Modified Short Interfering Nucleic Acid (siNA) Molecules and Uses Thereof

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 62/986,150, filed March
6, 2020, and U.S. Provisional Application No. 63/109,196, filed November 3, 2020, the disclosures

of which are hereby incorporated by reference in their entireties.

SEQUENCE LISTING

[0001.1] The instant application contains a Sequence Listing which has been submitted

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on May 13, 2021, is named 122400-0154 SL.txt and is 178,906 bytes in size.

FIELD OF THE INVENTION

[0002] Described are short interfering nucleic acid (siNA) molecules comprising modified

nucleotides, compositions, and uses thereof.
BACKGROUND OF THE INVENTION

[0003] RNA interference (RNAI) is a biological response to double-stranded RNA that
mediates resistance to both endogenous parasitic and exogenous pathogenic nucleic acids, and
regulates the expression of protein-coding genes. The short interfering nucleic acids (siNA), such as
siRNA, have been developed for RNAI therapy to treat a variety of diseases. For instance, RNAi
therapy has been proposed for the treatment of metabolic diseases, neurodegenerative diseases,
cancer, and pathogenic infections (See e.g., Rondindone, Biotechniques, 2018, 40(45),
doi.org/10.2144/000112163, Boudreau and Davidson, Curr Top Dev Biol, 2006, 75:73-92,
Chalbatani et al., Int J Nanomedicine, 2019, 14:3111-3128, Arbuthnot, Drug News Perspect, 2010,
23(6):341-50, and Chernikov et. al., Front. Pharmacol., 2019, doi.org/10.3389/fphar.2019.00444,
each of which are incorporated by reference in their entirety). However, major limitations of RNAi
therapy are the ability to effectively deliver siRNA to target cells and the degradation of the siRNA.
[0004] The present disclosure improves the delivery and stability of siNA molecules by
providing siNA molecules comprising modified nucleotides. The siNA molecules of the present
disclosure provide optimized combinations and numbers of modified nucleotides, nucleotide
lengths, design (e.g., blunt ends or overhangs, internucleoside linkages, conjugates), and

modification patterns for improving the delivery and stability of siNA molecules.



SUMMARY OF THE INVENTION

[0005] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising:
(a) a sense strand comprising a first nucleotide sequence that is at least about 60%, 65%,
70%, 75%, 80%., 85%, 90%, 95%, or 100% identical to an RNA corresponding to a target
gene, wherein the first nucleotide sequence: (i) is 15 to 30 nucleotides in length; and (ii)
comprises 15 or more modified nucleotides independently selected from a 2’-O-methyl
nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide is a 2’-O-
methyl nucleotide and the nucleotide at position 3, 5, 7, 8,9, 10, 11, 12, 14, 17, and/or 19
from the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide; and (b) an
antisense strand comprising a second nucleotide sequence that is at least about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the RNA corresponding to
the target gene, wherein the second nucleotide sequence: (i) is 15 to 30 nucleotides in
length; and (ii) comprises 15 or more modified nucleotides independently selected from a
2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide
is a 2’-O-methyl nucleotide and at least one modified nucleotide is a 2’-fluoro nucleotide.
[0006] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising:
(a) a sense strand comprising a first nucleotide sequence that is at least about 60%, 65%,
70%, 715%, 80%, 85%, 90%, 95%, or 100% identical to an RNA corresponding to a target
gene, wherein the first nucleotide sequence: (i) is 15 to 30 nucleotides in length; and (ii)
comprises 15 or more modified nucleotides independently selected from a 2’-O-methyl
nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide is a 2’-O-
methyl nucleotide and at least one modified nucleotide is a 2’-fluoro nucleotide; and (b) an
antisense strand comprising a second nucleotide sequence that is at least about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the RNA corresponding to
the target gene, wherein the second nucleotide sequence: (i) is 15 to 30 nucleotides in
length; and (ii) comprises 15 or more modified nucleotides independently selected from a
2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide
is a 2’-O-methyl nucleotide and the nucleotide at position 2, 5, 6, 8, 10, 14, 16, 17, and/or
18 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

[0007] In some embodiments, the first nucleotide sequence comprises 16, 17, 18, 19,
20, 21, 22, 23, or more modified nucleotides independently selected from a 2’-O-methyl

nucleotide and a 2'-fluoro nucleotide. In some embodiments, 70%, 75%, 80%, 85%, 90%,



95% or 100% of the nucleotides in the first nucleotide sequence are modified nucleotides
independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide. In some
embodiments, between 2 to 15 modified nucleotides of the first nucleotide sequence are 2’-
fluoro nucleotides. In some embodiments, between 2 to 10 modified nucleotides of the first
nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, between 2 to 6
modified nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least 2, 3, 4, 5, or 6 modified nucleotides of the first nucleotide sequence
are 2’-fluoro nucleotides. In some embodiments, less than or equal to 10,9, 8,7, 6, 5, 4, 3,
or 2 modified nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, between about 2 to 25 modified nucleotides of the first nucleotide sequence
are 2’-0O-methyl nucleotides. In some embodiments, between about 2 to 20 modified
nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, between about 5 to 25 modified nucleotides of the first nucleotide sequence
are 2’-0-methyl nucleotides. In some embodiments, between about 10 to 25 modified
nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, between about 12 to 25 modified nucleotides of the first nucleotide sequence
are 2’-O-methyl nucleotides. In some embodiments, at least 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, or 22 modified nucleotides of the first nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, less than or equal to 25, 24, 23, 22, 21, 20, 19, 18, 17,
16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 modified nucleotides of the first nucleotide
sequence are 2’-O-methyl nucleotides.

[0008] In some embodiments, the second nucleotide sequence comprises 16, 17, 18, 19,
20, 21, 22, 23, or more modified nucleotides independently selected from a 2’-O-methyl
nucleotide and a 2'-fluoro nucleotide. In some embodiments, 70%, 75%, 80%, 85%, 90%,
95% or 100% of the nucleotides in the second nucleotide sequence are modified nucleotides
independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide. In some
embodiments, between 2 to 15 modified nucleotides of the second nucleotide sequence are
2’-fluoro nucleotides. In some embodiments, between 2 to 10 modified nucleotides of the
second nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, between 2 to 6
modified nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least 2, 3, 4, 5, or 6 modified nucleotides of the second nucleotide
sequence are 2’-fluoro nucleotides. In some embodiments, less than or equal to 10, 9, 8, 7,

6, 5, 4, 3, or 2 modified nucleotides of the second nucleotide sequence are 2’-fluoro



nucleotides. In some embodiments, between about 2 to 25 modified nucleotides of the
second nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, between
about 2 to 20 modified nucleotides of the second nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, between about 5 to 25 modified nucleotides of the
second nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, between
about 10 to 25 modified nucleotides of the second nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, between about 12 to 25 modified nucleotides of the
second nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, at least 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22 modified nucleotides of the second
nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, less than or equal
to 25, 24, 23,22, 21, 20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10,9, 8,7, 6, 5, 4, 3, or 2
modified nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides.
[0009] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising:
(a) a sense strand comprising a first nucleotide sequence that is at least about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA corresponding to a target
gene, wherein the first nucleotide sequence: (i) is 15 to 30 nucleotides in length; (ii)
comprises 15 or more modified nucleotides independently selected from a 2’-O-methyl
nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide is a 2’-O-
methyl nucleotide and at least one modified nucleotide is a 2’-fluoro nucleotide; and (iii)
comprises 1 or more phosphorothioate internucleoside linkage; and (b) an antisense strand
comprising a second nucleotide sequence that is at least about 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% complementary to the RNA corresponding to the target gene,
wherein the second nucleotide sequence: (i) is 15 to 30 nucleotides in length; (ii) comprises
15 or more modified nucleotides independently selected from a 2’-O-methyl nucleotide and
a 2’-fluoro nucleotide, wherein at least one modified nucleotide is a 2’-O-methyl nucleotide
and at least one modified nucleotide is a 2’-fluoro nucleotide; and (iii) comprises 1 or more
phosphorothioate internucleoside linkage.

[0010] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising:
(a) a sense strand comprising a first nucleotide sequence that is at least about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA corresponding to a target
gene, wherein the first nucleotide sequence: (i) is 15 to 30 nucleotides in length; and (ii)
comprises 15 or more modified nucleotides independently selected from a 2’-O-methyl

nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide is a 2’-O-



methyl nucleotide and at least one modified nucleotide is a 2’-fluoro nucleotide; and (b) an
antisense strand comprising a second nucleotide sequence that is at least about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the RNA corresponding to
the target gene, wherein the second nucleotide sequence: (i) is 15 to 30 nucleotides in
length; and (ii) comprises 15 or more modified nucleotides independently selected from a
2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide
is a 2’-O-methyl nucleotide and at least one modified nucleotide is a 2’-fluoro nucleotide,
wherein the siNA further comprises a phosphorylation blocker, a galactosamine, or 5’-
stabilized end cap.

[0011] In some embodiments, at least 1, 2, 3, 4, 5, 6, or 7 nucleotides at position 3, 5, 7,
8,9, 10, 11, 12, and/or 17 from the 5’ end of the first nucleotide sequence is a 2’-fluoro
nucleotide. In some embodiments, the nucleotide at position 3 from the 5’ end of the first
nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at
position 5 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotide at position 7 from the 5° end of the first nucleotide sequence is
a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 8 from the 5° end of
the first nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide
at position 9 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide. In
some embodiments, the nucleotide at position 12 from the 5° end of the first nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 17 from
the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments,
nucleotide at position 10 from the 5* end of the first nucleotide sequence is a 2’-fluoro
nucleotide. In some embodiments, the nucleotide at position 11 from the 5’ end of the first
nucleotide sequence is a 2’-fluoro nucleotide.

[0012] In some embodiments, at least 1, 2, 3,4, 5, 6, 7, 8, or 9 nucleotides at position 2,
5,6,8,10, 14, 16, 17, and/or 18 from the 5’ end of the second nucleotide sequence is a 2’-
fluoro nucleotide. In some embodiments, the nucleotide at position 2 from the 5’ end of the
second nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide
at position 5 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide. In
some embodiments, the nucleotide at position 6 from the 5’ end of the second nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 8 from
the 5” end of the second nucleotide sequence is a 2’-fluoro nucleotide. In some

embodiments, the nucleotide at position 10 from the 5’ end of the second nucleotide



sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 14 from
the 5° end of the second nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotides at position 16 from the 5’ end of the second nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 17 from
the 5° end of the second nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotide at position 18 from the 5° end of the second nucleotide
sequence is a 2’-fluoro nucleotide.

[0013] In some embodiments, the nucleotides in the second nucleotide sequence are
arranged in an alternating 1:3 modification pattern, and wherein 1 nucleotide is a 2’-fluoro
nucleotide and 3 nucleotides are 2’-O-methyl nucleotides. In some embodiments, the
alternating 1:3 modification pattern occurs 2-5 times. In some embodiments, at least two of
the alternating 1:3 modification pattern occur consecutively. In some embodiments, at least
two of the alternating 1:3 modification pattern occurs nonconsecutively. In some
embodiments, at least 1, 2, 3, 4, or 5 alternating 1:3 modification pattern begins at
nucleotide position 2, 6, 10, 14, and/or 18 from the 5’ end of the antisense strand. In some
embodiments, at least one alternating 1:3 modification pattern begins at nucleotide position
2 from the 5’ end of the antisense strand. In some embodiments, at least one alternating 1:3
modification pattern begins at nucleotide position 6 from the 5’ end of the antisense strand.
In some embodiments, at least one alternating 1:3 modification pattern begins at nucleotide
position 10 from the 5’ end of the antisense strand. In some embodiments, at least one
alternating 1:3 modification pattern begins at nucleotide position 14 from the 5’ end of the
antisense strand. In some embodiments, at least one alternating 1:3 modification pattern
begins at nucleotide position 18 from the 5’ end of the antisense strand.

[0014] In some embodiments, the nucleotides in the second nucleotide sequence are
arranged in an alternating 1:2 modification pattern, and wherein 1 nucleotide is a 2’-fluoro
nucleotide and 2 nucleotides are 2’-O-methyl nucleotides. In some embodiments, the
alternating 1:2 modification pattern occurs 2-5 times. In some embodiments, at least two of
the alternating 1:2 modification pattern occurs consecutively. In some embodiments, at least
two of the alternating 1:2 modification pattern occurs nonconsecutively. In some
embodiments, at least 1, 2, 3, 4, or 5 alternating 1:2 modification pattern begins at
nucleotide position 2, 5, 8, 14, and/or 17 from the 5’ end of the antisense strand. In some
embodiments, at least one alternating 1:2 modification pattern begins at nucleotide position

2 from the 5’ end of the antisense strand. In some embodiments, at least one alternating 1:2



modification pattern begins at nucleotide position 5 from the 5’ end of the antisense strand.
In some embodiments, at least one alternating 1:2 modification pattern begins at nucleotide
position 8 from the 5’ end of the antisense strand. In some embodiments, at least one
alternating 1:2 modification pattern begins at nucleotide position 14 from the 5’ end of the
antisense strand. In some embodiments, at least one alternating 1:2 modification pattern
begins at nucleotide position 17 from the 5’ end of the antisense strand.

[0015] Disclosed herein is a short interfering nucleic acid (siNA) molecule represented
by Formula (VIII):

5’-An'B*Ar’Br*An’Br®An/Bo A, -3

3-Cy' ABo A ¢* B’ ABy AP B Ay By | Ag' 257

wherein:

the top strand is a sense strand comprising a first nucleotide sequence that is at least about
60%, 65%, 710%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA corresponding
to a target gene, wherein the first nucleotide sequence comprises 15 to 30 nucleotides;

the bottom strand is an antisense strand comprising a second nucleotide sequence that is at
least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the
RNA corresponding to the target gene, wherein the second nucleotide sequence comprises
15 to 30 nucleotides;

each A is independently a 2’-O-methyl nucleotide or a nucleotide comprising a 5’-stabilized
end cap or a phosphorylation blocker;

B is a 2’-fluoro nucleotide;

C represents overhanging nucleotides and is a 2’-O-methyl nucleotide;

n' = 1-4 nucleotides in length;

each n2, n®, n®, q3, q5, q7, q9, q“, and q12 is independently 0-1 nucleotides in length;

each n’® and n* is independently 1-3 nucleotides in length;

n’is 1-10 nucleotides in length;

n’is 0-4 nucleotides in length;

each n’, q', and q? is independently 0-2 nucleotides in length;

g*is 0-3 nucleotides in length;

q®is 0-5 nucleotides in length;

q®is 2-7 nucleotides in length; and

q'%is 2-11 nucleotides in length.



[0016] Disclosed herein is a short interfering nucleic acid (siNA) molecule represented
by Formula (IX):

57-A24B1A13 B2:3 A2-10Bo-1A0-4Bo-1A0-2-3’

37-C2A0-2B0-1A0-3B0-1A0-5B0-1A2-7B1A2-11B1A -5

wherein:

the top strand is a sense strand comprising a first nucleotide sequence that is at least about
60%, 65%, 710%, 715%, 80%, 85%, 90%, 95%, or 100% identical to an RNA corresponding
to a target gene, wherein the first nucleotide sequence comprises 15 to 30 nucleotides;

the bottom strand is an antisense strand comprising a second nucleotide sequence that is at
least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the
RNA corresponding to the target gene, wherein the second nucleotide sequence comprises
15 to 30 nucleotides;

each A is independently a 2’-O-methyl nucleotide or a nucleotide comprising a 5’-stabilized
end cap or a phosphorylation blocker;

B is a 2’-fluoro nucleotide;

C represents overhanging nucleotides and is a 2’-O-methyl nucleotide.

[0017] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23 nucleotides,
wherein 2’-fluoro nucleotides are at positions 3, 7-9, 12, and 17 from the 5’ end of the first
nucleotide sequence, and wherein 2’-O-methyl nucleotides are at positions 1, 2, 4-6, 10, 11,
and 13-16 from the 5’ end of the first nucleotide sequence; and (b) an antisense strand
comprising a second nucleotide sequence consisting of 17 to 23 nucleotides, wherein 2’-
fluoro nucleotides are at positions 2 and 14 from the 5’ end of the second nucleotide
sequence, and wherein 2’-0O-methyl nucleotides are at positions 1, 3-13, and 15-17 from the
5’ end of the second nucleotide sequence. In some embodiments, the first nucleotide
sequence consists of 19 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at
positions 18 and 19 from the 5’ end of the first nucleotide sequence. In some embodiments,
the second nucleotide sequence consists of 21 nucleotides. In some embodiments, 2’-O-
methyl nucleotides are at positions 18-21 from the 5° end of the second nucleotide
sequence.

[0018] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23 nucleotides,

wherein 2’-fluoro nucleotides are at positions 3, 7, 8, and 17 from the 5’ end of the first



nucleotide sequence, and wherein 2’-0O-methyl nucleotides are at positions 1, 2, 4-6, and 9-
16 from the 5’ end of the first nucleotide sequence; and (b) an antisense strand comprising a
second nucleotide sequence consisting of 17 to 23 nucleotides, wherein 2’-fluoro
nucleotides are at positions 2 and 14 from the 5° end of the first nucleotide sequence; and
wherein 2’-O-methyl nucleotides are at positions 1, 3-13, and 15-17 from the 5’ end of the
first nucleotide sequence. In some embodiments, the first nucleotide sequence consists of 19
nucleotides. In some embodiments, 2’-O-methyl nucleotides are at positions 18 and 19 from
the 5° end of the first nucleotide sequence. In some embodiments, the second nucleotide
sequence consists of 21 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at
positions 18-21 from the 5’ end of the second nucleotide sequence.

[0019] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23 nucleotides,
wherein 2’-fluoro nucleotides are at positions 3, 7-9, 12 and 17 from the 5’ end of the first
nucleotide sequence, and wherein 2’-O-methyl nucleotides are at positions 1, 2, 4-6, 10, 11,
and 13-16 from the 5’ end of the first nucleotide sequence; and (b) an antisense strand
comprising a second nucleotide sequence consisting of 17 to 23 nucleotides, wherein the
nucleotides in the second nucleotide sequence are arranged in an alternating 1:3
modification pattern, and wherein 1 nucleotide is a 2’-fluoro nucleotide and 3 nucleotides
are 2’-0-methyl nucleotides. In some embodiments, the first nucleotide sequence consists
of 19 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at positions 18 and
19 from the 5’ end of the first nucleotide sequence. In some embodiments, the second
nucleotide sequence consists of 21 nucleotides. In some embodiments, 2’-O-methyl
nucleotides are at positions 19-21 from the 5’ end of the second nucleotide sequence. In
some embodiments, the alternating 1:3 modification pattern occurs 2-5 times. In some
embodiments, at least two of the alternating 1:3 modification pattern occur consecutively. In
some embodiments, at least two of the alternating 1:3 modification pattern occurs
nonconsecutively. In some embodiments, at least 1, 2, 3, 4, or 5 alternating 1:3 modification
pattern begins at nucleotide position 2, 6, 10, 14, and/or 18 from the 5’ end of the antisense
strand. In some embodiments, at least one alternating 1:3 modification pattern begins at
nucleotide position 2 from the 5 end of the antisense strand. In some embodiments, at least
one alternating 1:3 modification pattern begins at nucleotide position 6 from the 5’ end of
the antisense strand. In some embodiments, at least one alternating 1:3 modification pattern

begins at nucleotide position 10 from the 5’ end of the antisense strand. In some



embodiments, at least one alternating 1:3 modification pattern begins at nucleotide position
14 from the 5° end of the antisense strand. In some embodiments, at least one alternating 1:3
modification pattern begins at nucleotide position 18 from the 5’ end of the antisense strand.
[0020] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23 nucleotides,
wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the 5’ end of the first
nucleotide sequence, and wherein 2’-O-methyl nucleotides are at positions 1-4, 6, and 10-17
from the 5° end of the first nucleotide sequence; and (b) an antisense strand comprising a
second nucleotide sequence consisting of 17 to 23 nucleotides, wherein the nucleotides in
the second nucleotide sequence are arranged in an alternating 1:3 modification pattern, and
wherein 1 nucleotide is a 2’-fluoro nucleotide and 3 nucleotides are 2’-O-methyl
nucleotides. In some embodiments, the first nucleotide sequence consists of 19 nucleotides.
In some embodiments, 2’-O-methyl nucleotides are at positions 18 and 19 from the 5’ end
of the first nucleotide sequence. In some embodiments, the second nucleotide sequence
consists of 21 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at positions
19-21 from the 5’ end of the second nucleotide sequence. In some embodiments, the
alternating 1:3 modification pattern occurs 2-5 times. In some embodiments, at least two of
the alternating 1:3 modification pattern occur consecutively. In some embodiments, at least
two of the alternating 1:3 modification pattern occurs nonconsecutively. In some
embodiments, at least 1, 2, 3, 4, or 5 alternating 1:3 modification pattern begins at
nucleotide position 2, 6, 10, 14, and/or 18 from the 5’ end of the antisense strand. In some
embodiments, at least one alternating 1:3 modification pattern begins at nucleotide position
2 from the 5’ end of the antisense strand. In some embodiments, at least one alternating 1:3
modification pattern begins at nucleotide position 6 from the 5’ end of the antisense strand.
In some embodiments, at least one alternating 1:3 modification pattern begins at nucleotide
position 10 from the 5’ end of the antisense strand. In some embodiments, at least one
alternating 1:3 modification pattern begins at nucleotide position 14 from the 5’ end of the
antisense strand. In some embodiments, at least one alternating 1:3 modification pattern
begins at nucleotide position 18 from the 5’ end of the antisense strand.

[0021] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23 nucleotides,
wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the 5’ end of the first

nucleotide sequence, and wherein 2’-O-methyl nucleotides are at positions 1-4, 6, and 10-17
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from the 5’ end of the first nucleotide sequence; and (b) an antisense strand comprising a
second nucleotide sequence consisting of 17 to 23 nucleotides, wherein the nucleotides in
the second nucleotide sequence are arranged in an alternating 1:2 modification pattern, and
wherein 1 nucleotide is a 2’-fluoro nucleotide and 2 nucleotides are 2’-O-methyl
nucleotides. In some embodiments, the first nucleotide sequence consists of 19 nucleotides.
In some embodiments, 2’-O-methyl nucleotides are at positions 18 and 19 from the 5’ end
of the first nucleotide sequence. In some embodiments, the second nucleotide sequence
consists of 21 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at positions
18-21 from the 5’ end of the second nucleotide sequence. In some embodiments, the
alternating 1:2 modification pattern occurs 2-5 times. In some embodiments, at least two of
the alternating 1:2 modification pattern occur consecutively. In some embodiments, at least
two of the alternating 1:2 modification pattern occurs nonconsecutively. In some
embodiments, at least 1, 2, 3, 4, or 5 alternating 1:2 modification pattern begins at
nucleotide position 2, 5, 8, 14, and/or 17 from the 5’ end of the antisense strand. In some
embodiments, at least one alternating 1:2 modification pattern begins at nucleotide position
2 from the 5’ end of the antisense strand. In some embodiments, at least one alternating 1:2
modification pattern begins at nucleotide position 5 from the 5’ end of the antisense strand.
In some embodiments, at least one alternating 1:2 modification pattern begins at nucleotide
position 8 from the 5’ end of the antisense strand. In some embodiments, at least one
alternating 1:2 modification pattern begins at nucleotide position 14 from the 5° end of the
antisense strand. In some embodiments, at least one alternating 1:2 modification pattern
begins at nucleotide position 17 from the 5’ end of the antisense strand.

[0022] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23 nucleotides,
wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the 5’ end of the first
nucleotide sequence, and wherein 2’-0O-methyl nucleotides are at positions 1-4, 6, and 10-17
from the 5° end of the first nucleotide sequence; and (b) an antisense strand comprising a
second nucleotide sequence consisting of 17 to 23 nucleotides, wherein 2’-fluoro
nucleotides are at positions 2, 6, 14, and 16 from the 5’ end of the second nucleotide
sequence, and wherein 2’-O-methyl nucleotides are at positions 1, 3-5, 7-13, 15, and 17
from the 5’ end the second nucleotide sequence. In some embodiments, the first nucleotide
sequence consists of 19 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at

positions 18 and 19 from the 5° end of the first nucleotide sequence. In some embodiments,
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the second nucleotide sequence consists of 21 nucleotides. In some embodiments, 2’-O-
methyl nucleotides are at positions 18-21 from the 5’ end of the second nucleotide
sequence.

[0023] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising:
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23 nucleotides,
wherein 2’-fluoro nucleotides are at positions 5, 9-11, and 14 from the 5’ end of the first
nucleotide sequence, and wherein 2’-O-methyl nucleotides are at positions 1-4, 6-8, and 12-
17 from the 5’ end of the first nucleotide sequence; and (b) an antisense strand comprising a
second nucleotide sequence consisting of 17 to 23 nucleotides, wherein 2’-fluoro
nucleotides are at positions 2 and 14 from the 5’ end of the second nucleotide sequence, and
wherein 2’-O-methyl nucleotides are at positions 1, 3-13, and 15-17 from the 5’ end the
second nucleotide sequence. In some embodiments, the first nucleotide sequence consists of
21 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at positions 18-21 from
the 5° end of the first nucleotide sequence. In some embodiments, the second nucleotide
sequence consists of 23 nucleotides. In some embodiments, 2’-O-methyl nucleotides are at
positions 18-23 from the 5’ end of the second nucleotide sequence.

[0024] In some embodiments, any of the sense strands disclosed herein further comprise
a TT sequence adjacent to the first nucleotide sequence.

[0025] In some embodiments, any of the sense strands disclosed herein further comprise
atleast1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15 or more phosphorothioate
internucleoside linkages. In some embodiments, at least one phosphorothioate
internucleoside linkage is between the nucleotides at positions 1 and 2 from the 5’ end of
the first nucleotide sequence. In some embodiments, at least one phosphorothioate
internucleoside linkage is between the nucleotides at positions 2 and 3 from the 5’ end of
the first nucleotide sequence.

[0026] In some embodiments, any of the antisense strands disclosed herein further
comprise TT sequence adjacent to the second nucleotide sequence. In some embodiments,
the antisense strand further comprises at least 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15 or
more phosphorothioate internucleoside linkages. In some embodiments, at least one
phosphorothioate internucleoside linkage is between the nucleotides at positions 1 and 2
from the 5’ end of the second nucleotide sequence. In some embodiments, at least one
phosphorothioate internucleoside linkage is between the nucleotides at positions 2 and 3

from the 5° end of the second nucleotide sequence. In some embodiments, at least one
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phosphorothioate internucleoside linkage is between the nucleotides at positions 1 and 2
from the 3° end of the second nucleotide sequence. In some embodiments, at least one
phosphorothioate internucleoside linkage is between the nucleotides at positions 2 and 3
from the 3° end of the second nucleotide sequence.

[0027] In some embodiments, the first nucleotide from the 5’ end of any of the first
nucleotide sequences disclosed herein comprises a 5° stabilizing end cap.

[0028] In some embodiments, the first nucleotide from the 5’ end of any of the second
nucleotide sequences disclosed herein comprise a 5’ stabilizing end cap.

[0029] In some embodiments, the first nucleotide from the 5’ end of any of the first
nucleotide sequences dislosed herein comprises a phosphorylation blocker.

[0030] In some embodiments, the first nucleotide from the 5’ end of any of the second
nucleotide sequences dislosed herein comprises a phosphorylation blocker.

[0031] In some embodiments, any of the first nucleotide sequences or second nucleotide

sequences disclosed herein comprise at least one modified nucleotide selected from

- " "o B
(0] B
NS N ¥
O \_O WO \\: O Woﬁ—— N\R
E (LNA), = (ScpBNA or “cp™); 0 (AmNA), where
X,

(0] B
_\587
Y
© N\]¢N H
R is H or alkyl (or AmNA(N-Me)) when R is alkyl); HaN (GuNA); and

s >,—\NH-R

*H,N '

GuNA(N-R),R = Me, Et, iPr, tBu \ herein B is a nucleobase.

[0032] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:
R4_\©,R1

o o
(a) a phosphorylation blocker of Formula (IV): - ,

wherein

R! is a nucleobase,
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R*is —O-R* or -NR3'R*,

39'is C1-Cs substituted or unsubstituted alkyl; and
R3! and R* together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring; and
(b) a short interfering nucleic acid (siNA). In some embodiments, the siNA is any of the
siNAs disclosed herein. In some embodiments, the siNA comprises any of the sense strands,
first nucleotide sequences, antisense strands, or second nucleotide sequences disclosed
herein. In some embodiments, the siNA comprises any of the the sense strands disclosed
herein. In some embodiments, the siNA comprises any of the antisense strand disclosed
herein. In some embodiments, the siNA comprises a first nucleotide sequence selected from
any one of SEQ ID NOs: 1-56, 103-158, and 205-260. In some embodiments, the siNA
comprises a second nucleotide sequence selected from any one of SEQ ID NOs: 57-102,
159-204, and 261-306. In some embodiments, the siNA comprises a sense sequence
selected from any one of SEQ ID NOs: 307-362 and 415-444. In some embodiments, the
siNA comprises an antisense sequence selected from any one of SEQ ID NOs: 363-409,
445-533, and 536-539. In some embodiments, the siNA comprises a ds-siNA sequence
selected from any one of ds-siNA-001 to ds-siNA-0178. In some embodiments, the siNA
further comprises any of the 5’ end caps disclosed herein. In some embodiments, the siNA
further comprises any of the conjugated moieties disclosed herein. In some embodiments,
the siNA further comprises any of the destabilizing nucleotides disclosed herein. In some

embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.

[0033] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:

(a) a 5’-stabilized end cap of Formula (Ia): - ,
wherein

R! is a nucleobase, aryl, heteroaryl, or H,

0,0 QP o\ e I 0,0 00
E/\N ’\‘\) ‘aZL S\ “LLL s NN NS z&/\/ N~
R?is / \ , H , H ,
0,0 9 o
WP HO, S 0, JOH 0, 0CHs 03,,0CDs

R- OH
w5 ~% i(\ P OH ‘z/\/P\OH NP oy ‘a/\/ “OH
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H
oty o

, 0O, O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, —(CR?'R*?),-Z, or -

(C2-Cs alkenylene)-Z and R% is hydrogen; or

R? and R* together form a 3- to 7-membered carbocyclic ring substituted with —(CR*'R??),-

Z or -(C»-Cs alkenylene)-Z;

nis 1, 2,3, or4;

Z is -ONR**R?*, -OP(O)OH(CH2)mCO2R?, -OP(S)OH(CH2)mCO2R%, -P(O)(OH),, -

P(O)(OH)(OCH3), -P(0)(OH)(OCD3), -SO2(CH2)mP(O)(OH)2, -SO-NR*R%, -NR*R?*,

R?! and R? are independently hydrogen or C;-Cg alkyl; R*' and R?* together form an oxo

group;

R? is hydrogen or C;-C alkyl;

R?* is =SO2R? or -C(O)R%; or

R?? and R** together with the nitrogen to which they are attached form a substituted or

unsubstituted heterocyclic ring;

R? is C;-Cs alkyl; and

mis 1,2, 3, or4; and

(b) a short interfering nucleic acid (siNA). In some embodiments, the siNA comprises any

of the the sense strands disclosed herein. In some embodiments, the siNA comprises any of

the antisense strand disclosed herein. In some embodiments, the siNA comprises a first

nucleotide sequence selected from any one of SEQ ID NOs: 1-56, 103-158, and 205-260. In

some embodiments, the siNA comprises a second nucleotide sequence selected from any

one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some embodiments, the siNA

comprises a sense sequence selected from any one of SEQ ID NOs: 307-362 and 415-444.

In some embodiments, the siNA comprises an antisense sequence selected from any one of

SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA comprises a

ds-siNA sequence selected from any one of ds-siNA-001 to ds-siNA-0178. In some

embodiments, the siNA further comprises any of the phosphorylation blockers disclosed

herein. In some embodiments, the siNA further comprises any of the conjugated moieties

disclosed herein. In some embodiments, the siNA further comprises any of the

destabilizing nucleotides disclosed herein. In some embodiments, the siNA further

comprises any of the modified nucleotides disclosed herein.
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[0034] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:

(a) a 5’-stabilized end cap of Formula (Ib): e ,
wherein

R! is a nucleobase, aryl, heteroaryl, or H,

(@]

o\ ,o 2 // o\ 0 H 0. ,0 o\ )

N7 A A

N S\ ”A ,,\\ N
RziSL(E \\> iLL ’%LL H ,‘?L‘ ,

IZ

S ?P.’ OH HO, ,\s)?\ 0, OH O, ,OCHg 0, ,OCDg
‘QL/\/ \/\ k61/\ _P OH %L/\/P\OH E/\/P\OH EL/\/P\OH

oty o A
o, O , _CH=CD-Z, -CD=CH-Z, -CD=CD-Z, —(CR?'R??),-Z, or -
(C2-Cs alkenylene)-Z and R% is hydrogen; or
R? and R? together form a 3- to 7-membered carbocyclic ring substituted with —(CR*'R??),-
Z or -(C2-Cg alkenylene)-Z;
nis 1, 2,3, or4;
Z is —~ONR?*R?**, -OP(O)OH(CH2)mCO2R?**, -OP(S)OH(CH2)mCO2R%, -P(0)(OH)», -
P(0)(OH)(OCH3), -P(0)(OH)(OCD3), -SO2(CH2)mP(O)(OH)2, -SO2NR*R*, -NR*R*,
R?! and R?? are independently hydrogen or Ci-Cs alkyl; R?! and R together form an oxo
group;

%3 is hydrogen or C;-Cs alkyl;
R?**is —=SO,R? or -C(O)R%; or

23 and R?* together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;

2 is C1-Cs alkyl; and
mis 1,2, 3, or 4; and
(b) a short interfering nucleic acid (siNA). In some embodiments, the siNA comprises any
of the the sense strands disclosed herein. In some embodiments, the siNA comprises any of
the antisense strand disclosed herein. In some embodiments, the siNA comprises a first

nucleotide sequence selected from any one of SEQ ID NOs: 1-56, 103-158, and 205-260. In

some embodiments, the siNA comprises a second nucleotide sequence selected from any
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one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some embodiments, the siNA
comprises a sense sequence selected from any one of SEQ ID NOs: 307-362 and 415-444.
In some embodiments, the siNA comprises an antisense sequence selected from any one of
SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA comprises a
ds-siNA sequence selected from any one of ds-siNA-001 to ds-siNA-0178. In some
embodiments, the siNA further comprises any of the phosphorylation blockers disclosed
herein. In some embodiments, the siNA further comprises any of the conjugated moieties
disclosed herein. In some embodiments, the siNA further comprises any of the
destabilizing nucleotides disclosed herein. In some embodiments, the siNA further

comprises any of the modified nucleotides disclosed herein.

[0035] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:
(a) a 5’-stabilized end cap selected from the group consisting of Formula (1) to Formula

(15), Formula (9X) to Formula (12X), and Formula (9Y) to Formula (12Y):

(0]
(0] @) v, O 0O
) S/ O R 1 o\\S//\ O R 1 /\S/: 0) R 1 o\\ O R 1
i ~ ~ Ho N0 M~
(5\ OCHj; o‘\ OCHj; (5\ OCHg (5\ OCHj4
o P 5 P
Formula (1) Formula (2) Formula (3) Formula (4)
Q
HO~
AL om0 om Ho’Pﬂs”o O R
eV e G e
oi OCH;, o‘; ‘OCH;, o‘; ‘OCH,
R - &
Formula (5) Formula (6) Formula (7)
S o) o] o]
HO. & e 1 HO< o) 1 HsCO. 0 1 D3CO. o 1
HO R P R P R P R
>/ / / / / =
OAQ’ i \/\QA H mA g \/\QA
O S - 5 - < - < "
Q OCH;, e} OCH; O\ OCH;4 O\ OCH4
R Ry R R
Formula (8) Formula (9) Formula (9X) Formula (9Y)
HO H CO O D;CO. .0 D (e)
HO
S g D « -
o) OCH3 o) OCH3 O\ OCHj3
yr’“’ yr” o
Formula (10) Formula (10X) Formula (10Y)
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\‘

HO- m H3CO. %3/;\@‘ D3CO~ m
o ocH ° & ocw

o) OCH3
b e >
Formula (11) Formula (11X) Formula (11Y)
HO. M 3CO m D300 //
o OCH, o ook o ocH
N A }w
Formula (12) Formula (12X) Formula (12Y)
HO ’/O O
P R! M o 1 H o} 1
d b CH 3 o0 \\‘: —'/, 0] \\‘: "/,
Ao o) OCH; Q ~ OCH
& S
Formula (13) Formula (14) Formula (15)  wherein R is a

nucleobase, aryl, heteroaryl, or H; and (b) a short interfering nucleic acid (siNA). In some
embodiments, the siNA comprises any of the the sense strands disclosed herein. In some
embodiments, the siNA comprises any of the antisense strand disclosed herein. In some
embodiments, the siNA comprises a first nucleotide sequence selected from any one of SEQ
ID NOs: 1-56, 103-158, and 205-260. In some embodiments, the siNA comprises a second
nucleotide sequence selected from any one of SEQ ID NOs: 57-102, 159-204, and 261-306.
In some embodiments, the siNA comprises a sense sequence selected from any one of SEQ
ID NOs: 307-362 and 415-444. In some embodiments, the siNA comprises an antisense
sequence selected from any one of SEQ ID NOs: 363-409, 445-533, and 536-539. In some
embodiments, the siNA comprises a ds-siNA sequence selected from any one of ds-siNA-
001 to ds-siNA-0178. In some embodiments, the siNA further comprises any of the
phosphorylation blockers disclosed herein. In some embodiments, the siNA further
comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
further comprises any of the destabilizing nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
[0036] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:

(a) a 5’-stabilized end cap selected from the group consisting of Formulas (1A)-(15A),
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Formulas (9B)-(12B), Formulas (9AX)-(12AX), Formulas (9AY)-(12AY), Formulas
(9BX)-(12BX), and Formulas (9BY)-(12BY):
O

o o o
(//Z(NH A//Z(NH (Z(NH ﬂNH
Y o Ao A Q00 A -

g 0 O o) Yo ¥ oM o oM o
O H \J @ — H N

K ) S o
O  OCHs o OCH; O  OCHs o‘\ OCH,
o > > >
Formula (1A) Formula (2A) Formula (3A) Formula (4A)
o} o} o}
(4 NH <//Z< NH o <//Z< NH
I
0. ,0 N4 0. ,0 N HO~-p—_ 0o N
38’ 0 o 77 0 O 4o s 0 0
AT e >
o‘i OCH, O  ©OCH, o\ OCH,
o £ >
Formula (5A) Formula (6A) Formula (7A)
o

'U
/
O

“ocH (f OCHs

OCH;
v S
Formula (8A) Formula (9A) Formula (9AX) Formula (9AY)
HO. /O 0 HsCO. O 0 DsCO. O 0
HO \_/ HO \__/ HO /
o‘; OCH; o‘; OCH;, o‘; OCH;,
-~ ~ 7
Formula (9B) Formula (9BX) Formula (9BY)
HO< // H3CO // DsCO. O 2 o
/P %
HO
S s‘ P D & =
d ocC ocC ) OCH,4
o Be b
Formula (10A) Formula (10AX) Formula (10AY)
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D D D
HO. O H,co. O D.CO. 0O
HO HO HO

b b b

o) OCHS, o) OCHS, o} OCH,
~ o~ 7
Formula (10B) Formula (10BX) Formula (10BY)
H
HO. %f cho D3CO. &(_?
o oo o oo Y ook
» }w }w
Formula (11A) Formula (11AX) Formula (11AY)
HO. ,, o H3CO // D3CO //
\; “ocH \ “ocH \ “ocH
& P 5
Formula (11B) Formula (11BX) Formula (11BY)
D D D
HO\/P// 0 H3CO\/P//O /o) D4CO. /© 0
HO I\ HO \ HO ~
o OcH o\ OCHs o\ OCHs,
o o 7
Formula (12A) Formula Formula
D D D
HO. /O HsCO.. /O D4CO. 0
e N P N
HO HO HO
H o = H o = H & -
o‘\ OCH; o‘\ OCH; o‘\ OCHs
5 % &
(0] 0] 0]
<//Z< NH <//Z< NH / NH
HO..2 o N/&o K o N/§o N oM
Ho R 3 6/ \b R 0] S
O  OCHs; o‘\ OCH; o‘\ OCH3
p p pE
Formula (13A) Formula (14A) Formula (15A) and (b) a short

interfering nucleic acid (siNA). In some embodiments, the siNA comprises any of the the

sense strands disclosed herein. In some embodiments, the siNA comprises any of the
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antisense strand disclosed herein. In some embodiments, the siNA comprises a first
nucleotide sequence selected from any one of SEQ ID NOs: 1-56, 103-158, and 205-260. In
some embodiments, the siNA comprises a second nucleotide sequence selected from any
one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some embodiments, the siNA
comprises a sense sequence selected from any one of SEQ ID NOs: 307-362 and 415-444.
In some embodiments, the siNA comprises an antisense sequence selected from any one of
SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA comprises a
ds-siNA sequence selected from any one of ds-siNA-001 to ds-siNA-0178. In some
embodiments, the siNA further comprises any of the phosphorylation blockers disclosed
herein. In some embodiments, the siNA further comprises any of the conjugated moieties
disclosed herein. In some embodiments, the siNA further comprises any of the
destabilizing nucleotides disclosed herein. In some embodiments, the siNA further
comprises any of the modified nucleotides disclosed herein.

[0037] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:

RZO\\U
o F
(a) a 5’-stabilized end cap of Formula (Ic): - , Wherein
R! is a nucleobase, aryl, heteroaryl, or H,
\ Q /, o\\ 0 N o\\ ,/o 0,0
%LL/\/\ h\l\)a_ /\ \‘?’z/\/\N "‘LL/\/SN
R%is H | H |
O o]
0P 1 OH HO, \s)J\ 0. JOH O, ,OCHs o\\ ,OCD3
P ~ ~N
YN on W07 OH NP OH_ wPoy ‘?(\/ “OH

>

H
/N

Cote” o
O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, (CR*'R?*),-Z, or —

(C2-Cs alkenylene)-Z and R% is hydrogen; or

R? and R? together form a 3- to 7-membered carbocyclic ring substituted with —(CR*'R??),-

Z or —(C»-Cg¢ alkenylene)-Z;

nis 1, 2,3, or4;

Z is -ONR*R*, ~OP(O)OH(CH2)mCO2R**, ~OP(S)OH(CH2)mCO2R*, —-P(O)(OH), -

P(O)(OH)(OCH3), -P(0)(OH)(OCD3), —~SO2(CH2)mP(O)(OH)2, ~SO2NR*R*, -NR*R*, or

~NR*SO,R*;
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R?! and R? either are independently hydrogen or C;-Cs alkyl, or R?! and R?? together form
an oxo group;
R? is hydrogen or C;-C alkyl;

24 ijs —=SO2R% or —C(O)R%; or

23 and R?* together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;

2 is C1-Cs alkyl; and
mis 1, 2,3, or4; and
(b) a short interfering nucleic acid (siNA). In some embodiments, the siNA comprises any
of the the sense strands disclosed herein. In some embodiments, the siNA comprises any of
the antisense strand disclosed herein. In some embodiments, the siNA comprises a first
nucleotide sequence selected from any one of SEQ ID NOs: 1-56, 103-158, and 205-260. In
some embodiments, the siNA comprises a second nucleotide sequence selected from any
one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some embodiments, the siNA
comprises a sense sequence selected from any one of SEQ ID NOs: 307-362 and 415-444.
In some embodiments, the siNA comprises an antisense sequence selected from any one of
SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA comprises a
ds-siNA sequence selected from any one of ds-siNA-001 to ds-siNA-0178. In some
embodiments, the siNA further comprises any of the phosphorylation blockers disclosed
herein. In some embodiments, the siNA further comprises any of the conjugated moieties
disclosed herein. In some embodiments, the siNA further comprises any of the
destabilizing nucleotides disclosed herein. In some embodiments, the siNA further
comprises any of the modified nucleotides disclosed herein.
[0038] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:
(a) a 5’-stabilized end cap selected from the group consisting of Formula (21) to Formula
(35):

Qoo

//

“
-

o F o F

¢ 2 ON // 0] 1 O
// /\Q, /\Q, - \NJ\Q’R - \\S/\Q,
I\
</' H o~ N o,
o) F

'@1/
‘?%/

>

Formula (21) Formula (22) Formula (23)
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>w >- f
Formula (25) Formula (26) Formula (27)
oMo~ S Ho. /O 0 Ho. .0 0 o
P\ R /Pm R
A@’ T e
3 SES D & =
°, o, * o, *
R R e
Formula (28) Formula (29) Formula (30)
H oD 0
HO\ P//O/ (o) R1 HO\/P%’ R‘] HO\/P/\/DQA R1
HO HO HO
D \\s .’/ H \\s .’// \\\C ,’//
o) [ o) F
\
> > >
Formula (31) Formula (32) Formula (33)
~ /H\ (0] R1 N\ (0] R1
SO Y o
S ~ 0] R ",
o) F o) F
e b
Formula (34) Formula (35)  \herein R! is a nucleobase, aryl,

heteroaryl, or H; and (b) a short interfering nucleic acid (siNA). In some embodiments, the
siNA comprises any of the the sense strands disclosed herein. In some embodiments, the
siNA comprises any of the antisense strand disclosed herein. In some embodiments, the
siNA comprises a first nucleotide sequence selected from any one of SEQ ID NOs: 1-56,
103-158, and 205-260. In some embodiments, the siNA comprises a second nucleotide
sequence selected from any one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some
embodiments, the siNA comprises a sense sequence selected from any one of SEQ ID NOs:
307-362 and 415-444. In some embodiments, the siNA comprises an antisense sequence
selected from any one of SEQ ID NOs: 363-409, 445-533, and 536-539. In some
embodiments, the siNA comprises a ds-siNA sequence selected from any one of ds-siNA-
001 to ds-siNA-0178. In some embodiments, the siNA further comprises any of the

phosphorylation blockers disclosed herein. In some embodiments, the siNA further
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comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
further comprises any of the destabilizing nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
[0039] Disclosed herein is a short-interfering nucleic acid (siNA) molecule comprising:
(a) a 5’-stabilized end cap selected from the group consisting of Formulas (21A)-(35A),
Formulas (29B)-(32B), Formulas (29AX)-(32AX), Formulas (29AY)-(32AY), Formulas
(29BX)-(32BX), and Formulas (29BY)-(32BY):

WORY

& o) %P o} N ¥ o) o o oo
PN N N 5
Sy o w1
Ho - Ho N
) Q

o F o F o F Y F
M Y > e
Formula (21A) Formula (22A) Formula (23A) Formula (24A)

O O @)

O\ F o) F O\ F
pY > S
Formula (25A) Formula (26A) Formula (27A)

"\AU

}JJJ
Formula (28A) Formula (29A) Formula (29AX) Formula (29AY)
HO. /O 0 HaCO. O 0 D4CO. O o
HO \/ HO \_/ HO /
O\; ’/F d ’/F O\\ ’/F
b > e
Formula (29B) Formula (29BX) Formula (29BY)
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D D D
N /O H CO\ //O O
HO /P’ / o) 3 P (o) DgCO\/P// / 0
HO HO HO
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o) F o) F o F
b e e
Formula (30A) Formula (30AX) Formula (30AY)
D D D
Ho. /O HsCO. O D5CO. /P
PP 3 /P% 3CO PP
HO HO HO
D D D
o\ F o\ F o‘\ F
= = =
Formula (30B) Formula (30BX) Formula (30BY)
H H H
Ho. /0 P 0
/Pﬁ%f H3CO /P _ (@) DSCO\P/ _ 0)
HO HO HO
D S D + - D o -
o) F o) F o) F
> e e
Formula (31A) Formula (31AX) Formula (31AY)
H H H
HO. O HsCO. O D4CO. O
HO HO HO
D o = D o = D o =
o F o F o F
o o o
Formula (31B) Formula (31BX) Formula (31BY)
Ho. 0 % o H,cOo. 0 D D;cO._ O
P PO P
HO HO HO
H \\5 % H B 3 H < &
o R P
Formula (32A) Formula (32AX) Formula (32AY)
D D D
Ho. O HaCO. /0 D5CO. /©
HO HO HO
H & - H S B3 H < B
o) F o) F o) F
> > N
Formula (32B) Formula (32BX) Formula (32BY)
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Q F o F o F
M M N
Formula (33A) Formula (34A) Formula (354) . and (b) a short

interfering nucleic acid (siNA). In some embodiments, the siNA comprises any of the the
sense strands disclosed herein. In some embodiments, the siNA comprises any of the
antisense strand disclosed herein. In some embodiments, the siNA comprises a first
nucleotide sequence selected from any one of SEQ ID NOs: 1-56, 103-158, and 205-260. In
some embodiments, the siNA comprises a second nucleotide sequence selected from any
one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some embodiments, the siNA
comprises a sense sequence selected from any one of SEQ ID NOs: 307-362 and 415-444.
In some embodiments, the siNA comprises an antisense sequence selected from any one of
SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA comprises a
ds-siNA sequence selected from any one of ds-siNA-001 to ds-siNA-0178. In some
embodiments, the siNA further comprises any of the phosphorylation blockers disclosed
herein. In some embodiments, the siNA further comprises any of the conjugated moieties
disclosed herein. In some embodiments, the siNA further comprises any of the
destabilizing nucleotides disclosed herein. In some embodiments, the siNA further
comprises any of the modified nucleotides disclosed herein.

[0040] Disclosed herein is a short interfering nucleic acid (siNA) molecule comprising:
(a) a sense strand comprising a first nucleotide sequence that is at least about 60%, 65%,
70%, 715%, 80%, 85%, 90%, 95%, or 100% identical to an RNA corresponding to a target
gene, wherein the first nucleotide sequence comprises a nucleotide sequence of any one
SEQ ID NOs: 1-56, 103-158, and 205-260; and (b) an antisense strand comprising a second
nucleotide sequence that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
100% complementary to the RNA corresponding to the target gene, wherein the second
nucleotide sequence comprises a nucleotide sequence of any one of SEQ ID NOs: 57-102,
159-204, and 261-306. In some embodiments, the siNA further comprises any of the 5” end
caps disclosed herein. In some embodiments, the siNA further comprises any of the
phosphorylation blockers disclosed herein. In some emboiments, the siNA further

comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
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further comprises any of the destabilizing nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
[0041] Disclosed herein is a interfering nucleic acid (siNA) molecule comprising: (a) a
sense strand comprising a nucleotide sequence of any one of SEQ ID NOs: 307-362 and
415-444; and (b) an antisense strand comprising a nucleotide sequence of any one of SEQ
ID NOs: 363-409, 445-533, and 536-539.

[0042] In some embodiments, any of the siNA disclosed herein further comprise a
phosphorylation blocker.

[0043] In some embodiments, the phosphorylation blocker has the structure of Formula
R4_WR1
V5~
Iv): e , Wherein

R! is a nucleobase,

R*is —O-R* or —-NR3*'R*?, R*’ is C-Cg substituted or unsubstituted alkyl; and

R3! and R¥ together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring.

[0044] In some embodiments, R* is -OCH3 or —-N(CH>CH2>),0.

[0045] In some embodiments, the phosphorylation blocker is attached to the 5’ end of
the sense strand.

[0046] In some embodiments, the phosphorylation blocker is attached to the 5’ end of
the sense strand via one or more linkers independently selected from a phosphodiester
linker, phosphorothioate linker, and phosphorodithioate linker.

[0047] In some embodiments, the phosphorylation blocker is attached to the 3’ end of
the sense strand.

[0048] In some embodiments, the phosphorylation blocker is attached to the 3’ end of
the sense strand via one or more linkers independently selected from a phosphodiester
linker, phosphorothioate linker, and phosphorodithioate linker.

[0049] In some embodiments, the phosphorylation blocker is attached to the 5’ end of
the antisense strand. In some embodiments, the phosphorylation blocker is attached to the 5’
end of the antisense strand via one or more linkers independently selected from a
phosphodiester linker, phosphorothioate linker, and phosphorodithioate linker. In some

embodiments, the phosphorylation blocker is attached to the 3’ end of the antisense strand.
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In some embodiments, the phosphorylation blocker is attached to the 3’ end of the antisense
strand via one or more linkers independently selected from a phosphodiester linker,
phosphorothioate linker, and phosphorodithioate linker.

[0050] In some embodiments, any of the siNAs disclosed herein further comprise a
conjugated moiety. In some embodiments, the conjugated moiety comprises a
galactosamine. In some embodiments, the galactosamine is N-acetylgalactosamine

(GalNAc) of Formula (VII):

wwwwﬁ’\
www@;
%

]

R =OH or SH

wherein each n is independently 1 or 2. In some embodiments, the galactosamine is N-

acetylgalactosamine (GalNAc) of Formula (VI):

z

e
Rcy)%'o\/\/\'oé“\/\/\/%u/\/\/\g/ M{;p

A, wherein

mis1,2,3,4,or5;

each n is independently 1 or 2;

pisOor1;

each R is independently H

each Y is independently selected from —O-P(=0O)(SH)—, -O-P(=0)(0)—, -O-P(=0)(OH)-,
and -O-P(S)S-;

Z is H or a second protecting group;

either L is a linker or L and Y in combination are a linker; and

A is H, OH, a third protecting group, an activated group, or an oligonucleotide. In some

embodiments, wherein A is an oligonucleotide. In some embodiments, A is 1-2
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oligonucleotides. In some embodiments, the oligonucleotide is dTdT. In some
embodiments, the galactosamine is attached to the 3’ end of the sense strand. In some
embodiments, the galactosamine is attached to the 3’ end of the sense strand via one or
more linkers independently selected from a phosphodiester linker, phosphorothioate linker,
or phosphorodithioate linker. In some embodiments, the galactosamine is attached to the 5’
end of the sense strand. In some embodiments, the galactosamine is attached to the 5’ end of
the sense strand via one or more linkers independently selected from a phosphodiester
linker, phosphorothioate linker, or phosphorodithioate linker. In some embodiments, the
galactosamine is attached to the 3’ end of the antisense strand. In some embodiments, the
galactosamine is attached to the 3’ end of the atnisense strand via one or more linkers
independently selected from a phosphodiester linker, phosphorothioate linker, or
phosphorodithioate linker. In some embodiments, the galactosamine is attached to the 5’
end of the antisense strand. In some embodiments, the galactosamine is attached to the 5’
end of the atnisense strand via one or more linkers independently selected from a

phosphodiester linker, phosphorothioate linker, or phosphorodithioate linker.

[0051] In some embodiments, any of the siNAs disclosed herein further comprise a 5’-
stabilized end cap. In some embodiments, the 5’-stabilized end cap is a 5’ vinyl

phosphonate or deuterated 5° vinyl phosphonate. In some embodiments, the 5’-stabilized

R1
R2°\\\\<_7‘
O OCH,
end cap has the structure of Formula (Ia): , wherein
R! is a nucleobase, aryl, heteroaryl, or H,
Q.0 ©
¥ WA Q.0 H 0, 0 0, 0
N :S\ ‘%l/\N/S )J\ /S/\ ‘-51/\ N RS NS
% ON L) %N SO NT N
R2is H H , O o |, H | H |
o O
O\\S/’O B 5 HO, ,/\S.)J\ O. ,OH O. ,OCH; O. ,0CDg
NI v o oH % NPy o ™NPoy NPy
N
/\ -
, 00, O |, -CH=CD-Z, -CD=CH-Z, -CD=CD-Z, —(CR*'R*?),-Z, or —

(C>-Cs alkenylene)-Z and R? is hydrogen; or
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R? and R? together form a 3- to 7-membered carbocyclic ring substituted with —(CR?'R??),-
Z or —(C2-Cg alkenylene)-Z;

nis 1, 2,3, or4;

Z is -ONR*R**, —OP(0O)OH(CH2)mCO>R?*, —OP(S)OH(CH,)mCO2R*, -P(O)(OH),, -
P(O)(OH)(OCH3), -P(O)(OH)(OCD3), ~SO2(CH2)mP(0)(OH)2, ~SONR*R?, -NR*R**, or
—NR?*SO,R?*;

R?! and R? either are independently hydrogen or C;-Cs alkyl, or R?! and R?? together form
an 0xo group;

R? is hydrogen or C;-Cg alkyl;

R?* is =SO2R? or —C(O)R*; or

R?? and R** together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;

R? is C;-Cs alkyl; and

mis 1, 2, 3, or 4. In some embodiments, the 5’-stabilized end cap has the structure of

R2 o

R'I
R2°\\‘\\<_7’

N
N

0 ocpb,
Formula (Ib): , wherein

R! is a nucleobase, aryl, heteroaryl, or H,

Q0 o
ONP ) N O H o, .0 0. .0
N\o” _S NEA N\ N\
E/\N/S\ zl/\N\\> Z)J\N/S\ LA/\,S(N\ E/\/S\N/ 2/\/S\N/
R2 iS H ) s H ) O/ \O ) H ) H B
00 ‘.;_OH HO, ,/\sj’\ 0. ,OH 0. OCH, 0, ,OCD;
TN v oP oH TPy NPy NPy

O ,-CH=CD-Z,-CD=CH-Z, -CD=CD-Z, —(CR?'R**),-Z, or -
(C2-Cs alkenylene)-Z and R? is hydrogen; or

R? and R* together form a 3- to 7-membered carbocyclic ring substituted with —(CR*'R??),-
Z. or —(C»-Cg alkenylene)-Z;

nis 1, 2,3, or4;
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Z is -ONR*R*, ~OP(O)OH(CH2)mCO2R*, ~OP(S)OH(CH2)mnCO2R*, —P(O)(OH), -
P(O)(OH)(OCH3), -P(O)(OH)(OCD3), ~SO2(CH2)mP(0)(OH)2, ~SONR*R?, -NR*R**, or
-NR*SO,R*;

R?! and R? either are independently hydrogen or C;-Cs alkyl, or R?! and R?? together form
an 0xo group;

R? is hydrogen or C;-Cg alkyl;

R?* is —=SO,R% or —-C(O)R?; or

R?? and R** together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;

R? is C;-Cs alkyl; and

mis 1, 2, 3, or 4. In some embodiments, the 5’-stabilized end cap has the structure of

Formula (Ic): - , wherein

R' is a nucleobase, aryl, heteroaryl, or H,

A C/Q\S,/o )Oj\o\\ 0 ¥ o, 0 0,0
LZ??_/\N/ ~ ‘?E N ‘e?l N/S\ < Sgr NN E/\/S\N/ La%_/\/ \N/
2 TN
R”is H , H H | H |
o o]
\\S// IIDI—O HO\P,/\S)J\ \O\\P/OH \O\\ /OCHg O\ /OCD3
"%7_/\/ ~~ \OH L(‘LL/\O/ OH ‘771/\/ “OH ‘-LLL/\/ \O “LLL/\/ \OH

O ,-CH=CD-Z,-CD=CH-Z, -CD=CD-Z, (CR?'R**),-Z, or -
(C2-Cs alkenylene)-Z and R% is hydrogen; or

R? and R* together form a 3- to 7-membered carbocyclic ring substituted with —(CR*'R??),-
Z. or —(C»-Cg alkenylene)-Z;

nis 1,2, 3, or4;

Z is -ONR**R**, ~-OP(O)OH(CH2)mCO2R?*, ~OP(S)OH(CH)mCO2R?*, -P(O)(OH),, -
P(0)(OH)(OCH3), -P(O)(OH)(OCD3), ~SO2(CH2)mP(O)(OH)2, ~SO>NR*R?, -NR*R*, or
-NR*SO,R*;

R?!' and R’ either are independently hydrogen or Ci-Cs alkyl, or R*! and R*? together form
an 0xo group;

R? is hydrogen or C;-Cs alkyl;
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2*is =SO,R? or —C(O)R%; or
R?? and R** together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;
R? is C1-Cs alkyl; and
mis 1, 2, 3, or 4. In some embodiments, R! is an aryl. In some embodiments, the aryl is a
phenyl. In some embodiments, the 5’-stabilized end cap is selected from the group
consisting of Formula (1) to Formula (15), Formula (9X) to Formula (12X), and Formula

(9Y) to Formula (12Y):

/ (\)‘//O Q
~ /\ \\// O _R' S O __RrR' Q O __R!
5 Rt H Rt H O
b o‘\ OCH,4 o) OCHj3 o) OCH,4
}w > > >
Formula (1) Formula (2) Formula (3) Formula (4)
Q
HO\P o
ON / ON / N
Oi “ocH q “ocH o\ OCHs
-~ & &
Formula (5) Formula (6) Formula (7)
0 o) O
P\ O__R! HO\/P, P O__R H3CO\/P, P O__R! D300\/P/ - O__R!
o och 0  OCHs o\ OCH; o} OCH,
b > > ”
Formula (8) Formula (9) Formula (9X) Formula (9Y)
HsCO. D4CO. /0 D
& . o‘ - D \\5 B
o‘ b \ oc Q OCHg
Y R hY
Formula (10) Formula (10X) Formula (10Y)
0 HsCO. /O D3CO /,0 T o
3 m = R
S ’/ S P D S .,
o oc y  C )  OCH
Q o, o Q ®
& > &
Formula (11) Formula (11X) Formula (11Y)
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HO\/P% R H300 O D3CO. m
HO . . B
o “OcH o ‘ocH

H & -
o‘\ OCH; \
N he A
Formula (12) Formula (12X) Formula (12Y)
HO. O 1
P. R H e} H e)
/ N R’ N R’
HO ~N N ~
Mo o UT
o ocHs OO S o] K
= o\ OCHj4 o\ OCHj,
R o
Formula (13) Formula (14) Formula (15) wherein R!

independently is a nucleobase, aryl, heteroaryl, or H. In some embodiments, the 5’-
stabilized end cap is selected from the group consisting of Formulas (1A)-(15A), Formulas

(9B)-(12B), Formulas (9AX)-(12AX), Formulas (9AY)-(12AY), Formulas (9BX)-(12BX),
and Formulas (9BY)-(12BY):

0] 0] 0] 0o
4//Z< NH 4//[< NH 4//( NH A/)( NH
0]
o) 00
¢ 0 N/Z\\o 0P o N/go s Lo N/go Q 0 N//\\O
/o~ S- 5N \\
H Rl R H R H O .
O\\ OCHj3 O\\ OCH3 o) OCHj; O\\ OCHj3;
> R pY o
Formula (1A) Formula (2A) Formula (3A) Formula (4A)
0] 0O o)
<//Z< NH (//Z( NH o ﬂ NH
HO~p
O:\S,/O o N/&O O:\S,,O o N/&O HO/Pﬂs,/o o N/&O
it it S A
o‘i OCHs 0  OCH, o\ OCHs
-~ hY >
Formula (5A) Formula (6A) Formula (7A)
0O
/ NH
S N HaCO. 0
Ho"Op. °J © A ©
)y~ ° HO /
O \\\: - N -
o) OCHj; o) OCHg
> >
Formula (8A) Formula (9A) Formula (9AX) Formula (9AY)

33



Ho. O o Hsco. .0 Dsco. .0

P
S0 W WD)
o ’b o '/O

o‘i OCH,
> }w }w
Formula (9B) Formula (9BX) Formula (9BY)
O D
HO. /, H3CO D300
"5 ocH 79 ocH "5 oo
N > o
Formula (10A) Formula (10AX) Formula (10AY)
HO. m H3CO // D5;CO. m
q ‘ocH q “ocH o\ ‘ocH
~ o~ o~
Formula (10B) Formula (10BX) Formula (10BY)
O H
HO H3CO D3CO
s b s‘ b s‘ B
A A A
Formula (11A) Formula (11AX) Formula (11AY)
H H
H N ,/O H N //O D CO\ 2
HO HO D / HO \
o) OCH;, o) OCH, q OCH;4
& 7 P
Formula (11B) Formula (11BX) Formula (11BY)
o D o
HO H3CO // D3CO //
‘; “ocH \ “0cH \ “ocH
7 = P
Formula (12A) Formula (12AX) Formula (12AY)
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D D D
HO. //O H ~ //O D N /,O

HO HO HO

H o H o :

N N
Q Q

O  OCHs O  OCHs O  OCH,
> > N
Formula (12B) Formula (12BX) Formula (12BY)
0] 0] 0
<//Z< NH <//( NH <//(NH
OO o N/'&O N o N/&O 0 o N/QO
o D) o o
< " OO0 < - 0o < -
O  OCH; O  OCH; O  OCH;
N - >
Formula (13A) Formula (14A) Formula (15A) . In some

embodiments, the 5’-stabilized end cap is selected from the group consisting of Formula

(21) to Formula (35):

O O \/O 0
\/S//\ O __R! O\\S//\ O __R! /\S: O __R! Q\ O __R!
H R R H St H O 3
o‘\ F o‘\ F o) F d\ F
o > > RY
Formula (21) Formula (22) Formula (23) Formula (24)
O\\s”o O LR! O‘\s”o O LR ’Pﬂs”o O LR
o F o F o F
\
hS e >
Formula (25) Formula (26) Formula (27)
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D
O ,0
HO HO\P/\O (@) R1 HO\/P/ _ O R1 HO\P/ _ O R1
— LT w7 U ko |
@) S - S 2 N -
O\ F O\ F O\ F
P & RY
Formula (28) Formula (29) Formula (30)
Ho. 0 ! Ho. 0 9 o _, HOO O. o1
\/p% R' /Pm, R /P\/DQA R
HO HO HO \__/
D \\: .’// H \\\: .’// \\\‘ ’//
(5\ F O\ F O\ F
o & 5
Formula (31) Formula (32) Formula (33)
~ /kl\ SN-Y kl\ O__R!
A S
S 0] g 3
O\ F O\ F
o =
Formuila (34) Formula (35)  \herein R' is a nucleobase, aryl,

heteroaryl, or H. In some embodiments, the 5’-stabilized end cap is selected from the group
consisting of Formulas (21A)-(35A), Formulas (29B)-(32B), Formulas (29AX)-(32AX),
Formulas (29AY)-(32AY), Formulas (29BX)-(32BX), and Formulas (29BY)-(32BY):

O
g o) 0% oM N ¥ Lo} % o o) 0
o~ S< 9N W\
SO O Ty W
H R R H R H O
o) F o‘\ F o) F o) F
b Y M b
Formula (21A) Formula (22A) Formula (23A) Formula (24A)
o o O
ﬂ NH ﬂ NH 0 ﬂ NH
I
Q. 0 NS o 0 N HO-p— 0o N
Vg’ (0] (0] g7 o (0] Hd g7 o (0]
i SACS e N
O\i //F Oi //F Oi //F
o 5 -~
Formula (25A) Formula (26A) Formula (27A)
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/' NH
LM~ P oM Yo Ho P o HOo. O o DsCO.O o
o) = NS =
}/-—/ AU HO HO \ HO
° o F o F o) F o\ F
Ny pY RU pE
Formula (28A) Formula (29A) Formula (29AX) Formula (29AY)
HO.. 0 0 H3CO\P/,O o D3CO\P//O o
Hd ~ \__/ HO m HO \m
(j; ’/F (5\‘ ’/F (5\‘ ’/F
N NS N
Formula (29B) Formula (29BX) Formula (29BY)
D D
HO.; 0 H3CO\P//O o DCO. 0
Ho’ HO HO
D + = Sand R
o) F o) F o) F
b . b
Formula (30A) Formula (30AX) Formula (30AY)
D D D
HO. /0 HaCO. O DsCO. 0
P~ 0 8 /P% 8 /P/ P
HO HO HO
D o - D D -
d\ F O\ F d\ F
P = ~°
Formula (30B) Formula (30BX) Formula (30BY)
H H
HO\/P/,O/ o H3CO\/P//O 0 D5CO. O o
HO HO HO
D Sz D & - -
o) F o) F o) F
> h o
Formula (31A) Formula (31AX) Formula (31AY)
Ho. 0 ! HsCO. 5 DsCO. 5
HO
D & // ¢ ,//
O\ F O\ O\
~ & &
Formula (31B) Formula (31BX) Formula (31BY)
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D D D
HO. /O HaCO. O D4CO. O
/P Z © 8 /P = O 3 /P = O
HO HO HO
H & = H & = H ¢ -
O\ F O\ F O\ F
RU S RO
Formula (32A) Formula (32AX) Formula (32AY)
D D D
HO. /O HaCO. O D5CO. /O
O L 0 0L 0 0 0
HO HO HO
H N H N H N
O\ F O\ F O\ F
& o &
Formula (32B) Formula (32BX) Formula (32BY)

N et A A
HO . do 0 R
o F o F o F
\ \ -
Formula (33A) Formula (34A) Formula (35A) Tn some

embodiments, the 5’-stabilized end cap is attached to the 5’ end of the antisense strand. In
some embodiments, the 5’-stabilized end cap is attached to the 5’ end of the antisense strand
via one or more linkers independently selected from a phosphodiester linker,
phosphorothioate linker, or phosphorodithioate linker. In some embodiments, the 5’-
stabilized end cap is attached to the 5’ end of the sense strand. In some embodiments, the
5’-stabilized end cap is attached to the 5’ end of the sense strand via one or more linkers
independently selected from a phosphodiester linker, phosphorothioate linker, or
phosphorodithioate linker.

[0052] In some embodiments, any of the siNAs, sense strands, first nucleotide
sequences, antisense strands, or second nucleotide sequences disclosed herein further
comprise at least one thermally destabilizing nucleotides. In some embodiments, any of the

antisense strands disclosed herein further comprise at least one thermally destabilizing
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nucleotide selected from: i , R ,
~ ]
0N 0
;‘Oﬂ o} é~o
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,and . In some embodiments, any of the sense

strands disclosed herein comprise at least one thermally destabilizing nucleotide selected

(A
T ‘g? ng

2, " I
from: i , o , f“rr ,and
o
o
o . In some embodiments, any of the first nucleotide sequences

disclosed herein further comprise at least one thermally destabilizing nucleotide selected

(A
T vq ﬂQ

a, * o;
from: h , o , f‘JJ , and
o
~o
o . In some embodiments, any of the second nucleotide sequences

disclosed herein further comprise at least one thermally destabilizing nucleotide selected
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herein is a thermally destabilizing nucleotide.
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In some embodiments, any of the modified nucleotides disclosed

[0053] In some embodiments, any of the siNAs disclosed herein specifically
downregulate or reduce expression of a target gene. In some embodiments, the target gene
is a viral gene. In some embodiments, the viral gene is from a DNA virus. In some
embodiments, the DNA virus is a double-stranded DNA (dsDNA) virus. In some
embodiments, the dSDNA virus is a hepadnavirus. In some embodiments, the hepadnavirus
is a hepatitis B virus (HBV). In some embodiments, the HBV is selected from HBV
genotypes A-J. In some embodiments, the target gene is selected from the S gene or X gene
of the HBV.

[0054] In some embodiments, the second nucleotide sequence is at least about 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to 15 to 30 nucleotides
within positions 200-720 or 1100-1700 of SEQ ID NO: 410. In some embodiments, the
second nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
or 100% complementary to 15 to 30 nucleotides within positions 200-280, 300-445, 460-
510, 650-720, 1170-1220, 1250-1300, or 1550-1630 of SEQ ID NO: 410. In some
embodiments, the second nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% complementary to 15 to 30 nucleotides within positions 200-230,
250-280, 300-330, 370-400, 405-445, 460-500, 670-700, 1180-1210, 1260-1295, 1520-
1550, or 1570-1610 of SEQ ID NO: 410. In some embodiments, the second nucleotide
sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
complementary to 15 to 30 nucleotides starting at position 203, 206, 254, 305, 375, 409,
412,415, 416, 419, 462, 466, 467, 674, 676, 1182, 1262, 1263, 1268, 1526, 1577, 1578,
1580, 1581, 1583, or 1584 of SEQ ID NO: 410.
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[0055] In some embodiments, the first nucleotide sequence is at least about 60%, 65%,
70%, 715%, 80%, 85%, 90%, 95%, or 100% identical to 15 to 30 nucleotides within
positions 200-720 or 1100-1700 of SEQ ID NO: 410. In some embodiments, the first
nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
identical to 15 to 30 nucleotides within positions 200-280, 300-445, 460-510, 650-720,
1170-1220, 1250-1300, or 1550-1630 of SEQ ID NO: 410. In some embodiments, the first
nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
identical to 15 to 30 nucleotides within positions 200-230, 250-280, 300-330, 370-400, 405-
445, 460-500, 670-700, 1180-1210, 1260-1295, 1520-1550, or 1570-1610 of SEQ ID NO:
410. In some embodiments, the first nucleotide sequence is at least about 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 100% identical to 15 to 30 nucleotides starting at position
203, 206, 254, 305, 375, 409, 412, 415, 416, 419, 462, 466, 467, 674, 676, 1182, 1262,
1263, 1268, 1526, 1577, 1578, 1580, 1581, 1583, or 1584 of SEQ ID NO: 410.

[0056] In some embodiments, the first nucleotide sequence comprises a nucleotide
sequence of any one SEQ ID NOs: 1-56, 103-158, and 205-260.

[0057] In some embodiments, the second nucleotide sequence comprises a nucleotide
sequence of any one of SEQ ID NOs: 57-102, 159-204, and 261-306.

[0058] In some embodiments, the sense strand comprises a nucleotide sequence of any
one of SEQ ID NOs: 307-362 and 415-444.

[0059] In some embodiments, the antisense strand comprises a nucleotide sequence of
any one of SEQ ID NOs: 363-409, 445-533, and 536-539.

[0060] In some embodiments, at least one end of the siNA is a blunt end.

[0061] In some embodiments, at least one end of the siNA comprises an overhang,
wherein the overhang comprises at least one nucleotide.

[0062] In some embodiments, both ends of the siNA comprise an overhang, wherein the
overhang comprises at least one nucleotide.

[0063] In some embodiments, the siNA is selected from ds-siNA-001 to ds-siNA-0178.
[0064] In some embodiments, at least one 2’-fluoro nucleotide or 2’-O-methyl

nucleotide is a 2’-fluoro or 2-O-methyl nucleotide mimic of Formula (V):
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R6 R7

ot

Qz RS

RO , wherein

R! is independently a nucleobase, aryl, heteroaryl, or H, Q' and Q? are independently S or
O,

R’ is independently —OCD3 , —F, or -OCH3, and

R® and R’ are independently H, D, or CD3.

[0065] In some embodiments, the 2’-fluoro or 2’-O-methyl nucleotide mimic is a

nucleotide mimic of Formula (16) — Formula (20):

‘?7 ‘?7 ‘?7 % )
Formula (16) Formula (17) Formula (18) Formula (19) Formula (20)

, wherein R! is a nucleobase and R? is independently F or -OCH3.

[0066] Further disclosed herein are compositions comprising any of the siNAs disclosed
herein. In some embodiments, the siNA targets an S gene of HBV. In some embodiments,
the siNA specifically downregulates or reduces expression of the S gene of HBV. In some
embodiments, the siNA targets an X gene of HBV. In some embodiments, the siNA
specifically downregulates or reduces expression of the X gene of HBV. In some
embodiments, the siNA comprises a first nucleotide sequence. In some embodiments, the
first nucleotide sequence comprises a nucleotide sequence of any one SEQ ID NOs: 1-56,
103-158, and 205-260. In some embodiments, the siNA comprises a second nucleotide
sequence. In some embodiments, the second nucleotide sequence comprises a nucleotide
sequence of any one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some
embodiments, the siNA comprises a sense strand. In some embodiments, the sense strand
comprises a nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-444. In some
embodiments, the siNA comprises an antisense strand. In some embodiments, the antisense
strand comprises a nucleotide sequence of any one of SEQ ID NOs: 363-409, 445-533, and
536-539. In some embodiments, the siNA further comprises any of the 5’ end caps
disclosed herein. In some embodiments, the siNA further comprises any of the

phosphorylation blockers disclosed herein. In some embodiments, the siNA further
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comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
further comprises any of the destabilized nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
[0067] Further disclosed herein are compositions comprising 2, 3,4, 5,6, 7, 8,9, 10 or
more of any of the siNAs disclosed herein. In some embodiments, at least 1, 2, 3,4, 5, or
more siNAs target an S gene of HBV. In some embodiments, at least 1, 2, 3, 4, 5, or more
siNAs specifically downregulate or reduce expression of the S gene of HBV. In some
embodiments, at least 1, 2, 3, 4, 5, or more siNAs target an X gene of HBV. In some
embodiments, at least 1, 2, 3, 4, 5, or more siNAs specifically downregulate or reduce
expression of the X gene of HBV. In some embodiments, the siNA comprises a first
nucleotide sequence. In some embodiments, the first nucleotide sequence comprises a
nucleotide sequence of any one SEQ ID NOs: 1-56, 103-158, and 205-260. In some
embodiments, the siNA comprises a second nucleotide sequence. In some embodiments, the
second nucleotide sequence comprises a nucleotide sequence of any one of SEQ ID NOs:
57-102, 159-204, and 261-306. In some embodiments, the siNA comprises a sense strand.
In some embodiments, the sense strand comprises a nucleotide sequence of any one of SEQ
ID NOs: 307-362 and 415-444. In some embodiments, the siNA comprises an antisense
strand. In some embodiments, the antisense strand comprises a nucleotide sequence of any
one of SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA
further comprises any of the 5° end caps disclosed herein. In some embodiments, the siNA
further comprises any of the phosphorylation blockers disclosed herein. In some
embodiments, the siNA further comprises any of the conjugated moieties disclosed herein.
In some embodiments, the siNA further comprises any of the destabilized nucleotides
disclosed herein. In some embodiments, the siNA further comprises any of the modified
nucleotides disclosed herein.

[0068] In some embodiments, any of the compositions disclosed herein further
comprise an additional HBV treatment agent. In some embodiments, the additional HBV
treatment agent is selected from a nucleotide analog, nucleoside analog, a capsid assembly
modulator (CAM), a recombinant interferon, an entry inhibitor, a small molecule
immunomodulator and oligonucleotide therapy. In some embodiments, the oligonucleotide
therapy is an additional siNA. In some embodiments, the additional siNA is selected from
any of ds-siNA-001 to ds-siNA-0178. In some embodiments, the oligonucleotide therapy is
an antisense oligonucleotide (ASO), NAPs, or STOPs. In some embodiments, the ASO is
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ASO 1 or ASO 2. In some embodiments, the ASO specifically targets the S gene of HBV.
In some embodiments, the ASO specifically targets the X gene of HBV. In some
embodiments, the additional HBV treatment agent is selected from HBV STOPS™ ALG-
010133, HBV CAM ALG-000184, ASO 1, recombinant interferon alpha 2b, IFN-a, PEG-
IFN-a-2a, lamivudine, telbivudine, adefovir dipivoxil, clevudine, entecavir, tenofovir
alafenamide, tenofovir disoproxil, NVR3-778, BAY41-4109, JNJ-632, JNJ-3989 (ARO-
HBV), RG6004, GSK3228836, REP-2139, REP-2165, AB-729, VIR-2218, RG6346 (DCR-
HBVS), INJ-6379, GLS4, ABI-HO731, JNJ-440, NZ-4, RG7907, EDP-514, AB-423, AB-
506, ABI-H03733 and ABI-H2158.

[0069] In some embodiments, any of the compositions disclosed herein further
comprise a liver disease treatment agent. In some embodiments, the liver disease treatment
agent is selected from a peroxisome proliferator-activator receptor (PPAR) agonist,
farnesoid X receptor (FXR) agonist, lipid-altering agent, and incretin-based therapy. In
some embodiments, the PPAR agonist is selected from a PPARa agonist, dual PPARw/6
agonist, PPARY agonist, and dual PPARa/y agonist. In some embodiments, the dual PPARa
agonist is a fibrate. In some embodiments, the PPARo/d agonist is elafibranor. In some
embodiments, the PPARy agonist is a thiazolidinedione (TZD). In some embodiments, TZD
is pioglitazone. In some embodiments, the dual PPARa/y agonist is saroglitazar. In some
embodiments, the FXR agonist is obeticholic acis (OCA). In some embodiments, the lipid-
altering agent is aramchol. In some embodiments, the incretin-based therapy is a glucagon-
like peptide 1 (GLP-1) receptor agonist or dipeptidyl peptidase 4 (DPP-4) inhibitor. In some
embodiments, the GLP-1 receptor agonist is exenatide or liraglutide. In some embodiments,
the DPP-4 inhibitor is sitagliptin or vildapliptin.

[0070] Further disclosed herein are methods of treating a disease in a subject in need
thereof, comprising administering to the subject any of the siNAs disclosed herein. In some
embodiments, the siNA comprises a first nucleotide sequence. In some embodiments, the
first nucleotide sequence comprises a nucleotide sequence of any one SEQ ID NOs: 1-56,
103-158, and 205-260. In some embodiments, the siNA comprises a second nucleotide
sequence. In some embodiments, the second nucleotide sequence comprises a nucleotide
sequence of any one of SEQ ID NOs: 57-102, 159-204, and 261-306. In some
embodiments, the siNA comprises a sense strand. In some embodiments, the sense strand
comprises a nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-444. In some

embodiments, the siNA comprises an antisense strand. In some embodiments, the antisense
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strand comprises a nucleotide sequence of any one of SEQ ID NOs: 363-409, 445-533, and
536-539. In some embodiments, the siNA further comprises any of the 5’ end caps
disclosed herein. In some embodiments, the siNA further comprises any of the
phosphorylation blockers disclosed herein. In some embodiments, the siNA further
comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
further comprises any of the destabilized nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
[0071] Further disclosed herein are methods of treating a disease in a subject in need
thereof, comprising administering to the subject any of the compositions disclosed herein.
In some embodiments, the compositon comprises at least 1, 2, 3,4, 5, 6,7, 8,9, 10 or more
of any of the siNAs disclosed herein. In some embodiments, the siNA comprises a first
nucleotide sequence. In some embodiments, the first nucleotide sequence comprises a
nucleotide sequence of any one SEQ ID NOs: 1-56, 103-158, and 205-260. In some
embodiments, the siNA comprises a second nucleotide sequence. In some embodiments, the
second nucleotide sequence comprises a nucleotide sequence of any one of SEQ ID NOs:
57-102, 159-204, and 261-306. In some embodiments, the siNA comprises a sense strand.
In some embodiments, the sense strand comprises a nucleotide sequence of any one of SEQ
ID NOs: 307-362 and 415-444. In some embodiments, the siNA comprises an antisense
strand. In some embodiments, the antisense strand comprises a nucleotide sequence of any
one of SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA
further comprises any of the 5’ end caps disclosed herein. In some embodiments, the siNA
further comprises any of the phosphorylation blockers disclosed herein. In some
embodiments, the siNA further comprises any of the conjugated moieties disclosed herein.
In some embodiments, the siNA further comprises any of the destabilized nucleotides
disclosed herein. In some embodiments, the siNA further comprises any of the modified
nucleotides disclosed herein. In some embodiments, the composition further comprises any
of the additional HBV treatment agents disclosed herein. In some embodiments, the disease
is a viral disease. In some embodiments, the viral disease is caused by a DNA virus. In
some embodiments, the DNA virus is a double stranded DNA (dsDNA) virus. In some
embodiments, the dSDNA virus is a hepadnavirus. In some embodiments, the hepadnavirus
is a hepatitis B virus (HBV). In some embodiments, the HBV is selected from HBV
genotypes A-J. In some embodiments, the method further comprises administering an

additional HBV treatment agent. In some embodiments, the siNA or the composition and
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the additional HBV treatment agent are administered concurrently. In some embodiments,
the siNA or the composition and the additional HBV treatment agent are administered
sequentially. In some embodiments, the siNA or the composition is administered prior to
administering the additional HBV treatment agent. In some embodiments, the siNA or the
composition is administered after administering the additional HBV treatment agent. In
some embodiments, the additional HBV treatment agent is selected from a nucleotide
analog, nucleoside analog, a capsid assembly modulator (CAM), a recombinant interferon,
an entry inhibitor, a small molecule immunomodulator and oligonucleotide therapy. In
some embodiments, the oligonucleotide therapy is an additional siNA. In some
embodiments, the additional siNA is selected from any of ds-siNA-001 to ds-siNA-0178. In
some embodiments, the oligonucleotide therapy is an antisense oligonucleotide (ASO),
NAPs, or STOPs. In some embodiments, the ASO is ASO 1 or ASO 2. In some
embodiments, the additional HBV treatment agent is selected from HBV STOPS™ ALG-
010133, HBV CAM ALG-000184, ASO 1, recombinant interferon alpha 2b, IFN-a, PEG-
IFN-a-2a, lamivudine, telbivudine, adefovir dipivoxil, clevudine, entecavir, tenofovir
alafenamide, tenofovir disoproxil, NVR3-778, BAY41-4109, JNJ-632, JNJ-3989 (ARO-
HBV), RG6004, GSK3228836, REP-2139, REP-2165, AB-729, VIR-2218, RG6346 (DCR-
HBVS), INJ-6379, GLS4, ABI-HO731, JNJ-440, NZ-4, RG7907, EDP-514, AB-423, AB-
506, ABI-H03733 and ABI-H2158.

[0072] In some embodiments, the disease is a liver disease. In some embodiments, the
liver disease is a nonalcoholic fatty liver disease (NAFLD) or hepatocellular carcinoma
(HCC). In some embodiments, the NAFLD is nonalcoholic steatohepatitis (NASH). In some
embodiments, the method further comprises administering to the subject a liver disease
treatment agent. In some embodiments, the liver disease treatment agent is selected from a
peroxisome proliferator-activator receptor (PPAR) agonist, farnesoid X receptor (FXR)
agonist, lipid-altering agent, and incretin-based therapy. In some embodiments, the PPAR
agonist is selected from a PPARa agonist, dual PPARo/S agonist, PPARy agonist, and dual
PPARGa/y agonist. In some embodiments, the dual PPARa agonist is a fibrate. In some
embodiments, the PPAR0o/S agonist is elafibranor. In some embodiments, the PPARy
agonist is a thiazolidinedione (TZD). In some embodiments, TZD is pioglitazone. In some
embodiments, the dual PPARo/y agonist is saroglitazar. In some embodiments, the FXR
agonist is obeticholic acis (OCA). In some embodiments, the lipid-altering agent is

aramchol. In some embodiments, the incretin-based therapy is a glucagon-like peptide 1
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(GLP-1) receptor agonist or dipeptidyl peptidase 4 (DPP-4) inhibitor. In some
embodiments, the GLP-1 receptor agonist is exenatide or liraglutide. In some embodiments,
the DPP-4 inhibitor is sitagliptin or vildapliptin. In some embodiments, the siNA or
composition and the liver disease treatment agent are administered concurrently. In some
embodiments, the siNA or composition and the liver disease treatment agent are
administered sequentially. In some embodiments, the siNA or composition is administered
prior to administering the liver disease treatment agent. In some embodiments, the siNA or
composition is administered after administering the liver disease treatment agent.

[0073] In some embodiments, the siNA or the composition is administered at a dose of
at least 1 mg/kg, 2 mg/kg, 3 mg/kg, 4 mg/kg, 5 mg/kg, 6 mg/kg, 7 mg/kg, 8 mg/kg, 9
mg/kg, 10 mg/kg, 11 mg/kg, 12 mg/kg, 13 mg/kg 14 mg/kg, or 15 mg/kg. In some
embodiments, the siNA or the composition is administered at a dose of between 0.5 mg/kg
to 50 mg/kg, 0.5 mg/kg to 40 mg/kg 0.5 mg/kg to 30 mg/kg, 1 mg/kg to 50 mg/kg, 1 mg/kg
to 40 mg/kg, 1 mg/kg to 30 mg/kg, 1 mg/kg to 20 mg/kg, 3 mg/kg to 50 mg/kg, 3 mg/kg to
40 mg/kg, 3 mg/kg to 30 mg/kg, 3 mg/kg to 20 mg/kg, 3 mg/kg to 15 mg/kg, 3 mg/kg to 10
mg/kg, 4 mg/kg to 50 mg/kg, 4 mg/kg to 40 mg/kg, 4 mg/kg to 30 mg/kg, 4 mg/kg to 20
mg/kg, 4 mg/kg to 15 mg/kg, 4 mg/kg to 10 mg/kg, 5 mg/kg to 50 mg/kg, 5 mg/kg to 40
mg/kg, 5 mg/kg to 30 mg/kg, 5 mg/kg to 20 mg/kg, 5 mg/kg to 15 mg/kg, or 5 mg/kg to 10
mg/kg.

[0074] In some embodiments, the siNA or the composition is administered at least 1, 2,
3,4,5,6,7,8,9, or 10 times. In some embodiments, the siNA or the composition is
administered at least 1, 2, 3,4, 5, 6,7, 8,9, or 10 times a day, at least 1, 2, 3,4,5,6,7, 8,9,
or 10 times a week, or at least 1, 2, 3,4, 5, 6,7, 8,9, or 10 times a month. In some
embodiments, the siNA or the composition are administered at least once every 1, 2, 3, 4, 5,
6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 days. In some embodiments, the
siNA or the composition is administered for a period of at least 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 days, or at least 1, 2, 3, 4,5, 6,7, 8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 51,
52, 53, 54, or 55 weeks.

[0075] In some embodiments, the siNA or the composition is administered at a single
dose of 5 mg/kg. In some embodiments, the siNA or the composition is administered at a
single dose of 10 mg/kg. In some embodiments, the siNA or the composition is

administered at three doses of 10 mg/kg once a week. In some embodiments, the siNA or
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the composition is administered at three doses of 10 mg/kg once every three days. In some
embodiments, the siNA or the composition is administered at five doses of 10 mg/kg once
every three days. In some embodiments, the siNA or the composition is administered at six
doses of ranging from 1 mg/kg to 15 mg/kg, 1 mg/kg to 10 mg/kg, 2 mg/kg to 15 mg/kg, 2
mg/kg to 10 mg/kg, 3 mg/kg to 15 mg/kg, or 3 mg/kg to 10 mg/kg. In some embodiments,
the first dose and second dose are administered at least 3 days apart. In some embodiments,
the second dose and third dose are administered at least 4 days apart. In some embodiments,
the third dose and fourth dose, fourth dose and fifth dose, or fifth dose and sixth dose are
administered at least 7 days apart.

[0076] In some embodiments, any of the siNAs or the compositions disclosed herein are
formulated as a particle or viral vector. In some embodiments, the siNA or the composition
are administered in a particle or viral vector. In some embodiments, the viral vector is a
vector of adenovirus, adeno-associated virus (AAV), alphavirus, flavivirus, herpes simplex
virus, lentivirus, measles virus, picornavirus, poxvirus, retrovirus, or rhabdovirus. In some
embodiments, the viral vector is a recombinant viral vector. In some embodiments, the viral
vector is selected from AAVrh.74, AAVrh.10, AAVrh.20, AAV-1, AAV-2, AAV-3, AAV-
4, AAV-5, AAV-6, AAV-7, AAV-8, AAV-9, AAV-10, AAV-11, AAV-12 and AAV-13. In
some embodiments, the siNA or the composition is administered systemically. In some
embodiments, the siNA or the composition is administered locally. In some embodiments,
the siNA or the composition is administered intravenously, subcutaneously, or
intramuscularly.

[0077] In some embodiments, any of the siRNAs or compositions disclosed herein are
used in the manufacture of a medicament for treating a disease. In some embodiments, the
disease is a viral disease. In some embodiments, the viral disease is caused by a DNA virus.
In some embodiments, the DNA virus is a double stranded DNA (dsDNA virus). In some
embodiments, the dSDNA virus is a hepadnavirus. In some embodiments, the hepadnavirus
is a hepatitis B virus (HBV). In some embodiments, the HBV is selected from HBV
genotypes A-J. In some embodiments, an additional HBV treatment agent is further used in
the manufacture of the medicament. In some embodiments, the additional HBV treatment
agent is selected from a nucleotide analog, nucleoside analog, a capsid assembly modulator
(CAM), a recombinant interferon, an entry inhibitor, a small molecule immunomodulator
and oligonucleotide therapy. In some embodiments, the oligonucleotide therapy is an

additional siNA. In some embodiments, the additional siNA is selected from any of ds-
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siNA-001 to ds-siNA-0178. In some embodiments, the oligonucleotide therapy is an
antisense oligonucleotide (ASO), NAPs, or STOPs. In some embodiments, the ASO is ASO
1 or ASO 2. In some embodiments, the additional HBV treatment agent is selected from
HBV STOPS™ ALG-010133, HBV CAM ALG-000184, ASO 1, recombinant interferon
alpha 2b, IFN-a, PEG-IFN-a-2a, lamivudine, telbivudine, adefovir dipivoxil, clevudine,
entecavir, tenofovir alafenamide, tenofovir disoproxil, NVR3-778, BAY41-4109, INJ-632,
INJ-3989 (ARO-HBV), RG6004, GSK3228836, REP-2139, REP-2165, AB-729, VIR-
2218, RG6346 (DCR-HBVS), INJ-6379, GLS4, ABI-HO731, JNJ-440, NZ-4, RG7907,
EDP-514, AB-423, AB-506, ABI-H03733 and ABI-H2158.

[0078] In some embodiments, any of the siRNAs or compositions disclosed herein are
used in the manufacture of a medicament for treating a disease. In some embodiments, the
disease is a liver disease. In some embodiments, the liver disease is a nonalcoholic fatty
liver disease (NAFLD) or hepatocellular carcinoma (HCC). In some embodiments, the
NAFLD is nonalcoholic steatohepatitis (NASH). In some embodiments, the siNA comprises
a first nucleotide sequence. In some embodiments, the first nucleotide sequence comprises a
nucleotide sequence of any one SEQ ID NOs: 1-56, 103-158, and 205-260. In some
embodiments, the siNA comprises a second nucleotide sequence. In some embodiments, the
second nucleotide sequence comprises a nucleotide sequence of any one of SEQ ID NOs:
57-102, 159-204, and 261-306. In some embodiments, the siNA comprises a sense strand.
In some embodiments, the sense strand comprises a nucleotide sequence of any one of SEQ
ID NOs: 307-362 and 415-444. In some embodiments, the siNA comprises an antisense
strand. In some embodiments, the antisense strand comprises a nucleotide sequence of any
one of SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA
further comprises any of the 5° end caps disclosed herein. In some embodiments, the siNA
further comprises any of the phosphorylation blockers disclosed herein. In some
embodiments, the siNA further comprises any of the conjugated moieties disclosed herein.
In some embodiments, the siNA further comprises any of the destabilized nucleotides
disclosed herein. In some embodiments, the siNA further comprises any of the modified
nucleotides disclosed herein. In some embodiments, a liver disease treatment agent is
further used in the manufacture of the medicament. In some embodiments, the liver disease
treatment agent is selected from a peroxisome proliferator-activator receptor (PPAR)
agonist, farnesoid X receptor (FXR) agonist, lipid-altering agent, and incretin-based

therapy. In some embodiments, the PPAR agonist is selected from a PPARa agonist, dual
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PPAR/S agonist, PPARY agonist, and dual PPARa/y agonist. In some embodiments, the
dual PPARa agonist is a fibrate. In some embodiments, the PPARa/6 agonist is elafibranor.
In some embodiments, the PPARy agonist is a thiazolidinedione (TZD). In some
embodiments, TZD is pioglitazone. In some embodiments, the dual PPARa/y agonist is
saroglitazar. In some embodiments, the FXR agonist is obeticholic acis (OCA). In some
embodiments, the lipid-altering agent is aramchol. In some embodiments, the incretin-based
therapy is a glucagon-like peptide 1 (GLP-1) receptor agonist or dipeptidyl peptidase 4
(DPP-4) inhibitor. In some embodiments, the GLP-1 receptor agonist is exenatide or
liraglutide. In some embodiments, the DPP-4 inhibitor is sitagliptin or vildapliptin.

[0079] In some embodiments, any of the siNAs disclosed herein is used as a
medicament. In some embodiments, the siNA comprises a first nucleotide sequence. In
some embodiments, the first nucleotide sequence comprises a nucleotide sequence of any
one SEQ ID NOs: 1-56, 103-158, and 205-260. In some embodiments, the siNA comprises
a second nucleotide sequence. In some embodiments, the second nucleotide sequence
comprises a nucleotide sequence of any one of SEQ ID NOs: 57-102, 159-204, and 261-
306. In some embodiments, the siNA comprises a sense strand. In some embodiments, the
sense strand comprises a nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-
444, In some embodiments, the siNA comprises an antisense strand. In some embodiments,
the antisense strand comprises a nucleotide sequence of any one of SEQ ID NOs: 363-409,
445-533, and 536-539. In some embodiments, the siNA further comprises any of the 5’ end
caps disclosed herein. In some embodiments, the siNA further comprises any of the
phosphorylation blockers disclosed herein. In some embodiments, the siNA further
comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
further comprises any of the destabilized nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
[0080] In some embodiments, any of the compositions disclosed herein are used as a
medicament. In some embodiments, the composition comprises any of the siNAs disclosed
herein. In some embodiments, the siNA comprises a first nucleotide sequence. In some
embodiments, the first nucleotide sequence comprises a nucleotide sequence of any one
SEQ ID NOs: 1-56, 103-158, and 205-260. In some embodiments, the siNA comprises a
second nucleotide sequence. In some embodiments, the second nucleotide sequence
comprises a nucleotide sequence of any one of SEQ ID NOs: 57-102, 159-204, and 261-

306. In some embodiments, the siNA comprises a sense strand. In some embodiments, the
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sense strand comprises a nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-
444, In some embodiments, the siNA comprises an antisense strand. In some embodiments,
the antisense strand comprises a nucleotide sequence of any one of SEQ ID NOs: 363-409,
445-533, and 536-539. In some embodiments, the siNA further comprises any of the 5’ end
caps disclosed herein. In some embodiments, the siNA further comprises any of the
phosphorylation blockers disclosed herein. In some embodiments, the siNA further
comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
further comprises any of the destabilized nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
[0081] In some embodiments, any of the siNAs disclosed herein are used in the
treatment of a disease. In some embodiments, the siNA comprises a first nucleotide
sequence. In some embodiments, the first nucleotide sequence comprises a nucleotide
sequence of any one SEQ ID NOs: 1-56, 103-158, and 205-260. In some embodiments, the
siNA comprises a second nucleotide sequence. In some embodiments, the second nucleotide
sequence comprises a nucleotide sequence of any one of SEQ ID NOs: 57-102, 159-204,
and 261-306. In some embodiments, the siNA comprises a sense strand. In some
embodiments, the sense strand comprises a nucleotide sequence of any one of SEQ ID NOs:
307-362 and 415-444. In some embodiments, the siNA comprises an antisense strand. In
some embodiments, the antisense strand comprises a nucleotide sequence of any one of
SEQ ID NOs: 363-409, 445-533, and 536-539. In some embodiments, the siNA further
comprises any of the 5’ end caps disclosed herein. In some embodiments, the siNA further
comprises any of the phosphorylation blockers disclosed herein. In some embodiments, the
siNA further comprises any of the conjugated moieties disclosed herein. In some
embodiments, the siNA further comprises any of the destabilized nucleotides disclosed
herein. In some embodiments, the siNA further comprises any of the modified nucleotides
disclosed herein. In some embodiments, the disease is a viral disease. In some
embodiments, the viral disease is caused by a DNA virus. In some embodiments, the DNA
virus is a double stranded DNA (dsDNA virus). In some embodiments, the dsSDNA virus is
a hepadnavirus. In some embodiments, the hepadnavirus is a hepatitis B virus (HBV). In
some embodiments, the HBV is selected from HBV genotypes A-J. In some embodiments,
the disease is a liver disease. In some embodiments, the liver disease is a nonalcoholic fatty
liver disease (NAFLD) or hepatocellular carcinoma (HCC). In some embodiments, the

NAFLD is nonalcoholic steatohepatitis (NASH).
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[0082] In some embodiments, any of the compositions disclosed herein are used in the
treatment of a disease. In some embodiments, the composition comprises any of the siNAs
disclosed herein. In some embodiments, the siNA comprises a first nucleotide sequence. In
some embodiments, the first nucleotide sequence comprises a nucleotide sequence of any
one SEQ ID NOs: 1-56, 103-158, and 205-260. In some embodiments, the siNA comprises
a second nucleotide sequence. In some embodiments, the second nucleotide sequence
comprises a nucleotide sequence of any one of SEQ ID NOs: 57-102, 159-204, and 261-
306. In some embodiments, the siNA comprises a sense strand. In some embodiments, the
sense strand comprises a nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-
444. In some embodiments, the siNA comprises an antisense strand. In some embodiments,
the antisense strand comprises a nucleotide sequence of any one of SEQ ID NOs: 363-409,
445-533, and 536-539. In some embodiments, the siNA further comprises any of the 5’ end
caps disclosed herein. In some embodiments, the siNA further comprises any of the
phosphorylation blockers disclosed herein. In some embodiments, the siNA further
comprises any of the conjugated moieties disclosed herein. In some embodiments, the siNA
further comprises any of the destabilized nucleotides disclosed herein. In some
embodiments, the siNA further comprises any of the modified nucleotides disclosed herein.
In some embodiments, the disease is a viral disease. In some embodiments, the viral disease
is caused by a DNA virus. In some embodiments, the DNA virus is a double stranded DNA
(dsDNA virus). In some embodiments, the dsDNA virus is a hepadnavirus. In some
embodiments, the hepadnavirus is a hepatitis B virus (HBV). In some embodiments, the
HBYV is selected from HBV genotypes A-J. In some embodiments, the disease is a liver
disease. In some embodiments, the liver disease is a nonalcoholic fatty liver disease
(NAFLD) or hepatocellular carcinoma (HCC). In some embodiments, the NAFLD is
nonalcoholic steatohepatitis (NASH).

BRIEF DESCRIPTION OF THE DRAWINGS
[0083] FIG. 1 illustrates an exemplary siNA molecule.
[0084] FIG. 2 illustrates an exemplary siNA molecule.
[0085] FIGs. 3A-3G illustrate exemplary double-stranded siNA molecules.
[0086] FIG. 4 shows a graph of the change in serum HBsAg from AAV-HBYV mice
treated with ds-siNA-0160, ds-siNA-0165, ds-siNA-0163, or ds-siNA-0166.
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[0087] FIG. 5A shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0160 (G03).

[0088] FIG. 5B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0160 (G15).

[0089] FIG. 5C shows a graph of the change in serum HBsAg from AAV-HBYV mice
treated with vehicle (GO1) or ds-siNA-0160 (GO03).

[0090] FIG. 5D shows a graph of the change in serum HBsAg from AAV-HBYV mice
treated with vehicle (G01), ds-siNA-0160 (G03), or ds-siNA-0109 (G09).

[0091] FIGs. 5E-5F show a graph of the change in serum HBsAg from AAV-HBV
mice treated with vehicle (GO1) or ds-siNA-0169 (G18).

[0092] FIG. 5G shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0169 (G04).

[0093] FIG. 5H shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0169 (G04).

[0094] FIG. 51 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1), ds-siNA-0169 (G04), or ds-siNA-0147 (GO8).

[0095] FIG. 5J shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0166 (G06), or ds-siNA-0153 (G14).

[0096] FIG. 5K shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1), ds-siNA-0163 (G0S5), or ds-siNA-0119 (G13).

[0097] FIG. 6A shows a graph of the change in serum HBsAg from AAV-HBYV mice
treated with vehicle (G01), ds-siNA-0160 (G15), or ds-siNA-080 (G14).

[0098] FIG. 6B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0169 (G16), or ds-siNA-081 (G13).

[0099] FIG. 7A shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0165 (G18), or ds-siNA-0127 (G17).

[0100] FIG. 7B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1), ds-siNA-0168 (G20), or ds-siNA-0150 (G19).

[0101] FIG. 8A shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0160 (G06), ASO 1 (G18), or a combination of ds-
siNA-0160 and ASO 1 (G20).
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[0102] FIG. 8B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0160 (G06), ASO 1 (G18), or a combination of ds-
siNA-0160 and ASO 1 (G20).

[0103] FIG. 8C shows a graph of a synergy analysis of a combination therapy with
unconjugated forms of ds-siNA-0164 and ASO 2 (e.g., ds-siNA-0160 and ASO 1 without
GalNac).

[0104] FIG. 9 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0166 (G03), ds-siNA-0155 (G08), or ds-siNA-0157.

[0105] FIG. 10 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G0O1), ds-siNA-0165 (G10), ds-siNA-0160 (G06), or a combination
therapy with ds-siNA-0160 and ds-siNA-0165 (G14).

[0106] FIG. 11 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0165 (GO05), or ds-siNA-0144 (G11).

[0107] FIG. 12 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0163 (G04), ds-siNA-0122 (G09), or ds-siNA-0123
(G13).

[0108] FIG. 13 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G 15) or ds-siNA-0147 (G 19).

[0109] FIG. 14 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G 15, square), ds-siNA-0109 (G 21, circle), or ds-siNA-0172 (G 27,

diamond).

[0110] FIG. 15 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G 01, circle), ds-siNA-0109 (G 07, square), ds-siNA-0119 (G 11,
triangle), or ds-siNA-0153 (G 13, diamond).

[0111] FIG. 16 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G 01, circle), ASO 1 (G 20, square), ds-siNA-0147 (G 24, diamond),
or a combination of ASO 1 and ds-siNA-0147 (G 25, triangle).

[0112] FIG. 17 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G 01, circle), ASO 1 (G 20, square), ds-siNA-0109 (G 26, diamond),
or a combination of ASO 1 and ds-siNA-0109 (G 27, triangle).
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DETAILED DESCRIPTION OF THE INVENTION

[0113] Disclosed herein are short interfering nucleic acid (siNA) molecules comprising
modified nucleotides. The siNA molecules described herein may be double-stranded siNA
(ds-siNA) molecules. The siNA molecules described herein may comprise modified
nucleotides selected from 2’-O-methyl nucleotides and 2’-fluoro nucleotides. The siNA
molecules described herein may comprise 1, 2, 3,4, 5, 6,7, 8,9, or 10 or more
phosphorothioate internucleoside linkages. The siNA molecules described herein may
comprise a phosphorylation blocker. The siNA molecules described herein may comprise a
5’-stabilized end cap. The siNA molecules described herein may comprise a galactosamine.
The siNA molecules described herein may comprise one or more blunt ends. The siNA
molecules described herein may comprise one or more overhangs.

[0114] Further disclosed herein are short interfering nucleic acid (siNA) molecules
comprising (a) a phosphorylation blocker; and (b) a short interfering nucleic acid (siNA).
The siNA may comprise at least 5 nucleotides. The nucleotides may be modified
nucleotides, non-modified nucleotides, or any combination thereof. The nucleotides may be
ribonucleotides, deoxyribonucleotides, or any combination thereof. The siNA may be
single-stranded. Alternatively, the siNA is double-stranded. The double-stranded siNA may
comprise one or more blunt ends. The double-stranded siNA may comprise one or more
overhangs. The double-stranded siNA may comprise a blunt end and an overhang.

[0115] Further disclosed herein are short interfering nucleic acid (siNA) molecules
comprising (a) a conjugated moiety; and (b) a short interfering nucleic acid (siNA). The
siNA may comprise at least 5 nucleotides. The nucleotides may be modified nucleotides,
non-modified nucleotides, or any combination thereof. The nucleotides may be
ribonucleotides, deoxyribonucleotides, or any combination thereof. The siNA may be
single-stranded. Alternatively, the siNA is double-stranded. The double-stranded siNA may
comprise one or more blunt ends. The double-stranded siNA may comprise one or more
overhangs. The double-stranded siNA may comprise a blunt end and an overhang.

[0116] Further disclosed herein are short interfering nucleic acid (siNA) molecules
comprising (a) a 5’-stabilized end cap; and (b) a short interfering nucleic acid (siNA). The
siNA may comprise at least 5 nucleotides. The nucleotides may be modified nucleotides,
non-modified nucleotides, or any combination thereof. The nucleotides may be
ribonucleotides, deoxyribonucleotides, or any combination thereof. The siNA may be

single-stranded. Alternatively, the siNA is double-stranded. The double-stranded siNA may
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comprise one or more blunt ends. The double-stranded siNA may comprise one or more
overhangs. The double-stranded siNA may comprise a blunt end and an overhang.

[0117] Further disclosed herein are short interfering nucleic acid (siNA) molecules
comprising (a) at least one phosphorylation blocker, conjugated moiety, or 5’-stabilized end
cap; and (b) a short interfering nucleic acid (siNA). The siNA may comprise at least 5
nucleotides. The nucleotides may be modified nucleotides, non-modified nucleotides, or
any combination thereof. The nucleotides may be ribonucleotides, deoxyribonucleotides, or
any combination thereof. The siNA may be single-stranded. Alternatively, the siNA is
double-stranded. The double-stranded siNA may comprise one or more blunt ends. The
double-stranded siNA may comprise one or more overhangs. The double-stranded siNA
may comprise a blunt end and an overhang.

