE), or 2'-O-N-methylacetamido (2'-O-NMA) modified, LNA, ENA, PNA, HNA,
morpholino, methylphosphonate nucleotides, thiolphosphonate nucleotides, 2’-fluoro N3-P5’-
phosphoramidites, or a combination thereof.

[0084] In some embodiments, a polynucleic acid molecule comprises from about 1 to about 25
modifications in which the modification comprises an artificial nucleotide analogue described
herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-12 comprises from
about 1 to about 25 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 1 modification in which the modification comprises an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 2 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 3 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 4 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 5 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 6 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 7 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 8 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 9 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-

12 comprises about 10 modifications in which the modifications comprise an artificial nucleotide
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analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 11 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 12 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 13 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 14 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 15 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 16 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 17 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 18 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 19 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 20 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 21 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 22 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 23 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 24 modifications in which the modifications comprise an artificial nucleotide
analogue described herein. In some embodiments, a polynucleic acid molecule of SEQ ID NOs: 1-
12 comprises about 25 modifications in which the modifications comprise an artificial nucleotide
analogue described herein.

[0085] In some instances, a polynucleic acid molecule that comprises an artificial nucleotide

analogue comprises SEQ ID NOs: 1-12.
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[0086] In some embodiments, a polynucleic acid molecule is assembled from two separate
polynucleotides wherein one polynucleotide comprises the sense strand and the second
polynucleotide comprises the antisense strand of the polynucleic acid molecule. In other
embodiments, the sense strand is connected to the antisense strand via a linker molecule, which in
some instances is a polynucleotide linker or a non-nucleotide linker.

[0087] In some embodiments, a polynucleic acid molecule comprises a sense strand and antisense
strand, wherein pyrimidine nucleotides in the sense strand comprise 2'-O-methylpyrimidine
nucleotides and purine nucleotides in the sense strand comprise 2'-deoxy purine nucleotides. In
some embodiments, a polynucleic acid molecule comprises a sense strand and antisense strand,
wherein pyrimidine nucleotides present in the sense strand comprise 2'-deoxy-2'-fluoro pyrimidine
nucleotides and wherein purine nucleotides present in the sense strand comprise 2'-deoxy purine
nucleotides.

[0088] In some embodiments, a polynucleic acid molecule comprises a sense strand and antisense
strand, wherein the pyrimidine nucleotides when present in said antisense strand are 2'-deoxy-2'-
fluoro pyrimidine nucleotides and the purine nucleotides when present in said antisense strand are
2'-O-methyl purine nucleotides.

[0089] In some embodiments, a polynucleic acid molecule comprises a sense strand and antisense
strand, wherein the pyrimidine nucleotides when present in said antisense strand are 2'-deoxy-2'-
fluoro pyrimidine nucleotides and wherein the purine nucleotides when present in said antisense
strand comprise 2'-deoxy-purine nucleotides.

[0090] In some embodiments, a polynucleic acid molecule comprises a sense strand and antisense
strand, wherein the sense strand includes a terminal cap moiety at the 5'-end, the 3'-end, or both of
the 5" and 3" ends of the sense strand. In other embodiments, the terminal cap moiety is an inverted
deoxy abasic moiety.

[0091] In some embodiments, a polynucleic acid molecule comprises a sense strand and an
antisense strand, wherein the antisense strand comprises a phosphate backbone modification at the
3" end of the antisense strand. In some instances, the phosphate backbone modification is a
phosphorothioate.

[0092] In some embodiments, a polynucleic acid molecule comprises a sense strand and an
antisense strand, wherein the antisense strand comprises a glyceryl modification at the 3’ end of the
antisense strand.

[0093] In some embodiments, a polynucleic acid molecule comprises a sense strand and an
antisense strand, in which the sense strand comprises one or more, for example, about 1, 2, 3, 4, 5,

6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more phosphorothioate internucleotide
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linkages, and/or one or more (e.g., about 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy, 2'-O-methyl,
2'-deoxy-2'-fluoro, and/or about one or more (e.g., about 1, 2, 3,4, 5,6, 7, 8,9, 10 or more)
universal base modified nucleotides, and optionally a terminal cap molecule at the 3'-end, the 5'-
end, or both of the 3'- and 5'-ends of the sense strand; and in which the antisense strand comprises
about 1 to about 10 or more, specifically about 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or more phosphorothioate internucleotide linkages, and/or one or more (e.g., about 1, 2,
3,4,5,6,7,8,9, 10 or more) 2'-deoxy, 2'-O-methyl, 2'-deoxy-2'-fluoro, and/or one or more (e.g.,
about 1,2, 3,4, 5,6, 7, 8,9, 10 or more) universal base modified nucleotides, and optionally a
terminal cap molecule at the 3'-end, the 5'-end, or both of the 3'- and 5'-ends of the antisense strand.
In other embodiments, one or more, for example about 1, 2, 3, 4,5, 6, 7, 8,9, 10, or more,
pyrimidine nucleotides of the sense and/or antisense strand are chemically-modified with 2'-deoxy,
2'-O-methyl and/or 2'-deoxy-2'-fluoro nucleotides, with or without one or more, for example about
1,2,3,4,5,6,7, 8,9, 10, or more, phosphorothioate internucleotide linkages and/or a terminal cap
molecule at the 3’-end, the 5'-end, or both of the 3'- and 5'-ends, being present in the same or
different strand.

[0094] In some embodiments, a polynucleic acid molecule comprises a sense strand and an
antisense strand, in which the sense strand comprises about 1 to about 25, for example, about 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more phosphorothioate
internucleotide linkages, and/or one or more (e.g., about 1, 2, 3,4, 5, 6,7, 8,9, 10, or more) 2'-
deoxy, 2'-O-methyl, 2'-deoxy-2'-fluoro, and/or one or more (e.g., about 1, 2,3, 4,5, 6,7, 8,9, 10,
or more) universal base modified nucleotides, and optionally a terminal cap molecule at the 3-end,
the 5'-end, or both of the 3'- and 5'-ends of the sense strand; and in which the antisense strand
comprises about 1 to about 25 or more, for example about 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, or more phosphorothioate internucleotide linkages, and/or one or more (e.g.,
about 1,2, 3,4, 5,6, 7, 8,9, 10 or more) 2'-deoxy, 2'-O-methyl, 2’-deoxy-2'-fluoro, and/or one or
more (e.g., about 1,2, 3,4, 5,6,7, 8,9, 10 or more) universal base modified nucleotides, and
optionally a terminal cap molecule at the 3'-end, the 5'-end, or both of the 3'- and 5'-ends of the
antisense strand. In other embodiments, one or more, for example about 1,2, 3,4, 5,6, 7,8, 9, 10,
or more, pyrimidine nucleotides of the sense and/or antisense strand are chemically-modified with
2'-deoxy, 2'-O-methyl and/or 2'-deoxy-2'-fluoro nucleotides, with or without about 1 to about 25 or
more, for example about 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more
phosphorothioate internucleotide linkages and/or a terminal cap molecule at the 3'-end, the 5'-end,

or both of the 3'- and 5'-ends, being present in the same or different strand.
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[0095] In some embodiments, a polynucleic acid molecule comprises a sense strand and an
antisense strand, in which the antisense strand comprises one or more, for example, about 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more phosphorothioate internucleotide
linkages, and/or about one or more (e.g., about 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy, 2'-O-
methyl, 2'-deoxy-2'-fluoro, and/or one or more (e.g., about 1, 2, 3,4, 5, 6,7, 8,9, 10 or more)
universal base modified nucleotides, and optionally a terminal cap molecule at the 3'-end, the 5'-
end, or both of the 3'- and 5'-ends of the sense strand; and wherein the antisense strand comprises
about 1 to about 10 or more, specifically about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more phosphorothioate
internucleotide linkages, and/or one or more (e.g., about 1, 2, 3,4, 5,6, 7, 8,9, 10 or more) 2'-
deoxy, 2'-O-methyl, 2'-deoxy-2'-fluoro, and/or one or more (e.g., about 1,2, 3,4,5,6,7,8,9, 10 or
more) universal base modified nucleotides, and optionally a terminal cap molecule at the 3'-end, the
5'-end, or both of the 3'- and 5'-ends of the antisense strand. In other embodiments, one or more,
for example about 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more
pyrimidine nucleotides of the sense and/or antisense strand are chemically-modified with 2'-deoxy,
2'-O-methyl and/or 2'-deoxy-2'-fluoro nucleotides, with or without one or more, for example, about
1,2,3,4,5,6,7, 8,9, 10 or more phosphorothioate internucleotide linkages and/or a terminal cap
molecule at the 3’-end, the 5'-end, or both of the 3’ and 5'-ends, being present in the same or
different strand.

