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MODIFIED OLIGONUCLEOTIDES AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a U.S. application claiming the benefit of prionty to U8
Provisional Application No. 62/394,738, filed September 14, 2016 and U.S Provisional
Application No. 62/394,739, filed September 14, 20106, the entireties of which are hereby

mcorporated by reference.
BACKGROUND

0002} Antisense oligonucleotide therapies have been considered for treatment or prevention of
various diseases and conditions such as viral diseases, neurological diseases, neurodegenerative

diseases, fibrotic diseases, hyperproliferative diseases.

[0003] Certain viral diseases such as hepatitis B (HBV) remain elusive from conventional
therapies while continuing to infect an estimated 240 million people {defined as HBV surface
antigen positive for at least 6 months) and contributing to the deaths of more than 686,000
people every year. Conventional therapigs including oral anti-viral nucleotide analog treatments,
such as tenofovir or entecavir, only suppresses the replication of the virus and do not cure the
HBY infection. Therefore, even those treated with current HBVY therapies must continue their

treatment for life.

[0004] Oligonucleotides can bind a complimentary RNA or DNA sequence. This feature enables
oligonucleotides to bind specific nucleic acid targets involved in many aspects of cellular
processes such as metabolism, differentiation, proliferation, viral replication, etc.
Ohigonucleotides can also be engineered to cleave target RNA through RNase H mechanism or
RISC pathway; block micro RNA binding, change RNA sphicing pattern, or bind to targets as
aptamers once they bind to their specific target. For example, chimeric oligonucleotides, such as
“gapmers” include a portion of the oligonucieotide that attracts RNase H enzyme to the site
where the oligonucleotide binds to the RNA region. Subsequent activation of RNase H results in
cleavage of the genetic target, thereby inhibiting the function of the genetic target such as gene

expression or replication of a virus,
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[0005] Accordingly, there is a need in the art to discover and develop new therapies with
different mechanisms of action, increased potency, increased affinity and/or decreased side-

effects.

[0005a] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common general
knowledge in the field.

[0005b] Unless the context clearly requires otherwise, throughout the description and the claims,
the words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as

opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not

limited to”.
SUMMARY

[0006] The present disclosure relates to compounds and compositions containing

oligonucleotides and their use in preventing or treating diseases and conditions, e.g., HBV.

[0006a] In one aspect, the present disclosure provides a chimeric antisense oligonucleotide
represented by Formula (A):
5X—Y—Z13 (A)
wherein:

X—Y—Z is a chimeric oligonucleotide comprising a sequence of 18 to 22
nucleosides, optionally conjugated at the 5' and/or 3' end to a ligand
targeting group;

X is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Z is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Y is a domain comprising a sequence of 2 to 10 2’-deoxy-nucleosides linked
through thiophosphate intersubunit linkages;

each modified nucleoside in the X domain and each modified nucleoside in the Z

domain are nucleosides of Formula (1)
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(1);
R is H or a positively charged counter ion;

B is a nucleobase;

Ry is (CR’2):0OCR’; or —OEt;

R’ is independently in each instance H or F; and

said oligonucleotide is complementary to a sequence of the HBV genome.

[0006b] In another aspect, the present disclosure provides a chimeric antisense oligonucleotide
represented by Formula (A):
5" X-Y-Z3 (A
wherein:

X—Y—Z is a chimeric oligonucleotide comprising a sequence of 18 to 22
nucleosides, optionally conjugated at the 5' and/or 3' end to a ligand
targeting group;

X is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Z is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Y is a domain comprising a sequence of 2 to 10 2’-deoxy-nucleosides linked
through thiophosphate intersubunit linkages;

each modified nucleoside in the X domain and each modified nucleoside in the Z

domain are nucleosides of Formula (1)

wans

|
0] o. B

H OR;

N
7 (1);

R is H or a positively charged counter ion;

B is a nucleobase;

2a
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Riis -CR’3, -CR’20CR’3, ((CR’2)30CR’3 or (CR2}1.2CR’3,(CR’2)2OCR’3 or —
Et;

R’ is independently in each instance H or F; and

the chimeric antisense oligonucleotide comprises a nucleobase sequence that is

complementary or hybridizes to a target RNA.

[0006¢] In another aspect, the present disclosure provides a pharmaceutical composition

comprising an oligonucleotide of the invention and a pharmaceutically acceptable excipient.

[0006d] In another aspect, the present disclosure provides a method of treating a subject having
a viral infection, comprising administering to the subject a therapeutically effective amount of an

oligonucleotide of the invention of a pharmaceutical composition of the invention.

[0006¢] In another aspect, the present disclosure provides use of an oligonucleotide of the
invention of a pharmaceutical composition of the invention in the manufacture of a medicament

for the treatment of a subject having a viral infection.

[0007] Some embodiments include an oligonucleotide comprising one or more nucleotides of

Formula (I):

(1), wherein R is H or a positively charged counter ion, B is a nucleobase,

Riis (CR’2)2:0OCR’3, and R’ is independently in each instance H or F. In some embodiments,
each nucleotide of said oligonucleotide is a nucleotide of Formula (I). In some embodiments, the
oligonucleotide comprises 2 to 40 nucleotides. In some embodiments, the oligonucleotide
comprises 2-26 nucleotides of Formula (I). In some embodiments, the oligonucleotide comprises
5-10 nucleotides of Formula (I). In some embodiments, B is an unmodified nucleobase in at least
one nucleotide of Formula (I). In some embodiments, B is a modified nucleobase in at least one
nucleotide of Formula (I). In some embodiments, B is an unmodified nucleobase in each
nucleotide of Formula (I). In some embodiments, B is a modified nucleobase in each nucleotide
of Formula (I). In some embodiments, each R’ is H in at least one nucleotide of Formula (I). In

some embodiments, each R’ is H in each nucleotide of Formula (I). In some embodiments, R is

2b
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—(CH»).0OCHjs in at least one nucleotide of Formula (I). In some embodiments, R is —
(CH2)OCHj3 in each nucleotide of Formula (I). In some embodiments, the oligonucleotide

further comprises one or more nucleotides of Formula (II):

2¢
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(1),
wherein Y 18 S or O, R 15 H or a positively charged counter 1on, B is a nuclecbase, Ry 158 -CR’3, —
CRMHOCR s, {CR230CR 5 0r {CR 2 112CR s, or Ro 1s (CR2pOCR sand Y 15 0, and R’ 15
independently in each instance H or F. In some embodiments, the oligonucleotide comprises at
least one nucleotide of Formula (II), where Rz 15 -CR’3. In some embodiments, the
oligonucleotide comprises at least one nucleotide of Formula (1), where R2 15 {(CR2}:120CR s,
In some embodiments, the oligonucleotide comprises at least one nucleotide of Formula (II),
where Rz 15 {(CR2312CR’3. In some embodiments, B is a modified nucleobase in at least one
nucleotide of Formula (IT). In some embodiments, Y 15 S in at least one nuclectide of Formula
(I). In some embodiments, Y 1s O m at least one vucleotide of Formula (H}. In some
emboduments, Y 15 8 in each nucleotide of Formula (IT). To some embodiments, Y 15 O 1 each
nucleotide of Formula (IT). In some embodiments, the oligonucieotide further comprises one or

more nucleotides of Formula (I11a) or Formula (HIb):

< T

o o}
7\ ;O;;’B o f
-
HN F HN
RY ,\P{’Q RY ’\P’:’O
RO > ),

wherein Y 15 S or O, R 1s H or a positively charged counter 1on, and B is a nucleobase. In some

embodiments, the oligonucleotide further comprises one or more nucleotides of Formula (V')

-1

¢
\ :O; {B
Ai

“"‘*--Q
NH
p=0

P
T V)
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wherein Y is S or O, R is H or a positively charged counter 1on, B 15 independently in each
mstance a natural or an unmodified nucleobase or a modified nuclecbase, A 18 {CR7R " ha—
and R’ 1s independently in each instance H, F or Me. In some embodiments, the oligonucleotide
is arranged in a construct of Formula (V1) 8' X—Y—Z 3" (VI), whereineachof X, Yand Z1sa
domain comprising 2-14 nucleotides, at least one of the X and Z domains comprising at least one
nucleotide of Formula (I}, and wherein each of the nucleotides of the Y domainisa 2’-
deoxynucleotide. In some embodiments, the oligonucleotide comprises 18 to 22 nucleosides. In
some embodiments, the X and Z domains each comprise 5-10 nucleotides. In some
embodiments, the Y domain comprises 5-10 nucleotides. In some embodiments, the X and Z
domains each comprise 5-10 nucleotides, and the Y domain comprises 5-10 nucleotides. In some
embodiments, the X and ¥ domains each comprise S nucleotides, and the Y domain comprises
10 nucleotides. In some embodiments, each nucleotide of the X and 7 domains 15 a nucleotide of
Formula (1). In some embodiments, at least one nucleotide of the X domaiuv and at least one
nucleotide of the Z domain are each independently selected from the group consisting of a
nucleotide of Formula (IT), a nucleotide of Formula (Ilfa), and a nucleotide of Formula (Ilib). In
some embodiments, each of the at least one nucleotide of the X and Z domains are the same
nucleotide. In some embodiments, each nucleotide of the Y domain 1s linked through
thiophosphate intersubunit hinkages. In some embodiments, the oligonucleotide 15 single
stranded. In some embodiments, the oligonucleotide 1s an antisense oligonucleotide. In some

embodiments, the oligonucleotide 1s complementary to a sequence of the HBV genome.
[0008] Another embodiments include a chimeric oligonucleotide represented by Formula (V1)
5N Yo Ze 3 (VI),

wherein X—Y-—7 15 a chumeric oligonucieotide comprising a sequence of 18 to 22 nucleosides,
and 15 optionally conjugated at the 5" and/or 3" end to a ligand targeting group or a
pharmacophore; X 13 a domain comprising a sequence of modified nucleosides that 15 3-10
nucleosides n length; 7 1s a domain comprising a sequence of modified nucleosides that 1s 3-10
nucleosides i length; and Y 1s a domain comprising a sequence of 2 to 14 27-deoxy-nuclecsides
linked through thiophosphate intersubunit linkages. In some embodiments, the Y domain is 6 to
10 nucleosides in length. In some embodiments, X and/or Z domains comprise a sequence of

modified nucleosides linked through N3’ —P5” phosphoramidate or N3 —P5’
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thiophosphoramidate intersubunit hinkages. In some embodiments, the Y domain comprises at
least one phosphodiester intersubunit linkage. In some embodiments, the Y domain consists of
2’-deoxy-nucleosides linked through thiophosphate intersubunit linkages, and optionally one or
two phosphodiester intersubunit linkage. In some embodiments, the X domain comprises
modified nucleosides where the modification is independently selected from the group consisting
of 27-F, 27-F-N3"—P5’, 2°-OMe, 2°-OMe-N3'—P5’, 27-O-methoxyethoxy, 2°-0O-
methoxyethoxy-N3"—P5’, conformationally restricted nucleosides, 2°-OH-N3'—PS'
thiophosphoranmidate and 2°-OH-N3'—PS’ phosphoramidate. In some embodiments, the
functional domain of Z comprises modified nucieosides where the modification 1s selected from
the group consisting of 2°-F, 2-F-N3"—P5’, 2°-0OMe, 2°-OMe-N3"—P5’ 27-O-methoxyethoxy,
2’~-O-methoxyethoxy-N3"—P3’ conformationally restricted nucleosides, 27-OH-N3"—PS’
thiophosphoramidate and 2°-OH-N3"—P5’ phosphoramidate. In some embodiments, the X
and/or 7 domains comprise one or more 2’ -deoxy-nucleosides hinked through a N3™—P%
phosphoramidate intersubunit inkage. In some embodiments, the X and Z domains comprise one
or more 2" -arabino-F and/or 2°-ribo-F modified nucleoside, wherein each said nucleoside is
independently linked through at least one of an N3'—»PS' phosphoramidate or N3'—PS§’
thiophosphoramudate intersubunit linkage. In some embodiments, the X and 7 domains comprise
one or more 2’-0OMe modified nucleosides, wheren each said nucleoside 15 independently linked
through at least one of N3'—P35' phosphoramidate, N3'—P5" thiophosphoramuidate, or
thiophosphate mtersubunit linkages. In some embodiments, the modified nucleosides m each of
the X and 7 domains are 2°-OMe modified nucleosides linked through thiophosphate
mtersubunit linkages, and wherein the modified nucleosides include S-methylcyiosine
nucleobases, but optionally not cytosine. In some embodiments, the modified nucleosides
mclude 2, 6-diaminopurine nucleobases, but optionally not adenine. In some embodimenis, the
modified nucleosides include 5-methyluracil nuclecbases, but optionally not uracil. In some
embodiments, the modified nucleosides include 2 6-diaminopurine nucleobases, but not adenine
and 5-methyluracil nuclecbases, but optionally not uracil. In some embodiments, the Y domain
comprises 6-8 2’-deoxy-nuclessides. In some embodiments, the modified nucleosides 1n each of
the X and Z domains comprise 2°-OMe modified nucleosides and conformationally restricted
nucleosides optionally linked through thiophosphate intersubunit linkages, and wherein the 2°-

OMe modified nucleosides include 5-methylcytosine nucleobases, but optionally not cytosine. In
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some embodiments, the modified nucleosides in each of the X and Z domains comprise 2°-OMe
and conformationally restricted nucleosides. In some embodiments, the modified nucleosides in
each of the X and Z domains comprise conformationally restricted nucleosides and, wherein at
least one modified nucleoside includes a N3’ —P35” phosphoramidate or a N3'—P%
thiophosphoramidate intersubunit linkage. In some embodiments, the Y domain comprises 7-8
2’-deoxy-nuclecsides. In some embodiments, the 2°-OMe modified nucleosides include 5-
methyluracil nucleobases, but optionally not uracil. In some embodiments, the Y domain
comprises 9-10 2’ -deoxy-nucleosides. In some embodiments, the X and Z domains comprise

nucleotides represented by the Formula (Ix):

(I,

wherein A 1s independently in each mmstance NH or O; B 1s independently in each mstance an
unmodified or modified nucleobase; W s independently in each instance OR or SR, where R 15
H or a positively charged counter ion; R” and R are each independently in each instance
selected from the group consisting of H, F, Cl, OH, OMe, Me, and O-methoxyethoxy, R777 s H,
or R™and R together form ~O-CHu— or —O-{CHz) »—, and a 15 an integer of 3 to 9, wherein
when R’ R” and R’” are each H, then A is NH, and optionally when A 15 O, then W is SR. In
some embodiments, the ligand targeting group or a pharmacophore is selected from the group
consisting of Chol,, Toco, Palm, GalNAc, MGB-1, MGB-2, Acr-, Pyr-, Steroyl, HEG linker, a
C7 amino linker, and combinations thereof. In some embodiments, the X and/or Z domain
comprises one or more oligonucleotide where the modification is 2°-O-methoxyethoxy-
N3’—P5 . In some embodiments, the X domain comprises one or more oligonucieotide where
the modification 1s 2°-O-methoxyethoxy-N3"—P5’. In some embodiments, the Z domain

comprises one or more oligonucleotide where the modification is 2"-O-methoxyethoxy-

6
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N3'—P5’. In some embodiments, the consiruct of said oligonucieotide corresponds to a

construct of Table B.
[0009] Other embodiments include a chimeric oligonucleotide represented by Formula (Vi)

S VI
(ViD),

>

wherein X'—Y 2" i3 a chumeric oligonucleotide comprising a sequence of 1610 22
nucleosides, and is optionally conjugated at the 5' and/or 3' end; X’ is a domain comprising a
sequence of modified nucleosides that s 3-10 nucleosides in length; 2 is a domain comprising a
sequence of modified nucleosides that 1s 3-10 nucleosides in length; and Y’ 1s a domain
comprising a sequence of 2 to 4 2°-deoxy-nucleosides linked through intersubunit linkages,
wherein the X and/or 27 domains comprise a sequence of modified nucleosides linked through
N3'—P5’ phosphoramidate or N3'—P5’ thiophosphoramidate intersubunit linkages. In some
embodiments, the Y’ domain consists of 2’-deoxy-nucleosides linked through thiophosphate
mtersubunit linkages, and optionally one phosphodiester intersubunit linkage In some
embodiments, the X* domain s 9 or 10 nucleosides in length. In some embodiments, the X°
domain comprises modified nucleosides where the modification s selected from the group
consisting of 2°-F, 27-F-N3"—P3%" 27-OMe, 2°-OMe-N3’—P5’, 2’-O-methoxyethoxy, 27-0-
methoxyethoxy-N3"—P5’, and conformationally restricted nucleosides. In some emnbodiments,
the 77 domain comprises modified nucleosides where the modification 1s selected from the group
consisting of 27-F, 27-F-N3"—PS’, 2’-0H, 2°-OMe, 2’-0OMe-N3’—P5’, 2°-0-methoxyethoxy,
27-O-methoxyethoxy-N3"—PS’, and conformationally restricted nucleosides. In some
embodiments, the X7 and/or £7 domains comprise one or more 2 -arabino-F and/or 27-ribo-F
modified nucleoside. In some embodiments, the modified nucleosides i the X and/or 727
domains comprise 2°-0OMe and conformationally restricted nucleosides. In some embodiments,
the modified nucleosides 1 the X7 and/or 77 domains comprise conformationally restricted
nucleosides and a N3™-—P5” modification. In some embodiments, the sequence 1s selected from
those in Table C having a 2-4 nucleotide Y domain. Other embodiments include a chimeric
oligonucleotide, wherein the sequence of said oligonucleotide corresponds 1o a sequence listed 1n

Table C.

[0010] Other embodiments include an ohigonucleotide comprising one or more nucleotides of the

following Formula (A):
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.w'"ﬁ("

O
™\ 0O Ba
XL Ry
i
Y .
(VHI},

wheremn Xa 18 NH or G, Y 138 OR or SR, where R 15 H or a positively charged counter 1on, Ba 13
mdependently 1n each instance a natural or an unmodified nucleobase or a modified nuclesbase,
Ra™ and Ra™™ are each independently in each mstance selected from H, F, OH, OMe, Me, O-
methoxyethoxy, and R4 1s H or Ra” and Ra™77 together form —~O-CHo— or ~O-{CHa )~ In some
embodiments, Ra” and Ra” 7 are H; and Ra™ s F. In some embodiments, Ra” and Ra™ are H;

399

and Ra”77 18 F, OH, H or OMe. In some embodiments, X is NH; Ba is an unmodified or

23>

modified nucleobase; Ra” and R4’ together form a conformationally restricted nucleoside {e.g.,
~(-CHo— or ~O-{CHz) 2-}; and Ra™ 1s H. In some embodiments, at least one of Ra” and R4’ 13
H. In some embodiments, when Ba 1s a purine nuclecbase at least one of Ra” and Ra™" 1s OH or
F, and/or when Ba 13 a pyrimudine nucleobase at least one of Ra” and Ra™ 1s OMe, OH or F. In
some embodiments, the modified nucleobase is selected from 5-methylcytosine, 2,6-
diaminopurine, 5-methyluracil, and a g-clamp. In some embodiments, the nucleotides of Formula
{A) mclude those in Table G In some embodiments, the nucleotide of Formula (A) includes a

sequence listed in Table H. In some embodiments, the nucleotide of Formula (A) includes a

sequence |, 2, 3, 4, or 5 nucleobases different from a sequence selected from those in Table B.

[0011] Other embodiments include an oligonucleotide comprising ten or more nucleotides of the

followimg Formula (IX}:

,»«s{""

O~ B
8
~Q )
RB”! RB

A /O
P/

RS N )
(Ix),
wherein R 1s H or a positively charged counter ion, Bz 15 independently 1n each instance a natural
or an unmodified nucleobase or a modified nucleobase, Re” and Rs™’ are each independently in
each instance selected from H, F, OMe, Me, O-methoxyethoxy, and Rs”” is H or Rs” and Rg™”’

LR

together form ~0-CHa— or ~0O-(CHa} 2~ In some embodiments, Re” and Re””” are H; and Re™” 15

8
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F. In some embodiments, Rs” and Rs™" are H; and Rs™"7" 15 F, O, H or OMe. In some
embodiments, Bs is an unmodified or modified nucleobase; R’ and Rs™"" together forma
conformationally restricted nucleoside (e g, “0-CHa— or -O-(CHz}2—); and Rg”” 1s H. In some
embodiments, at least one of Rs” and Rg” 15 H. In some embodiments, when Bg 15 a purine
nucleobase at least one of Rs” and Rs’”” i1s OH or F, and/or when Bg is a pyrimidine nuclecbase at
least one of Rg’ and Rr”’ i1s OMe, OH or F. In some embodiments, the modified nucleobase is
selected from 5-methylcytosine, 2,6-diaminopurine, S-methyluracil, and a g-clamp. In some
embodiments, the nucleotides of Formula (B) include those in Table A where X 15 NH. In some
embodiments, the nucleotide of Formula (B) includes a sequence listed in Table B. In some
embodiments, the nuclectide of Formula (B) mcludes a sequence 1, 2, 3, 4, or 5 nucleobases
different from a sequence selected from those in Table B. In some embodiments, every

oligonucleotide 1s a nucleotide of the Formula (B).

[0012] Other embodiments include a pharmaceutical composition comprising an oligonucleotide
of any of the preceding embodiments and a pharmaceutically acceptable excipient. In some
embodiments, the composition s suitable for intravenous or subcutaneous delivery. Other
embodiments mclude a method of inhibiting Hepatitis B virus (HBV) gene expression in a cell
comprising contacting the cell with an oligonucleotide or composition of any of the preceding
embodiments. Other embodiments include a method of imhibiting replication of a Hepatitis B
virus {(HBV}) in a cell comprising contacting the cell with an oligonucleotide or composition of
any of the preceding embodiments. Gther embodiments include a method of treating a subject
having a Hepatitis B virus {HBV} infection, comprising administering to the subject a
therapeutically effective amount of an oligonucleotide or composition of any of the preceding
embodiments. Other embodiments inchude a, olhigonucleotide of any of the preceding
embodiments, wherein saird oligonuclestide complexed with an HBV genome sequence has a
melting temperature (Tm) of >37 °C. Other embodiments include a method of treating a subject
having a Hepatitis B virus (HBV) infection, comprising administering to the subject a
therapeutically effective amount of an oligonucleotide or composition of any of the preceding
embodiments. Other embodiments include a method of inhibiting expression of a target RNA in
a cell comprising contacting the cell with an oligonucleotide or composition comprising said
oligonucleotide of any of the preceding embodiments, wherein the chimeric oligonucleotide

contains a nuclecbase sequence that is complementary or hybridizes to a portion of the target
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RNA. Other embodiments include a method of inhibiting replication of a virus in a cell
comprising contacting the cell with an oligonuclectide or composition comprising said
oligonucleotide of any of the preceding embodiments, comprising said oligonucleotide contains a
nuclechase sequence that is complementary or hybridizes to a portion a viral target RNA. Other
embodiments include a method of treating a subject having a viral infection, comprising
administering to the subject a therapeutically effective amount of an oligonucleotide or
composition comprising said oligonucleotide of any of the preceding embodiments, wherein the
oligonucleotide contains a nucleobase sequence that is complementary or hybridizes to a portion
of viral target RNA. Other embodiments include a method of modulating expression of a target
by contacting a target nucleic acid with an antisense compound comprising an oligonucleotide or
composition comprising said oligonucleotide of any of the preceding embodiments, wherein the
oligonucleotide contains a nucleobase sequence that is complementary or hybridizes to a portion

of target nucleic acid.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A shows HBsAg serum levels. FIG. 1B shows HBeAg serum levels. FIG. 1C

shows DNA serum levels,

[0014] FIG. 2A show results HBsAg serum levels for a GalNAc conjugated compound of the
present disclosure for IV administration. FIG. 2B shows HBsAg serum levels for a GalNAc

conjugated compound of the present disclosure for SC administration.

[0015] FIG. 3 shows HBsAg reduction levels for GalNAc conjugated compounds of the present

disclosure.

[0016] FIGs. 4A-4C show in vivo HBsAg, HBeAg and Serum HBV DNA data in an AAV-HBV
mouse model for compounds of the present disclosure. FIG. 4A shows HBsAg serum levels.

FIG. 4B shows HBeAg serum levels. FIG. 4C shows HBYV DNA levels.

[0017] FIGs. SA-5C show in vivo HBsAg, HBeAg and serum HBV DNA data m an AAV-HBV
mouse model for compounds of the present disclosure. FIG. SA shows HBsAg serum levels.

FIG. 5B shows HBeAg serum levels. FIG. 5C shows HBV DNA levels.

10
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[0018] FiGs. 6A-6C show in vive HBsAg, HBeAg and serum HBY DNA data in an AAV-HBY
mouse model for compounds of the present disclosure. FIG. 6A shows HBsAg serum levels.

FIG. 6B shows HBeAg serum levels. FIG. 6C shows HBYV DNA levels.

[0019] FIG. 7 shows various compounds of the present disclosure and their respective

complimentary sites for the HBV (+) strand genome.
[0020] FIG. 8 shows HBsAg level in serum for two oligonucleotides described in Table 29

[0021] FIG. 9A shows HBsAg level in serum for two oligonucleotides described in Table 30.

FIG. 9B shows HBeAg level in serum for two oligonucleotides described in Table 30.

[0022] FIG. 10A shows HBsAg level in serum for two oligonucleotides described in Table 31.

FIG. 10B shows HBeAg level in serum for two oligonucleotides deseribed in Table 31,

[0023] FIG. 11A shows HBsAg level in serum for oligonucleotides described in Table 33 as a
single dose. FIG. 11B shows HBsAg level in serum for oligonucleotides described in Table 33

for a dosing regimen of 3x3.3 mg/kg on Bays 0, 2, 4.

[0024] FIG. 12A shows HBsAg level in serum for oligonucleotides described in Table 37 as a
single dose. FIG. 12B shows HBsAg level in serum for oligonucleotides described in Table 38 as
a single dose. FIG. 12C shows HBsAg level in serum for oligonucleotides described in Table 40
as a single dose.

DETAILED DESCRIPTION
[0025] The present disclosure is directed to modified nucleotides and oligonuclesotides
comprising the modified nucleotides and modified linkages between nucleotides. The present
disclosure is also directed to constructs of the oligonucleotides, which include domains, regions
or portions within the oligonucleotide having common features and additional components
conjugated to the oligonucleotide such as targeting moieties. The present disclosure 1s further

directed to methods of using and preparing the oligonucleotides and their constructs.

[0026] As known in the art and as set forth in the present disclosure, a modified nucleotide 1s any
nucleotide that 1s not a deoxyribonucleotide. For example, the 27 carbon of the deoxyribose may
be substituted by a substituent other than the hydroxy (OH); the 3” carbon of the deoxyribose
may be substituted by a substituent other than the oxygen atom (O). As known in the art and as

set forth in the present disclosure, a modified linkage between two nucleotides 1s any linkage that

11
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1s not a phosphodiester bond between the 3” carbon of the deoxyribose of the first nucleotide and

the 57 carbon of the deoxyribose of the second nucleotide.

i. 27, 3’ -Modified Mucieotides and Related Oligonucieotides

[0027] Compounds of the present disclosure include modified nucleotides with particular 27 and
3’ modifications. In embodiments, compounds of the present disclosure include replacement of
the hydroxy, or substitution, at the 2° carbon of the deoxyribose sugar. In addition, these
compounds of the present disclosure include modifications of the linkage between two
nucleosides, which mcludes replacement of the oxygen atom, or substitution, with a nitrogen
atom {N) at the 3’ carbon of the deoxyribose sugar. Modifications of the linkage further include

replacement of another oxygen atom, or substitution, in the phosphodiester bond.

[0028] These modified nucleotides may be used, e.g., in oligonucleotides such as chimeric
oligonucleotides allowing for enzymatic cleavage of the genetic target by RNase H or modified

antisense oligonucleotides.
A. 27, 3’ -Modified Nucleotides

00297 Accordingly, compounds of the present disclosure include nucleotides of Formula (I}

T
O o, B
HN 4 ORy
P/
RSN !
& ),

wherein R 1s H or a positively charged counter ton, B is independently in each instance a natural
or an unmodified nucleobase or a modified nucleobase, Ry s {CR’ 2 1pOCR 3, and R 13
independently in each instance H or F.

[0030] In nucleotides of Formula (I}, Ry 1s {CR”21OCR’ 3. In some embodiments, R is Hin
each instance. In other embodiments, at least one R is F, for example, 1,2, 3,4, 5,6, or 7TR’s
are F. In some embodiments, CR’s contains 1, 2 or 3 F moieties. For example, in embodiments,
R 1s selected from the group consisting of ~CH2CH2OCH3 {or MOE), -CFCH>OCH;, -
CH:CF:OCH:, -CHCH2OCE, -CF:CHOCHs, —CHxCEOCHs, —-CECHOCKs, -CEF2.CF20C s,

12
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~CHFCHoOCH;, ~-CHFCHFOCH;, ~-CHFCHOCFH,, ~CHFCH>OCHF? and ~CHoCHFOCHs.

In embodiments, the nucleotide of Formula I is:

T
o B

HN o

=4
HS”

O-{CH2),-0OCH;

[0031] In embodiments, compounds of the present disclosure inchide at least one nucleotide of

Formula (I} and at least one nucleotide of Formula (I}

T
O \/O B
HN, 4 OR,
=N
RY™N ,
7 (ID),

wherein Y 18 8 or O, R is H or a positively charged counter ton, B is a nucleobase, Rz 18 ~CR’3, —
CR:20CR 5, {CR:2):0CR 5 0 (CR212CR’3, or Rois «{CR:2):0CR sand Y is G and R’ s

independently in each instance Hor F.

0032} In the nucleotide of Formula (I1), Rs 18 ~CR’3, «(CR 2 130CR:, of «(CR212CR 5. In
some embodiments, Ry 1s-CR: or ~CRHCR 5. In some embodiments, R’ 1s H in each instance.
In other embodiments, at least one R’ s F, for example, 1, 2, 3,4, or SR'sare F. In some
embodiments, CR s contains 1, 2 or 3 F moieties. For example, in embodiments, R 1s selected
from the group consisting of —CHj {or Me), -CFHy, —CHF», CF3, -CH2OCH;, -CFH20CH;, —
CHE,OCH:, —CF0CH;, CH:OCFH,, CH;OCHEF,, CHOCK;, ~CFHOCH:, —-CFH2OCFH,,
~CFH,OCHY, -CFH»OCF, -CHF:0OCH;, -CHF>OCFH,, ~CHF,OCHK,, -CHF:0CF;, —
{(CR 23 0CR s, -CH2CHs (or Et), -CFH2CH;, -CHF2CHs, —CF3CHs, -CH2CFH,, -CHLCHE,, —
CHX(CFs, —-CFHLCH;, —-CFH2CFHy, —-CFHLCHE,, -CFHLCFs, -CHE2CH;s, —CHECFHy, -
CHFCHF», -CHF2CFs, -CHoCH2CHs, CE2CHCHs, CHCECHs, CH2CHLCFs, CF2CFaCH5,
CH2CF.CFs, CF2CH2CFs, CE2CFCFs, CHFCH2CHs, CHFCHFOCH:, CHFCH2CFH,,
CHFCH2CHF: and CHCHFCH3. In embodiments, Ry 18 —CHs (or Me) or —CH2CHaz (or Et). In

embodiments, the nucleotides of Formula 1T are selected from the group consisting of

13
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T T T
O- O

0 :
O o) oS
HN o OCH, HN o OCH,CH; HN o OCH,CHy

HS’F&- ; HO’EEV: and HS”F},’

[0033] In compounds of Formulae (I} or (H}, Y may be O or S. In some embodiments, Y is S in
at least one mstance {e.g., 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 etc. ). In other embodiments, Y 15 8 in at least one mstance and & in
at least another instance. In other embodiments, Y 13 8 in each instance. In some embodiments, Y
1s (& in at least one instance (e.g., 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 etc.).

>

[0034] The disclosed oligonucleotides comprise at least one nucleotide of Formula (I}, In
embodiments, the disclosed oligonucleotides 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 nucleotides of Formula (I). In embodiments, the disclosed
oligonucleotides 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 nucleotides of Formula (II}. In some embodiments, the oligonucleotide comprises

from 2 to 40 nucleotides, for example, 8 to 26 nucleotides or integers there between.

[0035] In embodiments where more than one nucleotide of Formula (I} are included, the
nucleotide may be the same or different. In some embodiments one or more nucleotides of
Formula (1) are included, and may be the same or different. For example, in some embodiments,
the oligonucleotide comprises at least one nucleotide of Formula (I) and at least one nucleotide
of Formula (I}. In some embodiments, the oligonucleotide comprises at least one nucleotide of
Formula (I}, wherein at least one R: ts MOE and at least one nucleotide of Formula (I1), wherein
R 1s Me or Et. In some embodiments, the oligonucleotide comprises at least 2 alternating
nucleotides of Formula (1) and Formula (I1). For example, 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24 nucleotides with alternating 2° modification {e.g., Me-

MOE-Me-MOE. .. or Et~-MOE-Et-MOE-Et-MOE. ).

[0036] In some embodiments, the nucleotide of Formula (I} and/or Formula (I} 1s represented by

the following:

14
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E f“ R, b : ' f'q
<5 S

[0037] In some embodiments, the oligonucleotide comprising the nucleotide of Formula (I}

further comprises a 2" -fluoronucleotide of the Formula (Hla) and/or (b}

.m\:’"

WW

\/O

v 3*’” amay % (iTib),

wherein Y 18 S or O, R 1s H or a positively charged counter 1on, and B is a nucleobase.

[0038] In some embodiments, the oligonucleotide comprises at least 4 alternating nucleotides of
Formulae (I} and (11a). For example, the oligonucleotide comprises 4, 5, 6,7, §, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 alternating nucleotides.

[0039] Certain embodiments include an oligonucleotide comprising 4-40 nucleotides, and

comprising Formula (IV):

s}
x" vy,

wherein Y 18 S or O, R 1s H or a positively charged counter ion, B s a nucleobase, Ry 15 -
(CR7 21 OCR s, Rz is selected from —-OCR’s, “OCR20CR’ s, -O{CR 2 30CR s or —O(CR 2
2CR’5 and F, R’ 1s independently in each instance H or F, and a is an integer of 1-10and bisan
integer from 1-10, where theto 20, eg., 1, 2,3, 4,5,6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18,

19 and 20

15
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0040} Compounds of the present disclosure include compounds comprising the following

Formula (11}

,wﬁ‘:"’

O~ . B
HN F
HS” ng@
> (),

wherein Y 13 8 or O, R 15 H or a positively charged counter 1on, and B 15 independently in each
instance a natural or an unmodified nucleobase or a modified nucleobase; and optionally

comprising one or more of formula (1), (1) , and/or (IV)

[0041] The nucleobases, B, of the nucleotides of Formulae (1), (II), (ITfa), (Ilib), IV} and (V)
may each independently be a natural or an unmodified nucleobase or a modified nucleobase. In
some embodiments, the modified nucleotides include 2,6-diaminopurine nucleobases, but
optionally not adenine. In some embodiments, the modified nucleotides include 5-methyluracil
nucleobases, but optionally not uracil. In some embodiments, the modified nucleotides mclude
2, 6-diaminopurine nuclecbases, but not adenine and 5-methyluracil nucleobases, but optionally

not uracil.

[0042] Y i each nucleotide of Formulae (1), (T11a), (dHb), (IV} and (V) may be independently O
or S. In some embodiments, Y 15 8 10 at least one mnstance {e.g., 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 etc.). In other embodiments, Y
is S i at least one instance and O i1 at least another instance. In other embodiments, Y 15 S in
each instance. In some embodiments, Y 15 O in at least one mstance{eg., 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 etc.).

[0043] In embodiments where more than one nucleotide of each of Formulae (1), (1), (Ifa),
(1iIb}, (IV) and (V) are included, the more than one nucleotides such Formulae may be the same
or different. For example, in some embodiments, the nucleotide comprises at least one nucleotide
of Formula (11}, (1), (IV), (V) and/or (V') i addition to at least one nucleotide of Formula (1)
In some embodiments, the nucleotide comprises at least 2 alternating nucleotides of Formula (1)

and/or Formula (} and/or (H1} and/or (IV), (V) and/or (V7). For example, disclosed

16
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oligonucleotides may include 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 21,

22,23, 24 nucleotides with alternating 2° modifications.
[0044] In embodiments, the nucleotides of the ohigonucleotide are selected from the group
consisting of’

- T T
O

o B O~ g8 )

HN\ e OCHs HN\ 0 QCH,CH, HN\ 0 QCHCH;,
/P/ ~ ” -~ =4
HS HO F’):),.J HS R
——
o P o F A\ o f

A

HN, O-{CHy)3-OCH, HN O-(CH2)-OCH;  HIN

/O v /O Y /O
R” R LR
- g 38
HO™ . ’ HS™ HS™ N ond
“T
© B
5\ ;"O\t ]i
HN F
* /O
HS”P/
}"’ , where B can be any natural or modified base.

[0045] Compounds of the present disclosure include compounds comprising the following
Formula (V')

,w({"“

O-
N\ ol F

Aty
NH
=0
rRY-R

A W)
wherein Y 15 8 or O, R 1s H or a positively charged counter 1on, B is independently in each
mnstance a natural or an unmodified nucleobase or a modified nucleobase, A 1s {CRR” )10
and R’ 1s independently in each instance H, F or Me, and optlionally comprising one or more of

Formulae (1}, (1F), (1}, (IV) or (V).

17
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[0046] In the compound comprising formula (V'), A 15 (CRVR )12~ In some embodiments, A
15 -{(CR’R’"}~ in other embodiments, A is {CR 7R h—- R’ 135 independently in each instance H
or Me. In some embodiments, one R’ 1s Me and remaining are H. In other embodiments, all R”’

are H.

[0047] In some embodiments, when A 18 CHz, then Y 13 S. In other embodiments, when A s

CHyCHg, then Y 1s O or 5. In some embodiments, A 1s CH2CH{(Me) or CH{(Me)and Yis Qor 5.

[0048] In the compound comprising formula (V’), Y 1s O or S. In some embodiments, Y is S in
at least one instance (e.g., 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 etc.). In other embodiments, Y is S in at least one instance and O in
at least another instance. In other embodiments, Y 13 8 in each instance. In some embodiments, Y
is O in at least one instance (e.g., 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 etc.).

00491 The compound of Formula (V”) (and optionally Formulae (1), (1), (III}, IV}, (V) and/or
{(V’) may be part of an oligonucleotide. In some embodiments, the compound comprising
Formula (IV) (and optionally Formulae (1), (), (L), IV}, (Vi and/or (V’}} is an
oligonucleotide comprising 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18§, 19, 20, 21,
22, 23, 24 nucleotides of Formula (V) {and Formulae (I), (1), (1D, V), (V) and/or (V")) In
some embodiments, the oligonucleotide comprises from 2 to 40 nucleotides, for example, 8 to 26
nucleotides or ntegers there between.

[0050] In embodiments where more than one nucleotides of Formula (V') are included, the more
than one nucleotides of Formula (V) may be the same or different. In some embodiments one or
more nucleotides of Formulae (1), (1), (I, V), (V) and/or (V') are included, and may be the
same or different. For example, in some embodiments, the nucleotide comprises at least one
nucleotide of Formula (V7) and at least one nucleotide of Formulae (1), (IT), (IIT}, (V) , (V)
and/or (V7). In some embodiments, the nucleotide comprises at least 2 alternating nucleotides of
Formula (V") and Formula {I) and/or (IT}. For example, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14,

15,16, 17, 18, 19, 20, 21, 22, 23, 24 nucleotides with alternating 2” modification.

[0051] In some embodiments, the nucleotide comprising the nucleotide of Formula (V') (and
optionally Formulae (I), (1), (IIf), (IV}, (V) and/or (V') further comprises a 2-fluoronucleotide

of the followimg structures:
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RY” RY i §
}*" or , where Y, Rand B are the same as for Formula (I}. In some
embodiments, the nuclectide comprises at least 4 alternating nucleotides of Formula (V") and 2-

fluoronucleotides.

00521 Compounds of the present disclosure include compounds comprising the following

Formula (V)
O3
O B
HN ., OEt
JRET
RY

wherein Y 13 8 or O, R 15 H or a positively charged counter 1on, and B 15 independently in each
instance a natural or an unmodified nucleobase or a modified nucleobase; and optionally
comprising one or more of formula (I), (1), (), (IV) and/or (V7).

B. Chimeric Oligonucleotides
[0033] The present disclosure is directed to constructs of oligonucleotides, which nclude
domains, regions or portions within the ohigonucleotide having common features.

Oligonucleotides having these domains are referred to herein as chumeric oligonucleotides. In

some embodiments, chimeric oligonucleotides are represented by Formula (VI

5 X—Y—Z-3' (V1),

wherein the chimeric oligonucleotide comprises a sequence of 14 to 22 nucleosides, wherein X 15
a domain comprising a sequence of modified nucleotides that 1s 3-10 nucleotides in length; Z s a
domain comprising a sequence of modified nuclectides that 15 3-10 nucleosides m length; and Y
15 a domain comprising a sequence of 2-10 27-deoxy- nucleotides, or unmodified nucleotides.

Each of the nucleosides 10 each of the domains 1s linked through mtersubumt inkages.

[0054] In some embodiments, chimeric oligonucleotides are represented by Formula (VI'):
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XA L3 (VD)

wherein the chimeric oligonuclestide comprises a sequence of 14 to 22 nucleosides, wherein X is
a domain comprising a sequence of modified nucleotides that 15 2-10 nucleotides in length; Z1s a
domain comprising a sequence of modified nucleotides that 1s 2-10 nucleosides in length; and Y
1s a domain comprising a sequence of 6-14 2’-deoxy- nucleotides, or unmodified nucleotides.

Each of the nucleosides in each of the domains 1s linked through intersubunit inkages.

00557 Nucleotides of formula (1}, (IL), (Tlfa}, (1tib), (IV), (V) and/or (V) may be present in the
X and/or Z domain. Chimeric oligonucleotide may be conjugated at the 5 and/or 3'end toa

ligand-targeting group or a pharmacophore.

[0056] In some embodiments, the Y domain contains 2’ deoxy-nucleosides linked by
thiophosphate ntersubunit linkages. In embodiments, the Y domain contains 2’ deoxy-
nucleosides linked by at least one phosphodiester intersubunit linkage. In embodiments, the Y
domain contains 2’ deoxy-nucleosides linked by two phosphodiester intersubunit linkages. In
embodiments, the Y domain contains 2’ deoxy-nucleosides linked by thiophosphate intersubunit
linkages and one or two phosphodiester intersubunit linkages. In some embodiments, the Y

domain is 6 to 10 nucleotides m length.

(IfIb), (IV}, (V) and/or (V). In some embodiments, the X domain comprises modified
nucleotides where the modification 15 independently selected from 2°-OMe, 27 -OFt, 27-0-
methoxyethoxy, and conformationally restricted nucleotides. In some embodiments, the X

domain is 9 or 10 nucleotides in length.

[00S8] In some embodiments, the Z domain comprises nucleotides of tormulae (I}, (IL), (1a),
(Iib), (IV}, (V) and/or (V7). In some embodiments, the Z domain comprises 2” modified
nuclectides where the modification is 2°-0OMe, 27 -OFt or 27-MOE. In some embodiments, the 2

domain is 9 or 10 nucleotides in length.

[0059] In embodiments, the chimeric oligonucleotide comprises a sequence of 14 to 22
nucleotides. For example, the oligonucleotide may mclude 14, 15, 16, 17, 18, 19, 20, 21 or 22

nucleotides.
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[0060] In embodiments, X is a domain consisting of a sequence containing one or more modified
nucleotides that is 3-10 nuclectides n length; Z 15 a domain consisting of a sequence containing
one or more modified nucleotides that 1s 3-10 nucleotides in length; and Y 1s a domain consisting
of a sequence of 2 to 10 2’-deoxy-nucleosides linked through thiophosphate intersubunit inkages
and optionally one or two phosphodiester intersubunit linkages. In some embodiments, X is 5-9,
Y 1s 6-10 and Z 15 5-9. In some embodiments, the number of nucleotides in each of X, Y and 2,
respectively is: 6/6/6, 6/6/7, 6/6/8, 6/7/6, 6/7/7, 6/1/8, 6/8/6, 6/8/7. 6/8/8, 3/10/3, 4/10/4, 5/10/5,
S/10/6, 2/12/2, 3/12/3, 2/14/2, 5/9/5. 5/9/6, 5/8/5, 5/8/6, 38‘7 /517, 77578, T/5/9,7/6/6, T/6/7
TIGIS, TI6/9, 11716, T/, T8, TITIO, TISIT, TSI, TISI9, TALT. TIAIS, 1A, $/4T, RI4/S, 8/4/9,

3/7, 71378, 7/3/9, 8/3/7, 8/3/8, 8/3/9, B/3/10, ©/3/7, 9/3/8, 9/3/9, 9/3/10, B/2/7, &/2/8, 8/2/9,
8/2/10 ,9/2/7, 9/2/8, 9/2/9, 9/2/10, 10/2/8, 10/2/9, 10/2/10. The X domain and the Z domain each,
respectively, comprise a sequence of modified nucleotides, where the domain s 4-10 nucleotides
in length. For example, the X domain and/or Z domain may comprise a sequence of 4, 5, 6, 7, §,
9, or 10 nucleotides. One or more of these nucleotides is modified (e g, 1,2,3,4,5,6,7,8,9

or1 Q). For exarople, in some embodiments, all the nucleotides in each of the X domain and/or 7

domain are modified.

[0061] The nucleotides of the X and Z domains may be modified according to Formulae (I}, (11},
(Ifa), (Ib), (AV), , (V) and/or (V) with respect to one or more of ther nucleobases, the 27
and/or 37 positions on the ribose sugar and thew intersubuntt linkages. Embodiments inclade
wherein the 27 position 1s modified with an F {ribo or arabino} and the 37 position is O or NH.
Embodiments also include wherein the 27 position 1s modified with an OMe and the 37 position
1s (O or NH. Embodiments include wherein the 27 position 1s modified with an F {ribo or arabino)
as well as Me or OMe, and the 37 position 13 O or NH. Embodiments mclude wheremn the 27
posttton i1s modified with an F {ribo or arabino) and the 37 position i1s O or NH. Embodiments
include wherein the 2’ position 1s modified with an O-methoxyethoxy and the 37 position s O or
NH. Embodiments also include whergin the 27 posttion 1s modified with an F (ribo or arabino)
and the 37 position s O or NH. Embodiments include wherein the 2° and 4” positions are
modified bridging group (as described elsewhere herein} to form a conformationally restricted
nucleotide and the 3”7 position is O or NH. Each of these embodiments may include
thiophosphate (or thiophosphoramidate depending on the 37 substitution} and phosphoramidate

mtersubunit linkages.
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[0062] Embodiments also include where the 27 position is H, and the 3” position is NH. Each of
these embodiments may include thiophosphoramidate and/or phosphoramidate intersubunit

linkages.

[0063] In some embodiments, the modified nucleotides of the X domain and the Z domain each,
respectively, mclude a modification independently selected from at least one of 2°-F, 2°-F-
N3’—P5, 2-0Me, 27-0Me-N3'—PS’, 27-0O-methoxyethoxy, 2’ -0O-methoxyethoxy-N3"—P5’,

conformationally restricted nucleotides.

[0064] In some embodiments, the modified nucleotide contains a nucleoside represented by the

following Formula (A):

.wﬁ{"“

O B
\\ O
Rm 'R
A R
> M),
wherein A 1s independently in each instance NH or O, B 1s independently in each instance a
natural or an unmodified nucleobase or a modified nucleobase, and R” and R™ are each
mdependently in each nstance selected from H, F, OH, OMe, OEt, O-methoxyethoxy, and R™
i3 H, or R and R together form a 2-4 atom bridge to form a conformationally restricted

nucleoside {e.g., ~O-CHo—, ~O-CH{(Me}-, or —~O-{CHz} ).

[0065] In some embodiments, R 1s selected from F, OH, -OMe, -OEt, O-methoxyethoxy; R*7 18
Hand F; and R™77 18 H, Me or -OMe. In other embodiments, R and R”” are H; and R 1
selected from F, OMe, OEt and O-methoxyethoxy. In some embodiments, A 1s NH in each

nstance.

[0066] Some embodiments nclude one or more modified nucleosides represented by Formula
(A), wherem A s NH; Bisa G-clamp, R s For OMeand R s H; or RO isHand RV is Hor F
and R s H.

[0067] Some embodiments include one or more modified nucleosides represented by Formula

{A), wherein A 1s NH; B is an unmodified or modified nuclecbase; R’ and R™7 together form a

conformationally restricted nucleoside (e.g., ~O-CHo—, ~O-CH{Me)}-, or ~O-(CHz) -}, and R”
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is H. In some embodiments, B is an unmodified or a modified nucleobase selecied from the

eroup consisting of S-methylcytosine, 2, 6-diaminopurine, and S-methyluracil.

[0068] Some embodiments include one or more modified nucleosides represented by Formula
{A), wherein A 1s NH; B is an unmodified or modified nuclecbase; R’ is F or OMe, R 1s H and

R s H

[0069] Some embodiments include one or more modified nucleosides represented by Formula
(A}, wherein A s NH; B is an unmodified or modified nuclecbase, R s H, R isFand R'7 15
H

[0070] In some embodiments, the X and Z domains are represented by the Formula (Ix):

L
L. 43
(1),

wherein W s independently in each instance OR or SR, where R 15 H or a positively charged
counter ton; K7, R, R’ A and B are as described for Formula (A). In other embodiments, A 15

O and R, R” are independently H or OFt, where at least one of R’, R” 15 OFt.

[0071] For example, the nucleotides of X and/or Z may include one or more of the nucleotides in
Table A in addition to at ieast one nucleotide in each of the X and Z domains where A 1s NH, W

is 8, and R 1s MOE.
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Table A
2
N o P
A R
O=P-W
Nucleotide No. R’ R R A W
i F H H NH S
2 F H H NH O
3 F H H O S
4 F H H O O
5 H F H NH 5
0 H F H NH 0O
7 H F H 0O S
H F H O O
9 OMe H H NH 8
10 OMe H H NH O
i1 DMe H H 3 5
12 OMe H H O O
13 H F H NH N
14 H F H NH O
3 H F H Y S
16 H F H O O
17 O-methoxvethoxy H H NH S
18 O-methoxyethoxy H H NH O
19 O-methoxyvethoxy H H 0 S
20 O-methoxvethoxy H H O 0O
21 H H H NH 8
22 H H H NH U
23 OH H H NH 5
24 OH H H NH O
25 OH H H 0O S
26 H OH H NH O
27 H OH H NH S
2 H OFt H NH O
29 H OFt H NH 5
30 H OF¢ H O O
31 H OFt H O S
32 OFt H H NH O
33 OF¢ H H NH S
34 OFt H H O Y
35 OFt H H O 5
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Nucleotide No. C A W
36 -O-CHz- NH 8
37 -0-CH;- NH O
38 ~(3-{H,- O R
39 -(0-CH;- O O
49 ~-(CHo Y- NH S
4] ~O-(CHo Yo~ NH 6]
42 ~O~(CHy )~ O S
43 ~-(CHo Y- G O
44 -(O-CH(Me)- NH R
45 ~O-CH(Me)- NH O
46 -0-CH(Me)- O S
47 -(O-CH{Me)- O O

(00727 In some embodiments, the X domain and 7 domam each mdependently comprise two,

three or more different nucleotides 1-47.

[0073] The nucleosides of the X domain are linked through mtersubunit hinkages, for example,
N3'-—P5’ phosphoramidate, N3'-—P35' thiophosphoramudate, thiophosphate, phosphodiester
mtersubunit linkages or combinations thereof. In some embodiments, the X domain 15 hinked
through intersubunit linkages selected from N3'—P35' phosphoramidate, N3'—P5'

thiophosphoramidate, and combinations thereof,

[0074] The X domain of the chimeric oligonucleotide may include a certain arrangement of
modified nucleotides. For example, in some embodiments, the X domain comprises one or more
conformationally restricted nucleotides. Conformationally restricted nucleotides can include
BNA, such as, LNA and ENA . {eg, 1, 2,3, 4,5,6,7, 8,9, 10 conformationally restricted
nucleotides}. In some embodiments, the X domain comprises one or more 2°-F and/or 27-0OMe
modified nucleotides. In some embodiments, the X domain comprises alternating

conformationally restricted nucleotides, e.g., every other nucleotide is a conformationally

restricted nucleotide. In some embodiments, the X domain comprises one or more 2°-F and/or 2°-
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OMe modified nucleotide (e, 1,2, 3,4, 5,6,7,8,9, 10 2°-F and/or 2"-0OMe modified
nucleotides}. In some embodiments, the X domain comprises alternating 2°-F and 2°-OMe
modified nucleotides. In embodiments, the X domain comprises 2°-F or 2’-OMe and

conformationally restricted nucleotides, for example, in an alternating sequence.

[0075] The Y domain comprises a sequence of 2 to 14 2’-deoxynucleotides. For example, the Y
domain may comprise a sequence of 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13 0r 14 2’-
deoxynucleotides. One or more of the 2’-deoxynucleosides may be linked through thiophosphate
mtersubunit linkages {e.g, 1,2,3,4, 5,6, 7,8, 9 10, 11,12, 13 or 14 thiophosphate intersubunit
linkages}. In some embodiments, each of the 2”-deoxynucleosides s linked through a
thiophosphate intersubunit linkage. In some embodiments, the Y domain comprises at least one
phosphodiester intersubunit hinkage (e.g., 1, 2 or 3 phosphodiester intersubunit linkages). In
other embodiments, the Y domam consists of 27-deoxy-nucleosides linked through thiophosphate

intersuburut linkages, and optionally one or two phosphodiester intersubunit linkages.
[0076] In embodiments, the Y domain comprises nucleotides that induce RNase H cleavage.

[0077] In some embodiments, the 2’ -deoxynucleoside linked through a thiophosphate
mtersubunit inkage may be represented by the following Formula (BY:

,wg“”

Q“"\ O B
0]
=p—-0

;:3" R
A ®)

where B 1s independently in each instance an unmodified or modified nuclecbase. In some

5

embodiments, B 1s an unmodified or a modified nuclecbase selected from the group consisting of

S-methylcyiosine, 2, 6-diaminopurine, and S-methyluracil.

