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OLIGONUCLEOTIDES FOR MAPT MODULATION

Cross-Reference to Related Applications
[001]  This application clairus the benefit of U.S. Provisional Apphication Serial No.
62/991,405, filed March 18, 2020, and U.S. Provisional Application Serial No. 63/071,106,

filed August 27, 2020, the entire disclosures of which are incorporated herein by reference.

Field of the Invention

[002]  This disclosure relates to novel MAPT targeting sequences, novel branched
oligonucleotides, and novel methods for treating and preventing MAPT-related

neurodegeneration,
Background

[003] Microtubule associated protein tau {tau) is encoded by the MAP T gene located
on chromosome 17g21 and is expressed throughout the central nervous system. Tau protein
functions in the assembly and stabilization of microtubules in brain cells. Microtubules are
essential for the maintenance of cellular integrity, for facilitating transport within and between
cells, and cell division. As such, microtubules are important for axonal transport and for
maintaining the structural ntegrity of the cell. Tau protein s located within neurous,
predominantly within axons. Tau protein 18 also found in other neuronal cells, such as

astrocytes and oligodendrocytes in which it performs similar functions.

[004] Mutations in MAPT cause frontotemporal dementia with parkinsonism and
progressive supranuclear palsy. Mutations in MAPT and hyperphosphoryiated tau protein are
further associated with Alzheimer’s disease, Parkinson’s disease, Amyotrophic lateral
sclerosis, and traumatic brain injury, affecting nullions of people world-wide. Under
pathological conditions, tau protein undergoes a variety of intra-molecular rmodifications and
forms toxic oligomeric tau protein and paired helical filaments, which further assemble into
neurofibrillary tangles and form depostts in the brain (tauopathy) Since regulation of tau is
critical for memory, taucpathies have been linked to cognitive impairment. Therapies effective
at halting or reversing the progression of the highly prevalent Alzheiroet’s and Parkinson’s
diseases, both implicating tau protein, are still lacking Accordingly, there exists a need to
etficiently and potently silence MAPT mBNA expression, which the present application

addresses.



WO 2021/188626 PCT/US2021/022688

Summary

(0051 To a first aspect, the disclosure provides an RNA molecule having a nucleic acid
sequence that is substantially complementary to a AMAP T nucleic acid sequence of any one of
SEQ 1D NQOs: 1-13, 202, and 295 In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T nucleic acid sequence of SEQ ID NG: 1. In some
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ ID NO: 2. In some embodiments, the nucleic acid sequence is
substantially complementary to a M4P7 nucleic acid sequence of SEQ ID NO: 3. In some
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ ID NO: 4. In some embodiments, the nucleic acid sequence is
substantially complementary to a M4PT nucleic acid sequence of SEQ D NO: 5. In some
embodiments, the nucleic acid sequence 15 substantially complementary to a MAFT nucleic
acid sequence of SEQ ID NO: 6. In some embodiments, the sucleic acid sequence is
substantially complementary to a AMAFP 7T vucleic acid sequence of SEQ 1D NG: 7. In soroe
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ ID NO: 8 In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP7 nucleic acid sequence of SEQ ID NO: 9. In some
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ HI NG: 10 In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T nucleic acid sequence of SEQ D NO: 11, In some
embodiments, the nucleic acid sequence is substantially complementary to a AMAFT nucleic
acid sequence of SEQ ID NO: 12 In some embodiments, the nucleic acid sequence is
substantially complementary to a M4PT nucleic acid sequence of SEQ ID NO: 13, In some
embodiments, the nmucleic acid sequence is substantially complementary to a AMAPT nucleic
acid sequence of SEQ ID NO: 292 In some embodiments, the nucleic acid sequence 13

substantially complementary to a ALAP T nucleic acid sequence of SEQ D NG: 295,

(0061 In another aspect, the disciosure provides an RNA molecule having a nucleic acid
sequence that s substantially complementary to a MAP T nucleic acid sequence of any one of
SEQ 1D NQOs: 14-33, 299, and 302. In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T nucleie acid sequence of SEQ ID NO: 14, In some
embodiments, the nucleic acid sequence is substantially complementary to a M4APT nucleic
acid sequence of SEQ 1D NO: 15 In some ervbodiments, the vucleic acid sequence s

substantially complementary to a MAP T nucleic acid sequence of SEQ H3 NO: 16, In some
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embodiments, the nucleic acid sequence i3 substantially complementary to a AM4AFT7 nucleic
acid sequence of SEQ ID NO: 17 In some embodiments, the nucleic acid sequence is
substantially complementary to a AMAF T nucleic acid sequence of SEQ 1D NO: 18, In some
embodiments, the nucleic acid sequence 15 substantially complementary to a MAFT nucleic
acid sequence of SEQ ID NO: 19 In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T nucleic acid sequence of SEQ ID NO: 20, In some
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ 1D NO: 21 In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T mucleic acid sequence of SEQ ID NO: 22, In some
embodiments, the nucleic acid sequence is substantially complementary to a MAFPT nucleic
acid sequence of SEQ ID NO: 23, In some embodiments, the nucleic acid sequence is
substantially complementary to a MAPT nucleic acid sequence of SEQ 1D NO: 24, In some
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ ID NO: 25, In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T nmucleic acid sequence of SEQ ID NOG: 26, In some
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ ID NO: 27 In some embodiments, the nucleic acid sequence is
substantially complementary to a MA4P T nucleic acid sequence of SEQ 1D NO: 28 In some
embeodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ ID NO: 29 In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T nucleic acid sequence of SEQ 13 NO: 30, In some
embodiments, the nucleic acid sequence is substantially complementary to a MAFPT nucleic
acid sequence of SEQ ID NO: 31, In some embodiments, the nucleic acid sequence is
substantially complementary to a AMAP T nucleic acid sequence of SEQ 1D NO: 32, In some
embodiments, the nucleic acid sequence is substantially complementary to 8 M4PT nucleic
acid sequence of SEQ ID NO: 33, In some embodiments, the nucleic acid sequence is
substantially complementary to a MAP T nucleic acid sequence of SEQ 1D NG: 292, In some
embodiments, the nucleic acid sequence is substantially complementary to a MAPT nucleic
acid sequence of SEQ 1D NO: 302

[007] In anocther aspect, the disclosure provides an RNA molecule having a nucleic acid
sequence that s at least 85% {e.g, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100%:} identical to the nucleic acid sequence of any one of SEQ ID

NOs: 34-46. In some embodiments, the RNA molecule has a nucleic acid sequence that is at
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feast 85% {e.g., 86%%, B7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or 100%) wdentical to the nucleic acid sequence of SEQ ID NO: 34 In some

87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%6, 99%, or 100%) identical
to the nucleic acid sequence of SEQ IDNQ: 35, In some embodiments, the RNA molecule has
a nucleic acid sequence that is at least 85% (e g, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99%, or 100%) wdentical to the nucleic acid sequence of SEQ ID
N 36, In some embodiments, the RNA molecuie has a nucleic acid sequence that is at least
85% {e.g., 86%, B7%, 88%, R9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100%) wdentical to the nucleic acid sequence of SEQ 1D NO: 37, In some embodiments, the
RINA molecule has a nucleic acid sequence that is at least 85% (e.g., 86%, 87%, 88%, §9%,
90%, O1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to the nucleic
acid sequence of SEQ 1D NO: 38, In some embodiments, the RNA molecule has a nucleic acid
sequence that is at least 85% (e.g, 86%, 87%, B88%, 8O, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100%} identical to the nucletc acid sequence of SEQ 1D NG: 3% In
some embodiments, the RNA molecule has a nucleic acid sequence that s at least 85% (e.g,
86%, 87%, 88%, 89%, 0%, D1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)
identical to the nucleic acid sequence of SEQ ID NGO 40, In some embodiments, the RNA
moelecule has a nucleic acid sequence that is at least 5% (e.g., 80%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to the nucleic acid
sequence of SEQ ID NO: 41, In some embodiments, the RNA molecule has a nucletc acid
sequence that 1s at least 85% (e.g, 86%, 87%, BRY, 89, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100%) identical to the nucleic acid sequence of SEQ ID NG 42, In
some embodiments, the RNA molecule has a nucleic acid sequence that is at least 85% (e g,
B6Y%, B7%, 38%%, 89%, 90%. 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)
identical to the nucleic acid sequence of SEQ ID NG 43 In some embodiments, the RNA
molecule has a nucleic acid sequence that is at least 5% (e.g., 80%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 08%, 99%, or 100%;) identical to the nucleic acid
sequence of SEQ ID NO: 44 In some embodiments, the RNA molecule has a nucleic acid
sequence that 1s at least 85% {e.g, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100%;) identical to the nucleic acid sequence of SEQ ID NO: 45, In
some embodiments, the RNA molecule has a nucleic acid sequence that is at least 85% {(e.g.,
B6%, 87%, 8%, B9%, 90%, 91%, 92%, 93%, 94%, 93%, 6%, 97%, 98%, 99%, or 100%)

identical to the nucleic acid sequence of SEQ D NO: 46,
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[00&]  In one aspect, the disclosure provides an RNA molecule having a length of
from about § nucleotides to about 80 nucleotides; and a nucleic acid sequence that is
substantially complementary to a AMAP 7 nucleic acid sequence of any one of SEQ 1D NQOs: 1-
13, 292, and 295, In certain embodiments, the RNA molecule 18 from 8 nucleotides to 80
nucleotides 1 length {e g, 8 nucleotides, 9 nucleotides, 10 nucleotides, 11 nucleotides, 12
nucleotides, 13 nucleotides, 14 nucleotides, 15 nucleotides, 16 nucleotides, 17 nucleotides, 18
nucleotides, 19 nucleotides, 20 nucleotides, 21 nucleotides, 22 nucleotides, 23 nucleotides, 24
nucleotides, 25 nucleotides, 26 nucleotides, 27 nuclectides, 28 nucleotides, 29 nucleotides, 30
nucleotides, 31 nucleotides, 32 nucleotides, 33 nucleotides, 34 nucleotides, 35 nucleotides, 36
nucleotides, 37 nucleotides, 38 nucleotides, 39 nucleotides, 40 nucleotides, 41 nucleotides, 42
nucleotides, 43 nucleotides, 44 nucleotides, 45 nucleotides, 46 nucleotides, 47 nucleotides, 48
nucleotides, 49 nucleotides, 50 nucleotides, 51 nucleotides, 52 nucleotides, 53 nuclectides, 54
nuclectides, 55 nucleotides, 56 nucleotides, 57 nuclectides, 58 nucleotides, 59 nucleotides, 60
nucleotides, 61 nucleotides, 62 nucleotides, 63 nucleotides, 64 nucleotides, 65 nucleotides, 66
nucleotides, 67 nucleotides, 68 nucleotides, 69 nucleotides, 70 nucleotides, 71 nucleotides, 72

i
!
i

nucleotides, 73 nucleotides, 74 nucleotides, 75 nucleotides, 76 nucleotides, 77 nucleotides, 78

nucleotides, 79 nucleotides, or 80 nucleotides in length).

[009]  In certain embodiments, the RNA molecule is from 10 to 30 nuclectides in
length {e.g, 10 nucleotides, 11 muclectides, 12 nucleotides, 13 nucleotides, 14 nucleotides, 15
nucleotides, 16 nucleotides, 17 nuclectides, 18 nucleotides, 19 nucleotides, 20 nucleotides, 21
nucleotides, 22 nucleotides, 23 nucleotides, 24 nucleotides, 25 nucleotides, 26 nucleotides, 27
nucleotides, 28 nucleotides, 29 nucleotides, 30 nucleotides, 31 nucleotides, 32 nucleotides, 33
nucleotides, 34 nucleotides, 35 nucleotides, 36 nucleotides, 37 nucleotides, 38 nuclectides, 39
nucleotides, 40 nucleotides, 41 nucleotides, 42 nucleotides, 43 nucleotides, 44 nucleotides, 45
nucleotides, 46 nucleotides, 47 nuclectides, 48 nuclectides, 49 nucleotides, or 50 nucleotides
i length).

[010]  In certain embodiments, the RNA molecule comprises about 15 nucleotides to
about 25 nucleotides in length. In certain embodiments, the RNA mwolecule is from 15 to 25
nucleotides in length {e. g, 15 nuclectides, 16 nucleotides, 17 nuclectides, 18 nucleotides, 19
nucleotides, 20 nucleotides, 21 nucleotides, 22 nucleotides, 23 nuclectides, 24 nucleotides, or

25 nucleotides in length}.
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[011]  In certain embodiments, the RNA molecule has a nucleic acid sequence that
is substantially complementary to a AMAF T nucleic acid sequence of any one of SEQ ID NOs:

14-33, 299, and 302

[012]  In certain embodiments, the RNA molecule has a nucleic acid sequence that
is at least 85% identical to the nucleic acid sequence of any one of SEQ ID NOs: 34-46 (e g,
85%, 86%%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
wdentical to the nucleic acid sequence of any one of SEQ ID NOs: 34-46) In certain
embodiments, the RNA molecule has a vucleic acid sequence that is at least 90% identical to
the nucleic acid sequence of any one of SEQ 1D NOs: 34-46 (e.g., 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleic acid sequence of any one of SEQ
D NOs: 34-40). In certain embodiments, the RNA molecule has a nucleic acid sequence that
is at least 95% identical to the nucleic acid sequence of any one of SEQ 1D NOs: 34-46 {e.g.,
5%, 96%, 97%, 98%, 99%, or 100% identical to the nucleic acid sequence of any one of SE(}
1D NOs: 34-46). In certain embodiments, the RNA molecule has the nucleic acid sequence of

any one of SEQ 1D NQs: 34-46.

[013] In certain embodiments, the RNA molecule comprises single stranded (ss)

RNA or double stranded (ds) RNA.

[014]  In certain embodiments, the RNA molecule 1s a dsRNA comprising a sense
strand and an antisense strand. The antisesne strand may comprise a nucleic acid sequence that
i3 substantially complementary to a MAP T vucleic acid sequence of any one of SEQ 1D NOs:
1-13, 292, and 295 For example, in certain embodiments, the antisense sequence is
substantially complementary to the nucleic acid sequence of SEQ I3 NO: 1. In certain
embodiments, the antisense sequence is substantially complementary to the nucleic acid
sequence of SEQ ID NGO 2. In certain embodiments, the antisense sequence 18 substantially
complementary 1o the nucleic acid sequence of SEQ D NO: 3. In certain embodiments, the
antisense sequence is substantially complementary to the nucleic acid sequence of SEQ ID NO:
4. In certain embodiments, the antisense sequence i1s substantially complementary to the
nucleic acid sequence of SEQ ID NG: 5. In certain embodiments, the antisense sequence 18
substantially complementary to the nucleic acid sequence of SEQ ID NO: 6. In certain
embodiments, the antisense sequence 18 substantially complementary to the oucleic acid
sequence of SEQ ID NOG: 7. In certain embodiments, the antisense sequence is substantially
complementary to the nucleic acid sequence of SEQ 1D NGO: 8. In certain embodiments, the

antisense sequence is substantially complementary to the nucleic acid sequence of SEQ 1D NO:
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9. In certain embodiments, the antisense sequence is substantially complementary to the
nucleic acid sequence of SEQ 1D NO: 10, In certain ernbodiments, the antisense sequence is
substantially complementary to the nucleic acid sequence of SEQ D NO: 11 In certain
embodiments, the antisense sequence 15 substantially complementary to the nucleic acid
sequence of SEQ ID NO: 12, In certain embodiments, the antisense sequence is substantially
complementary to the nucleic acid sequence of SEQ I} NO: 13, In certain embodiments, the
auntisense sequence 1s substantially complementary to the nucleic acid sequence of SEQ ID NO:
292, In certain embodiments, the antisense sequence is substantially complementary 1o the

nuclete acid sequence of SEQ ID NG 295,

{0151  In certain embodiments, the dsRNA comprises an antisense strand having
complementarity to at least 10, 11, 12 or 13 contiguous nuclectides of a MAPT nucleic acid
sequence of any one of SEQ I NOs: 1-13, 292, and 295, For example, in certain embodiments,
the dsRNA comprises an antisense strand having complementarity to a segment of from 10 to
25 contiguous nucleotides of the nucleic acid sequence of any ove of SEQ 1D NOs: 1-13, 292,
and 295 {e.g., a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 2510,
11,12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, or 25contiguous nucleotides of the nucleic
acid sequence of SEQ ID NO: 1, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ [D NO: 2, a segment
of 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
nucleic acid sequence of SEQ I NO: 3, a segment of 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20,

24, or 25 contiguous nucleotides of the

21,22, 23, 24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ ID NGO 4, &
segment of 10, 11,12, 13,14, 15, 16,17, 18, 19, 20,21, 22, 23, 24, or 25 contiguous nucleotides
of the nucleic acid sequence of SEQ ID NO: 5, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ ID

NO: 6, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 2

(¥}

CONtiguous
nucleotides of the nucleic actd sequence of SEGQ ID NGO 7, a segment of 10, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid sequence of
SEQ ID NO: 8, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
contiguous nucleotides of the nucleic acid sequence of SEQ ID NG 9, g segment of 10, 11, 12
14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, or 25 contiguous nuclectides of the nucleic acid
sequence of SEQ ID NQO: 10, asegment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23,
24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ ID NO: 11, a segment of

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous nucleotides of the
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nucleic acid sequence of SEQ 1D NG 12, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20,21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ ID NO:
13, a segment of 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous
nucleotides of the nucleie acid sequence of SEQ ID NG: 292, or a segment of 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contignous nucleotides of the nucleic acid

sequence of SEQ ID NO: 295},

[016] In certain embodiments, the dsRNA comprises an antisense strand having
complementarity to a segment of from 15 to 35 contiguous nucleotides of the nucleic acid
sequence of any one of SEQ 1D NOs: 1-13, 292, and 295 For example, the antisense strand
may have complementarity to a segment of 15 contiguous nuclectides, 16 contiguous
nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides, 19 contiguous nucleotides,
20 contiguous nucleotides, 21 contiguous nuclectides, 22 contiguous nucleotides, 23
contiguous nuclectides, 24 contiguous nucleotides, 25 contiguous nucleotides, 26 contiguous
nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides, 29 contiguous nucleotides,
30 contiguous nucleotides, 31 contiguous nucleotides, 32 contiguous nucleotides, 33
contiguous nucleotides, 34 contiguous nucleotides, or 35 contiguous nucleotides of the nucleic
acid sequence of SEQ ID NGO 1. In certain embodiments, the antisense strand has
complementarity to a segment of 15 contiguous nucleotides, 16 contiguous nucleotides, 17
contiguous nucleotides, 18 contiguous nucleotides, 19 contignous nucleotides, 20 contiguous
nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides,
24 contiguous uucleotides, 25 contiguous nucleotides, 20 contiguous nucleotides, 27
contiguous nucleotides, 28 contiguous nucleotides, 29 contiguous nucleotides, 30 contiguous
nucleotides, 31 contiguous nucleotides, 32 contiguous nucleotides, 33 contiguous nucleotides,
34 contiguous nucleotides, or 35 contiguous nucleotides of the nucleic acid sequence of SEQ
D NG: 2. In certain ernbodiments, the antisense strand has complementarity to a segment of
IS contiguous snucleotides, 16 contiguous nuclectides, 17 contiguous nucleotides, 18
contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous
nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides,
25 contiguous nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28
contiguous nuclectides, 29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous
nucleotides, 32 contiguous nucleotides, 33 contiguous nucleotides, 34 contiguous nucleotides,
or 35 contiguous nucleotides of the nucleic acid sequence of SEG D NG: 3. In certain

embodiments, the antisense strand has complementarity to a segment of 15 contiguous
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nucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides, 25 contiguous
nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides,
29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous nucleotides, 32
contiguous nuclectides, 33 contiguous nucleotides, 34 contiguous nuclectides, or 35
contiguous nucleotides of the nucleic acid sequence of SEQ ID NG: 4. In certain embodiments,
the antisense strand has complementarity to 3 segment of 15 contiguous nucleotides, 16
contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides, 19 contiguous
nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides,
23 contiguous nucleotides, 24 contiguous nucleotides, 25 contiguous nucleotides, 26
contiguous nuclectides, 27 contiguous nucleotides, 28 contiguous nucleotides, 29 contiguous
nucleotides, 30 contiguous nucleotides, 31 contignous nucleotides, 32 contiguous nucleotides,
33 contiguous nucleotides, 34 contiguous nuclectides, or 35 contiguous nucleotides of the
nuclete acid sequence of SEQ 1D NO: 5. In certain embodiments, the antisense strand has
complementarity to a segment of 15 contignous nucleotides, 16 contiguous nucleotides, 17
contiguous nucleotides, 18 contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous
nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides,
24 contiguous nucleotides, 25 contiguous nucleotides, 26 contiguous nucleotides, 27
contfiguous nucleotides, 28 contiguous nucleotides, 29 contiguous nucleotides, 30 contiguous
nucleotides, 31 contiguous nucleotides, 32 contiguous nucleotides, 33 contiguous nucleotides,
34 contiguous nucleotides, or 35 contiguous nucleotides of the nucleic acid sequence of SEQ
D NO: 6. In certain emboduments, the antisense sirand has complementarity to a segment of
1S contiguous nucleotides, 16 contiguous nucleotides, 17 contiguous nuclecotides, 18
contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous
nucleotides, 22 contiguous nucleotides, 23 contignous nucleotides, 24 contiguous nucleotides,
25 contiguous nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28
contiguous nucleotides, 29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous
nucleotides, 32 contiguous nuclectides, 33 contiguous nucleotides, 34 contiguous nucleotides,
or 35 contiguous nucleotides of the nucleic acid sequence of SEQ ID NO: 7. In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22

contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nuclestides, 25 contiguous
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nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides,
29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous nucleotides, 32
contiguous nucleotides, 33 contiguous nucleotides, 34 contiguous nucleotides, or 35
contiguous nucleotides of the nucleic acid sequence of SEQ ID NO: 8. In certain embodiments,
the antisense strand has complementarity to a segment of 15 contiguous nucleotides, 16
contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides, 19 contiguous
nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides,
23 contiguous nucleotides, 24 contiguous nuclectides, 25 contiguous nucleotides, 26
contiguous nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides, 29 contiguous
nucleotides, 30 contiguous nucleotides, 31 contiguous nucleotides, 32 contiguous nucleotides,
33 contiguous nucleotides, 34 contiguous nucleotides, or 35 contiguous nuclectides of the
nucleic acid sequence of SEQ 1D NO: 9. In certain embodiments, the antisense strand has
complementarity to a segment of 15 contiguous nucleotides, 16 contiguous nucleotides, 17
contiguous nucleotides, 18 contiguous nucleotides, 19 contignous nucleotides, 20 contiguous
nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides,
24 contiguous uucleotides, 25 contiguous nucleotides, 20 contiguous nucleotides, 27
contiguous nucleotides, 28 contiguous nucleotides, 29 contiguous nucleotides, 30 contiguous
nucleotides, 31 contiguous nucleotides, 32 contiguous nucleotides, 33 contiguous nucleotides,
34 contiguous nucleotides, or 35 contiguous nucleotides of the nucleic acid sequence of SEQ
D NO: 10, In certain embodiments, the antisense strand has complementarity to a segment of
IS contiguous snucleotides, 16 contiguous nuclectides, 17 contiguous nucleotides, 18
contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous
nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides,
25 contiguous nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28
contiguous nucleotides, 29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous
nucleotides, 32 contiguous nucleotides, 33 contignous nucleotides, 34 contiguous nucleotides,
or 35 contiguous nuclectides of the nucleic acid sequence of SEQ I NO: 11, In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nuclectides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contignous nucleotides, 21 contiguous nucleotides, 22
contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides, 25 contiguous
nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides,
29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous nucleotides, 32

contiguous nucleotides, 33 contiguous nuclectides, 34 contiguous nucleotides, or 35

10
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Is]

contiguous nucleotides of the nucleic acid sequence of SEQ I NO: 12, In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contignous nucleotides, 21 contiguous nucleotides, 22
contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides, 25 contiguous
nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides,
29 contiguous uucleotides, 30 contiguous nucleotides, 31 contiguous nucleotides, 32
contiguous nucleotides, 33 contiguous nuclectides, 34 contiguous nucleotides, or 35
contiguous nucleotides of the wucleic acid sequence of SEQ ID NO: 13 In certain
embodiments, the aotisense strand has complementanty to a segment of 15 contiguous
nucleotides, 16 contiguous nucleotides, 17 contiguous nuclectides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
contiguous nuclectides, 23 contiguous nucleotides, 24 contiguous nucleotides, 25 contiguous

nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides,

-3

~
3

29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous nucleotides,

¢

-

contiguous nucleotides, 33 contiguous nucleotides, 34 contiguous nucleotides, or 3f
contiguous nucleotides of the nucleic acid sequence of SEQ ID NO: 292, In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
contiguous nuclectides, 23 contiguous nucleotides, 24 contiguous nucleotides, 25 contiguous
~

nucleotides, 26 contiguous nucleotides, 27 contiguous nucleotides, 28 contiguous nucleotides,

29 contiguous nucleotides, 30 contiguous nucleotides, 31 contiguous nucleotides, 32
configunous nucleotides, 33 contiguous nucleotides, 34 contiguous nucleotides, or 35

contiguous nucleotides of the nucleic acid sequence of SEQ 1D NG: 295

{0171 In certain embodiments, the dsRNA comprises an antisense strand having no
more than 3 mismatches with a MAP Fnucleic acid sequence of any one of SEQ 1D NOs: 1-13,
292, and 295 For example, the antisense strand may have from (-3 mismatches {e.g, O
mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to the nucleic acid sequence
of SEQ ID NO: 1. In certain embodiments, the antisense strand has from 0-3 mismatches (e.g,
0 mismatches, | mismatch, 2 mismatches, or 3 nusmatches) relative to the nucleic acid
sequence of SEQ 1D NG 2. In certain embodiments, the antisense strand has from 0-3

P

mismatches {(e.g, 0 mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to the

11
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nucleic acid sequence of SEQ ID NO: 3. In certain embodiments, the antisense strand has from
0-3 rmismatches {e.g, 0 mismatches, 1 nusmatch, 2 mismatches, or 3 mismatches) relative to
the nucleic acid sequence of SEQ ID NO: 4. o certain emnbodiments, the antisense strand has
from 0-3 mismatches {e.g, 0 nusmatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative
to the nucleic acid sequence of SEQ ID NO: 5. In certain embodiments, the antisense strand
has from 0-3 mismatches {e.g, O mismatches, | mismatch, 2 mismatches, or 3 mismatches)
relative to the nucleic acid sequence of SEHQ ID NG: 6. In certain embodiments, the antisense
strand bas from 0-3 mismatches {e.g, 0 mismatches, 1 mismatch, 2 mismatches, or 3
mmismatches) relative to the vucleic acid sequence of SEQ ID NGO: 7. In certain embodiments,
the antisense strand has from 0-3 mismatches (¢ g, 0 mismatches, 1 mismatch, 2 mismatches,
or 3 nusmatches) relative to the nucleic acid sequence of SEQ ID NO: 8 In certain
embodiments, the antisense strand has tfrom 0-3 mismatches {e. g, 0 mismatches, | mismatch,
2 mismatches, or 3 mismatches) relative to the nucleic acid sequence of SEQ ID NO: 9. In
certain embodiments, the antisense strand has from 0-3 mismatches (e.g, 0 mismatches, 1
mismatch, 2 mismatches, or 3 mismatches) relative to the nucleic acid sequence of SEQ D
NGO: 10, Iu certain embodiments, the antisense strand has from 0-3 mismaiches (eg, 0
mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to the nucleic acid sequence
of SEQ ID NO: 11, In certain embodiments, the antisense strand has from 0-3 mismatches
{e.z., 0 mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to the nucleic acid
sequence of SEQ ID NO: 12, In certain embodiments, the antisense strand has from 0-3
mismatches {e.g., 0 mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to the
nuclete acid sequence of SEQ ID NO: 13, In certain embodiments, the antisense strand has
from (-3 nusmatches (e.g, O mismatches, 1 musmaich, 2 mismatches, or 3 mismatches) relative
to the nucleic acid sequence of SEQ ID NG: 292 In certain embodiments, the antisense strand
has from 0-3 mismaiches (e g, 0 mismatches, 1 mismatch, 2 mismatches, or 3 mismatches)
relative to the nucleic acid sequence of SEQ 1D NO: 295,

[018]  In certain embodiments, the dsRNA coroprises an antisense strand that s fully
complementary to a MAFPT nucleie acid sequence of any one of SEQ B NOs: 1-13, 292, and
295,

[019]  In certain embodiments, the dsRNA comprises an antisense strand that is at
least 85% identical to the nucleic acid sequence of any one of SEQ 12 NQOs: 34-406 {e. g, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%

identical to the nucleic acid sequence of any one of SEQ I3 NOs: 34-46).  In certain
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embodiments, the dsRNA comprises an antisense strand that is at least 90% identical to the

nucleic acid sequence of any one of SEQ 1D NOs: 34-46 (e g, 90%, 91%, 92%, 93%, 94%,

5%, 96%, 97%, 98%, 99%, or 100% identical to the nucleic acid sequence of any one of SE(
D NOs: 34-46). In certain embodiments, the dsRNA comprises an antisense strand that 1s at
least 95% identical to the nucleic acid sequence of any one of SEQ ID NOs: 34-46 (e.g., 95%,
6%, 97%, 98%, 99%, or 100% identical to the nucleic acid sequence of any one of SEQ ID
NQOs: 34-46). o certain embodiruents, the dsRNA comprises an antisense strand that has the

nucleic acid sequence of any one of SEQ 1D NUs: 34-46,

[020] In certain embodiments, the antisense strand and/or sense strand comprises
about 13 nucleotides to 35 nucleotides in length. For example, in certain embodiments, the
antisense strand and/or sense strand is 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

28,29, 30, 31, 32, 33, 34, or 35 nuclectides in length.

(0211 Io some embodiments of any one of the foregoing aspects, the antisense strand is 15
nuclectides in length. In some embodiments, the antisense strand 18 16 nucleotides in length.
In some embodiments, the antisense strand 1s 17 nucleotides in length. In some embodiments,
the antisense strand is 18 nucleotides in length. In some embodiments, the antisense strand is
19 nucleotides in length. In certain embodiments, the antisense strand is 20 nucleotides in
fength. In certain embodiments, the antisense strand is 21 nucleotides in length. In certain
embodiments, the antisense sirand 1 22 nucleotides n length. In some embodiments, the
antisense strand is 23 nucleotides in length. In some embodiments, the antisense strand is 24
nucleotides in length. In some embodiments, the antisense strand is 25 nucleotides in length.
in some embodiments, the antisense strand is 26 nuclectides in length. In some embodiments,
the antisense strand 1s 27 nucleotides in length. In some embodiments, the antisense strand is
28 nucieotides in length. In some embodiments, the antisense strand is 29 nucleotides in length.
in some embodiments, the antisense strand is 30 nucleotides in length. In some embodiments,
the antisense strand 15 31 nucleotides in length. In some embodiments, the antisense strand s
32 nucleotides in length. In some embodiments, the antisense strand 18 33 nucleotides in length.
In some embodiments, the antisense strand 18 34 nucleotides in length. In some embodiments,
the antisense strand 1s 35 nucleotides in length. In some embodiments, the sense strand is 13
nucleotides in length. In some embodiments, the sense strand is 14 nuclectides in length. In
certain embodiments, the sense strand is 15 nucleotides in length. In certain embodiments, the
sense strand is 16 oucleotides in length. In certain embodiments, the sense strand 15 18

nucleotides in length. In certain embodiments, the sense strand ts 20 nucleotides in length. In
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some embodiments, the sense sirand is 21 nucleotides in length. In some embodiments, the
sense strand is 22 nucleotides i length. In some embodiments, the sense strand 15 23
nucleotides 1o length. In some embodirents, the sense strand i3 24 nucleotides i length. In
some embodiments, the sense strand 15 25 nucleotides in length. In some embodiments, the
sense strand is 26 nucleotides in length.  In some embodiments, the sense strand is 27
nucleotides in length. In some embodiments, the sense strand is 29 nucleotides in length. In
some embodiments, the sense strand 1s 30 nucleotides in length. In some embodiments, the
sense strand is 31 nucleotides in length. In some embodiments, the sense strand is 32
nucleotides in length. In some embodiments, the sense strand is 33 vucleotides n length. In
some embodiments, the sense strand i3 34 nucleotides 1o length. In some embodiments, the

sense strand 18 35 nucleotides i length.

(0221 In some embodiments, the antisense strand i3 18 nuclectides in length and the sense

strand is 14 nucleotides in length.

(023} In some embodiments, the antisense strand i1s 18 nucleotides in length and the sense

strand 18 1S nucleotides in length.

{0241 In some embodiments, the antisense strand is 18 nucleotides in length and the sense

strand 1s 16 nucleotides in length.

(025} In some embodiments, the antisense strand 15 18 nucleotides in length and the sense

strand is 17 nucleotides in length.

[026] In some embodiments, the antisense strand is 18 nucleoctides in length and the sense

strand 13 18 nucleotides n length.

[0271 In some embodiments, the antisense strand is 19 nucleotides in length and the sense

strand is 14 nucleotides in length.

{028} In some embodiments, the antisense strand 13 19 nucleotides in length and the sense

strand is 15 nucleotides in length.

[029] In some embodiments, the antisense strand 18 19 nucleotides in length and the sense

strand i3 16 nucleotides n length.

{0301 In some embodiments, the antisense strand is 19 nucleotides in length and the sense

strand is 17 nucleotides in length.

[031] In some embodiments, the antisense strand i3 19 nuclectides in length and the sense

strand s 18 nucleotides in length.
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{0321 In some embodiments, the antisense strand is 19 nucleotides in length and the sense
strand 18 19 nucleotides in length.

0331 In certain embodiments, the antisense strand 1s 20 nucleotides in length and the sense
] D

strand s 15 nuclectides in length or 16 nucleotides in length.

(0341 In certain embodiments, the antisense strand 1s 21 nucleotides in length and the sense

strand 13 1S nucleotides n length or 16 nucleotides wn length.

(0351 In certain embodiments, the antisense strand i 20 nucleotides i length or 21

nucleotides in length and the sense strand is 15 nuclectides in length.

036% In certain embodiments, the antisense sirand is 20 nucleotides in length or 21
>

nucleotides tn length and the sense strand is 16 nucleotides in length.

[037] In some embodiments, the antisense strand is 20 nuclectides in length and the sense

strand 18 14 nucleotides n length.

[038] In certain ervbodiments, the antisense strand i3 20 nucleotides in length and the sense

strand 1s 15 nucleotides in length.

039} In some embodiments, the antisense strand 15 20 nucleotides in length and the sense

strand ts 16 nuclectides in length.

[040] In some embodiments, the antisense strand is 20 nucleotides in length and the sense

strand 18 17 nucleotides n length.

{0411 In some embodiments, the antisense strand is 20 nucleotides in length and the sense

strand is 18 nucleotides in length.

(042} In some embodiments, the antisense strand 15 20 nucleotides in length and the sense

strand is 19 nuclectides in length.

[043] In some embodiments, the antisense strand is 20 nuclectides in length and the sense

strand 18 20 nucleotides n length.

{044} In some embodiments, the antisense strand 1s 21 nucleotides i length and the sense

strand 1s 14 nucleotides in length.

{0451 In some embodiments, the antisense strand 13 21 nucleotides in length and the sense

strand ts 15 nuclectides in length.
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10461 In certain embodiments, the antisense strand s 21 nucleotides in length and the

strand is 16 nucleotides in length.

(047} In some embodiments, the
strand is 17 nuclectides in length.
(0481 In some embodiments, the

strand 13 18 nucleotides n length.

(0491 In some embodiments, the

strand is 19 nucleotides in length.

[0S0} In some embodiments, the

strand 1s 20 nucleotides in length.

(0511 In some embodiments, the

strand i3 21 nucleotides n length.

(052} In some embodiments, the

strand is 14 nucleotides in length.

[0S3} In some embodiments, the
strand ts 15 nuclectides in length.
[054] In some embodiments, the
strand 18 16 nucleotides in length.
(0551 In some embodiments, the

strand is 17 nucleotides in length.

[0S6]  In some embodiments, the

strand s 18 nuclectides in length.

(057} In some embodiments, the
strand 13 19 nucleotides n length.
[058] In some embodiments, the

strand 1s 20 nucleotides in length.

[0S9] In some embodiments, the

strand ts 21 nuclectides in length.
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(0601 In some embodiments, the

strand 1s 22 nucleotides in length.

(061} In some embodiments, the
strand is 14 nuclectides in length.
(0621 In some embodiments, the

strand 18 1S nucleotides n length.

(0631 In some embodiments, the

strand is 16 nucleotides in length.

[064] In some embodiments, the

strand 1s 17 nucleotides in length.

[065] In some embodiments, the

strand i3 18 nucleotides n length.

[066] In some embodiments, the

strand 1s 19 nucleotides in length.

1067} In some embodiments, the
strand is 20 nucleotides in length.
[068] In some embodiments, the
strand 18 21 nucleotides n length.
(0691 In some embodiments, the

strand is 22 nucleotides in length.

(070} In some embodiments, the

strand s 23 nucleotides in length.

(0711 In some embodiments, the
strand 18 14 nucleotides n length.
(0721 In some embodiments, the

strand 1s 15 nucleotides in length.

(0731 In some embodiments, the

strand is 16 nucleotides in length.
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10741 In some embodiments, the antisense strand is 24 nucleotides in length and the sense
£

strand 1s 17 nucleotides in length.

(075} In some embodiments, the antisense strand is 24 nucleotides in length and the sense

strand s 18 nuclectides in length.

[076] In some embodiments, the antisense strand i3 24 nuclectides in length and the sense

strand 18 19 nucleotides n length.

10771 In some embodiments, the aniisense strand is 24 nucleotides in length and the sense
£

strand is 20 nucleotides in length.

(078} In some embodiments, the antisense sirand 13 24 nucleotides in length and the sense

strand 1s 21 nucleotides in length.

(0791 In some embodiments, the antisense strand is 24 nuclectides in length and the sense

strand 18 22 nucleotides n length.

[08G] In some embodiments, the antisense strand is 24 nucleotides in length and the sense

strand 1s 23 nucleotides in length.

(081} In some embodiments, the antisense strand is 24 nucleotides in length and the sense

strand ts 24 nucleotides in length.

(082} In some embodiments, the antisense strand is 25 nucleotides in length and the sense

strand 18 14 nucleotides n length.

(0831 In some embodiments, the antisense strand s 25 nucleotides in length and the sense

strand is 15 nucleotides in length.

(084} In some embodiments, the antisense strand 18 25 nucleotides in length and the sense

strand is 16 nucleotides in length.

(0851 In some embodiments, the antisense strand is 25 nucleotides in length and the sense

strand 18 17 nucleotides n length.

[086] In some embodiments, the antisense strand 1s 25 nucleotides in length and the sense

strand is 18 nucleotides in length.

OR7H o some embodiments, the antisense strand is 25 nucleotides in length and the sense
E &

strand ts 19 nuclectides in length.
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{0881 In some embodiments, the antisense strand s 25 nucleotides in length and the sense
strand 1s 20 nucleotides in length.

(089} In some embodiments, the antisense strand i 25 nucleotides in length and the sense

strand 1s 21 nuclectides in length.

(0901 In some embodiments, the antisense strand is 25 nucleotides in length and the sense

strand 18 22 nucleotides n length.

(0911 In some embodiments, the antisense strand s 25 nucleotides in length and the sense

strand is 23 nucleotides in length.

(0921 In some embodiments, the antisense strand is 25 nucleotides in length and the sense

strand 1s 24 nucleotides in length.

(0931 In some embodiments, the antisense strand is 25 nucleotides in length and the sense

strand 18 25 nucleotides n length.

[094] In some embodiments, the antisense strand 1s 26 nucleotides in length and the sense

strand 1s 14 nucleotides in length.

(095} In some embodiments, the antisense strand 18 26 nucleotides in length and the sense

strand ts 15 nuclectides in length.

[096] In some embodiments, the antisense strand is 26 nucleotides in length and the sense

strand 18 16 nucleotides in length.

(0971 In some embodiments, the antisense strand s 26 nucleotides in length and the sense

strand is 17 nucleotides in length.

(098] In some embodiments, the antisense strand 18 26 nucleotides in length and the sense

strand s 18 nuclectides in length.

(0991 In some embodiments, the antisense strand is 26 nucleotides in length and the sense

strand 13 19 nucleotides n length.

{01007 In some embodiments, the antisense strand 1s 26 nucleotides in length and the sense

strand 1s 20 nucleotides in length.

[0101] In some embodiments, the antisense strand is 26 nucleotides in length and the sense

strand ts 21 nuclectides in length.
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(01021 In some embodiments, the antisense strand s 26 nucleotides in length and the sense

strand 1s 22 nucleotides in length.

[0103] In some embodiments, the antisense strand 18 26 nucleotides in length and the sense

strand s 23 nuclectides in length.

[0104] In some embodiments, the antisense strand is 26 nucleotides in length and the sense

strand 18 24 nucleotides n length.

(01057 In some embodiments, the antisense strand s 26 nucleotides in length and the sense

strand is 25 nucleotides in length.

[0106] In some embodiments, the antisense strand is 26 nucleotides in length and the sense

strand 1s 26 nucleotides in length.

[0107] In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand 18 14 nucleotides n length.

[0108] In some embodiments, the antisense strand 1s 27 nucleotides in length and the sense

strand 1s 15 nucleotides in length.

[0109] In some embodiments, the antisense strand i3 27 nucleotides in length and the sense

strand ts 16 nuclectides in length.

(0110} In some embodiments, the antisense strand s 27 nucleotides in length and the sense

strand 18 17 nucleotides n length.

[0111] In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand is 18 nucleotides in length.

(0112} In some embodiments, the antisense strand i3 27 nucleotides in length and the sense

strand is 19 nuclectides in length.

[0113] In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand 18 20 nucleotides n length.

0114} In some embodiments, the antisense strand 1s 27 nucleotides in length and the sense

strand 1s 21 nucleotides in length.

(01157 In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand s 22 nuclectides in length.
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[0116] In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand 1s 23 nucleotides in length.

(01177 In some embodiments, the antisense strand i3 27 nucleotides in length and the sense

strand s 24 nuclectides in length.

[0118] In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand 18 28 nucleotides n length.

(01191 In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand is 26 nucleotides in length.

{01207 In some embodiments, the antisense strand is 27 nucleotides in length and the sense

strand 1s 27 nucleotides in length.

[0121] In some embodiments, the antisense strand is 28 nucleotides in length and the sense

strand 18 14 nucleotides n length.

01227 In some embodiments, the antisense strand 1s 28 nucleotides in length and the sense

strand 1s 15 nucleotides in length.

101231 In some embodiments, the antisense strand s 28 nucleotides in length and the sense

strand ts 16 nuclectides in length.

(01247 In some embodiments, the antisense strand is 28 nucleotides in length and the sense

strand 18 17 nucleotides n length.

01257 In some embodiments, the antisense strand s 28 nucleotides in length and the sense

strand is 18 nucleotides in length.

[0126] In some embodiments, the antisense strand is 28 nucleotides in length and the sense

strand is 19 nuclectides in length.

(01277 In some embodiments, the antisense strand is 28 nucleotides in length and the sense

strand 18 20 nucleotides n length.

0128} In some embodiments, the antisense strand 1s 28 nucleotides in length and the sense

strand 1s 21 nucleotides in length.

01291 Tn some embodiments, the antisense strand is 28 nucleotides in length and the sense
E &

strand s 22 nuclectides in length.
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01307 In some embodiments, the antisense strand s 28 nucleotides in length and the sense

strand 1s 23 nucleotides in length.

[0131] In some embodiments, the antisense strand is 28 nucleotides in length and the sense

strand s 24 nuclectides in length.

[0132] In some embodiments, the antisense strand is 28 nucleotides in length and the sense

strand 18 28 nucleotides n length.

01331 In some embodiments, the antisense strand s 28 nucleotides in length and the sense

strand is 26 nucleotides in length.

[0134] In some embodiments, the antisense strand is 28 nucleotides in length and the sense

strand 1s 27 nucleotides in length.

[0135] In some embodiments, the antisense strand is 28 nucleotides inn length and the sense

strand 18 28 nucleotides n length.

[0136] In some embodiments, the antisense strand 1s 29 nucleotides in length and the sense

strand 1s 14 nucleotides in length.

(01377 In some embodiments, the antisense strand 18 29 nucleotides in length and the sense

strand ts 15 nuclectides in length.

[0138] In some embodiments, the antisense strand s 29 nucleotides in length and the sense

strand 18 16 nucleotides n length.

[0139] In some embodiments, the antisense strand s 29 nucleotides in length and the sense
&

strand is 17 nucleotides in length.

01407 In some embodiments, the antisense strand 18 29 nucleotides in length and the sense

strand s 18 nuclectides in length.

[0141] In some embodiments, the antisense strand is 29 nucleotides in length and the sense

strand 18 19 nucleotides n length.

{01427 In some embodiments, the antisense strand 1s 29 nucleotides in length and the sense

strand 1s 20 nucleotides in length.

{01431 In some embodiments, the antisense strand is 29 nucleotides in length and the sense

strand ts 21 nuclectides in length.
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[0144] In some embodiments, the antisense strand s 29 nucleotides in length and the sense
&

strand 1s 22 nucleotides in length.

[0145] In some embodiments, the antisense strand i3 29 nucleotides in length and the sense

strand s 23 nuclectides in length.

[0140] In some embodiments, the antisense strand is 29 nucleotides in length and the sense

strand 18 24 nucleotides n length.

[0147] In some embodiments, the antisense strand s 29 nucleotides in length and the sense
&

strand is 25 nucleotides in length.

(01481 In some embodiments, the antisense strand is 29 nucleotides in length and the sense

strand 1s 26 nucleotides in length.

[0149] In some embodiments, the antisense strand is 29 nucleotides in length and the sense

strand i3 27 nucleotides n length.

01507 In some embodiments, the antisense strand 1s 29 nucleotides in length and the sense

strand is 28 nucleotides in length.

(01517 In some embodiments, the antisense strand 18 29 nucleotides in length and the sense

strand s 29 nucleotides in length.

(01527 In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand 18 14 nucleotides n length.

{01531 In some embodiments, the antisense strand s 30 nucleotides in length and the sense

strand is 15 nucleotides in length.

[0154] In some embodiments, the antisense strand i3 30 nucleotides in length and the sense

strand is 16 nucleotides in length.

[0155] In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand 18 17 nucleotides n length.

[0156] In some embodiments, the antisense strand 1s 30 nucleotides in length and the sense

strand is 18 nucleotides in length.

(01571 In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand ts 19 nuclectides in length.
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01581 In some embodiments, the antisense strand s 30 nucleotides in length and the sense

strand 1s 20 nucleotides in length.

(01597 In some embodiments, the antisense strand 18 30 nucleotides in length and the sense

strand 1s 21 nuclectides in length.

[0160] In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand 18 22 nucleotides n length.

(016171 In some embodiments, the antisense strand s 30 nucleotides in length and the sense

strand is 23 nucleotides in length.

(01621 In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand 1s 24 nucleotides in length.

[0163] In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand 18 25 nucleotides n length.

[0164] In some embodiments, the antisense strand 1s 30 nucleotides in length and the sense

strand is 26 nucleotides in length.

(01657 In some embodiments, the antisense strand 18 30 nucleotides in length and the sense

strand ts 27 nuclectides in length.

[0166] In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand 18 28 nucleotides n length.

(01671 In some embodiments, the antisense strand s 30 nucleotides in length and the sense

strand is 29 nucleotides in length.

(01687 In some embodiments, the antisense strand 15 30 nucleotides in length and the sense

strand s 30 nuclectides in length.

[0169] In certain embodiments, the dsRNA comprises a double-stranded region of 14 base
pairs to 30 base pairs {e.g, 14 base pairs, 15 base pairs, 16 base pairs, 17 base pairs, 18 base
pairs, 19 base pairs, 20 base pairs, 21 base pairs, 22 base pairs, 23 base pairs, 24 base pairs, 25
base pairs, 26 base pairs, 27 base pairs, 28 base pairs, 29 base paurs, ot 30 base pairs). In cettain
embodiments, the dsRNA comprises a double-stranded region of 14 base pairs. In certain
embodiments, the dsRNA comprises a double-stranded region of 15 base pairs. In certain
embodiments, the dsRNA comprises a double-stranded region of 16 base pairs. In certain

embodiments, the dsRNA comprises a double-stranded region of 17 base pawrs. In certain
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embodiments, the dsBRNA comprises a double-stranded region of 18 base pairs. In some

¢

embodiments, the dsRNA comprises a double-stranded region of 19 base pawrs. In some
embodiments, the dsRNA comprises a double-stranded region of 20 base pairs. In some
embodiments, the dsRNA comprises a double-stranded region of 21 base pawrs. In some
embodiments, the dsRNA comprises a double-stranded region of 22 base pawrs. In some
embodiments, the dsRNA comprises a double-stranded region of 23 base pairs. In some
embodiments, the dsRNA comprises a double-stranded region of 24 base pairs. In some
embodiments, the dsRNA comprises a double-stranded region of 25 base pairs. In some
embodiments, the dsRNA comprises a double-stranded region of 26 base pairs. In some
embodiments, the dsRNA comprises a double-stranded region of 27 base pairs. In some

embodiments, the dsRNA comprises a double-stranded region of 28 base pairs. In some

¢

embodiments, the dsRNA comprises a double-stranded region of 29 base pairs. In some

embodiments, the dsRNA comprises a double-stranded region of 30 base pairs.

[0170] In certain ervbodiments, the dsRNA comprises a blunt-end. In certain embodiments,
the dsRNA comprises at least oune single stranded nucleotide overhang.  In certain
embodiments, the dsRNA comprises about a 2-nucleotide to S-nuclectide single stranded

nucleotide overhang,
[0171] In certain embodiments, the dsRNA comprises naturally occurring nucleotides.
[0172] In certain embodiments, the dsRNA comprises at least one modified nucleotide.

[0173] In certain embodiments, the modified nucleotide comprises a 2'-O-methyl modified
nucleotide, a 2'-deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked
nucleotide, an abasic nucleotide, a 2-amino-modified nucleotide, a 2'-alkyl-modified
nuclectide, a morpholino nuclectide, a phosphoramidate, a non-natural base comprising

nucleotide, or a mixture thereof.

[0174] In certain embodiments, the dsBRNA comprises at least one modified internucleotide

Hinkage.

[0175] In certain embodiments, the modified internucleotide linkage comprises a
phosphorothicate internucleotide inkage. In certain embodiments, the dsRNA comprises 4-16
phosphorothicate internuclectide linkages {e.g, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or 16
phosphorothioate linkages).  In certain embodiments, the dsRNA comprises 8§-13

phosphorothicate internucleotide linkages{e.g, 9, 10, 11, 12, or 13 phosphorothicate linkages).
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(01761 In certain embodiments, the dsRNA comprises at least one modified internucleotide

linkage of Formula [

wherein:
B is a base pairing moiety;
W is selected from the group consisting of O, OCHy, OCH, CHy, and CH;
X 13 selected from the group consisting of halo, hydroxy, and Cis alkoxy;
Y i3 selected from the group consisting of O, OH, OR, NH~, NH;, §-, and SH;
Z 1s selected from the group consisting of O and CHy;
R 13 a protecting group, and

optional double bond.

{01771 In certam embodiments, when W is CH, === 1s a double bond.

{01781 In certain embodiments, when W 1s selected from the group consisting of O,

OCH;, OCH, CH;, === is a single bond.

(01797 In certain embodiments, the dsRNA comprises at least 70% chemically modified
nucleotides (e.g., 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, B0%, 81%, 82%,

83%, 84%, $5%, 86%, 87%, BR%%. 89%, 90%, O1%, 92%, 93%. 4%, 95%, 96%, 97%, 98%%,
9%, or 100% chemically modified nucleotides).

[0180] In certain embodiments, the dsRNA is fully chemically modified. In certain
embodiments, the dsRNA comprises at least 60% 27-O-methyl nucleotide modifications {e. g,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 6T%, 68%, 69%, T0%, T1%, T2%, T3%, T4%, 75%,
T6%, TT%, 8%, T9%, 80%. B1%, 82%. 83%. §4%, 83%, 86%, 87%, §8%., 89%, 90%. 919,

O2%, 93%, 94%, 953%, 96%, 97%, 98%%, 99%, or 100% 2’ -O-methyl modifications).
> 2 k E k 3 }’

[0181] In certain embodiments, the dsRNA comprises from about 80% to about 90% 2°-0O-

2

methyl nucleotide modifications {e.g., about 80%, 81%, 82%, 83%, 84%, 85%, 86%, §7%
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&8%, 89%, or 90% 2’-O-methy] nucleotide modifications). In certain embodiments, the
dsRINA comprises from about 83% to about 86% 2°-0O-methyl modifications {e.g , about §3%,

34%, 853%, or 86% 2°-O-methyl modifications).

[0182] In certain embodiments, the dsRNA comprises from about 70% to about 80% 2°-0-
methy] nucleotide modifications (e.g., about 70%, 71%, 72%, 73%, 74%, 75%, 76%., 77%,

78%, 79%, or 80% 27-O-methy! nucleotide modifications). In certain embodiments, the

dsRINA comprises from about 75% to about 78% 2°-0O-methyl modifications {e.g, about 75%,

6%, T7%, or 78% 27-O-methyl modifications).

[0183] In some embodiments of any one of the foregoing aspects, the dsRNA comprises from
about 60% to about 70% 2°-C-methyl nucleotide modifications {e.g, about 60%, 61%, 62%,
63%, 04%, 65%, 66%, 67%, 68%, 69%, or 70% 2°-O-methyl nuclectide modifications).

some emboditents, the dsRNA comprises from about 60% to about 65% 2°-O~methyl

modifications {e. g, about 60%, 61%, 62%, or 63% 27-0-methyl modifications).

[0184] In certain embodiments, the antisense strand comprises at least 70% chemically
modified nucleotides {e.g, 70%, 71%, 72%, 73%, 74%, 75%, 76%, T7%, 78%, 79%, 80%,
81%. 82%, 83%, B4%, B5%, 86%, 7%, 88%., 89%, 90%, G1%, 92%, 03%, 94%, 95%, 96%,

7%, 98%, 99%, or 100% chemically modified nucleotides).

[0185] In certain embodiments, the antisense strand is fully chemically modified. In certain
embodiments, the antisense strand comprises at least 55% 2°-C-methyl nuclectide
modifications {e.g, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, TO%, T1%, 72%, 73%, T4%. T5%, T6%, T1%, T8%., T9%, 80%, 81%, 82%, 83%,
34%, 85%, 86%, 87%, 8R%%, B9%%, 90%, 91%, 92%, 93%., 94%%, 95%, 96%, 97%, 98%, 99%,
or 100% 2°-OC-~-methy] modifications). In some embodiments, the antisense strand comprises
about 55% to 90% 2°-O-methyl nuclectide modifications {(e.g., 55%, 56%, 57%, 58%, 59%,
6%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%

T6%, TT%, T8%, T9%, 80%, 81%, 82%, 83%, 84%, 85%, R6%, 87%, §8%, §9%, or 00% 2'-

75%

O-methyl modifications).

[0186] In certain embodiments, the antisense strand comprises about 70% to 90% 2°-0-methyl
nuclectide modifications {e.g., about 70%, 71%, 72%, 73%, 74%, 75%, T6%, 77%, 78%, 79%

80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, or 90% 2°-O-methyl modificati@ns).

In certain embodiments, the antisense strand comprises from about 83% to about 90% 2°-0O-
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methy! modifications {e.g, about 85%, 86%, 87%, 8&%, 89%, or 90% 2°-O-methyi

modifications).

[0187] In certain embodiments, the antisense strand comprises about 75% to §5% 27-O-methyl
nucleotide modifications {(e.g., about 75%, 76%, 77%, 78%, 79%, 80%, &1%, 82%, 83%, 84%,
or 85% 2"-O-methyl modifications). In certain embodiments, the antisense strand comprises
from about 76% to about 80% 2°-C-methyl modifications {(g.g., about 76%, 77%, 78%, 79%,

or 80% 27-O-methyl modifications).

[0188] In certain embodiments, the sense strand comprises at least 70% chemically modified
nuclectides (e.g, 70%, 71%, 72%, T3%, 74%, 75%, 76%, T7%, 78%, 79%, 80%, 81%, 82%,

83%, 84%% 85%, 86%, §7%, 88%, 80%, 90%. 91%, 92%, 03%, 94%, 95%, 96%, 07%, 08%,

0,

~J
VJ:

0,

99%, or 100% chemically modified nucleotides}.

[0189] In certain embodiments, the sense strand s fully chemically modified.  In certain
embodiments, the sense strand comprises at least 55% 2°-O-methyl nuclectide modifications
(e.0. 55%, 56%, ST%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
T0%, T1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, &3%, 84%, 85%,

86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 2’-

'1 7

O-methyl modifications). Io certain embodiments, the sense strand comprises 100% 27-0O-
methyl nucleotide modifications.
(0190} In certain embodiments, the sense strand comprises from about 70% to about 85% 2°-

g., about 70%, T1%, 72%, 73%, 74%, 75%, 76%, 77%

78%, 79%, 80%, 81%, B82%, 83%, B4%, or 85% 27-C-methyl nucleotide modifications).

O-methyl nucleotide modifications (e g

Ed

certain embodiments, the sense strand comprises from about 75% to about 80% 27-O-methyl
2 o

nucleotide modifications {e.g, about 75%, 76%, 77%, T8%, 79%, or 80% 2°-O-methyl
? > 2 3 :y

Rl
nucleotide modifications).
[0191] In certain embodiments, the sense strand comprises from about 65% to about 75% 27~

(-methyl nucleotide modifications {e. g, about 63%, 66%, 67%, 08%, 69%, 70%, 71%, 72%,

~3

3%, 74%, or 75% 27-O~methy] nucleotide modifications).

(01921 In certain embodiments, the sense strand comprises from about 67% to about 73% 2°-
O-methy! nucleotide modifications {e.g., about 67%, 08%, 69%, 70%, 71%, 72%, or 73% 2°-

O-methyl nucleotide modifications).
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{01931 In some embodiments of any one of the foregoing aspects, the sense strand comprises
from about 55% to about 65% 2°-O-methyl nucleotide modifications (e.g, about 55%, 56%,

57%, 58%, 59%, 6%, 61%, 62%, 63%, 64%, or 65% 27-O-methyl nucleotide modifications).

[0194] In certain embodiments, the sense strand comprises one or more mucleotide mismatches
between the antisense strand and the sense strand. In certain embodiments, the one or more
nucleotide mismatches are present at positions 2, 6, and 12 from the 57 end of sense strand. In
certain embodiments, the nucleotide mismatches are present at positions 2, 6, and 12 from the

57 end of the sense strand.

[0195] In certain embodiments, the antisense strand comprises a 5 phosphate, a 5 -alkyl

phosphonate, a 5° alkylene phosphonate, ora 57 alkenyl phosphonate.
[0196] In certain embodiments, the antisense strand comprises a 57 vinyl phosphonate.

[01971 In certain embodiments, the dSRNA comprises an antisense strand and a sense strand,
each strand with a 5” end and a 3’ end, wherein: {1} the antisense strand has a nucleic acid
sequence that is substantially complementary to a MAFP T nucleic acid sequence of any one of
SEQ ID NOs: 1-13, 292, and 295; (2) the antisense strand comprises alternating 2" -methoxy-
sibonucleotides and 27 -fluoro-ribonuclectides; (3) the nucleotides at positions 2 and 14 from
the 57 end of the antisense strand are not 2”-methoxy-ribonucieotides; (4) the nucleotides at
positions 1-2 to 1-7 from the 37 end of the antisense strand are connected to each other via
phosphorothicate nternuclectide linkages;, (5} a portion of the antisense strand is
complementary to a portion of the sense strand; {6) the sense strand comprises alternating 2°-
methoxy-ribonuclestides and 2°-fluoro-ribonucieotides; and (7} the nuclectides at positions 1-
2 from the 37 end of the sense strand are connected to each other via phosphorothioate

internucleotide linkages.