[0118] An exemplary siNA molecule of the present disclosure is shown in FIG. 1. As
shown in FIG. 1, an exemplary siNA molecule comprises a sense strand (101) and an
antisense strand (102). The sense strand (101) may comprise a first oligonucleotide
sequence (103). The first oligonucleotide sequence (103) may comprise one or more
phosphorothioate internucleoside linkages (109). The phosphorothioate internucleoside
linkage (109) may be between the nucleotides at the 5* or 3’ terminal end of the first
oligonucleotide sequence (103). The phosphorothioate internucleoside linkage (109) may be
between the first three nucleotides from the 5° end of the first oligonucleotide sequence
(103). The first oligonucleotide sequence (103) may comprise one or more 2’-fluoro
nucleotides (110). The first oligonucleotide sequence (103) may comprise one or more 2’-
O-methyl nucleotides (111). The first oligonucleotide sequence (103) may comprise 15 or
more modified nucleotides independently selected from 2’-fluoro nucleotides (110) and 2’-
O-methyl nucleotides (111). The sense strand (101) may further comprise a phosphorylation
blocker (105). The sense strand (101) may further comprise a galactosamine (106). The
antisense strand (102) may comprise a second oligonucleotide sequence (104). The second
oligonucleotide sequence (104) may comprise one or more phophorothioate internucleoside
linkages (109). The phosphorothioate internucleoside linkage (109) may be between the
nucleotides at the 5* or 3’ terminal end of the second oligonucleotide sequence (104). The
phosphorothioate internucleoside linkage (109) may be between the first three nucleotides
from the 5° end of the second oligonucleotide sequence (104). The phosphorothioate
internucleoside linkage (109) may be between the first three nucleotides from the 3* end of

the second oligonucleotide sequence (104). The second oligonucleotide sequence (104) may
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comprise one or more 2’-fluoro nucleotides (110). The second oligonucleotide sequence
(104) may comprise one or more 2’-O-methyl nucleotides (111). The second
oligonucleotide sequence (104) may comprise 15 or more modified nucleotides
independently selected from 2’-fluoro nucleotides (110) and 2’-O-methyl nucleotides (111).
The antisense strand (102) may further comprise a 5’-stabilized end cap (107). The siNA
may further comprise one or more blunt ends. Alternatively, or additionally, one end of the
siNA may comprise an overhang (108). The overhang (108) may be part of the sense strand
(101). The overhang (108) may be part of the antisense strand (102). The overhang (108)
may be distinct from the first nucleotide sequence (103). The overhang (108) may be
distinct from the second nucleotide sequence (104). The overhang (108) may be part of the
first nucleotide sequence (103). The overhang (108) may be part of the second nucleotide
sequence (104). The overhang (108) may comprise 1 or more nucleotides. The overhang
(108) may comprise 1 or more deoxyribonucleotides. The overhang (108) may comprise 1
or more modified nucleotides. The overhang (108) may comprise 1 or more modified
ribonucleotides. The sense strand (101) may be shorter than the antisense strand (102). The
sense strand (101) may be the same length as the antisense strand (102). The sense strand
(101) may be longer than the antisense strand (102).

[0119] An exemplary siNA molecule of the present disclosure is shown in FIG. 2. As
shown in FIG. 2, an exemplary siNA molecule comprises a sense strand (201) and an
antisense strand (202). The sense strand (201) may comprise a first oligonucleotide
sequence (203). The first oligonucleotide sequence (203) may comprise one or more
phophorothioate internucleoside linkages (209). The phosphorothioate internucleoside
linkage (209) may be between the nucleotides at the 5* or 3’ terminal end of the first
oligonucleotide sequence (203). The phosphorothioate internucleoside linkage (209) may be
between the first three nucleotides from the 5’ end of the first oligonucleotide sequence
(203). The first oligonucleotide sequence (203) may comprise one or more 2’-fluoro
nucleotides (210). The first oligonucleotide sequence (203) may comprise one or more 2’-
O-methyl nucleotides (211). The first oligonucleotide sequence (203) may comprise 15 or
more modified nucleotides independently selected from 2’-fluoro nucleotides (210) and 2’-
O-methyl nucleotides (211). The sense strand (201) may further comprise a phosphorylation
blocker (205). The sense strand (201) may further comprise a galactosamine (206). The
antisense strand (202) may comprise a second oligonucleotide sequence (204). The second

oligonucleotide sequence (204) may comprise one or more phophorothioate internucleoside
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linkages (209). The phosphorothioate internucleoside linkage (209) may be between the
nucleotides at the 5* or 3’ terminal end of the second oligonucleotide sequence (204). The
phosphorothioate internucleoside linkage (209) may be between the first three nucleotides
from the 5’ end of the second oligonucleotide sequence (204). The phosphorothioate
internucleoside linkage (209) may be between the first three nucleotides from the 3’ end of
the second oligonucleotide sequence (204). The second oligonucleotide sequence (204) may
comprise one or more 2’-fluoro nucleotides (210). The second oligonucleotide sequence
(204) may comprise one or more 2’-O-methyl nucleotides (211). The second
oligonucleotide sequence (204) may comprise 15 or more modified nucleotides
independently selected from 2’-fluoro nucleotides (210) and 2’-O-methyl nucleotides (211).
The antisense strand (202) may further comprise a 5’-stabilized end cap (207). The siNA
may further comprise one or more overhangs (208). The overhang (208) may be part of the
sense strand (201). The overhang (208) may be part of the antisense strand. (202). The
overhang (208) may be distinct from the first nucleotide sequence (203). The overhang
(208) may be distinct from the second nucleotide sequence (204). The overhang (208) may
be part of the first nucleotide sequence (203). The overhang (208) may be part of the second
nucleotide sequence (204). The overhang (208) may be adjacent to the 3’ end of the first
nucleotide sequence (203). The overhang (208) may be adjacent to the 5’ end of the first
nucleotide sequence (203). The overhang (208) may be adjacent to the 3’ end of the second
nucleotide sequence (204). The overhang (208) may be adjacent to the 5’ end of the second
nucleotide sequence (204). The overhang (208) may comprise 1 or more nucleotides. The
overhang (208) may comprise 1 or more deoxyribonucleotides. The overhang (208) may
comprise a TT sequence. The overhang (208) may comprise 1 or more modified
nucleotides. The overhang (208) may comprise 1 or more modified nucleotides disclosed
herein (e.g., 2-fluoro nucleotide, 2’-O-methyl nucleotide, 2’-fluoro nucleotide mimic, 2’-O-
methyl nucleotide mimic, or a nucleotide comprising a modified nucleobase). The overhang
(208) may comprise 1 or more modified ribonucleotides. The sense strand (201) may be
shorter than the antisense strand (202). The sense strand (201) may be the same length as
the antisense strand (202). The sense strand (201) may be longer than the antisense strand
(202).

[0120] FIGs. 3A-3G depict exemplary ds-siNA modification patterns. As shown in
FIGs. 3A-3G, an exemplary ds-siNA molecule may have the following formula:
5’-An'Ba’An’By* A Bi®An’Bo A, -3
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3 -Cy' AB A ¢* B ABy AP BP A By Ag' 25
wherein:

the top strand is a sense strand comprising a first nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence comprises 15 to 30
nucleotides;

the bottom strand is an antisense strand comprising a second nucleotide sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide sequence
comprises 15 to 30 nucleotides;

each A is independently a 2’-O-methyl nucleotide or a nucleotide comprising a 5’

stabilized end cap or phosphorylation blocker;

B is a 2’-fluoro nucleotide;

C represents overhanging nucleotides and is a 2’-O-methyl nucleotide;

n! = 1-4 nucleotides in length;

each n2, n®, n®, q3, q5, q7, q9, q“, and q12 is independently 0-1 nucleotides in length;

each n’® and n* is independently 1-3 nucleotides in length;

n’is 1-10 nucleotides in length;

n’is 0-4 nucleotides in length;

each n’, q', and q? is independently 0-2 nucleotides in length;

g* is 0-3 nucleotides in length;

q®is 0-5 nucleotides in length;

q®is 2-7 nucleotides in length; and

q'%is 2-11 nucleotides in length.
The ds-siNA may further comprise a conjugated moiety. The conjugated moiety may
comprise any of the galactosamines disclosed herein. The ds-siNA may further comprise (i)
phosphorothioate internucleoside linkages between the nucleotides at positions 1 and 2 and
positions 2 and 3 from the 5’ end of the sense strand; and (ii) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2; positions 2 and 3;
positions 19 and 20; and positions 20 and 21 from the 5’ end of the antisense strand. The ds-
siNA may further comprise a 5’-stabilizing end cap. The 5’-stabilizing end cap may be a
vinyl phosphonate. The 5’-stabilizing end cap may be attached to the 5’ end of the antisense

strand. In some embodiments, the 2’-0O-methyl nucleotide at position 1 from the 5’ end of
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the sense strand is further modified to contain a 5” stabilizing end cap. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of the antisense
strand is further modified to contain a 5 stabilizing end cap. In some embodiments, the 2’-
O-methyl nucleotide at position 1 from the 5’ end of the sense strand is further modified to
contain a phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at
position 1 from the 3’ end of the sense strand is further modified to contain a
phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 5’ end of the antisense strand is further modified to contain a phosphorylation
blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end of
the antisense strand is further modified to contain a phosphorylation blocker. An exemplary
ds-siNA molecule may have the following formula:
5’-A2.4B1A13B23 A2.10 Bo-1A0-4Bo-1 Ap2-3°
3’-C2A0-2B0-1A0-3B0-1A05B0-1A27 B1A2 11 B1A1-5’
wherein:

the top strand is a sense strand comprising a first nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence comprises 15 to 30
nucleotides;

the bottom strand is an antisense strand comprising a second nucleotide sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide sequence
comprises 15 to 30 nucleotides;

each A is independently a 2’-O-methyl nucleotide or a nucleotide comprising a 5’

stabilized end cap or phosphorylation blocker;

B is a 2’-fluoro nucleotide;

C represents overhanging nucleotides and is a 2’-O-methyl nucleotide.
The ds-siNA may further comprise a conjugated moiety. The conjugated moiety may
comprise any of the galactosamines disclosed herein. The ds-siNA may further comprise (i)
phosphorothioate internucleoside linkages between the nucleotides at positions 1 and 2 and
positions 2 and 3 from the 5’ end of the sense strand; and (ii) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2; positions 2 and 3;
positions 19 and 20; and positions 20 and 21 from the 5’ end of the antisense strand. The ds-

siNA may further comprise a 5’-stabilizing end cap. The 5’-stabilizing end cap may be a
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vinyl phosphonate. The vinyl phosphonate may be a deuterated vinyl phosphonate. The
deuterated vinyl phosphonate may be a mono-deuterated vinyl phosphonate. The deuterated
vinyl phosphonate may be a mono-di-deuterated vinyl phosphonate.The 5’-stabilizing end
cap may be attached to the 5’ end of the antisense strand. The 5’-stabilizing end cap may be
attached to the 3’ end of the antisense strand. The 5’-stabilizing end cap may be attached to
the 5° end of the sense strand. The 5’-stabilizing end cap may be attached to the 3’ end of
the sense strand. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’
end of the sense strand is further modified to contain a 5 stabilizing end cap. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of the antisense
strand is further modified to contain a 5’ stabilizing end cap. In some embodiments, the 2’-
O-methyl nucleotide at position 1 from the 5° end of the sense strand is further modified to
contain a phosphorylation blocker. In some embodiments, the 2’-0O-methyl nucleotide at
position 1 from the 3’ end of the sense strand is further modified to contain a
phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 5° end of the antisense strand is further modified to contain a phosphorylation
blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end of
the antisense strand is further modified to contain a phosphorylation blocker.

[0121] The exemplary ds-siNA shown in FIGs. 3A-3G comprise (i) a sense strand
comprising 19-21 nucleotides; and (ii) an antisense strand comprising 21-23 nucleotides.
The ds-siNA may further comprise (iii) a conjugated moiety, wherein the conjugated moiety
is attached to the 3’ end of the antisense strand. The ds-siNA may comprise a 2 nucleotide
overhang consisting of nucleotides at positions 20 and 21 from the 5’ end of the antisense
strand. The ds-siNA may comprise a 2 nucleotide overhang consisting of nucleotides at
positions 22 and 23 from the 5’ end of the antisense strand. The ds-siNA may further
comprise 1, 2, 3, 4, 5, 6 or more phosphorothioate (ps) internucleoside linkages. At least
one phosphorothioate internucleoside linkage may be between the nucleotides at positions 1
and 2 or positions 2 and 3 from the 5’ end of the sense strand. At least one phosphorothioate
internucleoside linkage may be between the nucleotides at positions 1 and 2 or positions 2
and 3 from the 5* end of the antisense strand. At least one phosphorothioate internucleoside
linkage may be between the nucleotides at positions 19 and 20, positions 20 and 21,
positions 21 and 22, or positions 22 and 23 from the 5’ end of the antisense strand. As
shown in FIGs. 3A-3G, 4-6 nucleotides in the sense strand may be 2’-fluoro nucleotides. As

shown in FIGs. 3A-3G, 2-5 nucleotides in the antisense strand may be 2’-fluoro nucleotides.
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As shown in FIGs. 3A-3G, 13-15 nucleotides in the sense strand may be 2’-O-methyl
nucleotides. As shown in FIGs. 3A-3G, 14-19 nucleotides in the antisense strand may be 2’-
O-methyl nucleotides. As shown in FIGs. 3A-3G, the ds-siNA does not contain a base pair
between 2’ -fluoro nucleotides on the sense and antisense strands. In some embodiments, the
2’-0-methyl nucleotide at position 1 from the 5’ end of the sense strand is further modified
to contain a 5’ stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at
position 1 from the 5’ end of the antisense strand is further modified to contain a 5’
stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at position 1 from
the 5° end of the sense strand is further modified to contain a phosphorylation blocker. In
some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end of the sense
strand is further modified to contain a phosphorylation blocker. In some embodiments, the
2’-0O-methyl nucleotide at position 1 from the 5’ end of the antisense strand is further
modified to contain a phosphorylation blocker. In some embodiments, the 2’-O-methyl
nucleotide at position 1 from the 3’ end of the antisense strand is further modified to contain
a phosphorylation blocker.

[0122] As shown in FIG. 3A, a ds-siNA may comprise (a) a sense strand consisting of
19 nucleotides, wherein 2’-fluoro nucleotides are at positions 3, 7-9, 12, and 17 from the 5’
end of the sense strand, and wherein 2’-O-methyl nucleotides are at positions 1, 2, 4-6, 10,
11, 13-16, 18, and 19 from the 5° end of the sense strand; (b) an antisense strand consisting
of 21 nucleotides, wherein nucleotides at positions 2 and 14 from the 5’ end of the antisense
strand are 2’-fluoro nucleotides; and wherein nucleotides at positions 1, 3-13, and 15-21 are
2’-0O-methyl nucleotides. The ds-siNA may further comprise a conjugated moiety attached
to the 3’ end of the sense strand. The ds-siNA may further comprise (i) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2 and positions 2 and 3
from the 5° end of the sense strand; and (ii) phosphorothioate internucleoside linkages
between the nucleotides at positions 1 and 2; positions 2 and 3; positions 19 and 20; and
positions 20 and 21 from the 5’ end of the antisense strand. In some embodiments, the 2’-O-
methyl nucleotide at position 1 from the 5’ end of the sense strand is further modified to
contain a 5’ stabilizing end cap. In some embodiments, the 2’-0O-methyl nucleotide at
position 1 from the 5° end of the antisense strand is further modified to contain a 5’
stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at position 1 from
the 5° end of the sense strand is further modified to contain a phosphorylation blocker. In

some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end of the sense
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strand is further modified to contain a phosphorylation blocker. In some embodiments, the
2’-0-methyl nucleotide at position 1 from the 5 end of the antisense strand is further
modified to contain a phosphorylation blocker. In some embodiments, the 2’-O-methyl
nucleotide at position 1 from the 3’ end of the antisense strand is further modified to contain
a phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 5’ end of the sense strand is a d2vd3 nucleotide. In some embodiments, the 2°-O-
methyl nucleotide at position 1 from the 5’ end of the antisense strand is a d2vd3
nucleotide. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end
of the sense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl nucleotide
at position 1 from the 3’ end of the antisense strand is a d2vd3 nucleotide. In some
embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the sense strand or
antisense strand is a 2’-fluoro nucleotide mimic.In some embodiments, at least 1, 2, 3, 4 or
more 2’-fluoro nucleotides on the sense strand or antisense strand is a f4P, f2P, or X
nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-O-methyl nucleotide on the
sense or antisense strand is a 2’-O-methyl nucleotide mimic.

[0123] As shown in FIG. 3B, a ds-siNA may comprise (a) a sense strand consisting of
19 nucleotides, wherein 2’-fluoro nucleotides are at positions 3, 7, 8, and 17 from the 5’ end
of the sense strand, and wherein 2’-O-methyl nucleotides are at positions 1, 2, 4-6, 9-16, 18,
and 19 from the 5° end of the sense strand; (b) an antisense strand consisting of 21
nucleotides, wherein nucleotides at positions 2 and 14 from the 5’ end of the antisense
strand are 2’-fluoro nucleotides; and wherein nucleotides at positions 1, 3-13, and 15-21 are
2’-0-methyl nucleotides. The ds-siNA may further comprise a conjugated moiety attached
to the 3’ end of the sense strand. The ds-siNA may further comprise (i) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2 and positions 2 and 3
from the 5° end of the sense strand; and (ii) phosphorothioate internucleoside linkages
between the nucleotides at positions 1 and 2; positions 2 and 3; positions 19 and 20; and
positions 20 and 21 from the 5° end of the antisense strand. In some embodiments, the 2’-O-
methyl nucleotide at position 1 from the 5’ end of the sense strand is further modified to
contain a 5’ stabilizing end cap. In some embodiments, the 2’-0O-methyl nucleotide at
position 1 from the 5° end of the antisense strand is further modified to contain a 5’
stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at position 1 from
the 5” end of the sense strand is further modified to contain a phosphorylation blocker. In

some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end of the sense
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strand is further modified to contain a phosphorylation blocker. In some embodiments, the
2’-0-methyl nucleotide at position 1 from the 5 end of the antisense strand is further
modified to contain a phosphorylation blocker. In some embodiments, the 2’-O-methyl
nucleotide at position 1 from the 3’ end of the antisense strand is further modified to contain
a phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 5’ end of the sense strand is a d2vd3 nucleotide. In some embodiments, the 2°-O-
methyl nucleotide at position 1 from the 5’ end of the antisense strand is a d2vd3
nucleotide. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end
of the sense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl nucleotide
at position 1 from the 3’ end of the antisense strand is a d2vd3 nucleotide. In some
embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the sense strand or
antisense strand is a 2’-fluoro nucleotide mimic. In some embodiments, at least 1, 2, 3, 4 or
more 2’-fluoro nucleotides on the sense strand or antisense strand is a f4P, f2P, or X
nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-O-methyl nucleotide on the
sense or antisense strand is a 2’-O-methyl nucleotide mimic.

[0124] As shown in FIG. 3C, a ds-siNA may comprise (a) a sense strand consisting of
19 nucleotides, wherein 2’-fluoro nucleotides are at positions 3, 7-9, 12 and 17 from the 5’
end of the sense strand, and wherein 2’-O-methyl nucleotides are at positions 1, 2, 4-6, 10,
11, 13-16, 18, and 19 from the 5’ end of the sense strand; (b) an antisense strand consisting
of 21 nucleotides, wherein the nucleotides in the antisense strand comprise an alternating
1:3 modification pattern, and wherein 1 nucleotide is a 2’-fluoro nucleotide and 3
nucleotides are 2’-O-methyl nucleotides. The ds-siNA may further comprise a conjugated
moiety attached to the 3’ end of the sense strand. The ds-siNA may further comprise (i)
phosphorothioate internucleoside linkages between the nucleotides at positions 1 and 2 and
positions 2 and 3 from the 5’ end of the sense strand; and (ii) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2; positions 2 and 3;
positions 19 and 20; and positions 20 and 21 from the 5’ end of the antisense strand. The ds-
siNA may comprise 2-5 alternating 1:3 modification patterns on the antisense strand. In
some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of the sense
strand is further modified to contain a 5’ stabilizing end cap. In some embodiments, the 2’-
O-methyl nucleotide at position 1 from the 5° end of the antisense strand is further modified
to contain a 5’ stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at

position 1 from the 5’ end of the sense strand is further modified to contain a
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phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 3’ end of the sense strand is further modified to contain a phosphorylation blocker.
In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of the
antisense strand is further modified to contain a phosphorylation blocker. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 3” end of the antisense
strand is further modified to contain a phosphorylation blocker. In some embodiments, the
2’-0-methyl nucleotide at position 1 from the 5’ end of the sense strand is a d2vd3
nucleotide. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end
of the antisense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl
nucleotide at position 1 from the 3’ end of the sense strand is a d2vd3 nucleotide. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 3” end of the antisense
strand is a d2vd3 nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro
nucleotides on the sense strand or antisense strand is a 2’-fluoro nucleotide mimic. In some
embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the sense strand is a f4P,
f2P, or X nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides
on the antisense strand is a f4P, f2P, or X nucleotide. In some embodiments, at least 1, 2, 3,
4 or more 2’-O-methyl nucleotide on the sense or antisense strand is a 2’-O-methyl
nucleotide mimic.

[0125] As shown in FIG. 3D, a ds-siNA may comprise (a) a sense strand consisting of
19 nucleotides, wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the 5° end of
the sense strand, and wherein 2’-O-methyl nucleotides are at positions 1-4, 6, and 10-19
from the 5° end of the sense strand; (b) an antisense strand consisting of 21 nucleotides,
wherein the nucleotides in the antisense strand comprise an alternating 1:3 modification
pattern, and wherein 1 nucleotide is a 2’-fluoro nucleotide and 3 nucleotides are 2’-O-
methyl nucleotides. The ds-siNA may further comprise a conjugated moiety attached to the
3’ end of the sense strand. The ds-siNA may further comprise (i) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2 and positions 2 and 3
from the 5° end of the sense strand; and (ii) phosphorothioate internucleoside linkages
between the nucleotides at positions 1 and 2; positions 2 and 3; positions 19 and 20; and
positions 20 and 21 from the 5’ end of the antisense strand. The ds-siNA may comprise 2-5
alternating 1:3 modification patterns on the antisense strand. The alternating 1:3
modification pattern may start at the nucleotide at any of positions 2, 6, 10, 14, and/or 18

from the 5’ end of the antisense strand. In some embodiments, the 2’-O-methyl nucleotide
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at position 1 from the 5’ end of the sense strand is further modified to contain a 5’
stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at position 1 from
the 5” end of the antisense strand is further modified to contain a 5’ stabilizing end cap. In
some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5° end of the sense
strand is further modified to contain a phosphorylation blocker. In some embodiments, the
2’-0-methyl nucleotide at position 1 from the 3’ end of the sense strand is further modified
to contain a phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at
position 1 from the 5’ end of the antisense strand is further modified to contain a
phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 3’ end of the antisense strand is further modified to contain a phosphorylation
blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of
the sense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl nucleotide at
position 1 from the 5’ end of the antisense strand is a d2vd3 nucleotide. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end of the sense strand is
a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl nucleotide at position 1 from
the 3’ end of the antisense strand is a d2vd3 nucleotide. In some embodiments, at least 1, 2,
3, 4 or more 2’-fluoro nucleotides on the sense strand or antisense strand is a 2’-fluoro
nucleotide mimic. In some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on
the sense strand is a f4P, 2P, or X nucleotide. In some embodiments, at least 1, 2, 3, 4 or
more 2’-fluoro nucleotides on the antisense strand is a f4P, 2P, or fX nucleotide. In some
embodiments, at least 1, 2, 3, 4 or more 2’-O-methyl nucleotide on the sense or antisense
strand is a 2’-O-methyl nucleotide mimic.

[0126] As shown in FIG. 3E, a ds-siNA may comprise (a) a sense strand consisting of
19 nucleotides, wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the 5’ end of
the sense strand, and wherein 2’-O-methyl nucleotides are at positions 1-4, 6, and 10-19
from the 5° end of the sense strand; (b) an antisense strand consisting of 21 nucleotides,
wherein the nucleotides in the antisense strand comprise an alternating 1:2 modification
pattern, and wherein 1 nucleotide is a 2’-fluoro nucleotide and 2 nucleotides are 2’-O-
methyl nucleotides. The ds-siNA may further comprise a conjugated moiety attached to the
3’ end of the sense strand. The ds-siNA may further comprise (i) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2 and positions 2 and 3
from the 5° end of the sense strand; and (ii) phosphorothioate internucleoside linkages

between the nucleotides at positions 1 and 2; positions 2 and 3; positions 19 and 20; and
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positions 20 and 21 from the 5’ end of the antisense strand. The ds-siNA may comprise 2-5
alternating 1:2 modification patterns on the antisense strand. The alternating 1:2
modification pattern may start at the nucleotide at any of positions 2, 5, 8, 14, and/or 17
from the 5’ end of the antisense strand. In some embodiments, the ds-siNA comprises (a) a
sense strand consisting of 19 nucleotides, wherein 2’-fluoro nucleotides are at positions 5
and 7-9 from the 5’ end of the sense strand, and wherein 2’-O-methyl nucleotides are at
positions 1-4, 6, and 10-19 from the 5’ end of the sense strand; (b) an antisense strand
consisting of 21 nucleotides, wherein 2’-fluoro nucleotides are at positions 2, 5, 8, 14, and
17 from the 5° end of the antisense strand, and wherein 2’-O-methyl nucleotides are at
positions 1, 3,4, 6,7, 9-13, 15, 16, and 18-21 from the 5’ end of the sense strand. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 5* end of the sense strand is
further modified to contain a 5’ stabilizing end cap. In some embodiments, the 2’-O-methyl
nucleotide at position 1 from the 5’ end of the antisense strand is further modified to contain
a 5’ stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 5° end of the sense strand is further modified to contain a phosphorylation blocker.
In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3* end of the sense
strand is further modified to contain a phosphorylation blocker. In some embodiments, the
2’-0-methyl nucleotide at position 1 from the 5’ end of the antisense strand is further
modified to contain a phosphorylation blocker. In some embodiments, the 2’-O-methyl
nucleotide at position 1 from the 3’ end of the antisense strand is further modified to contain
a phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 5’ end of the sense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-
methyl nucleotide at position 1 from the 5’ end of the antisense strand is a d2vd3
nucleotide. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end
of the sense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl nucleotide
at position 1 from the 3’ end of the antisense strand is a d2vd3 nucleotide. In some
embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the sense strand or
antisense strand is a 2’-fluoro nucleotide mimic. In some embodiments, at least 1, 2, 3, 4 or
more 2’-fluoro nucleotides on the sense strand is a f4P, {2P, or fX nucleotide. In some
embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the antisense strand is a
f4P, f2P, or X nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-O-methyl

nucleotide on the sense or antisense strand is a 2’-O-methyl nucleotide mimic.
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[0127] As shown in FIG. 3F, a ds-siNA may comprise (a) a sense strand consisting of
19 nucleotides, wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the 5° end of
the sense strand, and wherein 2’-O-methyl nucleotides are at positions 1-4, 6, and 10-19
from the 5° end of the sense strand; (b) an antisense strand consisting of 21 nucleotides,
wherein 2’-fluoro nucleotides are at positions 2, 6, 14, and 16 from the 5’ end of the
antisense strand, and wherein 2’-O-methyl nucleotides are at positions 1, 3-5, 7-13, 15, and
17-21 from the 5’ end of the antisense strand. The ds-siNA may further comprise a
conjugated moiety attached to the 3’ end of the sense strand. The ds-siNA may further
comprise (i) phosphorothioate internucleoside linkages between the nucleotides at positions
1 and 2 and positions 2 and 3 from the 5° end of the sense strand; and (ii) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2; positions 2 and 3;
positions 19 and 20; and positions 20 and 21 from the 5’ end of the antisense strand. In
some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the sense strand or
antisense strand is a f4P, f2P, or X nucleotide. In some embodiments, at least 1, 2, 3, 4 or
more 2’-fluoro nucleotides on the sense strand or antisense strand is a f4P nucleotide. In
some embodiments, at least 1, 2, 3, or 4 of the 2’-fluoro-nucleotides at positions 2, 6, 14,
and 16 from the 5’ end of the antisense strand is a f4P nucleotide. In some embodiments, at
least one of the 2’-fluoro-nucleotides at positions 2, 6, 14, and 16 from the 5’ end of the
antisense strand is a f4P nucleotide. In some embodiments, at least two of the 2’-fluoro-
nucleotides at positions 2, 6, 14, and 16 from the 5’ end of the antisense strand is a f4P
nucleotide. In some embodiments, less than or equal to 3 of the 2’-fluoro-nucleotides at
positions 2, 6, 14, and 16 from the 5’ end of the antisense strand is a f4P nucleotide. In
some embodiments, less than or equal to 2 of the 2’-fluoro-nucleotides at positions 2, 6, 14,
and 16 from the 5’ end of the antisense strand is a f4P nucleotide. In some embodiments,
the 2’-fluoro-nucleotide at position 2 from the 5’ end of the antisense strand is a f4P
nucleotide. In some embodiments, the 2’-fluoro-nucleotide at position 6 from the 5’ end of
the antisense strand is a f4P nucleotide. In some embodiments, the 2’-fluoro-nucleotide at
position 14 from the 5’ end of the antisense strand is a f4P nucleotide. In some
embodiments, the 2’-fluoro-nucleotide at position 16 from the 5’ end of the antisense strand
is a f4P nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides
on the sense strand or antisense strand is a f2P nucleotide. In some embodiments, at least 1,
2, 3, or 4 of the 2’-fluoro-nucleotides at positions 2, 6, 14, and 16 from the 5’ end of the

antisense strand is a f2P nucleotide. In some embodiments, at least one of the 2’-fluoro-
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nucleotides at positions 2, 6, 14, and 16 from the 5’ end of the antisense strand is a f2P
nucleotide. In some embodiments, at least two of the 2’-fluoro-nucleotides at positions 2, 6,
14, and 16 from the 5’ end of the antisense strand is a f2P nucleotide. In some
embodiments, less than or equal to 3 of the 2’-fluoro-nucleotides at positions 2, 6, 14, and
16 from the 5’ end of the antisense strand is a f2P nucleotide. In some embodiments, less
than or equal to 2 of the 2’-fluoro-nucleotides at positions 2, 6, 14, and 16 from the 5’ end
of the antisense strand is a f2P nucleotide. In some embodiments, the 2’-fluoro-nucleotide at
position 2 from the 5’ end of the antisense strand is a f2P nucleotide. In some embodiments,
the 2’-fluoro-nucleotide at position 6 from the 5’ end of the antisense strand is a f2P
nucleotide. In some embodiments, the 2’-fluoro-nucleotide at position 14 from the 5’ end of
the antisense strand is a 2P nucleotide. In some embodiments, the 2’-fluoro-nucleotide at
position 16 from the 5’ end of the antisense strand is a f2P nucleotide. In some
embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the sense strand or
antisense strand is a fX nucleotide. In some embodiments, at least 1, 2, 3, or 4 of the 2’-
fluoro-nucleotides at positions 2, 6, 14, and 16 from the 5’ end of the antisense strand is a
fX nucleotide. In some embodiments, at least one of the 2’-fluoro-nucleotides at positions 2,
6, 14, and 16 from the 5’ end of the antisense strand is a fX nucleotide. In some
embodiments, at least two of the 2’-fluoro-nucleotides at positions 2, 6, 14, and 16 from the
5’ end of the antisense strand is a X nucleotide. In some embodiments, less than or equal to
3 of the 2’-fluoro-nucleotides at positions 2, 6, 14, and 16 from the 5’ end of the antisense
strand is a fX nucleotide. In some embodiments, less than or equal to 2 of the 2’-fluoro-
nucleotides at positions 2, 6, 14, and 16 from the 5’ end of the antisense strand is a fX
nucleotide. In some embodiments, the 2’-fluoro-nucleotide at position 2 from the 5’ end of
the antisense strand is a fX nucleotide. In some embodiments, the 2’-fluoro-nucleotide at
position 6 from the 5’ end of the antisense strand is a fX nucleotide. In some embodiments,
the 2’-fluoro-nucleotide at position 14 from the 5’ end of the antisense strand is a fX
nucleotide. In some embodiments, the 2’-fluoro-nucleotide at position 16 from the 5° end of
the antisense strand is a fX nucleotide. In some embodiments, the 2’-O-methyl nucleotide at
position 1 from the 5’ end of the sense strand is further modified to contain a 5’ stabilizing
end cap. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of
the antisense strand is further modified to contain a 5’ stabilizing end cap. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 5° end of the sense strand is

further modified to contain a phosphorylation blocker. In some embodiments, the 2’-O-
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methyl nucleotide at position 1 from the 3’ end of the sense strand is further modified to
contain a phosphorylation blocker. In some embodiments, the 2’-0O-methyl nucleotide at
position 1 from the 5’ end of the antisense strand is further modified to contain a
phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 3’ end of the antisense strand is further modified to contain a phosphorylation
blocker. In some embodiments, the 2°-O-methyl nucleotide at position 1 from the 5’ end of
the sense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl nucleotide at
position 1 from the 5’ end of the antisense strand is a d2vd3 nucleotide. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 3’ end of the sense strand is
a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl nucleotide at position 1 from
the 3’ end of the antisense strand is a d2vd3 nucleotide. In some embodiments, at least 1, 2,
3, 4 or more 2’-fluoro nucleotides on the sense strand or antisense strand is a 2’-fluoro
nucleotide mimic. In some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on
the sense strand is a f4P, 2P, or X nucleotide. In some embodiments, at least 1, 2, 3, 4 or
more 2’-fluoro nucleotides on the antisense strand is a f4P, 2P, or X nucleotide. In some
embodiments, at least 1, 2, 3, 4 or more 2’-O-methyl nucleotide on the sense or antisense
strand is a 2’-O-methyl nucleotide mimic.

[0128] As shown in FIG. 3G, a ds-siNA may comprise (a) a sense strand consisting of
21 nucleotides, wherein 2’-fluoro nucleotides are at positions 5, 9-11, 14, and 19 from the
5’ end of the sense strand, and wherein 2’-O-methyl nucleotides are at positions 1-4, 6-8,
12, 13, 15-18, 20, and 21 from the 5’ end of the sense strand; and (b) an antisense strand
consisting of 23 nucleotides, wherein 2’-flouro nucleodies are at positions 2 and 14 from the
5’ end of the antisense strand, and wherein 2’-O-methyl nucleotides are at positions 1, 3-13,
and 15-23 from the 5’ end of the antisense strand. The ds-siNA may further comprise a
conjugated moiety attached to the 3’ end of the sense strand. The ds-siNA may further
comprise (i) phosphorothioate internucleoside linkages between the nucleotides at positions
1 and 2 and positions 2 and 3 from the 5° end of the sense strand; and (ii) phosphorothioate
internucleoside linkages between the nucleotides at positions 1 and 2; positions 2 and 3;
positions 19 and 20; and positions 20 and 21 from the 5’ end of the antisense strand. In
some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of the sense
strand is further modified to contain a 5’ stabilizing end cap. In some embodiments, the 2’-
O-methyl nucleotide at position 1 from the 5° end of the antisense strand is further modified

to contain a 5’ stabilizing end cap. In some embodiments, the 2’-O-methyl nucleotide at
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position 1 from the 5° end of the sense strand is further modified to contain a
phosphorylation blocker. In some embodiments, the 2’-O-methyl nucleotide at position 1
from the 3’ end of the sense strand is further modified to contain a phosphorylation blocker.
In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end of the
antisense strand is further modified to contain a phosphorylation blocker. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 3” end of the antisense
strand is further modified to contain a phosphorylation blocker. In some embodiments, the
2’-0O-methyl nucleotide at position 1 from the 5’ end of the sense strand is a d2vd3
nucleotide. In some embodiments, the 2’-O-methyl nucleotide at position 1 from the 5’ end
of the antisense strand is a d2vd3 nucleotide. In some embodiments, the 2’-O-methyl
nucleotide at position 1 from the 3’ end of the sense strand is a d2vd3 nucleotide. In some
embodiments, the 2’-O-methyl nucleotide at position 1 from the 3” end of the antisense
strand is a d2vd3 nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro
nucleotides on the sense strand or antisense strand is a 2’-fluoro nucleotide mimic. In some
embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides on the sense strand is a f4P,
f2P, or X nucleotide. In some embodiments, at least 1, 2, 3, 4 or more 2’-fluoro nucleotides
on the antisense strand is a f4P, f2P, or X nucleotide. In some embodiments, at least 1, 2, 3,
4 or more 2’-O-methyl nucleotide on the sense or antisense strand is a 2’-O-methyl
nucleotide mimic.

[0129] Any of the siNAs disclosed herein may comprise a sense strand and an antisense
strand. The sense strand may comprise a first nucleotide sequence that is 15 to 30
nucleotides in length. The antisense strand may comprise a second nucleotide sequence that
is 15 to 30 nucleotides in length.

[0130] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and the nucleotide at position 3, 5, 7, 8, 9,
10, 11, 12, 14, 17, and/or 19 from the 5’ end of the first nucleotide sequence is a 2’-fluoro
nucleotide; and (b) an antisense strand comprising a second nucleotide sequence that is at

least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the
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RNA corresponding to the target gene, wherein the second nucleotide sequence: (i) is 15 to
30 nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide.

[0131] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and the nucleotide at position 3, 5, 7, 8, 9,
10, 11, 12, 14, 17, and/or 19 from the 5* end of the first nucleotide sequence is a 2’-fluoro
nucleotide; and (b) an antisense strand comprising a second nucleotide sequence that is at
least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the
RNA corresponding to the target gene, wherein the second nucleotide sequence: (i) is 15 to
30 nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide.

[0132] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and the nucleotide at position 7 from the 5’
end of the first nucleotide sequence is a 2’-fluoro nucleotide; and (b) an antisense strand
comprising a second nucleotide sequence that is at least about 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% complementary to the RNA corresponding to the target gene,
wherein the second nucleotide sequence: (i) is 15 to 30 nucleotides in length; and (ii)

comprises 15 or more modified nucleotides independently selected from a 2’-O-methyl
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nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide is a 2’-O-
methyl nucleotide and at least one modified nucleotide is a 2’-fluoro nucleotide.

[0133] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and the nucleotide at position 7, 9, 10,
and/or 11 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide; and (b)
an antisense strand comprising a second nucleotide sequence that is at least about 60%,
65%, 70%, 15%, 80%, 85%, 90%, 95%, or 100% complementary to the RNA
corresponding to the target gene, wherein the second nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide.

[0134] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (b) an antisense strand comprising a second nucleotide sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide sequence: (i) is
15 to 30 nucleotides in length; and (ii) comprises 15 or more modified nucleotides
independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein
at least one modified nucleotide is a 2’-O-methyl nucleotide and the nucleotide at position
2,5,6,8, 10, 14, 16, 17, and/or 18 from the 5’ end of the second nucleotide sequence is a

2’-fluoro nucleotide.

73



[0135] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (b) an antisense strand comprising a second nucleotide sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide sequence: (i) is
15 to 30 nucleotides in length; and (ii) comprises 15 or more modified nucleotides
independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein
at least one modified nucleotide is a 2’-O-methyl nucleotide and the nucleotide at position 2
of the second nucleotide sequence is a 2’-fluoro nucleotide.

[0136] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (iii) comprises 1 or more phosphorothioate internucleoside
linkage; and (b) an antisense strand comprising a second nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the RNA
corresponding to the target gene, wherein the second nucleotide sequence: (i) is 15 to 30
nucleotides in length; (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (iii) comprises 1 or more phosphorothioate internucleoside
linkage.

[0137] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is

at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
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corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (b) an antisense strand comprising a second nucleotide sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide sequence: (i) is
15 to 30 nucleotides in length; and (ii) comprises 15 or more modified nucleotides
independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein
at least one modified nucleotide is a 2’-O-methyl nucleotide and at least one modified
nucleotide is a 2’-fluoro nucleotide, wherein the ds-siNA may further comprise a
phosphorylation blocker, a galactosamine, or 5’-stabilized end cap.

[0138] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (I) a sense strand comprising (A) a first nucleotide sequence that
1s at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (B) a phosphorylation blocker or a galactosamine; and (II) an
antisense strand comprising a second nucleotide sequence that is at least about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to the RNA corresponding to
the target gene, wherein the second nucleotide sequence: (a) is 15 to 30 nucleotides in
length; and (b) comprises 15 or more modified nucleotides independently selected from a
2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one modified nucleotide
is a 2’-0-methyl nucleotide and at least one modified nucleotide is a 2’-fluoro nucleotide.
[0139] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (I) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (a) is 15 to 30
nucleotides in length; and (b) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one

modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
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2’-fluoro nucleotide; and (II) an antisense strand comprising (A) a second nucleotide
sequence that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
complementary to the RNA corresponding to the target gene, wherein the second nucleotide
sequence: (i) is 15 to 30 nucleotides in length; and (ii) comprises 15 or more modified
nucleotides independently selected from a 2’-0O-methyl nucleotide and a 2’-fluoro
nucleotide, wherein at least one modified nucleotide is a 2’-O-methyl nucleotide and at least
one modified nucleotide is a 2’-fluoro nucleotide; and (B) a 5’-stabilized end cap.

[0140] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (I) a sense strand comprising (A) a first nucleotide sequence that
1s at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (B) a phosphorylation blocker or a galactosamine; and (II) an
antisense strand comprising (A) a second nucleotide sequence that is at least about 60%,
65%, 70%, 15%, 80%, 85%, 90%, 95%, or 100% complementary to the RNA
corresponding to the target gene, wherein the second nucleotide sequence: (i) is 15 to 30
nucleotides in length; and (ii) comprises 15 or more modified nucleotides independently
selected from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at least one
modified nucleotide is a 2’-O-methyl nucleotide and at least one modified nucleotide is a
2’-fluoro nucleotide; and (B) a 5’-stabilized end cap.

[0141] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a first nucleotide sequence that is
at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence comprises a nucleotide
sequence of any one SEQ ID NOs: 1-56, 103-158, and 205-260; and (b) an antisense strand
comprising a second nucleotide sequence that is at least about 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% complementary to the RNA corresponding to the target gene,
wherein the second nucleotide sequence comprises a nucleotide sequence of any one of
SEQ ID NOs: 57-102, 159-204, and 261-306. In some embodiments, the double-stranded
short interfering nucleic acid (ds-siNA) molecule comprises: (a) a sense strand comprising a

first nucleotide sequence that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
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or 100% identical to an RNA corresponding to a target gene, wherein the first nucleotide
sequence comprises a nucleotide sequence as shown in Tables 1-3; and (b) an antisense
strand comprising a second nucleotide sequence that is at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 100% complementary to the RNA corresponding to the target
gene, wherein the second nucleotide sequence comprises a nucleotide sequence as shown in
Tables 1-3.

[0142] In some embodiments, the double-stranded short interfering nucleic acid (ds-
siNA) molecule comprises: (a) a sense strand comprising a nucleotide sequence of any one
of SEQ ID NOs: 307-362 and 415-444; and (b) an antisense strand comprising a nucleotide
sequence of any one of SEQ ID NOs: 363-409, 445-533, and 536-539. In some
embodiments, the ds-siNA molecule comprises a double-stranded molecule as identified by
the duplex ID (e.g., ds-siNA-001 to ds-siNA-0178) shown in Tables 6 and 10.

[0143] Further disclosed herein are compositions comprising two or more of the siNA
molecules described herein.

[0144] Further disclosed herein are compositions comprising any of the siNA molecule
described and a pharmaceutically acceptable carrier or diluent.

[0145] Further disclosed herein are compositions comprising two or more of the siNA
molecules described herein for use as a medicament.

[0146] Further disclosed herein are compositions comprising any of the siNA molecule
described and a pharmaceutically acceptable carrier or diluent for use as a medicament.
[0147] Further disclosed herein are methods of treating a disease in a subject in need
thereof, the method comprising administering to the subject any of the siNA molecules
described herein.

[0148] Further disclosed herein are uses of any of the siNA molecules described herein
in the manufacture of a medicament for treating a disease.

Short interfering nucleic acid (siNA) molecules

[0149] As indicated above, the present disclosure provides siNA molecules comprising
modified nucleotides. Any of the siNA molecules described herein may be double-stranded
siNA (ds-siNA) molecules. The terms “siNA molecules” and “ds-siNA molecules” may be
used interchangeably. In some embodiments, the ds-siNA molecules comprise a sense
strand and an antisense strand.

[0150] Further disclosed herein are siNA molecules comprising (a) at least one

phosphorylation blocker, conjugated moiety, or 5’-stabilized end cap; and (b) a short
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interfering nucleic acid (siNA). In some embodiments, the phosphorylation blocker is a
phosphorylation blocker disclosed herein. In some embodiments, the conjugated moiety is a
galactosamine disclosed herein. In some embodiments, the 5’-stabilized end cap isa 5’-
stabilized end cap disclosed herein. The siNA may comprise any of the first nucleotide,
second nucleotide, sense strand, or antisense strand sequences disclosed herein. The siNA
may comprise 5 to 100, 5 to 90, 10 to 100, 10 to 90, 10 to 80, 10 to 70, 10 to 60, 10 to 50,
10 to 30, 10 to 25, 15 to 100, 15 to 90, 15 to 80, 15 to 70, 15 to 60, 15 to 50, 15 to 30, or 15
to 25 nucleotides. The siNA may comprise at least 5, 10, 11, 12, 13, 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. The siNA may comprise less than or equal to 50, 45, 40, 39, 38, 37, 36, 35, 34,
33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, or 19 nucleotides. The nucleotides may
be modified nucleotides. The siNA may be single stranded. The siNA may be double
stranded. The siNA may comprise (a) a sense strand comprising 15 to 30, 15 to 25, 15 to 24,
15t023,15t022,15t0 21, 17 to 30, 17 to 25, 17 to 24, 17 to 23, 17 to 22, 17 to 21, 18 to
30, 18 to 25, 18 to 24, 18 to 23, 18 to 22, 18 to 21, 19 to 30, 19 to 25, 19 to 24, 19 to 23, 19
to 22, 19 to 21, 20 to 25, 20 to 24, 20 to 23, 21 to 25, 21 to 24, or 21 to 23 nucleotides; and
(b) an antisense strand comprising 15 to 30, 15 to 25, 15 to 24, 15 to 23, 15 to 22, 15 to 21,
17 t0 30, 17 to 25, 17 to 24, 17 to 23, 17 to 22, 17 to 21, 18 to 30, 18 to 25, 18 to 24, 18 to
23,18 t0 22, 18 to 21, 19 to 30, 19 to 25, 19 to 24, 19 to 23, 19 to 22, 19 to 21, 20 to 25, 20
to 24, 20 to 23, 21 to 25, 21 to 24, or 21 to 23 nucleotides. The siNA may comprise (a) a
sense strand comprising about 15, 16, 17, 18, 19, 20, 21, 22, or 23 nucleotides; and (b) an
antisense strand comprising about 15, 16, 17, 18, 19, 20, 21, 22, or 23 nucleotides. The
siNA may comprise (a) a sense strand comprising about 19 nucleotides; and (b) an antisense
strand comprising about 21 nucleotides. The siNA may comprise (a) a sense strand
comprising about 21 nucleotides; and (b) an antisense strand comprising about 23
nucleotides.

[0151] In some embodiments, any of the siNA molecules disclosed herein further
comprise one or more linkers independently selected from a phosphodiester (PO) linker,
phosphorothioate (PS) linker, phosphorodithioate linker, and PS-mimic linker. In some
embodiments, the PS-mimic linker is a sulfur linker. In some embodiments, the linkers are
internucleoside linkers.Alternatively, or additionally, the linkers connect a nucleotide of the

siNA molecule to at least one phosphorylation blocker, conjugated moiety, or 5’-stabilized
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end cap. In some embodiments, the linkers connect a conjugated moiety to a
phosphorylation blocker or 5’-stabilized end cap.

siNA sense strand

[0152] Any of the siNA molecules described herein may comprise a sense strand. The
sense strand may comprise a first nucleotide sequence. The first nucleotide sequence may
be 15 to 30, 15 to 25, 15 to 23, 17 to 23, 19 to 23, or 19 to 21 nucleotides in length. In some
embodiments, the first nucleotide sequence is 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, or 30 nucleotides in length. In some embodiments, the first nucleotide sequence
is at least 19 nucleotides in length. In some embodiments, the first nucleotide sequence is at
least 21 nucleotides in length.

[0153] In some embodiments, the sense strand is the same length as the first nucleotide
sequence. In some embodiments, the sense strand is longer than the first nucleotide
sequence. In some embodiments, the sense strand may further comprise 1, 2, 3, 4, or 5 or
more nucleotides than the first nucleotide sequence. In some embodiments, the sense strand
may further comprise a deoxyribonucleic acid (DNA). In some embodiments, the DNA is
thymine (T). In some embodiments, the sense strand may further comprise a TT sequence.
In some embodiments, the sense strand may further comprise one or more modified
nucleotides that are adjacent to the first nucleotide sequence. In some embodiments, the one
or more modified nucleotides are independently selected from any of the modified
nucleotides disclosed herein (e.g., 2’-fluoro nucleotide, 2’-O-methyl nucleotide, 2’-fluoro
nucleotide mimic, 2’-O-methyl nucleotide mimic, or a nucleotide comprising a modified
nucleobase).

[0154] In some embodiments, the first nucleotide sequence comprises 15, 16, 17, 18,
19, 20, 21, 22, 23, or more modified nucleotides independently selected from a 2’-O-methyl
nucleotide and a 2'-fluoro nucleotide. In some embodiments, 70%, 75%, 80%, 85%, 90%,
95% or 100% of the nucleotides in the first nucleotide sequence are modified nucleotides
independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide. In some
embodiments, 100% of the nucleotides in the first nucleotide sequence are modified
nucleotides independently selected from a 2’-0-methyl nucleotide and a 2’-fluoro
nucleotide. In some embodiments, the 2’-O-methyl nucleotide is a 2’-O-methyl nucleotide
mimic. In some embodiments, the 2’-fluoro nucleotide is a 2’-fluoro nucleotide mimic.
[0155] In some embodiments, between about 15 to 30, 15 to 25, 15 to 24, 15 to 23, 15
to 22, 15 to 21, 17 to 30, 17 to 25, 17 to 24, 17 to 23, 17 to 22, 17 to 21, 18 to 30, 18 to 25,
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18 to 24, 18 to 23, 18 to 22, 18 to 21, 19 to 30, 19 to 25, 19 to 24, 19 to 23, 19 to 22, 19 to
21, 20 to 25, 20 to 24, 20 to 23, 21 to 25, 21 to 24, or 21 to 23 modified nucleotides of the
first nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, between
about 2 to 20 modified nucleotides of the first nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, between about 5 to 25 modified nucleotides of the first
nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, between about 10
to 25 modified nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, between about 12 to 25 modified nucleotides of the first nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, at least about 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, or 22 modified nucleotides of the first nucleotide sequence are
2’-0-methyl nucleotides. In some embodiments, at least about 12 modified nucleotides of
the first nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, at least
about 13 modified nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides.
In some embodiments, at least about 14 modified nucleotides of the first nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, at least about 15 modified
nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, at least about 16 modified nucleotides of the first nucleotide sequence are 2’-
O-methyl nucleotides. In some embodiments, at least about 17 modified nucleotides of the
first nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, at least about
18 modified nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, at least about 19 modified nucleotides of the first nucleotide sequence
are 2’-0-methyl nucleotides. In some embodiments, less than or equal to 25, 24, 23, 22, 21,
20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 modified nucleotides of the
first nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, less than or
equal to 21 modified nucleotides of the first nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, less than or equal to 20 modified nucleotides of the first
nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, less than or equal
to 19 modified nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, less than or equal to 18 modified nucleotides of the first nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, less than or equal to 17
modified nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, less than or equal to 16 modified nucleotides of the first nucleotide sequence

are 2’-O-methyl nucleotides. In some embodiments, less than or equal to 15 modified
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nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, less than or equal to 14 modified nucleotides of the first nucleotide sequence
are 2’-0-methyl nucleotides. In some embodiments, less than or equal to 13 modified
nucleotides of the first nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, at least one modified nucleotide of the first nucleotide sequence is a 2’-O-
methyl pyrimidine. In some embodiments, at least 5, 6, 7, 8, 9, or 10 modified nucleotides
of the first nucleotide sequence are 2’-O-methyl pyrimidines. In some embodiments, at least
one modified nucleotide of the first nucleotide sequence is a 2’-0-methyl purine. In some
embodiments, at least 5, 6, 7, 8, 9, or 10 modified nucleotides of the first nucleotide
sequence are 2’-O-methyl purines. In some embodiments, the 2’-O-methyl nucleotide is a
2’-0-methyl nucleotide mimic.

[0156] In some embodiments, between 2 to 15 modified nucleotides of the first
nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, between 2 to 10
modified nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, between 2 to 6 modified nucleotides of the first nucleotide sequence are 2’-
fluoro nucleotides. In some embodiments, 1 to 6, 1 to 5, 1 to 4, or 1 to 3 modified
nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides. In some embodiments,
at least 1, 2, 3, 4, 5, or 6 modified nucleotides of the first nucleotide sequence are 2’-fluoro
nucleotides. In some embodiments, at least 1 modified nucleotide of the first nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, at least 2 modified nucleotides of
the first nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, at least 3
modified nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least 4 modified nucleotides of the first nucleotide sequence are 2’-fluoro
nucleotides. In some embodiments, at least 5 modified nucleotides of the first nucleotide
sequence are 2’-fluoro nucleotides. In some embodiments, at least 6 modified nucleotides of
the first nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, 10, 9, 8, 7, 6,
5, 4, 3 or fewer modified nucleotides of the first nucleotide sequence are 2’-fluoro
nucleotides. In some embodiments, 10 or fewer modified nucleotides of the first nucleotide
sequence are 2’-fluoro nucleotides. In some embodiments, 7 or fewer modified nucleotides
of the first nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, 6 or fewer
modified nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, 5 or fewer modified nucleotides of the first nucleotide sequence are 2’-fluoro

nucleotides. In some embodiments, 4 or fewer modified nucleotides of the first nucleotide
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sequence are 2’-fluoro nucleotides. In some embodiments, 3 or fewer modified nucleotides
of the first nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, 2 or fewer
modified nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least one modified nucleotide of the first nucleotide sequence is a 2’-fluoro
pyrimidine. In some embodiments, 1, 2, 3, 4, 5, or 6 modified nucleotides of the first
nucleotide sequence are 2’-fluoro pyrimidines. In some embodiments, at least one modified
nucleotide of the first nucleotide sequence is a 2’-fluoro purine. In some embodiments, 1, 2,
3,4, 5, or 6 modified nucleotides of the first nucleotide sequence are 2’-fluoro purines. In
some embodiments, the 2’-fluoro nucleotide is a 2’-fluoro nucleotide mimic.

[0157] In some embodiments, the nucleotide at position 3, 5, 7, 8,9, 10, 11, 12, 14, 17,
and/or 19 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, at least two nucleotides at positions 3, 5,7, 8,9, 10, 11, 12, 14, 17, and/or 19
from the 5’ end of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least three nucleotides at positions 3, 5, 7, 8, 9, 10, 11, 12, 14, 17, and/or
19 from the 5’ end of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least four nucleotides at positions 3, 5,7, 8,9, 10, 11, 12, 14, 17, and/or 19
from the 5’ end of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least five nucleotides at positions 3, 5, 7, 8, 9, 10, 11, 12, 14, 17, and/or 19
from the 5° end of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, the nucleotides at positions 3, 5, 7, 8, 9, 10, 11, 12, 14, 17, and/or 19 from the
5’ end of the first nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, the
nucleotide at position 3 from the 5’ end of the first nucleotide sequence is a 2’-fluoro
nucleotide. In some embodiments, the nucleotide at position 7 from the 5’ end of the first
nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at
position 8 from the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotide at position 9 from the 5° end of the first nucleotide sequence is
a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 12 from the 5° end
of the first nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the
nucleotide at position 17 from the 5’ end of the first nucleotide sequence is a 2’-fluoro
nucleotide. In some embodiments, the 2’-fluoro nucleotide is a 2’-fluoro nucleotide mimic.
[0158] In some embodiments, at least 1, 2, 3, 4, 5, 6, or 7 nucleotides at position 3, 5, 7,
8,9,10, 11, 12, 14, 17, and/or 19 from the 5’ end of the first nucleotide sequence is a 2’-
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14, 17, and/or 19 from the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide.
In some embodiments, at least two nucleotides at positions 3, 5,7, 8, 9, 10, 11, 12, 14, 17,
and/or 19 from the 5’ end of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least three nucleotides at positions 3, 5, 7, 8, 9, 10, 11, 12, 14, 17, and/or
19 from the 5’ end of the first nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, the nucleotides at positions 3, 5, 7, 8, 9, 10, 11, 12, 14, 17, and/or 19 from the
5’ end of the first nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, the
nucleotide at position 3 from the 5’ end of the first nucleotide sequence is a 2’-fluoro
nucleotide. In some embodiments, the nucleotide at position 5 from the 5’ end of the first
nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at
position 7 from the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotide at position 8 from the 5° end of the first nucleotide sequence is
a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 9 from the 5* end of
the first nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide
at position 10 from the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide. In
some embodiments, the nucleotide at position 11 from the 5’ end of the first nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 12 from
the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments,
the nucleotide at position 14 from the 5° end of the first nucleotide sequence is a 2’-fluoro
nucleotide. In some embodiments, the nucleotide at position 17 from the 5’ end of the first
nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at
position 19 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide. In
some embodiments, the nucleotide at position 3, 7, 8, 9, 12, and/or 17 from the 5’ end of the
first nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at
position 3, 7, 8, and/or 17 from the 5* end of the first nucleotide sequence is a 2’-fluoro
nucleotide. In some embodiments, the nucleotide at position 3, 7, 8, 9, 12, and/or 17 from
the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments,
the nucleotide at position 5, 7, 8, and/or 9 from the 5’ end of the first nucleotide sequence is
a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 5, 9, 10, 11, 12,
and/or 19 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the 2’-fluoro nucleotide is a 2’-fluoro nucleotide mimic.

[0159] In some embodiments, the 2’-fluoro nucleotide or 2’-O-methyl nucleotide is a

2’-fluoro or 2’-O-methyl nucleotide mimic. In some embodiments, the 2’-fluoro or 2’-O-
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methyl nucleotide mimic is a nucleotide mimic of Formula (V): ?\f“" , wherein
R! is independently a nucleobase, aryl, heteroaryl, or H, Q' and Q? are independently S or
0, R’ is independently —OCDj3 , —F, or -OCH3, and R® and R’ are independently H, D, or
CD3. In some embodiments, the nucleobase is selected from cytosine, guanine, adenine,
uracil, aryl, heteroaryl, and an analogue or derivative thereof.
[0160] In some embodiments, the 2’-fluoro or 2’-0-methyl nucleotide mimic is a

nucleotide mimic of Formula (16) — Formula (20):

‘?7 ‘9 ‘% ‘% ‘9
Formula (16) Formula (17) Formula (18) Formula (19) Formula (20)

D3

>

wherein R! is independently a nucleobase and R? is F or -OCHj3. In some embodiments, the
nucleobase is selected from cytosine, guanine, adenine, uracil, aryl, heteroaryl, and an
analogue or derivative thereof.

[0161] In some embodiments, the first nucleotide sequence comprises, consists of, or
consists essentially of ribonucleic acids (RNAs). In some embodiments, the first nucleotide
sequence comprises, consists of, or consists essentially of modified RNAs. In some
embodiments, the modified RNAs are selected from a 2’-O-methyl RNA and 2’-fluoro
RNA. In some embodiments, 15, 16, 17, 18, 19, 20, 21, 22, or 23 modified nucleotides of
the first nucleotide sequence are independently selected from 2’-O-methyl RNA and 2’-
fluoro RNA.

[0162] In some embodiments, the sense strand may further comprise one or more
internucleoside linkages independently selected from a phosphodiester (PO) internucleoside
linkage, phosphorothioate (PS) internucleoside linkage, phosphorodithioate internucleoside
linkage, and PS-mimic internucleoside linkage. In some embodiments, the PS-mimic
internucleoside linkage is a sulfo internucleoside linkage.

[0163] In some embodiments, the sense strand may further comprise at least 1, 2, 3, 4,

5,6,7,8,9,10, 11, 12, 13, 14, or 15 or more phosphorothioate internucleoside linkages. In
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some embodiments, the sense strand comprises 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9,
8,7,6,5,4, or 3 or fewer phosphorothioate internucleoside linkages. In some embodiments,
the sense strand comprises 2 to 10,2t08,2t06,1to 5, 1to4,1to3,0r 1to?2
phosphorothioate internucleoside linkages. In some embodiments, the sense strand
comprises 1 to 2 phosphorothioate internucleoside linkages. In some embodiments, the
sense strand comprises 2 to 4 phosphorothioate internucleoside linkages. In some
embodiments, at least one phosphorothioate internucleoside linkage is between the
nucleotides at positions 1 and 2 from the 5’ end of the first nucleotide sequence. In some
embodiments, at least one phosphorothioate internucleoside linkage is between the
nucleotides at positions 2 and 3 from the 5’ end of the first nucleotide sequence. In some
embodiments, the sense strand comprises two phosphorothioate internucleoside linkages
between the nucleotides at positions 1 to 3 from the 5° end of the first nucleotide sequence.
[0164] In some embodiments, any of the sense strands disclosed herein further comprise
a monomer selected from Examples 21-32, 36, 37, 40-42, and 44-46 monomers. In some
embodiments, any of the sense strands disclosed herein further comprise a 5’ end cap
monomer. In some embodiments, the 5’ end cap monomer is selected from Examples 5-11,
33-35, 38, 39, 43, and 49-53 5° end cap monomers.

[0165] In some embodiments, any of the first nucleotide sequences disclosed herein
further comprise a monomer selected from Examples 21-32, 36, 37, 40-42, and 44-46
monomers. In some embodiments, any of the first nucleotide sequences disclosed herein
further comprise a 5’ end cap monomer. In some embodiments, the 5’ end cap monomer is
selected from Examples 5-11, 33-35, 38, 39, 43, and 49-53 5’ end cap monomers.

siNA antisense strand

[0166] Any of the siNA molecules described herein may comprise an antisense strand.
The antisense strand may comprise a second nucleotide sequence. The second nucleotide
sequence may be 15 to 30, 15 to 25, 15 to 23, 17 to 23, 19 to 23, or 19 to 21 nucleotides in
length. In some embodiments, the second nucleotide sequence is 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26,27, 28, 29, or 30 nucleotides in length. In some embodiments, the second
nucleotide sequence is at least 19 nucleotides in length. In some embodiments, the second
nucleotide sequence is at least 21 nucleotides in length.

[0167] In some embodiments, the antisense strand is the same length as the second
nucleotide sequence. In some embodiments, the antisense strand is longer than the second

nucleotide sequence. In some embodiments, the antisense strand may further comprise 1, 2,
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3,4, or 5 or more nucleotides than the second nucleotide sequence. In some embodiments,
the antisense strand is the same length as the sense strand. In some embodiments, the
antisense strand is longer than the sense strand. In some embodiments, the antisense strand
may further comprise 1, 2, 3, 4, or 5 or more nucleotides than the sense strand. In some
embodiments, the antisense strand may further comprise a deoxyribonucleic acid (DNA). In
some embodiments, the DNA is thymine (T). In some embodiments, the antisense strand
may further comprise a TT sequence. In some embodiments, the antisense strand may
further comprise one or more modified nucleotides that are adjacent to the second
nucleotide sequence. In some embodiments, the one or more modified nucleotides are
independently selected from any of the modified nucleotides disclosed herein (e.g., 2’-
fluoro nucleotide, 2’-O-methyl nucleotide, 2’-fluoro nucleotide mimic, 2’-O-methyl
nucleotide mimic, or a nucleotide comprising a modified nucleobase).

[0168] In some embodiments, the second nucleotide sequence comprises 15, 16, 17, 18,
19, 20, 21, 22, 23, or more modified nucleotides independently selected from a 2’-O-methyl
nucleotide and a 2’-fluoro nucleotide. In some embodiments, 70%, 75%, 80%, 85%, 90%,
95% or 100% of the nucleotides in the second nucleotide sequence are modified nucleotides
independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide. In some
embodiments, 100% of the nucleotides in the second nucleotide sequence are modified
nucleotides independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro
nucleotide.

[0169] In some embodiments, between about 15 to 30, 15 to 25, 15 to 24, 15 to 23, 15
to 22, 15 to 21, 17 to 30, 17 to 25, 17 to 24, 17 to 23, 17 to 22, 17 to 21, 18 to 30, 18 to 25,
18 to 24, 18 to 23, 18 to 22, 18 to 21, 19 to 30, 19 to 25, 19 to 24, 19 to 23, 19 to 22, 19 to
21, 20 to 25, 20 to 24, 20 to 23, 21 to 25, 21 to 24, or 21 to 23 modified nucleotides of the
second nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, between
about 2 to 20 modified nucleotides of the second nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, between about 5 to 25 modified nucleotides of the
second nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, between
about 10 to 25 modified nucleotides of the second nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, between about 12 to 25 modified nucleotides of the
second nucleotide sequence are 2’-0O-methyl nucleotides. In some embodiments, at least 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22 modified nucleotides of the second
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modified nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, at least about 13 modified nucleotides of the second nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, at least about 14 modified
nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, at least about 15 modified nucleotides of the second nucleotide sequence are
2’-0-methyl nucleotides. In some embodiments, at least about 16 modified nucleotides of
the second nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, at least
about 17 modified nucleotides of the second nucleotide sequence are 2’-O-methyl
nucleotides. In some embodiments, at least about 18 modified nucleotides of the second
nucleotide sequence are 2’-O-methyl nucleotides. In some embodiments, at least about 19
modified nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, less than or equal to 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9,8,7, 6, 5, 4, 3, or 2 modified nucleotides of the second nucleotide sequence
are 2’-O-methyl nucleotides. In some embodiments, less than or equal to 21 modified
nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In some
embodiments, less than or equal to 20 modified nucleotides of the second nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, less than or equal to 19
modified nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, less than or equal to 18 modified nucleotides of the second nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, less than or equal to 17
modified nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, less than or equal to 16 modified nucleotides of the second nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, less than or equal to 15
modified nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, less than or equal to 14 modified nucleotides of the second nucleotide
sequence are 2’-O-methyl nucleotides. In some embodiments, less than or equal to 13
modified nucleotides of the second nucleotide sequence are 2’-O-methyl nucleotides. In
some embodiments, at least one modified nucleotide of the second nucleotide sequence is a
2’-0-methyl pyrimidine. In some embodiments, at least 5, 6, 7, 8, 9, or 10 modified
nucleotides of the second nucleotide sequence are 2’-O-methyl pyrimidines. In some
embodiments, at least one modified nucleotide of the second nucleotide sequence is a 2’-O-

methyl purine. In some embodiments, at least 5, 6, 7, 8, 9, or 10 modified nucleotides of the
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second nucleotide sequence are 2’-O-methyl purines. In some embodiments, the 2’-O-
methyl nucleotide is a 2’-O-methyl nucleotide mimic.

[0170] In some embodiments, between 2 to 15 modified nucleotides of the second
nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, between 2 to 10
modified nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, between 2 to 6 modified nucleotides of the second nucleotide sequence are
2’-fluoro nucleotides. In some embodiments, 1 to 6, 1to 5, 1 to 4, or 1 to 3 modified
nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least 1, 2, 3, 4, 5, or 6 modified nucleotides of the second nucleotide
sequence are 2’-fluoro nucleotides. In some embodiments, at least 1 modified nucleotide of
the second nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, at least 2
modified nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least 3 modified nucleotides of the second nucleotide sequence are 2’-
fluoro nucleotides. In some embodiments, at least 4 modified nucleotides of the second
nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, at least 5 modified
nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, 10, 9, 8,7, 6, 5, 4, 3 or fewer modified nucleotides of the second nucleotide
sequence are 2’-fluoro nucleotides. In some embodiments, 10 or fewer modified nucleotides
of the second nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, 7 or
fewer modified nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides. In
some embodiments, 6 or fewer modified nucleotides of the second nucleotide sequence are
2’-fluoro nucleotides. In some embodiments, 5 or fewer modified nucleotides of the second
nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, 4 or fewer modified
nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, 3 or fewer modified nucleotides of the second nucleotide sequence are 2’-
fluoro nucleotides. In some embodiments, 2 or fewer modified nucleotides of the second
nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, at least one modified
nucleotide of the second nucleotide sequence is a 2’-fluoro pyrimidine. In some
embodiments, 1, 2, 3, 4, 5, or 6 modified nucleotides of the second nucleotide sequence are
2’-fluoro pyrimidines. In some embodiments, at least one modified nucleotide of the second
nucleotide sequence is a 2’-fluoro purine. In some embodiments, 1, 2, 3, 4, 5, or 6 modified
nucleotides of the second nucleotide sequence are 2’-fluoro purines. In some embodiments,

the 2’-fluoro nucleotide is a 2’-fluoro nucleotide mimic.
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[0171] In some embodiments, the 2’-fluoro nucleotide or 2’-O-methyl nucleotide is a

2’-fluoro or 2’-O-methyl nucleotide mimic. In some embodiments, the 2’-fluoro or 2’-O-

RG R7
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methyl nucleotide mimic is a nucleotide mimic of Formula (V): R , wherein

R! is independently a nucleobase, aryl, heteroaryl, or H, Q' and Q? are independently S or
0, R’ is independently —OCDj3 , —F, or -OCH3, and R® and R’ are independently H, D, or
CD3. In some embodiments, the nucleobase is selected from cytosine, guanine, adenine,
uracil, aryl, heteroaryl, and an analogue or derivative thereof.

[0172] In some embodiments, the 2’-fluoro or 2’-O-methyl nucleotide mimic is a

nucleotide mimic of Formula (16) — Formula (20):

‘% ‘% ‘% ‘% ‘%
Formula (16) Formula (17) Formula (18) Formula (19) Formula (20)

wherein R! is a nucleobase and R? is independently F or -OCH3. In some embodiments, the
nucleobase is selected from cytosine, guanine, adenine, uracil, aryl, heteroaryl, and an
analogue or derivative thereof.

[0173] In some embodiments, at least 1, 2, 3, 4, 5, 6, 7, 8, or 9 nucleotides at position 2,
5,6, 8,10, 14, 16, 17, and/or 18 from the 5’ end of the second nucleotide sequence is a 2’-
fluoro nucleotide. In some embodiments, the nucleotide at position 2, 5, 6, 8, 10, 14, 16, 17,
and/or 18 from the 5° end of the second nucleotide sequence is a 2’-fluoro nucleotide. In
some embodiments, at least two nucleotides at positions 2, 5, 6, 8, 10, 14, 16, 17, and/or 18
from the 5° end of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least three nucleotides at positions 2, 5, 6, 8, 10, 14, 16, 17, and/or 18 from
the 5” end of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least four nucleotides at positions 2, 5, 6, 8, 10, 14, 16, 17, and/or 18 from
the 5” end of the second nucleotide sequence are 2’-fluoro nucleotides. In some
embodiments, at least five nucleotides at positions 2, 5, 6, 8, 10, 14, 16, 17, and/or 18 from
the 5° end of the second nucleotide sequence are 2’-fluoro nucleotides. In some

embodiments, the nucleotides at positions 2 and/or 14 from the 5’ end of the second
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nucleotide sequence are 2’-fluoro nucleotides. In some embodiments, the nucleotides at
positions 2, 6, and/or 16 from the 5° end of the second nucleotide sequence are 2’-fluoro
nucleotides. In some embodiments, the nucleotides at positions 2, 6, 14, and/or 16 from the
5’ end of the second nucleotide sequence are 2’-fluoro nucleotides. In some embodiments,
the nucleotides at positions 2, 6, 10, 14, and/or 18 from the 5’ end of the second nucleotide
sequence are 2’-fluoro nucleotides. In some embodiments, the nucleotides at positions 2, 5,
8, 14, and/or 17 from the 5° end of the second nucleotide sequence are 2’-fluoro
nucleotides. In some embodiments, the nucleotide at position 2 from the 5° end of the
second nucleotide sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide
at position 5 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide. In
some embodiments, the nucleotide at position 6 from the 5’ end of the second nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 8 from
the 5” end of the second nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotide at position 10 from the 5’ end of the second nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 14 from
the 5° end of the second nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotide at position 16 from the 5° end of the second nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the nucleotide at position 17 from
the 5° end of the second nucleotide sequence is a 2’-fluoro nucleotide. In some
embodiments, the nucleotide at position 18 from the 5’ end of the second nucleotide
sequence is a 2’-fluoro nucleotide. In some embodiments, the 2’-fluoro nucleotide is a 2’-
fluoro nucleotide mimic.

[0174] In some embodiments, the nucleotides in the second nucleotide sequence are
arranged in an alternating 1:3 modification pattern, wherein 1 nucleotide is a 2’-fluoro
nucleotide and 3 nucleotides are 2’-O-methyl nucleotides, and wherein the alternating 1:3
modification pattern occurs at least 2 times. In some embodiments, the alternating 1:3
modification pattern occurs 2-5 times. In some embodiments, at least two of the alternating
1:3 modification pattern occur consecutively. In some embodiments, at least two of the
alternating 1:3 modification pattern occurs nonconsecutively. In some embodiments, at least
1,2, 3,4, or 5 alternating 1:3 modification pattern begins at nucleotide position 2, 6, 10, 14,
and/or 18 from the 5’ end of the antisense strand. In some embodiments, at least one
alternating 1:3 modification pattern begins at nucleotide position 2 from the 5’ end of the

antisense strand. In some embodiments, wherein at least one alternating 1:3 modification
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pattern begins at nucleotide position 6 from the 5’ end of the antisense strand. In some
embodiments, at least one alternating 1:3 modification pattern begins at nucleotide position
10 from the 5’ end of the antisense strand. In some embodiments, at least one alternating 1:3
modification pattern begins at nucleotide position 14 from the 5’ end of the antisense strand.
In some embodiments, at least one alternating 1:3 modification pattern begins at nucleotide
position 18 from the 5’ end of the antisense strand. In some embodiments, the 2’-fluoro
nucleotide is a 2’-fluoro nucleotide mimic.

[0175] In some embodiments, the nucleotides in the second nucleotide sequence are
arranged in an alternating 1:2 modification pattern, wherein 1 nucleotide is a 2’-fluoro
nucleotide and 2 nucleotides are 2’-O-methyl nucleotides, and wherein the alternating 1:2
modification pattern occurs at least 2 times. In some embodiments, the alternating 1:2
modification pattern occurs 2-5 times. In some embodiments, at least two of the alternating
1:2 modification pattern occurs consecutively. In some embodiments, at least two of the
alternating 1:2 modification pattern occurs nonconsecutively. In some embodiments, at least
1,2, 3,4, or 5 alternating 1:2 modification pattern begins at nucleotide position 2, 5, 8, 14,
and/or 17 from the 5’ end of the antisense strand. In some embodiments, at least one
alternating 1:2 modification pattern begins at nucleotide position 2 from the 5’ end of the
antisense strand. In some embodiments, at least one alternating 1:2 modification pattern
begins at nucleotide position 5 from the 5° end of the antisense strand. In some
embodiments, at least one alternating 1:2 modification pattern begins at nucleotide position
8 from the 5° end of the antisense strand. In some embodiments, at least one alternating 1:2
modification pattern begins at nucleotide position 14 from the 5’ end of the antisense strand.
In some embodiments, at least one alternating 1:2 modification pattern begins at nucleotide
position 17 from the 5’ end of the antisense strand. In some embodiments, the 2’-fluoro
nucleotide is a 2’-fluoro nucleotide mimic.

[0176] In some embodiments, the second nucleotide sequence comprises, consists of, or
consists essentially of ribonucleic acids (RNAs). In some embodiments, the second
nucleotide sequence comprises, consists of, or consists essentially of modified RNAs. In
some embodiments, the modified RNAs are selected from a 2’-0-methyl RNA and 2’-
fluoro RNA. In some embodiments, 15, 16, 17, 18, 19, 20, 21, 22, or 23 modified
nucleotides of the second nucleotide sequence are independently selected from 2’-O-methyl
RNA and 2’-fluoro RNA. In some embodiments, the 2’-fluoro nucleotide is a 2’-fluoro

nucleotide mimic.
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[0177] In some embodiments, the sense strand may further comprise one or more
internucleoside linkages independently selected from a phosphodiester (PO) internucleoside
linkage, phosphorothioate (PS) internucleoside linkage, phosphorodithioate internucleoside
linkage, and PS-mimic internucleoside linkage. In some embodiments, the PS-mimic
internucleoside linkage is a sulfo internucleoside linkage.

[0178] In some embodiments, the antisense strand may further comprise at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, or 15 or more phosphorothioate internucleoside linkages.
In some embodiments, the antisense strand comprises 20, 19, 18, 17, 16, 15, 14, 13, 12, 11,
10,9, 8,7, 6, 5, 4, or 3 or fewer phosphorothioate internucleoside linkages. In some
embodiments, the antisense strand comprises 2 to 10,2t0 8,2to6,1to5, 1to4, 1to 3, or
1 to 2 phosphorothioate internucleoside linkages. In some embodiments, the antisense
strand comprises 2to 10,2t08,2t0 6, 1to 5, 1 to4, 1 to 3, or 1 to 2 phosphorothioate
internucleoside linkages. In some embodiments, the antisense strand comprises 2 to 8
phosphorothioate internucleoside linkages. In some embodiments, the antisense strand
comprises 3 to 8 phosphorothioate internucleoside linkages. In some embodiments, the
antisense strand comprises 4 to 8 phosphorothioate internucleoside linkages. In some
embodiments, at least one phosphorothioate internucleoside linkage is between the
nucleotides at positions 1 and 2 from the 5’ end of the second nucleotide sequence. In some
embodiments, at least one phosphorothioate internucleoside linkage is between the
nucleotides at positions 2 and 3 from the 5’ end of the second nucleotide sequence. In some
embodiments, at least one phosphorothioate internucleoside linkage is between the
nucleotides at positions 1 and 2 from the 3’ end of the second nucleotide sequence. In some
embodiments, at least one phosphorothioate internucleoside linkage is between the
nucleotides at positions 2 and 3 from the 3’ end of the second nucleotide sequence. In some
embodiments, the antisense strand comprises two phosphorothioate internucleoside linkages
between the nucleotides at positions 1 to 3 from the 5’ end of the first nucleotide sequence.
In some embodiments, the antisense strand comprises two phosphorothioate internucleoside
linkages between the nucleotides at positions 1 to 3 from the 3’ end of the first nucleotide
sequence. In some embodiments, the antisense strand comprises (a) two phosphorothioate
internucleoside linkages between the nucleotides at positions 1 to 3 from the 5’ end of the
first nucleotide sequence; and (b) two phosphorothioate internucleoside linkages between

the nucleotides at positions 1 to 3 from the 3* end of the first nucleotide sequence.
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[0179] In some embodiments, at least one end of the ds-siNA is a blunt end. In some
embodiments, at least one end of the ds-siNA comprises an overhang, wherein the overhang
comprises at least one nucleotide. In some embodiments, both ends of the ds-siNA comprise
an overhang, wherein the overhang comprises at least one nucleotide. In some
embodiments, the overhang comprises 1 to 5 nucleotides, 1 to 4 nucleotides, 1 to 3
nucleotides, or 1 to 2 nucleotides. In some embodiments, the overhang consists of 1 to 2
nucleotides.

[0180] In some embodiments, the first nucleotide sequence comprises a nucleotide
sequence of any one SEQ ID NOs: 1-56, 103-158, and 205-260. In some embodiments, the
second nucleotide sequence comprises a nucleotide sequence of any one of SEQ ID NOs:
57-102, 159-204, and 261-306. In some embodiments, the sense strand comprises a
nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-444. In some
embodiments, the antisense strand comprises a nucleotide sequence of any one of SEQ ID
NOs: 363-409, 445-533, and 536-539.

[0181] In some embodiments, any of the antisense strands disclosed herein further
comprise a monomer selected from Examples 21-32, 36, 37, 40-42, and 44-46 monomers.
In some embodiments, any of the antisense strands disclosed herein further comprise a 5’
end cap monomer. In some embodiments, the 5’ end cap monomer is selected from
Examples 5-11, 33-35, 38, 39, 43, and 49-53 5’ end cap monomers.

[0182] In some embodiments, any of the secondnucleotide sequences disclosed herein
further comprise a monomer selected from Examples 21-32, 36, 37, 40-42, and 44-46
monomers. In some embodiments, any of the second nucleotide sequences disclosed herein
further comprise a 5’ end cap monomer. In some embodiments, the 5’ end cap monomer is
selected from Examples 5-11, 33-35, 38, 39, 43, and 49-53 5’ end cap monomers.

Modified Nucleotides

[0183] Further disclosed herein are siNA molecules comprising one or more modified
nucleotides. In some embodiments, any of the siNAs disclosed herein comprise one or more
modified nucleotides. In some embodiments, any of the sense strands disclosed herein
comprise one or more modified nucleotides. In some embodiments, any of the first
nucleotide sequences disclosed herein comprise one or more modified nucleotides. In some
embodiments, any of the antisense strands disclosed herein comprise one or more modified
nucleotides. In some embodiments, any of the second nucleotide sequences disclosed herein

comprise one or more modified nucleotides. In some embodiments, the one or more
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modified nucleotides is adjacent to the first nucleotide sequence. In some embodiments, at
least one modified nucleotide is adjacent to the 5’ end of the first nucleotide sequence. In
some embodiments, at least one modified nucleotide is adjacent to the 3’ end of the first
nucleotide sequence. In some embodiments, at least one modified nucleotide is adjacent to
the 5° end of the first nucleotide sequence and at least one modified nucleotide is adjacent to
the 3’ end of the first nucleotide sequence. In some embodiments, the one or more modified
nucleotides is adjacent to the second nucleotide sequence. In some embodiments, at least
one modified nucleotide is adjacent to the 5° end of the second nucleotide sequence. In
some embodiments, at least one modified nucleotide is adjacent to the 3’ end of the second
nucleotide sequence. In some embodiments, at least one modified nucleotide is adjacent to
the 5” end of the second nucleotide sequence and at least one modified nucleotide is
adjacent to the 3’ end of the second nucleotide sequence. In some embodiments, a 2’-O-
methyl nucleotide in any of sense strands or first nucleotide sequences disclosed herein is
replaced with a modified nucleotide. In some embodiments, a 2’-O-methyl nucleotide in
any of antisense strands or second nucleotide sequences disclosed herein is replaced with a
modified nucleotide.

[0184] In some embodiments, any of the siNA molecules, siNAs, sense strands, first
nucleotide sequences, antisense strands, and second nucleotide sequences disclosed herein
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, 25,
26, 27, 28, 29, or 30 or more modified nucleotides. In some embodiments, 1%, 2%, 3%,
4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%., 45%, 50%, 55%, 60%, 710%, 15%, 80%,
85%, 86%, 87%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% of
the nucleotides in the siNA molecule, siNA, sense strand, first nucleotide sequence,
antisense strand, or second nucleotide sequence are modified nucleotides.

[0185] In some embodiments, a modified nucleotide is selected from the group
consisting of 2’-fluoro nucleotide, 2’-O-methyl nucleotide, 2’-fluoro nucleotide mimic, 2’-
O-methyl nucleotide mimic, a locked nucleic acid, and a nucleotide comprising a modified
nucleobase.

[0186] In some embodiments, any of the siRNAs disclosed herein comprise at least 1, 2,
3,4,5,6,7,8,9, or 10 or more 2’-fluoro or 2’-O-methyl nucleotide mimics. In some
embodiments, any of the sense strands disclosed herein comprise at least 1, 2, 3,4, 5,6, 7,
8,9, or 10 or more 2’-fluoro or 2’-O-methyl nucleotide mimics. In some embodiments, any

of the first nucleotide sequences disclosed herein comprise at least 1, 2, 3,4,5,6,7, 8, 9, or
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10 or more 2’-fluoro or 2’-0O-methyl nucleotide mimics. In some embodiments, any of the
antisense strand disclosed herein comprise at least 1, 2, 3,4, 5,6, 7, 8, 9, or 10 or more 2’-
fluoro or 2’-0-methyl nucleotide mimics. In some embodiments, any of the second
nucleotide sequences disclosed herein comprise at least 1, 2, 3,4, 5,6, 7, 8,9, or 10 or more
2’-fluoro or 2’-O-methyl nucleotide mimics. In some embodiments, the 2’-fluoro or 2’-O-

methyl nucleotide mimic is a nucleotide mimic of Formula (16) — Formula (20):
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Formula (16) Formula (17) Formula (18) Formula (19) Formula (20)
wherein R! is a nucleobase and R? is independently F or -OCH3. In some embodiments, the
nucleobase is selected from cytosine, guanine, adenine, uracil, aryl, heteroaryl, and an
analogue or derivative thereof. In some embodiments, the siNA molecules disclosed herein
comprise at least one 2’-fluoro nucleotide, at least one 2’-O-methyl nucleotide, and at least
one 2’-fluoro or 2’-O-methyl nucleotide mimic. In some embodiments, the at least one 2’-
fluoro or 2’-0-methyl nucleotide mimic is adjacent to the first nucleotide sequence. In some
embodiments, the at least one 2’-fluoro or 2’-O-methyl nucleotide mimic is adjacent to the
5’ end of first nucleotide sequence. In some embodiments, the at least one 2’-fluoro or 2’-O-
methyl nucleotide mimic is adjacent to the 3’ end of first nucleotide sequence. In some
embodiments, the at least one 2’-fluoro or 2’-O-methyl nucleotide mimic is adjacent to the
second nucleotide sequence. In some embodiments, the at least one 2’-fluoro or 2’-O-
methyl nucleotide mimic is adjacent to the 5’ end of second nucleotide sequence. In some
embodiments, the at least one 2’-fluoro or 2’-O-methyl nucleotide mimic is adjacent to the
3’ end of second nucleotide sequence. In some embodiments, the first nucleotide sequence
does not comprise a 2’-fluoro nucleotide mimic. In some embodiments, the first nucleotide
sequence does not comprise a 2’-0-methyl nucleotide mimic. In some embodiments, the
second nucleotide sequence does not comprise a 2’-fluoro nucleotide mimic. In some
embodiments, the second nucleotide sequence does not comprise a 2’-0O-methyl nucleotide
mimic.

[0187] In some embodiments, any of the siRNAs disclosed herein comprise at least 1, 2,
3,4,5,6,7,8,9, or 10 or more locked nucleic acids. In some embodiments, any of the

sense strands disclosed herein comprise at least 1, 2, 3, 4,5, 6,7, 8, 9, or 10 or more locked
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nucleic acids. In some embodiments, any of the first nucleotide sequences disclosed herein
comprise at least 1, 2, 3,4,5,6,7, 8,9, or 10 or more locked nucleic acids. In some
embodiments, any of the antisense strand disclosed herein comprise at least 1, 2, 3,4, 5, 6,
7, 8,9, or 10 or more locked nucleic acids. In some embodiments, any of the second
nucleotide sequences disclosed herein comprise at least 1, 2, 3,4, 5,6, 7, 8,9, or 10 or more

locked nucleic acids. In some embodiments, the locked nucleic acid is selected from
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GuNA(N-R), R =Me, Et, iPr, tBu herein B is a nucleobase. In some embodiments,

any of the siRNAs, sense strands, first nucleotide sequences, antisense strands, or second

nucleotide sequences disclosed herein comprise at least modified nucleotide that is
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embodiments, any of the siRNAs, sense strands, first nucleotide sequences, antisense

comprise at least modified nucleotide that is (ScpBNA or “cp”). In some

strands, or second nucleotide sequences disclosed herein comprise at least modified
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nucleotide that is é]— R (AmNA), where R is H or alkyl (or AmNA(N-Me)) when
R is alkyl). In some embodiments, any of the siRNAs, sense strands, first nucleotide
sequences, antisense strands, or second nucleotide sequences disclosed herein comprise at
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least modified nucleotide that is HaN (GuNA). In some embodiments, any of
the siRNAs, sense strands, first nucleotide sequences, antisense strands, or second

nucleotide sequences disclosed herein comprise at least modified nucleotide that is

“N
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GuNA(N-R),R = Me, Et, iPr, tBu  \herein B is a nucleobase.
Phosphorylation blocker

[0188] Further disclosed herein are siNA molecules comprising a phosphorylation
blocker. In some embodiments, a 2’-O-methyl nucleotide in any of sense strands or first
nucleotide sequences disclosed herein is replaced with a nucleotide containing a
phosphorylation blocker. In some embodiments, a 2’-O-methyl nucleotide in any of
antisense strands or second nucleotide sequences disclosed herein is replaced with a
nucleotide containing a phosphorylation blocker. In some embodiments, a 2’-O-methyl
nucleotide in any of sense strands or first nucleotide sequences disclosed herein is further
modified to contain a phosphorylation blocker. In some embodiments, a 2’-O-methyl
nucleotide in any of antisense strands or second nucleotide sequences disclosed herein is
further modified to contain a phosphorylation blocker.

[0189] In some embodiments, any of the siNA molecules disclosed herein comprise a
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phosphorylation blocker of Formula (IV): , wherein R! is a nucleobase, R* is

—0-R* or -NR?*'R*, R* is C;-Cs substituted or unsubstituted alkyl; and R3' and R*



together with the nitrogen to which they are attached form a substituted or unsubstituted
heterocyclic ring.
[0190] In some embodiments, any of the siNA molecules disclosed herein comprise a
4 1
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e

phosphorylation blocker of Formula (IV): Formula (IV), wherein R! is a
nucleobase, and R* is -OCHj; or -N(CH>CH>)-0.

[0191] In some embodiments, a siNA molecule comprises (a) a phosphorylation blocker

R4—\©,R1
0 o
of Formula (IV): s , wherein R! is a nucleobase, R* is —O-R*° or -NR3!'R*?, R
is C1-Cs substituted or unsubstituted alkyl; and R3! and R*? together with the nitrogen to
which they are attached form a substituted or unsubstituted heterocyclic ring; and (b) a short
interfering nucleic acid (siNA), wherein the phosphorylation blocker is conjugated to the
siNA.

[0192] In some embodiments, a siNA molecule comprises (a) a phosphorylation blocker

R4_\©,R1

Vs ~%
of Formula (IV): - Formula (IV), wherein R! is a nucleobase, and R* is —
OCHj3 or -N(CH2CH>)-0; and (b) a short interfering nucleic acid (siNA), wherein the
phosphorylation blocker is conjugated to the siNA.
[0193] In some embodiments, the phosphorylation blocker is attached to the 3’ end of
the sense strand or first nucleotide sequence. In some embodiments, the phosphorylation
blocker is attached to the 3’ end of the sense strand or first nucleotide sequence via 1, 2, 3,
4, or 5 or more linkers. In some embodiments, the phosphorylation blocker is attached to the
5’ end of the sense strand or first nucleotide sequence. In some embodiments, the
phosphorylation blocker is attached to the 5’ end of the sense strand or first nucleotide
sequence via 1, 2, 3, 4, or 5 or more linkers. In some embodiments, the phosphorylation
blocker is attached to the 3’ end of the antisense strand or second nucleotide sequence. In
some embodiments, the phosphorylation blocker is attached to the 3’ end of the antisense

strand or second nucleotide sequence via 1, 2, 3, 4, or 5 or more linkers. In some
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embodiments, the phosphorylation blocker is attached to the 5’ end of the antisense strand
or second nucleotide sequence. In some embodiments, the phosphorylation blocker is
attached to the 5’ end of the antisense strand or second nucleotide sequence via 1, 2, 3, 4, or
5 or more linkers. In some embodiments, the one or more linkers are independently selected
from the group consisting of a phosphodiester linker, phosphorothioate linker, and
phosphorodithioate linker.

Conjugated Moiety

[0194] Further disclosed herein are siNA molecules comprising a conjugated moiety. In
some embodiments, the conjugated moiety is selected from galactosamine, peptides,
proteins, sterols, lipids, phospholipids, biotin, phenoxazines, active drug substance,
cholesterols, phenanthridine, anthraquinone, acridine, fluoresceins, rhodamines, coumarins,
and dyes. In some embodiments, the conjugated moiety is attached to the 3’ end of the sense
strand or first nucleotide sequence. In some embodiments, the conjugated moiety is attached
to the 3’ end of the sense strand or first nucleotide sequence via 1, 2, 3, 4, or 5 or more
linkers. In some embodiments, the conjugated moiety is attached to the 5’ end of the sense
strand or first nucleotide sequence. In some embodiments, the conjugated moiety is attached
to the 5° end of the sense strand or first nucleotide sequence via 1, 2, 3, 4, or 5 or more
linkers. In some embodiments, the conjugated moiety is attached to the 3’ end of the
antisense strand or second nucleotide sequence. In some embodiments, the conjugated
moiety is attached to the 3’ end of the antisense strand or second nucleotide sequence via 1,
2, 3,4, or 5 or more linkers. In some embodiments, the conjugated moiety is attached to the
5’ end of the antisense strand or second nucleotide sequence. In some embodiments, the
conjugated moiety is attached to the 5’ end of the antisense strand or second nucleotide
sequence via 1, 2, 3, 4, or 5 or more linkers. In some embodiments, the one or more linkers
are independently selected from the group consisting of a phosphodiester linker,
phosphorothioate linker, and phosphorodithioate linker.

[0195] In some embodiments, the conjugated moiety is galactosamine. In some
embodiments, any of the siNAs disclosed herein are attached to a conjugated moiety that is
galactosamine. In some embodiments, the galactosamine is N-acetylgalactosamine
(GalNACc). In some embodiments, any of the siNA molecules disclosed herein comprise

GalNAc. In some embodiments, the GalNAc is of Formula (VI):
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A whereinmis 1, 2, 3, 4, or 5;
each n is independently 1 or 2; pis O or 1; each R is independently H or a first protecting
group; each Y is independently selected from —O-P(=0)(SH) —, —O-P(=0)(0O) —, —O-
P(=0)(OH) —, —O-P(S)S—, and —O—; Z is H or a second protecting group; either L is a linker
or L and Y in combination are a linker; and A is H, OH, a third protecting group, an
activated group, or an oligonucleotide. In some embodiments, the first protecting group is
acetyl. In some embodiments, the second protecting group is trimethoxytrityl (TMT). In
some embodiments, the activated group is a phosphoramidite group. In some embodiments,
the phosphoramidite group is a cyanoethoxy N, N-diisopropylphosphoramidite group. In
some embodiments, the linker is a C6-NH> group. In some embodiments, A is a short
interfering nucleic acid (siNA) or siNA molecule. In some embodiments, m is 3. In some
embodiments, R is H, Z is H, and n is 1. In some embodiments, R is H, Z is H, and n is 2.

[0196] In some embodiments, the GalNAc is of Formula (VII):

wwﬁwwﬁ‘\
WMWOC’M
o o W\HV\/\)@ wo@ v
X

]

R =OH or SH

wherein each n is independently 1 or 2.

[0197] In some embodiments, the galactosamine is attached to the 3’ end of the sense
strand or first nucleotide sequence. In some embodiments, the galactosamine is attached to
the 3* end of the sense strand or first nucleotide sequence via 1, 2, 3, 4, or 5 or more linkers.
In some embodiments, the galactosamine is attached to the 5’ end of the sense strand or first

nucleotide sequence. In some embodiments, the galactosamine is attached to the 5’ end of
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the sense strand or first nucleotide sequence via 1, 2, 3, 4, or 5 or more linkers. In some
embodiments, the galactosamine is attached to the 3’ end of the antisense strand or second
nucleotide sequence. In some embodiments, the galactosamine is attached to the 3’ end of
the antisense strand or second nucleotide sequence via 1, 2, 3, 4, or 5 or more linkers. In
some embodiments, the galactosamine is attached to the 5° end of the antisense strand or
second nucleotide sequence. In some embodiments, the galactosamine is attached to the 5’
end of the antisense strand or second nucleotide sequence via 1, 2, 3, 4, or 5 or more linkers.
In some embodiments, the one or more linkers are independently selected from the group
consisting of a phosphodiester (p or po) linker, phosphorothioate (ps) linker,
phosphoramidite (HEG) linker, triethylene glycol (TEG) linker, and/or phosphorodithioate
linker. In some embodiments, the one or more linkers are independently selected from the
group consisting of p-(PS)2, (PS)2-p-TEG-p, (PS)2-p-HEG-p, and (PS)2-p-(HEG-p)2.
[0198] In some embodiments, the conjugated moiety is a lipid moiety. In some
embodiments, any of the siNAs disclosed herein are attached to a conjugated moiety that is
a lipid moiety. Examples of lipid moieties include, but are not limited to, a cholesterol
moiety, a thioether, e.g., hexyl-S-tritylthiol, a thiocholesterol, an aliphatic chain, e.g.,
dodecandiol or undecyl residues a phospholipid, e.g., di-hexadecyl-rac-glycerol or
triethylammonium 1-di-O-hexadecyl-rac-glycero-S-H-phosphonate, a polyamine or a
polyethylene glycol chain, adamantane acetic acid, a palmityl moiety, or an octadecylamine
or hexylamino-carbonyl-oxycholesterol moiety.

[0199] In some embodiments, the conjugated moiety is an active drug substance. In
some embodiments, any of the siNAs disclosed herein are attached to a conjugated moiety
that is an active drug substance. Examples of active drug substances include, but are not
limited to, aspirin, warfarin, phenylbutazone, ibuprofen, suprofen, fenbufen, ketoprofen,
(5)-(+)- pranoprofen, carprofen, dansylsarcosine, 2,3,5-triitodobenzoic acid, flufenamic acid,
folinic acid, a benzothiadiazide, chlorothiazide, a diazepine, indomethicin, a barbiturate, a
cephalosporin, a sulfa drug, an antidiabetic, an antibacterial or an antibiotic.

5’-Stabilized End Cap

[0200] Further disclosed herein are siNA molecules comprising a 5’-stabilized end cap.
As used herein the terms “5’-stabilized end cap” and “5’ end cap” are used interchangeably.
In some embodiments, a 2’-O-methyl nucleotide in any of sense strands or first nucleotide
sequences disclosed herein is replaced with a nucleotide containing a 5’-stabilized end cap.

In some embodiments, a 2’-O-methyl nucleotide in any of antisense strands or second
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nucleotide sequences disclosed herein is replaced with a nucleotide containing a 5’-
stabilized end cap. In some embodiments, a 2’-O-methyl nucleotide in any of sense strands
or first nucleotide sequences disclosed herein is further modified to contain a 5’-stabilized
end cap. In some embodiments, a 2’-O-methyl nucleotide in any of antisense strands or
second nucleotide sequences disclosed herein is further modified to contain a 5’-stabilized
end cap.

[0201] In some embodiments, the 5’-stabilized end cap is a 5’ phosphate mimic. In
some embodiments, the 5’-stabilized end cap is a modified 5’ phosphate mimic. In some
embodiments, the modified 5° phosphate is a chemically modified 5° phosphate. In some
embodiments, the 5’-stabilized end cap is a 5’-vinyl phosphonate. In some embodiments,
the 5’-vinyl phosphonate is a 5’-(E)-vinyl phosphonate or 5’-(Z)-vinyl phosphonate. In
some embodiments, the 5’-vinyl phosphonate is a deuterated vinyl phosphonate. In some
embodiments, the deuterated vinyl phosphonate is a mono-deuterated vinyl phosphonate. In
some embodiments, the deuterated vinyl phosphonate is a di-deuterated vinyl phosphonate.
In some embodiments, the 5’-stabilized end cap is a phosphate mimic. Examples of
phosphate mimics are disclosed in Parmar et al., 2018, J Med Chem, 61(3):734-744,
International Publication Nos. W02018/045317 and W02018/044350, and U.S. Patent No.
10,087,210, each of which is incorporated by reference in its entirety.

[0202] In some embodiments, any of the siNA molecules, sense strands, first nucleotide

sequences, antisense strands, or second nucleotide sequences disclosed herein comprise a

v R1
RZO\\U

O  OCHs

5’-stabilized end cap of Formula (Ia): - , wherein R! is H, a nucleobase,
\\ o \\ / O\ //O
' /\ S\ h\l\) 577_ N S\ “%L ,/s N~
aryl, or heteroaryl; R?is ) ,
/\(}s”o/ P OO I or HO\P,,\S)O]\ O, ,OH
K N i“‘ N @/\/ ~on Yo oH NP0
0. OCH 0,/00D H N
> _/ ~INS A
OH "oH , 00, O ,-CH=CD-Z, -CD=CH-

Z,-CD=CD-Z, —(CRZlez)n—Z, or —(C»-Ce alkenylene)-Z and R?° is H; or R? and R%

together form a 3- to 7-membered carbocyclic ring substituted with —(CR*'R??),-Z or —(C»-
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Ce alkenylene)-Z; nis 1,2, 3, or4; Z is —ONRZR*, —OP(O)OH(CHz)mC02R23, -
OP(S)OH(CH2)mCO2R*, ~P(0)(OH)2, -P(O)(OH)(OCH3), -P(O)(OH)(OCD3), —
SO2(CH2)mP(0)(OH),, —~SO-NR*R?*, -NR*R?**, -NR**SO,R?*; either R*! and R** are
independently hydrogen or C;-Cs alkyl, or R?! and R** together form an oxo group; R* is
hydrogen or C;-Cg alkyl; R** is ~SO2R** or -C(O)R?; or R* and R** together with the
nitrogen to which they are attached form a substituted or unsubstituted heterocyclic ring;
R? is C;-Cs alkyl; and mis 1, 2, 3, or 4. In some embodiments, R! is an aryl. In some
embodiments, the aryl is a phenyl.

[0203] In some embodiments, any of the siNA molecules, sense strands, first nucleotide

sequences, antisense strands, or second nucleotide sequences disclosed herein comprise a

R 1
RZO\\U

O ocp,
5’-stabilized end cap of Formula (Ib): , wherein R' is H, a nucleobase, aryl,

Q0 ©
0 N 0. .0 H (ONp e
N RS > Ny
L&L/\N/S\ ‘aYZ/\,\\I\> %)J\N/S\ /\/S<N\ LLLL/\/S\N/
2. 7\
or heteroaryl; R* is H , , H H

>

N O T HO. .S O. OH O. OCHs;
/\/S\ - [ P-OH Ny N i N :
ki N T oh w0 \)J\OH N Pop ™oy

H H
O, 0OCD N
\ \P/ 3 LL%_/\O/N\S/ ?—&/\O
" NPon
) OO0, O , -CH=CD-Z, -CD=CH-Z, -CD=CD-Z, —

(CR?'R*),-Z, or —(C2-Cs alkenylene)-Z and R? is H; or R? and R* together form a 3- to 7-
membered carbocyclic ring substituted with —-(CR?'R??),-Z or —(C»-Cs alkenylene)-Z; n is 1,
2,3, or 4; Z is -ONR*R**, —OP(O)OH(CH2)nCO2R?*, —OP(S)OH(CH>)mCO,R*, —
P(O)(OH)», -P(O)(OH)(OCHj3), -P(0)(OH)(OCD3), —~SO2(CH2)mP(0)(OH)2, ~SO,NR*R%,
—NR?R?*, -NR*SO,R?*; either R*! and R?? are independently hydrogen or C;-Cg alkyl, or
R?! and R? together form an oxo group; R? is hydrogen or C;-Cs alkyl; R** is ~SO2R? or —
C(O)R?; or R* and R** together with the nitrogen to which they are attached form a
substituted or unsubstituted heterocyclic ring; R% is C1-Cs alkyl; and mis 1, 2, 3, or 4. In
some embodiments, R! is an aryl. In some embodiments, the aryl is a phenyl.

[0204] In some embodiments, any of the siNA molecules, sense strands, first nucleotide

sequences, antisense strands, or second nucleotide sequences disclosed herein comprise a
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(@) F
5’-stabilized end cap of Formula (Ic): e , wherein R! is a nucleobase, aryl,
heteroaryl, or H,
\ / O
\\ % o\\ 0 H o\\ 0 o, 0
"y NS s \\> o N S N NS Sy
is

O O

(ONpI® HO_ ,S O OH O OCH3 O. 0CDs3
\ 4 N _ N4 NV
‘a{\/ \/P\ OH ‘_%1/\ p\)J\

othe oM

OO O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, ((CR*'R?*),-Z, or —
(C»-Cs alkenylene)-Z and R? is hydrogen; or R? and R* together form a 3- to 7-membered
carbocyclic ring substituted with —(CR?!R??),-Z or —(C,-Cs alkenylene)-Z; nis 1, 2, 3, or 4;
Z is -ONR*R*, —~OP(O)OH(CH2)mCO2R*, ~OP(S)OH(CH2)mCO2R*, —P(O)(OH)s, -
P(O)(OH)(OCH3), -P(0)(OH)(OCD3), —~SO2(CH2)mP(O)(OH)2, ~SO2NR*R*, -NR*R*, or
~NR?*SO,R?**; R?! and R? either are independently hydrogen or Ci-Cs alkyl, or R?! and R*
together form an oxo group; R* is hydrogen or C;-Cs alkyl; R** is ~SO>R* or —C(O)R**; or
R? and R?* together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring; R? is C-Cg alkyl; and m is 1, 2, 3, or 4. In some
embodiments, R! is an aryl. In some embodiments, the aryl is a phenyl.
[0205] In some embodiments, any of the siNA molecules, sense strands, first nucleotide

sequences, antisense strands, or second nucleotide sequences disclosed herein comprise a

O  OCHs
5’-stabilized end cap of Formula (ITa): - , wherein R! is a nucleobase, aryl,
RY 0
o g, M9 Yk/ o y/K/
O /
heteroaryl, or H, R? is /\; , HO
10
o HoP F‘\ 0 R1sQ

Ho ! YK/ }_/ ' SRt
> '

 _CH,SO,NHCH:, or  R'2+" R%is—
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SO>CH3 or -COCH3, ™ ~ ~ is a double or single bond, R' = -CH,PO3H or -NHCH3, R!! is
—CH>— or —-CO-—, and R'? is H and R'? is CH3 or R'? and R'? together form -CH>CH>CH-.
In some embodiments, R is an aryl. In some embodiments, the aryl is a phenyl.

[0206] In some embodiments, any of the siNA molecules, sense strands, first nucleotide

sequences, antisense strands, or second nucleotide sequences disclosed herein comprise a

R2 O

8
N

O OCD,
5’-stabilized end cap of Formula (IIb): o , wherein R! is a nucleobase, aryl,

RQ

| 0 IOPI D 9 H
1l ~ -~
HN _ HO i \=—= HO i1 \=—=
o HO- P\ HOW HOW
heteroaryl, or H, R? is /\;, HO\/\’;, D 5 D ,
10

o) HO, 8 Fj‘s//o R 38,2 o

Il D
_ HO P 2 :
H%O’W Ve \0_}{ © \—>/ N-R'"
H , © : ., —CH>SO>NHCHj3, or

R12,>~" R%is —

SOCH3 or -COCH3, ~ ~ ~ is a double or single bond, R' = -CH,PO3H or -NHCH3, R!! is
—CHa- or -CO—, and R'?is H and R"? is CH3 or R'?> and R"? together form —CH>CH>CH>—.
In some embodiments, R! is an aryl. In some embodiments, the aryl is a phenyl.

[0207] In some embodiments, any of the siNA molecules, sense strands, first nucleotide

sequences, antisense strands, or second nucleotide sequences disclosed herein comprise a

O OCHs
5’-stabilized end cap of Formula (III): . , wherein R! is a nucleobase, aryl,

heteroaryl, or H, L is -CH;—, -CH=CH-, -CO-, or -CH2CH>—, and A is -ONHCOCH3, —
ONHSO:CH3, -PO3H, -OP(SOH)CH2CO:H, —SO,CH,POsH, -SO.NHCH3, -NHSO,CH3,
or —-N(SO>CH>CH,CH>). In some embodiments, R is an aryl. In some embodiments, the
aryl is a phenyl.