[0078] In other embodiments, the 2’ -deoxynucleoside linked through a thiophosphate
mtersubunit linkage comprises a modified 2’ -deoxynuclesside, which may be modified in the
same manner as in the X and Z domain. For example, the modified 2°-deoxvnucleoside linked

through a thiophosphate intersubunit linkage may be represented by the following Formula (C):
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w-i(’"
O

o B
R"‘ . R

Q H
S:i;()"
©)
wheremn B 18 mdependently in each mstance an unmodified or modified nuclecbase, and R™" and
R are each ndependently in each mstance selected from H, F, Cl, OH, OMe, Mg, O-
methoxyethoxy, or R” and R together form a 2-4 atom bridge to form a conformationally
restricted nucleoside. In some embodiments, B 1s an unmodified or a modified nucleobase

selected from the group consisting of S-methylcytosine, 2,6-diaminopurine, and 5-methyluracil.

[0079] The Z domain comprises a sequence of modified mucleotides, where the Z domain 1s 4-10
nucleotides 1 length. For example, the Z domamn may comprise a sequence of 4,5, 6,7, 8,9, or

10 nucleotides. One or more of these nuclectides 1s modified (e.g., 1,2,3,4,5,6,7, 8,9, 10, 11,
12, 13,14, 15, 16,17, 18, 19, 20, 21 or 22). For example, in some embodiments, all the

nucleotides 1n the Z domain are modified.

[0080] The modified nucleotides of the Z domain include, for example, a modification
independently selected from at least one of 2°-F, 27-F-N3"—P5’, 27-OMe, 2’-OMe-N3'—P5’,
27-0QEt-N3"—P5’, 27-O-methoxvethoxy, 2°-O-methoxvethoxy-N3"—P5’, conformationaily
restricted nucleotides, 2°-OH-N3'—P35' thiophosphoramidate and 27-OH-N3'—P5'

phosphoramidate.

[0081] In some embodiments, the modified nuclestide may include a nucleoside represented by

Formula (A).

[0082] The nucleotides of the Z domain are linked through mtersubunit linkages, for example,
N3'—P5’ phosphoramidate, N3'—P5' thiophosphoramidate, thiophosphate or phosphodiester
mtersubunit inkages. In some embodiments, the Z domain 1s linked through N3'—P5
phosphoramidate, N3'—P5' thiophosphoramidate, intersubunit linkages, and combinations

thereof

[0083] The Z domain of the chimeric oligonucleotide may include a certain arrangement of
modified nucleotides. For example, in some embodiments, the Z domain comprises one or more

(e, 1,2,3,4, 5 6,7 8, 9or 10, or more) conformationally restricted nucleotides (e.g., BNA,

27
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such as, LNA, ENA, each of which may be optionally substituted}. In some embodiments, the Z

domain comprises alternating conformationally restricted nucleotides, e.g., every other

nucleotide 1s a conformationally restricted nucleotide (e g, BNA, such as, LNA, ENA, each of

which may be optionally substituted). In some embodiments, the Z domain comprises one or

more {e.g, 1,2, 3,4

. 3,6,7,8,90r 10, or more) 2°-F and/or 2°-OMe modified nucleotide. For

example, some embodiments include where the Z domain comprises alternating 2°-F and 2°-

OMe modified nucleotides, or the 7 domain comprises alternating 2°-F or 2’-OMe and

conformationally restricted nucleotides.

[0084] In some embodiments, the modified nucleotides of Formula (VI} or (V1) include 5-

methylcytosine nucleobases, but not cytosine. In some embodiments, the modified nucleotides of

Formula (VI) or (V1) include 2,6-dianminopurine nuclecbases, but not adenine. In some

embodiments, the modified nucleotides of Formula (V1) or (VI') mnclude S-methyluraci

nucleobases, but not uracil In some embodiments, the modified nucleotides of Formula (V1) or

{(VI") include 2°-OMe and conformationally restricted nucleotides, and are linked through

thiophosphate ntersubunit linkages, and the modified nucleotides include S-methyleytosine

nucleobases, but not cytosine. In some embodiments, the modified nucleotides of Formula (VI)

or {VI') include the 2°-OMe modified nucleotides with 5-methyluracil nucleobases, but not

uracil.

[0085] In certain embodiments, the chimeric oligonucleotide represented by Formula (VI) or

(VI') 1s arranged according to at least one of the constructs of Table B where at least one

mtersubunit hinkage in the X and 7 domains 1s an NPS linkage.

Table B

X Domamn Y Domain Z Domain
Number | Intersubunit Nucleobase Number | Intersubunit | Nucleobase § Number | Intersubunit Nucleobase
of Nucs Linkages Substitutions  § of Nucs Linkages of Nucs Linkages Substitutions
& np, Bps, ps, A G C T Y, 2 ps AGCT, il up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clamp, DAP
7 ap, 1#ps, ps, A G C T U, 2 ps A G CT, i0 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clanp, DAP clanip, DAP,
8 ap, ups, ps, AG C T U, 2 ps AGC T, 9 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smel, G
clamp, DAP

Smel, G
clamp, DAP
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X Domain Y Domain Z Domain

Mumber | Intersubuunit Nucleobase MNumber | Intersubunit | Nucleobase § Number | Inmtersubumnit Nuclesbase
of Nucs Linkages Substitutions of MNucs Linkages of Nucs Linkages Substitutions
9 ap, 1#ps, ps, A G C T U, 2 ps A G CT, 8 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clam, DAP clamp, DAP
ig up, 1pPs, ps, AGC T U, 2 s A G C T 7 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp clamp, DAP
6 np, nps, ps, | A, G CT U, 3 ps A GC T, 16 ap, nps, ps, | A G C LU,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clanap, DAP
7 np, BPS, pS, ALG, CoT U, 3 ps AGC T, 9 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
8 np. 1ps, ps. A G C T U, 3 Ps A G CT, 8 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
9 ap, ups, ps, AG C T U, 3 ps AGC T, 7 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAF
ig up, 1pPs, ps, AGC T U, 3 s A G C T & np, Bps, ps, A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
6 np, nps, ps, | A, G CT U, 4 ps A GC T, 9 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clamp, DAP
7 np, Bps, ps, A G C T Y, 4 ps AGCT, 8 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clamp, DAP
8 ap, 1#ps, ps, A G C T U, 4 ps A G CT, 7 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
9 ap, ups, ps, AG C T U, 4 ps AGC T, 6 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
ig ap,nps. ps, | A, G C, T U, 4 ps A GCT, 5 np. ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
5 np, BPS, pS, ALG, CoT U, 5 ps AGC T, 5 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
& np, Bps, ps, A G C T Y, 3 ps AGCT, 9 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

Smel, G Smell, G
clamp, DAP clanp, DAP
7 ap, 1#ps, ps, A G C T U, 5 ps A G CT, 7 1p, 1ps, Ps, AG CT U,

PO

DAP, SmeC,

U

PO

DAP, SmeC,

o]
O
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X Domain Y Domain Z Domain

Mumber | Intersubuunit Nucleobase MNumber | Intersubunit | Nucleobase § Number | Inmtersubumnit Nuclesbase
of Nucs Linkages Substitutions of MNucs Linkages of Nucs Linkages Substitutions

Smetd, G Smel, G
clamp, DAP clamp, DAP
2 np, Bps, ps, A G C T Y, 3 ps AGCT, 6 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clamp, DAP
9 ap, 1#ps, ps, A G C T U, 5 ps A G CT, 5 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamup, DAP clamp, DAP
6 ap, ups, ps, AG C T U, ] ps AGC T, 8 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
7 ap,nps. ps, | A, G C, T U, 6 ps A GCT, 7 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
8 np, BPS, pS, ALG, CoT U, 5 ps AGC T, 6 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
9 np. 1ps, ps. A G C T U, & Ps A G CT, 5 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

Smel, G Smell, G
clamp, DAP clanp, DAP
ig ap, 1#ps, ps, A G C T U, & ps A G CT, 4 1p, 1ps, Ps, AGCT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
[ up, 1pPs, ps, AGC T U, 6 s A G C T 2 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
7 np, nps, ps, | A, G CT U, 6 ps A GC T, 7 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clanap, DAP
8 np, BPS, pS, ALG, CoT U, 5 ps AGC T, 6 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
9 np. 1ps, ps. A G C T U, & Ps A G CT, 5 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
10 ap, ups, ps, AG C T U, ] ps AGC T, 4 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
6 ap,nps. ps, | A, G C, T U, 6 ps A GCT, 8 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clarap, DAP
7 np, nps, ps, | A, G CT U, 6 ps A GC T, 7 ap, nps, ps, | A G C LU,

PO

DAP, SmeC,
Smetd, G
clamp, DAP

U

PO

DAP, 5meC,
Smell, G
clanip, DAP

Lod
<O
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Mumber | Intersubuunit Nucleobase MNumber | Intersubunit | Nucleobase § Number | Inmtersubumnit Nuclesbase
of Nucs Linkages Substitutions of MNucs Linkages of Nucs Linkages Substitutions
8 ap, 1#ps, ps, A G C T U, & ps A G CT, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
9 up, ups, ps, AGC T U, 6 ps A G C T 3 np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
ig np, nps, ps, | A, G CT U, 6 ps A GC T, 4 ap, nps, ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clanap, DAP
6 np, BPS, pS, ALG, CoT U, 7 ps AGC T, 8 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
7 np. 1ps, ps. A G C T U, 7 Ps A G CT, 7 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
8 ap, ups, ps, AG C T U, 7 ps AGC T, 6 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAF
9 up, ups, ps, AGC T U, 7 ps A G C T 3 np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
ig np, nps, ps, | A, G CT U, 7 ps A GC T, 4 ap, nps, ps, | A G C T U,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clamp, DAP
& np, Bps, ps, A G C T Y, 7 ps AGCT, 8 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clamp, DAP
7 ap, 1#ps, ps, A G C T U, 7 ps A G CT, 7 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
8 ap, ups, ps, AG C T U, 7 ps AGC T, 6 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
9 ap,nps. ps, | A, G C, T U, 7 ps A GCT, 5 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
10 np, BPS, pS, ALG, CoT U, 7 ps AGC T, 4 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
& np, Bps, ps, A G C T Y, 7 ps AGCT, 8 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

Smel, G Smell, G
clamp, DAP clanp, DAP
7 ap, 1#ps, ps, A G C T U, 7 ps A G CT, 7 1p, 1ps, Ps, AG CT U,

PO

DAP, SmeC,

U

PO

DAP, SmeC,
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Mumber | Intersubuunit Nucleobase MNumber | Intersubunit | Nucleobase § Number | Inmtersubumnit Nuclesbase
of Nucs Linkages Substitutions of MNucs Linkages of Nucs Linkages Substitutions

Smetd, G Smel, G
clamp, DAP clamp, DAP
2 np, Bps, ps, A G C T Y, 7 ps AGCT, 6 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clamp, DAP
9 ap, 1#ps, ps, A G C T U, 7 ps A G CT, 5 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamup, DAP clamp, DAP
10 ap, ups, ps, AG C T U, 7 ps AGC T, 4 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
5 ap,nps. ps, | A, G C, T U, 8 ps A GCT, 6 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
5 np, BPS, pS, ALG, CoT U, 8 ps AGC T, 7 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
i np. 1ps, ps. A G C T U, s Ps A G CT, 8 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

Smel, G Smell, G
clamp, DAP clanp, DAP
3 ap, 1#ps, ps, A G C T U, 8 ps A G CT, Q 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
[ up, 1pPs, ps, AGC T U, 8 s A G C T 5 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
6 np, nps, ps, | A, G CT U, 8 ps A GC T, 6 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clanap, DAP
6 np, BPS, pS, ALG, CoT U, 8 ps AGC T, 7 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
[ np. 1ps, ps. A G C T U, s Ps A G CT, 8 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
7 ap, ups, ps, AG C T U, & ps AGC T, 4 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
7 ap,nps. ps, | A, G C, T U, 8 ps A GCT, 5 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clarap, DAP
7 np, nps, ps, | A, G CT U, 8 ps A GC T, 6 ap, nps, ps, | A G C LU,

PO

DAP, SmeC,
Smetd, G
clamp, DAP

U

PO

DAP, 5meC,
Smell, G
clanip, DAP

e
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7 ap, 1#ps, ps, A G C T U, 8 ps A G CT, 7 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
3 up, 1pPs, ps, AGC T U, 8 s A G C T & np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
8 np, nps, ps, | A, G CT U, 8 ps A GC T, 5 ap, nps, ps, | A G C LU,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clanap, DAP
8 np, BPS, pS, ALG, CoT U, 8 ps AGC T, 4 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
i np. 1ps, ps. A G C T U, s Ps A G CT, 6 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
) ap, ups, ps, AG C T U, & ps AGC T, 7 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAF
5 up, 1pPs, ps, AGC T U, 8 s A G C T 2 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
5 np, nps, ps, | A, G CT U, 8 ps A GC T, 9 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clamp, DAP
& np, Bps, ps, A G C T Y, 8 ps AGCT, 5 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clamp, DAP
4] ap, 1#ps, ps, A G C T U, 8 ps A G CT, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
6 ap, ups, ps, AG C T U, & ps AGC T, 7 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
6 ap,nps. ps, | A, G C, T U, 8 ps A GCT, 8 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
7 np, BPS, pS, ALG, CoT U, 8 ps AGC T, 4 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
7 np, Bps, ps, A G C T Y, 8 ps AGCT, 5 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

Smel, G Smell, G
clamp, DAP clanp, DAP
7 ap, 1#ps, ps, A G C T U, 8 ps A G CT, 6 1p, 1ps, Ps, AG CT U,

PO

DAP, SmeC,

U

PO

DAP, SmeC,
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Smetd, G Smel, G
clamp, DAP clamp, DAP
7 np, 1ps, ps. A G C T Y, 8 Ps AGCT, 7 P, 1Ps. Ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clamp, DAP
8 ap, 1#ps, ps, A G C T U, 8 ps A G CT, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamup, DAP clamp, DAP
8 ap, ups, ps, AG C T U, & ps AGC T, 5 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
8 ap,nps. ps, | A, G C, T U, 8 ps A GCT, 4 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
5 np, BPS, pS, ALG, CoT U, 8 ps AGC T, 6 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
i np. 1ps, ps. A G C T U, s Ps A G CT, 7 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

Smel, G Smell, G
clamp, DAP clanp, DAP
3 ap, 1#ps, ps, A G C T U, 8 ps A G CT, 8 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
5 up, 1pPs, ps, AGC T U, 8 s A G C T 9 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
6 np, nps, ps, | A, G CT U, 8 ps A GC T, 5 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clanap, DAP
6 np, BPS, pS, ALG, CoT U, 8 ps AGC T, 6 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
[ np. 1ps, ps. A G C T U, s Ps A G CT, 7 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
clamup, DAP clamp, DAP
6 ap, ups, ps, AG C T U, & ps AGC T, 8 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clanmp, DAP clamp, DAP
7 ap,nps. ps, | A, G C, T U, 8 ps A GCT, 4 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clarap, DAP
7 np, nps, ps, | A, G CT U, 8 ps A GC T, 5 ap, nps, ps, | A G C LU,

PO

DAP, SmeC,
Smetd, G
clamp, DAP

U

PO

DAP, 5meC,
Smell, G
clanip, DAP

[
BN
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7 ap, 1#ps, ps, A G C T U, 8 ps A G CT, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
7 up, ups, ps, AGC T U, 8 ps A G C T 7 np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clamp, DAP
8 np, nps, ps, | A, G CT U, 8 ps A GC T, 6 ap, nps, ps, | A G C LU,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clanap, DAP
8 np, BPS, pS, ALG, CoT U, 8 ps AGC T, 5 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
i np. 1ps, ps. A G C T U, 9 Ps A G CT, 5 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
claup, DAP clamp, DAP
3 ap, 1#ps, ps, AGCTU §9 ps A G C T, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamup, DAP clamp, DAP
3 ap, 1#ps, ps, AGCTU §9 ps A G C T, 7 1p, 1ps, Ps, AG CT U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
) ap, ups, ps, AGCTU 9 ps AG C T, 8 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAP
5 up, 1pPs, ps, AGCTU §9 s A G C T, 9 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clarap, DAP
6 up, nps, ps, AGCTU §9 ps A G CT, 5 op, Bps, ps, A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
6 np,onps, ps, | AG CLLU B9 ps A G C T 6 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clamp, DAP
6 np, BPS, pS, AGC T U 89 ps AGCT, 7 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamp, DAP
6 np, BPS, pS, AGC T U 89 ps AGCT, 8 op, 1ps, ps, AG C T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smel, G
clamp, DAP clamp, DAP
7 np, Bps, ps, A GCTU §9 ps AGC T, 4 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G
clamp, DAP

Smell, G
clanp, DAP

e
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7 ap, 1#ps, ps, AGCTU §9 ps A G C T, 5 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
7 ap, ups, ps, AGCTU 9 ps AG C T, 6 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAP
7 up, ups, ps, AGCTU §9 ps A G C T, 7 np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
8 up, nps, ps, AGCTU §9 ps A G CT, 6 op, Bps, ps, A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clarp, DAP
8 up, nps, ps, AGCTU §9 ps A G CT, 5 op, Bps, ps, A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
8 np,onps, ps, | AG CLLU B9 ps A G C T 4 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clamp, DAP
5 np, BPS, pS, AGC T U 89 ps AGCT, 6 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamyp, DAP
5 np, 1ps, ps. A GCTU §9 Ps AGC T, 7 P, 1Ps. Ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clanp, DAP
i np. 1ps, ps. A GCTU §9 Ps AG C T, 8 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clanp, DAP
i np. 1ps, ps. A GCTU §9 Ps AG C T, 9 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
claup, DAP clamp, DAP
4] ap, 1#ps, ps, AGCTU §9 ps A G C T, 5 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
6 ap, ups, ps, AGCTU 9 ps AG C T, 6 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAP
[ up, 1pPs, ps, AGCTU §9 s A G C T, 7 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clarap, DAP
6 up, nps, ps, AGCTU §9 ps A G CT, 8 op, Bps, ps, A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G
clamp, DAP

Smel, G
clarap, DAP
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7 ap, 1#ps, ps, AGCTU §9 ps A G C T, 4 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
7 ap, ups, ps, AGCTU 9 ps AG C T, 5 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAP
7 up, ups, ps, AGCTU §9 ps A G C T, o np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
7 up, nps, ps, AGCTU §9 ps A G CT, 7 op, Bps, ps, A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clarp, DAP
8 up, nps, ps, AGCTU §9 ps A G CT, 6 op, Bps, ps, A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clarap, DAP
8 np,onps, ps, | AG CLLU B9 ps A G C T 5 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,

Smetd, G Smel, G
clamp, DAP clamp, DAP
8 np, BPS, pS, AGC T U 89 ps AGCT, 4 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,

Smel, G Smel, G
clamp, DAP clamyp, DAP
h) np, Bps, ps, A GCTU §9 ps AGC T, 6 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clanp, DAP
i np. 1ps, ps. A GCTU §9 Ps AG C T, 7 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 9] PO DAP, 5me(,

Smel, G Smell, G
clamp, DAP clanp, DAP
i np. 1ps, ps. A GCTU §9 Ps AG C T, 8 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,

S5mel, G SmelU, G
claup, DAP clamp, DAP
3 ap, 1#ps, ps, AGCTU §9 ps A G C T, Q 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,

Smell, G Smell, G
clamp, DAP clamp, DAF
6 ap, ups, ps, AGCTU 9 ps AG C T, 5 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,

Smell, G Smel, G
clamp, DAP clamp, DAP
[ up, 1pPs, ps, AGCTU §9 s A G C T, & np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,

Smell, G Smell, G
clamp, DAP clarap, DAP
6 up, nps, ps, AGCTU §9 ps A G CT, 7 op, Bps, ps, A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G
clamp, DAP

Smel, G
clarap, DAP

e
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4] ap, 1#ps, ps, AGCTU §9 ps A G C T, 8 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
7 ap, ups, ps, AGCTU 9 ps AG C T, 4 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
7 up, ups, ps, AGCTU §9 ps A G C T, 3 np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
7 up, nps, ps, AGCTU §9 ps A G CT, 6 op, Bps, ps, A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarp, DAP
7 up, nps, ps, AGCTU §9 ps A G CT, 7 op, Bps, ps, A G C T U,
PO DAP, sme(, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
8 np,onps, ps, | AG CLLU B9 ps A G C T 6 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,
Smetd, G Smel, G
clamp, DAP clamp, DAP
8 np, BPS, pS, AGC T U 89 ps AGCT, 5 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,
Smel, G Smel, G
clamp, DAP clamyp, DAP
2 np, Bps, ps, A GCTU §9 ps AGC T, 4 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 1P, 1ps, ps, A G C T U, 10 ps A G C T, 3 np, Bps, ps, A G C T U,
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
3 1P, 1ps, ps, A G C T U, 10 ps A G C T, 4 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 p, 1S, ps, AGCT U, 10 ps AG CT, 5 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
3 np, nPS, ps, AGC T U, 10 ps AGC T, & np, Bps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCT U §10 ps AG C T, 7 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
3 np, Bps, ps, AG CT U §10 ps AG CT, 8 1P, 1ps, ps, A G C T,

PO

DAP, Sme(,
Smel, G
clamp, DAP

8]

PO

DAP, 3meC,
SmelU, G
clamp, DAP

e
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3 1P, 1ps, ps, A G C T U, 10 ps A G C T, 9 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 p, 1S, ps, AGCT U, 10 ps AG CT, i0 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
4 ap,aps.ps, | AG.C T, U §10 ps AGCT, 3 op.ops,ps, | AGCTU
PO DAP, SmeC, U PO DAP, S3meC,
SmelU, G Smel, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCT U §10 ps AG C T, 4 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCT U §10 ps AG C T, 5 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
4 np, Bps, ps, AG CT U §10 ps AG CT, 6 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
4 Bp, BPS, pS, AG C T U, 10 ps ALG CT) 7 P, 1ps, ps, AGCT U,
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
4 np, Bps, ps, AG CTU 10 ps A G C T, 8 np, RpS, ps, AGCTU,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCT U, 10 ps A G C T 9 np, nps, ps, AGC T U
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
4 0p, 1ps, ps, AGCT U, 10 ps A G C T ig np, ops. ps, AGC T U
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
b 1P, 1ps, ps, A G C T U, 10 ps A G C T, 4 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
) ap, ups, ps, AG CT. U, B 1O ps AG C T, 5 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
5 up, 1pPs, ps, AGCTU B0 s A G C T, & np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarap, DAP
5 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 7 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G
clamp, DAP

Smel, G
clarap, DAP

e
o)
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3 ap, 1#ps, ps, A G C T U, §10 ps A G C T, 8 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
) ap, ups, ps, AG CT. U, B 1O ps AG C T, 9 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
[ up, 1pPs, ps, AGCTU B0 s A G C T, 5 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
6 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 6 np.ops,ps, | A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarp, DAP
6 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 7 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
6 np, nps, ps, | A, G C LU, § 10 ps A G C T 8 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,
Smetd, G Smel, G
clamp, DAP clamp, DAP
7 np.ops, ps, | A G C T, U, § 10 ps AG C T, 4 ap, ups, ps, | A G C T, U,
PO DAP, 5meC, U PO DAP, 5SmeC,
Smel, G Smel, G
clamp, DAP clamyp, DAP
7 np, Bps, ps, A G CTU §10 ps AGC T, 5 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
7 np. 1ps, ps. A G C T U § 10 Ps AG C T, 6 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
7 np. 1ps, ps. A G C T U § 10 Ps AG C T, 7 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,
S5mel, G SmelU, G
claup, DAP clamp, DAP
8 ap, 1#ps, ps, A G C T U, §10 ps A G C T, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
8 ap, ups, ps, AG CT. U, B 1O ps AG C T, 5 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 up, 1pPs, ps, AGCTU B0 s A G C T, 4 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarap, DAP
5 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 6 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G
clamp, DAP

Smel, G
clarap, DAP
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3 ap, 1#ps, ps, A G C T U, §10 ps A G C T, 7 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
) ap, ups, ps, AG CT. U, B 1O ps AG C T, 8 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
5 up, 1pPs, ps, AGCTU B0 s A G C T, 9 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
6 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 5 np.ops,ps, | A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarp, DAP
6 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 6 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
6 np, nps, ps, | A, G C LU, § 10 ps A G C T 7 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,
Smetd, G Smel, G
clamp, DAP clamp, DAP
6 np, BPS, pS, AG CT, U 810 ps AGCT, 8 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,
Smel, G Smel, G
clamp, DAP clamyp, DAP
7 np, Bps, ps, A G CTU §10 ps AGC T, 4 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
7 np. 1ps, ps. A G C T U § 10 Ps AG C T, 5 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
7 np. 1ps, ps. A G C T U § 10 Ps AG C T, 6 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,
S5mel, G SmelU, G
claup, DAP clamp, DAP
7 ap, 1#ps, ps, A G C T U, §10 ps A G C T, 7 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
8 ap, ups, ps, AG CT. U, B 1O ps AG C T, 6 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 up, 1pPs, ps, AGCTU B0 s A G C T, 5 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarap, DAP
8 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 4 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smell, G
clamp, DAP

Smel, G
clarap, DAP

41




WO 2018/053185 PCT/US2017/051644
X Domain Y Domain Z Domain
Mumber | Intersubuunit Nucleobase MNumber | Intersubunit | Nucleobase § Number | Inmtersubumnit Nuclesbase
of Nucs Linkages Substitutions of MNucs Linkages of Nucs Linkages Substitutions
3 ap, 1#ps, ps, A G C T U, §10 ps A G C T, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
) ap, ups, ps, AG CT. U, B 1O ps AG C T, 7 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
5 up, 1pPs, ps, AGCTU B0 s A G C T, 2 np, 1ps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
5 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 9 np.ops,ps, | A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarp, DAP
6 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 5 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
6 np, nps, ps, | A, G C LU, § 10 ps A G C T 6 ap, nps, ps, | A G C LU,
PO DAP, SmeC, U PO DAP, 5meC,
Smetd, G Smel, G
clamp, DAP clamp, DAP
6 np, BPS, pS, AG CT, U 810 ps AGCT, 7 op, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,
Smel, G Smel, G
clamp, DAP clamyp, DAP
& np, Bps, ps, A G CTU §10 ps AGC T, 8 up, 1ps, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
7 np. 1ps, ps. A G C T U § 10 Ps AG C T, 4 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
7 np. 1ps, ps. A G C T U § 10 Ps AG C T, 5 np, 0ps, ps, A G C T U,
PO DAP, SmeC, 8] PO DAP, Sme(,
S5mel, G SmelU, G
claup, DAP clamp, DAP
7 ap, 1#ps, ps, A G C T U, §10 ps A G C T, 6 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
7 ap, ups, ps, AG CT. U, B 1O ps AG C T, 7 np, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 up, 1pPs, ps, AGCTU B0 s A G C T, & np, Bps, ps, A G CT U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clarap, DAP
8 ap,nps. ps, | A, G C, T, U, § 10 ps A G CT, 5 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, SmeC,

Smel, G
clamp, DAP

Smel, G
clarap, DAP
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8 ap, 1#ps, ps, A G C T U, §10 ps A G C T, 4 1p, 1ps, Ps, AG CT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
3 ap, 1ps, ps, A G C T U, 11 ps A G C T, 3 np, 1ps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, A G C T U §11 ps AG C T, 4 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 np, Bps, ps, AG CH U, § 11 ps AG CT, ) 1P, 1ps, ps, A G C T,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
3 np, Bps, ps, AG CH U, § 11 ps AG CT, 6 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
3 Bp, BPS, pS, AG C T U, 11 ps ALG CT) 7 P, 1ps, ps, AGCT U,
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
3 np, Bps, ps, AG CTU 11 ps A G C T, 8 np, RpS, ps, AGCTU,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
3 ap, ops, ps, | A G CT. U, § 11 ps A G C T @ op, ops.ps, | A, G C T, U,
PO DAP, S3meC, U PO DAP, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
3 1P, 1ps, ps, A G C T U, 11 ps A G C T, i0 np, Bps, ps, A G C T U,
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
4 1P, 1ps, ps, A G C T U, 11 ps A G C T, 3 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
4 p, 1S, ps, AGCT U, 11 ps AG CT, 4 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
4 ap, 1ps, ps, AGC T U, 11 ps AGC T, 5 np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, A G C T U §11 ps AG C T, 6 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
4 np, Bps, ps, AG CH U, § 11 ps AG CT, 7 1P, 1ps, ps, A G C T,

PO

DAP, Sme(,
Smel, G
clamp, DAP

8]

PO

DAP, 3meC,
SmelU, G
clamp, DAP
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4 1P, 1ps, ps, A G C T U, 11 ps A G C T, 8 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
4 p, 1S, ps, AGCT U, 11 ps AG CT, 9 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
4 ap, 1ps, ps, AGC T U, 11 ps AGC T, H{ np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
5 np, nps, ps, A G C T U §11 ps AG C T, 4 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
5 ap,nps. ps, | A, G C, T, U, § 11 ps A G CT, 5 np, nps, ps, A G CTUY,
PO DAP, Smed, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clarap, DAP
5 np, ops, ps, | A G CLL U B 1L ps A G C T 6 1P, 1ps, ps, A G C T U
PO DAP, SmeC, U PO DAP, 5meC,
Smetd, G Smel, G
clamp, DAP clamp, DAP
5 np, BPS, pS, AG CT U, § 13 ps AGCT, 7 P, 1ps, ps, AG C T U,
PO DAP, 5meC, U PO DAP, 5SmeC,
Smel, G Smel, G
clamp, DAP clamyp, DAP
h) np, Bps, ps, A G CTU §g1i ps AGC T, 8 np, RpS, ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
i np. 1ps, ps. A G C T U, §1i Ps AG C T, 9 np, ops. ps, AGC T U,
PO DAP, SmeC, 9] PO DAP, 5me(,
Smel, G Smell, G
clamp, DAP clanp, DAP
[ np. 1ps, ps. A G C T U, §1i Ps AG C T, 5 np, ops. ps, AGC T U,
PO DAP, SmeC, 8] PO DAP, Sme(,
S5mel, G SmelU, G
claup, DAP clamp, DAP
4] ap, 1#ps, ps, A G C T U, § 1L ps A G C T, 6 np, BPS, PS, AGCT U,
PO DAP, SmeC, U PO DAP, SmeC,
Smell, G Smell, G
clamp, DAP clamp, DAF
6 ap, ups, ps, AG CT. U, § 1T ps AG C T, 7 Bp, BPS, pS, AG C T U,
PO DAP, 5meC, U PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
[ up, 1pPs, ps, AGCTU § 11 s A G C T, 2 np, 1ps, ps, A G C T U,
PO DAP, 5mel, U PO DAP, 5nmeC,
Smell, G Smell, G
clamp, DAP clamp, DAP
2 np, Bps, ps, AG CT U, §12 ps AG CT, 2 1P, 1ps, ps, A G C T,

PO

DAP, Sme(,
Smel, G
clamp, DAP

8]

PO

DAP, 3meC,
SmelU, G
clamp, DAP
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2 1P, 1ps, ps, A G C T U, 12 ps A G C T, 3 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
2 p, 1S, ps, AGCT U, 12 ps AG CT, 4 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
2 ap, 1ps, ps, A G C T U, 12 ps A G C T, 5 np, 1ps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
2 np, nps, ps, A G CT U §12 ps AG C T, 6 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
2 np, nps, ps, A G CT U §12 ps AG C T, 7 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
2 np, Bps, ps, AG CT U, §12 ps AG CT, 8 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
2 Bp, BPS, pS, AG C T U g12 ps A6 CT, 9 P, 1ps, ps, A G CT U
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
2 np, Bps, ps, AGCTU §12 ps A G C T, HY np, RpS, ps, A G CT U,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCT U, 12 ps A G C T 2 np, nps, ps, AGC T U
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCT U, 12 ps A G C T 3 np, nps, ps, AGC T U
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
3 1P, 1ps, ps, A G C T U, 12 ps A G C T, 4 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 p, 1S, ps, AGCT U, 12 ps AG CT, 5 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
3 np, nPS, ps, AGC T U, 12 ps AGC T, & np, Bps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, A G CT U §12 ps AG C T, 7 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,

Smel, G
clamp, DAP

Smell, G
clamp, DAP
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3 1P, 1ps, ps, A G C T U, 12 ps A G C T, 8 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 p, 1S, ps, AGCT U, 12 ps AG CT, 9 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
3 ap, 1ps, ps, AGC T U, 12 ps AGC T, H{ np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
4 np, nps, ps, A G CT U §12 ps AG C T, 2 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, A G CT U §12 ps AG C T, 3 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
4 np, Bps, ps, AG CT U, §12 ps AG CT, 4 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
4 Bp, BPS, pS, AG C T U, 12 ps ALG CT) 5 P, 1ps, ps, AGCT U,
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
4 np, Bps, ps, AG CTU 12 ps A G C T, 6 np, RpS, ps, AGCTU,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCT U, 12 ps A G C T 7 np, nps, ps, AGC T U
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCT U, 12 ps A G C T 8 np, nps, ps, AGC T U
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
4 1P, 1ps, ps, A G C T U, 12 ps A G C T, 9 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
4 p, 1S, ps, AGCT U, 12 ps AG CT, i0 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
5 ap, 1ps, ps, AGC T U, 12 ps AGC T, 4 np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
5 np, nps, ps, AGC T U §12 ps A G C T, 5 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, 5meC,

Smell, G
clamp, DAP

Smell, G
clamp, DAP
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b 1P, 1ps, ps, A G C T U, § 12 ps A G C T, 6 np, nps, ps, | A, G CE U,
PO DAP, SmeC, u PO DAP, SmeC,
Smet), G Smel, G
clamp, DAP clamp, DAP
) 1P, 1ps, ps, AGC T U, B 12 ps AG CT, 7 np, nps, ps, | AG O U
PO DAP, 5meC, u PO DAP, SmeC.
Smet), G Smel, G
clamp, DAP clamp, DAP
5 ap, 1ps, ps, AGCTU B 12 s AGC T, 2 np, ops,ps, | AG C T U,
PO DAP, 5me(, U PO DAP, 5meC,
Smet), G Smel, G
clamp, DAP clamp, DAP
5 np, nps, ps, AGC T U §12 ps A G C T, 9 np.ops,ps, | A G C T U,
PO DAP, 5me(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
6 np, nps, ps, AGC T U §12 ps A G C T, 5 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, 5meC,
Smel, G SmelU, G
clamp, DAP clamp, DAP
6 np, Bps, ps, AG C T U, §12 ps AG CT, 6 ap, nps, ps, | A G C T U,
PO DAP, SmeC, U PO DAP, 3meC,
Smetd, G Smell, G
clamp, DAP clamp, DAP
6 Bp, BPS, pS, AG CoT U, §12 ps ALG CT) 7 ap, ups, ps, | A, G, C T, U,
PO DAP, 5meC, 9] PO DAP, 3me(,
Smel, G Smel, G
clamp, DAP clamp, DAP
& np, Bps, ps, A G C T U §12 ps A G C T, 8 up, nps, ps, | A, G C T, U,
PO DAP, SmeC, tJ PO DAP, Sme(,
Smel, G Smell, G
clamp, DAP clamp, DAP
2 1P, 1ps, ps, A G C T U, 13 ps A G C T, 2 np, Bps, ps, A G C T U,
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
2 1P, 1ps, ps, A G C T U, 13 ps A G C T, 3 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
2 p, 1S, ps, AGCT U, 12 ps AG CT, 4 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
2 ap, 1ps, ps, AGC T U, 13 ps AGC T, 5 np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
2 np, nps, ps, A G C T, U §13 ps AG C T, 6 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
2 np, Bps, ps, AG CH U, §13 ps AG CT, 7 1P, 1ps, ps, A G C T,

PO

DAP, Sme(,
Smel, G
clamp, DAP

8]

PO

DAP, 3meC,
SmelU, G
clamp, DAP
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2 1P, 1ps, ps, A G C T U, 13 ps A G C T, 8 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
2 1P, 1ps, ps, AGCT U, 12 ps AG CT, 9 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
2 ap, 1ps, ps, AGC T U, 13 ps AGC T, H{ np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
3 np, nps, ps, A G C T, U §13 ps AG C T, 2 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, A G C T, U §13 ps AG C T, 3 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
3 np, Bps, ps, AG CH U, §13 ps AG CT, 4 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
3 Bp, BPS, pS, AG C T U, 13 ps ALG CT) 5 P, 1ps, ps, AGCT U,
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
3 np, Bps, ps, A G CT U §13 ps A G C T, 6 np, RpS, ps, A G CT U,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCT U, 13 ps A G C T 7 np, nps, ps, AGC T U
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCT U, 13 ps A G C T 8 np, nps, ps, AGC T U
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
3 1P, 1ps, ps, A G C T U, 13 ps A G C T, 9 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 p, 1S, ps, AGCT U, 12 ps AG CT, i0 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
4 ap, 1ps, ps, AGC T U, 13 ps AGC T, 2 np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, A G C T, U §13 ps AG C T, 3 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,

Smel, G
clamp, DAP

Smell, G
clamp, DAP
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4 1P, 1ps, ps, A G C T U, 13 ps A G C T, 4 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
4 p, 1S, ps, AGCT U, 12 ps AG CT, 5 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
4 ap,nps.ps, | A G.C T, U, § 13 ps AGCT, 6 op.ops,ps, | AGCTU
PO DAP, SmeC, U PO DAP, S3meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
4 np, nps, ps, A G C T, U §13 ps AG C T, 7 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, A G C T, U §13 ps AG C T, 8 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
4 np, Bps, ps, AG CH U, §13 ps AG CT, 9 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
4 Bp, BPS, pS, AG C T U, 13 ps ALG CT) 10 P, 1ps, ps, AGCT U,
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
3 np, Bps, ps, AG CTU 13 ps A G C T, 4 np, RpS, ps, AGCTU,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
i 0p, 1ps, ps, A G C T U, §13 Ps A G C T 5 ap, nps, ps, | A, G, C, T, U,
PO DAP, SmeC, tJ PO DAP, Sme(,
Smel, G Smell, G
clamp, DAP clamp, DAP
i 0p, 1ps, ps, A G C T U, §13 Ps A G C T 6 ap, nps, ps, | A, G, C, T, U,
PO DAP, SmeC, U PO DAP, Smell,
Smel, G Smel, G
claup, DAP clamp, DAP
b 1P, 1ps, ps, A G C T U, §13 ps A G C T, 7 np, nps, ps, | A, G CE U,
PO DAP, SmeC, u PO DAP, SmeC,
Smet), G Smel, G
clamp, DAP clamp, DAP
) 1P, 1ps, ps, AGC T U, B 12 ps AG CT, 8 np, nps, ps, | AG O U
PO DAP, 5meC, u PO DAP, SmeC.
Smet), G Smel, G
clamp, DAP clamp, DAP
5 ap, 1ps, ps, AGCTU §13 s AGC T, 9 np, ops,ps, | AG C T U,
PO DAP, 5me(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
6 np, nps, ps, AGC T U, §13 ps A G C T, 5 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, 5meC,

Smell, G
clamp, DAP

Smell, G
clamp, DAP
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6 1P, 1ps, ps, A G C T U, §13 ps A G C T, 6 np, nps, ps, | A, G CE U,
PO DAP, SmeC, u PO DAP, SmeC,
Smet), G Smel, G
clamp, DAP clamp, DAP
6 1P, 1ps, ps, AGC T U, B 12 ps AG CT, 7 np, nps, ps, | AG O U
PO DAP, 5meC, u PO DAP, SmeC.
Smet), G Smel, G
clamp, DAP clamp, DAP
6 ap, 1ps, ps, A G C T U, 13 ps A G C T, 2 np, ops,ps, | AG C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
2 np, nps, ps, A G C T U 14 ps AG C T, 2 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
2 np, nps, ps, AGCTU §14 ps AG C T, 3 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
2 np, Bps, ps, AG C T U § 14 ps AG CT, 4 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
2 Bp, BPS, pS, AG C T U, § 14 ps A6 CT, 5 P, 1ps, ps, A G CT U
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
2 np, Bps, ps, AG CTU 14 ps A G C T, 6 np, RpS, ps, AGCTU,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
2 np, nps, ps, AGCT U, 14 ps A G C T 7 np, nps, ps, AGC T U
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
2 np, nps, ps, AGCT U, 14 ps A G C T 8 np, nps, ps, AGC T U
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
2 1P, 1ps, ps, A G C T U, 14 ps A G C T, 9 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
2 p, 1S, ps, AGCT U, 14 ps AG CT, i0 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
3 ap, 1ps, ps, AGC T U, 14 ps AGC T, 2 np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCTU §14 ps AG C T, 3 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,

Smel, G
clamp, DAP

Smell, G
clamp, DAP
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3 1P, 1ps, ps, A G C T U, 14 ps A G C T, 4 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
3 1P, 1ps, ps, AGCT U, 14 ps AG CT, 5 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
3 np, nPS, ps, AGC T U, 14 ps AGC T, & np, Bps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCTU §14 ps AG C T, 7 np, nps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
3 np, nps, ps, AGCTU §14 ps AG C T, 8 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,
SmelU, G SmelU, G
clamp, DAP clamp, DAP
3 np, Bps, ps, AG C T U § 14 ps AG CT, 9 1P, 1ps, ps, A G C T,
PO DAP, Sme(, U PO DAFP, 5meC,
Smel), G Smell, G
clamp, DAP clamp, DAP
3 Bp, BPS, pS, AG C T U, 14 ps ALG CT) 10 P, 1ps, ps, AGCT U,
PO DAP, S3meC, 9] PO DAP, 3me(,
Smel), G Smel, G
clamp, DAP clamp, DAP
4 np, Bps, ps, AG CTU 14 ps A G C T, 2 np, RpS, ps, AGCTU,
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCT U, 14 ps A G C T 3 np, nps, ps, AGC T U
PO DAP, 5meC, £ PO DAY, Smel,
Smell, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCT U, 14 ps A G C T 4 np, nps, ps, AGC T U
PO DAP, S3meC, U PO DAP, Smel,
Smel, G Smel, G
clamp, DAP clamp, DAP
4 1P, 1ps, ps, A G C T U, 14 ps A G C T, 5 np, Bps, ps, A G C T U,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
4 p, 1S, ps, AGCT U, 14 ps AG CT, 6 Bp, BPS, pS, A G C T U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
4 ap, 1ps, ps, AGC T U, 14 ps AGC T, 7 np, 1ps, ps, AGCTU
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
4 np, nps, ps, AGCTU §14 ps AG C T, 8 np, nps, ps, A G C T U,
PO DAP, Smel’, U PO DAP, 3meC,

Smel, G
clamp, DAP

Smell, G
clamp, DAP
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4 npoaps, ps, | AG.C T, U, § 14 ps A G C T 9 np, aps, ps, | A G C LU,
PO DAP, 3meC, u PO DAP, SmeC,
Smell, G Smel, G
clamp, DAP clamp, DAP
4 1P, 1ps, ps, AGCTU § 14 ps A, G C T, 10 Bp, BPS, pS, A G CT U,
PO DAP, SmeC, u PO DAP, SmeC.
Smel, G Smel, G
clamp, DAP clamp, DAP
5 ap, 1ps, ps, A G C T U, 14 ps A G C T, 4 np, 1ps, ps, A G C T U,
PO DAP, Sme(, U PO DAP, 5meC,
Smel, G Smel, G
clamp, DAP clamp, DAP
5 ap,nps. ps, | A, G C, T, U, § 14 ps AG C T, 5 np.ops,ps, | A G C T U,
PO DAP, 5me(, U PO DAP, 5meC,
Smel, G Smell, G
clamp, DAP clamp, DAP
5 up, nps, ps, AGCTU §14 ps A G C T, 6 np.ops,ps, | A G C T U,
PO DAP, sme(, U PO DAP, 5meC,
Smel, G SmelU, G
clamp, DAP clamp, DAP
5 np, onps, ps, | A G CLL U B 14 ps AG CT, 7 ap, nps, ps, | A G C T U,
PO DAP, SmeC, U PO DAP, 3meC,
Smetd, G Smell, G
clamp, DAP clamp, DAP
5 np.ops, ps, | A G C T, U § 14 ps A6 CT, 8 ap, ups, ps, | A, G, C T, U,
PO DAP, 5meC, 9] PO DAP, 3me(,
Smel, G Smel, G
clamp, DAP clamp, DAP
5 opops,ps, | AGC T U, § 14 ps A G CT, ) up,ups. ps, | A, G C T, U,
PO DAP, SmeC, tJ PO DAP, Sme(,
Smel, G Smel, G
clarnp, DAP clamp, DAP
6 np. 1ps, ps. A G CT U §14 Ps A G C T 5 ap, nps, ps, | A, G, C, T, U,
PO DAP, SmeC, tJ PO DAP, Sme(,
Smel, G Smell, G
clarnp, DAP clamp, DAP
G np.ops,ps, | AGC T U, § 14 Ps A G (T 6 ap, nps, ps, | A, G, C, T, U,
PO DAP, SmeC, U PO DAP, Smell,
Smel, G Smel, G
claup, DAP clamp, DAP
4] ap, 1#ps, ps, A G C T U § 14 ps A G C T, 7 np, nps, ps, | A, G CE U,
PO DAP, SmeC, u PO DAP, SmeC,
Smet), G Smel, G
clamp, DAP clamp, DAP
6 up, 1ps, ps, AGC T U B 14 Ps A, G C T, 3 np, nps, ps, | AG O U

PO

DAP, 5SmeC,
Smel, G
clamp, DAP

U

PO

DAP, 5meC,
Smel, G
clamp, DAP

[0086] In Table B, the nucleotides in each of the X and 7 domains can be one or more of the

numbered nucleotides in Table A. In some embodiments, the chimeric ohigonucleotides of Table

Bincludeatleast 1, 2, 3, 4, 5, 6, 7, & or more of the modified nuclectides m Table A In some
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embodiments, all of the nucleotides of X and/or Z are modified nucleotides. In some
embodiments, the nucleotides in Table B are selected from certain modified nucleotides listed in
Table A such as nucleotide numbers 1-4 or 5-8 or 9-12 or 13-16 0r 17-20 or 21-24 or 25-28 or
29-30 or 31-32 or 33. In some embodiments the nucleotides in Table B are selected from certain
modified nucleotides listed in Table A such as nucleotide numbers ©-12 and 21-28, or 9-12 and
21-24, or 1-4 and 21-28, or 1-4 and 21-24, or 5-8 and 21-28, or 53-8 and 21-24. In some
embodiments, the nucleotides in Table B are selected from one or two or three modified
nucleotides listed in Table A such as nucleotide numbers 29-31 or 31-32 or 33. In some
embodiments, the nucleotides in Table B are selected from certain modified nucleotides listed in
Table A such as nucleotide numbers 29 or 31 or 33. The nucleotides in the Y domain of Table B

can include nucleotides of Formula B

[0087] In some embodiments, the oligonucleotide of Table B 1s conjugated at the 5 and/or 3' end

to a higand-targeting group or a pharmacophore.

[0088] In some embodiments, the nucleotide compounds of the present disclosure include one of
the following sequence: S-GCAGAGGTGAAGCGAAGUGC-3’, or other sequences in Table H
{below).

[0089] In some embodiments, the oligonucleotide comprises a sequence in Table C. Intable C,
X 1s independently in each mstance a natural or an unmodified nucleobase or a modified
nucleobase. In some embodiments, each X 1s imdependently selected from A, C, G, U, T, 2,6-

diaminopuring, a 3-Me pyrimidine {e.g., 5-methylcytosine, S-methyluracil), and a g-clamp.