[0198] In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 37 end and a 37 end, wherein: (1) the antisense strand has a nucleic acid
sequence that is substantiaily complementary to a MA4P T nucleic acid sequence of any ong of

SEQ D NOs: 1-13, 292, and 295, (2) the antisense strand corprises at least S5% 27-0O-methyl

modifications (e.g., 55%, 56%, $7%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, T1%. T2%, T3%, T4%, 75%, 76%. T7%, T8%, T9%, 80%, 81%. 82%, 83%, 84%

85%, 86%, 87%, 88%, 89%, 90% 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 1008
27-O-methyl modifications); (3) the nucleotide at position 14 from the 57 end of the antisense

strand are not 2’-methoxy-ribonuclectides; (4} the nuclectides at positions 1-2 to 1-7 from the
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37 end of the antisense strand are connected to each other via phosphorothicate internucleotide
linkages; (5) a portion of the antisense strand is complementary to a portion of the sense strand;
{6} the sense strand comprises at least 5% 27-O-methyl modifications (e.g, 55%, 56%, 37%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%
4%, 75%, T76%, T7%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 8a%, 87%, 88%, §9%,

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%  2-O-methyl

3

2

3
modifications); and (7) the nucleotides at positions 1-2 from the 57 end of the sense strand are

connected to each other via phosphorothicate mternucleotide linkages.

[0199] In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 37 end and a 37 end, wherein: {1} the antisense strand has a nucelic acid
sequence that is substantially complementary to a MAP T nucleic acid sequence of any one of
SEQ ID NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 35% 27-C-methy]
modifications; {3} the nucleotides at positions 2 and 14 from the 57 end of the antisense strand
are not 2”-methoxy-ribonucleotides; (4) the nucleotides at positions 1-2 to 1-7 from the 37 end
of the antisense strand are connected to each other via phosphorothicate mternucleotide
linkages; (5) a portion of the antisense strand is complementary to a portion of the sense strand;
(6} the sense strand comprises 100% 27-C-methyl medifications; and (7) the nucleotides at
positions 1-2 from the 5 end of the sense strand are connected to each other via

phosphorothioate internucleotide Hnkages.

{02007 In certain embodiments, the dsRNA comprises an antisense sirand and a sense strand,
each strand with a §7 end and a 37 end, wherein: {1} the antisense strand has a nucleic acid
sequence that is substantially complementary to a AMAPT nucleic acid sequence of any one of
SEQ ID NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 75% 2°-0C-methyl
modifications; (3) the nucleotides at posttions 4, 5, 6, and 14 from the 5 end of the antisense
strand are not 2" -methoxy-ribonucleotides; (4) the nucleotides at positions 1-2 to 1-7 from the
37 end of the antisense strand are connected to each other via phosphorothicate internuclectide
hinkages; {5) a portion of the antisense strand is complementary to a portion of the sense strand;
{6} the sense strand comprises 100% 27-O-methyl modifications; and (7) the nucleotides at
positions 1-2 from the 5 end of the sense strand are connected to each other via

phosphorothicate internucleotide linkages.

[0201] In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 37 end and a 37 end, wherein: (1} the antisense strand has a nucleic acid

sequence that 1s substantially complementary to a MAP  nucletc acid sequence of any oue of
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SEQ D NQOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 75% 2°-0-methyl
modifications; (3) the nucleotides at positions 2, 4, 3, 6, and 14 from the 57 end of the antisense
strand are not 2’7 -roethoxy-ribonucleotides; {4) the nucleotides at positions 1-2 to 1-7 from the
37 end of the antisense strand are connected to each other via phosphorothioate internucleotide
hinkages; {5) a portion of the antisense strand is complementary to a portion of the sense strand;
{0) the sense strand comprises 100% 2°-O-methyl modifications; and (7} the nucleotides at
positions 1-2 from the 5 end of the sense strand are connected o each other via

phosphorothicate internucleotide linkages.

(02027 In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 37 end and a 37 end, wherein: {1} the antisense strand has a nucleic acid
sequence that is substantially complementary to a MAP T nucleic acid sequence of any one of
SEQ ID NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 35% 27-C-methy]
modifications {e.g, from about 85% to about 90% 27-O-methyl modifications); (3} the
nucleotides at positions 2 and 14 from the 57 end of the antisense strand are not 27~-methoxy-
sibonucleotides {e.g., the nucleotides at positions 2 and 14 from the 57 end of the antisense
strand may be 2’ -fluoro nucleotides); (4) the nucleotides at positions 1-2 to 1-7 from the 37 end
of the antisense strand are connected to each other via phosphorothicate internucleotide
linkages; (5} a portion of the antisense strand is complementary to a portion of the sense strand;
{0} the sense strand comprises at least 75% 27-O-methyl modifications (¢.g., from about 75%
to about 80% 27-O-methyl modifications); (7} the nucleotides at positions 7, 10, and 11 from
the 37 end of the sense strand are not 27-methoxy-ribomucleotides {e.g, the nucleotides at
positions 7, 10, and 11 from the 3 end of the sense strand are 2°-fluoro nucleotides); and (8)
the nucleotides at positions 1-2 from the 5 end of the sense strand are connected to each other

via phosphorothicate internuclectide linkages.

02031 In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
cach strand with 2 S” end and a 37 end, wherein: (1) the antisense strand has a nucleic acid
sequence that is substantially complementary to a AMAP T nucleic acid sequence of any one of
SEQ D NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 75% 27-O-methyl
medifications {e.¢, from about 75% to about 80% 2’-O-methyl modifications);, (3) the
nucleotides at positions 2, 6, 14, and 16 from the 57 end of the antisense strand are not 27-
methoxy-ribonuclectides (e. ¢, the nucleotides at positions 2, 6, 14, and 16 from the 5" end of
the antisense strand may be 27-fluoro nucleotides), (4) the nucleotides at positions 1-2 to 1-7

from the 37 end of the antisense strand are connected to each other via phosphorothioate
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-

internucleotide Hokages; (5) a portion of the antisense strand 1S complementary to a portion of

the sense strand; (6) the sense strand comprises at least 65% 27-O-methyl moditications {e.g,
i

from about 65% to about 75% 27-O-methyl modifications), (7} the nucleotides at positions 7

2

9, 10, and 11 from the 37 end of the sense strand are not 27 -methoxy-ribonucleotides (e.g, the
nucleotides at positions 7, 9, 10, and 11 from the 37 end of the sense strand are 2"-fluoro
nucleotides), and (8) the nucleotides at positions 1-2 from the 5° end of the sense strand are

connected to each other via phosphorothicate internucleotide linkages.

(02041 In certain embodiments, the dsRNA comprises an antisense strand and a sense sirand,
each strand with a 5" end and a 37 end, wherein: (1) the antisense strand comprises a sequence
substantially complementary to a MAP T nucleic acid sequence of any one of SEQ 1D NOs: 1-
13, 292, and 295; (2) the antisense strand comprises at least 75% 2’°-O-methyl modifications;
(3} the nucleoctides at positions 2, 6, and 14 from the 5" end of the antisense strand are not 27~

2
3

methoxy-ribonucleotides; {4) the nuclectides at positions 1-2 to 1-7 from the 37 end of the
antisense strand are connected to each other via phosphorothioate internucleotide linkages; (5)
a portion of the antisense strand 1s complementary to a portion of the sense strand; {6} the sense
strand comprises at least 80% 2°-O-methyl modifications; (7) the nucleotides at positions 7,
10, and 11 from the 3° end of the sense strand are not 2”-methoxy-ribonuclectides; and (8} the
nucleotides at positions 1-2 from the 57 end of the sense strand are connected to each other via

phosphorothioate internucleotide Hnkages.

[02057 In certain embodiments, a functional moiety is linked to the 5 end and/or 37 end of the
antisense strand. In certain embodiments, a functional moiety 18 hinked to the 57 end and/or 37
end of the sense strand. In certain embodiments, a functional moiety is linked to the 3° end of
the sense strand.

[0206] In certain embodiments, the functional moiety comprises a hydrophobic moiety,

02071 In certain embodiments, the bydrophobic moiety is selected from the group counsisting
of fatty acids, steroids, secostercids, lipids, gangliosides, nuclecside analogs,
endocannabinoids, vitamins, and a mixture thereof.

[0208&] In certain embodiments, the steroid is selected from the group consisting of cholesterol

and Lithocholic acid (LCA).

(02091 In certain embodiments, the fatty acid is selected from the group consisting of

Eicosapentaenoic acid (EPA}, Docosahexaenocic acid {DHA) and Docosanoic acid (DCA).
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02107 In certain embodiments, the vitamin s selected from the group consisting of choline,
vitamin A, vitamin E, derivatives thereof, and metabolites thereof.

[0211] In certain embodiments, the vitamin 15 selected from the group consisting of retinoic

acid and alpha-tocopheryl succinate.

[0212] In certain embodiments, the functional moiety is linked to the antisense strand and/or

sense strand by a Huker
02131 In certain embodiments, the linker comprises a divalent or trivalent linker.

[0214] In certain embodiments, the divalent or trivalent linker is selected from the group

consisting of’

%i O fOH AN
N M f\ﬁ ‘5}"}\ w,»’*{\\,.%ﬂ‘\w % )i T i f G )k\}

‘w_ % s
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wherein nis 1, 2,3, 4, or 5.

[0215] In certain embodiments, the linker comprises an ethylene glycol chain, an alkyl chain,
a peptide, an RNA, a DNA, a phosphodiester, a phosphorothicate, a phosphoramidate, an

amide, a carbamate, or a combination thereof

[0216] In certain embodiments, when the linker 13 a trivalent linker, the linker further links a

phosphodiester or phosphodiester derivative.

(02171 In certain embodiments, the phosphodiester or phosphodiester derivative is selected

from the group consisting of’

/ | e)(
(Zety,
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;and

wherein X is G, S or BH;s.
[0218] In certain ervbodiments, the nucleotides at posttions 1 and 2 from the 37 end of sense
strand, and the nucleotides at positions 1 and 2 from the 57 end of antisense strand, are

connected to adjacent nibonucleotides via phosphorothioate linkages.

[0219] In one aspect, the disclosure provides a pharmaceutical composition for inhibiting the
expression of tau protein (MAP T} gene in an organism, comprising the dsRNA recited above

and a pharmaceutically acceptable cartier.

02207 In certain embodiments, the dsRNA inhibits the expression of said MAPT gene by at
feast S0%. In certain embodiments, the dsRNA inhibits the expression of said AM4P7 gene by

at least 80%.

[0221] In one aspect, the disclosure provides a method for inhibiting expression of MAF T gene
in a cell, the method comprising: {(a) introducing nto the cell a double-stranded ribonucleic
acid {dsRNA} recited above; and (b} maintaining the cell produced in step {a) for a time
sufficient to obtain degradation of the mRNA transcript of the MAPT gene, thereby inhibiting

expression of the MAPT geve in the cell.

(02221 In one aspect, the disclosure provides a method of treating or managing a
neurodegenerative disease comprising administering to a patient in need of such treatment or

management a therapeutically effective amount of said dsRINA recited above.

02231 In certain embodiments, the dsRNA is administered to the brain of the patient.
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102247 In certain embodiments, the dsRNA is administered by intracerebroventricular (ICV}
mjection, intrastriatal (I8) injection, intravenous (IV) injection, subcutaneous (8Q) injection or

a combination thereof

(02257 In certain embodiments, administering the dsRNA causes a decrease in MAPT gene
mBNA in one or more of the hippocampus, striatum, cortex, cerebellum, thalanws,

hypothalamus, and spinal cord.

02261 In certain embodiments, the dsRINA inhibits the expression of said MAP T gene by at
feast S0%. In certain embodiments, the dsRNA inhibits the expression of said MAPT gene by

at least 80%.

(02271 In one aspect, the disclosure provides a vector comprising a regulatory seguence
operably linked to a nucleotide sequence that encodes an RNA molecule substantially
complementary to a MAPT nwcleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and

295.

[0228] In certain embodiments, the RNA molecule inhibits the expression of said AMM4P7 gene
by at least 50%. In certain embodiments, the RNA molecule inhibits the expression of said

MAFT gene by at least 80%.
02291 In certain embodiments, the RNA molecule comprises ssRINA or dsRNA.

(02307 In certain embodiments, the dsRNA comprises a sense strand and an antisense strand,
wherein the antisense strand comprises a sequence substantially complementary to a AAFPT

nucleic acid sequence of any one of SEQ ID Ns: 1-13, 292, and 295,
[0231] In one aspect, the disclosure provides a cell comprising the vector recited above.

02327 In one aspect, the disclosure provides a recombinant adeno-associated virus (FAAV)

comprising the vector above and an AAV capsid.

02331 In one aspect, the disclosure provides a branched RNA compound comprising two or
more RNA molecules, such as two or more RNA molecules that each comprise from 14 to 40
nucleotides in length (., 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, or 40 nucleotides m length), wherein each RNA molecule
comprises a portion having a nucleic acid sequence that is substantially complementary to a
segment of a MAPT mBRNA. In certain embodiments, the two RNA mwolecules may be
connected to one ancther by one or more moieties independently selected from a linker, a

spacer and a branching point.
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02347 In certain embodiments, the branched RNA molecule comprises one or both of ssRNA

and dsRNA.

102351 In certain embodiments, the branched RNA molecule comprises an antisense

oligonucleotide.

[02306] In certain embodiments, each RNA molecule comprises a dsRNA comprising a sense
strand and an antisense strand, wherein each antisense strand ndependently comprises a
sequence that is substantially complementary to a M4APT nucleic acid sequence of any one of

SEQ 1D NOs: 1-13, 292, and 295.

02371 In certain embodiments, the branched RNA compound comprises two or more copies
of the RNA molecule of any of the above aspects or embodiments of the disclosure covalently

bound to one ancther (e.g, by way of a linker, spacer, or branching point).

02381 In certain embodiments, the branched RNA compound comprises a portion having a
nucleic acid sequence that is substantially complementary to a AMAP T nucleic acid sequence of
any one of SEQ H> NOs: 1-13, 292, and 295, For example, the branched RNA compound may
comprise two of more dsRNA molecules that are covalently bound 1o one another (e.g., by way
of a linker, spacer, or branching point) and that each comprise an antisense strand having
complementarity to at least 10, 11, 12 or 13 contiguous nucleotides of a MAPT nucleic acid
sequence of any one of SEQ ID NOs: 1-13, 292, and 295 For example, in certain
embodiments, the dsRINA comprises an antisense strand having complementarity to a segment
of from 10 to 25 contiguous nucleotides of the nucleic acid sequence of any one of SEQ 1D
NOs: 1-13 {e.g., a segment of from 10 to 25 contiguous nucleotides of the nucleic acid sequence
of SEQ ID NO: 1, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
contiguous nucleotides of the nucleic acid sequence of SEQ D NG: 2, a segment of frol0, 11,
12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, or 25 countiguous nucleotides of the nucleic
acid sequence of SEQ D NG: 3, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 1§, 19, 20, 21, 22,
23, 24, or 25 contiguous nuclectides of the nucleic acid sequence of SEQ ID NO: 4, a segment
of 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous nucleotides of the
nucleic acid sequence of SEQ ID NO: 5 a segment of 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20,
21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ D NO: 6, a
segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous
nucleotides of the nucleic acid sequence of SEQ ID NG: 7, a segment of 10, 11, 12, 13, 14, 15,

16, 17,18, 19, 20, 21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid sequence of
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SEQ ID NO: 8, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
contiguous nucleotides of the nucleic acid sequence of SEQ ID NG 9, g segment of 10, 11, 12
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid
sequence of SEQ ID NO: 10, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23,
24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ ID NOG: 11, a segment of
10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous nuclectides of the
nucleic acid sequence of SEQ IDNG: 12, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 1§, 19,
20, 21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ 1D NG

13, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 2S contiguous
nucleotides of the nucleic acid sequence of SEQ ID NO: 292, or a segment of 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous nucleotides of the nucleic acid

sequence of SEQ D NO: 295}

[0239] In certain embodiments, each dsRNA in the branched RNA compound comprises an
antisense strand having complementarity to a segment of from 15 to 25 contiguous nucleotides
{e.g, a segment of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous
nucleotides) of the nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295 For
example, the antisense strand may have complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nuclectides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
contiguous nuclectides, 23 contiguous nucleotides, 24 contiguous nuclectides, or 25
contiguous nuclectides of the nucleic acid sequence of SEQ ID NG 1. In certain embodiments,
the antisense strand has complementarity to a segment of 15 contiguous nucleotides, 16
contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides, 19 contiguous
nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides,
23 contiguous nuclectides, 24 contiguous nucleotides, or 25 contiguous nucleotides of the
nucleic acid sequence of SEQ ID NO: 2. In certain embodiments, the antisense strand has
complementarity to a segment of 15 contiguous nucleotides, 16 contignous nucleotides, 17
contiguous nucleotides, 18 contiguous nucleotides, 19 contignous nucleotides, 20 contiguous
nucleotides, 21 contiguous nucleotides, 22 contiguous nuclectides, 23 contiguous nucleotides,
24 contiguous muclectides, or 25 contignous nuclectides of the nucleic acid sequence of SEQ
ID NG: 3. In certain embodiments, the antisense strand has complementarity to a segment of

15 contiguous nuclectides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18

contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous
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nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides,
or 25 contiguous nucleotides of the nucleic acid sequence of SEQ ID NO: 4. In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contignous nucleotides, 21 contiguous nucleotides, 22
contiguous nuclectides, 23 contiguous nucleotides, 24 contiguous nuclectides, or 25
contiguous nuclectides of the nucleic acid sequence of SEQ ID NG 5. In certain emboduuents,
the antisense strand has complementarity to 3 segment of 15 contiguous nucleotides, 16
contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides, 19 contiguous
nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides,
23 contiguous nucleciides, 24 contiguous nucleotides, or 25 contiguous nucleotides of the
nucleic acid sequence of SEQ ID NO: 6. In certain embodiments, the antisense strand has
complementarity to a segment of 15 contiguous nucleotides, 16 contiguous nucleotides, 17
contiguous nucleotides, 18 contiguous nucleotides, 19 contignous nucleotides, 20 contiguous
nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides,
24 contignous nucleotides, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ
ID NG: 7. In certain embodiments, the antisense strand has complementarity to a segment of
15 contiguous nucleotides, 16 contignous nucleotides, 17 contiguous nucleotides, 18
contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous
nucleotides, 22 contiguous nucleotides, 23 contiguous nuclectides, 24 contiguous nucleotides,
or 25 contiguous nucleotides of the nucleic acid sequence of SEQ D NO: 8. In certain
embodiments, the aotisense strand has complementanty to a segment of 15 contiguous
nucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides, or 25
contiguous nucleotides of the nucleic acid sequence of SEQ ID NG: 9. In certain embodiments,
the antisense strand has complementarity to a segment of 15 contiguous nuclectides, 16
contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides, 19 contiguous
nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22 contiguous nucleotides,
23 contiguous nucleotides, 24 contiguous nucleotides, or 25 contiguous nucleotides of the
nucleic acid sequence of SEQ ID NG: 10. In certain embodiments, the antisense strand has
complementarity to a segment of 15 contiguous nuclectides, 16 contiguous nucleotides, 17
configuous nucleotides, 18 contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous

nucleotides, 21 contiguous nuclectides, 22 contiguous nucleotides, 23 contiguous nucleotides,
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24 contiguous nucleotides, or 25 contiguous nucleotides of the nucleic acid sequence of SEQ
D NO: 11 In certain embodiments, the antisense strand has complementarity to a segment of
1S contiguous uucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18§
contiguous nucleotides, 19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous
nucleotides, 22 contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides,
or 25 contiguous nucleotides of the nucleic acid sequence of SEQ 1D NO: 12, In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nuclectides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
contiguous nucleotides, 23 contignous wucleotides, 24 couotiguous nucleotides, or 25
configunous nucleotides of the nucleic acid sequence of SEQ ID NG: 13, In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nuclectides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nucleotides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
contiguous nucleotides, 23 contiguous nucleotides, 24 contiguous nuclectides, or 25
contignous nucleotides of the nucleic acid sequence of SEQ 1D NO: 292 In certain
embodiments, the antisense strand has complementarity to a segment of 15 contiguous
nucleotides, 16 contiguous nucleotides, 17 contiguous nucleotides, 18 contiguous nucleotides,
19 contiguous nuclestides, 20 contiguous nucleotides, 21 contiguous nucleotides, 22
confignous nucleotides, 23 contiguous nucleotides, 24 contiguous nucleotides, or 25

contignous nucleotides of the nucleic acid sequence of SEQ 1D NG: 205,

[0240] In certain embodiments, cach dsRNA in the branched RNA compound comprises an
antisense strand having no more than 3 mismatches with a MAF T nucleic acid sequence of any
one of SEQ ID NOs: 1-13, 292, and 295, For example, the antisense strand may have from 0-
3 mismatches (e.g, 0 mismatches, I mismatch, 2 mismatches, or 3 mismatches) relative to the
nucleic acid sequence of SEQ D NG: 1. In certain embodiments, the antisense strand has from
0-3 mismatches (e g, O nmismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to
the nucleic acid sequence of SEQ ID NGO 2. In certain embodiments, the antisense strand has
from 0-3 mismatches {e.g., 0 mismatches, 1 mismatch, 2 mismatches, or 3 nusmatches) relative
to the nucleic acid sequence of SEQ 1D NG: 3. In certain embodiments, the antisense strand
has from 0-3 mismatches {e.g, 0 mismatches, | mismatch, 2 mismatches, or 3 mismatches)
relative to the nucleic actd sequence of SEQ 3 NG: 4. In certain embodiments, the antisense

strand has from (-3 musmatches {e.g, 0 mismatches, 1 mismatch, 2 mismatches, or 3
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mismatches) relative to the nucleic acid sequence of SEQ ID NO: 3. In certain embodiments,
the antisense strand has from 0-3 mismatches (e.g, & mismatches, | mismatch, 2 mismatches,
or 3 musmatches) relative to the nucleic acid sequence of SEQ ID NO: 6. In certain
embodiments, the antisense strand has from 0-3 mismatches {e. g, 0 mismatches, 1 mismatch,
2 musmatches, or 3 mismatches) relative to the nucleic acid sequence of SEQ ID NG: 7. In
certainn embodiments, the antisense strand has from 0-3 mismatches (e.g, 0 mismatches, 1
mismatch, 2 misroatches, or 3 mismatches) relative to the nucleic acid sequence of SE(Q ID
NGO: & In certain embodiments, the antisense strand has from 0-3 mismatches {(eg, 0
mmismatches, 1 mismateh, 2 mismatches, or 3 mismatches) relative to the nucleic acid sequence

of SEQ 1D NG: 9. In certain embodiments, the antisense strand has from -3 mismaiches(e g,

~

0 mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to the nucleic acid
sequence of SEQ ID NO: 10, In certain embodiments, the antisense strand has from 0-3
mismatches {e.g., 0 mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative to the
nuclete acid sequence of SEQ 1D NO: 11, In certain embodiments, the antisense strand has
from 0-3 mismatches (e.g, O mismatches, 1 mismatch, 2 mismatches, or 3 mismatches) relative
to the nucleic acid sequence of SEQ ID NGO 12, In certain embodiments, the antisense strand
has from 0-3 mismatches {e.g, 0 mismatches, | mismatch, 2 mismatches, or 3 mismatches)
relative to the nucleic acid sequence of SEQ ID NO: 13, In certain embodiments, the antisense
strand has from (-3 musmatches {e.g, 0 mismatches, 1 mismatch, 2 mismatches, or 3
mismatches) relative to the nucleic acid sequence of SEQ D NG: 292 In certain embodiments,
the antisense strand has from 0-3 mismatches {e.g., 0 mismatches, | mismatch, 2 mismatches,

or 3 mismatches) relative to the nucleic acid sequence of SEQ 1D NO: 295

[0241] In certain embodiments, cach dsRNA in the branched RNA compound comprises an
antisense strand that is fully complementary to a AM4P T nucleic acid sequence of any one of

SEQ 1D NOs: 1-13, 292, and 295.

{02421 In certain embodiments, the branched RNA compound comprises a portion having a
nucleic acid sequence that 1s substantially complementary to one or more of a AMAP 7 nucleic
acid sequence of any ove of SEQ 1D NOs: 14-33, 299, and 302,

02431 In certain embodiments, the RNA molecule comprises an antisense oligonucleotide.

102447 In certain embodiments, each RNA molecule comprises 14 t0 35 (e g, 14, 15,16, 17,

18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, or 35) nucleotides in length.
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02451 In certain embodiments, the antisense strand and/or sense strand comprises about 13
nucleotides to 35 nucleotides in length. For example, in certain embodiments, the antisense
strand and/or sense strand is 13, 14, 15, 16, 17. 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, or 35nuclectides in length. In some embodiments, the antisense strand 15 14
nuclectides in length. In some embodiments, the antisense strand 18 15 nucleotides in length.
in some embodiments, the antisense strand is 16 nucleotides in length. In some embodiments,
the antisense strand 15 17 nucleotides in length. In some embodiments, the antisense strand s
I8 nucleotides in fength. In some embodiments, the antisense strand is 19 nuclectides in length.
In certain embodiments, the antisense strand is 20 nucleotides in length.  In certain
embodiments, the antisense strand is 21 nucleotides in length. Tn certain embodiments, the
antisense strand is 22 nucleotides in length. In some embodiments, the antisense strand is 23
nuclectides in length. In some embodiments, the antisense strand is 24 nuclectides in length.
in some embodiments, the antisense strand is 25 nuclectides in length. In some embodiments,
the antisense strand is 26 nucleotides in length. In some embodiments, the antisense strand is
27 nuciectides in length. In some embodiments, the antisense strand is 28 nucleotides in length.
In some embodiments, the antisense strand 15 29 nucleotides n length. In some embodiments,
the antisense strand 1s 30 nucleotides in length. In some embodiments, the antisense strand is
31 nucleotides in length. In sorne embodiments, the antisense strand 1s 32 nucleotides in length.
in some embodiments, the antisense strand is 33 nucleotides in length. In some embodiments,
the antisense strand is 34 nucleotides in length. In some embodiments, the antisense strand is

35 nucleotides in length.

02461 In some embodiments of any one of the foregoing aspects, the sense strand 15 13
nuclectides in length. In certain embodiments, the sense strand is 14 nucleotides in length. In
certainy embodiments, the sense strand is 15 nucleotides in length. In certain embodiments, the
sense strand is 16 nucleotides in length. In certain embodiments, the sense strand is 17
nucleotides in fength. In certain embodiments, the sense strand is 18 nuclectides in length. In
certain embodiments, the sense strand i3 19 nucleotides in length. In sore embodiments, the
sense strand is 20 nucleotides in length.  In some embodiments, the sense strand s 21
nucleotides in length. In some embodiments, the sense strand 1s 22 nucleotides i length. In
some embodiments, the sense strand is 23 nucleotides in length. In some embodiments, the
sense strand 1s 24 nucleotides in length. In some embodiments, the sense strand is 25
nucleotides in length. In some embodiments, the sense strand is 26 nucleotides in length. In

some embodiments, the sense strand is 27 nucleotides in length. In some embodiments, the
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sense strand is 28 nucleotides in length.

PCT/US2021/022688

In some embodiments, the sense strand 1s 29

nucleotides in length. In some embodiments, the sense strand 1s 30 nucleotides m length. In

some embodiments, the sense strand 1s 31 nucleotides in length. In some embodiments, the

sense strand 15 32 nucleotides n length.

In some embodiments, the sense strand is 33

nuclectides in length. In some embodiments, the sense strand 15 34 nucleotides in length. In

some embodiments, the sense strand is 35 nucleotides in length.

02471 In some embodiments, the antisense strand is 18 nucleotides in length and the sense

strand s 14 nucleotides 1 length.

[0248] In some embodiments, the

strand s 15 nuclectides in length.

[0249] In some embodiments, the

strand is 16 nucleotides m length.

02501 In some embodiments, the

strand ts 17 nuclectides in length.

(02511 In some embodiments, the
strand 15 18 nucleotides n length.
02521 In some embodiments, the
strand is 14 nucleotides n length.
102531 In some embodiments, the
strand s 15 nucleotides 1 length.
[0254] In some embodiments, the
strand is 16 nucleotides in length.
[0255] In some embodiments, the

strand is 17 nucleotides in length.

02561 In some embodiments, the

strand 1s 18 nuclectides in length.

(02577 In some embodiments, the

strand 15 19 nucleotides n length.

02581 In some embodiments, the

strand is 14 nucleotides in length.
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02591 In some embodiments, the

strand 1s 15 nucleotides in length.

102607 In some embodiments, the

strand is 16 nuclectides in length.

[0261] In some embodiments, the
strand 18 17 nucleotides n length.
02621 In some embodiments, the
strand is 18 nucleotides in length.
(02631 In some embodiments, the
strand 1s 19 nucleotides in length.
[0264] In some embodiments, the

strand 18 20 nucleotides n length.

[0265] In some embodiments, the

strand 1s 14 nucleotides in length.

102667 In some embodiments, the

strand ts 15 nuclectides in length.

(02677 In some embodiments, the
strand 18 16 nucleotides n length.
02681 In some embodiments, the

strand is 17 nucleotides in length.

102697 In some embodiments, the

strand s 18 nuclectides in length.

(0270} In some embodiments, the
strand 18 19 nucleotides n length.
(0271} In some embodiments, the

strand 1s 20 nucleotides in length.

(02721 o some embodiments, the

strand ts 21 nuclectides in length.
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in length and the sense
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02731 In some embodiments, the

strand 1s 14 nucleotides in length.

102747 In some embodiments, the

strand s 15 nuclectides in length.

[0275] In some embodiments, the
strand 18 16 nucleotides n length.
02761 In some embodiments, the

strand is 17 nucleotides in length.

(02771 In some embodiments, the

strand 1s 18 nucleotides in length.

[0278] In some embodiments, the

strand i3 19 nucleotides n length.

02797 In some embodiments, the

strand 1s 20 nucleotides in length.

02807 In some embodiments, the

strand ts 21 nuclectides in length.

(02817 In some embodiments, the
strand 18 22 nucleotides n length.
02821 In some embodiments, the

strand is 14 nucleotides in length.

02831 In some embodiments, the

strand s 15 nuclectides in length.

[0284] In some embodiments, the
strand 18 16 nucleotides n length.
02857 In some embodiments, the

strand 1s 17 nucleotides in length.

(02861 In some embodiments, the

strand ts 18 nucleotides in length.
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{02871 In some embodiments, the

strand 18 19 nucleotides in length.

02881 In some embodiments, the

strand s 20 nuclectides in length.

[0289] In some embodiments, the

strand 18 21 nucleotides n length.

02901 In some embodiments, the

strand is 22 nucleotides in length.

(02911 In some embodiments, the

strand 1s 23 nucleotides in length.

(02921 In some embodiments, the

strand i3 14 nucleotides n length.

02931 In some embodiments, the

strand 1s 15 nucleotides in length.

02941 In some embodiments, the
strand ts 16 nucleotides in length.
(02957 In some embodiments, the
strand 18 17 nucleotides in length.
02961 In some embodiments, the

strand is 18 nucleotides in length.

102971 In some embodiments, the

strand s 19 nucleotides in length.

[0298] In some embodiments, the
strand 18 20 nucleotides n length.
02997 In some embodiments, the

strand 1s 21 nucleotides in length.

0300} In some embodiments, the

strand is 22 nucleotides in length.
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{03011 In some embodiments, the

strand 1s 23 nucleotides in length.

103027 In some embodiments, the

strand s 24 nuclectides in length.

[0303] In some embodiments, the
strand 18 14 nucleotides n length.
03041 In some embodiments, the
strand is 15 nucleotides in length.
03051 In some embodiments, the
strand 1s 16 nucleotides in length.
[03006] In some embodiments, the

strand i3 17 nucleotides n length.

F0307] In some embodiments, the

strand is 18 nucleotides in length.

103087 In some embodiments, the
strand ts 19 nuclectides in length.
(03097 In some embodiments, the
strand 18 20 nucleotides n length.
{03107 In some embodiments, the

strand is 21 nucleotides in length.

[0311] In some embodiments, the

strand s 22 nuclectides in length.

(0312} In some embodiments, the
strand 18 23 nucleotides n length.
0313} In some embodiments, the

strand is 24 nucleotides in length.

(0314} In some embodiments, the

strand s 25 nucleotides in length.
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{03151 In some embodiments, the

strand 1s 14 nucleotides in length.

[0316] In some embodiments, the

strand s 15 nuclectides in length.

[0317] In some embodiments, the
strand 18 16 nucleotides n length.
[0318] In some embodiments, the
strand is 17 nucleotides in length.
{03191 In some embodiments, the
strand 1s 18 nucleotides in length.
[0320] In some embodiments, the

strand i3 19 nucleotides n length.

103217 In some embodiments, the

strand 1s 20 nucleotides in length.

03221 In some embodiments, the

strand ts 21 nuclectides in length.

(03237 In some embodiments, the
strand 18 22 nucleotides n length.
03241 In some embodiments, the

strand is 23 nucleotides in length.

03257 In some embodiments, the

strand s 24 nuclectides in length.

[0326] In some embodiments, the
strand 18 28 nucleotides n length.
03271 In some embodiments, the

strand 1s 26 nucleotides in length.

03281 In some embodiments, the

strand ts 14 nucleotides in length.
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03291 In some embodiments, the

strand 1s 15 nucleotides in length.

0330} In some embodiments, the

strand is 16 nuclectides in length.

[0331] In some embodiments, the
strand 18 17 nucleotides n length.
03321 In some embodiments, the
strand is 18 nucleotides in length.
{03331 In some embodiments, the
strand 1s 19 nucleotides in length.
[0334] In some embodiments, the

strand 18 20 nucleotides n length.

[0335] In some embodiments, the

strand 1s 21 nucleotides in length.

03361 In some embodiments, the
strand s 22 nuclectides in length.
(03377 In some embodiments, the
strand 18 23 nucleotides n length.
03381 In some embodiments, the

strand is 24 nucleotides in length.

03391 In some embodiments, the

strand s 25 nuclectides in length.

(0340} In some embodiments, the
strand 18 26 nucleotides n length.
0341} In some embodiments, the

strand 1s 27 nucleotides in length.

{03421 In some embodiments, the

strand 1s 14 nuclectides in length.
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03431 In some embodiments, the

strand 1s 15 nucleotides in length.

03447 In some embodiments, the

strand is 16 nuclectides in length.

[0345] In some embodiments, the
strand 18 17 nucleotides n length.
03461 In some embodiments, the
strand is 18 nucleotides in length.
{03471 In some embodiments, the
strand 1s 19 nucleotides in length.
[0348] In some embodiments, the

strand 18 20 nucleotides n length.

[0349] In some embodiments, the

strand 1s 21 nucleotides in length.

03507 In some embodiments, the
strand s 22 nuclectides in length.
[0351] In some embodiments, the
strand 18 23 nucleotides n length.
03521 In some embodiments, the

strand is 24 nucleotides in length.

03531 In some embodiments, the

strand s 25 nuclectides in length.

[0354] In some embodiments, the
strand 13 26 nucleotides n length.
03557 In some embodiments, the

strand 1s 27 nucleotides in length.

(03561 In some embodiments, the

strand s 28 nucleotides in length.
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sirand 15 28 nucleotides
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03571 In some embodiments, the

strand 1s 14 nucleotides in length.

03587 In some embodiments, the

strand s 15 nuclectides in length.

[0359] In some embodiments, the
strand 18 16 nucleotides n length.
03607 In some embodiments, the
strand is 17 nucleotides in length.
03611 In some embodiments, the
strand 1s 18 nucleotides in length.
[0362] In some embodiments, the

strand i3 19 nucleotides n length.

[0363] In some embodiments, the

strand 1s 20 nucleotides in length.

103647 In some embodiments, the

strand ts 21 nuclectides in length.

[0365] In some embodiments, the
strand 18 22 nucleotides n length.
03661 In some embodiments, the

strand is 23 nucleotides in length.

103671 In some embodiments, the

strand s 24 nuclectides in length.

[0368] In some embodiments, the
strand 13 25 nucleotides n length.
[0369] In some embodiments, the

strand is 26 nucleotides in length.

[0370] Ion some embodiments, the

strand ts 27 nuclectides in length.
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(03711 In some embodiments, the

strand 1s 28 nucleotides in length.

103721 In some embodiments, the

strand s 29 nuclectides in length.

[0373] In some embodiments, the
strand 18 14 nucleotides n length.
03741 In some embodiments, the
strand is 15 nucleotides in length.
[0375] o some embodiments, the
strand 1s 16 nucleotides in length.
(0376} In some embodiments, the
strand 18 17 nucleotides n length.
103771 In some embodiments, the

strand is 18 nucleotides in length.

103781 In some embodiments, the

strand s 19 nucleotides in length.

(03797 In some embodiments, the
strand 1s 20 nucleotides n length.
03801 In some embodiments, the

strand is 21 nucleotides in length.

[0381] In some embodiments, the

strand s 22 nuclectides in length.

[0382] In some embodiments, the
strand is 23 nucleotides in length.
[0383] In some embodiments, the

strand is 24 nucleotides m length.

03841 In some embodiments, the

strand s 25 nuclectides in length.
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03851 In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand is 26 nucleotides in length.

[0386] In some embodiments, the antisense strand 15 30 nucleotides in length and the sense

strand ts 27 nuclectides in length.

(03871 In some embodiments, the antisense strand 13 3¢ nucleotides in length and the sense

strand 18 28 nucleotides n length.

03881 In some embodiments, the antisense strand is 30 nucleotides in length and the sense

strand is 29 nucleotides in length.

03891 In some embodiments, the antisense sirand 13 30 nucleotides in length and the sense
strand 1s 30 nucleotides in length.
(03907 In certain embodiments, the antisense strand 1s 20 nucleotides in length and the sense

strand is 15 nucleotides in length or 16 nucleotides in length.

(03911 In certain embodiments, the antisense strand s 21 nucleotides in length and the sense

strand 1s 15 nucleotides in length or 16 nucleotides in length.

03921 In certain embodiments, the antisense strand 13 20 onucleotides in length or 21

nuclectides in length and the sense strand is 15 nucleotides in length.

03937 In certain embodimuents, the antisense strand is 20 nucleotides 1w length or 21

nucleotides in length and the sense strand s 16 nucleotides 1o length.

03941 In certain embodiments, the antisense strand is 20 nucleotides in length and the sense

strand 1s 15 nucleotides in length.

{03951 In certain embodiments, the antisense strand 1s 21 nucleotides in length and the sense

strand 18 16 nucleotides n length.

(03961 In certain embodiments, the dsRNA comprises a double-stranded region of 14 base
pairs to 35 base pairs. In certain embodiments, the dsRNA comprises a double-stranded region
of 14 base pairs. In certain embodiments, the dsRNA comprises a double-stranded region of 15
base pairs. In certain embodiments, the dsRNA comprises a double-stranded region of 16 base
pairs. In certain embodiments, the dsRNA comprises a double-stranded region of 18 base pairs.
In certain embodiments, the dsRNA corprises a double-siranded region of 20 base pairs. In
some embodiments, the dsRNA comprises a double-stranded region of 21 base pairs. In some
embodiments, the dsRNA comprises a double-stranded region of 22 base pairs. In some

embodiments, the dsRNA comprises a double-stranded region of 23 base pairs. In some
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embodiments, the dsRNA comprises a double-siranded region of 24 base pairs. In some

[¢]

embodiments, the dsRNA comprises a double-stranded region of 2S5 base pairs. In some

embodiments, the dsRNA comprises a double-stranded region of 26 base pairs. o some

~
II

embodiments, the dsRNA comprises a double-stranded region of 27 base pawrs. In some
embodiments, the dsRNA comprises a double-stranded region of 28 base pawrs. In some

embodiments, the dsRNA comprises a double-stranded region of 29 base pairs. In some

[¢7)

embodiments, the dsRNA comprises a double-stranded region of 30 base pairs. o some
embodiments, the dsRNA comprises a double-stranded region of 31 base pairs. In some
embodiments, the dsRNA comprises a double-siranded region of 32 base paits. In some
embodiments, the dsRNA comprises a double-stranded region of 33 base pairs. In some

embodiments, the dsRNA comprises a double-stranded region of 34 base pairs. In some

[¢]

embodiments, the dsRNA comprises a double-siranded region of 35 base pairs.
(03971 In certain embodiments, the dsRNA comprises a blunt-end,

(03981 Incertain embodiments, the dsRNA comprises at least one single stranded nucleotide
overhang In certain embodiments, the dsRNA comprises between a 2-nucleotide to 5-

nucleotide single stranded nucleotide overhang
{03991  In certain embodiments, the dsRNA comprises naturally occurring nucieotides.
104001  In certain embodiments, the dsRNA comprises at least one modified nucleotide.

04017 In certain embodiments, the modified nuclectide comprises a 2'-O-methyl modified
nucleotide, a 2'-deoxy-2'-flucro modified nuclectide, a 2'-deoxy-modified nucleotide, a locked
nucleotide, an abasic nucleotide, a 2-amino-modified vucleotide, a 2-alkyl-modified
nucleotide, a morpholine nucleotide, a phosphoramidate, or a non-natural base comprising
nucleotide.

(04027 In certain embodiments, the dsRNA comprises at least one modified internucleotide
linkage.

[0403] In certain embodiments, the modified internucleotide linkage comprises a
phosphorothicate internuciectide linkage. In certain embodiments, the branched RNA
compound comprises 4-16 phosphorothioate internuclectide linkages. In certain embodiments,
the branched RNA compound comprises 8-13 phosphorothioate internucleotide linkages.
[0404] In certain embodiments, the dsRNA comprises at least one modified internucleotide

hinkage of Formula T
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wherein:
B 18 a base pairing moiety;
W is selected from the group consisting of O, OCH,, OCH, CH», and CH;
X 1s selected from the group consisting of halo, hydroxy, and C1.s alkoxy;
Y is selected from the group consisting of O, OH, OR, NH-, NH:, S, and SH;
7 1s selected from the group consisting of O and CHy;
R is a protecting group; and
=== 18 an optional double bond.

04057 In certain embodiments, when W is CH, === is a double bond.

04061 In certain embodiments, when W is selected from the group consisting of G, OCH,,

{04071 In certain embodiuments, the dsRNA comprises at least 70% chemically modified
nucleotides (e.g., 70%, 71%, 72%, 73%, 74%, 75%, 76%, TT%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% chemically modified nucleotides). In certain embodiments, the dsRNA is fully
chemically modified. In certain embodiments, the dsRNA comprises at least 60% 2°-O-methyl
nucleotide modifications {e.g, 60%, 61%, 62%, 63%, 64%, 65%, 06%, 67%, 68%, 69%, 70%,
1%, 72%, 3%, 74%, 75%, 76%, 77%, 78%, 79%, B0%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 2'-0-

methyl modifications).

[0408] In certain embodiments, the antisense sirand comprises at least 70% chemically
modified nucleotides {(e.g, 70%, 7T1%, 72%, 73%, 74%, 75%, T6%, 77%, 78%, 79%, 80%,
81%. 82%. 83%, B4%, 85%, 86%, 87%. 88%. 89%. 0%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%:, 99%, or 100% chemically modified nucleotides).

04091 In certain embodiments, the antisense strand 1s fully chemically modified.
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104107 In certain embodiments, the antisense strand comprises at least 55% 2°-C-methyl
nucleotide modifications {e.g, 55%, 56%, 57%, S8%, 59%, 60%, 61%, 62%, 63%, 64%, 65%,
669, 67%, 68%., 69%, T0%. T1%. T2%. T3%, T4%, T5%., T6%. TT%, T8%., T9%, {0%. 31%,
82%, 83%, 84%%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% 2°-O-methyl modifications). In certain embodiments, the antisense strand
comprises about 70% to 90% 2°-O-methyl nuclectide modifications. In certain embodiments,
the antisense strand comprises from about 85% to about 90% 27-O-methy! moditications (e.g,

about 85%, 86%, 87%, 88%, 89%, or 90% 2"-O-methyl modifications).

(04117 In certain embodiments, the antisense strand comprises about 75% to 85% 27-O-methyl
nucleotide modifications {(e.g., about 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%,
or 5% 2°-O-methy! modifications}. In certain embodiments, the antisense strand comprises
from about 76% to about 80% 2°-O-methy! modifications (e.g., about 76%, 77%, 78%, 79%,
or 80% 2°-O~methyl modifications).

(04127 In certain ermnbodiments, the sense strand comprises at least 70% chemically modified

T3%, T4%. T5%, T6%, TT%, 78%, 79%, 30%. 81%, §2%,

2

nucleotides (e g, 70%, 71%, 72%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 00%, O1%, 02%, 93%, 94%, 05%, 96%, 97%, 98%,
99%, or 100% chemically modified nuclectides). In certain embodiments, the sense strand is
fully chemically modified. In certain embodiments, the sense strand comprises at least 55%
2’ -O-methyl nucleotide modifications {e.g, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,
03%, 04%, 65%, 66%, 67%, 68%, 69%, T0%, 71%, 72%, 73%, 74%, 75%, 76%, T7%:, 78%,
T9%, 80%, 81%, 82%, B3%, 84%, 85%, $6%, §7%, 88%, 89%, 90%, 01%, 92%, 93%, 94%

95%, 96%, 97%, 98%, 99%, or 100% 2°-O-methyl modifications). In certain emb@dimems,

the sense strand comprises 100% 2°-C-methyl nucleotide modifications.

[0413] In certain embodiments, the sense strand comprises one or more nucleotide mismatches
between the antisense strand and the sense strand. In certain embodiments, the one or more

2

nucleotide mismatches are present at positions 2, 6, and 12 from the 57 end of sense strand. In
certain embodiments, the nucleotide mismatches are present at positions 2, 6, and 12 from the
57 end of the sense strand.

[0414] In certain embodiments, the antisense strand comoprises a 5 phosphate, a 5 -alkyl
phosphonate, a 57 alkylene phosphonate, a 57 alkenyl phosphonate, or a mixture thereof.

04157 In certain embodiments, the antisense strand comprises a 57 vinyl phosphonate.
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[0416] In certain embodiments, the dsRNA comprises an antisense sirand and a sense strand,
each strand with a §7 end and a 37 end, wherein: {1} the antisense strand has a nucleic acid
sequence that is substantially complernentary to a MAP T vucleic acid sequence of any one of
SEQ ID NOs: 1-13, 292, and 295, (2) the antisense strand comprises alternating 2°-methoxy-
ribonucleotides and 2’ -fluoro-ribonuclectides; (3) the nucleotides at positions 2 and 14 from
the 537 end of the antisense strand are not 2’ -methoxy-ribonuciectides; (4) the nucleotides at
positions 1-2 to 1-7 from the 37 end of the antisense strand are connected to each other via
phosphorothicate internucleotide linkages, (53 a portion of the antisense strand is
complementary to a portion of the sense strand; (6) the sense strand comprises alternating 2°-
methoxy-ribonucleotides and 2’ -fluoro-ribonucleotides; and (7) the nucleotides at positions 1-
2 from the 5 end of the sense strand are connected to each other via phosphorothioate

mnternucleotide linkages.

(04177 In certain embodiments, the dsRNA comprises an antisense strand and a sense sirand,
each strand with a2 57 end and a 37 end, wherein: (1} the antisense strand has a mucleic acid
sequence substantially complementary to a M4 7 nucleic acid sequence of any one of SEQ D
NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 70% 27-O-methyl
maodifications {e.g., from about 75% to abowt 80% or from about 85% to about 90% 2°-0-
methyl modifications);, (3) the nucleotide at position 14 from the 5° end of the antisense strand
are not 2’ ~-methoxy-ribonucieotides; (4) the nucleotides at positions 1-2 to 1-7 from the 37 end
of the antisense strand are connected to each other via phosphorothicate internucleotide
finkages; {5) a portion of the antisense strand is complementary to a portion of the sense strand;
(6} the sense strand comprises at least 65% 2°-O-methyl modifications (e g, from about 65%
to about 75% or from about 75% to about 80% 27-O-methyl modifications); and (7) the
niucleotides at positions 1-2 from the 57 end of the sense strand are connected to each other via

phosphorothicate internucleotide linkages.

[0418] In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 37 end and a 37 end, wherein: {1} the antisense strand has a nucleic acid
sequence that 1s substantially comaplementary to a MAP  nucletc acid sequence of any oue of
SEQ 1D NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 85% 27-0O-methyl
modifications; (3} the nucleotides at positions 2 and 14 from the 57 end of the antisense strand
are not 2’ -methoxy-ribonuciectides; (4) the nuclectides at positions 1-2 to 1-7 from the 37 end
of the antisense strand are connected to each other via phosphorothicate mternucleotide

finkages, (5) a portion of the antisense strand is complementary to a portion of the seuse strand;
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{0} the sense strand comprises 100% 27-O-methyl modifications; and {7} the nucleotides at
positions 1-2 from the S° end of the sense strand are connected to each other via

phosphorothicate internucleotide linkages.

[0419] In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 5" end and a 3° end, wherein: {1} the antisense strand has a nucleic acid
sequence that is substantiaily complementary to a MAP T nucleic acid sequence of any ong of
SEQ 1D NOs: 1-13, 292, and 295; (2) the antisense strand cormprises at least 75% 27-O-methyl
modifications; (3) the nucleotides at positions 4, 5, 6, and 14 from the 57 end of the antisense
strand are not 27-methoxy-ribonuclectides; (4} the nucleotides at positions 1-2 to 1-7 from the
37 end of the antisense strand are connected to each other via phosphorothioate internucleotide
linkages; (5) a portion of the antisense strand is complementary to a portion of the sense strand;
(6} the sense strand comprises 100% 27-C-methyl modifications; and (7} the nucleotides at
positions 1-2 from the & end of the sense strand are conpected to each other via

phosphorothicate internucleotide hinkages.

(04207 In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 5" end and a 37 end, wherein: {1} the antisense strand has a nucleic acid
sequence that is substantially complementary to a MAFP 7 nucleic acid sequence of any one of
SEQ ID NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 35% 27-C-methy]
modifications {e.g, from about 85% o about 90% 2°-O-methyl modifications), (3) the
nucleotides at positions 2 and 14 from the 57 end of the antisense strand are not 27~-methoxy-
ribonucleotides {e.¢., the nucleotides at positions 2 and 14 from the §7 end of the antisense

I
Ji
i

strand may be 2’-fluoro nuclectides); (4) the nuclectides at positions 1-2 to 1-7 fronm the 37 end
of the antisense strand are connected to each other via phosphorothicate internucleotide
finkages, (5) a portion of the antisense strand 13 complementary to a portion of the seuse strand;
{0} the sense strand comprises at least 75% 2'-O-methyl modifications {e.g., from about 75%
to about 80% 27-0-methyl modifications), (7) the nucleotides at positions 7, 10, and 11 from
the 37 end of the sense strand are not 2’-methoxy-ribonucleotides (e g, the nucleotides at
postiions 7, 10, and 11 from the 37 end of the sense strand are 27-fluoro nucleotides); and (8)
the mucleotides at positions 1-2 from the 57 end of the sense strand are connected to each other

via phosphorothioate internucleotide linkages.

(04217 In certain embodiments, the dsRNA comprises an antisense strand and a sense sirand,
each strand with a 37 end and a 37 end, wherein: {1} the antisense strand has a nucleic acid

sequence that 1s substantially comaplementary to a MAP  nucletc acid sequence of any one of
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SEQ D NQOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 75% 2°-0-methyl

modifications (e.g, from about 75% to about 80% 2°-O-methyl modifications);, (3) the
nucleotides at positions 2, 4, §, 6, and 14 from the 5° end of the antisense strand are not 2’-
methoxy-ribonuclectides {e. ¢, the nucleotides at positions 2, 6, 14, and 16 from the 57 end of
the antisense strand may be 2’-fluoro nucleotides); (4) the nucleotides at positions 1-2 to 1-7
from the 37 end of the antisense strand are connected to each other via phosphorothioate
mternucleotide Hinkages; (5} a portion of the antisense sirand is complementary to a portion of
the sense strand; (&) the sense strand comprises 100% 2°-O-methy! medifications; and (7) the
nucleotides at positions 1-2 from the S° end of the sense strand are connected to each other via

phosphorothicate internucleotide hinkages.

[04221 In certain embodiments, the dSRNA comprises an antisense strand and a sense strand,
each strand with a 5” end and a 37 end, wherein: (1) the antisense strand has a nucletc acid
sequence that is substantially complementary to a MAFP 7 nucleic acid sequence of any one of
SEQ D NOs: 1-13, 292, and 295, (2) the antisense strand comprises at least 75% 27-0-methyl
modifications e.g, from about 75% to about 80% 2°-O-methyl modifications); (3) the
nucleotides at positions 2, 6, 14, and 16 from the 57 end of the antisense strand are not 2°-
methoxy-ribonucleotides (e. ¢, the nucleotides at positions 2, 6, 14, and 16 from the §” end of
the antisense strand may be 2’-fluoro nuclectides); (4) the nuclectides at positions 1-2 to 1-7
from the 37 end of the antisense strand are connected to each other via phosphorothioate
internucleotide hinkages; {5) a portion of the antisense strand is complementary to a portion of
the sense strand; {6) the sense strand comprises at least 653% 27-O-methyl modifications {e.g,,
from about 65% to about 75% 2°-O-methyl modifications); (7} the nucleotides at positions 7,
9, 10, and 11 from the 37 end of the sense strand are not 2”-methoxy-ribonucleotides; and (8)
the mucleotides at positions 1-2 from the 57 end of the sense strand are connected to each other

via phosphorothicate internucleotide linkages.

(04231 In certain embodiments, the dsRNA comprises an antisense strand and a sense strand,
each strand with a 37 end and a 37 end, wherein: (1) the antisense strand has a nucleic acid
sequence that 1s substantially comaplementary to a MAP  nucletc acid sequence of any one of
SEQ D NOs: 1-13, 292, and 295; (2) the antisense strand comprises at least 75% 27-0O-methyl
modifications; (3} the nuclectides at positions 2, 6, and 14 from the 57 end of the antisense
strand are not 2’-methoxy-ribonuclectides; (4} the nuclectides at positions 1-2 to 1-7 from the
37 end of the antisense strand are connected to each other via phosphorothioate jnternucleotide

finkages, (5) a portion of the antisense strand is complementary to a portion of the sense strand;
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{0} the sense strand comprises at least 30% 2'-O-methyl modifications; (7} the nucleotides at
positions 7, 10, and 11 from the 37 end of the sense strand are not 27 -methoxy-rihonucleotides;
aud () the nucleotides at positions 1-2 from the 37 end of the sense sirand are connected to

each other via phosphorothicate internucleotide linkages.

[0424] In certain embodiments, a functional moiety is linked to the 5" end and/or 3° end of the
antisense strand. In certain embodiments, a functional moiety is linked to the 5" end and/or 37
end of the sense strand. In certain embodiments, a functional moiety s hnked to the 3° end of

the sense strand.
(04257 In certain embodiments, the functional motety comprises a hydrophobic motety.

[0426] In certain embodiments, the hydrophobic moiety is selected from the group consisting
of fatty acids, steroids, secosteroids, lipids, ganghiosides, mnucleoside analogs,

endocannabinoids, vitamins, and a mixture thereof

04271 In certain embediments, the steroid selected from the group consisting of cholesterol

and Lithocholic acid (LCA).

{04281 In certain embodiments, the fatty acid selected from the group consisting of

Eicosapentaenoic acid (EPA), Docosahexaenoic acid {DHA) and Docosanoie acid (DCA).

{04291 In certain embodiments, the vitamin selected from the group consisting of choline,

vitamin A, vitamin E, derivatives thereof, and metabolites thereof,

04307 In certain embodiments, the vitamin 15 selected from the group consisting of retinoic

acid and alpha-tocopheryl succinate.

[0431] In certain embodiments, the functional moiety is linked to the antisense strand and/or

sense strand by a linker.
04327 In certain embodiments, the hnker comprises a divalent or trivalent linker.

04331 In certain embodiments, the divalent or trivalent linker is selected from the group

consisting of"
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wheremnis 1,2, 3, 4, or 5.

04347 In certain embodiments, the linker comprises an ethylene glycol chain, an alkyl ehain,
a peptide, RNA, DNA | a phosphodiester, a phosphorothioate, a phosphoramidate, an anude, a

carbamate, or a combination thereof

[0435] In certain embodiments, when the linker is a trivalent linker, the linker further links a

phosphodiester or phosphodiester derivative.

[0436] In cettain embodiments, the phosphodiester or phosphodiester derivative 1s selected

from the group consisting of’

wherein Xi1s O, Sor BHz.
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04371 In certain embodiments, the nucleotides at positions 1 and 2 from the 37 end of sense
strand, and the nucleotides at positions 1 and 2 from the 57 end of antisense strand, are

connected to adjacent riboonucleotides via phosphorothioate linkages.

[0438] In one aspect, the disclosure provides a compound of formula (1)

L~ (N)r
8y

wherein:

L comprises an ethylene glycol chain, an alkyl chain, a peptide, an RNA, a
DNA, a phosphate, a phosphonate, a phosphoranudate, an ester, an amide, a triazole, or
combinations thereof, optionally wherein formula (I} further comprises one or more branch
point B, and one or more spacer S, wherein:

B 1s independently for each occurrence a polyvalent organic species or
derivative thereof;

§ comprises independently for each occurrence an ethylene glveol chain, an
alkyi chain, a peptide, RNA, DNA, a phosphate, a phosphonate, a phosphoramidate, an ester,
an amide, a tnazole, or combinations thereof;

nis2,3,4,5 6, 70r& and

N is a double stranded nucleic acid, such as a dsRNA molecule of any of the

above aspects or embodiments of the disclosure. In certain embodiments, each Nis from 15
to 40 bases in length.

in certain embodiments, each N comprises a sense strand and an antisense strand,
wherein:

the antisense strand comprises a sequence substantially complementary to a AMAFT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295; and

the sense strand and antisense strand each independently comprise one or
more chemical medifications.

[0439] In certain embodiments, the compound comprises a structure selected from formulas

(1-1)-(1-9):

S A N-S—L-85-N
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(-1 (1-2) (1-3)
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[04401 In certain embodiments, the antisense strand comprises a &7 terminal group R selected

from the group counsisting of’

O o
ae NH NH
HO- b0 | /g‘o | /KO
N N
& HO
ol 0
— Q e
R* R’
o o
HO NH HO NH
HOL b O | ’L§o HOL ber O | ”£§0
’ N é N
®
b
R? R4
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044171 In certain embodiments, the compound comprises the structure of formula (1)

1 Z 3 4 5 8 7 8 g 10 1 2 3 14 5 15 7 13 19 2
R X X X X X K X e X e X X e K e X X e X X X e X e X
L YoV VoYYV oYY VY Y Y Y =Y =Y
1 2 3 4 5 4 7 8 e 10 1 2 13 14 5 < n
iy
wherein:

X, for each occurrence, independently, is selected from adenosine, guanosine,
uridine, cytidine, and chemically-modified derivatives thereof,

Y, for each occurrence, independently, is selected from adenosine, guanosine,
uridine, cytidine, and chemically-modified dernivatives thereof]

- represents a phosphodiester internucleoside linkage;

= represents a phosphorothicate internucleoside linkage; and

- represents, individually for each occurrence, a base-pairing interaction or

a mismatch.