[0208] In some embodiments, any of the siNA molecules, sense strands, first nucleotide
sequences, antisense strands, or second nucleotide sequences disclosed herein comprise a
5’-stabilized end cap selected from Examples 5-11, 33-35, 38, 39, 43, and 49-53 5’ end cap

monomers.
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[0209] Further disclosed herein are siNA molecules comprising (a) a 5’-stabilized end

RZ2 o

R1
RZO\\U
O  OCH;

cap of Formula (Ia): , wherein R! is a nucleobase, aryl, heteroaryl, or H;

Oy ,o R P o\\ ,/o H O ,o o} ,o

AR TN
X 'S Pl e i ae's

0,0 (.P?_OH HO, ,/\s)?\ 0, OH 0. OCHs 0, ,OCD;
“gl/\/ ~ \ LLAL/\O OH EL/\/P\OH \%‘/\/ P\OH ‘%/\/P\OH
/\ -

, O O, O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, —(CR*'R*?),-Z, or —

(C»-Cg alkenylene)-Z and R is H; or R? and R* together form a 3- to 7-membered
carbocyclic ring substituted with —(CR?!R??),-Z or — (C»-Cs alkenylene)-Z; nis 1, 2, 3, or 4;
Z is -ONR?R**, ~OP(O)OH(CH2)mCO2R?*, —OP(S)OH(CH2)mCO>R?*, -P(O)(OH),, -
P(O)(OH)(OCH3), -P(0)(OH)(OCD3), —~SO2(CH2)mP(O)(OH)2, —~SO,NR*R?*, -NR*R*, —
NR?*SO,R?*; either R?! and R?? are independently hydrogen or C;-Ce alkyl, or R*! and R*
together form an oxo group; R* is hydrogen or C;-Cs alkyl; R** is ~SO>R* or —C(O)R**; or

23 and R?* together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring; R% is C1-Cs alkyl; and m is 1, 2, 3, or 4; and (b) a short
interfering nucleic acid (siNA), wherein the 5’-stabilized end cap is conjugated to the siNA.
In some embodiments, R is an aryl. In some embodiments, the aryl is a phenyl.

[0210] Further disclosed herein are siNA molecules comprising (a) a 5’-stabilized end

R1
RQO\\U
O OCD;
cap of Formula (Ib): , wherein R! is a nucleobase, aryl, heteroaryl, or H; R?
\\ Z \\ // 0 O\\ //O H O\\ //o O\\ //O
LA N@ oS O Y Sy
is o o | H H
O\\ 0 || \)J\ O, ,OH O. ,OCH; O. ,0CD;
NS \ OH NPy Py Py
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othe oty
O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, ~(CR*'R*),-Z, or —

(C»-Cs alkenylene)-Z and R* is H; or R? and R? together form a 3- to 7-membered
carbocyclic ring substituted with —(CR?*'R??),-Z or — (C2-Cs alkenylene)-Z; nis 1, 2, 3, or 4;
Z is -ONR?R**, ~OP(O)OH(CH2)mCO2R?*, —OP(S)OH(CH2)mCO>R?*, -P(O)(OH),, -
P(O)(OH)(OCH3), -P(O)(OH)(OCD3), ~SO2(CH2)mP(0)(OH)2, ~SONR*R?, -NR*R*, —
NR?*SO,R?*; either R?! and R** are independently hydrogen or Ci-Cs alkyl, or R?! and R*
together form an oxo group; R? is hydrogen or C;-Cs alkyl; R** is ~SO>R% or —C(O)R?’; or

23 and R?* together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring; R% is C1-Cs alkyl; and m is 1, 2, 3, or 4; and (b) a short
interfering nucleic acid (siNA), wherein the 5’-stabilized end cap is conjugated to the siNA.
In some embodiments, R! is an aryl. In some embodiments, the aryl is a phenyl.

[0211] Further disclosed herein are siNA molecules comprising (a) a 5’-stabilized end

RZO\‘U
o F
cap of Formula (Ic) el wherein R! is a nucleobase, aryl, heteroaryl, or H, R?
\ // \\ // O\\ //O H O\\ //O O\\ //o
‘Li/\ '\\l\> ‘?71 N \ ‘%L // \\ \ %H/\/S\H/ ‘1&/\/8\”/
is

O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, ~(CR*'R*),-Z, or —
(C2-Cs alkenylene)-Z and R% is hydrogen; or R? and R* together form a 3- to 7-membered
carbocyclic ring substituted with —(CR?!R??),-Z or —(C,-Cg alkenylene)-Z; nis 1, 2, 3, or 4;
Z is —-ONR?*R**, ~OP(0)OH(CH2)mCO2R?*, —OP(S)OH(CH2)mCO2R?*, —P(O)(OH)», -
P(O)(OH)(OCH3), -P(0)(OH)(OCD3), —~SO2(CH2)mP(O)(OH)2, ~SO2NR*R*, -NR*R*, or
~NR?*SO,R?**; R?! and R? either are independently hydrogen or Ci-Cs alkyl, or R?! and R*
together form an oxo group; R? is hydrogen or Ci-Cg alkyl; R** is ~SO2R* or —-C(O)R**; or
R?? and R?* together with the nitrogen to which they are attached form a substituted or

unsubstituted heterocyclic ring; R% is C1-Cs alkyl; and m is 1, 2, 3, or 4; and (b) a short
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interfering nucleic acid (siNA), wherein the 5’-stabilized end cap is conjugated to the siNA.
In some embodiments, R! is an aryl. In some embodiments, the aryl is a phenyl.

[0212] In some embodiments, a siNA molecule comprises (a) a 5’-stabilized end cap of

O  OCHs
Formula (IIa): - , wherein R! is a nucleobase, aryl, heteroaryl, or H, R?is
e 0 ? D (uF?) H HO\ /,
oy Wiy BT RO vk/
oY "o D D
R'0 0
» O R13/
.S~ ~g=0
o* S=

== N R11
,~CH,SO:NHCHz, or 2> R is ~SO,CH; or ~COCH, wherein ™~ - is

a double or single bond, R!% = _CH,POsH or -NHCH3, R'! is -CH>— or -CO—, and R'?is H
and R'? is CH3 or R'? and R"® together form -CH>CH>CH,—; and (b) a short interfering
nucleic acid (siNA), wherein the 5’-stabilized end cap is conjugated to the siNA. In some
embodiments, R! is an aryl. In some embodiments, the aryl is a phenyl.

[0213] In some embodiments, a siNA molecule comprises (a) a 5’-stabilized end cap of

O OCD;
Formula (IIb): , wherein R' is a nucleobase, aryl, heteroaryl, or H, R?is
(|P? H HO\ //
A wod v\; YK/ WY "% YK/
D b
R'0 0
\ /O R13/

.S~ ~g=0

o* S=

— ‘N—-R'
. ~CH:SO,NHCH3,or R ~ , R% is =SO>CH3 or -COCH3, wherein ™~ = is

a double or single bond, R!" = _CH,POsH or -NHCH3, R'! is -CH>— or -CO—, and R'?is H
and R'? is CH3 or R'? and R"® together form -CH>CH>CH,—; and (b) a short interfering
nucleic acid (siNA), wherein the 5’-stabilized end cap is conjugated to the siNA. In some

embodiments, R! is an aryl. In some embodiments, the aryl is a phenyl.
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[0214] In some embodiments, a siNA molecule comprises (a) a 5’-stabilized end cap of

O\\ ,/OC Hs
Formula (III): - , wherein R! is a nucleobase, aryl, heteroaryl, or H, L is —

CH;—-, -CH=CH-, -CO-, or -CH2CH>—, and A is -ONHCOCH3, -ONHSO:CH3, -POsH, —
OP(SOH)CH2CO:2H, —-SO>CH2POsH, -SO.NHCH3, -NHSO>CH3, or -N(SO2CH.CH>CH>);
and (b) a short interfering nucleic acid (siNA), wherein the 5’-stabilized end cap is
conjugated to the siNA. In some embodiments, R! is an aryl. In some embodiments, the aryl
is phenyl.

[0215] In some embodiments, any of the siNA molecules disclosed herein comprise a
5’-stabilized end cap selected from the group consisting of Formula (1) to Formula (15),

Formula (9X) to Formula (12X), and Formula (9Y) to Formula (12Y):

O 00O
\”S//\N O R \\S//o \\/ J\QA \\ R!
ST Sy 5T
O  OCHj3 d “OCH o ‘ocH O OCH,
> > o >
Formula (1) Formula (2) Formula (3) Formula (4)
HO~p
/S\/\Q; :\S//\/\Q/ Pﬂ,/ //S/\@/W
1 “ocH o\ ‘OCHs o‘; ‘OCHs
» R &
Formula (5) Formula (6) Formula (7)
2 0 0 DsCO. /O
Ho O gL O LRt MO _~ONaR! MO 7 o~ ONaRT TR A ONSR!
O/\Q, " \/\QA H | - HG \/\Q’
© O  OCH, o\ OCH, o\ OCH, o OcH,
R Ry R U
Formula (8) Formula (9) Formula (9X) Formula (9Y)
D D D
/O /O D ~ ’/O
HO-2_L_o__r! H3CO\IP%©4R1 5CO PMR‘
HO HO HO
D .+ - D & = D & -
o OCHs o‘\ OCHjs o\ OCH3
R RY R
Formula (10) Formula (10X) Formula (10Y)
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H
HO. /O HaCO- D3CO-
12 O LR 3 O s m
Ho B K

D & = S “ S -
o  OcH d ’o O  OCHs;
e b b
Formula (11) Formula (11X) Formula (11Y)
HO. M 3CO m D300 //
o  ocH " ocH " ook
N A J\w
Formula (12) Formula (12X) Formula (12Y)
HO. O o
/P R' H o 1 N o) 1
R Gl e e e
d b CH 3 00 \\5 ",/ (@] \\f ",/
p Q OCH;4 Q OCH,4
& 5
Formula (13) Formula (14) Formula (15) . wherein R' is a

nucleobase, aryl, heteroaryl, or H. In some embodiments, R'is an aryl. In some
embodiments, the aryl is a phenyl.

[0216] In some embodiments, any of the siNA molecules disclosed herein comprise a
5’-stabilized end cap selected from the group consisting of Formulas (1A)-(15A), Formulas
(9B)-(12B), Formulas (9AX)-(12AX), Formulas (9AY)-(12AY), Formulas (9BX)-(12BX),
and Formulas (9BY)-(12BY):

g o N 0 \\é/O o) 0 _§! o N o O o) )
N N N ~ SA<_\/,
Ho oM Ho L N
o‘; OCH3 o‘; OCH; O  OCHs o‘; OCH3
e e hY e
Formula (1A) Formula (2A) Formula (3A) Formula (4A)
e} 0O e}
ﬂ NH ﬂ NH 0 ﬂ NH
o, 0 NS 00 N, HO- P—_ 0 N
°s% oy ©° ¢ °J ©° wg s oy ©
S Aau
o‘;‘ OCH, 0  OCH; o‘; OCH,
o R e
Formula (5A) Formula (6A) Formula (7A)
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Formula (8A) Formula (9A) Formula (9AX) Formula (9AY)
Ho. O o H3CO DsCO.
Sl ”Q
HO \/
o) OCH, o ‘ocH o  ocH
> }J«J }w
Formula (9B) Formula (9BX) Formula (9BY)
D D D
O 0 0
HO\P%(i? H300\P%%<i?7 D3CO\P/ P
/ / /
HO HO HO
D < ',// D \\\¢ 3 D < "
d\ OCHj; O\ OCH; o) OCH,
» o »
Formula (10A) Formula (10AX) Formula (10AY)
To, oo T e g oo
& 5 5
Formula (10B) Formula (10BX) Formula (10BY)
O H
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[0217] In some embodiments, any of the siNA molecules disclosed herein comprise a

5’-stabilized end cap selected from the group consisting of Formula (21) to Formula (35):

\//() O 1 \\// \\/
O H </l

& - Jw po
Formula (21) Formula (22) Formula (23) Formula (24)
?
HO~
O\\S//O 'e) R O\\S//O o) R HO/Pﬂ 0 [e) R
H,\ll/ \/\Q‘ H,\ll/ \/\Q‘ O// \/\Q‘
C)\; ’/F ()\;‘ ’/F ()\;‘ ’/F
hY & &
Formula (25) Formula (26) Formula (27)
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, wherein R! is a nucleobase, aryl,
heteroaryl, or H. In some embodiments, R!is an aryl. In some embodiments, the aryl is a
phenyl.
[0218]
5’-stabilized end cap selected from the group consisting of Formulas (21A)-(35A),
Formulas (29B)-(32B), Formulas (29AX)-(32AX), Formulas (29AY)-(32AY), Formulas
(29BX)-(32BX), and Formulas (29BY)-(32BY):

In some embodiments, any of the siNA molecules disclosed herein comprise a
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[0219] In some embodiments, the 5’-stabilized end cap is attached to the 5’ end of the
antisense strand. In some embodiments, the 5’-stabilized end cap is attached to the 5° end of
the antisense strand via 1, 2, 3, 4, or 5 or more linkers. In some embodiments, the one or
more linkers are independently selected from the group consisting of a phosphodiester (p or
po) linker, phosphorothioate (ps) linker (ps), phosphoramidite (HEG) linker, triethylene
glycol (TEG) linker, and/or phosphorodithioate linker. In some embodiments, the one or
more linkers are independently selected from the group consisting of p-(PS)2, (PS)2-p-
TEG-p, (PS)2-p-HEG-p, and (PS)2-p-(HEG-p)2.

Linker

[0220] In some embodiments, any of the siRNAs, sense strands, first nucleotide
sequences, antisense strands, and/or second nucleotide sequences disclosed herein comprise
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or more
internucleoside linkers. In some embodiments, 1, 2, 3,4, 5,6, 7, 8,9, 10 or more
internucleoside linkers are independently selected from the group consisting of a
phosphodiester (p or po) linker, phosphorothioate (ps) linker, or phosphorodithioate linker.
[0221] In some embodiments, any of the siRNAs, sense strands, first nucleotide

sequences, antisense strands, and/or second nucleotide sequences disclosed herein further

115



comprise 1, 2, 3, 4 or more linkers that attach a conjugated moiety, phosphorylation
blocker, and/or 5° end cap to the siRNA, sense strand, first nucleotide sequence, antisense
strand, and/or second nucleotide sequences. In some embodiments, the 1, 2, 3, 4 or more
linkers are independently selected from the group consisting of a phosphodiester (p or po)
linker, phosphorothioate (ps) linker, phosphoramidite (HEG) linker, triethylene glycol
(TEG) linker, and/or phosphorodithioate linker. In some embodiments, the one or more
linkers are independently selected from the group consisting of p-(PS)2, (PS)2-p-TEG-p,
(PS)2-p-HEG-p, and (PS)2-p-(HEG-p)2.

Target Gene

[0222] Without wishing to be bound by theory, upon entry into a cell, any of the ds-
siNA molecules disclosed herein may interact with proteins in the cell to form a RNA-
Induced Silencing Complex (RISC). Once the ds-siNA is part of the RISC, the ds-siNA may
be unwound to form a single-stranded siNA (ss-siNA). The ss-siNA may comprise the
antisense strand of the ds-siNA. The antisense strand may bind to a complementary
messenger RNA (mRNA), which results in silencing of the gene that encodes the mRNA.
[0223] The target gene may be any gene in a cell. In some embodiments, the target gene
is a viral gene. In some embodiments, the viral gene is from a DNA virus. In some
embodiments, the DNA virus is a double-stranded DNA (dsDNA) virus. In some
embodiments, the dSDNA virus is a hepadnavirus. In some embodiments, the hepadnavirus
is a hepatitis B virus (HBV). In some embodiments, the HBV is selected from HBV
genotypes A-J.

[0224] In some embodiments, the target gene is selected from the S gene or X gene of
the HBV. In some embodiments, the HBV has a genome sequence shown in the nucleotide
sequence of SEQ ID NO: 410, which corresponds to the nucleotide sequence of GenBank
Accession No. U95551.1, which is incorporated by reference in its entirety.

[0225] An exemplary HBV genome sequence is shown in SEQ ID NO: 45596,
corresponding to Genbank Accession No. KC315400.1, which is incorporated by reference
in its entirety. Nucleotides 2307..3215,1..1623 of SEQ ID NO: 445-596 correspond to the
polymerase/RT gene sequence, which encodes for the polymerase protein. Nucleotides
2848..3215,1..835 of SEQ ID NO: 445-596 correspond to the PreS1/S2/S gene sequence,
which encodes for the large S protein. Nucleotides 3205..3215,1..835 of SEQ ID NO: 45
596 correspond to the PreS2/S gene sequence, which encodes for the middle S protein.

Nucleotides 155..835 of SEQ ID NO: 445-596 correspond to the S gene sequence, which
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encodes the small S protein. Nucleotides 1374..1838 of SEQ ID NO: 4+5-596 correspond to
the X gene sequence, which encodes the X protein. Nucleotides 1814..2452 of SEQ ID NO:
4145-596 correspond to the PreC/C gene sequence, which encodes the precore/core protein.
Nucleotides 1901..2452 of SEQ ID NO: 445-596 correspond to the C gene sequence, which
encodes the core protein. The HBV genome further comprises viral regulatory elements,
such as viral promoters (preS2, preS1, Core, and X) and enhancer elements (ENH1 and
ENH?2). Nucleotides 1624..1771 of SEQ ID NO: 445-596 correspond to ENH2. Nucleotides
1742..1849 of SEQ ID NO: 445-596 correspond to the Core promoter. Nucleotides
1818...3215,1..1930 of SEQ ID NO: 45-596 correspond to the pregenomic RNA (pgRNA),
which encodes the core and polymerase proteins.

[0226] In some embodiments, the ASO is at least about 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% complementary or hybridizes to a viral target RNA sequence that
begins in an X region of HBV or in an S region of HBV. The viral target may, e.g., begin at
the 5'-end of target-site in acc. KC315400.1 (genotype B, “gt B”), or in any one of
genotypes A, C, or D. The skilled person would understand the HBV position, e.g., as
described in Wing-Kin Sung, et al., Nature Genetics 44:765 (2012). In some embodiments,
the S region is defined as from the beginning of small S protein (in genotype B KC315400.1
isolate, position #155) to before beginning of X protein (in genotype B KC315400.1 isolate,
position #1373). In some embodiments, the X region is defined as from the beginning X
protein (in genotype B KC315400.1 isolate, position #1374) to end of DR2 site (in genotype
B KC315400.1 isolate, position #1603).

[0227] In some embodiments, the second nucleotide sequence is at least about 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to 15 to 30, 15 to 25, 15
to 23, 15t0 22, 15to 21, 17 to 25, 17 to 23, 17 to 22, 17 to 21, or 19 to 21 nucleotides
within positions 200-720 or 1100-1700 of SEQ ID NO: 410. In some embodiments, the
second nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
or 100% complementary to 15 to 30, 15 to 25, 15 to 23, 15 to 22, 15 to 21, 17 to 25, 17 to
23,17 t0 22, 17 to 21, or 19 to 21 nucleotides within positions 200-280, 300-445, 460-510,
650-720, 1170-1220, 1250-1300, or 1550-1630 of SEQ ID NO: 410. In some embodiments,
the second nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 100% complementary to 15 to 30, 15 to 25, 15 to 23, 15 to 22, 15 to 21, 17 to 25,
17 to 23, 17 to 22, 17 to 21, or 19 to 21 nucleotides within positions 200-230, 250-280, 300-
330, 370-400, 405-445, 460-500, 670-700, 1180-1210, 1260-1295, 1520-1550, or 1570-

117



1610 of SEQ ID NO: 410. In some embodiments, the second nucleotide sequence is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary to 15 to 30,
15t025,15t023,15t022,15t021,17t0 25,17 t0 23,17 t0 22,17 to 21, or 19 to 21
nucleotides starting at position 203, 206, 254, 305, 375, 409, 412, 415, 416, 419, 462, 466,
467, 674, 676, 1182, 1262, 1263, 1268, 1526, 1577, 1578, 1580, 1581, 1583, or 1584 of
SEQ ID NO: 410.

[0228] In some embodiments, the first nucleotide is at least about 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 100% identical to a nucleotide region within SEQ ID NO:
410, with the exception that the thymines (Ts) in SEQ ID NO: 410 are replaced with uracil
(U). In some embodiments, the first nucleotide sequence is at least about 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 100% identical to 15 to 30, 15 to 25, 15 to 23, 15 to 22, 15
to 21, 17 to 25, 17 to 23, 17 to 22, 17 to 21, or 19 to 21 nucleotides within positions 200-
720 or 1100-1700 of SEQ ID NO: 410. In some embodiments, the first nucleotide sequence
is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to 15 to
30, 15t0 25, 15t0 23, 15t0 22, 15t0 21, 17 to 25, 17 to 23, 17 to 22, 17 to 21, or 19 to 21
nucleotides within positions 200-280, 300-445, 460-510, 650-720, 1170-1220, 1250-1300,
or 1550-1630 of SEQ ID NO: 410. In some embodiments, the first nucleotide sequence is at
least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to 15 to 30, 15
to 25, 15t0 23, 15t0 22, 15t0 21, 17 to 25, 17 to 23, 17 to 22, 17 to 21, or 19 to 21
nucleotides within positions 200-230, 250-280, 300-330, 370-400, 405-445, 460-500, 670-
700, 1180-1210, 1260-1295, 1520-1550, or 1570-1610 of SEQ ID NO: 410. In some
embodiments, the first nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% identical to 15 to 30, 15 to 25, 15 to 23, 15 to 22, 15 to 21, 17 to
25,17 t0 23, 17 to 22, 17 to 21, or 19 to 21 nucleotides starting at position 203, 206, 254,
305, 375, 409, 412, 415, 416, 419, 462, 466, 467, 674, 676, 1182, 1262, 1263, 1268, 1526,
1577, 1578, 1580, 1581, 1583, or 1584 of SEQ ID NO: 410.

[0229] In some embodiments, the target gene is involved in liver metabolism. In some
embodiments, the target gene is an inhibitor of the electron transport chain. In some
embodiments, the target gene encodes the MCJ protein (MCJ/DnaJC15 or Methylation-
Controlled J protein). In some embodiments, the MCJ protein is encoded by the mRNA
sequence of SEQ ID NO: 411, which corresponds to the nucleotide sequence of GenBank
Accession No. NM_013238.3, which is incorporated by reference in its entirety.
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[0230] In some embodiments, the target gene is TAZ. In some embodiments, TAZ
comprises the nucleotide sequence of SEQ ID NO: 412, which corresponds to the
nucleotide sequence of GenBank Accession No. NM_000116.5, which is incorporated by
reference in its entirety.

[0231] In some embodiments, the target gene is angiopoietin like 3 (ANGPTL3). In
some embodiments, ANGPTL3 comprises the nucleotide sequence of SEQ ID NO: 413,
which corresponds to the nucleotide sequence of GenBank Accession No. NM_014495 .4,
which is incorporated by reference in its entirety.

[0232] In some embodiments, the target gene is diacylglycerol acyltransferase 2
(DGAT?2). In some embodiments, DGAT2 comprises the nucleotide sequence of SEQ ID
NO: 414, which corresponds to the nucleotide sequence of GenBank Accession No.
NM_001253891.1, which is incorporated by reference in its entirety.

Compositions

[0233] As indicated above, the present disclosure provides compositions comprising
any of the siNA molecules, sense strands, antisense strands, first nucleotide sequences, or
second nucleotide sequences described herein. The compositions may comprise 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12 or more siNA molecules described herein. The compositions may
comprise a first nucleotide sequence comprising a nucleotide sequence of any one SEQ ID
NOs: 1-56, 103-158, and 205-260. In some embodiments, the composition comprises a
second nucleotide sequence comprising a nucleotide sequence of any one of SEQ ID NOs:
57-102, 159-204, and 261-306. In some embodiments, the composition comprises a sense
strand comprising a nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-444.
In some embodiments, the composition comprises an antisense strand comprising a
nucleotide sequence of any one of SEQ ID NOs: 363-409, 445-533, and 536-539.

[0234] Alternatively, the compositions may comprise (a) a phosphorylation blocker; and
(b) a short interfering nucleic acid (siNA). In some embodiments, the phosphorylation
blocker is any of the phosphorylation blockers disclosed herein. In some embodiments, the
siNA is any of the siNAs disclosed herein. In some embodiments, the siNA comprises any
of the sense strands, antisense strands, first nucleotide sequences, or second nucleotide
sequences described herein. In some embodiments, the siNA comprises any of the sense
strands, antisense strands, first nucleotide sequences, or second nucleotide sequences
described herein. In some embodiments, the siNA comprises one or more modified

nucleotides. In some embodiments, the one or more modified nucleotides are independently
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selected from a 2’-fluoro nucleotide and a 2’-O-methyl nucleotide. In some embodiments,
the 2’-fluoro nucleotide or the 2’-O-methyl nucleotide is independently selected from any of
the 2’-fluoro or 2’-0O-methyl nucleotide mimics disclosed herein. In some embodiments, the
siNA comprises a nucleotide sequence comprising any of the modification patterns
disclosed herein.

[0235] In some embodiments, the composition comprises (a) a conjugated moiety; and
(b) a short interfering nucleic acid (siNA). In some embodiments, the conjugated moiety is
any of the galactosamines disclosed herein. In some embodiments, the siNA is any of the
siNAs disclosed herein. In some embodiments, the siNA comprises any of the sense strands,
antisense strands, first nucleotide sequences, or second nucleotide sequences described
herein. In some embodiments, the siNA comprises any of the sense strands, antisense
strands, first nucleotide sequences, or second nucleotide sequences described herein. In
some embodiments, the siNA comprises one or more modified nucleotides. In some
embodiments, the one or more modified nucleotides are independently selected from a 2’-
fluoro nucleotide and a 2’-O-methyl nucleotide. In some embodiments, the 2’-fluoro
nucleotide or the 2’-O-methyl nucleotide is independently selected from any of the 2’-fluoro
or 2’-O-methyl nucleotide mimics disclosed herein. In some embodiments, the siNA
comprises a nucleotide sequence comprising any of the modification patterns disclosed
herein.

[0236] In some embodiments, the composition comprises (a) a 5’-stabilized end cap;
and (b) a short interfering nucleic acid (siNA). In some embodiments, the 5’-stabilized end
cap is any of the 5-stabilized end caps disclosed herein. In some embodiments, the siNA is
any of the siNAs disclosed herein. In some embodiments, the siNA comprises any of the
sense strands, antisense strands, first nucleotide sequences, or second nucleotide sequences
described herein. In some embodiments, the siNA comprises one or more modified
nucleotides. In some embodiments, the one or more modified nucleotides are independently
selected from a 2’-fluoro nucleotide and a 2’-O-methyl nucleotide. In some embodiments,
the 2’-fluoro nucleotide or the 2’-O-methyl nucleotide is independently selected from any of
the 2’-fluoro or 2’-0O-methyl nucleotide mimics disclosed herein. In some embodiments, the
siNA comprises a nucleotide sequence comprising any of the modification patterns
disclosed herein.

[0237] In some embodiments, the composition comprises (a) at least one

phosphorylation blocker, conjugated moiety, or 5’-stabilized end cap; and (b) a short
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interfering nucleic acid (siNA). In some embodiments, the phosphorylation blocker is any
of the phosphorylation blockers disclosed herein. In some embodiments, the conjugated
moiety is any of the galactosamines disclosed herein. In some embodiments, the 5’-
stabilized end cap is any of the 5-stabilized end caps disclosed herein. In some
embodiments, the siNA is any of the siNAs disclosed herein. In some embodiments, the
siNA comprises any of the sense strands, antisense strands, first nucleotide sequences, or
second nucleotide sequences described herein. In some embodiments, the siNA comprises
one or more modified nucleotides. In some embodiments, the one or more modified
nucleotides are independently selected from a 2’-fluoro nucleotide and a 2’-O-methyl
nucleotide. In some embodiments, the 2’-fluoro nucleotide or the 2’-O-methyl nucleotide is
independently selected from any of the 2’-fluoro or 2’-O-methyl nucleotide mimics
disclosed herein. In some embodiments, the siNA comprises a nucleotide sequence
comprising any of the modification patterns disclosed herein.

[0238] The composition may be a pharmaceutical composition. In some embodiments,
the pharmaceutical composition comprises an amount of one or more of the siNA molecules
described herein formulated with one or more pharmaceutically acceptable carriers
(additives) and/or diluents. The pharmaceutical compositions may be specially formulated
for administration in solid or liquid form, including those adapted for the following: (1) oral
administration, for example, drenches (aqueous or non-aqueous solutions or suspensions),
tablets, e.g., those targeted for buccal, sublingual, and systemic absorption, boluses,
powders, granules, pastes for application to the tongue; (2) parenteral administration, for
example, by subcutaneous, intramuscular, intravenous or epidural injection as, for example,
a sterile solution or suspension, or sustained-release formulation; (3) topical application, for
example, as a cream, ointment, or a controlled-release patch or spray applied to the skin; (4)
intravaginally or intrarectally, for example, as a pessary, cream or foam; (5) sublingually;
(6) ocularly; (7) transdermally; or (8) nasally.

[0239] The phrase “therapeutically-effective amount” as used herein means that amount
of a compound, material, or composition comprising a siNA of the present disclosure which
is effective for producing some desired therapeutic effect in at least a sub-population of
cells in an animal at a reasonable benefit/risk ratio applicable to any medical treatment.
[0240] The phrase “pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of human beings and
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animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

[0241] Wetting agents, emulsifiers and lubricants, such as sodium laury] sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
compositions.

[0242] Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric
acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and
the like.

[0243] Formulations of the present disclosure include those suitable for oral, nasal,
topical (including buccal and sublingual), rectal, vaginal and/or parenteral administration.
The formulations may conveniently be presented in unit dosage form and may be prepared
by any methods well known in the art of pharmacy. The amount of active ingredient which
can be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, the particular mode of administration. The amount
of active ingredient which can be combined with a carrier material to produce a single
dosage form will generally be that amount of the compound (e.g., siNA molecule) which
produces a therapeutic effect. Generally, out of one hundred percent, this amount will range
from about 0.1 percent to about ninety-nine percent of active ingredient, preferably from
about 5 percent to about 70 percent, most preferably from about 10 percent to about 30
percent.

[0244] In certain embodiments, a formulation of the present disclosure comprises an
excipient selected from the group consisting of cyclodextrins, celluloses, liposomes, micelle
forming agents, e.g., bile acids, and polymeric carriers, e.g., polyesters and polyanhydrides;
and a compound (e.g., siNA molecule) of the present disclosure. In certain embodiments, an
aforementioned formulation renders orally bioavailable a compound (e.g., siNA molecule)
of the present disclosure.

[0245] Methods of preparing these formulations or compositions include the step of

bringing into association a compound (e.g., siNA molecule) of the present disclosure with
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the carrier and, optionally, one or more accessory ingredients. In general, the formulations
are prepared by uniformly and intimately bringing into association a compound (e.g., sINA
molecule) of the present disclosure with liquid carriers, or finely divided solid carriers, or
both, and then, if necessary, shaping the product.

[0246] Formulations of the disclosure suitable for oral administration may be in the
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose
and acacia or tragacanth), powders, granules, or as a solution or a suspension in an aqueous
or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or
syrup, or as pastilles (using an inert base, such as gelatin and glycerin, or sucrose and
acacia) and/or as mouth washes and the like, each containing a predetermined amount of a
compound (e.g., siNA molecule) of the present disclosure as an active ingredient. A
compound (e.g., siNA molecule) of the present disclosure may also be administered as a
bolus, electuary or paste.

[0247] In solid dosage forms of the disclosure for oral administration (capsules, tablets,
pills, dragees, powders, granules, trouches and the like), the active ingredient is mixed with
one or more pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium
phosphate, and/or any of the following: (1) fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5)
solution retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary
ammonium compounds and surfactants, such as poloxamer and sodium lauryl sulfate; (7)
wetting agents, such as, for example, cetyl alcohol, glycerol monostearate, and non-ionic
surfactants; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, zinc
stearate, sodium stearate, stearic acid, and mixtures thereof; (10) coloring agents; and (11)
controlled release agents such as crospovidone or ethyl cellulose.

[0248] In the case of capsules, tablets and pills, the pharmaceutical compositions may
also comprise buffering agents. Solid compositions of a similar type may also be employed
as fillers in soft and hard-shelled gelatin capsules using such excipients as lactose or milk

sugars, as well as high molecular weight polyethylene glycols and the like.
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[0249] A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant
(for example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose),
surface-active or dispersing agent. Molded tablets may be made by molding in a suitable
machine a mixture of the powdered compound moistened with an inert liquid diluent.
[0250] The tablets, and other solid dosage forms of the pharmaceutical compositions of
the present disclosure, such as dragees, capsules, pills and granules, may optionally be
scored or prepared with coatings and shells, such as enteric coatings and other coatings well
known in the pharmaceutical-formulating art. They may also be formulated so as to provide
slow or controlled release of the active ingredient therein using, for example,
hydroxypropylmethyl cellulose in varying proportions to provide the desired release profile,
other polymer matrices, liposomes and/or microspheres. They may be formulated for rapid
release, e.g., freeze-dried.

[0251] They may be sterilized by, for example, filtration through a bacteria-retaining
filter, or by incorporating sterilizing agents in the form of sterile solid compositions which
can be dissolved in sterile water, or some other sterile injectable medium immediately
before use. These compositions may also optionally contain opacifying agents and may be
of a composition that they release the active ingredient(s) only, or preferentially, in a certain
portion of the gastrointestinal tract, optionally, in a delayed manner. Examples of
embedding compositions which can be used include polymeric substances and waxes. The
active ingredient can also be in micro-encapsulated form, if appropriate, with one or more
of the above-described excipients.

[0252] Liquid dosage forms for oral administration of the compounds (e.g., sSiNA
molecules) of the disclosure include pharmaceutically acceptable emulsions,
microemulsions, solutions, suspensions, syrups and elixirs. In addition to the active
ingredient, the liquid dosage forms may contain inert diluents commonly used in the art,
such as, for example, water or other solvents, solubilizing agents and emulsifiers, such as
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, oils (I particular, cottonseed, groundnut,
corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene

glycols and fatty acid esters of sorbitan, and mixtures thereof.
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[0253] Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,
perfuming and preservative agents.

[0254] Suspensions, in addition to the active compounds (e.g., siNA molecules), may
contain suspending agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene
sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite,
agar-agar and tragacanth, and mixtures thereof.

[0255] Formulations of the pharmaceutical compositions of the disclosure for rectal or
vaginal administration may be presented as a suppository, which may be prepared by
mixing one or more compounds (e.g., siNA molecules) of the disclosure with one or more
suitable nonirritating excipients or carriers comprising, for example, cocoa butter,
polyethylene glycol, a suppository wax or a salicylate, and which is solid at room
temperature, but liquid at body temperature and, therefore, will melt in the rectum or
vaginal cavity and release the active compound (e.g., siNA molecule).

[0256] Formulations of the present disclosure which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate.

[0257] Dosage forms for the topical or transdermal administration of a compound (e.g.,
siNA molecule) of this disclosure include powders, sprays, ointments, pastes, creams,
lotions, gels, solutions, patches and inhalants. The active compound (e.g., siNA molecule)
may be mixed under sterile conditions with a pharmaceutically acceptable carrier, and with
any preservatives, buffers, or propellants which may be required.

[0258] The ointments, pastes, creams and gels may contain, in addition to an active
compound (e.g., siNA molecule) of this disclosure, excipients, such as animal and vegetable
fats, oils, waxes, paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols,
silicones, bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

[0259] Powders and sprays can contain, in addition to a compound (e.g., siNA
molecule) of this disclosure, excipients such as lactose, talc, silicic acid, aluminum
hydroxide, calcium silicates and polyamide powder, or mixtures of these substances. Sprays
can additionally contain customary propellants, such as chlorofluorohydrocarbons and
volatile unsubstituted hydrocarbons, such as butane and propane.

[0260] Transdermal patches have the added advantage of providing controlled delivery

of a compound (e.g., siNA molecule) of the present disclosure to the body. Such dosage
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forms can be made by dissolving or dispersing the compound (e.g., siNA molecule) in the
proper medium. Absorption enhancers can also be used to increase the flux of the
compound (e.g., siNA molecule) across the skin. The rate of such flux can be controlled by
either providing a rate controlling membrane or dispersing the compound (e.g., siNA
molecule) in a polymer matrix or gel.

[0261] Ophthalmic formulations, eye ointments, powders, solutions and the like, are
also contemplated as being within the scope of this invention.

[0262] Pharmaceutical compositions of this disclosure suitable for parenteral
administration comprise one or more compounds (e.g., sSiNA molecules) of the disclosure in
combination with one or more pharmaceutically-acceptable sterile isotonic aqueous or
nonaqueous solutions, dispersions, suspensions or emulsions, or sterile powders which may
be reconstituted into sterile injectable solutions or dispersions just prior to use, which may
contain sugars, alcohols, antioxidants, buffers, bacteriostats, solutes which render the
formulation isotonic with the blood of the intended recipient or suspending or thickening
agents.

[0263] Examples of suitable aqueous and nonaqueous carriers which may be employed
in the pharmaceutical compositions of the disclosure include water, ethanol, polyols (such
as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures
thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of coating materials, such as
lecithin, by the maintenance of the required particle size in the case of dispersions, and by
the use of surfactants.

[0264] These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms upon the subject compounds may be ensured by the inclusion of various
antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid,
and the like. It may also be desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition, prolonged absorption of the
injectable pharmaceutical form may be brought about by the inclusion of agents which
delay absorption such as aluminum monostearate and gelatin.

[0265] In some cases, in order to prolong the effect of a drug, it is desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be

accomplished by the use of a liquid suspension of crystalline or amorphous material having
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poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally-administered drug form is accomplished by dissolving
or suspending the drug in an oil vehicle.

[0266] Injectable depot forms are made by forming microencapsule matrices of the
subject compounds (e.g., siNA molecules) in biodegradable polymers such as polylactide-
polyglycolide. Depending on the ratio of drug to polymer, and the nature of the particular
polymer employed, the rate of drug release can be controlled. Examples of other
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
formulations are also prepared by entrapping the drug in liposomes or microemulsions
which are compatible with body tissue.

[0267] When the compounds (e.g., siNA molecules) of the present disclosure are
administered as pharmaceuticals, to humans and animals, they can be given per se or as a
pharmaceutical composition containing, for example, 0.1 to 99% (more preferably, 10 to
30%) of active ingredient in combination with a pharmaceutically acceptable carrier.
Methods of Treatment and Administration

[0268] The siNA molecules of the present disclosure may be used to treat a disease in a
subject in need thereof. In some embodiments, a method of treating a disease in a subject in
need thereof comprises administering to the subject any of the siNA molecules disclosed
herein. In some embodiments, a method of treating a disease in a subject in need thereof
comprises administering to the subject any of the compositions disclosed herein.

[0269] The preparations (e.g., siNA molecules or compositions) of the present
disclosure may be given orally, parenterally, topically, or rectally. They are of course given
in forms suitable for each administration route. For example, they are administered in
tablets or capsule form, administration by injection, infusion or inhalation; topical by lotion
or ointment; and rectal by suppositories. Oral administrations are preferred.

[0270] The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid,

intraspinal and intrasternal injection and infusion.
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[0271] The phrases “systemic administration,” “administered systemically,” “peripheral
administration” and “administered peripherally” as used herein mean the administration of a
compound, drug or other material other than directly into the central nervous system, such
that it enters the patient’s system and, thus, is subject to metabolism and other like
processes, for example, subcutaneous administration.

[0272] These compounds may be administered to humans and other animals for therapy
by any suitable route of administration, including orally, nasally, as by, for example, a
spray, rectally, intravaginally, parenterally, intracisternally and topically, as by powders,
ointments or drops, including buccally and sublingually.

[0273] Regardless of the route of administration selected, the compounds (e.g., sSiNA
molecules) of the present disclosure, which may be used in a suitable hydrated form, and/or
the pharmaceutical compositions of the present disclosure, are formulated into
pharmaceutically-acceptable dosage forms by conventional methods known to those of skill
in the art.

[0274] Actual dosage levels of the active ingredients in the pharmaceutical
compositions of this disclosure may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular
patient, composition, and mode of administration, without being toxic to the patient.

[0275] The selected dosage level will depend upon a variety of factors including the
activity of the particular compound (e.g., siNA molecule) of the present disclosure
employed, or the ester, salt or amide thereof, the route of administration, the time of
administration, the rate of excretion or metabolism of the particular compound being
employed, the rate and extent of absorption, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compound employed,
the age, sex, weight, condition, general health and prior medical history of the patient being
treated, and like factors well known in the medical arts.

[0276] A physician or veterinarian having ordinary skill in the art can readily determine
and prescribe the effective amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start doses of the compounds (e.g., siNA
molecules) of the disclosure employed in the pharmaceutical composition at levels lower
than that required in order to achieve the desired therapeutic effect and gradually increase

the dosage until the desired effect is achieved.
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[0277] In general, a suitable daily dose of a compound (e.g., siNA molecule) of the
disclosure is the amount of the compound that is the lowest dose effective to produce a
therapeutic effect. Such an effective dose generally depends upon the factors described
above. Preferably, the compounds are administered at about 0.01 mg/kg to about 200
mg/kg, more preferably at about 0.1 mg/kg to about 100 mg/kg, even more preferably at
about 0.5 mg/kg to about 50 mg/kg. In some embodiments, the compound is administered at
a dose equal to or greater than 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.10, 0.11,
0.12,0.13,0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.20, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26, 0.27,
0.28, 0.29, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, or 1
mg/kg. In some embodiments, the compound is administered at a dose equal to or less than
200, 190, 180, 170, 160, 150, 140, 130, 120, 110, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50,
45, 40, 35, 30, 25, 20, or 15 mg/kg. In some embodiments, the total daily dose of the
compound is equal to or greater than 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170,
175, 180, 185, 190, 195, or 100 mg.

[0278] When the compounds (e.g., siNA molecules) described herein are co-
administered with another, the effective amount may be less than when the compound is
used alone.

[0279] If desired, the effective daily dose of the active compound (e.g., siNA molecule)
may be administered as two, three, four, five, six or more sub-doses administered separately
at appropriate intervals throughout the day, optionally, in unit dosage forms. Preferred
dosing is one administration per day. In some embodiments, the compound is administered
atleast1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 times a week.
In some embodiments, the compound is administered at least 1, 2, 3,4, 5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 times a month. In some embodiments, the
compound is administered once every 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or 21 days. In some embodiments, the compound is administered once every 1,
2,3,4,5,6,7, or 8 weeks.

Diseases

[0280] The siNA molecules and compositions described herein may be administered to
a subject to treat a disease. Further disclosed herein are uses of any of the siNA molecules

or compositions disclosed herein in the manufacture of a medicament for treating a disease.
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[0281] In some embodiments, the disease is a viral disease. In some embodiments, the
viral disease is caused by a DNA virus. In some embodiments, the DNA virus is a double
stranded DNA (dsDNA virus). In some embodiments, the dsDNA virus is a hepadnavirus.
In some embodiments, the hepadnavirus is a hepatitis B virus (HBV).

[0282] In some embodiments, the disease is a liver disease. In some embodiments, the
liver disease is nonalcoholic fatty liver disease (NAFLD). In some embodiments, the
NAFLD is nonalcoholic steatohepatitis (NASH). In some embodiments, the liver disease is
hepatocellular carcinoma (HCC).

Administration of siNA

[0283] Administration of any of the siNAs disclosed herein may be conducted by
methods known in the art. In some embodiments, the siNA is administered by subcutaneous
(SC) or intravenous (IV) delivery. The preparations (e.g., siNAs or compositions) of the
present disclosure may be given orally, parenterally, topically, or rectally. They are of
course given in forms suitable for each administration route. For example, they are
administered in tablets or capsule form, administration by injection, infusion or inhalation;
topical by lotion or ointment; and rectal by suppositories. In some embodiments,
subcutaneous administration is preferred.

[0284] The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid,

intraspinal and intrasternal injection and infusion.
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[0285] The phrases “systemic administration,” “administered systemically,” “peripheral
administration” and “administered peripherally” as used herein mean the administration of a
compound, drug or other material other than directly into the central nervous system, such
that it enters the patient’s system and, thus, is subject to metabolism and other like
processes, for example, subcutaneous administration.

[0286] These compounds may be administered to humans and other animals for therapy
by any suitable route of administration, including orally, nasally, as by, for example, a
spray, rectally, intravaginally, parenterally, intracisternally and topically, as by powders,

ointments or drops, including buccally and sublingually.
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[0287] Regardless of the route of administration selected, the compounds (e.g., siNAs)
of the present disclosure, which may be used in a suitable hydrated form, and/or the
pharmaceutical compositions of the present disclosure, are formulated into
pharmaceutically-acceptable dosage forms by conventional methods known to those of skill
in the art.

[0288] Actual dosage levels of the active ingredients in the pharmaceutical
compositions of this disclosure may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular
patient, composition, and mode of administration, without being toxic to the patient.

[0289] The selected dosage level will depend upon a variety of factors including the
activity of the particular compound (e.g., siNA) of the present disclosure employed, or the
ester, salt or amide thereof, the route of administration, the time of administration, the rate
of excretion or metabolism of the particular compound being employed, the rate and extent
of absorption, the duration of the treatment, other drugs, compounds and/or materials used
in combination with the particular compound employed, the age, sex, weight, condition,
general health and prior medical history of the patient being treated, and like factors well
known in the medical arts.

[0290] A physician or veterinarian having ordinary skill in the art can readily determine
and prescribe the effective amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start doses of the compounds (e.g., siNAs) of
the disclosure employed in the pharmaceutical composition at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the dosage
until the desired effect is achieved.

[0291] In general, a suitable daily dose of a compound (e.g., siNA) of the disclosure is
the amount of the compound that is the lowest dose effective to produce a therapeutic effect.
Such an effective dose generally depends upon the factors described above. Preferably, the
compounds are administered at about 0.01 mg/kg to about 200 mg/kg, more preferably at
about 0.1 mg/kg to about 100 mg/kg, even more preferably at about 0.5 mg/kg to about 50
mg/kg. In some embodiments, the compound is administered at about 1 mg/kg to about 40
mg/kg, about 1 mg/kg to about 30 mg/kg, about 1 mg/kg to about 20 mg/kg, about 1 mg/kg
to about 15 mg/kg, or 1 mg/kg to about 10 mg/kg. In some embodiments, the compound is
administered at a dose equal to or greater than 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,
0.09,0.10,0.11, 0.12,0.13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.20, 0.21, 0.22, 0.23, 0.24,
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0.25, 0.26, 0.27, 0.28, 0.29, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.7, 0.75, 0.8, 0.85,
0.9, 0.95, or 1 mg/kg. In some embodiments, the compound is administered at a dose equal
to or greater than 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, or 30 mg/kg. In some embodiments, the compound is administered at
a dose equal to or less than 200, 190, 180, 170, 160, 150, 140, 130, 120, 110, 100, 95, 90,
85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 25, 20, or 15 mg/kg. In some embodiments, the
total daily dose of the compound is equal to or greater than 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150,
155, 160, 165, 170, 175, 180, 185, 190, 195, or 100 mg.

[0292] If desired, the effective daily dose of the active compound (e.g., siNA) may be
administered as two, three, four, five, six, seven, eight, nine, ten or more doses or sub-doses
administered separately at appropriate intervals throughout the day, optionally, in unit
dosage forms. In some embodiments, the compound is administered at least 1, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, or 15 times. Preferred dosing is one administration per day. In
some embodiments, the compound is administered at least 1,2, 3,4, 5,6,7,8,9, 10, 11, 12,
13,14, 15, 16, 17, 18, 19, 20, or 21 times a week. In some embodiments, the compound is
administered at least 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21
times a month. In some embodiments, the compound is administered once every 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 days. In some embodiments, the
compound is administered every 3 days. In some embodiments, the compound is
administered once every 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 weeks. In some
embodiments, the compound is administered every month. In some embodiments, the
compound is administered once every 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, or 15
months. In some embodiments, the compound is administered at least 1, 2, 3,4, 5, 6,7, 8, 9,
10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, or 53 times over a
period of at least 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70
days. In some embodiments, the compound is administered at least 1, 2, 3,4, 5,6, 7,8, 9,
10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, or 53 times over a
period of at least 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
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24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, or 53 weeks. In some embodiments, the compound is administered at
least 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, or 53 times over a period of at least 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 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, 40,
41,42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, or 53 months. In some embodiments, the
compound is administered at least once a week for a period of at least 1, 2, 3,4, 5,6,7, 8,9,
10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 weeks. In some embodiments, the
compound is administered at least once a week for a period of at least 1, 2, 3,4, 5,6,7, 8,9,
10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 months. In some embodiments, the
compound is administered at least twice a week for a period of at least 1, 2, 3,4, 5,6, 7, 8,
9,10, 11,12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 weeks. In some embodiments, the
compound is administered at least twice a week for a period of at least 1, 2, 3,4, 5, 6,7, 8,
9,10, 11,12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 months. In some embodiments, the
compound is administered at least once every two weeks for a period of at least 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 weeks. In some embodiments, the
compound is administered at least once every two weeks for a period of at least 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 months. In some embodiments,
the compound is administered at least once every four weeks for a period of at least 4, 5, 6,

7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
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32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 weeks. In some embodiments, the
compound is administered at least once every four weeks for a period of at least 4, 5, 6, 7, 8,
9,10, 11,12, 13, 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, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 months.

[0293] In some embodiments, any one of the siNAs or compositions disclosed herein is
administered in a particle or viral vector. In some embodiments, the viral vector is a vector
of adenovirus, adeno-associated virus (AAV), alphavirus, flavivirus, herpes simplex virus,
lentivirus, measles virus, picornavirus, poxvirus, retrovirus, or rhabdovirus. In some
embodiments, the viral vector is a recombinant viral vector. In some embodiments, the viral
vector is selected from AAVrh.74, AAVrh.10, AAVrh.20, AAV-1, AAV-2, AAV-3, AAV-
4, AAV-5, AAV-6, AAV-7, AAV-8, AAV-9, AAV-10, AAV-11, AAV-12 and AAV-13.
[0294] The subject of the described methods may be a mammal, and it includes humans
and non-human mammals. In some embodiments, the subject is a human, such as an adult
human.

[0295] Some embodiments include a method for treating an HBV virus in a subject
infected with the virus comprising administering a therapeutically effective amount of one
or more siNA of the present disclosure or a composition of the present disclosure to the
subject in need thereof thereby reducing the viral load of the virus in the subject and/or
reducing a level of a virus antigen in the subject. The siNA may be complementary or
hybridize to a portion of the target RNA in the virus, e.g., an X region and/or an S region of
HBV.

Combination Therapies

[0296] Any of the methods disclosed herein may further comprise administering to the
subject an additional HBV treatment agent. Any of the compositions disclosed herein may
further comprise an additional HBV treatment agent. In some embodiments, the additional
HBYV treatment agent is selected from a nucleotide analog, nucleoside analog, a capsid
assembly modulator (CAM), a recombinant interferon, an entry inhibitor, a small molecule
immunomodulator and oligonucleotide therapy. In some embodiments, the additional HBV
treatment agent is selected from HBV STOPS™ ALG-010133, HBV CAM ALG-000184,
ASO 1, recombinant interferon alpha 2b, IFN-a, PEG-IFN-a-2a, lamivudine, telbivudine,

adefovir dipivoxil, clevudine, entecavir, tenofovir alafenamide, tenofovir disoproxil, NVR3-
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778, BAY41-4109, JNJ-632, JNJ-3989 (ARO-HBV), RG6004, GSK3228836, REP-2139,
REP-2165, AB-729, VIR-2218, RG6346 (DCR-HBVS), INJ-6379, GLS4, ABI-HO731,
INJ-440, NZ-4, RG7907, EDP-514, AB-423, AB-506, ABI-H03733 and ABI-H2158. In
some embodiments, the oligonucleotide therapy is selected from Nucleic Acid Polymers or
S-Antigen Transport-inhibiting Oligonucleotide Polymers (NAPs or STOPS), siRNA, and
ASO. In some embodiments, the oligonucleotide therapy is an additional siNA. In some
embodiments, the additional siNA is selected from any of ds-siNA-001 to ds-siNA-0178. In
some embodiments, the oligonucleotide therapy is an antisense oligonucleotide (ASO). In
some embodiments, the ASO is ASO 1. In some embodiments, any of the siNAs disclosed
herein are co-administered with STOPS. Exemplary STOPS are described in International
Publication No. W02020/097342 and U.S. Publication No. 2020/0147124, both of which
are incorporated by reference in their entirety. In some embodiments, the STOPS is ALG-
010133. In some embodiments, any of the siNAs disclosed herein are co-administered with
tenofovir. In some embodiments, any of the siNAs disclosed herein are co-administered
with a CAM. Exemplary CAMs are described in Berke et al., Antimicrob Agents
Chemother, 2017, 61(8):e00560-17, Klumpp, et al., Gastroenterology, 2018, 154(3):652-
662.e8, International Application Nos. PCT/US2020/017974, PCT/US2020/026116, and
PCT/US2020/028349 and U.S. Application Nos. 16/789,298, 16/837,515, and 16/849,851,
each which is incorporated by reference in its entirety. In some embodiments, the CAM is
ALG-000184, ALG-001075, ALG-001024, INJ-632, BAY41-4109, or NVR3-778. In some
embodiments, the siNA and the HBV treatment agent are administered simultaneously. In
some embodiments, the siNA and the HBV treatment agent are administered concurrently.
In some embodiments, the siNA and the HBV treatment agent are administered
sequentially. In some embodiments, the siNA is administered prior to administering the
HBYV treatment agent. In some embodiments, the siNA is administered after administering
the HBV treatment agent. In some embodiments, the siNA and the HBV treatment agent are
in separate containers. In some embodiments, the siNA and the HBV treatment agent are in
the same container.

[0297] Any of the methods disclosed herein may further comprise administering to the
subject a liver disease treatment agent. Any of the compositions disclosed herein may
further comprise a liver disease treatment agent. In some embodiments, the liver disease
treatment agent is selected from a peroxisome proliferator-activator receptor (PPAR)

agonist, farnesoid X receptor (FXR) agonist, lipid-altering agent, and incretin-based
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therapy. In some embodiments, the PPAR agonist is selected from a PPARa agonist, dual
PPAR0/S agonist, PPARY agonist, and dual PPARa/y agonist. In some embodiments, the
dual PPARa agonist is a fibrate. In some embodiments, the PPARa/6 agonist is elafibranor.
In some embodiments, the PPARYy agonist is a thiazolidinedione (TZD). In some
embodiments, TZD is pioglitazone. In some embodiments, the dual PPARa/y agonist is
saroglitazar. In some embodiments, the FXR agonist is obeticholic acis (OCA). In some
embodiments, the lipid-altering agent is aramchol. In some embodiments, the incretin-based
therapy is a glucagon-like peptide 1 (GLP-1) receptor agonist or dipeptidyl peptidase 4
(DPP-4) inhibitor. In some embodiments, the GLP-1 receptor agonist is exenatide or
liraglutide. In some embodiments, the DPP-4 inhibitor is sitagliptin or vildapliptin. In some
embodiments, the siNA and the liver disease treatment agent are administered concurrently.
In some embodiments, the siNA and the liver disease treatment agent are administered
sequentially. In some embodiments, the siNA is administered prior to administering the
liver disease treatment agent. In some embodiments, the siNA is administered after
administering the liver disease treatment agent. In some embodiments, the siNA and the
liver disease treatment agent are in separate containers. In some embodiments, the siNA and
the liver disease treatment agent are in the same container.

Definitions

[0298] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this disclosure
belongs. The following references provide one of skill with a general definition of many of
the terms used in this invention: Singleton et al., Dictionary of Microbiology and Molecular
Biology (2nd ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed.,
1988); The Glossary of Genetics, S5th Ed., R. Rieger et al., (eds.), Springer Verlag (1991);
and Hale & Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the
following terms have the meanings ascribed to them below, unless specified otherwise. The
terminology used herein is for the purpose of describing particular embodiments only and is
not intended to be limiting of the disclosure.

[0299] The terms “a” and “an” as used herein mean “one or more” and include the
plural unless the context is inappropriate.

[0300] As used herein, the terms “patient” and “subject” refer to organisms to be treated

by the methods of the present disclosure. Such organisms are preferably mammals (e.g.,
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marines, simians, equines, bovines, porcinis, canines, felines, and the like), and more
preferably humans.

[0301] As used herein, the term “effective amount” refers to the amount of a compound
(e.g., a siNA of the present disclosure) sufficient to effect beneficial or desired results. An
effective amount can be administered in one or more administrations, applications, or
dosages and is not intended to be limited to a particular formulation or administration route.
[0302] As used herein, the term “treating” includes any effect, e.g., lessening, reducing,
modulating, ameliorating or eliminating, that results in the improvement of the condition,
disease, disorder, and the like, or ameliorating a symptom thereof.

[0303] As used herein, the terms “alleviate” and “alleviating” refer to reducing the
severity of the condition, such as reducing the severity by, for example, at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%.

[0304] As used herein, the term “pharmaceutical composition” refers to the combination
of an active agent with a carrier, inert or active, making the composition especially suitable
for diagnostic or therapeutic use in vivo or ex vivo.

[0305] As used herein, the term “pharmaceutically acceptable carrier” refers to any of
the standard pharmaceutical carriers, such as a phosphate buffered saline solution, water,
emulsions (e.g., such as an oil/water or water/oil emulsions), and various types of wetting
agents. The compositions also can include stabilizers and preservatives. For examples of
carriers, stabilizers and adjuvants, see, for example, Martin, Remington's Pharmaceutical
Sciences, 15th Ed., Mack Publ. Co., Easton, PA [1975].

[0306] The term “about” as used herein when referring to a measurable value (e.g.,
weight, time, and dose) is meant to encompass variations, such as +10%, +5% , +1% , or
+0.1% of the specified value.

[0307] As used herein, the term “nucleobase” refers to a nitrogen-containing biological
compound that forms a nucleoside. Examples of nucleobases include, but are not limited to,
thymine, uracil, adenine, cytosine, guanine, aryl, heteroaryl, and an analogue or derivative
thereof.

[0308] Throughout the description, where compositions are described as having,
including, or comprising specific components, or where processes and methods are
described as having, including, or comprising specific steps, it is contemplated that,

additionally, there are compositions of the present disclosure that consist essentially of, or
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consist of, the recited components, and that there are processes and methods according to
the present disclosure that consist essentially of, or consist of, the recited processing steps.
[0309] As a general matter, compositions specifying a percentage are by weight unless
otherwise specified. Further, if a variable is not accompanied by a definition, then the
previous definition of the variable controls.
[0310] All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
indicated to be incorporated by reference and are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the
publications are cited. The citation of any publication is for its disclosure prior to the filing
date and should not be construed as an admission that the present invention is not entitled to
antedate such publication by virtue of prior invention. Further, the dates of publication
provided may be different from the actual publication dates that may need to be
independently confirmed.

EXAMPLES
[0311] Example 1. siNA Synthesis
[0312] This example describes an exemplary method for synthesizing ds-siNAs, such as
the siNAs disclosed in Table 6 (as identified by the ds-siNA ID).
[0313] The 2’-OMe phosphoramidite 5°-O-DMT-deoxy Adenosine (NH-Bz), 3’-O-(2-
cyanoethyl-N,N-diisopropyl phosphoramidite, 5’-O-DMT-deoxy Guanosine (NH-ibu), 3’-
O-(2-cyanoethyl-N,N-diisopropyl phosphoramidite, 5’-O-DMT-deoxy Cytosine (NH-Bz),
3’-0O-(2-cyanoethyl-N,N-diisopropyl phosphoramidite, 5’-O-DMT-Uridine 3’-O-(2-
cyanoethyl-N,N-diisopropyl phosphoramidite and solid supports were purchased from

Chemgenes Corp. MA.
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[0314] The 2’-F -5’-O-DMT-(NH-Bz) Adenosine-3’-O-(2-cyanoethyl-N,N-diisopropyl
phosphoramidite, 2’-F -5’-O-DMT-(NH-ibu)- Guanosine, 3’-O-(2-cyanoethyl-N,N-
diisopropyl phosphoramidite, 5’-O-DMT-(NH-Bz)- Cytosine, 2’-F-3’-O-(2-cyanoethyl-
N,N-diisopropyl phosphoramidite, 5’-O-DMT-Uridine, 2’-F-3’-O-(2-cyanoethyl-N,N-
diisopropyl phosphoramidite and solid supports were purchased from Thermo Fischer

Milwaukee WI, USA.
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[0316] All the monomers were dried in vacuum desiccator with desiccants (P20s5, RT

24h). The solid supports (CPG) attached to the nucleosides and universal supports was
obtained from LGC and Chemgenes. The chemicals and solvents for post synthesis
workflow were purchased from commercially available sources like VWR/Sigma and used
without any purification or treatment. Solvent (Acetonitrile) and solutions (amidite and

activator) were stored over molecular sieves during synthesis.
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[0317] The oligonucleotides were synthesized on a DNA/RNA Synthesizers (Expedite
8909 or ABI-394) using standard oligonucleotide phosphoramidite chemistry starting from
the 3’ residue of the oligonucleotide preloaded on CPG support. An extended coupling of
0.1M solution of phosphoramidite in CH3CN in the presence of 5-(ethylthio)-1H-tetrazole
activator to a solid bound oligonucleotide followed by standard capping, oxidation and
deprotection afforded modified oligonucleotides. The 0.1M I, THF:Pyridine;Water-7:2:1
was used as oxidizing agent while DDTT ((dimethylamino-methylidene) amino)-3H-1,2,4-
dithiazaoline-3-thione was used as the sulfur-transfer agent for the synthesis of
oligoribonucleotide phosphorothioates. The stepwise coupling efficiency of all modified

phosphoramidites was more than 98%.

Reagents Detailed Description
Deblock Solution 3% Dichloroacetic acid (DCA) in Dichloromethane (DCM)
Amidite Concentration 0.1 M in Anhydrous Acetonitrile
Activator 0.25 M Ethyl-thio-Tetrazole (ETT)
Cap-A solution Acetic anhydride in Pyridine/THF
Cap-B Solution 16% 1-Methylimidazole in THF
Oxidizing Solution 0.02M L, THF: Pyridine; Water-7:2:1
Sulfurizing Solution 0.2 M DDTT in Pyridine/Acetonitrile 1:1

[0318] Cleavage and Deprotection:

[0319] Deprotection and cleavage from the solid support was achieved with mixture of
ammonia methylamine (1:1, AMA) for 15 min at 65 °C, when the universal linker was used,
the deprotection was left for 90 min at 65 °C or solid supports were heated with aqueous
ammonia (28%) solution at 55 °C for 16 h to deprotect the base labile protecting groups.
[0320] Quantitation of Crude SiNA or Raw Analysis

[0321] Samples were dissolved in deionized water (1.0mL) and quantitated as follows:
Blanking was first performed with water alone (2 ul) on Nanodrop then Oligo sample
reading obtained at 260 nm. The crude material is dried down and stored at -20°C.

[0322] Crude HPLC/LC-MS analysis

[0323] The 0.1 OD of the crude samples were analyzed for crude HPLC and LC-MS
analysis. After Confirming the crude LC-MS data then purification step was performed.
[0324] HPLC Purification

[0325] The unconjugated and GalNac modified oligonucleotides were purified by
anion-exchange HPLC. The buffers were 20 mM sodium phosphate in 10 % CH3CN, pH
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8.5 (buffer A) and 20 mM sodium phosphate in 10% CH3CN, 1.0 M NaBr, pH 8.5 (buffer
B). Fractions containing full-length oligonucleotides were pooled.

[0326] Desalting of Purified SINA

[0327] The purified dry siNA was then desalted using Sephadex G-25 M (Amersham
Biosciences). The cartridge was conditioned with 10 mL of deionized water thrice. Finally,
the purified siNA dissolved thoroughly in 2.5mL RNAse free water was applied to the
cartridge with very slow drop wise elution. The salt free siNA was eluted with 3.5 ml
deionized water directly into a screw cap vial.

[0328] IEX HPLC and Electrospray LC/MS Analysis

[0329] Approximately 0.10 OD of siNA is dissolved in water and then pipetted in
special vials for IEX-HPLC and LC/MS analysis. Analytical HPLC and ES LC-MS
established the integrity of the compounds.

[0330] Duplex Preparation:

[0331] Single strand oligonucleotides (Sense and Antisense strands) were annealed (1:1
by molar equivalents, heat 90°C for 3 min followed by room temperature, 20 min) to give
the duplex ds-siNA. The final compounds were analyzed on size exclusion chromatography
(SEC).

[0332] Example 2. ds-siNA Activity

[0333] This example investigates the activity of the ds-siNAs synthesized in Example 1.
[0334] Homo sapiens HepG2.2.15 cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) (ATCC 30-2002) supplemented to also contain 10% fetal calf serum
(FCS). Cells were incubated at 37°C in an atmosphere with 5% CO2 in a humidified
incubator. For transfection of HepG2.2.15 cells with HBV targeting siRNAs, cells were
seeded at a density of 15000 cells/well in 96-well regular tissue culture plates. Transfection
of cells was carried out using RNAiMAX (Invitrogen/Life Technologies) according to the
manufacturer’s instructions. Dose-response experiments were done with oligo
concentrations of 40, 20, 10, 5, 2.5, 1.25, 0.625, 0.3125, 0.15625 and 0.07813nM. For each
HBYV targeting siRNA treatment (e.g., ds-siRNA, as identified by the ds-siNA ID in Table
6), four wells were transfected in parallel, and individual data points were collected from
each well. After 24h of incubation with siRNA, media was removed, and cells were lysed
and analyzed with a QuantiGene2.0 branched DNA (bDNA) probe set specific for HBV
genotype D (also called Hepatitis B virus subtype ayw, complete genome of 3182 base-

pairs) as present in cell line HepG2.2.15.
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[0335] For each well, the HBV on-target mRNA levels were normalized to the GAPDH
mRNA level. As shown in Table 6, the activity of the HBV targeting ds-siRNAs was
expressed as EC50, 50% reduction of normalized HBV RNA level from no drug control. As
shown in Table 6, the cytotoxicity of the HBV targeting ds-siRNAs was expressed by CC50
of 50% reduction of GAPDH mRNA from no drug control.

[0336] Example 3. Use of ds-siNAs to treat hepatitis B virus infection

[0337] In this example, the ds-siNAs synthesized in Example 1 are used to treat a
hepatitis B virus infection in a subject. Generally, a composition comprising a ds-siNA from
Table 6 (as identified by the ds-siNA ID) and a pharmaceutically acceptable carrier is
administered to the subject suffering from hepatitis B virus. The ds-siNA from Table 6 is
conjugated to N-acetylgalactosamine. The ds-siNA is administered at a dose of 0.3 to 5
mg/kg every three weeks by subcutaneous injection or intravenous infusion.

[0338] Example 4. ds-siNA Hepatitis B Clinical Trial

[0339] In this example, the ds-siNAs from Tables 6A and 6B (as identified by the ds-
siNA ID) will be evaluated for safety and efficacy in healthy volunteers and chronic
hepatitis B patients.

[0340] ds-siNAs are being developed for the treatment of chronic hepatitis B (CHB) in
adults. The study will be conducted in 3 parts, a single ascending-dose (SAD) phase in
healthy volunteers (Group A), a single-dose (SD) phase in patients with CHB (Group B),
and a multiple ascending-dose (MAD) phase in patients with CHB (Group C).

[0341] Study Design

Study Type : Interventional (Clinical Trial)
g;trlgll]ﬁi ‘- 50 participants
Allocation: Randomized
ﬁfégﬁ ntion Sequential Assignment
Progression from the SAD phase to the first cohort in the MAD phase is
contingent upon the Safety Review Committee (SRC) review of a
Intervention minimum of 14 days post-dose safety and tqlerability data from all HV in
Model at least the first 2 SAD cohorts. The SRC will 'sglect one ‘(or more) well-
Description: tolerated dose(s) from the SAD phase for administration in the SD and
' MAD phases. In all study phases, dosing will be staggered with the use
of sentinel participants to allow time for the assessment of safety before
additional subjects are exposed to study drug.
Masking: Triple (Participant, Care Provider, Investigator)
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This is a double-blind placebo-controlled study in which the study site
team, the Sponsor, and the participants will be blinded to treatment

Masking assignment. The unblinded pharmacist will cover each syringe, prior to

Description: transport to the bedside, to ensure blinding. Participants will be centrally
assigned to randomized study intervention using an Interactive
Voice/Web Response System (IVRS/IWRS).

Primary Treatment

Purpose:

[0342] Arms and Interventions

Arm

Intervention/treatment

Experimental: Cohort Al ds-siNA
Single dose, Subcutaneous injection of
0.1mg/kg of ds-siNA (HV)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNA1i) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort Al
Placebo

Single dose, Subcutaneous injection of
0.1mg/kg of Placebo for ds-siNA (HV)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

Experimental: Cohort A2 ds-siNA
Single dose, Subcutaneous injection of
1.5mg/kg of ds-siNA (HV)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNA1i) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort A2
Placebo

Single dose, Subcutaneous injection of
1.5mg/kg of Placebo for ds-siNA (HV)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

Experimental: Cohort A3 ds-siNA
Single dose, Subcutaneous injection of
3mg/kg of ds-siNA (HV)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNA1i) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort A3
Placebo

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
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Arm

Intervention/treatment

Single dose, Subcutaneous injection of
3mg/kg of Placebo for ds-siNA (HV)

Other Name: Placebo

Experimental: Cohort A4 ds-siNA
Single dose, Subcutaneous injection of
6mg/kg of ds-siNA (HV)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNAIi) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort A4
Placebo

Single dose, Subcutaneous injection of
6mg/kg of Placebo for ds-siNA (HV)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

Experimental: Cohort A5 ds-siNA
Single dose, Subcutaneous injection of
12mg/kg of ds-siNA (HV)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNAIi) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort AS
Placebo

Single dose, Subcutaneous injection of
12mg/kg of Placebo for ds-siNA (HV)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

Experimental: Cohort B ds-siNA
Single dose, Subcutaneous injection of
3mg/kg of for ds-siNA (NUC naive,
CHB)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNAi) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort B
Placebo

Single dose, Subcutaneous injection of
3mg/kg of Placebo for ds-siNA (NUC
naive, CHB)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

Experimental: Cohort C1 ds-siNA
4 doses- Subcutaneous injection of
1.5mg/kg of ds-siNA administered

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNAi) drug that consists of double-
stranded oligonucleotides conjugated to an N-
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Arm

Intervention/treatment

every 28 days (NUC experienced,
CHB)

acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort C1
Placebo

4 doses- Subcutaneous injection of
1.5mg/kg of Placebo for ds-siNA
administered every 28 days (NUC
experienced, CHB)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

Experimental: Cohort C2 ds-siNA
4 doses- Subcutaneous injection of
3mg/kg of ds-siNA administered every
28 days (NUC experienced, CHB)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNAi) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort C2
Placebo

4 doses- Subcutaneous injection of
3mg/kg of Placebo for ds-siNA
administered every 28 days (NUC
experienced, CHB)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

Experimental: Cohort C3 ds-siNA
4 doses- Subcutaneous injection of
6mg/kg of ds-siNA administered every
28 days (NUC experienced, CHB)

Drug: ds-siNA

ds-siNA is a synthetic ribonucleic acid
interference (RNA1i) drug that consists of double-
stranded oligonucleotides conjugated to an N-
acetyl-D-galactosamine (GalNAc) ligand. ds-
siNA, sterile solution of the ds-siNA at a
concentration of 185 mg/mL in water for
injection (WFI).

Placebo Comparator: Cohort C3
Placebo

4 doses- Subcutaneous injection of
6mg/kg of Placebo for ds-siNA
administered every 28 days (NUC
experienced, CHB)

Drug: Placebo for ds-siNA
Sterile 9% saline for injection.
Other Name: Placebo

[0343] Outcome Measures
[0344] Primary Qutcome Measures :
[0345]

[Time Frame: 4 weeks]

Number of healthy volunteers with Adverse Events as assessed by CTCAE v5.0
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[0346] Number of participants with abnormalities in vital signs, electrocardiogram
(ECG), and clinically significant laboratory findings

[0347] Number participants with non-cirrhotic chronic Hepatitis B with Adverse Events
as assessed by CTCAE v5.0 [Time Frame: 16 weeks]

[0348] Number of participants with abnormalities in vital signs, electrocardiogram
(ECG), and clinically significant laboratory findings.

[0349] Secondary Qutcome Measures :

[0350] To characterize the pharmacokinetics of ds-siNA in healthy volunteers by
monitoring plasma pharmacokinetics profiles of [Time Frame: 4 weeks] Measure the
amount of ds-siNA excreted in urine

[0351] To characterize the pharmacokinetics of ds-siNA in healthy volunteers by
monitoring through concentrations of [Time Frame: 4 weeks]

[0352] Measure the amount of ds-siNA renal clearance (CLR).

[0353] To characterize the pharmacokinetics of ds-siNA in participants with non-
cirrhotic CHB by monitoring plasma pharmacokinetics profiles of ds-siNA.

[Time Frame: 12 weeks]

[0354] Measure the amount of ds-siNA excreted in urine

[0355] To characterize the pharmacokinetics of ds-siNA in participants with non-
cirrhotic CHB by monitoring through concentrations of ds-siNA. [Time Frame: 12 weeks]
[0356] Measure ds-siNA renal clearance (CLR).

[0357] Other Outcome Measures:

[0358] To evaluate the preliminary antiviral efficacy of ds-siNA in participants with
CHB by monitoring changes in serum HBsAg levels (all Group B and C participants)
during and after single dose and 12 weeks of treatment with DCR HBVS. [Time Frame: 12
weeks]

[0359] Proportion of participants achieving at least a 1-log reduction in HBsAg and
achieving a HBsAg level < 100 IU/mL at last scheduled visit Time to HBsAg loss (Kaplan-
Mayer) Time to anti-HBs seroconversion

[0360] To evaluate the preliminary antiviral efficacy of ds-siNA in participants with
CHB by monitoring HBeAg levels (HBeAg+ participants only) during and after single dose
and 12 weeks of treatment with DCR HBVS. [Time Frame: 12 weeks]

[0361] % of participants with HBeAg loss and anti HBe at last scheduled visit (if
HBeAg positive at study entry)
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[0362] To evaluate the preliminary antiviral efficacy of ds-siNA in participants with
CHB by monitoring HBV DNA levels (all Group B and C participants) during and after
single dose and 12 weeks of treatment with DCR HBVS. [Time Frame: 12 weeks]
[0363] Proportion of participants achieving HBV DNA < 2000 IU/mL (if > 2,000
IU/mL at Baseline); and proportion of participants achieving PCR-nondetectable HBV
DNA (if HBV DNA was detectable at Baseline).

[0364] To characterize the pharmacodynamics (PD) of ds-siNA on plasma levels of
HBsAg and HBV in blood. [Time Frame: 12 weeks]

[0365] Track post-treatment duration of any observed efficacy effects.
[0366] Eligibility Criteria

Ages Eligible for Study: 18 Years to 65 Years (Adult, Older Adult)

Sexes Eligible for Study: All

Accepts Healthy Volunteers: | Yes

[0367] Inclusion Criteria:

[0368] Healthy at the time of screening as determined by medical evaluation.

[0369] Capable of giving informed consent.

[0370] 12-lead ECG within normal limits or with no clinically significant abnormalities.
[0371] Negative screen for alcohol or drugs of abuse.

[0372] Non-smokers for at least 3 months with a negative urinary cotinine concentration
at screening.

[0373] BMI within range 18.0 - 32.0 kg/m2 (inclusive).

[0374] Female participants not pregnant, not breastfeeding, and not of childbearing
potential or willing to follow contraceptive guidance.

[0375] Chronic hepatitis B infection (Group B and C only).

[0376] Clinical history compatible with compensated liver disease with no evidence of
cirrhosis (Group B and C only).

[0377] Continuously on nucleotides (NUC) therapy for at least 12 weeks prior to
screening (Group C only).

[0378] Exclusion Criteria:

[0379] History of any medical condition that may interfere with the absorption,
distribution, or elimination of study drug.

[0380] Poorly controlled or unstable hypertension.

[0381] History of diabetes mellitus treated with insulin or hypoglycemic agents.
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[0382] History of asthma requiring hospital admission within the preceding 12 months.
[0383] Evidence of G-6-PD deficiency.

[0384] Currently poorly controlled endocrine conditions, excluding thyroid conditions.
[0385] History of multiple drug allergies or history of allergic reaction to an
oligonucleotide or GalNAc.

[0386] Clinically relevant surgical history.

[0387] Use of prescription medications (excluding contraception for women) within 4
weeks prior to the administration of study intervention.

[0388] Use of clinically relevant over-the-counter medication or supplements
(excluding routine vitamins) within 7 days of first dosing.

[0389] Has received an investigational agent within the 3 months prior to dosing or is in
follow-up of another study.

[0390] Antiviral therapy (other than entecavir or tenofovir) within 3 months of
screening or treatment with interferon in the last 3 years (Group B and C only).

[0391] Use within the last 6 months of anticoagulants or systemically administered
corticosteroids, immunomodulators, or immunosuppressants (Group B and C only).

[0392] Example 5: Synthesis of 5° End Cap Monomer
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Example 5 monomer
Example 5 Monomer Synthesis Scheme
[0393] Preparation of (2): To a solution of 1 (15 g, 57.90 mmol) in DMF (150 mL) were
added AcSK (11.24 g, 98.43 mmol) and TBAI (1.07 g, 2.89 mmol), and the mixture was

stirred at 25 °C for 12 h. Upon completion as monitored by LCMS, the mixture was diluted

with H>O (10 mL) and extracted with EA (200 mL * 3). The combined organic layers were
washed with brine (200 mL * 3), dried over anhydrous Na>SOs, filtered and concentrated
under reduced pressure to give 2 (14.5 g, 96.52% yield, 98% purity) as a colorless oil. ESI-
LCMS: 254.28 [M+H]"; "H NMR (400 MHz, CDCls) & = 4.78 - 4.65 (m, 2H), 3.19 (d,
J=14.1 Hz, 2H), 2.38 (s, 3H), 1.32 (t, J=6.7 Hz, 12H); *'P NMR (162 MHz, CDCl;) é =
20.59.

[0394] Preparation of (3): To a solution of 2 (14.5 g, 57.02 mmol) in CH3CN (50 mL)
and MeOH (25 mL) was added NaOH (3 M, 28.51 mL), and the mixture was stirred at 25

°C for 12 h under Ar. Upon completion as monitored by TLC, the reaction mixture was
concentrated under reduced pressure to remove CH3CN and CH3OH. The residue was

diluted with water (50 mL) and adjust pH=7 by 6M HCI, and the mixture was extracted
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with EA (50 mL * 3). The combined organic layers were washed with brine (50 mL * 3),
dried over anhydrous NaxSOys, filtered and concentrated under reduced pressure to give 3
(12.1 g, crude) as a colorless oil.

[0395] Preparation of (4): To a solution of 3 (12.1 g, 57.01 mmol) in CH3CN (25 mL)
and MeOH (25 mL) was added A (14.77 g, 57.01 mmol) dropwise at 25 °C, and the mixture

was stirred at 25 °C under Ar for 12 h. Upon completion as monitored by LCMS, the
reaction mixture was concentrated under reduced pressure to give 4 (19.5 g, 78.85% yield)
as a colorless oil. 'H NMR (400 MHz, CDCl3) § = 4.80 - 4.66 (m, 4H), 2.93 (d, J=11.3 Hz,
4H), 1.31 (dd, J=3.9, 6.1 Hz, 24H); *'P NMR (162 MHz, CDCl3) § = 22.18.

[0396] Preparation of (5): To a solution of 4 (19.5 g, 49.95 mmol) in MeOH (100 mL)
and H>O (100 mL) was added Oxone (61.41 g, 99.89 mmol) at 25 °C in portions, and the

mixture was stirred at 25 °C for 12 h under Ar. Upon completion as monitored by LCMS,
the reaction mixture was filtered, and the filtrate was concentrated under reduced pressure
to remove MeOH. The residue was extracted with EA (50 mL *3). The combined organic
layers were washed with brine (50 mL * 3), dried over anhydrous Na>SQy, filtered and
concentrated under reduced pressure to give a residue. The crude product was triturated
with i-Pr20 and n-Hexane (1:2, 100 mL) at 25 °C for 30 min to give 5 (15.6 g, 73.94%
yield,) as a white solid. "H NMR (400 MHz, CDCl3) & = 4.92 - 4.76 (m, 4H), 4.09 (d,
J=16.1 Hz, 4H), 1.37 (dd, J=3.5, 6.3 Hz, 24H); *'P NMR (162 MHz, CDCL;3) § = 10.17.
[0397] Preparation of (7): To a mixture of § (6.84 g, 16.20 mmol) in THF (20 mL) was
added LiBr (937.67 mg, 10.80 mmol) until dissolved, followed by DIEA (1.40 g, 10.80

mmol, 1.88 mL) under argon at 15 °C. The mixture was stirred at 15 °C for 15 min. 6 (4 g,
10.80 mmol) were added. The mixture was stirred at 15 °C for 3 h. Upon completion as
monitored by LCMS, the reaction mixture was quenched by addition of H,O (40 mL) and
extracted with EA (40 mL * 3). The combined organic layers were washed with brine (100
mL), dried over Na>SOy, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by flash reverse-phase chromatography (120 g C-18 Column,
Eluent of 0~60% ACN/H20 gradient @ 80 mL/min) to give 7 (5.7 g, 61.95% yield) as a
colorless oil. ESI-LCMS: 611.2 [M+H]*. '"H NMR (400 MHz, CDCl3); & =9.26 (s, 1H),
7.50 (d, J=8.1 Hz, 1H), 7.01 (s, 2H), 5.95 (d, J/=2.7 Hz, 1H), 5.80 (dd, J=2.1, 8.2 Hz, 1H),
4.89 - 4.72 (m, 2H), 4.66 (d, J=7.2 Hz, 1H), 4.09 - 4.04 (m, 1H), 3.77 (dd, J=2.7, 4.9 Hz,
1H), 3.62 (d, J=3.1 Hz, 1H), 3.58 (d, J/=3.1 Hz, 1H), 3.52 (s, 3H), 1.36 (td, J/=1.7, 6.1 Hz,
12H), 0.92 (s, 9H), 0.12 (s, 6H); *'P NMR (162 MHz, CDCl3) & = 9.02
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[0398] Preparation of (8): To a mixture of 7 (5.4 g, 8.84 mmol) in THF (80 mL) was

added Pd/C (5.4 g, 10% purity) under N». The suspension was degassed under vacuum and
purged with H» several times. The mixture was stirred under H» (15 psi) at 20 °C for 1 hr.
Upon completion as monitored by LCMS, the reaction mixture was filtered, and the filtrate
was concentrated to give 8 (5.12 g, 94.5% yield) as a white solid. ESI-LCMS: 613.3
[M+H]". H NMR (400 MHz, CD3CN) 6 =9.31 (s, 1H), 7.37 (d, J/=8.0 Hz, 1H), 5.80 - 5.69
(m, 2H), 4.87 - 4.75 (m, 2H), 4.11 - 4.00 (m, 1H), 3.93 - 3.85 (m, 1H), 3.80 - 3.74 (m, 1H),
3.66 - 3.60 (m, 1H), 3.57 - 3.52 (m, 1H), 3.49 (s, 3H), 3.46 - 3.38 (m, 1H), 2.35 - 2.24 (m,
1H), 2.16 - 2.03 (m, 1H), 1.89 - 1.80 (m, 1H), 1.37 - 1.34 (m, 12H), 0.90 (s, 9H), 0.09 (s,
6H); *'P NMR (162 MHz, CD3CN) & = 9.41.

[0399] Preparation of (9): To a solution of 8 (4.4 g, 7.18 mmol) in THF (7.2 mL) was
added TBAF (1 M, 7.18 mL), and the mixture was stirred at 20 °C for 1 hr. Upon

completion as monitored by LCMS, the reaction mixture was diluted with H>0 (50 mL) and
extracted with EA (50 mL*4). The combined organic layers were washed with brine (50
mL), dried over NaxSOy, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by flash silica gel chromatography (ISCO®; 40 g SepaFlash®
Silica Flash Column, Eluent of 0~5%, MeOH/DCM gradient @ 40 mL/min) to give 9 (3.2
g, 88.50% yield) as a white solid. ESI-LCMS:499.2 [M+H]*'.'"H NMR (400 MHz,
CDs3CN) 6 =9.21 (s, 1H), 7.36 (d, J=8.3 Hz, 1H), 5.81 - 5.72 (m, 2H), 4.88 - 4.74 (m, 2H),
3.99 - 3.87 (m, 2H), 3.84 (dd, J=1.9, 5.4 Hz, 1H), 3.66 - 3.47 (m, 7TH), 2.98 (s, 1H), 2.44 -
2.15 (m, 2H), 1.36 (d, J=6.0 Hz, 12H); *'P NMR (162 MHz, CD3;CN) & = 9.48.

[0400] Preparation of (Example 5 monomer): To a mixture of 9 (3.4 g, 6.82 mmol, 1
eq) and 4A MS (3.4 g) in MeCN (50 mL) was added P1 (2.67 g, 8.87 mmol, 2.82 mL, 1.3
eq) at 0 °C, followed by addition of 1H-imidazole-4,5-dicarbonitrile (886.05 mg, 7.50

mmol) at 0 °C. The mixture was stirred at 20 °C for 2 h. Upon completion as monitored by
LCMS, the reaction mixture was quenched by addition of saturated aq. NaHCOs3 (50 mL)
and diluted with DCM (100 mL). The organic layer was washed with saturated aq. NaHCO3
(50 mL * 2), dried over NaxSOg, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC: column: YMC-Triart Prep C18 250*50
mm™*10um; mobile phase: [water (10 mM NH4sHCO3)-ACN]; B%: 15% to give a impure
product. The impure product was further purified by a flash silica gel column (0% to 5% i-
PrOH in DCM with 0.5% TEA) to give Example 5 monomer (2.1 g, 43.18% yield) as a
white solid. ESI-LCMS: 721.2 [M+Na]**H NMR (400 MHz, CD3CN) 6 = 9.29 (s,1H), 7.45
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(d, J=8.1 Hz, 1H), 5.81 (d, J=4.2 Hz, 1H), 5.65 (d, J=8.1 Hz, 1H), 4.79 - 4.67 (m, 2H), 4.26
-4.05 (m, 2H), 4.00 - 3.94 (m, 1H), 3.89 - 3.63 (m, 6H), 3.53 - 3.33 (m, 5H), 2.77 - 2.61 (m,
2H), 2.31 - 2.21 (m, 1H), 2.16 - 2.07 (m, 1H), 1.33 - 1.28 (m, 12H), 1.22 - 1.16 (m, 1H),
1.22 - 1.16 (m, 11H); *'P NMR (162 MHz, CD3CN) § = 149.89, 149.78, 10.07, 10.02.
[0401] Example 6. Synthesis of 5° End Cap Monomer

Example 6 Monomer

Example 6 Monomer Synthesis Scheme
[0402] Preparation of (2): To a solution of 1 (5 g, 13.42 mmol) in DMF (50 mL) were
added PPh;3 (4.58 g, 17.45 mmol) and 2-hydroxyisoindoline-1,3-dione (2.85 g, 17.45 mmol),
followed by a solution of DIAD (4. 07 g, 20. 13 mmol, 3.91 mL) in DMF (10 mL)

dropwise at 15°C. The resulting solution was stirred at 15°C for 18 hr. The reaction mixture
was then diluted with DCM (50 mL), washed with H>O (60 mL*3) and brine (30 mL), dried
over NaSQy, filtered and evaporated to give a residue. The residue was then triturated with
EtOH (55 mL) for 30 min, and the collected white powder was washed with EtOH (10
mL*2) and dried to give 2 (12.2 g, 85. 16% yield) as a white powder (the reaction was set
up in two batches and combined) ESI-LCMS: 518.1 [M+H]*.

[0403] Preparation of (3): 2 (6 g, 11.59 mmol) was suspended in MeOH (50 mL), and
then NH2NH2.H20 (3.48 g, 34. 74 mmol, 3.38 mL, 50% purity) was added dropwise at

20°C. The reaction mixture was stirred at 20°C for 4 hr. Upon completion, the reaction
mixture was diluted with EA (20 mL) and washed with NaHCO3 (10 mL*2) and brine (10
mL). The combined organic layers were then dried over Na2SOy, filtered and evaporated to

give 3 (8.3 g, 92.5% yield) as a white powder. (The reaction was set up in two batches and
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combined). ESI-LCMS: 388.0 [M+H]"; '"H NMR (400MHz, DMSO-de) § =11.39 (br s, 1H),
7.72 (d, J=8.1 Hz, 1H), 6.24 - 6.09 (m, 2H), 5.80 (d,/=4.9 Hz, 1H), 5.67 (d, J/=8.1 Hz,1H),
4.26 (t, J=4.9 Hz, 1H), 4.03 -3.89 (m, 1H), 3.87 - 3.66 (m, 3H),3.33 (s, 3H), 0.88 (s, 9H),
0.09 (d, J=1.3 Hz, 6H)

[0404] Preparation of (4): To a solution of 3 (7 g, 18.06 mmol) and Py (1.43 g, 18.06
mmol, 1.46 mL) in DCM (130 mL) was added a solution of MsCl (2.48 g, 21.68 mmol, 1.

68 mL) in DCM (50 mL) dropwise at -78°C under N». The reaction mixture was allowed to
warm to 15°C in 30 min and stirred at 15°C for 3 h. The reaction mixture was quenched by
addition of ice-water (70 mL) at 0°C, and then extracted with DCM (50 mL * 3). The
combined organic layers were washed with saturated aq. NaHCO3 (50 mL) and brine (30
mL), dried over NaxSOy, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by flash silica gel chromatography (ISCO®; 30 g SepaFlash®
Silica Flash Column, Eluent of 0~20% i-PrOH/DCM gradient @ 30 mL/min to give 4 (6.9
g, 77.94% yield) as a white solid. ESI-LCMS: 466.1 [M+H]*, 'H NMR (400MHz, DMSO-
ds) 6 = 11.41 (brs, 1H), 10. 15 (s, 1H), 7. 69 (d, J=8.1 Hz, 1H), 5.80 (d, J=4.4 Hz, 1H), 5.65
(d, J=8. 1 Hz, 1H), 4.24 (t, J=5.2 Hz, 1H), 4.16 - 3.98 (m, 3H), 3. 87 (t, J=4.8 Hz, 1H), 3.00
(s, 3H), 2.07 (s, 3H), 0.88 (s, 9H), 0. 10 (d, J=1.5 Hz, 6H)

[0405] Preparation of (§): To a solution of 4 (6.9 g, 14.82 mmol) in THF (70 mL) was
added TBAF (1 M, 16.30 mL) at 15°C. The reaction mixture was stirred at 15°C for 18 hr,

and then evaporated to give a residue. The residue was purified by flash silica gel
chromatography (ISCO®; 24 g SepaFlash® Silica Flash Column, Eluent of 0~9%
MeOH/Ethyl acetate gradient @ 30 mL/min) to give 5 (1.8 g, 50.8% yield) as a white solid.
ESI-LCMS: 352.0 [M+H]*; "H NMR (400MHz, DMSO-ds) & = 11.40 (s, 1H), 10.13 (s, 1H),
7.66 (d, J=8.1 Hz, 1H), 5.83 (d, J=4. 9 Hz, 1H), 5.65 (dd, J=1. 8, 8. 1 Hz, 1H), 5.36 (d, J=6.
2 Hz, 1H), 4.13 - 4.00 (m, 4H), 3. 82 (t, J=5.1 Hz, 1H), 3.36 (s, 3H), 3.00 (s, 3H)

[0406] Preparation of (Example 6 monomer): To a mixture of 5 (3 g, 8.54 mmol) and
DIEA (2.21 g, 17.08 mmol, 2.97 mL) in ACN (90 mL) was added P2 (3.03 g, 12.81 mmol)
dropwise at 15°C. The reaction mixture was stirred at 15°C for 5 h. Upon completion, the
reaction mixture was diluted with EA (40 mL) and quenched with 5% NaHCO3 (20 mL).
The organic layer was washed with brine (30 mL), dried over Na>SQy, filtered and
evaporated to give a residue. The residue was purified by flash silica gel chromatography
(ISCO®; 12 g SepaFlash® Silica Flash Column, Eluent of 0~15% i-PrOH/(DCM with 2%
TEA) gradient @ 20 mL/min) to Example 6 monomer (2.1 g, 43.93% yield) as a white
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solid. ESI-LCMS: 552.3 [M+H]*; '"H NMR (400 MHz, CDsCN) & = 8.78 (br s, 1H), 7.57
(dd, J=4.6, 8.2 Hz, 1H), 5.97 - 5.80 (m, 1H), 5.67 (d, J=8. 3Hz, 1H), 4.46 - 4.11 (m, 4H),
3.95 -3.58 (m, 5H), 3.44 (d, J=16. 3 Hz, 3H), 3.02 (d, J=7. 5 Hz, 3H), 2. 73 -2.59 (m, 2H),
1.23 - 1.15 (m, 12H); *'P NMR (162 MHz, CD3CN) & = 150.30, 150.10

[0407] Example 7: Synthesis of 5° End Cap Monomer
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Example 7 Monomer
Example 7 Monomer Synthesis Scheme
[0408] Preparation of (2): To the solution of 1 (5 g, 12.90 mmol) and TEA (1.57 g,
15.48 mmol, 2.16 mL) in DCM (50 mL) was added P-4 (2.24 g, 15.48 mmol, 1.67

mL) in DCM (10 mL) dropwise at 15°C under N». The reaction mixture was stirred at 15°C

for 3 h. Upon completion as monitored by LCMS and TLC (PE: EtOAc = 0:1), the reaction
mixture was concentrated to dryness, diluted with H>O (20 mL), and extracted with EA (50
mL*3). The combined organic layers were washed with brine (30 mL*3), dried over
anhydrous Na>SOy, filtered, and the filtrate was concentrated under reduced pressure to give
a residue. The residue was purified by flash silica gel chromatography (ISCO®; 40 g
SepaFlash® Silica Flash Column, Eluent of 0~95% Ethyl acetate/Petroleum ether gradient
@ 60 mL/min) to give 2 (5.3 g, 71.3% yield) as a white solid. ESI-LCMS: 496.1 [M+H]*.H
NMR (400 MHz, CDCls) 6= 0.10 (d, J=4.02 Hz, 6 H) 0.91 (s, 9 H) 3.42 - 3.54 (m, 3 H) 3.65
-3.70 (m, 1 H) 3.76 - 3.89 (m, 6 H) 4.00 (dd, J=10.92, 2.89 Hz, 1 H) 4.08 - 4.13 (m, 1 H)
4.15-4.23 (m, 2 H) 5.73 (dd, J=8.28, 2.01 Hz, 1 H) 5.84 (d, J=2.76 Hz, 1 H) 6.86 (d,
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J=15.81 Hz, 1 H) 7.72 (d, J=8.03 Hz, 1 H) 9.10 (s, 1 H); *'P NMR (162 MHz, CDsCN) § =
9.65

[0409] Preparation of (3): To a solution of 2 (8.3 g, 16.75 mmol) in THF (50 mL) were
added TBAF (1 M, 16.75 mL) and CH3COOH (1.01 g, 16.75 mmol, 957.95 uL.). The

mixture was stirred at 20 °C for 12 hr. Upon completion as monitored by LCMS, the
reaction mixture was concentrated under reduced pressure. The residue was purified by
column chromatography (SiOz, PE: EA = 0~100%; MeOH /EA= 0~10%) to give 3 (5 g,
77.51% yield) as a white solid. ESI-LCMS: 382.1 [M+H]".'H NMR (400 MHz, CDCls) 6=
3.35(s, 3 H) 3.65 (br d, J/=2.76 Hz, 3 H) 3.68 (d, /=2.76 Hz, 3 H) 3.77 (t, J/=5.08 Hz, 1 H)
3.84-4.10 (m,4 H) 5.33 (brd, J=5.52 Hz, 1 H) 5.62 (d, J=7.77 Hz, 1 H) 5.83 (d, J=4.94
Hz, 1 H) 7.69 (d, J/=7.71 Hz, 1 H) 9.08 (d, J=16.81 Hz, 1 H) 11.39 (br s, 1 H); *'P NMR
(162 MHz, CD3sCN) 6 = 15.41

[0410] Preparation of (Example 7 monomer): To a solution of 3 (2 g, 5.25 mmol) and
DIPEA (2.03 g, 15.74 mmol, 2.74 mL, 3 eg) in MeCN (21 mL) and pyridine (7 mL) was
added P2 (1.86 g, 7.87 mmol) dropwise at 20 °C, and the mixture was stirred at 20 °C for 3

hr. Upon completion as monitored by LCMS, the reaction mixture was diluted with water
(20 mL) and extracted with EA (50 mL). The combined organic layers were washed with
brine (30 mL), dried over anhydrous Na»SOq, filtered, and the filtrate was concentrated
under reduced pressure to give a residue. The residue was purified by flash silica gel
chromatography (ISCO®; 25 g SepaFlash® Silica Flash Column, Eluent of 0~45% (Ethyl
acetate: EtOH=4:1)/Petroleum ether gradient) to give Example 7 monomer (1.2 g, 38.2%
yield) as a white solid. ESI-LCMS: 604.1 [M+H]*.'H NMR (400 MHz, CD3CN) 8= 1.12 -
1.24 (m, 12 H) 2.61 -2.77 (m, 2 H) 3.43 (d, J=17.64 Hz, 3 H) 3.59 - 3.69 (m, 2 H) 3.71 -
3.78 (m, 6 H) 3.79 - 4.14 (m, 5 H) 4.16 - 4.28 (m, 1 H) 4.29 - 4.42 (m, 1 H) 5.59 - 5.72 (m,
1 H) 5.89 (t, J=4.53 Hz, 1 H) 7.48 (brd, J=12.76 Hz, 1 H) 7.62 - 7.74 (m, 1 H) 9.26 (br s, 1
H); 3'P NMR (162 MHz, CD3CN) & = 150.57, 149.96, 9.87

[0411] Example 8: Synthesis of 5’ End Cap Monomer
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Example 8 Monomer
Example 8 Monomer Synthesis Scheme
[0412] Preparation of (2): To a solution of 1 (30 g, 101.07 mmol, 87% purity)
in CH3CN (1.2 L) and Py (60 mL) were added 1> (33.35 g, 131.40 mmol, 26.47 mL) and
PPh3 (37.11 g, 141.50 mmol) in one portion at 10 °C. The reaction was stirred at 25 °C for

48 h. Upon completion, the mixture was diluted with saturated aq.Na>S»03 (300 mL) and
saturated aq.NaHCOs (300 mL), concentrated to remove CH3CN, and extracted with EtOAc
(300 mL * 3). The combined organic layers were washed with brine (300 mL), dried over
Na»SOg, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography (ISCO®; 330 g SepaFlash® Silica Flash
Column, Eluent of 0.60% Methanol/Dichloromethane gradient @ 100 mL/min) to

give 2 (28.2 g, 72 % yield) as a brown solid. ESI-LCMS: 369.1 [M+H]" ., H NMR (400
MHz, DMSO-de) 6 = 11.43 (s, 1H), 7.68 (d, J=8.1 Hz, 1H), 5.86 (d, J=5.5 Hz, 1H), 5.69 (d,
J=8.1 Hz, 1H), 5.46 (d, J/=6.0 Hz, 1H), 4.08 - 3.96 (m, 2H), 3.90 - 3.81 (m, 1H), 3.60 - 3.51
(m, 1H), 3.40 (dd, J=6.9, 10.6 Hz, 1H), 3.34 (s, 3H).

[0413] Preparation of (3): To the solution of 2 (12 g, 32.6 mmol) in DCM (150 mL)
were added AgNOs3 (11.07 g, 65.20 mmol), 2,4,6-trimethylpyridine (11.85 g, 97.79 mmol,
12.92 mL), and DMTCI (22.09 g, 65.20 mmol) at 10 °C, and the reaction mixture was

stirred at 10 °C for 16 hr. Upon completion, the mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by flash silica gel
chromatography (ISCO®; 120 g SepaFlash® Silica Flash Column, Eluent of 0~50% Ethyl
acetate/Petroleum ethergradient @ 60 mL/min) to give 3 (17 g, 70.78% yield) as a yellow
solid. ESI-LCMS: 693.1 [M+Na]*'; H NMR (400 MHz, DMSO-de) & = 11.46 (s, 1H), 7.60
(d, J/=8.4 Hz, 1H), 7.49 (d, J=7.2 Hz, 2H), 7.40 - 7.30 (m, 6H), 7.29 - 7.23 (m, 1H), 6.93 (d,
J=8.8 Hz, 4H), 5.97 (d, J/=6.0 Hz, 1H), 5.69 (d, J/=8.0 Hz, 1H), 4.05 - 4.02 (m, 1H), 3.75 (d,
J=1.2 Hz, 6H), 3.57 (t, J/=5.6 Hz, 1H), 3.27 (s, 4H), 3.06 (t, J/=10.4 Hz, 1H), 2.98 - 2.89 (m,
1H).
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[0414] Preparation of (4): To a solution of 3 (17 g, 25.35 mmol) in DMF (200 mL) was
added AcSK (11.58 g, 101.42 mmol) at 25 °C, and the reaction was stirred at 60 °C for 2 hr.
The mixture was diluted with H,O (600 mL) and extracted with EtOAc (300 mL * 4). The

combined organic layers were washed with brine (300 mL), dried over Na>SOs, filtered, and
concentrated under reduced pressure to give 4 (15.6 g, crude) as a brown solid, which was
used directly without further purification. ESI-LCMS: 641.3 [M+H]".

[0415] Preparation of (§): To a solution of 4 (15.6 g, 25.21 mmol) in CH3CN (200 mL)
were added DTT (11.67 g, 75.64 mmol, 11.22 mL) and LiOH.H20 (1.06 g, 25.21 mmol) at

10 °C under Ar. The reaction was stirred at 10 °C for 1 hr. The mixture was concentrated
under reduced pressure to remove CH3CN, and the residue was diluted with H>O (400 mL)
and extracted with EtOAc (200 mL * 3). The combined organic layers were washed with
brine (300 mL), dried over Na>SOys, filtered and concentrated under reduced pressure to give
a residue. The residue was purified by flash silica gel chromatography (ISCO®; 220 g
SepaFlash® Silica Flash Column, Eluent of 0~60% Ethyl acetate/Petroleum ether gradient
@ 100 mL/min) to give § (8.6 g, 56.78% yield) as a white solid. ESI-LCMS: 599.3
[M+Na]*; '"H NMR (400 MHz, DMSO-ds) 8 = 8.79 (s, 1H), 7.61 (d, J=8.0 Hz, 1H), 7.56 -
7.46 (m, 2H), 7.45 - 7.37 (m, 4H), 7.36 - 7.27 (m, 3H), 6.85 (dd, J=2.8, 8.8 Hz, 4H), 5.85
(d, J=1.3 Hz, 1H), 5.68 (dd, J=2.0, 8.2 Hz, 1H), 4.33 - 4.29 (m, 1H), 3.91 (dd, J=4.8, 8.2
Hz, 1H), 3.81 (d, J=1.6 Hz, 6H), 3.33 (s, 3H), 2.85 - 2.80 (m, 1H), 2.67 - 2.55 (m, 2H), 1.11
(t, J=8.8 Hz, 1H).

[0416] Preparation of (Example 8 monomer): To a solution of 5 (6 g, 10.40 mmol)

in DCM (120 mL) were added P1 (4.08 g, 13.53 mmol, 4.30 mL) and DCI (1.35 g, 11.45

mmol) in one portion at 10 °C under Ar. The reaction was stirred at 10 °C for 2 hr. The
reaction mixture was diluted with saturated aq.NaHCO3 (50 mL) and extracted with DCM
(20 mL * 3). The combined organic layers were washed with brine (30 mL), dried over
NaSOq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by prep-HPLC (column: YMC-Triart Prep C18 250*50 mm™* 10 um; mobile phase:
[water(10mM NH4HCO3)-ACN]; B%: 35%-81%,20min) to give Example 8 monomer
(3.54 g, 43.36% yield) as a yellow solid. ESI-LCMS: 776.4 [M+H]*,'"H NMR (400 MHz,
DMSO-ds) 6 =7.65 - 7.38 (m, 7H), 7.37 - 7.22 (m, 3H), 6.90 ( d, /=8.4 Hz, 4H), 5.92 (s,
1H), 5.66 (t, J=8.2 Hz, 1H), 4.13 (d, /=4.0 Hz, 1H), 4.00 - 3.88 (m, 1H), 3.87 - 3.59 (m,
10H), 3.33 (d, J=5.8 Hz, 3H), 3.12 - 2.94 (m,1H), 2.78 - 2.60 (m, 3H), 2.55-2.48 (m, 1H),
1.36 - 0.98 (m, 12H); *'P NMR (162 MHz, DMSO-de) § = 162.69.
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[0417] Example 9: Synthesis of 5’ End Cap Monomer
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[0418] Preparation of (2): To a solution of 1 (22.6 g, 45.23 mmol) in DCM (500 mL)

and H,O (125 mL) were added TEMPO (6.40 g, 40.71 mmol) and DIB (29.14 g, 90.47
mmol) at 0 °C. The mixture was stirred at 20 °C for 20 h. Upon completion as monitored by
LCMS, saturated aq. NaHCO3 was added to the mixture to adjust pH >8. The mixture was
diluted with H2O (200 mL) and washed with DCM (100 mL * 3). The aqueous layer was
collected, adjusted to pH < 5 by HCI (4M), and extracted with DCM (200 mL * 3). The
combined organic layers were washed with brine (300 mL), dried over Na»SOs, filtered, and
concentrated under reduced pressure to give 2 (17.5 g, 68.55% yield) as a yellow solid. ESI-
LCMS: 514.2 [M+H]*,'"H NMR (400 MHz, DMSO-de) § = 11.27 (s, 1H), 8.86 (s, 1H), 8.78
(s, 1H), 8.06 (d, J=7.5 Hz, 2H), 7.68 - 7.62 (m, 1H), 7.59 - 7.52 (m, 2H), 6.28 (d, J/=6.8 Hz,
1H), 4.82 - 4.76 (m, 1H), 4.54 (dd, J=4.1, 6.7 Hz, 1H), 4.48 (d, J=1.8 Hz, 1H), 3.32 (s, 3H),
0.94 (s, 9H), 0.18 (d, J=4.8 Hz, 6H).
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[0419] Preparation of (3): To a solution of 2 (9.3 g, 18.11 mmol) in MeOH (20 mL) was
added SOClI: (3.23 g, 27.16 mmol, 1.97 mL) dropwise at 0 °C. The mixture was stirred at

20 °C for 0.5 hr. Upon completion as monitored by LCMS, the reaction mixture was
quenched by addition of saturated aq. NaHCO3 (80 mL) and concentrated under reduced
pressure to remove MeOH. The aqueous layer was extracted with DCM (80 mL * 3). The
combined organic layers were washed with brine (200 mL), dried over Na;SOq, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by flash
silica gel chromatography (ISCO®; 120 g SepaFlash® Silica Flash Column, Eluent of
0~5%, MeOH/DCM gradient @ 85 mL/min) to give 3 (5.8 g, 60 % yield) as a yellow solid.
ESI-LCMS: 528.3 [M+H]*,'"H NMR (400 MHz, DMSO-d¢) & = 11.28 (s, 1H), 8.79 (d,
J=17.3 Hz, 2H), 8.06 (d, J/=7.5 Hz, 2H), 7.68 - 7.62 (m, 1H), 7.60 - 7.53 (m, 2H), 6.28 (d,
J=6.6 Hz, 1H), 4.87 (dd, J=2.4, 4.0 Hz, 1H), 4.61 (dd, J=4.3, 6.5 Hz, 1H), 4.57 (d, J=2.2
Hz, 1H), 3.75 (s, 3H), 3.32 (s, 3H), 0.94 (s, 9H), 0.17 (d, J=2.2 Hz, 6H).

[0420] Preparation of (4): To a mixture of 3 (5.7 g, 10.80 mmol) in CD30D (120 mL)

was added NaBD4 (1.63 g, 43.21 mmol) in portions at 0 °C, and the mixture was stirred at
20 °C for 1 hr. Upon completion as monitored by LCMS, the reaction mixture was
neutralized by AcOH (~ 10 mL) and concentrated under reduced pressure to give a residue.
The residue was purified by flash silica gel chromatography (ISCO®; 40 g SepaFlash®
Silica Flash Column, Eluent of 0~5%, MeOH/DCM gradient @ 40 mL/min) to give 4 (4.15
g, 7.61 mmol, 70.45% yield) as a yellow solid. ESI-LCMS: 502.2 [M+H]"; '"H NMR (400
MHz, DMSO-de) & = 11.23 (s, 1H), 8.76 (s, 2H), 8.04 (d, J/=7.3 Hz, 2H), 7.69 - 7.62 (m,
1H), 7.60 - 7.52 (m, 2H), 6.14 (d, J/=6.0 Hz, 1H), 5.18 (s, 1H), 4.60 - 4.51 (m, 2H), 3.98 (d,
J=3.0 Hz, 1H), 3.32 (s, 3H), 0.92 (s, 9H), 0.13 (d, J=1.5 Hz, 6H).