[0096] In some embodiments, a polynucleic acid molecule comprises a sense strand and an
antisense strand, in which the antisense strand comprises about 1 to about 25 or more, for example,
about 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more phosphorothioate
internucleotide linkages, and/or one or more (e.g., about 1, 2, 3,4, 5,6, 7, 8,9, 10 or more) 2'-
deoxy, 2'-O-methyl, 2'-deoxy-2'-fluoro, and/or one or more (e.g., about 1,2, 3,4,5,6,7,8,9, 10 or
more) universal base modified nucleotides, and optionally a terminal cap molecule at the 3'-end, the
5'-end, or both of the 3'- and 5’-ends of the sense strand; and wherein the antisense strand
comprises about 1 to about 25 or more, for example about 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, or more phosphorothioate internucleotide linkages, and/or one or more (e.g.,
about 1,2, 3,4, 5,6, 7, 8,9, 10 or more) 2'-deoxy, 2'-O-methyl, 2’-deoxy-2'-fluoro, and/or one or
more (e.g., about 1,2, 3,4, 5,6,7, 8,9, 10 or more) universal base modified nucleotides, and
optionally a terminal cap molecule at the 3'-end, the 5'-end, or both of the 3'- and 5'-ends of the
antisense strand. In other embodiments, one or more, for example about 1,2, 3,4, 5,6,7, 8,9, 10
or more pyrimidine nucleotides of the sense and/or antisense strand are chemically-modified with
2'-deoxy, 2'-O-methyl and/or 2'-deoxy-2'-fluoro nucleotides, with or without about 1 to about 5, for

example about 1, 2, 3, 4, 5 or more phosphorothioate internucleotide linkages and/or a terminal cap
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molecule at the 3’-end, the 5'-end, or both of the 3'- and 5'-ends, being present in the same or
different strand.

[0097] In some embodiments, a polynucleic acid molecule described herein is a chemically-
modified short interfering nucleic acid molecule having about 1 to about 25, for example, about 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more phosphorothioate
internucleotide linkages in each strand of the polynucleic acid molecule.

[0098] In another embodiment, a polynucleic acid molecule described herein comprises 2'-5'
internucleotide linkages. In some instances, the 2'-5" internucleotide linkage(s) is at the 3'-end, the
5'-end, or both of the 3'- and 5'-ends of one or both sequence strands. In additional instances, the
2'-5" internucleotide linkage(s) is present at various other positions within one or both sequence
strands, for example, about 1, 2, 3,4, 5, 6, 7, 8, 9, 10, or more including every internucleotide
linkage of a pyrimidine nucleotide in one or both strands of the polynucleic acid molecule comprise
a 2'-5' internucleotide linkage, or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more including every
internucleotide linkage of a purine nucleotide in one or both strands of the polynucleic acid
molecule comprise a 2'-5' internucleotide linkage.

[0099] In some embodiments, a polynucleic acid molecule is a single stranded polynucleic acid
molecule that mediates RNAI activity in a cell or reconstituted in vitro system, wherein the
polynucleic acid molecule cormprises a single stranded polynucleotide having complernentarity to a
target nucleic acid sequence, and wherein one or more pyrimidine nuclectides present in the
polynucleic acid are 2'-deoxy-2'-tluore pyrimidine nucleotides (e.¢., wherein all pyrimidine
nucleotides are 2'-deoxy-2'-fluoro pyrimidine nuclectides or alternately a plurality of pyrimidine
rucleotides are 2'-deoxy-2'-tluoro pyrimidine nucleotides), and wherein one or more purine
nucleotides present in the polynucleic acid are 2'-deoxy purine nucleotides (e.g., wherein all puring
nucleotides are 2'-deoxy purine nucleotides or alternately a plurality of purine nucleotides are 2'-
deoxy purine nucleotides), and a terminal cap modification, that is optionally preseunt at the 3'-end,
the 5'-end, or both of the 3" and 5'-ends of the antisense sequence, the polynucleic acid molecule
optionally further comprising about 1 to about 4 {e.g., about 1, 2, 3, or 4} terminal 2'-
deoxynuclectides at the 3'-end of the polynucleic acid molecule, wherein the terminal nucleotides
further corprise one or more {e.g., 1, 2, 3, or 4) phosphorothioate internucleotide hinkages, and
wherein the polynucleic acid molecule optionally further comprises a terminal phosphate group,
such as a S'-termunal phosphate group.

[0100] In some cases, one or more artificial nucleotide analogues described herein are resistant
toward nucleases such as for example ribonuclease such as RNase H, deoxyribunuclease such as

DNase, or exonuclease such as 5’-3” exonuclease and 3’-5" exonuclease when compared to natural
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polynucleic acid molecules. In some instances, artificial nucleotide analogues comprising 2’-O-
methyl, 2’-O-methoxyethyl (2’-O-MOE), 2’-O-aminopropyl, 2'-deoxy, T-deoxy-2'-fluoro, 2'-O-
aminopropyl (2'-O-AP), 2'-O-dimethylaminoethyl (2'-O-DMAQOE), 2'-O-dimethylaminopropyl (2'-
O-DMAP), T-O- dimethylaminoethyloxyethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-
O-NMA) modified, LNA, ENA, PNA, HNA, morpholino, methylphosphonate nucleotides,
thiolphosphonate nucleotides, 2’-fluoro N3-P5’-phosphoramidites, or combinations thereof are
resistant toward nucleases such as for example ribonuclease such as RNase H, deoxyribunuclease
such as DNase, or exonuclease such as 5°-3’ exonuclease and 3°-5’ exonuclease. In some
instances, 2’-O-methyl modified polynucleic acid molecule is nuclease resistant (e.g., RNase H,
DNase, 5’-3” exonuclease or 3’-5’ exonuclease resistant). In some instances, 2’O-methoxyethyl (2’-
O-MOE) modified polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase, 5’-3’
exonuclease or 3’-5’ exonuclease resistant). In some instances, 2’-O-aminopropyl modified
polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase, 5°-3” exonuclease or 3°-5’
exonuclease resistant). In some instances, 2'-deoxy modified polynucleic acid molecule is nuclease
resistant (e.g., RNase H, DNase, 5’-3” exonuclease or 3’-5’ exonuclease resistant). In some
instances, T-deoxy-2'-fluoro modified polynucleic acid molecule is nuclease resistant (e.g., RNase
H, DNase, 5’-3” exonuclease or 3’-5" exonuclease resistant). In some instances, 2'-O-aminopropyl
(2'-O-AP) modified polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase, 5°-3’
exonuclease or 3°-5’ exonuclease resistant). In some instances, 2'-O-dimethylaminoethyl (2'-O-
DMAOE) modified polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase, 5°-3’
exonuclease or 3°-5’ exonuclease resistant). In some instances, 2'-O-dimethylaminopropyl (2'-O-
DMAP) modified polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase, 5’-3°
exonuclease or 3’-5’ exonuclease resistant). In some instances, T-O- dimethylaminoethyloxyethyl
(2'-O-DMAEOE) modified polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase,
5°-3” exonuclease or 3’-5" exonuclease resistant). In some instances, 2'-O-N-methylacetamido (2'-
0O-NMA) modified polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase, 5’-3’
exonuclease or 3’-5’ exonuclease resistant). In some instances, LNA modified polynucleic acid
molecule is nuclease resistant (e.g., RNase H, DNase, 5°-3” exonuclease or 3’-5 exonuclease
resistant). In some instances, ENA modified polynucleic acid molecule is nuclease resistant (e.g.,
RNase H, DNase, 5’-3” exonuclease or 3’-5” exonuclease resistant). In some instances, HNA
modified polynucleic acid molecule is nuclease resistant (e.g., RNase H, DNase, 5’-3” exonuclease
or 3’-5” exonuclease resistant). In some instances, morpholinos are nuclease resistant (e.g., RNase
H, DNase, 5’-3” exonuclease or 3’-5" exonuclease resistant). In some instances, PNA modified

polynucleic acid molecule is resistant to nucleases (e.g., RNase H, DNase, 5’-3° exonuclease or 3’-
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5” exonuclease resistant). In some instances, methylphosphonate nucleotides modified polynucleic
acid molecule is nuclease resistant (e.g., RNase H, DNase, 5’-3” exonuclease or 3’-5’ exonuclease
resistant). In some instances, thiolphosphonate nucleotides modified polynucleic acid molecule is
nuclease resistant (e.g., RNase H, DNase, 5’-3” exonuclease or 3’-5’ exonuclease resistant). In
some instances, polynucleic acid molecule comprising 2’-fluoro N3-P5’-phosphoramidites is
nuclease resistant (e.g., RNase H, DNase, 5’-3” exonuclease or 3’-5’ exonuclease resistant). In
some instances, the 57 conjugates described herein inhibit 57-3 exonucleoclytic cleavage. In some
instances, the 3° conjugates described herein inhibit 3°-57 exonucleolytic cleavage.