(04421 In certain embodiments, the compound comprises the structure of formula (FV):
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1 2 2 4 5 & 7 3 ] 10 114 12 13 14 15 16 (] 13 19 20
RamXmm X X X X e e e X e Koo K cme X e Ko A mmm X Kmm Kmm X = X X
LY =Y =YY Yo Ve Vam ¥ e ¥ e Ve ¥ e ¥ e Vo ¥ e ¥ e ¥ ¥ e Wi Y ¥
q 2 3 4 & 8 7 & ] 10 11 12 13 4 18 n
(V)
wherein:

X, for each occurrence, independently, 18 selected from adenosine, guanosine, uridine,
cytidine, and chemically-modified derivatives thereof,
Y, for each occurrence, independently, 18 selected from adenosine, guanosine, uridine,
cytidine, and chemically-modified derivatives thereof,
- represents a phosphodiester internmucleoside linkage;
= represents a phosphorothioate internucleoside linkage; and
- represents, individually for each occurrence, a base-paiting interaction or

a mismatch.

[04431 In certain embodiments, L is structure L1:

Ho o ‘
H (L1
[0444] In certain embodiments, R is R’ and nis 2.
(04457 In certain embodiments, L 18 structure L2
M}W D
206 :
H (L2},

[0446] In certain embodiments, Ris R and nis 2.

04471 In one aspect, the disclosure provides a delivery system for therapeutic nucleic acids

having the structure of Formula (V1)

b (O A
(VD

wherein:
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L comprises an ethylene glycol chain, an alkyl chain, a peptide, an RNA, a DNA, a
phosphate, a phosphonate, a phosphoramidate, an ester, an amnde, a triazole, or combinations
thereof, optionally wherein formula (VI further comprises one or more branch point B, and
one or more spacer 3, wherein

B comprises independently for each occurrence a polyvalent organic species or
denvative thereof;

8 comprises independently for each occurrence an ethylene glycol chain, an alkyl chain,
a peptide, an RNA, a DNA, a phosphate, a phosphonate, a phosphoramidate, an ester, an anude,
a trigzole, or combinations thereof;

cach ¢cNA, independently, is a carrier nucleic acid comprising one or more chernical
modifications;

each cNA, independently, comprises at least 15 contiguous nucleotides of a MAPT
nuclete acid sequence of any one of SE{} I3 NQOs: 1-13, 292, and 295; and

nis2,3,4,5,6 7or8.

04487 In certain embodiments, the dehivery systern comprises a structure selected from

formulas (VI-1)-(VI-9):

ANG——L——0CNA ANG—8—L—S—cNA CNA
L
ANe—L—B—L—cNA
(VI-1) (VI-2) (V1-3)
CNA cNA
ii_ . ANc é
oNA - cNA ~g
ANG—L—B—L—cNA s 4 "Bl —B-S5—cNA
! i . Sx
L ANG— S BB S CNA AN é:’
ChNA oA
(Vi-4) (V1-5) (V1 -6)
ENA
é AN; eNA
o oA e § 4
i § JB-S—CNA Ale-§-4 B-5--cNA
L é S s &
ANG~§-B--L-B~S- A ANg-S-B-L-B Bl
i ; N g g
58 Los P
> B GtNA AE\CM‘ew.% B-S—cNA
A oA b $
A % ,ig\:/\ ,!-.E\:A
CNA wivm Ui
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(VI-8)

(VI-9)

04497 In certain embodiments, each ¢NA mdependently comprises chemically-modified

nucleotides.

[04507 In certain embodiments, delivery system further comprises n therapeutic nucleic acids

(NA}, wherein each NA is hybridized to at least one eNA.

[0451] In certain embodiments, each NA independently comprises at least 14 contiguous

nuclectides (e.g., at least 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,

5
.33,

32

34, 35, or more contiguous nucleotides).

(04521 In certain embodiments, each NA independently comprises 14-35
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{04531 In certatn embodiments, each NA comprises an unpaired overhang of at least 2

nucleotides.

104541 In certain embodiments, the nucleotides of the overhang are connected via

phosphorothicate linkages.

[0455] In certain embodiments, each NA, independently, is selected from the group consisting

of DNAs, siRNAs, antagomiRs, miRNAs, gapmers, mixmers, and guide RNAs.

04561 In certain embodiments, each NA is substantially complementary to a MAPT nucleic

acid sequence of any one of SEQ 1D NOs: 1-13, 292 and 295,

{04571 To oue aspect, the disclosure provides a pharmaceutical composition for inhibiting the
expression of M4PT gene in an organism, comprising a compound recited above or a sysiem
recited above, and a pharmaceutically acceptable carrier.

[0458] In certain embodiments, the compound or system inhibits the expression of the AJAPT
gene by at feast 50%. In certain embodiments, the compound or system inhibits the expression

of the MAPT gene by at least 80%.

{04597 To one aspect, the disclosure provides a method for inhibiting expression of M4P7 gene
in a cell, the method comprising: (a) introducing into the cell a compound recited above or a
systen recited above; and (b} maintamning the cell produced in step (a) for a time sufficient to
obtain degradation of the mRNA transcript of the AMAF 7 gene, thereby inhibiting expression of

the MAP T geve 1o the cell.

{04601 o one aspect, the disclosure provides a wmethod of treating or ranaging a
neurcdegenerative disease comprising administering to a patient inn need of such treatment or
management a therapeutically effective amount of a compound recited above or a system

recited above.
04417 In certain embodiments, the dsRNA 1s administered to the brain of the patient.

104027 In certain embodiments, the dsRNA is administered by intracerebroventricular (JICV)
mnjection, intrastriatal (I8} injection, intravenous (V) injection, subcutaneocus (8Q)} injection,

or a combination thereof

[0463] In certain embodiments, adroinistering the dsRNA causes a decrease 1 MA4PT gene
mRNA in one or more of the hippocampus, striatum, cortex, cerebellum, thalamus,

hypothalamus, and spinal cord.

67



WO 2021/188626 PCT/US2021/022688

04647 In certain embodiments, the dsRNA inhibits the expression of said MAFP 7 gene by at
feast S0%. In certain embodiments, the dsRNA inhibits the expression of said MAPT gene by

at least 80%.

Brief Beseription of the Prawings

[0465] The foregoing and other features and advantages of the present disclosure will
be more fully understood from the following detailed description of dlustrative embodiments
taken in conjunction with the accompanying drawings. The patent or application file contains
at least one drawing executed in color. Copies of this patent or patent application publication
with color drawing(s) will be provided by the Office upon request and payment of the necessary

fes,

[0466] FIG. 1A-1D depicts a screen of siRNAs targeting sequences of human AMAFT
mRNA in SH-SYSY human neuroblastoma celis. FIG. 1A, Screen of twelve sequences
identifying MAPT 1971, MAPT 2051 and MAPT 2012 as novel targeting regions; FIG. 18-
11, 8-point does response curves obtained with MAPT 1971 (B), MAPT 2051 (C) and MAPT
2012 (D) siRNA

[0467] FIG. 2A-2D depicts a screen of siRNAs targeting sequences of human and
mouse MAPT mRNA in SH-SYSY human neuroblastoma cells. FIG. 2A, Screen of twelve
sequences identifying MAPT 2034, MAPT 2007 and MAPT 2005 as novel targeting regions;
FIG 1B-1D, &-point does response curves obtained with MAPT 2034 (B), MAPT 2007 (C)
and MAPT 2005 (D) siRNA.

{04681 FIG. 3 depicts siRNA chemical scaffolds evaluated for MAPT.

{04691 FIG. 4A-4F depicts screens of 48 sequences targeting MAPT with ¢ different
chemical scaffolds applied. Hit sequences are shown 1o yellow. *, small amount of duplex; **,
not fully protected; red arrow: caused cell death. FIG. 4A, P3 blunt scaffold; FIG. 48, P3 blunt
plus mismatches at positions 10 and 11 on sense strand scaffold; FIG. 4C, P3 asyrmometric
scatfold;, FIG. 4D, P3 asymmetric plus ribose sense strand scaffold; FIG. 4E, OMe rich
asymmetric scaffold; FIG. 4F, OMe rich asymmetric plus ribose sense strand scaffold.

[0470] FIG. 5A-8C depicts a concentration response for active MAPT sequences

{selection). FIG. SA, MAPT 357, FIG. 5B, MAPT 2257, FIG. 5C, MAPT 2378,
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[0471] FIG. 6 depicts a screen of siRNAs targeting sequences of human MAPT

mRNA in SH-SY5Y human neuroblastoma cells.

[0472] FIG. 7TA-7B depict two screens of siRNAs targeting sequences of human
MAPT mRNA in SH-8Y5Y human neuroblastoma celis (FIG. 7A) and mouse MAPT mRNA
in NZA mouse neuroblastoma cells (FIG. 7B).

[0473] FIG. 8 depicts a dose response for select MAPT target sequences in a4 PS
chemical modification pattern.

[0474] FIG. 9 depicts a dose response for select MAPT target sequences in a P3

chemical modification pattern.

{0475} FIG. 10 depicts a further screen of siRNAs targeting various MAPT mRNA
target sequences across the ORF and 37 UTR. The screen was performed in SH-SYSY human
neurcblastoma cells. Hach siRNA was used at a concentration of 1.5 uM and incubated for 72

hours with the cells before quantifving relative mRNA expression.

[0476] FIG. 11 depicts further screens of siRNAs targeting various MAPT mRNA
target sequences across the ORF. Targets are found in both human and mouse MAPT mRNA.
The screen was performed 1n SH-SYS5Y human neuroblastoma cells. Each siRNA was used at
a concentration of 1.5 uM and incubated for 72 hours with the cells before quantifying relative
mRNA expression.

{0477 FIG. 12A-FIG. 12B depict normalized MAPT mBRNA (FIG. 12A) and protein
(FIG. 12B) expression levels in several mouse brain regions 1 month after
intracerebroventricular (ICV) injection. A 10 nmol dose ina 10 ul injection volume of siRNAs
targeting MAPT target sites designated MAPT 2005, MAPT 3309, and MAPT 3292 were used.

Tau protein levels were normalized to the protein vinculin and gapdh.

Detailed Description

[0478] Novel MAPT target sequences are provided. Also provided are novel RNA
molecules, such as siRNAs and branched RNA compounds containing the same, that target the

MAPTmRNA, such as one or more target sequences of the disclosure,

{0479] Unless otherwise specified, nomenclature used i connection with cell and
tissue culture, molecular biology, imnwunology, nicrobiology, genetics and protein and nucleic

acid chenustry and hybridization described herein are those well-known and commonly used
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in the art. Unless otherwise specified, the methods and techniques provided herein are
performed according to conventional methods well known in the art and as described in various
general and mwore specific references that are cited and discussed throughout the present
specification unless otherwise indicated. Enzyruatic reactions and purification techniques are
performed according to manutacturer’s specifications, as commonly accomplished in the art or
as described herein. The nomenclature used in connection with, and the laboratory procedures
and techumques of, analytical chemistry, synthetic organic chemistry, and medicmal and
pharmaceutical chemistry described herein are those well-known and commonly used in the
art. Standard techniques are used for chemical syntheses, chemical analyses, pharmaceutical

preparation, formulation, delivery, and treatment of patients,

[04801 Unless otherwise defined herein, scientific and technical terms used herein
have the meanings that are commonly understood by those of ordinary skill in the art. In the
event of any latent ambiguity, definitions provided herein take precedent over any dictionary
or extrinsic definition. Unless otherwise required by context, singular terms shall include
pluralities and plural terms shall ioclude the singular. The use of “of” means “and/or” unless
stated otherwise. The use of the term “including” as well as other forms, such as “includes”

and “inchuded,” 1s not limiting

{04811  Sothat the disclosure may be more readily understood, certain terms are first

defined.

[0482] Theterm “nucleoside” refers to a molecule having a purine or pyrimidine base
covalently linked to a ribose or deoxyribose sugar. Exemplary nucleosides include adenosine,
guanosine, cytidine, uridine and thymidine. Additional exemplary nucleosides include inosine,
I-methyl inosine, pseudoundine, 5,6-dihydrouridine, ribothymidine, 2N-methylguanosine and
N2 N2-dimethylguanosine {(also referred o as “rare” vucleosides). The term “nucleotide”
refers 1o a nucleoside having one or more phosphate groups joined 1n ester linkages to the sugar
moiety.  Exemplary nucleotides include nucleoside monophosphates, diphosphates and
triphosphates.  The terms “polynuclectide” and “nucleic acid molecule” are used
interchangeably herein and refer to a polymer of nucleotides jomed together by a

phosphodiester or phosphorothicate linkage between 5" and 3' carbon atoms.

[0483] The term "RNA” or “RNA molecule” or “ribonucleic acid molecule” refers
to a polymer of ribonucleotides {e.g., 2, 3, 4, 5, 10, 15, 20, 25, 30, or wore ribonucleotides).

The term “DINA” or “DNA molecule” or “deoxyribonucleic acid molecule” refers to a polymer
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of deoxyribonucleotides. DNA and RNA can be synthesized naturally {e.g, by DNA
replication or transcription of DNA respectively). RNA can be post-transcriptionally
modified. DNA and RNA can also be chenucally synthesized. DNA and RNA can be single-
stranded (1.¢, $sRNA and ssDNA | respectively) or multi-stranded (e.g, double stranded, 1.e.,
dsRINA and dsDNA respectively). "mRNA" or "messenger RNA" is single-stranded RNA that
specities the amino acid sequence of one or more polypeptide chains. This information is

translated during protein synthesis when ribosomes bind to the mRNA.

{34841 As used herein, the term "small interfering RNA" ("siRNA") (also referred to
in the art as "short interfering RNAs" ) refers to an RNA {or RNA analog) comprising between
about 10-50 nucleotides (or nucleotide analogs), which is capable of directing or mediating
RNA interference. In certain embodiments, a siRNA comprises between about 15-30
nuclectides or nucleotide analogs, or between about 16-25 nucleotides {or nucleotide analogs),
or between about 18-23 nucleotides (or nucleotide analogs), or between about 19-22
nucleotides (or nucleotide analogs) {e.g, 19, 20, 21 or 22 nucleotides or nucleotide analogs).
The term "short" siRNA refers to a stlRNA comprising about 21 nucleotides {or nucleotide
analogs), tor example, 19, 20, 21 or 22 nucleotides. The term "long" sSitRNA refers to a siRNA
comprising about 24-25 nuclectides, for example, 23, 24, 25 or 26 nucleotides. Short siRNAs
may, in some instances, include fewer than 19 nucleotides, eg, 16, 17 or 18 nucleotides,
provided that the shorter siRNA retains the ability to mediate RNAL Likewise, long siRNAs
may, in some instances, include more than 26 nucleotides, provided that the longer siRNA
retains the ability to mediate RNAJ absent further processing, e.g., enzymatic processing, to a

short aRNA,

{04851 The term "nucleotide analog” or "altered nucleotide” or "moeditied nuclectide”
refers to a non-standard nucleotide, including non-naturally occurring ribonucieotides or
deoxyribonucleotides. Exemplary nucleotide analogs are modified at any position so as to alter
cettain chemical properties of the nucleotide yet retain the ability of the vucleotide analog to
perform its intended function. Examples of positions of the nucleotide, which may be
derivatized ruclude: the 5 position, e g, S-(2-amino)propyl uridine, 5-bromo uridine, 3-propyne
uridine, S-propenyl uridine, etc.; the 6 position, e.g, 6-(2-amino)propy! uriding; and the &-
position for adenosine and/or guanosines, .g., B-bromo guanosine, &-chlors guanosine, 8-
fluoroguanosine, etc. Nucleotide analogs also include deara nucleotides, eg, 7-deaza-

adenosine; - and N-modified (e.g, alkvlated, e g, N6-methyl adenosine, or as otherwise

71



WO 2021/188626 PCT/US2021/022688

known in the art) nucleotides; and other heterocyclically modified nuclectide analogs, such as

those described in Herdewijn, Antisense Nucleic Acid Drug Dev,, 2000 Aug. 10(43:297-310.

04861 DNucleotide analogs may also comprise modifications to the sugar portion of
the nucleotides. For example, the 2' OH-group may be replaced by a group selected from H,
OR, R, F, Cl, Br, I, SH, SR, NH;, NHR, NR:, or COOR, wherein R is substituted or
unsubstituted Ci-Cs alkyl, alkenyl, alkynyl, aryl, etc. Other possible modifications include

those described in U.S. Pat. Nos. 5,858 988, and 6,291 438,

[0487]1 The phosphate group of the nucleotide may also be modified, e g, by
substituting one or more of the oxygens of the phosphate group with sulfur (e.g,
phosphorothicates}), or by making other substitutions, which allow the nuclectide to perform
its intended function, such as described in, for example, Eckstein, Antisense Nucleic Acid Drug
Dev. 2000 Apr. 10(23:117-21, Rusckowski et al. Antisense Nucleie Acid Drug Dev. 2000 Oct.
10(5):333-45, Stewn, Antisense Nucleic Acid Drag Dev. 2001 Oct. 11(5) 317-25, Vorobjev et
al. Antisense Nucleic Acid Drug Dev. 2001 Apr. 1H{2):77-85, and U.S. Pat. No. 5,684,143,
Certain of the above-referenced modifications {e.g, phosphate group modifications) decrease
the rate of hydrolysis of, for example, polynuclectides comprising said analogs in vivo or in

Vifro.

{0488] The term "oligonucieotide” refers to a short polymer of nucleotides and/or

nucleotide analogs.

[0489] The term "RNA analog" refers to a polynucleotide {(e.g, a chemically
synthesized polynuclectide} having at least one altered or modified nucleotide as compared to
a corresponding unaliered or unmodified RNA, but retaining the same or siroilar nature or
function as the corresponding unaliered or unmodified RNA.  Ags discussed above, the
oligomucleotides may be linked with linkages, which result in a lower rate of hydrolysis of the
RNA analog as compared to an RNA molecule with phosphodiester linkages. For example,
the nuclectides of the analog may comprise methylenediol, ethylene diol, oxymethylthio,
oxyethylthio,  oxycarbonyloxy,  phosphorodiamidate,  phosphorcamidate,  and/or
phosphorothicate linkages. Some RNA analogues include sugar- and/or backbone-meodified
sibonucleotides and/or deoxyribonucleotides.  Such alterations or modifications can further
mnclude addition of non-nuclectide material, such as to the end(s) of the RNA or internally {(at
one or more nuclectides of the RNA). An RNA analog need only be sufficiently similar to

natural RNA that it has the ability to mediate RNA interference.
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[0490]  As used heretn, the term "RNA interference” {("RNAI") refers 10 a selective
mtracellular degradation of RNA RNAI occurs in cells naturally to remove foreign RNAs{e. g,
viral RNAs)  Natural RNAj proceeds via fragments cleaved from free dsRNA, which direct
the degradative mechanism to other similar RNA sequences.  Alternatively, RNA1 can be

initiated by the hand of man, for example, to silence the expression of target genes.

[0491] An RNA1 agent, e.g, an RNA silencing agent, having a strand, which is
"sequence sufficiently complementary to a target mRNA sequence to direct target-specific
RNA interference (RNAD" means that the strand has a sequence sufficient to trigger the

destruction of the target mRNA by the RNA1 machinery or process.

{04921 Asused herein, the term “isolated RNA” {(e. g, "isolated siRINA" or "isolated
siRNA precursor”) refers to RNA molecules, which are substantially free of other cellular
material, or culture medium when produced by recornbinant techniques, or substantially free

of chemical precursors or other chemicals when chemically synthesized.

{04931  As used herein, the term “RNA silencing” refers to a group of sequence-
specific regulatory mechanisms {e.g. RNA interference (RNA1), transcriptional gene silencing
{TGS), post-transcriptional gene silencing (PTGR), quelling, co-suppression, and translational
repression) mediated by RNA molecules, which result 1o the wnhibition or "silencing” of the
expression of a corresponding protein-coding gene. RNA silencing has been observed n many

types of orgarisms, including plants, animals, and fung.

[0494] The term "discriminatory RNA silencing” refers to the ability of an RNA
molecule to substantially inhibit the expression of a "first” or "target” polynuclectide sequence
while not substantially inhibiting the expression of a "second” or "non-~target” polynucleotide
sequence,” e.g., when both polvnucleotide sequences are present in the same cell. In certain
embodiments, the target polynuclectide sequence corresponds to a target gene, while the non-
target polynucleotide sequence corresponds 1o a non-target gene. In other embodiments, the
target polynucleotide sequence corresponds to a target allele, while the non-target
polynucleotide sequence corresponds to a non-target allele. In certain embodiments, the target
polynuclectide sequence is the DNA sequence encoding the regulatory region {e.g promoter
or enhancer elements) of a target geve. In other embodiments, the target polynucleotide

sequence 15 a target mRNA encoded by a target gene.

[04951 The term "in visro" has its art recognized meaning, e g, involving purified

reagents or extracts, e.g., cell extracts. The term "in vive" also has iis art recognized meaning,
. & fe)
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e.g, mvolving living cells, e g, immortalized cells, primary cells, cell lines, and/or cells in an

Organism.

[0496]  As used herein, the term "transgene” refers to any nucleie acid molecule,
which is inserted by artifice into a cell, and becomes part of the genome of the organism that
develops from the cell.  Such a transgene may include a gene that is partly or entirely
heterologous (i.e., foretgn) to the transgenic organism, or may represent a gene homologous to
an endogenous gene of the organism. The term "transgene” also means a nucleic acid molecule
that inchudes one or more selected nucleic acid sequences, e g, DNAs, that encode one or more
engineered RINA precursors, to be expressed in a transgenic organism, ¢ g, anirnal, which is
partly or entirely heterologous, 1.¢., foreign, to the transgenic animal, or homologous to an
endogencus gene of the transgenic animal, but which is designed to be inserted into the animal's
genome at a location which differs from that of the natural gene. A transgene includes one or
more promoters and any other BNA| such as introns, necessary for expression of the selected
nucleic acid sequence, all operably linked to the selected sequence, and may include an
enhancer sequence.

i

{04971 A gene "involved" in a disease or disorder includes a gene, the normal or
aberrant expression or function of which effects or causes the disease or disorder or at least one

symptom of said disease or disorder.

{0498] The term "gain-of-function mutation” as used herein, refers to any mutation
in a gene in which the protein encoded by said gene (e, the mutant protein) acquires a function
not normally associated with the protein (i.e., the wild type protein} and causes or contributes
to a disease or disorder. The gamn-of-function mutation can be a deletion, addition, or
substitution of a nuclectide or nucleotides in the gene, which gives rise to the change in the
function of the encoded protein. In one embodiment, the gain-of-function mutation changes
the function of the mutant protein or causes interactions with other proteins. In another
embodiment, the gain-of-function mutation causes a decrease in or removal of normal wild-
type protein, for example, by interaction of the altered, mutant protein with said normal, wild-
type protein

[0499]  As used herein, the term "target geune” is a gene whose expression is to be

i

substantially inhibited or "silenced.” This silencing can be achieved by RNA silencing ¢.g,
by cleaving the mRNA of the target gene or translational repression of the target gene. The

term "non-target gene” is a gene whose expression is not to be substantially silenced. In one
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embodiment, the polynuclectide sequences of the target and non-target gene {e.g mRNA
encoded by the target and non-target genes) can ditfer by one or more nucleotides. In another
embodiment, the target and non-target genes can differ by one or more polymorphisros {e.g,
Single Nucleotide Polymorphisms or SNPs). In another embodiment, the target and non-target
genes can share less than 100% sequence identity. In another embodiment, the non-target gene

may be a homologue {e.g an orthologue or paralogue) of the target gene.

[0500] A "target allele" 15 an allele (e.g, a SNP allele) whose expression is to be
selectively inhibited or "sdenced.” This silencing cau be achieved by RNA silencing, e.g, by
cleaving the mRINA of the target gene or target allele by a siRNA. The term "non-target allele”
i3 an allele whose expression 1s not to be substantially silenced. In certain embodiments, the
target and non-target alleles can correspond to the same target gene. In other embodiments,
the target allele corresponds to, or is associated with, a target gene, and the non-target allele
corresponds to, or is associated with, a non-target gene. In one embodiment, the polynuclectide
sequences of the target and non-target alleles can differ by one or more mucleotides. In another
embodiment, the target and nov-target alleles can differ by one or more allelic polymorphisros
{e.g, one or more SNPs}. In ancther embodiment, the target and non-target alleles can share

fess than 100% sequence identity.

{0501] The term "polymorphism” as used herein, refers to a variation {e.g., one or
more deletions, insertions, or substitutions) in a gene sequence that is wWentified or detected
when the same gene sequence from different sources or subjects (but from the same organism}
are compared. For example, a polymorphism can be wdentified when the sarue gene sequence
from different subjects are compared. Identification of such polymorphisms 1s routine in the
art, the methodologies being similar to those used to detect, for example, breast cancer point
mutations.  Identification can be made, for example, from DNA extracted from a subject's
tymphocytes, followed by amplification of polymorphic regions using specific primers to said
polymorphic region. Alternatively, the polymorphism can be wdentified when two alleles of
the same gene are compared. In certain embodiments, the polymorphism is a single nucleotide

polymorphism (SNP}.

{0502] A vanation i sequence between two alleles of the same gene within an
orgauisro 13 referred to herein as an "allelic polymorphisto.” In certain erbodiments, the allelic
polymorphism corresponds to a SNP allele.  For example, the allelic polymorphism may
comprise a single nucleotide vanation between the two alleles of a SNP. The polymorphism

can be at a nucleotide within a coding region but, due to the degeneracy of the genetic code, no
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change in amino acid sequence s encoded. Alternatively, polymorphic sequences can encode
a different amino acid at a particular position, but the change in the amino acid does not affect
protein function. Polyroorphic regions can also be found in non-encoding regions of the gene.
In exemplary embodiments, the polymorphism 1s found in a coding region of the gene or in an

untransiated region {e.g., a 5 UTR or 3' UTR) of the gene.

{05031 As used herein, the term "allelic frequency” is a measure (e.g., proportion or
percentage) of the relative frequency of an allele (e.g, a SNP allele) at a single locus in a
population of individuals. For example, where a population of individuals carry nloct of a
particular chromosomal locus {(and the gene occupying the locus) m each of their somatic celis,
then the allelic frequency of an allele 15 the fraction or percentage of loci that the allele occupies
within the population. In certain embodiments, the allelic frequency of an allele (e.g., an SNP
allele} is at least 10% {e.g., at least 15%, 20%, 25%, 30%, 35%, 40% or more) in a sample

population.

[0504] As used herein, the term "sample population” refers to a population of
individuals comprising a statistically significant number of individuals. For example, the
sample population may comprise 50, 75, 100, 200, 500, 1000 or more individuals. In certain
embodiments, the sample population may comprise individuals, which share at least on
common disease phenotype {e.g, a gain-of-function disorder) or mutation {(e.g., a gain-of-
function mutation}.

[0505]  Asused herein, the term "heterozygosity” refers to the fraction of individuals
within a population that are heterozygous {e.g., contain two or more different alleles) at a
particular locus (e.g, at a SNP). Heterozygosity may be calculated for a sample population

using methods that are well known to those skilled in the ast.

[0506] The term "polygutamine domain," as used herein, refers to a segment or
domain of a protein that consist of consecutive glutamine residues linked to peptide bonds. In

one embodiment, the consecutive region includes at least 5 glutamine residues.

[0507]  As described herein, MAPT refers to the geve encoding for microtubule
associated tau protein. The MAFPT gene for encoding tau protein is ocated on chromosome
17q21, containing 16 exons. The major tau protein in the human brain 1s encoded by 11 exons.
Exons 2, 3 and 10 are alternatively spliced, leading to the formation of six tau iscforms, ranging
n size from a range of 352-441 amino acids. Tau protein can be divided o four domains:

the N-terminal domain, a proline-rich domain, a microtubule-binding domain, and the -
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terminal domain. The N-terminal domain plays a role in providing spacing between
microtubiles. The prodine-rich domain plays a role 1n cell signaling and in inferactions with
protewn Kinases. The microtubule-binding domain is important for binding to the microtabule.
The C-terminal domain is ontical n regulating microtubule polymerization. Normally, tau is
untolded and phosphoryiated. In its abnormal form, as found in the braing of patients with
primary tauepathies tan protein is hyperphosphorviated and aggregated comprising P-pleated
sheet  conformation. The binding of tau fo wicrotubules 15 regnlasted by the
phosphorylation/dephosphorylation equilibrinm of tau. Hyperphosphorylation of tau results in
a loss of the mteraction of tau interaction with microtubules

feading {0 mcrotpbule

>
dystunction and impaired axonal transport, and tau Bbrillization.
[0508] As described herein, the term tauopathy refers to a family of
neurodegenerative diseases characterized by the aggregation of tau protein into neurofibrillary
or gliofibrillary tangles (NFTs} in the human brain. The tangles are formed by
hyperphosphorylation of tau protein. Hyperphorphorylation causes tau protein to dissociate
from microtubules and to form insoluble aggregates. The aggregates may also be referred to as
paired helical filaments. Examples of tauopathies are Alzheimer’s disease, primary age-related
tauopathy (PART), which is a neurcfibrillary tangle-predominant senile dementia with
neurofibrillary tangles similar to AD, but without plaques, chronic traumatic encephalopathy
{CTE), progressive supranuclear palsy (PSP),  corticobasal  degeneration (UBD),
frontotemporal dementia and parkinsonism linked to chromosome 17 (FTDP-17}, Lvtico-bodig
disease {(Parkinson-dementia coroplex of Guam), ganglioghoma and ganglhocytoma,
meningicangiomatosis, postencephalitic parkinsonism, subacute sclerosing panencephahitis
(SSPE), lead encephalopathy, tuberous sclerosis, pantothenate kinase-associated
neurcdegeneration, and lipofuscinosis, Pick’s disease, corticobasal degeneration. Further,
patients with Huntington's disease present aggregated tau inclusions within varnous structures
of the brain. Tauopathies can also overlap with synucleinopathies, such as Parkinson’s disease,

due to potential interactions between synuclein and tau proteins.

[0509] The term "expanded polyglutamine domain” or "expanded polyghutamine
segment," as used herein, refers to a segment or domain of a protein that includes at least 35
consecutive ghitamine residues linked by peptide bonds. Such expanded segments are found
in subjects afflicted with a polyglutamine disorder, as described herein, whether or not the

subject manifests symptoms.
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[0510]  The term "trinuclestide repeat” or "trinucleotide repeat region” as used herein,
refers to a segment of a nucleic acid sequence that consists of consecutive repeats of a particular
trinucleotide sequence. In one embodiment, the trinucleotide repeat includes at least 5
consecutive trinuclectide sequences. Exemplary trinucleotide sequences include, but are not

imited to, CAG, CGG, GCC, GAA, CTG and/or CGG.

[0511] The term "trinucleotide repeat diseases” as used herein, refers to any disease
or disorder characterized by an expanded trinuclectide repeat region located within a gene, the
expanded trinucleotide repeat region being causative of the disease or disorder. Examples of
trinucleotide repeat diseases include, but are not himited to Huntington’s disease (HD), spino-
cerebellar ataxia type 12 spino-cerebellar ataxia type 8, fragile X syndrome, fragile XE mental
retardation, Friedreich's ataxia and myotonic dystrophy. Exemplary trinucleotide repeat
diseases for treatment according to the present disclosure are those characterized or caused by
an expanded trinucieotide repeat region at the 5" end of the coding region of a gene, the gene
encoding a mutant protein, which causes or 13 causative of the disease or disorder. Certain
irinucieotide diseases, for example, fragile X syndrome, where the routation is not associated
with a coding region, may not be suitable for treatment according to the methodologies of the
present disclosure, as there is no suitable mRNA to be targeted by RNAL By contrast, disease
such as Friedreich’s ataxia may be suitable for treatment according to the methodologies of the
disclosuredisclosure because, although the causative mutation is not within a coding region
{i.e., lies within an intron), the mutation may be within, for example, an mRNA precursor {e.g,

a pre~spliced mRNA precursor},

[0512] TThe phrase "examining the function of a gene in a cell or organism” refers to

examining or studying the expression, activity, function or phenotype arising therefrom.

[0513]  Asused herein, the terro "RNA silencing agent” refers to an RNA, which 13
capable of inhibiting or "silencing” the expression of a target gene. In certain embodiments,
the RINA silencing agent is capable of preventing complete processing (e g, the full translation
and/or expression) of a mRNA molecule through a post-transcriptional silencing mechanism.
RINNA silencing agents include small (<50 b.p.}, noncoding RNA molecules, for example RNA
duplexes comprising paired strands, as well as precursor RNAs from which such small non-
coding RNAs can be generated. Exemplary RNA silencing agents inchude siRNAs, miRNAg,
siRNA-ltke duplexes, antisense oligonuclectides, GAPMER molecules, and dual-function

oligormucleotides, as well as precursors thereof. In one embodiment, the RNA silencing agent
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is capable of inducing RNA mterference. In another embodiment, the RNA silencing agent is

capable of mediating transiational repression.

[0514] As used herein, the term "rare nucleotide” refers to a naturally occurring
nucleotide that occurs infrequently, including naturally occurring deoxyribonucleotides or
ribomucleotides that occur infrequently, e g, a naturally occurring ribonucleotide that is not
guanosing, adenosine, cytosine, or urtdine. Examples of rare nucleotides include, but are not
hmited to, inosine, l-methyl inosine, pseudouridine, 5,6-dihydrouridine, ribothymidine, ZN-

methylguanosine and 2,2N N-diroethylguanosine.

{05151 'The term "engineered,” as in an engineered RNA precursor, or an engineered
nucleic acid molecule, indicates that the precursor or molecule is not found in nature, in that
all or a portion of the nucleic acid sequence of the precursor or molecule is created or selected
by a human. Once created or selected, the sequence can be rephicated, translated, transcribed,
or otherwise processed by mechauisms within a cell. Thus, an RNA precursor produced within
a cell from a transgene that includes an engineered nucleie acid molecule 1s an engmeered RNA

PIECUrSor.

[0516] As used herein, the term "microRNA" {("miRNA"), also known iu the art as
"amall temporal RNAs" ("stRNA3s"), refers to a small (10-50 nucleotide) RNA, which are
genetically encoded {e.g, by viral, mammalian, ot plant genomes) aud are capable of divecting
or mediating RNA silencing  An "miRNA disorder” shall refer to a disease or disorder

characterized by an aberrant expression or activity of a miRNA,

{05171 As used heretn, the term "dual functional oligonucleotide” refers to a RNA
stlencing agent having the formula T-L-p, wherein T is an mRNA targeting moiety, L s a
linking moiety, and p is a miRNA recruifing moiety. As used herein, the terms "mRNA

[

targeting moiety," "targeting motety,” "mRNA targeting portion” or "targeting portion” refer
to a domain, portion or region of the dual functional ohigonucleotide having sufficient size and
sufficient complementarity to a portion or region of an mRNA chosen or targeted for silencing

{t.e., the motety has a sequence sufficient to capture the target mRNA).

(05181 As used herein, the term “linking motety" or "linking portion” refers t¢ a
) o » o
domain, portion or region of the RNA-silencing agent which covalently joins or links the

mRNA

[0519] As used herein, the term "antisense strand” of an RNA silencing agent, e g,

an siRNA or RNA silencing agent, refers to a strand that is substantially complementary o a
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section of about 10-50 nucieotides, e.g., about 15-30, 16-25, 18-23 or 19-22 nucleotides of the
mRNA of the gene targeted for silencing. The antisense strand or first strand has sequence
sufficiently complementary to the desired target mRNA sequence to ditect target-specific
siencing, ¢ g, complementarity sutficient to trigger the destruction of' the desired target mRNA
by the RMNA1 machinery or process (RNAt interference) or complementarity sufficient to trigger

translational repression of the desired target mRNA.

[05201 The term "sense strand” or "second strand” of an RNA silencing agent, e g,
aun siRNA or RNA silencing agent, refers to a strand that is complementary to the antisense
strand or first strand.  Antisense and sense strands can also be referred to as first or second
strands, the first or second strand having complementarity to the target sequence and the
respective second or first strand having complementarity to said first or second strand. miRNA
duplex intermediates or siRNA-like duplexes include a miRNA strand having sufficient
complementarity to a section of about 10-50 nucleotides of the mRNA of the gene targeted for
silencing and a miRNA® strand having sufficient complementarity to form a duplex with the

miRNA strand.

[0521] Asused herein, the term "guide strand” refers to a strand of an RNA silencing
agent, e.g, an antisense strand of an siRNA duplex or siRNA sequence, that enters into the
RISC complex and directs cleavage of the target mRNA.

[0522] As used herein, the term "asymmetry,” as in the asymmetry of the duplex
region of an RNA silencing agent (e g, the stern of an shRNA), refers to an inequality of bond
strength or base pairing strength between the termini of the RNA silencing agent {e.g, between
terminal nucleotides on a first strand or stem portion and terminal nucleotides on an opposing
second strand or stem portion), such that the 5' end of one strand of the duplex is more
frequently 1n a transient unpaired, e.g, single-stranded, state than the 5' end of the
complementary strand. This structural difference determines that one strand of the duplex is
preferentially incorporated nto a RISC complex. The strand whose §' end 1s less tightly paired
to the complementary strand will preferentially be incorporated into RISC and mediate RNAL

{05231 As used herein, the term "bond strength” or "base pair strength” refers to the
strength of the interaction between pairs of nucleotides (or nucleotide analogs) on opposing
strands of an oligonucleotide duplex (e g, an siRNA duplex), due primarily to H-bonding, van

der Waals interactions, and the like, between said nucleotides (or nucleotide analogs).
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[0524] As used herein, the "5 end," as in the &' end of an antisense strand, refers to
the 5" terminal nucleotides, e g, between one and about 5 nucleotides at the S' termunus of the
antisense strand. As used herein, the "3" end,” as 10 the 3" end of 4 sense strand, refers to the
region, ¢.g., a region of between one and about 5 nucleotides, that is complementary to the

nucleotides of the 5" end of the complementary antisense strand.

05251 As used herein the term "destabilizing nuclectide” refers to a first nucleotide
or nucleotide analog capable of forming a base pair with second nucleotide ornucleotide analog
such that the base pair is of lower bond strength thaun a conventional base paw (e, Watsoun-
Crick base pair). In certain embodiments, the destabilizing nucleotide is capable of torming a
nusmatch base pair with the second nucleotide. In other embodiments, the destabilizing
nucleotide is capable of forming a wobble base pair with the second nuclectide. In yet other
embodiments, the destabilizing nucleotide is capable of forming an ambiguous base pair with

the second nucleotide.

[0526] Asused herein, the term "base pair” refers to the interaction between pairs of
nucleotides (or nucleotide analogs) on opposing strands of an ohigonucleotide duplex {(e.g, a
duplex formed by a strand of a RNA silencing agent and a target mRNA sequence), due
primarily to H-bonding, van der Waals interactions, and the hike between said nucleotides (or
nucleotide analogs). As used herein, the term "bond strength” or "base pair strength” refers to

the strength of the base pair.

[0527] As used herein, the termy "musroatched base pair” refers to a base pawr
consisting of non-complementary or non-Watson-Crick base pairs, for example, not normal
complementary :C, AT or A:1J base pairs. As used herein the term "ambiguous base pair”
(also known as a non-discriminatory base pair) refers to a base pair formed by a universal

nucleotide.

[0528] As used herein, term "universal nucleotide” {also known as a “neutral
nucleotide") include those nucleotides {e.g. certain destabilizing nucleotides) having a base (a
"universal base” or "neutral base") that does not significantly discriminate between basesona
complementary polynucleotide when forming a base pair.  Universal nucleotides are
predominantly hydrophobic molecules that can pack efficiently into antiparallel duplex nucleic
acids {e.g., double-stranded DNA or RNA) due to stacking interactions. The base portion of

universal nucleotides typically comprise a nitrogen-~containing aromatic heterocyclic moiety.
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[0529]  As used herein, the terms "sufficient complementarity” or "sufficient degree
of complementarity” mean that the RNA silencing agent has a sequence (e.g in the antisense
strand, mRNA targeting moiety or muRNA recruiting moiety), which 1s sufficient to bind the

desired target RNA, respectively, and to trigger the RNA silencing of the target mRNA.

{05301 As used herein, the term "translational repression” refers to a selective
mhibition of mRNA translation. Natural transiational repression proceeds via miRNAs cleaved
from shRNA precursors. Both RN A1 and translational repression are mediated by RISC. Both
RNA and translational repression occur naturally or can be initiated by the band of man, for

example, to silence the expression of target genes.

[0531] Various methodologies of the instant disclosure include a step that involves
comparing a value, level, feature, characteristic, property, etc. to a "suitable control,” referred
to interchangeably herein as an "appropriate countrol." A “suitable control” or "appropriate
control” 18 any countrol or standard familiar to ove of ordinary skill in the art useful for
comparison purposes. In one embodiment, a "suitable control” or "appropriate control” is a
value, level, feature, characteristic, property, ete. determined prior to performing an RNAG
methodology, as described herein. For example, a transcription rate, mRNA level, translation
rate, protein level, biological activity, cellular characteristic or propesty, genotype, phenotype,
etc. can be determined prior to introducing an RNA silencing agent of the disclosure into a cell
or organism. In another embodiment, a "suitable control” or "appropriate control” 1s a value,
level, feature, characteristic, property, etc. determined in a cell or organism, e.g., a control or
normal cell or organism, exhibiting, for exarple, normal tratts. In yet another embodiment, a
"suitable control" or "appropriate control” is a predefined vahue, level, feature, characteristic,

property, etc.

[0532] Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present disclosure, suitable methods and
materials are described below Al publications, patent applications, patents, and other
references mentioned heretn are incorporated by reference in their entirety. In case of conflict,
the present specification, inchuding definitions, will control.  In addition, the materials,

methods, and example are llustrative only and not intended to be limiting,
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[0533] Various aspecis of the disclosure are described in further detail in the

following subsections.

I. Novel Tarcet Sequences

~

[0534] In certain exemplary ewbodiments, RNA silencing agenis of the
disclosuredisclosure are capable of targeting a MAP T nucleic acid sequence of any one of SEQ
D NOs: 1-13, 292, and 295, asrectted in Table 4 -6. In certain exemplary embodiments, RNA
stlencing agents of the disclosuredisclosure are capable of targeting one or more of a MAPT
nucleic acid sequence selected from the group consisting of SEQ ID NOs: 14-33, 299, and 302,
as recited in Tables 7-8.

[0535]  Genomic sequence for each target sequence can be found in, for example, the

publicly available database maintained by the NCBL

I siBNA Design

[0536] Insome embodiments, siRINAs are designed as tollows. First, a portion of the
target gene {e.g, the MAP T gene), e.g, one or more of the target sequences set forth in Tables
4-6 15 selected. Cleavage of mRNA at these sites should eliminate translation of corresponding
protein. Antisense strands were designed based on the target sequence and sense sirands werte
designed to be complementary to the antisense strand. Hybridization of the antisense and sense
strands forms the siRNA duplex. The avtisense strand jucludes about 19 to 25 nucleotides,
e.g., 19, 20, 21, 22, 23, 24 or 25 nucleotides. In other embodiments, the antisense strand
imcludes 20, 21, 22 or 23 nucleotides. The sense strand includes about 14 to 25 nucleotides,
e.g, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides. In other embodiments, the
sense strand 15 135 nucleotides. In other ervbodiments, the sense strand is 18 nucleotides. In
other embodiments, the sense strand is 20 nuclectides. The skilled artisan will appreciate,
however, that siRNAs having a length of less than 19 nucleotides or greater than 25 nucleotides
can also function to mediate RNAiL. Accordingly, siRNAs of such length are also within the
scope of the instant disclosure, provided that they retain the ability to mediate RNA1. Longer
RNAt agents have been demonstrated to elicit an interferon or PKR response in certain
mammalian cells, which may be undesirable. In certain embodiments, the RNAI agents of the
disclosuredisclosure do not elicit a PKR response {(i.e., are of a sufficiently short length).

However, longer RN A1 agents may be useful, for example, in cell types incapable of generating
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a PKR response or in sttuations where the PKR response has been down-regulated or dampened

by alternative means,

[05371 The sense strand sequence can be designed such that the target sequence i
essentially in the middle of the strand. Moving the target sequence to an off-center position
can, in some instances, reduce efficiency of cleavage by the siRNA. Such compositions, 1.e.,
jess efficient compositions, may be desirable for use if off-silencing of the wild-type mRNA is

detected.

[0538] The antisense strand can be the same length as the sense strand and mcludes
complementary muclectides. In one embodiment, the strands are fully complementary, i.e., the
strands are blunt-ended when aligned or annealed. In another embodiment, the strands align
or anneal such that 1-, 2-, 3+ 4-, 5, 6, 7-, or &-nucleotide overhangs are generated, i.e, the 3’
end of the sense strand extends 1, 2, 3, 4, 5, 6, 7, or & nucleotides further than the 5 end of the
antisense strand and/or the 3’ end of the antisense strand extends 1, 2, 3, 4, 5, 6, 7, or 8
nuclectides further than the 5' end of the sense strand. Overhangs can comprise {or consist of)
nucleotides corresponding to the target gene sequence {or complement thereof). Alternatively,
overhangs can comprise {or consist of) deoxyribonucleotides, for example dTs, or nucleotide

analogs, or other suitable non-nucleotide material.

{05391 To facilitate entry of the antisense strand into RISC {and thus mncrease or
improve the efficiency of target cleavage and silencing), the base pair strength between the 5
end of the sense strand and 3' end of the antisense strand can be altered, e g, lessened or
reduced, as described in detail in U.S. Patent Nos. 7,459,547 7,772,203 and 7,732,593, entitled
“Methods and Composttions for Controlling Efficacy of RNA Silencing” (filed Jun. 2, 2003)
and U.S. Patent Nos. 8,309,704, 7,750,144, 8,304,530, 8,329,892 and 8,309,705, entitled
“Methods and Compositions for Evhancing the Efficacy and Specificity of RNAY” (filed Jun.
2, 2003}, the contents of which are incorporated in their entirety by this reference. In one
embodiment of these aspects of the disclosure, the base-pair strength 1s less due to fewer G:C
base pairs between the 5' end of the first or antisense strand and the 3' end of the second or
sense strand than between the 3' end of the first or antisense strand and the 5' end of the second
or sense strand. In another embodiment, the base pair strength is less due to at least one
mismaitched base pair between the 5 end of the first or antisense strand and the 3" end of the
second or sense strand. In certain exemplary embodiments, the mismatched base pair s
selected from the group consisting of G:A, C:A, CU, GG, AA CC and UU. In another

embodiment, the base pair sirength is less due to at Jeast one wobble base pair, e.g, G4,

84



WO 2021/188626 PCT/US2021/022688

between the 5' end of the first or antisense strand and the 3' end of the second or sense strand.
In another embodiment, the base pair strength is less due to at least one base pair comprising a
rare nucleotide, e.g, inosine (I3, In certain exemplary embodiments, the base pair is selected
from the group consisting of an LA, I'U and LC. In yet another embodiment, the base pair
strength 18 less due to at least one base pair comprising a modified nuclectide. In certain
exemplary embodiments, the modified nucleotide is selected from the group consisting of 2-

amino-G, 2-amino-A, 2,6~diamino-G, and 2,6-diamino-A.

{05401 The design of siRNAs suitable for targeting the MAPT target sequences set
forth in Tables 4-6 1s described in detail below. siRNAs can be designed according to the
above exemplary teachings for any other target sequences found in the AMAP 7 gene. Moreover,
the technology is applicable to targeting any other target sequences, e.g., non-disease-causing

target sequences.

{05411 To validate the effectiveness by which siRNAs destroy mBRNAs (e g, MAFPT
mRMNA), the siRNA can be incubated with ¢cDNA {e.g, AMAPT ¢DNA) in a Drosophifa-based
i vitro mRNA expression systern. Radiolabeled with P, newly synthesized mRNAs (e.g.,
MAPT mRNA) are detected autoradiographically on an agarose gel. The presence of cleaved
mBRNA indicates mRNA nuclease activity. Suitable controls include omission of siRNA.
Alternatively, control siRNAs are selected having the same nucleotide composition as the
selected siRNA, but without significant sequence complementarity to the appropriate target
gene. Such negative controls can be designed by randomly scrambling the nucleotide sequence
of the selected siRNA; a homology search can be performed to ensure that the negative control
lacks homology to any other gene in the appropriate genome. In addition, negative control
siRNAs can be designed by introducing one or more base mismatches into the sequence. Sites
of siRNA-mRNA complementation are selected which result in optimal mRNA specificity and

maximal mRNA cleavage.

il RNA Agents

{05421  The present disclosuredisclosure mcludes RNA1 molecules, such as siRNA
molecules designed, for example, as described above. The siRNA molecules of the
disclosuredisclosure can be chemically synthesized, or can be transcribed i vitro trom a DNA

template, or in vivo from e.g, shRINA, or by using recombinant human DICER enzyme, to
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cleave in vitro transcribed dsRNA templates mto pools of 20-, 21~ or 23-bp duplex RNA

mediating RNAi. The siRNA molecules can be designed using any method known in the art.

[0543] Inoneaspect, instead of the RNAI agent being an interfering ribonucleic acid,
e.g., an siRNA or shRNA as described above, the RNAIL agent can encode an interfering
ribomucleic acid, e.g, an shRNA as described above. In other words, the RNA1 agent can be
a transcriptional template of the interfering ribonucleic acid. Thus, RNA1 agents of the present
disclosuredisclosure can also include small hairpin RNAs (shRINAs), and expression constructs
engineered to express shRNAs. Transcription of shRNAs i3 muitiated at a polymerase HI (pol
1) promoter, and 1s thought to be terminated at position 2 of a 4-5-thymine transcription
termination site. Upon expression, shRNAs are thought to told into a stem-loop structure with
3" UU-overhangs; subsequently, the ends of these shRNAs are processed, converting the
shRINAs into siRNA-itke molecules of about 21-23 nucleotides (Brummelkamp et al, 2002;
Lee et al, 2002, Supra; Mivagishi et al,, 2002; Paddison et al., 2002, supra; Paul et al., 2002,
supra; Sut et al, 2002 supra; Yu et al, 2002, supra. More 1oformation about shRNA design
and wuse can be found on the internet at  the following  addresses:
katandin cshl org:933 /RNAvVdocs/BseRI-BamBl Strategy pdf and
katandin.cshl.org9331/RNAV/docs/Web _version of PCR strategy 1 pdf).

{05441 Expression constructs of the present disciosuredisclosure include any
construct suitable for use in the appropriate expression system and include, but are not liroited
to, retroviral vectors, linear expression casseties, plasmids and viral or virally-derived vectors,
as known in the art. Such expression constructs can include one or more inducible promoters,
RNA Pol Il promoter systems, such as Ud snRNA promoters or HI RNA polymerase I
promoters, or other promoters known in the art. The constructs can include one or both strands
of the siRNA. Expression constructs expressing both strands can also include loop structures
hinking both strands, or each strand can be separately transcribed from separate promoters
within the same construct. Each strand can also be transcribed from a separate expression

construct. {Tuschl, T., 2002, Supra).

{05451 Synthetic siRNAs can be delivered into cells by methods known in the art,
including cationic liposome transfection and electroporation.  To obtain longer term
suppression of the target genes (e g, MAPT genes) and to facilitate delivery under certain
circumstances, one or more sIRNA can be expressed within cells from recombinant DNA
constructs. Such methods for expressing siRNA duplexes within cells from recombinant DNA

constructs to allow longer-term target gene suppression in cells are known in the art, ncluding
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mammalian Pol I promoter systems (e.g, H1 or U6/snRNA promoter systems {Tuschl, T,

2002, supray capable of expressing functional double-stranded siRNAs; (Bagella et al., 1998;
Lee et al, 2002, supra;, Miyagisht et al, 2002, supra;, Paul et al, 2002, supra;, Yu et al, 2002,
supra; Sut et al., 2002, supra). Transcriptional termination by RINA Pol I cccurs at runs of
four consecutive T residues in the DNA template, providing a mechanism to end the siRNA
transcript at a specific sequence. The siRNA is complementary to the sequence of the target
gene in 53" and 3'-3" orientations, and the two strands of the siRNA can be expressed in the
same construct of in separate constructs. Hairpin siRNAs, driven by H1 or U6 snRNA
promoter and expressed in cells, can mhibit target gene expression (Bagella et al., 1998; Lee et
al, 2002, suprar, Miyagisht et al., 2002, sapra; Paul et al, 2002, supra;, Yu et al, 2002), supra,
Sui et al, 2002, supra). Constructs containing siRNA sequence under the countrol of T7
promoter also make functional siRNAs when co-transfected into the cells with a vector
expressing T7 RNA polymerase (Jacque et al, 2002, supra). A single construct may contain
smualtiple sequences coding for siRNAs, such as multiple regions of the gene encoding MAFPT,
targeting the same gene or multiple genes, and can be driven, for example, by separate Pollll

promoter sites,

[0546] Animal cells express a range of noncoding RNAs of approximately 22
nucleotides termed micro RNA (miRNAs), which can regulate gene expression at the post
transeriptional or translational level during animal development. One common feature of
miRNAs is that they are all excised from an approximately 70 nucleotide precursor RNA stem-
{oop, probably by Dicer, an RNase Hi-type enzyme, or a homolog thereof. By substituting the
stem sequences of the miRNA precursor with sequence complementary to the target mRNA| a
vector construct that expresses the engineered precursor can be used to produce siRNAs to
initiate RNA1 against specitic mRNA targets in mammalian celis (Zeng et al., 2002, supra).
When expressed by DNA vectors containing polymerase HI promoters, mucro-RNA designed
hatrpins can silence gene expression {(McManus et al,, 2002, supra). MicroRNAs targeting
polymorphisrus way also be useful for blocking translation of mutant proteins, in the absence
of siRNA-mediated gene-silencing  Such applications may be useful in situations, for example,
where a designed siRNA caused off-target silencing of wild type protemn.

(05471 Viral-mediated delivery mechanisms can also be used to induce specific
silencing of targeted genes through expression of siRNA, for example, by generating
recombinant adenoviruses harboring siRNA under RNA Pol 11 promoter transeription coutrol

{Xia et al, 2002, supray. Iofection of Hel.a cells by these recombinant adenoviruses allows
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for diminished endogencus target gene expression. Injection of the recombinant adenovirus
vectors nto transgenic mice expressing the target genes of the siRNA results in in vive
reduction of target gene expression. /. Tn an animal model, whole-embryo electroporation can
efficiently deliver synthetic siRNA into post-implantation mouse embryos (Calegart et al,
2002y In adult mice, efficient delivery of siRNA can be accomplished by "high-pressure”
delivery technique, a rapid injection {within 5 seconds) of a large volume of siRNA containing
solution into animal via the tadl vewn (Liu et al., 1999, supra;, McCatfrey et al, 2002, supra;
Lewis et al,, 2002. Nanoparticles and liposomes can also be used to defiver siRNA into animals.
In certain exemplary embodiments, recombinant adeno-associated viruses (rAAVs) and their
associated vectors can be used to deliver one or more siRNAs into cells, e g, neural cells (e g,
brain cells) (US Patent Applications 2014/0296486, 2010/0186103, 2008/0269149,
2006/0078542 and 2005/0220766).

{05481 'The nucleic acid compositions of the disclosure include both unmedified
siRNAg and modified siRNAs, such as crosslinked siRNA denivatives or dertvatives having
nou-nuclieotide moieties linked, for example to their 3' or 5 ends. Modifying siRNA
dertvatives in this way may improve cellular uptake or enhance cellular targeting activities of
the resulting siRINA derivative, as compared to the corresponding siRNA, and are useful for
tracing the siRNA derivative in the cell, or improving the stability of the siRNA dernivative

compared ¢ the corresponding siRNA.

[0549] Engineered RNA precursors, introduced into cells or whole organisms as
described herein, will lead to the production of a desired siRNA moelecule. Such an siRNA
molecule will then associate with endogenous protein components of the RNAi pathway to
bind to and target a specific mRINA sequence for cleavage and destruction. In this fashion, the
mRNA, which will be targeted by the siRNA generated from the engineered RNA precursor,
and will be depleted from the cell or organism, leading to 2 decrease in the concentration of the
protein encoded by that mRNA n the cell or organism. The RNA precursors are typically
nucleic acid molecules that individually encode either one strand of a dsRNA or encode the

entire nucleotide sequence of an RNA hairpin loop structure.

{05501  The nucleic acid compositions of the disclosure can be unconjugated or can
be comjugated to another moitety, such as a vanoparticle, to enhance a property of the
compositions, e.g, a pharmacckinetic parameter such as absorption, efficacy, bicavaiability
and/or half-life. The comjugation can be accomplished by methods known in the art, e g, using

the methods of Lambert et al, Drug Deliv. Rev.: 47(1), 99-112 (2001) {describes nucleic acids
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lnaded to polvalkyleyanoacrylate (PACA) nanoparticles); Fattal et al., J. Controf Release 53(1-
33:137-43 (1998} (describes nucleie acids bound to nanoparticles); Schwab et al, Ann. Oncol.
S Suppl. 4:55-8 (1994} (describes nucleic acids linked to intercalating agents, hydrophobic
groups, polycations or PACA nanoparticles); and Godard et al., Eur ] Biochem. 232(2):404-

10 {1995} (describes nucleic acids linked to nanoparticles).

{05511 The nucleic acid molecules of the present disclosure can also be labeled using
any method known in the art. For instance, the nucleic acid compositions can be labeled with
a fluorophore, e.g, Cy3, fluorescein, or thodamine. The labehng can be carried out using a ki,
e.g, the SILENCER'™ siRNA labeling kit {Ambion). Additionally, the siRNA can be

radiolabeled, e g, using *H, P or another appropriate isotope.

[0552] Moreover, because RNAL s believed to progress via at least one single-

stranded RNA intermediate, the skilled artisan will appreciate that ss-siRNAs {e.g, the
antisense strand of a ds-siRINA) can also be designed {e.g, for chemical synthesis), generated
(e.¢, enzymatically generated), or expressed (e g, trom a vector or plasnud) as described
herein and utilized according to the claimed methodologies. Moreover, in invertebrates, RNA:
can be triggered effectively by long dsRNAs {e.g, dsRNAs about 100-1000 nucleotides in
fength, such as about 200-500, for example, about 250, 300, 350, 400 or 450 nucleotides in
fength) acting as effectors of RNAI. {Brondani et al., Proc Natl Acad Sci USA. 2001 Dec. 4;

98(255:14428-33 . Epub 2001 Nov. 27 )

IV, Anti-MAPT BRNA Silencing Acents

[0553] In certain embodiments, the present disclosure provides novel anti-MAPT
RNA silencing agents {e.g, siRNA, shRNA, and antisense oligonucleotides), methods of
making said RNA silencing agents, and methods {e g, research and/or therapeutic methods})
for using said improved RNA silencing agents (or portions thereof) for RNA siencing of
MAPT protein. The RNA silencing agents comprise an antisense strand {or portions thereof),
wherein the antisense strand has sufficient complementary to a target MAPT mRNA to mediate
an RNA-mediated silencing mechanism {e.g RNA1).

{05541 In certain embodiments, sSiIRNA compounds are provided having one or any
combination of the following properties: (1} fully chemically-stabilized {(i.¢, no unmodified
2’-0OH residues); (2) asymmetry; (3) 11-20 base pair duplexes; (4) greater than 50% 2'-

methoxy modifications, such as 70%-100% 2" -methoxy modifications, although an alternating
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pattern of chemically-modified nucleotides {e.g., 2"-fluoro and 27 -methoxy modifications), are
also contemplated; and (5) single-stranded, fully phosphorothioated tails of 5-8 bases. In
cettain embodiments, the nurber of phosphorothioate modifications 15 varied from 4 to 16
total. In certain embodiments, the number of phosphorothicate modifications s varied from 8

to 13 total.