[0421] Preparation of (5): To a solution of 4 (4.85 g, 9.67 mmol) in pyridine (50 mL)
was added DMTtCI (5.90 g, 17.40 mmol) at 25 °C and the mixture was stirred for 2 hr.

Upon completion as monitored by LCMS, the reaction mixture was concentrated under
reduced pressure to remove pyridine. The residue was diluted with EtOAc (150 mL) and
washed with H>O (50 mL * 3), dried over Na>SOys, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography
(ISCO®; 80 g SepaFlash® Silica Flash Column, Eluent of 0~70%, EA/PE gradient @ 60
mL/min) to give 5 (6.6 g, 84.06% yield) as a yellow solid. ESI-LCMS: 804.3[M+H]*, 'H
NMR (400 MHz, DMSO-d¢) 6 = 11.22 (s, 1H), 8.68 (d, J/=11.0 Hz, 2H), 8.03 (d, /=7.3 Hz,
2H), 7.68 - 7.60 (m, 1H), 7.58 - 7.49 (m, 2H), 7.37 - 7.30 (m, 2H), 7.27 - 7.16 (m, 7H), 6.88
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-6.79 (m, 4H), 6.17 (d, J/=4.2 Hz, 1H), 4.72 (t, /=5.0 Hz, 1H), 4.60 (t, J=4.5 Hz, 1H), 4.03 -
3.98 (m, 1H), 3.71 (s, 6H), 0.83 (s, 9H), 0.12 - 0.03 (m, 6H).

[0422] Preparation of (6): To a solution of 5 (6.6 g, 8.21 mmol) in THF (16 mL) was
added TBAF (1 M, 8.21 mL,), and the mixture was stirred at 20 °C for 2 hr. Upon

completion as monitored by LCMS, the reaction mixture was diluted with EA (150 mL) and
washed with H>O (50 mL*3). The organic layer was washed with brine (150 mL), dried
over NaxSOq, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by flash silica gel chromatography (ISCO®; 80 g SepaFlash® Silica
Flash Column, Eluent of 10- 100%, EA/PE gradient @ 30 mL/min) to give 6 (5.4 g, 94.4 %
yield) as a yellow solid. ESI-LCMS: 690.3 [M+H]*.'H NMR (400 MHz, DMSO-ds) & =
11.24 (s, 1H), 8.69 (s, 1H), 8.62 (s, 1H), 8.05 (d, J=7.3 Hz, 2H), 7.69 - 7.62 (m, 1H), 7.60 -
7.52 (m, 2H), 7.40 - 7.33 (m, 2H), 7.30 - 7.18 (m, 7H), 6.84 (dd, J=5.9, 8.9 Hz, 4H), 6.19
(d, J=4.8 Hz, 1H), 5.36 (d, /=6.0 Hz, 1H), 4.59 - 4.52 (m, 1H), 4.48 (q, J/=5.1 Hz, 1H), 4.11
(d, J=4.8 Hz, 1H), 3.72 (d, J=1.0 Hz, 6H), 3.40 (s, 3H).

[0423] Preparation of (Example 9 monomer): To a solution of 6 (8.0 g, 11.60 mmol) in
MeCN (150 mL) was added P-1 (4.54 g, 15.08 mmol, 4.79 mL) at 0 °C, followed by DCI

(1.51 g, 12.76 mmol) in one portion. The mixture was warmed to 20 °C and stirred for 2 h.
Upon completion as monitored by LCMS, the reaction mixture was quenched by addition of
saturated aq. NaHCOs3 (50 mL) and diluted with DCM (250 mL). The organic layer was
washed with saturated ag.NaHCOs3 (50 mL * 2), dried over Na»>SOq, filtered and
concentrated under reduced pressure. The residue was purified by a flash silica gel column
(0% to 60% EA in PE contain 0.5% TEA) to give Example 9 monomer (5.75 g, 55.37%
yield, 99.4% purity) as a white solid. ESI-LCMS: 890.4 [M+H]*, '"H NMR (400 MHz,
CD3CN) 6 =9.55 (s, 1H), 8.63 - 8.51 (m, 1H), 8.34 - 8.24 (m, 1H), 7.98 (br d, J/=7.5 Hz,
2H), 7.65 - 7.55 (m, 1H), 7.53 - 7.46 (m, 2H), 7.44 - 7.37 (m, 2H), 7.32 - 7.17 (m, 7H), 6.84
-6.77 (m, 4H), 6.14 (d, J/=4.3 Hz, 1H), 4.84 - 4.73 (m, 1H), 4.72 - 4.65 (m, 1H), 4.34 - 4.27
(m, 1H), 3.91 - 3.61 (m, 9H), 3.50 - 3.43 (m, 3H), 2.72 - 2.61 (m, 1H), 2.50 (t, /=6.0 Hz,
1H), 1.21 - 1.15 (m, 10H), 1.09 (d, J=6.8 Hz, 2H); *'P NMR (162 MHz, CDsCN) & =
150.01, 149.65

[0424] Example 10: Synthesis of 5> End Cap Monomer
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[0425] Preparation of (2): To a solution of 1 (10 g, 27.22 mmol) in CH3CN (200 mL)
and H>O (50 mL) were added TEMPO (3.85 g, 24.50 mmol) and DIB (17.54 g, 54.44

mmol). The mixture was stirred at 25 °C for 12 h. Upon completion as monitored by
LCMS, the reaction mixture was concentrated under reduced pressure to give a residue. The
residue was triturated with EtOAc (600 mL) for 30 min. The resulting suspension was
filtered and the collected solid was washed with EtOAc (300 mL*2) to give 2 (20.09 g,
91.5% yield) as a white solid. ESI-LCMS: 382.0 [M+H]".

[0426] Preparation of (3): To a solution of 2 (6 g, 15.73 mmol) in MeOH (100 mL) was
added SOCI; (2.81 g, 23.60 mmol, 1.71 mL) dropwise at 0 °C. The mixture was stirred at

25 °C for 12 h. Upon completion as monitored by LCMS, the reaction mixture was
quenched by addition of NaHCOs3 (4 g) and stirred at 25 °C for 30 min. The reaction
mixture was filtered and the filtrate was concentrated under reduced pressure to give 3 (18.8

g, 95.6% yield) as a white solid. The crude product was used for the next step without
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further purification. (The reaction was set up in parallel 3 batches and combined). ESI-
LCMS: 396.1 [M+H]*;'H NMR (400 MHz, DMSO-de) 6= 12.26 - 11.57 (m, 2H), 8.42 -
8.06 (m, 1H), 6.14 - 5.68 (m, 2H), 4.56 (s, 2H), 4.33 (dd, J=4.0, 7.3 Hz, 1H), 3.77 (m, 3H),
,3.30 (s, 3H), 2.81 - 2.69 (m, 1H), 1.11 (s, 6H)

[0427] Preparation of (4 & 5): To a mixture of 3 (10.1 g, 25.55 mmol) in CD30D (120
mL) was added NaBDj4 (3.29 g, 86.86 mmol, 3.4 eq) in portions at 0 °C. The mixture was

stirred at 25 °C for 1 h. Upon completion as monitored by LCMS, the reaction mixture was
neutralized with AcOH (~ 15 mL) and concentrated under reduced pressure to give a
residue. The residue was purified by flash silica gel chromatography (ISCO®; 120 g
SepaFlash® Silica Flash Column, Eluent of 0~7.4%, MeOH/DCM gradient @ 80 mL/min)
to give 4 (2.98 g, 6.88 mmol, 27% yield) as a yellow solid. ESI-LCMS: 370.1[M+H]" and 5
(10.9 g, crude) as a yellow solid. ESI-LCMS: 300.1[M+H]*; '"H NMR (400MHz, CD;OD) §
=7.85 (s, 1H), 5.87 (d, J=6.0 Hz, 1H), 4.46 - 4.39 (m, 1H), 4.34 (t, J=5.4 Hz, 1H), 4.08 (d,
J=3.1 Hz, 1H), 3.49 - 3.38 (m, 4H)

[0428] Preparation of 6: To a solution of 4 (1.9 g, 4.58 mmol, 85.7% purity) in pyridine
(19 mL) was added DMTrCl (2.02 g, 5.96 mmol). The mixture was stirred at 25 °C for 2

h under N». Upon completion as monitored by LCMS, the reaction mixture was quenched
by MeOH (10 mL) and concentrated under reduce pressure to give a residue. The residue
was diluted with H2O (10 mL*3) and extracted with EA (20 mL*3). The combined organic
layers were washed with brine (20 mL), dried over anhydrous Na>SOs, filtered and
concentrated under reduce pressure to give a residue. The residue was purified by flash
silica gel chromatography (ISCO®; 25 g SepaFlash® Silica Flash Column, Eluent of
0~77%, PE: (EA with10%EtOH): 1% TEA@ 35 mL/min) to give 6 (2.6 g, 81.71% yield,
96.71% purity) as a white foam. ESI-LCMS: 672.2 [M+H]*; 'H NMR (400 MHz, CDCl5)
0=12.02 (s, 1H), 7.96 (s, 1H), 7.83 (s, 1H),7.51 (d, J=7.4 Hz, 2H), 7.37(d, J=8.6 Hz, 4H),
7.25-7.17 (m, 2H),6.80 (t, J=8.4 Hz, 4H), 5.88 (d, J=6.3 Hz, 1H), 4.69 (t, J=5.7 Hz,1H),
4.64 (s, 1H), 4.54 (s, 1H),4.19 (d, J=2.9 Hz, 1H), 3.77 (d, J=4.5 Hz, 6H), 3.60 - 3.38 (m,
3H),2.81 (s, 1H), 1.81 (td, J=6.9, 13.7Hz, 1H), 0.97 (d, J=6.8 Hz, 3H),0.80 (d, J=6.9 Hz,
3H)

[0429] Preparation of Example 10 monomer: To a solution of 6 (8.4 g, 12.5

mmol) in MeCN (80 mL) was added P-1 (4.9 g, 16.26 mmol, 5.16 mL) at 0°C, followed by
addition of DCI (1.624 g, 13.76 mmol) in one portion at 0°C under Ar. The mixture was

stirred at 25 °C for 2 h. Upon completion as monitored by LCMS, the reaction mixture was
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quenched with saturated aq.NaHCOs (20 mL) and extracted with DCM (50 mL*2). The
combined organic layers were dried over anhydrous Na>SOg, filtered and concentrated
under reduce pressure to give a residue. The residue was purified by flash silica gel
chromatography (ISCO®; 40 g SepaFlash® Silica Flash Column, Eluent of 0~52% PE: EA
(10%EtOH): 5%TEA, @ 80 mL/min) to give Example 10 monomer (3.4 g, 72.1% yield,)
as a white foam. ESI-LCMS: 872.4 [M+H]*; '"H NMR (400 MHz, CD3CN) 6= 12.46 - 11.07
(m, 1H), 9.29 (s, 1H), 7.84 (d, J=14.6 Hz, 1H), 7.42 (t, J=6.9 Hz, 2H), 7.34 - 7.17 (m, 7H),
6.85 - 6.77 (m, 4H), 5.95 - 5.77 (m, 1H), 4.56 - 4.40 (m, 2H), 4.24 (dd, J=4.0, 13.3 Hz, 1H),
3.72 (d, J=2.0 Hz, 7TH), 3.66 - 3.53 (m, 3H), 3.42 (d, J=11.8 Hz, 3H), 2.69 - 2.61 (m, 1H),
2.60 - 2.42 (m, 2H), 1.16 - 1.00 (m, 18H); *'P NMR (162 MHz, CD3CN) & = 149.975, 149.9
[0430] Example 11: Synthesis of 5° End Cap Monomer
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[0431] Preparation of (2): To a solution of 1 (40 g, 58.16 mmol) in DMF (60 mL) were
added imidazole (11.88 g, 174.48 mmol), Nal (13.08 g, 87.24 mmol), and TBSCI (17.52 g,
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116.32 mmol) at 20°C in one portion. The reaction mixture was stirred at 20°C for 12 h.
Upon completion, the mixture was diluted with EA (200 mL). The organic layer was
washed with brine/water (80 mL/80 mL *4), dried over Na>SQy, filtered and evaporated to
give 2 (50.8 g, crude) as yellow solid. ESI-LCMS: 802.3 [M+H]*

[0432] Preparation of (3): To a solution of 2 (8.4 g, 10.47 mmol) in DCM (120 mL)
were added Et;SiH (3.06 g, 26.3 mmol, 4.2 mL) and TFA (1.29 g, 0.84 mL) dropwise at 0

°C. The reaction mixture was stirred at 20°C for 2 h. The reaction mixture was washed with
saturated aq.NaHCO3 (15 mL) and brine (80 mL). The organic layer was dried over
NaSOq, filtered and evaporated. The residue was purified by flash silica gel
chromatography (ISCO®; 80 g SepaFlash® Silica Flash Column, Eluent of 0~83% EA/PE
gradient @ 80 mL/min) to give 3 (2.92 g, 55.8% yield,) as a white solid. ESI-LCMS: 500.2
[M+H]*; 'TH NMR (400 MHz, CDCIl3) 8= 8.79 (s, 1H), 8.14 (s, 1H), 8.02 (d, J=7.6 Hz, 2H),
7.64 - 7.58 (m,1H), 7.56 - 7.49 (m, 2H), 5.98 - 5.93 (m, 1H), 4.63 - 4.56 (m, 2H), 4.23 (s,
1H), 3.98 (dd, J=1.5, 13.1 Hz, 1H), 3.75 (dd, J=1.5, 13.1 Hz, 1H), 3.28 (s, 3H), 2.06 - 1.99
(m, 1H), 1.00 - 0.90 (m, 9H), 0.15 (d, J=7.0 Hz, 6H).

[0433] Preparation of (4): 3 (6 g, 12.01 mmol) and tert-butyl N-

methylsulfonylcarbamate (3.52 g, 18.01 mmol) were co-evaporated with toluene (50 mL),
dissolved in dry THF (100 mL), and cooled to 0°C. PPhs (9.45 g, 36.03 mmol,) was then
added, followed by dropwise addition of DIAD (7.28 g, 36.03 mmol, 7.00 mL) in dry THF
(30 mL). The reaction mixture was stirred at 20°C for 18 h. Upon completion, the reaction
mixture was then diluted with DCM (100 mL) and washed with water (70 mL) and brine
(70 mL), dried over NaxSOQy, filtered and evaporated to give a residue. The residue was
purified by flash silica gel chromatography (ISCO®; 80 g SepaFlash® Silica Flash Column,
Eluent of 0~100% Ethyl acetate/Petroleum ether gradient @ 60 mL/min) followed by
reverse-phase HPLC (0.1% NH3.H2O condition, eluent at 74%) to give 4 (2.88 g, 25 %
yield) as a white solid. ESI-LCMS: 677.1 [M+H]* ; '"H NMR (400MHz, CDCl3) 6= 9.24 (s,
1H), 8.84 (s, 1H), 8.36 (s, 1H), 8.05 (br d,J=7.3 Hz, 2H), 7.66 - 7.42 (m, 4H), 6.16 (d, J=5.0
Hz, 1H), 4.52 (br t, J=4.5 Hz, 1H), 4.25 - 4.10 (m, 1H), 3.97 (br dd, J=8.0, 14.8 Hz, 1H),
3.48 (s, 3H), 3.27 (s, 3H), 1.54 (s, 9H), 0.95 (s, 9H), 0.14 (d, J=0.8 Hz, 6H).

[0434] Preparation of (5): To a solution of 4 (2.8 g, 4.14 mmol) in THF (20 mL) was
added TBAF (4 M, 1.03 mL) and the mixture was stirred at 20°C for 12 h. The reaction

mixture was then evaporated. The residue was purified by flash silica gel chromatography

(ISCO®; 12 g SepaFlash® Silica Flash Column, Eluent of 0~6% MeOH/ethyl acetate
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gradient @ 20 mL/min) to give 5 (2.1 g, 83.92% yield) as a white solid. ESI-LCMS:
563.1[M+H]"; '"H NMR (400MHz, CDCl3) 6= 8.85 - 8.77 (m, 1H), 8.38 (s, 1H), 8.11 - 7.99
(m, 2H), 7.64 -7.50 (m, 4H), 6.19 (d, J=2.8 Hz, 1H), 4.36 - 4.33 (m, 1H), 4.29 (br d, J=4.3
Hz, 1H), 4.22 - 4.02 (m, 2H), 3.65 - 3.59 (m, 3H), 3.28 (s, 3H), 1.54 (s, 9H).

[0435] Preparation of (6): To a solution of § (2.1 g, 3.73 mmol) in DCM (20 mL) was
added TFA (7.70 g, 67.53 mmol, 5 mL) at 0°C. The reaction mixture was stirred at 20°C for

24 h. Upon completion, the reaction was quenched with saturated aq. NaHCOj3 to reach pH
7. The organic layer was dried over NaxSOy, filtered, and evaporated at low pressure. The
residue was purified by flash silica gel chromatography (ISCO®; 12 g SepaFlash® Silica
Flash Column, Eluent of 0~7% DCM/MeOH gradient @ 20 mL/min) to give 1.6 g (impure,
75% LCMS purity), followed by prep-HPLC [FA condition, column: Boston Uni C18
40*150*5um; mobile phase: [water (0.225%FA)-ACN]; B%: 8%-38%,7.7min.] to give 6
(1.04 g, 63.7 % yield) as a white solid. ESI-LCMS: 485.0 [M+Na]*; "H NMR (400 MHz,
DMSO-ds) 6=11.27 - 11.21 (m, 1H), 8.77 (s, 1H), 8.74 (s, 1H), 8.05 (d, J=7.3 Hz, 2H), 7.68
-7.62 (m, 1H), 7.59 - 7.53 (m, 2H), 7.39 (t, J=6.3 Hz, 1H), 6.16 (d, J=6.0 Hz, 1H), 5.48 (d,
J=5.5Hz, 1H), 4.55 (t,J=5.5 Hz, 1H), 4.43 - 4.37 (m, 1H), 4.08 - 4.02 (m, 1H), 3.41 - 3.36
(m, 1H), 3.35 (s, 3H), 3.31 - 3.22 (m, 1H), 2.91(s, 3H).

[0436] Preparation of (Example 11 monomer): To a solution of 6 (1 g, 2.16

mmol) in DCM (30 mL) was added P1 (977.58 mg, 3.24 mmol, 1.03 mL), followed by DCI

(306.43 mg, 2.59 mmol) at 0°C in one portion under Ar atmosphere. The mixture was
degassed and purged with Ar for 3 times, warmed to 20°C, and stirred for 2 hr under Ar
atmosphere. Upon completion as monitored by LCMS and TLC (PE: EtOAc = 4:1), the
reaction mixture was diluted with sat.aq. NaHCO3 (30 mL) and extracted with DCM (50
mL*2). The combined organic layers were dried over anhydrous Na,SOy, filtered, and the
filtrate was concentrated under reduced pressure to give a residue. The crude product was
purified by reversed-phase HPLC (40 g C18 column: neutral condition, Eluent of 0~57%
of 0.3% NH4HCO3 in HoO/CH;3CN ether gradient @ 35 mL/min) to give Example 11
monomer (0.49 g, 33.7% yield) as a white solid. ESI-LCMS: 663.1[M+H]*; '"H NMR (400
MHz, CD3CN) 6= 1.19 - 1.29 (m, 12 H) 2.71 (q, J=5.77 Hz, 2 H) 2.94 (d, J=6.27 Hz, 3 H)
3.35(d, J=15.56 Hz, 3 H) 3.40 - 3.52 (m, 2 H) 3.61 - 3.97 (m, 4 H) 4.23 - 4.45 (m, 1 H) 4.55
-4.74 (m, 2 H) 6.02 (dd, J=10.67, 6.40 Hz, 1 H) 7.25 (brs, 1 H) 7.47 - 7.57 (m, 2 H) 7.59 -
7.68 (m, 1 H) 8.01 (d, J=7.78 Hz, 2 H) 8.28 (s, 1 H) 8.66 (s, 1 H) 9.69 (br s, 1 H); *'P NMR
(162 MHz, CD;CN) 6 = 150.92, 149.78.

165



[0437] Example 12. Synthesis of 5’-stabilized end cap modified oligonucleotides
[0438] This example provides an exemplary method for synthesizing the siNAs
comprising a 5’-stabilized end caps disclosed herein. The 5’-stabilized end cap and/or
deuterated phosphoramidites were dissolved in anhydrous acetonitrile and oligonucleotide
synthesis was performed on a Expedite 8909 Synthesizer using standard phosphoramidite
chemistry. An extended coupling (12 minutes) of 0.12 M solution of phosphoramidite in
anhydrous CH3CN in the presence of Benzyl-thio-tetrazole (BTT) activator to a solid bound
oligonucleotide followed by standard capping, oxidation and sulfurization produced
modified oligonucleotides. The 0.02 M 12, THF: Pyridine; Water 7:2:1 was used as an
oxidizing agent, while DDTT (dimethylamino-methylidene) amino)-3H-1,2,4-dithiazaoline-
3-thione was used as the sulfur-transfer agent for the synthesis of oligoribonucleotide with a
phosphorothioate backbone. The stepwise coupling efficiency of all modified
phosphoramidites was achieved around 98%. After synthesis the solid support was heated
with aqueous ammonia (28%) solution at 45°C for 16h or 0.05 M K>COs in methanol was
used to deprotect the base labile protecting groups. The crude oligonucleotides were
precipitated with isopropanol and centrifuged (Eppendorf 5810R, 3000g, 4°C, 15 min) to
obtain a pellet. The crude product was then purified using ion exchange chromatography
(TSK gel column, 20 mM NaH;PO4, 10% CH3CN, 1 M NaBr, gradient 20-60% B over 20
column volumes) and fractions were analyzed by ion change chromatography on an HPLC.
Pure fractions were pooled and desalted by Sephadex G-25 column and evaporated to
dryness. The purity and molecular weight were determined by HPLC analysis and ESI-MS
analysis. Single strand RNA oligonucleotides (sense and antisense strand) were annealed
(1:1 by molar equivalents) at 90°C for 3 min followed by RT 40 min) to produce the
duplexes.

[0439] Example 13. siNA Activity Assays

[0440] This example provides exemplary methods for testing the activity of the siNAs
disclosed herein.

[0441] In vitro Assay:

[0442] Homo sapiens HepG2.2.15 cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) (ATCC 30-2002) supplemented to also contain 10% fetal calf serum
(FCS). Cells were incubated at 37°C in an atmosphere with 5% CO2 in a humidified
incubator. For transfection of Hep(G2.2.15 cells with HBV targeting siRNAs, cells were

seeded at a density of 15000 cells/well in 96-well regular tissue culture plates. Transfection
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of cells was carried out using RNAiMAX (Invitrogen/Life Technologies) according to the
manufacturer’s instructions. Dose-response experiments were done with oligo
concentrations of 40, 20, 10, 5, 2.5, 1.25, 0.625, 0.3125, 0.15625 and 0.07813nM. For each
HBYV targeting siRNA treatment (e.g., ds-siRNA, as identified by the ds-siNA ID in Table
6), four wells were transfected in parallel, and individual data points were collected from
each well. After 24h of incubation with siRNA, media was removed, and cells were lysed
and analyzed with a QuantiGene2.0 branched DNA (bDNA) probe set specific for HBV
genotype D (also called Hepatitis B virus subtype ayw, complete genome of 3182 base-
pairs) as present in cell line HepG2.2.15.

[0443] For each well, the HBV on-target mRNA levels were normalized to the GAPDH
mRNA level. As shown in Table 6, the activity of the HBV targeting ds-siRNAs was
expressed as EC50, 50% reduction of normalized HBV RNA level from no drug control. As
shown in Table 6, the cytotoxicity of the HBV targeting ds-siRNAs was expressed by CC50
of 50% reduction of GAPDH mRNA from no drug control.

[0444] Unconjugated siRNA 1) with or without a phosphorylation blocker; and 2) with
or without end caps (e.g., 5’-stabilized end cap) are transfected into in vitro disease models
or in vitro toxicity models. After transfection, target reduction and/or cell viability is
measured and compared after a period of incubation. For HBV, exemplary disease cell
models include, but are not limited to, HepG2.2.15, HepG2.117 or live HBV infected
HepG2-NTCP or Primary Human Hepatocytes.

[0445] In vivo Assay:

[0446] GalNAc conjugated siRNA 1) with or without phosphorylation blocker; and 2)
with or without 5’- end caps are dosed subcutaneously or intravenously in animal disease
models. The target knockdown magnitude and duration is measured from serum or liver
samples and compared to each other and/or control animals (e.g., non-treated diseased
animals). In some instances, the toxicity of the siRNAs is compared through routine
Clinpath or Histopath assays. For HBV, exemplary animal efficacy models include, but are
not limited to, AAV-HBV mouse model, HBV transgenic mouse model, PXB or FRG
mouse models.

[0447] Example 14. ds-siNA Testing in AAV-HBV Mouse Model

[0448] In this example, the efficacy of ds-siNAs in treating HBV in an adeno-associated

virus (AAV)-HBV mouse model was evaluated. AAV-HBV mice were subcutaneously

167



injected with a single dose of (a) SmL/kg of vehicle; or (b) 5Smg/kg a ds-siNA at day 0. The

sequences of the ds-siNA tested in this example are shown in Table 7.

[0449]

FIG. 4 shows a graph of the change in serum HBsAg from AAV-HBYV mice

treated with vehicle (GO1), ds-siNA-0160 (G03), ds-siNA-0165 (G04), ds-siNA-0163
(GO05), or ds-siNA-0166 (G06). These results demonstrate that the ds-siNAs containing

various patterns of 2’-fluoro nucleotides and 2’-O-methyl nucleotides can effectively treated

HBV.
Table 7. ds-siNA sequences tested in AAV-HBV mouse model
ds-siNA ID | Sense strand sequence (5°-3") Antisense strand sequence (5°-3’)
ds-siNA- mCpsmCpsfGmUmGmMUIGIfCfAMCmUSf | mUpsfGpsmAMAmMGmCmGmAmMAmMGm
0160 UmCmGmCmUfUmCmA-p-(PS)2- UmGmCfAmMCmAMCmGmGpsmUpsmC
GalNAc4 (SEQ ID NO: 600) (SEQ ID NO: 272)
ds-siNA- mGpsmUpsfGmGmUMGIGFAfCmUmU | mApsfUpsmUmGmAMGmAMGmAmA
0165 fCmUmCmUmCfAmAmU-p-(PS)2- mGMUmCfCmAMCmCmAmMCpsmGpsm
GalNAc4 (SEQ ID NO: 601) A_(SEQ ID NO: 292)
ds-siNA- mGpsmCpsmUmGMCmUfAMUTGICIC | mApsfApsmGmAmMAfGmAMUmGmAm
0163 mUmMCmAMUmCmUmUmCmUmU-p- | GmGmCfAmUfAMGmCmAmMGmCpsmA
(PS)2-GalNAc4 (SEQ ID NO: 602) psmG _(SEQ ID NO: 287)
ds-siNA- mUpsmGpsfUmGmCmAfCfUmUmCm | mApsfGpsmGmUmGmAmAMGmCmGm
0166 GMCmUmUmCmA{fCmCmUEheg-p- AmAMGIUMGMCmAmMCmApsmCpsmG
(PS)2-GalNAc4 (SEQ ID NO: 603) (SEQ ID NO: 303)
[0450] Example 15. ds-siNA Activity Assay and Testing in AAV-HBV Mouse
Model
[0451] This example investigates the in vitro and in vivo activity of ds-siNAs. The

sequences of the ds-siNAs tested in this example are shown in Table 8. As shown in Table

8, the ds-siNAs comprise a sense and antisense strand comprising a mixture of 2’-fluoro and

2’-0-methyl nucleotides. The total number of 2’-fluoro nucleotides in the ds-siNAs are

between 6-8. The 2’-fluoro nucleotides may be at specific positions, such as nucleotide
position 3, 5,7, 8,9, 10, 11, 12, and/or 17 from the 5’ end of the sense strand or 2, 5, 6, 8,
10, 14, 16, 17, and/or 18. The 2’-fluoro nucleotides and 2’-O-methyl nucleotides might

occur at specific patterns on the antisense strand, such as an alternating 1:2 or 1:3 pattern,

wherein 1 nucleotide is a 2’-fluoro nucleotide and 2 or 3 nucleotides are 2-O-methyl

nucleotides.
[0452]
[0453]

In vitro Activity Assay

Homo sapiens HepG2.2.15 cells were cultured in Dulbecco’s Modified Eagle’s

Medium (DMEM) (ATCC 30-2002) supplemented to also contain 10% fetal calf serum
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(FCS). Cells were incubated at 37°C in an atmosphere with 5% CO» in a humidified
incubator. For transfection of HepG2.2.15 cells with HBV targeting siRNAs, cells were
seeded at a density of 15000 cells/well in 96-well regular tissue culture plates. Transfection
of cells was carried out using RNAiIMAX (Invitrogen/Life Technologies) according to the
manufacturer’s instructions. Dose-response experiments were done with oligo
concentrations of 40, 20, 10, 5, 2.5, 1.25, 0.625, 0.3125, 0.15625 and 0.07813nM. For each
HBYV targeting siRNA treatment (e.g., ds-siRNA, as identified by the ds-siNA ID in Table
8), four wells were transfected in parallel, and individual data points were collected from
each well. After 24h of incubation with siRNA, media was removed, and cells were lysed
and analyzed with a QuantiGene2.0 branched DNA (bDNA) probe set specific for HBV
genotype D (also called Hepatitis B virus subtype ayw, complete genome of 3182 base-
pairs) as present in cell line HepG2.2.15.

[0454] For each well, the HBV on-target mRNA levels were normalized to the GAPDH
mRNA level. Table 8 shows the activity of the HBV targeting ds-siRNAs expressed as
EC50, which is 50% reduction of normalized HBV RNA level from no drug control, where
A=EC50<0.5nM;B=0.5nM <EC50<1;and C =EC50 > 1.

[0455] In vivo testing in AAV-HBV mouse model:

[0456] AAV/HBV is a recombinant AAV carrying replicable HBV genome. Taking
advantage of the highly hepatotropic feature of genotype 8 AAV, the HBV genome can be
efficiently delivered to the mouse liver cells. Infection of immune competent mouse with
AAV/HBYV can result in long term HBV viremia, which mimics chronic HBV infection in
patients. The AAV/HBV model can be used to evaluate the in vivo activity of various types
of anti-HBV agents. Mice were infected with AAV-HBV on day -28 of the study. The test
articles or negative control (PBS) were dosed subcutaneously (unless specified otherwise)
as single dose on days 0 at 5 mg/kg. Serial blood collections were usually taken every 5
days on day 0, 5, 10 and 15 etc. until the termination of studies. Serum HBV S antigen
(HBsAg) was assayed through ELISA.

[0457] GalNAc conjugated ds-siNAs were further tested at a single dose of Smg/kg at
day 0 in the adeno-associated virus (AAV)-HBV mouse model. The resulting nadir logio
reduction in serum HBsAg is presented in Table 8, where X > 1 logio reduction in HBsAg,

Y is 0.5 — 1 logio reduction in HBsAg, and Z is < 0.5 logio reduction in HBsAg.
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[0458] FIG. 5A shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0160 (G03). AAV-HBYV mice were subcutaneously
injected with a single dose of SmL/kg of vehicle or 5mg/kg of ds-siNA-0160 on day 0.

[0459] FIG. 5B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0160 (G15). AAV-HBV mice were subcutaneously
injected with a single dose of SmL/kg of vehicle or 5mg/kg of ds-siNA-0160 on day 0.

[0460] FIG. 5C shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0160 (G03). AAV-HBV mice were subcutaneously
injected with a single dose of SmL/kg of vehicle or 5Smg/kg of each ds-siNA on day 0.

[0461] FIG. 5D shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0160 (G03), or ds-siNA-0109 (G09). AAV-HBV mice
were subcutaneously injected with a single dose of SmL/kg of vehicle or Smg/kg of each ds-

siNA on day 0.

[0462] FIGs. SE-5F show a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0169 (G18). AAV-HBV mice were subcutaneously
injected with a single dose of SmL/kg of vehicle or 5Smg/kg of ds-siNA-0169 on day 0.

[0463] FIG. 5G shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0169 (G04). AAV-HBV mice were subcutaneously
injected with a single dose of SmL/kg of vehicle or 5mg/kg of ds-siNA-0169 on day 0.

[0464] FIG. 5H shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1) or ds-siNA-0169 (G04). AAV-HBYV mice were subcutaneously
injected with a single dose of SmL/kg of vehicle or 5mg/kg of each ds-siNA on day 0.

[0465] FIG. 51 shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0169 (G04) or ds-siNA-0147 (G08). AAV-HBYV mice
were subcutaneously injected with a single dose of SmL/kg of vehicle or Smg/kg of each ds-

siNA on day 0.

[0466] FIG. 5J shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0166 (G06), or ds-siNA-0153 (G14). AAV-HBV mice
were subcutaneously injected with a single dose of SmL/kg of vehicle or Smg/kg of each ds-

siNA on day O.
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[0467] FIG. 5K shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0163 (GO05), or ds-siNA-0119 (G13). AAV-HBV mice
were subcutaneously injected with a single dose of SmL/kg of vehicle or Smg/kg of each ds-

siNA on day 0.

[0468] These results demonstrate that ds-siNAs comprising combination of 2’-fluoro
nucleotides and 2’-0-methyl nucleotides can be used to target HBV X and S gene

sequences, which resulted in successful treatment of HBV.

[0469] As exemplified by ds-siNA-0160 and ds-siNA-0165, ds-siNAs comprising (a) a
sense strand comprising 19 nucleotides, wherein 6 nucleotides are 2’-fluoro nucleotides and
13 nucleotides are 2’-O-methyl nucleotides; (b) an antisense strand comprising 21
nucleotides, wherein 2 nucleotides are 2’-fluoro nucleotides and 19 nucleotides are 2’-O-
methyl nucleotides; and (c) a conjugated moiety, wherein the conjugated moiety is attached
to the 3’ end of the sense strand, resulted in successful treatment of HBV as evidenced by
HBsAg reduction in serum. See FIGs. 4 and 5A-5D, and Table 8. For ds-siNA-0160 and ds-
siNA-0165, the 2’-fluoro nucleotides were located at positions 3, 7-9, 12, and 17 from the

5’ end of the sense strand and at positions 2 and 14 from the 5’ end of the antisense strand.

[0470] As exemplified by ds-siNA-0166, ds-siNAs comprising (a) a sense strand
comprising 19 nucleotides, wherein 4 nucleotides are 2’-fluoro nucleotides and 15
nucleotides are 2’-O-methyl nucleotides; (b) an antisense strand comprising 21 nucleotides,
wherein 2 nucleotides are 2’-fluoro nucleotides and 19 nucleotides are 2’-O-methyl
nucleotides; and (c) a conjugated moiety, wherein the conjugated moiety is attached to the
3’ end of the sense strand, resulted in successful treatment of HBV as evidenced by HBsAg
reduction in serum. See FIGs. 4 and 5], and Table 8. For ds-siNA-0166, the 2’-fluoro
nucleotides were located at positions 3, 7, 8, and 17 from the 5’ end of the sense strand and

at positions 2 and 14 from the 5’ end of the antisense strand.

[0471] As exemplified by ds-siNA-0153, ds-siNAs comprising (a) a sense strand
comprising 19 nucleotides; (b) an antisense strand comprising 21 nucleotides, wherein the
nucleotides in the antisense strand comprise at least two alternating 1:3 modification
pattern, and wherein approximate 1 nucleotide is a 2’-fluoro nucleotide and 3 nucleotides
are 2’-O-methyl nucleotides in repeat pattern; and (c) a conjugated moiety, wherein the
conjugated moiety is attached to the 3’ end of the sense strand, resulted in successful

treatment of HBV as evidenced by HBsAg reduction in serum. See FIG. 5J. For ds-siNA-
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0153, the sense strand comprises 6 2’-fluoro nucleotides at positions 3, 7-9, 12, and 17 from
the 5° end of the sense strand. In addition, the antisense strand comprises 5 repeats of the

1:3 modification pattern starting at position 2 from the 5’ end of the antisense strand.

[0472] As exemplified by ds-siNA-0109, ds-siNAs comprising (a) a sense strand
comprising 19 nucleotides wherein 4 nucleotides are 2’-fluoro nucleotides and 15
nucleotides are 2’-O-methyl nucleotides; (b) an antisense strand comprising 21 nucleotides,
wherein 4 nucleotides are 2’-fluoro nucleotides and 17 nucleotides are 2’-O-methyl
nucleotides; and (c) a conjugated moiety, wherein the conjugated moiety is attached to the
3’ end of the sense strand, resulted in successful treatment of HBV as evidenced by HBsAg
reduction in serum. See FIG. 5D. For ds-siNA-0109 the sense strand comprises 4 2’-fluoro
nucleotides at positions 5 and 7-9 from the 5’ end of the sense strand. In addition, the

antisense strand comprises 5 repeats of the 1:2 modification pattern starting at positions 2,

5, 8, 14, and 17 from the 5’ end of the antisense strand.

[0473] As exemplified by ds-siNA-0147, ds-siNAs comprising (a) a sense strand
comprising 19 nucleotides; (b) an antisense strand comprising 21 nucleotides, wherein the
nucleotides in the antisense strand comprise at least two alternating 1:2 modification
pattern, and wherein approximate 1 nucleotide is a 2’-fluoro nucleotide and 2 nucleotides
are 2’-O-methyl nucleotides in repeat pattern; and (c) a conjugated moiety, wherein the
conjugated moiety is attached to the 3’ end of the sense strand, resulted in successful
treatment of HBV as evidenced by HBsAg reduction in serum. See FIG. 51. For ds-siNA-
0147, the 2’-fluoro nucleotides were located at positions 5 and 7-9 from the 5’ end of the

sense strand and at positions 2, 6, 14, and 16 from the 5’ end of the antisense strand.

Table 8. ds-siNA tested in AAV-HBV Mouse Model
ds- Sense strand sequence (5°-3") Antisense strand sequence (5’- | EC50 HBsAg
siNA 3”) HepG2. | Nadir
ID 2.15" (Log)™
ds- mCpsmCpsmGmUfGmUGICt | mUpsfGpsmAmAfGmCmGfA
SiNA- | AMCmUmUmCmGmCmUmU | mAmGmUmGmCfAmMCmAC
0109 | mCmA-p-(PS)2-GalNac4 (SEQ | mGmGpsmUpsmC_(SEQ ID
ID NO: 604) NO: 605)
ds- mGpsmCpsmUmGfCmUmAmM | mApsfApsmGmAmMAmMmGmA
siNA- | UfGFCfCmUmCfAmMUmCmU | mUmGmAmMGmGmCfAmUm
0119 | mUfCmUmU-p-(PS)2-GalNac4 | AmMGmCmAmMGmCpsmApsm
(SEQ ID NO: 606) G_(SEQ ID NO: 495)
ds- mGpsmUpsmGmGfUmMGEGfAf | mApsfUpsmUmGmAfGmAm
siNA- | CmUmUmCmUmCmUmCmA | GmAMAMGmUmCfCmAfCm
0147
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mAmU-p-(PS)2-GalNac4 (SEQ
ID NO: 607)

CmAmMCpsmGpsmA_(SEQ 1D
NO: 608)

ds- mUpsmGpsfUmGmMCmAfCfUf | mApsfGpsmGmUmGfAmAm

siNA- | UmCmGfCmUmUmCmAfCm | GmCfGmAMAmGfUmGmC

0153 | CmU-p-(PS)2-GalNac4 (SEQ mAfCmApsmCpsmG_(SEQ
ID NO: 609) ID NO: 610)

ds- mGpsmCpsfGMGmGMGTUTUf | mUpsfCpsmAmMAmMCmAmMA

siNA- | UnmUmUfCmUmUmGmUfUm | mGmAMAmMAMAMAfCmCm

0167 | GmA-p-(PS)2-GalNac4 (SEQ | CmCmGmCpsmCpsmU
ID NO: 611) (SEQ ID NO: 285)

ds- mGpsmCpsfGMGmGMGIUfU | mUpsfCpsmAMAmMCmAmMA

siNA- | mUmUmUmCmUmUmGmUf | mGmAMAmMAMAmMAfCmCm

0162 | UmGmA-p-(PS)2-GalNac4 CmCmGmCpsmCpsmU (SEQ
(SEQ ID NO: 612) ID NO: 285)

ds- mGpsmUpsfGmGmMUMGEGfAf | mApsfUpsmUmGmAmMmGmA

siNA- | CmUmUfCmUmCmUmCfAm | mGmAMAmMGmUmC{CmAm

0165 | AmU-p-(PS)2-GalNac4_ (SEQ CmCmAmMCpsmGpsmA_(SEQ
ID NO: 601) ID NO: 292)

ds- mUpsmCpsmGmUmGmGfUm | mApsfUpsmUmGmAfGmAm

siNA- | GIGFAfCmUmUmCmUmCmU | GmAmMAMGmUmC{CmAfCm

0168 | mMCmAmMAmU-p-(PS)2- CmAMCmGmApsmGpsmU
GalNac4 (SEQ ID NO: 613) (SEQ ID NO: 298)

ds- mGpsmCpsmUmGmCmUfAm | mApsfApsmGmAmMAfGmAm

siNA- | UfGfCfCmUmCmAMUmCmU | UmGmAMGmGmCfAmUfA

0163 | mUmCmUmU-p-(PS)2- mGmMCmMAmMGmMCpsmApsmG
GalNac4 (SEQ ID NO: 602) (SEQ ID NO: 287)

ds- mCpsmUpsfGMCmUmAfUfGf | mApsfGpsmAmAMGmAmU

siNA- | CmCmUfCmAMUmCmUfUm | mGmAMGmGmCmA{fUmAm

0161 | CmU-p-(PS)2-GalNac4 (SEQ GmCmAmMGpsmCpsmA_(SEQ
ID NO: 614) ID NO: 277)

ds- mCpsmCpsfGmUmGmMUIGICt | mUpsfGpsmAmMAMGmCmG

siNA- | AmMCmUfUmCmGmCmUfUm | mAmAMGmUmGmMCfAmCm

0160 | CmA-p-(PS)2-GalNac4 (SEQ AmCmGmGpsmUpsmC _(SEQ
ID NO: 600) ID NO: 272)

ds- mCpsmCpsfGmUmGmMUGICt | mUpsfGpsmAmMAMGmCmG

siNA- | AMCmUfUmCmGmCmUfUm | mAmAMGmUmGmMCfAmCm

0169 | CmA-p-(PS)2-GalNac4 (SEQ AmCmGmGpsTpsT (SEQ ID
ID NO: 600) NO: 375)

ds- mUpsmGpsfUmGmCmAfCfUf | mApsfGpsmGmUmGmAmA

siNA- | UnmCmGfCmUmUmCmAfCm | mGmCmGmAmMmAmMGfUmGm

0170 | CmU- p-(PS)2-GalNac4 (SEQ | CmAmMCmApsmCpsmG
ID NO: 609) (SEQ ID NO: 303)

ds- mUpsmGpsfUmGmMCmAfCfU | mApsfGpsmGmUmGmAmA

siNA- | mMUmCmGmCmUmUmCmAfC | mGmCmGmAmAmMGfUmGm

0166 | mCmU-p-(PS)2-GalNAc4 CmAMCmApsmCpsmG_(SEQ
(SEQ ID NO: 615) ID NO: 303)

ds- mUpsmGpsfUmGmCmAfCfU | mApsfGpsmGmUmGmAmA

siNA- | mMUmCmGmCmUmUmCmAfC | mGmCmGmAmAmMGfUmGm

0171

CmAMCmApsTpsT
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mCmU- p-(PS)2-GalNac4 (SEQ ID NO: 407)
(SEQ ID NO: 615)

mX = 2’-O-methyl nucleotide; fX = 2’-fluoro nucleotide; ps= phosphorothioate linkage

* For EC50, A=EC50<0.5nM; B=0.5nM <EC50 < 1; and C = EC50 > 1.

**For HBsAg Nadir, X > 1 logio reduction in HBsAg, Y is 0.5 — 1 logio reduction in HBsAg, and
Zis < 0.5 logio reduction in HBsAg.

[0474] Example 16. Testing of ds-siNAs having a 5’-stabilized end cap in AAV-
HBYV Mouse Model

[0475] This example investigates the in vivo activity of ds-siNAs having a 5’-stabilized
end cap. The sequences of the ds-siNAs tested in this example are shown in Table 9.

[0476] FIG. 6A shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1), ds-siNA-0160 (G15) (ds-siNA without a 5’-stabilized end cap,
e.g., vinyl phosphonate), or ds-siNA-080 (G14) (ds-siNA with a 5’-stabilized end cap, e.g.,
vinyl phosphonate). AAV-HBV mice were subcutaneously injected with a single dose of
SmL/kg of vehicle or Smg/kg of each ds-siNA on day 0. The resulting nadir logio reduction
in serum HBsAg is presented in Table 9, where X > 1 logio reduction in HBsAg, Y is 0.5 —
1 logio reduction in HBsAg, and Z is < 0.5 logio reduction in HBsAg.

[0477] FIG. 6B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1), ds-siNA-0169 (G16) (ds-siNA without a 5’-stabilized end cap,
e.g., vinyl phosphonate), or ds-siNA-081 (G13) (ds-siNA with a 5’-stabilized end cap, e.g.,
vinyl phosphonate). AAV-HBV mice were subcutaneously injected with a single dose of
SmL/kg of vehicle or 5mg/kg of each ds-siNA on day 0. The resulting nadir logio reduction
in serum HBsAg is presented in Table 9, where X > 1 logio reduction in HBsAg, Y is 0.5 —
1 logio reduction in HBsAg, and Z is < 0.5 logio reduction in HBsAg.

[0478] FIG. 7A shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1), ds-siNA-0165 (G18) (ds-siNA without a 5’-stabilized end cap,
e.g., vinyl phosphonate), or ds-siNA-0127 (G17) (ds-siNA with a 5’-stabilized end cap, e.g.,
vinyl phosphonate). AAV-HBV mice were subcutaneously injected with a single dose of
SmL/kg of vehicle or Smg/kg of each ds-siNA on day 0. The resulting nadir logio reduction
in serum HBsAg is presented in Table 9, where X > 1 logio reduction in HBsAg, Y is 0.5 —
1 logio reduction in HBsAg, and Z is < 0.5 logio reduction in HBsAg.

[0479] FIG. 7B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (GO1), ds-siNA-0168 (G20) (ds-siNA without a 5’-stabilized end cap,
e.g., vinyl phosphonate), or ds-siNA-0150 (G19) (ds-siNA with a 5’-stabilized end cap, e.g.,
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vinyl phosphonate). AAV-HBV mice were subcutaneously injected with a single dose of

SmL/kg of vehicle or 5mg/kg of each ds-siNA on day 0. The resulting nadir logio reduction

in serum HBsAg is presented in Table 9, where X > 1 logio reduction in HBsAg, Y is 0.5 —

1 logio reduction in HBsAg, and Z is < 0.5 logio reduction in HBsAg.

[0480]

These results demonstrate that the addition of a 5’-stabilized end cap can

improve the efficacy of ds-siNAs without a 5’-stabilized end cap.

Table 9. ds-siNA sequences and HBsAg Nadir

ds-siNA . HBsAg
D Sense strand sequence (5°-3”) Antisense strand sequence (5°-3") (Tadl)ll
0g
ds-siNA- | mCpsmCpsfGmUmGmUIGFC | mUpsfGpsmAmMAMGmCmGmAmMAm Y
0160 fAMCmUfUMCmGmCmUfU | GmUmGmMmCfAmMCmAmMCmGmGpsm
mCmA-(PS)2-p-GalNAc4 UpsmC_(SEQ ID NO: 272)
(SEQ ID NO: 616)
ds-siNA- | mCpsmCpsfGmUmGmUIGFC | vmUpsfGpsmAMAMGmCmGmAmA X
080 fAMCmUfUMCmGmCmUfU | mGmUmGmCfAmMCmAmCmGmGps
mCmA-(PS)2-p-GalNAc4 mUpsmC _(SEQ ID NO: 462)
(SEQ ID NO: 616)
ds-siNA- | mCpsmCpsfGmUmGmUIGFC | mUpsfGpsmAmMAMGmCmGmAmMAm Y
0169 fAMCmUfUMCmGmCmUfU | GmUmGmMCfAmMCmAMCmGmGpsTp
mCmA-(PS)2-p-GalNAc4 sT(SEQ ID NO: 375)
(SEQ ID NO: 616)
ds-siNA- | mCpsmCpsfGmUmGmUIGFC | vmUpsfGpsmAMAMGmMCmGmAmA X
081 fAMCmUfUmMCmGmMmCmUfU | mGmUmGmCfAMCmAmMCmGmGpsT
mCmA-(PS)2-p-GalNAc4 psT(SEQ ID NO: 463)
(SEQ ID NO: 616)
ds-siNA- | mGpsmUpsfGmGmUmGEGfA | mApsfUpsmUmGmAMGmAmMGmAm X
0165 fCmUmUfCmUmCmUmCfA | AmGmUmCfCmAMCmCmAmMCpsmG
mAmU-(PS)2-p-GalNAc4 psmA_(SEQ ID NO: 292)
(SEQ ID NO: 617)
ds-siNA- | mGpsmUpsfGmGmUmG{GfA | vimApsfUpsmUmGmAmMGmAmGmA X
0127 fCmUmUfCmUmCmUmCfA | mAmGmUmCfCmAMCmCmAmMCpsm
mAmU-(PS)2-p-GalNAc4 GpsmA_(SEQ ID NO: 503)
(SEQ ID NO: 617)
ds-siNA- | mUpsmCpsmGmUmGmMGfUm | mApsfUpsmUmGmAfGmAmMGmAmA Y
0168 GIGfAfCmUmUmCmUmCm | mGmUmCfCmAfCmCmAMCmGmAp
UmCmAmAmU-(PS)2-p- smGpsmU _(SEQ ID NO: 298)
GalNAc4 (SEQ ID NO: 618)
ds-siNA- | mUpsmCpsmGmUmGmMGTUm | vimApsfUpsmUmGmAfGmAmMGmAmM X
0150 GIGfAfCmUmUmCmUmCm | AmGmUmCfCmAfCmCmAmCmGm

UmCmAmAmU-(PS)2-p-
GalNAc4 (SEQ ID NO: 618)

ApsmGpsmU _(SEQ ID NO: 523)

mX = 2’-O-methyl nucleotide; fX = 2’-fluoro nucleotide; ps= phosphorothioate linkage; VP =
vinyl phosphonate
*For HBsAg Nadir, X > 1 logio reduction in HBsAg, Y is 0.5 — 1 logio reduction in HBsAg,
and Z is < 0.5 logjo reduction in HBsAg.
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[0481] Example 17. Efficacy of a Combination Therapy in AAV-HBV Mouse
Model

[0482] This example investigates the efficacy of a combination therapy comprising an
antisense oligonucleotide (ASO 1, 5’ GalNAc4-ps-GalNAc4-ps-GalNAc4-po-mA-po-
InGpsInApsInTpsinApslnAps ApsAps(SOH)CpsGps(Sm)Cps(Sm)CpsGps(Sm)CpslnApsinG
pslnApscp(5m)C-3°(SEQ ID NO: 534)) and a ds-siNA-0160 for treating HBV in an AAV-
HBYV mouse model.

[0483] FIG. 8A shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0160 (G06), ASO 1 (G18), or a combination of ds-
siNA-0160 and ASO 1 (G20). AAV-HBYV mice were subcutaneously injected with (a)
SmL/kg of vehicle, three times a week, from days 0 — 42 (G01); (b) a single dose of 3mg/kg
of ds-siNA-0160 on day 0 (G06); (c) 3mg/kg of ASO 1 on a weekly basis, from days 0-21
(G18); or (d) a combination of ASO 1 and ds-siNA-0160, wherein ASO 1 was administered
at a dose of 3mg/kg on a weekly basis, from days 0-21; and ds-siNA-0160 was administered
as a single dose of 3mg/kg at day 0.

[0484] FIG. 8B shows a graph of the change in serum HBsAg from AAV-HBV mice
treated with vehicle (G01), ds-siNA-0160 (G06), ASO 1 (G18), or a combination of ds-
siNA-0160 and ASO 1 (G20). AAV-HBYV mice were subcutaneously injected with (a)
SmL/kg of vehicle, three times a week, from days 0 — 42 (G01); (b) a single dose of
10mg/kg of ds-siNA-0160 on day 0 (G06); (c¢) 10mg/kg of ASO 1 on a weekly basis, from
days 0-21 (G18); or (d) a combination of ASO 1 and ds-siNA-0160, wherein ASO 1 was
administered at a dose of 10mg/kg on a weekly basis, from days 0-21; and ds-siNA-0160
was administered as a single dose of 3mg/kg at day O.

[0485] FIG. 8C shows a graph of a synergy analysis of an in vitro combination therapy
with the ASO 2 and ds-siNA-0164. For the ds-siNA-0164 combination studies with ASO
2, 35,000 cells per well were reverse transfected in a collagen I-coated 96-well plate
(Corning, Biocoat; Catalog 356698). Test articles ds-siNA-0164 and ASO 2 were diluted in
Opti-MEM"™ I Reduced Serum Medium (Thermo Fisher Scientific; Catalog 31985088) to
40x the desired final test concentration then serially diluted (1:3) up to 5 or 9 distinct
concentrations, respectively. A 3.25-uL aliquot of each diluted compound was combined in
a checkerboard fashion. This combination of compounds was mixed with 0.3 pL

Lipofectamine® RNAiMAX Transfection Reagent (Thermo Fisher Scientific,
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Catalog 13778150) and 6.2 uL of Opti-MEM "™ I Reduced Serum Medium. After incubating
for 20 minutes, the mixture was added to the cells. Space was also allotted for titrations of
each compound alone as reference controls. Cells were incubated with compounds for

3 days at 37°C in a 5% COz atmosphere. After that, HBsAg in the supernatant of cell
culture was assayed by ELISA and cell viability was measured with Cell Titer Glow, the
same procedures as in HepG2.2.15 in vitro assay section. The HBsAg reduction synergy
between two test articles were analyzed using MacSynergy Software.

[0486] These results demonstrate that a combination therapy with ASO 1 and ds-siNA-
0160 resulted in a greater reduction in serum HBsAg as compared to treatment with ASO 1
or ds-siNA-0160 alone.

[0487] Example 18. siNA Activity Assays

[0488] This example evaluates the activity of the siNAs disclosed in Table 10 (as
identified by the ds-siNA ID). siRNAs were synthesized as described in Example 1. A
conjugated moiety (e.g., ligand monomer) was further conjugated to the 3’ end of the sense
strand (note: for ds-siNA-067 and ds-siNA-083, the ligand monomer was conjugated to the
5’ end of the sense strand). A 5’-stabilized end cap was further attached to the 5’ end of the

antisense strand of some siRNAs.

[0489] In vitro Assay:

[0490] Homo sapiens HepG2.2.15 cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) (ATCC 30-2002) supplemented to also contain 10% fetal calf serum
(FCS). Cells were incubated at 37°C in an atmosphere with 5% CO2 in a humidified
incubator. For transfection of HepG2.2.15 cells with HBV targeting siRNAs, cells were
seeded at a density of 15000 cells/well in 96-well regular tissue culture plates. Transfection
of cells was carried out using RNAiMAX (Invitrogen/Life Technologies) according to the
manufacturer’s instructions. Dose-response experiments were done with oligo
concentrations of 40, 20, 10, 5, 2.5, 1.25, 0.625, 0.3125, 0.15625 and 0.07813nM. For each
HBYV targeting siRNA treatment (e.g., ds-siRNA, as identified by the ds-siNA ID in Table
6), four wells were transfected in parallel, and individual data points were collected from
each well. After 24h of incubation with siRNA, media was removed, and cells were lysed
and analyzed with a QuantiGene2.0 branched DNA (bDNA) probe set specific for HBV
genotype D (also called Hepatitis B virus subtype ayw, complete genome of 3182 base-

pairs) as present in cell line HepG2.2.15.
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[0491]

For each well, the HBV on-target mRNA levels were normalized to the GAPDH

mRNA level. As shown in Table 10, the activity of the HBV targeting ds-siRNAs was

expressed as EC50, 50% reduction of normalized HBV RNA level from no drug control,
where A = EC50 <5nM; B =5 nM < EC50 < 10; C = EC50 > 10. As shown in Table 10,
the cytotoxicity of the HBV targeting ds-siRNAs was expressed by CC50 of 50% reduction
of GAPDH mRNA from no drug control.

[0492]
[0493]

Invivo Assay:

GalNAc conjugated siRNA with or without 5’- stabilized end caps were

subcutaneously injected at a single dose of Smg/kg into AAV-HBV mice. The target

knockdown magnitude was measured from serum. The resulting max HBsAg knockdown

(logio) is presented in Table 10, where X > 1 logio reduction in HBsAg, Y is 0.5 — 1 logio

reduction in HBsAg, and Z is < 0.5 logio reduction in HBsAg.

[0494]
[0495]

Example 19: Analysis of 5’-stabilized end cap on the efficacy of siNAs

In this example, the role of a 5’-stabilized end cap on the efficacy of siNAs was

investigated. Specifically, the first nucleotide on the 5’ end of the antisense strand was

modified to contain a 5’-stabilized end cap. The ds-siNAs investigated in this example are

shown in the table below:

ds-siNA
ID
ds-siNA-
0166

ds-siNA-
0155

ds-siNA-
0157

Sense Strand Sequence (5’ - 3’)

mUpsmGpsfUmGmCmAfCfUmUmCmG
mCmUmUmCmAfCmCmU-p-(PS)2-
GalNAc4 (SEQ ID NO: 615)
mUpsmGpsfUmGmCmAfCfUmUmCmG
mCmUmUmCmA{fCmCmU-p-(PS)2-
GalNAc4 (SEQ ID NO: 615)
mUpsmGpsfUmGmCmAfCfUmUmCmG
mCmUmUmCmA{fCmCmU-p-(PS)2-
GalNAc4 (SEQ ID NO: 615)

Antisense Strand Sequence (5’ - 3")

mApsfGpsmGmUmGmMAmMAmMGmCm
GmAMAMGITUMGMCmAmMCmApsm
CpsmG_(SEQ ID NO: 303)
vmApsfGpsmGmUmGmAmMAmMmGmMC
mGMAMAMGITUmGmCmAmMCmADps
mCpsmG_(SEQ ID NO: 525)
d2vmApstGpsmGmUmGmAmMAmG
mCmGMAmMAMGfUmGmCmAmMCm
ApsmCpsmG_(SEQ ID NO: 529)

mX = 2’-O-methyl nucleotide; fX = 2’-fluoro nucleotide; vmA = 5’-vinyl phosphonate 2’-O-
methyl adenosine; d2vmA = deuterated 5’ vinyl phosphonate adenosine; ps = phosphorothioate

linkage

[0496]

AAV-HBV mice were subcutaneously injected with vehicle or ds-siNAs. ds-

siNA-0166, ds-siNA-0155, or ds-siNA-0157 were subcutaneously injected at a single dose

of Smg/kg into AAV-HBYV mice. The target knockdown magnitude is measured from

serum. As shown in FIG. 9, the presence of the 5’ stabilized end cap in the first nucleotide

from the 5° end of the antisense strand in ds-siNA-0155 (triangle) and ds-siNA-0157

(square) improved the efficacy of the siNA (squares and triangles) as compared to the siNA
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without the 5’ stabilized end cap (ds-siNA-0166, diamond). In addition, the presence of the
deuterated 5’ vinyl phosphonate in ds-siNA-0157 resulted in a greater improvement in
efficacy of a ds-siNA as compared to the presence of the 5’ vinylphosphanate in ds-siNA-
0155. These results demonstrate that a 5’ stabilized end cap improves the efficacy of siNAs,
with the greatest improvement seen in siNAs containing deuterated 5° vinyl phosphonate.
[0497] Example 20: Analysis of HBV siRNA S and X Combination Therapy

[0498] In this example, combination therapy using an siNA targeting the S gene of
HBYV and an siNA targeting the X gene of HBV was examined. AAV-HBV mice were
treated with vehicle, a single siNA therapy, or a combination siNA therapy targeting the S
gene and X gene of HBV. AAV-HBV mice were subcutaneously injected with a single dose
of ds-siNA-0160 or ds-siNA-0165 on day 0. For the combination siNA therapy, AAV-HBV
mice were subcutaneously injected with a single dose of 1.5 mg/kg of ds-siNA-0165 (S
trigger) and 1.5 mg/kg of ds-siNA-0160 (X trigger) on day 0. As shown in FIG. 10, the
combination therapy with a siNA targeting the S gene and a siNA targeting the X gene was
more potent than the single therapy with ds-siNA-0165 or ds-siNA-0160.

[0499] Example 21. Synthesis of Monomer

o _DMSO DCM

HO —_— —_— R
MsO. DMTrS NC
O o o) \\\
H O F
s/
O-p

OH F OH ¥ OH F N
1 2 3 \<\(

Example 21 monomer
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‘ NH NH ‘ NH N "0
/& » \ DMTrSH, TMG /& DCI, CEP DMT:S
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1a 2a a

Scheme 1

[0500] Preparation of (2a): To a solution of 1a (10.0 g, 29.5 mmol) in ACN (200.0 mL),
KSAc (13.5 g, 118.6 mmol) was added at r.t., the mixture was stirred at r.t. for 15 h,

TLC showed 1a was consumed completely. Mixture was filtered by silica gel and filter cake

was washed with DCM (100.0 mL), the filtrate was concentrated to give crude 2a (11.1 g)
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as an oil. "TH-NMR (400 MHz, CDCls): § 7.32-7.24 (m, 5H), 7.16 (d, J = 8.9 Hz, 4H), 6.82
(d, J=8.9 Hz, 4H), 3.82 (s, 6H), 2.28 (s, 3H).

[0501] Preparation of (3a): To a solution of crude 2a (11.1 g, 29.2 mmol) in THF
(290.0 mL), LiAlH4 (2.0 g, 52.6 mmol) was added at 0°C and kept for 10 min, reaction was

stirred at r.t. for 5 h under N2, TLC showed 2a was consumed completely. Mixture was put
into aqueous NaHCO3 solution and extracted with EA (500.0 mL*2), organic phase was
concentrated to give crude which was purified by column chromatography (SiO2, PE/EA =
30:1 to 10:1) to give 3a (8.1g, 95% purity) as a white solid. ESI-LCMS: m/z 335.3 [M-HJ ;
"H-NMR (400 MHz, CDCl3): § 7.33-7.24 (m, 5H), 7.19 (d, J = 8.8 Hz, 4H), 6.82 (d, / = 8.8
Hz, 4H), 3.83 (s, 6H), 3.09 (s, 1H).

[0502] Preparation of (2): To a solution of 1 (20.0 g, 81.3 mmol) in pyridine (400.0
mL), MsClI (10.23 g, 89.43 mmol) was added dropwise at -10°C, reaction was stirred at -
10°C for 1 h, LCMS showed 1 was consumed completely, 100.0 mL aqueous NaHCO3

solution was added and extracted with DCM (100.0 mL*2), organic phase was concentrated
to give crude which was purified by column chromatography (SiO2, DCM/MeOH = 30:1 to
10:1) to give 2 (9.5 g, 97% purity) as a white solid. ESI-LCMS: m/z 325.3 [M+H]*; 'H-
NMR (400 MHz, DMSO-ds): 6 11.45 (s, 1H), 7.64-7.62 (d, J = 8.0 Hz, 1H), 5.92-5.85 (m,
2H), 5.65-5.63 (d, J = 8.0 Hz, 1H), 5.26-5.11 (m, 1H), 4.53-4.37 (m, 2H), 4.27-4.16 (m,
1H), 4.10-4.04 (m, 1H), 3.23 (s, 3H).

[0503] Preparation of (3): Intermediate 3 was prepared by prepared according to

reaction condition described in reference Helvetica Chimica Acta, 2004, 87. 2812. To a
solution of 2 (9.2 g, 28.3 mmol) in dry DMSO (130.0 mL). DMTrSH (14.31 g, 42.5 mmol)
was added, followed by tetramethylguanidine (3.6 g, 31.2 mmol) was added under N»,
reaction was stirred at r.t. for 3 h, LCMS showed 2 was consumed completely. 100.0 mL
H>O was added and extracted with EA (100.0 mL*2), organic phase was concentrated to
give crude which was purified by column chromatography (SiO2, PE/EA = 5:1 to

1:1) to give 3 (12.0 g, 97% purity) as a white solid. ESI-LCMS: m/z 563.2 [M-H] ; 'H-
NMR (400 MHz, DMSO-ds): 6 11.43-11.42 (d, J =4.0 Hz, 1H), 7.57-7.55 (d, J = 8.0 Hz,
1H), 7.33-7.17 (m, 9H), 6.89-6.86 (m, 4H), 5.80-5.74 (m, 1H), 5.65-5.62 (m, 1H), 5.58-5.57
(d, J=4.0 Hz, 1H), 5.16-5.01 (m, 1H), 3.98-3.90 (m, 1H), 3.73 (s, 6H), 3.73-3.67 (m, 1H),
2.50-2.37 (m, 2H).

[0504] Preparation of Example 21 monomer: To a solution of 3 (10.0 g, 17.7 mmol) in

dichloromethane (120.0 mL) with an inert atmosphere of nitrogen was added
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CEOP[N(Pr)2]2 (6.4 g, 21.2 mmol) and DCI (1.8 g, 15.9 mmol) in order at room
temperature. The resulting solution was stirred for 1.0 h at room temperature and diluted
with 50 mL dichloromethane and washed with 2 x 50 mL of saturated aqueous sodium
bicarbonate and 1 x 50 mL of saturated aqueous sodium chloride respectively. The organic
phase was dried over anhydrous sodium sulfate, filtered and concentrated till no residual
solvent left under reduced pressure. The residue was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 6/1; Detector, UV 254
nm. This resulted in to give Example 21 monomer (12.8 g, 98% purity, 93% yield) as an oil.
ESI-LCMS: m/z 765.2 [M+H]*; 'H-NMR (400 MHz, DMSO-dc): § 11.44 (s, 1H), 7.70-7.66
(m, 1H), 7.32-7.18 (m, 9H), 6.89-6.85 (m, 4H), 5.80-5.64 (m, 2H), 5.38-5.22 (m, 1H), 4.38-
4.15 (m, 1H), 3.81-3.70 (m, 8H), 3.61-3.43 (m, 3H), 2.76-2.73 (m, 1H), 2.66-2.63 (m, 1H),
2.50-2.41 (m, 2H), 1.12-1.05 (m, 9H), 0.97-0.95 (m, 3H); >'P-NMR (162 MHz, DMSO-db):
5 149.01, 148.97, 148.74, 148.67; ’"F-NMR (376 MHz, DMSO-ds): 5 149.01, 148.97,
148.74, 148.67.

[0505] Example 22. Synthesis of Monomer
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Example 22 monomer

Scheme-2

[0506] Preparation of (2): To a stirred solution of 1 (2.0 g, 8.8 mmol) in pyridine (20

mL) were added DMTrCl (3.3 g, 9.7 mmol) at r.t. The reaction mixture was stirred at r.t. for
2.5 hrs. With ice-bath cooling, the reaction was quenched with water and the product was
extracted with EA (100 mL). The organic phase was evaporated to dryness under reduced
pressure to give a residue which was purified by silica gel column chromatography (eluent,
DCM: MeOH=50:1~20:1) to give 2 (3.7 g, 7.2 mmol, 80.1%) as a white solid. ESI-LCMS:
m/z 527 [M-HJ.

[0507] Preparation of (3): To the solution of 2 (2.8 g, 5.3 mmol) in dry DMF (56 mL)

was added (CD30),Mg (2.9 g, 31.8 mmol) at r.t. under N> atmosphere. The reaction mixture
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was stirred at 100°C for 15 hrs. With ice-bath cooling, the reaction was quenched with
saturated aq. NH4Cl and extracted with EA (300 mL). The combined organic layer was
washed with water and brine, dried over Na>SQOy4, and concentrated to give a residue which
was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column,
C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3 increasing to
CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 20 min, the eluted product was collected at
CH;3CN/ H20 (0.5% NH4HCOs) = 1/1; Detector, UV 254 nm. This resulted in to give 3 (2.0
g, 3.6 mmol, 67.9%) as a white solid. ESI-LCMS: m/z 562 [M-H]", 'H-NMR (400 MHz,
DMSO-ds): 6 11.38 (s, 1H), 7.73 (d, J = 8 Hz, 1H), 7.46-7.19 (m, 9H), 6.91 (d, J = 7.4 Hz,
4H), 5.81-5.76 (AB, J = 20 Hz, 1H), 5.30 (d, J/ = 8 Hz, 1H), 5.22 (s, 1H), 4.25-4.15 (m, 1H),
3.99-3.92 (m, 1H), 3.85-3.79 (m, 1H), 3.74 (s, 6H), 3.34-3.18 (m, 31H).

[0508] Preparation of Example 22 monomer: To a suspension of 3 (2.0 g, 3.5

mmol) in DCM (20 mL) was added DCI (357 mg, 3.0 mmol) and CEP[N(iPr)2]2 (1.3 g, 4.3

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 3 was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na>SOs.
Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 22 monomer (2.1 g, 2.7 mmol, 77.1%) as a white
solid. ESI-LCMS: m/z 764 [M+H]* ; 'H-NMR (400 MHz, ACN-d5): 6 9.45-8.90 (m, 1H,
exchanged with D-0), 7.88-7.66 (m, 1H), 7.50-7.18 (m, 9H), 6.93-6.80 (m, 4H), 5.85 (d, J =
8.2 Hz, 1H),5.29-5.16 (m, 1H), 4.57-4.37 (m, 1H), 4.18-4.09 (m, 1H), 3.98-3.90 (m, 1H),
3.90-3.74 (m, 7TH), 3.74-3.50 (m, 3H), 3.48-3.31 (m, 2H), 2.70-2.61 (m, 1H), 2.56-2.46 (m,
1H), 1.24-1.12 (m, 9H), 1.09-0.99 (m, 3H). *'P-NMR (162 MHz, ACN-ds): 8= 149.87,
149.55.

[0509] Example 23. Synthesis of Monomer
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[0510] Preparation of (2): To the solution of 1 (39.2 g, 151.9 mmol) in DMF (390.0
mL) was added imidazole (33.0 g, 485.3 mmol) and TBSCI (57.2 g, 379.6 mmol) at 0°C.

The reaction mixture was stirred at room temperature for 15 hrs under N> atmosphere. After
addition of water, the resulting mixture was extracted with EA (500.0 mL). The combined
organic layer was washed with water and brine, dried over Na>SOs, concentrated to give the
crude 2 (85.6 g) as a white solid which was used directly for next step. ESI-LCMS: m/z
487.7 [M+H]*.

[0511] Preparation of (3): A solution of crude 2 (85.6 g) in a mixture solvent of
TFA/H>0 = 1/1 (400.0 mL) and THF (400.0 mL) was stirred at 0°C for 30 min. After

completion of reaction, the resulting mixture was added con.NH3*H>O to pH = 7, and then
extracted with EA (500.0 mL). The organic layer was washed with brine, dried over sodium
sulfate and removed to give the residue was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H>O
(0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 20 min,
the eluted product was collected at CH;CN/H>O (0.5% NH4HCO3) = 1/1; Detector, UV 254

nm. This resulted in to give 3 (36.6 g, 98.4 mmol, 64.7% over two step) as a white solid.
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ESI-LCMS: m/z 372.5 [M+H]*; 'H-NMR (400 MHz, DMSO-de): § 11.36 (d, J = 1 Hz, 1H),
792 (d,J=8Hz, 1H), 5.83 (d, J =5 Hz, 1H), 5.67-5.65 (m, 1H), 5.19 (s, 1H), 4.30 (t, /=5
Hz, 1H), 3.85-3.83 (m, 2H), 3.68-3.52 (m, 2H), 0.88 (s, 9H), 0.09 (s, 6H).

[0512] Preparation of (4): To the solution of 3 (36.6 g, 98.4 mmol) in dry DCM (200.0
mL) and DMF (50.0 mL) was added PDC (73.9 g, 196.7 mmol), tert-butyl alcohol (188.0

mL) and Ac2O (93.0 mL) at r.t under N> atmosphere, the reaction mixture was stirred at r.t
for 2 hrs. The solvent was removed to give a residue which was purified by silica gel
column chromatography (eluent, PE/EA =4:1 ~ 2:1) to give a residue which was purified
by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give 4 (24.3 g, 54.9 mmol,
55.8%) as a white solid. ESI-LCMS: m/z 443.2 [M+H]*; 'H-NMR (400 MHz, DMSO-d): §
11.30 (d, /=1 Hz, 1H), 7.92 (d, J = 8 Hz, 1H), 5.86 (d, J = 6 Hz, 1H), 5.67-5.65 (m, 1H),
4.33-4.31 (m, 1H), 4.13 (d, J = 3 Hz, 1H), 3.73-3.70 (m, 1H), 1.34 (s, 9H), 0.77 (s, 9H),
0.08 (s, 6H).

[0513] Preparation of (5): To the solution of 4 (18.0 g, 40.7 mmol) in dry
THE/MeOD/D,0O = 10/2/1 (145.0 mL) was added NaBDy4 (5.1 g, 122.1 mmol) three times

during an hour at 50°C, the reaction mixture was stirred at r.t. for 2 hrs. After completion of
reaction, adjusted pH value to 7 with CH3COOD, after addition of water, the resulting
mixture was extracted with EA (300.0 mL). The combined organic layer was washed with
water and brine, dried over Na>SOs, concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH;CN/H20 (0.5% NH4sHCOs3) = 2/3 increasing to CH3;CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 5 (10.4 g, 27.8 mmol,
68.3%) as a white solid. ESI-LCMS: m/z 375.2 [M+H]*; 'H-NMR (400 MHz, DMSO-d): §
11.36 (d, /=1 Hz, 1H), 7.92 (d, J = 8 Hz, 1H), 5.83 (d, / =5 Hz, 1H), 5.67-5.65 (m, 1H),
5.19 (s, 1H), 4.30 (t, J/ = 5 Hz, 1H), 3.85-3.83 (m, 2H), 0.88 (s, 9H), 0.09 (s, 6H).

[0514] Preparation of (6): To a stirred solution of 5 (10.4 g, 27.8 mmol) in pyridine

(100.0 mL) was added DMTrClI (12.2 g, 36.1mmol) at r.t., The reaction mixture was stirred
at r.t. for 2.5 hrs, the reaction was quenched with water and extracted with EA (200.0 mL).

The organic phase was evaporated to dryness under reduced pressure to give a residue
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which was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1):
Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCOs) = 1/1 increasing to
CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCOs) = 1/0; Detector, UV 254 nm. This resulted in to give 6
(13.5 g, 19.9 mmol, 71.6%) as a white solid. ESI-LCMS: m/z 677.8 [M+H]*; "H-NMR (400
MHz, DMSO-de): 6 11.39 (d, /=1 Hz, 1H), 7.86 (d, J =4 Hz, 1H), 7.35-7.21 (m, 9H),
6.90-6.88 (m, 4H), 5.78 (d, J = 2 Hz, 1H), 5.30-5.27 (m, 1H), 4.33-4.30 (m, 1H ), 3.91 (d, J
=7 Hz, 1H), 3.85-3.83 (m, 1H), 3.73 (s, 6H), 3.38 (s, 3H), 0.77 (s, 9H), 0.03 (s, 3H), 0.01
(s, 3H).

[0515] Preparation of (7): To a solution of 6 (13.5 g, 19.9 mmol) in THF (130.0

mL) was added 1 M TBAF solution (19.0 mL). The reaction mixture was stirred at r.t. for
1.5 hrs. LC-MS showed 6 was consumed completely. Water (500.0 mL) was added and

extracted with EA (300.0 mL), the organic layer was washed with brine and dried over
NazSOs. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 7 (10.9 g, 19.4 mmol,
97.5%) as a white solid. ESI-LCMS: m/z 563.6 [M+H]"; 'H-NMR (400 MHz, DMSO-de): §
11.39 (s, 1H), 7.23 (d, J = 8 Hz, 1H), 7.73 (d, J = 8 Hz, 1H), 7.36-7.23 (m, 9H), 6.90 (d, J =
8 Hz, 4H), 5.81 (d, J = 3 Hz, 1H), 5.30-5.28 (m, 1H), 5.22 (d, /=7 Hz, 1H), 4.20 (q, /=7
Hz, 1H), 3.93 (d, /=7 Hz, 1H), 3.81 (t, J =5 Hz, 1H), 3.74 (s, 6H), 3.41 (s, 3H).

[0516] Preparation of Example 23 monomer: To a suspension of 7 (10.9 g, 19.4

mmol) in DCM (100.0 mL) was added DCI (1.8 g, 15.7 mmol) and CEP[N(iPr)2]> (6.1 g,

20.4 mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 7 was consumed
completely. The mixture was washed with water twice and brine, dried over Na;SOs. Then
concentrated to give a residue which was purified by Flash-Prep-HPLC with the following
conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5%
NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4sHCO3) = 1/0 within 20 min, the
eluted product was collected at CH3CN/ H»0 (0.5% NH4sHCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 23 monomer (12.5 g, 14.5 mmol, 74.7%) as a white
solid. ESI-LCMS: m/z 863.6 [M+H]*; 'H-NMR (400 MHz, DMSO-dp): & 11.39 (s, 1H),
7.81-7.55 (m, 1H), 7.40-7.22 (m, 9H), 6.92-6.87 (m, 4H), 5.83-5.80 (m, 1H), 5.32-5.25 (m,
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1H), 4.46-4.34 (m, 1H), 4.10-3.98 (m, 2H), 3.84-3.73 (m, 7H), 3.60-3.50 (m, 3H), 3.42,
3.40 (s, 3H), 2.78 (t, J = 6 Hz, 1H), 2.62-2.59 (m, 1H), 2.07 (s, 1H), 1.17-0.96 (m, 12H);
3IP-NMR (162 MHz, DMSO-dp): § 149.37, 149.06.

[0517] Example 24. Synthesis of Monomer
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[0518] Preparation of (2): To the solution of 1 (13.0 g, 52.8 mmol) in DMF (100 mL)
was added imidazole (12.6 g, 184.8 mmol) and TBSCI (19.8 g, 132.0 mmol) at 0 °C, and the

reaction mixture was stirred at room temperature for 15 h under N2 atmosphere. After
addition of water, the resulting product was extracted with EA (500 mL). The combined
organic layer was washed with water and brine, dried over Na>SQOy4, and concentrated to
give the crude 2 (30.6 g) as a white solid which was used directly for next step. ESI-LCMS:
m/z 475 [M+H]*. WO2017106710A1

[0519] Preparation of (3): A solution of crude 2 (30.6 g) in a mixture solvent of
TFA/H>0 = 1/1 (100 mL) and THF (100 mL) was stirred at O °C for 30 min. After

completion of reaction, the resulting mixture was added con.NH3*H>O to pH = 7.5, and

then the mixture was extracted with EA (500 mL), the organic layer was washed with brine,
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dried over Na;SO4 and removed to give the residue was purified by Flash-Prep-HPLC with
the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20
(0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 20 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/1; Detector, UV 254
nm. This resulted in to give 3 (12.0 g, 33.3 mmol, 65.8% over two step) as a white solid.
ESI-LCMS: m/z 361 [M+H]*; '"H-NMR (400 MHz, DMSO-de): 8 11.39 (s, J= 1 Hz, 1H,
exchanged with D20), 7.88 (d, J = 8 Hz, 1H), 5.91-5.86 (m, 1H), 5.66-5.62 (m, 1H), 5.21 (t,
J=5.2 Hz, 1H, exchanged with D20), 5.18-5.03 (m, 1H), 4.37-4.29 (m, 1H), 3.87-3.83 (m,
1H), 3.78-3.73 (m, 1H), 3.56-3.51 (m, 1H), 0.87 (s, 9H), 0.09 (s, 6H). WO2017106710A1.
[0520] Preparation of (4): To the solution of 3 (11.0 g, 30.5 mmol) in dry DCM (60 mL)
and DMF (15 mL) was added PDC (21. g, 61.0 mmol), tert-butyl alcohol (45 mL) and Ac20O

(32 mL) at r.t under N> atmosphere. And the reaction mixture was stirred at r.t for 2 h. The
solvent was removed to give a residue which was purified by silica gel column
chromatography (eluent, PE: EA=4:1~2:1) to give a residue which was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) =
1/0 within 20 min, the eluted product was collected at CH3CN/ H2O (0.5% NHsHCO3) =
1/0; Detector, UV 254 nm. This resulted in to give 4 (9.5 g, 22.0 mmol, 72.3%) as a white
solid. ESI-LCMS: m/z 431 [M+H]*, '"H-NMR (400 MHz, DMSO-ds): & 11.45 (s, J = 1 Hz,
1H, exchanged with D->0O), 7.93 (d, J = 8.5 Hz, 1H), 6.02-5.97 (m, 1H), 5.76-5.74 (m, 1H),
5.29-5.14 (m, 1H), 4.59-4.52 (m, 1H), 4.29-4.27 (m, 1H), 1.46 (s, 9H), 0.89 (s, 9H), 0.12 (s,
6H).

[0521] Preparation of (5): To the solution of 4 (8.5 g, 19.7 mmol) in dry
THF/MeOD/D-0O = 10/2/1 (80 mL) was added NaBDa4 (2.5 g, 59.1 mmol) three times per an

hour at 50°C. And the reaction mixture was stirred at r.t for 2 h. After completion of
reaction, adjusted pH value to 7 with CH3;COOD, after addition of water, the resulting
mixture was extracted with EA (300 mL). The combined organic layer was washed with
water and brine, dried over Na>SOs, and concentrated to give a residue which was purified
by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH;CN/H>0 (0.5% NH4HCOs3) = 2/3 increasing to CH3;CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 5 (3.5 g, 9.7 mmol, 50.3%)
as a white solid. ESI-LCMS: m/z 363 [M+H]*; '"H-NMR (400 MHz, DMSO-ds): & 11.41 (s,
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J=1Hz, 1H, exchanged with D>0), 7.88 (d, J = 8 Hz, 1H), 5.91-5.86 (m, 1H), 5.66-5.62
(m, 1H), 5.19 (t, J/ = 5.2 Hz, 1H, exchanged with D;0), 5.18-5.03 (m, 1H), 4.37-4.29 (m,
1H), 3.87-3.83 (m, 1H), 0.88 (s, 9H), 0.10 (s, 6H).

[0522] Preparation of (6): To a stirred solution of 5 (3.4 g, 9.7 mmol) in pyridine (35

mL) were added DMTrCl (3.4 g, 10.1mmol) at r.t. And the reaction mixture was stirred at
r.t for 2.5 h. With ice-bath cooling, the reaction was quenched with water and the product
was extracted with EA (200 mL). The organic phase was evaporated to dryness under
reduced pressure to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H2O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give 6 (PCT Int. Appl., 2019173602), (5.5 g, 8.3 mmol, 85.3%) as a
white solid. ESI-LCMS: m/z 665 [M+H]*; "TH-NMR (400 MHz, DMSO-dp): § 11.50 (d, J =
1 Hz, 1H, exchanged with D20), 7.92 (d, J =4 Hz, 1H), 7.44-7.27 (m, 9H), 6.96-6.93 (m,
4H), 5.94 (d, J = 20.5 Hz, 1H), 5.39-5.37 (m, 1H), 5.32-5.17 (m, 1H ), 4.60-4.51 (m, 1H),
4.01 (d, J=8.8 Hz, 1H), 3.80 (s, 6H), 0.80 (s, 9H), 0.09 (s, 3H), -0.05 (s, 3H).

[0523] Preparation of (7): To a solution of 6 (5.5 g, 8.3 mmol) in THF (50 mL) was
added 1 M TBAF solution (9 mL). The reaction mixture was stirred at r.t. for 1.5 h. LC-MS

showed 6 was consumed completely. Water (500 mL) was added. The product was
extracted with EA (300 mL) and the organic layer was washed with brine and dried over
Na>SOs. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H>0 (0.5% NH4sHCO3) = 2/3 increasing to CH3CN/H2O (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H,O (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 7 (4.1 g, 7.5 mmol, 90.0%)
as a white solid. ESI-LCMS: m/z 551 [M+H]*; 'H-NMR (400 MHz, DMSO-dp): & 11.42 (s,
1H, exchanged with D>0), 7.76 (d, J = 8.2 Hz, 1H), 7.39-7.22 (m, 9H), 6.90-6.88 (m, 4H),
5.83(d, J=20.5 Hz, 1H), 5.65 (d, J = 7.0 Hz, 1H, exchanged with D20), 5.29 (d,J=7.2
Hz, 1H), 5.18-5.03 (m, 1H), 4.40-4.28 (m, 1H), 4.01 (d, J = 8.8 Hz, 1H), 3.74 (s, 6H).
[0524] Preparation of Example 24 monomer: To a suspension of 7 (4.1 g, 7.5

mmol) in DCM (40 mL) was added DCI (0.7 g, 6.4 mmol) and CEP[N(iPr)2]> (2.9 g, 9.7

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 7 was consumed completely.

The solution was washed with water twice and washed with brine and dried over Na;SOs.
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Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H>O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 24 monomer (5.0 g, 6.6 mmol, 90.0%) as a white
solid. ESI-LCMS: m/z 751 [M+H]*; 'TH-NMR (400 MHz, DMSO-ds): & 11.43 (s, 1H), 7.85-
7.82 (m, 1H), 7.40-7.23 (m, 9H), 6.90-6.85 (m, 4H), 5.94-5.86 (m, 1H), 5.40-5.24 (m, 2H),
4.74-4.49 (m, 1H), 4.12-4.09 (m, 2H), 3.79-3.47 (m, 10H), 2.78-2.59 (m, 2H), 1.14-0.93 (m,
12H) . *'P-NMR (162 MHz, DMSO-ds): 5 149.67, 149.61, 149.32, 149.27.

[0525] Example 25. Synthesis of Monomer
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[0526] Preparation of (4): To the solution of 3 (14.3 g, 25.4 mmol, Scheme 2) in
pyridine (150 mL) was added imidazole (4.5 g, 66.6 mmol) and TBSCI (6.0 g, 40.0 mmol)

at 0 °C, and the reaction mixture was stirred at room temperature for 15 h under N>
atmosphere. After addition of water, the resulting mixture was extracted with EA (500 mL).
The combined organic layer was washed with water and brine, dried over Na>SOs, and
concentrated to give the crude 4 (18.0 g) as a white solid which was used directly for next

step. ESI-LCMS: m/z 676 [M-H]".
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[0527] Preparation of (5): To the solution of crude 4 (18.0 g) in the solution of DCA
(6%) in DCM (200 mL) was added TES (50 mL) at r.t, and the reaction mixture was stirred

at room temperature for 5-10 min. After completion of reaction, the resulting mixture was
added pyridine to pH = 7, and then the solvent was removed and the residue was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H>0 (0.5% NH4sHCOs3) = 2/3 increasing to CH3CN/H2O (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 5 (6.5 g, 17.2 mmol,
67.7% for two step) as a white solid. ESI-LCMS: m/z 376 [M+H]*, 'H-NMR (400 MHz,
DMSO-ds): 6 7.92 (d, J = 8 Hz, 1H), 5.82 (d, J = 5.2 Hz, 1H), 5.68-5.63 (m, 1H), 5.20-5.15
(m, 1H), 4.32-4.25 (m, 1H), 3.87-3.80 (m, 2H), 3.69-3.61 (m, 1H), 3.57-3.49 (m, 1H), 0.88
(s, 9H), 0.09 (s, 6H).

[0528] Preparation of (6): To the solution of 5 (6.5 g, 17.2 mmol) in dry DCM (35 mL)
and DMF (9 mL) was added PDC (12.9 g, 34.3 mmol), tert-butyl alcohol (34 mL) and Ac,O

(17 mL) at r.t under N> atmosphere. And the reaction mixture was stirred at r.t for 2 hrs. The
solvent was removed to give a residue which was purified by silica gel column
chromatography (eluent, PE: EA =4:1~2:1) to give a residue which was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) =
1/0 within 20 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) =
1/0; Detector, UV 254 nm. This resulted in to give 6 (5.5 g, 12.3 mmol, 70.1%) as a white
solid. ESI-LCMS: m/z 446 [M+H]*, '"H-NMR (400 MHz, DMSO-ds): & = 11.29 (s, 1H),
791 (d, J=8.4Hz, 1H), 5.85 (d, J = 6.4 Hz, 1H), 5.71-5.61 (m, 1H), 4.35-4.28 (m, 1H),
4.12 (d, J=3.2 Hz, 1H), 3.75-3.67 (m, 1H), 1.33 (s, 9H), 0.76 (s, 9H), 0.00 (d, J = 1.6 Hz,
6H).

[0529] Preparation of (7): To the solution of 6 (5.4 g, 12.1 mmol) in THF/MeOD/D>0O=
10/2/1 (44 mL) was added NaBD4 (1.5 g, 36.3 mmol) at r.t. and the reaction mixture was

stirred at 50°C for 2 hrs. After completion of reaction, adjusted pH value to 7 with
CH3COOD. Water was added, the resulting mixture was extracted with EA (500 mL). The
combined organic layer was washed with water and brine, dried over Na;SOs, and
concentrated to give a residue which was purified by Flash-Prep-HPLC with the following
conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H>0 (0.5%
NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 20 min, the
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eluted product was collected at CH3CN/ H,0 (0.5% NH4HCO3) = 1/1; Detector, UV 254
nm. This resulted in to give 7 (2.6 g, 6.8 mmol, 56.1%) as a white solid. ESI-LCMS: m/z
378 [M+H]". '"H-NMR (400 MHz, DMSO-de): 5 11.35 (s, 1H), 7.91 (d, J = 8.0 Hz, 1H),
5.82 (d, J=5.2 Hz, 1H), 5.69-5.60 (m, 1H), 5.14 (s, 1H), 4.34-4.20 (m, 1H), 3.88-3.76 (m,
2H), 0.87 (s, 9H), 0.08 (s, 6H).

[0530] Preparation of (8): To a stirred solution of 7 (2.6 g, 6.8 mmol) in pyridine (30

mL) were added DMTrCl (3.5 g, 10.3 mmol) at r.t. And the reaction mixture was stirred at
r.t. for 2.5 hrs. With ice-bath cooling, the reaction was quenched with water and the product
was extracted into EA (200 mL). The organic phase was evaporated to dryness under
reduced pressure to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give 8 (4.3 g, 6.3 mmol, 90.1%) as a white solid. ESI-LCMS: m/z
678 [M-H]; '"H-NMR (400 MHz, DMSO-ds): & 11.39 (s, 1H), 7.86 (d, J = 8.0 Hz, 1H),
7.42-7.17 (m, 9H), 6.96-6.83 (m, 4H), 5.82-5.69 (m, 2H), 5.29 (d, J = 8.4 Hz, 1H), 4.36-
4.25 (m, 1H), 3.90 (d, J = 7.2 Hz, 1H), 3.86-3.80 (m, 1H), 3.73 (s, 6H), 0.75 (s, 9H), 0.02 (s,
3H), -0.04 (s, 3H).

[0531] Preparation of (9): To a solution of 8 (4.3 g, 6.3 mmol) in THF (45 mL) was

added 1 M TBAF solution (6 mL). The reaction mixture was stirred at r.t. for 1.5 hrs.

LCMS showed 8 was consumed completely. Water (200 mL) was added. The product was
extracted with EA (200 mL) and the organic layer was washed with brine and dried over
Na>S0Os. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3;CN/H20 (0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H>O (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 8 (3.5 g, 6.1 mmol, 90.1%)
as a white solid. ESI-LCMS: m/z 678 [M-H]'; 'H-NMR (400 MHz, DMSO-dc): § 11.38 (d,
J=2.0Hz, 1H), 7.23 (d, J = 8.0 Hz, 1H), 7.41-7.19 (m, 9H), 6.94-6.85 (m, 4H), 5.81 (d, J =
4.0 Hz, 1H), 5.33-5.26 (m, 1H), 5.21 (d, J = 7.2 Hz, 1H), 4.06-3.90 (m, 2H), 3.83-3.77 (m,
1H), 3.74 (s, 6H).

[0532] Preparation of Example 25 monomer: To a suspension of 9 (2.1 g, 3.7

mmol) in DCM (20 mL) was added DCI (373 mg, 3.1 mmol) and CEP[N(iPr)2]» (1.3 g, 4.4
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mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 9 was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na2SOjs.
Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCOs3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 25 monomer (2.2 g, 3.5 mmol, 80%) as a white solid.
ESI-LCMS: m/z 766 [M+H]*; '"H-NMR (400 MHz, ACN-d5): 6 9.65-8.86 (m, 1H,
exchanged with D,0), 7.93-7. 68 (m, 1H), 7.52-7.19 (m, 9H), 6.94-6.78 (m, 4H), 5.95-5.77
(m, 1H), 5.31-5.17 (m, 1H), 4.61-4.37 (m, 1H), 4.20-4.07 (m, 1H), 4.01-3.51 (m, 10H),
2.74-2.59 (m, 1H), 2.57-2.43 (m, 1H), 1.27-1.10 (m, 9H), 1.09-0.95 (m, 3H). *'P-NMR (162
MHz, ACN-d5): 6= 149.88, 149.55.

[0533] Example 26. Synthesis of Monomer
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Scheme-6

[0534] Preparation of (7): To a solution of 6 (17 g, 25.1 mmol, Scheme 3) in ACN (170
mL) was added DMAP (6.13 g, 50.3 mmol) and TEA (5.1 g, 50.3 mmol, 7.2 mL), Then
added TPSCI (11.4 g, 37.7 mmol) at 0 °C under N> atmosphere and the mixture was stirred
at r.t. for 3 h under N> atmosphere. Then con. NH3.H>0 (27.3 g, 233.7 mmol) was added at

r.t. and the mixture was stirred at r.t. for 16 h. The reaction was quenched with water and
the product was extracted with EA (200 mL). The organic phase was concentrated to give

the crude 7 (17.0 g) as a white solid which was used directly for next step.
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[0535] Preparation of (8): To a stirred solution of 7 (17.0 g, 25.1 mmol) in pyridine (170
mL) were added BzCl (4.3 g, 30.1mmol) O °C under N2 atmosphere. And the reaction

mixture was stirred at r.t for 2.5 h. With ice-bath cooling, the reaction was quenched with
water and the product was extracted with EA (200 mL). The organic phase was evaporated
to dryness under reduced pressure to give a residue which was purified by Flash-Prep-
HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4sHCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCOs3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give 8 (19.0 g, 24.3 mmol, 95.6% over two step)
as a white solid. ESI-LCMS: m/z 780 [M+H]*.

[0536] Preparation of (9): To a solution of 8 (19.0 g, 24.3 mmol) in THF (190 mL) was
added 1 M TBAF solution (24 mL). The reaction mixture was stirred at r.t. for 1.0 h. LC-

MS showed 8 was consumed completely. Water (500 mL) was added. The product was
extracted with EA (300 mL) and the organic layer was washed with brine and dried over
Na>S0Os. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 9 (15.2 g, 23.1 mmol,
95.5%) as a white solid. ESI-LCMS: m/z 666 [M+H]*; "TH-NMR (400 MHz, DMSO-ds): &
11.28 (s, 1H), 8.41 (m, 1H), 8.00-7.99 (m, 2H),7.63-7.15 (m, 13H), 6.93-6.89 (m, 4H),
5.87(s, 1H), 5.20(d, J = 7.4 Hz, 1H), 4.30 (m, 1H), 4.02 (m, 1H), 3.75 (s, 7H), 3.53 (s, 3H).
[0537] Preparation of Example 26 monomer: To a suspension of 9 (10.0 g, 15.0

mmol) in DCM (100 mL) was added DCI (1.5 g, 12.7 mmol) and CEP[N(iPr)2]> (5.4 g, 18.0

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 9 was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na>SOs.
Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 26 monomer (11.5 g, 13.5 mmol, 90.7%) as a white
solid. ESI-LCMS: m/z 866 [M+H]*, 'H-NMR (400 MHz, DMSO-dp): § = 11.28 (s, 1H),
8.48-8.41 (m, 1H), 8.00-7.99 (m, 2H),7.63-7.11 (m, 13H), 6.93-6.89 (m, 4H), 5.92(m, 1H),
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4.55-4.44 (m, 1H), 4.17 (m, 1H), 3.95 (m, 1H), 3.80-3.62 (m, 7H), 3.57-3.46 (m, 5H), 3.32
(s, 1H), 2.78 (m, 1H), 2.62-2.59 (m, 1H), 1.19-0.94 (m, 12H); *'P-NMR (162 MHz, DMSO-
ds): 6=149.52, 148.82.

[0538] Example 27. Synthesis of Monomer
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[0539] Preparation of (5): To the solution of 4 (18.8 g, Scheme 5) in dry ACN (200 mL)
was added TPSCI (16.8 g, 65.2 mmol) and TEA (5.6 g, 65.2 mmol) and DMAP (6.8 g, 65.2

mmol), and the reaction mixture was stirred at room temperature for 3.5 hrs under N»
atmosphere. After addition of water, the resulting mixture was extracted with EA (300 mL).
The combined organic layer was washed with water and brine, dried over Na;SOs, and
concentrated to give the crude 5 (22.0 g) as a white solid which was used directly for next
step. ESI-LCMS: m/z 677 [M-H]".

[0540] Preparation of (6): To a solution of 5 (22.0 g) in pyridine (150 mL) was

added BzCl1 (6.8 g, 48.9 mmol) under ice bath. The reaction mixture was stirred

at r.t. for 2.5 hrs. LCMS showed 5 was consumed. The mixture was diluted with EA and
water was added. The product was extracted with EA. The crude was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H>O (0.5% NH4sHCO3) =
1/0 within 25 min, the eluted product was collected at CH3CN/H-0 (0.5% NH4sHCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give the crude 6 (20.8 g, 26.7 mmol, 82% yield
over two steps) as a white solid. ESI-LCMS: m/z 781 [M+H]*; 'H-NMR (400 MHz,
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DMSO-ds): 6 11.30 (s, 1H), 8.55 (d, J = 8.0 Hz, 1H), 8.00-7.98 (m, 2H), 7.74-7.66(m, 1H),
7.60-7.50(m, 2H), 7.47-7.31(m, 4H), 7.30-7.2(m, 5H), 7.20-7.1(m, 1H), 6.91 (d, / = 7.4 Hz,
4H), 5.91-5.86 (AB, J = 20.0 Hz, 1H), 4.30 (d, J/ = 8.0 Hz, 1H), 3.87-3.78(s, 1H), 3.78-3.70
(m, 6H), 3.62-3.51 (m, 1H), 3.28-3.2 (m, 1H), 2.15-2.05 (m, 3H), 0.73 (s, 9H), 0.00 (m,
6H).

[0541] Preparation of (7): To a solution of 6 (20.8 g, 26.7 mmol) in THF (210 mL) was
added 1 M TBAF solution (32 mL). The reaction mixture was stirred at r.t. for 1.5 hrs.

LCMS showed 6 was consumed completely. Water (600 mL) was added. The product was
extracted with EA (400 mL) and the organic layer was washed with brine and dried over
Na>SOg4. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH;CN/H>0 (0.5% NH4HCOs3) = 2/3 increasing to CH3;CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 7 (12.4 g, 18.6 mmol,
70%) as a white solid. ESI-LCMS: m/z 667 [M+H]*; 'TH-NMR (400 MHz, DMSO-ds): &
11.03 (m, 1H), 8.51-8.48 (m, 1H), 8.08-7.95 (m, 2H), 7.63-7.54(m, 1H), 7.52-7.19 (m, 9H),
7.16-7.07(m,1H), 6.94-6.89 (m, 3H), 5.95-5.87 (m, 1H), 5.31-5.17 (m, 1H), 4.61-4.37 (m,
1H), 4.20-4.07 (m, 1H), 3.82-3.47 (m, 7H), 2.57-2.42 (m, 2H).

[0542] Preparation of Example 27 monomer: To a suspension of 7 (12.4 g, 18.6

mmol) in DCM (120 mL) was added DCI (1.7 g, 15.8 mmol) and CEP[N(iPr)]> (7.3 g, 24.2

mmol). The mixture was stirred at r.t. for 2 hrs. LC-MS showed 7 was consumed
completely. The solution was washed with water twice and washed with brine and dried
over NaxSO4. Then concentrated to give a residue which was purified by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give Example 27 monomer (13.6 g, 15.7 mmol,
84.0%) as a white solid. ESI-LCMS: m/z 867 [M+H]"; "TH-NMR (400 MHz, DMSO-ds): &
11.03 (m, 1H), 8.51-8.48 (m, 1H), 8.08-7.95 (m, 2H), 7.63-7.54(m, 1H), 7.52-7.19 (m, 9H),
7.16-7.07(m,1H), 6.94-6.89 (m, 3H), 5.95-5.87 (m, 1H), 5.31-5.17 (m, 1H), 4.61-4.37 (m,
1H), 4.20-4.07 (m, 1H), 3.82-3.47 (m, 10H), 2.74-2.59 (m, 1H), 2.57-2.43 (m, 1H), 1.27-
1.10 (m, 9H), 1.09-0.95 (m, 3H). *'P-NMR (162 MHz, DMSO-ds): § 149.59, 148.85.
[0543] Example 28. Synthesis of Monomer
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[0544] Preparation of (4): To a solution of 3 (13.1 g, 35.2 mmol, Scheme 3) in pyridine
(130 mL) was added MsCl (4.8 g, 42.2 mmol) under -10~0°C. The reaction mixture was
stirred at r.t. for 2.5 h under N atmosphere. TLC (DCM/MeOH =15:1) showed the

reaction was consumed. The mixture was diluted with EA and water was added. The
product was extracted with EA. The organic layer was washed with brine and dried over
Na>SO4 and concentrated to give the crude. This resulted in to give the product 4 (14.2

g) which was used directly for the next step. ESI-ILCMS: m/z 451 [M+H]*, "TH-NMR (400
MHz, DMSO-ds) 6 11.43(m, 1H), 7.67-7.65(m, 1H), 5.90-5.80(m, 1H), 5.75-5.64(m, 1H),
4.52-4.21(m, 3H), 4.12-3.90(m, 2H), 3.48-3.21(m, 6H), 0.95-0.78(s, 9H), 0.13-0.03(s, 6H).
[0545] Preparation of (5): To a solution of 4 (14.2 g) in DMSO (200 mL) was

added DMTtSH (19.6 g, 63.2 mmol) and tetramethylguanidine (5.1 g, 47.4 mmol) at r.t.

The reaction mixture was stirred at r.t. for 3.5 h under N> atmosphere. LCMS showed 4 the
reaction was consumed. The mixture was diluted with EA and water was added. The
product was extracted with EA. The organic layer was washed with brine and dried over
Na>SOs4 and concentrated to give the crude. The crude was purified by silica gel column
(SiO2, PE/EA = 10:1 ~1:1) to give § (14.2 g, 20.6 mmol, 58.5% yield over two steps) as a
white solid. ESI-LCMS: m/z 689 [M+H]". "TH-NMR (400 MHz, DMSO-d)  11.39(m, 1H),
7.63-7.61(d, J = 8.0 Hz, 1H), 7.45-7.1(m, 9H), 6.91-6.81(m, 4H), 5.80-5.70(m, 2H), 4.01-
3.91(m, 1H), 3.85-3.78(m, 1H), 3.78-3.65(m, 6H), 3.60-3.51(m, 1H), 3.43-3.2(m, 3H), 2.50-
2.32(m, 2H), 0.95-0.77(s, 9H), -0.00-0.02(s, 6H).
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[0546] Preparation of (6): To a solution of § (14.2 g, 20.6 mmol) in THF (140 mL) was

added 1 M TBAF solution (20 mL). The reaction mixture was stirred at r.t. under N2

atmosphere for 2.5 h. LCMS showed 5 was consumed completely. Water was added. The
product was extracted with EA and the organic layer was washed with brine and dried over
NazS0Os. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 6 (10.5 g, 18.2 mmol,
88.5%) as a white solid. ESI-LCMS: m/z 576 [M+H]*, "TH-NMR (400 MHz, DMSO-ds) &
11.38(m, 1H), 7.56-7.54(d, J = 8.0 Hz, 1H), 7.45-7.1(m, 9H), 6.91-6.81(m, 4H), 5.80-
5.70(m, 2H), 4.05-4.00(m, 1H), 3.81-3.79(m, 1H), 3.74(m, 2H), 3.78-3.65(m, 6H), 3.60-
3.51(m, 1H), 3.43-3.2(m, 3H), 2.40-2.32(m, 1H).

[0547] Preparation of Example 28 monomer: To a suspension of 9 (10.5 g, 18.2

mmol) in DCM (100 mL) was added DCI (1.7 g, 15.5 mmol) and CEP[N(iPr)2]> (7.2 g, 23.7

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 9 was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na2SOs.
Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H>O (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 28 monomer (12.5 g, 16.1 mmol, 88%) as a white
solid. ESI-LCMS: m/z 776 [M+H]*. "H-NMR (400 MHz, DMSO-ds) § 11.41(m, 1H), 7.64-
7.59(m, 1H), 7.40-7.25(m, 4H), 7.25-7.10(m, 5H), 6.89-6.86(m, 4H), 5.72-5.67(m, 2H),
4.02-4.00(m, 2H), 3.76-3.74(m, 8H), 3.74-3.73(m, 3H), 3.51-3.49(d, J =8 Hz, 1H), 3.33-
3.29(m, 1H), 2.77-2.73(m, 1H) , 2.63-2.60 (m, 1H), 2.50-2.47(m, 1H) , 1.12-0.99(m, 12H).
3IP-NMR (162 MHz, DMSO-dp): & 148.92, 148.84.

[0548] Example 29. Synthesis of Monomer
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[0549] Preparation of (7): To a solution of 6 (16 g, 24.1 mmol, Scheme 4) in ACN (160
mL) was added DMAP (5.9 g, 48.2 mmol) and TEA (4.8 g, 48.2 mmol), then added TPSCI

(10.9 g, 36.1 mmol) at 0 °C under N> atmosphere and the mixture was stirred at r.t. for 5 hrs
under N> atmosphere. Then con. NH3.H>O (30 mL) was added at r.t. and the mixture was
stirred at r.t. for 16 h. The reaction was quenched with water and the product was extracted
with EA (200 mL). The organic phase was concentrated to give the crude 7 (16.0 g) as a
white solid which was used directly for next step.

[0550] Preparation of (8): To a stirred solution of 7 (16.0 g, 24.1 mmol) in pyridine (160
mL) were added BzCl (4.1 g, 28.9 mmol) 0°C under N2 atmosphere. And the reaction

mixture was stirred at r.t. for 2.5 h. With ice-bath cooling, the reaction was quenched with
water and the product was extracted with EA (200 mL). The organic phase was evaporated
to dryness under reduced pressure to give a residue which was purified by Flash-Prep-
HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give 8 (18.0 g, 23.4 mmol, 97.0%) as a white
solid. ESI-LCMS: m/z 768 [M+H]*, "TH-NMR (400 MHz, DMSO-dp): § 11.31 (s, 1H),
8.47(d, J=7.2 Hz, 1H), 7.99 (d, J = 7.6 Hz, 2H), 7.65-7.16 (m, 13H), 6.92 (d, J = 8.8 Hz,
4H), 6.01 (d, J = 18.4 Hz, 1H), 5.18-5.04 (dd, 1H), 4.58-4.52 (m, 1H), 4.07 (d, J/ = 9.6 Hz,
1H), 3.75 (s, 6H), 0.73 (s, 9H), 0.05 (s, 3H), -0.06 (s, 3H).
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[0551] Preparation of (9): To a solution of 8 (18.0 g, 23.4 mmol) in THF (180 mL) was
added 1 M TBAF solution (23 mL). The reaction mixture was stirred at r.t. for 1.5 h. LC-

MS showed 8 was consumed completely. Water (500 mL) was added. The product was
extracted with EA (300 mL) and the organic layer was washed with brine and dried over
NazSOs. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 7 (13.7 g, 21.1 mmol,
90.5%) as a white solid. ESI-LCMS: m/z 654.2 [M+H]*; '"H-NMR (400 MHz, DMSO-ds): &
11.31 (s, 1H), 8.35(d, J = 7.4 Hz, 1H), 8.01 (m, 2H), 7.65-7.16 (m, 13H), 6.92 (d, J = 8.8
Hz, 4H), 5.94 (d, J = 18.0 Hz, 1H), 5.71 (d, J = 7.0 Hz, 1H), 5.12-4.98 (dd, 1H), 4.51-4.36
(m, 1H), 4.09 (d, J = 9.6 Hz, 1H), 3.75 (s, 6H).