Table C

5 -mXpsm XpsmXpsmXpsm X psm Xps XpsXps XpsXpaXpaXpam Xpsm Xpsm Xpsm Xpsm Xpsm Xpsm Xps
mXps-Chol-3°

5 -mXpsm XpsmXpsmXpsm X psm Xps XpsXps XpsXpaXpaXpam Xpsm Xpsm Xpsm Xpsm Xpsm Xpsm Xps
mX-GalNAc-3°

F-mXpsm XpsmXpsmXpsm X psm Xps XpeXpsXpeXpeXpeXpsXpeXpsmXpam Xpsm XpsmXpsm Xpsm Xp
smX-3’

F-mXpsm XpsmXpsmXpsm X psm Xps XpsXps XpsXpeXpeXpsXpeXpsmXpam Xpsm XpsmXpsm Xpsm Xp
s X -Chol-3°

57-ra Xpsm Xpsm Xpsm Xpsm X psm X ps Xps X psXpsXps XpsXpsXpsXpsmXpsm Xpsm XpsmX psm Xpsm Xp
smX-GalNAc-3”

53
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57 -mXpemXpsm Xpsm Xpsm X ps X psApSAPSAPS Aps Aps X ps Xps Xpsm X psim X psm X psm X psim X psm Xps
mx

57 -mXpemXpsm Xpsm Xpsm Xps X psApsApsAps Xps Xps X ps Xps Xpsm X psim X psm X psm X psim X psm Xps
mX-Chol-3°

5 -mXpsmXpsm Xpsm XpsmXpsXpsXpsXpsXps XpsXpsXpsXpsXpsmXpsma XpsmXpsm Xpsm Xpsm Xps
mX-GalNAc-3°

5-XapsXupsXnps XnpsXnps XpsXpsXpsXpsXps XpsXpsXnpsXnpsXapsXnps-3-NH,-X-3°

L

-XnpsXnpsXnps XnpsXnpsXpsXpsXpsapsApsXpsrxnps Xnps XnpsXnpsXnps-3-NH;-X-3

-XnpsXnpsXnps XnpsXnpsXnpsXpsXpsXpsXpsXpsXps Xnps XnpsXnpsXnps XnpsXnps-3-NH-X-3’

Gl

“-XnpsXnpsXops Xnps Xps XpsXpsXps Xps Xnps Xnps Xaps Xnps-3-NH,-X-3°

[

“-XnpsXnpsXnpsXnps Xnps Xps X psXpsXps XpsXnpsXapsXnpsXnpsXnps-3-NHy-X-3"

57 XnpsXnpsXnpsXnpsXnpsXnpsXnpsXnpsXps X ps Xaps Xups Xnps Xnps Xaps XnpsXnpsXnpsXaps-3
NH,-X-37

57 -XnpsXnpsXnpsXnpsXnpsXnpsXnpsXpsXpsXnps Xnps Xnps Xups Xnps Xnps XnpsXnpsXapsXnps-3
NH-X-37

57 -XnpsXnpsXnpsXnpsXnpsXnpeXps XpsXupsXnpsXnps Xnps Xups Xnps Xnps XnpsXnpsXapsXnps-3
MNH-X-3

57-Xnps XnpsXaps Xnps Xnps XnpsXops Xaps Xnps Xps XpsXnps X ops Xnps Xnps Xnps Xaps Xnps Xnps-3
MNH;-X-37

NH-X-37

57-Xnps XnpsXaps Xnps Xnps Xnps XapsXnpsXps XpsXps Xnps Xnps Xaps Knps XnpsXapsXaps Xups-3
NHp-X-3"

5 -XnpsXnpsXnpsXnpsXnpsXnpsXnpsXps Xps XpsXnpsXnpsXnpsXnps Xnps Xnps XnpsXaps Xups-3
NHp-X-3"

5 -XnpsXnpsXnpsXnpsXnpsXnpsXnps Xnps Xnps XpsXpsXpsXnpsXnpsXnpsXnpsXnpsXnps Xnps-3
NH-X-3°

57 -XnpsXapsXnpsXnpsXnpsXnpsXnpsXnpeXps XpsXpsXps XnpsXnpsXnpeXnps XapsXnpsXnps-3 NHy-
X3

57-XapsXapsXnps Xnps X npsXopsXnps Xps Xps XpsXps XpsXnpsXapsXnpsXnpsXnpsXapsXnps-3 NHa-
X3

5°-XapsXapsXnpsXnpsXaps Xnps Xps XpsXpsXpsXpsXps XpsXnpsXnps Xops Xnps Xnps Xnps-3 NH;-X-

a0

3

5-XapsXupsXnps XnpsXnps Xnps Xps XpsXps XpsXps X ps XnpsXaps Xnps Xnps Xnps Xops Xaps-3-NH,-

;s
Vs N

5 -mXpsmXpsm Xpsm X psmXpsXpsXpsXpsXps Xps Xps Xps X psXps Xpsm Xpsrm X psim X psm Xpsm X -3

5 -mXpsmXpsm Xpsm XpsmXpsXpsXpsXpsXps XpsXps XpsXpsXps XpsmXpsm X psm X psmeXps mX-
GalNAc-3°

57 -mXpsmXpsm Xpsm XpsmXpsXpsXpsXpsXps XpsXpsXpsXpsXpsXpsmXpsm Xpsm X psmXpsm Xpo(a
INAg-3°

5’ -mXpsm Xpsm XpsmXmXps Xps Xps XpeXpsXps XpsXpsXpsXpsXpsm Xpsm Xpsm Xpsm Xpsra Xpo
GalNAc-3’

57-mXpem Xpse Xpsm X psm Xps XpsXps Xps Xps Xps X ps Xns X no X ns Xngm X e X psin X ps
mXpsmXpolzaiNAc-3’

5 -mXpsm XpsmXpsmXpsm XpsXpsXpsXps Xps XpsXps XpsHpsXps Xpsm Xpsm X psm Xps
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mXpsmXpozaiNAc-37

5 P npsfXapsfXnpsnpsfXnpetXnpsXps Xps X ps X psxpsX psf X npsfXnpsifXapsfXnpstXnpsfXupsfXnp
5-3-NH,-fX-3’

5 P npsfapsfXnpsnpsfXnpafXnps Xps Xps X ps X psxps X psxpsfXnpsfXnpsiXnpsfXnpstXnpsfXnps-
3-NH;-fX-3°

5 apsfXnpef XnpsfXnpsfXnpefXnpsXps XpsXpsXpsXps X psXpsXpsf Knpsf X npsfXnpsf Xnpst¥nps-3-
NH-X-3°

57 -XonpXnpXnpXonpXnpXnpXpsXpsXpsXpsXps XpeXnpXapXnp XnpXnpXnpXap-3 NH-X-37

5 -XnpsfXnpsfXups XnpsfXnps Xops Xps XpeXpsXps Xps XpstXnps XnpsfXnpstXnpsXnpsfXnpsXnps-3
NH-X-37

5 -KnpfXaptXnpXaptXnp XnpXpsXpsXps Xps XpsXps X npXaptXnpfXnpXnpfXapXap-3 NH,-{X-37

57-Knps XX nps XX npsXnsp XX nps XnpsXps Xps Xps Xps Xps Xps XX nps Xnps XX nps XfXnpsXanps XX
npsXnpsXfX-3’

57 -KnpX X apXfXnpXap XX npXnpXps XpeXpsXpeXpeXps XfXnp Xnp XX np X X ap Xap X fXapXap XX
-3’

5 -Knp X EapXfXnpXap XX npXnpXps Xps X paXpe XpaXps Xps Xnp X X ap XX np Xnp XX npXnpX{X-3’

5-mXpsmXpsmXpsmXpsm XpsmXpsXpsXps Xps Xps Xps XpsXpsXps Xpsm Xpsm Xpsm XpsmXpsm Xpsm
X-GalNAc-3

5 -mXpsmXpsm Xpsm XpsmXpsm X ps XpsXpsXpsXpsXpsXpsXpsXpsmXpsm Xpsm X psm X psm Xpsm X
3 2

5 -mXpsmXpsm Xpsm Xpsm Xpsm Xpsm Xpe X psXpeXpeXpsXpsXpsm X psm Xpsm X psm Xpsm X psmXps
mX 3’

5’ -mXpsmXpsm Xpsm XpsmX pam Xps X psXpsXpsXpsXpsXpsXpsXpsm X psm XpsmXpsm XpsmeXpsm X

~0
3

5 -mXpsmXpsm XpsmXpsmXpsm Xpsm XpeXpsXpeXpeXpsXpsXpsXpsmXpsmXpsm Xpsm X psmeXpsm
X3

57 -mXpsmXpsm Xpsm X psmXpsm Xps Xps Xps XpsXpsXpsXpsXpsXps Xpsm XpsmXpsm Xpsm Xpsm X 3°

5 - Xpsm XpsmXpsmXm XpsmXpsXpsXps Xps Xps XpsXpsXpsXpsmXpsm Xpsm X psmXpsmXpsm X 3

5 -mXpsm XpsmXpsmXmXpsm X psm XpsXpsXpsApsXpsXpsXpsXpsm X psm XpsmXpsm XpsmXpsm X

I

5 -GalNAc-NHC6-
psmXpsmimeXpsmimeXpsmXpsmImeXpsXpsXpsXpsXpsXpsXipsipsipsxpsimeXpsmXpsmXpsm5
rmeXpsmXpsmX 37

5 -GalNAc-NHCo-
psmSmeXpsmXpsmXpsmXpsmXps Xps Xps XpsXpsdmeXpsimeXpsXpsdmeXpsXpsXpsmXpsmXpsmX
psmXpsmX 37

57 -GaiNAc-NHC6-
psm XpsmXpsmXpsm X psmXpsXps XpsXpsXpsXpsSmeXpsXpsdmeXpsSmeXpsimeXpsmimeXpsm Xps
mXpsmXpsmX 3’

57 GalNAc-NHC6-
psm Xpsm XpsmXpsm Xpsm X psXpsXpsimeXpsXpsSmeXpsimeXpsSmeXpsimeXpsXpsKpsm XpsmXps
mXpsmSmeXpsmX 3’

57 GalNAc-NHC6-
psm XpsmXpsm SmeXpsm Xpsm X psXps X psipapsnpsrpsrpsXpsdmeXps Xpsm Xpsm Xpsm Xpsm Xps

mXpsm XpsmXpsm X psm XpsmXpsm XpsXpsipsapsripsapsxpsxpsmXpsm XpemXpsm XpsmXpsm X

mXpsmXpsmXpsm X psmXpsm X ps X s X ps X s X s X s Xns X ps Xosm X psm X psmXpsm X psm X psmX

X psm XpsmXpsm X psio X psmXps Xps Xps Xps X ps X psXpsXpsXpsXnsmXpsm Xpsm X psmXpsm Xpsin X
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mXpsmXpsmXpsmXpsm XpsmXpsmXpsXpsXpsXpsXpsxpsxpsipsm Xpsm X psmXpsm X psm XpsmX/G
alNAc/

mXpsm XpsmXpsmXpsm XpsmXps Xps Xps X psXpsXpsXps Xps XpsmXpsm X psm Xpsm X psm Xpsm X/ Gal
NAc/

raXpsm XpsmXpsm Xpsm X psmXpsmXps XpsXpsXpsXpsXpsXpsXpsre Xpsm X psmXpsm X psm Xpsm X/3
CholTEG/

X psmXpsmXpsmXpsmXpsmXps Xps XpsXpsXpsXpsxps XpsXpsmXpsra Xpsm XpsmX psm Xpsm X/3C
hol TEG/

mXpsmXpsmXpsm Xpsrn XpsmX ps X s X s XX ps X psXpsXpsXpsxipsmXpsm XpsmXpsm X psm Xpsim X
BCholTEG/

57 -mXps3mm Xpsm XpsmX psm Xpsm X ps Xps Xps Xps Xps X psXpSmm XpsmXpsm Xpsm XpsmX psm Xpsim
Xpsm3meX-3

5 -mXps3mm XpsmXpsm Xpsm Xpsm X psXps Xps XpsXps XpsXpsSmm XpsmXpsmXpsm XpsmXpsm Xps
mXpsImmX-CholesXerol-3’

5 -mXps3mm Xpsm XpsmX psm Xpsm X psXps Xps Xps Xps XpsXpSmmXpsm Xpsm Xpam Xpsm X psm X psm
XpsSmmX-TEG-CholesXerol-3”

5 -mXpsSmm XpsmXpsm Xpsm XpsmXpsXpsXps X psXps XpeXpsSmm Xpsm XpsmXpsmXpsm Xpsm Xps
mXps3mmX-Tocopherol-3°

57-m¥XpsSmm XpsmXpsm Xpsm XpsmXpsXps Xps Xps Xps X psXpsSoum X psm Xpsm XpsmXpsmXpsmXps
mXpsSmmX-TEG-Tocopherol-3°

57-ra Xps3mmXpsmXpsm Xpsm XpsmXpsXps Xps Xps Xps Xps XpsSmm Xpsm XpsmXpsm Xpsm Xpsm X ps
mXpsSmmX-GalNAc-3°

57-raXpsmimeXpsmX psm XpsmXpsrm Xps X psXpsXpsXpsXps XpsimeXpsm Xpsm XpsmX psmXpsm X ps
rnXpsmimeX-3°

5-mXpsmImeXpsmXpsm XpsmXpsru Xps Xps XpsXps XpsXps Xps SmeXpsm Xpsm Xpsm X psmXpsm X ps
raXpsmIimeX-po-Chol-3°

5-mXpsmImeXpsmXpsm XpsmXpsru Xps Xps XpsXps XpsXps Xps SmeXpsm Xpsm Xpsm X psmXpsm X ps
mXpsmImeX-po-Tocopherol-3’

5 -mXpsmSmeXpsmXpsm XpsmXpsm Xps Xps X psXpsXpsXpsXpsSmeXpsm Xpsm Xpsm X psmXpsm X ps
mXpsmImeX-po-GalNAc-3’

5 -mXpsmSmeXpsmXpsm XpsmXpsm Xps Xps X psXpsXpsXps XpsSmeXpsXpsm Xpsm Xpsm Xpsm Xpsm
XpsmSmeX-3°

5 -mXpsmSmeXpsmXpsm Xpsm X psmXpsXps X psXpsXpsXpaXpeSmeXpsXpsm XpsmXpsm Xpsm Xpsm
Xpsm SmeX-po-Chol-3’

5 -mXpsmImeXpsmXpsmXpsm X psmXps Xps X psXpsXps X ps XpsSmeXpsXpsm Xpsm Xpsm Xpsm Xpsm
XpsmSmeX-po-Tocopherol-3°

5 -mXpsmImeXpsmXpsmXpsm X psmXps Xps X psXpsXpsXps XpsSmeXpsXpsm XpsmXpsm Xpsm Xpsm
XpsmSmeX-po-GalNAc-3°

5-mXps2-4-OXH,-XpsmXps 2-4-0XH-XpsmXps2-4-OXHo-XpsXpsXps Xps XpsXpsXpsXpsmXps2-4-
OXH,-XpsmXps2-4-OXH)-Xpsm Xps2-4-0XHy-Xps mX-3

5-mXps2-4-OXH,-XpsmXps 2-4-0XH-XpsmXps2-4-OXHo-XpsXpsXps Xps XpsXpsXpsXpsmXps2-4-
OXH,-XpsmXps2-4-OXHr-Xpsm Xps2-4-0X Hy-Xps mX-Chol-3

5-mXps2-4-OXH-XpsmXps 2-4-OXH-XpsmXps2-4-OXHo-XpsXpsXps Xps Xps X psXpsXpsmXps2-4-
OXH-XpsmXps2-4-OXHo-Xpsm Xps2-4-OXHo-Xps mX-XoXo-3

5-mXps2-4-OXH-XpsmXps 2-4-OXH-XpsmXps2-4-OXHo-XpsXpsXps Xps Xps X psXpsXpsmXps2-4-
OXH-XpsmXps2-4-OXHo-Xpsm Xps2-4-0XHp-Xps m X-GallNAc¢-3

5-m¥Xps2-4-0OXHy-XpsmXpa 2-4-OXH-Xpsm Xps2-4-0O X Ho-XpsXpsXps XpsXps X psXpsXpsm Xps2-4-
OXH-Xpam Xps2 -4-OXH-Xpsm Xps2-4-OXHp-Xps mX-3
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5-mXps2-4-OXH-XpsmXps 2-4-OXH-XpsmXps2 -4~-OXH:-XpsXps XpsXps XpsXpsXps XpsmXps2-4-
OXHp-XpsmXps2-4-OXHy-Xpsm Xps2 -4-0XH-Xps mX-Chol-3

5-mXps2-4-OXH;-XpsmXps2-4-OX H,-Xpsm Xps2-4-OX Ho-XpsXps Xps Xps Xps Xps Xps Xpsm X ps2-4-
OXH-Xpsm Xps2-4-OXHy-Xpsm Xps2 -4-0XHy-Xpe mX-XoXo-3

5-mXps2-4-OXH,-XpsmXps 2-4-0XH-XpsmXps2-4-OXHo-XpsXpsXps Xps XpsXpsXpsXpsmXps2-4-
OXH,-XpsmXps2-4-OXHy-Xpsm Xps2-4-OXHo-Xps e X-GalNAc-3

5-mXps2-4-OXH,-XpsmXps2-4-OXH;-Xpsm Xps2 -4-OX Ho-XpsXps Xps Xps Xps Xps Xps Xpsm X ps2-4-
OXHy-Xpsm Xps2-4-OXHy-Xpsm Xps2-4-OX Ho-XpsmX-3

S-dXnpsXnpsXnpsXnpsXnpsXpsXpsXpe XpeXpsXpeXps Xps X psXpsXnpsXnpsxnpsXnpsXn-3

S-dXapsfXnpsXnpsfXopsfXnps Xps Xps X ps X ps X ps Xps X ps X psXps X psf ¥ npsfXnpsfXnpstXnpstfXn 3’

5-tXnps XnpsfXupstXnpsiXapsfXnpsXpsXps XpsXps XpsXpsXnpsiXupsfXnpsiXnpsfXnpsfXnpsfXapsX
n-3°

5-tXnps XnpsfXupstXnpsiXapsfXnpsXpsXps XpsXps XpsXpsXps XpsiXnpsfXnpst XnpsfXapsfXnpsXn-
3 2

57 -dXnpm Xnpm X npm Xopm Xapm XnpXpsXpsXps Xps X psXpsm Xnpm Xnpm Xnpm Xnpm Xnpm Xnpm X
npmXnp-3~

57 -dXnpm Xnpm Xapm Xopm Xapm XnpXpsXps Xps Xps XpsXpsXpsm Xnpm Xnpm Xnpm Xnpm Xnpm Xnp
mXup-3’

57 -dXnpmXanpm XnpmXnpmXnpmXnpXpsXpsXps XpsXpsXpsXpsXpsm Xnpsm Xonpm Xnpm Xnpm Xopm
Xnp-3°

57 -dXnpmXnpmXnpmXnpmXnp XpsXps XpsXpsXpsXpsXps Xpsm Xnpm Xnpm Xnpm Xonpm Xnpm Xapm
Xnp-3°

57 -d¥Xnpm XnpmXnpmXnpm Xnp XpsXps X ps X psXps Xps Xps Xps X psm X npm Xopm Xapm Xapm XapmXn
p:3.

raXuopsmoeXppsmocXnpsmXnpsmoeXnps Xps Xps XpsXpsXpsXpsXpsXps Xps Xpsraoae X apsm Xnpsaioe
XnpsmXnpsmoeXnp-C6-NH- GalNAc 6

moeXpsmoeXpsmoeXpsmoeXpsinoeXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsxpsmoeXpsmoeXpsmoeXp
smoeXpsmoeX-po-GalNAc2

mXnpsmoeXnpsmoeXnpsmXnpsmoeXnps Xps Xps XpsXpsXpsXpsXpsXpsXpsXpsmoeXnpsmXnpsmos
XaopsmXnpsmoeXnpo-Co-NH-GalNAc-6

GalNAc -2-pof¥XapsfXnpsfXnpsfXnpsfXnpeXps XpsXpsXps Xps XpsXpsXps X ps Xpsnpsf XnpstinpsfX
apsfXn

GalNAcZ-mocXnpsmoeXnpsmoeXnpsmooXnpsmoeXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmoeXn
psmocXnpsmoeXnpsmoeXnpsmoeXn

moeXpsroe X psmoeXpsmoe X psmoeXpsXps Xps X ps XpsXpsXpsXps Xps Xps Xpsraoe X psmnoe Xpsmoe Xp
smoeX psmoe X -GalNAc?

GalNAcZ-moeXunpsmoeXnpsmoeXnpsmoeXnpsmoeXaps Xps X ps Xps Xps Xps Xps XpsXpsXps XpsmoeXn
psmosXapsmoeXnpsmoeXnpsraoaXn

GalNac-mocXnpsmoeXnpsmoeXnpsmosXupsmoe XnpsXpsXps Xps Xps XpsXpsXpsXps XpsXpsmoe Xnps
moeXppsmocXnpsmoeXupsmoaXn

GalNAc2-
mXnpsmXnpsmXnpsmXnpsmXnps Xps Xps X psXpsXpsXps XpsXps Xps XpsmoeXnpsmoe XnpsmoeXnps

57




WO 2018/053185 PCT/US2017/051644

moeXnpsmoeXn

(GalNac6- NH-Co-
rmoeX psmoeXpsmoe X psmoeXpsimnoe X ps X ps X ps X psXpsXpsXpsXpsXpsXpsX psmoeXpsraoe X psmoeXp
SMOCXPSMOSX

GalNAg2-
mXnpsmXnpsmXnpsmXnpsra XnpsXps Xps Xps Xps X ps X ps X ps X ps X ps X psm Xnpsm Xnpsra Xapsra Xaps
m¥n

GalNAc2Z-etoXnpsetoXnpseto XnpsetoXnpseto Xnps X ps
KpsKpsXpsXpsXpsXpsXpsXpsXpsetoXnpsetoXnpsetoXnpsetoXnpsotoXn

GalNAc2-
moeXnppsmocXnpsmoeXnpsmoeXnpsmooXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmXnpsmXnpsm
XopsmXopsmXn

moeXpsmoer XpsmocXpsmoeXpsmoeXpsXpsXps XpsXpsXpsXpsXpsdmXps XpsXpsmoeXpsmoe Xpso
oeXpsmoeXpsmoomX

moeXnpsmocXnpsmoeXnpsmoeXnpsmocXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmocXnpsmoeXn
psmocXnpsmoeXapsmooXn

mXpsSmmXpsmXpsmXpsmXpsXpsXpsXpsXpsXpsXpsXpsimXpsXpsXpsm XpsmXpsmXpsmXpsimm
X

mXnpsmXnpsmXnpsmXnps
MmXnpsXpsXpsApsXpsXPpsAPsXPsXpsXpsXpsmXnpsm XnpsmXnpsm Xnpsm Xn

GalNAcZ-mocXnpsmoeXnpsmoeXnps moeXnpsmoeXnpsXps XpsXpsXps XpsXpsXps XpsXpsXps
MoeXnPSMOCXNPSMOSXAPSs MOCANPSMOSH

GalNAC6-NH-C6-
moeXpsmoeXpsmoeXpsmoeXpsmoeXpsXpsXpsXpsXpsXpsXpsXps XpsXpsXpsmocXpsmoeXpsmoeXp
smoeXpsmoeXx

S'moeXpsmoeXpsmoeXpsmoeXpsmooXpsXpsXps XpsXpsXpsXpsXpsXpsXpsXpsmoeXpsmooXpsmoo
XpsmoeXpsmoeX-GalNAc?

GalNAc2-
mXnpsmXnpsmAnpsmXnpsm XnpsXpsApsAps X psXpsXpe Xpe Xpe Xps XpsmXnpsm Xnpsm X npsm X nps
mXn’

mXpsmXpsmXpsmXpsmXpsXpsXpsXpsXpsXps Xps XpsXpsXpsXpsmXpsra Xpsm X psmXpsr X-
GalNAc

GalNAcZ-moeXnpsmoeXnpsmoeXnps moeXnpsmoeXnpsXpsXps XpsXpsXpsXpsXps
XpsXpsXpsmosXapsmoeXnpsmoeXnps moeXnpsmaeXn

moeXnpsmoeXnpsmoeXnpsmoeXnpsmoeXnps Xps Xps Xps XpsXpsXpsXps Xps XpsXpsmoeXnpsmooXn
psmosXapsmoeXnpsmoeXup-Co-NH-GalNAc6

GalNAc2-
moeXnppsmocXnpsmoeXnpsmoeXnpsmooXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmoecXnpsmoeXn
psmoeXnps moeXnpsmoeXn

GalNAc-XuapsXnpsXupsXnpsXaps Xps XpsXpsXpsXpsXpsXpsXpsXpsXpsXnps XnpsXnpsXnpsXn

GalNAg-
mXnpsmXnpsmAnpsmXnpsm XnpsXpsApsAps X psXpsXpe Xpe Xpe Xps XpsmXnpsm Xnpsm X npsm X nps
mXn

GalNAc-fXnpsfXapsfXnpstXnpst¥nps Xps Xps Xps Xps Xps Xps Xps X ps Xps Xps X npstXnpsf Xnpsf X aps-
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3nh2-£X

GalNAc-
af¥XnpsatXopsafXopsaf XnpsafXnpsXpsXpsXpsXpsXpsXps XpsXps XpsXpsaf Xopsaf XapsafXnpsafXnps
afXn

GalNAc-dXnpsXnpsXnpsXaps Xnps Xps Xps Xps Xps Xps Xps X ps Xps Xps Xps XnpsXaps XnpsXnps-3nh 2-
X

GalNAc-mXnpsmXnpsmXnpsmXnpsm Xnps Xps Xps XpsXpsXpsXpsXpsXpsXps
XpsmXnpsmXnpsmXnpsmXnpsmXn

GalNAc-fXnpsfXnpsfXopsfXnpstXnps XpsXps XpsXps Xps Xps Xps XpsXpsXpsfXnpstXnpsfXnpstXnps-
3uh2-fX

GalNAe-

mXnpsmXnpsmXnpsmXnpsmXnpsXpsXpsXpsXpsXps3MeXpsXpsXpsXpsXpsm XnpsmXnpsm Xnpsm
KnpsmXnpsmXn

GalNAc-

moeXnpsmocXnpsmoeXnpsmoeXnpsmocXnpsXpsXpsXpsXpsApsIMeXpsXpsXpsXpsXpsmoeXnpsmo
cXnpsmoeXnpsmoeXnpsmocXnpsmoeXu

moeXpsmoeXpsmoeXpsmoeXpsmoeXpsXpsXpsX psXpsXpsXpsXpsXpsXpsApsmoeXpsmoeXpsmoeXp
SHOeXPSmoeX

mocXnpsmocXnpsmoeXnpsmoeXnpsmooXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmocXnpsmoeXn
psmoeXnpsmoeXnpsmosXn

fXnpsfXnpsfXnpsfXnpsfXnpsXpsXpsXpsXpsXpsXpsXps X psXps X psfXnpsfXnpstXnpsfXnpsfX-C6-
NH-GalNAco

X apsfXnpsfXnpsfXnpsfXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpstXnpstX npst¥npstXnpstXap-Co-
NH-GalNAco

mXnpsmXnpsmXnpsmXnpsm Xnps Xps XpsXpsXpsXps Xps XpsXpsXpsXps mXnpsm XnpsmXnps
mXnpsm Xap-Co-NH-GalNAcH

mXnpsmXnpsmXnpsmXnpsm Xnps XpX psXpsXpsXpsXpsXpsXpsXpsXps
ro Xnpsm XopsmXoapsm XapsmX-Co-NH-GalNAco

moeXnpsmoeXnpsmoeXnpsmoeXnpsmoeXnpsXps XpsXpsXps XpsXpsXps XpsXpsXps
mocXxapsmosXnpsmoeXnpsmoexapsmoeXnp-Co-NH-GalNAc6

moeXnpsmoeXnpsmoeXnpsmoeXnpsmoeXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmoeXnpsmocXn
psmoeXnpsmocXnpsmoeX-Co-NH-GalNAcoH

GalNAc2-moeXnpsmoeXnpsmoeXnpsmoeXnpsmocXnps XpeXpsXpsXps XpsXpsXps
XpsXpsXpsmoeXnpsimoeXnpsmoe XnpsnoeXnpsmosXn

GalNAc2-ctoXnpactoXnpsetoXnps etoXnpscto XnpsXpsXpsXpsXpsXpsXpsXps XpsXpsXps
etoXnpscto XnpsetoXnps etoXnpsetoXn

ra Xunpsm Xaps2-4-OCH: XnpsmXnpsm XnpsXps Xps Xps X ps X ps Xps Xps X psXps X ps2-4-
OCH XnpsmXnpsmXanpsm Xnps3-NHomX

raXunpsm Xops2-4-OCHCH, Xonpsm X npsm Xnps Xps Xps XpsXps Xps XpsXps XpsXps Xps2-4-
OCHCHyXnpsm Xnpsm Xnpsm Xnps3-NHom ¥

raXunpsm Xops2-4-OCH CH Xapsm Xaps2 -4 OCH,CHa Xops XpsXps Xps Xps XpsXpsXps Xps XpsXpsZ-4-
OCH,CH,XopsmXapsm Xonpsm Xnps3-NHom X

raXupsm Xapsm Xapsm Xaps2-4-OCHCHy X npsXpsXps Xps Xps XpsXps Xps Xps Xps Xps2-4-
OCH,CH, XopsmXapsm Xonpsm Xnps3-NHom X

S-mXnpsmCnpsmXapsm Xnpsm Xnps2-4-OCHCHo XnpsXps XpsXps Xps XpsXps X psXps
mXnpsmXnpsmXnps2-4-OCHCH, Xnpsm Xnpsm Xnps3-NH,mX-3
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raXnpsm Xnpsm XonpsmCnpsm Xnps2-4-OCH:CH, Xops X psXpsXpsXps XpsXpsXpsXps2-4-
OCHCHoXnpsmXnpsm Xnps2-4-OCH,; CHo Xnpsm XnpsmXnps3-NHymX

mXnpsm Xnpsm Xonpsm Xnpsm Xnps2-4-OCHCH XnpsXpsXpsXpsXpsXpsXpsXpsXps2-4-OCH;,
CH: XnpsmXnps2-4-OCH,CH Xnpsm Xopsm Xanpsm Xaps3-NHym X

2-
4OCH,CH Xnpsm Xaopsm Xonpsm Xupsm Xnps XpsXpsX ps X psXpsXpsXpsXpsXpsXpsm Xupsm Xnpsm Xn
ps2-40CHCH Xnps3-NHoymX

2-4 OCH,CH; Xopsm Xapsm Xaps2-
F4OCHCH XnpsmXnpsXps XpsXpsXpsXpsXpsXpsXpsXpsXpsmXnps2-4 QCHCH, XnpsmXops2-
4OCH,CH Xnps3-NHomX

2-40CHCH; Xnpsm Xnps2-4-
OCHCH XnpsmXnpsm XnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmXnpsm Xnpsm XnpsmXnps3-
NHymX

2-40CHCH XnpemXnpsm Xanpsm Xnpsm Xnps2-4-
OCH,CH XapsXpsXps Xps XpsXps XpsXpsXpsm XapsmXapsm X nps? -4-OCH,CHy Xnpsm Xnpsm2-~
4OCH,CH Xnps3-NHomX

2-4 QCHCHy XnpsmXnpsmXnpsmXnpsmXnpsmXnpsXpsXps X psXpsXpsXpsXpsXps
mXapsmXapsmXapsmXnpsmXnpsm 2-4 OCHCH X nps3-NHmX

mXnpsmXnpsmXnpsm XnpsmXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsm Xnpsm Xnpsm X npsmXnps
3-NHmX

raXnps2-4 OCHCH XnpsmXnps2-4
OCHCHyXnpsm XnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsm Xonpsm Xnps2-4
OCHCH XapsmXnps3-NHm X

2-4 QCHCH XapsmXaps?-
4OCHCH XnpsmXnpemXnps Xpe X peXpaXpsXpsXpsXpsXps XpsXpsmXnpsmXnpa2-4
OCHCHo XnpsmXnps2~-OCHCHL3-NHX

2-4 QCH,CH XnpsmXnps2-4
OCH.CHyXnpsm Xnpsm Copsm XnpsXpsXpsXpsXps X ps X psXpsXpsm X nps2-4
OCHCH X apsm Xapsm Xopsm Xnps2-4 OCHCH: X aps3-NHomX

mXnps2-40CHCH XnpsmXnps2-4 OCHCH,
XapsmXnpsm Xnps XpsXpsXpsXpsXps Xps XpsXpsm Xnps2-4 OCH,CH Xnpsm XnpsmXaps?2-
4OCH,CH XnpsmXnps3-NHymX

00907 In embodiments, each of the nucleotides of a domam are modified. In embodiments,
each of the nucleotides of a domain have the same modifications. In embodiments, each of the
nucleotides of the X and 7 domains are modified. In embodiments, each of the nucleotides of the
X and Z domains have the same modifications. In embodiments, sach of the nucleotides of a
domain are modified with 2 MOE. In embodiments, each of the nucleotides of the X and 2
domains are modified with 2° MOE. In embodiments, each of the nucleotides of a domain are
modified with 2° OMe. In embodiments, each of the nucleotides of the X and 7 domains are
modified with 2 OMe. In embodiments, each of the nucleotides of a domain are modified with

27 QEt. In embedimenis, each of the nucleotides of the X and Z domains are modified with 2°
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OFt In embodiments, each of the nucleotides of the X and Z domains are linked by an NPS
linkage. In embodiments, the X and Z domains have the same number of nucleotides. In
embodiments, the X and 7 domains each have 4-8 nucleotides. In embodiments, the X and 2
domains each have 5-6 nucleotides. In embodiments, the X and Z domains each have 5
nucleotides. In embodiments, the Y domain has at least twice the number of nucleotides as each
of the X and Z domains. In embodiments, the Y domain has 8-12 nucleotides. In embodiments,
the Y domain has 10 nucleotides. in embodiments, each of the nucleotides of the Y domain are
linked by a PS linkage In embodiments, at least one nucleobase of the oligonucleotide is
modified. In embodiments, at least one nucleobase adjacent to the 37 terminal end of the
oligonucleotide 1s modified. In embodiments, at least one nucleobase in the Z domain of the
oligonucleotide s modified. In emnbodiments, at least one nucleobase in the Y domain of the

oligonucleotide is modified.

[0091] In some embodiments, the oligonucleotide represented by Formula (VI) or (VI'} s
selected from Table D. In other embodiments, the oligonucleotide represented by Formula (VI)
or {VI") has a sequence that differs from a chimeric oligonucleotide of Table D by one modified
nucleotide. In other embodiments, the oligonucleotide represented by Formula (V1) or (VI') has
a sequence that differs from an ohigonucleotide of Table D by 1, 2, 3 or 4 nucleotides. Specific
embodiments of the chimeric oligonucleotide represented by Formula (VD) or (VI'} are listed

below in Table D

Table D

101 5"-mGpsmCpsmApsmGpsmApsmGpsGpsTesGpsApsApsGpsm CpsmGpsmApsmA psmGpsmUpsmGpsmC-

-
3

102§ 5 -mGpsmCpsmApsmGpsmApsmOpsGps TesGrsApsApsGpsmCpsmGpsmApsmApsmGpsmUpsmGpsmC
ps-Chol-3’

103 5 -mGpsmCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsmCpsmGpsmApsmApsmGpsmUpsmGpsmC-
GalNAc-3”

104 mGpsmApsmUpsmUpsmApsmGpsGpsCpsApsGrsApsGpsGpsTpsmGpsmApsmApsmApsmApsmApsmG

105 5" -mGpsmApsmbUpsmUpsmApsmGpsGpsCpsApsGps ApsGosGus TpsmGpsmApsmApsmApsmApsmApsm
G-Chol-3°

106 | 57-mGpsmApsmUpsmUpsmApsmGpsGpsCosAnsGus ApsGpsGps TpsmGpsmApsmApsmApsmApsmApsm
G-GalNAc-3’

107 | 57-mGpsmApsmUpsmUpsmApsGpsGosCosApsGps ApsGpsGus TpsmGpsmApsmApsmApsmApsm Apsm(

108 5"-mGpsmApsmUpsmUpsmApsGpsGpsCpsApsGpsApsGpsGps TpsmGpsmApsmApsmApsmApsmApsmG
-Chol-3°

109 5"-mGpsmApsmUpsmUpsmApsGpsGpsCpsApsGpsApsGpsGps TpsmGpsmApsmApsmApsmApsmApsmG
-GalNAc-3’
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110 5-mGpsmDAPpsnUpsnlU
ApsmG-3°

111 5"-mGpsmApsmUpsmUpsmApsmGpsGpsCpsApsGpsApsGpsGps TpsmGpsmApsmApsmD APpsmDAPpsm
DAPpsmG-3°

112 5"-mGpsmApsmUpsmUpsmA psmGpsGpsCrsApsGpsApsGpsGps TpsmGpsmD APpsmDAPpsmD APpsmD
APpsmDAPpsuG-3°

113 5"-mGpsmD A PpsmUpsmUpsmD A PpsmGpsGpsCps ApsGpsApsGpsOps TpsmGpsmApsmApsmD APpsmD
APpsmDAPpsimG-3’

114 | 5 -mGpsmDAPpsmUpsmUpsmDA PpsmGpsGpsCps ApsGpsApsGpsGps TosmGpsmDAPpsmaD APpsmDAP
psmDAPpsmDAPpsmG-3°

115 57 -mGpsmDAPpsuUpsinUpsmB APpsGpsGpsCps ApsGpsApsGpsGps TpsmGpsmApsmApsmApsmApsmA
psin(3-3°

116 5 -mGpsmApsmUpsmUpsmApsGpsGpsCps ApsGps ApsGpsGpsTpsmGpsmApsmApsmbD APpsmDAPpsmD
APpsm(G-3°

117 | 5" -mGpsmApsmUpsmUpsmApsGpsGpsCpsApsGrs ApsGusGus TpsmGpsmD APpsmD A PpsmD A PpsmbDA
PpsmDAPpsmG-3°

118 5 -mCpsmDAPpsmUpsmUpsmDAPpsG
PpsmDAPpsmG-3°

119 | 57-mGpsmaDAPpsmUpsmUpsmD APpsGrsGpsCosApsGps A psGpsGps T psmpsmaD APpsmBD APpsmB A Pps
mDAPpsmDAPpsmG-3°

120 57 -mGpsmCpsmApsmGpsmApsmGpsGps T psGpsApsApsGpsmCpsmGpsmApsmBDAPpsmGpsmUpsmGps

psmBD APpsmGpsGpsCpsApsGrsApsGpsGpsTpsmGpsmApsmApsmmApsmApsm

sGpsCosApsGnsApsGpsGusTpsmGpsmApsmApsmDAPpsmbDA

mC-3’

121 57-mGpsmCpsmApsmGpsmApsmGpsGpsTpsGpsApsApsGpemCpsmGpsmDAPpsmD APpsmGpsmUpsmG
psmC-3°

122 5"-mGpsmCpsmApsmGpsmD APpsmGpsGosT psGosApsAnsGpsmCpsmGpsmD APpsmD A PpsmGpsmUps
mGpsmC-3°

123 5"-mGpsmCpsmbD A PpsmGpsmDAPpsmGpsGpsTesGpsAps ApsGpsmCpsmGpsmD AP psmD APpsmGpsmU

psmGpsm-3’

124 57-CopsGops TopsGupsCnps ApsGps ApsGrsGrs TpsGusAnps A npsGupsCops-3-MH,-G-3°
125 |3

126 57 -CapsGnpsAnpsCrpsGopsTnpsGpsCos ApsGnsApsGpsGrpsTnpsGnps AnpsAnpsGnps-3-NHp-C-37

-GrpsCopsAnpsGnps AnpsGpsGps TpsGpsApsApsGnpsCnpsGnps Anps Anps-3-NH»~G-3

127 5" -GapsCrnpsAnpsGups AnpsGupsGps TosGpsApsApsGpsCopsnps Anps AnpsGups TapsGnps-3-NH,-C-37
128

(v

-GopsCrpsAnpsGups ApsGpsGps TpsGpsAnps AnpsGnpsCrps-3-NH-G-37

129 | 5" -CapsGopsTnpsGupsCnps ApsGpsApsGpsGps TnpsGnpsAnps AnpsGrps-3-NH,-C-3”

130 5 {E‘rnpanp sAnpsGops AnpsGupsGnps TnpsGpsApsAnpsGnpsCnpsGops AnpsAnpsGops TnpsGups-3 NHo-

131 g;i’jnps(jnpsAnpan‘psAnpanpan sTpsGpsAnpsAnpsGopsCrpsGnpsAnpsAnpsGnps TnpsGaps-3 NH,-

i32 g"janSCnpsArxpanpsAnpsGﬂpsﬁps_TmansAnpsAnpanpsCrxpanpsAnpsArxpanpsTnpanps—S NH;-

133 ngnpanpsAnpanpsAnpanpanpsTnps(inpsémg}m(}nps(ﬁnps(}npsAnpsAnpanpsTnpanps—3 NH;-

134 g;_—:%GilpanpsAnpanpsAnpsGnpanpsTnpanpsAnpsf__ psGpsCnpsGnpsAnpsAnpsGups TupsGaps-3 NH-»-

135 Smj(} npsCnpsAnpsGups AnpsGnpsGps TpsGpsAaps AnpsGnpsCripsGnps A nps AnpsGnps TnpsGnps-3 NH,-

136 g?(}npsCnpsAupsGﬂpsAnpsGnpanps’I‘npstsA;gsApsGupsCI\panpsAnpsAnpanps'i‘npsGnps—S NH;-

q-

137 (“: :GnpsCnpsA\npanpsAnpanpanpstsjgsApsAnpanpanpanpsAnpsAﬂpanpsTnpanps-3 NH-

C-3’

138 57 -GnpsCrnpsAnpsGnps AnpsGnpsGnps TnpsGnps Aps ApsGpsCnpsGrps Anps AnpsGrps TnpsGnps-3 NHo-
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C-37
139 | 3"-GnpsCopsAnpsGnps AnpsGnpsGops TnpsGpsApsApsGpsCnpsGnps AnpsAnpsGopsTopsGnps-3 NH,-C-
140 57-CmpsCopsAnpsGnps AnpsGrpsGops TpsGnsApsApsGpsCopsGrps Anps AnpsGrps TapsGnps-3 NH,-C-37

141 57-GrpsCaps AnpsGnps AnpsOnpsGns TpsGpsApsApsGrsCpsGnpsAnps AnpsGnps TapsGnps-3 NH,-C-37

142 | 5’ -mApsmApsmGpsmApsmGpsApsGpsGpsTpsGpsSmCpsGpsSmCpsSmCpsSmCpsSmmCpsmGpsmUpsm
GpsmG-3°
143 5 -mGpsmGpsmbUpsmGpsmApsApsGnsSmCpsGpsApsApsGpsTpsGpsSmCpsmApsSmmCpsmApsSmmCp

sm(G-3°

144 57 -5mmCpsmGpsmUpsmGpsSmmCps ApsGpsApsGnsGns TosGusApsApsGps SmmCpsmGpsmApsmApsm
G-3

145 | 5"-mApsmaGpsmApsmGpsimGpsTpsGpsApsApsGpsSmCpsGpsApsApsGpsmUpsmGpsSmmCpsmApsSmm
C-3

146 5" -mUpsmGpsmGpsSmnmCpsmApsSmCpsTpsApsGpsTpsApsApsAps S mCps TpsmGpsmApsmGpsSmmips
SmmC-3’

147 | 57-5mmCpsmUpsmApsmGpsmGpsApsGpsTps TesSmCpsSmCpsGpsdmCpsApsGpsmUpsmApsmUpsmGps
mG-3°

148 | S"-mApsmGpsmApsmGpsmGpsTpsGpsSmCpsGpsimCpsSmCrsSmCpsimCpsGps TpsmGpsmGpsmUpsS
mmnCpsmG-3°

149 | 5" -mGpsmApsmGpsmGpsmUpsGpsSmCpsGpsSmCpsSmCpsdmCps SmCpsGps TsGpsmGpsmUpsSmmCp
smGpsmG-3°

150 5" -mGpsmApsmApsmApsmGps3mCpsSmCpsSmnCps TnsApsSmCpsGrsAnsApsSmCpsdmmCpsmApsSmm
CpsmUpsmG-3°

151 5 -mGpsmUpsnidUpsSmmCpsSomCpsGpsSmCps ApsGpsTpsAps TpsGpsGpsApsmUpsSomCpsmGpsmGps
SmmC-3’

152 5 -mUpsSmmCpsSmmCpsmGpsSmmCps ApsGps TpsApsTpsGpsGpsAps TpsSmCpsmGpsmGpsSmmCpsm
ApsmG-3°

153 5" -mApsSmmCpsSmmCpsmApsSmmCpsTpsGpsApsApsSmCpsApsApsAps TpsGpsmGpsSmmCpsmApsS5
mmCpsmb)-3°

154 | 5" -mUpsmGpsSmmCpsmApsmGps ApsGosGps TpsGpsApsApsGpsS mCpsGpsmApsmApsmGpsmU psmG-

3

155 5 -mApsSmmCpsmUpsmGpsmApsApsSmCpsAnsAnsAps TpsGrsGpsSmCpsApssmmCpsmUpsmApsmGp
smlJ-3’

156 5" -mApsmGpsmUpsSmmCpsSmmCpsApsSmCpsSmpsApsSmCpsGusApsGps TpsSmCpsmUpsmApsmGp
smApsSmmC-3°

157 | 57-5omCpsmApsSmmCpsmUpsmGpsApsApsSmCpsApsApsAps TpsGpsGpsimCpsmApsSmmCpsmUpsn
ApsmG-3°

158 | 5"-5nmCpsmApsmGpsmApsmGpsGps [psGpsApsApsGpsimCpsGpsApsApsmGpsmUpsmGpsSmmCpsm
A-3’

159 5-mApsmApsmGpsmApsmGps ApsGpsGpsT psGpsdmeCpsGosSmeCosSmeCpsdmeCpsSmemCpsmGpsim
UpsmGpsmG-GalNAc-3’

160§ 5 -mGpsmGpsmUpsmOpsmAps ApsGpsd meCpsGps ApsAnsGos TpsGsSmCpsmApsSmemCpsmApsSmem
eCps mG-GalMNAc-3’

161 5’ -mUpsmGpsmGpsSmemCpsmApsSmeCpsTosdpsGpsTosApsAps ApsSmeCos TpsmGpsmApsmGpsSmem
CpsSmemCpoGaiNAc-3’

162 5 -SmemCpsmUpsmApsmGmGpsApsGpsTps TpsSmeCpsSmeCpsGpaimeCpsApsGpsmUpsmApsmUpsmG
psinGpoGalNAc-3

163 | 5’ -mApsmGpsmApsmGpsmGpsTpsGpsSmeCpsGnsSmeCpsSmeCpsSmeCpsSmeCpaGpsTpsmGpsmGpsm
Ups SmemCpsmGpoGalNAg-3’

164 | 5 -mUpsSmemCpsSmemCpsmGpsSmemCps ApsGus ThsApsTnsGosGpsApsTosSmeCpsmGpsmGpsSmemC
ps mApsmGpoGalNAc-37

165 | 5-mUpsmaGpsSmemCpsmApsmGps ApsGpsGps TpsGpsApsApsGosSmeCpsGpsmApsmApsmGpsmUpsm{s

63



WO 2018/053185 PCT/US2017/051644

poGallisc-3

166 | 5-mApsmGpsmUpsSmemCpadmemCpsApsSmeCpsSmeCApsSmeCpsGpsApsGrsTpsdmeCpsmUpsmAps
mGps mApsdmemCpoGalNAc-3

167 5" A GapsiCnpsf AnpstGnpsfAnpsfGupsGps TosGusApsApsGpstCnpstGnpsf AnpsfAnpstGnpsfUnpstGrps-3-
NH,-fC-3°

168 57 fGnpsfCnpsf AnpsfGopsfAnpsfGapsGps TpsGpsAnsApsCGpsCpsfGnpst A npstAnpsiGnpsflapsfGaps-3-
NHL-C-3T

169 57 AGnpstCnpsf AnpstGnpsf AnpstGupsGpsTpsGpsApsApsGpsCpsGpsfAnpst A npsfGnpsfUnpsfGnps-3-
NH,-C-3°

170 5 -GrpCop AnpGrpAnpGrpGps TpsGps ApsApsGpsCrpGrpAnp AnpGrp TapGnp-3 NH-C-3°

171 57 -GupstfCnpst AnpsGopstAnpsGopsGps TpsGps Aps ApsGpsfCripsGnpsfAnpstAnpsGupst TnpsGnps-3 NH,-
fC-3

172 57 -GupfCopf AnpGpf AnpGrpGps TpsGos ApsApsGnsfCnpGnpfAnpfAnpGupdf TnpGup-3 NE-C-3°

173 5 -GopsafCnpsaf AnpsGuspaf AnpsGnpsGps TpsGpsAps ApsGpsafCnpsGupsafAnpsaf AnpsGupsafUnpsGnps

afC-3’

174 5" -GnpafCrpaf AnpGnpaf AnpGnpGosTpsGpsApsApsGpsafCnpGnpaf Anpaf AnpGrnpafUnpGnpafC-3°

5" -GrnpafCopaf AnpGrnpaf AnpGnpGpsTpsGpsAps ApsGpsCpsGrpat Anpaf AnpGnpatUnpGnpafC-3°

176 S-mCpsmCpsmUpsmCpsmCpsmApsApsAps Ts TpsCos Ts TpsTpsApsmUpsmApsmApsmGpsmGpsmG-
GalNAc-3

177 | S-mApsmApsmGpsmApsmGpsApsGpsGps TpsGps SmpsGpsdmCps SmCpsSmCps3mmCpsmGpsmUpsm
GpsmG-3'

178 | 5~mGpsmGpsmUpsmGpsmApsApsGpsSmCpsGpsAps ApsGps TpsGpsSmCpsmApsSmmCpsmApsSmmCps

[y

~J

L
i

ml3-3'

179 5-5mmCpsmGpsmUpsmGpsSmmCps ApsGps ApsGpsGps TpsGpsApsApsGpsSmmCpsmGpsmApsmApsmG
-3

180 5-mGpsmbUpsmGpsmApsmApsGpsSmCpsGps Aps ApsGps TpsGpsSmCps ApsSmmCpsmApsSmmCpsmGps
mG-3'

183 SmApsmGpsmApsmGpsmGps TpsGpsAps ApsCGpsimCpsGpsApsApsCpsm psnGpsSmmCpsmA ps Smm
C-3'

1&2 S-mUpsmGpsmGpsSmmCpsmApsSmCpsTpsApsGpsTpsApsApsApsSmCps TpsmGpsmApsmGpsSmmCps
Smm(C-3

183 S-SoamCpsmUpsmApsmGpsmGps ApsGpsTps TpsSmCpsSmCpsGps SmCpsApsGpsmUpsmApsmUpsmGps
m(-3'

184 | 3-mGpsSmmCpsmApsmGpsmApsGpsGpsTpsGpsApsApsGpsSmCpsGpsApsmApsmGpsmUpsmGpsSmm
C-3

185 S-mApsmGpsmApsmGpsmGps TpsGpsSmCpsGpsSmCpsSmCpsSmCpsSmCpsGps TpsmGpsmGpsmUpsSm
mCpsmG-3'

186 S-mGpsmApsmGpsmGpsmUpsGpsS mCpsGpsSmCpsS mCps SraCps5mCpsGps TpsGpsmGpsmUps SmmCps
mGpsmG-3

187 | S-mGpsmApsmApsmApsmGpsSmCpsSmCpsimCpsTpsApsSmCpsGpsApsApsSmCpsSmmCpsmApsSmm
CpsmUpsmG-3'

188 | 5~mGpsmUpsmUpsSmmCpsSmmCpsGpsimCps ApsGpsTpsApsTpsGpsGpsApsmUpsSmmCpsmGpsmGps
5mmC-3'

189 SmUpsSmmCpsSmmCpsmGpsSmmCps ApsGps TpsAps TpsGpsGpsAps TpsSmCpesmGpamGpsSmmCpsmA
psm(3-3'

190 5-mApsSmmCpsSmmCpsmApsSmmCpsTpsGpsApsApsSmCpsApsAps Aps TpsGpsmGpsSmmCpsmApsSm
mCpsmi)-3

191 S-mUpsmGpsSmmCpsmApsmGps ApsGpsGps TpsGpsApsApsGpsSmCpsGpsmA psmApsmGpsmUpsinG-3'
192 5-mApsSmmCpsmUpsmGpsmApsApsSmCps ApsApsApsTpsGpsGpsSmCpsApsSmmCpsmUpsmApsmGps
-3

193 SmApsmGpsmbl psSmunCpsSmmCps ApsSmUps StaCps ApsS mCpsGpsApsGps TpsSmaCpsmUpsmApsmGps
mApsSmmC-3'
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S-smmCpsmApsSmmCpsmUpsmGps ApsApsSmCps ApsApsApsTpsGpsGpsSmCpsmApsSmmCpsmbipsm
Apsm(G-3'

195 | 3-SmmCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmCpsGpsApsApsmGpsmUpsmGpsSmmCpsm
A-3'

196 5-mApsmApsmGpsmApsmGpsmA psGpsGps TpsGpsSmeCpsGps SmeCpsSmeCpsSmemCps SmemCpsGp
smUpsmGpsmG 3°

197 5-mApsmApsmGpsmApsmGpsmApsmGpsGps TpsGpsSme CpsGpsSmeCpsSmemCps SmemCpsSmermCps
mGpsmbUpsmGpsmG 3°

198 | 5-mGpsmGpsmUpsmGpsmApsmApsGpsSme CpsGps ApsApsGps TpsGpsS memCpsmAps3memCpsmApsS
memeCpsmG 3°

199 5" -mGpsmGpsmUpsmGpsmA psmApsmGpsSneCpsGps Aps ApsGps TpsGpsimemCpsmApsimemCpsmAp
sSmemeCpsmG 3’

200 5" -mUpsmGpsmGpsSmemCpsmApsSmemCps TpsApsGpsTpsApsApsApsSmeCpsTpsmGpsmApsmGpsSme
mCpsSmemC 3°

201 5 -mUpsmGpsmGpsSmemCpsmApsSmeCps TpsApsGpsTpsApsApsApsSeCps TpsmGpsmApsmGpsSmem
Cps3mem( 3’

202 57 -5memCpsmUpsmApsmGmGpsmApsGpsTps Tps3meCpsSmeCpsGpsdmeCpsApsmGpsmUpsmApsmUps
mGpsmG 37

203 5"-3memCpsmUpsmApsmGrGpsmApsmGps TpsTpsSmeCpsSmeCpsGpsd meCpsApsmGpsmi psmA psialy
psmlpsm( 3°

204} 57-GalNAc-NHCo6-

psrApsmG 37

205 57-GalNAc-NHC6-

psmdmeCpsmUpsmApsmGpsmGpsApsGps Tps TpsSmeCpsSme CpsGpsimeCps ApsGpsmUpsmApsmUpsm
GpsmG 37

206 | 5°-GalNAc-NHC6-
psmApsmApsmGpsmApsmGps ApsGpsGrs TpsGpsdmeCnsGpsSmeCpsSmeCpsS meCpsmSme CpsmGpsmU
psmGpsmiz 3°

207 | 5 GalNAc-NHCo6-

psmApsmGpsmApsmGpsmGpsTpsGpsd meCpsGpsSmeCpsSmeCpsSmeCpsSmeCpsGps T psmispsmGpsmi)
psrdmeCpsmG 37

208 | 57 GalNAc-NHC6-
psrl)psmGpsmSmeCpsmApsmGpsApsGpsGps TpsGpsApsApsGps SmeCpsGnsmApsmApsmGpsmUpsmG
3

209 mGpsmCpsmUpsmCpsmCpsmApsmApsAps TpsTpsCosTpsTps TesmApsmUpsmApsmApsmGpsmG

210 mGpsmCpsmUpsmCpsmCpsmApsApsAps TpsTpsCps TpsTpsTosmApsmUpsmApsmApsmGpsmG

211 mGpsmCpsmUpsmCpsmCpsmApsApsApsTps TpsCps TpsTpsTnsApsmUpsmApsmApsmGpsmGpsmG

212 | mGpsmCpsmUpsmCpsmCpsmApsmApsApsTps TpsCpsTpsTpsTpsmApsmiUpsmApsmApsmGpsmG/GalN
A.C//

213 mGpsmCpsmUpsmCpsmCpsmApsApsAps Tps TsCpsTosTpsTosmApsmUpsmApsmApsmGpsmds/GalNAc

/

214 mGpsmCpsmUpsmCpsmCpsmApsmApsAps TpsTpsCosTpsTpsTpsmApsmUpsmApsmApsmiGpsmiG/3Chol

TEG/

215 mGpsmCpsmUpsmCpsmCpsmApsApsAps TpsTpsCps TpsTps TpsmApsmUpsmApsmApsmGpsmG/3Chol T
EG/

216 | mGpsmCpsmUpsmCpsmCpsmApsApsApsTpsTpsCpsTpsTpsTpsApsmUpsmApsmApsmGpsmGpsmG/3Ch
ol TEG/

217 | 5 -mGpsSmmCpsmApsmGpsmApsmGpsGpsTpsGpsAps ApsGpimmCpsmGpsmApsmApsmGpsmUpsmGy
smdmeC-3

218 57 -mGpsSmmCpsmA psmGpsmApsmGpsGps TpsGps Aps ApsGpsSmmCpsmGpsmApsmApsmGpsmUpsmG
psSmmC-Cholesterol-3”

219 5" -mGpsSmmCpsmApsmGpsmApsmGpsCpsTpsGps Aps ApsGpSmmCpsmGpsmApsmApsmGpsmipsmGp

65



WO 2018/053185 PCT/US2017/051644

sSom{-TEG-Chelesterol-3
220 5" -mpsSmmCpsmApsmGpsmApsmGpsGps TpsGps Aps ApsGpsS mmCpsmGpsmApsmApsmGpsmipsmG
sSmmC-~Tocopherol-3"

221 57 -mGpsSmmCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmmCpsmGpsmApsmApsmGpsmipsmG
psSmmC-TEG-Tocopherol-3’

57-mGpsSmmCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmmCpsmGpsmApsmApsmGpsmUpsmG
pedmmC-GalNAc-3°

223 5-mGpsmSmeCpsmApsmGpsmApsmGpsGps TpsGpsAps ApsGpsSmeCpsmGpsmApsmApsmGpsmUpsmG
psrdmeC-37

224 57 -mGpsmSmeCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmeCpsmGpsmApsmApsmGpsmUpsmG
psmSmeC-po-Chol-3°

225 57 -mGpsmSmeCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmeCpsmGpsmApsmApsmGpsmUpsmG
psmimeC-po-Tocopherol-3°

226 | 5 -mGpsmSmeCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsimeCpsmGpsmApsmApsmGpsmiJpsmG
psmSmeC-po-GalNA¢-3’

227 5’ -mGpsmSmeCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpaSme CpsGpsmApsmApsmGpsmUpsmGps
mSmeC-3

228 5 -mGpsmSmeCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmeCpsGpsmApsmApsmGpsmUpsmGps
mdmeC-po-Chol-3’

229 5 -mpsmdmeCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmeCpsGpsmApsmApsmGpsmUpsmGps
mimel-po-Tocopherel-3°

230 5 -mpsmdmeCpsmApsmGpsmApsmGpsGps TpsGpsApsApsGpsSmeCpsGpsmApsmApsmGpsmUpsmGps
mimeC-po-GalNAc-3’

231} S-mGps2-4-OCH~-(Sm)yCpsmAps 2-4-OCH,-GpsmAps2-4-OCH,-
GpsGpsTpsGpsApsApsGps(Cm)yCpsmGps2-4-OCH»-Apsm Aps2-4-OCH,-GpsmUps2-4-0OCH-Gps
{SmumC-3

232 S-mGps2-4-OCH-(Sm)CpsmAps 2-4-0CH,-GpsmAps2-4-OCH -
GpsGpsTpsGpsApsApsGps(Om)CpsmGps2-4-OCH -ApsmAps2-4-OCH ~-GpsmUps2-4-0OCH:-Gps
(SmymC-Chol-3

233 5-mGps2-4-OCH-(SmyCpsmAps 2-4-0CH-GpsmAps2-4-OCH,-
GpsGpsTpsGpsApsApsGps(Sm¥CpsmGps2-4-OCH - ApsmAps2-4-0CH-GpsmUps2-4-0CH-Gps
(3mymC-Toco-3

234 5-mGps2-4-OCH-(SmyCpsmAps 2-4-0CH,-GpsmAps? -4-OCH,;-
GpsGpsTpsGpsApsApsGps(SmCpsmGps2-4-0CH -~ ApsmAps2-4-OCH»-Gpsmiips2~-4-OCH,-Gps
{(SmynC-GalNAc-3