[0101] In some embodiments, one or more artificial nucleotide analogues described herein have
increased binding affinity toward their mRINA target relative to an equivalent natural polynucleic
acid molecule. The one or more of the artificial nucleotide analogues comprising 2’ -O-methyl, 2’-
O-methoxyethyl (2’-O-MOE), 2’-O-aminopropyl, 2'-deoxy, T-deoxy-2'-fluoro, 2'-O-aminopropyl
(2'-0-AP), 2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-dimethylaminopropyl (2'-O-DMAP), T-
O- dimethylaminoethyloxyethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-O-NMA)
modified, LNA, ENA, PNA, HNA, morpholino, methylphosphonate nucleotides, thiolphosphonate
nucleotides, or 2’-fluoro N3-P5’-phosphoramidites have increased binding affinity toward their
mRNA target relative to an equivalent natural polynucleic acid molecule. In some instances, 2°-O-
methyl modified polynucleic acid molecule has increased binding affinity toward their mRNA
target relative to an equivalent natural polynucleic acid molecule. In some instances, 2°-O-
methoxyethyl (2’-O-MOE)-modified polynucleic acid molecule has increased binding affinity
toward their mRINA target relative to an equivalent natural polynucleic acid molecule. In some
instances, 2’-O-aminopropyl modified polynucleic acid molecule has increased binding affinity
toward their mRINA target relative to an equivalent natural polynucleic acid molecule. In some
instances, 2'-deoxy modified polynucleic acid molecule has increased binding affinity toward their
mRNA target relative to an equivalent natural polynucleic acid molecule. In some instances, T-
deoxy-2'-fluoro modified polynucleic acid molecule has increased binding affinity toward their
mRNA target relative to an equivalent natural polynucleic acid molecule. In some instances, 2'-O-
aminopropyl (2'-O-AP)-modified polynucleic acid molecule has increased binding affinity toward
their mRNA target relative to an equivalent natural polynucleic acid molecule. In some instances,
2'-O-dimethylaminoethyl (2'-O-DMAOE)-modified polynucleic acid molecule has increased
binding affinity toward their mRNA target relative to an equivalent natural polynucleic acid
molecule. In some instances, 2'-O-dimethylaminopropyl (2'-O-DMAP)-modified polynucleic acid
molecule has increased binding affinity toward their mRNA target relative to an equivalent natural

polynucleic acid molecule. In some instances, T-O- dimethylaminoethyloxyethyl (2'-O-
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DMAEOE)-modified polynucleic acid molecule has increased binding affinity toward their mRNA
target relative to an equivalent natural polynucleic acid molecule. In some instances, 2'-O-N-
methylacetamido (2'-O-NMA)-modified polynucleic acid molecule has increased binding affinity
toward their mRINA target relative to an equivalent natural polynucleic acid molecule. In some
instances, LNA-modified polynucleic acid molecule has increased binding affinity toward their
mRNA target relative to an equivalent natural polynucleic acid molecule. In some instances, ENA-
modified polynucleic acid molecule has increased binding affinity toward their mRNA target
relative to an equivalent natural polynucleic acid molecule. In some instances, PNA-modified
polynucleic acid molecule has increased binding affinity toward their mRNA target relative to an
equivalent natural polynucleic acid molecule. In some instances, HNA-modified polynucleic acid
molecule has increased binding affinity toward their mRNA target relative to an equivalent natural
polynucleic acid molecule. In some instances, morpholino-modified polynucleic acid molecule has
increased binding affinity toward their mRNA target relative to an equivalent natural polynucleic
acid molecule. In some instances, methylphosphonate nucleotide-modified polynucleic acid
molecule has increased binding affinity toward their mRNA target relative to an equivalent natural
polynucleic acid molecule. In some instances, thiolphosphonate nucleotide-modified polynucleic
acid molecule has increased binding affinity toward their mRINA target relative to an equivalent
natural polynucleic acid molecule. In some instances, polynucleic acid molecule comprising 2’-
fluoro N3-P5’-phosphoramidites has increased binding affinity toward their mRNA target relative
to an equivalent natural polynucleic acid molecule. In some cases, the increased affinity is
illustrated with a lower Kd, a higher melt temperature (Tm), or a combination thereof.

[0102] In some embodiments, a polynucleic acid molecule described herein is a chirally pure (or
stereo pure) polynucleic acid molecule, or a polynucleic acid molecule comprising a single
enantiomer. In some instances, the polynucleic acid molecule comprises L-nucleotide. In some
instances, the polynucleic acid molecule comprises D-nucleotides. In some instance, a polynucleic
acid molecule composition comprises less than 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1%,
or less of its mirror enantiomer. In some cases, a polynucleic acid molecule composition comprises
less than 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1%, or less of a racemic mixture. In some
instances, the polynucleic acid molecule is a polynucleic acid molecule described in: U.S. Patent
Publication Nos: 2014/194610 and 2015/211006; and PCT Publication No.: W0O2015107425.
[0103] In some embodiments, a polynucleic acid molecule described herein is further modified to
include an aptamer-conjugating moiety. In some instances, the aptamer conjugating moiety is a
DNA aptamer-conjugating moiety. In some instances, the aptamer conjugating moiety is Alphamer

(Centauri Therapeutics), which comprises an aptamer portion that recognizes a specific cell-surface
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target and a portion that presents a specific epitopes for attaching to circulating antibodies. In some
instance, a polynucleic acid molecule described herein is further modified to include an aptamer
conjugating moiety as described in: U.S. Patent Nos: 8,604,184, 8,591,910, and 7,850,975.

[0104] In additional embodiments, a polynucleic acid molecule described herein is modified to
increase its stability. In some embodiments, the polynucleic acid molecule is RNA (e.g., siRNA),
and the polynucleic acid molecule is modified to increase its stability. In some instances, the
polynucleic acid molecule is modified by one or more of the modifications described above to
increase its stability. In some cases, the polynucleic acid molecule is modified at the 2° hydroxyl
position, such as by 2°-O-methyl, 2’-O-methoxyethyl (2°-O-MOE), 2’-O-aminopropyl, 2'-deoxy, T-
deoxy-2'-fluoro, 2'-O-aminopropyl (2'-0-AP), 2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-
dimethylaminopropyl (2'-O-DMAP), T-O- dimethylaminoethyloxyethyl (2'-O-DMAEOQOE), or 2'-O-
N-methylacetamido (2'-O-NMA) modification or by a locked or bridged ribose conformation (e.g.,
LNA or ENA). In some cases, the polynucleic acid molecule is modified by 2’-O-methyl and/or 2’-
O-methoxyethyl ribose. In some cases, the polynucleic acid molecule also includes morpholinos,
PNAs, HNA, methylphosphonate nucleotides, thiolphosphonate nucleotides, and/or 2’-fluoro N3-
P5’-phosphoramidites to increase its stability. In some instances, the polynucleic acid molecule is a
chirally pure (or stereo pure) polynucleic acid molecule. In some instances, the chirally pure (or
stereo pure) polynucleic acid molecule is modified to increase its stability. Suitable modifications
to the RNA to increase stability for delivery will be apparent to the skilled person.

[0105] In some embodiments, a polynucleic acid molecule describe herein has RNAI activity that
modulates expression of RNA encoded by MYC'. In some instances, a polynucleic acid molecule
described herein is a double-stranded siRNA molecule that down-regulates expression of MYC,
wherein one of the strands of the double-stranded siRNA molecule comprises a nucleotide
sequence that is complementary to a nucleotide sequence of MYC or RNA encoded by MYC or a
portion thereof, and wherein the second strand of the double-stranded siRNA molecule comprises a
nucleotide sequence substantially similar to the nucleotide sequence of MYC or RNA encoded by
MYC or a portion thereof. In some cases, a polynucleic acid molecule described herein is a double-
stranded siRNA molecule that down-regulates expression of MYC, wherein each strand of the
siRNA molecule comprises about 15 to 25, 18 to 24, or 19 to about 23 nucleotides, and wherein
each strand comprises at least about 14, 17, or 19 nucleotides that are complementary to the
nucleotides of the other strand. In some cases, a polynucleic acid molecule described herein is a
double-stranded siRNA molecule that down-regulates expression of MYC, wherein each strand of
the siRNA molecule comprises about 19 to about 23 nucleotides, and wherein each strand

comprises at least about 19 nucleotides that are complementary to the nucleotides of the other
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strand. In some instances, the RNAI activity occurs within a cell. In other instances, the RNAi
activity occurs in a reconstituted in vitro system.

[0106] In some embodiments, a polynucleic acid molecule described herein has RN A1 activity
that modulates expression of RNA encoded by MYC. In some instances, a polynucleic acid
molecule described herein is a single-stranded siRNA molecule that down-regulates expression of
MYC, wherein the single-stranded siRNA molecule comprises a nucleotide sequence that is
complementary to a nucleotide sequence of MYC or RNA encoded by MYC or a portion thereof. In
some cases, a polynucleic acid molecule described herein is a single-stranded siRNA molecule that
down-regulates expression of MY, wherein the siRNA molecule comprises about 15 to 25, 18 to
24, or 19 to about 23 nucleotides. In some cases, a polynucleic acid molecule described herein is a
single-stranded siRNA molecule that down-regulates expression of MYC, wherein the siRNA
molecule comprises about 19 to about 23 nucleotides. In some instances, the RNAIi activity occurs
within a cell. In other instances, the RNAI activity occurs in a reconstituted in vitro system.

[0107] in some instances, a polynucleic acid molecule is a double-stranded polynucleotide
molecule comprisiog self~complernentary sense and antisense regions, wherein the antisense region
comprises a nucleotide sequence that is complementary to a nucleotide sequence 1 a target nucleic
acid molecule or a portion thereof and the sense region has a nucleotide sequence corresponding to
the target nucleic acid sequence or a portion thereof. In some nstances, the polynucleic acid
molecule is assembled from two separate polynuclectides, where one strand is the sense strand and
the other is the antisense strand, wherein the antisense and sense strands are self-complementary
{e.g., each strand comprises a nucleotide sequence that is complementary to a nucleotide sequence
in the other strand; such as where the antisense strand and sense strand form a duplex or double
stranded structure, for example wherein the double stranded region is about 19, 20, 21, 22, 23, or
more base pairs); the antisense strand comprises nucleotide sequence that is complementary to a
nucleotide sequence in a target nucleic acid molecule or a portion thereof and the sense strand
comprises a nucleotide sequence corresponding to the target nucleic acid sequence or a portion
thereot. Alternatively, the polynucleic acid molecule 1s assembled from a single oligonucleotide,
where the self-complementary sense and antisense regions of the polynucleic acid molecule are
linked by means of a nucleic acid based or non-nucleic acid-based linker(s).