[0552] Preparation of Example 29 monomer: To a suspension of 9 (10.6 g, 16.2

mmol) in DCM (100 mL) was added DCI (1.6 g, 13.7 mmol) and CEP[N(iPr)2]> (5.8 g, 19.4

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 9 was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na2SOjs.
Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H>0O (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 29 monomer (10.5 g, 14.5 mmol, 75.9%) as a white
solid. ESI-LCMS: m/z 854.3 [M+H]*; "H-NMR (400 MHz, DMSO-ds): & 11.31 (s, 1H),
8.41-8.37(m, 1H), 8.01 (d, J = 7.7 Hz, 2H), 7.65-7.16 (m, 13H), 6.92-6.88 (m, 4H), 6.06-
5.98 (m, 1H), 5.33-5.15 (m, 1H), 4.78-4.58 (m, 1H), 4.23-4.19 (m, 1H), 3.81-3.73 (m, 6H),
3.60-3.50 (m, 3H), 3.32 (s, 1H), 2.76 (t, / = 6.0 Hz, 1H), 2.60 (t, J = 5.8 Hz, 1H), 1.15-0.94
(m, 12H) ; 3'P-NMR (162 MHz, DMSO-dp): & 150.23, 150.18, 149.43, 149.38.

[0553] Example 30. Synthesis of Monomer
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[0554] Preparation of (9): To a solution of 8 (18.8 g, 26.4 mmol, Scheme 5 ) in ACN
(200 mL) was added TPSCI (16.8 g, 55.3 mmol) and DMAP (5.6 g, 55.3 mmol) and TEA

(6.8 g, 55.3 mmol). The reaction mixture was stirred at r.t. for 3.5 hrs. LCMS showed the

reaction was consumed. The mixture was diluted with con. NH4OH (28 mL). The mixture
was diluted with water and EA. The product was extracted with EA. The organic layer was
washed with brine and dried over NaxSO4 and concentrated to give the crude 9 (18.5

g) wihch was used directly for the next step.

[0555] Preparation of (10): To a solution of 9 (18.8 g, 27.69 mmol) in pyridine (200

mL) was added BzCl (5.8 g, 41.5 mmol) under ice bath. The reaction mixture was stirred
at r.t. for 2.5 hrs. LCMS showed 9 was consumed. The mixture was diluted with EA and
water was added. The product was extracted with EA. The crude was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H>0 (0.5% NH4sHCO3) = 1/1 increasing to CH3CN/H»0O (0.5% NH4sHCO3) =
1/0 within 25 min, the eluted product was collected at CH3CN/H>0 (0.5% NHsHCO3) =
1/0; Detector, UV 254 nm. This resulted in to give 10 (19.8 g, 25.3 mmol, 91% yield) as a
white solid. ESI-LCMS: m/z 783 [M-H]'; 'H-NMR (400 MHz, DMSO-de): § 11.29 (d, J =
2.0 Hz, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.02-8.00(m,2H), 7.64-7.62(m,1H), 7.60-
7.41(m,2H),7.47.41-7.19 (m, 9H), 6.94-6.85 (m, 4H), 5.81 (d, J = 4.0 Hz, 1H), 5.33-5.26
(m, 1H), 5.21 (d, J = 7.2 Hz, 1H), 4.06-3.90 (m, 2H), 3.83-3.77 (m, 1H), 3.74 (s, 6H).
[0556] Preparation of (11): To a solution of 10 (18.8 g, 26.4 mmol) in THF (190

mL) was added 1 M TBAF solution (28 mL). The reaction mixture was stirred at r.t. for 1.5
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hrs. LCMS showed 10 was consumed completely. Water (200 mL) was added. The product
was extracted with EA (200 mL) and the organic layer was washed with brine and dried
over NaxSOg4. Then the organic layer was concentrated to give a residue which was purified
by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 3/2 within 20 min, the eluted product was collected at CH3CN/ H,0 (0.5%
NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 11 (17.1 g, 25.6 mmol,
96%) as a white solid. ESI-LCMS: m/z 669 [M-H]; 'H-NMR (400 MHz, DMSO-db): &
11.29 (d, J=2.0 Hz, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.02-8.00(m,2H), 7.64-7.62(m,1H),
7.60-7.41(m,2H),7.47.41-7.19 (m, 9H), 6.94-6.85 (m, 4H), 5.81 (d, / = 4.0 Hz, 1H), 5.33-
5.26 (m, 1H), 5.21 (d, J =7.2 Hz, 1H), 4.06-3.90 (m, 2H), 3.83-3.77 (m, 1H), 3.74 (s, 6H).
[0557] Preparation of Example 30 monomer: To a suspension of 11 (10.8 g, 16.2
mmol) in DCM (100 mL) was added DCI (1.5 g, 13.7 mmol) and CEP[N(iPr)2]> (5.8 g, 19.3

mmol). The mixture was stirred at r.t. for 2 hrs. LC-MS showed 11 was consumed
completely. The solution was washed with water twice and washed with brine and dried
over NaxSO4. Then concentrated to give a residue which was purified by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCOs3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give Example 30 monomer (11.3 g, 13 mmol,
80%) as a white solid. ESI-LCMS: m/z 868 [M+H]"; 'H-NMR (400 MHz, DMSO-ds): &
11.03 (m, 1H), 8.51-8.48 (m, 1H), 8.08-7.95 (m, 2H), 7.63-7.54(m, 1H), 7.52-7.19 (m, 9H),
7.16-7.07(m,1H), 6.94-6.89 (m, 3H), 5.95-5.87 (m, 1H), 5.31-5.17 (m, 1H), 4.61-4.37 (m,
1H), 4.20-4.07 (m, 1H), 3.82-3.47 (m, 10H), 2.74-2.59 (m, 1H), 2.57-2.43 (m, 1H), 1.27-
1.10 (m, 9H), 1.09-0.95 (m, 3H). *'P-NMR (162 MHz, DMSO-dp): & 149.52, 148.81.
[0558] Example 31. Synthesis of Monomer
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[0559] Preparation of (2): To a stirred solution of 1 (100.0 g, 406.5 mmol) in pyridine
(1000 mL) were added DMTrCl (151.2 g, 447.1mmol) at r.t. And the reaction mixture was

stirred at r.t. for 2.5 hrs. With ice-bath cooling, the reaction was quenched with water and
the product was extracted with EA (3000 mL). The organic phase was evaporated to dryness
under reduced pressure to give a residue which was purified by silica gel column
chromatography (SiOz, dichloromethane: methanol = 100:1) to give 2 (210.0 g, 90%) as a
white solid. ESI-LCMS: m/z 548.2 [M+H]*; 'H-NMR (400 MHz, DMSO-de): § 11.43 (d, J
= 1.8 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.40-7.21(m, 9H), 6.92-6.88(m, 4H), 5.89 (d, J =
20.0 Hz, 1H), 5.31-5.29 (m, 1H), 5.19-5.04 (dd, 1H), 4.38-4.31 (m, 1H), 4.02-3.98 (m, 1H),
3.74(s, 6H), 3.30 (d, J = 3.2 Hz, 2H); "°F-NMR (376 MHz, DMSO-ds): & -199.51.

[0560] Preparation of (3): To a stirred solution of 2 (100.0 g, 182.8 mmol) in pyridine
(1000 mL) were added MsCl (31.2 g, 274.2 mmol) at 0°C under N2 atmosphere. And the

reaction mixture was stirred at r.t for 2.5 h. With ice-bath cooling, the reaction was
quenched with water and the product was extracted with EA (200 mL). The organic phase
was evaporated to dryness under reduced pressure to give the crude (114.0 g) as a white

solid which was used directly for next step. To the solution of the crude (114.0 g, 187.8
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mmol) in DMF (2000 mL) was added K>COs (71.5 g, 548.4 mmol), and the reaction
mixture was stirred at 90 °C for 15 h under N> atmosphere. After addition of water, the
resulting mixture was extracted with EA (500 mL). The combined organic layer was
washed with water and brine, dried over Na>SOs, and concentrated to give a residue which
was purified by silica gel column chromatography (SiO:, dichloromethane: methanol =
30:1) to give 3 (100.0 g, 90%) as a white solid. ESI-LCMS: m/z 531.2 [M+H]*; 'H-NMR
(400 MHz, DMSO-ds): 6 7.79 (d, J = 8.0 Hz, 1H), 7.40-7.21(m, 9H), 6.89-6.83(m, 4H),
6.14 (d, J = 5.4 Hz, 1H), 6.02-5.90 (dd, 1H), 5.87 (d, J =20.0 Hz, 1H), 5.45 (m, 1H), 4.61
(m, 1H), 3.73(d, J = 1.9 Hz, 6H), 3.30-3.15 (m, 2H), 1.24-1.16 (m, 1H); '°F-NMR (376
MHz, DMSO-ds): 6 -204.23.

[0561] Preparation of (4): A solution of 3 (100 g, 187.8 mmol) in THF (1000 mL) was
added 6N NaOH (34 mL, 206.5 mmol). The mixture was stirred at r.t. for 6 h. After

completion of reaction, the resulting mixture was added H>O, and then the mixture was
extracted with EA, the organic layer was washed with brine, dried over sodium sulfate and
removed to give the residue was purified by silica gel column chromatography (SiO»,
dichloromethane: methanol = 30:1) to give 4 (90.4 g, 90%) as a white solid. ESI-LCMS:
m/z 548.2 [M+H]*; ""F-NMR (376 MHz, DMSO-ds): § -184.58.

[0562] Preparation of (5): To a stirred solution of 4 (90.4 g, 165.2 mmol) in pyridine
(1000 mL) were added MsCl (61.5 g, 495.6 mmol) at 0°C under N> atmosphere. And the

reaction mixture was stirred at r.t for 16 hrs. With ice-bath cooling, the reaction was
quenched with water and the product was extracted with EA. the organic layer was washed
with brine, dried over sodium sulfate and removed to give the residue was purified by silica
gel column chromatography (SiO», PE: EA = 1:1) to give 5 (75.0 g, 90%) as a white solid.
ESI-LCMS: m/z 626.2 [M+H]*; '"H-NMR (400 MHz, DMSO-de): 5 11.51 (d, J = 1.6 Hz,
1H), 7.43-7.23(m, 10H), 6.92-6.88(m, 4H), 6.08 (d, J = 20.0 Hz, 1H), 5.55-5.39 (m, 2H),
4.59 (m, 1H), 3.74(s, 6H), 3.48-3.28 (m, 2H), 3.17 (s, 3H); '°’F-NMR (376 MHz, DMSO-
ds): 0 -187.72.

[0563] Preparation of (6): To the solution of 5 (75.0 g, 120.4 mmol) in DMF (1500 mL)
was added KSAc (71.5 g, 548.4 mmol) at 110 °C under N> atmosphere, After the reaction
mixture was stirred at 110 °C for 3 h were added KSAc (71.5 g, 548.4 mmol) under N>

atmosphere. And the reaction mixture was stirred at r.t for 16 h. After addition of water, the
resulting mixture was extracted with EA. The combined organic layer was washed with

water and brine, dried over Na>SOs, and concentrated to give a residue which was purified
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by silica gel column chromatography (SiO2, PE: EA = 1:1) to give 6 (29.0 g, 90%) as a
white solid. ESI-LCMS: m/z 605.2 [M+H]*; '"H-NMR (400 MHz, DMSO-ds): § 11.45 (d, J
=1.9 Hz, 1H), 7.95(d, J = 8.0 Hz, 1H), 7.38-7.21 (m, 9H), 6.92-6.87 (m, 4H), 5.93 (m, 1H),
5.50-5.36 (dd, 1H), 5.25-5.23 (dd, 1H), 4.54-4.42 (m, 1H), 4.17-4.12 (m, 1H), 3.74 (m, 7H),
3.35-3.22 (m, 2H), 2.39 (s,1H); "F-NMR (376 MHz, DMSO-de): 5 -181.97.

[0564] Preparation of (7): A solution of 6 (22 g, 36.3 mmol) in a mixture solvent of
THF /MeOH (1:1, 200 mL) was added 1N NaOMe (70 mL, 72.6 mmol)was stirred at 20 °C

for 4 h. After completion of reaction, the resulting mixture was added H>O, and then the
mixture was extracted with EA, the organic layer was washed with brine, dried over
sodium sulfate and removed to give the residue was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 25 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) =4/3; Detector, UV 254
nm. This resulted in to give 7 (10.5 g, 14.5 mmol, 75.9%) as a white solid. ESI-LCMS: m/z
565.1 [M+H]*, 'H-NMR (400 MHz, DMSO-d): § 11.45 (s, 1H), 7.83(d, J = 8.0 Hz, 1H),
7.40-7.23 (m, 9H), 6.90 (d, J = 8.8 Hz, 4H), 5.88 (m, 1H), 5.29-5.15 (m, 2H), 3.72 (m, 7H),
3.43 (m, 2H), 2.78 (d, J = 10.6 Hz, 1H).

[0565] Preparation of Example 31 monomer: To a suspension of 7 (10.5 g, 18.6

mmol) in DCM (100 mL) was added DCI (1.8 g, 15.7 mmol) and CEP[N(iPr)2]> (6.7 g, 22.3

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 8 was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na;SOs.
Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 31 monomer (10.5 g, 14.5 mmol, 75.9%) as a white
solid. ESI-LCMS: m/z 765.3 [M+H]"; '"H-NMR (400 MHz, DMSO-de): § 11.40 (d, J = 12.2
Hz, 1H), 7.90-7.86(m, 1H), 7.41-7.24 (m, 9H), 6.91-6.89 (m, 4H), 5.97 (m, 1H), 5.33-5.10
(m, 2H), 4.18-4.16 (m, 1H), 3.91-3.39 (m, 17H), 2.81 (t, / = 5.6 Hz, 1H), 2.66 (t, J = 6.0
Hz, 1H), 1.33-0.97 (m, 12H) ; *'P-NMR (162 MHz, DMSO-dj): § 164.57, 160.13.
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[0566] Example 32. Synthesis of Monomer
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[0567] Preparation of (2): To a stirred solution of 1 (100.0 g, 387.5 mmol) in pyridine
(1000 mL) was added DMTrCl (151.2 g, 447.1mmol) at r.t. And the reaction mixture was

stirred at r.t. for 2.5 hrs. With ice-bath cooling, the reaction was quenched with water and
the product was extracted with EA (3000 mL). The organic phase was evaporated to dryness
under reduced pressure to give a residue which was purified by silica gel column
chromatography (SiO», dichloromethane: methanol = 100:1) to give 2 (200.0 g, 90%) as a
white solid. ESI-LCMS: m/z 561 [M+H]".

[0568] Preparation of (3): To a stirred solution of 2 (73.0 g, 130.3 mmol) in pyridine
(730 mL) were added MsCl1 (19.5 g, 169.2 mmol) at 0°C under N» atmosphere. And the

reaction mixture was stirred at r.t for 2.5 h. With ice-bath cooling, the reaction was
quenched with water and the product was extracted with EA (200 mL). The organic phase
was evaporated to dryness under reduced pressure to give the crude (80.0 g) as a white solid
which was used directly for next step. To the solution of the crude (80.0 g, 130.3 mmol) in
DMF (1600 mL) was added K>COs3 (71.5 g, 390.9 mmol), and the reaction mixture was

stirred at 90 °C for 15 h under N> atmosphere. After addition of water, the resulting mixture
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was extracted with EA (500 mL). The combined organic layer was washed with water and
brine, dried over Na>SOs4, and concentrated to give a residue which was purified by silica
gel column chromatography (SiO», dichloromethane: methanol = 30:1) to give 3 (55.0 g,
90%) as a white solid. ESI-LCMS: m/z 543. [M+H]*; 'TH-NMR (400 MHz, DMSO-ds): &
7.68 (d, J = 8.0 Hz, 1H), 7.40-7.21(m, 9H), 6.89-6.83(m, 4H), 5.96(s, 1H), 5.83 (d, J=5.4
Hz, 1H), 5.26 (s, 1H), 4.59 (s, 1H), 4.46 (t, J = 6.0 Hz, 1H), 3.72(s, 6H), 3.44(s, 3H), 3.18-
3.12 (m, 2H).

[0569] Preparation of (4): A solution of 3 (55 g, 101.8 mmol) in THF (550 mL) was
added 6N NaOH (34 mL, 206.5 mmol). The mixture was stirred at 20 °C for 6 hrs. After

completion of reaction, the resulting mixture was added H>O, and then the mixture was
extracted with EA, the organic layer was washed with brine, dried over sodium sulfate and
removed to give the residue was purified by silica gel column chromatography (SiO»,
dichloromethane: methanol = 30:1) to give 4 (57.4 g, 87%) as a white solid. ESI-LCMS:
m/z 561 [M+H]*.

[0570] Preparation of (5): To a stirred solution of 4 (57.4 g, 101.8 mmol) in pyridine
(550 mL) were added MsCl (61.5 g, 495.6 mmol) at 0°C under N atmosphere. And the

reaction mixture was stirred at r.t for 16 h. With ice-bath cooling, the reaction was quenched
with water and the product was extracted with EA. the organic layer was washed with brine,
dried over sodium sulfate and removed to give the residue was purified by silica gel column
chromatography (SiO», PE: EA = 1:1) to give § (57.0 g, 90%) as a white solid. ESI-LCMS:
m/z 639 [M+H]*,

[0571] Preparation of (6): To the solution of 5 (57.0 g, 89.2 mmol) in DMF (600 mL)
was added KSAc (71.5 g, 448.4 mmol) at 110 °C under N atmosphere, After the reaction
mixture was stirred at 110 °C for 3 h were added KSAc (71.5 g, 448.4 mmol) under N>

atmosphere. And the reaction mixture was stirred at r.t for 16 h. After addition of water, the
resulting mixture was extracted with EA. The combined organic layer was washed with
water and brine, dried over Na»>SOs, and concentrated to give a residue which was purified
by silica gel column chromatography (SiO2, PE: EA = 1:1) to give 6 (29.0 g, 47%) as a
white solid. ESI-LCMS: m/z 619.2 [M+H]*; 'H-NMR (400 MHz, DMSO-de): § 11.41 (s,
1H), 8.06 (s, 1H), 7.40-7.23 (m, 9H), 6.90 (d, J = 8.8 Hz, 4H), 5.82 (s, 1H), 5.10-5.08 (dd,
1H), 4.38-4.34 (m, 1H), 4.08-4.02 (m, 3H), 3.74 (s, 6H), 3.45 (s, 3H),3.25 (m, 2H), 2.37 (s,
3H); ESI-LCMS: m/z 619 [M+H]* .
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[0572] Preparation of (7): A solution of 6 (22 g, 35.3 mmol) in a mixture solvent of
THF /MeOH (1:1, 200 mL) was added 1N NaOMe (70 mL, 72.6 mmol)was stirred at 20 °C

for 4 h. After completion of reaction, the resulting mixture was added H>O, and then the
mixture was extracted with EA, the organic layer was washed with brine, dried over
sodium sulfate and removed to give the residue was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H2O
(0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 25 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) =4/3; Detector, UV 254
nm. This resulted in to give 7 (14.0 g, 70.9%) as a white solid. ESI-LCMS: m/z 576.1
[M+H]*; "TH-NMR (400 MHz, DMSO-de): § 11.38 (s, 1H), 7.90(d, J = 8.0 Hz, 1H), 7.40-
7.23 (m, 9H), 6.90 (d, J = 8.8 Hz, 4H), 5.80 (s, 1H), 5.15-5.13 (dd, 1H), 3.93 (m, 1H),3.87
(d, J=5.0Hz, 1H), 3.74 (s, 6H), 3.59 (m, 2H), 3.49 (s, 3H),3.39 (d, J = 2.2 Hz, 2H), 2.40
(d, J=10.2 Hz, 1H).

[0573] Preparation of Example 32 monomer: To a suspension of 7 (10.5 g, 18.6

mmol) in DCM (100 mL) was added DCI (1.8 g, 15.7 mmol) and CEP[N(iPr)2]> (6.7 g, 22.3

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 7 was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na2SOs.
Then concentrated to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCOs3) = 1/1 increasing to CH3CN/H20O (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 32 monomer (10.5 g, 14.5 mmol, 75.9%) as a white
solid. ESI-LCMS: m/z 776.3 [M+H]*, 'H-NMR (400 MHz, DMSO-de): & 11.40 (d, J = 12.2
Hz, 1H), 8.04-7.96(dd, 1H), 7.43-7.24 (m, 9H), 6.92-6.87 (m, 4H), 5.84 (m, 1H), 4.93 (m,
1H), 4.13 (m, 1H), 3.91-3.39 (m, 17H), 2.82 (t, / = 5.6 Hz, 1H), 2.68 (t, J = 6.0 Hz, 1H),
1.22-0.97 (m, 12H) ; *'P-NMR (162 MHz, DMSO-ds): & 165.06, 157.59.

[0574] Example 33. Synthesis of 5° End Cap Monomer
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[0575] Preparation of (2): To a solution of 1 (11.2 g, 24.7 mmol) in DCM (120 mL),

imidazole (4.2 g, 61.9 mmol) and TBSCI (5.6 g, 37.1 mmol) were added at r.t., mixture was
stirred at r.t. for 15 hrs, LCMS showed 1 was consumed completely. Mixture was added
water (500 mL) and extracted with DCM (50 mL*2). The organic phase was dried over
Na>SO4 and concentrated to give 2 (16.0 g) as an oil for the next step.

[0576] Preparation of (3): To a solution of 2 (16.0 g, 28.4 mmol) was added 6% DCA in

DCM (160 mL) and triethylsilane (40 mL) at r.t. The reaction mixture was stirred at r.t. for

2 hrs. TLC showed 2 was consumed completely. Water (300 mL) was added, mixture was
extracted with DCM (50 mL*4), organic phase was dried by NaxSOs, concentrated by
reduce pressure to give crude which was purified by column chromatography (SiO», PE/EA
=10:1to 1:1) to give 3 (4.9 g, 65.9% yield) as an oil. ESI-LCMS: m/z 263 [M+H]",'H-
NMR (400 MHz, DMSO-dp) 6 4.84-4.50(m, 1H), 4.3-4.09(m, 1H), 3.90-3.80(m, 1H), 3.75-
3.67(m, 1H), 3.65-3.57(m, 2H), 3.50-3.44(m, 1H), 3.37-3.28(m, 4H), 0.95-0.78(s, 9H),
0.13-0.03(s, 6H).

[0577] Preparation of (4): To a solution of 3 (3.3 g, 12.6 mmol) in DMSO (33 mL) was
added EDCI (7.2 g, 37.7 mmol) .The mixture was added pyridine (1.1 g, 13.8 mmol) and
TFA (788.6 mg, 6.9 mmol). The reaction mixture was stirred at r.t. for 3 hrs. TLC (PE/EA =

4:1) showed 3 was consumed. The mixture was diluted with EA and water was added. The

product was extracted with EA. The organic layer was washed with brine and dried over
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Na>S0Os4 and concentrated to give the crude. This resulted in to give 4 (3.23 g) as an oil for
the next step.

[0578] Preparation of (5): To a solution of 4 (3.3 g, 12.6 mmol) in toluene (30 mL) was
added POM ester 4a ( reference for 4a Journal of Medicinal Chemistry, 2018, 61 (3), 734-
744) (7.9 g, 12.6 mmol) and KOH (1.3 g, 22.6 mmol) at r.t. The reaction mixture was

stirred at 40 °C for 8 hrs. LCMS showed 4 was consumed. The mixture was diluted

with water and EA was added. The product was extracted with EA. The organic layer was
washed with brine and dried over Na>SO4 and concentrated to give the crude. The crude was
purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18
silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20
(0.5% NH4HCO3) = 1/0 within 20 min, the eluted product was collected at CH3CN/H>O
(0.5% NH4HCO3) = 91/9 Detector, UV 254 nm. This resulted in to give 5 (5.4 g, 9.5 mmol,
75.9% yield) as an oil. ESI-LCMS: m/z 567.2 [M+H]*; "H-NMR (400 MHz, CDCI3) § 6.89-
6.77(m, 1H), 6.07-5.96(m, 1H), 5.86-5.55(m, 4H), 4.85 -4.73(m, 1H), 4.36-4.27(m, 1H),
4.05-3.96(m, 1H), 3.95-3.85(m, 1H), 3.73-3.65(m, 1H), 3.44-3.35 (m, 3H), 1.30-1.25(s,
18H), 0.94-0.84(s, 9H), 0.14-0.05(s, 6H). *'P-NMR (162 MHz, CDCl3) § 18.30, 15.11.
[0579] Preparation of (6): To a solution of 5 (5.4 g, 9.5 mmol) in HCOOH (30 mL)
/H>0 (30 mL) = 1:1 at r.t. The reaction mixture was stirred at r.t. for 15 hrs. LCMS showed

the reaction was consumed. The mixture was diluted with con. NH4OH till pH = 7.5. The
product was extracted with EA. The organic layer was washed with brine and dried over
Na>SO4 and concentrated to give the crude. The crude was purified by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5%HCOOH) = 30/70 increasing to CH3;CN/H20 (0.5% HCOOH) = 70/30
within 45 min, the eluted product was collected at CH3CN/ H,O (0.5% HCOOH) = 59/41
Detector, UV 220 nm. This resulted in to give 6 (2.4 g, 5.7 mmol, 59.4% yield) as an oil.
ESI-LCMS: m/z 453.2 [M+H]"; '"H-NMR (400 MHz, DMSO-ds) & 6.84-6.68(m, 1H), 6.07-
5.90(m, 1H), 5.64- 5.55(m, 4H), 5.32-5.24(m, 1H), 4.23-4.15(m, 1H), 4.00-3.90(m, 1H),
3.89-3.80(m, 1H), 3.78-3.69(m, 2H), 3.37-3.30(s, 3H), 1.30-1.10(s, 18H). *'P-NMR (162
MHz, DMSO-dp) 6 18.14.

[0580] Preparation of Example 33 monomer: To a solution of 6 (2.1 g, 4.5 mmol) in

DCM (21 mL) were added DCI (452.5 mg, 3.8 mmol) and CEP[N(iPr):]» (1.8 g, 5.9

mmol) at r.t. The reaction mixture was stirred at r.t. for 15 hrs under N> atmosphere. LCMS

showed 6 was consumed. The mixture was diluted with water. The product was extracted
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with DCM (30 mL). The organic layer was washed with brine and dried over NaxSO4 and
concentrated to give the crude. The crude was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H>O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 28 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 80/20 Detector, UV
254 nm. This resulted in to give Example 33 monomer (2.8 g, 4.3 mmol, 95.2% yield) as an
oil. ESI-LCMS: m/z 653.2 [M+H]"; "H-NMR (400 MHz, DMSO-ds) 6 6.89-6.77(m, 1H),
6.11-5.96(m, 1H), 5.65-5.50(m, 4H), 4.39-4.34(d, J =20 Hz, 1H), 4.18-3.95(m, 2H), 3.94-
3.48(s, 6H), 3.40-3.28(m, 4H), 2.84-2.75 (m, 2H), 1.26-1.98(s, 30H). *'P-NMR (162 MHz,
DMSO-ds) 0 149.018, 148.736, 17.775, 17.508.

[0581] Example 34. Synthesis of 5° End Cap Monomer
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[0582] Preparation of (2): To a solution of 1 (ref for 1 Tetrahedron , 2013, 69, 600-606)
(10.60 g, 47.32 mmol) in DMF (106 mL), imidazole (11.26 g, 165.59 mmol) and TBSCI
(19.88 g, 132.53 mmol) were added. The mixture was stirred at r.t. for 3.5 hrs,

LCMS showed 1 was consumed completely. Water was added and extracted with EA, dried
over by Na;SOs. The filtrate was evaporated under reduced pressure to give 2 (20.80 g,
45.94 mmol, 97.19% yield) for the next step.

[0583] Preparation of (3): To a solution of 2 (20.80 g, 45.94mmol) in THF (248 mL),
was added TFA (124 mL) and H>O (124 mL) at 0°C, reaction mixture was stirred for 30

min. LCMS showed 2 was consumed completely. Then was extracted with EA, washed
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with sat. NaCl (aq.), dried over by Na;SOa. The filtrate was evaporated under reduced
pressure to give the crude product which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H>O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give 3 (10.00 g, 29.59 mmol, 64.31% yield). "H-NMR (400 MHz,
DMSO-ds): 6 7.33-7.18(m, 5H), 4.83-4.80(m, 1H), 4.61-4.59(m, 1H), 4.21-4.19(m, 1H),
3.75-3.74(m, 1H), 3.23(m, 3H), 3.13(m, 3H),2.41-2.40(m, 1H), 0.81(m, 9H), 0.00(m, 6H).
[0584] Preparation of (4): To a solution of 3(3.70 g, 10.95 mmol) in DMSO (37 mL)
was added EDCI (6.30 g, 32.84 mmol). Then pyridine (0.95 g, 12.05 mmol) and TFA (0.69

g, 6.02 mmol) was added in N> atmosphere. The mixture was stirred for 3 hrs at r.t. LCMS
showed 3 was consumed completely. Water was poured into and extracted with EA, washed
with sat. NaCl (aq.), dried over by Na>SO4. The filtrate was evaporated under reduced
pressure to give the crude product which was directly used for next step.

[0585] Preparation of (5): To a solution of 4 in toluene (100.00 mL), was added 4a
(6.93 g, 10.97 mmol) and KOH (1.11 g, 19.78 mmol). It was stirred for 3.5 hrs at 40°C in

N> atmosphere. TLC and LCMS showed 4 was consumed completely. Then was extracted
with EA, washed with water and sat. NaCl (aq.), dried over by Na>SOs. The filtrate was
evaporated under reduced pressure to give the crude product which was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H>0 (0.5% NH4sHCO3) = 1/1 increasing to CH3CN/H>O (0.5% NH4sHCO3) =
1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) =
1/0; Detector, UV 254 nm. This resulted in to give 5 (4.30 g, 6.70 mmol, 61.17% yield). 'H-
NMR (400 MHz, CDCls): 6 7.27-7.26(m, 4H), 7.17(m, 1H), 6.94-6.82(m, 1H), 6.13-
6.02(m, 1H), 5.63-5.56(m, 4H), 4.90-4.89(m, 1H), 4.45-4.41(m, 1H), 3.98-3.95(m, 1H),
3.39-3.29(m, 4H), 1.90(m, 1H), 1.12-0.83(m, 29H), 0.00(m, 7H); *'P-NMR (162 MHz,
CDCl): 6 18.021, 14.472.

[0586] Preparation of (6): To a solution of 5 (4.30 g, 6.70 mmol) in THF (43.00 mL)
was added HCOOH (100 mL) and H>O (100 mL). It was stirred overnight at r.t. LCMS

showed 5 was consumed completely. NH4OH was poured into it and was extracted with
EA, washed with sat. NaCl (aq.), dried over by Na>SOs4. The filtrate was evaporated under
reduced pressure to give the crude product which was purified by Flash-Prep-HPLC with
the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H>,0O
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(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give 6 (2.10 g, 3.98 mmol, 59.32% yield). "H-NMR (400 MHz,
CDClI): 6 7.40-7.28(m, 5H), 7.11-7.00(m, 1H), 6.19-6.14(m, 1H), 5.71-5.68(m, 4H), 4.95-
4.94(m, 1H), 4.48-4.47(m, 1H), 4.05-4.03(m, 1H), 3.62-3.61(m, 1H), 3.46(m, 3H), 3.00-
2.99(m, 1H), 1.22(m, 18H);*'P-NMR (162 MHz, CDCls): § 18.134.

[0587] Preparation of Example 34 monomer: To a solution of 6 (2.10 g, 3.98 mmol) in
DCM (21 mL) was added DCI (410 mg, 3.47 mmol). CEP (1.40 g, 4.65 mmol) was added

in a N> atmosphere. LCMS showed 6 was consumed completely. DCM and H>O was
poured, the organic phase was washed with water and sat. NaCl (aq.), dried over by
NaxSOq. The filtrate was evaporated under reduced pressure at 40°C to give the crude
product which was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-
1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing
to CH3CN/H>0 (0.5% NH4sHCO3) = 1/0 within 20 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give
Example 34 monomer (2.10 g, 2.88 mmol). 'H-NMR (400 MHz, DMSO-ds): & 7.39-
7.32(m, 6H), 6.21-6.11(m, 1H), 5.64-5.61(m, 4H), 4.91-4.85(m, 1H), 4.59(m, 1H), 4.28-
4.25(m, 1H), 3.84-3.60(m, SH), 3.36-3.36(m, 2H), 2.83-2.79(m, 2H), 1.18-1.14(m, 29H);
'P-NMR (162 MHz, DMSO-de): § 149.588, 148.920, 17.355, 17.010.

[0588] Example 35. Synthesis of 5° End Cap Monomer
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[0589] Preparation of (2): To a solution of 1 (5.90 g, 21.50 mmol) in DMF (60.00 mL),
imidazole (4.39 g, 64.51 mmol) and TBSCI (7.63 g, 49.56 mmol) were added. The mixture

was stirred at r.t. for 3.5 hrs, LCMS showed 1 was consumed completely. Water was added
and extracted with EA, dried over by Na>SOs. The filtrate was evaporated under reduced
pressure to give 2 (11.00 g, 21.91 mmol, 98.19% yield) for the next step. ESI-LCMS: m/z
225.1 [M+H]".

[0590] Preparation of (3): To a solution of 2 (11.00 g, 21.91mmol) in THF (55.00 mL)
was added TFA (110.00 mL) and H>O (55.00 mL) at 0°C,reaction mixture was stirred for 30

min. LCMS showed 2 was consumed completely. Then was extracted with EA, washed
with sat. NaCl (aq.), dried over by Na>SO4. The filtrate was evaporated under reduced
pressure to give the crude product which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H>O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give 3 (6.20 g, 16.32 mmol, 72.94 % yield). ESI-LCMS: m/z 411.2
[M+H]*.

[0591] Preparation of (4): To a solution of 3 (3.50 g, 9.02 mmol) in DMSO (35.00 mL)
was added EDCI (5.19 g, 27.06 mmol). Then pyridine (0.78 g, 9.92 mmol) and TFA (0.57

g,4.96 mmol) was added in N2 atmosphere. The mixture was stirred for 3h at r.t. Water was
poured into it and was extracted with EA, washed with sat. NaCl (aq.), dried over by
Na>S0Os. The filtrate was evaporated under reduced pressure to give the crude product which
was directly used for next step. ESI-LCMS: m/z 406.2 [M+H]*.

[0592] Preparation of (5): To a solution of 4 in toluene (100.00 mL) was added 4a (5.73
g, 9.07 mmol) and KOH (916.3 g, 16.33 mmol). It was stirred for 3.5h at 40°C in N»

atmosphere. Then was extracted with EA, washed with water and sat. NaCl (aq.), dried over
by Na>SOs. The filtrate was evaporated under reduced pressure to give the crude product
which was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1):
Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCOs) = 1/1 increasing to
CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give 5
(5.02 g, 7.25 mmol, 80.44% yield). ESI-LCMS: m/z 693.2 [M+H]"; *'P-NMR (162 MHz,
DMSO-de): 6 17.811
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[0593] Preparation of (6): To a solution of § (4.59 g, 6.63 mmol) in THF (46.00 mL)
was added HCOOH (92.00 mL) and H>O (92.00 mL). It was stirred overnight at r.t. NHsOH

was poured into it and extracted with EA, washed with sat. NaCl (aq.), dried over by
NazSOs. The filtrate was evaporated under reduced pressure to give the crude product which
was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column,
C18 silica gel; mobile phase, CH3CN/H>0 (0.5% NH4HCOs3) = 1/1 increasing to
CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give 6
(2.52 g, 4.36 mmol, 65.80% yield).

[0594] Preparation of Example 35 monomer: To a solution of 6 (2.00 g, 3.46 mmol) in
DCM (21.00 mL) was added DCI (370.00 mg, 3.11 mmol) and CEP (1.12 g, 4.15 mmol)

was added in N> atmosphere. DCM and H>O was poured, the organic phase was washed
with water and sat. NaCl (aq.), dried over by Na>SOs. The filtrate was evaporated under
reduced pressure at 38°C to give the crude product which was purified by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH;3;CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4sHCO3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give Example 35 monomer (2.10 g, 2.70 mmol,
78.07% yield). '"H-NMR (400 MHz, DMSO-dp): & 7.39-7.32(m, 6H), 6.21-6.11(m, 1H),
5.64-5.61(m, 4H), 4.91-4.85(m, 1H), 4.59(m, 1H), 4.28-4.25(m, 1H), 3.84-3.60(m, SH),
3.36-3.36(m, 2H), 2.83-2.79(m, 2H), 1.18-1.14(m, 29H). *'P-NMR (162 MHz, DMSO-ds):
0 149.588, 148.920, 17.355, 17.010.

[0595] Example 36. Synthesis of Monomer
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[0596] Preparation of (2): To a solution of 1 (35.0 g, 53.2 mmol) in DMF (350
mL) was added imidazole (9.0 g, 133.0 mmol) then added TBSCI (12.0 g, 79.8 mmol) at

0°C. The mixture was stirred at r.t. for 14 hrs. TLC showed 1 was consumed
completely. Water was added to the reaction. The product was extracted with EA, The
organic layer was washed with NaHCO3 and brine. Then the solution was concentrated
under reduced pressure the crude 2 (41.6 g) as a white solid which was used directly for
next step. ESI-LCMS: m/z 772 [M+H]*.

[0597] Preparation of (3): To a solution of 2 (41.0 g, 53.1 mmol) in 3% DCA (53.1
mmol, 350 mL) and Et3SiH (53.1 mmol, 100 mL) at 0°C. The mixture was stirred at 0°C

for 0.5 h. TLC showed 2 was consumed completely. NaHCO3 was added to the reaction.
The product was extracted with EA, The organic layer was washed with NaHCO3 and brine.
Then the solution was concentrated under reduced pressure. The residue silica gel column
chromatography (eluent, DCM/MeOH = 100:1~20:1). This resulted in to give 3 (20.0 g,
41.7 mmol, 78.6% over two step) as a white solid. ESI-LCMS: m/z 470 [M+H]*, '"H-NMR
(400 MHz, DMSO-ds): 6 12.12 (s, 1H), 11.67 (s, 1H), 8.28 (s, 1H), 6.12-6.07 (dd, J = 15
Hz, 1H), 5.75 (d, / = 5 Hz, 1H), 5.48-5.24 (m, 2H), 4.55-4.49 (m, 1H), 3.97 (s, 1H), 3.75-
3.55 (m, 2H), 2.79-2.76 (m, 1H), 1.12 (d, J = 6 Hz, 6H), 0.88 (s, 9H), 0.11(d, J = 6 Hz, 6H).
[0598] Preparation of (4): To the solution of 3 (20 g, 42.6 mmol) in dry DCM (100 mL)
and DMF (60 mL) was added PDC (20. g, 85.1 mmol), tert-butyl alcohol (63.1 g, 851.8

mmol) and Ac;0 (43.4 g, 425.9 mmol) at r.t. under N> atmosphere. And the reaction
mixture was stirred at r.t. for 2 h. The solvent was removed to give a residue which was
purified by silica gel column chromatography (eluent, PE: EA = 4:1~2:1) to give a residue
which was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1):
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Column, C18 silica gel; mobile phase, CH;CN/H20 (0.5% NH4HCO3) = 1/1 increasing to
CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give 4
(16.0 g, 29.0 mmol, 68.2% yield) as a white solid. ESI-LCMS: m/z 540 [M+H]*, 'H-NMR
(400 MHz, DMSO-ds): 6 12.12 (s, 1H), 11.69 (s, 1H), 8.28 (s, 1H), 6.21-6.17 (dd, J = 15
Hz, 1H), 5.63-5.55 (m, 1H), 4.75-4.72 (m, 1H), 4.41 (d, J = 5 Hz, 1H), 2.79-2.76 (m, 1H),
1.46 (s, 9H), 1.13-1.11 (m, 6H), 0.90 (s, 9H), 0.14(d, J = 2 Hz, 6H).

[0599] Preparation of (5): To the solution of 4 (16.0 g, 29.6 mmol) in dry
THE/MeOD/D-,0 = 10/2/1 (195 mL) was added NaBD4 (3.4 g, 88.9 mmol) at r.t. and the

reaction mixture was stirred at 50 °C for 2 h. After completion of reaction, adjusted pH
value to 7 with CH3COQD, after addition of water, the resulting mixture was extracted with
EA (300 mL). The combined organic layer was washed with water and brine, dried over
Na>SOg4, Then the solution was concentrated under reduced pressure the crude 5 (11.8 g) as
a white solid which was used directly for next step. ESI-LCMS: m/z 402 [M+H]".

[0600] Preparation of (6): To a solution of 5 (5.0 g, 12.4 mmol) in pyridine (50

mL) was added iBuCl (2.6 g, 24.9 mmol) at 0°C under N> atmosphere. The mixture was
stirred at r.t. for 14 h. TLC showed 5 was consumed completely. Then the solution diluted
with EA. The organic layer was washed with NaHCO3 and brine. Then the solution was
concentrated under reduced pressure to give the crude. To a solution of the crude in pyridine
(50 mL) was added 2N NaOH (MeOH/H,0=4:1, 15 mL) at 0°C. The mixture was stirred

at 0°C for 10 min. Then the solution diluted with EA .The organic layer was washed

with NH4Cl and brine. Then the solution was concentrated under reduced pressure the
residue was purified by Flash-Prep-HPLC with the following conditions(IntelFlash-1):
Column, C18 silica gel; mobile phase, CH;CN/H20O (0.5% NH4HCO3) =1/3 increasing to
CH3CN/H20 (0.5% NH4HCO3)=4/1 within 25 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) =3/2; Detector, UV 254 nm. This resulted in to give 6 (6 g,
10.86 mmol, 87.17% yield) as a white solid. ESI-LCMS: m/z 472.2 [M+H]"; '"H-NMR
(400 MHz, DMSO-ds): 6 12.12 (s, 1H), 11.67 (s, 1H), 8.28 (s, 1H), 6.12-6.07 (dd, J = 15
Hz, 1H), 5.48-5.24 (m, 2H), 5.22 (s, 1H), 4.55-4.49 (m, 1H), 3.97 (d, J = 5 Hz, 1H), 2.79-
2.76 (m, 1H), 1.12 (d, J = 6 Hz, 6H), 0.88 (s, 9H), 0.11(d, J = 6 Hz, 6H).

[0601] Preparation of (7): To a solution of 6 (3.8 g, 8.1 mmol) in pyridine (40 mL) was
added DMTtClI (4.1 g, 12.1 mmol) at 20°C. The mixture was stirred at 20°C for 1 h.

TLC showed 7 was consumed completely. Water was added to the reaction. The product
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was extracted with EA, The organic layer was washed with NaHCO3 and brine. Then the
solution was concentrated under reduced pressure to give the crude product of 7 (6 g, 7.6
mmol, 94.3% yield) as a yellow solid. ESI-LCMS: m/z 775 [M+H]*.

[0602] Preparation of (8): To a solution of 7 (6.0 g, 7.75 mmol) in THF (60

mL) was added TBAF (2.4 g, 9.3 mmol). The mixture was stirred at r.t. for 1 h.

TLC showed 7 was consumed completely. Water was added to the reaction. The product
was extracted with EA, The organic layer was washed with NaHCO3 and brine. Then the
solution was concentrated under reduced pressure, the residue was purified by Flash-Prep-
HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4HCO3) =1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) =1/0
within 25 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) =4/1;
Detector, UV 254 nm. This resulted in to give 8 (4.0 g, 5.9 mmol, 76.6% yield) as a white
solid. ESI-LCMS: m/z 660 [M+H]*; '"H-NMR (400 MHz, DMSO-d6): § 12.12 (s, 1H),
11.67 (s, 1H), 8.12 (s, 1H), 7.34-7.17 (m, 9H), 6.83-6.78 (m, 4H), 6.23-6.18 (m, 1H), 5.66
(d, J =7 Hz, 1H), 5.48-5.35 (m, 1H), 4.65-4.54 (m, 1H), 3.72 (d, ] =2 Hz, 6H), 2.79-2.73
(m, 1H), 1.19-1.06 (m, 6H).

[0603] Preparation of Example 36 monomer: To a solution of 9 (4.0 g, 6.1

mmol) in DCM (40 mL) was added DCI (608 mg, 5.1 mmol) and CEP (2.2 g, 7.3

mmol) under N> pro. The mixture was stirred at 20°C for 0.5 h. TLC showed 9 was
consumed completely. The product was extracted with DCM, The organic layer was washed
with H>O and brine. Then the solution was concentrated under reduced pressure and the
residue was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1):
Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCO3) =1/1 increasing to
CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 25 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) =1/0; Detector, UV 254 nm. This resulted in to give
Example 36 monomer (5.1 g, 5.81 mmol, 95.8% yield) as a white solid. ESI-LCMS: m/z
860 [M+H]"; '"H-NMR (400 MHz, DMSO-de): § 12.12 (s, 1H), 11.67 (s, 1H), 8.12 (s, 1H),
7.34-7.17 (m, 9H), 6.83-6.78 (m, 4H), 6.23-6.18 (m, 1H), 5.67-5.54 (m, 1H), 4.70-4.67 (m,
1H), 4.23-4.20 (m, 1H), 3.72 (m, 6H), 3.60-3.48 (m, 3H), 2.79-2.58 (m, 3H), 1.13-0.94 (m,
18H); 3'P-NMR (162 MHz, DMSO-ds): § 150.31, 150.26, 140.62, 149.57.
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[0604] Example 37: Synthesis of Monomer
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[0605] Preparation of (2): To a solution of 1 (35 g, 130.2 mmol) in DMF (350
mL) was added imidazole (26.5 g, 390.0 mmol) then added TBSCI (48.7 g, 325.8 mmol) at

0°C. The mixture was stirred at r.t. for 14 h. TLC showed 1 was consumed

completely. Water was added to the reaction. The product was extracted with EA, The
organic layer was washed with NaHCO3 and brine. Then the solution was concentrated
under reduced pressure the crude 2 (64.6 g) as a white solid which was used directly for
next step. ESI-LCMS: m/z 498 [M+H]".

[0606] Preparation of (3): To a solution of 2 (64.6 g, 130.2 mmol) in THF (300 mL) and
added TFA/H2O (1:1, 300 mL) at 0°C. The mixture was stirred at 0°C for 2 h. TLC showed

2 was consumed completely. NaHCO3 was added to the reaction. The product was extracted
with EA, The organic layer was washed with NaHCO3 and brine. Then the solution was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (eluent, DCM: MEOH = 100:1~20:1). This resulted in to give 3 (31.3 g,
81.7 mmol, 62.6% over two step) as a white solid. ESI-LCMS: m/z 384 [M+H]".
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[0607] Preparation of (4): To a solution of 3 (31.3 g, 81.7 mmol) in ACN/ H,O (1:1,
350 mL) was added DAIB (78.0 g, 244.0 mmol) and Tempo (3.8 g, 24.4 mmol). The

mixture was stirred at 40°C for 2 h. TLC showed 3 was consumed completely. Then filtered
to give 4 (22.5 g, 55.5 mmol, 70.9%) as a white solid. ESI-LCMS: m/z 398 [M+H]".

[0608] Preparation of (5): To a solution of 4 (22.5 g, 55.5 mmol) in MeOH (225 mL)
held at -15° C with an ice/MeOH bath was added SOCI (7.6 mL, 94.5 mmol), dropwise at

such a rate that the reaction temp did not exceed 7° C. After the addition was complete,
cooling was removed, the reaction was allowed to stir at room temp. The mixture was
stirred at r.t. for 14 h. TLC showed 4 was consumed completely. Then the solution was
concentrated under reduced pressure to get crude 5 (23.0 g) as a white solid which was used
directly for next step. ESI-LCMS: m/z 298 [M+H]*.

[0609] Preparation of (6): To a solution of 5§ (23 g, 55.5 mmol) in DMF (220 mL) was
added imidazole (11.6 g, 165.0 mmol) then added TBSCI (12.3 g, 82.3 mmol) at 0°C. The

mixture was stirred at 20°C for 14 h. TLC showed 1 was consumed completely. Water was
added to the reaction. The product was extracted with EA, The organic layer was washed
with NaHCOs and brine. Then the solution was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (eluent, DCM: MEOH =
100:1~20:1). This resulted in to give 6 (21.3 g, 51.1 mmol, 90 % over two step) as a white
solid. ESI-LCMS: m/z 412 [M+H]".

[0610] Preparation of (7): To the solution of 6 (21.0 g, 51.0 mmol) in dry
THE/MeOD/D,0 = 10/2/1 (260.5 mL) was added NaBD4 (6.4 g, 153.1 mmol) at r.t. and the

reaction mixture was stirred at 50°C for 2 h. After completion of reaction, the resulting
mixture was added CH3COOD to pH = 7, after addition of water, the resulting mixture was
extracted with EA (300 mL). The combined organic layer was washed with water and brine,
dried over Na>SOs4. Then the solution was concentrated under reduced pressure and the

residue was used for next step without further purification. ESI-LCMS: m/z 386 [M+H]*.

[0611] Preparation of (8): To a stirred solution of 7 (14.0 g, 35 mmol) in pyridine (50
mL) were added BzCl (17.2 g, 122.5 mmol) at 0°C under N> atmosphere. The mixture was
stirred at r.t. for 14 h. TLC showed 7 was consumed completely. Then the solution diluted
with EA .The organic layer was washed with NaHCO3 and brine. Then the solution was
concentrated under reduced pressure and the residue was used for next step without further
purification. To a solution of the crude in pyridine (300 mL) then added 2M NaOH (MeOH:
H>0=4:1, 60 mL) at 0°C. The mixture was stirred at 0°C for 10 min. Then the solution
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diluted with EA. The organic layer was washed with NH4Cl and brine. Then the solution
was concentrated under reduced pressure and the residue was purified by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH;CN/H20 (0.5% NH4HCO3) =1/3 increasing to CH3CN/H20 (0.5% NH4HCO3) =4/1
within 25 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) =3/2;
Detector, UV 254 nm. This resulted in to give 8 (14 g, 28.02 mmol, 69.21% yield) as

a white solid. ESI-LCMS: m/z 490 [M+H]"; "H-NMR (400 MHz, DMSO-ds): & 11.24 (s,
1H), 8.76 (s, 1H), 8.71 (m, 1H), 8.04 (d, J/ =7 Hz, 2H),7.66-7.10 (m, 5H), 6.40-6.35 (dd,
1H), 5.71-5.56 (m, 1H), 5.16 (s, 1H), 4.79-4.72 (m, 1H), 4.01 (m, 1H), 0.91 (s, 9H), 0.14
(m, 6H).

[0612] Preparation of (9): To a solution of 8 (5.1 g, 10.4 mmol) in pyridine (50 mL) was
added DMTtCl1 (5.3 g, 15.6 mmol). The mixture was stirred at r.t. for 1 h. TLC showed 8

was consumed completely. Water was added to the reaction. The product was extracted
with EA, The organic layer was washed with NaHCO3 and brine. Then the solution was
concentrated under reduced pressure and the residue was used for next step without further
purification. ESI-LCMS: m/z 792 [M+H]" .

[0613] Preparation of (10): To a solution of 9 (7.9 g, 10.0 mmol) in THF (80 mL) was
added 1M TBAF in THF (12 mL). The mixture was stirred at r.t. for 1 h. TLC showed 9

was consumed completely. Water was added to the reaction. The product was extracted with
EA, The organic layer was washed with NaHCO3 and brine. Then the solution was
concentrated under reduced pressure the residue was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) =1/1 increasing to CH3CN/H20 (0.5% NH4sHCO3) =1/0 within 25 min,
the eluted product was collected at CH3CN/ H2O (0.5% NH4HCO3) =4/1; Detector, UV 254
nm. This resulted in to give 10 as a white solid. ESI-LCMS: m/z 678 [M+H]*; 'H-NMR
(400 MHz, DMSO-ds): 6 11.25 (s, 1H), 8.74 (s, 1H), 8.62 (s, 1H), 8.04 (d, /=7 Hz,
2H),7.66-7.53 (m, 3H), 7.33-7.15 (m, 9H), 6.82-6.78 (m, 4H), 6.43 (d, J = 20 Hz,1H), 5.76-
5.60 (m, 1H), 4.88-4.80 (m, 1H), 4.13 (d, J = 8 Hz, 1H), 3.71 (m, 6H).

[0614] Preparation of Example 37 monomer: To a solution of 10 (6.2 g, 9.1 mmol) in
DCM (60 mL) was added DCI (1.1 g, 9.4 mmol) and CEP (3.3 g, 10.9 mmol) under N> pro.

The mixture was stirred at 20°C for 0.5 h. TLC showed 10 was consumed completely. The
product was extracted with DCM, The organic layer was washed with H,O and brine. Then

the solution was concentrated under reduced pressure and the residue was purified by Flash-
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Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4sHCO3) =
1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4sHCO3) =
1/0; Detector, UV 254 nm. This resulted in to give Example 37 monomer (7.5 g, 8.3 mmol,
90.7%) as a white solid. ESI-LCMS: m/z 878 [M+H]*; 'H-NMR (400 MHz, DMSO-d): &
11.25 (s, 1H), 8.68-8.65 (dd, 2H), 8.04 (m, 2H),7.66-7.53 (m, 3H), 7.33-7.15 (m, 9H), 6.82-
6.78 (m, 4H), 6.53-6.43 (m, 1H), 5.96-5.81 (m, 1H), 5.36-5.15 (m, 1H), 4.21 (m, 1H), 3.86-
3.52 (m, 10H), 2.79-2.61 (m, 2H), 1.21-0.99 (m, 12H); *'P-NMR (162 MHz, DMSO-ds): &
149.60, 149.56, 149.48.

[0615] Example 38. Synthesis of End Cap Monomer
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[0616] Preparation of (2): To a solution of 1 (20.0 g, 71.2 mmol) in dry pyridine (200.0
mL) was added TBSCI (26.8 g, 177.9 mmol) and imidazole (15.6 g, 227.8 mmol). The

mixture was stirred at r.t. for 15 h. TLC showed 1 was consumed completely. The reaction
mixture was concentrated to give residue. The residue was quenched with DCM (300.0
mL). The DCM layer was washed with H>O (100.0 mL*2) and brine. The DCM layer
concentrated to give crude 2 (45.8 g) as a yellow oil. The crude used to next step directly.
ESI-LCMS m/z 510.5 [M+H]*.

[0617] Preparation of (3): To a mixture solution of 2 (45.8 g) in THF (300.0 mL) was
added mixture of H,O (100.0 mL) and TFA (100.0 mL) at 0°C over 30min. Then the

reaction mixture was stirred at 0°C for 4 h. TLC showed the 2 was consumed completely.
The reaction mixture pH was adjusted to 7-8 with NH3.H>O (100 mL). Then the mixture
was extracted with EA (500.0 mL*2). The combined EA layer was washed with brine and
concentrated to give crude which was purified by c.c. (PE:EA =5:1 ~ 1:0) to give
compound 3 (21.0 g, 53.2 mmol, 74.7% yield over 2 steps) as a white solid. ESI-LCMS m/z
396.2 [M+H]*.

[0618] Preparation of (4): To a solution of 3 (21.0 g, 53.2 mmol) in ACN (100.0 mL)
and water (100.0 mL) were added (diacetoxyiodo)benzene (51.0 g, 159.5 mmol) and
TEMPO (2.5 g, 15.9 mmol), The reaction mixture was stirred at 40°C for 1 h. TLC showed

the 3 was consumed completely. The reaction mixture was cooled down to r.t. and filtered,
the filtrate was concentrated to give crude which was purified by crystallization (ACN) to
give 4 (14.5 g, 35.4 mmol, 66.2% yield). ESI-LCMS m/z 410.1[M+H]".

[0619] Preparation of (5): To a solution of 4 (14.5 g, 35.4 mmol) in toluene (90.0 mL)
and MeOH (60.0 mL) was added trimethylsilyldiazomethane (62.5 mL, 2.0 M, 141.8 mmol)

at 0°C, then stirred at r.t. for 2h. TLC showed the 4 was consumed completely. The solvent
was removed under reduce pressure, the residue was purified by crystallization (ACN) to
give 5 (10.0 g, 23.6 mmol, 66.6% yield). ESI-LCMS m/z 424.2 [M+H]*

[0620] Preparation of (6): To the solution of 5 (10.0 g, 23.6 mmol) in dry
THE/MeOD/D20 = 10/2/1 (100.0 mL) was added NaBD4 (2.98 g, 70.9 mmol) three times

during an hour at 40°C, the reaction mixture was stirred at r.t. for 2.0 h. The resulting
mixture was added CH3;COOD change pH = 7.5, after addition of water, the resulting
mixture was extracted with EA (50.0 mL*3). The combined organic layer was washed with
water and brine, dried over Na»>SOs, concentrated to give a residue which was purified by

c.c. (PE/EA =1:1 ~ 1:0). This resulted in to give 6 (6.1 g, 15.4 mmol, 65.3% yield) as a
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white solid. ESI-LCMS m/z 398.1 [M+H]*; "H-NMR (400 MHz, DMSO-ds) § 8.28 (s, 1H),
8.02 (s, 1H), 7.23 (s, 2H), 5.86 (d, J = 6.4 Hz, 1H), 5.26 (s, 1H), 4.42-4.41(m, 1H), 4.35-
4.32 (m,1H), 3.82 (d, J = 2.6 Hz, 1H), 3.14 (s, 3H), 0.78 (s, 9H), 0.00 (d, J = 0.9 Hz, 6H).
[0621] Preparation of (7): To a solution of 6 (6.1 g, 15.4 mmol) in pyridine (60.0 mL)

was added the benzoyl chloride (6.5 g, 46.2 mmol) drop wise at 5°C. The reaction mixture
was stirred at r.t. for 2 h. TLC showed the 6 was consumed completely. The reaction
mixture was cooled down to 10°C and quenched with H>O (20.0 mL), extracted with EA
(200.0 mL*2), combined the EA layer. The organic phase was washed with brine and dried
over NaxSOy4, concentrated to give the crude (12.0 g) which was dissolved in pyridine (60.0
mL), cooled to 0°C, 20.0 mL NaOH (2 M in methanol : HO =4 : 1) was added and stirred
for 10 min. The reaction was quenched by saturated solution of ammonium chloride, the
aqueous layer was extracted with EA (200.0 mL*2), combined the EA layer, washed with
brine and dried over Na>SOs, concentrated. The residue was purified by c.c. (PE/EA =10:1
~1:1) to give 7 (7.0 g, 13.9 mmol, 90.2% yield). ESI-LCMS m/z 502.2 [M+H]*; 'TH-NMR
(400 MHz,DMSO-ds) 8 11.24 (s, 1H, exchanged with D>O) 8.77 (s, 2H), 8.04-8.06 (m, 2H),
7.64-7.66 (m, 2H), 7.54-7.58 (m, 2H), 6.14-6.16 (d, J = 5.9 Hz, 1H), 5.20-5.23 (m,
1H),4.58-4.60 (m, 1H), 4.52-4.55 (m,1H), 3.99-4.01 (m, 1H), 3.34 (s, 4H), 0.93 (s, 9H),
0.14-0.15 (d, J = 1.44 Hz, 6H).

[0622] Preparation of (8): To a stirred solution of 7 (5.5 g, 10.9 mmol) in DMSO (55.0
mL) was added EDCI (6.3 g, 32.9 mmol), pyridine (0.9g, 10.9mmol) and TFA(0.6

g,5.5mmol), the reaction mixture was stirred at r.t. for 15 h. The reaction was quenched with
water and extracted with EA (100.0 mL). The organic phase was washed by brine, dried
over NaxSOy4, The organic phase was evaporated to dryness under reduced pressure to give a
residue 8 (4.8 g) which was used directly to next step. ESI-LCMS: m/z 517.1 [M+H,O]",
[0623] Preparation of (9b): A solution of 9a (35.0 g, 150.8 mmol) and Nal (90.5 g,
603.4 mmol) in dry ACN (180.0 mL) was added chloromethyl pivalate (113.6 g, 754.3

mmol) at r.t., the reaction was stirred at 80°C for 4 h. The reaction was cooled to r.t. and
quenched by water, then the mixture was extracted with EA (500.0 mL *3), combined the
organic layer was washed with saturated solution of ammonium chloride, followed by with
brine and dried over Na>SQOj4. Then the organic layer was concentrated to give a residue
which was purified by c.c., this resulted in to give 9b (38.0 g, 60.1mmol, 39.8% yield) as a
white solid. ESI-LCMS m/z 655.2 [M+Na]*; 'H-NMR (400 MHz, CDCl3): § 5.74-5.67 (m,
8H), 2.67 (t, J = 21.6 Hz, 2H), 1.23 (s, 36H).
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[0624] Preparation of (9): 3.8 g 10% Pd/C was washed with dry THF (30.0 mL) three

times. Then transferred into a round-bottom flask charged with 9b (38.0 g, 60.1mmol) and
solvent (dry THF:D>0=5:1, 400.0 mL), the mixture was stirred at 80°C under 1L H> balloon
for 15 h. The reaction was cooled to r.t. and extracted with EA (500.0 mL *3), combined the
organic layer was washed with brine and dried over Na>SOs4. The residue 9 (3.0 g, 3.7
mmol, 38.8% yield) as a white solid was used directly to next step without further
purification. ESI-LCMS m/z 657.2 [M+Na]*; '"H-NMR (400 MHz, CDCls): § 5.74-5.67 (m,
8H), 1.23 (s, 36H).

[0625] Preparation of (10): A solution of 8 (4.8 g, 9.6 mmol), 9 (7.3 g, 11.5 mmol) and
K2CO3 (4.0 g, 38.8 mmol) in dry THF (60.0 mL) and D20 (20.0 mL) was stirred at r.t. 18h.

LC-MS showed 8 was consumed completely. The product was extracted with EA (300.0
mL) and the organic layer was washed with brine and dried over Na;SOa. Then the organic
layer was concentrated to give a residue which was purified by c.c. (PE/EA =5:1 ~ 1:1) and
MPLC. This resulted in to give 10 (3.0 g, 3.7 mmol, 38.8% yield) as a white solid. ESI-
LCMS m/z 806.4[M+H]"; '"H-NMR (400 MHz, DMSO-ds): & 11.25 (s, 1H, exchanged with
D»0) 8.75 (s, 2H), 8.07-8.05 (d, J = 8.0 Hz, 2H), 7.67-7.54 (m, 3H), 6.05 (d, J = 5.1 Hz,
1H), 5.65-5.58 (m, 4H), 4.80-4.70 (m, 2H), 4.59-4.57 (m,1H), 3.36 (s, 3H), 1.11 (s, 9H),
1.10 (s, 9H), 0.94 (s, 9H), 0.17-0.16 (m, 6H); *'P NMR (162 MHz, DMSO-de) 8 17.02.
[0626] Preparation of (11): To a round-bottom flask was added 10 (3.0 g, 3.7 mmol) in
a mixture of H>O (30.0 mL), HCOOH (30.0 mL). The reaction mixture was stirred at 40°C

for 15 hrs. LC-MS showed the 10 was consumed completely. The reaction mixture was
adjusted the pH = 6-7 with con. NH3.H>O (100.0 mL). Then the mixture was extracted with
DCM (100.0 mL*3). The combined DCM layer was dried over Na>SOs. Filtered and filtrate
was concentrated to give crude which was purified by Flash-Prep-HPLC with the following
conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5%
NH4HCO3) = 1/2 increasing to CH3CN/ H20 (0.5% NH4HCO3) = 1/0 within 20 min, the
eluted product was collected at CH3CN/ H»0 (0.5% NH4sHCO3) = 3/2; Detector, UV 254
nm. To give product 11 (1.8 g, 2.6 mmol, 70.3% yield). ESI-LCMS m/z = 692.2[M+H]";
"H-NMR (400 MHz, DMSO-ds): & 11.11 (s, 1H, exchanged with D,0) 8.71-8.75 (d, J=14.4,
2H), 8.04-8.06 (m, 2H), 7.64-7.65 (m, 1H), 7.54-7.58 (m, 2H), 6.20-6.22 (d, J/=5.4, 2H),
5.74-5.75 (d, J=5.72, 2H), 5.56-5.64 (m, 4H), 4.64-4.67 (m, 1H), 4.58-4.59(m, 1H), 4.49-
4.52 (m, 1H), 3.37 (s, 3H), 1.09-1.10 (d, J=1.96, 18H); *'P NMR (162 MHz, DMSO-dp) &
17.46.
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[0627] Preparation of Example 38 monomer: To a solution of 11 (1.8 g, 2.6 mmol) in
DCM (18.0 mL) was added the DCI (276.0 mg, 2.3 mmol), then CEP[N(ipr)2]> (939.5 mg,

3.1 mmol) was added. The mixture was stirred at r.t. for 1h. TLC showed 11 consumed

completely. The reaction mixture was washed with H>O (50.0 mL*2) and brine (50.0
mlL*2), dried over Na>SO4 and concentrated to give crude which was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/ H>O (0.5% NH4HCO3)
= 1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4sHCO3) =
9/1; Detector, UV 254 nm. The product was concentrated to give Example 38 monomer (2.0
g, 2.2 mmol, 86.2% yield) as a white solid. ESI-LCMS m/z 892.3[M+H]"; "H-NMR (400
MHz, DMSO-ds): & 11.27 (s, 1H, exchanged with D>O) 8.72-8.75 (m, 2H), 8.04-8.06 (m,
2H), 7.54-7.68 (m, 3H), 6.20-6.26 (m, 1H), 5.57-5.64 (m, 4H), 4.70-4.87 (m, 3H), 3.66-3.88
(m, 4H), 3.37-3.41 (m, 3H),2.82-2.86 (m, 2H) , 1.20-1.21 (m, 12H) , 1.08-1.09 (m, 18H);
3'P_NMR (162 MHz, DMSO-ds): § 150.03, 149.19, 17.05, 16.81.

[0628] Example 39. Synthesis of 5° End Cap Monomer
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Scheme-19

[0629] Preparation of (6): To a stirred solution of 5 (8.0 g, 21.3 mmol, Scheme 3) in
DMSO (80.0 mL) were added EDCI(12.2 g, 63.9mmol), pyridine(1.7 g,21.3mmol),TFA(1.2

g,10.6mmol) at r.t. And the reaction mixture was stirred at r.t. for 1.5 h. The reaction was
quenched with water and extracted with EA (200.0 mL). The organic phase was washed by

brine, dried over Na>SOj4, The organic phase was evaporated to dryness under reduced
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pressure to give a residue 6 which was used directly to next step. ESI-LCMS: m/z 372.3
[M+H]*.

[0630] Preparation of (8): To a solution of KoCOs3 (5.5 g, 8.3 mmol) in dry THF (60.0
mL) and D>O (20.0 mL) was added a solution of 6 (8.0 g, 21.5mmol) in dry THF(10.0 mL).

The reaction mixture was stirred at r.t. overnight. LC-MS showed 6 was consumed
completely. The product was extracted with EA (300.0 mL) and the organic layer was
washed with brine and dried over Na>SOs4. Then the organic layer was concentrated to give
a residue which was purified by Flash-Prep-HPLC with the following conditions
(IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3
increasing to CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 20 min, the eluted product was
collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to
give 8 (5.0 g, 7.3 mmol, 40.0%) as a white solid. ESI-LCMS: m/z 679.3 [M+H]*; 'H-NMR
(400 MHz, Chloroform-d): 6 9.91 (s, 1H), 7.29 (d, J = 8.1 Hz, 1H), 5.82 (d, J = 2.7 Hz, 1H),
5.72 (d, J = 8.1 Hz, 1H), 5.65 — 5.54 (m, 4H), 4.43 (dd, /= 7.2, 3.2 Hz, 1H), 3.92 (dd, J =
7.2,5.0 Hz, 1H), 3.65 (dd, J = 5.1, 2.7 Hz, 1H), 3.44 (s, 3H), 1.13 (s, 18H), 0.82 (s, 9H),
0.01 (d, J = 4.8 Hz, 6H); *'P NMR (162 MHz, Chloroform-d): § 16.40.

[0631] Preparation of (9): To a solution of HCOOH (50.0 mL) and H>O (50.0 mL) was
added 8 (5.0 g,7.3 mmol). The reaction mixture was stirred at 40°C overnight. LC-MS

showed 8 was consumed completely. A solution of NaHCO3 (500.0 mL) was added. The
product was extracted with EA (300.0 mL) and the organic layer was washed with brine and
dried over Na>SOs. Then the organic layer was concentrated to give a residue which was
purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18
silica gel; mobile phase, CH3:CN/H>0 (0.5% NH4sHCO3) = 2/3 increasing to

CH3CN/H20 (0.5% NH4HCO3) = 3/2 within 20 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) = 1/1; Detector, UV 254 nm. This resulted in to give 9 (3.0
g, 5.4 mmol, 73.2%) as a white solid. ESI-LCMS: m/z 565.2 [M+H]"; "H-NMR (400 MHz,
DMSO-ds): 6 11.43 (s, 1H), 7.64 (d, J = 8.1 Hz, 1H), 5.83 (d, / =4.3 Hz, 1H), 5.69 — 5.56
(m, 5H), 5.54 (d, J = 6.7 Hz, 1H), 4.37 (dd, J = 6.1, 2.9 Hz, 1H), 4.12 (q, / = 6.1 Hz, 1H),
3.96 (dd, J = 5.4, 4.3 Hz, 1H), 3.39 (s, 3H), 1.16 (s, 18H); *'P NMR (162 MHz, DMSO-ds):
5 17.16.

[0632] Preparation of Example 39 monomer: To a suspension of 9 (2.6 g, 4.6

mmol) in DCM (40.0 mL) was added DCI (0.5 g, 5.6 mmol) and CEP[N(iPr)>]> (1.7 g, 5.6

mmol). The mixture was stirred at r.t. for 1.0 h. LC-MS showed 9 was consumed
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completely. The solution was washed with water twice and washed with brine and dried
over NaxSO4. Then concentrated to give a residue which was purified by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4sHCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCOs3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give Example 39 monomer (3.0 g, 3.9 mmol,
85.2%) as a white solid. .ESI-LCMS: m/z 765.3 [M+H]"; '"H-NMR (400 MHz, DMSO-ds):
0 11.44 (s, 1H), 7.71 (dd, J = 8.1, 3.8 Hz, 1H), 5.81 (dd, J = 4.4, 2.5 Hz, 1H), 5.74-5.53 (m,
5H), 4.59-4.33 (m, 2H), 4.20-4.14 (m, 1H), 3.88-3.53 (m, 4H), 3.39 (d, J = 16.2 Hz, 3H),
2.80 (td, J = 5.9, 2.9 Hz,2H), 1.16 (d, J = 1.9 Hz, 30H); *'P-NMR (162 MHz, DMSO-d): §
147.68, 149.16, 16.84, 16.55.

[0633] Example 40. Synthesis of Monomer
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[0634] Preparation of (2): To a solution of 1 (26.7 g*2, 0.1 mol) in DMF (400 mL) was

added sodium hydride (4.8 g, 0.1 mol) for 30 min, then was added CD3I (16 g, 0.1mol) at
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0°C for 2.5 hr (ref. for selective 2’-O-alkylation reaction conditions , J. Org. Chem. 1991,
56, 5846-5859). The mixture was stirring at r.t. for another 1h. LCMS showed the reaction
was consumed. The mixture was filtered and the clear solution was evaporated to dryness
and was evaporated with CH3OH. The crude was purified by slica gel column (SiO2,
DCM/MeOH = 50:1~15:1). This resulted in to give the product 2 (35.5 g, 124.6 mmol, 62%
yield) as a solid. ESI-LCMS: m/z 285 [M+H]* .

[0635] Preparation of (3): To a solution of 2 (35.5 g, 124.6 mmol) in pyridine (360 mL)
was added imidazole (29.7 g, 436.1 mmol) and TBSCI (46.9 g, 311.5 mmol). The mixture

was stirred at r.t. over night. LCMS showed 2 was consumed completely. The reaction was
quenched with water (500 mL). The product was extracted into ethyl acetate (1 L). The
organic layer was washed with brine and dried over anhydrous Na;SOs. The crude was
purified by slica gel column (SiO», PE/EA = 4:1~1:1). This resulted in to give the product 3
(20.3 g, 39.6 mmol, 31.8% yield) as a solid. ESI-LCMS: m/z 513 [M+H]*; 'H-NMR (400
MHz, DMSO-dp): 6 8.32 (m, 1H), 8.13 (m, 1H), 7.31 (m, 2H), 6.02-6.01(d, J = 4.0 Hz, 1H),
4.60-4.58 (m, 1H), 4.49-4.47(m,1H), 3.96-3.86 (m, 2H), 3.72-3.68 (m, 1H), 0.91-0.85 (m,
18H), 0.13-0.01 (m, 12H).

[0636] Preparation of (4): To a solution of 3 (20.3 g, 39.6 mmol) in THF (80 mL) was
added TFA (20 mL) and water (20 mL) at 0°C. The reaction mixture was stirred at 0°C for

5 h. LC-MS showed 3 was consumed completely. Con. NH4OH was added to the mixture at
0°C to quench the reaction until the pH = 7.5. The product was extracted into ethyl acetate
(200 mL). The organic layer was washed with brine and dried over anhydrous Na>SO4. The
solution was then concentrated under reduced pressure and the residue was washed by
PE/EA = 5:1. This resulted in to give 4 (10.5 g, 26.4 mmol, 66.6% yield) as a white solid.
ESI-LCMS: m/z 399 [M+H]*; '"H-NMR (400 MHz, DMSO-dc): § 8.41 (m, 1H), 8.14 (m,
1H), 7.37 (m, 2H), 5.99-5.97(d, J = 8.0 Hz, 1H), 5.43 (m, 1H), 4.54-4.44 (m,2H), 3.97-3.94
(m, 1H), 3.70-3.53 (m, 2H), 0.91 (m, 9H), 0.13-0.12 (m, 6H).

[0637] Preparation of (5): To a solution of 4 (10.5 g, 26.4 mmol) in ACN/H,0 = 1:1
(100 mL) was added DAIB (25.4 g, 79.2 mmol) and TEMPO (1.7 g, 7.9 mmol). The

reaction mixture was stirred at 40°C for 2 h. LCMS showed 4 was consumed. The mixture
was diluted with EA and water was added. The product was extracted with EA. The organic
layer was washed with brine and dried over anhydrous Na>SOs. The solution was then
concentrated under reduced pressure and the residue was washed by ACN. This resulted in

to give 5 (6.3 g, 15.3 mmol, 57.9% yield) as a white solid. ESI-LCMS: m/z 413 [M+H]";
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"H-NMR (400 MHz, DMSO-ds): & = 8.48 (m, 1H), 8.16 (m, 1H), 7.41 (m, 2H), 6.12-6.10(d,
J=8.0 Hz, 1H), 4.75-4.73 (m, 1H), 4.42-4.36 (m, 2H), 3.17 (m, 6H), 2.07 (m, 2H), 0.93 (m,
9H), 0.17-0.15 (m, 6H).

[0638] Preparation of (6): To a solution of 5 (6.3 g, 15.3 mmol) in toluene (36 mL) and
methanol (24 mL) was added (trimethylsilyl)diazomethane (7.0 g, 61.2 mmol) till the

yellow color not disappear at r.t. for 2 min. LCMS showed the reaction was

consumed. The solvent was removed to give the cured 6 (6.0 g) as a solid witch used for the
next step. ESI-LCMS: m/z 427 [M+H]*, "H-NMR (400 MHz, DMSO-dp): & 8.45 (m, 1H),
8.15 (m, 1H), 7.35 (m, 2H), 6.12-6.10(d, J = 8.0 Hz, 1H), 4.83-4.81 (m, 1H), 4.50-4.46 (m,
1H), 3.73 (m, 3H), 3.31 (m, 1H), 0.93 (m, 9H), 0.15-0.14 (m, 6H).

[0639] Preparation of (7): To the solution of 6 (6 g) in dry THF/MeOD/D>0 = 10/2/1

(78 mL) was added NaBD4 (2.3 g, 54.8 mmol) at r.t. And the reaction mixture was stirred at
r.t for 2.5 hr. After completion of reaction, adjusted pH value to 7 with CH3COOD, after
addition of water, the resulting mixture was extracted with EA (100 mL). The combined
organic layer was washed with water and brine, dried over Na>SQOy4, and concentrated to
give 7 (5.7 g) which was used for the next step. ESI-LCMS: m/z 401 [M+H]" .

[0640] Preparation of (8): To a solution of 7 (5.7 g) in pyridine (60 mL) was

added BzCl1 (10.0 g, 71.3 mmol) under ice bath. The reaction mixture was stirred

at r.t. for 2.5 hrs. LCMS showed 7 was consumed. The mixture was diluted with EA and
water was added. The product was extracted with EA. The crude was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4sHCO3) =
1/0 within 25 min, the eluted product was collected at CH3CN/H20 (0.5% NH4sHCO3) = 7/3;
Detector, UV 254 nm. This resulted in to give the crude 8 (6.2 g, 8.7 mmol, 57% yield, over
two steps) as a white solid. ESI-LCMS: m/z 713 [M+H]* .

[0641] Preparation of (9): To a solution of 8 (6.2 g, 8.7 mmol) in pyridine (70 mL) and
was added 1M NaOH (MeOH/H»0 = 4/1) (24 mL). LCMS showed 8 was consumed. The

mixture was added saturated NH4Cl till pH = 7.5. The mixture was diluted with water and
EA. The organic layer was washed with brine and dried over NaxSO4 and concentrated

to give the crude. The crude was purified by Flash-Prep-HPLC with the following
conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5%
NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4sHCO3) = 1/0 within 25 min, the
eluted product was collected at CH3CN/ H20 (0.5% NH4sHCO3) = 67/33 Detector, UV 254
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nm. This resulted in to give the product 10 (4.3 g, 8.5 mmol, 98% yield) as a white solid.
ESI-LCMS: m/z 505 [M+H]*; 'H-NMR (400 MHz, DMSO-dc): § 11.23 (m, 1H), 8.77 (m,
2H), 8.06-8.04 (m, 2H), 7.66-7.63 (m, 2H), 7.57-7.53 (m, 3H), 6.16-6.14 (d, J = 8.0 Hz,
1H), 5.17 (m, 1H), 4.60-4.52 (m, 2H), 3.34 (m, 1H), 0.93 (m, 9H), 0.14 (m, 6H).

[0642] Preparation of (10): To a stirred solution of 9 (4.3 g, 8.5 mmol) in pyridine (45

mL) were added DMTrCl (3.3 g, 9.8 mmol) at r.t. And the reaction mixture was stirred at r.t
for 2.5 hr. With ice-bath cooling, the reaction was quenched with water and the product was
extracted into EA. The organic layer was washed with brine and dried over NaxSO4 and
concentrated to give the crude. The crude was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 25 min,
the eluted product was collected at CH3;CN/ H20 (0.5% NH4HCO3) =97/3 Detector, UV 254
nm. This resulted in to give the product 10 (6.5 g, 8.1 mmol, 95% yield) as a white solid.
ESI-LCMS: m/z 807 [M+H]"; 'H-NMR (400 MHz, DMSO-de): § 11.23 (m, 1H), 8.70-8.68
(m, 2H), 8.04-8.02 (m, 2H), 7.66-7.62 (m, 1H), 7.56-7.52 (m, 2H), 7.35-7.26 (m, 2H), 7.25-
7.17 (m, 7H), 6.85-6.82 (m, 4H), 6.18-6.16 (d, J = 8.0 Hz, 1H), 4.73-4.70 (m, 1H), 4.61-
4.58 (m, 1H), 3.71 (m, 6H), 3.32 (m, 1H), 0.83 (m, 9H), 0.09-0.03 (m, 6H).

[0643] Preparation of (11): To a solution of 10 (3.5 g, 4.3 mmol) in THF (35 mL) was
added 1 M TBAF solution (5 mL). The reaction mixture was stirred at r.t. for 1.5 h. LCMS

showed 10 was consumed completely. Water (100 mL) was added. The product was
extracted with EA (100 mL) and the organic layer was washed with brine and dried over
Na2SO4. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH;CN/H>0 (0.5% NH4HCOs3) = 2/3 increasing to CH3;CN/H20 (0.5%
NH4HCO3) = 1/0 within 20 min, the eluted product was collected at CH3CN/H20 (0.5%
NH4HCO3) = 62/38; Detector, UV 254 nm. This resulted in to give 11 (2.7 g, 3.9 mmol,
90.7%) as a white solid. ESI-LCMS: m/z 693 [M+H]* .

[0644] Preparation of Example 40 monomer: To a suspension of 11 (2.7 g, 3.9

mmol) in DCM (30 mL) was added DCI (0.39 g, 3.3 mmol) and CEP[N(iPr)2]» (1.4 g, 4.7

mmol). The mixture was stirred at r.t. for 2 h. LC-MS showed 11 was consumed
completely. The solution was washed with water twice and washed with brine and dried
over Na>SO4. Then concentrated to give a residue which was purified by Flash-Prep-HPLC

with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
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CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO:3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H>O (0.5% NH4sHCO3) = 73/27;
Detector, UV 254 nm. This resulted in to give Example 40 monomer (3.3 g, 3.7 mmol,
94.9%) as a white solid. ESI-LCMS: m/z 893 [M+H]*; 'H-NMR (400 MHz, DMSO-dp): § =
11.24 (m, 1H), 8.66-8.64 (m, 2H), 8.06-8.03 (m, 2H), 7.65-7.53(m, 3H), 7.42-7.38 (m, 2H),
7.37-7.34 (m, 2H), 7.25-7.19 (m, 7H), 6.86-6.80 (m, 4H), 6.20-6.19 (d, J = 4.0 Hz, 1H),
4.78 (m, 2H), 4.22-4.21 (m, 1H), 3.92-3.83 (m, 1H), 3.72 (m, 6H), 3.62-3.57 (m, 3H), 2.81-
2.78 (m, 1H), 2.64-2.61 (m, 1H), 1.17-1.04 (m, 12H); 3'P-NMR (162 MHz, DMSO-dp): §
149.51, 149.30.

[0645] Example 41. Synthesis of Monomer
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[0646] Preparation of (3): To the solution of 1 (70 g, 138.9 mmol) in dry acetonitrile
(700 mL) was added 2 (27.0 g, 166.7 mmol), BSA (112.8 g, 555.5 mmol). The mixture was
stirred at 50°C for 1 h. Then the mixture was cooled to -5°C and TMSOTT (46.2 g, 208.3

mmol) slowly added to the mixture. Then the reaction mixture was stirred at r.t for 48 h.
Then the solution was cooled to 0°C and saturated aq. NaHCO3 was added and the resulting
mixture was extracted with EA. The combined organic layer was washed with water and
brine, dried over Na>SOs4, and concentrated under reduced pressure to give a residue which
was purified by silica gel column chromatography (eluent, PE: EA=3:1~1:1) to give 3 (70 g,
115.3 mmol, 81.6%) as a white solid. ESI-LCMS: m/z 605 [M-H]" .

[0647] Preparation of (4): To the solution of 3 (70.0 g, 115.3 mmol) in

methylammonium solution (1 M, 700 mL) , and the reaction mixture was stirred at 40 °C for
15 h. After completion of reaction, the resulting mixture was concentrated. The residue was
crystallized from EA. Solid was isolated by filtration, washed with PE and dried overnight
at 45°Cin vacuum to give 4 (31.0 g, 105.4 mmol, 91.1%) as a white solid. ESI-LCMS: m/z
295 [M+H]*; '"H-NMR (400 MHz, DMSO): § 11.63 (s, 1H) , 8.07-7.99 (m, 1H) , 7.81 (d, J
= 8.4 Hz, 1H), 7.72-7.63 (m, 1H), 7.34-7.26 (m, 1H), 6.18 (d, J = 6.4 Hz, 1H), 5.24 (s, 1H),
5.00 (s, 2H), 4.58-4.47 (m, 1H), 4.19-4.10 (m, 1H), 3.85-3.77 (m, 1H), 3.75-3.66 (m, 1H),
3.66-3.57 (m, 1H).

[0648] Preparation of (5): To the solution of 4 (20.0 g, 68.0 mmol) in dry DMF (200
mL) was added DPC (18.9 g, 88.0 mmol) and NaHCOs3 (343 mg, 4 mmol) atr.t, and the

reaction mixture was stirred at 150°C for 35 min. After completion of reaction, the resulting
mixture was poured into tert-Butyl methyl ether (4 L). Solid was isolated by filtration,
washed with PE and dried[Jin vacuum to give crude 5§ (21.0 g) as a brown solid which was
used directly for next step (ref for 5, Journal of Organic Chemistry, 1989, vol. 33, p. 1219 —
1225). ESI-LCMS: m/z 275 [M-HJ".

[0649] Preparation of (6): To the solution of 5§ (crude, 21.0 g) in Pyridine (200 mL) was
added AgNOs3 (31.0 g, 180.0 mmol) and collidine (88.0 g, 720 mmol) and TrtCl (41.5 g,

181 mmol) at r.t, and the reaction mixture was stirred at r.t for 15 h. After addition of water,
the resulting mixture was extracted with EA. The combined organic layer was washed with
water and brine, dried over Na>SOs, and concentrated to give the crude. The crude was by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
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NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give 6 (10.0 g, 13.1 mmol, 20%
yield over 3 steps) as a white solid. ESI-LCMS: m/z 761 [M+H]* .
[0650] Preparation of (7): To the solution of 6 (10.0 g, 13.1 mmol) in THF (100 mL)

was added 6 N NaOH (30 mL) at r.t, and the reaction mixture was stirred at r.t for 1 hr.
After addition of NH4Cl, the resulting mixture was extracted with EA. The combined
organic layer was washed with water and brine, dried over Na,SOs, and concentrated under
reduced pressure and the residue was purified by Flash-Prep-HPLC with the following
conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5%
NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min, the
eluted product was collected at CH3CN/ H20 (0.5% NH4sHCO3) = 9/1; Detector, UV 254
nm. This resulted in to give 7 (9.3 g, 11.9 mmol, 90%) as a white solid. ESI-LCMS: m/z
777 [M-H]", 'TH-NMR (400 MHz, DMSO-dc): § 11.57 (s, 1H) , 8.02 (d, J = 8.7 Hz, 1H),
7.88-7.81 (m, 1H), 7.39-7.18 (m, 30H), 7.09-6.99 (m, 30H), 6.92-6.84 (m, 30H), 6.44 (d, J
=4.0 Hz, 1H), 4.87 (d, J = 4.0 Hz, 1H), 4.37-4.29 (m, 1H), 4.00-3.96 (m, 1H), 3.76-3.70
(m, 1H), 3.22-3.13 (m, 1H), 3.13-3.04 (m, 1H).

[0651] Preparation of (8): To the solution of 7 (8.3 g, 10.7 mmol) in dry DCM (80 mL.)
was added Pyridine (5.0 g, 64.2 mmol) and DAST (6.9 g, 42.8 mmol) at 0°C, and the

reaction mixture was stirred at r.t for 15 hr. After addition of NH4Cl, the resulting mixture
was extracted with DCM. The combined organic layer was washed with water and brine,
dried over Na»SOy4, and concentrated under reduced pressure and the residue was purified
by Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give 8 (6.8 g, 8.7 mmol, 81.2%)
as a white solid. ESI-LCMS: m/z 779 [M-H]*; ’F-NMR (376 MHz, DMSO-ds): § -183.05.
[0652] Preparation of (9): To the solution of 8 (5.8 g, 7.5 mmol) in dry ACN (60 mL)
was added TEA (1.5 g, 15.1 mmol), DMAP (1.84 g, 15.1 mmol) and TPSCI (4.1 g, 13.6

mmol) at r.t, and the reaction mixture was stirred at room temperature for 3 h under N»
atmosphere. After completion of reaction, the mixture was added NH3.H,O (12 mL). After
addition of water, the resulting mixture was extracted with EA. The combined organic layer
was washed with water and brine, dried over Na>SQOy, and concentrated under reduced
pressure and the residue was purified by Flash-Prep-HPLC with the following conditions
(IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4sHCO3) = 1/1
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increasing to CH3CN/H>0 (0.5% NH4HCO3) = 1/0 within 20 min, the eluted product was
collected at CH3CN/ H>0 (0.5% NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to
give 9 (5.5 g, 7 mmol, 90.2%) as a white solid. ESI-LCMS: m/z 780 [M+H]".

[0653] Preparation of (10): To a solution of 9 (5.5 g, 7 mmol) in DCM (50 mL) with an

inert atmosphere of nitrogen was added pyridine (5.6 g, 70.0 mmol) and BzClI (1.2 g, 8.5
mmol) in order at 0°C. The reaction solution was stirred for 30 minutes at room
temperature. The solution was diluted with DCM (100 mL) and the combined organic layer
was washed with water and brine, dried over NaxSQu, and concentrated under reduced
pressure to give a residue which was purified by silica gel column chromatography (eluent,
PE: EA=5:1~2:1) to give 10 (5.4 g, 6.1 mmol, 90.6%) as a white solid. ESI-LCMS: m/z 884
[M+H]*; F-NMR (376 MHz, DMSO-dp): & -183.64.

[0654] Preparation of (11): To the solution of 10 (5.4 g, 6.1 mmol) in the solution of
DCA (6%) in DCM (60 mL) was added TES (15 mL) at r.t, and the reaction mixture was

stirred at room temperature for 5-10 min. After completion of reaction, the resulting mixture
was added NaHCQO3, the resulting mixture was extracted with DCM. The combined organic
layer was washed with water and brine, dried over Na>SOy4, and concentrated under reduced
pressure and the residue was crystallized from EA. Solid was isolated by filtration, washed
with PE and dried overnight at 45°Jin vacuum to give 11 (2.0 g, 5.0 mmol, 83.2%) as a
white solid. ESI-LCMS: m/z 400 [M+H]" .

[0655] Preparation of (12): To a solution of 11 (2.0 g, 5.0 mmol) in dry Pyridine (20
mL) was added DMTrCl (2.0 g, 6.0 mmol). The reaction mixture was stirred at r.t. for 2.5 h.

LCMS showed 11 was consumed and water (200 mL) was added. The product was
extracted with EA (200 mL) and the organic layer was washed with brine and dried over
Na>SOs4 and concentrated to give the crude. The crude was purified by c.c. (PE: EA =
4:1~1:1) to give crude 12. The crude was further purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give 12 (2.1 g, 3 mmol, 60%) as a white solid. ESI-LCMS: m/z 702
[M+H]*, '"H-NMR (400 MHz, DMSO-ds): 5 12.63 (s, 1H), 8.54 (d, J = 7.8 Hz, 1H), 8.25 (d,
J=72Hz, 2H),7.82 (d, J=3.6 Hz, 2H), 7.67-7.58 (m, 1H), 7.57-7.49 (m, 2H), 7.49-7.39
(m, 1H), 7.39-7.31 (m, 2H), 7.27-7.09 (m, 7H), 6.82-6.69 (m, 4H), 6.23 (d, J = 26.1 Hz,
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1H), 5.59-5.49 (m, 1H), 4.83-4.61 (m, 1H), 4.15-4.01 (m, 1H), 3.74-3.59 (m, 6H), 3.33-3.28
(m, 1H), 3.16-3.05 (m, 1H). "’F-NMR (376 MHz, DMSO-d): 5 -191.66.

[0656] Preparation of Example 41 monomer: To a suspension of 12 (2.1 g, 3.0

mmol) in DCM (20 mL) was added DCI (310 mg, 2.6 mmol) and CEP[N(iPr):]» (1.1 g, 3.7
mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed 12 was consumed
completely. The solution was washed with water twice and washed with brine and dried
over NaxSO4. Then concentrated to give the crude. The crude was by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCOs3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. This resulted in to give Example 41 monomer (2.1 g, 2.3 mmol,
80.0%) as a white solid. ESI-LCMS: m/z 902 [M+H]", "TH-NMR (400 MHz, DMSO-ds): &
12.64 (s, 1H), 8.54 (d, J =7.6 Hz, 1H), 8.24 (d, J = 7.7 Hz, 2H), 7.93-7.88 (m, 2H), 7.67-
7.58 (m, 1H), 7.56-7.42 (m, 3H), 7.41-7.29 (m, 2H), 7.27-7.08 (m, 7H), 6.82-6.64 (m, 4H),
6.37-6.18 (m, 1H), 6.03-5.72 (m, 1H), 5.26-4.83 (m, 1H), 4.28-4.12 (m, 1H), 3.88-3.72 (m,
1H), 3.71-3.37 (m, 9H), 3.15-3.00 (m, 1H), 2.83-2.75 (m, 1H), 2.66-2.57 (m, 1H), 1.21-0.88
(m, 12H). Y’F-NMR (376 MHz, DMSO-dp): & -189.71. 3'P-NMR (162 MHz, DMSO-ds): &
149.48, 149.50, 148.95, 148.88.
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[0657] Example 42. Synthesis of Monomer
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Example 42 monomer

Scheme-22

[0658] Preparation of (2): To a solution of 1 (40.0 g, 79.3 mmol), 1a (7.6 g, 80.1
mmol) in ACN (100 mL). Then added BSA (35.2 g, 174.4 mmol) under N> atmosphere. The

mixture was stirred at 50°C for 1 h until the solution was clear. Then cool down to 0°C
and dropped TMSOTT (18.5 g, 83.2 mmol).The mixture was stirred at 75°C for 1 h,

TLC showed 1 was consumed completely. Then the solution was diluted with EA, washed
with H>O twice. The solvent was concentrated under reduced pressure and the residue was
used for next step. ESI-LCMS: m/z 540 [M+H]".

[0659] Preparation of (3): To a solution of 2 (37.1 g, 68.7

mmol) in 30%CH>NH>/MeOH solution (200 mL). The mixture was stirred at 25°C

for 2 h. TLC showed 2 was consumed completely. The solvent was concentrated under
reduced pressure and the residue was washed with EA twice to give 3 (12.5 g, 55.2 mmol) (
ref. for intermediate 3 Bioorganic & Medicinal Chemistry Letters, 1996, Vol. 6, No. 4, pp.
373-378,) which was used directly for the next step. ESI-LCMS: m/z 228 [M+H]".
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[0660] Preparation of (4): To a solution of 3 (12.5 g, 55.2 mmol) in pyridine (125
mL) and added DMAP (1.3 g, 11.0 mmol), TrtCI (30.7 g, 110.5 mmol). The mixture was

stirred at r.t. for 24 h. TLC showed 3 was consumed completely. H>O was added to the
mixture. Then filtered and the solution diluted with EA. The organic layer was washed with
NaHCOs and brine. The solvent was concentrated under reduced pressure and then added
ACN, filtered to give 4a (17.0 g, 35.4 mmol, 64% yield) as a white solid.

[0661] To a solution of 4a (17.0 g, 35.4 mmol) in DMF (200 mL), collidine (5.2 g, 43.5
mmol), TrCl (13.1 g, 47.1 mmol) were added after 2h and then again after 3h TrCI (13.1 g,
47.1 mmol), AgNO3 (8.0 g, 47.1 mmol). The mixture was stirred at 25°C

for 24 h. TLC showed 4a was consumed completely. Then filtered and the solution diluted
with EA. The organic layer was washed with NaHCO3 and brine. The

solvent was concentrated under reduced pressure and then added ACN, filtered to get 4
(14.2 g, 19.5 mmol, 54% yield) as a white solid. ESI-LCMS: m/z 712 [M+H]*. '"H-NMR
(400 MHz, DMSO-ds): 6 7.83 (d, J = 8 Hz, 2H), 7.42-7.20 (m, 30H), 6.18 (d, J/ =7 Hz, 1H),
6.09 (d, J =8 Hz, 2H), 5.60 (d, / =7 Hz, 1H), 4.22 (m, 1H), 3.90 (d, J =5 Hz, 1H), 2.85 (d,
J=10Hz, 1H), 2.76 (s, 1H), 2.55-2.50 (dd, 1H).

[0662] Preparation of (5): To a solution of 4 (14.2 g, 19.9 mmol) in DCM (150 mL),
DMAP (2.4 g, 19.9 mmol), TEA (4.0 g, 39.9 mmol, 5.6 mL) were added. Then cool down
to 0°C, TfCl (6.7 g, 39.9 mmol) dissolved in DCM (150 mL) were dropped. The mixture

was stirred at 25°C for 1 h. TLC showed 4 was consumed completely. Then filtered and the
solution diluted with EA. The organic layer was washed with NaHCO3 and brine. The
solvent was concentrated under reduced pressure to get 5 (16.8 g, 19.9 mmol) as a brown
solid. ESI-LCMS: m/z 844 [M+H]".

[0663] Preparation of (6): To a solution of 5 (16.8 g, 19.9 mmol) in DMF (200

mL), KOAc (9.7 g, 99.6 mmol) were added, The mixture was stirred at 25°C for 14 h and

50°C for 3 h, TLC showed § was consumed completely. Then filtered and the solution
diluted with EA. The organic layer was washed with H>O and brine. The

solvent was concentrated under reduced pressure to get 6a (15.0 g, 18.9 mmol, 90%
yield) as a brown solid. To a solution of 6a (15.0 g, 19.9 mmol) in 30% CH3:NH2»/MeOH
solution (100 mL) were added. The mixture was stirred at 25°C for 2 h, TLC showed 6a
was consumed completely. Then the solvent was concentrated under reduced pressure and
the residue was purified by cc (0-5% MeOH in DCM) to give 6 (11.6 g, 16.3 mmol, 82%
yield) as a yellow solid. ESI-LCMS: m/z 712 [M+H]*; 'H-NMR (400 MHz, DMSO-ds): &
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7.59 (d, J =8 Hz, 2H), 7.37-7.22 (m, 30H), 6.01 (d, J = 8 Hz, 2H), 5.84 (d, / = 3 Hz, 1H),
542 (d, J =4 Hz, 1H), 3.78-3.70 (m, 3H), 3.10 (t, / = 9 Hz, 1H), 2.53 (d, / = 4 Hz, 6H),
1.77 (s, 6H).

[0664] Preparation of (7): To a solution of 6 (11.6 g, 16.32 mmol) in DCM (200 mL),
DAST (7.9 g, 48.9 mmol)were added at 0°C, The mixture was stirred at 25°C for 16 h, TLC

showed 6 was consumed completely. Then the solution was diluted with EA, washed with
NaHCOs twice, The solvent was concentrated under reduced pressure the residue purified
by Flash-Prep-HPLC with the following conditions(IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H>0 (0.5% NH4HCO3) =1/1 increasing to CH3CN/H-0 (0.5%
NH4HCO3)=1/0 within 25 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) =4/1; Detector, UV 254 nm. This resulted in to give 7 (11.6 g, 13.8 mmol, 84 %
yield) as a white solid. ESI-LCMS: m/z 714 [M+H]* .

[0665] Preparation of (8): To a solution of 7 (11.6 g, 16.2 mmol) in DCM (100 mL) was
added TFA (10 mL). The mixture was stirred at 20°C for 1 h. TLC showed 7 was consumed

completely. Then the solution was concentrated under reduced pressure the residue was
purified by silica gel column (0~20% MeOH in DCM) and Flash-Prep-HPLC with the
following conditions(IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO3) =0/1 increasing to CH3CN/H20 (0.5% NH4HCO3)=1/3 within 25 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) =0/1; Detector, UV 254
nm. This resulted in to give 9 (1.7 g, 7.2 mmol, 45% yield) as a white solid. ESI-LCMS:
m/z 229.9 [M+H]*; 'H-NMR (400 MHz, DMSO-de): § 7.91 (d, J = 8 Hz, 2H), 6.14 (d, J =8
Hz, 2H), 5.81-5.76 (m, 2H), 5.28 (t, J =5 Hz, 1H), 5.13-4.97 (t, J = 4 Hz, 1H), 4.23 (m,
1H), 3.97 (m, 1H), 3.74-3.58 (m, 2H); '’F-NMR (376 MHz, DMSO-dp): § -206.09.

[0666] Preparation of (9): To a solution of 8 (1.4 g, 6.1 mmol) in pyridine (14 mL) was
added DMTtCl1 (2.5 g, 7.3 mmol) at 20°C. The mixture was stirred at 20°C for 1 h.

TLC showed 8 was consumed completely. Water was added to the reaction. The product
was extracted with EA, The organic layer was washed with NaHCO3 and brine. Then the
solution was concentrated under reduced pressure and the residue was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H:0 (0.5% NH4HCO3) = 1/3 increasing to CH3CN/H20 (0.5% NH4HCO3) =
4/1 within 25 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) =
1/1; Detector, UV 254 nm. This resulted in to give 9 (2.5 g, 4.6 mmol, 76 yield) as a white
solid. ESI-LCMS: m/z 532.2 [M+H]*, '"H-NMR (400 MHz, DMSO-de): 5 7.87-7.84 (m,
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2H), 7.40-7.22 (m, 9H), 6.91-6.87(m, 4H), 5.98-5.95 (m, 2H), 5.88-5.77 (m, 2H), 5.16-5.02
(m, 1H), 4.42 (m, 1H), 4.05 (m, 1H), 3.74 (s, 6H), 3.35 (m, 2H); '°’F-NMR (376 MHz,
DMSO-ds): 6 -202.32.

[0667] Preparation of Example 42 monomer: To a solution of 9 (2.2 g, 4.1 mmol) in

DCM (20 mL) was added DCI (415 mg, 3.5 mmol) and CEP (1.5 g, 4.9 mmol) under N>

pro. The mixture was stirred at 20°C for 0.5 h. TLC showed 9 was consumed completely.
The product was extracted with DCM, The organic layer was washed with H2O and brine.
Then the solution was concentrated under reduced pressure and the residue was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 1/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 1/0 within 25 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 1/0; Detector, UV 254 nm. This resulted in to give Example 42 monomer (2.6
g, 3.5 mmol, 85% yield) as a white solid. ESI-LCMS: m/z 732.2 [M+H]"; "H-NMR (400
MHz, DMSO-dp): & 7.87-7.84 (m, 2H), 7.40-7.22 (m, 9H), 6.91-6.87(m, 4H), 5.98-5.95 (m,
2H), 5.90-5.88 (m, 1H), 5.30-5.17 (m, 1H), 4.62 (m, 1H), 4.19 (m, 1H), 3.78-3.73 (m, 7H),
3.62-3.35 (m, 5H), 2.78 (t, J = 5 Hz, 1H), 2.63 (t, J = 6 Hz, 1H),1.14-0.96 (m, 12H); "°F-
NMR (376 MHz, DMSO-de): 8 -200.77, 200.80, 201.62, 201.64. *'P-NMR (162 MHz,
DMSO-ds): 6 150.31, 150.24, 149.66, 149.60.

[0668] Example 43. Synthesis of End Cap Monomer
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[0669] Preparation of (8): To a stirred solution of 7 (13.4 g, 35.5 mmol, Scheme
5) in DMSO (135 mL) were added EDCI (6.3 g, 32.9 mmol) and pyridine (0.9g, 10.9

mmol), TFA (0.6 g, 5.5 mmol) at r.t. And the reaction mixture was stirred at r.t for 2 h.
LCMS showed 7 consumed completely. The reaction was quenched with water and the
product was extracted with EA (1800 mL). The organic phase was washed by brine, dried
over NaxSOy4, The organic phase was evaporated to dryness under reduced pressure to give a
residue 8 (13.2 g, 35.3 mmol, 99.3% yield). Which was used directly to next step. ESI-
LCMS: m/z =375 [M+H20]*

[0670] Preparation of (10): A solution of 8 (13.2 g, 35.3 mmol), 9 (26.8 g, 42.3 mmol,
Scheme 18 ) and K>COs3 (19.5 g, 141.0 mmol) in dry THF (160 mL) and D>O (53 mL) was

stirred at r.t. 17 h. LCMS showed most of 8 was consumed. The product was extracted with
EA (2500 mL) and the organic layer was washed with brine and dried over Na;SO4. Then
the organic layer was concentrated to give a residue which was purified by c.c. (PE: EA =
10:1 ~ 1:2) to give product 10 (8.1 g, 11.8mmol, 33.4% yield) as a white solid. ESI-LCMS
m/z = 682 [M+H]*, "TH-NMR (400 MHz, DMSO-d): & 11.42 (s, 1H), 7.69-7.71 (d, J = 8.1
Hz, 1H), 5.78-5.79 (d, J = 3.7 Hz, 1H), 5.65-5.67 (m, 1H), 5.59-5.63 (m, 4H), 4.29-4.35 (m,
2H), 3.97-3.99 (m, 1H), 1.15 (s, 18H), 0.87 (s, 9H), 0.07-0.08 (d, J=5.1 Hz, 6H).*'P-NMR
(162 MHz, DMS O-ds) 6 16.62.

[0671] Preparation of (11): To a round-bottom flask was added 10 (7.7 g, 11.1 mmol) in
a mixture of HCOOH (80 mL) and H>O (80 mL). The reaction mixture was stirred at

40°C for 3 h. LCMS showed the 10 was consumed completely. The reaction mixture was
adjusted the pH = 7.0 with con.NH3.H20 (100 mL). Then the mixture was extracted with
DCM (100 mL*3). The combined DCM layer was dried over Na>SQOys. Filtered and filtrate
was concentrated to give crude which was purified by Flash-Prep-HPLC with the following
conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5%
NH4HCO3) = 1/2 increasing to CH3CN/ H20 (0.5% NH4HCO3) = 1/1 within 20 min, the
eluted product was collected at CH3CN/ H»0 (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. To give product 11 (5.5 g, 9.6 mmol, 86.1% yield) as a white solid. ESI-LCMS m/z =
568 [M+H]". "TH-NMR (400 MHz,DMSO-de): 5 11.42 (s, 1H, exchanged with D,0), 7.62-
7.64 (d, J=8.1, 1H), 5.81-5.82 (d, J=4.3, 1H), 5.58-5.66 (m, SH), 5.52-5.53 (d, J=6.6, 1H),
4.34-4.37 (m, 1H), 4.09-4.13 (m, 1H), 3.94-3.96 (t, J=9.7, 1H), 1.15 (s, 18H), 0 (s, 1H). *'P
NMR (162 MHz, DMSO-ds) 6 17.16.
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[0672] Preparation of Example 43 monomer: To a solution of 11 (5.3 g, 9.3
mmol) in DCM (40 mL) was added the DCI (1.1 g, 7.9 mmol), then CEP[N(ipr)2]>» (3.4 g,

11.2 mmol) was added. The mixture was stirred at r.t. for 1 h. LCMS showed 11 consumed
completely. The reaction mixture was washed with H>O (50 mL*2) and brine (50 mL*1).
Dried over Na>SO4 and concentrated to give crude which was purified by Flash-Prep-HPLC
with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4sHCO3) = 1/3 increasing to CH3CN/ H20 (0.5% NH4HCO3) = 1/0
within 20 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 1/0;
Detector, UV 254 nm. The product was concentrated to give Example 43 monomer (6.2 g,
8.0 mmol, 85.6% yield) as a white solid. ESI-LCMS m/z = 768 [M+H]*, 'TH-NMR (400
MHz, DMSO-ds): 6 11.43 (s, 1H), 7.68-7.71 (m, 1H), 5.79-5.81 (m, 1H), 5.58-5.67 (m, SH),
4.34-4.56 (m, 2H), 4.14-4.17 (m, 1H), 3.54-3.85 (m, 4H), 2.78-2.81 (m, 2H), 1.13-1.17 (m,
30H). *'P-NMR (162 MHz, DMSO-ds): § 149.66, 149.16, 16.84, 16.56.
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[0673] Example 44. Synthesis of Monomer
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Preparation of (2): To a solution of 1 (20.0 g, 66.4 mmol) in dry DMF (400 mL)

was added sodium hydride (1.9 g, 79.7 mmol) for 30 min, then was added CDsI (9.1 g, 79.7
mmol) in dry DCM (40 mL) at -20°C for 5.5 hr. LCMS showed the reaction was consumed.

The mixture was filtered and the clear solution was evaporated to dryness and was
evaporated with CH30H. The crude was purified by silica gel column (SiO2, DCM/MeOH
=50:1~10:1). This resulted in to give the product 2 (7.5 g, 23.5 mmol, 35.5% yield) as a
solid. ESI-LCMS: m/z 319 [M+H]*, 'H-NMR (400 MHz, DMSO-d3): § = 8.38 (m, 1H),
6.97 (m, 2H), 5.93-5.81 (m, 1H), 5.27-5.26 (d, J=4 Hz, 1H), 5.13-5.11 (m, 1H), 4.39-4.31
(m, 1H), 4.31-4.25 (m, 1H), 3.96-3.94 (m, 1H), 3.66-3.63 (m, 1H), 3.63-3.56 (m, 1H).
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[0675] Preparation of (3): To a solution of 2 (7.5 g, 23.5 mmol) in dry DMF (75 mL)
was added Imidazole (5.6 g, 82.3 mmol) and TBSCI (8.9 g, 58.8 mmol). The mixture was

stirred at r.t. over night. LCMS showed 2 was consumed completely. The reaction was
quenched with water (300 mL). The product was extracted into ethyl acetate (100 mL). The
organic layer was washed with brine and dried over anhydrous Na>;SOs. The solvent was
removed to give the cured 3 (9.8 g) as a solid witch used for the next step. ESI-LCMS: m/z
547 [M+H]* .