235 | 3-mGps2-4-0CH-(Sm)CpsmAps 2-4-OCH,-GpsmAps2-4-OCH-
GpsCpsTpsGpsApsApsGps(SmyCpsmGps2-4-OCH - ApsmAps2-4-OCH,-GpsmUps2-4-0CH,-Gps
{(SmymC-3

236 | 5-miGps2-4-OCH-(SoyCpsmAps 2-4-0OCH-GpsmAps2 -4-OCH:-
GpsGpsTpsGpsApsApsGps(Om)CpsmGps2-4-OCH -ApsmAps2-4-OCH ~-GpsmUps2-4-0OCH:-Gps
GmymC-Chol-3

237 5-mGps2-4-OCH-(SmyCpsmAps 2-4-0CH-GpsmAps2-4-OCH,-
GpsGpsTpsGpsApsApsGps(Sm¥CpsmGps2-4-OCH - ApsmAps2-4-0CH-GpsmUps2-4-0CH-Gps
(GmymC-Toco-3

238 5-mGps2-4-OCH-(SmyCpsmAps 2-4-0CH,-GpsmAps? -4-OCH,;-
GpsGpsTpsGpsApsApsGps(SmCpsmGps2-4-0CH -~ ApsmAps2-4-OCH»-Gpsmiips2~-4-OCH,-Gps
{(SmynC-GalNAc-3

239 | 3-mGps2-4-0CH-(Sm)CpsmAps 2-4-OCH,-GpsmAps2-4-OCH-
GpsGpsTpsGpsApsApsGps(Cm)yCpsmGps2-4-OCH»-Apsm Aps2-4-OCH,-GpsmUps2-4-0OCH-Gps
{(SmymC-3

5=

[N
b2
]

il

240 | 5-dTopsGnpsCopsAnpsGnps ApsGpsGsTosGpsApsApsGpsCpsGpsAnpsAnpsGops TopsGo-3
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241 S-dTnpsfGnpsCnpsfAnpstGops ApsGpsGos TpsGpsAps ApsGpsCosGpst Anpst AnpsfGrpsfU npsfGn 3
242 5-4GapsCnpsfAnpsfGnpsfAnpsfGonpsGps TsGnsApsApsGpsCupsfGopsfAnpsf A npstGnpsiUnpsfGupsCn-
e

243 S-4GnpsCrpsfAnpsfGnpsf AnpstGopsGos TpsGpsApsApsGosCpsGusf AnpsfAnpsfGrpsfUnpsfGnpsCn-3°
244 5" -dGnpmCopmAnpmGnpmAnpmGrpGpsTpsGpsApsApsGpsmCrpmGnpmAnpmAnpmGopmUnpmGnp

mCnp-3~

245 5" -dGnpmCopmAnpmGnpmA npmGrpGpsTpsGpsApsApsGpsCpsmGrpmAnpmAnpmGrpmUnpmGnpmC
np-3°

246 5"-dGnpmCnpmAnpmGnpmAnpmGupGpsTpsGpsApsApsGpsCpsGpsmAnpsmAnpmGnpmUnpmGnpmCn
p-3

247 5" -dGnpmCrpmA npmGupmAnpGpsGpsTpsGps ApsApsGpsCpsmGnpmAnpmAnpmGnpmUnpmGnpmCnp
-3

248 | 5’ -dGopmCrpraAnpmGnpmAnpGpsGpsTpsGps ApsApsGpsCpsGpsmAnpm AnpmGopmUnproGopmCrp-
3

249 GrpsCnps AnpsGrps AnpsGnpsGnpsTnpsGups AnpsAnpsGnpsCapsGrps Anps AnpsG

230 OmpsCaps AnpsGnps AnpsCnpsGrps TrpsGaps Anps AnpsGnpsCapsGnps Anps AnpsGnps TnpsGnpsC

251 CopsGnps TapsGupsCnps AnpsGnps AnpsGupsGrips TnpsGnpsAnps AupsGnpsCips G

252 CopsGnpsTapsGnpsCnps ApsGps ApsGpsGpsTpsGpsAnpsAnpsGrpsCaps G

253 GrnpsCnpsAnpsGuops AnpsGpsGps TpsGpsApsApsGnpsCnpsGnpsAnps AnpsG

254 CopsGupsAnpsCnpsGps TrpsGpsCps ApsGpsApsGpsGups TapsGrpsAnps AnpsGnpsC

255 GupsCnpsAnpsGnpsAnpsGnpsGps TpsGps ApsApsGpsCnpsGnpsAnps AnpsGnps TapsGnpsC

256 GrnpsCnpsAnpsGnps ApsGpsGpsTpsGpsAnpsAnpsGnpsCnpsG

CrnpsGups TnpsGopsCnps ApsGps ApsGpsGps TnpsGrnps Anps AnpsGapsC

258 mnpsmocCrpsmoc AnpsmCnpsmoc AnpsGpsGps TpsGps Aps ApsGpsCpsGpsApsmoc AnpsmGupsmoeUnp
smGnpsmoeCnp-C6-NH-GalNAc6

259 moeGps{SmeymoeCpsmoe ApsmoeGpsmoc ApsGpsGpsTpsGpsApsApsGps(Sme)CpsGps Apsmoc Apsmoe G
psmoeTpsmoeGps(Sme)moeC-po-GalNAc2

260 mGnpsmoecCnpsmoc AnpsmGnpsmoe AnpsGpsGps TpsGpsAps ApsGps(Sme)CpsGps Apsmoc AnpsmGnpsno
eUnpsmGnpsmoeCnpo-Co-NH-GalNAc-6

261 GalNAc-2-pofGnpsfCnpsfAnpsfGnpsfAnpsGpsGps TpsGps Aps Aps Gps(Sme)CpsGpsApsfAnpsfGnpsfUnps
fGupsfCn

262 GalNAcZ-moeGnpsmoeCnpsmoe AnpsmoeGnpsmoc AnpsGpsGps TpsGpsApsApsGpsCpsGpsApsmoc Anps
moeGapsmoeUnpsmoeGnpsmoeCn

263 moe Gps(SmeymoeCpsmoeApsmoeGpsmoc ApsGpsGpsTpsGps ApsApsGps(Sme)psGps ApsmocApsmoe G
psmoeTpsmoeGps(SmeymoeC-GalNAc2

264 GalNac2-moeGrpsmoeCnpsmoc AnpsmoeGnpsmoe AnpsGpsGps TpsGps Aps Aps Gps (SmCpsGps Apsmioc A
npsmoeGnpsmocUnpsmoeGnpsmocCn

265 GalNac-rmoeGupsmoeCnpsmos AnpsmoeGupsmoc AnpsGpsGpsTpsGpsApsApsGpsCpsGpsApsmos Anpsiio
eGnpsmoelinpsmoeGnpsmoeCn

266 GalNAc2-

mGnpsmCrpsmAnpsmGnpsm AnpsGpsGpsTpsGpsAps ApsGps(Sm)CpsGpsApsmoe AnpsmoeGnpsmoeUnp
smoeGnpsmoeCn

267 | GalMNacG~ NH-C6-

moeGps(S mmoeCpsmoe ApsmoeGpsmoe ApsGpsGps TesGpsApsApsGps(Sm}psGps Apsmoc ApsmoeGps
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moeTpsmoeGps(Snymoel

268 GalNAc2-
mGnpsmCnpsmAnpsmGnpsmAnpsGpsGpsTpsGpsAps ApsGps(Sm)CpsGusApsmAnpsmGnpsmUnpsmGnp
smCn

269 GalNAc2-ctoGnps(Sm)etoCnpseto AnpsetoGnpseto AnpsGps
GpsTpsGpsApsApsGps(GSmyCpsGpsApseto Anpseto Gapseto TnpsetoGrnps(SmetoCn

270 GalNAc2-

meeGnpsmoeCnpsmoe AupsmoeeGnpsmos AnpsGpsGps TpsGps ApsApsGps(Smy CpsGps ApsmAnpsmGnpsim
UnpsmGnpsm{Cn

271 meeGpsmoemCpsmoc ApsmosGpsmos ApsGpsGOpsTpsGpsAps ApsGpsSmCpsGpsApsmos ApsmoeGpsmoe
TpsmoeGpsmoemC

272 moeGnpsmoeCrnpsmoe AnpsmoeGnpsmoe AnpsGpsGps TpsGps Aps ApsGpsCpsGpsApsmoc AnpsmocGnpsm
ocUnpsmoeGnpsmoeCn

273 mGpsSmmCpsmApsmGpsm ApsGpsGps TpsGpsAps ApsGpsdmCpsGpsApsmApsmGpsmUpsmGpsSmmC
274 mCnpsmCapsmAnpsmGnps
mAnpsGpspsTpsGpsApsApsGpsCpsGpsApsmAnpsmGnpsmUnpsmGopsmCn

275 GalNAcZ-moeGnpsmoeCnpsmoeAnps moeGnpsmoeAnpsGps GpsTpsGps ApsApsGps GSm)CpsGpsAps
moe AnpsmoeGnpsmoeUnps moeGnpsmoeCn

276 GalNact-NH-C6-

moeGps(SmymoeCpsmoe ApsmoeGpsmoe ApsGpsGps T psGpsApsApsGps(SmCpsGpsApsmoc ApsmocGps
moeTpsmoeGps(SnymoeC

277§ S'meoeGps{SnymocCpsmoc ApsmoeGpsmoc ApsGpsGps TpsGpsApsApsGps(Sm)CpsGpsApsmec ApsmoeGp
smoeTpsmoeGps(SmeymoeC-GalNAc2

278 GalNAc2-

mGnpsmCnpsmAnpsmGupsmAnpsGpsGps TpsGpsAps ApsGpsCpsGpsApsmnAnpsmOGnpsmUnpsmGnpsmC
3l

279 mGps(SmymCpsmApsmGpsmApsGpsGps TpsGps Aps ApsGps(Sm)CpsGps ApsA pstuGpsmUpsmGps{ Sy
mC-GalNAc

280 GalNAcZ-moeGrpsmoeCnpsmocAnps moeGnpsmoc AnpsGpsGps TpsGpsApsApsGps
(5m)CpsGpsApsmocAnpsmoeGnpsmoeUnps moeGnpsmoeCn

281 moeGnpsmoeCnpsmoe AnpsmoeGnpsmoc AnpsGpsGps TpsGpsApsApsGps(Sm)CpsGpsApsmocAnpsmoeG
npsmoeUnpsmoeGnpsmoeCnp-Co-NH-GalNAco

282 GalNAc2-
moeGapsimoeCnpsmoesAnpsmoeGupsmoc AnpsGpsGps TpsCpsAps ApsGps(SanCpsGpsApsmoc Anpsmos G
npsmeelnps mosGnpsmoeCn

283 | GalNAc-GupsCopsAnpsGrnps AnpsGps GpsTpsGpsApsApsGpsCpsGpsApsAnpsGnps TnpsGnpsCn

284 GalNAc-
mGopsmCnpsmAnpsnGnpsmAnpsGpsGps TpsGps Aps ApsGpsCpsGpsApsmAnpsmGnpsmUnpsmGnpsmC
n

285 GalNAc-fGrnpsfCrpsf AnpsfGnpsfAnpsGpsGpsTpsGps ApsApsGpsCpsGpsApsfAnpsfGupstUnpsfGnps-
3nh2-fC

286 GalNAc-
afCmpsafCnpsaf AnpsafGnpsaf AnpsGpsGps TpsGps ApsApsGpsCpsGpsApsat AnpsafGnpsaf TnpsafGnpsaf C
i

287 | GalNAc-dTnpsGupsCnps AnpsGnpsApsGpsGps TpsGpsAps ApsGpsCpsGpsAnps AnpsGrps Thps-3nh2-G
288 GalNAc-mUnpsmGnpsmCnpsmAnpsmGnps ApsGpsGpsTpsGpsApsApsGpsCps

OpsmAnpsmAnpsmGupsmUnpsmGn
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289 GalNAc-fFUnpsfGnpsfCopsfAnpsfGrps ApsGpsGps TpsGpsAps ApsGpsCpsGpsfAnpsfAnpsfGnpsflinps-
3nh2-£G

290 GalNAc-

mGnpsmCnpsmUnpsmCrpsmCnps Aps ApsApsTpsTpsSMeCpsTpsTpsTpsApsmUnpsmA npsmAnpsmGnps
mGnpsmGn

291 GalNAc-

moeGnpsmoeCnpsmoeUnpsmoeCapsnoeCnpsApsApsApsTps TpsSMeCpsTpsTps TpsApsmoeUnpsmoeAn
psmoeAnpsmoeGnpsmoeGupsmoeGn

292 | moeGps(SmymoeCpsmoc ApsmoeGpsmoc ApsGpsGps TpsGpsApsApsGps(Sm)CpsGpsApsmoeApsmoeGps
moe TpsmoeGps(Sm)moeC

293 moe GupsmoeCapsmoe AnpsmoeGupsmoc AnpsGpsGps TpsGpsAps ApsGps(Sm)CpsGpsApsmoc Anpsmoe G
npsmoeUupsmoeGnpsmosCn

294 | fCaps(SmfCnpsfAnpsfGnpsf AupsGpsGpsTpsGps ApsApsGpsCpsGps Apsf AnpstGnpsi TopsfGnpstC-Co-
NH-GalNact

295 | fCapsfCapsfAnpsfGrpsf AnpsCpsGpsTpsCGpsApsApsGps(Sm)CrpsGpsApsfAnpstGnpsfUnpstGopsfCnp-
C6-NH-GalNAc6

296 | mGupsmCnpsmAnpsmGnpsmAnpsGpsGpsTpsGpsApsApsGps(SnyCpsGpsAps mAnpsmGupsmUnps
mGnpsmCrp-Co-NH-GalN Aco

297 | mGnpsmCnpsmAnpsmGnpsmAnpsGpGpsTpsGpsApsApsGps(Sm)CpsGpsAps
mAnpsmGnpsmUnpsmGrpsmC-Co-NH-GalN Act

298 | moeGnpsmoeCUnpsmocAnpsmoeGnpsmoe AnpsGps GpsTpsGps ApsApsGps (SnCpsGpsAps

mec AnpsmoeCnpsmocUnpsmosGrpsmoe Cnp-Co-NH-GalN Aco

299 meeGnpsmoeCnpsmoe AupsmoeeGnpsmos AnpsGpsGps TpsGpsAps ApsGps(SryCpsGpsApsmoe AnpsmoeG
npsmoeUnpsmeeGnps(SmmoeC-Co-NH-GalNAc6

300 GalNAc2-moeGrpsmocCnpsroe AnpsmoeGnpsmoc AnpsGpsGpsTpsGps ApsApsGps
(Sm)CpsGpsApsmoc AnpsmoeGnpsmoeUnpsmoeGnpsmoeCn

301 GalNAc2-ctoGupseto{ SmyCnpseto Anps etoGnpseto AnpsGpsGpsTpsGpsApsApsGps (SmyCpsGpsAps

eto AnpsetoGnpsetoTnps etoGnpseto(Sm)Cn

302 | mGopsmCnps2-4-OCH: AnpsmGnpsmAnpsGpsGpsTpsGpsApsApsGpsCpsGpsAps2-4-

OCH AnpsmGnpsmbUnpsmGnps3-NHymC

303 | mGupsmCnps2-4-OCH>CHr AnpsmGapsmA npsGpsGps TpsGpsAps ApsGpsCpsGps Aps2-4-

OCH,CH, AnpsmCapsmUnpsmGops3-NHym{

304 | mGopsmCnps2-4-CCH,CH, AnpsmGnps2 -4 OCH CH, AnpsGpsGps TpsGpsAps ApsGpsCpsGps Aps2-4-
OCH,CH: AnpsmGnpsmUnpsmGops3-NHymC

305 | mGopsmCnpsmAnpsmionps2-4-0CH CHAapsGpsCpsTpsGpsAps ApsGpsCpsGps Aps2-4-

OCH,CH: AnpsmGnpsmUnpsmGnps3-NHymC

306 S-mGnpsmCrpsmuUnpsmCrnpsmaCnps2-4-CCH, CH: AnpsApsAps Tps TpsCpsTps TpsTps

mAnpsmb npsmAnps2-4-OCH, CHy AnpsmOGnpsmGaps 3-NHmG-3

307 mGnpsmCnpsmUnpsmCrpsmCnps2-4-OCH, CHyAnpsApsAps Tps TpsCps Tps TpsTps2-4-

OCH,CH, AnpsmUnpsmiAnps2-4-OCH, CHryAnpsmGnpsmGnps3-NHmG

308 | mGnpsmCaopsmUnpsmCrpsmCnps2-4-OCH>CHyAnpsApsApsTpsTpsCpsTpsTpsTps2-4-OCH:
CHyAnpsml nps2-4-OCH, CHy AnpsmAnpsmGnpsmGups3-NE,mG

309 | 2-

4OCH, CH,GnpsmCrnpsmAnpsmGnpsm AnpsGpsGpsTpsGps ApsApsGpsCpsGpsApsmAnpsmGnpsmUnps?
~4QCH,CH,Gnps3 -NHymC

310 | 2-4 OCH,CH,GnpsmCnpsmAnps2-

4OCHCH,GrpsmAnpsGpsGps TpsGpsApsApsGpsCpsGpsApsmAnps2-4 OCHCH,GnpsmUnps2-
4OCH, CHGnps3-NHmC

311 | 2-40CHCHyGupsmCnps2-4-

OCH,CH, AnpsmGnpsmAnpsGpsGps TpsGps ApsApsGpsCps GpsApsmAnpsmGnpsmUnpsmGnps3-
NHmC

312 | 2-40CH.CH,GnpsmCnpsmUnpsmCrnpsmCnps2-4-

OCH,CH, AnpsApsAps TpsTpsCpsTps TpsTpsmAnpsmb npsmAnps2-4-OCH, CHy AnpsmGrpsmi2 -
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4OCH,CHGnps3-NHmG

313 2-4 OCH,CH,GopsmCnpsmUnpsmCrpsrnCapsm AnpsApsApsTps TpsCpsTpsTpsTps
mAnpsmUnpsmAnpsmAnpsmGnpsm?2 -4 OCHCH»Gnps3-NH.mG

314 | mGopsmCanpsmAnpsmGnpsmAnpsGpsGpsTpsGpsApsApsGpsCpsGpsApsmAnpsmGnpsminpsmGnps3-
NH,mC

315 mGnps2-4 OCH,CH(Sme)CnpsmAnps2-4
OCHCH, GnpsmAnpsGpsGpsTpsGps ApsApsGpsCpsGpsApsmAnpsmGnpsZ -4 OCH,CHy TnpsmGnps3-
NHmC

316 2-4 OCHCH,GupsmCaps?-
40CH,CH, AnpsmGnpsmAnpsGpsGps TpsGpsApsApsGpsCpsGps ApsmAnpsmGnps2-4
OCH,CH, TipsmGaps2-OCH ,,CH,3-NH»(5me)C

317 | 2-4 OCH,CH,GopsmCnps2-4 OCH,CH, TopsmCropsmCnpsmAnpsApsApsTps TpsCpsTps Tps TpsmAnps2-4
OCH,CH, TnpsmAnpsmAupsmGnps2-4 OCH,CH,Gops3-NHmG

318 | mGups2-40CHCHy(5me)yCnpsmUnps2-4 OCH,CH»
(5me)CopsmCnpsmAnpsApsApsTpsTpsCpsTpsTpsTpsmAnps2-4 OCH,CH, TapsmAnpsmAnps2-
A0CH,CH>GnpsmGunps3-NHmG

[0092] In some embodiments, the oligonucleotide represented by Formula (V1) or (VI') 1s
selected from the above Table C. In other embodiments, the oligonucleotide represented by
Formula (V1) or (VI'} has a sequence that differs from a chimeric oligonucleotide of the above
list by one nucleotide. In other embodiments, the oligonucleotide represented by Formula (VI) or
{VI’) has a sequence that differs from a chimeric oligonucleotide of the above histby 1,2, 3 or 4
nucleotides. In embodiments, the oligonucleotide represented by Formula (VI or (V1) has a
sequence that differs from a chimeric oligonuclectide of the above list but has the same construct
as the chimeric ohigonucleotide of the above list. In embodiments, the disclosed oligonucleotides
display an increased affinity for a target nucleic acid sequence compared to an unmodified
oligonucleotide of the same sequence. For example, in some sequences the disclosed
oligonucleotides has a nucleobase sequence that 1s complementary or hybridizes to a target
nucleic acid sequence at a higher affinity than an unmodified oligonucleotide of the same
sequence. In embodiments, the disclosed oligonucieotide complexed with a complemeniary
target nucleic acid sequence has a melting temperature ™ of >37 °C. The complex may be
formed under physiological conditions or nearly physiological conditions such as in phosphate-
buffered saline (PBS). In embodiments, the Tm of the complex 15 >50 °C. In embodiments, the
Tm of the complex 1s 50-100 °C. In embodiments, the Tm of a disclosed oligonucleotide
duplexed with a target nucleic acid sequence under physiological conditions or nearly

physiological conditions 15 >50 °C.
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[0093] In certain embodiments, the target nucleic acid sequence may be selected from a nucleic
acid sequence of a known viral DNA or RNA sequence such as the HBV genome, for example

those listed in Table £, F, or J.

[0094] In embodiments, the disclosed oligonucleotides display an affinity for at least one of the
following six sequences of the HBY genome or its RNA equivalents and/or display stability
complexed to at least one of the following six sequences of the HBV genome (Table E) or 15
RNA equivalents {Table F}. In embodiments, the oligonucleotide complexed with a
complementary HBV genome sequence has a melting temperature {Tm) of >37 °C. The HBV
genome may be an RNA sequence such as DR-1 and/or DR-2 RNA sequence. The complex may
be formed under physiological conditions or nearly physiological conditions such as in
phosphate-buffered saline (PBS). In embodiments, the Tm of the complex 15 >50 °C. In
embodiments, the Tm of the complex 15 50-100 °C. In embodiments, the Tm of a disclosed
oligonucleotide duplexed with an HBV RNA under physiological conditions or nearly

physiological conditions 18 >50°C.

Table E
i 2 3 4 3 6

245 A 668 T 1257 T 1512 A 1575 C 1819 A
246 G 669 G 1258 C 1513 C 1576 C 1820 C
247 T 670 G 1239 T 1514 C 1377 G 1821 T
243 C 671 C 12606 & 1515 G 1578 T 1822 T
249 T 672 T 1261 C 1316 A 1579 G 1823 T
250 A 673 C 1262 C 1517 C 1580 T 1824 T

31 G 674 A 1263 G 1518 C 1581 G 1825 T
232 A 675 G 1264 A 1519 A 1582 C 1826 C
253 C 676 T 1265 T 1520 C 1583 A 1827 A
254 T 677 T 1266 C 1521 G 1384 C 1828 C
255 C 678 T 1267 C 1322 G 1585 T 1829 C
256 G 679 A 1268 A 1523 G 1586 T 1830 T
257 T 680 C 1269 T 1524 G 1587 C 1831 C
238 G 681 T 1276 A 1525 C 1588 G 1832 T
239 G 682 A 1271 C 1526 G 1589 C 1833 G
260 T 683 G 1272 T 1527 C 1390 T 1834 C
261 G 684 T 1273 & 1528 A 1591 T 18353 C
262 G 683 G 1274 C 1329 C 1592 C 1836 T
263 A 686 C 1273 G 1330 C 1593 A 1837 A
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264 C 687 C 1276 | G 1531 | T 1594 | C 1838 | A
265 T 688 A 1277 A 1532 {C 1385 | C 1839 | T
266 T 689 T 1278 A 1533 | T 1596 | T 1840 | C

690 T 1279 | C 1334 1 C 1597 | C 1841 | A

691 T 1286 T 1535 7T 1598 | T 1842 | T

692 G 12818 | C 1836 | T 1599 | G 1843 | C

693 T 1282 | C 1537 | T 1600 | C 1844 | T

694 T 1283 I 1661 | A 1845 | C

695 C 1284 | A 662 | C 1846 | T

696 A 1245 1 G 1603 | G 1847 | T

697 G 1286 | C 1604 H 1848 | G

698 T 1665 | C 1849 | T

699 G 1666 | G 1850 | T

700 G 16067 | C 1851 | C

701 T 16068 | A 1852 | A

702 T 1609 | T

703 C 1610 | G

704 G 1611 | G

705 T 1612 | A

706 A

707 G

708 G

709 G

710 C

71 I

712 T

713 T

714 C

718 C

Table F
1 2 3 4 3 )

245 A 668 U 1257 U 1512 A 1575 | C 1819 A
246 G 669 G 1258 1 C 1513 | C 1576 | C 1820 | C
247 U 670 G 1259 | U 1514 {C 1377 | G 1821 | U
243 C 671 C 12606 | G 1515 | G 1378 | U 1822 U
249 U 672 U 1261 | C 1516 | A 1579 | G 1823 | U
250 A 673 C 1262 | C 1517 | C 1580 | U 1824 | U
251 G 674 A 1263 | G 1518 | C 5 G 1825 U
252 A 675 G 1264 | A 1519 | A 1382 | C 1826 | C
253 C 676 U 1265 | U 1520 | C 1583 | A 1827 A
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254 U 677 U 1266 (1 C 1521 1 G 15384 C 1828  C
255 C 678 U 1267 1 C 1522 1 G 1585 | U 1829 | C
256 G 679 A 1268 | A 1323 1 G 158 | U 1836 | U
257 U 680 C 1269 U 1524 1 G 1587 C 1831 C
258 G 681 U 1276 1 A 1525 | C 1588 | G 1832 U
259 G 682 A 1271 1 C 1526 | G 1589 | C 1833 |G
260 U 633 G 1272 14 1527 {1 C 1550 | U 1834 | C
261 G 684 U 1273 1 G 1528 | A 39t | U 1835 1 C
262 G 685 G 1274 1 C 1529 1 C 1592 | C 1836 | U
263 A 686 C 1275 1 G 1530 | C 15393 1A 1837 A
264 C 687 C 1276 1 G 1531 U 1594 1 C 1838 1 A
265 U 688 A 277 LA 1532 | C 1595 | C 1839 U
266 U 689 U 1278 A 1533 U 1596 U 1840 | C

690 U 127¢ 1 C 1534 | C 1597 +C 1841 | A
691 U 12806 | U 1535 (U 1598 | U 1842 | U
692 G 1281 € 1536 (U 1399 | G 1843 | C
693 U 1282 1 C 1337 U 1600 | C 18¢4 | U
694 U 1283 U 1601 [ A 1845 1 C
695 C 1284 | A 1602 | C 1846 | U
696 A 1285 1 G 1603 |G 1847 (U
697 G 128 € 1664 | U 1848 | G
698 U 1605 | C 1849 U
699 G 1666 | G 1850 | U
760 G 1607 C 1851 C
701 U 1608 | A 1852 | A
702 U 1609 | U

763 C 1610 | G

704 G 1611 G

705 U 1612 | A

766 A

767 G

708 G

769 G

7140 C

711 U

712 U

713 U

714 C

7153 C
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00951 Compounds of the present disclosure include compounds comprising the following

Formula (Vi)
XY 3 (VI

wherein X'—Y —Z 1s a chimeric ohigonucleotide comprising a sequence of 14 to 22
nucleosides, and 1s optionally conjugated at the 5' and/or 3' end to a ligand targeting group or a
pharmacophore, X is a domain comprising a sequence of modified nucleosides that is 3-14
nucleosides in length; Y’ is a domain comprising a sequence of 2 to 4 2’-deoxynucleosides
linked through intersubunit linkages; and 7’ 15 a domain comprising a sequence of modified
nucleosides that 1s 3-14 nucleosides 1n length, wherein the X and/or Y~ domains comprise one

or more modified nucleoside which s hinked through a N3'—P5' phosphoramidate or a N3'—P5’

thiophosphoramidate intersubunit linkage.

[0096] The chimeric oligonucleotide represented by X*—Y —Z’ of Formula (VII} comprises a
sequence of 14 to 22 nucleotides, for example, 14, 15, 16, 17, 18, 19, 20, 21, or 22 nucleotides.
In some embodiments, the number of nucleotides in each of X, Y™ and 72, respectively is:
R/2/10, 9/2/10, 10/2/10, 7/3/10, 8/3/10, 9/3/10, 8/4/8, 9/4/9, 6/4/8. In some embodiments, X is 6-
10, Y" 1s 2-4 and 7 15 8-10.

2l

[0097] In some embodiments, the compound of Formula (V1) consists of the X' —Y" —Z
chimeric oligonuclieotide consisting of a sequence of 14 to 22 nucleotides, and is optionally
conjugated at the 5 and/or 3’ end (e.g., 5" end, 3” end or both 5" and 3' ends) to a ligand targeting
group and/or a pharmacophore, where X’ is a domain consisting of a sequence containing one or
more modified nucleotides that is 3-10 nucleotides n length; 27 1s a domain consisting of a
sequence containing one or more modified nucleotides that is 3-10 nucleotides in length; and Y’
15 a domain consisting of a sequence of 2 to 42’ -deoxy-nucleotides linked through thiophosphate
miersubunit linkages and optionally one phosphodiester intersubunit inkage, wherein the X7
and/or Y’ domains contain one or more modified nucleotide which 1s linked through a N3'-—P3%
phosphoramudate or a N3'-—-P5’ thiophosphoramidate ntersubuntt linkage.

[0098] The X domain comprises a sequence of modified nucleotides, where the X domatin 1s 4~
10 nucleotides in length. For example, the X domain may comprise a sequence of 4, 5,6, 7, 8, 9,

or 10 nucleotides. One or morefeg,, 1,2,3,4,5,6,7,8,9, 10, 11, 12,13, 14, 15, 16, 17, 18, 19,

~Jd
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20, 21 or 22) of these nucleotides 1s modified. For example, in some embodiments, all the

nucleotides 1n the X domain are modified.

(0099} The modified nucleotides of the X’ domain may be the same as disclosed for X in
Formula (V1) or (VI'}. For example, the nucleotides of the X* domain may be modified with
respect to one or more of their nucleobases, the 27 and/or 3” positions on the ribose sugar and
their intersubunit linkages. Embodiments include wherein the 2° position s modified withan F
(ribo or arabmo} and the 37 position 1s O or NH. Embodiments also include wherein the 27
position is modified with an OMe and the 37 position 18 O or NH. Embodiments include wherein
the 27 position 1s modified with an F (ribo or arabino} as well as Me or OMe, and the 37 posttion
1s O or NH. Embodiments include wherein the 2 position 1s modified with an F (ribo or arabino)
and the 37 position 1s O or NH. Embodiments include wherein the 2° position is modified with an
O-methoxyethoxy and the 37 position 15 O or NH. Embodiments also include wherein the 27
position 13 modified with an F (ribo or arabino) and the 37 position 1s O or NH. Embodiments
include wherein the 2 and 47 positions are modified bridging group {(as described elsewhere
herein) to form a contformationally restricted nucleotide and the 3’ position 18 O or NH. Each of
these embodiments may include thiophosphate (or thiophosphoramidate depending onthe 3’

substitution) and phosphoramidate intersubunit inkages.

[0100] Embodiments also include where the 27 position is OH, and the 37 position 1s NH, or
where the 27 position is H, and the 3” posttion 13 NH. Fach of these embodiments may mclude

thtophosphoranudate and/or phosphoramidate intersubunit linkages.

[0101] The nucleotides of the X7 domain are linked through intersubunit linkages, for example,
N3'—PS’ phosphoramidate, N3'——PS5 thiophosphoramidate, thiophosphate or phosphodiester
mtersubunit hinkages. In some embodiments, the X7 domaim s linked through intersubunit
iinkages selected from N3'—P3’ phosphoranudate, N3'—P3' thiophosphoramidate, and
combinations thereof. In some embodiments, the X domain comprises at least 1,2, 3,4, 5,6, 7,
8, 9 or 10 from N3'—P5' phosphoramidate and/or N3'—P5' thiophosphoramidate intersubunit
hinkages.

[0102] The Y~ domamn comprises a sequence of 2 to 4 2°-deoxynucleotides. For example, the Y’
domain may comprise a sequence of 2, 3, or 4 2’-deoxynucleotides. One or more of the 2°-

deoxynucleotides may be hnked through thiophosphate or phosphodiester intersubunit hokages

~Jd
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(eg,1,2,3,4,56,7 8,9,10,11, 12,13, 14, 15, 16,17, 18,19, 20, 21 or 22). In some
embodiments, each of the 2°-deoxynucleotides is linked through a thiophosphate intersubunit
linkage. In other embodiments, each of the 2’ -deoxynucleotides is linked through a
phosphodiester intersubunit linkage. In other embodiments, the Y~ domain consists of 27-deoxy-
nucleotides linked through thiophosphate intersubunit inkages, and optionally one

phosphodiester intersubunit linkage.

[0103] The Z’° domain comprises a sequence of modified nucleotides, where the Z° domain is 4-
10 nucleotides in length. For example, the 2” domain may comprise a sequence of 4,5, 6,7, 8, 9,
or 10 nucleotides. One or more of these nucleotides 1s modified (2.2, 1,2,3,4,5,6,7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21 or 22). For example, in some embodiments, all the

nucleotides in the 2” domain are modified.

[0104] The modified nucleotides of the 7" domain may be the same as disclosed for Z in
Formula (VI) or {V1'}. For example, the nucleotides of the 2” domain may be modified with
respect to one or more of their nucleohases, the 2”7 and/or 37 positions on the ribose sugar and
their intersubunit linkages. Embodiments include wherein the 27 position 1s modified withan F
{ribo or arabimo) and the 37 position 15 O or NH. Emmbodiments also include wherein the 27
position 15 modified with an OMe and the 3 position is O or NH. Embodiments include wherein
the 27 position 15 modified with an F (ribo or arabino) as well as Me or OMe, and the 37 position
13 O or NH. Embodiments include wherein the 27 position 1s modified with an F (ribo or arabino)
and the 37 position ts O or NH. Embodiments imnclude wherein the 27 position 1s modified with an
O-methoxyethoxy and the 37 position 18 & or NH. Embodiments also mclude wheren the 27
position is modified with an F {ribo or arabino) and the 37 position 15 O or NH. Embodiments
mclude wheremn the 27 and 4° posttions are modified bridging group (as described elsewhere
herein) to form a conformationally restricted nucleotide and the 37 position 1s O or NH. Each of
these embodiments may include thiophosphate {or thiophosphoramidate depending on the 37

substitution) and phosphoramidate intersubunit inkages.
[0105] Embodiments also include where the 27 position i1s OH, and the 37 position 1s NH, or

where the 27 position is H, and the 37 position 1s NH. Each of these embodiments may include

thiophosphoramidate and/or phosphoramidate intersubunit linkages.
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[0106] The nucleotides of the Z° domain are linked through intersubunit linkages, for example,
N3'—P5’ phosphoramidate, N3'—P5' thiophosphoramidate, thiophosphate or phosphodiester
mtersubunit linkages. In some embodiments, the Z° domain s hinked through intersubunit
linkages selected from N3'—P35' phosphoranudate, N3'—P35' thiophosphoramidate, and
combinations thereof. In some embodiments, the 7Z° domain comprises at least 1, 2, 3,4, 5,6, 7,
8, 9 or 10 from N3'—P5’ phosphoranudate and/or N3'—P35' thiophosphoramidate intersubunit

linkages.
LOR Meodified Antisense Gligonucieotides

[0107] Other compounds include modified antisense oligonucleotides. In some embodiments the

ASG includes the nucleotide of formula (1}, (1), (Hia}, (HIb), (IV), (V) and/or (V')

[0108] Other compounds of the present disclosure include compounds comprising the following

Formula (VHI):

¢
0w
RAFH RA

XA, Ry’
RO
Y -
(VD

wherein Xa 1s NH or O, Y 15 OR or SR, where R 1s H or a positively charged counter ion, Ba 15
ndependently in each instance a natural or an unmodified nucleobase or a modified nuclecbase,
R4’ and Ra’”” are each independently in each instance selected from H, ¥, OH, OMe, O-
methoxyethoxy, and Ra”” 1s H or Ra” and RA™7 together form —O-CHo—, —O-CH{(Me}— or —O-
{(CHz)—.

[0109] In some embodiments, Ra” and Ra™77 are H; and Ra™ 13 selected from F, OH, OMe, Me,
O-methoxyethoxy. In other embodiments, Ra’” and Ra™7 are H; and R4’ 15 selected from F,

OMe, Me, O-methoxyethoxy. In some emnbodiments, Xa 1s NH in each nstance.

[0110] Some embodiments include one or more modified nucleotides represented by Formula
(VIH), wherein Xa 1s NH; Ba 1s a G-clamp; Ra s F or OMe and R4 s H; or Ra” 1s Hand Ra”
isHorFand Ry s H

~J
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(0111} Some embodiments include one or more modified nucleotides represented by Formula

999

{VIi), wherein Xa 1s NH; Ba 1s an unmodified or modified nucleobase; Ra” and R4 together
form a conformationally restricted nucleotide (e.g., —O-CHa— or -O-(CHz)2—); and Ra” s H. In
some embodiments, B 1s an unmodified or a modified nucleobase selected from the group

consisting of S5-methylcytosine, 2,6-diaminopurine, and 5-methyluracil.

[0112] Some embodiments include one or more modified nucleotides represented by Formula
(VIH), wherein Xa 1s NH; B 1s an unmodified or modified nuclecbase; Ra” 1s F or OMe, Ra” is
Hand R4’ s H

[0113] Some embodiments include one or more modified nucleotides represented by Formula
(VHI), wherein X 1s NH; Ba 15 an unmodified or modified nuclecbase; Ra’ 1s H, Ra”” 1s F and
Ra77 s H

[0114] In some embodiments, X4 15 NH. In other embodiments, Y i1s O or S (with a positively
charged counter ion). In some embodiments, Ra” or Ra”” 1s H and the other 1s F, OH, OMe, Me,

O-methoxyethoxy (e.g. arabino-F or ribo-F or OMe).

[0115] In some embodiments, Ba s selected from A, C, G, U and T. In additional embodiments,
Ba 1s selected from A, C, G, U, T, 2,6-dianunopurine, a 5-Me pyrimidine {e.g., 5-
methylcytosine, S-methyluracil). In some embodiments, at least one of Ra” and Ra™ s H. For
example, in some embodiments, R4’ 1s F, OH, OMe, Me, O-methoxyethoxy and R4’ s H In

other embodiments, Ra” s Hand Ra” s F.

[0116] In some embodiments, when Ba 1s a purine nucleobase at least one of Ra” and Ra™ 1s OH

or F, and/or when Ba s a pyrimidine nucleobase at least one of R4’ and Ra™ 1s OMe, OH or F.

[0117] In other embodiments, the nucleotides include one or more of the nucleotides in Table G

Table G

-

O\ O BA

Ra™ Ra”
X4 Ra'
0
Y

| Nucleotide No. | R’ L RT R LA | W]
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MNucleotide No. R’ R R A W
48 F H H NH 8
49 F H H NH 0O
50 F H H O S
51 F H H O O
32 H F H NH 8
53 H F H NH O
34 H F H O 8
53 H F H O O
56 OMe H H NH N
57 DMe H H NH O
38 OMe H H O 8
59 OMe H H O O
60 H F H NH 8
6l H F H NH O
62 H F H O S
63 H F H O O
64 O-methoxvethoxy H H NH 5
] O-methoxyvethoxy H H MNH O
66 O-methoxyethoxy H H O 5
67 J-methoxyethoxy H H O O
68 H H H NH 5
69 H H H NH O
70 OH H H NH S
7 OH H H NH O
72 OH H H O 5
73 H OH H NH O
74 H OH H NH 5
73 H OFt H NH O
76 H OFt H NH S
77 H OFt H o ]
78 H OFt H O S
79 OF¢ H H NH ;
80 OFt H H NH 5
81 OFt H H O 0
82 OF¢ H H O S
.»'K"“
N\ o P
C—0
A
7P
W }f
Nucleotide Neo. C A W
83 ~0-CHo- NH S
84 -(3-CHa- NH O
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Nucleotide No. C A W
85 -(3-CHp- 8 S
86 -O-CH;- O O
%7 -0-(CHo - NH S
83 “3-{ CHo e NH G
%9 -(-(CHz)o- 8 S
90 -O-(CHo Y- O O
91 -O-CH{Me)- NH S
92 -0-CH{(Me)- NH O
93 -0-CH(Me)- O S
94 -O-CH(Me)- 0O O

[0118] Compounds of the present disclosure also include oligonucleotides comprising ten or

more nucleotides of the following Formula (IX):

HE‘:“P{*O
),
wherein R 1s H or a positively charged counter ion, Bz 15 independently in each instance a natural
or an unmodified nucleobase or a modified nucleobase, Re” and Re™” are each independently in
each mstance selected from H, F, OMe, O-methoxyethoxy, and Rs””” s Hor Re’ and Rs™”’
together form ~0O-CHo—, ~0O-CH{Me)-, or ~O-(CHz )z~

[0119] In some embodiments, every oligonucleotide 1s a nucleotide of the Formula (IX).

[0120] In some embodiments, Rs” and Re™"" are H and Rs”’ 1s selected from F, OH, OMe, Me,
O-methoxyethoxy. In other embodiments, R and Ry””” are H; and Ry’ is selected from F,

OMe, Me, O-methoxyethoxy.

[0121] Some embodiments include one or more modified nucleotides represented by Formula
(1X)}, wherein Ba1s a G-clamp, Re’ s For OMeand R s H; or Re” s Hand Re” is Hor F,
and Rg””7 1s HL

[0122] Some embodiments include one or more modified nucleotides represented by Formula
{IX), wherein Ba 1s an anmodified or modified nucleobase; Re” and Rs”"7 together form a
conformationally restricted nucleotide (e.g., ~O-CHz— or ~O-(CH:z} -}, and Re” 18 H. In some
embodiments, Ba 1s an unmodified or a modified nucleobase selected from the group consisting

of S-methylcytosine, 2,6-diaminopurine, and S-methyluracil.
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[0123] Some embodiments include one or more modified nucleotides represented by Formuia
{IX), wherein B 1s an unmodified or modified nucleobase; Re’ 1s F or OMe, Rg”" 1s Hand Re’”’
s H.

[0124] Some embodiments include one or more modified nucleotides represented by Formula

(IX), wherein Ba 1s an unmodified or modified nucleobase; Re” s H, Rg” s Fand Rg’7 s H.

[0125] In other embodiments, Y 1s S™(with a positively charged counter ton). In some
embodiments, R’ or Re”’ 15 H and the other is F, OH, OMe, Me, O-methoxyethoxy (e.g.
arabino-F or ribo-F or OMe).

[0126] In some embodiments, Bg s selected from A, C, G, U and T. In additional embodiments,
Bg 1s selected from A, C, G, U, T, 2,6-dianunopurine, a 5-Me pyrimidine (e.g., 5-
methylcytosine}. In some embodiments, at least one of Rg” and Ry’ 15 H. For example, in some
embodiments, Ra” 1s F, OH, OMe, Me, O-methoxyethoxy and Rg’” is H. In other embodiments,
Re'isHand Re” s F,

[0127] In some embodiments, when Be is a purine nucleobase at least one of Re” and Rg’” 1s OH

or ¥, and/or when Bg 1s a pyrimidine nucleobase at least one of Rs” and Re”” 1s OMe, OH or F.

[0128] In some embodiments, the nucleobase sequence of the oligonucleotide of Formulae (V)
or {IX} comprises a sequence selected from those in Table A In some embodiments, the
nuclecbase sequence of the oligonucleotide of Formulae (VII) or (IX} comprises a sequence 1,

2, 3, 4, or S nuclecbases different from a sequence selected from those i Table H.

Table H

16} i
'ﬁ GC AGAGGTGAAGC GAAGLGC Chol-3’ 2
5°-GCAGAGGTGAAGCGAAGUGC-GalNAe-3’ 3
5 -GAUUAGGCAGAGGTGAAAAAG-Y 4
S -GAUUAGGCAGAGGTGAAAAAG-Chol-3” 5
5-GAUUJAGGCAGAGGTGAAAAAG-GalNAc-3” o
5 -GAUUAGGCAGAGGTGAAAAAG-Y 7
S -GAUUAGGCAGAGGTGAAAAAG-Chol-3” 2
5-GAUUJAGGCAGAGGTGAAAAAG-GalNAc-3” 9
S -GDAPUUDAPGGCAGAGGTGAAAAAG-S 10
5 -GAUUAGGCAGAGGTGAADAPDAPDAPG. i1
5°-GAUUJAGGCAGAGGTGDAPDAPDAPDAPDAPG-3 12
S -GDAPUUDAPGGCAGAGGTGAADAPDAPDAPG-3 i3
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57-GDAPUUDAPGGCAGAGGTGDAPDAPDAPDAPDAPG-3 14
37-GDAPUUDAPGGCAGAGGTGAAAAAG-3 15
57-GAUUAGGCAGAGGTGAADAPDAPDAPG-3’ 16
57-GAUUAGGCAGAGGTGDAPDAPDAPDAPDAPG-3” 17
537-GDAPUUDAPGGCAGAGGTGAADAPDAPDAPG-3” 18
5°-GDAPUUDAPGGCAGAGGTGDAPDAPDAPDAPDAPG-3” 19
5-GCAGAGGTGAAGCGADAPGUGCY 20
3 -GCAGAGGTGAAGCGDAPDAPGUGC-3’ 21
5°-GCAGDAPGGTGAAGCGDAPDAPGUGC-3’ 2
57-GCDAPGDAPGGTGAAGCGRAPDAPGUGC-Y” 23
5-COTGCAGAGGTGAAGC-3-NH,-G-3° 24

5-GCAGAGCGTGAAGCGAA-3-NH-(G-3

(]

57-COACGTGCAGAGGTGAAG-3-NH-C-¥

FoX

57 -GCAGAGGTGAAGCGAAGTG-3-NH.-C-3°

5°-GCAGAGGTGAAGC-3-NH-G-37

[o >R EN]

57-COTGCAGAGGTGAAG-3-NH,-C-37

Nl

3-GCAGAGGTGAAGCGAAGTG-3NH,-C-37

<

5°-GCAGAGGTGAAGCGAAGTG-3NH:-C-37

57-GCAGAGGTGAAGCGAAGTG-3NH,-C-37

3-GCAGAGGTGAAGCGAAGTG-3NH-C-37

5°-GCAGAGGTGAAGCGAAGTG-3NH,-C-37

5°-GCAGAGGTGAAGCGAAGTG-3NH,-C-3°

3-GCAGAGGTGAAGCGAAGTG-3NH-C-37

N s I 0D |

5°-GCAGAGGTGAAGCGAAGTG-3NH,-C-37

3

FORRUS REUNERUCE UV R RPN S ROV R AV R AUN R RO R SR IR S ORI ]

5 -GCAGAGGTGAAGCGAAGTG-3NH,-(C-3° 38
5-GCAGAGGTGAAGCGAAGTG-3NH,-C-37 39
5 -GCAGAGGTGAAGCGAAGTG-3NH,-C-3° 40
5 -GCAGAGGTGAAGCGAAGTG-3NHL-C-37 41
S -GCAGAGGTGAAGCGAAGTG-3-NH,-C-3° 42
5TCAAGAGAGETG S meC G5 meCimeCimeCSmeCGUGE-3" 43
5-GGUGAAGSmeCGAAGTG I meCASmeC ASmeCG-37 44
5 S5meCGUGSmeCAGAGGTGAAG S meCGAAG-3 45
5°-AGAGGTGAAG SmeCGAAGUG S meCASmeC-37 46
5-UGGEmeCASmeCTAGTAAASmeCTGAGS meCSmeC-37 47
3 5meCUAGGAGT T 3meClmeCGSmeCAGUAUGG-3” 48
5-AGAGGTG S meCGimeCimeCimelSmeCGTGGEU S me 0G-3° 49
5-GAGGUGSmeCG3meCimeCimeCSmeCGTOGUSme CGG-37 50
5 -GAAAGSmeClimeCimeCTANmeCGAASmeCimeC A SmeCUG-3’ 51
5-GUUSmeCimeCG3meCAGTATGGAU SmeCGGImeC-37 52
57-USmeCSmeCGimeCAGTATGGAT SmeCGGImeCAG-3 53
5-ASmeCS5meCASmeCTGAASMeCAAATGG S meCASmeCU-3° 54
57-UGSmeCAGAGGTGAAGSmeCGAAGUG-3 35
57-ASmeCUGAAMeCAAATGG S meCASmeCUAGU-3 56
5-AGUSmeClmeCASmeCSmeCASmeCGAGT SmeClJAGASme(C-37 57
5-5meCASmeCUGAASmeCAAATGG S meCASmeCUAG-3 38
57 5meCAGAGGTGAAGImeCGAAGUGSmeCA-Y 59
5S-AAGAGAGGTG S meCG5meCimeCimeCimeCGUGG-GalNAC-3’ 60
5-GGUGAAGYmeCGAAGTG I meCAImeCASmeCG-GalNAC-37 61
57-UGGESmeCASmeCTAGTAAASmeCTGAGSmeCimeC-GalNA-3’ 62
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57-3meCUAGGAGT TS 0eC3meCGimeCAGUAUGGGaINAS-Y’ 63
57-AGAGET G meCGEImeCimeC i meCimeCOTGGU S meCGGalNAC-37 64
57-USmeCSmelGimeCAGTATGGA T SmeCGGImeCAG-GalNAc-3° 63
57-UGimeCAGAGGTGAAGSme CGAAGUGGaINAS-3’ 66
57-AGUSmeC S5 meCASmeCimeCASmeCGAGT SmeCUAGA SmeC-GalNAC-3° 67
5 -GCGGGTOGAAGCGGUG-3-NH,-C-3° 68
5 -GCGGGTGAAGCGGUG-3-NH-C-37 69
5-GCOGGTGAAGCGGUG-3-NH,-C-37 70
5 -GCAGAGGTGAAGCGAAGTG3NH-C-37 71
57-GCAGAGGTGAAGCGAGTG-3NH,-(C-3° 72
57-GCAGAGGTGAAGCGAAGTG-3NH,-C-3 73
5 -GCAGnepAGGTGAAGCGAAGUGC-3” 74
5 -GCAGAGGTGAAGCGAAGUGC-3” 75
5-GCAGAGGTGAAGCGAAGUGC-3” 76
5-GCUCCAAATTCTTTAUAAGGG-GalNAC-3 77
5'-AAGAGAGGTGSmeCGimeCimeCimeCimeCGUGE-3 78
3-GGUGAAGSmeCGAAGTG S meCASmeCASmeCG-3' 79
5-5meCOUGImeCAGAGGTGAAGImeCGAAG-3 80
5-GUGAAGSmeCGAAGTG S meCASmeCASmeCGG-3' 81
SCAGAGGTGAAGSmeCGAAGUGSmeCASmeC-3 82
SYUGGImeCASmeCTAGTAAASMmeCTGAG S meC 3meC-3' 33
5-5meCUAGGAGT U S meCimeCGimeCAGUAUGG-3 84
3-G3meCAGAGGTGAAGS meCGAAGUGSmeC-3 83
SLAGAGGTGISmeCG3meCimeCimeCSmeCGTGGUSmue CG-3 85
5 -GAGGUGSmeC G meC3meCSmeUdmeCGTGGU Sme CGG-3 87
3-GAAAGS0eCimeCimeCT AN meCGAA S MeCimeCASmeCUG-3' 88
5-GUUSmeCoimeCGimeCAGTATGGAU 3meCGGImeC-3 89
5-USmeCSmeCGimeCAGTATGGAT SmeCGGimeCAG-3 Sh
5-A3meCimeCASmeCTGAASmeCAAATGG S meCASmeCU-3! 91
5LUG3meCAGAGGTGAAGSmeCGAAGUG-T 92
5-ASmeCUGAASmeCAAATGGSmeCASmeCUAGU-S 3
SAGU3meCimeCASmeCimeCASmeCGAGT SmeCUUAGASmeC-3' 94
5-3meCASmeCUGAASmeCAAATGG S meCASmeCUAG-3' 95
5-5meCAGAGGTGAAG SmeCGAAGUGSmeCAS 6
5 -AAGAGAGGTG meCE5meCimeCimeCimeCGUGGES 97
5-AAGAGAGGTG S meCGimeCimeCimeCSmeCGUGG-3 98
5-GGUGAAGSmeCGAAGTG meCASmeC ASmeCGY’ 99
S -GGUGAAGSmeCGAAGTG S meCASmeCASmeCGR’ {00
5-UGGmeCASmeCTAGTAAASmeCTGAGSmeCime (3’ 101
57-UGGESmeCASmeCTAGTAAASmeCTGAGSmeCime(C3’ 102
57 5meCUAGGAGT T 3meCimeCG3meCAGUAUGGS’ 103
57-3meCUAGGAGTTSmeCimeCGimeCAGUAUGHY 104
5-GCAGAGGTGAAGCGAAG-S 103
5 -GCAGAGGTGAAGCGAAGTGC-3 106
5-CGTGCAGAGGTGAAGCG-37 107
5-GCAGAGGTGAAGCGAAG-S 108
5-CGACGTGCAGAGGTGAAGC-3 109
5-GCAGAGGTGAAGCGAAGTGC-3 119
5-GCAGAGGTGAAGCG-3” 111
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5-CGTGCAGAGGTGAAGC-3 112
5-GCAGAGGTGAAGCGAAGTG-3nh2-C-3° 1i3
57-GralNAC-NHC6-USmeClmeCGiImeCAGTATGGA T 3meCGGImeCAGY {14
57-GalNAC-NHCH-5meCUAGGAGT T imeCimeCGS5meCAGUALUGGES 113
57-GalNAC-NHC6-AAGAGAGGT G meCGimeCimeCimeCime CGUGES” 116
5’ GalNAc-NHC6- 117
AGAGGTOImeCGImeCimeCimeCimeCOGTGGUSme UG
5’ GalMAc-NHC6-UGSmeCAGAGGTGAAG S meCGAAGUGS 118
mGCUCCAAATTCTTTAUAAGG 119
mGCUCCAAATTCTTTAUAAGG 120
mGCUCCAAATTCTTTAUAAGGG 121
mGCUCCAAATTCTTTAUAAGG/GalNAGY 122
mGUCUCCAAATTCTTTAUAAGG/GalNAc/ 123
mGCUCCAAATTCTTTAUAAGG 3Chol TEG/ 124
mGCUCCAAATTCTTTAUAAGG/3Chol TEG/ 125
mGCUCCAAATTCTTTAUAAGGG/3Chol TEG/ 126
S mGImCAGAGGTGAAGp S mCGAAGUGImeC-3 127
57-mGImCAGAGGTGAAG S mCGAAGUGSmC-Cholesterol-3” 128
5-mGImCAGAGGTGAAGP I mCGAAGUGSmC-TEG-Cholesterol-3° 129
S -mGImCAGAGGTGAAGSmCGAAGUGSmC-Tocopherol-3° 130
57-mGSmCAGAGGTGAAGSm CGAAGUGSmC-TEG-Tocopherol-3° 131
5 mGImCAGAGGTGAAGImCGAAGUGImC-GalN Ac-37 132
5-mG3meCAGAGGTGAAG I meCGAAGUGImeC-3° 133
5’ -mGImeCAGAGGTGAAG S meCGAAGUGImeC-po-Chol-3° 134
57 -mGImeCAGAGGTGAAG S meCGAAGUGImeC-po-Tocopherol-3° 135
5 -mG3meCAGAGGTGAAGSmeCGAAGUGSmeC-po-GalNAC-3’ 136
5 -mGSmeCAGAGGTGAAGSmeCGAAGUG3meC-3° 137
5 -mGImeCAGAGGTGAAG I meCGAAGUGImeC-po-Chol-3° 138
5 -mG3meCAGAGGTGAAGSmeCGAAGUGSmeC-po-Tocopherol-3° 139
57 -mGSmeCAGAGGTGAAG S meCGAAGUG S meCpo-GalNAc-3° 140
5-mGimeCAGAGGTGAAG I meCGAAGUGSme(C-3 141
5-mG3imeCAGAGOTGAAGImeCGAAGUGSmeC-Chol-3 142
5-mG3meCAGAGGTGAAGSmeCGAAGUGSmeC-Tocs-3 143
5-mGimeCAGAGGTGAAG I meCGAAGUGS meC-GalNAc-3 144
5-G3meCAGAGGTGAAGImeCGAAGUGSmeC-3 145
5-GSmeCAGAGOGTGAAGSMmeCGAAGUG S meC-Chol-3 146
3-G5meCAGAGGTGAAG S meCGAAGUGSmeC-Toco-3 147
5-G3meCAGAGGTGAAGImeCGAAGUG S meC-GallNAc-3 148
5-GSmeCAGAGOTGAAGSmeCGAAGUGSmeC-3 149
5-dTGCAGAGGTGAAGCGAAGTG-3 136
5-dTGCAGAGGTCGAAGCGAAGUGY’ 151
5-GCAGAGGTGAAGCGAAGUGC-3” 152
S-GCAGAGGTGAAGCGAAGUGL-3 133
5-GCAGAGGTGAAGCGAAGUGC-3 154
5-dGUAGAGOGTGAAGCGAAGUGC-3” 155
S -dGCAGAGGTGAAGCGAAGUGC-Y 156
5-dGCAGAGGTGAAGCGAAGUGCS 157
5-dGUAGAGOGTGAAGCGAAGUGC-3” 154
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[0129] In embodiments, the disclosed oligonucleotides display an affinity for at least one of the
six sequences of the HBV genome or its RNA equivalents and/or display stability complexed to
at least one of the following six sequences of the HBV genome (Table E} or its RNA equivalents
{Table F). In embodiments, the oligonucleotide complexed with a complementary HBV genome
sequence has a melting temperature (Tm) of >37 °C. The HBV genome may be an RNA
sequence such as DR-1 and/or DR-2 RNA sequence. The complex may be formed under
physiological conditions or nearly physiological conditions such as in phosphate-buffered saline
(PBS). In embodiments, the Tm of the complex 15 >50 °C. In embodiments, the Tm of the
complex s 50-100 °C. In embodiments, the Tm of a disclosed oligonucleotide duplexed with an

HBV RNA under physiological conditions or nearly physiological conditions 15 >50 °C.