[0555] In certain embodiments, the siRNA compounds described herein can be
comjugated to a variety of targeting agents, including but not himited to, cholesterol,
docosahexaenoic acid (DHA), pheoyliropanes, cortisol, vitamin A, vitamin D, N-
acetylgalactosamine {(GalNac), and gangliosides. The cholesterol-modified version showed 5-
10 fold tmaprovement in efficacy in vifro versus previously used chemical stabilization patterns
{e.g., wherein all purine but not pyrimidines are modified} in wide range of cell types {(e.g,
Hel a, neurons, hepatocyies, trophoblasts}.

{05561 Certain compounds of the disclosure having the structural properties
described above and heretn may be referred to as “hsiRNA-ASP” (hydrophobically-modified,
small interfering RNA, featuring an advanced stabilization pattern). In addition, this hsiRNA-
ASP pattern showed a dramatically improved distribution through the brain, spinal cord,
delivery to liver, placenta, kidney, spleen and several other tissues, making them accessible for
therapeutic intervention.

{05571 The compounds of the disclosure can be described in the following aspects
and embodiments.

{05581 In a first aspect, provided herein 13 a double stranded RNA {(dsRNA)
comprising an antisense strand and a sense strand, each strand comprising at least 14
contiguous nucleotides, with a ™ end and a 37 end, wherein:

{1} the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

{23 the auntisense strand comprises alternating 2" -methoxy-ribonucleotides and 27~
fluoro-ribonucleotides;

(3) the nucleotides at positions 2 and 14 from the 57 end of the antisense strand are not
2 -methoxy-ribonucieotides;

{43 the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothioate internucleotide linkages;

{(5) a portion of the antisense strand is complementary o a portion of the sense strand;

(6) the sense strand comprises alternating 2" -methoxy-ribonucleotides and 2" -fluoro-
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sibonucleotides; and

(7 the nucleotides at positions 1-2 from the 5° end of the sense strand are connecied to
each other via phosphorothioate internucleotide hukages.

[0559] Inasecondaspect, provided herein 1s a dsRNA comprising an antisense strand
and a sense strand, each strand comprising at least 14 contiguous nucleotides, with a 57 end
and a 37 end, wherein:

(1) the antisense strand comprises a sequence substantially complementary to a MAFPT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

(2) the antisense strand comprises at least 70% 27-O-methyl roodifications;

(3) the nucleotide at position 14 from the 57 end of the antisense strand are not 27~
methoxy-ribonucleotides;

{43 the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothioate internucleotide linkages;

(5) a portion of the antisense strand is complementary o a portion of the sense strand,

(0) the sense strand comprises at least 70% 2°-O-methyl modifications; and

{73 the nucleotides at positions 1-2 from the 57 end of the sense strand are connected to
each other via phosphorothioate internucleotide linkages.

{0560] In athird aspect, provided herein 13 a dsRNA comprising an antisense strand
and a sense strand, each strand comprising at least 14 contiguous nuclectides, with a 57 end
and a 37 end, wherein:

(1) the antisense strand comprises a sequence substantially complementary to a AMAPT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

(2) the antisense strand comprises at least §3% 2°-O-methyl modifications;

(3) the nucleotides at positions 2 and 14 from the §7 end of the antisense strand are not
27 -methoxy-ribonucieotides;

{4} the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucieotide hinkages;

(5) a portion of the antisense strand is complementary to a portion of the sense strand;

{6} the sense strand comprises 100% 2°-O-methyl modifications; and

{7} the nucleotides at positions 1-2 from the 57 end of the sense strand are connected to
each other via phosphorothioate internucleotide linkages.

f0561] In a fourth aspect, provided herein is a dsRINA comprising an antisense strand
and a sense strand, each strand comprising at least 14 contiguous nucleotides, with a 57 end

and a 37 end, wherein:
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(1) the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

{2 the antisense strand comprises at least 75% 27-0O-methyl modifications;

(3} the nucleotides at positions 4, S, 6, and 14 from the 57 end of the antisense strand
are not 2”-methoxy-ribonucleotides;

{(4) the nucleoctides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucleotide linkages;

{51 a portion of the antisense strand ts complementary to a portion of the sense strand;

(6) the sense strand comprises 100% 2°-O-methyl modifications; and

(7) the nucleotides at positions 1-2 from the 5° end of the sense strand are connected to
each other via phosphorothioate internucleotide linkages.

[0562] In a fifth aspect, provided herein is a dsRINA comprising an antisense strand
and a sense strand, each strand comprising at least 14 contiguous nucleotides, with a 57 end
and a 3° end, wherein:

(1} the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any ove of SEQ ID NOs: 1-13, 292, and 295;

(2} the antisense strand comprises at least 75% 27-O-methyl moditications;

(3} the nucleotides at positions 2, 4, 5, 6, and 14 from the S° end of the antisense strand
are not 2" -methoxy-ribonuclectides;

{(4) the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucleotide linkages;

(5) a portion of the antisense strand is complemeuntary to a portion of the sense strand;

(6) the sense strand comprises 100% 2°-O-methyl modifications; and

(7 the nucleotides at positions 1-2 from the 5° end of the sense strand are connecied to
each other via phosphorothioate internucleotide hukages.

{05631 In a sixth aspect, provided herein 15 a dsRNA comprising an antisense strand
and a sense strand, each strand comprising at least 14 contiguous nuclectides, with a 57 end
and a 3 end, wherein:

(1) the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of SEQ ID NOs: 1-13, 292, and 295;

(2} the antisense strand comprises at least 75% 27-O-methyl modifications;

(3) the nucleotides at positions 2, 6, 14, and 16 from the 57 end of the antisense strand
are not 2 -methoxy-ribonucleotides;

{4} the nucleotides at positions 1-2 to 1-7 from the 37 end of the antiseunse strand are
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connected to each other via phosphorothicate internucieotide hinkages;

{(5) a portion of the antisense strand is complementary to a portion of the sense strand;

(6} the sense strand comprises at least 70% 2°-O-methyl modifications;

{7} the nucleotides at positions 7, 9, 10, and 11 from the 37 end of the sense strand are
not 27 -methoxy-ribonucleotides; and

(8) the nucleotides at positions 1-2 from the 5° end of the sense strand are connected to
each other via phosphorothioate internucleotide hukages.

{05641 In a seventh aspect, provided herein is a dsRNA comprising an antisense
strand and a sense strand, each strand comprising at least 14 contiguous nucleotides, with a §7
end and a 37 end, wherein:

{1} the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

(2 the antisense strand comprises at least 75% 27-O-methyl modifications;

(3) the nucleotides at positions 2, 6, and 14 from the 57 end of the antisense strand are
not 27 -methoxy-ribonuclectides;

{4) the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothioate internucleotide linkages;

(5} a portion of the antisense strand is complementary to a portion of the sense strand,

(6) the sense strand comprises at least 80% 2'-O-methyl modifications;

(7 the nucleotides at positions 7, 10, and 11 from the 3° end of the sense strand are not
27 -methoxy-ribonuciectides; and

(®) the nucleotides at positions 1-2 from the 5° end of the sense strand are connected to

each other via phosphorothioate internucleotide linkages.

a) Design of Anti-MAPT siRNA Molecules

(05651 An siRNA molecule of the application is a duplex made of a sense strand and
complementary antisense strand, the antisense strand having sufficient complementary to a
MAPT mRNA to mediate RNAL In certain embodiunents, the siRNA molecule has a length
from about 10-50 or more vucleotides, e, each strand comprises 10-30 unucleotides {or
nucleotide analogs). In other embodiments, the siRNA molecule has a length trom about 15-
30, e.g, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in each
strand, wherein one of the strands is sufficiently complementary to a target region. In certain
embodiments, the strands are aligned such that there are at least 1, 2, 3,4, 5,6, 7, 8,9, or 10

bases at the end of the strands, which do not align (1.e, for which no complementary bases
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occur in the opposing strand), such that an overhang of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 residues
occurs at one or both ends of the duplex when strands are annealed.
[0566]  Usually, siRNAs can be designed by using any method known in the art, for

instance, by using the following protocol:

{05671 1. The siRNA should be specific for a target sequence, e.¢ | a target sequence
set forth in the Examples. The first strand should be complementary to the target sequence,
and the other strand is substantially complementary to the first strand. {See Examples for
exemplary sense and antisense strands.) Exemplary target sequences are selected from any
region of the target gene that leads to potent gene silencing. Regions of the target gene include,
but are not iimited to, the 5 untranslated region (5'-UTR) of a target gene, the 37 untransiated
region {3’-UTR) of a target gene, an exon of a target gene, or an intron of a target gene.
Cleavage of mRNA at these sites should eliminate translation of corresponding MAPT protein.
Target sequences from other regions of the MAFP T gene are also suitable for targeting. A sense

strand is designed based on the target sequence.

{0568] 2. The sense strand of the siRNA is designed based on the sequence of the
selected target site. In certain embodiments, the sense strand includes about 15 to 2§
nucleotides, e.g, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides. In certain
embodiments, the sense strand includes 15, 16, 17, 18, 19, or 20 nucleotides. In certain
embodiments, the sense strand is 15 nucleotides 1o length. In certain embodiments, the sense
strand is 18 nucleotides in length. In certain embodiments, the sense strand is 20 nuclectides
n length. The skilled artisan will appreciate, however, that siRNAs having a length of less
than 15 nucleotides or greater than 25 nuclectides can alse function to mediate RNAL
Accordingly, siRNAs of such length are also within the scope of the instant disclosure,
provided that they retain the ability to mediate RNAj Longer RNA silencing agents have been
demonstrated to elicit an interferon or Protein Kinase R (PKR) response in certain mammalian
cells which may be undesirable.  In certain embodiments, the RNA silencing agents of the

disclosure do not elictt a PKR response (i.e, are of a sufficiently short length) However,

2
longer RNA silencing agents may be useful, for example, in cell types incapable of generating
a PKR response or in situations where the PKR response has been down-regulated or dampened

by alternative means.

{05691  The siRNA molecules of the disclosure have sufficient complementarity with
the target sequence such that the sitRNA can mediate RNA: In general, siRNA containing

nucleotide sequences sutficiently complerentary to a target sequence portion of the target gene

94



WO 2021/188626 PCT/US2021/022688

to effect RISC-mediated cleavage of the target gene are contemplated. Accordingly, in a
certain embodiment, the antisense strand of the siRNA is designed to have a sequence
sufficiently complementary to a portion of the target. For example, the antisense strand may
have 100% complementarity to the target site. However, 100% complementarity 1s not
, 83%, 84%%, 85%, RG%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or even 100% complementarity,

required. Greater than 80% wdentity, e.g., 80%, 81%, 82% ,
between the antisense strand and the target RNA sequence is contemplated.  The present
application has the advantage of being able to tolerate certain sequence variations to enhance
efficiency and specificity of RNAI. In one embodiment, the antisense strand has 4, 3,2, 1, or
0 mismatched nucleotide(s) with a target region, such as a target region that differs by at least
one base pair between a wild-type and mutant allele, e g, a target region comprising the gain-
of-function mutation, and the other strand is identical or substantially identical to the first
strand. Moreover, siRNA sequences with small insertions or deletions of 1 or 2 nucleotides
may also be effective for mediating RNA1. Alternatively, siRNA sequences with nucleotide

analog substitutions or insertions can be effective for inhibition.

[0570] Sequence identity may be determined by sequence comparison and alignment
algorithms known in the art. To determine the percent identity of two nucleic acid sequences
{or of two amino acid sequences), the sequences are aligned for optimal comparison purposes
{e.g., gaps can be introduced in the first sequence or second sequence for optimal alignment).
The nucleotides {or amino acid residues) at corresponding nucleotide {or amino acid) positions
are then corpared. When a position in the first sequence s occupied by the same residue as
the corresponding position in the second sequence, then the molecules are identical at that
position. The percent identity between the two sequences 15 a function of the number of
identical positions shared by the sequences (i.¢, % homology = number of identical positions
/ total number of positions x 100}, optionally penalizing the score for the number of gaps

ntroduced and/or length of gaps introduced.

[0571] The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithr. To one erobodiment, the
alignment generated over a certain portion of the sequence aligned having sutficient identity
but not over portions having low degree of identity (1.¢, a local alignment}. A non-limiting
example of a local alignment algorithm utilized for the comparison of seguences is the
algorithm of Karlin and Altschul (1990} Proc. Natl. Acad. Sci. USA §7:2264-68, modified as

in Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-77. Such an algorithm is
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incorporated junto the BLAST programs {version 2.0} of Altschul, et al. (1990} J. Mol Bick
215:403-10.

[05721 Inanother embodiment, the ahgnment is optinized by introducing appropriate
gaps and the percent identity is determined over the length of the aligned sequences {ie. a
gapped alignment). To obtain gapped alignments for comparison purposes, Gapped BLAST
can be utilized as described in Altschul et al, (1997} Nucleic Acids Res. 25(171:3389-3402. In
ancther embodiment, the alignment 18 optimized by introducing appropriate gaps and percent
wdentity 1s determined over the entive length of the sequences aligned (1.e., a global alignment).
A non-limiting example of a mathematical algorithm utilized for the global comparison of
sequences s the algorithm of Myers and Miller, CABIOS (1989). Such an algorithm is
incorporated into the ALIGN program (version 2.0} which is part of the GCG sequence
alignment software package. When utilizing the ALIGN program for comparing amino acid
sequences, a PAMI20 weight residue table, a gap length penalty of 12, and a gap penalty of 4

can be used.

[0573] 3. The antisense or guide strand of the siRNA 1s routinely the same length as
the sense strand and includes complementary nuclectides. In one embaodiment, the guide and
sense strands are fully complementary, ie, the sirands are blunt-ended when aligned or
annealed. In another embodiment, the strands of the siRNA can be paired in such 3 way as to
have a 3" overhangof 110 7 {eg, 2, 3,4, 5, 6or 7}, or 1 to 4, e g, 2, 3 or 4 nucleotides.
(verhangs can comprise {or consist of) nuclectides corresponding to the target gene sequence
{or complement thereof).  Alternatively, overhangs can comprise {or consist of)
deoxyribonucleotides, for example dTs, or nucleotide analogs, or other suitable non-nucleotide
material. Thus, in another embodiment, the nucleic acid molecules may have a 3' overhang of
2 nucleotides, such as TT. The overhanging nucleotides may be either RNA or DNA. As
noted above, it is desirable to choose a target region wherein the mutant:wild type mismatch is
a purine:purine mismatch.

{05741 4. Using any method known in the art, compare the potential targets to the
appropriate genome database (human, mouse, rat, etc ) and eliminate from consideration any
target sequences with significant homology to other coding sequences. (One such method for
such sequence homology searches is known as BLAST, which is available at National Center

for Biotechnology Information website.

{05751 5. Select one or more sequences that meet your criteria for evaluation.
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[0576] Further general information about the design and use of siRNA may be found
in “The siRNA User Guide," available at The Max-Plank-Institut fur Biophysikalische Chemie

wehsite.

{05771 Alternatively, the siRNA may be defined functionally as a nucleotide
sequence {or oligonucleotide sequence) that is capable of hybridizing with the target sequence
{e.g, 400 mM NaCl, 40 oM PIPES pH 6.4, 1 eeM EDTA, 50 °C or 70 °C hybridization for 12-
16 hours; followed by washing}. Additional hybridization conditions include hybridization at
70 °C in IxSSC or 50 °C 1y 1xS8C, 50% formamide followed by washing at 70 °C wn 0.3x88C
or hybridization at 70 °C in 4x88C or 50 °C in 4x8SC, 50% formamide followed by washing
at 67 °C in IxSSC. The hybndization temperature for hybrids anticipated to be less than S0
base pairs in length should be 5-10 °C less than the melting temperature {Tw) of the hybrid,
where Tp s determined according to the following equations. For hybrids less than 18 base
pairs in length, Tu(®Cy2(# of A+T bases)y+4(# of G+C bases). For hybrids between 18 and 49
base pairs in length, Tu{®C)=81.5+16.6{og 10[Na+}+0.41(% G+C)-(600/N), where N is the
number of bases m the hybnd, and {Na+] is the concentration of sodium ions in the
hybridization butfer ([Na®] for 1x5S8C=0.165 M)  Additional examples of stringency
conditions for polynucleotide hybridization are provided in Sambrook, 1, E. F. Fritsch, and T.
Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Celd Spring Harbor Laboratory
Press, Coid Spring Harbor, NY ., chapters 9 and 11, and Current Protocels in Molecular
Biology, 1995, F. M. Ausubel et al, eds., John Wiley & Sons, Inc., sections 2.10 and 6.3-6 4,

meorporated herein by reference.

[0578] Negative control siRNAs should have the same nucleotide composition as the
selected siRNA, but without significant sequence complementarity to the appropriate genome.
Such negative controls may be designed by randomly scrambling the nucleotide sequence of
the selected siRNA. A homology search can be performed to ensure that the negative control
facks homology to any other gene in the appropriate genome. In addition, negative control

siRNAsg can be designed by introducing one or more base mismatches into the sequence.

[0579] 6. Tovalidate the effectiveness by which siRNAs destroy target mENAs (e.g.,
wild-type or mutant MAP T mRNA), the siRNA may be incubated with target ¢cDNA (e g,
MAPT cDNA) in a Drosophiia-based in vitro mRINA expression systerm. Radiolabeled with
P newly synthesized target mBRNAs {e.g, MAP T mRNA) are detected autoradiographically
on an agarose gel. The presence of cleaved target mRNA indicates mRNA nuclease activity.

Suttable controls include omission of siRNA and use of non-target ¢cDNA.  Alternatively,
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conirol siRNAs are selected having the same nuciectide composition as the selected siRNA,
but without significant sequence cormplementarnty to the appropriate target gene. Such negative
controls can be designed by randomly scrambling the nucleotide sequence of the selected
sRNA A homology search can be performed to ensure that the negative control lacks
homology to any other gene in the appropriate genome. In addition, negative control siRNAs

can be designed by introducing one or more base mismatches into the sequence.

(05801 Anti-MAPT uiRINAs may be designed to target any of the target sequences
described supra. Said siRNAs comprise an  antisense strand, which 1 sutficiently
complementary with the target sequence to mediate silencing of the target sequence. In certain

embodiments, the RNA silencing agent 18 a siRNA

[0581] In certain embodiments, the siRNA comprises 3 sense strand comprising a
sequence set forth in Table 7 and Table §, and an antisense strand corprising a sequence set
forth in Table 7 and Table 8.

{05821 Sites of siRNA-mRNA complementation are selected, which result in optimal

mBRNA specificity and maximal mRNA cleavage.

b) siRNA-Like Molecules

[0583] <iRNA-like molecules of the disclosure have a sequence (e, have a strand
having a sequence) that 15 "sutficiently complementary” to a target sequence of an MAFT
mRNA to direct gene silencing either by RNA# or translational repression.  siRNA-like
molecules are designed in the same way as siRNA molecules, but the degree of sequence
identity between the sense strand and target RNA approximates that observed between a
miRNA and its target. In general, as the degree of sequence identity between a nmuikRNA
sequence and the corresponding target gene sequence is decreased, the tendency to mediate
post-transcriptional gene silencing by translational repression rather than RNA: is increased.
Therefore, in an alternative embodiment, where post-transcriptional geve silencing by
translational repression of the target gene 1s desired, the nuRNA sequence has partial
complementarity with the target gene sequence. In certain embodiments, the miRNA sequence
has partial complementarity with one or more short sequences {complementarity sites)
dispersed within the target mRNA (e.g within the 3'-UTR of the target mRNA} (Hutvagner

and Zamore, Scignce, 2002; Zeng et al,, Mol Cell, 2002; Zeng et al, RNA, 2003, Boench et
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al., Genes & Dev., 2003} Since the mechanism of translational repression is cooperative,

multiple complementarity sites (e.g., 2, 3, 4, 5, or 6) may be targeted in certain embodiments.

[0584] The capacity of a siRNA-like duplex to mediate RNAi or translational
repression may be predicted by the distribution of non-identical nucleotides between the target
gene sequence and the nuclectide sequence of the siencing agent at the site of
complementarity. In one embodiment, where gene silencing by translational repression is
desired, at least one non-identical nucleotide 1s present in the central portion of the
complementarity site so that duplex forroed by the miRNA guide strand and the target mRNA
contains a central "bulge” (Doench I G etal, Genes & Dev,, 2003). In another embodiment 2,
3, 4, 5, or 6 contiguous or non-contiguous non-identical nucleotides are introduced. The non-
identical nuclectide may be selected such that it forms a wobble base pair {eg, GU)ora
mismatched base pait (GA, CA, CU, GG, AA, CC, UL In a further embodiment, the

"bulge” is centered at nuclectide positions 12 and 13 from the 5" end of the miRNA molecule.

¢} Short Hairpin RNA (GhRNA) Molecules

[0585] 1o certain festured embodiments, the instant disclosure provides shRINAs
capable of mediating RNA silencing of an MA4P7T target sequence with enhanced selectivity.
In contrast to siRNAs, shRNAs mimic the natural precursors of micro RNAs (miRNAs) and
enter at the top of the gene silencing pathway. For this reason, shRINAs are believed to mediate

gene silencing more efficiently by being fed through the entire natural gene silencing pathway.

[0586] wnuRNAs are noncoding RNAs of approximately 22 nucleotides, which can
regulate gene expression at the post transcriptional or translational level during plant and
animal development. One common feature of muRNAs is that they are all excised from an
approximately 70 nucleotide precursor RNA stem-loop termed pre-miRNA, probably by Dicer,
an RNase Hi-type enzyme, or a homolog thercof. Naturally-occurring miRNA precursors (pre-
miRNA} have a single strand that forms a duplex stem including two portions that are generally
complernentary, and a loop, that connects the two portions of the stem. In typical pre-miRNAg,
the stem includes one or more bulges, e.g, exira nucleotides that create a single nucleotide
"loop” in one portion of the stem, and/or one or more unpaired nucleotides that create a gap in
the hybridization of the two portions of the stem to each other. Short hairpin RNAs, or
engineered RINA precursors, of the present application are artificial constructs based on these

naturally occurring pre-miiRNAs, but which are engineered to deliver desired RNA silencing
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agents {g.g., siRNAs of the disclosure). By substituting the stem sequences of the pre-miRNA
with sequence complementary to the target mRNA, a shRNA is tormed. The shRNA is

processed by the entire gene silencing pathway of the cell, thereby efficiently mediating RNAI.

{05871 'The requisite elements of a shRNA molecule include a first portion and a
second portion, having sufficient complementarity to anneal or hybridize to form a duplex or
double-stranded stem portion.  The two portions need not be fully or perfectly complementary.
The first and second "stem” portions are connected by a portion having a sequence that has
msufficient sequence complementarity to anneal or hybridize to other portions of the shRNA.
Thus latter portion is referred to as a "loop” portion in the shRNA molecule. The shRNA
molecules are processed to generate siRNAs. shRNAs can also include one or more bulges,
i.e., extra nuclectides that create a small nucleotide "loop” in a portion of the stem, for example
a one-, two-~ or three-nuclectide loop. The stem portions can be the same length, or one portion
can inchude an overhang of, for example, 1-5 nuclectides. The overhanging nucleotides can
include, for example, uracils (Us), e.g, all Us. Such Us are notably encoded by thymidines

{Ts) in the shRNA-encoding DNA which signal the ternunation of transcription.

[0588] In shRNAs (or engineered precursor RNAs) of the instant disclosure, one
portion of the duplex stem is a nucleic acid sequence that is complementary {or anti-sense) to
the MAPT target sequence. In certain embodiments, one strand of the stem portion of the
shRNA is sufficiently complementary {e.g, antisense} to a target RNA {e. g, mRNA) sequence
to mediate degradation or cleavage of said target RNA via RNA interference (RNAi) Thus,
engineered RINA precursors include a duplex stem with two portions and a loop connecting the
two stem portions. The antisense portion can be on the 5' or 3' end of the stem. The stem
portions of a shRNA are about 15 to about 50 nuclectides in length. In certain embodiments,
the two stem portions are about 18 or 19 to about 21, 22, 23, 24, 25, 30, 35, 37, 38, 39, or 40
or more nucleotides in length. In certain embodiments, the length of the stem portions should
be 21 nucleotides or greater. When used n mamialian cells, the length of the stern portions
should be less than about 30 nucleotides to avoid provoking non-specific responses like the
interferon pathway. In non-mammwalian cells, the stern can be longer than 30 nucleotides. In
fact, the stem can include much larger sections complementary to the target mRNA (up to, and
mchuding the entire mRNA) In fact, a stem portion can include much larger sections

complementary to the target mRNA (up to, and inchuding the entire mRNA}.

[0589] The two portions of the duplex stem must be sufficiently complementary to

hybrdize to torm the duplex stern. Thus, the two portions can be, but need not be, fully or
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perfectly complementary. In addition, the two stem portions can be the same length, or one
portion can include an overhang of 1, 2, 3, or 4 nucleotides. The overhanging nucleotides can
mclude, for example, uracils (Us), e.g, all Us. The loop n the shRNAs or engineered RNA
precursors may differ from natural pre-nuBNA sequences by modifying the loop sequence to
increase or decrease the number of paired nucleotides, or replacing all or part of the loop
sequence with a tetraloop or other loop sequences. Thus, the loop in the shRINAs or engineered
RNA precursors can be 2, 3, 4, 5,6, 7, & 9, or more, e g, 15 or 20, or more nucleotides 1o

fength.

[0590] The loop in the shRNAs or engineered RNA precursors may differ from
natural pre-miRNA sequences by modifying the loop sequence to increase or decrease the
number of paired nucleotides, or replacing all or part of the loop sequence with a tetraloop or
other loop sequences. Thus, the loop portion in the shRNA can be about 2 to about 20

nucleotides in length, i.e, about 2, 3,4, 5,6, 7, 8, 9, or more, e.g., 15 or 20, or more nuclectides

3 7
in length. In certain embodiments, a loop consists of or comprises a "tetraloop” sequence.
Exemplary tetraloop sequences include, but are not Hmited to, the sequences GNRA, where N

is any nucleotide and R is a purine nucleotide, GGGG, and UUUU

[0591] In certatn embodiments, shRNAs of the present application include the
sequences of a desired siRNA mwolecule described supra. In other embodiments, the sequence
of the antisense portion of a shRNA can be designed essentially as described above or generally
by selectingan 18, 19, 20, 21 nucleotide, or longer, sequence from within the target RNA {e. g,
MAPT mBNA), for example, from a region 100 to 200 or 300 nucleotides upstream or
downstream of the start of translation. In general, the sequence can be selected from any
portion of the target RNA {e.g, mRNA} including the 5" UTR (untranslated region}, coding
sequence, or 3' UTR. This sequence can optionally follow immediately after a region of the
target gene containing two adjacent AA mucleotides. The last two nuclectides of the nucleotide
sequence can be selected to be UU. This 21 or so nucleotide sequence is used to create one
portion of a duplex stem in the shRNA. This sequence can replace a stem portion of a wild-
type pre-miRNA sequence, e.g, enzymatically, or 13 included in a coroplete sequence that is
synthesized. For example, one can synthesize DNA oligonucleotides that encode the entire
stem-loop engineered RINA precursor, or that encode just the portion to be mserted into the
duplex stemn of the precursor, and using restriction enzymes to build the engineered RNA

precursor construct, €. g, from a wild-type pre-miBNA,
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[0592] Engineered RNA precursors include, in the duplex stem, the 21-22 or so
nucleotide sequences of the sitRNA or sitRNA-like duplex desired to be produced in vivo. Thus,
the stem portion of the engineered RNA precursor jucludes at least 18 or 19 nucleotide pairs
corresponding to the sequence of an exonic portion of the gene whose expression is to be
reduced or mnhibited. The two 3' nucleotides tlanking this region of the stem are chosen 50 as
to maximize the production of the siRNA from the engineered RNA precursor and to maximize
the efficacy of the resulting siRNA i targeting the corresponding mRNA for translational

repression or destruction by RNA1 in vivo and invifro.

[0593] Incertain embodiments, shRNAs of the disclosure include niRNA sequences,
optionally end-moditied miRNA sequences, to enhance entry into RISC.  The nuRNA
sequence can be similar or identical to that of any naturally occurring miRNA (see e.g. The
miRNA Registry, Griffiths-Jones S, Nuc. Acids Res, 2004}  Over one thousand natural
miRINAs have been identified to date and together they are thought to comprise about 1% of
all predicted geves in the genome. Many vatural miRNAs are clusiered together in the jutrons
of pre~-mRNAg and can be idevtified in sifico using homology-based searches (Pasquinelh et
al., 2000; Lagos-Quintana et al, 2001; Lau et al, 2001; Lee and Ambros, 2001} or computer
algorithms (e.g MiRScan, MiR Seeker) that predict the capability of a candidate niRNA gene
to form the stem loop structure of a pri-mRNA {Grad et al., Mol. Cell, 2003; Lim et al |, Genes
Dev., 2003; Lim et al, Science, 2003; Lat E C et al,, Genome Bio,, 2003). An online registry
provides a searchable database of all published miRNA sequences (The miRNA Registry at the
Sanger Institute website; Guffiths-Jones S, Nuc. Acids Res., 2004). Exemplary, natural
nmiRNAs include lin-4, let-7, miB-10, murR-15, muR-16, miR-168, miR-175, miR-196 and their
homologs, as well as other natural muRNAs from humans and certain model organisms
including Drosophila melanogaster, Caenorhabditis elegans, zebratish, Arabidopsis thalania,
Mus musculus, and Raffus norvegicus as described in International PCT Publication No. WO

03/029459.

[0594] Naturally-occurring miRNAs are expressed by endogenous genes in vivo and
are processed from a hatrpin or stem-loop precursor (pre-miRNA or pri-miRNAs) by Dicer or
other RINAses {Lagos-Quintana et al, Science, 2001, Lau et al., Science, 2001; Lee and
Ambros, Science, 2001, Lagos-Quintana et al,, Curr. Biol, 2002, Mourelatos et al, Genes
Dev., 2002; Reinhart et al., Science, 2002; Ambros et al., Curr. Biol, 2003; Brennecke et al |
2003, Lagos-Quintana et al., RNA, 2003, Lim et al, Genes Dev,, 2003; Lim et al., Science,

20033 miRNAs can exist transiently i vivo as a double-stranded duplex, but only one strand
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is taken up by the RISC complex to direct gene siencing  Certain miRNAs, eg, plant
miRNAs, have perfect or near-pertect complementarity to their target mRNAs and, hence,
direct cleavage of the target nRNAs. Other miRNAs have less than perfect complementarity
to their target nRNAs and, hence, direct translational repression of the target mRNAs. The
degree of complementarity between a miRNA and its target mRNA 15 behieved to determine
its mechanism of action. For example, perfect or near-perfect complementarity between a
miRNA and tis target mRNA 1s predictive of a cleavage mechanism (Yekta et al, Science,
2004), whereas less than perfect complementarity is predictive of a traunslational repression
mechamism. 1o certain embodiments, the muBNA sequence i3 that of a naturally-occurring
miRNA sequence, the aberrant expression or activity of which is correlated with a miRNA

disorder.

d) Dual Functional Oliconucleotide Tethers

{05951 In other embodiments, the RNA silencing agents of the present disclosure
inchude dual functional oligonucleotide tethers useful for the intercellular recruitment of a
miRNA. Apimal cells express a range of miRNAs, noncoding RNAs of approximately 22
nucleotides which can regulate gene expression at the post transcriptional or translational level.
By binding a muRNA bound to RISC and recruiting it to a target mRNA, a dual functional
oligonucleotide tether can repress the expression of genes involved e.g., in the arteriosclerotic
process. The use of oligonucleotide tethers offers several advantages over existing techniques
to repress the expression of a particular gene. First, the methods described herein allow an
endogenous molecule {often present in abundance), a miRNA, to mediate RNA silencing,
Accordingly, the methods described herein obviate the need to introduce foreign molecules
{e.g., siRNAs} to mediate RNA silencing, Second, the RNA-stlencing agents and the linking
moiety {e.g., oligonucleotides such as the 2'-0O-methyl oligonuclectide), can be made stable
and resistant to nuclease activity.  As a result, the tethers of the present disclosure can be
designed for direct defivery, obviating the need for indirect delivery (e.g viral) of a precursor
molecule or plasmid designed to make the desired agent within the cell. Third, tethers and thewr
respective moieties, can be designed to conform to specific mRNA sites and specific miRNAs.
The designs can be cell and geve product specific. Fourth, the methods disclosed herein leave
the roRNA intact, allowing one skilled in the ast to block protemn synthesis 1o short pulses using

the cell's own machinery. As a result, these methods of RNA silencing are highly regulatable.
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[0596] The dual functional cligonucleotide tethers ("tethers"} of the disclosure are
designed such that they recruit miRNAs {e.g, endogenous cellular miRNAs) to a target mRNA
30 as to induce the modulation of a gene of interest. In certain embodiments, the tethers have
the formula T-L-y, wherein T is an mRNA targeting moiety, L is a linking motety, and wis a
miRNA recruiting moiety. Any one or more moiety may be double stranded. In certain

embodiments, cach moiety is single stranded.

[0597]  Moieties within the tethers can be arranged or linked (in the 5 to 3' direction)
as depicted in the formula T-L-p (e, the 3" end of the targeting motety linked to the 5 end of
the linking moiety and the 3' end of the linking motety linked to the 5" end of the nuRNA
recruiting motety).  Alternatively, the moisties can be arranged or linked in the tether as
follows: u-T-L {(i.e, the 3' end of the miRNA recruiting moiety linked to the 5 end of the

finking motety and the 3" end of the linking motety linked to the 5" end of the targeting motety).

[0598] The mRNA targeting moiety, as described above, 18 capable of capturing a
specific target mRNA.  According to the disclosure, expression of the target mRNA is
undesirable, and, thus, translational repression of the mRNA is desired. The mRNA targeting
moiety should be of sufficient size to effectively bind the target mRNA. The length of the
targeting motiety will vary greatly, depending, in part, on the length of the target mRNA and
the degree of complementarity between the target mRNA and the targeting motety. In various
embodiments, the targeting moiety is less than about 200, 100, 50, 30, 25, 20, 19, 1§, 17, 16,
15, 14, 13, 12, 11, 10, 9, 8, 7, 6, or 5 nucleotides in length. In a certain embodiment, the

targeting moiety is about 15 to about 25 nucleotides in length.

{05991  The miRNA recruiting motety, as described above, 18 capable of associating
with a miRNA. According to the present application, the miRNA may be any niiRNA capable
of repressing the target mRNA. Maramals are reported to have over 250 endogenous miRNAs
{Lagos-Quintana et al. (2002) Current Biol. 12:735-739; Lagos-Quintana et al. (2001} Science
294:858-862; and Lim et al. {2003} Science 299:1540). In various embodiments, the miRNA

may be any art-recognized miRNA,

{06001  The linking moiety is any agent capable of linking the targeting moteties such
that the activity of the targeting woteties 13 maintained.  Linking moieties can be
oligonuclectide moieties comprising a sufficient number of nucleotides, such that the targeting
agents can sufficiently mteract with their respective targets. Linking moieties have little or no

sequence homology with cellular mRNA or miRNA sequences. Exemplary hnking moieties
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mchude one or wore 2-O-methylmucleotides, e.g, 2-B-methyladenosine, 2'-O-

methylthymidine, 2'-O-methyiguanosine or 2-O-methyluridine.

e} Gene Silencing Oligonuclestides

[0601] luv certain exemplary emboduments, geve expression (e, MAPT gene
expression can be modulated using oligonucieotide-based compounds comprising two or more
single stranded antisense oligonucleotides that are linked through their 5'-ends that allow the
presence of two or more accessible 3'-ends to effectively inhibit or decrease MAFPT gene
expression. Such linked oligonucleotides are also known as Gene Silencing Oligonucleotides
{350s). (See, e.g, US & 431,544 assigned to Idera Pharmaceuticals, Inc., incorporated herein

by reference in its entirety for all purposes.)

[0602] The linkage at the 5" ends of the GSOs is independent of the other
oligonucleotide linkages and may be directly via 5', 3' or 2'hydroxyl groups, or indirectly, via
a non-nucleotide linker or a nucleoside, utilizing either the 2" or 3" hydroxyl positions of the
nucleoside. Linkages may also utilize a functionalized sugar or nuclecbhase of a 5 terminal

nucleotide.

{06031 G8O0s can comprise two identical or different sequences conjugated at their
5'-5" ends via a phosphodiester, phosphorothiocate or non-nucleoside linker. Such compounds
may comprise 15 to 27 nuclectides that are complementary to specific portions of mRNA
targets of interest for antisense down regulation of a gene product. GSOs that comprise
identical sequences can bind to a specific mRNA via Watson-Crick hydrogen bonding
nteractions and inhibit protein expression. (350s that comprise different sequences are able
to bind to two or more different regions of one or more mRNA target and inhibit protein
expression. Such compounds are comprised of heteronucleotide sequences coraplementary to
target mRNA and form stable duplex structures through Watson-Crick hydrogen bonding,
Under certain conditions, G80s containing two free 3'-ends (5'-5-attached antisense) can be
more potent inhibitors of gene expression than those containing a single free 3'-end or no free

3'-end.

[0604] 1o some embodiments, the non-vucleotide hnker is glycerol or a glycerol
homolog of the formula HO--(CHy jo—-CH{OH}--(CHa }p-OH, wherein o and p independently
are imtegers from 1 to about 6, from | to about 4 or from 1 to about 3. In some other

embodiments, the non-nuclectide linker 15 a derivative of 1,3-diamino-2-hydroxypropane.
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Some such derivatives have the formula HO--(CHyym--C{OINH--CH--CH{OH)}--CH;--
NHC{O»-(CH2)—OH, wherein m is an integer from 0 to about 10, from 0 to about 6, from 2

to about 6 or from 2 to about 4.

{06051 Some non-nuclectide linkers permit attachment of more than two GSO
components. For example, the non-nucleotide linker glycerol has three hydroxyl groups to
which GSO components may be covalently atitached. Some oligonucleotide-based compounds
of the disclosure, therefore, comprise two or more oligonucleotides linked to a nucleotide or a
non-nuclectide linker. Such oligonucleotides according to the disclosure are referred to as

being “branched.”

[0606] Incertain embodiments, GSOs are at least 14 nucleotides in length. In certain
exemplary embodiments, GS0Os are 15 to 40 nucleotides long or 20 to 30 nuclectides i length.
Thus, the component ohgonucieotides of GSOs can independently be 14, 15, 16, 17, 1§, 19,
20,21, 22,23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38. 39 or 40 nuclectides in

length.

2

{0607] These oligonucleotides can be prepared by the art recognized methods, such
as phosphoramidate or H-phosphonate chemistry, which can be carried out manually or by an
automated synthesizer. These oligonucleotides may also be modified v a number of ways
without compromising their ability to hybridize to mRNA. Such modifications may include at
least one mternucleotide hinkage of the oligonucleotide being an alkylphosphonate,
phosphorothioate, phosphorodithicate, methylphosphounate, phosphate ester,
alkylphosphonothicate, phosphoramidate, carbamate, carbonate, phosphate hydroxyl,
acetamidate, carboxymethyl ester, or a combination of these and other internucleotide linkages
between the 5 end of one nucleotide and the 3' end of another nucleotide, in which the &

nucleotide phosphodiester linkage has been replaced with any number of chemical groups.

V. Modified Anti-MAPT RNA Silencing Agents

[0608] In certain aspects of the disclosure, an RNA stlencing agent {or any portion
thereot) of the present application, as described supra, may be modified, such that the activity
of the agent is further improved. For example, the RNA silencing agents described in Section
I supra, may be modified with any of the modifications described infra. The modifications
can, iy part, serve to further enhance target discrimination, to enhance stability of the agent

{e.g, to prevent degradation), to promote cellular uptake, to enbance the target efficiency, to
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improve efficacy in binding (e.g, to the targets), to improve patient tolerance to the agent,

and/or to reduce toxicity.

11 Modifications to Enhance Tareet Discrimination

{06091 In certain embodiments, the RNA silencing agents of the present appheation
may be substituted with a destabilizing mucleotide to enhance single nucleotide target
discrimination {see U.S. application Ser. No. 11/698,689, filed Jan. 25, 2007 and US
Provisional Application No. 60/762,225 filed Jan. 25, 2006, both of which are incorporated
herein by reference}. Such a modification may be sufficient to abolish the specificity of the
RNA silencing agent for a non-target mRNA {(e.g wild-type mRNA}, without appreciably
affecting the specificity of the RNA silencing agent for a target oBNA (e g gam-of-function

mutant mRNA}.

[0010] In certain embodiments, the RNA silencing agents of the present application
are modified by the introduction of at least one universal nucleotide in the antisense strand
thereof. Universal nuclectides comprise base portions that are capable of base paiting
mdiscriminately with any of the four conventional nucleotide bases (e g A, G, C, Uy A
universal nucleotide is contemplated because it has relatively minor effect on the stability of
the RNA duplex or the duplex formed by the guide strand of the RNA silencing agent and the
target mRNA. Exemplary universal nucleotides include those having an inosine base portion
or an inosine analog base portion selected from the group consisting of deoxyinosine {e.g 2'-
deoxyinosine), 7-deaza-2'-deoxyinosine, 2-aza-2'-deoxyinosine, PNA-inosine, morpholino-
mosine, LNA-inosine, phosphoramidate-inosine, 2'-O-methoxyethyl-inosine, and 2'-OMe-
mosine. In certain embodiments, the universal nucleotide 1s an inosine residue or a naturally

occurring analog thereof.

[0611] In certain embodiments, the RNA silencing agents of the disclosure are
modified by the introduction of at least one destabilizing nucleotide within 5 nuclectides from
a specificity~determining nucleotide (i.e, the nucleotide which recognizes the disease-related
polymorphism}. For example, the destabilizing nucleotide may be introduced at a position that
is within 5, 4, 3, 2, or 1 nucleotide(s) from a specificity-determining nucleotide. In exemplary
embodiments, the destabilizing nucleotide is introduced at a position which is 3 nucleotides
from the specificity-determining nuclectide (1.e, such that there are 2 stabilizing nucleotides

between the destablilizing nucleotide and the specificity-determining nucleotide}. In RNA
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silencing agents having two strands or strand portions (e.g siRNAs and shRNAs), the
destabilizing nucleotide may be introduced in the strand or strand portion that does not contain
the specificity-determining nucleotide. In certain embodiments, the destabilizing nuclectide s
mtroduced in the same strand or strand portion that contains the specificity-determining

nucleotide.

2} Modifications to Enhance Efficacv and Specificity

[0012] In certain embodiments, the RNA silencing agents of the disclosure may be
altered to facilitate enhanced efficacy and specificity in mediating RNA1L according to
asymmetry design rules (see U S. Patent Nos. 8,309,704, 7,750,144, §,304,530, §,329,892 and
8,309,705}, Such alterations facilitate entry of the antisense strand of the aRNA {e. g, a siRNA
designed using the methods of the present application or an siRNA produced trom a shRNA)
mto RISC in favor of the sense strand, such that the antisense strand preferentially guides
cleavage or translational repression of a target mRNA, and thus increasing or improving the
efficiency of target cleavage and silencing In certain embodiments, the asymmetry of an RNA
silencing agent is enhanced by lessening the base pair strength between the antisense strand 5
end {AS 5" and the sense strand 3" end (S 3') of the RNA silencing agent relative o the bond
strength or base pair strength between the antisense strand 3" end (AS 3} and the sense strand

5 end (8'5) of said RNA silencing agent.

[0613] In one embodiment, the asymmetry of an RNA silencing agent of the present
application may be enhanced such that there are fewer (5:C base pairs between the 5" end of the
first or antisense sirand and the 3" end of the sense strand portion thau between the 3" end of'the
first or antisense strand and the 5 end of the sense strand portion. In avother embodiment, the
asymmetry of an RNA stlencing agent of the disclosure may be enhanced such that there is at
least one mismatched base pair between the 5" end of the first or antisense strand and the 3" end
of the sense strand portion. In certain embodiments, the mismatched base pair is selected from
the group consisting of G A, C:A CU GG, AA, C.C and UL In another embodiment, the
asymmetry of an RNA stiencing agent of the disclosure may be enhanced such that there is at
least one wobble base pair, e.g, G:U, between the 5" end of the first or antisense strand and the
3" end of the sense strand portion. In another embodiment, the asymunetry of an RNA silencing
agent of the disclosure may be enhanced such that there 15 at least oue base pait comprising a

rare nuclectide, e.g., inosine (I}). In certain embodiments, the base pair is selected from the
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group consisting of an LA, I'U and I:C. In yet another embodiment, the asymmetry of an RNA
silencing agent of the disclosure may be enhanced such that there is at least one base pair
comprising a modified nucleotide. In certain embodiments, the modified nucleotide is selected

from the group consisting of 2Z-amino-G, Z-amino-A, 2, 6-diamino-G, and 2.6-diamino-A.
~ - > > 2 2 2

3) BRNA Silencing Agents with Enhanced Stability

[0014] The RNA silencing agents of the present application can be modified o
improve stability in serum or in growth medium for cell cultures. In order to enhance the
stability, the 3'-residues may be stabilized against degradation, e g, they may be selected such
that they consist of purine nucleotides, such as adenosine or guanocsine nucleotides.
Alternatively, substitution of pyrimidine nucleotides by modified analogues, ¢ g, substitution
of uridine by 2'-deoxythymidine is tolerated and does not aftect the efficiency of RNA

interference.

[0615]  In a one aspect, the present application features RNA silencing agents that
inchude first and second strands wherein the second strand and/or first strand is modified by the
substitution of internal nucleotides with modified nucleotides, such that m vivo stability 18
enhanced as compared to a corresponding unmoditicd RNA silencing agent. As defined herein,
an "mternal” nucleotide 1s one occurring at any position other than the §'end or 3'end of nucleic
acid molecule, polynuclectide or oligonucleotide. An internal nucleotide can be within a
single-stranded molecule or within a strand of a duplex or double-stranded molecule. In one
embodiment, the sense strand and/or antisense strand is modified by the substitution of at least
one internal nucleotide. In another embodiment, the sense strand and/or antisense sirand 1s
modified by the substitution of at least 2,3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 1§,
19,20,21, 22,23, 24, 25 or more internal nucleotides. In another embodiment, the sense strand
and/or antisense strand 13 modified by the substitution of at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more of the
wternal maclectides. In yet another embodiment, the sense sirand and/or antisense strand is
maodified by the substitution of all of the internal nucleotides.

[0616] 1In one aspect, the present application features RNA silencing agents that are
at least 80% chemically modified. In certain embodiments, the RINA silencing agents may be
fully chemically modified, 1.¢., 100% of the nucleotides are chemically modified. In another

aspect, the present application features RNA silencing agents comprising 2°-0OH nibose groups
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that are at least 830% chemically modified. In certain embodiments, the RNA silencing agents
comprise 2°-0OH ribose groups that are about 80%, 85%, 90%, 95%, or 100% chemically

modified.

{06171 In certain embodiments, the RNA silencing agents may contain at least one
modified nucleotide analogue. The nucleotide analogues may be located at positions where
the target-specific silencing activity, e.g, the RNAI mediating activity or translational
repression activity is not substantially atfected, e g, in a region at the 5'-end and/or the 3'-end
of the siRNA molecule. Moreover, the ends may be stabilized by incorporating moditied

nucleotide analogues.

[0618] Exemplary nuclectide analogues include sugar- and/or backbone-meodified
sibonucleotides (1.e., include modifications to the phosphate-sugar backbone). For example,
the phosphodiester linkages of natural RNA may be wodified to juclude at least one of a
mitrogen ot sulfur heteroatorn. In exemplary backbouve~-modified vibonucleotides, the
phosphoester group connecting to adjacent ribonucleotides s replaced by a modified group,
e.g., of phosphothicate group. In exemplary sugar-modified ribonucleotides, the 2' OH-group

is replaced by a group selected from H, OR, R, hale, SH, SR, NH,, NHR, NR> or ON, wherein

Ris C-C alkyl, alkenvl or alkynvl and halois ¥, CI, Bror L

{06191  In certain embodiments, the modifications are 2'-fluoro, 2'-amino and/or 2'-
thio modifications.  Modifications include 2'-thioro-cytidine, 2'-fluoro-uridine, 2'-fluoro-
adenosine, 2-fluoro-guanosine, 2-amino-cytidine, 2-aminc-uridine, 2-amino-adenosine, 2'-
amino-guanosine, 2, 6-diaminopurine, 4-thio-uridine, and/or S-aming-allyl-uridine. In a certain
embodiment, the 2-fluoro ribonuclectides are every uridine and cytidine.  Additional
exemplary modifications include 5-bromo-uridine, S-iodo-uridine, S-methyl-cytidine, ribo-
thymidine, 2-aminopurine, 2-amino-butyryl-pyrene-uridine, S-fluoro-cytidine, and 5-fluoro-
uridine. 2'-deoxy-nucleotides and 2'-Ome nucleotides can also be used within modified RNA-
silencing agents motties of the instant disclosure. Additional modified residues include, deoxy-
abasic, inosine, N3-methyl-uridine, No6,N6-dimethyl-adenosine, pseudouridine, purine
ribonucleoside and ribavirin. In a certain embodiment, the 2' moiety is a methy! group such

that the linking motety is a 2'-0O-methy! oligonucleotide.

[0620] In a certain embodiment, the RNA silencing agent of the present application
comprises Locked Nucleic Acids (LNAs). LNAs comprise sugar-moditied nucleotides that

resist nuclease activities {are highly stable} and possess single nuclectide discrimination for
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mRNA (Elmen et al, Nucleic Acids Res., (2005), 33(1) 439-447; Braasch et al. (2003)
Biochemistry 42:7967-7975, Petersen ot al (2003) Trends Biotechnol 21.74-81). These
molecules have 2'-0,4'-C-ethylene-bridged nucleic acids, with possible modifications such as
2'-deoxy-2"-fluorouridine.  Moreover, LNAs increase the specificity of oligonucleotides by
constraining the sugar moiety into the 3'-endo conformation, thereby pre-organizing the
nucleotide for base pairing and increasing the melting temperature of the oligonucleotide by as

much as 10 °C per base.

[0621] In another exemplary embodiment, the RNA silencing agent of the present
application comprises Peptide Nucleic Acids (PNAs). PNAs comprise modified nucleotides
in which the sugar-phosphate portion of the nucleotide is replaced with a neutral 2-amino
ethylglycine moiety capable of forming a polyamide backbone ,which is highly resistant to
nuclease digestion and imparts improved binding specificity to the molecule (Nielsen, et al,,

Science, (2001), 254; 1497-1500}.

[0622] Also  contemplated are nucleobase-modified ribonucleotides, 1e.,
ribonuclectides, containing at least one non-naturally occurring nucleobase instead of a
naturally occurring nuclechase. Bases may be medified to block the activity of adenosine
deaminase. Exemplary modified nuclechases include, but are not Himited to, uridine and/or
cytidine modified at the S-position, e.g, S5-(2-aminojpropyl uridine, 5-bromo uridine;
adenosine and/or guanosives modified at the 8 position, e.g, 8bromo guanosine; deaza
nucleotides, e.g, 7-deaza-adenosing; - and N-alkylated nucleotides, e.g, No-methyl

adenosine are suitable. Tt should be noted that the above modifications may be combined.

{06231 In other embodiments, cross-linking can be employed to alter the
pharmacckinetics of the RNA silencing agent, for example, to increase half-life in the body.
Thus, the present application includes RNA silencing agents having two complementary
strands of nucleic acid, wherein the two strands are crosslinked. The present application also
mchudes RNA silencing agents which are conjugated or uncomjugated {e.g, at its 3" terminus)
to another motety {e.g a non-nucleic acid moiety such as a peptide), an organic compound
(e.¢, a dye}, or the like) Modifying siRNA derivatives in this way may improve cellular
uptake or enhance cellular targeting activities of the resulting siRNA derivative as compared
to the corresponding siRNA, are useful for tracing the siRNA derivative 1o the cell, or improve

the stability of the siRNA derivative corapared to the corresponding siRNA.
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[0624] Other exemplary modifications include: {a) 2’ modification, e.g, provision of
a 2' OMe moiety on a U in a sense or antisense strand, but especially on a sense strand, or
provision of a 2' OMe moiety in a 3’ overhang, e g, at the 3" terminus (3 terminus means at the
3" atom of the molecule or at the most 3' moiety, e.g, the most 3' P or 2' posttion, as indicated
by the context), (b} modification of the backbone, e.g, with the replacement of an 0 with an 8,
in the phosphate backbone, e.g, the provision of a phosphorothioate modification, on the Uor
the A or both, especially on an astisense strand; e.g., with the replacement of a O with an §;
{c) replacement of the U with a2 C5 amino linker; (d) replacement of an A with a G (sequence
changes can be located on the sense sirand and not the avtisense strand in certain

§ooT
’l

embodiments); and {d) modification at the 2, &', 7', or § position. Exemplary emboduneunts
are those i which one or more of these meodifications are present on the sense but not the
antisense strand, or embodiments where the antisense strand has fewer of such modifications.
Yet other exemplary modifications include the use of a methylated P in a 3' overhang, e g., at
the 3' terminus; combination of a 2' modification, e.g, provision of a 2' O Me moiety and
modification of the backbone, e.g, with the replacement ot a O with an S, e.g., the provision
of a phosphorothioate modification, or the use of a methylated P, in a 3" overhang, ¢ g, at the
3" terminus;, modification with a 3' alkyl, modification with an abasic pyrrolidone in a 3'
overhang, e.g., at the 3" terminus; modification with naproxen, thuprofen, or other moieties

which inhibit degradation at the 3' terminus.

Heavilv modified RNA silencing agents

{06251 In certain embodiments, the RNA silencing agent comprises at least 80%
chemically modified nucleotides. In certain embodiments, the RNA silencing agent is fully

chemically modified, 1 e, 100% of the nucleotides are chemically moditied.

[0626] In certain embodiments, the RNA silencing agent 13 2°-O-methyl rich, 1e,,
comprises greater than 50% 2°-O-methyl content. In certain embodiments, the RNA silencing
agent comprises at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% 27~
O-methyl nucleotide content. In certain embodiments, the RNA silencing agent comprises at
least about 70% 27-O-methyl nucleotide modifications.  In certain embodiments, the RNA
silencing agent comprises between about 70% and about 90% 2°-O-methyl nucleotide
modifications. In certain embodiments, the RNA silencing agent 15 a dsRNA comprising an

antisense strand and sense strand. In certain embodiments, the antisense strand comprises at
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feast about 70% 2°-O-methyl nucleotide modifications. In certain embodiments, the antisense
strand comprises between about 70% and about 90% 27-O-methyl nucleotide modifications.
fn certain embodiments, the sense strand comprises at least about 70% 27-O-methyl nucleotide
modifications. In certain embodiments, the sense strand comprises between about 70% and
about 90% 2°-O-methyl nucleotide moditications. In certain embodiments, the sense strand

comprises between 100% 2°-O-methy! nucleotide modifications.

[0627] 27-O-methyl rich RNA silencing agents and specific chemical modification
patterns are further described in U SS N 16/550,076 (filed August 23, 2019) and U S SN

62/891,185 (filed August 23, 2019}, each of which is incorporated herein by reference.

Internuclectide linkagce modifications

[0028] In certain embodiments, at least one internucleotide linkage, intersubunit
hinkage, or nucleotide backbone is modified in the RNA silencing agent. In certain
embodiments, all of the internucleotide hinkages in the RNA silencing agent are modified. In
certain embodiments, the modified internucleotide linkage comprises a phosphorothicate
internucleotide hokage. In certain embodiments, the RNA sdencing agent comprise 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 phosphorothioate
mternuclectide hinkages. In certain embodiments, the RNA silencing agent comprises 4-16
phosphorothicate internucleotide linkages. In certain embodiments, the RINA silencing agent
comprises 8-13 phosphorothicate internucleotide linkages. In certain embodiments, the RNA
slencing agent is a dsRNA comprising an antisense strand and a sense strand, each comprising
a5 endand a3 end. Tocertain embodiments, the nucleotides at positions 1 and 2 from the §
end of sense strand are connected to adjacent ubonucleotides via phosphorothioate
internucleotide linkages. In certain embodiments, the nucleotides at positions | and 2 from the
37 end of sense strand are connected to adjacent ribonucleotides via phosphorothioate
nternuclectide linkages. In certain embodiments, the nuclectides at positions 1 and 2 from the
57 end of antisense strand are connected to adjacent ribonuclectides via phosphorothicate
internucleotide linkages. In certain embodiments, the nuclectides at positions 1-2 to 1-8 from
the 37 end of antisense strand are connected to adjacent ribonucleotides via phosphorothicate
mternuclectide linkages. In certain embodiments, the nucleotides at positions 1-2, 1-3, 1-4, I-
S, 1-6, 1-7, or 1-8 from the 37 end of antisense strand are connected to adjacent ribonucleotides

via phosphorothioate internucleotide linkages. In certain embodiments, the nucleotides at
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positions 1-2 to 1-7 from the 37 end of antisense strand are connected to adjacent

ribonucleotides via phosphorothioate internucleotide linkages.

(06291 In one aspect, the disclosure provides a modified oligonuclectide, said
oligonucleotide having a 5" end, a 37 end, that is complementary to a target, wherein the
oligonucleotide comprises a sense and antisense strand, and at least one modified intersubunit

hinkage of Formula (I}

wherein:
B 1s a base pairning moiety;
W is selected from the group consisting of O, OCH;, OCH, CH;, and CH;
X 13 selected from the group consisting of halo, hydroxy, and Cis alkoxy;
Y is selected from the group counsisting of O, OH, OR, NH-, NH;, §-, and SH;
Z 1s selected from the group consisting of O and CHy;
R 13 a protecting group, and
=== 13 an optional double bond.
[06301In an embodiment of Formula (1), when W is CH, === is a

double bond.

[0631] In an embodiment of Formmla (I}, when W selected from the group consisting
of O, OCH,, OCH, CH,, === 15 a single bond.
[0632]in an embodiment of Formula (1}, when Y is O, either Z or
W is not O.
[0633] In an embodiment of Formula (1), Z 1s CHy and W is CH» In another
embodiment, the modified intersubunit hinkage of Formula (I} s a modified mtersubunit

hnkage of Formula (1)
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i

[0634] In an embodument of Formula (I), £ is CHy and W is O In another
embodiment, wherein the modified intersubunit linkage of Formula (1) 13 a modified

intersubunit linkage of Formula (HI):

(1),

[0635] In an embodiment of Formula (1), 2 15 O and W i3 CHy In another
embodiment, the modified intersubunit linkage of Formula (I} is a modified intersubunit

finkage of Formula IV}

(V).

[0636] In an embodiment of Formula (I), 2 13 O and W 1s CH. In another embodiment,
the modified intersubunit linkage of Formula (I) is a modified intersubunit linkage of Formula

V:
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{¥).

[0637] In an embodiment of Formula (1), Z s O and W 15 OCHy In another

embodiment, the modified intersubunit linkage of Formmla (I} is a modified mntersubunit

finkage of Formula VE

\‘;ix

pé‘
o?év“\ ;O;B
VB

{06381 In an embodiment of Formula (I), 215 CHy and W 1s CH. In another
embodiment, the moditied mtersubunit linkage of Formula (1) is a modified intersubunit

finkage of Formula VIH:

(VL.

[0639] In an embodiment of Formula (1), the base pairing moiety B is selected from

the group consisting of adenine, guanine, cytosine, and uracil.

[0040] In an embodiment, the modified oligonucleotide is incorporated into siRNA,

said modified sIRNA havinga 5 end, a 37 end, that 1s complementary to a target, wherein the
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siRNA comprises a sense and antisense strand, and at least one modified intersubunit linkage
of any one or more of Formula (1), Formula (1), Formula (11T}, Fornwla (IV), Formula (V),

Formula (VI), or Formulda (V).