[0108] in some cases, a polynucieic acid molecule is a polynucleotide with a duplex, asymmetric
duplex, hairpin or asymumetric hairpin secondary structure, having self-complementary sense and
antisense regions, wherein the antisense region comprises a nucleotide sequence that is
complementary to a nuclectide sequence in a separate target nucleic acid molecule or a portion

thereof and the sense region has a nucleotide sequence corresponding to the target nucleic acid
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sequence or a portion thereof. In other cases, the polynucleic acid molecule 15 a circular single-
stranded polynucleotide having two or more loop structures and a stem comprising seif-
complementary sense and antisense regions, wherein the antisense region comprises nucleotide
sequence that is complementary to a nucleotide sequence in a target nucleic acid molecule or a
portion thereof and the sense region has a nucleotide sequence corresponding to the target nucleic
acid sequence or a portion thereof, and wherein the circular polynucleotide is processed either 1
VIVQ Of in Vitro to generate an active polynucleic acid molecule capable of mediating RNA1 In
additional cases, the polynucleic acid molecule also comprises a single stranded polynucleotide
having a nucleotide sequence complementary to a nucleotide sequence in a target nucleic acid
molecule or a portion thereof (for example, where such polynucleic acid molecule does not require
the presence within the polynucleic acid molecule of a nucleotide sequence corresponding to the
target nucleic acid sequence or a portion thereof), wherein the single stranded polynuciectide
further comprises a terminal phosphate group, such as a 5'~-phosphate {see for example Martinez et
al., 2002, Cell, 110, 563-574 and Schwarz et al., 2002, Molecular Cell, 10, 537-568), or 5’ 3'-
diphosphate.

[0109] iIn some instances, an asymmetric duplex is a Hnear polynucleic acid molecule comprising
an antisense region, a loop portion that comprises nucleotides or non-nucleotides, and a sense
region that comprises fewer nucleotides than the antisense region to the extent that the sense region
has encugh complimentary nucleotides to base pair with the antisense region and form a duplex
with loop. For example, an asymmetric hairpin polynucleic acid molecule comprises an antisense
region having length sufficient to mediate RNA1 in a cell or in vitro system {e.g. about 19 to about
22 nucleotides) and a loop region comprising about 4 to about 8 nucleotides, and a sense region
having about 3 to about 18 nucleotides that are complementary to the antisense region. In some
cases, the asymmetric hairpin polynucleic acid molecule also comprises a S'-terminal phosphate
group that 18 chemically modified. In additional cases, the loop portion of the asymmetric harpin
polynucieic acid molecule comprises nucleotides, non-nucieotides, linker molecules, or conjugate
molecules.

[0110] in some embodiments, an asymmetric duplex is a polynucleic acid molecule having two
separate strands comprising a sense region and an antisense region, wherein the sense region
comprises fewer nuclectides than the antisense region to the extent that the sense region has enough
complimentary nucleotides to base pair with the antisense region and form a duplex. For example,
an asymmetric duplex polynucleic acid molecule comprises an antisense region having length
sufficient to mediate RNAi in a cell or in vitro system {e.¢. about 19 to about 22 nucleotides) and a

sense region having about 3 to about 18 nucleotides that are complementary to the antisense region.
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[0111] Insome cases, a universal base refers to nucleotide base analogs that form base pairs with
each of the natural DNA/RINA bases with little discrimination between them. Non-limiting
examples of universal bases include C-phenyl, C-naphthyl and other aromatic derivatives, inosine,
azole carboxamides, and nitroazole derivatives such as 3-nitropyrrole, 4-nitroindole, S-nitroindole,
and O-nitroindole as known in the art (see for example Loakes, 2001, Nucleic 4cids Research, 29,

2437-2447).

Polynucleic Acid Molecule Synthesis

[0112] In some embodiments, a polynucleic acid molecule described herein is constructed using
chemical synthesis and/or enzymatic ligation reactions using procedures known in the art. For
example, a polynucleic acid molecule is chemically synthesized using naturally occurring
nucleotides or variously modified nucleotides designed to increase the biological stability of the
molecules or to increase the physical stability of the duplex formed between the polynucleic acid
molecule and target nucleic acids. Exemplary methods include those described in: U.S. Patent Nos.
5,142,047; 5,185,444 5.889,136; 6,008,400; and 6,111,086; PCT Publication No. W02009099942;
or European Publication No. 1579015. Additional exemplary methods include those described in:
Griffey et al., “2’-O-aminopropyl ribonucleotides: a zwitterionic modification that enhances the
exonuclease resistance and biological activity of antisense oligonucleotides,” J. Med. Chem.
39(26):5100-5109 (1997)); Obika, et al. "Synthesis of 2'-0,4'-C-methyleneuridine and -cytidine.
Novel bicyclic nucleosides having a fixed C3, -endo sugar puckering". Tetrahedron Letters 38 (50):
8735 (1997); Koizumi, M. "ENA oligonucleotides as therapeutics". Current opinion in molecular
therapeutics 8 (2): 144-149 (2006); and Abramova et al., “Novel oligonucleotide analogues based
on morpholino nucleoside subunits-antisense technologies: new chemical possibilities,” Indian
Journal of Chemistry 48B:1721-1726 (2009). Alternatively, the polynucleic acid molecule is
produced biologically using an expression vector into which a polynucleic acid molecule has been
subcloned in an antisense orientation (i.e., RNA transcribed from the inserted polynucleic acid
molecule will be of an antisense orientation to a target polynucleic acid molecule of interest).
[0113] In some embodiments, a polynucleic acid molecule is synthesized via a tandem synthesis
methodology, wherein both strands are synthesized as a single contiguous oligonucleotide fragment
or strand separated by a cleavable linker which is subsequently cleaved to provide separate
fragments or strands that hybridize and permit purification of the duplex.

[0114] In some instances, a polynucleic acid molecule is also assembled from two distinct nucleic
acid strands or fragments wherein one fragment includes the sense region and the second fragment

includes the antisense region of the molecule.
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[0115] Additional modification methods for incorporating, for example, sugar, base and
phosphate modifications include: Eckstein et al., International Publication PCT No. WO 92/07065;
Perrault et al. Nature, 1990, 344, 565-568; Pieken et al. Science, 1991, 253, 314-317; Usman and
Cedergren, Trends in Biochem. Sci., 1992, 17, 334-339; Usman et al. International Publication PCT
No. WO 93/15187; Sproat, U.S. Pat. No. 5,334,711 and Beigelman et al., 1995, J. Biol. Chem., 270,
25702; Beigelman et al., International PCT publication No. WO 97/26270; Beigelman et al., U.S.
Pat. No. 5,716,824; Usman et al., U.S. Pat. No. 5,627,053; Woolf et al., International PCT
Publication No. WO 98/13526; Thompson et al., U.S. Ser. No. 60/082,404 which was filed on Apr.
20, 1998; Karpeisky et al., 1998, Tetrahedron Lett., 39, 1131; Earnshaw and Gait, 1998,
Biopolymers (Nucleic Acid Sciences), 48, 39-55; Verma and Eckstein, 1998, Annu. Rev. Biochem.,
67, 99-134; and Burlina et al., 1997, Bioorg. Med. Chem., 5, 1999-2010. Such publications describe
general methods and strategies to determine the location of incorporation of sugar, base, and/or
phosphate modifications and the like into nucleic acid molecules without modulating catalysis.
[0116] In some instances, while chemical modification of the polynucleic acid molecule
internucleotide linkages with phosphorothioate, phosphorodithioate, and/or 5'-methylphosphonate
linkages improves stability, excessive modifications sometimes cause toxicity or decreased activity.
Therefore, when designing nucleic acid molecules, the amount of these internucleotide linkages in
some cases 1s minimized. In such cases, the reduction in the concentration of these linkages lowers

toxicity, and increases efficacy and specificity of these molecules.

Diseases

[0117] In some embodiments, a polynucleic acid molecule or a pharmaceutical composition
described herein is used for the treatment of a disease or disorder. In some instances, the disease or
disorder is a cancer. In some embodiments, a polynucleic acid molecule or a pharmaceutical
composition described herein is used for the treatment of cancer. In some instances, the cancer is a
solid tumor. In some instances, the cancer is a hematologic malignancy. In some instances, the
cancer 18 a relapsed or refractory cancer, or a metastatic cancer. In some instances, the solid tumor
is a relapsed or refractory solid tumor, or a metastatic solid tumor. In some cases, the hematologic
malignancy is a relapsed or refractory hematologic malignancy, or a metastatic hematologic
malignancy.

[0118] In some embodiments, the cancer is a solid tumor. Exemplary solid tumor includes, but is
not limited to, anal cancer, appendix cancer, bile duct cancer (i.e., cholangiocarcinoma), bladder
cancer, brain tumor, breast cancer, cervical cancer, colon cancer, cancer of Unknown Primary

(CUP), esophageal cancer, eye cancer, fallopian tube cancer, gastroenterological cancer, kidney
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cancer, liver cancer, lung cancer, medulloblastoma, melanoma, oral cancer, ovarian cancer,
pancreatic cancer, parathyroid disease, penile cancer, pituitary tumor, prostate cancer, rectal cancer,
skin cancer, stomach cancer, testicular cancer, throat cancer, thyroid cancer, uterine cancer, vaginal
cancer, or vulvar cancer.