[0130] In some aspects of the disclosure, the nucleobase sequence of the oligonucleotide of
Formula (VI or (0X) comprises a sequence of 12-22 nucleotides, for example, 14-20
nucleotides or 16-19 nucleotides. In some embodiments, the nucleobase sequence of the
oligonucleotide of Formula (VIID) or (X)) 15 12, 13, 14, 15,16, 17, 18, 19, 20, 21 or 22

nucleotides in length

[0131] In another aspect of the disclosure, the oligonucleotides described herein are conjugated

or modified at one or more end.

[0132] For exarple, in some embodiments, a terminal end of the oligonucleotide 1s protected
from hydrolytic cleavage by at least one modified nucleotide at said terminal end. In some
embodiments, the modified nucleotide 1s a modified nucleotide comprising a modified nucleotide
comprising a 3”~-N modification, and may include a thiophosphoramidate subunit linkage In
some embodiments, the ohigonucleotides of Formulae (VIII) and (IX) further comprise at least
one nucleotide (e.g. 1 or 2) at the 37 and/or 57 end that contains a thiophosphate mtersubunit
iinkage and a thymine nucleobase. In some embodiments, the oligonucleotides of Formulae
{VIII) and (IX} further comprise at least one nucleotide (e.g. 1 or 2} at the 3" and/or 57 end that
contains a 2°-OMe modified nucleotide and a thymune nucleobase. In some embodiments, the
oligonucleotides of Formulae (VIII} and (IX) further comprise at least one 27-0OMe modified
nucleotide at the 37 and/or 57 end that contains a thiophosphate intersubunit linkage and a uracil

nucleobase. In some embodiments, the an inverted dT can be incorporated at the 37 -end of the
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oligonucleotides of Formulae (Vi) and (IX), leading to a 3°-3” hinkage which may inhibit

-

degradation by 3” exonucleases and/or extension by DNA polymerases.
B. Conjugated Olisonucleotides

[0133] The present disclosure s also directed to additional components conjugated to the

oligonucleotide such as targeting moieties and oligonuclectides modified at one or more ends.

[0134] In some embodiments, the sligonucleotides described herein are conjugated to one or
more ligand targeting group or pharmacophore, optionally through a linking moiety, such as a
HEG linker or a C6 or C7 amino linker. In some embodiments, oligonucleotides described herein
further comprises a ligand targeting group or a pharmacophore conjugated at the 5' and/or 3' end
through an optional linker. In preferred embodiments, the oligonucleotides described herein
further comprise a ligand-targeting group conjugated at the 5' and/or 3' end through an optional
linker. In some embodiments, the conjugation 1s at the 3’ -end of the oligonucleotides described

herein.

[0135] In some embodiments, the ligand-targeting group or a pharmacophore enhances the
activity, cellular distribution or cellular uptake of the oligonucleotide by a particular type of cell

such as hepatocytes.

[0136] In some embodiments, the ligand targeting group may be a lipid moiety such as a
cholesterol motety, tocopherols, cholic acid, a thioether, e.g., beryi-S-tritylthiol, a
thiocholesterol, an aliphatic chain, e.g , dodecandiol or undecyl residues, a phospholipid, e g., di-
hexadecvl-rac-glycerol or tniethyl-ammomum 1,2-di-O-hexadecvl-rac-glvcero-3-phosphonate, a
polyvamine or a polyethylene glycol chain, or adamantane acetic acid, a palmitoyl moiety, or an

octadecylamine or hexylanminocarbonyloxycholesterol moiety

[0137] For example, in some embodiments, a terminal end of the oligonucleotide 1s protected
from hydrolytic cleavage by at least one modified nucleotide at the terminal end. In some
ernbodiments, the modified nucleotide 15 a moditied nucleotide comprising a modified nucleotide
comprising a 3’-N modification, and may include a thiophosphoramidate subunit inkage. In
some embodiments, the oligonucleotide strand further comprises at least one nucleotide (e.g. 1 or
2y atthe 37 and/or §” end that contains a thiophosphate ntersubunit linkage and a thymine

nucleobase. In some embodiments, the oligonucleotide strand further comprises at least one
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nucleotide {g.g. 1 or 2} at the 3" and/or 57 end that contains a 2°-F, 2°-0OMe, 2°-0Ft, or 27-MOE
modified nucleotide. In some embodiments, the oligonucleotide strand further comprises at least
one 2’-OMe modified nucleotide at the 3’ and/or 57 end that contains a thiophosphate
mtersubunit linkage and a uracil nuclecbase. In embodiments, the 3” end of the ASQO 1s attached
through an np or po linkage to a C6 amino linker further linked to GalNAc-6. For example, the

following structures can exemphify this construct:

3'-GalNAc-6-Conjugated ASU's i~
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In some embodiments, an inverted dT can be incorporated at the 37-end of the oligonucleotide

strand, leading to a 37-3” linkage that may inhibit degradation by 3” exonucleases and/or

extension by DNA polymerases.

[0138] In some embodiments, the oligonucleotides described herein are conjugated to one or
more ligand targeting group or pharmacophore, optionally through a linking moiety, such as a
HEG linker or a C6 amino hioker. In some embodiments, the ohigonucleotide strand further
comprises a higand-targeting group or a pharmacophore conjugated at the 5" and/or 3 end
through an optional linker. In some embodiments, the conjugation is at the 37-end of the

oligonucleotide strand.
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[0139] In some embodiments, the ligand-targeting group or a pharmacophore enhances the
activity, cellular distribution, or cellular uptake of the oligonuclectide by a particular type of cell

such as hepatocytes.

[0140] In some embodiments, the ligand targeting group may be a lipid moiety such as a
cholesterol motety, tocopherols, cholic acid, a thicether, e g, beryl-S-tritylthiol, a
thiocholesterol, an aliphatic chain, e g, dodecandiol or undecy! residues, a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-rac-glycero-3-phosphonate, a
polyamine or a polyethylene glycol chain, or adamantane acetic acid, a palmitoyl moiety, oran

octadecylamine or hexylaminocarbonyloxycholesterol moiety.

[0141] In some embodiments, the ligand-targeting group may be a naturally occurring substance,
such as a protein {e.g., human serum albumin (HSA}, low-density lipoprotein (LDL), or

globulin.

[0142] In some embodiments, the ligand-targeting group may be a carbohydrate (e.g., a dextran,
pullulan, chitin, chitosan, inulin, cyclodextrin, N-acetylgalactosanine, or hyaluronic acid).
Carbohydrates include monosaccharides such as N-acetylgalactosamine (GalNAc),
disaccharides, trisaccharides, tetrasaccharides, oligosacchandes, and polysacchanides. To certain
embodiments of the compositions and methods of the invention, a ligand is one or more GalNAc
derivatives attached such as two or three GalNAc derivatives attached to the oligonucleotide

through a bivalent or trivalent-branched linker, respectively.

[0143] In embodiments, the oligonucleotide is linked to the targeting motety through a linker,
such as an amino alky! linker (e g., C6-NH2). For example, GAINA¢ -1-6 may be linked to the

oligonucleotide through this type of linker.

[0144] In some embodiments, the ligand-targeting group may be a recombinant or synthetic
molecule, such as a synthetic polymer, e.g., a synthetic polyamino acid. Examples of polyamino
acids include polyamino acid 1s a polvlysine (PLL), poly L-aspartic acid, poly L-glutamic acid,
styrene~-maleic acid anhydride copolymer, poly{L-lactide-co-glycolied) copolyvmer, divinyl ether-
malei¢ anhydride copolymer, N-(2-hydroxypropylmethacrylanude copolymer (HMPA},
polyethylene glycol (PEG}, polyvinyl alcohol {(PVA), polyurethane, poly(2-ethylacryilic acid},
N-isopropylacrylamide polymers, or polyphosphazine. Example of polyamines include:

polyethylenimine, polylysine (PLL}, spermune, spermidine, polyamine, pseudopeptide-
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polyaming, peptidomimetic polyamine, dendrimer polyamine, arginine, anidine, protamine,
cationic hipid, cationic porphyrin, quaternary salt of a polyamine, or an alpha helical peptide. The
ligand targeting group can also include targeting groups, e.g., a cell or tissue targeting agent, e g,
a lectin, glycoprotein, lipid or protein, e g., an antibody, that binds to a specified cell type such as
an hepatocyte.

[0145] In some embodiments, the ligand-targeting group is GalNAc or a dertvative thereof. For

example, the following GalNAc derivatives are included in some embodiments.
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[0146] In some embodiments, the ligand-targeting group may be an aptamer. An “aptamer”

refers to an ohigonucleotide or peptide molecule that binds to a specific target molecule. For
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example, an aptamer can be selected to target a specific cell type in the body. When conjugated
to the disclosed oligonucleotide, it can direct the oligonucleotide towards the targeted celis. In
another example, an aptamer may target a viral protein, such as the core protein of HBV. See,
e.g., Oncogene, 2001 Oct 4:20(45).6579-86; WO2011060557. The aptamer may specifically
bind the reverse transcriptase primer or HBV reverse transcriptase or HBY Enhancer | core

sequence, for example, as described in W(O2002081494.

[0147] In some embodiments, the ligand targeting group may be selected from one or more of a
thyrotropin, melanotropin, lectin, glycoprotein, surfactant protein A, Mucin carbohydrate,
multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-gulucoseamine
multivalent mannose, multivalent fructose, glyvcosylated polyaminoacids, multivalent galactose,
transferrin, bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid,
folate, vitamin B 12, vitanin A, biotin, a RGD peptide, or a RGD peptide numetic.

U L o
i
i

[0148] Additional ligand targeting groups are disclosed, e g., in WO2016077321, which s

incorporated herein by reference in s entirety.
2, Compeositions

[0149] The present disclosure also encompasses pharmaceutical compositions comprising
oligonucleotides of the present disclosure. One embodiment 15 a pharmaceutical composition
comprising an oligonucleotide of Formula (1), (), (TH), (IV}, (V), or (VI), or other

oligonucleotide of the present disclosure and a pharmaceutically acceptable diluent or carrier.

(01501 In some emboduments, the pharmaceutical composition containing the oligonucleotide of
the present disclosure is formulated for systemic admunstration via parenteral delivery.
Parenteral administration includes ntravenous, intra-artenial, subcutaneous, intraperitoneal or
mtramuscular injection or infusion; also subdermal administration, e.g., via an implanted device.
In a preferred embodiment, the pharmaceutical composition containing the oligonucieotide of the
present disclosure 1s formulated for subcutaneous (SC} or intravenous (IV) delivery.
Formulations for parenteral administration may mclude sterile aqueous solutions, which may
also contamn buffers, diluents and other pharmaceutically acceptable additives as understood by
the skilled artisan. For mtravenous use, the total concentration of solutes may be controlled to

render the preparation 1sotonic.
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[0151] The pharmaceutical compositions containing the oligonucleotide of the present disclosure
are useful for treating a disease or disorder, e.g., associated with the expression or activity of an

HBV gene.
3 Methods of Use

[0152] One aspect of the present technology includes methods for treating a subject diagnosed as
having, suspected as having, or at risk of having an HBV infection and/or an HBV-associated
disorder. In therapeutic applications, compositions comprising the oligonucleotides of the present
technology are administered to a subject suspected of, or already suffering from such a disease
{such as, e.g., presence of an such as HBVY antigen surface and envelope antigens {e.g., HBsAg
and/or HBeAg) in the serum and/or liver of the subject, or elevated HBY DNA or HBV viral
load levels), in an amount sufficient to cure, or at least partially arrest, the symptoms of the
disease, including its complications and intermediate pathological phenotypes in development of

the disease.

[0133] In some embodiments the oligonucleotides of the present technology show affinity to at

least one of the following regions or HBV RNA ftranscripts in Table J.

Table J
Region T,argetgd HEBV RNA HBYV Proteins affected
fransceripts
P R B @ o HBeAg, HBcAg, Polymerase, Large HBsAg,
Polis Pre-Core, Pg, Pre-S1, Pre-52 Middie HBsAg, Small HBsAg
: o T @ , HBeAg, HBcAg, Polymerase, Large HBsAg,
] Yo > - e =2 : s 25
Pol Pre-Core, Py, Pre-S1, Pre-52 Middle HBsAg, Small HBsAg
Pol/X Pre-Core, Pg, Pre-81, Pre-S2, | HBeAg, HBcAg, Polymerase, Large HBsAg,
UHe X Middie HBsAg, Small HBsAg, HBxAg
DRI Pre-Core, Pg, Pre-S1, Pre-S2, | HBeAg, HBcAg, Polymerase, Large HBsAg,
X Middie HBsAg, Small HBsAg, HBxAg
DR? Pre-Core, Pg, Pre-S1, Pre-S82, | HBeAg, HBcAg, Polymerase, Large HBsAg,
o X Middle HBsAg, Small HBsAg, HBxAg
Pre- Pre-Core, Pg, Pre-S1, Pre-82, | HBeAg, HBcAg, Polymerase, Large HBsAg,
PolyA X Middle HBsAg, Small HBsAg, HBxAg
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[0154] Subjects suffering from an HBV infection and/or an HBV -associated disorder can be
identified by any or a combination of diagnostic or prognostic assays known in the art. For
example, typical symptoms of HBV infection and/or an HBV -associated disorder include, but are
not limited to the presence of serum and/or hiver HBV antigen (e.g, HBsAg and/or HBeAg),
elevated ALT, elevated AST, the absence or low level of anti-HBV antibodies, liver injury,
cirrhosis, delta hepatitis, acute hepatitis B, acute fulminant hepatitis B, chronic hepatitis B, liver
fibrosis, end-stage liver disease, hepatocellular carcinoma, serum sickness-like syndrome,
anorexia, nausea, vomuting, low-grade fever, myalgia, fatigability, disordered gustatory acuity
and smell sensations {aversion to food and cigarettes), right upper quadrant and epigastric pain
{(intermittent, mild to moderate), hepatic encephalopathy, somnolence, disturbances in sleep
pattern, mental confusion, coma, ascites, gastrointestinal bleeding, coagulopathy, jaundice,
hepatomegaly (nuldly enlarged, soft liver), splenomegaly, palmar erythema, spider nevi, muscle
wasting, spider angiomas, vasculitis, variceal bleeding, peripheral edema, gynecomastia,
testicular atrophy, abdominal collateral veins (caput medusa), high levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) (within a range of 10600-2000
U/, ALT levels higher than AST levels, elevated gamma-glutamyl transpeptidase (GGT)
and/or alkaline phosphatase (ALP) levels, decreased albumin levels, elevated serum won levels,
ieukopenia (¢.e., granulocytopenia), lymphocytosis, increased erythrocyte sedimentation rate
{ESR), shortened red blood cell survival, hemolysis, thrombocytopema, a prolongation of the
mnternational normalized ratio (INR), the presence of serum HBV DNA, elevation of the
aminotransferases (<5 times the ULN}, increased bilirubin levels, prolonged prothrombin time
(PT), hyperglobulinenma, the presence of tissue-nonspecific antibodies, such as anti-smooth
muscle antibodies (ASMAS) or antinuclear antibodies (AN As), the presence of tissug-specific
antibodies, such as antibodies against the thyroid gland, elevated levels of rheumatoid factor
{RF), hyperbilirubinemia, low platelet and white blood cell counts, AST levels higher than ALT
levels, lobular inflammation accompanied by degenerative and regenerative hepatocellular

changes, and predominantly centrilobular necrosis.

[0155] In some embodiments, subjects treated with the oligonucleotide composition of the
present technology will show amelioration or elimination of one or more of the following
conditions or symptoms. the presence of serum and/or hiver HBV antigen {e.g., HBsAg and/or

HBeAg), the absence or low level of anti-HBV antibodies, liver injury, cirrhosis, delta hepatitis,
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acute hepatitis B, acute fulminant hepatitis B, chronic hepatitis B, liver fibrosis, end-stage hver
disease, hepatocelhular carcinoma, serum sickness-like syndrome, anorexia, nausea, vomiting,
low-grade fever, myalgia, fatigability, disordered gustatory acuity and smell sensations (aversion
to food and cigarettes), right upper quadrant and epigastric pain {intermittent, mild to moderate),
hepatic encephalopathy, somnolence, disturbances in sleep patiern, mental confusion, coma,
ascites, gastrointestinal bleeding, coagulopathy, jaundice, hepatomegaly (mildly enlarged, soft
liver), splenomegaly, palmar ervthema, spider nevi, muscle wasting, spider angiomas, vasculitis,
variceal bleeding, peripheral edema, gynecomastia, testicular atrophy, abdominal collateral veins
{caput medusa}, ALT levels higher than AST levels, leukopenta (i.¢., granulocytopenia),
decreased albumin levels, elevated serum iron levels, lvmphocytosis, increased ervthrocyte
sedimentation rate (ESR), shortened red blood cell survival, hemolysis, thrombocytopenia, a
prolongation of the international normalized ratio (INR}, the presence of serum HBV DNA,
prolonged prothrombin time (PT), hyperglobulinemia, the presence of tissue-nonspecific
antibodies, such as anti-smooth muscle antibodies (ASMAs) or antinuclear antibodies (ANAs),
the presence of tissue-specific antibodies, such as antibodies against the thyroid gland,
hyperbilirubinenua, low platelet and white blood cell counts, AST levels hugher than ALT levels,
lobular inflammation accompanied by degenerative and regenerative hepatocellular changes, and

predominantly centrifobular necrosis.

[0156] In some embodiments, subjects treated with the ohigonucleotide composition of the
present technology will show a reduction in the expression levels of one or more biomarkers
selected from among alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP}, bilirubin, and rheumatoid
factor (RF), compared to untreated subjects suffering from an HBV infection and/or an HBV-
associated disorder.

[0157] The present disclosure provides a method for treating a subject diagnosed as having, or
suspected as having an HBV imfection and/or an HBV-associated disorder comprising
admunistering to the subject an effective amount of an oligonucleotide composition of the present
technology.

[0158] The ohigonucleotides and compositions of the present disclosure may be used in antisense

therapy. For example, the oligonucieotide may contain a nuclecbase sequence that is
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complementary or hybridizes to a target nucleic acid sequence of a known viral DNA or RNA

sequence, for example, in HBV.

[0159] Some embodiments include a method of modulating expression of a target by contacting
a target nucleic acid with an antisense compound comprising the oligonucleotide of the present
disclosure. In some embodiments, the target nucleic acid 1s in a cell, for example, in an animal

such as a human.

[0160] Some embodiments, include a method of inhibiting expression of a target RNA m an
animal, comprising administering to the animal an antisense compound comprising the
oligonucleotide of the present disclosure. The oligonucleotide may be complementary or

hybridize to a portion of the target RNA.

[0161] Some embodiments include a method for reducing the viral load of a virus in a subject
mfected with the virus comprising administering a therapeutically effective amount of a
oligonucleotide or a composition of the present disclosure to the subject in need thereof thereby
reducing the viral load of the virus in the subject. The oligonucleotide may be complementary or

hybridize to a portion of the target RNA in the virus.

[0162] Some embodiments include a method for inhubition of viral gene expression in a cell or
subject comprising contacting the cell with a oligonucleotide or a composition of the present
disclosure, or administering a therapeutically effective amount of a oligonucleotide or a
composition of the present disclosure to a subject in need thereof. The oligonucleotide may be

complementary or hybridize to a portion of the target RNA 1n the virus.

[0163] Other embodiments include a method of reducing the level of a virus antigen in a subject
infected with the virus, comprising administering a therapeutically effective amount of'a
oligonucleotide or composition of the present disclosure to the subject in need thereof thereby
reducing the level of the virus antigen in the subject. The oligonucleotide may be complementary

or hybridize to a portion of the target RNA in the virus.

[0164] The oligonucleotides and compositions of the present disclosure may be used, e.g., to
inhibit or reduce Hepatitis B virus (HBV) gene expression or inhubit replication of a HBV virus

or for treatment of a subject having HBV or for reducing the viral 1oad of Hepatitis B virus
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(HBV) n a subject infected with HBV. In embodiments, the disclosed chimeric oligonucleotides

are used to induce RNase H activity at a target gene.

[0165] The oligonucleotides and compositions of the present disclosure may be used, e.g., to

compete for a micro-RNA binding site to HCV RNA thereby inhibiting replication.

[0166] The present disclosure 1s also directed to methods of stabilizing an oligonucleotide for
delivery to a subject. Stabilization of an ohigonucleotide 15 characterized [quantified] heremn as

mncreasing the melting point or temperature, Twm, of an oligonucleotide.

[0167] The disclosed oligonuclectide constructs may be administered alone or in combination
with one or more additional treatments for the targeted ailment. The disclosed oligonucleotide
constructs may be administered alone or in combination with one or more additional treatments
for HBV infection. In combination therapies, it 1s understood that the oligonucleotide constructs
and one or more additional treatments for HBVY infection may be administered simultaneously in

the same or separate compositions, or administered separately, at the same time or sequentially.

[0168] In some embodiments, the disclosed oligonucleotide constructs are administered in
combination with HBV replication inhibitors or immune modulator agents or in regimens that
combine anti-HBVY oligonucleotide agents with both HBV replication inhibitors and immune
modulation agents. In embodiments, the disclosed oligonucieotide constructs are administered in
combination with standard of care treatment for HBV infection. Standard of care treatment for
HBYV infection can include inhubitors of viral polymerase such as nucleotide/nucleotide analogs
{e.g., Lamivudine, Telbivudine, Entecavir, Adefovir, Tenofovir, and Clevudine, Tenofovir
alafenamide (TAF), CMX157, and AGX-1009) and Tuterferons (e.g., Peg-TFN-2a and JFN-a-2b,
Interferon larbda). In embodiments, the disclosed ohigonucleotide constructs are admimstered in
combination with one or more oligonucleotides after either suimultaneous {co-adnunistration) or
sequential dosing. Oligonucleotides can include siIRNA such as ALN-HBV, ARB-1467, ARC-
520 and ARC-521, antisense oligonacleotides such as RG6004 (LNA HBV), loms-HBVr«and
Tonis-HBV-Lry, miRNA mumics or inhibitors, aptamers, steric blockers, saRNA, shRNA,
mmunomodulatory and/or HBsAg release mhibiting such as REP 2139 and REP 2165
oligonucleotides. In embodiments, the disclosed oligonucleotide constructs are administered in
combination with one or more antiviral agents such as viral rephication inhibitors. In

embodiments, the disclosed oligonucleotide constructs are administered 1 combination with
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HBVY Capsid inhibitors. HBV capsid ihibitors can include NVR 3-778, AB-423, GL8-4, Bayer
41-4109, HAP-1, and AT-1. In embodiments, the disclosed oligonucleotide constructs are
administered in combination with one or more immunomodulators such as TLR agonists. TLR
agonists can include GS-9620, ARB-1598, ANA97S5, RG7795(ANAT73), MEDIS197, PF-
3512676, and IMO-205S. In embodiments, the disclosed oligonucleotide constructs are
administered m combination with HBV vaccines. HBY vaccines can include Heplislav,
ABX203, and INO-1800. In embodiments, the disclosed oligonucleotide constructs are

administered in combination

[0169] Some embodiments include inhibition of HBY gene expression n a cell or subject
comprising contacting the cell with an oligonucleotide or composition of the present disclosure,
or administering a therapeutically effective amount of a oligonucleotide or composition of the

present disclosure to a subject in need thereof

[0170] Some embodiments include the treatment of a disease or disorder associated with the
expression or activity of a HBV gene comprising admitustering a therapeutically effective
amount of an oligonucleotide or composition of the present disclosure to a subject in need

thereof.

[0171] Some embodiments include a method for reducing the viral load of Hepatitis B virus
{HBV) in a subject infected with HBV comprising administering a therapeutically effective
armount of an oligonucleotide or composition of the present disclosure to the subject in need
thereof thereby reducing the viral load of HBV in the subject. Some embodiments also provide

methods of reducing the viral load of Hepatitis D virus (HDV) 1n a subject infected with HDV.

[0172] Other embodiments include a method of reducing the level of a Hepatitis B virus (HBV)
antigen in a subject infected with HBV comprising administering a therapeutically effective
amount of an oligonucleotide or composition of the present disclosure to the subject in need
thereof thereby reducing the level of the HBYV antigen in the subject. Some embodiments also
provide methods of reducing the level of a Hepatitis D virus (HDV) antigen n a subject infected

with HDV. In some embodiments, the HBV antigen 13 HBsAg or HBeAg.

[0173] In one embodiment, an ohigonucleotide or composition of the present disclosure targeting
HBYV s admunistered to a subject having an HBV nfection or both and HBV and an HDV

mfection, and/or an HBV-associated disease such that the expression of one or more HBVY genes,
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HBVY ccc DNA levels, HBV antigen levels, HBV viral load levels, ALT, and/or AST eg., ina
cell, tissue, blood or other tissue or fluid of the subject are reduced by at least about 25%, 26%,
27%. 28%. 29%, 30%, 31%, 32%, 33%. 34%. 35%, 36%, 37%, 38%, 39%, 40%

43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 5

59%, 60%, 61%, 62%, 62%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
T5%, 76%, T7%, 78%, 79%, $0%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%
01%, 92%. 93%, 94%, 95%, 96%

,
o, 97%, 98%, or at least about 99% or more, or values between
two of these numbers, upon administration to the subject of the oligonucleotide or composition
of the present disclosure. In some embodiments, the HBV antigen levels are decreased by the
previously recited amount. In some embodiments the antigen is HBsAg or HBeAg. In some

ernbodiments, the HBV viral load levels are decreased by the previously recited amount.

[0174] In one embodiment, a ohigonucleotide or composition of the present disclosure targeting
HBYV 1s administered to a subject having an HBV infection or both and HBV and an HDV
infection, and/or an HBV-associated disease such that the level of anti-HBV antibodies, eg, na
cell, tissue, blood or other tissue or flind of the subject are increased by at least about 25%, 26%,
27%, 28%, 29%, 30%, 319%, 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%
60%, 61%, 62%, 62%, 64%, 65%, 66%, 67%, 68%, 65%, 70%
76%, 77%, 78%, 79%, 80%, &1%, 82%, 83%, 34%, 85%, 86%, &7%, 88%, 89%, 90%,

>

1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or at least about 99% or more, or values between
two of these numbers, when the an ohigonucleotide or composition of the present disclosure 1s

administered to the subject.

[0175] Adounustration of the ohigonucleotide or composition of the present disclosure according
to the methods and uses of the disclosure may result 1n a reduction of the severity, signs,
symptoms, and/or markers of such diseases or disorders in a patient with an HBV nfection or
both and HBV and an HDV nfection, and/or HBV-associated disease. By "reduction” in this
context 1s meant a statistically significant decrease in such level. The reduction can be, for
example, at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,

T0%, 75%, 80%, 85%, 90%, 95%, or about 100%, or values between two of these numbers.
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[0176] The amount of an oligonucleotide or composition of the present disclosure may be
determined by a medical professional. The daily dosage of the products may be varied over a
wide range from 0.001 to 1,000 mg per adult human per day, or any range therein. For oral
administration, the compositions are preferably provided in the form of tablets containing, 0.01,
0.05,0.1,05,1.0,2.5, 5.0, 10.0, 15.0, 25.0, 30.0, 100, 150, 200, 250, and 500 milligrams of the
active ingredient for the symptomatic adjustment of the dosage to the patient to be treated. An
effective amount of the drug is ordinarily supplied at a dosage level of from about 0.01 mg/kg to
about 100 mg/kg of body weight per day, or any range therein. Preferably, the range is from
about 0.01 to about 50.0 mg/kg of body weight per day, or any range therein. More preferably,
from about 0.01 to about 10.0 mg/kg of body weight per day, or any range therein. More
preferably, from about .01 to about 1.0 mg/kg of body weight per day, or any range therein. The
oligonucleotides may be administered on a regimen of | to 4 times per day. For example, the
oligonucleotides of the present disclosure may be administered at one or more doses of from
about 0.1 mg/kg to about 100 mg/kg. For example, the disclosed oligonucleotides may be
administered at a dose of about 0.1, 0.2, 0.3, 04,05, 06,07, 08,09, 1, 1.1, 1.2, 13,14, 1.5
16,17,18,19,2,21,22 23,24,25 26,27,2.829,3,3.1,32,33,3.4,35 36,37 38,
39,4,41,42 43,44, 45,46,47,48 49 5 51,52,53,54,55 56,57,58,59,6,61,
6.2,63,64,65, 66,67, 6869,7,71,72,73,74,75,7.6,77,78,79, 8 81,82 83,84
85,86, 87 88,89,9,51,92 93,94,95 96,97,98,99,10,105, 11, 11.5, 12, 12.5, 13,
13.5, 14,14.5, 15, 15.5, 16, 165, 17, 17.5, 18, 18.5,19, 195, 20, 20.5, 21, 21.5, 22, 22.5, 23,
23.5,24, 245, 25, 25.5, 26, 26.5, 27, 27.5, 28, 28.5, 29, 29.5, 30, 31, 32, 33, 34, 34, 35, 36, 37,
38,39, 40, 41,42 43, 44 45 46 47 48, 49, 50, 55, 60, 65,70, 75, 8O, 85, 90, 95 or about

100 mg/kg. Values and ranges intermediate to the recited values are also intended to be part of
this disclosure. These values may apply to intravenous infusion and/or subcutaneous delivery.
Other forms of delivery described herein may also be admunistered at these doses. The dosages
may be varied depending upon the requirement of the patients, the severity of the condition being
treated and the oligonucleotides being employed. The use of either daily administration or post-

periodic dosing may be employed.

[0177] The oligonucleotides of the present disclosure can be administered by intravenous
infusion over a period of time, suchasovera 5,6,7, 8, 9,10, 11,12, 13, 14, 15,16, 17, 18, 19,

20, 21, 22, 23, 24, or about a 25 minute period. The administration may be repeated, for

102



WO 2018/053185 PCT/US2017/051644

example, on a regular basis, such as weekly, biweekly (1.e., every two weeks) for one month, two
months, three months, four months, or longer. After an nitial treatment regimen, the treatments
can be administered on a less frequent basis. For example, after administration weekly or
biweekly for three months, administration can be repeated once per month, for six months or a

year or longer.

[0178] The oligonucleotides of the present disclosure also can be adnunistered by subcutaneous
delivery. The administration may be repeated, for example, on a regular basis, such as weekly,
biweekly (1.e., every two weeks) for one month, two months, three months, four months, or
ionger. After an initial treatment regimen, the treatments can be adnunistered on a less frequent
basis. For example, after administration weekly or biweekly for three months, admunistration can

be repeated once per month, for six months or a year or longer.

[0179] Efficacy of treatment or prevention of disease can be assessed, for example by measuring
disease progression, disease remission, symptom severity, reduction in pain, quality of life, dose
of a medication required to sustain a treatment effect, level of a disease marker or any other
measurable parameter appropriate for a given disease being treated or targeted for prevention. It
is well within the ability of one skilled 10 the art to monitor efficacy of treatment or prevention
by measuring any one of such parameters, or any combination of parameters. For example,
efficacy of treatment of CHB may be assessed, for example, by periodic monttoring of viral load
and transaminase levels. Comparison of the later readings with the initial readings provides an

mdication of whether the treatment 1s effective.
4. Definitions

[0180] Tt 15 to be understood that the terminology used herein is for the purpose of describing
particular embodiments only and is not intended to linut the scope of the present invention. The

following definitions shall apply unless otherwise mdicated.

[0181] The terms “complementary” or “complementarity” as used heremn with reference to
polynucleotides {i.¢., a sequence of nucleotides such as an oligonucleotide or a target nucleic
acid} refer to the base-pairing rules. The complement of a nucleic acid sequence as used heremn
refers to an ohigonucleotide which, when aligned with the nucleic acid sequence such that the 5'
end of one sequence 1s parred with the 3' end of the other, 15 1n “antiparallel association.” For

example, the sequence “5'-A-G-T-3" 18 complementary to the sequence “3-T-C-A-5” Certain
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bases not commonly found in naturally occurring nucleic acids may be included in the nucleic
acids described herein. These include, for example, inosine, 7-deazaguanine, Locked Nucleic
Acids {LNA}, and Peptide Nucleic Acids (PNA). Complementarity need not be perfect; stable
duplexes may contain mismatched base pairs, degenerative, or unmatched bases. Those skilled in
the art of nucleic acid technology can determine duplex stability empirically considering a
number of variables including, for example, the length of the oligonucleotide, base composition,
and sequence of the oligonucleotide, tonic strength, and incidence of mismaiched base pairs. A
complement sequence can also be an RNA sequence complementary to the DNA sequence or its

complement sequence, and can also be a cDNA.

[0182] The term “hybridize” as used herein refers to a process where two substantially
complementary nucleic acid strands (at least about 65% complementary over a stretch of at least
14 10 25 nucleotides, at least about 753%, or at least about 90% complementary) anveal to each
other under appropriately stringent conditions to form a duplex or heteroduplex through
formation of hydrogen bonds between complementary base pairs. Hybridizations are typically,
and preferably, conducted with probe-length nucleic acid molecules, preferably 15-100
nucleotides in length, more preferably 18-50 nucleotides in length. Nucleic acid hybridization
techniques are well known o the art. See, e.g., Sambrook, er af., 1989, Molecilar Cloning: A4
Laboratory Manual, Second Edition, Cold Spring Harbor Press, Plainview, N Y. Hybnidization
and the strength of hybridization (i.e., the strength of the association between the nucleic acids)
1s influenced by such factors as the degree of complementarity between the nucleic acids,
stringency of the conditions involved, and the thermal melting point (Tw) of the formed hybrid.
Those skilled 1 the art understand how to estimate and adjust the stringency of hybridization
conditions such that sequences having at least a desired level of complementarity will stably
hybridize, while those having lower complementarity will not. For examples of hybridization
conditions and parameters, see, e.g., Sambrook, er al, 1989, Molecular Cloning.: A Laboratory
Manual, Second Edition, Cold Spring Harbor Press, Plainview, N.Y ., Ausubel, F. M. ez a/ 1994,
Current Protocols in Molecular Biology, John Wiley & Sons, Secaucus, N.J. In some
embodiments, specific hybridization occurs under stringent hybridization conditions. An
oligonucleotide or polynucleotide (e.2., a probe or a primer}) that is specific for a target nucleic

acid will “hybridize” to the target nucleic acid under suitable conditions.
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[0183] The term “stringent hvbridization conditions” as used herein refers to hybridization
conditions at least as stringent as the following: hybridization in 50% formamide, SxSS8C, 50
mM NaH2POs, pH 6.8, 0.5% SDS, 0.1 mg/mL sonicated salmon sperm DNA, and 5x Denhart's
solution at 42° C overnight; washing with 2x S8C, 0.1% SDS at 45° C; and washing with 0.2x
S8C, 0.1% SDS at 45° C. In another example, stringent hybridization conditions should not
allow for hybridization of two nucleic acids, which differ over a stretch of 20 contiguous

nucleotides by more than two bases.

[0184] The term “substantially complementary” as used herein means that two sequences
hybridize under stringent hybridization conditions. The skilled artisan will understand that
substantially complementary sequences need not hybridize along their entire length. In
particular, substantially complementary sequences may comprise a contiguous sequence of bases
that do not hybnidize to a target sequence, positioned 3' or 5' to a contiguous sequence of bases

that hybridize under stringent hybridization conditions to a target sequence.

[0185] “Pharmaceutically acceptable” refers to a material that is not biologically or otherwise
undesirable, 1.e., the matenial may be incorporated into a pharmaceutical composition
admirustered to a patient without causing any undesirable biological effects or interacting ina
deleterious manner with any of the other components of the composition in which it is contained.
When the term “pharmaceutically acceptable” 1s used to refer to a pharmaceutical carrier or
excipient, it 1s implied that the carrier or excipient has met the requured standards of toxicological
and manufacturing testing or that 1t 1s included on the Inactive Ingredient Guide prepared by the

U.S. and Drug administration.

(01861 “Constructs” of the ohigonucleotides can refer to an oligonucleotide of the present
disclosure and, e.g., (1) a conjugated moiety, such as those described heremn (such as targeting
moteties) or {2} domains of modified/unmodified nucleotides, such as 1 some chimeric

ohigonucleotides.

[0187] “Chimeric oligonucleotide” refers to an oligonucleotide having more than one domain,
for example, as exemplified by Formulae (V1) and {(VII}. The chumeric oligonucleotide may
mclude additional components, e.g., a ligand-targeting group or a pharmacophore or additional

nucleotides, linkers, etc.
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[0188] “Modified nucleoside” refers to a nucleoside having, independently, a modified sugar
moiety and/or modified nucleobase. It is understood that nucleosides can be linked through
mtersubunit linkages, such as phosphodiester intersubunit linkages, thiophosphate intersubunit
linkages, phosphoramidate intersubunit linkages, and thiophosphoramidate intersubunit linkages

“Modified nucleotides” may refer to a nucleoside and intersubunit linkage together.

[0189] “Unmodified” or “natural” nucleobases include the purine bases adenine (A) and
guanine (G}, and the pyrimidine bases thymine (T), cytosine (C) and uracil (U). “Modified
nucleobases” include other synthetic and natural nucleobases such as S-methylcytosine {5-me-
), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other
alkyl derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine and
guanine, 2-thiouraci, 2-thiothymine and 2-thiocytosine, S-halouracil and cytosine, 3-propynyi (-
C=C-CH3) uracil and cytosine and other alkynyl derivatives of pyrinudine bases, 6-azo uracil,
cytosine and thymine, 5~-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thicalkyl,
8-hydroxyl and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo, S-
triftuoromethy! and other S-substituted vracils and cytosines, 7-methylguanine and 7-
methyladenine, 2-F-adenine, 2-amino-adenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine
and 7-deazaadenine and 3-deazaguanine and 3-deazaadenine. Further modified nucleobases
include tricychic pyrimidines such as phenoxazime cytidine(1H-pyrinudo[S,4-b}{l,4]benzoxazin-
2{3H}-one}, phenothiazine cytidine {1 H-pyrimido[5,4-bl}i1 4]benzothiazin-2{3H)}-one}, G-clamps
such as a substituted phenoxazine cytidine {e.g. 9-(2-am-ocethoxy}-H-pyrinudo[S,4-
blil,4]benzoxazin-2{3H}-one), carbazole cytidine (2H-pyrimido[4,5-bhindol-2-one), pyridoindole
cytidine (H-pyridof3,2 ,Sipyrrolo]2,3-djpyrimuidin-2-one). Modified nucleobases may also
mclude those 1 which the purine or pyrimidine base 1s replaced with other heterocycles, for

example 7-deaza-adenine, 7-deazaguanosine, 2-aminopyridine, and 2-pyridone.

[0190] In some embodiments, the modified nucleobase 15 selected from the group consisting of
S-methylcytosine, 2,6-diaminopurine, S-methyluracil, and a g-clamp. In some embodiments, the

g-clamp 1s
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[0191] “Ligand targeting group” refers to a motety that promotes delivery of the oligonucleotide
to HBV infected hepatocytes through receptor binding. These groups include “receptor targeting
ligands,” such as GalNAc and Cholesterol, which target cell surface receptor ASGPR and LDL
receptor on cell surfaces, respectively. Other receptor targeting ligands that target these receptors

on cell surfaces are also within the scope of this term.

[0192] “Pharmacophore” refers to an oligonucleotide drug sequence that interacts HBY DNA or

RNA molecules within HBY/HDV or HBV-infected cells and triggers antiviral responses.

(01931 “Conformationally restricted nucleoside” refers to nucleosides having a bridged or
bicyclic sugar structure wherein the conformation of the nucleoside may be fixed in a particular
configuration. For example, conformationally restricted nucleosides include those with fixed Cy’-
endo sugar puckering. Exemplary embodiments include bridged nucleic acids (BNAs), eg., 27,
4’ -BNA nucleosides such as a-L-Methyleneoxy (4'-CHz-0-2") LNA, B-D-Methyleneoxy (4'-
CH»-0-2') LNA, Ethyleneoxy (4'-(CHz)-0-2) ENA, 2°,4"-BNANCINH], 27,4 -BNANNMe],
27,4’ -BNANNBn], aminooxy (4-CH2—O0—N(R)-2'}) BNA, and oxyamino {(4'-CH>—N{R}—
(-2"y BNA. Other exemplary BNA structures include but are not hinuted to, oligonucleotides
having at least one bridge between the 4" and the 2’ position of the sugar wherein each of the
bridges independently comprises 1 or from 2 to 4 linked groups independently selected from —
[CRYR2) —, —CR=C(R2)}— —C(R1)y=N—, —C(=NRi}— —C=0)— —C{=S)— —
O, —Si{R1 ), —S{=}— and —N{R1}—; wherein: x 150, I, 0t 2;n1s 1, 2, 3, or 4; each
Riand Rais, independently, H, a protecting group, hvdroxyl, C1-Cralkyl, substituted Ci-
Cizalkyl, C2-Croalkenyl, substituted C2-Cr2 alkenyl, Co-Cr alkynyl, substituted C2-Cr2 alkynyi,
Cs~-Cooaryl, substituted Cs-Cooaryl, a heterocyele radical, a substituted heterocycle radical,
heteroaryl, substituted hetercaryl, Cs-Cr alicyclic radical, substituted Cs-Cr alicyclic radical,
halogen, O, NJih, 831, Ns, COOL, acyl {(C(=0)—H)}, substituted acyl, ON, sulfonyl (5{=0}-
31}, or sulfoxyl (S{(=0)-J1}; and each J1 and J21s, mdependently, H, Ci-Cuz alkyl, substituted C1-
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Ciz alkyl, C2-Crzalkenyl, substituted C2-Cralkenyl, C2-Croalkynyl, substituted C2-Ciz alkynyi,
Cs-Cosaryl, substituted Cs-Caearyl, acyl (C{=0}—H), substituted acyl, a heterocycle radical, a
substituted heterocycle radical, Ci-Ci2anunoalkyl, substituted C1-Cr2 aminoalkyl or a protecting
eroup. Certain BNAs have been prepared and disclosed in the patent literature as well as in
scientific literature (see for example: 1ssued U.S. Pat. Nos. 7,053,207, 6,268,490, 6,770,748;
6,794.499: 7.034,133; 6,525.191; 7.696,345: 7,569,575, 7.314,923; 7,217.805; and 7,084,125,
hereby incorporated by reference herein in their entirety. “Conformationally restricted
nucleotide” refers to conformationally restricted nucleosides hinked through an intersubunit

linkage.

[0194] In some embodiments, the conformationally restricted nucleoside 1s selected from
optionally substituted LNA or optionally substituted ENA. The optionally substituted LNA or
ENA may be substituted by an alkyl moiety, for example a methyl or ethyl on one of the -CHx—

maoieties.

[0195] “Inhibiting expression” refers 1o a reduction or blockade of the expression or activity and

does not necessanily indicate a total elimination of expression or activity.

[0196] “Inhibiting replication of a virus” refers to reduction or blockade of the replication of a

virus and does not necessarily indicate a total elimination of replication of the virus.

[0197] “Subject” refers to mammals and includes humans and non-human mammals. In some

embodiments, the subject is a human, such as an adult human.

[0198] “Treating” or “treatment” of a disease in a subject refers to (1) preventing the disease
from occurring n a subject that is predisposed or does not yet display symptoms of the disease;
{(2) inhubiting the disease or arresting its development; or (3) ameliorating or causing regression
of the disease.

[0199] “Therapeutically effective amount” means an amount of a pharmaceutical agent that
provides a therapeutic benefit to a subject.

[0200] “Pharmaceutically acceptable salt” means physiologically and pharmaceutically
acceptable salis of the compounds of the present disclosure, 1.e., salts that retain the desired
biological activity of the parent oligonucleotide/compound and do not impart undesired

toxicological effects thereto.
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[0201] The following abbreviations are used in this disclosure. 2°-H {deoxyribose) nucleosides
are referred to by an uppercase letter corresponding to the nucleobase, eg, A, C, G, and T. 2°-
OH (ribose} nucleosides are referred to by a lowercase r and an uppercase letter corresponding to
the nucleobase, e g, tA, 1C, rG, and rU. 2°-0O-Me nucleosides are referred to by a lowercase m
and an uppercase letter corresponding to the nucleobase, e.g, mA, mC, mG and mU. 2°-MOE
nucleosides are referred to by a lowercase “moe” and an uppercase letter corresponding to the
nucleobase, e.g., moeA, moeC, moeG and moel. 2’-rbo-F nucleosides are referred to by a
lowercase “f” and an uppercase letter corresponding to the nucleobase, e.g , fA, C, fG and fU.
2’-arabino-F nucleosides are referred to by a lowercase “af” and an uppercase letter
corresponding to the nucleobase, e.g., afA, afC, afG and afU. mA* 1s 37-amino-2"-0OMe-2,6-
Diaminopurine. A* 15 3”-amino-2"-deoxy-2,6-Diaminopurine. fA* is 3" -amino-2°-F-2,6-
Diaminopurine. LNA nucleosides are referred to by an “L” and an uppercase letier

corresponding to the nucleobase, e g, LA, LC, LG, LT,

[0202] For the backbone or intersubunit linkages of the nucleotides, phosphodiester intersubunit
linkages are referred to as “PO” or are generally not included in sequence details; thiophosphate
intersubunit inkages are abbreviated as lowercase “ps”; phosphoramidate intersubunit hnkages
are abbreviated as lowercase “np”; and thiophosphoranudate intersuburnit linkages are

abbreviated as lowercase “nps.”

[0203] N3”—PS’ refers to modified nucleotides having intersubunit inkages where the 37 motety
contains N {e.g., NH} and 15 linked through a P. For example, the following structure has a

N3’-—-P5" linkage:

(9]
\ ;O: P
N
3
=P-W

(1 L 1) 1]

[0204] It 1s noted that, as used herein and in the appended claims, the singular forms "a", "an",

G

and "the" include plural referents unless the context clearly dictates otherwise. It is further noted

that the claims may be drafted to exclude any optional element. As such, this statement is
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mntended to serve as antecedent basis for use of such exclusive terminology as "solely", "only”

and the like in connection with the recitation of claim elements, or use of a "negative” limitation.

(02057 The term “about” will be understood by persons of ordinary skill in the art and will vary
to some extent depending upon the context in which 1t 1s used. If there are uses of the term which
are not clear to persons of ordinary skill in the art given the context in which 1t 1s used, “about”
will mean up to plus or minus 10% of the particular term. Certain ranges are presented herein
with numerical values being preceded by the term "about”. The term "about” is used herein to
provide literal support for the exact number that it precedes, as well as a number that is near to or
approximately the number that the term precedes. In determining whether a number 1s near to or
approximately a specifically recited number, the near or approximating unrecited number may be
a number, which, in the context in which it 1s presented, provides the substantial equivalent of

the specifically recited number.

[0206] It is also to be appreciated that the various modes of treatment or prevention of the
diseases or conditions described herein are intended to mean “substantial,” which includes total
but also less than total treatment or prevention, and wherein some biologically or medically
relevant result 1s achieved. The treatmuent may be a continuous prolonged treatment for a chronic

disease or a single, or few time administrations for the treatment of an acute condition,

[0207] Where a range of values s provided, it 1s understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limit of that range and any other stated or intervening value n that stated range,
15 encompassed within the invention. The upper and lower himits of these smaller ranges may
mdependently be mcluded in the smaller ranges and are also encompassed within the invention,
subject to any specifically excluded it in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included timits are also meluded in
the imvention.

[0208] This disclosure 13 not limited to particular embodiments described, as such may vary. It is
also to be understood that the terminology used herein 1s for the purpose of describing particular
embodiments only, and 15 not intended to be hmiting, since the scope of the present invention

will be limited only by the appended clamms.
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[0209] As will be apparent to those of skill in the art upon reading this disclosure, each of the
mdividual embodiments described and illustrated herein has discrete components and features
which may be readily separated from or combined with the features of any of the other several
embodiments without departing from the scope or spirit of the present invention. Any recited
method can be carried out in the order of events recited or in any other order that 1s logically

possible.

02107 All publications and patents cited 1n 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 1s for 1ts 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
mvention. Further, the dates of publication provided may be different from the actual publication

dates that may need to be independently confirmed.
5, Examples

[0211] The following examples illustrate certain embodiments of the present disclosure to aid
the skilled person in practicing the disclosure. Accordingly, the examples are in no way

considered to limit the scope of the disclosure.

Methods of making

[0212] All the monomers were dried m vacuum desiccator with desiccants (KOH and PoOs, RT
24h). Synthesis solid supports (CPG) attached to the first 5’ residue were obtained from
commercially available sources. All other synthesis reagents and solvents were obtained from
commercially available sources and used as such. The chemucals and solvents for post synthesis
workflow were purchased from commercially available sources and used without any
purification or treatment. Solvent { Acetonstrile) and solutions (anudite and activator} were stored

over molecular sieves during synthesis.

[0213] The control, nuclease stabilized, 3 -cholesterol, 3°-Tocopherol and 3°-GalNAc
conjugated antisense oligonucleotides used in this study are shown, e.g., in Tables 10-13. The

antisense oligonucleotides were synthesized on an ABI-394 synthesizer using the standard 93-
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step cycle written by the manufacturer. The solid support was controlled pore glass and the
monomers contained standard protecting groups. Each oligonuclestide was individually
synthesized using commercially avatlable 5'-0-(4 4'-dimethoxytrity}-3'-O-(2-cyancethyl-N N-
diisopropyl) DNA and or 27-0O-Me phosphoramidite monomers of 6-N-benzoyladenosine (A"?),
4-N-acetyleytidine (CA%), Z-N-isobutyrylguanosine {G*"), and Thymidine (T}, according to
standard solid phase oligonucleotide synthesis protocols. The phosphoramidites were purchased
from commercially available sources. The 2°-0-Me-2 6, diaminopurine phosphoramidite was
purchased from commercially avatlable sources. The DDTT ({(dimethylamino-methylidene)
amino}-3H-1,2 4-dithiazaoline-3-thione was used as the sulfur-transfer agent for the synthesis of
oligoribonucleotide phosphorothicates. Moditied oligonucleotides were obtained using an
extended coupling of 0.1M solution of phosphoramidite in CH3CN in the presence of S-
{ethyithio)-1 H-tetrazole activator to a solid bound oligonucleotide followed by standard capping,
oxidation and deprotection. The stepwise coupling efficiency of all modified phosphoranidites
was more than 98%. Oligonucleotide-bearing solid supports were heated with aqueous

armmonia/ethanol (3:1) solution at 53 °C for § h to deprotect the base labile protecting groups.