{06411 In an embodiment, the modified oligonucleotide is incorporated into siRNA,
said modified siRNA havinga 5” end, a 37 end, that is complementary to a target and comprises
a sense and antisense strand, wherein the siRNA comprises at least one modified intersubunit

linkage is of Formula VI

C

NE
O é’l
(VI

wherein:
D is selected from the group consisting of O, OCH,, OCH, CH2, and CH;
C is selected from the group consisting of O, OH, ORY WNH-, NH», S-, and SH;
A is selected from the group counsisting of O and CHy;
Rl is a protecting group;
=== 1§ an optional double bond; and
the intersubunit is bridging two optionally modified nucleosides.

{06421 In an embodiment, when C 15 O, etther A or D s not O,

{06431 In an embodiment, I3 is CHy. In ancther embodiment, the moditfied intersubunit
hnkage of Formula VHI 18 a modified mtersubunit linkage of Formula (X))

PN

i
"1

{06441 In an embodiment, D is O. In another embodiment, the modified intersubunit

hinkage of Formula VHI is a modified intersubunit linkage of Formula (X}
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NS

Cup
e

(X}

[0645] In an embodiment, D is CH,. In ancther embodiment, the modified intersubunit
finkage of Formula ( VIH) is a modified intersubunit linkage of Formula (X1

GGG

5

C-p
N
(X1

{0646] In an embodiment, D is CH. In another embodiment, the modified intersubunit
linkage of Fornula VHI 15 a modified intersubunit linkage of Formula (X

~MWAAY

5

Cop
N
AN

(X1,

00471 In ancther embodiment, the moditied intersubunit linkage of Formula (Vi) is

a modified mtersubunit linkage of Formula (XIV):

(XIV).

[0048) In an embediment, D is OCH; In another embodiment, the modified

wntersubunit linkage of Formula (VID) is a modified intersubunit linkage of Formula (X1
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R
(XII).
{06491 In another embodiment, the modified intersubunit linkage of Formula (Vil}isa

modified intersubunit linkage of Formula (XXa):

;

v
F

$
{(XXa).

{06501 In an embodiment of the modified siRNA linkage, each optionally modified
nuclecside is independently, at each occurrence, selected from the group consisting of

adenostne, guanosine, cytidine, and uridine.

[0651] In certain exemplary embodiments of Formula (1), W ts O. In another

embodiment, W is CHz. In vet another embodiment, W 13 CH

(36521 In certain exemplary embodiments of Formula (I}, X is OH In another
p J AN

embodiment, X is OCH:. In yet another embodiment, X 1s halo,

[0653] In a certam embodiment of Formula (I}, the modified siRNA does not comprise

a 2’ -fluoro substituent.

[0054] In an embodiment of Formula (1), Y is O In ancther embodiment, Y is OH. In
yet another embodiment, Y i3 OR. In still another embodiment, Y is NH™ In an embodiment,

Y is NH,. In another embodiment, Y is 8 In vet another embodiment, Y is SH.
[0655] In an embodiment of Formula (1), Z 1s O. In another embodiment, 7 1s CHs.

[0656] In an embodiment, the modified intersubunit linkage is inserted on position 1-2
of the antisense strand. In ancther embodiment, the modified intersubunit Hinkage is inserted
on position 6-7 of the antisense strand. In yet another embodiment, the modified intersubunit
finkage 13 inserted on position 10-11 of the antisense strand. In still another embodiment, the

maodified intersubunit linkage is inserted on position 19-20 of the antisense strand. In an
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embodiment, the modified intersubunit linkage 18 nserted on positions 5-6 and 18-19 of the

antisense strand.

[0657] In an exemplary embodiment of the modified siRNA linkage of Formula {VII),
Cis O In another embodiment, C is OH. In vet another embodiment, C is QR In still another
embodiment, C is NH. In an embodiment, C is NH;. In another embodiment, C is §. In yet

ancther embodiment, C s SH.

[0058] In an exemplary embodiment of the modified siRNA linkage of Formula (VHI),
Alis O In another embodiment, A is CHsz. In yet another embodiment, C is ORY In still another
embodiment, C is NH™. In an embodiment, C is NH;. In another embodiment, C is § In yet

another embodiment, C is SH.

[0659] In a certain embodiment of the modified siRNA linkage of Formula (VII}, the
optionally modified nucleoside is adenosine. In another embodiment of the moditied siRNA
linkage of Formula (VHI), the optionally modified nucleoside is guanosine. In another
embodiment of the modified siRNA linkage of Formula (VIID), the optionally modified
nuclecside 1s cytidine. In ancther embodiment of the medified siRNA linkage of Formula

{VHI}, the optionally medified nucleoside is uridine.

[0660] In an embodiment of the modified siRNA linkage, wherein the linkage is
mserted on position 1-2 of the antisense strand. In another ernbodiment, the linkage 1s inserted
on position 6-7 of the antisense strand. In vet ancther embodiment, the linkage 1s inserted on
position 10-11 of the antisense strand. In still another embodiment, the linkage 1s inserted on
position 19-20 of the antisense strand. In an embodiment, the linkage is inserted on positions
5-6 and 18-19 of the antisense strand.

[0661] In certain embodiments of Formula (I}, the base paining moiety B is adenine. In
certain embodiments of Formula (1), the base pairing moiety B is guanine. In certain
embodiments of Formula (I}, the base pairing moiety B is cytosine. In certain embodiments of
Formula (I}, the base pairing moiety B is uracil.

[0662] In an embodiment of Formula (1), W 18 O. In an embodiment of Formula (I), W

is CHy. In an embodiment of Formula (I), W is CH.

[0663] In an embodiment of Formula (I}, X ts OH. In an embodiment of Formula (1},

¥ 13 OCH;. In an embodiment of Formula (1), X is halo.
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[0004] In an exemplary embodiment of Formula (I), the modified oligonucleotide does

not comprise a 2’ -fluoro substituent.

[0665] In an embodiment of Formula (1), Y 1s O, In an embodiment of Formula (I}, Y
is OH. In an embediment of Formula (I}, Y is OR. In an embodiment of Formula (1}, Y is NH-
. In an embodiment of Fornwla (I}, Y 1s NHz. In an embodiment of Formula (I}, Yis § In an

embodiment of Formula (I}, Y ts SH

[0066] In an embodiment of Formula (1), Z 15 O In an embodiment of Formula (I}, Z

is CHa.

{06671 In an embodiment of the Formula (1), the linkage is inserted on position 1-2 of
the antisense strand. In another embodiment of Formuda (I}, the linkage is inserted on position
6-7 of the antisense strand. In yet another embodiment of Formula (1), the linkage 13 inserted
on position 10-11 of the antisense strand. In still another embodiment of Formula (I), the
linkage is inserted on position 19-20 of the antisense strand. In an embodiment of Formula (1),

the linkage is inserted on positions 5-6 and 18-19 of the antisense strand.

{06681 Modified intersubunit linkages are further described in U S SN, 62/824,136
filed March 26, 2019), UK. SN, 62/826,454 (filed March 29, 2019}, and U S.S.N. 62/864,792
{

{(filed June 21, 2019}, each of which is incorporated herein by reference.

4y Conjugated Functional Moleties

[0669] In other embodiments, RNA silencing agents may be modified with one or
more functional moieties. A functional motety is a molecule that confers one or more
additional activities to the RNA silencing agent. In certain embodiments, the functional
moieties enhance celiular uptake by target cells (e.g, neuronal cells). Thus, the disciosure
includes RNA silencing agents which are conjugated or unconjugated {e.g., at its ™ and/or 3'
terntinus) to another moiety {e.g a non-nucieic acid motety such as a peptide), an organic
compound {e.g, a dye), or the like. The conjugation can be accomplished by methods known
in the art, e g, using the methods of Lambert et al., Drug Deliv. Rev.: 47(1), 99-112 (2001)
{describes nucleic acids loaded to polyvalkyleyanoacrylate (PACA) nanoparticles); Fattal et al |
J. Control Release 53(1-31:137-43 (1998) (describes nucleic acids bound to nanoparticles);
Schwab et al, Ann. Ouncol 5 Suppl. 4:55-8 (1994} (describes nucleic acids hinked to
intercalating agents, hydrophobic groups, polycations or PACA nanoparticles);, and Godard et

al., Bur. I Biochem. 232¢(2):404-10 (1995} (describes nucleic acids linked to nanoparticles).
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[0070]  In a certain embodiment, the functional moiety is a hydrophobic motety, Ina
certain embodiment, the hydrophobic moiety 18 selected from the group consisting of fatty
acids, sterowds, secosteroids, lipids, gangliosides and nucleoside analogs, endocannabinoids,
and vitanins., In a certain embodiment, the steroid selected from the group consisting of
cholesterol and Lithocholic acid (LCA). In a certain embodiment, the fatty acid selected from
the group consisting of Ficosapentaenoic acid (EFA), Docosahexaenoic acid (DHA) and
Docosanoic acid {DCAY  In a certain embodiment, the vitamin selected from the group
consisting of choline, vitamin A, vitamin E, derivatives thereof, and metabolites thereof. Ina
certain embodiment, the vitamin 13 selected from the group consisting of retinoic acid and

alpha-tocopheryl succinate.

[0071] In acertain embodiment, an RNA silencing agent of disclosure is conjugated
to a lipophilic moiety. In one embodiment, the lipophilic moiety is a Higand that includes a
cationic group. In another embodiment, the lipophilic moiety is attached to one or both strands
of an siIRNA. In an exemplary erobodiment, the lipophilic motety 1s attached to one end of the
sense sirand of the siRNA. In another exemplary embodiment, the lipophilic moiety 1s attached
to the 3" end of the sense strand. In certain embodiments, the lipophilic motety is selected from
the group consisting of cholesterol, vitamin E, vitamin K| vitamin A, folic acid, a cationic dye
{e.¢,Cv3}). Inan exemplary embodiment, the lipophilic moiety is cholesterol. Other lipophilic
moieties  include  cholic acid, adamantane acetic acid, 1-pyrene butyric  acid,
dihydrotestosterone, 1,3-Bis-Othexadecyliglycerol, geranyioxyhexyl group,
hexadecylglyeerol, borneol, menthol, 13-propavediol, heptadecyl group, palmitic acid,
myristic acid, O3-(cleoyDiithocholic acid, O3-(oleovlcholenic acid, dimethoxytrityl, or

phenoxazine.

[0072] In certain embodiments, the functional moieties may comprise one or more
ligands tethered to an RNA silencing agent to improve stability, hybridization thermodynamics
with a target nucleic acid, targeting to a particular tissue or celi-type, or cell permeability, e g,
by an endocytosis-dependent or -independent mechamsrn.  Ligands and  associated
modifications can also increase sequence specificity and cousequently decrease off-site
targeting A tethered ligand can include one or more modified bases or sugars that can function
as intercalators. These can be located in an internal region, such as in a bulge of RNA silencing
agent/target duplex. The intercalator can be an aromatic, e.g, a polycyclic aromatic or
heterocyclic aromatic compound. A polyeyclic intercalator can have stacking capabilities, and

can include systems with 2, 3, or 4 fused rings. The universal bases described herein can be
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imncluded on a hgand.  In one embodiment, the ligand can include a cleaving group that
coniributes to target gene inhibition by cleavage of the target nucleic acid. The cleaving group
cau be, for example, a bleornycin {e.g, bleomycin-AS, bleomycin-AZ, or bleomycin-B2),
pyrene, phenanthroline (e g, O-phenanthroline}, a polyamine, a tripeptide (e g, lys-tyr-lys
tripeptide), or a metal 1on chelating group. The metal ion chelating group can include, e g, an
Lu{iily or EU( macrocyclic complex, a Zn(H) 2,9-dimethylphenanthroline derivative, a
Cu(ll) terpyridine, or acridine, which can promote the selective cleavage of target RNA at the
site of the bulge by free metal ions, such as Lu(lH). In some embodiments, a peptide higand
can be tethered to a RNA silencing agent to promote cleavage of the target RNA, ¢.g., at the
bulge region. For example, 1,8-dimethyl-1,3,6,8,10,13-hexaazacyclotetradecane {cyclam) can
be conjugated to a peptide {e. g, by an amino acid derivative) to promote target RNA cleavage.
A tethered ligand can be an aminoglycoside ligand, which can cause an RNA silencing agent
to have improved hybridization properties or improved sequence specificity. Exemplary
aminoglycosides inchude glycosylated polylysine, galactosylated polylysine, neomycin B,
tobramycin, kanamycin A, and acridine conjugates of aminoglycosides, such as Neo-N-
acridine, Neo-S-acridine, Neo-C-acridine, Tobra-N-acridine, and KanaA-N-acnidine. Use of
an acridine analog can increase sequence speciticity. For example, neomycin B has a high
affinuty for RNA as compared to DNA but low sequence-specificity. An acridine analog, neo-
S-acridine, has an increased affinity for the HIV Rev-response element (RRE) In some
embodiments, the guanidine analog (the guanidinoglycoside) of an anminoglycoside ligand s
tethered to an RNA silencing agent. In a guanidinoglycoside, the amine group on the amino
acid is exchanged for a guanidine group. Attachment of a guanidine analog can enhance cell
permeability of an RNA silencing agent. A iethered ligand can be a poly-arginine peptide,

peptoid or peptidonimetic, which can enhance the cellular uptake of an oligonucleotide agent.

[0673] Exemplary ligands are coupled, either directly or indirectly, via an intervening
tether, to a ligand-conjugated carrier. In certain embodiments, the coupling ts through a
covalent bond. In certain embodiments, the ligand is attached to the carrier via an intervening
tether. In certain embodiments, a ligand alters the distribution, targeting or lifetime of an RNA
silencing agent into which it is incorporated. In certain embodiments, a ligand provides an
enhanced affinity for a selected target, e.g., molecule, cell or cell type, compartment, e.g, a
cellular or organ compartment, tissue, organ or region of the body, as, e.g, compared to a

species absent such a ligand.
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[0674] Exemplary ligands can improve transport, hvbridization, and speciticity
properties and may also improve nuclease resistance of the resultant natural or modified RNA
stlencing agent, ot a polymeric molecule comprising any combination of monomers described
herein and/or natural or moditied ribonucleotides. Ligands in general can include therapeutic
modifiers, e.g, for enhancing uptake; diagnostic compounds or reporter groups e.g., for
monitoring distribution; cross-linking agents; nuclease-resistance conferring moieties; and
natural or unusual nucleobases. General examples include lipophiles, lipids, steroids {e.g.,
uvaol, hecigenin, diosgenin}, terpenes {e.g, iriterpensgs, e.g, sarsasapogenin, Friedelin,
epifriedelanol derivatized lithocholic acid), vitammns {eg, folic acid, vitamin A, biotin,
pytidoxal}, carbohydrates, proteins, protein binding agents, integrin targeting molecules,
polycationics, peptides, polyamines, and peptide mimics. Ligands can include a naturally
occurring substance, {e.g, human serum albumin (HSA), low-density lipoprotein (LDL), or
glcbuliny; carbohydrate {e.g, a dextran, pullulan, chitin, chitosan, imulin, cyclodextrin or
hyaluronic acid), amino acid, or a lipid. The ligand may also be a recombinant or synthetic
molecule, such as a synthetic polymer, e.g., a synthetic polyamino acid.  Examples of
polyamino acids include polyamino acid 1s a polylysine (PLL), poly L-asparttic acid, poly L-
ghutamic acid, styrene-maleic acid anhydride copolymer, poly{L-lactide-co-glycolied)
copolymer, divinyl ether-maleic anhydride copolymer, N-(2-hydroxypropylmethacrylamide
copolymer (HMPA), polyethylene glycol (PEG), polyvinyl alcchol (PVA), polyurethane,
poly(Z-ethylacryllic acid), N-isopropylacrylamide polymers, or polyphosphazine. Example of
polyamines include: polyethylenimine, polylysine (PLL), spermine, spermidine, polyamine,
pseudopeptide-polyamine, peptidonumetic polyvamine, dendrimer polyamine, arginine,
amidine, protamine, cationic Hipid, cationic porphyrin, quaternary salt of a polyamine, or an

alpha helical peptide.

[067S] Ligands can also include targeting groups, e.g., a cell or tissue targeting agent,
e.g., a lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type
such as a kidney celll A targeting group can be a thyrotropin, melanotropin, lectin,
glycoprotein, surfactant protein A, mucin carbohydrate, multivalent lactose, multivalent
galactose, N-acetyl-galactosamine {(GalNAc) or dervatives thereof, N-acetyl-glucosamine,
nmultivalent mannose, multivalent fucese, glycosylated polyaminoacids, multivalent galactose,
transterrin, bisphosphonate, polyglutamate, polvaspartate, a lipid, cholesterol, a steroid, bile
acid, folate, vitamin B12, biotin, or an RGID peptide or RGD peptide mimetic. Other examples

of ligands include dyes, intercalating agents {e.g acridines and substituted acridines), cross-
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hinkers {e.g psoralene, mitomycin C), porphyrins (TPP{C4, texaphyrin, Sapphyrin}, polycyclic
aromatic hydrocarbons (e.¢., phenazine, dihydrophenazine, phenanthroline, pyrenes), lys-tyr-
tys tripeptide, amwmnoglycosides, guanidium anunoglycodies, artificial endonucleases (e g
EDTA), hipophilic molecules, e. g cholesterol (and thio analogs thereof), cholic acid, cholanic
acid, hthocholic acid, adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone,
glycerol {e.g, esters {e.¢, mono, bis, or tris fatty acid esters, e.g, Cio, Ci1, Ciz, Ci3, Cug, Cus,
Cis, Cur, Cra, Cyo, or Oy fatty acids) and ethers thereof, e.g, Cu, Cii, Cia, Cis, Cia, Cis, Cas,
Ciy, Cig, Cro, or Coo alkyl; e.g, 1,3-bis-Ohexadecylyglycerol, 1,3-bis-O{octaadecyliglycerol},
geranyloxyhexyl group, hexadecylglycerol, bomeol, menthol, 1,3-propanediol, heptadecyl
group, palmitic acid, stearic acid {(e.g, glyceryl distearate), oleic acid, myristic acid, 03-
{oleoyDilithocholic acid, O3-{oleoylicholenic acid, dimethoxyirityl, or phenoxazine} and
peptide conjugates {e.g, antennapedia peptide, Tat peptide), alkylating agents, phosphate,
amino, mercapto, PEG {e g, PEG-40K ), MPEG, [MPEG]2, polyamino, alkyl, substituted alkyl,
radiolabeled markers, enzymes, haptens {e.g biotin}, transport/absorption facilitators {e.g.,
aspirin, naproxen, vitamin E, folic acid), synthetic ribonucleases {e g, imidazole, bisimidazole,
histamine, imidazole clusters, acridine-imidazole conjugates, Eu’"  complexes of
tetraazamacrocycles), dimitrophenyl, HRP or AP, In certain embodiments, the ligand is

GalNAc or a dertvative thereof,

[0076] Ligands can be proteins, e g, glycoproteins, or peptides, e.g, molecules

having a specific affinity for a co-ligand, or antibodies e.g, an antibody, that binds to a
specitied cell type such as a cancer cell, endothehal cell, or bone cell. Ligands may also include
hormones and hormone receptors. They can also include non-peptidic species, such as lipids,
lecting, carbohydrates, vitamins, cofactors, multivalent lactose, multivalent galactose, N-
acetyl-galactosamine, N-acetyl-glucosamine multivalent mannose, or multivalent fucose. The
figand can be, for example, a lipopolysaccharide, an activator of p38 MAP kinase, or an
activator of NF-kB.

n

[0677] The ligand can be a substance, e g, a drug, which can increase the uptake of
the RINA silencing agent into the cell, for example, by disrupting the cell's cytoskeleton, e g,
by disrupting the cell's microtubules, microfilaments, and/or intermediate tilaments. The drug
can be, for example, taxon, vincristine, vinblasting, cytochalasin, nocodazole, iaplakinclide,
fatrunculin A, phalloidin, swinholide A, indanocine, or mvoservin, The ligand can increase the
uptake of the RNA silencing agent juto the cell by activating an nflammatory response, for

exampie. Exemplary ligands that would bave such an effect inchade tumor necrosis factor alpha
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{TNF}, interleukin-1 beta, or gamma interferon. In one aspect, the ligand s a lipid or lipid-
based molecule. Such a hipid or lipid-based molecule can bind a serum protein, ¢.g, human
serum albumin (HSA). An HSA binding ligand allows for distribution of the conjugate to a
target tissue, e.¢, a non-kidney target tissue of the body. For example, the target tissue can be

> >

the hiver, including parenchymal cells of the hiver. Other molecules that can bind HSA can also
be used as ligands. For example, neproxin or aspirin can be used. A lipid or lipid-based ligand
can {a}) increase resistance to degradation of the conjugate, (b) increase targeting or transport
into a target cell or cell membrane, and/or (¢} can be used to adjust binding 10 3 serum protein,
e.g, HSA A lipid based ligand can be used to modulate, e g, conirol the binding of the
conjugate to a target tissue. For example, a lipid or lipid-based ligand that binds to HSA more
strongly will be less likely to be targeted to the kidney and therefore less hikely to be cleared
from the body. A lipid or lipid-based ligand that binds to HSA less strongly can be used to
target the conjugate to the kidney. In a certain embodiment, the lipid based ligand binds HSA
A hipid-based ligand can bind HSA with a suffictent atfinity such that the conjugate will be
distributed to a non-kidney tissue. However, it is contemplated that the affinity not be so strong
that the HSA-ligand binding cannot be reversed. Inanother erobodiment, the lipid based hgand
binds HSA weakly or not at all, such that the conjugate will be distributed to the kidney. Other
moieties that target to kidney cells can also be used n place of or in addition to the lipid based

figand.

[0078] In another aspect, the ligand is a moiety, e.g, a vitamin, which is taken up by
atarget cell, e g, a prohiferating cell. These can be useful for treating disorders characterized
by unwanted cell proliferation, ¢ g, of the malignant or non-malignant type, e.g., cancer cells.
Exemplary vitamins include vitanun A, E, and K. Other exemplary vitamins include are B
vitamin, e.g., folic acid, B12, ribotiavin, biotin, pyridoxal or other vitamins or nutrients taken

up by cancer cells. Also included are HSA and low density lipoprotein (LDL)}.

[0679] Inavother aspect, the ligand 1s a cell-permeation agent, such as a belical cell-
permeation agent. In certain embodiments, the agent 1s amphipathic. An exernplary agentis a
peptide such as tat or antennopedia. I the agent is a peptide, 1 can be modified, including a
peptidylmimetic, invertomers, non-peptide or pseude-peptide linkages, and use of D-amino
acids. The helical agent can be an alpha-helical agent, which may have a lipophilic and a

lipophobic phase.

[0680] The ligand can be a peptide or peptidomimetic. A peptidomimetic {also

referred to herein as an oligopeptidomirnetic) is a molecule capable of folding into a defined

126



WO 2021/188626 PCT/US2021/022688

three-dimensional structure similar to a natural peptide. The attachment of peptide and
peptidomimetics to oligonucleotide agents can affect pharmacokinetic distribution of the RNA
silencing agent, such as by enhancing cellular recognition and absorption.  The peptide or
peptidomimetic moiety can be about 5-50 amino acuds long, e.g, about 5, 10, 15, 20, 25, 30,
35, 40, 45, or 50 amino acids long. A peptide or peptidomimetic can be, for example, a cell
permeation peptide, cationic peptide, amphipathic peptide, or hydrophobic peptide {e.g,
consisting primarily of Tyr, Trp or Phe). The peptide motety can be a dendrimer peptide,
constraingd peptide or crosslinked peptide. The peptide moiety can be an L-peptide or D
peptide. In another alternative, the peptide moiety can include a hydrophobic membrane
translocation sequence (MTS). A peptide or peptidomimetic can be encoded by a random
sequence of DNA, such as a peptide identified from a phage-display library, or one-bead-one-
compound {OBOC) combinatorial library (Lam et al,, Nature 354:82-84, 1991). In exemplary
embodiments, the peptide or peptidomimetic tethered to an RNA silencing agent via an
incorporated monomer unit is a cell targeting peptide such as an arginine-glycine-aspartic acid
{RGD)-peptide, or RGD mimic. A peptide moiety can range in length from about 5 amino
acids to about 40 amino acids. The pepiide moieties can have a siructural modification, such
as to increase stability or direct conformational properties. Any of the structural modifications

described below can be utilized.

[0081] In certain embodiments, the functional moiety is linked to the 57 end and/or
37 end of the RNA silencing agent of the disclosure. In certain embodiments, the functional
moiety s linked to the 57 end and/or 37 end of an antisense strand of the RNA silencing agent
of the disclosure. In certain embodiments, the functional moiety is linked to the 57 end and/or
37 end of a sense strand of the RNA silencing agent of the disclosure. In certain embodiments,
the functional moiety is linked to the 37 end of a sense strand of the RNA silencing agent of the

disclosure.

[0682] In certain embodiruents, the functional moiety 18 linked to the RNA silencing
agent by a hinker. In certain embodiments, the functional moiety 18 linked to the antisense
strand and/or sense strand by a linker. Tn certain embodunents, the functional moiety 1s linked
to the 37 end of a sense strand by a linker. In certain embodiments, the linker comprises a
divalent or trivalent linker. In certain embodiments, the linker comprises an ethylene glycol
chain, an alkyl chain, a peptide, RNA, DNA, a phosphodiester, a phosphorothicate, a
phosphoramuidate, an amide, a carbamate, or a combination thereof. In certain embodiments,

the divalent or trivalent linker is selected from:;
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phosphodiester derivative.

dertvative is selected from the group consisting of:
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wherein X i1s O, 8§ or BHs.
[0084]

to RNA silencing agents are described in further detad in WO2017/

WO2018/031933A2, incorporated herein by reference.

V1. Branched Gligonuclectides
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T certain embodiments, the phosphodiester or phosphodiester

The various functional moieties of the disclosure and means to conjugate them

130973A1 and



WO 2021/188626 PCT/US2021/022688

[0085] Two or more RNA silencing agents as disclosed swpra, for example
oligonucleotide constructs such as anti-MAPT siRNAs, may be connected to one another by
one or more moieties independently selected from a hinker, a spacer and a branching point, to
form a branched oligonucleotide RNA silencing agent. In certain embodiments, the branched
oligonucleotide RNA silencing agent consists of two siRNAs to form a di-branched siRNA
{"di-siRNA) scaffolding for delivering two siRNAs In representative embodiments, the
nucleic acids of the branched oligonucleotide each comprise an antisense strand {or portions
thereof), wherein the antisense strand has sufficient complementarity to a target mRNA {e.g,

MAPTwRNA) to mediate av RNA-~mediated sifencing mechanism (e.g. RNA1).

[0686] In exemplary embodiments, the branched oligonucleotides may have two to
eight RNA silencing agents attached through a linker. The linker may be hydrophobic. In an
embodiment, branched oligonucileotides of the present application have two to three
oligonucleotides. In an embodiment, the oligonucleotides independently have substantial
chemical stabilization {e.g., at least 40% of the constituent bases are chenucally-modified). In
an exemplary embodiment, the oligonucieotides have full chemical stabilization (i e, all the
constituent bases are chemically-modified). In some embodiments, branched oligonucleotides
comprise one or more single-stranded phosphorothicated tails, each independently having two
to twenty nuclectides. In a non-limiting embodiment, each single-stranded tail has two to ten

nucleotides.

[0087] In certain embodiments, branched oligonuclectides are characterized by three
properties: (1) a branched structure, (2) full metabolic stabilization, and (3) the presence of a
single-stranded tail comprising phosphorothioate linkers. In certain embodiments, branched
oligonucleotides have 2 or 3 branches. [t is believed that the increased overall size of the
branched structures promotes increased uptake.  Also, without being bound by a particular
theory of activity, multiple adjacent branches (e.g, 2 or 3) are believed to allow each branch
to act cooperatively and thus dramatically enhance rates of interpalization, trafficking and

release.

[0688] Branched oligonucleotides are provided in various structurally diverse
embodiments. In some embodiments nucleic acids attached at the branching points are single
stranded or double stranded and consist of miRNA inhibitors, gapmers, maixmers, $50s, PMOs,
or PNAs. These single strands can be attached at their 37 or 5" end. Combinations of siRNA
and single stranded oligonucleotides could also be used for dual function. In ancther

embodiment, short nucleic acids complementary to the gapmers, mixmers, miRNA wnhibitors,
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S8Cs, PM{s, and PNAs are used to carry these active single-stranded nucleic acids and
enhance distribution and cellular internalization. The short duplex region has a low melting
o o En)

temperature (Tm ~37 °C) for fast dissociation upon imternalization of the branched structure

innto the cell.

{06891 The Di-siRNA branched oligonuclectides may comprise chemically diverse
conjugates, such as the functional moieties described above. Conjugated bioactive ligands may
be used to enhance cellular specificity and to promote membrane association, internalization,
aud serum protein binding. Examples of bioactive moieties to be used for conjugation include
DHA, GalNAc, and cholesterol. These moieties can be attached to Di-siRNA either through
the connecting linker or spacer, or added via an additional linker or spacer attached to ancther

free siRNA end.

{06907 The presence of a branched structure improves the level of tissue retention in
the brain more than 100-fold compared to non-branched compounds of identical chemical
composition, suggesting a new mechanism of cellular retention and distribution.  Branched
oligomucleotides have unexpectedly uniform distribution throughout the spinal cord and brain.
Moreover, branched oligonucleotides exhibit unexpectedly efficient systemic delivery to a

variety of tissues, and very high levels of tissue accumulation,

{06911 Branched oligonucleotides comprise a variety of therapeutic mucleic acids,
including siRNAs, ASOs, muRNAs, nuRNA inhibitors, splice switching, PMOs, PNAs. In
some embodiments, branched oligonucleotides further comprise conjugated hydrophobic

moieties and exhibit unprecedented silencing and efficacy in virro and in vivo.

Linkers

(06921 In an embodiment of the branched oligonucleotide, each Hnker is
independently selected from an ethylene glycol chain, an alkyl chain, a peptide, RNA, DNA| a
phosphate, a phosphonate, a phosphoramidate, an ester, an amide, a triazole, and combinations
thereof, wherein any carbon or oxygen atom of the linker is optionally replaced with a nitrogen
atom, hears a hydroxyl substituent, or bears an oxo substituent. In one embodiment, each hinker
is an ethylene glycol chain. In another embodiment, each linker is an alkyl chain. In another
embodiment, each linker is a peptide. In another embodiment, each linker 13 RNA. In another
embodiment, each linker is BNA. In another embodiment, each linker is a phosphate. In another

embodiment, each linker 13 a phosphonate. In another embodiment, each linker s a

130



WO 2021/188626 PCT/US2021/022688

phosphoramidate. In another embodiment, each linker s an ester. In ancther embodiment, each

linker is an amide. In another embodiment, each linker is a tnazole.

Vi Compound of Formula (D

(06931  Inanocther aspect, provided herein is a branched oligonucleotide compound of

formula (I):
L e (N1

()
wherein L is selected from an ethvlene glycol chain, an alkyl chain, a peptide, RNA,
DNA, a phosphate, a phosphonate, a phosphoramidate, an ester, an amide, a triazole, and
combinations thereof, wherein formula (I} optionally further comprises one or more branch
point B, and one or more spacer &, wherein B is independently for each occurrence a polyvalent
organic species or derivative thereof, S 1is independently for each occurrence selected from an
ethylene glycol chain, an alkyl chain, a peptide, RNA, DNA,| a phosphate, a phosphonate, a

phosphoramidate, an ester, an aronide, a triazole, and cornbinations thereof.

[0694] Moiety N is an RNA duplex comprising a sense strand and an antisense strand;
andnis 2, 3,4, 5, 6, 7cor8 Inanembodiment, the antisense strand of N comprises a sequence
substantially complementary 10 a MAP 7 nucleic acid sequence of any one of SEQ 1D NOs: 1-
13, 292, and 295, as recited in Tables 4-6.  In further embodiments, N includes sirands that
are capable of targeting one or more of a MAP T nucleie acid sequence selected from the group
consisting of SEQ 1D NOs: 14-33, 299, and 302, as recited in Tables 7-8. The sense strand

and antisense strand may cach independently comprise one or more chenical modifications.

[0695]  In an embodiment, the compound of formula (1) has a structure selected from

formulas (1-1)-{1-9) of Table 1.

Table

N b N N—-S—L—-8-N
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[0696] 1o one embodiment, the compound of formula () 1s formula (I-1). 1o another
embeodiment, the compound of formula (I} is formula (I-2). In another embodiment, the
compound of formula () is formula (I-3). In ancther embodiment, the compound of formula
(1} 1s formula {(I-4}. In ancther embodiment, the compound of formula (1) is formula (I-53}. In
another erobodiment, the compound of formula (I) 1s formula (I-6). In ancther embodiment,
the compound of formula (I} 1s formula (I-7). In another embodiment, the compound of formula

(1) s formula (1-8). In another embodiment, the corpound of formulda (1) is formula (1-9).

(06971 In an embodiment of the compound of formula (), ecach linker i
independently selected from an ethylene glycol chain, an alkyl chain, a peptide, RNA, DNA| a
phosphate, a phosphonate, a phosphoramidate, an ester, an amide, a triazole, and combinations
thereof, wherein any carbon or oxygen atom of the hinker 15 optionally replaced with a nitrogen
atom, bears a hydroxyl substituent, or bears an oxo substituent. In one embodiment of the
compound of formula (1), each hinker 1s an ethylene glycol chain. In another ernbodiment, each
linker 15 an alkyl chain. In another embodiment of the compound of formula (I}, each linker 13
a peptide. In ancther embodiment of the compound of formula (I}, each linker is RNA. In
ancther embodiment of the compound of formula (1), each linker is DNA. In another
embodiment of the compound of formula (I), each linker is a phosphate. In another
embodiment, each linker is a phosphonate. In ancther embodiment of the compound of formula

(1), each linker is a phosphoramidate. In another embodiment of the compound of formula (1),
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each linker is an ester. In another embodiment of the compound of formula (1), each linker is

an amide. In another embodiment of the compound of formula (1), each linker s a triazole.

[0698] In one embodiment of the compound of formula (I), B is a polyvalent organic
species. In another embodiment of the compound of formula (I}, B 1s a derivative of a
polyvalent organic species. In one embodiment of the compound of formula (I}, B is a triol or
tetrol denivative. In another embodiment, B is a iri- or tetra~carboxylic acid derivative. In
another embodiment, B is an amine derivative. In another embodiment, B is a tri- or tetra-
amine denivative.  In another embodiment, B i3 an amino acid derivative. In another

embodiment of the compound of formula (I}, B 1s selected from the formulas of:
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[0699] Polyvalent organic species are moteties comprising carbon and three or more
valencies (i.e., points of attachment with moieties such as 8§, L or N, as defined above). Non-
fimiting exaroples of polyvalent organic species include triols {e.g., glycerol, phloroglucinol,
and the hike)}, tetrols {e.g, ribose, pentaerythritol, 1,2,3,5-tetrahydroxybenzene, and the like),
tri-carboxylic acids {e.g., citric acid, 1,3,5-cyclohexanetricarboxylic acid, trimesic acid, and
the hike), tetra-carboxylic acids {e g, ethylenediaminetetraacetic acid, pyromellitic acid, and
the like), tertiary amines {e.g , tripropargy lamine, triethanolanune, and the like), triamines {e.g,

diethvlenetriamine and the hke), tetramunes, and species comprising a combination of
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hydroxyl, thiol, amino, and/or carboxyl moieties (e.g, amino acids such as lysine, serine,

cystene, and the like).

[07001 In an embodiment of the compound of formula (1), each nucleic acid
comprises one or more chemically-modified nuclectides. In an embediment of the compound
of formula (1), each nucleic acid consists of chemically-modified nucleotides. In certain
embodiments of the compound of formula (1), >95%, >90%, >85%, >80%, >75%, >70%,

>65%, >60%, >55% or >50% of each nucleic acid comprises chemically-modified nucleotides.

[0701] In an embodiment, each antisense strand independently comprises a 5

terminal group R selected from the groups of Table 2.

Table 2

134



WO 2021/188626 PCT/US2021/022688

o o
HO NH HO NH
HOL b0 | ”L§o HOL b0 | ”L%o
! N ! N
S
Q Q
. .
oo .
R7 RS

(07021 In one embodiment, R is Ry In another embodiment, R is Ry, In another
embodiment, R is Rs. In another embodiment, R is Ry In another embodiment, R is Rs. In
another embodiment, R is Re. In another embodiment, R is R7. In another embodiment, R is

Structure of Formula (I

[0703] In an embodiment, the compound of formula (1) has the structure of formula

(ny:

| 2 3 4 3 g 7 & 4] 10 41 i2 3 14 i5 18 A7 18 16 20

R:X:XwX-»XuXWX»X-»X-»}I(»XMX-»XMX:X:X:X:X: :X“
Lo VeV VY Y VY YV Y oYY Y =Y

1 3 4 5 [§] 7 8 3 10 1 2 13 14 5 <0

Yy
wherein X, for each occurrence, independently, is selected from adenosine, guanosine,
uridine, cytidine, and chemically-modified derivatives thereof, Y, for each occurrence,
independently, ts selected from adenosine, guanosine, uridine, cvtidine, and chemically-
modified derivatives thereof, - represents a phosphodiester internuclecside linkage;
represents a phosphorothioate internucleoside linkage; and --- represents, individually for each

occurrence, a base-pairing interaction of 4 nmismatch.

{07041 In certamn emsbodiments, the structure of formula (I} does not contan
nusmatches. In one embodiment, the structure of formula (M) contains | mismatch. In another
embodiment, the compound of formula () contains 2 mismatches. In another embodiment, the

compound of formula (I} contains 3 mismatches. In another embodiment, the compound of
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formula (i1} contains 4 mismaiches. In an embodiment, each nucleic acid consists of
chemically-modified nucleotides.

[0705] In certain embodiments, >95%, >90%, >85%, >80%, >75%, >70%, >65%,
>60%, >35% or >50% of X's of the structure of formuia (i) are chemically-modified
nucleotides. In other embodiments, >95%, >90%, >85%, >80%, >75%, >70%, >65%, >60%,

>55% or >50% of X’s of the structure of formula (1) are chemically-modified nucleotides.

Structure of Formula (1IN

[0706] In an embodiment, the compound of formula (1) has the structure of formula

{1ty

| 2 3 4 3 g 7 & 4] 10 41 i2 13 14 i5 18 A7 18 16 20
R:X:XWX—»XWX-»X—»XMX-—X»XW B QU E) Geed. G e oo :X“
Lo Y Y Vo VY Y VY YV Y oYY Y =Y
1 3 4 5 [§] 7 8 3 10 1 2 13 14 5 <0
(11D

[0707] wherein X, for each occurrence, independently, 1s a nucleotide comprising a
2’-deoxy-2 -fluoro modification; X, for each occcurrence, independently, is a nucleotide
comprising a 2’-0-methyl modification; Y, for each occurrence, independently, is a nucleotide
comprising a 2" ~deoxy-2"-fluoro modification; and Y, for each occurrence, independently, isa

nucleotide comprising a 2°-C-methyl modification.

[0708] In an embodiment, X is chosen from the group consisting of 2’-deoxy-2’-
fluoro modified adenosine, guanosine, uridine or cytidine. In an embodiment, X is chosen from
the group consisting of 2°-O-methyl modified adenosine, guanosine, uridine or cytidine. In an
embodiment, Y is chosen from the group consisting of 27~deoxy-2"-thioro modified adenosine,
guanosing, uridine or cytidine. In an embodiment, Y is chosen from the group consisting of 27~

O-methyl modified adenosine, guanocsine, uridine or cytidine.

{07091 In certain embodiments the structure of formmla (III) does not contain
nusmatches. In one embodiment, the structure of formula (IH) contains 1 mismatch. In another
embodiment, the compound of formula (IH) contains 2 mismatches. In another embodiment,

the compound of formula (11} contains 3 mismatches. In ancther embodiment, the compound

of formula (11} contains 4 mismatches.
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Structure of Formula (IV)

{07101 In an embodiment, the compound of formula (I} has the structure of formula

{Ivy:

12 3 4 5 8 7 8 9 10 1 12 13 14 15 16 17 18 18 20
Rom Xz X X X K Ko e X e K s K e K e K e K Kmmm K mm X me X X
T IR L L 0 ) G R U L SRS . S S SIS UL gy JU ¢
2 3 4 5 8 7 8 8 40 11 12 1@ 4 45 n
()

wherein X, for each occurrence, independently, is selected from adenosine, guanosing,
uridine, cytidine, and chemically-modified derivatives thereofl Y, for each occurrence,
mndependently, is selected from adenosine, guanosine, uridine, cvtidine, and chemically-
modified derivatives thereof, - represents a phosphodiester internucleoside hinkage;
represents a phosphorothioate internucleoside linkage; and --- represents, individually for each

occurrence, a base-pairing interaction or a mismaich,

[0711] In certain emwbodiments, the structure of formula (IV) does not contain
mismatches. In one embodiment, the structure of formula (IV) contains | mismatch. In ancther
embodiment, the compound of formula (1V) contains 2 mismatches. In another embodiment,
the compound of formula (IV) contains 3 mismatches. In another embodiment, the compound
of formula (IV) contains 4 mismatches. In an embodiment, each nucleic acid consists of

chemically~-modified nucleotides.

07121  In certain embodiments, >95%, >G0%, >85%, >8(%, >75%, >T0%, >65%
- . 2 2 > 2 2 , >

>60%, >35% or >50% of X's of the structure of formmla {1V} are chemically-modified
nuclectides. In other embodiments, >95%, >90%, >85%, >80%, >75%, >70%, >65%, >60%,

>55% or >50% of X’s of the structure of formula (IV) are chemically-modified nuciectides.

Structure of Formula (V)

[0713] In an embodiment, the compound of formula (1) has the structure of formula

{Vy:

1 2 3 4 s G 7 & 4] 10 1 12 43 14 15 18 17 18 1 20
Rz K e X oo e 3 reee X e X e X o K e K o K e 2 e I e X e X e X o X e X e K e K
T
H ] H 1 H 5 H [} H i s t Il ! i

L YauYuYauYeYe VeV oV o Voo ¥ e Yo ¥ e Yoo Vo ¥ e Ve Vi Ve ¥
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wherein X, for each occurrence, independently, is a nucleotide comprising a 2°-deoxy-
2 -fluoro modification; X, for each occurrence, independently, is a nucleotide comprising a 27~
O-methyl modification; Y, for each occurrence, independently, is a nucleotide comprising a
2’ -deoxy-2 -fluoro modification; and Y, for each occurrence, mmdependently, 18 a nucleotide

comprising a 2°-0O-methyl modification.

[0714] In certain embodiments, X is chosen from the group consisting of 2°-deoxy-
2 -fluoro moditied adenosine, guanosine, uridine or cytidine. In an embodiment, X is chosen
from the group consisting of 27-O-methyl modified adenosine, guanosine, unidine or cytidine.
In an embodiment, Y is chosen from the group consisting of 27-deoxy-2’-fluore modified
adenosine, guanosine, unidine or cytidine. In an embodiment, Y 15 chosen from the group

consisting of 2’-O-methyl modified adenocsine, guanosine, uridine or cytidine.

{07151 In certain embodiments, the structure of formula (V) does not contain
mismatches. In one embodiment, the structure of formoula (V) contains 1 mismaich. In another
embodiment, the compound of formula (V) contains 2 mismatches. In another embodiment,
the compound of fornwla (V) contains 3 mismatches. In another embodiment, the compound

of formula (V) contains 4 mismatches.

Yariable Linkers

[0716] 1uv an embodiment of the compound of formula (1), L. has the structure of L1

H
HO;I:; /\\/G\J’\OMOWN\}H”\
H o o
(L)

In an embodiment of L1, Ris R and n is 2.

{07171 In an embodiment of the structure of formula (1), L has the structure of L1
I an embodiment of the structure of forruula (1), L has the structure of L 1. In an embodiment
of the structure of formula (IV), L has the structure of L1. In an embodiment of the structure
of formula (V), L has the structure of L1, In an embodiment of the structure of formula (VI), L
has the structure of L1, In an embodiment of the structure of formula (VI), L has the structure

of L.

{07181 Inan embodiment of the compound of formula (I}, L has the stracture of L2:
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@)
[QNOH

- o o
& o/\l:\g/’\/ e N w%

(L2)

[0719] loanembodimentof L2, RisR3 and n1s 2. In an embodiment of the structure
of formula (I1), L has the structure of L2, In an embodiment of the structure of formula (1), L
has the structure of L2 In an embodiment of the structure of formula (IV), L has the structure
of L2 In an embodiment of the structure of formula (V), L has the structure of L2, In an
embodiment of the structure of formula (V1), L has the structure of L2, In an embodiment of

the structure of formula (V1), L has the structure of 1.2

Dehvery System

{07201 In athird aspect, provided herein is a delivery system for therapeutic nucleic

acids having the structure of formula (V1)

L—(cNAJn
(V)

[0721] wherein L 1s selected from an ethyvlene glycol chain, an alkyl chain, a peptide,
RNA, DNA, a phosphate, a phosphonate, a phosphoramidate, an ester, an amide, a triazole, and
combinations thereof, wherein formula (VI) optionally further comprises one or more branch
point B, and one or more spacer S, wherein B is independently for each occurrence a polyvalent
organic species or derivative thereof, S is independently for each occurrence selected from an
ethylene glycol chain, an alkyl chain, a peptide, RNA, DNA, a phosphate, a phosphonate, a
phosphoranudate, an ester, an amide, a triazole, and combinations thereof, each ¢NA,
independently, is a carrier nucleic acid comprising one or more chemical modifications; and n

i82,3,4,5,6,7o0r8

[0722] In one embodiment of the delivery system, L is an ethylene glycol chain. In
another embodiment of the delivery system, L s an alkyl chain. In another embodument of the
dehivery syster, L is a peptide. In another emnbodiment of the delivery system, L 1s RNA In
another embodiment of the delivery system, L is DNA. In another embodimnent of the delivery
systemy, L is a phosphate. In another embodiment of the delivery system, L is a phosphonate.
I another embodiment of the delivery system, L is a phosphoramidate. In another embodiment
of the delivery system, L is an ester. In another embodiment of the delivery svstem, L s an

amude. o another embodiment of the delivery system, L is a triazole.
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[0723] In one embodiment of the delivery system, S is an ethylene glycol chain. In
ancther embodiment, S is an alkyl chain. In another embodiment of the delivery system, $ is
a peptide. In another embodiment, S1s RNA. In another embodiment of the delivery system,
S is DNA. In ancther embodiment of the delivery system, 5 18 a phosphate. In another
embodiment of the delivery system, S 15 a phosphonate. In another embodiment of the delivery
system, § is a phosphoramidate. In another embodiment of the delivery system, S is an ester.

In another ernbodiment, S is an amide. In another embodiment, S 15 a triazole.

{07241  In one embodiment of the delivery system, niis 2. In another embodiment of
the delivery system, 1 is 3. In another embodiment of the delivery system, n is 4. In another
embodiment of the delivery system, n 15 S. In another embodiment of the delivery system, n i
6. In another embodiment of the delivery system, n is 7. In another embodiment of the delivery
system, nis &

{07251 In certain embodiments, each cNA comprises >93%, >90%, >85%, >80%,

/

>T75%, >70%, >65%, >60%, >55% or >50% chenucally-modified nucleotides.

[0726] In an embodiment, the compound of formula (V1) has a structure selected

from formulas {VI-1)-(V1-9} of Table 3.

Table 3
ANC e CNA ANC—S—L—S—cNA cNA
i
ANG—L—BbL—CNA
(Vi-1) (VI-2) (VI-3)
CNA AN cNA
L CNA oA ' G\S S
ANG e Lo Bl CNA $ 4 “Buwl B G CNA
‘ e G BB S CNA g
L ANe—S—B—L—B-5—cNA AN #
CNA chNA
(VI-4) {(VI-3) (VI-6)
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ofin AN oNA
Al 'J: : :
oNA eNA hah e " R
g o Bes-ow ANG-5-8 B-S-chiA
5 05 g 5
AN BBl B CNA Ae§-8-L- ‘BB
§ 4 Lo § %
; S B-Sch ANG-S--B "B-S-oNA
cNA  cNA ENA é é é
ik ENA ENA
(VI-7) {VI-8) (VI-9)

{0727}  In an embodiment, the compound of formula (VI) 18 the structure of formula
(VI-1). In an embodiment, the compound of formula (V1) is the structure of formula (VI-2). In
an ermbodiment, the compound of formula (V) s the structure of formula (VE3) In an
embodiment, the compound of formula (V1) is the structure of formula (VI-4). In an
embodiment, the compound of formula (V1) 18 the structure of formula (VI-S). In an
embodiment, the compound of formula (VI} is the structure of formula (VI-6) In an
embodiment, the compound of formula (VI} s the structure of formula (VI-7) In an
embodiment, the compound of formula (VI s the structure of formula (VI-8) In an

embodiment, the compound of formula (V1) is the structure of formula (VI-9).

{07281  Inan embodiruent, the coropound of formulas (VI) (including, e.g, formulas
(VI-1)-{VI-9}, each cNA mdependently comprises at least 15 contiguous nucleotides. In an

embodiment, each ¢cNA mdependently consists of chemically-modified nucleotides.

{07291 In an embodiment, the delivery systern further comprises n therapeutic nucleic
acids (NA}, wherein each NA comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of S8EQ 1D NQOs: 1-13, 292, and 295, as recited in Table 4-6.
In further embodiments, NA includes strands that are capable of targeting one or more of a
MAPT nucleic acid sequence selected from the group consisting of SEQ ID NQOs: 14-33, 299,
and 302, as recited in Tables 6-8

{07301 Also, each NA is hybridized to at least one cNA. In one embodiment, the
delivery system is comprised of 2 NAs. In another embodiment, the delivery system is
comprised of 3 NAs. In another embodiment, the delivery system is comprised of 4 NAs. In
another embodument, the delivery system is comprised of 5 NAs. In another embodiment, the
delivery aystem is comprised of 6 NAs. In another embodiment, the delivery system is

comprised of 7 NAs. In another embodiment, the delivery system 1s comprised of 8 NAs.
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{07311 In an embodiment, each NA mdependently comprises at least 15 contiguous
nucleotides. In an embodiment, each NA independently comprises 15-25 contiguous
nucleotides. In an embodiment, each NA mdependently comprises 15 contiguous nucleotides.
In an embodiment, cach NA independently comprises 16 contiguous nucleotides. In another
embodiment, each NA independently comprises 17 contiguous nucleotides.  In another
embodiment, each NA independently comprises 18 contiguous nuclectides. In another
embodiment, each NA independently comprises 19 contiguous wvucleotides.  In avother
embodiment, each NA independently comprises 20 contiguous nucleotides. In an embodiment,
each NA ndependently comprises 21 contiguous nucleotides. In an embodiment, each NA

2 contiguous nucleotides. In an embodiment, each NA

[N

independently comprises

Lod

independently comprises 23 contiguous nucleotides. In an embodiment, each NA
independently comprises 24 contiguous nucleotides.  In an embodiment, each NA

independently comprises 25 contiguous nucleotides.

[0732] 1o an embodiment, each NA comprises an unpaired overhang of at least 2
nucleotides. In another embodunent, each NA comprises an unpaired overhang of at least 3
nucleotides. In another embodiment, each NA comprises an unpaired overhang of at least 4
nuclectides. In another embodiment, each NA comprises an unpaired overhang of at least 5
nuclectides. In another embodiment, each NA comprises an unpaired overhang of at least 6
nucleotides. In an embodiment, the nuclectides of the overbang are connected via

phosphorothicate linkages.

[07331 In an embodiment, each NA, independently, is selected from the group
consisting of! DNAs, siRNAs, antagomiRs, miRNAs, gapmers, mixmers, or guide RNAs. In
one embaodiment, each NA, independently, is a DNA. In another embodiment, each NA,
independently, ts a siRNA. In another embodiment, each NA, independently, is an antagoniR.
in another embodiment, each NA, independently, is a miRNA. In another embodiment, each
NA, independently, is a gapmer. In another embodiment, each NA, indepeundently, is a mixmer.
In another ernbodiment, each NA, independently, 1s a guide RNA . In an ernbodiment, each NA
is the same. In an embodiment, each NA is not the same.

[0734] In an embodiment, the delivery system further comprising n therapeutic
nucleic acids (NA) has a structure selected from formulas (1), (D), (D, V), (V), (VI}, and
embodiments thereof described herein. In one embodiment, the delivery system has a structure
selected from formulas (1), (D), (IH), (IV), (V), (VI}, and embodiments thereof described herein

further comprising 2 therapeutic nucleic acids {(NA) In another embodiment, the delivery
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system has a structure selected from formulas (1), (11}, (i), V), (V), (VI), and embodiments
thereot described herein further comprising 3 therapeutic nucleic acids (NA) In one
embodiment, the delivery system has a structure selected from formulas (I), (L), (T, IV},
(V), {VD), and embodiments thereof described herein further comprising 4 therapeutic nucleic
acids {(NA}. In one embodiment, the debivery system has a structure selected from formulas (I},
{15y, (1D, (1Y), V), (VI), and embodiments thereof described herein further comprising §
therapeutic nucleic acids (NA). In one embodiment, the delivery system has a structure selected
from formulas (1), (If), (), (1Y), (V), (VI}, and embodiments thereof described herein further
comprising 6 therapeutic vucleic acids (NA) In ove embodiment, the delivery sysiem has a
structure selected from formulas (L), (1), 1), V), (V), (VID), and ervbodiments thereof
described herein further comprising 7 therapeutic nucleic acids (NA). In one embodiment, the
delivery system has a structure selected from formulas (1), (L), (1L, (AV), (V), (VI), and

embodiments thereof described herein further comprising 8 therapeutic nucleic acids (NA)

[0735] luvoneernbodiment, the delivery system has a structure selected trom formulas
{0, (L, (), (AV), (V) (VD) further comprising a linker of structure L1 or L2 wherein R is R?
and n 18 2. In another embodiment, the delivery system has a structure selected from formulas
(0, (), (1D, AV), (V), (VI), turther comprising a linker of structure L1 wherein RisR? and n
is 2. In another embodiment, the delivery system has a structure selected from formulas (I},

(), (4D, V), (V), (V1 further comprising a linker of structure 1.2 wherein R is R and n is

N2

[0736] In an embodiment of the delivery system, the target of delivery is selected
from the group consisting of: brain, liver, skin, kidney, spleen, pancreas, colon, fat, lung
nuscle, and thymus. In one embodiment, the target of delivery is the brain. In ancther
embodiment, the target of delivery is the striatum of the brain. In another embodiment, the
target of delivery is the cortex of the brain. In ancther embodiment, the target of delivery is the
striatum of the brain. Tn one embodiment, the target of delivery 15 the liver. In one embodiment,
the target of delivery is the skin. In one embodiment, the target of delivery 1s the kidney. In one
embodiment, the target of delivery 1s the spleen. In one embodiment, the target of delivery is
the pancreas. In one embodiment, the target of delivery is the colon. In one embodiment, the
target of delivery is the fat In one embodiment, the target of delivery is the lung. In one
embodiment, the target of delivery is the muscle. In one embodiment, the target of delivery 1s

the thymus. In one embodiment, the target of delivery is the spinal cord.
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{07371 Incertain embeodiments, compounds of the disclosure are characterized by the
following properties: (1} two or more branched oligonucleotides, ¢ ¢, wherein there is a non-
equal number of 37 and 57 ends; (2) substantially chemically stabilized, e g, wherein more than
40%, optimally 100%, of oligonucleotides are chemically moditied {(e.g, no RNA and
optionally no DNA); and (3) phoshorothicated single oligonucleotides containing at least 3,
phosphorothicated  bonds. In certain embodiments, the phoshorothicated single

oligonucleotides contain 4-20 phosphorothioated bonds.

{07381 It 13 to be undersiood that the methods described in this disclosure are not
himited to particular methods and experimental conditions disclosed herein; as such methods
and conditions may vary. It is also to be understood that the terminology used herein 15 for the

purpose of describing particular embodiments only, and is not intended to be limiting

[0739] Furthermore, the experiments described herein, unless otherwise indicated,
use conventional molecular and cellular biological and mmmunological techniques within the
skill of the art. Such technigues are well known to the skilled worker, and are explained fully
in the literature. See, e g, Ausubel, et al | ed,, Current Protocols in Molecular Biclogy, John
Wiley & Sons, Inc, NY (1987-2008), including all supplements, Molecular Cloning: A
Laboratory Manual (Fourth Editiony by MR Green and J. Sambrook and Harlow et al,
Antibodies: A Laboratory Manual, Chapter 14, Cold Spring Harbor Laboratory, Cold Spring

Harbor (2013, 2nd edition).

[0740] Branched ohgonucleotides, mchuding synthesis and methods of use, are

described in greater detail in W(Q2017/132669, incorporated herein by reference.

Methods of Introducing Nucleic Acids, Vectors and Host Cells

{07411 RNA silencing agents of the disclosure may be directly introduced into the
cell {e.g, a neural cell} {ie, intracellularly), or introduced extracellularly into a cavity,
interstitial space, into the circulation of an organism, introduced orally, or may be infroduced
by bathing a cell or organism in a solution comtaining the nucleic acid. Vascular or
extravascular circulation, the blood or lymph system, and the cerebrospinal fluid are sites where

the nucleic acid may be introduced.

[0742] The RNA silencing agents of the disclosure can be introduced using nucleic
acid delivery methods known in art including tnjection of a solution containing the nucleic

acid, bombardment by particles covered by the nucleic acid, soaking the cell or organism in a
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solution of the nucleic acid, or electroporation of cell membranes in the presence of the nucleic
acid. Other methods known in the art for introducing nucleic acids to cells may be used, such
as lipid-mediated carrier transport, chenmucal-mediated transport, and cationic liposoroe
transtection such as calcium phosphate, and the like. The nucleic acid may be introduced along
with other components that perform one or more of the following activities: enhance nucleic

acid uptake by the cell or other-wise increase inhibition of the target gene.

[07431 Physical methods of introducing nucleic acids include injection of a solution
containing the RNA, bowbardment by particles covered by the RNA, soaking the cell or
organisnt in a solution of the RNA| or electroporation of cell membranes i the presence of the
RNA. A wviral construct packaged into a viral particle would accomplish both efficient
introduction of an expression construct into the cell and transcription of RNA encoded by the
expression construct. (ther methods known tn the art for introducing nucleic acids to cells
may be used, such as lipid-mediated carrier transport, chemical-mediated transport, such as
calcium phosphate, and the like. Thus, the RNA may be introduced along with components
that perform one or more of the following activities: enbance RNA uptake by the cell, inhibut
annealing of single strands, stabilize the single strands, or other-wise increase inhibition of the

target gene.

{07441 RNA may be directly mtroduced mio the cell {ie, intracellularly}, or
introduced extracellularly nto a cavity, interstitial space, 1nto the circulation of an organism,
introduced orally, or may be introduced by bathing a cell or organism in a solution containing
the RNA.  Vascular or extravascular circulation, the blood or lymph system, and the

cerebrospinal fluid are sites where the RNA may be introduced.

[0745] 'The cell having the target gene may be from the germ line or somatic,
totipotent or pluripotent, dividing or von-dividing, parenchyma or epithelum, iromortalized or
transformed, or the like. The cell may be a stem cell or a differentiated cell. Cell types that
are differentiated include adipocytes, fibroblasts, myocytes, cardiomyocytes, endothelium,
neurcns, glia, blood cells, megakaryocytes, lymphocytes, macrophages, neutrophils,
eosinophils, basophils, mast cells, leukocytes, granulocytes, keratinocytes, chondrocyies,

ostechlasts, osteoclasts, hepatocytes, and cells of the endocrine or exocrine glands.