[0676] Preparation of (4): To a solution of 3 (9.8 g) in THF (40 mL) was added TFA
(10 mL) and water (10 mL) at 0°C. The reaction mixture was stirred at 0°C for 5 h. LC-MS

showed 3 was consumed completely. Con. NH4OH was added to the mixture at 0°C to
quench the reaction until the pH = 7.5. The product was extracted into ethyl acetate (200
mL). The organic layer was washed with brine and dried over anhydrous Na>SOa.

The solvent was removed to give the cured 4 (8.4 g) as a solid witch used for the next step.
ESI-LCMS: m/z 433 [M+H]* .

[0677] Preparation of (5): To a solution of 4 (8.4 g) in DCM/H>0 = 2:1 (84 mL) was
added DAIB (18.8 g, 58.4 mmol) and TEMPO (0.87 g, 5.8 mmol). The reaction mixture

was stirred at 40°C for 2 h. LCMS showed 4 was consumed. The mixture was diluted with
DCM and water was added. The product was extracted with DCM. The organic layer was
washed with brine and dried over anhydrous Na>SO4. The solution was then concentrated
under reduced pressure. This resulted in to give 5 (14.4 g) as a white solid. ESI-LCMS: m/z
447 [M+H]" .

[0678] Preparation of (6): To a solution of § (14.4 g) in toluene (90 mL) and methanol
(60 mL) was added 2M TMSCHN: (8.9 g, 78.1 mmol) till the yellow color not disappear at

r.t. for 10 min. LCMS showed 5 was consumed. The crude was purified by Flash-Prep-
HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase,
CH3CN/H20 (0.5% NH4HCOs) =1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0
within 25 min, the eluted product was collected at CH3CN/ H»0 (0.5% NH4HCO3) =65/35
Detector, UV 254 nm. This resulted in to give the product 6 (3.5 g, 7.6 mmol, 32.3% yield
over three steps, 70% purity) as a white solid. ESI-LCMS: m/z 461 [M+H]* .

[0679] Preparation of (7): To the solution of 6 (3.5 g, 7.6 mmol) in dry
THE/MeOD/D,0 = 10/2/1 (45 mL) was added NaBD4 (0.96 g, 22.8 mmol). And the

reaction mixture was stirred at r.t for 2.5 hr. After completion of reaction, the resulting

mixture was added CH3COOD to pH = 7, after addition of water, the resulting mixture was
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extracted with EA (100 mL). The combined organic layer was washed with water and brine,
dried over Na>SOs4, and concentrated to give 7 (3.3 g) which was used for the next step.
ESI-LCMS: m/z 435 [M+H]* .

[0680] Preparation of (8): To a solution of 7 (3.3 g) in dry DCM (30 mL) was

added pyridine (5.9 g, 74.5 mmol) and iBuCl (2.4 g, 22.4 mmol) in DCM (6 mL) under ice

bath. The reaction mixture was stirred at 0°C for 2.5 hr. LCMS showed 7 was consumed.
The mixture was diluted with EA and water was added. The product was extracted with EA.
The crude was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1):
Column, C18 silica gel; mobile phase, CH3CN/H>0 (0.5% NH4sHCO3) = 1/1 increasing to
CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 25 min, the eluted product was collected at
CH3CN/H20 (0.5% NH4HCO3) = 87/13; Detector, UV 254 nm. This resulted in to give the
crude 8 (1.6 g, 2.8 mmol, 36.8% yield over two steps) as a white solid. ESI-LCMS: m/z 575
[M+H]*.

[0681] Preparation of (9): To a solution of 8 (1.6 g, 2.8 mmol,) in HoO/dioxane = 1:1
(30 ml) was added K>COs (772.8 mg, 5.6 mmol) and DABCO (739.2 mg, 2.9 mmol). The

reaction mixture was stirred at 50°C for 3 hr. LCMS showed 8 was consumed. The mixture
was diluted with EA and water was added. The product was extracted with EA. The
combined organic layer was washed with water and brine, dried over Na;SO4, and
concentrated to give 9 (1.8 g) which was used for the next step. ESI-LCMS: m/z 557
[M+H]" .

[0682] Preparation of (10): To a solution of 9 (1.8 g) in pyridine (20 mL) and was added
2M NaOH (MeOH/H20 = 4/1) (5 mL) at 0°C for 1 h. LCMS showed 9 was consumed. The

mixture was added saturated NH4Cl till pH = 7.5. The mixture was diluted with water and
EA. The organic layer was washed with brine and dried over NaxSO4 and concentrated

to give the crude. This resulted in to give the product 10 (1.5 g) as a white solid which was
used for the next step. ESI-LCMS: m/z 487 [M+H]" .

[0683] Preparation of (11): To a stirred solution of 10 (1.5 g) in pyridine (20 mL) were

added DMTtCl (1.1 g, 3 mmol) at r.t. And the reaction mixture was stirred at r.t for 2.5 hr.
With ice-bath cooling, the reaction was quenched with water and the product was extracted
into EA. The organic layer was washed with brine and dried over Na>SO4 and concentrated
to give the crude. The crude was purified by Flash-Prep-HPLC with the following
conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5%
NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 25 min, the

244



eluted product was collected at CH3CN/ H,0 (0.5% NH4HCO3) = 7/3 Detector, UV 254
nm. This resulted in to give the product 11 (1.9 g, 2.4 mmol, 85.7% yield over two steps) as
a white solid. ESI-LCMS: m/z 789.3 [M+H]*; 'H-NMR (400 MHz, DMSO-ds): & 12.10 (m,
1H), 11.63 (m, 1H), 8.20 (m, 1H), 7.35 -7.33 (m, 2H), 7.29-7.19 (m, 7H), 6.86-6.83 (m,
4H), 5.89-5.88 (d, J=4 Hz, 1H), 4.40-4.28 (m, 2H), 3.72 (m, 6H), 2.81-2.76 (m, 1H), 1.13-
1.11 (m, 6H), 0.80 (m, 9H), 0.05—0.01(m, 7H).

[0684] Preparation of (12): To a solution of 11 (1.9 g, 2.4 mmol) in THF (20 mL) was
added 1 M TBAF solution (3 mL). The reaction mixture was stirred at r.t. for 1.5 h. LCMS

showed 11 was consumed completely. Water (100 mL) was added. The product was
extracted with EA (50 mL) and the organic layer was washed with brine and dried over
Na>SOg4. Then the organic layer was concentrated to give a residue which was purified by
Flash-Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel;
mobile phase, CH3CN/H20 (0.5% NH4HCO3) = 2/3 increasing to CH3CN/H20 (0.5%
NH4HCO3) = 1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5%
NH4HCO3) = 58/42; Detector, UV 254 nm. This resulted in to give 12 (1.5 g, 2.2 mmol,
91.6% yield) as a white solid. ESI-LCMS: m/z 675.3 [M+H]*; 'H-NMR (400 MHz, DMSO-
ds): 6 12.09 (m, 1H), 11.60 (m, 1H), 8.14 (m, 1H), 7.35 -7.27 (m, 2H), 7.25-7.20 (m, 7H),
6.85-6.80 (m, 4H), 5.96-5.94 (d, J= 8 Hz, 1H), 5.26-5.24 (m, 1H), 4.35-4.28 (m, 2H), 3.72
(m, 6H), 3.32 (m, 1H), 2.79-2.72 (m, 1H), 1.13-1.11 (m, 6H).

[0685] Preparation of Example 44 monomer: To a suspension of 11 (1.5 g, 2.2

mmol) in DCM (15 mL) was added DCI (220.8 mg, 1.9 mmol) and CEP[N(iPr)2]> (795.7

mg, 2.6 mmol) under N> pro. The mixture was stirred at r.t. for 2 h. LCMS showed 11 was
consumed completely. The solution was washed with water twice and washed with brine
and dried over Na>SO4. Then concentrated to give a residue which was purified by Flash-
Prep-HPLC with the following conditions (IntelFlash-1): Column, C18 silica gel; mobile
phase, CH3CN/H:O (0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) =
1/0 within 20 min, the eluted product was collected at CH3CN/ H20 (0.5% NH4sHCO3) =
4/1; Detector, UV 254 nm. This resulted in to give Example 44 monomer (1.6 g, 1.8 mmol,
83% yield) as a white solid. ESI-LCMS: m/z 875 [M+H]*; 'H-NMR (400 MHz, DMSO-db):
0 12.12 (m, 1H), 11.60 (m, 1H), 8.15 (m, 1H), 7.37 -7.29 (m, 2H), 7.27-7.20 (m, 7H), 6.86-
6.81 (m, 4H), 5.94-5.88 (m, 1H), 4.54-4.51 (m, 2H), 4.21-4.20 (m, 1H), 3.73-3.54 (m, 10H),
2.80-2.75 (m, 1H), 2.61-2.58 (m, 1H), 1.19-1.11 (m, 19H). 3*'P-NMR (162 MHz, DMSO-
de): 0= 149.77, 149.71.
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[0686] Example 45. Synthesis of Monomer
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[0687] Preparation of (2): To a solution of 1 (50.0 g, 99.2 mmol) and 1a (11.3 g, 119.0
mmol) in ACN (500.0 mL). Then added BSA (53.2 g, 218.0 mmol) under N> Pro. The

mixture was stirred at 50°C for 1 h until the solution was clear. Then cool down to 0°C

and dropped TMSOTT (26.4 g, 119.0 mmol).The mixture was stirred at 75°C for 1 h,

TLC showed 1 was consumed completely. The reaction was quenched by sodium
bicarbonate solution at 0°C, then the solution was diluted with EA, washed with H20O twice.
The solvent was concentrated under reduced pressure and the crude 2 (60.1 g) was used for
next step. ESI-LCMS: m/z 540.2 [M+H]*.

[0688] Preparation of (3): To a solution of 2 (60.1 g) in CH3NH»/ethanol (500.0 mL).

The mixture was stirred at 25°C for 2 h. TLC showed 2 was consumed completely. The
solvent was concentrated under reduced pressure and the residue was purified by

c.c. MeOH:DCM = 50:1 ~ 10:1) to give 3 (22.0 g, 96.9 mmol, 97.3% yield over two steps).
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ESI-LCMS: m/z 228.0 [M+H]*; "H-NMR (400 MHz, DMSO-ds): 5 8.01-7.98 (m, 1H),
7.43-7.38 (m, 1H), 6.37-6.35 (m, 1H), 6.27-6.23 (m, 1H), 6.03 (d, J = 3.5 Hz, 1H), 5.39 (d,
J=42Hz, 1H), 5.11 (t, J=5.1 Hz, 1H), 5.03 (d, J/ = 5.1 Hz, 1H), 3.98-3.95 (m, 2H), 3.91-
3.88 (m, 1H), 3.74-3.57 (m, 2H).

[0689] Preparation of (4): To a solution of 3 (22.0 g, 96.9 mmol) in pyridine (250.0
mL), TrtCl (30.7 g, 110.5 mmol) was added. The mixture was stirred at 25°C

for 24 h. TLC showed 3 was consumed completely, H>O was added to the mixture. Then
filtered and the filtrate diluted with EA, the organic layer was washed with NaHCO; and
brine. The solvent was concentrated under reduced pressure and then purified by c.c.
(PE/EA =5:1 ~0:1) to give 4 (38.8 g, 82.5 mmol, 85.1% yield) as a white solid. ESI-
LCMS: m/z 470.1 [M+H]".

[0690] Preparation of (5): To a solution of 4 (38.8 g, 82.5 mmol) in DMF (500.0 mL),
collidine (10.0 g, 107.3 mmol), TrtCl (27.6 g, 99.1 mmol) were added followed by AgNO3
(18.0 g, 105.1 mmol). The mixture was stirred at 25°C for 4 h. TLC showed 4 was

consumed completely. Then filtered and the filtrate diluted with EA. The organic layer was
washed with NaHCOj3 and brine. The solvent was concentrated under reduced pressure and
then purified by c.c. (PE/EA =5:1 ~ 1:1) to give a mixture of 5 (52.3 g, 73.5 mmol, 86.3%
yield) as white solid. ESI-LCMS: m/z 711.1 [M+H]".

[0691] Preparation of (6): To a solution of 5§ (52.3 g, 73.5 mmol) in DCM (500.0 mL),
DMAP (8.9 g, 73.5 mmol), TEA (14.9 g, 147.3 mmol, 20.6 mL) were added, cool down to
0°C, TfCl1 (16.1 g, 95.6 mmol) dissolved in DCM (100.0 mL) were dropped. The mixture

was stirred at 25°C for 1 h. TLC showed S was consumed completely. Then filtered and the
solution diluted with EA. The organic layer was washed with NaHCO3 and brine. The
solvent was concentrated under reduced pressure to get crude 6 (60.2 g) as a brown solid.
ESI-LCMS: m/z 844.2 [M+H]".

[0692] Preparation of (7): To a solution of 6 (60.2 g) in DMF (500.0 mL), KOAc (36.1
g, 367.8 mmol) were added, The mixture was stirred at 25°C for 14 h and 50°C for 3

h, TLC showed 6 was consumed completely. Then filtered and the solution diluted with EA.
The organic layer was washed with H>O and brine. The solvent was concentrated under
reduced pressure, residue was purified by c.c. (PE/EA =5:1 ~ 1:1) to give 7 (28.0 g, 39.3
mmol, 53.5% yield) as yellow solid. ESI-LCMS: m/z 710.2 [M-H]", 'H-NMR (400 MHz,
DMSO-ds): 6 7.37-7.25 (m, 33H), 6.34-6.31 (m, 2H), 6.13-6.10 (m, 1H), 5.08 (d, J =4.2
Hz, 1H), 3.99 (d, / = 7.6 Hz, 1H), 3.74 (s, 1H), 3.12 (t, / = 9.2 Hz, 1H), 2.72-2.69 (m, 1H).
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[0693] Preparation of (8): To a solution of 7 (28.0 g, 39.3 mmol) in DCM (300.0 mL),
DAST (31.6 g, 196.6 mmol) was added at 0°C, the mixture was stirred at 25°C for 16 h,

TLC showed 7 was consumed completely. Then the solution was diluted with EA, washed
with NaHCOs twice, the solvent was removed under reduced pressure, residue was purified
by c.c. (PE/EA =5:1 ~ 3:1) to give 8 (5.0 g, 7.0 mmol, 17.8% yield) as a white solid. ESI-
LCMS: m/z 748.2 [M+2NH.]*; 'TH-NMR (400 MHz, DMSO-ds): § 7.57-7.18 (m, 35H), 6.30
(d, J=8.8 Hz, 1H), 6.00 (d, J = 19.5 Hz, 1H), 5.92-5.88 (m, 1H), 4.22-4.17 (m, 2H), 3.94
(s, 0.5H), 3.80 (s, 0.5H), 3.35-3.31 (m, 1H), 3.14-3.10 (m, 1H); ’F-NMR (376 MHz,
DMSO-ds): 6 -193.54.

[0694] Preparation of (9): To a solution of 8 (5.0 g, 7.0 mmol) in DCM (60.0 mL) was
added DCA (3.6 mL) and TES (15.0 mL). The mixture was stirred at 20°C for 1 h, TLC

showed 8 was consumed completely. Then the solution was concentrated under reduced
pressure, the residue was purified by Flash-Prep-HPLC with the following conditions
(IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20 (0.5% NHsHCO3) =0/1
increasing to CH3CN/H>0 (0.5% NH4HCO3) = 1/3 within 25 min, the eluted product was
collected at CH3CN/ H>0 (0.5% NH4HCO3) =0/1; Detector, UV 254 nm. This resulted in to
give 9 (1.6 g, 6.9 mmol, 98.5% yield) as a white solid. ESI-LCMS: m/z 229.9 [M+H]*; 'H-
NMR (400 MHz, DMSO-dp): 6 8.06-8.04 (m, 1H), 7.48-7.43 (m, 1H), 6.39 (d, J = 9.0 Hz,
1H), 6.31-6.27 (m, 1H), 6.16-6.11 (m, 1H), 5.63 (s, 1H), 5.26 (s, 1H), 4.95-4.81 (m, 1H),
4.20-411 (m, 1H), 3.95 (d, J/ = 8.2 Hz, 1H), 3.84 (d, / =12.4 Hz, 1H), 3.64 (d, J =12.1 Hz,
1H); ""F-NMR (376 MHz, DMSO-dg): & -201.00.

[0695] Preparation of (10): To a solution of 9 (1.6 g, 6.9 mmol) in pyridine (20.0

mL) was added DMTtCl (3.5 g, 10.5 mmol) at 20°C and stirred for 1 h. TLC showed 9 was

consumed completely. Water was added and extracted with EA, the organic layer was
washed with NaHCOj3 and brine. Then the solution was concentrated under reduced
pressure and the residue was purified by Flash-Prep-HPLC with the following conditions
(IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H>0 (0.5% NH4HCO3) = 1/3
increasing to CH3CN/H>0 (0.5% NH4HCOs3) =4/1 within 25 min, the eluted product was
collected at CH3CN/ H,0 (0.5% NH4HCO3) =1/1; Detector, UV 254 nm. This resulted

in to give 10 (2.2 g, 4.2 mmol, 60.8% yield) as a white solid. ESI-LCMS: m/z 530.1 [M-H]J;
"H-NMR (400 MHz, DMSO-ds): 6 7.93-7.91 (m, 1H), 7.47-7.23 (m, 10H), 6.91-6.89 (m,
4H), 6.41 (d, J =8.8 Hz, 1H), 6.13 (d, J =18.8 Hz, 1H), 6.00-5.96 (m, 1H), 5.68 (d, /= 6.6
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Hz, 1H), 5.01 (d, J =4.2 Hz, 0.5H), 4.88 (d, J/ = 4.2 Hz, 0.5H), 4.42-4.31 (m, 1H), 4.10-4.08
(m, 1H), 3.74 (s, 6H),3.40-3.34 (m, 2H); "F-NMR (376 MHz, DMSO-ds): & -199.49.
[0696] Preparation of Example 45 monomer: To a solution of 10 (2.2 g, 4.2 mmol) in
DCM (20.0 mL) was added DCI (415 mg, 3.5 mmol) and CEP (1.5 g, 4.9 mmol) under N>

pro. The mixture was stirred at 20°C for 0.5 h. TLC showed 10 was consumed completely.
The product was extracted with DCM, the organic layer was washed with H>O and brine.
Then the solution was concentrated under reduced pressure and the residue was purified by
cc (PE/EA =5:1 ~ 1:1) and Flash-Prep-HPLC with the following conditions (IntelFlash-1):
Column, C18 silica gel; mobile phase, CH3CN/H20 (0.5% NH4HCO3) =1/3 increasing to
CH3CN/H20 (0.5% NH4HCO3)=1/0 within 25 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) =1/0; Detector, UV 254 nm. This resulted in to give
Example 45 monomer (2.1 g, 3.0 mmol, 73.1% yield) as a white solid. ESI- ESI-LCMS:
m/z 732.2 [M+H]*; 'TH-NMR (400 MHz, DMSO-dp): § 7.98-7.92 (m, 1H), 7.42-7.24 (m,
10H), 6.91-6.85 (m, 4H), 6.43-6.39 (m, 1H), 6.18-6.11 (m, 1H), 6.01-5.97 (m, 1H), 5.22-
5.19 (m, 0.5H), 5.09-5.06 (m, 0.5H), 4.73-4.52 (m, 1H), 4.21-4.19 (m, 1H), 3.79-3.62 (m,
7H), 3.57-3.47 (m, 4H), 3.32-3.28 (m, 1H), 2.75-2.58 (m, 1H), 1.13-0.92 (m, 12H); "°F-
NMR (376 MHz, DMSO-ds): § -196.82, -196.84, -197.86, -197.88; *'P-NMR (162 MHz,
DMSO-ds): 6 149.88, 149.83, 149.39, 149.35.

[0697] Example 46. Synthesis of Monomer

o n-BuLi TES BCl
BnO Bromobenzene BF; OEt, 3
A_L/\:O THF _DCM _bem

BnO =

F
1 2 3
O
(0] DMT:Cl CEP[N(iPr),],; DCI DMTrO i_ '71 \//\
HO Pyridine DMTrO _bem 5 %
" P-0
HO F >7N, \/\CN
4 5 >
Example 46 monomer
Scheme-26

[0698] Preparation of (2): To the solution of Bromobenzene (2.1 g, 13.6 mmol) in dry
THF (15 mL) was added 1.6 M n-BuLi (7 mL, 11.8 mmol) drop wise at -78°C. The mixture
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was stirred at -78°C for 0.5 h. Then the 1 (3.0 g, 9.1 mmol,Wang, Guangyi et al , Journal of
Medicinal Chemistry, 2016,59(10), 4611-4624) was dissolved in THF (15 mL) and added to
the mixture drop wise with keeping at -78°C. Then the reaction mixture was stirred at -78°C
for 1 hr. LC-MS showed 1 was consumed completely. Then the solution was added to
saturated aq. NH4Cl and the resulting mixture was extracted with EA. The combined
organic layer was washed with water and brine, dried over Na;SOs, and concentrated under
reduced pressure to give a residue which was purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H20
(0.5% NH4HCO:3) = 2/3 increasing to CH3CN/H20O (0.5% NH4HCO3) = 4/1 within 25 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 3/2; Detector, UV 254
nm. This resulted in to give 2 (3.0 g, 7.3 mmol, 80.0%) as a white solid. ESI-LCMS: m/z
391 [M-OHJ.

[0699] Preparation of (3): To the solution of 2 (4.0 g, 9.8 mmol) in DCM (40 mL) was
added TES (1.9 g, 11.7 mmol) at -78°C, and the mixture was added BF;.OEt; (2.1 g, 14.7

mmol) drop wise at -78°C. The mixture was stirred at -40°C for 1 hr. LC-MS showed 2 was

consumed completely. Then the solution was added to saturated aq. NaHCO3 and the
resulting mixture was extracted with DCM. The combined organic layer was washed with
water and brine, dried over Na>SOs, and concentrated under reduced pressure to give a
residue which was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-
1): Column, C18 silica gel; mobile phase, CH;CN/H>O (0.5% NH4HCO3) = 2/3 increasing
to CH3CN/H>0 (0.5% NH4sHCO3) = 4/1 within 25 min, the eluted product was collected at
CH3CN/ H20 (0.5% NH4HCO3) = 7/3; Detector, UV 254 nm. This resulted in to give 3 (3.1
g, 5.3 mmol, 54.0%) as a water clear oil. ESI-LCMS: m/z 410 [M+H,O]*. "TH-NMR (400
MHz, CDCls: 6 7.48-7.25 (m, 15H), 5.24-5.13 (m, 1H), 4.93-4.74 (m, 1H), 4.74-4.46 (m,
4H), 4.37-4.25 (m, 1H), 4.19-4.05 (m, 1H), 4.00-3.80 (m, 1H), 3.77-3.63 (m, 1H). "F-NMR
(376 MHz, CDCl;): 6 -196.84.

[0700] Preparation of (4): To the solution of 3 (2.1 g, 5.3 mmol) in dry DCM (20 mL)

was added 1 M BCls (25 mL, 25.5 mmol) drop wise at -78°C, and the reaction mixture was
stirred at -78°C for 0.5 hr. LC-MS showed 3 was consumed completely. After completion of
reaction, the resulting mixture was poured into water (50 mL). The solution was extracted
with DCM and the combined organic layer was concentrated under reduced pressure to give
a crude. The crude in MeOH (4 mL) was added 1 M NaOH (15 mL), and the mixture was

stirred at r.t for 5~10 min. The mixture was extracted with EA. The combined organic layer
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was washed with brine, dried over Na>SQOy, and concentrated under reduced pressure to give
a residue which was purified by silica gel column chromatography (eluent, DCM: MeOH =
40:1~15:1) to give 4 (1.0 g, 4.7 mmol, 88.6%) as a water clear oil. ESI-LCMS: m/z 211 [M-
HJ. "H-NMR (400 MHz, DMSO-ds): § 7.58-7.19 (m, 5H), 5.41 (d, J = 6.1 Hz, 1H), 5.09-
5.95 (m, 1H), 5.95-4.84 (m, 1H), 4.82-4.59 (m, 1H), 4.14-3.94 (m, 1H), 3.89-3.80 (m, 1H),
3.78-3.67 (m, 1H), 3.65-3.53 (m, 1H). "’F-NMR (376 MHz, DMSO-ds): 5 -196.46.

[0701] Preparation of (5): To a solution of 4 (1.0 g, 4.7 mmol) in Pyridine (10 mL) was
added DMTtCl1 (2.0 g, 5.7 mmol). The reaction mixture was stirred at r.t. for 2 hr. LCMS

showed 4 was consumed and water (100 mL) was added. The product was extracted with
EA (100 mL) and the organic layer was washed with brine and dried over Na2SO4 and
concentrated to give the crude. The crude was further purified by Flash-Prep-HPLC with the
following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH;CN/H>O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H20 (0.5% NH4HCO3) = 9/1; Detector, UV 254
nm. This resulted in to give 5 (2.1 g, 4.1 mmol, 87.0%) as a red oil. ESI-LCMS: m/z 513
[M-H]", "H-NMR (400 MHz, DMSO-ds): § 7.56-7.16 (m, 14H), 6.94-9.80 (m, 4H), 5.45 (d,
J=6.3Hz, 1H), 5.21-5.09 (m, 1H), 4.89-4.68 (m, 1H), 4.18-4.03 (m, 2H), 3.74 (s, 6H),
3.33-3.29 (m, 1H), 3.26-3.17 (m, 1H). ""F-NMR (376 MHz, DMSO-ds): § -194.08.

[0702] Preparation of Example 46 monomer: To a suspension of 5§ (2.1 g, 4.1

mmol) in DCM (20 mL) was added DCI (410 mg, 3.4 mmol) and CEP[N(iPr)2]> (1.5 g, 4.9

mmol). The mixture was stirred at r.t. for 1 h. LC-MS showed § was consumed completely.
The solution was washed with water twice and washed with brine and dried over Na>SOa.
Then concentrated to give the crude. The crude was purification by Flash-Prep-HPLC with
the following conditions (IntelFlash-1): Column, C18 silica gel; mobile phase, CH3CN/H,O
(0.5% NH4HCO3) = 1/1 increasing to CH3CN/H20 (0.5% NH4HCO3) = 1/0 within 20 min,
the eluted product was collected at CH3CN/ H>O (0.5% NH4HCO3) = 1/0; Detector, UV 254
nm. This resulted in to give Example 46 monomer (2.1 g, 2.9 mmol, 70.0%) as a white
solid. ESI-LCMS: m/z 715 [M+H]*, 'H-NMR (400 MHz, DMSO-dp): § 7.59-7.16 (m, 14H),
6.94-9.80 (m, 4H), 5.26-5.12 (m, 1H), 5.06-4.77 (m, 1H), 4.50-4.20 (m, 1H), 4.20-4.10 (m,
1H), 3.83-3.63 (m, 7H), 3.59-3.37 (m, 4H), 3.25-3.13 (m, 1H), 2.80-2.66 (m, 1H), 2.63-2.53
(m, 1H), 1.18-0.78 (m, 12H). 'F-NMR (376 MHz, DMSO-dp): § -194.40, -194.42, -194.50,
-194.53. >'P-NMR (162 MHz, DMSO-dp): & 149.38, 149.30, 149.02, 148.98.

[0703] Example 47. Deuterated vinyl phosphonate improves potency of siNA
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[0704] This example investigates whether a deuterated vinyl phosphonate improves
potency of siNA in an AAV-HBV mouse. AAV-HBYV mice were subcutaneously injected
with vehicle, ds-siNA-0165 (e.g., siNA without a deuterated vinyl phosphonate), or ds-
siNA-0144 (e.g., siNA with a deuterated vinyl phosphonate). For siNA-treated AAV-HBV
mice, AAV-HBYV mice were subcutaneously injected with a single dose of 5 mg/kg of
siNA. As shown in FIG. 11, siNA molecules having 2’-fluoro nucleotides at positions 3, 7-
9, 12, and 17 from the 5’ end of the sense strand and 2’-fluoro nucleotides at positions 2 and
14 from the 5’ end of the antisense strand resulted in at least a 0.5-log reduction in HBsAg,
with the greatest reduction in HBsAg found in mice treated with the deuterated
vinylphopshonate siNA (ds-siNA-0165). Thus, FIG. 11 demonstrates that the presence of a
deuterated vinyl phosphonate improves potency of the siNA.

[0705] Example 48. Deuterated vinyl phosphonate results in a greater reduction in
serum HBsAg

[0706] AAV-HBYV mice were subcutaneously injected with vehicle, ds-siNA-0163 (e.g.,
siNA without a vinyl phosphonate), ds-siNA-0122 (e.g., siNA with a vinyl phosphonate), or
ds-siNA-0123 (e.g., siNA with a deuterated vinyl phosphonate). For siNA-treated AAV-
HBYV mice, AAV-HBYV mice were subcutaneously injected with a single dose of 5 mg/kg of
siNA. As shown in FIG. 12, siNA molecules having 2’-fluoro nucleotides at positions 7, 9-
11 from the 5’ end of the sense strand and 2’-fluoro nucleotides at positions 2 and 14 from
the 5° end of the antisense strand resulted in at least a 0.5-log reduction in HBsAg, with the
greatest reduction in HBsAg found in mice treated with the deuterated vinylphopshonate
siNA (ds-siNA-0165). Thus, FIG. 12 demonstrates that the presence of a deuterated vinyl
phosphonate improves potency of the siNA, as compared to the siNA without a vinyl
phosphonate and the siNA with the vinyl phosphonate.

[0707] Example 49: Synthesis of 5> End Cap Monomer
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Example 49 Monomer

Example 49 Monomer Synthesis Scheme
[0708] Preparation of (2): 1 (15 g, 58.09 mmol) and tert-butyl N-
methylsulfonylcarbamate (17.01 g, 87.13 mmol) were dissolved in THF (250 mL), and PPh3
(30.47 g, 116.18 mmol) was added followed by dropwise addition of DIAD (23.49 g,
116.18 mmol, 22.59 mL) at 0°C. The reaction mixture was stirred at 15°C for 12 h. Upon

completion as monitored by TLC (DCM/MeOH=10/1), the reaction mixture was evaporated
to give a residue. The residue was purified by flash silica gel chromatography (ISCO®; 120
g SepaFlash® Silica Flash Column, Eluent of 0~20% MeOH/DCM gradient @ 60 mL/min)
to give 2 (6.9 g, 24.28% yield) as a white solid. ESI-LCMS: m/z 457.9 [M+Na]*; 'H NMR
(400 MHz, CDCl3) 6 = 8.64 (br s, 1H), 7.64 (d, J=8.2 Hz, 1H), 5.88 (d, J=1.9 Hz, 1H), 5.80
(dd, J=2.2, 8.2 Hz, 1H), 4.19 - 4.01 (m, 3H), 3.90 (dt, J=5.5, 8.2 Hz, 1H), 3.82 - 3.78 (m,
1H), 3.64 (s, 3H), 3.32 (s, 3H), 2.75 (d, J=8.9 Hz, 1H), 1.56 (s, 9H).

[0709] Preparation of (3): 2 (6.9 g, 15.85 mmol) was dissolved in MeOH (40 mL), and a
solution of HCI/MeOH (4 M, 7.92 mL) was added dropwise. The reaction mixture was

stirred at 15°C for 12 h, and then evaporated to give a residue. The residue was purified by
flash silica gel chromatography (ISCO®; 40 g SepaFlash® Silica Flash Column, Eluent of
0~10% MeOH/DCM gradient @ 40 mL/min) to give 3 (2.7 g, 50.30% yield) as a white
solid. ESI-LCMS: m/z 336.0 [M+H]*; 'H NMR (400 MHz, CDsCN) & = 9.20 (br s, 1H),
7.52 (d, J=8.1 Hz, 1H), 5.75 (d, J=3.8 Hz, 1H), 5.64 (dd, J=2.0, 8.1 Hz, 1H), 5.60 - 5.52 (m,
1H), 4.15 - 3.99 (m, 1H), 3.96 - 3.81 (m, 2H), 3.46 (s, 3H), 3.44 - 3.35 (m, 1H), 3.34 - 3.26
(m, 1H), 2.92 (s, 3H).

[0710] Preparation of (Example 49 monomer): To a solution of 3 (2.14 g, 6.38 mmol)

in DCM (20 mL) was added dropwise 3-bis(diisopropylamino)phosphanyloxypropanenitrile
(2.50 g, 8.30 mmol, 2.63 mL) at 0°C, followed by 1H-imidazole-4, 5-dicarbonitrile (829
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mg, 7.02 mmol), and the mixture was purged under Ar for 3 times. The reaction mixture
was stirred at 15 °C for 2 h. Upon completion, the mixture was quenched with 5% NaHCOs3
(20 mL), extracted with DCM (20 mL*2), washed with brine (15 mL), dried over NaxSOs,
filtered, and evaporated to give a residue. The residue was purified by flash silica gel
chromatography (ISCO®; 40 g SepaFlash® Silica Flash Column, Eluent of 0~10% (Phase
B: i-PrOH/DCM=1/2)/Phase A: DCM with 5% TEA gradient @ 40 mL/min) to give
Example 49 monomer (1.73 g, 48.59% yield) as a white solid. ESI-LCMS: m/z 536.3
[M+H]*; '"H NMR (400 MHz, CD3sCN) & = 7.58 - 7.48 (m, 1H), 5.83 - 5.78 (m, 1H), 5.71 -
5.64 (m, 1H), 4.40 - 4.29 (m, 1H), 4.19 - 4.07 (m, 1H), 3.98 (td, J=5.3, 13.3 Hz, 1H), 3.90 -
3.78 (m, 2H), 3.73 - 3.59 (m, 3H), 3.41 (d, J=14.8 Hz, 4H), 2.92 (br d, J=7.0 Hz, 3H), 2.73 -
2.63 (m, 2H), 1.23 - 1.11 (m, 12H); *'P NMR (162 MHz, CD3CN) § = 149.81, 150.37.
[0711] Example 50: Synthesis of 5> End Cap Monomer
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[0712] Preparation of (2): To a solution of 1 (10 g, 27.16 mmol) in DMF (23 mL) were
added imidazole (3.70 g, 54.33 mmol) and TBSCI (8.19 g, 54.33 mmol) at 25 °C. The

mixture was stirred at 25 °C for 2 hr. Upon completion, the reaction mixture was diluted
with H>O (20 mL) and extracted with EA (30 mL * 2). The combined organic layers were
washed with brine (20 mL * 2), dried over Na>SOy, filtered and concentrated under reduced
pressure to give 2 (13 g, 99.2% yield) as a white solid. ESI-LCMS: m/z 482.9 [M+H]".
[0713] Preparation of (3): To a solution of 2 (35.00 g, 72.56 mmol) in DMF (200 mL)
was added NaNj3 (14.15 g, 217.67 mmol). The mixture was stirred at 60 °C for 17 h. Upon

completion, the reaction mixture was diluted with H,O (200 mL) and extracted with EA
(200 mL* 2). The combined organic layers were washed with brine (100 mL * 2), dried
over NaxSOy, filtered and concentrated under reduced pressure to give 3 (31.8 g, crude) as
a yellow solid. ESI-LCMS: m/z 398.1 [M+H]*; 'H NMR (400 MHz, DMSO-d6) 6=11.21
(d, J=1.3 Hz, 1H), 7.50 (d, J/=8.1 Hz, 1H), 5.57 (d, J=4.5 Hz,1H), 5.46 (dd, J=2.1, 8.0 Hz,
1H), 4.06 (t, J=5.2 Hz, 1H), 3.81 - 3.64 (m, 2H), 3.44 - 3.30 (m, 2H), 2.31 -2.25 (m, 3H),
0.65 (s, 9H), -0.13 (s, 6H).

[0714] Preparation of (4): To a solution of 3 (7 g, 17.61 mmol) in THF (60 mL) was
added Pd/C (2 g) at 25 °C. The reaction mixture was stirred at 25 °C for 3 h under H»

atmosphere (15 PSI). The reaction mixture was filtered, and the filtrate was concentrated to
give 4 (5.4 g, 75.11% yield) as a gray solid. ESI-LCMS: m/z 372.1 [M+H]*, '"H NMR (400
MHz, DMSO-d6) 6 =7.93 (d, /=8.0 Hz, 1H), 5.81 (d, J=5.5 Hz, 1H), 5.65 (d, /=8.3 Hz,1H),
4.28 (t, J=4.6 Hz, 1H), 3.88 (t, J/=5.3 Hz, 1H), 3.74 (q, J/=4.6 Hz,1H), 3.31 (s, 3H), 2.83 -
2.66 (m,2H), 0.88 (s, 9H), 0.09 (s, 6H).

[0715] Preparation of (5): To a solution of 4 (3 g, 8.08 mmol) in DCM (30 mL) was
added TEA (2.45 g, 24.23 mmol, 3.37 mL) followed by dropwise addition of 3-

chloropropane-1-sulfonyl chloride (1.50 g, 8.48 mmol, 1.03 mL) at 25 °C. The reaction
mixture was stirred at 25 °C for 18 h under N, atmosphere. Upon completion, the reaction
mixture was diluted with H>O (50 mL) and extracted with DCM (50 mL * 2). The
combined organic layers were washed with brine (50 mL* 2), dried over Na>SOq, filtered
and concentrated under reduced pressure. The residue was purified by flash silica gel
chromatography (ISCO®; 24 g SepaFlash® Silica Flash Column, Eluent of 0~30%
MeOH/DCM @ 50 mL/min) to give 5 (3.6 g, 84.44% yield) as a white solid. ESI-LCMS:
m/z 512.1 [M+H]*,'"H NMR (400 MHz, DMSO-d6) § =11.42 (s, 1H), 7.75 (d, J=8.1
Hz,1H), 7.49 (t, J=6.2 Hz, 1H), 5.83 (d, J=5.8 Hz, 1H), 5.70 - 5.61 (m, 1H), 4.33 - 4.23 (m,
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1H), 3.95 (t, J/=5.5Hz, 1H), 3.90 - 3.78 (m, 1H), 3.73(t, J=6.5 Hz, 2H), 3.30 (s, 3H), 3.26-
3.12 (m, 4H), 2.14 - 2.02 (m, 2H), 0.88 (s, 9H), 0.11 (d, J/=3.3 Hz, 6H).

[0716] Preparation of (6): To a solution of § (5 g, 9.76 mmol) in DMF (45 mL) was
added DBU (7.43 g, 48.82 mmol, 7.36 mL). The mixture was stirred at 25 °C for 16 h. The

reaction mixture was concentrated to give a residue, diluted with H>O (50 mL) and
extracted with EA (50 mL * 2). The combined organic layers were washed with brine (50
mL * 2), dried over NaSOg, filtered and concentrated under reduced pressure. The residue
was purified by flash silica gel chromatography (ISCO®; 24 g SepaFlash® Silica Flash
Column, Eluent of 0~80% EA/PE @ 40 mL/min) to give 6 (4.4 g, 89.06% yield) as

a white solid. ESI-LCMS: m/z 476.1 [M+H]*, "H NMR (400 MHz, DMSO-d6) § =11.43 (d,
J=1.7 Hz, 1H), 7.72 (d, J=8.1 Hz, 1H), 5.82 (d, /=4.8 Hz,1H), 5.67 (dd, J=2.1, 8.1 Hz, 1H),
4.22 (t, J=5.1 Hz, 1H), 3.99 - 3.87 (m, 2H), 3.33 - 3.27 (m, 6H), 3.09 (dd, J=6.6, 14.7 Hz,
1H), 2.26 - 2.16 (m, 2H), 0.88 (s, 9H), 0.10 (d, J/=3.8 Hz, 6H).

[0717] Preparation of (7): To a solution of 6 (200 mg, 420.49 umol) in MeOH (2

mL) was added NH4F (311.48 mg, 8.41 mmol, 20 eq), and the mixture was stirred at 80 °C

for 2 h. The mixture was filtered and concentrated to give a residue, which was purified by
flash silica gel chromatography (ISCO®; 4 g SepaFlash® Silica Flash Column, Eluent of
0~50% MeOH/DCM @ 20 mL/min) to give 7 (120 mg, 76.60% yield) as a white solid. ESI-
LCMS: m/z 362.1 [M+H]*;"H NMR (400 MHz, DMSO-d6) & =11.37 (br s, 1H), 7.68 (d,
J=8.1 Hz,1H), 5.81 (d, J=4.6 Hz, 1H), 5.65 (d, J/=8.0 Hz, 1H), 4.02 (q, J/=5.6 Hz,1H), 3.95 -
3.83 (m, 2H), 3.34 (s, 9H), 3.09 (dd, J=6.9, 14.6 Hz, 1H), 2.26 - 2.14 (m, 2H).

[0718] Preparation of (Example 50 monomer): To a solution of 7 (1.5 g, 4.15 mmol)

in CH3CN (12 mL) were added 3-bis(diisopropylamino)phosphanyloxypropanenitrile (1.63
g,5.40 mmol, 1.71 mL) and 1H-imidazole-4,5-dicarbonitrile (539.22 mg, 4.57 mmol) in
one portion at 0 °C. The reaction mixture was gradually warmed to 25 °C. The reaction
mixture was stirred at 25 °C for 2 h under N> atmosphere. Upon completion, the reaction
mixture was diluted with NaHCO3 (20 mL) and extracted with DCM (20 mL * 2). The
combined organic layers were washed with brine (20 mL * 2), dried over Na>SOg, filtered
and concentrated under reduced pressure to give a residue, which was purified by flash
silica gel chromatography (ISCO®; 12 g SepaFlash® Silica Flash Column, Eluent of
0~85% EA /PE with 0.5% TEA @ 30 mL/min to give Example 50 monomer (800 mg,
33.6% yield, ) as a white solid. ESI-LCMS: m/z 562.3 [M+H]*, 'H NMR (400 MHz,
CDs;CN) 6 =9.28 (br s,1H), 7.55 (br dd, J=8.3, 12.8 Hz,1H), 5.86 (br d, /=3.9 Hz, 1H),
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5.65(br d, J=8.0 Hz, 1H), 4.33 - 4.06 (m, 2H), 4.00 - 3.89 (m, 1H), 4.08 - 3.86(m, 1H), 3.89
~3.72 (m, 4H), 3.43 (br d, J=15.1 Hz, 6H), 3.23 - 3.05 (m, 3H), 2.69 (br s, 2H), 2.36 - 2.24
(m, 2H), 1.26 - 1.10 (m, 12H) . 3'P NMR (162 MHz, CDsCN) & = 149.94 , 149.88.

[0719] Example 51: Synthesis of 5’ End Cap Monomer
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Example 51 Monomer Synthesis Scheme
[0720] Preparation of (2): To a solution of 1 (30 g, 101.07 mmol, 87% purity)
in CH3CN (1.2 L) and Py (60 mL) were added 1> (33.35 g, 131.40 mmol, 26.47 mL) and
PPh3 (37.11 g, 141.50 mmol) in one portion at 10 °C. The reaction was stirred at 25 °C for
another 48 h. The mixture was diluted with aq.Na2S>03 (300 mL) and aq.NaHCOs3 (300
mL), concentrated to remove CH3CN, and then extracted with EtOAc (300 mL * 3). The

combined organic layers were washed with brine (300 mL), dried over Na;SOq, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by flash
silica gel chromatography (ISCO®; 330 g SepaFlash® Silica Flash Column, Eluent of
0-60% Methanol/Dichloromethane gradient @ 100 mL/min) to give 2 (28.2 g, 72.00%
yield, 95% purity) as a brown solid. ESI-LCMS: m/z 369.1 [M+H]*.'H NMR (400 MHz,
DMSO-ds) 6 = 11.43 (s, 1H), 7.68 (d, J/=8.1 Hz, 1H), 5.86 (d, J=5.5 Hz, 1H), 5.69 (d, J=8.1
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Hz, 1H), 5.46 (d, J=6.0 Hz, 1H), 4.08 - 3.96 (m, 2H), 3.90 - 3.81 (m, 1H), 3.60 - 3.51 (m,
1H), 3.40 (dd, J=6.9, 10.6 Hz, 1H), 3.34 (s, 3H).

[0721] Preparation of (3): To a solution of 2 in DMF (90 mL) were added imidazole
(4.25 g, 62.48 mmol) and TBSCI (6.96 g, 46.18 mmol) in one portion at 15°C. The mixture

was stirred at 15 °C for 6 h. The reaction mixture was quenched by addition of H2O (300
mL) and extracted with EtOAc (300 mL * 2). The combined organic layers were washed
with brine (300 mL), dried over Na>SOy, filtered and concentrated under reduced pressure
to give 3 (13.10 g, crude) as a white solid. ESI-LCMS: m/z 483.0 [M+H]".

[0722] Preparation of (4): To a solution of 3 (10 g, 20.73 mmol) in MeOH (20 mL),
H>0 (80 mL), and dioxane (20 mL) was added Na>SO3 (15.68 g, 124.38 mmol), and the

mixture was stirred at 80 °C for 24 h. The reaction mixture was concentrated under reduced
pressure to remove MeOH. The aqueous layer was extracted with EtOAc (80 mL * 2) and
concentrated under reduced pressure to give a residue. The residue was triturated with
MeOH (100*3 mL) to give 4 (9.5 g, 94.48% yield, 90% purity) as a white solid. ESI-
LCMS: m/z 437.0 [M+H]".

[0723] Preparation of (5): To a solution of 4 (11 g, 21.42 mmol, 85% purity) in DCM
(120 mL) was added DMF (469.65 mg, 6.43 mmol, 494.37 ul.) at 0 °C, followed by

dropwise addition of oxalyl dichloride (13.59 g, 107.10 mmol, 9.37 mL). The mixture was
stirred at 20 °C for 2 h. The reaction mixture was quenched by addition of water (60 mL)
and the organic layer 5 (0.1125 M, 240 mL DCM) was used directly for next step. (This
reaction was set up for two batches and combined) ESI-LCMS: m/z 455.0 [M+H]".

[0724] Preparation of (6): 5 (186.4 mL, 0.1125 M in DCM) was diluted with DCM (60

mL) and treated with methylamine (3.26 g, 41.93 mmol, 40% purity). The mixture was
stirred at 20 °C for 2 h. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by flash silica gel chromatography (ISCO®; 40 g
SepaFlash® Silica Flash Column, Eluent of 0~10%, MeOH/DCM gradient @ 40 mL/min)
to give AGS-9-3-008 (1.82 g, 18.53% yield, 96% purity) as a yellow solid. ESI-LCMS: m/z
472.0 [M+Na]*; "H NMR (400 MHz, CDCl3) § = 9.08 (s, 1H), 7.31 (d, J=8.1 Hz, 1H), 5.78
(d, J=8.1 Hz, 1H), 5.57 (d, J/=3.8 Hz, 1H), 4.61 - 4.48 (m, 1H), 4.41 - 4.27 (m, 2H), 4.13 -
4.03 (m, 1H), 3.46 (s, 3H), 3.43 - 3.33 (m, 2H), 2.78 (d, J=5.2 Hz, 3H), 0.92 (s, 9H), 0.13 (s,
6H).

[0725] Preparation of (7): To a solution of 6 (2.3 g, 5.12 mmol) in MeOH (12 mL) was
added HCI/MeOH (4 M, 6.39 mL). The mixture was stirred at 20 °C for 2 h. The reaction
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mixture was concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography (ISCO®; 24 g SepaFlash® Silica Flash Column,
Eluent of 0~15%, MeOH/DCM gradient @ 30 mL/min) to give 7 (1.4 g, 79.98% yield) as a
pink solid. ESI-LCMS: m/z 336.1 [M+H]" ; '"H NMR (400 MHz, CDCl3) § =9.12 (s, 1H),
7.39 (d, J=8.0 Hz, 1H), 5.79 (d, J=3.3 Hz, 1H), 5.66 (dd, J=2.1, 8.2 Hz, 1H), 5.13 (s, 1H),
4.13 (t, J/=4.0, 7.4 Hz, 1H), 4.07 - 4.02 (m, 1H), 3.87 (dd, J=3.3, 5.5 Hz, 1H), 3.47 (s, 3H),
3.43-3.37 (m, 2H), 2.65 (d, J=4.5 Hz, 3H).

[0726] Preparation of (Example 51 monomer): To a mixture of 7 (1.7 g, 5.07 mmol)
and 4A MS (1.4 g) in MeCN (18 mL) was added 3-

bis(diisopropylamino)phosphanyloxypropanenitrile (1.99 g, 6.59 mmol, 2.09 mL) at 0 °C,
followed by addition of 1H-imidazole-4,5-dicarbonitrile (658.57 mg, 5.58 mmol) in one
portion at O °C. The mixture was stirred at 20 °C for 2 h. Upon completion, the reaction
mixture was quenched by addition of sat. NaHCOj3 solution (20 mL) and diluted with DCM
(40 mL). The organic layer was washed with sat. NaHCO3 (20 mL * 2), dried over Na>SOs,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by a flash silica gel column (0% to 5% i-PrOH in DCM with 5% TEA) to give Example 51
monomer (1.30 g, 46.68% yield) as a white solid. ESI-LCMS: m/z 536.2 [M+H]" ; 'H
NMR (400 MHz, CD3CN) 6 =9.00 (s, 1H), 7.40 (d, J=8.0 Hz, 1H), 5.85 - 5.76 (m, 1H),
5.64 (d, J=8.0 Hz, 1H), 5.08 (d, J/=5.0 Hz, 1H), 4.42 - 4.21 (m, 2H), 4.00 (td, J=4.6, 9.3 Hz,
1H), 3.89 - 3.61 (m, 4H), 3.47 - 3.40 (m, 4H), 3.37 - 3.22 (m, 1H), 2.71 - 2.60 (m, 5H), 1.21
-1.16 (m, 11H), 1.21 - 1.16 (m, 1H); *'P NMR (162 MHz, CDsCN) § = 150.07, 149.97

[0727] Example 52: Synthesis of 5> End Cap Monomer
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Example 52 Monomer Synthesis Scheme
[0728] Preparation of (2): To a solution of 1 (13.10 g, 27.16 mmol) in THF (100
mL) was added DBU (20.67 g, 135.78 mmol, 20.47 mL). The mixture was stirred at 60

°C for 6 h. Upon completion, the reaction mixture was quenched by addition of sat.NH4Cl
solution (600 mL) and extracted with EA (600 mL * 2). The combined organic layers were
washed with brine (100 ml), dried over Na>SQOyu, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography
(ISCO®; 120 g SepaFlash® Silica Flash Column, Eluent of 0~50% (Phase B: ethyl acetate:
dichloromethane=1:1) / Phase A: petroleum ethergradient@ 45 mL/min) to give 2 (5.9 g,
60.1% yield, ) as a white solid. ESI-LCMS: m/z 355.1 [M+H]* ; 'H NMR (400 MHz,
DMSO-ds) 6 =11.61 - 11.30 (m, 1H), 7.76 - 7.51 (m, 1H), 6.04 (d, J/=5.4 Hz, 1H), 5.75 (s,
1H), 5.73 - 5.67 (m, 1H), 4.78 (d, J/=4.9 Hz, 1H), 4.41 (d, J=1.1 Hz, 1H), 4.30 (t, J=4.8 Hz,
1H), 4.22 (d, J=1.4 Hz, 1H), 4.13 (t, J/=5.1 Hz, 1H), 4.06 - 3.97 (m, 1H), 3.94 - 3.89 (m,
1H), 3.82 - 3.75 (m, 1H), 3.33 (s, 3H), 3.30 (s, 2H), 1.17 (t, J=7.2 Hz, 1H), 0.89 (s, 9H),
0.16 - 0.09 (m, 6H).

[0729] Preparation of (3): To a solution of 2 (4 g, 11.28 mmol) in DCM (40 mL) was
added Ru(II)-Pheox (214.12 mg, 338.53 umol) in one portion followed by addition of

diazo(dimethoxyphosphoryl)methane (2.54 g, 16.93 mmol) dropwise at 0°C under N». The

reaction was stirred at 20 °C for 16 h. Upon completion, the reaction mixture was filtered
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and concentrated under reduced pressure to give a residue. The residue was purified by flash
silica gel chromatography (ISCO®; 80 g SepaFlash® Silica Flash Column, Eluent of 0~4%
MeOH/DCM @ 60 mL/min) to give 3 (5 g, 86.47% yield) as a red liquid. ESI-LCMS: m/z
477.1 [M+H]* ; '"H NMR (400 MHz, DMSO-ds) & = 11.46 (s, 1H), 7.49 (d, J=8.0 Hz, 1H),
6.01 - 5.87 (m, 1H), 5.75 (dd, J=2.0, 8.0 Hz, 1H), 4.58 (d, J=3.8 Hz, 1H), 4.23 (dd, J=3.8,
7.8 Hz,1H), 3.80 - 3.68 (m, 6H), 3.30 (s, 3H), 1.65 - 1.46 (m, 2H), 1.28 - 1.16 (m, 1H), 0.91
(s, 9H), 0.10 (d, J=4.3 Hz, 6H); *'P NMR (162 MHz, DMSO-ds) § = 27.5

[0730] Preparation of (4): To a mixture of 3 (2.8 g, 5.88 mmol) and Nal (1.76 g, 11.75
mmol) in CH3CN (30 mL) was added chloromethyl 2,2-dimethylpropanoate (2.21 g, 14.69
mmol, 2.13 mL) at 25°C. The mixture was stirred at 80 °C for 40 h under Ar. The reaction

mixture was filtered and concentrated under reduced pressure to give a residue. The residue
was purified by flash silica gel chromatography (ISCO®; 40 g SepaFlash® Silica Flash
Column, Eluent of 0~50% Ethylacetate/Petroleum ether gradient @ 40 mL/min) to give 4
(2.1 g, 51.23% yield, 97% purity) as a yellow solid. ESI-LCMS: 677.3 [M+H]".

[0731] Preparation of (5): A mixture of 4 (2.09 g, 3.09 mmol) in H>O (1.5 mL) and
HCOOH (741.81 mg, 15.44 mmol, 6 mL) was stirred at 15°C for 40 h. Upon completion,

the reaction mixture was quenched by saturated aq.NaHCO; (300 mL) and extracted with
EA (300 mL * 2). The combined organic layers were washed with brine (300 mL), dried
over NaxSOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by flash silica gel chromatography (ISCO®; 20 g SepaFlash® Silica
Flash Column, Eluent of 0~5% Methanol/Dichloromethane@ 45 mL/min) to give 5 (1.51 g,
85.19% yield) as a yellow solid. ESI-ILCMS: 585.1 [M+Na]* ; 'H NMR (400 MHz, DMSO-
d6) 6 =11.45 (d, J=1.8 Hz, 1H), 7.44 (d, J=8.2 Hz, 1H), 6.04 (d, J=7.5 Hz,1H), 5.78 -5.51
(m, 6H), 4.39 (t, J=4.4 Hz, 1H), 4.15 (dd, J=4.3, 7.4 Hz, 1H), 4.03 (q, J=7.1 Hz, 1H),1.99 (s,
1H), 1.66 (dd, J=8.6, 10.8 Hz, 1H), 1.55 - 1.29 (m, 2H), 1.18 (d, J=2.0 Hz, 18H).

[0732] Preparation of (Example 52 monomer): To a solution of 5 (2.5 g, 4.44 mmol)

in MeCN (30 mL) was added 3-bis(diisopropylamino)phosphanyloxypropanenitrile (1.74
g,5.78 mmol, 1.84 mL) at 0 °C, followed by 1H-imidazole-4,5-dicarbonitrile (577.36 mg,
4.89 mmol) in one portion under Ar. The mixture was gradually warmed to 20 °C and
stirred at 20 °C for 1 h. The reaction mixture was quenched by addition of sat. NaHCO3
solution (50 mL) and diluted with DCM (250 mL). The organic layer was washed with
sat. NaHCO3 solution (50 mL * 2), dried over Na>SQy, filtered and concentrated under

reduced pressure to give a residue. The residue was purified by a flash silica gel column
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(0% to 50% EA / PE with 0.5% TEA) to give Example 52 monomer (1.85 g, 54.1% yield)
as a white solid. ESI-LCMS: 785.2 [M+Na]*.'"H NMR (400 MHz, CD3CN) § = 9.18 (s,
1H), 7.31 (d, J=8.3 Hz, 1H), 6.06 (d, J/=7.8 Hz, 1H), 5.72 - 5.60 (m, 5H), 4.85 - 4.76 (m,
1H), 4.27 (m, 1H), 3.93 - 3.64 (m, 4H), 3.41 (d, J=16.6 Hz, 3H), 2.80 - 2.62 (m, 2H), 1.76 -
1.49 (m, 3H), 1.23 - 1.19 (m, 30H); *'P NMR (162 MHz, CD3CN) § = 150.66 (s), 150.30 ,
24.77 , 24.66.

[0733] Example 53: Synthesis of 5> End Cap Monomer
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Example 53 Monomer Synthesis Scheme
[0734] Preparation of (2): To a solution of 1 (15 g, 137.43 mmol) in DCM (75
mL) were added Boc20 (31.49 g, 144.30 mmol, 33.15 mL) and DMAP (839.47 mg, 6.87

mmol, 0.05 eq) at 0 °C. The mixture was stirred at 20 °C for 16 hr, and concentrated under
reduced pressure to give 2 (29.9 g, crude) as a yellow oil. '"H NMR (400MHz, CDCl3) § =
3.23 (s, 3H), 3.16 (s, 3H), 1.51 (s, 9H).

[0735] Preparation of (3): To a solution of 2 (24.9 g, 118.99 mmol) in THF (250 mL)
was added n-BuLi (2.5 M, 47.60 mL) dropwise at -78 °C under Ar and stirred at -78 °C for
1 hr. P-3(17.19 g, 118.99 mmol, 12.83 mL) was added at 0 °C and stirred for 1 hr. The

reaction mixture was quenched by saturated aq. NH4C1 (100 mL), and then extracted with
EA (100 mL * 2). The combined organic layers were washed with brine (100 mL * 2), dried
over Na»SOyq, filtered and concentrated under reduced pressure to give a residue. The

residue was purified by flash silica gel chromatography (ISCO®; 80 g SepaFlash® Silica
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Flash Column, Eluent of 0~50% Ethylacetate/Petroleum ethergradient @ 65 mL/min) to
give 3 (7.1 g, 18.62% yield) as a yellow oil. ESI-LCMS: 339.9 [M+Na]*, 'H NMR (400
MHz, CDCls) 6 =4.12 (s, 1H), 4.08 (s, 1H), 3.83 (s, 3H), 3.81 (s, 3H), 3.22 (s, 3H), 1.51 (s,
9H).

[0736] Preparation of (5): To a mixture of 4 (15 g, 40.27 mmol) and PPTS (10.12 g,
40.27 mmol) in DMSO (75 mL) was added EDCI (23.16 g, 120.81 mmol) at 20 °C. The

mixture was stirred at 20 °C for 4 hr. The reaction mixture was diluted with water (150 mL)
and extracted with EA (150 mL*2). The combined organic layers were washed with brine
(150 mL*2), dried over Na>SOs, filtered and concentrated under reduced pressure to give §
(12 g, crude) as a white solid. ESI-LCMS: 371.2[M+H]"; "H NMR (400MHz, CDCl3) 6 =
9.77 (s, 1H), 7.62 (d, J=8.1 Hz, 1H), 5.83 - 5.76 (m, 2H), 4.53 (d, J=4.3 Hz, 1H), 4.43 (br t,
J=4.4 Hz, 1H), 3.95 (br t, J=4.7 Hz, 1H), 3.47 - 3.35 (m, 5H), 0.92 (s, 9H), 0.13 (d, J=5.8
Hz, 6H).

[0737] Preparation of (6): To a solution of P4 (8.02 g, 25.27 mmol) in THF (40 mL)
was added n-BuLi (2.5 M, 8.42 mL) dropwise under Ar at -78 °C, and the mixture was
stirred at -78 °C for 0.5 hr. A solution of 4 (7.8 g, 21.05 mmol) in THF (40 mL) was added

dropwise. The mixture was allowed to warm to 0 °C and stirred for another 2 hr. The
reaction mixture was quenched by saturated aq. NH4Cl solution (80 mL) and extracted with
EA (80 mL). The combined organic layers were washed with brine (80 mL * 2), dried over
Na»SOy, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography (ISCO®; 80 g SepaFlash® Silica Flash Column,
Eluent of 0~38% ethylacetate/petroleum ether gradient @ 60 mL/min) to give 7 (7.7 g,
13.43 mmol, 63.8% yield) as a white solid. ESI-LCMS: 506.2 [M-tBu]*; 'H NMR
(400MHz, CDCl3) 6 = 8.97 (s, 1H), 7.25 (d, J=8.3 Hz, 1H), 6.95 - 6.88 (m, 1H), 6.87 - 6.81
(m, 1H), 5.83 - 5.77 (m, 2H), 4.58 (dd, J=4.4, 6.7 Hz, 1H), 4.05 (dd, J=5.0, 7.5 Hz, 1H),
3.82-3.77 (m, 1H), 3.53 (s, 3H), 3.20 (s, 3H), 1.50 (s, 9H), 0.91 (s, 9H), 0.11 (d, J=2.5 Hz,
6H).

[0738] Preparation of (7): To a solution of 6 (7.7 g, 13.71 mmol) in MeOH (10 mL) was
added HCI/MeOH (4 M, 51.40 mL) at 20 °C. The mixture was stirred at 20 °C for 16 hr.

Upon completion, the reaction mixture was concentrated under reduced pressure to remove
MeOH. The residue was purified by flash silica gel chromatography (ISCO®; 80 g
SepaFlash® Silica Flash Column, Eluent of 0~4% MeOH/DCM @ 60 mL/min) to give 7
(4.1 g, 86.11% yield) as a white solid. ESI-LCMS: 369.9 [M+Na]*; '"H NMR (400MHz,
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DMSO-ds) 6 = 11.44 (s, 1H), 7.66 (d, J=8.3 Hz, 1H), 7.11 (q, J=4.9 Hz, 1H), 6.69 (dd,
J=6.0, 15.1 Hz, 1H), 6.56 - 6.47 (m, 1H), 5.82 (d, J=4.0 Hz, 1H), 5.67 (dd, J=2.0, 8.0 Hz,
1H), 5.56 (br s, 1H), 4.42 (t, J=6.1 Hz, 1H), 4.13 (t, J=5.8 Hz, 1H), 3.97 (t, J=4.8 Hz, 1H),
3.39 (s, 3H), 2.48 (d, J=5.3 Hz, 3H)

[0739] Preparation of (8): To a solution of 7 (2.5 g, 7.20 mmol) in THF (25 mL) was

added Pd/C (2.5 g, 10% purity) under H, atmosphere, and the suspension was degassed and
purged with H» for 3 times. The mixture was stirred under H» (15 Psi) at 20 °C for 1 hr.
Upon completion, the reaction mixture was filtered and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography
(ISCO®; 25 g SepaFlash® Silica Flash Column, Eluent of 0~5% Ethylacetate/Petroleum
ethergradient @ 50 mL/min) to give 8 (2.2 g, 87.49% yield, ) as a white solid. ESI-LCMS:
372.1 [M+Na]*; 'TH NMR (400 MHz, DMSO-d6) § = 11.40 (s, 1H), 7.62 (d, J=8.0 Hz, 1H),
6.93 (q, J=4.9 Hz, 1H), 5.76 (d, J=4.5 Hz, 1H), 5.66 (d, J=8.0 Hz, 1H), 5.26 (d, J=6.3 Hz,
1H), 3.97 (q, J=5.9 Hz, 1H), 3.91 - 3.79 (m, 2H), 3.36 (s, 3H), 3.14 - 3.00 (m, 2H), 2.56 (d,
J=5.0 Hz, 3H), 2.07 - 1.87 (m, 2H).

[0740] Preparation of (Example 53 monomer): To a solution of 8 (2.2 g, 6.30 mmol, 1
eq) in CH3CN (25 mL) was added P-1 (2.47 g, 8.19 mmol, 2.60 mL, 1.3 eq) at 0 °C, and

then 1H-imidazole-4,5-dicarbonitrile (818.07 mg, 6.93 mmol, 1.1 eq) was added in one
portion at 0°C under Ar. The mixture was stirred at 20 °C for 2 hr. Upon completion, the
reaction mixture was quenched by saturated aq. NaHCO3 (25 mL), and extracted with DCM
(25 mL * 2). The combined organic layers were washed with brine (25 mL * 2), dried over
NaxSOyq, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography (ISCO®; 40 g SepaFlash® Silica Flash Column,
Eluent of 40~85% ethylacetate/petroleum ether gradient @ 40 mL/min) to give Example 53
monomer (2.15 g, 61.32% yield) as a white solid. ESI-LCMS: 572.2 [M+Na]* ;'H NMR
(400MHz, CD3CN) 6 =9.32 (br s, 1H), 7.39 (d, J=8.1 Hz, 1H), 5.82 - 5.75 (m, 1H), 5.66
(dd, J=0.7, 8.1 Hz, 1H), 5.14 (qd, J=4.9, 9.4 Hz, 1H), 4.24 - 4.02 (m, 2H), 3.99 - 3.93 (m,
1H), 3.90 - 3.60 (m, 4H), 3.43 (d, J=17.5 Hz, 3H), 3.18 - 3.08 (m, 2H), 2.74 - 2.61 (m, 5H),
2.19-2.11 (m, 1H), 2.09 - 1.98 (m, 1H), 1.19 (ddd, J=2.4, 4.0, 6.6 Hz, 12H).>'P NMR (162
MHz, CD3;CN) 8 = 149.77 (s), 149.63 (br s).

[0741] Example 54. Long-term Efficacy of siNA in an AAV-HBV mouse model
[0742] AAV/HBV is a recombinant AAV carrying replicable HBV genome. Taking
advantage of the highly hepatotropic feature of genotype 8 AAV, the HBV genome can be
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efficiently delivered to the mouse liver cells. Infection of immune competent mouse with
AAV/HBYV can result in long term HBV viremia, which mimics chronic HBV infection in
patients. The AAV/HBV model can be used to evaluate the in vivo activity of various types
of anti-HBV agents. Mice were infected with AAV-HBV on day -28 of the study. AAV-
HBYV mice were subcutaneously injected with a single dose of SmL/kg of vehicle or Smg/kg
of ds-siNA-0147 on day 0. Serial blood collections were usually taken every 5 days on day
0, 5, 10, and 15, etc. until the termination of the study. Serum HBV S antigen (HBsAg) was
assayed through ELISA. FIG. 13 shows a graph of the change in serum HBsAg from AAV-
HBYV mice treated with vehicle (G 15) or ds-siNA-0147 (G 19). As shown in FIG. 13, ds-
siNA-0147 was effective in reducing serum HBsAg levels and the reduction in serum
HBsAg levels was observed for the duration of the study (i.e., 100 days). Thus, FIG. 13

demonstrates that ds-siNA-0147 is effective and durable after a single dose of 5 mg/kg.

ds-siNA | Strand Sequence SEQ ID
ID NO:
ds-siNA- | Sense 5’-mGpsmUpsmGmGfUmGIGfAfCmUmUmCmUmCmU | 438
0147 mCmAmMAmU-p-ps2-GalNAc4-3’
Antisense | 3’-mApsmGpsmCmAMCfCMAfCmCmUmGmMAmMAmMG 501
MAfGmAMGmUpsfUpsmA-5’

[0743] Example 55. Deuterated vinyl phosphonate improves potency of siNA
[0744] This example investigates whether a deuterated vinyl phosphonate improves
potency of siNA in an AAV-HBV mouse. AAV-HBYV mice were subcutaneously injected
with vehicle, ds-siNA-0109 (e.g., siNA without a deuterated vinyl phosphonate), or ds-
siNA-0172 (e.g., siNA with a deuterated vinyl phosphonate). AAV-HBV mice were
subcutaneously injected with a single dose of 5 mL/kg of vehicle or 5 mg/kg of ds-siNA-
0149 or ds-siNA-0172 at day 0. Serial blood collections were usually taken every 5 days on
day 0, 5, 10, and 15, etc. until the termination of the study. Serum HBV S antigen (HBsAg)
was assayed through ELISA.

[0745] As shown in FIG. 14, siNA molecules having 2’-fluoro nucleotides at positions 5
and 7-9 from the 5’ end of the sense strand and 2’-fluoro nucleotides at positions 2, 5, 8, 14,
and 17 from the 5’ end of the antisense strand resulted in greater than a 0.5-log reduction in
HBsAg, with the greatest reduction in HBsAg found in mice treated with the deuterated
vinylphopshonate siNA (ds-siNA-0172). In addition, the duration of the reduction in serum

HBsAg levels was significantly longer for the deuterated vinylphosphonate siNA (ds-siNA-
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0172). Thus, FIG. 14 demonstrates that the presence of a deuterated vinyl phosphonate

improves potency and durability of the siNA.

ds-siNA | Strand Sequence SEQ ID
ID NO:
ds-siNA- | Sense 5’-mCpsmCpsmGmUfGMUGFCFAMCmUmUmMCmGmC 424
0109 mUmUmCmAp-ps2-GalNAc4
Antisense | 3’-mCpsmUpsmGmGfTCmAMCIAMCmGmMUMGmMAfAMG | 485
mCfGmAmApsfGpsmU-5’
ds-siNA- | Sense 5’-mCpsmCpsmGmUfGMUGFCFAMCmUmUmMCmGmC 424
0172 mUmUmCmA-p-ps2-GalNAc4-3’
Antisense | 3’-mCpsmUpsmGmGfCmAMCIAMCmGMUmMGmMAfAMG | 536
mCfGmAmApstGpsd2vd3U-5’
O
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[0746] Example 56. Comparison of siNAs

[0747]
advantage of the highly hepatotropic feature of genotype 8 AAV, the HBV genome can be

AAV/HBV is a recombinant AAV carrying replicable HBV genome. Taking

efficiently delivered to the mouse liver cells. Infection of immune competent mouse with
AAV/HBYV can result in long term HBV viremia, which mimics chronic HBV infection in
patients. The AAV/HBV model can be used to evaluate the in vivo activity of various types
of anti-HBV agents. Mice were infected with AAV-HBV on day -28 of the study. AAV-
HBYV mice were subcutaneously injected with a single dose of SmL/kg of vehicle or Smg/kg
of ds-siNA-0109, ds-siNA-0119, or ds-siNA-0153 on day 0. Serial blood collections were
usually taken every 5 days on day 0, 5, 10, and 15, etc. until the termination of the study.
Serum HBV S antigen (HBsAg) was assayed through ELISA. FIG. 15 shows a graph of the
change in serum HBsAg from AAV-HBYV mice treated with vehicle (G 01, circle), ds-siNA-
0109 (G 07, square), ds-siNA-0119 (G11, triangle), or ds-siNA-0153 (G13, diamond). As
shown in FIG. 14, all three ds-siNAs were effective in reducing serum HBsAg levels and
the reduction in serum HBsAg levels was observed for the duration of the study (i.e., 100
days), with the best potency and durability observed for ds-siNA-0153. Thus, FIG. 15
demonstrates that ds-siNA-0109, ds-siNA-0119, and ds-siNA-0153 were effective and
durable after a single dose of 5 mg/kg.
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ds-siNA | Strand Sequence SEQ ID

ID NO:
ds-siNA- | Sense 5’-mCpsmCpsmGmUGMUGICFAMCmUmUmCmGmC 424
0109 mUmUmCmAp-ps2-GalNAc4

Antisense | 3’-mCpsmUpsmGmGfTCmAMCFAMCmGmUMGmMAfAMG | 485
mCfGmAmApsfGpsmU-5’

ds-siNA- | Sense 5’-mGpsmCpsmUmGfCmUmAmUfGIFCfCmUmCfAmU 430
0119 mCmUmUfCmUmU-p-ps2-GalNAc4

Antisense | 3’-mGpsmApsmCmGMAMCMGMAMUfAMCmGmMGmMA | 595
mGmUmAMGMAmMAMGpsfApsmA-5’

ds-siNA- | Sense 5’-mUpsmGpsfUmGmCmAfC{UfUmCmGfCmUmUmC 441
0153 MAfCmCmU-p-ps2-GalNAc4-3°

Antisense | 3’-mGpsmCpsmAfCmAMCmGIUMGMAmMAfGmCmGmA | 526
fFAMGmMUmMGpsfGpsmA-5

[0748] Example 57. Efficacy of a Combination Therapy in AAV-HBV Mouse
Model

[0749] This example investigates the efficacy of a combination therapy comprising an
antisense oligonucleotide (ASO 1, 5’ GalNAc4-ps-GalNAc4-ps-GalNAc4-po-mA-po-
InGpslnApsInTpsinApslnAps ApsAps(SOH)CpsGps(Sm)Cps(Sm)CpsGps(Sm)CpslnApsinG
pslnApscp(5m)C-3°(SEQ ID NO: 534)) and a ds-siNA-0147 for treating HBV in an AAV-
HBYV mouse model.

[0750] AAV-HBV mice were subcutaneously injected with (a) SmL/kg of vehicle, three
times a week, on days 0, 7, and 14 (G 01); (b) 5 mg/kg of ASO 1 on a weekly basis, on days
0, 7, and 14 (G 20); (c) a single dose of 5 mg/kg of ds-siNA-0147 on day 0 (G 24); or (d) a
combination of ASO 1 and ds-siNA-0147, wherein ASO 1 was administered at a dose of 5
mg/kg on a weekly basis, on days 0, 7, and 14; and ds-siNA-0160 was administered as a
single dose of 5 mg/kg at day 0 (G25). Serial blood collections were usually taken every 5
days on day 0, 5, 10, and 15, etc. until the termination of the study. Serum HBV S antigen
(HBsAg) was assayed through ELISA. FIG. 16 shows a graph of the change in serum
HBsAg from AAV-HBYV mice treated with vehicle (G 01, circle), ASO 1 (G 20, square), ds-
siNA-0147 (G 24, diamond), or a combination of ds-siNA-0147 and ASO 1 (G 25, triangle).
As shown in FIG. 16, treatment with ASO 1, ds-siNA-0147, or a combination of ASO 1 and
ds-siNA-0147 resulted in a reduction in serum, with the greatest reduction observed in mice

treated with the combination of ASO 1 and ds-siNA-0147.

ds-siNA | Strand Sequence SEQ ID
ID NO:
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ds-siNA- | Sense 5’-mGpsmUpsmGmGfUmGIGfAfCmUmUmCmUmCmU | 438
0147 mCmAmMAmU-p-ps2-GalNAc4-3’
Antisense | 3’-mApsmGpsmCmAMCfCMAfCmCmUmGmMAmMAmMG 501
mAfGMAMGmUpsfUpsmA-5°
[0751] Example 58. Efficacy of a Combination Therapy in AAV-HBV Mouse
Model
[0752] This example investigates the efficacy of a combination therapy comprising an

antisense oligonucleotide (ASO 1, 5’ GalNAc4-ps-GalNAc4-ps-GalNAc4-po-mA-po-
InGpslnApsIinTpslnApslnApsApsAps(SOH)CpsGps(Sm)Cps(Sm)CpsGps(Sm)CpslnApsinG
pslnApscp(5m)C-3°(SEQ ID NO: 534)) and a ds-siNA-0109 for treating HBV in an AAV-

HBV mouse model.

[0753]

AAV-HBV mice were subcutaneously injected with (a) SmL/kg of vehicle, three

times a week, on days 0, 7, and 14 (G 01); (b) 5 mg/kg of ASO 1 on a weekly basis, on days
0, 7, and 14 (G 20); (c) a single dose of 5 mg/kg of ds-siNA-0109 on day 0 (G 26); or (d) a
combination of ASO 1 and ds-siNA-0109, wherein ASO 1 was administered at a dose of 5

mg/kg on a weekly basis, on days 0, 7, and 14; and ds-siNA-0160 was administered as a

single dose of 5 mg/kg at day 0 (G27). Serial blood collections were usually taken every 5

days on day 0, 5, 10, and 15, etc. until the termination of the study. Serum HBV S antigen

(HBsAg) was assayed through ELISA. FIG. 17 shows a graph of the change in serum
HBsAg from AAV-HBYV mice treated with vehicle (G 01, circle), ASO 1 (G 20, square), ds-
siNA-0109 (G 26, diamond), or a combination of ds-siNA-0109 and ASO 1 (G 27, triangle).
As shown in FIG. 17, treatment with ASO 1, ds-siNA-0109, or a combination of ASO 1 and

ds-siNA-0109 resulted in a reduction in serum, with the greatest reduction observed in mice

treated with the combination of ASO 1 and ds-siNA-0109.

ds-siNA | Strand Sequence SEQ ID
ID NO:
ds-siNA- | Sense 5’-mCpsmCpsmGmUIGMUGICFAMCmUmUmCmGmC 424
0109 mUmUmCmAp-ps2-GalNAc4
Antisense | 3’-mCpsmUpsmGmMGfTCMAMCIAMCmGmUMGmMATAMG | 485
mCfGmAmApsfGpsmU-5’
[0754] Example 59. Role of 2’-Fluoro Mimics on siNA Activity

[0755]

on siNA activity. The f4P monomer was produced as described in Example 42. The {2P

monomer was produced as described in Example 45.
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[0756] The activity of ds-siNA-0173, ds-siNA-0174, and ds-siNA-0175 was assayed
using an in vitro HBsAg secretion assay with HepG2.2.15 cells. Generally, HepG2.2.15
cells were maintained in DMEM medium with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin, 1% Glutamine, 1% non-essential amino acids, 1% Sodium Pyruvate
and 250 ug/ml G418. Cells were maintained at 37°C in a 5% CO? atmosphere. For HBsAg
release assay, an assay medium was made that DMEM with 5% FBS, 1%
penicillin/streptomycin, 1% Glutamine and 1% DMSO. The day before the assay,
HepG2.2.15 cells were trypsinized and washed with Assay Medium once, then spun at 250g
x Smin, resuspended with Assay Medium. The resuspenced cells were seeded at
50,000/well in assay medium in collagen coated 96 well plates. On the next day, siRNA
was diluted with Opti-MEM, 9-pt, 3-fold dilution and dilute Lipofectamine RNAIMAX
(Invitrogen) according manufacturer's manual. siRNA dilution and RNAIMAX dilution
were mixed and incubated at room temperature for 5 minutes. 15 pl of the
siRNA/RNAiMax mixture was added each well of the collagen coated 96 well plate. The
plates were placed in a 37°C, 5% CO? incubator for 4 days. After incubation, the
supernatant was harvested and measured for HBsAg with ELISA kit (Diasino). The cell
viability was measured with CellTiter-Glo (Promega). The EC50, the concentration of the
drug required for reducing HBsAg secretion by 50% in relation to the untreated cell control,
was calculated using the Prism Graphpad. The CC50, the concentration of the drug
required for reducing cell viability by 50% in relation to the untreated cell control, was

calculated with the same software. The EC50 and CC50 values are shown in Table 11.

Table 11. siNA Activity

ds-siNA | Strand | Sequence SEQID | EC50 | CC50
ID NO: mM)* | (nM)
ds-siNA- | Sense | 5’-mGpsmUpsmGmGfUMGIGfAfC 438 C >1
0173 mUmUmCmUmCmUmCmAmAmU

Anti- 3’-mApsmGpsmCmAmCfCmA 537

sense fCmCmUmGMAMAMGMAfGMAMG
mUpsf4PpsmA-5’

ds-siNA- | Sense | 5’-mGpsmUpsmGmGfUMGIGfAfC 438 A >1
0174 mUmUmCmUmCmUmCmAmMmAmMmU
Anti- 3’-mApsmGpsmCmAmMCfCmA2P 538
sense mCmUmGmMAMAMGMAfGMAMGm
UpsfUpsmA-5°
Sense | 5’-mGpsmUpsmGmGfUMG{GTATC 438 B >1

mUmUmCmUmCmUmCmAmMmAmU
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ds-siNA- | Anti- 5’-mApsfUpsmUmGmAfGmAmG 501
0175 sense MAMAMGMUMCICmAfCmCmAmMC
(control) psmGpsmA-3’

*A=EC50<0.2nM;B=0.2nM <EC50<0.1 nm; C=EC50> 0.1 nm

O

~YT Y
f4P = E ; 2P =
[0757] Example 60. Role of 2’-Fluoro Mimics on siNA Activity
[0758] This example investigates the role of 2’-fluoro mimics, f4P, 2P, and fx

monomers, on siNA activity of GalNAc4 conjugated siNAs. The f4P monomer was

produced as described in Example 42. The f2P monomer was produced as described in

Example 45. The fx monomer was produced as described in Example 41.
ds-siNA | Strand Sequence SEQ ID
ID NO:
ds-siNA- | Sense 5’-mGpsmUpsmGmGIUmGTGfAfCmUmUmCmUmCmU 438
0176 mCmAmAmU-p-(PS)2-GalNAc4
Antisense | 3’-mApsmGpsmCmAMCICMAfCmCmUMGMAMAMGmMA 537
fGMAMGmMUpsf4PpsmA-5°
ds-siNA- | Sense 5’-mGpsmUpsmGmGIUMGIGfAfCmUmUmCmUmCmU 438
0177 mCmAmAmU-p-(PS)2-GalNAc4
Antisense | 3’-mApsmGpsmCmAMCICMAR2PmMCmUmGmMAmMAmMGm 538
AfGmMAmMGmMUpsfUpsmA-5’
ds-siNA- | Sense 5’-mGpsmUpsmGmGIUmGIGfAfCmUmUmCmUmCmU 438
0178 mCmAmMAmU-p-(PS)2-GalNAc4
Antisense | 3’-mApsmGpsmCmAMCICMATXmCmUmGmMAMAmMG 539
MAfGmAMGmMUpsfUpsmA-5’
ds-siNA- | Sense 5’-mGpsmUpsmGmGIUmGIGfAfCmUmUmCmUmCmU 438
0147 mCmAmMAmU-p-ps2-GalNAc4
Antisense | 3’-mApsmGpsmCmAMCICMAfCmCmUmGmMAmMAmMG 501
MAfGmAMGmUpsfUpsmA-5’
O
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[0759] The activity of ds-siNA-017, ds-siNA-017, ds-siNA-017, and ds-siNA-0147 can
be assayed using in vitro or in vivo methods. An exemplary in vitro assay can be performed
as follows:

[0760] Homo sapiens HepG2.2.15 cells are cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) (ATCC 30-2002) supplemented to also contain 10% fetal calf serum
(FCS). Cells were incubated at 37°C in an atmosphere with 5% CO2 in a humidified
incubator. For transfection of HepG2.2.15 cells with HBV targeting siRNAs, cells are
seeded at a density of 15000 cells/well in 96-well regular tissue culture plates. Transfection
of cells is carried out using RNAIMAX (Invitrogen/Life Technologies) according to the
manufacturer’s instructions. Dose-response experiments are done with oligo concentrations
of 40, 20, 10, 5, 2.5, 1.25, 0.625, 0.3125, 0.15625 and 0.07813nM. For each HBV targeting
siRNA treatment (e.g., ds-siNA-0176, ds-siNA-0177, ds-siNA-0178, or ds-siNA-0147),
four wells are transfected in parallel, and individual data points were collected from each
well. After 24h of incubation with siRNA, media is removed, and cells are lysed and
analyzed with a QuantiGene2.0 branched DNA (bDNA) probe set specific for HBV
genotype D (also called Hepatitis B virus subtype ayw, complete genome of 3182 base-
pairs) as present in cell line HepG2.2.15.

[0761] For each well, the HBV on-target mRNA levels is normalized to the GAPDH
mRNA level. The activity of the HBV targeting ds-siNAs can be expressed as EC50, 50%
reduction of normalized HBV RNA level from no drug control. The cytotoxicity of the
HBYV targeting ds-siRNAs can be expressed by CC50 of 50% reduction of GAPDH mRNA
from no drug control.

[0762] The AAV/HBYV model can be used to evaluate the in vivo activity of the siRNA
treatment (e.g., ds-siNA-0173, ds-siNA-0174, ds-siNA-0175, and ds-siNA-0147). Mice are
infected with AAV-HBV on day -28 of the study. AAV-HBYV mice are subcutaneously
injected with a single dose of SmL/kg of vehicle or 5mg/kg of ds-siNA-0173, ds-siNA-
0174, ds-siNA-0175, or ds-siNA-0147 on day 0. Serial blood collections can be taken every
5 days on day 0, 5, 10, and 15, etc. until the termination of the study. Serum HBV S antigen
(HBsAg) can be assayed through ELISA.

Exemplary Embodiments

[0763] Exemplary embodiments are provided below:

1. A short interfering nucleic acid (siNA) molecule comprising:
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(a) asense strand comprising a first nucleotide sequence that is at least about
60%, 65%, 710%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence:

(i) is 15 to 30 nucleotides in length; and

(i) comprises 15 or more modified nucleotides independently selected
from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and the
nucleotide at position 3, 5, 7, 8, 9, 10, 11, 12, 14, 17, and/or 19 from
the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide;
and

(b) an antisense strand comprising a second nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide
sequence:

(i) 1is 15 to 30 nucleotides in length; and

(i) comprises 15 or more modified nucleotides independently selected
from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and at least

one modified nucleotide is a 2’-fluoro nucleotide.

2. A short interfering nucleic acid (siNA) molecule comprising:

(a) a sense strand comprising a first nucleotide sequence that is at least about
60%, 65%, T10%, 15%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence:

(i) 1is 15 to 30 nucleotides in length; and

(i) comprises 15 or more modified nucleotides independently selected
from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and at least
one modified nucleotide is a 2’-fluoro nucleotide; and

(b) an antisense strand comprising a second nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide

sequence:

272



(i) 1is 15 to 30 nucleotides in length; and

(i) comprises 15 or more modified nucleotides independently selected
from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and the
nucleotide at position 2, 5, 6, 8, 10, 14, 16, 17, and/or 18 from the 5’

end of the second nucleotide sequence is a 2’-fluoro nucleotide.

3. The siNA of embodiment 1 or 2, wherein the first nucleotide sequence comprises
16, 17, 18, 19, 20, 21, 22, 23, or more modified nucleotides independently selected from a

2’-0-methyl nucleotide and a 2'-fluoro nucleotide.

4. The siNA of embodiment 1 or 2, wherein 70%, 75%, 80%, 85%, 90%, 95% or 100%
of the nucleotides in the first nucleotide sequence are modified nucleotides independently

selected from a 2’-O-methyl nucleotide and a 2'-fluoro nucleotide.

5. The siNA of any one of embodiments 1-4, wherein at least 2, 3, 4, 5, or 6 modified

nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides.

6. The siNA of any one of embodiments 1-5, wherein no more than 10, 9, 8, 7, 6, 5, 4,

3, or 2 modified nucleotides of the first nucleotide sequence are 2’-fluoro nucleotides.

7. The siNA of any one of embodiments 1-6, wherein at least 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, or 22 modified nucleotides of the first nucleotide sequence are 2’-O-

methyl nucleotides.

8. The siNA of any one of embodiments 1-7, wherein no more than 25, 24, 23, 22, 21,
20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10,9, 8, 7, 6, 5, 4, 3, or 2 modified nucleotides of the

first nucleotide sequence are 2’-O-methyl nucleotides.

9. The siRNA of any one of embodiments 1-8, wherein the second nucleotide sequence
comprises 16, 17, 18, 19, 20, 21, 22, 23, or more modified nucleotides independently

selected from a 2’-O-methyl nucleotide and a 2'-fluoro nucleotide.

10.  The siNA of any one of embodiments 1-9, wherein 70%, 75%, 80%, 85%, 90%,
95% or 100% of the nucleotides in the second nucleotide sequence are modified nucleotides

independently selected from a 2’-O-methyl nucleotide and a 2’-fluoro nucleotide.

273



11. The siNA of any one of embodiments 1-10, wherein at least 2, 3, 4, 5, or 6 modified

nucleotides of the second nucleotide sequence are 2’-fluoro nucleotides.

12. The siNA of any one of embodiments 1-11, wherein less than or equal to 10, 9, 8, 7,
6, 5, 4, 3, or 2 modified nucleotides of the second nucleotide sequence are 2’-fluoro

nucleotides.

13. The siNA of any one of embodiments 1-12, wherein at least 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, or 22 modified nucleotides of the second nucleotide sequence are 2’-

O-methyl nucleotides.

14. The siNA of any one of embodiments 1-12, wherein less than or equal to 25, 24, 23,
22,21, 20,19, 18, 17, 16, 15, 14, 13, 12, 11, 10,9, 8, 7, 6, 5, 4, 3, or 2 modified nucleotides

of the second nucleotide sequence are 2’-O-methyl nucleotides.

15. A short interfering nucleic acid (siNA) molecule comprising:

(a) asense strand comprising a first nucleotide sequence that is at least about
60%, 65%, 710%, 715%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence:

(i) is 15 to 30 nucleotides in length;

(i) comprises 15 or more modified nucleotides independently selected
from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and at least
one modified nucleotide is a 2’-fluoro nucleotide; and

(iii)) comprises 1 or more phosphorothioate internucleoside linkage; and

(b) an antisense strand comprising a second nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide
sequence:

(i) 1is 15 to 30 nucleotides in length;

(i) comprises 15 or more modified nucleotides independently selected
from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and at least
one modified nucleotide is a 2’-fluoro nucleotide; and

(ili) comprises 1 or more phosphorothioate internucleoside linkage.

274



16. A short interfering nucleic acid (siNA) molecule comprising:

(a) a sense strand comprising a first nucleotide sequence that is at least about
60%, 65%, 710%, 715%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence:

(i) 1is 15 to 30 nucleotides in length; and

(i) comprises 15 or more modified nucleotides independently selected
from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and at least
one modified nucleotide is a 2’-fluoro nucleotide; and

(b) an antisense strand comprising a second nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide
sequence:

(i) is 15 to 30 nucleotides in length; and
(i) comprises 15 or more modified nucleotides independently selected
from a 2’-0-methyl nucleotide and a 2’-fluoro nucleotide, wherein at
least one modified nucleotide is a 2’-O-methyl nucleotide and at least
one modified nucleotide is a 2’-fluoro nucleotide,
wherein the siNA further comprises a phosphorylation blocker, a galactosamine, or

5’-stabilized end cap.

17. The siNA according to any preceding embodiment, wherein at least 1, 2, 3, 4, 5, 6,
or 7 nucleotides at position 3, 5, 7, 8, 9, 10, 11, 12, and/or 17 from the 5’ end of the first

nucleotide sequence is a 2’-fluoro nucleotide.

18. The siNA according to any preceding embodiment, wherein the nucleotide at

position 3 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide.

19. The siNA according to any preceding embodiment, wherein the nucleotide at

position 5 from the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide.

20.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 7 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide.
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21. The siNA according to any preceding embodiment, wherein the nucleotide at

position 8 from the 5° end of the first nucleotide sequence is a 2’-fluoro nucleotide.

22.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 9 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide.

23.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 12 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide.

24.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 17 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide.

25.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 10 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide.

26. The siNA according to any preceding embodiment, wherein the nucleotide at

position 11 from the 5’ end of the first nucleotide sequence is a 2’-fluoro nucleotide.

27. The siNA according to any preceding embodiment, wherein at least 1, 2, 3, 4, 5, 6,
7, 8, or 9 nucleotides at position 2, 5, 6, 8, 10, 14, 16, 17, and/or 18 from the 5’ end of the

second nucleotide sequence is a 2’-fluoro nucleotide.

28.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 2 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

29.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 5 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

30. The siNA according to any preceding embodiment, wherein the nucleotide at

position 6 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

31. The siNA according to any preceding embodiment, wherein the nucleotide at

position 8 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

32. The siNA according to any preceding embodiment, wherein the nucleotide at

position 10 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.
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33. The siNA according to any preceding embodiment, wherein the nucleotide at

position 14 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

34.  The siNA according to any preceding embodiment, wherein the nucleotides at

position 16 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

35.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 17 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

36.  The siNA according to any preceding embodiment, wherein the nucleotide at

position 18 from the 5’ end of the second nucleotide sequence is a 2’-fluoro nucleotide.

37.  The siNA according to any preceding embodiment, wherein the nucleotides in the
second nucleotide sequence are arranged in an alternating 1:3 modification pattern, and
wherein 1 nucleotide is a 2’-fluoro nucleotide and 3 nucleotides are 2’-O-methyl

nucleotides.

38. The siNA of embodiment 37, wherein the alternating 1:3 modification pattern occurs

2-5 times.

39. The siNA according to embodiment 37 or 38, wherein at least two of the alternating

1:3 modification pattern occur consecutively.

40.  The siNA according to any of embodiments 37-39, wherein at least two of the

alternating 1:3 modification pattern occurs nonconsecutively.

41. The siNA according to any of clams 37-40, wherein at least 1, 2, 3,4, or 5
alternating 1:3 modification pattern begins at nucleotide position 2, 6, 10, 14, and/or 18

from the 5’ end of the antisense strand.

42. The siNA according to any of clams 37-41, wherein at least one alternating 1:3

modification pattern begins at nucleotide position 2 from the 5’ end of the antisense strand.

43. The siNA according to any of clams 37-42, wherein at least one alternating 1:3

modification pattern begins at nucleotide position 6 from the 5’ end of the antisense strand.
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44. The siNA according to any of clams 37-43, wherein at least one alternating 1:3

modification pattern begins at nucleotide position 10 from the 5’ end of the antisense strand.

45.  The siNA according to any of clams 37-44, wherein at least one alternating 1:3

modification pattern begins at nucleotide position 14 from the 5’ end of the antisense strand.

46.  The siNA according to any of clams 37-45, wherein at least one alternating 1:3

modification pattern begins at nucleotide position 18 from the 5’ end of the antisense strand.

47.  The siNA according to any one of embodiments 1-37, wherein the nucleotides in the
second nucleotide sequence are arranged in an alternating 1:2 modification pattern, and
wherein 1 nucleotide is a 2’-fluoro nucleotide and 2 nucleotides are 2’-O-methyl

nucleotides.

48. The siNA of embodiment 47, wherein the alternating 1:2 modification pattern occurs

2-5 times.

49. The siNA according to embodiment 47 or 48, wherein at least two of the alternating

1:2 modification pattern occurs consecutively.

50. The siNA according to any of embodiments 47-49, wherein at least two of the

alternating 1:2 modification pattern occurs nonconsecutively.

51. The siNA according to any of clams 47-50, wherein at least 1, 2, 3,4, or 5
alternating 1:2 modification pattern begins at nucleotide position 2, 5, 8, 14, and/or 17 from

the 5° end of the antisense strand.

52. The siNA according to any of clams 47-51, wherein at least one alternating 1:2

modification pattern begins at nucleotide position 2 from the 5’ end of the antisense strand.

53. The siNA according to any of clams 47-52, wherein at least one alternating 1:2

modification pattern begins at nucleotide position 5 from the 5’ end of the antisense strand.

54. The siNA according to any of clams 47-53, wherein at least one alternating 1:2

modification pattern begins at nucleotide position 8 from the 5’ end of the antisense strand.
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55. The siNA according to any of clams 47-54, wherein at least one alternating 1:2

modification pattern begins at nucleotide position 14 from the 5’ end of the antisense strand.

56.  The siNA according to any of clams 47-55, wherein at least one alternating 1:2

modification pattern begins at nucleotide position 17 from the 5’ end of the antisense strand.

57. A short interfering nucleic acid (siNA) molecule represented by Formula (VIII):
5’-An'Bn’An’Br* An°Bn®An'BrlAL-3°
3'-Cy' ABA ¢* B ABy AP B Ay By | Ag' 25
wherein:

the top strand is a sense strand comprising a first nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence comprises 15 to 30
nucleotides;

the bottom strand is an antisense strand comprising a second nucleotide sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide sequence
comprises 15 to 30 nucleotides;

each A is independently a 2’-O-methyl nucleotide or a nucleotide comprising a 5’-

stabilized end cap or a phosphorylation blocker;

B is a 2’-fluoro nucleotide;

C represents overhanging nucleotides and is a 2’-O-methyl nucleotide;

n' = 1-4 nucleotides in length;

each n?, n® n®, ¢°, ¢°, ', ¢°, q'!, and q'? is independently 0-1 nucleotides in length;

each n’® and n* is independently 1-3 nucleotides in length;

n’is 1-10 nucleotides in length;

n’is 0-4 nucleotides in length;

each n’, q', and q? is independently 0-2 nucleotides in length;

q* is 0-3 nucleotides in length;

q®is 0-5 nucleotides in length;

q®is 2-7 nucleotides in length; and

q'%is 2-11 nucleotides in length.

58. A short interfering nucleic acid (siNA) molecule represented by Formula (IX):
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5’-A2.4B1A13 B23 A2-10Bo-1A0.4Bo-1A0-2-3’
37-C2A0-2B0-1A0-3B0-1A0-5B0-1A2.7B1A2-11B1A1-5’
wherein:

the top strand is a sense strand comprising a first nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence comprises 15 to 30
nucleotides;

the bottom strand is an antisense strand comprising a second nucleotide sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary
to the RNA corresponding to the target gene, wherein the second nucleotide sequence
comprises 15 to 30 nucleotides;

each A is independently a 2’-O-methyl nucleotide or a nucleotide comprising a 5’-

stabilized end cap or a phosphorylation blocker;

B is a 2’-fluoro nucleotide;

C represents overhanging nucleotides and is a 2’-O-methyl nucleotide.

59. A short interfering nucleic acid (siNA) molecule comprising

(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23
nucleotides, wherein 2’-fluoro nucleotides are at positions 3, 7-9, 12, and 17
from the 5° end of the first nucleotide sequence, and wherein 2’-O-methyl
nucleotides are at positions 1, 2, 4-6, 10, 11, and 13-16 from the 5’ end of the
first nucleotide sequence; and

(b) an antisense strand comprising a second nucleotide sequence consisting of 17
to 23 nucleotides, wherein 2’-fluoro nucleotides are at positions 2 and 14
from the 5’ end of the second nucleotide sequence, and wherein 2’-O-methyl
nucleotides are at positions 1, 3-13, and 15-17 from the 5’ end of the second

nucleotide sequence.

60. The siNA molecule of embodiment 59, wherein the first nucleotide sequence

consists of 19 nucleotides.

61. The siNA molecule of embodiment 60, wherein 2’-O-methyl nucleotides are at

positions 18 and 19 from the 5’ end of the first nucleotide sequence.
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62. The siNA molecule according to any one of embodiments 59-61, wherein the second

nucleotide sequence consists of 21 nucleotides.

63. The siNA molecule of embodiment 62, wherein 2’-O-methyl nucleotides are at

positions 18-21 from the 5° end of the second nucleotide sequence.

64. A short interfering nucleic acid (siNA) molecule comprising

(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23
nucleotides, wherein 2’-fluoro nucleotides are at positions 3, 7, 8, and 17 from
the 5’ end of the first nucleotide sequence, and wherein 2’-O-methyl
nucleotides are at positions 1, 2, 4-6, and 9-16 from the 5’ end of the first
nucleotide sequence; and

(b) an antisense strand comprising a second nucleotide sequence consisting of 17
to 23 nucleotides, wherein 2’-fluoro nucleotides are at positions 2 and 14
from the 5’ end of the first nucleotide sequence; and wherein 2’-O-methyl
nucleotides are at positions 1, 3-13, and 15-17 from the 5’ end of the first

nucleotide sequence.

65. The siNA molecule of embodiment 64, wherein the first nucleotide sequence

consists of 19 nucleotides.

66. The siNA molecule of embodiment 65, wherein 2’-O-methyl nucleotides are at

positions 18 and 19 from the 5’ end of the first nucleotide sequence.

67. The siNA molecule according to any one of embodiments 64-66, wherein the second

nucleotide sequence consists of 21 nucleotides.

68. The siNA molecule of embodiment 67, wherein 2’-O-methyl nucleotides are at

positions 18-21 from the 5* end of the second nucleotide sequence.

69. A short interfering nucleic acid (siNA) molecule comprising
(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23
nucleotides, wherein 2’-fluoro nucleotides are at positions 3, 7-9, 12 and 17
from the 5’ end of the first nucleotide sequence, and wherein 2’-O-methyl
nucleotides are at positions 1, 2, 4-6, 10, 11, and 13-16 from the 5’ end of the

first nucleotide sequence; and
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(b) an antisense strand comprising a second nucleotide sequence consisting of 17
to 23 nucleotides, wherein the nucleotides in the second nucleotide sequence
are arranged in an alternating 1:3 modification pattern, and wherein 1
nucleotide is a 2’-fluoro nucleotide and 3 nucleotides are 2’-O-methyl

nucleotides.

70. The siNA molecule of embodiment 69, wherein the first nucleotide sequence

consists of 19 nucleotides.

71. The siNA molecule of embodiment 70, wherein 2’-O-methyl nucleotides are at

positions 18 and 19 from the 5’ end of the first nucleotide sequence.

72. The siNA molecule according to any one of embodiments 69-71, wherein the second

nucleotide sequence consists of 21 nucleotides.

73. The siNA molecule of embodiment 72, wherein 2’-O-methyl nucleotides are at

positions 19-21 from the 5 end of the second nucleotide sequence.

74.  The siRNA molecule according to any one of embodiments 69-73, wherein the

alternating 1:3 modification pattern occurs 2-5 times.

75.  The siRNA molecule according to any one of embodiments 69-74, wherein at least

two of the alternating 1:3 modification pattern occur consecutively.

76.  The siRNA molecule according to any one of embodiments 69-75, wherein at least

two of the alternating 1:3 modification pattern occurs nonconsecutively.

77. The siNA according to any one of embodiments 69-76, wherein at least 1, 2, 3, 4, or
5 alternating 1:3 modification pattern begins at nucleotide position 2, 6, 10, 14, and/or 18

from the 5’ end of the antisense strand.

78. The siNA according to any one of embodiments 69-77, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 2 from the 5’ end of the

antisense strand.
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79. The siNA according to any one of embodiments 69-78, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 6 from the 5’ end of the

antisense strand.

80.  The siNA according to any one of embodiments 69-79, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 10 from the 5’ end of the

antisense strand.

81.  The siNA according to any one of embodiments 69-80, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 14 from the 5’ end of the

antisense strand.

82. The siNA according to any one of embodiments 69-81, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 18 from the 5’ end of the

antisense strand.

83. A short interfering nucleic acid (siNA) molecule comprising

(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23
nucleotides, wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the
5’ end of the first nucleotide sequence, and wherein 2’-O-methyl nucleotides
are at positions 1-4, 6, and 10-17 from the 5’ end of the first nucleotide
sequence; and

(b) an antisense strand comprising a second nucleotide sequence consisting of 17
to 23 nucleotides, wherein the nucleotides in the second nucleotide sequence
are arranged in an alternating 1:3 modification pattern, and wherein 1
nucleotide is a 2’-fluoro nucleotide and 3 nucleotides are 2’-O-methyl

nucleotides.

84. The siNA molecule of embodiment 83, wherein the first nucleotide sequence

consists of 19 nucleotides.

85. The siNA molecule of embodiment 84, wherein 2’-O-methyl nucleotides are at

positions 18 and 19 from the 5’ end of the first nucleotide sequence.

86.  The siNA molecule according to any one of embodiments 83-85, wherein the second

nucleotide sequence consists of 21 nucleotides.
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87. The siNA molecule of embodiment 86, wherein 2’-O-methyl nucleotides are at

positions 19-21 from the 5* end of the second nucleotide sequence.

88.  The siRNA molecule according to any one of embodiments 83-87, wherein the

alternating 1:3 modification pattern occurs 2-5 times.

89.  The siRNA molecule according to any one of embodiments 83-88, wherein at least

two of the alternating 1:3 modification pattern occur consecutively.

90.  The siRNA molecule according to any one of embodiments 83-89, wherein at least

two of the alternating 1:3 modification pattern occurs nonconsecutively.

91. The siNA according to any one of embodiments 83-90, wherein at least 1, 2, 3, 4, or
5 alternating 1:3 modification pattern begins at nucleotide position 2, 6, 10, 14, and/or 18

from the 5’ end of the antisense strand.

92. The siNA according to any one of embodiments 83-91, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 2 from the 5’ end of the

antisense strand.

93. The siNA according to any one of embodiments 83-92, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 6 from the 5’ end of the

antisense strand.

94.  The siNA according to any one of embodiments 83-93, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 10 from the 5’ end of the

antisense strand.

95.  The siNA according to any one of embodiments 83-94, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 14 from the 5’ end of the

antisense strand.

96. The siNA according to any one of embodiments 83-95, wherein at least one
alternating 1:3 modification pattern begins at nucleotide position 18 from the 5’ end of the

antisense strand.

97. A short interfering nucleic acid (siNA) molecule comprising
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(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23
nucleotides, wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the
5’ end of the first nucleotide sequence, and wherein 2’-O-methyl nucleotides
are at positions 1-4, 6, and 10-17 from the 5’ end of the first nucleotide
sequence; and

(b) an antisense strand comprising a second nucleotide sequence consisting of 17
to 23 nucleotides, wherein the nucleotides in the second nucleotide sequence
are arranged in an alternating 1:2 modification pattern, and wherein 1
nucleotide is a 2’-fluoro nucleotide and 2 nucleotides are 2’-O-methyl

nucleotides.

98. The siNA molecule of embodiment 97, wherein the first nucleotide sequence

consists of 19 nucleotides.

99. The siNA molecule of embodiment 98, wherein 2’-O-methyl nucleotides are at

positions 18 and 19 from the 5’ end of the first nucleotide sequence.

100. The siNA molecule according to any one of embodiments 97-99, wherein the second

nucleotide sequence consists of 21 nucleotides.

101.  The siNA molecule of embodiment 100, wherein 2’-O-methyl nucleotides are at

positions 18-21 from the 5’ end of the second nucleotide sequence.

102.  The siRNA molecule according to any one of embodiments 97-101, wherein the

alternating 1:2 modification pattern occurs 2-5 times.

103.  The siRNA molecule according to any one of embodiments 97-102, wherein at least

two of the alternating 1:2 modification pattern occur consecutively.

104. The siRNA molecule according to any one of embodiments 97-103, wherein at least

two of the alternating 1:2 modification pattern occurs nonconsecutively.

105. The siNA according to any one of embodiments 97-104, wherein at least 1, 2, 3, 4,
or 5 alternating 1:2 modification pattern begins at nucleotide position 2, 5, 8, 14, and/or 17

from the 5’ end of the antisense strand.
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106. The siNA according to any one of embodiments 97-105, wherein at least one
alternating 1:2 modification pattern begins at nucleotide position 2 from the 5’ end of the

antisense strand.

107.  The siNA according to any one of embodiments 97-106, wherein at least one
alternating 1:2 modification pattern begins at nucleotide position 5 from the 5° end of the

antisense strand.

108.  The siNA according to any one of embodiments 97-107, wherein at least one
alternating 1:2 modification pattern begins at nucleotide position 8 from the 5’ end of the

antisense strand.

109. The siNA according to any one of embodiments 74-85, wherein at least one
alternating 1:2 modification pattern begins at nucleotide position 14 from the 5’ end of the

antisense strand.

110. The siNA according to any one of embodiments 97-109, wherein at least one
alternating 1:2 modification pattern begins at nucleotide position 17 from the 5’ end of the

antisense strand.

111. A short interfering nucleic acid (siNA) molecule comprising

(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23
nucleotides, wherein 2’-fluoro nucleotides are at positions 5 and 7-9 from the
5’ end of the first nucleotide sequence, and wherein 2’-O-methyl nucleotides
are at positions 1-4, 6, and 10-17 from the 5’ end of the first nucleotide
sequence; and

(b) an antisense strand comprising a second nucleotide sequence consisting of 17
to 23 nucleotides, wherein 2’-fluoro nucleotides are at positions 2, 6, 14, and
16 from the 5 end of the second nucleotide sequence, and wherein 2’-O-
methyl nucleotides are at positions 1, 3-5, 7-13, 15, and 17 from the 5’ end

the second nucleotide sequence.

112.  The siNA molecule of embodiment 111, wherein the first nucleotide sequence

consists of 19 nucleotides.
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113.  The siNA molecule of embodiment 112, wherein 2’-O-methyl nucleotides are at

positions 18 and 19 from the 5’ end of the first nucleotide sequence.

114.  The siNA molecule according to any one of embodiments 111-113, wherein the

second nucleotide sequence consists of 21 nucleotides.

115. The siNA molecule of embodiment 114, wherein 2’-O-methyl nucleotides are at

positions 18-21 from the 5* end of the second nucleotide sequence.