[0119] In some instances, a polynucleic acid molecule or a pharmaceutical composition described
herein is used for the treatment of a solid tumor. In some instances, a polynucleic acid molecule or
a pharmaceutical composition described herein is used for the treatment of anal cancer, appendix
cancer, bile duct cancer (i.e., cholangiocarcinoma), bladder cancer, brain tumor, breast cancer,
cervical cancer, colon cancer, cancer of Unknown Primary (CUP), esophageal cancer, eye cancer,
fallopian tube cancer, gastroenterological cancer, kidney cancer, liver cancer, lung cancer,
medulloblastoma, melanoma, oral cancer, ovarian cancer, pancreatic cancer, parathyroid disease,
penile cancer, pituitary tumor, prostate cancer, rectal cancer, skin cancer, stomach cancer, testicular
cancer, throat cancer, thyroid cancer, uterine cancer, vaginal cancer, or vulvar cancer. In some
instances, the solid tumor is a relapsed or refractory solid tumor, or a metastatic solid tumor.

[0120] In some instances, the cancer is a hematologic malignancy. In some instances, the
hematologic malignancy is a leukemia, a lymphoma, a myeloma, a non-Hodgkin’s lymphoma, or a
Hodgkin’s lymphoma. In some instances, the hematologic malignancy comprises chronic
lymphocytic leukemia (CLL), small lymphocytic lymphoma (SLL), high risk CLL, a non-CLL/SLL
lymphoma, prolymphocytic leukemia (PLL), follicular lymphoma (FL), diffuse large B-cell
lymphoma (DLBCL), mantle cell lymphoma (MCL), Waldenstrom’s macroglobulinemia, multiple
myeloma, extranodal marginal zone B cell lymphoma, nodal marginal zone B cell lymphoma,
Burkitt’s lymphoma, non-Burkitt high grade B cell lymphoma, primary mediastinal B-cell
lymphoma (PMBL), immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma, B
cell prolymphocytic leukemia, lymphoplasmacytic lymphoma, splenic marginal zone lymphoma,
plasma cell myeloma, plasmacytoma, mediastinal (thymic) large B cell lymphoma, intravascular
large B cell lymphoma, primary effusion lymphoma, or lymphomatoid granulomatosis.

[0121] In some instances, a polynucleic acid molecule or a pharmaceutical composition described
herein is used for the treatment of a hematologic malignancy. In some instances, a polynucleic acid
molecule or a pharmaceutical composition described herein is used for the treatment of a leukemia,
a lymphoma, a myeloma, a non-Hodgkin’s lymphoma, or a Hodgkin’s lymphoma. In some
instances, the hematologic malignancy comprises chronic lymphocytic leukemia (CLL), small
lymphocytic lymphoma (SLL), high risk CLL, a non-CLL/SLL lymphoma, prolymphocytic
leukemia (PLL), follicular lymphoma (FL), diffuse large B-cell lymphoma (DLBCL), mantle cell

lymphoma (MCL), Waldenstrém’s macroglobulinemia, multiple myeloma, extranodal marginal
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zone B cell lymphoma, nodal marginal zone B cell lymphoma, Burkitt’s lymphoma, non-Burkitt
high grade B cell lymphoma, primary mediastinal B-cell lymphoma (PMBL), immunoblastic large
cell lymphoma, precursor B-lymphoblastic lymphoma, B cell prolymphocytic leukemia,
lymphoplasmacytic lymphoma, splenic marginal zone lymphoma, plasma cell myeloma,
plasmacytoma, mediastinal (thymic) large B cell lymphoma, intravascular large B cell lymphoma,
primary effusion lymphoma, or lymphomatoid granulomatosis. In some cases, the hematologic
malignancy is a relapsed or refractory hematologic malignancy, or a metastatic hematologic
malignancy.

[0122] In some instances, the cancer is a MY C-associated cancer. In some instances, a
polynucleic acid molecule or a pharmaceutical composition described herein is used for the
treatment of a MY C-associated cancer. In some instances, the cancer is a solid tumor. In some
instances, the cancer is a hematologic malignancy. In some instances, the solid tumor is a relapsed
or refractory solid tumor, or a metastatic solid tumor. In some cases, the hematologic malignancy
is a relapsed or refractory hematologic malignancy, or a metastatic hematologic malignancy. In
some instances, the cancer comprises bladder cancer, breast cancer, colorectal cancer, endometrial
cancer, esophageal cancer, glioblastoma multiforme, head and neck cancer, kidney cancer, lung
cancer, ovarian cancer, pancreatic cancer, prostate cancer, thyroid cancer, acute myeloid leukemia,

CLL, DLBCL, or multiple myeloma.

Pharmaceutical Formulation

[0123] In some embodiments, the pharmaceutical formulations described herein are administered
to a subject by multiple administration routes including, but not limited to, parenteral (e.g.,
intravenous, subcutaneous, intramuscular), oral, intranasal, buccal, rectal, or transdermal
administration routes. In some instances, the pharmaceutical composition describe herein is
formulated for parenteral (e.g., intravenous, subcutaneous, intramuscular) administration. In other
instances, the pharmaceutical composition describe herein is formulated for oral administration. In
still other instances, the pharmaceutical composition describe herein is formulated for intranasal
administration.

[0124] In some embodiments, the pharmaceutical formulations include, but are not limited to,
aqueous liquid dispersions, self-emulsifying dispersions, solid solutions, liposomal dispersions,
aerosols, solid dosage forms, powders, immediate release formulations, controlled release
formulations, fast melt formulations, tablets, capsules, pills, delayed release formulations, extended
release formulations, pulsatile release formulations, multiparticulate formulations (e.g.,

nanoparticle formulations), and mixed immediate and controlled release formulations.
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[0125] In some instances, the pharmaceutical formulation includes multiparticulate formulations.
In some instances, the pharmaceutical formulation includes nanoparticle formulations. In some
instances, nanoparticles comprise cMAP, cyclodextrin, or lipids. In some cases, nanoparticles
comprise solid lipid nanoparticles, polymeric nanoparticles, self-emulsifying nanoparticles,
liposomes, microemulsions, or micellar solutions. Additional exemplary nanoparticles include, but
are not limited to, paramagnetic nanoparticles, superparamagnetic nanoparticles, metal
nanoparticles, fullerene-like materials, inorganic nanotubes, dendrimers (such as with covalently
attached metal chelates), nanofibers, nanohorns, nano-onions, nanorods, nanoropes, and quantum
dots. In some instances, a nanoparticle is a metal nanoparticle, e.g., a nanoparticle of scandium,
titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, yttrium, zirconium,
niobium, molybdenum, ruthenium, rhodium, palladium, silver, cadmium, hafnium, tantalum,
tungsten, rhenium, osmium, iridium, platinum, gold, gadolinium, aluminum, gallium, indium, tin,
thallium, lead, bismuth, magnesium, calcium, strontium, barium, lithium, sodium, potassium, boron,
silicon, phosphorus, germanium, arsenic, antimony, and combinations, alloys, or oxides thereof.
[0126] In some instances, a nanoparticle includes a core or a core and a shell, as in a core-shell
nanoparticle.

[0127] In some instances, a nanoparticle is further coated with molecules for attachment of
functional elements (e.g., with one or more of a polynucleic acid molecule or binding moiety
described herein). In some instances, a coating comprises chondroitin sulfate, dextran sulfate,
carboxymethyl dextran, alginic acid, pectin, carragheenan, fucoidan, agaropectin, porphyran,
karaya gum, gellan gum, xanthan gum, hyaluronic acids, glucosamine, galactosamine, chitin (or
chitosan), polyglutamic acid, polyaspartic acid, lysozyme, cytochrome C, ribonuclease, trypsinogen,
chymotrypsinogen, a-chymotrypsin, polylysine, polyarginine, histone, protamine, ovalbumin,
dextrin, or cyclodextrin. In some instances, a nanoparticle comprises a graphene-coated
nanoparticle.

[0128] In some cases, a nanoparticle has at least one dimension of less than about 500nm, 400nm,
300nm, 200nm, or 100nm.

[0129] In some instances, the nanoparticle formulation comprises paramagnetic nanoparticles,
superparamagnetic nanoparticles, metal nanoparticles, fullerene-like materials, inorganic nanotubes,
dendrimers (such as with covalently attached metal chelates), nanofibers, nanohorns, nano-onions,
nanorods, nanoropes or quantum dots. In some instances, a polynucleic acid molecule or a binding
moiety described herein is conjugated either directly or indirectly to the nanoparticle. In some

instances, at least 1, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, or more polynucleic acid
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molecules or binding moieties described herein are conjugated either directly or indirectly to a
nanoparticle.

[0130] In some embodiments, the pharmaceutical formulation comprise a delivery vector, e.g., a
recombinant vector, for the delivery of the polynucleic acid molecule into cells. In some instances,
the recombinant vector is DNA plasmid. In other instances, the recombinant vector is a viral vector.
Exemplary viral vectors include vectors derived from adeno-associated virus, retrovirus,
adenovirus, or alphavirus. In some instances, the recombinant vectors capable of expressing the
polynucleic acid molecules provide stable expression in target cells. In additional instances, viral
vectors are used that provide for transient expression of polynucleic acid molecules.