[0746] Depending on the particular target gene and the dose of double stranded RNA
material delivered, this process may provide partial or coroplete loss of function for the target

gene. A reduction or loss of gene expression in at least 50%, 60%, 70%, 80%, 90%, 95% or
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99% or more of targeted cells is exemplary. Inhibition of gene expression refers to the absence
{or observable decrease) in the level of protein and/or mRNA product from a target gene.
Specificity refers to the ability to inhibit the target gene without ranifest effects on other genes
of the cell. The consequences of mhibition can be confirmed by examination of the outward
properties of the cell or organism {(as presented below in the examples) or by biochemical
techniques such as RNA sohation hybridization, nuclease protection, Northern hybridization,
reverse franscription, gene expression monitoring with a microarray, antibody binding, Enzyroe
Linked ImmunoSorbent Assay (ELISA), Western blotting, RadiolmmunoAssay (R1A), other

immunoassays, and Fluorescence Activated Cell Sorting (FACS).

[0747] For RNA-mediated inhibition m a cell line or whole organism, gene
expression is conveniently assayed by use of a reporter or drug resistance gene whose protein
product is easily assayed. Such reporter genes include acetohydroxyacid synthase (AHAS]),
alkaline phosphatase (AP), beta galactosidase (LacZ), beta glucoronidase (GUS),
chlorarophenicol acetyltransferase (CAT), green fluorescent protein {GFP), horseradish
peroxidase (HRP), luciferase (Luc), nopaline synthase (NOS), octopine synthase (OCS), and
dertvatives thereof.  Multiple selectable markers are available that confer resistance o
ampicitlin, bleomycin, chloramphenicol, gentarnycin, hygromycin, kanamycin, lincomyein,
methotrexate, phosphinothricin, puromycin, and tetracyclin.  Depending on the assay,
quantitation of the amount of gene expression allows one to determine a degree of inhibition
which 1s greater than 10%, 33%, 50%, 90%, 95% or 99% as compared to a cell not treated
according to the present disclosure. Lower doses of injected material and longer times after
adnunistration of RNA1 agent may result in inhibition n a smaller fraction of cells {e. g, at least
10%, 20%, S0%, 75%, 90%, or 95% of targeted cells). Quantization of gene expression in a
cell may show similar amounts of inhibition at the level of accumulation of target mRNA or
translation of target protein. As an example, the efficiency of inhibition may be determined by
assessing the amount of gene product in the cell, mRNA may be detected with a hybridization
probe having a nucleotide sequence outside the region used for the inhibitory double-stranded
RNA, or translated polypeptide may be detected with an antibody raised agamnst the

polypeptide sequence of that region.

{07481 'The RNA may be miroduced in an amount which allows delivery of at least
one copy per cell. Higher doses {e.g., at least 5, 10, 100, 500 or 1000 copies per cell} of material

may yield more effective inhibition; lower doses may also be useful for specific apphcations.
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[0749] In an exemplary aspect, the efficacy of an RNA1 agent of the disclosure (e g,
an siRNA targeting an MAFT target sequence} 1s tested for is ability to specifically degrade
mutant mRNA (e.g, MAPT mRNA aund/or the production of MAPT protein) 1o cells, such as
cells i the central nervous system. In certain embodiments, cells in the central nervous system
include, but are not limited to, neurons {(e.g, striatal or cortical neuronal clonal lines and/or
primary neurons), glial cells, and astrocytes. Also suitable for ceill-based validation assays are
other readly transfectable cells, for example, Hel.a cells or COS cells. Cells are transfected
with human wild type or mutant ¢cDNAs {e.g, human wild type or mutant MALT cDNA).
Standard siRNA, modified siRNA or vectors able to produce siRNA from U-looped mRNA
are co-transfected. Selective reduction in target mRNA (e g, MAFPT mRNA) and/or target
protein {e.g, MAPT protein} is measured. Reduction of target mRNA or protein can be
compared to levels of target mRNA or protein in the absence of an RNAI agent or in the
presence of an RNAI agent that does not target MAPT7 mRNA.  Exogenously-introduced
mRNA or protein {or endogencus mRNA or protein} can be assayed for comparison purposes.
When utilizing seuronal cells, which are known to be somewhat resistant to standard
transfection techniques, it may be desirable to introduce RNA1 agents (e.g., siRNAs) by passive

uptake.

Recombinant Adeno-Associgted Viruses and YVectors

[0750] In certain exemplary embodiments, recombinant adeno-associated viruses
{rAAVs) and their associated vectors can be used to deliver one or more siRNAs into celis,
e.g., neural cells {e.g, brain cells). AAV is able to infect many different cell types, although
the infection efficiency varies based upon serotype, which 1s determined by the sequence of the
capsid protein. Several native AAV serotypes have been identified, with serotypes 1-9 being
the most commonly used for recombinant AAY. AAV-Z is the most well-studied and
published serotype. The AAV-DJ systern includes serotypes AAV-DJ and AAV-DI/3. These
serotypes were created through DNA shuffling of multiple AAV serotypes to produce AAY
with hybrid capsids that have improved transduction efficiencies in vitro (AAV-DJ) and in vive

(AAV-3J/8) in a variety of cells and tissues.

[0751] In certain embodiments, widespread central nervous system (CNS) delivery
can be achieved by intravascular delivery of recombinant adenc-associated virus 7 (rAAVT),

RAAVY and rAAV10, or other suttable rAA Vs (Zhang et al. (2011} Mol Ther. 19(8):1440-8.
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dot: 10.1038/mt.2011.98. Epub 2011 May 24). rAAVs and their associated vectors are well-
known in the art and are described in US Patent Applications 2014/0296486, 2010/0186103,
2008/0269149, 2006/0078542 and 2005/0220766, each of which is incorporated herein by

reference in its entirety for all purposes.

{07521 rAAVs may be delivered to a subject in compositions according to any
approptiate methods known in the art. An rAAV can be suspended in a physiclogically
compatible carrier (1.e., in a composition), and may be administered to a subject, 1.¢, a host
animal, such as a human, mouse, rat, cat, dog, sheep, rabbit, horse, cow, goat, pig, guinea pig,
hamster, chicken, turkey, a non-human primate {c.g, Macague) or the like. In certain

embodiments, a host animal is a non-human host anmimal.

{07531 Delivery of one or more rAA VS to a mammalian subject may be performed,
for example, by intraruscular injection or by admivnistration into the bloodstream of the
mammalian subject. Administration into the bloodstream may be by injection into a vein, an
artery, or any other vascular conduit. In certain embodiments, one or more TAAVs are
adnunistered into the bloodstream by way of 1solated limb perfusion, a technique well known
in the surgical arts, the method essentially enabling the artisan to isolate a limb from the
systemic circulation prior to administration of the rAA YV virions. A variant of the isolated imb
perfusion technique, described in U.S. Pat. No. 6,177,403, can also be employed by the skilled
artisan to adomunister virions into the vasculature of an isolated limb to potentially enhance
transduction into muscle cells or tissue. Moreover, 1n certain instances, it may be desirable to
deliver virions to the central nervous system {(CNS) of a subject. By “CNS” 13 meant all cells
and tissue of the brain and spinal cord of a vertebrate. Thus, the term includes, but is not limited
to, neuronal cells, glial cells astrocytes, cerebrospinal fluid (CSF), interstitial spaces, bone,
cartilage and the like. Recombinant AAVs may be delivered directly to the CNS or brain by
injection into, e g, the ventricular region, as well as to the striatum {e.g, the caudate nucleus
or putamen of the striatum), spinal cord and neuromuscular junction, or cerebellar lobule, with
a needle, catheter or related device, using neurosurgical technigues known 1n the art, such as
by stereotactic injection (see, e.g, Stein et al, J Virol 73:3424-3425, 1999, Davidson et al,,
PNAS 97:3428-3432, 2000; Davidson et al, Nat. Genet. 3:219-223, 1993; and Alisky and

Davidson, Hum. Gene Ther, 11:2315-2329, 2000},

[0754] The compositions of the disclosure may comprise an rAAYVY alone, or in

combination with one or more other viruses {e. g, a second rAAV encoding having one or more
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different transgenes). In certain embodiments, a composition comprises 1, 2,3, 4,5, 6, 7,8, 9,

10 or more different rAA Vs each having one or more different transgenes.

[07551 An effective amount of an rAAV s an amount sutficient to target infect an
animal, target a desired tissue. In some embodiments, an effective amount of an rAAV is an
amount sufficient to produce a stable somatic transgenic animal model. The effective amount
will depend primarily on factors such as the species, age, weight, health of the subject, and the
tissue to be targeted, and may thus vary among animal and tissue. For example, an effective
amouut of one or more tAAVs 13 generally in the range of from about 1 mld to about 100 ml of
solution containing from about 10° to 10' genome copies. In some cases, a dosage between
about 10H 1o 101 rAAV genome copies is appropriate. In certain embodiments, 1012 rtAAV
genome copies is effective to target heart, liver, and pancreas tissues. In some cases, stable

transgenic animals are produced by multiple doses of an tAA V.

{07561 In some embodiments, rAAV compositions are formulated to reduce
aggregation of AAV particies in the composition, particularly where high rAAY concentrations
are present {e.g , about 10 genome copies/mL or more). Methods for reducing aggregation
of tAAVs are well known in the art and, include, for example, addition of surfactants, pH
adpustment, salt concentration adjustment, etc. (See, eg, Wright et al. (2005) Molecular

Therapy 12:171-178, the contents of which are mcorporated herein by reference.)

{07571 “Recombinant AAV (rAAV) vectors” comprise, at a minimum, a fransgene
and its regulatory sequences, and 5" and 3' AAV inverted terminal repeats (ITRs). It is this
recombinant AAY vector which is packaged into a capsid protein and delivered to a selected
target cell. In some embodiments, the transgene is a nucleic acid sequence, heterologous to the
vector sequences, which encodes a polypeptide, protemn, functional RNA molecule (e.g,
siRNA) or other gene product, of interest. The nucleic acid coding sequence is operatively
finked to regulatory components in 8 manner which permits transgene transcription, translation,

and/or expression in a cell of a target tissue.

{07581 'The AAY sequences of the vector typically comprise the cis-acting 5" and 3'
inverted terminal repeat (ITR} sequences (See, eg, B. I Carter, in "Handbook of
Parvoviruses”, ed., P. Tisser, CRC Press, pp. 155 168 {1990)). The I'TR sequences are usually
about 145 basepairs in length. In certain embodiments, substantially the entire sequences
encoding the I'TRs are used in the molecule, although some degree of minor modification of

these sequences is permissible. The ability to modity these TR sequences is within the skill
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of the art. (See, e.g., texts such as Sambrook et al, "Molecular Cloning. A Laboratory Manual”,
2d ed, Cold Spring Harbor Laboratory, New York (1989); and K. Fisher et al | J Virol,, 70:520
532 {19963, An example of such a molecule employed in the present disclosure is a “cis-
acting” plasmud containing the transgene, in which the selected transgene sequence and
associated regulatory elements are flanked by the 5" and 3' AAV ITR sequences. The AAV
{TR sequences may be obtained from any known AAV, including mammalian AAV types

described further herein,

VI Methods of Treatment

[0759] In one aspect, the present disclosure provides for both prophylactic and
therapeutic methods of treating a subject at risk of {or susceptible to) developing insoluble
aggregates in the brain comprising tau protein. In one embodiment, the disease or disorder is
such that MAPT levels in the central nervous system (CNS) have been found to be predictive
of neurcdegeneration progression. In another embodiment, the disease or disorder is a
proteopathy characterized by the aggregation of misfolded proteins. In a certain embodiment,
the disease or disorder one in which reduction of MAPT in the NS reduces clinical
manifesiations seen in neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s
disease, or Huntington’s disease.

{07601 "Treatment" or "treating" as used herein, is defined as the application or
admunistration of a therapeutic agent {e.g., a RNA agent or vector or transgene encoding same)
to a patient, or application or administration of a therapeutic agent to an isolated tissue or cell
fine from a patient, who has the disease or disorder, a symptom of disease or disorder or a
predisposttion toward a disease or disorder, with the purpose to cure, heal, alleviate, rehieve,
alter, remedy, amehiorate, improve or affect the disease or disorder, the symptoms of the disease

or disorder, ot the predisposition toward disease.

[0761] In one aspect, the disclosure provides a method for preventing in a subject, a
disease or disorder as described above, by administering to the subject a therapeutic agent {e.g.,
an RNA1L agent or vector or transgene encoding same). Subjects at risk for the disease can be
identified by, for example, any or a combination of diagnostic or prognostic assays as described
herein. Administration of a prophylactic agent can occur prior to the manifestation of
symptoms characteristic of the disease or disorder, such that the disease or disorder is prevented

or, alternatively, delayed in tts progression.
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[0762] Another aspect of the disclosure pertains fo methods treating subjects
therapeutically, 1e., alter onset of symptoms of the disease or disorder. In an exemplary
embodiment, the modulatory method of the disclosure involves contacting a CNS cell
expressing MAF T with a therapeutic agent {e.g., a RNA1 agent or vector or transgene encoding
same} that 1s specific for a target sequence within the gene {e.g, M4PT target sequences of
Tabiles 4-6), such that sequence specific interference with the gene is achieved. These methods
cau be performed in vitro (e.g., by culturing the cell with the agent) or, alternatively, in vivo

e.g., by adminisiering the agent to a subject}.
£, V) 2 & e

X Pharmaceutical Compositions and Methods of Administration

[0763] The disclosure pertains to uses of the above-described agents for prophylactic
and/or therapeutic treatments as described infra. Accordingly, the modulators (e.g, RNA:
agents) of the present disclosure can be incorporated mnto pharmaceutical compositions suttable
for administration. Such compositions typically comprise the nucleic acid molecule, protein,
antibody, or modulatory compound and a pharmaceutically acceptable carrier. Asused herein
the language "pharmaceutically acceptable carrier” is intended to include any and ali solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agenis, and the like, compatible with pharmaceutical administration. The use of such
media and agents for pharmaceutically active substances is well known in the art. Except
imsofar as any conventional media or agent s incompatible with the active compound, use
thereof in the compositions is contemplated. Supplementary active compounds can also be

incorporated into the compositions.

{0764] A pharroacentical composition of the disclosure is formulated to be
compatible with its intended route of adnunistration. Exaraples of routes of administration
include parenteral, e g, intravenous, intradermal, subcutaneous, intraperitoneal, intramuscular,
oral (e.g, inhalation), transdermal (topical), and transmucosal administration. In certain
exemplary embodiments, the pharmaceutical composition of the disclosure is adminsitered
intravencusly and is capable of crossing the blood brain barrier to enter the central nervous
systemn. In certain exemplary embodiruents, a pharmaceutical composition of the disclosure 13
debivered to the cerebrospinal fluid (CSF) by a route of adrministration that includes, but 1s not
hmited to, mtrastriatal {IS) administration, intracerebroventricular (ICV) adnunistration and

intrathecal (IT) administration {e.g., via a pump, an infusion or the like}.
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[0765] The nucleic acid molecules of the disclosure can be inserted into expression
constructs, ¢.g., viral vectors, retroviral vectors, expression cassettes, or plasmid viral vectors,
e.g., using methods known 1 the art, inchuding but not himited to those described 1o Xaa et al |
(2002), Supra. Expression constructs can be delivered to a subject by, tor example, inhalation,
orally, intravenous injection, local administration (see U.S. Pat. No. 5,328,470) or by
sterectactic injection (see e.g., Chen et al. (1994}, Proc. Natl. Acad. Sci. USA, 91, 3054-3057).
The pharmaceutical preparation of the delivery vector can include the vector in an acceptable
diluent, or can comprise a slow release matrix in which the delivery vehicle ts imbedded.
Alternatively, where the complete delivery vector can be produced intact from recornbinant
cells, e g, retroviral vectors, the pharmaceutical preparation can include one or more cells

which produce the gene delivery system

{07661 'The nucleic acid molecules of the disclosure can also inchude small hairpin
RNAs (shRNAs}, and expression constructs engineered to express shRNAs. Transcription of
shRNAs 1s initiated at a polymerase I (pol I} promoter, and is thought to be terminated at
position 2 of a 4-S-thymiune transcription termination site. Upon expression, shRNAs are
thought to fold into a stem-loop structure with 3' UU-overhangs; subsequently, the ends of
these shRINAs are processed, converting the shRNAs into siRNA-like melecules of about 21
nuclectides. Brummelkamp et al. (2002), Science, 296, 550-553; Lee et al, (2002} supra;

Mivagisht and Taira {2002), Nature Biotechnol., 20, 497-500; Paddison et al. (2002}, supra,

Paul (2002}, supra; Sw (2002} supra; Yu et al. (2002), supra.

[0767] The expression constructs may be any construct suitable for use in the
appropriate expression system and include, but are not himited to retroviral vectors, linear
expression cassettes, plasmids and viral or virally-derived vectors, as known in the art. Such
expression constructs may include one or more inducible promoters, RNA Pol I promoter
systems such as U6 snRNA promoters or Hl RNA polymerase I promoters, or other
promoters known in the art. The constructs can include one or both strands of the siRNA.
Expression constructs expressing both strands can also include loop structures hinking both
strands, or each strand can be separately transcribed from separate promoters within the same
construct. Each strand can also be transcribed from a separate expression construct, Tuschi

(2002), Supra.

{07681 In certain embodiments, a composition that includes a compound of the
disclosure can be delivered to the nervous syster of a subject by a variety of routes. Exemplary

routes 1nclude intrathecal, parenchymal (e.g, in the brain), nasal, and ocular delivery. The
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composition can also be delivered systemically, e.g, by intravenous, subcutaneous or
mtramuscular injection. One route of delivery 1s directly to the brain, e g, into the ventricles
or the hypothalarmus of the braiv, or into the lateral or dorsal areas of the brain. The compounds
for neural cell delivery can be mmcorporated mto pharmaceutical compositions suitable for

administration.

[0769] Forexample, compositions can include one or more species of a compound of
the disclosure and a pharmaceutically acceptable carrier. The pharmaceutical compositions of
the present disclosure may be admimstered 1o a number of ways depending upon whether local
or systemic treatment is desired and upon the area to be treated.  Adnunistration may be topical
(including ophthalmic, intranasal, transdermal), oral or parenteral. Parenteral administration
includes intravenous drip, subcutaneous, intraperitoneal or intramuscular injection, intrathecal,
or iantraventricular {(e.g, intracercbroventricular) administration. In certain exemplary
embodiments, a compound of the disclosure is delivered across the Blood-Brain-Barrier (BBB)

sutng a variety of suttable compositions and methods described herein.

[0770] The route of delivery can be dependent on the disorder of the patient. For
example, a subject diagnosed with a neurcdegenerative disease can be administered an anti-
MAPT compoun of the disclosure directly into the brain (e g, into the globus pallidus or the
corpus striatum of the basal ganglia, and near the medium spiny neurcns of the corpus
striatum}. In addition to a compound of the disclosure, a patient can be administered a second
therapy, e.g., a palliative therapy and/or disease-specific therapy. The secondary therapy can
be, for example, symptomatic {e.g, for alleviating symptoms), neuroprotective {e.g, for
slowing or halting disease progression), or restorative (e.g., for reversing the disease process).
Other therapies can include psychotherapy, physiotherapy, speech therapy, communicative and

memory aids, social support services, and dietary advice,

{07711 A compound of the disclosure can be delivered to neural cells of the brain. In
certain embodiments, the compounds of the disclosure may be delivered to the brain without
direct adminsitration to the central nervous sysytem, 1.e., the compounds may be delivered
intravencusly and cross the blood brain barrier to enter ther brain. Delivery methods that do
not require passage of the composition across the blood-brain barrier can be utilized. For
example, a pharmaceutical composition containing a compound of the disclosure can be
delivered to the patient by injection directly into the area containing the disease-affected cells.
For example, the pharmaceutical compoesition can be delivered by injection directly into the

brain. The mjection can be by stereotactic injection nto a particular region of the brain {e g,
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the substantia nigra, cortex, hippocampus, striatum, or globus pallidus). The compound canbe
delivered into multiple regions of the central nervous system {e.g , into multiple regions of the
brain, and/or into the spinal cord). The compound can be delivered into diffuse regions of the

brain (e.g., diftuse delivery to the cortex of the brain}.

{07721 In one embodiment, the compound can be delivered by way of a cannula or
other delivery device having one end implanted in a tissue, ¢.g, the brain, e.g., the substantia
nigra, cortex, hippocampus, striatum or globus pallidus of the brain. The cannula can be
connected to a reservoir containing the compound. The flow or delivery can be wediated by a
pump, €.g, an osmotic pump or mimpump, such as an Alzet pump (Durect, Cupertino, CA).
In one embodiment, a pump and reservoir are implanted in an area distant from the tissue, ¢.g.,
in the abdomen, and delivery 1s effected by a conduit leading from the pump or reservoir to the
site of release. Devices for delivery to the brain are described, for example, in U.S. Pat. Nos,

6,093,180, and 5,814,014,

{07731 It will be readily apparent to those skilled in the art that other suitable
modifications and adaptations of the methods described herein may be made using suitable
equivalents without departing from the scope of the embodiments disclosed herein. Having
now described certain embodiments in detail, the same will be more clearly understood by
reference to the following example, which 13 included for purposes of tllustration only and is

not intended to be liniting

EXAMPLES
Example 1. In vigro identification of MAPT targeting sequences

[0774] The MAPT gene was used as a target for mRNA knockdown. A panel of
siRNAs targeting several different seguences of the human and mouse AMAPT mRNA was
developed and screened in SH-SYSY human neuroblastoma cells A349 in vifro and compared
to untreated coutrol cells. SIRNAs were designed to target the open reading frame (ORF) and
3" untranslated region (3’UTR). The siRNAs were each tested at a concentration of 1.5 uM
aund the mRNA was evaluated with the QuantiGene gene expression assay ( ThermoFisher,
Waltham, MA) at the 72 hours timepoint. FEG. 1 reports the results of the screen against human

MAPT mRNA and FIG. 2 reports the results of the screen of human and mouse targeting

siRNAs in SH-SYSY human neuroblastoma cells.
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[0775] Table 4 and Table 6 below recites the human MAPT target sequences that
demonstrated reduced MAPT mRINA expression relative to % untreated control. Table S below
recites the cross-species and mouse MAP T target sequences that demoustrated reduced MAFT
mRMNA expression relative to % untreated control. The cross-species targets are found i both
the human and mouse MAF T mRNA and may be useful in comparative in vive studies. Overall,
of the panel of siRNA target sites tested, 13 were identified that yielded potent and efficacious
stlencing of MAPT mRNA relative to % untreated control (Tables 4-6) Table 7 and Table §
below recites the antisense and sense strands of the 12 siRNAs that resulied in potent and
efficacious silencing of MAF T mRNA. The active chemical scaffolds of the compounds recited
in Table 8 are shown in Table 8. The antisense strands contain a §7 uracil to enhance loading
mto RISC. In certain instances, the corresponding complementary adenosine in the MAPT
target is not present, leading to a 57 mismatch between the antisense strand and target. As
shown in the data of FIG. 1, FIG. 2, and FIG. 4, this did not negatively impact silencing
efficacy. Furthermore, several of the antisense strands contain a 37 end mismatch with the
MAPT target to further enhance RISC loading, which also did not negatively impact silencing
efficacy. Table 8 below recites additional antisense and sense strands, wherein the sense
strands are either asymmetric, or blunt type. FEG. 4 summarizes the results obtained for each
of the siRNA’s evaluated with six different scaffolds (see FIG, 3 for a graphic depiction of the
various chemical scaffold): P3 blunt scaffold (FIG. 4A), P3 blunt plus mismatches at positions
10 and 11 on the sense strand scaffold (FIG. 4B}, P3 asynuunetric scaftold (FIG. 4C), P3
asymmetric plus ribose sense strand scaffold (FIG. 413}, OMe rich asymmetric scaffold (FIG.
4E) and OMe rich asymmetric plus ribose sense strand scaffold (FIG. 4F) FIG. SA-5C depict
the concentrations responses for the MAPT 357, MAPT 2257 and MAPT 2378 sequences with
the indicated chemical modifications. Fable 10 lists AMAPT mRNA sequences recited in
additional erobodiments. Table 11 lists AMAF T targets wdentified by in sifico screeming that are

candidates for development of novel siRNAs,

Table 4 — Human MAP 7 mRNA targets sequences

Sequence [D45mer Gene Region
GTGACCTCCAAGTOGTGOGCTCATTAGGCAACATCCATCATAAACCA
MAPT 1971{SEQ ID NO: 1)
ACCAGGAGGTGOCCAGGTGGAAGTAAAATCTGAGAAGUTTGACTT
MAPT 20124SEQ 1D NO: 2)
TGACTTCAAGGACAGAGTCCAGTCGAAGATTGOGGTCCCTGGACAA
MAPT ZOSTYSEQ ID NO: 3)
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Table § - Cross-species and mouse AMAPT mRNA targets sequences.

Sequence ID

45mer Gene Region

MAPT 2005

ATCATAAACCAGGAGGTGGCCAGGTGGAAGTAAAATC TGAGAAGC
(SEQ TD NO: 4)

MAPT 2007

CATAAACCAGGAGGTGGCCAGGTGGAAGTAAAATC TGAGAAGCTT
(SEQ 1D NO: 5)

MAPT 2034

GTAAAATCTGAGAAGC TTGACTTCAAGGACAGAGTCCAGTCGAAG
(SEQ ID NO: 6)

Table 6 -MAPT mRNA sequences — additional embodiments

Sequence
1)

4Smer Gene Region

MAPT 357

AGTTCGAAGTGATGGAAGATCACGC TGGGACGTACGGGTTGGGGG
(SEQ 1D NO: 7)

MAPT 2257

TGTGCAAATAGTCTAC AAACCAGTTGACCTGAGCAAGGTGACCTC
(SEQ ID NO- 8)

MAPT 2378

TTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCC TGGACA ATATC
(SEQ ID NO- 9)

MAPT 2417

AATATCACCCACGTCCCTGGUGGAGGAAATAAAAAGATTGAAACC
(SEQ 1D NG 10)

MAPT 2666

TGATCAGGCCCCTOGOGUGGTCAATAATTGTGGAGAGGAGAGAAT
(SEQ D NO: 1)

MAPT 4518

CTGTTGAGTTGTAGTIGGATTTGTC TGTTTATGCTTGGATTCACC
(SEQ ID NO: 12)

MAPT 6750

GTATTGTOGTGTTTTAACAAATGATTTACACTGACTGTTGCTGTAA

(SEQ [D NO: 13)

Table 7 — MAPT antisense and sense strand siRNA sequences used n screens of FIG. 1 and

FIG. 2.
Antisense Sequence Sense Sequence
Sequence ID (33"} (3°-3}

MAPT 1971

UGGAUGUUGCCUAAUGAGCC
{(SEQ 1D NO: 34)

AUUAGGCAACAUCCA
(SEQ 1D NO: 14)

MAPT 2012

UCUCAGAUUUUACUUCCACC
SEQ ID NO: 35)

AAGUAAAAUCUGAGA
(SEQ 1D NO: 15)

UCCCAAUCUUCGACUGGACU AGUCGAAGAUUGGGA

MAPT 2051 (SEQ ID NO: 36) (SEQ ID NO: 16)
UUUUACULCCACCUGGCCACCICAGGUGGAAGUAAAA
MAPT 2005 (SEQ 1D NO: 37) (SEQ ID NO: 17)

MAPT 2007

UAUUUUACUUCCACCUGGCC
(SEQ ID NO: 38)

GGUGGAAGUAAAAUA
(SEQ ID NO: 18)

MAPT 2034

UCUCUGUCCUUGAAGUCAAG ICUUCAAGGACAGAGA
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(SEQ 1D NO: 39)

(SEQ OID NO: 19)

Table 8 - MAP7T antisense and sense strand siRNA sequences used in screens of FIG. 4.

=equence 1D

Antisense Sequence
(5°-3")

Sense Sequence
{Asymmetric)

(5:3)

Sense Sequence (Blunt}
(5°-3)

MAPT 357

UUACGUCCCAGCGU
GAUCUU
{(SEC 1D NO-» 40)

CACGCUGGGACG
UAA
{(SEQ 1D NO: 20}

AAGAUCACGCUGGGAC
GUAA
{(SEQIDNGO: 21)

MAPT 2257

UGUUCAGGUCAACH
GGUUUG
(SEQ ID NO: 413

CAGUUGACCUGA
GCA
(SEQ 1D NO: 22)

CAAACCAGUUGACCUG
AGCA
(SEQ 1D NO: 23)

MAPT 2378

UGGGACCCAAUCUU
CGACUG
(SEQ ID NO: 42)

GAAGAUUGGGUC
CCA
(SEQ 1D NO: 24)

CAGUCGAAGAUUGGGU
CCCA
(SEQ 1D NO: 25)

{(SEQ 1D NO-: 45)

(SEQ 1D NO: 30)

MAPT 2417 JUUUUUAUUUCCUCC [CGGAGGAAAUAA ICCUGGCGGAGGAAAUA
GCCAGG AAA AAAA
(SEQ 1D NO: 43) (SEQIDNO. 26)  KSEQ IDNO: 27)

MAPT 2666 JUUCCACAAUUAUUG JUCAAUAAUUGUG IGGCGGUCAAUAAUUGU
ACCGCC GAA GGAA
(SEQ ID NO: 44) (SEQ ID NO:28)  ¥SEQ 1D NO: 29)

MAPT 4518 JUGCAUAAACAGACA UUGUCUGUUUAU UGGAUUUGUCUGUUUA
AAUCCA GCA UGCA

(SEQ IDNO: 31)

MAPT 6750

UGUCAGUGUAAAUC
AUUUGU
(SEQ ID NO: 46)

UGAUUUACACUG
ACA
(SEQ ID NO: 32

ACAAAUGAUUUACACU
GACA
(SEQ 1D NO: 33)

* miRNA hit

Table 9 — Active chemical scaffolds of the antisense and sense sequences of Table 8.

sequence 1D

Active Chemieal Seaffolds

MAPT 357

P3 Blunt, P3 Asymmetric; P3 Asymmetric + Ribose and OMe Rich
Asymmetric + Ribose formulations contained small amounts of duplex

MAPT 2257

P3 Blunt, P3 Asymmetric, P3 Asymmetric + Ribose

MAPT 2378

P3 Blunt, P3 Blunt + Mismatches, P3 Asymmetric, P3 Asymmetric + Ribose;
2 2 o 3 SI
P3 Asymmetric + Ribose formulation contained small amount of duplex

NMAPT 2417

P3 Asymimetric

MAPT 2666

P3 Asymioetric

MAPT 4518

P3 Asymimetric + Ribose

MAPT 6750

P3 Asymmetric
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Segue | Locati | 45mer Gene Region Target Sequence
nce I | on
MAPT | SUTR | GAGGGTGACACGGACGCTGGCCTGAAAGAAT | GCUGGCCUGAAAGAAUC
120 CTCCCCTGCAGACC (REQ ID NO: 47 UCC (SEQ ID NO: 104)
MAPT | SUTR | TGATGUTAAGAGCACTCCAACAGCGGAAGATG | UCCAACAGCGGAAGAUG
206 TGACAGCACCCTT (SEG ID NO: 48) UGA (SEQ D NG 105
MAPT | SUTR | TCCAACAGCGGAAGATGTGACAGCACCCTTAG | UGUGACAGCACCCUUAG
221 TGGATGAGGGAGC (SEQ ID NO: 49 UGG (SEQ 1D NO: 106)
MAPT | ORF AAGGGCAGGATGCCCCCCTGGAGTTCACGTTT | CCCUGGAGUUCACGULUC
892 CACGTGGAAATCA (SEQ D NO: 30) AC (SEG D NG: 107)
MAPT | ORF CACTCGGAGGAGCATTTGGGAAGGGCTGCATT | UUGGGAAGGGCUGCAUU
963 TCCAGGGGCCCCT (SEQ ID NO: 51 UCC (SEQ ID NO: 108)
MAPT | ORF AGCCCOTCAGCCOGOTCCCTCAACTCAAAGCTY | UCCCUCAACUCAAAGCUC
111 COCATGGTCAGTA (SEQ ID NO: 532) GC (SEQ 1D NO. 109
MAPT | ORF CGATGACAAAAAAGCCAAGACATCCACACGTT | CAAGACAUCCACACGUUC
1178 CCTCTGCTAAAAC (SEQ ID NO: 53) CU(SEQ ID NO: 11D
MAPT | ORF GCACCAGCCGGGAGOUGGGAAGOTGCAGATA | COGGAAGGUGCAGAUAA
1820 ATTAATAAGAAGCT (SEQ 1D NG 54) UUAGREQIDNG: 111)
MAPT | ORF GYGACCTCCAAGTGTGGCTICATTAGGCAACAT | GGCUCAUUAGGCAACAY
1971 CCATCATAAACCA (SEQ ID NO: D CCA (SEQID NG 112y
MAPT | ORF TCGACTTCAAGGACAGAGTCCAGTCGAAGATTG | AGUCCAGUCGAAGAUUG
2051 GGTCCCTGGACAA (SEQ ID NG 3) GGU (SEQID NG 113)
MAPT | ORF TCCTCCACCGGCAGCATCGACATGGTAGACTC | AUCGACAUGGUAGACUC
253 GCCCCAGCTCGUC (SEG 1D N 53) GCC (SEQ D NO: 114
MAPT | ORF ACCAGGAGGTGGCCAGGTGGAAGTAAAATCT GGUGGAAGUAAAAUCUG
2012 GAGAAGCTTGACTT (SEQ ID NO: 2) AGA (SEQID NG 115
MAPT | ORF AAACACGTCOCGGGAGGCGGCAGTGTGCAAAT | GGCGGCAGUGUGCAAAU
1911 AGTCTACAAACCA (SEQ I3 NO: 56) AGU (SEQ ID NO: 116)
MAPT | ORF GTAAAATCTGAGAAGCTTGACTTCAAGGACAG | CUUGACUUCAAGGACAG
2034 AGTCCAGTCGAAG (SEQ ID NO: 6y AGU(SEQIDNG: 117
MAPT | ORF ATAATTAATAAGAAGCTGGATCTTAGCAACGT | CUGGAUCUUAGCAACGY
1848 CCAGTCCAAGTGT (SEQ D NG: 57y CCA(SEGQ ID NO: 118)
MAPT | ORF CACGTCCCGGGAGGUGGCAGTGTGCAAATAGT | GGCAGUGUGCAAATAGU
1914 CTACAAACCAGTT (SEQ ID NG: 538) CUA (SEQID NO I
MAPT | ORF AGGCGGGAAGGTGCAGATAATTAATAAGAAG | GAUAAUUAAUAAGAAGC
1832 CTGGATCTTAGCAA (SEQ ID NG 59 UGG (SEQ D NO: 1203
MAPT | ORF GAAGGTGCAGATAATTAATAAGAAGCTGGATC | UAAUAAGAAGCUGGAUC
1838 TTAGCAACGTCCA (SEQ 1D NO: 60 UUAGEQIDNG: 12D
MAPT | ORF ATCATAAACCAGGAGGTGGCCAGGTGGAAGT GUGGCCAGGUGGAAGUA
2003 AAAATCTGAGAAGC (SEQ I NG 4 AAA(SEQID NG 122)
MAPT | ORF AAGTGTGGCTCAAAGGATAATATCAAACACGT | GAUAAUAUCAAACACGU
1887 CCCGGGAGGCGGE (SEQ ID NO: 61 CCC (SEQ ID NG 123
MAPT | ORF CATAAACCAGGAGGTGOCCAGGTGOAAGTAA | GGCCAGGUGGAAGUAAA
2007 AATCTGAGAAGCTT (REQ ID NO: ) AUC (SEQ ID NG 124)
MAPT | ORF GGCGGGAAGGTGCAGATAATTAATAAGAAGC | AUAAUUDAAUAAGAAGCU
1833 TGGATCTTAGCAAC (SEQ ID NG 62) GGA (SEQ D NO: 125)
MAPT | ORF AGTTGACCTCAGCAAGGTGACCTCCAAGTGTG | GOQUGACCUCCAAGUGUG
1955 GCTCATTAGGCAA (SEQ ID NO: 63) GCU (SEQ ID NO: 126)
MAPT | ORF AGTTCGAAGTGATGGAAGATCACGUTGGGACG | AAGAUCACGCUGGGACG
357 TACGGGTTGGGGG (SEQ ID NOLT) UAC (SEQ ID NO: 127
MAPT | ORF AAACCTCTGATGUTAAGAGCACTCCAACAGCG | AGAGCACUCCAACAGCGG
322 GAAGATGTGACAG (SEQ ID NO: 64) AA(SEQ ID NO: 128)
MAPT | ORF ATCCCAGAAGGAACCACAGCTGAAGAAGCAG | ACAGCUGAAGAAGCAGG
626 GCATTGCAGACACC (SEQ 1D NG 653 CAU (SEQID NG 129)
MAPT | ORF CTGCTCAAGCACCAGCTTCTAGGAGACCTGCA | CUUCUAGGAGACCUGCAC
896 CCAGGAGGGGCCG (SEQ D NO: 66) CA (SEQ ID NO: 130)
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MAPT | ORF | CCTGGAGTTCACGTTTCACGTGGAAATCACAC | UCACGUGGAAAUCACACC
1231 CCAACGTGCAGAA (SEQ ID NO: 67) CA (SEQ ID NO: 131)
MAPT | ORF | GACCTTCCAGAGCCCTCTGAAAAGCAGCCTGC | UCUGAAAAGCAGCCUGC
1383 TGCTOCTCCGCGG (SEQ ID NO: 68) UGC (SEQ ID NO: 132)
MAPT | ORF | AAAGACGGGACTGGAAGCGATGACAAAAAAG | AGCGAUGACAAAAAAGC
1484 CCAAGACATCCACA (SEQ ID NO: 69 CAA (SEQ ID NO: 133)
MAPT | ORF | AAACACCCCACTCOTGGTAGUTCAGACCCTICT | GOUAGCUCAGACCCUCUG
1574 GATCCAACCCTCC (SEQ ID NO: 70) AU (SEQ ID NO: 134)
MAPT | ORF | GTCACTTCCCGAACTGGCAGTTCTGOAGCAAA | GGCAGUUCUGGAGCAAA
1670 GGAGATGAAACTC (SEQ ID NO: 71 GGA (S8EQ ID NO: 133)
MAPT | ORF | COCAGCTCTGCGACTAAGCAAGTCCAGAGAAG | AAGCAAGUCCAGAGAAG
1833 ACCACCCCCTGCA (SEQ T2 NO:72) ACC (SEQ ID NO: 136)
MAPT | ORF | CCAAGATCGGCTCCACTGAGAACCTGAAGCAC | CUGAGAACCUGAAGCACC
2115 CAGCCGGGAGGCG (SEQ 1D NOL 73) AG (SEQ ID NO: 1373
MAPT | ORF | TCTTAGCAACCTCCAGTCCAAGTOTGGCTCAA | GUCCAAGUGUGGCUCAA
2191 AGGATAATATCAA (SEQ ID NO: 74 AGG (SEQ ID NO: 138)
MAPT | ORF | TGTGCAAATAGTCTACAAACCAGTTIGACCTGA | CAAACCAGUUGACCUGA
2257 GCAAGGTCACCTC (SEQ 1D NO: ) GCA (SEQ ID NO: 139)
MAPT | ORF | ATTAGGCAACATCCATCATAAACCAGGAGGTG | UCAUAAACCAGGAGGUG
2314 GCCAGGTGGAAGT (SEQ ID NO: 75) GCC (SEQ ID NO: 140)
MAPT | ORF | TTCAAGGACAGAGTCCAGTCGAAGATTGGOTC | CAGUCGAAGAUUGGGUC
2378 CCTGOACAATATC (SEQ I NO: 9) CCU(SEQ ID NO: 141
MAPT | ORF | AATATCACCCACGTCCCTGGUGGAGGAAATAA | CCUGGCGOAGGAAAUAA
2417 AAAGATTGAAACC (SEQ ID NO: 10) AAA (SEQ ID NO: 142)
MAPT | ORF | COTCCCTGGCGGAGGAAATAAAAAGATIGAA | AAAUAAAAAGAUUGAAA
3428 ACCCACAAGCTGAC (SEQ 1D NO: 76) CCC (SEQ ID NO: 143)
MAPT | ORF | AAATAAAAAGATTGAAACCCACAAGCTGACCT | AACCCACAAGCUGACCTU
2443 TCCGCGAGAACGC (SEQ ID NOG: 77 CC (SEQ ID NO: 144)
MAPT | ORF_ | TGATCAGGCCUCTOGGOCGGTCAATAATTCTG | GGCGGUCAAUAAUUGUG
2666 | 3UTR | GAGAGGAGAGAAT (SEQ ID NO: 11) CAG (SEQID NG: 145)
MAPT | 3UTR | GCCCCCAGCTGCTCOTCGCAGTICGGTTAATTG | UCGCAGUUCGGUUAALU
2758 GTTAATCACTTA (SEQ ID NO: 78) GGU (REQ ID NO: 146)
MAPT | 3UTR | CGGUTTTGGCTCGGGACTTCAAAATCAGTGAT | ACUUCAAAAUCAGUGAU
3819 CGOAGTAAGAGCA (SEQ ID NO: 79) GGG (SEQ ID NO: 147)
MAPT | 3UTR | TCTTTCCAAATTGATGGGTGGGCTAGTAATAA | GOGUGGGCUAGUAAUAA
2871 AATATTTAAAAAA (SEQ 10 NO: 80) AAU (SEQ D NO: 148)
MAPT | 3UTR | TITCCAAATTGATGOGTGGGCTAGTAATAAAA | CUGGGCUAGUAAUAAAA
2873 TATTTAAAAAAAA (SEQ ID NO: 81) UAU (SEQ 1D NO: 149)
MAPT | 3UTR | AGCAACAAAGCGATTTGAAACTTGGTGTGTTCG | GAAACUUGGUGUGUUCG
3101 TGOAGCCACAGGC (SEQ ID NO: 82) UGG (SEQ ID NO: 1503
MAPT | 3UTR | GCAGCCTGTGGGAGAAGGGACAGOGGOTAAA | AGGGACAGCGGGUAAAA
3413 AAGAGAAGGCAAGC (SEQ ID NO: 83) AGA (SEQID NO: 151)
MAPT | 3UTR | TCTGAAGGTTGGAACTGCTGCCATGATITTGG | UGCLGCCAUGAUULUGG
3607 CCACTTTGCAGAC (SEQ ID NO: 84) CCA (SEQ 1D NO: 152)
MAPT | 3UTR | CTAACCAGTTCTCTTIGCTAAGCACTIGTGCCTC | UGUAAGGACUUGUGCCU
3666 TTGGGAGACGTC (SEQ I NO: 25) CUL (SEQ ID NO: 153)
MAPT | 3UTR | GAAATTAAGOGAAGGCAAAGTCCAGGCACAA | CAAAGUCCAGGCACAAG
3967 GAGTGGGACCCCAG (SEQ ID NO: 86) AGU (SEQ 1D NO: 154)
MAPT | 3UTR | CGAATCTCATGATCTGATTCGGTTCCCTGTCTC | GAUUCGGUUCCCUGHCUC
4035 CTCCTCCCGTCA (SEQ ID NO: 87) CU (SEQ ID NO: 155)
MAPT | 3UTR | GCCATGCTGTCTGTTCTGCTGGAGCAGCTCGAA | CUGCUGGAGCAGCUGAA
4447 CATATACATAGAT (SEQ ID NO: 8%) CAU (SEQ ID NO: 136)
MAPT | 3UTR | CTGTTGAGTTGTAGTTGGATTTGTCTGTITATG | UGGAUUUGUCUGUUUAU
4518 CTTGGATTCACC (SEQ ID NO: 12) GCU (SEQ ID NO: 157)
MAPT | 3UTR | CTOGGGCCTCCCAAGTTTIGAAAGGCTTITCCTC | UUUUGAAAGGCUUUCCU
4710 AGCACCTGGGAC (SEQ ID NO: 89) CAG (SEQ ID NO: 158)
MAPT | 3UTR | CCTGAAGCACAGGATTAGGACTGAAGCGATGA | UAGGACUGAAGCGAUGA
4808 TGTCCOCTTCCCT (SEQ ID NOL 90 UG (SEQ ID NO: 159)
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MAPT | 3UTR | CCTGCGACCACAGCAGGGATTGGGATGAATTG | GGGAUUGGCAUGAAUUG
3126 CCTGTCCTGGATC (SEQ ID NO: 1) CCU (SEQ ID NO: 160
MAPT | 3UTR | GACTTGACAAGTCAGGAGACACTGTTCCCAAA | GAGACACUGUUCCCAAA
5208 GCCTTGACCAGAG (SEQ ID NO: 92) GCC (SEQ ID NO: 161
MAPT | 3UTR | CTCAGGCCCAATTCTGOCACTTCTGOTTTGGGT | GCCACUUCUGGUUUGGG
5350 ACAGTTAAAGGC (SEQ ID NO: 933 UAC (SEQ ID NO: 162)
MAPT | 3UTR | TOGCAGCTTCOTGTGCAGCTAGAGCTTTACCT | CAGCUAGAGCUUUACCY
3441 CAAAGGAAGTCTC (SEQ ID NO: 94) GAA (SEQ ID NO: 163)
MAPT | 3UTR | TGCATTTOTTCACGCACCTCGGTTCCTCTTIOCT | ACCUCGGUUCCUCUUCCU
3640 GAAGTTCTTGTG (SEQ ID NO: 953 GA (SEQ ID NO: 164)
MAPT | 3UTR | GGGCAGGCTCTTGGGGCCAGCCTAAGATCATG | GCCAGCCUAAGAUCAUG
5743 GTTTAGGOTCATC (SEQ ID NO: 96) GUU(SEQ ID NO. 165)
MAPT | 3UTR | TATGCCGGCTCCTTCAAGCTGUTGACTCACTTT | AAGCUGCUGACUCACUU
5934 ATCAATAGTTCC (SEQ ID NO: 97) UAU (SEQ ID NO: 166)
MAPT | 3UTR | AATTGACTTCAGTGOTCAGACTGTATCCTGTIT | UCAGACUGUAUCCUGUU
5984 CCTATTGCTTOT (SEQ ID NO: 98) UGC (SEQ ID NO: 167)
MAPT | 3UTR | GITAGAGGCCCTTGOGGTTTCTCTTTITCCACTG | GGUUUCUCUULUCCACU
5170 ACAGGCTTTCCC (SEQ ID NO: 99) GAC (SEQ ID NO: 168)
MAPT | 3UTR | CTOCCCTCTTTCAGGOGTCCTAAGCCCACAATC | OGUCCUAAGCCCACAALC
6290 ATGCCTCCCTAA (SEQ ID NO: 100) AU (SEQ 1D NO' 169)
MAPT | 3UTR | COAGGGCAGAGGTGATCACCTGCGTOTCCCAT | UCACCUGCGUGUCCCAUC
6482 CTACAGACCTGCA (SEQ ID NO: 101) UA (SEQ 13 NG 170)
MAPT | 3UTR | CTGATTTCTCTTCAGCTTTCAAAAGGGTTACCC | CUUUGAAAAGGGUUACC
6541 TGGGCACTGGCC (SEQ 1D NO: 102) CUG (SEQ ID NO: 171)
MAPT | 3UTR | GGACATGAAATCATCTTAGCTTAGCTTTCTGTC | UUAGCUUAGCUUUCUGU
5699 TOTGAATGTCTA (SEQ ID NO: 103) CUG (SEQ ID NO: 172)
MAPT | 3UTR | GTATTGTGTGTTTTAACAAATGATITACACTGA | ACAAAUGAUUUACACUG
5750 CTGTTGCTGTAA (SEQ ID NO: 13) ACU (SEQ ID NO: 173)
MAPT | 3UTR | Not included CAAUUUGGAAAUAAAGU
6784 UAU (SEQID NG 174)

Table 16 ~ continued - MAPT anti-sense and sense sequences — additional embodiments

Sequence Antisense Sense P3_Asy | P3_Asy
b Sequence Sequence (20 nucleotide) | Mmetsic | mumetyic
_TFarget | Target
_mRNA | mRNA_
_Expres | Expressi
sion {% | on{%
relative | relative
to {0
control) coud rol}
MAPT 120 | UGAGAUUCUUUCAG | CCUGAAAGAAUCUCA O3
GCCAGC (SEQID NGO | (SEQ D NQG: 175}
22
MAPT 200 | UCACAUCUUCCGCY | CAGCGGAAGAUGUGA S0
GUUGGA (SEQ ID NG: | (SEGQ 1D NO: 176}
234}
MAPT 221 | UCACUAAGGGUGCU | CAGCACCCUUAGUGA 87
GUCACA (SEQIDNG: | (SEQID NG 177)
235}
MAPT 892 | UUGAAACGUGAACU | GAGUUCACGUUUCAA 111
CCAGGG (SEQIDNG: | (SEQIDNOG: 178)
236}
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MAPT 963 | UGAAAUGCAGCCCU | AAGGGCUGCAUUUCA 103

UCCCAA (SEQ ID NO: | (SEGQ ID NO: 179)

237)
MAPT 111 | UCGAGCUUUGAGUU | CAACUCAAAGCUCGA 95,
1 GAGGGA (SEQ ID NO: | (SEQ ID NO: 180)

238)
MAPT 117 | UGGAACGUGUGGAU | CAUCCACACGUUCCA 104
8 GUCUUG (SEQ ID NO: | (SEQ ID NO: 181)

239)
MAPT 182 | UAAUUAUCUGCACC | AGGUGCAGAUAAUUA 98
0 UUCCCG (SEQ IDNO: | (SEQ ID NO: 182)

2403
MAPT 197 | UGGAUGUUGCCUAA | AUUAGGCAACAUCCA 51
1 UGAGCC (SEQ IDNO: | (SEQ ID NO: 14)

34)
MAPT 205 | UCCCAAUCUUCGAC | AGUCGAAGAUUGGGA 61
1 UGGACU (SEQ ID NO: | (SEQ ID NO: 16)

36)
MAPT 225 | UGCGAGUCUACCAU | CAUGGUAGACUCGCA R7
3 GUCGAU (SEQ ID NO: | (SEQ ID NO: 183)

241)
MAPT 201 | UCUCAGAUUUUACU | AAGUAAAAUCUGAGA 26
2 UCCACC (SEQ ID NO: | (SEQ ID NO: 15)

35)
MAPT 191 | UCUAUUUGCACACU | CAGUGUGCAAAUAGA 72
1 GCCGCC (SEQ ID NO: | (SEQ ID NO: 184)

242
MAPT 203 | UCUCUGUCCULUGAA | CUUCAAGGACAGAGA 56
4 GUCAAG (SEQ ID NO: | (SEQ ID NO: 19)

39)
MAPT 184 | UGGACGUUGCUAAG | UCUUAGCAACGUCCA 74
8 AUCCAG (SEQ IDNO: | (SEQ ID NO: 185)

243)
MAPT 191 | UAGACUAUUUGCAC | UGUGCAAAUAGUCUA 96
4 ACUGCC (SBQ ID NO: | (SEQ ID NO: 186)

244)
MAPT 183 | UCAGCUUCUUAUUA | UUAAUAAGAAGCUGA 103
2 AUUAUC (SEQ ID NO: | (SEQ ID NO: 187)

245)
MAPT 183 | UAAGAUCCAGCUUC | AGAAGCUGGAUCUUA 120
8 UUAUUA (SEQ ID NO: | (SEQ ID NO: 188)

246)
MAPT 200 | UUUUACUUCCACCU | CAGGUGGAAGUAAAA 93
5 GGCCAC (SEQ ID NO: | (SEQ ID NO: 17)

37)
MAPT 188 | UGGACGUGUUUGAU | UAUCAAACACGUCCA 155
7 AUUAUC (SEQ ID NO: | (SEQ 1D NO: 189)

247)
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MAPT 200 | UAUUUUACUUCCAC | GGUGGAAGUAAAAUA 35
7 CUGGCC (SEQ ID NO: | (SEQ ID NO: 18)

38)
MAPT 183 | UCCAGCUUCUUAUU | UAAUAAGAAGCUGGA 77
3 AAUUAU (SEQ ID NO: | (SEQ ID NO: 190)

248)
MAPT 200 | UUUUACUUCCACCU | CAGGUGGAAGUAAAA 42
5 GGCCAC (SEQ IDNO: | (SEQIDNO: 17)

37)

UGCCACACUUGGAG | CCUCCAAGUGUGGCA 79

MAPT 195
5

GUCACC (SEQ ID NO:

(SEQ ID NO: 191}

249)
MAPT 357 | UUACGUCCCAGCGU | AAGAUCACGCUGGGA | 30
GAUCUU (SEGQ ID NO: | CGUAA (SEQ IDNO: 21)
40)
MAPT S22 | UUCCGCUGUUGGAG | AGAGCACUCCAACAG | 69
UGCUCU(SEQIDNO: | CGGAA (SEQ IDNO:
250) 192)
MAPT 626 | UUGCCUGCUUCUUC | ACAGCUGAAGAAGCA | 85
AGCUGU (SEQ ID NO: | GGCAA (SEQ ID NO:
251) 193)
MAPT 896 | UGGUGCAGGUCUCC | CUUCUAGGAGACCUG | 81
UAGAAG (SEQ ID NO: | CACCA (SEQID NO:
252) 194)
MAPT 123 | UGGGUGUGAUUUCC | UCACGUGGAAAUCAC | 77
1 ACGUGA (SEQID NO: | ACCCA (SEQID NO:
253) 195)
MAPT 138 | UCAGCAGGCUGCUU | UCUGAAAAGCAGCCU | 82
5 UUCAGA (SEQ ID NO: | GCUGA (SEQ ID NO:
254) 196)
MAPT 148 | UUGGCUUUUUUGUC | AGCGAUGACAAAAAA | 74
4 AUCGCU(SEQIDNO: | GCCAA (SEQ ID NO-
255) 197)
MAPT 157 | UUCAGAGGGUCUGA | GGUAGCUCAGACCCU | 69
4 GCUACC (SEQ ID NO: | CUGAA (SEQ ID NO:
256) 198)
MAPT 167 | UCCUUUGCUCCAGA | GGCAGUUCUGGAGCA | 93
0 ACUGCC (SEQ ID NO: | AAGGA (SEQ ID NO:
257) 199}
MAPT 183 | UGUCUUCUCUGGAC | AAGCAAGUCCAGAGA | ND
5 UUGCUU (SEQ ID NO: | AGACA (SEQ ID NO:
258) 200
MAPT 211 | UUGGUGCUUCAGGU | CUGAGAACCUGAAGC | 69
5 UCUCAG (SEQ IDNO: | ACCAA (SEQ ID NG:
259) 201)
MAPT 210 | UCUUUGAGCCACAC | GUCCAAGUGUGGCUC | 75

1

UUGGAC (SEQ ID NO:
260)

AAAGA (SEQ ID NO:
202)
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MAPT 225 | UGCUCAGGUCAACU | CAAACCAGUUGACCU | 19
7 GGUUUG (SEQ ID NO: | GAGCA (SEQ ID NO: 23)

41)
MAPT 231 | UGCCACCUCCUGGU | UCAUAAACCAGGAGG | 48
4 UUAUGA (SEQ ID NO: | UGGCA (SEQ ID NO:

261) 203)
MAPT 237 | UGGGACCCAAUCUU | CAGUCGAAGAUUGGG | 29
8 CGACUG (SEQ IDNO: | UCCCA (SEQ ID NO: 25)

42)
MAPT 241 | UULUUAUUUCCUCC | CCUGGCGGAGGAAAU | 31
7 GCCAGG (SEQ IDNO: | AAAAA (SEQ ID NO: 27)

43)
MAPT 242 | UGGUUUCAAUCUUU | AAAUAAAAAGAUUGA | 62
8 UUAUUU (SEQ ID AACCA (SEQ ID NO:

NO262) 204)
MAPT 244 | UGAAGGUCAGCUUG | AACCCACAAGCUGAC | 68
3 UGGGUU (SEQ ID NO: | CUUCA (SEQ ID NO:

263) 205)
MAPT 266 | UUCCACAAUUAUUG | GGCGGUCAAUAAUUG | 39
6 ACCGCC (SEQ ID NG | UGGAA (SEQ ID NO: 29)

44)
MAPT 275 | UCCAAUUAACCGAA | UCGCAGUUCGGUUAA | 72
8 CUGCGA (SEQ IDNO: | UUGGA (SEQ ID NO:

264) 206)
MAPT 281 | UCCAUCACUGAUUU | ACUUCAAAAUCAGUG | 56
9 UGAAGU (SEQID NO: | AUGGA (SEQ ID NO:

265) 207)
MAPT 287 | UUUUUAUUACUAGC | GGGUGGGCUAGUAAU | 81
1 CCACCC (SEQIDNO: | AAAAA (SEQ ID NO:

266) 208)
MAPT 287 | UUAUUUUAUUACUA | GUGGGCUAGUAAUAA | 50
3 GCCCAC (SEQ ID NO: | AAUAA (SEQ ID NO:

267) 209)
MAPT 310 | UCACGAACACACCA | GAAACUUGGUGUGUU | 60
1 AGUUUC (SEQ ID NO: | CGUGA (SEQ ID NO:

268) 210)
MAPT 341 | UCUUUUUACCCGCU | AGGGACAGCGGGUAA | 75
1 GUCCCU (SEQ ID NO: | AAAGA (SEQ ID NO:

269) 211)
MAPT 360 | UGGCCAAAAUCAUG | UGCUGCCAUGAUUUU | 82
7 GCAGCA (SEQIDNO: | GGCCA (SEQ ID NO:

2703 212)
MAPT 366 | UAGAGGCACAAGUC | UGUAAGGACUUGUGC | 58
6 CUUACA (SEQ ID NO: | CUCUA (SEQ ID NO:

271) 213)
MAPT 396 | UCUCUUGUGCCUGG | CAAAGUCCAGGCACA | 73
7 ACUUUG (SEQ ID NO: | AGAGA (SEQ ID NO:

272) 214)
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MAPT 405 | UGGAGACAGGGAAC | GAUUCGGUUCCCUGU | 61
5 CGAAUC (SEQIDNO; | CUCCA (SEQ ID NO:

273) 215)
MAPT 444 | UUGUUCAGCUGCUC | CUGCUGGAGCAGCUG | 57
7 CAGCAG (SEQIDNO: | AACAA (SEQ D NO;

274) 216)
MAPT 451 | UGCAUAAACAGACA | UGGAUUUGUCUGUUU | 54
8 AAUCCA (SEQ IDNO: | AUGCA (SEQ ID NG: 31)

45)
MAPT 471 | UUGAGGAAAGCCUU | UDUUGAAAGGCUUUC | 74
0 UCAAAA (SEQ ID NO: | CUCAA (SEQ ID NO:

275) 217)
MAPT 480 | UCAUCAUCGCUUCA | UAGGACUGAAGCGAU | 53
8 GUCCUA (SEQ IDNO: | GAUGA (SEQ ID NO:

276) 218)
MAPT S$12 | UGGCAAUUCAUCCC | GGGAUUGGGAUGAAU | 71
6 AAUCCC (SEQ IDNG: | UGCCA (SEQ ID NG

277) 219)
MAPT 520 | UGCUUUGGGAACAG | GAGACACUGUUCCCA | 53
8 UGUCUC (SEQ IDNO: | AAGCA (SEQ D NO:

278) 220)
MAPT 535 | UUACCCAAACCAGA | GOCACUUCUGGUUUG | 68
0 AGUGGC (SEQ ID NO: | GGUAA (SEQ ID NO:

279) 221)
MAPT 544 | UUCAGGUAAAGCUC | CAGCUAGAGCUUUAC | 83
1 UAGCUG (SEQ ID NO: | CUGAA (SEQ ID NO:

280) 222
MAPT 564 | UCAGGAAGAGGAAC | ACCUCGGUUCCUCLUU | 83
0 CGAGGU (SEQ ID NO: | CCUGA (SEQ ID NG:

281) 223)
MAPT S74 | UACCAUGAUCUUAG | GCCAGCCUAAGAUCA | 73
5 GCUGGC (SEQIDNO: | UGGUA (SEQ ID NO:

282) 224)
MAPT 593 | UUAAAGUGAGUCAG | AAGCUGCUGACUCAC | 55
4 CAGCUU (SEQ IDNO: | UUUAA (SEQ ID NO:

283) 225)
MAPT 5398 | UCAAACAGGAUACA | UGAGACUGUAUCCUG | 49
4 GUCUCA (SEQ IDNO: | UUUGA (SEQ ID NO:

284) 226)
MAPT 617 | UUCAGUGGAAAAGA | GGUUUCUCUUUUCCA | 55
0 GAAACC (SEQ IDNO: | CUGAA (SEQ ID NO:

285) 227
MAPT 629 | UUGAUUGUGGGCUU | GGUCCUAAGCCCACA | 71
0 AGGACC (SEQIDNO: | AUCAA (SEQ ID NO:

286) 228)
MAPT 648 | UAGAUGGGACACGC | UCACCUGCGUGUCCC | 74
p) AGGUGA (SEQ IDNO: | AUCUA (SEQ ID NO;

287) 229)
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MAPT 654

UAGGGUAACCCUUY

CUUUGAAAAGGGUUA

L
N2

1 UCAAAG (SEQ ID NO: | CCCUA (SEQ ID NO:

288) 230)
MAPT 669 | UAGACAGAAAGCUA | UUAGCUUAGCUUUCU | St
9 AGCUAA (SEQ ID NO: | GUCUA (SEQ ID NO:

289

23D

0

MAPT 675

UGUCAGUGUAAALC
AUUUGU (SEQ ID NO:
46)

ACAAAUGAUUUACAC | 37
UGACA (SEQ ID NO: 33)

4

UUAACUUUAUUUCC

GAAUUUGGAAAUAAA

~-}
b

MAPT 678

AAAUUC (SEQ ID NO:
290}

GUUAA (SEQ ID NO:

232}

Table 11 - MAPT targets identified by i sifico screening

Sequen | Locati | 45mer Gene Region Target Sequence

ce 1D on

MAPT | SUTR | GAGCCCCGCCAGGAGTTCGAAGTGATG | UUCGAAGUGAUG

21 GAAGATCACGCTGGGACG (SEQ ID NGOy | GAAGAUCA (SEQ
D NO)

MAPT | SUTR | GTGATGGAAGATCACGCTGGGACGTAC | GCUGGGACGUAC

42 GGOTTGGGGGACAGGAAA (SEQ ID NGOy | GGGUUGGE (SEQ
1D NG

MAPT | SUTR | GATGGAAGATCACGCTGGGACGTACGG | UGGGACGUACGG

44 GTTGGGGGACAGGAAAGA (REQ ID NGOy | GUUGGGGEE (SEQ
1D NG

MAPT | SUTR | CTGGGACGTACGGGTTGGGGGACAGGA | UGGGGGACAGGA

38 AAGATCAGGGGGGUTACA (SEQ D NG | AAGAUCAG (SEQ
NGO

MAPT | SUTR | GGGACGTACGGGTTGGGGGACAGGAAA | GGGGACAGGAAA

60 GATCAGGGGGGCTACACC (SEQ ID NGOy | GAUCAGGG (SEQ
D NG

MAPT | SUTR | GGGGACAGGAAAGATCAGGGGGGUTALC | CAGGGGGGLUAL

T ACCATGCACCAAGACCAA (SEQ ID NGOy | ACCAUGCA (SEQ
D NO)

MAPT | SUTR | AAAGATCAGGGGGGCTACACCATGCAC | UACACCAUGCAC

84 CAAGACCAAGAGGGTGAC (SEQ ID NO) | CAAGACCA (SEQ
1D NG

MAPT | SUTR | AAGATCAGGGGGGCTACACCATGCACC | ACACCAUGCACC

&5 AAGACCAAGAGGGTGACA (SEQIDNO | AAGACCAA (SEQ
1D NG

MAPT | SUTR | ATGCACCAAGACCAAGAGGGTGACACG | GAGGGUGACACG

105 GACGUTGGCUTGAAAGAA(REQ ID NGy | GACGCUGG (SEQ
NGO

MAPT | SUTR | CACCAAGACCAAGAGGGTGACACGGAC | GGUGACACGGAC

108 GCTGGUCCTGAAAGAATCT (SEQID NGy | GCUGGCCU (SEQ
D NG
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MAPT | SUTR | GAGGOGTGACACGGACGCTGGUCTGAAA | GCUGGCCUGAAA
120 GAATCTCCCCTGCAGACC (SEQ D NGO GAAUCUCC (SEQ
D NG

MAPT | SUTR | GTGACACGGACGCTGGCCTGAAAGAAT | GCCUGAAAGAAU

124 CTCCCCTGCAGACCOCCA (SEGQ H NGO CUCCCCUG (REQ
D NO)

MAPT | SUTR | GAATCTCCCCTGCAGACCCCUCACTGAGG | ACCCCCACUGAG

147 ACGGATCTGAGGAACCG (SEQ ID NGO GACGGAUC (SEQ
D NGO

MAPT | SUTR | ACGGATCTGAGGAACCGGGCTCTGAAA | CGGGCUCUGAAA

175 CCTCTGATGCTAAGAGCA (SEQID NG | CCUCUGAU (SEQ
D NGO

MAPT | SUTR | CGGATCTGAGGAACCGGGCTCTGAAAC | GGGCUCUGAAAC

176 CTCTGATGCTAAGAGCAC (SEQID NGOy | CUCUGAUG (SEQ
NGO

MAPT | SUTR | GGATCTGAGGAACCGGGCTCTGAAACT | GGCUCUGAAACC

177 TCTGATGCTAAGAGCACT (SEQ 1D NGO UCUGAUGC (SEQ
D NG

MAPT | SUTR | GGCTCTGAAACCTCTGATGCTAAGAGCA | GAUGCUAAGAGC

192 CTCCAACAGUCGGAAGAT (SEQ ID NG ACUCCAAC (SEQ
D NO)

MAPT | SUTR | GGCTCTGAAACCTCTGATGCTAAGAGCA | GAUGCUAAGAGC

192 CTCCAACAGCGGAAGAT (SEQ ID NGO ACUCCAAC (SEQ
D NGO

MAPT | SUTR | GAAACCTCTGATGCTAAGAGCACTCCA | AAGAGCACUCCA

198 ACAGCGGAAGATGTGACA(SEQ ID NO) | ACAGCGGA (SEQ
D NG

MAPT | SUTR | TGATGCTAAGAGCACTCCAACAGCGGA | UCCAACAGCGGA

206 AGATGTGACAGCACCCTT (SEQID NO) | AGAUGUGA (SEQ
D NG

MAPT | SUTR | AGAGCACTCCAACAGCGGAAGATGTGA | CGGAAGAUGUGA

214 CAGCACCCTTAGTGGATG(SEQID NGOy | CAGCACCC (REQ
D NG

MAPT | SUTR | ACTCCAACAGCGGAAGATGTGACAGCA | GAUGUGACAGCA

219 CCCTTAGTGGATGAGGGA (SEQ ID NGy | CCCUUAGU (SEQ
D NO)

MAPT | SUTR | TCCAACAGCGGAAGATGTGACAGCACC | UGUGACAGCACC

221 CTTAGTGGATGAGGGAGC (SEQ ID NGy | CUUAGUGG (SEQ
D NGO

MAPT | SUTR | GTGGATGAGGGAGCTCCCGGUAAGCAG | CCCGGCAAGCAG

252 GCTGCCGCGCAGCCCCAC (SEQID NOY | GCUGCCGC (SEQ
D NG

MAPT | SUTR | GCCCCACACGGAGATCCCAGAAGGAAC | CCCAGAAGGAAC

290 CACAGCTGAAGAAGCAGG (SEQID NGO | CACAGCUG (SEQ
D NG

MAPT | SUTR | GGAGATCCCAGAAGGAACCACAGCTGA | AACCACAGCUGA

299 AGAAGCAGGCATTGGAGA (SEQID NGO | AGAAGCAG (SEQ

D NOY)
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MAPT | SUTR | ACCACAGCTGAAGAAGCAGGCATTGGA | GCAGGCAUUGGA
_31S _ORF | GACACCCCCAGCCTGGAA (SEQ ID NGOy | GACACCCC (SEQ
D NGO
MAPT | ORF AGACGAAGCTGCTGGTCACGTGACCCA | UCACGUGACCCA
359 AGAGCUTGAAAGTGGOTAA (SEQID NGO | AGAGUCUG (SEQ
D NGO
MAPT | ORF CTGGTCACGTGACCCAAGAGCCTGAAA | AAGAGCCUGAAA
376 GTGGTAAGGTGGTCCAGG (SEQ ID NGO | GUGGUAAG (SEQ
D NG
MAPT | ORF ACGTGACCCAAGAGCCTGAAAGTGGTA | CUGAAAGUGGUA
376 AGGTGGTCCAGGAAGGCT (SEQ ID NGO | AGGUGGUC (SEQ
D NGO
MAPT | ORF GTGACCCAAGAGCCTGAAAGTGGTAAG | GAAAGUGGUAA
378 GTGGTCCAGGAAGGCTTC (SEQ ID NGy | GGUGGUCCA
{(SEQ 1D NG)
MAPT | ORF CCTGAAAGTGGTAAGGTGGTCCAGGAA | GUGGUCCAGGAA
390 GGCTTCCTCCGAGAGCCA(SEQ ID NG GGCUUCCU (SEQ
D NGO
MAPT | ORF CTGAAAGTGGTAAGGTGGTCCAGGAAG | UGGUCCAGGAAG
391 GCTTCCTCCGAGAGUCAG (BEQ ID NO) GCUUCCUC (SEQ
D NGO
MAPT | ORF TGGTCCAGGAAGGCTTCCTCCGAGAGCC | UCCUCCGAGAGC
406 AGGCCCCCCAGGTCTGA (SEQ 1D NO ) CAGGCCCC (SEQ
D NG
MAPT | ORF AGCCACCAGCTCATGTCCGGCATGCCTG | UCCGGCAUGCCU
450 GGGCTCCCCTCCTGCCT (SEQ ID NG GGGGCUCC (SEQ
D NG
MAPT | ORF GGGGGCAAAGAGAGGCCGGGGAGCAA | CCGGGGAGCAAG
633 GGAGGAGGTGGATGAAGAC (SEQ ID GAGGAGGU (SEQ
NG D NG
MAPT | ORF GGCAAAGAGAGGCCGGGGAGCAAGGA | GGGAGCAAGGAG
636 GGAGGTGGATGAAGACCGC (SEQ ID GAGGUGGA (SEQ
NOH D NG
MAPT | ORF GAGGTGGATGAAGACCGCGACGTCGAT | CGCGACGUCGAU
663 GAGTCCTCCCCCCAAGAC (REQ ID NGOy | GAGUCCUC (SEQ
D NGO
MAPT | ORF GTGGATGAAGACCGUCGACGTCGATGAG | GACGUCGAUGAG
666 TCCTCCCCCCAAGACTCC (SEQ D NOY UCCUCCCC (SEQ
D NG
MAPT | ORF GCCGCCAGAGAAGCCACCAGCATCCCA | ACCAGCAUCCCA
759 GGCTTCCCAGCGGAGGGT (SEQ ID NGOy | GGCUUCCC (SEQ
D NG
MAPT | ORF GGCTTCCCAGCGGAGGGTGCCATCCCCC | GGUGCCAUCCCC
786 TCCCTGTGGATTTCCTC (SEQ 1D NG CUCCCUGU (SEQ
D NG
MAPT | ORF GAGGGTGCCATCCCCCTCCCTGTGGATT | CUCCCUGUGGAU
798 TCCTCTCCAAAGTTTCC (SEQ D NGy UUCCUCUC (RE(

D NOY)
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MAPT | ORF CCCCTCCCTGTGGATTICCTCTCCAAAG | UUCCUCUCCAAA

810 TTTCCACAGAGATCCCA (SEQ ID NG GUUUCCAC (SEQ
D NG

MAPT | ORF GCCCAGTGTAGGGCGGGLCAAAGGGCA | GGCCAAAGGGLA

872 GGATGCCCCCCTGHGAGTT (SEQ 1D NOY GGAUGCCC (SEQ
D NO)

MAPT | ORF GTGTAGGGCGGGCCAAAGGGUAGGATG | AAGGGCAGGAUG

877 CCCCCCTGGAGTTCACGT (SEQ ID NGy CCCCCCUG (SEQ
D NGO

MAPT | ORF CAAAGGGCAGGATGCCCCCCTGGAGTT | CCCCCUGGAGUU

890 CACGTTTCACGTGGAAAT (SEQ ID NGO CACGUUUC (SEQ
D NGO

MAPT | ORF AAGGGCAGGATGCCCCCCTGGAGTTCA | CCCUGGAGUUCA

892 CGTTICACGTGGAAATCA(SEQ ID NO) CGUUUCAC (SEQ
NGO

MAPT | ORF GAGTTCACGTTTCACGTGGAAATCACAL | GUGGAAAUCACA

912 CCAACGTGCAGAAGGAG (SEQ ID NG CCCAACGU (SEQ
D NG

MAPT | ORF GTTCACGTTTCACGTGGAAATCACACCC | GGAAAUCACACC

914 AACGTGCAGAAGGAGUA (SEQ ID NG CAACGUGC (SEQ
D NO)

MAPT | ORF AGCAGGUGCACTCGGAGGAGCATTTGG | AGGAGCAUUUGG

955 GAAGGGCTGCATTTICCAG (SEQID NGO | GAAGGGCU (SEQ
D NGO

MAPT | ORF CACTCGGAGGAGCATTTGGGAAGGGCT | UUGGGAAGGGCU

963 GCATTTCCAGGGGCCCCT (SEQ ID NOY) GCAUUUCC (SEQ
D NG

MAPT | ORF CTGGAGAGGGGCCAGAGGCCCGGEGLET | AGGECCGGGECC

1006 CCTCTTTGGGAGAGGACA (SEQID NGy | CCUCUUUG (SEQ
D NG

MAPT | ORF GGCCCCTCTTTGGGAGAGGACACAAAA | GAGGACACAAAA

1029 GAGGCTGACCTTCCAGAG (SEQ ID NG | GAGGCUGA (SEQ
D NG

MAPT | ORF GAGGACACAAAAGAGGCTGACCTTCCA | GCUGACCUUCCA

1044 GAGCCCTCTGAAAAGCAG (SEQID NO) | GAGCCCUC (SEQ
D NO)

MAPT | ORF GCTGCTCCGUGGGOGGAAGCCCGTCAGL | AAGCCCGUCAGC

1095 CGGGTCCCTCAACTCAAA(SEQID NO | CGGGUCCC (SEQ
D NGO

MAPT | ORF AGCCCGTCAGCCGGGTCCCTCAACTCAA | UCCCUCAACUCA

CHiH AGCTCGCATGGTCAGTA (SEQ ID NGO AAGCUCGC (SEQ
D NG

MAPT | ORF CCGTCAGCCGGOGTCCCTCAACTCAAAGC | CUCAACUCAAAG

1114 TCGCATGGTCAGTAAAA (SEQ ID NG CUCGCAUG (SEQ
D NG

MAPT | ORF AAAGCTCGCATGGTCAGTAAAAGCAAA | AGUAAAAGCAAA

1137 GACGGGACTGGAAGCGAT(SEQ ID NG | GACGGGACL (SEQ

D NOY)
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MAPT | ORF ATGGTCAGTAAAAGCAAAGACGGGACT | AAAGACGGGACU

1146 GGAAGCGATGACAAAAAA(REQ ID NGy | GGAAGCGA (SEQ
D NG

MAPT | ORF TCAGTAAAAGCAAAGACGGGACTGGAA | ACGGGACUGGAA

1150 GCGATGACAAAAAAGCCA (SEQ 1D NOY) | GUCGAUGAC (SEQ
D NO)

MAPT | ORF CAGTAAAAGCAAAGACGGGACTGGAAG | COGLACUGGAAG

1151 CGATGACAAAAAAGCCAA (SEQID NOY) | CGAUGACA (SEQ
D NGO

MAPT | ORF AAAAGCAAAGACGGGACTGGAAGCGAT | ACUGGAAGCGAU

1155 GACAAAAAAGCCAAGACA (SEQID NGO | GACAAAAA (SEQ
D NGO

MAPT | ORF GCAAAGACGGGACTGGAAGCGATGACA | GAAGCGAUGACA

1159 AAAAAGCCAAGACATCCA (SEQ ID NG | AAAAAGCC (SEQ
NGO

MAPT | ORF AAAGACGGGACTGGAAGCGATGACAAA | AGCGAUGACAAA

1161 AAAGCCAAGACATCCACA (SEGQID NGO | AAAGCCAA (SEQ
D NG

MAPT | ORF AGCGATGACAAAAAAGCCAAGACATCC | GCCAAGACAUCC

1176 ACACGTTCCTICTGUTAAA (SEQ 1D NO) ACACGUUC (SEQ
D NO)

MAPT | ORF GUGATGACAAAAAAGCCAAGACATCCA | CCAAGACAUCCA

177 CACGTTCCTCTGCTAAAA (SEQ ID NO3 CACGUUCC (SEQ
D NGO

MAPT | ORF CGATGACAAAAAAGCCAAGACATCCAC | CAAGACAUCCAC

1178 ACGTTCCTCTGCTAAAAC (SEQ ID NGO ACGUUCCU (SEQ
D NG

MAPT | ORF GATGACAAAAAAGCCAAGACATCCACA | AAGACAUCCACA

1179 CGTTCCTCTGCTAAAACC (SEQ ID NOY CGUUCCUC (SEQ
D NG

MAPT | ORF TGACAAAAAAGCCAAGACATCCACACG | GACAUCCACACG

1181 TTCCTCTGCTAAAACCTT (SEQ ID NG UUCCUCUG (SEQ
D NG

MAPT | ORF AAAAAGCCAAGACATCCACACGTTCCT | CCACACGUUCCU

1186 CTGUTAAAACCTTGAAAA (SEQID NG} | CUGCUAAA (SEQ
D NO)

MAPT | ORF CAAGACATCCACACGTTCCTCTGCTAAA | UUCCUCUGCUAA

1193 ACCTTGAAAAATAGGCC (SEQ 1D NG AACCUUGA (SEQ
D NGO

MAPT | ORF AAGACATCCACACGTTICCTCTGCTAAAA | UCCUCUGCUAAA

1194 CCTTGAAAAATAGGCCT (SEQ ID NG ACCUUGAA {(SEQ
D NG

MAPT | ORF TCCACACGTTCCTCTGCTAAAACCTTGA | GCUAAAACCUUG

1260 AAAATAGGCCTTGCCTT (SEQ ID NG AAAAAUAG (SEQ
D NG

MAPT | ORF GITCCTCTGCTAAAACCTTGAAAAATAG | CCUUGAAAAAUA

1207 GCCTTGCCTTAGCCCCA(SEQ ID NG GGCCUUGC (SEQ

D NOY)
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MAPT | ORF TTCCTCTGUTAAAACCTTOGAAAAATAGEG | CUUGAAAAAUAG
1208 CCTTGCCTTAGCCCCAA (SEQ IDNG) GCCUUGCC (SEQ

D NGO

MAPT | ORF TCCTCTGCTAAAACCTTGAAAAATAGGE | UUGAAAAAUAG

1209 CTTGCCTTAGUCCCAAA (SEQ 1D NOv) GCCUUGCCU
(SEQ TD NG

MAPT | ORF CCCAAACACCCCACTCCTGOTAGUTCAG | CCUGGUAGCUCA

1248 ACCCTCTGATCCAACCC (SEQ ID NO3) GACCCUCU (SEQ
D NGO

MAPT | ORF CCTCCAGCCCTGCTGTGTGCCCAGAGCC | UGUGCCCAGAGC

1291 ACCTTCCTCTCCTAAAT (SEQ ID NG CACCUUCC (SEQ
D NGO

MAPT | ORF CTCCAGCCCTGCTGTGTGCCCAGAGCCA | GUGCCCAGAGCC

1292 CCTTCCTCTCCTAAATA(SEQ ID NOY) ACCUUCCU(SEQ
NGO

MAPT | ORF CCCTGCTGTGTGCCCAGAGCCACCTTCC | AGAGCCACCUUC

1298 TCTCCTAAATACGTCTC (SEQ 1D NG CUCUCCUA (SEQ
D NG

MAPT | ORF GTGCCCAGAGCCACCTTCCTCTCCTAAA | UUCCUCUCCUAA

1307 TACGTCTICTTCTGTCAC (SEQ ID NG AUACGUCU(REQ
D NO)

MAPT | ORF TGCCCAGAGUCACCTTCCTCTCCTAAAT | UCCUCUCTUAAA

1308 ACGTCTCTTCTGTCACT (SEQ 1D NGO UACGUCUC (SEQ
D NGO

MAPT | ORF GCCCAGAGCCACCTTCCTICTCCTAAATA | CCUCUCCUAAAU

1309 CGICTCTTCTGTCACTT (SEQ ID NO) ACGUCUCU (SEQ
D NG

MAPT | ORF CCCAGAGCCACCTTCCTCTCCTAAATAC | CUCUCCUAAAUA

1310 GTCTCTTICTGTCACTTC (SEQ ID NO) CGUCUCUU (SEQ
D NG

MAPT | ORF AGAGCCACCTTCCTCTCCTAAATACGTC | UCCUAAAUACGU

1313 TCTTCTGTCACTTCCCG (SEQ B NG CUCUUCUG (SEQ
D NG

MAPT | ORF CCTAAATACGTCTCTTICTGICACTTCCC | UTCUGUCACULCC

1329 GAACTGGCAGTTCTGGA (SEQ ID NO CGAACUGEG (SEQ
D NO)

MAPT | ORF TCTCTTCTGTCACTTCCCGAACTGGCAG | CCCGAACUGGCA

1339 TICTGGAGCAAAGGAGA (SEQ 1D NG GUUCUGGA (SEQ
D NGO

MAPT | ORF TCTGTCACTTCCCGAACTGGCAGTTCTG | ACUGGCAGUUCY

1344 GAGCAAAGGAGATGAAA (SEQ ID NG GGAGCAAA (SEQ
D NG

MAPT | ORF CAGTTCTGGAGCAAAGGAGATGAAACT | GGAGAUGAAACU

1364 CAAGGGGGUTGATGGTAA(SEQ ID NGO | CAAGGGGG (SEQ
D NG

MAPT | ORF TICTGGAGCAAAGGAGATGAAACTCAA | GAUGAAACUCAA

1367 GGGGGCTGATGGTAAAAC (SEQ ID NG | GGGGGELUG (SEQ
NGO
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MAPT | ORF CAGGCCAGAAGGGCCAGGCCAACGECA | AGGCCAACGCCA

1444 CCAGGATTCCAGCAAAAA (SEQID NGy | CCAGGAUU (SEQ
D NG

MAPT | ORF GGUCCAACGCCACCAGGATTCCAGCAAA | GAUUCCAGCAAA

_ 1460 AACCCCGUCCGUTCCAAA (SEQID NGOG | AACCCCGC (REQ
D NO)

MAPT | ORF AACGCCACCAGOATICCAGCAAAAACT | CCAGUAAAAACC

14064 CCGCCCGCTCCAAAGACA(SEQID NGOy | CCGLCCCGL (SEQ
D NGO

MAPT | ORF GCAAAAACCCCGCCOGCTCCAAAGACA | GCUCCAAAGACA

1482 CCACCCAGCTCTGCGACT (SEQ ID NG CCACCCAG (SEQ
D NGO

MAPT | ORF AACCCCGCCCGCTCCAAAGACACCACC | AAAGACACCACC

1487 CAGCTCTGCGACTAAGCA (SEQID NGy | CAGCUCUG (SEQ
NGO

MAPT | ORF AAAGACACCACCCAGCTCTGCGACTAA | CUCUGCGACUAA

1502 GCAAGTCCAGAGAAGACC (SEQ ID NG | GCAAGUCC (SEQ
D NG

MAPT | ORF AAGACACCACCCAGCTCTGCGACTAAG | UCUGCGACUAAG

_ 1503 CAAGTCCAGAGAAGACCA(SEQ ID NG | CAAGUCCA (SEQ
D NO)

MAPT | ORF CTGCGAUTAAGCAAGTCCAGAGAAGAL | UCCAGAGAAGAC

1519 CACCCCCTGCAGGGUCCA (SEQID NO) | CACCCCCU (SEQ
D NGO

MAPT | ORF CCAGAGAAGACCACCCCCTGCAGGGCC | CCCUGCAGGGCC

1533 CAGATCTGAGAGAGGTGA (SEQ ID NGOy | CAGAUCUG (SEQ
D NG

MAPT | ORF ATCTGAGAGAGGTGAACCTCCAAAATC | ACCUCCAAAALC

1565 AGGGGATCGCAGCGGCTA (SEQ IDNO) | AGGGGAUC (SEQ
D NG

MAPT | ORF TCCAACCCCACCCACCCGGGAGUCCAA | CCGLGGAGUCCAA

1664 GAAGGTGGCAGTGGTCCG (SEQID NG | GAAGGUGG (SEQ
D NG

MAPT | ORF AGTGGTCCGTACTCCACCCAAGTCGLCG | ACCCAAGUCGCC

1700 TCTTCCGUCAAGAGUCG (SEQ D NG GUCUUCCG (SEQ
D NO)

MAPT | ORF TICCGCCAAGAGCCGCCTGCAGACAGC | CCUGCAGACAGC

1730 CCCCGTGUCCCATGCCAGA (SEQ ID NGOy | CCCCGUGC (SEQ
D NGO

MAPT | ORF CCTGCAGACAGCCCCCGTGCCCATGCCA | CGUGCCCAUGCC

1745 GACCTGAAGAATGTCAA (SEQID NGO AGACCUGA {(SEQ
D NG

MAPT | ORF CTGCAGACAGCCCCCGTGCCCATGCCAG | GUGCCCAUGCCA

1746 ACCTGAAGAATGTCAAG (SEQ ID NOY) GACCUGAA (SEQ
D NG

MAPT | ORF GACAGCCCCCGTGCCCATGCCAGACCTG | CAUGCCAGACCU

1751 AAGAATGTCAAGTCCAA (SEQ ID NG GAAGAAUG (SEQ

D NOY)
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MAPT | ORF AGCCCCCGTGCCCATGCCAGACCTGAA | GCCAGACCUGAA
1754 GAATGTCAAGTCCAAGAT (SEQ ID NG | GAAUGUCA (SE(Q

D NG
MAPT | ORF CGTGCCCATGCCAGACCTGAAGAATGTC | CCUGAAGAAUGU
1760 AAGTCCAAGATCGOCTC (SEQ ID NO CAAGUCCA (SEQ
D NO)
MAPT | ORF AGACCTGAAGAATGTCAAGTCCAAGAT | CAAGUCCAAGAU

1772 CGGCTCCACTGAGAACCT (SEQID NOy | CGGCUCCA (SEQ

D NGO

MAPT | ORF GAACCTGAAGCACCAGCCGGGAGGCGG | GCCGGGAGGLGG

1811 GAAGGTGCAGATAATTAA (SEQ ID NGO | GAAGGUGC (SEQ
D NGO

MAPT | ORF ACCTGAAGCACCAGCCGGGAGGCGGGA | CGGGAGGLCGGGA

1813 AGGTGCAGATAATTAATA(SEQID NO | AGGUGCAG (SEQ
NGO

MAPT | ORF AAGCACCAGCCGGGAGGCGGGAAGETG | GGCGGGAAGGUG

_IB1R CAGATAATTAATAAGAAG (SEQID NG} | CAGAUAAU(SE(
D NG

MAPT | ORF AGCACCAGCCGGGAGGCGGGAAGHTGC | GCGGGAAGGUGC

_ 1819 AGATAATTAATAAGAAGC (SEQID NGO} | AGAUAAUL (SEQ
D NO)

MAPT | ORF GUACCAGCCGGHAGGUGGGAAGGTGCA | CGGGAAGGUGCA

1820 GATAATTAATAAGAAGCT (SEQ ID NG | GAUAAUUA (SEQ
D NGO

MAPT | ORF AGCCGGGAGGCGGGAAGGTGCAGATAA | AGGUGCAGAUAA

1825 TTAATAAGAAGCTGGATC (SEQID NO) | UUAAUAAG (SEQ
D NG

MAPT | ORF CGGGAGGCGGGAAGGTGCAGATAATTA | UGCAGAUAAUUA

1828 ATAAGAAGCTGGATCTTA(SEQID NG | AUAAGAAG (SEQ
D NG

MAPT | ORF GGGAGGCGGGAAGGTGCAGATAATTAA | GCAGAUAAUUAA

1829 TAAGAAGCTGGATCTTAG (SEQID NG | UAAGAAGC (SE(Q
D NG

MAPT | ORF AGGCGGGAAGGTGCAGATAATTAATAA | GAUAAUUAAUA

1832 GCAAGCTGGATCTTAGUAA (SEQ ID NO) | AGAAGCUGE
(SEQ TD NG

MAPT | ORF GGCGGGAAGGTGCAGATAATTAATAAG | AUAAUUAAUAA

1833 AAGCTGGATCTTAGCAAC (SEQID NOY | GAAGCUGGA
(SEQ 1D NO3

MAPT | ORF GAAGGTGCAGATAATTAATAAGAAGCT | UAAUAAGAAGCU

1838 GGATCTTAGCAACGTICCA(SEQID NOy | GGAUCUUA (SEQ
D NG

MAPT | ORF ATAATTAATAAGAAGCTGGATCTTAGCA | CUGGAUCUUAGC

1848 ACGTCCAGTCCAAGTGT (SEQ ID NG:) AACGUCCA (SEQ
D NG

MAPT | ORF AATAAGAAGCTGGATCTTAGCAACGTC | CUUAGCAACGUC

1854 CAGTCCAAGTGTGGCTCA(SEQID NGOy | CAGUCCAA (SEQ

D NOY)
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MAPT | ORF AGCTGGATCTTAGCAACGTCCAGTCCAA | ACGUCCAGUCCA

1861 GTGTGGCTCAAAGGATA (SEQIDNG) AGUGUGGC (SEQ
D NG

MAPT | ORF GATCTTAGCAACGTCCAGTCCAAGTGTG | CAGUCCAAGUGU

_ 1866 GCTCAAAGGATAATATC (REQ ID NGO GOCUCAAA (SEQ
D NO)

MAPT | ORF AACGTCCAGTCCAAGTGTGGUTCAAAG | UGUGGCUCAAAG

1875 GATAATATCAAACACGTC (SEQID NO) | GAUAAUAU(SEQ
D NGO

MAPT | ORF AAGTGTGGCTCAAAGGATAATATCAAA | GAUAAUAUCAAA

1887 CACGTCCCOGGGAGGUGGC (SEQ ID NGOy | CACGUCCC (SEQ
D NGO

MAPT | ORF ATAATATCAAACACGTCCCGGGAGGLEG | UCCCGGGAGGCG

1903 GCAGTGTGCAAATAGTCT(SEQID NGOy | GCAGUGUG (SEQ
NGO

MAPT | ORF TAATATCAAACACGTCCCGGGAGGCGG | CCCGGGAGGLGE

1904 CAGTOGTGCAAATAGTCTA(SEQID NGy | CAGUGUGL (SEQ
D NG

MAPT | ORF ATATCAAACACGTCCCGGGAGGCGGCA | CGGGAGGUGGCA

_ 1906 OTGTGUAAATAGTCTACA (SEQID NGOy | GUGUGCAA (SEQ
D NO)

MAPT | ORF AAACACGTCCCGGGAGGCOGCAGTIGTG | GGCGGCAGUGUG

1911 CAAATAGTCTACAAACCA (SEQ ID NGO | CAAAUAGU (SEQ
D NGO

MAPT | ORF CACGTCCCGGGAGGUGGCAGTGTGCAA | GGCAGUGUGCAA

1914 ATAGTCTACAAACCAGTT (SEQ ID NG) AUAGUCUA (SEQ
D NG

MAPT | ORF ACGTCCCGGGAGGCGGCAGTGTGCAAA | GCAGUGUGCAAA

1915 TAGTCTACAAACCAGTTG (SEQ ID NO) UAGUCUAC (SEQ
D NG

MAPT | ORF CCCGOGOGAGGUGGCAGTGTGCAAATAGT | UGUGCAAAUAGU

1919 CTACAAACCAGTTGACCT (SEQ D NOY) CUACAAAC (SEQ
D NG

MAPT | ORF GGCGGCAGTGTGCAAATAGTCTACAAA | AUAGUCUACAAA

1926 CCAGTTGACCTGAGCAAG (SEQ ID NGy | CCAGUUGA (SEQ
D NO)

MAPT | ORF GTGTGCAAATAGTCTACAAACCAGTTGA | ACAAACCAGUUG

1933 CCTGAGCAAGGTGACCT (SEQ ID NO 3 ACCUGAGC (SEQ
D NGO

MAPT | ORF TAGTCTACAAACCAGTTGACCTGAGCAA | UZUGACCUGAGCA

1942 GGTGACCTCCAAGTGTG (SEQ ID NGO AGGUGACC {(SEQ
D NG

MAPT | ORF TACAAACCAGTTGACCTGAGCAAGGTG | CUGAGCAAGGUG

1947 ACCTCCAAGTGTGGUTCA (SEQ ID NGO ACCUCCAA (SEQ
D NG

MAPT | ORF AGTTGACCTGAGCAAGGTGACCTCCAA | GGUGACCUCCAA

1955 GTGTGGCTCATTAGGCAA (SEQ ID NGOy | GUGUGGCU (SEQ

D NOY)
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MAPT | ORF CTGAGCAAGOGTGACCTCCAAGTGTGOLT | UCCAAGUGUGGC

1962 CATTAGGCAACATCCAT (SEQ ID NG UCAUUAGG (SEQ
D NGO

MAPT | ORF AAGGTCACCTCCAAGTGTGGCTCATTAG | UGUGGCUCAUUA

1968 GCAACATCCATCATAAA(SEQ ID NGO GGCAACAU (SEQ
D NGO

MAPT | ORF GOTGACCTCCAAGTOTGGCTCATTAGGC | UGGCUCAUUAGG

1970 AACATCCATCATAAACC (SEQ ID NGO CAACAUCC (SEQ
D NG

MAPT | ORF GTGACCTCCAAGTGTGGCTCATTAGGCA | GGCUCAUUAGGC

1971 ACATCCATCATAAACCA (SEQ ID NG AACAUCCA (SEQ
D NGO

MAPT | ORF GACCTCCAAGTGTGGCTCATTAGGCAAC | CUCAUUAGGCAA

1973 ATCCATCATAAACCAGG (SEQ ID NG CAUCCAUC (SEQ
NG

MAPT | ORF TCCAAGTGTGGCTCATTAGGCAACATCC | UUAGGCAACAUC

1977 ATCATAAACCAGGAGOT (SEQ ID NO) CAUCAUAA (SEQ
D NGO

MAPT | ORF CCAAGTGTGGCTCATTAGGCAACATCCA | UAGGCAACAUCC

1978 TCATAAACCAGGAGGTG (SEQ ID NG AUCAUAAA (SEQ
D NGO

MAPT | ORF TCATTAGGCAACATCCATCATAAACCAG | CAUCAUAAACCA

1989 GAGGTGGCCAGGTGGAA (SEQ ID NO3 GGAGGUGG (SEQ
D NG

MAPT | ORF CATCATAAACCAGGAGGTGGCCAGGTG | GGUGGCCAGGUG

2004 GAAGTAAAATCTGAGAAG (SEQ ID NO) | GAAGUAAA (SEQ
D NG

MAPT | ORF ATCATAAACCAGGAGGTGGCCAGGTGG | GUGGCCAGGUGEG

2005 AAGTAAAATCTGAGAAGC (SEQ ID NO) | AAGUAAAA (SEQ
D NG

MAPT | ORF CATAAACCAGGAGGTGGCCAGGTGGAA | GGCCAGGUGGAA

2007 GTAAAATCTGAGAAGCTT (SEQID NGy | GUAAAAUC (SEQ
D NGO

MAPT | ORF TAAACCAGGAGGTGGUCCAGGTGGAAGT | CCAGGUGGAAGU

2009 AAAATCTGAGAAGCTTGA (SEQ ID NO | AAAAUCUG (SEQ
D NGO

MAPT | ORF AACCAGGAGGTGGCCAGGTGGAAGTAA | AGGUGGAAGUA

2011 AATCTGAGAAGCTTGACT (SEQ ID NO:) AAAUCUGAG
(SEQ 1D NO3

MAPT | ORF ACCAGGAGGTGGUCCAGGTGGAAGTAAA | GGUGGAAGUAA

2012 ATCTGAGAAGCTTGACTT (SEQ 1D NO:) AAUCUGAGA
(SEQ ID NO

MAPT | ORF AGGTGGCCAGGTGGAAGTAAAATCTGA | AGUAAAAUCUGA

2018 GAAGCTTGACTTCAAGGA(SEQID NGO | GAAGCUUG (SEQ
D NG

MAPT | ORF GTGGUCAGGTGGAAGTAAAATCTGAGA | UAAAAUCUGAGA

2020 AGCTTGACTTCAAGGACA (SEQ D NG AGCUUGAC (SEQ

D NOY)
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MAPT | ORF GGTGGAAGTAAAATCTGAGAAGCTTGA | UGAGAAGCUUGA

2027 CTTCAAGGACAGAGTCCA (SEQID NG | CUUCAAGEG (SEQ
D NG

MAPT | ORF GTAAAATCTGAGAAGCTTGACTTCAAG | CUUGACUUCAAG

2034 CACAGAGTCCAGTCGAAG (SEQ ID NGO | GACAGAGU (SEQ
D NO)

MAPT | ORF AAATCTGAGAAGCTTIGACTTCAAGGAC | GACUUCAAGGAC

2037 AGAGTCCAGTCGAAGATT (SEQID NG | AGAGUCCA (SEQ
D NGO

MAPT | ORF AATCTGAGAAGCTTGACTTCAAGGACA | ACUUCAAGGACA

2038 GAGTCCAGTCGAAGATTG(SEQ ID NGy | GAGUCCAG (SEQ
D NGO

MAPT | ORF TTGACTTCAAGGACAGAGTCCAGTCGA | GAGUCCAGUCGA

2050 AGATTGGGTCCCTGGACA (SEQ ID NGy | AGAUUGGG (SEQ
NGO

MAPT | ORF TGACTTCAAGGACAGAGTCCAGTCGAA | AGUCCAGUCGAA

2051 GATTGGGTCCCTGGACAA (SEQID NGy | GAUUGGGU (SEQ
D NG

MAPT | ORF ACTTCAAGGACAGAGTCCAGTCGAAGA | UCCAGUCGAAGA

2053 TTGGGTCUCCTGGACAATA (SEQ D NGO UUGGGUCC (SEQ
D NO)

MAPT | ORF AAGGACAGAGTCCAGTCGAAGATTGOG | UCGAAGAUUGGG

2058 TCCCTGGACAATATCACC (SEGQG 1D NO) UCCCUGGA (SEQ
D NGO

MAPT | ORF GTCCAGTCGAAGATTGGGTCCCTGGACA | GGGUCCCUGGAC

2067 ATATCACCCACGTCCCT (SEQ ID NOG) AAUAUCAC {(SEQ
D NG

MAPT | ORF TCCAGTCGAAGATTGGGTCCCTGGACAA | GGUCCCUGGACA

2068 TATCACCCACGTCCCTG (SEQ ID NG AUAUCACC (SEQ
D NG

MAPT | ORF AAGATTGGGTCCCTGGACAATATCACCC | GACAAUAUCACC

2076 ACGTCCCTGGUGGAGGA (SEQ ID NG CACGUCCC (SEQ
D NG

MAPT | ORF GGTCCCTGGACAATATCACCCACGTCCC | UCACCCACGUCC

2083 TGGCGGAGGAAATAAAA (SEQ 1D NGO CUGGCGGA (SEQ
D NO)

MAPT | ORF TATCACCCACGTCCCTGGUGGAGGAAAT | UGGCGGAGGAAA

2096 AAAAAGATTGAAACCCA (SEQ D NOY) UAAAAAGA (SEQ
D NGO

MAPT | ORF TCACCCACGTCCCTGGCGGAGGAAATA | GCGGAGGAAAUA

2098 AAAAGATTGAAACCCACA (SEQID NGy | AAAAGAUU (SEQ
D NG

MAPT | ORF CACCCACGTCCCTGGCGGAGGAAATAA | CGGAGGAAAUAA

2099 AAAGATTGAAACCCACAA(SEQID NGO | AAAGAUUG (SEQ
D NG

MAPT | ORF GTCCCTGGUGGAGGAAATAAAAAGATT | AAUAAAAAGAU

2106 GAAACCCACAAGCTGACC (SEQID NGO | UGAAACCCA

{(SEQ ID NG
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MAPT | ORF ATAAAAAGATTGAAACCCACAAGCTGA | CCCACAAGCUGA

2122 CCTTCCGCGAGAACGCCA (SEQID NGy | CCUUCCGLC (SEQ
D NG

MAPT | ORF TTCCGCGAGAACGCCAAAGCCAAGACA | AAAGCCAAGACA

2151 GACCACGGGGCGGAGATC (SEQ ID NOy | GACCACGG (SEQ
D NO)

MAPT | ORF ACAGACCACGGGOCGGAGATCGTGTAC | GAGAUCGUGUAC

2175 AAGTCGCCAGTGGTGTCT (SEQ ID NGy | AAGUCGCC (SEQ
D NG

MAPT | ORF ACGGGGCGGAGATCGTGTACAAGTCGE | UGUACAAGUCGC

2182 CAGTGGTGTCTGGGGACA (SEQ ID NGOy | CAGUGGUG (SEQ
D NGO

MAPT | ORF GGAGATCGTGTACAAGTCGCCAGTGGT | GUCGCCAGUGGU

(2189 GTCTGGGGACACGTCTCC (SEQID NO}y | GUCUGGGG (SEQ
D NOY)

MAPT | ORF GTACAAGTCGCCAGTGGTGTCTGGGGA | GGUGUCUGGGGA

2198 CACGTCTCCACGGCATCT (SEQ ID NGOy CACGUCUC (SEQ
D NG

MAPT | ORF TCGCCAGTGGTGTCTGGGGACACGICTC | GGGGACACGUCU

2205 CACGGCATCTCAGCAAT (SEQ 1D NOv) CCACGGCA (SEQ
D NO)

MAPT | ORF GCCAGTGGTGTCTGGGGACACGTCTICCA | GGACACGUCUCC

2207 CGGCATCTCAGCAATGT (SEQ 1D NG ACGGCAUC (SEQ
D NG

MAPT | ORF ATCTCAGCAATGTCTCCTCCACCGGCAG | CCUCCACCGGCA

2239 CATCGACATGGTAGACT (SEQ ID NGO GCAUCGAC (SEQ
D NG

MAPT | ORF AGCAATGTCTCCTCCACCGGCAGCATCG | ACCGGCAGCAUC

2244 ACATGGTAGACTCGCCC (SEQ ID NGO GACAUGGU (SEQ
D NG

MAPT | ORF TCCTCCACCGGCAGCATCGACATGGTAG | AUCGACAUGGUA

2253 ACTCGCCCCAGCTCGCC (REQ D NG GACUCGCC (SEQ
D NG

MAPT | ORF CTCGCCCCAGCTCGCCACGCTAGCTGAC | CACGCUAGCUGA

2282 GAGGTGTCTGCCTCCCT (SEQ ID NGy CGAGGUGU (SEQ
D NO)

10776} A second in vifro screen was performed to identify additional siRNAs effective in

silencing MAFPT mRNA. The screen was performed as described above. The results of the
screen are depicted tn FIG. 6. The tested siRNAs were of the P3 Asymmetric design, as
depicted 1o FIG. 6. The resulis of the second screen identified several additional siRNAs
capable of effectively silencing MAPT mRNA | mncluding several that reduce AAPT mRNA
fevels to less than 40%. The MAPT gene and mRNA target sequences, and panel of stRNAs

used in the second screen are recited below in Table 12 and Table 13

Table 12. MAPT gene and mRNA target sequences used in the screen of FIG. 6.
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B

43mer Gene Hegion

Target Sequence

MAPT 347

CCCCGCCAGGAGTTCGAAGTGATGGAAGATCACGCTGGGACGTAC

GAAGUGAUGGAAGAUCACGT

MAPT 349

CCGCCAGGAGTTCGAAGTGATGGAAGATCACGCTOGGCGACGTACGG

AGUGAUGGAAGAUCACGCUG

MAPT 351

GCCAGGAGTTCGAAGTGATGGAAGATCACGCTGGGACGTACGGGT

UGAUGGAAGAUCACGCUGGG

MAPT 333

CAGGAGTICGAAGTGATGGAAGATCACGCTGGGACGTACGGGTTG

AUGGAAGAUCACGOUGGGAC

MAPT 2247

GAGGCGGCAGTGIGCAAATAGICTACAAACCAGTTIGACCTGAGCA

AAAUAGUCUACAAACCAGUU

MAPT 2249

GGCGGCAGTGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAG

AUAGUCUACAAACCAGUUGA

NAPT 2251 CGOCAGTGTOUAAATAGTCTACAAACCAGTTIGACCTGAGCAAGGT AGUCUACAAACCAGUUGACC
MAPT 2253 GCAGTGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAGGTGA | UCUACAAACCAGUUGACCUG

MAPT 2235

&

AGTGTGCAAATAGTCTACAAACCAGTTGACCTGAGC AAGGTGACC

UACAAACCAGUUGACCUGAG

MAPT 2259

TGCAAATAGTCTACAAACCAGTIGACCTGAGCAAGGTGACCTCCA

AACCAGUUGACCUGAGC AAG

MAPT 2261

CAAATAGTCTACAAACCAGITGACCTGAGCAAGGTGACCTCCAAG

CCAGUUGACCUGAGCAAGGY

MAPT 2263

AATAGTCTACAAACCAGTTGACCTGAGCAAGGTGACCTCCAAGTG

AGUUGACCUGAGCAAGGUGA

MAPT 2263

TAGTCTACAAACCAGUTGACCTGAGCAAGGTYGACCTCCAAGTIGTG

UUGACCUGAGCAAGGUGACC

MAPT 2368

GAAGCTTGACTTCAAGGACAGAGTCCAGTCOAAGATTGGGTCCCT

GGACAGAGUCCAGUCGAAGA

AGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGG

ACAGAGUCCAGUCGAAGAUU

MAPT 2370
MAPT 237%

CTTGACTTCAAGGACAGAGTCCAGTCGAAGATTIGGGTICCCTGGAC

AGAGUCCAGUCGAAGATUGG

MAPT 2374

TGACTTCAAGCGACAGAGTCCAGTCGAAGATIGGGTCCCTGGAC AA

AGUCCAGUCGAAGAUUGGGU

MAPT 2376

ACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATA

UCCAGUCGAAGAUUGGGUCC

MAPT 2384

GACAGAGTCCAGTCGAAGATTGGOTCCCTGCGACAATATCACCCAL

AAGAUUGGGUCCCUGGACAA

MAPT 2386

CAGAGTCCAGTCGAAGATTIGGGICCCTGGACAATATCACCCACGT

GAUUGGGUCCCUGGACAAUA

MAPT 2388

GAGICCAGTCOAAGATTGOGTCCCTGGACAATATCACCCACGTCC

UUGGGUCCCUGGACAAUAUC

MAPT 2415

ACAATATCACCCACGTCCCTOOUGGAGGAAATAAAAAGATIGAAA

UCCCUGGCGGAGGAAAUAAA

MAPT 2419

TATCACCCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCA

UGGCGGAGGAAAUAAAAAGA

MAPT 2421 TCACCCACGTCCCTGGCGGAGGAAATAAAAAGATTIGAAACCCACA | GUGGAGGAAAUAAAAAGAUU
MAPT 2423 ACCCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAG | GGAGGAAAUAAAAAGAUUGA

MAPT 2425

CCACGICCCTGGUGGAGGAAATAAAAAGATTGAAACCCACAAGCT

AGGAAAUAAAAAGAUUGAAA

MAPT 2427

ACGTCCCTGGUGGAGGAAATAAAAAGATTGAAACCCACAAGCTGA

GAAAUAAAAAGAUUGAAACT

ATCAGGCCCCTGGGEGCGGTCAATAATTGTGGAGAGGAGAGAATGA

CGGUCAAUAAUUGUGGAGAG

MAPT 26

CAGGCCCOCTGGGGCOOTCAATAATTOTGGAGAGGAGAGAATGAGA

GUCAAUAAUUGUGGAGAGGA

MAPT 2672

GGCCCCTOOOOUGHOTC AATAATTGTGGAGAGGAGAGAATGAGAGA

CAAUAAUUGUGGAGAGGAGA

MAPT 2674

CCCCTGGGGLGGTCAATAATIGTIGGAGAGGAGAGAATGAGAGAGT

AUAAUUGUGGAGAGGAGAGA

MAPT 2676

AAUUGUGGAGAGGAGAGAAU

MAPT 4508

CATCTGCACCCTGITGAGTTGTAGTIGGATTTGTCTGTTTATGCT

GAGUUGUAGUUGGAUTIGUC

MAPT 4510

TCTGCACCCTGTITGAGTTGTAGTTGGATTTGICTGTITATGCTTG

GUUGUAGUUGGAUUUGUCUG

MAPT 4512

TGCACCCTGTIGAGTTGTAGTTGGATTIGTCTGTTITATGCTIGGA

OGUAGUUGGAUUUGUCUGUY

MAPT 4514

CACCCTGTTGAGTIGTAGTTGGATTTOGTCTOTTTATGCTTGGATT

UAGUUGGAUUUGUCUGUUUA

MAPT 4516

CCCTGTTGAGTTGTAGTTGOATITGTCTGTTTATGCTTGGATICA

GUUGGAUUUGUCUGUUUAUG

MAPT 4520

GTTGAGTTOTAGTTGGATTIGTCTGTTTATGCTTGGATTCACCAG

GAUUUGUCUGUUUAUGCUUG

MAPT 43522

TGAGTTGTAGTTGGATTTGICTGTTTATGO TTGGATTCACCAGAG

UUUGUCUGUUUAUGCUUGGA

MAPT 4524

AGTTGTAGTTGGATTTGTCTGTTTATGC TTGGATTICACCAGAGTG

UGUCUGUUUAUGCUUGGAUY

MAPT 4526

TIGTAGTTGGATTTGTCTGTITATGCTIGGATICACCAGAGTGAC

UCUGUUUAUGCUUGGAUUCA

MAPT 4528

GTAGTTGGATTTGTCTGTTTATGCTTGCGATICACCAGAGTGACTA

UGUUUAUGCUUGGAUUCACD

MAPT 6740

TCTATATAGYGTATTIGTGTIGTTITAACAAATGATITACACTGACT

GUGUGUUUUAACAAAUGAUU

MAPT 6742

ATATAGTGTATTGTGTGTITTAACAAATGATTTACACTGACTGT

GUGUUUUAACAAAUGAUUUA

MAPT 6744

TATAGTGTATTIGTGTGTTTTAACAAATGATTTACACTGACTOTTG

GUUUUAACAAAUGAUUUACA

MAPT 6746

TAGIGTATTOUGIGTUTTTAACAAATGATTTACACTGAC TG TGO T

UUUAACAAAUGALIUCACACY

MAPT 6748

GTGTATTGTGTGTITTAACAAATGATTTACACTGACTGTTGCTGT

UAACAAAUGAUUUACACUGA

MAPT 6752

ATTGTGTGTTITAACAAATGATTTACACTGACTGTTGC TGTAAAA

AAAUGAUUUACACUGACUGU

MAPT 6754

TOTGIGTTITAACAAATGATTTACACTGACTGTTGC TGTAAAAGT

AUGAUUUACACUGACUGUUG

MAPT 6736

TGTGTITTAACAAATGATTTACACTGACTGTTGCTGTAAAAGTGA

GAUUUACACUGACUGUUGCU

MAPT 6758

TOTTTTAACAAATGATITACACTGACTGTTGCTOTAAAAGTGAAT

UUUACACUGACUGUUGCUGU

MAPT 6760

TTTTAACAAATGATITACACTGACTGTTIGCTGTAAAAGTGAATTY

UACACUGACUGUUGCUGUAA

Table 13. AJAP T antisense and sense strand siRNA sequences used in screens of FIG. 6.

i AS modified S meddified

MAPT P s#HCH# (G AN EGDEAN e HEC U DO O (A | oG (U aD{ED (AN TAH mGHIAY (UK m

347 (U0 # (EARC HU U M) CHANIOH G mA»-TegChnl

MAFT P{mU s A G (G G EA N m O DU mC) Gk NGy G A EAN mGHEAM mUNIC WmAMm
349 FOC A O AR O (ED) CHEOH (U imA»-TeeClhol

MAPT PO DA (O EAEGEC Y G (TG AN NGO mUW | (G m AR FA N mGEANmNEC AT mGi(m
351 FUMHOC 3 EOH mA YU (O WHEA) CYol W IGH G (mAY-TegChol
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MAPT Pl HEU R (O HYEOY A Y mGHIEO oG (G EAN U | (oA aG#H TAY N A YD G} mUp{m

353 (O U U OO #nC Y (m AU GG mA ¥ mA)-TeeChol

MAPT Pl AR (mC UGG DE W DY (FGY mU M A X mG) GG U IO mUNEA O IA A A mC){m

2247 A O U A M U U WY CH A XEGH (UM (mA)-TepChol

MAPT Pl O (A FAYEOH NG EGH D (B N N{EGH ) G U (EAYC X A A X EAM iy (T HmA M m
2249 HEA MG FA R (O (et ) AW T GHmIDIUH G (A TegChot

MAPT PloU MEGH (DO A A Y Oy D Gy G mU U () (AW (O AN A TA MmO W m A (F mUNm
2251 HEGHH# U (FA W (O (m AW mC WL UNmGHFARE MO H(mA Y TepChsl

MAPT Pl D#FEAF (GG IO mANTA Y Oy AN mGH G ()} (AW AW A OO mAFGHmN (MG (m
22583 HEDNFCDH Gt ) mAW G EA) AXCYEOH (U mA-TeeChol

MAPT POl D#FEUH (A G FGH U EC ¥ mA A mC ¥ U (mG) (AR O H (RO AYEG  mUpEU) {mGHEA Y mC){m

2255 H R mUFE U R U ((@# U A O}l Y EH (A (mA)- Te gChol

MAPT POl DU (ol DGO O (EA Y GG U (mA) (oG U U G A OIS UG mA (m

2259 HEAWH O UG G mlUD#(U) O Y EAHH mA¥ (mA)-Te pChol

MAPT Pl #ECH (mO) RGO UM XA GGG (U | a3 (G# A O YEC UG A (@ (mC){m
2261 (FOH AW (A #E U (GG AN A EGH G (mARTeeChol

MAPT Pl O H (A O Uy PO OO N (O EANmGyE | (AW (aC O U TG (AW G mCY (FAY A m
2263 (G (U HTH#HmA Y A O G UG (A TeeChol

MAPT P{onU $GH U WO FAYEC Y enCy O NSO} U aCy | (O3 U (O m A X G mO WA mAX G (mGY (m
2263 (FA G (T (D E (mCE# A EA)Y UmnGHEARMCH(mAY-TepChnl

MAPT PloaU HECH# (D (EOEGH mA O et DG G FAN O | (G m A IGH DK mO} LAY ;G mCim

2368 (BN (FU (G U mC YR G AYTAY G (mA)-TepChol

MAPT Pal AR (et D{ED EUM U mO HG mA O mU NG (G (G DA O mOEA G MO G mANm

2370 FEAMK O (TURH oo ¥ DE#mGHEY) A TAM () WHimA» TepChol

MAPT POl DF#ECHmAXEATUYEC Y Uy U ¥ OO EG A Y IO mU | (O WHEA G N O EGH mAY AN mG){m
2372 FOWH MO A #HmC U (O L AN HEDFH G mA»TeeChol

MAPT Pl O (mOYE0)OTEAY FA Y mD EC ml NN TG mAM | oA MG N ) G A A (G {TAN U m
2374 (FOH(H GG mA O G EGH (G (mArTeeChol

MAFT P{mU s G A (FCH IO m A A DN E (D N (aCr | ol D nC (G m A YA G EAY (U W mGHm
2376 (EO# AW O U mGH#mGYEEAY DU mC (mA - TepChol

MAPT P{onU U G HED RO EC M mAYEG Y GG mA YO W | (el ¥ e 3 (FGY oG FUN YD Oy X B
2384 O A AR U O U M(R) GHmAKICH A (A - TesChol

MAPT PloU AR (D DG U OO Y mAY G mG G (A (A EH U mO O mC U e (F D mANm

2386 HEOHH O (O mA M mA W (ol (T CHmA WA (il (mA)-TegChol

MAPT Pl D#FEAF (e DEAM TN AU oG X (IO mA XG5y (kDA O (0O U (G m A O (mA N m
23RR HFEDH AW O O WO (mAMEA) AXmUNFAR U ¥ mA»TepChol

MAPT Pm#EU U EAMENE N (DO aCy N OO @ | G GE# O G I A (M {TA X mANm
2415 OO A (G {mGHHTA) AY DA A mAN TesChol

MAPT P{mlU O (ol FUD G (el XA et DEG mU O 0) G A G DA AN TAHmUNTAY (AN m
2419 FRT O O oGO mOE FA) AY A A G AR TeeChol

MAPT Pl A BN O et N et DEA N mU R U ) GGG A A A e DTAHBANTAY MANm

2421 HUC OB P #HmC #mGH (C) AXmGHEAM(mMU ¥ (AR TegChol

MAFT P{mU s ECH (A X TA (U EH (e HE Dl BN (mU A ml) (A WA A D EA m AN AN MmA KA mGHm

2423 AEDFCU# (IO O U O EC) AU UG (A= Te g hol

MAPT P{onU U (U M EO FAXFAY ol DO Y DR (U (EU (il (oA WU A mA ) A mA YA G TA (U
2425 HEARHCl DBl (OO INHmGHEAM A mA)-Te pChol

MAPT Pl D#EGH (DO TN IO mA X PAY i D EC N (ol ) (AR AR TAY mAY AW GHEAM U E N (mG) (m
2427 HFEDNF I A U (U UGS AXmAY AR (O (mA > TegChol

MAPT Pl HEUH (O OECH mAM O mA YA UM U A | (A (AR U A} A ol WO G (mGY(m
2668 (ENEH DG A O mOWIG) AT A AN TesChol

MAPT Pm#EC#H (mO) RO O (O (A O (m A A mNE | ol (A A U E N W mGHIG (mAXm

2670 (EU (A U MU E (G (mAMW(C) G A GG (mA)-TegChol

MAPT P{mlU s C# (ol OO U mO) FU OO (m A (A | oA U D E DG IGH mANTG (mANm
2672 (FA U U A (D U W EG) G FAR (G (mA)-TegChol

MAFT P{oU O H# (U T ¥ O OO (U mC U Oy (mAY | e DGR AN G G A G mANIGH (mGim
2674 (FOMmA M (CAH U E A (LD ANmGHEAR MG (AR TesChol

MAPT Pl #FE DA DD FOEC mU EO(mOEN(mOE N eCW | (D mG#F G mA Y IGH A YR GHEA (G (m
267¢ O A O H A WA UM ANmGHEAR A (AR Te o "hol

MAPT POl DAEAF (mOYEAYFANEAY ot EC mCHEAN mA WO mUW | (oG (mU# A N mUNEGH B3y EAY (il D (m
4508 EAMVHC ¥ A AW (O (mUH#(EC) I mUNEGH U mA)-Te pChol

MAPT POl DHEA R (G EAY IO FAN A CA W i D (B mCYTA (mA) (A EGHF IS G AN D EU D (m

43510 FECOH I DF AR oC B AW A BIC) Ol YO ) (mA)-Te pChiol

MAPT POl HEA R (e OEAY G FAN Oy (EA Y A TAX U W O | (U # GG A el WU UG (iU

4512 (EAYH AW O U M mA O TA) O} ed DEH U@ (mA)-TepChol

MAPT PEm#EA A YA O A AN mCy FA mA XA (ml) (GG FAN U N D {EGH{ N M ml(m
4514 AU (O EAR( AR (O (U EA)Y G DU U (A TeeChol

MAPT P{onU A (U YEAMEAY A X EA M mGHTAN mC HFA (A} (AW U U DG Uy (UG U am
4516 HEAU# (O (aC HenA M (mAHED) UMmiDEAR U (A TegChot

MAPT PloaU MEAH (AN TEH O A Y mUMEA M mA A O WA () (AU O DEGH m U (A U M m

4520 HEAWH O (EAVH i A m A U E(ID) CmC U (U (A Te gChol

MAPT PO DA (O AT Oy AN N FAN mAXTAYNmCOW | (Ol DHEEGH il N EAY il (m

4377 (FAVA{ DA HmC HmA ¥ mAY(EA) INU TG (¥ mA)-TegChol
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MAPT (D EAR S O EAN A G mC Y FAN U W FAY (mA) (G mU#F U mUD A UG Oy D (U m

45724 ( (O CEA B MG HE A mC #HTA) G FA R il ¥ mA)-TeeChol

MAPT Pm#EGH (mA YA ENECH O EA Y A (T O X TA (ot ) Gl #OU B A U ED O (e D mGHm

4826 AA M A (LA W (O Hm A mGHI(FAY A (FU (O (mA)-TepChol

MAPT Pl G D EGHIAXEA miDED { mCy (TA mAY G 0) GoA WU EGH Oy o HER (A U m
4528 HEA MU A (A (A (O HEAY U YA (O mA»-TesClnl

MAPT PloU B EAR (DO AT U U GG (U X FAX A) (DA UF U DA N A YT (AN A A m
6740 HEA M AW (T A (O mAREC) UNmGHFAR UM (AR TegChol

MAPT Pl D#FEAF (A} TAM IO AN TN D (G YR (oal)) (D mIDF A mA O mA YA Y AN UG
6742 AEA YW AW AW A ¥ AW D) AN U U A Te ohol

MAPT POl D#EGH (DA TAX FAY o DO mAYE DNl DU w3y | (AR mAF IO mA N IA K mA YU oGy EA Y U m

6744 # (N (FA (A F (AR (AT INQUTAH (O (mA)- Chol

MAPT Pl DHEGH (D EG{ TN AN A A X D B A X FUY ity {(CHm AW EAM A YU G A (N YU m

6746 HR W G (U (AJH (A EA) AN O Y EAHH O (A)-Te s hol

MAPT Pl #ECH (mAX Gy (PO G DEA N mAY (FAY mU M O mA) (A AP U G EA ad D m N TAY O Hm
6748 HT U (DG (WU EA) A OYEDF (G (mA - TepChol

MAPT P{onU #ICH (A G (D EC mAYES Y i DG mU M FA (A} oA W U U D EA Y EAY (YU (mGY (m
6752 AU O A M (U U MY AYC I (mGH(mA - TepChol

MAPT P{oU A (A YO FAX G U EC Y n AY(EGH U (G () (el DA U A C YA O N G A mC Y m
6754 AEA M MAM TA VM O AW UG U mU (A TesChot

MAPT PloaU HEGH (O XA FAYEC Y m A (G s O mA X TG mU} (AW O AN OO NG EAY MmO AN mGHm

6756 HEDH I (FA (AW (AU ) UG (O (mA)-TegChol

MAPT PO DA (A EOEAN mA O (AN TG NGO mAY | (mAW( mCHEDN(mG A mOEDN mGFmU(m

6758 (ED#{ DA IGH U (A MA MTA) (UM (e DE (mA)- b

MAPT - FF( AN D FANIGmO EA Y mAN O mAYIG (D) (A mGFE {EA Y mC W NGH I i NEG ey (m
6760 FECOH (AW EGH U mGHmUD(EAY ING)YEU W mA W AR TeeChol

167771 A third in virro screen was performed to identify additional 3" UTR-trageting

siRNAs effective in silencing MAP T mRNA. The screen was performed as described above for
the human SHSY cells. The mouse neurcblastoma cell line, N2 A, was also used in the screen.
The results of the screen are depicted n FEG, 7TA and FIG. 7B, The tested siRNAs were of the
P5 Asymmetric design with a 21-nucelotide antisense strand and 16-nuceltoide sense strand,
as depicted in FIG, 7TA. The results of the third screen identified several additional siRNAs
capable of effectively silencing MAFPT mRNA. Several hits were further tested to generate
dose response curves, as shown in FIG. 8 To demonstrate the efficacy of siRNAs with
alternative chemical modification patterns, an additional dose response curve was performed
with a P3 Asymmetric pattern. The results of this dose response curve are shown n FEG. 8.
The MAPT gene and mRNA target sequences, and panel of siRNAs used i the third screen

are recited below in Table 14 and Table 15

Table 14. MAPT gene and mRNA target sequences used in the screen of FIGS. 7-9,

1 Targeting region Sequence
ACUCACUUUAUCAAY
MAPT 3ITCCTTCAAGCTGCTGACTCACTTTATCAATAGTT AGUUC (SEQ ID NO:
291 CCATTTAAATT (SEQ 1D NG 291) 208}
CUCACUUUAUCAAUA
MAPT 3ICCTTCAAGCTGCTGACTCACTTTATCAATAGTTCIGUUCC (SEQ [D NG
292 CATTTAAATTG (SEQ ID NO: 2923 299}
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UAUCAAUAGUUCCAU
MAPT 3 IGCTGCTGACTCACTTTATCAATAGTTCCATTTAA [UUAAA (SEQ 1D NO:
299 ATTGACTTCAG (SEQ 1D NO: 293) 300}
AGUUCCAUUUAAAUU
MAPT 3IACTCACTTTATCAATAGTTICCATTTAAATTGACT IGACUU(SEQ ID NO:
306 TCAGTGGOTGAG (SEQ IDNQ: 2943 301}
UCCAUUUAAAUUGAC
MAPT 3ICACTTTATCAATAGTTCCATTTAAATTGACTTCA WUCAG{(SEQ ID NO:
309 GTGOTGAGACT (SEQ ID NO: 295) 302)
CUUGCAAGUCCCAUG
MAPT 3 IGGACTATTTCTGGCACTTGCAAGTCCCATGATTHAUUUC (SEQ ID NO:
086 CTTCGGTAATT (SEQ 1D NO: 296) 303)
UGUGUUUUAACAAAU
MAPT 4 ICTATATAGTGTATTGTGTGTTTITAACAAATGATTTIGAUUU (SEQ 1D NO:
039 ACACTGACTG (SEQ 1D NG: 297) 3043

Table 15. MAPT antisense and sense strand siRNA sequences used in screens of FIGS. 7-9.