116. A short interfering nucleic acid (siNA) molecule comprising:

(a) a sense strand comprising a first nucleotide sequence consisting of 17 to 23
nucleotides, wherein 2’-fluoro nucleotides are at positions 5, 9-11, and 14
from the 5’ end of the first nucleotide sequence, and wherein 2’-O-methyl
nucleotides are at positions 1-4, 6-8, and 12-17 from the 5° end of the first
nucleotide sequence; and

(b) an antisense strand comprising a second nucleotide sequence consisting of 17
to 23 nucleotides, wherein 2’-fluoro nucleotides are at positions 2 and 14
from the 5° end of the second nucleotide sequence, and wherein 2’-O-methyl
nucleotides are at positions 1, 3-13, and 15-17 from the 5’ end the second

nucleotide sequence.

117.  The siNA molecule of embodiment 116, wherein the first nucleotide sequence

consists of 21 nucleotides.

118.  The siNA molecule of embodiment 117, wherein 2’-O-methyl nucleotides are at

positions 18-21 from the 5’ end of the first nucleotide sequence.

119. The siNA molecule according to any one of embodiments 116-118, wherein the

second nucleotide sequence consists of 23 nucleotides.

120. The siNA molecule of embodiment 119, wherein 2’-O-methyl nucleotides are at

positions 18-23 from the 5 end of the second nucleotide sequence.

121.  The siNA according to any preceding embodiment, wherein the sense strand further

comprises TT sequence adjacent to the first nucleotide sequence.
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122.  The siNA according to any preceding embodiment, wherein the sense strand further
comprises at least 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15 or more phosphorothioate

internucleoside linkages.

123.  The siNA of embodiment 122, wherein at least one phosphorothioate
internucleoside linkage is between the nucleotides at positions 1 and 2 from the 5° end of

the first nucleotide sequence.

124.  The siNA of embodiment 122 or 123, wherein at least one phosphorothioate
internucleoside linkage is between the nucleotides at positions 2 and 3 from the 5’ end of

the first nucleotide sequence.

125. The siNA according to any preceding embodiment, wherein the antisense strand

further comprises TT sequence adjacent to the second nucleotide sequence.

126. The siNA according to any preceding embodiment, wherein the antisense strand
further comprises at least 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15 or more

phosphorothioate internucleoside linkages.

127. The siNA of embodiment 126, wherein at least one phosphorothioate
internucleoside linkage is between the nucleotides at positions 1 and 2 from the 5* end of

the second nucleotide sequence.

128.  The siNA of embodiment 126 or 127, wherein at least one phosphorothioate
internucleoside linkage is between the nucleotides at positions 2 and 3 from the 5’ end of

the second nucleotide sequence.

129.  The siNA of any one of embodiments 126-128, wherein at least one
phosphorothioate internucleoside linkage is between the nucleotides at positions 1 and 2

from the 3’ end of the second nucleotide sequence.

130. The siNA of any one of embodiments 126-129, wherein at least one
phosphorothioate internucleoside linkage is between the nucleotides at positions 2 and 3

from the 3’ end of the second nucleotide sequence.

131.  The siNA according to any preceding embodiment, wherein the first nucleotide from

the 5° end of the first nucleotide sequence comprises a 5’ stabilizing end cap.
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132.  The siNA according to any preceding embodiment, wherein the first nucleotide from

the 5° end of the second nucleotide sequence comprises a 5’ stabilizing end cap.

133.  The siNA according to any preceding embodiment, wherein the first nucleotide from

the 5° end of the first nucleotide sequence comprises a phosphorylation blocker.

134. The siNA according to any preceding embodiment, wherein the first nucleotide from

the 5° end of the second nucleotide sequence comprises a phosphorylation blocker.

135. The siNA according to any preceding embodiment, wherein the first nucleotide

sequence or second nucleotide sequence comprises at least one modified nucleotide selected
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from E (LNA), S (ScpBNA or “cp™); 0 (AmNA),
x,
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_\537
Y —
© N\7¢NH
where R is H or alkyl (or AmNA(N-Me)) when R is alkyl); HoN (GuNA);
n, B
o o
450’
—NH-R
+H2N \
and GuNA(N-R), R =Me, Et, iPr, tBu yherein B is a nucleobase.

136. A short-interfering nucleic acid (siNA) molecule comprising:

R4_\®,R1
Vo %o
(a) a phosphorylation blocker of Formula (IV): ke ,
wherein
R! is a nucleobase,

R*is —O-R* or -NR3'R3?,

R* is C;-Cg substituted or unsubstituted alkyl; and
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R3! and R3? together with the nitrogen to which they are attached form a substituted
or unsubstituted heterocyclic ring; and

(b) a short interfering nucleic acid (siNA).

137. A short-interfering nucleic acid (siNA) molecule comprising:

(a) a 5’-stabilized end cap of Formula (Ia): ,
wherein

R! is a nucleobase, aryl, heteroaryl, or H,

0 O
0.0 WA o, 0 H o,
SNy A GE g -
0]

0]
> °S .
%E/\N ~ N\\> NT> N
R2 is H 9 9 H 9 9 H b
O\\

o o Ho. s © 0. OH
/\/S\ e \\S// P—OH \P// N/
K N o o \)J\OH v Pop

N

]

O, ,OCH; 0. ,0CD; Ho N
NPy , % NP0l , o d’s\g, o \g/, _CH=CD-Z, —
CD=CH-Z, -CD=CD-Z, —(CRZlez)n—Z, or -(C»-Cs alkenylene)-Z and R is
hydrogen; or
R? and R? together form a 3- to 7-membered carbocyclic ring substituted with —
(CR?'R??),-Z or -(C,-Cg alkenylene)-Z;
nis 1,2, 3, or4;
Z is -ONR?*R?*, -OP(O)OH(CH2)mCO2R?*, -OP(S)OH(CH,)nCO2R?, -P(O)(OH)»,
-P(0)(OH)(OCHj), -P(O)(OH)(OCD3), -SO2(CH2)mP(0)(OH)z2, -SONR*R?, -
NRZR¥,
R?! and R?? are independently hydrogen or Ci-Cs alkyl; R?' and R?? together form an
0X0 group;
R? is hydrogen or C;-Cs alkyl;
R** is —SO,R? or -C(O)R?; or
R?® and R** together with the nitrogen to which they are attached form a substituted

or unsubstituted heterocyclic ring;

R is C;-Cs alkyl; and
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138.

mis 1, 2, 3, or4; and

(b) a short interfering nucleic acid (siNA).

A short-interfering nucleic acid (siNA) molecule comprising:

S 2

(a) a 5’-stabilized end cap of Formula (Ib): e ,
wherein

R! is a nucleobase, aryl, heteroaryl, or H,

O o 0
0.0 N 0. .,0 H 0.0
7, _S N N
YN %LL/\N@ ”A)J\N’S\ s NS
R2is H , , H , o0 0 | H |

S s”__R-OH HO\P”S\)?\ o
% ” 1%/\/ ~~ \OH 3&/\0/ OH E/\/P\OH

H H
O, ,OCH;, O, OCD3 . ~_ _N._ =2-~nN
Pl P o s oy
‘771/\/ OH ’ LLLL/\/ OH , d/\b, 0 ’ —CH=CD-Z,—

CD=CH-Z, -CD=CD-Z, —-(CR*'R*),-Z, or -(C»-Cs alkenylene)-Z and R? is
hydrogen; or

R? and R* together form a 3- to 7-membered carbocyclic ring substituted with —
(CR?*'R?2),-Z or -(C2-Cs alkenylene)-Z;

nis 1,2, 3, or4;

Z is -ONR*R*, -OP(O)OH(CH2)nCO2R*, -OP(S)OH(CH2)mCO2R*, -P(O)(OH)y,
-P(O)(OH)(OCH3), -P(O)(OH)(OCD3), -SO2(CH2)mP(0)(OH)2, -SO2NR*R?, -
NRZR¥,

R?! and R? are independently hydrogen or Ci-Cs alkyl; R*' and R* together form an
0X0 group;

R? is hydrogen or C;-Cs alkyl;

R?*is ~SO2R% or -C(O)R%; or

R?? and R** together with the nitrogen to which they are attached form a substituted
or unsubstituted heterocyclic ring;

R? is C1-Cs alkyl; and

mis 1, 2,3, or4; and
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(b) a short interfering nucleic acid (siNA).

139. A short-interfering nucleic acid (siNA) molecule comprising:
(a) a 5’-stabilized end cap selected from the group consisting of Formula (1) to

Formula (15), Formula (9X) to Formula (12X), and Formula (9Y) to Formula

(12Y):
// / (\)\//O 0
\ Q, 4 (0) 18] 0) R1 ) (0) R
’/ N S
@ H [N
‘; “ocH o‘; OCH, O  OCH, o‘; ‘OCHs
N A N p
Formula (1) Formula (2) Formula (3) Formula (4)
Q
HO-
O\\S//O (0) R 1 O\\S//O (0) R 1 4 P N S//O (0] R 1
H’\ll/ \/\Q‘ H’il/ \/\Q’ HO O//
oi OCHs o\ OCHs o\ OCHs
o o &
Formula (5) Formula (6) Formula (7)
S 0 O 0
P\ O R1 HO\/P/ _ O R1 H3CO\/P, _ (@) R1 DgCO\/P/ _ (0] R1
/\Q} HG \/\Q, HG \/\QA HG \/\QA
o OCH, 0  OCHs o\ OCH; o OcH
o R RE R
Formula (8) Formula (9) Formula (9X) Formula (9Y)
D
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Formula (10) Formula (10X) Formula (10Y)
HO. m H3CO. % DsCO. m
\; ‘ocH "o ocn o) ‘ocH
A% A% &
Formula (11) Formula (11X) Formula (11Y)
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HO\/P% R H300 O D3CO. m
HO . . B
o “OcH o ‘ocH

H & -
o‘\ OCH; \
N he A
Formula (12) Formula (12X) Formula (12Y)
HO. O 1
R H e} H 0
/ N R’ N R’
HO \ ~) ~
d OCH3 (@] \\\: ',// O \\\: ',//
= o\ OCHj4 o\ OCHj,
= &
Formula (13) Formula (14) Formula (15) wherein Rl is a

nucleobase, aryl, heteroaryl, or H; and

(b) a short interfering nucleic acid (siNA).

140. A short-interfering nucleic acid (siNA) molecule comprising:
(a) a 5’-stabilized end cap selected from the group consisting of Formulas (1A)-
(15A), Formulas (9B)-(12B), Formulas (9AX)-(12AX), Formulas (9AY)-
(12AY), Formulas (9BX)-(12BX), and Formulas (9BY)-(12BY):

&H (Zf\EHooo (iH (/)A/QH

N

\S’/O o N N 0P o N N ¥ oM a 0 0
N S< 9N \\
A DUIRRG S )

H o ~ H o N'D

S S
S S
N

9  OCH, o) OCH;4 O  OCHs O  OCH,
by s hS b
Formula (1A) Formula (2A) Formula (3A) Formula (4A)

0.0 N 0.0 0~Pj 0 N
N o 0 N o o o)
o‘i OCH, 0  OCH, o‘i OCHs;
o hY >
Formula (5A) Formula (6A) Formula (7A)
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/ 'NH
HO. //S o) N/&O HO. 1) H3CO. 0 e} D3CO. 0 0
HO P\O /P S S P. A
r— HO \ HO \ HO \
° o, OCHs o\ OCHs 0 OCH o\ OCH,
& -~ o o~
Formula (8A) Formula (9A) Formula (9AX) Formula (9AY)
Ho. O o H3CO DsCO.
Sl ”Q
HO \/
o) OCH, o ‘ocH o  ocH
> }J«J }w
Formula (9B) Formula (9BX) Formula (9BY)
D D D
O 0 0
HO\P%(i? H300\P%%<i?7 D3CO\P/ P
/ / /
HO HO HO
D < ',// D \\\¢ 3 D < "
d\ OCHj; O\ OCH; o) OCH,
» o »
Formula (10A) Formula (10AX) Formula (10AY)
To, oo T e g oo
& 5 5
Formula (10B) Formula (10BX) Formula (10BY)
O H
HO H3CO D3CO //
$ 6 \‘\s b \\“ ’/
A A A %
Formula (11A) Formula (11AX) Formula (11AY)
H H
Ho. O H,CO. .0 DsCO.
HO HO D \_/ HO \
o) OCH, o) OCH; o) OCH,
& PO P
Formula (11B) Formula (11BX) Formula (11BY)
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D D D
Ho. O o HaCO- o D3CO\P/,O 0
o / HO \ HO \
o‘; OCH; o‘; OCH, o‘; OCHs
7 & &
Formula (12A) Formula Formula
D
Ho. /O HsCO. O DsCO. P
HO HO HO
Ho o - Ho o - H & -
o OcH; o OcH; o OcH,
5 % &
0] 0] 0
| NH | NH /" 'NH
HO\P//O 0 N/&O N 0 N/&O K 0 N&O
NarUN ~
HO s~/ oY
5 ,‘// O \C‘ ,‘// o \C‘ ,’//
O\\ OCH3 O\\ OCHs3 O\\ OCHs
o o 0
Formula (13A) Formula (14A) Formula (15A) and

(b) a short interfering nucleic acid (siNA).

141.  The siNA molecule according to any one of embodiments 136-140, wherein the

siNA comprises the sense strand of any one of embodiments 1-135.

142.  The siNA molecule according to any one of embodiments 136-141, wherein the

siNA comprises the antisense strand of any one of embodiments 1-135.

143. A short interfering nucleic acid (siNA) molecule comprising:

(a) a sense strand comprising a first nucleotide sequence that is at least about
60%, 65%, T10%, 15%, 80%, 85%, 90%, 95%, or 100% identical to an RNA
corresponding to a target gene, wherein the first nucleotide sequence
comprises a nucleotide sequence of any one SEQ ID NOs: 1-56, 103-158, and
205-260; and

(b) an antisense strand comprising a second nucleotide sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% complementary

to the RNA corresponding to the target gene, wherein the second nucleotide
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sequence comprises a nucleotide sequence of any one of SEQ ID NOs: 57-

102, 159-204, and 261-306.

144. A interfering nucleic acid (siNA) molecule comprising:
(a) a sense strand comprising a nucleotide sequence of any one of SEQ ID NOs:
307-362 and 415-444; and
(b) an antisense strand comprising a nucleotide sequence of any one of SEQ ID

NOs: 363-409, 445-533, and 536-539.

145. The siNA according to any one of embodiments 1-132, 135, and 137-144, wherein

the siNA further comprises a phosphorylation blocker.

146. The siNA according to any one of embodiments 16, 133, 134, and 145, wherein the

R4 _\Q,R1
o o
e

phosphorylation blocker has the structure of Formula (IV): , wherein

R! is a nucleobase,
R*is —O-R* or -NR*'R*, R¥ is C;-Cjs substituted or unsubstituted alkyl; and
R3! and R together with the nitrogen to which they are attached form a substituted or

unsubstituted heterocyclic ring.
147. The siNA of embodiment 136 or 146, wherein R* is —OCH3 or -N(CH>CHb>)-O.

148.  The siNA according to any one of embodiments 16, 133, 134, 136, and 145-147,

wherein the phosphorylation blocker is attached to the 5’ end of the sense strand.

149. The siNA of embodiment 148, wherein the phosphorylation blocker is attached to
the 5° end of the sense strand via one or more linkers independently selected from a

phosphodiester linker, phosphorothioate linker, and phosphorodithioate linker.

150. The siNA according to any one of embodiments 16, 133, 134, 136, and 145-147,

wherein the phosphorylation blocker is attached to the 3’ end of the sense strand.
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151.  The siNA of embodiment 150, wherein the phosphorylation blocker is attached to
the 3’ end of the sense strand via one or more linkers independently selected from a

phosphodiester linker, phosphorothioate linker, and phosphorodithioate linker.

152. The siNA according to any one of embodiments 16, 133, 134, 136, and 145-147,

wherein the phosphorylation blocker is attached to the 5° end of the antisense strand.

153. The siNA of embodiment 152, wherein the phosphorylation blocker is attached to
the 5° end of the antisense strand via one or more linkers independently selected from a

phosphodiester linker, phosphorothioate linker, and phosphorodithioate linker.

154. The siNA according to any one of embodiments 16, 133, 134, 136, and 144-147,

wherein the phosphorylation blocker is attached to the 3’ end of the antisense strand.

155. The siNA of embodiment 154, wherein the phosphorylation blocker is attached to
the 3’ end of the antisense strand via one or more linkers independently selected from a

phosphodiester linker, phosphorothioate linker, and phosphorodithioate linker.

156. The siNA according to any preceding embodiment, wherein the siNA further

comprises a galactosamine.

157. The siNA of embodiment 16 or 156, wherein the galactosamine is N-

acetylgalactosamine (GalNAc) of Formula (VII):

. wﬁﬁy
wwﬂ o WW@C’H;/

’

R =OH or SH

wherein each n is independently 1 or 2.
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158. The siNA of embodiment 16 or 156, wherein the galactosamine is N-

acetylgalactosamine (GalNAc) of Formula (VI):

A

A
::%%'o\/\/\ééﬂ\/\/\/%u/\/\/\g/w I;p

misl1, 2, 3,4, or5;

—r

>

, wherein

each n is independently 1 or 2;

pisOorl;

each R is independently H;

each Y is independently selected from —O-P(=0)(SH)—, —O-P(=0)(0)-, —O-P(=0)(OH)-,
and -O-P(S)S-;

Z.is H or a second protecting group;

either L is a linker or L and Y in combination are a linker; and

A is H, OH, a third protecting group, an activated group, or an oligonucleotide.

159. The siNA of embodiment 158, wherein A is an oligonucleotide.

160. The siNA of embodiment 158, wherein A is 1-2 oligonucleotides.

161. The siNA of any one of embodiments 158-160, wherein the oligonucleotide is dTdT.

162. The siNA according to any one of embodiments 16 and 156-161, wherein the

galactosamine is attached to the 3’ end of the sense strand.

163. The siNA of embodiment 162, wherein the galactosamine is attached to the 3’ end
of the sense strand via one or more linkers independently selected from a phosphodiester

linker, phosphorothioate linker, or phosphorodithioate linker.

164. The siNA according to any one of embodiments 16 and 156-161, wherein the

galactosamine is attached to the 5° end of the sense strand.

165. The siNA of embodiment 164, wherein the galactosamine is attached to the 5’ end
of the sense strand via one or more linkers independently selected from a phosphodiester

linker, phosphorothioate linker, or phosphorodithioate linker.
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166. The siNA according to any one of embodiments 16 and 156-161, wherein the

galactosamine is attached to the 3’ end of the antisense strand.

167. The siNA of embodiment 166, wherein the galactosamine is attached to the 3’ end
of the atnisense strand via one or more linkers independently selected from a phosphodiester

linker, phosphorothioate linker, or phosphorodithioate linker.

168. The siNA according to any one of embodiments 16 and 156-161, wherein the

galactosamine is attached to the 5° end of the antisense strand.

169. The siNA of embodiment 168, wherein the galactosamine is attached to the 5’ end
of the atnisense strand via one or more linkers independently selected from a phosphodiester

linker, phosphorothioate linker, or phosphorodithioate linker.

170. The siNA according to any one of embodiments 1-130, 133-136, and 139-169,

wherein the siNA further comprises a 5’-stabilized end cap.

171.  The siNA according to any one of embodiments 16, 131, 132, and 170, wherein the

5’-stabilized end cap is a 5’ vinyl phosphonate or deuterated 5° vinyl phosphonate.

172.  The siNA according to any one of embodiments 16, 131, 132, and 170, wherein the

R2 (0] R1
R2°\\U
O OCH,
5’-stabilized end cap has the structure of Formula (Ia): - , Wherein
R! is a nucleobase, aryl, heteroaryl, or H,
Q0 o
0.0 W 0, 0 H 0.0 0. 0
~p-S L%_/\N/S )J\ ,S/\ AN RS eSS o
3 ON L) %N SO NT % N
RZis H , , H , o o | H | H |
o0 © 0
\\S// II:I> OH HO\ //\S)J\ O\\ /OH O\\ /OCH3 O\\ /OCD3
. /P P\ ~ ~
OO w0 OH % Pop o™y % "oy

H

H
/\/N\/ /\/N
wos W0

O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, «(CR*'R**),-Z, or —
(C»-Cs alkenylene)-Z and R? is hydrogen; or
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R? and R% together form a 3- to 7-membered carbocyclic ring substituted with —(CR?'R??),-
Z or —(C2-Cg alkenylene)-Z;
nis 1, 2,3, or4;
7 is —ONR?R*, _OP(0)OH(CH,)nCO:R?, —OP(S)OH(CH2)mCO»R2, —P(0)(OH),, -
P(0)(OH)(OCH3), -P(O)(OH)(OCD3), —~SO2(CH2)uP(O)(OH)2, ~SO:NRZPR?, -NRZR*, or
-NR?SO,R%*;
R?! and R? either are independently hydrogen or C;-Cs alkyl, or R?! and R?? together form
an oxo group;
R? is hydrogen or C;-Cg alkyl;

24 s —=SO2R? or —C(O)R%; or

23 and R** together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;

2 is C1-Cs alkyl; and
mis 1, 2, 3, or4.

173.  The siNA according to any one of embodiments 131, 132, and 170, wherein the 5’-

R2°“U
O oCD,
stabilized end cap has the structure of Formula (Ib): , wherein
R! is a nucleobase, aryl, heteroaryl, or H,
Oy ,/o R P o\\ 0 H O o, 0
%/\N/ ~ N\\> ‘-ig / ~ ‘gl ,/S\ ~ va/\/S\N/ %Z/\/S N
R?is o , H | H |
o.,0 9 0
\\S// II:I> OH HO\ //\S)J\ O\\ /OH O\\ /OCH3 O\\ /OCD3
P<
BN i{\o OH. N OH_ NPy %{\/ “OH

oy Ay

O ,-CH=CD-Z,-CD=CH-Z, -CD=CD-Z, (CR*'R**),-Z, or -
(C»-Cg alkenylene)-Z and R* is hydrogen; or
R? and R% together form a 3- to 7-membered carbocyclic ring substituted with —(CR?'R??),-
Z or —(C»-Cg alkenylene)-Z;
nis 1, 2,3, or4;
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Z is -ONR*R*, —~OP(O)OH(CH2)mCO2R*, ~OP(S)OH(CH2)nCO2R*, —P(O)(OH), -
P(O)(OH)(OCH3), -P(O)(OH)(OCD3), ~SO2(CH2)mP(0)(OH)2, ~SONR*R?, -NR*R**, or
-NR*SO,R*;
R?! and R? either are independently hydrogen or C;-Cs alkyl, or R?! and R?? together form
an 0xo group;
R? is hydrogen or C;-Cg alkyl;
R?* is —=SO,R% or —-C(O)R?; or

23 and R** together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;

3 is C1-Cs alkyl; and
mis 1, 2,3, or4.

174. The siNA of embodiment 172 or 173, wherein R' is an aryl.
175. The siNA of embodiment 174, wherein the aryl is a phenyl.

176. The siNA according to any one of embodiments 16, 131, 132, and 170, wherein the
5’-stabilized end cap is selected from the group consisting of Formula (1) to Formula (15),

Formula (9X) to Formula (12X), and Formula (9Y) to Formula (12Y):

0O
0 00
g O R A& o_r' & O_r' Q O.__R!
i U Ho \
o‘; ‘OCH;4 o‘; ‘OCH, O  OCH, o‘; ‘OCHs
pE Ao N S
Formula (1) Formula (2) Formula (3) Formula (4)
0P o m oL _ o HO\Pﬂ 0
H,\ll’ m‘ H,il/ \/\Q‘ // \/\QA
o‘; OCHs o\ OCH; \ “OCH
R o &
Formula (5) Formula (6) Formula (7)
/O /O < /,O
; ,P\ Ouart MOB A O OO A (OR o0 /P\/\@‘Fv
A@/ HG \/\Q’ g \/\QA ud ~ '
o och, 0  OCH, o\ OCHs 0  OCH,
hY e A A
Formula (8) Formula (9) Formula (9X) Formula (9Y)
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D D
0 0
H3CO / O.__R! DacO\/P% R?
HO
~ D & -

o° “ocH o) ‘OCH; oy OCH;4
hY R >
Formula (10) Formula (10X) Formula (10Y)
H H
HO. H3CO. /,0/ O__R! D3CO\/P/,O/ O__R'
HO
\\\ P D & = D & =
\ OCH3; o) OCHj3 O\ OCH3
R & R
Formula (11) Formula (11X) Formula (11Y)
\\‘ “ocH 5 oo \\‘ “ocH
> }w >
Formula (12) Formula (12X) Formula (12Y)
~ / \ O R
(j b H O \\‘\ // \\\C "//
J\JJJ \ ocC O\ OCH;
7 5
Formula (13) Formula (14) Formula (15) wherein R! is a

nucleobase, aryl, heteroaryl, or H.

177. The siNA according to any one of embodiments 16, 131, 132, and 170, wherein the
5’-stabilized end cap is selected from the group consisting of Formulas (1A)-(15A),
Formulas (9B)-(12B), Formulas (9AX)-(12AX), Formulas (9AY)-(12AY), Formulas
(9BX)-(12BX), and Formulas (9BY)-(12BY):

O o o O
ﬂ NH (//[( NH (//Z( NH (/)( NH
O
\S’? 0 N/&o O 0 N/go /‘é’jo 1o N/&o o, .0 N/go
Sy Oy Ty Wi )
S S S H O +
O  OCH; O  OCH, O  OCH, O  OCH;,
> hY h >
Formula (1A) Formula (2A) Formula (3A) Formula (4A)
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\\// \\// W/S//O o N Yo
W W )
\ OCH, o ocH, o\ OCH,
o~ bﬂ e
Formula (5A) Formula (6A) Formula (7A)
(0]
/ NH
oHO- S o HO. 0 0 H3CO\P”’O o D;CO. 0 o
P\ / / /P /
. . HO ~ - HO . .
o‘i “ocH o\ OCH; o\ OCH, o\ OCH,
& - ~ -~
Formula (8A) Formula (9A) Formula (9AX) Formula (9AY)
HO\P//O o Hsco. .0 Dsco. .0
) ) i)
o\; OCHs; o ocH o  ocH
o pe pe
Formula (9B) Formula (9BX) Formula (9BY)
D D D
Ho. 0 HaCO. /0 s
HO HO HO
D < ", D \\\¢ 3 D s,
o‘\ OCHj Q OCHj o) OCHj
o e >
Formula (10A) Formula (10AX) Formula (10AY)
o‘; “ocH o‘; “ocH o‘; “ocH
= P 5
Formula (10B) Formula (10BX) Formula (10BY)
O H
HO. /, HSCO D3CO
\\ b s b s b
3% e b
Formula (11A) Formula (11AX) Formula (11AY)
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H H
HO. _/° HsCO. /O D
HO HO
D D & -
O 0) OoC

‘; ‘OCHs ) \ “BcH
5 P ~
Formula (11B) Formula (11BX) Formula (11BY)

D
HO. %)/Lf H;CO. %f D;CO. g/i(_?
\; “ocH \ “ocH \ “ocH
~ -~ &
Formula (12A) Formula (12AX) Formula (12AY)
g b g b o b
}w J\w J\w
Formula (12B) Formula (12BX) Formula (12BY)

HO. K o N N o N
HO R ) 4 \\O B 3 o R )
O  OCHs O  OCHs o ©c
> > >
Formula (13A) Formula (14A) Formula (15A)

178.  The siNA according to any one of embodiments 131, 132, and 170, wherein the 5’-

R1
RZO\\U‘
o F
stabilized end cap has the structure of Formula (Ic): - , Wherein
R! is a nucleobase, aryl, heteroaryl, or H,
35 // \\ /’ O //O H 0, 0 O, P
R?is o} , H | H
o0 © 0
\S// II:I> OH HO\ //\S)J\ O\\ /OH O OCH3 O\\ /OCD3
P\ P\
BT NI i{\o OH N OH "v{\/ “oH % N on
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H
e e
O ,-CH=CD-Z, -CD=CH-Z, -CD=CD-Z, (CR?*'R?*?),-Z, or —

(C2-Cs alkenylene)-Z and R% is hydrogen; or
R? and R* together form a 3- to 7-membered carbocyclic ring substituted with —(CR*'R??),-
Z. or —(C»-Cg alkenylene)-Z;
nis 1,2, 3, or4;
Z is -ONR**R**, -OP(O)OH(CH2)mCO2R?*, ~OP(S)OH(CH)mCO2R?*, -P(O)(OH),, -
P(0)(OH)(OCH3), -P(0O)(OH)(OCD3), ~SO2(CH2)mP(O)(OH)2, ~SO,NR*R?, -NR*R*, or
-NR*SO,R*;
R?!' and R’ either are independently hydrogen or Ci-Cs alkyl, or R*! and R?? together form
an 0xo group;
R? is hydrogen or Ci-Cs alkyl;

24 is —=SO2R? or —C(O)R%; or
R?? and R?* together with the nitrogen to which they are attached form a substituted or
unsubstituted heterocyclic ring;

2 is C1-Cs alkyl; and
mis 1, 2,3, or4.

179. The siNA of embodiment 178, wherein R! is an aryl.
180. The siNA of embodiment 179, wherein the aryl is a phenyl.

181. The siNA according to any one of embodiments 16, 131, 132, and 170, wherein the

5’-stabilized end cap is selected from the group consisting of Formula (21) to Formula (35):

~ //O o) o, 0 O"/O o o)
. R1 \ / / N (o) R1 A (0] R1
H R H . 5 H o) Rt
o F o‘ F o F
> % > >
Formula (21) Formula (22) Formula (23) Formula (24)
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O

\
>w >- f
Formula (25) Formula (26) Formula (27)
HO. HO. HO. -
HO P g OyR! TR A ONaR' © /P% R’
P S A e O A
S S S D -
O\ F O\ F O\ F
5 PO Ry
Formula (28) Formula (29) Formula (30)
H D
,O N /O HO\ /O
O O rt O /P%,W ,P/\/Dé’w
HO HO HO
D \\: .’/ H \\: .”/ \\\: ,’//
o F d\ F O\ F
> A o
Formula (31) Formula (32) Formula (33)
H o 1 H O 1
AN R N R
LT Y o
O O \f 3 O \\C 3
A " 60 "
& »
Formula (34) Formula (35)  \herein R! is a nucleobase, aryl,

heteroaryl, or H.

182. The siNA according to any one of embodiments 16, 131, 132, and 170, wherein the
5’-stabilized end cap is selected from the group consisting of Formulas (21A)-(35A),
Formulas (29B)-(32B), Formulas (29AX)-(32AX), Formulas (29AY)-(32AY), Formulas
(29BX)-(32BX), and Formulas (29BY)-(32BY):

0 o} 0 0
<//Z< NH 4//( NH 4//( NH A/)A NH
Qoo
& o N/&o O\\s/p o N/&o /\é/: 0 N/&O 0 o N/&O
P N N et
H u \ H N9
o F o‘; F o F o) F
o > NS >
Formula (21A) Formula (22A) Formula (23A) Formula (24A)
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O O O

NH / NH o | NH
o, .0 o, .,0 HO\IIDIW 0 o N/&
A\ / \ / ,/S/ O
W W )
b hE >
Formula (25A) Formula (26A) Formula (27A)
(0]
(//Z< NH
oMo A(j/&o HO. o H3CO O DaCO
o‘“ o
3 > % b
Formula (28A) Formula (29A) Formula (29AX) Formula (29AY)
Ho. O o Hsco. .0 o DscOo. O o
HO \_/ HO \_/ HO \/
(j; ’/F (5\‘ ’/F (5\‘ ’/F
N N N
Formula (29B) Formula (29BX) Formula (29BY)
D D D
0 ) 0
HO L_©O HsCO\P%ﬁ D3CO\P/// o
/ / /
HO HO HO
D D & - D o
O\\ F Q F o) F
o o M
Formula (30A) Formula (30AX) Formula (30AY)
Ho. 0 7 HsCO. DsCO.
\/P% 3 \/P/ O 3 N7 O
HO b \/ HO \/ HO /
= P P
Formula (30B) Formula (30BX) Formula (30BY)
H
HO 0 HaCO. 0 D3CO\P//O H o
HO HO HO
D & = S S
o) F o) F o) F
e e >
Formula (31A) Formula (31AX) Formula (31AY)
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H H H
H ~ /O H ~ /O D ~ /O
HO HO \__/ Ho T\

D o - D ¢ 2 R 2
o0, F o, F o, F
-~ o~ o~

Formula (31BX) Formula (31BY)

Formula (31B)

D D
HO. //O 0 O
/P _ O H3CO\/P . (o) D3CO\/P/ O
HO HO HO
H \C: B H & - H & >
Q, F o F Q, F
7 & &
Formula (32A) Formula Formula
D D D
HO. O HsCO. O D4CO. 0
HO HO HO
H & = H o = H & =
o) F o) F o) F
e e P
0 0 0
<//( NH (QH </J<NH
0 N N
HO\/P, o o _ N o 0 N oMY,
HO A9 g OAQ,
5 3 0 S 0 S
(5\ F o‘\ F o‘\ F
& 7 7
Formula (35A)

Formula (33A) Formula (34A)

183. The siNA according to any one of embodiments 1-182, wherein the antisense strand

comprises at least one thermally destabilizing nucleotide selected from:

Q/NHz _
| =N\_0 |
0]
~ortr \@AN& ﬁ{’jQ
g_o : “, O B . ;\o A '//F O
N F N ” N
0) o) F o)
}fJ , r\f” , >‘fr , and
@)
§~o0
Rod
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184. The siNA according to any one of embodiments 1-182, wherein the sense strand

comprises at least one thermally destabilizing nucleotide selected from:

@(NHZ =
N IN O e N |
~TY XN =T
%'_O N “ O B . ;‘o A '//F O
N F N “ N
O ) F o
}_re , J}JJ , :,H , and
O
é~o
o;\;rr F

185. The siNA according to any one of embodiments 1-182, wherein the first nucleotide

sequence comprises at least one thermally destabilizing nucleotide selected from:

NH, _

| o =N\_0 u |
P N T~y

%—O —., O A f—o ', O
o F . F

0

(@)
}Jﬁ , }J , o , and
O
é~o
o;\;rr F

186. The siNA according to any one of embodiments 1-182, wherein the second

nucleotide sequence comprises at least one thermally destabilizing nucleotide selected from:
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]
= (@)

O 0 N

~T < X?r”g ~T
), J =T I

a, " o F o

S‘—e J\‘JJ \*‘JJ ,and
(@)
9.

-0
5\0/\@/@

187.  The siNA according to any one of embodiments 16, 131, 132, and 170-186, wherein

@\(NHZ
I
N._N
bl
.0
-

the 5’°-stabilized end cap is attached to the 5° end of the antisense strand.

188. The siNA of embodiment 187, wherein the 5’-stabilized end cap is attached to the 5’
end of the antisense strand via one or more linkers independently selected from a

phosphodiester linker, phosphorothioate linker, or phosphorodithioate linker.

189. The siNA according to any one of embodiments 16, 131, 132, and 170-186, wherein

the 5’°-stabilized end cap is attached to the 5° end of the sense strand.

190. The siNA of embodiment 189, wherein the 5’-stabilized end cap is attached to the 5’
end of the sense strand via one or more linkers independently selected from a

phosphodiester linker, phosphorothioate linker, or phosphorodithioate linker.

191.  The siNA according to any preceding embodiment, wherein the target gene is a viral

gene.
192.  The siNA of embodiment 191, wherein the viral gene is from a DNA virus.

193. The siNA of embodiment 192, wherein the DNA virus is a double-stranded DNA
(dsDNA) virus.

194.  The siNA of embodiment 193, wherein the dsDNA virus is a hepadnavirus.

195. The siNA of embodiment 194, wherein the hepadnavirus is a hepatitis B virus

(HBV).
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196. The siNA of embodiment 195, wherein the HBV is selected from HBV genotypes
A-J.

197. The siNA of embodiment 195 or 196, wherein the target gene is selected from the S
gene or X gene of the HBV.

198.  The siNA according to any one of embodiments 1-197, wherein the second
nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
complementary to 15 to 30 nucleotides within positions 200-720 or 1100-1700 of SEQ ID
NO: 410.

199. The siNA according to any one of embodiments 1-197, wherein the second
nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
complementary to 15 to 30 nucleotides within positions 200-280, 300-445, 460-510, 650-
720, 1170-1220, 1250-1300, or 1550-1630 of SEQ ID NO: 410.

200. The siNA according to any one of embodiments 1-197, wherein the second
nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
complementary to 15 to 30 nucleotides within positions 200-230, 250-280, 300-330, 370-
400, 405-445, 460-500, 670-700, 1180-1210, 1260-1295, 1520-1550, or 1570-1610 of SEQ
ID NO: 410.

201. The siNA according to any one of embodiments 1-197, wherein the second
nucleotide sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%
complementary to 15 to 30 nucleotides starting at position 203, 206, 254, 305, 375, 409,
412,415,416, 419, 462, 466, 467, 674, 676, 1182, 1262, 1263, 1268, 1526, 1577, 1578,
1580, 1581, 1583, or 1584 of SEQ ID NO: 410.

202. The siNA according to any one of embodiments 1-201, wherein the first nucleotide
sequence is at least about 60%, 65%, 70%., 75%, 80%, 85%, 90%, 95%, or 100% identical
to 15 to 30 nucleotides within positions 200-720 or 1100-1700 of SEQ ID NO: 410.

203. The siNA according to any one of embodiments 1-201, wherein the first nucleotide
sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical
to 15 to 30 nucleotides within positions 200-280, 300-445, 460-510, 650-720, 1170-1220,

1250-1300, or 1550-1630 of SEQ ID NO: 410.
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204. The siNA according to any one of embodiments 1-201, wherein the first nucleotide
sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical
to 15 to 30 nucleotides within positions 200-230, 250-280, 300-330, 370-400, 405-445,

460-500, 670-700, 1180-1210, 1260-1295, 1520-1550, or 1570-1610 of SEQ ID NO: 410.

205. The siNA according to any one of embodiments 1-201, wherein the first nucleotide
sequence is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% identical
to 15 to 30 nucleotides starting at position 203, 206, 254, 305, 375, 409, 412, 415, 416, 419,
462, 466, 467, 674, 676, 1182, 1262, 1263, 1268, 1526, 1577, 1578, 1580, 1581, 1583, or
1584 of SEQ ID NO: 410.

206. The siNA according to any preceding embodiment, wherein the first nucleotide
sequence comprises a nucleotide sequence of any one SEQ ID NOs: 1-56, 103-158, and

205-260.

207. The siNA according to any preceding embodiment , wherein the second nucleotide
sequence comprises a nucleotide sequence of any one of SEQ ID NOs: 57-102, 159-204,
and 261-306.

208. The siNA according to any preceding embodiment, wherein the sense strand

comprises a nucleotide sequence of any one of SEQ ID NOs: 307-362 and 415-444.

209. The siNA according to any preceding embodiment, wherein the antisense strand
comprises a nucleotide sequence of any one of SEQ ID NOs: 363-409, 445-533, and 536-
539.

210. The siNA according to any preceding embodiment, wherein at least one end of the

siNA is a blunt end.

211. The siNA according to any preceding embodiment, wherein at least one end of the

siNA comprises an overhang, wherein the overhang comprises at least one nucleotide.

212. The siNA according to any one of embodiments 1-209, wherein both ends of the

siNA comprise an overhang, wherein the overhang comprises at least one nucleotide.

213.  The siNA according to any preceding embodiment, wherein the siNA is selected

from ds-siNA-001 to ds-siNA-0178.
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214.  The siNA according to any preceding embodiment, wherein at least one 2’-fluoro
nucleotide or 2’-O-methyl nucleotide is a 2’-fluoro or 2-O-methyl nucleotide mimic of

Formula (V):

RG R7
athal
Qg ,//RS
\ .
wh , Wherein

R'is independently a nucleobase, aryl, heteroaryl, or H, Q' and Q? are
independently S or O,

R’ is independently —OCD3 , —F, or -OCH3, and

R® and R are independently H, D, or CD3.

215. The siNA of embodiment 214, wherein the 2’-fluoro or 2’-O-methyl nucleotide

mimic is a nucleotide mimic of Formula (16) — Formula (20):

‘e ‘?7 ‘l, % ‘9
Formula (16) Formula (17) Formula (18) Formula (19) Formula (20)

3

, wherein R! is a nucleobase and R? is independently F or —-OCHj.

216. The siNA according to any preceding embodiment, wherein at least one 2’-fluoro

nucleotide is a 2’-fluoro nucleotide mimic.

217. The siNA according to embodiment 216, wherein at least one 2’-fluoro nucleotide

on the antisense strand or the second nucleotide sequence is a 2’-fluoro nucleotide mimic.

218. The siNA according to embodiment 216 or 217, wherein the nucleotide at position 2
from the 5’ end of the antisense strand or the second nucleotide sequence is a 2’-fluoro

nucleotide mimic.

219. The siNA according to any one of embodiments 216-218, wherein the nucleotide at
position 5 from the 5’ end of the antisense strand or the second nucleotide sequence is a 2’-

fluoro nucleotide mimic.
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220. The siNA according to any one of embodiments 216-219, wherein the nucleotide at
position 6 from the 5° end of the antisense strand or the second nucleotide sequence is a 2’-

fluoro nucleotide mimic.

221. The siNA according any one of embodiments 216-220, wherein the nucleotide at
position 8 from the 5’ end of the antisense strand or the second nucleotide sequence is a 2’-

fluoro nucleotide mimic.

222. The siNA according to any one of embodiments 216-221, wherein the nucleotide at
position 10 from the 5’ end of the antisense strand or the second nucleotide sequence is a

2’ -fluoro nucleotide mimic.

223.  The siNA according to any one of embodiments 216-222, wherein the nucleotide at
position 14 from the 5’ end of the antisense strand or the second nucleotide sequence is a

2’-fluoro nucleotide mimic.

224. The siNA according to any one of embodiments 216-223, wherein the nucleotide at
position 16 from the 5’ end of the antisense strand or the second nucleotide sequence is a

2’-fluoro nucleotide mimic.

225. The siNA according to any one of embodiments 216-224, wherein the nucleotide at
position 17 from the 5’ end of the antisense strand or the second nucleotide sequence is a

2’ -fluoro nucleotide mimic.

226. The siNA according to any one of embodiments 216-225, wherein at least one 2’-
fluoro nucleotide on the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

227. The siNA according to any one of embodiments 216-226, wherein the nucleotide at
position 3 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

228. The siNA according to any one of embodiments 216-227, wherein the nucleotide at
position 5 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.
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229. The siNA according to any one of embodiments 216-228, wherein the nucleotide at
position 7 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

230. The siNA according to any one of embodiments 216-229, wherein the nucleotide at
position 8 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

231. The siNA according to any one of embodiments 216-230, wherein the nucleotide at
position 9 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

232. The siNA according to any one of embodiments 216-231, wherein the nucleotide at
position 10 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

233. The siNA according to any one of embodiments 216-232, wherein the nucleotide at
position 11 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

234. The siNA according to any one of embodiments 216-233, wherein the nucleotide at
position 12 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

235. The siNA according to any one of embodiments 216-234, wherein the nucleotide at
position 14 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.

236. The siNA according to any one of embodiments 216-235, wherein the nucleotide at
position 17 from the 5’ end of the sense strand or the first nucleotide sequence is a 2’-fluoro

nucleotide mimic.
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237. The siNA according to any one of embodiments 216-236, wherein at least 1, 2, 3, 4,

5, 6, or more 2’-fluoro nucleotide mimics is a f4P nucleotide ( § ).

238. The siNA according to any one of embodiments 216-237, wherein less than or equal

t0 10,9, 8,7, 6, 5, 4, 3, or 2 2’-fluoro nucleotide mimics is a f4P nucleotide (

239. The siNA according to any one of embodiments 216-238, wherein 1, 2, 3,4, 5, 6, or

7N

more 2’-fluoro nucleotide mimics is a f2P nucleotide ( ).

240. The siNA according to any one of embodiments 216-239, wherein less than or equal

t0 10,9, 8, 7,6, 5, 4, 3, or 2 2’-fluoro nucleotide mimics is a f2P nucleotide (

7N

241. The siNA according to any one of embodiments 216-240, wherein 1, 2, 3,4, 5, 6, or

Q\(NHZ

N
N

TN

. .. . °)
more 2’-fluoro nucleotide mimics is a fX nucleotide ( % ).

—
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242. The siNA according to any one of embodiments 216-241, wherein less than or equal

to 10,9,8,7, 6, 5, 4, 3, or 2 2’-fluoro nucleotide mimics is a X nucleotide (

Q\(N Hop
=, 0 N N
o) X
g F
%

—

243.  The siNA according to any preceding embodiment, wherein the first nucleotide from

the 5° end of the sense strand or first nucleotide sequence is a d2vd3 nucleotide (

o
HO\P D
HO \ o Base
D
O ocDs
JVV\VVV‘

244. The siNA according to any preceding embodiment, wherein the first nucleotide from

the 3* end of the sense strand or first nucleotide sequence is a d2vd3 nucleotide (

9
HO‘P D

HO \ o Base
o~

O\‘" 0CD;

NN

245.  The siNA according to any preceding embodiment, wherein the first nucleotide from

the 5” end of the antisense strand or second nucleotide sequence is a d2vd3

O
HO.& D

W3 o Base
D

O  ocp,

WAV

nucleotide ( ).
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246. The siNA according to any preceding embodiment, wherein the first nucleotide from
the 3’ end of the antisense strand or second nucleotide sequence is a d2vd3

o)
HO-g”_D
Hd \I Base

D/\/LOY

O  oco,

nucleotide (
247. A composition comprising the siNA according to any one of embodiments 1-246.

248. A composition comprising 2, 3,4, 5, 6,7, 8,9, 10 or more siNAs according to any

one of embodiments 1-246.

249. The composition of embodiment 248, wherein at least 1, 2, 3, 4, 5, or more siNAs

target an S gene of HBV.

250. The composition of embodiment 248 or 249, wherein at least 1, 2, 3, 4, 5, or more

siNAs target an X gene of HBV.

251. The composition according to any one of embodiments 247-250, further comprising

an additional HBV treatment agent.

252. The composition of embodiment 251, wherein the additional HBV treatment agent is
selected from a nucleotide analog, nucleoside analog, a capsid assembly modulator (CAM),
a recombinant interferon, an entry inhibitor, a small molecule immunomodulator and

oligonucleotide therapy.

253. The composition of embodiment 252, wherein the oligonucleotide therapy is an

additional siNA.

254.  The composition of embodiment 253, wherein the additional siNA is selected from

any of ds-siNA-001 to ds-siNA-0178.

255. The composition of embodiment 252, wherein the oligonucleotide therapy is an

antisense oligonucleotide (ASO), NAPs, or STOPS™

256. The composition of embodiment 255, wherein the ASO is ASO 1 or ASO 2.
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257. The composition of embodiment 251 or 252, wherein the additional HBV treatment
agent is selected from HBV STOPS™ ALG-010133, HBV CAM ALG-000184, ASO 1,
recombinant interferon alpha 2b, IFN-a, PEG-IFN-a-2a, lamivudine, telbivudine, adefovir
dipivoxil, clevudine, entecavir, tenofovir alafenamide, tenofovir disoproxil, NVR3-778,
BAY41-4109, INJ-632, JNJ-3989 (ARO-HBV), RG6004, GSK3228836, REP-2139, REP-
2165, AB-729, VIR-2218, RG6346 (DCR-HBVS), JNJ-6379, GLS4, ABI-HO731, JNJ-440,
NZ-4,RG7907, EDP-514, AB-423, AB-506, ABI-H03733 and ABI-H2158.

258. A method of treating a disease in a subject in need thereof, comprising administering

to the subject the siNA according to any one of embodiments 1-246.

259. A method of treating a disease in a subject in need thereof, comprising administering

to the subject the composition according to any one of embodiments 247-257.
260. The method of embodiment 258 or 259, wherein the disease is a viral disease.

261. The method of embodiment 260, wherein the viral disease is caused by a DNA

virus.

262. The method of embodiment 261, wherein the DNA virus is a double stranded DNA
(dsDNA) virus.

263. The method of embodiment 262, wherein the dsDNA virus is a hepadnavirus.

264. The method of embodiment 263, wherein the hepadnavirus is a hepatitis B virus

(HBV).

265. The method of embodiment 264, wherein the HBV is selected from HBV genotypes
A-J.

266. The method of any of embodiments 258-265, further comprising administering an

additional HBV treatment agent.

267. The method of embodiment 266, wherein the siNA or the composition and the

additional HBV treatment agent are administered concurrently.
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268. The method of embodiment 266, wherein the siNA or the composition and the

additional HBV treatment agent are administered sequentially.

269. The method of embodiment 266, wherein the siNA or the composition is

administered prior to administering the additional HBV treatment agent.

270. The method of embodiment 266, wherein the siNA or the composition is

administered after administering the additional HBV treatment agent.

271.  The method of any one of embodiments 266-270, wherein the additional HBV
treatment agent is selected from a nucleotide analog, nucleoside analog, a capsid assembly
modulator (CAM), a recombinant interferon, an entry inhibitor, a small molecule

immunomodulator and oligonucleotide therapy.

272. The method of embodiment 271, wherein the oligonucleotide therapy is an

additional siNA.

273. The method of embodiment 272, wherein the additional siNA is selected from any
of ds-siNA-001 to ds-siNA-0178.

274. The method of embodiment 271, wherein the oligonucleotide therapy is an antisense

oligonucleotide (ASO), NAPs, or STOPs.
275. The method of embodiment 274, wherein the ASO is ASO 1 or ASO 2.

276. The method of embodiment 270 or 271, wherein the additional HBV treatment agent
is selected from HBV STOPS™ ALG-010133, HBV CAM ALG-000184, ASO 1,
recombinant interferon alpha 2b, IFN-a, PEG-IFN-a-2a, lamivudine, telbivudine, adefovir
dipivoxil, clevudine, entecavir, tenofovir alafenamide, tenofovir disoproxil, NVR3-778,
BAY41-4109, INJ-632, INJ-3989 (ARO-HBV), RG6004, GSK3228836, REP-2139, REP-
2165, AB-729, VIR-2218, RG6346 (DCR-HBVS), JNJ-6379, GLS4, ABI-HO731, JNJ-440,
NZ-4,RG7907, EDP-514, AB-423, AB-506, ABI-H03733 and ABI-H2158.

277. The method of embodiment 258 or 259, wherein the disease is a liver disease.

278. The method of embodiment 277, wherein the liver disease is a nonalcoholic fatty

liver disease (NAFLD) or hepatocellular carcinoma (HCC).
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279. The method of embodiment 278, wherein the NAFLD is nonalcoholic steatohepatitis
(NASH).

280. The method of any of embodiments 277-279 further comprising administering to the

subject a liver disease treatment agent.

281. The method of embodiment 280, wherein the liver disease treatment agent is
selected from a peroxisome proliferator-activator receptor (PPAR) agonist, farnesoid X

receptor (FXR) agonist, lipid-altering agent, and incretin-based therapy.

282. The method of embodiment 281, wherein the PPAR agonist is selected from a
PPARa agonist, dual PPARa/6 agonist, PPARY agonist, and dual PPARa/y agonist.

283. The method of embodiment 282, wherein the dual PPARa agonist is a fibrate.
284. The method of embodiment 282, wherein the PPARa/6 agonist is elafibranor.

285. The method of embodiment 282, wherein the PPARY agonist is a thiazolidinedione
(TZD).

286. The method of embodiment 282, wherein TZD is pioglitazone.
287. The method of embodiment 282, wherein the dual PPARa/y agonist is saroglitazar.

288. The method of embodiment 281, wherein the FXR agonist is obeticholic acis
(OCA).

289. The method of embodiment 281, wherein the lipid-altering agent is aramchol.

290. The method of embodiment 281, wherein the incretin-based therapy is a glucagon-

like peptide 1 (GLP-1) receptor agonist or dipeptidyl peptidase 4 (DPP-4) inhibitor.

291. The method of embodiment 290, wherein the GLP-1 receptor agonist is exenatide or

liraglutide.

292. The method of embodiment 290, wherein the DPP-4 inhibitor is sitagliptin or

vildapliptin.
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293. The method of any one of embodiments 280-292, wherein the siNA or composition

and the liver disease treatment agent are administered concurrently.

294. The method of any one of embodiments 280-292, wherein the siNA or composition

and the liver disease treatment agent are administered sequentially.

295. The method of any one of embodiments 280-292, wherein the siNA or composition

is administered prior to administering the liver disease treatment agent.

296. The method of any one of embodiments 280-292, wherein the siNA or composition

is administered after administering the liver disease treatment agent.

297. The method of any of one embodiments 258-296, wherein the siNA or the
composition is administered at a dose of at least 1 mg/kg, 2 mg/kg, 3 mg/kg, 4 mg/kg, 5
mg/kg, 6 mg/kg, 7 mg/kg, 8 mg/kg, 9 mg/kg, 10 mg/kg, 11 mg/kg, 12 mg/kg, 13 mg/kg 14
mg/kg, or 15 mg/kg.

298. The method of any of one embodiments 258-296, wherein the siNA or the
composition is administered at a dose of between 0.5 mg/kg to 50 mg/kg, 0.5 mg/kg to 40
mg/kg 0.5 mg/kg to 30 mg/kg, 1 mg/kg to 50 mg/kg, 1 mg/kg to 40 mg/kg, 1 mg/kg to 30
mg/kg, 1 mg/kg to 20 mg/kg, 3 mg/kg to 50 mg/kg, 3 mg/kg to 40 mg/kg, 3 mg/kg to 30
mg/kg, 3 mg/kg to 20 mg/kg, 3 mg/kg to 15 mg/kg, 3 mg/kg to 10 mg/kg, 4 mg/kg to 50
mg/kg, 4 mg/kg to 40 mg/kg, 4 mg/kg to 30 mg/kg, 4 mg/kg to 20 mg/kg, 4 mg/kg to 15
mg/kg, 4 mg/kg to 10 mg/kg, 5 mg/kg to 50 mg/kg, 5 mg/kg to 40 mg/kg, 5 mg/kg to 30
mg/kg, 5 mg/kg to 20 mg/kg, 5 mg/kg to 15 mg/kg, or 5 mg/kg to 10 mg/kg.

299. The method of any of one embodiments 258-298, wherein the siNA or the

composition is administered at least 1, 2, 3,4, 5, 6,7, 8,9, or 10 times.

300. The method of any of one embodiments 258-298, wherein the siNA or the
composition is administered at least 1, 2, 3,4, 5, 6,7, 8, 9, or 10 times a day, at least 1, 2, 3,

4,5,6,7,8,9, or 10 times a week, or at least 1, 2, 3,4, 5,6, 7, 8,9, or 10 times a month.

301. The method of any of one embodiments 258-300, wherein the siNA or the
composition are administered at least once every 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, or 21 days.
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302. The method of any of one embodiments 258-301, wherein the siNA or the
composition is administered for a period of at least 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, or 21 days, or at least 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 51, 52, 53, 54, or 55

weeks.

303. The method of any of one embodiments 258-302, wherein the siNA or the

composition is administered at a single dose of 5 mg/kg.

304. The method of any of one embodiments 258-302, wherein the siNA or the

composition is administered at a single dose of 10 mg/kg.

305. The method of any of one embodiments 258-302, wherein the siNA or the

composition is administered at three doses of 10 mg/kg once a week.

306. The method of any of one embodiments 258-302, wherein the siNA or the

composition is administered at three doses of 10 mg/kg once every three days.

307. The method of any of one embodiments 258-302, wherein the siNA or the

composition is administered at five doses of 10 mg/kg once every three days.

308. The method of any of one embodiments 258-302, wherein the siNA or the
composition is administered at six doses of ranging from 1 mg/kg to 15 mg/kg, 1 mg/kg to 10
mg/kg, 2 mg/kg to 15 mg/kg, 2 mg/kg to 10 mg/kg, 3 mg/kg to 15 mg/kg, or 3 mg/kg to 10
mg/kg.

309. The method of embodiment 308, wherein the first dose and second dose are

administered at least 3 days apart.

310. The method of embodiment 308 or 309, wherein the second dose and third dose are

administered at least 4 days apart.

311. The method of any one of embodiments 308-310, wherein the third dose and fourth
dose, fourth dose and fifth dose, or fifth dose and sixth dose are administered at least 7 days

apart.
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312. The method of any one of embodiments 258-311, wherein the siNA or the

composition are administered in a particle or viral vector.

313. The method of embodiment 312, wherein the viral vector is a vector of adenovirus,
adeno-associated virus (AAV), alphavirus, flavivirus, herpes simplex virus, lentivirus,

measles virus, picornavirus, poxvirus, retrovirus, or rhabdovirus.

314. The method of embodiment 312, wherein the viral vector is a recombinant viral

vector.

315. The method according to any one of embodiments 312-314, wherein the viral vector
is selected from AAVrh.74, AAVrh.10, AAVrh.20, AAV-1, AAV-2, AAV-3, AAV-4, AAV-
5, AAV-6, AAV-7, AAV-§, AAV-9, AAV-10, AAV-11, AAV-12 and AAV-13.

316. The method according to any one of embodiments 258-315, wherein the siNA or the

composition is administered systemically.

317. The method according to any one of embodiments 258-315, wherein the siNA or the

composition is administered locally.

318. The method according to any one of embodiments 258-317, wherein the siNA or the

composition is administered intravenously, subcutaneously, or intramuscularly.

319. Use of the siNA according to any one of embodiments 1-246 or the composition
according to any one of embodiments 247-257 in the manufacture of a medicament for

treating a disease.
320. The use of embodiment 319, wherein the disease is a viral disease.
321. The use of embodiment 320, wherein the viral disease is caused by a DNA virus.

322. The use of embodiment 321, wherein the DNA virus is a double stranded DNA
(dsDNA virus).

323. The use of embodiment 321, wherein the dsDNA virus is a hepadnavirus.

324. The use of embodiment 323, wherein the hepadnavirus is a hepatitis B virus (HBV).
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325. The use of embodiment 324, wherein the HBV is selected from HBV genotypes A-J.

326. The use of any of one of embodiments 319-325, further comprising an additional

HBYV treatment agent in the manufacture of the medicament.

327. The use of embodiment 326, wherein the additional HBV treatment agent is selected
from a nucleotide analog, nucleoside analog, a capsid assembly modulator (CAM), a
recombinant interferon, an entry inhibitor, a small molecule immunomodulator and

oligonucleotide therapy.

328. The use of embodiment 327, wherein the oligonucleotide therapy is an additional

siNA.

329. The use of embodiment 328, wherein the additional siNA is selected from any of ds-

siNA-001 to ds-siNA-0178.

330. The use of embodiment 327, wherein the oligonucleotide therapy is an antisense

oligonucleotide (ASO), NAPs, or STOPs.
331. The use of embodiment 330, wherein the ASO is ASO 1 or ASO2.

332. The use of embodiment 326 or 327, wherein the additional HBV treatment agent is
selected from HBV STOPS™ ALG-010133, HBV CAM ALG-000184, ASO 1,
recombinant interferon alpha 2b, IFN-a, PEG-IFN-a-2a, lamivudine, telbivudine, adefovir
dipivoxil, clevudine, entecavir, tenofovir alafenamide, tenofovir disoproxil, NVR3-778,
BAY41-4109, INJ-632, JNJ-3989 (ARO-HBV), RG6004, GSK3228836, REP-2139, REP-
2165, AB-729, VIR-2218, RG6346 (DCR-HBVS), JNJ-6379, GLS4, ABI-HO731, JNJ-440,
NZ-4,RG7907, EDP-514, AB-423, AB-506, ABI-H03733 and ABI-H2158.

333. The use of embodiment 319, wherein the disease is a liver disease.

334. The use of embodiment 333, wherein the liver disease is a nonalcoholic fatty liver

disease (NAFLD) or hepatocellular carcinoma (HCC).

335. The use of embodiment 334, wherein the NAFLD is nonalcoholic steatohepatitis
(NASH).
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336. The use of any of embodiments 333-335, further comprising a liver disease

treatment agent in the manufacture of the medicament.

337. The use of embodiment 336, wherein the liver disease treatment agent is selected
from a peroxisome proliferator-activator receptor (PPAR) agonist, farnesoid X receptor

(FXR) agonist, lipid-altering agent, and incretin-based therapy.

338. The use of embodiment 337, wherein the PPAR agonist is selected from a PPARa
agonist, dual PPARo/d agonist, PPARYy agonist, and dual PPARo/y agonist.

339. The use of embodiment 338, wherein the dual PPARa agonist is a fibrate.
340. The use of embodiment 338, wherein the PPARo/d agonist is elafibranor.

341. The use of embodiment 338, wherein the PPARY agonist is a thiazolidinedione
(TZD).

342. The use of embodiment 341, wherein TZD is pioglitazone.

343. The use of embodiment 338, wherein the dual PPARa/y agonist is saroglitazar.
344. The use of embodiment 337, wherein the FXR agonist is obeticholic acis (OCA).
345. The use of embodiment 337, wherein the lipid-altering agent is aramchol.

346. The use of embodiment 337, wherein the incretin-based therapy is a glucagon-like

peptide 1 (GLP-1) receptor agonist or dipeptidyl peptidase 4 (DPP-4) inhibitor.

347. The use of embodiment 346, wherein the GLP-1 receptor agonist is exenatide or

liraglutide.

348. The use of embodiment 346, wherein the DPP-4 inhibitor is sitagliptin or
vildapliptin.

349. The siNA according to any one of embodiments 1-246 for use as a medicament.

350. The composition according to any one of embodiments 247-257 for use as a

medicament.
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351. The siNA according to any one of embodiments 1-246 for use in the treatment of a

disease.
352. The siNA of embodiment 351, wherein the disease is a viral disease.
353. The siNA of embodiment 352, wherein the viral disease is caused by a DNA virus.

354. The siNA of embodiment 353, wherein the DNA virus is a double stranded DNA
(dsDNA virus).

355. The siNA of embodiment 354, wherein the dsDNA virus is a hepadnavirus.

356. The siNA of embodiment 355, wherein the hepadnavirus is a hepatitis B virus
(HBV).

357. The siNA of embodiment 356, wherein the HBV is selected from HBV genotypes
A-J.

358. The siNA of embodiment 351, wherein the disease is a liver disease.

359. The siNA of embodiment 358, wherein the liver disease is a nonalcoholic fatty liver

disease (NAFLD) or hepatocellular carcinoma (HCC).

360. The siNA of embodiment 359, wherein the NAFLD is nonalcoholic steatohepatitis
(NASH).

361. The composition according to any one of embodiments 247-257, for use in the

treatment of a disease.
362. The composition of embodiment 361, wherein the disease is a viral disease.

363. The composition of embodiment 362, wherein the viral disease is caused by a DNA

virus.

364. The composition of embodiment 363, wherein the DNA virus is a double stranded

DNA (dsDNA virus).

365. The composition of embodiment 364, wherein the dsDNA virus is a hepadnavirus.
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366. The composition of embodiment 365, wherein the hepadnavirus is a hepatitis B

virus (HBV).
367. The composition of embodiment 366, wherein the disease is a liver disease.

368. The composition of embodiment 367, wherein the liver disease is a nonalcoholic

fatty liver disease (NAFLD) or hepatocellular carcinoma (HCC).

369. The composition of embodiment 368, wherein the NAFLD is nonalcoholic
steatohepatitis (NASH).

Tables

Table 1. Non-modified Nucleotide Sequences

SEQ | First Nucleotide Sequence (5’-3’) SEQ Second Nucleotide Sequence(5°-3’

ID ID
NO. NO.

1 ACCGUGUGCACUUCGCUUC 57 | GAAGCGAAGUGCACACGGUCC
2 ACCGUGUGCACUUCGCUUC 58 | GAAGCGAAGUGCACACGGU

3 ACUUCGCUUCACCUCUGCA 59 | UGCAGAGGUGAAGCGAAGUGC
4 AGUGUUUGCUGACGCAACC 60 | GGUUGCGUCAGCAAACACUUG
5 CAGGCGGGGUUUUUCUUGU 61 | ACAAGAAAAACCCCGCCUGUA
6 CAGGCGGGGUUUUUCUUGU 62 | ACAAGAAAAAACCCCGCCUG
7 CAGUUUACUAGUGCCAUUU 63 | AAAUGGCACUAGUAAACUGAG
8 CAGUUUACUAGUGCCAUUU 64 | AAAUGGCACUAGUAAACUG

9 CAUCCUGCUGCUAUGCCUC 65 | GAGGCAUAGCAGCAGGAUGAA
10 | CAUCCUGCUGCUAUGCCUCAU 66 | AUGAGGCAUAGCAGCAGGAUGAA
11 CAUCCUGCUGCUAUGCCUC 67 | GAGGCAUAGCAGCAGGAUG
12 | CCGUGUGCACUUCGCUUCA 68 | UGAAGCGAAGUGCACACGGUC
13 CCGUGUGCACUUCGCUUCA 69 | UGAAGCGAAGUGCACACGG
14 | CCUGCUGCUAUGCCUCAUCUU 70 | AAGAUGAGGCAUAGCAGCAGGAU
15 CUCAGUUUACUAGUGCCAU 71 | AUGGCACUAGUAAACUGAGCC
16 | CUCAGUUUACUAGUGCCAU 71 | AUGGCACUAGUAAACUGAGCC
17 | CUCAGUUUACUAGUGCCAU 71 | AUGGCACUAGUAAACUGAGCC
18 CUCAGUUUACUAGUGCCAU 72 | AUGGCACUAGUAAACUGAG
19 | CUCAGUUUACUAGUGCCAU 72 | AUGGCACUAGUAAACUGAG
20 | CUGCUAUGCCUCAUCUUCU 73 | AGAAGAUGAGGCAUAGCAGCA
21 CUGCUAUGCCUCAUCUUCU 73 | AGAAGAUGAGGCAUAGCAGCA
22 | CUGCUAUGCCUCAUCUUCU 74 | AGAAGAUGAGGCAUAGCAG
23 CUGCUAUGCCUCAUCUUCU 74 | AGAAGAUGAGGCAUAGCAG
24 | CUGCUGCUAUGCCUCAUCU 75 | AGAUGAGGCAUAGCAGCAGGA
25 CUGCUGCUAUGCCUCAUCU 76 | AGAUGAGGCAUAGCAGCAG

CUGCUGCUAUGCCUCAUCU 76 | AGAUGAGGCAUAGCAGCAG

[\
(@)}
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Table 1. Non-modified Nucleotide Sequences

SEQ | First Nucleotide Sequence (5’-3’) SEQ Second Nucleotide Sequence(5’-3’
ID ID
NO. NO.
27 CUUCGCUUCACCUCUGCACGU 77 | ACGUGCAGAGGUGAAGCGAAGUG
28 GCACUUCGCUUCACCUCUGCA 78 | UGCAGAGGUGAAGCGAAGUGCAC
29 GCCGAUCCAUACUGCGGAA 79 | UUCCGCAGUAUGGAUCGGCAG
30 GCCGGGUUUUUCUUGUUGA 80 | UUCCGCAGUAUGGAUCGGC
31 GCGGGGUUUUUCUUGUUGA 81 | UCAACAAGAAAAACCCCGCCU
32 GCGGGGUUUUUCUUGUUGA 81 | UCAACAAGAAAAACCCCGCCU
33 GCGGGGUUUUUCUUGUUGA 82 | UCAACAAGAAAAACCCCGC
34 GCGGGGUUUUUCUUGUUGA 82 | UCAACAAGAAAAACCCCGC
35 GCUGCUAUGCCUCAUCUUCUU 83 | AAGAAGAUGAGGCAUAGCAGCAG
36 GGAUGUGUCUGCGGCGUUUUA 84 | UAAAACGCCGCAGACACAUCCAG
37 GGCCAAAAUUCGCAGUCCC 85 | GGGACUGCGAAUUUUGGCCAA
38 GGCGCACCUCUCUUUACGC 86 | GCGUAAAGAGAGGUGCGCCCC
39 GUAUGUUGCCcGUUuUGUCC 87 | GGACAAACGGGCAACAUACCU
40 GUGGUGGACUUCUCUCAAU 88 | AUUGAGAGAAGUCCACCACGA
41 GUGUGCACUUCGCUUCACC 89 | GGUGAAGCGAAGUGCACACGG
42 GUUGCCCGUUUGUCCUCUA 90 | UAGAGGACAAACGGGCAACAU
43 GUUGCCCGUUUGUCCUCUA 91 | UAGAGGACAAACGGGCAAC
44 UCCAUACUGCGGAAcCUCCU 92 | AGGAGUUCCGCAGUAUGGAUC
45 UCCAUACUGCGGAAcCUCCU 93 | AGGAGUUCCGCAGUAUGGA
46 UCGUGGUGGACUUCUCUCAAU 94 | AUUGAGAGAAGUCCACCACGAGU
47 UGCACUUCGCUUCACCUCU 95 | AGAGGUGAAGCGAAGUGCACA
48 UGCCGAUCCAUACUGCGGA 96 | UCCGCAGUAUGGAUCGGCAGA
49 UGCCGAUCCAUACUGCGGA 97 | UCCGCAGUAUGGAUCGGCA
50 UGCUAUGCCUCAUCUUCUU 98 | AAGAAGAUGAGGCAUAGCAGC
51 UGUGCACUUCGCUUCACCU 99 | AGGUGAAGCGAAGUGCACACG
52 UGUGCACUUCGCUUCACCU 99 | AGGUGAAGCGAAGUGCACACG
53 UGUGCACUUCGCUUCACCU 100 | AGGUGAAGCGAAGUGCACA
54 UGUGCACUUCGCUUCACCU 100 | AGGUGAAGCGAAGUGCACA
55 UUGCCCGUUUGUCCUCUAA 101 | UUAGAGGACAAACGGGCAACA
56 UUGCCCGUUUGUCCUCUAA 102 | UUAGAGGACAAACGGGCAA
Table 2. 2°-OMe and 2’-F Modified Nucleotide Sequences
SEQ First Nucleotide Sequence (5’- | SEQ ID | Second Nucleotide Sequence(5’-
ID NO. 3%) NO. 3%)
103 MAMCfCmGmUmMGTUfGfFCmA 159 mGfAMAMGMCmGmMAmMAMGm
mCfUnmUmCmGmCfUmUmC UmGmCmAfCmAMCmGmGmUm
CmC
104 MAMCfCmGmUmMGTUfGfFCmA 160 mGfAMAMGMCmGmMAmMAMGm
mCfUnUmCmGmCfUmUmC UmGmCmAfCmAMCmGmGmU
105 MAMCfUMUmCmGTCfUfUmC 161 mUfGmMCmAMGmMAMGmGmUm
MAfCmCmUmCmUfGmCmA GmAMAMGICmGmMAMAMGmMU
mGmC
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Table 2. 2°-OMe and 2’-F Modified Nucleotide Sequences

SEQ First Nucleotide Sequence (5°- | SEQ ID | Second Nucleotide Sequence(5’-
ID NO. 3% NO. 3%
106 mAMGfUMGMUmMUfUfGfCmU 162 mGfGmMUmUmGmCmGmUmCmA
mGfFAMCmGmMCmAfAMCmC mGmMCmAfAMAMCMAMCmUmU
mG
107 mCmAfGmGmMCmG{GfGfGmU 163 MAfCmMAMAMGMAMAMAMAmM
mUfUnUmUmCmUfUnmGmU AmCmCmCfCmGmCmCmUmGm
UmA
108 mCmAfGmGmMCmGI{GfGfGmU 164 MAfCmMAMAMGMAMAMAMAM
mUfUnUmUmCmUfUnmGmU AmAMCmCmCfCmGmCmCmUm
G
109 mCmMAfGmUmUmUfAfCfUmA 165 MAfAMAMUmMGMGMCmAmMCmU
mGfUnGMCmCmAfUmUmU mAMGMUfAMAMAMCmUmMGm
AmG
110 mCmMAfGmUmUmUfAfCfUmA 166 MAfAMAMUmMGmMGMCmAmMCmU
mGfUnGMCmCmAfUmUmU MAMGMUfAMAMAMCmUmMG
111 mCmAfUmCmCmUfGfCfUmG 167 mGfAMGMGMCmMAMUmMAMGmMC
mCfUMAMUmGmCfCmUmC MAMGMCfAMGMGmMAMUMGm
AmA
112 mCmAMUmCmCmU{fGmCIUfG 168 MAfUnGmMAMGfGmMCmAmMmUmMA
fCMUmMAMUmGmMCmCmUmCm mGmMCmAfGMCfAMGmMmGmAmMU
AmU mGmAmA
113 mCmAfUmCmCmUfGfCfUmG 169 mGfAMGMGMCmMAMUmMAMGmMC
mCfUMAMUmGmCfCmUmC MAMGMCfAMGMGmMAMUMG
114 mCmCfGmUmGmMUfGfCfAmC 170 mUfGmMAMAMGMCmGmAmMAmM
mUfUnmCmGmCmUfUmCmA GmUmGmMCfAMCmAMCmGmMGm
UmC
115 mCmCfGmUmGmMUfGfCfAmC 171 mUfGmMAMAMGMCmGmAmMAmM
mUfUnmCmGmCmUfUmCmA GmUmGmMCfAMCmAMCmGmMG
116 mCmCmUmGmCmU{fGmCfUfA 172 MAfAMGMAMUfGMAMGmMGmMC
fUMGMCmCmUmCmAmMUmCm MAMUMAfGMCfAMGmMCmAmMG
UmU mGmAmU
117 mCmUfCmAmMGmUfUfUfAmMC 173 MAfUnGmGmMCmAMCmUmAmMG
mUfAMGmUmGmMC{CmAmU mUmMAMAfAMCmUmMGmMAmMGmMC
mC
118 mCmUmCmAmMGmUfUmUmAmM 173 MAfUnGmGmCmAmMCmUmAmMG
CmUmAMGMUmGmMCmCmAmM mUMAMAfAMCmUmMGmMAmMGmC
U mC
119 mCmUfCmAMGmUfUfUmAmMC 173 MAfUnGmGmMCmAmMCmUmAmMG
mUmAMGmUmGmMC{CmAmMU mUMAMAfAMCmUmMGmMAmMGmC
mC
120 mCmUfCmAMGmUfUfUfAmMC 174 MAfUnGmGmCmAmMCmUmAmMG
mUfAMGmMUmGmMCfCmAmMU mUMAMAfAMCmUmGmMAmMG
121 mCmUfCmAMGmUfUfUmAmMC 174 MAfUnGmGmCmAmMCmUmAmMG
mUmAMGmUmGmMC{CmAmMU mUMAMAfAMCmUmGmMAmMG

330




Table 2. 2°-OMe and 2’-F Modified Nucleotide Sequences

SEQ First Nucleotide Sequence (5°- | SEQ ID | Second Nucleotide Sequence(5’-
ID NO. 3% NO. 3%
122 mCmUfGmCmUmAfUfGfFCmC 175 MAfGMAMAMGMAMUmMGmMAmM
mUfCmAmMUmCmUfUmCmU GmGmMCmAfUmMAMGmMmCmAmMGm
CmA
123 mCmUfGmCmUmAfUfGmCmC 175 MAfGMAMAMGMAMUmMGmMAmM
mUmCmAMUmCmUfUmCmU GmGmMCmAfUmMAMGmMmCmAmMGm
CmA
124 mCmUfGmCmUmAfUfGfFCmC 176 MAfGMAMAMGMAMUmMGmMAmM
mUfCmAmMUmCmUfUmCmU GmGmMCmAfUmAMGmMmCmAmMG
125 mCmUfGmCmUmAfUfGmCmC 176 MAfGMAMAMGMAMUmMGmMAmM
mUmCmAMUmCmUfUmCmU GmGmMCmAfUmAMGmMmCmAmMG
126 mCmUfGmCmUmGfCfUfAmU 177 MAfGMAMUmGmMAmMGmMGmMCm
mGfCmCmUmCmAfUmCmU AmUmMAmMGfCmAMGmMmCmAmMGm
GmA
127 mCmUfGmCmUmG{fCfUfAmU 178 MAfGMAMUmMGmMAMGmMGmMCm
mGfCmCmUmCmAfUmCmU AmUmAmMGfCmAMGmMCmAmMG
128 mCmUfGmCmUmG{fCfUmAmMmU 178 MAfGMAMUmGmMAMGmMGmMCm
mGmCmCmUmCmAfUmCmU AmUmAmMGfCmAMGmMCmAmMG
129 mCmUmUmCmGmCfUmUfCfA 179 MAfCmGmUmMGfCmAMGmMAmMG
fCMCmUmCmUmGmCmAmMCm mGmUmMGfAMAfGmMCmGmAmMA
GmU mGmUmG
130 mGmMCmAMCmUmUfCmGfCfU 180 mUfGmCmAMGfAmMGmGmUmMG
fUMCmAMCmCmUmCmUmGm MAMAMGICMGFAMAMGmMUmMG
CmA mCmAmC
131 mGmCfCmGmMAmMUfCfCfAmU 181 mUfUmCmCmGmCmAmMmGmUmMA
MAfCmUmGmMCmGfGmAmMA mUmGmGfAmMUmCmGmGmCmA
mG
132 mGmCfCmGmGmGfUfUfUmU 182 mUfUmCmCmGmCmAmMmGmUmMA
mUfCmUmUmGmUfUmGmA mUmGmMmGfAmMUmCmGmGmC
133 mGmCfGmGmGmGIUfUfUmU 183 mUfCmMAMAMCmMAMAMGmMAMA
mUfCmUmUmGmUfUmGmA MAMAMAfCmCmCmCmGmCmC
mU
134 mGmMCfGmGmMGmMGIUfUmUmU 183 mUfCmAMAMCmMAMAMGmMAMA
mUmCmUmUmGmUfUmGmA MAMAMAfCmCmCmCmGmCmC
mU
135 mGmMCfGmGmMGmGIUfUfUmU 184 mUfCmAMAMCmMAMAMGmMAMA
mUfCmUmUmGmUfUmGmA MAMAMAfCmCmCmCmGmC
136 mGmMCfGmGmMGmMGfUfUmUmU 184 mUfCmAMAMCmMAMAMGMAMA
mUmCmUmUmGmUfUmGmA MAMAMAfCmCmCmCmGmC
137 mGmMCmUmGmCmUfAmUfGFC 185 MAfAMGMAMAfGMAMUmMGmMA
fCMUmMCmAMUmCmUmUmCm mGmMGMCfAMUfAMGmCmAmMG
UmU mCmAmG
138 mGmMGMAMUmGmUfGmUfC{U 186 mUfAMAMAMAfCmGmCmCmG
fGMCmGmMGMCmGmMmUmUmUm mCmAMGfAMCfAMCmAmMUmMC
UmA mCmAmG
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Table 2. 2°-OMe and 2’-F Modified Nucleotide Sequences

SEQ First Nucleotide Sequence (5°- | SEQ ID | Second Nucleotide Sequence(5’-
ID NO. 3% NO. 3%
139 mGmGfCmCmAmMAfAfAfUmU 187 mGfGmGMAMCmUmGmMCmGmA
mCfGmCmAmMGmMUfCmCmC MAMUmMUfUnUmGmGmCmCmA
mA
140 mGmGfCmGmMCmAfCfCfUmCm 188 mGfCmGmMUmAmMAMAMGmMAmM
UfCmUmUmUmAfCmGmC GmAMGMGIUmGmMCmGmMCmCm
CmC
141 mGmUFfAMUmGmUfUfGfCmC 189 mGfGmMAMCMAMAMAMCmGmMG
mCfGmUmUmUmGfUmCmC mGMCmMAfAMCMAMUmMAMCmC
mU
142 mGmUfGmGmUmMGEGfAfCmU 190 MAfUnUmGmAmMGmMAmMGmMAmMmM
mUfCmUmCmUmCfAmAmMU AmGmUmCfCmAMCmCmAmMCm
GmA
143 mGmUfGmUmGmMCFAfCfUmU 191 mGfGmMUmGmMAmMAMGmMmCmGm
mCfGmCmUmUmCfAmMCmC AmAMGMUfGMCmAmMCmAmMCm
GmG
144 mGmMUfUmGmCmC{fCfGfUmU 192 mUfAMGMAMGMGmMAmMCmAmM
mUfGmUmCmCmUfCmUmA AmMAMCmGIGMGMCmAMAMCm
AmU
145 mGmMUfUmGmCmC{fCfGfUmU 193 mUfAMGMAMGMGmMAmMCmAmM
mUfGmUmCmCmUfCmUmA AmAMCmGfGmMGmMCmAmMAmMC
146 mUmCfCmAmMUmMAfCfUfGmC 194 MAfGMGMAMGMUmUmCmCmG
mGfGMAMAMCmUfCmCmU mCmAMGfUMAMUmGmMmGmMAmM
UmC
147 mUmCfCmAmMUmMAfCfUfGmC 195 MAfGMGMAMGMUmUmCmCmG
mGfGMAMAMCmUfCmCmU mCmAMGfUnMAMUmGmGmA
148 mUmCmGmUmGmGIfUmGIGfA 196 MAfUnUmGmMmAfGmAMGmMAmMA
fCMUmUmCmUmCmUmCmAm mGmUmCfCmAfCmCmAmMCmG
AmU mAmGmU
149 mUmGfCmAmMmCmUfUfCfGmC 197 MAfGMAMGMGMUmMGmMAmMAmM
mUfUnCmAmMCmCfUmCmU GmCmGMAfAMGMUmMGmMCmAmM
CmA
150 mUmGfCmCmGmAfUfCfCmA 198 mUfCmCmGmCmAmMGmMmUmAmMmU
mUfAMCmUmGmCfGmGmA mGmGMAfUmCmGmGmCmAmMG
mA
151 mUmGfCmCmGmAfUfCfCmA 199 mUfCmCmGmCmAmMGmUmAmMU
mUfAMCmUmGmC{GmGmA mGmGmMAfUnCmGmGmCmA
152 mUmGfCmUmAmUfGfCfCmU 200 MAfAMGMAMAMGMAMUmGm
mCfAMUmMCmUmU{fCmUmU AmGmGMCfAMUmAMGmMCmAmM
GmC
153 mUmGfUnGmCmAfCfUfUmC 201 MAfGmMGMUmGmMAmMAmMGmMCm
mGfCmUmUmCmAfCmCmU GmAMAMGIUmGMCmAmMCmAmM
CmG
154 mUmGfUnGmCmAfCfUmUmC 201 MAfGmMGMUmGmMAmMAmMGmMCm
mGmCmUmUmCmAfCmCmU GmMAMAMGIUmGMCmAmMCmAmM
CmG
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Table 2. 2°-OMe and 2’-F Modified Nucleotide Sequences

SEQ First Nucleotide Sequence (5°- | SEQ ID | Second Nucleotide Sequence(5’-
ID NO. 3% NO. 3%
155 mUmGfUmGmCmAfCfUfUmC 202 mMAfGmMGMUmGmMAmMAmMGmMCm
mGfCmUmUmCmAfCmCmU GmAMAMGI UnGmCmAmMCmA
156 mUmGfUnGmCmAfCfUmUmC 202 mMAfGmMGMUmGmMAmMAmMGmMCm
mGMCmUmUmCmAfCmCmU GmAMAMGI UnGmCmAmMCmA
157 mUmUfGmCmCmCfGfUmUmU 203 mUfUmAMGmMAmMGmMGmMmAmMCm
mGMUmCmCmUmCfUmAmMA AmMAMAMCIGmMGMGmMCmAmMAmM
CmA
158 mUmUfGmCmCmC{fGfUfUmU 204 mUfUmAMGmMAmMGmMGmAmMCm
mGfUmCmCmUmC{fUmAmMA AmMAMAMCIGmGmMGmMCmAmMA

mX = 2’-0O-methyl nucleotide; fX = 2’-fluoro nucleotide

Table 3. 2’-0-methyl and 2’-fluoro Modified Nucleotide Sequences with Phosphorothioate

Linkages
SEQ . . , SEQ
ID First Nucleotlg,e Sequence (5- ID Second Nucleotide Sequence (5°-3’
NO. ) NO.
205 | mApsmCpsfCmGmUmG{UfGfC 261 | mGpsfApsmAmMGMCmGmAMAmMGm
MAMCIfTUmUmCmGmCfUmUmC UmGmCmAfCmAMCmGmGmUpsmC
psmC
206 | mApsmCpsfCmGmUmGUfGfC 262 | mGpsfApsmAmMGMCmGmAmMAmMGm
MAMCfUmUmCmGmCfUmUmC UmGmCmAfCmAMCmGmGmU
207 | mApsmCpsfUmUmCmG{C{fUfU 263 | mUpsfGpsmCmAmMGmMAmMGmMGmUm
MCmAfCmCmUmCmUfGmCmA GmMAMAMGICmMGmMAMAMGmUpsm
GpsmC
208 | mApsmGpsfUmGmUmUfU{GC 264 | mGpsfGpsmUmUmGmCmGmUmCm
mUmMGfAMCmGmMCmAfAmCmC AmGmCmAfAMAMCmAmMCmUpsmU
psmG
209 | mCpsmApsfGmGmMCmGIGIGfG 265 | mApsfCpsmAMAMGMAmMAMAMAmM
mUmUfUnmUmUmCmUfUmGm AmCmCmCfCmGmMCmCmUmGpsmU
U psmA
210 | mCpsmApsfGmGmMCmGIGIGfG 266 | mApsfCpsmAMAMGMAMAMAMAmM
mUmUfUmUmUmCmU{fUmGm AmAMCmCmCfICmMGmCmCmUmMG
U
211 | mCpsmApsfGmUmUmUFAfCfU 267 | mApsfApsmAMUmGmGmMCmAmMmCm
mAMGITUMGMCmCmAfUmUm UmAmGmUfAMAMAMCmUmGpsm
U ApsmG
212 | mCpsmApsfGmUmUmUFAfCIU 268 | mApsfApsmAMUmGmGmMCmAmMCm
MmAMGIUMGmMCmCmAfUmUm UmAMGmUfAmMAMAMCmUmG
U
213 | mCpsmApsfUmCmCmUFGICfU 269 | mGpsfApsmGMGmMCmAmMUmMAmMGm
mGMCfUmAMUmGmMCfCmUmC CmAMGmMCfAMGMGmAmMUmGpsm
ApsmA
214 | mCpsmApsmUmCmCmUfGmCt 270 | mApsfUpsmGmMAMGFGmCmAmUmMA

UfGICmUmAMUmGmMCmCmUm
CmAmU

mGMCmMAfGMCfAMGmMGmMAmMmUmMGp
smApsmA
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Table 3. 2’-0-methyl and 2’-fluoro Modified Nucleotide Sequences with Phosphorothioate

Linkages

SE . . SE

IDQ First Nucleotlg:e Sequence (5’- IDQ Second Nucleotide Sequence (5°-3’

NO. ) NO.

215 | mCpsmApsfUmCmCmUFGICfU 271 | mGpsfApsmGmMGmMCmAmMUmMAmMGm
mGmCfUmAMUmGmCfCmUmC CmAmGmCfAMGMGmAMUmMG

216 | mCpsmCpsfGmUmGmUGfCfA 272 | mUpsfGpsmAMAMGmMCmGmAmMAmM
mCmUfUmCmGmCmUfUmCmA GmUmGmMCfAMCmMAmMCmGmGpsmU

psmC

217 | mCpsmCpstGmUmGmUGfCfA 273 | mUpsfGpsmAMAMGmMCmGmAmMAmM
mCmUfUmCmGmCmUfUmCmA GmUmGmCfAmMCmAMCmGmG

218 | mCpsmCpsmUmGmCmUfGmCt 274 | mApsfApsmGmMAmMUfGmMAmMGmMGmC
UfAfUmGmCmCmUmCmAmMUm mAMUmAfGMCfAmMGmMCmAmMGmGp
CmUmU smApsmU

219 | mCpsmUpsfCmAMGmUUfUfA 275 | mApsfUpsmGmGmMCmAmMCmUmAm

mCmUfAMGmUmGmC{CmAmMU

GmMUmAmMAfAmMCmUmMGmMAmGpsm
CpsmC

220 | mCpsmUpsmCmAMGmUfUmU 275 | mApsfUpsmGmGmCmAmMCmUmAm
MAMCmUmAmMmGmUmGmMCmC GmMUmMAMAfAMCmUmMGmMAmMGpsm
mAmU CpsmC

221 | mCpsmUpsfCmAMGmUfUfUmA 275 | mApsfUpsmGmGmCmAmMCmUmAm

mCmUmAMGmMmUmGmMC{CmAm
U

GmUmAmMAfAmMCmUmGmMAmGpsm
CpsmC

222 | mCpsmUpsfCmAmGmUfUfUfA 276 | mApsfUpsmGmGmCmAmMCmUmAm
mCmUfAmMGmUmGmCfCmAmMmU GmUmAMAfAMCmUmGmAmG
223 | mCpsmUpsfCmAMGmUfUfUmA | 276 | mApsfUpsmGmGmCmAMCmUmAm

mCmUmAMGmMmUmGmMC{CmAm
U

GmUmMAMAfAMCmUmGmMAmMG

224

mCpsmUpsfGmCmUmAfUfGFC
mCmUfCmAmUmCmUfUmCmU

277

mApsfGpsmAMAMGMAMUMGmMAmM
GmGMCmAfUmAMGMCmAmGpsmC
psmA

225

mCpsmUpsfGmMCmUmAfUfGmC
mCmUmCmAmUmCmUfUmCm
U

277

mApsfGpsmAMAMGMAMUMGmMAmM
GmGMCmAfUmAMGMCmAmGpsmC
psmA

226

mCpsmUpsfGmCmUmAfUfGFC

278

mApsfGpsmAMAMGMAMUMGmMAmM

mCmUfCmAMUmCmUfUnmCmU GmGMCmAfUnmAMGmCmAmMG

227 | mCpsmUpsfGmMCmUmAfUfGmC 278 | mApstGpsmAMAMGMAMUmGmMAmM
mCmUmCmAmMmUmCmUfUmCm GmGMCmMAfUnAMGmMCmAmMG
U

228

mCpsmUpsfGmCmUmGCfUfA
mUmGfCmCmUmCmAfUmCmU

279

mApsfGpsmAMUmGmMAmMGmMGmCm
AmUmAmMGfCmMAmMGmMCmAmMGpsm
GpsmA

229

mCpsmUpsfGmCmUmGCfUfA

280

mApsfGpsmAMUmGmMAmMGmMGmCm

mUmGfCmCmUmCmAfUmCmU AmUmAMGfCmMAMGmMCmAmMG
230 | mCpsmUpsfGmMCmUmGFCfUmA 280 | mApsfGpsmAMUmGmMAMGmGmMCm
mUmGmCmCmUmCmAfUmCm AmUmAMGfCmMAMGmMCmAmMG

U

334




Table 3. 2’-0-methyl and 2’-fluoro Modified Nucleotide Sequences with Phosphorothioate

Linkages

SEQ . . , SEQ

ID First Nucleotlg:e Sequence (5’- ID Second Nucleotide Sequence (5°-3’

NO. ) NO.

231 | mCpsmUpsmUmCmGmCfUmUf 281 | mApsfCpsmGmUMGICmAmMGmMAmMG
CfAfCmCmUmCmUmGmCmAm mGmUmGfAmAfGmCmGmMAmAmMG
CmGmU psmUpsmG

232 | mGpsmCpsmAMCmUmUfCmGf 282 | mUpstGpsmCmAMGFAMGmGmUmMG
CIUfUmCmAmMCmCmUmCmUm mAMAMGICMGFAMAMGmMmUmMGmCp
GmCmA smApsmC

233 | mGpsmCpsfCmGmAmUC{CfA 283 | mUpsfUpsmCmCmGmCmAmGmUm
mUmMAfCmUmGmCmGfGmAm AmUmGmMGfAmMUmCmGmGmMCpsm
A ApsmG

234 | mGpsmCpsfCmGmGmG{UfUfU 284 | mUpsfUpsmCmCmGmCmAmGmUm
mUmUfCmUmUmGmUfUmGm AmUmGmGfAmMUmCmGmGmC
A

235 | mGpsmCpsfGmGmGmGTUfUfU 285 | mUpsfCpsmAmMAMCmAMAMGmMAmM
mUmUfCmUmUmGmU{fUmGm AmMAMAMAfCmMCmCmCmGmCpsmC
A psmU

236 | mGpsmCpsfGMGmGmMGIUfUmU | 285 | mUpsfCpsmAmMAMCmMAMAMGmAmM

mUmUmCmUmUmGmUfUmGm
A

AmAMAMAfCmCmCmCmGmCpsmC
psmU

237 | mGpsmCpsfGmGmGmGfUfUfU 286 | mUpsfCpsmAMAMCmAMAMGmMAmM
mUmUfCmUmUmGmUfUmGm AmAMAMAfCmCmCmCmGmC
A

238 | mGpsmCpsfGmMGMGMGTUfUmU | 286 | mUpsfCmAmMAmMCmAmMAMGmMAmMA

mUmUmCmUmUmGmUfUmGm
A

MAMAMAfCmCmCmCmGmC

239

mGpsmCpsmUmGmCmUfAmUf
GfCfCMUmMCmAMUmCmUmUm
CmUmU

287

mApsfApsmGmMAMAfGmAMUmGmA
mGMGMCfAMUfAMGmMCmAmGmCp
smApsmG

240

mGpsmGpsmAMUmGmUfGmUf
CfUfGmMCmGmMGmMCmGmUmUm
UmUmA

288

mUpsfApsmAMAMAfCmGmCmCmG
mCmAMGFAMCfAMCmAMUmCmCp
smApsmG

241

mGpsmGpsfCmCmAmMAFAfAfU
mUmCfGmCmAmMGmUfCmCmC

289

mGpsfGpsmGMAMCmUmGmMCmGm
AmAMUmUfUmUmGmGmCmCpsm
ApsmA

242

mGpsmGpsfCmGmCmAfC{CfU
mCmUfCmUmUmUmAfCmGmC

290

mGpsfCpsmGmUmAmMAMAMGmAmM
GmAMGMGUmGmMCmGmCmCpsmC
psmC

243

mGpsmUpsfAmMUmGmUfUfGIC
mCmCfGmMUmUmUmG{fUmCmC

291

mGpsfGpsmAMCmAMAMAMCmGm
GmGMCmMAfAMCmAmMUmAmMCpsmC
psmU

244

mGpsmUpsfGmGmUmMGIGfA{C
mUmUfCmUmCmUmCfAmAmMmU

292

mApsfUpsmUmGmAMGmAMGmAmM
AmGmUmCfCmAMCmCmAmCpsmG
psmA

335




Table 3. 2’-0-methyl and 2’-fluoro Modified Nucleotide Sequences with Phosphorothioate

Linkages

SEQ . . ) SEQ
ID First Nucleotld:e Sequence (5 ID Second Nucleotide Sequence (5°-3’

NO. ¥) NO.

245

mGpsmUpsfGmUmGmCFAfCIU
mUmCfGmCmUmUmCfAmCmC

293

mGpsfGpsmUmGmAmMAmMGmMCmGm
AmAMGMUfGMCmAMCmAmMCpsmG
psmG

246

mGpsmUpsfUmGmCmCfCfGfU
mUmUfGmUmCmCmUfCmUmA

294

mUpsfApsmGmAmMGmMGmAmMCmAm
AmAMCmGfGMGmMCmAmMAmMCpsmA
psmU

247

mGpsmUpsfUmGmCmCfCfGfU
mUmUfGmUmCmCmUfCmUmA

295

mUpsfApsmGmMAmMGmMGmMAmMCmAm
AmAMCmGIGMGmCmAmMAmMC

248

mUpsmCpsfCmAMUmAFCIUfG
mCmGfGmAMAMCmUfCmCmU

296

mApsfGpsmGMAMGMUmUmCmCm
GMCmAMGI UMAMUmMGmMGmApsm
UpsmC

249

mUpsmCpsfCmAmMUmAFCIUTG
mCmGfGmAMAMCmUfCmCmU

297

mApsfGpsmGMAmMGMUmUmCmCm
GMCmAMGI UMAmMUmGmGmA

250

mUpsmCpsmGmUmGmGfUmGt
GFAfCmUmUmCmUmCmUmCm
AmAmU

298

mApsfUpsmUmGmAfGmAMGmAmMA
mGMUmCfCmAfCmCmAMCmGmADp
smGpsmU

251

mUpsmGpsfCmAmCmUfUfC{G
mCmUfUmCmAMCmC{fUmCmU

299

mApsfGpsmAMGMGMUmMGmMAmMAmM
GmCmGmAfAMGMUmMGmCmApsmC
psmA

252

mUpsmGpsfCmCmGmAfUfCfC

300

mUpsfCpsmCmGmCmAMGmUmAmM

mMAMUfAMCmUmGmMCfGmGm UmGmGmAfUmCmGmGmCmApsm
A GpsmA

253 | mUpsmGpsfCmCmGmAfUfC{C 301 | mUpsfCpsmCmGmCmAMGmUmAm
MmAMUfAMCmUmGmMCfGmGm UmGmGmAfUmCmGmGmCmA
A

254

mUpsmGpsfCmUmAmU{GfCfC
mUmCfAmMUmCmUmUfCmUmU

302

mApsfApsmGmMAMAMGmAMUmGm
AmGmGmMCfAmMUmAmMGmMCmApsm
GpsmC

255

mUpsmGpsfUmGmCmAfCfUfU
mCmGfICmUmUmCmAfCmCmU

303

mApsfGpsmGmUmGmMAmMAMGmMCm
GmMAMAMGITUMGMCmAmMCmApsmC
psmG

256 | mUpsmGpsfUmGmMCmAfCfUmU | 303 | mApsfGpsmGmUmGmMAmMAMGmCm
mCmGMCmUmUmCmAfCmCm GmMAmMAMGIUmGmCmAmMmCmApsmC
U psmG

257 | mUpsmGpsfUmGmCmAfCfUfU 304 | mApsfGpsmGmMUmGmMAMAmMGmMCm
mCmGfCmUmUmCmAfCmCmU GmAMAMGIUmGmMCmAmMCmA

258 | mUpsmGpsfUmGmCmAfCfUmU 304 | mApsfGpsmGmMUmGmMAMAmMGmMCm
mCmGMCmUmUmCmAfCmCm GmAMAMGIUmGMCmAmMCmA
U

259

mUpsmUpsfGmCmCmCfGfUmU
mUmGmUmCmCmUmCfUmAm
A

305

mUpsfUpsmAMGmAMGmGmMAmMCm
AmMAMAMCIFGMGMGMCmAmMApsmC
psmA

336




Table 3. 2’-0-methyl and 2’-fluoro Modified Nucleotide Sequences with Phosphorothioate

Linkages
SEQ . . , SEQ
ID First Nucleotlg:e) Sequence (5 ID Second Nucleotide Sequence (5°-3’
NO. NO.
260 | mUpsmUpstGmCmCmCfGfUfU 306 | mUpsfUpsmAMGmMAMGmMGmAmMCm
mUmGIfUmCmCmUmCfUmAmMA AmMAMAMCIGMGmMGmMCmAmMA

mX = 2’-O-methyl nucleotide; fX = 2’-fluoro nucleotide; ps= phosphorothioate linkage

Table 4. siNA Sequences

SEQID
NO

Sense Sequence (5'-3")

SEQ
ID NO.

Antisense Sequence (5'-3')

307

mApsmCpsfCmGmUmGUfGFC
MAMCfUmUmCmGmCfUmUmC

363

mGpsfApsmAMGMCmGmMAmMAMGmU
mGMCMAfCmAMCmMGmGmMUpsmCps
mC

308

mApsmCpsfCmGmUmGUfGFC
MAMCfUmUmCmGmCfUmUmC
TT

364

mGpsfApsmAMGMCmGmMAmMAMGmU
mGMCMAfCmAMCMGmGmUpsTpsT

309

mApsmCpsfUnmUmCmGfCfUfU
MCmMAfCmCmUmCmUfGmCmA

365

mUpsfGpsmCmAMGmMAMGmGmMUmG
MAMAMGICmMGmMAMAMGmUpsmGps
mC

310 | mApsmGpsfUmGmUmUfUfGfC 366 | mGpsfGpsmUmUmGmMCmGmUmCmA
mUmMGfAMCmGmMCmAfAmCmC mGMCmMAfAMAMCmAmMCmUpsmUps
mG
311 | mCpsmApsfGmGmCmGIGfGfG 367 | mApsfCpsmAmMAMGmMAMAMAMAmMA
mUmUfUnmUmUmCmUfUmGm mCmCmCfCmGmCmCmUmGpsmUps
U mA
312 | mCpsmApsfGmGmCmGI{GfGfG 368 | mApsfCpsmAMAMGMAMAMAMAmMA
mUmUfUnmUmUmCmU{fUmGm MmAMCMCmCICmGmCmCmUmGpsTp
UTT sT
313 | mCpsmApstGmUmUmUFAFCIU 369 | mApsfApsmAMUmGmMmGmCmAmMCmU
mAMGIUmGmMCmCmAfUmUm mAMGMUfAMAMAMCmUmGpsmAps
U mG
314 | mCpsmApstGmUmUmUFAFCIU 370 | mApsfApsmAMUmGmMGmCmAmMCmU
MmAMGIUMGmMCmCmAfUmUm MAMGMUfAMAMAMCmUmGpsTpsT
UTT
315 | mCpsmApsfUmCmCmUfGFCfU 371 | mGpsfApsmGmGmMCmAMUmMAmMGmC
mGMCfUmAmMUmGmMCfCmUmC mAMGMCFAMGMGmMAMUmGpsmAps
mA
316 | mCpsmApsmUmCmCmUfGmCE 372 | mApsfUpsmGmAMGIGmCmAmUmA

UfGICmUmAMUmGmMCmCmUm
CmAmU

mGMCmMAfGMCfAMGMGmMAmMUmGps
mApsmA

317

mCpsmApsfUmCmCmUfGfCfU
mGMCfUmAmMUmGmMCfCmUmC
TT

373

mGpsfApsmGmGmMCmAMUmMAmMGmC
MmAMGMCfAMGmMGMAMUmGpsTpsT

318

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

374

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAMCmGmGpsmUps
mC

337




Table 4. siNA Sequences

SEQID
NO

Sense Sequence (5'-3')

SEQ
ID NO.

Antisense Sequence (5'-3")

319

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA
TT

375

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAMCmGmGpsTpsT

320

mCpsmCpsmUmGmCmUfGmCt
UfAfUmGmCmCmUmCmAmMUm
CmUmU

376

mApsfApsmGmAmMUfGmAmMGmGmC
MAMUmAfGmCfAmMGmCmAmMmGmMGps
mApsmU

321

mCpsmUpsfCmAMGmUUfUfA
mCmUfAmMGmUmGmMCfCmAmMU

377

mApsfUpsmGmGmCmAMCmUmAmMG
mUmMAmMAfAmMCmUmGmAmGpsmCps
mC

322

mCpsmUpsmCmAMGmUfUmU
mMAMCmMUmMAmMGmUmGmMCmC
mAmU

377

mApsfUpsmGmGmCmAMCmUmAmMG
mUmMAmMAfAmMCmUmGmAmGpsmCps
mC

323

mCpsmUpsfCmAMGmUfUfUmA
mCmUmMAmMGmMUmGmMC{CmAm
U

377

mApsfUpsmGmGmCmAMCmUmAmMG
mUmMAmMAfAmMCmUmGmAmGpsmCps
mC

324

mCpsmUpsfCmAMGmUfUfUfA
mCmUfAmMGmUmGmMCfCmAmMU
TT

378

mApsfUpsmGmGmCmAMCmUmAmMG
mUmMAmMAfAmMCmUmGmAmGpsTpsT

325

mCpsmUpsfCmAMGmUfUfUmA
mCmUmAmMGmUmGmMC{fCmAm
UTT

378

mApsfUpsmGmGmCmAMCmUmAmMG
mUMAMAfAMCmUmMGmMAmMGpsTpsT

326

mCpsmUpsfGmCmUmA{fUfGFC
mCmUfCmAmUmCmUfUmCmU

379

mApsfGpsmAMAMGMAMUmMGmAmMG
mGMCmMAfUnmAMGmMCmAmGpsmCps
mA

327

mCpsmUpsfGmCmUmAfUfGmC
mCmUmCmAmUmCmUfUmCm
U

379

mApsfGpsmAmMAMGMAMUmMGmAmMG
mGMCmMAfUmAMGmMCmAmMGpsmCps
mA

328

mCpsmUpsfGmCmUmAfUfGC
mCmUfCmAMUmCmUfUmCmU
TT

380

mApsfGpsmAMAMGMAMUmGmMAmMG
mGMCMAfUnmAMGmMCmAmMGpsTpsT

329

mCpsmUpsfGmCmUmAfUfGmC
mCmUmCmAMUmCmUfUmCm
UTT

380

mApsfGpsmAMAMGMAMUmGmMAmMG
mGMCMAfUmAMGmMCmAmMGpsTpsT

330

mCpsmUpsfGmCmUmGFCfUfA
mUmGfCmCmUmCmAfUmCmU

381

mApsfGpsmAMUmMGmMAMGmMGmCmA
mUmAMGfCmAMGmMCmAmMmGpsmGps
mA

331

mCpsmUpsfGmCmUmGFCfUfA
mUmGfCmCmUmCmAfUmCmU
TT

382

mApsfGpsmAMUmMGmMAMGmMmGmCmA
mUmMAmMGICmAMGmMCmAmMGpsTpsT

332

mCpsmUpsfGmCmUmGFCfUmA

383

mApsfGpsmAMUmGmMAMGmMmGmCmA

mUmGmCmCmUmCmAfUmCm mUmMAmMGICmAMGmMCmAmMGpsTpsT
UTT
333 | mCpsmUpsmUmCmGmCfUmUf 384 | mApsfCpsmGmUmMGICmAMGmMAmMG

CFAfCmCmUmCmUmGmCmAm
CmGmU

mGMUmGfAmMAfGmCmGmAmMAmMGp
smUpsmG

338




Table 4. siNA Sequences

SEQID
NO

Sense Sequence (5'-3')

SEQ
ID NO.

Antisense Sequence (5'-3")

334

mGpsmCpsmAMCmUmUfCmGf
CIUfUmCmAmMCmCmUmCmUm
GmCmA

385

mUpsfGpsmCmAMGFAMGmGmMUmG
MAMAMGICmMGFAMAMGmMUmMGmCps
mApsmC

335

mGpsmCpsfCmGmAmUfCFCfA

386

mUpsfUpsmCmCmGmCmAmGmUmA

mUmMAfCmUmGmCmGfGmAm mUmGmGfAmUmCmGmGmCpsmAps
A mG

336 | mGpsmCpsfCmGmGmGfUfUfU 387 | mUpsfUpsmCmCmGmCmAmGmUmA
mUmUfCmUmUmGmUfUmGm mUmGmGfAmMUmCmGmGmCpsTpsT
ATT

337 | mGpsmCpstGmGmGmGTUfUTU 388 | mUpsfCpsmAmMAMCmMAMAMGmMAmMA
mUmUfCmUmUmGmU{fUmGm MAMAMAfCmCmCmCmGmCpsmCps
A mU

338

mGpsmCpsfGMGmMmGmGfUfUmU
mUmUmCmUmUmGmUfUmGm
A

388

mUpsfCpsmAMAMCmMAMAMGmMAmMA
MAMAMAfCmCmCmCmGmCpsmCps
mU

339

mGpsmCpsfGmGmGmGTUfUTU
mUmUfCmUmUmGmUfUmGm
ATT

389

mUpsfCpsmAMAMCmMAMAMGmMAmMA
MAMAMAfCmCmCmCmGmCpsTpsT

340

mGpsmCpsfGMGmMmGmGfUfUmU
mUmUmCmUmUmGmU{fUmGm
ATT

389

mUpsfCmAMAMCmMAMAMGmMAmMAM
AmAMAfCmCmCmCmGmCpsTpsT

341

mGpsmCpsmUmGmCmUfAmUf
GfCfCMUmMCmAMUmCmUmUm
CmUmU

390

mApsfApsmGmAMAfGmAMUmMGmA
mGMGMCfAMUfAMGmMCmAmGmCps
mApsmG

342

mGpsmGpsmAMUmGmUfGmUf
CfUfGmMCmGmMGmMCmGmUmUm
UmUmA

391

mUpsfApsmAMAMAfCmGmCmCmG
mCmAMGfAMCFAMCmAMUmCmCps
mApsmG

343

mGpsmGpsfCmCmAmMAFAfAfU
mUmCfGmCmAmMGmUfCmCmC

392

mGpsfGpsmGMAMCmUmGmMCmGmA
mAMUmUfUmUmGmGmCmCpsmAps
mA

344

mGpsmGpsfCmGmCmAfC{CfU
mCmUfCmUmUmUmAfCmGmC

393

mGpsfCpsmGmUmAmMAMAMGmMAmMG
mAMGMGIUmMGmMCmGmCmCpsmCps
mC

345

mGpsmUpsfAmUmGmUfUfGfC
mCmCfGmUmUmUmGfUmCmC

394

mGpsfGpsmAMCmMAMAMAMCmGmG
mGMCmMAfAMCmAmMUmMAmMCpsmCps
mU

346

mGpsmUpsfGmGmUmGIGfAfC
mUmUfCmUmCmUmCfAmAmU

395

mApsfUpsmUmGmMAMGmMAmMGmAmMA
mGmMUmCfCmAMCmCmAmMCpsmGps
mA

347

mGpsmUpsfGmUmGmCfAfCfU
mUmCfGmCmUmUmCfAmCmC

396

mGpsfGpsmUmGmMAMAMGmMCmGmA
MmAMGMUfGmMCmAMCmAmMCpsmGps
mG

348

mGpsmUpsfUmGmCmCfCfGfU
mUmUfGmUmCmCmUfCmUmA

397

mUpsfApsmGmAMGMGmMAmMCmAmA
MmAMCmMGIGMGmMCmAmMAmMCpsmAps
mU

339




Table 4. siNA Sequences

SEQID
NO

Sense Sequence (5'-3')

SEQ
ID NO.