[0214] The cholesterol and tocopherol conjugated oligonucleotides were obtained by starting
solid phase synthesis on cholesterol and Tocopherol support attach on TEG linker and final
coupling of the phosphoranudite to the support-bound oligonucleotide. The GalNAc conjugated
ASQOs were synthesized from a hydroxyprolinol-GalNAc solid support. GalNAc was tethered to
trans-4-hydroxyprolinol via a 6-aminchexanoate linkage to obtain a hydroxyprohnol-GalNAc
moiety that was subsequently attached to a functionalized control pore glass (CPG) to obtain the

sohid support.

[0215] The unconjugated and GalNAc modified ohigonucleotides were purified by anion-
exchange HPLC. The buffers were 20 mM sodium phosphate tn 10 % CHsCN, pH 8.5 (buffer A)
and 20 mM sodium phosphate i 10% CHiCN, 1.8 M NaBr, pH 8.5 (buffer B}. Fractions
contaimng full-length ohigomucleotides were pooled, desalted and lyophilized.

[0216] The cholesterol and tocopherol conjugated sequences were purified by high-performance
fiquid chromatography (HPLC) on an in-house packed RPC-Sourcel5 reverse-phase column.
The buffers were 20 mM NaOAc in 10 % CHsUN (buffer A} and 20 mM NaOAc 1n 70% CHsCN
{buffer B). Analytical HPLC and ES LC-MS established the integrity of the oligonucleotides.
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Synthesis of Phosphoramidate (NP and Thiophosphoranudate (INPS)

Modified Olisonuclectides

[0217] The NP and NPS modified oligonucleotides were synthesized on an ABI-394 synthesizer
using the 93-step cycle written with modifications to deblock, coupling and wait steps. The sohid
support was 3-NHTr-5-LCAA-CPG. Each oligonucleotide was individually synthesized using
3-NH-Tr-5-0-(2-cyanoethyl-N N-dusopropyl} DNA phosphoramidite monomers of 6-N-
benzoyladenosine (A%, 4-N-Benzyleytidine (CP%), 2-N-isobutyrylguanosine (G2, and
Thymudine (T), according to standard solid phase phosphoramidite chemistry protocols by using

the procedure described 10 Nucleic Acids Research, 1993, Vol 23, No. 14 2661-2668.
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37 -NHTr-DNA building blocks for olisomer synthesis

[0218] The 2°

-F 37-NH-MMTr-5'-0-(2-cyanoethyl-N N-dusopropyl) Uridine (U} and 4-N-

benzoyicytidine (C%” ) phosphoramidite monomers) were synthesized by using the procedure

described in Nucleic Acids Research, 1996, Vol. 24, No. 13, 29662973

— /i
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7O o N,
S XY
NC :

MMTHN  F

3-MNHMMTr-2'-F-C{Bz)

MMTIHN  F

F-NHMMTr-2'-F U

2’-F 37 -NH-MMTr-5-0-(2-cyanoethy-N, N-diisopropyl) 6-N-benzoyladenosine (AP%), 2-N-

isobutyrylguanosine (G, were synthesized as the procedure described below
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Preparation of PH-1

L
¢ li/\N PPh;, DEAD (NY\Q
HO o, N N,/J » /N

HO N

HO OH

[0219] To a solution of (2R,38,45,5R)-2-(6-amino-9H-purin-9-y1}-5-(hydroxymethyljoxolane-
3.4-diol (300 g, 1.123 mol, 1.00equiv} in N, N-dimethylformamide (7500mL) with an inert
atmosphere of nitrogen, was added triphenylphosphine {735 g, 2.802 mol, 2.50equiv). The
resulting solution was stirred for 15 mun at 0°C. This was followed by the addition of a solution
of diethyl azodicarboxylate {(449.4 g, 2.581 mol, 2.54 equuv.} in N, N-dimethylformamide {7500
mb} dropwise with stirring at 0°C i 60 min. The resulting solution was stirring, for 2 h at 25°C.
The resulting mixture was concentrated under reduced pressure. The product was precipitated by
the addition of ether. The solids were collected by filtration. The crude product was purified by
re-crystallization from methanol. The solid was dried in an oven under reduced pressure. This
resulted in 186 g (66%) of PH-1 as a white solid. 1H-NMR (DMSO-ds, 400MHz): 8.34 - 8.07
{m, 2H), 7.44 — 7.26 {m, 2H), 6.30 - 6.21 (m, 1H}, 507 - 4.95 (m, 1H), 433 —4.20 (m, 1H},
415 -4.03 (m, 2H}, 3.71 - 3.50 (m, ZH}.
Preparation of PH-2
NH, NBzBz

¢ Nﬁhﬁ BzCl ‘ (’N Y

o

HQM N Py bZC}WN‘ N,;;j

PH-1 BH.2

[0220] To a solution of PH-1 (100g, 401 2 mmol, 1.00 equiv.} in pyridine (1000 mL) with an
mert atmosphere of nitrogen, was added benzoy! chloride (175 g, 1.245 mol, 3.10 equiv.)
dropwise with stirring at 0°C in 30 nmun. The resulting solution was stirred for 3 h at 25°C. The
resulting solution was diluted with 400 mL of ethyl acetate. The resulting mixture was washed
with 3x300 mL of water and 2x300 mL of saturated sodium bicarbonate solution respectively.
The resulting mixture was washed with 1x300 mL of saturated sodium chloride solution. The

mixture was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
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pressure. The residue was applied onto a silica gel column with ethy! acetate/petroleum ether

{2/1). This resulted in 157 g (70%) of PH- 2 as a white solid.

AN

Preparation of PH-3

NHBz .
NHEBz
NBzR:z {
\7 { NaMN3, NH,C ,N\I/&\\N N
7 i E . i N
N - Bz . N“"!\ . i )
N I o - -
BzO—, o N ,\ _J DMF.50°C, 5h o v+ B O\fN i
o \ ;
N, OH Ho”; N,
PH-2 PH-3 PH-33

[0221] To a solution of PH-2 (30 g, 53.42mmol, 1.00equuiv) in N, N-dimethylformamide (300
mb} with an inert atmosphere of nitrogen, was added ammonium chloride (5.7 g, 106.56mmol,
2.00equiv) and sodium azide (34.8 g, 535.30mmol, 10.00equuv) in order. The resulting solution
was stirred for 5 h at 50°C. The resulting solution was diluted with 2000 mL of dichloromethane.
The resulting mixture was washed with 3x2000 mL of water, 1x2000 mL of saturated sodium
bicarbonate solution and 1x2000 mL of saturated sodium chioride solution respectively. The
mixture was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. This resulted in 24 g (90%) of PH-3 and PH-35 (5:1) as a white solid.

Preparation of PH-4

H ms
M-‘Bz NHBz N\/: Bz y NHB2
ff’ N J‘\\ k ¢ R Ny
;N (’ 7’ 410058, DBY £20 Al T €
Szn)-"\(OY?\i“‘\ &+ 80 - 4\ /’ 16025 zdﬂ\(g J + BZOW N- N_,,!
Ny O wo' ’\"3 i oo
PH-3 PH-35 PH-4 FHA4S

[0222] To a solution of PH- 3 and PH-358 (5:1) (10 g, 19.98mmol, 1.00equiv} in tetrahydrofuran
(100mL) with an inert atmosphere of nitrogen, was added 1, 8-Diazabicyclo [5.4.0] undec-7-ene
{10.69 g, 70.22mmol, 3.50equiv). This was followed by the addition of perfluorobutylsulfonyl
fluoride (12.69 g, 2.10equiv} dropwise with stirring at 0°C i 10 min. The resulting solution was
stirred for 1.5 h at 0°C. The resulting solution was diluted with 200 mb of dichloromethane. The
resulting mixture was washed with 3x200 mL of water, 1x200 mL of saturated sodium
bicarbonate solution and 1x200 mL of saturated sodium chloride solution respectively. The
mixture was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The crude product was re-crystallized from ethyl acetate/petroleum ether in the ratio of
1:1. Thus resulted in 6 g (60%) of PH-4 and PH-4S (5:1) as a white solid. MS mv/z [M+H]}+
(ESI): 503.
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[0223] To a solution of PH-4 and PH-48 (5:1) (10 g, 19.90mmol, 1.00equiv} in tetrahydrofuran
{150 mL), was added 10 % palladium carbon (3.0 g}. The flask was evacuated and flushed three
times with nitrogen, followed by flushing with hydrogen. The resulting solution was stirred for |
h at room teraperature. The solids were filtered out. The resulting mixture was concentrated
under reduced pressure. The crude product (10 g) was purified by Flash-Prep-HPLC with the
followng conditions (IntelFlash-1): Column, C18; mobile phase, waters and acetonitrile (30%
acetonitrile up to 50% in 30 miny; Detector, UV 254 nm. This resulted in 7 g (74%) of PH-8as a
white sohid and 1 Og of PH-~58 as a white sohd. MS mv/z [M+H]}+ (EST): 477
Preparation of PH-6
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N N
T o

MMTCL DMAE

BZO'\@N Nf,,j BZO'\(O NW\N{J
o}
oy

NH, F MMTINH  F
PH-5 PH-6

[0224] To a solution of PH-5 (4 ¢, 8.40mmol, 1. 00equiv) in pyridine (40 mL} with an inert
atmosphere of nitrogen, was added 4-dimethylaminopyridine (1.5 g, 12 28mmol, 1 S0equiv) and
4-methoxyiriphenylmethyl chloride (10.3 g, 4.00equiv) in order. The resulting solution was
stirred for 16 h at 25°C. The resulting solution was diluted with 300 mL of dichloromethane. The
resulting mixture was washed with 1x300 mL of water and 3x300 mL of saturated sodium
bicarbonate solution. The resulting mixture was washed with 1x300 mL of saturated sodium
chloride solution respectively. The mixture was dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The residue was applied onto a silica gel column with

dichloromethane /rmethanol (100/1). This resulted 1 5.7 g (%1% of PH-6 a3 a white solid.
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Preparation of PH-7

NHBzZ NHBzZ
N §
C TN neon eNWN
820 o NN = HO— o, N, =/
7" Py/MeOH/H,0=65:30:5 N
MMTINH F MMTINH  F
PH-6 PH-7

[0225] To a solution of PH-6 {5g, 6.68mmol, 1.00squiv) in pyriding/methanol/water
(32.2/14.7/2.4 mL}, was added sodium hydroxide (2 mol/L} (7.2 mL, 1.10equiv) dropwise with
stirring at 0°C in 5min. The resulting solution was stirred for 20 min at 0°C. The reaction was
then quenched by the addition of 200 mL of ice water. The resulting solution was extracted with
400 mL of dichloromethane and the organic layers combined. The resulting mixture was washed
with 1x300 mL of water and 1x300 mL of saturated sodium chloride solution. The mixture was
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
residue was applied onto a silica gel column with methanol/ dichloromethane (1:1060}. This
resulted in 4.3 g (100%) of PH- 7 as a white sohd. MS m/z [M+H+ (EST): 645,

Preparation of PH-8
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[0226] To a solution of PH- 7 (19.4g, 35.89mmol, 1.00equiv} in dichloromethane (200 mL} with
an inert atmosphere of mitrogen, was added3-([bis [bis {(propan-2-v1) amino] phosphanvl] oxy)
propanenitrile (11.79g, 39 12mmol, 1 30equiv). This was followed by the addition of 4, 5-
Dicyanoimidazole (4.26 g, 1.20equivy at 0°C. The resulting solution was stirred for 30 nun at
room temperature. The resulting solution was diluted with 1000 mL of dichloromethane. The
resulting mixture was washed with 3x800 mL of saturated sodium bicarbonate solution and
1x800 mL of sodium chloride solution respectively. The muxture was dried over anhydrous

sodium sulfate, filtered, and concentrated under reduced pressure. The crude product was
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purified by Flash-Prep-HPLC with the following conditions: Column, C18; mobile phase, waters

and acetonitrile (40% acetonitrile up to 80% in 6 min);, Detector, UV 254 nm. This resulted in
5.2 g (50%;) of PH-8 as a white solid. MS nvz [M+H] + (ESI): 845
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Preparation of PH-11
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02271 To a solution of 2-amino-9-[{(2R,3R 48 5R}-3,4-dihydroxy-5-(hydroxymethyljoxolan-2-
vi]-6,9-dithydro-1H-purin-6-one (700 g, 2 47mol, 1 .00equiv) in N,N-dimethylformamide (7 L)
with an inert atmosphere of nitrogen, was added imidazole (504 g, 7.41mol, 3.00equiv). This was
followed by the addition of 1, 3-Dichloro-1, 1, 3, 3-tetraisopropyldisiloxane (770 g, 2.44 mol,
1.00equiv} dropwise with stirring at 20°C. The resulting solution was stirred for 16 h at 20°C.
The reaction solution was then poured into 70L of water/ice. The solids were collected by
filtration. This resulted m 1200 g (92%) of PH-11 as a white solid. MS mv/z [M+H] + (ESI): 526.
Preparation of PH-12
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[0228] To a solution of PH-11 {530 g, 1. 01mol, 1.00equiv) in dichloromethane (5000 mL} with
an inert atmosphere of nitrogen, was added pyridine (725 g, 2.17mol, 9.00equiv) and 4-
dimethylaminopyridine {147 g, 1.20mol, 1.20equiv) in order. This was followed by the addition
of triflucromethanesulfonic anhydride (426 ¢, 1.51mol, 1.20equiv) dropwise with stirring at 0°C.
The resulting solution was stirred for 15 min at 0°C. Then the resulting solution was allowed to
react with sturing, for an additional 2 h at 20°C. The resulting solution was diluted with 5000 mL
of dichloromethane. The resulting solution was washed with 2x3000 mL of saturated sodium
bicarbonate and 1x3000 mL of saturated sodium chlonide respectively. The solution was dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. This resulted

n 600 g (90%) of PH- 12 as a brown solid.
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The product was used in the next step directly without further purification.

Preparation of PH-13
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[0229] To a solution of PH-12 (200 g, 304 04mmol, 1.00equiv) in N, N-dimethylformamide
{1000 mL) with an inert atmosphere of argon, was added sodium nitrite (115 g, 1.67mol,
5.00equiv}. The resulting muxture was stirred for 16 h at 25°C. The resulting solution was poured
mto 3000 ml water/ice. The solids were collected by filtration. The crude product was re-
crystallized from dichloromethane/acetoniirile in the ratio of 1/4 {50 ml/g). This resulted in 78 ¢
{49% over last two steps) of PH-13 as a solid. MS m/z [M+H] + (ESI): 526.

Preparation of PH-14
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02307 To a solution of PH- 13 (50 g, 95.10mmol, 1.00equiv) in tetrahydrofuran (500 mL) with
an inert atmosphere of nitrogen, was added tetrabutylammonium fluoride (95 mL, 1 00equiv, IN
in tetrahydrofuran). The resulting nuxture was stirred for 12 h at 20°C. The resulting muxture was
concenirated under reduced pressure. The crude was re-crystallized from methanol/ethyl acetate
in the ratio of 1/5 (20 ml/g) three times. The solids were collected by filtration, and then purified
by Flash with the following conditions: Column, C18 silica gel; mobile phase, waters and
acetonitrile (2% acetonitrile up to 10% in 10 mun); Detector, UV 254 nm. This resulted n 16 g
(59%) of PH- 14 as a brown solid. TH-NMR (DMSO-ds, 400MHz): 10.44(s, 1H), 6.49(s, 2H),
6.02(s, 1H), 5.55-5.65(m, 2H), 5.10(s, 1H), 4.08(m, 2H), 3.76(m, 1H), 3.64(m, 1H).
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Preparation of PH-15
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[0231] To solution of PH-14 (220 g, 776 7Zmmol, 1.00equiv} 1n N N-dimethylformamide (2000
ml} with an inert atmosphere of argon, was added triphenylphosphine (509 g, 1.94mol,
2.50equiv). The resulting solution was stirred for 1.5 h at 0°C. To this was added diethyl
azodicarboxylate (338 g, 1.94mol, 2.50equiv) dropwise with stirring at 0°C. The resulting
solution was stirred for 2 h at room temperature. The resulting muxture was poured into 20 L cold
ethyl ether. The sohids were collected by filtration, then re-crystalhized from methanol/ ethy]
acetate 1 the ratio of 1/10 (10 m/g). This resulted in 100 g (49%) of PH-15 as a brown solid.
MS m/z [M+H]+ (ESD): 266.

Preparation of PH-16
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[0232] To a solution of PH~15 (100 g, 377.0 munol, 1. 00equiv) in N N-dimethylformamide
(1000 mL) with an nert atmosphere of nitrogen, was added mudazole (77 g, 1.131 mol,
3.00equiv}. This was followed by the addition of tert-butyldimethylsilyl chloride (142 g, 942
mmol, 1.50 equiv.) dropwise with stirring at 0°C. The resulting solution was stirred for 2 h at
room temperature. The reaction was then quenched by the addition of methanol. The resulting
mixture was concentrated under reduced pressure. The residue was applied onto a silica gel
cotumn with dichloromethane/methanol (100:1~15:1}). This resulted in 30 g (85%) of PH-16asa
solid. MS m/z [M+H]+ (EST): 380.
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Preparation of PH-17
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[0233] To a solution of PH-16 (73 g, 192.37mmol, 1.00equiv} in pyridine {730 mL) with an
mert atmosphere of nitrogen, was added 4-dimethylaminopyridine (23.5 g, 192.35mmol,
0.50equiv}. This was followed by the addition of isobutyric anhydride (213 ¢, 1.35mol,
5.00ecunv) dropwise with stirring. The resulting solution was stirred for 3 h at 50°C. The reaction
was then quenched by the addition of ice water. The resulting solution was extracted with
3x2000 mL of dichloromethane and the organic layers combined. The resulting mixture was
washed with 3x2000 mL of saturated sodium bicarbonate, 3x2000 mL of water and 3x2000 mL
of saturated sodium chloride respectively. The organic layers was dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The residue was applied onto a silica
gel column with dichloromethane/methanol (100:1~20:1). This resulted in 52 g (60%) of PH-17
as a vellow solid. MIS nv/z [M+H]+ (ESI): 450.

Preparation of PH-18
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[0234] To a solution of PH-17 (20 g, 44 4mmol, 1.00equiv} in N, N-dimethylformamide (100
mb} with an inert atmosphere of nitrogen was added sodium azide (18 g, 267mmol, 6.00equiv).
The resulting solution was stirred for 2 h at 80°C. The resulting mixture was diluted with 1000
mk. of dichloromethane. The resulting solution was washed with 3x1000 mL of saturated sodium
bicarbonate, 3x1000 mL of water and 3x1000 mL of saturated sodium chloride respectively. The
solution was dried over anhydrous sodium sulfate and concentrated under reduced pressure. The
residue was applied onto a silica gel column with dichloromethane/methanol (100/1~40/1). This

resulted n 11 g (50%) of PH-18/PH-185 (5.2:1) as a vellow solid MS m/z [M+H]+ (ESI): 493
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Preparation of PH-19
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[0235] To a solution of PH-18/PH-188 (5.2:1) (16 g, 37 87mmol, 1.00equiv} in
dichloromethane (160 mL), was added pyridine (23 g, 290.77mmol, 9.00equiv} and
dimethylaminopyridine (4.35 g, 35 66mimol, 1 20equiv). This was followed by the addition of 1,
3-bis (trifluoromethylsulfonyljtrioxidane (11.9 g, 37 88mmol, 1.20equiv) dropwise with stirring
at 0°C. The resulting solution was stirred for 2 h at 20°C. The reaction was quenched by the
addition of water/ice. The resulting mixture was extracted with 2x1000 mL of dichloromethane
and the organic lavers combined. The resulting solution was washed with 1x1000 mL of
saturated sodium chloride. The resulting solution was concentrated under reduced pressure. This
resulted in 16 g (68%) of PH~-19/PH-195 as a brown solid. The product was used in the next step
directly without further purification.

Preparation of PH-20
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[0236] To a solution of PH-19/PH-198 (16 g, 25 61mmol, 1.00equiv) in tetrahyvdrofuran (160
mb} with an inert atmosphere of argon, was added tetrabutviammonium fluoride {100 mL,
5.00equuv) dropwise with stirring at 0°C. The resulting solution was stirred for 5 h at room
temperature. The resulting sohution was diluted with 1000 mL of dichloromethane. The resulting
solution was washed with 1x500 mL of water and 1x500 mL of saturated sodium chiornide
respectively. The resulting solution was concentrated under reduced pressure. The residue was
applied onto a silica gel column with dichloromethane/methanol (100/1~20/1). This resulted in 8

g (85%) of PH-20/PH-20S (7:1} a yellow solid. MS my/z [M-+H]+ (ESI): 381
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Preparation of PH-21
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PH-21
[0237] To a solution of PH-20/PH-208 (3.4 ¢, 8. 94mmol, 1.00equiv) in methanol (50 mL} was
added 10 % palladium carbon (1.7 g}. The flask was evacuated and flushed three times with
nitrogen, followed by flushing with hydrogen. The resulting solution was stirred for 1 h at room
temperature. The resulting solution was diluted with 100 mL of methanol. The solids were
filtered out. The resulting solution was concentrated under reduced pressure. The crude product
was purified by Flash-Prep-HPLC with the following conditions: Column, C18 silica gel; mobile
phase, waters and acetonitrile (5% acetonitrile up to 50% in 35 min); Detector, UV 254 nm. This
resulted in 1.7 g (54%;) of PH-21 as a white solid. 1H-NMR (DMSO-ds, 400MHz): 12.13 (s,
1H), 11.91 (s, 1H), 8.91 (5, 2H), §.23 (s, 2H), 7.25 (m, 1H), 5.78 (m, 1H), 4.62-3.72 (m, 4H),
2,92 {m, 1H), 1.13 (s, 6H),
Preparation of PH-22
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PH-22
[0238] To a solution of PH-21 (6.0 g, 16.95 mmol, 1.00equiv} in pyridine/N, N-
diisopropylethylamine (100/20 mL) with an inert atmosphere of argon, was added 1-
{(chlorodiphenylmethyl}-4-methoxybenzene (6.24 ¢, 20.34 mmol, 1 20equiv}. The resulting
solution was stirred for 16 h at room temperature. The resulting solution was diluted with 1000
ml of dichloromethane. The resulting solution was washed with 1x250 mL of saturated sodium
bicarbonate, 1x250 ml of water and 1x250 mL of saturated sodium chloride respectively. The
residue was applied onto a silica gel column with dichloromethane/methanol (100/1-50/1). This
resulted in 13 g (74%) of PH-22 as a white solid. 1H-NMR (DMSO-ds, 400MHz): 12.15 (s,
1H), 11.70 (s, 1H), 8.14 (s, 1H), 7.49 (m, 4H), 7.24 (m, 6H), 7.15 (m, 2H), 6.72 (m, 2H), 5.82
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(m, 1H}, 5.30 (m, 1H), 4.04 (m, 3H), 3.62 (s, 3H), 3.45 (m, 1H), 2.83-2.62 (m, 3H), 1.10 (m,
6H).
Preparation of PH-23
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[0239] To a solution of PH-22 (7.8 g, 12.45 mmol, 1.00 equiv.} in dichloromethane (80 mL})
with an inert atmosphere of argon, was added 3-(bis[bis{propan-2-
ylyamino]phosphanvioxy)propanenitrile (7.5 g, 24.92 mmol, 2.00 equiv.) and 4,5-
dicyanoimidazole (2.2 g, 18.63 mmol, 1.50 equiv.) in order. The resulting solution was stirred
for 2 h at room temperature. The resulting mixture was diluted with 1000 mb of
dichloromethane. The resulting solution was washed with 3x250 mL of saturated sodium
bicarbonate, 3x250 mL of water and 3x250 mb of saturated sodium chloride respectively. The
resulting solution was concentrated under reduced pressure. The crude product was purified by
Flash-Prep-HPLC with the following conditions: Column, (18 silica gel; mobile phase, waters
and acetonitrile (40% acetonitrile up to 95% n 35 min); Detector, UV 254 nm. This resulted in
8.06 g (78%) of PH-23 as a white solid. MS m/z [M+H] + (ESI): 827.

27-F-37-NHTr buildine blocks for olicomer svnthesis

[0240] The 2°-0-Me 3’ -NH-MMTr-5'-0-(2-cyanoethyl-N, N-dusopropyl) phosphoramidite
monomers of 6-N-benzoyladenosine (A®%), 4-N-Benzyleytidine {C%%), 2-N-isobutyrylguanosine
(G, and Uridine (U) as shown below were synthesized using the procedure described in WO

200118015 Al
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27-0-Me-3 -NHTr building blocks for olisomer svnthesis

[0241] Exemplary phosphoroamidates include:

Raw matenial description

3'-NHTr-dA(Bz)

3-NHTr-dC(Bz)

3'-NHTr-dG{iBu)

3‘ NHTr-T:

SNHMMTr-2°-F-A(NH-Bz)

3'-NHMMTr-2"-F-C{NH-Bz)

-NHMMTr-2’-F-G{NH-1Bu)

~-NHMMTr- /J—OMe_A(NH~Bz}

¥
3-NHMMTr-2"-F-1:
3
3

-NHMMTr-2 -OMe-C(NH-Bz)

3-NHMMTr-2’-OMe-G{(NH-1Bu)

3-NHMMTr-2"-OMe U:

Loading: 64-83 umol/g

3-NHTr (dA, dC, dG and dT)-CPG 500A:

The reverse phosphoramidite 3°-O-DMT-deoxy Adenosine (NH-Bz}, 5

-(3-{2-cyanoethyvi-N N-

dusopropyi phosphoramidite, 37-O-DMT-deoxy Guanonosine (NH-1bu), 5°-0-(2-cvanoethyl-

N, N-dusopropy! phosphoramidite, 3°-O-DMT-deoxy Cytosine (NH-Bz), 5°-0-(2-

cyanoethyl-

N, N-diuisopropyl phosphoramidite, 3°-0G-DMT-deoxy Thymidine (NH-Bz), 5°-0-(2-cvancethyl-
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N, N-diisopropyl phosphoramidite and reverse solid supports were purchased from commercially-

available sources {Chemgenes).

O
""" ( HINTN, ‘{ %
SN ey g
Q"'P\ {" I’ \;\j e O"P\O \i ’[' i\iH O
] N o, O - i/
g [ @] NT S v‘\< Y E\‘/‘L\N/Q\/
NG et Ho
NC /

DTS DMTO

F-DMTr-dG{EBW)

2
o ( 0
O (A
§ omE 7 NH
LY oo
- ra . \ -
P o > Y
$XY o
DMTTS
NG pwmis
F-DMTr-dC(B2) 3LDMTT:

OMTIC

B =A O GorT
Reverse DNA building blocks for olisomer svnthesis

[0242] Exemplary reverse phosphoroamidites used for this disclosure mclude:

Raw material description
3-0-DMTr-2°-OMe-A{NH-Bz)
3-0-DMTr-2"-OMe-C(NH-Bz)
3'-0-DMTr-2"-OMe-G(NH-1Bu)
3'-0-DMTr-2°-OMe-U:

37-0DMTr (dA, dC, dG and dT)-CPG 500A:
Loading: 64-83 umol/g

[0243] For making the ohigomers with the following modifications: 2°-F-NPS-PS-2°-F-NPS ; 27-
F-NP-PS-2°-F-NP; 27-OMe-NP-PS-2"-OMe-NP; 27-0Me-NPS-DNA-PS-2°-0OMe-NPS, the
synthesis was carried outona | pM scale ina 5 to 37 direction with the 5™ -phosphoramidite
monomers diluted to a concentration of 0.1 M in anhydrous CH3CN in the presence of 5-
{benzylthio)-1H-tetrazole activator {coupling time 2.0-4.0 mun) to a solid bound oligonucieotide
followed by standard capping, oxidation and deprotection atforded modified ohigonucieotides.

The stepwise couphing efficiency of all modified phosphoramidites was more than 98%. The
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DDTT (dimethylamino-methylidene) anuno}-3H-1, 2, 4-dithiazaoline-3-thione was used as the
suffur-transfer agent for the synthesis of oligornbonucleotide phosphorothioates. Oligonucleotide-
bearing solid supports were heated at room temperature with aqueous ammonia/Methylamine

{1:1) solution for 3 h in shaker to cleavage from support and deprotect the base labile protecting

Sroups.
Examples 1-4
NG

NHBz
by 2 {

A Foowsa 7 2 /BN
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Exampie 3 Example 4

[0244] The appropriately protected 2°-0O-methoxy ethyl-3 -aminonucleoside-5"-phosphoramidite
building blocks (examples 1-4 were prepared after chemical transformations shown in Schemes
1-4.

[0245] First for synthesis of uractl based 37-WNH-MMTr-2’-O-methoxyethyl phosphoramidites
example 5, key 3"-azido-2 -methoxyethyl intermediate 3 was obtained in low yields via an-hydro

mtermediate 2 as shown i scheme 1.

[0246] Due to low yielding alkylation, 3-1 was reacted with BOMCE DBU to give N-3 protected
mtermediate 3-4, which was alkylated by using 2-bromoethyl methy! ether/ AgoG/ Nal/DMF to
give 2’-O-methoxyethyl derivative 3-5 as shown below in scheme 1. Deprotection of N-3-BOM
eroup using hyvdrogenation condition (Pd/C/Hp) resulted in 10-20% desired 37-amino

mtermediate3- Ga along with significant over reduced side product 3-6b.

130



WO 2018/053185 PCT/US2017/051644

/O\’/\OH
A _ Al
f zH /Y J e
- TH,0,0MAP N e iy \
o _o_ N7, 200N THO O\fN/ AHOCH,CHOCH, s Tri 0\;”&0
7 ! (s] /
Ny OH N, N, -
3-1 3-2 3-3 ﬂ\“"o
BOMCHDRU . N
Traces of product [¢]
/]

9 2 o A
p P ( NBOM

§ o ONBOM 4 NBOM N o »—&

, g ) 4 18] oo N,

O™y o NTY, _AwONal  Tro- O\fN"{:\o PAiC, THE o o NTY, -\/ e

~ U —— W e e 4 + \

o ., e K ~, & Y Haol [93 ”\\_,
Ny OH >90% vield Ny O\ HoN O -0,
0 Nt 1.6h AN

3.4 3.5 \ 3-6a N

1020 % Major product

product

102471 27-0-alkylation 10 high vield is obtained as shown below in scheme 2. For this purpose,
3-1 was treated with PMBCY DBU/ DMF to give N-3 protected itermediate 4-2, which was
subjected for 2°-0 alkylation using 2-bromoethyl methyl ether/ Ag O/ Nal/DMF to give 27-0O-
methoxyethyl derivative 4-3. Then, 5’-de-tritylation of 4-3 and re-protection of 57~ hydroxyl

group using benzoyi chloride afforded 4-5.
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[0248] De-protection of PMB group of intermediate 4-5 in mild conditions gives 4-6. 3’-Azido

group of intermediate 4-6 was reduced to an amine, which was then immediately protected, such
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as reaction with 4-monomethoxytritylchloride, to give 4-8. The 57-benzyl ester was then cleaved
using an alkaline solution, followed by phosphitylation using known protocols to give the desired

2’-O-methoxyethoxy uridine phosphoramidite monomer 4-10.

[0249] Preparation of (4-2}: To a solution of 3-1 {45.30 g, 88.50 mumol} in DMF (120.00 mL})
was added PMBCI (20.80 g, 132.84 mmol} and DBU (44.61 g, 177.12 mmol), the mixture was

stirred at r.t. for 2 h. Water was added, extracted with EA. The organic layer was concentrated
and purified by column to give 4-2 (52.00 g, 82.32 mmol) as a white solid. ESEI-LCMS: nv/z

632.3 [M+H]",

02501 Preparation of (4-3}: To a solution of 4-2 (50.00 g, 79.15 mmol} in DMF (120.00 mL)
was added 2-Bromoethyl methyl ether (16.50 g, 118.73 mmol) and Ag20O (1834 g, 79.15 mmol,

2.57 mL), then Naif (5.93 g, 39.58 mmol} was added. The reaction nuxture was stirred at r.t. for
12 h. LC-MS showed work well. Filtered and added water and EA, the organic layer was
concentrated and purtfied by column to give 4-3 (52.00 g, 75.39 mmol) as a colorless oil. ESI-

LCMS: mv/z 690.4 [M+H]"

02517 Preparation of (4-4): To a solution of 4-3 (52.00 g, 75.39 mmol} in DCM (200.00 mL)

was added TFA (150.00 mL}. The mixture was stirred at r.t. for 1 h. The reaction mixture was
slowly added to cold NH4OH, extracted with DCM. The organic layer was concentrated and
purified to give 4-4 (31.00 g, 69.28 mmol) as a colorless oil. ESI-LCMS: m/z 448 2 [M+H]" 'H-
NMR (DMSO-ds, 400MHz): 8 ppm 8.02 (d, J=8.12Hz, 1H), 7.26-7.23 {(m, 2H), 6.87-6.84 (m,
7H), 5.87-5.81 (m, 2H), 5.38 (t, J = 5.0Hz, 1H), 4.96-4.85 {m, 2H), 4.36-4.34 (m, 1H), 4.17-4.14
{m, 1H), 4.00-3.97 {m, 1H), 3.83-3.77 (m, 1H), 3.75-3.72 (m, 1H), 3.71 (s, 3H), 3.70-3 68 (m,
1H), 3.61-3.56 (m, 1H), 3.45-3.43 (m, 2H), 3.18 (s, 3H).

02527 Preparation of (4-8): To a solution of 4-4 (31.00 g, 69 28 mmol} in Pyridine (200.00 mL)

was added BzCl(13.14 g, 93.87 mmol), the reaction mixture was stirred at r.t. for 15 min and
concentrated and purified by column to give 4-8 (35.10 g, 63.8 mmol) as a white solid. ESI-

LOMS: m/z 552.2 [M+H]".

[0253] Preparation of (4-6}: To a solution of 4-5 (35,10 g, 63.8 mmol} in acetonitrile (300.00

ml} and water (100.00 mL) was added Ceric ammonium nitrate {105 g, 191.40 muuol), the

reaction mixture was stirred at r.t. for 12 h and concentrated and extracted with EA. The organic
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layer was concentrated and purified by column to give 4-6 {(27.5 g, 63.75 mmol} as a yellow

solid. ESI-LCMS: m/z 432.2 [M+H]".

[0254] Preparation of (4-7}: To a solution of 4-6 (27.50 g, 63.75 mmol) in THF (500.00 mL) was

added Pd/C (3.00 g}, the reaction mixture was stired at r.t. for 12 h and filtered and concentrated
to give 4-7 (25.00 g, 61 .67 mmol) as a vellow solid. ESI-LCMS: m/z 406.2 [M+H]".

102557 Preparation of (4-8): To a solution of 4-7 (25.00 g, 61.67 mmol} in BCM (360.00 mL)
was added MMTr(C1 (28.49 g, 92 51 mmol) and Collidine {(14.95 ¢, 123.34 mmol}, thenAgNGO3

{15.7 g, 92.5 mmol} was added. The reaction mixture was stirred at r.t. for 1h., and filtered and
the organic layer was washed water, dried over Na:SOq and purified by silica gel column to give

4-8 (33.00 g, 48.69 mmol} as a yellow solid.

[0256] Preparation of (4-9): To a solution of 4-8 (14.50 g, 21 39 mmol) was added 1 N NaOH in

methanol (200 mL) in water (20 mL), the reaction mixture was stured at r.t. for 1 h. and
concentrated and extracted with DCM, the organic layer was concentrated and purified by silica
gel column to give 4-9 (11.50 g, 20.05 mmol) as a white solid. 'H-NMR (DMSO-ds, 400MHz): §
ppm 11.26 (s, 1H), 7.95 (d, J = 8.4Hz, 1H), 7.47-7.44 {m, 4H), 7.34-7.17 (m, 8H), 6.82(d, J =
8.8Hz, 2H), 5.50-5.48 (m, 2H), 5.13 (1,.J = 3.6Hz, 1H), 4.05-3.98 (m, 3H), 3.78 (s, 3H), 3.52-
3.49 {m, 1H), 3.34-3.32 (m, 2H), 3.14 (s, 3H), 3.08-3.04 (m, 1H), 2.89-2.86 (m, 1H), 2.70 (d, J =
10.0 Hz, 1H), 1.51 (d, J = 4.4Hz, 1H).

102571 Preparation of (4-18): To a solution of 4-9 (11.50 g, 20.05 mmol) in DCM (100.00 mL)
was added DMAP (489.85 mg, 4.01 mamol) and DIPEA (10.36 g, 80.19 ramol, 14.01 mL). Then

CEPCL{5.70 g, 24.06 munol) was added to the solution. The mixture was stirred at r.t. for 30
min. The reaction was quenched with saturated NaHCQ:. The organic laver was washed with
brine, dried over Na:SOu, concentrated to give the crude product. The crude product was purified
by Flash-Prep-HPLC. The product was dissolved in anhydrous toluene and concentrated for
three times. Then the product was dissolved anhydrous acetonitrile and concentrated for three
times. This resulted in 13 g to give 4-18 as a white solid. MS m/z [M-H] ~(ESI): 772.3; 'H-NMR
{CDCl, 400MHz): 9.01(s, 1H), 8.07-7.61(m, 1H), 7.53-7.41(m, 6H), 7.29-7.15 (m, 5H), 6.79-
6.76 (m, 2H), 5.63-5.57 (m, 2H), 4.27-4.15 (m, 2H), 4.06-3.95 (m, 1H), 3.85-3.77(m, 1H),
3.75(s, 3H), 3.69-3.35(m, TH), 3.23(d, J=4Hz, 1H), 2.26-2.91(m, 3H), 2.59(t, J = 6.4Hz, 1H),
1.75-1.39¢m, 1H), 1.21-1.11(m, 12H). *'PNMR (162 MHz, CDCl): 149,10, 148.26.
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[0258] The 27-O~methoxyethoxy-NH-benzoyl- cytosine phosphoramidite compound 5-4 was
obtained by conversion of uridine intermediate 4-8 into 3’ -amino cytidine analogue 5-1 followed
by phosphitylation using known protocols to give the desired 27~-O-methoxyethoxy cytidine

phosphoramidite monomer 5-4 as shown below 1o scheme 3.
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[0259] Preparation of {8-1): To a solution of 4-8 (18.50 g, 27.30 muvol) 10 acetontrile (250.00

ml.)y was added TPSCI (16,49 g, 54.60 mumol) and DMAP (6.67 g, 54.60 romol), then TEA (5.52

Sy

g, 54.60 mmol, 7.56 mL) was added to the solution. The reaction mixture was stired at r.t. for 5
hunder No. NHsOH (50.00 mL) was added to the reaction nmuxture. The mixture was stured at r.t.
for 12 h. The solution was concentrated and extracted with EA. The organic laver was washed by
brine and dried over NazS(s. The organic layer was concentrated and purified by silica gel
column to give 5-1 (16.00 g, 23.64 mmol} as a vellow solid.

[0260] Preparation of (8-2): To a solution of 3-1 (16.00 g, 23.64 mmol} in Pyridine (100.00 mlL)
was added Bzl (4.96 g, 35.46 mmol) at 0°C. The mixture was stirred at r.t. for 1 h. The sclution
was concentrated and purified by silica gel colomn to give 52 {17.40 g, 22.28 mmol} as a white

sohid.

[0261] Preparation of (8-3): Compound 8-2 (17,40 g, 22.28 munol) was added to 180 mL of T N
NaOH solution in Pyridine/MeOH/H:O (65/30/5) at 0 °C. The suspension was stirred at 0 °C for
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15 min. The reaction mixture was quenched by addition of sat. NHa{l solution. The solution was
extracted with EA and the combined organic layers were washed with sat. NaHCGs soletion,
brine, dried over Na:SOq, filtered, and concentrated. The residue was purified by column to give
5-3(12.50 g, 18.47 mmol} as white solid. 1H-NMR (DMSO-ds, 400MHz): & ppm 12.25 (s, 1H),
8.53(d, J=7.6Hz, 1H), 8.01 (d, J= 5.2Hz, 2H), 7.64-7.60 (m, 1H), 7.52-7.42 (m, 6H), 7.31 (d, J
= 8.8Hz, 2H), 7.26-7.14 (m, 7H), 6.79 (d, J = 8.8Hz, 2H), 5.55 (s, 1H), 5.23 (t, J = 3.6Hz, 1H),
4.09-3.97 (m, 3H), 3.73 (s, 3H), 3.70-3.66 (m, 1H), 3.38-3.34 (m, 2H), 3.17 (s, 3H), 3.11-3.05
{m, 1H), 2.96-2.91 {m, 1H), 2.68 (d, /~=10.8Hz, 1H), 1.49 (d, /=4Hz, 1H).

(02621 Preparation of (5-4): To a solution of 5-3 (12.50 g, 18.47 mmol} in DCM (100.00 mL)
was added DMAP (451.30 mg, 3.69 mmol) and DIPEA (9.55 g, 73.88 mmol, 12.90 mL), then
CEPCl{5.25 ¢, 22.16 mmol) was added. The nuxture was stirred at r.t. for 30 min. The reaction
was quenched with saturated NaHCGs. The organic layer was washed with brine, dried over
Na2804, concentrated to give the crude product. The crude was by Flash-Prep-HPLC. The
product was dissolved in anhydrous toluene and concentrated for three times. Then the product
was dissolved anhvdrous acetonurile and concentrated for three times. This resulted in 13 g to
give 5-4 as a white solid. MS m/z [M-H] " (ESI): 875.4. 'H-NMR (400 MHz, CDCh): & ppm
8.64-8.20 (m, 2H), 7.90-7.88 (m, 2H), 7.62-7.58 (m, 1H), 7.53-7.39 (m, 8H), 7.25-7.15 (m, 6H),
6.78-6.74 (m, 2H), 5.69 (d, /~1.72Hz, 1H), 437-4.21 {m, 2ZH), 4. 10-4.03 {(m, 1H), 3.90-3.79 (m,
2H), 3.75 (d, J=1.64Hz, 3H), 3.68-3.52 (m, 3H), 3.46-3.42 (m, 2H), 3.26 (d, J=1.2Hz, 3H), 3.17-
2.97 (m, 2H), 2.94-2.87 (m, 1H), 2.67-2.48 (m, 2H), 1.79-1.51(m, 1H),1.26-1.18 (m, 12H).
IPNMR (162 MHz, CDCls): 148,93, 148.03

Example 6

NG ‘( NHBz
b N{ N A
oK ¢ FN
MMTTHN O\ o
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[0263] The synthesis of the 2°-O-methoxyethyl adenosine analogue 6-10 was achieved as shown
below 1 scheme 6. The intermediate 6-2 under basic condition (NHs/MeQOH) resulted in diol 6-

3, which then upon protection of 5’ -hydroxy group using TBDPSCI to give 6-4 Intermediate 6-4.
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Then, 27-0 alkviation of 6-4 using 2-bromoethyl methvl ether/NaH/DMF to give 2°-0-
methoxyethyl derivative 6-5 without the protection of C-6-exocyclic amine of 6-4. In an

mventive way selective alkylation of 2°-OH group of intermediate 6-4 was achieved.
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[0264] 3°-Azido group of intermediate 6-5 was reduced to the amine 6-7, which was then
immediately protected, such as reaction with 4-monomethoxytritylchloride, to give the precursor
6-8 after de-protection of 5"-OTBDPS group using TBAF/THF. The phosphitylation of 6-9 using
known protocols is performed to give the desired 2°-O-methoxvethoxy adenine-NH-benzoyl
phosphoramidite monomer 6-14.

[0265] Preparation of (6-2): To a solution of compound 1 {79.50 g, 210.68 mumol) in dry ACN

(1.20 L) was added N-(SH-Purin-6-ylYbenzamide (100.80 g, 421.36 ramol) and BSA (180.07 g,
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884.86 mmol). The resulting suspension was stirred at 50°C until clear. Then the mixture was
cooled at -20°C and TMSOT (93.54 g, 421.36 mmol) was added by syringe. Then the mixture
was stirred at 70°C for 72 h under N», and quenched with sat NaHCOs and extracted with DCM,
The organic layer was dried over NaxSQs, then solvent was evaporated, and the residue was
purified on silica gel to afford compound 6-2 (107.50 g, 192 26 mmol, 91.26% yield} as a yellow
solid. "H-NMR (400 MHz, DMSO): § = 11.28 (s, 1H), 8.64 (d, /= 6.4 Hz, 2H), 8.05 (d, J = 8.0
Hz, 2H), 7.84 (d,J = 80 Hz, 2H), 7.66 (t,J = 76 Hz, 1H), 7.56(t,.J = 80 Hz, 2H), 733 (d, J =
8.0 Hz, 2H), 6.37 (d, J = 3.6 Hz, 1H), 6.17 (dd, J = 6.0 Hz, 1H), 5.09 (1, .J = 6.8 Hz, 1H), 4.69-
4.56 (m, 2H), 4.40-4.38 (m, 1H), 2.39 (s, 3H), 2.17 (s, 3H). ESI-LCMS: m/z 557.2 [M+H]".

[0266] Preparation of (6-3): To a solution of compound 6-2 (107.50 g, 192 26 mmol) dissolved

1 33 wt.% methylamine in ethanol (600.00 mL), then the mixture were stirred at 20°C for 16 b,
then solvent was evaporated, washed with 50% EtOAc in petroleum ether (1.5 L), filtered to
afford compound 6-3 (52.50 g, 179.64 mmol, 93.44% vield) as a slightly yellow solid. ESI-
LCMS: mvz 293.1 [M+H]"

[0267] Preparation of (6-4): A solution of compound 6-3 (52.50 g, 179.64 mmol), inudazole
(18.32 g, 269.46 mmol) and TBDPS-C1(54.34 g, 197.60 ramol) in pyridine (500.00 mL) was
stirred at 20°C for 2 h, LC-MS showed 6-3 was consumed. Then quenched with MeOH (30 mL),

concentrated to give the crude product which was purified on silica gel with to afford compound
6-4 (72.60 g, 136.81 mmol, 76.16% yield) as a white solid. "TH-NMR (400 MHz, DMSO): § =
8.29 (s, 1H), 8.10 (s, 1H), 7.63-7.59 (m, 4H), 7.48-7.33 (m, 8H), 6.36 (d, J = 5.6 Hz, 1H), 5.97
{d, /=44 Hz 1H), S.10-506 (m, 1H}, 447 (1, J =S.6Hz, TH), 4.14-4.11 {(m, 1H),394(dd, J =
11.2 Hz, 1H), 3.83 (dd, ./ = 11.6 Hz, 1H), 0.99 (s, 9H). ESI-LCMS: mv/z 531.3 [M+H]"

[0268] Preparation of (6-8); A solution of 6-4 (35.00 g, 65.96 myuol) and 1-Bromo-2-
methoxyethane (18.33 g, 131.91 mmol} m dry DMF (400.00 mL}, was added Nal (19.77 g,

131.91 mmol) and Ag0O (15.29 g, 65.96 mmol), the mixture was stirred at room temperature for
5 h. Then the reaction was poured into ice water, extracted with EA, washed with brine and dried
over anhydrous Nax8O4. The solvent was evaporated, and the residue was purified on silica gel
to give 6-8 (23.70 g, 40.26 munol, 61.04% yield) as a white solid and by-product of TBDPS lost
5.20 g, 9.81 mmol, 14.87% yield) as a white solid. 'H-NMR (400 MHz, DMSO): 6 = 8.31 (s,
1H), 8.11 (s. 1H), 7.63-7.60 (m, 4H), 7.47-7.44 {m, 2H), 7.40-7.36 (m, 6H), 6.10 (d, J ~ 4.4 Hz,
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1H), 5.02(t, J = 4.8 Hz, 1H), 4.69 (t, J = 5.6 Hz, 1H), 4.18-4.14 (m, 1H), 3.95 (dd, J = 11.6 Hz,
1H), 3.84 (dd, J = 11.6 Hz, 1H), 3.78-3.75 {m, 2H), 3.45 (1, J = 4.8 Hz, 1H), 3.16 (s, 3H), 0.99
(s, 9H). ESI-LCMS: m/z 589.5 [M+H]".

[0269] Preparation of (6-6): To a solution of 6-5 (31.23 g, 53.04 mmol} in pyridine (300.00 mL)

at 0°C, was added BzCl {11.22 g, 79.56 mmol} dropwise. The mixture was stirred atr.t. for 2 h.
Then the solution was cooled to 0°C, and ammonium hydroxide (20 mL, 30%) was added and
the mixture was allowed to warm to r.t., then the solvent was evaporated, 300 mL H»O and 600
mL EA were added into separate the solution, the aqueous was extracted by EA, combined the
organic and washed with brine, dried over anhydrous NazSOu4, the solvent was removed and the
residue was purified on sthica gel to give 6-6 (28.70 g, 41 42 mmol, 78.09% yield} as a white

solid. ESI-LCMS: m/z 693.4 [M+H]".

02707 Preparation of (6-7). A solution of 6-6 (28.70 g, 41 42 mmol) in EA (150.00 mL) was
added Pd/C (3.00 g) and MeOH (150.00 mL) under Ha. The mixture was stirred at r.t. for S h.

Then the reaction was filtered and the filtrate concentrated to give 6-7 (25.49 g, 38 .22 mmol,

92.27% vield) as a gray solid. ESI-LCMS: m/z 667.3 [M+H]".

[0271] Preparation of (6-8); To a solution of 6-7 (25.49 ¢, 3822 mmol} and AgNO3 (12,98 g,
76.44 mmol) in DCM (300.00 mL) was added collidine (13.89 ¢, 114.66 mmol) and MMTrCl

(19.43 g, 57.33 munol), the mixture was stirred at r.1. for 2 h. Then the reaction was poured into
ice water, the organic layer extracted with DCM, washed with brine and dried over anhydrous
Naz804, the solvent was removed and the residue was purified on silica gel to give 6-8 (32.79 g,

34.92 mmol, 91.36% vield) as a gray sohid.

[0272] Preparation of (6-9); A solution of 6-8 (32.79 g, 34.92 mmol) in THF (300.00 mL) was

added TBAF (1M, 35.00 mL), the mixture was stirred at room temperature for 15 h. Then the
solvent was removed and the residue was punified on silica gel with EA to give 6-9{22.22 g,
31.71 mmol, 90.82% vield) as a white solid. 'H-NMR (400 MHz, CDCl:): 5 = 8.68 (s, 1H), 8.32
(s, 1H), 8.04 (d, J = 7.2 Hz, 2H), 7.61-7.57 {m, 1H), 7.53-7.48 {m, 6H}, 7.40 (d, I = 8.8 Hz, 2H),
7.21-7.12 (m, 6H), 6.73 (d, T = 8.8 Hz, 2H), 6.09 (d, ] = 2.4 Hz, 2H), 4.08-4.02 (m, 2H), 3.93-
3.87 (m, 1H), 3.72 (s, 3H), 3.58-3.53 (m, 1H), 3.43-3.39 (m, 3H), 3.24-3.19 (m, 4H), 2.19 (br,
1H).
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[0273] Preparation of (6-18); To a solution of 6-9 (14.00 g, 19.98 mmol), DMAP (488.19 mg,
4.00 mmol} and DIPEA (6.46 g, 49.95 mmol, 8.73 mL) in dry BCM (100.00 mL} was added

CEPCI (5.68 g, 23.98 mmol} dropwise under Ar. The mixture was stirred at room temperature
for 1 h. Then the reaction was wished with 10% NaHCOs (aq) and brine, dried over NaxSQy4, the
solvent was removed and the residue was purified by c.c. with the PE/EA nmuxture, then
concentrated to give the crude product. The crude product (10 g, dissolved in 10 mL of ACN)
was purified by Flash-Prep-HPLC to obtain 6-16 (12.60 ¢, 13.98 mmol, 69.99% yield) as a white
solid. Then the product was dissolved 1n dry toluene (15 mL} and concentrated three times, and
with dry ACN three times. 'H-NMR (400 MHz, CDCL): §=9.12(d, ] = 46.8 Hz, 1H), § = 8.71
(d,]=11.6Hz 1H), 850 (s, 0.6H), 822 (s, 0.4H), 8.04 (1, J =72 Hz, 2H), 7.63-7.539 (m, 1H),
7.55-7.46 (m, 6H), 7.40-7.37 (m, ZH), 7.19-7.06 (m, 6H), 6.69 (dd, ] = 8.8 Hz, 2H), 6.03 (d, ] =
3.2 Hz, 1H), 4.36-4.24 (m, 2H), 3.92-3.78 (m, 2H), 3.71 (d, T = 11.6 Hz, 3H), 3.67-3.33 (m, 7H),
3.20(d, J=112Hz 3H),3.17-3.10 (m, 1H), 2.88 (dd, J =27 2 Hz, 1H), 2.65-2.50 {m, ZH), 2.38
(d, T=4.4Hz, 0.4H), 1.80(d, J=4.0Hz, 0.6H), 1.23-1.15 (m, 12H). *'PNMR (400 MHz,
CDCHh): 148.86, 148.22. ESI-LCMS: m/z 901.3 [M+H]™

Example 7
NG O
\_\O“F{N(ipr)z \E/{(NH

0----\(0 NN,
MMTHN  OEt
811

[0274] The appropriately protected 2°-0-ethyl-3 -amino-5"-phosphoramidite (example 9, 10, 11,

12), were prepared after chemical transformations shown in Schemes 8-12,

[0275] First for the synthesis of thymine based 37 -NH-MMtr-2"-O-ethy] phosphorandites
example 9, intermediate 2 was protected such as methy! propyolate in the presence of
dimethylaminopyridine {Scheme 8) to give base N-3 protected intermediate §-4 to facilitate the
2’-O-alkylation in higher yield. Further deacetylation of 8-4 to give C-2’-hydroxy intermediate

8-3.
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[0276] Further alkylation using 1odoethane afforded 2°O-ethyl nucleoside 8-6. Intermediate 8-6
was converted to thymine base 2°-O-ethyl-3"-amino-5"-phosphoramidite 811 by following the

similar chemistry for compound 4-18 shown in previous Scheme 4.