[0131] In some embodiments, the pharmaceutical formulations include a carrier or carrier
materials selected on the basis of compatibility with the composition disclosed herein, and the
release profile properties of the desired dosage form. Exemplary carrier materials include, e.g.,
binders, suspending agents, disintegration agents, filling agents, surfactants, solubilizers,
stabilizers, lubricants, wetting agents, diluents, and the like. Pharmaceutically compatible carrier
materials include, but are not limited to, acacia, gelatin, colloidal silicon dioxide, calcium
glycerophosphate, calcium lactate, maltodextrin, glycerine, magnesium silicate,
polyvinylpyrrollidone (PVP), cholesterol, cholesterol esters, sodium caseinate, soy lecithin,
taurocholic acid, phosphotidylcholine, sodium chloride, tricalcium phosphate, dipotassium
phosphate, cellulose and cellulose conjugates, sugars sodium stearoyl lactylate, carrageenan,
monoglyceride, diglyceride, pregelatinized starch, and the like. See, e.g., Remington: The Science
and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack Publishing Company, 1995); Hoover,
John E., Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania 1975;
Liberman, H. A. and Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New
York, N.Y ., 1980; and Pharmaceutical Dosage Forms and Drug Delivery Systems, Seventh Ed.
(Lippincott Williams & Wilkins1999).

[0132] In some instances, the pharmaceutical formulations further include pH adjusting agents or
buffering agents, which include acids such as acetic, boric, citric, lactic, phosphoric, and
hydrochloric acids; bases such as sodium hydroxide, sodium phosphate, sodium borate, sodium
citrate, sodium acetate, sodium lactate and tris-hydroxymethylaminomethane; and buffers such as
citrate/dextrose, sodium bicarbonate, and ammonium chloride. Such acids, bases and buffers are
included in an amount required to maintain pH of the composition in an acceptable range.

[0133] In some instances, the pharmaceutical formulation includes one or more salts in an
amount required to bring osmolality of the composition into an acceptable range. Such salts include

those having sodium, potassium, or ammonium cations and chloride, citrate, ascorbate, borate,
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phosphate, bicarbonate, sulfate, thiosulfate, or bisulfite anions; suitable salts include sodium
chloride, potassium chloride, sodium thiosulfate, sodium bisulfite, and ammonium sulfate.

[0134] In some instances, the pharmaceutical formulations further include diluent which are used
to stabilize compounds because they provide a more stable environment. Salts dissolved in buffered
solutions (which also provide pH control or maintenance) are utilized as diluents in the art,
including, but not limited to a phosphate-buffered saline solution. In certain instances, diluents
increase bulk of the composition to facilitate compression or create sufficient bulk for homogenous
blend for capsule filling. Such compounds include e.g., lactose, starch, mannitol, sorbitol, dextrose,
microcrystalline cellulose such as Avicel®; dibasic calcium phosphate, dicalcium phosphate
dihydrate; tricalcium phosphate, calcium phosphate; anhydrous lactose, spray-dried lactose;
pregelatinized starch, compressible sugar, such as Di-Pac”® (Amstar); mannitol,
hydroxypropylmethylcellulose, hydroxypropylmethylcellulose acetate stearate, sucrose-based
diluents, confectioner’s sugar, monobasic calcium sulfate monohydrate, calcium sulfate dihydrate;
calcium lactate trihydrate, dextrates; hydrolyzed cereal solids, amylose; powdered cellulose,
calcium carbonate; glycine, kaolin; mannitol, sodium chloride; inositol, bentonite, and the like.
[0135] In some cases, the pharmaceutical formulations include disintegration agents or
disintegrants to facilitate the breakup or disintegration of a substance. The term “disintegrate”
includes both the dissolution and dispersion of the dosage form when contacted with
gastrointestinal fluid. Examples of disintegration agents include a starch, e.g., a natural starch such
as corn starch or potato starch, a pregelatinized starch such as National 1551 or Amijel®, or sodium
starch glycolate such as Promogel® or Explotab®™; a cellulose such as a wood product,
methylcrystalline cellulose, e.g., Avicel®, Avicel® PH101, Avicel® PH102, Avicel® PH105,
Elcema® P100, Emcocel®, Vivacel®, Ming Tia®, and Solka-Floc®, methylcellulose, croscarmellose,
or a cross-linked cellulose, such as cross-linked sodium carboxymethylcellulose (Ac-Di-Sol®),
cross-linked carboxymethylcellulose, or cross-linked croscarmellose; a cross-linked starch such as
sodium starch glycolate, a cross-linked polymer such as crospovidone; a cross-linked
polyvinylpyrrolidone, alginate such as alginic acid or a salt of alginic acid such as sodium alginate,
a clay such as Veegum® HV (magnesium aluminum silicate); a gum such as agar, guar, locust bean,
Karaya, pectin, or tragacanth; sodium starch glycolate; bentonite; a natural sponge; a surfactant; a
resin such as a cation-exchange resin; citrus pulp; sodium lauryl sulfate; sodium lauryl sulfate in
combination starch; and the like.

[0136] In some instances, the pharmaceutical formulations include filling agents such as lactose,

calcium carbonate, calcium phosphate, dibasic calcium phosphate, calcium sulfate, microcrystalline
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cellulose, cellulose powder, dextrose, dextrates, dextran, starches, pregelatinized starch, sucrose,
xylitol, lactitol, mannitol, sorbitol, sodium chloride, polyethylene glycol, and the like.

[0137] Lubricants and glidants are also optionally included in the pharmaceutical formulations
described herein for preventing, reducing, or inhibiting adhesion or friction of materials. Exemplary
lubricants include, e.g., stearic acid, calcium hydroxide, talc, sodium stearyl fumerate, a
hydrocarbon such as mineral oil, or hydrogenated vegetable oil such as hydrogenated soybean oil
(Sterotex™), higher fatty acids and their alkali-metal and alkaline earth metal salts, such as
aluminum, calcium, magnesium, zinc, stearic acid, sodium stearates, glycerol, talc, waxes,
Stearowet”, boric acid, sodium benzoate, sodium acetate, sodium chloride, leucine, a polyethylene
glycol (e.g., PEG-4000) or a methoxypolyethylene glycol such as Carbowax™, sodium oleate,
sodium benzoate, glyceryl behenate, polyethylene glycol, magnesium or sodium lauryl sulfate,
colloidal silica such as Syloid™, Cab-0-Sil®, a starch such as corn starch, silicone oil, a surfactant
and the like.

[0138] Plasticizers include compounds used to soften the microencapsulation material or film

2

coatings to make them less brittle. Suitable plasticizers include, e.g., polyethylene glycols such as
PEG 300, PEG 400, PEG 600, PEG 1450, PEG 3350, and PEG 800, stearic acid, propylene glycol,
oleic acid, triethyl cellulose and triacetin. Plasticizers also function as dispersing agents or wetting
agents.

[0139] Solubilizers include compounds such as triacetin, triethylcitrate, ethyl oleate, ethyl
caprylate, sodium lauryl sulfate, sodium doccusate, vitamin E TPGS, dimethylacetamide, N-
methylpyrrolidone, N-hydroxyethylpyrrolidone, polyvinylpyrrolidone, hydroxypropylmethyl
cellulose, hydroxypropyl cyclodextrins, ethanol, n-butanol, isopropyl alcohol, cholesterol, bile
salts, polyethylene glycol 200-600, glycofurol, transcutol, propylene glycol, dimethyl isosorbide
and the like.

[0140] Stabilizers include compounds such as any antioxidation agents, buffers, acids,
preservatives and the like.

[0141] Suspending agents include compounds such as polyvinylpyrrolidone (e.g.,
polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K25, or
polyvinylpyrrolidone K30), vinyl pyrrolidone/vinyl acetate copolymer (S630), polyethylene glycol
(e.g., the polyethylene glycol has a molecular weight of about 300 to about 6000, or about 3350 to
about 4000, or about 7000 to about 5400), sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, hydroxymethylcellulose acetate stearate, polysorbate-80,
hydroxyethylcellulose, sodium alginate, gums (such as, e.g., gum tragacanth and gum acacia, guar

gum, xanthans, including xanthan gum), sugars, cellulosics (such as, e.g., sodium
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carboxymethylcellulose, methylcellulose, sodium carboxymethylcellulose,
hydroxypropylmethylcellulose, hydroxyethylcellulose), polysorbate-80, sodium alginate,
polyethoxylated sorbitan monolaurate, polyethoxylated sorbitan monolaurate, povidone, and the
like.

[0142] Surfactants include compounds such as sodium lauryl sulfate, sodium docusate, Tween 60
or 80, triacetin, vitamin E TPGS, sorbitan monooleate, polyoxyethylene sorbitan monooleate,
polysorbates, polaxomers, bile salts, glyceryl monostearate, copolymers of ethylene oxide and
propylene oxide, e.g., Pluronic® (BASF), and the like. Additional surfactants include
polyoxyethylene fatty acid glycerides and vegetable oils, e.g., polyoxyethylene (60) hydrogenated
castor oil; and polyoxyethylene alkylethers and alkylphenyl ethers, e.g., octoxynol 10, octoxynol
40. Sometimes, surfactants are included to enhance physical stability or for other purposes.