Antisense Sequence (5'-3")

349

mGpsmUpsfUmGmCmCfCfGfU
mUmUfGmUmCmCmUfCmUmA
TT

398

mUpsfApsmGmAMGMGmMAMCmAmA
MmAMCMGIGMGMCmMAmMAmMCpsTpsT

350

mUpsmCpsfCmAmMUmAFCIUTG
mCmGfGmAMAMCmUfCmCmU

399

mApsfGpsmGmMAMGMUmUmMCmCmG
mCmAMGIfUMAMUmGmMmGmApsmUps
mC

351

mUpsmCpsfCmAmMUmAFCIUfG
mCmGfGmAMAMCmUfCmCmU
TT

400

mApsfGpsmGmMAMGMUmUmMCmCmG
mCmAMGIUMAMUmMGmMmGmApsTpsT

352

mUpsmCpsmGmUmGmGTUmGt
GFAfCmUmUmCmUmCmUmCm
AmAmU

401

mApsfUpsmUmGmAfGmAmMGmAmA
mGMUmCfCmAfCmCmAmMCmGmAps
mGpsmU

353

mUpsmGpsfCmAmCmUfUfC{G
mCmUfUmCmAMCmCfUmCmU

402

mApsfGpsmAMGMGmMUmGmMAmMAmMG
mCmGMAfAMGmMUmMGmMCmApsmCps
mA

354

mUpsmGpsfCmCmGmAfUfCfC

403

mUpsfCpsmCmGmMCmAMGmUmMAmU

MAMUfAMCmUmGmCfGmGm mGMGmMAfUmCmGmGmCmApsmGps
A mA

355 | mUpsmGpsfCmCmGmAfUfCfC 404 | mUpsfCpsmCmGmMCmAmGmUmAmMU
MmAMUfAMCmUmGmMCfGmGm mGMGMAfUmCmGmGmCmApsTpsT
ATT

356

mUpsmGpsfCmUmAmU{GfCfC
mUmCfAmMUmCmUmUfCmUmU

405

mApsfApsmGmAMAMGmMAMUmGmA
mGMGMCfAMUmMAMGmMCmApsmGps
mC

357

mUpsmGpsfUmGmCmAfCfUfU
mCmGfICmUmUmMCmAfCmCmU

406

mApsfGpsmGmUmGmMAmMAMGmCmG
mAMAMGIUmMGmMCmAmMCmApsmCps
mG

358

mUpsmGpsfUmGmCmAfCfUmU

406

mApsfGpsmGmUmGmMAMAMGmCmG

mCmGmCmUmUmCmAfCmCm mAMAMGIUmMGmMCmAmMCmApsmCps
U mG
359 | mUpsmGpsfUnGmCmAfCfUfU 407 | mApsfGpsmGmUmGmMAMAMGmCmG

mCmGfCmUmUmCmAfCmCmU
TT

MAMAMGTUmGMCmAMCmApsTpsT

360

mUpsmGpsfUmGmCmAfCfUmU
mCmGmCmUmUmCmAfCmCm
UTT

407

mApsfGpsmGmUmGmMAMAMGmCmG
MAMAMGTUmGMCmAMCmApsTpsT

361

mUpsmUpsfGmCmCmC{GfUmU
mUmGmUmCmCmUmC{fUmAm
A

408

mUpsfUpsmAmMGmMAMGmGmMAmMCmA
mAMAMCIGmMGMGmMCmAmApsmCps
mA

362

mUpsmUpsfGmCmCmCfGfUfU
mUmGfUmCmCmUmCfUmAmA
TT

409

mUpsfUpsmAmMGmMAMGmGmMAmMCmA
MAMAMCIGMGMGMCmAmMApsTpsT

415

5dcd3Cps5ded3CpsfG5ded3UmG
5dcd3UfG5dfCfAS5dcd3C5ded3U
5dfU5decd3CmG5dcd3C5ded3USd
fUSdcd3CmA

445

5dcd3UpstGpsmAMAMGS5ded3CmGm
AmAmG5dcd3UmGS5dcd3CfAS5ded3C
mAS5dcd3CmGmGpsSded3UpsSdcd3U
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Table 4. siNA Sequences

SEQID
NO

Sense Sequence (5'-3')

SEQ
ID NO.

Antisense Sequence (5'-3")

415

5dcd3Cps5ded3CpsfG5ded3UmG
5dcd3UfG5dfCfASdcd3C5ded3U
5dfU5decd3CmG5dcd3C5dcd3USd
fUSdcd3CmA

446

5dcd3UpstGpsmAMAMGmMCmGmAm
AmGmMUmGmMCfAmMCmAMCmGmGps
5dcd3UpsSded3U

415 | 5dcd3Cps5decd3CpsfG5dcd3UmG | 447 | mUpstGpsmAMAmMGMCmGmMAmAmMG
5dcd3UfG5dfCfA5dcd3C5ded3U mUmGmCfAMCmAMCmGmGpsmUps
5dfUS5dcd3CmGSded3CS5ded3USd mU
fUSdcd3CmA

416 | fCpsmCpstGmUIGMUIGFCfAMC | 448 | mUpstGpsmAfAmMGfCmGfAmAfGmU
fUmUfCmGfCmUfUmCfA mGMCfAMCFAMCIGmGpsmUpsmC

416 | fCpsmCpsfGmUIGMUFGFCfAMC | 449 | vmUpsfGpsmAfAmMGIfCmGfAmAfGm
fUmUfCmGfCmUfUmCfA UmGmCfAmCFAMCEGmGpsmUpsmC

416 | fCpsmCpsftGmUfGMUfGmMCfAm | 450 | mUpstGpsmAfAMGfCmGfAMmAfGmUf
CfUmUfCmGfCmUfUmCfA GmMCfAMCFfAMCIGmGpsmUpsmC

416 | fCpsmCpsfGMmUfGMUfGmMCfAm | 451 | vmUpsfGpsmAfAmGfCmGfAmAfGm
CfUmUfCmGfCmUfUmCfA UfGmCfAmCFAMCEGmGpsmUpsmC

417 | fCpsmUpsfGMCIUMAfUMGICm | 452 | mApstGpsmAfAMGFAmMUfGmAfGmGt
CfUMCfAmUfCmUfUmC{U CmAfUmAfGMCfAmGpsmUpsmU

417 | fCpsmUpsfGmMCfUMAfUmMGICm | 452 | mApsfGpsmAfAMGFAmMUfGmAfGmGt
CfUmCfAmUfCmUfUmCfU CmAfUmAfGmCfAmGpsmUpsmU

417 | fCpsmUpsfGmMCfUMAfUmMGICm | 452 | mApsfGpsmAfAMGFAmMUfGmAfGmGt
CfUmCfAmUfCmUfUmCfU CmAfUmAfGmCfAmGpsmUpsmU

417 | fCpsmUpsfGmMCfUMAfUmMGICm | 452 | mApsfGpsmAfAMGfAmMUfGmAfGmGt
CfUmCfAmUfCmUfUmCfU CmAfUmAfGmCfAmGpsmUpsmU

418 | fGpsmUpsfGmGIfUmMGIGfAfCm 453 | mApsfUpsmUfGmAfGmAfGmAfAmMG
UfUmCfUmCfUmCfAmAfU mUmCfCmAfCmCfAMCpsmGpsmA

418 | fGpsmUpsfGmGIfUmMGIGfAfCm 454 | vmApsfUpsmUfGmAfGmAfGmAfAm
UfUmCfUmCfUmCfAmAfU GmUmCfCmAfCmCfAMCpsmGpsmA

419 | fGpsmUpsfGMGfUMGIGmAfCm | 455 | mApsfUpsmUfGmAfGmAfGmAfAmGT
UfUmCfUmCfUmCfAmAfU UmCfCmAfCmCfAmCpsmGpsmA

419 | fGpsmUpsfGMGfUMGIGmAfCm | 456 | vmApsfUpsmUfGmAfGmAfGmAfAm
UfUmCfUmCfUmCfAmAfU GfUmCfCmAfCmCfAMCpsmGpsmA

420 | mCpsmCpsftGmUfGmUfGfCfAm 457 | mUpsfGpsmAmMAmMGfCmGmAmMAmMG
CmUmUmCmGmCmUmUmCm mUmGmCfAmMCfAmMCmGmGpsmUps
A mC

421

mCpsmCpstGmUmGmUGfCfA
MAMUfUmMCmGmCmUfUmCmA

458

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAMCmGmGpsmUps
mC

422

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

459

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAMCmGmMGpsmU3s
mU

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

460

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAMCmGmMGSsmUSs
mU
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Table 4. siNA Sequences

SEQID
NO

Sense Sequence (5'-3')

SEQ
ID NO.

Antisense Sequence (5'-3")

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

461

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAmMCmGmMGpsmUSs
mU

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

458

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

458

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

458

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

462

vmUpsfGpsmAMAMGmMCmGmAmMAmM
GmMUmGmCfAMCmAmMCmGmGpsmU
psmC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

463

vmUpsfGpsmAMAMGmMCmGmAmMAmM
GmMUmGmMCfAMCmAmMCmGmMGpsTps
T

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

447

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGMCfAMCmAMCmGmGpsmUps
mU

423

mCpsmCpstGmUmGmUTGfCfA
mCmUfUmCmGmCmUfUmCmA

458

mUpsfGpsmAMAMGMCmGmMAMAMG
mUmGMCfAMCmAmMCmGmGpsmUps
mC

423

mCpsmCpstGmUmGmUfGfCfA
mCmUfUmCmGmCmUfUmCmA

457

mUpsfGpsmAMAMGICmGMAMAMG
mUmGmMCfAmMCfAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

464

mUpsfGpsmAMAMGICmGmMAmMAfGm
UmGmCfAMCmAmMCfGmGpsmUpsmC

423

mCpsmCpstGmUmGmUfGfCfA
mCmUfUmCmGmCmUfUmCmA

465

vmBpsfGpsmAMAMGmMCmGmAmMAm
GmUmGmMCfAmMCmAMCmGmGpsmU
psmC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

466

mesnmUpsfGpsmAMAMGmMCmGmAmM
AmGmUmGmMCfAmMCmAmMCmGmGps
mUpsmC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

467

cmUpsfGpsmAMAMGmMCmGmAmMAmM
GmUmGmMCfAmMCmAMCmGmGpsmU
psmC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

468

mesnomUpsfGpsmAmMAmMGmCmGmA
mAMGMUmMGMCIAMCmAmMCmGmGp
smUpsmC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

469

mUpsfGpsmAMAMGICmGmMAMAmMG
mUmGmCfAMCmAmMCmGmGpsmUps
mC
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SEQID
NO

Sense Sequence (5'-3')

SEQ
ID NO.

Antisense Sequence (5'-3")

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

470

mUpsfGpsmAMAMGMCmGmMAmMAmMG
fUMGmMCfAMCmAMCmGmMGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

471

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUfGmCfAMCmAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

472

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAmMCfAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

473

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAfCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

474

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAmMCIGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

475

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAmMCmG{GpsmUps
mC

423

mCpsmCpsfGmUmGmUGfCfA
mCmUfUmCmGmCmUfUmCmA

476

mUpsfGpsmAfAMGMCmGmAmMAmMG
mUmGMCfAMCmAMCmGmGpsmUps
mC

423

mCpsmCpstGmUmGmUTGfCfA
mCmUfUmCmGmCmUfUmCmA

477

mUpsfGpsmAMAfGMCmGmMAMAMG
mUmGMCfAMCmAmMCmGmGpsmUps
mC

423

mCpsmCpstGmUmGmUfGfCfA
mCmUfUmCmGmCmUfUmCmA

478

mUpsfGpsmAMAMGMCIGmMAMAMG
mUmGmMCfAmMCmAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

479

mUpsfGpsmAMAMGMCmGfAmMAMG
mUmGmMCfAmMCmAMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

480

mUpsfGpsmAMAMGMCmGmMAfAMG
mUmGmMCfAmMCmAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

481

mUpsfGpsmAMAMGMCmGmAmMALG
mUmGmMCfAmMCmAmMCmGmGpsmUps
mC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

482

d2vmUpsfGpsmAMAMGmMCmGmAmMA
mGMUmGmMCfAMCmAmMCmGmGpsm
UpsmC

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUmUmCmGmCmUfUmCm
A

483

mUpsfGpsmAfAMGICmGfAmMAMGm
UmGmCfAmMCmAMCmGmGpsmUpsm
C

42359

mCpsmCpstGmUmGmUGIC{C
mCmUfUmCmGmCmUfUmCmA

458

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmCfAMCmAmMCmGmGpsmUps
mC
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Table 4. siNA Sequences

SEQID
NO

Sense Sequence (5'-3')

SEQ
ID NO.

Antisense Sequence (5'-3")

423

mCpsmCpstGmUmGmUfGfCmA

458

mUpsfGpsmAMAMGMCmGmMAmMAmMG

mCmUmUmCmGmCmUfUmCm mUmGmCfAMCmAMCmGmMGpsmUps
A mC

424 | mCpsmCpsmGmUfGmUfGfCfA 457 | mUpsfGpsmAmAMGfCmGmMAmMAmMG
mCmUmUmCmGmCmUmUmC mUmGmCfAmMCfAmMCmGmGpsmUps
mA mC

424 | mCpsmCpsmGmUfGmUfGfCfA 484 | mUpsfGpsmAmAMGfCmGfAfAmGm
mCmUmUmCmGmCmUmUmC UmGmCfAmCfAMCmGmGpsmUpsmC
mA

424 | mCpsmCpsmGmUfGmUGfCfA 485 | mUpsfGpsmAmAfGmCmGfAMAmMmGm
mCmUmUmCmGmCmUmUmC UmGmCfAmCmAfCmGmGpsmUpsmC
mA

425 | mCpsmUpsmGmCfUmAfUfGIC 486 | mApsfGpsmAmMAMGFAMUmGmMA{Gm
mCmUmCmAmUmCmUmUmC GMCmAfUmAMGmCfAmMGpsmCpsm
mU A

425 | mCpsmUpsmGmCfUmAfUfGIC 487 | mApsfGpsmAmMAMGFAmMUmGmAmMG
mCmUmMCmAmUmCmUmUmC mGMCmMAfUmAfGMCmAmMGpsmCps
mU mA

425 | mCpsmUpsmGmCfUmAfUfGIC 488 | mApsfGpsmAMAfGmAMUfGmAMGm
mCmUmCmAMUmCmUmUmC GmCmAfUmAmGfCmAmGpsmCpsm
mU A

426 | mCpsmUpsmGmCfUMAfUMGIC | 489 | mApsfGpsmAMAMGmMAMUmGmMAmMG

mCmUfCmAMUmMCmU{fUmCmU

mGMCmMAfUnmAMGmMCmAmGpsmCps
mA

427 | mGpsmCpsfGmGmGmG{UfUfU 490 | vmUpsfCpsmAmMAMCmMAMAMGmMAmM
mUmUfCmUmUmGmUfUmGm AmAMAMAfCmCmCmCmGmCpsmCp
A smU

428 | mGpsmCpsfGmGmMGmMGfUmUm 491 | mUpsfCpsmAMAMCmAMAMGmMAmMA

UmUmUmCmUmUmGmUfUmG
mA

MAMAMAfCmCmCmCmGmCpsmCps
mU

429 | mGpsmCpsmGmGfGmGfUfUfU 492 | mUpsfCpsmAMAMCfAMAMGmMASfAm
mUmUmCmUmUmGmUmUmG AMAMAfCmCmCmCfGmCpsmCpsmU
mA

429 | mGpsmCpsmGmGfGmGfUfUfU 493 | mUpsfCpsmAMAMCfAMAMGmMAmMA
mUmUmCmUmUmGmUmUmG MAMAMAfCmCICmCmGmCpsmCpsm
mA U

429 | mGpsmCpsmGmGfGmGfUfUfU 494 | mUpsfCpsmAMAfCmAMAfGmAmMAmM
mUmUmCmUmUmGmUmUmG AMAMAfCmCmCfCmGmCpsmCpsmU
mA

430

mGpsmCpsmUmGfCmUmAmUf
GFfCfCmUmCfAmMUmCmUmUfC
mUmU

495

mApsfApsmGmMAMAMGMAMUmGmA
mGMGMCfAMUmAMGmMCmAmMGmCp
smApsmG

430

mGpsmCpsmUmGfCmUmAmMUf
GfCfCmUmMCfAmMUmCmUmUfC
mUmU

496

mApsfApsmGmAMAfGmAmMUmMGmA
mGMGmMCfAMUfAMGmMCmAmMGmMCps
mApsmG
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Table 4. siNA Sequences

SII:\I%TD Sense Sequence (5'-3") Ilglij\l% Antisense Sequence (5'-3')

431 | mGpsmCpsmUmGmCmUfAmUf 497 | mApsfApsmGmAMAfGmMAfUfGmAm
GfCfCmUmMCmAmUfCmUmUfC GMGmMCfAMUfAmMGmMCmAmMGmCpsm
mUmU ApsmG

432 | mGpsmCpsmUmGmCmUfAmUf 498 | vmApsfApsmGmMAmMAfGmMAmMUmMGmA
GfCfCmUmMCmAmUmMCmUmUm mGMGmMCfAMUfAMGmMCmAmMGmMCps
CmUmU mApsmG

432 | mGpsmCpsmUmGmCmUfAmUf 500 | d2vmApsfApsmGmMAmMAfGmAMUmG
GfCfCmUmMCmAmUmMCmUmUm mAMGMGMCfAMUfAMGmCmAmMGm
CmUmU CpsmApsmG

433 | mGpsmUpsfGMGIfUMGIGfAfCm | 501 | mApsfUpsmUmGmMAfGmAmMGmAmMA
UmUmCmUmCmUmCmAmAmM mGMUmCfCmAfCmCmAmMCpsmGpsm
U A

434 | mGpsmUpsfGmGmUmMGFGfAfA 502 | mApstUpsmUmGmMAmMGmMAmMmGmMAmMA
mUmUfCmUmCmUmCfAmAmMU mGMUmCfCmAMCmCmAmMCpsmGps

mA
43559 | mGpsmUpstGmGmUmGEGfAfC 502 | mApstUpsmUmGmMAmMGmMAmMmGmMAmMA
8 mGMUfCmUmCmUmCfAmAmMU mGMUmCfCmAMCmCmAmMCpsmGps
mA

435 | mGpsmUpsfGmGmUmMGFGFA{C 503 | vmApsfUpsmUmGmAMGmAmMGmAmM
mUmUfCmUmCmUmCfAmAmU AmGmMUmMCfCmAMCmCmAmMCpsmGp

smA

435 | mGpsmUpsfGmGmUmMGIGfA{C 501 | mApsfUpsmUmGmMAfGmAmMGmAmMA
mUmUfCmUmCmUmCfAmAmU mGMUmCfCmAfCmCmAmMCpsmGpsm

A

435 | mGpsmUpsfGmGmUmMGIGfA{C 504 | mApsfUpsmUmGmAfGmAmGmAfAm
mUmUfCmUmCmUmCfAmAmU GmUmCfCmAMCmCfAmMCpsmGpsmA

435 | mGpsmUpsfGmGmUmMGFGfA{C 505 | vmNpsfUpsmUmGmAmMGmAmMGmAm
mUmUfCmUmCmUmCfAmAmU AmGmUmCfCmAMCmCmAmMCpsmGp

SmA

435 | mGpsmUpsfGmGmUmMGFGfA{C 506 | vmUpsfUpsmUmGmAMGmAmMGmAmM

mUmUfCmUmCmUmCfAmAmU AmGmUmCfCmAMCmCmAmMCpsmGp
SmA

435 | mGpsmUpsfGmGmUmGFGFAFC 507 | ecmUpsfUpsmUmGmAmMGmAmMGmAmM

mUmUfCmUmCmUmCfAmAmU AmGmUmCfCmAMCmCmAmMCpsmGp
SmA

435 | mGpsmUpsfGmGmUmGFGFAFC 508 | mesnmUpsfUpsmUmGmMAmMGmMAmMGm
mUmUfCmUmCmUmCfAmAmU AmAMGMUmMCICmAMCmCmAmMCps

mGpsmA

435 | mGpsmUpsftGmGmUmGFGFAFC 509 | mesnomUpsfUpsmUmGmMAMGmMAmMG
mUmUfCmUmCmUmCfAmAmU mAMAMGMUmMCCmAMCmCmAmMCp

smGpsmA

435 | mGpsmUpsfGmGmUmGFGFAFC 510 | mApsfUpsmUmGmMAfGmAmMGmAmMA

mUmUfCmUmCmUmCfAmAmMU

mGMUmCfCmAMCmCmAmMCpsmGps
mA
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SII:\I%TD Sense Sequence (5'-3") Ilglij\l% Antisense Sequence (5'-3')
435 | mGpsmUpsfGmGmUmMGFGFA{C 511 | mApstUpsmUfGmAmMGmMAmMGmMAmMA
mUmUfCmUmCmUmCfAmAmMU mGMUmCfCmAMCmCmAmMCpsmGps
mA
435 | mGpsmUpsfGmGmUmMGFGFA{C 512 | mApstUpsmUmGfAmMGmAmMGmAmMA
mUmUfCmUmCmUmCfAmAmMU mGMUmCfCmAMCmCmAmMCpsmGps
mA
435 | mGpsmUpsfGmGmUmMGFGFA{C 513 | mApstUpsmUmGmMAmMGfAmGmAmA
mUmUfCmUmCmUmCfAmAmMU mGMUmCfCmAMCmCmAmMCpsmGps
mA
435 | mGpsmUpsfGmGmUmMGFGFA{C 514 | mApstUpsmUmGmAmMGmMAmGfAmA
mUmUfCmUmCmUmCfAmAmMU mGMUmCfCmAMCmCmAmMCpsmGps
mA
435 | mGpsmUpsfGmGmUmMGFGFA{C 515 | mApstUpsmUmGmAmMGmMAmGmMASFA
mUmUfCmUmCmUmCfAmAmMU mGMUmCfCmAMCmCmAmMCpsmGps
mA
435 | mGpsmUpsfGmGmUmMGFGFA{C 516 | mApsfUpsmUmGmMAmMGmMAmMmGmMAmMA
mUmUfCmUmCmUmCfAmAmMU mGMUmCfCmAfCmCmAmMCpsmGpsm
A
435 | mGpsmUpsfGmGmUmMGFGFA{C 517 | mApstUpsmUmGmMAmMGmMAmMmGmMAmMA

mUmUfCmUmCmUmCfAmAmU

mGMUmCfCmAMCmCfAMCpsmGpsm
A

435

mGpsmUpsfGmGmUmMGIGfA{C
mUmUfCmUmCmUmCfAmAmMmU

518

mApsfUpsmUmGmAMGmAMGmAmMA
mGMUmCIfCmAMCmCmAfCpsmGpsm
A

435

mGpsmUpsfGmGmUmMGIGfA{C
mUmUfCmUmCmUmCfAmAmMU

519

d2vmApsfUpsmUmGmAmMGmAmGmA
mAMGMUmMCCmAMCmCmAmMCpsm
GpsmA

436

mGpsmUpsfGmGmUmGIGfAfC
mUmUmCmUmCmUmC{fUmAm
U

520

mApsfUpsmUfGmAfGmAfGmAmAm
GmUmCfCmAMCmCmAmMCpsmGpsm
A

437

mGpsmUpsfGmGmUmGfGfAmC
mUmUmCmUmCmUmCfAmAm
U

502

mApsfUpsmUmGmMAMGmMAmMGmAmMA
mGmMUmCfCmAMCmCmAmMCpsmGps
mA

438

mGpsmUpsmGmGfUmGfGfAfC

501

mApsfUpsmUmGmMAfGmAmMGmAmA

mUmUmCmUmCmUmCmAmMA mGmMUmCfCmAfCmCmAmMCpsmGpsm
mU A

438 | mGpsmUpsmGmGfUmGFGfAfC 521 | mApsfUpsmUmGmAfGmAfGfAmAm
mUmUmCmUmCmUmCmAmMA GMUmCfCmAfCmCmAmMCpsmGpsmA
mU

438 | mGpsmUpsmGmGfUmGFGfAfC 522 | mApsfUpsmUmGfAmMGmAfGmAmMAm
mUmUmCmUmCmUmCmAmMA GMUmCfCmAmMCfCmAmMCpsmGpsmA
mU

439

mUpsmCpsmGmUmGmGTUmGt
GFAfCmUmUmCmUmCmUmCm
AmAmU

523

vmApsfUpsmUmGmAfGmAMGmAmMA
mGMUmCfCmAfCmCmAmMCmGmAps
mGpsmU
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Table 4. siNA Sequences

SII:\I%TD Sense Sequence (5'-3") Ilglij\l% Antisense Sequence (5'-3')
440 | mUpsmGpsfCmCmGmAfUfCfC 524 | vmUpsfCpsmCmGmMCmAmGmUmAm
MAMUfAMCmUmGmCfGmGm UmGmGmAfUmCmGmGmCmApsmG
A psmA
441 | mUpsmGpsfUmGmCmAfCfUfU 525 | vmApsfGpsmGmUmGmMAmMAmMGmCm
mCmGICmUmUmCmAfCmCmU GMAMAMGITUmGMCmAmMCmApsmC
psmG
441 | mUpsmGpsfUmGmCmAfCfUfU 526 | mApstGpsmGmMUmMGFAMAmMGmMCIGm
mCmGICmUmUmMCmAfCmCmU AmAMGIUMGmMCmAfCmApsmCpsm
G
441 | mUpsmGpsfUmGmCmAfCfUfU 527 | mApsfGpsmGmMUmMGFAMAMGmCmG

mCmGfCmUmUmCmAfCmCmU

MAMAMGTUmGfCmAmMCmApsmCps
mG

442

mUpsmGpsfUmGmCmA{fCfUmU

525

vimApsfGpsmGmUmGmAmMAmMGmMCm

mCmGMCmUmUmCmAfCmCm GmMAMAMGTUmGMCmAmMCmApsmC
U psmG

442 | mUpsmGpsfUmGmMCmAfCfUmU | 528 | vimApsfGpsmGmUmGmMAmMAmMGmCm
mCmGMCmUmUmCmAfCmCm GMAMAMGTUmGMCmAmMCmApsTps
U T

442 | mUpsmGpsfUmGmCmAfCfUmU | 529 | d2vmApsfGpsmGmUmGmAmAmMGmC
mCmGMmCmUmUmCmAfCmCm mGMAMAMGIUmMGmMCmAmMCmApsm
U CpsmG

443 | unCpsmCpsfGmUmGmUfGfCfA 458 | mUpsfGpsmAmMAMGmCmGmMAmMAmMG
mCmUfUmCmGmCmUfUmCmA mUmGMCfAMCmAmMCmGmGpsmUps

mC

444

unGpsmUpsfGmGmUmGFGfAfC
mUmUfCmUmCmUmCfAmAmMU

502

mApsfUpsmUmGmAMGmAMGmAmMA
mGmMUmCfCmAMCmCmAmMCpsmGps
mA

423

mCpsmCpsfGmUmGmUfGFCfA
mCmUfUmCmGmCmUfUmCmA

458

mUpsfGpsmAMAMGMCmGmMAmMAmMG
mUmGmMCfAmMCmAMCmGmGpsmUps
mC

53322 | mCpsmUpsfGmCmUmAfUfGIC 489 | mApsfGpsmAMAMGMAMUmGmMAmMG

4 mCmUfCmAMUmCmUfUmCmU mGMCmMAfUmAMGmMCmAmMGpsmCps
mA

53423 | mGpsmCpsfGmGmGmGIUfUmU | 491 | mUpsfCpsmAmMAmMCmAmMAmMGmAmMA

mUmUmCmUmUmGmUfUmGm
A

MAMAMAfCmCmCmCmGmCpsmCps
mU

mGpsmCpsmUmGmCmUfAmUf
GFfCfCmUmCmAmMUmCmUmUm
CmUmU

496

mApsfApsmGmMAMAfGMAMUmGmA
mGmMGMCFAMUfAMGmMCmAmMmGmCps
mApsmG

435

mGpsmUpsfGmGmUmGIGfAfC
mUmUfCmUmCmUmCfAmAmU

502

mApsfUpsmUmGmMAMGmMAmMGmAmMA
mGMUmCfCmAMCmCmAmCpsmGps
mA

442

mUpsmGpsfUmGmCmAfCfUmU
mCmGMCmUmUmCmAfCmCm
U

530

mApsfGpsmGmUmGmMAmMAMGmCmG
MAMAMGITUmGMCmAmMCmApsmCps
mG
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439 | mUpsmCpsmGmUmGmGfUmGE | 531 | mApsfUpsmUmGmMAfGmAmMGmAmMA
GFAfCmUmUmCmUmCmUmCm mGMUmCfCmAfCmCmAmMCmGmAps
AmAmU mGpsmU

423 | mCpsmCpstGmUmGmUGfCfA 532 | mUpstGpsmAMAMGMCmGmMAmAmMG
mCmUfUmCmGmCmUfUmCmA mUmGmCfAMCmAMCmGmGpsTpsT

441 | mUpsmGpsfUmGmCmAfCfUfU 530 | mApstGpsmGmMUmGmMAMAmMGmMCmG
mCmGICmUmUmCmAfCmCmU MAMAMGTUmGMCmAmMCmApsmCps

mG

442 | mUpsmGpsfUmGmMCmAfCfUmU | 533 | mApstGpsmGmUmGmMAMAmMGmCmG
mCmGMCmUmUmCmAfCmCm MAMAMGTUmGMCmAMCmApsTpsT
U

424 | mCpsmCpsmGmUfGmUfGfCfA 536 | d2vd3UpsfGpsmAMAfGmCmGfAmAm
mCmUmUmCmGmCmUmUmC GmMUmGmCfAMCmAfCmGmGpsmUp
mA smC

438 | mGpsmUpsmGmGfUmGFGfAfC 537 | mApsf4APpsmUmGmAfGmAmGmMAmA
mUmUmCmUmCmUmCmAmMA mGMUmCfCmAfCmCmAmMCpsmGpsm
mU A

438 | mGpsmUpsmGmGfUmGFGfAfC 538 | mApstUpsmUmGmMAfGmAmMGmAmMA
mUmUmCmUmCmUmCmAmMA mGmMUmC2PmAfCmCmAmMCpsmGps
mU mA

438 | mGpsmUpsmGmGfUMGIGfAfC | 53959 | mApsfUpsmUmGmMAfGmAmMGmAmMA
mUmUmCmUmCmUmCmAmA 9 mGMUmMCfCmAfXmCmAmMCpsmGps
mU mA

mX = 2’-O-methyl nucleotide; fX = 2’-fluoro nucleotide; 5dcd3X = nucleotide of Formula 17;
5dfX = nucleotide of Formula 16; vX=5" vinyl phosphonate nucleotide; d2vX = deuterated 5’
vinyl phosphonate nucleotide; vmX = 5’ vinyl phosphonate, 2’-O-methyl nucleotide; vmB =

HO ? 74
~p NH
HO \\\\@N—ﬁ
o)

0 ‘OMe O  OCHs
cmU = pav oo ; mesnmU = v ;: mesnomU =
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SEQ
ID NO.

SEQID
NO.

Sense Sequence (5'-3')

Antisense Sequence (5'-3")

_S—NH
o~ p

0 P |—|o\P’/O IS iNH
¢ ¢ W i

; f4P =

;2P = "
phosphorothioate linkage

ps=

Table 5

SEQ ID
NO:

Description

Sequence*

410

Hepatitis B
virus
(Genbank
Accession
No.
U95551.1)

aattccacaacctttcaccaaactctgcaagatcccagagtgagaggcctgtatttccetgetggtgg
ctccagttcaggagcagtaaaccctgttccgactactgectctcecttatcgtcaatcttctcgaggatt
ggggaccctgcgctgaacatggagaacatcacatcaggattcctaggaccccttctegtgttacagg
cggggtttttcttgttgacaagaatcctcacaataccgcagagtctagactcgtggtggacttctctca
attttctagggggaactaccgtgtgtcttggccaaaattcgcagtccccaacctccaatcactcacca
acctccetgtcctccaacttgtectggttatcgctggatgtgtctgeggegttttatcatcttectettcate
ctgctgctatgectcatcttcttgttggttcttctggactatcaaggtatgttgcccgtttgtectctaatte
caggatcctcaaccaccagcacgggaccatgccgaacctgeatgactactgctcaaggaacctcta
tgtatcccteetgttgetgtaccaaaccttcggacggaaattgeacctgtatteccatcccatcateetg
ggctttcggaaaattcctatgggagtgggectcageccgtttctectggetcagtttactagtgecattt
gttcagtggttcgtagggctttccecccactgtttggctttcagttatatggatgatgtggtattggggac
caagtctgtacagcatcttgagtcectttttaccgcetgttaccaattttcttttgtetttgggtatacatttaa
accctaacaaaacaaagagatggggttactctctgaattttatgggttatgtcattggaagttatgggtc
cttgccacaagaacacatcatacaaaaaatcaaagaatgttttagaaaacttcctattaacaggectat
tgattggaaagtatgtcaacgaattgtgggtettttgggttttgctgecccatttacacaatgtggttatc
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SEQID
NO:

Description

Sequence*

ctgcgttaatgcccttgtatgeatgtattcaatctaagcaggctttcactttctcgecaacttacaaggec
tttctgtgtaaacaatacctgaacctttacccegttgeccggcaacggecaggtcetgtgccaagtgttt
getgacgcaacccecactggctggeecttggtcatgggccatcagegegtgegtggaaccttttcg
getectetgecgatccatactgeggaactectageegettgttttgetcgecageaggtctggageaaa
cattatcgggactgataactctgttgtcctetcccgeaaatatacatcgtatccatggetgctaggctgt
getgecaactggatectgegegggacgtectttgtttacgtccegteggegetgaatcectgeggacg
acccttctcggggtcgcttgggactetctegtececettctecgtetgecgtteccgaccgaccacgggg
cgcacctctctttacgeggactceccgtctgtgecttetcatctgeeggaccgtgtgcacttegettca
cctectgecacgtcgeatggagaccaccgtgaacgeccaccgaatgttgcccaaggtcttacataaga
ggactcttggactctctgcaatgtcaacgaccgaccttgaggcatacttcaaagactgtttgtttaaag
actgggaggagttggoogagoagattagattaaaggtctttgtactaggaggctgtaggcataaatt
ggtctgegcaccagceaccatgcaactttttcacctctgectaatcatetcttgttcatgtectactgttca
agcctccaagctgtgecttgggtgectttggggcatggacatcgacccttataaagaatttggageta
ctgtggagttactctcgtitttgecttctgacttctitccttcagtacgagatcttctagataccgectcag
ctetgtatcgggaagccttagagtctcctgagceattgticacctcaccatactgcactcaggcaagea
attctttgctgggggogaactaatgactctagetacctgggtggatgttaattitggaagatccageatct
agagacctagtagtcagttatgtcaacactaatatgggcctaaagttcaggcaactcttgtggtttcac
atttcttgtctcacttttggaagagaaaccgttatagagtatttggtgtctttcggagtgtggattcgeact
cctccagcettatagaccaccaaatgeccctatcctatcaacacttccggaaactactgttgttagacga
cgaggcaggtccectagaagaagaactccctegectcgecagacgaaggtctcaatcgecgegteg
cagaagatctcaatctcgggaacctcaatgttagtattccttggactcataaggtggggaactttactg
gtctttattcttctactgtacctgtctttaatcctcattggaaaacaccatcttttcctaatatacatttacace
aagacattatcaaaaaatgtgaacagtttgtaggcccacttacagttaatgagaaaagaagattgcaa
ttgattatgcctgcetaggttttatccaaaggttaccaaatatttaccattggataagggtattaaaccttat
tatccagaacatctagttaatcattacttccaaactagacactatttacacactctatggaaggcgggta
tattatataagagagaaacaacacatagcgcctcattttgtgggtcaccatattcttgggaacaagatc
tacagcatggggcagaatctttccaccagcaatcctctgggattctttcccgaccaccagttggatcee
agccttcagagcaaacacagcaaatccagattgggacttcaatcccaacaaggacacctggecag
acgccaacaaggtaggagctggagcatticgggcetgggtitcaccccaccgecacggaggcecttitg
gggtggagcecctcaggctcagggcatactacaaactttgccagcaaatccgectectgectecace
aatcgccagacaggaaggcagcectaccccgetgtetccaccttitgagaaacactcatcctcaggece

atgcagtgg

411

MCJ mRNA
(GenBank
Accession
No.
NM_01323
8.3)

agtcactgccgeggegcecttgagtctccgggecgecttgecatggetgeecgtggtgtcatcgete

cagttggcgagagtttgcgctacgctgagtacttgcagecctcggecaaacggecagacgecgac

gtcgaccagcagagactggtaagaagtttgatagctgtaggactgggtattgcagetcttgeatttge
aggtcgctacgcatttcggatctggaaacctctagaacaagttatcacagaaactgcaaagaagattt
caactcctagcttttcatcctactataaaggaggatttgaacagaaaatgagtaggcgagaagcetggt
cttattttaggtgtaagcccatctgctggcaaggctaagattagaacagctcataggagagtcatgatt
ttgaatcacccagataaaggtggatctccttacgtagcagccaaaataaatgaagcaaaagacttgct
agaaacaaccaccaaacattgatgcttaaggaccacactgaaggaaaaaaaaagaggggacttcg
aaaaaaaaaaaagccctgcaaaatattctaaaacatggtcttcttaattttctatatggattgaccacag
tcttatcttccaccattaagctgtataacaataaaatgttaatagtcttgetttttattatcttttaaagatcte

cttaaattctataactgatcttttttcttattttgtttgtgacattcatacatttttaagatttttgttatgttctgaa
ttcceccctacacacacacacacacacacacacacacacacgtgcaaaaaatatgatcaagaatge
aattgggatttgtgagcaatgagtagacctcttattgtttatatttgtaccctcattgtcaatttttttttagg

gaatttgggactctgectatataaggtgttttaaatgtcttgagaacaagcactggetgatacctettgg
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agatatgatctgaaatgtaatggaatttattaaatggtetttagtaaagtaggggttaaggacttgttaaa
gaaccccactatctctgagaccctatagccaaagceatgaggacttggagagctactaaaatgattca
ggtttacaaaatgagcecctgtgaggaaaggttgagagaagtctgaggagtttgtatttaattatagtctt
ccagtactgtatattcattcattactcattctacaaatatttattgaccccttttgatgtgcaaggcactatc
gtgegtceectgagagttgcaagtatgaagcagtcatggatcatgaaccaaaggaacttatatgtag
aggaaggataaatcacaaatagtgaatactgttagatacagatgatatattttaaaagttcaaaggaag
aaaagaatgtgttaaacactgcatgagaggaggaataagtggcatagagctaggctitagaaaaga
aaaatattccgataccatatgattggtgaggtaagtgttattictgagatgagaattagcagaaatagat
atatcaatcggagtgattagagtgcagggtttctggaaagcaaggtttggacagagtggtcatcaaa
ggccagcecctgtgacttacactgcattaaattaatttcttagaacatagtccctgatcattatcactttact
attccaaaggtgagagaacagattcagatagagtgccagcattgtttcccagtattcctttacaaatctt
gggttcattccaggtaaactgaactactgeattgtttctatcttaaaatactttttagatatcctagatgceat
ctttcaacttctaacattctgtagtttaggagttctcaaccttggcattattgacatgttaggccaaataatt
ttttttgtgggaggtctcttgtgcgtittagatgattagcaataatccctgacctgttatctactaaagact
agtcgtttctcatcagttgtgacaacaaaaatggttccagatattgccaaatgccctttagaggacagt
aatcgcccccagttgagaaccatttcagtaaaactttaattactattttttcttttggtttataaaataatgat
cctgaattaaattgatggaaccttgaagtcgataaaatatatttcttgetttaaagtccccatacgtgtect
actaattttctcatgctttagtgttttcacttttctcctgttatccttgtacctaagaatgccatcccaatcee
cagatgtccacctgcccaaagtctaggcatagetgaaggccaagctaaaatgtatcectetttttetgg
tacatgcagcaaaagtaatatgaattatcagctttctgagagcaggcattgtatctgtcttgtitggtatt
acattggcacccaataaatatttgttgagtgaatgaataaattcccatagcactttattcttcacatggta
cataactataggggctatagcttggtaccttgtgaagcaactcttggtgtaacataccttatttctcatac
taaaatgcaagaacctttagagcaaggatcttgccattcatctttgtaacctctttactctggageacttg
catttagcaggcatcataaagttttacgtaccaagaaaatgttgctgttttctgaatactatgcatcaaaa
aatgttaccactaatttttaaagctctgctaaggaatattgggecaccctcagatgcaccttttaattgat
gtcatattttcctaatccatactttattcatgagaatttgagtcaccccagceattagettggaatttccttatt
tcccatttgetttgcaggteccttggagtcagatctggtittgaatactatcttcetgttatgtgatcttgg
gcagttacttaattttctagtcaataacccgtatctataaaatagagaaaataatcctacacaccgggg
cctgtigtgggocggggagaggggggagaoatcgcatitggagatatactaatgtaaatgacaagt
taattggtgcagcacaccaacatggctcatgtctacatatgtaacaaacctgcacgttgtgcacatgtg
ccctagaacttaaagtataataaaaagaaattttaaaaaatcctgtcaaataaggttatagtagagaata
aggatgtgtaaagcatttagtcacgtaaatgcttaaaaaaatgtaatttttacttctttcactgcctcattta
attagttttatctttaataataccttggattcagggtaaagtttcagttatgtcccagtaatcatttattttacc
ctcgaatctgcaatttggatagaacatggtggggacagetcgtetctattccttgcageattaacagg
ctggaggcaccacttctctggecagceaagtigggcctggttgttggctgagagectcagttectttct
gcacaggttcctctttacataggcttctcaacagggctactagagcatcgtcaccatagcagetgtctt
ataacagagagtggtcggtctgagagacaaaaaatggaagctgccaaattgttctgggtctggaaa
ctgtcagggcatcacttgtgccatattcagttggcctaagaattacagagectgectcgattcaaagg
gagaggatagagaggactgaaggaatcagtgctcatctttaatatgcagcaggacaggtttgggatt
ttttttcceccttgagtctgtgaaggcattacttaagaacaaagtcaggcatgtataattgaactacagtt
acttgaaatataagcccagaaagtttcagataataaatacaactatttttctgetgttacccttgtacctaa
agatgccatcctaatccccagatctccacaactatacctacatagtagaaggttaaaatgtatcectctt
tttctggtgcatccagcaaaagtaatatcatgaattatgagetctctgagagcaaggatcatatcagtct
tgtttattgttgcagtgaacaagtacagttgcagatattcaggagtaattatctaaatggcagtaggctt
ataaaactgaattttcaccagccacaccctccceccaactcecttatctgtaaaaagcettatttgagtggt
tacctgtcttcagtaaagattgcgcttgcatatttgetgtcattgcatattctgcttaattaagetctgtiga
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tattgcagtttctgtgcatacttacatcttagatgcaatctgagggcctaggaaggccttttaaaaataa
aacaattccgattgcagagaaagtgtaagtcaaggacagttaattcaaggggaacatagaaagctat
ttagattttagttgatggtgccagtcttcagcgtaaagtcaaaagtggagggaagtitagtaaggaaa
aaatgttgggcttggaatacattgtttagtcttcaaagcactttactttttatgaaatatattttagacattca
gcaaatattgaatacttactatatcaggcagtaaagatataaattcattcttaaaatgtgcaacatgttca
aactgaaaaaaatacattcttaaacaggaaactttttccttcatactttttaattaacaagacatataaga
gttgcattaatgggcgtecttatgattgatcacccagcagcatcattagaaataatatattttattcatgt
gcagaaatcttttggttgtectggggaaccttgaacacagaaaagagcttttattgataaggtaattga
acacacttgacaattagcttaatatggtttaataccatttgtgggagaagatgaatcagccaggctcttt
acgtcaagaatatgaagtttctcttgagtcaaccaacttaagatgagctacggagactgcagtgaaaa
gttaaatatccaagtacaccagccaatttcacacagtggaaccatgctgtectcgggeaccctgeac
ctcgeccaacagtcatcaactagatggaggctectggetgcaaggaggatttgatgggaatgagta
aatgtgtcagcatagtccgteccttctaatggaaaagcaacccaaagagcaaatcctattaatggetg
gatcagtatcatctacttgtcaaaaacattccatgaattatgagtcaaaattttatttatggtggcattaca
cacattaagagatgaggacttctgttagcataatttattagctggaaaagttgagaaggttctctggact
catttttataggtggaacctaagtgatctggataattgcccaccagcaaaattgetgggceatggtgga
caaagaaaatgttccttctaatgattttttatgagctgagtagctattgttcccagetgagtgctcettttect
ctttttattgttgctgagcaaaagaatttataaaaagctctttcttttgtattaaaaaccctgcetcaattgaa
atgcaagttcattaagtaatcttcatttctcttcctgecataataacccttteectctetgttcgattcaaca
gtatctagcagcactgctccaaattttaagtctgaacagactatattacatagatgtagagaaatactca
atcttcagcattaagagggagcttaatttcacacgggtggaatatgatcactcaggctagatgttggc
cataaatttcaaattagtatctcaacttagcaggggggatcaacagtggcaaacttcaattatgacagg
ataaaaatcacatagagatattggttcaatatggacatctaaactataatgctaaaagccaataattaga
ataagttcattttaagaaaagcattaataatattagctaacgtttagtacctgtgccaaacattctacctat
gttaccttgattttcatagccagcectaagaggtactattatgtatccccattttacaggttaagaaacagg
ctcagaggagtttaggatcttttccaagattacatagccagtaagtggtggcactaggaaccaaattc
agactctgaatcgcatgctgtttatattatattgcactcattctaaatatgtgggaatcagaatgaaggg
gettgtatgacttttggctcattttttgatgcatgtgacctgggattataaatgtgaaattaggtttacgaa
aggatccagtgtcattgtgcatcatgggcaaggagtacctaatctctttaattcttccctggaagettac
gatgtccatccaagtgcacatagcaaaagttctgttgtaaagtttagcagagtgactttctttgactcag
agtgatgacggaggaagctttgataagattttatctgaaatgttcatggacaagagctttcaaggaga
acatccagagcaaggttctgaagacagctcatgaaggtgaagcagcagacctggcacaagaaatg
aagagagagctcagtgtattaaagatgaaaacaagaaaaccgaatatattgaaaggagcagagag
gcaatgaaaacaagacaactgaaatgaggtaacttgcagcaattgaaagggaatttcagtacttttat
agaattcttaaaaattgtttcctgctgtttattttcaattttgaacagggttatttgtccatgccatactttettt
gccaaattccaaaattgtgtatagttctatagttgtctggtggagtcaatggaactttagttaccagtcta
agaatgtgtctttgagattgtccagttaattctctatttccagtagctgtaataaatggtgaaaaggtttct
gactcctggagaaagtttctaactccttatgactaatattcataacagacttgtgagttccttgaacatgg
atacacctatatgcaagagtgtattccaaagctaactcagtgatctttccatttatctattcttggattagt
ggtgcctttgetetttecttctgtaaatgtgaatagttaagagttgactgcagaagtgtttacactttggct
tccatgectctggaatgtttgtgctitggtggtgagatgtgagactatatttgtatagtctgcatctctcag
gctgecccagaatgttgtacagtgcagtgctgaagaaagcagcaggtacacacagaaatgcagee
tttcctggttaaccetgettggatctgagttacactttgtttcctgacttcttgggacttaggtaatcagttt
gecttctactctatcteattttgtactcgcttacatactacattcttgtttgggctttcgtttcttcttgtaage
agagattttttaaaatccaatatgtgaaaatacggatgcactacaattaaataaataaaatgctgtigtgt
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Table 5

SEQID
NO:

Description

Sequence*

ttgttttgctttaaaattgtaaaggataaacaataagatagttttatctatgtggttttcccgatgeagttaa
aataaaacctaatctgctaaaattgaa

412

TAZ
(GenBank
Accession
No.
NM_00011
6.5)

getttecggeggttgcaccgggecggggtgccagegeecgectteccgttteccteccgtteccgeag
cgegeccacggectgtgaccecggegaccgetceccagtgacgagagagegggeccggecgc
tgctceggectgacctgegaagggaccteggtccagteceetgttgegeegegecceegtecgtee
gtgecgegggccagtcaggggccagtgtctcgageggtcgaggtegeagacctagaggegecee
acaggccggececggggcgctgggagegecggecgegggecgggtggggatgcctetgcacgt
gaagtggccgttccccgeggtgecgecgcetcacctggaccctggecageagegtegtcatggact
tggtgggcacctacagctgcetictggaccaagtacatgaaccacctgaccgtgecacaacagggag
gtgctgtacgagetcatcgagaagegaggeecggecacgececcteatcaccgtgtecaatcacca
gtcetgeatggacgacccetcatctetgggggatcctgaaactccgecacatctggaacctgaagttg
atgcgttggacccctgcagetgecagacatctgettcaccaaggagctacactcecacttettcagett
gggcaagtgtgtgcctgtgtgccgaggagceagaatttttccaagcagagaatgagggegaaaggtg
ttctagacacaggcaggcacatgccaggtgctggaaaaagaagagagaaaggagatggcgtcta
ccagaaggggatggacttcatittggagaagctcaaccatggggactgggtgcatatcttcccagaa
gggaaagtgaacatgagttccgaattcctgegtttcaagtggggaatcgggcgectgattgctgagt
gtcatctcaaccccatcatectgeecctgtggcatgtcggaatgaatgacgtecttcctaacagtecg
ccctacttcececgctttggacagaaaatcactgtgetgatcgggaagceccttcagtgecctgectgt
actcgagcggctccgggcggagaacaagtcggctgtggagatgecggaaageectgacggacttc
attcaagaggaattccagcatctgaagactcaggcagagcagctccacaaccacctccagectgg
gagataggccttgettgetgecttctggattcttggcccgeacagagetgggectgagggatggact
gatgcttttagctcaaacgtggcettttagacagatttgttcatagaccctctcaagtgecctcteegage
tggtaggcattccagctcctecgtgcttectcagttacacaaaggacctcagetgcttcteccacttgg
ccaagcagggaggaagaagcttaggcagggctctetttecttettgecttcagatgttctctcecagg
ggctggettcaggagggageatagaaggcaggtgagcaaccagttggctaggggageaggggee
cccaccagagctgtggagaggggaccctaagactectcggectggetectacccaccgececettge
cgaaccaggagctgctcactacctectcagggatggccgttggecacgtcttecttetgectgagett
ccceeccaccacaggcecctttectcaggeaaggtctggectcaggtgggccgeaggegggaaaa
geagcccttggecagaagtcaageccagecacgtggagectagagtgagggcctgaggtetgge
tgcttgeccccatgetggegecaacaacttetecatectttctgectctcaacatcacttgaatectagg
gectggottttcatgtttttgaaacagaaccataaageatatgtgttgocttgttgtaaaa

413

ANGPTL3
(GenBank
Accession
No.
NM_01449
5.4)

agaagaaaacagttccacgttgcttgaaattgaaaatcaagataaaaatgttcacaattaagctecttc
tttttattgttcctctagttatttcctccagaattgatcaagacaattcatcatttgattctctatctccagag
ccaaaatcaagatttgctatgttagacgatgtaaaaattttagccaatggcectccttcagttgggacatg
gtcttaaagactttgtccataagacgaagggccaaattaatgacatatttcaaaaactcaacatatttga
tcagtctttttatgatctatcgctgcaaaccagtgaaatcaaagaagaagaaaaggaactgagaaga
actacatataaactacaagtcaaaaatgaagaggtaaagaatatgtcacttgaactcaactcaaaactt
gaaagcctcctagaagaaaaaattctacttcaacaaaaagtgaaatatttagaagagcaactaactaa
cttaattcaaaatcaacctgaaactccagaacacccagaagtaacttcacttaaaacttttgtagaaaa
acaagataatagcatcaaagaccttctccagaccgtggaagaccaatataaacaattaaaccaacag
catagtcaaataaaagaaatagaaaatcagctcagaaggactagtattcaagaacccacagaaattt
ctctatcttccaagccaagagcaccaagaactactccctttcttcagttgaatgaaataagaaatgtaa
aacatgatggcattcctgctgaatgtaccaccatttataacagaggtgaacatacaagtggcatgtat
gccatcagacccagcaactctcaagtttttcatgtctactgtgatgttatatcaggtagtccatggacatt
aattcaacatcgaatagatggatcacaaaacttcaatgaaacgtgggagaactacaaatatggttttg
ggagecttgatggagaattttggtiggacctagagaagatatactccatagtgaagcaatctaattat
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Table 5

SEQID
NO:

Description

Sequence*

gttttacgaattgagttggaagactggaaagacaacaaacattatattgaatattctttttacttgggaaa
tcacgaaaccaactatacgctacatctagttgcgattactggcaatgtccccaatgcaatcecggaaa
acaaagatttggtgttttctacttgggatcacaaagcaaaaggacacttcaactgtccagagggttatt
caggaggctggtggtggcatgatgagtgtggagaaaacaacctaaatggtaaatataacaaaccaa
gagcaaaatctaagccagagaggagaagaggattatcttggaagtctcaaaatggaaggttatacte
tataaaatcaaccaaaatgttgatccatccaacagattcagaaagctttgaatgaactgaggcaaattt
aaaaggcaataatttaaacattaacctcattccaagttaatgtggtctaataatctggtattaaatccttaa
gagaaagcttgagaaatagattttttttatcttaaagtcactgtctatttaagattaaacatacaatcacat
aaccttaaagaataccgtttacatttctcaatcaaaattcttataatactatttgttttaaattttgtgatgtg
ggaatcaattttagatggtcacaatctagattataatcaataggtgaacttattaaataacttttctaaata
aaaaatttagagacttttattttaaaaggcatcatatgagctaatatcacaactttcccagtttaaaaaact
agtactcttgttaaaactctaaacttgactaaatacagaggactggtaattgtacagttcttaaatgttgt
agtattaatttcaaaactaaaaatcgtcagcacagagtatgtgtaaaaatctgtaatacaaatttttaaac
tgatgcttcattttgctacaaaataatttggagtaaatgtttgatatgatttatttatgaaacctaatgaagce
agaattaaatactgtattaaaataagttcgctgtctttaaacaaatggagatgactactaagtcacattg
actttaacatgaggtatcactataccttatttgttaaaatatatactgtatacattttatatattttaacactta
atactatgaaaacaaataattgtaaaggaatcttgtcagattacagtaagaatgaacatatttgtggcat
cgagttaaagtttatatttcccctaaatatgcetgtgattctaatacattcgtgtaggttttcaagtagaaat
aaacctcgtaacaagttactgaacgtttaaacagcctgacaagcatgtatatatgtttaaaattcaataa
acaaagacccagtccctaaattatagaaatttaaattattcttgcatgtttatcgacatcacaacagatcc
ctaaatccctaaatccctaaagattagatacaaattttttaccacagtatcacttgtcagaatttatttttaa
atatgattttttaaaactgccagtaagaaattttaaattaaacccatttgttaaaggatatagtgcccaagt
tatatggtgacctacctttgtcaatacttagcattatgtatttcaaattatccaatatacatgtcatatatattt
ttatatgtcacatatataaaagatatgtatgatctatgtgaatcctaagtaaatattttgttccagaaaagt
acaaaataataaaggtaaaaataatctataattttcaggaccacagactaagctgtcgaaattaacgct
gatttttttagggccagaataccaaaatggctectetcttcccccaaaattggacaatttcaaatgcaaa
ataattcattatttaatatatgagttgcttcctctatttggtttcc

414

DGAT?2
(GenBank
Accession
No.
NM_00125
3891.1)

tgcecegttgtgaggtgataaagtgttgegetcegggacgecagegeegeggetgeegectetget
ggggtctaggcetgtttctetcgegecaccactggecgecggecgeageteecaggtgtectageege
ccagcctegacgecgteceegggaccectgtgetetgegegaageectggecccgggggecggg
gcatgggccaggggegeggggtgaageggettccecgeggggecgtgactgggegggcttcage
catgaagaccctcatagccgectactceggggteetgegeggegagegtecaggecgaggetgac
cggagccagegctctcacggaggacctgegetgtcgegegaggggtetgggagatggggagte
gcctgeagtgecatectcatgtacatattetgeactgattgetggeteatcgetgtgctctacttcacttg
gctggtgtttgactggaacacacccaagaaaggtggcaggaggtcacagtgggtccgaaactggg
ctgtgtggcgctactttcgagactactttcccatccagetggtgaagacacacaacctgetgaccace
aggaactatatctttggataccacccccatggtatcatgggectgggtgecttctgcaacttcageac
agaggccacagaagtgagcaagaagttcccaggcatacggcecttacctggctacactggeaggea
acttccgaatgcctgtgttgagggagtacctgatgtctggaggtatctgecctgtcagecgggacac
catagactatttgctttcaaagaatgggagtggcaatgctatcatcatcgtggtegggggtgcggctg
agtctctgagetccatgectggeaagaatgeagteaccetgeggaaccgeaagggctttgtgaaact
ggceeetgegtcatggagetgacctggtteccatetacteetttggagagaatgaagtgtacaageag
gtgatcttcgaggagggctectggggccgatgggtccagaagaagttccagaaatacattggtttcg
ccccatgeatcttccatggtegaggectcttctectccgacacetgggggctggtgcectactccaag
cccatcaccactgttgtgggagageccatcaccatccccaagetggageaccecaacccageaaga
catcgacctgtaccacaccatgtacatggaggccctggtgaagetcttcgacaagcacaagaccaa
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Table 5

SEQID
NO:

Description

Sequence*

gttcggecteccggagactgaggtectggaggtgaactgagecagecticggggcecaattecctg
gaggaaccagctgcaaatcacttttttgctctgtaaatttggaagtgtcatgggtgtetgtgggttattta
aaagaaattataacaattttgctaaaccattacaatgttaggtcttttttaagaaggaaaaagtcagtattt
caagttctttcacttccagcettgecctgttctaggtggtggctaaatctgggcectaatctgggtggctca
gctaacctctettetteccttcctgaagtgacaaaggaaactcagtcticttggggaagaaggattgcc
attagtgacttggaccagttagatgattcactttttgcccctagggatgagaggcgaaagecacttcetce
atacaagcccctttattgccactaccccacgetcgtctagtcctgaaactgcaggaccagtttctetge
caaggggaggagttggagagceacagttgcccegtigtgtgagggcagtagtaggcatctggaatg
ctccagtttgatctcecttctgecaccectacctcacccctagtcactcatatcggagectggactggc
ctccaggatgaggatgggggtggcaatgacaccctgcaggggaaaggactgecceccatgeacc
attgcagggaggatgccgecaccatgagetaggtggagtaactggtttttcttgggtggctgatgac
atggatgcagcacagactcagccttggectggagcacatgcttactggtggcctcagtttaccttcce
cagatcctagattctggatgtgaggaagagatccctcttcagaaggggectggecttctgagecagea
gattagttccaaagcaggtggcccccgaacccaagecteactttictgtgecttcctgagggggttg
ggceggggaggaaacccaacccetceteetgtgtgttetgttatctettgatgagatcattgcaccatgte
agacttttgtatatgccttgaaaataaatgaaagtgagaatcctctaaaaaaaaaaaa

45596

HBV
Genbank
Accession
No.
KC315400.
1

ctccaccactttccaccaaactcttcaagatcccagagtcagggcecctgtactttcctgetggtggcte
aagttccggaacagtaaaccctgctccgactactgectctcccatatcgtcaatcttctcgaggactg

gggaccctgtaccgaatatggagagcaccacatcaggattcctaggacccctgetcgtgttacagg

cggggtttttcttgttgacaagaatcctcacaataccacagagtctagactcgtggtggacttctctca

attttctagggggagcacccacgtgtcctggccaaaatttgcagtccccaacctccaatcactcacca
acctcttgtcctccaatttgtectggttatcgetggatgtgtetgeggcegttttatcatcttectettcatee

tgctgctatgecteatcttettgttggtictictggactaccaaggtatgttgcecgtttgtectctacttee
aggaacatcaactaccagcaccggaccatgcaaaacctgcacaactactgctcaagggacctctat
gtttcectcatgttgetgtacaaaacctacggacggaaactgceacctgtattcccatcecatcatcettgg
getttcgcaaaatacctatgggagtgggcctcagtecgtitctcttggctcagtttactagtgccatttgt
tcagtggttcgtagggctttcccccactgtetggctttcagttatatggatgatgtggttttggggocca

agtctgtacaacatcttgagtccctttataccgctgttaccaattttcttttatctttgggtatacatttaaac
cctcacaaaacaaaaagatggggatattcccttaacttcatgggatatgtaattgggagttgggacac
tttgcctcaggaacatattgtacaaaaaatcaagcaatgttttaggaaacttcctgtaaacaggcctatt
gattggaaagtatgtcaacraattgtgggtcttttggggtttgccgeccctttcacgcaatgtggatatc
ctgctttaatgectttatatgcatgtatacaagctaagcaggcttttactttctcgccaacttacaaggect
ttctgtgtaaacaatatctgaacctttacccegttgetcggcaacggtcaggtctttgccaagtgtttget
gacgcaacccccactggttgggocttggccataggecatcagegceatgegtggaacctttgtggct
cctetgecgatccatactgeggaactectageagcettgttttgctcgecagecggtetggagcaaaact
tatcggcaccgacaactctgttgtcctctctcggaaatacacctectttccatggetgctaggatgtgct
gccaactggatcctgegegggacgtcectttgtctacgtccegteggegcetgaatcccgeggacgac
ccatctcggggccgtttgggactctaccgtecccttctgegtetgecgttccgeccgaccacggggc
geacctctctttacgcggtctececcgtetgtgecttctcatctgecggaccgtgtgcacttegettcace
tctgcacgtcgeatggagaccaccgtgaacgeccacgggaacctgeccaaggticttgcataagag
gactcttggactttcagcaatgtcaacgaccgaccttgaggcatacttcaaagactgtgtgtttactga
gtgggaggagtigggggaggagottaggttaaaggtctttgtactaggaggctgtaggcataaattg
gtgtgttcaccagcaccatgcaactttttcacctctgectaatcatctcatgttcatgtectactgticaag
cctccaagetgtgecttgggtegctttggggcatggacattgacccgtataaagaatttggagcettct

gtggagttactctcttttttgcctictgacttctttccttctattcgagatctcctcgacaccgectetgetct
gtatcgggaggccttagagtctccggaacattgttcacctcaccatacggeactcaggcaagcaatt
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Table 5

SEQID
NO:

Description

Sequence*

ctgtgttggggteagttaatgaatctagecacctgggtgggaagtaatitggaagatccageatcca
gggaattagtagtcagctatgtcaacgttaatatgggcctaaaaatcagacaactattgtggtttcaca
tttcctgtettacttttgggagagaaactgttcttgaatatttggtgtettttggagtgtggattcgeactee
tcctgeatatagaccacaaaatgeccctatcttatcaacacttccggaaactactgttgttagacgaag
aggcaggtcccctagaagaagaactecctegectcgcagacgaaggtcetcaatcgecgegtegea
gaagatctcaatctcgggaatctcaatgttagtattccttggacacataaggtgggaaactttacggg
gctttattcttctacggtaccttgctttaatcctaaatggcaaactecttcttttcctgacattcatttgeag
gaggacattgttgatagatgtaagcaatttgtgggeccccttacagtaaatgaaaacaggagacttaa
attaattatgcctgctaggttttatcccaatgttactaaatatttgecccttagataaagggatcaaaccgta
ttatccagagtatgtagttaatcattacttccagacgcgacattatttacacactctitggaaggcgggg
atcttatataaaagagagtccacacgtagcgcctcattttgcgggtcaccatattcttgggaacaagat
ctacagcatgggaggttggtcttccaaacctcgaaaaggcatggggacaaatctttctgtccccaate
ccectgggattcttccccgatcatcagttggaccctgceattcaaageccaactcagaaaatccagattgg
gacctcaacccacacaaggacaactggccggacgccaacaaggtgggagtgggageattcggg
ccagggttcaccectectcatgggggactgttgggetggagecctcaggetcagggcatattcaca
acagtgccagcagctcctcetectgectccaccaatcggeagtcaggaaggcagcectacteccttct
ctccacctctaagagacactcatcctcaggecatgcagtggaa

534

ASO 1

GalNAc4-ps-GalNAc4-ps-GalNAc4-po-mA-po-
InGpslnApsIinTpslnApslnApsApsAps(SOH)CpsGps(Sm)Cps(5Sm)Cps
Gps(5m)CpslnApslnGpslnApscp(Sm)C

535

ASO 2

mA-po-
InGpsInApsIinTpslnApslnApsApsAps(SOH)CpsGps(Sm)Cps(5Sm)Cps

*In = Locked nucleic acid (LNA) =

Gps(5m)CpslnApslnGpslnApscp(Sm)C
%,

(e} B
g
o"—o
E ; InA = Locked nucleic acid (LNA) A;

In(5m)C = In(5m)C =Locked nucleic acid (LNA)-5 methyl C; InG= Locked nucleic acid (LNA)
G; InT= Locked nucleic acid (LNA) T; (5m)C=5 methyl C; cp = scp = cyclopropyl; cpC = scpC

/
= cyclopropyl C; scp(5m)C = cyclopropyl-5 methyl C; (SOH)C = ™

NH,
HO

B
T N/go
(6]

0
;po=

phosphodiester linkage; ps = phosphorothioate linkage

Table 6. siNA Activity

ds-siNA ID

Sense Strand

Antisense Strand

HepG2.2.15 in

HepG2.2.15 in

SEQ ID NO. SEQ ID NO. vitro EC50* vitro CC50 (nM)
ds-siNA-001 307 363 A >40
ds-siNA-002 308 364 A >40
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Table 6. siNA Activity

ds-siNA ID Sense Strand | Antisense Strand | HepG2.2.15 in HepG2.2.15 in
SEQ ID NO. SEQ ID NO. vitro EC50* vitro CC50 (nM)
ds-siNA-003 309 365 B >40
ds-siNA-004 310 366 B >40
ds-siNA-005 311 367 B >40
ds-siNA-006 312 368 C >40
ds-siNA-007 313 369 A >40
ds-siNA-008 314 370 A >40
ds-siNA-009 315 371 B >40
ds-siNA-010 316 372 A >40
ds-siNA-011 317 373 B >40
ds-siNA-012 318 374 A >40
ds-siNA-013 319 375 A >40
ds-siNA-014 320 376 B >40
ds-siNA-015 321 377 A >40
ds-siNA-016 322 377 C >40
ds-siNA-017 323 377 A >40
ds-siNA-018 324 378 A >40
ds-siNA-019 325 378 A >40
ds-siNA-020 326 379 A >40
ds-siNA-021 327 379 B >40
ds-siNA-022 328 380 A >40
ds-siNA-023 329 380 B >40
ds-siNA-024 330 381 A >40
ds-siNA-025 331 382 A >40
ds-siNA-026 332 383 C >40
ds-siNA-027 333 384 A >40
ds-siNA-028 334 385 B >40
ds-siNA-029 335 386 A >40
ds-siNA-030 336 387 C >40
ds-siNA-031 337 388 A >40
ds-siNA-032 338 388 C >40
ds-siNA-033 339 389 B >40
ds-siNA-034 340 389 C >40
ds-siNA-035 341 390 A >40
ds-siNA-036 342 391 A >40
ds-siNA-037 343 392 B >40
ds-siNA-038 344 393 A >40
ds-siNA-039 345 394 A >40
ds-siNA-040 346 395 A >40
ds-siNA-041 347 396 C >40
ds-siNA-042 348 397 A >40
ds-siNA-043 349 398 B >40
ds-siNA-044 350 399 A >40

357




Table 6. siNA Activity
ds-siNA ID Sense Strand | Antisense Strand | HepG2.2.15 in HepG2.2.15 in
SEQ ID NO. SEQ ID NO. vitro EC50* vitro CC50 (nM)
ds-siNA-045 351 400 A >40
ds-siNA-046 352 401 A >40
ds-siNA-047 353 402 A >40
ds-siNA-048 354 403 A >40
ds-siNA-049 355 404 B >40
ds-siNA-050 356 405 A >40
ds-siNA-051 357 406 A >40
ds-siNA-052 358 406 A >40
ds-siNA-053 359 407 A >40
ds-siNA-054 360 407 A >40
ds-siNA-055 361 408 A >40
ds-siNA-056 362 409 A >40
ds-siNA-0164 423 482
*A =EC50<0.5nM;B=0.5nM <EC50< 1; C=EC50 > 1 nm
Table 10. siNA Activity
Max
Sense Antisense HBsAg
ds-siNA ID Strand 3' Ligand Strand | HepG2.2.15 | HepG2.2.15 | Knock
SEQ Monomer* SEQ ID EC50%* CC50 (mM) | Down
ID NO NO (Log10)
ok
ds-siNA-057 415 p-(PS)2-GalNac4 445 ND ND X
ds-siNA-058 415 p-(PS)2-GalNac4 446 ND ND X
ds-siNA-059 415 p-(PS)2-GalNac4 447 ND ND Y
ds-siNA-060 416 p-(PS)2-GalNac4 448 ND ND Y
ds-siNA-061 416 p-(PS)2-GalNac4 449 ND ND Y
ds-siNA-062 416 p-(PS)2-GalNac4 450 ND ND Y
ds-siNA-063 416 p-(PS)2-GalNac4 451 ND ND X
ds-siNA-064 | 417 fP'S()};}g‘;E‘g_p 452 ND ND Y
ds-siNA-065 417 ?P_S()}ig—%?&p 452 ND ND Y
5’-GalNAc4-
ds-siNA-066 417 (PS)2-p-(HEG- 452 ND ND Y
p)2
5'-GalNAc4-
ds-siNA-067 417 (PS)2-p-(HEG- 452 ND ND Z
p)2
ds-siNA-068 418 p-(PS)2-GalNac4 453 ND ND Y
ds-siNA-069 418 p-(PS)2-GalNac4 454 ND ND Y
ds-siNA-070 419 p-(PS)2-GalNac4 455 ND ND Y
ds-siNA-071 419 p-(PS)2-GalNac4 456 ND ND Y
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Table 10. siNA Activity

Max
Sense Antisense HBsAg
ds-siNA ID Strand 3' Ligand Strand | HepG2.2.15 | HepG2.2.15 | Knock
SEQ Monomer* SEQ ID EC50* CC50 (mM) | Down
ID NO NO (Logio)
ok
ds-siNA-072 | 420 | p-(PS)2-GalNac4 457 ND ND X
ds-siNA-073 | 421 | p-(PS)2-GalNac4 458 ND ND X
ds-siNA-074 | 422 | p-(PS)2-GalNac4 459 ND ND Y
ds-siNA-075 | 423 | p-(PS)2-GalNac4 460 ND ND Y
ds-siNA-076 | 423 | p-(PS)2-GalNac4 461 ND ND Y
ds-siNA-077 | 423 ?P_S(;J;}[I:I—?g;—p 458 ND ND Y
ds-siNA-078 | 423 fpé?;‘}g_ﬁcé‘é_p 458 ND ND X
5’-GalNAc4-
ds-siNA-079 | 423 | (PS)2-p-(HEG- 458 ND ND Y
p)2
ds-siNA-080 | 423 | p-(PS)2-GalNac4 462 ND ND X
ds-siNA-081 | 423 | p-(PS)2-GalNac4 463 ND ND X
ds-siNA-082 | 423 | p-(PS)2-GalNac4 447 ND ND X
5'-GalNAc4-
ds-siNA-083 | 423 | (PS)2-p-(HEG- 458 ND ND Z
p)2
ds-siNA-084 | 423 | p-(PS)2-GalNac4 457 ND ND X
ds-siNA-085 | 423 | p-(PS)2-GalNac4 464 ND ND X
ds-siNA-086 | 423 | p-(PS)2-GalNac4 465 ND ND X
ds-siNA-087 | 423 | p-(PS)2-GalNac4 466 ND ND Y
ds-siNA-088 | 423 | p-(PS)2-GalNac4 467 ND ND Z
ds-siNA-089 | 423 | p-(PS)2-GalNac4 468 ND ND Z
ds-siNA-090 | 423 | p-(PS)2-GalNac4 469 B >1000 X
ds-siNA-091 | 423 | p-(PS)2-GalNac4 470 C >1000 ND
ds-siNA-092 | 423 | p-(PS)2-GalNac4 471 B >1000 ND
ds-siNA-093 | 423 | p-(PS)2-GalNac4 472 B >1000 ND
ds-siNA-094 | 423 | p-(PS)2-GalNac4 473 B >1000 ND
ds-siNA-095 | 423 | p-(PS)2-GalNac4 474 C >1000 ND
ds-siNA-096 | 423 | p-(PS)2-GalNac4 475 B >1000 ND
ds-siNA-097 | 423 | p-(PS)2-GalNac4 476 B >1000 ND
ds-siNA-098 | 423 | p-(PS)2-GalNac4 477 A >1000 ND
ds-siNA-099 | 423 | p-(PS)2-GalNac4 478 B >1000 ND
ds(’)sll(l;i)A' 423 | p-(PS)2-GalNac4 479 B >1000 ND
ds(’)sll(lle' 423 | p-(PS)2-GalNacd 480 B >1000 ND
ds(’)sll(ljzA' 423 | p-(PS)2-GalNacd 481 A >1000 ND
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Table 10. siNA Activity

Max
Sense Antisense HBsAg
ds-siNA ID Strand 3' Ligand Strand | HepG2.2.15 | HepG2.2.15 | Knock
SEQ Monomer* SEQ ID EC50* CC50 M) | Down
ID NO NO (Logw)
ek
BSNAT | 43 | p(PS2GalNack | 482 ND ND P
BN | 43 | p(PS)2GalNacd | 483 ND ND P
ds(')sli(l;;A' 423 | p-(PS)2-GalNac4 | 458 ND ND Z
ds(')sli(l;gA' 423 | p-(PS)2-GalNac4 | 458 ND ND Y
ds(')sli(l;;A' 424 | p-(PS)2-GalNacd | 457 ND ND X
ds(-)sli(l;;A' 424 | p-(PS)2-GalNac4 | 484 ND ND X
dS(-)Sli(I;ng' 424 | p-(PS)2-GalNac4 | 485 ND ND X
dS(-)Slﬂl‘i)A' 425 | p-(PS)2-GalNac4 | 486 ND ND ND
SO | 45| pps2-GaNaca | 487 ND ND P
O | 425 | pPs2-GaiNach | 488 ND ND P
BSNA | 426 | p(PS)2-GalNack | 489 ND ND b
GSNA | 427 | pPS)2-GalNack | 490 ND ND x
dsc_)slﬂl\IsA_ 428 | p-(PS)2-GalNac4 | 491 ND ND Y
BN | 49 | p(PS2GalNack | 492 ND ND P
ds(-)slﬂl\;A' 429 | p-(PS)2-GalNac4 | 493 ND ND ND
GoA | 429 | p(PS)2-GalNack | 494 ND ND b
BN | 430 | p(PS)2GalNach | 495 ND b ~
WIS | 430 | p(PS)2GalNack | 496 ND ND P
G| 431 | pS2-GalNack | 497 ND ND Y
IsiiA | 432 | p(S)2-GalNack | 498 ND ND b
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Table 10. siNA Activity

Max
Sense Antisense HBsAg
ds-siNA ID Strand 3' Ligand Strand | HepG2.2.15 | HepG2.2.15 | Knock
SEQ Monomer* SEQ ID EC50% CC50 M) | Down
ID NO NO (Logu)
ek
GsfA | 432 | p(PS)2-GalNack | 500 ND ND ND
ds(‘)sliiA' 433 | p-(PS)2-GalNac4 | 501 ND ND ND
ds(')sling' 434 | p-(PS)2-GalNacd | 502 ND ND Y
ds(')sligg* 435 | p-(PS)2-GalNac4 | 502 ND ND Y
ds(')slig;A' 435 | p-(PS)2-GalNac4 | 503 ND ND X
dS(-)Sligng' 435 | p-(P$)2-GalNac4 | 501 ND ND X
ds(‘)sggA' 435 | p-(PS)2-GalNac4 | 504 ND ND Y
ds(_)slii)A_ 435 | p-(PS)2-GalNac4 | 505 ND ND Z
dS(-)Sli;‘flA' 435 | p-(PS)2-GalNac4 | 506 ND ND Y
dS(-)Sli;‘sz' 435 | p-(PS)2-GalNac4 | 507 ND ND z
dS(-)Sli;‘;A' 435 | p-(PS)2-GalNac4 | 508 ND ND z
dsésliiA' 435 | p-(PS)2-GalNac4 | 509 ND ND z
GolA | 435 | p(S2-GalNack | 510 ND ND Y
ds(')sligg* 435 | p-(PS)2-GalNac4 | 511 B >1000 ND
ds(')sliggA' 435 | p-(PS)2-GalNac4 | 512 B >1000 ND
ds(')slig;A' 435 | p-(PS)2-GalNac4 | 513 A >1000 ND
ds(')sligng' 435 | p-(PS)2-GalNac4 | 514 B >1000 ND
ds(')s%A' 435 | p-(PS)2-GalNac4 | 515 C >1000 ND
ds(')sliiA' 435 | p-(PS)2-GalNac4 | 516 A >1000 ND
dS(‘)SliZA' 435 | p-(PS)2-GalNac4 | 517 C >1000 ND

361




Table 10. siNA Activity

Max
Sense Antisense HBsAg
ds-siNA ID Strand 3' Ligand Strand | HepG2.2.15 | HepG2.2.15 | Knock
SEQ Monomer* SEQ ID EC50* CC50 M) | Down
ID NO NO (Logw)
ek
dS(‘)SliZA' 435 | p-(PS)2-GalNac4 | 518 C >1000 ND
dS(‘)SliiLA' 435 | p-(PS)2-GalNac4 | 519 ND ND ND
ds(')sliZA' 436 | p-(PS)2-GalNac4 | 520 ND ND ND
ds(')slii\gA' 437 | p-(PS)2-GalNac4 | 502 ND ND Y
ds(')sliél:;A' 438 | p-(PS)2-GalNac4 | 501 ND ND X
dS(-)Sling' 438 | p-(PS)2-GalNac4 | 521 ND ND X
dS(-)Sling' 438 | p-(PS)2-GalNacd | 522 ND ND X
dS(-)Slig)A' 439 | p-(PS)2-GalNac4 | 523 ND ND X
ds(‘)sliylA' 440 | p-(PS)2-GalNac4 | 524 ND ND Y
dS(-)Sli?ZA' 441 | p-(PS)2-GalNac4 | 525 ND ND Y
dsésligA' 441 | p-(PS)2-GalNac4 | 526 ND ND X
dsésliiA' 441 | p-(PS)2-GalNac4 | 527 ND ND ND
dS(-)Slié\ISA' 442 | p-(PS)2-GalNac4 | 525 ND ND X
dS(-)Sli?GA' 442 | p-(PS)2-GalNac4 | 528 ND ND Y
oA | a2 | pS2-GalNack | 529 ND ND ND
dsc_)sli?fsA_ 443 | p-(PS)2-GalNac4 | 458 ND ND Y
dsésli?gA' 444 | p-(PS)2-GalNac4 | 502 ND ND Y
BN | 423 | p(PS)2GalNack | 458 ND ND P
SO | 533 | ps)2-GalNack | 489 ND ND b
BN | 534 | p(PS)2-GalNack | 491 ND ND b
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Table 10. siNA Activity

Max
Sense Antisense HBsAg
ds-siNA ID Strand 3' Ligand Strand | HepG2.2.15 | HepG2.2.15 | Knock
SEQ Monomer* SEQ ID EC50* CC50 (mM) | Down
ID NO NO (Logio)
ok
ds(’)sllgA' 432 | p-(PS)2-GalNac4 496 ND ND ND
ds(’)sllng' 435 | p-(PS)2-GalNac4 | 502 ND ND ND
ds(')sllggA' 442 | p-(PS)2-GalNac4 530 ND ND ND
ds-siNA- 17 | P-(PS2-GalNAcs| o ND ND D

0167
ds(')sllg;A' 439 | p-(PS)2-GalNac4 531 ND ND ND
ds(’)sllggA' 423 | p-(PS)2-GalNacd 532 ND ND ND
ds-siNA-

0170 441 | P(PS2-GalNAc4 | 530 ND ND ND
ds(—)sllé\llA— 442 p-(PS)2-GalNAc4 533 ND ND ND
ds-siNA-

0172 424 | p-(PS)2-GalNAc4 | 536 A >1 ND
ds-siNA-

0173 438 None 537
ds-siNA-

0174 438 None 538
ds-siNA-

0175 438 None 501
ds-siNA-

0176 438 | p-(PS)2-GalNAc4 | 537
ds-siNA-

0177 438 | p-(PS)2-GalNAc4 | 538
ds-siNA-

0178 438 | p-(PS)2-GalNAc4 | 539

*Ligand monomers are attached to the 3’ end of the sense strand, unless the ligand monomer is
annotated with 5°, in which the ligand monomer is attached to the 5’ end of the sense strand.
Linkers are represented as p-(PS)2, (PS)2-p-TEG-p, (PS)2-p-HEG-p, or (PS)2-p-(HEG-p)2.

*For EC50, A = EC50 <5nM; B =5 nM <EC50 < 10; C = EC50 > 10.
**For Max HBsAg knock down, X > 1 logio reduction in HBsAg, Y is 0.5 — 1 logio reduction in
HBsAg, and Z is < 0.5 logio reduction in HBsAg.
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ip 2n 3p 4) 5p 6 7R 8/ 9
~An*BaAn”Br An"Ba An B An™-37

31_@@}4 qu qu A—q4 Bq% Aqé Bq?- Aqg qu Aq}G Bq—l—l Aq}Z 5




each-H° 4 ° g "6 —and-g**-is-independenthy-0-1 nuclestidesin-length:
each-n*-and-n*isindependently-1-3-nucleotides-in-length:
A%is-1-10-nuclectides-in-ength:

ATis-0-4-nuclectides-in-length;

each-n’-g*-and-g*-is-independenthy 0-2-nuclestides-in-length:
g*-is-0-3-nucleotides-in-length;

§°1s-0-5-nuelestides-in-length;

g¥is-2-7-nuclectidesinlengthand

o leotides in lenath.

52-A0 4B1A1 3 B2 3-Ar 10Bo1A04Bo1A0 -3
3-C2Ag2Bo 1A0 3B 1A0 5B 1A 7B1A A 11B1 A5
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0] B
0]
o —
© N\]¢NH
: H,N (GuNA)-and
, B
e
o\
g S—NHR
+H2N\

GuNA(N-R), R = Me, Et, iPr, tBu _\wherein B is a nucleobase:
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wherein
RYis-a-nucleobase,
RYis—O-R*-or—NR3R%.

(CR*R?)),-Z or-(C,-Ce-alkenylene)-Z;
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Z-is—ONR?’R* __OP(O)OH{(CH2)mCO0.R% ~OP(SYOH{CH2)mCOR% -P{ONOH),;
-P{O}OHNOCH:}. -P(OYOHHOCD:). -SO{CH:} P{ONOH}: -SO:NR R ™ -
NRZ?R?.

R?:_and-R*are-independently-hydrogen-or C.-Cs-alkyl-R*-and-R?*together-form-an
oxe-grodp;

R% s hydrogen-or Ci-Ce-alkyl:

(CR™R*)\-Z 0r~(C,-Co-atkenylene)-Z:
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Z-is—ONR?’R* __OP(O)OH{(CH2)mCO0.R% ~OP(SYOH{CH2)mCOR% -P{ONOH),;
-P{OHOHHOCH3)—P{OHOHHOCD)—SO2CH2)mP{OHOH)2-SONRPR* —
NRZR?.

R?:_and-R*are-independently-hydrogen-or C.-Cs-alkyl-R*-and-R?*together-form-an
OXO-group:

R%.is-hydrogen-or-C1-Cs-atkyl:

R“%@gR%er——GéQ}R%—eF

O
g ,/O 0 , Oy //O \\/O
S< R S- \\
SWLT OTOr tetg
H — A
Q, ‘OCH;, q OCH3 o‘\ OCH3 o‘\ OCH,
5 P = 555
Formula (1) Formula (2) Formula (3) Formula (4)
9
\\ // \\ // HO\P
o‘; “oCH, o‘; oCH, o\ “oCH,
Y -~ &
Formula (5) Formula (6) Formula (7)
S 0 )
HO R H3CO. /o) , D3CO. v o 1
P R P R
AQ’ V‘Q‘ o 7T ke T T
u\ /UL/I'I3 o8 uu-i3 u\\ LUH3 u\\ /:’JCH3
& ~ & P
Formula (8) Formula (9) Formula (9X) Formula (9Y)
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o @ 0 o g1 HaCO. % D4CO. YJ\(_T
e s
D « -
@) OCHj3; \ U(.,H3 \ uu-|3
~ U hY
Formula (10) Formula (10X) Formula (10Y)
H
HO. %W HaCO. O H D5CO.
" e ave m
D « -
o\ Uu-|3 ()(,H3 \ Uu-|3
& }w &
Formula (11) Formula (11X) Formula (11Y)
D D
HO. 0/ o__g! HsCO. oD DsCO. _©
SO SO S
H o -
O\ OCH3 OL,H3 \ ULH3
N >- M
Formula (12) Formula (12X) Formula (12Y)
HO. /O 0
P R’ H o) 1 H o 1
N< R N. R
w0 LT oSO e~
7\
o) OCH3 00 S (@) B
et O\ OCHs; ) OCH3
& o
Formula (13) _ Formula (14) Formula (15) ,—whe#ein—R* is-a

o O
(//[< NH ﬂ NH ﬂ NH A/)< NH
N (o) N/& \/,O (0) N/& \\’/O % o) N/& o N/&O
/SNN\, O‘QN/\/\! O \NJ'L/\I o \\S/\/\,
O SN A\
R oL e
(5\ OCHg O\ OCHg o) OCHg (5\ OCH3
N R hS >
Formula (1A) Formula (2A) Formula (3A) Formula (4A)
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\ 7 Pﬂ ,/O
HN\S’ ~9y © SN / HO OS ~ Oy ©
o‘; OCHs O  OCH, Q OCHs
- hS N
Formula (5A) Formula (6A) Formula (7A)
0]
G
//S N /O H CO\ //O /O
Ho"O g~ O o Moy 0o e P DsCOpr” O
oo HO \/ HO \J HO /
© O  ©OCH, O  ©OCH, O  OCH, O  ©OCHs
> > > >
Formula (8A) Formula (9A) Formula (9AX) Formula (9AY)
HO. 0 HaCO. 0 o DCO. 0 o
o 7L ke T ) ke T
d\ OCH,4 o) OCH,4 o OCH,4
> o e
Formula (9B) Formula (9BX) Formula (9BY)

D D D
Ho. O ; HaCO. O DsCO. O

/P\%«L(O 3 /P\%«L(O 3CO P\%«L(O
1 LIO 1 3 [l

/
T U | 7/
O I:l) \Q,\—/,,,/ D \\\ ,,/ D \\3 ,,,/
o\\ OCHj, ) OCH, o OCH,4
N > P
Formula (10A) Formula (10AX) Formula (10AY)
\; oo \ oo \ “oeH
& P &
Formula (10B) Formula (10BX) Formula (10BY)

=
T b B ,/ HOS b R ',,/ HO |:I) . \_/,/
0) OCH53 o) OCH4 ) OCHs3
e > e
Formula (11A) Formula (11AX) Formula (11AY)
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H H
HO. O Hsco. O D3CO.
PP PP 3
HO \__/ HO
o Ben

o) ‘OCHs3 o‘; ‘OCH, q
& ~ &
Formula (11B) Formula (11BX) Formula (11BY)
o) oD
\/L( e \/J\(O oo \/J\(O
HO - pa—;
O‘; OCH3 o‘; OCH;4 o‘; OCH;4
P -~ PO
Formula (12A) Formula (12AX) Formula (12AY)
D D
HO.; 0 HaCO. 0 D,CO. O
HO
d\ OCH3 d\ OCH3 o) OCH;,
N o o
Formula (12B) Formula (12BX) Formula (12BY)
@) ) 0
ﬂ NH 4//[4 NH </J<NH
HO. 9 o N/&o d 0 N/go N o N
Pl A~ AN 0
HO v N r v
o) OCH;,4 o) OCHj,4 o) OCHj,
h > hE

Formula (13A) Formula (14A) Formula (15A) —and




RYis-a-nucleobase;
R*is—0O-R*-or—NR*R* _R*_is C;-Cg-substituted-or-unsubstituted-alkyl:-and
R*= and R* togethe with-the-nitrogen-to-whi '
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:%WMWOL\/
%WW‘*}/\/\/\(OL\/

R=0OHor SH
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Zis—ONR*R* —OP{O)OH(CH )mCO:R* —OP(S)OH(CH:)mCO:R*—P(OHOH)o—
P{OHOHNOCH:)—P{OHOHHOCD3)—S0ACH2)mP{ONOH)—SO:NR¥R*—NR*R* -or
—NR%ES0Q,R*:

R and R? cither-are-independently-hydrogen-or-Ci-Co-alikyh—or R*-and-R? together-form
aR-oXo-group;

R%js-hydrogen-or-Ci-Ce-alkyl:

R?is—SO.R?*®-or—C{O)R*:-or
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0, 0 QP 99 o H 0. .0 0.0
I I e o S
_* H ) H H

R—z—i-S- H e [l [ 1 1 1

o, 0 9% Ho s © 0. OH 0. OCH, 0, ,OCD,
S R~ UHR /l—’ '_‘\ '-‘\ "‘\
NN w0 T 0H Y S T0H % T 0H % S oH

Zis—ONR”R*_OP(O)OH(CH2)mCOR?* —OP(S)OH(CH)mCOR?° —P{OKOH)o—
P{OHOHNOCH:)—P{OHOHHOCD3)—S0ACH)mP{ONOH):—SO:NR¥R*—NR*R* -or
—NR%ES0Q,R*:

R and R? either-are-independentlyhydrogen or C1-Ce-alkyl. or R and R? together form
aN-OX0-group;

R% s hydrogen-or Ci-Ce-alkyl:
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o O \\,O 0

\\//

SO O

\//
¢ AQ’

Q \ \ \

O\ OCH3 \ OCH3 \ OCHj, \ OCHj
5 7 = 555
Formula (1) Formula (2) Formula (3) Formula (4)
Q
0, 0 0, 0 HO-p— 0
HN-S< HN-Se OuR" ho 57 O__R!
\/\Q‘ \/\Q‘ g \/\Q‘
o\ OCHs o‘; OCHs o\ OCHs
e > N
Formula (5) Formula (6) Formula (7)
HO. O Ri HaCO. O o, o Dsco /O 0. o
P R P. R
AQ‘ V‘Q‘ Ch AT
Ubl’l3 uur|3 u\\\ bCH3 \f bCH?,
% % o o
Formula (8) Formula (9) Formula (9X) Formula (9Y)
HO. D HsCOL D,co. 0 7
3 3 ‘/P%W
HO
S D S
OCH3 \ U(.;H3 U\ OCH3
Qﬂ R S
Formula (10) Formula (10X) Formula (10Y)
\ bH3 OL,H3 \ bH3
- }w -
Formula (11) Formula (11X) Formula (11Y)
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D

HO -

H 3
O\ OCH3 ULH3 \ U(.JH3
N }w Y
Formula (12) Formula (12X) Formula (12Y)
HO. O
\/DQ‘ \ _N /\Q, N /\<OJ,R1
3 // \
oeHs 0] s S
J},ﬁ O\ OCHj3 O\ OCHj3
& &
Formula (13) _ Formula (14) Formula (15) —wherein-RYisa

~ O N \/p O N hZ O o N O O
/S NA ~J 0 ¢ NA ~J o \NJL ~J 0 \\5/\ ~J
° H Y Ny
O  OCH, 0 OCH, O  OCH, O  OCH,
~ & & 5
Formula (1A) Formula (2A) Formula (3A) Formula (4A)
(0] (0] (0]
ﬂ NH ﬂ NH o ﬂ NH
I
NP R N 00 5 N HOp—~ 0 4 N
HN ~ 9y © N s~ O 4 OS ~ 9 ©
A .
o‘\ OCH; o OCH; o) OCH;
- hS N
Formula (5A) Formula (6A) Formula (7A)
(0]
/ /QH
; N 0 HsCO. .0 0
Ho"'%p Oy o Moy (O TR AP PCOB 0
\/ HO \/ HO / HO
S Rt Ry Eat Rt
Q, OCH; O OCH, Q_ OCH, O OCH,
5 Ry » R
Formula (8A) Formula (9A) Formula (9AX) Formula (9AY)
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HO. 0 HaCO. /0 0 DsCO. /0 0
o TS0 T

HO \_/ HO \_/ HO \_/
o‘\ OCH, o) OCH; o) OCH;
> P N
Formula (9B) Formula (9BX) Formula (9BY)

D
; D,CO. O
\/L( s P\%L(O

\

\_/ HO ‘ HO I \_/
o‘° OCH, o bcH o‘° OCH;,
e e &

Formula (10A) Formula (10AX) Formula (10AY)

o OCH3 o OCH3 o ocH
\ \ \
o~ -~ Y

Formula (10B) Formula (10BX) Formula (10BY)

=
T D \\\\ . LAY D \\o . I:I) \:\_/",
0 OCH, o) OCH; ) OCH;,4
M - h
Formula (11A) Formula (11AX) Formula (11AY)
H3CO. psco. O 1
3 m M o
HO
= < < ~ b—= 2
o b o ocC o OCHj5
\ \ \
o o P
Formula (11B) Formula (11BX) Formula (11BY)
W 17 HiCO. %017 DsCO- %0%7
HOS \_/ \_/
O‘; OCH3 o‘; OCH;4 o‘; OCH;4
o o~ &
Formula (12A) Formula (12AX) Formula (12AY)

390



D

D D
Ho. O HaCO. .0 Y
HO HO HO
d\ OCHj, o OCH4 o) OCH3
N o e
Formula (12B) Formula (12BX) Formula (12BY)
O 0] o)
ﬂ NH 4/)< NH <//Z<NH
Ho. O o N’&O H o N/&O H o N
Pl__ NS A~ N A~ N 0
O O
HO / 7\ \ / g \ /
0 OCHs 0  OCH, O  OCHs
p N e
Formula (13A) Formula (14A) Formula (15A)

Zis—ONRZR* __OP(O)OH(CH2)mCO2R* —OP(SYOH{CH)mCOR®= —P(OHOH)
P{OYOHNOCH:)-P{OHOHKOCD3) —SOACH)mP{OHOH)2—SONRZPR®__NRZPR* _of
—NR250,R%:
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R?:_and-R*either-are-independenthy-hydrogen-or-C1-Ce-alkyl-orR?:-and-R* togetherform
an-oXo-group;
RZ-is-hydrogen-or-C1-Ce-alkyl:

Formula (21) Formula (22) Formula (23) Formula (24)
AL A Or O OR id O A O R
S WSO W S

o F o F o F
\

hY \Y A

Formula (25) Formula (26) Formula (27)
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HO. //O

S oD
Ho gL o~ R P~ ON=R HO\/P% R'
— T w6 T we L
0 S - N D & =
Q F 0 F 0] F

R RY RY
Formula (28) Formula (29) Formula (30)
Ho. 0 1 Ho..2 0 o Ho. 0 o0 o
HO HO HO
D \\: .’/ H \\: ,’// \\\C .’,/
(@) F U\ F u\ F—
- o hE
Formula (31) Formula (32) Formula (33)

AN "/ FN
I ) I ) L
o‘\ F o F o‘\ F
-~ hY >
Formula (25A) Formula (26A) Formula (27A)
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/" "NH
S N 0 HaCO. O 0
Ho"O Bl _~ Oy "0 MOy - P o PsCO- o
Y\ HO HO \_/ HO
o R 2 R 2 S 2 S
O\ F O\ F O\ F O\ F
h - o o~
Formula (28A) Formula (29A) Formula (29AX) Formula (29AY)
HO. P//O o) H3CO. P//O 0 D3CO. P//O )
=
6T T w7
o‘\ F o‘\ F o‘\ F
& & &
Formula (29B) Formula (29BX) Formula (29BY)

D D D
Ho. /0 HsCO. 0 NS
/P\%L(O ® /P\%(o DsCO P/\%L(O
Ll LIO

|—|O T 7 LILI | HO/ |
D & = D & = D \5\_/",/
o) F o) F 0 F
b b b
Formula (30A) Formula (30AX) Formula (30AY)
D D D
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Formula (16) Formula (17) Formula (18) Formula (19) Formula (20)

~wherein-R-is-a-nucleobase-and-R%-is-independently-For—OCHa:
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1. A double stranded short interfering nucleic acid (siNA) comprising: (a) a sense

strand comprising 19-21 nucleotides in a nucleic acid sequence that is at least 80%
identical to SEQ ID NO: 40, wherein 15 or more of the nucleotides are modified
nucleotides independently selected from a 2'-O-methyl nucleotide and a 2'-fluoro
nucleotide, and wherein at least 11 of the modified nucleotides are a 2'-O-methyl
nucleotide and at least 4 of the modified nucleotides are a 2'-fluoro nucleotide; and
(b) an antisense strand comprising 19-21 nucleotides in a nucleic acid sequence
that is at least 80% complementary to SEQ ID NO: 40, wherein 15 or more of the
nucleotides are modified nucleotides independently selected from a 2'-O-methyl
nucleotide and a 2'-fluoro nucleotide, and wherein at least 11 of the modified
nucleotides are a 2'-O-methyl nucleotide and 4 to 6 of the modified nucleotides are
a 2'-fluoro nucleotide.

2. The double stranded siNA of claim 1, wherein: (a) the nucleotide(s) at position 3,
5,7,8,9,10, 11,12, 14, 17, or 19 from the 5' end of the sense strand is a 2'-fluoro
nucleotide; and (b) the nucleotide(s) at position 2, 5, 6, 8, 10, 14, 16, 17, or 18 from
the 5' end of the antisense strand is a 2'-fluoro nucleotide.

3. The double stranded siNA of claim 1, wherein the sense strand comprises SEQ
ID NO: 438 or SEQ ID NO: 435, and the antisense strand comprises any one of
SEQ ID NOs: 501-519, SEQ ID NO: 537, SEQ ID NO: 538, or SEQ ID NO: 539.




4. A double stranded short interfering nucleic acid (siNA) comprising: (a) a sense
strand comprising 19 nucleotides, wherein 2'-fluoro nucleotides are at positions 5
and 7-9 from the 5’ end of the sense strand, and wherein 2'-O-methyl nucleotides
are at positions 1-4, 6, and 10-19 from the 5’ end of the sense strand; and (b) an
antisense strand comprising 21 nucleotides, wherein 2'-fluoro nucleotides are at
positions 2, 6, 14, and 16 from the 5’ end of the antisense strand, and wherein 2'-O-
methyl nucleotides are at positions 1, 3-5, 7-13, 15, and 17-21 from the 5' end of
the antisense strand.

5. The double stranded siNA of claim 4 further comprising (i) the nucleotides at
positions 1 and 2 and positions 2 and 3 from the 5' end of the sense strand are
connected by phosphorothioate internucleoside linkages; and (ii) the nucleotides at
positions 1 and 2; positions 2 and 3; positions 19 and 20; and positions 20 and 21
from the 5' end of the antisense strand are connected by phosphorothioate
internucleoside linkages.

6. The double stranded siNA of claim 4 further comprising a conjugated moiety
attached to the sense strand.

7. The double stranded siNA of claim 6, wherein the conjugated moiety is a
galactosamine.

8. The double stranded siNA of claim 6, wherein the conjugated moiety is N-
acetylgalactosamine (GalNAC).

9. The double stranded siNA of claim 4, wherein the sense strand comprises SEQ
ID NO: 438, and the antisense strand comprises any one of SEQ ID NO: 501, SEQ
ID NO: 537, SEQ ID NO: 538, or SEQ ID NO: 539.

10. The double stranded siNA of claim 4, wherein the sense strand is at least 80%
identical to SEQ ID NO: 40 and the antisense strand is at least 80%
complementary to SEQ ID NO: 40.

11. The double stranded siNA of claim 4, wherein the sense strand or the antisense
strand comprises at least one overhang consisting of 1 or 2 nucleotides.

12. The double stranded siNA of claim 4, wherein both the sense strand and the
antisense strand each independently comprise an overhang consisting of 1 or 2
nucleotides, wherein the overhang on the sense strand and the overhang on the
antisense strand are on opposite ends of the double stranded siNA.

13. A short interfering nucleic acid (siNA) molecule comprising: (a) a sense strand
comprising a nucleic acid sequence consisting of SEQ ID NO: 438 or SEQ ID NO:
435, and (b) an antisense strand comprising a nucleic acid sequence consisting of
any one of SEQ ID NO: 501, SEQ ID NO: 505, SEQ ID NO: 506, SEQ ID NO: 537,
SEQ ID NO: 538, and SEQ ID NO: 539.
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14. The double stranded siNA of claim 9, wherein the senses strand comprises
SEQ ID NO: 438 and the antisense comprises SEQ ID NO: 501.

15. The double stranded siNA of claim 9, wherein the senses strand comprises
SEQ ID NO: 438 and the antisense comprises any one of SEQ ID NO: 537-539.

16. A double stranded short interfering nucleic acid (siNA) comprising:

{a) a sense strand of
(SEQ ID NO: 438)
5 ' -mGpomUp smGmGE£UMG £G£ A f CmUmUmCmUmCmUmCmAmMAMU -p -

pa2-GalNAc-3'
and an antisense strand of

(SEQ ID NO: 501)
5 ' -mAp s f Up smUmGmA £CmAMGMAMAMGMUMCE CmaA L CmCmAmCpam

GpomA-3"';
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(b} a sense strand of
(SEQ ID NO: 438}
5' -mGpsmUpsmGmGEUmG£G£A £CMUMUMCmUmCmUMCmAMAMU -p -

po2-GalNAc-2'
and an antisense strand of

(SEQ ID NO: 521}
5' -mApsfUpsmUmGMA£CGmA £G £AMAMGMUMCE CmA £ CmCmAMCpsm
GpomA-3"';
(¢} a sense strand of

(SEQ ID NO: 438}
5' -mCposmUpsmCmG£UmG LG L2 £CmUMUmCmUmCmUmCmAmAmU -p -
ps2-GalNAc-3'
and an antisense strand of

(SEQ ID NO: 522}
5' -mips fUpsmUmG £ AmGmA £ GmAmAMGMUmC £ CmAMC £CmAmCpom
GpomA-3';
(d} a sense strand of

(SEQ ID NO: 438}
5' -mCGpomUpsmGmGE£UmG£G£A £CmUMUMCmUmCmUmCmAMAMU -
p-po2-GalNAc-3'
and an antisense strand of

(SEQ ID NO: 537}
5' -mAps £ 4PpomUnGmA L CmAmGCMAMAMGMUMC £ CmAL CmCmAmCp
omGpoemA-3"';
(e} a senge strand of

(SEQ ID NO: 438}
5' -mGpomUpomGmGfUmGE£G£A £CmUmUmCmUmCmUmCmAmAmU -
p-po2-GalNAc-23'
and an antisense strand of

(SEQ ID NO: 538}
5' -mApsIUpsmUmGmALCmAMGMAMAMGMUMCLT 2PmAL CmCmAMCp

omGpomA-3' ;
or

(f) a sense strand of
(SEQ ID NO: 4238)
5' -mCpomUpsmGmGEUMGE£G LA £CMUMUMCmUmCmUnCmAMAMU -p -

ps2-GalNAc-3'
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and an antisense strand of

(SEQ ID NO: 539}
5' -mAps fUpomUmGmA £GmAMGMAMAMGMUMC £ CmA £ XmCmAmCpam
GpsmA-3"',

wherein (X i1s

wherein GalNAc comprises a structure of Formula (VI:
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wherein nis 1, and R is OH.

17. The double stranded siNA of claim 16, comprising a sense strand of 5'-
MGpsMUpsmGMGFUMGFGFAICmMUmMUmCmUmCmUmCmAmMAmMU-p-ps2-GalNAc-
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3' (SEQ ID NO: 438) and an antisense strand of 5'-
MApsfUpsmUmGmMAfGMAMGMAMAMGMUMCFCMAfCmMCmMAMCpsmGpsmA-3’
(SEQ ID NO: 501).

18. The double stranded siNA of claim 16, comprising a sense strand of 5'-
MGpsMUpsmGMGfUMGIGFAICMUmMUmCmUmCmUmCmAmMAmMU-p-ps2-GalNAc-
3' (SEQ ID NO: 438) and an antisense strand of 5'-
MApsfUpsmUmGmMAFfGMAfGFAMAMGMUMCICMAfCMCmMAMCpsmGpsmA-3'
(SEQ ID NO: 521).

19. The double stranded siNA of claim 16, comprising a sense strand of 5'-
MGpsMUpsmGMGIfUMGIGFAICMUmMUmMCmUmCmUmCmAmMAmMU-p-ps2-GalNAc-
3' (SEQ ID NO: 438) and an antisense strand of 5'-
MApsfUpsmUmGFAMGMAfGMAMAMGMUMCICMAMCICMAMCpsmGpsmA-3’
(SEQ ID NO: 522).

20. The double stranded siNA of claim 16, comprising a sense strand of 5'-
MGpsMUpsmGMGIfUMGIGFAICMUmMUmMCmUmCmUmCmAmMAmMU-p-ps2-GalNAc-
3' (SEQ ID NO: 438) and an antisense strand of 5'-
MApsf4PpsmUmGmMAfGMAMGMAMAMGMUMCICMAFCMCmMAMCpsmGpsmA-3’
(SEQ ID NO: 537).

21. The double stranded siNA of claim 16, comprising a sense strand of 5'-
MGpsMUpsmGMGfUMGIGTAICMUmMUmMCmUmCmUmCmAmMAmMU-p-ps2-GalNAc-
3' (SEQ ID NO: 438) and an antisense strand of 5'-
MApsfUpsmUmGmMAfGMAMGMAMAMGMUMC2PMAfCMCmMAMCpsmGpsmA-3'
(SEQ ID NO: 538).

22. The double stranded siNA of claim 16, comprising a sense strand of 5'-
MGpsMUpsmGMGfUMGIGTAICMUmMUmMCmUmCmUmCmAmMAmMU-p-ps2-GalNAc-
3' (SEQ ID NO: 438) and an antisense strand of 5'-
MApsfUpsmUmGmMAfGMAMGMAMAMGMUMCICMAfXmCmAMCpsmGpsmA-3'
(SEQ ID NO: 539), wherein fX is
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23. The double stranded siNA of claim 9 further comprising a galactosamine
attached to the sense strand.

24. The double stranded siNA of claim 9 further comprising a N-
acetylgalactosamine (Ga1NAc) attached to the 3' of the sense strand.

25. The double stranded siNA of claim 24, wherein the GalNAc comprises a
structure of Formula (VID:

OH
HO 0 0
0 L0, i N
o , [\E/\/\/WI/ |
X '

whereinnis 1, and R is OH.

26. The siNA molecule of claim 13 further comprising a galactosamine attached to
the sense strand.

27. The siNA molecule of claim 13 further comprising a N-acetylgalactosamine
(Ga1NAc) attached to the 3' of the sense strand.

28. The siNA molecule of claim 27, wherein the GalNAc comprises a structure of

Formula (VII):
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wherein nis 1, and R is OH.

29. The double stranded siNA of claim 14 further comprising a N-
acetylgalactosamine (Ga1NAc) attached to the 3’ of the sense strand.

30. The double stranded siNA of claim 29, wherein the GalNAc comprises a
structure of Formula (VID:
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wherein nis 1, and R is OH.
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