02771 Preparation of (8-4): To a solution of 8-2 (22.0 g, 4962 mmol) in MeCN (400 mL) was

added DMAP (1.2 g, 9.92 mmol). Then 3 (5.8 g, 419.5 mmol) was added, the mixture was stirred
at r.t. for 2 b under Nz, TLC showed 8-2 was consumed. Concentrated and purified by a silica gel
column by (PE:EA = 6:1} to afford 8-4 (22.0 g, 40.63 mmol, 81.9% yield} as a yellow odl. ESI-
LCMS: m/z 564 [M+Nal™

[0278] Preparation of (8-8). To a solution of 8-4 (28.0 g, 51.71 mmol) in MeOH (400 mL} was

added con. NHsOH aqueocus solution (28 mL) at 0°C. The reaction mixture was stirred at 0°C for

1.5 h, TLC showed 8-4 was consumed. Concentrated and purified by a silica gel column by
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(PEEA =10:1~2:1) to afford 8-5 (21.0 g, 42.04 mmol, 81.3% vield) as a yellow oil. ESI-LCMS:

m/z 522 [M+Na]"

{02791 Preparation of (8-6). To a solution of 8-5 (20.0 g, 40.04 mmol) in 1odoethane {100 mL)

was added Ag(G (18.6 g, 80.08 mmol, ). The reaction muxture was stirred at 50°C for 5 h, after
LC-MS show totally consumed of 8-5 filtered with diatomaite and concentrated to afford 8-6
{16.0, 30.33 mmol, 75.7% vield) as a yellow otl which was used directly in next step. ESI-

LCMS: m/z 528 [M+H]"

[0280] Preparation of (8-7): To a solution of 8-6 (16.0 g, 30.33 mmol) in MeCN (400 mL) was

added pyrrolidine {(8.63 g, 121.32 mol, 12 mL), the reaction nuxture was stirred at r.t. overnight,
TLC showed 8-6 was totally consumed. Concentrated and purified by a silica gel column by
(DCMMeOH = 100:1~50: 1) to afford 7 {12.0 g, 27.94 mmol, 92.1% vield) as a vellow oil. ESI-
LCMS: m/z 430 [M+H]

Preparation of (8-8): To a solution of 87 (12.0 g, 27.94 mmol) in THF (200 mL) was added

Pd/C (1.2 g), the mixture was stirred at r.t. under Hy overnight. LC-MS showed 7 was totally
consumed. Filtered and washed with DCM (100 mL ¥ 3), then concentrated to afford 8-8 (11.0 g,
27.27 mmol, 97.6% vield) as a gray solid which was used directly in next step. ESI-LCMS: m/z

404 [M+H]".

[0281] Preparation of (8-9); To a solution of 8-8 (10.0 g, 24.79 mumol) in DCM (80 mL) was
added MMTrCl (11.4 g, 3718 mmol), 2,4,6-collidine (2.0 g, 16.61 mmol, 6.5 mL) and AgNGs3
(6.3 g, 37.18 munol), the mixture was stirred at t.1. for 1.5 h. TLC showed 8-8 was totally
consumed. Filtered and the organic layver was washed with water and dried over NaxSQO4, then
concentrated and purified by a silica gel column by (PE.EA=35:1~1:1) to afford 8-9 (16.0 g, 23.68

mmol, 95 5% vyield) as a hight-vellow solid.

[0282] Preparation of (8-18) 8-9 (4.0 g, 5.92 mmol) was added to the solution of 1 0 N NaOH
solution (20 L, MeOH/H20 = 9:1). The reaction muxture was stured at 40°C for 2 h, TLC

showed 8- was consumed, concentrated and extracted with BCM (20 mL * 2), the organic laver
was dried over Nax804 and concentrated, the residue was purified by a silica gel column by

(DCM:MeOH=200:1~50:1} to afford 8-10 (3.0 g, 53.8 ramol, 90.9 yield) as a wiite sohd.
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{02837 Preparation of (8-11). To a solution of 10 (2.36 g, 4.23 mmol) in DCM (2.0 mL} was
added DMAP (103 mg, 0.8 mmol} and DIPEA (2.2 ¢, 16.92 mmol, 2.96 mL}. Then CEPCI (1.0

g, 423 mmol) was added. The reaction mixture was stirred at r.t. for 1 h. TLC showed 8-10 was
consumed, washed with saturated NaHCO; (5 mL), separated the organic layer and washed the
water layer with DCM (10 mL * 2). The combined organic layer was washed with brine, dried
over Na:SQO4, concentrated, and purified by Flash-Prep-HPLC to afford 8-13 (2.45 g, 3.23 mmol,
76.36% yield) as a white solid. 'H NMR (400 MHz, CDCls) § 8.62 (s, 1H), 7.74 (dd, J = 1.4 Hz,
0.5H), 7.60-7.50 (m, 4H), 7.51-7.41 (m, 2H), 7.34- 7.16 (m, 7H), 7.12 (d, /= 1.4 Hz, 0.5H),
6.88-6.76 (m, 2H), 5.66 (s, 1H), 4.37-4.23 (m, 1H), 4.16-4.05 (m, 1H), 4.05-3.94 (m, 0.5H),
3.88-3.74 (m, 4.5H), 3.72-3.35 (m, 3H), 3.22 (td, J = 10.3, 4.7 Hz, ©.5H), 3.03-2.89 (m, 1.5H),
2.80-2.69 (m, 1H), 261 {t, J=65Hz, 1H), 237 (d, /=66, 1.3 Hz, 1H), 1.97(d, /= 3.5 He,
0.5H), 1.91 (dd,.J=11.4, 1.2 Hz, 3H), 1.52(d, J=4.7 Hz, 0.5H), 1.29-1.17 (m, 12E), 1.08 (td, J
=7.0, 4.9 Hz, 3H). *'P NMR (162 MHz, CDCL) § 149.31, 147.14. ESI-LCMS: m/z 576 [M+H]".

GalNAc Svnthesis

Synthesis of G-1

BrnOH, DMAPR, DCM

o) CH

G-1

[0284] To a solution of oxane-2, 6-dione (1000 g, 8.76 mol, 1.00 equiv.), 4~
dimethylaminopyridine {53.5 g, 437.9 mmol, 0.05 equiv.) in dichloromethane {10000 mL) with
an inert atmosphere of mitrogen was added phenylmethanol (900 g, 8.32 mol, 0.95 equiv.)
dropwise with sturing at room temperature. The resulting solution was stirred overnight at room
temperature. The resulting mixture was washed with saturated sodium bicarbonate solution. The
pH value of the aqueous lavers was adjusted to 1 with 10% hydrochloric acid. The resulting
solution was extracted with 3x2000 ml of ethyl acetate and the organic layers combined. The
resulting mixture was washed with 2x3000 mL of saturated sodium chloride. The organic layer
was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. This

resulted i 1240 g (64%) of G-1 as colorless oil. MS m/z [M+H+ (ESI): 223,
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Synthesis of -2

O O
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. /"\(E"L/\ NP /u\\/\\\/u\ (R)
HaN : OH BnO N T oH
OH HETU, DIPEA, DMF Ho &
25°C, 16h

G-2

[0285] To a solution of -1 (58.5 g, 263.23 mmol, 1.20 equiv.), N, N-dissopropylethylamine (34
g, 263.57 mamol, 1.20 equiv.} in N, N-dimethylformanude (600 mL} with an mert atmosphere of
nitrogen was added O-Benzotnazole-N, N, N7, N -tetramethyl-uronium-hexatluorophosphate
{100 g, 263.69 mmol, 1.20 equiv.} at room temperature. The resulting solution was stirred for T h
at room temperature. This was followed addition of (2R}-3-aminopropane-1, 2-diol (20 g, 219.52
mmol, 1.00 equiv.) at room temperature. The resulting solution was aliowed to react, with
stirring, overnight at room temperature. The resulting solution was diluted with 2000 mL of ethyl
acetate. The resulting mixture was washed with 2x1000 mL of saturated sodium bicarbonate
sofution. The muxture was dried over anhydrous sodium sulfate and concentrated under reduced
pressure. The residue was applied onto a silica gel column with dichioromethane/methanol
{1:100-1:10}. This resulted in 38.7 g (60%) of -2 as a light yellow solid. MS m/z [M+H]+
(ESI): 296,

Synibesis of -3

o) o . .
W ®) DMTICH
o0 N Eon MIEL PNON
H o &y Py, t,2n N0 NT Y ToDMT:
OH
G-2 o

[0286] To a solution of G-2 (10 g, 33.86 mmol, 1.00 equiv.} in pyridine {100 mL) with an mert
atmosphere of nitrogen was added 1-[chloro{4-methoxyphenylibenzyl]-4-methoxybenzene
(12.63 g, 37.28 mmol, 1.10 equiv.} at room temperature. The resulting solution was stirred
overnight at room temperature. The reaction was then quenched by the addition of methanol (10
mb). The resulting mixture was concentrated under reduced pressure. The resulting solution was
diluted with 1000 mL of ethyl acetate. The resulting mixture was washed with 2x500 mL of

saturated sodium bicarbonate solution. The muxture was dried over anhydrous sodium sulfate and
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concentrated under reduced pressure. The residue was applied onto a silica gel column with
dichloromethane/methanol (1:100-1:50). This resulted in 10.2 g (50%} of G-3 as light vellow il

MS m/z [M+Na]+ (ESI): 620.

Synibesis of -4

9 9 Ha, PAIC Q 7 ‘
Bno/u\/\/u‘ﬁ/\i?/\ammw HOW ﬁ”’\‘?”\eawr
OH 25°C.4h OH
3-3 G4

[0287] To a solution of G-3 (10 g, 16.73 mmol, 1.00 equiv.} in methanol (100 mL) was added
10% Palladium on activated carbon {1 g) at room temperature. The flask was evacuated and
flushed five times with hydrogen. The resulting solution was stirred for 4 h at room temperature.
The solids were filtered out. The resulting mixture was concentrated under reduced pressure.

This resulted in 7.6 g (89%:) of -4 as a white solid. MS m/z [M-+Na}+ (ESI): 530.

Synibesis of -5
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[0288] To a solution of G-4(8.90 g, 17.53 ramol, 1.05 equiv.} 1n N, N-dimethylformamde (300

mL) with an inert atmosphere of nitrogen, was added N, N-diisopropylethylamune (6.47 g, 50.16
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mmol, 3.00 equiv.) at room temperature. To this was added O-Benzotriazole-N, N, N-
etramethyl-uronium-hexafluorophosphate {7.10 g, 18.73 mmol, 1.12 equiv.) at room
temperature. The resulting solution was stirred for 15 min at room temperature. To the mixture
was added G-5 Ref (Nucleic Acids Research, 2014, 42, {13) 8796-8807), (30 g, 16.72 mmol,
1.00 equiv.} at room temperature. The resulting solution was allowed to react, with stirring,
overnight at room temperature. The resulting mixture was concentrated under reduced pressure.
The crude product was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-
1): Column, 18 silica gel; mobile phase, acetonitrile /water with 0.04% NH4HCO3 (20%
acetonitrile up to 70% n 15 nmuny; Detector, UV 210 nm. This resulted in 20.1 g (53%) of G-6 as
a white solid. MS mvz [M+H]" (ESI): 2283.

Synthesis of -7
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02891 To a solution of G-6 (25 g, 10.96 mmol, 1.00 equiv.) in dichloromethane (750 mL) with
an inert atmosphere of mitrogen, was added triethylamine (4.98 g, 49.21 mmol, 4.49 equiv.) at
room temperature. To this was added 4-dimethyvlaminopyridine {1.33 g, 10.89 mmol, 0.99
equiv. ) at room ternperature. To the mixture was added oxolane-2, S-dione (3.29 g, 32.88 mmol,
3.00 equiv.) at room temperature. The resulting solution was stirred overnight at room

temperature. The resulting mixture was concentrated under reduced pressure. The crude product

145



WO 2018/053185 PCT/US2017/051644

was purified by Flash-Prep-HPLC with the following conditions: Column, {18 silica gel; mobile
phase, acetonitrile/water with ¢.04% NHsHCOs3 (20% acetonitrile up to 50% in 20 nun);
Detector, UV 230 nm. This resulted in 15 83 g (61%) of G-7 as a white solid as ammonium salt.

MS m/z [M/2+NH41+ (ESI): 1210
Synthesis of GalNAe-2-solid support-GPG

AcO OAC

ACO —b\/\/\n, ~C

AcHN H
AcQ OAC

L
F\COM/O\‘/A\/‘ WN\K/\V j/\/ O\%\ /L\//\/ﬂ\ N //\C/L)“TI'

AcHN

o\;ﬂ
AcQ A )
SO, /\ /E
AcO »0\/\/\/”‘ e HO 0
AcHN
G-7 -\\
ACQ JAC e
EL\../"O H }"; N
AsG- ’O\\//\\/\ﬂ/ N TN N. O
AcHN i
o)
Ao OAC 4
w § N \i i i
PG PN S N
AcHN \/\/\li/ T \ﬂ/\/ \/A\\J NN oDMT
O 8] O/ H H 6
Ac(‘) OAC /
G H j
AcD O™ NS
AcHN }(1; H

[0290] The G-7 was loaded onto the CPG by following the procedures described in
Biotechniques., 1988 Sep;6(8).768-75 using HBTU/TEA to give GalNAc-2- CPG{ 53 umol/g).

Synthesis of GalNAc-6
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Synthesis of -8

OBn

OH by
EDCIL DMAR, phenyimethanol o
o I

DCM, 25°C, 18h &
0
G-8

[0291] To a solution of decanedioic acid (100 g, 494 4 mmol, 1.00 equiv.) in dichloromethane
{2000 mL), was added 4-dimethylaminopyridine (18.1 g, 148.2 mmol, 0.30 equiv.} at room
temperature. To this was added N-(3-dimethylaminopropyl}-N’-ethylcarbodumide hydrochloride
(114 g, 594.7 mmol, 1.20 equiv.} at room temperature. The resulting solution was stirred for 1 h
at room temperature. To the mixture was added Benzy!l alcohol (64.1 g} dropwise with stirring at
0°C. The resulting solution was allowed to react, with stirring, overnight at room temperature.

The resulting mixture was washed with saturated aqueous sodium chloride. The mixture was
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dried over anhydrous sodium sulfate and concentrated under reduced pressure. The crude
product {100 g} was purified by Flash-Prep-HPLC with the following conditions (IntelFlash-1}:
Column, C18 silica gel; mobile phase, water and acetonitrile {(60% acetonitrile up to 100% in 12
min and hold 100% for 5 min); Detector, UV 210 nm. This resulted m 60.7 g (42%) of G-8as a
white solid. MS m/z [M+H]}+ (ESI); 293,

Synibesis of 18
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[0292] To a solution of G-8 (4 48 ¢, 15.32 mmol, 1.50 equiv.} in acetonitrile (320 mL) was
added O-Benzotriazole-N,N N-etramethyl-uronium-hexafluorophosphate (5.84 g, 15.40 mmol,
1.50 equiv.), N,N-Disopropylethylamine (3.96 g, 30.64 mmol, 3.00 equiv.). The resulting
solution was stured for 1 b at 25°C. Thus was followed by the addition of G- (184 g, 10.26
mmol, 1.00 equiv.}. The resulting solution was stirred for 16 h at 25 °C, and then concentrated
under vacuum. The crude product was purified by Flash with the following conditions: Column,
C18 silica gel; mobile phase, acetonitrile in water = 10% increasing to 70% within 15 nung
Detector, UV 210 nm. This resulted 1 12 g (537%) of G-18 as a white solid. H-NMR (DMSO,
400MHz, ppm):. 7.74-7.83 (m, 9H), 7.31-7.37 (m, SH), 6.97 (s, 1H), 521 (d. /=133 Hz, 3H),
5.07 (s, 2H), 4.98 (dd, J = 11.2 Hz, 3.4 Hz, 3H), 4.49 (d, .J = 8.4 Hz, 3H), 4.04 (s, 9H), 3.83-3.99
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(m, 3H), 3.67-3.72 (m, 3H), 3.52-3.55 (m, 12H), 3.37-3.43 (m, 3H), 2.99-3.05 {m, 12H), 2.25-
2.35 (m, 8H), 2.12 (s, 9H), 1.99-2.11 {m, 17H), 1.92 (s, 9H), 1.77 (s, 9H), 1.40-1.53 (m, 22H),

1.19-1.25 (m, 8H}.

Synthesis of G-11

OAC

{

SN g

cO
H
e ﬁ NP N (9]
DTN N
e L\.
C

AcO
AcHN
Ac) OAC
O H H .
O™ /'\?r N~ N O

O Q

A

AcHN
Q
AcO QA o )
\V’O ‘

\
AcO-

Q7

N

N ’L’o
H H

AcHN

G-10

Achy OAc
I 0
x—— 5\

AcHN

ACD

AcQ DAC
‘N/ ¥ O
AcQ- O\/’\,«/\\ /N\.//\/N o
I!) \nr/\/
C

AcHN by

AcG QAC

o]
M /M v
AN
() N
AcO H

"
AcHN H

A

]

G-11

W%M\/\/\/&O

O

OBn
Hy, PAIC{10%, wiw 30%)

EAMeOH(1/1), 1, 2h

[0293] To a solution of G-18 (5 g, 2.45 mmol, 1.00 equiv.) i methanol/ ethyl acetate (100 mi,

v/v=1:1}) was added 10% palladium carbon (1.5 g, 16%). The flask was evacuated and flushed

five times with hydrogen. The mixture was stirred 2 h at room temperature under an atmosphere

of hydrogen. The solids were filtered out. The resulting muxture was concentrated under vacuumn.

This resulted in 4 g (82%) of G-11 as a white solid.

Synthesis of GalNAe-6
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[0294] To a solution of G-11 (6.3 g, 3.18 mmol, 1.00 equiv.} in N N-dimethyiformanide (63
mkb} was added N, N-dusopropylethylamine (1.0 g, 7.95 mmol, 2.50 equiv.}. This was followed
by the addition of pentafluorophenyl 2,2,2-trifluorcacetate (1.33 g, 4.77 mmol, 1.50 equiv.)
dropwise with stirring at 0°C. The resulting solution was stirred for 3 h at 25°C. The resulting
mixture was concentrated under vacuum. The crude product was purified by Flash with the
following conditions: C18 gel column, eluent A water, eluent B acetonitrile; gradient: 20% up to
80% within 15 min, 100% maintained 3 mun; Detector, UV 210 nm. This resulted in § g (73%)
of GalNAe-6 as a white solid. MS mw/z [M/2+HT (ESI): 1073; H-NMR (DMSQ, 300MHz,
ppm): 7.71-7.80 (m, OH), 6.98 (s, 1H), 5.22 (d, /= 3.3 Hz, 3H), 4.99 (dd, /= 11.1 Hz, 3.3 Hz,
3H), 4.50 (d, J= 8.4 Hz, 3H), 4.02 (s, 9F), 3.82-3.92 (m, 3H), 3.69-3.74 (m, 3H), 3.52-3.56 (m,
12H), 3.39-3.44 (m, 3H), 3.03 (s, 12H), 2.75-2.79 (m, 2ZH), 2.28 (t, /= 6.3 Hz, 6H), 2.00-2.10
(m, 26H), 1.89 (s, 9H), 1.77 (s, 9H), 1.64-1.68 {m, 2H), 1.25-1.53 (m, 28H); F-NMR (DMSO,
162MHz, ppm): -153.60, -153.67, -153.68, -153.69, -158.05, -158.14, -158.22, -162.53, -162.60,
-162.62, -162.69, -162.70.
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(alNAc conjugation

[0295] For making the 5" GaiNAc Conjugated oligomer with the following modifications: 2°-F-
NPS-PS-27-F-NP5 | 27-F-NP-P8-2"-F-NP; 2’-0OMe-NP-PS-2’-OMe-NP,; 27-OMe-NPS-DNA-PS-
27-0Me-NPS, 27-CEt-NPS-DNA-PS-2"-0OFt-NPS and 2°-MOE-NPS-DNA-PS-2’-MQOE-NPS the
synthesis was carried out on a 10 to 200 uM scale ina 57 to 3’ direction with the 57~
phosphoramidite monomers diluted to a concentration of 0.1 M in anhydrous CH3CN 1n the
presence of 5-(benzylthio}-1H-tetrazole activator (coupling time 2.0-4.0 min} to a GalNAc 2-
CPG. The coupling cycle with moditied protocols followed by standard capping, oxidation, and
deprotection afforded modified oligonucleotides. The stepwise coupling efficiency was more
than 98%. The DDTT (dimethylamino-methylidene} amino}-3H-1, 2, 4-dithiazacline-3-thione
was used as the sulfur-transfer agent for the synthesis of oligoribonucleotide phosphorothioates.
The 0.2 M Phenyls acetyl disulfide (PADS) in Lutidine: Acetontirile {1:1) was used as
sulfurizing agent in large-scale synthesis (Akta OP-100). Oligonucleotide-bearing solid supports
were heated at room termperature with aqueous ammonia/Methvlamine (1:1) solution for 3 hin

shaker to cleavage from support and deprotect the base labile protecting groups.
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3'-CoNH2-NPS-PS-NPS-(Precursor) synthesis

[0296] For making the 3° GalNAc Conjugated oligomers with the following modifications: 2°-F-
NPS-PS-2°-F-NPS ; 27-F-NP-PS-2°-F-NP; 2°-OMe-NP-PS-2°-OMe-NP; 2°-OMe-NPS-DNA-PS-
2 -OMe-NPS, 27-OFt-NPS-DNA-PS-2"-OFt-NPS and 2°-MOE-NPS-DNA-PS-2’-MOE-NPS
ASOs were synthesized at 10 pmol scale using universal support (Loading 65 umol/g}. The

synthesis procedure 15 same as described above. At the 3" -terminal to introduce C6-NH2 linker
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the 6-(4-Monomethoxytritvlamino thexyl-(2-cyanoethyl}-(N,N-ditsopropyl}-phosphoramidite in
0.1 M Acetonitrile was used with coupling time 10 min. The Oligonucleotide-bearing solid
supports were heated at room temperature with aqueous ammonia/Methylamine (1:1) solution
for 3 h in shaker to cleavage from support and deprotect the base labile protecting groups. After

IEX purification and desalting the C6-NH2 modified ASQ’s can be used to perform post

o

synthesis conjugation.

P/
o OW
NG NH-MMr

3-Amino-Modifier C6

6-{4-Monciethoxytrity laminothexyl-(2-cyancethy D-(N, N-diisopropyl)- phosphoramidite
F-GalMAc NPS-PS-NPS-AS0 synthesis {(Post Synthesis Conjugation)

[0297] The 37-C6-NH>2 modified ASOs were dissolved in 0.2 M Sodium bicarbonate buffer, pH
8.5 (0.015 mM) and 5-7 mol equivalent of GalNAc-6 ester dissolved in DMSO was added. The
reaction mixture was stirred at room temperature for 4 b The sample was analyzed to confirm if
any unreacted amino modified ASQO’s 15 present. To this agueous ammonia (28 wt. %) was added
{5 reaction volume} and stirred at room temperature for 2-3 h. Reaction mixture concentrated
under reduced pressure and residue dissolved in water and purified by HPLC on a strong anion

exchange column.
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3’ -GalNAcs Conjugation

Conge. Of Equivalent of GalNAc | Temp % Conversionto 3’
Oligo’s & PFP ester (°C) GalNAc ASO
0.015 mM 5 25 75

00076 mM | 7 25 30

00076 mM | 4 25 65

Cruantitation of Crude Qlisomer or Raw Analvsis

[0298] Samples were dissolved in deionized water (1.0mL) and quantitated as follows: Blanking
was first performed with water alone (1.0 m1L) 20ul of sample and 980 L of water were nuxed
well i a microfuge tube, transferred to cuvette and absorbance reading obtained at 260 nm. The

crude matenal 1s dried down and stored at -20 °C.
Crude HPLC/LC-MS analysis

[0299] The 0.1 OD of the crude samples were submitted for crude MS analysis. After

Confirming the crude LC-MS data then purification step was performed.
HPLC Purification

[0300] The Phosphoranudate (NP) and Thiophosphoramidate (NPS) modified oligonucleotides
with and without GalNAc conjugates were purified by anion-exchange HPLC. The buffers were
20 mM sodium phosphate 1in 10 % CHaCN, pH 8.5 (buffer A) and 20 mM sodium phosphate in
10% CH:CN, 1.8 M NaBr, pH 8.5 (buffer B}. Fractions containing full-length oligonucleotides

were pooled, desalted, and lyophilized.
Desalting of Purified Oligomer

[0301] The purified dry oligomer was then desalted using Sephadex G-25 M (Amersham
Biosciences). The cartridge was conditioned with 10 mL of deionized water thrice. Finally the
purified oligomer dissolved thoroughly in 2. 5SmL RNAse free water was apphied to the cartridge
with very slow drop wise elution. The salt free cligomer was eluted with 3.5 ml deionized water

directly mnto a screw cap vial,
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IEX HPLC and Electrospray LO/MS Analysis

[0302] Approximately 0.10 OD of oligomer 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
mtegrity of the oligonucleotides. The purity and molecular weight were determined by HPLC
analysis {60 °C, IEX- Thermo DNAPac PA-100, A- 25 mM sodium phosphate 10% acetonitrile
pH 11, B- 1.8 M NaBr 25 mM sodium phosphate 10% acetonitrile pH 11; RPIP- Waters XBridge
OST C18, A- 100 mM HFIP 7 mM TEA B- 7:3 methanol/acetonitrile} and ESI-MS analysis
using Promass Deconvolution for Xcalibur (Novatia, Newtown, PA). All oligonucleotides in the
following tables were synthesized, and reference to molecular weights 1n the tables are actual

measured weights that may have an error of MW, amu +/-2.

Stability Testing of Complexed Oliconucleotides

In embodiments, the disclosed oligonucleotides display an increased affinity for a target nucleic
acid sequence compared to an unmodified oligonucleotide of the same sequence. For example, in
some sequences the disclosed oligonucleotides has a nucleobase sequence that 1s complementary
or hybridizes to a target nucleic acid sequence at a higher affinity than an unmodified
oligonucleotide of the same sequence. In embodiments, the disclosed oligonucleotide complexed
with a complementary target nucleic acid sequence has a melting temperature Tm of >37 °C. The
complex may be formed under physiological conditions or nearly physiological conditions such
as in phosphate-buffered saline (PBS). In embodiments, the Tm of the complex is >50 °C. In
embodiments, the Tm of the complex 15 50-100 °C. In embodiments, the Tm of a disclosed

oligonucleotide duplexed with a target nucleic acid sequence under physiological conditions or

CJ

nearly physiclogical conditions 15 >50 °C

[0303] In certain embodiments, the target nucleic acid sequence may be selected from a nucleic

actd sequence of a known viral BDNA or RNA sequence such as the HBV genome.

[0304] In embodiments, the disclosed oligonucleotides display an affinity for at least one of the
following six sequences of the HBY genome or its RNA equivalents and/or display stability
complexed to at least one of the following six sequences of the HBV genome {Table E) or its
RNA equivalents (Table F}. In embodiments, the oligonucleotide complexed with a
complementary HBV genome sequence has a melting termperature (Tm) of >37 °C. The HBV

genome may be an RNA sequence such as DR-1 and/or DR-2 RNA sequence. The complex may
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be formed under physiological conditions or nearly physiological conditions such as in
phosphate-buffered saline (PBS). In embodiments, the Tm of the complex 1s >50 °C. In
embodiments, the Tm of the complex 1s 50-100 °C. In embodiments, the Tm of a disclosed
oligonucleotide duplexed with an HBY RNA under physiological conditions or nearly

physiological conditions 15 >50 °C.

In Vitro Testing of Olisonucleotides

[0305] Two HBV cell lines were used to assess the in vitro potency of oligonucleotides:
Hep(G2.2.15(2215) and HepG2.117 (2117). HBsAg reduction in tissue culture supernatant {sup)
as well as cytotoxicity was measured using Hep(G2.2.15 cell. HBY DNA reduction in the sup as

well as intracellular fraction was measured in HepG2.117 cell.

[0306] Hep(G2.2.15 cell line 1s a stable cell line with four integrated HBV genomes. The celis
were grown at 37°C in an atmosphere of 5% CO2 in Dulbecco’s modified Eagle’s medium
supplemented with 10% FCS, 100 [U/ml penucillin, 100 pg/ml streptomycin, and 2% glutamine.
The day before the dosing, 2.5x10% cells/well were plated in collagen coated 96 well plates and
incubated overnight. On the day of dosing, serially diluted oligomers were transfected into the
cells with Lipofectamine RNAMax {Thermo Fisher, Waltham, MA) following manufacturer’s
protocol. Duplicates were made for each drug concentration and each oligo was set up for both
EC50 measurement and CC30 measurement. Three days after transfection, the supernatant (sup)
was collected and used in HBsAg ELISA (AutoBio, China) for ECS0 calculation. For CC50
measurement, CellTiter-Glo® (Promega, Madison, WI) was used in the assay following

manufacturer’s nstruction.

[0307] HepG2.117 1s a stable hepatoma cell line harboring an integrated 1.05 copy of the HBV
genome (subtype ayw) under regulation of TetOFF (induction of transcription in the absence of
tetracychine or its homolog doxyeychine). The cells were grown at 37°C in an atmosphere of 5%
CO2 in DMEM/F12 media supplemented with 10% FCS, 100 IU/ml penicitiin, 100 pg/mi
streptomycin, 2% glutamine, 250 pg/ml G418, and 2 pg/ml Tetracychine. The day before the
dosing, the cell media-contaiming Tetracycline was removed, the cells washed to remove the
residual Tetracycline and plated at 2.5x10% cells/well with treatment media (DMEM/F12
containing 2% Tet-system approved FBS 100 [U/ml penicillin, 100 pg/mi streptomycin, and 2%

glutamine} in collagen coated 96 well plates. The cells were then mmcubated overnight. On the

o
Uy
LA
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day of expermment, serially diluted oligomers were transfected mto the cells with Lipofectamine
RNAiMax {Thermo Fisher, Waltham, MA) foliowing manufacturer’s protocol. Duplicates were
made for each drug concentration and each oligo was set up for both ECS0 measurement and
CC50 measurement. Four days after the transfection, the sup was collected to be used in HBY
DNA gPCR directly. The HBY DNA from the cells was isolated with MagMAX™ Total
Nucleic Acid Isolation Kit {Thermo Fisher) and then applied in gPCR as template. HBY subtype
ayw DNA {(accession number V01460) sequence was used to design {Primer Express, Thermo
Fisher) the forward primer (5-TTG CCT TCT GAC TTC TTT CCT TCT-3"), reverse primer (5'-
TGC CTG AGT GCT GTA TGG TGA G-3') and the fluorogenic TagMan® probe (5'-TCG
GGA AGC CTT AGA GTC TCC TGA-3') labelled with FAM (6-carboxvfluoresceine) in 5 and
with TAMRA (6-carboxytetramethylrhodamine) in 3'. These primers and probe were used to
carry out quantitative real-time PCR with AmphiTaq Gold DNA polymerase (Perkin-Elmer Life
Science, Waltham, MA). The conditions for this reaction were as follows: 1 cycle, hot-start at
95°C for 10 mun followed by 50 cycles of denaturation (95°C for 15 s) and annealing/

polymerization {(59°C for 1 min).

Infectious HBVY svstem in primary human hepatocvie

[0308] Cryopreserved primary human hepatocytes (PHH)were thawed and plated in 24 well
plates at 200,000 cells/well. The cells were allowed to recover overnight at 37°C 5% CO2. The
cells were mfected O/N (37°C/5% CO2) with HBV at mot 50-100. After infection for overrught,
the viral moculum 1s removed and the cells are washed three times with prewarmed wash
medium. Then refill with fresh PHH culturing medium. The medium 1s replaced with 450p1
fresh medium. Add 50ul transfect mixture. Dhlute oligomers m Opti-MEM [ (Life Technology,
Cat#: 31985-070) to 20x of final concentration, mix with equal volume Opti-MEM I containing
Lipofectamuine RNAMAX (Invitrogen, Cat#: 13778-150), pipet 3 times and incubate for 10-
20mun at room temperature. Add 50u] oligo RNAIMAX mixture into the wells, tap the plates a
few times with hands. Put the plates back to mncubator. On the day of assay, Harvest supernatant
for HBsAg and HBeAg ELISA, cell for cell viability. HBsAg ELISA was described in above

section. For HBeAg, method from Autobio Diagnostics (CL0312-2) was used.

156



WO 2018/053185 PCT/US2017/051644

In Vivo Testing of Olisonucleotides

[0309] AAV/HBVY 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/HBV can
result in long-term HBV viremia, which numics chronic HBV mfection m patients. The
AAV/HBY model can be used to evaluate the in vivo activity of various types of anti-HBY
agents. Mice were infected with AAV-HBY on day -28 of the study. The test articles or negative
control (PBS) were dosed subcutaneously (unless specified otherwise) three times on days 0, 2
and 4 at the specified dose levels. Or they can be injected as single dose at specified dose levels
on day 0. The positive control, entecavir (ETV), for HBY DNA, but not for HBV antigens, was
dosed orally every day. Serum HBV S antigen (HBsAg) and E antigen (HBeAg) were assayed
through ELISA and HBV DNA through real time PCR. ELISA methods and gPCR method have

been described i the in vitro assay sections above.

[0310] The following statements describe how the data in Table 1-43 were generated. For all of
the in vitro HBsAg Cell line EC30 and CC30 data, the method for Hep(G2.2.15 was used and
accordingly, “2215” was labeled in the columns or rows where the data was shown. For all of the
in vitro HBY DNA Cell line EC50 and CC50 data, the method for HepG2.117 was used and
accordingly, “2117” was labeled in the columns or rows where the data was shown. For all in
vitro HBsAg as well as HBeAg ECS0 data tested in HBV/PHH infectious system, PHH method
was used and accordingly “PHH” was labeled 1 the columns or rows where the data was shown
For i vivo AAV-HBY mouse model results, method 1 n vivo section above was applied. The
Maximum HBsAg {or HBeAg) reduction was described as nadir (unit Log reduction) and the
nadir was labeled in the columus or rows where the data was shown, Two ASQOs were often
compared for their nadir. If value other than nadir was compared, they will be mdicated in the

text.

Method of Treatment

[0311] An adult human suffering from HBV infection 1s admuimistered intravenously a
therapeutically effective compound of the present disclosure, for example, a compound selected
from Table 1-43. Treatment is continued until one or more symptom of HBV 15 ameliorated, or

for exarmple, serum HBV 8 antigen (HBsAg) and/or E antigen (HBeAg} levels are reduced.
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[0312] An adult human suffering from HBV infection 1s administered subcutaneously a
therapeutically effective compound of the present disclosure, for example, a compound selected
from Table 1-43. Treatment is continued until one or more symptom of HBV 1s ameliorated, or

for example, serum HBVY S antigen (HBsAg) and/or E antigen (HBeAg) levels are reduced.
[0313] In the following tables, A through J corresponds to the following:

A) 0.05-10 nM;
B) 10-100 nM;

) above 100 nM;
DY 0.1-5.0 nM;

EY 5.1-10.0 nM;
Fy10.1-21 nM;
G) 20-100

H) 10-1000
1)>1,000
I=10,000.

Table 1. Chimeric olisonucleotide with PS and 2°-0-Me Modifications

Max
o] {; " " ¥
; _é;:};k | 213 Hiﬁf*’ Molecutar
41D Sequence (5°-37) SR8 oeso | % | Weight
EC30 (nM) reductio MW
(nj\/i> * ) n*’ S )
(nadir)
101 5 mGpsmCpsm ApsmGpsmApsm GpsGps TpsGps
ApsApsGpsmCpsmGpsm ApsmApsm GpsmUpsm A J 6967.66

GpsmC-3°

5" mGpsmCpsm ApsmGpsm Apsm GpsGps TpsGps
102 ApsApsGpsmCpsmGpsm ApsmApsm GpsmUpsm B J 7739.69
GpsmCps-Chol-3’

103 AQSAQSGQStnCpsmGpsmApsmApsm(Ep-s-;-a-;t psm B J 2 872857
GpsmC-GalNAc-3°

* Log Reduction post 3x30mg/keg SC

[0314] FiGs. 1A-C show results of 2-week testing of a compound of the present disclosure in
vive in an AAV/HBY mouse model. AAV/HBY is a recombinant Adeno-associated virus (AAV)
carrving replicable HBV genome. Taking advantage of the highly hepatotropic feature of
genotype 8 AAV, the HBY genome can be efficiently delivered to the mouse liver cells.

Infection of immune competent mouse with AAV/HBY can result in long-term HBY viremia,
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which mimics chronic HBY infection in patients. The AAV/HBV model can be used to evaluate
the in vivo activity of various types of anti-HBVY agents. Mice were infected with AAV-HBVY on
day-28 of the study. The test articles or negative control (PBS) were dosed subcutaneously
{unless specified otherwise) three times on days 0, 2 and 4 at the specified dose levels. The
positive control entecavir (ETV, for HBY DNA, but not for HBY antigens) was dosed orally
every day. Serial blood collections were carried out on the days shown in the figures. Serum
HBV § antigen (HBsAg) and E antigen (HBeAg) were assayed through ELISA and HBYV DNA
through real time PCR. In FIG. 1, three test articles #101, #102 (3° Cholesterol conjugated form
of #101) and #103 ( 3° GalNAc conjugated form of #101) were tested along with ETV.

[0315] FIG. 1A shows HBsAg serum levels. ETV is known to reduce HBY DNA but has no
effects on either HBsAg or HBeAg. GalNAc conjugated #101 reduced HBsAg ~ 2 log while

unconjugated #101 and Cholesterol conjugated #102 had very little effect.

[0316] FIG. 1B shows HBeAg serum levels; and FIG. 1 shows DNA serum levels. The
patierns for these three oligomers on HBeAg were very sumilar to that of HBsAg. The max

HBeAg drop for #103 was ~ 0.7 log.

[0317] FIG. 1C shows DNA serum levels. All three oligomers reduced HBV DNA in mouse
serum with GalNAc conjugated #103 being the most potent compound (max HBV DNA
reduction on day 14 was ~ 3 log comparing with day 0 baseline). The positive control ETV also

showed max 3 log drop in HBV DNA.

[0318] FIGs. 2A-B show HBsAg serum levels for a GalNAc conjugated compound of the
present disclosure as a SC and an TV administration in an i vivo mouse model. FIG. 2A show
results for IV adnunistration; FIG. 2B shows results for SC administration. The SC delivery

showed shightly higher degree of HBsAg than the IV delivery with the same dosage

Table 2
Max
2215 | 2215 Hif‘f‘g
#1D Sequence (57-37) EC30 CC30 o dj étm MW
(M) (nM) ‘;
{(nadiry*
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S 2
mGpsm ApsmUpsmUpsm ApsmGpeGpsCpsApsGps

{ i 727592
Lod ApsGpsGpsTpamGpsm ApsmApsmApsmApsm Aps B i 7275.92
mis 3
53" mGpsmApsm Upsm Upsm Apsm GpsGpsCpsAps
105 GpsApsGpsGpsTpsmGpsmApsm ApsmApsmApsm A J 3031 .88
ApsmG-Chol-3
57 mGpsm Apsm UpsmUpsra Apsm GpsGpsCpsAps
106 GpsApsGpsGpsTpsmGpsmApsm Apsm ApsmApsm C J 0.8 9036.82

ApsmG-GalNAc-3

* Log Reduction post 3x30mg/kg SC

[0319] FIG. 3 shows HBsAg reduction levels for GallNAc conjugated compounds of the present

disclosure (#106, #109, #162 and #159)} via subcutaneous delivery m an in vivo AAV-HBV

mouse model. The max HBsAg reductions for these ASO were similarly ~ 1 Log.

Table 3
Max
2215 2215 Hi‘j‘ﬁ"g
41D Sequence (5°-3%) EC50 Ceso | gt ‘ MW
(M) CIYVIN R
(nadiry*
5" mGpsmApsmUpsmUpsmApsGpsGpsCpsApsGps
107 |ApsGpsGpsTpsmGpsmApsmApsm ApsmApsmApsm B d 7245.89
G3
3’ mGpsmApsmUpsmbU psm ApsGpsGpeCpsApsGps
108 [ApsGpeGpeTpsmGpsmApsmApsmApsm ApsmApsm A J 800185
G-Chol-3
57 mGpsmApsm UpsmUpsm ApsGpsGpsCpsApsGps
109 {ApsGpsGpsTpsmGpamApsmApsmApsm ApsmApsm C J i 9006.80
G-GalNAc-3
* Log Reduction post 3x30mg/kg SC
Table 4
2117 sup 2117 Intra BN
514 2215 CC5
#1D HRsA Jzé éﬁ 0 (M) HBVDNA HBVDNA 22 1@&;“ v MW
PESAg BLIVAERY B o5 aM) EC50(nM) i
110 B F F J 7305.95
111 B E E J 732096
112 B D D 1 735(.99
113 B D D J 7350.99
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114 A D D ] 7381.02
115 B D E J 727592
116 B F E f 7290.94
117 A D D ] 732097
118 B E o J 732097
119 A D 3] 1] 735500
#1D Sequence {(§°-37)
110 37 mGpsmDAPpsm Upsm Upsm DA Ppsm GpsGpsCpsApsGps ApsGpsGpsTpsmGpsm Apsm Ap
smApsmApsmApsmG 3’
11 ‘=’ mﬁpsmApsmUpsmU psm ApsmGpsGpsCpsApsGps ApsGosGpsTpsmGpsm ApsmApsm DA
PpsmDAPpsmmDAPpamG 37
12 5 mGpsmApsmUpsmUpsmApsmGpsGwsCpsApsGpsApsGpsGpsTvsmGpstAPpstAPp
smDAPpsmDAPpsmDAPpsmG 3°
13 3" mGpsmDAPpsmaUpsm UpsmDAPpsm GpsGpsCpsApsGpsApsGpsGpsTpsm Gpsm Apsm Ap
- smDAPpsmDAPpsmDAPpsmG 3°
114 5" mGpsmDAPpsmUpsmmUpsmDAPpsm GpsGpsCpsApsGrsApsGpsGpsTpsmGpsm DAPpsm
DAPpsmDAPpsm DAPpsm DA PpsmG 37
115 5" mGpsmDAPpsmUpsm UpsmDAPpsGpsGpsCpsApsGpsApsGpsGps TpsmGpsm Apsm Aps
o mApsmApsmApsmG 3
. 5" mGpsm ApsmUpsmUpsm ApsGpsGpsCpsApsGpsApsGpsGps Tpsm GpsmApsmApsmDAP
116 .
psmDAPpemDAPpsmG 3
117 5 mGpsmApsmUpsmUpsm ApsGpsGosCpsApsGpsApsGpsGps TpsmGpsm DA Ppsm DA Pps
mDAPpsmDAPpsmDAPpsmG 37
11% 5 mGpstAEpsm UpsmUpsmDAPpsGpsGpsCpsApsGpsApsGpsGpsTpsmGpsm Apsm Aps
mDAPpsmDAPpsmDAPpsmG 37
119 3 mGpsmDAPpsmUpsm UpsmDAPpsGpsGpsCpsApsGpsApsGpsGpsTpsm GpsmDAPpsmD
APpsmDAPpsmDAPpsmDAPpsmG 3’
Table 5
2215 2215
#ID Sequence (5737} EC30 CCs0 MW
{(nM) {(nM)
5" mGpsmCpsm ApsmGpsm ApsmGpsGps TpsGpsApsA
120 pstsmesmGpsmApsmE;APpsmGpsmUpsmGpsmC— A I 6987 68
5 mGpsmCpsmApsmGpsmApsmGpsGps TpsGpsApsA
121 psGpsmC psmprmDﬁPp?CmDAPpsmGpsmLpsmGpsm A J 5997 69
5 mGpsmCpsmApsmGpsm DAPpsmGpaGpsTpsGpsAp
122 sApngsmCpsmGpstAPgstAPpsmGpsmUpsmGp A I 7012 71
sm{-3 T
5" mGpsmCpamDAPpsm GpsmDAPpsm GpsGos Tpe Gy
123 sApsApsGpsm Cpsm GpsmDAPpsmaDAPpsm GpsmUps A C 700777
mGpsm -3 '
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Table 6
Max
HBsAg CC50 HBsAg
#D EC30 e Sequence (57-37) Log MW
o (nM} .
(nM) ‘ reduction
{nadiry*

S'mApsmApsmGpsmApsmGpsApsGpsGps TpsGpsdm
139 B I eCpesGpeSmeCpsSmeCpsimeCpsSmemCpsmGpsmUps i 8630.33
mGpsmG ~GalNAc 3°

5 mGpsm GpsmUpsmGpsm ApsApsGpsimeCpsGpsA
160 B J psApsGpsTpsGrsdmCpsmApsSmemTCpsmApsImenme 1.9 8624.54
Cps mG ~GalNAc 3’

S’mUpsmGpamGpsimemCpomApsimeCosTpsApsGyp
16l B J sTpsApsApsApsSmeCpsTpsmGpsm ApsmGps3memCp 1.9 8548.52
sdmemC —-GalNAc 3’

5 memCpsmUpsm ApsmGm GpsApsGpsTpsTpsdmeC
162 B J psdmeCpsGpsdmeCpsApsGpsmUpsmApsmUpsmGps 1 8353.45
mG—GalNAc 3’

5 mApsmGpsmApsmGpsmGpsTpsGpaSmeCpsGpsim
163 B J eCpsimeCpsimeCpsdmelpsGps TosmGpemGpamUps 0.8 3611.53
SmemCpsmG —GalNAg 3°

5" mUps3memCpsSmemCpsmGpsSmemTpsApsGpsT
164 B J psApsTpsGpsGpsApsTpsimeCpsmGpsm Gpsdmem Cp 1.9 8610.55
s mApsm(G —GalNAc 3°

5" mUpsmGpsSmemCpsmApsmGpsApsGpsGps TpsGp

165 B J sApsApsGosSmeCpsGpsmApsm ApsmGpsm Upsm G- 2.8 8637.50
GalNAc 3’
5" mApsmGpemUpsSmemCpsdmemCpsApsImeCpsd
166 B J meCApsImeCpsGpsApsGpsTpsdmeCpsmUpsmApsm 0.3 8507.51

Gps mApsSmemC-GalNAc 3’

* Log Reduction post 3x30mg/ke SC

[0320] FIG. 3 shows HBsAg reduction levels for GalNAc conjugated compounds of the present
disclosure (#1006, #109, #162 and #159) via subcutaneous delivery m an in vive AAV-HBVY
mouse model. The max HBsAg reductions for these ASO were similarly ~ 1 Log.

[0321] FiGs. 4A-C show in vivo HBsAg, HBeAg and Serum HBVYV DNA data in an AAV-HBVY
mouse model for compounds of the present disclosure. #103, #164 and #165 when delivered SC,
showed significant reductions in HBsAg, HBeAg and Serum HBY DNA m AAV-HBVY mouse
model #103 also demonstrated dose response when dosed at two different dose levels. FIG. 4A
shows HBsAg serum levels. FIG. 4B shows HBeAg serum levels. FIG. 4C shows HBV DNA

levels.
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[0322] FiGs. 4A-C show in vivo HBsAg, HBeAg and Serum HBVYV DNA data in an AAV-HBVY

mouse model for compounds of the present disclosure. FIG. 4A shows HBsAg serum levels.

FIG. 4B shows HBeAg serum levels. FIG. 4C shows HBYV DNA levels.

[0323] FIGs. SA-C show in vivo HBsAg, HBeAg and serum HBV DNA data in an AAV-HBY
mouse model for compounds of the present disclosure. #160, #161, #163, #166, #213 and #176
significantly reduced HBsAg, HBeAg and serum HBV DNA i AAV-HBV Mouse model. FIG.
5A shows HBsAg serum levels. FIG. 5B shows HBeAg serum levels. FIG. SC shows HBYV DNA

levels.
Table 7
B H?BZS]A;:J 22 1_5. Base Sequence (57- . .
#D e CC30 AT Modified Sequence (57-37)
EC30 M) 3%
57 fGupsfCnpsf AnpstGnpsfAnpsfGn
167 A y GCAGAGGTGAA | psGpsTpsGpsApsApsGpsfCnpstlGnp 678538
' ] GCGAAGTGC sfAnpsfAnpsfGopstUnps{Gaps-3- o
NH,-C
57 fGnpstCapsfAnpsfGnpsfAnpsfGn
168 A 1 GCAGAGGTGAA pstsTnsGwsAnsAnanststnpsf 676837
l GOGAAGTGC AnpsfAnpstGapstUnpsfGnps-3- T
NH:-C
57 fGnpstCapsfAnpsiGnpsfAnpstGn
169 A ; GCAGAGUGTGAA pans"i’osG‘osA:osA‘osGmastsz 6751 37
’ . GCGAAGTGC npsfAnpsfGopstUnpsfGnps-3-NHz- | 77
fC
Table 8
¢ HBsAg 2215 | HBsAg 2215 -
#1D Sequence (5'-3") e Og(uM) Ces (’é}(MM) MW
57 GnpCnpAnpGup AnpGnpGpsTpsGpsApsApsGps .
170 CapGupAnpAnpGnpTopGop-3 NH-C A H- 6339.66
57 GnpsfCopsfAnpsGnpsfAnpsGnpsGpsTpsGpsAps
171 ApsGpsfCnpsGnpstAnpsfAnpsGnpst TnpsGnps-3 A H-1 6692.43
NH,-C
17 5 aniiCnpfAripanfx—‘mp;anGpsTpstsApsApsG A Ly 65483 58
pefCnpGnpfAnpfAnpGapf TnpGnp-3 NHL-£C
Table 9
HBsAg HBsAg
~n 1%
41D Sequence (5°-37) ;21;) fi?n MW
(nM) {nM)
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(]

" GopsafCnopsaf AnpsGuspaf AnpsGnpsGps TpsGpsApsApsG

psafCnpsGupsafAnpsaf AnpsGupsafUnpsGaopsafC

A

6677.43

(]

* GnpafCopalAupGnpafAnpGopGpsTpsGpsApsApsGpsafC

npGapafAnpafAnpGnpafUnpGopafC

A

6468.57

()

" GopafCnpafAnpGnpaf AnpGnpGps TpsGrsApsApsGpsCp

sGnpafAnpafAnpGapalUnpGnpafC

A

6466.63

Table 10: Gapmer (2’Ome, SMeC) with 5” GalNAg

#iD

Sequence (57-37)

2215
HBsAg
EC30
(aM}

Max
HBsAg
Log
Reducts
on

(nadir)*

204

37-GalNAc-NHC6-
psmUpsmimeCpsmImeCpsmGpsm3meCpsApsGpsTps
ApsTpsGpsGpsApsTpsSmeCpsmGpsmGpsm SmeCpsmA
psmG 3’

5°-GalNAc-NHC6-
psmSmeCpsmUpsmApsmGpsmGpsApsGpsTpsTesimeC

psSmeCpsGpsimeCps ApsGpsmUpsmApsm Upsm Gpsm

57-GalNAc-NHC6-
pesmApsm ApsmGpemApsmGpsApsGpsGpsTpeGpsdmeC

psGpsdmeCpsimeCpsSmeCpsm3meCpsmGpsmUpsmGp
smG 37

B

207

57 GalNAc-NHC6-
psmApsmGpsmApsmGpsm GpsT psGpsimeCpsGps3mel

psdSmeCpsimeCpaimeCpsGps TpsmGpsmGpsm Upsm3m
eCpsmG 3°

208

37 GalNAc-NHC6-
psmUpsmGpsmSmeCpsmApsmGpsApsGpsGpsTpsGpsA
psApsGrsSmeCpsGpsm Apsm ApsmGpsmUpsm G 37

* Log Reduction post 3x30mg/kg SC

[0324] FIGs. 6A-C show in vivo HBsAg, HBeAg and serum HBV DNA data in an AAV-HBV

mouse model for compounds of the present disclosure. #204, #2035, #206, #207, #208 and #212

significantly reduced HBsAg, HBeAg and serum HBV DNA in AAV-HBV Mouse model. FIG.