[0143] Viscosity enhancing agents include, e.g., methyl cellulose, xanthan gum, carboxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose, hydroxypropylmethyl cellulose
acetate stearate, hydroxypropylmethyl cellulose phthalate, carbomer, polyvinyl alcohol, alginates,
acacia, chitosans, and combinations thereof.

[0144] Wetting agents include compounds such as oleic acid, glyceryl monostearate, sorbitan
monooleate, sorbitan monolaurate, triethanolamine oleate, polyoxyethylene sorbitan monooleate,
polyoxyethylene sorbitan monolaurate, sodium docusate, sodium oleate, sodium lauryl sulfate,

sodium doccusate, triacetin, Tween 80, vitamin E TPGS, ammonium salts, and the like.

Therapeutic Regimens

[0145] In some embodiments, the pharmaceutical compositions described herein are administered
for therapeutic applications. In some embodiments, the pharmaceutical composition is administered
once per day, twice per day, three times per day or more. The pharmaceutical composition is
administered daily, every day, every alternate day, five days a week, once a week, every other
week, two weeks per month, three weeks per month, once a month, twice a month, three times per
month, or more. The pharmaceutical composition is administered for at least 1 month, 2 months, 3
months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12
months, 18 months, 2 years, 3 years, or more.

[0146] In some embodiments, one or more pharmaceutical compositions are administered
simultaneously, sequentially, or at an interval period of time. In some embodiments, one or more
pharmaceutical compositions are administered simultaneously. In some cases, one or more
pharmaceutical compositions are administered sequentially. In additional cases, one or more

pharmaceutical compositions are administered at an interval period of time (e.g., the first
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administration of a first pharmaceutical composition is on day one followed by an interval of at
least 1, 2, 3, 4, 5, or more days prior to the administration of at least a second pharmaceutical
composition).

[0147] In some embodiments, two or more different pharmaceutical compositions are
coadministered. In some instances, the two or more different pharmaceutical compositions are
coadministered simultaneously. In some cases, the two or more different pharmaceutical
compositions are coadministered sequentially without a gap of time between administrations. In
other cases, the two or more different pharmaceutical compositions are coadministered sequentially
with a gap of about 0.5 hour, 1 hour, 2 hour, 3 hour, 12 hours, 1 day, 2 days, or more between
administrations.

[0148] In the case wherein the patient’s status does improve, upon the doctor’s discretion the
administration of the composition is given continuously; alternatively, the dose of the composition
being administered is temporarily reduced or temporarily suspended for a certain length of time
(i.e., a “drug holiday”). In some instances, the length of the drug holiday varies between 2 days and
1 year, including by way of example only, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days,
12 days, 15 days, 20 days, 28 days, 35 days, 50 days, 70 days, 100 days, 120 days, 150 days, 180
days, 200 days, 250 days, 280 days, 300 days, 320 days, 350 days, or 365 days. The dose reduction
during a drug holiday is from 10%-100%, including, by way of example only, 10%, 15%, 20%,
25%. 30%, 35%, 40%, 45%, 50%, 55%., 60%, 65%, 70%., 75%., 80%, 85%, 90%, 95%., or 100%.
[0149] Once improvement of the patient's conditions has occurred, a maintenance dose is
administered if necessary. Subsequently, the dosage or the frequency of administration, or both, are
optionally reduced, as a function of the symptoms, to a level at which the improved disease,
disorder or condition is retained.

[0150] In some embodiments, the amount of a given agent that corresponds to such an amount
varies depending upon factors such as the particular compound, the severity of the disease, the
identity (e.g., weight) of the subject or host in need of treatment, but nevertheless is routinely
determined in a manner known in the art according to the particular circumstances surrounding the
case, including, e.g., the specific agent being administered, the route of administration, and the
subject or host being treated. In some instances, the desired dose is conveniently presented in a
single dose or as divided doses administered simultaneously (or over a short period of time) or at
appropriate intervals, for example as two, three, four or more sub-doses per day.

[0151] The foregoing ranges are merely suggestive, as the number of variables in regard to an
individual treatment regime is large, and considerable excursions from these recommended values

are not uncommon. Such dosages are altered depending on a number of variables, not limited to the
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activity of the compound used, the disease or condition to be treated, the mode of administration,
the requirements of the individual subject, the severity of the disease or condition being treated, and
the judgment of the practitioner.

[0152] In some embodiments, toxicity and therapeutic efficacy of such therapeutic regimens are
determined by standard pharmaceutical procedures in cell cultures or experimental animals,
including, but not limited to, the determination of the LD50 (the dose lethal to 50% of the
population) and the EDS50 (the dose therapeutically effective in 50% of the population). The dose
ratio between the toxic and therapeutic effects is the therapeutic index and it is expressed as the
ratio between LD50 and ED50. Compounds exhibiting high therapeutic indices are preferred. The
data obtained from cell culture assays and animal studies are used in formulating a range of dosage
for use in human. The dosage of such compounds lies preferably within a range of circulating
concentrations that include the ED50 with minimal toxicity. The dosage varies within this range

depending upon the dosage form employed and the route of administration utilized.

Kits/Article of Manufacture

[0153] Disclosed herein, in certain embodiments, are kits and articles of manufacture for use with
one or more of the compositions and methods described herein. Such kits include a carrier,
package, or container that is compartmentalized to receive one or more containers such as vials,
tubes, and the like, each of the container(s) comprising one of the separate elements to be used in a
method described herein. Suitable containers include, for example, bottles, vials, syringes, and test
tubes. In one embodiment, the containers are formed from a variety of materials such as glass or
plastic.

[0154] The articles of manufacture provided herein contain packaging materials. Examples of
pharmaceutical packaging materials include, but are not limited to, blister packs, bottles, tubes,
bags, containers, bottles, and any packaging material suitable for a selected formulation and
intended mode of administration and treatment.

[0155] For example, the container(s) include MYC nucleic acid molecule described herein. Such
kits optionally include an identifying description or label or instructions relating to its use in the
methods described herein.

[0156] A kit typically includes labels listing contents and/or instructions for use and package
inserts with instructions for use. A set of instructions will also typically be included.

[0157] In one embodiment, a label is on or associated with the container. In one embodiment, a
label is on a container when letters, numbers, or other characters forming the label are attached,

molded or etched into the container itself; a label is associated with a container when it is present
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within a receptacle or carrier that also holds the container, e.g., as a package insert. In one
embodiment, a label is used to indicate that the contents are to be used for a specific therapeutic
application. The label also indicates directions for use of the contents, such as in the methods
described herein.

[0158] In certain embodiments, the pharmaceutical compositions are presented in a pack or
dispenser device which contains one or more unit dosage forms containing a compound provided
herein. The pack, for example, contains metal or plastic foil, such as a blister pack. In one
embodiment, the pack or dispenser device is accompanied by instructions for administration. In
one embodiment, the pack or dispenser is also accompanied with a notice associated with the
container in a form prescribed by a governmental agency regulating the manufacture, use, or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the drug for
human or veterinary administration. Such notice, for example, is the labeling approved by the U.S.
Food and Drug Administration for prescription drugs, or the approved product insert. In one
embodiment, compositions containing a compound provided herein formulated in a compatible
pharmaceutical carrier are also prepared, placed in an appropriate container, and labeled for

treatment of an indicated condition.

Certain Terminology

[0159] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art to which the claimed subject matter
belongs. It is to be understood that the general description and the detailed description are
exemplary and explanatory only and are not restrictive of any subject matter claimed. In this
application, the use of the singular includes the plural unless specifically stated otherwise. It must
be noted that, as used in the specification, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. In this application, the use of “or” means

“and/or” unless stated otherwise. Furthermore, use of the term “including” as well as other forms,

2% LC
2

such as “include”, “includes,” and “included,” is not limiting.

[0160] As used herein, ranges and amounts can be expressed as “about” a particular value or
range. About also includes the exact amount. Hence “about 5 uL.” means “about 5 pL”” and also “5
uL.” Generally, the term “about” includes an amount that is expected to be within experimental
error, e.g., £5%, £10%, or +15%.

[0161] The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.
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[0162] As used herein, the terms “individual(s),” “subject(s),” and “patient(s)” mean any
mammal. In some embodiments, the mammal is a human. In some embodiments, the mammal is a
non-human. None of the terms require or are limited to situations characterized by the supervision
(e.g. constant or intermittent) of a health care worker (e.g. a doctor, a registered nurse, a nurse

ractitioner, a physician’s assistant, an orderly, or a hospice worker).
2 2 2

EXAMPLES

[0163] These examples are provided for illustrative purposes only and not to limit the scope of
the claims provided herein.