D AS modified S modified
MAPTP (U # A AN mO) (UM AX U ¥l DGy em A {m AN AR O # el Dol e A EOHECHm AY
3291 mAMT A mGHEFIUNOE G m A MGHETUEmU) FAN MU {m A G U EmU#mARTegChol
MAPT I (U EGOH( A A O e A D {m UG A DGO C e UD#d D DEuA XU EOTFAmAY
3292 AT AV AW GO (mG e AYEGH#(md )y CU A () ul) Yoo mO A -TegChol
MAPT P (mlD#FTU#H mNm A m AT AU mG{mG) (m AMm A m O mAF m AU Y m A mG{ TN EIC mO)(
3299 i (AU EE N mGEm AW m U FTAMmU) FAYmU Y mi i  m A mA#(mATegChol
MAPT P (U A G U Oy A m A mUN(m Ny A m A mCHEmOHF (m A mU(m U DT ATA mAY
3306 AU mOWHIG #m AF(m A mO#E U (L) FUN UG m A mOWmU #(m A)-TegChol
MAPT P (mlD#FHTU#H mGHm A m A O mUNmO m A m AmUym N U D #mUD#F U A (m AT AU Y mGY
3309 MmN TAF AT AU EmGO#EmGHETAFmMU) FAN MO mU MmO ¥ mAFHmA-TegChol
MAP T I (m U A A AU s A mID{mG) mG G e A GOnCHm A (m A mO ¥ mi N OECH m AX T
3086 Oy T (U WWIG#mOEmMAFmMAFIGH#mMU) UG A U U #EmU (AR TegChol
MAPTP (U # A AN mU N md A X U Y DN D e GHm D mUNG U U (mUNmU AT ATO (A (m AX
4089 1 AW A AMEAH ORI AH (O A EAY DM m A UM mU#(mATeeChol

(0778]

A further screen of siRNAs targsting various MAPT mRNA target sequences

across the ORF and 37 UTR was conducted with siRNAg 1o the a P3 Asymmetric pattern shown
in FIG. 4. The screen was performed in SH-SY3Y human veuroblastoroa cells. Each siRNA
was used at a concentration of 1.5 uM and incubated for 72 hours with the cells before
quantifying relative mRNA expression (FIG. 10}, An additional screen was performed with
siRNAs targeting various MAPT mRNA target sequences across the ORF. Targets are found
in both human and mouse MAPT mRNA. The screen was performed in SH-SYSY human
neuroblastoma cells. Hach siRNA was used at a concentration of 1.5 uM and tncubated for 72
hours with the cells before quantifying relative mRNA expression (FIG. 11). The data shows
that there are numerous MAPT target areas useful for robust silencing of MAPT mRNA

eXpression.
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Example 2. In vive silencing of MAPT in the mouse brain

{07797 Based on the results here and the screens performed in Example 1, the MAPT
target sites designated MAPT 2005, MAPT 3309, and MAPT 3292 were selected for further
study in the mouse brain. Mice were given a 10 nmol dose of the siRNA in a 10 pl volume,
administered via an ntracerebroventricular (JCV) route. No treatrent control mice were used
for comparison {5 mice per group). After a one-month incubation period, mice were sacrificed
and MAPT mRNA (FIG. 12A) and Tau protein (FIG. 12B) levels were deternuned. The
mRNA levels were determined with the QuantiGene gene expression assay {ThermoFisher,
Waltham, MA) and protein expression was determined with the Protein Simple western blot
systeny. Tau protein levels were normalized to the protein vinculin and gapdh. The following

siRNA chemical modification pattern was employed for this in vivo study:

Antisense strand, from 57 to 37 (21-nuclectides in length):

VP o XX m XX O 2O O o 3OO m XXX O X
XX (OO mX)

Sense strand, from 57 to 37 (16-nucleotides n length):

(O o X on XU m XX XOUEX OO a3 X {m XOOHm X m X

“m” corresponds to a 27-O-methyl modification; “{7 corresponds to a 2’-fluoro modification;

“X7 corresponds to any nucleotide of A, U, G, or C; “#” corresponds to a phosphorothioate
miternucleotide linkage; and “VP” corresponds to a §7 vinylphosphonate modification.

[0780] The siRNA targeting the sites designated MAPT 2005, MAPT 3309, and
MAPT 3292 lead to potent silencing n several mouse central nervous sysiem regions tested,
including the frontal cortex, medial cortex, hippocampus, thalarous, striatum, cerebellum, and
spinal cord. Both mRNA and protein levels reached about 50% compared to the no treatment
control. The siRNA antisense and seunse strand sequences, with chemical modiciation patterns,
are depicted below.

MAPT 2005 Antisense strand, from 57 t0 3”7 (2 1-nucleotides in length):
YP(mU WU oo U {TUHEAXEC  im UN{FU OO i A O mCOFUNE i GG O
mCHm AW HmU)

MAPT 2005 Sense strand, from 57 to 37 (16-nuclectides in length):
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(MO O A G m GHIUM G HIGH m AN AN mGHmUN mAY A (mA #{(m A)
MAPT 3292 Antisense strand, from 57 to 3° (21-nuclectides i length):

VP(mU (G m A A IO T m A} PO m UG m AU mAY AW (A (G mUYH(
G HH{MA BTG mU)

MAPT 3292 Sense strand, from 57 to 37 (16-nuclectides in length):
(mC (U m N U AT UK mCYEA N mA Y TUH A mGHm U U ¥HmC i (mA)

MAPT 3309 Antisense strand, from 57 t0 37 (2 1-nucleotides in length):

fal

VP TUH (G AT AYTCH mUY O A YFA N m Uy UM rn UK F A (m A WA (m U
G mGHEA (M)

MAPT 3309 Sense strand, from 57 t0 37 {16-nucleotides in length):

(U U m U A m A A U FUH mn GYEA Y m O {m N U O (m Ay (mA)

Incorporation by Reference

{07811 'The contents of all cited references (including literature references, patents,
patent applications, and websites) that maybe cited throughout this application are hereby
expressly incorporated by reference in their entirety for any purpose, as are the references cited
therein. The disclosure will employ, unless otherwise indicated, conventional technigues of

inmunology, molecular biology and cell biology, which are well known in the art.

{07821 'The present disclosure also incorporates by reference in their entirety
techniques well known in the field of molecular biclogy and drug delivery. These techniques

include, but are not limited to, technigues described in the following publications:

Atwell et al. J. Mol Biol 1997 270: 26-35;

Ausubel et al. {eds), CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley
&Sons, NY {1993};

Ausubel, F M et al. eds, SHORT PROTOCOLS IN MOLECULAR BIOLOGY (4th Ed. 1999)
John Wiley & Sons, NY. (ISBN 0-471-32938-X};

CONTROLLED DRUG BIOAVAILABILITY, DRUG PRODUCT DESIGN AND PERFORMANCE,

Smolen and Ball (eds ), Wiley, New York (1984);
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Giege, R and Ducruix, A Barrett, CRYSTALLIZATION OF NUCLEIC ACIDS AND
PROTEINS, a Practical Approach, 2nd ea, pp. 20 1-16, Oxford University Press, New York,
New York, (1999},

Goodson, it MEDICAL APPLICATIONS OF CONTROLLED RELEASE, vol. 2, pp. 115-138
(1984);

Hammerling et al., in: MONCCLONAL ANTIBODIES AND T-CELL HYBRIDOMAS 563-G81
(Elsevier, N.Y, 1981,

Harlow et al., ANTIBODIES: A LABORATORY MANUAL, (Cold Spring Harbor Laboratory
Press, 2nd ed. 1988);

Kabat et al, SEQUENCES OF PROTEINS OF BMMUNOLOGICAL INTEREST (National
Institutes of Health, Bethesda, Md. (1987) and (1991};

Kabat, E. A ef o (1991) SEQUENCES OF PROTEINS OF IMMUNOLOGICAL INTEREST, Fifth
Edition, U.8. Department of Health and Human Services, NIH Publication No. 91-3242;

Kontermann and Dubel eds., ANTIBODY ENGINEERING (2001) Springer-Verlag New
York. 790 pp. (ISBN 3-540-41354-5),

Kriegler, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY
(1990);

Lu and Weiner eds, CLONING AND EXPRESSION VECTORS FOR GENE FUNCTION
ANALYSIS (2001) BioTechniques Press. Westborough, MA. 298 pp. (1SBN 1-881299-21-X}.

MEDICAL APPLICATIONS OF CONTROLLED RELEASE, Langer and Wise (eds.}, CRC
Pres., Boca Raton, Fla. (1974);

Cld, RW. & SB. Pnmrose, PRINCIPLES OF GENE MANIPULATION: AN INTRODUCTION
To GENETIC ENGINEERING (3d Ed. 1985) Blackwell Scientific Publications, Boston. Studies in
Microbiology; V.2:409 pp. (ISBN 0-632-01318-4).

Sambrook, I et al. eds, MOLECULAR CLONING: A LABORATORY MANUAL (2d Ed.
1989y Cold Spring Harbor Laboratory Press, NY. Volis. 1-3. (ISBN 0-879659-309-6).

SUSTAINED AND CONTROLLED RELEASE DRUG DELIVERY SYSTEMS, J.R. Robinson, ed. |
Marcel Dekker, Inc., New York, 1978

Winnacker, EL. FroM GENES TO CLONES: INTRODUCTION TO GENE TECHNOLOGY
(1987) VCH Publishers, NY (translated by Horst Thelgaufts). 634 pp. (ISBN 0-89573-614-4).
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Eguivalents

[0783] TThe disclosure may be embodied in other specific forms without departing
from the spirit or essential characteristics thereof. The foregoing embodiments are therefore to
be considered in all respects iflustrative rather than limiting of the disclosure. Scope of the
disclosure 1s thus indicated by the appended claims rather than by the foregoing description,
and all changes that come within the meaning and range of equivalency of the claims are

therefore intended to be embraced herein.
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Claims

What is claimed:

1. A double stranded (dsRNA) mwolecule comprising a sense strand and an antisense
strand,

wherein the antisense strand comprises a sequence substantially complementary to a
MAPT nucleic acid sequence of any one of SEQ ID NQOs: 1-13, 292, and 295,
2. The dsRNA of claim 1, wherein the antisense strand comprises a sequence
substantially complementary to a MAP T nucleic acid sequence of any one of SEQ ID NOs: 14-
33, 299, and 302,

3. The dsRNA of claim 1, comprising complementarity to at least 10, 11, 12 or 13
contiguous nucleotides of the AMAP 7 nucleic acid sequence of SEQ ID NOs: 1-13, 292, and

293,

4. The dsRINA of claim 1 or 3, comprising no more than 3 mismatches with the MAPT

nucleic acid sequence of SEQ ID NOs: 1-13, 292, and 295,

5. The dsRNA of claim 1, comprising full complementarnity to the MAP7 nucleic acid

sequence of SEQ D NQg: 1-13, 292, and 295,

6. The dsRNA of any one of claims 1-5, wherein the antisense strand comprises about

15 nucleotides to 25 nucleotides in length.

nny
I
i

The dsRNA of any one of claims 1-6, wherein the sense strand comprises about 15

nucleotides to 25 nucleotides in fength.

3. The dsRNA of any one of claims 1-7, wherein the antisense strand is 20 nucleotides

in length.

9. The dsRNA of any one of claims 1-7, wherein the antisense strand is 21 nucleotides

in length.
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10. The dsRNA of any one of claims 1-7, wherein the antisense strand is 22 nucleotides
n length.
it The dsRNA of any one of claims 1-10, wherein the sense strand is 15 nucleotides in
fength.

12, The dsRNA of any one of claims 1-10, wherein the sense strand is 16 nucleotides in
length.
13. The dsRNA of any one of clatrus 1-10, wherein the sense strand 1s 18 nucleotides in
length.
14 The dsRNA of any one of claims 1-10, wherein the sense strand is 20 nucleotides in
fength.
15 The dsRNA of any one of claims 1-14, comprising a double-stranded region of 1S

base pairs to 20 base pairs,

16, The dsRINA of any one

base pairs.

17. The dsRNA of any one

base paurs.

18. The dsRNA of any one

base pairs,

19 The dsRNA of any one

base pairs.

of claims 1-15, comprising a double-stranded region of 15

of clairns 1-15, comprising a double-stranded region of 16

of claims 1-15, comprising a double-stranded region of 18

of clatims 1-15, comprising a double-stranded region of 20

20 The dsRNA of any one of claims 1-19, wherein said dsRNA comprises a blunt-end.
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21 The dsRNA of any one of claims 1-20, wherein said dsRNA comprises at least one

single stranded nucleotide overhang,

22. The dsBNA of claim 21, wherein said dsRNA comprises about a 2-nucleotide to 5-

nucleotide single stranded nucleotide overhang,

23. The dsRNA of claim 21, wherein said dsRNA comprises 2-nucleotide single stranded

nucleotide overhang,

24, The dsRNA of claim 21, wherein said dsRNA comprises S-nucleotide single stranded

nucleotide overhang,

25. The dsRNA of any one of claims 1-24, wherein said dsRNA comprises naturally

cccurring nucleotides.

26. The dsRNA of any one of claims 1-24, wherein said dsRNA comprises at least one

madified nucleatide.

27. The dsRNA of claim 26, wherein said moeditied nucleotide comprises a 2'-O-methyl
modified nucleotide, a 2'-deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic nucleotide, a 2'-amino-modified nucleotide, a 2'-alkyl-modified
nucleotide, a morpholine wvucleotide, a phosphoramidate, a non-natural base comprising
nucleotide, or a mixture thereof

~r
I
;

28 The dsRNA of any one of claims 1-27, wherein said dsRNA comprises at least one

modified internucleotide linkage.

29 The dsRNA of claim 28, wherein said modified internuclectide hinkage comprises a

phosphorothicate mternucleotide linkage.

30, The dsRNA of any one of claims 1-29, compnising 4-16 phosphorothioate

mternuclectide linkages.

31 The dsRNA of any oune of claims 1-29, comprising 8-13 phosphorothiocate
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imterpuclectide linkages.

My

32. The dsRNA of any one of claims 1-28, wherein said dsRNA comprises at least one

modified internucleotide linkage of Formula .

wherein:
B is a base pairing moiety;
W is selected from the group consisting of O, OCH,, OCH, CH, and CH;
X is selected trom the group consisting of halo, hydroxy, and Ci.s alkoxy;
Y is selected from the group consisting of O, OH, OR, NH-, NH:, S, and SH;
Z is selected from the group consisting of O and CHy;

R 18 a protecting group; and

33, The dsRNA of any one of claims 1-32, wherein said dsRNA comprises at least 80%

chemically modified nucleotides.

34. The dsRNA of any one of ciaims 1-33, wherein said dsRNA is fully chemically
modified.
3S. The dsRNA of any one of claims 1-33, wherein said dsRNA comprises at least 70%

2’-C-methyl nucleotide modifications.

36. The dsRNA of any one of claims 1-33, wherein the antisense strand comprises at least

70% 27-0-methyl nucleotide modifications.
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37. The dsRNA of claim 36, wherein the antisense strand comprises about 70% to 90%

27-O-methyl nucleotide modifications.

38. The dsRNA of any one of claims 1-33, wherein the sense strand comprises at least

65% 27-0-methyl nucleotide modifications.

39, The dsRNA of claim 38, wherein the sense strand comprises 100% 27-O-methyl
> o

nucleotide modifications.

40, The dsRNA of any oue of claims 1-39, wheren the sense sirand comprises one or

more nucleotide mismatches between the antisense strand and the sense strand.

41 The dsRNA of claim 40, wherein the one or more nuclectide mismatches are present

at positions 2, 6, and 12 from the 57 end of sense strand.

42, The dsRNA of claim 40, wherein the nucleotide mismatches are present at positions

2.6, and 12 from the 5° end of the sense strand.

43. The dsRNA of any one of claims 1-42, wherein the antisense strand comprises a §’

phosphate, a $™-alkyl phosphonate, a 57 alkylene phosphonate, or a 57 alkenyl phosphonate.

44, The dsRNA of claim 43, wherein the antisense strand comprises a 5 vinyl
phosphonate.
4S. The dsRNA of claim 1, said dsRNA comprising an antisense strand and a sense

strand, each strand with a 5 end and a 3° end, wherein:

(1) the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of SEQ D NOs: 1-13, 292, and 295;

{2y the antisense strand comprises alternating 27-methoxy-ribonucleotides and 27-
fluoro-ribonucleotides;

(3} the nucleotides at positions 2 and 14 from the 57 end of the antisense strand are not
2’ -methoxy-ribonucleotides;

{(4) the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are

connected to each other via phosphorothicate mnternucleotide linkages,
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{(5) a portion of the antisense strand is complementary o a portion of the sense strand;

(6) the sense strand comprises alternating 2" -methoxy-ribonuclectides and 2" -fluoro-
nbonucleotides; and

(7} the nucleotides at positions 1-2 trom the 57 end of the sense strand are connected to

each other via phosphorothicate internucleotide linkages.

46, The dsRNA of claim 1, said dsRNA comprising an antisense strand and a sense
strand, each strand with a 5" end and a 3” end, wherein:

(1) the antisense strand comprises a sequence substantially complewentary to a M4PT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

{2) the antisense strand comprises at least 70% 27-0O-methyl modifications;

(3 the nuclectide at position 14 from the 5 end of the antisense strand is not a 27~
methoxy-ribonucleoctide;

o
I
i

{(4) the nuclectides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucieotide hinkages;
{5) a portion of the antisense strand is complementary to a portion of the sense strand;
(&) the sense strand comprises at least 70% 2°-O-methyl modifications; and
(7} the nucleotides at positions 1-2 trom the 57 end of the sense strand are connected to

each other via phosphorothioate internucleotide linkages.

47. The dsRNA of claim 1, said dsRNA comprising an antisense strand and a sense
strand, each strand with 3 3” end and a 37 end, wherein:

(1) the antisense strand comprises & sequence substantially complementary to a M4PT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

{2 the antisense strand comprises at least 85% 2°-O-methyl modifications;

(3} the macleotides at positions 2 and 14 from the 57 end of the antisense strand are not
2’ ~-methoxy-ribonucieotides;

(4) the nucleotides at positions 1-2 to 1-7 from the 3’ end of the antisense strand are
connected to each other via phosphorothicate ternucleotide linkages;

{5} a portion of the antisense strand 15 complementary to a portion of the sense strand,

(6} the sense strand comprises 100% 2°-O-methyl modifications; and

(7 the nucleotides at positions 1-2 from the 57 end of the sense strand are connected to

each other via phosphorothioate internucleotide hnkages.

190



WO 2021/188626 PCT/US2021/022688

48. The dsRNA of claim 1, said dsRNA comprising an antisense strand and a sense
strand, each strand with a 5” end and a 37 end, wherein:

{1} the antisense strand comprises a sequence substantially complementary to a MAFT
nucleic acid sequence of any one of SEQ ID NOs: 1-13, 292, and 295;

(2) the antisense strand comprises at least 75% 27-O-methyl modifications;

(3) the nuclectides at positions 4, 5, 6, and 14 from the 57 end of the antisense strand
are not 2 -methoxy-ribonuclectides;

{4} the nucleotides at positions 1-2 to 1-7 from the 37 end of the antiseunse strand are
connected to each other via phosphorothicate intermucleotide hinkages;

(5) a portion of the antisense strand i3 complermentary to a portion of the sense strand,

(6) the sense strand comprises 100% 27-O-methyl modifications; and

{7} the nuclectides at positions 1-2 from the 57 end of the sense strand are connected to

each other via phosphorothicate internuclectide linkages.

49, The dsRNA of claim 1, said dsRNA comprising an antisense strand and a sense
strand, each strand with a 57 end and a 37 end, wheremn:

(1) the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of SEQ ID NOs: 1-13, 292, and 295;

(2) the antisense strand comprises at least 75% 2°-O-methyl modifications;

(3) the nucleotides at positions 2, 4, §, &, and 14 trom the 57 end of the antisense strand
are not 2’-methoxy-ribomuclectides;

(4) the nuclectides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucleotide hinkages;

{(5) a portion of the antisense strand is complementary to a portion of the sense strand;

{6} the sense strand comprises 100% 27-O-methyl modifications; and

{7} the nuclectides at positions 1-2 from the 57 end of the sense strand are connected to

each other via phosphorothipate internucleotide linkages.

50. The dsRNA of claim 1, said dsRNA comprising an antisense strand and a sense
strand, each strand with a 537 end and a 3° end, wherein:

(1) the antisense strand comprises a sequence substantially complewentary to a M4PT
nucleic acid sequence of any one of SEQ D NOs: 1-13, 292, and 295;

{2) the antisense strand comprises at least 75% 27-0O-methyl modifications;

{31 the nucleotides at positions 2, 6, 14, and 16 from the &7 end of the antisense strand
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are not 2’ ~-methoxy-ribonucleotides;
{(4) the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are

connected to each other via phosphorothicate internucleotide linkages;
(5} a portion of the antisense strand is complementary to a portion of the sense strand,

(&) the sense strand comprises at least 65% 2°-O-methyl modifications;
(7) the nucleotides at positions 7, 9, 10, and 11 from the 3° end of the sense strand are

not 2’-methoxy-ribonucleotides; and
{8} the nucleotides at positions 1-2 from the 57 end of the sense strand are connected to

each other via phosphorothioate mternucleotide linkages.

St The dsRNA of claim 1, said dsRNA comprising an antisense strand and a sense
strand, each strand with a 5 end and a 3° end, wherein:
{1} the antisense strand comprises a sequence substantially complementary to a MAPT

nucleic acid sequence of any one of SH{ 1D NOs: 1-13, 292, and 295,
(2) the antisense strand comprises at least 75% 27-O-methyl modifications;
(3 the nucleotides at positions 2, and 14 from the §” end of the antisense strand are not

2’ -methoxy-ribonucleotides;
(4} the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are

connected to each other via phosphorothioate internuclectide linkages;
{(5) a portion of the antisense strand is complementary to a portion of the sense strand;

i
!
i

{6} the sense strand comprises at least 75% 2°-O-methyl modifications;
, 10, and 11 from the 3”7 end of the sense strand are not

(7) the nucleotides at positions

2’ -methoxy-ribonucleotides; and
(8) the nucleotides at positions 1-2 from the 57 end of the sense strand are connected to

each other via phosphorothioate internucleotide hukages.
52. The dsRNA of any one of claims 1-51, wherein a functional motety is linked to the §°
end and/or 3’ end of the antisense strand.

53 The dsBRNA of any one of claims 1-51, wherein a functional moiety is linked to the §°
end and/or 37 end of the sense strand.

The dsRNA of any one of claims 1-51, wherein a functional moiety s linked to the 37

54

end of the sense strand.
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sS. The dsRNA of any one of claims 52-54, wherein the functional motety comprises a

hydrophobic moiety.
56. The dsRNA of claim 55, wherein the hydrophobic moiety s selected from the group
consisting of fatty acids, steroids, secosteroids, lipids, gangliosides, nucleoside analogs,

endocannabinoids, vitamins, and a mixture thereof,

57 The dsRNA of claim 56, wherein the steroid s selected from the group consisting of

cholesterol and Lithocholic acid (LCA).

58. The dsRNA of claim 56, wherein the fatty acid selected from the group consisting of

Eicosapentaenocic acid (EPA), Docosahexaenoic acid (DHA) and Docosanoic acid {DCA).

59. The dsRNA of claim 56, wherein the vitamin is selected from the group consisting of

choline, vitamin A, vitamin E, derivatives thereof, and metabohies thereof.

60, The dsRNA of claim 5%, wherein the vitamin is selected from the group consisting of
H = ¢ D

retinoic acid and alpha-tocopheryl succinate.

61, The dsRNA of any one of claims 54-60, wherein the functional moiety is linked to the

antisense strand and/or sense strand by a hinker.

62.  The dsRNA of claim 61, wherein the linker comprises a divalent or trivalent linker.

63. The dsRNA of claim 62, wherein the divalent or trivalent linker is selected from the

group consisting of’
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wheremnis 1,2, 3, 4, or 5.
64. The dsRNA of claim 61 or 62, wherein the hinker compnses an ethylene glycol chan,

au alkyl chain, a peptide, an RNA, a DNA, a phosphodiester, a phosphorothicate, a

phosphoranudate, an amide, a carbamate, or a combination thereof.

65, The dsRNA of claim 62 or 63, wherein when the linker is a trivalent linker, the linker

further links a phosphodiester or phosphodiester derivative,

66.  The dsRNA of clairs 65, wherein the phosphodiester or phosphodiester derivative 13

selected from the group consisting of

\@! ~C P\OJ"L
N
| eX ©

; and
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(Zc4)
wherein Xi1s O, Sor BHs.
67.  The dsRNA of any one of claims 1-66, wherein the nucleotides at positions 1 and 2

from the 37 end of sense strand, and the nuclectides at positions 1 and 2 from the §7 end of

antisense strand, are connected to adjacent ribonuclestides via phosphorothicate linkages.

68. A pharmaceutical composition for inhibiting the expression of tau protein (MA4AFPT) gene
in an organism, coroprising the dsRNA of any one of claims 1-67 and a pharmaceutically

acceptable carrier.

69. The pharmaceutical composition of claim 68, wherein the dsRNA inhibits the

expression of said AJ4APT gene by at least 50%.

70.  The pharmaceutical composition of claim 68, wherein the dsRNA inhibits the

expression of said MAFT gene by at least 830%.

71 A method for inhubiting expression of MA4PT gene in a cell, the method comprising:
{(a} introducing into the cell a2 double-stranded ribonucleic acid (dsRNA} of any one of

claims 1-67; and

of the mRNA transcript of the MAP T gene, thereby inhibiting expression of the AMAP 7 gene in

the cell,

72, A method of treating or managing a neurodegenerative disease comprising
administering to a patient in need of such treatment or management a therapeutically effective

amount of said dsRNA of any one of claims 1-67.

73. The method of claim 72, wherein said dsRNA is administered to the brain of the patient.
74. The method of claim 72, wherein said dsRNA  is  admimstered by

mtracerebroventricular (ICV) injection, intrastriatal (IS) injection, intravenous (IV} injection,

subcutaneous {(SQ) mnjection or a combination thereot.
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75, The method of claim 72, wherein administering the dsRNA causes a decrease in MMAFPT
gene mRNA in one or more of the hippocampus, striatum, cortex, cerebellum, thalamus,

hypothalamus, and spinal cord.

76. The method of any one of claims 71-75, wherein the dsRNA inhibits the expression of

said AMAPT gene by at least 50%.

77.  The method of any one of claims 71-75, wherein the dsRNA inhibits the expression of

said MALPT gene by at least 830%.

78 A vector comprising a regulatory sequence operably linked to a nucleotide sequence
that encodes a dsRNA molecule substantially complementary to a MAP T nucleic acid sequence

of SEQ ID NOs: 1-13, 202, and 295,

79. The vector of claim 78, wherein said RNA molecule whibits the expression of said

MAPT gene by at least 30%

80. The vector of claim 78, wherein said RNA molecule inhibits the expression of said

MAPT gene by at least 50%.

31 The vector of claim 78, wherein said RNA molecule inhibits the expression of said

MAPT gene by at least 80%.

82. The vector of claim 78, wherein the dsRNA comprises a sense strand and an antisense
strand, wherein the antisense strand comprises a sequence substantially complementary to a

MAP T nucleic acid sequence of SEQ D NOs: 1-13, 202 and 295,

83, A cell comprising the vector of any one of claims 78-82.
84, A recombinant adeno-associated virus (rAAV) comprising the vector of any one of

claims 78-82 and an AAV capsid.

85. A branched RNA compound comprising two or more of the dsRNA molecules of any

one of claims 1-67 covalently bound to one another.
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86.  The branched RNA compound of claim 85, wherein the dsRNA mwolecules are

covalently bound to one another by way of a linker, spacer, or branching point.

87. A branched RNA compound comprising:
two or more RNA molecules comprising 15 to 35 nucleotides in length, and
a sequence substantially complementary to a MAPT mRNA,
wherein the two RINA molecules are connected to one another by one or more moteties

independently selected from a linker, a spacer and a branching poiot.

88, The branched RNA compound of claim 87, comprising a sequence substantially
complementary to a MAFPT nucleic acid sequence of any one of SEQ ID NQOs: 1-13, 292, and

295,

&3 The branched RNA compound of claim 87, comprising a sequence substantially
complementary to one or more of a MAPT nucleic acid sequence of any one of SEQ D NQOs:

14-33, 299, and 302.

90, The branched RNA compound of any one of claims 87-89, wherein said RNA molecule

comprises one or both of ssSRNA and dsRNA.

91, Thebranched RNA compound of any one of clairos 87-89, wherein said RNA molecule

comprises an antisense oligonucieotide.

92. The branched RNA cormpound of any one of claims 87-91, wherein each RNA molecule

comprises 15 to 25 nucleotides in length.

93. The branched RINA compound of any one of claims 87-89, wherein each RNA molecule
comprises a dsRNA comprising a sense sirand and an antisense strand, wherein each antisense
strand independently comprises a sequence substantially complementary to a MAPT nucleic

acid sequence of any one of SEQ ID NOs: i-13, 292, and 295.
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94, The branched RNA compound of claim 93, comprising complementarity to at least 10,
11, 12 or 13 contiguous nucleotides of a AMAFPT nucleic acid sequence of any one of SEQ ID

NOs: 1-13, 292, and 295.

95, The branched RNA compound of clairmn 93, wherein each RNA molecule comprises
1o more than 3 mismatches with a AMAPT nucleic acid sequence of any one of SEQ 2 NOs: 1-

13, 292, and 295.

96. The branched RNA compound of claim 93, comprising full complementary to a

MAFPT macleic acid sequence of any one of SEQ ID NOs: 1-13, 292 and 29S.
97. The branched RNA compound of any one of claims 93-96, wherein the antisense
strand comprises a portion having the nucleic acid sequence of any one of SEQ 1D NOs: 34-

46.

93, The branched RNA compound of any one of claims 93-97, wherein the antisense

strand and/or sense strand comprises about 1S nucleotides to 25 nucleotides in length.

99. The branched RNA compound of any one of claims 93-98, wherein the antisense

strand s 20 nucleotides m length.

100, The branched RNA compound of any one of claims 93-98, wherein the antisense

strand is 21 nucleotides n length.

101, The branched RNA compound of any one of claims 93-98, wherein the antisense

strand 1s 22 nuclectides in length.

102. The branched RNA compound of any one of claims 93-101, wherein the sense strand

is 15 nucleotides in length.

103, The branched RNA corspound of any one of clairns 93-101, wherein the sense strand

is 16 nucleotides in length.
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104, The branched RNA compound of any one of claims 93-101, wherein the sense strand

is 18 nucleotides in length.

105. The branched RNA compound of any one of claims 93-101, wherein the sense strand

is 20 nucleotides in length.

106, The branched RNA compound of any one of claims 90-105, wherein the dsRNA

comprises a double-stranded region of 15 base pairs to 20 base pairs.

107. The branched RNA compound of any one of claims 90-106, wherein the dsRNA

comprises a double-stranded region of 15 base pairs.

108. The branched RNA compound of any one of claims 90-106, wherein the dsRNA

comprises a double-stranded region of 16 base pairs.

109, The branched RNA compound of any one of claims 90-106, wherein the dsRNA

comprises a double-stranded region of 18 base pairs.

110, The branched RNA compound of any one of claims 90-106, wherein the dsRNA

comprises a double-stranded region of 20 base pairs.

11h The branched RNA compound of any one of claims 90-110, wherein the dsRNA

comprises a blunt-end.

12 The branched BRNA compound of any one of claims 90-110, wherein the dsRNA

comprises at least one single stranded nucleotide overhang

113 The branched RNA compound of any one of claims 90-112, wherein the dsRNA

comprises between a 2-nucleotide to S-nucleotide single stranded nucleotide overhang,

14. The branched RNA compound of any one of claims 90-113, wherein the dsRNA

comprises naturally occurring nucleotides.
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115 The branched RNA compound of any one of claims 90-114, wherein the dsRNA

comprises at least one modified nucleotide.

116. The branched RNA compound of claim 115, wherein said modified nucleotide
comprises a 2-0O-methyl modified nucleotide, a 2'-deoxy-2'-fluore modified nucleotide, a 2'-
deoxy-madified nuclectide, a locked nucleotide, an abasic nucleotide, a 2'-amino-modified
nucleotide, a 2-alkyl-modified nucleotide, a morpholino nuclectide, a phosphoramidate, or a

non-natural base comprising nucleotide.

117 The branched RNA compound of any one of clatms 90-116, wherein the dsRNA

comprises at least one modified internucleotide linkage.

118, The branched RNA compound of claim 117, wherein said modified intermaclectide

finkage comprises a phosphorothicate internucleotide linkage.

119 The branched RNA compound of any ove of claims 90-118, comprising 4-16

phosphorothioate intermucleotide linkages.

120. The branched RNA compound of any one of claims 90-118, comprising 8-13

phosphorothicate internuclectide linkages.

121 The branched RNA compound of any one of claims 90-117, wherein said dsRNA
comprises at least one moditied internucleotide linkage of Formula I

8

O

wherein:
B is a base pairing moiety;

W is selected from the group consisting of O, OCH,, OCH, CHp, and CH;
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X is selected from the group consisting of halo, hydroxy, and Cy.s alkoxy;

Y is selected from the group consisting of O, OH, OR, NH~, NH;, S, and SH;
7 1s selected from the group consisting of O and CHy;

R is a protecting group, and

=== 18 an optional double bond.

122, The branched RNA compound of any oue of claims 90-121, wherein said dsRNA

comprises at least 75% chemically modified nucleotides.

123 The branched RNA compound of any one of claims 90-122, wherein said dsRNA is

fully chemically moditied.

124, The branched RINA compound of any one of claims 90-123, wherein said dsRNA

comprises at least 70% 27-U-methyl nuclectide modifications.

125, The branched RNA compound of any one of claims 90-124, wherein the antisense

strand comprises at least 70% 27-O-methyl nucleotide modifications.

126. The branched RNA compound of claim 125, wherein the antisense strand comprises

about 70% to 90% 2°-O-methy! nucleotide modifications.

127 The branched RNA corspound of any one of clairns 91-124, wherein the sense strand

comprises at least 65% 27-O-methvl nucleotide modifications.
Y

128, The branched RNA compound of claim 127, wherein the sense strand comprises

100% 27-C-methyl nucleotide modifications.
129. The branched RNA compound of any one of claims 93-128, wherein the sense strand
comprises one or more nucleotide mismaiches between the antisense sirand and the sense

strand.

130. The branched RNA compound of claim 129, wherein the one or more nucleotide

mismatches are present at positions 2, 6, and 12 from the 57 end of sense strand.
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131 The branched RNA compound of claim 129, wherein the nucleotide mismatches are

present at positions 2, 6, and 12 from the 57 end of the sense strand.

132. The branched RNA compound of any one of claims 93-131, wherein the antisense
strand comprises a 37 phosphate, a 57-alkyl phosphonate, a 57 alkylene phosphonate, a 57

alkeny! phosphonate, or a mixture thereof.

133. The branched RNA compound of claim 132, wherein the antisense strand comprises

a 5” vinyl phosphonate.

134. The branched RNA compound of claim 90, wherein the dsRNA comprises an
antisense strand and a sense strand, each strand with a 5° end and a 3” end, wherein:

{1} the antisense strand comprises a sequence substantially complementary to a MAPT
nucleic acid sequence of any one of SEH( 1D NOs: 1-13, 292, and 295,

(2) the antisense strand comprises alternating 2’-methoxy-ribonuclectides and 27-
fluoro-ribonucleotides;

(3} the nucleotides at positions 2 and 14 from the 57 end of the antisense strand are not
27 -methoxy-ribonucleotides;

{(4) the nuclectides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothioate internucleotide linkages;

{51 a portion of the antisense strand is complementary to a portton of the sense strand;

(6) the sense strand comprises alternating 2”~methoxy-ribonucleotides and 27 -fluocro-
ribonucleotides; and

(7 the nucleotides at positions 1-2 from the 5° end of the sense strand are connecied to

each other via phosphorothioate internucleotide inkages.

135, The branched RNA compound of claim 90, wherein the dsRNA comprises an
antisense strand and a sense strand, each strand with a2 §” end and a 37 end, wherein:

(1) the antisense strand comprises a sequence substantially complementary to a MAFPT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

(2} the antisense strand comprises at least 70% 2°-O-methyl moditications;

(3) the nuclectide at position 14 from the 5" end of the antisense strand are not 27~
methoxy-ribonucleotides;

{4} the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
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connected to each other via phosphorothicate internucieotide hinkages;
{(5) a portion of the antisense strand is complementary to a portion of the sense strand;
(6} the sense strand comprises at least 70% 2°-O-methyi modifications; and
(7} the nucleotides at positions 1-2 trom the 57 end of the sense strand are connected to

each other via phosphorothicate internucleotide linkages.

136, The branched RNA compound of claim 90, wherein the dsRNA comprises an
antisense strand and a sense strand, each strand with a 5 end and a 3° end, wherein:

(1) the antisense strand comprises a sequence substantially complewentary to a M4PT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

(2) the antisense strand comprises at least 85% 27-O-methyl modifications;

(3} the nucleotides at positions 2 and 14 from the 5” end of the antisense strand are not
2’-methoxy-ribonuciectides;

o
I
i

{(4) the nuclectides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucieotide hinkages;
{5) a portion of the antisense strand is complementary to a portion of the sense strand;
(&) the sense strand comprises 100% 27-O-methyl modifications; and
(7} the nucleotides at positions 1-2 trom the 57 end of the sense strand are connected to

each other via phosphorothioate internucleotide linkages.

137. The branched RNA compound of ciaim 90, wherein the dsRNA comprises an
antisense strand and a sense strand, each strand with 2 §” end and a 37 end, wherein:

(1) the antisense strand comprises 4 sequence substantially complementary to a M4PT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

{2 the antisense strand comprises at least 75% 2°-O-methyl modifications;

{3} the nucleotides at positions 4, 5, 6, and 14 from the 5" end of the antisense strand
are not 2" -methoxy-ribonucleotides,

{(4) the nuclectides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate ternucleotide linkages;

(5} a portion of the antisense strand is complementary to a portion of the sense strand,

(&) the sense strand comprises 100% 27-O-methyl modifications; and

(7) the nucleotides at positions 1-2 from the 5° end of the sense strand are connected to

each other via phosphorothioate internucleotide linkages.
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138. The branched RNA compound of claim 90, wherein the dsRNA comprises an
antisense strand and a sense strand, each strand with a 5" end and a 37 end, wherein:

{1} the antisense strand comprises a sequence substantially complementary to a MAFT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

(2) the antisense strand comprises at least 75% 27-O-methyl modifications;

(3) the nuclectides at positions 2, 4, 5, ¢, and 14 from the 57 end of the antisense strand
are not 2°-methoxy-ribonucieotides;

{4} the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucleotide hinkages;

(5) a portion of the antisense strand is complementary to a portion of the sense strand,

(6) the sense strand comprises 100% 27-O-methyl modifications; and

{7} the nucleotides at positions 1-2 from the 57 end of the sense strand are connected to

each other via phosphorothicate internuclectide linkages.

139. The branched RNA compound of claim 90, wherein the dsRNA comprises an
antisense strand and a sense strand, each strand with a4 57 end and 8 37 end, wherein:

(1) the antisense strand comprises a sequence substantially complementary to a M4PT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

(2) the antisense strand comprises at least 75% 2°-O-methy! modifications;

(3) the nucleotides at positions 2, 6, 14, and 16 from the §7 end of the antisense strand
are not 2’-methoxy-ribonuciectides;

(4) the nuclectides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothicate internucleotide hinkages;

(5) a portion of the antisense strand 1s complementary to a portion of the sense strand;

(6} the sense strand comprises at least 65% 2°-O-~-methyl modifications;

{7} the nucleotides at positions 7, 9, 10, and 11 from the 3" end of the sense strand are
not 27 -methoxy-ribonuclectides; and

(8) the nucleotides at positions 1-2 from the 5° end of the sense strand are connected to

each other via phosphorothioate internucleotide linkages.

140, The branched RNA compound of claim 90, wherein the dsRNA comprises an
antisense strand and a sense strand, each strand with a 8 end and a 37 end, wherein:
(1) the antisense strand comprises a sequence substantially complementary to a AMAPT

nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

204



WO 2021/188626 PCT/US2021/022688

>

(2) the antisense strand comprises at least 75% 27-O-methyl modifications;

(3) the nucleotides at positions 2Zand 14 from the §7 end of the antisense strand are not
27 -methoxy-ribonucieotides;

(4} the nucleotides at positions 1-2 to 1-7 from the 37 end of the antisense strand are
connected to each other via phosphorothioate imternucleotide linkages;

(5) a portion of the antisense strand is complementary to a portion of the sense strand;

(6} the sense strand comprises at least 75% 2°-O-methyl modifications;

{73 the nucleotides at positions 7, 10, and 11 from the 37 end of the sense strand are not
2’ -methoxy-ribonucleotides; and

(®) the nucleotides at positions 1-2 from the 5° end of the sense strand are connected to

each other via phosphorothioate internucleotide linkages.

141, The branched RNA compound of any one of claims 93-140, wherein a functional
moiety is linked to the 57 end and/or 37 end of the antisense strand.
142, The branched RNA compound of any oue of claims 93-140, wherein a functional

moiety 18 linked to the §7 end and/or 37 end of the sense strand.

143.  The branched RNA compound of any one of claims 93-140, wherein a functional

moiety 18 linked to the 37 end of the sense strand.

144.  The branched RNA compound of any one of claims 141-143, wherein the functional

moiety coraprises a hydrophobic moiety.

145, The branched RNA compound of claim 144, wherein the hydrophobic moiety is
selected from the group consisting of fatty acids, steroids, secostercids, lipids, gangliosides,

nucleoside analogs, endocannabinoids, vitamins, and a mixture thereof.

146, The branched RNA compound of claim 145, wherein the steroid is selected from the

group consisting of cholesterol and Lithocholic acid (LCA)

147, The branched RNA compound of claim 145, wherein the fatty acid is selected from the
group consisting of Eicosapentacnoic acid (EPA), Docosahexaencic acid (DHA) and

Docosanoic acid {DCA}
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148, The branched RNA compound of claim 145, wherein the vitamin is selected from the

group consisting of choline, vitamin A, vitamin E, derivatives thereof, and metabolites thereof.

149, The branched RNA compound of claim 145, wherein the vitamin is selected from the

group consisting of retinoic acid and alpha-tocopheryl! succinate.

150,  The branched RNA compound of any one of claims 141-149, wherein the functional

motety 18 linked to the antisense strand and/or sense strand by a linker.

151, The branched RNA compound of claim 150, wherein the linker comprises a divalent or

trivalent linker.

152, The branched RNA compound of claim 151, wherein the divalent or trivalent binker is

selected from the group consisting of

? o EXQH o . O
, o Ny a . & , .
L § f’\{\t" \:}‘ E i N_/‘ f*"“"%;{ f/\ﬁ ﬁ{"j\\““"“'\«.«“"%\(} ,{\-\\}‘,G\\ /«\
Q‘@ H Q ¥ H ¢ c{
& o 3
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?ﬁ?\wj\\\«f‘\i‘o - \\}3 O‘ N /‘”\ ?;; fj}\\:.r‘f\' {}"‘z‘i z.,"?;? o \\{.c" f\\.{?"i\" ﬁ‘fﬂ\\:ﬂf"\\(}f{
i N L . =
o i f o NH
s and \

wherein nis 1, 2,3, 4, or 5.

153.  The branched RNA compound of claim 150 or 151, wherein the linker comprises an
ethylene glyeol chain, an alkyl chain, a peptide, an RNA, a DNA, a phosphodiester, a

phosphorothioate, a phosphoramidate, an amide, a carbamate, or a combination thereof.

154, The branched RNA compound of claim 150, wherein when the linker 13 a trivalent

linker, the linker further links a phosphodiester or phosphodiester derivative.

155, The branched RNA compound of claim 154, wherein the phosphodiester or
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phosphodiester derivative is selected from the group consisting of’

\% /\/Otpﬁ'oqm
-~ o\\
| eX ©

wherein Xi1s O, Sor BHs.

156.

posttions 1 and 2 from the 37 end of sense strand, and the nucleotides at positions 1 and 2 from

the & end of antisense strand, are connected to adjacent ribonucleotides via phosphorothioate

finkages.
157 A compound of formula (I}

Lo (N
)

wherein:

PCT/US2021/022688

The branched RNA compound of any one of claims 93-155, wherein the nucleotides at

L comprises an ethylene glycol chain, an alkyl chain, a peptide, an RNA, a

DNA, a phosphate, a phosphonate, a phosphoramidate, an ester, an amide, a triazole, or

combinations thereot, wheretn formula (1) optionally further coruprises one or more brauch

point B, and one or more spacer §, wherein
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B is independently for each occurrence a polyvalent organic species or
denivative thereof;

S comprises independently for each occurrence an ethylene glycol chain, ao
alkyl chain, a peptide, RNA, DNA| a phosphate, a phosphonate, a phosphoramdate, an ester,
an amide, a triazole, or combinations thereof] and

N is a double stranded nucleic acid comprising 15 to 35 bases in length
comprising a sense strand and an antisense strand; wherein
the antisense strand comprises a sequence substantially complementary to a MA4PT
nucleic acid sequence of any one of SEQ 1D NOs: 1-13, 292, and 295;

the sense strand and antisense strand each independently comprise one or

more chemical modifications; and

nis2, 3, 4,5 6, 7or 8.

158,  The compound of claim 157, having a structure selected from formulas (§-1)-(1-9):

Nl —N N-S—L—§-N N
{
Nl —B—bL—N
(I-1) (1-2) (1-3)
N N
Nt —B—L—N s  § :BmLméws-—N
£ NS Bl B SN N,S &
N M
(1-4) (1-5) (1-6)
N N N
N N 3 & )
A
Lod 4 B SN NGB Bs-N
) o S/ ‘\S S/
Y a é s ~ 7/
New§oBod B8N Ne BBl B 8B
é (L\ § \S S/ \s
W A e vd >
> E B-S-N N-$-B R—S—N
N N R
-7 (1-8) (-9
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159. The compound of claim 157, wherein the antisense strand comprises a 57 terminal

group R selected from the group consisting of

O O
O | NH | NH
é} HO
O O
— Q .
Ri RZ
O O

HO | NH HO |
HOL b0 /&O HOW b O /&}3
. N _ N

b

&
\
Y

Q
~
‘
R

/

R’
o)
HO | N
HOWL b O /&‘c
N ]
0
Y
'vmvauw . and
R’ R®

160, The compound of claira 157, having the structure of formula (I
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wherein:

X, for each occurrence, independently, is selected from adenosine, guanosine,

uridine, cytidine, and chenucally-modified denvatives thereof)

Y, for each occurrence, independently, s selected from adenosine, guanosine,

uridine, cytidine, and chemically-modified derivatives thereof]

- represenis a phosphodiester internucleoside linkage;
= represents a phosphorothioate internucleoside linkage; and

--- represents, individually for each occurrence, a base-pairing interaction or

a mismatch.

161, The compound of claim 157, having the structure of formula (IV):

1 2 3 4 5 8 7 3 3 10 i1 12 i3 i4 15 18 17 18 13 20
=T G G Gy QU ) QU UG G QUG QNN QU QUIN) RNty ' Uy QU RN QU Gy 4
LY =Y=YeYaYe Y YV Ve Y e Ve Y e Ve ¥ eV ¥ e ¥V e Ve Ve ¥V
1 2 3 4 5 G 7 & 4 10 t 12 3 14 15
(Iv}

wherein:

X, for each occurrence, independently, 1s selected from adenosine, guanosine, uridine,

cytidine, and chemically-modified derivatives thereof]

Y, for each occurrence, independently, 18 selected from adenosine, guanosine, uridine,

cytidine, and chemically-modified derivatives thereof,

- represents a phosphodiester internucleoside linkage;
= represents a phosphorothioate internucleoside linkage, and

-~ vepresents, individually for each occurrence, a base-pairing interaction or

a mismaich.

162. The compound of any one of claims 157-161, wherein L is structure 1.1
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~

"o R

{L1)
163. The compound of claim 164, wherein R s RP and n i3 2.
164, The compound of any one of claims 157-161, wherewn L is structure L2
"v\,gw’\ O
HO- O G gw(.“ﬁH
2SS0 NRe-=
H (L2},

165. The compound of claim 164, wherein R is R and n s 2.

166. A delivery system for therapeutic nucleic acids having the structure of Formula (VI):

L—(cNAn
(VD

wherein:

L comprises an ethylene glycol chain, an alkyl chain, a peptide, an RNA, a DNA, a
phosphate, a phosphonate, a phosphoramidate, an ester, an amide, a triazole, or combinations
thereot, wherein formula (VL) optionally further comprises one or more branch pomnt B, and
one of more spacer S, wherein:

B comprises independently for each occurrence a polyvalent organic species or
derivative thereof,

S comprises independently for each occurrence an ethylene glyeol chain, an alkyl
chain, a peptide, an RNA, a BNA, a phosphate, a phosphonate, a phosphoramidate, an ester,
an amide, a triazole, or combinations thereof;

each cNA, independently, is a carrier nucleic acid comprising one or more chemical
modifications;

each ¢NA, independently, comprises at least 15 contiguous nucleotides of a MAPT

nucleic acid sequence of any one of SEQ ID NOs: 1-13, 292, and 295, and
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nis2,3,4,5,6 7or8.

PCT/US2021/022688

167, The delivery system of claim 166, having a structure selected from formuldas (VI-1)-

(VI-9):

ANC——L ——CNA

ANC—-8—-L—-S—cNA

{(Vi-1} {(VI-2) (Vi-3)
GNA AN GNA
L CNA  ONA “\g S
ANG L BoL - CNA $ Bl B S ONA
; S Bl BoS ¢ g
L ANCoSerB Lo B S ONA AN %
CNA GNA
(Vi-4) (VI-3) (VI -6)
CNA , ,
é ANL? oNA
A ol AT § §
L4 S Sﬁwsud\'ﬁ ANe-5-B, Boseom
ANe—3-B-L-B-5-cNA Arqcusé_l.ui{ B
S 3 4 S‘B—S—cNA ANG--§-B' B-5-oA
NA oA WAk 5 8
LA A A
[
V-7 (VI-8) (VI-9)

168, The delivery system of claim 166, wherein each cNA independently comprises

chemically-modified nucleotides.

169, The delivery system of claim 166, further comprising n therapeutic nucleic acids (NA),

wherein each NA is hybridized to at least one cNA,

176. The delivery system of claim 169, wherein each NA independently comprises at least

16 contiguous nucleotides.

171. The delivery system of claim 170, wherein each NA independently comprises 16-20

contiguous nucleotides.
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172. The delivery system of claim 169, wherein each NA comprises an unpaired overbang of

at least 2 nucleotides.

173, The delivery system of claim 172, wherein the nucleotides of the overhang are

connected via phosphorothioate hnkages.

174, The delivery system of claim 169, wherein each NA, independently, 1s selected from the
group cousisting of DNAs, siRNAs, antagomiRs, miRNAs, gapmers, mixmers, and guide

RNAs.

175, The delivery system of claim 169, wherein each NA 1s substantially complementary to a

MAF T nucleic acid sequence of any one of SEQ ID NCs: 1-13, 292, and 295,

176. A pharmaceutical composition for inhibiting the expression of MAFP T gene in an organism,
comprising a compound of any one of claims 85-165 or a system of any of claims 166-75, and

a pharmaceutically acceptable carrier.

177. The pharmaceutical composition of claim 176, wherein the compound or system inhibits

the expression of the MAF 7 gene by at least 50%.

178. The pharmaceutical composition of claim 170, wherein the compound or system inhibits

the expression of the MAP T gene by at least 80%.

179. A method for inhibiting expression of MAF T gene in a cell, the method comprising:

{a) mntroducing nto the cell a compound of any one of claims §5-162 or a system of any
of claims 166-175; and

(b) maintaining the cell produced in step {(a} for a time sufficient to obtain degradation
of the mRNA transcript of the AIAP T gene, thereby inhibiting expression of the M4P7 gene in

the cell.
180. A method of treating or managing a neurodegenerative disease comprising administering

to a patient in need of such treatment or management a therapeutically effective amount of 2

compound of any one of claims 85-165 or a system of any of claims 166-175.
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181, The method of claim 180, wherein said dsRNA is administered to the brain of the patient.

182, The method of claim 180, wherein said dsRNA i adounistered by
intracerebroventricular (ICV) mjection, mtrastriatal (IS} injection, intravenous (1V) mjection,

subcutaneous {8Q) injection, or a combination thereof,
183, The wethod of claim 180, wherein administering the dsBRNA causes a decrease in
MAPT gene mRNA in one or more of the hippocampus, striatum, cortex, cerebelium, thalamus,

hypothalanus, and spinal cord.

184, The method of any one of clairns 179-183, wherein the dsRNA inhibits the expression

of said MAFP T gene by at least 50%.

185, The method of any one of claims 179-183, wherein the dsRNA inbibits the expression

of said MAP T gene by at least 30%.
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P3 Asymmetric + Ribose Sense Strand Scaffold
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OMe Rich Asymmetric Scaffold
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OMe Rich Asymmetric + Ribose Sense Strand Scaffold
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Tau protein normalized to Vinculin as loading control
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