56 shows HBsAg serum levels. FIG. 6B shows HBeAg serum levels. FIG. 6C shows HBV DNA

fevels.
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Table 11: Pre-Polv-A
Max HBsAg
. o - 2215 HBsAg 2215 CC350 Log
# ; ce {(5°-37 2 = MW
i Sequence (5°-3°) EC36 (M) | (aM) | Reduction | M
(nadir)*
20¢ mGpsmCpsmUpsmCpsmCpsmApsmApsApsTpsTps ) an
209 » : - . A J 675852
CpsTpsTosTpsmApsmUpsmApsmApsmGpsmG
210 m(;pgn?gsxgijpsmesmi{LpsmApsAnsAns‘TﬁsTE)SL A ¥ 6778 49
pslpsTosTosmApsmUpsmApsmApsraGpsm G
311 mGpsmCpsmUpsmCpsmCpsmApsApsApsTosTpsC A 7 707377
psEpsTpsTosApsmUpsmApsmApsmGpsmGpsm G ) e
mGpsm CpsmUpsmCpsmCpsmApsmApsApsTpsTps
212 1 CpsTpsTpsTpsmApsmUpsm ApsmApsmGpsm G/Gal 0.8 851943
NAc/
mGpsmCpsmUpsmCpsmCpsm ApsApsApsTpsTpsC
213 ipsTpaTpsTpem ApsmUpsmApsmApsm GpsmG/GalN 1 8489.40
Ac/
mGpsmCpsmUpsmCpsmCpemApsApsApsTpsTpsC
176 ipsTpsTpsTpsApsmUpsmApsm ApsmGpsm GpsmG/G B I 1.2 8834.67
alNAc/
mGpsmCpsmUpsm Cpsm CpsmApsmApsAps TpsTps
214 CpsTpsTpsTpsmApsmUpsmApsm ApsmGpsmG/3Ch 7514.48
olTEG/
mGpsmCpsmUpsmCpsmCpsmApsApsAps TpsTpsC
215 ipsTpsTpsTpsmApsmUpsmApsmApsmGpsmG/3Cho 748485
ITEG/
mGpsmCpsmUpsmCpsmCpsmAps ApsAps TpsTpsC
216 {psTpsTpsTpsApsmUpsmApsmApsmGpsmGpsma(G/3 7829.72
CholTEG/
* 1.0og Reduction post 3x30mg/'kg SC
Table 12
2215 2215
#1D Sequence {5°-37) HBsAg | CCSO MW
EC30 (aM}| (M)
5’ -mGpsSmmCpsm ApsmGpsmApsm GpsGpsTp
217 sGpsApsApsGpimmCpsmGpsm ApsmApsm{Gp A I 7009.74
s UpsmGpsmSmeC-3
5 mGpsSmmCpsm ApsmGpsm Apsm GpeGpeTp
218 sGpsApsApsGpsimmCpsmGpsmApsmApsmG B I 7764.7
psmUpsmGps3mmC-Cholesterol-3°
57-ruGpsSmm Cpsm ApsmGpsm Apsm GpsGpsTp
219 sGpsApsApsGpimmCpsmGpsm Apsm ApsmGp B I 7977 .84
soiUpsmGpsSmm C-TEG-Cholesterol-37
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57-mGps3mmCpsm ApsmGpsmApsmGpsGpsTp
226 sGpsApsApsGpsimmCpsmGpsmApsmApsmG B I 7708.65
psmUpsmGps3SmmC-Tocopherol-3°
57 -raGps3imm CpsmApsmGpsm Apsm GpsGpsTp
221 sGpsApsApsGpsimmCpsmGpsmApsmApsmG 792679
pemUpsmGpsSmmC-TEG-Tocopherol-3°
5’ -mGpsSmmCpsm ApsmGpsmApsm GpsGpsTp
222 sGpsApsApsGpsSmmCpemGpsm ApsmApsm G B I 8770.65
psmUpsraGpsdmmC-GalNAc-37
Table 13
2213
5
“ s s HBsAg 77 1_“',; ooy
#ID Sequence {57-37) BO50 CC30 MW
vy | @M
393 37-mGpsmImeCpsm ApsmGpsm Apsia GpsGpsTpsGpsApsAps A I 6979 71
- GpsimeCpsmGpsmApsm ApsmGpsraUpsmGpsm3me(C-37 ’ Y
3 -mGpsmImeCpsm ApsmGpsmApsra GpsGpsTpsGpsApsAps
224 GpsimeCpsm GpsmApsm ApsmGpsmUpsm Gpsm 3meC-po- { 7733.67
Chol-3”
57-mGpsm3meCpsmApsm Gpsm ApsmGpsGps TpsGps Aps Aps
225 GpsSmeCpsm GpsmApsm Apsm GpsmUpsm Gpsm SmeCpo- i 7678.62
Tocopherol-3°
F-mGpsmimeCpsm ApsmGpam Apsm GpsGpsTpsGpsApsAps
226 GpsimeCpsm Gpsm Apsm ApsmGpsmU psm Gpsm SmeC-po- B I 8740.62
GalNAc-3’
397 3 /-r{:}bpsm;‘EneL\psmApsmGpsm[}psmii{ps(xp:sTpstsf‘s;ps{&ps A I 6949 69
Gps3meCpsGpsmApsm ApsmGpsmUpsm Gpsm 3meC-3
37-mGpsmImeCpsm ApsmGpsm Apsia GpsGpsTpsGpsApsAps
228 Gps3meCpsGpsm Apsm ApsmGpsmUpsm Gpsm3meC-po-Chol- i 7705.65
3
57-mGpsmImeCpsmApsmGpsm ApsmGpsGpsTpsGpsApsAps
229 GpsSmeCpsGpsm Apsm ApsmGpsm Upsm Gpsm SmeC-po- A { 7650.61
Tocopherol-3°
57-mGpsmSmeCpsm ApsmGpsm Apsm GpsGps TpsGps ApsAps
230 Gps3meCpsGpsmApsm ApsmGpsm Upsmm Gpsm SmeC-po- B 1 8710.59

GalNAcg-3’
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#D

Sequence {57-37)

2213
HBsAg
EC50
(nM)

2215
HBsAg
CC30
(nM)

MW

231

3-mGps2-4-OCH:-(5m)Cpsm Aps 2-4-OCH;-Gpsm Aps2-4-QCH;-
GpsGpsTpsGpsApsApsGps(Sm)CpsmGps2-4-OCH-ApsmAps2-
4-OCH,-GpsmUps2-4-0CH-Gps SoymC-3

A

6967.62

232

5-mGps2-4-0CH-Gm)CpsmAps 2-4-OCH-Gpsm Aps2-4-OCH,-
GpsGpsTpsGpsApsApsGps(Sm)Cpsm Gps2-4-OCH»-ApsmAps2-
4-0OCH-GpsmUps2-4-OCH-Gps (SmmC-Chol-3

o]
Rad
|98

5-mGps2-4-0CH-(5m)Cpsm Aps 2-4-0CH,-Gpsm Aps2-4-0CH.-
GpsGpsTpsGpsApsApsGps(3m)Cpsm Gps2-4-OCH-ApsmAps2-
4-OCH2-Gpsm Ups2-4-OCH:-Gps (3m)mC-Toco-3

7666.53

234

5-mGps2-4-OCH-Cm)CpsmAps 2-4-OCH-GpsmAps2-4-OCH:-
GpsGpsTpsGpsApsApsGps(Sm)CpsmGps2-4-OCH-ApsmAps2-
4-OCH-Gpsm Ups2-4-0CH-Gps (Sm mC-GalNAc-3

8728.572

]
(8]
(]

5-mGps2-4-OCH,-(5m)Cpsm Aps 2-4-OCH,-Gpsm Aps2-4-0OCH,-
GpsGpsTpsGpsApsApsGps(Sm)Cpsm Gps2-4-OCH-Apsm Aps2-
4-0CH-GpsmUps2-4-OCH»-Gps (SmmC-3

A

[ ]
V8]
N

5-mGps2-4-CCH-3m)Cpsm Aps 2-4-0CH:-Gpsm Aps2-4-0CH:-
GpsGpsTpsGpsApsApsGps{Sm)CpsmGps2-4-OCH-ApsmAps2-
4-0CH-GpsmUps2-4-0CH-Gps (Sm )y C-Chol-3

A

7693.53

237

3-mGps2-4-OCH-Cm)CpsmAps 2-4-0CH,-Gpsm Aps2-4-0CH;-
GpsGpsTpsGpsApsApsGps(Sm)Cpsm Gps2-4-OCH»-ApsmAps2-
4-OCH»-GpsmUps2-4-OCH,-Gps SmymC-Toco-3

7636.50

5-mGps2-4-OCH,-(3m)YCpsmAps 2-4-0CH»-Gpsm Aps2-4-0CH,-
GpsGpsTpsGpsApsApsGps(3m)Cpsm Gps2-4-OCH-ApsmAps2-
4-OCH»-Gpsm Ups2-4-0CH-Gps S ymC-GalNAc-3

S698.56

239

5-mGps2-4-OCH-Cm)CpsmAps 2-4-OCH-GpsmAps2-4-OCH:-
GpsGpsTpsGpsApsApsGps(Sm)CpsmGps2-4-OCH-ApsmAps2-
4-OCH~GpsmUps2-4-OCH-Gps SmmC-3

688 1.57

#1D

Sequence (573}

2215
HBsAg
EC 50
(nM)

2215
CCs50
(nM)

MW
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240 5-dTnpsGopsCnpsAnpsGups ApsGpsGpsTpsGpsApsApsG A |
“ psCpsGpsAnpsAnpsGnpsTnpsGn-3 656649
241 S-dTrnpsfGnpsCnpsfAnpsfGnps ApsGpsGrsTosGosApsAp A |
- sGpsCreGpefAnpsf AupsfGnpstUnpsfiGn 37 670035
Table 16
2215
y , o A HBsA 2215 ,
#ID Sequence (57-37) . CO30 MW
EC50
23 | i(rnpsuapsiA‘n1>s{{1tipfftAnpsf?ralpsf(m\ prtrps :%p§ ’}E)S(,TE)SLﬂpSi(T A I 6731 41
npsfAnpsfAnpsfGnpstfUnpsfGnpsCn-3
247 5-fGupsCnpsfAnpsfGnpsfAnpsfGnpsGpsTpsGpsApsApsGpsCpsGps A I 671539
e fAnpsfAnpsiGnpstUnps{GnpsCn-3° ’ ' 70
Table 17
Y 1215 2215
#ID | Domain Sequence (5°-37) ;g s | CCso MW
Size B {(nM}
57-dGoupm Cnpm AnpmGnpmAnpm GpGps TpsGpsA
244 6 psApsGpsm Capm Gnpm Anpm Anpm Gnpm UnpmGnp A I 671498
mCnp-3°
57-dGnpmCopm Anpm Gopm Anpra GopGps TpsGpsA
245 7 psApsGpsCpsmGnpm Anpm Anpm GnpmUnpm Gnpm A i 6702.01
Cap-3°
37-dGnpmCrpm Anpm GapmAnpm GopGps TpsGpsA
246 8 psApsGpsCpsGpsm Anpsm Anpm GnpmUnpmGnpm A G 6689 .03
Cnp-3°
§-dGanpmCnpm AnpmGnpm AnpGpsGpsTpsGpsAps
247 3 ApsGpsCpsmGnpmAnpm AnpmGopm UnpmGapmC A i 6689.03
np-3’
37-dGnpmCrpmAnpmGapm AnpGpsGpsTpsGpsAps
248 9 ApsGpsCpsGpsmAnpmAnpmGnpmUnpw GapmCap A I 6676.06
237
Table 18
T
#ID Sequence (57-37) - HBsAg MW
£ CC50
EC30 ’

168




WO 2018/053185 PCT/US2017/051644
5 -muApsm ApsmGpsm A psm Gps ApsGpsGpsTpsGps3meCps
142 GpsdmeCpsdmeCpsSimeCpsimemCpsmGpsmUpsm GpsmG A I 6869.64
3 3
5 -mApsm A psmGpsmApsmGpsm ApsGpsGps TpsGpsSmeC
196 psGpsimeCpsdSmeCpsimemCpsdmemCpsm Gpsm UpsmGps A I 6929.69
ms 3’
S -mApsm ApsmGpsm Apsm GpsmApsm GpsGpsTpsGpsdme
197 CpsGps3meCpsimem CpsSmem CpeSmemCpsmGpsm Upsm A I 0989.74
GpsmG 37
143 5 -mGpsmGpsmUpsm Gpsm Aps ApsGpsSmeCpsGpsApsAps A | 6863 64
GpsTpsGpsdmCpsmApsdmemCpsm ApsImemeCpsmG 37 ’ o
57 -raGpsm GpsmUpsmGpsm Apsm ApsGpsSmeCpsGpsApsA
198 psGpsTpsGpsdmemCpsmApsImem Cpsm ApsSmemeCpsm A i 6923.69
G3¥
57 -mGpsmGpsm Upsm GpsmApsm Apsm GpsSmeCpsGpsAps
199 ApsGpsTpsGpsimemCpsm ApsSmemCpsm ApsSmemeCps A I 6953.72
mG 3’
§-mUpsmGpemGpsSmemCpemApsSmeCpsTpsApsGpeTps
146 ApsApsApsSmeCpsTpsmGpsm ApsmGpsSmem CpsSmem{ A I 0987.62
3 b
57-mUpsmGpsmGpsImemCpsm ApsSmemCpsTpsApsGpsT
200 psApsApsApsSmeCpsTpsmGpsmApsmGpsSmemCpsSmem A I 6817.64
C3
5 -mUpsm GpsmnGpsSmem CpsmApsSmeCpsTpsApsGpsTps
201 ApsApsApsimeCpsTpsm Gpsm ApsmGpsSmem CpsimemC A I
3
147 5’-Smem CpsmUpsmApsmGmGpsApsGpsTpsTpsSmeCpss A I 6790 55
' meCpsGpsimeCpsApsGpsmUpsmApsmUpsmGpsmG 37 e
200 F7-SmemCpsmUpsm Apsm GmGpsmApsGpsTpsTps3meCps A I 6852 60
- 5meCpsGpsSmeCpsApsra GpsmUpsmApsmUpsm GpsmG 37 o
37 Smem CpsmUpsm ApsmGmGpstu ApsmGpsTpsTps3meC
203 ps3imeCpsGpsimeCpsApsmGpsmUpsm ApsmUpsmGpsa G A I 6882.62
Table 19
2215 2215
#HD Sequence (5°-37) HBsAg CCs0 Mw
ECS0
R
128 GupsCnps AnpsGnps ApsGosGos TrsGrs Anps AnpsGnpsC B ] 437786
aps-3-NH,-(5-3°
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5
129 CnpsGopsTopsGopsCnpsApsGpsApsGpsGpsTnpsGopsAn B J 5201.40
psAnpsGnps-3-NH,-C-37
130 57 -GnpsCopsAnpsGups AnpsGnpsGnps TopsGpsApsAnps A ] 6543 60
- GnpsCnpsGnpsAnpsAnpsGnpsTnpsGnos-3 NH,-(-37 ' 0o O
131 57 -GopsCrps AnpsGups AnpsGnpsGnpsTpsGpsAnpsAaps B j 654360
i GnpsCnpsGupsAnpsAnpsGnps TapsGnps-3 NH,-C-3° T
132 57-GrnpsCnpsAnpsGnpsAnpsGupsGpsTpsGops AnpsAnps 8 ) 6543 60
N GnpsCapsGunpsAnpsAnpsGnpsTnpsGaps-3 NH,-C-37 0
133 37-GnpsCapsAnpsGnpsAnpsGupsGnps TopsGnpsApsAps B J 654360
T GapsCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH.-(-37 ' T
134 3 (inps;(/npsjﬁnps(mps '%nps:imp»fs(mps_ﬂf F}ps(,mps A\r\x‘ps:__p_g,_ B I 6543 60
GpsCnpsGopsAnpsAnpsGnps TnpsGnps-3 NH,-C-3
135 57 -GnpsCopsAnpsGnpsAnpsGnpsGpsTpsGpsAnpsAnps( 8 ; 654458
o npsCapsGupsAnpsAnpsGaps TnpsGaps-3 NHp-C-37 ) S
136 57-GopsCnpsAnpsGupsAnpsGnpsGupsTopsGpsAps ApsG B J 6544 58
npsCnpsGrpsAnpsAnpsGnpsTnpsGops-3 NH;-C-3° o
137 57-GrpsCnpsAnpsGnpsAnpsGnpsGnps TpsGrsAps AnpsG A J 6544 58
) npsCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH,-C-3° T
138 5°-GopsCnpsAnpsGnpsAnpsGnpsGnps TnpsGnpsApsAps B y 654458
B LpsUnpsGnpsAnpsAnpsGnpsTapsGnps-3 NH,-(-3° ) o
139 57-GapsCnpsAnpsGupsAnpsGnpsGapsTopsGpsApsApsG A ] 654557
psCnpsGnpsAnpsAnpsGnps TapsGnps-3 NH,-C-3” ’ T
140 57 OnpsCnpsAnpsGnpsAnpsGnpsGnpsTpeGpeApsApsGp A y 6546.55
sCnpsGnpsAnpsAnpsGnpsTapsGnps-3 NHp-C-3° S
Table 20
] 2215 - : 2217 sup HBVDNA | 2117 intra HBVNA
#1D HBsAg EC30 (nM) 2215 CC30 (nM) (EC30 nM) BEC506(nM)
177 B J D F
178 ¥ B F
179 B ¥ F F
180 A 3 D ¥
181 B 3 D F
182 A } D 5
183 A J D E
184 A ¥ D D
i85 A ¥ D E
i86 B F D D
i87 B ] E E
i8& B ] E ¥
189 A i D ¥
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190 C 3 E F
191 B 3 E F
192 B 3 D
193 B 3 E
194 C 3 E E
195 B J E 5]

Table 21
. ) 2217 intra
215 o 2217 sup HBVDNA -
#D N 2215 CC50 (nMD) Sup ey HBVDNA
HBsAg EC50 (nM) (ECS0 nM) (EC50 M)

124 B J B B
125 B 3 B B
126 J B A
127 A J A A
128 B 3 C B
129 B 3 B B

Table 22
2215 U 2217 intra
HBsAg ECS0 122150050 (avy |27} ’,E??qg'fgg‘m‘% HBVDNA
(nM) e R (EC50 nM)

249 C G F F

250 B G F E

251 B G F F

252 B G E E
253 B G E E

254 G E D
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255 A G B D
256 B G F E
257 B G E E
Table 23
HBsAg 2215 2215
CC30 Sequence (37-37) MW
ECS0 (uM) (M)
A EF GrnpsCnpsAnpsGnps AnpsGnpsGnps TrpsGpsApsAnpsGnpsCnpsG o
npsAnps AnpsGnps TnpsGops-3nh2-C 6543.60
A EF GnpsCrnpsAnpsGopsAnpsCmpsGops TpsGpsAnpsAnpsGopsCnpsGf
. ' npsAnpsAnpsCGnpsTnpsGnps-3nh2-C 6343.60
A E-F GupsCopsAnpsGnpsAnpsGupsGps TpsGnps Anps AnpsGrpsCupsG )
’ npsAmpsAnpsGnpsTnpsGaps-3nh2-C 6543.60
A £ GpsCrpsAnpsGopsAnpsGnpsGops TopsGups ApsApsGupsCapsG ]
o o npsAnpsAnpsGunps TnpsGaps-3nh2-C 6343.60
A B GrpsCnpsAnpsGnpsAnpsGupsGnps TnpsGnps AnpsApsGpsCrpsG
- o npsAnpsAnpsGnps TopsGops-3nl2-C 6543.60
A £ GopsCrnpsAnpsGrpsAnpsGnpsGpsTpsGpsAnps AnpsGapsCnpsGn
psAnpsAnpsGopsTopsGups-3nh2-C 6544.58
A BoF GrpsCnpsAnpsGnpsAnpsGrpsGnpsTnpsGpsApsApsGupsCopsGnf ;
) psAnpsAmpsGnps TupsGrps-3nh2-C 6344.38
A EF GrnpsCnpsAnpsGrnpsAnpsGupsGnpsTpsGpsAps AnpsGrpsCnpsGn ~
psAnpsAnpsGnps TnpsGrps-3nh2-C 6544.58
A EF GnpsCrnpsAnpsGopsAnpsCmpsGops TnpsGops ApsApsGpsCrpsGr )
' psAnpsAnpsGnps TnpsGnps-3nh2-C 6344.58
A E-F GupsCopsAnpsGnpsAnpsCupsGrps TnpsGps Aps ApsGpsCapsGnp o
’ sAnpsAnpsGupsTapsGnps-3nh2-C 6545.57
GrpsCuapsAnpsGopsAnpsGnpsGnps TpsGps Aps ApsGpsCapsGrps
A E-F A o 6346.55
AnpsAnpsGops TopsGaps-3nh2-C SF0.
- GopsCopsAnpsGops AnpsGnpsGps TpsGps ApsApsGpsCpsGnpsAn ; <
A E-F S 654852
peAnpsGupsTnpsGnps-3nh2-C
- GopsCrnpsApsGrps AnpsGpsGops TopsGpsAnps AnpsGpsCapsGnp < im
A E-F i . e 6547.54
sApsAnpsGupsTpsGaps-3nh2-C
A BoF GpsCrpsAnpsGpsAnpsGnpsGpsTnpsGnpsApsAnpsGnpsCpsGmps 654857
) AnpsApsGnpsTnpsGps-3nh2-C T
A EF GrpsCpsAnpsGnpsApsGnpsGnps TpsGnpsAnps ApsGrnpsCnpsGps 654754
AnpsAnpsGpsTupsGnps-3nh2-C T
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GupsCnps AupsGnps AnpsGrupsGps TpsGps Aps ApsGpsCrpsGnpsA

A E-F npsAnpsGaps TopsGaps-3nh2-C
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[0325] Two oligonucleotides, the first contaming 2"MOE PS modifications and the other
containing 2" MOE NPS, were tested 1n vitro and in vivo. The following Tables 24-26 summarize

the results of the testing,

Table 24
Max HBsAg Max HBeAg
Sequence Tm (°C) Reduction {nadir) Reduction {nadir)
3x10 mg/kg Ix10mg/kg
258 -
772 34log 2.7 log
259 ,
’ 69.9 2.4 log 1.91og
Improvement 7.3 I log 0.8 log
# Sequence (37-37) Mol Wt
158 5‘—mans_moeCnpsmoeAnpsm(}npsmoeAnpststs’Fpst
sApsApsGpsCpsGpsApsmoeAnpsmGnpsmoeUnpsmGnpsm 8862.97
0eCnp-C6-NH-GalNAc6-3’
5% 5°-moeGps(Sme)moeCpsmoeApsmoeGpsmoeApsGpsGpsTp
" spsApsApsGps(Sme)CpsGpsApsmoeApsmoeGpsmoeTpsm S008.93
oeGps(Sme)moeC-po-GalNAc2Z-3’

*Sequences 260 and 261 were also tested and provided similar results.

[0326] FIG. 9(a) shows HBsAg results of oligomers 1 and 2 1n a HBV Mouse Model tested at 3x

10 mg/kg on Days 0, 2, 4. Figure 9(b) shows the HBeAg results.

Table 25
Max HBsAg Max HBeAg
Sequence Tu (°C) Reduction {nadir) Reduction (nadir)
Ix10 mg/kg 3x10 mg/kg
262 773 3.1log 2.5 log
263 69.9 2.4 log 1.9 log
Improve . )
: 7 7 G5 3 )
ment 4 0.7 log 0.6 log
# Sequence (5°-3 ) Mol Wt
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5 -GalNAc 2-

moeGupsmoeCnpsmoeAnpsmoeGnpsmoe AnpsGpsGps TpsGps A

2627 psApsGpsCpsGps ApsmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoe 8941.00
Cn 3
5’ -moeGps{Sme)moeCpsmoeApsmoeGpsmoeApsGpsGps TpsGp
263 sApsApsGps(Sme} psGpsApsmoeApsmoeGpsmoe T psmoeGps( 9008.93

SmeymoeC-GalNAcZ-3’

*5-GalNacZ-moeGnpsmoeCnpsmoeAnpsmoeGnpsmoe AnpsGpsGps TpsGps Aps A psGps(Sm)Cp

sGpsApsmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoeCn-37

and

5’ -GalNac-moeGnpsmoeCnpsmoe AnpsmoeGnpsmoe AnpsGpsGps TpsGps Aps ApsGpsCpsGps A
psmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoen-37 were also tested and provided simiar results.

Table 26
Max HBsAg Max HBeAg
Sequence Reduction (nadir) Reduction (nadir}
3x5 mg/kyg 3x5 mglkg
266 23 log 2.1 log
267 22 log 1.91og
Improvement 0.1 log 0.2 log
% Sequence (5 -3 ) Mol Wi,
S5-GalNAc2-
" mGnpsmUnpsmAnpsmGnpsm AnpsGpsGps TpsGps ApsAps G o
266" PSS d 5 8736.73
ps(5mCpsGpsApsmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoe
Cn-3
57-GalNac6- NH-C6-
267 moeGps{SmimoeCpsmoeApsmoeGpsmoeApsGpsGpsTpsGp 910514
sApsApsGps{Sm)CpsGpsApsmoeApsmoeGpsmoeTpsmoes ST
ps{Sm)ymoeC-3’

*5 -GalNAc2-
mGnpsmCanpsmAnpsmGnpsmAnpsGpsGps TpsGps ApsApsGps{ Sm)C psGpsApsmAnpsmGnpsm
UnpsmGnpsmCn-3 was also tested and provided similar results.

[0327] As can be seen above, the MOE NPS oligomers were more active than MOE PS in vivo
and OMe NPS 1s as active as MOE PS oligomers.

[0328] Two ohigonucleotides, the first containing OFt NPS substitution and the second having
MOFE NPS were tested in vitro and in vivo. The following Table 27 summarizes the results of the

testing.
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Table 27
Max HBsAg Reduction Max HBeAg Reduction
Seque ‘ e
oo {nadir} {(nadir)
- 3x5 mg/kg 3x3 mg/kg
269 1.91cg 1.7 log
270 1.91og 1.8
Differe 0 log -0.1 log
nce
¥ Sequence {5 -3}

5’-GalNAc2-etoGnps{Sm)etoCnpsetoAnpsetoGnpseto AnpsGps
260 GpsTpsGpsApsApsGps( Sm)CpsGpsApseto AnpsetoGnpseto TnpsetoGnps{SmetoCn-

3,

5-GalNAC2-

276 moeGnpsmoe{npsmoeAnpsmoeGnpsmoeAnpsGpsGps TpsGps Aps ApsGps{(Sm)CpsG

psApsmAnpsmGnpsmUnpsmGnpsm{n-3

[0329] As can be seen above, the MOE NPS oligomers had similar activity to the OEt NPS

oligomers.

[0330] Four oligonuclesotides, the first containing MOE PS substitution, the second having MOE

NPS substitution, the third having OME PS substitution, the fourth having OME NPS were

tested 1n vitro. The following Table 28 summarizes the resulis of the testing. Comparing with

Sequence #9 (MOE PS), Sequence #10 (MOE NPS) 15 7 times more potent in vitro. Comparing

with Sequence #11 {OME PS), Sequence #12 (OME NPS) 15 close to 6 times more potent.

Table 28
Sequence 2215 HBsAg ECSO (nM) | Tu (°C)
271 5 69.9
272 0.7 773
273 5 70.7
274 0.9 75.5
# Sequence (5-37) MW
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5~

271 moeGpsmoemCpsmoeApsmoeGpsmoe ApsGpsGpsTpsGpsApsAps 734419

GpsSmCpsGpsApsmoeApsmoeGpsmoeTpsmoeGpsmoern( 37
S'moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGps TpsGpsA

272 psApsGpsCpsGpsApsmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoeCn 7276.27
3 s
5

273 mGpsSmmCpsmApsmGpsmApsGpsGps TpsGpsApsApsGpsSmps 6889.64

GpsApsmApsmGpsmUpsmGpsSmmC-3'
S -mGnpsmCnpsmAnpsmnps
274 mAnpsGpsGps TpsGpsApsApsGpsCpsGpsApsmAnpsmGnpsmUnp 6837.71
smUnpsmCn-3’

03317 Two oligonucleotides, the first containing 5’ GalNAc-2’-MOE NPS substitution, the

second having 5°-GalNAc-6: MOE PS substitution was tested m vivo. The following Table 29,

along with FIG. 8, summarizes the results of the testing. Maximum HBsAg reduction (nadir)

mprovement is shown in Table 29, At certain times the advantage was as high as 0.8 log (6x}

difference and the advantage of MOE NPS over MOE PS was maintained throughout most days

of 42-day study duration.

Table 29
i Sequence (5 -3} MW
5’-GalNAcZ-moeGnpsmoeCnpsmoeAnps moeGnpsmoeAnpsGps
275 GpsTpsGps ApsApsGps (Sm)CpsGpsAps a7
N , 8957.00
moeAnpsmoeGnpsmoeUnps moeGnpsmoeCn-3
5’-GalNaco-NH-{6-

276 moeGps{SmmoeCpsmoeApsmoeGpsmoeApsGpsGps TpsGpsApsA 9105.14

' psGps(Sm}CpsGpsApsmoeApsmoeGpsmoeTpsmoeGps{SmimoeC- T

3,
Dose Improvement of HBsAg Max Reduction (nadir)

3x5 mg/kg 0.4 Log (2.5 times)
1x5 mg/kg 0.5 log (3.2 times)
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(0332} Two ohigonucleotides, the first containing 37-GalNAc-2’-MOE NPS substitution, the
second having 3’-GalNAc2 -MOE PS substitution was tested in vivo. The following Table 30

summarizes the results of the testing.

Table 30
# Sequence (5 -3 ) MW
S'moeGps(SmimoeCpsmoeApsmoeGpsmoe ApsGpsGps TpsGps ApsAps 9008.93
277 Gps(Sm)CpsGpsApsmoeApsmoeGpsmoeTpsmoeGps(SmeymoeC- I
GalNAc2-3’
5
558 m{mpsmoeCnpsmoeAnpsmimpsmoeAnpsGpsGpsTpsGpsApsApsGps{C 2862 07
. psGpsApsmoeAnpsmGnpsmoeUnpsmGnpsmoeCnp-Co-NH-GalNAco ’
3 >
Sequence 277 258 Improvement
Tw (°C) 69.9 77.2 7.3
TIL ; / P 41 "'f"(‘
2215 HBsAg IQ vitro EC50 5 0.7 7 1-fold
(nM)
Max HBsAg Reduction .
. = , . . s {10 S
(nadir)3x10 ma/ke 2.4 log 3.4 log 1 log {10 times)
Max HBeAg Reduction . - 3 e
(nadir) 3x10 ma/ke 1.9 log 2.7 log 0.8 log (6.3 times)

(0333} Two ochigonucleotides, the first contaming OME NP substitution, the second having
OME PS substitution were tested in vive. The following Table 31, along with FIG. 10,

summarizes the results of the testing. OME NPS s much more potent in vivo than OME PS.

Table 31

# Sequence (57-3') MW

5-GalNAc2-
278 mGnpsmCnpsmAnpsmGnpsmAnpsGpsGpsTpsGpsApsApsGpsCpsGpsA 8502.45
psmAnpsmGnpsmUnpsmGnpsmCn-3°

N
279 mGps(SmymCpsmApsmGpsmApsGpsGpsTpsGps ApsApsGps{(Sm}CpsG 8650.54
psApsmApsmGpsmUpsmGps(SmmC-GalNAC-3
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Max HBsAg
Improvement Reduction Max HBeAg
of OME NPS over OME PS {(nadir) Reduction {nadir)
umprovement
3x10 mg'kg 0.9 Log (8 tumes) | 0.5 Log (3.2 times)

[0334] The following sequences were tested in the HBV mouse model. The results are shown
FIG 11 In FIG 114, at 1x10mg/kg dose, 37 GalNac MOE NPS mamtamned as high as 0.8 log
{6 times} better efficacy than 5™ GalNac MOE PS, advantage was maintained throughout most of
the 21 day study. 5’ GalNac MOE NPS maimntaimed as high as 0.4 log (2.5 times) better efficacy
than 5° GalNac MOE PS, advantage was maintained throughout most of the 21 day study. In
FIG 11B, at 3%3.3 mg/ke dose, 37 GalNac MOE NPS and 5’ GalNac MOE NPS performed
sumilarily, both maintained as high as 0.6 log (4 times} better efficacy than 5” GalNac MOE PS,

advantages were mamtained throughout most of the 21 day study.

Table 32

# Chemustry Sequence (5" — 37} MW

5-GalNac6-NH-C6-
moeGps{ SmimoeCpsmoeApsmoeGpsmoeApsGpsGpsTps
GpsApsApsGps(5m)CpsGpsApsmoeApsmoeGpsmoeTps
moeGps{(SmmoeC-3

276 MOE PS 910514

5’-GalNAc2-moeGnpsmoeCnpsmoeAnps
moeGnpsmoeAnpsGpsGps TpsGpsApsApsGps
{(Sm)CpsGpsApsmoeAnpsmoeGnpsmoelUnps
moenpsmoe(n-3’

280 MOE NPS 8957.00

[0335] The following sequences were tested in the HBV mouse model. The results are shown
FIG. 11 A for a dosing regimen of a 10 mg/kg single dose, and FIG. 11B for a dosing regimen of

3x3.3 mg/kg on Days G, 2, 4.

Table 33

i

Chemistry Sequence (57— 37) MW

5"-GalNac6-NH-C6-
276 MOE PS moeGps{SmymoeCpsmoeApsmoeGpsmoeApsGpsGps 9105.14
TpsGpsAps ApsGps(Sm)CpsGpsApsmoeApsmoeGpsm
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oeTpsmoeGps{Sm)moeC-3°

281

MOE NPS

57

moe(GnpsmoeCnpsmoeAnpsmoeGnpsmoe AnpsGpsGp
sTpsGps Aps ApsGps(Sm CpsGpsApsmoeAnpsmoe(Gn 9053 85
psmoeUnpsmoeGnpsmoeCnp-C6-NH-GalNAc6-3’

282

MOE NPS

5 -GalNAc2-

psmoelnps moeGnpsmoen-3

moelmpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGp
sTpsGpsAps ApsGps(Sm CpsGpsApsmoeAnpsmoe(Gn 8057.00

[0336] The following sequences were tested in the HBV mouse model. The values in the right

column show max HBsAg reduction in LOG dosed at 3x10 mg/kg Days 0, 2, 4.

Table 34
Max
H# Chemastry Seguence 57-3° HBSA‘% MW
’ reduction
{nadir}
5 -GalNAc-GnpsCnpsAnpsGnps AnpsGps
283 | Deoxy NPS | GpsTpsGpsApsApsGpsCpsGpsApsAnpsGnps 11 8312.38
TopsGopsCn-3°
5-GalNAc¢-
265 | MOE NPS moeGnpsmoeCnpsmoeAnpsmoeGnpsmosAn 31 503717

psGpsGps TpsGpsAps ApsGpsCpsGpsApsmoe
AnpsmoeGupsmoeUnpsmoeGnpsmoe(Cn-3’

[0337] The following sequences were tested in the HBYV mouse model. The values in the right

column show max HBsAg reduction in LOG dosed at 3x10 mg/kg Days 0, 2, 4.

Table 35
No. Max
, . HBsAg
Ta.rgeted HBY Chemustiry Sequence 57-37 reduction | MW
Region BN
{nadir) in
fog
283 DR2 #1 Deoxy NPS 5’-GalNAc- 11 8312,
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GnpsCnpsAnpsGnps AnpsGps 38
GpsTpsGpsApsApsGpsCpsGpsAps
AnpsGnpsTopsGnpsCn-3°
284 5-GalNAc-
nGnpsmCnpsmAnpsmGnpsm Anps 3508
DR2 #1 OME NPS Gps 2.1 ' 6’,, '
GpsTpsGpsApsApsGpsCpsGpsAps -
mAnpsmGnpsmUnpsmGnpsmCn-3°
285 5-GalNAc-
- - WD fGnpsfCnpsfAnpsfGnpsfAnpsGpsG §478.
DR2#1 FRPS psTpsGps ApsApsGpsCpsGpsApsfA 23 26
npsfGnpstUnpstGnps-30h2-1C-3°
286 5-GalNAc-
atGnpsafCnpsafAnpsafGnpsatAnps 8497
DR2 #1 Ara F NPS GpsGpsTpsGps ApsApsGpsCpsGps 0.5 s
ApsafAnpsatGnpsaf TnpsafGnpsatC -
0-3’
287 5 -GalNAc-
, .| dTnpsGupsCnps AnpsGunps ApsGpsG ’327.
# eoxy NE ‘ . i1
DR2#2 Deoxy NPS ps TpsGpsApsApsGpsCpsGpsAnpsA L] 2
npsGopsTops-3nh2-G-3°
288 5 -GalNAc-
4 mUnpsmGnpsmCnpsmAnpsmGnps 8599
DR2Z #2 OME NPS ApsGpsGps TpsGpsApsApsGpsCps 2.1 60 '
GpsmAnpsmAnpsmGopsmUnpsmG
n-3’
289 5 -GalNAc-
, fUnpsfGnpsfCrnpsfAnpsfGupsApsG , 8479.
# COINETD . . 2."'
DR2#2 FNPS psGpsTpsGpsAps ApsGpsCpsGpsfA t 2
npsfAnpsfGnpsfUnps-3nh2-fG-37
290 57-GalNAg-
mGnpsmCopsmUnpsmCnpsmCops 2307
Pre-PolyA OME NPS | ApsApsApsTpsTpsSMeCpsTpsTpsT 1.1 3 4' '
psApsmiinpsmAnpsmAnpsmGnpsm
GnpsmGn-3°
291 57 -GalNAg-
e Db/ - ape | moeGnpsmoeCnpsmoelUnpsmoeCnp - 9292.
Pre-PolyA MOE NPS smoeCnpsApsApsApsTpsTpsSMeC 20 42
psTpsTpsTpsApsmoeUnpsmoeAnps
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moeAnpsmoeGnpsmoeGnpsmoe(Gn-
3 k3

[0338] The following oligomers having MOE/NPS and MOE/PS substitution were tested using

{1) a Hep(32.2.15 HBsAg reduction potency comparison, (2) a Hep(G2.117 HBY DNA reduction

potency comparison, (3} a Primary Human Hepatocyte (PHH) HBsAg reduction potency

comparison, {4} a Primary Human Hepatocyte (PHH) HBeAg reduction potency comparison.

Table 36
1 2 3 4
gg\ PHH | PHH
2215 HBsAg EC N 1 | HBeAg
No. Sequence {57-37) = %%g ECS0 DNA }i%ig }g;ﬁg MW
ECS50 (rﬂ\;{ ( DM;’
{(nM) M) b
5-
moeGps(SmmoeCpsmoe
ApsmoeGpsmoeApsaps
292 | GpsTpsGpsApsApsGps(S 51 11.4 16.2 201
m)CpsGpsApsmoeApsm 734419
oeGpsmoeTpsmoe(Gps(5
mjmoe(-3’
5-
moeGnpsmoeUnpsmoeAn
pamoeGnpsmoeAnpsGps
% R e A 2l G ’ ’
293 (_apsTps:(_rpSApsAps(,xpn(S (.43 1.9 1.7 2.5 7997 26
m)CpsGpsApsmoeAnpsm
oempsmoelnpsmoeGups
moe(n-3’
Table 37
No. | Chemistry | MW Sequence
294 F NPS -
nth OP 8507 e . - .
ngliie b? fGnps(Sn)fCnpstAnpsfGnpsfAnpsGpsGps TpsGpsApsApsGpsCps
3 GaENac . GpsApsfAnpsfGnpst TnpsfGnpstC-Co-NH-GalNac6-3°
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295 | F NPS with 8497 5
NPO linkto | *?‘q 1 fGnpstCopsfAnpsfGnpst AnpsGpsGps TpsGps Aps ApsGps(Sm)CpsG
3’(alNac - psApsfAnpsfGnpstfUnpstGnpstCnp-Co-NH-GalNAco-3°

[0339] As shown m FIG. 124, at 1x 10 mg/kg, F NPS with OPO linkage to 3" GalNac
significantly outperformed F NPS with NPO linkage, as high as 1.2 log (16 times) better at

certain time pomnts.

Table 38

No. Chenustry MW Sequence

296 OMIE NP5 S5-mGnpsmCnpsmAnps mGnpsmAnpsGps GpsTpsGps
with NPO . y . y )
linkage to 8614.39 ApsApsGps (5m)CpsGpsAps mAnpsmGnpsmUnps

, HAse 0 mGnpsmCnp-Co-NH-GalNAc6-3

3 GalNac

297 ME NP ) g
G:ﬁ‘ CI; S’ 5-mGnpsmCnpsmAnps mGnpsmAnpsGps GpsTpsGps
Eﬁk ot 3614.43 ApsApsGps (5m)CpsGpsAps mAnpsmGnpsmUnps
3 GZ ?:112 mGnpsmC-Co6-NH-GalNAc6-3

[0340] As shown m FIG. 12B, at 1x 10 mg/kg, OME NPS with OPQO linkage to 3’ GalNac
significantly outperformed OME NPS with NPO linkage, as high as 0.7 log (5 tuimes) better at

certain tume poimnts.

Table 39

No. | Chemistry MW Sequence

258 | MOE NPS ¥ -moeGnpsmoeCnpsmosAnps moeGupsmosAnpsGps
with NPO 9053 85 GpsTpsGps ApsApsGps (Sm)CpsGpsAps
hinkage to T moeAnpsmoeGnpsmoelnps moeGnpsmoeCnp-C6-NH-
3’GalNac GalNAc6-3’

299 | MOE NPS 5§ -moeGnpsmoeCnpsmoeAnps moeGnpsmoeAnps(Gps
with OPO 9060 62 GpsTpsGps ApsApsGps (Sm)CpsGpsAps
hnkageto | ’ moeAnpsmoeGnpsmoeUnps moeGnps{(SmmoeC-Co-NH-
3’GalNac GalNAc6-3’

Table 40
No | Chemuistry MW Sequence
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3000 o, ~ S5-GalNAc2-moeGnpsmoeCnpsmoeAnps moeGnpsmoeAnpsGps
57 GallNae cx ‘.
, 8955.48 GpsTpsGps ApsApsGps (Sm)CpsGpsAps
MOE NPS
moeAnpsmoeGnpsmoeUnps moeGnpsmoeCn-3
301 5 GalNac 5-GalNAcZ-etoGnpseto{Sm)CnpsetoAnps etoGnpsetoAnpsGps
T et 8697.6 | GpsTpsGps ApsApsGps (Sm)CpsGpsAps etoAnpsetoGnpsetoTnps
OFt NPS . o o
etoGnpseto{ Sm)Cn-3

03417 As shown m FIG. 12C, at Ix 10 mg/kg, OFt NPS s as efficacious as MOE NPS,

Table 41
No. 2215 2215
Sequence _ e S HBsAg | HBsAg
5.3 Modification MW O30 CO50
{uM) {uM)
302 S5-mGnpsmCnps2-4-
OCHz AnpsraGnpsmAnpsGpsGps Tps{Anti-DR-1 with
GpsAps ApsGpsCpsGps Aps2-4- X2 68353 1 0.0008 00148
OCHz AnpsroGnpsmUnpsmGnps3- {37 -NH-LNA-A M
NH:m{-3
303 S5-mGnpsmCnps2-4-
OCH2CHz AnpsmGnpsmAnpsGpsGp | Anti-DR-1 with
sTpsGpsApsApsGpsCpsGpsAps2-4- X2 6862.0 | 0.00067 | 0.0256
OCHxCH2 AnpsmGnpsmUnpsmGnps| 3 -NH-ENA-A
3-NHomC-3
304 S5-mGnpsmCnps2-4-
| OCHCH AnpsmGops2- Anti-DR-1 with
4OCHCH AnpsGpsGps TpsGps Aps , 4 .
. x3 68747 { 00009 | 00214
ApsGpsCpsiapsAps2-4- 3 NH-ENA-A
CCH2CH2 AnpsmGnpsmbUnpsmGnps | - i
3-NHom(C-3
303 S5-mGupsmCnpsmAnpsmGnps2-4-
CCHCH2AnpsGpsGps TpsGpsApsAf Anti-DR-1 with
psGpsCpsGpsAps2-4- x2 68633 | 0.00020 | 0.0226
OCH2CH2 AnpsmGnpsmUnpsmGnps| 37 -NH-ENA-A
3-NHom(C-3
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306 3~
mGnpsmCopsmUnpsmCnpsmCnps2-
4- Pre Poly A with
OCH2CH2AopsApsApsTpsTpsCpsTp X2 7116.0 | 0.0008

sTpsTps mAnpsmUnpsmAnps2-4- {3°-NH-ENA-A 100

OCH2CHz AnpsroGnpsmGups3-

NHomG-3
307 5~
mGnpsmCapsmUnpsmCnpsmCaps2-
4-

Pre Poly A with
x3 71286 { 0.00055 § >1.00
3’-NH-ENA-A

OCH:2CHAnpsApsApsTpsTpsCpsTp
sTpsTps2-4-
OCH:CH2 AnpsmUnpsmAnps2-4-
OCH:z CH2AnpsmGunpsmGnps3-

NHomG-3
308 5~
mGnpsmCapsmUnpsmCnpsmCaps2-
4-

Pre Poly A
with x3 71279 1 0.0006 >1.00
3’-NH-ENA-A

OCHCH)AnpsApsApsTpsTpsCpsTp
sTpsTpsZ-4-OCH;
CHzAnpsmUnps2-4-
CCH2CH2 Anpsm AnpsmGopsmGnps
3-NH2mG-3

2215
o e : ) s a6 ot HBsAg 12215 HBsAg
No. Oligonuclectides (57-37) Modification EC50 | CC50 (uM)
{(uM)
5.

mGnpsmCnpsm AnpsmGnpsm AnpsGps(y
ps TpsGpsApsApsGpsCpsGpsApsmAnps
mGnpsmUnpsmGnps3-NHomC-3

XX Control ——— —

5-2-4
CCH:CHaGnpsmCopsmAnpsmGnpsmA DR-1 with
309 InpsGpsGpsTpsGpsApsApsGpsCpsGpsA|  37-NH-ENA- 0.0013 0.0553
psmAnpsmGnpsmUnps2-4 G(1+1)
OCHCHxGnps3-NHomC-3
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5-2-4 OCH2CHoGnpsmCnpsmAnps2-4

OCHCH2Gnpsm AnpsGpsGps TpsGpsAp '3’%23??—6
310 sApsGpsCpsGpsApsmAnps2-4 C 2,, ) 0.0006 (4.0230
A

OCHCH2GnpsmUnps2-4

OCHCH:Gnps3-NHomC-3 37-NH-ENA-G

5-2-4 OCH:CHxGmpsmCnps2-4- DR-1 with
OCHCHo AnpsmGnpsmAnpsGpsGpsTpi 3-ENA-G & 37-

31 sGpsApsApsGpsCpsGpsApsmAnpsmGnf  ENA A (1+1) 0.00078 0.0303
psmUnpsmGnps3-NHom{-3 Asymmetric
5-2-4
OCHCH2GnpsmCrnpsmUnpsmCnpsmC
nps2-4- Pre Poly A with
312 JOCHCHoAnpsApsApsTpsTpsCpsTpsTp +1/1+1 0.0015 >1.00
sTps mAnpsmUnpsmAnps2-4- 3 —NH-ENA-GHA

OCHCH2z AnpsmGnpsm2-4
OCHCH2Gnps3-NHxmG-3

5-2-4
OCHCHGopsmCnpsmUnpsmCnpsm{ | Pre Poly A with
313 inpsmAnpsApsApsTpsTpsCpsTpsTpsTps) 37-NH-ENA-G 0.0017 >1.00
mAnpsmUnpsmAnpsmAnpsmGnpsm2-4 1+1

OCHCH2Gops3-NHomG-3

Table 43
%}Z 2218
HBs.
No. ?Olm,.d Oligonucleotides (57-37) Modification HPEC g HBsAg
MW: Punity EC50 CCso
' (uI\:’i) {(uM}
5.
mGupsmCnpsm AnpsmGnpsmAnps(Gps . o
314 168388 GpsTpsGpsApsApsGpsCpsGpsApsmAn Control 86%
psmGnpsmUnpsmGnps3-NHom -3
5-mGups2-4 OCH2CH2
{Sme)CnpsmAnps2-4 DR-1 0,003
315 16902 91 OCH2CHGuopsmo AnpsGpsGps TpsGps A _'7“1 83% | 3 1 >1.00
psApsGpsCpsGpsApsmAnpsmGnps2-4 - )
OCHCHo TnpsmGups3- NHomC-3
5-2-4 QCHCHaGnpsmCnps2-4 0,004
OCHCH AnpsmGnpsm AnpsGpsGpsTp DR-1 " 3
316 16914.8 sGpsApsApsGpsCpsGpsApsmAnpsmiy 510 94% 0.002 >1.00
nps2-4 OCH2CHoTopsmGnps2- ' 5
OCHCH23-NH, (Sme)(’-3
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5-2-4 OCH>CHLGopsrmoCops2-4
OCHCH: TopsmCopsmCnpsmAunps Aps
317 171690 ApsTpsTpsCpsTpsTpsTpsmAnps2-4
OCHCHo TnpsmAnpsmAnpsmGups2-4

OCH:CHoGups3-NHomG-3
5-mGups2-4 OCH2CHz

(Sme)CnpsmUnps2-4 OCHCH:
{(Sme)CnpsmCnpsmAnpsApsApsTpsTpsi Pre Poly A 950, 0.005

CpsTpsTpsTpsmAnps2-4 2+2 ’ 1
OCH2CH2 TonpsmAnpsmAnps2-4
OCHCHaGnpsmGnps3-NHam{(G-3

. ; {
Prcfi}»A 4% M;OZ >1.00

>1.00

[V
PN

318 {71822

[0342] In some embodiments, the oligonucleotide of the present disclosure also mnclude an
oligonucleotide that 1s selected from the nucleobase sequence listed in Tables 1-43, independent
of the modifications of the sequences listed in Tables 1-43. Cligonucieotides of the present
disclosure also include an oligonucleotide comprising a sequence that 1s at least 90% i1dentical to
a nuclecbase sequence selected from the sequences listed in Tables 1-43, independent of the
modifications of the sequences listed in Tables 1-43. In some embodiments, 1,2, 3,4, 5
nuclechases are different from the sequences listed in Tables 1-43, independent of the

modifications of the sequences listed in Tables 1-43.

[0343] In some embodiments, the ocligonucleotides of the present disclosure also include an
oligonucleotide that 1s selected from the nucleotide sequences listed in Tables 1-43, independent
of the nuclecobases of the sequences listed in Tables 1-43. Oligonucleotides of the present
disclosure also include an oligonucleotide comprising a sequence that is at least 90% identical to
a nucleotide sequence selected from the sequences listed in Tables 1-43, independent of the
nucleobases of the sequences listed in Tables 1-43. In some embodiments, 1,2,3,4, 5
nucleobases are different from the sequences listed in Tables 1-43, independent of the

modifications of the sequences listed in Tables 1-43.

187



2017326372 29 Jun 2021

WHAT IS CLAIMED IS:

1. A chimeric antisense oligonucleotide represented by Formula (A):
5 X—Y—Z73 (A)
wherein:

X—Y—Z is a chimeric oligonucleotide comprising a sequence of 18 to 22
nucleosides, optionally conjugated at the 5' and/or 3' end to a ligand
targeting group;

X is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Z is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Y is a domain comprising a sequence of 2 to 10 2’-deoxy-nucleosides linked
through thiophosphate intersubunit linkages;

each modified nucleoside in the X domain and each modified nucleoside in the Z

domain are nucleosides of Formula (1)

v
0] o, B
HN 5 ORy
P/
RS\
o (1);

R is H or a positively charged counter ion;

B is a nucleobase;

Ri1is (CR’2)20CR’; or —~OEt;

R’ is independently in each instance H or F; and

said oligonucleotide is complementary to a sequence of the HBV genome.
2. The oligonucleotide of claim 1, wherein:
R is H;
R1is —(CR’2)20CR’3; and
each R’ is H.

3. The oligonucleotide of claim 1 or claim 2, wherein the X domain and the Z domain each

comprise a sequence of modified nucleosides that is 4-6 nucleosides in length.
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4. The oligonucleotide of claim 1, wherein R1 is —OEt.
5. The oligonucleotide of claim 1, wherein Ri1 is —(CH2)2OCHs.

6. The oligonucleotide of any one of claims 1 to 5, wherein the Y domain sequence comprises

10 nucleosides.

7. The oligonucleotide of any one of claims 1 to 6, wherein the Y domain comprises a

nucleobase sequence of GGTGAAG(5Sm)CGA (SEQ ID NO: 576).

8. The oligonucleotide of any one of claims 1 to 6, wherein the X domain and the Z domain each

comprise a sequence of modified nucleosides that is 5 nucleosides in length.

9. The oligonucleotide of any one of claims 1 to 8, wherein the ligand targeting group comprises

a GalNAc moiety.

10. A pharmaceutical composition comprising an oligonucleotide of any one of claims 1 to 9

and a pharmaceutically acceptable excipient.

11. A chimeric antisense oligonucleotide represented by Formula (A):
5 X-Y-Z3 (A
wherein:

X—Y—Z is a chimeric oligonucleotide comprising a sequence of 18 to 22
nucleosides, optionally conjugated at the 5' and/or 3' end to a ligand
targeting group;

X is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Z is a domain comprising a sequence of modified nucleosides that is 3-10
nucleosides in length;

Y is a domain comprising a sequence of 2 to 10 2’-deoxy-nucleosides linked
through thiophosphate intersubunit linkages;

each modified nucleoside in the X domain and each modified nucleoside in the Z

domain are nucleosides of Formula (1)
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12.

13.

14.

15.

16.

17.

18.

a (s

R is H or a positively charged counter ion;

B is a nucleobase;

R1is —CR’3, -CR’20CR’3, -(CR’2)30CR’3 or ((CR’2)1.2CR’3,~(CR’2)2OCR’3 or —
Et;

R’ is independently in each instance H or F; and

the chimeric antisense oligonucleotide comprises a nucleobase sequence that is

complementary or hybridizes to a target RNA.

The oligonucleotide of claim 11, wherein
Ris H,
R1is —(CR’2)20CR’3, and
each R’ is H.

The oligonucleotide of claim 11 or claim 12, wherein the X domain and the Z domain each

comprise a sequence of modified nucleosides that is 4-6 nucleosides in length.
The oligonucleotide of claim 11, wherein R1 is —Et or —(CH2)2OCH3s.
The oligonucleotide of claim 11, wherein the Y domain sequence comprises 10 nucleosides.

The oligonucleotide of claim 15, wherein the X domain and the Z domain each comprise a

sequence of modified nucleosides that is 5 nucleosides in length.

The oligonucleotide of claim 16, wherein each B is independently selected from the group
consisting of adenine, guanine, thymine, cytosine, uracil, 5S-methylcytosine, 2,6-

diaminopurine, and 5-methyluracil.

A pharmaceutical composition comprising an oligonucleotide of any one of claims 11 to 17

and a pharmaceutically acceptable excipient.
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19. A method of treating a subject having a viral infection, comprising administering to the
subject a therapeutically effective amount of an oligonucleotide of any one of claims 11

to 17 of a pharmaceutical composition of claim 18.

20. Use of an oligonucleotide of any one of claims 11 to 17 of a pharmaceutical composition of
claim 18 in the manufacture of a medicament for the treatment of a subject having a viral

infection.
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FiG. 3

HBsAg level in serum

sy -2 injectian -8~ Gt ETV.impk PO GO

' e #159 - 3X30mpx 5C GOD
#1862 - 3X30mpx SC GOD
#109 - 3Xa30mpx SC GOD

Y #1509 - IXAOmpk SC QGO0

day post-first dose

day -28: ali mice were injeciad with AAV-HBV virus
day O aif mice were first dosed with vehicle or compounds

S*-mGpsmApsmUpsmUpsmApsmGpsGpsCpsApsGps ApsGpsGps T psmGpsimApsmAp
smApsmApsmApsmG-GalNAc-3°

S?-mGpsmApsmaUpsmUpsmoApsGpsGpsCrsApsGpsApsGpsGos TpsmGpsmApsmAps
mApsmApsinApsmG-GalNAc-3?

S'mApsmApsroGpsmApsmGpsApsGpsGpsTpsGpsdmeCpsGpsSmeCUnsSmeCpsSiue
CpsSmemCpstmGpsmUpsmGpsmG —GalNac 37

57 SmemCpsmUpsmApsmGmbpsApsGpsTpaTpsdmeCpsSmeCpsGpsdmelpsApslp
smUpsmApsmUpsmGpsmG—GaiNac 37
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