Example 1. Evaluation of in vitro potency of anti-cMYC siRNAs

[0164] The six anti-cMYC siRNAs listed in table 1 were transfected into two human cancer cell
lines, H358 (NSCLC) and HCT116 (colon cancer). Each siRNA was formulated with a
Lipofectamine RNAIMAX (Life Technologies), according to the manufacturer’s “forward
transfection” instructions, at a single final concentration of 0.5 nM. Cells were plated 24 h prior to
transfection in duplicate within 24-well tissue culture plates. At 96 h post-transfection, RNA was
harvested from cells in all wells using Stratec InviTrap® RNA Cell HTS96 kit. The concentration
of each isolated RNA was determined via A260 measurement using a NanoDrop
spectrophotometer. RNA samples were reverse transcribed to cDNA using the High Capacity RNA
to cDNA Kit (Life Technologies) according to the manufacturer’s instructions. ¢cDNA samples
were then evaluated by qPCR using cMY C-specific probes with results normalized to endogenous

AACt ethod. cMYC mRNA levels were normalized to

PPIB and quantified using the standard 2
expression in vehicle controls and are reported in Table 1.

[0165] Ofthe 6 siRNA candidates tested, three of them achieved > 80% down-regulation of
cMYC in HCT116 cells, while their inhibitory activity in H358 was about 40-60%. Based upon the
results from this initial single-concentration experiment, we selected a total of three candidate
siRNAs (Avidity ID # 1160, 1162, and 1164) for multi-concentration testing, to determine 1Csg
values (i.e., the concentration required to reduce cMYC expression by 50%), in HCT116. Cells
were transfected as above at concentrations starting from 10000 pM using serial dilutions. At 96 h
post-transfection, RNA was harvested and normalized cMYC mRNA levels were quantified as
described above. Results are presented in Table 1. All the three siRNAs were found to be potent at

down-regulating cMYC mRNA in both the human and mouse cell lines tested, with ICs, values less

than 1 nM.

Table 1.
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H358
Sense Strand SEQ . SEQ o, | HCT116,
Avidity | Target Sequence (5°-3") ID gtlszzz ?;rin;i ID mR/l(:I A % Ig(ljg 51 01
ID # gene Passenger Strand | NO: Gui(;]:s trand (GS)3 NO: at mRNA (pM)
(PS)2 at0.snMm | P
0.5nM
AGGAACUAUGA
AGUCGAGGUCAU
R-1160 cMyc | CCUCGACUdTsd 1 2 56.7 17.2 118.3
T AGUUCCUdTsdT
ACGACGAGACC
UUGAUGAAGGUC
R-1161 cMyc | UUCAUCAAdTsd 3 4 76.8 514
T UCGUCGUATsdT
AAGAUGAGGAA
UCGAUUUCUUCC
R-1162 cMyc | GAAAUCGAdTsd 5 6 393 19.2 43.4
T UCAUCUUATsdT
AGGAAGAAAUC
R-1163 | cMyc | GAUGUUGUATsd | 7 Agéﬁgéggﬁfsgj g | 414 18.2
T
AGCUUUUUUGC
CACGCAGGGCAA
R-1164 cMyc | CCUGCGUGATsd 9 10 41.5 17.5 55.2
T AAAAGCUATsdT
AGGUAGUUAUC
UUUUUAAGGAU
R-1165 cMyc | CUUAAAAAdTsd 11 12 102.5 100.5
T AACUACCUdTsdT

siRNA Sequence with Chemical Modification Info

lower case (n) = dT = deoxy-T residue;

s = phosphorothioate backbone modification

[0166]

While preferred embodiments of the present disclosure have been shown and described

herein, it will be obvious to those skilled in the art that such embodiments are provided by way of

example only. Numerous variations, changes, and substitutions will now occur to those skilled in

the art without departing from the disclosure. It should be understood that various alternatives to

the embodiments of the disclosure described herein may be employed in practicing the disclosure.

It is intended that the following claims define the scope of the disclosure and that methods and

structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A polynucleic acid molecule that mediates RNA interference against MYC, wherein the
polynucleic acid molecule comprises at least 80% sequence identity to a sequence selected
from SEQ ID NOs: 1-12, wherein the polynucleic acid molecule hybridizes to a MYC target
sequence with less than 4 mismatched bases, wherein the polynucleic acid molecule
comprises at least one 2’ modified nucleotide, at least one modified internucleotide linkage,
or at least one inverted abasic moiety, and wherein the polynucleic acid molecule is from
about 10 to about 50 nucleotides in length.

2. The polynucleic acid molecule of claim 1, wherein the polynucleic acid molecule comprises
at least 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a sequence
selected from SEQ ID NOs: 1-12.

3. The polynucleic acid molecule of claim 1 or 2, wherein the polynucleic acid molecule
hybridizes to a MYC target sequence with less than 3 mismatched bases, less than 2
mismatched bases, or less than 1 mismatched bases.

4. The polynucleic acid molecule of claim 1 or 2, wherein the at least one 2’ modified
nucleotide comprises 2’-O-methyl, 2’-O-methoxyethyl (2’-O-MOE), 2°-O-aminopropyl, 2'-
deoxy, T-deoxy-2'-fluoro, 2'-O-aminopropyl (2'-O-AP), 2'-O-dimethylaminoethyl (2'-O-
DMAOE), 2'-O-dimethylaminopropyl (2'-O-DMAP), T-O- dimethylaminoethyloxyethyl (2'-
O-DMAEOQE), or 2'-O-N-methylacetamido (2'-O-NMA) modified nucleotide.

5. The polynucleic acid molecule of claim 1 or 2, wherein the at least one 2” modified
nucleotide comprises locked nucleic acid (LNA) or ethylene nucleic acid (ENA).

6. The polynucleic acid molecule of claim 1 or 2, wherein the at least one inverted basic
moiety is at at least one terminus.

7. The polynucleic acid molecule of claim 1 or 2, wherein the at least one modified
internucleotide linkage comprises a phosphorothioate linkage or a phosphorodithioate
linkage.

8. The polynucleic acid molecule of any one of the claims 1-7, wherein the polynucleic acid
molecule is from about 10 to about 30 nucleotides in length.

9. The polynucleic acid molecule of any one of the claims 1-8, wherein the polynucleic acid

molecule is at least 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides in length.
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The polynucleic acid molecule of any one of the claims 1-9, wherein the polynucleic acid
molecule comprises at least one of: from about 5% to about 100% modification, from about
10% to about 100% modification, from about 20% to about 100% modification, from about
30% to about 100% modification, from about 40% to about 100% modification, from about
50% to about 100% modification, from about 60% to about 100% modification, from about
70% to about 100% modification, from about 80% to about 100% modification, and from
about 90% to about 100% modification.

The polynucleic acid molecule of any one of the claims 1-9, wherein the polynucleic acid
molecule comprises at least one of: from about 10% to about 80% modification, from about
20% to about 80% modification, from about 30% to about 80% modification, from about
40% to about 80% modification, from about 50% to about 80% modification, from about
60% to about 80% modification, and from about 70% to about 80% modification.

The polynucleic acid molecule of any one of the claims 1-9, wherein the polynucleic acid
molecule comprises at least one of: from about 10% to about 60% modification, from about
20% to about 60% modification, from about 30% to about 60% modification, from about
40% to about 60% modification, and from about 50% to about 60% modification.

The polynucleic acid molecule of any one of the claims 1-9, wherein the polynucleic acid
molecule comprises at least 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or
99% modification.

The polynucleic acid molecule of any one of the claims 1-9, wherein the polynucleic acid
molecule comprises about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8,
about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17,
about 18, about 19, about 20, about 21, about 22, or more modified nucleotides.

The polynucleic acid molecule of claim 1, wherein the polynucleic acid molecule further
hybridizes to a second polynucleotide to form a double-stranded polynucleic acid molecule.
The polynucleic acid molecule of claim 15, wherein the second polynucleotide comprises at
least one modification.

The polynucleic acid molecule of claim 15, wherein the second polynucleotide comprises a
sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to a sequence selected from SEQ ID NOs: 1-12.

The polynucleic acid molecule of any one of the claims 1-17, wherein the polynucleic acid
molecule is RNA.

The polynucleic acid molecule of any one of the claims 1-18, wherein MYC is c-MYC gene,

L-MYC gene, or N-MYC gene.
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The polynucleic acid molecule of any one of the claims 1-18, wherein MYC is c-MYC gene.

A pharmaceutical composition comprising:

a) a molecule of claims 1-20; and

b) a pharmaceutically acceptable excipient.
The pharmaceutical composition of claim 21, wherein the pharmaceutical composition is
formulated as a nanoparticle formulation.
The pharmaceutical composition of claim 21, wherein the pharmaceutical composition is
formulated for parenteral, oral, intranasal, buccal, rectal, or transdermal administration.
A method of treating a disease or disorder in a patient in need thereof, comprising
administering to the patient a composition comprising a molecule of claims 1-20.
The method of claim 24, wherein the disease or disorder is a cancer.
The method of claim 25, wherein the cancer comprises a MY C-associated cancer.
The method of claim 25, wherein the cancer is a solid tumor.
The method of claim 25, wherein the cancer is a hematologic malignancy.
The method of claim 25, wherein the cancer comprises bladder cancer, breast cancer,
colorectal cancer, endometrial cancer, esophageal cancer, glioblastoma multiforme, head
and neck cancer, kidney cancer, lung cancer, ovarian cancer, pancreatic cancer, prostate
cancer, or thyroid cancer.
The method of claim 25, wherein the cancer comprises acute myeloid leukemia, CLL,
DLBCL, or multiple myeloma.
A method of inhibiting the expression of MY(C gene in a primary cell of a patient,
comprising administering a molecule of claims 1-20 to the primary cell.
The method of claim 31, wherein the method is an iz vivo method.

The method of claim 31, wherein the patient is a human.
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